CATALYST COVPOUND CONTAI NI NG DI VALENT TRI DENTATE
LI GAND FI ELD OF THE | NVENTI ON [ 0001] The invention

WO edoaes9? o a netal conpound havi ng a di val ent PCT/US2005/032165
tridentate |igand useful as an ol efin polynerization
catal yst and to processes for polynerizing olefins
usi ng the netal conpound. BACKGROUND OF THE | NVENTI ON
[0002] A variety of netallocenes and other single site
catal ysts have been devel oped to prepare ol efi
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contai ning one or nore r- ieies (i.e.,
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prieidettite dgawf udelid ap eh plafin patyneiatien catflggea]l te\prdeesses for
relating.to cgrtai.n itreg%en-cont ining single site
c arolyyetzing lefipg Bies g é’ﬁn}?ﬁlﬂl‘?‘shed. WO 96/ 23101
and U. S. 5,880,323 relate to di(imne) netal conpl exes
that are transition netal conpl exes of certain
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[0003] Work relating to certain nitrogen-containing single site catalyst
precursors has been published. WO 96/23101 and U.S. 5,880,323 relate to
di(imine) metal complexes that are transition metal complexes of certain bidentate
ligands, wherein the transition metal is selected from the group consisting of Ti,

Zr, Sc, V, Cr, a rare earth metal, Fe, Co, Ni, and Pd.

[0004] Similarly, WO 97/02298 relates to a process for the polymerization
of an olefin, comprising contacting a polymerizable monomer consisting
essentially of ethylene, a norbornene or a styrene, with a catalyst system
comprising the product of mixing in solution a zerovalent tricoordinate or
tetracoordinate nickel (II) compound which has at least one labile ligand, and all
ligands are neutral, an acid of the formula HX, and another compound. Likewise,
WO 96/33202 relates to a transition metal catalyst containing a pyridine or
quinoline moiety. Fuhrmann et al., Inorg. Chem., 35:6742-6745 (1996) discloses



WD 96/ 33202 relates to a transition netal catalyst

containing a pyridine or quinoline noiety. Fuhrmann et
W@bkeos/04980y g. Chem , 35:6742-6745 (1996) PCT/US2005/032165

di scl osescertain Goup 4 netal conpl exes contai ni ng

am ne, am do, and am nopyridi-pato |igands. US

6, 103, 657 describes a famly of heteroatom containing

catal yst precursors useful for the poI yrreri zation of

ol efins. US 6, 255, 414 descri bes the meri.zat.i on of
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and Guerinh et al
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tal conpounds. [0006] Anionic, multidentate

het er oat om | i gands are discussed in the foll ow ng
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1- 4, 1997; (2) Jordan et al ol efm catal ysts
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‘] O %ﬁatelﬁga{:eld Gr%{t%a%) %Céﬁ]lp&%?7 16, 3282) (3)

zi rconi um Conpl exes
Based on a Tridentate D| arri de Ligand: New Al kene
Pol yrreri zat i on, Cat al O ganonetal lics,,.1996, .1
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H{éﬁg}g cle€t al ., "Synthesis of Titani um and
Zleoggﬁl rerpl exes that Contain the Tridentate o
Di (aDrKdmpbwg alnd AnfiopyBidirundNL {3add-+ Wew NN R07)s anddLittiigtions”,

A i ot o i Mar R e indEf AR Saaca Y 1-

VoA 19979, pp 3830-3831; (5) d oke et aI " Zi rconi um
pl exes incorporating the New Trident at e Di ami de

Li @adardfug &8, & poljjelyinGiapalyss hesed op dydrogyquinelings (Beis Kl

St évl&'}gr}sglrl, .Oé.; Jordan, R. F., Organometallics 1997, 16, 3282);
(3) Horton, et.al., "Cationic Alkylzirconium Complexes Based on a Tridentate
Diamide Ligand: New Alkene Polymerization Catalysts", Organometallics, 1996,
15, 2672-2674 relates to tridentate zirconium complexes;
(4) Baumann, et al., "Synthesis of Titanium and Zirconium Complexes that
Contain the Tridentate Diamido Ligand [((t-Bu-dg)N-O-CeH,),O* {[NON}*) and
the Living Polymerization of I-Hexene by Activated [NON]ZrMe2", Journal of
the American Chemical Society, Vol. 119, pp. 3830-3831;
(5) Cloke et al., "Zirconium Complexes incorporating the New Tridentate
Diamide Ligand [(Me; Si)N{CH,CH,N(SiMe3)} 2J(L); the Crystal Structure of
[Zr(BH4),L] and [ZrC1{CH(SiMes),}L]", J, Chem. Soc. Dalton Trans, pp. 25-30,
1995;
(6) Clark et al,, "Titanium (IV) complexes incorporating the aminodiamide ligand

[(SiMe3)N {CH,CH,N (SiMes)},]* {L); the X-ray crystal structure of [TiMe(L)]



[Zr(BHU)2L] and [Zrd {CH(Si M 3)2}L]", J, Chem Soc.
Dal ton Trans, pp. 25-30, 1995; (6) dark et al,,

wO Tiovastenm (|1 V) conpl exes i ncorporating the  PCT/US2005/032165
am nodi am de ligand [(Si Me3)N (CH2CH2N (Si Me3) 2] 2
(L); the X-ray crystal struct3dre O[Ti Me2(L)]and [Ti d
{CH(SiMe 3)2}(L)]", Journal of Organonetallic
Chemi stry, Vol 50, pp. 333-340, 1995; (7) Scollard et
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Ce4$a0ps Vol 118, |1 STo. 41, pp. 10008-10009, 1996,
and (8) CGuerin et al., "Conformationally Rigid D am de
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and U S. 5,889,128 di scloses a process for the living
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i sotactic polypropyl ene. ymeri zati o tal ysts

clhgenes and§y. $i k89 128 elischabes a ipoenssabethe liydng potyreerization of
further .di scussed i.n U S. Patent .. 95,506,184. [00Q08
ST ity PG BB A oo and & SdePElE B fgPiIng two
Cg%tr%ﬁ@aﬂm 4 a 88 16 HoARBPMRIAbULS A0MMs. EP 899488 Al also
and ganonetal I'ics 2002, 21, 587. Bradley and

Glgsombes titapipmgransitips metdlaptide conpa@indsn InSeddition) US06318,935

pg 1967-1969; Journal of the i nes em cal Soci.e
D805 Ahag b8t ErohPSl HAERFuA Dhihe RRHELY or
She ipeddciig idapaik pobgrdpyldnel Folsmeridaton shtalystebésifin

200 Chem'gcal Soé)i_gtg)ydi?;él Ja anﬁnpg 1270- 12%1 ; s
Zeilergaterand triguutatoigands eresRpedisousted in 87.8. Batent Dops,506,184.
Heft 7, pg 1358-1363; Z. Anorg. AUg. Chem 407,

201- 210, 1974; Zeitschrift

[0008] Group 4 pyrrolide compounds are described in Inorg. Chem. 2001,

40, 1987; Organometallics 2001, 20, 5788; and Organometallics 2002, 21, 587.
Bradley and Chivers, Inorg. Phys. Theor., J. Chem. Soc. (A) 1969 pg 1967-1969;
Journal of the Chinese Chemical Society, 2000, 47, 1191-1195; Chemistry Letters
2000 Chemical Society of Japan, pg 1114-1115; Chemistry Letters 2000 Chemical
Society of Japan, pg 1270-1271; Zeitschrift Fur Naturforschung, July 1970 Band
25b, Heft 7, pg 1358-1363; Z. Anorg. Allg. Chem. 407, 201-210, 1974; Zeitschrift
fur Anorganische und Allgemeine Chemie, band 394, Heft 3, Dec 1972, pg 209-
216; Collect. Czech. Chem. Commun. (vol. 63) 1988, pg 182-186; Journal of the
Chinese Chemical Society, 2000, 47, 895-900; Synth. React. Inorg. Met.-Org.
Chem., 8(2), 137-147 (1978); JP 2001-261638A1 (publishhed Sept 26, 2001); JP
2001 261639A (published Sept 26, 2001); JP 2001 181333 A (published July 3,
2001);JP 2000 302810A (published Oct 31 2000); and JP 2002 332312A
(published Nov 22, 2002).
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[ ' el t compound represented by the
fgfﬁﬁgég?ﬁ;rﬂﬂmﬂﬁ?’% is a Goup 3to 12 transition
netal; each Ra is, independently, a hydrogen, a
h drocarbyl group, a substituted hydrocarbyl group or
Al {VENIIORS, R4, R5, R7, R8, R9, RIO0,
and RL 1 is, |ndependently a hydrogen a hydrocar byl
group, a substi t ut ed hydr ocar byl group or hal ogen; R6
| 0O 0geNnTheinkyeiRGRIH! to 8lcOmPourl represstisd b}F the §6kmula
hédrocarbyl group; x is O 1, 2, 3 or 4;each Zis,
ependently, a group 15 atom
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R ?;;:::X\R3
C
/
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wherein:

M is a Group 3 to 12 transition metal;

each R” is, independently, a hydrogen, a hydrocarbyl group, a substituted
hydrocarbyl group or halogen;

each of R', R?, R>, R, R®, R, R®, R%, R', and R"! is, independently a
hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group or halogen;

RS is hydrogen, a hydrocarbyl group, or a substituted hydrocarbyl group;

xis0,1,2,3 or4;



[0011] It is understood that the above fornula
enconpass all possible stereoi soners, resonance

W@ R0060¥%9es and tautoners connoted by the strup€T/US200$/032165
the forrmula. [0012] This invention also relates to
conbi nati ons of the above cdatal yst conpound with
activators, and their use to polynerize ol efins.
Definitions [0013] As used herein, the nunbering
schenme foy. t Per.i odi ¢ Tabl oups i s the new
not at F¥H pe&‘}’?n e G ]gaafgrgnd Engi neeri ng News,
63(5), 27 (1985) [0014] For the purposes of thls
invention and the clains thereto when a pol yne
[osfléf red th msndmmp@d ﬁmh@le abovsi fefmwpla enprmpisé pll ﬁOSSIble

resent in the po 0

Biep el esniasbe iftisadad (SO ey By B Mritturk af the
dssmid bed as conpri sing neutral stable forms of the
conponents, it is well understood by one of ordinary

skill in the art, that it is the catalytically active
(typi 1 |
i@ggl S Wt verrrltt)ﬁg r%rlggrgs {639 E)op%o(?%lnﬁtgbﬁs%?}eﬁ?gﬂs% cattffﬂ%t

a&ﬁp&uxmrwlﬂaadtﬁaairgrandmmewmlgmreazeg slefinn which a
chem cal reactlon occurs. [0015] In the context of
this document “honi opol yneri zati on" woul d produce a
@ rrade from one monomer. For exanpl e,

nopo ynerlzatlon of propyl ene woul d produce
peo1Bpol ypr apyksehhereiy ttmpmmbmang sdeinsrfonthe@erigdie dable

i HEA SRR e R are o 00

E”?ﬂe nonomner type. [0016] As used herein, M |s
is ethyl, t-Bu and tBu are tertiary butyl,
s Bu and sBu is sec-butyl, i-Bu and i Bu are isobutyl,

,&M{]d | Pg 917 el—ﬂ?ﬂg&tsg? ﬁiﬂns%%epgg%?&g& ﬁ{% <ms t}?erﬂ&o BhehS:

B é?‘i@feﬁ‘hled t8R8 compHEiAE an Hgfin ghe vlEfingresehisiadhe polymer is
i nt er changeabl y t hroughout this docunment. Likew se the
ttleg prdymerized form of the olefin. Likewise when catalyst components are

described as comprising neutral stable forms of the components, it is well
understood by one of ordinary skill in the art, that it is the catalytically active form
(typically the ionic form) of the component that reacts with the monomers to
produce polymers. In addition, a reactor is any container(s) in which a chemical

reaction occurs.

[0015] In the context of this document, "homopolymerization" would
produce a polymer made from one monomer. For example, homopolymerization
of propylene would produce homopolypropylene. Homopolymerization of
ethylene would produce homopolyethylene. Likewise, "copolymerization" would

produce polymers with more than one monomer type.

[0016] As used herein, Me is methyl, Et is ethyl, t-Bu and tBu are tertiary

butyl, s-Bu and sBu is sec-butyl, i-Bu and iBu are isobutyl, iPr and iPr are



"group", "radical", and "substituent" are al so used

i nterchangeably in this docunent. For purposes of this
waele@welhesnr e, "hydrocarbyl radical" is defined POI/D82005/032165

G -d OO radicals, that may be |inear, branched, or

cyclic, and when cyclic, are6atic or non-aromatic, and

i ncl ude substituted hydrocarbyl radicals, hal ocarbyl

radicals and substituted hal ocarbyl radicals,

r i,cal d. gernyl carbyl radicals as
8p¥ $¥§“§P }ﬁﬁyfﬁgﬁﬁ%gﬁgﬁﬁ%V%en referring to a
hydrogen substltutent the terns "hydrogen,"
"“hydride," and hydrogen radi cal " are used
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di ¢,
E5h5 hat o R s b Bttt b BB R RIS e
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Te PR*2, AsR*2, SbR*2, SR*, BR*2, Sl

W@en@tﬁmvume& ofethisi disslashreneidgocarbyl éaélsqal" éieﬁned to be
hi

b e g I Ao BRCHEE o e ARG LS, "

@omaﬁ&on non%‘omaﬂ&'@md indlgde* s)ubstltafdd,hydi%(cﬁb)/} radidals, halocarbyl

-As(R*)-, =As-, - b R*)-, =Sb-, .- -, ,.=B-,

. @ﬂ%cp@sg azld sub@gtrqqdig ocar)bgirﬂ‘(aﬁ,cylg sﬂy?q(ggktl%]{,n}dzca?% ﬁad tgﬁignylcarbyl
4 hfcals%g S Bt 3 d mﬁe&m@w Whéh M&ﬁﬁgwmdregen

hal oca adi ¢ af and two or nore my join
tmjpeliﬂumnt ttlm lbnnm'lwdeEQI"l"hydrahb dd’lhsdnbgen tadtceﬂ' are used
sat ur.at ed )Earti ally unsaturated or aromatic cyclic or
pEHSFERARETEY i ng structure. [0019] In sonme embodi nents,

the hydrocarbyl radical is independently selected from
met hyl, ethyl, ethenyl and isoners of propyl, but

pswﬂyl h ex bstitwest hydroesehy} Iradlwbmne radieads i, which @tfws’t one

Ry MR AR PSR o AT SR, b
desafyited tb YNRBZS OR*, 1S@Rﬁ< ATERSY pR* PEXHREG OGO, mﬁ,ﬁw BlR*3,

hept acgpﬂl octacosyl , nonacosyl, tri acont

pPeREn abBbBﬁyamd ﬂalk@ At Whengay keagt onewepﬂﬂéfﬁsﬂcarbon atom or
0
OB e AR B EHSGE ot R i o,
hapy a‘deSeI]yTe— m(m@a@ehylP(Rﬁpmﬂe (-:AES(RI*) eAs—osSbgR*)- =Sb-,
henelcosenyl docoseny gseny tra ose
peHREEosBnySI(Ritdx égf‘é%nkzra bzac g’?@%* pand the fite, where R* is
independently a hydrocarbyl or halocarbyl radical, and two or more R* may join
together to form a substituted or unsubstituted saturated, partially unsaturated or

aromatic cyclic or polycyclic ring structure.

[0019] In some embodiments, the hydrocarbyl radical is independently
selected from methyl, ethyl, ethenyl and isomers of propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl,
tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl,
triacontyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl,

hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl,



oct acosenyl, nonacosenyl, triacontenyl, propynyl,
butynyl, pentynyl, hexynyl, heptynyl, octynyl,
woegyde99 decynyl , undecynyl, dodecynyl, tri deRgmnyk2005/032165
tetradecynyl, pentadecynyl, hexadecynyl, heptadecynyl,
oct adecynyl, nonadecynyl, @gicosynyl, heneicosynyl,
docosynyl, tricosynyl, tetracosynyl, pentacosynyl,
hexacosynyl heptacosynyl octacosynyl nonacosynyl
triac nty but adi en ent agi en adi en
dpessenth enybé? Q&ow/ PEIHAOSERY n‘%’écogﬁlaﬁé% %ﬁ{ﬂﬂ
of¥aB&eh uﬁ%&aegseafyﬁ i ROARASA, I%le%lﬁyﬁﬂ peﬁ@ﬁfy’l ?hek)fynyl

unsat urated and" aromatic cyclic and
hsptlynlxdt entesyvmeryeyh dedyayl, amdm}ahylnéwe&d@bﬂ,tmdnwy be

ted to,th bst it ut bed

Sy ERaBiesatyh PR b iR tahi PRAdRIRY. "
ngh;i&E RIQRYhy1, Eérfél@o@ﬁﬁlﬂ)ﬂ'ocoéifh?l AydRgMYtktracosynyl,
pr opy phenyl dlpropy p enyl, benzyl nmet hyl benzyl,

pnlatpm]yuy)i'l h@cﬁpcbﬂyayb hyptacqurml,cqyéawyynylg}p@p@@@pﬁletﬁnﬂcontynyl
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deétamant. Wiscimdidee ate 1k<ﬁnerE@f sdtitbedgp & thlBsuiseturatde and
radical is listed, it indicates that radical type and
aggratigtoiielic andplueyslic sivabeeswasreithibe radieal may ngiﬁplilaély be

LB ek IS SR e g s,
meloyipienyl, ﬂﬁhﬁﬁy‘@@em,&ﬂ%'lﬁmnvb Filﬁth!ﬂphwb prapylgengls,

d%@ﬁﬁ%gﬂ gswﬁtmenht/ Beeaman g & 6@%%&%%%3{391:“
ga?y}é E}k)‘lu&féﬂ)h@(éhlyp m&%@m’l&gﬂ&y&mm jdes

opentyl 1-mét h net hyl batyl ,
c@elﬂhﬂplt@dyb uubyqusﬂ n@ﬂbynpnyipz}damaatbd ané tpdikey [Fof tngl

ﬁtg ??dlé%atl u lgsgﬁlc écl:ll?cg?a#%y th}%t raal%slf}ﬁ %\f)cf .'ﬁpg{hf)r;
rgdlgilsi I%Pﬂﬂed whieh i Bdical Hpaed :ﬁﬂ‘);y eciedﬁbQﬂ@Mhtitutlons defined
| - met hyl - 2-propenyl, 2- neth

and
abovnetAikyl aucpnﬂwdwmmh@d@ylé |1@@dtlm19§%alg1ﬁ@imers including

it SRR oot fe SR fuh T eeSh Rah T | PNe
VMY IBkob G nuﬂah%m@d et buﬂyp hga xzyclonmla(m hydlpdeeiy | and

par a- net hyl di met hX phenyl woul d include 2
substituted cyc opropyls) pentyl includes n—pentyl cyclopentyl, l-methyl'butyl 2-

methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and analogous
substituted cyclobutyls and cyclopropyls); butenyl includes E and Z formas of 1-
butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-
methyl-1-propenyl and 2-methyl-2-propenyl (and cyclobutenyls and
cyclopropenyls). Cyclic compound having substitutions include all isomaer forms,
for example, methylphenyl would include ortho-methylphenyl, meta-
methylphenyl and para-methylphenyl; dimethylphenyl would include 2,3-
dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-diphenylmethyl,
3,4-dimethylphenyl, and 3,5-dimethylphenyl.

[0020] For purposes of this disclosure, the term oligomer refers to

compositions having 2-75 mer units and the term polymer refers to compositions



di met hyl phenyl , 2, 4-di et hyl phenyl ,
2, 5-di net hyl phenyl , 2, 6-di phenyl roet hyl
w@2ebemugsee hyl phenyl , and 3, 5-di nmet hyl phenyl . [POR0$20pD032165
pur poses of this disclosure, the termoligonmer refers
to conpositions having 2-75-8er units and the term
pol ynmer refers to conpositionshaving 76 or nore ner
units. A ner is defined as a unit of an oligoner or

pol ymer that originally cor nded to.the.ol efin(s)
e 1A oF FPTE PG G | & ST STOGFICR af § Mt 05 4p PlgPer of
rxﬁﬂﬁ-ﬁ' RS olefin@P Lt eeowetilz&tion
e et%ﬁgllmaetr?eﬁ.%ﬁl[agg%??k%ﬁg&%agpm "cata ;’;st syst em% S

cefpolyettrizatioremaction: dioakeyanplpstbe ores of pelgethylgnowopll be
ggﬁn "catal yst system is used to describe such a pair

Y§E- acti vat i on, it nmeans the unactivated catal yst
(precatal yst) together with an activator and,

optionally, a co-activator. Wen it is used tao
d0821i be suldte tarnp S¢atalydt systeracisidehined e, mean hedaEstt he

activat ed. cat al ysty.and. Lvat Qr .
e SR AR R o B RGBSl Blusl soteETbe suet  pai
QTG0 HErE atiBY, bt Bt ithe ahaclivated cataBise@adcalalyst), togetha with an
charged species with a counter iqQn as jn an activated.

cagtivdtgisands gpiQnR1y] @@PZB‘]ﬁV@F-aW 1b1f8ézé?ﬂ, t9glesgribesugh a pair
[P Rervahiss, rigx?lg%% ttﬁé a&fv@féﬂtcgda)sé% %n(f:ﬁﬁ% abthabor ot Btk ¥Bdrge-
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precursor, ’c st conpoun transition netal
degnompdnaetyconpl ex. These words are used

i nt erchangeably. Activator and cocatal yst are al so

used i nterchangeably. A scavenger is a compound t hat

i o3fPi cal |y, AdgRMAichIndiACohipbAhEnl ibe ABRFl A48t #Preitalyst,
pol yrmeri zation by scavenging inpurities. Some
sarachaged spevigs witls @ cawteragn axcini apsactivaiedherdaliystysysiem.
referred to as co-activators. A co-activator, that is
not a scavenger, nmay al so be used in conjunction with

002t | vat AtathiystQPré@irsor & 1Y Ot rebeitdd\(€ aspleddtylybt, cdthlyst,
some "enbodi nenfs a co-activator can be pre-m xed wth

tdagalyst resimspo watFbisheorepavpdAnd trapsition mesH campoied eiromplex.
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interchangeably. A scavenger is a compound that is typically added to facilitate
oligomerization or polymerization by scavenging impurities. Some scavengers
may also act as activators and may be referred to as co-activators. A co-activator,
that is not a scavenger, may also be used in conjunction with an activator in order
to form an active catalyst. In some embodiments a co-activator can be pre-mixed
with the transition metal compound to form an alkylated transition metal

compound, also referred to as an alkylated invention compound.

DETAILED DESCRIPTION

[0024] In a preferred embodiment, this invention relates to a transition

metal compound represented by the formula (II):



[0024] In a preferred enbodi nent, this invention
relates to a transition netal conpound represented by
wao b@oharspul a (11):wherein Mis a Goup 3 to 12PCT/US2005/032165
transition netal, preferably a Goup 4 to 11 netal
preferably a Goup 4 to 9 metal, preferably a Goup 4
to 6 netal, preferably a G oup 4 or 5 netal,
preferably Ti, Zr, H, V, C, Fe, Co or Ni, nore
preferably Ti, Zr, Hf, or V, preferably Ti, Zr, or Hf
© each Ra is, indBpdndently, a hydrogen, a hydrocar byl
group, a substituted hydrocarbyl group or hal ogen,
pr ef er ablyyleach i depenqglntly, szel ected fromthe group
i Sti of chloride, om d&” fluoride, iodide,

hydni nd d C30 hydrocarbyls, preferably
met pyl , J/f/gropy , pentyl, hexiyl, phenyl,
ben all ifsoner , fach of Rl, R2, RS,
R . RS, ., R10, RIRis, independently a
hydr oge a hydracar byl group, a substituted
hydr ocar by gr oL _hal ogen, preferably each of Ri,

F17, R8,CR9,, R10, and R11'is,

s¢

R2, R3, R4 CTH5,
independegﬁl , I cte%%ﬁﬁ%nwhydrogen or fromthe
group cdhsi s RAgRt O RPo C30 hydrocarbyls, preferably
net hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,
wereit | nonyl, decyl, undecyl, dodecyl, phenyl, C7 to

C30 M?s;% Gtrérﬁfﬁ toopfﬂﬁlsgion%%al? +efér§l9l rGrotip el &P1 1 miERiL e
preféerably edch 1s, 1 ndependently, selected from
prefeiblyenGeoup 4 todhmistag pgefenaplycoGeiuptd tod oétaheprefdrably a

et hyl , n-propyl,. -praopyl,. .R-bu , ~butyl z-butyl .
Gt g or Sebsiahrererable toris it Vo o Doy FRoRREEbly Ti
E}nfgf%?m‘ﬁy%ﬁab i, 9y lydirogen, a hydrocarbyl group, a
stbstitated hydrocarbyl group, preferably R6 is

sel ectetR? ispindepehdenfisn adydfogen 2 invslrepadiyd Stans.i assubsigtutsd

l&#@fg%b,ng% Forr B@:‘%’? h)?éfﬂﬁ ere%&r?ifﬁf 9?[5,%{’%{‘1{69?5’5 %%%%}Fd from
tﬂtﬁgr)éh SRR of cHRARE WromRRReANbridTodide, B3l desid CLted30
en

yl's, andall isoners thereof; nore preferably R6 is

lgfétoemfom, preferablyanaspd nethyl, piopi, L @eatyp hesidiphienily of
R o R toBiger | o-propr T butyl, s but,
nesi teyéh ofRY RFQRAMRTYRS, R7, R8, R®, R'®, and R" is, independently a
hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group or halogen,
preferably each of R R% R3,RY R, R’,R8 R®, R!® and R'lis, independently,
selected from hydrogen or from the group consisting of C1 to C30 hydrocarbyls,
preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, phenyl, C7 to C30 substituted phenyls, and all isomers thereof;
more preferably each is, independently, selected from hydrogen or from the group
consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, s-butyl, i-butyl, z-butyl,
n-hexyl, cyclohexyl, phenyl, tolyl, mesityl, and naphthyl;

R® is hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group,
preferably R is selected from hydrogen or from the group consisting of C1 to
C30 hydrocarbyls, preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, C7 to C30 substittated phenyls, and



x is 0, 1 2, 3,or 4 where x is typically the oxidation
state of the nmetal mnus 2; each Z is, independently,

W 2@rous9dl5 atom preferably P or N, preferabl pCMUS2005/032165
[0025] It is understood that the above fornula
enconpass all possible stergo-soners, resonance
structures and tautoners connoted by the structure of
the formula. [0026] In a particularly preferred
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eafils Ra i's, independently, selected fromthe group

consi sting of chloride, bronide, fluoride, iodide,

hydr i rach i, ifeneodats, hgunDd&bynercisrbisP BN, preferably N.
nmet hyl , ethyl, propyl, butyl, pentyl, hexyl, phenyl,
benzyl, and al | isoners thereof;each of R 1, R2, R3,

R802315, R7,It RBundBBtoodkRat thd1gbdvd fdrniuta encdagasnale ploksible
hydr ogen, a hydrocarb a substi tuted

group

mﬁ@écanw TERRTFIE chﬁ%@’éﬁaﬁﬁm@’fs@mtﬁd By e Brugiyre of the
, R4, R5, R7, R8, R9, R10, and R1L 1 is,

|nggpendently, sel ected from hydrogen or fromthe

group consisting of C to C30 hydrocarbyls, preferably

h [, . , b [, |
g@b 1 " ho n% B g‘iﬁé\; yup{aé%p err@)gg L Ejg %leon é?}/a{cﬁ toa
ﬁﬂdﬁﬁﬁétﬁl@o oﬁﬂ@ tten@ By Bd folRQARIH: t her eof ; nore

pre erably eac |ndependently, sel ect ed from
hydr ogen or fron1the group consi sting of nethyl,
ethyl, "-propyl, o-propyl, rc-butyl, s-butyl, z-butyl,
t-butyl, n-hexyl, t ohexyl, phenyl, tolyl, nesityl,

and naphthyl; R6 i$ hydrogen, a hydrocarbyl group, a
sublsot i tut eﬁlhydr ocar byl gRéup

R2
///// \\\\
C/N\C
N\ I “p4
R® R’ R® 5

wherein
M is a Group 3 to 12 metal, preferably a Group 4, 5 or 6 metal, preferably Ti, Zr,
Hf, V, or Cr, more preferably Ti, Zr, or Hf;
N is nitrogen;

each R? is, independently, a hydrogen, a hydrocarbyl group, a substituted
hydrocarbyl group or halogen, preferably each R*is, independently, selected from
the group consisting of chloride, bromide, fluoride, iodide, hydride, and C1 to C30
hydrocarbyls, preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, phenyl,

benzyl, and all isomers thereof;



preferably R6 is selected from hydrogen or fromthe

group consisting of d to C30 hydrocarbyls, preferably
woreobpkoeoet hyl , propyl, butyl, pentyl, hexyl, PepUyi005/032165

octyl, nonyl, decyl, undecyl, dodecyl, phenyl, C7 to

C30 substituted phenyls, angiall isoners thereof; nore

preferably R6 is selected from hydrogen or fromthe

group consisting of nmethyl, ethyl, n propyl,
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on state of the ne m nus
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2] H (CH 3)2. Activators and
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ged are e e any compoun
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descrlbed .aboye ertln the ne t
EBTPIRECHE2 8! ety PP GORd: Ry BB (et

Gty h-hdeA; éycmh%kﬂ gp}féﬁ 1, vcﬁyp hrfesitf1O4ndeiepity®, andncl ude

al uroxanes, ~ al um num al Kyl s, i onizing activators,

whi ch xmay, be2,Feat 4 whersrx m@ym@allyah@mgmtat@ whthemesal

cocatglysts Preferred activators typically include

Hb%kane conpounds, nodified al unbxane conpounds, and
i oni zi ng ani on precursor conpounds that

[0027] In a preferred embodiment, in Formula I, IT or ITI, M is Ti, Zr or
Hf. In another preferred embodiment, in Formula I, IT or III, M is Ti, Zr, Hf, and
each R?is selected from the group consisting of: hydrogen, methyl, ethyl, propyl,

butyl, pentyl, hexyl, chlorine, iodine, and bromine.
[0028] In a preferred embodiment, the catalyst compound of this invention
comprises one or more of [CH3N(2-Et, 5-CH,-C4H3N),] Ti(CHs),; [CH3N(2-Et, 5-

CHz-C4H3N)2]Zl‘(CH3)2; or [CH3N(2-E11, 5-CH2-C4H3N)2]Hf(CH3)2.

Activators and Activation Methods for Catalyst Compounds

[0029] The transition metal compounds, described above, are typically

activated in various ways to yield compounds having a vacant coordination site



abstract one reactive, s-bound, netal |igand making
the nmetal conplex cationic and providing a

W@ b@sgeskal anci ng noncoordi nati ng or weakly  PCT/US2005/032165
coordi nati ng ani on. Al um noxane and Al um num Al kyl
Activators [0030] hi one embpdi nent, al unoxane
activators are utilized as an activator in the
catal yst conposition useful in the invention.

(oAl peTEimetes e aes POl DEDn ate F o e PREPoSES of 5,
?{\%A\%&peﬁggl nGmd gf)}t)%{c/llHH@Péﬁﬁﬁ $he REh{UR chmEyIY | Ak vasBX atoe"

ied ne al unoxane (MVRO), et hyl al unoxane
arcised béretnjinwranangeahly. and) aky fefingdix he avy eqrapermdivhiidycan

e R S e S A O
AKX LGRS corffiotfd tdV &dtalyBSalBf actid EQAIGE corlpoUBk edties.

and nodi fi ed al unoxanes may al so be used. [0031]
Nosflaniting agivatustior exsomie inelsdadlengxanes, alwpgumaleds.i on

. ted.by the follow ng. :
g RN A o i i R SREEvehBbinE.
Bdoatdlydts. OPrelpicd attivatdrs BgAcal Britcladcalimog argunndsnds| n

t he general alunpxane fornula, R3, R4, R5 and R6 are,
insredwnexane gompoundsgmdioRIFINZARMINGIPCUr s QY CORPFRsis dhat

th et hyl. , t t vl )
JERRH ol RS oo RSB Mg BB Lo bEPH i
ahoBiovRiing MoBdrgPbalhmiigdhyncoBRalindRig oRSveakiy cB6rdaating anibn.
nmethyl and "p" is a least 4. When an al kyl al um num

hal i de or al koxide is enployed in the preparation of
t he al unoxane, one OrAHDrF R3 6 groups nmay be halide
A 2 ane & A Y Ag S

not adi screte material. A typical alunoxane wll
§8030%i n f r d&eohe érmbiaiment blachoxand actiahtoyd arautifizadagan

bound trisubstituted or trialk al um,.num, ,and
ASNRAEAR DAL, PP IR pSs R At Hegpitgh ARG kanes arc
g%%eggllisﬁsqi %{,?ﬁ\bérrﬁlrbomﬁiﬁﬁcfs d&%&dﬂmhg LAR}20 EsubRits, What R iesh

evel s of trinethylal'um num Lower

bk goupf Exampies hili_ilam@m rimd_@de methal@mlmz@ae _ﬂyIAO):
bR Berthe FHAAGR M hnd Bty iR
Alkylalumoxanes and modified alkylalumoxanes are suitable as catalyst

activators, particularly when the abstractable ligand is a halide, alkoxide or amide.

Mixtures of different alumoxanes and modified alumoxanes may also be used.

[0031] Preferred activator compounds useful in this invention are

represented by the following general formulae:

(R>-Al-0),

RYR>-A1-0),-AIR%,



the trinmethylal um numor by any other neans known in

the art. | t is also recognized that after reaction
wWOowRah/04se9 t r ansi ti on nmetal conpound, sone al uUNPXENE2005/032165

nol ecul es are in the anionic formas represented by

the anion in equations 4-6,-18hus for our purposes are

consi dered "non-coordi nati ng" anions. [0034] For

further descriptions, see U S. Patents 4, 665, 208,

, 540, 5,041,584,. 5,091 352, 5,20 99, 5,204, 419...
10880 757 0 95mopaneis JeumaA TG e T gn e
2orpBu®lin ﬁe%@%@r@l&ﬁum@xa}é?@rﬁﬁﬁa, 18%&6311-‘%11 rhgreEP 0

561 476 A, E 279 586 Bl, EP 0 516 476 A, EP 0 594
2da@&pahdentlyy 240 925 albyBadicah da3Kkamplen metey Lty L aranyli butyl,

an noxape (;odi fied.or unnodifi.ed) ..
Hinfhitireyt B Bev, PRV AV NaRE v b inBEYGrom.d tabgut 50.
144 pP8iBrabp), #° ', RF 2K R &S AH Me@iy®End hlﬁ icatlahstdt When an
precursor (per netal catalytic site). The m ninum
adoyl whmainumdalide e alkexide sempiorediis the preparpinaef thet i o.
[0036] Al uno e8] Aydrolysis o
G R RS R Y B B B AR N oy
be produced by the hydrolysis of trinethylalum num and
a higher trial kyl al um num such as . ) .
tlpi)?ﬁ of cut yit HrefASHAR( phe)umoXaReIs geh adigcrefe ﬂ%ﬂt"é'lal'. A typical
SAUHO BN RbARAAHriS AU AN For N YPEEfRE! Bodlid | NG
st or age. ere are a variety of nethods for preparing
atisutstianel artdalkpldilémacing landelanasne motechlesiof iviagying degree of
exanpl es of i ch described in U S. . Patent. No.
lgamengaion, thess radfhyialansg e amnst Brelbyaed 69158 Io: leygls of
4rigibthy{AfmirthnD 28wt Bveld 02 88ndRPlalithif B4 be ZRhRIBd B35,
5,329,032, 5,248, 801, 5,235,081, 5,157,137, 5,103,031,
Seagion vd e Sty deemus: §oB 2839/is basedr byyacuwmzistilipgion of
744, 656, . 5,.847, 177, 5, 854 166, 5. 856,256
3ndsneaRaygnet b fLany b nEdt Ry hRR A 8 Wi
EEcd3niA2d 4i{f afi&CreadtionAvif) #84radsiBo it RoBboth §EHnkHS,
and PCT publications WO 94/10180 and WO 99/ 15534, all
cflumprasis nagleculesrass in the ppipnicerar poyeptesenisy by the pigadn

sopihsEnBhg B BF rifey 38 SulpatE i Eoh@naing. apions
filtered to produce a clear solution or clear

a[IO(lﬁEﬁxane Clglorllr ﬁg)r(lﬁehe(;I %gs%rrlitp’?igng, rsézan[]].tsr.] ePa%(l.n(’gg 9,%6&%'0%5 21,822,540,
5,041,584, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018, 4,908,463,
4,968,827, 5,329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031 and EP 0 561

476 A1, EP 0279 586 B1, EP 0 516 476 A, EP 0 594 218 Al and WO 94/10180.

[0035] When the activator is an alumoxane (modified or unmodified),
some embodiments select the maximum amount of activator at a 10,000-fold
molar excess AI/M over the catalyst precursor (per metal catalytic site). The

minimum activator-to-catalyst-precursor is a 1:1 molar ratio.

[0036] Alumoxanes may be produced by the hydrolysis of the respective
trialkylaluminum compound. MMAO may be produced by the hydrolysis of

trimethylaluminum and a higher trialkylaluminum such as triisobutylaluminum.



Anot her preferred al unoxane is a nodified nethyl

al unoxane (MMAO) cocatal yst type 3A (commercially
w@rashadsbe from Akzo Chemicals, Inc. under thePCT/EHS®05/032165

nanme Modified Methyl al unoxane type 3A, described in US

5,041,584). [0037] Al um numldd kyl or organoal um num

conpounds which nmay be utilized as activators (or

scavengers) include trinethylalum num

tri | al um trii tyl.al ym .
OMEAG e Pt raiee soRPlain HBOAtE s and mere Fgblei e
| @b gd. MPhefS4r WalaBiesy dfRRARIds Ifér prepMirdduliimblhe 268 BRdMied
this invention to use an ionizi ng or stoichionetric

adwihexeanes, nondimitiag exampleyeiovhicly ere described ip ALy Ragany No.

| AHm raki f

P S ol o St S S e RT3 4018,
t4,908493f 41968, 8DA 808,813 5309,082,8,24%,80 1 5238/08 05,157,137,
pol yhal o enat ed het er obor ane_ani ons_ (WO 98/ 43983
Bet0303e PO.19%. 5,32 T3 51083,888. B LB, S¢31 dd kb FEb P W
t ek 4 i 4 hi i Spib '
OSIEET, koo Ao LSRN Byt ORS00 Bl 218 PN
apsai 4786, EBB M0 219 3R e ERx-ANe594-2 haind EBBIal Gf0E6Hand PCT

Sobiivaioor SO Rarus oo Busde R PEah banar e ey
it SE b9l i A0 PO HBRED Bk b SYiskIRIRaE. The

ituent groupS are each I ndependently
setthgihbchdxaomAatlioydgor gdlleé alphmxahatageniiligabotiroditced

L kyls, . | 5, | hal id | k d . hali s
e aoluipy O e fpeifing Pt Sesr By (RS FLANER Jotution.
SEhRdrRleEQMAINAIRER s aTRINRE QY mBthy hietolkhte (MMAO)i ng
hal osubstituted) aryls, alkyls, and al kenyl conpounds

anodataiystt tw@%ﬂmmgmialm@ai@w@;@om{@@ eanyicalgrlge prder the
ing_1.t0.20 , ;
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atons and aryl groups having 3 to 20 carbon atons

(i ncluding substituted aryls). NMore preferably, the
tIA0FH gr ouplusyieum iyl or oravIoalMInEE CPmROUBETWHIED sy be
pu'?ﬁl?yi aso{gﬁ%t?# (o? caveh elljsg %fblﬁc{éetﬁﬁ%fthylﬁﬁﬁ@mmr e

prefera , e ree groups are

triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum

and the like.

Ionizing Activators

[0038] It is within the scope of this invention to use an ionizing or
stoichiometric activator, neutral or ionic, such as tri (n-butyl) ammonium tetrakis
(pentafluorophenyl) boron, a trisperfluorophenyl boron metalloid precursor or a
trisperfluoronaphtyl boron metalloid precursor, polyhalogenated heteroborane
anions (WO 98/43983), boric acid (U.S. Patent No. 5,942,459) or combination
thereof. It is also within the scope of this invention to use neutral or ionic
activators alone or in combination with alumoxane or modified alumoxane

activators.



hal ogenated, preferably fluorinated, aryl groups. Most

preferably, the neutral stoichionetric activator is
wWa eoospexsdd uor ophenyl boron or trisperfl uor onapetyius2005/032165

boron. [0040] lonic stoichionetric activator conpounds

may contain an active prot-pf, or sone other cation

associated with, but not coordinated to, or only

| oosely coordinated to, the remaining ion of the

I oni zi ng conpound.. Such coppounds and the |jke are
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, 241,025, 5, 384 _ ,
sy catorsn, shrateoOToapinaryhehaR kel Bices
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reference. [0041] lonic catal ysts can be preparedl
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HakeeRash Rroferelly) Tussgist el seepsi Mt referablyy, egpeutral
SECMORERE abilvAtd}Es B GRATudkd Q%?i bbida drefiferf@dBhapthyl boron.

systens used I'n the process this invention conprise
a cation, which is preferably a Bronsted acid capabl e

ti ; rot.on,. .and. tibl . )
Rl oor o HeRiE SRR AC Bt e o B mainantain gm pativs,
peBish KoDsome BRRB L&A asséckted WahN But A6t @kdiisted &,k Baly
species (the Goup 4 cation) which is forned when the

logsslyomopbuatetbtoa the remapingsion g #he ioriziagicompapnd. Hch

cperasing e e gt Bl b RLREE PR B LK o082
%ﬁ*"? Ego '|73|an g?u_%lm% A8, BRSSO BO094% BR-Ae) 377 003 #irid BR-A-
0 277 004, and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197,
5,241,025, 5,384,299 and 5,502,124 and U.S . Patent Application Serial No.
08/285,380, filed August 3, 1994, all of which are herein fully incorporated by

reference.

[0041] Tonic catalysts can be preparedly reacting a transition metal
compound with some neutral Lewis acids, such as B(CsFs)3, which upon reaction
with the hydrolyzable ligand (X) of the transition metal compound forms an
anion, such as ([B(CsFs)3(X)]), which stabilizes the cationic transition metal
species generated by the reaction. The catalysts can be, and preferably are,
prepared with activator components which axe ionic compounds or compositions.
However preparation of activators utilizing rneutral compounds is also

contemplated by this invention.
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comprising a plurality of boron atoms such as carboranes, metallacarboranes and

boranes.

[0043] In a preferred embodiment, the stoichiometric activators include a

cation and an anion component, and may be represented by the following formula:

(L-H) (A%

wherein L is an neutral Lewis base;

H is hydrogen;

(L-H)" is a Bronsted acid

A% is a non-coordinating anion having the charge d-

d is an integer from 1 to 3.

[0044] The cation component, (L-H)s" may include Bronsted acids such as
protons or protonated Lewis bases or reducible Lewis acids capable of protonating
or abstracting a moiety, such as an alkyl or aryl, from the bulky ligand
metallocene containing transition metal catalyst precursor, resulting in a cationic

transition metal species.
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[0047] Tllustrative, but not limiting examples of boron compounds which
may be used as an activating cocatalyst in the preparation of the improved
catalysts of this invention are tri-substituted ammonium salts such as:
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,

tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,
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triethylammonium tetrakis(perfluoronapthyl)borate, tripropylammonium
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[0050] The term "non-coordinating anion" (NCA) means an anion which
either does not coordinate to said cation or which is only weakly coordinated to
said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis
base. "Compatible" non-coordinating anions are those which are not degraded to
neutrality when the initially formed complex decomposes. Further, the anion will
not transfer an anionic substituent or fragment to the cation so as to cause it to
form a neutral four coordinate metallocene compound and a neutral by-product

from the anion. Non-coordinating anions useful in accordance with this invention
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compounds, see U.S. Patents 5,624,878; 5,486,632; and 5,527,929.

[0053] When the cations of noncoordinating anion precursors are Bronsted
acids such as protons or protonated Lewis bases (excluding water), or reducible
Lewis acids such as ferrocenium or silver cations, or alkali or alkaline earth metal
cations such as those of sodium, magnesium or lithium, the catalyst-precursor-to-
activator molar ratio may be any ratio. Combinations of the described activator
compounds may also be used for activation. For example, tris(perfluorophenyl)

boron can be used with methylalumoxane.
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reference, describes the use of organo-boron-al ym num
a non-coordinating compatible anion. Also, methods of activation such as using

radiation (see EP-B1-0 615 981 herein incorporated by reference), electro-
chemical oxidation, and the like are also contemplated as activating methods for
the purposes of rendering the neutral bulky ligand metallocene catalyst compourxd
or precursor to a bulky ligand metallocene cation capable of polymerizing olefins.
Other activators or methods for activating a catalyst compound are described in
for example, U.S. Patent Nos. 5,849,852, 5,859,653 and 5,869,723 and WO
98/32775, WO 99/42467 (dioctadecylmethylammonium-
bis(tris(pentafluorophenyl)borane) benzimidazolide), which are herein

incorporated by reference.
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publications WO 94/07928 and WO 95/14044. These documents all discuss the

use of an alumoxane in combination with an ionizing activator.

Supports, Carriers and General Supporting Techniques

[0058] The catalyst composition of the invention may, optionally, include
a support material or carrier, and may also include a supported activator. For
example, the catalyst composition component, the activator compound and/or the
activated catalyst compound, may be deposited on, contacted with, vaporized

with, bonded to, or incorporated within, adsorbed or absorbed in, or om, a support

or carrier.
Support Material
[0059] The support material is any of the conventional support materials.

Preferably, the supported material is a porous support material, for example, talc,



use of an al unobxane in conbination with an ionizing
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U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.

[0061] It is preferred that the support material, most preferably an
inorganic oxide, has a surface area in the range of from about 10 to about 700
m?/g, pore volume in the range of from about 0.1 to about 4.0 cc/g and average
particle size in the range of from about 5 to about 500 pm. More preferably, the
surface area of the support material is in the range of from about 50 to about 500
m’/g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of
from about 10 to about 200 pm. Most preferably, the surface area of the support
material is in the range is from about 100 to about 400 m?/g, pore volume from
about 0.8 to about 3.0 cc/g and average particle size is from about 5 to about 100

um. The average pore size of the carrier of the invention may be in the rarige of



WD 99/ 47598, aerogels as described in WO 99/ 48605,

spherulites as described in U S. Patent No. 5,972,510
wapaepaleyneri ¢ beads as described in WO 99/ 5038CT/PS2005/032165

which are all herein incorporated by reference. [0061]
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that is less than four times the pore volume of the support material, more

preferably less than three times, even more preferably less than two times;
preferred ranges being from 1.1 times to 3.5 times range and most preferably in
the 1.2 to 3 times range. In an alternative embodiment, the amount of liquid in
which the activator is present is from one to less than one times the pore volume

of the support material utilized in forming the supported activator.

[0065] Procedures for measuring the total pore volume of a porous support
are well known in the art. Details of one of these procedures is discussed in
Volume 1, Experimental Methods in Catalytic Research (Academic Press, 1968)
(specifically see pages 67-96). This preferred procedure involves the use of a
classical BET apparatus for nitrogen absorption. Another method well known in
the art is described in Innes, Total Porosity and Particle Density of Fluid



[0064] In a particular nmethod of form ng a supported
catal yst conposition conponent, the anount of |iquid

WO pooslososho t he activator is present is in an anBCIUS2003032165
is less than four tines the pore volunme of the support
material, nore preferably.-pess than three tines, even
nore preferably less than two tines; preferred ranges
being from1l.1 times to 3.5 tinmes range and nost

referably in the 1.2 t ti hi .
ity 1w LRdiona 258 Bt oo CoeguieR S aien
(I{/Igﬁhf"f%ﬂ.h ator is present is fromone to | ess than one

s

tine he pore volunme of the support material utilized
in formng the supported activator. [0065] Procedures

for nmeasuring the total pore volunme of a porous
M&Mil known in the art. Details of one of
(60885 € Pr 0GR EHE EfibdEmEhS BeShtlyst Boredsitien ncludes a supported
Experi mental Methods in Catal ytic Research gAcadem' c

afhags, MaBsjuppeelictivatars aye desstipetjasyagpusgptenthing

f d d ' I ' -
R oparaRIST o B Spcn e S dioatef RS g
sHfJortel BEYOmEAC bikglaRintinbtand @oGnddigdrdating anelkylauatinum

Porosity and Particle Density of FluidCatafysts Y
withoparpridioxide poer toyrirolysas; NS. Patent Noa P b9 @fhg’. ig3

dgﬁgés_sggr;% 8 Od\é%li’t% meltifdmo F}ﬁﬁciquirlgcdtﬂoﬁ%gﬁﬁﬂw}wésp

I"rrent,” the catalyst conposition™includes a
(BS pditeth. 3¢13i1 3l oflated/ny poapgdot rmekiag b isugiportsd alugnoxane

p . . 1o . . .
g bareton e b T e 3 Boe e 3B llhscs
Tl BBt Sl patR el bR oo
efevited térpdryairas|and psessupess U.DaPasertt Ndo 5,789 8368 disogsseml

e bR hoS HRD BB L bR 88652
rAlatéSto écﬁﬁn%shﬁh%cé& 18 aRUPSREA ali@hoaBK i@ addsigpRord ed

al unoxane by oxygenation with a trial k{l si | oxy noiety;

ety Lo BarosrnesNbS. Bhas blonss 3.4 bk 0381 i discass a catalydt
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metallocene with a catalyst support of silica reacted with alumoxane; PCT WO

96/16092 relates to a heated support treated with alumoxane and washing to
remove unfixed alumoxane; U.S. Patent Nos. 4,912,075, 4,937,301, 5,008,228,
5,086,025,5,147,949, 4,871,705, 5,229,478, 4,935,397, 4,937,217 and 5,057,475,
and PCT WO 94/26793 all directed to adding a metallocene to a supported
activator; U.S. Patent No. 5,902,766 relates to a supported activator having a
specified distribution of alumoxane on the silica particles; U.S. Patent No.
5,468,702 relates to aging a supported activator and adding & metallocene; U.S.
Patent No. 5,968,864 discusses treating a solid with alumoxane and introducing a
metallocene; EP 0 747 430 A1 relates to a process using a metallocene on a
supported methylalumoxane and trimethylaluminum; EP 0 969 019 A1 discusses
the use of a metallocene and a supported activator; EP-B2-0 170 059 relates to a

polymerization process using a metallocene and a organo-aluminuim compound,



process of heat treating al unoxane and placing it on a
support; EP-A-O 545 152 relates to adding a
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Kaminsky, et al., “Polymerization of Styrene with Supported Half-Sandwich
Complexes”, Journal of Polymer Science Vol. 37, 2959-2968 (1999), describes a
process of adsorbing a methylalumoxane to a support followed by the adsorption
of a metallocene; Junting Xu, et al. “Characterization of isotactic polypropylene
prepared with dimethylsilyl bis(1-indenyl)zirconium dichloride supported on
methylaluminoxane pretreated silica”, European Polymer Journal 35 (1999) 1289-
1294, discusses the use of silica treated with methylalumoxane and a metallocene;
Stephen O’Brien, et al., “EXAFS analysis of a chiral alkene polymerization
catalyst incorporated in the mesoporous silicate MCM-41" Chem. Commun.
1905-1906 (1997), discloses an immobilized alumoxane on a modified

mesoporous silica; and F.Bonini, et al., “Propylene Polymerization through



t he vol une of al unbxane solution is |ess than the pore
volunme of trie support material; WD 98/ 02246 di scusses
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U.S. Patent No. 149 discusses .a.pro f or,
B WG PLos PR B b B B e A iy Jqumal
oPPIRMer Selentd) VMo 2398%09?995’)2 @fskadses bkifg aPat ent

Nos. 5, 44-6, 001 and 5,534,474 relate to atprocess for

metlepanimeyamnsupportedoilicaavidy b aietptledangadery ¢ithemiethoded

| ,d ti |ate i t t; P-A-QO 819
cpguted e BErepoRs wReBe B brbRERE e BTl o
cbiBShan aldl hil ardlikeBRp@aRA MeteObyirBRréel OW ng articl es,

also fully incorporated herein by reference for

pur poses of disclosing useful supported activators and

ods fqr _their tJ ' ; '

B BheiduiepRloRaaed; bePyphdfed ifivatl KEAM I Bborted
altddxapariclwiedfoopafiakeftime gdosr tahsedierélal HoerefSenensease
Vol . 37, 2959-2968 %1999) describes a rog Ss. of
refesiorWiSn Batsnthiesh 91448 (3 #at & 0P 8- 2 7s insorrqrated ety by
réi%nggsor ption of a netallocene; Junting Xu, et al.
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with dinmethylsilyl bis(l-indenyl)zirconiumdichloride
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met hyl al unoxane and ‘a netal | ocene; Stephen O Brien, et

state qr 4 #ixEPrefierbipsing minegal oHisduairyal kene pol yneri zat i on
catal yst incorporated in the nesoporous silicate
MCM 41" Chem Commrun. 1905-1906 (1997), discloses an
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and F.Bonini, et al., "Propylene Polynerization .
activaterg aSuRsds aradteatively deverms v dilergny aetivatges Ao asingle
Anal ysi s d Model i ng" Journal of Pol yner Science,
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An%/ of the nethods di scussed in these r,efer?ncb?s are
[00%91 ul  f orln BRESBEFTIRRPIAMERfpNE SLPROH cRFtGHflgpreferably partially or

totally dehydrated support material, preferably 200°C to 600°C dehydrated silica,
is then contacted with an organoaluminum or alumoxane compound. Preferably
in an embodiment where an organoaluminurm compound is used, the activator is
formed in situ on and in the support material as a result of the reaction of, for

example, trimethylaluminum and water.

[0071] In another embodiment, Lewis base-containing supports are reacted
with a Lewis acidic activator to form a support bonded Lewis acid compound.

The Lewis base hydroxyl groups of silica are exemplary of metal/metalloid oxides
where this method of bonding to a support o ccurs. This embodiment is described
in U.S. Patent Application No. 09/191,922, filed November 13, 1998, which is

herein incorporated by reference.



conmponent and all are incorporated herein b reference.
[0067] In another enbodi nent, the STi pported
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period of time prior to use herein. For reference
pl ease refer to U S. Pateng9-Nos. 5,468,702 and
5,602,217, incorporated herein by reference. [0068] In
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supporting an activator are described in U S. Patent

No. 5,427,991, where supported non-coordi nating ani ons
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o?‘%hesellcltllvgtor annd a suitable solvent, then adding the support material at
temperatures from 0°C to 100°C, contacting the support with the activator
solution for up to 24 hours, then using a combination of heat and pressure to
remove the solvent to produce a free flowing powder. Temperatures can range
from 40 to 120°C and pressures from 5 psia to 20 psia (34.5 to 138kPa). An inert
gas sweep can also be used in assist in removing solvent. Alternate orders of

addition, such as shurrying the support material in an appropriate solvent then

adding the activator, can be used.

[0074] The catalyst compounds of this invention may be introduced into
the reactor directly, in a solution, in a slurry, then may be combined with the
activator before introduction into the reactor or after. In a preferred embodiment,
the catalyst compound and optionally the activator are comxbined with mineral oil
and then introduced into the rector. Likewise in another ermbodiment, the Catalyst

compound, support and activator are combined with mineral oil and then



illustrates the reaction of trisperfluorophenyl boron
with silanol groups (the hydroxyl groups of silicon)
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d99T a corfbersatehshcoynpiieds d%ﬁ‘iﬁbiff]é%r%‘r‘@ntbs usiBve t he

RISty RIAHEP iDL 86 Sl AuienarReIbich,. TRRDRRA Ur o3

ange trom OC and pressures fromb5 psia to
WefpstdmoRdmeErstincli@B&tRelEne, propyhume; bufese, bwenp, degeneanglo

SetBp< UspiLaanoner tasanoSROSRGREY g eiralebshurounds of
i Shvetion thefideRBRE Qﬂ(gg'o?eff%l(s)%;g%ﬁﬁiﬂly henCaléMe, preferably

activator, can be used. The cat al yst conpounds
df; tolflssolefineprefaablngy th €2 ahefinsdpreéarablii(s to ke lelies: dp

directly,.in a selution, in.a slLurr . }
SO R PR rarsrs BeRiy Hfar, MAGRRE sl gpha
tdIEhirsEREHRIb1P Cs & U5 alphh-ofefidk Girefetsdy €900 mihiaroltfies,
catal yst conpound and optionally the activator are
queistahisoCytotGro aipherodefinsipreferablyt Grete G elpbaneledians niplsrableCs
rect or,., Li Kew sg. i ' yst

B ot e B o RERAL I e oredf Rt B
Progyiéde, bitkne} pentehe hckénepishptad, dettime, nbrerepdeactns, dodévene, 4-
catal yst and activator are prefer abLy lPr esent 3;5
methyl-pentene-1, 3-methyl pentene-1, 3,5,5-trimethyl hexene 1, and 5-ethyl-1-

nonene.

[0076] Preferred monomers useful in this invention may also include
aromatic-group-containing monomers containing up to 30 carbon atoms. Suitable
aromatic-group-containing monomers comprise at least one aromatic structure,
preferably from one to three, more preferably a phenyl, indenyl, fluorenyl, or
naphthyl moiety. The aromatic-group-containing monomer further comprises at
Jeast one polymerizable double bond such that after polymerization, the aromatic
structure will be pendant from the polymer backbone. The aromatic-group
containing monomer may further be substituted with one or more hydrocarbyl
groups including but not limited to C; to Cyo alkyl groups. Additionally two

adjacent substitutions may be joined to form a ring structure. Preferred aromatic-



nolar ratios of netal in the catal yst conpound to

metal in the activator of 1000:1 to 0.5 to 1,
wee@botmbdy 300:1 to 1:1, nore preferably 150: BCT/OSD03032165

In a preferred enbodi nent, the nolar ratio of netal in

the catal yst conpound to nme3dl in the activator,

preferably alunoxanes, is 1:1 to 10:1 Mononers [0075]

The catal yst conpounds descri bed herein can be used to

pol yneri ze. any nononer havj two or re carbon

CATBE ORI LTRSS PR At Pt R SRS e g bended to

gﬂd%&ﬁ@ble RIS Bdfety. PPArBBE arl) PreTBRed de@efNemdnemers include
ctene. Useful nononers that can be polymerized by the

cshyrahey sipha-omtlaylstoeenef paralkylstirenasi vinyiteleengaevicgnephithalene,

C ol efins,.preferabl | I
G b RS ranatls Tt PleRsT Aayenl PR Y
PR RLAD Ny IGRnkeneC12 ol efins, hi some embodi ments
preferred mononers include linear, branched or cyclic

al phaol efins, preferably C3 to ClOoal pha-ol ef ns,

rably - - [ to 4
oBr o1 e i Pl o Bk g R, Jreaho
perefeatd bl Yes€mdmon{stPcanl phaimwietd 3G carboredtems e Buitdbdé hon-
nononers may be one qor nore of prp | ene, butene,
pEAAHCYCHE ZENWP, COREARIBH BIONGRICE e e%ﬂﬁéﬂ%’? afjicaghpue
%ﬁﬁ&pﬁble%]%ﬁﬁﬁ EYAu' RERGEQRBIeL pertidELMe HEY SARuEe or is

, o, b-trimethy exene 1, and  5-ethyl-1nonene. [0076]
Raef efitiiecc) chio sonene. (Refoytlid sinuchirs may\adsotbednrthensubstiuted by

Lé]}l(:elt(g %@E%&Bﬁ%ﬁgﬁé ”%g bﬂtﬂ& IRNQMETS, S0 2134 BBups.
ap QPR GoRhRItRatVCRE Biolf cORARIES MoAOMBY iftudd | east

one aromatic structure, preferably fromone to three,
nonglcynlafesand Vinydcyshobaydne, vingmeghorngneyethiflene ngybornene,

napht hyl .noiety. T tic- . t ai ni

r e g, £ Sanelny b R SRR Jp L RRRe™
beiBorastenatd e 1Rkt er pol ynmeri zation, the aromatic
structure will be pendant fromthe pol yner backbone.

The aromatic-group containing nononer nmay further be

S e e RIS P Bt

Akgirbdatboalstrctiov® preferably Cs to Cso, having at least two unsaturated bonds,
wherein at least two of the unsaturated bonds afe readily incorporated into a
polymer by either a stereospecific or a non-stereospecific catalyst(s). It is further
preferred that the diolefin monomers be selected from alpha, omega-diene
monomers (i.e. di-vinyl monomers). More preferably, the diolefin monomers are
linear di-vinyl monomers, most preferably those containing from 4 to 30 carbon
atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,
heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-

undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low



adj acent substitutions may be joined to forma ring

structure. Preferred aromaticgroup-contai ni ng nononers
weowbAaiwIat | east one aromatic structure appenPErUSHOH032165

pol ynmeri zable olefinic noiety. Particularly preferred

aromati ¢ nononers include sB83« ene,

al pha- net hyl styrene, para-al kyl styrenes,

vi nyl t ol uenes, vi nyl napht hal ene, allyl benzene, and

i ndene, especially . styrene, I a yl yLene .
SRR SRR R 5B AT R ey
ADPBILRAE xy‘rélbﬁen%&éﬁe, HRPhsidheRDEmAE e, ethdidene

preferred. These nononmers can contain up to 30 carbaon

abosenSuliviaplbenzronatieyeluricotadienkios higherrpngceomtaaning giplefins
noponer. ef er.abl ave at. | east. one pol yneri zabl e
&l@f%“ea’é’%ws{lwg?%? Vagﬁopﬁgpgﬁ’g%g‘gﬁ% on the cyclic
structure or is part of the cyclic structure. The

cyclic structure qgg al so be further substituted, by
% ror &n Apthfoeed ahodinentibe syfalystaemppyrdsiggcribed

Limted to to

st iy b pactho brodrbEhEhEHBER R op LT (PG the pposos
\o';f Eﬁ% ﬁgéﬂtwﬁ@fﬂgﬂe cluﬂnmythawil a)d:tqyo;kﬁﬂqr ayopimpuish owoghese,

e I dene nor por nene, Cycl opentagl ene, CycC] O t ene,
égmy% meoxe Aidferen ananomer Haits-k P%ﬂﬂa PRIATEH Q¥°4%€‘Eg?rﬁghe,
S0 el P o BERAPEL ) 16 850 mgamgt an
iefaeédirmbodimefitethapblymedistachd@opolyraet aigna e, keGstalphes

unsat urated bonds, wherejn at |least.two.of th

(OHRIEY @F%ffe@gbb@ﬁ B8IYEE 15 LRI PRP YL PRI §dgmppolymer

R lebﬁgfeﬁe.bih &ldule ?re?ex?édeémﬁﬁtf thé p8Fym@r produced herein is a
er eospeci f

non- c catalyst(s). It is further
popdlgmeraf gropylendanddinglosfriare nbetbisne, htene.dreatans dhexienin

| pha, o a-di ene monopers (i ,e. di-V] s).
bl oEieBr s drtene brer e Soreiath s | AN
FeniéhdlY) ariCN9BRifettyPhdxché @f emaklbothet prf¢red @nibaidithérg the
from4 to 30 carbon atons. Exanples of preferred

diobsmess proticediberbin ia a ceppdympioo etbiylepandpag sameke of

SRR e B AR AP B M g RanE s, dodecsn, &
trﬁéthﬁggﬁ&ﬂéﬂﬂswméiﬁyltpaﬁkeﬁadl anks, s Sexiachtyhtéane 1.

hept adecadi ene, octadecadi ene, nonadecadi ene,
i cosadi ene, henei cosadi ene, docosadi ene,

[0080] In a preferred embodiment the copolymers described herein

comprise at least 50 mole% of a first monomer and up to 50 mole% of other
monomers. In another embodiment, the copolymer comprises: 1) a first monomer
present at from 40 to 95 mole %, preferably 50 to 90 mole %, preferably 60 to 80
mole %, and 2) a comonomer present at from 5 to 40 mole %, preferably 10 to 60
mole %, more preferably 20 to 40 mole %,and 3) a termonomer present at from 0

to 10 mole%, more preferably from 0.5 to 5 mole%, more preferably 1 to 3 mole

%.

Polvmerization Process

[0081] The catalyst systems described above are suitable for use in any

prepolymerization and/or polymerization process over a wide range of



tricosadi ene, tetracosadi ene, pentacosadi ene,
hexacosadi ene, heptacosadi ene, octacosadi ene,

woeowaoesadi ene, triacontadi ene, particul arly pref/E82088032165
di enes include 1, 6-hept adi ene, 1, 7-octadi ene,
1, 8-nonadi ene, 1,9-decadi es38- 1, 10- undecadi ene, 1,11
-dodecadi ene, 1, 12-tridecadi ene, 1,13-tetradecadi ene,

and | ownol ecul ar wei ght pol ybut adi enes (Mv | ess t han
1000

g/nmol). Preferred cyclic dienes.include o
tegipeTaEn prefures, {Ths Pt Y DG ip 46 12 g from ~60 °C
t I 2 HPACLRAL-DAY RASOW: ¥ MJURO0E€N and the pressures employed

di cyc open?adl ene or higher ring containi n%@;lhl ol efins

malybh inthewangrofiomd st osphers taebeutrliSENE ardr fggher.
positions. -[0079] In a preferred enbodi nent the
cat al yst conmpounds descri bed herein may be used to
[(WSQ{j uce hoERRARYARINHrOE SRR MRS solut{ond pas plasguhposstmse,
of this invéntion and the clains thereto a_copogl yner
highyresownspreess, ws superriskcal phase oy rankingiqnr therseat.

nmononer units.) Preferred polyners produced herein

i ncl ude homopol yners or copolyners of any of the above
[0UB3PITEr S. T Bndebfigénts dhe phaedssaithistiineenfioh yndirectes taward
honmopol ynmer of any C2 to Cl2 al phaol efin. Preferab
atsplation e prepgIrg S oB3FrRiIse PolymssiFtiqTEPTgpess of one or

¥ﬁ’c§i i RlatdR S bRIESBLy 2 to 12
n@ﬁ%@%ﬁhen Opﬁésﬁ%@%ﬁgggb%ggagg%%ﬁe?éin ?s a cgbofyner
cabophatopsl emEmardbrefesbhy 2noriecaborettoylse Tde ilvention 1s
pent ene, hexenghyhegtene .octen nonene

: cene

plrduea el et b e BNEBHALTIONT P A Foop AR omsTRt

- 5rbi > i hiEpentdRl 1€ hegshe-1, octene-1
e%gg’l%éhﬁ%ﬂé%%%%%?ggﬁggg&hgfgi nis a copol yner
and dethgdlene and one or nore of propyl ene, butene,
pent ene, hexene, heptene, octene, nonene, decene,
dodecene, 4- nethyl-pentene-1, 3-nethyl pentene-1, and
GasPhasd ri methyl hexene 1. [0080] In a preferred
—enbodi nent the copol yners descri bed herein conprise at
[00845t 50 Fblewatabyst confrioandsrafiibisdnveantian Gan boused 1H3(28%,

f other NnQer s, ' N
B s CmORr drs ety Mbtthert " REA b Hase plmerization
pk6cRE8, 4Qohtomi¥as BN enly bRy @hplogbd Whbfk in@nd Panolf erdéycle of a

preferably 60 to 80 nole % and 2) a conpnomner gresent
regctof SBHES, # 6yAme st drosgm ptheayige kjowpag gresycle stream or

fluidizing medium, is heated in the reactor by the heat of polymerization. This
heat is removed from the recycle composition in another part of the cycle by a
cooling system external to the reactor. Generally, in a gas fluidized bed process
for producing polymers, a gaseous stream containing one or more MONOMETs is
continuously cycled through a fluidized bed in the presence of a catalyst under
reactive conditions. The gaseous stream is withdrawn from the fluidized bed and
recycled back into the reactor. Sirmultaneously, polymer product is withdrawn
from the reactor and fresh monom er is added to replace the polymerized
monomer. (See for example U.S. Patent Nos. 4,543,399, 4,588,790, 5,028,670,
5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and
5,668,228, all of which are fully incorporated herein by reference.)



nole % nore preferably 20 to 40 nole % and 3) a

ternononmer present at fromO to 10 nole% nore
we@beswy fromO0.5 to 5 nole% nore preferabPgr/US1005/@32165

nole % Polynerization Process [0081] The catal yst

systens descri bed above are3guitable for use in any

prepol yneri zati on and/ or pol ynerization process over a

wi de range ofterrperatures and pressures. The

t enperature e in the range of from-60 0
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toward a sol ution i gh pressure, Slurry or gas phase
P2OYCT®I¢fEablyofiorn EbeESO°0fto abmut dil 596 neore peeffenablyomthep range
having from2 to 30 carbon atgns, preferably to 12

@ﬁﬁmﬂb@pbwc ardOforandgmest efeémlyzn the TgngeefiEem Ahahk.
is particularly well suited to the

§E| ?‘%%P?%% of two or nore olefin nononers of

et hyl ene, propyl ene, butene-I|, pentene-I,

4- et hyl - pent ene-1, hexene-1, octene-1 and decene-].
@086Phase [Qbaaes Phaseprecessescopismplstaddyy e profess of the
I nv e ]%1 OIQD ot gl ng?flbsnol%?r%,ﬁ%%}lg @p&?’&leﬁ%ﬁ ppél(}%gs%§s A‘El&) gas phase
@ﬁic)éé@ﬁ béﬂéﬂn@tﬁtqﬁﬁ@&ﬁs mveatiGincluds dwse dyschbedmyUlS Batent
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the heat of ynmeri zation. This heat is
mEEmyﬁﬂbhhaﬁpmhedbycwhhmceonpos|t|on i n anot her part
of the cycle by a cooling systemexternal to the
reactor. Cenerally, in a gas fluidized bed process for

ﬁn‘?%’tl' fn'o ng mﬁg?@%&&m BmBGRRRHE 1R LRI RAREAINIHRGrRAAL O
invention is capable of and the process of the invention is producing greater than
500 Ibs of polymer per hour (227 Kg/hr) to about 200,000 Ibs/hr (90,900 K g/hr) or
higher of polymer, preferably greater than 1000 Ibs/hr (455 Kg/hr), more
preferably greater than 10,000 Ibs/hr (4540 Kg/hr), even more preferably greater
than 25,000 Ibs/hr (11,300 Kg/hr), still more preferably greater than 35,00 O lbs/hr
(15,900 Kg/hr), still even more preferably greater than 50,000 Ibs/hr (22,7 Q0
Kg/hr) and most preferably greater than 65,000 Ibs/hr (29,000 Kg/hr) to greater

than 100,000 Ibs/hr (45,500 Kg/hr).

Slurry Phase
[0088] A slurry polymerization process generally uses pressures ira the

range of from about 1 Pa to about 100 MPa atmospheres and even greater and
temperatures in the range of 0°C to about 120°C. In a slurry polymerization, a

suspension of solid, particulate polymer is formed in a liquid polymerizati on



conti nuously cycled through a fluidized bed in the
presence of a catal yst under reactive conditions. The
wW@2®enusIstreamis withdrawn fromthe fl ui di zeRChEs20a51082165

recycled back into the reactor. Sinultaneously,
pol ynmer product is w thdrawss-fromthe reactor and
fresh nononmer is added to replace the pol ynerized
ngge;go(See for exanple U S. Patent Nos. 4,543, 399,

5,028, 670, 7,03 5,352, 74 5, 922,
diluen mdiim i wiigh monéﬂi héb%hyléﬁ%a@ree%e dlgid
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250 psig (1724 kPa) to about 350 gr (2414 kPa) Trie
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Eéﬁﬂl@lﬁ Q4o eriztidsd 04 reRclyust. Pt gbbn meom is

range of from about 70C to about 95C. 0086 her
pmlstbe prasessyniess be snealpd| hpehp yoartien 6#1‘556‘6% gali %?ﬁ
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RI§STER ase processes contenp at éd by
the i nventi on |nclude those described in U S. Patent

No
BIS9R cat | ortopaehisutinhousadil bobhoeiab (5 BAgn ST S SpRREeg i
?Q’%rgcpt% ﬁnadpaﬁ%lgf Jﬁ?‘éﬁ)l%@:ﬂfﬂtﬂon G a\['g'cl)\loxg}h f&é@sshﬂ{eﬁé fhe

y I ncorporate ref erence. hi preferred
estymiatienis keptibelave thettemperaiuie aterdn¢h1thte mlm@@m into

G0 S GBS oo D L RS fhe orsrmes

WFS m&ft NZ354Ka/79) r\)vhffcﬁ 1@@1‘119%03%&@@ hédesd by ref@éhc%O @ther
hr) or higher o preferably %Peater t han

, mm prbef/sms n(mi@dfa nhg$m¢rppl)émg@ lepereastabitd dizingn

SPisag ot R et Rt parp o sER i Rlofs e Non.
minafies éﬂhﬁ{pl% STy ploaessedSindid tdisinnous loop or stirred tank

processes. Also, other examples of slurry processes are described in U.S. Patent

No. 4,613,484 and 5,986,021, which are herein fully incorporated by reference.

[0090] In an embodiment the reactor used in the slurry process of the
invention is capable of and the process of the invention is producing greater than
2000 Ibs of polymer per hour (907 Kg/hr), more preferably greater than 5000
Ibs/hr (2268 Kg/hr), and most preferably greater than 10,000 Ibs/hr (4540 Kg/hr).
In another embodiment the slurry reactor used in the process of the invention is
producing greater than 15,000 lbs of polymer per hour (6804 Kg/hr), preferably
greater than 25,000 Ibs/hr (11,340 Kg/hr) to about 100,000 Ibs/hr (45,500 Kg/hr).

Solution Phase




(15,900 Kg/hr), still even nore preferably greater

than 50,000 | bs/hr (22,700 Kg/hr) and nost preferably
wW@e@aners9e han 65, 000 | bs/ hr (29,000 Kg/ hr) to PCEHESBN5/032165

t han 100, 000 | bs/ hr (45,500 Kg/hr). Slurry Phase

[0088] A slurry polynerizat3®n process generally uses

pressures i the range of from about 1Pa to about 100

MPa at nospheres and even greater and tenperatures in

t he range 0OCto ou 0C. hi .a slur .
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recycle

separated fromthe polgner an optionally

areltssrresa ﬁ@msT fa 3(310 o (1-30,09:MPahdn grhichrhe mopgpegacts as
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preferably a branched al kane. The nedi um enpl oyed
shoul d be |liquid under the conditions of

bARier i zalPoRCwEC centliy theyeactris obtaper by balageing the heat
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uent critica nperature and pressure.
Rieedomkeaby of thereheton ramtorefrigeritoappre ahe ladefdédsnyaporization of

enpl oyed. 089] A particul arl f ul I i zati
FaBH el R shp okt Sl LS gL Bt
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ere the tenperature is kept below the tenperature at

wmpdratiteasiependsromrthg oatslystsed. skl genprah theteaeior wameraiue

i S we known .in the.ar d.d ' in f

PP R el bt st 20, 4858 egf P Sregtgpaply from
lBERIG0OC & Ssbub 564 Al niosf SreRfddy frohdous108°Cito about
processes include those enploying a | oop reactor an

1cl | and
tI40%S Belymerizatigndempenatir mpy sirygiepending pregiplystchpice. In
series, parallel, or ' ' it
Siinmtih s foppS b bRIRAR AR AD6E Rither FICNThAL 0
Frstgbactdrecmpantardr BgRes RS readibt operatidie thestmmpirhsesadf the two
slurry processes are described in_U S Pa{ ent
reactors are independent. The pressure can vary from about 1 mm Hg to 2500 bar
(25,000 MPa), preferably from 0.1 bar to 1600 bar (1-16,000 MPa), most

preferably from 1.0 to 500 bar (10-5000MPa).

[0093] In one embodiment 500 ppm or less of hydrogen is added to the
polymerization, or 400 ppm or less or 300 ppm or less. In other embodiments at
least 50 ppm of hydrogen is added to the polymerization, or 100 ppm or more, or

150 ppm or more.

[0094] Examples of solution processes are described in U.S. Patent Nos.
4,271,060, 5,001,205, 5,236,998, 5,589,555 and 5,977,251 and PCT WO
99/32525 and PCT WO 99/40130, which are fully incorporated herein by

reference.



No. 4,613,484 and 5,986, 021, which are herein fully

i ncorporated by reference. [0090] In an enbodi nent the
WO e@ches9used in the slurry process of the i nvRet/USI005/632165

capabl e of and the process of the invention is

produci ng greater than 20003f7bs of pol ynmer per hour

(907 Kg/ hr), nore preferably greater than 5000 | bs/hr

(2268 Kg/ hr), and nost preferably greater than 10, 000

| bs/ hr (4540 Kg/hr). In another enbodinent the slurry

reactor used in the process of the invention is
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bl e Pob LD FraPL Rl o R SRIhE e REAIRE, ° o

the polyners at high pressures, from1l to 3000 bar
(10- 30,000 MPa), in which the nmpnoner acts as dlluent
dpo9e] sol ut%mrwsyﬁmbezmqﬂwém AgoRHingns sired tprpEppptor,

-E) %Qctt&ro? ﬁﬂ%{}}&& lredcfbrt &em&% 6dCne! réa&aio%:ﬁ@éh Bseries or

C|ng t at o nerization wth'reactor
qmrilleh OTHege re2amiromajy aakchlsma;r nathave mgema:ilcbehmg)ox:hnaltmg and
It{}pe contents_of the reac

t t
S TRRPRFlsod BT TR PoTEiH G Sedht Al plosure of

tg's' SE¢5, (A DRBEES g Qieral ProtBR! don@itioRSOéd A, ARtErmafiomdl
Adiabatic réactors wth pre-chilled feeds may

a‘;ipshcdfmn VEOP6/33227 apd 3Y 097128032 r Alldogunienie arggnenrpetated by
%‘F st used. In general, the reactor tenperature
&bly can vary betmeen about 30C and about 160C,
nDre preferably from about 900C to about 150C, and
nost preferably from about 100C to about 140C.

Aedlymer Pyeducésh t enperature may vary depending on
yst c

b G- HEUAE BPIRRI A pAIE R et
fihfastide eaddt bf proanes ahd élﬁl-uderhppﬁdfzaiohel Thegalymers produced by

ﬁeratl on, the tenperatures of the two

the process of the invention include linear low den51ty polyethylene, elastomers,
plastomers, high density polyethylenes, medium density polyethylenes, low
density polyethylenes, multimodal or bimodal high molecular weight

polyethylenes, polypropylene and polypropylene copolymers.

[0098] The polymers, typically ethylene based polymers in one
embodiment, have a density in the range of from 0.86g/cc to 0.97 g/cc, depending
on the desired use. For some applications, a density in the range of from 0.88 g/cc
to 0.920 g/cc is preferred while in other applications, such as pipe, film and blow
molding, a density in the range of from 0.930 g/cc to 0.965 g/cc is preferred. For
low density polymers, such as for film applications, a density of 0.910 g/cc to
0.940 g/cc is preferred. Density is measured in accordance with standard ASTM

methods.



reactors are independent. The pressure can vary from

about 1nmm Hg to 2500 bar (25,000 MPa), preferably from
w@26ers9e 0 1600 bar (1-16,000 MPa), nost prefBCHDE2005/032165

from1.0 to 500 bar (10-5000MPa). [0093] In one

enbodi ment 500 ppm or | ess3®f hydrogen is added to the

pol yneri zati on, or 400 ppmor |ess or 300 ppmor |ess.

In other enbodi nents at | east 50 ppm of hydrogen is

added to the polynerizatiqn, .or 1Q0 m or re,
4891 ppm offhﬁtBPS’.me[rﬁ)B@é c ﬁ%ﬁ‘gg‘yg‘fﬂvggp’&?‘?c&%&e ;ses

ct W ]
R e S e e e T S

WS IREE6 (Mgl /N of\@regier than 3B tovdposth/larla spuel y
i ncorporated herein by reference.[0095] Each of these
eprbodissntsshernglyaes prasicediiss @WOM'W of apauick-3fo 15,
paral |l el or series reactor confi gur(ﬁti ons. . Th uid

Peloieblydel toch P Sk 0B eBRadmENTS sy yrﬁ?frpaﬁ@rcgsda}afit t he
1\21%%% IOP%% '_”83(9 56 2oy ik gé@e@%f fhe AR PRhG heid sent

of'vent and a 1ow hg nmononers to react for a
ﬁffé&ﬂdéi@ghabh AR tiKuteh as Hﬁ@sxﬁ&rﬁbf eshipedtieebysmEbsion
e,

Hydrocarbon sol vents are suitab bot h aliphatic and

Breaiatiidex (ADRA e descrbechinad On3(aHI3, peisharkct cbruary 18,1993,

i.sgpent.ane, and octane, arl refer

b BT HroBR uaFhaRE va b CE Fohf e SN Mg n
MIGTUE 15980 bPless btishore@ &g oar caculplios).f Tivpdigaetsaf theor
nore than one reactor operated in _series or parallel.

inveagien meenereppkodimentiaye CHOBIsgenaally pathe ringest gagater than

90| i

2P FeotURY) A IRl BETRIORS) FloR R 00
8084, @én o e R20b1Y greage than $0%p skt esen woredirtfetabdy gr8ater
al so, international applicationW 96/33227 and WD

toay 53639. Al docunments are i ncor porated by reference.
Pol ymer Products [0097] The polynmers produced by the
process of the invention can be used in a wide variety
[00108] 0ductThegolyreerd ofithe pagspiti ipwudritionsn offhembprdingairhave a

ngéltc:) 1% gxe&/IByor (Ip) as measured by ASTM-D-1238-E in the range from 0.01

dg/min to 1000 dg/min, more preferably from about 0.01 dg/min to about 100
dg/min, even more preferably from about 0.01 dg/min to about 50 dg/min, and
most preferably from about 0.1 dg/min to about 10 dg/min.

[00101] Polymers produced by the process of the invention and blends
thereof are useful in such forming operations as film, sheet, and fiber extrusion
and co-extrusion as well as blow molding, injection molding and rotary molding.
Films include blown or cast films formed by coextrusion or by lamination useful
as shrink film, cling film, stretch film, sealing films, oriented films, snack
packaging, heavy duty bags, grocery sacks, baked and frozen food packaging,
medical packaging, industrial liners, membranes, etc. in food-contact and non-
food contact applications. Fibers include melt spinning, solution spinning and
melt blown fiber operations for use in woven or non-woven form to make filters,

diaper fabrics, medical garments, geotextiles, etc. Extruded articles include



the process of the invention include |inear |ow

density pol yet hyl ene, el astoners, plastoners, high
wa@leowsio¥9s9pol yet hyl enes, medi um density pol yet hpdBEOSR05/032165

| ow density pol yethyl enes, nultinodal or binodal high

nol ecul ar wei ght pol yet hyl epes, pol ypropyl ene and

pol ypropyl ene copol yners. [0098] The pol yners,

typically ethyl ene based polynmers in one enbodi nent,

have ensity in the range of from0. 86g/cc.to 0..97
Gl WG 190 60 B e S MBfA G, 4 Pond et
%@&hé&ﬁ’ﬁbfe? $ncl@iedep3d 44 thilltit B ferb@ BRI SHsAAKS BEn@fCC
to 0.920 g/cc is preferred while in other
aptles,dakisohsge sallolw aticlps, pigid foodrmoatathets ang tapt, dicng, a
density in the range of fromO0.930 g/cc to 0.965 g/cc
is preferred. For |ow density polyners, such as for

flod 1 prP! | adeigolefths @8 heiihverfion OpRildhlg1ycsoliproPyl@des, can
g/lcc 1s preferred. Density is measured in accordance

W titeds dratn dmg, msiindl amicles dimcludomaipeshahesss, yries and cable
(%rpgt?q%lpa%%ttﬂg hl?é gTﬂeg%fhlg]sarﬁ/?ey t\%el ’ ?8 g% %ﬁy JEhd Igfynven]tional

10 O erage nol ecul ar
weshfiaed Endviariethe ait Gich@ingred tasiong to-eetngin, (ddinafitn, blowing

of greater than 1.3 to about 70._ i _sone %nrodinents.
o SR e (BT b Wafe At R PRAYDBIAC BERSGES Whigh
, . . . - wWhiql e i nts
R s D S R OV R
Alefpendittiler piabotivas & the plahe of thediit orbamynetendifferentextants.

TR BD RO e RS e B EE S SE FASOR i gt
L3AR0 %rtio?l‘é’a{?w e;f:@;f%%&ﬁfém&s Yo &Bm thOSymehy iafb fikns iblhde

i ncor porate eln by reference, except that
fextrodiomoscdeatrusign an @ bMwioér cbst DdOling. | ess are i gnored
for our calculations). The polynmers of the invention

i n one enbodi nent have CDBFs generally in the range of
FeavaLEdan 50% to 99% preferably in the range of
55% 10 85% and nore preferably 60 to 80% even nore
preferably greater than 60% still even nore

ef erably greater than 65% [00100] The pol yners of
t ent invention in one enbodi nent have a

[00103] Preparation of [CH3N(2-Et, 5-CH,-C4H3N),]Ti(CHz), ("Cat-A")
Methyl lithium (15 ml of 1.4 M solution in ether) was added to a - 80°C mixture
of TiCl4 (1.0 g in 60 mL of 1:5 pentane:ether) over the course of 10 minutes and
the resulting mixture was stirred at -80°C for 3 hours. A solution of [CH3N(2-Et,
5-CH,-C4H3NH),] (1.29 g in 10 mL ether) was added and the solution was allowed
to warm to room temperature slowly overnight. The mixture was filtered, the
residue was extracted with ether (30 mL) and the combined ether filtrates were
concentrated to give a red-brown solid. The solid was washed with pentane (2 x
50 mL) and dried under reduced pressure to give [CHz N(2-Et, 5-CHz-C4H3N),
Ti(CHz), as a brown solid (0.48 g, 30% yield).

Selected data is summarized below in Table 1.



melt index (M) or ) as neasured by ASTM D-1238-E in

the range from QO 01 dg/mn to 1000 dg/mn, nore
wee@beswm y from about 0.01 dg/mn to about 10OXTYSI00F032165

even nore preferably fromabout 0.01 dg/mn to about

50 dg/mn, and nost preferddly fromabout 0.1 dg/mn

to about 10 dg/mn. [00101] Pol yners produced by the

process of the invention and bl ends thereof are useful

in such for operations as film sheet, and fiber

@Wt“?%&a&?“a‘g%‘gg'b Sextrusion as well as bl ow nol di ng,
[doRbgLt i on 1%@1&@@7%) Gdnd @I&Eéﬁer@m) (9drifhl (Dfﬁemlg@ﬂ Osiepany)

own or cast filnms fornmed by coextrusion or by
wesmndagassed bypsiegiog with nithrgen kJVﬁlinllght an,d dmgdﬁm Sirrig peyr dypk

fil riente ng,
onisaipyt FEyphytteion By ol ke HloplRa COAE CRGHRS 1O,
BRPLAY IS ckBe Bagt 1P@fd@ﬂﬁitﬂ;@enl S&Uéﬁti IlﬂJ;e tdlidteand hexanes,
nmenbranes, etc. in food-contact and non food contact

aubgihy/lcae (prigmeikation gradak Waxeouwsied by ;Bﬁ?rfﬂlﬁgjhrogsh @seiags of
MI gokg) (hcgﬁx mféatr v n(%wpﬁf {nbl% c C?%ker < 5 fdiﬁ)%ve'drby a

ven 0 r m a per
5H@b¢ bslamnPRdkabitly aneﬂam&snolg emt/&)qtulrdlmscd dtam Afttichuded

ci‘aé&'uq%'h éénlpBﬁq'bé%ﬁS’é%héﬁ%w&%&&%g@%“wr BAROF i PsTe Yo

fd&‘ll o i ¢ ?fﬁ)aﬁpg gﬂf'l\?Oﬁr‘(ﬂ? M chtalhRufir®dneat) from AKZO

cons ruc bottles tanks, | arge
Na%l witg wetlias rasivedi Dirdethpladilingmy mtnabnse)@ﬁhmmnylébcn‘ate

N S S T

gﬁdr&ﬁ&%m{dﬁh‘ehwhegtﬂahﬁ&s@m@a@@{s wire and cabl e
ating and the like. The filns may be fornmed by any

of t he conventional techniques known in the art
cl udl extrusi on, co-extrusion, |anm nation, blow ng
an‘&ré%’h . The filmmay be obtained by the flat film

[GU1065} DUl arEtRyIeseO8tenbI LS BolyReriRgtidne Weas\p @rfoymed in glass-lined
orientation 1n a uniaxial direction or .in two nutually

2pSripbrgacters sAuiEpeewith éﬁﬁosahletl?@lfs mgplkans cak ${arers,| aﬁWEFmal

ane._or f
hﬁqgr 05 temperatl gol%térgg @?ﬁﬁ%ﬁﬁfg@ %QE@QWm%g&P
eﬂiyﬁefn%r ﬁiﬂpt@}syleﬂé . anRAsrt amtdsphéry oﬁNﬁf@eneglonebhx)d?ht 0
formthe polynmers into filns include extrusion or

resstortwassinsd apd dagasseshvah 169°Ce fgtS hoursandithgn purged with

nitrogen at room temperature for another 5 hours. It was fimally purged with

ethylene.

[00106] For the polymerization examples the following reagent amounts
and protocols were used: Hexane (2.55 mL), tri-n-octyl aluminum (1 micromol,
100 pL of 0.01M solution) and octene (200 pL) were added at room temperature.
The reactor was heated to process temperature (105°C) while stirring at 800 rpm.
The activator (0.33 mL of a 0.6 mM toluene solution) and then the catalyst, (0.2

mL of a 1mM toluene solution ), were injected at process conditions.

[00107] Ethylene was fed to the reactor on demand to keep the pressure

constant and the reaction was quenched with 5 mol% Oxygen in Argon after a



EXAMPLES Exanple 1 [00103] Preparation of [CH3N(2-Et,

5-CH2- CAH3N) 2] Ti (CHs) 2 ("Cat-A") Methyl lithium (15
wWOorkooe049699 M sol ution in ether) was added to aP€T/BS1005/032165

mxture OTid4 (1.0 gin 60 nL of 1:5 pentane: et her)

over the course of 10 m nuties and the resulting

m xture was stirred at -80C for 3 hours. A solution of

[ CH3N(2-Et, 5-CH2-CAH3NH)2] (1.29 g in 10 nL ether)

A Ao nd e S5l uas e Lo S Byt gor
céldnlg&, &lefdd a?’n]‘E ehd RHHNG YRR &Iy W@ cehiifuehiies of B8 L)

the compined ether filtrates were concentrated to
ragictien mixterh: br own solid. The solid was washed with
pentane (2 x 50 nlL) and dried under reduced pressure
to give [CH3 N(2-Et, 5-CH2-C4H3N)2 Ti (CH3)2 as a brown
Cidkrhdefiatfsh 9. 30%yield). Selected data is summarized
bel ow i n Tabl e 1. Pol ynerizati on Reagents [ 001 04]

[00108kene (Foregalytival testies, pakyn(en sample Aplutiausi werp PrapaEad by

Co d d b ' e
oV egh 25O By R Ot Db R8RS prphased
gl ARWRY) bibiliizéd paiienint )2, augthlbebezeat (TOBMIQMdirith
Chem cal Conpan Brockman Basi c 1)  under. nitrogen.
fism) isirich; S il RIS e ARG I ARES, incindh e VR T

s Re: !
PP HTRE 3L BeASBkaeh Ecrtifibd bESL AT SoRlon was.
b e Dabiol (B2 me(fibk Samg]es GAYe tallddonads 1S far GRT testing.

col um packed with dried 3A nole sieves purchased from
Al drich Chem cal Conpany, and a 500 cc col unm packed

[qbﬂgg] dri e%élécdmll @?ight_@\(\%igﬁ&‘@fd *ﬂnémﬁﬂ&ﬁalei%g REAYahd

(tri-n-octylalum mrn, neat) from AKZO Nobel "was

nuf®er avrigeardlvadar vidi gt (Mi)pand molecular wei ght distribution
HRIE by B S PSRES Lo b mBriSietof 1o tamiabebersity
(ﬁ%p&%@% f%cgprlngﬁ gvepesﬁgaéﬂrémbelf%Qﬁ{on@ﬁﬁxgﬂq%ﬁa‘ﬁﬁy using a
Symyx Technology GPC equipped with evaporative light scattering detector and
calibrated using polystyrene standards (Polymer Laboratories: Polystyrene
Calibration Kit S-M-10: Mp (peak Mw) between 5000 and 3,390,000). Samples
were run in TCB at (135°C sample temperatures, 160°C oven/columns) using
three Polymer Laboratories: PLgel 10pum Mixed-B 300 x 7. Smm columns in

series. No column spreading corrections were employed. Numerical analyses

were performed using Epoch® software available from Symayx Technologies.

[00110] Samples for infrared analysis were prepared by depositing the
stabilized polymer solution onto a silanized wafer (Part nunaber S10860, Symyx).
By this method, approximately between 0.12 and 0.24 mg o f polymer was
deposited on the wafer cell. The samples were subsequently analyzed on a
Brucker Equinox 55 FTIR spectrometer equipped with Pikes's MappIR specular
reflectance sample accessory. Spectra, covering a spectral range of 5000 cm™ to

500 cm'l, were collected at a 2 cm™ resolution with 32 scans.



[ 00105] Et hyl ene-Cctene co-pol ynerizati ons were

perfornmed in glass-lined 23.5 nL reactors equi pped
wowrah/ogiesposabl e PEEK nmechanical stirrers, an BXL/E§208$/032165

heater for tenperature control, septuminlet and

regul ated supply of nitrogem- ethylene, and propyl ene

in an inert atnosphere of N trogen gl ove box. The

reactor was dried and degassed at 115C for 5 hours and

h d h ni f
WORE: " 27 Retitbylene ofieas ombyRTSahe Hads RHOREIS fene.
hggilrgﬁx]ted oY méalg&re Y GBfhk ﬁ?ettﬁy@ ReR¥RATREBardd R ~f1 979 @ NThe

reagent anounts and protocol’s were used: Hexane (2.55
prJk hdight-oftiisbard iahormalized by themoortonasion and@vettonsfband at

| d dd
CARBbrRe oV bieh R e Pt pelk QU girey o Ty Bbal- pdek
th@@?fs%%ﬁteﬁw ﬁ@ivﬂ'ﬁéll c%h&tahdh{ E9eroRGE-NMR datkh6 predict

acti vator (0. .6 mMtoluene solution) and
tlrewt. memelysqntel(t@wﬁum c@iceatratm rapgieie? HolSuvt Grior

b ana bebsge pfr-lo 2T PRRBRSG TRaNG boPhiaps

@r Sat&RSichidveand the reaction was quenched mnth 5
| % Oxygen in Argon after apredeterm ned anount of

et hyI ene had been consuned. The reactor was then

gom , vented and the polynmer recovered by vacuum

& r|zfugat|on of the reaction mxture.

Ghalyact ¢r i xatviaton [[0010d}v For| addwNihcal Wesbrtens | Activity (g
pol ymer {sanpl e soljutions were prepared|by di ssol Wdbgmer/mmol
the 2, 6-di -tert-bLtyI 4- et hyl phenol (3HT 99% pugdt,glyst.hour)

"A}:IJU| i HGDCAI om I—\ngbm St dUI1|6| LEU Ol yqer . 5077

g€ hl nlnnv- 00104

Calph of BT P4l Jof S¢bB00 16 o 724

T A2 |

QﬁAappr oxi mat el y 13 ﬁgh’on The t\l'fél cal r‘nnr‘an rati nn3457

&latdol yrer i B sol Uti 642,088 betwed® 0.4|to 039 nyg L. 3332

S es |wer eBcool gd #67,086C ffor GBC testing3 [ 00109] 2377

hltecul ar wepght s |(waRglobo avier age.emol e¢ul ar 3wei ght 1806

QAL%CR:Farl*éWed&méﬂﬁla?ﬂlﬁnmﬁlp%ﬁ%%te%@p}ﬁhyl Hdvi:) and

wel ght drstribution
([PhN(H)Mez][(C6F5)4B]) and Activator B is triphenylcarbenium

perfluorotetraphenyl borate ([PhzC][(CsFs)4B]).

[00112] All documents described herein are incorporated by reference
herein, including any priority documents and/or testing procedures to the extent
they are not inconsistent with this text. As is apparent from the foregoing general
description and the specific embodiments, while forms of the invention have been
illustrated and described, various modifications can be made without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the

invention be limited thereby.




(MAD = MMVh), which is also sonetines referred to as
t he pol ydi spersity (PDI) of the polyner, were neasured
wh00684968%r meat i on Chr omat ogr aphy usi ng a SynyRCT/US2005/032165
Technol ogy GPC equi pped with evaporative |ight
scattering detector and cal#4Brated using polystyrene
standards (Pol ynmer Laboratories: Polystyrene
Calibration Kit S-M10: M (peak Mv) between 5000 and
3..390,000). Sanmples were run in TCB at (135C sanple
tggﬁggﬁatures, 16Q0C oven/ col utms) using three Pol ymer
Laboratories: PLgel I Om M xed-B 300 x 7.5mm col ums
in series. No columm spreadi ng corrections were
enpl oyd dompiundeepresantesntzt the ésmmdae per f or med usi ng
Epoch(r) software avail able from Syrnyx Technol ogi es.
[00110] Sanples for infrared anal ysis were prepared by
depositing the st ﬁai)i zed polynmer solution onto a
silani zed wafer (Ha nunber S10860, Synyx). By this
nmet hod, appy.ox matlel y between 0.12 and 0.24 ng o f
p ]y)mer walk 1depos ed on Rhe wa cell. The sanpl es
guent | ypgnal yze rucker Equi nox 55
FTIR Pect None e ped with Pikes's Mappl R
specyl ar refid“ectance sampl e accessory. Spectra,
CRVe spectragl range\a gm1l to 500 cm1,
were co cted at [a 2 cm L)Tesolution with 32
scans. [ OON1] For2§thylen -octene copol yners, the w.%

copnononer r V|a neasurenent of the nethyl
def or mati ory %éd -137 . The peak hei ght of

thi s bandpfs 6 zed the combi nati on and
overtone band 4321 1 whi ch corrects for path

| ength differences. The nor mal i zed peak height is
correlated to individual calibration curves fromH NVR
delteaeino predict the wt. % com)norrer content within a

conceng,r.at -on ra =2 to 2 .% for butene and
hexene"dnf 5% g’g&/\ﬁa@lqo&m%g ene. Typically, R2

cor r el ath R, PefbnA8ni0y, adiamizen, LhRireciby veshp,  albstituted
Activator Als N- di net hyl ani | i ni um

deidfecgdryd genp apha,iﬁg«rn borate ([ PhN(H) Me2] [ (C6Fs) 4B])
and Ag ta'cl\ll &t lgr R RS §4r RF) I'i?nf(* (‘Karﬁmn MR s, independently a
hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group or halogen;
R® is hydrogen, a hydrocarbyl group, or a substituted hydrocarbyl group;
xis0,1,2,3 or 4; and
each Z is, independently, a group 15 atom.

2. The compound of claim 1 wherein each Z is nitrogen.
3. The compound of claim 1 wherein M is a Group 4 to 11 metal.
4., The compound of claim 1 wherein M is a Group 4 to 9 metal.

5. The compound of claim 1 wherein M is a Group 4 to 6 metal.



perfl uorotetraphenyl borate ([Ph3C][(C6Fs)4B]). [001
12] Al docunents described herein are incorporated by

WO edoernersee herein, including any priority docuP@nus2005/032165
and/or testing procedures to the extent they are not
inconsistent wwth this text-44As is apparent fromthe
foregoi ng general description and the specific
enbodinents while fornms of the invention have been

| ust r at ed and described, varjo i fications cap.

madeefPrRgHRd aﬁ% FWS‘CW?JM EHd ngﬁfa 12 Qﬁﬁ%@%ﬁgﬁa
the invention. Accordingly, it is not intended that
the invention be |imted thereby.dains: 1. A conpound
r'epr esBrtcetipoynd beclbior hwhereimiWerséliinZr, Rt HE a Group 3 to

12 transition netal; each Ra is, independently, a
hydr ogen, a hydrocarbyl group, a substituted

hg/dr oCR{R¥InpSLALSS My STIMLHRNe cRAGE whbreitleachR? 183 R4,
R5, R7, R8, R9, R10, and R1l1l is, |nde§endentl

hydlmgdﬁmﬂyasehpthdo?ccanbl}d grgmrowsmang @b shlprida btpmlde fluoride,
ar.b al,o R6 i s hydrogen, a
Hé‘glnd gﬁ'l%% agiigﬂq"% Orh dro% {ylst ut ed hydrocar byl group;

xis 0, 1, 2, 3 or 4, and each Z is, independently, a

group 15 aton1 2. The compound. of cIa|n11 wher ei n each
29 | s nihecegwpaundof anyeof demihoua glavms shgrem qacwh?erl%. n Mis

ey 94N o SO .

qieatylr;l}ibxylhphmyn bivhid, andGllasgmesrs tleeréofmet al . 6. The
conpound of claim1 wherein Mis Ti, Zr, H, V, Cr,
Fe Co or Ni. 7. The conpound of claim1 wherein Mis

o ZfThe%xrn?Bun@of éﬂiﬁoﬁ@m% d19hs 3%l edch B ROQ¥ER3 RY,

algs n each I's, independently, selected
fRORY tReR rR}&pmddHéls mdqundentl:)h Iselectaé frobr hyidretzen or from the

férgl?pr (I:o%glstmg oIL %el 'to *@’3‘6 hygr%car% to C30 hydrocarbyls.

11. The compound of any of the above claims wherein each of R!, R%L R RY,
R’ R, R® R’ R" and R is, independently, selected from hydrogen or from the
group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, phenyl, C7 to C30 substituted phenyls, and all

isomers thereof.

12. The compound of any of the above claims wherein each of R, R%, R RY,
R, R", R R®,R", and RY s, independently, selected from hydrogen or from the
group consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, s-butyl, i-butyl,
butyl, n-hexyl, cyclohexyl, phenyl, tolyl, mesityl, and naphthyl.

13.  The compound of any of the above claims wherein R% is selected from

hydrogen or from the group consisting of C1 to C30 hydrocarbyls.



9. The conmpound of any of the above clains wherein

each Ra is, independently, selected fromthe group
w@omvsistsdng of methyl, ethyl, propyl, butyl, peet/yk2005/032165

hexyl , phenyl, benzyl, and all isonmers thereof. 10.

The conpound of any of theq4gbove clains wherein each

of Rl, R2, R3, R4, R5, R7, R8, R9, R10, and R1l is,

i ndependently, selected from hydrogen or fromthe

130%341‘%33%%3“ [SmyoheheDeVe CE R h sggind gom
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pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl , phenyl C7 to C30 substituted phenyls, and
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above cla mhereln each of R1, R3, R4, R5, RY,

higBrogB®er oM, the grbuRTonsisting; o) d@prélndeﬁhyly n-pgeméctsetpmmém-
b@.{}ﬂyﬁg&%{h EF’B%(W{[‘%WXIZ %‘F’E}‘Z@FW SI Stly]i)r}gengf g F%{ésityl, and

raplaflyl . tbutyl, r-hexyl, cyclohexyl, phenyl , tolyl,
nesityl, and naphthyl . 13. The conpound of any of the
above cI ains wherein R6 is selected from hydrogen or

r om 8%8&%89 o%ttljlenzﬂ)ogg alglr{fs%lggi M is Ti, Zr, Hf, and

dro e conpoun P e gpove
e@ﬂﬁRﬁB sEl&Eﬂ'e& iffonRfhel g&@doﬁ@ﬁsﬁm‘g of dmdmdmymet}gﬂhgthyl propyl,
propyl, butyl, pentyl, hexyl heg&§ octyl, nonyl,
W&)@yﬂeﬂt}{lfﬁé‘é’b IﬂuOHB@éE&?FmeﬁH@‘H% anghromingsn subst i t ut ed
phenyls, and all isonmers thereof. 15. The conpound of
any of the above clains wherein R6 is selected from
1y dr dkercompofmdaof ¢lhien hwharpictesicsnpagpdaompeishy bne or more

B sbAB e AR et B )
(%Flfc’gili\I V\:h erai nﬂ[%Hngg @”@H&L@H%ﬁ\ogmm@m)g he above

iI's Ti, Zr each Ra is
seI ected fromthe group consi sting of: hydrogen,

?A ﬁ‘&’POP%‘éj cﬂgfy 12%811’8 %X%pﬁseﬂgyé Suptﬁgrytya!nd tﬁé éb%ﬁd’ﬁﬁd of

any of claims 1 to 17.

19.  The supported catalyst compound of claim 18, where the support

comprises silica.

20. A catalyst system comprising the compound of any of claims 1 to 19 and

an activator.

21.  The catalyst system of claim 20 wherein the activator comprises an

alumoxane.

22.  The catalyst system of claim 20 wherein the activator comprises

methylalumoxane.



17. The conpound of claim1 wherein the conpound
conprises one or nore of [CH3N(2-Et,

WG 206R4969H3N) 2] Ti (CH3) 2; [ CH3M(2-Et, 5-CH2- PCT/US2005/032165
CAH3N) 2] Zr (CH3) 2; or [CH3N(2-Et, 5-CH2-C4H3
)2] Hf (CH3) 2. 18. A supportedéscatal yst conpound
conprising a support and the conpound of any of clains
1to 17. 19. The supported catal yst conpound of claim

18, where the su Ilca 20. A .catal yst
st emhe@ﬁsamsgsyﬁ et EanBbtiie ebrths st PR phodiita
%%ﬂ% gﬁ‘%l vator. 2 1. The catalyst systemof claim
ereln e activator conprises an al unoxane. 22.
The cat al yst syst em of claim 20 wherein the act i vat or

e mi36 SAHBFLPRCELEE SRt 300 g M OEE RN

g%gﬁgéglaﬁqgﬂ@ﬁ act%‘atorThe catal yst system of cl al m 20,
22 or erein the activator conprises an

i oni 2| ng act | vator. 25. The catalyst systemof claim
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%ﬁbﬂge%odﬂg}ﬁ@@yd}ngtﬁ%@ﬁﬂ vator conprises one or nore
of : “trimet hyl anmoni um t et r aphenyl bor at e,

triethylamoni umtetraphenyl borate, tripropyl ammoni um

?g: : ggﬁ e ny*agg{ %ﬁs%m {)f él% gﬁ %Fgeg{ng?g %f:tlﬂu\;rgtor comprlses one or

n@ire aphamekiytamaheniuiy tbﬂa;rl’ehmobmm tme’uhylammomum
t et raphenyl bor at e, N N-di.eth
tt@{quﬁméh%aﬁo rtlwr@py ammonium té/trapﬂenyllborate tri(n-butyl)ammonium

terHp g &i}étjbﬁtgﬁ “%’15 il t8iphbRyHERte, N,N-

i tTopi I um t etraphenyl’ bor at e,
tdumﬂhymailnmnb mmraplmt}ébomtph enyl bor at e,

Qlﬁ(}lg' oy %?ﬁrga%gleny%grg%hﬁw ldlk%l%t yl (2 4,6-trimethylanilinium)
tetraphenylborate, tropillium tetraphenylborate, triphenylcarbenium
tetraphenylborate, triphenylphosphonium tetraphenylborate triethylsilylium
tetraphenylborate, benzene(diazonium)tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, tropillium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate,
benzene(diazonium) tetrakis(pentafluorophenyl)borate, trimethylammonium
tetrakis-(2,3,4,6-tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-



t et raphenyl bor at e,

benzene(di azoni umtetraphenyl borate, trinethyl amoni um
wo edonakiesy pent af | uor ophenyl ) borate, tri et hyl anP@RUs2m5/032165

t et raki s( pent af | uorophenyl ) borate, tri propyl ammoni um

t et raki s( pent af | uor ophenyl )lagr at e,

tri(n-butyl)ammoni um

t et raki s( pent af | uor ophenyl ) bor at e,

nmonj u
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eI G
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“tetrafl udrophenyl )borate, tropillium
tietalai(psrﬂuzrcﬁgapﬂﬁl)bolewr af | uor ophenyl ) bor at e,

H) g %@%hﬁﬁﬁjﬁwﬁt 5{ 7 )(tsiﬁéﬂ%pgﬁggrgﬁ o]%thxll%borate
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tripropyl arnnmoni u
tetrakls(gerﬂuoroblphenyl)borate triethylammonium

tetrakis(perfluorobiphenyl)borate, tripropylammonium

tetrakis(perfluorobiphenyl)borate,

tri(n-butyl)ammonium tetrakis(perfluorobiphenyl)borate, tri(t-butyl)ammonitm
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium



tetraki s(perfluoronapthyl)borate, tri(n-butyl)amoni um

tetraki s(perfluoronapthyl)borate, tri(t-butyl)amoni um
wao edosakiesy per f | uor onapt hyl ) bor at e, PCT/US2005/032165
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bis(tris(pentafluorophenyl)borane) benzimidazolide.
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27.  The catalyst system of claim 20 wherein the activator comprises. one or
more of: N,N-dimethylanilinium tetra(perfluorophenyl)borate, N,N-
dimethylanilinium tetrakis(perfluoronapthyl)borate, N,N-dimethylanilinnium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronapthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,3-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium
tetra(perfluorophenyl)borate.



bi s(trifluoronethyl)phenyl)borate,
N, N-di et hyl ani I'i nium tetrakis(3,5-
whe@ened6pd uor onet hyl ) phenyl ) bor at e, PCT/US2005/032165

N, N-di met hyl - (2,4, 6-trinmethyl anilinium
tetrakis(3,5-bis(trifluoronddhyl)phenyl)borate,
tropilliumtetrakis(3, 5-
bi s(trifluoronethyl)phenyl)borate, triphenyl carbeni um
tetrakis(3,5- bis(trifluoromnethyl)phenyl)borate,
tri phenyl phosphoni um tetraki s(3, 5-
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t et raki s(pent afl uorophenyl ) borate, tris (2, 2', 2"-
nonaf | uor obi phenyl ) fl uoroal um nate, or

ijoct ' [ :
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The catal yst system of claim 20 wherein the activator
conpri.ges one or .nore of: N, N-dinethyl anilini um
3¢t r a(JREPPLFSs @H&f‘} WE?F‘?PE%H;“ N,ﬁeg\gf Ry PP?L'JlﬁﬁleUm
t et raki s(perfl uoronapthyl)borate,
N, N- di et hyl ani | i ni um .
138t r akits(esdss ofnaibi Phevliargih dheslefins comprise ethylene and
N, N-y?i net hyl ani | i ni um tetrakis(3, 5-
BFRX S | uor onet hyl ) phenyl )borate, triphenyl carbeni um
tetraki s(perfl uoronapthyl)borate, triphenyl carbeni um
t etraki s(perfl uorobi phenyl )borate, triphenylcarbenjum
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t riphenyl i .
R S e
tHegert) Hpsten] ootne) Aynéife, déahamundecke, wotbcemn, leodadacane -

oS- Lot At g PRe: & i FATpeic Rl of-SAApagene-1
%ﬁii%&ptﬁepeo%7 W t h nononers.

35.  The process of claim 30 wherein the olefins comprise propylene and a
comonomer selected from the group consisting of ethylene, butene, pentene,
hexene, heptene, octene, nonene, decene, undecene, dodecene, hexadecene, 4-
methylpentene-1, 3-methylpentene-1, 3,5,5-trimethylhexene-1, 5-ethylnonene-1,

and isomers thereof.

36.  The process of any of claims 30 to 35 wherein the polymerization occurs

in the gas phase.



30. The process of claim28 or 29 wherein the nononers
conprise olefins. 31. The process of claim 30 wherein

W0 b@eoi®whd ns conprise ethyl ene. 32. The procesBCD1S2005/032165
claim 30 wherein the olefins conprise propyl ene. 33.
The process of claim 30 wher80n the ol efins conprise
et hyl ene and propyl ene. 34. The process of claim 30
wherein the ol efins conprise ethylene and a cononorer

b oL D% B A TR R o

dﬁgﬁegunyqﬁggene dodecene, hexadecene 4-
net hyl pentene-1, 3-nmethyl pentene-|,

3,5,5-trinethyl hexene-1, 5- ethylnonene |, and isomers
B8 eohne B By BRI SRR A et

frmﬂmsékmﬁﬁpMQeconS|stlng of ethyl ene, butene

pent ene, hexene, heptene, octene, nonene, decene,
undecene, dodecene, hexadecene, 4- nethyl pentene-1,
3-net hyl pentene-1, 3,5,5-trinethyl hexene-1,

5- et hyl nonene-1, and isonmers thereof. 36. The process
of any of clainms 30 to 35 wherein the polynerization
occurs in the gas phase.37. The process of any of
clains 30 to 35 wherein the polynerization occurs in
the slurry phase. 38. The process of any of clains 30
to 35 wherein the polynerization occurs in the

sol uti on phase.



