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CATALYSTS FOR OLEFI N POLYMERI ZATI ON TECHNI CAL FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to the

woized7ddsedoo ol ef i n pol ymeri zati on catal yst conpoBCTiUSE®6/044316

met hods for the polynerization and copol yneri zati on of
ol efins using a catal yst conposition, and polyol efins.
BACKGROUND OF THE | NVENTI ON [ 0002] There exists a
constant search to devel op new ol efin pol yneri zation
catal ysts, catalyst activation processes, and net hods
of maki NgCATALIESTH ROR QLEFNY POTY MBRIZ ATTON de
enhanced catal ytic activities and produce polyneric
materials tailored to specific end uses. [0003] One
TECHNIOKL FHIEADYGE TSIESRNVENDIQINI ses so-cal |l ed single

' organopi et al .conpound arti arly netal] ocene
ool Bl BERRRAT D Bo el o it arsl gt dene et
copastitidisg metkdds €xplier golynetibaticds Snd ScolpbBieraatet of defins

.Bol )énte[yl fatl on.behavi, or o{ transition netal conpounds.
usy %ai ga é

FRTRSPI A PANRIEfiPY N netal compounds, those

conpounds that do not have a cycl opent adi enyl

[ I ituted cycl opent adi enyl,
B%@ﬁﬁ%ﬁﬁ’gw\’ﬁéﬁé bstituted fluorenyl group
[000PLTHerk Ockible HEt@staak OdBaRRd (AR vEIBYS nBW! olEBha bbRafRMestion

otential to produc ol yners

offer the W th

°atfr15§(%%%§yi}ra&ﬁ§?'e%gfoca§ewﬁ mthedsyrmelgeg and|uspgppatalysts
that R8I glvides edifidicele \calappideidtivaiest & prddues p¥BjrAéric materials

.conpound-.pased catal ytic systens that can be activated
tailpredo SPeRife B¢ UEES- act i vating agents without requiring
[000BEOUS &ypd of edabdli/stedyite@X ROMPHYR H-tHIIAONAPR Qfe BRYaAbBetal

co-cat al ysts, ¥et sigill provide relatively hl%ﬁh
Coraswﬁéf PHHEYIGHY duetrliodene sompotsis) anfhigsnstisieme(ih spmppnds.
MéisiRdefesHare MR8h GRIPEPIdred WP Btk lid RASwAR Ao WEBHE %@Emﬂ:frizaﬁon

maki ng .t he catal yst conpositions that afford high

belftoFnet i TR Rl PerRUndgndt F | heligy e ibpoltipRepon metal
coRpORRIk] itBSset QoRPotias aRedioMrobi KivkNg SREGHnt Ry D Nindenyl,

ranges for the desired end-use application.
fluorenyl, substituted cyclopentadienyl, substituted indenyl, or substituted fluorenyl

group bound to the metal atom and are thus not metallocenes, may offer the
potential to produce polymers with improved properties, as well as lower cost. Also
of interest is the development of transition metal compound-based catalytic systems
that can be activated with a variety of activating agents without requiring the use of
relatively expensive aluminoxane or borate co-catalysts, yet still provide relatively
high polymerization activities.

[0004] Therefore, what are needed are new catalyst compositions and methods of
making the catalyst compositions that afford high polymerization activities, and will
allow polymer properties to be designed within the specification ranges for the

desired end-use application.

SUMMARY OF THE INVENTION
[0005] This invention comprises catalyst compositions, methods for preparing

catalyst compositions, and methods for polymerizing olefins and using the catalyst
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SUMVARY OF THE | NVENTI ON [ 0005] Thi s invention
conpri ses catal yst conpositions, nethods for preparing

woab@logs2o conposi ti ons, and net hods for pol ymePCTiusgno6/044316

ol efins and using the catal ¥stconpositions disclosed
herein. The present invention enconpasses new cat al yst
conpositions conprising transition netal conpounds of
the followi ng general formula: (X XX XX MCL1)m(L2)p,
wherein Mcan be selected fromtitanium zirconium or

coﬂﬂpésmmrm dléaiaged Kxéﬁ&)n, (rlis)pres@dt (Mébm@f emdﬂﬁ&fa@mdﬂw leytalyst
ected f aryl ? kar sily {’:llﬁl
cofRp e ﬁ‘?IHBf‘SlB% %fm?ftmwgl $o67 ﬂ|°rfry1he ollowing general

fordhydhosphazane, al koxi de, aryl oxi de, thiol or halide,
with the provi h and (X4) are
not all benzyl&g?%zﬁgbmvpﬁ hy?“'g?ﬂ) " met hyl ;
(L1) m(L2)n are neutral donor | i gands, m and n are each
0, 1 or 006 ect t he cat al
COnposi tﬁ’o"f"f“[n %‘ﬁ"%erél Wt%’ﬁﬁ?ﬂ‘?éé”g‘ ‘§H5| tion
nret aI co@pl, eoxzar(déaan%xcx‘f)\aaé ﬁfdep&ﬂéﬁtrllfzﬂseléttéﬁ efoRm blkyl, aryl,
ors used t ivate t etranS|tJon
Al Dl i s TR FORGSN TN HETIOI G BEpombezan,

alklolxmeI e@ld)@de ahioB bt NhIA@ aWith theHreviga Bl ngn (XOMIRYNEd (X

terial i onj zi hg i Qnic conpoun
afﬂ‘&ﬁﬂ@?ﬂ%@éamazp L‘ bg ind exchanged vvlth an

el ectr On(IW),];(lllg) A MG nANESHbr hgamem &l ¥reteh@ndedosp! i d
oxi de conpound, a chem cally-treated solid oxi de

conpound conbi ned with an organoal um num conpound, or

O()':DGITIri(tdﬂE CaPbctdMie Ofatallvbt S6mpLiESsh it thY@ﬁWenﬁ@HpéUiﬁﬁﬁs%s a
In ano her aspect of this invention,

tra %ltl?fe/ asﬂésﬂﬂaa%%ﬁ?f -capyepalrditferent %%W?@rmau e used

to \Wdiivdie QWahﬁﬁﬁn amstal |c6n@2§h&% &f aas edvadiibh ABluding, but not
el ectronwi t hdrawi ng anion. I n yet another aspect of

Limifed 4o, 4R ARPIF NG, 178 FERTOPRIGY C%’H?P;S‘Pfis%g ay material, an ionizing
015 8B RIubY ;- tah® Ak hohdddbRX iA@rddN o leh @Rl N an

or ganoal um num conpound. [OO 8] Ins |II anot her
ele&@%&ﬂhdf%n& atHPysta chppiallyiteateds seld soxids etrrmpmind, a

ch&AMANY-888ted solid oxide compound combined with an organoaluminum
compound, or a mixture of any or all of these activator components.
[0007] In another aspect of this invention, the activator comprises a chemically-
treated solid oxide, which comprises a solid oxide treated with an electron-
withdrawing anion. In yet another aspect of this invention, the activator comprises
a chemically-treated solid oxide in combination with an organoaluminum
compound.
[0008] In still another aspect, the catalyst composition of this invention comprises:

a) a transition metal compound;

b) a chemically-treated solid oxide comprising a solid oxide treated with
an electron-withdrawing anion, wherein

the solid oxide can be silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides

thereof, or mixtures thereof, and



10

15

20

25

30

a) a transition netal conpound; b) a
chemcally-treated solid oxide conprising a solid

woxbd@seoeat ed with an el ectron-w t hdrawi ng anPOmUS2006/044316

wherein the solid oxide can3be silica, alumna,

silica-alum na, alum num phosphate,

het er opol ytungstates, titania, zirconia, nagnesi a,

boria, zinc oxide, mxed oxides thereof, or m xtures

t hereof, andthe el ectron-w t hdrawi ng ani on can be

f | uthei disctrohiwitiidiewingr amiahe, caph aspidcide] 1 éflbade, bromide,

bisul fate sulfate conbi patj.ons thereof; and c) an
phoSplalioeis REo b Hir St CROCHEST RG0S AR or mul

Al (D) p(2ABgrgatvalurineirecdingotmy veieinthie dolovhiyg fTaaarl iy |

having from1 to about}\ﬁ%;c&?1 on atoms; (X6) can be an
al koxi de or aryl oxi de, n of which having from1

whteﬁeiragoi} tcalgﬁfrg @y&?aalﬁyll)min@sﬂrbﬁﬂﬁfo dbbuhﬁ/@iédég%% atailaﬁ; X%
can be_a n er fraom to 3,. I.nclusive n
carl B PSR P % s TR PGS oo
caﬂbbﬁa&intsa ﬁﬂlidEEbﬁhydﬂmpa_imﬂ c%ﬁﬂe lk)ﬁwinﬂb;&p@érﬁd tar3d irfi:&ﬁi\ké.e ;
oyed_along wth tri]sobut um num cQcat al yst an
(0TI HEARELRT JoPr o i ol R ol VTG | A FEpDhprdget!
com}abm_fmceai gabfa%areataﬂ;da&@ﬁbabﬂmc{y@d AngCHAB rﬁitk_egutqulmninum
al ym na. rther,, the chem ca -treated sol1.d.oxlqe .
co Ry a1y DR RO/ HR SRS g i ool
sulifdﬁéd !dlﬂlirllilﬁla,biﬂtchrb(ifdgh iam'n_higd. tpgamzﬂj, ifige T}Aﬁﬁc@a@dtré&é@&dndt H8de
chem ca -treated sofl oxiage 1S SO terneq. an .
optionally %f}wﬁn-@e@f onedH P g et il-r%tﬁﬁirﬁﬂn gine.
Asspéeﬁ_am@ehn &gdd%hiiéﬂlliydﬁ&téﬁi gl %_xﬁfe_eiseagﬁfr_@éxﬁ&d Mﬁt“actiVﬁtor—
W snin tQ oun theory, 1t | elleve t the
el &F FUDFR S POS SHGRTe PR Tho Sl ) G HRged aloming are
exSHPRE! t N6ORRSHIRN to He bbEnd dyalhesty, GO TP AelibyedN thab Uhe ia8idic
i,nvolved in effecting the observed catal ytic

| BCUYRTSIPPYTt S082D MRS 4 At | HRPRI sePTBRRISRp fs e catalyst

coBbineS vt isTRISI0EH BAdfBlcYial 1e0dHReSEE CABR/tit RAEMEBHPT | se
contacting at | east one transition_netal conpound and

(0041 &35 ipgension qlsp PRAMPRPSEGLIAEPAY Phiekipst (ptalyst compositions

thRDHPPRE WBhAHA L AR FheCoaHRiAmBlal Bo@pound and an activator,
. chemcally-treated solid oxide. These nethods also .
1ncg%cﬁﬁgil§g o nkimgited A9 @p corganoaluminum compound combined with a

chemically-treated solid oxide. These methods also comprise contacting the
transition metal compound catalyst, the organoaluminum cocatalyst, and the
chemically-treated solid oxide, and optionally pretreating some or all of these
components with an olefin compound, prior to initiating a polymerization reaction.
[0011] The present invention further comprises methods for polymerizing olefins
comprising contacting at least one olefin monomer and a catalyst composition under
polymerization conditions to produce the polymer.

[0012] Another aspect of this invention is the polyolefins described herein.
[0013]‘This invention also encompasses an article that comprises the polymer

produced with the catalyst composition of this invention.
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transition netal conpound catal yst, the organoal um num

cocatal yst, and the chemcally-treated solid oxide,
wana7gsezoonal |y pretreating sone or all of theBeT/US2006/044316

conponents with an ol efin cénpound, prior to

initiating a polynerization reaction. [0011] The

present invention further conprises nethods for

pol ynmeri zi ng ol efins conprising contacting at | east

one ol efin nononmer and a catal yst conposition under
[00p8) Yhesei zed iother Cloatdids] @Bpects) ¢hbshigenth &n@cddyﬁmﬁges of the

0 l Anot h ect of thi |nvent|
Prest BV ettt Wik SErTB PR per DO Ttk S lleingoietailed
desgtiptio® BE ORRABS SRS Banaed.i cl e that conpri Ses the pol ymer
produced with the catal yst conposition of this
i nvention.[ 0014} These and ot her features, aspects,
enbodi nents, and advant ages of the present invention

| | e nt f a_review of the foll ow ng
Dﬂ&%ﬁﬁﬁ%ggﬁg ?ﬁ{)}% W BN{YYsed feat ures.
[00DETAhé EDe:QES%&BEb%r@id&"@ewgﬁﬂ@smoﬁ@@ﬁn%s TRBthods for

present | nventi on provi des_ new_cat al yst COI’TpOSI ti ons,

preReT G G bEF PRSP R arehgds for élﬁ’ﬁgé’[‘? Fa5pRYSt cgpositions to

polyRiehiod oléfis. Ush RBcdrliihce akath Whls RO thOBStalyS: composition
pol. yneri ze olefins, In accordance w ththis i nventi on,

cogideE At JagtsgnedErmsson el osmmatnd @ad ap apiivpler- G activator of

thid (iVRSHbA 04h BELAhIuERANAHE RS a@dbo@éﬁ bd&ﬁ;lScRﬁxd R nizing ionic
actlvator of this inventi on can be an um noxane, an

corgPiifh ot 8h TeasRduR ghemmicallyireaicdgpolig xdds: Gniftstierllvareated
solfd dxideRéahbiakd vAne AR rgAdatmhingal 88mpoidad d?xdx@ecorﬁbmatlon
chem cally-treated solid oxide conbihed with
th“%‘?"éfanoal um num conpound, or any conbi nation ther eof .
[Odlg{)ﬂiﬁllcdoﬂda%%é: USRS N dtbrl RitRni tBY R85 camna tHBbination
ivator can be a conbinafion or m xture
or pHgwreaf p phemicatlxdreatsdisglid el Wra@rg@mcgaﬁa@mmmmund
theCQOMRWBKIGe hidBecdOtdathdo%itH Gn A 1RO thd BRI Lnbd Fxoﬁp n ionic
el ectron-w t hdraw ng anion froman ionic or ecu
or molaculas spesiess pHFPM asHUFEcConPyod 08 20y tyan yaqdyw@ondbdtreated
WI@l%beﬁ@erafalﬁﬁ s@alﬁgnm 1B R @B ke idloRddi tion to
an el ectron-w thdraw ng anion. Catal yg
Conposition-The Transition netal Conpound

Catalyst Composition—The Transition metal Compound

[0017] The present invention provides new catalyst compositions comprising
transition metal compounds, and new methods for polymerizing olefins. In one
aspect, this invention provides catalyst compositions comprising one or more
transition metal compound and an activator component. In one aspect, the
transition metal compound of this invention comprises a compound having the
following general formula:
EHEHEHEHM! (L)LY, wherein

M!' can be selected from titanium, zirconium, or hafnium;

(X", (X?), (X°) and (X?) are selected from alkyl, aryl, alkaryl, SiRs,
NRjy, NR, N(CR;), NPR;, CINR)(NR;), N(PR2),, OR, OAr, SR, SAr or halide, with
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[0017] The present invention provides new catal yst
conpositions conprising transition netal conpounds,

wana7raseoomet hods for pol yneri zing ol efins. | n BA®US2006/044316
aspect, this invention provédes catal yst conpositions
conprising one or nore transition netal conpound and
an activator conponent. In one aspect, the transition
nmet al compound of this invention conprises a conpound
havi ng the foll owi ng general fornmula:

the( Xry¢ixe) hXB) CXY) N2, LEXDLand whhr aien ﬂ\dﬁ ?Bnb&&y% X(ir) not all
.sel ect frgmtitanium zirconium or hafnium

"“F?%y§ﬂ§§§¥h§nd (X4) are selected fromal kyl, aryl,
anw Si R3 NR2, NR MQZ)NWBCWQWW)

SAr r hal i VIS
t ha %5?13 e%ubsteg@l}t Ga’( P 38r @gﬁ%tcyﬁﬁqa lﬁ’in ({kyl
substituted hikiyl, i stibgtityted dryll B stibystiruted Qnkaiyl, BREbnsub smdrmmng

frog, 30 bty Shekop moblipa eomintistion s livB tidoteligappps, an

ox@ddnagivup, anylfangrdip, WhhiGbgéingidig, hr sHsphdras %@&l&ﬁ, a&0arsenic
car bon atons a cqubination of aliphatic an clic

FYPo GpErd Qéhgffi%‘ygé‘n& FBUEOUR: & HFTAMYFO8TPPa 2 it Sfﬂyén a lead

grcgpo umor@n gfm@plaaramﬁn@hﬁugmug,na@hﬁ@gdrﬁc GESUPD an drEAbRREllic

er mani um

r a s sibuspd SPEtavedhgEe b ATy PBR At Wgw%a*mm&]%ﬁmglr wughout
2oadmdaxomgam GVIBEEHPAT 35h BE GANIEBIatk| dréudod URbsttited aromatic
substltuted derivative thereof, any one of which
ving from1l to about 20 carbon atons, wherein Ar can
[odas]O Eﬁarﬂ[élxém:a@lpgitl?:ugloﬁf)sﬁiitd Re¢H irst-8de,ahoNNBE, I}ﬁn GO %4& limited
es o i phatic groups, in each_instance,
%?c%]l\s%‘egf%&p 2 SroRky! EPHp kgD gaﬁow @y¢yclpaiegy! group, an
alkgigl @alfsyhn @n@ufbnyagro@bks Ryl , afd eClikal d8NKéTudes all

rou an al kyn group, an al kadi en | group,. a cyclic
%r %1 wisybstigte %1 Rieanehgdy) apg, d}rﬁ%gnaépgs 8l IS‘§IE1Y%“D’F§: ereof, in

cadEdstd haNifg frdih dhe 18 GboRh biBBAMiGA! a¥ss odhphatlc groups
derivatives thereof, in each instance having from one

inqlysles byt preppetclimied tat Bidsocartils sudh agRareff: @Sg%iu@i&enyls For
exhriifle Uﬂﬁ)haﬂé' "gr«ﬁfp% a@ %ed lhéi‘élh%’clﬁ&b mBHH, Qe Db Ry IS YA Stert-

araffins and

butyl, sec-butyl, 1sobutyl amyl 1soamyl hexyl, cyclohexyl, heptyl, octyl, nonyl,

decyl, dodecyl, 2-ethylhexyl, pentenyl, butenyl, and the like.

[0019] Examples of aromatic groups, in each instance, include, but are not limited
to, phenyl, naphthyl, anthracenyl, and the like, including substituted derivatives
thereof, in each instance having from 6 to about 25 carbons. Substituted derivatives
of aromatic compounds include, but are not limited to, tolyl, xylyl, mesityl, and the
like, including any heteroatom substituted derivative thereof.

[0020] Examples of cyclic groups, in each instance, include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic groups

and the like, including substituted derivatives thereof, in each instance having from

about 3 to about 20 carbon atoms.

[0021] Examples of halides, in each instance, include fluoride, chloride, bromide,

. and iodide.
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exanpl e, aliphatic groups as used herein include

nmet hyl , ethyl, propyl, n-butyl, tertbutyl, sec-butyl,
woO0eirwsydop amnyl , |soanyl hexyl, cycl ohexyl, hepTAS2006/044316

octyl, nonyl, decyl dodecy6, 2- et hyl hexyl, pentenyl,

butenyl, and the i ke. [0019] Examples of aromatic

groups, in each instance, include, but are not limted

to, phenyl, naphthyl, anthracenyi, and the I|ike,

i ncluding substituted derivatives thereof, in each

[ouzmﬁhamh lhsftwadég ok y o @fotqss ab @H?g?ﬁccﬁﬂdlbﬁn@%rgups ex?m%les of
stj tut.e eriv 0 romati.c conpounds_ji ncl ude
Wi BTG o Y BP0 Lo, A SHATORT HBRFR) GO ORR. -
oct(OBtH -O8iR,;1IdOPB,, r(yAnzlezt aﬁ@?ﬁ@ nkis,wbsmatngt aibsﬁiﬁﬁéd/a%ﬂl%eives
es of cyclic_grou
the|r E‘E?nl q}]cﬁ‘ lf&g 1p3ipncg, e20nbt ap; rﬁ"?yé’d ‘?"doalkyl aryl, aralkyl,
subsyiﬁiﬁabﬂkﬁf fsﬁssntat;ealaeﬂll ef Sdb%th@é&h@%@?%Wllﬁg $fom 3MEB\But 20
uch as en clic s an e Ik
carBX g 35’?&?@?% ?ﬁﬂqg‘a%%fﬁgmﬁ @Eglpﬁﬁé?%)omupﬁmég@ﬁ but are
not HisitdNas, MathoRy, EthoRY, Butx§DPHENXY, ediARe® HAEROxXyY,
&qﬁg&% Exanpfeg of ﬁ%ﬁ?gg%qsln ggbﬁ Hhs?ance |%c ud eXy
ang | de, chloride, bronide, . and iodide.[0022] In
[0023r b.ﬂﬁlt BRGAce, OMNBLEroiRUAS salfar-0yaRiig SiuphNENshples of
es of which_include, but are not limted

W e, GFe G50 i 5 oS- POGRR, “OBRe RBCN. B0 fnd
the 1086] Bcﬁxdmmsﬁun@%éﬁv%tw@sﬁﬂeﬂebﬁ vJHe{‘effn R 1'iicéal=:'l‘ij Eﬂ’égance can be

S gstlt ted derlvatlves t hereof, wherein i n each
% laF¥doalkH, Beylagralkyh substituted aflvk %}?Ftlfu%?ﬁwyl &F apbsjifuted

aramgkpahwhgm%aw%w@@t&;ﬁoht&&ﬂs aryl, or substituted
aral kyl having from1 to about 20 carbon at ons.

[Oqgﬂlaﬁ;’p cach g}st%‘cgoﬁyrqﬁenagrypmyreg pg{ﬂggn-(com)m@g @GQps, which
indlite Wke, ard ot AiRitB@trol LNHL CONHR, HELNAXD,, EN]OXNd the like,

r opoxy, but ox phenoxy, subst i t ut ed phenoxy, and t he

ingficRie Splestibgpd |derigaiiyesi Wg%eaﬁc@herém Ruin grcdupsianee can be an
an@yl $yeloatat afyml B lomtlnﬁe%ﬁ Ss&%tlfﬁﬂa'dc%rygl ngd Q@d‘sumted

but ‘are not limte
aralleybhpaying figm jbdo phoutt Zol%ﬁhOUdiF‘WgS substituted deri vat i ves

[odzB?Ine %fwh ‘ﬁﬁkﬁérﬁ!en ﬂﬁokﬁho@@s‘: %rél{%)gt Q‘Qcﬁl%é(;sgﬂoﬁg ?’Htaﬂlnl@’ Ig'roups

cycloal kyl, aryl, aralk stit
whiglp includg dut 4rg |not Jimi écu tRHoe d PHRa| R:, ha(\@)ﬁg FREOR), -

P(@RO‘R‘%} Wha 4 190 h‘p.:li‘ucﬁltié) Sbstituted derivatives thereof, wherein R in each
instance can be an alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl,
or substituted aralkyl having from 1 to about 20 carbon atoms.

[0026] In each instance, arsenic groups are arsenic-containing groups, which
include, but are not limited to, -AsHR, -AsR;, -As(O)R,, -As(OR),, -As(O)(OR),,
and the like, including substituted derivativés thereof, wherein R in each instance
can be selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.

[0027} In each instance, carbon groups are carbon-containing groups, which
include, but are not limited to, alkyl halide groups that comprise halide-substituted
alkyl groups with 1 to about 20 carbon atoms, aralkyl groups with 1 to about 20
carbon atoms, -C(O)H, -C(O)R, -C(O)OR, cyano, -C(NR)H, -C(NR)R, -C(NR)OR,
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[0024] In each instance, nitrogen groups are
ni trogen-contai ni ng groups, which include, but are not
woiizmaTiosgkob o, - NH2, -NHR, -NR2, -NO2, -N3, and poguszdoe/n44316
i ncludi ng substituted derivatives thereof, wherein R
in each instance can be an al kyl, cycloal kyl, aryl,
aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl having from 1l to about 20 carbon
atons. [0025] In each instance, phosphorus groups are

m@h@&ﬁi@@ﬁﬁ@lu@ﬁ@t ﬂb@ﬂxtﬁﬁad%é?%ﬁves%bﬁ:ﬁf | WigdrbiteR iR Wack &ﬁstance
not limted t R2, -P(O R 2, OR

-P

cap(ie) HERJIYS, el Yk aralk SOEHERSS AUOH PURSEMIEd iyl or

subinhtd@biat€s hhvigh $im 146 eb&itRoRaivdn@sis. | NSt ance can be
an al kyl, ‘cycloal kyl, aryl, aral kyl, substituted

10028} Jp eack ipspnaey PEAOREIAUPS B kifosontANaS SFONPRy Vhichinglyde,

buf F881 dott Rr@BO U, 281yE 3L, BaHs ahoNS11RA Gkroluﬁs,eﬁﬁh‘sﬂyl groups,

i nstance, arsenic groups are arseni c-contain
arygaliyisdyl siRies sy geaps.and tae dkeovhich i eash lflaancqohm from
1 t'oA&’bggtz 20 568 Rotns. F%?(ega:ﬁ)np?e sthéx( gﬁgglncgud q%étlli‘ﬁsﬂyl and
i ke, 1ncluding substituted derivatives ther
phapdpeyBilR g1AURSaCh i nstance can be sel ected from al kyl,
[06392 Irpadasy | 1nst§ﬁcyé gdhahlh » orots bid YbSthRhkontaining grmi.ps

stituted aryl, or substituted aral kyl haV|ng from

gh dpdude, Jnt e ok Linpisers 1o, grpy] erovrsatishi alkylgpaeyl groups,
ﬁgemn g%lﬁk{)%}@eﬁfy ga&mrgr&%t g&&w&ﬁﬂ@% gflanmhe Mike, which

I ncl u are not I"mted’ de group ps
in epght mé‘éﬂ??rhaé’éﬁﬁ)alll ﬂd@abfe}ﬁé’rﬁuqa{hoe@tqns«yl groups with 1
[0651)] aR Qh’éh 1219(215@5" %ﬂ%@ﬁ%e tlﬁr&h{%}ﬂln B§ \WIIEH u-]clﬁ& but are
about carbon atons, -C(OH, -C( -C(O cya
nof d(umw to, GfauryR SrOM\RYCR, alkystepry] | gnoeps,u nmlmrm@ groups
i i
o oG Yol ! (G Lo B0 e’ e BRE i in
cagly instanee have oyl to abawis?Q cay @datamyl or subst ituted -

I f t
PSR Ry OoROOM B IAAL A £RRE
arg jnbt Buwied emtadkyllead syeunspsryiinhd groupnciryldbylload gerupsnatd the
liliaelf wlh cﬁqn tegchr %lgéagﬂte %5\9%&?{?8#&%bgllgdr %aa!)%rl atgmgu PS,
logm Jp 9aclam§tanh@ bqu!e grqmscahe bwoea:chtalmsg grm@shwh@hfindnde,

o E i . .
b skEni il SBRAIR PERAC Herd 3B 8 shbriliguic group
sugh esihalide, hydride, alkox1de alkyl thlolate and the like, and wherein R in each

instance can be an alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl,

or substituted aralkyl having from 1 to about 20 carbon atoms.

[0033] In each instance, aluminum groups are aluminum-containing groups, which
include, but are not limited to, -AlIR,, -AlX,, -AIRX, wherein X can be a
monoanionic group such as halide, hydride, alkoxide, alkyl thiolate, and the like,
and wherein R in each instance can be an alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20 carbon
atoms.

[0034] Examples of inorganic groups that may be used as substituents, in each

instance, include, but are not limited to, -SO,X, -OAIX,, -OSiXs, -OPX,, -SX, -
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[0029] In each instance, germani um groups are
ger mani um cont ai ni ng groups, which include, but are

waabo7tosyaob ed t o, germyl groups such al kyl ger nyPCgrsaps/044316

aryl gernmyl groups, arylal ky8gernyl groups, gernyl oxy
groups, and the like, which in each instance have from
1 to about 20 carbon atons. [0030] In each instance,
tin groups are tin-containing groups, which include,
but are not Iimted to, stannyl groups such

Oseizk?/ I-Aﬁxi{;nﬂs(@po WPPX Al &ﬁannyl wHERHPS, can be a monoanionic

ary a st an oups, nnoxy ‘st annyl oxy

E a ]??E%F éy‘i]r?‘iP an%ﬂ‘ﬁcﬂ d%a%lfﬁyll higlatse anf 4be 1’%‘?0%“1

wh&reiro aajaamyl 29yo¢@1mna@u oiralkyl, (fBdtdtuled ARAN shbkthabe 1 or
are | ead- contalnlng groups whi ch inclu

subsffited? iGN SEPYH OB dUpHRIcH o IEGHGR U || ngbout 20

carfb®Obfosns. ar yl al kyl 1 ead groups, and the |ike, which in
ch instance, have from 1l to about 20 carbon, atons.
l°°?%o 3mples gheiganerattaliceTowRs B Pbbpesed g substituents, in each

insRAE&AnclaM, euuam@gmunﬂiﬂﬂ@a to M&ﬁﬁbb%ﬁ'#&ﬁas, Bi¥anéd16mRim
limted to, -BR2, whereln X can be a

BB ARTSALIVER B91PS GERSE AR EREDS Y GHOGE S RD S
orgah&yﬁ gidip8)| b Mol A GrélgR bﬂghﬁo-tﬁﬁguwﬂe% BrdRpk! narﬂ&ﬁél like,

égnce can be an_al Kyl , cycl oal kyl, aryl, aral kyl
hm@ﬁ% Liteapoxt k) carbepgtoms yt ed aryl, or substituted

qwjmlcm),, bV shyf r{e%ifhlld&fsr B 12046R nBPRaALANS intkA033}ith

I n each I nst ance, al un1nun1groups ar e
the A AGHHAHAM 39n PRIVAICHG2 0 BpIEVITXWAE the i gatal sl ccommgsitipne ofothis

invehtidd. Oy didhlly; M donorAlgidd T Ahi¥e MQH& rfu?éncﬁlrﬂm{ée n?trlle or

mpnoanioni ¢ group such as halide, hydride, alkoxid
corgbipgiion ntharente Thed newEal| jdamor o hgantheFei 4R b é@tfwleﬂler

tetﬂaﬁ%&@ﬁﬁﬁn gaabe%l@ﬁe ajdhta %gogké%ahe?memﬂp

ituted al kyl, substi ute or substitute
l‘maﬂaney}ermvagewfom Prerare SHSitizn wateb sam@oBnds ﬂ[@oan] be

empBtRER! RSt VARG MLGe HeOYRSpdAL %}’ gglgmg qh@%ynthems of

substltuents in each |nstance I nclu are no
exemgny dEnsigon metap Rompeysdxpan msfound in: Gpiksky, Ssx Ke@@@%)on 1,

McMEKS, A RS (QRwaL,- PR Iﬁ&% td}ﬁrd i 1685, Me%é%' TooX:; gﬁﬂfeQeL%

nonoani_oni c_gro f such |1 de, hydri

Latgshyos de, Rathwsth + H- elfgtfgna’hﬂd:t ﬁ%ltlpgak]é IE?F@ ﬂh@‘iﬂe 1p8s, 24,
4693n4/57at iahehigay o¥. oahkyxf K&ﬁa\l |N , Aadhdey 0., REBShnhUYEdyakei, K.,

Nafidin, ASUERShEE 9685 W 0005 167-2170, Shah, A., Singh, A., Mehrotra,
R.C., Indian Journal of Chemistry, Section A: Inorganic, Bio-inorganic, Physical,
Theoretical & Amalytical Chemistry 1993, 32A(7), 632; Gibson, V. C.,
Spitzmesser, S. K., Chemical Reviews, 2003, 103(1), 283-315; Horton, A.D.,
deWith, J., Chemical Communications, 1996, 11, 1375-1376; Stephan, D. W,
Organometallics, 2005, 24(11) 2548-2560; Benetollo, F., Carta, G., Cavinato, G.,
Crociani, L., Paolucci, G., Rossetto, G., Veronese, F., Zanella, P., Organometallics,
2003, 22(20), 3985-3970., US 6,147,172, US 6,239,238 and references therein; the

disclosures of which are incorporated herein by reference in their entirety. -



substituted aral kyl group or substituent on these

ligands has from 1 to about 20 carbon atons. [0035]
waxzenTpse®o of organonetal | i c groups that nmay bePasas2@s/044316

substituents, in each instance, include, but are not

limted to, organoboron groups, organoal um num groups,

or ganogal | i um groups, organosilicon groups,

or ganoger mani um gr oups, organotin groups, organol ead

groups, organo-transition nmetal groups, and the |iKke,
[00BAVE R ple® BF SudlDtrak@itn @Otal acbrhpdsurﬁrs Qhat. aré udgfal In?hhe piesent

be. any neutral donor_ d&aq% q does not(gPterlally
inveRQay ingludeyiputiarg A lpitgd g g OB SPREYISSat i on

activity of the catalyst conpositions of this

i nvention. Typically, the donor ligand L can be an

ether, furan, amne, nitrile or conbination thereof.

The[ugutdlerdapDphdubBRSkabinadiciherial, et hyl et her ,

tetrahydrofuran or acetonitrile, advantageously

di et hyl ether or tetrahydrofuran,. [0036] Nunerous

processes to prepare transition netal conmpounds t hat

can be enployed in S\ nvention have been reported.

For exanple, the sw is of exenplary transition

met al conpounds can pe-foopd ing Latesky, S. L.

Keddi pgton, J., MMl en, ot hwel I, | . P.

Inorg. Chem 1985, 2¥, 995/%ga%5 Durfee, L.D.,

Lat esky, S. L., Rot . 1, Huffrman, J.C.,

Folting K., Inorgm 1985, 24, 4659- 4573:

Kanehi sa, N, Kai, % Rasai, N., Yasuda H.

Nakayanma, Y., Yakei, K., Nakamura, A., Chem stry

Letters 1990 2167- 2170 Shah, A., Slngh, A,

Mehrotra, R C., Indian Journ@i of Chem stry, Section

A:. I norganic, Bio-inorganic, Physi cal, Theoretical &

Anal ytical Chem stry 1993, 32A(7), 632; G bson, V. C

Spi {emdss(@r6-diBopiépy)) iervinoddircReivinews, 2003, 103(1),

283-315; Horton, A D., ;,deWth, J., Chem ca

Comuni cati ons, 1996 1375- 1) St ephan, D. W

Organonetal lics, 2§ / 4560; Benetoll o,

F-, Carta, G, Cavi (i L., Paolucci,

G, Rossetto, G, Veronesé /F , Il a,

Organonetal i cs, 3985- 3970.

3,
6,147,172 , US 6, 2 and rfjer?nces thereln t he

Zirconium,“ dichlorobis(2,6-dimethylphenolato)bis(tetrahydrofuran),

C~_| _AHF
ca” | > THE
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di scl osures of which are incorporated herein by
reference in their entirety.[0037] Exanples of such

wonrenTase2oon net al conpounds that are useful i NPCINAIS2006/044316

present invention include, But are not limted to, the
fol |l owi ng conpounds:

[bis(2,6-ditertbutyl)phenol ato]titaniumdichloride, A
[tetrakis(2,6-diisopropyl)phenol ato]zirconium B

Zi r coni um

di chl orobi s(2, 6-di net hyl phgnol at o) bi s(t et rahydr of uran)
.C [(2,6-ditertbutyl-4-nethyl)phenol ato] zirconium
tribenzyl, D; Tetrakis(dinmethylam do)zirconium E

PhogD il dikdAteR . £ imeBlyHpRBRIAG] AtdBhARS tibenzyl,
Trig?%?géﬁﬁﬁﬁﬁidg??bﬂ? Ininggphosgﬁ?ninid%s, i ; Am do-
phosphi ni m des, J; Imdo diamnes, K

h2- Formai rdi nyl s, L; Bi s(di phosphazanes), M

Al koxo/ Aryl oxo i-ni mdes, N

Tetrakis(dimethylamido)zirconium,

Me
Me N—M
-—IV1e€

\%

e’N \\\\\\\\

\Zi-"

Me—N\/ \

N
Me
Me Me/

M

E;
phosphinimides,

R;P

N ,,\\\\\\\X

M
x/\
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wdizeloeswa her ei n,

and the like. Catalyst Conposition-The Activator
[0038] In addition to the transition netal conpounds

i nvention further conprisesiian activator. In one
aspect of this invention, the activator can be an
al um noxane, an organoboron conpound, an ionizing
ionic compound, a clay material, a chemcally-treated
solid oxide, achem cally-treated solid oxide conbi ned
wi th an organoal um num compound, or any conbination
thereof. In another aspect of the invention, the clay
naterial can be selected fromclays and other natura
yered oxides, an exfoliated clay, an
?%T%gﬁéﬁﬁ ?%%ggelled into another oxide matrix, a
Iayered silicate mneral, a non-layered silicate
mneral, a |ayered alqu osilicate mneral, a
non- Iayered al um nosi i §§§ m neral , cogelled cl ay
matrices containing silicaNor oghKr oxi des, pillared
clays, zeolites, clay m ner ot her Iayered
m nerals, or conblnatlon§,w er , including, but not
limted to, ion-excha®gBable |ayexed m nerals (natura
or synthetic) or conposites made from such conpounds,
regardl ess of whether the lLayered structure renains
intact or not. The activatot may further conprise a
conmbi nation or mxture of any of these activators. The
Chemi cal | y- Trea ed Solid Oxide [0039] In one aspect,
t he [H$BRPINITNASSt i on enconpasses cat al yst
conmpositions conprising a chemcally-treated solid
oxi de which serves as an acidic activatorsupport, and
whi ch can be used in conbination®4h an
or ganoal unmi num conmp&a In onef%spect the chemcally
treated solid oxide co rlse@@é solid oxide treated
with an el ectron- mnthdramyng anion; wherein the solid
oxi de can be silica, ‘}Ngflllca al um na, al um num
phosphat e, heterop@%y(ﬁngstat titania, zirconia,
magnesi a, boria, zinc oxide, n1xed oxi des thereof, or
m xtures thereof; and wherein the el ectron-w thdraw ng
ani on can be quoride, chl &bi de, broni de, phosphat e,

~triflate, bisulfate, sulfate, or any conbi nation

t her eof . )
Imino-phosphinimides,

N\
N\M . ,.\\\\\\ X
R =N \X
1
R

the catal yst conposition of PCRiUS2006/044316



[0040] The chem cally-treated solid oxide includes the
contact product of at |east one solid oxide conpound
wanaarasdoeast one el ectron- withdrawi ng ani on BOTMUSE106/044316
In one aspect, the solid oxi2de conpound conpri ses an
i norganic oxide. It is not required that the solid
oxi de conpound be calcined prior to contacting the
el ectronwi t hdrawi ng ani on source. The contact product
may be cal cined either during or after the solid oxide
conpound is contacted with the el ectron-w thdraw ng
anion source. In this aspect, the solid oxide conpound
may be cal ci ned or uncal cined. In another aspect, the
chephiesl piosphd@hrids,sol i d oxide may conprise the
contact product of at |east one calcined solid oxide
conpound and at | east one el ectron-w t hdraw ng ani on
source. [ 0041] The q@@nically-treated solid oxide
exhi bits enhanced aciWty as conpared to the
correspondi ng untreate@ﬂgolhg“nxide conmpound. The
chemically-treated solid BKide also functions as a
catal yst activator as npa to the correspondi ng
untreated solid ox&d@R Wiile M} intending to be bound
by theory, it is beliered that the chemcally-treated
solid oxide may function as an ionizing solid oxide
compound by conpletely or partially extracting an
anionic ligand fromthe trdnsition nmetal conpound.
However, the chemically-treated solid oxide is an
actjvataor regardl ess of whether it ionizes the
t r 2HEAP FFTIRES al conmpound, abstracts an anionic |igand
to forman ion pair, weakens the netal-ligand bond in
the transition netal conmpound, sinply coordinates to
an anionic |ligand when it gontacts the
chem cally-treated solid oXide, or any other
mechani sms by which activatjon may occur. Wile the
chemcally-treatedolid o rde act iRrates the

transition netal c und Nﬁ_Lne;gﬁﬁence of

cocatal ysts, it iSEEE€ negessary tyg elimnate

cocatal ysts fromthg ci?éfysFZQOnp sition. The
activation function of#the cherfieal | y-treated solid
oxide is evident in tfe enhanced activity of catalyst
conposition as a whole, as conpared to a catal yst
conmposition containing thekgorrespondi ng untreated

solid oxide. However, it is believed that the
chem cal ly-treated solid oxide functions as

n2-Formamidinyls,
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an activator, even in the absence of organoal um num
conpound, al um noxanes, organoboron conpounds, or
woami7asymoi oni ¢ conpounds. [0042] I n one aspecPCTHISE006/044316
chemcally treated solid oxidde of this invention
conprises a solid inorganic oxide material, a m xed
oxide material, or a conbination of inorganic oxide
materials, that is chemcally-treated with an
el ectron-w t hdrawi ng conponent, and optionally treated
with a metal. Thus, the sofid oxide of this invention
enconpasses oxide materials such as alum na, "m xed
oxi de" conpounds thereof such as silica-alumna, and
conBifa@iphOsphasids))i xt ures thereof. The m xed oxide
conpounds such as silica-alumna are single chem ca
phases with nore than one netal cogbi ned with oxygen
to forma solid oxide conpound, ang are enconpassed by
this invention. [004%8] In one aspe®t—gf this
i nvention, the chem caNy-trgat®¥d solid oxide further
conprises a netal or netg-jon §§L§g%ed from zinc,
ni ckel, vanadi um sj/lveér er,\%g [ium tin,
tungsten, nol Wedenlim\of any Ognbi nation thereof.
Exanpl es of chegicaljyRreated solid oxides that
further conprise a t or nmetal ion include, but are
not limted to, zinc-inpregnated chlorided al um na,
zi nc-inpregnated fluorided al um na, zinc-inpregnated
chl orided silica-alum na, zihe-inpregnated fluorided
silica-alumna, zinc-inpregnated sulfated alum na, or
any conbi nation thereof, [0044] In another aspect, the
che kXY PrxlpEaphsraigimidedxi de of this i nvention
conprises a solid oxide of relatively high porosity,
whi ch exhibits Lewis acidic or Brnsted acidic
behavi or. The solid oxide can be chem cal ly-treated
with an electron-mﬁt%dkgmﬁng conponent, typically an
el ectron-wi t hdrawi ng anhgn, to forma
chem cally-treated solid Bxi de™ i | e not intending to
be bound by the follow ng enent, it is believed
that treatnent of the i gani%0xide with an
el ectronw t hdrawi ng conponent aunents or enhances the
acidity of the oxi d®—Thus, the chenically treated
solid oxide exhibitstémﬂk or Brnsted acidity which is

typically
N;
and the like.

Catalyst Composition—The Activator

[0038] In addition to the transition metal compounds disclosed herein, the catalyst
composition of this invention further comprises an activator. In one aspect of this
invention, the activator can be an aluminoxane, an orgaﬁoboron compound, an

jonizing ionic compound, a clay material, a chemically-treated solid oxide, a
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greater than the Lewis or Brnsted acidity of the
untreated solid oxide. One nethod to quantify the

wacehdiosy2oof t he chem cal l y-treated and untr eat edTAiSki06/044316

oxi de materials is by conpa#di ng the polymerization
activities of the treated and untreated oxi des under
acid catalyzed reactions. [0045] In one aspect, the
chem cally-treated solid oxide conprises a solid
i norgani ¢ oxi de conprising oxygen and at |east one
ch&hieilBRtrestel %@ll&%)ﬁd@ﬂbﬁlﬁﬁ@ vath 3n &ga&alt@mnﬂm &m&und or
10, 11, .12, of the periodic ta %
any goFaPInalify ﬂbe%?f{;fe ri[“aﬁ’i’ﬁthﬁf aﬁ@&% Pf BTN fhecelpk fefigial can

be fsél@&b& lﬁ%rﬂ sl S and dthePhatafl bhd Gﬁntﬁétﬁmé%&d okR6; an exfoliated
s Condensed Chem cal Dictionary,  11th Ed John

clayy ?ré?xf&hsf@ﬂ@aym@élgd reigtangier pxide. mapiKyp fySFEd deate imiverel,

a MilabéRa Gicale miRBFAlBY AAERE alubhin SElMade Qﬂmbﬂﬂ)r g3afdhQayered
Chem stry, 6th_ Ed. VVIey-InterSC|ence, 99.

RN AR AR R A ML R %r?)r Atbpragxides,

pill 8&5 1RBE 261888 Nélay Qhﬁ@ltaﬁ»d Jtﬁ&m aglenedanﬁﬁals,Bbr cothbifafions
Cr, Cu, Fe, Ga, La, M, Si, Sn, Sr Th, Ti
thegefygaciuding, b ngflispieed o M%?xcéaﬁlse&b cdlagsrshpragalg(natural or

sy®fbtid) &xwﬁﬁ)m%@ haleSHroh SRARRUIHbundd) &‘éﬁ&‘r@ﬁs@%f WaREhdr the
ca

t he chem | y-treated solid oxide of the present
layjerrle HFRCIPTS] FrEMAiBR IntRti OtaPel ndibe 3qtiveiod ey ftbRrgeomprise a

coBB i oBRPmiBugEBs arfydDthds0 36vatdss 2C3, CuO, Fe2(B,
Ga203, La2G3 Mh2033, MO8, N O P20b, Sbh20p, Si(O2,

Sn@2, SrO, ThO2, TiO2,Vv206, W03, Y O3, ZnO, Zr2, and

THe R elideRly- TRGIMWNE Miged oxi des thereof, and
combi nations thereof. Exanples of m xed OXIdeS t hat

[0Q39) Iip ongs atPepty thA PTEFrERiIBYALON { FISQMPAsSSH| GatrlySt | Gpampositions

coﬁfbﬁsil%ezﬁ %H&nﬁd&l&?ﬂfebféﬁ donig! d1G8s wWhlidh red1d ah'amcﬁ@QGﬁ\%tor-
lica-alumna, silicatitania, silica-zirconia,

sumémn pod | Whichy §an abg,j YFEh Al ICOBMIRRLIOR| (ihn A117 OFgegARIgminum

cofpehdu rﬂlp&ﬁas ROREE thd GhEhRRAPY YeRASIAMIES idé Q:@nfpﬁ@es a solid
Ii'ke. [0047] In one aigect this invention,

oxidyl freptesk MAE s elepiren-wethAragang Reive Ribelrin S E’!-Hl%?’“de can be

silf@NLRMLHA gsﬂléa-x\fu}rﬁn@t all!nﬁf?rﬁhq pRAEC hét@fbp\ﬁﬁ}ltﬁigsﬁ‘ﬁés Nétania,
conponent’, ﬁplca y an el ectron-withdraw ng ani on

ZiTgORip CRASINSFA, RAYia, ZiRfcoXide, mpixedk Pridentercf.Ar reixhresgthereof; and
W&Q‘flh opal |eYec%ﬁmn@rﬁﬁ$\¥m%r gRbRd it the aRiR! dHRdtidel NBBmide,

calcined to forma netal contai ni ng or

phesithate; itiflateghiatléne. chiatecer any combiadigndearpef. oxi de.
[Olﬂd] qﬂ%aéﬂeﬁﬁlzéﬂy-éeated solid oxide includes the contact product of at least

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

anion source.
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solid oxide material and an el ectron-w t hdrawi ng ani on
source are contacted and cal ci ned sinul taneously. The

waorbitedodoy whi ch the oxi de can be contacted w POTAIS2006/044316

el ectron-w t hdrawi ng conporniént, typically a salt or an

acid of an el ectronw thdraw ng anion, includes, but is

not limted to, gelling, co-gelling, inpregnation of

one conpound onto another, and the like. Typically,

foll owi ng any contacting nmethod, the contacted m xture
[00d1] Thé clentionthoetaated eblit bxida exhibhdestviinngl aridioy as edifipared to

optionally th al..ton. can be cal ¢cj.ned. [.0048] Th .
necRyisPridiy bnBeli Rorid BRigBemPouEEy S remtipeBitresel e
oxidanalie fanmtions gsoa entalyhiadctivawr edsasnpdred teWwhs @rresponding

Brnsi ed. .aci. di t f the solid qxide on treatpment. |
e @RI e sof P ekt B Gt et i bttt
thearhehieally-treatet] h eslidv dxgdeamon fasdtioneds f arofoRizERl solidNoxide

aci d r othe onpound. such as a volatile orga
BB PHEPIHRLY ToRvdialY SUEELiR et A iEBR from the
trahdifién andtalncorpp@md. € Hobevel, et rdhBmidalpdravdd golaNio ¥ is an

[ not . lim.ted to, sulfate, bisulfate,

i ncl ude ut ar
actf‘faﬁflsrffﬂ%?&‘g&% PHPRAIRST iy UfiERs oy Bapsion Piefh cgupPpad @bstracts
an fdni@fi©NipaAd eo fAS RRALE, pdil, UOERBRO S &heRal-ligand bond in the
tLLquo%?acetate friflate, fluorozirconate,

trapyition Befel sompeund: sprply Sperdie{sste an apiopfcligand ykpnyihgontacts

thd gﬂ?igamcﬁe?w Golid kideC5r aRy oG Bh&RRAIRAS B Gv{hﬁ&{ activBtion
additio ot her 1 onl or nan-j.oni c. conpounds at .

ety ol ni e skepgply feald ap Ll B ARPUNAY S B Sipeomets]

comByurll HIch ab&Ipt 0F eekatdlydtd) &t R BBdeshdty @H klifinaté O84S ysts
n the el ectron-w thdraw ng conponent conprises

Wh r ng es a
froguite eatalyst comgpasitinini heRaMYANgnPeion of ticcehmmieslhofreated

soled o%idé isafvidint ilhie ehBhdcedBYHRE ABAtEAk cOMpbAiabn 8t L QtBle, as
t he aalt to revert or _deconpose back to F d

. he aci )
CORBRTEA g0 CaPHRISH ORI SontpRinedthet rtesponding upapated solid

oxffe. tH®v R ik Gbélevedtllat iR SRIMEaIRRHEEPYSIEEKIAE fl¥ions as
el ectronw t hdrawi ng ani on include, but are not Iimted

ana5Livithle Q6P UBI thetapsece; peotganealiminure cappPiedl dpminsyencs,
ordaiBbdrdf koRboRhsebS BniARAL ¢ doyngdlinddle cati on,

lon-pairing effects between the cation and anion,

[0M¢ b b eropipEcty thepdicptieally thgatad: sodidtaxidenef thid investion comprises
© b R R 85 LR Ll o
inqsparie béﬁﬁvmngﬁdﬁlamﬁ}g ispphericallyctrented wilyt amaelectmer-withdrawing
co&bgﬁ&ﬁ,daﬁ@ optionally treated with a metal. Thus, the solid oxide of this
invention encompasses oxide materials such as alumina, “mixed oxide” compounds
thereof such as silica-alumina, and combinations and mixtures thereof. The mixed
oxide compounds such as silica-alumina are single chemical phases with more than
one metal combined with oxygen to form a solid oxide com;;ound, and are -
encompassed by this invention.

[0043] In one aspect of this invention, the chemically-treated solid oxide further
comprises a metal or metal ion selected from zinc, nickel, vanadium, silver, copper,

gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of

chemically-treated solid oxides that further comprise a metal or metal ion include,
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amoni um trial kyl ammoni um tetraal kyl amoni um
tetraal kyl phosphonium H+, [H(CEt2)J +, and the I|ike.

wOQOBARFMart her, conbi nati ons of one or nore dPETARISENE/044316

el ectron-w t hdrawi ng anionslé in varying proportions,

can be used to tailor the specific acidity of the

activatorsupport to the desired | evel. Conbinations of

el ectron-w t hdrawi ng conponents may be contacted with

t he oxide material sinultaneously or individually, and
butaae @btl@imitddato,akinoridpréghatedeshlofded alhintmbp rznmqmmegnated

aci 0051] .Once th [, xi.de has. been treated
i pibigihes; Bt imPseaiis Sated e LR, Has ERpHged
ﬂuﬁlﬁdddh silitd-alatrioh, Sohé-tinpregtsted Sulfawee rakhthinac on ngt ésnbiAation
anbi ent at rmsphere typically in a dry anbi ent
theﬁf‘t"ﬁosphere at a tenperature from about 2000C to about
[0039PRCansther fagfecq tHemeh&rhicaldpirieattd Niolidt exide abahbils H¥ention

o TR WS B SRR e

Bréfdtednadiber baapre! , Thal Liidi a;gd@adanblﬁe @ﬁé}ﬁmnﬁ@reatedawuh an
ture from about 400 bout 7Q00C.
eleﬁ‘iﬁg‘F H% drasing pompafentiyRi§2 %ﬁ“ﬁ cHBRH ?B&W%é‘mﬁ’m

a cﬁerhﬂ:kdﬂyitt@at@b Qbllid 6%idBOWEile AdtdnicAdRBad be rboaﬁcpsy &he followmg
be . conduct ed, from about 3 o

cal ci nin g n
statemisgt 150 ﬁsﬁ ved ihat tepimpent, (of the ANOFSRRIE toxi h% electron-
mﬁhﬂmhﬁgi c&ﬂbb&ng%hgﬁeﬁﬁ Jr'eHH&ﬂc@E ﬂlesé.dldlﬁ}aoﬁh'iém)@%e 'tI‘hus, the
C Clnin e carri 0 .anou
chﬁﬁlg‘la?l%y gFaqsém fﬁ%@flaf mﬂ%‘gﬁ% gﬁ)ﬁ%&?ﬁwgﬁﬁ ecidigy xppch is typically
greae® @fan thODER]s SrBrbhgied adBity bY BR \drested kil smagb m@tmethod
at nosphere_can be used, during calc¢ Gener

to GUFPERh HgeicG IR The CbeBir Ly S es o SPiERad FRISh ofe materials

is BYEbmParifd the PSILRIENBAHMLANIVIRR SNBErAlDSRNBh®eatsd 6Rides
as njtrogen or argon, or a reducing atnosphere such as

unggr deihfetplreddedhsRs - monoxi de may be used. [0053] In

[O(ﬁBPtlh@ﬁe 2pP&Cthe themlQliyN¥RMd QNid dkftR @Rrfte®¥ is88d inorganic
onponent used to Btdpare the chemcally-treated solid

oche@pﬁa@g@xpfs% past gpe alement selgstasbigem @rowp2eB g 5, 6,
7, Big, airootﬂﬂefz ,a3Pe& or 1916f &elﬁeﬁo@eltgﬁe C&r%%ﬁmnm%yg%n and at

pore vol une greater than about 0.5 cc/ and 1n
leagherrdemeny Seleeted éﬁogatf@rlamhand%mﬂtmldeoe FBPTS. {Sr¢eStH4wleys

Coﬂgﬁsgg 'Ch@ﬁz%@bzctzonmy, 11" Ed., John Wiley & Sons; 1995; Cotton, F.A.;
Wilkinson, G.; Murillo; C. A.; and Bochmann; M. Advanced Inorganic Chemistry,
6™ Ed., Wiley-Interscience, 1999.) Usually, the inorganic oxide comprises oxygen
and at least one element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La,
Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn or Zr.

{0046] Suitable examples of solid oxide materials or compounds that can be used in
the chemically-treated solid oxide of the present invention include, but are not
limited to, Al,Os;, B,0O3;, BeO, Bi;,0;, CdO, C0;0,, Cr;0;, Cu0, Fey0s3, Gay0s,
La;03, Mn,03, MoO;, NiO, P,0s, Sb,0s, Si0,, Sn0,, SrO, ThO,, TiO;, V,05, WOs,
Y,05, ZnO, ZrO,, and the like, including mixed oxides thereof, and combinations
thereof. Examples of mixed oxides that can be used in the chemically-treated solid

oxide of the present invention include, but are not limited to, silica-alumina, silica-
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the solid oxide conponent has a surface area from
about 100 to about 1000 m/g. In another aspect, solid

woxbd@seooponent has a surface area from about PRO@SE@6/044316

about 2 2 800 m/g, and in18till another aspect, from

about 250 to about 600 m/g.[0054] The solid oxide

material nay be treated with a source of halide ion or

sul fate ion, or a conbination of anions, and

optionally treated with a nmetal ion, then calcined to
ntaﬁfamﬁhd@zhlaema%doﬁeésoeraw FﬁlﬁiﬂnaLtﬁaﬁlbealﬁﬂﬁzﬁﬁ-ﬁﬁcoana aluminum

particul ate solid. us, the treated solid oxide

Ph‘LSBh‘iTB’nléeﬁ?mP%ly'@‘é‘ﬁg?tﬁF’l andghe like.-ded or sul fated solid
[009%) BEorfe S&PEVOITERALS, inRertdn, #@0sdMd GkigdihfaddhrRl can be chemically-

I-contalnl SO|Id oxi de co ra )
“3366‘513)’ SORIAEHTE ¥ ‘é‘cﬁt legsh opelecleqns f‘ﬂgﬁa"‘t“?ﬁ COpRASHEjtypically
an elRtrbh SAHREawRE MhiGK isé@caCtFUBHeD the WBAr §xi8@ MdI&ia can be

treated alunmina, treated silica- alunlna or m xtures

optiqnally sthemically,geated vadh@cmetal Han. thentcalringd, i forme 4n sl
corftiihigl 6k thefdl N Bnated UReAEsh1I ?' teB iR sol RUbidb € A RerH At ViRy, a

fluorided silica-alum na, orided. alumna or silica-
solggoméqda rﬁ“ﬁﬁ“’i‘}r ar)éiI am e]gctﬂnp wgﬁdéaW@g @mqyeipurce are contacted and

cal§1h|3dl SAmBlMBb Ny, Phe Hieﬂidélﬂ%swhﬁﬁrtﬁé’ﬁmd@ %ﬁﬁl beRbh@RRY |vVith an
havi ng_been treated wth metal ion. In yet anoth

cleglgppepithdfaang r CORRATRibt PYBUY B elin Oh e AFEr Pleh Slectron-
wnﬁhﬂﬁhﬁ? anidH] fn@fu@gs, Huti§ AR lirhitddotol &ﬁn 'do‘-g‘eﬂh]@é UMipRsination

ures thereqf, each optlona ¥ avi ng been
of presp@govsd pntg avethsr. angnthe [lles 5] ynige n@lh%'ﬁégtan&fmpwgng

me't}{b\ﬂeEHé &ma&eh%%ﬁebe gxﬁ?é'cgﬁlp@ﬁltld Bl Rbr SHBRPEWing anion, and
rises 15 a fluorided solid oxide in the formof a

°P IVMW@IMqaabetqﬂ%ne& source of fluoride ionis

[0039f¢He tefedildR- M&Ewﬂ% LSRRI s 1) tRaf tﬁé%h@bﬂﬁn be any
agent. In still anot aspect, fluoride ion may

cormperant (thatt inerepsas dhe &;ﬁm@romﬁrgn%te@ |lagidity off ﬂ@rﬁ@héxq»@ée jugon
treé’tn%ﬂt t @bbfe §§He‘é@ he §1‘é9@?1§§/1ﬁ5hﬁ1‘3ﬁﬂé c%p&‘ﬁ’én@ 'can be an electron-

I ncl udlng but are not [imted-to; the one to three
WI%Iér%ngaan&hdlequs’e&anrse #flt, tameneidy of ather| qopnovad| wgh as a

vo%gi;]éc %‘%ﬁn&ed(} ok t | S H \}g§er39 aff Jo:u}égrdr%t)n@&nwef&} $hat Rfon.

use ntion inc ut are not
Expinpleseaf ¢legtramyeithdrewors enigus dholidie) buh preombtulimitbdide.i sidfate,

F
bisp0ptE, hpoBdRERAINTL ek 800 Witk bl ARTBLHR, phoshare,
flupraphasihats; os it flucreacetate, NH tdfl2®i Fefluorgnmesmiaten  fluorotitanate,
mﬁ?&@géega%,%lﬁgé? QQ& %3(1% %,1: %dmg mixtures and combinations thereof.

In addition, other ionic or non-ionic compounds that serve as sources for these

electron-withdrawing anions may also be employed in the present invention.

[0049] When the electron-withdrawing component comprises a salt of an electron-
withdrawing anjon, the counterion or cation of that salt may be any cation that
allows the salt to revert or decompose back to the acid during calcining. Factors
that dictate the suitability of the particular salt to serve as a source for the electron-
withdrawing anion include, but are not limited to, the solubility of the salt in the
desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects

between the cation and anion, hygroscopic properties imparted to the salt by the
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anal ogs thereof, and conbi nations thereof. For
exanpl e, ammoni um bi fl uoride 25 NH4HF2 nmay be used as

woheo7foseoni di ng agent, due to its ease of use raWUSewAP44316

avai lability. [0056] In andB8her aspect of the present
i nvention, the solid oxide can be 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
catipB Oaxﬁbmb em;lke aridthaghthl tst'abﬂllty of ltﬂecma)nf IEmm’fpldésn@f %gelme ®ations
scCr.j Vi ous vol.atile or c uor i di .
in ot ChagiopBevE R en P YRR but GG gt diited. o,
amlfnbﬁmhi,dhﬁl]gyﬁgﬁﬁtomwﬁ,aéﬂdialky) aﬁhnmlmpmtaamm pephonium, HY,
invention jnclude, but are not limted to,
Uﬂfﬁ%@ gfﬁ@ﬁh?ﬁk?ohexane per f | uor obenzene,
[OO§¢]UmﬁﬂféBt&tﬂlﬁlﬁnaﬁdﬂsfdﬂ@h@ of hrvpo Hiffetdin em&bh-ﬂ&ﬂidmmg amons
t hereof. Gaseous drogen fluoride or. flu rlgEFlts

in {AFing| REOPHEOTOCTIS RARrD BT [Pecipedtic; Sy B Mo dvetor-

supBU#ti t80the alegirdd Méhel. OTorsiIAME s STt elaafdapdnndxawmg asrapoigents
the solid oxL e Wt the fluorl %6§ ent

may, be foptasted Wit ah? Qi mgjerial simpa %th@arffuaEédmtdo

ordbt thaflhfZerdt e GRlrkd aawadﬁ-sdpgsd,rn gei@ay.ci nation. [0057]
i m anpt her aspec i.nventi

S | t t hi , h
100ZHeleen 16, 5216 Sl 6891 PermoRenieh abysRiSodt e BF spbefaentty

cal€ifbd. d Cail@g ioff thd'@edt& 811 oﬁd@@rgdnetah@to@ns@twm dharsbRnt
sour ce of cﬁlorlde i on |s added_to the oxide

atmyqsphr e RPIGH Y a2 CRY FIPHTH G Tagwhere: thé f@mpsW&s frgp about
zodﬁwtobﬁocﬁﬂ@@@ E0atd &rOX{ifR dYadfoRf M Athute & MduY 100 Hoes, In

oxide in a suitable solvent. In another aspect of the

anqshessaspect; paleimingpan b sordicted #hd EnpeatvIseiromeahont 309G to
aboaun ¢ QoE! Aang, %&ﬁﬁex a g%{tngal‘%ﬂl% Cé‘:ln%é‘ | Bt Pt érié(r{lperame

I'or'i di ng age cap as a sourc
frogh Iabémtdeoeﬂtd tb e gHioyCc o ik aﬁatl an@ﬂtelﬂeas@mtﬁeamﬂmg@an be

e n be_ used r, exa vol ati.le
00‘51;-‘5 ﬁ#’B\?‘i ﬁi‘?%g‘ g‘gﬂ‘t“é 'bém dpgno aﬁ‘?BF%‘s“agfmng can
be \é@hcﬂictéde g abbw Thbwas itél bl 20eiuss. URLEll andihérspect, when

aspect of the jnvention_inc]ude, but are not limted

the; tgeat igi a¥ide is dherided silicg-alugHas Laleining ey b fartedrut from

ab&itqftb%@metdwms amempefMﬁ&ﬁamﬂ 35eta acdbboer s3bec. and

nmbi nati ons t her egf seous droge chl ori de or
["Oéﬁl ERTRE janye fPec aﬁ SHF%‘? b"én‘ﬂg%% a%P‘BSII? e Cb PP ULs; during

caldifind)d Geabiall§l BAcinfpLisCRNMERECR an oxidizing atmosphere, such as
air. Alternatively, an inert atmosphere, such as nitrogen or argen, or a reducing
atmosphere such as hydrogen or carbon monoxide may be used.

[0053] In another aspect of the invention, the solid oxide component used to prepare
the chemically-treated solid oxide has a pore volume greater than about 0.1 cc/g. In
another aspect, the solid oxide component has a pore volume greater than about 0.5

cc/g, and in yet another aspect, greater than about 1.0 cc/g. In still another aspect,

the solid oxide component has a surface area from about 100 to about 1000 m’/ g In

another aspect, solid oxide component has a surface area from about 200 to about

800 mZ/g, and in still another aspect, from about 250 to about 600 m2/ g.
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met hod of contacting the oxide with the chloriding
agent is to vaporize a chloriding agent into a gas
woerowasyuwsed to fluidize the solid oxide duri ngCT/US2006/044316
cal cination. [0058] In one l&spect, the anount of
fluoride or chloride ion present before calcining the
solid oxide can be generally fromabout 2 to about 50%
by wei ght, where the weight percents are based on the
wei ght of the solid oxide, for exanple silicaalum na,

[0033f Theseid 64ik Rehterid) nddYBeRatedSPBC A soirbe o AR ioRbor sulfate
_ fluoride_or chloride ion resent bef ore cal ci ning the

iong 1} 3 coRbRAtioRNChH AniPPY aefforally gregislivighs 9o ggtal ion, then

caloRkghé pr@kﬂde ke adRabRLsu &t thef ﬂ'oﬁm cﬂ’@ﬁirtléufaﬂs AUt Thus,
20% b ight. If the fluoride or loride ion are

the, g aa'r"ii Efiden PRRPRAGE i% GERFTHLY w%a# gd | sykfgterd solideoxide

coﬂ?@%@ \C£ hefidddChfta dulBfed thStal-YoHts %ysoﬁa dAis0EbtBoint, or a
loride ion in the solid oxide before calcining. Onc

comhination ghergofyi t I 1eae i asaect t et inerationx thee treapd pwlid oxide
aciWdt&dsubPord ¥anBL NP drds RRAVALuhInd, Ngeatsd snﬁalamhigﬂ o Uhixtures

not |limted to, suction filtration followed
theseofp Ip ANPERT asneph Abe Brried alymina fan @pﬂf}ﬁeﬂ%WH@nnaa keprided

aldrfiBa,| bdifitePLhBOHAN Alubridel &liSARRSHEAD! &1&&@&1 hﬁmﬁﬁ@ ok Ntica-
cal ci ni ng step |nned|ately wi t hout drying t

« alymyine oy stlisa-2i6PNIg. Sepatided] sbsaplumies, spy n@lanaﬁ% hergof, each

opti8shy B EBa et e Wit Blipid, Chr QbW IR: SARNAME tRatcd
pore vol une %@gater t han about . g I n One

metalpaéde canthe ghderidsdolppinan sl famsd aj\d@mae fluprides giliearelugnige, or

mi%Gfr& théfads, Ieacﬁaaménym %tbeeﬁ G@m&%ﬁh\é%&gﬁoﬁay b e
greater than about 1:

lO@ﬁSﬂ il an%msnwmf ma/mﬁ@m@naﬂ@maﬁéeoxedee%vngp@msewpqrh@nmpnses
a ARHed 180d RAS: inl fhe qgﬁ'n {F Q%K‘tncutl'ﬂg sSI, fe :1@ a@bfite '0% fluoride

greater than about /'g, and in anot her aspect
ion e addadf tectheapide r’m@/trb@ngnfemtbra flhendiagageni5@n rmllganother

as;g%@ Hidlia¥ iod B St#el adeda 3 H{Po%?c%eoéy %)out %{;g}%ﬁp HhD8gial%h a

c um na cont en rom about n one
sugahie selventisacknpsplicnhol oo gt mnlalymgebmtra@emaiti@mtecstor, the one to

th%g;?g{g)gﬁ%%’ohéﬁdoécgu%%tﬁ&f v&i3 dtl{;'\g sﬁhﬂ f%ﬁmgg n%ﬁ%ples

rom about 0 about n1na
of [flmoGding Rigents thdt xan de Siotd i tb»snm‘eenbomqhgbs bsmrﬁr amtehmrtdd to,

Jd nmp . SU alupd . o
Byl Bt Tu S RERh B e * (IR Rlmoniugp, pifluoride
(NEhHFgh abhimymontijye  tetrafluoroborate (NH4BF,), ammonium silicofluoride
(hexafluorosilicate) ((NH,),SiFs), ammonium hexafluorophosphate (NH,PFy),

analogs thereof, and combinations thereof. For example, ammonium bifluoride

NH,;HF; may be used as the fluoriding agent, due to its ease of use and ready
availability.

[0056] In another aspect of the present invention, the solid oxide can be 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 the invention include, but are not limited to, freons,
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sul fated oxi de can be further treated with a netal ion
such that the calcined sulfated oxide conprises a

worb@Elos9dm one aspect, the sulfated solid oxi deCT/US2006/044316

conprises sulfate and alum28a. In one aspect of this
invention, the sulfated alumna is fornmed by a process
wherein the alumna is treated with a sulfate source,
for exanple, but not Iimted to, sulfuric acid or
amoni um sul fate. [0061] In addition to being treated

perffubidhafhng! €ChérfloMbbAsng\M NGz oRbARR! wﬁﬁb@ahaeéxl deand
or sulfate ion, the solid I nor gani c oxide of th

combipatiansdheraefy @ﬁiep%hwryg%ﬂw@@t@dlmh fiselfsamplso be used

w1t§ot‘1'15 Cs%hd' &6he1ds NthotRka! ausibt Si1@hinBe! Bhe CRVEIBAN fhethod of
npounds. In one gégect of the 1 nvention, these

corémsmgolwagxl%w o flugriding jagest dy eayaperian & Sluokiding agent
int QlghOstibtgiell To $IRtdi2d @R sbQd mudéa ﬁg@ﬁ&%@&ﬁ ly

converted into the supported neta on cal ci ni ng.

(00AZIcBirailanky) yo apeibes grnegt ph g aweeu@lxu e chariqaliyt theated solid
oxi80 WBrpPiSesPa WRIoMded SRS Ixshe HOME ZbRE of N ﬁéﬁﬁlculge&agmﬂ' Wils a

silver, copper, gallium tin, tungsten, enum or

sovgee Bhehlands am tshfé-‘rd@éfto they pXigR Mm@tmemrwﬂmwm@@gg @gent.

Thé thoﬁ’ﬁé SRS B 5dRA! 1bdnO¥kidE hepAtRS 4 Eluﬂgq}’t‘ ﬂ@%&fm a
catal yst activity and | ow cost.” The d

Smtabb‘awi‘cﬁnw {h anethet aspset of the presef] mv,@moa» ﬁierﬁ@hémq@@mmrsbe

trefA8d Hifh a%fhicﬁfdmé’ rag@ﬁt &ﬁ%lgsﬁfgecatldlﬁﬁﬁ t thE §19t>hgmg agent

oxide iIs treated wt ectronmnt draw'n

capghicopl IGUEE12arIoNETe, o&ﬁplonéf had tbprquabIWe@cmthg thyeoxide
duﬁﬁ’% Tie8 eatélqﬁlgrraaﬁ @ beMidel, aF&eE)@almﬂT@yv&ﬁﬂHS& amgl}flﬂondmg

h the oxide is contacted wt

ag@é%méé bewsﬁi . QXIaylpéPszsﬂ Yolgile gegagic. dueriding mgnte owpfl frdthis
asﬁeBtCl 31d88e  RNEndich NRktddem lt,ﬂﬁd atd, ncgelhlrﬁlﬁb‘&r 60" %ﬂ Lﬂ NBeons,

gnatlon of one conpoun ont o anot
peﬂc bepeineowi eljormyetbane acdichlpremethant, thblomfnnact ecarbon

teurzug%ﬁgs ala 9@&%&(@0%% 45&%5{1{’ ﬂyeﬁeog&? A8 ALA0rine

] Ion 1S typlca y Ca
itsedf can rqléﬂw b@luyed avigolthel solkd gaideadwsinigapalciaing. One convenient

meBl G Bhea m?ﬁ{eaaﬁel@@wm' tﬂyc}geﬂaﬁg ag@ds 1€ ;Js?g@'a hftlding

or neta al ning conmpouna are cC ntacte
agerd P Aeds seam nsaddo blidize fIeGolf oOde dusipe celciphativhi s

[0d5§}’ ﬁf‘éﬂeoa[%g ELCRERARIRD of‘ﬂ%rﬁ’cfeeo?%hio%d%rlé’]g EPe‘é et b%%r? F(I%}nmg

n CO rrses contact a transition
thw@ﬁmldeb@gemgH}aﬁ@m ﬁla:tuéd to about 50% by weight, where the

weight percents are based on the weight of the solid oxide, for example silica-
alumina, before calcining. In another aspect, the amount of fluoride or chloride ion
present before calcining the solid oxide can be from about 3 to about 25% by
weight, and in another aspect, from about 4 to about 20% by weight. 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
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alum na to produce the first catal yst conposition.
[ 0064] Anot her aspect of this invention enconpasses a

wORoU@ssR0b 0 produce a catal yst conmpositi on conpCTAS2006/044316

contacting transition netal2iconpl ex, a chlorided

alum na, or a fluorided silica-alumna, and an

or ganoal um num conpound sel ected fromtrii sobutyl

alum numor triethylalum numto produce the first

catal yst conposition. [0065] The preparation of the
possibdate thitak itk eatidingastep \Wah@diktdlg witdnat dbedg ithe ldySegnated

,élat e@é nunbers 6, 107, 230; 6, 165, 929; 6, 300, 271;

553; 6, 355,594; 6, 376, 415; 6, 391, 816; and
[0039]3'956; §664-anirdn S8 Ao ﬁe@&ﬂﬁ&&a‘caﬁ sﬂﬁﬁraéléﬂ:ma&;aﬁélﬁvﬁé%{;ore
576, 583; 6, 667, 302 6, 833, 338; each o

Vol eRte ik a?%rog Gifendh érk apof HFeruis VQluThf, ey be greater

thaft Nibotie 0 )8- ccT@,eaxﬂ ponoaheinaspedt) G WA 6tly be giater than
t n t he actj.vator .of th resent. i nventi
b of e E et PG o G, e &, SR G G ey e
ab@RITOD MEYE.0M i dspadt, ﬂfeg@maaé bifgh rw@nemﬂmum&oufr PGB fghend
resent inv nco r|s a_net

nt i paj
in Bl specblip SPGB e HGHE et Al ToDGR o Gameralty,
theCANROMNEhi RNGF thid [rﬂ/&hﬁéh uqa@ V) amxm@ &bﬁitent\l\frbﬂl #ouk Sat about
num co ound. aspect of this

gne_or ganoal u
95%3@&“%8?1?"1%} ?%‘é‘é‘“’f“h e Y "o Gaho it #hAUh gAYe: and in
an@BENRPBEL, 1R PhaERNcREdnt e B8 hem SluaBYsto SR B0eNhRimina
riQqr to introducing the catalyst into the -
bySv g’l’mri zation reactor, and the bal ance of the

[owoga:n@ammmwndc@ﬁ@@a@ﬁpﬁ@s Qﬁlfatetafx@dléﬁﬁdi offide @6idppnkditsdch
t he polynerization reactor. is not required t

hat
as fHENIGR P4 AR B HPB daae l9§ SiPHCKIp solid. *Optionally, the

suleftd exiak REE 6O Rird ek tehRR Wil A ndch i HRh tkAlRE Mﬁ&med sulfated
conponents be the sane as the ofganoal um num conp

nd
oxjdg{OHEIEEY 2 disidc tipyenerAsBettn e SRR SPh A PR "r"é‘&&“tSS? Sulfate
and QRBfiha O 3RO AbpETt BE RIS HKRAHBS Sthé Ralfate@ AIRENS $8 ordlcans)y a

with the treated solid oxide to formthe activator for
progess Wheneln By alwpina 8 Hatdnvith dcyulfgle, soptre, &ptesHrgeple, but not

lmhteﬁ'té %‘ﬂllﬁaﬁc%@i@ﬂﬁ%ﬁﬂﬁoﬁlﬁfﬁ'éﬂﬁ‘a{ehe fol | owi ng general
formul a; Al (X5)n(X6)3-n; wherein (X5) can be a

[0064 L Foeddition toresing edted with anslegsionrwiHiirewmBEoEROSAR! such as
halidBdr sulfate i ion, the solid inorganic oxide of this invention may optionally be
treated with a metal source, including metal salts or metal-containing compounds.
In one aspect of the invention, these compounds may be added to or impregnated
onto the solid oxide in solution form, and subsequently converted into the supported
metal upon calcining. 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. For example, zinc may be used to
impregnate the solid oxide because it provides good catalyst activity and low cost.
The solid oxide may be treated with metal salts or metal-containing compounds
before, after, or at the same time that the solid oxide is treated with the electron-

withdrawing anion.
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can be an al koxi de or aryl oxi de, any one of which
having from 1l to about 20 carbon atons, halide, or

wayadi7iodezooand n is a nunber from1 to 3 incl usPTEUS2006/044316

[0068] hi one aspect of thi2 invention, (X5) can be an

al kyl having from 2 to about 10 carbon atons. In

anot her aspect, (Xs) is ethyl, propyl, n-butyl,

sec-butyl, isobutyl, hexyl, and the Iike. [0069] In

anot her aspect, (X6) can be an al koxi de or aryl oxi de,
[Oom]yFmﬁ&zr,Oﬁnw\hiedfbdft&\/ﬁrﬁgegﬂaﬁﬁg lhd @ol&bsxme Hokterad1 Boih a metal

e i B il SO i

typfoallynd aall drXn@ld)(c¥Biathifly cOmpSuid, nitmamaes fmmslnatom%lted to,
ncl usi v In one aspect of this i vention, nis

geliip (Reelings THPrgFAn PESIF | (HRRPULE PO Avofisregt | e tike,
Foltdwaihgf aye cohiastih® idthad,i Bl eesct&R stinthal dfdéxide compound,

clegirofi ShiwingaT nﬁeﬁﬁﬁégeﬁ I g eineh Afirgatively, a

solidwkiaé llﬁﬁemﬂchﬂ%cu’@ﬂlwﬂ{&avﬁﬂg dniidf §&ficd, tnd the metal salt or
trlalk%aalun1nun1conpound dj al kyl |.umi ni um hal i de

ETHUAHERE cOPROm AR PoRIATIE A SAaneh TPt iARROUSLY-

[ooaklkcbhalauﬁedwﬂtmsmuerhﬁinl ERoADATSY AGSroc@B do GREMIJIA cOAB/st
t her, eof . eci fic exanpl es noalun1nun1c ounds
°°IPH%§E“%?PIBI %éﬂnﬁaﬁ“‘% ngga’f‘%‘é‘hme?ﬂi digflcyl ipgmp %‘c@'ﬁf % 8ylgaged |

aluffiiNd w;ﬁoumtehhehr@st%@waoeah@dsnmnpound and an ol efin or

ne nono i.nclude, but are not limted to
l“"?gli %é?'ﬁs‘?r a§agHhs %Sc TFRARFION CREQIRPAFF S A PROFRRAIY msz)me a catalyst
coxhiicb@tﬁ&p&étﬂbﬂéﬂsmﬂiﬁtacﬂhgttﬁﬁélﬁbﬂ m&ﬂmoﬁﬂ)@xwmonded alumina,
m nun . di i sobutyl al um num hydrid

but
or pripE fla? Clualinkes B’AL‘brgané’ﬁHm&P%‘?‘h‘}R%H’WnWCted from
U11§Jﬂu©}1|aﬁﬁnlrﬁlgpgxz&1e@??allﬁﬁﬁﬁﬁ{ toogfro&ln:‘esthé A€ BAh BB Ao sUBR.

t he tional  use some_or of the organoal uni num
lﬂﬂééhﬁ%eu REcRaG e eh Heatreated, é°]éft‘ Wérdec%&ﬂémsps% 15 dasohehig U.S.

Paﬁ@ﬁﬂ Rimb&s isNto7oLhes '6r1@5t9|29 G@b@bs'ﬁ% 814, 955 '336355 594; 6,376,415;
Zatl on reac bal ance O

6387 AL, B9 OB O ASBOARTH g3 a5t s Arile b 1% 440 16,576,583;

6,66002941 l6750040pTBAA ZBEIVTILAGER of WREhAPD %Bﬁp&&ed herein by
or ganoaf um num conpound di scl osed herein incl ude the
referspc, e GAEreBF or ganoal umi num conpound used in an

opti onal precontact step, and

The Organoaluminum Compound

[0066] In one aépect, when the activator of the present invention comprises a treated
inorganic oxide it may be used in combination with an organoaluminum compound.
Thus, the present invention comprises a method to prepare a catalyst comprising
contacting the transition metal compound and a treated inorganic oxide with at least
one organoaluminum compound. One aspect of this invention involves the use of
some organoaluminum compound to precontact the other catalyst components prior
to introducing the catalyst into the polymerization reactor, and the balance of the
organoaluminum compound to be introduced directly into the polymerization

reactor. It is not required that the organoaluminum compound used in the optional
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any additional organoal um num conpound added in a
different step. In one aspect, triethylal um num ( TEA)

wana7tosszosobut yl al um num (TI BAL) may be used i RCTHIS2006/044316

i nvention. The Al um noxane 28ctivator [0073] The
present invention provides catal yst conpositions
conprising one or nore transition netal conpounds, and
an activator conmponent. In one aspect, the activator
of this invention conprises at |east one al um noxane
pre&@:lithdtﬁts(fjﬁp. \ﬁdﬂg n]tl’ﬁD)(ﬂlliEﬁ?S cathBsal codnpopbasr ®d tlie aime as the
0 rocar um, num oxi des). .In this. aspect, the
orepoghmin copapty SO Ry DR e PR RPR s
{0087 Lot s alenihtimacoh@doundd Bat by be easd along oMo tiedtreated solid
i.i,lol vetnt, T_{_lhouah any sol vent whi cq I S subat.a ti aIL}I&%(
oxiif d4p (101 the,@CH LBt 1o S TR TSR AOBPOURR o o @rgpot
lindifa@ i@ Ebrhpaindahasingihe flloRing igd@dral Thtsulasi N one aspect,
the catal yst conpositi 8R§<ts)r?|&fg)he present invention

conprise the conpositi Yesults fromreaction of

wheteirt €49t cane alhydictarbanBavifg ol ¥ Sb abbtih2@lcalbes storan &X°)
ans

t ition nmetal caonpound. he. catal yst conmpositi
car b HoBLPRE i & HEHHBrTHATE B PN IR B TBRBHbE0 carbon
atdﬁ&?hﬁlic%je@ ot ijit_ﬁlﬁdd?ﬁn@hiisl 4 nirAbdriteonan tte 3] melugtlieng but not
te to | ratj on,

| i ,or the catal yst conmposjti
10081 16 iReetos HELITE R Y rher PRIV, FoCh i DLt
10b&itieh iafhat 6| afdiRrdhspdhrs (AP BMYENEropelIPRLAE],0fec-butyl,
) O&u‘\hl ? i nvention may be an oligoneric al um num conpound,
isoRpel-diexyk AR e lifhoxane conpound can conprise |inear
[0(?;?1 ﬁﬁh%ﬁtﬁ%/ asff:)ﬁ@tl, i('x?) Qh YAt 2BEdxidd bk:j ﬁ@/:]oxfik_ﬂe, any r?iﬁieﬂfbwmch
hereof . clic_al um noxane conpounds  havjng the
hayigg fipm1 to"aRRut LY fatkop toghsy hafide, O by Fidknc taPRYpeT aspect,
(XP3Y idipéidemm} therd 8r 4asBON atons, and n is an integer
from3 to about 1Q arge enconpassed by this_invention.
(0679 Iy Aerormiadilet ) (XRowd Her BABPE Bk & iPeEsitfe o one
aspRP AN Gnvtibnl A i@ 3] | NRAVaIA BN AN Cestrldib® to bk RGAhteger,
al um noxanes having the formula:Ris a |inear or
thespfgprothisgfoamply ingludesgpsquibatide comppandsar bon at ons, and n

[Odﬁ] @'éniex%i]?g@;[amples 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); ftripropylaluminum;  diethylaluminum  ethoxide;
tributylaluminum; diisobutylaluminum hydride; triisobutylaluminum (TIBAL); and
diethylaluminum chloride.

[0072] One aspect of this invention involves the optional use of some or all of the
organoaluminum compound to precontact the other catalyst components prior to
introducing the catalyst into the polymerization reactor. The balance of the

organoaluminum compound may be introduced directly into the polymerization
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from1l to about 50, are al so enconpassed by this
i nvention. [0075] Further, alum noxanes may al so have

woagw/iseoouct ures of the formula R 5 +a b -aAl 2C/US82006/044316

wherein mis 3 or 4 and a i® = "A1(3) - "0 (2) "o(4)
wherein Al (3) is the nunber of three coordinate

al um num atons, "o(2) is nunber of two coordinate
oxygen atons, o(4) is the nunber of 4 coordinate
oxygen atons, Rl represents a term nal al kyl group,

reaatod. Rfher aﬁﬂdn&ﬁe of srganbaliud@nig cahlpwlind di3vdsedheredi hcRdeShe
%tllnear or nched alkg aV|n%}fron11 0 10 carbon
totgl, agpqunt PB@PE@B e fm %%“EIE‘FF ag ﬂP‘é"‘} DESSOPSH stgmand
an@haumam amg&ohhmnﬁ@rbobq)ouﬁ@ dd@sl inn ddbienbb@ep. M ohdhdpect,
u Ve t|on Wﬁﬁﬂglﬁﬂg in t|on of t he .al um noxane
o tt[prsg t'iglla )nmapzdmp]sed in this

inveQtisn. alun1noxanes that may be used as activators in
this invention are generally represented generally by
formulas such as (RA-On, RIR-AI-O nAl R2, and the
The koninvleieeidiikie R group is typically a linear or
hed G -C 6 al kyl such as_nmethyl, ethyl, propyl,
l""%ral 3 © RSBy IVEHion e&rwl% SRBLYSE FOMPISitiant yoppsieEge P or
ma3d u*aﬁhﬁ&ﬁ‘ indtAlBndpduRdg A tanSfivAidr eRpSRRRdIHRAL asﬁé&@ the
al um ngxane conpaunds of this invention jnclude,

acté\faéorn&f tlinﬁ] tng/&nflen ﬁ%tpmsfea ahi Wﬁ%aﬁée aluminoxane actlvator

AlginioxahdsNdrd QXN ferfdd QP4 ﬁil%?ﬁh%%?l aluminum oxides). In this
|soG€ropyIaIun1noxane n- bu al um noxane,

asesh b5, 1EAB oA R REOTaRAIR B! b GAHAFEALANED the aluminoxan in a

saﬁlﬁi@eﬂk‘}tch‘béﬂrwﬂ BN sbiRaN iUy NBKRAEwhich is substantially
yl al um noxane, 3- ent | al'um _noxane,

indfL B The & FRAT1R 1S AtFNasiRtes, ﬁé‘éﬁ@ﬁt“?ﬂsé’lf the #vaRen sigp can be used.

ThesThionabisies thdeseRtk: co[nqs&ﬁ‘]ony\hr R REQANBRIHDD Q&Eﬁ@s% the

with different types of fgroups are enconpassed
coppesijpr thehtesny @ﬁm wACtiqpeRfiay least angi almmezéammytalm wyth at

lezRt UHE MNGHBn DEtal TBRIPoYDA. a'"PHQ BRXRBE cihBodi¥ B Gmed in this
activators used in the catal yst conpositions of this

manRGeRay &Y. cofiseisd by matheds knwin i hose o skidlin therart, including

but not limited to filtration, or the catalyst composition may be introduced into the
polymerization reactor without being isolated.

{0074] The aluminoxane compound of this invention may be an oligomeric
aluminum compound, wherein the aluminoxane compound can comprise linear
structures, cyclic, or cage structures, or any mixture thereof. Cyclic aluminoxane

compounds having the formula:
AGAI—O—)—
I n
R

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

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

aluminoxanes having the formula:
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trimethylal um num triethylal um num or
triisobutylalum num respectively, and are sonetinmes

woeb@Erosenot o as pol y(net hyl al um num oxi de), peCystdogho44316

al um num oxi de), and pol y(i2sobutyl al um num oxi de),
respectively. It is also within the scopeof the
invention to use an al um noxane in conbination with a
trial kylalum num such as disclosed in U S. Patent No.
4,794,096, which is incorporated herein by reference,
inits entirety. [0079] The pResent I nvention
contenpl ates nman in the al um noxane
formulas (R Al - O)yR AllLeé) A}d O nAl R2, and

advant ageously n is g@ Ieast RQ% 3, However,

dependi ng upon how the or ganoal um noxane i s prepared,

R 1§ta%§9 Or%@éjncﬂ & glkgf H{V %b’ﬁ% um a 1b @MOIP gto 3{ ésnﬁg% Is an integer

S|ng noxane,
ffoé’ohtﬂ ?b&!lt@(h agf alop gmmagmdﬂm«arsensema conpri sed in

[OOP%ISF%E%GHH x&%gpx%%\gt Elggshagf tc%%e ps?.mg’t%{]és OEV% tlfocg‘pnula

mount of um noxa
seaBabdﬁeh,&Qsmac whemm nyist her ﬂr@dsz tls &nn;@t o O MRRYUNYherein

i pre
nA' @at alfé s‘#ﬁ%%ﬁ%g}gf% IQ%%J&%% tﬁlt ﬂl S | nv %’Soﬁo(")t ﬁsqkﬁﬁ’gﬁﬁa’er of two
coqrémratg: ofygehatahs niguy s ithe minmbat ufn4nmmdf11at600xi@n atoms, R
[ in the co n.,is .
sk B0 A ORI ko CETRA A L wheri
R ig g hiaear ortranched alkyl beviing Hbmt hie w cmnbcnumrrus t he
u
oGP 0RAR5h e b SIS e FRSSLEATRRUP el B L o on
actgater e this speotion niay hmdxazrcamttmancmfoﬂthe aRIMiAbXAH® dofpolifds

‘Hm[} e transition netal conpound in the
and?"é o&%@%gen&e%hesrﬁlgl ly fromabout 5:1 to about

[00115] '@h)@; hlurhinoyates ahatt hey l&spmit as hbigvaasre uint thof mventlon are

I n dded 0 ri zatio r
serilh R ERGSE RE g 5 PR i s BeAP DT i AR,
ancaﬁlpdﬂde Whmﬁm mbdtlgrcﬁhp]ls mﬂﬁd:allyoa H@@Iﬂfor b%clr‘i]&i €,-Gsnalkyl fsuch

t her |nve tion, the anount o
as ettt A9 BRGEIREL Bk b5 el TR g P ea Y BetiEeBts an
mte‘@t Erorr{ Dﬁﬁaﬁoua@anoaiammeﬂtﬁ tHealurkRoRARPE@@SbuRMS of this
i oUS are wel known in the art.

inv B R G R RACITHED i, et P APy e arminoxane, n-

proﬂymhirmeﬁanen iso-propylaluminoxane, n-butylaluminoxane, t-butyl-
aluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, 1-pentylaluminoxane,
2-pentylaluminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane,
neopentylaluminoxane, or combinations thereof.

[0078] While organoaluminoxanes with different types of R groups are
encompassed by the present invention, methyl aluminoxane (MAO), ethyl
aluminoxane, or isobutyl aluminoxane are typical activators used in the catalyst
compositions of this invention. These aluminoxanes are prepared from
trimethylaluminum, triethylaluminum, or triisobutylaluminum, respectively, and are
sometimes referred to as poly(methyl aluminum oxide), poly(ethyl aluminum

oxide), and poly(isobuty! aluminum oxide), respectively. It is also within the scope
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U S. Patent Nos. 3,242,099 and 4, 808, 561, each of
which is incorporated herein by reference, inits
wenvirsewo One exanpl e of how an al um noxane nBRETHIS2006/044316
prepared is as follows. Wat2ér which is dissolved in an
inert organic solvent may be reacted with an al um num
al kyl conpound such as AIRto formthe desired
or ganoal um noxane conpound. While not intending to be
bound by this statenment, it is believed that this

of BN {rRehiisn ?@hb@ﬂn %ﬁﬁn@ﬁf(&fedmacd&Bhbkﬁ& Qfithbe trhalkylaRakinum,
and cyclic (R n al um_noxane specj es,

both of .
su%@%ﬁlsalpéecbﬁb&h%a%@f@& By~ #7400 whlchoi incorporated herein by

refech8d, Bt ¥Rfiéty. Or ganoal um noxanes nay be prepared by
reacting anal um num al kyl conpound such _as, AL R3 wi
(0079 The gesent {nventigm c%em%ﬁe&t Ay 3pyst ol imthe, al}lwn}fﬁfane

forbtdd (K’-Agf@)' ﬁn@ RURENLO),[AIRE Z2hd HaGardthsybuRg* ARt least about 3.
activator be supported or unsupported in the

Hopfexsh n@enew@atwp@ﬁ hqw thg, ﬁﬁ%ﬁnpélam@@f?eﬁ aF |RreRared: sipisgr and

us&P L WaRS dh hAY R HrabRWHRIn S 4nBlASamAt lof GRimidBxane, and
al'um nat e conpound, or conbinations thereaf. The use

suglf agcambistion @f AueinpghERingRaARer ¢ue | EMuised Hatthe Jyetfiedy and

Coﬁ@ggh&%omg‘%p&éﬁtll%nngﬁd an unsupported activator can
result in a honbgeneous catal yst conpositjon, and t

[0080p Semerallyy iy amoBRC Ofphs s BYIERDE cPaaBYe H@o%%’vé'%g the
tra gaﬁeserﬁagv%o g&&ﬂcva{a% bel fﬁﬁn%c%mﬁa@rlﬁoeml vt %amng the

In accordance™w th this invention, the catalyst
@bwpmnmoelﬁw@oquﬂn% Gayention cibs: meHE T BEGHUFGT T the
Al RBRAN I ARE +BRsBGh NHAhOEoribouRRSin 28D €6fnp Qém&h iSusually from

I nvent 1 on, t he acti vat or conpri ses an organo or on
abowinisd im @bout109:080ds Jacme asprst,che adartn of Sigpbenihum in the
ahﬁ-ﬂ m»eet% e H&{ﬁﬁ&oxp 20 69 Sthe ROLBb &SRS BomAbout 5:1

|nat| ons ereo For exanpl e, the organoboron
Mbdﬁdl@odf I anofhey easp¢csn theamoksnistipsel fpe aluminum in the

alﬂhhﬂl%&% am% mg ‘iﬂéfQPgd}ﬂ?oﬁdflh%ﬁE %efr@,aaaomg al@ily from

npoun |nat| her eof uoroorgano
abbmr 61 tr alﬁcmn drSd&Oglanén bist anethen AsRSOl dh¢< ﬁnwnnt pf alvenigexane

b | i
B0 Pgbblep il cHhE f BLL 06 09 it BEU Q1 obG L i i
anpter faspem,m@n abbes Q. larnng/thg @bowtr tﬁmmgﬂor i etilk engrbemaspect of
thg' ﬁ&d@%@ e SintbtiRbe AEANAGnS 8sdaShey bl BohlEbITPRAPT. W hbout

50 mg/L

[0081] Organoaluminoxanes can be prepared by various procedures which are well
known in the art. Examples of organoaluminoxane preparations are disclosed in
U.S. Patent Nos. 3,242,099 and 4,808,561, each of which is incorporated herein by
reference, in its entirety. One example of how an aluminoxane may be prepared is
as follows. Water which is dissolved in an inert organic solvent may be reacted
with an aluminum alkyl compound such as AIR; to form the desired
organoaluminoxane compound. While not intending to be bound by this statement,
it is believed that this synthetic method can afford a mixture of both linear and
cyclic (R-Al-O), aluminoxane species, both of which are encompassed by this

invention. Alternatively, organoaluminoxanes may be prepared by reacting an
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fl uor oorgano boron conpound of the form [cation]+[ BY4]
, Where Y represents a fluorinated organic group. For

woamr@ismnce, fl uoroorgano boron and fl uor oor gRAD/US2006/044316

borate conpounds are typica&7ly referred to
col l ectively by organoboron conpounds, or by either
name as the context requires. [0084] Exanples of
fl uoroorgano borate conpounds that can be used as
cocatalysts in the present invention include, but are
alungiurhi emcyle@bmpnunﬁl sighi B30AERY @ithl a DOdRtRISsAYGRcRSs Hydrated
kls(pentafluorophenyl)borate

co egelgag ; numtetra
RPFF 5 %/(I BgP ?fﬁf“i‘ IS SPXRR's ( pent af | uor ophenyl ) bor at e,
[ooB2} 'lihej alunsihoddesceaibafay Weoquppoydd bOtAdPported in the present

VB0t e P TOR PRSPy o5 SHRPOR SOPNES P Jbprgesls oxide, such

as, @ﬂicﬁhﬁnaflhﬁﬁlﬂdle BbidPdund, or combmatlons thereof The use of a supported
bis(trifluoroneth ] borate, and

st RIS R Fosp R I HETBPAREHS S50t FOBPOSRR e BRvpportcd

actfviate@r oar gesudt horo mo&mmm@&&nwt 6SApHRLioS €ehPAShe present
. cocata sts in resent invention |nclude, but are
T B R AR A S

trls[3 5- bls(trlfluoronethyl)phenyl]boron and the
Th %ncl g m xtures thereof. [0085] Although not

7 f%ﬂﬁ’ﬁﬁmi !¥dund by the foll owing theory, these

[oosxlamadcﬁsmaﬁcé Wath Hge lhﬁ/@ﬁﬁ’orb %@&@ﬂ@&%&lﬁé@ﬁ@ﬁ o8 ﬁs&oart Bhst
ounds, 6l?nd rel ate nﬁounds are thou form

ons TERRRIG 53 SRR Gd.4 SRSl GlorASPRRGY i Faverison, the

act%@:& me@habs Qxhﬂlﬂ)ﬁon @mptuea! 03 bricNadpest, RaL &BAnoboron
983, mhlch [ ncorporated hereln by referénce

CoTHPREL CORPFFER Jouf oD BNy, DA abunts Gpmbations

thefdof.a FOH OX £1ip16, 0P OtAdo66tbn Q&nﬁ&ﬁﬂds&ﬁ"@u‘s '?n\;éﬁh§n can comprise a
|nvent|on In one aspect, the nolar ratio of the

flueFogEERn8 AOBIR EYHRRINE 2 (HOrIEEIICRRIRIE| cOMNRERG ofcoeqyobingion
thetddf! NEyE ATBRDIdan8bokén bf ﬁﬁbx%'a%o Qm}até cb P@Q&&*hwn tn the

I n anot her aspect, the anount of oor gano
art gan Bf ulizgd- y %@r@éh@r%gm%b@eﬁﬁmau@@ém a@ vaual meaning

to F&W%@h%&&al Aon$dunifbe rthef %nﬁ @Yt rafsi d&hlh anobborate

npound is in a range of from about 0.5 rp
cmmﬁms‘i also ohaspis gisuglomsaning t9ereferotte thé memsmmaxts of a

fludbAlan YWEY REmpb P BE tRSREA! fealifld) [B%'ﬂegntwl{ge Y re presents a
f | uor porgano boron or quoroor ano fe conpou

fluprinated, gregnicoRrgiip Vet conventonrs; dlusroqrgang heronrand fluckemgano

borate compounds are typically referred to collectively by organoboron compounds,
or by either name as the context requires.

[0084] Examples of fluoroorgano borate compounds that can be used as cocatalysts
in the present invention include, but are not liﬁﬁted to, fluorinated aryl borates such
as, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the .like,
including mixtures thereof. Examples of fluoroorgano boron compounds that can

be used as cocatalysts in the present invention include, but are not limited to,
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metal conpound is in a range of fromabout 0.8 nole to
about 5 nol es of boron conpound per nole of transition
worb@Eloseoopound. [ 0087] Li ke the al um noxane aeCTAARME/044316
t he fiuoroorgano boron or f28uoroorgano borate
activators nmay be supported or unsupported in the
present invention. |f supported, generally the support
conprises an inorgani c oxide, such as, silica, an
al urnrnate conmpound, or conbinations thereof. The use
ms();ﬁen@amid»mﬂfeherjbmhj ViRis[B, 5-bRytriflastonicthyl) phehgl]esron,e needu She

st co and an unsupported activator can
hk?é% Plngﬁnéggﬁhéﬁﬁﬁ ous catal yst conposition, and the

[oqﬁspmﬁbugmﬁmhtealfhr@rte Qié”ﬂn@&ﬁ_l_h (;ﬁ‘éy g fmlbaﬁmg ﬂ@gige Tutse amdnples
onobgeneouys cat al ysts e oni zi n ni c

of Pe@rgsygarlﬂ bagait, P HEGFORFEEHO AT qompg‘hﬁ% And i ega‘«f’aipyg?ds
are OﬂKBQQ{tg it@n éﬁﬁﬂp r‘weeay&bmld&mﬁlgonemton@nwneho reofid with

conpoun an an acti vat a ect S
OrgARgBITHA oFOTPPIIIdSC t 35y TS OSE%nﬁlr S ggte{“eﬁ{’” lﬁj@ which is
1ndo@;56r3ﬂe&%efe‘i’rﬂb§réf@f§ﬁ@élﬁﬁts daXigdipl es of ionizing ionic
nmpound_are disclosed in U S. Patent Nunb

IO%%— ﬁ@ﬂ%gyaw BIEYRt 93 HTSWRLAOF CARRPPRY; @ny AR AHETh ik dpis
inRASAN BYokEhfRNCBe hlat &k BE i bizah6&Bh emnpound to the

IOhIZ%@%llonIC conpound is an ionic COﬂFOUh whi ch can
trapgifen metelcompopnd it Bregomprpisine ds frpw abopt Pilf tapgboup 0:1. In

anS@bAla¥sdct,C P afiolhORs MBI i@ rsthakd lwéorby:rt ﬂ@&wngaha; HoSate
bel i eved that the ionizing ignic co

coppgupl wsegras aceocrahist o ok Bt i, SR THSTALF Po@Bﬂ%}ﬁ e

radRlo CRBNEIHIDY.§ 14 tRRSIuE i10MneRE BF bERFPEIASbINAL Seranole of
cationic transition netal conmpound. Again, while not

trangition dnetal eempRUnshu MY OBy 2ERFEbrie amoup op, dluoErasgenepkgron or

fidoRSork RN BoRAR ERRDEWRIOIRAURG mtaﬂymtrlaeﬂva& &Y the transition
i oni zi ng conpound by conpletely or partia

meiak pQIERqURG 18N ATa9EF ©f |ffog1aﬁaout;§b§ gmﬂp yo a%bpwgéwlew%bomn
coﬁﬁ)o(lﬁg-ker hRof thatiStiol mdtai4bnipb@M.t he transition netal

However, the |on|2|n% I oni c conpound IS an
lﬁafifﬂ.hﬂaq dhe ebyaingkenss 2efivaiitie e fluptdopsAnpe BotoRgor fluoroorgano

botrﬁt@rh%htlétgfk Hﬁ& abe CRIPRPNAG: @Qﬁ}gﬁcﬁ"é‘eﬁsmath@i% rebdrfl QHQerhlena If

fashion as to forman ion palr weakens e netal -
suppereed, gendvally ithm sPnroshcarmTzses EBripergaARic aXidp|sych as, s1hca an

B gé act Va:dr &l%ﬁ&%ﬂqs e NYTRE 1S oFBCHBBLRNP aliWator

on may
may result in a heterogeneous catalyst composmon and an unsupported activator

can result in a homogeneous catalyst composition, and the present invention

encompasses both heterogeneous and homogeneous catalysts.

The Ionizing lonic Compound

[0088] In accordance with this invention, the catalyst composition comprises at least
one transition metal compound and an activator. In one aspect of this invention, the
activator comprises at least one ionizing ionic compound. Examples of ionizing
ionic compound are disclosed in U.S. Patent Numbers 5,576,259 and 5,807,938,

each of which is incorporated herein by reference, in its entirety.
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Further, it is not necessary that the ionizing ionic
conpound activate the transition netal conpound only.
woheo7asezovat i on function of the ionizing ioni cPcomnsewndsd4316
is evident in the enhanced 2ctivity of catal yst
conposition as a whole, as conpared to a catal yst
conposition containing catal yst conposition that does
not conprise any ionizing ionic conpound. [0090]
Exanpl es of ionizing ionic conmpounds include, but are
[0089] Ahiiohizép iodic torapbaid Bwvam hni®smapads: which can function to

st 1 Bafpd SHETROADLN b P L CHPPHTP] oY Bl ot bound by

theoky, (iﬂisgiﬂh‘,é}r%cﬁﬂﬁb thelivnitd i (enpoudidrabh e capahdé af eeacting
Lrl(n-but. a nium . .
wiltdob Bepsidn b Teh r gl PBUFIing ths FEpstiagy el compound
int@ ANGafibhiB transition metal compound. Again, while not intending to be bound
byt F bl i (et e RLETES B RBSIULLP LS Sunciion as an
ioﬁi@ﬁ’\llg g&hﬁéﬁﬁ{%ﬁ&?@p@w enyAniby iaitﬁactilng |a§l gnionic ligand, possibly
\, i net hyl ani ium,tetrakis(p-to Qrate,
a Rlﬁﬂdd?‘ﬁ’gtﬁﬁ%ﬂi Ckhy 0 ex r(%b ifeﬁ% ik Yeapdem mactal compound.
HoWeVef]i e tibdikmgi lonft UoMpelid@ls s Actvator regardless of whether it-
oA L PhEnY L DT aLe 1y M L e I ADLLL T Y hion s t form
anNodNpalir fWEedkeha Md nBtalMTX) bond in the transition metal compound, simply
tetrakls[S,?-ghi(trlfl%gﬁone gﬁhggpen L%ﬁorate, N
CORIHTALISH 25 1 HBARH (i 3E (OB b taf Py HHYPIBI gy @ccur.
Fukthbh) el Yot a&deeiryi hdtahé aoifhPi@hy bompPeiRt &tivate the transition
triphenyl carbeniumtetrakis n}toégh%oorate“

mételi GomneyPe gnben Thfmaetration; dpotion HAYEHIgiopic) gmpauad is
evidehPRARY bRIBMBEN hstityed ff @kdl$dt BoRposition as a whole, as compared to
di met hyl phenyl ) borate, triphenyl carbeni um

a qaly s ePIPsion icopiaiing GaRlithepPIsitTetipt fless nrteomprise any
iodikinB &Y LERpHGH. UM ‘

t et raki s(pent af | uorophenyl)borate, tropylium
(0999 Expinples -af gpyizingoionice compeyds jipgide, but are not limited to, the

follGmBkloBuhad.Y | iR batyBandtRh | tifkis(p-tolyl)borate, tri(n-butyl)-
tetraki s(2, 4-di met hyl phenyl ) borate, tropylium

anpperipm stkisgndohibibRyatph drgpHbusd)aereoniupp fgtrakig(?,4-dimethyl)-
r aki - hi i f ; i €, trifr _

ol T o DRl MARPEES QYA BRBRALLRSRA. . rio buy)

amraeninRy SepaasldS-vistoPnenene eyl ]boratej (rH{n-butyl)ammonium
. i , i L i aye . « .

o B RN IBOALE , N Ppishaniinium, somakig(priplybborace,

N pbdimeshylanitipiugnictrekisGritelyDbarats, AbNtimshetapiljripmaeeakis(2,4-

e . B i . - - Li 1 hi o
e e T N A b B ot
N.bbdimathylagtiniym t ettearkisPphbinitiflugoretiypbonylihorate,  N,N-
di&@&&%ﬁlﬁﬁ\ﬂhtt%&ﬂig(s%tgﬂEorophenyl)borate, triphenylcarbenium tetrakis(p-

tolyl)borate, triphenylcarbenium tetrakis(m-tolyl)borate, triphenylcarbenium

tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
methyl)phenyliborate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
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sodiumtetrakis(mtolyl)b orate, sodium

tetraki s(2, 4-di net hyl phenyl ) borate, sodi um
woeb7akd™®( 3, 5- di net hyl phenyl ) borate, sodium  PCT/US2006/044316

tetrafl uoroborate, potassiwhtetrakis-

(pent af | uor ophenyl ) borate, potassi um

tetraki s(phenyl)borate, potassiumtetrakis(ptolyl)

borate, potassiumtetrakis(mtolyl)borate, potassium

tetrakis(2,4-di nethyl- rhenyl)borate, potassium

trop§litAK itsf akistp 461 bbﬁé&@hw&hmr &E@aklaﬁi-mﬁphmﬁe,et trapylium

uoro borate, tri(n-butyl)a
totyat Ay DGRy 1R R Lo 1oEAkiSG: S s borate,
trot;?ltlﬁrﬁk' s(m Eé@llaldslﬁblﬂi@(&ﬁl&roh&ﬂh&]}p@ﬁtymbérawnmn| Untropylium
etrakis -di met hyl )al um nate, tri( bUt‘ff?rF pm
tett”é(tﬁ(mﬁt%ﬁ{'@prﬁé?%??epheﬂiﬁpﬁl’é‘f uni ?Péatl%s Ft”ll"i‘f{ ﬁﬁ%?/) orate,
htlﬁm?lo mMswkhﬁlfbcﬁﬁﬁe iRk Qét%k'ih%‘-%l?d‘f} stedeDaftlium tetrakis(m-

di met l'ini umtetrakis(p-tolyl)aiumnate

tdb(thP@F%retlﬁ i fetrishd. fehmaiy ﬁ’i!XIB%"Wﬁ’aI Lithiyp, detrakis(3,5-

M?i ﬁh RRe] T RbHE  tetrafluoroborate, sodium  tetrakis(pentafluoro-
4-di met hyl phenyl ) al um nat e
phmyx]}hjqratg; I‘ﬁ}DIdHWPI tetakig{phenyl)  borate, sodlum tetrakis(p-tolyl)borate,

sof{ﬁukrl! i mst lgli @Efal?é/ | BRRRY Ite)tﬁhd&(@ Bagi@ethylphenyl)borate, sodium

'iniumtetrakis

tetw@ﬂaa"fqhg@rw@ﬁynmamm sodivem terafhinaalarasy mofasti tetrakis-
(p[erﬁ gﬁ-b@ééﬁybg{)ﬁéw ?o‘t‘ﬁ'sﬁﬁ{ @etra'kfs'(;ﬂibﬁ?]&ﬂ)&ﬁfeb @Biagéum tetrakis(p-

| 'um nate, triphenyl carbeni um
tob'élbpm% s potagsiun WW(IPHQW] PEte npﬁtgg%um tetrakis(2,4-dimethyl-

D M e e e

bofrpient @ith-ohbjahomgnival (eirakds: tokyﬂ)@gwwﬁa tri(n-butyl)ammonium
|

te%r?l%lggti !toﬁ%l%lﬁ&}x%{t% aﬁﬂtﬂ%{l@xﬁx&%%ﬁ Fgl?r%hs(z 4-dimethyl)aluminate,

trifebuglagmxniudi net hy teakis(d, ?'&lﬂmﬁ'%llﬁla’h@lyliaﬂ%‘}lla\feum tri(n-

o Eﬁh%} uidhde, t mﬁyci IndfRylanili
blttgl:’ E)iOé enttaH];E%)(PgAt enyxgjﬁéﬁlyg% nat ee hi Lllm ylanilinium
tetrekxs@mos(lpmmfateubiUprhemhy)mhmumateéalﬂbﬁm-mlumlmmnate N,N-

t e Ki.
aipgepdgtSpiptl PP IREL ot Bate,. NN gimetprtiniom
te&bh@ﬁ%ﬂﬁnﬁh&lphd&nyﬂuﬂmnate N,N- dlmemylamhmum tetrakis
t ef akl S te, N i
;}e&a Tog%gﬂ;é)aijud* gﬁg%%/x%y?é%eﬁétgrgt e teI{r %IP Sﬂyl)alummate,
triphenytdrbenioml Lmtrpias(m-tcﬂy)l)alunmnate tnphenylcarbenium tetrakis(2,4-
tetrakis(pent af | uorophenyl od| um . 3
d‘f‘éﬁ‘%ﬂ?“?’(&gﬁ@ﬁv P31 umi nat e, )c%p h%ﬁ%lﬁ%‘b tetrakls(g"s
dinhaahylbhadylpahinniaste, sodi um t e:tlphﬁuylv(amenomyl ) al ur ni nategrakis-
e .
R eLEP AR R o e, AR S NG popotium
teétekisahttoytehiminaenat ecopplitrassi whnakis(2,4- dlrnethyl_phenyl)aluminate,
trog)tzlguamkl ?’e{rgl%fglf ; ldyn% ﬁ%gg%ldaa 1|11H1r}11a eat t?dpy'i1 ot ascéf!rﬁgg;(pentaﬂuoro—
phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetrakis-
(phenylaluminate, lithium tetrakis(p-tolyl)aluminate, lithium tetrakis(m-
tolyDaluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium

tetrakis(pentafluorophenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium

BB
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tetraki s heny”al um nate, potassium
tetraki s(p-tolyl)al um nate, potassium

woebrakd®(m t ol yl ) al um nat e, potassi umtetraki BCRUS2@6/044316

t net hyl phenyl ) al um nat e, pdtlassiumtetrakis

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

tetrafl uoroal um nate, However, the ionizing ionic

compound is not limted thereto in the present

i nvention. 'The A efin Mnonmer [0091] Unsat urated
tetrbleia@i_@mmalmhaiﬁtearsedmeftwald‘lmub@lpnhm&%i, Zadiuan tetraklsf(Z 4

esse t.h catalyst coppgsitions a cesses o
iRy DATRS P PR BRI, %8‘%@}4&@ YR FPdium
tetrafi@dtbaRintifatap Potassiint &E‘@ﬂﬂs@éﬂﬂﬂu&ﬁphdi@l)&ﬁhhﬁat@,ﬂ thotassium
| east one ol efinic,_double

e R SR R 20 COERTD o SRR S B s s dtassium

teuuﬁﬂsa@taly@hnﬁluﬁatej ef pbrasdieh astethkiy(2oneinMihylpREWIRNENinate,
opol.ynerization reactions with at Ieaf
potaﬁ@ﬂa.tfffré% > 5@@?@?@%8‘%’36@%‘3’ IRPIRSHER Eadiporpalyminate,
HoGRp&Y, Yl ioaddihed Noii asdrhgdundl isohby 1Bhited ERRELY IEtBe Gresent
eth [ ene conprise a major anount of ethylene (>50 nole
invER¥Ment) and a minor anount of comonomer <50 nol e
percent), though this is not a requirenent. The
nopers that can be copol ynerized with ethylene
Ih%ﬁgghﬂuhﬁﬁﬁe?ron1three to about 20 carbon atons in

[OODDFUhsa[’tﬁl‘a@éZiUfe@fztaﬁﬂ@&hﬁlt areQR8RI iAAHE lpoBimdziratibif processes with
ycyclic, termnal (a), internal, linear, branched,

catgluafsf?ma‘e%onsuM BEceesge <, thisyventinma meluds olgfig compounds

haNAg fouNehduRnabiabeek W &fb&SalbBY REnRIRLRYAM[ NavidddtSeast one
i_.nvention, For exanple, typical unsaturated conpounds

olefini dophje en<bo|T§n.lfem’V§%ta>Wt0ﬁnxpﬁésee RPmopRlyEcEFaligq processes

us1h§\ée§1hgﬁfblleﬁﬁ |SHEHE as l%ﬂ{yl&feeoﬁﬁﬂopgleﬁét 80wk, asRIoPBKIEA R ation
1- but ene, 2-butene, 3- | -1 -butene, |sobutylene

reagtippsn Maite. at 2easbémeeﬂléfer@31t n@?ﬁgﬂp PQIE@(Mnéne In forigpppRpct of a
coﬂ(ﬂ%ﬁgﬁﬁcﬁﬁm FeablEEBE eth Iéﬁgxﬁgﬁ) €3fSyle®s comprise a major
hep tene

1- hexene, 1-heptene 3 hept ene, the
B’Eﬁr ofsthirlene debareale rementlomd hdmﬁ*m ap9HBh ek compromer 850

e X n
R SOEGR. T L St S s, o o

copdymesizggc yght%hylg%qs haygefrom three to about 20 carbon atoms in

theSabRBEME RS R0r bor nyl ene, nor bor nadi ene, and the |ike,
may al so be polynerized as described
[0092] Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched,

substituted, unsubstituted, functionalized, and non-functionalized olefins may be
employed in this invention. For example, typical unsaturated compounds that may
be polymerized with the catalysts of this invention include, but are not limited to,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-
pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-
ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes, the four
normal nonenes, the five normal decenes, and mixtures of any two or more thereof.

Cyclic and bicyclic olefins, including but not limited to, cyclopentene, cyclohexene,
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above. [0093] In one aspect, when a copolyner is

desired, the nononer ethylene may be copol yneri zed
waeizodr/0a9monononer. I n anot her aspect, exanpl esPof/uSkme/044316

conmonorer include, but are 3ot limted to, propylene,

1- butene, 2-butene, 3-nethyl-I|-butene, isobutylene,

1- pentene, 2-pentene, 3-nethyl-I-pentene, 4-nethyl-

1- pentene, 1- hexene, 2-hexene, 3-hexene,

3-ethyl -1-hexene, 1-heptene, 2-heptene, 3-heptene, the
nofbotylener matbostidieres and e fike)rmapo alval benpolpmesizedoas tiéseribed
bfive normal decenes. I n another aspect, the conononer

Yy be 1-butene, 1-pentene, 1-hexene, 1l-octene, 1-

[009BL Bnene aspest, ywiemea cdfddPder is niesinal, alsep avhpmich ethylvneanmbay be
of, conngfnﬁé i ntroduced intq a reactor ﬁgne %&gproduce
CORGIETEAESY \YHE 2 G o 1} FIIPEAREGUE BT Do g SO e
inc\l\ﬁieg bt per ﬁ@ﬂlﬁmd edRs| OB pyleRs elclbxftélnetﬁ tebiiteha | 3-weitgihl g ‘aftene,

X €. Nhnoner _an onmononer,. | ot her aspec e
T i g S L B T T
heid’ngml-&nbmﬁel, lGerx'bné,(B-a:hﬂuI-hécdhfe,i Dhtptpsd, Qemﬁptmnﬂnﬁbp’ehe, the
and in_sti apot her aspect, fromapouf 0.1 t out 4
fofRoAL St (2GSRBS Ao P M Nt BP ety In
anbthér 4PBEEe @torM® 184 EFe 1-Auteat NBpemehd/ ] -lsxeAdlOUBItene, 1-
sufficient to give the above described concentrations
deggney@si YA€ n the copol ymer produced can be used.
[O(igapﬁﬁ}mwisﬂ@t,nlﬁb d'ngilﬁﬂ Gifq B%nbﬁbrgﬁ i_bﬁﬂﬂﬁcdeb)&nfd'lﬁ $edch2 Glofe to
in the event that bran , Subst te or .
orodiie i REPSLYEYT gF ePstalin o bertsebf cGabar 10 eigltgpercent
co?ﬁhbﬁ&fﬂa&%h_@ﬁl ttﬁ_& €e<5t'ta1cwBiigﬁﬂdsﬁﬁ_sr %d?%ﬁ‘g:ir ARE ﬁ&réﬁﬁ%/@ﬁ il 2ther
e pol yneri zati on process us, branched angd/ or :
asz%ﬁﬁ% 2GR %‘?f’("é‘)‘%’fmf ﬁf&r%ius# G BAGAFERT Z9BAEUITER 30PBHY-01
to but Gadf/ﬁ%ﬁt FEtHRTodIABIer, 2aAGh YR hebthat asBect ERPRCIREt 0.9 to

hi nder _the reaction in the way that the sane olefin
abeyfiss Piefahé percent comprImsioiaseh PR sistotd weshtRf the monomer and

coffRhBRBE. C ar DRANEPHN, €ad QR Shfficidnd 8 r@v@&ﬂ@%%ov@tdfscribed

| east one reactant” for the catal yst conpositions o

copgRniratipRachy ek .dn dhegapelysner prodused gt DsBsedzat i ons are
(0695 Rehi1O AHPRANGIRETD BADOBIASHPThiE BROLY TR ih? &cnP At BhdnBhed,
a different acyclic, cyclic, termnal, internal,

substijgigd, 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. In one aspect, 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, terminal, internal, linear,
branched, substituted, or unsubstituted olefin. In addition, the catalyst compositions
of this invention may be used in polymerization of diolefin compounds, including

but are not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Composition
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branched, substituted, or unsubstituted olefin. In
addition, the catal yst conpositions of this invention

woayo7msomsed i n pol yneri zati on of diol efi n conpoumgs06/044316

including but are not Ilimt3dd to, 1,3-tntadiene,
I soprene, 1,4-pentadiene, and 1, 5- hexadi ene.
Preparation of the Catal yst Conposition[0096] In
accordance with this invention, the catal yst
conpositions were prepared by a process conpri sing
[o0eeNImaddofdhnde twidhh $ii henti®d, ahe eanpyoutsnpbdifiornwere prepared
activator. The contact process of preparing the X
by @RTGFSFE COBMPISTRESCOATERE AJFOREY™ B'éetg'a‘iﬁ?‘i‘%"dm aYith Ao gpfivator.
Thi: R61ithctair5OSP BE heeparidg Witdeiial $di DS tianinvahlion aakWdrcatsed out in

conditions. In one aspect,. the atpospherge.is
an %&?'al?ﬂspﬁ?ﬁefn&w&ﬁ 8 'Pséaé‘“&hkﬂ %ﬁ)ﬂgg‘éﬁgf?‘é?ﬁil?ﬁsf r BeORyy aspect,
the\gth@kplage if eubstatiallgrodygai-ise ah@ sPbaMellyORaC bf watdr 8 the
of, t%e,catal st&m;Gis‘conta?tingﬁﬁroc ure can_occur
regeon, beging.do PIEYeRiAract ARPR O Hif, CARIYSIn ot iF CARiperipg procedure
cabbeadi i_ﬁ% om&t@:%maysfmﬁtuhﬁfgb bﬁffiﬁdét l.ihfn%tb@ :E?],Cﬁbﬂdiid%tor mixing.
C osi.trogn co onents can e e Into e reactor
Fugtg{oggrea%% %F%&Pi BRASPRSHIAN FRIRRPMFELSFan brofed EHsuTRGStor

sepsedtel)€ of QA GG &SbiaSedREIT tRése Vontpdul@ &th bdlEddiBdted to%ether
contacted wi th additiopal, catalyst cogfonents, or al

prighipobfiag Buthepecotrntet twh tadgitional cpidhst ecpRargnts, or all

coinﬁbﬁxﬁﬂlbﬁﬁ GeicohRictdd@o R before bARY Tdtrddhc@NRit A BRABACtAT
this invention, the catal yst conposition is pr.epared

(09371 ifbﬁpaasmﬁ ¢h dhis iBKLOR, theneqtallyst. SoBRANIOT ity Prepared by

coktaHeC Hel Hakdi®t @btAO¢drsboasl dRAICOFRABAI Al Arda®ddlid oxide
first mxture, and then contacting this first m xture

cofppPerd o JPga oSt e .cBphem gonigetng Hin fise dpigure with an

or@;&mﬁn&ﬁmﬂlﬁ&m (o mR taakddhd CAMRAR! Eb@Prisihg thbSatalyst
irst mxture, the transition nmetal conpound and the
copmeritienl | ot theatfst spiie.ofied &apdipe nastel nggppund and the

chERh A kRl s8I R colngBnBitiRayt Be é’chﬂég]t_ec%ﬁoﬂloéﬁoﬁt lmiflute to

tenperature from about '100C t0o about 1000C. | n anot her
abaufiFddiours e tempedtmiedirrrebait 10YpAroehwat 40Qf G- him another aspect,

i Cer oLi e t pmy
o U3 ot Sy} 01) S SATRRBAL R 1 cqmponn
mayebrpermaaated frbmosh s d uhintiECotaboutblb biours0 @. tefnPeS8]re ifrom about

t her pect of this invention, the catalyst
1536 T8 SBRE

n“is prepared by contacting the transition
[0088] &h anotpoaspdct bhehioimantal, uhd catalysoegmpusitjoraizsthreped by

contacting the transition metal compound, the organoaluminum compound, and the

chemically-treated solid oxide component before injection into a polymerization
reactor. In this aspect, the transition metal compound, organoaluminum compound,
and the chemically-treated solid oxide are contacted for a period from about 1
minute to about 24 hours. In one aspect, this contact step occurs from about 1
minute to about 1 hour, and at a temperature from about 10°C to about 200°C. In
another aspect, this contact step occurs at a temperature from about 20°C to about
80°C.
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chemcally-treated solid oxi de conponent before
injection into a polynerization reactor. In this
wapEms2ob he transiti on nmetal conpound, or ganoRCUMSENEN044316
compound, and the chem cal I3-treated solid oxide are
contacted for a period fromabout 1 mnute to about 24
hours. In one aspect, this contact step occurs from
about 1 mnute to about 1 hour, and at a tenperature
from about 100C to about 2000C. In another aspect,
[oobbioﬁnsﬁelt 8ecBbLMIO aiMhBoRls SorltANAL raseridn afetAkotipound
C to about 800C. [ 0099] Another aspect _of this
sudhpageatyi efiransitiosnmgtal cRFPauRdsah dioorgh Rraity an. Bassesyminum
COI\?\]PSIK}IdaSSJCﬂQé Agtls&;\ﬁﬁ% fdrcﬁBoﬁ'fej(ﬁﬁmﬁﬁéEpt@LfGﬁﬁ aPhdsh hﬁkl@li’e |3nor

an or ganoal um num conpound such as N&\g‘i ﬁlll l)

to feoptaetines thig (irsi MUK@Ee (it dr ?heanfqlerlee%W%S § 8PUYT
Qch 'ag‘ OhibRisd SiliEShiumhixh W ¥ o fcéhd mixture. Once the second
emcally-treated solid oxide actlvatorsupport such

miggire bf alf iveentalyst compangnts inforged.qif in epticdalin dllgyved (e gemain
in IQC;]J& ?éb%a%ﬁ&ﬁrldnﬂlﬁé W Soddk 22 lhloultsl']:ﬁlog A abikg khis QBRMAGHESure

is optionally allowed to remain in
in g pobyarerizaviompProlsest 1 minute to about 24 hours prior to

[GWQ t NizSi08RE UHedll 3t HEE ihRnAoPQl YBRIab#ERE 120 NrMHSPEAS Snetal
Anot her aspect of this invention 1 s contacting

comppnahsieh ga st of tansisiouneetal cempsundsy Softhiough sily mﬁl an
h 1 l— 1 11 er
or%%oaoungﬁﬁ%ﬁ%uﬁgd% S;éguﬁ*}%w&& A RLGBARP 3L HEHA YHdnom

suc 3 and wth an a-olefin
sucip no rdrexensc for aabotlit Bl@xmneteﬁ ¢e ferbpatirgOminteigt PEOT & tYHaRting

thﬁ]ffyl t&?l%{tuvrgeﬁ%ﬁlr aé% act1§/ fnc gug%)gﬁtsluglg a§ Ql"xlﬁnflécﬁﬁlﬁlmma to form

VAR LR (o 1o r-support suc
a eddoadimredural udnna the skormi misteconfl alh &lbmaéalymmcenpmnts is

fops?cgégwrg;{goggﬁy a{lov@cla rc% ge%aﬁ?t(i)r\?\é%ﬁ%ctm %ﬂgﬁ]tt P njuﬁute to about

I'S "OptI Oona O renmaln 1 n contact
24 Heums prbtﬁrufb utingithistsecdmol rabxare ixzaphkymegzgmropmpwusu ng

' nd m xture,in apolyme a .
obBTo1T TR oaRabebatr - oRE T B R A BFEE compound o
the rtgaafeaadoum Jxide campensnt if thet malystemnqmsﬁmhi maybiedeom about

omponent .in the catal yst ¢o osi.t .

R R S e R
cotbinl t6 8ld ®eaddd Ed1R1 &E@&BGﬁbbﬁiﬁnﬂ inmhe byt dotapositien may be
L reataggd% 0| | ﬂ% 10380 an 1gra]1re1cr>]t erl Qsptec € 8%2%0%?& 1 to about 1:50.

These weight ratios are based on the combined weights of organoaluminum, treated

oxide, and transition metal compound used to prepare the catalyst composition,
regardless of the order of contacting the catalyst components.

[00102] In another aspect, the weight ratio of the treated solid oxide
component to the transition metal compound in the catalyst composition may be
from about 10,000:1 to about 1:1. In another aspect, the weight ratio of the treated
solid oxide component to the transition metal compound in the catalyst composition
may be from about 1000:1 to about 10:1, and in yet another aspect, from about
250:1 to about 20:1. These weight ratios are based on the combined weights of
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fromabout 3:1 to about 1:100, and in another aspect,
fromabout 1:1 to about 1:50. These weight ratios are

woasw@dseot he conbi ned wei ghts of organoal um nBAT/US2006/044316

treated oxide, and transiti3dn netal conmpound used to
prepare the catal yst conposition, regardl ess of the
order of contacting the catal yst conponents. [00102]

I n anot her aspect, the weight ratio of the treated
solid oxide conmponent to the transition nmetal conpound
orghﬁbdmﬁnﬁmi a&eﬁ% ade) @8 d taasitioR yndidl dobrpruad asdd blprepdie the

about 1:1. not rati o of
cardlfe O BTSRRI P OB G eHE s e SphisE e Teghonts.
nmetal conpound in the catal yst conposition may be from
about  1000:1 to about 101, and in yet another aspect,
U B ot oG SUE bt JOGEFYNt rati os
(00203 baz epblgglehM1%@ iginpethe VEatits of)ﬁﬁs @@\fb@ﬁgﬂ taf) ) carried
t.reated oxide, and tran on, met a ound used to
ot G PR EIBI Lt 2o MpER PO DT 2P AGaP e BrREhebut are
not0 Pﬂﬂir%]e@ftoc QRIrAc t polgmbfigations,al gyistp plltmepgegm@;zahtmd | alution
0 teCata ion in Polymerizatjon
polppsEzats: f %é]ggep&r wﬁﬁ: T 6??§“¥Is‘i°ﬂ6’“&ﬂ%’é’né HhgpSfst Ghus,
anpﬁolyhie&zaﬁbtemﬂeq&omnﬁb&e lﬁﬂftds ipEsiiuee ethiyfena Ry nisiing bolymers
pol yneri z

Kk h S
can Qﬁ(:)mb@g b:lf?? egértgplﬁ{# gtI“F‘?ﬁ Teactof 6ar§‘]t)eu\|1t]l yed%greg gatch process, or

thePRbYHBY t&AbE @RSieddsiE ddRAREWRB) MR NbFA R, orSial Albbfhuous
pol ymeri zations, and the like, including multi-reactor

stigesh5PHRE - ons t her eof . Thus, any pol ymeri zation zone

[oohoqm | NARE adithlykiO d@ﬁ@@h&e at hylane- eombadifibmdis used to
ol ynmers, can be utilized. For exanple, a stirred

h°¥‘8@%‘b’8¥“‘6§ﬁﬂb’é€r{ﬂ iOF icoBlYMSFize oyl With GesmoRpmer, oI one
aspe8AG bicA PdlRBerAlibh 8HetROd i€ Nl %weﬁdauan 699&53 (also

reactor or in a continuous stirred reactor.
knowp @ thepagiisle forgrprogess). grhickyisaughiyeym e’othﬁagtlapfleﬁdlﬁglosed

forU&fnp1e AOUTNOPMHERT NE € 384RYITONGvhieH i PRJYITRIHZEy reference
ethyl'ene with a conononer. In one aspect, a typical

hefﬁtﬂa VTS eniiretyn Qeehpelymsrigation mefhogs of we preseitonvention for
Wé&séﬁhl%%lswmp@%a tg;s 165 teaklof o%%énﬁeocﬁ%éaed in U.S.

is wel known i n e art and is disclosed, for
Palenahipl ©239285 ghighdt alse ingprratzd by relyrengp berein, 4n its entirety.

(00108P" POT i RAleDUPES! BERRRRINRSS ifimplitiubd Tore Wik if¥shrion may
ynerlzatlon et hods of e present i nventi on

ran‘ggrfrom about 60°C to about 280°C, and in another aspect, polymerization
reaction temperature may range from about 70°C to about 110°C.

[00106] The polymerization reaction typically occurs in an inert atmosphere,
that is, in 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.

[00107] The polymerization reaction pressure can be any pressure that does
not adversely affect the ﬁolymerization reaction, and it typically conducted at a

pressure higher than the pretreatment pressures. In one aspect, polymerization
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slurry processes are those enploying a | oop reactor of
the type disclosed in U S. Patent No. 6,239, 235 which

wO0@lseod ncor por at ed by reference herein, in PC$/US2006/044316
entirety. [00105] In one asyect, polynerization
tenperature for this invention may range from about
600C to about 2800C, and in another aspect,

pol ynmeri zation reaction tenperature may range from
about 700C to about 1100C. [00106] The pol yneri zation
prebfRed ﬂneptﬂey_fpélﬁaatbbw agﬁqﬂ&riicrpraef@uimr e;boat rodphsige In tahather
is, in atposphere substanti ree 0X n an er.
sspel PODARTIAH P R RS e, B dr e o e RS F, PR 0Y'Bhie
Fudhse RG&rogtn \Wah ¥k @ed ifliehe palyiricpRaliaypriwessToRthid rventon to
dry, Inert atmgsphere, for exanple, dry nitrogen or
CmﬁFﬁP&b@Hﬁf“@§”ﬂ?ﬁW?§bWy enpl oyed in the polynerization
[00168Ct or . pERARIZhticiReusRRY IEELkARtE @ thie Af¥dnfion Wal tRUcaRried
can be any ﬁéessure that does not adversely affect the
oulig| APYERAFISE KBAWR é%&eiaah,sﬁﬁd’rwew %‘éiaﬁ?"é%ed{%f%%fwé?ers
intd JULPSSH tﬁlctu'dg,lh 8ht bféaﬂ(;tF hgited &brﬂﬁﬁﬁqj’mﬂyrgére?ﬁkmﬁs%aslﬁhase
one aspect, polynerizati gnpressures nmay be fr.om abqut
polPHEEAHeR Coes FOPETIFUBIT A9 GHITFEIEr SOmRBIHE oot
ThASPEEY polh¥iikibA adon® NkrivaS SHINBs 4o Qeodlidemorbiawontihing
sig to about. 800_psig. Further,

I hydr ogen can. be .use
polsknath ga BF AUIEFS TR ApPlRe SO TR SRS IO 1 2 Botch
pré&RBd, r?l thBQbydiRh JiRIRCeHrAEd WY BbYtinub@€1%GB]a loop reactor or in a

Pol yneri zations using the catalysts of this (nventian
copfmions ared sdctnt THPIGHY: MBA MY YRASRIOPH Yidsgr (heremn are

cartRINb R RESSS SRy HRly ke aRh Y®ebZ B dTRJbRTesidionHofe. Suitable
lyners include, but are not limted tq sl ur

poly ! Aar e r .
dilyenty reserz it SBRY, PeaTepratas e Pirdr (DR dethe B dprlofpeinde
hyBRIK Bk 2R 2%e lighd (et kedc88€ (cBRIGBADI MALI 8RS "diluent” as”

thereof. Thus, any pol ymerization zone known in the i
usegt in this gisstpseee dnesmer aperssariy mepapainy et dnaigtiplpas this term is

ménk | i Fehcky &fRATRhEs Sadt bomBSkifiGRCIRA ARy bRontribute to
utilized for a batch process, or_the reaction can

b
podyiperiZsdion LRTopRsht | FiEERiesy of Rydropabpns Bt caR berused a3 dituents
inglgpé,' DHOYUR Sibt Ninkitbd’ lﬁﬁcéyg[oﬁle-{éﬂy, G8dtu¥anel Hebutane, propane, n-

ymer | zations disclose ereln are carri ed out usl ng
peataskyispyensatey nepnentenr.oandrbeeds. (Typicalyolsobwars isgiged as the

difRBin ?‘éi%ﬁyﬂieh%%? EASREh1ES oS IhY f¥hifby Bl Bahd HNU.S.
are well owmn in the art and include
Patent Nos. 4,424,341; 4,501,885; 4,613,484; 4,737,280; and 5,597,892; each of
which is incorporated by reference herein, in its entirety.
[00109] For purposes of the invention, the term polymerization reactor
includes any polymerization reactor or polymerization reactor system known in the
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.
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hydr ocar bons which are |iquid under reaction
conditions. The term"diluent" as used in this

wdi2elossn e does not necessarily mean an inert PCT/US2006/044316

material, as this termis mM8ant to include conmpounds

and conpositions that may contribute to pol ynerization

process. Exanpl es of hydrocarbons that can be used as

di luents include, but are not limted to, cycl ohexane,

i sobut ane, n-butane, propane, npentane, isopentane,
[oorE)pent &Ttéymaﬁdatmnh XIS ﬁyqabtealfby thes ptuseran énvestiors echn

as.th uent in a s|ur oly atl
corfiioe % Lt ey BeBrrbia Rt Lotk P PRegBrPlof Sactyss
or &.tzﬂ?él ciMriponénﬁﬁh)it ?th ;ond, Iqrﬁa’bﬁor{l@\ﬂterrﬂ,a'l’ 3€as§ 8¢ paly]\z:her recovery
0 C S 1 ACO te r ence
Sy G, LS SRV PEi5ho)S ROP o aEeObiing HEssen
mvbmtﬁm:mo Mfurthéte coRprize ahy mae; aﬁtdo&rbmaeamt of, 4 rw{aMeStorage
mer.i zati on reac 0or ol rization reactor
sysRipt B VO SHtERe 2o P Unk 0B LR g ctink 5, or a
corfiedl y@efdnzl NGubh exfeaf]tofﬁo R Rfompirise PEating eug Qﬁlﬁepoftyﬁiﬁi slirect
or.. t he ent 1 ppvent ucC reactors
recH e BEA TEs SHYEPy PRFEDOE; GRS BhGctorPEaR P gossass can
corﬁ i4é! th® RoAWAuS itrodictiam ¥f § aithlofiih, Deathilyer; afd a ddasnt mto a

ase reactors n comprise fl ui |zed bed reactors
polysiFation Eatiph e DeegRiRHopE sipdvd SORh IR 8 &t & GikpStision

coMBridih€ pblyhs partlesh@bitHedituht. | 0ops. SoI ution reactors
|se stirred tank or

ca conmp
00 8 o PP ol REr st atHET SR (e R ETN e oReE CPBPrise
ond RpeRITRERMS: pPOREIOS BaARpRORRIHSSysiimd EARDriONE W@V more

material feed system at |east one feed systemfor
tYPG%ltoélf%“t“’rér"R?é‘ttSi? Y8 P2l Bh & Seriesy t M‘gﬁglf’ TEAGOT a¥tERT can

cosPHéchctdts doRRsited® el MW R forRGRIRhYri S RhER RhctdRYthat are
sui tabl e conmbi nati on thereof. Suitable reactors for

nog penngpied o nthe RRAYAIET GAR b POLIREHER i AR feagon, Hydss fae s of

cotTPAN IO el the pbRn@h Yo Bt Ok ARRAMSEEM séddnd reactor for
ext r usi on S a cooling system a diluent
P°¥Y€E?§’é?‘i1?¥g“%(¥)/i§ta fergpt 5t ebedBiongyst em Such reactors

[00338) COMD Sfe Qéi)'%&ﬂ gl %Jeﬁﬁ@n qhd p@l%egﬂzﬁﬁ’&{ rdaBBY §¥stdi can
of catal yst, l uent, and General ly,
comprise #tUeass ope b@@ﬁw easton o$pp¥q reectei@re pAWH ot art and can

cofnﬁhlé@q%ts%ﬂo& PdriAnfH TOIPR! Sl 488 B3 Rloon@R e Ghdiesp or a

)ég;sm zation reactor and the conti nuous
SerF@n@ﬁﬂ&PW -r dfwitinlesloop geaciiTs oAn £ogYpsise Fetipertical and horizontal

loops. The slurry polymerization can be performed in an organic solvent that can
disperse the catalyst and polymer. Examples of suitable solvents include butane,
hexane, cyclohexane, octane, and isobutane. Monomer, solvent, catalyst and any
comonomer are continuously fed to a loop' reactor where polymerization occurs.
Polymerization can occur at low temperatures and pressures. Reactor effluent can
be flashed to remove the solid resin.

[00113] In yet another aspect of this invention, the polymerization reactor can
comprise at least one gas phase reactor. Such systems can employ a continuous
recycle stream containihg one or more monomers continuously cycled through the

fluidized bed in the presence of the catalyst under polymerization conditions. The
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conprising polynmer particles and the diluent. [00111]
Pol ynmeri zati on reactor systens of the present
wOnEnsdmm can conpri se one type of reactor pePCESRSR@®AEN44316
or nultiple reactor systens8conprising two or nore
types of reactors operated in parallel or in series.
Mul tiple reactor systenms can conprise reactors
connected together to perform pol ynerization, or
reactors that are not connected. The pol ynmer can be
rechOleYsiBith Z8H beRwiditBaw R T Eheuﬂhﬂefze@ Ibed and refycled back mto the
condi tions, and then the polyner be tggnsferre

reagtose S waneeHst b POl WReTBIogHE GaRokg Wﬁ drRgay Tgmy Pher et and

new £26h GRRdiet eASbe bt hk8kedifcane pa@ﬁfbﬁtze@fndnbﬁler Such gas
I nvention, the polynerizatjon reactor stem f

phessisRtiets G qOBAETSe GhBrICEHIoE |HEH1P>ﬁt<%Pe%f’éf ¢ ggppmerization o

oldfRACHP R»?méH Bl Wie | pblferiAdt ik SARoGDPRAIeSE at least two
vertical or horizontal |oops. Such |oops can clonpr
independeyt egaq;-@bﬁeopolan@gp@tggl gnes O‘Blib‘ée faading Bl catq ggﬁ:omalmng

Fﬁ@&&&&ﬁe&ﬁ% ﬁ@{wly&%n%m 2686 td £ dcond golyidrzatibitone.

oops. The slurry polynerization can be_perfornmed in
lﬂ%ﬂ%r ganiestibprather aspggt of e lav%@eis@etméwe%%ﬂt%feaﬁf?d can
XOB b ARRCES. Oftusitlhd AlRb@rsSBdny #1aks polhetd Q)}bﬂééli’e&l.lcal
xane, gcl ohexane, octane, and isobutane, Monone
inigigtigmntor at spleyinad thenycasdytn obeically e vegtht 19 u&B@ﬂdy‘at“’n
poWeﬁz%n@nl Gﬂﬁatﬁﬁ%ﬁ&ﬁrs"%r ﬁavf%oée‘;(zgﬁl iz&Add VReRCHYEHS monomer,
ymeri zation can_occur | ow t enper at ures and
injsiatess Larecstal Ris ereo pddeds | N@ﬁ?n@aﬁ% éefqngémé 1P A0y R R@seous
sticAS lugrd' Sbd-at [&Qli}&le b Y tearfR! NEiti ASRE Watstd, Mnd/or
i nvent1on, e pol ynmeri zation reactor can cogpprl se at
cakaamwompengmcqms@trm iora gaserys siipamennd iplapdussf pbynosher
zo%g rbtfltﬂéj OliStok S s%fe%@af@ﬁft&hﬁké@f&%lﬁﬁeﬂﬁh@n Heat and
nomers continuously cycled through the Tluidized bed
pmssurmearpb%smnke’edfappmr@‘é@ﬁhw gbtaimeltimalorgliperizatiopgraction
C%%qgoi‘n%i ons. Therecycle stream can be w thdrawn from
% ui di zed bed and recycl ed back into the reactor.
[08116)| t andousiogher msbwtetpf eoventiona b @olymaiEHNh reach can
col,rg]'?)rllsreeérjl IH{lol?roh% ))Q'ﬁé%é?ﬁl rlfg%gor}g? mﬁﬁ% sSﬁRwQe% aglglglngtfan, the
Irfoﬁalmbl()[$cmt@bmﬂll te caltagbysmv@gmw@pnrhn ﬁ\iutagi% ptirring or other
phase. neriza 0 f]
% Bor st ob e Ho pne st dillta bp Hflsf Tadidfidrn be
employed. If des1red the monomer can be brought in the vapor phase into contact

with the catalytic reaction product, in the presence or absence of liquid material.
The polymerization zone is maintained at temperatures and pressures that will result
in the formation of a solution of the polymer in a reaction medium. Agitation can
be employed during polymerization to obtain better temperature 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.
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I ndependent gas-phase pol ynerization zones whil e
feeding a catal yst-containing polyner forned in a

woioEtosgob yer i zati on zone to a second pol yner PEatiSeme6/044316

zone. (00114] In still anot¥er aspect of the
i nvention, the polynerization reactor can conprise a
tubul ar reactor. Tubul ar reactors can nake pol yners by
free radical initiation, or by enploying the catal ysts
typically used for coordination polynerization.

[ooImﬂuI ar ]haﬁﬁirthbSaspact dfaheirs/enmralthezmgmemikm'roa ret@ahsystem

noner , init cat al ysts are.added. no r R
car BatRpaseLthe ookl RbR of fvp G o deaag ERydifon M POters in
mmmi;tle :ﬂéhd:ﬁﬁd caxd mnEezsenaabﬁtagéasanrae dedsDtwo ‘sejiat’dtﬂpﬁlymenzatlon

ta

an cat al yst conmponent s, can ntr
reabford, iR BHRERE! Pl T P BHORAR it ARG o GaaeT the
poltyhﬁ:ri RGN0 fromheheghrst ;&nmmnaﬁ @edcidrahis the deefoﬁd reactor. The
de% yneri zati.on. at and ﬁg}lfﬂe can be

em| ed
AN conaBERT 1 BT Phac BarTesAn,F PEfFrent from the
opéxﬁﬁﬁg i:&fdhtﬁ‘(ﬁﬁdif&lh@@lﬁet {&&&f&]m&&maml;h @blﬁﬁ@mtm@in iolRiple
I hnventil on riz |1 QN I eac can co
reag S RO ISF o PR ot L B PR SRS SRBT i Subsequent
reaR@ry F@fdoﬂﬁhh@fpol?ﬂer}ﬁbtmﬁUﬂudhgrlem%aﬁh afcludiié bny b@nbmation
. al.a t co OS|t|0n a e stirrin ot her
incligting But BaY TBteds ByPLLins, 160P FRatarSoRLIRIE G5 HeRers a

coPbiRK6E ST 150 o.«nﬂr gssaraeab,@orenpl afinatidn € SutRthvel RActors or
mononmer can Qe brou in the v ?Sghase into cont act

SOJ\RPPH IEgeLPre &yl 5 ¢ QBCTF?‘GWSp fugiop ﬁ%a%‘Pfés% f“Ple
auldkladbsefors.of |iquid material. The polynerization zone
i s_maintained at tenperatures and pressures that wll

1001320 t 1 AR 81T BT Ao ProALSHH o ety e LREN LY ufarious

artidles idchafihg Bt MRdirkied AYihbaddhorl ExtitaiRe s CMBhaNE dirfl Wrodigts,
pol y{{&erl zatiqgn to obtaj n better terrperature cont r ol
drimt 108! RRKSHPAPSS: BRFTREY VRErIERR | YATIRYS PEROgESes can form

thdsB RAHMROUTsubllp, 430|118 bhd E‘Hddﬁlibrsz RR&ddéd ﬁﬂﬂh@tp%lﬁﬁé}riﬁ ofde to
utilized for dissi pating the exotherm c heat

Projafs desited gffeets. Brrsinghihgrinyqnsignidssrribgd hs@nef%@?wq likely

be%r@cﬂlc@@ at"BMEVREr col, Wﬁ?le%&ﬁfﬁﬁlﬂg' byt BRAINSE theT\E}ﬁq&eeﬁl‘bP%les
can Conprl se a Serl es of | east one Separ ator t

of prlymsys Predgeedovidy ggm%thh@eraéﬁprgp@ggilﬁaéa Y$S-separate the
desired polyner.[00116] In a further aspect of the -

i nvention, the polynerization reactor system
Definitions

[00118]) In order to more clearly define the terms used herein, the following
definitions are provided. To the extent that any definition or usage provided by any
document incorporated herein by reference conflicts with the definition or usage
provided herein, the definition or usage provided herein controls.

[00119] The term polymer is used herein to mean homopolymers comprising
ethylene and/or copolymers of ethylene and another olefinic comonomer. Polymer
is also used herein to mean homopolymers and copolymers of acetylenes.

[00120] 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
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can conprise the conbination of two or nore reactors.
Production of polyners in multiple reactors can

wonalwdeosever al stages in at | east two separ aPeT/US2006/044316
pol yneri zation reactors intdrconnected by a transfer
device making it possible to transfer the polyners
resulting fromthe first polynerization reactor into
the second reactor. The desired pol ynmerization
conditions in one of the reactors can be different

terth [i9 BypibalyoRRa ek dif t6 @eLal td ﬂm&Js@foﬂmmb@hhﬁﬁlly aaydenrfeee and

Al ternatively, poly. i,zatj gn in. tlp e reactors.ca
molseF R QiARcHR R PRI DB Y grgn gy fitfoten,
dry’ B0 orl 19H30BS EeIT] wheR ah iBeduddor Cathpohery intermediate, or

rization. Such reactors, can inclu

pol y
proéB%r[Eé\ Ir?ﬁ?tlplﬁ tu H}forqass Eﬁ,llselﬁbtqu ‘?nﬂagﬂ;f’“?a(s ga}%f tc?rpfnénsture
Adhﬁi@ﬁal‘lﬁ 3fé@hmospHEbiiPhRoIRE] heREl BN 1Bfer do G INeNHEldroRi0s a

| oop and gas reactqrs, a conbi nati on of autoc| ave
blaplehnecrwosphese FaER Bit Rfé%f%f»’scomwe@t&smtfrmrf%afﬁs or products

of HIRALaRIiSn oMPrbéddl Qrs QhW histhRachslfife afd rfw|dxly@é1ﬁsensmve

aut ocl .ave reactors. After the
Hopeyeha dBET 2HePhE%n aBélS?% }’ﬁ’l@b“n weyd vté{P’i"g‘g% Extipie (& or CO
bedali§d WghsB Gz n29tbd kdciie twardhméslﬁmmalcwabmrnemcess or
utenS|Is film products, drupns, fuel anks

PR TENC ey i plrroupud o planite esiie et afeopsionl use

as H&ﬁsﬁaﬂ{ehh%gﬁs%s 11551‘1'1@“)66%5@6’@' tives and modi fiers are
ded to t In order to provide desired
[00d21kect s. Thy te@r%@at% e FORRRTU LV (BT Rerad pbe like are

use ki SoCRfter! tKGhY HRniReOSCeENRE Bripon&its Clsdlesewhhédiin,
nalntalnlng nost or all of the uni que propertjes of

reggillgspetishp peftialdradyst of the IEAGan ffhaeprPoRsis Simipture of the

act?\ﬁ:t BhupiR- sikef b 'tﬁe' ofts 6094y &nel BoBp&iRint tsAcHDIE organometal
clearly define the terms used herein, the follow ng

compppynfl tangnactietorpr hieerdere, The (tREne cetshist (RmPOSHipn, catalyst
miffhd, Udd ﬁféelgie HRARE WHRHeHB0ed oM Yokl ?féé’t{i@s?l% and homogenous

|ncorporat herein by reference conf Wth t
cogppsitiperd.on or usage provi ded herein, the deflnltlon or

[Od‘ﬁ?e r6re Pr ey 96eh ﬁﬁﬁgéﬂbﬁqg Ls & %ﬂegﬁ’} 19y adR8rdof ¥ical group

is used reiln to nean yners conpri sing
thastihgindese tamds oot dopistyteeryl, ok ﬁystleﬂbylar@&ceambtqyé}oalkenyl

cyakgﬁcgéh%nﬁf) gﬁ’&ﬂﬁ? &allgﬁ),l &ményl, aralkynyl, and the like, and includes all

substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof.

[00123] The terms activator, cocatalyst, and related terms are generic

descriptors used to refer to the compounds, compositions, or mixtures that are

contacted with the transition metal compounds to form the catalyst compositions of
this invention, regardless of any particular reaction or mechanism by which such
compounds, compositions, or mixtures function. Activators include, but are not
limited to: compounds such as an aluminoxane, an organoboron compound, an
ionizing ionic compound, a clay material, a chemically-treated solid oxide, or any
combination thereof. In another aspect, the term activator is used to refer to

compositions or mixtures, examples of which include, but are not limited to,
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Is al so used herein to nean honopol yners and
copol yners of acetylenes. [00120] The termi nert

wabkogpmoe i s used herein to refer to any typeCofUS2006/044316
anbi ent at nosphere that is 4€ubstantially unreactive
toward the particul ar reaction, process, or material
around whi ch the atnosphere surrounds or bl ankets.
Thus, thistermis typically used herein to refer to
the use of a substantially oxygen-free and

mxmfeﬁtdfr@.eﬁﬁ@mybdr@mé@idlmoﬁaes afld6lgafldd1@mbiim 8éfpounds, and

I|n1t d to dr en, dry. helium or
H5e5 oF £lavE RE PG 12 Sﬁlﬁ%@ﬁq pa 9@3 gRIpounds.

[ooumer medrad %rerct’heﬂﬁ@dlg}'O&ea@é‘d flidexidd i@msed 1rﬂé1@ﬁﬁfg’éalbl§ with
sensitive to parti i cul ar gases or

terRy SUER Aafelid a?’ﬁlé’r et SHARYE ?%5% %c&va@éaum.% sigwly
activaf®@tsu E@oﬂt h@ncu&@e ke dbYindichteds cheRlicMiatdai@l, abNBS B{wgeﬁuc

ors on nt er nedi.at e
°x‘gh 83 ﬂ?:‘?%" ‘F%%if?’t Wg‘f%%o“r’&g}lﬁéé‘g%m&f‘ée&ﬁ? ?Flglc or Brensted

aciiRi BEHAKROTS aﬁsmgl theowpRdiredinefiX YO @Re S6TG | dxiidee witHOU® \ePdciron-
|nert atnnsphere as used herein, would typically

witideawine cempogentotyRielly ¥ clerBeR VikdEwing e PraR eleriron-

with@Riflg tahgorP 3bic Wotdpof@Ct TRMe tBHRAE @FS noOlisdBte lidn ?iy this
around whi ch the¥ woul d surround or bl anket, desp

CORRAGAT ¢t LagEh gRdl It JRRd ot herqongiruaket Pﬂgneghg%@pvwm of the

ca@lﬁﬁéorﬁﬁ&&iﬁ@& e Ratld? Othe IdhethiéuilyakdiBed s81R1 ¥Bitles in combination
conposition, catalyst m xture, and the |like are used

withe{hsj gefnpahupinun gompeHIds ComREise facH watarsy ek the JFARSHIOR: wetal
coﬂﬁgﬁld@saﬁﬂ EREBYiSe af BBBNLMELESMPEndnh B AR H&laly@f e6Mpbsi®én of

e reaction of the conponents, the nature of the
this, dPYSPECR ofPaPipduee Pobmnery, andhat fdich dhe aﬁy"eoﬁ%talyﬁc sites are

siteREM NG Bl S3iGHeASedbIRNMELZ! conpound and activator.
Therefore, the terns cat al yst conposition, catalyst

[OHR5L ur e, Adthauethany mrdofh deviges Bae Mafatals paWABL I Ivalent to

thd8 HRQF el ABeif tihn RRAE R UBe PARRAOS bf kRNRg of AR ZRkndHE the
tern1hgdrocarbyl is used to specify a hydrocarbon

d§r derpcesiad matenalyas, hefﬁa@ deseriged. | inited to

[00”1‘%1 al ly) ulﬁﬁé&ﬂl&ﬁlaIﬁM|pateﬁ{skrﬁ£}%lovne&lﬁ@ﬁeﬁ@ﬁr‘éQMrporated herein
cyc oalkadleny , al é<i ar al , aral kenyl
€

by aredpryesy [for ghel nlﬁeoaeu R amimilm calnddél§°1851Iﬂgs s texempleg  the
cobARMRSItHE R d01BERD BI2E Fre dés&%'aqn'ﬁ% FIARLAMs, which might be

substituted deriVvatives there
used in connection with the presently descnbed invention. The publications

discussed above and throughout the text are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed
as an admission that the inventors are not entitled to antedate such disclosure by
virtue of prior invention. .

{00127} For any particular compound disclosed herein, any general structure
presented also encompasses all conformational isomers, regioisomers, and
stereoisomers that may arise from a particular set of substituents.. The general
structure also encompasses all enantiomers, diastereomers, and other optical
isomers whether in enantiomeric or racemic forms, as well as mixtures of

stereoisomers, as the context requires.
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[00123] The ternms activator, cocatalyst, and rel ated
terns are generic descriptors used to refer to the

woanp@asae, conpositions, or mxtures that arePCT/US2006/044316

contacted wth the transiti4n netal conmpounds to form
the catal yst conpositions of this invention,
regardl ess of any particular reaction or mechani sm by
whi ch such conpounds, conpositions, or m xtures
function. Activators include, but are not limted to:
[00a28]poundBhesprekerdnventiah wﬁuﬂhmalﬂiastraed by teenfoliowiny examples
i oni ¢ co

mat
wHRCREIRE 19 P <ePRbdhstD Yo 21 GROCE Ly S SRR g peoe
thetehsé'.r e thd comreyhit! ns aspe clearly hmdemwtoovdathit readi® I‘maydeu aeadl to
t t
sl B i 534 SRS Gfot which,
aﬁahemlﬁg klieyde‘sbﬂptﬂi@dhéreinl, d1a9 xug@st mdlsﬂwgamaaiewﬂ dﬁcﬂﬂmary skill

i FRBE M Sie r e i Bk o e sl Scab 4] Shapore of

thet@paﬁdﬂaemlﬁfgl ly-treated sol | d oxide is used

erch g wi.th ter i d aci
00y 017" S SO Yol ina ol ties, S e ROt ee et the pypgpes
and@pidpiaations eHepided theréid vdie chirid oubuhdiitizndhert atmosphere such
chem cal | y-treat egP solid, i nor %‘%hﬁ oxi de of

as pEfogen ARLOT [FIRIP- p SPIEREWErs UL B QORRfLgiAl sgurees and
wek&Wp§call§ iddie@ o¥er B&tﬂ&tﬁ%l@ﬁhﬁlpﬁlob edasy, of diséllled frogh potassium

roygh treat he .soli d de with an

meé"ae%‘?ro FRquF‘szwl ﬁ‘b"’d?f‘e ﬁ]eecn%dp rgggqn;(,s Jyere obtained from
cohRedisidudes hdr awi ng ani on or an el ectronw t hdrawi ng

ani on source conmpound. These terns are not used to

inmply this conponent is inert, and it should not be

construed as an inert oommopem1of the catal yst

corrp05| tion. Rather, the chemcally-treated solid
Tegtieddethpds conbi nation with the organoal uni num

[06130POUNdR O RhLtRBrded | XN@bir-PINfdged  AORI IdiaN ]ﬁ‘i‘%&ﬁJuuon
conpounds and conprise an insol ubl e conmponent of th

Ingtepan. S peqirpddEem thp Quantagiiremp Gpeparatinn Syopseb dide was used
to BOLNRRES smm RLasMHadrd ﬂﬁmﬁ@é bf’tﬁe %Et%h Yhide a%h@@ér—?ﬁfé)orts

situated, and are not I ntend [imtin
of Ahis hnwﬁloany'f'hetm@a éndqztewlae%f tharmlmwepméugt wﬁrndptanmned

usﬁl% LAY 16? h&alt anh%igﬂ%%%d%?l?frﬁ@? @{ﬂﬁ/ﬁ?%s GeRhRcHSEH 4 1.6

e practice or testi e |1 nventi on, typl ca

kgdeqdw@d@() ‘Geadceeding friAFAMEP BA38. aPdymer é‘i’f#‘ﬁltﬁe@é epapined in

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

(00131} Molecular weights and molecular weight distributions were obtained
using a PL 220 SEC high temperature chromatography unit (Polymer Laboratories)
with trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
temperature of 145°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration
of 0.5 g/L was used as a stabilizer in the TCB. An injection volume of 200 pL. was

used with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the
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[00126] All publications and patents nentioned herein
are incorporated herein by reference for the purpose

woRod@se2oo bi ng and di scl osing, for exanpl e, theCcT/US2006/044316

constructs and met hodol ogi e8 that are described in the

publ i cati ons, which m ght be used in connection with

the presently described invention. The publications

di scussed above and throughout the text are provided

solely for their disclosure prior to the filing date
samffe Lh@aBlliSSENCERRPREI @atiédbut bipthkitg et ¥°C fg $ dobes with

construed as. an adpi ssion that,the i.nventor I
occniab| itle GEATRRal B U OET QUtT Sy VReR & Ty CBfumns
(7.8354%@5%1') ”ééﬂ“hWé?é- cdl®Pked Aithr ol tmsadt imear @ulwthﬁfmé eta:ndard
[ Se ereipn, any general structure presented.

(ChevroorBRasebaHEr> B A Teomh o s &F PRfFERL Saifty T
beeBAgiehSELg0I SONErs that may arise froma particul ar set
of substituents. The general structure also

enconpasses all enantioners, diastereoners, and other

optical isoners whether in enantioneric or racemc

fornms, as well as m xtures of stereoisoners, as the

cont ext requires.[0012§¥}¢ﬁELB esent invention is
[00i34)t her il wsistrintdefay céhipoinak b p@pared mpt@dingoi stindard

are not to be construed_in any way %%thﬁOSIn%f thwell. I
methogs padiselased ipo hateRey: Se bp &edABpEBf - ot rgelh I
P. {ntorg. Ciefh. E@sf,Lﬁ@rd%-lmdﬁmifeﬁi.ph AtatdsR,08 ¢ L.?ﬁgoﬂ?@lh adp. ,

0 various other aspects, enho Q4] ORS;

Huffagrelios Faltest I§"tlﬂ%ﬁ%e e’%h'r%: Q%ﬁ%géaééa |aﬁ§h§%’eﬁ" R, Y,
Kagg@,zg r i\t&shamlz }lhlge n\_&ikﬁ]yaﬁmaw S U@Qﬁ'ﬁ K.t Naglamnlra; 6., thepndryol.etters

ordinary s in_i r t hout Iy :
1o, 23T 2 B0, SHED oS A LHTEr i s oRGeh g8l BFCh st
Se@cﬂﬁeﬁdﬁﬁr%dnﬁ, Bio-ihO@aRR] PhysidaheTHeokdtival SgAnalatipal dshemistry

unl ess_ot herwi se specified, the syntheses and
19%%@8 of1s described therein were carried out under
[0(AB3] Nert CaimpBsRNEeasgiiethaasl fiomrSigenChedicel Campeny and

Sol vents were purchased from conmmerci al sources and
usgeasgeesipideal |y dried over activated alumina prior to

use, or distilled frompotassiummnetal prior to use.

Unl ess ot herw se specified, reagents were obtained

from comerci al sources.

Example 3

Preparation of Sulfated Alumina Activator-Support

[00134] W.R. Grace Alumina A was first calcined in air at 1200-1400°F
(648.8-760°C). After calcining, the pore volume was 1.4-1.8 cc/g and the surface
area was 300-325 m2/g). Then the alumina was impregnated to incipient wetness
using an aqueous solution of H,SO,4to a loading of 15-16% SO, by weight. This
material was then flash-dried at 300-350°F (148.8-176.6°C). The sulfated alumina
was then passed through a 50 mesh screen to remove any large particles.
Approximately 10 grams of this dry sulfated alumina material was then calcined in
a bed fluidized by dry air or nitrogen at a hold temperature of 600°C for 3-4 hours.

During this calcining step, the temperature was first ramped up to the hold
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EXAMPLE 1 Testi ngMet hods [00130] A "Quantachrone
Aut osorb-6 Nitrogen Pore Size Distribution

wonsdroasmnt , " acquired fromthe Quantachrome PCT/US2006/044316

Cor poration, Syosset, N.Y.,#4was used to determ ned

surface areas and pore volunes of the treated oxide

activator-supports of this invention. The nelt |ndex

(M) of the polyner product was determ ned using a

2.16 kg load and Hi gh Load Melt Index (HLM) was
teniefA0re Q@daisi dfh4aC/24in6 Thig ghofiowatas 196 1 B @EH OAGENEpltining,

AST 238. Po vvas deter ned in grans
meﬁ&ﬂ@@?%meémﬁsﬁéf%‘i “T‘E??@jx g‘im on nol ded
sanpl e, cool ed at about 15C per hour and conditioned
for about 40 hours at rature in accordance
with ASTM D1505 and AS%@S?‘FW ocedure C. [00131]
Gehlehat ek iptived afiks PolptherphesiRats Wei ght  di stri buti ons
i ned .usi a PL 220 SEC hi

O0F5E or O BPRBHIAEHIE Dot cphat DBl Gl Engineers

stifrén @Attof, Feazeite aq b08kssaSackihg Widh W€k stitkert fin@idgl AW00 rpm.
rate of 1 nmL/m nute at, a tenperature. of 145C

The 5eagtQf; eRBFTANEE WAS- B WRtehy I g, the ferupHaRE :‘_’gf}?eowater

in ahe Ostselgjackws;simgedtea@l angt abicl | HAt dxBhddpers] GRith Aslectronic
nj ection vol une of s used ieg a_nom nal
BH*T?H?POBOWC SRRl F]Gﬁ’sof AGYHY/ WEre \%!1 oo heg putoclave

terﬁ;hﬁ&taf@bvﬁs bbloSt 2PJ i1k aTBg8es isebhtah&d Thy tauﬂiéldﬂi%ai'ésn@en

t. 15 hours w ccasi.opal
sealy] #3 Pob O HPUEBPURTE AED N PER S0 P Reactor
hezftﬁigmth(ﬂlz &ﬁﬁ@&m ag ik l\g@étgr ealpelihat Qﬁpiltﬂlablﬁbd%l\?gclpaﬁylene
i.near polyet e standar evr. [ rlex
addifipn §rgs %%@d )edtsh ﬁ)eXFl?f‘r Wk it W&.ﬁ" tg *\ﬁeffcgman Agidine
vek8P BnQ@f) JfNB @8act&xXANRE e pb 20 tddperdtite bhd@PSdskin@Nwere then

net al %spounds were prepared according to st andard
rapidyndtrineds  dhe gpasia gV, helf gpndek jhese copditionga i Gy prbputes by

,feeliu%%éﬂhgwnk%ﬁ dethdhd, T ?&ﬂ?}denzénon Was 1HRAEmiENeAby venting

995-1001; Dur .D., Latesky, S. L.
thqq&lﬁv‘},gﬁ Fo the flape systqr&f ffhhsrprogesg;left ';hglgoﬂ)ﬁéhylep(le aS|anUptgsohd in
th84Btorl R Rich2 dras 48R al JindKaRERLBR, ail-dridfako yeld granular

polyethylene.

EXAMPLE 5
Polymerization using [bis(2,6-ditertbutylphenolato)]titanium dichloride, (A)

[00136] For each run, to a 1 gallon Autoclave Engineers stirred reactor was
added 1 mL of a 1M solution of triisobutylaluminum (TIBAL) in hexanes as a co-
catalyst, 10 mg of the transition metal complex A and 200 mg of the sﬁlfated
alumina from Example 3. The autoclave was sealed and 2 L of isobutane was added
and stirring started at 700 rpm. The reactor heating was then initiated. As the
reactor approached 60°C, ethylene (and 1-hexene, if used) was added. The reactor

was held at set point for 60 minutes by feeding ethylene on demand. The
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Kasai, N., Yasuda, H., Nakayama, Y., Yakei, K,

Nakarmura, A., Chem stry Letters 1990, 2167-2170, Shah,
wa20078symh, A., Mehrotra, R C., Indian Journal POT/US2006/044316

Chem stry, Section A: |norg&nic, Bio-inorganic,

Physi cal, Theoretical & Analytical Chem stry 1993,

32A(7), 632. [00133] Conmpound E was purchased from

Strem Chem cal Conpany and used as received. Exanple 3

Pr eparation of Sulfated Al um na Activator- Support

yRRdiZonNvEs téirAsted\byi mientind te Solhiiles tto (Ibé flareesysiem.aiThis

at 1200- 140 48. 8- 7600QC)... .Af.t er cal
pmﬁ 1@63’6 rpaRuegiviens o el dndis fraciG, Peetyshdipg otia
wasS en 325drHEd. dhe réAti akdmahariteddn Wablel npr egnat ed to

i nci pi ent wetness using an agueous solution of H SO4

to a | oading of 15-16% SO4 by weight. This materi al

was then flash-dried at 3@6350 OF (148.8-176.6C). The

w fated alum-na—was then nacJ d fkrls}l‘ﬁ:”b a—50-mesh

R“"q SraEh T ¢k (ng}LemTS;c/iga“g K%lf/mer mp ticles pr 16’% Hra?gzly 1M
Nedrafts of “this &%) I( 2t e8P §FHS |nEPE? il d17%as T hen
al®neéd in & bed fliuidi '7e‘6‘“)b @™ lair o nitrlogen lat

=0

C
g htl d|t etperatZdf e |of 8560000 f ¢pr B-4 GYut 5. 17BUr|i Aef t hi 408

RueRb Gl JHs I3 PEER0 peidemyeRPer atur € was first ramped up to
! ﬁ Sdterrperatpl%?rge gt a rate of 4C mn. The gas flow

was 1 6-1.8 SCFH. After calcining, the sulfated

al um na was stored und%{)ijﬁ[,%> %’érogen until used.

EXAMPLE 4 General Desc fr the Pol yneri zation
PoRusizh 0164 Bpdceko Uyiig Wteﬁaklb(atﬁdlmpﬁpyl@hd?rloﬁio)(j)zifc onhiing (B)

gal | on Aut ocl ave Engi neers stirrer reactor, fitted

with an oil-less packing with a flat stirrer running
[00aB7y700 r me1a 1T§eeldha&¢tbaavé Engiacdat tslﬂileedl\&actbﬁgnah addaadl 18)yimg of

controlling.the re of th he steel

thq FRRHON, BoFA) oML a0 rep? et ?%ﬁf%hﬂj frofy Ppple 3,

an@l1egiLs GﬂbCerk‘éldtid)ﬁB:m t@*ﬁsoeﬁtymmﬁﬁmm QtIEfAlom h&ahad ¥Shco-
were added while the ? ocl ave

caghit HHEGHSEBE 4 HelFsBEL het o ey A93rA g Sirming
stakie@Nat 700 rpm. The reactor heating was then initiated. As the reactor
approached 60°C, ethylene addition was begun. The set point of 90°C and 550 psig
was then rapidly attained. The reactor was held at set point for 60 minutes by
feeding ethylene on demand. The polymerization was terminated by venting the
volatiles to the flare system. This procedure left the polyethylene as a wet solid in
the reactor. The polyethylene solid was then air dried. The results are summarized
in Table 2.

Table 2
Run | Catalyst | TIBAL | Activator | Polymer MI HLMI | Density Mw Mn Mw/Mn
No. B (mL) (mg) (gm) (gm/10 | (gm/10 | (gmvcc) | /1000 /1000
(mg) mimn) min)
2 15 1 200 25 0 0 0.9456 | 2842 1336 2.1
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sealed and 2 L of isobutane were added and stirring
started at 700 rpm Reactor heating was then initiated
wanwasodhe react or tenperature approached 600€CT/US2006/044316
et hyl ene addition was initi4ted. The hexene was
flushed in wwth the ethylene froman in-line vessel on
top of the reactor. The set point tenperature and
pressure were then rapidly attained. The reactor was
hel d under these conditions for 60 m nutes by feeding
et hyl ene on demand. The pol ynerizati on was then
term nated by venting Vi tjles to the flare
system This process Ié%?dpﬁtﬁﬁélyethylene as a wet
Polydierigation t Reode®aCUiing IDicKIbrofBis(205dinethy@shenslatd)} heirconium
I|d a|r g{I d to yield granular polyethylene.
b‘ of@%erlzatlon using [bis(2
6- dltertbutylph enolato)]tltanlun1dich|oride (A

136] For e ch run, gal | Aut ocl av
(OB ot Eorsath i B tlpn At Teya neihasts Rt rppgor was
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TaBXAVPLE 6 Pol ymerizati on Process Using
[tetrakis(2,6-diisopropyl phenol ato)] zirconium (B)
[00137] To a 1 gallon Autoclave Engi neers stirred
react or was added 15ng oﬂhbhe3transition net al conpl ex

P _200 o ~f ha fotad Sl fias arm-Eeanmad 2
"RunJ' Cafalyst | ""RIBAT A aton 'f’o@rhe ‘f ‘MI"‘"'HL%/H f Uéﬂéit&r‘w “Mn Mw/Mn
No. C {mL) (mg) (gm) (gm/10 | (gm/10 | (gm/cc) | /1000 /1000
A (mg) min) min)
3 10 i 200 141 0 0 0.9462 1381 129 10.7
EXAMPLE 8

Polymerization Process Using [(2,6-ditertbutyl-4-methyl)phenolato] zirconium
tribenzyl, (D)

[00139] For each run, to a 1 gallon Autoclave Engineers stirred reactor was
added 8 mg of the transition metal complex D and 160 mg of activator/support from
Example 3. The autoclave was sealed and 2 L of isobutane was added and stirring
started at 700 rpm. The reactor heating was then initiated. As the reactor

approached 60°C, ethylene was added. The reactor was held at a set point of 90°C




and 1 nL of a IMsolution of triisobutylalum num
(TIBAL) in hexanes as a cocatalyst. The autocl ave was
weoeeal@ddomnd 2 L of isobutane were added and st PCTiUSgn06/044316
started at 700 rpm The realdtor heating was then
initiated. As the reactor approached 600C, ethylene
addi tion was begun. The set point of 900C and 550 psig
was then rapidly attained. The reactor was held at set
point for 60 m nutes by feeding ethylene on denmand.
andTﬁfD ]tsﬂlg yfthGiOZrtﬁEiml tyga&eﬂmgtra' l’i)&ér%:‘]brbglemﬂfd. Id'lﬁbe bhE'menizanon
vol at i 0 e a i s ure
wa, SRl e s SpTacTiith R ar Sp B FRY pfppedice 168 e
polgethykehé vk engessdliddinvde reltor. aillhe @Dl}&thyléﬁﬂtesdhdsuhi sir alried.
rized in e able 2 Run Catal yst TIBAL
Th S ?TSPW"}?WS& ’MFZ‘?%E Density Mv Mh MV Mh No. B
(m) (mg) (sm (gm 10 (gnf 10 (gnicc) /1000 /1000 m n)

10

15

20

mn) (mg) 2 15 1 200 25 q‘ﬁl 9456 2842 1336

2. 1EXAMPLE 7 Pol yneri zat i:8%°Pr ocess Usi ng

Di chl [orof O s{tdysb-|daaeithy atMy) | | AuMioniDamsity

bi s(tet;\roahydrsfur an}mg)(q {gﬁD_lB@mlﬁor (&N | gy O a 1
gal | gn Aut oc[magye Engi neefs stifred r aa%}ngr was ‘added
10 ngof tlhe ftansition nrm?p angd 200 g of
the sul fatled &l urli nd%% rom Banpl €° 3, | anl 11874 4 1M
solution of triisobutylalumnurn in hexanes. The

aut ocl ave was sealed and 2 L of isobutane was added

and stirring started a The reactor heating

was then initiated. As%i%gq or approached 600C, .
Pobimyylzemen Levesslthey G]walds@msthgll)amm)zadﬁedm (Ehe set

90C and t
G cactar “ubeebig AR GalE Tt ior FRBe eRbp RN aaded
trahsidoh ngtad tchyphaxek ¢ omﬂﬁeadmtﬂmna fidie Bxahpies,i aalt (.6 mivata 1M

t at. ting th les to the fl
solyfof oh i ialFRub o 1eEres: nahp BRgERKy PacTes gL of

isobatanél wa8 atl&l and stirring started at 700 rpm. The reactor heating was then
initiated. As the reactor approached 60°C, ethylene addition was begun. The set
point of 90°C and 550 psig was then rapidly attained. The reactor was held at set
point for 60 minutes by feeding ethylene on demand. The polymerization was
terminated by venting the volatiles to the flare system. This procedure left the
polyethylene as a wet solid in the reactor. The polyethyleﬁe solid was air dried.

The results are summarized in Table 5.

Table 5
Run Catalyst Activator TIBAL 1-hexene | Polymer Mi HLMI
No. E (mg) (1) (gms) (=) (gm/10 (gm/10
(mg) min) min)
5 10 ]8§ 0.5 0 25 0 0
6 10 192 0.5 10 23 0 0
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reactor. The polyethylene solid was then air dried.
The results are summarized in Table 3. Table 3 EXAMPLE

waé 20ologymoi zat i on Process Using PCT/US2006/044316

[(2,6-ditertbutyl-4-nethyl)48henol ato] zirconi um
tribenzyl, (D) {00139] For each run, to a 1 gallon
Aut ocl ave Engi neers stirred reactor was added 8 ny of
the transition netal conplex D and 160 ng of
activator/support from Exanple 3. The autocl ave was
sealed and 2 L of isobutane was added and stirring

started at 700 rpm Theéﬁf gr heating was then
initiated. As the react ‘gﬁ% oached 600C, ethylene

was added. The reactor was held at a set point of
vagﬁﬁﬁnd 550 psig for 60 minutes by feeding ethylene on

| d. The polynerization was term nated by venting

t he volatiles to the flare system This procedure |eft

t he pol eth ene.as a wet. solid in the reactor. The
L pol }’séﬁ BﬁlYlﬂnﬁ%fgp’é?ngdrl ed. The results are

SUNMRRAT | Z8tahditiciiketl dompabidewdh BXAYRbEING formula:
Pol yneri zati on Process Using

Tet r aki s(di met hyl am no) zirconi um (E) [00140] To a 1

gal | on Aut ocl @¢rXBigPESMLSY L hedviieeat or was added
transition netal conplex E sulfated alum na from

Exanple 3, and Q.5 nL of a I'M sol ution of
tri vedtcrleal fomh ReRnkn, ARBANRES or hEMIEH! OCl ave was

sealed and 2.L of isobutane was dstirrin
3o 2,005, G Snh AR e 2ded, PRY ST LOP ey,
sityiN hinicd, %dmﬁﬁe ﬁ&?ﬁiﬂhcﬁpﬂrﬁﬁﬁﬂ&ﬁyﬁ ghoﬁﬁ)ﬁbﬂaﬁé‘ Qlkoxide,

additi on was he set
arxAxa@dﬁ,ﬁéwl pabaleﬂey “atht @Prpé@vlsorﬁvét £%3cE6 9 %é aﬁéK%i deAre §e€ all

beRA)1 BE nbOdl1 $nhyIsiRMeyl;f eedi ng ethylene on denand.
The pol ynerization was t'er mi nat ed venting the
vol &kDmead {lg): aeneytel dorgrdigapls, ?h?%fY B Pff‘c%"&b%’el PE2t 21dhe
pol yet hyl ene as a wet solid in the reactor. The

pol%ethylene solid was air dried.
) a chemically-treated solid oxide.

2. The catalyst composition of Claim 1 wherein the chemically-treated solid

oxide comprises a solid oxide treated with an electron-withdrawing anion.

3. The catalyst composition of Claim 1 wherein the solid oxide is silica,
alumina, silica-alumina, aluminum phosphate, heteropolytungstates, a clay, titania,

zirconia, magnesia, boria, zinc oxide, mixed oxides thereof, or mixtures thereof.

4. The catalyst composition of claim 2 wherein the electron-withdrawing anion
is fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or any

combination thereof.

3. The catalyst composition of claim 1 further comprising an organoaluminum

compound with the following formula:
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The results are summarized in Table 5. Table 5CLAI M5
W Caim 1. A catalyst conposition conprising: a) . a

wonrenTgise2oon netal conmpound with the foll owi ng POTmSk@s/044316

(X)(X2XX ) (X )MV )n(L2) 9 wherein Mis selected
fromtitanium zirconium or hafnium (X1), (X2), (X3)
and (X4) are independently selected from al kyl, aryl,
al karyl, silyl, amdo, imdo, imno, phosphinimde,
formam di nyl, di phosphazane, al koxi de, aryl oxi de,
thi oI or halide, with Aﬂ@xﬂg{p@%i S0 that (Xl) (X2),
and (Xx4) are not, al nzy not
Wh%fﬁ%@f Mﬂl ahydrpeash i ppving ﬁmiﬁa a*("t%)%ﬁ’ CﬁFké’“r?é‘EH‘? SEOHS A8y
alk!))hg@ 3¢ §.1¢y1<5'!)h@é1 @n{ oA¢ 6f WARA Hbing fiim 2;to @B6lt2D carbon atoms,
chem cal dé treated solid oxide, 2. The catal yst
n

halidsnprokydri angkn 15| apumber (FpER &it) 3¢ WEEWENi cal | y- t r eat ed

solid oxide conprises a solid oxide treated with an
el ectron-w t hdrawi ng ani g

al
6. GonbBs PTAbI SPTEPRD DAMBRE h IFES ot 1t P fgm cthers

furstd bSBnesdrpfdingd, silica-alum na, alum num phosphate,
hef er opol ytungstates, a clay, titania, zirconia,

magnesi a, boria, zinc oxide, mxed oxides thereof, or

7. M XiTHE @gtalyREEGRPositbn JMEaledt Huthér CMRASd ho Alu@finGtank n
2 wherein'the ectron-w t hdrawi ng, ani on 1S fluortlhereof

org@np'mrpaéomﬁpwﬁ @B 1O0iHBE BOTiE é°mP?‘i“¥d| St &Y eAnabipRuAn
sul fate, or any conbination thereof. 5. The cat al yst
conposition of claim1 further conprising an

8. or gaktsefatatysh GRTEeHBeR ALCIAIR A Wﬁ%feffbﬁhﬁé’w"%&fm metal compound

is:formula: Al (x 5)n(X6)3-n; wherein (X5) is a hydrocarbyl
having from 1 to about 20 carbon atons; (X6) is an

al k Byip@eo-diterthrupyiphenel atolifpnignedishlofidech having from 1
to ngglhs 2%- %@%})yg)bﬁ%latﬁ?ﬂlﬂCG&unpr hydride; and n is

a nu y ncl usi ve
21rcon1um, d10h10r0b18(2 6-dimethylphenolato)bis(tetrahydrofuran);
[(2,6-ditertbutyl-4 -methyl)phenolato] zirconium tribenzyl; or

tetrakis(dimethylamido)zirconium.

9. A catalyst composition comprising:

a) a transition metal compound with the following formula:
YK WXIML (L) Wherein

M is titanium, zirconium, or hafnium;

(XH, (X3, (X*) and (X*) are independently selected from alkyl, aryl, alkaryl,
SiR;, NR,, NR, N(CR,), NPR;, CINR)Y(NR;), N(PR2),, OR, OAr, SR, SAr, F, Cl,
Br, or I, with the proviso that (X"), (X?), (X?) and (X*) are not all benzyl or not all
trimethylsilylmethyl;

wherein each substituent R is an alkyl, cycloalkyl, aryl, aralkyl, substituted

alkyl, substituted aryl, or substituted alkaryl, any one of which having from 1 to
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6. The catal yst conposition of claim1 wherein L is
selected fromethers, furans, amnes or nitriles. 7.
woheo7omaemb yst conposition of claim1 further ceapmrissiong44316
an al um noxane, an organobdwon compound, an ionizing
ioni c conmpound, or any conbination thereof. 8. The
catal yst conposition of claim1, wherein the
transition netal conpound is:
[bis(2,6-ditertbutyl)phenolato]titani umdichloride;
about 20rakbe{ 2tofrsliai comyiogion) phaiytladt elpdi ayehoignegps, an oxygen
zi rconium dichl orobis(2
groGpda ety ppivpn el ratrogdn srotipt « physhhofusr goyip, an arsenic group, a
[(2,6-ditertbutyl-4-nethyl)phenol ato] zirconium
carbon Igengy la; siticon @toupk iasgetmarpiuky lseonipd @) dn rgcoup, uniead.gréup, a
catal yst conposition conprising: a) a transition netal
boroa [Epau) dn\w urinuilegrb ap, | ab\Vih cxgahio regoilg an C¥EanpAR)a] I3 goXp, or a
JML" )m(L2)n; wherein Mis titanium zirconium or
subtifurddiderivatily thdr¥d) any ¥3d ofmthidhMavisg Eoimtlepebearitdl garbon
sel ected fromal kyl, aryl, alkaryl, SiR3, NR2, NR
atoPsCRAgreiNBR3n iHrNRD tbIR2 frouploPBR)stidute ioniMic gr&p; SAr
F, d Br, or I, with the proviso that (X1), (X2), (X3)
and(i( X4 ind (1) nat sélbited GoRYdthes, fwdnsahmines or nitriles and m and
trimethylsilylnethyl; wherein each substituent Ris an
n afd dogh 0, ¢yeboal kyl , aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted al karyl, any one of
vvhi ch havi ng from 1 toabout 20 carbon atons, a

natl 0 hatl c.and cyclic group an oxy
gr ':ﬁb E?"Pl?? atﬁd sofi f?%lf*%@%*ﬁpawaaasolzd BRI deith
an gleOtdPn- “amaad\slaglaﬁmgr oup, a carbon group, a silicon
grou r mani um gr oup, tin group, .a | ead group,  a
bor }Yﬁ"@'rbu e g %I WA U §‘?‘6‘bp al%n?mél‘l ? uad“m%‘m
ph%ﬁ@t@oﬁtébﬁ&y%gbtﬁtes Ofita@iaS Lmﬁiohtautﬁdg&@ral MifaV &inc oxide,
ereof, any _one of which havi ng froml to about 20

mixed ‘Hﬂﬂesatf‘ﬁ‘i?g IR thgreghapd an aromatic group or
SUbg{el it R-RliRdRvidz MGHR fluoride, chloride, bromide, phosphate,

triflate, bisulfate, sulfate, or any combination thereof; and optionally

c) an organoaluminum compound with the following formula:
AXX (X305
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X%) is an
alkoxide or aryloxide, any one of which having from 1 to about 20 carbon atoms,

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

10.  The catalyst composition of Claim 9, wherein the chemically-treated solid
oxide is fluorided alumina, chlorided alumina, bromided alumina, fluorided silica-
alumina, chlorided silica-alumina, sulfated alumina, sulfated silica-alumina, or a

combination thereof.
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(L) mand (L2)n are selected fromethers, furans,
amnes or nitriles and mand n are each 0, 1 or 2; b)
wa 2001@3vwal | y-treat ed solid oxi de conpri sing aPeoilSen06/044316
oxide treated with an el ect™Mon-w t hdraw ng ani on;
wherein the solid oxide is silica, alum na,
silica-al um na, alum num phosphat e,
het er opol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or m xtures
111 heTh@éata]azﬂltbohﬁ;&)sﬁioaaifICﬁmm M windteiawhd grganddditmin compound

o gtfiop el PP oS B R bomip o

dledpﬂalmmaidny ethpxite, mbgua,nﬂainnrmrmwﬁscmnpmumﬁﬁnm Hydtide,

iRy A0 B R B shiord il e mnen”

theted) i s an al koxi de or aryl oxi de, any one of whi ch
having from 1l to about 20 carbon atons, halide, or
hydride; and n is a nunber from1 to 3, inclusive. 10.

12 TheThatcﬁteyﬁdx (Ekﬁﬁﬁik&idnl ofl ClhinCl R Wh&,eld/\lfﬁlﬁﬁ’ &i}dﬂg}tthﬁmo of the

callytreat xi de, i.s uor.i ded_.a
oreGF i CabireRng o i picali syl PO GO SOl 's:1 to
abaitliti®@al um na, chlorided silica-al um na, sulfated
alum na, sulfated silica-alumna, or a conbination
thereof. 11. The catal yst conposition of Claim?9,

13wWheThé reatdigst OcEcgﬁ}BtSS&Jidﬂﬁoﬂ nTlepiTRUReden the weight ratio of the

trinet al. u TMA) triethylal um num (TEA),
ohp o T A L1 B0 1 SR L HgRRand & from abou
10000:hub wbadturi . num di i sobut yl al um num hydri de,

triisobutylalumnurn (TIBAL), diethylalum num

chloride, or any conbination thereof. 12. The catal yst

14conmpopiddesy tof pfddatdnad catahier @ompobigionec@hpridiag | dnecting a
t he or g oal um u mdo%]pound to chemcally-treated solid

QUG SO WloR SR 10007 13, The

cat g e ;tratﬁﬁﬂBﬁ) Fihdtd1 QBnpbukd Risth folhBhE kanidg Wei ght
ratio o e

(KHEIECHXIML Jm(L*)n; Wherein

M is titanium, zirconium, or hafnium;

(XD, (X?), €X*) and (X*) are independently selected from alkyl, aryl, alkaryl,
SiR3, NRy, NR, N(CR,), NPR;, C(NR)(NR;), N(PR2),, OR, OAr, SR, SAr, F, Cl,
Br, or I, with the proviso that (X'), (X?), (X*) and (X*) are not all benzyl or not all
trimethylsilylmethyl;

wherein each substituent R is an alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted alkaryl, any one of which having from 1 to
about 20 carbon atoms, 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
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chemcally-treated solid oxide to the transition neta
conpound is from about 10,000:1 to about 1:1. 14. A
wWORoU@ssR0b 0 produce a catal yst conmposition conpCTRISH®6/044316
contacting a transition netsl conpound and an
activator, wherein: a) the transition netal conpound
has the following formula: (X)(X2)(X3)(xX4)M]J
)m(L2)n; wherein Mis titanium zirconium or hafnium
(X1), (X2), (jX3) and (X4) are independently sel ected
boronh @rowup), kiy klundnyin, gralyamyihorg&hiRdrouiRan ofadnoMefalzg gliBR3or a
C(NR) (NR2), N(PR2) 2, OR OAr, SR SAr , F, d, Br, or
sublstituddt deriviagve tiesresfp ahy ahe eXhich( Being frédh) 1 amdbquif)0 citleon
not all benzyl or not all trinmethylsilylnethyl;
atonligtvRérBine&cin BUnSdroind 66 frddpios sabstialtéd/dronayie [goalpy| |
aryl, aral kyl, substituted al kyl, substituted aryl, or
subgt' i} atided.* | keseydcredpfymaiesrg ffurahd, ahmitkawir igiril éscmd in tod
about 20 cargon a&gﬂs, a conbi nation of aliphatic and
cych P€ GFoUns O &n*Bkygen group, a sulfur group, a
nltrogen group, a phosphorus group, an arsenic group,

) ) oG g8 *Pioatisth bR ARBR O oNEP IR R ne

anighpup, an inorgam C group, an organorret alli c group, or
a su stituhﬁg |vaiv.e t.hereo .any one V\hl?ﬁl} )
havi"Ag e d 15‘% i5 osiligs p ARy msilic R AUgem
phosphas, &é&f@idlﬁuﬁgaatﬁs,loﬁtat&wpSriltcbﬂiasi‘:fﬂ@g‘r@ﬁi&]{ IWori@l Qtt, oxide,
n_are selecte om et hers urans,
m&?‘ﬁl‘%f‘én@ S&Pérﬁ‘? OF PUEIEE f le’ are each 0, 1 or 2; and
b) theeeladtonvaithdratang ramﬁmslsaﬂﬁétlided chdride, biqaided phbiphate,

.an el.ectron-w t hdraw n anlon rein the solid oxide
trifffle, St At 0 PR RAUGR BV, ! urt wum

phosphat e, heteropol ytungstates, titania, zirconia,
magnesi a, boria, zinc oxide, mxed oxides thereof, or
m xtures thereof, and the el ectron-w thdraw ng ani on

15i s fheioprodess ol Slairfle 14 DRgHet Ssonhisdth adotacting the catalyst
composition with an organoaluminum compound with the following formula:

AKX )(X%s.05
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X°) is an
alkoxide or aryloxide, any one of which having from 1 to about 20 carbon atoms,

halide, or hydride; and n is a number from 1 to 3, inclusive.
16. A process for polymerizing olefins comprising contacting a catalyst
composition with at least one type of olefin monomer, wherein the catalyst

compaosition comprises:

a) a transition metal compound with the following formula:
(XOXHEY XML )(L?)n; Wherein

M is titanium, zirconium, or hafnium;
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triflate, bisulfate, sulfate, or any conbination
thereof. 15. The process of claim 14 further

woanprossiong contacting the catal yst conposi ti oRCWiUSE008N44316

or ganoal um num conpound w t3 the follow ng fornmnul a:

Al (X5)n(X6)3-n ; wherein (X5) is a hydrocarbyl having
from1l to about 20 carbon atons; (X6) is an al koxi de

or aryl oxide, any one of which having from1l to about
20 carbon atons, halide, or hydride; and n is a nunber

f r oK'}, (K0), 8X*) ancll @) we. indépenderplyaeksrdifoom ptkyy,reyl, alkagyl,

sirgy Rty BIERo NI SEBRNSER e B, TRnBRe Shirofs O
it g O Y g
et 1 '

wherein Mis titanium zirconium or

haf whemin( o6th ,substRYient (BK3) amalky(, ¥4}loalkel, iangle pafidenidbgtituted
selected fromal kyl, aryl, alkaryl, SIR, NR2 NR

allc;, GREStitutbiPRRBy], 6f MER)stiNR2] alk¥fPBRANYy Bne ORwWHI¥ haGlg ffaAh 1, to
F, d, Br, or I, with the proviso that (X1), (X2),

abduX3P @unitbn( 2éjnsakecontiinatidn dfalzpHatio fand Glyclid lgroups, an oxygen
trinmethylsilylnmethyl; wherein each substituent Ris an

groapky Isulfay gloag) k\itrogemnygroup) alpkysdphofusbgrbib,Udre arsamhils Vdroup, a
substituted aryl, or substituted al karyl, any one of

carbdn groupaai silicdnr group, taogahaniun? @grafl Rotn kS ,a Rad group, a
conbi nation of aliphatic and cyclic groups, an oxygen

borgh @gup, an lintitimQsronf), andnHightio Gesur &8 YPzandmRRASP HRuYSor a
group, an arsehic group, a carbon group, a silicon

subgtimtyd, deaivgevertiiredT) ghyuRe of whidh JHvaPfrom 1 eadb@itMPcarbon
boron group, an al um num group, an inorganic group, an

atopisgahereRt At hn {3 M@rRoPati® frodp Dy Betstititb @ kod Rkt \sadupy €
t hereof, any one of which having from1l to about 20

car gon,, aldpnd, areheleelcd m 8ihelsS fuddhsafBRE bE nBfiRY Bn@¥m and
substltuteg ?fOﬂHtIC group; (L1)mand(L2)n are sel ected

f r ofPE$RER PUt=®e amines or nitriles and mand n
are each 0, 1 or 2; and

b) a chemically-treated solid oxide comprising a solid oxide treated with
an electron-withdrawing anion; '

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

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

triflate, bisulfate, sulfate, or any combination thereof.

17.  The process of claim 16 further comprising an organoaluminum compound

with the following formula:

AI(XS)n(X6)3-n;



b) a chemcally-treated solid oxide conprising a solid

oxide treated with an el ectron-w t hdraw ng ani on;
woher/@sseob he solid oxide is silica, alum na, PCT/US2006/044316

silica-alum na, alum num phdgsphat e,

het er opol ytungstates, titania, zirconia, nagnesia,

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

thereof, and the electron-wi thdrawi ng anion is

fluoride, chloride, brom de, phosphate, triflate,
whh]eﬁu(xsatlea Isdtdcattsy] havingriyont dntoi abatn mm ciﬂbeﬁ @afms; X% is an

process..of claim r.t her
sl s B PRI ARG BNl 1AV e BRG] OB 2P Seiapzgtoms,
halile( #5hydrdde) ahdn whemahber(2m 1its 3amb1yldiwe.c ar byl havi ng
from1l to about 20 carbon atons; (X6) is an al koxi de
or aryl oxi de, any one of which having from1l to about

rbon ato a nunber
84 ok PRt Oﬁ%m Ip giereif e Febpieg i s reopue os Toop
wherein nerlzatlon is conducted in a lLo op
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reactor, or any conbi nation thereof. 19. The process
of clain116 wherein the ol efin nononmer is ethyl ene.

19.  The process of claim 16 wherein the olefin monomer is ethylene.



