CATALYSTS FOR OLEFI N POLYMERI ZATI ON TECHNI CAL FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to the
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nmet hods for the polynerization and copol yneri zati on of
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nmet al conmpounds. Metal | ocenes have been well expl ored,

but | ess is known about the polymerization behavior of
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spectiﬁc ?ﬁﬁﬁjslé&e polymers with inproved properties, as well
as I'ower ‘cost. Also of interest is the devel opnent of
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can be acti d with i et f : .
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relatively high polynerization activities, [00041]
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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, new catalyst compositions and methods of making the catalyst
compositions are needed to afford high polymerization activities, and to 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 compositions



SUMVARY OF THE | NVENTI ON [ 0005] Thi s invention
conpri ses catal yst conpositions, nethods for preparing
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herei n. The ﬁresent i.nvention enconpasses new cat al

Sk
discleesiipbaiein or Ehe, GHBIORS {IREPIHPR R OTBH S HoBal CHANSy AALPgRons
: i I pein: Mis
Com}%‘{ﬂst%%ﬁ%lﬁ]m@??%é%ﬁcpgﬁ%ﬁsgﬁgﬂfg nf?%%]mgn%egalafgﬂgllﬁkyl aryl,
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IS a|nonov IXnt anldﬁl group;, Z'is a monoval ent
aniomic group; bis O 1 or 2, Yand c is O, 1or 2; L
is a neutral donor ligand; and d is 0, 1 or 2. [0006]
In one aspect, the cataHyst cqnposition of this
i nvention conprises a trid¥P¥¥i'on nmetal conpl ex and an
activator. Several different activators may be used to
activate the transition nmetal conpounds of this
whetaivent i on including, but not limted to, an
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E is a divalent bridging group linking X and Y;

Y is independently N, O, P or S;
ais1,2,3,or4;

Z is a monovalent anionic group;
Z’is a monovalent anionic group;
bis0,1or2,and cis0, 1 or2;
L is a neutral donor ligand; and

dis 0, 1 or 2.

[0006] In one aspect, the catalyst composition of this invention comprises a transition
metal complex and an activator. Several different activators may be used to activate the
transition metal compounds of this invention including, but not limited to, an
aluminoxane, an organoboron compound, a clay material, an ionizing ionic compound, an
ion-exchangeable layered compound exchanged with an electron-withdrawing anion, a

chemically-treated solid oxide compound, a chemically-treated solid oxide compound



[0007] In another aspect of this invention, the

activator conprises a chemcally-treated solid oxide,
wokioeh1onpri ses a solid oxide treated w th anPCT/US2006/013657

el ectron-w t hdrawi ng anion.3ln yet anot her aspect of
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[0009] In another aspect of this invention, for example, the transition metal compound
is prepared and is employed along with triisobutylaluminum cocatalyst and a chemically-
treated solid oxide comprising fluorided silica-alumina, sulfated alumina, or chlorided
alumina. Further, the chemically-treated solid oxide optionally contains another metal or
metal ion, including but not limited to, zinc. As used herein the chemically-treated solid
oxide is also termed an “activator-support”, of which fluorided silica-alumina, sulfated,
and chlorided alumina are examples. Not wishing to be bound by theory, it is believed
that the acidic activator-support is not merely an inert support component of the catalyst
composition, but is involved in effecting the observed catalytic chemistry.

[0010] This invention also encompasses methods of making catalyst compositions that
comprise contacting at least one transition metal compound and an activator, including

but not limited to, an organoaluminum compound combined with a chemically-treated



that the acidic activator-support is not nerely an
i nert support conponent of the catalyst conposition,
wouosiiss2rnvol ved in effecting the observed catBtHUB106/013657
cheglztry. [0010] This inve#ftion also enconpasses
~nmet hods _of making catal yst conpositions that conpris
solidc e t Theee atetl_}oéasaéwo?@nﬁrrsarf@%%% GpsEBSRY cgmgeund
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opticalipipsalehtyng somat evmodf thesoxxonponeTkewith ap pledacogpepnd, prior to
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aspects, enbodrments, and advantages OF t he present
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features. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015]
The present invention provides new catal yst

conpositions, nethods for preparing catalyst
DEEAHﬁﬂQIﬁﬁEﬁgPTHNHCﬁﬁfﬁgd§wg@¥89@ﬁng the catal yst
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i3 invention, the catalyst conposition conmprises at
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pol g rEline 1o 251G BB B s SRl Sqfnilon compriss
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ma%e%%f, g%flemically-treated solid oxide, a chemically-treated solid oxide combined with
an organoaluminum compound, or any combination thereof.

[0016] In accordance with this invention, when the activator is a combination or
mixture of a chemically-treated solid oxide and an organoaluminum compound, the solid
oxide has been treated with an electron-withdrawing anion from an ionic or molecular
species, or from a source compound of any type, and optionally treated with another

metal in addition to an electron-withdrawing anion.

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,



[0016] In accordance with this invention, when the
activator is a conbination or mxture of a

web@aitcall y-treated solid oxi de and an or ganoaPCmis2ens/013657
conmpound, the solid oxide has been treated with an

el ectron-wi thdrawi ng anion froman ionic or nmol ecul ar 1
this fyeaticasprogides cafplyst eUURASEIORS FPHANHHUNS NS Py “E%é?anélﬁan meta
opt i,onal | t ' l4pdnBiti i id 6und of
comiing 2o et EisGhulhint BRARheckalf B thddd e
this fA0&MdRicbmPriscEecofipansd bavimg tre fallovwbegigansrad fqrondz]  The
present invention provides new catal yst conpositions
conprising transition nmetal conpounds, and new net hods
for patynerizing olefins. In @ne aspect,this invention
provi des catal yst Egonposi ti gn risi:ng one or nore
transitRo &?V/co ggﬁd/&%@ aﬁaggﬁkséﬂor conmponent .
I n ong aspect ;> the transition |[mptal conpound of this
i nvent% on conprises a conpound having the foll ow ng
general formula: wherein: Mis titanium zirconium or
haf ni unt the group is an anionic group selected from
cycl odi phosphazanes, bi s-phenoxi des, N-al koxy-
b- k@t@ign nat es, bi s(phenoxy)di am des, di am doam nes,
b- Di ketonates, cyclodisilazanes, anilidoboranes,
di Mhisdisanium, 7iesepkiEt 6T B Hes, pyri di ne di ami des, b-
di keti m nates, b - ketoi m nates, am dinates,
salicyl al di m nates, substituted cycl odi phosphazanes,
sulistdrowt ed bi s- phenoxi des, substituted N al koxy-
b- ket oi m nates, substituted bis(phenoxy)di am des,
substituted di am doam nes, substituted b- D ketonates,
substftuted cycl odi sil azanes,| substituted

ani | i ggora es, stituted,di am des, substituted
tride ' des,&§>bsf7 Ut ed pyridi ne di am des,
subst | tuted* b diketi'nfnates,| gubstituted b -

ket oi m nates, substituted am™di nates; substituted
salicylal dimnates, and m xtures thereof; a is an

SRSkt L Al B DRI ke N
B-ketoiminates, bis(phenoxy)diamides, diamidoamines, B- Diketonates,
cyclodisilazanes, anilidoboranes, diamides, tridentate diamides, pyridine diamides, [3-
diketiminates, P - ketoiminates, amidinates, salicylaldiminates, substituted
cyclodiphosphazanes, substituted bis-phenoxides, substituted N-alkoxy- B-ketoiminates,
substituted bis(phenoxy)diamides, substituted diamidoamines, substituted [3-
Diketonates, substituted cyclodisilazanes, substituted anilidoboranes, substituted
diamides, substituted tridentate diamides, substituted pyridine diamides, substituted [3-
diketiminates, substituted [ - ketoiminates, substituted amidinates, substituted
salicylaldiminates, and mixtures thereof;

a is an integer from 1-4;
(Z) and (Z”) are independently an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a

nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a



group, a conbination of aliphatic and cyclic groups,

an oxygen group, a sulfur group, a nitrogen group, a
WEhb@spixaraus group, an arsenic group, a carbon BECDUR200&013657

silicon group, agernmaniumgéoup, a tin group, a lead

group, a boron group, an alun1nun1grou an i norganic
gerngmnmrp sroup, erigmstmet &l lPak SEpuBup, DOFT FIO¥NHEY BlUpIBYT group, an
inor i 405 5 SOSI PR OBOuBG LoD RAVIGE G Juf e of
wmumnmvﬁgﬁﬁnﬂltddmnnzocabms&amﬁﬂuwﬂahd@onor Ilgand and d

s, 0, or, 2. n anot her aspect of the
|n9&Qh%2§4%£@i? nnmalcmmmmdoffmnma

WheReh RedWal Sorddrtigiah@andzi rconi um or hafnium X is
i ndependent |y nitrogen, oxygen, phosphorus or sulfur;

Y fés Q.ddwgendent |y nitrogen, oxygen, phosphorus or

sul fur; each substituent Rn on X or Y is independently
an allphatlc group, an aronmatic group, a cyclic grou
[@018) rth an@héramspet ofifhi phabiian, atengion ingtabearogrand of fqgmu a
substituted derivative thereof, any one of which
having from1 to about 20 car bon atons; the divalent
bridgi ng group, E, a group which connects X and Y, is
P(NR) 2P,| Ar ( Ry wCH2( ) WAr, Ar(R| W5(R) WwAr,

c2H4 R (EH 2Ar (R
S, W Ry T § AABE) 200(7) w

C(R1)C(R2)C(R 1), B(NR2)(NR2)B C2H4AOC2H4,

CH2( C5H3N) CH2, C(R2)C(R3)C(R2) R, or CHAr(R) w,

wherein R Rl, R2, RS, , IS independently an
wheréiky!l , cycl oal kyl , aryl, aralkyl substituted al kyl,

substituted aryl, or substituted aral kyl, any one of

mhich having from1 to about 20 carbon atons, wherein

E s @nih IRl dnfurff RURMARE (R) wis i ndependent ly an
allp atic gfoup, an aromatic group, a C|IC group, a

co@blsnadlapmdemﬂy aftiqgatoxygem ghesploug oy or a

o gy i Rise oy B BRlpnatlY PRl Wi o

each substltuent R, on X or Y is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, or a substituted
derivative thereof, any one of which having from 1 to about 20 carbon atoms;

the divalent bridging group, E, a group which connects X and Y, is
P(NR),P, Ar(R),CH,(R),Ar, Ar(R),S(R)Ar, C;H,NC(R)CH(R)C,
Ar(R) ,CH,N(R)C,H,N(R)CH,Ar(R) ,, C;HNHC,H,, CHN(R)CoHy,
SiR)(NR)»(R)Si, CRCRYCR), BNR2)(NR2)B, C5H, CH,OC;H,,
CH,(CsH;N)CH,, C(RDCR)CR?), CR), or CHAI(R),,

wherein R, R!, R%, R®, or R, is independently an alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl, any one of which having from 1
to about 20 carbon atoms, wherein Ar is an aromatic group and (R) , is independently an
aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, or a substituted derivative thereof, any one of which having from 1 to about 20

carbon atoms, and where w is from 0-5;



carbon atoms, and where wis fromO0-5;(2Z) and (Z') are

i ndependent|y an aliphatic group, an aromatic group, a
W@ y@bile3202 oup, a conbi nation of aliphatic and PYDUSM06/013657

gr oups, anhoxy%en group, a sulfur group, a nitrogen

group, phosphorus group, an arsenic group,. a carbo

gr((ZL) pnddZ3) hieciofengndantly 2 EbatnBIPy F"g @boma&wt giRups 2 yclic

grou ﬁgbma & §a6k 29.]8)81%1@0 aifl %%519 %T%Q% 08l %Uﬁ'p%“ﬁl%r%t@up,

ani c ‘al'1i ¢ group, or

n1t1o§51b§idub Ui phbsgReriuy gfdupeart heermogl;oup,rq/cayb@ goupt @hcon group, a
having from 1l to about 20 carbqn_atons;

SOTTAOHID B EPa Al S aul%ﬁgfque B ey £ ah =t a%b‘ép o

mor% c% %[gﬁ]ﬁ zfﬁ%rgﬁ[o‘fné@ﬂhc bioh! &da §1£Bst1t@fédaieﬁyiit1\@rtﬁérﬁof any one of

oup, | kenhy &f a cycl oal kenyl
whlcgarkaupl,g fannéltdxybglﬂﬂ@ﬁ@b@nataﬁlsaqué‘al ideyl group, a cyclic

@ﬁ@l]l %g&fl Pets 0? gh%ﬂalﬁ@ gﬁcﬂ%g gélfﬁll@én@é ncﬁfﬁ@sﬁﬁtta% g6k limited to,

ran I hnear anal 0gs or
an ad@fl igyaipl vesclobkkyegfonp) am dheﬂyl ignatpanaycloalikemy groupman rdynyl

to about 20 carbon atons. Thus | h t
grovpp @ (idedint SR Aselq ﬁ‘iOPB’dal%dbth% ; r%&%ﬂ%@?%s st c%ubsumted

unsﬁ)@ﬁﬁgd' B‘Lﬁnﬁ{éq ﬁldklﬁfé)ﬁl #haldp8 br 8%ANBY&, thékdh hivddch ngtahU@Bavmg
used herein include nethyl, ethyl

frorm elnet tobaibbgetl 20 c@dmlmgmy?, Thusoiphgtic grg\a@ﬁ mclpg%g)ﬁi,qire nﬁtel*lwted to,

hyd:zay @r{bﬁ(}lsH par X% aenny%éﬁ%hst gﬁg?)laméanﬁ %%{hhatﬁ%gﬁﬁxlas used herein

mclEd’@FﬂHél@&, gﬂhyﬁlrp?ﬁp)ﬂj @-laitydy s t-butwl, sac:—buﬁyhsl‘samEl, amyl 1soamy1
I NCl ude ut are

hexglnpmlglg’eéﬁ&ﬂlepté(hd)c? ,enqqyglé{ec?lnté{;%f}ﬂ gn%@g Céeg%enyl butenyl,

andCﬂ%leeat'VGS thereof, in each instance having from6 to
out 25 carbons. Substltut ed derivatives of aromm

{mﬂwdﬂmhm apotuatichgroupss & erch instance.dgclude, bpbrgmot finfted to,

o BBk S BN e it i

cack YdtdnGe qmu@s&omms ®astout DS tcarboas. Snbdtinded dbly‘tatlazpsaoﬁ atomatic
limted to, cycl oparaf

corRpUTaBEt e B CBLR e 1156 SaRGrPIh gy Lo, including
ﬁﬁ%&'@ﬁ?ﬁ@%mﬁedaéi«ﬁﬁauwﬁleféef ng substituted deri vatlves

ereo I'n each instance having fromabout 3 to ah
W2t hEomples gfmychp aoowss, Bxearplinganse, waludgelut are n@tak}wﬂed to,

cycllopara?{] 1s, cycloocl r(ljs(,e c{/cllgapc{ei!yge%es, Capéngg E\gc‘ﬁ as%lgﬁgllfjﬁicycﬂf&dgroups and
the like, including substituted derivatives thereof, in each instance having from about 3 to
about 20 carbon atoms.

[0022] Examples of halides, in each instance, include fluoride, chloride, bromide, and
iodide.

[0023] In each instance, oxygen groups are oxygen-containing groups, examples of
which include, but are not limited to, alkoxy or aryloxy groups (-OR), -OC(O)R, -
OC(O)H, -0SiR3, -OPR,, -OAIR,, and the like, including substituted derivatives thereof,
wherein R in each instance is an alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,

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



i odide. [0023] In each instance, oxygen groups are
oxygen-cont ai ni ng groups, exanples of which include,
wheicearrnot limted to, al koxy or aryl oxy gr oREEUS2006/013657
(-OR), -CC(OR, - OC(OH, EISiRB - OPR2, OAIR2 and
the Iike, |nclud|ng substltut? rivative
of kY @F rROKY) iR (FQRY gFrves itaclude, Duk gre netyﬁ ﬂ? FEH K T hnethoxy,

it ed aryl, or
etho%ﬁ?po g?ddééé!a/f g%gﬁ ﬁg%lﬁgeﬁlﬁwbﬁy t% g@gigolgdté 20 ca)r/bon
[602divBa eEo&amrpslthf suifukcgryup;r argr gl foxgongaivings goupR) examples of

which Relege. 9 afrory. oy STbie syt BAEEOR TR MR gy e

1ike,6méiuﬂlﬂg sibdtRuted QBAvHiiveNIRABE WiNGtiark e eSdH fn@ﬁan@sr BuUS alkyl
are sulfur-containin %ﬁlups exan‘pl es
K

cyclpalsylyael, aslkylapubshiyie t@@s‘gt@ted , OL s%’@ﬁgd aralkyl having

SR and the Iike, |ncI udi ng
ﬁon1§§ﬁ¥ﬁ$%% %ﬁgérlvatlves t hereof, wherein R in each
[0625] din ceach Sinstandgl krmlrcpgeny gloopd layet nuacrg@n—coaﬁamlmgA groups, which

el PRy e G e o bt 00 02 £ A e G tyene

substifit &R 881Vl $EiheRof, Rilek 98 RNindéARH Rfist@ice is an alkyl cycloalkyl aryl,
ni trogen-containi ng groups, which |nclude
aralkylpgubgtituted allcyN}sgbst Ty le sut}@g arallfﬁ ayilﬁg ﬁ‘é{ fq aE)gut 20

carb'oH%Jco%js' ng substituted derivatives ther eof, wherein R
I'n "each instance is an alkyl, cycloal kyl, aryl,

[&DM] Ky leactsinbiahed, phmpheﬁukg’roups alsgthiopiosEs- cmngeqlmng) groups, which

3Rt bslal KL piehae BeTriphe MK, HchRseined ue
likeP mmp% ?%gﬁl?ggdad_idi‘ivﬁ@veﬁ r{ReLBSE, Mere@xh R ncbwﬁemsﬂanue ﬁl‘ﬁ alkyl,

, PHR
cycloaﬂm (aoyR) aralkyhsubstineed plikal, Siﬂ?ﬁélmﬁ?ﬂ afgl( %@gl?awﬁ% ara1ky1 having
from }{@gdt\és%argpﬁgﬁgjs wherein R in each instance is an

cl oa aryl, aral kyl, substituted al kyl,
mob"s]t Iint aatle dlsallnyé, Ar@niceuigtsi atmmml@cpmtm;dngr@twmgvmwb mw.lude

to about. 2 ca
s 20, D oL LERET] e R o
1ncl'u@i91 %ﬁstﬂ@t@@l cﬁfleatﬁz‘éé thdr&aft Wﬁeﬂeﬁ} R ﬁs&ﬁh infaite, 1s selected from

% Eé(% 2, and the li
alkyln qulmnlkbg bk sebeBa Ty gabstifusdedyL: aSpityekarally!

havmré £a51 b 355,296 Satbon SoLECT €d from

[0028] 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, and the like, including
substituted derivatives thereof, wherein R in each instance is an alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

[0029] In each instance, silicon groups are silicon-containing groups, which include,
but are not limited to, silyl groups such alkylsilyl groups, arylsilyl groups, arylalkylsilyl

groups, siloxy groups, and the like, which in each instance have from 1 to about 20



al kyl, cycl oal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from1l
wo eooab2r2 20 carbon atons. [0028] I n each i nstBCES2006/013657
carbon groups are carbon-coft ai ni ng groups, which
include, but are not Iimted to, alky] halide
carboth atomse et exantpg, isilisos ipsesnstinelade FIRSRyIghd (pd RicERoay iyl
grouabout 20 carbon atons, aral kyl groups with 1to about
BY carbon atoms, -C(OH, -C(OR -C(Q OR, cyano,
[e@g)NEi) thh-lgétNR)aRgemﬁ(li’dm gRupsard gehmmmmMnuamg@On@s, which
substitute ativ
incl e Din & 1t St Rt ESEyL ERRy feot L, g R Brvigermy

grougk’ bﬁ&lhﬂcﬂg%ﬁnﬁl d¥hps, §b&ﬁ§y‘ldxtyugr6ﬁbs§ by theQikes Whﬁdhl ih ehedinstance

having from1 to about 20 carbon atons. [0029]
have ﬁnmeddh abwﬂﬁwe@on@tmmeon groups are

0 .

%ﬁ] ﬁ% 8a<§1 ﬁ%t%h (e g%;&g}é%% lt'}}él"%bg?ﬁﬁrfécéﬂdgﬁs ﬁ%hpgltbﬁldé‘,%ut are
not aﬁmitsd| ¥, gfaﬁmﬁs gralpﬁl ahdy | a;lkylyﬂamgrlo_lg[m}ps,sl drylstannyl  groups,
ary R B SPBRY AP RS S oo SO e g Vgiog et
1nstairf39h%efr&fl'IWEEMtQWCXIIboﬁ‘Q@nEheny| octylsilyl groups.

I n each I nstance ger mani um groups are

@émﬂmeavh otnes. leah SgrpURS, leathPRPIRIAG | SHRKPS, Wb%ch&p%lude but
are g?ty]frﬁ e%llglygaapdggxroﬂ%, | g{l]%&'(? gr pryrhrgilrallg{%r 186" e ﬁ%ﬁ&'ﬂﬁa like,

| oxy
wh1éH PUASh m@t&dcd, hevd frée,1 twhb@i'n 20 parbac htorrrsst ance have from

to about. 20 carbon atons. 003 n each
003 g GarLingREEs PROBSTUE fie hing Bt L ftade, but
are Hiﬁth #&1 30IBR, UBR?dBRQG \xﬁfefé'ﬁmd is aresREnidHReroup such as halide,

st anhyl groups I stan gr oups,
hydadq,laﬁtda&}des elipinthiolage, omgst, hkeaﬁn%weqem 13 eaghripptaneg iy an alkyl,

r and..t he t
oo 5P P S e LR b By Bl iR v
frorgelt&d aEcSLQQp%alfbbﬁa’to@gd cont ai ni ng groups, \Nhl ch i ncl ude,
ut are not, limted t Il ead . , vl | ead .
B eashypsiicy) RERINGR G Sh ! CHaTdeaBiipg @Ry, Which
1ncl?8%ha§t Bt R GeniteAay & ATROMAEX |, 0A B0 Ulhof8in CRELD thodlbfidnic group

I'n each i nstancé, boron groups are
such s drlide nityaliride nglkoprides pﬂékylvﬂ‘ﬂo&,ﬂﬁeal %lilél nﬁ

instance is an alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or

gdikepapd wherein R in each

substituted aralkyl having from 1 to about 20 carbon atoms.

[0035] Examples of inorganic groups that may be used as substituents, in each
instance, include, but are not limited to, -SO,X, -OAlX,, -OSiXs, -OPX,, -SX, - 0S0,X, -
AsX,, -As(0)X ,, -PX,, and the like, wherein X is a monoanionic group such as halide,
hydride, amide, alkoxide, alkyl thiolate, and the like, and wherein any alkyl, cycloalkyl,
aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl group or substituent
on these ligands has from 1 to about 20 carbon atoms.

[0036] Examples of organometallic groups that may be used as substituents, in each
instance, include, but are not limited to, organoboron groups, organoaluminum groups,

organogallium groups, organosilicon groups, organogermanium groups, organotin groups,



are not limted to, -BR2, -BX2, -BRX, wherein Xis a
nonoani oni ¢ group such as halide, hydride, alkoxide,

wabdogliih ol ate, and the like, and wherein R i PCEHS1906/013657
instance is an al kyl, cycl dal kyl, aryl aral kyl ,

substituted al kyl, substltuted ary r subst i uted
or gaamlazid(gﬂoup%wrrgﬂgﬁtra@ﬁmn 12 ISEDS, 2800 éh? k% f&f/%séof{ldo@zf’]bou‘
each instance, alum num groups are
200§£gﬁ? 1% cont ai ni ng groups, which include, but are not
(0037 Te6nd xpect Al Bis invaitdd, (Z) AhdR¥’ ) wieendsipandénily selected, and

inchggert aE S L o e Piaegoust e i ap e O e
halided SHRRGGes hEviR fﬁ)lrﬂ(l/ ko afoue] Pk atord§, Yok hydoedrkyls having from 1

substituted a , Substituted aryl, or substltute
to almuawyarbmvcpmg ﬁn ovtlier pepealiis Tclion 67 Bdd4D. are ?}8%@]

oG 00 e U MR B 50 e
chloké.m ted to, -S2X, -0Al X2, -0Si X 3, (PXZ
OS2 X, - AsX2,

1078 1h ot A7 819 5 Loolaf Si6R 0nk Shin PHes iy et Qh%m“he
valeft glea+b@ué§’d<a'lsdﬁev§1|eﬁ6él oftNM ol ate, and the IIke and

erein any al kyl, cycloalkyl aryl, aral kyl ,, ,
su hscant be edy aiem}al danebdigend ey deps pOt a}at%@ﬁgtlmetf@@dwﬁh the

al k
actuiatltoa %’goﬂ rl%atlogo%?g t\% Ko n[BT 88%%?@%2{11%@@ (lgfhﬁﬁ’s fvefiion.
Typ%a%?tntﬁtgﬂbﬁdﬂ liggn@LOW mrs] ettegtfuranr hitriles €hle asutral donor ligand L can
substituents, in each inst | ud
w FHEgLEn 2 L sk Tnstance, e B At Iohaer
tetr&i{ Q98! ddWRa81HRWPS, or@l ganosi | i con groups,

organoger mani um gr oups, organotin groups, or ganol ead
groups, organo-transition netal groups, and the |ike,

ﬂ@églcn]gulgr?r%{mﬁﬂ' gg%ﬁaggt;cj)t %1%8ar artpa%giéi@'{x %H?t’al I-CQIQIES‘JndlS Nth@N€an be
em;lbllﬁfh&lltilggﬂ? gﬁxieﬁ]lgl@?gsﬁt lﬁtﬁﬁn rr]émded(l) nﬁbmmmpfmtth@symhgm of exemplary
gD VB Ey BIPRS00 APRGSEoHAl thbﬁ it TP kndG - !
Chéles&@da&ﬁ R, 1997, thOC@kﬁw 9., kit $.J Band, HO Massa, W,

about” 10 carbon atoms_hi_ another aspe hi
ChemyBeinil P 12% 2)21,aﬁ@1 (%ez L}ndﬁ]?,eAx C Yeawﬁ bq? Jng\’[eqﬁPﬁ?lﬂyll\I Ganter, C.,

r;l%ﬁ”@d 7, R{";éﬁ elnf $4401 6y%EY mm)s w30 Mherty, 8., Y@ Ein@OMRT Houssley,

N, Rldland J Clegg, W., ]glsegooc{il r1&[ RCJ 8rrggnometalhcs 1999, 18(6), 1018; Tshuva,
E.Y., Goldberg, 1., Kol, M., J.Am.Chem.Soc. 2000, 122(43), 10706; Schrock, R.R., Casado,
A.L., Goodman, J.T., Liang, L., Bonitatebus Jr, P.J., Davis, W. M., Organometallics, 2000,
19, 5325; Jensen, M.J., Farmer, K. R., US 6,380,329; and Gibson, V. C., Spitzmesser, S.K.,
Chem. Rev. 2003, 103, 283-315, and references therein; the disclosures of which are
incorporated herein by reference in their entirety.

[0040] Examples of such transition metal compounds that are useful in the present

invention include, but are not limited to, the following compounds:

bis(tert-butylamido)cyclodiphosphazane zirconium dibenzyl,



[0038] In one aspect, ais 0, 1, 2, 3, or 4;, bis 0, 1
or 2, and c is O, 1 or 2, such that the val ence of
w@ziveairgual s the valence of M L can be any neCI/Dsi006/013657
donor l|igand that does not IMaterially interfere with
the activation and polymeri zation activity of the
catal yst conpositions of thisHnvention. Typically,
the donor ligand L is an eth furan or nitrile. The
neutral donor ngégg/p/ an 6@ di et hyl et her,
tetrahydrofuran orNC tonltrlré\\qp§T_%Teferably
di ethyl ether, tetra ro furan, amd d can be 0, 1, or
2. [0039] NunerousNprosesses t prEﬁHﬁT& transition
nmet al conpound at canpbe—enpl oyed in this invention
have been reported. For exanpl the synthesis of
exenplary transition netal conpounds can be found in:
Gochall, L., Stahl, L., Stgples, R J., J
Chem Soc., Chem Commun. 1997, 1465; Ckuda J. Fokken,
S., Kang, H., Massa, W, Chem Ber. 1995, 128 221; van
der_. Li . ' : N. ,
Ga%%sttFM’gﬂ',la d%ﬁ&%‘?f’g&,pﬁ%a Ezipgon ?ﬁnggiccm%ggs 117(11),
3008; Doherty, S., Errington, \®J., Houssley, N
Ri dland, J., Cegg, W, Elsego d MR J.
Organonetal i cs, 99, 018 Tshuva, E. Y.,
CGol dberg, L, Kol_ﬁ%~ An1Che @000, 122(43)
10706; Schrock, R R sado, A /ébodnan J. T.
Li ang, L., Bonitatebugzﬁgg P. J. OFQH W M,
Crganonetallics,—ngO, P_532§, Jensen, MJ., Farner,
K. R, US 6,380,329; and G bson) V. C, Spitzmesser
S. K, Chem Rev. 2003, 103, 283<315, and references
therein; the disclosures ofywhich are incorporated
herein by reference in theit’ entirety. [0040] Exanples
of such transition netal conpounds that are useful in
: E;,?&Sg@ﬁeﬁ%{(gﬁ%& BW@{L 4—mel%hﬁpheng)t(y)aurtaenur111% dlchllorlcfeed to,
bi s(tert-butyl am do) cycl ogi phosphazane zirconi um
di benzyl , A, bis(te , i do) cycl odi phosphazane
zi rconi um di chl ori de
2, 2' - et hyl enebi s( 63
titani umdichl ori de,

| - 4- net?ylphenoxy)
\\ //’

o \

2,2’ -thiobis(6-tert-butyl-4-methylphenoxy) titanium dichloride,



C 2,2 -thiobis(6-tert-butyl-4-nmethyl phenoxy) titanium
di chl oride, D; N al koxy- b-ketoimnate tetrahydrofuran
wa paoanizm di chloride, E 2,2'-[1,2 PCT/US2006/013657
et hanebi s[ met hyl ai ni do- N] metzhyl ene] bi s[ 4, 6
tert-butyl phenoxy] zi rcom um di benzyl, F; N, N -
[(am no-N)di-2,1-e 8] bi-s[ 2- N-246tr|msthylphenyl
am do] zirconium di | G
bi s(al kyl am do) cycl zane nmet al conmpound, H, b-
Di ketonates, i ; Dial \QOb es,J ; Diamdes,

d| ketim nates, N m)_n

ti nates, O b-
ketoim’nates,P; Ami h\

, Cl

N-alkoxy- 3-ketoiminate tetrahydrofuran titanium dichloride,

\ THF
o=
M

E;

2,2°-[1,2 ethanebis[methylamido-N]methylene]bis[4,6 tert-butylphenoxy]

zirconium dibenzyl,

Me o
N
( ;r —Ph
~ N—ph
/N
Me 0



Salicylaldimnates, R and the |ike. Catalyst
Conposition-The Activator'[0041] In addition to the

W0 e@ndiron netal conpounds di scl osed herei n, PEEUS2006/013657
catal yst conposition of thi$ invention further

conprises an activator.._ | spect, of thjs . . .
D Grning Al e et 2 Nan 4 Ry R ipERY! dpido] zirconium
dibeR¥ganoboron conpound, an ionizing ionic conpound, a

clay material, a chemcally-treated solid oxide, a

chem cally-treated solid oy de conbined with an

or ganoal um num conpound, ny conbi nati on thereof.

I n anot her aspect of the tion, the clay materia

is selected fromclays andpther natural and synthetic

| ayered oxi des, an eg%oLLatéﬂ\fl PAn exfoliated clay
gell ed into anot her ide matrivX, a layered silicate

mneral, a non-IaV@‘ d silicate Yineral, a |ayered
alum nosilicate m neral; q9ﬁ?laye?%d alum nosilicate
m neral, cogelled clay matmyces containing silica or
ot her oxides, pillared cl zeolites, clay mnerals,
ot her layered mnerals, or nmbi nati ons t hereof,
including, but not Iimte 0, 1on-exchangeabl e

| ayered mnerals (natural or synthetic) or conposites
made from such conpounds, i&gardl ess of whether the

| ayered structure remains intact or not. The activator
may further conprise a conbination or m xture of any
of [ : ] -Treated Solid
Ckigg&?%%ﬂg¥%¥ﬁE%E§ﬂg%%§g%P@?%gﬁ%%géent i nvention
enconpasses catal yst Boppositiops conprising a

chem cally-treated soli -oxi§$/ ich serves as an

acidic activat gg-sup , an ich L§Ztypically used
i n conbi nati on mfﬂﬁ\ organoéﬁgﬂjnﬁﬁ1conpound m one
aspect, the chemc treated soMd oxi de conprises a
solid oxide treat WX h an el ectronwg t hdr awi ng

ani on; wherein the sol™;oxidg”is siliT&, alumna,
silica-al um na, aluninuw1phosph§§e,

het er opol yt ungstates, Xitania, zirconia, magnesi a,
boria, zinc oxide, m xed oxgdes thereof, or mxtures

t hereof; and wherein the el'ectron-w thdraw ng anion is

B- Diketonates,

Dialkylanilidoboranes,



fluoride, chloride, brom de, phosphate, triflate,
bi sul fate, sulfate, or any conbination thereof. [0043]
wabmeisem cal | y-treated solid oxide includes tPer/US2006/013657
contact product of at |eastl4one solid oxide compound
and at | east one electron-ﬁéthdramﬁng ani on source. In
one aspect, the solid qgid c ound conprises an
inorganic oxide. It is™n ired that the solid
oxi de conpound be cal cig# i to contacting the
el ectron-w t hdrawi ng ani on _Isource. The contact product
may be cal cined ei tRaf~guti or ter the solid oxide
compound i s contacted th thgy@]ectron-mﬁthdramﬁng
ani on source. In this 2% ect / fﬁ!wiolid oxi de conpound
may be cal cined or wueal cimed. In another aspect, the
chem cally-treated soli j y conprise the contact
product of at |east one c ned solid oxide conpound
and at |east one el ectr’dn- W t &rawi ng ani on sour ce.
[0044] The chem cal l y-treatRd solid oxide exhibits
enhanced acidity as conpar to the correspondi ng
untreated solid oxide conmpound. The chem cally-treated
solpiginf@sé,de al so functions as a catal yst activator as
conpared to the correspondi ng untreated solid oxide.
Wi | e not intending t%lb bognd by theory, it is
bel i eved that the chem treated solid oxi de may
function as an ionizin ( d, oxi de conpound by
conpl etely or partiaIRy ekt rBcting an anionic |igand
fromthe transition atN onpound. However, the
chmﬁc&ly%re&ed:sIhjd%ﬁ@ﬁs an activat or

regardl ess of whether\it &s/ion the transition
metal conpound, abstrﬁpts angani offc ligand to form an
ion pair, weakens the <['1 gand bond in the

transition netal conpoy éfply coordi nates to an
anionic ligand when it cofgtacts the chem cally-treated
solid oxide, or any other chani sns by which
activation may occur. Whil &t he chemcally-treated
solid oxide activates the transition netal conpound in
t he absence of cocatalysts, it is not necessary to

el i fnate Gapdiedl ysts fromthe catal yst conposition
The activation function of the chemcallytreated solid
oxide is evident in the eRhanced activity of catalyst
conposition as a whol eR! ared to a catal yst
conmposition containing t correspondi ng untreated

solid oxide. %5\\ R
N z
\ s \\\\\\
0] M.

-
e

R
R! R!
Rl

L;

Pyridine diamides,



However, it is believed that the chem cally-treated
solid oxide functions as an activator, even in the
wa@bwence7nf or ganoal um num conpound, al um noXaPEBPS2006/013657
or ganobor on conmpounds, or i1éni zing ionic conmpounds.
[0045] In one aspect, the chemcally treated solid
oxide of this invention conprises a solid inorganic
oxide material, a mxed oxide material, or a
combi nati on of inorganjic gxidgl materials, that is
chemcally-treated wt ectron-w t hdraw ng
conponent, and optionahi ated with a netal. Thus,
the solid oxide of this_igvention enconpasses oxide
material s such as al g xedZoxi de" conpounds

na, “\

t hereof such as siIiQaf&Iuni ~and conbi nati ons and
m xtures thereof. Th ' oxi d€'Zonpounds such as
silica-alunmina are singt Ri cal phases with nore

t han one netal conbi ned oxygen to forma solid
oxi de conpound, and afe” en omBassed by this invention.
[0046] In one aspect of ti's invention, the
chem cally-treated solid oxjde further conprises a
nmetal or nmetal ion selected’from zinc, nickel
vanadi um silver, copper, gallium tin, tungsten,
nol ybdenum or any conbi nation thereof. Exanples of
chémilkatiminateseat ed solid oxi des that further conprise
a nmetal or netal ion incIude,Rbut arenot limted to,
zi nc-i npr egnat ed chloriﬁﬁd alum na,, zi nc-i npregnat ed
fluorided al um na, zinc-i éd chl ori ded
silica-alum na, zinc-inpneghated fl uorided
silica-al um na, zinc-inpregnat dXul fated al umina, or
any conbi nation thereﬁf. [ 0047]..hmZanot her aspect, the
chem cal | y-treated sobti™d_ox~ f this invention
conprises a solid oxide,of 'y high porosity,
whi ch exhibits Lew ®2 (gLehpq Brnsted acidic
behavi or. The solid oxi@eXis&henically-treated with
an el ectronwi t hdrawi ngréomonent , typically an
el ectron-w thdraw ng anion,.to forma
chem cal lytreated solid oxi'de. While not intending to
be bound by the follow ng statenent, it is believed
that treatnment of the inorganic oxide with an
el ectron-w t hdrawi ng conponent augnents or enhances
t he achik{ tof %he oxi de. Thus, the chemcally treated
solT¥oxi d%eléniﬂ?gsl’ts Lewis or Brnsted acidity which is
typically greater than the plewis or Brnsted

R R?
R NR

\ / .n\\\\\\\Z

Z./T\L
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L

H

B - ketoiminates,



acidity of the untreated solid oxide. One nethod to

guantify the acidity of the chemcally-treated and
wanioces2erd solid oxide materials is by conpariPQI/UR®06/013657

pol yneri zation activities o6 the treated and untreated

oxi des under acid catal yzed reactions. [0048] In one

aspect, the chemcally-t reat sqlid oxide conprises a

solid inorganic oxide c ' oxygen and at | east

one elenment selected from. 2, 3, 4, 5, 6, 7, 8,

9, 10, 11, 12, 13, 14, ©Or the periodic table, or

conprising oxygen and.,at |east .one&el enent sel ected

from the I anthani de d¥\actin el ements. (See:

Hawl ey' s Condensed %he iNal /Di c 'znary, 1 1th Ed.,

John Wley & Sons; 199%, tton, F.A ; WIkinson, G;

Murillo; C. A ; and Bo nn; M Advanced | norganic

Chem stry, 6th Ed., WRi ey- R'nt er sci ence, 1999.)

Usual |y, the inorganic oxi §€ conpri ses oxygen and at

| east one el enment selected'fromAl, B, Be, B, Cd, Co,

Cr, Cu, Fe, &, La, Mh, Mo, Ni, Sb, Si, Sn, Sr, Th,

Ti, V,,. W P, Y, Zn or Zr. [0049] Suitable exanples of

soPmydigsietle naterials or conpounds that can be used in

the chem cally-treated solid oxide of the present

i nvention include, but are ot limted to, Al 203, B2GB,

BeO, Bi 203, CdO, Co3OR- Cu@ Fe2@3, Ga20s,

La203, Mh2G3, Mb(3, Ni O 6, Bb206, Si 2, Sn2, Sro

ThQ2, TiQ2 V206, WBy_ Y28, 4zhawZr 2, and the |ike,

i ncl udi ng m xed oxi des ere T\énd conbi nati ons

t hereof . Exanpl es of m xed oFZi d®t hat can be used in

the chem cally-treated sojoxi de of the present

i nvention include, butgpdre n limted to,

silica-alumna, silica-titania, silica-zirconia,

zeolites, clays,alumna-tit@nia, alum na-zirconia,

al um num phosphat e, het eropol ytungstates, and the

i ke. [0050] In one aspect of this invention, the

sold d.axifgnamterial is chemcally-treated by

contacting it with at |east one el ectron-wthdraw ng

conponent, typically an el ectrRhwithdraw ng anion

source. Further, the solid oxi/de material is

optionally chem cal | y\treatedNyj th‘\\a\\Z’ret al ion, then

calcined to forma me cont ai niNig or
net al - i npr egnat edR 0 KZ'

and the like.

Catalyst Composition—The Activator



chemcally treated solid oxide. Alternatively, a solid
oxide material and an el ectronw t hdrawi ng ani on source

wae@enon2ract ed and cal ci ned sinul taneously. TheCTES19061013657
by which the oxide is contak?ted with an

el ectron thdravvln nt C sal t

o poihon oy BRI BR AL s ficlabed naBe. Rt
compsitt of iIE ifebntiOn Ahdrl Rehprked @ﬁ'deﬁ@atoﬂ N egleadsbedt «ff this

one conpound onto another, and the like. Typically
invefigdn, e #egivaiay 1sCa3mlammo¢igneaen QEgnOlgyRn e@ﬁp%}@@eam Fﬁf%%% fonic

Xi n
comg& nd ;L? 1%?%8 hl%}n%‘ail Qféatg}g:sgfﬂﬁg ,[% 8%&5’1#—%@&% solid
oxid_elcxembmd mﬂh hdragmmglu«mmqm mempoumbdntamytqoaﬂnnatlhe thxeefe In
S any c onen.t at jner as
anols ipdcy SEIRTREeRLighy G Slel GRS ey ofayp Eih g hacura
and @ R&lc 1al618d kRIS, rﬁf‘eﬁ%ﬁaﬁ@ﬂ' alwyngl exionaedBlayi gellad into another
ect ron-wi t hdr aw ng ani on derived froma salt

omdacrr@tm@ra duyeead edinpleumNcElcl Bep-RyHsH atiligate aplggrﬁfca layered
alun?iﬁ&%ﬂ%ﬁ&d nfuli@%(anp es{/éggd %ﬁnﬂn@s@lﬁ“traféenﬂ{erﬁr 863HI18@ cldyOmatrices

ani on tron-w thdraw ng ani ons
conuamngsihpa butotleer exiss, plillmeﬂe(daytso zeaditsf glag, misiesald, fothes, layered
oride, .chlor

N e, N T R
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serve as sources Tor these electron-w thdraw ng ani ons
may al so be enployed in the present invention. [0052]

ec thdrawi ng conponent conprises a
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mlxcegtolxgigs thae?edof tohrennlxltul;% thgrggf tagc? wﬂgreln the electron-withdrawing anion is
fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or any combination
thereof.

[0043] The chemically-treated 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
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cormwndmprmmcgloofc cohwoidgent i on, the solid oxi de
ent u I '
SOSEERe 58T, 0 GRAN b NG iy 5 8 ik
sohldrhnafg@mlhecfxmbespﬁtm,al tahﬁmeadl omideomatebaa]c @nrmocmnitmdttim @f inorganic
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ox1geﬁ Brafesia Sagﬁétstc‘ie Céxgyépeaiieﬁ waa ?}?ct_ul_) %{ﬁawm’gﬁoﬁ}ppp?nt, and

optfRafi 1 8Eat@ERAR b mdiAl€ THAY, tkk 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 compound, and are encompassed by this invention.

[0046] In one aspect of this invention, the chemically-treated solid oxide further
comprises a metal or metal ion selected from zinc, nickel, vanadium, silver, copper,
gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of

chemically-treated solid oxides that further comprise a metal or metal ion include, but are
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[0049] 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,03, B,03, BeO, Bi,0;, CdO, Co304, Cr,05, CuO, Fe,03, Ga,03, La,03, Mn, O3, MoOs,
NiO, P,0s, Sb,0s, SiO,, Sn0,, SrO, ThO,, TiO,, V,0s, WO;, Y,03, ZnO, ZrO,, and the
like, including mixed oxides thereof, and combinations thereof. Examples of mixed
oxides that can be used in the chemically-treated solid oxide of the present invention

include, but are not limited to, silica-alumina, silica-titania, silica-zirconia, zeolites, clays,
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the solid oxide during calcination.
[0052] When the electron-withdrawing component comprises a salt of an electron-

withdrawing anion, 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 cation, and the like, and thermal

stability of the anion. Examples of suitable cations in the salt of the electron-withdrawing
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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 mz/g. In another
aspect, solid oxide component has a surface area from about 200 to about 800 mz/g, and

2
in still another aspect, from about 250 to about 600 m /g.

[0057] The solid oxide material may be treated with a source of halide ion or sulfate
ion, or a combination of anions, and optionally treated with a metal ion, then calcined to

provide the activator-support in the form of a particulate solid. Thus, the treated solid



Is treated with a sulfate source, for exanple, but not
limted to, sulfuric acid or ammoni um sul fate. [0064]
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fluoriding agent durmg the calcining step. Any ﬂuondmg 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, perfluorohexane, perfluorobenzene, fluoromethane,
trifluoroethanol, and combinations thereof. Gaseous hydrogen fluoride or fluorine itself
can also be used with the solid oxide is fluorided during calcining. One convenient
method of contacting the solid oxide with the fluoriding agent is to vaporize a fluoriding

agent into a gas stream used to fluidize the solid oxide during calcination.
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contactin He transition netal conpound and a treated
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ganoal UM ham compoun recontact the
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I's not required that the organoal umi num copp

the lgsxglg with theechigridieg, agenp pse‘gg)oyﬁpg@{ae gtcé]é)r\mngageﬁgméq ﬁegas stream
useg%tﬁmglz%t oﬁﬁ&g%ﬂ'égmgﬁg ?d%ﬂe as the organoal um num

1Nt roduce ylntothe pol yneri zati on
[0B8L] I one[ 43060 thé)agmnntadﬁﬂuomdmoc ohjpddandm priasent befarepeslcining

alon with t ated s t o .f
the 4554 pa FESPEALY ARHL ABa bt BRSO BURE e RS, b peiett
perénts aﬁ@tbaééd”éﬂ ﬁﬁl W ghOsas @6’1$d BﬂMb N@r Teﬁﬁnﬁl@lsilfk‘ﬂahgmna before
general formula: AF§X5 )n(X6) 3 ;. wherein

caldwyigig.ochir BYIthesaaspery e AU P EaResiideeF ERPHRH 1‘3& Bresent before
o5 30 L, BB e, A g
from about 4 to about 20% by weight. If the fluoride or chlorlde 1on are added durmg
calcining, such as when calcined in the presence of CCly, there is typically no fluoride or
chloride ion in the solid oxide before calcining. Once impregnated with halide, the
halided oxide may be dried by any method known in the art including, but not limited to,
suction filtration followed by evaporation, drying under vacuum, spray drying, and the
like, although it is also possible to initiate the calcining step immediately without drying
the impregnated solid oxide.

[0062] The silica-alumina used to prepare the treated silica-alumina can have a pore
volume greater than about 0.5 cc/g. In one aspect, the pore volume may be greater than
about 0.8 cc/g, and in another aspect, the pore volume may be greater than about 1.0 cc/g.
Further, the silica-alumina may have a surface area greater than about 100 m*/g. In one

aspect, the surface area is greater than about 250 m?/g, and in another aspect, the surface

area may be greater than about 350 m*/g. Generally, the silica-alumina of this invention



or hydride; and nis a nunber from1l to 3, inclusive.

[0071] In one aspect of this invention, (X5) is an
w@bkdoghi2avi ng from 2 to about 10 carbon at ons.PCTIUS2006/013657

anot her aspect, (X5) is ett®l, propyl, n-butyl,
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is treape% W g £ Osqﬂ‘gl%n cedley le%ﬂﬁ?ﬂﬁ NYH ?gﬁ GiiRal i &ulfuric acid or
npounds, and co

_ i°hati ons I her eo Specific exanpl es
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v in the. prec ted m ,tur
P e 5 SR S Bl Bonent et
halii® BOERfatd 06 e @011cbiﬂxbrg@ﬁ1@ oxQle dfitlik ir@@ntien may optlonally be treated
trimethylalum num (TMA); triethylal um num (TEA
with p inpptad SOWIae,URTIAdIRG Tastad SRR QTR ﬁ@ﬁ%ﬁé}%ﬁ?’ﬁé‘md In one aspect

of t{xé n@&{t%)bta{ﬁégq &)lﬁ{ﬂoug&ls' @%%L%ﬁd 1r1H16}éﬁ¥gt'é& d8to the solid oxide in

umnum ( and di et Ayl al um num
olulimlnofomde and lezﬁe]quﬁuky acswemd afto tthé suppertsdt ineial iupew|oglsging.

t] ona use f t h
O Bl EEuie SO 6P b, SERRTSALYE U s
nicl¥l] Padi@m, RIIv@dbsipss dahRng atndkuygtten, rhh@lybdimlum or a combination
pol ymer i zatjon reactor. The bal anc

thegspy aEmﬁapruﬁp% By 66 h‘éedntﬁQmB@gPﬂ? Eé xifie bgaupss it provides

godd]néai)al%sl? %ctﬁ)\q Wo‘sp anlee W xidel gy dERMALE With R8BS or
um co oun di scl osed herein include the total

meaboundiniof @mg&mn@ beforeufienopatites sanee time Bat thst Jobdaxide is
co BRI R YapES,  onel proznoalurt

100681 Byitiadr yihéthod of impregnating the solid oxide material with a metal may
be used. The method by which the oxide is contacted with a metal source, typically a salt
or metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Following any contacting
method, the contacted mixture of oxide compound, electron-withdrawing anion, and the
metal ion is typically calcined. Alternatively, a solid oxide material, an electron-
withdrawing anion source, and the metal salt or metal-containing compound are contacted
and calcined simultaneously.

[0066] One aspect of this invention encompasses a process to produce a catalyst
composition comprises contacting a transition metal dialkyl complex and a sulfated

alumina to produce the first catalyst composition.



(TEA) and triisobutylal um num (TIBAL) may be used in

this aspect of this invention. The Al um noxane
wa\ewbae20r [ 0076] The present invention provi dBGT/US2006/013657
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intr@duced \MredtBi ifitortve p&ymhﬁza‘ﬂlbﬂbﬁ‘ctor.

[0070] Organoaluminum compounds that can be used along with the treated solid
oxide to form the activator for a transition metal compound include, but are not limited to
compounds having the following general formula:

AL (X sy
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.

[0071] In one aspect of this invention, (X°) is an alkyl having from 2 to about 10
carbon atoms. In another aspect, (X°) is ethyl, propyl, n-butyl, sec-butyl, isobutyl, hexyl,
and the like.



of three coordinate alum num atons, nQ(2) i tne nunber

of two coordinate oxygen atoms, o(4) is the nunber of
wa2@entxtrnat e oxygen atons, R represents a terPCTIEHBE2006/013657

al kyl group, and Rb represedts a bridging al kyl group;

wherein Ris a |linear or branched X havi n frorp&
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i nvention to
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Inits entirety. [0082] The present inventio

(T%mr@nwpmgbl@glaha@ﬁyum ar )dﬂpashbq yeed prethiy 35Redh ngﬁ%mventlon.

The Aluminoxane Activator

[0076] The present invention provides catalyst compositions comprising one or more
transition metal compounds, and an activator component. In one aspect, the activator of
this invention comprises at least one aluminoxane activator. Aluminoxanes are also
referred to as poly(hydrocarbyl aluminum oxides). In this aspect, the transition metal
compound may be contacted with the aluminoxane in a saturated hydrocarbon compound
solvent, though any solvent which is substantially inert to the reactants, intermediates,

and products of the activation step can be used. Thus, in one aspect, the catalyst



formulas (RAI-O n and RIR-AI-O nAlR2, and

preferably n is at |east about 3. However, depending
W@ p@a/17 t he or ganoal um noxane i s prepared, SPOT/E/006/013657

and used, the value of n n®7 be variable within a

single sanple of . al um noxane, _and sucﬁ oanﬁg;ion "
com@ﬁSlb@t&aﬂﬁ@éﬁ AP I RREO OB PEIS e COmOsTHOR 3t TRE R Agrgton
of a@gﬁ%ﬁle buAfo:Che tc@&ata‘?&s%%ﬁﬂtat 'lé:lh’ﬁﬁfel fnsitldA08eth] compound The

y, any amount” of the al um noxane capable o
catalyGt canapdsipntfhened Jartlanstrme@nerrmmabe edlepisd v mﬁgodéémown to those

ed i.n t 1S . t | I
of SE@‘H‘B&@? it 01H018 1ntgﬁ>u n? nl\fm??dl tgnﬂtr O%D%f Hé%ahﬁfsl g o?!)éftﬁ&n may
be 1ﬁ1|rd>ﬂﬁcéwﬂitd the tpbBmadrid i Jheaoder Wlthduh‘eemg mokicgli on net al
067 BB 35815: MP M AE B EROn P B 4 ep B Agpinum
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ound in the conposition is fromabout 5:1 to
cagatstructum& o0eny mikhra ey Gupiscrluminexan ceRPeUds élaiﬂ’fng the
fot e alumnumin the alum noxane to the transition
al compound in the corrpositi on is usually from

about 5:1 to about 15 OOO In yet another aspect,

t heanmount of al um nUX% d to a polynerization
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i n anot her aspect, fr0||R about :Qvhikreiy/ L t o about 100

ng/L. In still another aspect of this invention, the
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3 tp alemﬂ@drdawoompam@ bpj rtlaig ewn@@l wihhe FAIRQ), wengty I'%W%h‘i’rﬁ also

o RBRLR  OLSPRRA RS2 B R0 s i

the4o@@Ba:561, each of which is incorporated herel n by

reference, inits entirety. Orﬁexarrple of how an

al um noxane nay be prepare igas follows. Water which
is dissolved in anRi Ahl c solvent may be
reacted with an alu corrpound such as AIR3

to formthe desired orl@anoal u n%aﬂ:ﬁl compound. Wil e
not intending to be bound by this statenment, it is

R 1??1'11'11@&%%‘? b{jgﬁ%%etc%ﬁ{(ﬁ wyRE L € R Eh@gorpﬁ&n%‘;afn@ hnds 8n integer from

m xture o I near "and cyclic (R Al
1 tahbovt Adeanelss paongsssed by thininvewtiogh are enconpassed by

400 ERNEEL R L& RAY hiShabe cREOANRRLIRY ARERIIRY, R,
WALy, 05, Wherein 71 is 3 or 4 and o is = nas) - How) T Mowy; Wherein 73 is the number
of three coordinate aluminum atoms, 7o) is the number of two coordinate oxygen atoms,
How) is the number of 4 coordinate oxygen atoms, R’ represents a terminal alkyl group,
and R represents a bridging alkyl group; wherein R is a linear or branched alkyl having
from 1 to 10 carbon atoms.

[0079] In another aspect of this invention, the aluminoxanes that can be used as an
activator in this invention may be any combination of the aluminoxane compounds and

structures presented herein.



by reacting an al um num al kyl conpound such as Al R3
with a hydrated salt, such as hydrated copper sulfate,
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invention.

[0083] Generally, any amount of the aluminoxane capable of activating the transition
metal compound may be utilized in this invention. In preparing the catalyst composition
of this invention, the molar ratio of the aluminum in the aluminoxane to the transition
metal compound in the composition is usually from about 1:1 to about 100,000:1. In one
aspect, the molar ratio of the aluminum in the aluminoxane to the transition metal
compound in the composition is from about 5:1 to about 15,000:1. In another aspect, the
molar ratio of the aluminum in the aluminoxane to the transition metal compound in the

composition is usually from about 5:1 to about 15,000:1. In yet another aspect, the



tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
tri phenyl carbeni um
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[0086] 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 an organoboron compound. In one aspect, the organoboron
compound comprises neutral boron compounds, borate salts, or combinations thereof.
For example, the organoboron compounds of this invention can comprise & fluoroorgano
boron compound, a fluoroorgano borate compound, or a combination thereof. Any
fluoroorgano boron or fluoroorgano borate compound known in the art can be utilized.
The term fluoroorgano boron compounds has its usual meaning to refer to neutral

compounds of the form BY3. The term fluoroorgano borate compound also has its usual
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cocatalyst or activator for the transition metal compound is in a range of from about 0.5

mole to about 10 moles of boron compound per mole of transition metal compound. In
one aspect, the amount of fluoroorgano boron or fluoroorgano borate compound used as a
cocatalyst or activator for the transition metal compound is in a range of from about 0.8
mole to about 5 moles of boron compound per mole of transition metal compound.

[0090] Like the aluminoxane activator, the fluoroorgano boron or fluoroorgano borate
activators may be supported or unsupported in the present invention. If supported,
generally the support comprises an inorganic oxide, such as, silica, an aluminate
compound, or combinations thereof. The use of a supported activator may result in a

heterogeneous catalyst composition, and an unsupported activator can result in a
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[0095] 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
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but not | | mted to, blending or_ mxing.. Furiher, each
situsted; therequexdmpts 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 not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene,

and 1,5-hexadiene.

Preparation of the Catalyst Composition
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for about 30 mnutes to forma first mxture, prior to
SMPHCt iy @nqthersaspeclt ef thig spveption, the satalyst composition is prepared by
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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.

[00102] Another aspect of this invention is contacting a transition metal compound
such as any of transition metal compounds A through R with an organoaluminum

compound such as Al(isobutyl); for about 30 minutes to form a first mixture, prior to

contacting this first mixture with a chemically-treated solid oxide activator-support such



catal yst conponents is fornmed, it is optionally

allowed to remain in contact fromabout 1 mnute to
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voff t
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I'n anot her aspect, the weight ratio of the treated

congundl used td @rererpbe satalysbeanmesitionnsarilsas petha ordss op BeHeFting

cat al yst conposition may be from about 1000: 1
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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 organoaluminum, treated oxide, and transition metal

compound used to prepare the catalyst composition, regardless of the order of contacting

the catalyst components.

Utility of the Catalyst Composition in Polymerization Processes
[00106] Polymerizations using the catalysts of this invention can be carried out in
any manner known in the art. Such polymerization processes include, but are not limited

to slurry polymerizations, gas phase polymerizations, solution polymerizations, and the



the catal yst conponents. Uility of the Catal yst
Conposition in Polynerization Processes [00106]
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from about atmospheric pressure to about 1000 psig. In another aspect, polymerization

pressures may be from about 50 psig to about 800 psig. Further, hydrogen can be used in
the polymerization process of this invention to control polymer molecular weight. '
[00111] Polymerizations using the catalysts of this invention can be carried out in
any manner known in the art. Such processes that can polymerize monomers into
polymers include, but are not limited to slurry polymerizations, gas phase
polymerizations, solution polymerizations, and multi-reactor combinations thereof. Thus,
any polymerization zone known in the art to produce olefin-containing polymers can be
utilized. For example, a stirred reactor can be utilized for a batch process, or the reaction

can be carried out continuously in a loop reactor or in a continuous stirred reactor.
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coiptisst taminuous take-off and direct recycling of catalyst, diluent, and polymer.
Generally, continuous processes can comprise the continuous introduction of a monomer,
a catalyst, and a diluent into a polymerization reactor and the continuous removal from
this reactor of a suspension comprising polymer particles and the diluent.

[00114] Polymerization reactor systems of the present invention can comprise one
type of reactor per system or multiple reactor systems comprising two or more types of

reactors operated in parallel or in series. Multiple reactor systems can comprise reactors

comnected together to perform polymerization, or reactors that are not connected. The
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[00117] In still another aspect of the invention, the polymerization reactor can

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

stream and introduced at another zone of the reactor. The gas streams are intermixed for
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Such reactors can include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, a combination of
autoclave reactors or solution reactors with gas or loop reactors, multiple solution
reactors, or multiple autoclave reactors.

[00120]  After the polymers are produced, they can be formed into various articles,
including but not limited to, household containers, utensils, film products, drums, fuel
tanks, pipes, geomembranes, and liners. Various processes can form these articles.
Usually, additives and modifiers are added to the polymer in order to provide desired

effects. By using the invention described herein, articles can likely be produced at a



contacted with the catal yst conposition by suitable

stirring or other neans. A carrier conprising an inert
woee@anix7di | uent or excess nonomer can be enpl PYETS2006/013657

desired, the nononmer can betlbrought in the vapor phase

into contact with the ca aI t|c reacti o r
lowgrif@sty Mbdle FRANTANINEEET 08 2 equlerm%?f? o o e ploduced

wum%nmﬁ%ﬁlnk%éllceﬁpm{aﬁcamyé@l nt ained at tenperatures and
pressures that wll result in the formation of a

sol ution of the polyner in a reaction nedium

itation can be enpl oyed during polynerization to
D
Qﬁﬁgogfn better tenperature control and to maintain

mnlilq)r nMinpotdemeni matel oleary xiefineshe termaghredt haréie, the following

neri zatj.on Ade te me are uti
defifiiel Biat paydene “ChBien At e GRTISRI arayesh PF A R any
docRAEM MRk FRbtk® Her@ﬂfbﬁ%fe@érfc@ %rﬁﬁcﬁs Rvith tB@Hﬁ'[thﬂdSlﬁIsagd)prowded
in a continuous manner. The reactor can conprise a

heregi thedelwition or|usageproyidedssseip 468Flt hat enpl oys hi gh
@hffljrg r ?hf‘ gg(ﬁ %]\M}Fﬁe?‘ SRULRA LR aR PR Alefn tﬂ?nﬁh g@ﬁilrr[e?sd comprising

a further aspect of I'nventi on,
ethyliére apdloy nepalgaers ofiethglrot and spdteenietiaic comopeinge Rajgmer is also

nbj nat ft t Pr oduct f
used i St b PS I ES AR EOI BTG AL FARBIES: Sever al

ROREYS ThHe ¥rnd B8f tarh¥PpheRNddEhReh o BEfZ & b type of ambient
reactors interconnected by a transfer deV|ce making it

atmpepheiepthat iso substangalbr untgactiys| paids thecragieyl 3 grepstinm, tpﬁ%cess or
mat%ulhzglsatro&(al ¥ }%aattﬁlgﬁh&%asﬁfrgﬁnds 3\} Blahl&s SERAD Ehit RGO Eypically

e desire ynerization conditions in one of the
used haemotosefcato the uski 6ff cesubstantiallyroxy gen- ﬁj@ﬁemitmwgture -free blanketing

di.t n of.. t he, ot react or.s n el
s B EALET it A Pl rudifiget TR Giyres thereot,
whéfﬁﬁ]ﬂﬂbabrefcﬁﬁﬁlsf&mpéﬁelﬁoirbtéfﬁfedfat’e@l@r @educe a€ taoreatt@on or process is
subsequent reactors for continued polynerization

senfitig @ Partichiar igAs Lfaemalﬁfgﬂreco%li Hionp'bh IPerE 12BPR ereblatalfso used
her&ﬁtto 1lefyr 4&hd Qs thﬁ) Rk s o O?Qnﬁeﬁﬁgta%c?s phBM| \R/héﬂ ﬁleg;?ft%cursors

t'6r's, " a conbi nati on of and gas reactors,
m;mbmtsgainltanmedrhtea,u b0 ptogiuess rog dbe ®¢9§t1@m 0z giregesH Are é@ldtll‘}?@ture-

ol s STREBSTE:CEnoTLNLR SR, RS8R o

typRally BRI1SdACO, PF TV BE&Musd they ©8ss Bey Bé) Iirmfivdt tovaard del utcular
articles, including but not

reaglifi BOGeS50T RIRIEHY greunds whigh Hlﬂasdm}f(g 5@ %faag?t despite their

occasional use as inert blanketing gases in other processes.

[00124] The terms catalyst composition, catalyst mixture, and the like are used
herein to refer to the mixture of catalyst components disclosed herein, regardless of the
actual product of the reaction of the components, the nature of the active catalytic site, or
the fate of any one component such as organometal compound and activator. Therefore,
the terms catalyst composition, catalyst mixture, and the like include both heterogeneous
compositions and homogenous compositions.

[00125] The term hydrocarbyl is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,



tanks, pipes, geonenbranes, and liners. Various
processes can formthese articles. Usually, additives
wapwenroxtirf i ers are added to the pol ymer in or deCT/U82006/013657
provi de desired effects. By2using the invention
descr.i bed herein, articles can. likely.b roduced at
eyl BT BoR i S RLER Y AGINOEE B TP A dndtides ll
subdfiRitEH! SnRILBRGT! BiancHed PRI TBERroRf0AH LG IdRribAtBRS tHetcdn
met al' conpound catal ysts. Definitions [00121] In order
100126br Thd tank yacdettorn eoqatrdyst,cangstelaeddtcray aiengenerie descriptors
usecI El lrege\:/ervI t%gth? %E{nrﬁloxtjﬁcﬁngorglgoesitﬂ)rng,vé)rgﬁgcturgg tﬁala GrE¥diited Bth the
a fi'niti'ontor usage” provide y any docunent
trankifl6@ el asrapoids & forfythe ety nempesitithns iof tiss imvedtidnheegardless
definition or. usage proyvided herein. the definition.or
of a3 RIFIGHBVERREGD ¥y BPTIAEISHL PHIFICT Bt5 £OIPPHECS spppposiions, or
mixBRtY ABEHIS UeBdatBRr RbRdé,Obutaad nbO ROl KSEESEMFRMPS is8dhNgs an

et hyl ene and/ or copol ynmers of ethyl ene and anot her i
alurpinefdng; &N eEABIGTREY CODRSIUAEAn ipBiziREdeni §eRPAEIdep laygnaterial, a

chef by SRR LBl AN b ARAIHIRER ety AnRBEE pspegt the torm
activabieis ubal @nyfet ypeonyfosaivhs enmixitiesspheples bhwhichgnclude, but are
substantially unreactive toward the, patticul ar .
not r Rgeed dft, PrOEESS: e, 58 B SRR fogeanoaluminom
conoiRED NHAH emSiire® WIdSHa @ ob lodiek abgeredl Mutserialiafid teeganobmminum
typically used herein to refer to the use of a
“mgwﬁgﬁantial!y oxygen-free and noi sture-free bl anketi ng
in t LA . I _

P oo S P e ket it oms
sucprascsiiiglongidicoapvaensypront ecivid iaatiwtoreupport dorc singfly eactivator-
reacti.o rogess is sensitive to..particul ar .gas .
suppsrgl b pieR e aheTyeaty i S0 s pRispaie widk gl Ratively
hig%?&@si'ﬂ}e, faliéh Eibief @hatced 1R&iLeediobr Bigns@it facidic lehavior, arising

anketing atnosphere when the precursors, conponents,
thrqugh GReAERRBEIe WU pRElS I A Flop eI FELEEPUIE SIS g cally

an HLurONLYhARLIIH LAREAN 51;1 th Ve @A W@ldrAWNE e S RSIE V@®mpound.
wever, 1nert” atnosphere, as used herein, would
Thdsy pirmalateynas ws¢ e PP this copPobedsiertt trskie spadd sotrhgycopetrued
reactive toward the particular reacti :
o R AP PR 5Bl R Ty PR B s
oxif@SiRi dognblitigivh vaEC &si @f@loasemas compsindslcanipeite agivgasest the

i n_other processes. . )
transition metal compounds and comprise an insoluble component of the catalyst
composition of this invention to produce polymers, and at which the active catalytic sites
are situated, and are not intended to be limiting.

[00128] Although any methods, devices, and materials similar or equivalent to
those described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

[00129]  All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in connection

with the presently described invention. The publications discussed above and throughout



[00124] The terns catal yst conposition, catalyst

m xture, and the like are used herein to refer to the
woreoobare7nf cat al yst conponents di scl osed her ePeif/US2006/013657

regardl ess of the actual prédduct of the reaction of

e R 6, B Sl D 9 B SR AT e s
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entifléddte antedhta dechodisdiosues ler vigunelprtor éwiepb-t i ons and
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R L
presieﬁtecfl uﬁlefncd)ﬂpa}si@ aflodonfdrmiati@chl isomarsy kegicbdoydrs, and stereoisomers
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that 5 Ry ngffse ]E{P%‘I I%yp?l%/l%\‘i‘l%ﬂ ﬁ%%?f ,Sugﬁ%‘faf%xylﬁleaﬁanelrﬁegﬁrﬁi%g? also

enc@ihsbdAChir d8an@drhers U BRkictdahRel, hASHIBST ioptEa disodERNGMeter in

I I'near, heteroatom substituted derivatives thereof.
enaftiIeRie] orTragemir fagmaces wellos, meuigs I \siareoiggRaets.edsathggoontext
reql}.reerms are generic descriptors used to refer to the
c%orsfpounds, conmpositions, or mxtures that are

pondigct e wirdsentt heetticansi further ibtsahted drypthenfddlowing examples,

the catalyst conpositions of this invention
WhiFIL g G5° SAPSEHGH PAY M8 AP B s HBe fitisepRaereer
On WY &dhuSHE ht GORPRUAESTy GRIERASGI thetfesor® inayi e bad® various other

function. Activators include, but are not |imted

. . . tQ,
aspesstsohed Enets Hnedilieations. alrrsebisientsafiersp ahéto rERT reading the
. i (o) (o) . . I, i .
s ARG ) LB, CoTROuEherf ot bk chivon
dephhiep éoin thespizinof fhe prasgententioher the senpaof iheappended claged

fer to oSitions or mxtures, examles o
el I s ETOREE aredities, opilhs v, AR By Yypheses and
prefa¥itnG aldsyribdde eefin Sdre Cbairidddest andbr Ging anpabmmdsphire such as

_conmpounds, and m xtures of c|ays or other I,aiyered
nitrgane PRHQTS ATgAE oYY EPRGRIEFA AVHTRSEdTEI Gemujeerialosquress and were

typ%c%{l}nhﬁf{gfme? 5 t}\éfﬁra?l%{‘ﬂ?lg lpﬁgxl o0 dRil1Sq H%ﬁlcboéeilsgium metal prior

er changea ns such as soli1d aci

to et Unkboothempgemptgified ireligentasterovetitanedsippeommeneialsionises
activatorsupport, and the like to indicate a
chem cal ly-treated, solid, inorganic oxide of

relatively high porositgxAMiPKhiexhi bits enhanced
Lewi s acjdic or Brnsted acidic behavior, arising
Teél”ﬁgé({fdf?dﬁreat ment of the solid oxide with an

%(ﬁ@ﬁ}r Ok VLU AWNMIA GR5REHEMirog by Pbi€ lideYDistribution Instrument,”
acquired from the Quantachrome Corporation, Syosset, N.Y., was used to determine
surface areas and pore volumes of the treated oxide activator-supports of this invention.
The Melt Index (MI) of the polymer product was determined using a 2.16 kg load and
High Load Melt Index (HLMI) was determined with a 21.6 kg load at 190 °C according
to ASTM D-1238. Polymer density was determined 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.



an el ectron-w t hdrawi ng ani on or an
el ectron-w t hdrawi ng ani on source conpound. These
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and materials are herein describ

usqehtypriecher diixed iy Laeadwings eaemoamea ‘Wér‘é‘?fﬁ cah‘erated with a broad
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05|ng, exanpl e e constructs
modevdlanetciphtibddigiensletehainedr e descri bed in the

i_cat,j.ons, which m ght be used.i connection with
plﬁ@%f COMPBRITES o, nP‘i’léfﬁ hy{%ﬂs 0 Pe cdgtpopiged using
cal@bﬁ-qgssiﬁgleépoﬂﬁgﬁaﬁ LRERUENO 1 t%ﬁe‘c ﬁ?’PPr ovindedpmple of

solely for their disclosure pri I ng date

polyketitybmmepisepleced appl hight bailing Notvent gyprea]éy r,2,9-ttichloeobenzene.
construed.,as an. adm Si‘ijon that the | nve?t ors . ar

not
This e BEI5 ABANR B LlieR OB dPBBE RIS §F e RaJéciBylenc sample

beRFdeRr30 WY €56 188reed O3] ob'f&iﬁm%rb)’hdi’% deh et s ERIP Oltlﬁéjsolutlon
di scl osed herein, any general “structure presented al so

is phe@hma@s 2BVR spegomhdenatd thedl-1Bsprensn obtg e smicemsndxtlons

thagﬂar%cﬁ\ﬁga%gla orrerwsitﬁq%at tgl%rslég%%b%r i agﬁ)ggjtfj caHoon atom in the

miRREQ P IISES o%'nhnf%ﬁ@nﬁlbﬁﬁéf AeatRica ML ERAPRS ShofOdhet BRSolution
optical isoners whether in enantioneric or racemc

terfpRTatpre wsmeiatdin a@omogemnoss solfitien,eoewilgeo deswipliag, dnderclaxation

ont ext requi O 131] The ent_invention
o s FH SORREE B IHEeT GPPOIG BUEPe L e carbon
atchh Bad@kpihdatdite FERSHIoNa e, ﬂ;vlﬁ@]y 1sWﬁ¥as@§ed' 1[’{9%8911‘51 to determine
limtations upon the scope thereof. On the Contrary,

the reldxgtiomdeley9l ear | y under st ood t hat resort may be had
t[%Of’:&%'i S 1gat11 tonditions are Waltz-16 decoupling on the hydrogen channel, a

relaxation delay of 10 seconds, a pulse width of 90 degrees, and a sample temperature
of 125 degrees Celsius. The carbon atoms associated with the incorporated
comonomer are distinct from those carbon atoms associated with incorporated
ethylene. By integrating the signals from the carbons from the integrated comonomer
and the signals from the carbons associated with ethylene, one obtains two numbers,
Nc and Ne, e.g. an non-normalized number representing the number of carbon atoms
from comonomer and a non-normalized number representing the number of carbon

atoms from ethylene. Correcting these numbers (Nc & Ne) for the number of



aspects, enbodi nents, nodifications, and equival ents
t hereof which, after reading the description herein,

woregesugest t hensel ves to one of ordinary skiPECT/Us00é1€13657
art without departing from4She spi rit of the present
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carried out under an inert atnosphere such as nitrogen
utiliaing/a0V ardenginoyva SO0 spEotremeter eopetativgat d@StMBmfeohdfer ci al
sources and were typically dried over activated
alum na prior to use, or distilled from potassium

metal prior to use. Unlmpssvetlper Wi se speci fi ed,
reagents were obtained from conmmerci al source%. ]
LEThe Tiagsition vattrlo aempomds 3yera PreRigsit ac¢dpg to standard

met@k&sogsoﬁgclgs&il b o@x%@h%)lo €, §I!aﬁle LD' 8tapleURI ON 7. Chem.Soc., Chem.

ment acquired’ fromthe Quant achr one
Con@nnde%f/t,lléﬁS,, Sym@sét Folfey, S., K.a@ Eﬂsoéﬂaﬁ% ‘Het@hem% 1995, 128,

surf face areas %cg%gf:vo& uf‘ei/[eﬁfooérHGNt re ngc%n, A.G.,

ac vator: sup or hvention. The
J. ArﬁMh):m(Sfoct]l@éS,pldW@lrmBOW axbhetty, \Wa Srdegiar, Bi Jnéﬂ)ug@q:}n@l ,&Ridland, J.,

o 3, b, b M, R LM e g

1, Kébsw DAL2GBem Bot. 2000, 1d2(@3), 1 9706aScidete RiR. nEgkain Aghaﬁpodman,

p r Ciblli CenﬁUSﬁtFLoﬁ%%’%d&péﬁg gp{aﬁlcs co@ ?I?%hée sen,

M. Jf %mad@qatR 40 SheB 803281 and @i EVPE!, Splmsﬂien, Sk GheanRev. 2003,
Wi th ASTM D1505 and ASTM D1928, procedure C. [00134]
103pfi3etldl ar wei ght's and nol ecul ar wei ght di stri butions
wer e obtained using a PL 220 SEC hi gh tenperature
chromat ography unit (Polyner Laboratories) with
trichl orobenzene (TCB) as the solvent, with a flow

rate of 1 nmL/mnute at W gfqture of 145C. BHT
(2,6-di-tert-butyl -4- rretﬁ nol) at a concentration
Gethal0Seurgdsand Pruseteasf ahesﬂaﬂm’ I(?xz@r Mapertdie Ube.to Afyepare the

Tf‘egtgjﬁ?ﬁéﬁi%g{‘%o' ume of 200 nL was used with a nomi nal

Tentration of 1.5 ng/nL. Dissolution of the
T@g@é]e it iabihd 8ReindECBs Mage ™ grags BoﬂbmbAﬂciiﬁ‘BIbbﬂg hading a

for 5 hours wth occasional, gentle agjtati
porglveluow efrapsut 1.78 cc/g and a surface area of about 340 m*/g or KetJenTM L 95-
98% alumina and 2-5% silica having a pore volume of 2.00 cc/g and surface area of 380
m*/g. Silica was obtained as Davison grade 952 from W.R. Grace, having a pore volume
of about 1.6 cc/g and a surface area of about 300 m*/g. Silica-alumina was obtained as
MS13-110 from W.R. Grace having 13% by weight alumina and 87% by weight silica

and having a pore volume of about 1.2 cc/g and a surface area of about 350 m*/g.

EXAMPLE 4
Preparation of Sulfated Alumina Activator-Support

[00139] Ketjen™ L alumina, 652 g, was impregnated to just beyond incipient

wetness with a solution containing 137 g of (NH,4),SO, dissolved in 1300 mL of water.



used were three M xed A LS colums (7.8x300m) and

were calibrated with a broad |inear polyethyl ene
war@adanad2 (Chevron Phillips Marlex(r) BHB 5003pCT/082006/013657

whi ch the nol ecul ar wei ght 4éad been det er mi ned.

00135] The conmobnomer content of, pol yet Ien be
Thigy G W DS PAGE BT § i Cr b e et 188 e b
an z{t&‘@lel%%%l&%? ARVthed e ARAR] B a%uﬂ@lfuﬁﬁcfbydt@()@@ for BlIRGRthen

't ng solvent, typically

at 450°%C ﬂart3rh0(uhil, efterbehicle . respifing aetixated Burportveastserserdsgrough an
80 glggpprrc&eseﬁg %I%%u%ﬁecfglg@ %h}lg i falrtzg%Sg‘g# ¥69tté']¥!>1ﬁrgt %ffeﬁ iwrlllglyCh the

egrees St us

resultiffon®@gRI Wil ©x Ri6laviivanet. suﬂ’}iinrswssadtmréd andedr sitpdgan adtili usedin
NMR spectroneter and the G 13 spectrum obtai ned under
condi tions that produce a spectrumw th a quantitative

signal for each type ofgganpgns gtomin the m xture.
These conditions include heating the sanpl e above the
Pregirgtion af ¢ &hlordap dianine écltﬂ@ztmﬁwafﬁ n a honogeneous

de til,
Zdblhj(i]er q}:e?wa n&llgéet%tnl rree{sg&{{%héeghl onges &ﬁ(&%l %}ifgg i hours at
600P€] axfedrithin chicimng Eap,hthe duinace ‘atnpmahas was sl@we*redi a¢ abag 400°C,
rel axation tine, |srresure |nd
and eGP R e R LG BIFT BT ) (oA g oL of carbon

tetr@@GHdel RBS iféRed\Btd Fhe ARrogef @Mé&nﬁ RAd Qﬂaﬁo‘i‘zﬁe@)ﬁgﬁtﬁﬂgﬁﬂ from the
channel, a relaxation delay of 10 seconds, a

aluggingt bedof Tigy saephase £ Claias sasisfpnie the hpdead diesd Bcisgsyith the
aluﬁilﬁgtrtg %ﬁlogﬁée g{e%ﬁrfa&h efh?éa]glgg&s ?fo%d%?&%l’;fd{leﬁlg td"ébtolﬂt L@? mmol

i‘ncor por conononer are drstinct ose car
of elilomide BmSERTi ghmdoﬁ/\ﬂdhlydramdoadpmmt edftet Hy$ ehleridiBg treatment, the

inte ratln th si gna rom ons fromthe
resylfipe BB ond eI EOT SR RP GRS LRPBbHEs vsed
1ntﬁ§§-ﬁﬁd@hﬁférmmes@mwdﬁamnaone obtains two nunbers, Nc

and Ne, e.g. an non-normalized nunber representing the

nunber of carbon atons from conononer and a

non-normal i zed nunber r QRIQ% kng the nunber of

carbon atons from et hyl gne. %‘?Fecti ng these nunbers
Prdphieatin NfFMo@mZed Bdicondtiveina dictieltesSiggotyon at ons and

T NPT AR BN
imsteiifkdd BAthRNbBEd ABEHRABEbness with a solution containing 70 g of
ammonium bifluoride dissolved in 1250 mL of water. This mixture was then placed in a
vacuum oven and dried overnight at 120°C under half an atmosphere of vacuum. The
final step in producing activated-support was to calcine the material in dry fluidizing air
at 454 °C for 6 hours, after which the treated solid oxide activator support was stored

under nitrogen until used.

EXAMPLE 7
General Description of the Polymerization Runs
[00142] Polymerizations were carried out in a 1 gallon Autoclave Engineers stirrer

reactor, fitted with an oil-less packing with a flat stirrer running at 700 rpm. The reactor



utilizing a Varian Inova 500 spectroneter operating at
125 WHz for 13C. EXAMPLE 2 [00137] The transition

woredoal11onpounds were prepared accordi ng to stBCESIN06/013657
met hods as di sclosed in: G4chall, L., Stahl, L.,
St apl es,

temgq@gre Wgtlla@a bgqf@m%&ﬁrrﬂg %Ctb@mﬁ%%w(?%@agg]hgl%é steel jacket

usmg% B&la- wétglgﬁeat é}?&ang?egsl 'wﬂlaélec(@l%hlcl-lhﬁ’cﬂﬁﬁbntaﬁon to control flows.
averien, C boom N., Ganter, C,

Cata&ys@ Weﬂepm}d@h @mlg(ﬂ@ au_‘g@g@/e tgmpqrg‘qp;e Wg@b@owg@f’@ rup.Qer agmrge of
r| ngd I

sot b A0 ey el AR REHL et ekl o g B tine

starf€8 780 rpmY. Ree@t)jrcﬁmmgg whs theidailnjtiabdd, andl. Znth€hreart@otemperature

app@aggmga\(]élt%denq_p ‘rgon %/%p mé%eﬁfiq R{IEB E}gx%sea\g%jﬂéhlf_%m g/ith the

ethﬁgne“ffr@mQ'ngﬁ[lﬁ{Eetr@Eélldiﬁto 2808 e rdftor>3Phe selqmilﬁrtem%r&ture and
Farmer, K. R, US 6,380,329; and G bson

C
presgofyietw@ g}g:@rraplglyKattalr@ﬁe ,ﬁhe R@qptorm;ﬁeldlgrgier gage 3(11511t10ns for 60

w500 o PRIFLA RN, ST, BVSREFER ol A b

venfixd the 37o[=0i0k 38 theMlanerbystenmaThis Iptaiessdelft sl p(é]zqtbyléltem}s a wet solid
m Akz

. rade B fr havi. une, of

in o 3Tore M Brros o e n e F i BiBE SuefB et by FBR e
Ketjen(tm L 95- 98% al um na and 2-5%silica having a
pore volunme of 2.00 cc/g _and surface area of 380 n2/g.
Silica was obtained as &rE rade 952 fromWR

P 50 LR R L SRRl RBD e Bl #8131 )
obt ai ned as Ms513-110 from WR Grace having 13% by
U, Pl B0 7 A0 A0 Ll OO0 aace

30 aout th%5@a1ﬁ?do@ mEXAVREled Arpaa30t nghofothe Sulfa@ti edumina from

Al'um na Activator- Support 00139] Ket | en
Exagmiednhie 8%oclaye Wigserlpppebnhtadds Btapa @s é{?gﬁgd stirring started

at io‘@cﬂpﬁl €Rhe 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 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
1.

Table 1
Run Catalyst Activator 1-hexene | Polymer MI HLMI Density
No. A (mg) (gm) (gm) (gm/10 | (gm/10 | (gm/cc)
(mg) min) min)
1 30 300 0 29 0 0 0.9354
2 30 300 20 10 0 0 0.9432

Run No. 1 was at 90°C, 550 psig ethylene
Run No. 2 was at 80°C, 550 psig ethylene



wetness with a solution containing 137 g of (NH4)2SO4

di ssolved in 1300 nL of water.This m xture was then
w@bk@eat2rn a vacuum oven and dried overni ght apCLUAD/013657

under hal f an at nosphere of48vacuum and t hen cal ci ned

in a nmuffle furnace at r. 3 hours, then at 450C
for 3 hours, after mhiéﬁggﬁgigééultlng activated
PolskdBekidn V\@’%c%ﬁsr eenpd ths@OhutABmED) ARV RNanea NErconium
%u bsequent |y actlvgged inair at Sggac Hg%]%ﬁhours
B

dichdgrider(Bivhi ch the resulting treated solid oxide
activator support was stored under nitrogen until
used. EXAMPLE 5 Preparation of a Chlorided Al unm na
fo144y at Do -aSumbhntAL[t&ﬂd\z&ﬂinngmarsmﬁmﬂ rééetqrevestadjled2Gidw & the

na,was calci.ned air . for ee.ho OO '
tranfifib R e Pampier & APt ol ahyiEE sOffals BrAgd oL of
a 25 Qef afdptafle aBRKbN 4&09£;soba@@b1@nmuhf COBAIS ££aff¢dA6ﬁalyst The
initiated over the alum na bed, after which 1.

autoelavp oYastseeleh @nd ar i @6 isvytansises alfler 9pg Sflﬁ@gnﬁt%rﬁeégaé r7 i Iprm.

The.lrhgc?cﬁ*megﬁ]r%n\g%atﬂ%it?%eﬂd; pﬁc% t?‘lrg ?E!Qa{o Bﬂﬁle@ EG"? arli)e%% g?céltlon

was' 1R@6h.6 Thwiséthpdifteofal0aqiana S50 peigl wisl tHen tdpedlg utthiaed. Théractor
process provided the equivalent to about 15.5 mmul of

wascif b sglePqivfrop 69 YRR o fegding gthyteag on dgmpnth . The polymerization
was V\E;h?i nﬁ{éhocyo %Iﬁﬂl Ttﬁg Afoifils; to! fAE of?a@é ls!%térgg Bhid PrO@AWRSIeft the

freated s oxl de acti'vator
polgiippiartetas\waget lss]aadalxru the tdaetos alffiee praymtigrlersessotifiavas thehatirattied. The

reparation of Fl uori ded
res@#slafec%m}ﬁlmﬁeﬁl i%‘?q? 5at or - Support [00141]
Silica-alumna, M513-110 from WR. G ace Conpany, 700

g, was inpregnated to just begond i nci pi ent wet ness
Wi th a solution contalnln a g of ammoni um bi fl uori de

RUM: SERIVEU Alivigo P %c@myswvad@gmekhi STVl X| ur};&M\zv;a 1trg:@smy
plface N vacuum o V nig
Nounderghal éﬂgatTDspégfe gkuurqggﬁé f?%%® % /“%

prloddred ng activaied-support was to &@dc nemPhe

3natermﬁl n Wwoy tTurdizing|air at {454 OC for 6 jhows,

N/Duisnoﬁdtennm 51' the—treated—sotd—ox+de—activator—support
was stored under nitrogen until used.

EXAMPLE 10
Polymerization Process Using 2,2’-methylenebis(6-tert-butyl-4-methylphenoxy) titanium
dichloride (C)

[00145] For each run, to a 1 gallon Autoclave Engineers stirred reactor was added
20 mg of the transition metal complex C and 300 mg of the sulfated alumina from
Example 4, and 1 mL of a 25 wt% heptane solution of triisobutylaluminum. 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 set point of 80°C and 550 psig was then rapidly attained.



EXAMPLE 7 General Description of the Polynerization

Runs [00142] Pol ynerizations were carried out inal
w@2dobom22ut ocl ave Engi neers stirrer reactor, fPCT/E82006/013657

with an oil-less packing wi4h a flat stirrer running

at 700 r The reactor er at ur ul at
The e5RioF OIS ! P%‘Hbéqf PRSI YR bV Phatufly, The
polyhﬁﬁgﬁfonu%g‘ GerplifREA ARdvARIET thherdlata¥s hanBe Miure VMyitlélm Th1s
el ectronic instrunmentation to control flows. Cataly

procedre lefiitie poluetliytene lae a avat sdlichinethe easpior-aiThe BolaEYisa &Md was
n 8; The aut ocl ave was
thm&%ﬁﬁ%egegﬁ 3%%£g§t h?%@'&?gﬁe wer e added and
stirring started at 700 rpm Reactor heating was then
initiated and as the reaa%g{ t enper at ure approached
600C, ethylene addition 3itiated. The hexene was

Ruh | USH@ICkt 1] NA W kdA (nigh e& &wyanﬁl-ﬁdrxam an»lyméh I M VesKIMI @nDensity

Nt Op of the reactor. gusSet | Palht tq er at i ® anghio | (gmice)
pressure |were then rap|J at tai ngd.  The| react or S
hel d (tAder t hese ccndltlons for 60 minutes™Y {ed¥ng

4et hyl mne jon d®oand.| Thel pol yned zdti dh was €hep O N/D
stermpatedbysgpentng the votagites o the §rafe o 0.9372
system This process left the polyethylehe—as—a—wet

solid in the reactor, which was collected, and th
solid air dried to yield granul ar pol yet hyl ene.
EXAVMPLE 8 Pol yneri zati on using

bis(tert- butylan1do)cy§h9§ggﬂ€i hazane zirconi um

di benzyl (A) [00143] n, toalgallon
Pob¥drReliay Brdeagi ees 3,2 Sihidti g6 tére Batyb4-nvalisy Iptebexly) 3Darnigm of

the transition metal conpl ex A and 300 ng of the
dichdefidef3d al umi na from Exanpl e 4. The autocl ave was

sealed and 2 L of isobutane was added and stirring

started at 700 rpm The reactor heating was then

[00iL46] at Edr eabh ruhgo relagalion @tppqu@m:l?min@mwrreétmw@n‘éas added

15 I%lg |og tlgttraélé 1%18 61?61'%{1 c#%%?%dﬁ‘%l ?(Sj of -ght?v fqgcfrhvéfﬁé 1 mL ofa

25 @Y, tiepBad soldiin mnymﬁﬂyhaimlﬁmmmfhé eumla@d st b&y&led and 2L of
venting the volatiles to the flare s

ot adled 410, HETIBB ISRy G S o Wi TeEgr] Heatine Hes then
1n1t1fiﬁ%0t£§ the IR lpéx%tam/ed%e S&Hflgnt.ﬁ%gld?we@é, b SeliPilere added.

resu tS are"sumari ze
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

air dried. The results are summarized in Table 4.

Table 4
Run Catalyst Activator Activator | Co-catalyst | 1-hexene | Polymer MI HLMI
No. D Type (mg) (ml) (gm) (gm) (gm/10 (gm/10
(mg) min) min)
6 15 Cl-Al 250 1 0 27 0 0
7 15 S-Al 250 1 20 13 0 0

Cl-Al is chlorided alumina



Table 1 Run No. 1 was at 900C, 550 psig ethylene Run
No. 2 was at 800C, 550 psig ethyl eneEXAMPLE 9
w@logireRrzat i on Process Usi ng PCT/US2006/013657
bi s(tert-butyl am do) cycl odijhosphazane zirconi um
dichloride (B) [00144] To a 1 gallon Autoclave
&AlEﬁgﬁﬁ@éF@“%ﬁjrred reactor was added 20 ng of the
Run ¢ # 30 q0f 430 wsigedy*®onpl ex B, 300 ng of the sul fated
Run At §0iGead #Qnsieialept e 4, and 1nl of a 25 wt % hept ane
solution of triisobutylalumnum (TIBAL) as a
co-catal yst. The autocl ave was sealed and 2 L of
i sobut ane were added and stirring started at 700 rpm
The reactor heating waBEXAMELE Kl tiated. As the reactor

approached 600C, hyl ene di t.ion, wa egun. .. The set
Polyiﬁtfrlﬁ@”%‘fp’@wé’:%gﬁiﬁ%’gémﬁ& %E%BEHWS ﬁet’iﬁﬁﬁﬁ’k}a%ana 1%@’?‘%%.
dmhﬁﬂﬁcRE?Ctor was held at set point for 60 m nutes by

eeding et hyl ene on demand, The pol yneri zation S
[08¥4H nafed lhgellon AruiterdavieFnginspratsiirred Teagior s fildsdpat me of the
__syste Thi 0 r f ] I f
wen§5] 0, PP USSR SrhE Dt OE PO AR b o
a 2581% Hepteck sofh@nrof stiikétaityalemsummra The edtoclavd aips eeafed and 2 L of
isob;taﬁlggﬁ@rzsi %?11 Idali}dg}%tg@ggigt%{_@ ﬁg qogxrér'\r{P L"T‘hé‘ C%eactor heating was then
initigted. 7 ehiséLntLEdDbthylend adiiidty Y )The set point of
lnn%?gaﬁggk?%%gﬁloﬁ?de (O [001%5? %or eac%m?%ﬁé to a_f
80°Qaht &30 Asteowhathen Eagjillyestainedt i Theadadterawesoheldasb sgdway for 60

.20 ng of . the transition al complex C anp .
mingige DY PRSP BT SR S Eae R Rt o2 gy enting
the WoIXG1RE RS BB B2y Stein® MTH prbéddusilafithd lysthylea as Bheet solid in the

aut ocl ave was sealed and 2 L of

i 1d 2 I sobut ane was ad
reactord Theipekyieryylose splidwandir dugs. (Thnrespiie a@é&&’mﬁmﬁia’?ﬁ%& >.
was then initiated. As the reactor approached 600C
et hyl ene (and 1-

Table 5
Run Catalyst Activator | Activator | Co-catalyst | Polymer MI HLMI Density
No. E Type (mg) (m}) (2 (gm/10 (gm/10 (gm/cc)
(mg) min) min)
8 20 S-Al 300 1 14 0 0 0.9453
EXAMPLE 13

Polymerization Process Using 2,2’-[1,2 ethanebis[methylamido-N]methylene] bis[4,6

tert-butylphenoxy] zirconium dibenzyl (F)

[00148]

To a 1 gallon Autoclave Engineers stirred reactor was added 10 mg of the

transition metal complex F, 200 mg of the sulfated alumina from Example 4, and 1 mL of
a 25 wit% heptane solution of triisobutylaluminum. The autoclave was sealed and 2 L of

isobutane was added and stirring started at 700 rpm. The reactor heating was then



hexene, if used) was added. The set point of 800C and

550 psig was then rapidly attained. The reactor was
whedod/1e275et point for 60 m nutes by feedi ng epdilyU820686/013657

on demand. The pol ynerizati®n was term nated by

el a5 S b L Ll g o
e R T R

miniltks By ifssdirg tiaglerenorPdenasls THeipofymerization was terminated by venting

2,2 -thiobis(6-tert-putyl-4-nmethyl phenax titaniu .
the {1EHFoIO R TEREYHEB1 E@}S e ?%PRO?WMQ% 4N S5RO1d in the
reacfit! GGL YR efEPBLO SQIBw Sl dif dred. MR8edsalts yesudededed d Tiglewd.

the transition netal conplex D and 250 ng of

activator/support, and 1 nL of a 25 w % hept ane

solution of triisobutylalypmdwim The autoclave was

sealed and 2 L of isobutane was added and stirring

Rust [arCeieigst at A7D@or pricivike | r e&ct gr Phieet i ng Mlas | t HEM! Density
No%nigiated Aspet he fmeagt drea@pprioaciged GQMI0 et fyhene

and  1-hekene, it ysed) re added. The act qr. \was
he d(né%) set poin fge) 6 \Aﬁ?ﬁut es hy fee {nﬁg plgﬁ\n/)l en

(gm/cc)

a
9on| detfand| T pol y#8ri zatilon mas'% erpi ndted by’ 0.9428

venting the volatiles to the flare system This
procedure left the polyethylene as a wet solid in the
reactor. The polyethylene solid was air dried. The
results are summari zed in Table 4. Table 4 A -A is
chl orided al um naS-Al i t.gd alum na Run 6 at
8Q0C and 450 psi g ethyleéne Run at 900C and 450 psig
Polghéyiaeioe ProgdhPUking X, o [ (ardnd-Xadit Hh-cBrngbisR2-Ns, 410

iR OHGR V) SRODR DFBYHG) gl | on Aut ocl ave.

Engi neers stirred reactor was added 20 ng of the

[00149] For each run, to a 1 gallon Autoclave Engineers stirred reactor was added
the transition metal complex G and either sulfated alumina from Example 4 or fluorided
silica-alumina from Example 6. 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 addition was begun. The set point of 80°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 air dried. The results are summarized in Table 7.

Table 7
th l Catalyst l Activator | Activator | Co- | Polymer l MI l HLMI 1 Density l




transition netal conplex E, 300 ng of the sulfated

alum na from Exanple 4, and 1nlL of a 25 wt % hept ane
w@odoattixam of triisobutylal um num The aut ocl aveCTES2006/013657

sealed and 2 L of isobutané2was added and stirring

t { 70 rnm [ha roact or hl n

ant i~ wwae o+ hao
Ne-itni € atled: Phs |t ﬁﬁou}lteac%at(%rlys\fappx%}ac 12%“?’é%c,m‘§?ﬂ§’/| ename)
\ddin®)i dn was hegn®) Them8et| poi nt | ofB00C aHd 5%0 psi o

10

o<l

as1g nen §-api qf yiat tar nedl.  [Thexwr eact or s held|at set
11 S

n ¢4
o1 5‘.& fi0 _§9 A-EEes by—feegi g ethylgenmeongdenanglsg;;
The pollynerizdti on was term natedlhy \/pn}ti ng the

e

12 ol &t i lled-¥4 tlhe ¥ arle S¥st em!'®rhils Procledur’e | éft t he

<

13 pol yet hylresiel ds aoowet] soli1d|i m3the reactjor. 0The | 09345

A PN

-

o1 yet hy"rcnc sotd—was—arr—drted— The resutts are
summari zed in Table 5. Table 5 EXAVPLE 13

Pol yneri zati on Process Using 2,2" -[1,2

et hanebi s[ net hyl am do- N] et hyl ene] bi s[4, 6
tert-butyl phenoxy] zirconi um di ?enzyl (F) [00148] To a
1 gal l on Autocl ave Engﬁng%tl' rred reactor was added
10 ng of the transition netal conplex F, 200 ng of the
sul fated alum na from Exanple 4, and 1nL of a 25 wm %
(vepgtacsen ofolnveitore cefalystsiand obwniposingreataliisis The aut ocl ave
was sealed and 2 L of isobutane was added and stirring
started at 700 rpm The reactor heating was

t h[ﬁoismi] t i At edompParidohethe palginatiz:aipp o deHadnGOO Gitalyst

et hyl ene addi ti on was, hegun. The set. poi nﬁg f 80Q0C and
coBPOHEPRS WrsComparrdria sinylay calply sl AuRloyipgdngt OIPH}m%&Ee asa
B&hoi@t set point for 60 mnutes by feeding ethylene
on demand. The polynerization was ternminated b

vel®0151g t Rer sashati,ltes 1 gallaneApioglere Epgineers sYHEG reactor was

rocedure |eft th | yet hyl splid |

PREEREI ol ambyiEof e BT A el Gy Py g T M7
1005H8 bBsudfatdWIRR ifbadE k dnpla b veas GsedTatthe aGivEadXAMRIE thi of
Pol yneri zati on Process Lf>zgN, N -

g %%mt%os.omt@m-qﬁ,trllsektﬁalﬁgﬁtrawﬁsz%?% 2%2 CPIRENY1 FRetp 14
21803 1l 5014 Wi, HiReBzNhtidiRt rhABARhinERne SRAND) WS usddas
a 1 gallon Autoclave Engineers stirred reactor was . |,
thelagiyator. 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 addition was begun. The reactor was held at 80°C and
450 psig pressure for the indicated time 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 air dried. The results are summarized in Table 8.

Table 8
Run | Catalyst | Activator | Activator Co- 1-hexene | Polymer Co- Mw Mn Mw | Density
No. G Type amount catalyst (gm) (g) Monomer | /1000 | /1000 | /Mn | (gm/cc)
(mg) (ml) (mole %)
14 5 MAO 3ml 40 136 0.14 1196 266 45 0.9307




the transition netal conplex G and either sulfated
al um na from Exanple 4 or fluorided silica-alumna

wo ewanBeanpl e 6. The autocl ave was seal ed and PCT/US$006/013657
i sobut ane was added and sti¥®ring started at 700 rpm

P S an initiatae tho roanct Ay
lgr;rlg)]::;é%{ﬁ %ﬁt"_‘o g Flg—\q.a” B :nt4%""" gt u(:;;\zgg. 2'%1;;‘“5{)'3’1‘_;_}45“ "03.?92'16
Bdi nt of 8o HHd (550 Inqi30 was rapidly a_t_t_a_;_n_%g_ﬂ_
"He Podcrat Wl hdl Bat it polhtl 157 A0 minut ek by "
MASGEH 190yt tohisiie sthsione] mgevidiinoxphiscelyes Kpmet i°2at i on was
Rt nMinpad vk B0 wentkd, ngs 16 e 1V edratbl dogguteo t he fl are

system This procedure |eft the polyethylene as a wet
solid in the reactor. The pol yethylene solid was air
dried. The results are summarized in Table 7. Table
7TEXAMPLE 15 Conparison of inventive catal ysts and

al um noxane catal ysts [00150] As a conparison, the
POy M2 | ZA&S isaewRfint Meblé By and iiventad abiiBist eOHIGS icbinprising
was conpared to simlar_ catal ysts enpl oyin .
tispeitign aetati caphush compoundc . daisealuny 53¢ selpted plymina

- g I $; r
G4 0 Bl BLgEIALE RS IRE 3okl s
pobyirexhsa tHeomorea rspeisivandethylalubffoxmge/ohnstidf aetal catalyst

alum na from Exanpl e 4 was used as the activator, and
Comppu Géa@gkhiéggblution of triisobutylalum num was
used as a co-catalyst. For runs 14 and 16, 3 nL of a
10 wt % tol uene sol ution of nethylal um noxane (MAO was
used as the activator. The autoclave was seal ed and 2
L of isobutane was added and stirring started at 700
rpm The reactor heating was then initiated. As the
react or approached 600C, ethyl ene addition was begun.
The reactor was held at 800C and 450 psig pressure for
the indicated tinme by feeding ethylene on demand. The
pol yneri zation was term nated by venting the volatiles
to the flare system This procedure left the

pol yethyl ene as a wet solid in the reactor. The

pol yet hyl ene solid was air dried. The results are
sunmmari zed in Table 8.
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Table 8MAOis a 10 m % tol uene sol ution of
met hyl al um noxane received fromWtco. Runs 14 and 16
woweoe/132r2 30 minutes, runs 15 and 17 were for BOI/US2006/013657
m nutes [00152] As shown irp4Table 8, the inventive
catal yst run 15, conprising transition netal catalyst
conpound G triisobutylal um num and sul fated al um na
shows hi gher conononer i@cameerati on and yi el ds hi gher
nol ecul ar wei ght polynmers than the nore expensive
met hyl al um noxane/transition netal catal yst conpound G
“geaé‘%&rx_st system CLAIMS W Claim 1. A catalyst
composition conprising: a) a transition netal conpound
with the followng fornmula: wherein: Mis titanium
zirconiu or hafniu Rn is an al kyl, aryl, alkaryl
Lor ag)ﬂa‘éiwﬂ C‘ﬁ?l?ﬁwo@(f%’ﬂlﬂflﬁ'g 1- 20 car bon gtorrs; n iys 0
or 1y X iSiraldRASRIERpodndk Bl the ¥5l1@Ning fotmla: 6
element; E is a divalent bridging group containing up
to 40 atoms, not counting hydrogem which |inks X and
Y; Y is ingependently @ group 15 o roup 16 el enent;
ais 1, 2, |& 4; 7 i3\a ng/[@?bi%'hh: gr oup;
Z'is a nongval enk %ani oni ¢ Ygoup; blis 0, 1 or 2, and c
is 0, 1 orlt2; Lis a neutral donor-ligand; dis 0, 1
or 2; and b) a chemcally-treated solid oxide.

wherein:

M is titanium, zirconium, or hafnium;

R, is an alkyl, aryl, alkaryl or arylaryl group containing 1-20 carbon atoms;
nisOorl;

X is independently a group 15 or group 16 element;

E is a divalent bridging group containing up to 40 atoms, not counting
hydrogen, which links X and Y;

Y is independently a group 15 or group 16 element;

ais 1,2, 3, or4;

Z is a monovalent anionic group;

Z’is a monovalent anionic group;

bis0,10or2,and cis 0, 1 or 2;

L is a neutral donor ligand,;

dis0, 1or2;and
b) a chemically-treated solid oxide.

2. The catalyst composition according to Claim 1 wherein X is nitrogen,

oxygen, phosphorus or sulfur.



2. The catal yst conposition according to Caiml
wherein X is nitrogen, oxygen, phosphorus or sul fur. 3.
wab@eas2ad yst conposition according to C ai m 1P@IES®0EI013657
Y is nitrogen, oxygen, phosyhorus or sulfur. 4. The
catal yst conposition according to Claim1l wherein (2)
and (Z') are independently an aliphatic group, an
3arompgd Qaﬁlg@f‘ Qom@osﬁ‘bféﬂ laGeogdifiRe @lafRMDARERNY Of nitrogen,
ali phatic and cyclic groups, an oxygen group, a sulfur
ogyssupphoaplmirty egelfugr oup, a phosphorus group, an
arseni c group, a carbon group, a silicon group, a
germani um group, a tin group, a lead group, a boron
4gr OuPhe @maBkisdmpUEitiPhoateerdary tonClafiani evhgredw§Z) and (Z°) are

.organonet al | j, roup, or a substituted.derivative,. ..
ipdsBeIERTY A JlRliEC GTOURN R HOMADE BEFUPr bRYCHC E50Uh 4 P Mbipation

i 1 hal i h {26 fiotd
Og?ﬁ%ﬁﬁp ahe pr"()llocﬁ'rolﬁ)si A bf@en %rou? £k %%dé%, a gidupna

aim1l wherein the chemca ly-trea sol i d oxide
pbospppius @soup, 81 laisgnieeirelw, & cakpe ETAMP; A S@igon group, a germanium

el ectron-w t hd i api T : S : :

B AT o o o afp el bfn o AR oS ERSoup an norgani
g8dup, @A, orghnomendlic Sirdiipc aral subistiatedadarivativamtiphadp gy epe of
het er opol ytungstates, a.clay, titani zi rconi a,

YRAghR g, %%ﬁﬂa,a %‘}tﬁg caEPOR 1M O %@F'des t hereof , or

m xtures thereof. 7. The catal yst conposition of Caim

5 wherein the electron-wi thdrawi ng anion is fluoride, .
S hl ofhe eatabisb apraposititmoeRleia, 1 phpicitathe, chsmigallyyegted solid

o%ydefc%hﬁ){iisgsra ?M &&%eﬁ%ﬁ Lo aﬁm@?&%ﬁ%-wi dramﬁ% %?Bﬁ‘.l yst

conpos on o wher'ein I's selecte rom
ethers, furans and nitriles. 9. The catal yst

onpesition of Caiml further_c risin c e
6:\I um%i?ﬁx%ﬁ?&’“ SOTBPFLRB B {]]:?m&o%ﬂ@gﬁedl} %%P@@i%l%eg is silica,
d18RinG, SROPAURtha, Aundidn $AFPhAB! héddtopslgfuagitated, Q. cldy)aitania,
catalyst conposition of Claiml further conprising an
BicgeinoargneFiaUbAT o Hpe oxideinixRd exdestbereePhELFeRcEeol
Al ( X5) n( X6) 3-n; wherein (X5) is a hydrocarbyl having
from1l to about 20 carbon atoms; (X6) is an
7. The catalyst composition of Claim 5 wherein the electron-withdrawing anion

is fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or any

combination thereof.

8. The catalyst composition of Claim 1 wherein L is selected from ethers,

furans and nitriles.

9. The catalyst composition of Claim 1 further comprising an aluminoxane, an

organoboron compound, an ionizing ionic compound, or any combination thereof.

10.  The catalyst composition of Claim 1 further comprising an organoaluminum
compound with the following formula: -

AI(XS)H (XG) 3-n5



al koxi de or aryl oxi de, any one of which having from1

to about 20 carbon atons, halide, or hydride; and n is
w@2eveier2 from 1to 3, inclusive. 11. A cat al ySPCT/US2006/013657

conposition conprising: a) % transition netal conpound

wth the followng forpula: wherein: Mis titani .
WQPrueﬁb@iQmm a Bydrgear ld}ﬁvmtgrfgof@ hda &%P‘ét 0N ‘?ﬁfb?{‘P’E‘Sg%hbs an
aRELACLE gryfld')%i@, GHE loREioPRRRNRL ARESom D B-ADBENTX ba86n atoms,

I koxy- "b-ket ol m nates, bis(phenoxy)di am des,

halidemdydnieend nds a pukberdirm 30 3cipellgde-si | azanes,

ani | i dobor anes, diam des, tridentate di am des,

pyridi ne di am des, b- diketimnates, b - ketoin nates,
1am dinrataBst campdsitivhabipritingt es, substi tut ed

cycl adi phosphazanes,. substitute i S- phenoxi des,
subs¥i t ut® rﬁﬁﬁpﬁﬁﬁﬁpoﬁmoﬁ%&%ﬂmﬁﬁg?@§ﬁn§ﬁﬁgP&¥uted
bi s( phenoxy) di am des, substituted di am doani nes,
substituted b-D ketonates, substituted

cycl odi sfi | azanes, substituted anilidoboranes,

substi tutgd_di am desi\substi t d fwr tjat e di am des,
substi t ut el Py |ne‘afq-' es, u5§$i uted b-

di keti mpates, substituted b - Kketoi m nates,

substituted am di nates, substituted
salicylaldimnates, and m xtures thereof; ais 1, 2,
3, or 4;(2) and (Z') are independently an aliphatic
group, an aromatic group, a cyclic group, a
conbihereiron of aliphatic and cyclic groups, an oxygen

g;gﬂR/Iisacitgnl{l!n{'luiircgﬁﬁlﬁp’orﬁaiﬂiuﬂ'ogen group, a phosphorus

p, an arsenic gréup, a carbon group, a silicon
gr oughe growger mani um group, a tin group, a lead group, a
boron group, an al um num group, an inorganic group, an
organonetal lic group, or a substituted derivative
t hereof[ any one of which having from1 to about 20

car bon ptons, , or alide; bjs 0, 1 or 2, and c is O,
1 or 2 Rn\éX}H‘&\Y lin

a

is an anionic group selected from cyclodiphosphazanes, bis-phenoxides, N-
alkoxy- PB-ketoiminates, bis(phenoxy)diamides, diamidoamines, - Diketonates,
cyclodisilazanes, anilidoboranes, diamides, tridentate diamides, pyridine diamides,
B- diketiminates, 3 - ketoiminates, amidinates, salicylaldiminates, substituted
cyclodiphosphazanes, substituted bis-phenoxides, substituted N-alkoxy- (-
ketoiminates, substituted bis(phenoxy)diamides, substituted diamidoamines,
substituted B-Diketonates, substituted cyclodisilazanes, substituted anilidoboranes,
substituted diamides, substituted tridentate diamides, substituted pyridine diamides,
substituted B- diketiminates, substituted [ - ketoiminates, substituted amidinates,

substituted salicylaldiminates, and mixtures thereof;,

ais 1,2,3, or4;



L is selected fromethers, furans and nitriles; dis

O 1, or 2; b) a chemcally-treated solid oxide
weewpniring a solid oxide treated with an PCT/US2006/013657

el ectron-w t hdrawi ng ani on;57wherein the solid oxide is

silica, alumna, silica-alumna, alum num phosphat e,

het er opol yt ungst at es, ti tani a, zirconia, nagnesia,

bor i @f@dnﬁz %Fed fdefllnted nﬁéﬁ A6 5hAHICEBRY,  arP hromakt WD, a

t her w t hdrawi ng anion is
cydlmogmuipg a chﬂnbmankm ob rabphade anémgh@m &rapst 11 PKEged, group, a

sul fate, uI fate
Qi BAGH §n Sog% RO PHORT RoRBm i A i i o Corbon
gl H¥ieeh @{1 g%nnﬁh(uii@cﬂ(pxﬁhﬁgfbup, avtead giaup( é('éérongrcalp,
hydr ocar by aV| ng from 1to about 20 carbon ato

o KBy o, RENTSIETF S| e PeanomFigl g SO OpA i uRptituted
d%%rtﬂg il dr T r%ﬁ&ea&%ﬂlc}gﬁaﬁﬁé Bom PlooAFut P@kigen ains, or a

ydri de; and I's a nunber from1l to 3, inclusive. 12.
hilnde; cat al yst conposi tion of Claim 11, wherein the

che rea id.oxide further conprises a
g}> 1sa¢ 1r‘PErt a[an& %qs 8,(])_]3@ mp

he catal yst conposition of
Cl ai mlﬂéelecmieﬁ@nretﬂefseﬁnmmdami}ps;t reated solid oxide
further conprises zinc, nickel, vanadium silver,
coppélls aéa‘i’lﬂaum tin, tungsten, nolybdenum or any
conmbi nation thereof.14. The catal yst conposi ti on of
Claim12, wherein the chemcally-treated solid oxide
c onpb) sesa ehenipally- paiassiolid etide PwpTitieg 2 aplithoHac treated with

orided alum na, zinc-inpregnated
aneecmm d%gl[&l%lggm{lem na, zinc-inpregnated fl uorided

SI | I me&hm rtheasolidi ovdieé ripr egiia edursinkf atlizd-aalnoing,najungnum
any conbl nation thereof, 15. A catalyst .cogposition

RgFRbAes i IS ToORYIangsialess  Hipmih  AESOR JBAFSSIAY ORF1Eh 2R eoXide:
b OWHBOMERBIML BrixtWhe BREdE, and

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

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

c) an organoaluminum compound with the following formula:
ALK )(X )30
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.

12.  The catalyst composition of Claim 11, wherein the chemically-treated solid

oxide further comprises a metal or metal ion.

13.  The catalyst composition of Claim 11, wherein the chemically-treated solid
oxide further comprises zinc, nickel, vanadium, silver, copper, gallium, tin,

tungsten, molybdenum, or any combination thereof.



Mis titanium zirconium or hafnium X is

i ndependently nitrogen, oxygen, phosphorus or sul fur;
wo2eos/1independent |y nitrogen, oxygen, phosphorBGI/U82006/013657

sul fur; each substituent R®8on X or Y, is

i ndependently an aliphatic group, an aromatic group, a

cyclic group, a conbination of aliphatic and cyclic

19f OU@ﬁe c&tﬁlya &Mﬁ%tsl'tlbﬂto? E148Yr 12/ leden t}fé&l}@ﬁﬁoalwfttéaﬁﬂ &olid

which having from 1 to about 20 carbon atons;
odldeaslompns@ra tgé-irgpugenisl chiorided heging.rgnocdnapregnated fluorided

ES B PRl cpfd ) LRt g@@fg@gﬂ%@ ¥ ded

s@ﬁ%[\lﬁiﬁﬁkj&m ddnR)ed2tidste Shl (] r(aNB) arZ(de)rBination thereof.
C(R1)C(R2) C(R1), B(NR2)(NR2)B, C3H6, C2H4OC2H4,
CH2( C5H3N) CH2, C(R2)C(R3)C(R2), C(R), or CHAr (R w,
wherein R, Rl, R2, R3, or R, is independently an
al kyl, cycloal kyl, aryl, aralkyl, substituted al kyl,
1Subst eatAles campsitipy cosumisimet ut ed aral kyl, any one of
whi ol hav) e dE Mfthdial QRN B (PRGNl BRaner el n
an aromati c group —an WS I'n ndently an
allphatlc group, an aromatic group, a cycllc group, a
conbi nation of aliphatic and cyclic groups, or a
substituted derivative thereof, any one of which
having from [ to about 20 carbon atops, and where wis

fromO-5; a 1, 2, 3, "1 ndustygi @l Law
19039"4; (2) iﬁﬂ\bé)z/are ~don |§R%%@°f‘%hatic

group, an arpmatic‘group, a cyclic gfeup, a

conmbi nation of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus
gr OUR., A0, arsenic group, a carbon group, a silicon
group, a qernanlun1group a tin group, a lead group, a
bor oM @¢ itapinma riradnivmmrdefpiwop, an i nor gani ¢ group, an

organpnetal | i roy or a subst ted d ivative
her eop indhrgndind Gt cn o R PROPPY R L B about 20
car bonjgh@Rndddkly Rithsbleh AXygen, phosphorus or sulfur;

each substituent R, on X or Y, is independently an aliphatic group, an

aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, or a
substituted derivative thereof, any one of which having from 1 to about 20 carbon
atoms;

a divalent bridging group, E, connecting X and Y, comprising P(NR),P,
Ar(R),,CHy(R) AT, Ar(R) SR) Ar, CHNCR)CHR)C, Ar(R)
~CHN(R)C,H,N(R)CH,A1(R) , CH,NHC,H,, CHN(R)C,Hy, Si(R)(NR) 2(R)Si,
CRHCRHCRY,  BONR)NRB, Cills, CH,OCH, CHy(CsH;N)CH,
CRHCRYHCRY, C(R), or CHAr(R) .,

wherein R, R}, R%, R, or R, is independently an alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl, any one of which

having from 1 to about 20 carbon atoms, wherein Ar is an aromatic group and (R) ,



bis O, 1or 2, and c is O, 1 or 2; L is selected from
ethers, furans and nitriles; dis O 1, or 2; b) a
web@diicall y-treated solid oxide conprising a sPUT/US2006/013657
oxide treated with an el ect¥on-w t hdraw ng ani on,
_Wherein the soljd oxide is silica, alum na, .
iss independantii aia alinhaliG BIAWPpABs pivEelc eroup, a’ cyclic group, a

c%%iﬁ&%%yaﬁi&m&% ﬁldecr%/n_cn& 'g{o%Bé,%r aZub & RAe@ deRPARE Sheof, any
orta, zinc oxlde, xed oxi'des thereof, or m xtures
o?etmﬁr\e‘tu'éh hai frbm leboabowt@f-oatbondtoas aryl aiersv jssfrom 0-5;
uori de hl ori.de.. .de, hate, trifl ate,
bi sut ]rsgt %’,fé)b%g?sgflalgrg 5&%%‘?{; i oggﬁlt hereof ; and c) an
ZI r ? ;aérsz?ad(nggz;y AteC %aippnmdntw il atipleaticogrioumi ag afooratial group, a
[ n -n; er ei X5) i.s a,.hydro byl havi
CTSHb T, . AERaBR CLrBOOS BHRC CEGIO e Bh R A
sgguraér&ll %] dfrogdf e a0fhodptcRiy Brdvib,ngh hfsefic lgrbap, abeatbon

carbon ators, halide, or hydride; and n is a nunber
gfqupna gilican Soup, Acdeumhnien TG, FHE sEPat a8t SEBWRp® BPIOP SHOUP:

of . Cl.aim 15 erein. j i Bt
o STy RRTE A SFRPLITAL SO it
deriv4pive fydred fumiynets ofdilgthidahgi friomuhioedtook 2@l earbon atoms; or a

tributylal um num di sobutyl al um num hydri de,
h{all“ilq’sobutyl al um num (Tl BAL), diethylal um num chl ori de,

or apys ¢ankinaid @ns bhesenf. 17. The catal yst
conposition of Caim15, wherein the weight ratio of

t he brigsahestgdufomsihesmboesdnd ditdleni cal | y-treated solid
oxi dﬁisi 1f Lom about 5:1 to about 1:1000. 18. The

cat al'yst ‘tonposition of Caim15, wherein the weight
ratio of the chemcally-treated solid oxide to the

A O iy QTR fofla o%idb O AARY Y <ottt 8fe dred@a 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 combinations thereof; and

c) an organoaluminum compound with the following formula:

AKX s

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.  The catalyst composition of Claim 15, wherein the organoalumium
compound is trimethylaluminum (TMA) triethylaluminum (TEA),

tripropylaluminum, diethylaluminum ethoxide, tributylaluminum,



19. The catal yst conposition of Claim 15, wherein the

chemcally-treated solid oxide is fluorided al um na,
wehkdoenixterd al umi na, brom ded al um na, fl uori deRCT/US2006/013657

silicaalum na, chlorided sidoi ca-alum na, sulfated

BRI e B DA GH T T S S
Clﬁg{{@eogl. glgﬁ&nng{i%%qoﬁ%grgofponpr i sing contacting the

a_néi tie conmpound and the chem cally-treated
solid oxide. 21. A process for polynerizing ol efins

o] i Si cont act j..n t i 1q
18 R SRR AR BREEE T5) FheRBRRS WELAL 1l of e
oRehyd@hiuAR torapor@aet diemidatletrestsd tsalid exidenigliftonoabout $:1 to

roduce a polynmer. 22. The process of Caim2 1
agﬂ%ﬂéioﬁot he ol efin monomer is ethyl ene.

18.  The catalyst composition of Claim 15, wherein the weight ratio of the
chemically-treated solid oxide to the transition metal compound is from about
10,000:1 to about 1:1.

19.  The catalyst composition of Claim 15, 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.

20. A process to produce the catalyst composition of Claim 1 comprising

contacting the transition metal compound and the chemically-treated solid oxide.

21. A process for polymerizing olefins comprising contacting the catalyst
composition of Claim 1 ‘with at least one type of olefin monomer in a

polymerization reactor under suitable conditions to produce a polymer.

22.  The process of Claim 21 wherein the olefin monomer is ethylene.



