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This invention relates to supp~~r\‘\\mmwK\E\WI ocene cat al yst conﬂimﬁ Al
useful for addition reactions of al a-olefins. Polyners,

speci fical | y&oasagy! ene pol ymers, pre¥®ed with this cat FeYRkodR8G&HESS

hi gher stereoregularities and consequently higher malting points conpared
to propyl ene pol yners produced using previously known supported netall ocene
catal ysts. The mcrostructure of the pol yners obtained using the supported
- catal yst systens of this invention is simlar to that obtained using

anal ogous unsupport edsgpi@k ¥sh ot FAEAE el stipOOMORKt i ons conpri se
transition netal (i.e., netallocene) cations and anionic activators in
_prescribed ratios on netal oxide supports. Coordination polynerization of

ol ef mi cal | y unsatyat i el ; W d I :t he great
proliferation of 'Fel‘[ligfgprgar}? ggr%%%tdp?lﬁ‘tglhéi ?c}?rpﬂggﬁai %@éfcgﬁ'g%sﬁgn? such as

pol yet hyl eneysefib] fppradgiyibe rregctiansd ob tingdhenle aid@efmsop Pobymers; isbeséficallEar | y

pi oneers utiljz C | yst i.th such actiyators .a kyl s and

| at er eSglevel oé‘lr?gﬁ?nee@@%gﬁ?%%éd v\)’\}(\%)l}ﬁ“ ¢ %YES’/SSFS%’QEPC%%%’%% Iﬁlﬁ’s(e. g.,

rl s-cycl opensmidicemsgyyently alnghet | multingt @irgts (onrparedi td quopyihel patyngounds”) with
activators suc ag al.kgv)l aI.urrFx nes The %t r?agent de\{glg meg.hs have shown
the ef f ect | vEREWEE opSind previalih) Koayn ShoRgiIe0s SFAlPeess FAGIVAY 1 ORS et al
conpound cat m@asstracthteVttRel pdlym &0 DBRMEd ukiag itHedsuppired Tata§eesybiems ekanpl e

EP- A-277 004 and US Patent 5 1%8,401, bot h of which are f@%@ i ncor por at ed
by ref er encetNSTHYEWOR 4F SIMUALIostha DI SHIEANGIRERYS JHISHIPORE Yt

on net al
conpounds by TR&¢aQilysPEREpbEBiBhsScobPribedidibitibR Blet (i@ ifetaladent)afishs abli S.  Pat ent
5,427,991 describes the chem lg%! hondi ng of . noncoordinating 25 anionic
activators t BUSHHHEVHErsdp PreecTiOE? WHRNPHBERIAXASIIRANTE acti vat ors rt hat when

used wi th the transdrdihQionPRlyaleriEMoR O BRfinRMA EiSathRtdRicBeMithelcat al yst
desorption experienced when ionic catalysts ph¥5|cally_adsorbed on inert
¢

supports ar eKRWn 29 has nled oloytheo gregy P&lifprationy oF y Hiasomeric @pd PREC support s

are inert nopgRRkiens QF ARAET hkh ﬁobb’l%h%@né}’rp&ﬁﬁ'@dyle’ﬁéi gley spRA¢ ts which
have been 30 prepared so as to incorporate chemcally bound,
noncodt di nat PIRgylsnf sipber. Eaijepigngess tiligeddcatylysdyayiths SUghu @™t h t he
preparati on ahmHiRP kyR%ardCRicE deRicHMERE eRtéidelMMis ROH B mlﬁ\rf&dligﬂadtl nd
supported netall ocene” catal ysts that do not n~~~~~ 17 R Z003 WO
001 26266 PCTtaiB98ir®56%) 2 ayviepswddiengl) f eetsitidne npatdly n@érrarpitioduotetaSubst i t ut ed,
bri dged ~ndenyl transit.on . tal .conp ds, supported on silica or
pol yner supp8‘¥'?%°,u"?&:sa ew'}hoﬁ‘fjt“ﬁ O%h SBHE &F v%g{'}t .arl‘m,oﬁg%ﬁljﬁf ST r3?|%er"gpyl enes
W th nore redéewelogmbse timvantow bise gffentiviness lobriver crabotsr comdriselyiohis as
deterpined by i 3C 1VMR conpar.ed.to the propyl ene.5 polyners.produced by the
respecCtive uﬁ%ﬂ ngﬁgr"tleéﬂ ¢ rrngg s ﬁﬁ?vﬁfe%cbé'pn%)élﬁ%oégm?tﬁlgsofoﬂ i (S)% fc()”1'hese
def ect s resuktanipie EPdeCrEa®e dnd URePapmk VAYER 408 dbothgofpehioh amifally 1 s
undesi rabl e for many .appl.i catiaons. This inyvention solves_this.long-standing
r bt em by PP PRt THShraERs SHoLs HEPRIPE o HPBGR
mani pul at i onmefal édiepoasdsibyahion ptedurbdra fsfotrh etable®ingd catailsts0

U.S. Patent 5,427,991 describes the chemical bonding of noncoordi:{latjng

25 anionic activators to supports so as to prepare polyanionic activators tatwhen
used with the transition metal compound, avoids the problem of catalyst
desorption experienced when ionic catalysts physically adsorbed on inert supports
are utilized in solution or slurry polymerization. The supports are inert
monomeric, oligomeric, polymeric or metal oxide supports which have been

30 prepared so as to incorporate chemically bound, noncoordinating anions, ___

There is a need to address further both the preparation of supported ionic

catalyst systems, and a need to find supported metallocene catalysts that do not
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i o This invention relates generally to catal yst conpositions cohprising a

met al oxi de support having coval ently bound to the surface theredf] MARBEX |y
t hrough the oxygen atom of the nmetal oxide an activator anion that is al so
ionically b a catalytically active transition netal ,
wherein the%gr]ang%ﬂ on netal conpound is present in the rgﬁgfg’g%%g%gom about
0.01 to about 0.3 15 mml /g finished catal yst, wherein the activator anion
is present in the range of from about £0.01 to about 0.3, and wherein the
»transition netal corrpound i's represented by the formula: RBRO)mR R~ R~
- RBR9 ) n (R~ sel ec th u |st|n

titanium zi ?C}VSWV\Q ]ﬂ}%l ﬁﬁ'm‘ziopm%‘hc {Tﬁf%’ﬁte(gbliql?%e&)t‘ d%P)él tr"msmghrom um

nmol ybdenum ametat lamgﬁ(bmnld) supdei‘ed ordk sxllcmr%ﬂ)&wﬁsﬁpwﬂ EaMBn@Oﬂ:Bn

" PCT/ US99/ 25650 3 g chil gr e g‘?"@tl cal _or erent. gﬁare one of a
hydrogen at ofiSHeE1® v KARIPPYIFGH B thamess- r@’idﬁeﬁﬁsﬁ“ gHBGRe Y o8- C 1 p
aryl oxy groughortar fadsoGui Idhgthk ke Bstbrnghicdus; °e mR%n@hxleewthegﬁ@ymnea C~-C4p
aryl al kyl grOLi a C--CAp al kyl aryl group, or a ?P[g’i/ enyI group; 5
RS and R6 ar BOIVHERPreapecty F fesaecking unsypRprig éraewéonowe*a' Btom a C
1-C 10 al kyl scﬁh’itﬁiﬂp ThBdeClafed® YeshiR il QeR 50k aRb pcﬁyr@mgltﬂlgaﬁd{ﬁt wmau@ whi ch may
be hal ogenated, a C2-C 1 p al kenyl group, a C--C4p -aryl al kyl group, a
C~- C40 al kyI widpsiragleo fiys, manycaprbiggsions.y | Biik drsentioqy slyes tis jrgsianding SR15,
- OR15, ﬁleﬁ\rb i %znﬁ Elaéveﬁ:@lllml @éﬁ'%tﬁés@ dBedo thrSugR MnQllaBo@F 0gEN at om
a C1- C 1 p I kyl group p aryl groug R~'is R11 R11 R11 R11
M, M M thwct(vemmmnsmmzlemrzumz Rl12 R11 R11 RI1 OM O~ C~ OM R12
R12 R g(Rll ) 1, 02-, -N(R11
) - - % ‘p(RIL 'ghls ?Agfeoﬁ{rﬂn_ re atos %%%aﬁ)j toc*'r&amstocqmpo&mns %%fiéand R 13 are
i denti cal or meief fowide ruppart] havieg aomﬂmtlmgmndatt@r&he aurfagk d@ewfaﬂllmly a Cl-C2p
al kyl group, (o) | ky p r g C6- C3p
fl uoroaryl g%hg(ﬂu b tgg%f%% £t9 k(g({)fxyegﬁégép?m@e % %\Q(ﬁ eor?y hqggoﬁlg? aC Vv
~ Nc~- ~En u:ogxcally bpund:tea catalyncally~actxvqtrans1t;eg4nq@l7com(ggund3 wherein the )~
T_ —~—~

S 17 Nﬁﬁnsgﬁ% é“e?ﬂ 6oxtnpclund s ﬁ@&%nt i tfe }an%fgofgrcc]ml ab‘éh@? 0; oe&rlla? Tt 0;33; oe;) ' ~a

C~- CA®5 al kyl sumpll/gdfimishpd casalyst, Rllﬁelanhle R:t@atooamﬂl 1slprea¢dt iR1tB¢ ranggef her with
the atons bi ﬂ%”&»o&b%‘l tg%@odtod.fp a{ndnxgh&é(lﬁttﬁmransmon metal compound is

represented by the formula:

10
(R )4
R8R9
RS \
R“\ ——
R4 CRrROR?)
n
10
(R10),

wherein M is selected from the group consisting of titanium, zirconium, hafnium,

20 vanadium, niobium, tantalum, chromium, molybdenum and tungsten,



!

MZ is silicon, germaniumor tin; 5 R8 and RO are identical or different and
have the nmeanings stated for R 1; mand n are identical or diff ¢remiR Hd
are zero, 1 or 2, mplus n being zero, 1 or 2; and the radicals R3, R4 and
R10 are idegid r different and have the neani ngs stat , R~
and R13 andQﬁu@ﬁgﬁ?acent R10 radi cal s can be joi ned togetEgPBg%ag%&forn1a
ring system This invention is directed to transition netal catal yst
canpositiona conprising a netal oxidessupport haVittg coval ezttly bound to
- the surface thereof directly through the oxygen atom of the nekal oxide an
" activator anion that is also sonicglly boynd to a catalytically active
transition netal I?hla"’t“ld&? LOWPYIFALT d%#ﬁ“fr?“g&rteiog%l?fgarhys@gte YALi 1 +bn net al
conmpound ratio | t i ikl LA i i ncl udes a
pol yer zat i o UMEER £ IR ATy AL AT ol o CHEHAM] <

pol yner i zabl goty £OQCYi iRénlyDBrodp, £&7DLRAYRIMYE oA YAE,LCAL Alkylarinder
coz~~rentianally suitable polynerization conditions using the invention
cat al yst congrosp, oi ofig-CHperytakeay\@moupsonposi ti ons of this invention are
particularly suitable zO far propyl ene polynerizations as they provide
contradl of p&P pehR8laes idaytioal orcdifferentuand ere anel Oﬁerhgquat@myaicncé/mased mel ti ng

poi nts. The invention. catal yst conpositiao escribed above can be
generically "rlg‘ﬂr%@é’nf”@lfﬁtﬁa‘%/ﬁ‘é h&'ﬁggﬂa@ﬁi a£r éFyll (gic)uPLY‘_’ﬁ‘Eh MY +

[' LA-O- M -] ~~ R [ 2| I I LV r@nsi tion metal
rati on and [%ﬁﬁ%ﬁc?m?]ﬁe%lgﬁn&géogg’ gﬁ%g%ﬁ %g@%l g@%‘)’vgtd r@‘g)ni on. More
specifically =0y 4 C j t iU ads1 5 15Mq¥- @#0 is the

hi ghest ohi dae{lt()lhéggl %?%g%égﬂw@gédgg%%ﬁt mgb(ia%g fgj%/l ; lﬁ?i s a neutral,
non- oxi di zi ng. bhgen Vi a2 at; | Hala T 8 CriC e alkvl Dt
A(~ENDED SN; PRIFIGRR LRGSR 0 Uk dr o Blorch biolt s ) syl prowg: =
(typimal |y neraq@@Csy fytgoddh,), M is a Goup 4, 5 6, 9, or 10 transition
netal, R is aligand having a a bond to M into which a polynerizabl e
monomer or nRéisomo~~or~er can isert for coordination polymerization LAis a
Lewis acid that is capable of form ng the anionic activator, 0 is oxygen,
and M'- is the 5 REtal/netal IRId of Rihe netal @®dilde support The netal oxide
supports of the ihvention incjude any netal/negallo~d oxi des havi ng surface
hydr oxyl groups exhibiting a pKA equal to or ldss than that observed for
anmor phous si | i ear M. e~ pKa—RRs—thM? er—equat- 12 -abo(CRAB)—n sa preferred
nmet hod of form ngjthe covalenLIy boynd anionic jactivator, an LAis to
selected that is able of form ngia dative ca&g%ex with a silanol group
(which acts as a Bg i s base) Rhtis f&&ing a forRE Iy dipolar (zwitterionic)
Bronsted acid structure bound to the netal/nmetalloid of the netal oxide
support. AccordinegRgmy of the convgg{fonally knomqaﬁflica support
materials that retain hydroxyl groups, after dehydratjon treatnent nethods
will be suitable Due|to their 15 co rcial availability, silica) and
silica containing neyg _oxigle based supports, 5 o

| | | =

R12 R12 R12

BR!)- -AIR Y -Ge-, -Sn-, -0-, 8-, -SO-, -805-, N(R11)-, -CO-, -PR11).,
15 or PO)R!1)-;

wherein;

R11, R12 and R13 are identical or different and are a hydrogen atom, a halogen

atom, a C1-Cy alkyl group, a C1-C1 fluoroalkyl group, a Cg-C30 aryl group, a

Cg-C3¢ fluoroaryl group, a C1-Coq alkoxy group, a Co-Cyq alkenyl group, a C7-
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nfQr .ex.qrrpFéE‘—’sijl i ca-al Ui ﬁa,“ are'pteferred. Sl peavparticlesy -geks.and... -
- gldss ‘Beads are nost typical . These' metdt.; oxi de conpositions may N
addi tionally contain oxides &cpottierirmtals, such as those of A, K, M, °
Na, Si, Ti and Zr and should preferably be 20 treated by thermal _andl or
chemical means to renove water and free oxygen ("dehydration").!TMARQE6! y
such treatnent is in a vacuumin a heated oven, in a heated fluidized bed

or with dehydratin e u i) anes, Si Kyl

2 unt nurr bR EoBEeT CheEH BoARgh Mt RGP AR YLt as much
retaine i sfung an X IS, possi hle is rempve but that a 25
cheni caﬁf\y @é}#l? b e’é%t]qé%aﬁﬂlt?’%?gq%r%@/l&ef*ﬂfﬂ’@f’i%&@ﬁ LU EPHPned. Thus
-cal ci ni %@ys%?nst'o 800 C, or nore up to a point prior to deconposition of

t he support™“material, for several hours is pernissible, and if higher

| oadi ng W2 18 Yikiesh | RemamuRNGi@ct i vator is desired, |ower calcining
tenperatures for lesser tines will be suitable. so Were the netal oxide is
silica, RBaddRFwre idenibiler diffsromand$ave tiemningsmmted for B10; ol act i vat or
exanpl o) FAp g A e BRI B¢ 6P ce boE anFh B PG bo BOBs | 1 7
MAR 20~~ 00/ 26266 PCT1US99/ 25650 6 C. See Zhural ev, el al, Langmuir
1987, vol. 3, 316 where correl ati on between calcining tenperature and tines
and hydr geyladrant RAf R40dndS R0 e i@dntiealr wi Bffset§ agichaeeds mearg@gcr i bed

O her netal oxides such as alumna and silicates wA ulr~ require proscribed
cal enat i gatedriopRAER1? endh? end twiedjagett B radicals ent bapissisaggthér f or
binding < 0.3 mmol of activator anion per gram of support to the surface
The acti {bfosm aRBEYSRIYt ral precursors that serve as the Lewis acid (LA) of
the fnvention ficlitfédfl i failBRd 8 GORsMAALNI SRR REBEHERGES Of
sufficient acidity to accept the available electron pair of the hydroxyl
group oxygmprisingm methl baide|suppare havieg povalentlyt bamdad the eurfacartbencdodn net al

conpound ,or econdary to proto cceptor. (see hel ow) .by.the silanol group
pr ot on. ?H@’%’F gﬁ“é’?éi?e%e ﬁfg%?’ ogﬁﬁ%ﬂleﬁaigﬂd&angpﬁxﬂ?g%ng fl'ﬁ’gfs %%CF ve as the
Lewi s aciighitdify bedRl & 4 eagiytentys actbiedgantitidn el byiirobympdind. | Thands, at

| east one of which is_electron-w thdraw,ng, such as_those. Lew s aci ds known

t¥ abst r AGHVARAT NIRRT MEBHESMPOYHIEaHP Fb BTepler shanch o ddationzally the

(bi scycl s I '#@aﬁ' s qind [ yl 15
bor on, tﬁﬁgé}%%gflﬁg%‘b%%\% %W#}‘/ or%ﬂ?}%%%cgg%ﬁ%%%&gﬁﬁééﬁsggg gﬁ These
pr ecur sormondmere pohensimblecbincoorpginstiens or aarpotasimoid palymiegjaatdn witiech can be
protonated by .the,hydt | _groups of the.netal .oxide.(the silanol group

pr ot on) . QQBVXMY«ES}“% 299?5‘3? zegion O JSHIE (5, intve @P‘Hsca tng only
al kyl , hadoappoaitio®x The @arlyet caipokitidrsgufrtlis, invdntioh ar¢ partiealily suhytde ol yzed in
aqueous nedia, are 20 not suitable. At |east one ligand of LA nust be

st fi ci enfory PEIPFIOE O ROIMFHARORS) $st dheyc Hirevde ; fentrd e @6 dPaly(olefin) f or

exanpl e, i gg&% : i.¢al reaction conditions.

Typi cal nﬁ%ﬁ#ﬁ%&%@& ce %%t?g{n?%fsﬂq%hf%)b?iﬁ)c ‘ude boron, alum num

anti nony, arseffhe,inpintiopheatabyss c@npogitiohi describdds ebgye edamr bblggnérivaily a neutr al
conmpound conpri Si a oy 3 metalloid center wwth a 25 conpl ement of —
| i gands t%@ﬁ@lﬁdggfﬂ?‘? g"@ﬂ&@c’@gﬁ@t ron-wi t hdrawi ng such that the Lewis
acidity is greater than or equal to that of A1C13 Exanpl es include
trisperfl uorophenyl boron, tris(3,5-di(trifluoronethyl)phenyl)boron,

t mks(di-tbutyl met hypy | yl[LpEepNeIrqrisegydbiqr on, and ot her highly
fluorinated trisaryl boron conpounds. 30 Any catalytically active transition

nmet al conpound, including the known transition netal conpounds useful in
traditional Ziegler-hbp%a coordi nation polynerization and as_well the

transi ti ofwhets BnliaNoRIhirsthe calysicey retygrivansitipa metal cation and [LA-O-

M"-]* is metal oxide support bound activator anion. More specifically, Ly, is one

or more ligands (n equals d0-1 where d0 is the highest oxidation state of M)
30 covalently bound to M, L'y, is & neutral, non-oxidizing ligand having a dative

L TP TR P AMENDED SHEET



1 7 MAR 1DD3 WD 00l 26266 PCT/ US99/ 25650 7 useful in coordi nati Sn 3
pol ynmeri zation, may be used ~n accordance with this invention vVnLZu 5@8(,2[]\0
‘conmpounds are capable of catalytic activation by the support bound anionic

activator Theserdkd | typicall~~ mlud:; transition netal qReHES Where
the metal is in a dO oxidation state, that ~s where the netal has its
hi ghest 5 oxi dation nunber, and wherein at |east one netal |igand can be

protonated by the support bound aniomc activator, particularly those

- I'igands including hydride, alkyl and silyl Ligands capable of protonation

and transitiggy mad%&@armgw IsCPRPN] Bt RG GREeFui ncd wde: theseidgscri bed in,

for exanple, EP-A-277,003, EP-A 277,004 and US Patent 5,198,401 (each fully

i ncor por at echetebrRiina bganddieing agehondtio Moyme mbisd s nofymdnagde monperinds i s wel |
known from tob%aau%!@ﬁ&% LG RY U dinfilil bl AlAblon MRS £LLAE ! al | T gands

i ncl ude hal ogen noieties or exanpl e, |scyyc opent adi enyl zirconi um

di chl ori de) thaniicbapable afdbrndag die miefic petokona® iioexygederndMandathd condi ti ons,

t hey can be converte i,a knqwn. al kyl ation reactions with organonetallic

corrpo%nds s l/gkegait"f)%ho:fmﬁ%?gﬁﬁﬁfﬁmthydri des or alkyls, 15

al kyl al unoxanes, Th# mgadirodide sapgink of thé (nvefdém mblade B Aetad/Be@l@d982 (ful |y

i ncor por at ed ﬁer‘?i n gg\égr ef eﬁencle() f or .Fe. reacti on, f rqrg?%hng% m num

conpounds WEHSHT BT LRBIV N IR SALPEPR A PRaft?! Kot B or to

addi tion of oBSbh:e\da’bi ago@nm\rmmnpewpﬁs. leé ehiah ico rR@lial degbdsdtlpl'lili an aOL

transition nmetal conmpoun ich conprise, or 20 .can.be a ated to

conpri se, atprqf‘é!Ethmnﬁ@??%&‘ﬁ@%‘ﬁ%&%‘f@“g? %QB%‘{ PURRE BHING%: B %%\o'ﬁati on to

forma transgikienhaEk @hpa6 R FomagPL adtive chbipleR AN silabbdledrédpUiviichf or exanpl e,

EP- A-0 129 368, EP-A- 0-_ 418 044, EP-A-0 591 756, WO A-9210Q333 and

WO A- 94/ 0147415 ahHewIs bpsg) e ©rming pqforpppdly dipokps fzvaegionie) Fyons GCI?each fully

i ncor por at edh@ieibBuly to Bt iNaflallordUsthé hafhs iokide RuppialAcendm@aynds can be
25 described as nono-, b or tris-cyl opentadjen uted Group 4)

Is- %{ll substhl
5, 6, 9) or 21 of theneqnvemionaily Kroveosiien FHPEOTTRAIE 2 ﬁ‘ereé‘\}‘?:lbﬂ‘ij’%’f%]adi enyl

substit uent $rdiRY d2Rr IREYBRIY CReabHAR L bR W (R Qiigbler Der® @gepups and may
be bridged to each other, or may be bridged through a heteroatomto the

trandftion semaerciageailabiliy, sikiga @pfh silics ping fefah xidg LR SYRPSTY eny |

substi tuent sforaéiﬁimp'é,i S DAinBh £ TR VrFerddde SiieS padel &l pdid £lg1dsObdaliearPr €par ati on
of the ionic catalyst systems of the Invention but should be selected in

the |iteratg®astypisdri bed manner to enhance the pol ymerization activity and

pol ymer charact e&h@skin%%algﬁidggoég&a%s By Shatiakhy cbiien oxrbopesbadi enyl 1 ~
MAR 2003 WO 00/ 26266 PCTI US99/ 25650 8 (or substituted cycl opentadi enyl,

such as i ndemals, sechsasbesetafitAddKi NaeMpl i, Ahged Zokrshshepld qeferably beach ot her,
wi Il ope | owgfea@l byl mehis ahd/bt Bfkndilal Teaf®lo rdndvaewater and free oxygen
("dehydration"). Typically such treatment is in a vacuum in a heated oven, in a
heated fluidized bed or with dehydrating agents such as organo silanes, siloxanes,

alkyl aluminum compounds, etc. The level of treatment should be such that as

much retained moisture and oxygen as is possible is removed, but that a

25 chemically significant amount of hydroxyl functionality 1s retained. Thus
calcining at up to 800 °C, or more up to a point prior to decomposition of the
support material, for several hours is permissible, and if higher loading of
supported anionic activator is desired, lower calcining temperatures for lesser
times will be suitable.

30 Where the metal oxide is silica, loadings to achieve from less than 01
mmol to 3.0 mmol activator anion per gram SiO, are typically suitable and can be

achieved, for example, by varying the temperature of calcining from 200 to 800+ °



!
posi “ion and "~il'. aduitionally conprise alkyl, cycloal kyl, aryl,
al kylaryl and or arylal kyl subtituents, the latter as ether of fudedMAR 2003
pendant ring structures 5 including multi-ring structures, for exanple,
those of U {FaheRks 5, 278,264 and 5, 304,614 (both fully b&F/%d@EE@? ed
herein by reference). Such substituents should each have essentially
hydr ocar byl characteristics and will typically contain up to 30 carbon
atonms but may be hetero-atomcontainimsg with not nore than 1-3 non
- hydrogen/ carbon atons, e.g., N, S, O P, and Si. 1o Preferred transition
met al Cormoued§eeamr519@ é?ra/ 0l gmelfr 1b§+P%%| CONGh SHHRAL coMeldol BEWeay MUl @ (R~~)4
RBRO) M5 R6 ~ 4 wherein Mis a netal of Goup 4
5, or 6 of t¢aécnpe$|t@idi>etfatmab4né tpm@r errchbv@roxmpomen@oqf gitisasheff wirving and
titani um r r | e di fferent,
preferably |S§ﬁéfr%?e|ra§&1§ @g)és%f'b;e?eégﬁ}e“o l&%eégl?cgagﬁﬁéfn c? aqggltl %ﬁ% %91% al kyl
group pr ef emqmrwpras@bddmlmlhytreagmwm adll@@if(ehmroaylwlontgntoupessapy eferabl y a

Cg aryl ClO I ou r era Cg aryl oxy group,
L&Y e Bind <Shr i) bR R B el 5 HRRD Y ofr D, o
aryl al kyl group) ’nfeafctexfa&iﬂaynoﬁln@Zranr&&Jrﬁfrs/tlhaﬂs|é1y/|e agtheWpwisaacd(LE40f WO
00/ 26266 17 M~1R ~~03, PCT/ U599 %650 9 al ky Iareé groug é’g {Terabl a C-C
12 al kyl ar y| thgrp{gption inclpdegni-atthg mopego wwngdp BFrecprRret sptifeRt cy- ¢ 12
aryl al kenyl gidiyo BBpp i &06ildleCeléion hhl AF t&%y@f&x&ﬁ%@ﬁﬁ oxyteshemabl y
identical, are one of a hal ogen atom preferabl | uorine, chlorine or

br o e at ondndafRehiaes e FRGINE §F dppireriin gt I mEOEA1Sr SEPITY gr oup,

whi chigmay  bepBahQeapal @de bBlobP bitht dlafd] restBn. M prafefRY alialdal ogenat ed,
preferably a C6- Cg% %‘ieroa@53 QCZ C )ggo‘%eﬂrpl& grou%?epre?ergbly a C2-(Cq,

al kenyl gr ouwlowwalmﬁursaﬁyﬁaalsw? aSgﬁhst!rszsFﬁﬁ@f(éA Beys trangcevas eidsy v al ky!|

group, a C-- \gﬂpné"d iﬁVdrﬁWalblegngx‘rHQ atPJa&fo%Eép&/b{lcﬁlsQTegr& @ltKME\W Isullf oup, a
Cg- C4p aryl al keny group, bl Cl2

preferably a - lo aryl al é %youp, a
-NR215, - SR1%, thogRriswis. sygisRRmowvngio afsfraqisan auipeia | fragmiset Erprn msthyl one of a

hal ogen ato preferably
e e el Elxr@éﬁgﬁ{) ﬁi?édjclépe%hféﬁf{l“ﬁrcéﬁlgm dlﬁgﬁl"% Q'g?etﬁé 'rﬁgxglugfogh% 1C9 aryl

group!s R~ |sg<m Nﬂpﬂflqormaphmlbmon ms VB omb 1 3oron R12Tfmiez R12 R12

R11 R11 R11 i 9 | LRl ) . -Ge-,
Con- o eM%so% megefg% 2sﬂggld ot%s%%nﬁ%%a@u £R; nas whﬁcﬂ an l::'re_ O (R 11
) V\/ner ein: protonated by the hydroxyl groups of the metal oxide (t (_he sxlanol group proton),

For example, any Group 13 element based Lewis acids having only alkyl, halo,
alkoxy, and/or amido ligands, which are readily hydrolyzed in aqueous media, are
20 not suitable. At least one ligand of LA must be sufficiently electron-withdrawing
to achieve the needed acidity, for example, trisperfluorophenyl boron, under
typical reaction conditions. Typical metal/metalloid centers for LA will include

boron, aluminum, antimony, arsenic, phosphorous and gallium. Most preferably

i

LA is a neutral compound comprising a Group 13 metalloid center with a

25 complement of ligands together sufficiently electron-withdrawing such that the
Lewis acidity is greater than or equal to that of AICl; Examples include
trisperfluorophenylboron,  tris(3,5-di(trifluoromethyl)phenyl)boron,  tris(di-t-
butylmethylsilyl)perfluorophenylboron, and other highly fluorinated trisarylboron
compounds.

30 Any catalytically active transition metal compound, including the known
transition metal compounds useful in traditional Ziegler-Natta coordination

polymerization and as well the transition metal compounds similarly known to be



) !
1 7 MAR 2003 WD 00/ 26266 PCT/ US99/ 25650 10 R11 R12 and Rl ~ are identical

or different and are a hydrogen atom a hal ogen atom a Cl-C2p al 539 ﬁ@p
preferably a Cl Cl p al kyl group, a Cl-C20 fluoroal kyl group, pref M{/ C

1-C 1 p flugr group, a C6-C3 p aryl group, preferabl p aryl
group, a CGQV(% uoroaryl group, preferably a C6-C20 5 flpﬁa/?g@%y%group, a
C 1-C2p al koxy group, preferably a CI -C 1 p al koxy group, a C2-C2p

al kenyl group, preferably a C2-C p al kenyl group, a C~-C4p aryl al kyl group,
- preferably a C~--C2p aryl al kyl group, a Cg CAp aryl al kenyl group, preferably

a Cg-C22 ar yls%{vulfepycjﬁi%rinoaﬂgn F;ﬁ]zy%en%%fmal K bar ﬁfgglrnoalxl:&brdgnec w1tf?lﬁh %/ha C-- C2p

al kylaryl group or t oget e atons to
. bi ndi ng t heninvesion fixbemsuch rgmpysitie e caMlelcﬁ‘ cstallytlcmmvatgmrhyam suppam tin,

f bl | f b| RO
et | cal” or bah PRPER SRR nATE® PHEORISE HOe S IdERE P ke Po e and n ar e
| denti cal ordifHiRrneas i@fifa a0 %x%l?t'fd?\ state, Mat % wQJr@EI?errﬁQé%ag fi glgﬂés 1, 15 m

plus n being zero, 1 or 2, preferably Zero or 1; the ra |ca R3, R4,
and Ri% are dxddation canber andi Wiessie it leashoneiastel lighed mélmpngsn&ﬁdé;tyehhfor R11,

R12 and R13 L\Ifyg%r?%érﬁfegﬁmrﬂ:pac{@a%rcglarﬁcﬁm é‘i’l Ekﬁ:g @g@@%%ggﬁ%bform a ring

syst em prefe y a ri em tont ai ni°ng n atons. 20
Al kyl ref ersalkgd antl rsaylgﬂuzgaods palrie hédroodmtlcm suibmnsmruleme&al chlmpagdn

br ot oranty 1177 Yl e OTARE vest bR ok Rl 185 R52 88 B R oo 25650
11 Particul a2’l7500|9raaﬂ ary EaierttrSalﬁQ,Mﬂl (mclnrﬁilkyl incoppachtseiarty refergpce)nds of t he
strEc ures i RS RBRIC,i I\P)%%}NA' érRl le\/l\ %%A@r 11 R120 ~ R6
(~V {0R10) 4 Bl 88 %’% & cpRROUdg: i el othe . pupfished Hteraltige. "p" 210y 4

wher ei n: Additionally, where the metal ligands include halogen moieties (for example, bis-

cyclopentadienyl zirconium dichloride) which are not capable of protonation

under standard conditions, they can be converted via known alkylation reactions

with organometallic compounds such as lithium or aluminum hydrides or alkyls,

15 alkylalumoxanes, Grignard reagents, etc. See also EP-A1-0 570 982 (fully

incorporated herein by reference) for the reaction of organoaluminum compounds

with dihalo-substituted transition metal compounds prior to addition of activating

anion compounds.

Additional description of transition metal compounds which comprise, or

20 can be alkylated to comprise, at least one ligand capable of abstraction via

protonation to form a transition metal cation appear in the patent literature, for

example, EP-A-0 129 368, EP-A- 0- 418 044, EP-A-0 591 756, WO-A-92/00333

and WO-A-94/01471, and US Patents 4,871,705, 4,937,299, 5,324,800 (each fully

incorporated herein by reference). Such transition metal compounds can be

1l

25 described as mono-, bis-, or tris-cylopentadieny! substituted Group 4, 5, 6, 9, or 10
transition metal compounds wherein the cyclopentadienyl substituents may be
themselves substituted with one or more groups and may be bridged to each other,
or may be bridged through a heteroatom to the transition metal. The size and
constituency of the cyclopentadieny! substituents and bridging elements are not

30 critical to the preparation of the ionic catalyst systems of the invention but should
be selected in the literature described manner to enhance the polymerization

activity and polymer characteristics being sought. Preferably the cyclopentadienyl
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5to015 20 M1 is Zr or Hf, R 1 and R2 are nethyl or chlorine, and R5 R6
Rg, R9,R10, Rl ~ and R12 have the above-nentioned meani ngs These § '
transition nmetal conpounds may be used as a racemate for the preparat omw%f
hi ghly i sot 5\?6'06?269&%' ypropyl ene copolyners. It is also poss,;cghpsg,g,ﬁﬁédse t he
pure R or orm An optically active polyner can be prepare t hese
pure stereoisoneric fornms Preferably the nmeso formof the transition netal
conmpound is renoved to ensure the center (~.e., the netal atom provides

- stereoregqgul ar polynerization Separation of the stereoi soners can be

acconpl i shed &ysulsafm@d g&ﬁ%sfaﬂfeﬁ rusqugf{na] EPEU@%EHQM&H%QQHQS it is

al so pOSSIb| to use ra om tures strative but n rmting
_exanpl es of et dridgad tor eaakiothieornwidtebealowso afkolisibstitinigd | (Gadie) in the 2

Di met hyl si | andi.yl bi s t h hen ndenyl ) Zr

Di net hyl si | aﬁaﬁ‘%’b?@( &?’ngdﬁmﬂ%a‘hy g&”ﬂ!ﬁeﬁﬂ"%@r (‘&ﬁ%ﬁéﬁr}" and or
Di met hyl si | a@g‘lzﬂﬂ:ﬂlsﬁﬁﬁméﬂii bt -14k1ef-o81 dith@DbOBSkd 1o Qi) daht £ing Griddidies
Di met hyl si | andi yl bi s( 2 ethﬁ§-4 phenyl - 1-i ndeny

I
Di met hi/l si | adfsiufing rgultizingts <Ftur&s,rfarpwawyle ﬁwi;erfefel«)’@l Sa(t%m( %z?—@ﬂé‘* andj 7 VAR
2>D~~ WO 00l %@3@@1@%0%@]@ Jr@gx%ll?a@@ﬁgrem by reference) Such substituents should
1 henyl(nethy )si | andi yl bi s( 2- et hyl - 4- phenyl - I-i ndenyl) Zr(CH3) z,
Di et hyl si | asgihylake espontighy hwmwt{ﬂchﬁmrﬁw) ang-wiH denigally coptpichp)to
Di met hyl si | aaalcyrlogﬂ a@%smm béidiér Qﬁﬂmcn%’elu)m%lwhﬂqw&)e i (1GHR-»
D~net hyl si | andi yl 2-nmeth -|n
Di met hyl si | ammdrygem(og QHMWSAN&@] PsawdiSopyl - 1-i ndenyl ) Zr (CH3) 2T
D net hyl si | andi yl i
PhenyWrret hyl ) si | Brefs T’ﬁ”"ﬁtﬁr?‘e%%m?%ﬁ‘?”@h%%?%ép‘%ﬂ?g‘ﬁ s SISt - (HB) 2,
1,2-Ethand|bem§QQ®neﬂhyl 4, 6-di i sopropyl - 1-i ndenyl ) Zr{CH3) 2,
1,2-Butandiy|bis{2-nethy|-4,6-diisopropyl-l-indenyl) Zr(CH3)2, to
Di net hyl si | andi yl bi s(2- et hyl - 4-et hyl -1-i ndenyl) Zr(CH3) 2a
D net hyl si | andi yl bi s{2- net hyl - 4- |§E€09pyl 1-indenyl) Zr(CH3) 2,
D net hyl si | andi yl bi s(2- net hyl ty4-1-indenyl) Zr(CH3)~,,
Phenyl (nmet hyl ) si | andi yl bi s( 3 -4-isopropyl -1-indenyl) Zr(CH3}2,
Di net hyl si | andi yl bi s(2- et hyl -thyI 1- |ndenyl} Zr (CH3) 2, 1S

Di et hyl si | andi yl bi s(2, 4-di me 8rAh( CH3) Z,

Di net hyl si | andi yl bi s(2- et hyl, - ¥ ~1-in enyl’M Zr (CH~) 2,

Di net hyl si | andi yl bi s(2- et hiR R -indenyl} Zr(CH-) 2,

Phenyl (et hyl ) si | andi yl bi s( Lne L,65- ben 1-indenyl) Zr{CH3}2,

Phenyl (et hyl ) si | andi yl bi s( yl -4, 5- (net yl benzo}-1-indenyl) Zr{CH3) 2,

20 Phenyl (et hyl ) si | andi yl bi egranethylbenzo | -i ndenyl)
R- a acenapht h- 1- |ndenyl)
Zr(C}B)Z 1, 2- Et handi yl bi s( 2- nethyl
1, 2- But andi yl bi s(2- net hyl - 4, 5- benzg
Di met hyl si | andi yl bi s( 2- nethyl 4, 5-“:

1, 2-Ethandi yl bis{2, 4, 7- trlnethyl ' CHgCHg)Z

D net hyf si | andi yl bi s{2-net hyl - 1- |ndenyl) Zr(

1, 2- Et handi yIvihes{i2Mriei tylal df-Grogeq)\s| §r Zof(tkeHRYBdic Taﬁle Prefdpdd]y 0D3

15 zirconium, hafnium and titanium, most preferably zirconium,;

denyl) Zr{CH3)2 25
1- |ndenyl) Zr (CH) 2,

i

R! and R2 are identical or different, preferably identical, and are one of a

hydrogen atom, a C1-C1q alkyl group, preferably a C1-C3 alkyl group, a Cg-C1g

aryl group, preferably a Cg-Cg aryl group, a Cg-C1g aryloxy group, preferably a

Cg-Cg aryloxy group, a C-C1( alkenyl group, preferably a C9-C4 alkenyl group,

20 a C7-C40 arylalkyl group, preferably a C7-Cyqo arylalkyl group, a C7-C4o



!

WD 00/ 26266 13 Phenyl (net hyl ) si | andi yl bi s(2-net hyl - 1-i ndenyl ) Zr (CH3) 2,

D phenyl si | andi yl b~s(2-net hyl - 1-i ndenyl ) Zr (CH3) 2, 17 MAR 2803

1, 2- But andi yl bi s(2-net hyl -1-indenyl) Zr(CH3)I, ~'~

Di et hyl si | ' i s(2-ethyl-1-indenyl) zZr(CH3)2, 5

Di et hy! si | anﬂiu"y{‘%% s(2-met hyl - 5-i sobut yl - 1- i ndenyl ) zr ( CHE} B 52565

Phenyl (met hyl ) si | andi yl bi s(2- et hyl - 5-i sobutyl - 1-i ndenyl) Zr(CH3) 2,

Di net hyl si | andi yl bi s(2-net hyl -5-t-butyl - 1-i ndenyl ) Zr (CH3) 2,

. Dimet hyl sil andi yl bis(2,5,6-trinmethyl-1-indenyl) Zr(CH3)2, and the |ike

PCT/ US99/ 25650 , Thes r ef ransit I opnd ents are
described in y(l)ar&le%rgwg p?%fg@.g@% é-é't é%tdlmgagy'l%%nf%gfg%-@@ 5@%@8 , 5,239, 022;
5,329, 033; 6 pdBiAablpa 848212 @8 alienfiite@68) 5, 304, 614 and 5,374, 752; and EP
549 900 andsgSr%Jgﬁsm al)i o? v{zi ?h arg %e‘%gi n fully incorporated by
reference. Additipdnald K¢ afeeid@hticaceneisfertt praferadipasdueeseeidedrian U S.
Patent No. 5,510,502, U. S Patent No. 4,931,417, U S. P tenlsf No.

S, 532, 396, natpgepgioghpreferaly 2 fioyne chipsine ppdwg)ee 28W5 2 PN A3 and WO
98/ 22486 (each ful . ncar por her.ei. e e~suj.tiable for use
'n this i nveitbimoerey E R B bl ity BERUBRAE X R

i nvention Ca%?oﬁaﬁ WHi@PHag be HaRjge@XRPreferatly ase{;@gt i gtp the,leyw s acid
which forns the Lewis acid base conpl ex, one that Is capable of serving as
a suitabl e cakenylegroapi pefecaplyna £o-Gy etkematgrap, af C1-Oep t-arakkkyt gonp,net al
compound with the proton fromLew s acid base h){droxyl f%roup conpl ex. This
reaction seduefeeblyear7eo reiied grved by CubalkyBnil uagPreRErYat 71 eact i on

i LA+ HO M- ~ HO-M-),25 (3 A { H OM +
Tl R R i bR o SR e Wy BT L
R, LfA" O anglal%?nyg[)%?l%apzca{j %nl%d -ElQrs (— 15 6—‘8@%%’15 |_<|)rI —%’ﬁgysjrrgcﬂgagb and R a

| gan8 capabﬁr i on% by protonati bn. e reaction I's typically
[ hyd . SOl ut.| : t .gnt 1 7 MAR
663 o001 SEE B 08} LR B B & RS

group, preferably a Cy-C3 alkyl group, or a Cg-Cq aryl group, preferably a Cg-

Cg aryl group;

R7 is

R11 R11 R11 R11

| | |

M2 ) - M2 M2 \ M2 (CRp13)—

|L12 ||'\)12 |L12 |L12
R11 R11 R11 —
| | |

0—M2 —O0 ’ C , 0— M2

R12 ;L12 L12

15
-BR1)- -AIR 1Y), -Ge-, -Sn-, -O-, -S-, -SO-, -SO9-, -N(R11)-, -CO-, -PR!1)-,

or -PO)R11)-;

wherein;
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tenperature and pressure and the supported catal yst can be separated, for
exanple, by filtration A preferredserr.bodi nent of the preparatidqry gARLEES
is to add additionally a secondary proton acceptor (LB) to facilitate the
reactions o ) and (3) This 5 reaction can be repre Ln the
fol |l ow ng cﬁg@@gﬁ%gr eaction equations (3a) (LA (HOM-) E@-ﬂg&?{zé@o
[LAAOM-]- [LB-H+ (4) [LAOM-]- (LB-H++ LnL' M VIR R -~
[LAAOM-][LnL'MM R ]+ + RH + LB 10 whgre all synbols are as defined above.
- The reaction can be run essentially as described above. LB is a Bronsted
base, such di et hyl ankline which fornms an ammoniumsalt with the
supported a T iRgﬁéﬁ‘fl ?\?étaEFr'ﬁf'E‘,&@]@rlgl’f?‘]re-“f apg afe§ l(ygg))g?n éioﬁ‘el'“wélﬁ?é"r‘r‘pl es of LB
. include di meddiy] anC{3§, alkyipxeny,| prefelislyam OfCd Salltyl | fbiipy | 810,0€,
di phenyl net hyl am ne, tri phenyl phosphi ne, and trinmethyl phosphate.
St er eor egul dtuorgalkyf gromp, prefesaplyca 61-€%)priluoralkybgroumnt € @Ch@drybyromani pul at i on
ratio This ratio should be greater than 2.5.

of the activator tal [ocen
Preferably iH’efgﬁg&ﬁh&)‘@@;P’é’ BRHP-3He61C30 FUNBEY! HPWH EreimstR)Y P Costasul d be
Oreanet LomdRech WL CLCLMBAL UGS BB DR DE AR B 0,0, o

ani oni'c conpl exes. e e’ Tea

Lewi s bases @?dzé AReSH e pRYEHHIXY |5 -0f ) bikEny®igkdupaa \WIET £ dtyfalkgl resul ting
anion is covalently bound to the surfiace and the ration I's coul onbically
bound to t hegreun, oprefefihly heGh-€ogcardlkyhygraap, (abWg-Gype arybikenylmigtoeg, t 0) t hose
al ready nentioned or their derivatives and 25 the Lewi s bases may be (but
are not | i miRrefgrably)a Cadoa anylplkeny) erppt ¢ Sadaiootkylat grop refereblyés. The above

preparation be perforned in mneral ai,l co nly used for slurrying

cat al yst solggé‘?@)ﬁlf%‘ﬁryﬂ &OPPI?W%QLP@E”R?%’ ‘?rrFtold af‘@lgqgg%ﬁﬁﬁ viththestseact or Thus,
the sjlica . ur.ri J lesired anount of oil. The Lewis acid and
30 th]g) Lew srm%dép thgllpbgaééﬁ—g’d}"pgosty gnrl% the activator conplex. Finally, the
netal | ocene 1 MMARiIRENZeMEAnH ZGROFrefefablydHiR8A 3P&PRarkém] Most Nt r oduced to

produce the fipal catalyst. No washing steps are required for this one pot
preparat i on_l?refﬁ‘ab—lé’ SHEPR cat al yst i nvention is useful in coordination

pol ymerization of 8%%@%’[9%%&@&% i T AT I{hle 9\%%1%% ﬁ?e(av%@r IUQ; be

pol ymeri zabl e under coordrnation polynerizatron ¢ di*tT ons" Such

condi tions al so ar endwvedrk idendsahorahifferemahdiele zeo) Libi ) prefapdbyreare gat,i on, slurry
pol yngri zat i . | QW _pressur s_phase | ymeri zati on The supported
cat ar§st S ofrgrrghlé%i%%{?éﬁ riobir’]orar’ B’CF“}%%ZV zpaor?ri e Cf;rl y useful in the known
operating nodes eitaihBRY, i rREdahe®10nmy iinabed or fdifedreht Rad . hatd tiel urry
processes conducted in si nql e, series or parallel reactors io The catal yst
Cconposi t | onsmesinghitsted Aurdbltli B adeR ParbicadizettyR uadicat @nbejoipsdopy| ene

pol yneri zati r . e i zations are
st commoni Geduss AR RRE SRR beRGRIT € oo Biler AR Gt ord Bl 7

pol ymeri zat i @rbonmatimsm can be either a |iquid nononer, |ike propylene, or a

hydr ogar bon sol vept ,or .di | uent .. ,advant ageous al iphatic paraff n such as
pr opaéri])e, i 5 isobqu‘ﬁefef?{%xtgnét,rdl p?rag’ "f"%@%clcg%éx hgu?ueé’fsc. %Plo%ﬁ? aromatic
di | uent suchthalsgdnatedierefersT e fhotiyeyahloziat,i womine np asditicisiems, npyfefablyt hose
consi dered lf?lyg‘rine'rgc' 10Jess than 50 C, preferably O C- 30 C, or may be in—a
hi gher range ISR RS (6 about 150 C preferably from50 C up to about
80 C, or at any ranges between the end points indicated Pressures can vary
fromabout 100 to about 700 psia 20 (0.76-4.8 Mpa) Additional description
is givenin US. Patents 5,274,056 and 4,182,810 and WD 94/ 21962 which are
each fully incorporated by reference Propyl ene honopol yners nmay be forned
with this systemusing conventional batch slurry techni ques. The

m crostructure of the honopolymer will preferably possess a nmeso run |ength
as neasured by 13C NVR 65% or 2s greater relative to that produced with the
unsupported netal |l ocene catal yst. Copolyners with ethylene may be forned by
i ntroduction of ethylene to the propylene slurry or gas phase

pol ymeri zati on of gaseous proyl ene and et hyl ene conononmers Copol ynmers with
et hyl ene preferably contain O to 10 w



|

conononer. Stereoregul ar honopol yners and copol yners of a.-olefins nmay be
3U formed with this system by introduction of the appropriate m)vgyg@ﬁ @Ig
mononmers to a slurry or bul k propyl ene process. 1 7 MAR 2003 2 66
PCT/ US99/ 25650 16 Pre-polynmerization may al so be used for_further control

of polyner PP?¥f% norphology in typical slurry or gas p‘ﬁ%Té‘ésg?’gsﬁé%i on
processes in accordance with conventional teachings For examhie ~ uch can
be acconplished by pre-pol ynerizing a, £2-C~ al pha-olefin for alimted

. time, for exanple, ethylene 5 is contacted with the supported catalyst at a
tenperature of -1 Sto 30 C. and et hyl ene pressure of up,tq about 250 psig
(1724 kPa) for 7§a‘ﬁ‘ﬁﬁ’]a’ﬂ¥)l’r6f?f’8ﬁ?ﬁa’§“‘ﬁaI"iﬁ‘?éF‘? P ‘}rﬁﬁo"ﬂﬂ?ugﬁifé’?gl?pport of

_pol yet hyl engupénd(AQAd (P, 000 nol ecul ar wei ght. The pre-pol yneri zed
catalyst is then available for use in the polynerization processes referred
to above In a siflar nner, the activated g catal yst on a support coated
with a previously pdl +zed thernoplastic po v@ an be utilized in

t hese pol ynerizatio es. Additionally it rable to reduce or
el i m nate pol yﬁggfg atilo Rh&)4t hat may be in o‘l‘_-‘« \(kaofeedstreams,
solvents or dil'uenys, by ggnmoving or newtiral i z/'ng:!thegoi'so 4. For exanpl e,
nononer feed strea ¢r/he reaction 15 diuent may e’ pre-treated, or
treated in situ du inlﬁthe ol ym?rﬁszation rgactiogm!”with a sujitable
scavengi ng agent. ypi:ce?NF;é)such (11 e a2t Qrgangmetgtd i c c&:aéound

enpl oyed in pitRB&Ses isugfh as those using the G oyp- k8 organonetal lic
conpounds of 5,153\ 577and WO A-91/ 09882 and WQ A34/ 03506, noted above, and
that of WO A-93/ 141 3 w Exanpl es The fol | owi ng Apl es are presented to
illustrate the foreg di scussion All parts, pxQpgrtions and percentages

are by wei ght unl ess othRBrw se 25 indicated. AIth t he exanpl es may be
Rps of the present i (;;
A 'n(ﬁ\/eﬁ‘ti on in any specif

directed to certain o) ,mthey are not to
be viewed as limting S(Bec)é. In these
exanpl es certain abbreviations are used to facilitate the description.
These include : Mhereimethyl, Et = ethyl, Bu = butyl, Ph = phenyl, Cp =
cycl opent adi enyl p* = ntanet byl cycl opent adi enyls, = L ndenyl , Tr =
so titanium Hf M%gﬁP{JﬁfRira’qugiaWdﬁ%?ﬂﬁfsrﬁ?fa’esarnq'y—iiss]{#?‘go%?*kwmvi son 952,
cai ci ned at $00 Cni1p A - jal silica support product of
G ace Davi solg, anS:B 7%%?%%%26 b{%&b%lggg%@gh‘%d/ US99/ 25650 17 Inc , which has
been cal ci ned at Thew® cliraitdusitien mietsl c@ppuindsmiap be Bse@ 4s mrpgemate fndthes t o achi eve
a hydroxyl c . . i a Piepapat i on of
Cat Al yot n e BF nAAR i Sacke poMRRchn koo fhei S0, Bt PRREREST 052 o1 11 ca
was massed arsd thelpaedRior $ifam3-Amepkically actegiodymes qari pprrepanidt withathesever head
stirrer 2L o I e a 1 r . gor ly stirred
fo &W{gi&;%{eh@%%{gn% fo%s qﬁ&@ra ggtgg qﬁesgnfé&ry of tlggt?zgl\éh%? ridial

27 6 mM of e ani l'tne was a va Ssyringe

t ns(per f | uor@hgpayld) Boramvediso lnsweddbe casten (0l thd. mathle ateim)t preedasas stirred
for 1 hour 5 99 f Diethyl.silylpis(2-methyl-4-phen L. ndenyl ) zi rconi um
di net hyl \/vass“g%od%ﬁ'?aéngolly ﬁ’gn%aﬁu%'ur eg?ﬁé‘éa%g i Erjtkr1et ® (S)tfgre ls%‘%ﬁ% sga?ohedesol vent was
decant ed andactdreplished bly waswy e dechadjuesy eFoil gietial YWiodhas it4R@3lsg . Cat al yst

| oadi ng was found . to be 0.02.mol of transition metal per gram of finished
cat al yst . ispﬁéglﬁﬁ‘éseiaweéiﬁg}”é {%¥n of Catalyst B The procedure was the same

as above except 3M@tritig bof naklrhitiag einpbesiof peferdl fbditebmetalani | i ne, 82.4 ¢
of tris(pert ot R a20 oMt i ndid 102 (290 Hy1-4-phenyl-1-
indenyl)Zr(CH3),

Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) Zr(CH3)»;

Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) Zr(CH3)»;
20 Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) Zr(CH3)7;

Dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) Zr(CH3)>,



20 Dirmet hyl si |yl bi s(2- et hyl - 4- phenyl indenyl)zirconi umdi nethyl was used.
Yield. 487 g Catal yst | oading was found to be 0.043 mvol of transition
metal per gram @b ohhnlished catal yst. Exanple 3 Preparation of Catal yst

The procedure wa?o%éel‘siarre as above except 180.5 g of silica, 13 0 rri51 %M?ﬂﬂﬁ
N, N-di ethyl aniline, 39.4 g of tris(perf7uorphenyl)boron, ancbcj%s'éwg 5of

D net hyl si |l yl bi s(2-net hyl - 4-phenyl i ndenyl)zirconi um di nmet hyl was usey
Yield 210 g Catal yst | oading was found tqgbe 0.13 mml of transition netal
per gram of 30 ﬁgeggih% cat al yst 17 MAC Zd~~d WD 00/ 26Z66 PCT/ US99/ 25650
18 Pol yneri zati on ¢ 1@”&“%”2&(2&:;5@(;14 Enyj§act Or was heat dried under

Heniy

nitrogen flow fMimedSsm, it e~=. ~ 0.4 i RS gr(Cohy ) of
triethylalum num seo Jﬁ@ﬁ”?’ﬂ%@%@ﬂé{m HtR 1. 0 S a?scavenger. 25
1 WTPM&%E%ZCHHQ react or

mmol of HZ was Dadetbgisiipl) i 1050 m of " prop
t enper at ur e \/\/a@ rajsed-to 7'8%."P%’.y?['6'é2vganﬁthy©an.mhé’®‘i)Z%W _flushed into the
reactor with 2

O"?thlﬁifanfbiytbp;yi-ﬁ,@g, 1ihe | yneri zation mxf'ure was stirred
for 1 haur at 5919&}5 n?ﬁ The pol yn%rll-gg%"tyﬁgﬁ Qhéisiz,stopped by cooling the
reactor and venti ndﬁs['

%d'b'bisp%ymang.4,gfgggogr-o 51% ﬁ Catal yst Efficiency: 2500
g PP/ g catal ysmimet}fgdsg%oti Flé(%w Rate: 45 8@/’ IRy DA (CHEH, 0C, MW 162000, MAD
3.01 Polynerization an’ﬂ ! Z‘sﬁfﬁ@eﬂaaujmegyﬁgr(@ﬁeﬁar ed as in Exanple 1
except 0.041g P@ﬁnyﬂatea{yquangiyyga% 15 flushed int6 tRe reactor with propyl ene
to initiate tge ol ymeri zat ron %‘H’éthlxbﬂy-rdﬁsdpz@tyi-p_rﬂ, ' ﬁ re was stirred for
hour. Yield 1 @"g}ba@a’dm@&ﬁeﬂgﬁ_ﬁi g:"enc%D 3800 g PP/ ém@é %’I«?’é‘ﬂzy Melt Fl ow
Rate: 317 dg/ fr'b_rh tTg} | 52. 8C, M?Vdé’i% ,YI‘MAD'eZyIBZr(Z%PoI ymeri zation Exanpl e
3 The reactor ’vvas‘”ﬁ’ 'é’H’a&(%ﬁie&@I-h,e- Jfll exce%'gé@o 55 m of a 1M sol ution
of trikthyl almmmqg,ﬁ%}.th on and 25 miol  O19eRED) 4eEE3ysed. 0.037 g of
Catal yst C was flushed ¥ 'ts@"t‘ﬁéylféleammmggngj?z&\r%&gyl ene to initiate the
pol yneri zat i dﬁmefﬁlysﬂa@)mg%d%ri ation mxture ZtirTed for 1 hour.
Yiel d: 265 g, Catalyst EfticiGHCYISOPIpOI3idBhyg) okl yst. Melt Flow Rate:
0.44 dg/mn, DfWFmXI%HZEIbiM%QQQ 2.447 v ~U¥\_ 1:.1' 1 1y-ul Uem m w
T T T~ Phenviinedhii. ~ '~ i".b”ty_‘]"“_demﬂ).kfcﬂj) :Vv_"1 Replacenent page
-19Pol yrreri zat i Sﬁmﬁ%é‘ﬁ%lﬁ@dm&(zzmw@@g:; Czrt al yst & was fed into the
cont i nuous ,Dinhgmy]srﬂgglg%,gr At 70C w t h a 3 AYI3&t(EHE Rt of 5000 t nppm
Catal yst Efficiency: ¢ g‘lﬂmijomthﬁn,indé){t;btzg?f ow Rate: 224 dg/nmin, Tm
152. 3" MN1UB‘@@GWISWR-:YIgis(zg:dirﬁgtlhgfllr-rﬁirnldgn?tl)lzc:{]CH )a ©°

32

-methyl-4-gth yl-1

'_\

Dimethylsilandiylbis(Z indenyl) z
‘ - -indenyl) Zr(CH
Dxmethylsﬂandiylbis(2-methy1-a "

Phenyl(methyl)silandiylbis(Z

l - . - .

-acenaphth-| -indenyl) Z1(CH3),

~methyl-4,5.-benzo-1 -indeny}) Zr(CH3)2

20

Tl

Phenyl(methyl)silandiylbis (2-meth

yl-a-acenaphth-
1,2-Ethandiylbis(2 p

-indeny}) Zr(CH
-methyl-4,5-benzo-] "

-indeny]) Zr(CH3)2,

l-indeny}) Zr(CH3),,
-methyl-4,5-beno.

],2-Butandiy1bx’s(Z-methyl-4,5—benzo-

25 Dimethylsilandiy]bis(Z

l-indenyl) zr(c
1,2.E iylbj i o
thandlylbxs(2,4,7—tr1methy1-1-indeny!) Zr(CHj)
Dim tlandiy|bj .
ethylsxlandxylbxs(2-methyl- l-indenyl) Zr(CHs)
2,

9. _—
,2 Ethandlylbls(2-methyl-l-indenyl) Zr(CH3)
2,



1

!
The reactor was prepared as in Exanple 1 except 500 m of dry hexane 10 was
added as s solvent. 0,25 rnl of a 1M solution of txiethylalum num sol ution,
149 mmol of Fez and 5D0 nml of propyl ene were subsequently added. 7 MAR-AN3
reactor tenperature was increased to 70C. 0.023g of
Di net hyl si | YYBP% et hyl - 4phenyl i ndenyl ) zi r coni um and 0.P§34SH25§
N, N-d"inmethyl aniliniumtetrakts(perttafl uonphenyl)borate were dissolved in
20 rnl of toluene) 2 m of this t s sglution was flushed into the reactor
'with 254 ml of propylene. The polynerizetinn nnixtu:e was stirred for IS

m nutes. The_reagction.was.stopped by caqol i reactor and venting the
propyl ene. ThEM S‘Q’Sﬁél)S\Q@P‘vﬁlﬁ{S&%nggé\iﬁlgg}y&r%@@é the pol yner was dryed,
Yield; 17.0 g; : QI ENEY. PPl mmol Zr, Tm 155, Mv:
37000, MD: L e L ’eﬁd;erﬁ'lﬁzf@%L{- PV V.~ ~ . AN~

S~~~T i ~ 1,D-Bnte@dmllﬁs(Z-nT&ml&-iﬂdeﬁﬂl}ﬁ(ét—l@ﬁ‘yi‘iane Pol ymeri zation Result Poly.
No. SupportM':.' N Loading tmrmoi fg cat.)activated netal | oceue | SbhOHydngm
(nut ai ) Ef f i dBinesthylsilandiylbis(2-ethyl-1-indenyl) Zr(CH3)2,

(gPPl gtrat) Tt Nl WDles4. 421?252500155. 4 2~es0. d437. 7253804152. 8
b3k, S530s D, DETIHROBY P AL syl Robuy T CndenyD £CHA

K2. 44. 40. 132ppa (PR8N0 828BR IZnalane +A11494en31) % Q5P 37Kt _?4' Hydrogen
set point ma ctg)}raiti nglgus p#cetséé.rleg?' Pl nmo T.lr en?&?lr(e ﬁ | Zt ount of | ~efecta
from ~3C 1~ThkhétlstlandigloBl Bmetydet-beyis]-iddpRercHgf ecLs/t OKMesn |i on
Lengt hlt ~. 663. 7123419275. 4t 06534.420.8181 t ~~ ~7i~"_i: f ~f If .<c ¢
“C~ h .. .- Dimethylsitandixlbis(3;5,6-trimethyl-1-indenyl) Zr(CH3)g, and the like

These preferred transition metal compound components are described in
10 detail in U.S. Patent Nos. 5,145,819; 5,243,001, 5,239,022; 5,329,033; 5,296,434,
5,276,208; 5,672,668, 5,304,614 and 5,374,752; and EP 549 900 and 576 970 all

of which are herein fully incorporated by reference,

Additionally, metallocenes such as those described in U. S. Patent No.
5,510,502, U. S. Patent No. 4,931,417, U. S. Patent No. 5,532,396, U.S. Patent

15 No. 5,543,373, WO 98/014585, EP611 773 and WO 98/22486 (each fully
incorporated herein by reference) are suitable for use in this invention.

The supported ionic catalyst composition of this invention can be
prepared, for example, by selecting as the Lewis acid which forms the Lewis acid-
base complex, one that is capable of serving as a suitable counter anion upon

20 protonation of the transition metal compound with the proton from Lewis acid-
base hydroxyl group complex. This reaction sequence can be represented by the

following chemical reaction equations

(2) LA+H-O-M'- - (LAYH-O-M"-)
25 (3)  (LA)H-O-M")+L,L'yMRR — [LL'yMRT [LA-O-M"-]- +
RH

where the symbols Lp,L'm. M, R, LA, O, and M" are as defined for (1) above, H

is hydrogen, and R a ligand capable of abstraction by protonation. The reaction is

30 typically run in a hydrocarby! solution (heptane, toluene, etc.) at ambient



' f
ccrca-~ aVv,_r vJ~] - -~ ===, o~ o, MY
L~i,l~ Rf. ~~-mF_y~a~r i to 15 2a CLAIM5 . , , , 1. A catal yst]7 MAR 2003
conpa5|t|or< conprising a netal oxide support having ccwal entty bound to
the surface thereof directly through the oxygen atom of the netal oxide an
activator amlOf¥#4t is also ionicalfy bound to a catalyt FEEFP4AEY i ve
transition netal conpound, wherein the transition netal conpound is present
in the tangs of fromabout 0.01 to abqyt 0.3 mmoUg finished catalyst, the
activator anion is present in the range of from about O. 01 to about 4.3

“mmol | g of SUP ortt and the activator to tra~s(tion taI nc*gofr%nd ratio is
greater than'eo1Pgratuse fnd  pessyne ;a1 theospppatted cetglisiotatd f)eﬁePngatF Esent ed by
-the formul a; example, 53._E1tgbbn .,~ . wherein Mis selected fromthe group

consisting of titanium zircaoni um haf ni um vanadi um ni obi um tant al um
chromi um ol ybdehBraferd striagaeedl te prepsrting pieess isdaadd additiadpld f f er ent )

and are one Egcoxi’daﬂfylsjrbfégea@ceﬁfo?)mB)%@acnl%@ R Yol Uy, (%Zagfr(ﬁ' Phigl koxy
group, a C6-C,d a group Clo aryi oxy Eroup, Coo af kenyl group,
15

a C2-4 al kefp;@tm@rcérube rearemeézmtharfsg}loa\owhe@#cg actign guatias al kyl aryl group,
a Cg- Coo aryfal kenyi group, or a halogen atom R~ and R6 are identical or
different, and are one at a hal ogen atom a C~C~o al kyl group which may be
hal ogenat ed, a CsE8qLAXiHyO-M'-pHpBwa thAI(BM“t]e[IlEH@‘genat ed, a Cz-Cyo al kenyl
group, a C7-C4o -aryfafkyl group, a srrGao al kyl aryl gr4up, a C~-Coo
aryl al kenyl gr oup(4) A-QRg"-§ [LBER' S, Ll MR 20 (lA-Qv VE! ~ wHEET t, . -

~ L~~~ t 1 7 MAR 2003 WD 00/ 26266 PCT/ U599/ 25650 22
_ORI 5, -CSi MﬂMfR]—+m5'LFBidI cal, wherein RL Sis one of a hal ogen atom
aCl-C1 p alkyl group, or a C6- C1 p aryl group, R~ is R11 R11 R11 R11 M
Y RV ~~R213) R12 R12 R12 R12 R11 R11 RI1 s

where all symbols are as defined above. The reaction can be run essentially as

described above. LB is a Bronsted base, such as diethylaniline which forms an

ammonium salt with the supported anionic activator [LA-O-M"-]", as in (3a).
Other examples of LB include dimethylaniline, diphenylmethylamine,
15 tributylamine, diphenylmethylamine, triphenylphosphine, and trimethyl phosphite.
Stereoregularity of the poly(a-olefin) may be controlled by manipulation
of the activator/metallocene ratio  This ratio should be greater than 2.5.
Preferably it should be greater than 7 7 Most preferably it should be greater than

16.
20 Part of the activator may be substituted with other anionic complexes.
These complexes may be reaction products of Lewis acids, Lewis bases and the

surface hydroxyls of the silica wherein the resulting anion is covalently bound to

the surface and the cation is coulombically bound to the anion. The Lewis acids

may be (but are not limited to) those already mentioned or their derivatives and

25 the Lewis bases may be (but are not limited to) those already mentioned or their
derivatives.

The above preparation may be performed in mineral oil commonly used

for slurrying catalyst solids prior to introduction into the polymerization reactor

Thus, the silica may be slurried in the desired amount of 0il. The Lewis acid and

30 the Lewis base are added to form the activator complex. Finally, the metallocene
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101520 0M O~C~OM 12 RR12 R12 -g(R11) ~-A(RL 1) ~ Ge_~ -Sn-,
-0, -S, -SO, -S02-, -N(R11) , -CO~ P(R 11 )-, or -P(O)(Rll N’lﬂ?lﬁjn:
R 1, R12 and R13 are identi cal or different and are a hydr ogen atom a

hal ogen atom a C |-C2p al kyl group, a C 1-C2p fl uoroal kyl

aryl group, “éoe%-ﬁt%p fluoroaryl group, a d-C2p al koxy gr 6’&‘3 %pzé‘?&Zp
al kenyl group, a C--C4p arylal kyl group, a Cg-C4p aryl al kenyl group, a
C~-C4p al kylaryl group, or R11l and R134 or RL1 and R13, together with the
‘at ons bi ndi ng them can formring systems I\/|2 is silicon, germaniumor tin;
R8 and R9are|d cal or djff.erent the meani n edfor R 1|;
mand n are Pd¥m i”ﬁezgltO(S’FOderf?‘Sf gﬂtcmﬁﬁ’ﬁ g“’ lf“éSteﬁs gr reﬂugﬁq&r n bei ng
-zero, | or 2Znegndplepeatioadi cal s R3, R | and R10 are identical or different
and have the neanings siat ed for Rl R12 and_ R13 and two aqu ent Rl ~
radi cal's can be jdih&aasydtyraron ¢ fL@FH 4" r $REIRA0R eRR!YBTFAC Shposi ti on of
claiml, wheiRhirasdl thdiBhdls ¥AWRIGRIP! kfPm Sb! b@apol m&,zzblw&d%p% WO

001 26266 PCT/ US99/ 25650 23 3. The conposition of el th claim1l1 or 2,
wher ei’n t he @®fdivasios polymienrrtipy condiians eyl gongifionsalse érrerfm”dm[vmmu -J 5
wherein LA Ifml@dé@m&orﬁ%@nﬁaﬂ@ehesmy fp%w?ﬂengatfoheaﬁmm es@Gbiggator, Ois
oxygen, and M- is the nefal/netall he netal oxide support. 4 The
conmposi ti on Bfase|Ryesizatighe r Bien Smomd tqﬁtabﬁ@r Pf Ube oBHEWYP bige othus

tris(3, 5-di (ﬁq’dléuh&ﬂgm%t (! Rhﬁm’baeb&{ngr}nod% erhﬁlbﬁ(]g“rxtedleed moving-

C6C3p

butyl net hyl si | uor ophenyl bor on. omposi tion of any preceding
claim wher eﬁ’ﬂhi ﬂhlé-bﬁf# @nglptry W@CW&DH%MWMBI%§€"®|0rrnztfh‘iﬁﬂ gattemdi yl bi s

(2- ne yl - 4- phen

by et 1 511 and y) BestSNHECHOA 8 BLBTNGNIRN T Pl soabe for

Di net hyl si | aprdpxlbrm sp@BmwBtd’tyahs 4, GAm |rsoquss)pyziy| rbd:erwéa) Bt ( QHPY Rpe

D nmethylsila J - | - d Z >, .

bi ot hyl o1 | anary PRedds 2R A SR PR g S ahuf) Vot i
Pheny! (et hyih)awplyamdza]lbbmm@ﬁmrrm) Iemier Iaaquyd mbndmmlelﬂyel ;)ro;Zﬂc(n@J—iS)aZ 20
D et hyl si | h

Di et hyl o :ﬁrﬁr%ﬁa%l s%“ﬁvg?%’ |“"9A1i %‘%’a‘ﬂa% Snfjl'r‘iphlt‘c pagﬁiff%“h%%%% 2.

Di net teyl si | a'tsobwdnbj h(xﬂﬂqfrﬁtehgahe mydkehg»da)xe Zatq. CdflSe)nZaromatlc diluent such as

D net hyl si | apg

Di net hyl si | and’ bi s(pflyfeélz%{m ‘Tturfsog‘a g%?f’ Cfnil%_é% QLOW LR 2

than 50 °C, preferably 0 °C - 30 °C or may be in a higher range, such as up to

about 150 °C, preferably from 50 °C up to about 80 °C, or at any ranges between

the end points indicated Pressures can vary from about 100 to about 700 psia

20 (0.76-4.8 Mpa) Additional description is given in U.S. Patents 5,274,056 and
4,182,810 and WO 94/21962 which are each fully incorporated by reference

Propylene homopolymers may be formed with this system using

conventional batch slurry techniques. The microstructure of the homopolymer

will preferably possess a meso run length as measured by 13C NMR 65% or
25 greater relative to that produced with the unsupported metallocene catalyst.
Copolymers with ethylene may be formed by introduction of ethylene to the
propylene slurry or gas phase polymerization of gaseous proylene and ethylene
comonomers  Copolymers with ethylene preferably contain 0 to 10 wt %
comonomer. Stereoregular homopolymers and copolymers of o-olefins may be
30 formed with this system by introduction of the appropriate monomer or monomers

to a slurry or bulk propylene process.
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25 Phenyl (et hyl ) si | andi yl bi s(2- met hyl - 4, 6-di i sopropyl - 1-i ndenyl’) Zr (CH3) 2,
1, 2- Et handi y| bi s( 2- net hyl - 4, 6-di i sopropyl - 1-i ndenyl ) Zr (CH3) 2, 17 MAR 2003
1, 2- But andi yl bi s(2- et hyl - 4, 6-di i sopropyl - 1-i ndenyl ) Zr(CH3) 2,

Di et hyl si | ' i s(2-methyl -4-ethyl-1-indenyl) Zr(CH3)2

Di met hyl si | %ﬁl:"é{“g?s(z- met hyl - 4-i sopropyl - 1 -i ndenyl ) zr ( CEB}Y993%%

D et hyl si | andi yl bi s(2-nmethyl -4-t-butyl-1-indenyl) Zr(CH3) 2, " E: NCHLN
O):3 ;"0 0 ~ ~~~ - o fi-ia Yoo o~ -0 OLJT MIVU~- -- 0 - "

. T, ur . ... ., Rep~-~, ~ '~ ~~ ., f ~E~..))

" Phenyl (net hyl ) si l.and' ryl bi s(2-net hyl -. 4-i sopr | -1-indenyl), Zr(CH3)2, 1 7
VAR 2008 D1 et iyl AP Paenr g Bk iy byl By roHhg nipshOr P shpEeh) o

-Di met h%l Isi : i’:qﬁuiliciic}lé lbr'gsri)ﬁozlég)diiﬂmltybl‘yihl, ﬂﬁ'trlpd@rnlgl@d pKﬁsl(eCI'ﬁ&t?)&_gro;esses in

D nnet sl | andi i s(2-nethyl -4-ef, -1-1 nden Zr S

Di ot by 11 aSHAPMSEST 8, BRSO OH OB Ry 3" B pocplaphed

Phenyl (n-i et ByposSbiyareeiiih RIS b-B1ekin 4ort- 1@ A Amke; fondaimple, edlehd ) 2,
Phenyl (et hngrl fi)ggg?yl bilés(cg-cr%ngp%yl -41?5-r( net hyl benzo) - 1-i nge?lyl ) Zr (CH3) 2,
Pheny|5( et hyls)eoniagadiwjthithe corpeaeh gatalyst a5 .a(teaperamiet of 17 1t9SAZE) ard i ndenyl )
Zr(CH3) 2, to | i i gq&}a N mls i ndenyl

Zr § CHsg 2 1, ej%@%ﬁg{{g{emﬁ S%PZ*.%%? ﬂfy%ﬂ(ﬁbgg g?nzzo 1% °ﬁ§§ﬁ’§‘ﬁ?q“§?§’% 2) =
1, 2- But andi ybBdym¢rix- epating bn 'tie Sipperh 20 palyéthderreyef) 307400158.090 molecular

D1 rethyl o1 | angit Dhd 3nB et DRZE- I | AE ML (67002 in e

Di met hyl si | apaymyérizag¢ prooesbes| refbrreddteayove  Zn @GHB)42)manner, the activated

1, 2- Ef handi ' - - 1. ‘
e
Di phenyl si i acwlibglubliz(i2n thesepplynierizatibampydcessés. ( CH3) Z,

4 22t anch 1 b1 GBI s bARRREI, A0 g otmeriaion pisons
Di net hyl si | athdf myy Ibe S(@odueddyia- foedssedms; golvdntd ndditydnys, By (r&hidyidg or

Phenyl (et hyl ) si |l andiyl bi.s(2-net hyl - 5-i sobutyl - 1-i ndenyl ) Zr( CH3) 2,
D1 ot hy1 i | SRATOVATS 15, R 1 FE | ppE, PRsisid oA o g Stebgeh
Di net fvyl si | aditlieyt dobys b& piestfkated,i srneehiey iin dini hd@p\the pady&iiaiéh reaction~~~yn~; ~

A~ it~ e | =~ ~ e A T=7Te~L P, D9 r 17 MAR Z003 WO
00/ 26266 PCTV'{sdoWERlepscarenging agent. Jypicpll} spchy V%bﬁzﬁ“nafg&imé‘ﬁ‘ﬁjﬁ'éc conpri si ng
conL acting chmnnmnérﬁplmaormrqsrouad@r s8eh tablirospohyingr tmfat(i}romp-mndi tion
with a catal yst conposition accardi 0 any. nr [ cl ai 59 A
process for é&?’iﬂ‘?ﬁ i ﬁ@mP%‘B‘gﬁc‘ii g’lgfb‘{?yﬁaﬂewgaﬁ{?ﬁ@?é%c&ﬂgr%’hg contacti ng
propyl ene opb4/aasak | notadiabbived il thdt oMIGRAPIBNOITBE S under sui tabl e
pol yneri zation condition with a catal yst conposition according to any of
clain® 1to 7. 10 .AFl.A3. A AL. Al 5. Aa. AR AS, . A, . AF. ASyL. A A A
. AS. Au. A[ f 2. AayE. ALA. F7[ . AF. Ae. A@. Bxdniphds+; | R 9
I - H% 4=E| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] cRa] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcRa! _'; 05Dl Ue\l v
I} xsni d_ZU] ca] cal ] ¢allovads adkampled Ure apresehteal ealinabar] ¢l dakldmd cal cal] ca] ¢
aU] cal] ca] ca!i‘ca] calca]ca]ca]calca]ca]cal ' "6##APUR\ &&H "' " QLS(M(((() h))=
K\fE* 4 iscussion All parfs, proportions and percentages are by weight unless otherwise

[ . 22§ ql gb] KHRL@@]/Q%Q?] talesa el ) 6adifRleaad caanrdmdlmalcaliral] cal ca] cal
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description. These include : Me = methyl, Et = ethyl, Bu = butyl, Ph = phenyl, Cp

= cyclopentadienyl, Cp* = pentamethy! cyclopentadienyl, Ind = indenyl, T1 =
30 titanium, Hf = hafnium, Zr = zirconium, and Si = silicon. "Davison 952, calcined

at 600 °C" represents the commercial silica support product of Grace Davison,



LoLLLLLMMVWM w mhc”Y] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal MMWM MVOPRQTQ' qi@%%ﬁgusv
VBWAAK* X6 X9 Xr XX

YIYYY{vql gb] X] cl.cal ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] calca] calca]ca]calc
a] ca] ga?cg] bﬁﬂ%&%&a} I:a] I:a] I:a] I:a] I:a] (l:J]a] CL! Y]Z! Z]gZZI?[ [ ][ e\ { \ RLWH%SBRLESP]_V]_\ !312
a] adeeeef fgyg} xsnid_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ga] ca] ca] ca! ygi i ¥kHoopp9ppeqr Pt uuuAvyx
xx0yTyW{{| Rhv}y}~~~~~ | w mhb\ W ] caU] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

 S50TI | xontih] MHGBUGY DG F R C2BSUT O 620) Bt BHJCLA-Lhfek] CaFta) ca] cal] ca
. Aal g : #OUX

} ;ia\L/J]qIC?1 L[Cijll]rrﬁ%)w @\ﬂ@%?ﬁg Cﬁ’?]clgﬁar]é'gﬂ@g{fagg]cga]q—gaq cajcalc

a] cal] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] ca]c a]cal]ca]c

$% +<Xxdf h 9 SN \
aU ca] ca L]]%f:aa péé;{]g,a(%pé%?@gi)ge%q%a W ca] ca] ca]ca]ca]ca]c

a] cal] ca] ca calcaUlca]ca]calcalcalcaVl]c a W]c aUc

ajc aUlc ajJc a]Jc "a

"o C394, o~ mhh\ :

ca ca] cal cal cay cal ch CREES PUHEE B tex] dof Eapedl BRRFRhET FesL] cal) cal ca

] cal] ca] ca] cm]ma? méi] pﬂ@detila:} @agﬁﬂi ﬂa}dfgta/i ﬁch}@aa wh?g]geﬁ}]eaal;#iﬁaﬂ c’.HJ/ca] ca]call c

al cal] ca] ca . 0 '()-y.10% h& () - % h&. () - %

h]&' (;Jl-sw}m%%Y qufﬁgd%aﬁég%nﬂfﬂﬁ %W’i&% H‘g’ffg%yi‘ﬁ%dh%%)“-“rq&?%%m&' ()-f1

10%h& () - f - dieyh&iiline wasl Qdbed &a( dyrihBe dd6:05" cE ApdriiuarpHedYtotor wvas 10%

h& () -, & 10%#q&' ()~ @10% h& ()- S/ 1006 h& (V- d - 1-z0dY: %400& (). 10 h 10 h

10 h@%9<109% #ged yas Agolflgon e mixtprg wepogtled (Sori  boyo, &) £- 30§ omuusdy: ! (,

109 ()-g!, (91t ' i V1 Y e

F&lO%(&zi&g( ) -?2%?1%%}2%*’33@%23%9?4 ’"f’g{“‘%%%@i%?‘?g 2 added and

10% () - z| 31@9%@58—‘!"%&’% b Zdropns.. J he salyont way decapied ogg the.solidwas 101 vy

109&Z& () - : ! YyabQo@ Gied byerhighil OPE&d( A23 C'Q&Q%Z&d(/r?{wz@l@%%o(t)e-o.dﬁ 10;]; 7

10! p( 109@kzk& () ( 10%& (?-!f LO%0& ()- 1 10%& ()-"S10%& ()- Y

10%@e8 () - : ommp! ofitgangition metal gor gramgifigishsd gagalyshog’ ()- " F 10% & ()- 1066 1066
15

Example 2 Preparation of Catalyst B

The procedure was the same as above except 378.1 g of silica, 26 5 ml of

N,N-diethy! aniline, 82.4 g of tris(perfluorphenyl)boron, and 14.67 g of

20 Dimethylsilylbis(2-methyl-4-phenyl indenyl)zirconium dimethyl was used. Yield.
487 g Catalyst loading was found to be 0.043 mmol of transition metal per gram

of finished catalyst.

Example 3 Preparation of Catalyst C
25
The procedure was the same as above except 180.5 g of silica, 13 0 ml of
N,N-diethyl aniline, 394 g of tris(perfluorphenyl)boron, and 175 g of
Dimethylsilylbis(2-methyl-4-pheny! indenyl)zirconium dimethyl was used Yield:
210 g Catalyst loading was found to be 0.13 mmol of transition metal per gram of

30 finished catalyst
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0.4 ml of a 1M solution of triethylaluminum solution in hexane was introduced as

5 a scavenger. 25 mmol of H; was added followed by 1050 ml of propylene The
reactor temperature was raisedto 70°C. 0.102 g of catalyst A was flushed into the
reactor with 200 ml of propylene. The polymerization mixture was stirred for 1
hour at 500 rpm. The polymerization was stopped by cooling the reactor and
venting the propylene. Yield: 252 g, Catalyst Efficiency: 2500 g PP/g catalyst,

10 Melt Flow Rate: 45 4 dg/min, Tm: 155.0°C, MW 162000, MWD 3.01

Polymerization Example 2

The reactor was prepared as in Example 1 except 0.041g of Catalyst B was
15 flushed into the reactor with propylene to initiate the polymerization The
polymerization mixture was stirred for 1 hour. Yield' 156 g, Catalyst Efficiency
3800 g PP/g Catalyst, Melt Flow Rate: 317 dg/min, Tm: 152.8°C, MW 84000,
MWD 2.85

20 Polymerization Example 3

The reactor was prepared as in Example 1 except 0 25 m] of a 1M solution

of triethylaluminum solution and 25 mmol of H, were used. 0.037 g of Catalyst C

was flushed into the reactor with propylene to initiate the polymerization. The

25 polymerization mixture was stirred for 1 hour. Yield: 265 g, Catalyst Efficiency:
7160 g PP/g Catalyst, Melt Flow Rate; 0.44 dg/min, Tm. 152.2°C, MW 461000,
MWD 2.44
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hydrogen setpoint of 5000 mppm. Catalyst Efficiency: 8600 gPP/gcat-hr,, Mek
Flow Rate: 224 dg/min, Tm 152.3, MW 105000, MWD: 2.70.

Polymerization Example 5

The reactor was prepared as in Example 1 except 500 ml of dry hexane
was added as a solvent. 0,25 ml of a 1M solution of triethylaluminum solution,
149 mmo! of H; and 500 ml of propylene were subsequently added.: The reactor
temperature was increased to 70°C.  0.023g of Dimethylsilylbis(2-methyl-4-
phenyl indenyl)zircomium and 0033 g of N,N-dimethyl anilinium
tetrakis(pentafluorophenyl)borate were dissolved in 20 ml of toluene. 2 ml of this
solution was flushed into the reactor with 250 ml of propylene. The
polymerization mixture was stirred for 15 minutes. The reaction was stopped by
cooling the reactor and venting the propylene. The hexane solvent was

evaporated and the polymer was dryed. Yield: 17.0 g, Catalyst Efficiency: 4.3 X
108 g PP/ mmol Zr, Tm: 155, Mw: 37000, MWD: 1.74.
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greater than 2.5. meq, the transi’uon metal compound being represented by the
10 formula:

<<...QLE_Obj...>>
wherein M js selected from the group consisting of htamum zirconium,
hafnium, vanadium, niobium, tantatum, chromium, molybdenum and tungsten;
15 R! and R? are identical or different, and are one of a hydrogen atom, a
C1-Cyo alkyl group, a C4-Cyg alkoxy group, a Ce-Cio aryl group, a Ce-C+p aryloxy
group, a Cz-C1o alkeny! group, a C2-Ca alkenyl group, a C-Cyo arylalkyl group, a
C+-C4o alkylaryl group, a Cg-Cag arylalkenyl group, or a halogen atom,
R® and R® are identical or different, and are one of a halogen atom, a C-
20 Cyp alkyl group which may be halogenated, a Ce-Cip aryl group which may be
halogenated, a C;-Cy¢ alkenyl group, a C7-C4o -arylalkyl group, a Cr-Cag
alkylaryl group, a Cg-Cuo arylalkenyl group, a -NR;'%, -8R,

1!
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R11 R11 RrR11 R11
M2 : M2 M2 , M2 (CRp13)y—
R12 R12 R12 R12
R11 R11 R11
O——M?2 0 , C ' 0O— M2
R12 R12 R12
5
-BR1)- -AIR11)., -Ge-, -Sn-, -0-, -$-, -80-, -80-, -NR!1)-, -CO-, -
P(R11)-, or -PCO)R1T);
wherein:

Rl R12 and R13 are identical or different and are a hydrogen atom, a
10 halogen atom, a C{-Cyq alkyl group, a C{-Cyq fluoroalky! group, a Cg-
C3q aryl group, a Cg-C3 fluoroaryl group, a C1-Cpq alkoxy group, a Cy-
Coo alkenyl group, a C7-C4q arylalkyl group, a Cg-C4p arylalkenyl
group, a C7-Cy4q alkylaryl group, or RIT and R12, or R1I and RI3,
together with the atoms binding them, can form ring systems;
15 M2 is silicon, germanium or tin;

R8 and R? are identical or different and have the meanings stated for R11;

m and n are identical or different and are zero, 1 or 2, m plus n being zero,

1 or 2; and

the radicals R3, R4 and R10 are identical or different and have the
20 meanings stated for R!1 R12 and R13 and two adjacent R10 radicals can

be joined together to form a ring system,

2 The composition of claim 1, wherein said metal oxide comprises silica.
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and M"- is the metal/metalloid of the metal oxide support.

4. The composition of claim 3, wherein LA is trisperfluorophenylboron,
tris(3,5-di(trifluoromethyl)phenyl)boron, or tris(di-t-
10 butylmethylsilyl)perfluorophenylboron.

5. The composition of any preceding claim, wherein the transition metal

compound is:
Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl)Zr(CH3)>
15 Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) Zr(CH3)»,

Dimethylsilandiylbis(2-methy!-4,6-diisopropylindenyl) Zr(CH3)7;
Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) Zr(CH3)5;
Dimethylsilandiylbis (2-ethyl-4-naphthy1-1-indényl) Zr(CHj3)p,
Phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) Zr(CHj3),,
20  Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) Zr(CH3),,
Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) Zr(CHg3)5,
Dimethylsilandiylbis(2-methyl-indenyl) Zr(CH3),,

Dimethylsilandiylbis(2-methyl-4,5-diisopropyl-1-indenyl) Zr(CH3),,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl) Zr(CH3),,

25 Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3 )9,
1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3),,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3)o,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) Zr(CHz3)»,
Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl) Zr(CH3)s,

30  Dimethylsilandiylbis(2-methyl-4-t-butyl-1-indenyl) Zr(CHj3)5,
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’ 5 Dimethylsllandiylbis(2-methyl-a-acenaphth-1-indeny!) Zr( CHS)?.,
Phenyl(methyl)silandiylbis(2-methyl-4,5-benze-1-indenyl) Zr(CH3)2,
Phenyl(methyl}silandiylbis(2-methyli-4,5-(methylbenzo)-1-indenyl) Zr(CH3)2,
Phenyl(methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indenyl)
Zr{CH3)2,

10 Phenyl(methyl)silandiylbis (2-methyl-a-acenaphth-1-indenyl) Zr(CH3)2,
1,2-Ethandlylbis(2-methyl-4 5-benzo-1-indenyl) Zr(CH3)2,
1,2-Butandiylbis(2-methyl-4,5-benzo-1-indenyl) Zr(CH3)2,
Dimethylsilandiylbis{2-methyl-4,5-benzo-1-Indenyl) Zr(CH3)2,
1,2-Ethandiylbis(2,4, 7-trimethyl-1-indenyl) Zr(CH3)2,

15 Dimethylsilandiylbis(2-methyl-1-indenyl) Zr{CH3)2,
1,2-Ethandiylbis(2-methyl-1-indenyl) Z{CH3)2,
Phenyl(methyl)silandiylbis(2-methyl-1-indenyl) Zr{CH3)2
Diphenylisilandiyibis(2-methyl-1-indenyl) Zr(CH3)2,
1,2-Butandiylbis(2-methyl-1-indenyl) Zr{CH3)2,

20  Dimethylsilandiylbis(2-ethyl-1-indenyl) Zr(CH3)2,
Dimethylsilandiylbis(2-methyl-5-isobutyl-1-indenyl) Zr(CH3)2,
Phenyl(methyl)silandiylbis(2-methyl-5-isobutyl-1-indenyl) Zr(CH3)2,
Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl) Zr(CH3)2, or
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl) Zr{CH3)2.
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