CATALYSTS FOR OLEFI N POLYMERI ZATI ON  TECHNI CAL FI ELD
OF THE I NVENTI ON [ 0001] This invention relates to the
field of olefin polynerization catalyst conpositions,
nmet hods for the polynerization and copol yneri zati on of
olefins wusing a catal yst conposition, and

pol yol ef i ns. BACKGROUND OF THE | NVENTI ON [ 0002] The
chem cal industry continually devel ops new ol efin

pol ymer i zaEADTALYSTESFOR OLEFANR QY MIERTAATION
processes, and net hods of meking and using catal ysts
that will provide enhanced catalytic activities and

T%@gw%gg%ﬁ%ng;@tﬁﬁhﬁoﬁQai | ored to specific end

ypé of catal yst system conpri ses

sjoosq! Tigd mivestich Selasotgan® TRil@l of oRROWOHsnerization catalyst
particularly netall ocene conpounds and transition

compositions npetheds . for Nbe apolpmenaatidmved beanolymetization of olefins
explored, but less is kno about the polynerization

usIFE RSt PPN PEHPIRY BN Eompounds. 11 i bel i eved
that transition nmetal conpounds, those conpounds that

do not have a cycl opentadi enyl, indenyl, fluorenyl,
BACKESRIQUNEJOEyIGH B pVERITEMY | , substituted i ndenyl, or

LT R ORI N
s A e e

that svill peovdey ehtepoedtatalytic matisitics and pridake polvpeuHitnbirEel
catalytic systens that can be activated with a
tailpead torspegificgadiuges i ng agents without requiring the use

o i SRR IS s bE0k by e
corRPbUHIRY Féﬁkhﬁﬂlyﬁﬁbt‘aﬂbbé@eorﬁg&ﬂfﬁk ahldef&fs@ich nR@W compounds.

catal yst conpositions and methods of naking the o
Metaltogenest havedrsosvell explosade bublededs kot fabeet thie glelymerization

oS, G, S5 SRR s A e R Tehsfon e
CO%@RY&%:SG%EEH%EB%{% ﬁf(lja\lte d- He R i Cald@entabienyl, indenyl,
fluorenyl, substituted cyclopentadienyl, substituted indenyl, or substituted fluorenyl
group bound to the metal atom and are thus not metallocenes, may offer the
potential to produce polymers with improved properties, as well as lower cost. Also
of interest is the development of transition metal compound-based catalytic systems
that can be activated with a variety of activating agents without requiring the use of
relatively expensive aluminoxane or borate co-catalysts, yet still provide relatively
high polymerization activities.

[0004] Therefore, 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.



[ 00051 This invention conprises catal yst conpositions,
nmet hods for preparing catalyst conpositions, and

net hods for polynerizing olefins and using the °
catal yst conpositions disclosed herein. The present

i nventi on enconpasses new catal yst conpositions
conprising transition netal conpounds of the follow ng
general formula: [RfFl ZE NRh M2Z2)b(Z )O.d a

SURMMAR Y OF WREE BYVEN TVONS titani um zirconium or
haf nium R' is an al kyl ¥ al karyl or aryl arfy
dpeRnd, Tlaﬁy@‘r@t@fl qnmp,rkseh&a yst xRS, Bedipgs for preparing

cata#ygaﬁ:%]imsbﬁ((?rgg iaﬂg nbe{ilg?fgsef ywlaer%na%l) 8?&‘@n§ ap% ﬁs%ng the catalyst

corhpS§RENIaREIo¥edVhefbin. P e Bresént! Bvéntich eﬁeoxﬁ;tBaséés_ Bew Scafalyst
nonoval ent anionic group; Z is a nonoval ani oni ¢

cormgparifions lobsPrisibgotransition ans@] congoudds df the follving ageneral
donor ligand; and dis0O,1or2. 2 0 [0006] In one

0 ct, the catal yst conposition of this invention
conprises a transition netal conplex and an
activator. Several different activators nay be used
to act|vate the tranS|t| on netall conpounds of this

i nvent| gn ingl udi but | not I|m
al unin ﬁ\zaﬂ/nga\s ,9.%/ M@?})&éy mat eri al ,

an ionjzing
Formula I

wherein:

M is titanium, zirconium, or hafnium;

R, is an alkyl, aryl, alkaryl or arylaryl group, anyone of which have 1-20 carbon
atoms;

nisOorl;

X is independently N, O, P or S;

E is a divalent bridging group linking X and Y;
Y is independently N, O, P or S;
ais1,2,3,o0r4;

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

dis0,1or2.



i oni c conmpound, an ion-exchangeabl e | ayered conpound
exchanged with an el ectron-w thdraw ng anion, a
chem cal ly-treated solid*oxide conmpound, a
chem cally-treated solid oxide conmpound conbi ned with
an organoal um num conpound, or a m xture of any or
all of these activator conponents. [0007] In another
aspect of this invention, the activator conprises a
qbeoe]dal dne- aspeentid @adlys ampisitiorm o€ hhisompenté®@s camprises a
solid oxide treated with an el ectron- w thdraw ng
traggifiigrhmetal commlesngichan agibfseart Severahidifferanieantivators Mg be used
activator .conprises, ;a chem gal ly-treated solid.oxide
to ANAESRE SERTROR BRel b EIRGR i, T Elaf dnb ot Hi no
1imite8 68 ] anl Aluslindxandnet H@hnS5R6E Compbend at by Flaterial, an ionizing
conposition of this invention conprises: a) a
ionio ayosipouod, @Bt &n-exhpogerdle Hpyaed heompeundy exechemged with an
solid.oxide conprising.a soljd oxide treated with a
clegfut MG P R AP Bt SeBRLrErare 1ol S ity o
ch il:élf}atref’(ta?‘ MR oxidd Cc%i’r@oﬂﬂ?i NSomBinbd i Qﬁogrggﬁéﬁmminum
eteropoly(ungstates, titania, zirconia, nagnesl a,
conlysaung, ozé niixioxe dfanyndrxatoOthestesctivhtoe confponertts.m Xt ur es

thereof, and the el ectron-withdrawi ng anion is .
190031 Ly @nothar asneaeo! thioimiveraiion; Has agihtator comprises achemically-
treﬁéc? Uslofiat gxidg,u lvxfllﬁ&?’co?ﬁ ?s%grbéh %%Liho&%ﬁdF hﬁ'&aﬁ&ﬁ 'wﬂﬁ]d nc?el&@ron-
or ganoal um num conpounpdr Wi th the TolTowmng for mut'a;
withdranBnd 6aioh 310y enbRstBemNadpEct) ofl thistinky sl @t alidxdtiviagot ddgnprises
from1l to about 20 carbon atons; (X6) is an al koxi de,
a chemieglloueaed aphd opgidef imhrembiatipng Witbran ergaagsdyminum
20 cgrbon atons, halide, or hydride; and nis a
COMREr from 1 to 3, inclusive. [0009] In another

ﬂﬁmf'{n oftilf NirdthedV 88HeONthel @hataB)sBNBBpoditiéh téRMSKt irRRntion
net a conmpound is prepared and is enpl oyed along with
conprises:obut yl al umi num cocatal yst 30 and a

chenical | y-treat edra?ol i d oxi.de conprising fluorided

si |1¥Pca- 4 BaRsiEon wghad foggpound;

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

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

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,
triflate, bisulfate, sulfate, or combinations thereof; and

c) an organoaluminum compound with the following formula:

AKX )3
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.
[0009] In another aspect of this invention, for example, the transition metal

compound is prepared and is employed along with triisobutylaluminum cocatalyst

30



alum na, or chlorided alum na. Further, the

chem cal ly-treated solid oxide optionally contains
anot her netal or nmetal ion, including but not limted
to, zinc. As used herein the chemcally-treated solid
oxide is also ternmed an "activator- support"”, of which
fluorided silica-alumna, sulfated, and chlorided
alum na are exanples. Not wishing to be bound by

and hedigmically-trsatee| sotid eskiddadmptisingcflubrizied silica-alumina, sulfated

acti vator - support i'S not rrerely an inert support
alugginporenehlefided ealgming.y s tFurthenp i tohemicablyttreaged solid oxide

_ ved.i.n eff t|n t he observed

onfiféfibs ity GoafEt ity Rl Tok HeERE ki fuidimted o, zine.

AsBidOHSreRf tHEaKhéiﬁlcﬁﬁwemu sEIRIMBRRIet is0MISo tthdted @APTacEator-
contacting at |east one transition netal conpound and

suppord tof visthich, ﬂmcvmdetqldslhga-bhnmn@,t sulifated,eahd ohloaided alumina are

exET c a0y VP BEEl D61 PRI PHeeamedh Mt dhagcfhe acidic
actmé@?oﬁoﬂste%' BRrdiP€ant {RASIs Wg@%ﬁﬁor&gﬁpﬁﬂmﬁe catalyst

cat al organoal um num cocC

combe:m:wml Buy i¢ ineatved is effectimpxihd @bsamed omlyunahhmstry
pr etreatlng sone or all of. these cqnponents wt

dORFQInThis nyevRRdionpralen  CBCAAPASSE | ﬁtf}ﬂb{)déol(%fne‘inﬁlila& éi@talyst
coﬁlggﬁ{lbﬁ)ytha (Q,é)r%\é%sér P@nt%tﬁ%ﬁtleésq %Qttfa 1t1{)Hrr{19t§f compoun(él and

nprises ns compr |

an 66N AGH imdudihg lbeaabt nm&ealt@famoﬂgmmmd campatiad ¥sibined
conposi tion under polynerization conditions to produce

wmﬁecl@ﬁmlynléy trepiod poli id Anisteh eFhess peethods alsh cemprige pentaeiing the
s..t he

| efj d
wabibcrBR! g o, (Rabih i, bl tostaltycand the

chdniigaPRkpsARH scﬁfd)@Hﬁﬁd At HptidilG aprRtrksling ABRRSbE laANoPlthese
this 1nvention. [0014] These and ot her features,

corap@entsith mbedéfeatrspownll pady tmindtm gl pqlhmempactggmeactlon.

inve on wll hecone a rent after a review of the ..
BV vERG pisen; Brasa DRk SABHSEh el dappolinerizing
oleff,ﬁ?t fosdis 1319§T€$&§Q11%%@Rlé3a}3 Qe ol&h‘ﬁ IlnM{WII Qld WO%Rlatyst

€ pre ent I nvent i provi des new cat al yst

compmqmm tnden polymeéiadion fconditione papiodgee tiegloyaher.
ositions, and methods for using the catalyst .
d Anqthsraspest O ity fstenian & @eippbyol ?ﬁﬁ%@%ﬁ*%“é’fﬂé@é

oo 13) S i VAHABA 9 eAddEn il é’r%&rt&?é‘?r?a%'ctohﬁ)'ﬂxses“%e polymer

produced with the catalyst composition of this invention.
[0014] These and other features, aspects, embodiments, and advantages of the
present invention will become apparent after a review of the following detailed

description of the disclosed features.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The present invention provides new catalyst compositions, methods for
preparing catalyst compositions, and methods for using the catalyst compositions to

polymerize olefins. In accordance with this invention, the catalyst composition
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conprises at |east one transition netal conmpound and

an activator. The activator of this invention is

typi cally an al um noxane, an organoboronh conpound, an

ionizing ionic conpound a clay material, a

chemcally-treated solid oxide, a chemcally- treated

solid oxi de conbi ned with an organoal um num conpound,

or any conbination thereof. [00161 In accordance with
coinprises aVedst bodiratdition hiveal @0hripoahad and an activarbi. N8hé adtivakor of

mxture of a chemcally-treated solid oxide and an . .
thig ipeRban usdyRieal Yorrpalyptinoxans, a. erganobiodecamrousdeAn ionizing

. treated with an electron-with ] ' :
- ionig, SBR[ B Pafr el o il Bk S R R s ity
trefed 2Bylid YP8de absnBied ORadh Yant IR@drRAIuntintifh ad@iftRind, or any

metal in addition to an el ectron-w thdraw ng anion.
corghinatigs the@erfposi t i on- The Transition netal Conpound

The present.invention provides new catal yst. .
00 dnctEeRe S B PG TR pire Atttk 31 stibination or
mifQek GPXVcHﬁﬁﬁng-t{e%fedps%lﬁw@ﬁ&@éuﬁgaﬁ)b anBFlundifuR ¥ mpound, the
aspect, this 1hvention provi des cata yst conposi trons

solaboyide dias heoneareatednwith ant ¢lactsor-wathdreetiaf andorp rondamichic or
an activator conponent. In one sgect, the transition
(¢)

MORCUET SPEHPDUNATON & PIUCS ROBRPHH OF SR IYRE$1d PHRP#im reated
TGNy - | ; - RAY 1°~Rn
w5 B R SR ARSI b B O

or hafnium the group Rn ~ XVENYRn a is an anionic

group sel ected from cycl odi phosphazanes,
Catsibest floawonitives;The Trankivry maakeenspoantat es,
s

| noxy)di.am des. di am,doam ne [,.3- Di ketonates, ..
DR PGB A PHOTF AR it cRth o PRCkeRpsine
trafbi@ol dRSal OMHPSINAS, dh@medemethddd-fofligeBfrh&iziag @%efids3 in one
ket oi m nat es, am di nates, salicylal dimnates,
aspscthsthist invedtion provides catalyst compositions comprising one or more
transition metal compound and an activator component. In one aspect, the
transition metal compound of this invention comprises a compound having the

following general formula:

Rl /E\Y Jta | MO

a

wherein:

M is titanium, zirconium, or hafnium;

the group

Rl SN, s



cycl odi phosphazanes, substituted bis-phenoxides,

substituted N-al koxy- 1 - ketoim nates, substituted

bi s( phenoxy) di am des, substituted di am doani nes, °

substituted [ 3-Di ketonates, substituted

cycl odi sil azanes, substituted anili doboranes,

substituted di am des, substituted tridentate di am des,

substituted pyridine diam des, substituted [3-

di keti mi nates, substituted (3 - ketoi m nates,

substituted am di nates, substituted

salicylaldimnates, and m xtures thereof; a is an
_integer from1-4; (2 and (Z') are independently an

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

conby BRbhRRIOErdb RRtdLCiBRdcFISdipRoPhares, BEpREN&@8aes, N-

group, a sulfur group, a nitrogen group, a phosphorus
alkgxgu @3- katmramms; dig(pheymxyadiaanidesn d1gmuiqamlaess| (B4 dhketonates
cy%rou germani um group, .a tin gro a_.lead group

@%Ha@m% p’fmﬂl%ﬂboawm qifamvéer% Upidentats diamidss; eyrgqhae ;shamldes

R o Ao
A it R e O

keto@fib@les] nsubzdtihed asgﬁ@hoﬂy)dldmdemvenguhmmted diamidoamines,
transition netal conpound of forrmula 6 0 R\ ~X~EN
sub_s'timieqk/@zlj)ﬂ(e@r)ater_sd substityted cygloshislagangs; substituipgd @nilidoboranes

B ST i S T s
sulﬁ'tl JtQ 0 diRet ﬁﬁtes&gg@@%Hsﬁ O cibtindi HﬁteT eﬂf;ogtlmlted ﬁmldmates

stl uent on ndepen deht
sulgtlﬁn@d sélivyladipifaites, @daniXturas theeddfc group, a

conmbi nation of aliphatic and cyclic groups, or a

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 germanium group, a tin group, a lead group, a boron group,
an aluminum group, an inorganic group, an organometallic group, or a substituted
derivative thereof, any one of which having from 1 to about 20 carbon atoms; or a
halide;

bis0,1o0r2,and cis0,1 or2;

L is a neutral donor ligand; and

dis 0,1 or 2.

[0018] In another aspect of the invention, a transition metal compound of

formula



substituted derivative thereof, any one of which
having from 1l to about 20 carbon atons; the dival ent
bridging group, E, a group which connects X and Y, is
P(NR) 2P, Ar(R),yCH2(R) wAr, Ar(R) S(R) WwAr,
CHANC(RCH(R)C, Ar(R CH2N(R) C2HAN( R) CH2Ar (R),
C2HANHC2H4, C2HAN(R) C2H4, Si (R (NR2(R) Si,
C(R)C(R2)C(R ), B(NR2)(NR2)B, C3H6, C2H4OC2H4,

CH2( CSH3N). CH2, C(R2)C(R3)C(R2), CR), or CHAr (R, v,
wherein Rl R R, is independently an

al kyl, cythoa aral k d al kyl,
substitut pa™ }Vléx@{'/ﬁ dkﬁr alu%@bwr?yg/ one )c;f
which haying from1l to about 20 cgrpon atons, wherein
Ar is an aromatic group and (R),,,” is independently
an al i phatic group, an aromatic group, a cyclic group,

.conbi nation of aliphatic and cyclic groups, or a

wh S{%%tltut ed derivative thereof, any one of which

having from 1 to about 20 car bon atons, and where wis
from0-5; (2) and (Z') are |ndependently an aliphatic
gr ovpis taamarrormmmug’r,mpafmumwcl ic group, a

co hatlc and cli.c ou an oxygen
gr ggﬁ ep§H1?‘?Iﬁlra yreep®: Oéyﬁ?q’ﬂ%‘ﬁ §8 erng?@ phos p%gr us
gr O“i’pi’s n?(ﬂa _ha&iil ycm%g&p 0x% @ri"r;ﬁ)l% h&ﬁ@&psulﬁlrs' l'icon

er mni-um &ifn roup, a |ead group, a

bor e:n:hg ISlGhS}DlIuenal’R,ﬁbUHN’l umSg ris lipdepemdemntby gmnahpl@tmugroup, an
an organonetal|ic group, or a, substituted
AroRAICVEIOPRe2 Pm@t%slfoupaﬁfoa}mn%mwﬁs dliphaticiangd CfYFB%gIO"ERS‘: or a

sub%? Rﬂ%d ﬁgn aq{‘}%otﬂex%%?%y e gl%wﬂ?é 1avi eé 041 tgxa%ggut%; carbon

groups, rn each ins i nclude
atodfse not I|n1ted to an al kyl group, a cycloalkyl
group, an al kenyl group, a cycloal kenyl group,

al ktheydivajeriupidgare afdedEemgrouprsiish canesesy X@n&r%up

POfRisEn Rk T R arc RGOSR v in TP )

AQRS | VBINHOT, HERER R Aﬂ(R) @}M4Nmﬁtﬂ{lc@zmﬁwmg:2ﬂ£,0m one

to about 20 car orrs "TH us, hat'i c rou

SI(RD(NRl)iéR)SwlC(R?E(B%lC(R )nBéﬁlRi)ﬁ\th)ﬂb’dCcHw HG h as
CrR FLheRer SR BRIt S RA R B opyi - But !«

wherein R, R!, R%, R®, or R, is mdependently 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;

(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 germanium group, a tin group, a lead group, a boron group,

an aluminum group, an inorganic group, an organometallic group, or a substituted
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tert-butyl, sec-butyl, isobutyl, anyl, isoanyl, hexyl,
cycl ohexyl, heptyl, octyl, nonyl, decyl, dodecyl,

2- et hyl hexyl, pentenyl, butenyl, and the |ike. [0020]
Exanpl es of aromatic groups, in each instance,

i nclude, but are not I|imted to, phenyl, naphthyl,

ant hracenyl, and the like, including substituted
derivatives thereof, in each instance having from6 to

dertsagive tBére6R B9 e SBubbichthaviag fra@ri wahboir 200farber amiisg or a
conpounds include, but are not Iimted to, tolyl,
nmesityl, and the like, including any

omsubtlt ted derivatiyve,there ]
Eﬁéﬁl A pYGTE B0 ALt RS TRy e not
hml%a 8! &n NPky 1I sivuped cycu)auemcgreaeraﬁfanmyl cgy&lrpqi @fldlﬁélkenyl
cycl oacetylenes arenes such as phenyl, bicyclic
grogpo apalhmltgreulb,l kte alkadcﬂncrd ignours LEbS}"IIhQJgHIilpd emdvthte ilikes and
ere anc m about, 3 t

inchisEnaTonbsirah Weam e iSth bR dEiear ARalpPyBE defiyatives
the?e% é&ﬁf& %?2?168 il%f n%cﬁaor{ll R1tH d8ouctt) QibAfatontdf CFlCaliphatic

n eac i nstance, oxygen groups are

groups/ g&ﬂludEQ busbre mg lgnoep s, hgdeovatieds swth ashparhffimcdndddkenyls.
but are not limted to, alkoxy or aryl ox

For exgryple..abppejiRgroupses opel hereg) jeslud deaprihyl, < rpropsha-butyl,

tert\-l\‘%]l.ﬁ}'f é%%&)dtﬂc &h&?lﬁs#m Celg‘iljgsrﬁ {x&r}/ E}é{ ngflh ﬁ yﬁ?& octyl,

nor@ﬂydecgﬁfdéﬂ&ylﬂ-éﬂ@'ﬂ{d F'Utp%ﬁtenéll lb)ﬁtenys lzhhatthé Hk@d aryl,

or substituted aral kyl having from1l to about 20

{00294 A xagpdess of @X@ﬁp‘ll@grgﬁpsallnowhoms‘@my%omh{ﬂ%d}ﬁ% are not

timirad by SRS o WS attac B B el Tk Intifiing: sypsgigured

der%ﬁ?@%ﬁhere%‘i’ Gin etaeﬁ indtdRe Hvihe PHAH tol a{boﬁ@%‘ chib®h@NSHbstituted
ul fur groups are sul fur-containing groups, exanples

dem»fatwmm io€ raromenud:empwndanecln@et butmareenott bmite@Ro, tolyl, xylyl,

SCOPR, d
e ot E SHCIBP TS Y aIHORSET Sunghilfed ﬂeravart#%%ﬁbp ]

S 2, LSt iy i
to, ayelojsydafiiesyiaygldolefins] clyoloabeiylends) aramdsosucht mhexﬁ)ﬂob’ﬁqychc

I n each |nstance ni trogen groups are
Sropps g ethe qqi@ngg ,sggﬁguteglhqieghvatwes 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, -OSiR;, -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 of alkoxy or aryloxy groups (-OR) groups include, but are not
limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and
the like.



i nclude, but are not limted to, -NH2, -NHR -NR2,
-NO®2, -N3, and the like, including substituted
derivatives thereof, wherein Rin each instance is an
al kyl, cycloal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from
1 to about 20 carbon atons. [0026] In each instance,
phosphorus groups are phosphorus-contai ni ng groups,

v{iODM] Innezchi destaring] swfie grotp d angi shh‘dr-t:omtaﬁﬁlr@grouﬁh'ﬁxamples of
-P(O R2, -PS(PZ - O)&@ and the lik
Whlmmga}d@gbgmﬁtw bieEr Aoy Y3 1 RhePEHRO Rwh%@@p S@R, and

the @udm tuﬁ?t?tﬁ ed dde@ﬂaﬁ'v@ here S(%ff iv%?%eéé/ ér%h mstance is an

alk§'U b@tdléaukﬁd aaylalakaakyh a§(1'b§l§1ufdd0 Akt le@ﬂﬁiﬂéd aBylc @E b@Bstituted
atons. [0027] In each instance, arsenic groups are

araék}slémawmgofmmdutmabgugz(bgqxbonmm i ncl ude, but are not

B0t G e 005 T URE R i gipups. which
1ncﬂﬁfe‘ Vi | MESndthGRARL: o8], -NHRD Ragh NG aJT\%e dnd the like,

sel ected from al kyl, ¢yclodl kyl, aryI ara
incudisg istibdtacked| deylvatises terdaf} MemmlR inreacls ubstamdeuiseah alkyl
out 20, carbon ato

cyq%ﬁkgfg ﬁrglﬁ\é%agﬁxl;r obituish %Eﬂu égg%ﬁt@teéawb ol S { cﬁ gralky!
haﬁg%y@zlﬂ\wbg&t O%}%eato&lét are not limted to, alkyl

groups that conprise halide-substituted alkyl

qoe2g)Snvdatch idsthtceqpoiphdbus groups aé @HEsp}@f@Lwitaigfrth@@ups,
with 1 to about 20 carbon atons, -

OR
whicfy qc@r@le Ctygnare wytNFited - top NRHR, -PIj@NR @g -P ) 2t hB(OR),, -

PQIERY ARG R R bR 8 G a5 Flersip R i cach
insfhyé is af @ll&gy | cycsaHedll hrll egafd fylfyiubsﬁﬁf@@d hilkyt, edhibatitited &%1, or

substi t ut ar al kyl havi ng from1l to about 20 carbon
subgtittierd ar[aDMzQ}wmg fecae A t abowtrAfecarbpn aloors. gr oups are

o7 38 R @i AU o %q%ﬁs@ﬁl}:;‘a%%@l%ﬁ‘gsg“r%ﬁpé‘ Which
incRId¥! Bid ¥e rgftq}fﬁﬁed t@r-)&s?ﬁ#y A%Rz,y 1A§@R95~A§®R2%¥As (r))é%R)z,

groups, and the I1iké, I n“each i'nStance have
anddthe likepirehsling 2Gbstiartbd deraVa:tm&:s tieo® wdmepdie R 81 édchdnstance is

G5 B3 RS o T bt SRR F LA . o
sub%'ﬂ&ﬂrﬂmy? leﬂé RigA9 195 ABHS20 carbon atoms.

[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
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whi ch include, but are not limted to, gernyl groups
such al kyl gernyl groups, aryl gernyl groups,

aryl al kyl gernyl ~groups, ‘gernyl oxy groups, and the

l'i ke, which 1in each instance have from 1 to about 20
carbon atons. [0031] In each instance, tin groups are
tin-containing groups, which include, but are not
limted to, stannyl groups such al kyl stannyl groups,

1 t@aybmz@wwbox@ Bups , Foragxhld shisdoangrplipgineliple, trisfedtiyisixy and
(or ' stannyloxy ) groups, and the like, which in each
phenydecilsidyl @O@pﬁ‘rom 1 to about 20 car bon atons. [0032]

JPoTRIR G R sBBRaEY BRES g BT ing groups,

whthKlcheRrd ik Cbér‘é’snot QEMité@%i %éx‘?f&f,ﬂsgroﬁbws@l:llﬂdlﬁﬁg@fmyl groups,
gr oups, and the |ike, in each instance

arytgeomyll gt@pabmwtallzsﬂg@mﬁcgroam; igermy P83 Froups, ead fthe like, which
. _instance, .boran u ar, ron-cont ai ni ng groups,
in GG AR AR S OTB L0 BpR PO CH IR TSt o, | Bros S BYo.

Egﬁ%é%ﬁ l'girdlgt cést 1‘5‘& g,%ﬂa' y?ntaﬁ{lﬂgg{oﬁﬂ)@hw ®h 1nclude but

arel mdtellm;ied toh efaanyll grOUpB siah halkylstaangle graipan a@ll:kyﬂmyl groups,
c¥cloalkyl aryl, aral kyl, substituted al kyl

arylaligd stapyl egroups; yranneﬁy é% RNV A AP YRR aﬁ%\fﬁi%bk%rwh in

eacﬂl utxé%al?cké(ﬂ&/e #0083 8 380 %rbcgnogt% In each instance,

n num gr oups um nunt contai ni ng groups, Wwhich

l[cmzizt}l de ,ea&utnsfunee nl@tad lgratipsetle lead-cotdRRing Abdgs, wiidiRfaclude,
wherein X is a nonoani onic group such as ha |de

buthay@l motiEmitgditox pliwllead gapupsharglleacegraps, amtalkyllead gravis, and

| | kyl
the Jk&1 ShinTh Btk W8P 8ort 1 @ PpSueMlcarSTa@iiony )i
WOS?,HJlPﬁtéacht RAIAEE! Kifon BHiuR BEOBoiort e Zbups, which

carbon at ons. Exanpl'es of inorganic groups
includat butayrebleotulsmdedtsostﬂbki,l ﬁ}éznt—BRX nwberein X mssaneeganionic

gro{q?%{l h%g;@z%r S%agtalllcl ! e yl AQ}@%?%@({ 6)%1%2 ’ané,y&herein R

in e%@ﬂ 15%15%5 1%%;1 dégﬁgf f’c& é‘l@ﬁ a%?/{:%!;{ﬂggl %U‘Pﬁ F{ b nglg&tltuted

aryl?;l od stubeitlted asallayl dhamgrfemm 1 rapoat XY barboy catccmé. kyl ,
EQ%I aral kyl, substituted al kyl, substituted aryl,
| iz el m%haawya U@Ffé}% HOURY, [75¢ |%1%H}un%rﬁ01@tﬁ€%%g grOUpS

whilcfl gﬁl@ﬁﬁie,h Put fe{rg nPlO]t 11911‘[%90{& -%QRS,aERB@, a—t/ﬂf@(, W%Qre% X is a

monoanionic group such as halide, hydride, alkoxide, alkyl thiolate, and the like,
and 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.

[0035] Examples of inorganic groups that may be used as substituents, in each
instance, include, but are not limited to, -SO,X, -OAlX,, -0SiX;, -OPX,, -SX, -
0S0,X, -AsX;, -As(O)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.
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[ 0036] Exanpl es of organonetallic groups that may be
used as substituents, in each instance, include, but
‘are not limted to, organoboron groups, organoal um num
groups, organogal li um groups, organosilicon groups,

or ganoger mani um groups, organotin groups, organol ead
groups, organo-transition netal groups, and the |ike,
having from 1 to about 20 carbon atons. [0037] In one

af086] Exdmples Sfionyavmeddllic ((fdumnithal fiay B @sed as substituents, in
i ndependent |y sel ected, and include, but are not
eaq:h s a@ge,tlacludhebtft @rer Em lﬁgltgd B @ggmomegrpum i9sganogluseinum
vat i ves: des havi n

gr%LB’SUtorﬁ%m@Sp%‘gh gg?‘é‘?% Org?n‘??)/lb‘}ogc & DPPs %ﬁ%ﬁoﬁﬁm?rp%% groups;
orgdhofiRP+bugd o%’e[rfé%da%@ﬂ'ﬁs dr@arﬁﬁ@ﬁﬁh@ﬁo@%&@ﬂtgr@ﬁpé @h& the like,

I nvention ) are chloro, brono, nethyl
hamagig,dm 1dp aboutf 2(ucarbore atowls. sul fonyl In yet anot her

Z@ﬁg In Iagp%cr%%{(thlg m\;j‘eﬁlﬁgﬁ,hd;‘} d (2%038% J&pe engp{g,e]@cted and
1ndl Y buﬂat@rnogh fﬁﬁnﬁ, hbad 6‘%%%?&2&:%5& dlgﬁgl?s‘% t&tdH Yerdvatives:

e val ence o can |gan
halﬁdtmt alitorlesnbaivinp tfiem altb wbourt1€r dagben woirs, dbhkeydrocarbyls havmg
activation and pol ynmeri zation act|V|t% of the cataly
2]

frogy hﬁ@ébqutdﬁscaabort fﬁp@m A aretheiaspeqtyiit |myent110ﬁe(7cwér(z ) are

8PS HRRR SADEE oy AR RADALOR S, TSR st 2

an®(Z3eed Hlbio.i | e, nost prefer abI y di et hyl et her,
tetra%drofuran and d can be 0, 1, or 2. [0039}
NOPZF] Joonsraspesiseis .4, Br barke biis Anbor Roandretiad, 1 or 2, such

in this invention have

ﬂmgggpqﬁgggfﬁgd %gﬁuﬁiﬁﬁﬁﬁg c%ﬁghgynthe3|s of

geﬂﬁéaﬂlﬁé a{eryal'ﬂeiitzta'l gen&eﬁgdnd%m%t %@Jiexli’ﬁlyf Ri¥ebrk Rith the
ocha
actGlagion 8od potmmnz@unnmntwm@Qﬁthem%yst(donmmuﬂm ofBlikarvention.

Ty%ﬁllﬂéﬂg gp?‘gelll.ga'\r{g\i 13%(}@%% Icg)gntglf'eg %}%‘%@locfﬁnor\'hgand L
canGggtcﬁEt‘hBo ﬁheerr%é%ﬁ'isi dt%gﬁalnn%rt g&r?t&gﬁ?ibs st i) %glilabil}la ethylether,

tetihgdir@ifidan,Jand dCtagleg 0W,,orEl segood, M R J.

Organonetal lics, 1999, 18(6), 1018; Tshuva, E. Y.,
¢ol dberg, |., Kol, M, J.Am Chem Soc. 2000, 122(43),

ﬁg 3@8 N\%ﬁgp’ogg :ﬁvr?(%P%g ﬁ?&qg tjélslrrt%rb %‘Pﬁ\r}f?ﬂmoﬁn& that can be
empPlogad anethad imenitiodOe Bé&n Bepdbted)eMsLexample, the synthesis of
exemplary transition metal compounds can be found in: Grochall, L., Stahl, L., Staples,
R. J., J. Chem.Soc.,Chem.Commun. 1997, 1465; Okuda, J., Fokken, S., Kang, H.,
Massa, W., Chem.Ber. 1995, 128, 221; wvan der Linden, A., Schaverien, C. J.,
Meijboom, N., Ganter, C., Orpen, A.G., J.JAm.Chem.Soc. 1995, 117(11), 3008,
Doherty, S., Errington, R.J., Houssley, N., Ridland, J., Clegg, W., Elsegood, M.R.J.,
Organometallics, 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.
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MJ., Farnmer, K R, US 6,380,329; and G bson, V. C

Spitznmesser, S. K., Chem Rev. ]1 0 2003, 103,

283- 315, and references therein; the disclosures of

whi ch are incorporated herein by reference in their

entirety. [0040] Exanples of such transition netal

conpounds that are useful in the present invention

i nclude, but are not limted to, the follow ng
20030M1P9UPEES315, Bh8 (éfefdhcdiuthyleailitho iyiob@ds phospthaatamecorporated

Z|rcon|un1d|benzyl IP-N N\ Ph Ph \N\ /Zr~ P NA
hﬂﬁmépﬂﬁﬁ¥ﬂﬁeﬁyﬂﬁﬁﬁﬁﬁ¥%&cIod|phosphazane zi rconi um

gb@ﬂi] %}{aﬂm%l%snégi Q}%N{E{n tl()gl/ 5{ ltaT JJ ne%‘ly ds I%at %'r%guseful in the

prebéri’t 3 aniiofl i1 @, b€ are ot h@m@d t6] the(fbﬂow{ﬁg cQ)rr\;ﬁundQ
, 2" -t hiobi s(6 tert- but yl - 4- et hyI phenoxy) titanium

d| chl ori de, :?t O CL STi
bis(tert-butylamido)cyclodiphosphazane zirconium dibenzyl,

—//\N7 - \Z r/——Ph
7<N\\\P_—__N  N—ph

bis(tert-butylamido)cyclodiphosphazane zirconium dichloride,

\fl
K7 N«
K
—< TN

X

B;

2,2’-methylenebis(6-tert-butyl-4-methylphenoxy) titanium dichloride,
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/1 O\d D; Nalkoxy- O-ketoimnate tetrahydrofuran
titaniumdichloride, d THF Ti CN\O "~~/013 0
E, 2,2'-[1,2 ) '

et hanebi s[ net hyl am do- N] et hyl ene] bi s[4, 6

tert- butyl phenoxy] zi rconi um di benzyl, Me, N O ~ ~Ph
Zr -Ph F, NN -

[ (am no- N)d| 2 I-ethane]hls[2 N-2,4,6 trinmethyl phenyl

am do]  zirconiumdibenzyf, HN/ r \-Ph N G
bi s(al kyl am do) cy ne netal conpound, 14 0

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

R
el

)

/\

N-alkoxy- B-ketoiminate tetrahydrofuran titanium dichloride,

Cl
THF

o\\
(-
M
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R R S -NZ RM\MUR i NZ SR~R H (3
D ketonates, 1/ OO- OO/, OO |I;

Di al kyl anllldoboranes R R R RzR RN i ,N
\W\Zz M RNNz RzZIl RR 14 R R J;

E;

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

zirconium dibenzyl,

N Ph
( e
>N ‘ —ph

N,N’-  [(amino-N)di-2,1-ethane]bis[2-N-2,4,6  trimethylphenyl amido]

zirconium dibenzyl,

/\/\/—Ph
\’\/\_Ph

G;

bis(alkylamido)cyclodisilazane metal compound,



Damdes, 15 0 R RR RIL1 R \M CNRLNRL RR R
K: Tridentate diamdes, Rl RI Rl RR ~N .a,\\Z O
M/ N/ "Z RR RLR Rl*L; Pyridine diamdes, 16
0 R~ RR-

Rl
\S' N’R
7N
N\ ."\\
N \ M

Si—N
N\
R’ R

~

H;

B- Diketonates,

Dialkylanilidoboranes,

Diamides,



R~R NN\MWW RIR R gl R R~ M (3-

di ketimnates, R3 R2 R2 R-\/ -R a0lZz NZ
R:$~< NR R3R2 N nono (3- diketimnates, R3
Rz RI- RLNN \/ ...... uul 2z Z2'1 1 ~

R
R R
RI: : :RI
N\ \\\\\\Z

< M
Rl\‘ Ni /R vz
R R

R
K;

R!
R!
R

(\N \ ‘ \\\\\\ Z

Tridentate diamides,

—

R
R

0 M.
Cy>
R R
Rl Rl
Rl
L;

Pyridine diamides,

EN



L L O; 17 O ketoi m nates,

"ImMmz ,, R\ M ZZ R Nt~
Am di nates, RR' RAN/ N'R
Q Salicylaldimnates, RI R

B- diketiminates,
R2

R2

=

R} R?
N;

mono B- diketiminates,

1
R—N

R!
\N//
&_/N\

R2
!

R3

7
R'—N  N—g!

M

R]

R2

/ \\\\\\\Z

sl

N,

\ /..n\\\\\\z

2

17

Z'/T\L
L
O:

[0}



RA RS R and the like. 18 0 Catal yst Conposition-The
Activator [0041] In addition to the transition netal
compounds di scl osed herein, the catalyst conposition
of this invention further conprises an activator. In
one aspect of this invention, the activator is an
al um noxane, an organoboron conpound, an i onizing
ionic compound, a clay material, a chemcally-treated
SOL%dk@ﬁhQ@%n@; chemical | y- treated solid oxide

i ned with an organoal um num conpound, or any
conbi nati on thereof. In anothg? aspect of the
i nvention, the clay nateRLg%f£§ra§Elected fromcl ays
and ot her natural and synth 'ayer ed oxi des, an
exfoliated clay, an exkékﬂateq)clay gelled into
anot her oxide matrix, a Iay‘\e S|I|cate mneral, a
non- | ayer ed S|I|cate1g1neral ‘hﬁy red
al um nosi li cate m neral a/ﬁ'n- ered
al um nosi li cate m ngtal cogglle bay matrices
containing silica or ofker (bxides,  pillared clays,
zeolites, clay mneral 5 dther |ayered mnerals, or
combi nations thereof R'inc ing, but not Iimted to,
i on- exchangeabl e | ayered mnnerals (natural or
synthetic) or conposites de from such compounds,
regardl ess of whether the |ayered structure remains
intact or not. The activator may further conprise a
conmfhfidinates, or m xture of any of these activators. 19
0O The Chem cally-Treated Soljd Oxide [0042] In one
aspect, the present inventi enconpasses cat al yst
conposi tions conprising a emcally-treated solid
oxi de which serves as }@eRivator- support,
and which is typically us ggination W th an
or ganoal um num connouFﬁ,,anon@“ pect, the
chemcally treated sol OXi onprises a solid
oxide treated with an el ctrgn-mnzhdramﬁng ani on;
wherein the solid oxide ylica, alumna

silica-al um na, al um num phosyhat e,
het er opol ytungstates, titania,

Q;

Salicylaldiminates,

and the like.
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zirconi a, nmagnesia, boria, zinc oxide, m xed oxides
thereof, or m xtures thereof; and wherein the

‘el ectron-wi thdrawi ng anion is fluoride, chloride,

brom de, phosphate, triflate, bisulfate, sulfate, or
any conbi nation thereof. [0043] The chem cally-treated
solid oxide includes the contact product of at |east
one solid oxide conpound and at | east one

el ectron-w t hdrawi ng anion source. |In one aspect, the
solid oxi de conpound conprises an inorganic oxide. It

i s not required that the solid oxide conpound be

| gi rlor ont ctlng the el ectron- w thdraw ng
CbgﬁYgﬁp @%m fﬁ%“% di product may be cal ci ned
Oﬁmrlndb‘(!dlﬁSn Qb tiRf hﬁﬁsﬁrbﬁ’ B8lal CodARAS UTRISRA hérein, the
contacted with the el ectron-w thdrawi ng anion source.

cathlyst duinsp@sgpacof thihmvsoliond fwiied eompriseruard actimatdre In one aspect
cal ¢cined or uncal ci ned. | anot her aspect, the

of HHgMeRiPY. theeaatvalas df i HWMROXAHS HbRpFaNeROtoRecompound, an
I
ort L S5l S oAl ERSHENE AL do e, o

chestig#lte treht@04b)id Thdde hembirdd wrtlhr ﬁabeghm)GIUndnnml denpound, or
exhi bits enhanced_acidity as ared to the
anyc é@mbwaﬁarthqeafn 12 apatdes gppagt @;‘2 IRNSpSUnERe offy material is

selecés—Eedn If 3)21'% | gagg g? t?xgr 28 urﬁ e?rfg g}%tﬁétf%lagr@&%t ba8s a% & foliated

as conpare rrespo
cla%' i @afbReked Qlld}dgéll@ddiﬁto Withe $08e hiHueR RYefed sbﬁ’cah@ ﬁﬁﬂeral
y theory, I's believed that the chenrcall -treated

a rootiagered i sﬂbcaﬁeynm@ml,t aolayersd aaluimgnszicate soinewl, @xiagelayered

o SSTRIHE, RSP ST AL L a8 8 e
pill EREC¥RYs, Eékﬁlt@é“eé'[b§3 ah{nerdls, e@fh%g 18drkd Aeffs,) §r Q:'@)mbmatlons

acti vat or regard ess of whether it is ionizes
thetero@nscludmg, et abt linitpd tndon-ebshangesisle laereh nmmr@ls (natural or

d to forman ion_pair, weakens fhe netal -1i :
YRS 1O RPOStF I Bh lr%kr CUBRY drez%ﬁrﬁlﬁra/ of Whether the
r 0 @p@ﬁ S :
1oy G2 ShRAE o iR Sl BN gBltPllof im P BelierScorfise o
confisia hdden smmyremrﬂaﬂy cﬁ“amswrctmaftorsﬂay occur. Wiile the
chem cally-treated solid oxide activates the
transition netal conpound in the absence of
cocatal ysts, it is not necessary to elimnate
cocatalysts fromthe catal yst conposition. The
activation function of the chemcally-treated
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solid oxide is evident in the enhanced activity of
catal yst conposition as a whole, as conpared to a
catal yst conposition containing the correspondi ng
untreated solid oxide. However, it is believed that
the chem cally-treated solid oxide functions as an
activator, even in the absence of organoal um num
compound, al um noxanes, organoboron conpounds, or

Th Qe Al DRbfedSylal0xds. [ 0045] In one aspect, the
chemcally treated solid oxide of this invention .
d68#?i lneaneaaspett, ¢he pessgaininyerfkrd enGaRrAsses| Catalyst sasgpositions

oxi.de materi al [ C ination. of inorganic oxj .
cofftiseat shophaly feeRd AAREPREL Pl s R A7 Softhl Seivaor-
su%o?& LN wWidH Y ayhiB8l1E ARB@ N8 NEomBingti OP /g alnl Yrdahealuffinum

th a nmetal. Thus, the solid oxide of this invention
corapournh ads emeoadipeet, th¢ ehemicllyuttated salidrmixidg comipriees a solid
oxi de" coppounds thereof such as silica-alum.na,.and ..
ox G iisaiest VBN TRy G s g e (e B gt siiea
0 _ S SihtGas al I e, .54 chem Gal titani
o I L P e g tania
zirénid,ahsgreesiapborih, oxidexide,anixed rotidea nitcras oe mixmpasthedof; and
by this invention. [0046] In gne aspect of this
wheigine el electremmyibesiagl anjon ie Aiiaide cAlerid baamidss dihesphate,
. L. a i cted from zinc,
it R B Sl ner &y SRSl GRuRRaC Pl
tégmqtm chéhi R eAledOsolRNYx e nBiciaies GRe tbataeDroduct of at
anples of chemcally-treated solid oxides that
leagtuomtetrotidoige ¢agpeundeansl atdeastrene Elecaanivitidieging anien source.
I are not H%nith to zinc-iqfre nated chl orj ded de. It i
n QG ARERL OF rebf s Rapaund pORPTagaey MafenlC oxide. It is not
req?ir@& thdTRAE 1R 88 dE RbRIpbHRE be ichichRuadritFth@ontacting the electron-
I nc-inpregnated fluorided silica-alum na,
withilrasvinganégnsauece. s (e atoathcaipuodush mayr banglcosdidithat idoning or

t hereof. [QQ47] In anqther aspect, the . . .

after g 04 %}98? @%fr@auew GoBRFa8 Gith thF §l5cHpRAYithiawing anion
o : . . .
sof R0 BE5aPer SR AadionBadid M) be TyRIRf Whichitined. Tn
andiedraaspedt, thEvhesidally-outetbsdlil etideneal doyapriseahe domthettproduct

an electron- w thdraw ng conponent, tyPi cally an . .
of &|lpgst pae calicingdsalif @élcg‘fﬁchp{?omg angrainleast one electron-withdrawing

.chem cally-treated solid oxide. Wile not intending to
amBlés%lgﬁ%'d by the foll ow ng )

[0044] The chemically-treated solid oxide exhibits enhanced acidity as

compared to the corresponding untreated solid oxide compound. The chemically-
treated solid oxide also functions as a catalyst activator as compared to the
corresponding untreated solid oxide. While not intending to be bound by theory, it
is believed that the chemically-treated solid oxide may function as an ionizing solid
oxide compound by completely or partially extracting an anionic ligand from the
transition metal compound. However, the chemically-treated solid oxide is an
activator regardless of whether it is ionizes the transition metal compound, abstracts
an anionic ligand to form an jon pair, weakens the metal-ligand bond in the

transition metal compound, simply coordinates to an anionic ligand when it contacts
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statenment, it is believed that treatnent of the
i norganic oxide with an el ectron- w thdraw ng
conmponent augments or enhances the acidity of the
oxi de. Thus, the <chemcally treated solid oxide
exhibits Lewis or Bronsted acidity which is typically
greater than the Lewis or Brensted acidity of the
untreated solid oxide. One nethod to quantify the
thea@icghitMlpireitbe soli@roxidd, | ot- driyeathedl nasvtianisins éat adhictohdtivation
oxide materials is by conparing the polymerization
Mag Icew. t Néfsleoﬁletqhéml%é%{tfé%ﬁt% golithpxidgtastvaigs dhestranpifiyy metal

acid catalyzed reactions.. [0048 :
coffufefh fs 5prskal oot hbb i< ey 1§ flnayt Bcatatysts
froh Ble08AIGsOXbHB0 OGR! ITHeNELt %M ER TuRdtibnabf tRAsHendaglly-treated
el emrent Selected fromGoup 2, 3, 4, 5 6, 7, 8, 9,
soliDoxidd is evddent 3y tHedenhencetBactifvity lod cplalysd dpmposiide as ewhole, as
conpri sin xygen and at | east one el enent,.sel ect ed .
compERAE: FHADIAAPRBOTHOR GONFIBE IfE R sPonditgptreated solid
Hawley' i €al nDi-elijor : ’
oxl USSR IFOIG T B BRG] AP s o
an Mofivatbg; even iA. theasisheBor bffmnganoslurithvan cettpolimdr gjamimoxanes,

Chemi stry, 6 h Ed., W.ley-Ilnterscience, 1999.)
orgaReRATPY COMPEURGHo PTHIMLENE BN EOBPAPRGSses oxygen and at

L[g@fstélgn&eelagggcr@%gﬁee kggﬁllgmtﬁ%i scgbd %gildeB'gg ’ tﬁ%r ’invention
corf[?nise-gI a YolidV inBrgaic Z6xi@¢ @aterian049miked t etile exaiplesr a
0

~solid oxide materials or conpounds that can be i
comnsindtipm ethénargenic caxidg- matesiadsed Bof i1 ehamaisalby-treped with an

o5 BT, 05 g S A1 8 0T,
soli€Fle oFREOFnventinr CRcoMNPLEBs oMASInatbhisds s@%l%s aPR288, “mixed

S 2, Sn02, SrO Th02, Ti Q2 V205, W3, , ZnQ,
oxide'O2pmanundsheaetdof spch as Isilitiarejumineg cdind xdotddnatioss ewid, mixtures

and conbinatjons thereof. anpl es of ni xed oxi des )
thefapht Ehgnmbeed,g¥ide; somanungh é\?‘fhgg sy icerlypig G| yRele chemical
oS 8RBy SREEAT KRR Ll et P ahid oxide
corphingiaazd neancampaseliibyekis invay®n. al um na-titani a,

al um na-zirconia, alum num phos

L osphat e, o

14461 dp oy eepRss LAtHS InveRtoRHBe Ichricalydtrgted splidrrxide further

aspect of this inh ' l.i g pxi ri i
corfFS byt O PelffAGF i BRa s 2 HeRE PRl fifler hpper
galBh@C i) nuMédt &l r @viyddef@AP @R edly, coiyibingtibh ther@df. Examples of

el ectron-w t hdrawi ng anion source. Further, the solid
cheoxicaléy-traated isalid jogides that further comprise a metal or metal ion include,
but are not limited to, zinc-impregnated chlorided alumina, zinc-impregnated
fluorided alumina, zinc-impregnated chlorided silica-alumina, zinc-impregnated
fluorided silica-alumina, zinc-impregnated sulfated alumina, or any combination
thereof.

[0047] In another aspect, the chemically-treated solid oxide of this invention
comprises a solid oxide of relatively high porosity, which exhibits Lewis acidic or
Brensted acidic behavior. The solid oxide is chemically-treated with an electron-

withdrawing component, typically an electron-withdrawing anion, to form a
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optionally chemically treated with a nmetal ion, then
calcined to forma netal- 22 containing or

net al -i npregnated chemically treated solid oxide.
Alternatively, a solid oxide material and an

el ectron-w t hdraw ng ani on source are contacted and
cal ci ned sinul taneously. The nethod by which the oxide
is contacted with an el ectron-w thdraw ng conmponent,

chémallg thepted $dt oxide.arWhitd doointa@niieg &€ be dound by the following
wi t hdrawi ng ani on, includes, but is not limted to,

stag@nemtng isclelisakd ithef, trﬁﬁpmg@itthénnozﬂan@n@x@éwﬁ%@@ electron-

e

ch&ﬁf&ﬁfy‘ @ﬁate%l ROH A AR cﬁfrBl%ﬁste@ ﬁaldlgﬂbhl@ﬁ ad typically
the netal ion is calcined. [0051]

graaterdharthedidwid DaBrmgst@bm(hm}e nf th@gmﬂretat@dtspbétomdee O m@thod

NEN T R e
is B?Q:%ﬁpo fngechg @&%aﬂoﬁ%ﬁz}g@%ﬁggﬁﬁ%ﬁéﬁ ahé Lﬁ'&eated oxides

ravvl ng ani on roma salt, an

un&@’laélthalg‘zdftEfeaC@@’mound such as a volatile or gani C
conmpound that nmay serve as a sourceoté:) precursor for
1

t198#8lai ene asprenphe schemiealycireased violidd PRIRE nePERits2 solid
1nq|r£%8$ %g%de C p%{s?%g)t()ﬁeh@ngeaq léagt o@é‘glf ﬁteﬁt sel@ét?#" kr]:)ﬁ} &roup 2,

orosu

3, il yowohogave jophosphal®, 14, fdrUDEf oplies pabéic table, or compnsmg
triflt uoroacetate, trifl ate fl uorozirconate,
oxyganorrst it lgasitane elemprt setactedcBoa e lanthanide o aghivide wéements

(Sesadtia™ Seeeniegnr BRRah e e bmsindert nagey & Sons
1998 #6ttély, BAUS W‘i‘ﬁ(uflélﬁq @eﬁ/ﬁlrllﬁl qCt AONand BBEHAMMMIM. Advanced
ani ons nmay al so be ehployed in the present |nvent|on

Inc[rg%zz] Chreizatyh6™ elEécthey-\Imtetsdream n@%hp@ﬁeaity, the inorganic

nprises a salt o electronvvl 0
xR & OB e R BT 8 (a1 I S REtsg] tﬁ@y BEAET?? Be, Bi, cq,
catl.i tal I r 0
CAEER B L ARG S8, 8 LS eromase
doocagt Suitdbee sxarhples |dft golidf otide rpatetiblsubacompbindsothat can be
serve as a _source for the  electron-w thdraw ng anjo
g{ciet Egt are

usqdnléll r@a@hemallartéeqﬁ@i selidhpxigdg af ghe preseriInysRien {nc

nof@ étted\}o g} E e3’caet(|§ 8%1%8 o%dép))gl%ro CKC]TgPéa?MS g 32203,
La%(g‘;e tl\ﬁlzzbs gllwtomd m«h)l PO, SHI0QFE0Pi Sy, SpOJ Thes, Tidy aV;(QsQI wo3,
Y,0;, ZnO, ZrO,, and the like, including mixed oxides thereof, and combinations
thereof. Examples of mixed oxides that can be used in the chemically-treated solid
oxide of the present invention include, but are not limited to, silica-alumina, silica-
titania, silica-zirconia, zeolites, clays, alumina-titania, alumina-zirconia, aluminum
phosphate, heteropolytungstates, and the like.

[0050] In one aspect of this invention, the solid oxide material is chemically-
treated by contacting it with at least one electron-withdrawing component, typically

an electron-withdrawing anion source. Further, the solid oxide material is

optionally chemically treated with a metal ion, then calcined to form a metal-
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cation, and the like, and thermal stability of the

ani on. Exanples of suitable cations in the salt of

the el ectron-withdrawi ng ani 6n i nclude, but are not

limted to, ammnium trialkyl anmonium tetraalkyl

amoni um tetraal kyl phosphonium H, [H(OEt2)2]",

and the like. 23 0 [0053] Further, conbinations of one

or nore different electron-withdrawing anions, in
contanmying g>r pnepbimpregeated aheecallyettedted tsalidl axiddie Alternatively, a

ecific acidity of the activator-suypport to the

SofL oK ma&y@f andhgin el pRdtigraeing Ao SQRECR A B WPRigeted and
o 0 e Q :
Calg% PEMGRTNET TR LR o) bich o B8 iSROAELEY with an

eleafrbﬁw@iﬂqdrhl@lr@e&bfrqﬂnal@ﬂ; I typioally salpgdy toragn didiy - off @8568ectron-
Once the solid oxide has been treated and dried, it is
withdbaeigganiary indudes, Rabis reillienitidiy, ﬁﬁllmEeCQ gelémgdlr@mpg@auon

T L e —
methd & MREEGHLAEd ﬁﬁ)@tﬁ%@@p@hde z%goﬁ&d %@&%n%@ﬁﬁra@ﬂ% 483bn, and

atine of about 1 minute to about 100 hours.

optagrstllyehe ampaldon icedlened.ng i s conducted at a
800C an

URR TS, EfhohbR YR GR ik, Souropdy e ladrest the oide is any
cothBOMEH: ahat! frckd-98 ﬁkaEEms‘lQp@r%Rst@(p%H dthOQICthe l%,eb)ilde upon

anot her aspect, cining Is conducted”from about

tredtoient.t olraloaat aspcth abie sslearuvh-withdmeting rcoagp@ent is an electron-
.calcining.is cond ct ed, from about 3 hours to about
Wltggr%ag sanip depIveq 101t herlladpeatid. Gherher eompasadetich as a

Volﬁﬁie ﬁcd@onﬁe%) I l(Jilt tlﬂg{ @%fdsgou t 5{ g S%H: fbriéﬂ%?? ﬂ)r qgat anion.

carri r toa

Exﬁnphﬁmﬂcﬂéaﬁﬁl ﬁvﬁthmaa&lﬁgtanManmdapBuﬁ afebRE- 111&1&@(55&) sulfate
Further, any type of suitable anbient atnosphere can

blswéa@sﬂwor&ﬁ |Ch§>rld@abtqmdﬂglodd@n 8uarasylfateafluprobagpts, phosphate,

aGRPBYTRARRy o yuOritufe 2, RERREr & Reodiiohes; « Rifrgptanace

trifRlor&dcafife, tlflafk, bRdWEd NRe, AEREARNGLEURY HhdaDnALRERRhereof.
or carbon nonoxi de may be used.” [0056] |n anot her

In a@@éon, othet hienic narenon-oonic tdespmuhdsi theti steve asonmes for these
r. arethec cal ly-treated solid oxi.de
clef{E gy BerE DB RS grasaler OF mRlsgaR U6 BISSR Py e
02 SvhEs REEt e1e&t% $RIHdth Wb EomBIRAR €BEmPASes? aPOLIE of an
vol uime greater th
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 anion include, but are not limited to,

ammonium, trialkyl ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H',

[H(OEL,),]", and the like.
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about 0.5 cc/g, and in yet another aspect, greater
than about 1.0 cc/g. In still another aspect, the
solid oxi de conponent has a surface area from about
100 to about 1000 2 in /g. In another aspect, solid
oxi de conponent has a surface area fromabout 200 2 2
to about 800 in /g, and in still another aspect, from
about 250 to about 600 in /g. [0057] The solid oxide
n@083] Birtiary chmbinatmine dofvohd) & sow ckffafent &le’cdenmimhdrawing
sulfate iqQn, or a conbination of anlons

anigRei ShaPTYg @é‘é@%%ﬁat‘?ﬁna gretsgdl tp Jatlog H&qsp%ﬁ@ acidity of the

acﬁ?«lt - o0+ ¥' géaslntegele%ﬁf ! Vé&)?{?lrﬁ#ﬁﬁgréf eﬁ:cF g-vf/ﬂg(ghwmg

tlcu reated so

coﬁ@ﬁﬁ@ﬁ@ntnabls b&eﬁﬁhﬁicte)d aviiial tdethxade Stabfediabdsiglliadeously or
oxi de conponent, a halided or a sulfated

lndmdaallbcmdmnmom@erstbaﬁ affads the cte@wp@ Aetfitatoroyupgort acidity.

C nation the ect 0 vent |
BN S nd JRI it o085 BB ctnsh BB 1" Buently
cal%fn%ﬁt @alé‘ihﬁi@ HethetFRAEHIRI J»h&élisa%éﬂéhﬂﬂﬁ cHdubledtiH @ Sambient
her eof anot her aspect reated alumna is

atmdfﬂpbelred eyjplaehllbnnma, diyr ambbetl atthosphees, a8l feneatature from about
m na, fluorjded silica-alunm na, chlorided al unm na

20%rC $9 abewt. W06 radder @ fime of aéqqu&énmawtwwba@dm() hours. In

angiher el SR e 3 el et s 4 et Ao Btk ARG dp abour
SO(ZJH)EEHH uﬂ]%tﬂeg %@fy&% g%%ﬁ eggi%' g(?i‘;du%te‘ahétoe{ k&ﬁﬂeraﬁlréj B about

ated al um na I ca-alumn
400RCxtdIalesutt 70ePEOfIn ﬁ@@hoth@pbspbaaldawlmggu@ Goﬂi’cﬁfétbd freat gsbut 1
with a netal ion. [0058] In one aspect of this
houmteeaitouba() hobies, iend an edoiier depest talvaing Lssczqmdocﬂed from about 3

ri.se fl uori.ded.,sol i OXIdeI t he form of ey .
hoS B e 20 B 1SS Sad By mipecty Ve s, Peed gpfid oride is
fluB98&H sfiRaldign i d81cHins BAF BB arMbd Bud Ao AbbEH DGo about 10

agent. In still’ "another daspect, fluoride ion may be

howadded téropdrhmrokodeatinnt 86076 mgatmusﬁﬁl@"ICy of the oxide
|n a sui tabl e sol venf suc as al cohol L?vvater

PRI diwter.neny fare pf aptiakle tagnbigploatmpsphers ¢ary bg used during
| |
AN, AL LRI AP S LA v

air.C aAlt@@atisdd, om ifidit atrhospdvld, Guch g Inigegerbut agfon, Pota reducing
limted to, hydrofluoric acid (HF), apmmonium fl uoride
atnaphgey, sughqﬁq)h,yc{mgen or carbon monoxide may be used.

[0056] In another aspect of the invention, the solid oxide component used to

prepare the chemically-treated solid oxide has a pore volume greater than about 0.1
cc/g. In another aspect, the solid oxide component has a pore volume greater than
about 0.5 cc/g, and in yet another aspect, greater than about 1.0 cc/g. In still another

aspect, the solid oxide component has a surface area from about 100 to about 1000
2
m /g. In another aspect, solid oxide component has a surface area from about 200

to about 800 mz/g, and in still another aspect, from about 250 to about 600 mz/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
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bi fl uoride (NH4HF2), ammoni um tetrafl uoroborate

(NH4ABF4), ammonium silicofluoride

(hexafl uorosilicate) ((NH4)2Si F6), anmmoni um

hexaf | uor ophosphate (NH4PF6), anal ogs thereof, and

conbi nations thereof. For exanple, ammonium

bi fl uori de NHAHF2 nay be used as the fluoriding agent,

due to its ease of use and ready availability. [0059]
calcinednotgrevidashe attivdtot-hgpporteretiic fonmestt a particulaee solid.d Thus,

oxi de can be treated w th a fluoriding agent durin

| ! | g .
the feated| soiidi pgde cappongit s gierabng hadided rapifsted selid oxide
ghly...qont act | l i de_gur i t
cobPEENON BRSBTS RS A 8 oy or o
comBirlafiof ethbtde®r | th NgeagRts oflehty ibeatibheteoushiéd solid oxide
volatile organic fluoriding agents may be used.

activesorpiuppodfis ¢ dieatedlduningaticaied silisatadimma, ageittyresdhdrapt. In
and i R B A gt A st
aluR8hl! HOBQAKNZANG.allih Rl QERSRACaluihd |#04iR84-BRARKa #Néllica-

conbi nati ons thereof. Gaseous hydrogen fluoride or
zirfdmarbromiddédslita-emiah,sor hxtuss dheredof, kattheptsmiailg hawimgebeen
is flyorided during calcjning. e conveni ent thod. .
tregpd Wi ?Q&“ﬁn‘@nt e Y§bﬁrp<ah%¥>asgsct$ﬂmr%%ie e .qng%@ thlorided
t o j Z . { di en i
R shifued YOAR dided QNI fMnBRC: plithBef BéRof, cach
optéaatiynawigbeeh a0 Wthaln@gthlyioni N anot her aspect of

this invention, the chemcally treated solid oxide
dBeatlilseana asnedr PHdliss Brvieationi dee itrpatade oKislenpefvagor-support

rticu e,sol i.d, thus r of..chl ori Fon i
coffiich DR Db T B RHTOTR ke ARk g ' sDurce of
flug@@lon isl BEIM P fHed8xide byTaY¥atRfend A al Qudriin® Hodft. DYn still

formng a slurry of the oxide in a suitable solvent.
andtheraaspedie fluasige son ofayt bre agdessenthei oxida by darmingea slyitiydof the

oxhet § A nejeoiG s gleop Gy iR g e E Pl o, e

onS & Yhied @fbdh SRHAGS tbatd! oF e 20MiliRORRY 3N Ysurface tension.
contacting the oxide during the calci'ning step can be

Exarsplds oFdluosdmgpigentsvbétatainl ke wedanitlus dimtentiod iimgude daib e not
f.volatile organjc i di ng

. may be used. Exanpl.es o] )
hm&aénf% hedpboni ?%&ﬁggpéwwumh L}Oﬁ%nfﬁj’é&g)a amnonium
op nGlide; re 1t [ : :
blﬂlﬁlgﬁgﬁl &I\{)I?‘ginl:zzzne?ﬁgﬁqﬂéérg]nefegrgﬁg?m%?g‘ﬁ?or rrIgAt é‘ze, ammonitm
silicdthwrifeo (axaflaokeiicate) ((NH,),SiFs), ammonium hexafluorophosphate

(NH,PF), analogs thereof, and combinations thereof. For example, ammonium

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

[0059] In another aspect of the present invention, the solid oxide can be treated
with a fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used. For
example, in addition to those fluoriding agents described previously, volatile
organic fluoriding agents may be used. Examples of volatile organic fluoriding

agents useful in this aspect of the invention include, but are not limited to, freons,
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tetrachl ori de, and conbi nati ons thereof. Gaseous

hydr ogen chloride or chlorine itself can also be used

with the solid oxide during cal cining. One convenient *

met hod of contacting the oxide with the chloriding

agent is to vaporize a chloriding agent into a gas

streamused to fluidize the solid oxide during

cal cination. [0061] In one aspect, the anpunt of
pefflusoshestangr qjmlrfbmérdbeﬂzane,pr efervmbdfapee  wHluorebtiband,he and

solid oxide enerally fromabout 2 to about 50%Db

COmpIngHens heeral. (ARE0uah 9gegbﬂwmes0raﬂ@0%&f foranradeo be used
Wﬂﬁs 't}%hgol?cf o& e ?so(k:lgf;rﬁé(d %rln%oéalgﬁ ! %)r?é 1?\%11%%11’[ method of

m na, 5816t & er aspec

corrBBritY thefsofill WRided@itRthe ﬂh@ﬂidhﬂg ag Bk is 6 @§1@61ﬁzeb@f1@6ﬁdln§ agent
calcining the solid oxide is fromabout 3 to about 25%

intby gnesgbam usethb flwidinedhd solihepide durihg emciisdion. 4 t o

I f the fl hl d .
P86t el M ebhesigT iR s Sanis B drfRR solia
t
o RS IrUEFLA LU SR R e
sooe ef |ch1mreignah dsl adied tchdei abeide thiyetr¢riniededithxa dilonsingbagent.

dried by any method known in the_art includin but
Thaehlqrids ioBdhe be Sdded énths pxidadoforpgig av%itaTw? thegoxjde in a

sulﬁ\g)?eog&%ﬂtpgﬁ%{ %.s#&:q oFf tl?{éag%%t 1?19Exffi¥or€ rthé 0&id 8Rde can be

IS possi olnitrate

tre&tbd! widh e mlﬁﬂdﬁigeﬁgdnmﬁmgttthbyca\mmimgujtepir yAng chh#iding agent
rrgde?nat ed solid oxide. [0062] The silica-alum na
cangd @emla)@sea serrce rczfa@d@rléfr lang stharawshiya centacting she oxide

vo umne ater han
ulll T SRR Gl bnaedy Wl Sl Poplily Sais ctjorcine
ag éh‘ﬁd thayaitdudeq. alE"}@&frH;ﬂés a$ ﬁ}epatme b w&moﬁainlgrr@gemyud@ml in this
gr eat er t han about 0 cc/qg. rther, the

aspstl i efa-the uimveationy lhrduée a bsir ﬁm:emm éamgtrcbatOer C@Iiﬁ@m freons,

PSR 00! Gy 8 005 RSPeELy LIS BT S RLERLS  caron

tetrtabﬁoﬁﬁéf g c@ﬁ%%}ﬁs RRe@bLat@isebiiaRyaRpuh &1@6}1&269 chlorlne

CGenerally, 'the silica-alunina of th|s invention
itsedf cah watsonhe amet ewtthfthe modildoortid®e durirgh oaltini®s % Onan coneement

asp ect the al um n nt may, . be from about
mefhotaf dsmtactiaadns peid S OHh e chipradipg aged 18 NPT el ding

age'ﬁ?}/ntg % gfag QR ARMLa B4 ﬂﬁl(alz%tlﬁé' LorpP ek lﬂ'ﬁhﬂg caR¥naiBhoht -

[0061] In one aspect, the amount of fluoride or chloride ion present before

calcining the solid oxide is generally from about 2 to about 50% by weight, where
the weight percents are based on the weight of the solid oxide, for example silica-
alumina, before calcining. In another aspect, the amount of fluoride or chloride ion
present before calcining the solid oxide is from about 3 to about 25% by weight,
and in another aspect, from about 4 to about 20% by weight. If the fluoride or
chloride ion are added during calcining, such as when calcined in the presence of
CCl,, 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

26 °



[ 00631 The sulfated solid oxide conprises sulfate and
a solid oxide conponent such as alum na or
silica-alumna, in the formof a particulate solid.
Optionally, the sulfated oxide is further treated
with a netal ion such that the cal cined sul fated
oxi de conprises a netal. In one aspect, the sulfated
solid oxide conprises sulfate and alumna. In one
evapepain, diyihpiwmdenweatimnsprapelrgingf anhd thealike adﬁldugh it is also
formed by a process wherein the alumna js treat
posgille te l@ﬁaweatﬁlé calsiiag Stqrormmedingale Wikiput ﬁ&lngﬁh?nlmwgnated
| furic acid or amonium sulfate. [00641 In
“ﬂggggﬁgon to being treated with an el ectron-w t hdraw ng
0062) NEH! silisdiglundifia iedd eep@pateiihtataatddodilicd-BRinsigh ican have a
i norgani c oxide of this invention may optionally be
poreredtmd grpater thametbeut §dueee, linneleuiipaef, itk aoresmltl@ednay be

greg%g " C%tﬁ)t ?Oggég% CCO O%laxgﬁ%l %Bcgtnﬁbeg}i%gcvt&h%pe may be greater
thah FB6EONALEL . Anl-Mel RBe &@kb—@l&ﬁin%@néﬁhai@' Mdr%efa%ar@reﬁ&dthan
subsequent 'y conveérted into the supported nmetal upon

abczi /160 mi¥g. Ironershacyltie smrtﬁm:esarba i gmaﬂeg dhrincaboxt 280 odfe, and

. further co |se a net al | ect ed
in 308kl ASRECLsihe PuF a%amaé?lay garater ap AU rﬁﬁ%)g@tfén Benerally,
the'@ﬂiy£ﬂﬁ&9ﬁnt oPthig dﬁ\?émloﬂq{ds% élﬂﬁﬁﬁé)gontgﬁf fr@fﬁagﬁ’dlﬁ 5 to about
zinc nmay be use o0 i npregnate the solid oxi
95%edawse ah}becp,rtﬁv latigsing @Odtenahﬁly){&tfr@ﬁtalbwut ¥ to abahit|15096, and in
cost. The solid_ oxide nay be treated with netal salts
anogherraspegt. Bsraldmina gontort may SepoRm ok B & abut §07 glumina
b at . H@e same time that the solid oxide is treated with
‘el ectron-w t hdrawi ng ani on. [0065] Further, any
d'Hef sul fARideglidt b:Nde tHRFIed shlfxd 86d AR cﬁdldé’\fcélhpanent
may be used. The net F?od by which the oxide is
sucb@ﬁtaaunmd qmsﬂh:aaalmrsa, in ﬁmuﬁomi oftaymﬁrtqulw sglidalQptigmally, the

sulfifef pige b QRGP PERGE BE Gelerigon, ep dhafrom e suiated
oxid® gﬁgesoé“iﬁétﬁn oltnh&{e as?ggt e shit&d solfPbkiddi ddghpRR¥s sulfate

contacting nethod, the ntacted m xture of oxide
andcaopound]n osé especowf whis hdvenmmlg tenswfatechaldnihe indaraled by a

ion is typically. calcined ter tivel
Progss qUIGTRNF AR 1) B S<bH] iSRG i ’@Hlﬂ?%ebm not
hmﬂé‘&’ ﬁlﬁgﬁé aLidSRlabnrn; qusH@{ &Ont ai ni ng conpound are

con d cal’cine mul t aneousl y.
[0064] In addition to being treated with an electron-withdrawing component

such as halide or sulfate ion, the solid inorganic oxide of this invention may
optionally be treated with a metal source, including metal salts or metal-containing
compounds. In one aspect of the invention, these compounds may be added to or
impregnated onto the solid oxide in solution form, and subsequently converted into
the supported metal upon calcining. Accordingly, the solid inorganic oxide can
further comprise a metal selected from zinc, nickel, vanadium, silver, copper,
gallium, tin, tungsten, molybdenum, or a combination thereof. For example, zinc
may be used to impregnate the solid oxide because it provides good catalyst activity

and low cost. The solid oxide may be treated with metal salts or metal-containing
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[ 0066] One aspect of this invention enconpasses a
process to produce a catal yst conposition conprises
contacting a transition netal dialkyl conplex and a
sulfated alumna to produce the first catal yst
conposition. [0067] Another aspect of this invention
enconpasses a process to produce a catalyst
conposition conprises contacting transition netal
coripoilderoefdre Cft@ belethe abmeitivae ther tike §dlidostideds treated with the
silica-alum na, and an organoal um num conpound
elegispreptibdrawing@ntati i sobut yl al um num or

trd | al umi num too produce the first t al.yst . .
A st B0 Rebfodrod s lipe ohE ot 81t ampger vih 2
meB®thaly 8% eedacThy AlPhcd b WBRA! theaskidd) idJcShtactB@lwih a metal
nunbers 6, 107, 230; 6, 165, 929; 6, 300, 271; 6, 316, 553;
SOUBC33Hpisally aaB7s, mets]-cogaddig 8aBpoant 16186, 6 is not limited
6, a24, 987, .6, 531, 550; .6, 50%8, 441; 6,548, 442; 6, 576,q5§13; .
to, geBing; s9£cllpiey sHpmppatipy o5 dpsLomyiund Qnio Gpoihand the'like.
[ p t i I (o N [ ret
FolREPAEE KBfRARE Moo, MG ToRBES plxird 1Bk Yompound,
eletthen-adthidresting anfont ed fheanent ionry eytically edeiped.sakematively, a
treated ingrganic oxide it may be, used in caonbination
soligh exida imaealn 88) LeRTINVithdiasaim aniopnspures, padping Jagfal salt or
i o ; : . _ yst
e Y SRR Ao RS RO B BB

0066{ Criceabect dfmpisdavdmionXdndempibsel adrodegasd pidlce a catalyst
or ganoal um num conpound. One aspect of this 1nvention

comppsiianeeomprdsey cohactisg adgransision roelghaigliyl spmptxced® swldated
1 to a?r econt ac i,h% oéﬁtﬂer cat al.y.st conponents prior to
aluming o RIRSEy the Jrst @l XS LOMRONUPRe o) yrreri zat i on
60 %otl?é?dasgg@c_ oP&lignaferont AR oR{fAsRAa ?%&HMO produce a
conmpound- to be introduced directly into the
catgip$tycrempasiti oo compeistso conthetings tnaositipe quétak domipkx, tahehlorided

or ganoal um n conpqund use in the optional
aluiii OF AALtOTSIEs HeEH UPHE GPAGR FRRaLRInuGHBRRR prlected
he.. r i 0 I-.pt pd d
fro D B T T PP o carelyst
confp@itivmal um num conpounds that can be used along with

the treated solid oxide to formthe activator for a
100685 iThe prennsatign elothsdirsted srliduerdde peiivaiers 1s described in U.S.

Patent numbers 6,107,230; 6,165,929; 6,300,271; 6,316,553; 6,355,594; 6,376,415;
6,391,816; and 6,395,666; 6,524,987, 6,531,550; 6,548,441; 6,548,442; 6,576,583;
6,667,274; 6,750,302 and 6,833,338; each of which is incorporated herein by

reference, in its entirety.

The Organoaluminum Compound

[0069] In one aspect, when the activator of the present invention comprises a
treated inorganic oxide it may be used in combination with an organoaluminum
compound. Thus, the present invention comprises a method to prepare a catalyst
comprising contacting the transition metal compound and a treated inorganic oxide

with at least one organoaluminum compound. One aspect of this invention involves
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not limted to conmpounds having the follow ng genera
formula: Al (X5)n(X6)3-n; wherein (X5) is a
hydrocar byl having from 1l to about 20 carbon atons;
(X6) is an al koxide or aryl oxi de, any one of which
having from 1 to about 20 carbon atons, halide, or
hydride; and n is a nunber from1 to 3, inclusive.
[0071] In one aspect of this invention, (X5) is an

thealuky | ofh aathe gorfgansaldmimumabampdithd cargrocorascnthe bther catalyst
anot her aspect, éx5) is ethyl, propyl, n-butyl,

compendgiiy prior ogtadyeing theesajalystin@ the @olyimesizatign yeactqrpand the

T T e
polyerB8tio® Feddded! 168 ndt Reyififedathot ih@ror%%]ﬂﬁﬁlminufr%@amb@nd used

~ Independently fluoro or chloro. [00 In the formul a
in the (OxEphBY@ntact ntepsvith therdiher datalyist compopeita be dleg seene as the

In one. aspect of .this inyention, n.is 3. The val ue of
orggpdifipdth omnotna imtiaussY SRes i ngbine bl it

¢ Lo | . . c _

Lo sy sl dracpaurtsg LOR7 S, ;e
solzthoxide tadermithe atfivaton forentransitiom chatalecorbpdundr imchide, but are

limted to, trialkylal um num conpounds,
notdrran@wafrqmqmgiﬁqhﬁwga’@e Ecgw;wsaa @gflerald foymgi%m num
di hal i de conmpounds, al | 4 num sesqui hal i de
conpounds, and conbi nafh?ﬁ?“%f“éof. Specific
whepeaipk dsis of hyatrgedroel hivif flogo Mo wbdat RO akrioanatb@suee is an
inthis invention in the precontacted mxture with

alkpxide i ganiomistea pny: orp G vehigh dabingofrem; h topbeiell parhen atoms,

noper L ncl ude,. but are.not. lim: :
nat R RERE A ol et ByREC 031 | b R PERshRum (Tem
[00°AN QRYWha khswach B thidlikeAb! (X7 RUWR aﬁkﬂ%\/ﬁ% ro to about 10
tributylalum num diisobutylalum numhydri de;
carben atwiat I enathémaspe¢tT(CBAL} ethatdprogykrhutsl, sat-hutl, isobutyl,
h cﬂl or.i ge ., [0075] One aspect of this invention involves
exyhetGg0F K& use of some or all of the organoal uni num

SO IbRE1S01 08 4 a0 AYBLIEOROTREIS i
haviag Yioer il zatabomt @ earbon atohhse Hadidenarehydridehdn yet another aspect,
(X®) is independently fluoro or chloro.

[0073] In the formula Al(X>),(X®)s.,, 0 is @ number from 1 to 3 inclusive. In one
aspect of this invention, n is 3. The value of n is not restricted to be an integer,
therefore this formula includes sesquihalide compounds.

[0074] Generally, examples of organoaluminum compounds that can be used in
this invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium halide compounds, alkylaluminum dihalide compounds,
alkylaluminum sesquihalide compounds, and combinations thereof. Specific
examples of organoaluminum compounds that can be used in this invention in the
precontacted mixture with the organometal compound and an olefin or acetylene

monomer include, but are not limited to, trimethylaluminum (TMA);

triethylaluminum  (TEA); tripropylaluminum; diethylaluminum ethoxide;
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or ganoal um num conpound may be introduced directly
into the polynerization reactor. The anmpunts of
or ganoal um num conpound di scl osed herein include the
total amount of organoal um num conpound used in an
optional precontact step, and any additiona
or ganoal um num conpound added in a different step. In
one aspect, triethylalum num (TEA) and
tritiuty lah ohintiy; aliisoburyialiniinBAl hy dride; hdisobetyldlamithins (TIBAL); and
aspect of this invention. The Al um noxane Acti vator
dle[tfa»dalg}mrruui@ ohtaident i nvention provi des catal yst

- RPN B BRI 1B ltvel Bl ol AP LL BPSIBL Bt al of

thel Jigan@&ﬁmi&ﬁ&@ Eo@botifd fo prav@ithitQRe 6HFPCAEBSt ddmbERsits prlor to
oneé al um noxane activator. Al unmi noxanes are al so

intragiueinge thet @aralsyspothw( tilgel rm)éyanbyzatwlnu nagton oxihgedplange of the
t hi ect, rans ti.on ound y be . .

orgaBr BT PP P RER el GFeAd: UpaBy Pobmerization

realdHl! Qﬁeu&? g&cﬁ%ﬂﬁﬂh c&xﬁgé}ﬁﬁh a¢1030d YeRAn WG the
I's substantia nert to the reactants,

totalranesune o atmpa]aminpmadmmwndmsedh’m ac optvatal preceh@apt siem and
be used.. Thus, in one aspect

St
any addienalisaancs umwgnbﬁ@@@wnq W@Htm P ?fjs%ﬁ plgB- {m@gne aspect,
trle(f ﬁ{lhﬁrﬂn(fﬁ]& B?Sﬁ‘ft §o§)u¥}7 {ﬁﬁlrf 'lqﬁA(L ﬂfagl 5235 PR this
UM noxane' cocat’ a nsitiron
gwﬁﬁMthﬁgﬁp@un@ The cat al yst conp03|t|on forned in
this manner may be collected by methods known to
those of skill in the art, including but not limted

tq,filtrati r the catalyst conposition may be
]h?%PV@ﬁ@@gg‘gﬂ‘g?'he pol yneri zation reactor w thout

N80T THROpREGH intQRioAl préfiied aalyRP ¥aMPoSiARO R pAsing one or

this’invention may be an oligonmeric alum num
mocorpositidy nwtar @impaunels atndrim @afa‘raéorcmmp@mﬂmt cdn one aspect, the
Structur.es

act§RNRo i das "G egtiph ERIBHeSy iy dett” et FRMSparansoegtivator
Ahﬁﬁ RS, B3 é(ﬁ&fﬁl@@d t@ﬁ?}%bﬁ(}\lﬁgo&rﬁ vyl Bumlfi\ﬂi}ﬁrd%dlﬂlesza I8 this

I near or ranc ng from1l1l to 10 carbon
aspattr;)thx:, tﬂnsﬁtlnnlmetahcomp@gﬂlrmay 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 compositions of the present invention comprise the
composition that results from reaction of at least one aluminoxane cocatalyst with at
least one transition metal compound. The catalyst composition formed in this
manner may be collected by methods known to those of skill in the art, including
but not limited to filtration, or the catalyst composition may be introduced into the
polymerization reactor without being isolated.

[0077] The aluminoxane compound of this invention may be an oligomeric
aluminum compound, wherein the aluminoxane compound can comprise linear
structures, cyclic, or cage structures, or any mixture thereof. Cyclic aluminoxane

compounds having the formula:

30 °



from3 to about 10 are enconpassed by this invention.
The (AIRO " noiety shown here also constitutes the
repeating unit in a |inear al um noxane. Thus, |inear
al um noxanes having the formula: R R i I-OA\ n RR
; Wherein Ris a linear or branched al kyl having from
1 to 10 carbon atons, and nis an integer froml to
about 50, are al so enconpassed by this invention.
[0078] Further, alum noxanes, nmay al so have cage
structures of the f lzORsm+aRbm aA14, nCs, , , ,
wherein mis 3 or 4 a aigpmgnngld) - no(2) + no(4 ;
wherein nAi (3 is the iRunber of three coordinate
al um num atons, no(2) is the nunber of two coordinate
oxygen ato no( 4 of .4 coordi nate .
R igyinsar gt BiRthag alk@p%%ﬁp "Lk G amwné Mg gn Integer
r ei
frot B S P S B A3 TS chl PR (AU it shown
hereasoncadistities [H0T&kating ant hera hﬁpﬁt‘:hlu&nﬁnb}kar&. Thus, linear
i nvention, the alum noxanes that can be used as an
alusuppxanes hayingthe rm@nt i on may be any combi nation of
t he al um noxane conpounds and tructures presented

herein. [00801 Thus,, al um oxaynes that may be used as
activators in thi R hﬁOl Aéhre general |l y

represent ed generall by f as such as (RA-O,,,
RIRFA-O,A R2, and Rhe I|ke &big the Rgroup is
typi caIIy a linear or branched C1-C6 al kyl such as

th |, .b h i
R TS b b PR Bty BT o e Mg e
froh"] 898 RABOdAERNG erchﬁqféEéé@H}otﬁ%rlﬁv&ﬁ{HﬁOU”ds of this
i nvention include, but are not linmted to,
8o 8] | Fairtiet, na)baannoxemebymaj/ Laismhawe:ag@-structures of the formula

R yk b nORBEIn £-BLA 1 4 SR8 RG] - 7o o Wherein
nA1(i)e1§ é%é?ﬁ?%%@n@géﬁ%rd %fé Qgﬁ%rgﬁftl wﬂrﬁ? )5% Lis %hg, number of two
cockdpatd pkadanThidesangy, is thepaotmpbalofing nomd[r&lxe 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.

[0080] Thus, aluminoxanes that may be used as activators in this invention are
generally represented generally by formulas such as (R-Al-O),, R(R-Al-O),AIR,,
and the like, wherein the R group is typically a linear or branched C;-C¢ alkyl such
as methyl, ethyl, propyl, butyl, pentyl, or hexyl wherein n typically represents an
integer from 1 to about 50. In one embodiment, the aluminoxane compounds of this
invention include, but are not limited to, methylaluminoxane, ethylaluminoxane, n-
propylaluminoxane,  iso-propylaluminoxane,  n-butylaluminoxane,  t-butyl-

aluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, 1-pentylaluminoxane,
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neopent yl al um noxane, or conbi nations thereof. [0081]

Wi | e organoal um noxanes with different types of R

groups are enconpassed by the present invention,

met hyl al um noxane (MAO, ethyl alum noxane, or

i sobutyl alum noxane are typical activators used in

the catal yst conpositions of this invention. These

al um noxanes are prepared from trimethylal um num
2-pehiydilbplimdxafenum  oB3-penitylabbihykaleym numiso-pentylaluminoxane,

respectively, and are sonetines referred to as
neqpenip(lamigexaae. en sombissis)thergel.y (et hyl  al um num

j fe) nd pol y(,i.sebut vl I N '
ASEVRIET gRApg g aber "W, TR Sk 3 Ryeerovps are
endoRYRREAPO N3t Gh'S BredBntd| iHRHIRRANMEtHY C allhiA8kdnen (MAD),a ethyl
trial kyl al’'um num  such as disclosed in U S. Patent
aluionoxpng9 4r Gabutylhilominexana cwe pypigak dcthaiesis useg in the catalyst
reference,. i H it.s entirety e{§008 .The present
Comﬂ%ﬁ?qsonoﬁzé BerBV Y. ranlhos GBLRIGPXESS ) 4 gPrepared  from
i PR, AR, koA PR ol el and are
sorﬂ&thﬁ&g i re@rrgplotb e W liyémethg b radarhiminm ooedde), | lpledpar @dminum
stored, and used, the value of n pay bge . vayiahle
oxigi), Bnd PaIXisaBNt ! abiminemarxideu FRSRBSLAISS)- I it alsg yeftig the scope
onbi .| O ' . c ri '
of AR ROABHR I S ApSTRLATEN REIALEAE DR L S8 Db,

suchOR8dkclesne .y, Pasit NEpYTMO496; hehidhuii inco@deated herein by
capabl e of activating the transition netal conpound

referapcerén if8 entitgBd in this invention. In preparing the

ﬁ@‘ﬁ%y@{ﬁ }frggﬂplg?ri}/tﬁlpﬁg%%;ﬂttehl iatiesg{%ﬁ% Iﬁ’%ﬁ%ﬁt@?ﬁ g%eggluminoxane

forfnuBRS [ IAQLOEAR] RGRURQW)IATR), tahE Hrerdastyth a8 dtSleast about 3.
© usualfy fro}rTn‘3 abcl)ﬁt 1:?) oﬂgbgut I?L%O, 000:1. In g?}Se o

Howspers tdepeidinguipan hawi iheofrgahealamintxanenis prepaged, stored, and
| ym ngxane to the transiti.gn net.al, co und in the

usedofosites o8 1 Gt oy SN vatn B WhEE GNP opghi ndygpe, and

sucAMt RAbiAIREC be ggnd@l!lrﬁfno&ﬁﬁésoaﬂsf céﬁgri%d“ﬁ‘l NHE h&hbAE and
al um noxane to t transition netal conpound in the

corppoRd&istofahe pesestialdntionr om about 5:1 to about
15,000: 1. In yet another aspect,. the anou

0083 Kesnsraly. AefedmpBNta Ob dhy AAWNNERABR 02_8%36 af petiying the
oL b0 PR b, S, 20 i e
cat@ibt borapediien FSM@Ctin@ntion, 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 amount of aluminoxane
added to a polymerization zone is from about 0.01 mg/L to about 1000 mg/L, and in

another aspect, from about 0.1 mg/L to about 100 mg/L. In still another aspect of
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32 0 this invention, the anmount of al um noxane used
may be fromabout 1 ng/L to about 50 ng/L. [0084]

Or ganoal um noxanes can be prepared by various
procedures which are well known in the art. Exanples
of organoal um noxane preparations are disclosed in
U S. Patent Nos. 3,242,099 and 4, 808, 561, each of
which is incorporated herein by reference, inits

thie ixivehdbiy, thOamoaxaophlanihotume 1ded alayrbenfbamreboray niggl. to about
prepared is as follows. Water which is dissolved in
nert organic solvent nmay be reacted wth an

50
. alum I . C 0 .
SUPIRB rERTREh B Wi P bes which ar
wel Ik ROtHer eEROMPIEs Y drfirfoafiindin®R®|iY prephratibls are disclosed
believed that this synthetic nmethod can afford a

in .t RatentdNoh GL 242,09 and 41898,56y ¢ pach ¢fRwhichOp incorporated herein
al um noxane speci es, both aof ich are enconpassed b

by FRPEE o SERCLY A QR REATAIE ) ROt LG G eEe Rigpared

- r‘ ar‘ - Q -

s SECRUSAR SASRUERS! HARSRL UM ol FOADRN o s

withopper alanlifiat e alkyh @onmipoend sudanac ARy ewt . foffdi08b¢ desired
The al um noxane activator may. be sup

! ted .
orgineHypBReEEeicRMPoENd p ERik: PO W&f‘é‘ﬁlﬂfi%)%%q gogn?{}@bm gfatement,
it @erﬂi(fl{e%él ¥hattqﬁisSWé't}c] YA S5 affdrd Qg{mgﬁﬁfecopﬁbﬁllelinear and

such "as, 'silica,” an al umnate conpound, or

cydRMR At OPnslubtigsesle. spidtesudetioof avhishpger é@dmpassed by this
_activator may result in_a heterogeneous catal yst .
inveniposi Altematisely. Miganeabupiporanes wey i Rabsepaseth byetagrting an

' h t al yst Pt h
st R oanerant e AR el uhedih g ydrared
copHRIBEIERE OManGabRbYsdnde solhéntOr ganoboron Acti vators

[0086] In accordance with this invention, the catalyst

d008dsThe elingionparies estivator Ineys be oswpportadson bosupperted in the
conmpound. and.an activator. |In one aspect .of this . .
preS R aRYTBion. h Rt e dme el e ROERSE RSGP e et Brgante oxide,
suchOSP iRG:, ahnalﬁﬂﬁll‘lﬁé Q:%?xﬂaouhﬁ? or QLEMIRRINSNHERBPOUMNE use of a
conprises neutral boron conpounds, borate salts, or
suppontbd reetivetos miereoflt ifFar heteangehequst baalysigaompositnn, and an
npounds .,of this inventi g}g}m can conprise a

co N
unsuPRaFed AGAROH 671b FetEniBot REMOLERF RS iy ainePBResiien, and the
pregé}{m%‘ai’on%ﬁcompasses both heterogeneous and homogeneous catalysts.

The Organoboron Activators

[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 a fluoroorgano boron compound, a fluoroorgano borate compound, or
a combination thereof. Any fluoroorgano boron or fluoroorgano borate compound

known in the art can be utilized. The term fluoroorgano boron compounds has its
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a conbi nation thereof. Any fluoroorgano boron or

fl uoroorgano borate conmpound known in the art can be

utilized. The term fl uoroorgano boron conpounds has

its 33 0 usual neaning to refer to neutral conpounds

of the formBY3. The term fluoroorgano borate

conpound al so has its usual neaning to refer to the

nonoani oni ¢ salts of a fluoroorgano boron conpound of
ustidlenfeanimg| catrefen] t B¥édiral comipenrdsy afefirredemh sSB¥;. The term

fluorinated organic group. For convenlence
fluprepsedsr Jxnete FOMBAURGM 5P UAso disg aser b Sreaningc dapkrfpiago the

- mBntorRl Ak ot £ BLEHIR  S8h SEE ot ALETORRRIFBY. .

ounds, cont ext
wf{e%)&? }eﬁ&@?ﬁﬁ @SﬂLerlrfakétDbﬁgahﬁﬁgﬂ)u or abe c@m@ms flubAdorgano
can be used as cocatalysts in the present invention
borarcnghBuotegtrgaapebarate ¢ampauads aes tyfm@élry nedareadl tar gallectively by
tes such agsi’ N, N- di, met

orgrdp Plph <Pl Rils. PR ST b A s COrfeR gt car beni um
[ [BbSAKIES4RSBE Al YRR )Rparat @@m bﬁx'ilisu MhdtebikbeS used as

(‘pentaf | uorophenyl ) borate, N, N-di hyl ani I'i ni um
cotataly stk iis [tl3s 51=dsem(1nveritiommludﬁebtnlydir)ep‘me Airhitdsbtoatfieorinated aryl

ety iy . MRl b A S o
trll%}ﬁglyfcg{ben gg&s glaﬁfgfl ﬂélﬂ/l)ﬂ%ﬁﬁt@n CORAMRYS  tetrakis-

can USG cata ys e pr esent

(peneafhivroshenyDbotacs,  DUV-dmethyddnilinioht ed tetrakis[3,5-bis(trifluoro-
tris(pentafluorophenyl)boron,

melyl nzulmrg(ee rif rrmhe@ﬁ{s@fhﬁn)mn phemql%ﬂ%énbw(iﬂﬂum@lethyl)
phénr}{fgu A.l}lﬁdthgghl%oﬁﬁnc ucgﬁg %ﬁ?g hg\%\ﬁ:o(r}lg %%)ha% ) y’ ?ﬁ 1%0rgano

box%lﬁadmﬂuﬁﬁm@é thdt URh G @@a%sbwcataeyswm {fHeUse oot Q@i&tl@ﬁﬁﬁ@lude
conpounds, and related conpounds, are thought to form

but arsakoly ligvisddion atlsﬁpgntaﬂnompbemébprcmmﬁéé Bis(hfluoromethyl)-
nonet al oun as_Jdis sed.n U S Patent
Ph%nygl%ﬁf%énd%?ﬁ > 14C uﬁhﬂgél?lﬁb'lx 'g’ﬁrer?& ein by reference
i[D089)SA Bughehy: ikEAGRL eBer By, b?nﬂ‘leafm}m&tmgftheory, these
or ganoboron conpound can be utilized in th
exanmplesn i d}uommgamebambfeand fiuoeoarghar bowin oornpomrlds and related
anobor o nd to the transjtion.nme conpqun
corpﬂg 1S, 5 (BRAEM P fPTTS ¥ Pk -speRsknaIng fnt%lsa@m copgpied with
realomBfapt Q@Jﬁa@lﬁﬁﬁm as LfiSc188RUNh @f st hleatgllltl"OSery 98910 which is
oron or or oot gano borate
incorporated herein by reference in its entirety.

[0089] Generally, any amount of organoboron compound can be utilized in this
invention. In one aspect, the molar ratio of the organoboron compound to the
transition metal compound in the composition is from about 0.1:1 to about 10:1. In
another aspect, the amount of the fluoroorgano boron or fluoroorgano borate
compound used as a cocatalyst or activator for the transition metal compound is in a
range of from about 0.5 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
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conmpound used as a cocatal yst or activator for the

transition netal conmpound is in a range of from about

0.5 nole to about 10 nol es of boron conpound per nole

of transition netal conpound. In one aspect, the

anmount of fluoroorgano boron or fluoroorgano borate

conpound used as a cocatal yst or activator for the

transition 34 0 netal compound is in a range of from
metd) @onpfdudd nplire at @ngd ofitfrdin rabbets 0. 8f mbler tnaban rfpoehet @eboron

nol e of transition nmetal conpound. [0090] Like the
corgpeidRet anele &L transitign MetHlComMRgor gano bor on or

frhows) qﬁ[{? g}gbo?lhlg‘ﬁﬁ@a%eaagtiiv%ﬁ%i‘g%g 0 Efu?éj BB &d{hg('é{oorgano

nsuppor present i1nventi on. suppor
bordgNect@dlaidrst gy BepfPporte@na insskppaited MO B PresedK idention. 1f
such as, silica, an alum nate conpound, or »
supportbilngeriesally theesupppbrt quveprisse af ingraampp oxided st asy silina, an

nay .result in a heterogenequs cat st C osition, ..
el SRt EGTBEERTAR porean (PRSP o] B Sappored activator
ma9 ‘}Baﬂﬁﬂﬁﬁ%té%égéﬂe)bﬁlx cﬁ@%@%bfﬂp@ﬁitioﬁﬁgnd he Lﬁfsgﬁ;ﬁiﬂed activator
i nvention enconpasses both héeterogeneous an

canh oesnidfe ive cu hoavtgahymiss cat@lyst lcomipoisitign) cmidc theo ppesentd invention
[0091] In_accordance wt ql this invention, the catalyst
encg sthoghhetgingenequs apd homogepeiseatal s ti on net al
conmpound and an activator. In one aspect of this
i nvention, the activator conprises at |east one
Thd RimiAng fpriio Tompoangpound. Exanpl es of ionizing ionic
conpound are disclosed in U S Patent Nunbers, .
50091 I zocqrdancesvgh thig Jgyendipnn ther catply stheqraposition comprises at
i.nCor por her ei reference, dn its entjret .
teagt G fRETE SR o o . i etelgh ™ 157 bhE s, o i

inv¥ii 1) taictivaritdodiprises affdabtvéietiofizigh i€ BothPund. Examples
activity of the catalyst conposition. Wile not bound

of iopizing éarig compougd et idéscdeped Hat UiShdatemilyumbers ond 60,259 and

und be capabl e of. reactin with.the .
580 ARG BT I S RBoIF IS E VB eIty Il entirety.
(002 A PRiZBS fni& CSMPLME isiditiBnR GRlPRMIGVRIERREA FiRion to
met al conmpound. Again, while not intending to be bound
actilygtet dreenhance thd sctbetyi ef/dot ¢dtalyst tempasitiiai. ngvhidenot bound by

conpound_may, function_as an . ionizing conpound )
theqram 180115 65k tHBATHS KOPi4Ing Xeia SOMRGUA, oA w@p%h?%aﬁaéactmg

wit{??lge:‘] gllgltl%{%cr)]ﬁ %%t%?&lgnoﬁp&%n%ﬁ %}\A\g\f/’ténlg’( g’x'te%téarfsftﬁm flaga compound
into a cationic transition metal compound. Again, while not intending to be bound
by theory, it is believed that the ionizing ionic compound may function as an
ionizing compound by completely or partially extracting an anionic ligand, possibly
a ligand such as (Z) or (Z’°), from the transition metal compound. However, the
ionizing ionic compound is an activator regardless of whether it ionizes the
transition metal compound, abstracts a (Z) or (Z’) ligand in a fashion as to form an
ion pair, weakens the metal-(Z) or metal-(Z’) bond in the transition metal
compound, simply coordinates to any ligand, or any other mechanisms by which

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

activate the transition metal compound only. The activation function of the ionizing
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I oni zing ionic conmpound is an activator regardl ess of

whether it ionizes the transition netal conpound,

abstratts a (Z) or (Z') ligand in a fashion as to form

an ion pair, weakens the netal-(2Z) or netal-(Z ) bond

in the transition netal conpound, sinply coordinates

to any ligand, or any other nechani sns by which

activation may occur. Further, it is not necessary
iofibabnpoand deievident iionhe eobarpedrattiviy tafvedtdystheomposition as a

transition netal conpound only. The activation .
wholfh @si @mRsred e catdst s§mpesitionconfadning raklysy composition that
do§ AR LOE iGNAABGGHABhIpplihy Of catal yst

conposithon as a ol'e, as“conpared to a catal yst

CUPIISELdrBples 6N{oRiAhH riatéhpsindsanElage, tiudard MAllimitae, the
not conprise any ionizing ionic conpound. [00931
folkweing| easnpdunideni zi(adutydyanemenivpo Geitkis(adplyddboraset trigpdutyl)-

t.limted.to, fol | ow
et A e & BT
botdtd, ( N RAt] JandAHRIRHH Medt Rk 5 sSdiftetiBphalPbdte,  tri(n-butyl)-

tri(n-butyl’)ammoniumtetrakis(2,4-di'methyl)- borate,

amtmanfumb detydRis{Brtebis¢tnifluoromethyl)phenyl]borate, - tri(n-butyl)ammonium
tett@}ef;%gﬁ% Y lf’drgﬁgén%i)gyaltg h %ﬂ-ziggertﬁ}tdgﬁilitngllm(l n _tebclrjahél{ sl(z)-_tolyl)borate,
N,#T?clii{r%%%rai?%l%%%iﬁ}fﬁl%mﬂ%}ﬁ&l NRNAREhD A Bum tetrakis(2,4-

dirh&hy ipkesy(ijnratef NINrdipleanyinilionai estrakis(3,5-dimethylphenyl)borate,
N, N-di met hyl ani I iniumtetrakis(p-tolyl)borate
N,Ntdxmth?éamj{wwm | i nﬁemklﬁ&#@vé(fg(fﬁa}or@nthyl)@h@tyélborate, N,N-

B A s € e ———

tolﬁ%{\c{r@&i, s (@ipheflyleBibeNiuph e etrhRR(Bttelyl)borate,  triphenylcarbenium

53

[})g(ISJr;}ﬁ%lr s5tgakis(2,4-dimethyl)-

di met hyl ani I'i ni um

tetrakist akidmiyintiesybbotataior oret Wiphpprerpepivor at e,  Netkpkis(3,5-
B DU = T L P e B
me%lfl))ilgﬁgﬂylp&ﬁfﬁt@?n! l%ﬂ?ﬁﬁiﬂ@dfb&{i%t ol YdtdaRAY SdrRafluorophenyl)borate,

nyl car beni u
tropgiurakitettakistpeplygtboydtphemgpy)lbon aterakis(imptodylybaratebe tropyhium

e AR DA R LOSL S rpotenspore
1) ph e - .
s N

tetrtaRis( et lyprésHenl ))bormasd, e, lithiyay! i utetrakis(pentafluorophenyl)borate,
tetrakis(mtolyl)borate, tro

L . . yl.i um . :
lithjwsn r kiakistpheny h@??ﬂyllﬁhémlt?G@‘ﬂ&@eﬁobﬂ}Q%Wi digfium  tetrakis(m-
t.et raki s¢.3..5- di pet hylphepyl opyt.i . i
oG fiiin; SRR PESPHSOR R Shba P DU rewakis(a.
dintdtRAphédMbotAtr akhiin e RdtaiflusesipRienyodi@nhatiesralispbhtdfuoro-
tetraki s(‘pent af | uor ophenyl f bor at e,
phenyl)borate, sodium tetrakis(phenyl) borate, sodium tetrakis(p-tolyl)borate,
sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate, sodium
tetrakis(3,5-dimethylphenyl)borate, sodium tetrafluoroborate, potassium tetrakis-
(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium tetrakis(p-

tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
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l'ithiumtetrakis(phenyl)borate, |ithium

tetraki s(p-tolyl)borate, lithiumtetrakis(m

tolyl)borate, lithium ’

tetraki s(2, 4-di net hyl phenyl )borate, [ithium

tetrakis(3,5- dinmethyl phenyl)borate, |ithium

tetrafl uoroborate, sodiumtetrakis(pentafl uoro-

phenyl ) borate, sodiumtetrakis(phenyl) borate, sodium
boteé,r aki{isbpeylahyrhgriamat tetrakis@diolyt)aluminate, tri(n-butyl)ammonium

tetraki s(mtolyl)borate, sodium . ) .
tetrakis(akiodyalumiriateet WithpweranyBenme tegds@yi-dimethyl)aluminate,

1 et is(3, 5-dineth b ' . .
i P BaPsB at e, pSUACS i P Gp AT minare, o
bufyPRAUASAIUA ORRRRYI(DERRAIGopRaTy@RSiHiNate, N,N-dimethylanilinium

tetraki s(phenyl)borate, potassiumtetrakis(

tettabisfpdlyt)atueningtes NsN'rdjmethé'tl&tréliilisl(rmettzﬂkgq(l)nbr@ﬁ))aﬁaél,lminate, N,N-

. pot assi.um t et r aki , 4- di,met hyl -, phenyl rat.e
aifghSEa i ets i Se 4 dngimaorw DrBRRs) Mg uhetylanilinium
i . O bor N eqe o .
R P ah St i Paic o(petof 13 o Gt mas, Lok
(pentafluorbphienly))aminatam  tiéphemyiafbaniahy| ) @irakis(atodyl)aluminate,

t - but yl [ t et Ki 2, 4-di t hyl l.um te,.
trin%éﬂaﬁ%%gm%g—to ylga%urln?rgate, tgi)géenylélar gnulfrrnn ntéatrgkls(2,4-

. ' - di net hyl pheny ' sk i (N- : -
d“‘%ﬁ%’i’%%‘m g Y| s pejf,ﬁpg#eﬁﬂl‘g%%tgﬁg& ) al ui nayaakis:>
dirﬁhtktrl@hﬁﬁj?l h@aidid,ni um  t et r akplsdngicibdni@hum nate,  tetrakis-

N,

di nethyl aniliniumtetrakis(mtolyl)alumnate, N N-
(peditafbrongpheny) piwmingte, tropylium  tetrakis(p-tolyl)aluminate, tropylium
tetx%q%h_r(%r—(l 1 Hf'rgﬁv:ag? H‘ﬁg’g{%‘ﬁ{%) al tlé':{palgigff4-dimethylphenyl)aluminate,

trok'[?ﬁl\ll_ﬁrg!( ketaRis?3 .9 ?@Mlﬂ&?ﬁbﬁﬁﬁiﬁﬂ@eﬂ aképylium tetrakis(pentafluoro-

i met hyl'ani linidamtetrakis . s ,
phémpa)alahinate; dlithany | fetrbkis{peatagluorephshphigluodngenilitium  tetrakis-

B i, S e RGP e
tol%l?%xlg a?%,zlitﬁgunﬁj kdRfihyh at H%E%@%Wf&minate, lithium tetrakis(3,5-

enyl'carbeniumtetrakis
dimkthelphyhydedmyinasd, umi natighiummr i phemttatflobehimmatet r aki sedium
(pent af | uor ophen Il)al,um' nate, tropyli Lém . .
tetgalY Ry RS DB DAL €200k Y8 p i Aia(PhenyDaluminate,  sodium

' L) in - {LC i . . . i

e Gl EE T Trlgited Sp i BB R hinate socfum terakis 24

dinh@hyipkesgl fal@mehate t dodivah eeyrhitis(3ysrdivatthypheopydluminate, sodium
tetraki s(pentafl uoro- phenyl)alumnate, |ithium .

tetradupegelwivete, apotasyiwph ésiyakyybentpaerephemt llypinate, potassium

tetraki s- henyl )al um nate, |ithi . .
ek SRS BIRGE) Al oERane” | RRUHT I eerdpsge,  potassium
tetlaRlsyn) BRI Ate, | | thitafum tetr_akis?,4-dimethylphenyl)aluminate,

tetraki s(2, 4-di net hyl phenyl )al um nate, |ithium
potastinmkiesrais 53, dilimtthylphérerjalyrainatd, matassiun tt¢trafinoroaluminate,

tetrafl uoroal.um pate, sodi u(rin . .. .

However, the ionizing ionic compound is not limited thereto in the present

invention.

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

tetraki s(phenyl)al um nate, sodi um

tetraki s(p-tolyl)alumnate, sodi um
tetrakis(mtolyl)alumnate, sodiumtetrakis(2,4-

di met hyl phenyl ) al um nate, sodi um

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

tetrafl uoroal um nate, potassium

t @09 HKUn{pemtealf teaaip e yto) adetinli indhepolyoteaizsiiamprocesses with

t et raki s(phenyl ) al um nat e, pot assi um
catalyist g;gm@()g.npgﬁ }apjiapr@gﬁ:sing of thist Wysntien include olefin compounds

ha\%ﬁ%% ﬂacéb %E)gﬁt 42) dy Qt%h%p]pcﬁ %I a}t&fﬂg %%ﬁ gr{‘ér%cule a % g%\zlﬂ%]at least one

oldfi¢ akiisle (bdnd:- AT MEﬁﬂVén@lbﬁrBﬁbbﬁhbumeﬁalbﬁlopl@t}trﬁ@ﬁ?ztatlﬁh processes
tetrafl uoroal um nate, However, the ionizing ionic

usipgrepeigte plefimosuchi as ethpilenn exrepropy lene.hes prelsasneopolymerization

ti The A efi 37 0
reae 45 aHER o nael o (BHFGPT(TCRHG DUTOMEA 2ot ot SpE of a
co@l?&%ﬁ%ﬁ?od’%éa'ﬁﬁoﬁ %tfaétB{}SiEn@ Oémg}rﬁé@rb? &hlcRE RORTERE Ofhajor

s invention include ol efin conpounds ~ having from
amaboudf BthyberebOti0 B0l aelsent) sndns npieor aologoulbé camdnomer <50
having at | east qne olefini¢c double bond. This
majy PEFREEn _%ﬂ@i‘nﬂﬁ%é%é‘oh&nf?ﬂ&}}rﬁ?%m 2 deofOpPRUBSS bt can be
co%b;lﬂlx\?l\gp?eé W &nPleht sRoSHAve Sréth RN fMoul r29 &Hleatoms in

as copotynerization reactions wt east

thetm@oktctilaecledih. ol ef i ni ¢ conpound. | n one aspect of a
copol yneri zation reaction of ethyl ene copol yners of

dﬂﬁ%le‘h@/‘?@@rrmyﬁh@, 20k elic, éﬂmpaﬁl 62, einismaln eligeas o branched,

BTN R
em@%? gﬁf?ﬁﬁ ihakiohaF RexafPROI Y BAI EREnphel BHIPLIEMEhat may

have fromthree to about 20 carbon atoms in
be pbbinerivet egith alie cétalysts ¢OBESinvaActyal ircludsy dlui are not limited to,

pr S0 bt rbbBbe s Tra PR el e,
pertQfk fs%sﬁqwgg&en%&l% @'n%&hgﬁ B e 1-BBRLRY 8GekBnd ik fexene, 3-

I'AvVeént 1 on Unsaturat ed conpoun

ethiyBatheRBiye, IDReROhy m%‘hepitad: \&-héptérhae tieaf@lrysirmabbetehess the four
I nvention include, but are not I|mtedto propyl ene,
norma) MOBRES, Qwo@‘feen@rm@dﬁeqrwy; and pixtares ofja@zuoyardpere thereof.

Cyih(g%qc{@ cyi:hcpglﬁ?gﬁ, RO dﬁ%,(bnﬁ élla)¥ %nhtgggﬁ ec%’l entene cycéohexene

norbornylene, norbornadiene, and the like, may also be polymerlzed as described
above.

[0096] In one aspect, when a copolymer is desired, the monomer ethylene may
be copolymerized with a comonomer. In another aspect, examples of the
comonomer 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, or the five normal
decenes. In another aspect, the comonomer may be 1-butene, 1-pentene, 1-hexene,

1-octene, 1-decene, or styrene.
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et hyl -1 - hexene, 1-heptene, 2-heptene, 3-heptene, the

four normal octenes, the four normal nonenes, the

five normal decenes, and m xturés of any two or nore
thereof. Cyclic and bicyclic olefins, including but

not limted to, cyclopentene, cycl ohexene,

nor bonyl ene, norbornadi ene, and the |ike, nmay al so be

pol ynmeri zed as descri bed above. [0096] In one aspect,
\iDe97] dnaaeadspees thesardesitr eftbonidrenmriatreducedhyitcea ecartbyr zone

be copol ynerized with a_copononer. I n anaother aspect,
to prodHpt B epolyiBer Sozrpstwy fromcatoyt 0.0duto ahost d@tweight percent

col B BB Gch T gn B A BB ance

asp3ctiyeidtholintREoaithonter iBfr &dilcell inloanteat®r zdnd RX@HA, about 0.01
2- hexene, 3-hexene, 3-ethyl-|-hexene, 1-heptene,
to gbohie ptvegight [Brednd soarvaomeneanidoarstiblanetiier aspashelsomtdbpeut 0.1 to

by B BBl e orBr b e el Beigtd GRARE RiorloMher and
conlédlﬂ[ﬁﬂér‘? ne AlkrRAXRRE: an LnRfheNRiffidesietPdfve He abY¥VEABscribed

8 [0097] In one dspect, the anpunt of “cononormer
coricahtratchnsdy weight, an theampotymamneodi@dpandeased.he

OB oAt AR b ek B o
brahdfed ﬁ'&?ﬂte&n& RANTBER eg dlé‘fg@ﬁ%”ﬁéd 28$05%dnts ti't'"i?s believed
anoun I Nt

1
of conbnoner | ntroduce 0O a reactor Zone IS

thaf steric diedtanés Gy ngpedleaitid/dr slowothe pRgy@enzatenpress! , Thus,
and in still another aspect, fromabout 0.1 to about
bragchgg apdforgachie portisHdriibe okfewmayed semeythat fripgl dtcarbon-

f th nomer d . .comn r. Al nativel n
carfon Il BPRY BouR R SPRCTR g0 HirE ey fonlly B8 woy that the
sanfeOfle AR tsuBStitaa s Btumed albre prokihlage foMhelcurBn- Bl a86ble bond
can be used. [0098] Wile not intending to be bound b

mighii snt preso pgpect, matt leastewrenteactaat forbthenedialyst smngositiqmsed,%/ this
. or.functionalized, olefins.are used as reactants, Lt .is
inv e Rectiy st SSUBF IR RAERES Ty b GEORITRFIHBT or
copbliEn@DIa¥iBRE | withi AN dRFGERS SicydiRYS cyclR! afaehffh1 2RGkeRal, linear,
cyclic portion(s) of the olefin renoved sonewhat from
bratdhedcartistinited ar masulgtioked oledind Inwadddiong thebmtaxgeotmpdsitions

0 hinder the reaction in the way a he sane, . i
of thiseinVANEQML Bt RfeHied i) R%&@éﬁzmow%fi&@@ntﬂ%ﬂ@% including

but %8f ﬁf?ﬁ't'e& %,bl%'—bﬁ%&?ér[%, E}%ijene, 1,4-pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Composition

[0099] In accordance with this invention, the catalyst compositions were
prepared by a process comprising contacting a transition metal compound with an
activator. The contact process of preparing the catalyst of this invention may be
carried out in an inert atmosphere and under substantially anhydrous conditions. In
one aspect, the atmosphere is substantially oxygen-free and substantially free of
water as the reaction begins, to prevent deactivation of the catalyst. This contacting
procedure can occur in a variety of ways including, but not limited to, blending or

mixing. Further, each of the catalyst composition components can be fed into the
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m ght. In one aspect, at |east one reactant for the

catal yst conpositions of this invention is ethylene,

so the polynerizations are either honopol yneri zati ons

or copolynerizations with a different acyclic,

cyclic, termnal, internal, linear, branched,

substituted, or unsubstituted olefin. In addition, the

catal yst conpositions of this invention my be used
readtorpsdppraeeliyz at ivarioud colinbinafions ob mipssa rvdsypounds weln g contacted

but not limted to, 1,3-butadiene,. .isqprene,
togetherguinrdaibsHe fusthgr ¢onja¢ied mﬂbﬁ@ltww SRR compgRentheor all
co@%ﬁh{?éan%%ﬂ&%@{b L:{?xgg &lzf&@b@ﬁg ?ﬁtg@cfﬁ%gd Wb Bnd BiaBtor.

I'Avent1on, the cata &s conposrtions were prepared By

aj0n1 00je s In LRABRIsh&dt N BNInaehbiidly the thRANSE to@PosiEbAlis prepared

conpound with an activator. The contact process of i
bymoaprsting ghe trangaemmpesal compoiing andvlea chepicaldy-tigated solid oxide

carried out in i nert at here and uynd . .
coltpRaetd i o, Sithpte. abldher gadtecie U drypigpre with an
orddMSaRintRSAN @Blﬁpbﬁ’n@ YO SERML habdcvn@Maeiel EGApASHe the catalyst

Substantially Tree of water as the reactioh begins,

compogitienentInd ¢z tfirgatmoturef thhetraagifdy smetalTh¢empound and the

chgrg&ta g—lttriﬁgl,edbﬁ)ﬁi%ﬁgqr g(?f?l?)‘(gtef%% g?arybtipegqu}.t%/pg&l) r%}i}ﬁqt;gu\ﬁg?/rfqlinute to
o0 Bl SR FSTREBIAN SRR o

theV 8ahRHISn GRTHI étﬂh%&ﬁﬁl ghd tie skerfRANPURER ICAINdDExide component
contacted together prior to being further contacted

mapj hehcedatited foal akaat d mitute snplomsnt kourgit agemperggurp dtama gbout

can be cqonfacted together before being introduced into
15tq?é° ?@ﬁ’éggra [00100] In one aspect of this invention,

:[ﬁgl@t aly S&no‘fﬁ)&(p?syea U fis thﬁgfot%g etthcéin%@%Bﬁx%gsition is

ansition ne conmpoun

prepamd &8l lcyniaténg eties ahngltioxi ahetal covmpnard, the begamoaluminum
first mxture, and then contacting this first m xture,
compenndy and sheyehrsaicalhi-traated 6alié grifetnimmngnisbafaedatection into a
1 xt.ur onpr.ising {.h atalyst ..co Ltion nt
poffafipd  fRltt; 12 1y GHE Rkt BRIk omgkl [fiwoun

orgaR8AluaAhlM - donSsduRd, Sad ithe @KEMEaNOTRARRINSoIRYxide are contacted
contacted fromabout 1 mnute to about 24 hours at a

fortaepyéndafromeabioud innaiipotet tolabout 34 buist 10EBE. aspect athis ¢rmtact step

aspect, ~the transition nefal conpound and th o
OcUe HOEhRPIHLl AR 1 8PPy Phfee 384 12 eRpeTatgy Liggn about 10°C

to ?tgﬁ%zz%g)eg. ffnoéﬁoﬁ?e?uefsa%ctmhqytcgnttagt 8919 Weds he lérte%tpegature from

fattdre from abo
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 as chlorided silica-alumina to form a second mixture.
Once the second mixture of all the catalyst components is formed, it is optionally
allowed to remain in contact from about 1 minute to about 24 hours prior to using
this second mixture in a polymerization process.
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15C to about 50C. [00101] In another aspect of this

i nvention, the catal yst conposition is prepared by
contacting the transition metal conpound, the

or ganoal um num conpound, and the chem cally-treated
solid oxi de conponent before injection into a

pol yneri zation reactor. In this aspect, the transition
nmet al compound, organoal um num conpound, and the

cjeend3jal |Andtherasspdcts of ithisoxivdrtian és contaatihgd fransiion metal
period fromabout | mnute to about 24 hours. In qne

comppund  suchi & @pnt dlctragsigpn el reompamdanduthraugn Ritwith an

ol R AGTREIH, BTRERRH A o
su@f G411 SheRbnd fSEARRRE BDURBIELOR forR0H FirdOfix@eaBast tBB6ntacting

[ 00102] Another aspect of this invention is contacting
thia firstaniitirie ovithren atidicantivatomesuppartt sash anghlofid¢d almgiind tnform

R R R L
for i R SGHE 1o P R R ol L Ahi 0 about

24 @ohtvigi@to SERAhTs seteil mixtafd iard gldgmstikativar gouessna t o
forma second m xture. Once the second m xture of all
t (#8104t ally one copgsonBatweipht fagiprmidhe jorganpabpringAaseypound to

al | d to repain in contact fr Jomon
s R Safif FE S M 365,60 208EbifaT M B eftm about
5:12tP abTer:i1 8@6.1 aA eQ{oﬁfe@Sa%{)e&p_ﬂQ (R0 FhtiAdPtthe lor@ieRiminum
of this invention is contacting a transition netal
compapaditithsdrdateabsadidyoxifle compentrtan the tathlysoeqropendigoramay be
t hrou W t h an, . orggnoal um num conmpound su as
frop] Fhant i Jaourigl Ul e ah 2a0 e ARsc oGP ot o dgout 1:50.
Thise G EREral R AOPked Hh i R Ont RIS O drbhillal Thithid Breated
oxidef audttomsgioppmetal scontpaamdcidedr iod prepateuthieneatakysf oomposition,
second m xture. Once the_second m xture of all the

regardlasyafithe B AERPEAFINE T CAEY St COMPENYNE-| onal | y
3hbﬁ¥§ d Lr? rfotidc" ag&cﬁomea%eigﬁto POt e MrOHEE do%id oxide
ou 2 in

hours pri‘or 'to using thrs second m xture
corpPierit T8 rthe atdneiiopr @ees Lonpdlad4h the catdysaspegiositionemay be

wei ght ratio of the organoal um num conpound to
from about 10,000:1 to about 1:1.” In another aspect, the weight ratio of the treated
solid oxide component to the transition metal compound in the catalyst composition
may be from about 1000:1 to about 10:1, and in yet another aspect, from about
250:1 to about 20:1. These weight ratios are based on the combined weights of
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 like, including multi-reactor combinations thereof. Thus,
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the treated solid oxide conponent in the catalyst

conposition may be fromabout 5:1 to about 1:1000. In

anot her aspect, the weight ratio of the organoal um num

conpound to the treated solid oxide conponent in the

catal yst conposition may be fromabout 3:1 to about

1: 100, and in another aspect, from about 1:1 to about

1: 50. These weight ratios are based on the conbi ned
any\polyhicsizafiom zgen kadwiniim trg art tepteetice extiylee-amthining polymers

tranS|t|on nmet al conmpound used to prep are t he cat al yst

carbbwa 796 dipr exappls, @ sbised gpaciprecasy beevtilgred dgn a batcnpgocess, or
the x%gct?&t %%x%/ % a(i%?l‘?@(? ESF%SH?I{U%%% 5}-11‘1 éqO ?éﬁ? &S Rleg tC’C)I‘ltl uous

reated SO|I OXI conponen
Suﬁgjﬁﬁapyran3|tlon metal conpound in the catalyst
conposition may be from about 10,000:1 to about 1:1.
[[AOEXTHt hadtens patetyst t hetivasioght ar atlalysbf compositient éf used to

o RPolNEIECiAF ARG IO B B VO SBaae ' G0B0: 10 one
asp“e5 3 1%#)(1 830 méﬁ?altid?l WRIhANRL helufp Ff)%ﬁlmerﬁia@iﬁhagﬁ@é'éss (also

. These wei ght ratiods are based
kndvine ag trelpangécl e ieing btscesd), whiohas el luiaiovemin the estand is d1sclosed

oxide, and. transiti und.used to pr.epare
fore amila Bl VS BaRoat | DRI Eapaideis ScorpgaBrsRy reference

n ; )
nerf 5 i SR B SRR B 4 sl oo o
sluh@%ﬁ@éssé@hnenﬂhbsez atipbaydng! s logp trbactoabalklys typeodistlbsel in U.S.

invention can be carried out in any manner known in

PatefeN gfé 23%8%h wa@lwzla@m@ﬁr%@cbbﬁg@fégenpﬁ BEtgée In ggentirety.

IOFALY 0k O 8P R B0 TRl S BhORE, o goflERs may
ran%é Kom! Mult'chm’@l B labbof Q@G‘t@ra&PrﬁQ'd}fﬁﬂe@n@s E&er;ﬁ)@imerlzatlon
any pol ynmerization zone known in the art to

rea@ﬂi@ﬁw@rfpeeatthw 188 ragetfadmiabguttil ynerabout Ar0e util i zed.
For exanple, a stirred reactor can be utilized for a
HQQJ&?] pr b@@@lynmﬂzatlﬁ@ reaciien; tbmlcé]é)ﬁ ageurs 4P rangiged gtmosphere,

ti
thaf ' 3R Blre o B0 B bl yRich 30bi B pnnydrous
corfiHsy BlusC HTBRS hbdefBe 0f WhiGdad Be ﬂé@&ﬁtﬂpbé’g[ﬁi | Z@erefore a dry,
et hyl ene, "or copol yneri ze ethylene with a conononer.

mettratmnepheae,pf@c texamptey g altrqgshyorediy Zagomnis igpiaaldy empioyed in
the ponmgrlzp t1o%r}§e{cltgrat lon process (also

[00110] The polymerization reaction pressure can be any pressure that does
not adversely affect the polymerization reaction, and it typically conducted at a
pressure higher than the pretreatment pressures. In one aspect, polymerization
pressures may be 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
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known as the particle formprocess), which is well

known in the art and is disclosed, for exanple in

U S. Patent No. 3,248,179, which is incorporated by

reference herein, inits entirety. Oher

pol ymeri zati on nmethods of the present invention for

slurry processes are those enploying a |l oop reactor of

the type disclosed in U S. Patent No. 6,239,235 which
poliymegizationsy solupion giodyinbyizateher &nt multeredcior ¢ambihstions thereof.

entirety. [001081 In one aspect, polynerizatio ..
Thygnger POWHBCHZSEORNZANG KDRWR| Bh thaaprt ¥%1rpé yGeo lelipgipntaining

- -polgg]%l;éngarrfgg #hhg@cp Co %Bgao ;1151?,25] 9[1111?&% rERRE %N be utilizfe(ri g(r)ﬁ a batch

ron " reacti nperat ur € may range

proeBaUtor tREréRtioRUah Bel 04riell AAd QdhtiktiGusdP lity AElobB ath@or or in a
reaction typically occurs in an inert atnosphere,

conthaous sstired weaatosphéypicelihsthenpplymerizadonst dgelaged hasein are
under . subst a tiallép%nhxgrous condiHions %hus in tabl
carfifd Oy USIHE & SRy HOLYmEHZAI0n TIReess i A I88RTHRetioRKRpeEs Spgable

dilGerld Yosed iiﬁeglhrr?t POISRIREE Shiod Qe SYAMURwWrALY thé t4rPGB8 Pklude
dry argon, i1s typically enployed in the

hydrotarbens médii¢hoarer Bquitioundef GOdctiOh dnelitpmisy n€hé term ddiluent” as’
reaction pressure can be %gy pressure that do?s not .
usedpihisefligclasyre does MOt BeFssRRLly ZBeATHAN ARELE At ialadiythig term is

mehfP 62 i GeNUEERANAL  Gnd PLESPBLIRORL IRRE E8%ribute to
| ymeri zat1 on

pretreatnent pressures. n one"aspect, po

polpiRsisali &8 piatgsdie Hxaatpledofihyatoradohethat @mebsused to diluents

~ about 1000 psi g I'n another aspect, polynerization

inchides Juit ee negf  BEited oie, apisiahesangsisgbuianabphutanso Rsepae, n-
Further. hydrogen n i.n |zat:|

perfis. (et ROPRRGER, 8l R IR 21 Blkd as the

dilwepk &6 4! MirryVoBtheri 42604 1 Hx MY 1¥ITBf tHaStdcBAslogsiarg foliR] in U.S.
catal ysts of this invention can be carried out in any

PateminNes. ki48h34iln 430,885 .4.6lkc#84ir ©d8828¢; amdid, XHm92; each of
l.yeri ze noners into .polyners. include, but are
Whﬁ’g'tl mGrpgte &)ysrpfﬁrmpeg]ﬁrg)ﬁeﬁ 1%%1}%16?]%/ : gas phase 42 0
ri [ o) it rihgatd izati
L e O naPTE | theallipolitizarion reactor
inchaey amy pphmaizaroneedotor palymkezatian teactor sysiem known in the

ol ef.i n- t ai_ni | b tilized. |F
art §heripicapabic S POPERITARE (s i BIPNGEIH (9 PEctich GomoRoLyrasys or
cop?ﬁ);ﬁfl@r%sof t‘PxF )ﬁr@seenf 18R, CARHPRALRE! b&H cBMrise slurry reactors,

I nuous I'n a [oop reactor or 1n a
gas-phase reactors, solution reactors, or any combination thereof. Gas phase
reactors can comprise fluidized bed reactors or tubular reactors. Slurry reactors can
comprise vertical loops or horizontal loops. Solution reactors can comprise stirred
tank or autoclave reactors.

[00113] Polymerization reactors suitable for the present invention can
comprise at least one raw material feed system, at least one feed system for catalyst
or catalyst components, at least one reactor system, at least one polymer recovery
system or any suitable combination thereof. Suitable reactors for the present
invention can further comprise any one, or combination of, a catalyst storage

system, an extrusion system, a cooling system, a diluent recycling system, or a
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continuous stirred reactor. Typically, the

pol yneri zati ons di scl osed herein are carried out

using a“slurry polymerization process in a |loop

reaction zone. Suitable diluents used in slurry

pol yneri zation are well known in the art and include

hydr ocar bons which are liquid under reaction

conditions. The term"diluent” as wused in this
comtirsIClspstenne dSwech medctors c ess asontprisee aontamousetake-off and direct

material, as this termis_ nmeant to jnclude conpounds
recyfting GpraialYsto ABUeHaangrRplyERst r Osuerally ocontinuous processes can

|- [ | . r S .
B
polyPner ¥ e bR RGX BitAnditBO BottRItRus FerhtkaAiym FHi9 Paidr offa suspension

pent ane, isopentane, neopentane, and n-hexane.

comppisinglpojymérspssiiclanend theylibgnas the diluent in a
rlo s, b Polbaienaon fcigrd ioni Uhs pré e g thh Bprie
onlé1 %%%Qétoﬂpgﬁgys%g or Mtiﬁlegfggotgxg%}steﬁﬁé: Borﬁ{)risilgg ;;@B drSmore

rporated by ‘reference herein, i'nits entir
tyfe® Gifi2hctbry operatedsiasparbli¢lher imsensi oMultiple teactor systems can
pol.ymeri zation reactor_ includes an ol ymeri zati on
COMBHRR BRCOFS SRMFREAIOBR O MEHETB P BPRAA IR0 R Ao bat are
: Lo £
ol gk, TREEPAAAS. O, RODYIRIA A0 ! TR 5 Bt of

conditey, | i tiic hhé gatyaes cafnbe argusieseeds taira gecorac teacsor for
gas- phase reactors, solution reactors, or any
polysesizaaen vrdarisedifferent eofishadiions.eact ors can conpri se

fluidized bed rea s .or tubul.ar . I

0BT ST BRE oBREPPER DLt R pSRELPEdoy Ratifl fystem can
cothPARSat 198 Bhé by’ BERLEGAISUCR MBIt GS afd kiidvadin thank: Hid can

aut ocl ave reactors. [00113] Pol ynerization reactors

commpiiscaw¢rtictloor horizamtaldeeps. | Buehtdops ceaompsispra sieglatloop or a
| east, one aterial feed system. at | easi. gne ed
serigp Sielopp, MU Eov TsciBRt oty SomBtin bt tio S ot
100B8E THeAGHRY l@ﬁﬁ&%aﬁ%ﬁ daBaR! pQRGEnRA MBI ofpBARVRVent that can
ystem or any ‘suitabl e conbination thereof. Suitable

dispeaetiloe sathlyst tihé pohyesent Examplestdfauiteble falivaniteinclude butane,
conprise any one, or conbination of, a c

hexangr aydohaxpe.cpftang adiiseRtgne. s Penampery s ; %%nf Et@talys‘c and any
coBfBh T o8, S SIS PR EDr B oS s
Polghtbridhti®@€ tan occur at low temperatures and pressures. Reactor effluent can
be flashed to remove the solid resin.

[00116] In yet another aspect of this invention, the polymerization reactor can
comprise at least one gas phase reactor. Such systems can employ a continuous
recycle stream containing one or more monomers continuously cycled through the
fluidized bed in the presence of the catalyst under polymerization conditions. The
recycle stream can be withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product can be withdrawn from the reactor and

new or fresh monomer can be added to replace the polymerized monomer. Such gas

phase reactors can comprise a process for multi-step gas-phase polymerization of
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recycling of catalyst, diluent, and pol yner.
Ceneral |l y, continuous processes can conprise the
conti nuous introduction of a nononmer, a catalyst, and
a diluent into a polynerization reactor and the
conti nuous renoval fromthis reactor of a suspension
conprising polyner particles and the diluent. [00114]
Pol yneri zati on reactor systens of the present
oléfmsgnn i whichaslefinsré pelymerezetlyipe thef gaseauns qrhapeiin sy deasn two

. or l'tiple reactor systens conprj si WO Or npre ..
m&gﬂﬁg_@er{sf&sag@% rolpeiation meﬁawfaﬁ? dFedie o catavipgontaining
PO e B P ST AR b Pon e R PP g EBREhAiAtion zone
r@aciTr s Ihkdll adother BPecconthe dheshtiohthe Pl yerizatian osctor can
pol yneri zed in one reactor under one set of )
CORPAHAT 3 BiRylar Frectoherd ubHEr petsiams catamake Pohanes &y Ege tradical
atj on_under

. cond reactor, for ol yrer.i ifferent ..

in D3 o oY o B s AR ey BGgHE L Be, ' oBbRThation

polymYé&Hation, TiuIAOt4BRNS 28k ihale [s8AGHPLoBsSHRBICRBsh monomer,
conprise at |east one loop slurry reactor. Such

inifiataes, orscagalpstk mosvadded. t Mormmierageed bapntrgioagin @ inert gaseous
vertical or. horizontal |oops, Such |oops.can conprise

strépiry; anef ntiaslysed o 2ones gpnea &t ghe Fgaier AP CAGDysts, and/or

catiBREEANRoRAY ERIE éxﬁfai}?éﬂ Yy gégebﬁéktré\a[gﬁ* ah@ ﬁ¢tmkéé at another
| 0ops. e slurry polynerization can be perforned In

zomnobtigareactos.olTherdastsi@bms aane itespixed dot pelyoatrahyiot. Hea and
pol ynmer. Exanples of sujtable solvents include, butane, .

pregeig f8n Rey employsd REPraEately to SRR OpHMahRELY M i7sHeR reaction

CO@@{g@pt, catal yst and any conononer are continuously

ed°to a | oop reactor where polynerization occurs.

HoOYI8}r i Lidtanothe aBp&st CofT that invenidrg e rpdlynhedzaive reactor can
pressures. Reactor effluent can_ be flashed to renove

compise 8| odutiass palynfeygate) reastgret Damghelutiesp petymsirizatipe, the
invent.i on, ., t rization_reactor, can., .conpri.se at

mon@8F i}, $Bnighlet RALAIF Saftss PelrERtiedcrs Aivafif Bhide o pther

meBR LA NHABHS coBFNGhe o8t IRANdIEARTcadiNicRd 0P N&kcls MBASmer can be

nonomer s continuously cycled through the fluidized
emphaye nlftdesirpd,abe meenapfiert daa eabmiught inuthderapor phase into contact

.polynerization.conditions. The recycle stream.c be .
wid ok GRLATS FOiHOR TPINSL, B8 e ahoper Gegatoct JagR material.
Thé bR ldBatib® 36RO s math P dPREOUBEN urBOhrY R-80at whiRResult

bg §ithd?$mn ?%oﬁﬁ?ﬁe reactor gﬁﬁlnnemfgﬁ&?rés >
in tierfomeatianof baeohuide dftthe pephnaaentdeapdry mediumed Agitation can

nmononer. Such gas . . )
be employed during polymerization to obtain better temperature control and to
maintain uniform polymerization mixtures throughout the polymerization zone.
Adequate means are utilized for dissipating the exothermic heat of polymerization.
The polymerization can be effected in a batch manner, or in a continuous manner.
The reactor can comprise a series of at least one separator that employs high
pressure and low pressure to separate the desired polymer.

[00119] In a further aspect of the invention, the polymerization reactor system
can comprise the combination of two or more reactors. Production of polymers in

multiple reactors can include several stages in at least two separate polymerization
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phase reactors can conprise a process for nulti-step

gas- phase polynerization of 44 0 olefins, in which

ol efins are polynerized in the gaseous phase in at

| east two independent gas-phase pol ynerization zones

whil e feeding a catal yst-containing polynmer forned in

a first polynerization zone to a second pol yneri zation

zone. [00117] In still another aspect of the
redchore nintereonitehedpby yarerangtat i devigee awkorg dxapossd:tdnmoi gander the
poli Eg%ls ?%Sdlﬁtg%c%romﬁp@l %Jtl %&g&g%&%ﬁ%q%&% lftensgp gnraereactor The
oe ORI AELE bt L of Y AURREL B e et rom i

opaatiag cohditiens bE8k diheragBetors. | Altérnati wilg, padymedtalonsibsnultiple
are added. Mononmer can be entrained in an inert
reagtye 68 Incdpdectimasyal frepsfeuebpolymesAoon ope regetqre subsequent

r [.ni talyt [or. € Lyst "
red §E sttt BBl R i vt R PR ppoination
indlilingdbaedodtlimfited el mdlepR bop H@ad‘t&@Ctn‘ﬂ!iltlEb aQ%@actors a

streans are internixed for pol yneri zation

combawgion eofc mopb@nérgﬂsomdtoappa opemikinaion tob aufo@cdave reactors or
nerizati,on reaction

opt i mal ndi fi.ons 00118 .
solf o EAsHES Whees ShrIoRh ST enUTPIC SHEE: APy & raptipl
autoBRGLE Pack@y  conprise a solution polynerization

reactor. During solution polynerization, the nononer

I[6012)t actfed thbt;jmlyrha*sca‘eqimducadommm be foymsdiih@blarious

reing.or other .., A carrier conprisin n
artiCifér fnchidjag bt ges i dp, bousehald emeHBFTScaRnBE, Him products,

| Q¥ EGnid aE&SI eBhenttgnd® Qﬁgq ?san\}%?lop %V(%g%gsésrkan form

f
é 'vapor p to cont act % he °C8

the@@amcmn uatlycadditivest diel rﬁb@ﬁ‘@mae@ﬂda@&eﬂmmjméﬂ i@lorder to
material. The polynerization zone is maintained at

provédepdasired reé@cténcBBpld@Qg thesvepten desaribed digrain, griiclepean likely

be ];prgo(ﬂm %ﬁk gg%??\g%l , C\g ng}%firétt he@@ggﬁ ?1?] 8f ﬁueﬁ%ﬁ&ﬁe Bropertles
of m&mm&&mﬁa 1@BR%idoA NRRAL RmpRELAWe control

and to  maintain uniform pol ymerization 'm xtures

t hroughout the pol ynerization zone. Adequate means
D re. ut| lized for dissipating the exotherm c heat of

fg ffiéri zation. The pol ynerization can be effected in

o EOREE o ok UBMEPARUNSARINGLS 1 e i
defsBppansadre provided.eplthy sxtehgthat any definition or usage provided by any
document incorporated herein by reference conflicts with the definition or usage
provided herein, the definition or usage provided herein controls.

[00122] The term polymer is used herein to mean homopolymers comprising
ethylene and/or copolymers of ethylene and another olefinic comonomer. Polymer
is also used herein to mean homopolymers and copolymers of acetylenes.

[00123] The term inert atmosphere is used herein to refer to any type of
ambient atmosphere that is substantially unreactive toward the particular reaction,

process, or material around which the atmosphere surrounds or blankets. Thus, this

term is typically used herein to refer to the use of a substantially oxygen-free and
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pressure and | ow pressure to separate the desired

pol ynmer. [00119] In a further aspect of the invention,

the pol ynerization reactor system can conprise the

conbi nation of two or nore reactors. Production of

polynmers in nultiple reactors can include several

stages in at least two separate polynerization 45 0

reactors interconnected by a transfer device making it
mastesi-hke blamketiag ghgrintldingpobtymerisnited tb divngrgonpdrnt hidrogen,

first polynerization reactor into the second reactor.,
dryrhgliuge 8T FEAMUEe (AFEIGLz HOFB ANY GHEFUPYn SOMRORTL BYerpifdiate, or
: t : [ nt, f : j :
profREQH 5 AP ! HOEES"s WEAMIO%g, PRACAA Mres or moisture.

Adelddiotagl| #rit amospharulis hgb @ised dalim s refantol the luyelef dheair as a
manual transfer of polyner fromone reactor to
blagiipiareg)a@rsphers axhasy be EeCUEHNS. GURRPISBISy ideriegiates, or products

ch reactors can include any conbi. i i.ncluding, ...
of B Pt Of B Drsiaf, oy ity pPib R B P b Gt nsicive
HoRSef, Eiaslt Odthospher€ 08P ub@t heriff wbedptypidllgaskchRRCEOL Sor CO

a conbi nation of autoclave reactors or solution
becamactthese gaseh mas berrehcioye tewadoths, particulapireactiohy prangss, or

reactors,, of. tiple . autoclave reactors. [.00120] .

et el Whichbie Vel SR DIFRG, SRt S porgsional use
' s rat i udi ng but not limted to,

as n%htgoelﬁrg{éggg?ﬁfq%i lhé)?ﬂée,%%lﬁ?%e%gélsfs, filmproducts, druns,
flae124]anRae tpirpe catadyeso nendpoaites, catadydti mixtere, ¥aditbedike are

processes can form these articles. Usually, dcii tives .
usesh derayai toi B8 4P ethgdBEEUD afhetplyRY FeMPoReRSS apclpged herein,
. . ; o . .
s LS LAY Sy Pl PSRRI S py o e

activel @¥RIyteOsite, Bhithe fan Rifaady PGenBsthpeiend! Juchf ad eganometal
uni que properties of polyners produced wth .
compewyl tangnagtivaor. c ohrseieue.c ealtgratss capbfst fiompasgion, catalyst

T e

cothp&sigstsent that any definition or usage provided by
any docunent incorporated herein by reference )
dO0r25] ct Shaterm hydrodabiyhist issd torspesifige hydrapaitamdradical group

ARG R T LT T Y —
cy IEARIOTRPAKYAR Sra®@TPAiafleNgl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof.

[00126] The terms activator, cocatalyst, and related terms are generic
descriptors used to refer to the compounds, compositions, or mixtures that are
contacted with the transition metal compounds to form the catalyst compositions of
this invention, regardless of any particular reaction or mechanism by which such
compounds, compositions, or mixtures function. Activators include, but are not
llimited to: compounds such as an aluminoxane, an organoboron compound, an
ionizing ionic compound, a clay material, a chemically-treated solid oxide, or any

combination thereof. In another aspect, the term activator is used to refer to
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et hyl ene and/ or copol yners of ethyl ene and anot her

ol efinic conononer. Polynmer is also used hereinto

nmean honopol ynmers and copol yners of acetyl enes.

[00123] The terminert atnosphere is used herein to

refer to any type of anbient atnosphere that is

substantially unreactive toward the particul ar

reaction, process, or material around which the
compositipheoe mintneandsamplesl ahkdtich ifi¢ludg, bt ere net nhiged to,

.typically used herein tq refer to the yse.of a
mixgiiese %ffﬁﬁ/eamp@)%maf@ﬂ-SPi@@Xé anggorgaReR ST fogwounds, and
mi?tlu%k(ﬁ{c'}ﬁ}g B ther'l ré{ggﬂger%‘lﬁt arﬂp&glahcgﬁlﬁr%ﬂuﬁﬁ c&hbounds

argon, y nitrogen, ry helium “or m xtures thereof,

viber27any The esrut slidmicalbyqaendtsolid nixedeBdisad éntewhangeably with

product of a reaction or process i S sensitive to )
terpa r Uch udsa poligh Selie racHBRtet-SERDOTL, AQddic | i PIoy-SuppE.t or simply

a sphere i Lused.herein to refer to e _use . .
crffRERPRRE. i FhE s R P o is e Bl soHas ibranic
oxidE O YEIa@V &y hesHPEHASHY, Swhich eRhibRe leahffoed Alevils AEldRL & B&sted

the reaction or process are o\r/:!eﬁ\; noi sture-sensitive

acidigdbetotviarx ygeings 8neugh vesatmesgwel dre sdldraxidg midphereectron-
. used herein,, would typically exclude CQ2.or CO

wifheiGe OREonoadRcRl B eirumy Ry BORSTaE dridb of an electron-
. i:oul LO ess; i ) .

ALY Bl AR et o ) aly BN oty i

compasst dateryssmd @shbulelr hotbbaokettiued apase sndrh compenent of the
rocesses. .[00124] The terns catal yst conpasition,

cat%aﬂa?%m%l%-u&t dndhe pemicrlly-Hieated rafles i cgmbination
. ' [ d
il abs oyt oaplndelabyals SOMBIEp, PERM mea

corig@gids andoforhhréseC aeoditls ,coip@nbat of eheotathyst cadposiion of
catalytic site, or the fate of any one conponent such

thisa énventjan drepiduce deobonerd. apd alcwhicht te. activer edtalyiic sitgs are

. ter tal yst i tion, catalyst mxture, and the
Sltulafelggg?%%eﬁ% n?)tsf?:(ﬁer@g)tsoeerl %W&Jus cgrrposi tions and
lpmmanOAﬁho@gmﬁgsm%ﬂ@afé -delviid$ 281d hbRribR iiIME60&R M ént to

is used to specify a hyd’rocar bon radi cal group that
thopendesedibsd herain jogn rist udeidnint thel practieydr, tesfiingy of the invention, the

cycl oal kyl , al kenyl , cycl oal kenyl c] oal kadi enyl ,
typ iR Rf1oedeafies Aok ghatFdn gre NP eSPNSE- and che 1] ke,
29EC| AgRibRttiors WAdiHatdtt EentiORdRbin U8 Sheorporated herein
ranched, ['inear, heteroatom substituted derivatives
by reference for the purpose of describing and disclosing, for example, the
constructs and methodologies that are described in the publications, which might be
used in connection with the presently described invention. The publications
discussed above and throughout the text are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed
as an admission that the inventors are not entitled to antedate such disclosure by
virtue of prior invention.
[00130] For any particular compound disclosed herein, any general structure
presented also encompasses all conformational isomers, regioisomers, and

stereoisomers that may arise from a particular set of substituents. The general
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t hereof. [00126] The terns activator, cocatalyst, and

related terns are generic descriptors used to refer

to the conpounds, conpositions, or mxtures that are

contacted wth the transition netal conmpounds to form

the catal yst conpositions of this invention,

regardl ess of any particular reaction or mechani sm by

whi ch such conpounds, conpositions, or mxtures
striicood iadso.  eAcompagses sall neantemets it diastercoaters,| and t ettiet aiptical
. conpou di sych as an al um noxane, an organobgoron
IS%%OW gthendn PRAHNOMEEIG O tace’aﬁcpofgﬁa,s, aScywgll as mixtures of

Steg%‘;‘,}ﬁ% ,asqhgﬁgﬁ@eg eh?ﬁréieat ed solid oxide, or any

ion ereof. 'I'n anot her aspect, the term

a@01ygt oThepresatlinventi@f Brfutther #isBPate@Bpaké fllrEn@examples,
m xtures, exanples of which include, but are not
whighireepttte, be epnstiyeésn hy chehit dnpysing diamitaiions|upgn the scope

e COpNE cRBPAD gL b ETE OB i B LR R had o

vatMPOMBA gspek R0 dbbdibéhts, ahHUigREMd 52 hhY <huRAleE: #REJF which,
oxide is used interchangeably with ternms such as

afteiending dheldescaiption diemin,sugp suggestathiediselves to one of ordinary skill

. activator-s ort, .or sinply tivator-support, and

in figearf PBopdinging fom hendicaf iy BPeent dventignidy the scope of
j i G.:.0xi de of relatively high porosity, which

thée@%iégl tsagéqu%)é(mced Lewis acidic or Bronsted acidic
Heor32] or In drd Rillogvihd erugples) erleseothenlist Bpedfibd,cthoxiytheses
with an el ectrgn- w thdraw ng conponent, typically an

ang pesperasiongidessaibsdi they cahvers eiriggh odt wedar &-ngjt pHReslicrysuch

j e i e n t
as A ST D Ry L RRRE ph bR Rspbt R Rigeoes and

weLOPldaledrrd BRr ubeVdieC AMRAAE PFioPfo dREor ERLIBEY Fom potassium
conposition. Rather, the chemcally-treated solid

megati ey i usenbilidessonthetivish tpiseifisdganagantsivragen obtained from
conpounds conprise activators of the transition netal

corg Cd%lr?(?grcgﬁ'd conprise an insol ubl e conponent of the
catal yst conposition of this invention to produce
pol yners, and at which the active catalytic sites are
situated, and are not ilBXaMRdEtlo be |imting. [00128]

Al 't ou%h any met hods, devices, and materials simlar
Tesypgdef'9%i ent to those described herein can be used

iBoiRf PAACYGRtRArdnES T ADsBb-6 it BY& PAR: SiRE Distribution
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.

[00134] Molecular weights and molecular weight distributions were obtained

using a PL 220 SEC high temperature chromatography unit (Polymer Laboratories)
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typi cal nethods, devices and materials are herein

descri bed. [00129] All publications and patents

nmenti oned herein are incorporated herein by reference

for the purpose of describing and disclosing, for

exanpl e, the constructs and net hodol ogi es that are

described in the publications, which mght be wused in

connection with the presently described invention. The
withubichlbadbemaene (IEBuas ¢lib adloww, snth & Hlooughiowf 1t md /théxtte at a

are provjded solel¥ for their disclosure prior to the

tenfneratiey abd 456 BT (2 SsdinfertdppyF-mathylphepathahg deaeaitigtion

hS 1P be caonstrued...as .a ISskon that the iny, or

of b3 ST aohel o ed it B Bd SCERCAR e En b TV was

usedl Hithea HorRihPpoly&NEbentrh@OH 3 1 50meARY.. ABEAIGHbRTOf the
conpound di scl 0séd herein, any general structure

sanmple Seretadlizdds & Cdh eanpassed oat by clomntiag rat i50AEl for soeus, with
regi oi somers,  and stereoisonmers that may arise from

occasipnple gentle agitatign. st eolugwstwed THeregdrer ixedigh .5 columns
t I ..al t .
0 SH8FHL Snd, S-S RIRRRE STl L FORD B LBogpe anderd

(CreRedt PRINEPS MBlexPaBEB 0630 166 ,wisish Wed Imdlsculirxivdieds hafl been
stereoi soners, as the context requires. [00131] The

detpnmaisedt i nvention is further illustrated by the
fol | awi exanpl es whi ¢ e .no 0 be construed i .
8L, " ERRB S Rier i o el eriancO feletifined using
Qo t i @' ﬁ‘ﬁ
Carhﬁ%elrgs%g%lggrt tﬁgisgr%g@o ??Sro}rlrlgrﬁéébe a 9t%5%c%r§|@@t}bs/ otAh S?mp le of
polgstmtetn%,i\slﬁm@diiﬁarlﬁgh blasnm'dg sslatntoBpicand] egriinel1erdbenzene.
thereof which, after reading the description herein,
Thisapigurgy és heathd mbwivecthet dissolation tempieraiuse okith¢ poalyethylene
the art wthout d rting fromthe spirit of the .
Sanéles%ﬁwepﬂdgﬁttpow%pﬁe&rﬁ%s Qe%w gplaining aRermageRFous solution.
claips .| f ' S, .
oL SOl R O 0 SHRTRLES 3Ry prain

undée e6hdiiRds g PRbaudes Spédfurh SEtIPH quiRdRkive @ggrﬁﬁ? ffér each type
at nrosphere such as nitrogen and/ or argon. Sol vents

of vaben miowhas &t fuistnreonthessi abnditiong escladel heaing the sample

typjcally dried over activated alumna prior o, use,
aboy the dissPlugigniiemperdviesie ANt adloppgesieous spligion, complete

decgﬁ% 'Sg?, a%t(fq %ﬁﬂa%%ns(?e‘?g}ilsf igr%%terrtﬁ%g HSHNEL ﬁleof())tn%iegtes%in lattice
relaxation time (Each carbon atom has a spin-lattice relaxation time, which is
measured independently to determine the relaxation delays).

[00136] Typical conditions 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-
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commercial sources. EXAMPLE 1 Testing Methods [00133]
A "Quantachrome Autosorb-6 Nitrogen Pore Size
Distribution Instrunent,” acquired fromthe
Quant achrone Cor poration, Syosset, N Y., was used to
determ ne surface areas and pore vol unes of the
treated oxide activator-supports of this invention.
The Melt Index (M) of the polymer product was

noftatkired nethbensepgsenttng Gh& qrunadsat ahdatiiophatoned fildeh tethylene.
Index (HLM) was determ ned with a 21.6 | oad at

k
Corgutigg dbessraimbers dNas¥NNe) fior3be npgiberet rﬂ@%é/pﬂgbonaﬁoms and
oo S AL  Re BE 3aS B G eCEh Sl HBEd b resin,
Wi e CObA: 20ty N, pABGhAHY uBitd Yoy tnove

50@%?8&0@&@;-:&95&@% afl 003 34HzNot ¢8CQl ar wei ghts and
nol ecul ar wei ght distributions were obtained using a

PL 220 SEC hi gh tenperature chromat ography unit

(Pol ymer Laboratori es) I.th trichl orobenzene
(TCB) as the solvent, mﬁ%dif%l\gl’% rate of 1 nmlL/mnute

‘2{20%’37&7 €TRE &@gk‘i’ii@ln%etgﬂ&g%)ms were prepared according to standard

ere
-tert-butyl -4-net hyl phenol )r gt a concentration
metfod3. &5 djsdlosedsinuskdctmdl, &.,sStall] Li, Zaples) R.Heg JTChenéBoc., Chem.

i njection volune of 20 wa used wi.ith a nom nal
Copgtypmir? bddeentatdroh, g?lh‘f%g-nﬁ{/aﬁ&. DNESE Y Gt-Bethd 99,
1283l eviddst Bk 28d SERR/MRA, eanr ingdimi, By, tRatck NG, @rpen,

I50C’ for 5 hours with occasional, gentle agitation.
A.Ghé AcnOhemsSags 820 weé t B(11)313608;NDodedty AS ), BridugtomisJ., Houssley, N.,

ol P S SIS A LR 85098 TG T
E. 0@ ddess, Mhkeh Nrher ARl @Rt 86c. vmiosht 201@9), begoe; Schrock, RR.,

det er m ned. ([10613?5] The conononer content of .
Cagadby e byl E9edwan Hel-ddiiengri hedBasitaigbuscdr,bBd-1Bavis, W. M,

nucl ear.. ma o g nan ( ) t rosg0 .
o-QERRAGINEN  Frr SPRNIAGEN M) [IRREL IOSEORYS, Pyt 00 and
GitsehVent., Spiypnesdrl $.K., ChdniReRDO3,al0812830%15 Thi s

m xture i s heated above the dissolution tenperature of

t he pol yet hyl ene

EXAMPLE 3

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

[00138] Alumina was obtained as Ketjen™ grade B from Akzo Nobel, having
a pore volume of about 1.78 cc/g and a surface area of about 340 m*/g or Ketjen™ L
95-98% alumina and 2-5% silica having a pore volume of 2.00 cc/g and surface
area of 380 m%/g. Silica was obtained as Davison grade 952 from W.R. Grace,
having a pore volume of about 1.6 cc/g and a surface area of about 300 m*/g.
Silica-alumina was obtained as MS13-110 from W.R. Grace having 13% by weight
alumina and 87% by weight silica and having a pore volume of about 1.2 cc/g and a

surface area of about 350 m%/g.
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sanpl e, between 130 to 160 degrees Cel sius, obtaining
a honogeneous solution. This solution is placed in an
NMR spectroneter and the C 13 spectrum obtai ned under
conditions that produce a spectrumw th a quantitative
signal for each type of carbon atomin the m xture.
These conditions include heating the sanple above the
di ssolution tenperature to naintain a honbgeneous

sol ution, conplete decoupling, and rel axation del ays

greater than five tinmes_th gest spin lattice
relaxation tine (Each c§%€§4£§36h1has a spin-lattice
h d i ndependently to

f%%%%@ﬁgénfﬁ%éﬁgg?é axa fgﬁﬁﬁ%:ay2?5ﬁ{00136] Typi cal

[E])U fi3g]i OR=tjeh ™ MAlllRmh0 6B cOWRk imprephateiao bWSQ fb@?@ﬂid incipient
annel, a relaxatlon delay of 10 seconds,

weteds it a gchrdl@gr@m&alnmgcﬂﬁ g SArPIER ) #S€hp @lmobneé inf13993nL of

degr Cel t te
wepSto o B BUUA<S Bitb BT PLAES T8, AR r oG ST SHd ApHEt at

1 1?‘1(? Hﬁdé}%%ﬁcélﬁ;[%spﬁ\érg %f IVE it tgﬁ&tﬂ?e% %ﬁa}{éf Iita 1 fée furnace at

egrating nal e carbons

3007C 8 3URUrsS AhEN aMBF0 @ dort R ehobir Rdiles vHicHNtH EesaRInORSivated
associated with et hyl ene, one obtains two nunbers, Nc

suppedt Wes sereenedathrovgh- a8 Oraiesh sereannanst Subﬁ@qﬁeéﬂﬁrﬂcwyed in air

o S3P CHIREL 51 SRERTRRIBTY LR SOOI 20 0 supor

wagéfo@e@uﬂe?mrct%emrﬁﬂwé@ne Correcting these nunbers
he nunber of nol es/carbon atons and

subsequent normal i zation will produce the nole percent
conononer in the resin nomer cont ent
det erm nati on was perfd@ﬁ@&ﬁﬁﬁgq?2|ng a Varian | nova
i for 13C. EXAMPLE
p@%%@@@%& WJ c?egﬁ/g@??’%ﬂ?ré a?’lggpmnds were prepar ed
goonsoqi n@Tetl anks tefridetieh ™ n@taklo d% ahsnitih Seasosatcined iin alr for three

G ochal | Stahl, L., Staples, R J., J. Chem
howy %6OO&WM¢r th;ggc,alculmg5ste@<tb@ g‘umgce tq:@mggtﬁre gas owered to

ab(algpi%l(_)i &gg@iﬁ%ggx\ﬁtre%%%@lat%@ 85%&% %‘?uml%%#fedv &fler which

averien
1.0GaDtFTcaron, tefhdl@Bride ﬁaﬁnée&eMt@hﬁémﬁQfgen 428&m and evaporated

117(11), 3008; Doherty, Erri ngt on Houssl ey,
updtream from the alumina bed. ~This gas phase CCl; was carried into the bed and
there reacted with the alumina to chloride the surface. This process provided the
equivalent to about 15.5 mmol of chloride ion per gram of dehydrated alumina.
After this chloriding treatment, the resulting alumina was white in color. This
treated solid oxide activator support was used in the same manner as the sulfated

alumina.

EXAMPLE 6
Preparation of Fluorided Silica-Alumina Activator-Support
[00141] Silica-alumina, MS13-110 from W.R. Grace Company, 700 g, was
impregnated to just beyond incipient wetness with a solution containing 70 g of

ammonium bifluoride dissolved in 1250 mL of water. This mixture was then placed
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Ri dland, J., Cegg, W, Elsegood, MR J.,

Organonetal lics, 1999, 18(6), 1018; Tshuva, E. Y.,

col dberg, |., Kol, M, J.Am Chem Soc. 2000, 122(43),
10706; Schrock, R R, Casado, A L., Goodman, J.T.,

Li ang, L., Bonitatebus Jr, P.J., Davis, W M,
Organonetal Iics, 2000, 19, 5325; Jensen, MJ., Farner,
K. R, US 6,380,329; and G bson, V. C, Spitznesser,

in @ Kacuugheen Rend 4200 Jvetfight 2832816 ¥RV 3n Ganespliere of
Sources and Properties of the Solid Oxide Materials )
vacerl {lhedingpaiep inhwoduyieg eeldvated-beproxi wes t¢ oaleag]the material

. Alum na was .obt ajned_-a jenTM.grade B from Akzo .. .

n @%Eﬂ‘{l‘%ﬁﬁl& &g ata‘i%‘or @’SI}%%HQP 56 Y _l_c[h .,tge 3Ee/a€elaa§1‘?:lldaomde

actPHid2eBpat SRaddroRRIAHdeB I J3RA Gnfl udégt ) enTM L 95- 98%
alumna and 2-5%silica having a pore volune of 2.00

cc/g and surface area of 380 n2/g. Silica was
obt ai ned as Davi son gr romWR. G ace, having
a pore volune of about aﬁ%@%g@nd a surface area of
,%{ %F i biea-alum was obtai ned as M
Ge?%%?ﬁ%?%m Fg.he aoéé”g&h%bpﬂ]ﬁﬁ% by wei ght alum na
oo 4] % bylyneiriphatiosd Weeacanidd aning b gplore Anbslars Bhgineers

~about 1.2 cc/g and a surface area of about 350 nQ/_/%.
stimar wagtRpNpteE With ppeyibiess packing vath ¢ dlak stivger fnaig at 700 rpm.

R L A e TR
in fit%% géténhttl i j(:)uf&kéto RisggNisAml Bhdg wlter( Nek) 226¥andless OlvitedeleBtronic

_ . water. This m xture was then placed in a
instramgutationetd aodtrdl ifbdvov eCatabrsts avere 1adiedumdidle Hel puteglave

t h f dth | ci ned i ffl
AR b AL AE B ok L BB e ten
seallQUARd 28 to%gsawtam WhR LRRH!dldnGirAfk isvAted0ar FHPRANL Reactor
was screened through an 80 nmesh screen, and

heatimigseapuhan finitiatet iandtas dhé reaatior teraperd®XCapmoachadddi’€, ethylene

after which the resulting treated so]id oxide N
addjiden Vs dritigighp Shhe hagre S Flugh ’éPert{% ithe @&@f?na dqnp an in-line

vesS&Ch t%%’thg reactor. The set point temperature and pressure were then
rapidly attained. The reactor was held under these conditions for 60 minutes by
feeding ethylene on demand. The polymerization was then terminated by venting
the volatiles to the flare system. This process left the polyethylene as a wet solid in

the reactor, which was collected, and the solid air dried to yield granular

polyethylene.

EXAMPLE 8

Polymerization using bis(tert-butylamido)cyclodiphosphazane zirconium dibenzyl

(A)

[00143] For each run, to a 1 gallon Autoclave Engineers stirred reactor was
added 30 mg of the transition metal complex A and 300 mg of the sulfated alumina

from Example 4. The autoclave was sealed and 2 L of isobutane was added and
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Preparation of a Chlorided Al um na Activat or- Support
[00140] Ten nL of Ketjen' G ade B alum na was cal ci ned
inair for three hours at 600C. After this cal cining
step, the furnace tenperature was |owered to about
400C, and a nitrogen streamwas initiated over the
al um na bed, after which 1.0 nL of carbon
tetrachloride was injected into the nitrogen stream
stiaﬁ'n?g staetpd a8 76d rpmp sThie egacfor dreating wak uhemmitistdd. A the reactor
hase CCl4 was carried into the bed and there
app@@@ & oW E, hethﬁhenm(ami nahexgnehiforsedr waseadsigd s ablee reaﬁtog was

ocess prow ui yal t to t 15.5 mol
el e S PEB S8 A SnirbRe R, Greihg PSliheon® dpgnd " The
poiﬁhéa&aﬁbﬁr\bég RYmid L&t mentlh%Qhé eoHidNSD ﬁ]!euweas ¥@t. This
white in color. This reate solid oxide activator
preagdpor kefivhs pubfedlyllenet dsen wanwlidanribe raastdrhdhsyddiattledene solid
al um na. LE 6. Preparation ofFl or| ded
wagjthen-ajr Arlaﬁin & Rty ATt unamaresd iny
Silica-alumna, MS13-110 fromWR Grace Conpany, 700

g, was inpregnated to just beyond incipient wetness

with a solution containingaR Ig of ammoni um
hifluoride dissolved in 1250 m  of water This mXxture

Ripas Q@HREF platteer 5ohexeps g Pobimeium MWen Shif! dr Pegty
NoVer niaght |at @k20Q unger hal@myan @tnrmspdgmrle ofgm/cg@acuum
The f(}.'n al |step in producing actij g)ec Q)port was| t o
cal]cing the materjial in|dry fliuidi'ziing dir| at 454 C

If of 63houfs, 3 ter WAi ch|th trleatded [soll d oRPHE

2aCi 1 vad or | Supgort] wagy ST oregy underg nijtr ggen goiiol
used. EXAMPLE 7 CenerallDescri nfl oh-lof -t he

oo ot

Rupdpyivers at 809 A5 Renisethd@r421 Pol yrrerl zations were

Rugdlbsl @k H80°0, 85@pslg gmfiémen Aut ocl ave Engi neers stirrer
react or, fitted with an oil-|ess packing with a fl at

stirrer running at 700 r The reactor tenperature
was regul ated by controE&M‘dPLEQten'perature of the

PoligieRizatiol & ouron g BREET PRSI FORET &P haiegAne St onium

d1cﬁRﬁIdeC(h3 flows. Catalysts were added while the
aut ocl ave

[00144] To a1 gallon Autoclave Engineers stirred reactor was added 20 mg of
the transition metal complex B, 300 mg of the sulfated alumina from Example 4,
and 1 mL of a 25 wt% heptane solution of triisobutylaluminum (TIBAL) as a co-
catalyst. The autoclave was sealed and 2 L of isobutane were 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 then air dried. The results are summarized

in Table 2.
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tenperature was bel ow 40C under a purge of isobutane.
The autocl ave was then sealed and 2 L of isobutane
were added and stirring started at® 700 rpm Reactor
heating was then initiated and as the reactor
tenperature approached 60C, ethylene addition was
initiated. The hexene was flushed in with the ethyl ene
froman in-line vessel on top of the reactor. The set
poi nt tenperature and pressure were then rapidly
attained. The reactor was_hel d under these conditions
for 60 m nutes by feedinahBFHQIene on demand. The

RunY| Y %{Failyséc lAc‘dbkh S By SET ”Pdiﬂﬁe‘? by VTG ”Eensny
VO e |flare Systlem™ Thijs process Ief1 t he
N$yo yeﬁhylenéﬁﬁé d wetMBol i d if® tHePdaqt S8 1| ci8

col | q&g)ed and the solid aijr dried taanyiel dmgr apul ar

I:VI‘ ANPL - Q DAl

poTye |y|r||c (1'4 sy s © e e ¥ 1) ji"f’E"iL t+HOh L:)i ¢ . D
3b|>(t39t tutv? do)c&clodlphosphazaE% 2|rcgn|um N

N/ isoen dgtérmir(ed) [001431 For each run, to a 1 gallon
Aut ocl ave Engi neers stirred reactor was added 30 ngy
of the transition netal conplex A and 300 ng of the
sul fated alum na from Exanple 4. The autocl ave was
sealed and 2 L of isob 1gdded and 53 0
stirring started at 700 rpm € reactor heating was

Polywedwidahibh| ®8sbss ASsirze I, BamictylerbR(©aahedtybAGnethylphenoxy)
et hyl ene (and 1-hexene, if used) was added. The

titange tdaghlovade (Bel d at set point for 60 minutes by
feedi ng ethyl ene on demand. The polynerization was
term nated by venting the volatiles to the flare

66145 Fbi SaclPrAcedw € gaﬁBﬁ AlR8claot Febhekanaips &a%? was
solid in the reactor. The polyethylene solid was then

ad@erQjmgecof th&’hl@nmesnlmaalacrcemslamﬁaamct 800 img Jhibkeesulfated alumina

fro;;f argglﬁs it egp%ai\kgnﬁ/ f @f%% | Vg}ﬁselfté’fﬁh (se ne P (témog]@t aluminum.
Thé QHcCEhe vd¥Bkal@liBhd P 1Nbf 5080taf@ Qv a%l%e@ ale Qititstarted 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. 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 3.

Table 3
Run Catalyst | Activator (mg) | Co-catalyst 1- Polymer Ml HLMI | Density
No. C (ml) hexene (gm) (gm/10 | (gm/10 | (gm/cc)
(mg) (gm) min) min)
4 20 300 1 20 43 0 0 N/D
5 20 300 1 0 69 0 0 0.9372
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2 30 300 20 10 O 0 0.9432 Run No. 1 was at 90C, 550
psig ethylene Run No. 2 was at 80C, 550 psig ethyl ene
EXAMPLE 9™ Pol yneri zati on Process Using

bi s(tert-butyl am do) cycl odi phosphazane zirconi um
dichloride (B) [00144] To a 1 gallon Autocl ave

Engi neers stirred reactor was added 20 ng of the
transition netal conplex B, 300 ng of the sulfated
alumna from Exanple 4, and 1 nL of a 25 wt % hept ane
solution of triisobutylalumnum (TIBAL) as a co-

catal yst. The autocl ave was seal ed and 2 L of

i sobut ane were added arfeXAMPEEAd started at 700 rpm

Pelyiisatiad sue Geny fend Aant ?esﬁbk"i‘gi i B S0df

didi®brde @) 80C and 550 psig was then rapidly attained.
The reactor was held at set point for 60 m nutes by
feeding ethylene on denand The pol ynerization was

rm at t t th
SFOT For Aol Bibtre | Hioh hgopars Srgtcere e regtor was

ad(szQir 'lg I‘h% gf ttﬁ% tﬂéﬁﬁﬁb "metd] 90&8163@5 I'Bﬂdgfﬁ)l ﬁ@#&ﬁ ?dém%jcér!ék%fiport,

resu ts are sumari ze
amﬂ) 1 Tablof a2 5RutY%o (ﬁapahy Scbluﬁoh Io‘faﬁleoblfﬁyl-ahﬁhmluyrst TRelaytoetave was

HLM_ Density Qfs ). (g)a%emm(gm 10
sead%m)? L (’ﬁtj))b\%‘iaﬁ? Wﬁsr?}id §Boing gagehaiyQy thg-pling reactor

ot detern ne Pol nerlzatl 9
hedfbs SEachET dRBIEL o A0 rEe BT AWEAHD AL G ene (A 1-
hetdreatd ﬁ’s'&i?'w%% qaide (ke réfeddwhs herd ﬁaééh pbiti.folt 80 @nikutes by
gal [ on Autocl ave Engi neers stirred reactor was
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- 1- Polymer MI HLMI
No. D Type (mg) catalyst hexene (gm) (gm/10 | (gm/10
(mg) (ml) (gm) min) min)
6 15 Cl-Al 250 1 0 27 0 0
7 15 S-Al 250 1 20 13 0 0
CI-Al is chlorided alumina
S-Al is sulfated alumina
Run 6 at 80°C and 450 psig ethylene
Run 7 at 90°C and 450 psig ethylene
EXAMPLE 12

Polymerization Process Using N-alkoxy- B-ketoiminate tetrahydrofuran titanium

dichloride (E)

[00147]
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To a 1 gallon Autoclave Engineers stirred reactor was added 20 mg of




added 20 ng of the transition netal conplex C and 300

nmg of the sulfated alumna from Exanple 4, and 1 niL

of a 25 wt % heptane solution of triisobutylal um num

The autocl ave 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

60C, ethylene (and 1-hexene, if used) was added. The
thestednsitiimninecfl Bapland, 350 mgicd thasulfbted mlumpiadfrym Example 4,

attained. The reactor was held at set point

and milt €52 By Wik hepiane slnjorAbirds EHARMINYRe 18 adictave was

0 zat. r . ' t at]

o) YEE 170 OB e HIRLPARE Bk S0 08 L 21 Rt
heRRLWAMHER NRItBRdR & thSRlab@r laPplddéhed 66, Vthyldheaddition was
pollyet hyl ene solid was then air dried. The results are
beginMTHld g hoiint of IS Ceardl 5 apiig veasRhen Catidlyyataidat | V¢ ogactor

(nmg) Co-catalyst 1- Polymer M HLM Density No. C
wag ihelq aheseérieoiligdr Ggmmidutey vl deqding cdiylepargn dgrpnd.  The

in). mn) 4 20 300 1 .20 43.0 0 ND . 0 p.:
polglial s i B 1l Bt o 3R Pl By 0o
prodedure &t R &{é?eth Tehe RS YWet 4olBiAHRREROXY Thé pbBsilyMene solid

di chl ori de ( [00146] For each run, to a 1 gallon

wagh\sirr deiedyv & hEmegutte @resswninariged inebaltlop. was added 15 ny
of the transition netal conplex D and 250 ng of
activator/support, and 1 nL of a 25 w % hept ane
solution of triisobutylalpggagm The autoclave was
sealed and 2 L of isobutane was added and stirring

Rust/aiCetlglstal ACQQtor gractiViie |reewetabst | Hobaki ng Mas |t HéMI | Density
Nol Mitiated Aspd hg rgast or appr odch 60Gem/®s NY [8® | (gm/ce)

(and 1- hexene, i|f used)| were added. The reactor. was
hel d™® skt point for 60 ninutes by fekeliMg letA ene

gon dewand| Thel pqgl yoeri zati an was tern nabed |by 0 0.9453
3 |
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procedure left the polyethylene as a wet solid in

EXAMPLE 13
Polymerization Process Using 2,2°-[1,2 ethanebis[methylamido-N]methylene]

bis[4,6 tert-butylphenoxy] zirconium dibenzyl (F)

[00148] To a1 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 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 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
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the reactor. The polyethylene solid was air dried. The
results are summarized in Table 4. Table 4 Run
Catal yst Activator Activator Co- 1- Polymer M HLM
No. D Type (ng) catal yst hexene (gm (gnm]0 (gni 10
(mg) (M) (gm) mn) mn) 6 15 C1-Al 250 1 0 27 0 0 7
15 S-Al 250 1 20 13 00 C-A is chlorided alum na
S-Al is sulfated alum na Run 6 at 80C and 450 prig

progtiyreaef thdpslydthalend @Caantt s6H0 ip she reaetbhy ThapoExAlyRife solid
12 Pol yneri zati on Process USI n% N- al koxy-

was girjdsiedi hhsaevlisare spmenzed HhIeble &ni um dichl ori de
(E) [00147] To a 1 gallon Autoclave Engi neers stirred
reactor was added 20 ng of 56 0 the transition netal
conmplex E, 300 ng of the guheated al um na from Exanpl e
4, and 1 nml of a 25 wt % heptane sol ution of

Runr | | Gt y 1 Ashveeer ueiivarid aGe-oc| fobmilas  Mbal|edildfld |2Dgnsity
NOf | i sgbut anerypas |agdad: anéeshki [ripg st aghed [aign?00 | (gm/cc)
rpm The neactor hagrg s then initiated. As the
r eact'GP appr oached etﬁ\g@ ene addi{ion )vva mB%CIL n.

9The seét poi nt-Abf 80®0and 550 psi glivas |t hén rjapi @l y | 09428

attarnmed— The reactor s hetd—at set—point for 6
m nutes by feeding ethylene on demand. The

pol yneri zati on was term nated by venting the volatiles
to the flare system This procedure |eft the

pol yet hyl ene as a wet solid in the reactor. The

pol yet hyl ene solid wa&XAMRIEH éd. The results are

A U L SN R R

trimethylphenyl amido] zirconium dibenzyl (G)

[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

Run | Catalyst | Activator | Activator Co- Polymer MI HLMI Density
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No. E Type (mg) (m) (g) (gnl10 (gnHO (g cc)

mn) mn) 820 SSAl 30011400
- Pol ymeri zati on Process Using 2,2'-

et hanebi s[ net hyl am do- N] mret hyl ene] bis[4,6

tert-butyl phenoxy] zirconiumdi benzyl (F) [00148] To a

1 gall on Autocl ave Engineers stirred reactor was added

10 ng of the transition netal conplex F, 200 ng of
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oh—derant—The—potynerization—was ternmmated by
venting the volatiles to the flare system This 57 0
procedure left the polyethylene as a wet solid in the
reactor. The polyethylene solid was air dried. The
results are sunmarized in Table 6. Table 6 Run
Cat al yst Activator ActiBrAMPITO15Pol yner M HLM
Density No. F Type anount catalyst (g) (gmi10 (gm0
(gmcc) (mg) (mg) (M) mn) mn) 910 SSAl 200 1 12 0

colp A S AT R 57

trimet hyl phenyl am do] zirconiumdi benzyl (G [00149]
For each run, to a 1 gallon Autoclave Engineers
s[ﬂﬁltiﬂqed As acioorpaniasn, thd@eb/nuetraatmaﬁ ihe ioMentistesgatalyst

coBpO G VELEP R ATPAS ST ACTYSDri B e R e as a

Co_@%gg{_ave was sealed and 2 L of

[00151]

added the indicated amount of the transition metal complex G. For runs 15 and 17,

For each run, to a 1 gallon Autoclave Engineers stirred reactor was

100 mg of sulfated alumina from Example 4 was used as the activator, and 1 mL of
a 25 wt% solution of triisobutylaluminum was used as a co-catalyst. For runs 14
and 16, 3 mL of a 10 wt% toluene solution of methylaluminoxane (MAQO) was used as
the activator. 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
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I sobut ane was added and stirring started at 700 rpm
The reactor heating was then initiated. As the
react or approached 60C, ethyl ene addition was begun.
The set point of 80C and 550 psig was then rapidly
attained. The reactor was held at set point for 60
m nutes by feeding ethylene on demand. The

Runplofeglref Msaer [onivig  Ceer|miivstte OBy vertti ng Mthe Mn | Mw | Densiy
Noviol &t i | eBret o tolvet filcaabet (syeem ®hi sMpeest e WP e /10¥f tMp hégnvee)

ppleyet hyl eng as a|wet) solid ijn the| meabtpr. The
14&oi yet yyweﬂe STl § wWas |ai o drfi ede | The r eSW {{s26ar|eds | 09307

75 SUNTHRT T 288 l”lo-d-ﬁ!éJi chll- Talgy e |7 R Catat y3iss ACTob Val Ol 09216

FaS IR VE.L .Y A A \ nar |\u| LI-NA Narol-+ [ ~ L
Cctizva A 3rrﬁ‘f' el ' BE=1VI il Uy 9 N, G [TYPY 0931
16 ¥ A0 \IQ'I‘ Y10 / nd 10 (oA e oy

(g ) AW Ao
—ﬁm% 10 {grl_10 e )
7 ¥ mi 0¥ F’b‘l‘% (‘)?“'3 A %00 Y143y ol o 11 20 ls Al *

MAgD9a HBEYsolgeng sagioyof nf@ytabmm@r‘%aecwe@fr%“ Hitcr18 0 0 13
Rurd 24 Fird 36 Aere 4080 Aduls, Bind1 59347 wddMlukndds Conpar i son of
i nventive catal ysts and al um noxane catal ysts [ 001501
As a conparison, the polynerization of the inventive
catal yst conpositions was conpared to simlar
cat al ysts enpl oyi ng net hyl al um noxane as a
co-catalyst. [001511 For each run, to a 1 gallon
Aut ocl ave Engi neers_st.i rreg’ﬁreactor was ., added

h . .
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Was “use e ac I vator,

sde%}ﬁ?héﬂ icemofbmef i indotpatatioal laﬁ‘dnyml&msmgtmd rr&ﬁe(allar welght
co-cafalyst. For runs 14 and 16, 3 nL of a 10 wt

potymem@ rthars gheitthes @quaaémymmmlﬁauwne&mﬁ%sm@%dcatalyst
‘t‘ﬂf?é %qtmvatgt The autocl ave was sealed and 2 L of
COIPBB & &% and stirring started at 700 rpm
The reactor heating was then initiated. As the reactor
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approached 60C, ethyl ene addition was begun. The
reactor was held at 80C 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
summari zed in Table 8. Table 8 59 0 Run Catal yst
Activator Activator Co- ihexgge Pol ymer Co- Mv Mh My
Density No. G Type anount catalyst (gm (g) Mnoner
/1000 /1000 /Wh (gmcc) (nmg) (mM) (nmole %9 14 5 MAO 3
m. 40 136 0.14 1196 266 4.5 0.9307 15 10 S-Al 100 ny
Wq Clgimao 196 0.22 2164 503 4.3 0.9216 16 5 MAO 3 nil
30 111 0.12 0.931 17 10 --S--Al 100 nig | m 30 143
0.39 0.9222 MAOis a 10 wt % tol uene sol ution of
1. met Aydasdlyisticompanioneoaiprthd:r om Wtco. Runs 14 and 16
were for 30 m nutes, runs 15 and 17 were for 60
ni n@t es 20@RSHPN metalrompauRd vak) dedollowimg foparta ve
catal yst run 15, conprising transition netal catalyst
compound triisobutylal um num and]sul fated al um na
shows hi ghler conpnoner Ei_ncor poration and yj el ds higher
nol ecul ar h%)%)ol/yne\r\s t Re nd\dgz)eé@eﬁ’rsi ve
nmet hyl al uni noxan ransiti ®¥n/metal ¢atal yst compound
G catal ystLsystem 60 0 CLAIMS W O%im 1. A
catal yst conposition conprising: a) a transition netal

conpound with the following formula: [Rn_, ~, E NY
),--R M2Z)b(Z )cLd a
wherein:

M is titanium, zirconium, or hafnium;

R, is an alkyl, aryl, alkaryl or arylaryl group containing 1-20 carbon atoms;
nisOor1; '

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;

aisl, 2,3, or4;

Z is a monovalent anionic group;

Z’is a monovalent anionic group;

bis0,1o0r2,and cis0, 1 or2;

L is a neutral donor ligand;

dis0,1 or2; and

b) a chemically-treated solid oxide treated with an electron-withdrawing

anion herein the electron-withdrawing anion is selected from
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wherein: Mis titanium zirconium or hafnium R is
an al kyl, aryl, alkaryl or arylaryl group containing
1-20 carbon atons; nisOorl; X is independently a
group 15 or group 16 elenment; E is a divalent bridging
group containing up to 40 atons, not counting

hydr ogen, which links X and Y; Y is independently a

group 15Fg{?{ R O-Lt%ﬂ]i]ﬁgd el eﬂ%%a& atrlﬂ%tel gfsgilf & ifafe, ! 8r any

a nonova eht ani oni

group; Qomgngﬂogtpgregf and cis O 1 or 2 Lis a
neutral donor ligand; d is 0, 1 or 2; and b) a

chenmically-treated solid oxide treated with an

el ectron t hdr a h th . ..
2. &) b Sl b b fon RSB L8] B 1 pagrei X g itrogen,

oxg%}%nf gb%hOMSodpsqﬁur phosphate, triflate, bisulfate,

or any conbination thereof. 2. The catal yst
conposition according to Claiml wherein Xis
ni trogen, oxygen, .phosphorus or [ fur.
3. cat Jﬂlys@at%lwmé@mppﬂgmac@@Mm@ tf)oé%"é‘l T’%ﬁ}?é‘? %’nlemltrggen
nitrag phosphorus or sulfur. 4. The
OX@Q?%PsgngB Gn according to Claim1 wherein (2)
and (Z') are |ndependently an al i phatic group, an
aromatic group, a cyclic group, a conbination

4. al i fhatdatalpstdcanyedsiteory peeasdingaty Glaieh Whergn! (%) %‘Ii f(4r) are

ou a n|tr en roup hos hor us 0
m‘% §ré(fﬁ [:1 ﬁhélf%tag 1C g QUD; %zgglrlcgg oug,’ a é:ombmatlon
of GESHERR dﬁ@ g@h@ %P@u;ﬁ 51‘1 BxPEQUEroup, 4 SAAIEOUP, a RitRIPEA Troup, a
group, ' uminum group, an i norganic
phosphorus group, an arsenic group, a carbon group, a silicon group, a germanium
group, a tin group, a lead group, a boron group, an aluminum group, an inorganic
group, an organometallic group, or a substituted derivative thereof, any one of

which having from 1 to about 20 carbon atoms; or a halide.

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

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

6. The catalyst composition of Claim 1 wherein L is selected from eithers,

furans and nitriles.

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

ALK )X 303
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.
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group, an organonetallic group, or a substituted
derivative thereof, any one of which having from1l to
"about 20 carbon atons; or a halide.*5. The catal yst
conposition of Claim1l wherein the solid oxide is
silica, alumna, silica-alum na, alum num phosphate,
het er opol ytungstates, a clay, titania, zirconia,
magnesi a, boria,.zinc oxide, mxed oxides thereof, or
8 m x{&nﬁaé@y?tﬁgm%tlo@.c%m%'al yst conposition of O aim
1 vherei g ylankisiof h&l @ dupid with BRI Bllowiny RRguand
nitriles. 7. The catalyst conposition of Caim1l
further conprising an organoal um num conmpound wth
the follow ng fornula: Al (X5)n(X6)3-n; wherein (X5) is
a hydrog¢arbyl having from1 to about 20 carbon atons;
0 |¢&
bou

(X6) is al koxi r anyl oxipdel, ¢ 10f whi ch
?{]dlm &2@,}/{&%‘ at m,)&@%di de, or

havi ng
hydride}] and n'is a nunber’ from1 o 3, inclusive. 62
0 8. A catalyst conposition conprising: a) a
transition netal conpound with the foll ow ng fornul a:
[RfFI ZE\Y 1"~Rn M2Z2)e(Z ),Ld ~ a wherein: Mis
titanium zirconium or hafnium the group [Rfl ZE N
RN @hebe$n:@an ani oni ¢ group sel ected from

cycl odi phosphazanes, bis-phenoxi des, N al koxy-

( 3- Nbisditaninat, @grcomiugy, phéﬁgﬁtl}&)ldi am des, di am doam nes,
(3- D ketonates, cyclodisilazanes, anilidoboranes,

di afi®eUP t r i dent at e di ami des, pyridine di ani des,

Rl /E\Y I a

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

substituted salicylaldiminates, and mixtures thereof;
aisl,2,3,or4,

(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
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(3- diketimnates, (3 - ketoim nates, am dinates,
sal i cylal di m nates, substituted cyclodi phosphazanes,
substituted bis-phenoxi des, substituted N al koxy- (3-
ket oi m nat es, substituted bis(phenoxy)di am des,
substituted di am doam nes, substituted
(3-D ketonates, substituted cyclodisilazanes

i tuted anilidoboranes

subst it ute
sulffo oy e PRPu P ARaRGEE Sl e e iy 3 arbon
grﬁigaWsH%%n orSHD St debmbRfind Srou ? kahigibnRtaeead Stap! & bbhtdﬁcgroup,
ket oi-m nat es substTtuted am di nat es,
an &ihhﬁinlutn,l gfmilps ah |1mydgamd| gmmat aspr@ndmmaklum g@supt pe aéubstltuted
ais 1l 2 (Z.) a nd
derayqtiykahpreof raé'éfpf’nea‘hf \&@9 wggfreﬁlp{ fo, abg 9% B éw,msa ora
hal?c?e”b' nation of aliphatic and cyclic groups, an oxygen
group, a 63 0 sulfur group, a nitrogen group, a
phoBphoy Lsr Zrandpc ial, ROSENI ¢ group, a carbon group, a
silicon group, ermani um group, a tin group, a |ead
gr olips seleged @‘rﬁ)r@?%l@ff; furgps andpitialgsa gr oup, an i norganic

gro n organometal lic group, or a substituted
derﬁ&%@ﬁvg ?hereof, any one of which having froml to

about 20 carbon atons, or a halide; bis 0, 1 or 2,
and cis 0, | or 2; L is selected fromethers, furans
andbhi tr alcbsmlcaﬂyftsea@)ed solidgyxide ccpy)lplasmg a solid oxide treated with

Een1cal -treated solid oxide conprising a solid
an g FH@“?YI YW A an el ectron-wi t hdrawi ng ani on;

Vme%'efbnﬁ heS %de &ﬁﬂéj 6si Ssidich] GRumMaUEiN@&-alumina, aluminum
| i ca-al um na, alum num phosphate

phdsphetep ﬂmltqrbpoﬂg&lr@‘s‘ams ttithmia) alrcznmc onagnesimgresi, azine oxide,
boria, zinc oxide, ﬁs% 0 s thereof, or m xtures
mixqexdges thereal preamisnges | i‘ rawi ng anion is

fluarid ctro%h\LvﬂPng@vm% Eﬁ%q§ﬂu§ﬁ8§ RABRIRie fd’n‘ufd% %}ﬁ)sghate,

bi sul'fate, ate, or any conbi fation f ereo

tri fpé, i saniafaty, sa)farnoddigacsabinatiswtheeanfpanhabtiinalyt he
follow ng formula: Al (XS)n(X6)3-;

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

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

9. The catalyst composition of Claim 8, wherein the chemically-treated solid

- oxide further comprises a metal or metal ion.
10.  The catalyst composition of Claim 8, wherein the chemically-treated solid

oxide further comprises zinc, nickel, vanadium, silver, copper, gallium, tin,

tungsten, molybdenum, or any combination thereof.
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wherein (X) is a hydrocarbyl having from1l to about 20
carbon atons; (X6) is an al koxide or aryl oxide, any
one of which having from1l to about 20 carbon atons,
hal i de, or hydride; and n is a nunber from1l to 3,
inclusive. 9. The catal yst conposition of C aim 8,
vvherei n the chemcally-treated solid oxide further

t .
SrXert Gprdosiinrett Caret PR AR ARy pegted gotic
oxﬁl@ | do rf3¥d 4 %ﬁc‘ifrﬁgﬁ%gné%@dir@ﬁlo%ﬁ%d AhRinaNkiek ey ré@,ﬁ‘lﬁ&@' fBrided
|P copper lum tin tungsten Ipybdenum

alummanmrmanmre‘@taltmt chheidedf sili6d-alundiba, Tiwec-wepragyaied ﬂuorlded
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al um na, zinc-inpregnated fluorided alum na,
zinc-inpregnated chlorided silica-al um na,
zinc-inpregnated fluorided silica-alum na,
zi nc-i npregnated sul fated alum na, or any conbination
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titanium zirconium or hafnium X is |ndependently

ni trogen, oxygen, phosphorus or sulfur; Yis

i ndependent |y nitrogen, oxygen, phosphorus or sulfur;
each substituent R on X or Y, is independently an

al i phatic gnoup, an arqgatlc group, cyclic group, a

combi nati on |af -al i Xay/c cycli®Rg ol]}/tn(z)b(fzxI)c[ai
substituted |deriv ha%p any ohe of which
having from|{l to about 20 carbon atop®; a dival ent
bridgi ng group, E, connecting X and Y, conpri sing
P(NR) 2P, Ar(RHCHR(R ,,A, A(R S(R Ar,
CCHINCKR.CH(R C, Ar(R) CH2N(R)C2H4N(R)CH2Ar(R)
.y, C2HANHC2H4, C2HAN(R)C2H4, Si (R (NR) 2(R)Si,

M is titanium, zirconium, or hafmum

X is independently nitrogen, oxygen, phosphorus or sulfur;

Y is independently nitrogen, oxygen, 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) A, Ar(R) S(R) ,Ar, CHNCR)CHR)C, Ar(R)
wCHN(R)CHN(R)CHAT(R) v, CHNHC,Hy, CHINR)CH,, Si(R)(NR) o(R)Si,
CRNCR)ICRY),  BMNR)(NRy)B, CsHs, CH,O0CH,, CHy(CsH;N)CH,,

C(RHCRHCR?), CR), 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) ,,
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C(R)C(R2)C(R ), B(NR2)(NR2)B, C3H6, C2H4OC2H4,
CH2(C5H3N) CH2, C(R2)C(R3)C(R2), C(R), or CHAr (R,,,,
wherein R R, R2, R3, orr R, is independently an

al kyl, cycloal kyl, aryl, aralkyl, substituted al kyl,
substituted aryl, or substituted aral kyl, any one of
which having from1 to about 20 carbon atons, wherein
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bis O, of 2, and cis 0, 1 or 2; L is selected from
degvdtirestheffeof,camy enedofnwhichl kaying &oms 1 go abouta0 parbpy agpms; or a
h C(qu;m' cally-treated solid oxide conprising a solid
alidSide treated with an el ectron-withdraw ng ani on,

uhensi 0, | BEoSald € oYl ferbs silica, alumna,
silica-alumhna, alum num phosphate,

het &riopeleyted figsh athess, furahsandinitdlesconi a, magnesi a,
boria, zinc oxide, m xed oxides thereof, or m xtures
t hefddPs; 1.8t he el ectron-wi thdraw ng anion is
fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or conbinations thereof; and c) an

or ganoal yrshsmmisatigrieiiadisolid bxitibeofmptikiog agplidosxitu¢ arated 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 combinatioris thereof; and

c) an organoaluminum compound with the following formula:

AKXz

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.

13.  The catalyst composition of Claim 12, wherein the organoalumium
compound is trimethylaluminum (TMA) triethylaluminum (TEA),
tripropylaluminum, diethylaluminum ethoxide, tributylaluminum,
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Al (X5)n(X6)3-n; wherein (X5) is a hydrocarbyl having
from1l to about 20 carbon atons; (X6) is an al koxi de
-or aryl oxide, any one of which having froml to about
20 carbon atonms, halide, or hydride; and n is a
nunber from1 to 3, inclusive. 13. The catal yst
conposi tion of Caim 12, wherein the organoal um um
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triisobutylalum num (TIBAL), diethylal unm num
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the transition netal compound is from about 10, 000:1
to about 1:1. 16. The catal yst conposition of Claim
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17. A process to produce the catalyst composition of Claim I comprising

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

18. 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.

19.  The process of Claim 18 wherein the olefin monomer is ethylene.
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