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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.

SUMMARY OF THE INVENTION
This invention comprises catalyst compositions, methods for preparing catalyst

compositions, and methods for polymerizing olefins using the catalyst compositions
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sulfidhgrodip, 20niragdnogroag, cnphosphorus 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;

(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-II 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
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Chl\xﬁ{ek‘f]l?thekyoﬁmogﬁle 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.

At least one substituent on (X') or (X?) can be a bridging group that connects or
bridges the (X') and (X?) ligands, as long as the bridging group does not prevent the
catalytic activity of the catalyst composition.

In another aspect, this invention encompasses a catalyst composition consisting
essentially of a hydrocarbyl-substituted metallocene compound and a chemically-treated

solid oxide, as disclosed herein. In yet another aspect, this invention encompasses a
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the solid oxide is selected frglm 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 combinations thereof. Further, the
chemically-treated solid oxide optionally contains another metal, including but not limited
to, zinc. In one aspect, examples of chemically-treated solid oxides include, but are not
limited to, sulfated alumina, fluorided silica-alumina, and chlorided zinc-alumina.

In one aspect, the catalyst composition of this invention further comprises an
optional cocatalyst. While not intending to be bound by theory, it is believed that the

cocatalyst functions as, among other things, a scavenger to remove traces of water and
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In yet another aspect, the catal yst conposition
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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.
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Catalyst Composition--The Hydrocarbyl-Substituted Metallocene

The present invention provides catalyst compositions comprising one or more
hydrocarbyl-substituted metallocenes, and a chemically-treated solid oxide. The
metallocene compound of this invention typically comprises a hydrocarbyl-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:



catal yst conpositions, nethods for using the catalyst
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In accordance with this invention, the catal yst

conposition conprises at |east one

hydr ocar byl - substituted netal | ocene conpound and a

chemcally-treated solid oxide, and does not require

the presence of a cocatal yst to polynerize ol efins.

However, a cocatalyst may optionally be added to the

cata)lihesthetglddies tdmpuind his e ¢allohdne forivulah t hi s

invention, ,the ¢hemcally-treated solid oxide

corfpr IEDEXACEM d oxi de that has been treated with an

el eghdrQR-M G eiaMdd GoANtiRRIukd, URcaMunO Mhmidh, PRhE&EH Hiobium,

species, and optionally treated with another metal in
tantalgdi, chromivro, melybdesgny ontupgsténdr awi ng ani on. Cat al yst

Co Jtlon-:dhe dro -Substituted Metall ocene

Thg&gfﬁééﬁgﬁ?%wgn%%gﬁpg %%%es cat al yst conpositions
conpliersin e @reumi ligand is Bylektad diohy la- shpeithditred, an indenyl, a

met al | ocenes, and a chenically-tre d li [
fluorsy, aUPItYiEE VrPROBIIS RS Sfostipicd lﬁiﬁﬁ%@h?)?a'ﬁ‘gqs%t%gﬂwnyh

CONPAerSRTach SHSHRERT BYihe SUbS bt tedopdiBldRhy 0 ceRenAsd Adenyl,
metal selected fromtitani um zirconi um hafnium

or sybgtisuiedfiyorenyd KX Uris indepandenthyngelesied dreinuan alinbatihgrenp.ran agpmatic

ung o) 8 I n [
erop 2B g P 35uPRRRGL op el S <BAE FBATRR o3G%n, Bhur. o
sulfbayionp, 4 hizroged kmopng phesphomls gréupy anlassenicrprouye aasp®at group, a
..this invention enconpasses a catalyst c n?osition .
sﬂm@arﬁs?qpsprgﬁmaam%tgmqpoe gﬁ&r%wgﬁ(ég% a}o on group, an aluminum
grod) S indghiic tor&at @ t@drlotheMid Brouph6Y £isbstitutéPdertvafive thereof,
net al | ocene conpound has the tollow ng fornul a:

having fiquxd 1q st®pt Hugavbonsgiems; ahalide; o hydioget;ed from

titany LICani u i vapadi . N ohi .

L3S ALERO R R N D! st o, «
conbirlacion eflaliphatic and@yolip gtoups, @andubstineeddanivatie tEeeof) hdving from

liga is selected froma cyclopentadienyl, an
ltoﬁhg@ﬁ§ﬁ?ﬁﬁnaﬁpﬁbrenyl, a substituted cycl opentadi enyl ,

a guBSE idddpGehtioRtted RIm & GroistiligHhgd fluorenyl;
wher ein each substituent on the substituted )
cy ovhspamthe(irenpll ligand 43 selagtadfrom g aljphatic group, an aromatic group,

a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur

s

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-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,
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



or substituted fluorenyl (X) is independently selected
froman aliphatic 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 alum num group, an inorganic
group, an organonetallic group, or a substituted

deriheadih Ry bietieRht on n@mﬁt@ﬁg %m§> i$ thdepadentBOseledtddofiom an
atons; a halide; or hydrog X3) is selected from an

alkegy} gw&m an glkyny. erqup, a%rbﬁlﬁaqhem@r%salgp 2 fl{pkplic SEUpyAn agpmatic
gron&)g ty@?ttu Ffbgp,oli cBhbRRadd G%Qﬂﬁinaﬁé’ Ghd Ey&fc%i@&ps A oi‘ygen group, a

derivative ereof, having
sulfalbgmtlp,ZEOmtlagtm groap,omphospm)ls |g90upndle|a§n@ie rgr¢15p, ges:la)eb@n exgoup, a

\maantheGo
siicgh 0o PPN AR PO RS ikt Ein R SR sroyf B ndioum
grow, @y Ghorgardé @ddlp, an Qxag”dnbmatau&ngxeﬁp,adm qobwsumtaindhrwﬁw thereof,
graoups, an ox a sulfur group,, a nitrogen

ha"'@ﬂcf’i?ﬁ‘ lgp %hﬁ’&%%(ﬂ‘éﬁrlﬂ@ 3@?‘6%6‘ haljde; o é@ﬁ*ﬂogerg Aip, a carbon

9" @YBhe %hérhic'aﬁ? reat8d QURd oRiddCESRIHMMNAD 5(9i<!ip oxide {tielted with an
group, a [ead group, a boron group, an al um num group,

ekmannwndﬂgwmmgmgvmup an organonetalllc group, or a

sub t I & u he sog rolx}/ etlls \s/e ctQ(F h‘gli;? silll a\éfu?'g&'} fsflfémaluﬁiga, aluminum

abo car

phoéphd&p&ﬁtéﬁi}bl;&uﬁg@iawst adanfaf Ofificaniay ensgnésirbaaiaGzingpesdidle, mixed
,Ii and; wherein (X) and (X2) are optionally connected

rqof QY FHXYrSHeEPL Sierei n the | ength of the

br Rl0i N trON Wdﬁ%l’{@ SRichXls 38EctédZtorh SRS Rle, tcmrld@r bromide,
three atons; the one, two, or one, two, or three

phostthetestriflate hl@ul@t%dgifatg, <grama pombleaﬁlqtdépﬁ,ﬁﬂﬁlent ly sel ected
;;?[E? Oélg ag?ec?ﬁ }{1% }né/tent Oo’n 1% iy %gallgger%rc%ﬂg)ohﬁd wherem at least
the §XI3QSItgahdubﬁdvIblis mrhwxbsirbyluhmd t@pidalfy vraprising ﬁmyl 1 to about 20

substityent on the b in up i's i n en tl .
carbgB bR I AR tﬁ%ﬂﬁ Hdi) Ragpas o v Pregyyg{pﬁgrbghhgand

typleilmnﬁmn I AHPL tPiboRt DORBIHOR A85RY An san a%bﬂ’n@?ﬁép%ct the (X?),
group,, cycllc roup, a conbination of aliphatic and

Xk ged (X)) digandson Mg arsxtpgeasatpybligandztypisally eampgisingpirora 1 to about
ni,trq en group, a phosphorus group, an arsenic group,
20 Cgrbogla O gr oup,

For the formula (X )(Xz)(X3 )XYM!, 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 independently selected
from H, an aliphatic group, an aromatic group, a cyclic group, combinations thereof, or
substituted derivatives thereof, including but not limited to, halide, alkoxide, and amide
derivatives thereof, having from 1 to about 20 carbon atoms.

Examples of aliphatic groups, in each instance, include but are not limited to,

hydrocarbyls such as paraffins and olefins having from 1 to about 20 carbon atoms. For



silicon group, a germaniumgroup, a tin group, a |lead
group, a boron group, an alum num group, an inorganic
group, an organonetallic group, or a substituted
derivative thereof, having froml to about 20 carbon
atons; a halide; or hydrogen; and b) the

chem cally-treated solid oxide conprises a solid oxide
treated with an electron-w thdrawi ng ani on; wherein
the solid oxide is selected fromsilica, alumna,

exaﬁ‘lpﬂd @le&ltlu Erdups agisudi Hersin inehaiepiak g, ethyl, propyl, n-butyl, tert-butyl,

eSS 855, % e S0 S TSR o

2- e{h?ﬁlre?ﬁf penfégl, Bh@nﬁl St thONkM t hdrawi ng anion is
lected fromfluoride, chloride, bronmide, phosphate,

t r |Exaatpées bf sayekieit gsoupsy lifchude, but araynetokmiitedt oooreycloparaffins,

cyc olgfrf% f C-Wa%g le?)nse %%r?e%cguc?lf ad thhg?};elgS?&t(:{ﬁ& %@ét E?d the like,

EREEY where
inclutding rsdbsnrutéd ddrﬁfaﬂvdsylchrﬂﬁ‘ﬂfdvmg frang analatiopp2 € azirb(yn atoms.

ubs b
QPTG RIS sl e, 40 ouf, g R BOgE. ar o
hy d@))@fg@ %Ydu E'a%&@geﬁ-}é&itﬁﬂfnk rOPRPédafiphg Jrrveied 1nch1de but are

about™ 20 carbon atons. In st%ﬁ anot her asgfct

not {ixgited to, @@y orprlogxXgyoupp fratkty er(MO)Ew ey )H@aT(B§‘IR3a
. J ;
— ROl B e BRIRBITUAY UGMIRA SRR ol SHERAT R in
eack retincals saletted ifiesm alkylg cymlmfkk}tlmyl amﬂgyl tsabsedne«t tllgll, agbstituted
bstit t th b t
ary S GpSriteaaraIRR dryne Tomahs Laneaf cRErApm G BpIeS ofplkoxy or
aryl()ﬁ' krouB?Y—bﬁ{)Sﬁb&iﬁtlﬁéiua@ but i@ noXfmitdd @) MetRExyl Bt‘ho%e propoxy,

as a substitutent on the brldglng I'i gan
but@w@pm@xy,@ubstlaﬁ@ phenoxy. gnd &g like, the following. In

eacé’hlﬁgg g%g&l)ﬁaxgrsﬁﬁﬁpéo%gauﬂﬁ%g dlips LéFl s Rs OF Pﬁfc‘ﬁﬂl ude but are not

speci I ndepen

limiadd N;aH&R gi‘—dDEﬁOzlhn—e(DS:(haﬂR C—g?(ﬁ}ll,p SlOgﬂl chndc tlg:r dnkp,, including
natj ons there ubsti tut.e derlvatlve

subftﬁgtpté erlvptmﬂs U@}FWQP bmlerﬁ’élt i elatéla ipgfancg s aeéectedS from alkyl,

cyc@'aik@K'a@ﬁ; a@ﬂég'l %ﬁbﬁﬁute&i QlkyY, dubststed RBY e&f sub3fitvtedGarhlk PiMhaving
1 to about 20 carbon atons. Exanples of al i phatic

frorgﬂé@.plgout%o@h@matpﬁ@{ ance i ncl ude but are not linited

;g NiaB¥EH BEANNE MR cBRaile AR ifiRle] Bk ANEHb!Ehnited

on at
—NH,, —NHR, —NR,, —NO,, —N3, 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.

Phosphorus groups are phosphorus-containing groups, which include, but are not
limited to, —PH,, —PHR, —PR,, —P(O)R;, —P(OR),, —P(O)(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.

10



exanpl e, aliphatic groups as used herein include

nmet hyl, ethyl, propyl, n-butyl, tert-butyl,

sec-butyl, isobutyl, anyl, isoanyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dodecyl, 2-ethyl hexyl,
pentenyl, butenyl, and the |ike. Exanples of cyclic
groups include, but are not limted to,

cycl oparaffins, cycloolefins, cycloacetyl enes, arenes
such as phenyl, bicyclic groups and the Iike,

I NCApdétiid groapb.«&& tsghiedotemingadrbmpswhitkimdide, banargot flintited to,
3 to about 20 carbon atons. Exanples of hal

—AshE, uteA Rz or A8 Ren I‘GAP@{)Z’b roft(@(OR)ag ang, dli?\a clike, including
sub%ﬁ(ﬁﬁ gl er AR ulgét%o XWHGBINC RN A e@ém gngirf&‘ PR; se@é@éﬁp e alkyl,

ut are not limted to, alkoxy or
cyclapaWb)ayylgaRaqui; s(ub{da)ted atkel, GpbstitutataglHr su@jltp@d aralkyl having

- - OAl nd the like, including substituted
ﬁmﬂiﬁ?@%?$g§§£%WE%85? wherein Rin each instance is

Se|@b(ﬂﬂgrf)ﬁp'srarabakbbn catsihioglgkotlps, wahiyh inchrdal Hnylare not limited to,
skl gl gro WM GORP TR g et el s B pto abou 20 carbon
atoﬁ ?F%ﬂgg Srddbs @ik QY abdut 28 Q:Xllbg?f HtofHs OU-F@(O§H Rc@yrUPs

but are not limted to, nethoxy, ethox

—GEOUPRX yeyands ut-oRGIR )P endXPNR)Bu bstGANRIOR. pﬁéin dhy, 1y1éﬂs1 dincluding
subsétﬁlétﬁ% (iéerlv Svuesftlﬂrtﬁagf o\%ﬁgfa{%r ﬁb?xfl a&{ "ifg c@' {s“ glaqecgerdo R alkyl,

’nc are no

cyclodRyl, -am@xﬁlky} oeRtRed Ak, subsHR& asydort sh!bsﬂltuteé aralkyl having
|nclud|ng bstituted derivatives thereof, wherein R
from j t@ ahqyt ﬂﬁg' PREOMS: sel ected fromal kyl, cycloal kyl ,

ar ﬂlhco"f\ré&gﬁlare §H&§ﬁédn%ﬁﬂg @Hﬁ}ﬁk ’wlﬁélbﬁfchfdb'tlﬁﬂ af¥ Nt linfited to,
substit ar al kyl hawngyl rom1 to about 20 carbon
rgr

silybgionps StNhtale%h’l grapp sarglsidylrgrovnsg aryladlodsibl gravgs.griloyp groups,
and\Q%REQe | I\e@clp Hlstél%;ehh&%tfﬁdrﬁ rr:t% %ﬁo%ﬁir?gca% att(NF!Bt or, example,

silicd@ rgroupk inchsle ttifetheisflyl ant phaiyhodR1sityl gambs i nstance is
sel ect ed fron1alwy cycl oal k

J ar.al k
kgftrm@wv@dgram PSP mg}gyg%ugq, 1% Thelup cbpt are ot
llml@é‘da!O fﬁl@lmaﬂ(yt%%rrﬁﬂog%uﬁso a@ﬁ%a nl gﬁiu@ﬂsarylalkylgermyl
i

Phosp orus groups are E 0r us-con i ng group
growglsi gérmiykly steupshand the élkﬁoW ichjinreachyingtgnce. lppp r0nP|11R0 about 20
P(OR2, -P(OR)2, -P(O(OR2, and the liKke,

carboﬂ?fdmds ng substituted derivatives thereof, wherein R
i N Hagfoup sfeaic@ntsnisg peups dvificloimchidi)ybut are not limited to, stannyl

groups such alkylstannyl groups, arylstannyl groups, arylalkylstannyl groups, stannoxy (or
"stannyloxy") groups, and the like, which in each instance have from 1 to about 20 carbon
atoms.

Boron groups are boron-containing groups, which include, but are not limited to, —
BR,, —BX,, —BRX, wherein X is a monoanionic group such as halide, hydride, alkoxide,
alkyl thiolate, and the like, and 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.
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cycl oal kyl, aryl, aral kyl, substituted al kyl,

substituted aryl, or substituted aral kyl having from

1 to about 20 carbon atons. 10 Arsenic groups are

arseni c-cont ai ni ng groups, which include, but are not
limted to, -AsHR -AsR2, -As(OR2, -As(OR) 2,
-As(O(OR)2, and the like, including substituted
derivatives thereof, wherein Rin each instance is

sel ected fromal kyl, cycloal kyl, aryl, aral kyl,
subSluminine @rcalpk)dre abmiisemcontething gioups rwhiol snclude ddt are not

tim o KL AREY L08. ATk, heBP &l s SRR SRAP sy as halide,

hydhﬂ@ | aMetsxidel uﬁ(yﬁﬂ@olﬁl@t anldi the liRel ainﬁ,wheaélk)ﬂ inhélch dl%t@lb@ lﬂip&lected
conprlse hal i de- substitut ed al ky roups wt
fror{l oallasﬂo Gyclogdkyd a prybnaralikyb nbstititad iafkylg P‘éh? e} gh | o wbstltuted

aralﬁ%(%V %qfro?l’iéz R%boﬁ% @(V@drb nqt&))lé" -QOR -OOR cyano,
OR and the like, including
suldstaimpleseef idergavigt grow thhterr@afbe whedrasi subRtituente dethsubstituted

cycig?%r%t%@?nyl ubsg%tﬁlﬁtfcz 4 §‘¥11§§{“t dyu f%eloarlerl%f amdy | Substituted
borg&atieakénes ineidar it Kiglnob Hmitékgto fremxl L OARKY uI—OSDQs:ax(bmz,
atons. Silicon groups are S|I|c§n cQont ai ni ng_ gr oups,

—Sah i cHS Pt TS XoburASPEonorP K- ind & ks, Whereiny K ig 2 dpgyipanionic

grofHGthalskhaligd, |h\§/hrxgé Qifide, aﬁfoydcﬁ' bixy! @EAMBSand the like, and wherein
aryl al kyl si I'yl" groups, siloxy groups, and the [|ike

anywhky&eytlnallszle Ay, rwtlbyic%lbmtuf@d flkyhsubstigutehast ozwb@atrutﬁdraralkyl

to S|
oo B PSR o 00 LA P o v
gr CExfaﬁ‘np&S ef g@m@mwlﬂi\c Qevtpathat Mgy BE asyasas subdtitlentsfot substituted

eveapreyRlgolly st i B ol ot inbyieq beigre no

oyps. doR X u ot I c
M T R i e e

orgagosilipen Sraups,i prgenvgerianiumy sHeupap stgangiin igrqups. oxgenolead groups,
orga%o%rala%lonln @}atlg hg and {h%r]&xl hav ﬁ%ﬁ 1?&%&&5{%&%&?&”%

groups,
St an ﬁﬁie(yspéarof thxstnwmyd)mxx )is @ﬂd@p@ﬁientdl)ﬂsfelédﬂ@i froﬂqa Group -lora

Group- k)@gg crl] \?’ﬁgrllq (}I(zn Slst g:?e%teedhf?ovrr? afdroup & llée?ndatq\o ydrocar%a{ su%stltuted
metallocene compound includes bis(n’>-cycloalkadienyl)-type compounds, including, but
not limited to bis(cyclopentadienyl) compounds, bis(indenyl) compounds, bis(fluorenyl)
compounds, and compounds comprising combinations of two (cyclopentadienyl)-type
ligands. When (X?) is selected from a Group-II ligand, the hydrocarbyl-substituted
metallocene compound includes monokis(cyclopenta-dienyl) compounds,
monokis(indenyl) compounds, monokis(fluorenyl) compounds, and substituted derivatives
thereof.

At least one substituent on (X') or (X?) can be a bridging group that connects or
bridges the (X") and (X?) ligands, as long as the bridging group does not prevent the
catalytic activity of the catalyst composition. Examples of bridging groups include, but are

not limited to, aliphatic groups, cyclic groups, combinations of aliphatic groups and cyclic

12



Boron groups are boron-containing groups, which
i nclude, but are not limted to, - BR2, -BX2, -BRX
wherein X is a nonoanionic group such as halide,
hydri de, al koxide, alkyl thiolate, and the |ike, and
wherein R in each instance is selected from al kyl,
cycl oal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from
1 to about 20 carbon atoms. 11 Al um num groups are
groap) phospheio g@iups, mifragen gpsips, wiagalometatlicugtoupsh silicat, @hogphorus,
limted to, -AR2, - IX2, - ALRX,. wherein is a .
borgRy gAY, 2 54%1%“%% amgfles, 8* %@’aﬂc 37 LY dé‘ B RENF §8 bridges
betwb&Y (X' BAP Y Encl@Rdbhthge hotkBniteding, W@i@(ﬁd@ﬂfylﬁshdh zfée}ﬁrhfﬁns and

instance is selected from alkyl, cycloalky : 3/ ,
olefinsa Exgmples efirvelie groues hptiapn seryg By bridggs b@Wgery(X ) ard (X) include,

butsalxjcpﬁsﬂ ltu@&)dto @g&%@éf'ﬁn? ngolfefif?gncgclg%jg{?&%y&gneeg,ﬁéggtﬂe like.

norgani ¢ grou
Examplew b‘é torgauembtsllicogroapﬂoﬂtat tcart escirve cgscb@@ntmdé/my()ésup 1) and

BTN TR e
groh;bﬁk(%lﬁﬁtuﬁégbs %ﬁﬂﬁn&g&%xﬁbﬁt@dﬁﬁq %RK%I and S\P/éh ltl—:‘kreenge %c(—':ngth

of the bedging gonp Siveen §X0ABd $XOHS 98¢, HRP @rethrwéﬂw &herein the one,
twos ant gﬁe R I?Q)ﬂlugf Eto slﬁflth mﬁr%t Stou aﬁﬁlll@ 15513&) M(éﬁﬁy s8B8ded from C,

wherern “any a , cycl oa
Si, Sgpert $1it. Uh @de akpcyl, thesbriodging groepl isa ;zydroc:arb)d Lgnmxp havirgdfrom 1 to

roup or substituent on these |igands has
aboP{ Qﬁ%b({noag%sout 20 carbon atons. Exanpl es of
or ganei@ioter iaSpedf AR ihtsatiofBle BRtaUSEshe OMPUREL tht WwestdIBcene

for substituted cycl opent adi enyl s, substituted
compeyecasdhe fphlgwingfeimylat ed f | uorenyl s include, but are

not(X (nggj(gg(ﬁq; or ganoboron groups, organoal um num
gr oups nogal | i um groups, organosilicon groups,

or gelreogje Mian selentak foop sifangmy ano@mwnglnafnnpm, oonvaadioingad

t t t .
Db s, seltefi” Bt Q5o SRR I BHBR. § HBreVE o bticuted
cyclberititiényi, les@Bitit@t@d 11(d2§1291 d)rSa dquﬁﬂéﬂlﬂed%hyl sel ected from
a Goup-I or p-11 and. is selected

fr dvhegplnae&hpsqbsmtp@w the ﬁtx,b %a&#wptaéﬁaslt ﬁlfh;ftl@&?d mdenyl

o e T e S salohati g an romati
grouputa cyali¢ gaupi 4 edmbimatiors 6 € 3lihetie ardhdycdia ydroupsoarp oxyats , group, a
sulﬁtl)r gr up,daeHXroéeanrrcT)BS,ug %ﬁdspgorug E;rolilx%,r & X}szmic 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

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

In another aspect of this invention, the hydrocarbyl-substituted metallocene
compound has the following general formula:

(n’-cycloalkadienyl)M?R%,X3.0;
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conmpounds, and conpounds conprising conbi nati ons of

two (cycl opentadi enyl)-type |I|igands. Wen (X2) is

selected froma Goup-11 ligand, the

hydr ocar byl -substituted netall ocene conpound incl udes

nmonoki s(cycl opent a-di enyl ) conpounds,

nmonoki s(i ndenyl ) conpounds, nonoki s(fl uorenyl)

conmpounds, and substituted derivatives thereof. At

| east one substituent on (X) or (X2) can be a bridging

gr QR rdif 3} cIEARNBSGHP iPscleckidl HERTyblBertadierdNdinded), fluorenyl, or

gands, as long as the bridging group does not

subitﬁ'@@émalqgﬁéher@@t alytic activity of the catalyst

Coqﬂnﬁ'%bﬁaiﬁgﬁ Fﬁr f bridgi ng groups include, but

are  no 0, |phat|c groups, cyclic groups,

c orii inandepersiendy sﬂleqndfahfrom sgbsvityged andoreyubisiitotedIadkyl, cycloalkyl,

sy gpaliio et P Rapd 20Shmiondlt™ohosphor uS. | bor on

geryaiddependbitiyt fediddk BomERAORIBS 10br %Bsﬂhu@ddl 6r B6rPsdstituted
that can serve as bridges between (X) and

alkyilnesiclpgbkyl. nyl, aralkyhokexids, pé@f}tl@ﬂd%bwreﬁc&%yl( & abqyg 30 £grbon

atorR@LA4fins and ol efins. Exanples of cyclic groups that
CANn serve as bri dges between (X) and (X2) include,
bunxmamumqkrﬁvmﬂned1hdpmegc|oparafflns cycl ool efi ns,

| oac Ien S,..grenes,. and t anpl es o
o Sn BBPre o Bl TRl Kapes o SRumlof Riuounls that are
usefREIVREPrefetit FivBntion iAEltde, bt & Rotdimitddab uttefol|GMing oMpHaids:
limted to, substituted silyl derivatives, substituted
blS(?XOﬂPPe@ﬁa@Qw)haﬁu%tdﬂmﬁbﬂd ger mani um groups, substituted
boron groups, and the |ike. The length of the
bridgi ng group between (X) and (X2) is one, two, or

three ato j\herein the one, two, or one, two, or
three at gﬁg bridgi ng group are i ndependently
sel ect et $4(? i, Ge, or Sn. In one aspect, the

i nventi net al | ocene conpound the netal |l ocene
conpound ha% the follow ng fornul a:
(XI)(X2) (X3) (X4)M ; wherein M is selected from
titanium zirconium hafnium or vanadium (X) is

bis(selapentadichylmncaniomalilepeyit adi enyl , an i ndenyl, a
fluorenyl, a substituted

2

¥ | CH-Ph

bri dging gra ﬁ\‘s a hydrocarbyl group having froml to
about !@n Ghons. In yet another aspect of this

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

14



cycl opent adi enyl, a substituted indenyl, or a
substituted fluorenyl; wherein each substituent on the
substituted cycl opent adi enyl, substituted indenyl, or
substituted fluorenyl (X) is independently sel ected
froman aliphatic group, an aromatic group, a cyclic
group, a conbination 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 gro g7 a germani umgroup, a tin group, a |lead

gr oup ; : oup, an alum num group, an inorganic
group, -taIIic group, or a substituted

deri y&ati = -of having from 1l to about 20 carbon
at ony; or hydrogen; and (X2), (X3), and (X4)

are |-depend-ntk§}%elected froma hydrocarbyl group or

,utﬂ ~ydrocarbyl group, having from1l to

\39n a*&ns In anot her aspect of this

I nvent @*e hydrocar byl -substituted netal | ocene

corrpout he foll ow ng general fornula:

(rl5-cychMeai=iadi enyt) MR2nX3_,,; 13 wherein

cycl oal kadi enyl is selected from cycl opent adi enyl

i ndenyl, fluorenyl, or substituted anal ogs thereof;
cle T H; R2 is |ndependently

%Iah%itlgg#s gm%ggﬁﬁﬁl%h?g%{rg?ﬁﬁ%n substituted al kyl,

cycloal kyl, aryl, aralkyl, having from1 to about 20

carbon atgms; X is |ndependently selected fromF; d;

; 4 substltuted or non-substituted alkyl,

Fyl, aral kyl, al koxi de, or aryloxide
‘ / to about 20 carbon atons; and n is an
1 to 3 inclusive. In another aspect of

|on exanpl es of netall ocene conpounds that
@Dﬁhe present invention include, but are
o the foll ow ng conpounds:

t cienyl ) haf ni um di net hyl, ,t, GH3

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

\/C .\\";‘\CHJ

“ECHg

15



bi s(cycl opent adi enyl ) zi rconi um di benzyl, ~~ ,a.aCHzZPh

Zr CHyPh 1, 2-ethanediyl bis(rl15- I

-indenyl ) di met hyl haf nium 14 ~CH3 9 Hf

1, 2- et hanedi yl bi s(ri5-1 -indenyl)di nethyl zi r coni um

lQCH3 Zr' CH3

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

niumdi nethyl, HT '|ICH 15

met hyl phenyl sil yl bi s(r15-4,5,6, 7-tetrahydro-1|-i ndenyl)
metlzylpmmsugm)cé( 51817 tetral§/@roll -iddef@)zirconium dimethyl,

bi s(1-n-butyl -3-net hyl -cycl opent adi enyl ) zi r coni um

dimethyl, n-Bu rste H3 Zr + isnrners H3 n-Bu
bi s(n-butyl cycl opentadi enyl ) zi rconi um di net hyl ,  Zr
Hﬁc/(‘, e,
.Sl A\_\‘-ﬁch

([ I

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

n-Bu

Zr + 15omers

Y My

Me

n-Bu

bis(n-butylcyclopentadienyl)zirconium dimethyl,

16



H3 16 di met hyl silyl bis(I-indenyl)zirconium
bis(trimethylsilylmethyl), H3C ,f , Sr,%9N HGC Zr
~CHz" $We3 octyl (phenyl)silyl bi s(I-indenyl)haf ni um
dinethyl, Si H

di met hyl silyl bi s(TI5-4,5,6,7-tetrahydro-1-indenyl)zirc

oniumdinethyl, 17 HG,,,,, St a~k~-3 H3c! 2r
di met hyl si |l yl bi s(2-nmet hyl -1-indenyl ) zi rconi um
di benzyl, H3C H3Cr,, ,,~CH2Ph c¢~ HaC Zr **CH2PYt

1, 2- et hanedi yl bi s(9-fl uorenyl)zirconiumdi nethyl, 18

ti CH i ndenyl)trisbenzyl titanj , f r, PhH2G
dim@gdsﬁlgh{q@mder}/yl?z}rconslum b%s trimethy?sinyrrqgtL;ﬁ, '

H 3 cﬂ/ e
(R |
Si ‘\\Q\C HySihe,

HsC it g
Y \"cnzsm@g

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

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

17



(i sopropyl am dodi net hyl si |l yl)cycl opent adi enyl titani um

di benzyl, H,,c, a., w '"+tcl FZPh ~ ';GWPh H3C N
19 bi s(pent anet hyl cycl opent adi enyl ) zi r coni um di net hyl ,
Zr~ GHL bis(indenyl)zirconiumdinethyl, | zr

nmet hyl (octyl)silyl bis(9-fluorenyl)zirconi um di net hyl ,
H Zr' H'or 20
bis(2,7-di-tert-butylfluorenyl)-ethan-1,2-diyl)zircon
um(1V) dinethyl, CH rXH3 or any conbination

t her eof . anot her aspect of this invention, the

nmetal |l g ound of the catalyst conposition is
sel ect romja conmpound with the formula: | R4 R-.E

;{ 84
s,
/ 5 ‘\\‘«\'CH 3
HsC Zs\
CH

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

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

18



wherein Eis selected fromC, Si, G, or Sn; R is
sel ected fromH or a hydrocarbyl group having from!|l
to about 20 carbon atons; R2 is selected from an
al kenyl group having from about 3 to about 12 carbon
atons; and R3 is selected fromH or a hydrocar byl
group having froml to about 12 carbon atons; and R4
is selected fromH or a hydrocarbyl group 21 having
froml to about 20 carbon atons. One exanple of a
met al | oceng conpound according to this fornmula is
." enyl net hyl i dene- (115-cycl opent adi enyl ) (r)
uor-fyl)zirconiun1dinethy|. Nuner ous processes
br ganonet al conpounds that can be enpl oyed

in s\avention, particularly netall ocenes, have

b & Egr exanple U S Pat. Nos. 4,939,217,
5,12107385 3%, 3 5,401, 817, 5,631, 335, 5,571, 880,
51191, 132, 5 ] g 5, 399, 636, 5, 565, 592,

5,347, 026 » 78 5,498, 581, 5, 496, 781, 5,563, 284,
5, 55% X0, 320, 5,451, 649, 5,541, 272,

5, 705, 2 7 203 5, 654, 454, 5,705,579, and

5, 668, 238 des¢ri be such nethods, each of which is
incorp\ by reference hereln inits entirety. As
used hewrg ' drocarbyl-substituted net al | ocene

compound ettddes :nonoki s(cycl opent adi enyl)
conmpounds, nonoki s(i ndenyl) conpounds,
nonoki s(fl uorenyl) conpounds, bis(cycl opentadienyl)
(ind&MabBakS ] tikhRipd(Ienyl ) conpounds, bis(fl uorenyl)
compounds, and metal | ocene conpounds cont ai ni ng any
conbi nati on of cycl opentadi enyl, indenyl, or
fl uorenyl Ad=gqnds, and their substi t ut ed analogs
=V | s of such hydrocarbyl -substi tuted,
met &l deps onpounds that are useful in the present
i nventffon are presented in FIG 1. The
Chem c& uM;IJeated Solid Oxide The present invention
en a§!9§mcatalyst conpositions conprising a
chem cally- treated solid oxide which serves as an
acidic activator-support. In one aspect, the
mcally-treated solid oxide ¢ rises a solid oxide
(1sonr?@d@rwlomerhYéﬁﬁlyapﬁé‘é?neewdlwkl%%&ﬁ&#@%‘( i on; wherein
the solid oxide is selected fromsilica, alumna
silica-al um na,

/ \ e NJHCHPh

HyC CH,Ph
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al um num phosphat e, heteropol ytungstates, titania,

zirconia, magnesia, boria, zinc oxide, mxed oxides

t hereof, or m xtures thereof; and wherein the

el ectron-wi thdrawing anion is selected fromfluoride,

chloride, brom de, phosphate, triflate, bisulfate,

sul fate, or any conbination thereof. The

chem cally-treated solid oxide includes the contact

product of at |east one inorganic solid oxide
bis(parmacthgcyrichbeatadieagldzirconidmedimethybn wi t hdr awi ng ani on

source. It is not required that the solid oxide

compound be cal cined prior to contacting the el ectron

22 w thdrawi ng ani on source. The contact product nay

be cal d either during or after the solid oxide
conped] S ntacted with the el ectron withdraw ng
ani r@@. 'n this aspect, the solid oxide

c be cal ci ned or uncal cined. In another
asp t he Ciheni cal | y-treated solid oxi de may

contact product of at |east one cal cined

solid oXl de conpound and at | east one el ectron

i ng anion source. The chem cally-treated solid
oxi de exhi bits enhanced acidity as conpared to the
correspondi ng untreated solid oxide conpound. The

bis(tidemylyAarconiumrddatthgl, sol i d oxi de al so functions as a
catal yst activator as conpared to the correspondi ng
untreated solid oxide. Wile not intending to be

theory, it is believed that the

2 wl €cated solid oxide nmay function as an

iom‘h? /i d oxi de conpound by conpl etely or

b xtracting an anionic |ligand fromthe

net affl ocesfe. However, the chemcally-treated solid

S anﬁamgivator regardl ess of whether it is

i oni zes theg netal l ocene, abstracts an anionic |igand

to wan aw,pair, weakens the netal -1igand bond in
t he-w&tabhocene, sinply coordinates to an anionic

| iy \nen it contacts the chemcally-treated solid
OX NG any ot her mechani sns by which activation
may o . Wile the chenmically-treated solid oxide

activates the netall ocene in the absence of

cocatal ysts, it is not necessary to conpletely
metkyl{atiyiiigbstAvakyd)zrconimmdimethglat al yst conposi tion.

The activation function of the chemcally-treated

solid oxide is evident in the enhanced activity of

catal yst coppesition as a whole, as conpared to a

cat al yst coeff on containing the

H
!b""‘s zi"sg 4
S
4 e,
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correspondi ng untreated solid oxide. However, the
chem cal ly-treated solid oxide functions as an
activator, even in the absence of organoal um num
conmpound, al um noxanes, organoborates, or ionizing
ioni c compounds. In one aspect, the chemcally-treated
solid oxide of this invention conprises a solid

i norgani c oxide material, a m xed oxide naterial, or a
conmbi nation of inorganic oxide mterials, that is
chemcally-treated with an el ectron-w t hdraw ng
conponent, and optionally treated with a netal. Thus,
the treated of this invention enconmpasses oxi de

bis(DPLAltbrdbotyFHGRenD-cllad i, Naiyl); Hbdﬁﬁiﬂn@Vb denetpopounds

t hereof such as S|I|ca alun1na and conbi nati ons and
m xtures thereof. The "m xed oxi de" conpounds such as
silica-alumina single chem cal phases with nore than
one net al c:nbined with oxygen to forma solid oxide
conpound (- are enconpassed by this invention. 23 In
one aspegt—gft this invention, the chemcally-treated

[ further conprises a netal or netal ion
selerta:'“‘», igi nc, nickel, vanadium silver, copper,

gal Vi g Inf.cH;BAgst en, ol ybdenum or any

conm PreT . Exanpl es, of chem cally-treated
sol ' further conprise a netal or netal
ion i ngdAETHBut are not limted to, zinc- inpregnated
chl okj d i na, zinc-inpregnated fluorided al um na,

| chlorided silica-alum na,

zinc-1 npregnat ed fl'uorided silica-al um na,
zinc-inpregnated sulfated alum na, or any conbi nation
thereof. In another aspect, the chem cally-treated

(naﬁptmﬂmﬁmkﬂahaéoﬂhls i nvention conprises a solid

i ngrgani c oxi de of relativel hlgh porosity,
exp Bnpter aiest gt ithie dnsntien.ofis tragfal %@nﬁuceme@mpt‘aﬁhe catalyst
comBBS b RIsBRALE 8! Loniul G G fotpbiaeat ed with an
ectron-w thdraw ng = conponent, typlcally an
el ectron-w thdrawi ng anion, to forma
chemcally-treated solid oxi de. While not i nt endi ng
to be bound by th- ol | owi ng statenent, it is believed
f e inorganic oxide with an
el ectron-w t hf aonponent augnments or enhances
the acidity ' de. Thus, the chem cally-treated
solid oRLszexh|b|Q$~k¢mks or Bronsted acidity which
is typipgatly~great gy—= an the Lew s or Bronsted
acidity of the \

‘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
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untreated solid inorganic oxide. One nethod to

guantify the acidity of the chemcally- treated and

untreated solid oxide naterials is by conparing the

pol yneri zation activities of the treated and

untreat ed oxi des under acid catal yzed reactions.

Typically, the chemcally-treated solid oxide

conprises a solid inorganic oxide conprising oxygen

and at | east one elenent selected fromGoup 2, 3, 4,
having fiom7] t8,abBut 20,carbbi, atdids. QB¢ edmplorofld mxdtaltdecene compound

scoffiroth his dPabliedb RO rheen N PR HE T 2YE PRS-
flucddr§MeRéchiunt SRRsthytlawl ey’ s Condensed Cheni cal
Dictionary, I1 "h Ed., John Wley & Sons; 1995;

CotNNWREroys, pracessaaytp irepaemorganomatalrqoppgunds, thatxcan bgrgmployed in
' ; A ) o |
s AR, s Mo ARG OR AR Uebn [GPALE o exbille YA Pat. Nos.
4,939 1de SL00P52, 4363059 A0 bR H7,28,61 16385t 5O E880, kN 132, 5,480,848,
el ecH f R - T [ , Ee,

5,3@&3%%3%3?2 h”,éﬂ@&s, §5,§$,gﬁ£ %9??% 3094955‘7%%63@4,{%%795,
542003201 . 5,881,680 858K20m| 6509178 0ki6d1083,d5 gFAMUSH] &, H5879, and

conmpounds that can be used in the chemcally-treated .
5,66386130 legstibg sudly methads, eecheqftwhich s ikgosperatad by a@%/remﬁ heggig, in its
enﬁ%?}; limted to, A1203, B203, BeQ Bi 208, CdO, (0304,

208, CUO, Fe2(B, Ga2(B8, La203, Mh203, MOO3, 24 Ni O
P20%, Biod0%eresi, 0 hydSoadyl-$b@jtuted 0 2netdli@2ne VVe@Bpound 3, includes

monskBreys PPt morh Rinde NS thiod. Fone RS eny)
conP¥uitRs bis(@lopeaBdibgyly 8shpbimds ®istin@shyDakdnipdundat Bid(fluorenyl)

solid oxide of the present invention include, but are
compgnds; #dimaefaliesene compoands eantaining any permbingtiogigyclopentadienyl,
; [ V4 [ : : con Lo i
mdeznP'iO ng?ﬁ%lﬁzr%ﬁ@gf | ac?s, gﬁ{ij rﬁlﬁﬁ %ul%lﬁgbép gx?ié«?g& Mfthdr &BHpfes of such
hydivetrbylopibbtjttigdgsictaitlessne anthpbhrals| thiteare Tiygditlc il thy preshut invention

are sol i ge qxh material is chemcally-treated by
REGH éltﬁ1 'ilr with at |east one el ectron-w thdraw ng
ani on source, and optionally chemcally-treated with a

netal ion, then calcining to forma chemcally-treated
Theg!embcaHXTTa%ﬁteﬁdlda@flfi?/at or-support”. Alternatively, a

SOyiyd g%&rﬁ%\}%ﬂ{i&{ é@ogaage@&t &sff%@p&amr{sfeeﬁlgmiﬂgaeﬂé Rally-
source are contacted and caltined sinultaneousty. The
treateet Jodid oxidevhilith tshivepxdsdan iasidorttactaduppdarh Inanne aspect, the

cheﬁ%ﬁ@-&?ﬂéﬂ stgrlggfa)%\lﬂg% %ﬁ?ﬁ:ﬁnggsg%mﬁalié yg;(igea | tlrc}élte?l Swallht af' ef3tron-
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
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anion, includes, but is not Iimted to, gelling,

co-gelling, inpregnation of one conpound onto

anot her, and the like. Typically, follow ng any

contacting method, the contacted m xture of oxide

conpound, el ectron-w thdraw ng ani on, and optionally

the netal ion is calcined. The el ectron-w thdraw ng

conmponent used to treat the oxide is any conponent

that increases the Lewis or Bronsted acidity of the
witlgdyhwihg axriodesouggenT her eatace podudymayclsd ¢aquetctmther during or after the

ron-w t hdr aw

solf G4t GO X ae AT G Bl rdivines apipn sgypee. In this

asp@ﬁl tfle sOlid okidecompomrumdy H¥Ghlcafed drvmtatink® IRT@aMECaspect, the
ound that may serve as, a source or _precursor for

chemrfa ly-4tispigth solgd %‘ﬂ? a9y gomprise thegtoniact Podustioh gt Aastorns calcined
solil BQ de ggmpth}hki 2Rl 8t 18R ond 1B Jfo‘?l l‘gi'raﬁlHk %@uﬁ smmz ul fate,

| uori | oride, brom or osu fat e,
f I J&ec:mcmala&y—treghd)§phniapmdefelxhrb:te ehivmpétheadity as compared to the

i f f i . .
corpiRggPiiE] FRAEE 6iid b ;B Bawid Je i Guced satiq gaide also
fundtioke as hratatidi agivaiox sl cempaed t¢ eeddonipondmgt ubeeed solidloxide.

addi tion, other ionic or non-ionic conpounds ¢t hat

Whilepefdnigadiag it be boyng;by; theary. & jishalic thaf tha ehwﬂgv-treated solid

a I S
oXGELAT RN BB I8 ARG RLEEEY o BN f sl

extracting af angomie ligandrform the mhtailawnngHa\Mewn the kkengioalhyt-eeatashsolid
0x1cf hxscglt wa%r trégaarale?ssagﬁ 8th:€ \912 r%t %elo%%t egn f{ggmlgcg%ﬁ,cgggkrg&s an

amdni‘bEhgahkidtodtbfmr@ oAl pairh wegkens akié ﬂ{eSal-tlﬂgaﬁd behdCimthe mé@llocene,
suitabjli t¥qof the particular salt to serv

simply GpRrdinatss 1q Heanionie g WiepHtToRigeiighe dismise Ty {eepisd solid oxide,
or aiﬂ% Loti@Hr %%ﬁmgthgnb& %l&lp actw&ﬁoﬁ‘ Qllléﬂlbbc!chf yWHfle m}ec@ﬁhéall'yrireated

_ desired sol vent, l'ack of adverse
solid exide iaglivajesghe me@alba@neom th¢ ebsep@n off wgatefyrs@cttss bett nesessary to

com%%?etlﬁ @ltlﬁ‘lﬂ}g%ea%gat?lﬁstg I?’1’0 ph%%%&? 59 g%mepq%nﬁg he g %V:F] %ﬁirgpceuon of

e Sa e Ca
the shehichily-yreated §oh& axide nlS E)(diéml s tief eﬁhunba:blaeucl@t iofN&atalyst

in.the salt % the el ectron- Wthdrﬁﬁb ani.on
COmpRHiIQ s Butv glee FSorcompared ot 3o calg rﬁomPPSIPPIi‘ a‘Fq{%mmg the

corr he Dhtrdafldr 8R4 Biﬁlde Q%Wévep Rhe cHeRlidaRPtiHted solid ox1de functions
phosphoni um H+, t2) 2]+, and the |ike. Furthe

as anomAtfivatari even @ tbma @trncm e orfiahéadurainume cempound, alummoxanes
A% DAL B cooplLY 00, ProPor 1 pn. an e

c hémnbmxedspyet | the aliedgically-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.
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solid oxide to the desired | evel. Conbinations of
el ectron w thdrawi ng conponents may be contacted with
the oxide material simultaneously or individually, and
any order that affords the desired chem cally-treated
solid oxide acidity. Once the solid oxide has been
chemcally-treated and dried, it is subsequently
cal cined. Calcining of the chem cally-treated solid
oxide is generally conducted in an anbient
at Mfoophaespect afyips éxafleht}'mi, mea:hdmycala\ymieaml sczl'tan@clﬁfgrtbqr camprises
a tenperature about . .
a il SR B el BTN i, FERels vig TR 10 dater ity tin
tungsyeml, falybdenu@d| o2 iafy melﬁamﬁmmbﬁ ExampRs,tof Tﬂiaﬁﬁhlllbf feated solid
from apout 300 C to about 80 %ﬁ? npst ty ?all in.
Ox“éfsrtlé\ﬁgfémb?r opmeprise @omeighocmeql don frgiudey Wﬁ %ralnpy imited to, zinc-
impfhtiedl dhfbrided cmﬂmgt Bilc- uﬁqp&ghﬁ@@ Yuorid Yfundifh, 2R Impenated
hours, and nost typically, from about 3 hours to abou
chiigled heiliasaluminen mmnm@natgél flyorided asibich-slomiing, opinadienpiregnated

ided silica st typically, calcining
Sulf?tga‘%élfnrl?aéaranlﬁco rbcl)nr%%g oﬁ ®I' to about 10 hours at a

t emanahett Spédtodie abanicalBbedted §(ﬂ1dab<<ilibt ofahi3 1ﬁivenEUﬂi th@prises a
sohé{l d%arg?éucg(gg]éq 2 &atlele b Iacper%}ty?t@\g?% %’cs%ﬁe g?)g Fronsted

acididb&HavRX| PheZ inBhaRic BRI Gemd4fP-tR8te@ivith an electron-withdrawing
Alternatively, an inert atnosphere, such as nitrogen

compenent.gypicaldy an efestioniwitdeawing phien.ctosfosh s shemyichllydfesategr solid
ox1cﬁéar\)%)1 &?ngéhgﬁg g@é lpo%ngstgfﬂthe-rﬂqﬁo@%glﬁgatgrﬁénq is bell?veg that

nponent use Feat ed S0
treamxdnd of they Diof@lnicyoyhds withpaaf elemmw&h@ﬁwaigecrorﬁﬂmmtadn@uients or

c/ nore t c at er han bo 0.5 cg¢l ‘
enh%mas ﬁ‘ﬁﬁgld{ ty of ey ‘%/’{})éeg éa%/ ége ¢ cai dree Pérﬁélds ik gltsg Lewis
or BrshSE&l E&JEBD%% ik ¥ 1&@1‘51' gfeaﬁé&sthaﬁl tlﬁeULév?@ %r Eﬂrﬁnfi’stéc{‘ac@dlty of the

e of about 100 to about 1000 m su , nhore
untr@@tgﬂg 08

selid inofganin exideitOne206thed tabmantifgobe mm;du;a of /the chemically-
trea{%? %}I;\% g%(t%??e%ltsh)éd g%]{d? glage?(%l i¥b ngggmfﬁ Flgnthgécglym%gzatlon activities of
the wduesd and luhyredteatided untietucil ieilyzed redctiba. | de i on  or

sulfate. i onbl tiop of anions, and
optliyBisal lwple wgﬁm@aﬁ gre%tr@ ojde LoPRisesa Solig inorgapig, oxide

comgﬁ!;lﬁ% eﬁggehcaneraméh%ne férenfeaﬁgel&@éd ﬂoﬁur(ﬁ%hﬁd §Qi Isd60Xigde, 10,
ormof a particulate solid. Thus,

11, thddi ¢4ldryStafdka e@oglm tableost ehmpeisingorxyaen arsi @éﬁ:ﬁét end glement
seleagé ?t%&neﬂlef BRfhfide or actinide elements. (See: Hawley's Condensed Chemical

Dictionary, 1" 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,

A1203, B203, BCO, Bi203, CdO, CO304, CI‘203, CUO, Fezog,, G3.203, La203, Mn203, MOO3,
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hal i ded or sulfated solid oxide conponent, a halided
or a sulfated netal -containing solid oxide conponent,
or a conbination thereof. In one aspect of this
invention, the chemcally- treated solid oxide is
selected fromchem cally-treated al um na
chemcal ly-treated silica- alumna, or m xtures
thereof. In one aspect, the chem cally-treated solid
oxide is selected fromfluorided alum na, chlorided
Ni@y| Rpdis nSh, Ol Sidp 08rdD 2 Sex 'ﬁth, D4, at,0d, WQimYp@;, Zm0ydrOgedd the
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thaSédni Bearséd (BB Icﬂem@mlwfrw&ds&luldxm ofithCprabent inveMMndgelude, but

silica-zirconia, sulfated silica- zircaonia, or any

are ok timHiedi ton siiepWaTna, SHIcA-tiYa onligarajrennipi Fplitiseplays, alumina-
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conbi nati,on.th

lea s le Gt B g Soupire 0 SRRy dhsrisdll RGied it o

met@PIVA[ thef SalinidUQr foflR @ cheidatly xehide sbid blide.f @ avtdfatcd-support".
particul ate solid, thus a source of fluoride ionis
Alteraatively o2 1sREd oxided anatyial randt s rplecliprvithdrawing jagjongsource are

t I t

conBRng UPLER b I IR, HAch PRl ot i

an @cﬂtmeﬂzvlttsmmnasompmo Itym(rallwa sait,or an pcidudian glectnon-wlathérawing
three carbon al

aniglf indidBS R if Bot Ffof8” ebPipb "SeFgr i, MR BASRR Ciboe gqmpound

ontdaaoMES and@fthé llker Topieglyadgeldweing ay @atactify lﬁ‘ieﬁibdl tthel Boriacted
invention include, but are not limted to,

miXHFE O KIS OmPARTH clacfyn-waHRMIRE AP RPUORGHFHie metal fon is

cal@mgioni um bi fl uoride (NHAHF2), anmoni um
tetrafl uoroborate (NH4BF4), amonium silicofluoride
( heﬂwfdlmmsxvlthdmatleg cc(rommsem; {read ithrepoxidanis any component that

hexafl HAP. a t
incrgED e e O FRORS Py STRd s B BR Tt By TPl he
eledod HrithdrBvitig edm96nehhﬁ anl dlwﬂodlvﬂﬂld?@ﬁﬁg anidbidetived fr@n a salt, an
ease of use and ready |Iab|I|t I n anot her aspect
acidypr pher GymPoNRd sychAs ﬁtViO qra%m% 6‘PWEPU6'53|%9é may ey as a source or

pre&ﬁ’ﬁﬁn 6@ HaY aﬁl'bﬁ afiﬁ'gnplwé bh e@ct@érﬂ&fth&jﬂa% ga&ﬁ&{s QHIBH@ Bk e not

calcining step. Any fluoriding agent capabl
llmlltmposm@hteyblevdfﬂtadlupnge chleride)| bremie] ldéldduﬂuqn@ﬁuﬁhte, fluoroborate,
I
pho%pglaf 222&' hotha oo érl aléo(l;r(rs)ﬁeceta CFégE:rrlfl?aD égmbipxéo\%llrg%nsf huoro[}tanate
trifluGloadetdts toiflgRNiafd fthe tiké,dinbladingoMDitGresrapd bﬁmbﬂﬁdons thereof. In

add%qgm{hgf gg{s%\églngx}lllérgq%g%%ghgdsf tlhgto rselzrgé rallg sgur%Q ; %or tiggeuizlectron
withdrawing anions may also be employed in the present invention.

When the electron-withdrawing component comprises a salt of an electron-
withdrawing anion, the counterion or cation of that salt may be selected from any cation
that allows the salt to revert or decompose back to the acid during calcining. Factors that
dictate the suitability of the particular salt to serve as a source for the electron-withdrawing

anion include, but are not limited to, the solubility of the salt in the desired solvent, the
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the invention include, but are not limted to, freons,
per fl uorohexane, perfluorobenzene, fl uoronethane,
trifluoroethanol, and conbinations thereof. Gaseous
hydrogen fluoride or fluorine itself can also be used
with the solid oxide is fluorided during cal cining.
One conveni ent nethod of contacting the solid oxide
with the fluoriding agent is to vaporize a fluoriding
agent into a gas streamused to fluidize the solid

laclosf albvethareavgvity b theatation) . ioBpairing effycts betvaan theecatias jpad tnion,

of this invention, the chem gally-treated.sol
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affoPd AR HGsired BRS 1g%]§gt %\gﬁ%ﬁd Wik lal%ldin? this aspect of the

I nvention |nc are not ed to, certain
fr gons, thp esplidhlcaidebleas zmer , chemicaHpreatiad rrad dried, it is subsequently

hl or onet h hl .or.of or t.etrachlorid .
caldied SO i <EtuPB PR S8 SRy S seRaiy shifgteg in an
amlﬁé}it Qfmtﬁbphéks@bfcanyﬂﬁh a @E}S @mbfénﬂ&ﬂﬁ)sﬁheﬁd‘l at B@erBpdritdreofrbel@about

ring calcin conveni ent met hod of contacting

200t r@etfbﬁb% %th rC tqﬂé feh rJHNEioh gbagehminye ite abaotG0, howys. More
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mosﬁ It)minaﬂldél arangh b A0@eC taoT0051Ce shlso nived t)’iPBCaHBI e@lainingyistdeaducted

o Shi R i S5PBI  APSB BB, BB 8B 2

houie WHeh ,th@ﬂ@nﬁwll@-ttéﬁwd@ahﬂ yxide ayiladiidet sﬂlch-allﬁhbﬂa;tm&@%ically,
by wei ght, where the wei ght ercents are based

on the
calcjgng istcagted ok from) abquioh focabout Kk hass:ahsy témg?na?uzeeaf-erawﬁpwa3,50° C
calcining. If the fluoride or chloride ion are
‘°a§§§§§§ﬁﬁr.ng cal cining, such as when calcined in the
pr eFSIethcxe apy tQeE df smiableeamlsientymmoaihlegﬂ eam be ueadi duingr calcining.

e.ion in,the, sol Pxl | de aIc
Gergstlg: T BBt oiF R i fhe Bons SR oMy an
inerflithRepHye, 8ildh asTBirbied ok BEOA, ot febigcing ﬁtmdﬁpﬂddﬁsmg as bydrogen or
not limted to, suction filtration followed by
carbon monoxide, may be used.

The solid oxide component used to prepare the chemically-treated solid oxide
typically has a pore volume greater than about 0.1 cc/g, more typically greater than about
0.5 cc/g, and most typically greater than 1.0 cc/g. The solid oxide component typically has
a surface area in a range of about 100 to about 1000 m.sup.2/g, more typically from about

200 to about 800 m.sup.2/g, and most typically, from 250 to 600 m.sup.2/g.
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evaporation, drying under vacuum spray drying, and

the like, although it is also possible to initiate

the calcining step imedi ately. 28 The silica-al um na
used to prepare the chemically-treated silica-alum na
typically has a pore volune greater than about 0.5

cc/g, nore typically greater than about 0.8 cc/g, and
nost typically, greater than 1.0 cc/g. Further, the
silica-alumna typically has a surface area greater
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rom but not

ate source, typically selecte
ﬂuohdm $1bch-nccon@utﬁlqmderd sélaeircammpbrpumided sllicatzacoroa, sulfated silica-
i um bi dition hei . .
zire R ey Fgimp el fergef B bisloRRy Bavity Pt chgisgity-reated with
a méRnPaneRke ty§i¢§my abe tianiiclyareatod! th@thleodiddis stleted Blohtichlorided
i norgani ¢ oxi de .of this invention may optionally be

ZInC&%@mneaqwlf?tefi abumiay fptidedsibsaralumyg, preay combingtiphgereof.
mﬂlﬁ"oné hlg‘?ﬁ\ﬁ:lnflgyp%@bl{ynﬂ&ll GRIRAWXER: co -ﬁﬁf?is&aé F¥orided

these co oun s are to or Pnpregnated o
solié okidd in thedpanf e pasticuletd solidothus A spurtopfifluerids ion is added to the

ent,| erted |nto uppor.t.ed net al 0
oxid IR FRRRR Wik 8 HRRHRG: 2P 1oBRA T RBHHE ol Fiafbg & 1o the
oxideWyt FemingoaBlurSeofthaed:dde irS &lsaititde sblvenn stchas alIUoﬂKler water,

vanadi um silver, copper, gallium tin, tungste

inclyding, hybrrg Rt limitedstog Hisione i fhese qephonddsoh 0*?}»5?3@5? PVhelf yplatility
and Wgux‘ﬁﬁ:te%ﬁéﬁatn ﬁ%nh?l'e& ¥t ﬂﬁ&ldl%’ géﬁ?st thatzdaﬁooe' wsed! f/r?ﬁnst fhivention

i npregnate the sol oxi d e solid oxid
incligdee rout akd yot tigated donihydroflnorad agidl (H;F)orammomum fluoride (NH4F),

amng%eélla}grllil? ﬂgorf kﬁﬁhlglgém %ﬁg‘d"iﬂkﬂgf 2 rgﬂuorobto%{té (N&%h), ammonium
silicofluoride  (hexafluorosilicate) ((NH4),SiFs), ammonium hexafluorophosphate
(NH4PF¢), analogs thereof, and combinations thereof. For example, ammonium bifluoride
NH4HF; is used as the fluoriding agent, due to its ease of use and ready availability.

In another aspect of the present invention, the solid oxide can be chemically-treated
with a fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used. For example,
in addition to those fluoriding agents described previously, volatile organic fluoriding

agents may be used. Examples of volatile organic fluoriding agents useful in this aspect of
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chemcally-treated wwth the electron w thdraw ng
anion. Further, any nethod of inpregnating the solid
oxide material with a netal may be used. The net hod
by which the oxide is contacted with a netal source,
typically a salt or netal-containing conmpound,

i ncludes, but is not [imted to, gelling, co-gelling,
i mpregnati on of one conpound onto another, and the

i ke. Follow ng any contacting nethod, the contacted
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chlo?ﬂg idd Qrﬁdhgd e g)gfd%ll_%yot?&ﬂﬁc:rgmpy @ﬁiloﬁ@iq%taggnt The chlorlde ion

cal treat id oxi di scl ose erein,
maycist asldgd to the) nxide by forming a $lhrrs of theeprideama @ptabdm@ll\reyt In another

s GERP k3855 i BB 4 o BRI

agenVRiting IR caltiRrgOép. 0GB! cHiGdh R byat caﬁabley@ﬁ Wlhg as a source of
sel ected froman or anoalun1nun1 co

chlogidg rﬁwﬁébm%%hbaﬁorswaad&q Aide SHpBRIE, © aimmag @?Fﬁoqaarb&rflsed For
exarlflrgl %'lgﬁl’e (?r?amé QRbFd g&ﬁé a ?Oﬁmé&ld Ex8mple@¥%f volatile organic

terra any CO t1on thereof In one aspect
chotidieg agattaluyeful gothio sspectonf thsrrmhmtlooongiudfs duit gre not limited to,

con L hRE mieLy RGeS oA HELANE, Afopdhh o
tetrd¥Rlofid€, &fd GoRibaiafibMgthsiebf. C(&sélfusd{yﬁﬂfgen Obﬂbdés or phlbhm Beklf can
clays, zeolites, clay n1nera|s ot her

alsorherispath e SelsherAa e calen@eeBne ComETgg W@thsﬁpf figftacting
the !))hﬁé @vﬁﬂ tl?\I cHIE 1@%@@& %@%&)rlz@x%ﬁ%ﬁdmgré%&ﬁl1§to(ar@ts 'dfr@dm used

etic conposi tes made from such conpounds,
to ﬂuﬂ1mrt§ve m#mxmtduongcalheam regardl ess of whether

rggtd?{g@&&%cé:é% %g orlgHI nf rlgget g%éfg? Icann(gl {‘n,ng-me solid oxide is
genéfhll(}t HoR MouBMYo Bbout FeREebcAei@hg ltysitaly frome labielitrigtoaabput 25% by
weight, and more typically from about 4 to about 20% by weight, where the weight
percents are based on the weight of the solid oxide, for example silica-alumina, before
calcining. If the fluoride or chloride ion are added during calcining, such as when calcined
in the presence of CCly, there is typically no fluoride or chloride ion in the solid oxide
before calcining. Once impregnated with halide, the halided oxide may be dried by any
method known in the art including, but not limited to, suction filtration followed by

evaporation, drying under vacuum, spray drying, and the like, although it is also possible

to initiate the calcining step immediately.
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m xture of these clay materials. The Opti onal

Or ganoal um num Conpound The present invention provides
catal yst conpositions conprising one or nore

hydr ocar byl - substituted netal | ocenes, a
chemcally-treated solid oxide, and an optiona

cocat al yst conponent. In one aspect, the cocatalyst of
this invention conprises at | east one organoal um num
conmpound. Thus, the present invention provides
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gener al. f.or.nu X X -n mh rei is
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h I

T
sucfaztsyﬂahﬂe desulfaredionhthe Isolkbmof’gaplcaﬁhdeyqf thiXGventon may optionally be
chert{Sh T L iy = (S0 Peuhl BT e Bl amelakcontaining
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up0111 Q:gdcﬂﬁlﬁgs Accordingly, the solid inorganic oxide can further comprise a metal

selected from zinc, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum,
or a combination thereof. Typically, for good catalyst activity and low cost, zinc is used to
impregnate the solid oxide. The solid oxide may be chemically-treated with metal salts or
metal-containing compounds before, after, or at the same time that the solid oxide is
chemically-treated with the electron withdrawing anion.

Further, any method of impregnating the solid oxide material with a metal may be
used. The method by which the oxide is contacted with a metal source, typically a salt or
metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Following any contacting

method, the contacted mixture of oxide compound, electron-withdrawing anion, and the
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sesqui hal i de conpounds. Cenerally, exanples of

or ganoal um num conpounds that can be used in this

i nvention include, but are not limted to,
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ther(rér(glgg Hlﬁ&lﬂg b%enoqr méaet thrq r&%ﬁe[ géel ez llf?)%yédt Hg&gals %}atural or

oce en1ca
synthﬁﬁé)omalcompﬁxﬁai ahadet fromnpmhemmpdunds)nﬁ amgpeomblriahens thereof,
cata of th i nventi on conprj ses at

st one
regilnn oW BFEST Btealea 47154 (SITUSIE e BLACE OF g} <l efaiahsy may
furth@ GmpPRE Y BHAbiASRIOY nAkFS BUBRY of these cocatalysts, including any

mixture of these clay materials.

The Optional Organoaluminum Compound

The present invention provides catalyst compositions comprising one or more
hydrocarbyl-substituted metallocenes, a chemically-treated solid oxide, and an optional
cocatalyst component. In one aspect, the cocatalyst of this invention comprises at least one
organoaluminum compound. Thus, the present invention provides catalyst compositions
and methods to prepare a catalyst composition comprising contacting a hydrocarbyl-
substituted metallocene and a chemically-treated solid oxide, and an optional

organoaluminum compound. One aspect of this invention involves the use of some
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oxi des). The other catalyst conponents are typically

contacted with the alum noxane in a saturated

hydr ocar bon conpound sol vent, though any sol vent which

is substantially inert to the reactants,

i nternedi ates, and products of the activation step can

be used. The catal yst conposition fornmed in this

manner nmay be coll ected by nethods known to those of

skill in the art, including but not limted to
orghidatunaihiron coropountie tec giredopsict cberpatbert icatalystaycobponents  prior to

B G l? S B HTSRERR S , Y of e
orghibaRiMiheh cbﬁnp@nihdotblt@qm%d&ecﬁhﬂﬂé&lp o tﬁ@pmgua@hanm edaCiof It is
t he al um noxane conpound can conprise |1 near

not gequired (hap the sa% prgﬁm%vmm@avg@w% pesrdda thegiptipyal ippsgppigot step
u

wit at\iéé n%tﬁe? ﬁjtal t nanFHoﬂ@nts \S\%g#]g FsgﬁJeRﬁgl %%F@Hgﬁgﬂgﬁm fompound

mtrbdw;nd Idedctbrl iktplthehpolymeriatiomreacton 10 car bon at ons, and n

t hl %nhgt%g:?tleg-ﬁf pgﬂréal %}agﬁ Ergﬁ%nﬁc%ma?rog{l %ﬂ?e %Ht are ngt limited
to campOurkds Matihg teaslldwiag pemedtfomeulatni t in a |inear
alun1npxa@e Thus, linear alum noxanes having the
f orMiKan XR)3nR4 Q-D4-M R wherein Ris a linear or
| 4ot 5
RSRS8O BT )
an atkyd dwapiag $och Do abkwsw wkmt atoms, aRd mdre typicallyrfiXAbis seleeted from

al.so ha MLES fornula
dhﬂféﬂggd%ﬁwy "%%fh exy dtﬁgﬁ "or 4 and ais
égﬁﬂll(q@)ub@ﬁ(uéﬂﬁm‘()ﬁh th|M1 &lb(ﬁ/le nfdmﬁh(a?:)s seedidik firoumthatidgf hydride,
t hr oor di nat.e al um tops, no(2) is the
alkqxiden BFY13106 B E5 ke R ige! g&%ﬁﬂs dgm}efof(e%ctqgsff% dluoro or

chl&yrmﬁrm&é tﬁl&ﬁw@dw@kﬁlo%wgen atoms, R represents a
term nal 4l y gr ou and

In the formula  AI(X")y(X )3 -1, 1 is a number from 1 to 3 inclusive, and typically, n
is 3. The value of n is not restricted to be an integer, therefore this formula includes
sesquihalide compounds.

Generally, examples of organoaluminum compounds that can be used in this
invention include, but are not limited to, trialkylaluminum compounds, dialkylaluminium
halide compounds, alkylaluminum dihalide compounds, alkylaluminum sesquihalide
compounds, and combinations thereof. Specific examples of organoaluminum compounds
that can be used in this invention in the precontacted mixture with the organometal
compound and an olefin or acetylene monomer include, but are not limited to,
trimethylaluminum (TMA); triethylaluminum (TEA); tripropylaluminum;
diethylaluminum ethoxide; tributylaluminum; disobutylaluminum hydride;
triisobutylaluminum (TIBAL); and diethylaluminum chloride.

One aspect of this invention involves the use of some organoaluminum compound
is to precontact the other catalyst components prior to introducing the catalyst into the

polymerization reactor, and the balance of the organoaluminum compound to be
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Rb represents a bridging al kyl group; wherein Ris a
i near or branched al kyl having from1 to 10 carbon
atons. Thus, al umi noxanes that can serve as optiona
cocatalysts in this invention are generally
represented by fornulas such as (R A --0OO0,
RIR-AI-O"AIR2, and the |like, wherein the Rgroup is
typically a linear or branched Cl-C6 al kyl such as
met hyl, ethyl, propyl, butyl, pentyl, or hexyl

intratiecedi direatly yiptocthke| polyregnizatemtrsacém. iThe egmauntsr ofnotgabealuminum

cora it Riosest Perfip nCETOR #erts o8 oA S gompound used
in dnl gptibasl peedontaBitsky| aldunlyrddRiotal cegamphiamintind omitiind added to the
yl al um noxane, iso- pr.opyl al um noxane

po l}ﬁl’ngrlﬁa;(,lp% [S3650Rd %R SRR asgectbglpyyel g}t G%H%Qfxt% @rganoa'lumlum compound to
the%@m@é‘l?‘ltx@!n@&nsﬂm(%&ﬁie ik Sff'bm QBB\Y’:' 0: ¥ NBE@NE1,000 in the catalyst
al um noxane - um noxane,
cor@qgémleaieﬁMahmmanm (TE:AQ) apfé rm}aoautu}aiummmne(TIBAL) are typical
conYEORS: s}éd al tﬂ{yanogg?nﬁm el %?”r?i nations thereof Wile
rganoa um noxanes w th di trer ent types of R groups

are enconpassed by the present invention, nethyl

al um noxane (MAO), ethyl al um noxane, or isobutyl

al um noxane are typical optional cocatal ysts used in

the catal yst conpositions of this invention. These

al um noxanes are prepared fromtrinethyl al um num

triethylalumnum or triisobutylal um num

respectively, and are sonetines referred to as

pol y(met hyl al um num oxi de), poly(ethyl alum num

oxi de), and pol y(i sobutyl al um num oxi de),

respectively. It is also within the scope of the

i nvention to use an alum noxane in conbination with a

trial kylalum num such as disclosed in U S. Pat. No.

4,794,096, which 1is herein incorporated by reference

inits entirety. The present invention contenpl ates

many val ues of n in the al um noxane formnul as

(RAI-O" and R(R-AI-O"AIR2, and preferably n is at

| east about 3. However, dependi ng upon how t he

or ganoal um noxane is prepared, stored, and used, the

value of n nmay be variable within a single sanple of

al um noxane, and such a comnbi nati on of

or ganoal um noxanes are conprised in the nmethods and

conpositions of the present invention. In preparing

the catal yst conposition of this invention conprising

an optional
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al um noxane, the nolar ratio of the alumnumin the

al um xoane to the hydrocarbyl- 34 substituted

netal | ocene in the conposition is usually from about

1:10 to about 100,000:1. In one another aspect, the

nolar ratio of the alum numin the alum xoane to the

hydr ocar byl - substituted netall ocene in the conposition

is usually fromabout 5:1 to about 15,000:1. The

anount of optional alum noxane added to a
TheRBARIA G A ORGI an  arount within a range of

a . my/ L to about 1000 ng/L, from about 0.1

/Imet pzreseab cumentl@O prayides estalyst semppeitions) corpprising, oah @ftmore

hydlé)rC%{brg subgt%%ﬁ nrgﬁlallllcggegévj\sé I%I cq‘%m&aaﬂy kh%ﬁﬁ? ﬁs%ﬁﬁ eo@uci%y aM@r |1 Cﬁsﬁﬁonal
cocmlyarcgmm&inurm oK aspectpthe pacadlys s thes mvelmtmnl cxompdsepsrat least one

U. S. Pat 3,242,099 and 4, 8
Sl GP AR A Ay U 850 KBNS ool B ARy P inum
0x1(Q§De ’Iﬁé %m& @at?/&st%%p@ﬁerﬁé B tSIs AR EcomB tddewil gRalgRinbgane in a
ter which is dissolved in an inert

Satumt@ahwdm@d?oneqﬂnmaw Brivensabeegh 4uyt $olvent ahish; i Swhstankighly inert
to the rgyc?éfl'?ﬁd mtec‘rH‘n%Hla?é 4l ré&l}%g%ftt {cﬁ@gﬁc}nrk?er??cgﬁ g@ Q6kd. The catalyst

um noxane’ co e not
comlp@&ifidx foymed lrsthstraztmaemay be tollesteld dly ineatlpmilstknawn t(hihgse of sk111 in

e SHm R e ek e s oot B8y e
1ntr(YHﬁbé‘(hmﬁf e pSHARAPARRFhchY Withoft beheiRblaed.
ternatlvely, or ganoal um noxanes nmay  be prepared b

r edbei Agminpxans omperad kil s mMBBemM@ns ifc [ina SlIEQMesiG,ja yninum
comgmt;'rycfj fish 58! atlumﬁlH %e%nﬁ}éﬁﬂcﬁ%ﬁx qﬁlea%l'bltﬂl@th%s ylic, or

er organi c SO vent Organ02| nc
cagdCstnrtiaby ot ypidatly puigsiesstofiativibreei Gynlmraimnmsar@aqompysmds having

X ositions conprising one or nore
t eﬁ?@ carbyl substituted netal |l ocenes, a

che |ly-treated solid oxide, and an optiona

cocat iﬁ component. In one aspect, the cocatalyst of
this i ven?lﬂmﬂggnprlses at |east one organozinc
compound. In one aspect, the catal yst conposition
further conprises an optional organozinc cocatalyst,

R is%nelér}eggg ?&gf Sk alkyPHg%/(i)l%jgr]f'ilo1¥¥I 1‘1‘8 1t0hc%rgo?1| alt&m Afd hey gﬂjin?eger from

3 to about 10 are encompassed by this invention. The (AIRO).sub.n moiety shown here
also constitutes the repeating unit in a linear aluminoxane. Thus, linear aluminoxanes

having the formula:

R
R Al—'O-)—-ﬁJx
Lo/nk

¢ wherein

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer from
1 to about 50, are also encompassed by this invention.
Further, aluminoxanes may also have cage structures of the formula RlsaRCm

«AlimO3m, wherein m is 3 or 4 and a is =najs)-noeythow); wherein nays) is the number of
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wherein (X5) is a hydrocarbyl having from1 to about

20 carbon atons; (X6) is selected froma hydrocarbyl,

an al koxi de or an aryl oxide having from1l to about 20

carbon atons, halide, or hydride. In another aspect,

t he optional organozinc cocatalyst is selected from

di net hyl zi nc, diethyl zi nc, dipropyl zinc, dibutylzinc,

di neopentyl zinc, di(trimethylsilylnmethyl)zinc, and

the like, including any conbinations thereof. 35 The
thmﬁpkbﬁgmheeh@ﬁmmeMﬁm;G@@ﬁk&hy&h&b&h&fﬁMfs@nﬂmMmuﬁ@gﬂomoms

ovi des  cat st,.conposi tions conpri sing one or

no(;;g,s&}(%elgpwp gd}ég{dmam gﬁ%gtgmpoﬁ‘égggseng agterrrrllmal alkyrf?group, and
R® ©PRELEAL bilddihEAkPLrS®; MeheRXl REs a AR BPbiaREHeR @LﬂJyl having from 1

cocat al yst conmponent. I n one aspect, the cocatal yst of
to 10satbongtoatst i on conpri ses at | east one organoboron

COMANI i Al BEPEE serl 1% AAANPRALAI GOTR M Ghyention are

conprises neutral boron conp salts, or
gene@itp irepadsennd by fiarmbds. suélods (@xaApJ—é))n, R{R—aAlGaOpARHAnd the like,

conp ds of .this _invention can [ a
WheFFIGR, gk S BPEAI IS, DAV o oy A GBI Pty ethyl,
pro%}g NRRWNF nt 106 RxSORRdrEigth tQ?cilBﬂEﬁQgentﬂ?MnfelgM&ﬂ r4ée8sout 50.

on or f uor oorgano borate conpound known in the
In meternlmﬁhm@ltuthe|qllzmmloxan¢ecqrrmoﬁn¢s %errgawwnbmp@de but are not

limt & PN dzn%lﬁﬁ%lh&ﬁ}ol}iﬁrlr@l Y%;Fmﬁhﬁl%gaﬂe r eg‘j{rgpg alﬂrﬂ%&gﬁe iso-

conpound ormB e termflu rgano
promdalammoxammdmtgdalahmmths tibuy l-arahoxaeag rsecrutytaluneihexane, iso-
he nonqanlonlc salts uor oor
f

buty@@lmrx% Qqq&qulwmore%ﬁ, gmty}a@%ﬂnoxa ag ngnt@&'iu‘%nnmoxane, iso-

pentyPBRRRAR, ﬁeo%hr%?raldﬁﬁh@@hn@ [ §3Bm6inabéidURereTOr
conveni ence | uor oor gano boron and f 1 uor oor gano

borWhile expepealyminosanss withodiffarent types et Regroys are encompassed by
the § lageﬁ{: tl['l\y 1Xn,b}ﬁe Qazmﬁ%%ec n(é: 191 Imﬁo%r{eh e isobutyl
ane as the 'co g ?

requires.
alurﬁinummoargamiicddommtoaalcmqataﬂmttsusteﬂan tbawata@sUsenipastlons of this
cocat n the resent, i.nven n.i,ncl ude, .but, are
inveiion TheSE elmioranee o) Maeatt fPUn sl e i,
or #isoBub¥dl@hinuin)i respebidl Rk hsd medﬂtsa;%mw RERAY )18 05 pBly(methyl
tri phenyl carbeni um tetrakis(pentafl uorophenyl)borate,

alurhinp emdpbtp@kﬁeﬁxybémrampm eBIREn1d) pekésebuty| uminum oxide),
res%ggtg(%iﬂé ?g,%é-oglk@ﬂ L I SCO th BI’IV net}'?n| jobgﬁea tan aluminoxane in

combinaphe Myﬂhcmtlrilabuylallmninum such as dlsclosed in U S. Pat. No. 4 ,794,096, which
is herein incorporated by reference in its entirety.

The present invention contemplates many values of n in the aluminoxane formulas
(R—AI—O0), and R(R—AI—O0),AIR;, and preferably n is at least about 3. However,
depending upon how the organoaluminoxane is prepared, stored, and used, the value of n
may be variable within a single sample of aluminoxane, and such a combination of
organoaluminoxanes are comprised in the methods and compositions of the present
invention.

In preparing the catalyst composition of this invention comprising an optional

aluminoxane, the molar ratio of the aluminum in the alumixoane to the hydrocarbyl-
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tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, and
the like, including m xtures thereof. Exanples of
fl uoroorgano boron conpounds that can be used as
cocatalysts in the present invention include, but are
not limted to, tris(pentafluorophenyl)boron,
tris[3,5- bis(trifluoronethyl)phenyl] boron, and the
i ke, including m xtures thereof. Although not
intending to be bound by the follow ng theory, these
subetiaawplmalb*:enef inuthe compsitonde psually direth dhawdbl dOrigabeut 100,000:1.
Qrmoun and, rel ate ounds, .ar t
in B3¢ 2o ST RRMRE yioe SB0aT Tt 25 8 TROHDNR " B AN 0 he
hydeédalbyd-s @il m%llé‘(ﬁi’f@ {1ithe %ompstﬂcbrﬁtglLﬁﬁa&@ frdm Wb&ut 5PAto. about
.. 5,919, 983, ich js incor ere Yy .. )
15 a@%r?@h&@mwt.q fsortionl %lflylmozﬁe a0y, poly éﬁtbqwmt?f is an

am@Un® PRPE AUhge QTROMRD. 6RMAS tditidut 766D M/t rffo?n about 0.1 mg/L to
invention. “In one aspect, the nolar ratio of the

abOQtr wdnﬂbs @rfr@nﬁ’p@uddng/b te heoutdf siglocene conpound in
Ty So%gll[lg%?lﬁlll ﬁ‘lh)?é{l]lﬁé §an o%%@#g&;ﬁy ?qrflou} };O%C(ﬁp‘géjﬁhl%fl) at]e well known

anoun uor organo oron
in thé aear Emrgpie:o oD orgahelmoinpranethreysestions age divclated! iyisl. Sf ®ut. Nos.

3 2%2:(?%9 ydﬁglg)%gé? el:agﬁ ﬁgpvillc&\gg S{ga{hra?)ga%sil o e eenlcgihle%m? dﬂr,llts gntlrety
Oné RRAMO SRR AR lafintthoXMRE hdy0 6€ PeepaRAPR URIfollbWs.OWater which is
aspect, the amount of fluoroorgano boron or

dissplvigdrin 6n getbotgeniatselveninpeyihe repséed with an eburinunyalieyl fcempound
I
suc%?sezf\}ﬁ]o%(n&% %&)a{ pfé t%esé’égfréd {)%En?(ga(l)lﬂ? 'ﬁ@(alng lcégglﬁoﬁrfd 1%nr{o"flﬂ’g§1dmg
to be bopadibyithpestatemére, iois betitedd thatehie sgrohgisunethod’ b‘aﬁ afford a mixture
naI | oni zi on und The present, in
of bt iBer b sls Combs Dy AIEMRGHIE Shcioorheti Olnypieh are
encmgz[s@é‘cﬂf)f’y}hs Sﬁ%ﬁﬁbﬂ %ﬁ’éi'nifﬁk@l |09§aﬁ8ﬁ§m1r@xanes may be prepared by

chem cally-treated solid oxid and an optiona

reacting an alupinure oHpyd pempoundsueines é@pe@th a hyfrated ealt anehsas hyfrated
copéglsﬁlfét@ ﬁgkllr%?t &g&m‘g é(ﬁ?&) at | east one i oni zi ng i onic

zing 1onic conmpound is an ionic
Thedm)rpmumrgwmmic(émataﬂystsctl on to enhance act|V| ty of

cat al yst, co | e not bound b ,
1 BRI XU PrOYIG sAS: SgTOSRIOES COmpETIAg dyer more

hydgﬁg&@pmﬁm% e@RddcAss, W ERentifBlyRatdd! QSHANSXi&) MAQWdoptional
cocatalyst component. In one aspect, the cocatalyst of this invention comprises at least one
“organozinc compound.

In one aspect, the catalyst composition further comprises an optional organozinc
cocatalyst, selected from a compound with the following formula:

Zn(X*)(X%;
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X%) is selected
from a hydrocarbyl, an alkoxide or an aryloxide having from 1 to about 20 carbon atoms,
halide, or hydride. In another aspect, the optional organozinc cocatalyst is selected from
dimethylzinc, diethylzinc, dipropylzinc, dibutylzinc, dineopentylzinc,

di(trimethylsilylmethyl)zinc, and the like, including any combinations thereof.
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converting the netall ocene into a cationic netall ocene
conpound. Again, while not intending to be bound by
theory, it is believed that the ionizing ionic
compound may function as an ionizing conpound by
conpletely or partially extracting an anionic |igand,
possi bly a non-rl 5-al kadi enyl |igand such as (X3) or
(X4), fromthe netall ocene. However, the ionizing
ionic compound is an activator regardl ess of whether
The (?Fﬁ&‘al OfthASdrd CocaliBfsttl | Ocene, abstracts an (X3) or
ligand in a fashion as to forman ion pair,
neresenhdnveatien proxddesoratatist aﬂonmﬂﬂljlo%ﬁ@nprﬂﬁlm&@ne or more
hydrocta[%h/l %@{kﬁtedsﬁl%Lyceﬁ or, déﬂé%@asfly tﬁ:a%ﬁ s()ﬁgéog?clfev (gth%' Jan optional
cocﬁtal)ysmmpbnerﬁ_-lmtohe aspect the&omlalystmé das seenptidn@mprises at least one
i zi ng ioni c conmpound activate the netal |l ocene only.
orgam OB CPPRPY function of the ionizing ionic

CONRMUHR dasb&t eﬁYlb @@gHnobdroh BNPBHRNEAHApaES in¢iitkal Bdkon compounds,
catal yst conposition as a whole, as conpared to a

borasasalfsy ot cowhipationsi thereel ioaiekamplecthe Argapoboren empPYRdsPf this
mv%f(ﬁghp AP RE 2 GRBRY, gg%ﬁo 8B¥%ni B mﬁ’“w al tfRbfor metmor@%und

roni zing” 1oni c conpounds I ncl u
or mebmbinaiitretherenf. Ang fldabérgamonhorongroflnateorgano borate compound

kno{yE}It |t51bUt yﬁxl)l @E]TL? E %ﬁ;b%gt(t{:@{( g}xé}i%?t 0| rk())grc%tm%ounJS k{as its usual

mednirlg( 13- I*éfbtr)ﬂ) n@era %Hﬂb&lﬁisrcﬁkthé (fé’mﬂBY3 The term fluoroorgano borate
henyl ) borate, tri(n-butyl)anmmoni u

di met h
compeuRG R ly #lse Egs s @quﬁbmﬁwlﬁgh 9o ,tléﬁ @on@arnilo(nhc salts of a fluoroorgano

bor@ﬂgyljn&@gﬁgd? gH %r t ca 1?12}0LBYH1]:‘ i hesepge e(/niefetr)lgsr% ﬂélormated organic

groupr. i Kan- d:nnt@ﬂlérwm'rﬂnonomgano boron and fluoroorgano borate compounds are

ki RS R REMARRE S rapyreposy bt it pgme s the
congkf@ Hivdsani | i nium tetraki s(mtol yI ) bor at e,
imethylaniliniumtetrakis(2,4

d| rEeqamyleg Ayeropegane boratg WOHEQWP%‘?PIE’F As¢fh@s cocatalysts in the
pres%ﬁtt fn@ﬁﬂtﬁg?’in?u@é et % PRSP, FuBrindledNaryl borates such as, N,N-

niltirnrum
dlmbthyiaai&ms{ns 5- bi stetrakis(persafhuveerhehylpteeatg) j bor att@phenylcarbenium

t hyl ani | ni um
tetf%‘%%% [?éh?‘b‘{# B ph BRI b o FeiRkis(Rep il HERD Ry DRYRIC, m NN
dimb@ Y Taf#in P - t t@iréﬂﬁ[@ Sra(@iflucksrh@helipHeaAlbdRse,UMtriphenylcarbenium
tetrakis(mtolyl)borate, triphenyl carbeni um

tetrakas] 3, 51@%‘(@“@30"&1}}?@&3!1?}}’&8% )"B‘gr elike, including mixtures thereof.
ExaHpieg ne @MFI%%F fid %Hl%htc%ﬁl'ba}fﬁcﬁ (tRat 2 ibBRbdayAsRiaemy 3D A AeSresent

phenyl carbeni um
inveneibm akic{ds, Subi siet miof | limitedretdyy krjstpeatafluptaphertyd)boron, tris[3,5-

bisri B BLER Al P B RS B RaRURE g EfROE " ™

t etAlfouSH Wbt intending to be bound by the followmg theory, these examples of
fluoroorgano borate and fluoroorgano boron compounds, and related compounds, are
thought to form "weakly-coordinating” anions when combined with organometal
compounds, as disclosed in U.S. Pat. No. 5,919,983, which is incorporated herein by

reference in its entirety.
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tolyl)borate, tropylium

tetraki s(2, 4-di net hyl phenyl ) borate, tropylium
tetrakis(3,5- dinmethyl phenyl)borate, tropylium
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

tropyliumtetraki s(pentafl uorophenyl)borate, lithium
tetraki s(pent af | uorophenyl )borate, |ithium
tetraphenyl borate, lithiumtetraki s(p-tolyl)borate,
l[ithiumtetrakis(mtolyl)borate, [lithium

t et Geraral[y2 anﬂy ﬁfnaﬂﬂ oy b@hmbplrdrbam@ioand lcart bé utiized in this invention.
tetrakis henyl ) bor at e, i

In cl?r@tqsg?clt l}&? g)agllr é%tlé) Ol}éég?lg ObOI‘OI‘l compoun ttli]lg lflnrgtallocene compound
in Rt EposltRANG afrdH OAbRRNBNYI kP A6BEE10: $0d‘5/‘s’i€ﬁlly, the amount of the
tetraphenyl borate, sodiumtetrakis(p-to bor at e,
flueyeergann tbetanaRr Sfuerqasgao) baratgt eompud um'ed as a cocatalyst for the
r
hydlr(gc%a?lg}f stg‘l%%tl.@ cﬁrh&‘%k?@éb@ gﬁ%}rg g rog rgl:n ab3 djmnole to about 10 moles
of babn abimpourabperamele q[foﬂnamlsloa@ma compound. In one aspect, the amount of
f tetraki 2) fﬂpent | uor o heg(%/l borate, ,potassium
uqraerERth 2R 8 U8roY i EURRURA Yt B 1 Ge5aRkesk for the
hydeedastsSsubistituedd mkthBdoehd Bli M'a)rﬁhﬁ%ﬁif?rom BSJuR B3I HBMe to about 5 moles
tetraki s(2, 4-di net hyl - phenyl )borate, potassium
of hoggr erpound per rapleef mﬁaﬁﬁ@ny c9mpeunde, pot assi um
291%0[ but yl ) ammoni um t et r aki s( p-
Th%%#’tgﬁagbum atg)ﬁ%%torn?prfh&gut yl ) ammoni um
t etwakpsémnqunh))mlpnmldat entalysti ¢ompwsitiphy @omprisiognone or more

hyd%c?éarq%lf Blﬁj%é u}eélnwgﬁ la%n?sgfalr,] agf}rllstrea%e% solid oxide, and an optional

cocstalyet dipeheiyin)ohk Wbpeoa tir, coEﬁthl(yEl‘dNﬁﬂz’ linv@ntdéEdMPrises at least one
t etraki s(pent afl uorophenyl ) al um nat e,

ioniging igRIGEPARIURE; | inium tetrakis(p-tolyl)-alumnate,
N Bklg idﬂ%%l()ﬂfy ouﬁﬂ is%rlghlc%gﬁl}pog’lﬁj &Hicxl&ﬁlf‘MI&?EO enhance

N, N- di et ani
activiey Dﬁkheséeﬂalystchomhybnph‘é’mlé Jnat boumiabye theNpsh-it is believed that the
ionigfé]gfxéxg¥ g?x%lp%ungl TR Pﬁ/f:qpﬁhlg rﬂ; Iriaﬁflﬁgnwﬁtgttge metallocene compound and
conertih€lithetnhetdiRedd Ritd!M cationic metallocene compound. Again, while not
t et raki s( pent af | uor ophenyl Lal um nate,
intepding He rhyl RS i ﬁbﬁ@rvettrlam eyst Ry theiopigingaioaic compound may

fun(!tfoh %HX{)IE%B mnﬁg{){ ol Sc(t%&t leXMaH?lleﬁ&iﬂE &@n anionic ligand,

tri phenyl car enl
possiblyet tonhpkedkadiongl ligand stieh as €X3p) e @1),Cﬁwrhetm metallocene. However,

the l??lfﬁlﬂgn'ﬂ("ga?%%l?ﬂr&sanhqu }/va o?l rléga]lrgﬁess 'of whether it is ionizes the

met&lﬁicé@é( laﬁst(aﬂﬁrhhé(w e o ﬁgéﬂd)lmauﬂé%lﬁéﬂ 8 tol fofRYah iidHTpair, weakens
)alum nate, tropylium

the métaké?& 0@( metaém))bgn@ i thametaliopensy Fimphi qasrdinatessio 2n 4X°) or (X*)
hgaﬁjd NG Eﬁfy sngé(gllaHi WhF hoPul\)aHm may occurI Further it is not

tetraki’s( |mst pHeny m nate, "t ropyl |
necesexry dlat SquD@ntZafg llomcaphrpnyﬂl@ adtivaierthe metdlloténeumly The activation

fun«{tfg)il ;og’rk)thg &Wgﬁg%ﬁ%@ﬁ&ﬁ%h&a' UJn ht'th 816 enlhanced an%mty of catalyst
compiitidkias (D-vitle/ | satomipaied @0 4 ichtalydiMcb@posiidrS COAtaining catalyst

composition that does not comprise any ionizing ionic compound.
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tolyl)alum nate, lithium

tetraki s(2, 4-di net hyl phenyl)alum nate, |ithium
tetrakis(3,5- dimethyl phenyl)alum nate, |ithium

tetrafl uoroal um nate, sodium

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

tetraphenyl al um nate, sodiumtetrakis(p-

tolyl)alum nate, sodiumtetrakis(mtolyl)alumnate,
sodium tetrakis(2,4- dinethylphenyl)alum nate, sodium

t et Exakipd{s3 pb-ichiniag hiphjohesmpguatisirihdlades, bus ogte umot limited to, the

tetrafl uoroal m nat e assi um )
follpwing, §?'ﬁ8?ﬂ I uord @h@w JAUNONMH ot etetiplis@sielyhprate,  tri(n-
buty§dniAekIeRY | a't%ﬁb@h&oly@ﬁb@&s' UMri(n-butyl)ammonium tetrakis(2,4-
tetrakis )al um nat e, potassi um

dm{eﬁky}péwsé%mtw fritp buml)enﬁn@at@ tpt@al@%%aﬁtﬂmethylphenyl)borate trn(n—

el )
o A0 AT IR AR o 30U pammoniar
tetrgles(padtd florahbnytjboadtts . N—Nmahylamﬂlmum nﬁeﬁaklg{pnollyl)borate, N,N-
. £ t her et nt .

amRTRRIRS: P R MG BRER anterakisc
dxm%fh@tph@ﬁﬁ)b@fa@é UN, N-Bint ity 1@ iR T dealid(Q3 -GS Frhesy Woldle, N,N-

cataly conposi tions and processes of this invention

dlmiem'laaﬂl@lw detrgkig dApidoremating pheytibatsénat N, N dinsthihanidinium
tetrgl{? (§I tath é%hgrfsg)bgffarte ol ectﬁbﬁenﬁﬁ%}%ﬁ%hpg at tétﬁa%?s&p-%nﬁ)borate

bond. Th ventl on enconpass
triphenytspbeyiney i z atetrekis(o-taddit®eae,usi rtgphergldagiemum ef i retrakis(2,4-

. et hyl ene,_ o ho | ene,

aimZBERUPPAY | on PELEBIGREGR h ot ol Bee SotiEenterhorate,

triplfngfchfbefiufmO MRBIRE]3, ib@(tﬁﬂbér&fmet‘h?l)ﬁﬂe)ﬁ bratef %ﬂ]ﬁéhﬂ@ﬁbemum
conprise a maj or anount of ethylene9?>50 nol e

tetraiis(ocaailnoronbeny Dbpisés topplivm tesrakisGrinhd oratesigonybipe tetrakis(m-
t | [ rd T

o BESED! p RO e b A MUGA, B, W5

dimethpiphehyDharate, f r ortraphilies t o tatoakis(3 Zeals(mfhmmmby’r)phemyl]borate

t hei | h Wh ..copol i ired,
woppfih 1Bk E PRy FaRy LOars: uf R B e iporate,
mhlamcsetrm@bﬁ?lbmta;epllmahlhqyretrsmg(rrt@nzl)s@ﬁ@s %ﬂﬁmhytetrﬁaé(ﬁpiogd)borate

- put ene exene -0C

lithiymg deteakis(of- dg{l?bb@ﬁ@nyfvh@a@noluhwnbfte@f@ﬂﬁiﬁérﬁémethylphenyl)borate
lithib At " oféz%ﬁﬁj{)rbl%rﬁ)tea r ?(ﬁﬁrgr ort a@guq) &qbﬁ%n%lz%trati o Sodium

copol yner 1s genera t'o a
tetrapbé¢nytitorgier ssdtm t@mkmﬁnml)ﬁoweobodmm Makm(Mtolybbcgmb sddium

e, SRR OGRS, Ok B g B B
tetraflOtobo@dte) 1 t Qpoddioiiin 5 WedthRis-(pentafluorophenyl)borate, potassium
tetraphenylborate, potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate,
potassium tetrakis(2,4-dimethyl-phenyl)borate, potassium tetrakis(3,5-
dimethylphenyl)borate, potassium tetrafluoroborate, tri(n-butyl)ammonium tetrakis(p-
tolyl)aluminate, tri(n-butyl)ammonium tetrakis(m-tolyl)aluminate, tri(n-butyl)ammonium
tetrakis(2,4-dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-
dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)aluminate,

N,N-dimethylanilinium tetrakis(p-tolyl)-aluminate, N,N-dimethylanilinium tetrakis(m-
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percent conononer, and nost typically fromabout 0.1
to about 4 wei ght percent conononer based on the
total weight of the nononer and cononormer.
Alternatively, an anmount sufficient to give the above
descri bed concentrations by weight, in the copol yner
produced can be used. Acyclic, cyclic, polycyclic,
termnal (a), internal, l|inear, branched, substituted,
unsubstituted, functionalized, and non-functionalized

tol;d)ahfriunsteﬂabd erﬂﬁft@lﬁm&ﬁiuinn tel’thl&s(Zjmmﬁthiyl}ihen)ﬁ)hlummate N,N-
d co ounds that

d‘“k?@y%@fql typ'vd%fafhk‘f@ i qﬁ’f?@?“éf giEmingtes .nb‘éﬁﬁr%ﬁhylamhmum
tetrhlﬂ%b&ﬂ@ﬂudﬁ%ﬁheﬁﬂ%hﬂﬁ&i&' m irﬁaﬂeﬁy%arlﬂérnﬁml e'ﬂe%’akfs @%‘iﬁﬁﬁlmmate

2- but ene ut ene, ‘i sobutyl ene, 1-
triphenydgerhentim 3. ﬁeétahgs(mﬁolpafaitmeatm nisip %yiqmbqnem enéetraleQ 4-

dlm%g}ﬁ/ggnt%@,ﬁ%al&%@%é,p ¢ dip h%nQE%Sélff ene t%{r%lﬁie(}"éou X&lgﬁ)’hel?yl)alummate
tripbﬂ’tykmet&zniu’hhe ft&‘:ttaklsF(perImﬂlude‘lenﬂ&,lurﬁiﬁetef [ vaopgaliurmlf tetrakis(p-
d tures. o an or._ nore thereof. )
oG GBYET o GiraKisEE O IiTudreg bUPPHBE | | ekl
dlnkmylphéﬂﬂ}aﬁﬁﬁﬂﬁtén%o ?M&homﬁ'@@d &Weﬂ@‘lﬂﬁéhﬂ%ummate tropylium
nor bor nadi ene, al so bezﬁp ymeri ze
Ul

tetr%s@%%ﬂqom@e@dmlnm | elithgm nttétrﬂ!ﬁlslﬁ@ent propbenyhidlupyinate,
o R L AP b S

I O oIe Ins are
tolylt»elunem&d tlhhrwrst tetralos(ZJZII-dimemyQﬂHemﬂ)ahinﬂmade hithelmor tesdakia(3,5-

._the, pol ri.zation r ess. Thus, branch and/ or
dlmS@‘X‘pr% ‘?’?‘B?a‘ff’s) oP U of i n fRtRYRRgR mat f r ofpdium
tetrzt éntdfierophadyPRNGAME] godigmd tetf%ﬁh@nﬁla‘ﬂﬂﬁmbt@ ¥ Paat Qé’(rakls(p-

t o hi nder the reaction in the at the sane olefin
tolybalyatinate;ent sodigm yat féﬂalﬁﬁmawal)@iammte t o fodaim  tetrakis(2,4-

dlm%gﬁm&gg C{L@ﬁ{l‘at ougk)ﬁu&onqetﬁk%@ 5~ d}-r}{ah | o galgli'nu%%?,‘zt sodium

e cata conpos
tetraﬂwmaiunmnata,s epd‘cgds'mne samrakis@emaﬂycrrephengt)dtlmnmatear e potassmm

el AR RS o SRR B O B e PO TR apisCh-iy D
aludnhﬁt@arpotliysﬁﬂp heghakis@Psdintetyishen@faliimbest pdthsRih  tetrakis(3,5-

olefin. In addition, the catalyst conpositions of
dlmﬁhyl@h?m)éhw%e rmﬁa%rruéeé@ﬂuwoyémm iZewgven ¢ ionizing ionic

com%bv%l g'nGt RSP Sin tﬁegﬁgs%qf fﬂ%xﬁ? L are not limted to,

|ene, I sopren adlene and
1, 5- hexadlene.

The Olefin Monomer

Unsaturated reactants that are useful in the polymerization processes with catalyst

compositions and processes of this invention include olefin compounds having from about
2 to about 30 carbon atoms per molecule and having at least one olefinic double bond. This
invention encompasses homopolymerization processes using a single olefin such as
ethylene or propylene, as well as copolymerization reactions with at least one different
olefinic compound. Typically, copolymers of ethylene comprise a major amount of

ethylene (>50 mole percent) and a minor amount of comonomer <50 mole percent), though
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41 Preparation of the Catal yst Conposition In
accordance with this invention, the catal yst
conpositions were prepared by a process conprising
contacting various conbinations of at |east one

hydr ocar byl -substituted netallocene with at |east one
chemcal ly-treated solid oxide for an effective period
of time, prior to using this catalyst conposition in
t he polynerization process. Active catalysts could be

thisk ap@ed Ruitdmean YTheRbMeforadtE tHa Yarobedbolgetigdit viieh diglehdishould
vari ous conponents. The contact process of preparing

have from-thyeg) tg abous £0 eﬂ#gn atans i theH neglerudaschaingccurs in an
[
| N&jhen ﬁtdEB&%Eﬁéf; & ?ﬁﬂe&’ NH€Mm p(ﬁdé%? ek liy t)gﬂt%YIQ 'BPSlymerized

condi t1 ons us, e atnosphere is’ typic
witky ubcsnmmpmt typieakly gbut- fat excespati lx,ummt firerh| lybtftc@e lgfentene, 1-
S th reaction begins revent . ctlvatlon
it S df 5918

hexfX,TrogBhes Uk htgne 3 ARpring  sPbTa iR Hactor
zonk No Prodace efeycopblymsrys géneedllydirdra abbutt0.0Moto hbowit ﬂedveﬁght percent

blendl Xl n Further, each of the cataly
F%SF‘gH“ r&pvs hissight of2b¢ Henqresy apﬁfefnwrpénqreMefeanlcally, the

amcﬁﬁ‘qp ef @Jn%ﬁbme%ﬁ%dﬂ@dqgto%%é&wone ¢Oféthabyr 001 ¥ %Bblﬁujswel ght
conmbi nat1 ons of these conpounds can be contacted

per¢entsomenomer, gindt mostbmpmgllf’ ulirerh eabogb rék lacto eabovli #hweight percent
confiiBhch BBl oF VS by SATRPAENE Sporhl Al FRRBRUNAcE ey, an

con ore uced
amduie suféiaiehtosn. gn!renthe raBO\a:Sctbeﬁibedfcohdfﬁn&amm éptweght, inhle copolymer

st conp03|t|on is prepared by contacting the
m°%§?§F¥ Petved-conpound and the chemical ly-treated solid

oXi A& cHAMBRAE, n%olﬂl&ycfl@ r f&lﬁmaf (&)S tlintBInXt UlRar, Q)?Qlct]&? Nsubstituted,
optlonally contacting this first mxture with

unsglstituted, yiynctionglized egathppie-funstionaiapd glafins roa b@mpmnmd in this
mvén%on SR e§a1§13f%oﬁl% c%] é\isld{u t&P col Sdnﬁg ap Ear” ?ea?(%l}é/l%gnzed with the

conpaosi I't1on cene
catatysrspafithid namdtubmmcmhe,rbuc atel ry){ hmétaﬂ &Ij pr@@lelnd, Iohutelee, 2-butene, 3-

0 nent are typic II contacted for aboyt 1 mnute
meth- LBRigRe. !&%ﬂ?@e pENteRN PP RiETs> o SO Bistieng0 A eghyl-1-

penéﬁ@ th-hel(QQeCZ-HEREI?e BYRk&GR! 3-¥ihly[-PReabeU1- héptgﬂeng-th‘é‘?t%ﬁ’e 3-heptene,
about hour at a tenperature from about 15C to abou

the Bmcnqmal @@mn@n fopr aprmd @osense the fivg parmakdegeres, and mixtures of

any?%&%' %falr{lcyre tﬁa'te llJngA: apﬁyél cbo[u%ﬂ% @ @ngggglilﬁ ldtalted to,
cycllﬁipérﬂertey myclahé)gené r norbaiglehe, 1 noibottadich® ahiodie likomayadlso be

erat%ﬁgaéron1about 15C to about 50C, prior to
pobf‘?ﬁr’czie‘é deset B neri zati on reacti on.

While 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 impede and/or slow the polymerization process. Thus, branched and/or
cyclic portion(s) of the olefin removed somewhat from the carbon-carbon double bond
would not be expected to hinder the reaction in the way that the same olefin substituents
situated more proximate to the carbon-carbon double bond might. Typically, at least one
reactant for the catalyst compositions of this invention is ethylene, so the polymerizations

are either homopolymerizations or copolymerizations with a different acyclic, cyclic,
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I n anot her aspect of this invention, the catalyst
conposition is prepared by contacting the netall ocene
conmpound and a cocatal yst, for exanple an
or ganoal um num conpound, to forma first m xture, and
then contacting this first mxture with the
chem cally-treated solid oxide conponent to forma
second m xture conprising the 42 catalyst
conposition. In the first mxture, the netall ocene
termOnf) durchahinithehl) bramehed, alupsitutedr & tnspbgialttd okfinl &C hddition, the
for about .1 mnute to ahout 24 hours at a tenperature,
catglygyn PorpRRsiiont ok 1S BYSBION OBey HoPeedy ybipelg(mey@@twanpft diolefin
corﬁ%ﬁk\ﬂs, JindThdiHg Buf e 3BOHMItdd BOUI3-Bitadierdc [9BBFAL, UT £perlthe, and
about 15C to about 50C. The conponents of the second
L5rhexadigne. are typically contacted for about 1 minute to
about 24 hours at a tenperature from about 10C to
about 100C, nore typically fromabout 1 mnute to
about | hour at a tenperature from about 15C to about
50C prior to initiating the polynerization reaction.
I n anot her aspect of this invention, the catalyst
conposition is prepared by contacting the netall ocene
conmpound and the chem cally-treated solid oxide
conponent before injection into a polynerization
reactor. In this aspect, the netall ocene and the
chem cally-treated oxide are contacted in the absence
of cocatalyst for a period fromabout 1 mnute to
about 24 hours, typically fromabout 1 mnute to abut
| hour, and at a tenperature from about 10C to about
200C, typically from about 20C to about 80C One
aspect of this invention is contacting a
hydr ocar byl -substituted netal |l ocene such as
(115- C3H5) Zr (CH2Ph) 3 wi t h an or ganoal um num conpound
such as Al (isobutyl)3 for about 30 mnutes to forma
first mxture, prior to contacting this first m xture
wth an acidic, chemcally-treated solid oxide such
as chlorided zinc-alumna to forma second mixture.
Once the second mixture of all the catal yst conponents
is formed, it is optionally allowed to remain in
contact fromabout 1 mnute to about 24 hours prior to
using this second mxture in a polynerization
process. \Wen an optional cocatal yst is used, the
wei ght ratio of the cocatal yst conpound to the
chem cally-treated solid oxi de conponent in the
catal yst conposition ranges from
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about 5:1 to about 1:1000, typically fromabout 3:1 to
about 1:100, and nore typically from1l:. 1 to 1:50.
These wei ght ratios are based on the conbi ned wei ghts
of cocatalyst, the chemcally-treated solid oxide,
and the netall ocene used to prepare the catal yst
conposition, regardless of the order of contacting the
cat al yst conmponents. The weight ratio of the
chem cally-treated solid oxide conmponent to the
Prepedatibn ofthe €atabispCompoditiort he cat al yst conposi tion
ranges from aboHt 1Q, 000: 1 i}o ab 1:1 r ef er abl
f r off &58idenGcoYEh fhis JnvgeR. ¢ Bcita h&orﬂ%t“ P Yels BisPyFed by a

prof:é@ RbrpHsing EhtAdin varlc-ﬂé%ﬁlbﬁﬁh&mofra@khﬁ%n@ﬁ r@é"a?ﬁ‘}q sGl'Shtltuted
he conbi ned wei ghts of any &ftl onal cocat al yst

me@Hﬁ«x@y &dth at frastcane whericNy-treasen sadidgwidedora Qféectlmrmoﬁ@f time,
prl(')ﬂFe{oa“al?éﬁpse c#@l?rgteéoc?n ISR i thg olgfrﬂ:h%tﬁiépr%g oﬁbtﬁ\!eo&’talysts

regar SS 0O r of con cat al
coutd bqapnepan’e& by bty inlethy)d efd aﬂ}eoxﬁatﬁcpsmct(ﬁgtbesarious pomponents. The
Pol ynmeri zati on Pro se Pol ynerij zatj ons .using the, .
confaht JOFErs O PRPRITLE TV ETAY B PR BEilon SRHA, Beduft igygn inert
atniOBPHERS 2B OMtek nsubhﬁmamp anby@Foub OdondRIohZ aTh@y) HBE ORRDSSMere is
i nclude, but are not limted to slurry

typjsally ﬁé)ﬁtazmllymgergﬁge mxb%féstpmla}lwérqep&watﬂﬁ gs thegpagtipp hegins, to
pre9é?it¥i tfvﬁt%d Qpﬁre s{ hﬁui %ﬂﬁactm &?&#ﬁﬁx@%am occur in a variety of

-reactor co at'ions there
wajzsoirycmdmgz dui ant ;honted ktn,ohhndingtdtemlmg Kuythpr, oefdukt @f the catalyst

et hyl ene- cont alning p rg can be utili.ze For . .
congRptioR eSompogits AR BecRes B Meaage' athiarfYgq Wi tping optional
cocB@lysh3, PArus 8mbatibhiCof thae! doftipotads daf Beadohia(d Abether prior to

continuously in a Ioog reactor or in a continuous

being figrtheg CP@ta@t% withapdditionah cafiplyst ceppangaisi o all coppeundss¢an be
con?a%ma% dile? Bedote lﬂe?l‘féjm{rgd&gﬁm(?{%@{c't&e et hy| ene, or

rvze et a conononer. A typical
poI Iylrrmmaxmct oﬁthmlnhcrdlomsthe a:a&lyst cgmmitymeis iprphied by contacting

the R ef(%%ﬁ)cgr}e( ca%ﬁ[?qu%g%\ﬁg%ﬁsf er}xelﬁg ?a%eéiﬁg)l 4 gcgq%g {th to form a

firsf Mix@¥cArapldethem dptiSnallyatontdding 3{hg4ﬁssﬂ-?ﬁxtu‘t“é"| ivéith hScocatalyst, for
|ncorporated by reference herein, in its entirety.

exampien YeanpFRmiRgn |cempwtrtdh Em@nafa sepend ppaYe fEMpLS e satalyst

u C
corﬁlﬁgl&ﬁg » fno ?Lgc 1?1?%12@, el C all egnée Wnﬁ %nﬂ thﬁ%ﬂemlcally-treated

soha,o_xnz& drponamichre hypsallytcohtacted! f@r_rabautpl wrinhte tty abdut 24 hours at a
enBh o SREUCHTEG 45 PO % G5l Bb B s
1 h@dir€at a temperature from about 15°C to about 50°C The components of the second
mixture are typically contacted for about 1 minute to about 24 hours at a temperature from
about 10°C to about 100°C, more typically from about 1 minute to about 1 hour at a
temperature from about 15°C to about 50°C, prior to initiating the polymerization reaction.

In another aspect of this invention, the catalyst composition is prepared by
contacting the metallocene compound and a cocatalyst, for example an organoaluminum
compound, to form a first mixture, and then contacting this first mixture with the

chemically-treated solid oxide component to form a second mixture comprising the

42



different in the different reactors, which is also

i ncorporated by reference herein, inits entirety.

Pol yneri zation tenperature for this invention

typically ranges from about 60C to about 280C, with a

pol yneri zation reaction tenperature nore typically

operating between about 70C to about 110C. The

pol ynmeri zation reaction typically occurs in an inert

at nosphere, that is, in atnosphere substantial free
catﬂf/stwoyr@eﬂtlémdImﬂﬂeﬁrssmb&ﬁraﬂtﬂeahétyllc&&kwddrﬁptﬁmd and the cocatalyst

ondlflons e absence of water as the

are Lypiea! Y&?n@eﬁf*& P sop apiBs 19 2 PYF,24; hawrs atz (eB@pRIG from about

totb ab8XAITB*E, méle Yy;ﬁ'éatllry%? a®ut 4'nfin8& 99 Qbodt 9! Ho¥iP41G&kinperature
mpl oyed in the pol ymérization reactor.

froxpoaby)nbﬂﬁ%htq albout SALE o%em@mmts @éﬁheb@ecamj/ npKiegs aneetypically
conu}?etd fgto Sl?oup?gn R‘?[X % §l§4u¥ lf,lrg %{ atte{]f é:P t}érfFornln czigl ult ?8C to about
reaction, uc é) %

Iy 8R4 pr essur e
1008Cghmere tybpirally fiem atrcmt rl aninment gdosk howrsat aCiemgératulr@/from about

pr.essur e re from about, atnospheric
15 Qéoagﬁgéﬁ%p %”ab‘l‘iﬂi‘t"tﬁdg%) PEPGUZAIGR &Y R -cal |y from
abomt arfthd?SasPedt CoR AN LinRABORY tH2- ca&éﬂ%thé‘émposhmr Ii%gﬁfépared by

can be used in the polynerization process of
confagiieg theometrboason cpwpoyngl gndethe chemnisally-treatode s@rﬂ oxide component

befgrgl I Jgg{lénz ﬂhb %nﬁolglt%leﬁgatlton eregc%rallx Stﬁ E ag ec‘,rf;lllg tnhée{}flg&%,leeo Und the

e carri manne
cheﬁ‘imﬂiyflreateéiasels atdhaintaceed ip dieyamdsncz ef cavatihgt foriamdetiod from about
ted to s

ol yner i pcl.ude, but are not
1 RIS bout P BUR, el Borl ot Tl miie fis Sbllo] Boprorgnd at a
tem?glamfrb@%bmn@oc agboubodoct @?ﬁ:faﬂj? oAb REL0°CNS about 80°C.
hereof . Thus,  any polynerlza ion zone known in the

ar tOQ%aq@P@dectéISomﬁmtwnclé ioBliRetingga badrym,rbxl substitpied metallocene
suchlak |(h5;@ 5 VA, éHz WRJltﬁ an or %dawnﬁg 3lind Qlth % Al(isobutyl);
utrlrze 1) bat ¢ K

action can
for elaout 36 dnioutks tocmnhlmﬁmsumlmunenpxaod to @pnuaermgt this fast mixtwre with an
i nuoys stirre

scidi [ PRBIAIRHREE ST O BEctoh e ehloridre Hinsraraiga dp o prgeond

mix@uré.| Oidethd QlcyiBhibdadel 7RI RROSRLAFst icBmPonedhBAP férBRE! ik Abptionally
zone. Suitable diluents used in slurry olynerlzatlon

allogied tousemair ApwAntret frere abawt 1 areute te labeid Hylmust arieroiesusing this
scedf R0t AL EAROT Pk 88T, (Ol ocure does not
necWBasan dpyiondancaalystriendedntht eveight ratieofthe @ catelyst compound to
the chemically-treated solid oxide component in the catalyst composition ranges from
about 5:1 to about 1:1000, typically from about 3:1 to about 1:100, and more typically
from 1:1 to 1:50. These weight ratios are based on the combined weights of cocatalyst, the
chemically-treated solid oxide, and the metallocene used to prepare the catalyst
composition, regardless of the order of contacting the catalyst components.
The weight ratio of the chemically-treated solid oxide component to the
metallocene compound in the catalyst composition ranges from about 10,000:1 to about
1:1, preferably, from about 1000:1 to about 10:1, and most preferably, from 250:1 to 20:1.

These weight ratios are based on the combined weights of any optional cocatalyst
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is nmeant to include conpounds and conpositions that
may contribute to polynerization process. Exanples of
hydr ocar bons that can be used as diluents include, but
are not limted to, cyclohexane, isobutane, n-butane,
propane, n-pentane, isopentane, neopentane, and n-
hexane. Typically, isobutane is used as the diluent in
a slurry polynmerization. Exanples of this technol ogy
are found in U S. Pat. Nos. 4,424,341; 4,501, 885;
emplo§dd, tHB4herdicaIB7r@B& solanokide, 5hd, ﬁ@%et@l&&hn@ﬁsédhﬁoCﬁébﬁe the
i.ncorporated b eference herein, in its entirety or
Ca‘?}m?Sg'a%S%?n f}%f{l FL] SFfer pheontaeting fsicgiabyst sompoggnts.
Utl[lﬁﬁ:ﬁtﬂ%Cét ?Et@iﬁﬁpo@ﬁﬁbn uppé)lyﬂ%ﬁk&ﬁh'%&s%@m or or
meri zation reactor syStemknown in the art that is
cap ymergatiopo Ping the Fatelyeth offi thisniomentien scan dpepeastied ut in any
I tio
maR RGN TF A 8%, SRR Ho G falon, PREPEERERDe. SJAR0 hholpied o

slunre @olyoresizatons, gas phase gadyingar zationsy S(ﬂﬁtyoncpd‘ljahér&\‘atlm and the like,
n conpr.ise . fluidized bed

. phase reactors

inclu RO or GO OTR BTG ShUSSAOY YV REEAIGR Somckpown In the

art fOpRBAuce e thiRdnklcomainiOpstyRérs QQI'I b& ailiRY. F&%Qﬁmpl%oh WidrQreactor
reactors can conprise stirr ed tank or autocl ave

canrhe g¢tiligedsfor phatghrpracesst ordhe reaglianoag be ghtrigh out doptingdysly in a loop
rea&&e&qﬁlﬁ cb }ﬁ%gE@ s%lreﬁ L cGppPri se at least one raw

mat er1 al system at |east one feed systemfor )
cat Afters tatalystc adteviatiat, & orapdyse ndosnpoattion | i8asded otve homapsél@merize

t nNer recov n1or )

et 3% SbonSlyaneEien and B R SiRionghe: & At no g eamamethod i

a slh@y pblytheBiz@RAMNTrodey Q0! 1WaHR thel pArfiEe fEMTPFIcER), athich are well
one, or conbination of, a catalyst storage s stem an

knowRy in G W 35k prErdisciossdofoF riamplet dnt)-Sa Fot-| Nierd 248,179, which is
1ncd'rg&r¥féhntggre§'é/r§ﬁc%nﬁer8f1 th ?t? Q:&{l&l(t% S(Xtmare Hbla/i%léﬁg tfoﬁ%gtgpgs of the
r recycling

I'se conti nubus
pressht gweations for shirky erdcessan drepﬂioymmplc@mgea dbory reactor of the type

o R 8555200 B TR s ERAS o

elthblﬂ 110 séiesPPArNG bZ @bmBihaliGRCIhefeofNWhdrbig 1BEONTEAJNBR Wonditions are
enoval fromthis reactor of a suspension conprising

dlffifsmylrli\ethe Gifferent| reactersgwhich isiialsgdneorpeated thar iefeserice rherein, in its
ctor systens of the present invention can conprise

e type of reactor per systemor nultiple reactor

s y Sobmeer zatipr ﬁemipmgturmﬁorahis riventivty pedcatiy rargac fromsabout 60°C to

abo%t%p%m d |0 gl{x}%}:‘qag ign f ﬁ{)]rbfegqrpg%iﬁg EN{EI)E%%yg{cgll}t Sﬁe%t?n{g between
about 70°C to about 110°C.

The polymerization reaction typically occurs in an inert atmosphere, that is, in

entlf

atmosphere substantial free of oxygen and under substantially anhydrous conditions, thus,
in the absence of water as the reaction begins. Therefore a dry, inert atmosphere, for
example, dry nitrogen or dry argon, is typically employed in the polymerization reactor.
The 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
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together to perform polynerization, or reactors that

are not connected. The polynmer can be polynerized in

one reactor under one set of conditions, and then the

pol ymer can be transferred to a second reactor for

pol ymeri zation under a different set of conditions. In

one aspect of the invention, the polynerization

react or system can conprise at |east one |oop slurry

reactor. Such reactors are known in the art and can

pressurgioi abeutvidnO ipsig] morr typiollyzRorh aboltdonsig Hlabbutl 880[sSigt Abrther,

a single | or . a series _of |oops. Milt

onpris
h)“f Qﬁn?’g GaR 26145F lncfglﬁ p@glﬁ%ﬂzgtéorbxgpﬁe% @f ttlp& g}vegth(al to control polymer

mogamm;@aggJ | oops. The slurry polynerization can be
performed in an organic solvent that can disperse the

cat Ralymerizationspiiggrélre. catalysienof dhis oﬁve;nupn @bn desuireshoyt in any
maﬂr{é? lkH?\gngxfr”t% %ﬁam&:elsscex %tnﬁrk%gta% m rlom ?s into polymers

I sobu olf'ven
includa:‘mmoanernoaiimlted)m slotrp pslyynetiedtidne, @slp‘h@sﬁ p’oﬁb&ﬁér&ﬁtlons solution

wh I ation occurs i.zation can occur
PO PR D reagion S Binatiars, BERSL. Abae: B RN gtion zone

kno@aNinbiBe fabias HRedice JlMRtAiNRg Olyintrd 881 Be ufifizedFor example, a
anot her aspect of this invention, the polynerization

stirtied JeRcser eainbe gffieads Br at batrle psecesn cor ghe rpistise cae dist earried out
con%&lsﬁlyﬂ %ocgjar}ea%ﬁl oY it & o&tnltl%l&ﬁs stirr& (f{ea%toz; (r;]s@g@ally, the

contarni ng on re nononers COﬂtIﬂUOUS
polyrheroragénstdigldskdiheteinede barded outtusing gslesye pelemefizdtioa process in a

t al. yst it Th I
oo Rt Bgtet Y R A Pt ol sfeRtoa o il e n the

art &ﬁ@)ﬁﬁ&lﬁ&% Bg&tocarBés WARN SRCHQNd wRlder! lréRN8PUdhditions. The term
yner groduct can be withdrawn fromthe reactor and

"dllm #rused Bsthisifselnsate doannesaecessridy mean p e deateriad, as this term
is n&g}lty {Hsﬁlhl%lﬁéj C&HE&HBE a*u?lé&'ﬁ ﬁgﬁt?orﬁhtﬂét é}‘? @&hxqf)lfte ?@Bolymerlza’uon
step gas-phase

conprise a cess
progess. fixempleadf by'drmfarbninefhan&n berusedh ias:diiltmheﬁixcﬂsdeaba aré ot limited
in at |eas

0 nerlze n th seou hase
to, BRlobFEinsciobishe. AuBBSaPoE: rrerEn Sopsiiacs wphegtane, and n-
hexARe U pigal By, fs@blﬁhﬁ@fﬁ; ums&h@dlﬂlﬂanpm ¥y ﬂ@l’i‘y E@l"yﬂ%ﬁzdtf(‘)naExamples of
first polynerization zone to a secon ymerization

this geBOIoRH 228 TG ok ot g i 24 10 b G114 488 e 737.280:
and B30V 95, A bODhLR RGh Qi didy §9 ';Iaa,lkeﬁse ercihh RS Bhriety

r adfioc glurpases io&tthe rinventiofny theetmhopmlymetni@on arteacttms ticludes any
polyf%/ﬁgl&cal ; %%cggrte (grpg) yrme(%l%l)tsoclgI rgggtcl)rosr;/st% o r(T)IvevrnI 1% aﬁe art that is capable of
polymerizing olefin monomers to produce homopolymers or copolymers of the present
invention. Such reactors can comprise slurry reactors, gas-phase reactors, solution reactors,
or any combination thereof. Gas phase reactors can comprise fluidized bed reactors or
tubular reactors. Slurry reactors can comprise vertical loops or horizontal loops. Solution
reactors can comprise stirred tank or autoclave reactors.

Polymerization reactors suitable for the present invention can comprise at least one

raw material feed system, at least one feed system for catalyst or catalyst components, at

least one reactor system, at least one polymer recovery system or any suitable combination
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can have several zones where fresh nononer,
initiators, or catalysts are added. Mononer can be
entrained in an inert gaseous stream and introduced at
one zone of the reactor. Initiators, catalysts,
and/ or catal yst conponents can be entrained in a
gaseous stream and introduced at anot her zone of the
reactor. The gas streans are interm xed for
pol ymeri zati on. Heat and pressure can be enpl oyed
ther@p r uptablat rehtorts ofod ihaipreset inn@itionpadny firthez abmprise any one, or
reaction conditions. In another .aspect of tge .
combiRALQR o5 cofalyst SOFARRSY TS T AT I ER SYCR e CORU R SYsLgn-4 diluent
recyxBhf {8 R aYd PR irbZakie AN SH@PERhQbrs cBY CbMPriUottin®s take-off and
_polynerization, the nononmer is contacted wth the
dircghreeygléng ebpgidlysts didvenbyandupalubpele Ganerally ngonginueyshpocesses can
rier |.Sj | ner t nj i '
conffFRE e Sofifbl ETm RIS Alronk o ER M H JHER inco o
polymertration ceaetddeandbthe ughtiniaus trhoval pibom pthsseactnt ©f a suspension
contact with Lh@ C%L%IyHic reaction product, in the
comprising polymes patigles ARLING I yi d material . The
POl BoMahératibd Feaélon Systeins#H thé pral@f imdentiBAPA! adipree cABdype of
pressures that wll result in the formation of a
reactey RﬂriSQjﬁemfortrﬁétlplgﬂW SY§ieIns campHing tWoeH meks types of reactors
foat] ‘ . . .
opelfd pafie Bin EHETPAMAE o} B HAROE AL Rcb connected
togetinirfto penfrol palpmerzzatiog or ndagtowy that drénoughoested: ke polymer can be

pol rization, zone. Adequate negans are.utilized for
porfiRerlRRip G BT R SRR We ST oMo PR A ST can be
trandfefre® Q) ¥ SROEAZRhIONOE PlyMEriRkibe Gh@d al différeliabCdt JIBAIEIBHS.

or in a continuous manner. The reactor can conprise a

serln@ge @spegt of g devestien, dhparlymenzating reactRs| sy§iem fiag gomprise at
leasg gﬁ?%glﬁ)g? slu?rﬁqgéc?(lyjyi tSﬁd'het%Eéﬂ&? aIng?) g Bihdhé art Qﬁd gﬁls(':dt'nﬁgise vertical

er aspect e I nvention,
or hodkgntarlogst Soch loeps taor caygise m sirgle bmpyoriasseries hloops. Multiple

conbi nati on of. t or nore acto Pr oduct,i on o ..
oo, Ry i cmitie: PRrerer il bt BEREAaRlal Jopbfy HhE Yl pRpymerizaton
can SHe @& Forhird A Arf dBdanicWeo16@P ahat €anP isyéree itHeatat@yst and polymer.

reactors, i nterconnected by a transfer device naking

Examples 9f syigable sodventsdnalnds butane, penapensyslohexape.tactagefangrgobutane.
b . i Do

Voldifr L, BEVES58, Aoh 5! B LA, B8 log cr

wheonpolghetization eeairo IPel yneemiziteondiah foecwrrat ldw mpetagures and pressures.

R“&@?é@h&ﬂ%@%Bgﬂg%%ggigg%fépgﬁﬁﬁ$ﬁ£“%F??L?gs;eactors can

I NGh YearofiRr BBYRLIES thisdednEbn,ahe polymerization reactor can comprise at
least one gas phase reactor. Such systems can employ a continuous recycle stream
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
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pol yner from one reactor to subsequent reactors for
conti nued pol ynerization. Such reactors can include
any conbination including, but not limted to,
multiple | oop reactors, nultiple gas reactors, a
conmbi nation of |oop and gas reactors, a conbination of
autoclave reactors or solution reactors with gas or
| oop reactors, multiple solution reactors, or
mul ti pl e autocl ave reactors. After the polyners are
polpmerizgien, the aseoaaphdze ih ar eadt twit ndesehtens Lasuphase | ppdymerization
i ncl din%. but not limted to, househol d confainers,
zongp é‘ﬁé‘F feeding;y ‘iﬂ%’f%‘&%ﬁ‘&“gd’r"b’ﬁi‘ﬁf e 1 34k poypsEigation zone to
a s&BAIBINIRALRion2bgk. | i ners. Various processes can form
these articles. Usually, additives and nodifiers are
addbustillanother pepeghedy the mveniie, theopqlymeizatiorn sesictos gan comprise a
' e . Jjnvent] ribed k -0,
e} F6gcl. PR PBrbAE el FUEE ToRMAECES) HRERAGL thifgion. or by
empiayingahe icatglysto sypicallyalskd dér ddoedinatioq polymmaizetidn. &abofar reactors

ol yners produced with netall ocene catalysts.
canf b ariersl OB e e WPRHRT (Y RUSEr ey hadded. Monomer
canf B bRAYIRMG BXA LR Syasddik Ghedh @nd MtoduBedd 8t SRNSIneUSTThb Reactor.

any way as inposing limtations upon the scope

Initigters eqafalysty angfar cat@pisticgmpondngs ¢ag heeniaingd dém p|ggseous stream and
. S t S var.l ous, ot .
i b o o W i TP nle “Een ol Bbiced fo
polyiheniztibn wHeathanda ptessure eadi beg emplyeld ssppioptiately tchebwim optimal
may . s est .t hengel ves to one of ordinary skill in the
P°1&P¥“%ﬂg*ﬁaﬁﬁf“‘a’e°§§5ﬁ<’ﬂb from the spirit of the present
| NVIRNidofer Gspdch & BO RBveation, e 3RPRNGEM S éddfor can comprise a
Definitions. In order to nore clearly define the terns

solyipa polypegization; ngectoro DuERg prjutday palymerizadon the mppeserdegontacted
. [ in.t t . ..

with % B VR B dRlon) t HEE0e WAl br ek B 1A capcr comprisng an

inerd nraaicatilnent oplerédssimonomendaorberempldyed t 1€ desitedgtht monomer can be
atnosphere is used herejn. refer.to any type of

broS R e “aborslpttoris it it el Siiin Padie) mithEnds rypresence

or dbSMMRE Bf 1ifEid Adtériat UTRY pdl@a6izaibn zEHeOis @¥dEntainbd BPfeRipbrtures and
around which the atnosphere surrounds or bl ankets. )

prespiigs thathwidl fesplinin dhe yormatipn yof g sefutieny ef ahe golymer ép at geaction

medit}fi, Bﬁ%ﬁatﬁf @ansttﬁbérhél%%&ﬁhlljr:{néoﬂ?ﬁ&i{a['81‘? t&3Btain better temperature
noi sture-free anket1 ng gas, ncludlng
control and to maintain uniform polymerization mixtures throughout the polymerization
zone. Adequate means are utilized for dissipating the exothermic heat of polymerization.
The polymerization can be effected in a batch manner, or in a continuous manner. The
reactor can comprise a series of at least one separator that employs high pressure and low
pressure to separate the desired polymer.
In a further aspect of the invention, the polymerization reactor system can comprise
the combination of two or more reactors. Production of polymers in multiple reactors can
include several stages in at least two separate polymerization reactors interconnected by a

transfer device making it possible to transfer the polymers resulting from the first

polymerization reactor into the second reactor. The desired polymerization conditions in
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but not limted to dry argon, dry nitrogen, dry
helium or m xtures thereof, when any 48 precursor,
conmponent, internediate, or product of a reaction or
process is sensitive to particular gases or noisture.
Additionally, the terminert atnosphere is also used
herein to refer to the use of dry air as a bl anketi ng
at nrosphere when the precursors, conponents,

i nternedi ates, or products of the reaction or process

oneddfethe ittt st bE diffe@dift iffony eheadisbraidlg cofdiyigdlof teSdthdr\tactors.
The tfrntnetallocene is used herein to refer to

Alteragtiyielyo obaneiation i Myl gepsinig capoinplydsn die @smpali wanser of
pol{hér %mt Wié ?ela@fo?ltgaﬁ'b%&ikntl llegé%‘lq foP WBnuel blymerization. Such
r15-cycl oal kadleng [1'gand, and nore typical ¥y one or
reaqtous can Bichidle laop eom ma@myincmdglgnbm not llmttsd mmdrgue drop reactors,
Pl SRR o B 08 FRB A AT BB S FRhBHONbE Aoctave

readtory threﬁylllttonOfeaktOfsawab eguz estelobp gamdors,0 muﬁlﬂks sblutibre deactors, or
|vat ves thereof. Possible substituents on these

’nu“PG aWﬁEP@H@ hydrogen, therefore the description

" SUbsdrithd i Aftnerd §Fel ;:)f@&dc!@sthéﬁ%h %effomtea it 'V§r16d'é\é?cﬁtlésoﬁlcludmg
i ncludes partially saturated gan s such

but met Hmted teo haehshgld con@meeshytg:nsjfst bn erpducts, drums fuel tanks, pipes,
I
geogl%trl[% ? yaﬁt!i q%rel%n%()ggo%aéltoc&sés Ca%aft()ﬂé tqﬁ%% hg:qe% ﬂstlaaﬂyr f}ddmves

satura enyl
andSﬂdidjﬂa’s @tk adddény khe sakaaéd 1thirdx€t tppirévidd desired affentﬁt]ie;dusing the
. fluor ¥ and the like. H&E egns cat al yst .
invenipp odeseribis | herging Apqles et RPrPfised | de? dpwer, say, while
maiR@IBAmb& or' & & tht Antdie éﬂ%ﬁéﬁiérs%f Yolynitr & policed ORI ARMIRcene

di scl osed herein, regardless of the actual product of
catalysts. r eact i on of the conponents, the nature of the

aCt"[Lh\éﬁ)rgst%B@in)&%Atg)g %Eﬁ“‘ﬁ:? dlluslﬂ‘gtegfﬂty the %l Q’{] %%gaqnples, which are

suc ydrocar subs
not mebalcbnmmade imany mayc3emposihg Yimitatiest @gbnsthée Isdopextﬂtelteof. On the

ef.ore e ter ca st co 0Si ti cat al yst
conffiy frig 5 b KGRl ArpRisiool Jha e B D e s gBReR, Sher aspects,
emboRITRAS, IdANTcafifith, BRITBSIA NS %%@Wh‘idho After rzﬁkﬁné Hedescription
hydrocarbyl is used to speci f { rocarbon radica

heraijt, angy suggest ithrmsakyes to ortmf qrémntyt skill i the @rtt witkpuy departing from

e SR ENELGE M e BAEL KD

[mﬁmumkynyl and t he I|ke and i ncludes all substituted
o e B AR o e SR deipons s
provd8Qut 20

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
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carbon atonms. In one aspect, the term hydrocar byl

refers to a hydrocarbyl group conprising fromone to

about 20 carbon atons. In another aspect, the term

hydrocarbyl is wused to refer to an aliphatic group,

an aromatic group, a cyclic group, a conbination of

al i phatic and cyclic groups, or a substituted

derivative thereof, having from1l to about 20 carbon

atons. 49 The term precontacted m xture is used herein
pret@sélesempdiRng ihlefrBddidte X6rUpiRdQdt ¢Tad ddagtidn of prReRERt®nsitive to

t.hat are contacted for g first period of tine prior to.
parfigidlar; gasesor maistisee Agditinpallys the teqy ineHamesppers it #pe dreddgrein to

ref@'to SRS QRS L4 & @Blaﬁgétfggyﬁﬁlo@g?ﬁmt the E%Ersﬁ:{i components,

. contacted fof a second peériod tinme. Typically,
intgsmediaies,owrtpradusisxefithe repstion ob @eocessmrg olyemoifture-sensitive and not

Ir yl -substituted netal |l ocene and the
0X%¥€ﬁ$§§{ y-treated solid oxide, before this mxture

i s Thet teanl uoeesl locerteois tuded ba{emrmrrib%ﬁt(b @ietallocmt Qilhd mh¥idllocene-like
opti onal cocatal yst, foy exanple an organoal um num.
CO%{&%@%HW*H% VEPr e a2 ﬁ_ﬁﬁ%é}g@n%fong Br SoRt-axieadkadienyl
lig%,xbhﬁ Snord tyPieRlyC Rt AR 1RR A-YJdiRntaBRAN: 1i@ndN et tig?énalogs or

us

Thus, "precontacted" describes conponents™that )
deriygiévpst Phusothe metalleesniss of thisrinvedngion pmiicatly comprisetasyciopentadienyl,
: e | s d, tacted nxture, .
indf3F SOFRRTVEF BorpotiBEn AR o PBTL AT ATl HEARE Possive

substits¢rtn@ui thbseb Hpande ninelude dyonant theetde tthe @espiptien "Bsbstituted
d.m xture and that conponent after

recontact e np f. he
deriypiyes, Berets i it piepUpdnclpdes aruinly esatusated igands (ych as

tetrAHYdBoiARAGH | tBrdgAroflubren$§l, PRSsHyRIBubRhyR paR{afGO@ate8 dindenyl,
organoal um num conpound, oncé it is ctontactéd wth the
partialyr sseusateq fluoeaniks tspbstitwied pertially setwrasedaindenyhesubstituted partially

Satuggg@hg@gw-gnﬁqﬁgﬁge solid oxide, to have reacted to
orma )

east one different chem cal conpound,
f orThel tatnisocatalpst cempusition, ecatalydmntixi@regliasd itheClike are used herein to
or gapoal.um num coppound used t.o prepare the
refep éE‘ht“l‘i?f‘t“_éed ofiest e compprienies izcied offan. fseudlsat &€ ithey actual
pro@icBafMa rdhdliSHHOT hE BRAPSHENR! the AFRENSMNhe h&ivd @8GIBSHe, 33 the fate
conprising an organoal um num conpound that was used

of any ope eprapanenhaichre therhysleacetbyhbyhistiueed Bptatlacand gr the ighemically-

IIR; . Q ri .
sl EOTHE AR E TR BB NE E GG e e
inclodiicale h&teropateoas cagoritiopednditbnafgehdusRompogitiane

?noﬁﬁ'ntﬁ:lt%rlrjrgl;]);dégf:[ag%y és? lpsggﬁ%tgg:gﬁ? rg?xg'ﬁm z?r : egld?cral ;rlo{lg tthat 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.
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contacted for a first period of tine. For exanple, the
term postcontacted m xture can be used herein to
descri be the m xture of hydrocarbyl -substituted
net al | ocene, chemcally- treated solid oxide, and
opti onal organozi nc conpound, formed from contacting
the precontacted m xture of a portion of these
conmponents with any additional conponents added to
make up the postcontacted m xture. Further, sone
cat-fleVsim E&@M@&t RiARY 198sed RG] dtshiftfehh @rsﬂ‘ thlx®dre of catalyst
m xture ahd a second m xture. The term
contmgmts: thiat are consactedtifos o first pesiodief tise prerdo ithet frstonitiye heing used
to fglglil a \Pg?tgma&eu rsteg'ong: g(?l}rg gf %&8!11?’& QO ggentsaﬁlﬁtd%rg contacted for a
secériiie pbiidd olf(xlmd: Na@ysiadlly, ahe hﬁeﬁoﬁalcieﬁ hm:&ahedlescﬁbﬂsl &l mixture of
oxi de_of relatively high porosity, which, exhjbits o ..
SR SR e A A e Y A E N SUKhOXidF betore this
mlxﬁfrb & 1HGoJJ%E@H195‘th‘érp%W 2htidf rehdi6r. Ak 'oﬁuorﬁl‘b&ﬁtal’ysi ITbxéh'?(ample
el ectron-wi t hdrawi ng conponent, typically an el’ectron
an qugartedhuavinurg camipowndy mayemeirise B compRnerh @f awirergniapted mixture, a
poségﬁtmggom ggépeo;gg%hh IOP n@iffer a?ﬁ?sc b re&n&‘a ?é?ie rﬂe Lﬂb@’ c&{lgﬁ gg that

S PRventron § emcally-tre
are iusat gﬁld)rttacn xdacle othenybut geiodfto td@etat:migrthe enmpmmmttﬁ il ks second,

not to,i hat .this canp onent is inert nd it
posigAar ! MoTeA Bt Pycl a8 e i oE B aHBbH ARineytshytgiveen a
comfpRh&ltXi8dd ©PIRRAR the PrecomdtB® mixthiRCandBAT olpbiYent ARBE mixture
solid oxides is an activating conponent_ which, in
has chaeni mapar@;h Fgrt prample, ezpsordifige ththis odesetiitions dibés possitlel for a
Al YRE X -
pre&{gﬁ%ag eldnv g%ﬁagu%% o L?ici:lgg pgﬁr{/ ke ﬁ %‘P Uj gu : th ot'ﬂe qrydrocarbyl
substiptitad tiefalldeanecand  thaciebniied! kyrtreatesl siuholxaie orhase mavati gotform at

to th d b d h d th
sy ok R RSP Ner 10, By eE A BAbS R S

orgﬁ%&luﬁﬁ&r@%@mﬁ@&rﬁf h@tisto&}fr@adi‘@ IR Preb@iisdidddRikturd! In thls case, the

publications and patents nentioned herein are
predontagted ooraansalupunwn rrompoprd ©F camponeny is Wricribed 99 sempfising an

orgﬂl%gﬁlm ljﬂlxﬁ do (g.mg élia‘f thﬁg' %xgkglrtg fpgpg)g e ?%Enjg@?nrtlﬁci&ﬁierﬁ&ﬂﬁé.r ucts

putﬂlmdaﬁy,oths temh ipoktcoritgdtdd extuse o usedchmeiactbi dnscrilw’ & hsecond
res descri bed i nventi lcat ons

mixyie of SRR e ROnEH o o Ghotied T TRl Bt Paetpd one

conﬁﬁh&ﬁ ¥f Michtiberer pr@é&lﬁc{%ﬂtﬂrq}rﬁrmﬁiu& of taglyktl dohipenéldd gat were
t he present 8 plication. Nothing herein is to be

cont@@tﬁétferu@@rsasveam atl iims s Femexample, it termposticortacted mixihre 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 to

indicate a chemically-treated, solid oxide of relatively high porosity, which exhibits

50



entitled to antedate such disclosure by virtue of

prior invention. For any particul ar conpound discl osed

herei n, any general structure presented al so

enconpasses all conformational isoners, regioisoners,

and stereoisoners that may arise froma particul ar

set of substitutents. The general structure also

enconpasses all enantioners, diastereonmers, and ot her

optical isomers whether in enantioneric or racemc
enhfuredd evasaait lor Bsorstedtacidisbaiavist, earisinigsbivagls treails’:lemthﬁo the solid

uire The present in tion is t her .

oxi TE £ SRR PG PERPIG - JAINS, SoAHOE A Bgnggnion or
an électhd WRRGhWHRdadith 860fcdVBYmBSundMAPShE gsﬂe'cmtﬁ@t:hé?rﬂs,ally-treated

upon the scope thereof. On the contrary, is to be

solid |0éaie| of this devestion i a shemisallydroategegonganin aald@oAxm psegRfgthe term
" r I

s oPERRTS el R b S (R S98 1EFg0e consr o
an iders compinicotnof thecatalpst compositigy Rathet, hh’ﬁ‘rd&mimlyttmatﬂd solaf oxides

. ordinary skil the art, w thou arti fro t he..
is o petiAfh %for?rr?@%tr@ygwn Ehibubicsvitn SRR bk ibitued
metalliRené] @EmbHisds e calilyst Borhpitionl df ik REeRtich [pRsiucd pIfaérs.

ot herw se speC|f|edy the syntheses and _ preparations

degtlthoyely Weméﬁhﬁdmeélcgarmdewa&ma suiidlar 2% gqyisajent to those
e S B e N SR o, e SR pr B LA methods,
devi;cymrtdahdityrizds aredherepr descrited. use. Unl ess ot her W se

nts were obtagﬁed fromc '

|
S0 kRl aRT B et st in gt RS BT ety reference

for Atlhé OB@pHbseb o Hés@ﬁ@iﬁgpﬁﬁ@ (Slchl@suEg S¥dri RMahpB, the constructs and
Instrunent ired from Quant achr one

metbgalasicn heare dowabed n N publigaigns, SUch o gt usschisconnection
Wlt}iﬁ're I}r? PIIEP}; 8o B QQﬁtﬁ V?hé‘ ?glﬁlcg{l?ﬁsnﬁscussed above %nd throughout

treate I's 1 nventi
the Texd amptovidqademle(ly\/lﬁ)r thieirt djs:lcpsutq/peor pr d‘duﬁhng/vdge of the present

a 2. 16 k ad an h ad.
appfRgh e RIE G b e R bR gt g YGgrs are not
entifl@G.anfedAdBbdh dscBRIRS B vidass TR for an@n@sroper ties of the
Solid Oxide Materials Used to Prepare the
Ch&sr amy pa}ﬂqul%réiogm)og@g digcleged hekein, 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,
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.
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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%
alumna and 2-5%silica having a pore volunme of 2.00
cc/g and surface area of 380 n2/g. Silica was
obt ai ned as Davi son grade 952 fromWR G ace, having
a pore volunme of about 1.6 cc/g and a surface area of
about 300 n2/g. Silica-alumna was obtained as M5
13- Inl Ghé rfoﬂDngRexﬁlp\lesa halessn @tiedWesby speeifgph) thd wthSes and
ht. silica.and haying.a pore volu .
preffas SR ings ¢ iin ere el AR R b Sirosepses 18R gf nitrogen
andfotAYESE S31vehts ¢ Qﬁﬂcﬂa’ke@ffro@ EinthEmRTae SRR hn@WpE typRElly dried
Alum na Ketjen grade B al um na, 544.85
Prigfap yscallidest pthpivgse spasified.reagsnts merwtweecgfrwmtcnmnmlal sources.
aqueous solution of 109 g of zinc chloride in 900 g of
wat er and shaken to ensure uniform wetness. The solid
was then dried in a vacliXAMPER lat 120C and passed
T‘%hrﬁmgg(ia 80 nesh screen. A portion of the solid was
°YHe 1Cined in air for three hours at 600C 52 usi ng
a 18 rQaintfhitbnmd) AutbSorbd WiddiEhePofel 8ezca MistElbutidnO 18strhment,"
SCFH of nitrogen. After calcining, the furnace
acquispdh dfom mee%ga%wﬁ@ Liorearatign, Sooeset oY -+ Was gaed & detarmined

surld@s areall aﬁw?ac h‘f i f the c‘ﬂéﬁﬁlcgil% 'Erggg@ Solﬂ‘g desléf fiks Blention.

car bon tet e were I njec Into ni trogen
Themek fndea i Decfdhopalymer prpduct sasrﬂétcmmwnm@ zu?nlﬁag fbamd .and High

Lo el HRE R VL REd AR P ER LIRR SR ARG P o "

chl oride the surface to produce a chlorided al um na.
The chl orided alum na was white in color. EXAVPLE 4
Preparation of Fluori de&XAYPER 24| uni na

Gendrdll S&urBdsUm @roﬂwﬁlé'ss oft Hk fS'b ey 0% ge e fGsls CORPRY - Prcggglpe the

g, was | nmpregnated to j ust i nci pr ent wet ne
Chemitallyal ated Spld Ogisles ai ni ng 70 g of annonlun1b|fluor|de
re was th

ol A o e e Age NP bR 4 BRf votume
of dboder.7had/g and a dtifaRlies 6 erfout\/ZﬂmJMﬁg of lK&:tjen NaJS-$8% Aluntina and
2-5‘%r gggaclllar\]/%]ng 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.

EXAMPLE 3

Preparation of Zinc-Impregnated Chlorided Alumina
Ketjen grade B alumina, 544.85 g, was saturated to just past incipient wetness with
an aqueous solution of 109 g of zinc chloride in 900 g of water and shaken to ensure
uniform wetness. The solid was then dried in a vacuum oven at 120°C and passed through

a 80 mesh screen. A portion of the solid was then calcined in air for three hours at 600°C
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activated-support was to calcine the material in dry

fluidizing air at 454C for 6 hours, after which the

chem cally-treated solid oxide was stored under

nitrogen until used. EXAMPLE 5 Preparation of

Sul fated Alum na Ketjen L alum na, 652 g, was

i npregnated to just beyond incipient wetness with a

sol ution containing 137 g of (NH4)2SO4 dissolved in

1300 nL of water. This m xture was then placed in a
usingae Udnncy bed anal 48 rmmaddiaveentulpbtandt0.2l 1(0@4U$@EH dfiaittogen. After

at.no ere of  vacuum and then c | a mffle
cal iRl oS s PRI N AmREh 25 600 30 e as sream was

chah %éél from &t 8TdriRitfolged. MheACTS ML @tdca%éfﬁﬂ@trrichl’@ﬁe %@ fj&%ked into
rough an 80 nesh screen. The support was

the a%lirpﬁ%ﬂ Steam aqdr e¥aposBeT upsiream Him sthe afllt»lmm&/\dbﬁ@ h Thiecarbon

tetrgﬁ?dﬂd%@ab&n\%gs%%%g p§%§k%bﬁélbg§ Tie act ?tﬂ tllfénaﬂ? ina in ]prder to

trogen u use ra repara ion o
chlgrive thl;/ surdeca rtd ptodBudbs chlbritletalivieiel Tae ehleadecﬁfﬂuﬁiﬁfaeww white in
[ reparative nmethods for form ng
“O%ydr ocar byl - substituted netal | ocenes by substitution
reactions, such as alkylating or arylating a
hal i de- substituted or al koxi de- substituted
met al | ocene, can be fouR¥AMPEE ¢ari ous references,

Pre;ﬁ[?gtkdﬁdd Mhoridd bﬁﬁ%f'Aﬁ)ur&ﬁe' Coutts, R S P.; Wigold,

ganoneta mstry of Titanium Zironium
andSili¢dadlmmning MAdadéfifiom MeR. Geoack Co]zﬁ:'éﬂy,,mﬂg aam impregnated to
em str.

. oL ert, M _F.; .and of. .

justeyanE PRt ot ines i ap i BT  Slerepenim bifuoride

dissBIve8 i 120 &F kvater 1PIBS mifaiAMRhRhén plae&iEindl vabesa ovett hifNdried
of the Pol ynerization Runs The aIkyI conmpounds,

overmight i 17§°¢ weder bl m @tmespherg ofavscaure, Tie dwal yigp damr9ducmg

AN SE 08 RS I8, SUEIEEL X SB8  pos,

after whichttlteechpmmﬁﬂmtneztad salitl o:8deway storddl hnqham Injtrogen nmﬂll usad.
runs were conducted in a one- gallon (3.785 liter)
stainless steel reactor. This reactor enployed an

air-operated stirrer EXAMPLES

Preparation of Sulfated Alumina

Ketjen L alumina, 652 g, was impregnated to just beyond incipient wetness with a
solution containing 137 g of (NH4),SO4 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 550°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
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with a three bl aded propeller and was set to operate

at 700 rpmfor the duration of a polynerization run.

The reactor was al so 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, allowng for tenperature control. A typica

pol ynmeri zation procedure is as follows. The initiation

of the charging sequence to the reactor was through

an Gpﬁa‘tﬂ@areﬁmtge rﬁﬂh(ﬁdsVFﬁf f(ﬁm%%nﬁ)i%ﬁ@:avbiyﬂ-buﬁsﬁﬁbédi ﬂelallocenes by

vapor. noi son re, oxygen) scavenger such
SubaP@flﬂwszfctfenSa |Sf‘°*b§%d‘ @Jaé@gi%j %zka%s aq'ﬂﬁhéimsybsnﬂ&t%%alkomde-

subdtuBdOinbiaB6beRE, @nRiee®ARY AEh Sdrighferdtertes t 1h@lud1ng Wailes, P. C.;
hydrocarbyl-substltuted met al  ocene and t

Cogttre - iRy Weigold. 48 indPiganamétellic Cmell%lh’a@fg@twm, Higenium, and
L ose i y n|t
Haffh B Re @0 Nk BE%. 1910 CRAL IS JABEHE WREC el RGP € 1
Chertustry ed Grpaghordiadoailint and Fidafdizsi 10echpourdst ElapeaatPuess; NawdYork,
t hyl ene was then introduced along wth the desired
1980 punt  of hexene, if used. A mass flow unit all owed
the pressure to quickly clinb to within 50 psi of the
desired run pressure and all owed the snooth
transition of ethylene EW@WMHhE7I t he specified
G ATRNE AR HERERLLEo) RS S vere achieved. These
nperature a pressure s were naintained for
t heTld:uallayll ammpoﬁndsh encluding, théﬂe (bﬂiH(bdrqﬂdeTaibtml ofert hﬂaiéally pre-

[ the th | ene fl.ow was stopped. nd t act 54,
conlae 8 it S oge Shamicivar s RER e GRS sefvent prior to
mje'i:ﬁ&pﬁﬁ@ihh! ﬁ)@lyﬁﬁhﬁatﬁﬁfr@éc&'oﬂ RWponlﬂ%rl&&ﬁﬁlt 1Ahs wdRToRMRRLMN a one-

t he gr anul ar wder collected. Activity

gallggsﬁs?ﬁédi qry slgindess équ% éqactogrm regetop smpleed pnoitreperatod rstirrer
f i 0

w1tlghgt'ri%eg dblgéegaﬁrﬁg elRP'al (2 g%lsen '6{)&5@@ 73)'9 Mtraﬂle d%lratlon of a

polgngrizatiommnt ke reamanWasxdsd ancpded pian eteﬁlg holet with supply Hme leadmg

et hyl ene- I-hex ne copol nmers are, provided in Table
to AR erebapeerah PGS oHRE M Ao rigdn line,
andﬁugﬁﬁﬁmhkﬁnﬁéc&ﬁﬁﬂral pol ymeri zation runs and

provi des data to _show that a polynerlzatlon cat al yst

cormrtym?q@dmer@émnamocm ifces Efllopse Thednitistinnepfethe charging
seql?eﬁem Cgh SR Was r(g gﬁag 08XI e&%ge%w &Hllé’%éd?mg with isobutane

Iy treate
vapor. A poison (moisture, oxygen) scavenger such as diethylzinc, if used, was injected

quickly followed by addition of a precontacted slurry of the hydrocarbyl-substituted
metallocene and the chemically-treated solid oxide. 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
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active even in the absence of cocatal ysts such as

or ganoal um num conpounds. In several of these runs,
an organozi nc cocatal yst was used. Wi le not intending
to be bound by theory, it is possible that the

or ganozi nc compound functions as a scavenger to renove
traces of water and oxygen fromthe catal yst

conmposi tion. Conparative Exanple 20 indicates that

di ethyl zinc is not a good al kyl ati ng agent for the

presbuchdlowlgvehtad bffc Wihen the paésoive ahd tdﬁip@ratdre webe fifely Fva the f¢actor
O -- PPPPPO0ODLODO

b C 0 R
wagoRgnb ond e e Gy TRET IR plscisRARINORYP Spegifpdra cither
grale or %lyﬁé@r&iu&@ l&M g}am (ﬁ" tre@tehl s@upoMﬂe Qr Qar@tgn(ﬁlépalcbhgrg@d per

hOU@hlbemrse@an\lEqurAn@nml Idata empl?ymg WN@VMHOB tVIprepEreO)CN'}’eth’lene

S SRTONBCTR R N X

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 Example 20
indicates that diethylzinc is not a good alkylating agent for the dichlorometallocene H

shown in FIG. 1.
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Us Lps 57 CLAIMS W claim 1. A catal yst conposition
conprising: the contact product of a netall ocene
conmpound and a chemically-treated solid oxide,
wherein: the netall ocene conpound has the foll ow ng
formula: (XI) (X2)(X3)(X4) M; wherein M is selected
fromtitanium zirconium hafnium or vanadium (X) is
sel ected froma cycl opent@dapvg! , an indenyl, a
fluorenyl, a substituted cyclopentadienyl, a

wWesdhati tuted indenyl, or a substituted fluorenyl;
wherei n each substituent on the substituted

LM B 17, TP e
e

roup, a sulfur group, a nitrogen group, a phosphorus
FBup, an arsenic group, a carbon group, a silicon
group, a_germaniumgroup, a tin group, a lead group, a
bortha mgfablgpene amapyrid has te fgHewing Torgmpax - oal x2,
-OSi X3, -0PX2, -SX, - OBA2X, - ASX2, -As(O) X2, or -PX2,
wherein X is sel ected KKROEEOHOXDIMErom hal i de, H
NH2, OR, or SR, wherein Ris a hydrocarbyl, or a
s ubshérein s deledtechfrom eitdnven enfconinay hafgivhr, omvanatimmgbout
20 carbon atons; a halide; or hydrogen; and (X2),
( X3x") BRélettédHrom £cycldpeneadiegnt dnyindalyE e tfdreny Bsébstituted
hydr ocar byl group or a

cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;

wh

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, -SO,X, -OAIX,, -0SiXj, -OPX,, -SX, -0S0,X, -AsXj, -As(0)Xs, 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

(X3, X%, and (X*) are independently selected from a hydrocarbyl group or a

substituted hydrocarbyl group, having from 1 to about 20 carbon atoms; and
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substituted hydrocarbyl group, having from1l to about

20 carbon atons; and 58 the chemcally-treated solid

oxi de conprises a solid oxide treated with an

el ectron- w thdraw ng ani on; wherein the solid oxide

is selected fromsilica, alumna, silica-alum na,

silica- zirconia, alum na-zirconia, alum num

phosphat e, heteropol ytungstates, titania, nagnesi a,

boria, zinc oxide, m xed oxides thereof, or mxtures

t hethe @hemizallly-irbtededotia ok 8 cdinbH sbs awblid ogide @Batédwith an electron-

sel ected fromfluoride, chloride, bromde, phosphate,
w1thﬂﬂaf;v|u§gta€?uonbl sul fate, sulfate, or any conbi nation

t hereof; wherein the catalyst conposition is

oSO AE Pl CERO0R, %m““mﬂ"s;@?wﬂ? s,
zuc%%r Qlﬁélr% clgﬁl\é! %91?:'1 é)luglg%hosi&ll?a dz?%%%mp%& ztot)c(els 1 ama n}]agnesm
borfahanggf@%%e@s%‘tﬁ%?ﬁ%reé 3{“@vgufsgfﬁg 'yvfe et

coc tqyst s, . organoboron ionizing ionic
geon-wifadrgpyneanipngs ﬁd«r%i fé?m rﬂupgdep chigtide drampige.

contacting the catal yst conposition with an olefin
phasplepse. tiidate eisul fatgt subfiatec oraniytcombination thareost al yst

conmposition conprising: the contact product of at

| easbereinéhaetayst oorepasitonnip substhntalty fade dfeasrganoduminum

chemcally- treated solid oxide, wherein: the at |east
confpvandiivihg tedhenudnonpound is selected from 59 TT Ti-.

CH3 ,,i CH3

AT (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, or ionizing ionic compounds; and
wherein 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:
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| Z ~CCHZPh _ ~CH3 PhHZC HZPh '1'~ or any conbination
thereof; and the at | east one chemcally-treated solid
oxi de conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on; wherein the solid oxide is
sel ected fromsilica, alumna, silica-alumna, silica-
zirconia, alum na-zirconia, alum num phosphate,

het er opol ytungstates, titania, nagnesia, boria, zinc
oxi de, m xed oxi des thereof, or m xtures thereof; and

t he el n-w t hdr awi ng nis selected f
fluori | ori de, bronigigﬁiphosphate, trd t @t

bi sul fatk, sulfate, or any goubination t her eof /\,
wher ei n/T#crert al yst coﬂipséi\&fﬁi'in i s subst a% vy ree

of Bh%r ga63 umi num conpound having the forml a: A |
(X5)n(X6)3-n wherein (X5) is a hydrocarbyl having from
or dnytcondiretivn Berevdydndn at ons; wherein (X6) is a halide,
hydri de, or al koxi de; and wherein n is a nunber from|

t o theianlehstDhy Bhenvibalyerrdatddnolig akidk ¥shpGREBQSHid 698k irdated with
substantially free of cocatal ysts, organoboron

an SlIOARAURTIRdraRinglaffdhZi Ng i oni c conpounds; and wherein a
pol yol efin is produced upon contacting the catal yst

co H&Efn' tR@so@f.dto%icﬁq sei(?éc?gdi fortt Qﬁji%&, aﬂﬂﬁﬁﬁﬁ%ﬁﬁcﬁ%drﬁﬂa, s'géj:a—
condi tions. 3. cat al yst” conposi’tion conpri Si ng:

. the contact. prodyct.of gt |.east one tal | ocene. .
7o SRY S S iR he Bihpo (i3t mpencsia
oxi de, wherein: the at | east one netall gcene conpound

borfa, zigg Pé'\g?aéalxne? giides tBFrg& PEmEsus dsreomansihaf ni um
dinethyl; blsécyglopenpadienylgzirconiun1dibenzy|;
the electron-withdrawing anion is selectéd 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:

ALK )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, or ionizing ionic compounds; and

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

olefin under polymerization conditions.

3. A catalyst composition comprising:
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bi s(I-n-butyl-3-nethyl-cycl opentadi enyl) zirconium

di met hyl; bi s(n-butyl cycl opent adi enyl ) zi rconi um
dimethyl; (indenyl)trisbenzyl titaniun(lV);

(i sopropyl am dodi et hyl si |l yl ) cycl opent adi enyl titani um
di benzyl; bi s(pentanet hyl cycl opent adi enyl ) zi rconi um
di met hyl; bis(indenyl) zirconiumdinethyl; or any
conbi nation thereof; and the at |east one

chem cally-treated solid oxide conprises a solid oxide
t r ediea@dniskct frodwod oLhtdedst ore-methlisteas\tongpoand and atvilRt ren
the solid oxide is selected fromsilica, alumna

chefilitdI§arddtedbRdoxidt, Udddn: zi rconi a, al um num phosphat e,
heteropolytungstates titania, magnesia, boria, zinc

Oﬁ'e{ﬂ@ at [Thof Sfle &’éiaﬂ@&:n& REHEQInd 19£elé@t€8tfr&ﬁ5 thereof; and

el ectron-w t hdraw ng aniton 1s se ected from

fl uo dpgt:ﬁ%pe% F)‘?‘gﬁﬁafn oﬂng% phosphate, triflate,

bISU or any Snbi nat i on t her eof
qgﬁln the giﬁst co S|thon 'S substantlally free
c&#@%ﬁ Hﬁp“@b ﬂﬁﬁ havi ng t he fornula A
I(X)Aﬁ) n_ 61 wherein i s a hydrocarbyl having
f r ote(l- ntb&tsééola?thzb%&ps@ﬁdlsmdh@rconmsi'mhy X6) is a

hal i de, hydride, or al koxide; and wherein nis a
nuritielr-tutsdesiclopentagienyliitgenive dimpdyki n t he cat al yst
conposition is substantially free of cocatal ysts,

or gamishy)tasbeneyrtpaumddV);or i oni zi ng i oni ¢ conpounds;
and wherein a polyolefin is produced upon contacting

t he(isoptoply bsdidclip@ §isily Iy clbédadithylithelimrdiberel ¢l
pol ymeri zation conditions. 4. A catal yst conposition

co rm§(b§it£lﬁeth§lh?cl§&maﬁ% B2iRGHRIM &lfnet?hy'lr"v‘t al | ocene
conmpound and a chen1calry treated sol'id oxide,

bis(indenyl) zirconium dimethyl;

or any combination thereof; and

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:

A1X)(X%3n
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wherein: the nmetal |l ocene conpound has the follow ng
formula: (115-cycl oal kadi enyl ) MMR2nX3-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 H, R2 is independently
sel ected from substituted or non-substituted al kyl,
cycloal kyl, aryl, aralkyl, having froml to about 20
carbon atonms; X is |ndependently selected fromF; d;
Br : whereiar(XS\ib g tiydrotetlyldravingrecsnibsd attout 2aicarborkatbms:
cycloalkyl aryl, aral kyl, al koxi de, or aryl oxide
havwwemr(xxﬁ) iiathali@bawricﬁpoxcaakdem; a@d OMs; and n is an
integer from1 to 3 inclusive; and 62 the

chawh&ahIIMshhﬁﬁb&dfr&ﬂllth3%1&¢veconprI ses a solid oxide
treated with an el ectron- w thdraw ng ani on; wherein

t h eWﬁé}l:thhé)&lltﬂ t 'célrﬁ@sjlt?&"nt i§ gutfs{a‘ﬁmllﬂ 1Ilré &6 co@altéd?%:tgz)lr%anoboron

il1ca-alumna 2|rcon|a al um na- zi

aI uni_num phos hate het er opo gstates, titania,
et Oumps goi‘:‘%l gmgzl W& CS’QP@" ged oxi des thereof, or

maghe
m xtures th d the electron Wit h raMAn ani on
s W r@e@@ér?w?%jm i pERgps<iboR FPTRSIRE Nasalaly s gomposition with an

osphate, triflate, bisulfate, sulfate, or any

Obg H%ﬁﬁ&?WGﬁ“Fﬁ@ﬂé@WhUWﬁ%re|n the catal yst conposition
is substantially free of an organoal um num conpound
having the fornula: A1 (X5)n(X6)3-n wherein (X5) is a
hydrocar byl having from | to about 20 carbon atons;

4. mheﬁemmy@Xﬁmumsuanh@hpmmmghydrlde or al koxi de; and
wherein n is a nunber froml| to 3 inclusive; wherein

thetdogtaciradues bf £MBRNGESE 08mpsund WA haRémrhillytrbdte®sddid oxide,
cocat al ysts, organoboron
wherein:
the metallocene compound has the following formula:
(ns—cycloalkadienyl)MsznXM;
wherein cycloalkadienyl is selected from cyclopentadienyl, indenyl, fluorenyl, or
substituted analogs thereof;,
M? 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;
X is independently selected from F; C1; 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
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conmpounds, or ionizing ionic conmpounds; and wherein a
pol yolefin is produced upon contacting the catal yst
conposition with an ol efin under polynerization
conditions. 5. A process to produce a catal yst
conposition conprising: contacting a netall ocene
conpound and a chemcally-treated solid oxide,
wherein: the netall ocene conpound has the follow ng
formula: (XI) (X2)(X3)(X4) M; 63 wherein M is
sel getohemicabyrreatedisolidmxide doaphises sofid foride meated mawti ad Flectron-
ni obium tantalum chrom um nolybdenum or tungsten,;
withf)awisg sedgct ed froma G oup-1 |igand, wherein the
Goup-1 ligand is selected froma cycl opentadienyl, an
| nd@M¥tein fe sdilduXidiny kele@e@ﬂ@tﬁtsilfcgta@tﬂnﬁlﬁcélﬁ’&eﬂﬁrﬂﬁiﬁ'a,_eﬁl}féat

a substituted indenyl, or a substituted fluoren

i i e
X

b°‘f‘4 e eiide. Mesﬁmdsﬁhgﬁesﬁg?rqu%&ﬁ?& e e oup, a

T R

oup, .an arsenic qrou a carbon group, silicon
Ph({fP’é*i}E) triflatg.drigphiate, s @ff‘@epanyacomhﬁnagm@precé Iead group, a
boron group, an alum num group, -SQ2X, -QAl X2,
- OSWigrein-timPxRalyst SxmposiBaRiX substanxally fr%@@)l)@gamalunﬁ)(ﬁn
wherein X is selected i ndependently from halide, H,
corijpdind BBy ingtheSBkmuldterein R is a hydrocarbyl, or a
substituted derivative thereof, having froml to about
20 carbon atons; a haIAlqKS)n@é)ﬁydrogen (X3) is
sel ected froman aliphatic group, an aromatic group, a

CY Clvh&eid (REis a® d&eﬁp¥1%bi n@Frdd 18 mﬂ@o %M&M&' ic

groups, or a su Stltu ed derivative thereo avi ng

f r%eréagxéﬂpgua &%&gr@%ﬁﬁ o aldd) 1S

I ndependent’| toma Oup Il Iigand, wherein

the aup- ected froman aliphatic
gr OU erelgﬁl 15?8‘,‘@??1&%@‘? ilﬁ%ﬁ INCIUsSIve;

wherein the catalyst composition is substantially free of cocatalysts, organoboron
compounds, or ionizing ionic compounds; and
wherein a polyolefin is produced upon contacting the catalyst composition with an

olefin under polymerization conditions.

5. 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:

X" X)) M
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a cyclic group, a conbination 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,
64 SO2X, -CQAl X2, -0Si X3, -0OPX2, -SX, -0s2X, -AsX2,
-As(O) X2, or -PX2, wherein X is selected i ndependently
fromhalide, H NH2, OR or SR wherein Ris a

hy dwhberainiM| is selected frumsitartivth edrodgiuy abiniten, Vagddaeh, niobium,
having from| to about 20 carbon atons; a halide;

tanfakR), chfortinAEeMERBAMUY, of Rlnggtbgd from a Group-1 or a
G oup-11 ligand; the chemvcally-treated solid oxide

conpy¢li ' J.cl€ ted wiwth an el ectron-
corpr) ReSieded fomch ewugq bR

raw ng ani on; wherein the solid oxide is sel ected
fr Ll i as ' . SLilLi ' Lhica- .
o3k TR s LR BT TR o
het er oppl yt ungstates,..titania,. nesia, bori.a, zinc
ke o B R tisay b Pub3yich g L or o pubetiBed Wfgeny
the el ectron-withdrawing anjon is selected from .
f 1 UHRGreB ,ea@nﬂugg*tlt t op therputituted pysdonsatadienyly sybstifuied indenyl,
bisulfate, sulfate, or any conbination thereof,
or sypgitepeh flugrenyd X2l iy sdepandpslyi selesied iftomsabalivhati¢ oy ahragmnatic
of an organoal um num conpound having the fornula: Al
grogpsd)cy¢Ikegraum awombaiatiorf dXB3liphsticartiyoyclcgrobyd, atnaxygey gfaupna
1 to about 20 carbon atons; wherein (X6) is a halide,

sulfioy grouplen, niwsgenlgiaupi, d @hosphctusB@iup] dh disenic @oup) alketboh st la
to 3 inclusive; wherein the catal yst conposition is

siliconpedipnh bahlaivid 8upfa tiP&BhE aNeddSgro@s, AHIRRAUBED, an aluminum

conpounds, or ionizing ionic conpounds; and whérein a

A A i
-P)(%,qplgéréih W3 'selgéed 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;

(XY is independently selected from a Group-II 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, -
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S0,X, -0OAIX;, -0OSiX3, -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;

(X3 is independently selected from a Group-I or a Group-II ligand;

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:

ALX)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, or ionizing ionic compounds; and

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

olefin under polymerization conditions.

65



