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;e3eJ<MN&6TI[\L G 1 97BU/TR P~~ .. - ~t 0 JUN 100 -1_ P~'~f~~ TITLE :

. REDUCED OXI DATI ON STATE TRANSI TI ON METAL COVPOUNDS USEFUL AS O_EFJ"?I UN 2002
POLYMERI ZATI ON CATALYSTS TECHNI CAL FlI ELB This invention rel ates d‘
organonetal | i ¢ conmpounds conprising a Goup 10 4-6 transition netal
conpound in which the netal is in a reduced oxidation state and which /&m/,en

activated by t lystﬂﬁﬁ ﬂi?# ﬁ@ﬁ@htﬁﬁwﬁbﬁ{ﬂ ﬁfﬂLi on '
catal ysts. BAC RV ¢ Coonch RO i eati.on of
olefinically Btl) UUVJS@B,L 'Eﬂ; X‘ME Al Gak Y .Tbgr eat

proliferation of thernoplastic conpositions of matter fromol efins, such as
pol yet hyl ene, pol ypropyl ene, and et hyl ene propyl ene rubber. ”Immmmmmlmmrers
utilized the early transition nmetal conpounds, particularly t he
G oups4 netals, with such activators as al um num al kyl conpoundsgeleat €r

devel opments extended this work to bulky ancillary Iigand-containing (e.g ,
r15-cycl opent adi enyl) transition netal conpounds ("netall ocenes”) wth

activators such as al kyl al unoxane i ve work acr ' ymer
nol ecul ar wei ght effects of subst E@mfﬁg%@d bi s- net al Immmﬁwmm“m unds
is described 25 in EP-A 0 129 368 and its counterpart U S. pat efbg,-

5, 324, 800. Het ero-at om cont ai ni ng nonocycl opent adi enyl netal |l ocene
conpounds ar e desEhis bmckniinn ela®s tp arsmpmstaliic ceipownds coimprismg 4 Grolged

bi sc IopentFéggi enz.l. nmet al | ocene catalysts are ldescri bed in U S. patent

5,010 714, RELLRISIHEY ALHFOMROUAG IR W e firlldF A g rpdHeRd SXI3HOD Sate

catal ysts copprivifich Ofnatticidhed BP! 8bdapARic SRPLAIN 3Re Shittbld ZRchPY
conpati bl e %chgﬁﬁﬂ: nat?flgdcalnlaons??see a?agfsqegan%?e us ?)at ent‘:)s évh‘% 1
97807R Yet -pdlyfledzatibnichtalysts, 278, 1 19 and 5, 384,299 and WD 92/ 00333, each
of which is incorporated by reference for purposes of U S. patent practice.
Transition netal polynerization catalyst systens from G oup 5-10 netals 5
otabi 11zed by | ow coor di e s CROUNBOF T NVERTION!, 27\ T gand systems.
are tescribed in US patent 5,502,124 and its divisional US patent 5,504,049
Suitabl e | ow coordinati on nunber, pol yani oni.c ancillary |igands jnclude both
bul ky i ni des and @%&rswﬁv?laegl.yngﬁleﬁl%%n {ésﬁ'[l]racﬂ@ prsagisited glaBomesnis Wil i n
conbi nation picthy 10 AANYEN BR2 A0 mr&fancopnfenhbafayué %&?}P&%i?r&‘@g as
cycl opent adi enyl derivatives. anple 1 1llustrates tris(pytazolyl)borato
vanadi um oximdattedifrinh olefitie, suah ds palyathyleme cootpmropyleng ndd etiyydneneopylene

pol yneri zat i OB withit, Reduc_f,d G oup 4-6 transition netal conpl exes useful
as pol yner i Z4PPSnEamdy Rlopsers usiiiged;the qarly dipnsifongaglicosnpunds, faEIQUAIY exes
conpjg se a | ROARE ORieh shdrOARL a@PLaslalGim 8Bl fas! | gands,
optionally VTAH{)%& %&?é ?rﬁ%gndﬁak’Eagﬁsexanpll g ipﬁjﬁigt raﬁgq?ﬂg@%gg%@sti tani um
conpl exes hdvatergleaelopmiengs entended thid worlgentehlky-yakrilbinyi liapyd+cantinihg bog ate i s
an,art recognj zed ligand for organonetallic cogpounds and its use for d
Corounds. S Ji-arepeatdicay bires GOR FalsaeposetoBeiageene: et faeioanp ¢,
WO 97/ 23492 gefs Gk iolyI Gph et RprdsSAmiYALRLY 1 HBREGKE pbiygiRhdSoREyTEL Al S
from Groups 8-10 l?Sgg #or ow m)l%cusl ar wei ght pol yme?g, an V\?) 9717379
descri bi ng spaghtf éffets of sibbstuiedunheb-pnd vismetaliooerneacom pupnlds gadebcayed ens f or

transition netals, the exanples illustrating primarily d conpounds of G oup
4 moA%l s, UIS ERe 623 3581 and dtseriferBut \oon Paisger 8. nBeteroram

pol yreri zat i f j j i | . .

vt otri o pyPheHing Yooty BoFiifeT oRalfdtefl, UohBolds hefl described in U8 e 14
or +5 oxi datgacemt SLGA7E7S Md kilicenv beidgep hisepslopéadicmd métaliodene patays vyl )
borate ("Tp") conplexes as catal ysts involves d netal centers, as noted.
The only pride desanbed drgiS ynatept 2.0l l¢- Reacant deysinpmentanppysr shopgy ghe

conparative

e?f%@{fpén%ssl%'f ionic catalysts comprised of activated metallocene cations

30 stabilized by compatible noncoordinating anions, see for example U.S patents
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30 shows such to have extrenely low activity and to be essentially
tneffective. ~~-Cc~I ~~so~x P~t -3 10 JIJN 20D2 Additional catalysts would
be desirable to supplenment the above descri bed technol ogy, parti\ul)sn g
those suitable for use as insertion polynerization catalysts for olefins. 5
| NVENTI ON DI SCLOSURE This invention is directed to reduced oxidation state
G oup 4-6 netal conpounds, (those_ havi ' -d3 el ectron configurations)
preferably thé’$i F%?“ﬁlljévégﬁ@tgglaé‘diwq ﬁ%@&&oﬁ?ﬂ', Otgwg‘icgb‘ﬁé“‘f%l?oré i®ation as
pol yneri zat i -1zed by conprising a substituted
hydrotris(pf%§¥%?§ﬁ§%@%§?%ggg%ﬁ?ﬁ%@%?ﬁéggﬁé and a plurality of single or
mul tidentate uni negative |igands, excluding cycl opentadi enyl |igands The
i nvention includes a polynerization process characterized by conpri sing

cont acti ng one or Tregsisonesahnolymeiaaten c2iahisessiensolbemi Grappon! Gmetalser t i on

pol yneri zation under suitable.polynerization conditions. 15 wih these
catal yst con‘ﬁggﬁeﬁ s?“Hﬁs?Eﬁ%fﬁ?ﬂ\l '@afDﬁ%%f\F’lg\)l& '&iagtprl%}% °i‘-"§3la§‘8Pe§‘€ﬁSca r(d;el
permeati on cREQNBIOBY 3 KboldiRfidh MimbzP podanRiniy hﬁdiﬂar?/qwms?’@ﬁﬁlswr@ducﬁ s
prepared with the invention catalyst [}iéBJS-szPz)B] Clz(thf). Fig. 1is
the trace f otesthizedonddfipatentrofld; Bt and iBxdimsianabUStpatenp 8] SPddP 7 it abre
tenperature of 30 C. Fig. is the.trace.for the prodyc repared. in

Exanpl o 10 40VCPETpHEn Bukhes o B S Lo7s {egetscnoipfc ol §LARY RIS ace f or
the product gprepabedides) SXATRIELsahd Rl b& BRAMEBILEATr O eombRARST akilH € of
115 C. BEST MODE AND EXAMPLES OF THE | NVENTI ON The invention netal
compdnds destweitewhahimoveancaric becijandigandd, lsyclBs ¢yslnpesedienyl deyivatiees.
following chemcal formula: .w-a~f 9~su~x r~~ -4 TpMXnLp. 5 1Q 15 ere Tp
is a substit aé%PqF\yLr‘hP?qaéispW%%qaﬁlYBg?ré{oe vapagivm, 8’%\{§Snf€’lcg]i°5‘ae’_rr€t |; Xis
i ndependent |\Yanlaéiluﬁg%}n%@llnlﬂ%h&'%thywnbSpo?yr@r%éﬂoﬂf'v@t}ﬁfty|}@é‘duggd G196
phosphi de, hydride, hydrocarbyl, “substituted hydrocarbyl, hal ocarbyl,
substi t ut ed thaisomar mgta] chmpiexeanbgful asrpolahertzatiby |camlysss ateutesdribed in
organonetal 1 0oj d, or roups .are joined and .bound to the prjmary |igand
or transiti oR ey Bfs2bo T CMRIERFY CBRPUEE awﬁn&m%ﬁ@%PaWBw@%ae%@ can
contgin a_ neyly AbndiRBic HEAKR: ofiohilf wiBUAlldRROT ELLUBmMY BRcehEb! || e
the conplex; n 1s a nunber I is determ ned by counterbal ancing the
charge on t lthe st of titanioin d¢ongtlexeldavimgalcyclopentadienyl ligandéduced oxi dati on
state and the overall charge on the precursor conplex is neutral; pis a
nunber from 1-3, as necessary to stabilize the conpound. Substitution on
the Tp |igand caangm ﬁEiUPﬁ%d?ﬁteti?%n Qhoﬂégogiﬁ‘{édnﬁganﬁ}’fo?(_okghnBﬂ%tailQ! €gol ng
definition, and are preferably C, - C o hydrocarbyl noieties, npst

pref erabl y GompoB8dsTreadf o |wei foy dereempoundy suitable epr estelyss hines deen

compay nds: described. See, for example, WO 97/23492 describing bidentate
| tris(pyrazolyl)borate ligands on metals from Groups 8-10 used for low molecular
weight polymers, and WO 97/17379 describing specifically substituted pyrazolyl

containing ligand systems for transition metals, the examples illustrating primarily

d° compounds of Group 4 metals. U.S. patent 5,321,794 describes ring opening

25 metathesis polymerization of cyclic olefins using catalysts with a
hydrotris(pyrazolyl)borate derivative of molybdenum and tungsten in the +4 or +5

oxidation states. With few exceptions, the use of tris(pyrazolyl) borate (“Tp”)

complexes as catalysts involves d° metal centers, as noted. The only prior art

exemplifying a non-d° metal complex, WO 97/17379 in comparative example 12,

30 shows such to have extremely low activity and to be essentially ineffective.
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RRRR" R N-NR R ~~R R" MKXLpnNNTVT -TVT R~~~ R R V\/nerein
"each of the | abel ed substituents are as defined above. Each of R, R"
R''and R'" are independently defined ass X above. \'~ G| 97DUTR bﬂtJUﬂdﬂﬂl
JUN 2D0 -s Source conpounds for the L neutral donor groups include any
neutral Lew s base conmpounds capabl e of donating an electron pair to the

metal center. Non-Jl.imt xa cl ude di et ether, tri yl.am ne,

t et r ahydr of ur an, dHloﬁé’t ?f\?‘fl&ﬁ? %H@Sbea‘?ﬁsfrﬁ & lo f‘t‘ﬁﬂ%’f‘?ﬂ’l lb%%téoﬂﬁldge b

n-butyl am n i u eh&at ur sor of
this invent ?eonﬁ(lﬂgg% Hg?éilcé%gégﬁii)%f%l ~(fe§ﬁ§%) %lst wﬁgercla Mﬁ)'l%fﬁ&n%‘il .

catal yst coopelysdsfopblefine. i nventi on nmay be prepared in high yields usi ng
standard organonetal lic synthetic 10 routes as illustrated in the appended
exanpl es. The netal conpounds according to the invention nmay be activated
for icnsertion polynerization t hods for either of

Zi eglser- Natta or netall oceneI i‘@ﬁ.pr.scdf(g.e%ﬁ?ounds sui table for
coordination 1 s polynerization. This activation is achieved for

coordi nation polynerization by the inclusion of at |east one reactive

metal -1i gand si gﬂ:hISbm’detllQIgaﬁndlr@m@ﬁ 4 reduped amdationngate Geouand-Gomistad al

Cr adi 0] onal “SERe bR EBg T h A DR o) eRoR Riear thed el Pl e,

those typi calelats i ¢hdid Eorb @ SuRdbléFors HEafidn Zs 016 eRs AR i1 fdtd afd 20
cocat al ysts and al unoxane conpounds, and ionizing, anion precursor

congéunds t bizdraci¢rized aby Qonmnlsmgancbwb@tnamdt bydmmdpymhéylmwe geniay into a
cationic co d | de.a c unt er anci n vveakl non rdi nati ng
ani on. The EE@}T e oBLaali) S Swefe O Fhifderigle yihaiye fadhis! SRAPENZonpound
of a 25 netg en@'d%?? ligands TRe OmnvérticH 1h€lﬁd5’sera' ‘ﬁGlﬁnérﬁml@n Ofro€dsgMENt S.

Preferred are or ganoal um num conpounds sel ected from'the group consi sting

of al um nu m:lairkqténad d)yadomprrsmgl Ginkacting aht de morh ewmon®rs pdymepzabdeby ed by

t he fornmul ae: g 0
coordinatio or 1nsemon polymerization under suitable polymerization conditions

15 with these catalyst compositions.

DESCRIPTION OF DRAWINGS

Figures 1-3 are GPC (gel permeation chromatography) traces of

20 polyethylene homopolymer products prepared with the invention catalyst
, [HB(3,5-Me,Pz),JVCl(thf). Fig. 1 is the trace for the product prepared in
Example 9 at a polymerization temperature of 30 °C. Fig. 2 is the trace for the

product prepared in Example 10 at a polymerization temperature of 60 °C. Fig. 3

is the trace for the product prepared in Example 11 at a polymerization

25 temperature of 115 °C.

BEST MODE AND EXAMPLES OF THE INVENTION

The invention metal compounds described above can be generically

30 represented by the following chemical formula:
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tt' C3~1 97B078 Pct -6 10 J U N 2D02 wherein R2 is independently a hydride
or C, to C, o hydrocarbyl radicals including aliphatic, alicyclic pP JUN T
aromati ¢ hydrocarbon radicals, X is a4halogen and s is an integer ro%q
to 3; and, 5 Al~Rz, X' 3, which are hydrocarbyl al um num sesqui - hal i des
Exanpl es include triethylalumnum triisobutyl-alumnum diethyl
al um nunchl ori de, Al ~Et 3C13 a%ﬁl 2(i-Bu)3C13 10 Al kyl al unoxanes and
nodi fi ed al kyl al unoxanes ar &P mbl e as catal yst activators, particularly
for the invention netal conpounds conprising halide |igands. The al unbxane
conponent useful as catalyst activator typically is an oligoneric alum num
conmpound r epheeTip Mabybsthetegmydrcﬁhs(bprramb/a)b()ﬁfe Bgand) nM wha ckroup 4a6cyclic
conmpound, or R'(R'-AI-O"AIR'z, which is a linear conpound. 15 In_the
general al ulaReaRn f‘B?tﬂbl X fé ndepeadentbh helngep. aa”@x‘% @ryéo’ﬁﬁkylamﬁ%l cal ,

e R T P T S L e
Al unoxanes Bﬂﬁcdﬂ&ylphﬁﬂaéa‘?ﬂylbw Ha’;lM@b'ﬁ-sDbﬁﬁ&dﬂro@ganbﬂﬁwlolm otheo gfotu s For
exanpl e, an al um num al kyl be treated wth water dissolved in an inert

or gani ¢ sol Vérﬂpmeéraﬂdtbw t19«3t 2 (Priseaty digaad %%rwsquymﬁa! el ferm ta riggich as
hydr at ed co%ﬁcr su rfoz%lte susp errlded in %nria aneutr i?anl C sl(])I ent, ﬁf ield an
al unoxane gfrg’lcfy, MRV &2 (f)lfpé AP S Y PRI BB A 51T al kyl
with a |inm §etbrapsupivhih sydiifles Yhectdhplax; T iétdlﬁlﬂn@ér whieh lid d@edmipedbgyclic
speci es of the al unoxane. Methyl al unoxane and nodified net hyl al unoxanes are

preflerred. Fomtdrbzlameing thesbepigstonghe metad such Bat hamegialgemains 2% a 4e3E8( 208,
4,952,540, 5,.04L,584, 5 1 206. 199, 5 204,419 4, 874

4l 974, 16, FHgtLmEAe 3GV cBirgogn he predusis tarmiler st ditial s o

5,157, 137, Rurk6h R34 101 BB:dsii6do g@@uﬁém&&n@p&za $R6stRutlon ERuR Fp6 476 A,
EP O S94 21 8 Al and WO 9411 each being incorporated by reference
for purposebgard qanb@angangnberquahq gmp defined by GhirothBdoggPingidefigitibgN 2002 -7
When the actiyator n_al ferredtr nsi t i-on tal conpound
to activatof® drrﬁrleaﬂfett“ﬁb G sﬁogﬁﬁ&]’?tﬁ’ég‘omgt? 9. ITOStrﬁS?fa %:lyeter'agge yﬁf? om about
1: 599 to | Ofchowsl, %Qex{épc{l%ﬂxﬁ& ?erp%%kr){tsftliéagb&%blﬁnd% 250 to 1:1 and nost
preferably from about 100 to 1:

Rll

wherein each of the labeled substituents are as defined above. Each of R’, R,”

20 R’”’and R’’”” are independently defined as X above.
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5 The term "noncoordi nating anion"” is recognized to nmean an ani on which
ei ther does not coordinate to the netal cation or which is only wddkU¥N 2007
coordinated to it thereby remaining suffsiciently labile to be displaced by
a neutral Lewis base, such as an olefinically or acetylenically unsaturated
nononer. 10 Descriptions of ionic catalysts, those conprising a transition
nmetal cationic conplex and a noncoordi nati ng ani on, suitable for
coordi nati on polynerization appear in the early work in U S. patents

5, 064, 802, 5, 132, 401 8 i Y/
5,408, 017, 5, 599, é‘%ce gﬁé%lg%r?%r fr?étﬁlhggdal’n%alpﬁgﬁ%?g%ngém%éﬂ%%?ﬁl and WO
93/ 14132 TheEkewisared camps@ideroapsbleet donhatiig v elparat pantorMiermetal cemel | ocenes

are protonated by noncoordi nating anion precursors such that an
al kyl / hydr i d¥ogrisipng sexamplesaénciifien dighdethemat irgrethylaming, t egaydrofymnnet al to

ke Lt both,cati anj. 1ch - b I pat i ion.
Sinee’the. andPrabTRlinG At FeSR A RRpE R M R bIBARCBEIE R ocones ol <o

may be |igands of the netal conmpounds of the invention, simlar nethods of
preparation as active polynerization catalyst conponents may be followed.
The use of i onizi Ag illostrativeositabird satplyst prsperaemehghiannvestionds gHB(DA- but 25

capabl e of p gél ctive,netal i Qi C | ex and, a

noncoor di nat#’ﬁ? sﬁaﬂ%ﬁ%?‘&ﬁgﬁu‘gbﬁﬁlms&‘?%% %@é??P%dﬁ-ﬁtﬁs 403
and U.S. patgRtnton3fdy 86 Brdp@fediil Highiieldy isin@NtdndaRNBI@ERIRetalRR aGhth¥Ge cat i ons
of the ionizing ionic conmpounds, other than the Bronsted acids, include

f er r d@eni um rostds\aeljustratsgymh therappenrdedresamplear beni um and triethyl silylium or
al kali metal or 30 alkaline earth netal cations such as sodium mnagnhesi um
or lithiumcations. A further class of noncoordinating anion precursors
suitable in accor gRAGRM ddhpdtihds ackiing 1oOR iRk T eZactiVatel YENt i ON
are hydrated salts conprising the alkall netal or al kallne earth netal
cations and msertnn polynthirizatiom gatalysie rbyalsnoas methiods! faibeitteer of HaeglgdNatted sal ts

can be prepared by reaction of the m?t al catign- nan or(iii nati ng. ani on salt
with water, Por f"é@ﬁfﬁn& BIPSHRTr of's SMAOHE scpﬁ‘h‘t?ff’i‘i altety &‘?Pég‘lnéﬁ?‘é or
readijsy synt l%tg?ﬂln%ﬁfhtén!-' Bipfabi il is hichie®éd forl deloXdiB& onl lglﬁng?iﬂﬂtion re

(pfp) is pen uor ophenyl or perfluorophenyl. Any neta nmetall ol d
capabl e of fihenmcigsien obairldast ane oerctivepiatad-ligand kigns barsi Bgandtandat degr adat i on

by wat t her, Bronsted or Lewis .Acjid .used or contajned i
Phe aoncoor TG ATATD TS AR itk 1 Bt SR M CiARTgy 35 R GEREY R 1 od o,
al um num  gobyd actilaBibh NTHR 3AditidA8l bétkRtorSWrtRBlEndiRhapdIPmEszdtidnl dflGre Ut are

not limted to, boron, phosphorus, silicon and the |ike The description of
noncoor di natsuntgblgnitiboss typetally eindluderisewih eacidso seth ahelidglenmeganonetalihie

f [ h ' ted, b fer. f f US 15
pat efil pr act 1CEAIAR SAHROTRIE REPABRC E BB AR PRSI ARIPS at | on

catal ysts of nhhitkiraBVGHA iQRAUSES thABhZE Mk ARiDReREr ity aSQtidniidntpiIat €
initially neutral Lewis acids but forma netal cationic conplex and the

noncoor di naténdgpravidea capmer-baancingyeay oe nertdoordindting ankem. i nvent i on
conpounds, for exanple tris(pentafluorophenyl) boron acts to abstract a

hydrocarbyl, hydride or silyl ligand to yield an invention netal cationic
conpl ex _and st abi The z[ug1er @BERNYEH WAL dyPRaBP beAn ?eMokRtatid cdrbfoliid/ofed
EP- A-0 520 732 for illustration utilizing anal ogous G oup 4 netall ocene

conpdunds. SwvetahbfGroups e Hady Bnof therRenodiistable ERlgméntsldPrdesed e 25
description of noncoordinating ani ons apd precursors theret f these
docurment s ar@BERHANTPPR PREBRGS el Pt tecouPr Grsistipg s uBinig s

patent practjjgfl-and aluminum alkyl halide. These can be represented by the formulae:

Al (RZ)SX, 3.57
30
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When .t he cation portion of an ionic noncoordinating anion precursor is a
Bronsted acid such as protons or protonated Lewi s bases (excl udi ngp@aﬁlm?ﬂﬂz
or a 30 reducible Lewis acid such as fegroceniumor silver cations, 0
al kaline metal or alkaline earth nmetal cations such as those of sodium
magnesiumor lithium u~cv ~9~B~nx r~~~ 10 JUN 2002 -9 cations, the

transition netal, .activator nolar rati e.any ratio, hut preferably
f rom about I’d‘.eie"c‘giqis. ngepsidetlng aydi q’ryafttrg’gq{mSB@GF%BYllrafjt?aE:‘5?'“@‘9% nor e
preferably fyr. b - 1t X refergbly, fir t .1.2.1to |
P % n DR ABp bpafda . AVYalRion RERBL 1 s HaRBER AR S 48 o ol y s

conpl exes ofintehe froiy@nd Boshdar e useful in polynerization of unsaturated
nononers conventional ly known to be pol ymeri zabl e under coordi nation
pol yneri zation conditions using netallocenes. Such conditions are well

kno and i ncl ude |yt ion polynmerizatign, .slurr ol.ymeri zation, gas-phase
10 pol yneri zat i orﬁlfghga WB’I‘ERBF%}%YSC{W%’%A%%W"}535%8%.“1 ® catal yst of the
invention may be supported and as such will be particularly useful in the
known operating nodes enpl oying fixed-bed, noving-bed, fluid-bed, or slurry
processes conductbxdmiplessiinglude steiethytaleminuay, al trigdobnyhetuprisum] 5 ditkyl usi ng
the catal ysts of the i.nvention, rti.cylarly when i mobilized on a support,
the total calugyupcllod %M%&@&ﬂéﬁ%‘r#%ghdi tionally conprise one or nore
scavengi ng conpounds. The term "scavengi ng conpounds” as used in this

application and its clains is neant to include those conmpounds effective

f or Wenovi ng pol alkylajunraxhnessardd orodified alEglatunooxaaess areosuimble. ad opalystt | es can
be'20 i nadvertently in,troa;c‘}%d g/it_h aniy of the %}g rizati.on reaction
conponent s, 2FAYAGTEL PaTticYlagy ¢ T 48¢ VBRERUCRDSHE CORRPURST SPTRESN8ekAlIdNd
adversely ajbesds Coh@hifiondfl 'c¥mb¥ndi hsefu@hl |chiaYyst bhltivaRdt {yff:)?dé’lg iF An
decreasing of even elimnation of catalytic activity, particularly when

i oni zi ng aniotiporpere clunsmus caatpound eepirésentedttyl the tgessrsl formulh@R ' pAl-a)),,
inmpurities, or catalyst poisons inglud ter, oxygen, petal inpurjties, 25
etc. Prefer a@vsﬁ '§tae°;)’§ﬁ&F%mP%‘k‘lé’; o BF G éi&)—%ﬁt@i ortitifh . heahcemPRRd. cact | on
vessel , for 1 » f r at. hni ques
aftg(r?, or durhl?ng % ngrzﬁ?ié}]t esi gq%?ﬁ‘gfg%g?g%?%no%lil?héjeb{/g(fieg%ék g}r}r‘g%ﬁgnts, but
sonme m nor $&voaxainpleineidyvehyl peopyhronoyld pentyl asd I'd" is aarnegénfrde lused i n

t he pol yneri zation process jtse|lf. 3 1 ,97B(17k Pm - 10 Typically the
scavengi ng @bodndont IPFefEféb'é(nRor‘sg@ﬁg‘%?’g’\ 1'dS eblspY dn o Biaxaass e oup- 13

or ganonet al L , , , '

VO A 91/ o98?5{53%%3%50‘5%8&%52%&5%4 3%315‘% trh%x?“%?év%z gﬁ?‘g@’éﬁl.
Exenpl ary caliybmagdeitreateddeitit watet Hisbolaediim aruimert torganidgolvanrariemap be

2l urfBam  TAORESE] S0 PR T FbT D GPRGEr G e BT A
hydrocar byl Hbaighﬁiu_%emngqeé 18 hYalxQYRehe! %&A&alﬁgt&ﬁwér gge@aéew cent er

are preferred to-mnimze adverse interaction wt e act cat al yst.
Exanpl es i nedaatien bf aretloydimimi aikyl mithbalimited empuef eff witkly yiehds| akpixtanedunds

such as 10 trij sobutyl al umi num triisoprenylalum nym and | ong-chai,n |inear
al kyl subst i mﬂwaa%#m %ﬁlﬁﬁeﬁa@, algﬁ@m%/& mthﬂaﬂn@fww Faf{fied
tri-noctyl al i yiiinoRbnes "aré ?E&%ybﬂl‘ﬁﬁﬁ egi‘eséﬁ'b%n@kw.gﬂgatbﬁts%&d as

activator, any ‘excess over e anmount nee to activate t catal ysts

pregént wi | K 68612085 495a\5d00Sr04d (g BraPd ,3:2g Sciadi, 1990 52 0441y eh®14)T4c onpounds
may not be 15 necessary. Al unpbxanes al so may be used in scaven in3g7 anount s
Wi th other AS2AOTE 480Bisas A8.827¢ 5,3 29830y 19ad ¥t arve2 31, 5,157,137,

i sobutyl - al . o) I tQ L e b G oup
4-6 cat al ys?’q?é‘?gzuaggtsﬁ)ogrgtgﬁe%7i6néle’ﬁl??§?]}i@s% %?ﬁlﬁggdﬂguﬁéjné %gmtr?g‘rtl zation

reactions t Q18 Aataminwinb4/201 &3 teavte béing endvaparated dlyi refekancafor pypbsts bf

altogether if the feeds can be sufficiently free of 20 adventitious
i mpuri ti es. U.S. patent practice.

30



WGM 97BU7R Pt
The catal yst according to the invention nmay be supported for use |J 96% 7007
phase, bul k, slurry polymerization processes, or otherw se as needed
Nurmer ous net hods of support are known im-the art for copol ynerization
processes for 25 olefins, particularly for catalysts activated by
al unoxanes, any is suitable for the invention process in its broadest
scope. See, for I U.,.S. patents,5 057, 475 and 440. An exanpl e
of supported ion?\?ﬁg}gttgfeyascflgatggpléa?r’s ﬁlwh%"ﬁﬂ/tg% ferfﬂg pAFSIqR é’?q@
effective ”%H@@uhé td Q&tvaﬂﬁﬁﬁélhp%oqs FronP 212000 t:1643 n&ﬁg G\yl?ro%‘z/ 04319.
A bul k, or slurry, process utilizing supported, 30 |nven |on
met al corrpombdst zhtSDD\»tatlél:il ,vévieh rabnenm‘xfwably(fmtahbmsl 25¢an bk amtinhoaed as
descri bed far ethyl ene-propylene rubber in U S. Patents 5,001,205 wc~t
9~so~x P~t FoefsiaRixison ﬁ’élt él%@ U¥s. These processes will additionally be
suitaple with the catal yst systens of this application. Both inorganic
oxi de and pol yneric supports may be utilized in accordance with the
know edge i n t he Tﬂeededn "S@:&ourcﬁ‘na@ﬁntgamﬁ@"ss 4idgdided t® nfedd a8 HhiobwARH, S82,
5, 466, 649, Eendl ng patent applications 5 08/265, S32 and 08/ 265, 533,
both filed @ithaydms nah%quﬁﬂ@Fﬁ%thedhﬁﬁl GEBN OF ASHis only weakiy eqardmatedwo
94/ 07928. Eac £.S .S ference for
q%qégerﬁ é%g%l.lﬁﬁngl?l&%ﬁﬁ be dl%)ﬂfgc%g%& aaﬁe%grapﬁf\'i'es

pur poses of I'ce preferre ment e of " PheProcess

for this |n\éﬁéﬁhspziholbﬁﬂcﬂ@@é@%ﬁylé@cﬁ%&mﬁmta&d&ﬂm&ﬁﬁd in liquid phase
(solution, slurry, suspension, bulk ase or conblnatlons thereof), in high

presure liquid or supercrl tical fluid phase |n gas phase. Each of
t hese processes ul ar qo Qr sertl £s reactors.
K A

e oo o o TaberiBigaiar S carty R M o R BtnsRlonF e SRR o e

descri bed cabmipyst aid & tRAtddIdiRadnl bAdhE siltablie fir &Brcﬁﬂitmrﬁol?ﬁ\@n@dﬂoﬂw ng
said 15 m)norrers to react for a sufficient time to produce the invention

h?)m)ﬁol yner Slpmarcmpd‘leymxs WWderdéSbl}nath‘l@I vefdeB03r &, biZi-"tSé)bliiaW&)@th
2ol vents. s Rt hyPandOtn oA s H0BRAT FLRATRTT band , FRERREORR) K and

sl urysy prOC%EE@at@h?WGI@QﬁO@bBYaQ&% 03/19071 athdsgeach @ 5@@%@&&'%0‘6‘&*‘ a
slurry of liquid nmononer, the catal yst system being 20 supported. Gas phase

processes t ppepasdtiop wherezn supigtecends cae aprptanatedd byr eormncﬂmt'mg ianioany

manner known to _be suitable for, et ene ho I rsS or.co rrers
o epar ed by PESGRATSinoRR e ey Rdectun N BERPHER Y Soahes R Bbe found
in US patenh§iidn ShaiO% hak88it7 ¥th ScatidBicO dad 2hd@E-baRBced 3By, k9,
5,436, 304, 5,453,471, and 5,463,999, and WD 95/07942." Each is i'ncorporated

by 25 refer @ne@qrématmg FOEaS Fincey the qbatr@qmonpmttmteénorcém@néﬁ lof sysbaki ng

the ol ynmeri on re ctl on tenper can Vv fromab 50C.t o about
250 Pr ef ef’heg?l%cfﬂeéc’ ?8%6?‘?}'0%’ gf aoffutthg ‘88‘&5 ¥1n83l§n '?flﬁbee “PVCBH? '20C to
220, nore pephitiralbtioRs) fPFepdrttion Ef&npé PERcPizeidh VaMlystIBnipoaBatdagyt 1 mm
Hg' t o 2500 bar, preferably fromO.1 bar to 1600 bar, nost preferably from

1.0 to 500 bafollaweste | ower nol ecul ar wei ght copol yners, e.g.

The use of ionizing ionic compounds not containing an active proton but

25 capable of producing both an active metal cationic complex and a
noncoordinating anion is also useful. See, EP-A-0 426 637, EP-A-0 573 403 and

U.S. patent 5,387,568 for instructive ionic compounds. Reactive cations of the

ionizing ionic compounds, other than the Bronsted acids, include ferrocenium,

silver, tropylium, triphenylcarbenium and triethylsilylium, or alkali metal or

30 alkaline earth metal cations such as sodium, magnesium or lithium cations. A

further class of noncoordinating anion precursors suitable in accordance with this
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\W Gl 97T3U7X P.t -12 10 JUN 2002 Mh < 10,000, are sought it wll 39 J 2
'suitable to conduct the reaction processes at tenperatures above about Q%pw
and pressures under 500 bar. The nultibgron activators of U S. patent
5,278,119 can additionally be enployed to facilitate the preparation of the
| ow nol ecul ar wei ght copol yners of the invention. 5 Advantageously, the
| i gand behavi or in the coordi nation environment around the nmetal center
pernits the invendon fre pudratedosalsfcompxisiaggbe whal mraha@s allialine gagh matd net al

d .ding ;to the invention i i ngl | i 7at i tor. On
et hod of t 4TS Mg 4 R Fasiaing arlgn 45 destriRR bRkt The biftued el @he a st
of di fferent, RRLARRI Sy reBatfdh dTaKt Rt catii-hdteboMMRindahiAsaRfwilll @pRF ti es,

into a honogeneous product with a new conbination of properties
di sti ngui shdbt exdmpen tshbgdrolysistdfehe wdinmiedcially evatlabiecort saditheymhesizeduct s can

be useful faqr. | i cation ch fil ottle nd pi resins . in

conj uhct i on%PﬁﬁgbIW%legqsrs\@‘b‘r"g@éég@rs}}?)“ﬁlivﬂ‘r‘?rmf&)ﬁﬂgﬁgﬁf“gmg ¥ ength to
t he bl end i HefW Mv conponents add processibility. The ability to
control thgq#gﬁg%ﬁ%g ?gtio of conponents in the blend would all ow

properties such as tear strength to be optimzed. The formation of these
bl ended pol yners can be achi eved. ex sit% t hr.ough nechani cal bl ending or in

situ 20 through tA% mewl ar metalfoideppablent formiag arcopidination gRmplenMhchhe| i eved
that in sit i I ‘”ﬁ% : t he
blend to beq%?%%ﬁ%gggfﬁégééﬂgfg%. rgoﬂggﬂgﬁﬂﬁgﬁéﬁgggggﬁié?ﬂg§§#gﬁ¥§for in
si t uldl endi n@ed By edntsiged imhietonGodtdinetitd amonn Suiat 1 y&hls iifcliide baasmre react or

to' simultaneously produce nultiple distinct polyner products This nethod
requires addiofilsniied 36 elamirymy selfdntritiue #Ad thidikear | Bugbleametajioids
component s Wéhd&%u’i‘%&*ﬁgﬁ1i§r8{edtfae'b§r&ﬁgih\6£ﬁﬂoﬁ§s’ sk F’&H‘%Hﬁrnﬂ! Ogygts they
generate at specr'fic conditions, and their Tresponse Fo'¢ anges in

pol yrer i zat ideBcriptiddidfineAcoordifatigd aios dndeprecurstas tgraatofityesdodiimentsrefs is to
use a single catalyst 30 precursor that can generate nore than one active
formin the thederegpingTparagraphsl are incorpprated, by reference for3puspessiy afhl S.
geneyati on Y | ends without requiring the synthesis of nmultiple

cat a{sssts. %teén(t: targﬁglegts of the invention contain conponents that can show
lability Variable tenperature NVR studies can verify the lability of |igand

conponents in netal conplexes, and neutral donor |igands, as exist in the S
catal ysts of the Angdditionph megradafmakinghgactiverejymstiaaiongatplysss off thisabi | ity
In addition,:; ] . At al ol i Lyl . t j known

i ani ch ¢ ndn TR RESICRAELRR B ELSORMAL o M, feulaNERSE £,

bi dent at e arbat fosrintl e mii A@ilecacionic ol &0 and then®ntbar dimaghg afivaIpon Tibgikimgi S al so
evidence in Carrano, et. al. (lnorg. Chem, 1989, 28, 4392h that the ligand
can #& convdrilien]withethfe BYenion sPBROURGeriaT naemple iba@snigHueroghemyie

I le. T Iet oo ' f i ther a: : ' d
IOl eouLe: TRFR 810 hnck PRAROBE! Bl et B [elicfomPpbiggnd o @
i nvention t an&hAbeationly torhjylek n@erstabiliciag aoneondihatinganiod Ssedl EP-A-Di427

behavior, a typical catalyst precursor of the invention fornms an active
catal yst sp easldiEchérfbéﬁff?%@orﬂHestraasp ualigiggraplogousdram ¢ mstafosensci ate or
be abstract i rj I t It | » AChdaV at-ml yst

speci es. Th?gfrlﬂ’ %gb&goﬁg%g%bﬁhg%&?gdst %ne%]%d'g%’ g‘%‘#ﬁs ndefggg'yA't6 h%adSr g’(%t i’l\il}'lee

poputsat i ons debcrigidni sfdiontsbrdinatifg ahiphsd asdpreEcesorsithéle® sfmesodoculteatsext ent

or rate of dissociation or 20 abstraction of the_ | abile conponents can be
control | ed ta¢ SimylarlyHeearperated hytreterrase £fIpurRaseerild tS: patsBtpracticenet hods or
through the addition of additional external donor species having the sane
or different identity to the |abile conponents or external acceptor species
that can abstractwhbe theaditiof poRtidtOsest ionioRdriderdiditing mfdH precurkordivTl es 9- 11
below illustrate broad polydispersity 25 polyethylene bl ends achieved with
a singl e i n/étensted apidtsach es pponsdorprotonaed Lewisi bages (exrludingrpates), orés of

ol rization. . .. . . . .
POl Y4 reducible Lewis acid such as ferrocenium or silver cations, or alkaline metal or

alkaline earth metal cations such as those of sodium, magnesium or lithium
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Li near pol yet hyl ene, including high and ultra-high nol ecul ar wei ght 1 0
'pol yet hyl enes, including both hono- and copol yners with other al pha- cpl é‘!’W
30 nononers, al pha-ol efinic and/or non=g¢anjugated diol efins, for exanple,
C3-CZo olefins, diolefins or cyclic olefins, are produced by addi ng

et hyl ene, and \I"G1l 978()7X Pit -14 optionally one or nore of the other
nononers, to a reagtion vessel Hmder | ow preﬁ\s/ure (tggi cal Ig <.50, bar), at
a typical tcRHeRSatHIf SrAPsiion. DI ¢\ fGUY2ioRemPRY AP oY RHeaPYS raihabithas been
slurried wt t h f . hzation
is typicall ?%ﬁ% eﬁsﬁyabgggw'rl\g.a lﬁﬁﬁg%e%mgy ggnglr@g% ?t}nﬁgﬂa%’ eeh
conduct ed, frasregrefedbdy fiom abami2t 1 rud12Sarfd miost prefergdg frinaaboutelhz i ap
operated at 2000-3000 kPa and 60-160 C, using hydrogen as a reaction

modi fi er (1001.200thheyaticef abguchibrmsdhe mosurefessth (0.5-1. 2 nol %, and C-
feedsgream (25-35 nol % See, U S. patents 4,543,399, 4,588,790, 5,028,670
and 5, 405, 922 and 5, 462,999, which are incorporated by reference for 10
purposes of U. S TiHeaéRillstdoagiléxes of Bhbyhwnton-aed addfil {nl pslhmeiirgdion of

et hyl ene-cyclic olefin and ethyl ene-a,-ol efindiolefin) elastonmers of high
nol ecul ar weing#uragdd menpraery s canventiprallyc dimop@ gpepar eglymerizablengndere

catal ysts of the | nvenai an . uan.der 0t it l%inti (S).nal t§tohuti onf15 pol g.rtreri zation
processes orCOBT%?%ItOPon WPRI-EPR PRHL O3 $51nR BEEI Y USRI PRIIRE fite

oc-ol efi n ory@Qyridvén Sdetind@Eoliiisn PoIgmicRRaR, sy hoPfRezaliBN PiBphase

pol ynmeri zabl e and not, as a polynerization diluent in which the invention
cat al§/st i s mlwperaitdn, andphighlpresshrel paigmprizagionr dhe watalysbef bt inwention0 and

1000 psig (69-6895 kPa) ,and the .pol rizatjan diluent tenperature wll
Lypically bansepeaumorts 3 e e inb B praRual ool 3 the o6 SHig
stirred tankys&actkBiploylfig "MkEI-bEAN n%l@r%glﬁé‘d atRid-bed, Sl QRurSr MBEAldsel . See
the general disclosuré of U S. patent 5, 001,205 for general -1 process

condi tions. @sducitdim single,senes orgpatallebreaptarent appl i cati ons ser. nos.
08/ 426,363, filed 4/21/95 and 08/545,973 filed 10/20/95. Al docunents are
i ncorporated by reference for description of polynerization processes,

ionips 25 activat (Wﬁen?lﬁﬁngﬂﬁf Htal R VL B iﬂgerﬁﬂiﬁFBh‘r@i‘éﬁl-arl?rvﬂidﬂQhMﬁ@ﬁiiZe@ti on of
t he supported catal yst of the invention may al so be uSed for further
control of pulysuppopatheitetabcaryprsybtomywilhgengmllyadddgionally compgsessongherse

reacti on processes in. accordance wth cqnventi.onal teachjngs. For exanple
50 such can T8RRI O e BTG L SPEIGE SRS AR RE b on 1 or o

limted timgppfighioRXAEPkE cliBYis erﬂ@adtstoci(ﬂ@FJQEttﬁélseV‘izérﬂpédh‘as SIRBGYd est
catalyst at a& ~~"CG~l 97807R P~t -1S
removing polar impurities from the reaction environment. Impurities can be
20 inadvertently introduced with any of the polymerization reaction components,
particularly with solvent, monomer and catalyst feed, and adversely affect catalyst
activity and stability. It can result in decreasing or even elimination of catalytic
activity, particularly when ionizing anion pre-cursors activate the catalyst system.
The polar impurities, or catalyst poisons include water, oxygen, metal impurities,
25 etc. Preferably steps are taken before provision of such into the reaction vessel,
for example by chemical treatment or careful separation techniques after or during
the synthesis or preparation of the various components, but some minor amounts
of scavenging compound will still normally be used in the polymerization process
itself.
30
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tenperature of -15 to 30 C. and ethyl ene pressure of up to about 250 psig (
1 724 kPa) for 75 mn. to obtain a polyneric coating on the support of
" pol yet hyl ene of 30, 000-150, 000 nol ecul ap -wei ght. The pre-pol yneri ze? 0
catalyst is then available for use in the polynerization processes QfM
to above. The use of polynmeric 5 resins as a support coating may

additionally be ilize typically by sus ding a solid.,support in

di ssol ved resin g#ypé?fﬁﬁqhﬁfégf‘égm%gmﬁg%@t@ﬁg?]eea rtgﬁn%ra%tglél&f@ﬁ}pogg aration
and drying & gOGhITRIbSp-A5 CorlghfRh AN Bt & pintE TR BIRC Spkits dess3lispt i on of
met al | ocene conpounds, ionic activators and useful scavenging conpounds. 10

Ot her ol ef i Aj2d2J0R§ and SHOuA £X14DBBDNMERASIHE3 e IV O3/ 154182, dridctlat pf
descri bed ahove maéf)be pol ynmeri zed usi hg, the catal ysts accolr]gi ng to the

i nvention, MR 9&4npl cExemnplanirompgupdy inslyde trigthyladimingme friethihyanegene

nor bQr nene, i di i.en _
ol ef ?ni cal | §/rﬂ g%@%ggﬁgu%ngﬁbgﬁ&ﬁg@ehc ﬁ%"lﬂgg %@lﬂggmceyc??dc %Iog |Jns, such
as cycl openheRgauor biddenscaveiging! dopmoungs i Kavigd batibwin€nas, linear

Addi ti onallx, al pha-ol efinic macronmononers of up to 100 nmer units, or nore,
may al so behydreearpur substitussis copaleytin ppungd tothe metl Oxtrastyleid <EAEEAT i ons of
the inventi oneean Be St 8940888 hRaGAPE, A, 1BALY IHRIL Ve hoee |
coordinatio péTymarlza i'0Oh "or can be m xed to prepare pol'yner P'€hds with

ot her knownirehki 6riddy ¥R ihFAl ibd0 WafedlpyebrabBPBUIRGS coMyonirlk esilidhonsi  of
mononers, bl ends of coordination catal yst conpounds, polynmer blends can be
prepfred untisobueylglnavnumy i GHsasemilalh@HBIN, N adnsg olpngtahainh obeeass allgyl-

i ndi vi dual cat s{ ¢ ositions. Polyners havi incr.eased MAD, f or

| pr oved pr SRSBuG SEPERTM ot SRTpapd) THGR b e P HELEDRIRR 6 ot Fom
pol yner s maggyMidmliniing 8 trf-alRidy&llalamSdudiBWESR afufibkah€isasbl QY Q6tivaldte
foll ow ng exainples are presented to illustrate the foregoing discussion.

All parts, pnopxdesd over thadnpant seedgdde astivatpytheushtglystsupresens valliast wh se 30

i ndi cated. All exanpl es re c rrd' eid out i\p drnz{gc oiﬁ)gen-free enéin%onmsnts

and sol vent S2VHI&Sh o EYAPURES o3 195810 5 58V REIEL (CRFPPE e PR U nBSdi nent s
of he  WCHeRssapy-H AlmbRadds! Asdday B6 uREER € REavenRB! ARBuntd REY dfRrnot to
be viewed as Iimting the invention in any specific respect. In these

exanpl es cemeansoizshratianaeigomethylalumpxdne and sebytyl-alumorpre. dde@maunt on.

Th i nclud dard cheni gal breyi at i h I [
comonl y actoSeRA Db ST aR o O, ErORR-« Yuehylf SmBgERsS of s V1 ) 75"

and THF, orinvBhtiorTist Rinfimibed 'datHE PBlynfekizatibn egddtiofs weihghhhoanteefiRtight
aver age nol ecul ar wei ght unl ess otherw se noted. Ml ecul ar wei ghts (wei ght

aver age mol EcehancaRstiity apiiayoidad shesrier Gy aess w0l eciariendsi BRe o M) wer e
measyred by, (RhufisisTRHuHASs.

The catalyst according to the invention may be supported for use in gas
phase, bulk, slurry polymerization processes, or otherwise as needed. Numerous
methods of support are known in the art for copolymerization processes for

25 olefins, particularly for catalysts activated by alumoxanes, any is suitable for the
invention process in its broadest scope. See, for example, U.S. patents 5,057,475
and 5,227,440. An example of supported ionic catalysts appears in WO
94/03056. A particularly effective method is that described U.S. patent
5,643,847, and WO 96/04319. A bulk, or slurry, process utilizing supported,

30 invention Group 4-6 metal compounds activated with alumoxane co-catalysts can

be utilized as described for ethylene-propylene rubber in U.S. Patents 5,001,205
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10 Chromat ography, unless otherw se noted, using a Waters 150 Cel

“Perneation Chronatograph equipped with a differential refractive i ndem JUN 2002
detector and calibrated using polystyrgne standards. Sanples were run iIn
either THF (45C) or in 1,2,4-trichlorobenzene (145C) dependi ng upon the
sanple's solubility using three Shodex GPC AT-80 M'S colums in series.
This general technique is 15 discussed in "Liquid Chromatography of
Pol yners andnfel,2d%4/ 8vailbeseaprocesses' will addisinasllyEle suivehle avitiDeok eataly1081,
page 207, which is.i,ncorporated by .reference, for rposes of U.S. patent
bract i ce her g™ REUUTPRALEETN SBotringrarti <l B rolyReias SBRpY B e
hovever, daf)i28H 38 "RictdalcAGRPHRI KALRNARE G ufe: GeldNAlSQNY S BBﬁt%ﬁfs' of
St andar ds Pol yet hyl ene 147S, denonstrated a precision with 0.1 units 20 for
MN M whi ch Svi2,32al 614231994, £468582,u8,#oHM64%, nespending WiSmpateanbppitaligises wer e

Eaam o5 25 VELARG 00 TR G2T0ok Tk 475 sspptemmenpos publicat oo g o i
TS i) 3 00 a0 T R e e R R PR ol o

changed fr omeferenbé fdylpuepdses ofdgS. patetrpranitet hen t o bl ue-green. After
stirring at roomtenperature for 3d, the volatiles were 30 renoved fromthe
dark blue m xture. The solid residue was extracted with CHzClz (30 nL) and
filtered. The solyt] . ane =\
97B078 Yet _ 17 (lﬁdh%?wmgén%gpg’?ﬁgf gﬁlﬁ%dﬁrg)ggsgﬁg{:?’ggt'a?%tn?ﬁ’ethﬁr%a u'g?. The
sol ild was celdtemtiedniplogeddinaliquid phisea@olunanhsdmry slzppaidratalK hase2d n) .
Resi dual sol vent was renoved under reduced pressure | eaving the product as
a bl ue powdépmpinatigas thereof), ipdiigh presgurehiguid empipetdritigalaflyidi phase, Rrsipect r um

d i ' ' it] . _Exanple 2
Synthet s of™f PIcY, EXRh S e RS ey b o Bfid i iR BRI o SRR o
simlarly teedchss. Ti THRNALE URotdsSed dnB(s8, nbdetilz )odéfid MmoPReherdwdth fHeol ) and

10 VC13(thf), (2.00g, 5.35 mmol) except that the reaction m xture was
stirred for 2b@vendesypbed gatalysisystera ipacwitable hilugntyan sobwenyandallgwing srid 1. 22,

rer d30onsi « EHbmEREi SRR ShuROBhoahe b BusRIEL LB AL o FRARSHfy P
[ HB( 3, 5- Me2apalyfmefsl ~ Hydlrocafthi@ dolvdne a@paitibie, ish aliphies iad@hrémaii¢,arly to

the Ti anal ogue from K[ HB(3, 5-Me~Pz)3] (0.90g, 2.7 mmol) and G 3(thf)3
(1.00g, 2 e6hexang|anddeluepe areprefarred. rhom salyants € svawediylanechilgrisie 1 d.

Wor kup gave t.he S i.g reen 8 . | +..629% 20
The el enent fﬂ' ﬁaar?grt&g’?@ b%ﬁ“z‘sié‘& P%‘rlnlsﬂc 8@9%@%%%%%& a}”%%%‘%’s‘é?ﬁé 9“6 by
crystal | ogr apitactindtha cilyetsaatsa slhafiof Wghid hbsrhdr the canpesytem Geingr al

pol %eri zation nethod (Exanples 4 - 17). Polynerizations were perfornmed in
a hadP nitro§erPopisdgePasophase prpenseasciypically cuser arsuproftest Icatadysp singngfieneer s)

in dry hexap [ ' [ cocat al yst

used was noterd HAnE nah il BRENTE ke AlMlelis KBSl pdifhonlilEsr Rl 5 )

nmL of the sobpdlymersv@epdaed by @Bordirafioh (peHlindridatieme Iipistiativé exdniples ia@n i nt o

the reactor, The hexane in the reactor was then saturated with ethyl ene at

t he be found in U.S. patents 4,543,399, 4,588,790, 5,028,670, 5,382,638, 5352,749,
5,436,304, 5,453,471, and 5,463,999, and WO 95/07942. Each is incorporated by

25 reference for purposes of U.S. patent practice.

Generally speaking the polymerization reaction temperature can vary from
about -50°C to about 250°C. Preferably the reaction temperature conditions will
be from -20°C to 220°, more preferably below 200°C. The pressure can vary

30 from about 1 mm Hg to 2500 bar, preferably from 0.1 bar to 1600 bar, most

preferably from 1.0 to 500 bar. Where lower molecular weight copolymers, e.g.,
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desi.gnat ed pressure and tenperature and conononer, if any, was added. The
30 catalyst solution was prepared in the drybox by mxing fromS toj BOjUNT002
of catalyst precursor with toluene (501pLk). The catal yst precursor solution
was ~4' G ~f 97f307k Pct - 18 punped to the reactor, and conbined with the
previ ously added cocatal yst solution, until the ethylene make-up fl ow

b t i ng_the pol i zation. Th tor t t
controllea s L0 Aee SRREITO RileBlh o' ArghFh e rr R IPreres s ot or
j acket The Q%Q(t e%e%%'o@@%b\éﬁ{ ¢ gﬁﬁéfsms dlief 506 dahe G mlIfGoRhy! ene

was vented an reactor was coo own The reactor contents were poured
into a 1 L hemkesrs a0l 8 rwadned, 248t 1N 9i canpddipiphaldl 56 balployed as Eicilivete thbe

pol yner solvent nixture was bl own down with nitrogen or filtered to recover
t he pol ymer praperation &f therlewuneleqidar weigkiropatystery alctfia mventied to 90 C for
about, 12 h. The sanples were anal yzed by GPC for nol ecular 10 wei ght and
pol yéi spersity and by'H NMR for branching in copolynerizations. Exanple 4

Et hyl ene pol yner izihh@geotisiyh th&B{pand-dbavidr Tih Ghd(éddhdination3@nirdh&ital  of
13.0 ng of [I1(3,5-MezPz)3]Tid z(thf) in toluene solution was punped into a

15 500 nlL stardunt ébe metad centep gemoits dieeadynpigparadon of nHusdpelymer Hlemds 10% MAO
in toluene, a@_fi 765\.}6%? et hyl ene. ‘!{'lpe ggl wreritzahligon was I un for .3q mn
while the ré&dtt & © nBFIYt af HRRPE 36°C R L ubSe UM Rtk b BPE'Ehe

pol yner pr ogyRimedigdforreBctdr. 0On® RleRUMtARRIng thé FMﬁéﬁi_e@ 0P pslyhiks revigl

pol ydi spersity of 4.1. 20 Exanple 5 Ethyl ene polynerization wth

[ HB(18, 5- Me, Iz ta3blEndia2get tof )differeBOpalymars; saell hafing a dignct combofation of

HB(3,5-MezPz)3]Ticlz(thfJ in toluene solution was punped into a 500 niL
o o ooa . Pt ies i, ROk St P BBot it i A CoptyEHon, ob ProREStieh

tol uene, and;lideniRiblEEbl BO& of thE i\ MTEN doAfdnehts Vathebd! Prok@Ets 38n BEN Whi | e
the 25 reactor Wwas nmaintained at 60 C and subsequent workup of the pol yner

product gavesdfuldfay appligaiopetshe enéilmj bortlkddnd Bip84resind b camun@wnywitsper si ty
of 9.2. Exagple 6.Ethylene polynerjzation with, [HB(3,5-M2Pz~3 T~z(thf) at
V15 C At o™ BRIGHE PGy GHEE Moy SomBOREUPIIF RIS HiG SR POl tene

sol yki on wa i . i Nl ess steel reactor containing 250 nL
hexane. - 2 Yo MBS R hefacio sy BB 55 £ S°L 1S3 O (oM SN uene,
and 275 psi ethylene. The polynerization was run for 30 mn while the

reactor was maintained at 115 C and subsequent workup of the polyner
product The ability to control the relative ratio of components in the blend would

allow properties such as tear strength to be optimized. The formation of these

blended polymers can be achieved ex sifu through mechanical blending or in situ

20 through the use of a mixed catalyst system It is generally believed that in situ

| blending provides a more homogeneous product and allows the blend to be
produced in one step. The use of mixed catalyst systems for in situ blending

involves combining more than one catalyst in the same reactor to simultaneously

produce multiple distinct polymer products This method requires additional

25 catalyst synthesis and the various catalyst components must be matched for their
activities, the polymer products they generate at specific conditions, and their

response to changes in polymerization conditions.

An altemative to using catalyst mixtures is to use a single catalyst

30 precursor that can generate more than one active form in the reactor. This would
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gave 2.2 g of polyethylene with MV- 3.07 x 105 and pol ydi spersity qffy 3N
"5 Exanple 7 Ethylene polynerization with [HB(3,5-MezPz 3 Tidz(thf) at 14
C. Atotal of 27 0 ng of [HB(3,5-Me2Pz)3].Tid z(thf) in toluene solution was
punped into a 500 nL stainless steel reactor containing 2SO0 nL hexane, 2.5
m. 10% MAO i n tol uene, and 375 psi ethylene. The pol ynerization was run for
30 mn while _the 10 reactor. was rmi ntai hed at 30 C and subsequent wor kup of
the pol ymer 2p8dhe gengrafionofgnsitys 551‘5 nlwté%uws Henxpies’s g mulypls and

| ydi i 24 3. | , i zati it h
PR, o weoRatlySt, Ze caldt AP o ShIMHER e KCRpIEn TREL €1 RS
[ HB( 3, 5- Mez Ry Ti Clazibblef temipbraturt MR seidissi can verify phepiabilityntod 162ah00 ni

stainl ess steel reactor containing 250 nmL hexane, 2.5 nL 10% MAO in
t ol uene, 15C°AMPAngEs dmanetaghgomplesss, achypwid domes bigandsens £Xist dA HEs run

for 30 mn while, t reactor was_majntained a C,and s eqguent, wor kup
of t%e pol yﬁ%t?iy&ﬁo%ﬁ&hte ldlé'\e/ré“ ? Ggeﬁergiflyes?lﬁyl glr?e rﬁg%gn%g%gepé)ragn%ﬁ&w thu Mv = 7

6 X 20 104, ,p@itiyd &ﬂﬂfoﬁhayc&ﬁaiziﬂ@,mag ra3oR1)BBRNEREHA0Afe kiR ®hRK Et hyl ene
pol ynerization with (3,5-MezPz 3 VC12(thf) at 30 C. A total of 11.3 ng of

[ HB( 3, 5- Mez Hie) Bucl zan rédppi any oifugaverat glogrdinationamodespyath ibndentate 30d 25 ni
stai nl ess steel reactoy. contai.ni nﬁ 250 nL hexaneT 2.5 rr%_.J 10% MAO i.n
tol uene, andf'drBtae;icogrdinationebeing, e MOStEAmmpn. o\ There 15 /s¢ SVISHGHIR whi | e

the reactor cARGndBdtNAIR{ABEL. ’thenl, 8NDsSUBSHAHANhe WREKY RarPbe HBvePREY BT
product gave 4.2 g of polyethylene with MW= 6.89 x 105 and pol ydi spersity

of 29.2. YWeweed dife@nPeoord iRtieN ampdes A0 aEsihgle emelepaley niEhéretore,oit isv t h
[ HB( 3, 5- Mg, Pz VC12(thf) at 6 A total of 8.2 of :

[ HB( 3, 5- mp?ﬁs?alvg%& fett )2 i“ﬁ”‘f"’g! e G F G CHBROBARBE dhs APYULeHES i
stal nl ess stigels saach A HERRAIMNGE BROinTenfix@ehowe 14biftly ditfd YRR

tol uene, 5 and 125 psi ethylerne. The polynerization was run for 30 mn
whi | e the reamdibonswas mai ntai ned at 60 C and subsequent workup of the

pol ymer product gave 1.9 g of polyethylene with Mv = 3.34 x 105 and
pol ydi spersity of 29.2. Exanple 11

15 With this behavior, a typical catalyst precursor of the invention forms an
active catalyst species incorporating the labile component which can dissociate or
be abstracted during polymerization to form additional active catalyst species.
The final polymer blend is then determined by the relative populations of the
individual catalyst species in the reactor. The extent or rate of dissociation or

20 abstraction of the labile components can be controlled through thermal,
photochemical, or electrochemical methods or through the addition of additional
external donor species having the same or different identity to the labile
components or external acceptor species that can abstract the labile component
from the metal center. Examples 9-11 below illustrate broad polydispersity

25 polyethylene blends achieved with a single invention metal compound utilized at

different temperatures of polymerization.

Linear polyethylene, including high and ultra-high molecular weight
polyethylenes, including both homo- and copolymers with other alpha-olefin
30 monomers, alpha-olefinic and/or non-conjugated diolefins, for example, C;-C,,

olefins, diolefins or cyclic olefins, are produced by adding ethylene, and
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10 Ethyl ene pol ymerization with [HB(3,5-Me.,Pz)3LA z(thfj at 115 ©) Hyrmpal
“of 21.8 ng of [HB(3,5-MZPz)3]VCI Z(thf) in toluene solution was punped into
a 500 nL stainless steel reactor contaiming 250 nL hexane, 2.5 nL 10% MAO
in toluene, and 275 psi ethylene. The polynerization was run for 30 mn
while the reactor was mai ntained at 115 C and subsequent workup of the

| duc: 1.4 | yet hyl ith MW= 9.3 0 d
Doty spar o o Ts Sy Sr kst dhe Bhef b aniS B4 Bodion vl indet 0"

HB( 3, 5- MezP il <aso! 50 °C wi
[FB(3, 5 os BT ATVt R, o0 oA, o a pRRE leferu® BRa0250 G g 20 o

st ai nl ess stiee¢nticeaatabyst danhas beenglu266d with esohveat, s@ctbasniiexin@oiMaledna

tol uene, and_350 psi ethyl ene. The polynerizatjon was run for 30 mn while
t he reactor i RelymsEgatan 1aotxpically JEBOReLeY GRIEp oCFhEPBY yer

produgt gaveplg:)iyxflre a %g&%ﬂ(’xﬁb&} gl%ﬂélﬁ{:\_@?_]‘é‘fc;r rExMﬁ(/g?_'e, 3n 3:14c6(ntijng§usa?ltqw) Bby %iagper sity

of 71.0. 25 anpl e xene polynmerization w

[ HB( 3, 5- MeZRytrade Wakaf tdplejatet aGO000-3000 RP@landf60814) AQ, 0fing hydrogen as a

[ HB(3,5-Mel Pz) 3] VCl Z(thf) in toluene solution was punped into a 500 niL

st ai nl ess streqtiopgpedifier ORtZA0MATY, S5 srAomaaerise feedsweam (4.69% 3mol Y,

t ol uene, 15 - hexen a o, €1 &1yl The .po iza} i s 30 run
for 30 min rrTl1|dl §2t gﬁsrtrgeg%at gérjs'glgsxgﬁga/f)ntg‘%éhgg%atp ﬁ’t%ia%ﬁd&%s%ggg%%mrkup

WG 1 97f 307ks,628,6702dnd 5;405;923JA0d £1282,999, which REJ WEBRoRRQIYE kefBdHEe for2 g Of
et hyl ene/ hexene copolymer with Mv. =1 32 x 105, polydispersity of 15.2,
and ¥ br anchesposepofd) Scpaiepl rradtikes Et hyl ene pol ymeri zation with
[HB(3,5-Me21'z 3 & 2(thf) at 30 C. Atotal of 9.6 ng of

[ HB( 3, 5-Me2Pz) 3] G z(thf) in toluene solution was punped into a 500 nL

stainl ess steel rEAgleRé-oCoBiR(AENGingXthyTéndI&)CHD Blefh dnd dehyllBR6-HRRfif

tol uene, and 75 psi ethylene. The polynerization was run for 30 nmn while
t he react or diglefipnietastomessl cdt high wolesulas wweightuend lowyr kryptablinityhearpdiey mer
product 10 gave 0. 4

pol ydi sper siff SPEF %&%?Jgﬁé%gépﬁélsggg f@w%“’%‘fﬂ 319(%% ?éa[]d?tg‘?{‘%unqstoﬂ'}mo”
1508 Vo2 B St e 8y il 1
a-olefin or cyclic olefin or mixture thereof with other monomers, polymerizable
and not, as a polymerization diluent in which the invention catalyst is suspended.
Typical ethylene pressures will be between 10 and 1000 psig (69-6895 kPa) and
the polymerization diluent temperature will typically be between -10-160 °C The
20 process can be carried out in a stirred tank reactor, or more than one operated in
series or parallel. See the general disclosure of U.S. patent 5,001,205 for general
process conditions. See also, co-pending U.S. patent applications ser. nos.
08/426,363, filed 4/21/95 and 08/545,973 filed 10/20/95. All documents are
incorporated by reference for description of polymerization processes, ionic

25 activators and useful scavenging compounds.

Pre-polymerization of the supported catalyst of the invention may also be
used for further control of polymer particle morphology in typical slurry or gas
phase reaction processes in accordance with conventional teachings. For example

30 such can be accomplished by pre-polymerizing a C,-C, alpha-olefin for a limited

time, for example, ethylene is contacted with the supported catalyst at a
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| S 500 nL stainless steel reactor containing 250 nL hexane, 2.5 nL 10% MAO
rin toluene, and 125 psi ethylene. The polynerization was nmfor 30 M jyyN7m
while the reactor was nuaintained at 601£-and subsequent workup of the
pol ymer product gave 1.0 g of polyethylene with Mv = 2.78 x 105 and
pol ydi spersity of 34.6 20 Exanple 16 Ethyl ene polynerization with

[ HB( 3, 5- Me2Pz~3 t~115 A tota of

[ HB(3, 5- mzﬁ?}%{%’&"?(ﬁﬂ% 3¢sCy %%H%‘%%P’i?ﬁ“éﬁ%&%mpﬁ?%&%?n?@ (&7%‘60 e
stainl ess s I r I3

t ol uene, YfEF ggfﬂlgttﬁ;&vgér{ga The ﬁ;ﬁ??‘?gﬁ?gﬁu@a@ é‘(tpo]rgor 30 m n while
the 25 reacBmoomsommmdnmﬂ vaengrﬂtllﬁhé:pamblﬁmbxsmqlmmlymkmp avhildbthe pol ymer
product gave 1.1 g of polyethylene with rMN x 10" and pol yd| spersity
of 14.1. EXMS@Iwequm@h@tlea|wﬁﬁeﬁafieaﬁd\m@W\[CHBY@: ase\MZPRIYMeENG (t h )~ at

140 € A t ol gl ql 130,29 Zolly Ml LBl BranVB2BE) FAC LN sl ez

sol ution was punpe aln eSS 'S eac ng 250 L

hexane, 2. 5sdld sippothdisiolvedVeesin 87 budhIhiReral as galybotdneneith @midse&ﬁh psi
ethyl ene. The polynerjzation was run for 30 min while the reactor was

nai nt ai ned %ﬂpa@mencarahdirmsseqﬁléndwmqmpam IFP@P?:@F@@W p?fe@a@q fgave 1.6 g
of pol yethylene W th spersity. ofs .10 5 TABLE 1 :
Per f or nanced%(gn%téorr} oﬁn et@ooce"e °8‘1‘8°”’%( b’aq 'léa dyuﬁgfl scaangmg
Cat hConpar agdnfgouads al ysts---A) [ HBPz3] Cr 2(py) 302 30. 97B)

~Pz3] Cr Cl ~(py) 600. 140. 06C) [ HB(5- Me- 3-Ph-Pz) 3] Crd z3027. 516. 6D)
[HB(IQ Me- 3- Ph- Pz) 3] Cr A 2601. 50. 91l nventi on Catal ysts---E)

[FBU3, 5 Neze) 3] Q6% lePig s ouiatymlpmindinted dfdhy st ahstnaiize )
[ HB(3, 5- Me2ka)-dbdd Gbéd hﬁ&ﬁ%@%&@hehh&( %sﬁrg'vﬁﬂf&h&ﬂﬁsﬂaééérban%%Z 3

pol ymeri zation tenperatureé, exanples run as illustrated-in the
f or egoi ng ewaepians for example, styrene, alkyl-substituted styrene, ethylidene norbornene,

norbornadiene, dicyclopentadiene, and other olefinically-unsaturated monomers,
15 including other cyclic olefins, such as cyclopentene, norbomene, and alkyl-
substituted norbomenes. Additionally, alpha-olefinic macromonomers of up to

100 mer units, or more, may also be incorporated by copolymerization.

The catalyst compositions of the invention can be used as described above

20 individually for coordination polymerization or can be mixed to prepare polymer
blends with other known olefin polymerization catalyst compounds. By selection

of monomers, blends of coordination catalyst compounds, polymer blends can be

prepared under polymerization conditions analogous t6 those using individual

catalyst compositions. Polymers having increased MWD for improved processing

25 and other traditional benefits available from polymers made with mixed catalyst

systems can thus be achieved.

The following examples are presented to illustrate the foregoing
discussion. All parts, proportions and percentages are by weight unless otherwise
30 indicated. All examples were carried out in dry, oxygen-free environments and

solvents. Although the examples may be directed to certain embodiments of the



WGM 97B078 Pat
10 The exanpl es above illustrate significant inprovenent over the WO
/97/17379 exanples both with respect to catalyst productivities (A-T0VEN 202
J) and in certain exanples the increasilgg activity at higher polynerization
tenperatures. WO 97/17379 also illustrates that the catal yst can be used to
control 15 polynmer MAD, especially for binodal products and GPC plots are

rovi ded for _three e les. However con b changi n
Phe. subt | ¢ AESeg PV e B s e, be, Al B i ERp M iRt in g o'
pyrazol e ri gg&ifich fb@ﬁ&t ' I§ tﬂ&e%&gﬂngl@tcbﬁﬂn%bk@ldﬁ%ﬁbﬁfé' l?s'EH td lf'ﬁ:lMQegtﬁé 17379

exanpl es use three different structures run under the sanme polynerization
condi ti ons. dé’ﬂtepﬁgmrrﬂ"hes iablode stasdartl themanak alstirevietionsefor tire elemients tahd ee

di fferent pol ynerization ure condi Ther ef o the

97/ 17379 pheﬂé%ﬁ%ma%?m%s gﬁa}t'ﬁ}éﬁ@%%s F‘r‘Ftht ru@ﬁ}i‘ﬁﬁ’&r PH@Z%M illary
| i gagd set, ax‘{@‘ﬁ—ﬂaér{h?@ét&ﬂ Jeru?ar{h”VE”t' on are based on the lability of

| i gand conponents’'In response to angi ng reactor conditions Furthernore,
the catalysts of this invention do not specifically control polynmer MAD,

but instead contrql the relative amounts of pol yner corrponents in a bl ended
product whi ch i nHek enelegulan vweights, %ﬁowalgiw\eveeee mplpgrias weight Tupdespse of

duced h
reduced et BnefRRk B’ BN bERR (et DS REERBI P YR 9B RRG e P
conpl exes, HambeMaL&AsEe rhéecllAbiveidht @m YORES ngaewRed by Glepeeniadbmati on

sphere. 15 Al'so, since six-coordinate, pseudooctahedral 8eorretr| es are very
f avdPabl e f@hrqrnemsrlaphxorvni@samberve@e@ﬁeé,l uynelae&\fatm 1$6f el Batmeatioh y

tnansition tals) the najorit I z .bor.ate c | exes,rel ated
o cat al yoi COraRAbEOPR SRR Pl RRNAT Bthets i, iR, 350 Che
sanme or di fEﬁnﬁa&daﬁhg@b@siyke@&%daﬁlsnsemm@w@e hindaRHhEENGF 4 4°¢) @ECUPI es
three coordination sites and the X |igands occupy 20 the other three

coor di nat i o $i2t4trichidrelenzenen{ 19§ 2CH dependingdupmin thersptwk%swlublhtwusmge

presence of ,addi nal ands V. n-d conpl exes
a1 oxi s ShodPeorL AR ML Elymndia Sroiehy "R dsaeBLediiRiate 5§ one o
l'igand and dis&udstdaNnas; ufﬁ"@ﬁroh?a@é@?&lﬂrn&“ EA9metsNaHd IQélat%Htl\ﬁatéﬁhﬂs'IH&Vﬁ' l'abl e,
and thus, allows the addition of the neutral donor ligand L. Therefore, by

usi ng non- dtezes kd., Marcebptker d98¢ apagh @07 swhigh exdincorpprapesshyersferenaedos,
potentlallylabll or . ligands that are not agvailable in the

anal ogues. ~BYPOS) %LAIFK‘}EEHi% fgICSIh(fffi’% ?ﬁ%?&?ﬁifgﬁ c@&f“é’l %Fa(g%rposi tion
conpri sing e mgraye@nh@w&&acaat@fma geRg Al aYShteanstaideds &l ¥ SNatisRag ur sor
wherein the catal yst precursor conprises a reduced oxidation state G oup
4-6 net al cBntnaumf Siendardy Bolyethelene U47Hd demiopgtpapedaz precisioromathel. | iugitnd and a

I I | tid d | udi
CycPipent adl Vs el weh Ao 80 BRECh el YRS MBmGFBLAMIRS 1he

cat al yst COWBEbs;betxfo?ﬂe@ﬁmﬁé@x&ﬁ%%ﬂ@a&%@ax‘?ﬂ@fmﬁf%@rﬁc l’thoﬂ 6 netal
conmpound is selected fromthe group consisting of Ti, V, an . 3. The

catal yst conposition of claim1 wherein the netal of said Group 4-6 et al

conpound i s vanadi um
P Examples

25 Example 1
Synthesis of [HB(3,5-Me,Pz),]TiCl,(thf). Solid K[HB(3,5-Me,Pz);] (1.82g, 541
mmol) was slowly added to a suspension of TiCl,(thf), (2.00g, 5.40 mmol) in thf

(30 mL). During addition, the color changed from light blue to deep green and
then to blue-green. After stirring at room temperature for 3d, the volatiles were
30 removed from the dark blue mixture. The solid residue was extracted with

CH,CI, (30 mL) and filtered. The solution was concentrated to 5 mL and pentane
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4. -The catal yst conposition of claim1 wherein said G oup 4-6 netal
~conpound is represented by the fornula: TpMX sub.n L.sub.p where {{ JyN I
substituted tris(pyrazolyl)borate ligapt; Mis a Goup 4-6 transition
metal; X is hal ogen, al koxide, aryloxide, am de, phosphide, hydride,
hydr ocar byl , substituted hydrocarbyl, halocarbyl, substituted hal ocarbyl;
hydr ocar byl - _or  hal ocar byl -substitut.e rganonetall oi.d, or t roups are
i ned and (4R S SR ARG rocibifte BEIRPERE] The fotudt ol GiE" s g
Structure, pb0fitQhd ¥hkRedyRH REnGAN(£2PbahN) ARAGHTH IvERNDLs @RV L 1S a
neutr al don%% agr oup s%cggﬁwﬁz%tsg tgwe conpl )ex; n&{?asggvgﬁnbgesr \F/r\)ni 0?1 IS
det erm ned imydet oethiced padsaune ildaginightke phaaiugt a5 nbluegioaldes (T hsg, a0 hirmolyet al

remains in a reduced oxidation state and the overall charge on

sai d~' ' ri et 8"0¢ onpBEintlemental gnalysis, fRi sPestHmnhEd MAgRENC INOHENREBssary to
stabklize t - al yst conposition of claim4 wherein Mis
sel e(S:t ed fr%sﬁﬁéywﬂgeﬁ%%gﬁ?%g of Ti, V, and C. 6. The catal yst
conposition of claim5 wherein Mis vanadium 7. The catal yst conposition
of claim4 wherein said nmetal conpound is reacted with an al kyl al unoxane or
an al uni nunE®mple 2cocat al yst. 8. The catal yst conposition of claim?7

wher ei n sai kyl a i L &c f t.he agroup, consi st ng of

met hyl al u e_ % : 2+ ezgégﬁé@émépxﬂg}ﬁeglslhe Efpg"P_ﬁlég%éYa !%ygtheélgﬁ%osi tion
of claim 4 yihfkheaynoSaé drinRhRigué TP UOHBS, S-PREAY (Mg0B, 3351 AMdA) A8d
noncoor di nation ani on cocatalyst. 10. A polynerization process conprising
contlict i ng ¥R&(HH: P, fotfommal) pedephthat thelyeaction ramxture aws stirred éor 18

coordi nati o | ynerization and insertion pol ri.zati unde Wit able

pol yneri zat F‘oﬁ%c%mg?‘f%hg p{}\(iq?’ﬁt R %ﬂ”y%&“‘@é%ﬂ%ﬁ?’sd‘?ggafgédag‘é’ﬁ 433x)i’)dat i on
state G oupTHe BleRh@l afQVEIQURGpB@MInNCand hb@ekic intdrsht twdrs coNsia&n!wikn bor at e
ancillary ligand and a urality of single or multidentate uninegative

| i gands, exibedsdiesgmppundpent adi enyl |igands, and at | east one neutral donor
group. 11. The process of claim 10 wherein the netal of said Goup 4-6
metal compound is selected fromthe group consisting of Ti, V, and C. 12.
ThelprocessEQ;mﬂle@i m 10 wherein the netal of said Goup 4-6 netal conpound

i's vanadi um ._The process of claim 10 wherein said Goup 4-6 netal
conmpound i sSymshesiss e {BB(H§-M&1B2) 6irGl(thf). ThMXtitlalsompourdwas synth@sizgd-~j - 25

where Tp is_.a.substituted tris(pyraz rate |4 X is a,Goup 4-6
ransi 1 on sy s 8 FmsaRt o Ro BTSN} Bk L8P0, A Ppfulat Ge.
hydride, hydrog@ifiyd,00gUP8Y i hbBhkxbystriasanbYéactibR nfigArdWas seH&S Fdrt Ut ed

hal ocar byl ; hydrocarbyl- or hal ocarbyl -substituted organonetalloid, or two
groups are {.oiMetkuargave shmprodocttdsea jghhenepn Ipoyded(b¥1g rlahgnmpbd2iek al to
for%a ri ng,n%ru&t ur Fa,l or Qe ogkm)réact %)upsacr%%ccontr%knt a ngut>Eazl1 donor
grolp; Lis a'n T4 a S8y lé’ro p WRF TSt aBRP126s THE ’&Om?fl ;"M s a
nurmber whi cétyktallstahsHioume dvdpy csRishine Wil tho 6itlo Gothpsurghar ge on the netal such
that the netal remains in a reduced oxidation state and the overall charge
on said netal conpound is neutral; p is a nunber from1-3, as necessary to

stabilize the ¢ ound.. 14. Th ess of ¢lai,m 13 erein.Mis selected
fromthe gréu%—%—gﬁgﬁg%—&—rﬂi—({mﬂw e _ Erizahi _6{1’“? ,E _E . 1 ep\éfyd’&‘?é t'8?s_ NY%Fm 14
wherein M i gerftiRdi M Hb@-niﬁb%enpb@@%%w nﬂL@iEbérSlaV@%z_ﬁ‘Jt& (Rutbéla®é the
formula: HB(3,5-Me.sub.2 C sub.3 N'sub.2 H).sub.3 wherein Me is nethyl. 17.

The2pr ocessEnginedrs)i m dr3 herere(350LmiLg as ghe prlymresizatiemsolyent/dinentpr Shess of
claim 10 wherej ald netal coppound is t.ed wi.th an al kyl al unoxane or
an al um nunfERANS M5k meng et M0 Poséoiolient SHCS her ci n
sai d al kyl ajjsumKang mg §ehesdiaton MANEINERIOWRK Bresl? Mlhse pYsbrab injection

met hyl al unoxane "and nodi fi ed net hyl al unoxanes. 20. The process of claim 10
wher ei n sai utortheakactarnpldeidxars indbeteactoninak then satundted withretndermr itivat i on

ani on cocatal yst. 21, The ocess of claim10 whergin said 0 S

compri se. at SslEngled e e B IHPE TGP EOEPRT S i gnbr WER A4 Ine

al phg- ol ef i Y& i - I odhefdns, Leal Iy
e at e o e B R o S A I oE

C. sub. 20 - Gaalpstlffecursmr withrtohens (S@ 2nLTh&her cacadys précursaai soldibnwivas ei n sai d
nononmers conprise at | east one nenber of the group consisting of ethylene
and C.sub.3 -C. sub. 20 al pha-olefins. 23. The process of claim 10 wherein
said catalyst additionally conprises a solid porous support. 24. The
process of claim 10 wherein the polynerization tenperature ranges from
about -SO degree. C. to about 250.degree. C. 25. The process of claim10
wherein the pressure ranges fromabout 1 mmHg to 2500 bar. 26. The process
of claim 10 wherein the catalyst is enployed in |liquid phase, in high
pressure liquid or supercritical fluid phase, or in gas phase.
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27. The process of claim 10 wherein m xed polynmer blends are prepalmg%!@(qﬂ2
*situin a single polynerization reactor with a single one of said re

oxi dation state Goup 4-6 netal conpounds. 28. The process of claim10
wherein said catalyst is blended with at | east one other olefin

pol ynmeri zation catalyst to prepare a pol yner bl end. i 0 ~uM zooz -26 29.
A pol ynerization,process conprising..1l ) contacting opne Qqr re nomner s
pol yreri zabPUMB§d a0 MEaEeCERe 2Rt OBIIMAdN 2L owepBTV?%‘FBzégﬁwgga??&g?ﬁserti on
pol yneri zat i under supt.a \ . zat | L i t agt.i vat ed
cat al yst corsrgﬁug?’ngrné&ry&u?é@l%% a |éo s?g{t%e%%ggh% g%t%ﬁetg teiHE%%rr%‘%und
having a SUF)&Iyi:ﬁatzedoﬁ.rirsé PMERE GInyperatheradsccoatroiled BY X slea@iaddd|ing tater
plurality of single or nultidentate uni neglgti ve |igands, excl udi ng

cycl opent adineifre floyatebroughdha reaces sackein ellrrepelymierigdivgs waroap foadd 2)

recovering the pglynmer oduced. 30. Th rgcess of clai wherein said
Cat aryst s i, ATFEER, ShOSUEESe vl vedd8 oBE BRERRR wE} Bk doVBOTRED B8
the cat al ystedctoraphiedBtvidte PruRdh0d €L KQkat Aldisdated3ith 198rdpyPERER0IOf Cl ailm

31 wherein said Ziegler cocatalyst is an organonetallic conpound of a neta
of Groups 1.0racetdpe. oFhelgolymer [selveat mogtiuce Wabltdowh davenmithsnitrogen an. A A. Aa
: ﬁgE' ﬁac',-‘/)(; ﬁg' )l%%é;‘rgm@éﬁgg?qp&%gﬁhe%m%}/cfﬁu%?wﬁg{d'ri@@uh@é?v%[:mﬁn'? at 60

Ul c"a] ca] c” 3} oal @alisabisck 03l k2l Tl sahfad eale ahfgi&rbe ARC dbe olecular

U c”a] ca] ca] ca] c: a] c*al] c: a] c”a] caV] ca] ca] ca] ca’ gBj z& 9<()!: " {"##zupkfal W
Ul ] dé) ca] cajveaghtahd aplydispedstppudby 3 dVBAprhrpuchihe &l cwpbajaptalca] cal cal ca
] ca] ca] ca] ca] ca] ca

U] c”a] ca] ca! ######6$35$%.%00&| &&' " (()S))) ?* @F+Wc+g+g,i,--0}xsnid Z

U ] c] ca] ca] gglhgaleal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca]c
a) ca] ca] ca] ] ca] ca] cal 011U3c3n3r 3455 55687L7777889:]::: J;

o <<<, =r =FihWemd pol¥merization with [HB(3,5-Me,Pz),]TiCl,(thf) at 30 °C A total of

Lol oaf caf daERCH BEac SRLESLTRARS M FalAiL SOMRPLRR SRRl ShS TR T
ﬁi((s:]]%icg]_za] ngi) CI%II gfa.%lg Scsé e(l:(!l agé ca t&iﬁ i%%l ?:%]I%Iérgg ‘Ca 'gaTIé’a’]O(z/a]l\gg]ocig] cajcalc
a] ca] ca] ca] calpew and 4] psakthaleneNTHd pdUrirevdation was run for 30 min while the
)Lj]E]Y]nZ)a]Zg gfgg(‘?zﬂzcgog][‘ggf}‘ﬁp%?% 4};’1053?2% %5‘;‘{58 ‘? X]r‘]”iff)g'@ffzﬁ:aﬁ the\palyprenaredustcay] cal ¢
ELlCﬂ ﬁ?rL ﬁﬁ]n%ﬁ%%ggfggqfa@] : }ﬁ;grlrﬁc»giilgwweﬁ&%fﬁ a8 ki bdiylispersity of 4.1,

20 Example §
Ethylene polymerization with [HB(3,5-Me,Pz),]TiCl,(thf) at 60 °C. A total of

12.7 mg of [HB(3,5-Me,Pz),]TiCl(thf) in toluene solution was pumped into a

500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 125 psi ethylene. The polymerization was run for 30 min while the
25 reactor was maintained at 60 °C and subsequent workup of the polymer product

gave 1.4 g of polyethylene with M, = 3.34 x 10° and polydispersity of 9.2.

Example 6
Ethylene polymerization with [HB(3,5-Me,Pz),]TiCl,(thf) at 115 °C. A total of

30 24.0 mg of [HB(3,5-Me,Pz),]TiCl,(thf) in toluene solution was pumped into a

500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
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a]J ca] c”a] ca] c”a] c”a] ca] ca]ca] ca] ca]c a]cal] ca]ca

1~- &t aE9{ uojgaveZlR fg c[f\{épba:}lth]xreaiudi‘mwea} 0’7 ac]kf)‘a]ld:p@lgdl]spa]m}a])f:m g”"a] ca] c™a] ca]
c”a] ca] ca] ca] ca] ca] c’\a] cal] cfa] c”a] ca] caU] ca] ca] ca] ca

| oz] $s4*y_{vpkfa\ VWkf [ V]]ca] ca] ca] ca] ca] c*a] ca] c*a] ca] ca] ca] c”a]ca]c”a]ca]c
na] ca] ca] caﬁ@gﬁg! £a] ca] ca] ca] c"a] ca] c*a] c”a] ca] ca] ca _bm

XCNv} 6HVBAY: oj d_ZWkf " [V] ca] ca] ca] c’\a] cal c”™a] ca] cha] c”a] ca]ca]ca]ca]c
a] ca] ca] Ca]ESE%)dé\fr?L sy eadatida) i GI?BC%%-M:E}Z }fn]alz(l?i)aﬁtah]o’“&} Ca] totzil of] el
B+{ o~V! & # xsmhc? cal calU| ca]caJca] ca]ca]ca]ca]ca] ca]ca]ca]cal]c
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T& ()-/1!1) 1e9¥6erle) add 979 p&%Ehy(Iene yﬁlﬁé’/ﬁolgmeﬁi:{t%W&%Q% $0 nfih QPO \ & () - Sf
S10%&' ()-! @F$10%&' ()-!) #109& () &109%&

Z[ \ ]}Ar } oP1f g@g%&za@)m@g@m& at B0 “(band _s_loy,f(p\quent workup of the polymer product

10XX! 99$109%6% sl(9 %

neopLl 1| £318Psss B poD sk IosebiEM. 5 T PO EA sk R etk () - yaovse: (
)-9010%& ()-P vszNB? 10 10 10. #10%&' ()-M 1. #10%/5Y5& ()-M N¢$10% 5;

5& ()- !'a#$10%\BEN5& () - !l &$1096565& ()-a?MB7 10! Y#10%0& () - 6F

10% o& ()-'EME&)& ()-Y 110% o& () 10% o0& ()-,10% o& () - PgBj ~?MB7 10

fgol/.og/é&()?) (L*U ,‘%}ﬁ (ygegxga)ﬁoll}trf‘;‘gs&z% 101 w1 l?[H&(:BOS(VM%&P_))]TECI (thf) at 60 °C A

15 total of 30 0 mg of [HB(3,5-Me,Pz),]JTiCl,(thf) in toluene solution was pumped

into a 500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10%

MAO in toluene, 15 mL 1-hexene, and 61 psi ethylene. The polymerization was

run for 30 min while the reactor was maintained at 60 °C and subsequent workup

of the polymer product gave 0.6 g of ethylene/hexene copolymer with M, =7 6 x
20 10*, polydispersity of 7.6, and 8 branches/1000C.

Example 9
Ethylene polymerization with [HB(3,5-Me,Pz),]VCl,(thf) at 30 °C. A total of

11.3 mg of [HB(3,5-Me,Pz),]VCl,(thf) in toluene solution was pumped into a 500

25 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 75 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 30 °C and subsequent workup of the polymer product

gave 4.2 g of polyethylene with M,, = 6.89 x 10° and polydispersity of 21.2.
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10 . 10%& ()-10%& ()- L10%& ()-10%& ()- 10'0 10'0 10' 06MLO% o0& () 2ELC
s101 mL0%& ()-M  10%é& ()-@  10%& ()- 0 JNm
10%¢& () - 109%2& ()-10%& ()- & 9zX9bC 010%€ & ()-! Ps! 910%z+2& () -3

| @! 910%0C& ()-3 ! BPs! 910988& ()-3 !=s!910%=& ()-3 yml0%& ()-9<hC
&LO%E () - 0109 ()- 10z 10z 1027810%& () - &6Z10%&! () -1 210%& ()-()"?hC

F#10%& () - | FEEI0UEREHE () - - #10% & ()-Y!
- #10%H& () - ()-y 1004 ()-) !1:"{"#2[ 9bC
K, #10%H&' (E DYy e(rbzat!imi &iltﬂ 2) YO () 60 °a #Al epatdtdd () -, ! {

#10% H{ H& () =, FHARHHHHHD & ()- 10H I0H
10H610%4&’ () m§, @IM&S(M%%BMMHQ )olwem%m@m pumped into a 500 mL

stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in toluene,
5 and 125 psi ethylene. The polymerization was run for 30 min while the reactor
was maintained at 60 °C and subsequent workup of the polymer product gave 1.9

g of polyethylene with M,, = 3.34 x 10° and polydispersity of 29.2.

Example 11
10 Ethylene polymerization with [HB(3,5-Me2_P_§)§ﬂClz(thf) at 115 °C. A total of

) 21.8 mg of [HB(3,5-Me,Pz),]VCI,(thf) in toluene solution was pumped into a 500
mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 275 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 115 °C and subsequent workup of the polymer product

15 gave 1.4 g of polyethylene with M,, = 9.3 x 10* and polydispersity of 22.7.

Example 12
Ethylene polymerization with [HB(3,5-Me,Pz),]VCl,(thf) at 140 °C. A total of

8.8 mg of [HB(3,5-Me,Pz),]VCl,(thf) in toluene solution was pumped into a 500

20 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 350 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 140 °C and subsequent workup of the polymer product

gave 2.1 g of polyethylene with M,, = 3.34 x 10° and polydispersity of 71.0.

25 Example 13
Ethylene/1-Hexene polymerization with [HB(3,5-Me,Pz),]VCl,(thf) at 60 °C. A
total of 8.6 mg of [HB(3,5-Me,Pz),]VCI(thf) in toluene solution was pumped

into a 500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10%
MAQO in toluene, 15 mL 1-hexene, and 60 psi ethylene. The polymerization was

30 run for 30 min while the reactor was maintained at 60 °C and subsequent workup
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I K1I0%&' ()-Yl 10%& ()-@ &I10%&' ()- @310%& ()- @BLO%& ()- 9' fmlO%& () -
“04 9908 &&' aBbC ! K#109&' () -, | 410%&' ()-, GLO%& () -, 190 JUNID
Z10%&' ()-!LMBLO%& ()- @10% ()-' " (() S)-)NaBbC
I K, Z109&' () - F+ml0%& ()-)10%&' ()-!9'  $10%& () -
S&#10%& () -, mMO%&' () )'>* @ C+D+E+F+Wc+bC | K& Z10%4&' () - f10%4& ()- 10 10

I:L?IG(])-\EJJS(:){%%( ?_" &][%/%? % %ﬁg Mf Shy eln%/hexene copolymer with M,, = 1 32

Lok () 1 53 b PAORE L o ARIZERRTTI<C | 10] H 1
RSy 71 T $1096 H HE' () -, 109K () - ! 6S109BHEH&! () -1 ! ; $10% H
He' () - F3UBomar BA5SI7 CSLNLOYOR: () -1 #10%08 () -

S310%08' () - , 10%0&' () -' 10%0& () - SLOYOE () -

10i H H5° 556824 LM | m0%08 ()~ L1090 () SYL0%0S () - #10%0K () - SSY10%0K
%R : U8 SOl PGPS, .

8/10(%& 0)- Ok S /@ﬁ @Q% 30 °C. 8% Yo0n & () -

100 100 1oc198zm0mma)(3 571%9%;%@12{%55116&% é()lu@ri £@9@8&mp}d into a 500
.+ <<<. =dEnbCSL, 10% & (

10% & (
10% & () - Yf Fnbostanieys 5&1’0%@0( )Coneﬂfb% &50) mL=pexanoe Gfrml; dACMARSI00A \ & ()

ccoacocny vl e N Bl e PEooE T BEHRIR 1 187 b hes R v

& () - E)! pN&&2%0n way prafiXphédlatl I0FIC [amyy ‘s"ﬂtbseqﬁézﬂ%(&k(x}) of el PStyiief product
y)| 1008 & () -1 S100\ & () - | #3109\ TV & () - ﬁ($10%<\ & ()-
FJ Kk1Q LninL-aaveP S iimsathylyog vath dek.3 OF-shE ane polydispertyof 60.8.

Example 15
Ethylene polymerization with [HB(3,5-Me,Pz),]CrCl,(thf) at 60 °C. A total of

12.8 mg of [HB(3,5-Me,Pz),]CrCl,(thf) in toluene solution was pumped into a

15 500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 125 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 60 °C and subsequent workup of the polymer product

gave 1.0 g of polyethylene with M,, = 2.78 x 10° and polydispersity of 34.6

20 Example 16
Ethylene polymerization with [HB(3,5-Me,Pz),]CrCl,(thf) at 115 °C. A total of

28.2 mg of [HB(3,5-Me,Pz),]JCrCl,(thf) in toluene solution was pumped into a

500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 274 psi ethylene. The polymerization was run for 30 min while the
25 reactor was maintained at 115 °C and subsequent workup of the polymer product

gave 1.1 g of polyethylene with M,, = 2.4 x 10* and polydispersity of 14.1.

Example 17
Ethylene polymerization with [HB(3,5-Me,Pz),]CrCl,(thf) at 140 °C. A total of

30 29.7 mg of [HB(3,5-Me,Pz);]CrCl,(thf) in toluene solution was pumped into a

500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
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10W WA 10WAWA!c{.#109%M W & ()- !l1{.#10%\ & ()-
M\ NNN, OqPdEr S4@ 10, nLO%VE () - #109%VE! () - GLOWVE: () - @SL0%VE: () - BF
- #10%V&’ () - qPPRORRR8SaBr S4@ Y+GLO%WVE: { 22} mLO%WVE ()- !t ( $10%& () -
f &#109VE' () -, MLOYVE' () - &#10%VE' () - BSSSTRTTTAEr S4@ 6#10%vE' () -
S5Z109v& () - 3MLOYVE! ()- 1109V&' ()-. 109V ()-, - GLO%VE () - T8UIU: U;

b i fae i 390 pdi TR &% (i po 096,85 koI &0 Rh7 30U 1M he

XEYnY} " ?b COUaRQYavlis maintimd@% fad Ye aﬁ’if 300¢eqdent ok BOHe pilfnherfproduk®® & () - @

1BalkiN 2 v

10% & ()-nYXZ[\\M N O

Pl z[ PE: 10

10: 37#10% &ggve- Bdngif&bl@)eth'}'fdxl$1>ﬁﬁhﬁl\/l(,,)= 20 a! 191 and&pglydispérsin 0040. 1) - zP] b] g] ** ab}

[ OPE: ! | &#109& () - & X$109& ()-!S($L109%& ()-!\$10%& () -

10% & ()- @0% & () - bbD

c) dd5eezX6PE: | | 3#10%& ()-!13#109%&' ()-!1)#109%& ()-!1)#10%& ()-!f' $109%& () -
&#10% & () - &eeeeee9f f| gx YITABEEORS P&foimdnceodwpsrifgn:f F10% & ()-L10% & () -yl

10:
% & ()-

&'()-!

() -
~~aVK@

0% & ()- 10 10 10l gghhhi Jj a?xY7! 11 A#10% {& ()-!S
Y10% : & () - 310%&() 85310%&() SF10% & () - SmlO%&() Jjj;
Kkl I'1}2r2xY7H= °E7
@$10% : & () - @I 10% & 189 005 & () -1 H nrnuﬁ—_%gl.la%&ﬁe‘i 10:
10:, 8nll0% & ()- 3#10% & () -Z!| 3#10%&' () - ZL1p%)& () - capRPPHaRimd@C8h10
F10% & () -!
@10%ld& ()k%ﬁ%@dﬁiaﬁ@m% & () LlO% & () -9* g qpq\‘r r<sf?j _@4L!109
P#109&' ()_ __)4@_/& <SS thllllll?[(l
310% & () - $109&: ()-9I@$10>/at&ft3 9
$10% & () - 'ﬂvﬁtg‘)-— 434'
10t 8Y10% & b~ &1 s#109 Ao (
MLO%VE' () - ! [FE VA aSasE DIG& () - GLO%VE ()3(-)0y327{2|7lj] w 6~_@%el5 #1079
Z #1099 (|L-'c” '#10%& ()-' #10%&' () -! A#LO%R' () 4! Wl () - | || ~[~~
1 D) [HB(5-Me-3-Ph-Pz),]CrCl, 60 1.5 0.91
Invention Catalysts - - -
E) [HB(3,5-Me,Pz),] TiCl,(thf) 30 140 68
F) [HB(3,5-Me,Pz),] TiCl,(thf) 60 227 111
G) [HB(3,5-Me,Pz),]VCl,(thf) 30 739 363
H) [HB(3,5-Me,Pz),]JVCl,(thf) 60 464 228
D) [HB(3,5-Me,Pz),]CrCL,(thf) 30 79 39
J) (HB(3,5-Me,Pz),]CrCl,(thf) 60 148 73
) * polymerization temperature, all examples run as illustrated in the
foregoing examples
10 The examples above illustrate significant improvement over the WO
97/17379 examples both with respect to catalyst productivities (A-D vs. 1, J) and
in certain examples the increasing activity at higher polymerization temperatures.
WO 97/17379 also illustrates that the catalyst can be used to control
15 polymer MWD, especially for bimodal products, and GPC plots are provided for

three examples.

However, the MWD is controlled by.changing the substitution
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10M.10M 10MBQLO%VE: () -. $1O%VE ()-!1.$10% ()-.$10%V) & () - Y+10%VE () - ~~~e
I VK@ ! FS109& () -: @10% & ()-:)!
, #10%&' () - 3F10% ()-! QY, g) 10% () - 010%&3() - G ~?VK@ ! ' y109%& () - #10RIYN 200 #1
0% & ()-#10% & ()-F10%& ()-!;$10%& ()-:dR6789}[M?1 10 10 10 !c, 5#10%
& ()-G ¢, 5#10%& () - GOOPLOY& () - G3+#100& () - 8! c3+#10% & ()-89MSIEM?1 10
10Yl #10944&

@LO% () - E%%%ﬁ%ggﬁégf%%?ﬂ?%%%%wf%m B0 ™1 K 0dehs: () -
F #10%F& (p7nhs#19 YéxdmplEs Fedtl Qbfeatadérérnt- GRdtRYEIE fuh- #RdYPX6M 1 same
polymerization conditions. The examples above use the same structure run under
three different polymerization temperature conditions  Therefore, the WO
5 97/17379 phenomena are based on changes in the structure of the ancillary ligand
set, whereas those of this invention are based on the lability of ligand components
in response to changing reactor conditions Furthermore, the catalysts of this
invention do not specifically control polymer MWD, but instead control the
relative amounts of polymer components in a blended product which inherently
10 has a broad MWD, see Figures 1-3.

The use of reduced metal centers is significant for the present invention
because the presence of additional electrons on the metal center, relative to d°
complexes, may increase the lability of donor groups in the coordination sphere.

15 Also, since six-coordinate, pseudooctahedral geometries are very favorable for
transition metals (especially electron deficient early transition metals) the majority
of tris(pyrazolyl)borate complexes related to catalysis tend to have the form
TpMX, where the X ligands may be the same or different anionic ligands. Since
the Tp ligand generally occupies three coordination sites and the X ligands occupy

20 the other three coordination sites, they form pseudooctahedral complexes without
the presence of additional neutral donor ligands. However, for non-d° complexes
in a +3 oxidation state, the charge on the metal can be balanced by one Tp ligand
and 2 X ligands. This leaves one coordination site still available, and thus, allows
the addition of the neutral donor ligand L. Therefore, by using non-d°metals,

25 complexes can be isolated that possess excess, potentially labile, donor ligands

that are not available in the d° analogues.

30
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2. The catalyst composition of claim 1 wherein the metal of said Group 4-6 metal compound is
selected from the group consisting of Ti, V, and Cr.

3. The catalyst composition of claim 1 wherein the metal of said Group 4-6 metal compound is
vanadium.

4. The catalyst composition of claim 1 wherein said Group 4-6 metal compound is represented by the
formula:

TpMX.sub.n L.sub.p

where Tp is a substituted tris(pyrazolyl)borate ligand; M is a Group 4-6 transition metal; X is
halogen, alkoxide, aryloxide, amide, phosphide, hydride, hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl; hydrocarbyl- or halocarbyl-substituted organometalloid, or two
groups are joined and bound to the primary ligand or transition metal to form a ring structure, or one
or more groups can contain a neutral donor group; L is a neutral donor group whigh stabilizes the
complex; n is a number which is determined by counterbalancing the chargﬂ\gtze metal such that
the metal remains in a reduced oxidation state and the overall charge on said\thetal compound is
neutral; p is a number from 1-3, as necessary to stabilize the compound.

5. The catalyst composition of claim 4 wherein M is selected from the group consisting of Ti, V, and
Cr.

6. The catalyst composition of claim 5 wherein M is vanadium.

7. The catalyst composition of claim 4 wherein said metal compound is reacted with an
alkylalumoxane or an aluminum alkyl cocatalyst.

8. The catalyst composition of claim 7 wherein said alkylalumoxane is selected from the group
consisting of methylalumoxane and modified methylalumoxanes.

9. The catalyst composition of claim 4 wherein said metal compound is reacted with an ionizing
noncoordination anion cocatalyst.

10. A polymerization process comprising contacting one or more monomers polymerizable by at
least one of coordination polymerization and insertion polymerization under suitable polymerization
conditions with a catalyst comprising a reduced oxidation state Group 4-6 metal compound having a
substituted tris(pyrazolyl)borate ancillary ligand and a plurality of single or multidentate uninegative
ligands, excluding cyclopentadieny! ligands, and at least one neutral donor group.

11. The process of claim 10 wherein the metal of said Group 4-6 metal compound is selected from
the group consisting of Ti, V, and Cr.

12. The process of claim 10 wherein the metal of said Group 4-6 metal compound is vanadium.

13. The process of claim 10 wherein said Group 4-6 metal compound is represented by the formula:

TpMX.sub.n L.sub.p
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HB(3,5-Me.sub.2 C.sub.3 N.sub.2 H).sub.3
wherein Me is methyl.

17. The process of claim 13 wherein L is tetrahydrofuran.

18. The process of claim 10 wherein said metal compound is reacted with an alkylalumoxane or an
aluminum alkyl cocatalyst activator.

19. The process of claim 18 wherein said alkylalumoxane is selected from the group consisting of
methylalumoxane and modified methylalumoxanes.

20. The process of claim 10 wherein said metal compound is reacted with an ionizing
noncoordination anion cocatalyst.

21. The process of claim 10 wherein said monomers comprise at least one member of the group
consisting of ethylene, alpha-olefins, cyclic olefins, non-conjugated diolefins, acetylenically
unsaturated monomers, olefinically unsaturated aromatic monomers, and C.sub.20 -C.sub.100
macromonomers.

22. The process of claim 21 wherein said monomers comprise at least one member of the group
consisting of ethylene and C.sub.3 -C.sub.20 alpha-olefins.

23. The process of claim 10 wherein said catalyst additionally comprises a solid porous support.

24. The process of claim 10 wherein the polymerization temperature ranges from about -50.degree.
C. to about 250.degree. C.

25. The process of claim 10 wherein the pressure ranges from about 1 mm Hg to 2500 bar.

26. The process of claim 10 wherein the catalyst is employed in liquid phase, in high pressure liquid
or supercritical fluid phase, or in gas phase.

27. The process of claim 10 wherein mixed polymer blends are prepared in situ in a single
polymerization reactor with a single one of said reduced oxidation state Group 4-6 metal
compounds.

28. The process of claim 10 wherein said catalyst is blended with at least one other olefin
polymerization catalyst to prepare a polymer blend.
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32. The process of claim 31 wherein said Ziegler cocatalyst is an organometallic compound of a
metal of Groups 1, 2, 12, or 13 of the Periodic Table of Elements.



