" 1 PROCESS FOR PRODUCI NG PROPYLENE COPOLYMERS FI ELD [ 0001] Thi's

- invention r8P3PBLRYF 3 process for produci ng copol ynePSTHS28HWRP ene
with other al pha-olefins, and in particular, . with ethyl ene using
organonetal lic catal yst systens activated with fiuoroaryl borate
activators. BACKGROUND [ 0002] Copol yners of propyl ene with other
al pha-ol efins, such as ethyl-ene, are well-known and have a w de
variety of commercial applications, either alone or when blended with
ot her polyners. Typically such propyl ene copol yners are produced by a

single or nulti-sta P%? ' ' using a catal yst

i ncl udi ng an acti va?g Pgﬁﬂcﬁéb@gp\%ﬁﬁ%mfg@P@%m%nct i on
with a catalyst precursor in the formation of a transition netal
conpl ex. This ies to conventional Ziegler Natta type catal yst
systens, such as those enploying titaniumchloride based transition

met al cat al ysi90ljas welThimswenionhelated e ar@eeas o ;ﬁ‘e&iﬁh@p@?olﬂnegl&
Site based c t h t hose enpl.oyi ng .co exes with
cycl opent adi Z’%ﬁ/’k’y}gx&e %é e?’gglét%é%%&%en adi ﬁ?‘f}dﬂ a%“#"é’r 3"’&1 g&ﬁ’d"%ﬁt"énﬁ.
An activator erEgmomietallicdatadyst systems autiveted wath flwetoghihorde gutivaton|
branchi ng, comononer content and other properties of the resultant

copol yner. Typical activators include, for exanple, alunpbxanes,
al um num al kyPACESRYIBD or weakly coordinating ionizing anions.

/T0003] One knowogy! ass @opb9iea B A6 IMRL %ﬂluﬁﬁgr!eﬁp]}a%q R odygt ign of
:pRopyl ene cop nmers is FI uor ophenyl™or ates and, i par?l cul-ar,
r f1 uor opherfH B B Well-KRoWTs andohavgrsy Witle variedhefosomundrsialrapglications, al .

in Chem Rev.ei@@06lond @9 whaagfenlié kith other polymers. Typically such propylene
ates have_been shown to actlvapte

Tetral ci s(per_Jol u rongpﬁht h lc)«?ﬁ{r ) 1 L .
net al | ocene caPaﬁ?gfs Rrogiest Ay £ Srelnanmuelti-yagepalymerization Piasess priasy |
count er part s dstelysy irelvdingoamodcyinaoiSonot datalysg AL opdRdtECH| BhjunGicgigiader
shni |l ar condig] |.0g -1 he sanme ne aHal%gg)ne, t he same reaction
t enper at ur e, a{nac??gf%%édsr go(rilnaln Q‘oe ri@%‘?%% a2 gymaetal complex. This applies to
tetral ci s( perdonvestiond phietiypDtiat wse aualystasgeins] Guike @od hayeyiki gher
raw nateri al tﬁ&ﬁﬁrﬁ cmﬁﬁe B&gd B%ﬁ;iéo'ﬁoﬂ’l&ﬂhc%pailylsts? gSn;BaP Qsdt%thel }nol\'IB\Drléltliﬁgﬂy 2
developed single site based catalyst systems, such as those employing complexes
with cyclopentadienyl or hetero-atom contaming ancillary ligand systems. An
activator may also affect the molecular weight, degree of branching, comonomer

content and other properties of the resultant copolymer, Typical activators

N include, for example, alumoxanes, aluminum alkyls and non- or weakly
"\.‘ ) coordinating ionizing anions.
[0003] One known class of ionizing activator used in the production of

propylene  copolymers is  fluorophenylborates and, in particular,
perflucrophenylborates, the use of which is reviewed by Eugene at al. in Chem.
Rey. 2000, 100, page 1391. Tetrakis(perfluoronaphthyl)borates have been shown
to activate metallocene catalysts in a similar manner to their perfluorophenyl
counterparts but yield copolymers with higher molecular weight under similar
conditions using the same metallocene, the same reaction temperature, and the
same conversion. However, tetrakis(perfluoronaphthyl)borates are harder to make

and have higher raw material costs than the perfluorophenyl compounds. It would




"therefore be Sesi rable to find an activator that has equival ent or

-better actiWPyH Yol ecul ar wei ght capabilities t hanPCI/US2007/002169
tetral ci s(perfl uoronapht hyDoorate but is sinpler and | ess expensive

~to produce. [0004] According to the invention, it has now been found
that certain mxed fluorophenyl|fluoronaphthyl borates are effective
activators for use with organonetal lic catal yst precursors in the
pol ynmeri zation of olefins, particularly of propylene with ethylene
and hi gher al pha-ol efins and can produce copol yners wi th nol ecul ar

et Pal ¢1 S{per 1 PSTRRABACTP BoRa B Stsbodiehas cquboire) xdetmastity and
6, 486, 088 descrblsgslevatightyapabitici uak ehaiik@Enass Rl )GALL YL LGS

haf nocene cata cursors and use of the. resultant catalysts in
ol efin pol ymer %‘“ﬁ@%ﬁﬂ%&?“"‘%‘é’? quﬁ‘?”ﬁ?l y the production of ethylene

copol yners. Thi0Bdit i vat dresomdingpini the ivesfich) HEhHAARE BetH B AR Lefain
conpati bl e nong r &1 | nion,.such as a hal ogenated tetraphenyl
or tetranapht hyﬁ&go@%ﬁ&%%ﬂg/gﬁ a?apgﬁ?'tégﬁeé e efipive rastivaters o uset with
i ncl ude tropi | $"B¥emetallic catalyst precursors in the polymerization of olefins particularly of

I d fl | d f | yor 04- bi phenybr at e,
tetral ds(per y@é}ﬂ%ﬂy i;e%%gﬁ(f#u%%rg eﬁéﬁ-ﬂ%x)os %}dj[‘g"fl?%%’@c% Ecgéqﬁyrpg@r 0-

tri phenyl nethyljtuntetralc
4- bi phenyl | bo?4t e, Heplsavis( di weighisun) mtoashiog s ( pRibéd UOLBRARE Y| VK
etral ci s(per ftbwéﬁ:émm;ﬂ@ﬁfo%@acﬁwﬁg@ Iium
r

“tetral ds. (perf onapt hyl) o
t€tral ci s(per f[wf%& o- 4- bT-%her?ﬂePboﬁéﬁ"éQQ&i dbsrivdsnetdutydt Unactivators  for

Letral ds(per! lasnaadipiybigid afildls (BB BRbSs: 2 [@{é%@{fgﬁg%_

benzene(di azonj tetra er fl uor onapt’h ort
( °a‘!;'j‘{p“s in 053 n( %olymerization, %artizulaﬂy the production of ethylene

copolymers. The activators comprise a stable carbenium jon and a compatible

non-coordinating anion, such as a halogenated tetraphenyl or tetranaphthyl boron
compound. Suitzble activators are said to include tropillium
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)borate,
triphenylmethylium tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-
biphenylborate, benzene(diazonium)teh'akis(perﬂuoronapﬂlyl) or
tetrakis(perﬂuoro-4-biphenyl)borgte, tropillium  tetrakis(perfluoronapthyl) or
tetrakis(perflucro-4-biphenyl)borate, triphenylmethylium
D tetrakis(perfluoronapthyl) or tefrakis(perfluoro-4-biphenyDborate,
: ) benzene(diazon.ium)tetrakis(perﬂuoronapthyl) . or tetrakis(perfluoro-4-
biphenyl)orate, tropillinm tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-
biphenyl)borate, . triphenylmethylium, tetrakis(perfluoronapthyl) or
tetrakis(perfluoro-4-biphenyl)borate, and benzene(diazonium)
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)borate. Anions with
mixed ligands, such as tris(perﬂuorophenyl)(perﬂuomnapthyl)borate, are also said
to be suitable, but no directions are provided as to how to synthesize such
materials,
[0006] U.S. Patent 6,559,253 describes a _polymerization process for
producing ethylene copolymers having a density of about 0.87 to about 0.930




" bi phenyl ) or LITTumtetral ci s(perfluoronapthyl) or
-t eItO rak?/s%per%#(?ﬂogi@?ﬁ’? (p pLhy )PCTIUS2007!002169
bi phenyl | borate, tri phenylrnethyliurntetral ci s(perfluoronapthyl)or
tetral ds(perfl uoro-44bi phe. nyl) borate, and benzene(di azoni um

tetral ci s(perfluoronapthyl) or tetral cis(perfluoro-4-biphenyCoorate.
Anions wth m xed |igands, such as

tris(perfluorophenyl) (perfluoronapthyCodrate, are also said to be
suitable, but no directions are provided as to how to synthesize such
materials. [00Q8]HS 6, 509,253 describes g pol ynmerization
process for prodtfcisné gﬁ%ﬁ%ﬁieu%%gef)olroff?ﬁf%wﬁsa\wﬁd’e&zﬁ’é’ﬁsF?%ﬁlt@fls about
0.87 to about 29530 tengpegaburpof 407G A0 teiiiylbne URdlBhic HONBLRRBNSners

pol ymeri zat i onagandiok i QRs;-at ction.te rature of 140C to 220C,
et hyl ene and oﬁg or nore 8% _Qor?e%ghoélag Iagpﬂg?]ysitr?%’ﬂq‘o‘#“"ed from a
pol yner i zat i orPrifigechbiseyslapentadisnyimfpinecrghawinviallic fob@pbiaidink 48 @6kvatin

bi scycl opent aGosdimist Radii | & C u and_an_ activating
cocat al yst conpr.i s%srﬁg a%ggfgoggﬁg%gﬁ %kr %ﬁrsﬁﬁﬁlﬁﬁg&%ﬁé&“@m‘ﬁmﬁ
ani on wherein® ‘gtﬁylaﬁuﬁm%e&b%‘lm%l@eﬁﬂ%@@wwydk: aptmdtieatigs.t Weef@a bhiens
aromatic ringsre Reedketseethotita ' hl uoronapt hy Cbor at es
and tetral ds( erf | uor gpr 4-hi phgtgg()a%{iﬁ%% gé{%ﬁé%@“%%ﬁ%ﬁ%%ﬁ@ﬁ‘xed
liigands, such 3% s(pe™or opMetiy| ) ( peiréd uor dimandss acyOdwok at e, asar e

‘also referred trﬁaﬁpeaﬂudmimgylxp&rﬂ@&bﬁumady_i)b&ggh_apggicfg {.elgggl_erdetoeé goce i Z
| L.

;silent as to whOamynyhesi ze these m xed 1igand anions. (0007
Pgt ent 6, 635, g@%{ FedEPrghagam ts%‘feg.fr%c? Isrdlept A fohova apyntbesizeshesa saixedn
the activati oligofd anmpal conpl exes of netals of Group 3-10 for
N L s e B e
or charge septrieeetivaion pbmetahéonplp@s bf meRERE E6uP3-10 RS foRulikRion
of ethylenically unsaturated polymerizable monomers, especially ethylene and
propylene, comprising a neutral (Lewis acid) or charge separated (cation/anion:
Ppair) compound of the formula:
R)-B(AT)y,
wherein B is boron; R} independently each occurrence is a monovalent, anfonic
ligand group, with the proviso that for cationic compounds, one R! additionally
comprises a dissociated cation moiety; Arf independently each occurrence is a
3 monovalent, fluorinated organic group containing from 10 to 100 non-hydrogen
) atoms,ris 0, 1,2 or3,andmis 1, 2 or 3; with the proviso that the sum of r and m
is 3 or 4, and if r+m=3, then B is nentral and if r+m=4, then B is negatively
charged, said charge being balanced by a cation component of one R!, Preferred
and claimed examples of charge separated catalyst activators are said to include L*
B(CeFs)3(CioF7), L™ B(CFs)2(CioFa)e, L* B(CsFsh(CioF7)s, and L* B(CyoF7)s,
wherein L* is a cation of a Bronsted acid, ferrocenium, a carbonium cation, a
silylinm cation, Ag*, or the cationic derivative of a Group 3-10 metal complex
' catalyst. However, the reference fails to provide any information as to how to

synthesize the mixed perﬂuoropheny]lperﬂuoronaphﬂ:yl compounds, with the only



(R 1)r8(Arek,‘;}?1 0\6\41erei n Bis boron; R independently each occurrence
- i's a monovalPeht®? 8f8ni ¢ i gand group, with the provi SBCHURIOTN 69
cationi c conpounds, one Rl additionally conprises a dissociated
cation noiety; Art independently each occurrence is a nonoval ent,
fluorinated organic group containing from210 to 100 non-hydrogen
atons, r is 0, 1, 2 or 3, and mis 1, 2 or 3; wth the proviso that
the sumof r and mis 3 or 4, and if r-Fw3, then Bis neutral and if
r+m=4, then B is negatively charged, said charge being bal anced by a
cation conpone o) l1.<Pr £f:erre nd cl ai ped exanpl es of charge
separ ated cat af%/]g? £]gtctniﬁjflﬁipgerss gérlg sad?r(ﬁ&?cg iticl H8e Podusbion P33 wsith7)
L+ B( C6F5) z( ClLefrtyoronaphthymettngmeian¢sCl OF7) 3, and it B. (CLlOr04, wherein
L+ is a cation of a Bronsted acid, ferrocenium a carboniumcation, a
sinIiumcatiog, Ag+, or the cationic derivative of a Goup 3-10

met al conpl ex ¥. However, the reference fails to provide any

I nf or mati on asobesyhow t i ge . .mxed .

per f | uor ophen?l / ]rfl uo?ioﬁgég%#ﬁ@’[ &ggin%gtﬁrﬁgefﬂﬁ P Prpgess fpy producing a
synt hesi s Exanpf ienﬁe?%@yﬂ'?? EempIpingocantretiyg Pobpeleh® And kit dabtSOR- olefin

per f | uor onaphtowtort Bylkctdiofan @8y leﬁp%r\ﬂg‘gghi 0188 lllar\]dn?gln:g H’Zidé %%%ﬂ’n ﬁtﬁ@Ph S

I nvention resi ies ai n grocess or p Ccl nga prop

conpri sing contacti ﬁ%taalﬁ LopfFieBh comprsing (e astatdyw peefson amyeRBE an

/S8l ect ed fr omoegabymenbicantpainghad Q) af AivieY i bon atons

{‘\'Et h a catal y§% SUSLE &ggg_ﬂrﬂi ??l ng (a) a cat ac{ﬁ%sl?t m%%gglglfoé%ﬁbc’ﬁ%enﬁ?nsi ng
organometaqlc coﬁ%ou aa (b) an activator conprising a

fl uoroaryl borate ani on represent e [ByakRe)f ormul a: Ct+ [ 13- (ArxRiar

where Ct' is a cation capai:le of extracting an alkyl group from, or breaking a
carbon-metal bond of, the organometallic compound; Ar is a fluoropheny! group;

R is a fluoronaphthyl group and each of x and nis 1, 2, or 3, with the proviso that
the sum of x-+n=4, : '

[0009] Conveniently, Aris a perfluorophenyl and R is a perfluoronaphthyl.
[0010] Conveniently, Ct* is selected from silylium, trityl carbenium,
Group-12 metal, anitinium, ammonium, phosphonium, and arsonium cations, and
anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein
the cationic derivatives contain Ci to Cg hydrocarbyl, hydrocarbylsilyl, or
hydrocarbyl-amine substituents for one or more cation hydrc;gen atoms., '

\\:‘ ) [0011] Preferably, said at least one olefin monomer is ethylene and said
propylene copolymer contains units derived from propylene in an amount greater
than or equal to 65 weight percent, and units derived from ethylene in an amount |
of from 5 to 35 weight percent.

[0012] Conveniently, said catalyst precursor is selected from a metallocene
catalyst precursor, a bisafnide catalyst precursor, an amine bisamide catalyst
precursor, or a pyridine bisamide catalyst precursor.

[0013] Preferably, said catalyst system is capable of producing
stereoregular polypropylene, and more preferably, either isotactic polypropylene or
syndiotactic polypropylene.




" where 0+ is_a cation capable of extracting an al kyl grougﬁfrom or
- breaking a S2PYAYNE al bond of, the organometal lic cOHOBHETOBIS| s 3
fl uorophenyl group; Ris a fl uoronapht hyl group and each of x and n

is 1, 2, or 3, with the proviso that the sum of x-En=4.

[ 0009] Conveniently, Ax is a perfluorophenyl and Ris a

per fl uoronapht hyl. [00101Conveniently, C+ is selected fromsilylium
trityl carbenium G oup-12 netal, anili®fium ammoni um phosphoni um
and arsonim cations, and titanium amonium phosphonium and

arsoni um cationic derivatives wherein the cationic derivatives
contain Cl to Cg hydrocarbyl, hyclrocarbylsilyl, or hydrocarbyl -am ne
substituents BBIE%EESGRIP&’@H(EHTHEDWn at ons.

[0011] Prefera sai d ast one, ol m)no et hyl ene and
sai d propyl en OXoﬂool yrreré c%)ﬁt 5 hERh; fecoaglﬁ\?reﬁl el"“élﬁf &P@E&Y/ gﬁ an
amount gr eat epumbrgn, of pe@ue:lontli@ﬂﬁﬁ (W@ kigande be en hotivarod anioh hmd@theved
from et hyl ene n rcen

forfnRN (GEBY Qé:oﬁg,r o 16he/ P%g]%sel (lyfxbeazqt[tﬂpg ugs of

f0012] Conveni ently, “sai'd cat s prec rso
met al | ocene cB¥amBlen 4ptoed isingr ¢ 4 redsladwstricompridne iydimethyleibifbscndengi

am ne bi sam dg,gakAdiNeihyRTEEHESLY andQhe %upé%ﬂ& D1 e ga fabelys!

precursor. [00131Preferab|y sal'd catal yst sys
produci ng steﬁ@é%@f%‘l‘“’&@?ﬁ%pyl ene, and nor e preferably, ei t her

"I)S otactic pol joersipy! engigre 3%0di gdpRClohipatdttl YR RN H e polymerization
) catalyst A, averaged over x number of runs, with the number, n, of
perfluoronaphthyl (CioF) ligands on the activator Ct'(CeFs)an(CioF7)s for the
ethylene/propylene polymerization runs of Bxamples 4 to 7.
[0016] Figure 3 is a graph of copolymer molecular wéight versus the
" number, n, of perflucronaphthyl (CyoF7) ligands on an activator anion having the
formula (CgFs)sn{C10F7), for the ethylene/propylene polymerization runs of
Examples 810 17.

DETAILED DESCRIPTION
[ooin For the purposes of this invention and the claims thereto, when a
_ polymer is referred to as comprising 2 monomer, the monomer present in the

{_,«\) polymer is the polymerized form of the monomer. Likewise when catalyst
e ) ' components are described as comprising nentral stable forms of the components, it

is well understood by one of ordinary skill in the art, that the active form of the

corponent is the form that reacts with the monomers to produce polymers; In

addition, a reactor is any containe(s) in which a chemical reaction occurs.

{001.8] For the purposes of this invention and the claims thereto, the new

numbering scheme for the Periodic Table Groups is used as described in

CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[6019] As used herein, the term “copolymer” is intended to include any

polymer having two or more monomers, whereas the term “polymer’” is meant to

encompass homopolymers and copolymers.



" 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] Figure 1 is a graph of

- copol yner noV@eWr/as23kei ght versus the nunber, n, of pePETUSOHPAPAL hy!
(010F7) ligands on an activator anion having the fornula

(C6F5) 4-n(CnF7),,- for the ethyl ene/ propyl ene pol ynerization runs of
Exanples 4 to 7 using a precatal yst conprising

prdi met hyl si'l yl (bi s-indenyl) hafitiumdi nethyl (Catalyst A) and the
activator Ce(C6F04-n(CloF7); where Ct+ i® the dinethylanilinium
cation. [0015]Figure 2 is a graph conparing the activity of the

ol rrerlzatlon | yst ver ver. X . numbe runs, with the
IElum);er n, ﬁ@?hau)cl)r on ﬁﬁh q?%%ﬁ FYSE TN g (Siﬁ‘%’f‘eﬁle %\C’E’F%taol”atafy“
Ce( 06F5) 4- n( C1pﬁzl)zﬁer/af;ﬁfammuetw;aérerwta@moq@ytbﬁnes el tordederbd su&rn arpalns

f Ex I 4 0Q16 ure.3 is.a nol ecul ar
\a/ei gh?1 rTI\zere:us %’ﬁfgm achQ ] ﬁge o) mﬁé’ﬁﬁ“u?f?%?fﬁ%ﬁ?@ﬁ“?%@ﬁﬁcﬂw ﬁ‘cfg‘ on
an activator aaustmatohamd, mgtibrhﬁy,f DeovedtiaatpCOWhyl it. Iﬂ(lﬁﬂ&EBﬁcnf)msuch ha:alr
et hyl ene/ propyl.gne Lynmerization runs ,of aml. es to | LED
DEor Tt o | o6 eeRpeabRt e B8 abdyR RhalSot RO 16 achvile o e shapere
t heret o, when &alpwiingmaeicys referred to as conprising a nononer, the
Tononer presenyogagy {he paly RBL LSl BALYIRS | S0 OBl o o

nmononmer. Likew se Wwhen catal yst co S are descri
conpri sing neu??ea#alﬁt:alﬁﬁfelﬁforw}@f Pragursey) matainsh teomppund, grapgifipn metal

@er st ood by 96lﬁpdﬁfld %&hﬂ@:@ﬂe gﬁﬂléx, h&/&r%@ﬁ&n n{eﬂ?-korhﬂgx aPhdsl @Jot‘cgr m

t he conponent i s the ormthat reacts with the nononers to produce

ymers. | n a8@ivsebiterchangegblyo Activatorpd G%i‘faébfsh%ﬂe(a?? gl ifereipnegably.

chem cal react AORaAEHISa compound that is typically added to facilitate oligomerization or
polymerization by scavenging impurities that might inhibit polymerization, such
as polar impurities present in the monomer feed or produced in the course of
polymerization. Some scavengers may also act as activators and may be referred
to as co-activators. A co-activafor, that is not a scavenger, may also be used in
conjunction with an activator in order to form an active catalyst. In some
embodiments a co-activator can be pre-mixed with the transition metal compound
to form an alkylated transition metal compound. The transition metal compound

may be neutral as in a precatalyst, or a charged species with a counterion as in an

activated catalyst system.
,'\) [0022] For purposes of this disclosure, the term “fluorophenyl group”
) means a phenyl group in which at least one hydrogen atom has been replaced by

fluorine and is intended to include phenyl compounds in which other hydrogen
atoms on the aromatic ring have been replaced by other substituents, such as a
hydrocarbyl substituent. The term “perfluorophenyl group” means that each
phenyl hydrogen atom has been replaced by a fluorine atom éxcept, of course, for
the hydrogen atom that has been replaced by the B atom,

[0023) Similarly, the term “fluoronaphthyl group™ means a naphthyl group
in which at least one hydrogen atom has been replaced by fluorine and is intended
to include naphthyl compounds in which other hydrogen atoms on the aromatic

ring have been replaced by other substituents, such as a hydrocarbyl substituent.




[ 0018] For t gses of this invention and the clains thereto, the
- new numnber i %Og@hg%%%for the Periodic Table G oups is BSHHSZAY/002169
described in CHEM CAL AND ENG NEERI NG NEWS, 63(5), 27 (1985).
[ 0019] As used herein, the term"copolynmer” is intended to include any
pol ymer having two or nore nononers, whereas the term"polyner" is
meant to enconpass honopol yners and copol yners. 6 [0020] The term
"catal yst system is defined to nean a catal yst precursor/activator
pair. When "catal yst -systenmt' is used to describe such a pair before

activation, it Tge . ' .catal ys recat al yst) together
with an activator ?cg%dﬁgggétﬁ?g%%}#g& %gp c%eaﬁﬁ%iﬁa%/%f’%gP‘."Ph\%ﬁ’éhy‘?‘?gﬁln§t°ﬁé]éﬁ§ to
describe such Begsdrmlacefibyp faetneatdmn,ameept, tof mamgs for iR W6lobMALGH that has

catal yst and t B&n36lidctabPheH her char ge-bal anci ng noi ety.
[ 0021] The term "cafﬁalcystppfecﬁ%br" is also often referred to as

precatal yst, cH%flyst, dhedpyast "hpdlpca]b)daadicall'at"hyc;tsdarﬁ‘y@namunggm_carby;
t t t t t
ra conpl ex. ERpbome B ERhae B Sl R oo i leer 55 bp arin

metal conplex. These words are use erc
cocat al yst ar e°RPLFirasadipaydedivgergbratrhed, oAcwtiayand gehen bclia, GafRRWbAd

that is typicahd 14 | | i
at is typic Ww&dﬂmﬁaﬁ&nélﬁ‘i@é n% t‘?’?‘%‘?‘é@*‘#‘ﬁ%ﬂf%‘ éﬁ{chﬁaﬂ s term is defined

pol yneri zati on, %s/ sg%engl ng, ]
pol ymeri zat i on>“'Sich 4 FSFERS itsubydroasn substitusnt, the) tarive phrogeat ahéed

7 9r produced i n"hytheganudiss” ot upadlineRhingadblyn. Some scavengers may al so

- 'Z))t as acti vat@hﬁland rrg%(b gggr eferred to as co-activators. A
‘ed-activator, That is ndt H e Demsavyl meisals piegagigals irewhich at least one
conj uncti on wihydragen atoin beat teen istbeGrtal witld of RLMN AL fRskibNa g?@n&;aéu)fﬁtas I'n
some enbodi menigx Q-aehl ¥adonn6an he -nmxed with the transition
nmetal conmpound t 2??§r’n$e g}n’rgﬁy%gt%g‘sgr%ﬁéﬁaf??%%*’@*aislgﬁhﬁﬁﬁﬁdﬁn%e
transition metBR*sydgbelike erayhebeatieust snelinodhydcaabdd £6A bALYES hasPoerd
charged speci g8sepibd Riihin ' . 1N activated catalyst system
[ 0022] For pur poge*s of thi S-lgl Se 8131%?18%]’ ?’ﬁaﬁe]a? 'gd'fﬁse’f%ﬁ"or%h‘%ﬂ"g%bup"
means a pheny g dupth AR o4z, -Se@)- <She -BEIRM-08BA -SIRIN-NTRERELNL
repl aced by flsagehpe @RS adkgngded et ude phenyl conpounds in
whi ch ot her hé‘g(qo%eq at,onyfs on the ar ghnéa}?iﬁgp}sl Iﬁgﬂ%ﬁ&ﬁé’ﬁﬁé‘eﬁ'ﬁ%’ﬁ@%% by
ot her substi t GBREEDY Zgdisnl 48d v ormeredi iy joibiogétherdn formild wbitmited or
" per f | uor ophemysubgitad@ sanireRa HatHal bt i s ¢ om has been
repl aced by a[Jd rine tomh%[jxcepitjjl of courgﬁm#%?&%qﬁégﬁy cgﬁ%n at om
that has been rggfaced %S?mtp Y spftable hydrocarbyl radicals include those having

from 1 to 30 carbon atoms, such as methyl, ethyl, ethenyl and isomers of propyl,
_-") butyl, pentyl, hexyl, heptyl, octyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
- ) octeryl propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, butadienyl,
pentadienyl, hexadienyl, heptadienyl and octadienyl. :

[0027] Also included are isomers of saturated, partially unsaturated and
aromatic cyclic and polycyclic structures wherein the hydrocarbyl radical may
additionally be subjected to the types of substitutions described above. Examples
include pbenyl, methylphenyl, dimethylphenyl, ethylphenyl, benzyl, methylbenzyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, methyleyclobexyl,
cycloheptyl, cycloheptenyl, norbornyl, norbornenyl, adamantyl and the like.

[0028] For this disclosure, when a radical is lsted, i indicates that radical
type and all other radicals formed when that radical type is subjected to the




[0023]Simlarly, the term "fluoronaphthyl group” neans a napht hyl
‘group in whi R Z2Y1PE#Et one hydrogen atom has been replmagfdYooz1s
fluorine and is intended to include naphthyl conpounds in which other
hydrogen atonms on the aromatic ring have been repl aced by ot her
substituents, such as a hydrocarbyl substituent. 7 The term
"perfiuoronapht hyl group” neans that each naphthyl hydi ogen at om has
been replaced by a fluorine atom exceptg of course, for the hydrogen
atomthat has been replaced by the B atom [0024] The terns
"hydrocarbyl radigcal.”, "hydrocarbyl"” and "hydrocarbyl group"” are
defined to inc?ﬁbégg‘gﬂ?s fefiard aboven Adlow ciliteayinmd Ak o EhddRnd104e3

| when cyclic,

carbon at ons arumesyindladih, RRfe, aproﬂF:&Q,%grcﬁ ot rrl(i: %![%33 bigﬁaﬂnﬁd]% @a%w udes

€ a sups

aromatic or noH_-bg{y&)rrEgt i@, and i ncl ud
radical, as this Cerm o gePyniireuinsepylWrehutykbet cybioButyam DiRagen
are used

bstituent, tbmbstieredytl epehrand: Dy di cal ™
?gt Zr Lh;ﬁgeabl iﬁm&ﬂ{}éﬁy %ﬂ%ﬁsﬂﬁ ?Eﬁl?bggq %Q:Iurdg%’ g ?grgﬁnpé:?ﬂpélﬁyalls Lmethylbutyl 24 <
in which at | east’ong” yrﬁ?tbﬁ ¥t

hyd
3 6ﬁ§ﬂh’§°mbe And uixmperttylt gahdvi dnblogéus
| east one funciubefitated gyaomtgsiaii arldyRpDis); Yien 13%%; FR* E‘R*Z’
ASR 2, SOR 2, i5ffiny1, BRiZenl R e SR 3, Shre ST RBRIFS it fdomisel b
ere at |east oné non-hydr o€ T Phage prupe
wher e at | east f ot arBbfh drBFHGr!-RPeRpl hisnelinbe propeeyi) e
within the hy dP&fRdr logtoperaylli caud, ueethAR-prBpenyt 5;:&&11& Secfggloﬁtlgﬁyls and
ANMR) -, =N, GYB()&bEn}'IsEEC cl{c%%g;g))_ =A1§1_ | Al P i
SR S (R o L) 3. PR InS sspiioypincladelal ivgmei o,
ere R is i HUEPERBEntEYYRhiylinovdiihideornbalc b, HadliEalpnans
two or nore RandByraHéthylbRASE Qﬁf] AR} M8 anit e 55 egmthd o heyyl]
unsubstituted gaturated, partia TS P dtrliste - o .
ring structur& yipnenyl, 2,5-dimethylphenyl, 2,6—methy1dipheny], 3,4-dimethylphenyl, and
3,5-dimethylphenyl. '
[0029) The term "hydrocarbylsilyl" is used herein to refer to any branched
or unbranched, saturated Or umsaturated acyclic or acyclic hydrocarbon radical
which has 1 to 30 carbon atoms and which has one or more hydrogen atoms
replaced by a silicon atom.
[0030] The term "hydrocarbyl-amine” is used herein to refer to any
branched or unbranched, saturated or unsaturated acyclic or acyclic hydrocarbon
radical has one or more hydrogen atoms replaced by an amino group or substituted
f»\) amino group.
\\. ks
) [0031] The present invention provides a process for producing copolymers
of propylene with ethylene and/or one or more alpha olefins having 4 1o 20 rcarbon
atoms using a catalyst system comprising an organometallic catalyst precursor and
a fluoroarylborate activator. The process is effective in producing copolymers of
high molecular weight, typically in excess of 50,000 daltons or even 100,000
dalions. The resultant copolymers can be blended with other polymers,
particularly polypropylene homopolymers, and the copolymers and copolymer
blends can be used to produce injection molded atticles, i’ibers, films and non-
woven articles,




[ 0026] Exanpl ui tabl e hydrocarbyl radicals include_ those having
-from1 to 36‘? 26?%6’8% Btons, such as methyl, ethyl, etheffHUSEHIN%LEners

of propyl, butyl, pentyl, hexyl, heptyl, octyl, propenyl, but enyl ,

pent enyl, hexenyl, heptenyl, octenyl propynyl, butynyl, pentynyl,

hexynyl, heptynyl, octynyl, butadienyl, pentadienyl, hexadi enyl,

hept adi enyl and octadi enyl. [0027] Al so i ncluded are isoners of

saturated, partially unsaturated and ar®omatic cyclic and polycyclic

structures wherein the hydrocarbyl radical nay additionally be

subj ected to t utions descri bed above. Exanpl es

I ncl ude phenylmgﬁ%?ﬂgﬁlﬂéC§ﬁﬁﬁﬁ%ﬁethyIphenyl et hyl phenyl , benzyl,

met hyl benzyl , @%?lopent y ad@itien tpprapdenel Ihecqopbbinev(pﬂoﬁmreydiyahepm@gﬂt

nethylcyclohex I r

R R R R T e s

achunantyl an he |ik For sure
listed, it i nd}aegtgeé tohge ?aa'aﬁncatomsyp@chanﬁ lab\jtensy Hehexmaad.amm B—obtenerred

when t hat radlmfer%w&elcgpat&é&eﬁﬁﬁs fuistdl edﬁ‘m dﬁﬂdﬁﬁ%ﬂ ﬁ)lgl Sefi ned

above. Al kyI cetyl and ynyl radi cals | ste somers

i ncl udi ng, B3 ppr opfestrdne cipc ppe embediment Oﬁdheeptaﬂtrpﬂ envemmylthe
i ncl udes n- butcysboly&ef%ﬁ}lb@ﬁ%)’d lowbr ﬂﬁﬁtmfl A %P%l%s ci?@‘.{/o or /?’ y v@eﬁ% L
' es

cycl obut yl (an Znalo gous SJbStItut ed cycl opro : entﬁ%’t
n-pentyl, cycl% FetentR By tapper ]?mrPé't 1 ButdpPe o 38kt biy Meighy | |

) gt hyi pr opyl! eﬂme-tdeﬁmrm;itb (1?1@? ﬁdib’éhﬁﬂe?tbsal%sbubﬁi inEMH@H c%ylte:k&@éfﬁx& S
; CyCl opro e udes an or uten
S0but eyt " 5 ol prepebl e cpVESE s Be oF oLt Fyyer S o TR 4056
met hyl - | -pr @pemxghtaﬁ@nzppaﬂhyit 0P OOy eayd m(mw oepo%qt;uwgyd S’I‘}fb@éﬂ
cycl opropenyl %ceﬂé?ejsn% £ hgsieg%vkh otsai'lb%%‘tlattogé gagoiay eznleCLn ethyellene-

I somer fornms, for exa phen
ort ho- et hy| plé&Ryad %tl»&» baseAph Mmlofm@hpmmmmmmnyea umts and

di et hyl phenylwam bR GG, e 4 4- d| net h henyl
2, 5-di net hyl phen 26r$hesgh I%gﬁﬂlenl, ?%hﬁ)glmst thlmphhe ﬁi

3, 5-di net hyl pﬁ :merfe@w}dm@wt asmwwhbwffsnengﬂscansmgsaﬂdnmmu n
to refer to agusgy, @ﬁ&&@@xcepnonally soft, while still retaining substantial tensile strength

and elasticity. At ethylene compositions lower than the above limits for the

copolymer, such polymers are generally crystalline, similar to crystalline isotactic _
polypropylene, and while having excellent tensile strength, they do not have the
favorable sofiness and elasticity, At ethylene compositions higher than the above
D Limits for the copolymer component, the copolymer is substantially amorphous.
' D While such a material of higher ethylene composition may be soft, these
compositions are weak in tensile strength and poor in elasticity. In summary, such
copolymers of embodiments of the invention exhibit the softness, tensile strength

and elasticity characteristic of vulcanized rubbers, without vulcanization.

Fluoroarylborate Activator

[0034] An important feature of the present process is the activator
employed in the olefin polymerization catalyst systern In particular, the activator
includes a fluoroarylborate having the formula It

Ct [B‘(AIan)] (D




~ or unbranch ted or unsaturated acyclic or acyclic
- hydrocar bon%azgﬁ'@g%gﬁhi ch has 1 to 30 carbon atons and WHPEH"H3¥?one

or nore hydrogen atons replaced by a silicon atom [0030] The term
"hydrocarbyl -am ne" is used herein to refer to any branched or

tut hranched, saturated or unsaturated acyclic or acyclic hydrocarbon
radi cal has one or nore hydrogen atons replaced by an am no group or
substituted am no group. [0031] The pres@nt invention provides a
process for producing copolynmers of propylene with ethylene and/or

one or nore alvgllg% @#qg ia.'l:%t car bgn, ato usi n

, i 4.t0 2 a. .
catal yst system CORpri si ngl&ggapgglgeaor%ﬁ%%cal?ﬁ% 3 %ngfﬁ"&’@éﬁfwgénd a
f 1 uor oar yl bor gtompieial bargrof, Fhegrneelis compahfipst is\udluoropherytigrou &
copol ynmers of :hj I I , o]] ly 1#n exc f. 50, 00
dal tons or evéﬂL%%8?%6gﬁﬁg ﬁgwgbﬂ$ﬁ§m%ééﬁﬁ?%ﬁ¥°%dﬁg‘Vﬁéf%aégﬁ; °
bl ended with &thes Krshyngrewp ispabstintiellyagohsyected| ty theopyéreatembotie gobysrer s,
snd Lhe cono Ybiss SaoseBelai bRl a7 50 HBEINES: on,

ns an

i njection nolded articles, ers,.
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[0035] However, R groups connected at the } or 3 position are possible
and may be present at small concentrations. The presence of these isomers do not

detract from the polymerization activity of the activator since these isomers of
most likely reactive themselves. '




" Mononmers in_the Copolyrrer [ 00321l n addition to propylene, the

- copol yner prottllEWsH$ t he present process contains unPEEURBE 006
fromethyl ene and/ or one or nore al pha olefins having 4 to 20 carbon
atons, such as 1-butene, 1-hexene, and 1-octene. Preferably, the
copol ymer contains units derived from propyl ene and et hyl ene. [00331
Accordi ng to one enbodi nrent of the present invention, the copolyner
includes froma lower Iimt of 5% or 6%lor 8% or 10% by wei ght

et hyl ene-derived units to an upper limt of 20% or 25% or 35% by

wei ght et hyl e ri ved units. Th 0 nts also wl] include
propyl ene- der i vegfunl t SCHPENEND: (ﬁt ’ﬁen?e@ n&%rﬂ]iyﬁmphémb"aﬁyé%ﬁmf rom

alower limt GxtbupBBZ’/mral 8iYniuyh, WRir@Biund, @h@éﬂhﬁﬁtﬂﬁraﬂhlaﬁohuﬁﬂ‘caﬁér@ kg 94%
or 92% or 90%3#@( t Thes %grcent?‘gﬁ ‘H’i re based on the
total weight of The prgbﬁ"gﬁeo O-PHy FEhYS W\? I:'{Pn epiyatiyes gherefh g o ¢
on the sum of theeraivnicpdetativespraath et 16l alsh igdrosatbyls hamdeaBiigil, or
percent et hyl u 100% W thin th es, _t hese
copol yners arg m %?F’g@%es@b%ﬁu%g g% MUl et Bi?"alhryﬁﬁ’ﬁ%‘hﬁrg‘r For
scanni ng cal offavete.y {UbSElp, eaticnar éltexommdeonb}m-slmmiylamlm:xﬁe BN |
retaining Subgicaafloale18d [ SNSPHLARANLhARE) Ehicks AL ethyl ene

conposi tions |ower than the a ove e copol'ynmer, such
olyners are generally crystalllne simlar to crystalline isotactic

f._gbl ypropyl eneMeﬁﬂﬂo‘f’ﬁyﬁtﬁesfb@d@tHQFﬁ?S&%lyhﬁ%eA&fbﬁi&e strength, they do
t have the Eﬂ%é abl e softness and élasticity. At ethylene

nposi ti ons rt haPemeEs %M3I1Prﬁ’%ﬂ§b¢b°¥%éh%@mﬂyﬂ’e¢ate of the
conponent, t hiavemjeal HiSEbe préptsS @bﬁéﬁ@ld SonHERAPHOMNS foﬁﬁmd | BR3 Yedh &
mat eri al of h&g@e g thwg r%o W}déon may be soft, th
conposi tions are Wedr | ‘??p horepe ACRPRvRE 9fdhe fqrﬁ“’élﬁafs%“th?fe I n
su][n"rary suchM:cqomImmtﬂr meﬁratﬂghnddll Ktk Seafth rhddd, bty @Nisl Q@ea@ﬁ%?é Rhibn,t he
sof t ness, repgt el a aracteristic of
vul cani zed r b{é?agﬁ i Fhoﬁ ]ad\}ul can?];?f Eﬁ CUort8EPYor ABME:t i Fat or
[ 00341An i rrpomr&mmﬁ@aﬂmaaw@ﬁm he imonmmm procers i S ﬁehﬂtu@,ctl VRIPT
enpl oyed int ataly arti.cyl ar,
the activat orﬂﬁpgﬁﬁ%gﬁhegﬂ @%@?%éﬂ%gxgpg 3 a§| n XY?{%H} i %?Jeﬂu“
[ 13- (Ar lel)]?(clﬂ)'atoﬂ’l’)'ﬂméﬁ‘-'és@tmetagwaswahmmscapabl e of extracting an
al kyl group fgese) or b%% a'?ld‘ﬁaFl?&’?on%{ﬁfaallﬁbmn&eq{uom%ﬂdboiate Qf the

organonetal [ic conpound Ar is a fluorophenyl gfoup
Ris a fluor CHEFHPRAEY fieduspared Hygeapting a comp@md of @lﬁ foepla BArs, ivh asum

of X+zw--4. Baefs- ﬂBrﬂlgﬁ@ha:yl)boﬁH@%ﬂﬁi bcdpolin® 61WE &rRdial O 41%E Wi e%
tomat the 2- or ngﬁ'l yﬁ@{l and so representative conpodunds
§ccor ding to ]fﬁé“eitﬂv@ﬁ{e aline cqrihametyl; #pdsX is a reactive anion, preferably

: ) a halide. Typically the compound Ar-MX is perfluoronaphthylmagnesium
bromide
j6039] When x=2 and p=2 in formula I above, the fluoroarylborate of the

invention may be prepared by reacting a compound of the formula BrR such as 2-
bxjomoperﬂuoronaphthylene with a Grignard Salt, R*M where the M is a metal,
preferably Li or Mg, and R* is an alkyl. Typically the compound R*M is nBuLi.
To the resulting mixture a compound of the formula XBAr2 is added, where X is .
typically a halide and B is Boron. The product is generally isolated by filtration.




[ 0035] However., ups connected at the 1 or 3 positi i bl e
- and may be g’:bezgde?ﬁgzgagt smal | concentrations. The preser?%gmg%}%?/ 2%2

| soners do not detract fromthe polynerization activity of the
activator since these isoners of nost |ikely reactive thenselves. 11
[ 003 6] Conveniently, Ce is selected fromsilylium trityl carbenium
G oup-12 netal, anilinium amoni um phosphonium and arsoni um
cations, and anilinium ammonium phospRonium and arsoni um cationic
derivatives wherein the cationic derivatives' contain Cl1L to C30

hydrocar byl , ygh0fehank Ghdiys prelisydr ocar byl - ami ne substituents for
one or nore cation hydrogen atons. For exanple, suitable cations et+

i ncl ude N, N- dil®##Phy| ani Pizanamsiallioypieaireers rhmpeyndnisuitableafig use with the

[4-t-Dbutyl-N, | Lkl R | QNS t : i t he
o oar Y1 bor o SoRzKs dlielip il f Bhiaitor Wl A0GiE, A AR ol | 0
t he fl uor oar yPHEaremealie, kamsitionasipli enmuetndshesefl dp dradifiongl ZiegletNaty a

conpound of t BsurdiQAHBAl1)RRBizatfIMC 1 e hliaRRedd 48 g%?p] ane,
with a corrpoundrof_ theﬁétor_nu?a AT- MX, 1\’/J\IIhere Mis a g{tggl?c,ﬂli&é{?e e?{'fbly

an al kal i ne e¥¥ i sPandimation pobigrizations o £hese &vil yrieelly pradeder Gasky 30
hal i de. Typi catsitichietSQORPLRMs Ahedk dt feast one metal ligand can be abstracted by

the cocatalyst activator, particularly those ligands including hydride, hydrocarbyl,
j and hydrocarbylsilyl, and lower alkyl-substituted (Cy to C)o) derivatives thereof,
\;_ ) Examples include hydride, methyl, benzyl, dimethyl-butadiene, etc. Ligands
capable of being abstracted and transition metal compounds comprising them
include those metallocenes described in, for example U.S. Patent No. 5,198,401
and International Patent Publication No. WO 92/00333. Additionally, where the
metal ligands include halogen, amido or alkoxy labile ligands (for example,
biscyclopentadienyl zirconium dichloride) which do not allow for ready
abstraction with the activating cocatalysts of the invention, they can be converted
into suitable ligands via known alkylation reactions with organometallic
compounds such as lithivm or aluminum hydrides or alkyls, alkylalumoxanes,
Grignard reagents, etc. See EP 0 500 944 and EP 0 570 982 for the reaction of
organoaluminum compounds with dibalo-substituted metallocene compouﬁds
z‘ ) prior to addition of activating anion compounds. |
: j [0041] Further description of metallocene compounds which comprise, or
can be alkylated to comprise, at least one ligand capable of abstraction to form a
catalytically active transition metal cation appear in the patent literature, e.g., EP-
A-0 129 368, U.S. Patent Nos. 4,871,705, 4,937,299, 5,324,800, 5,470,993,
5:491,246, 5,512,693, EP-A-0 418 044, EP-A-0 591 756 and International Patent
Publication Nos. WO 92/00333, WO 94/01471 and WO 97/22635. Generally,
such metallocene compounds comprise mono- or'biscyclopentadienyl substituted
Group 3, 4, 5, or 6 transition. metal compounds wherein the ancillary ligands 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, Preferably




" perfluorophenyl magnesi unbr om de.

- [ B(per f 1 uor o‘ﬁ%é??f/%ﬁwerfl uor onapht hy1) 3]. can be convePE€BUS20e7/001169
activator by standard salt netathesis techniques. [0038] When x=3 and
n=1 in forrmula | above, the fluoroaryl borate of the invention may be
prepared by reacting a conpound of the fornmula BAr3, such as
tris(fl-perfluorophenyl)borane, with a conpound of the formula Ar-M
where Mis a netal, preferably an al kal ithe earth netal, and X is a
reactive anion, preferably a halide. Typically the conpound Ar-MX is

per f 1 uor onapht hyl i 4m br.om de 0391 Wen x=Q and n=2 in fornul a
| above, the f .uo%gﬁﬁ‘%?ngfgn%sf gPﬂ%&’%\?&fF%‘?ﬁl fslPrpEadienybbased feppd
[) eacti ngfia CONBRASYdteTS, mlﬁeag‘i?dml, guﬁeﬂd,ﬁgﬁfgnﬁﬂ%sor%%ﬁm&%d a“al"FSh of&'\lﬁm),

r onoper f | uor a nar , R ere the MIi's a
netal, prefer g‘gi y. L%&Q%%a"%r ﬂ* ge E’ﬁ"e’é |substipted 461 tp €4)en the 2
conpound R*M i Besitign (with Towithvat a sisilat 4-pgitfonstibitiaent i6 ET0sA Sin bystddR)
formul a XBArZE{ng,ggdgﬁf--\p[g@; 1 s typicall hal i de and B 1's Boron.
The product is genéral tif)l o?%l%ger?eﬁ%g#icﬁl?aé]fﬁoﬂ?ﬂl’ lapyl guth oFavkalovi ¢
Cat al yst Pr ecUF 381 nGode ey aniiret, dfehiied or eptlic SOicGueOHPRAE snukiliabl e
vention | ncl it po ke 1T, Mtkp Nop S BREP B Fatufle. Ssoch

i nvention include the known organone
cgnpounds us efSHPstifyents, shapld; each | haye wesentialiyaiydaocarbyt dhanateriotics and will
p

| ymeri zat i onypigdlyicbgtdinadhlty 36 BSLSEk , known t e
ugeful in coordination g‘? meri zati oﬁ&%?ﬁ'b&hﬁﬁgﬁ@%f?&%ﬁﬁ@?g‘de
‘&oup 3-10 tr anSPEY SRR @R Bl el S P2 Ge, Rend Siast one netal

l'igand can be @] r act eRepaysehtbive R RlottnbSbmBGtdY ve &@%rnﬁw arly
those |igands including hydride, hydrgcar b¥ ; and hydrocarbylsilyl,
and | ower al kyl-substituted (Cl1 to tives thereof. Exanples

| ncl ude hyd| Qﬁél,ererrgghisl # Geoay3 o5 mRdly 11Dty 80 BRuef & ksl ARG

capabl e of bej, ted and transition netal compounds conpfi sing

t hem i ncl ude tﬂcgospg r %{é{eg)glfggtg??%cﬁc’ 8’%8‘#‘?‘8’88"‘?@3 f‘%"lmde"k‘éﬂ?ﬂ?‘bmllffgg is

Patent No. 5, 29WmbGL ofifi dlass ef madillzoy fifarke defiied Rub LM Gatit 91 Merofn

92/ 00333. Addptdipidlibahd oMbk . alaﬁ%' gands, i ncl ude hal ogen,

am do or al koxy Ipag%ilée i gaﬁgs&’( bggté"xa #‘e?i%mdé‘(??é’lbé?ﬁ@’ﬂ]e&'ﬂ?gﬁ ed

zi rconi um di cHBghFdRIOLE Phomon irow 1Dtw Keoelemendyntainmig Taking Goupd;t h

the activati ngScecateussd Snetiall B&h-4:0 [ ey cap.be converted

into suitable | i@ nds via fnomn‘gﬂ‘tﬁg@ g‘%girl%g%fl%{%ﬁgd;&ﬁ H"ndnm M G

or ganonet al | i U8B HI8 dHdad.dP e B grejindepsndantyr labileigandsiedel tinvisiesmeral-

al kyl's, al kyl airbuimbond esM, 65tod ey Hide&AE LRhOthELFLA 382 Fhic 1309424 and

EP 0 570 982 for the rgg‘ct L on of or'égfynoal grﬁlnum _corrpéﬁr%fgb\?\? % be
_di hal o- subst i POF B e A PEO2N BUROTH dn dsSyieblsr aqtiyatari dind j iote ehich a
a%vati ng arpadymarizatpe untiiomdd Ockl Hrefdn@bmee S6dni RhiAn B JRIAlkgseNe
. V\h . H

¢ ounds 'W%An§ems%t the use of hetero-atom containing rings or fused rings,
Wwhere a non-carbon Group 13, 14, 15 or 16 atom replaces one of the ring carbons
is_considered for this specification to be within the terms "syclopentadienyl”,
"indenyl", and "fluorenyl". See, for cxample, the International Patent Publication
Nos. WO 98/37106 and WO 98/41530. Substituted cyclopentadienyl structures
means that one or more hydrogen atoms is replaced with hydrocarbyl,
hydrocarbylsilyl, or heteroatom-containing like structures. The hydrocarbyl

structures specifically include C; to Cy linear, branched, cyclic alkyl and




" can be al ky tzeo%to conprise, at |least one |igand capabl e of
. abstraction YO P08 catal ytically active transition PEVER00EAZIEN

appear in the patent literature, e.g., EP-A-0 129 368, U.S. Patent
Nos. 4,871, 705, 4,937,299, 5,324,800, 5,470,993, 5,491, 246,

- 5,512,693, EP-A-0 418 044, EP-A-0 591 756 and | nternati onal Patent

Publ i cati on Nos. WO 92/00333, WD 94101471 and WD 97/ 22635.

General ly,. such netal |l ocene conpounds sionpri se nono- or

bi scycl opent adi enyl substituted Goup 3, 4, 5, or 6 transition netal
conpounds whergjin..the.apcill ar i gands may be thensel ves substituted
with one or rrﬁ"?!goagr%%ﬁtbcs £ aanﬁ'd%}n‘ifégﬁ?gsdd'élﬂsetf@géa@ﬁ 2i5p the substifutadayitth e
bri dged t hr ouglmiter ketotreat omto the transition metal. Preferably 13

t he cycl opent ggi | riggs,.(includi ng substituted

cycl o%ent gdi egg(?‘{%gzlsed #}%gg’%nﬂgnde%" '@ﬁ’ée, wefabecsae | ¢ruepnds  include
fluorenyl, azuasagiclopertadiedys compdunds sl @Qﬁnﬁfneihbﬁi@lmgéﬁﬂ@ﬁn fitaRGd tO
each other, wj Jower al kyl -substituted (01 {o CS) in the 2
position (wt h%ogl}ogg\nx‘]?ﬁout a sgenwa’yifyﬁl&?‘?ﬁdﬁﬁy%%?t uent itfaniwe,
fused ring sy$tress)siaReranehylydiopinsuithytet-buplantd akitittun CyedhRRdbCY! |
aryl, allcyl aﬁh‘dtarﬁ&ﬂyléifcloﬁéﬁﬁcﬂéﬂggw substi tu%ggntigrh t he | atterm%iseﬂ]yl’

| i near, branched or cyclic structures including nulti-ring
structures, f8fmeEsiylteranetylcyclopentadienylet-bullabibdy. Hrchfin 6 dinfilig],

| 304 ,614. Su ﬁmmitfwhﬂéaﬁﬁg‘g%ﬁ?mﬁ&éﬁmﬁ%s g gﬁ Id 3(/) ] h‘é%@%égr by

«CRaracteristi gs ?}}”ﬂsﬂr typi ca ontalin car "but
‘pdy be het er oSTSHCYRtSimeteloxr orsniadiepdrslodsaylamigen/ chathiom at dimethyd. g. |
N, S, 0, P. Cepbridgahd tShcyclbfdaaldrenr esambaidsVe sudpt alkocens . 1 nds
can have the {,@&P%céoa: tLA L@ELS IyO%p vvh_giri}e, M i gﬁ% Ga(%upggat% rr:’g]tal ;
LA is a substi ESPEGROBU T e SiRetbybent BetsTRfYIeplopentadienyl-

het er ocycl opestickogeradi¢nytncizirtariym | | giekhif - bQ@QﬁﬂetﬁﬁcMoK&ﬂadiéw?( .
menber  of thepﬁ{?fﬁﬁ:lo%%nt@(ﬁ blz@r .1iga cig defined for LA, or T, T, a
het er oat om anci 11 ar |gagr#3 &re %ea‘g’t"‘B t Wasdsed abisreycloneptgdiged may
be coval ent | yCosRRO b ge dfaethyléilytivgietahydrofidefii)zRcdainh Richride 248

el enent - cont adiRERSbhiyiHeRRY , is.an optianal neutral, |

non- oxi di zi ng l,l i’é&ar?diygaw néf%ﬁ%zﬁeﬂéeﬁéggﬁgl "Pré’pﬂl'céff ORy egy]&z’{‘?)m?)“;

and, D and E Smghylqbridscde ehylbicbspéindansish eschinawisigbRindenyl

net al - car bon 2@eewin0 MaidRkaenal | ' . ach,ot her or_LA or La,
whi ch bond Cﬁﬂwﬁtﬁ br ok_e;1 for abstd%ﬂg%}%l%%%%lﬁdég es B?é”émbui td&B’LF@Yi

activator an P @E-metisdingsred) 7 dsfadumon dinesthydr  ndimethyisityibie2- can
insert for caonethylindéyhnzipdhing® dirdsy10 B; 2 i Q-;at om
cont ai ni ng rihn el fus%% ri % V\/n,):are%@\%%?%gﬁg%&%‘%%&%&éﬁ%? 15
.:j) 16 at om replaces SHEEtet ¢+ pthyghibisBaedyi-¢-rhewdindmyRd Fiorontum s
Z‘?ci ficationtimethyle wi tdimathyitylbiemethylveakRRaR)FHoaiuhy | " diddisieny! "
ard " fl uor en%‘eﬂlﬁ%&bg(@%ﬁ%’%m e t]g%cl nternational Patent ~—  °

Publ i cation Nos. 1 8% AAAnRDY YT aRsRodmeiyl 1and fusgenyl ligand-

cycl opent adi EAStRmingr uct ur es neans t habmpmeéndey nore hydrogen at QEs i's
repl aced vvitlajﬂj%qr Isilyl, .or heterqatomcontal ning
li ke structures. 'I%’lﬁgﬂ%y ?Beggpgw&%ﬁl%lc ’Gi’%géné cir&f’T“?féYl WSL@L(B%}? Cl
to C30 |ineafietyislylpherymeihyldne(2aditett-batyifluotehyl) Yok pnsmdiyDrimimad and
pendent ringgj Shd" the deifiSHA] ituted with simlar
structures. [004 ] Non-1i rg}léqtll ng rﬁ_{gggeglgn@%?'%%mr’?g{eﬁﬂlCSFEH?d%n&H%b%FndS

i ncl ude  monBE§e | ifRen e desepibed dn N rRigens LRSS, a%017,714 and 5,324,800,

pent anet hyl cyéRRRALIFMANMHCLRRINETWO bHORY3RRX B -0 591 756

pent anet hyl cr&l &E)ent adi enyl tribenzyl titani um '

di net hyl si | yl9%8th anet Rapesientaiyent gaditenpl - t GeglesNattal artiadstian t anétstm
di chl ori de, cemjcaf®dd hyl cyalcapent adi et@e,qbegg}& ani unglrcjnﬂgrhhyl , otra

di met hyl sil yl tetranet hyl cycl opent adi enyl -tert-butylam do zi r c&ATum
dimethyl, dinethylsilyltetranethylcycl opentadi enyl -dodecyl am do




- cycl opent adigyywhAk5s0ni um di et hyl _ _ 002169
- (¥etrgnethylcycb%%gﬁfadienyl)(npropylcyclopentadlenyl)%?V@%ﬁﬁupé
df i nethyt bridged bis-cyclopentadi enyl conmpounds such as
di met hyl si |yl bi s(tetrahydroi ndenyl)zirconi um dichloride and _
si l acycl obutyl (tetramet hyl cycl opent adi enyl ) (n- propyl - cycl opent adi enyl
)zi rconiumdirnethyl; bridged bisindenyl conpounds such as
di met hyl si | yl bi si ndenyl zirconiunldichléﬁldez di met hyl si | yl bi si ndenyl
haf i num di medtyl, di met hyl si 1ylbi s(2-net hylindenyl) hafnium

i net hyl , di iborkadthplbiladiRon eS| ndeny, brcani LRt hyl.
i et hyl Si ;chihs( ahich *ﬁ?"fﬁﬁtg’é z‘e%‘%dgnyj )Aﬁﬁkﬁ%@#ﬁfﬁﬁﬁdlm
di r net hyl si 1y|'Breenztehfptmy - isheieprin 1) bisthexsmiethyldidilazido)dimethyl

) ! : T chlor e
et hyl , di net hyl tgidiyhbi s( 2- net m&k@%ﬁ&hﬁﬂﬁﬁﬂéﬂﬂiﬂﬂoﬁﬁ% lriet 'h)C” ; Ogﬁglﬁbnde,

AR A e e o b
di phenyl met hy | dofripusifimyfby dooyEABBE P&lﬁﬂéx@d&ﬁ@?&r& ‘aﬁfﬂggﬁﬂ &Pgﬁ& Bﬂbsﬂ[&gm
cli(paratriethylsilyl phen Izv hyl ene(2, 7-ditert-butylfluoreny
(cycPopent adi e%l%ﬁéﬁgﬁ?cﬁ}#‘ﬂl g&i‘ﬂ%‘? ShFRP (lfEnish group sambe dssed. aFwse
bi scycl opent adestugs enbiglipimd SabStrtom Soin M8 Grahiifére thed SorlB eI R8Gnd N

U S. Patent 5.017.714. and 5,324, 800, | nternational Patent .
Publ i cati on %ﬁ“ﬁﬁ%ﬂ?%ﬁﬁé’é’”é’ H’GE‘I‘-B'-’%%‘?@@?P“’PS’@F‘OT'OO441Repr esentative

:”ﬂr adi tional Zzil6QdS¢r - Nat Additipmah Sigananetattic a'bnsihzl-og metal compounds suitable as
6 [ | i I, tefra .
Boa(iri mot hy ?%%ﬁ"#é?%%%?%%ﬁﬁﬁ R} trer ey &viosithose ApA i um

10 metal compounds that can be converted by ligand abstraction or o-bond
scission into a catalytically active cation and stabilized in that active electronic
state by a noncoordinating or weakly coordinating anion sufficiently labile to be
displaced by an olefinically unsaturated monomer.
[0046] Exemplary compounds include those described in International
Patent Publications Nos. WO 96/23010 and WO 97/48735 and Gibson et. al.,
Chem. Comm., pp. 849-850 (1998), which disclose diimine-based ligands for
Group 8- to 10 metal compounds shown to be suitable for ionic activation and
olefin polymerization. See also WO 97/48735. Transition metal polymerization
catalyst systems from Group 5 to 10 metals wherein the active transition metal
center is in a high oxidation state and stabilized by low coordination number
fa) polyanionic ancillary ligand systems are described in U.S. Patent Nos. 5,502,124
‘and 5,504,049, See also the Group 5 organometallic catalyst compounds of U.S.
Patent No. 5,851,945 and the tridentate ligand containing Group 5 to 10
organometallic catalyst compounds of U.S. Patent No. 6,294,495. Group 11
catalyst precursor compounds, capable of activation with ionizing cocatalysts,

J

useful for olefins and vinyl group-containing polar monomers are described and
exemplified in International Patent Publication No, WO 99/30822.

j0047] U.S. Patent No. 5,318,935 describes bridged and unbridged
bisamido transition metal catalyst compounds of Group 4 metals capable of
insertion polymerization of c~olefins. Bridged bis(arylamido) Group 4



" tetrabenzyl fni tetrabenzyl titanium

. bi s( hexanet H{ha’&i"’éﬁg%%i do) di met hyl titanium PCT/US2007/002169
tris(trinmethylsilylnmethyl)niobiumdichloride,
tris(trinmethylsilylnmethyptantal umdichloride. The inportant features
of such conpositions for. coordination polynerization are the |igand
capabl e of abstraction and that |ligand into which the ethyl ene
(olefinic) group can be inserted. Theseléf eatures enable |igand
abstraction fromthe tran3|t|on nmet al conmpound and the concom t ant

formati on of the ioni st. ¢ sitio 45] Addi. t al
organometal i € T %uﬁlsft f’ror? ng%/%?]y?%f%gﬂhﬂ? B'EFF’%%‘% g}a{\g o Vgg f a in

pol ymeri zat i ol¥rgedcaleipdlics | 1995 e Nt54P8-6¢385S | Fntheee waily @ppebthgs €in
Goups 3to 1l be. converted by |Ji.gand

abst Pactl on o?{a %’?Al%f%%gﬁggé]%% %%‘?1'52%% &P O?%&F‘% @‘Sgﬁim‘&%céﬂ%# and
stabilized i ncolhmuna%:thatlaeeicem rataysts &t@bbmbgza&om@ﬂddmdienakddi@nar
weakly coordi Bahdiih AkPBodbliil s niev]n %%Jd cgowfgiethdg | BRLAEE 4 A"

ol ef m cal |y unsat urat
t hose descri b&ps¢ Aescripadrindpteratipnal Pdmtrﬂubﬁeﬁubn N;t W)(a§6N0805 V!:htmmc
96/ 23010 and Wauf/ 5487 Banthish gﬂ(s 49- 850
(1998), which dI'%C| o%eﬁ%ll m ﬁgﬁ%gggﬁkm 7 g}%ma?%hfg o t al
conpounds shoﬁ}?ﬁf‘%mﬁéh%{?ﬁ?daﬁlIBWF@POIP%RP%B%RHNIWPPé‘F? YA 08/18898q The

“pol ymeri zat i Oprec®es :ﬁé@%&@oﬁﬂd-ﬂﬁz %ﬁbﬁﬁé@ﬂﬁ ht:ﬁdﬂaaﬂ&h@bld%ﬁiabé%ﬁill%ﬁl Ion
Stalyst syst ens frﬁm GrooéTp t.0..10 netals wherein the active

ansi tion met&PIAEA L maroaionic HF@‘HS FaerRFRleRfaedvatinn vk dhe joniced
by | ow coor di padatatyetsnssditeeignol yani oni ¢ anci | | ary | i gand syst em; are
described in Pat ent . Nos.. 5,502, 124 an 049. See al.so the
Group 5 or gantbr(r]eﬂal lic ‘%d%%t %Bﬁ?éﬁﬁds ‘%ﬁe PaPEAromgillic  or
5, 851, 945 andotgheonatilibaintasdlyst preguasmt compmmdﬂmagbéafmn 115tHe(htéb€cure any

organonet al | i u S.  Pat 95. ‘Group
11 cat al yst p?eglﬁc?ig‘l(‘)#]s%%%&%%dgﬂ&ga ?#Psm%f"ra ?“\’/5?”8% %\fé‘ﬁﬁ%% Y ng
cocat al yst's, €emeirise, liggndsciapfbleef ionieing risirhctigno Sge, foritsdnoe, N O Glitson,

monomers are skeﬁc e de bl rEXRER! did%god gnéfﬂlt ?61&%%%%% @agag%&t. Life

—

Publ i cation WD 99/30822. 10047 af ent

descri bes brlﬁﬁé’& Nirptlopemes e gaer v Chami lo £ 38nd8 445 (1989-al  cat al yst
conpounds of P 4 My gkl 3R AR R L, I M}& i f
a- ol efins. Brﬁlw91 tg“egagql | am do) %%&S ﬁﬁ’ﬁc% co Sg%ﬁlﬁgggdf%?{eﬁ&@
pol yneri zat i offo5F’ é’awwoq\ﬂédhwqq‘@%mgp imediny weighiarees 9ic s

1995, 14, 547&05d801 td:zu:bﬁhmo makasaaamarn ﬂ&gtbbﬁt M%@iﬂﬂnﬁﬁ%&ﬁ 241936,
29, 5241-5243 de

? lﬁ . %%? | am do) E%Gunds t hat
}r e active calsryits ¥oF pﬁegf ﬁ’ﬁ%prﬁfmi"r ﬁ%)?éth"é °1'A’6‘2:}F
t@nm tion nehﬁaltlpdﬂ)mmdsm}ulﬁeairdee, inhluamgonﬂamseoﬂ\/hmm:-khﬁs Ivﬂiheﬂfel on

i m¢l ude thosegde t er, tent Publicat

96/ 40805. Cate?on?‘%% 8 “"g"alt& ?é‘n’r{t ‘r?ei“t’“ﬁ""%é ?%%?E?h?’ 8Pg°m°“°
coor di nat i on $EwpHRdS] z‘m’tmgofm&éﬂ sﬂ)amGSdmaeogédm An | ity r gratyp.onal
Pat ent Publ i No,

O

cg,pdngﬁies VigQ pret are
stabilized by a m)noanfl oni CQ" %;3 at e anC| %‘@& 1 ga@@dn&%%
nonoani oni ¢ Imﬁhﬂa@%ﬁ@emgb&%@moxmandaﬁob@tﬁrlahmdxandne i onic

cocatal ysts upesiher ei fne kAA4GLARE oA o £B8a1Y Bidithafl oSHbA RS
organonetal I ic or organonetall oi i rec rsor co may be
found in the 9 P@Pa?‘i&?‘@m%lyc GPmpeyEE w'relngiﬁe agents. ab$@hv\mp9unds are

conpri sing, odffeddvay ﬂrQ@fH@hﬁ@prar Sﬂuﬁﬁk@h’oﬁﬂthb%&%ﬂreh&?omﬂehﬂﬁﬂﬁﬁar
ractl on or | nstance V. bson at

capabl e of iqnizin t
al, "The SearIB‘He‘?SH% aﬁs@ﬁ%tlf‘@ﬁnﬁséﬁ? be paturREwY Rredsedominay s
Life Beyond Nb¢ pbliaetsnats readidf@binpsAeat) pariidularipGyithdBsolviad mibfidmérk889) .




" [0049]1In geperal, in the polymerization catalyst systemused in the

. present prol@P7WEE catal yst precursor and the acti vACHFUSAOH002169
conbined in weight ratios of about 10:1 to about 1:10; such as about
5:1 to about 1:5; for exanple about 2:1 to about 1:2. Mst preferred
is a catalyst precursor to activator nole ratio of 1:1. Miltiple
activators may be used, including m xtures of alunpbxanes with the
fluoroaryl borate activator of the invenfion. A unpxanes are generally
ol i goneri c conmpounds containing -Al(121)-0- sub-units, where Rl is an

al kyl group. I o] n i ncl.ude hyl al an MAQ) ,
modi fied met h%%n%é%n%nd?%&%?ﬁ %f?eﬁél |°§f‘1g?qm%<°§§%" AR, stebiy “rie' pork

i sobut yl al unpxapwities,0050atFlys pasomb, hatudé wetters peysem audl megk mpadiey.
addi tional |y, pe@gmiil, S§=RN r 0 LJ G compound scavengi ng
agents. Such corrpodjrfldgeﬂagr gr?g??‘g}gt@vggn%gfg %&rl%\t}%sn;ﬁo%ﬁg? ?0%?1%2??083
from the reacfsedviodnbrioontheinuseabet we ningrewyits 9f exrmimesalliaoaiangtry .

| mpurities CcaBoroub 4 851t Sithabity E@ﬁs&@ﬂ%@&}%ﬂia o ;:{rﬁéesé s

pol yneri zation reaction conponents, particu y a solvent,
nmononer and 1085%kt al yst , therd sgeNFegeselcompdifndet wilht he y Srouactlidvi ty

and st abi | i t yorgdRt@ndpalieborhgtRHAd, bicBSs 1obe HRINEY §f URCP SO Nos! ﬁf&s‘,’ﬁ%
wat er, oxygen gzgfh%l inmpurities. Preferably steps are taken'to
renove i npuri Hadg 218 @RS [psmotienel PatertoRuilicaine ek s Wik P{08882, VP

”TEel I but solrr:s%mms, &me:stllts;ﬁm aﬁ?gaoogm 't@!ﬁ_i m@&@yﬁpggl?l,g%?p%@ggew |

- Shi normal | y. used in t. ol ymeri.zat | process jitself.

e ot OB A A Lt e
or ganomnet al | i so 030 st hasgo hlich ot CS3. to R&L, @akarNOS .
5,153, 157 a”d%’%f&éé’ggg‘%%“g?} %ﬁ%n%%ibo%t PE;eent Publ i cation Nos. WO
91/ 09882, WO 94103506, S TSRO DB RgaL o yatiold feyter are
c;)rrp_ounds i nclgefﬁgfi P enini}!nizahmmeracf:bremmm ﬂxb)cacanec;atatlj_:lf_ﬂﬁ.i Soladipids
al um num et fRihal URBXSfim; n ane, se
conpounds havi ng_bul ky” or (%ﬂfgob%gw% 5%%& Hﬁ’g}gér EYFPRHES e it s -
coval ent |y bot@biglaivmingpt atriisgpremdelamingind codt dongwhainpr Bfear r etkyko
M nimze adveqssithted Clikdihel WoldpolddS, aGkhVesCafigl iR &8.q.
include triethylal um r?um but n%)n?g pref erab%f/, q'"BSJIlﬁégdglonpouridgtﬁs.fluch

as triisobut yT"RIRIHTIRYR, of Frp-desisFdRMIME ai num and | ong- chai n | i near

al kyl - subst i tj0052) al uniTae BERERIHEESS tBid Ghvedfiord fay A1sHSXMhRW RIRYD
tri-noctylaltu |]$1f§n%{ or .tri-n-dodecyl al um num [0652] The catalyst
ert

system of thiB*F PR e OR PEBPRMG o} IRAEATLORNS pE SRl Bk Opgy o (FRore
carrier. For aesieaqps anayal_ae“rﬁz;ﬂbiteﬁcanezoﬂtamd Q»It_haﬂaii:oﬁﬂﬁ Q_{th,n%Hna@d 'F]o, or
activators Lted .0 ont.acted.with, vaporized wth,
“honded to, ort™s n °5%§‘§3§B’§e"d ihador SREFD I 1 Onui5E8 Sp e FEPRSFS OF,,
~ong or nore sAPPeRts or carriers. [0053] The support material may any
ofthe Conveqbb@ﬁ' al SWHQprS@LﬁEH%'éay any of the conventional support materials
used in polymerization catalyst systems. Preferably the -support material is a

porous suppotrt material, for example, tale, a zeolite, an inorganic oxide and/or an

inorganic chloride. Other support materials include resinous support materials
such as polystyrene, fimctionalized or crosslinked organic supports, such as
polystyrene divinyl benzene polyolefins or polymeric compounds, clays, or any
other organic or inorganic support material and the like, or mixtures thereof.

[0054] The preferred support materials are inorganic oxides that include
Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include silica,



"~ used in pol | Lon catal yst systens. Preferably the -support

. materi al iswg)e{()%ﬁig%féé)support material, for exanpl e, ta’TC(,TfUS%OE'%}GPte,
an inorgani c oxide and/or an inorganic chloride. Qher support

mat erial s i nclude resinous support naterials such as pol ystyrene,
functionalized or crosslinked organic supports, such as pol ystyrene
di vi nyl benzene pol yol efins or polyneric conpounds, clays, or any
other organic or inorganic support matéfial and the |ike, or mxtures
t hereof. [0054] The preferred support nmaterials are inorganic oxides
that include @4 nap f l..:0xi des.. r.[ ed
supports include E‘lni%f 8§?a§ln§§b&hjﬁglé%%%u§f%§g%§}g oa? 3agg§§/§é§{@é,s’
fumed silica, siifaaiemga and 9xtge0dBieot. s Qthg ausefel supparta heklvdexmapnesa,

t hereof . O hegpaef u p Haloll nmaRgnest a, plitania, Zj a,
magnesi um chl ot de | &%#QP%%%?&%. q%%ggg E?j% %%%r{trmr&??l Igo’%#s%e)]%
( Eur opean Pat BWptmoplienite GugppearsBagnt BRI 0 §31 66 Dapkyllasiicathend thi dke.

Al 50,  Combi NahlBNorind 08 6 HURNApborBbikiS iy TRYsBE HSBehmpleOlitica-
exanple, silica-chromum silica-alumna, silifca-titania and’ the
like. Addi ti off§PmuhFdee-2lvmin pilivastiteaiy anchie like Addtenapommpor materighsi c
pol yner s desCinapadlude tHobe Boréfackiit éﬁiymegcté%ﬁb%&'ﬁpﬁf_ © 7621184 53! Dther

I ncl ude nanoconposites, as, dleﬁcrl bed in | nternational Patent

Publ i cati on NIPPYD 45 §Suds ragrameosiies ge devribert it ftemetionplabatenial
P’aﬁ ent Publ i cBililiatidioNo\W&/O WoABBOS,, asBRS &8 HésBSbeASind BRGRARAN Pdledd. S.

-Patent No. 5, A d I I.c beads, as descri hed

‘It er nat i onal gﬁltb%#% gﬁbl‘?@a%q)%g %O.Sp ’5@/%0%&’."’%0’65%‘?511"1‘%‘* No.
preferred tha¥:97% Osandamiymerint adabs desorited[in dhtematidngl RXeht RUbedtios

oxi de, has a ﬁy_rﬁ,@%ﬂ%?ﬁ in the range of fromabout 10 to about 700
n2/ g, pore volunme in the range of fromabout 0.1 to about 4.0 cc/g
and average plP$flcl e silizés iprefertrd Hwhdle Gfiprorto matebialit mbstt prefebadlyt ah00
pm More prefghabhi L FYRRY [ ISl N
t he range of fr%%lggg{t‘}?’e%%%% abo%{eggbg&‘ﬁ%‘;%, por e%%ﬁ‘r)rgagguftr@?n
about 0.5 to I&%ﬁupors.vﬁlum/ig tiserveingeyef fangye atpart Dilcb ebsutze) ef/g and average

particle size in the range of from about 5 to about 500 um. More preferably, the

surface area of the support material is in the range of from about 50 to about 500

ma/g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of
from about 10 to about 200 pm. Most preferably the surface area of the support

_ material is in the range from about 100 to about 400 m2/g, pore volume from
‘)_ about 0.8 to about 3.0 co/g and average particle size is from about 5 to abont 100
) pm. The average pore size of the carrier useful in the invention typically has pore
size in the range of from about 10 to about 10004, preferably about 50 to about
5004, and most preferably about 75 to about 350A.
[0856]) As is well known in the art, the catalyst components, that is the
metallocene complex and the activator, may also be supported together on one
inert support, or the components may be independently placed on two inert
supports and subsequently mixed. Ofthe two methods, the former is preferred.
[0057] In another embodiment the support may comprise one or more
types of support material which may be treated differently. For example one could
use two different silicas that had different pore volumes or had been calcined at




- from about t 200 um Most preferably the surface area

. the support%%ﬁ#g?@gﬁyls in the range from about 100 t&”&ﬂﬁ%?”ﬂ@ﬁ”
n2/ g, pore volune fromabout 0.8 to about 3.0 cc/g and average
particle size is fromabout 5 to about 100 Mm The average pore size
of the carrier useful in the invention typically has pore size in the
range of from about 10 to about 1000A, greferably about 50 to about
500A, and nost preferably about 75 to dBout 350A. [ 0056] As is well
known in the art, the catalyst conponents, that is the netall ocene

conpl ex and t RerRAGk thHehured Bk AiSCorl @oDIHRROS Lifich H23Rk BEsn BBtRNRth
i nert support, or the conponents may_be independently placed on two

i nert suppor t & seavenasr pEBEaddiive sadasiica that 1add1okwo et hods, the for mer
is preferred. [0057]In anot her enbodi nent the support may conprise
one or nore types of support material which nmay be treated
differently. BWQWPE’IQ%@ could use two different silicas that had

di fferent por gooss] UMes THe ﬁl@ﬁnbﬁ@&bs@@irpbé\&%daéted 492 dotufie, vk, gas or
t enperat ures. leerse one could use g . si]ica tp%%b een treat ed

with a scaven@’é’W PLYBIeHZAHOR RERCESS 9B 2 SorpPigation fhees erf)f‘ solution
Polynerlzatlopm@easﬁﬂﬁp&ﬁ@ﬁ&hﬁ&&mﬁ&eﬁea£sprocess can be conducted as
a solution, gas oL slurr merization
conbi nat i on th:@llégbf bu nep?%F’S'?/a ?(‘35 4t 561?&05111? a‘@% %er 3581% Mhase
‘pal ymeri zat i opolgmanmsm process. Catalyst component and activator may be delivered as a
{ \) solution or shury, either separately to the reactor, activated in-line just prior to the
reactor, or preactivated and pumped as an activated solution or slurry to the
reactor. A preferred operation is two solutions activated in-line. For more
information on methods to introduce multiple catalysts into reactors, see US
Patent No. 6,399,722 and International Patent Publication No. WO 01/30862.
While these references may emphasize gas phase reactors, the techniques
described are equally applicable to other types of reactors, including continuous
stirred tank reactors, slurry loop reactors and the like. Polymerizations are carried
out in either single reactor operation, in which monomer, comonomers,
catalyst/activator, scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
\’D added to each of two or more reactors connected in series. The catalyst
'D components can be added to the first reactor in the series. The catalyst component
may also be added to both reactors, with one component being added to first
reaction and another component to other reactors.
[0060} Hydrogen can be added fo the polymerization to stabilize the
process and help control the molecular weight of the product. '

Gas phase polymerization
[0061] " Generally, 2 fluidized gas bed process is used for producing
polymers, with a gaseous stream containing one or more monomers being

continuously cycled through the fluidized bed in the presence of a catalyst under




" [ 0059] One or ctors in series or in parallel may be used in
: Ehe p]ol ymer i'za Olrogqnorﬁ%?ocess. Cat al yst conmponent and act '4Y8PIDe
delivered as a solution or slurry, either separately to the reactor,
activated in-line just prior to the reactor, or preactivated and
punped as an activated solution or slurry to the reactor. A preferred
operation is two solutions activated in-line. For nore information on
met hods to introduce nultiple catal ysts?2dnto reactors, see US Patent
No. 6,399,722 and International Patent Publication No. WO gl/ 30862.
Wil e these r i : ' ..Rhase reactors, .1

t echni ques deiﬁggg&%@%qﬁﬁ%ég%gﬁ&%gﬁﬁg %Ioawélt er Bﬁe?ﬁé&ém ]‘bed and
reactors, i ncliadcleg heehinte desusagior r Bisvhitamaoksly, qadynear syroduktifsr withdopn

reactors and i |k Goact! WP ELAA L ARRCALL BRI loChrfldh hl lyliEred
single reactor operation, 1 n which nononmer, cononomrers,
cat al yst/ act i VA¥omer @8& & grmDlg S oBaternd ids. id3.89% ris588,760,a8 028570,

cont i nuous! y 15512,085/1982, 74825 463 9201 5186 50 58535 A2G 185 98P A A blcBT and I
whi ch t he above S)nents are added to each of two or rnofe reactors
connected in sseqqgégg The catal yst conponents can be added to the
first reactor in the series. The catal yst corrpogent ][ryay al so b;a_ added
to both reactq;s ith one copponent being added to first reaction
aﬁd anot her céﬁry‘%‘é}/ﬁ’gﬁe&@%ﬁ"ﬁﬁ% eactors. [0060] Hydrogen can be added
“tY the pol ynefotsal i on tA& shirabpdlimeiatien Pioose Sencddll GiRtaesCildal 1 td1e
ol ecul ar wei oduct . Gas phase, pgl_yner.i i on

Fol061) Goner al {0 fiEaR02 T Ghnee (35 P TRbuDAET abi Rbo o sssaar g
pol ymers, witlkva gragienasl tstupeatures G e iahgegofO0PE ﬁrabgwmono_nqﬁarﬁ%rgel ng
conti nuousl hro flui 'ze.bgel the presence of a
cat al yst unée?x&%ggﬁéggé’t%lg%p %:Ac%l(r?\’ i‘fﬂ.lsgﬁ%.pa%%ﬁ a%"zﬂ'ﬂ?_ 1§E p & liquid

wi t hdr awn f r oPlymerisatign dilzend nizdthontvdwhiels yohiedehadkcoimohamérs @ldhg adthor .

Si mul t aneous! ¥atalpg! ddagod ' L t fr t.he reactor and
fresh mononer i, adglgggtdgar ep %c%@%%%@ﬁ@?%z‘g@e%ﬁoﬁne?@% 2 9%,
exampl e U.S. EtiERpushpdemoyed sforgothe wadt@gwhos, the, 0E8il6 ZOmpEndis7 2836,

5,352, 749, 5, Aé}&a%Z%mé,tﬂ@:@Fﬁﬁér i fe'é?brlléy bptichaft) 20892 qistu@d, 06 meand
rrzatl o
5,668, 228.) Slreléllcr:tcrnx 'Phc ?q%i c?ﬂugmmploycd in the polymerization medium is typically an

alkane having from 3 to 7 carbon atoms, preferably a branched alkane. The
medium employed should be liquid under the conditions of polymerization and

relatively inert. When a propane medium is used the process must be operated

. D above the reaction diluent critical temperature and pressure. Preferably, a hexane
' . J or an isobutane medium is employed.
[0063] In one embodiment, a preferred polymerization technique useful in

the invention is referred to as a particle form polymerization, or a slurry process
where the temperature is kept below the temperature at which the polymer goes
into solution. Such technique is well known in the art, and described in for
instance U.S. Patent No. 3,248,179. The preferred temperature in the patticle
form process is within the range of about 85°C to about 110°C. Two preferred
polymerization methods for the shury process are those employing a loop reactor
and those utilizing a plurality of stirred reactors in series, parallel, or combinations

thereof, Non-limiting examples of slurry processes include continmuous loop or



- [0062] A sl ugry,oRRhsser i zation process general |y oper at&?‘(j@%’%ﬁ{bl to
a 1o

- about 50 atnosphere pressure range (15 psi to 735 psi,
5068 kPa) or even greater and tenperatures in the range of 0C to
about 120C. In a slurry polynerization, a suspension of solid,
particulate polyner is formed in a liquid polynerization diluent
medi um to whi ch nononer and conononers along wth catal yst are added.
The suspension including diluent is intérmttently or continuously
renoved fromthe reactor where the volatile conponents are separated
fromthe polygRiesamek ﬁr@@éégs.equsd?B%P%qu%&'%ﬁfw%nfbe%&é beb AbdcABed 0
the reactor. The liquid diluent enployed in the” polynerization nedi um
is typically Qﬁié?wgﬁﬁlﬁéﬂﬁﬂﬁﬂfronl3 to 7 carbon atoms, preferably a

branched al | cpipgqy The MRAbsIMEMRIBYBARNOHE dsilily | hidbdsd #NAGEied Nout
conditions of polynerization and relatively inert. \Wen a propane

medi um i s usetPRERBOYSYJR @sleomiraptop e Thyrstakish s asbvey inHeobuisge o1 #p dry

di luent critigad AbWARBERE B iABHed eI B thd¥ebit@ 1BHY, Yhich i R @A an
i sobut ane nedi U{;ﬂ .S er lg%’g'gfﬁélooas I n, one enbodi.nent, a preferred

pol ymeri zat i off*P ERHE | BTOVHOE pRlymeR, paricies in jasdijusploet sebitaneas a
particle for neqnmdiying fioAdiedhd inofiorhidrl (Hydrdes CpHsnayChay bl 8dded as a
tenperature iéoég@t beel w the tenperature at which the pol yner goes .
into sol uti on OSHEH YRERSPHIE is well known in the art, and described

‘in for instani®@6s]3. 5. Mhteedcidkds niBinPiRd ¥ Q. prdsemre pf SH20 KRl tof £300aPat ur e

AN the particle form process..is wthin ange af ut 85C t
about 150C | TG % SPRREEIE My et on st et R3S 08 Hipeudie v e
process are tdémsiel peipinoyineliing diaregeniséect Beactionl htdids eemidvel itiiongh the
plural ity Of Sbb R b RELOLPHL DBl LGS meABEALY £housl GO AR IS
thereof. Non-Tihiting exanples of slurry processes | Ertide Pdont i iuous
| oop or 21 siwrysdlewekioprisdlsmantor affegblar intanenls @cantiiveusipfo sheated y
processes ar ego@esyedsidsthsh Pesls’el,sroggﬁtd@af atCa nﬂrogén?‘%lfr ¢ cothidd %]séégen

anot her enbodi nent, the slurry process 1s carfrie ut contin us?iey in
a | oop react ofr reppyalofithy igehutang dlilgent pagr 3l unrencied sionemarcang comenagars. y
free flow ng muEeHting Bydrid@Sdnetled SR Hhed CohPGni&R &lrQse i Yiouhi ch
is itself fllleij with circulating slurry of grow ng polyner particles
in a diluent ®BPYFEEHut ane cont ai ni ng nononer and conononer. Hydr ogen,
optional Iy, negedje agdﬁdoﬂsenﬂ)oﬁﬁﬁdﬁﬁbﬂt?é g\g@%ﬁi@%ﬁ%ﬁﬂ?@%&i@@ﬁﬁ&%ﬁ@
reactor is maintaine a.pressure o a t a.and at a
t enper at ur e icﬁn?ef?éa??hg{emg?g%ﬂftm%&efé“ oﬁ?“'t‘i‘bﬁ@“gé'beéiﬁm iyttothet he
desired pol ymengenfifioimaposthiotoabberiio steight perns phdfanbli Gom dbsut2asaved

—Lh h the | . i h.of.th t IS dn.t font_of
oubl &1} acket o Biskoet Bk BHEReR i B £ 258 ol ¢ PrieetPeBilrSR.
riggm ar i nt erprefesblyfroportoihitaaboyt Gweight peraersd | ow pressure flash
vessel , rotarggéghyer andoed bidcOdaRke alri?qhg%‘;égﬁoﬂ B %%eﬂgi’ﬁéﬂ%s’

renoval of the isobutane diltent and all unreacted nononer
conononers. Treferbly @ fumppragese iceenisd in fhecbpragri of of essantielly Gengfennded
for use in vaemugcrﬁl ki S@Eﬁéﬂﬂﬁﬂmﬂﬂﬂﬁ?ﬂﬂe&%ﬂﬁuﬁiﬁﬂﬁﬁ'ﬁﬁé&u@fﬂm

slurry process useful i

S in the i'nvention the
and tri-n-hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like.

This process is described in International Patent Publication No. WO 96/08520
and U.S, Patent No. 5,712,352, '



" concentration of Fr edom nant nonomer in the reactor liquid mediumis

_in the rang®93P"fPGMR about 1 to about 10 wei ght per ceMCT/USRET/RRED| v
fromabout 2 to about 7 weight percent, nore preferably from about
2.5 to about 6 weight percent, nost preferably from about 3 to about
6 wei ght percent. [0067] Anot her process useful in the invention is
where the process, preferably a slurry process is operated in the
absence of or essentially free of any $2avengers, such as
triethylalum num trinethylalumnum tri-isobutylal um num and
tri-n-hexyl al gl d,.di et hvl ..al um num chl ori de, dibutyl zinc and
the like. This ppgéggg%’})s c?ég%llPP%’ep 9 oﬁgﬁ?e@fzﬁﬁ’f’i onal Pat ent
Publ i cati on NY06HO 96/ 08Em2AlRhdmbseBeouRaslatitn procestes ZhidldGdlymedization
Honogeneous, 0, i on phasg pol vneri zatio 0068] General | y
hormogeneous sgtj%li:é ?%h%{'%]%ollg%tstésre“sl vﬂlﬁ%lo \%’01 e{/%ﬂ"‘éﬁf‘?&%’ S??Tg B8R PFuous
reactor in whiushcatilpst poityniply sippling derangitdtéie tos tedlutd By avaid @oRenfibn
catal yst nat efidlesis S SRRLHE , I reduce. or .avoi
concentr at i on%rg Pent s Sﬂriug%%ﬁﬁgggﬁ%%tgggeeég(I)npegtr%gtpé’mg%% ptoﬁ'g‘eFPeTtti ng
poi nt of the Péhprrevuscsafiomi lgte 3508 dex16$0,00¢ dRal, ih whdBOBe manomer acts
(10-30, 000 MPg)gituksit oM Lol L iluent or in solution

Soﬂﬁ[@ng%ﬁggxfﬁrg n%a Sivetit,

pol ynmeri zation using a sol vent. ] erature control in the
_reactor is o_b[ogls?ied by TSEPERErIRputrplinifeseactosfs qhttigaddyibaleneingthaihedt
(Yeactor cool i fgpdiméRaGIOwith Ak SooBhg 69 MlabBSjacRi S éoglixgé’?dilsgg' Eool
ﬁgntents of the reactor, auto refrigeration, pre-chilled feeds, -
‘wepori zati on BF PHGUF QF eareation arip Jetsieeration srrsrhilled, feeds, yaneriyation of
combi Inati gns lir[‘uidildleﬁidﬁﬂ ddilueAt)i rAbiiviets bﬁ@@lﬁééﬁ)sowgbﬁbﬁﬁ’@oﬁﬁhm &lﬁfi’m@&eds
may al so be uged. ..The r.eact t enper at ure depends_on the catal yst
used. In gene%glg?antchlgea?tggc?g% ?fsﬁgﬁfitfg?dé W’Ef%ﬁ"ab? NanrTh yeastr ween
about 30C andtemperatur2déEndsnon ¢hepeatiiyt abldy by guenhabé reHofor t@nmbmutt '
180C, and no t C a 160C.
Pol yreri zati dn . %ﬁ%ﬁ{ag?} u eﬁcﬁ[v%@n\a/a'al%?\;{ 385%3%%%%?%5“&?‘3%%‘?&?%1 fram For
exanpl e a di APORARE te ahoat 18P Crangd nivest prefethbiyt frot) GhoundidiCtoabomtiadidcene

Ti catal yst CijlyhGizdiGfieRbera@in : ] operation, the
second reactor tenperat Sr%el S prggﬁgﬁjﬁnﬁ%%#@ﬁ%ﬁg?ﬁ% ?rre%‘?mltic
react or t enpet @eing Ni catalyslimaay be usedatci0le, wipleaanstaltocene il calyptmabar es

of the two rag i r .about
g Lo g B S0CLCon BORD PR RRLs opbfiofl B3 auiaaR ntpd kTR DL
(1- 16, 000 I\/Ff‘é‘;‘f?faﬁ’éfélfgbﬁr theg theofisst Tepqion temperstires Jp pamHel (reavtos Op et

[ 007|0} E?ch ofthé fbﬁ@eraﬁﬁ‘émﬂ'w&o;f_ﬁébt@& &_eirka@p&_?ﬁ{tply;ﬁglpiegsﬂ Qv Ragt or,
. parallel or series reac n ns. i quid processes
{Dcorrpri se contagg%tﬁnrﬁmg?%go%oﬁrg?féh’gﬁé%? P’EeFFé"‘bi‘b%‘g Ofichar te 108 bankla) yst

S(Qtem in a seioabIRe).dhéstpreferably Sah 1ertb S00bhrgl0-SotionPayai d nononers to

react for a hCient of produce the,desire lyners.

Hydr ocar bon glgﬁlol nts angedhg&t}.i t%:gsglpé? o H‘agla‘ilsﬁﬁba"t ?rﬂpqﬁ’%g 'érsﬂ’ﬁfﬁ Jegetor,

Al kanes, sucpaestielnsserirs reagton configurations) Gt lineid pravedtexauntprize corpeting e,

are preferre . . i out in nt i nuous

stirred tank%?eedgg?%n}?mibq;flc %%(eégc o%%bggfﬁgg%lsgs\'meﬂ?e 2PEP Bglfq“%f”é

than one reaéeiyrntspeplewgistidemowsrsdo reat B kehfficEhttme tepotiaresherny

have or nmay Redired PYHmeRl GyaRdcatBR bi10eht ire MRRADIe EhiR Mbhatic and aromatic.

Alkanes, such as hexane, pentane, isopentane, isohexane and octane, are preferred.

[0071] The process can be carried out in a continuous stirred tank reactor,
batch reactor or plug flow reactor, or more than one reactor operated in series or

parallel. These reactors may have or may not have internal cooling or heating and




23 t he nono rzejx_@ggémy or may not be refrigerated. Sfpé:géwggoomozm

di scl osure 0O atent No. 5,001,205 for general

conditions. See also, International Patent Publication Nos.

96/ 33227 and WD 97/ 22639. [0072] The invention will now be m)re
particularly described with reference to the follow ng non-limting
Exanples. Al parts, proportions and percentages are by wei ght unless
ot herwi se indicated. Exanple 1 Synthesi® of

di met hyl ani i ni un( perfl uorophenyl) (trip erfluoronaphthypb orate

0073] P |
90751 e oo 058 3 i) ol dpagdl

equi val ent of HREHENo(B0 (§§O§rifq’11EQFWIFIQF%CGSSPO@MDSAS@IWINJ IntethaicaaichateniThi s

sol uti on was SMbhézﬁianbﬁ WO gBiBMEMmaarov7BSsagNe equi val ent of
tris(heptaflu r&@phth -yCborane was added. The m xture was stirred

for 3 hours at C. Théhg dpgntion willagow (hene@reo partiowldrly ndssoribed uvich
al | oned to reaefrcheom tlﬂfmﬁéﬁﬁlg rxﬁn&inﬁtﬂ@’ ERMfRSles? Rﬁ“%a?tg Hﬁﬁ:oﬁ:%é’ il

was repl aced vvlth thexan S. hexanes wer e evapora

procedur e | ef PES REF 2K, |“E?‘E'I‘BB‘F]§%°FP&F@F‘?'§F“"F1“ 205 granms). The sanple

was characterized with NVR (CD2Cl2). The spectra are included. The

,;';‘F‘“?Rte pr oduc o aReg. SHgs S-S Rl o tucepiens) Thi o 8?‘&2&3?‘2

:; d| cat ed ther(@mﬂuemaalﬁﬂwahmmlal ents of Et20. [0074]Pr epar ation of
Ly ) PR R e Gl s

t Bu- Ph- NMVei | | @tz Pféutilﬁmﬁﬂ@sﬁago 320 pramd) fﬂoﬁS';'C hmslraddéd ncnqmvalem of

Lenperature. EhaLt @dsmRRes ALEH YRk oM s SO Dired B 20,

urmy ma

sol vent was renoved under vacuum erla
in a mxture FAPREDEN T8 hd Hak savivalentief tisfheptaBuoneraphthed gttordne veas

boi | . The sol W@RHS THEREtiS WAY &flddH6ST hotACH WEPE O imeﬁ
(1.118 grams). T&e sa | e was char act eorl zed vvlé ’fl; £ %Bg%g’%eag54
e allowed fo reach room temperature slowly over 2 hours. The

solventA was replaced with hexanes. The hexanes were evaporated. This
procedure left a semi-solid, beige material (1.205 grams). The sample was
characterized with NMR (CD,Cl,). The spectra are included. The amount of
coordinated Et;Q was quantified by dissolving 0,048 grams of the product and
0.040 grams of toluene in CD;Cl,. This procedure indicated there were 2.5
‘:) equivalents of Bt;0.
D [0074] Prepaxatitjn of [(CioF7):B(CsFs)][4-Bu-Ph-NMex(H)]: To a
‘ solution of [(CygF7); B(CsF)I[Li(Etz0) 2.5] in CH,Cl, was added a solution of 4-
tBu-Ph-NMez HClL. The mixture was stirred for 1 hour at room temperature. The
LiCl generated was removed by filtration. The solvent was removed under
vacuum. The gummy material was redissolved in a mixture of CH,Cl, and
bexanes. The mixiure was brought to a boil. The solvents were removed under

vacuum to leave a beige solid (1.118 grams). The sample was characterized with
NMR (CD,Cly).




Example 2 - nt hesi s of dinethylaniliniun(diperfl uorophenyl dip
. erfl uor onaphCHYPd*G8at e [0075] Preparati on of R0 hocaics
[ (C1OP7) 2/ 3(C6F5)2][Li (Et20)2.5]: To a cold (-78C) solution of
2- br onohept af | uor onapht hal ene (BrC47) in Et20 was added one
equi val ent of nBuLi. The reaction m xture was stirred for 3 hours at
-78C. A solution of CIB(C6N2 (1/2 equivalent) in Et20 was added
slowy. The m xture was allowed to reaéh roomtenperature. The
precipitate was renoved by filtration. The solvent was replaced with

an appr oxi mat : 1 e.of..pe ne. and. hexanes., The hydrocarbon
ni xture was r’g’r%%’&%‘%waﬁ%ﬁ%%% °§§£ q%/’&’qﬁem’b%'ﬂ(td?ﬁéﬁfﬁh?ﬂyﬂl iliters). The
product sol i didipesfiucadraghthtiPdnger s and was col lected by filtration to

A Cctay HoBsE O WblebOu o, P NI RRTRI B R0, SN AL LR R

NVR (CD2C12) . ati1on
[ ( CLOF7) 2B( Casdttjdnsof BibrehotaiddpiaphtBabnet (BrGsoFef in] EQDORE adileB(&BP5)

DELKEt 20) 2. 5] LARE) 1 Bu-Ph- i val in
CH2C12 were cg%afl%gogt roi)rr?}{a gﬁ%&‘r’ﬁ& &ggr.e%gsld %%?%r%govq\lééslﬁs‘? :éar(% e‘é for
1.5 hours. Theoluioniof GIBEGFpk (142 eqnivaient)dmditad wsy addetltstoatly.ofihe Hirdure

sol vent was r @R aa&FedVitd Beé&fﬁ%@ﬂxetem-ﬁgﬁuﬂ.oﬁ’loﬁﬁ gfegi.p%%%f\;égdreﬂo@?& \/'\J/%8

hours and was _col. | ect ed iltratiron to a ams o ite

powder. The sHiption e %‘gﬁnéﬂﬁ%@%ﬁ?%ﬁl apvFeximmp GilomixhEr afipéntang -
; nt Pe tSI s of did{%&ﬁt}éﬁ.a I'IlhtE %&iﬁxgg&%dﬂprﬁﬁﬁﬁé Wt% %hﬁ'f@& kid replaced with pentane
(perfitiorona _Ybora reparation o

-[-20 0F7) B( Cc ﬁﬁﬁ%‘ﬁ‘éz . %‘P‘.Z“ ﬁP’é‘H@’fﬁﬁﬁ%ﬂnH‘ wawrs 7og Jaseerliaeteh §y

t hepr ocedur e filitdiommckiivod 2465 grapdei dTgvbite GORER) 3BeGamble|dsi hFaaON2d5] -

[ 0078] Pr epar a} i ﬁnﬁ{ P703( C6F5) 33[ PhNMe2(11)J: Thi s conpound was
prepared usi ?%iﬂ? e Félg Te outlined above for making

[ (C1OF7) 3) 3( (9Pl [ 4- PBrparabiotME P(ClE)LB(CeFs).][4-tBu-Ph-NMe,(F)]: Solutions
of [(C1oF7) 2 B(CsFs) 2][Li(Et20) 2.5] (2.406 grams) and 4-tBu-Ph-NMe; HCI (1
equivalent) in CH;Cl, were combined at room temperature. The mixture was
stirred for 1.5 hours, The solid precipitate was removed by filiration. The solvent
was replaced with pentane. The product solidified after 18 hours and was
collected by filtration to afford 2.353 grams of white powder. The sample was
characterized with NMR (CDCl).

_‘ ) Example 3 - Synthesis of dimethylanilinium(triperfluorophenyl)

) ) (perfluoronaphthyl)borate

[0077] Preparation of [(C10F7)B(CeFs):][Li(Etz0) 25): This compound was
prepared  using  the  procedure  outlined above for making
[(C10F7):B(CeF5)J[Li(Et20)2.5].
[0078] Preparation of [(CyoF7)B(CsFs):][PhNMe,(H)): This compound
was prepared using the procedure outlined above for making [(C10F7)sB(CeFs)1[4-
(Bu-Ph-NMe(E)]- .



" 25 Polynerization Exanples 4 to 7 [0079] g- Me2Si (I ndeny1) 2Hf Me2 §38. 7
- ng, 0.0782 mgfl?ﬁzﬁser eafter referred to as Catal yst ACT{{§3007/002169
preactivated with the di nmethylanilinium

(perfluorophenyl) (triperfluoronaphthyl)borate (85.0 ng, 0.0762 muol e)
of Exanple 1 in toluene (450 nL) under an inert atnosphere. This

m xture was allowed to activate until the evolution of nethane
stopped (5-10 nui.) and then sealed foPtransfer to the delivery
vessel. The catal yst solution was then used to effect honbgeneous

sol ution poly i jos _ l-ene/ et hyl ene. [ 00801A mi xture of
W%@Q%E%gg EOPY#

hexanes (5.4 L intoalliter, liquid filled, stirred
tank reactor WPk the n-Meptifladenyiztite; e(G8i7] iy d1.e782amnwly, Usicafiera

st eam wat er e, fl ow t hrough the reactor .jacket, The . .

pr eact i vat edm%%rgéldyé? R i%%%?dghg”a(so?’f%ﬁw@ieh, N .0%!94 dl‘??ﬁiﬁ’@?‘ﬂ‘)‘m‘érﬁd a
scavenger sol (reifbwraphertyd)(triperfosryhaphthyiionaten (85.0hexan€.¢76209%8ndléh, of

0. 3202 ranol e ne t ed.to.the reactor for .mn before
nononer s mereé?%?arﬁ%&ulgetgﬁgﬁgg?l@eung T ABPe /2155!}" 8T BPiyre yeps
punped to t hezalleveditopctiteuitil the eroluBbinpf swthand siopleli(5-60 @tin) Snd 4gas

sol ubilized i i I j l.ed f.ashiop thr h a
mass fl ow net gekragegg?]f‘?%ﬂls eg?o ggglgﬂé? ké&seg ?ﬁgtﬁ%%g th " L%Wf’sl Bﬁiegf%gow
s est abl i sh@Fchiompeepess spittionaofymesization ofprdpeerefativige. Onset  of

POl ymeri zat i opog@t i Vi t A ¥RGudRIrHFIREE B LY /1 R DERLYATLLR 19 A 1iflid COUS
;pnoduct. Once IF'ilctl vity was established, oné hour was provi c}eél 0

ot abl i sh e quitigdn PR tandreagtorayiile; the teppgratire wak eqvilibrateche 7986 ubipe a

sol vent, pol ymﬁ%%im&@owmmﬂ%msfﬁaommw& pleRiivld Galigd (10
mn.) in a ca{q.cgqt ai ?b%ffﬁgﬁ ﬁﬁco o%@So end the polynperization
activity. A stdbiTTLE 8P4 ) 3BT ¢ FerveRsst spiinm ofifd neReRid.
Thg sol vent V\ﬂmnmgtmp]icjf hé?ge Qmoglx_)hanemzlbajtﬁnam?w@e% ’ﬁa%gﬂ% 67
under vacuum r : e resulting soli ; showe :
W % et'hyl enel%%c)} rF%ﬁrzl(ae'PmTPe ?fgf%?ﬂ?glefsoﬁeﬁerfgﬁ‘?"éﬁga%ﬁ@'g% (1A% R

(Wi thin the péHmolehy waepurined ASTHIr&2cR0@0) liqaid TEkHylcht oMs ddiverel MR
@30 C of 6.4 ks : | ecul ar i of 213,.,770 Daj.t ons
and a nol ecul%aﬁgs\%eﬁﬁgg{glg?ﬂis{ﬁlﬁ%ﬁlt%ﬁg t(won%”ﬁk#;}tasf}?fﬁm&qa% Wi on
Chr omat ogr apHyetengpgirolgr t(60-§/zh, £/13Dnelehk c Contivmss lsedvdsaastatitidhed &i ai ng
t he wei ght ay r L .an di £.f | ve.index .det ect or
(DPI') was use%htﬁg?cgglmgﬁﬁal{rg t\.agkﬁ?%% g)éﬂ ftoggl Q%%‘éénég%d\?e GV AT on
and pol yrn. d&eterained By g ehseryationens avisseusnserust: t OndemptivityovaSastatilished, A

bei ng act i vatdad hbik WRsHNi®aT0 Btk iR hultinB il ini
A di perfl uor ophenl I g]&di per.fl u?)r or?g;s)l?\%tﬁl;}Dbor a?%ﬂeg%ugxn 'grlglagmf(glﬁaém?%
E( ampl e 6 wi oSt ﬁg Wq{wgﬁﬁpﬁ Rytepsfind unreacted monomers was collected (10

(0L sty e egunstns e Sy S
(tetral d}s/per ° fa\tﬁ%&rzglﬁgﬁﬁta@‘?fgoogﬁ B‘.”y‘t‘ﬁo@]‘ﬁ%e"ﬁfjof“éﬁﬁ arTh§esofisat BEs t he
copol yner s obswvaiomdet] oma $then bath and the product dried under vacuum at 90°C for 16 k.
The resulting solid (35 g) showed 16,67 wt % ethylene by Fourier Transformation
Infrared analysis (FTIR) (within the parameters set by ASTM D-3900), a melt
flow 1ate (MFR) @230 °C of 6.4, a weight average molecular weight of 213,770
Daltons and a molecular weight distribution (MWD, M./My) 2.32. QGel
Permeation Chromatography (GPC) with Malls/3D detector was used for

determining the weight average molecular weight and a diffractive index detector
(DRI} was used to calculate the MWD.




" pol yneri zatw%pfrg&gssses of Exanples 4 to 7 are pl ott%@%%%otz&éhe

- nunber of perfluoronaphthyl |igands on the activator inHgure
whi ch al so i ncludes the neasured nol ecul ar wei ght for a copol yner
produced from Catal yst A preactivated with dinmethylanilinium
(tetral dsperfl uorophenyl)borate. FromFigure 1 it will be seen that
each of the activators of Exanples 1 tqg 3 gave copolyners wth higher
nol ecul ar wei ght than that neasured f or®t he copol yner obtained with
the (tetral ci sperfluorophenyl)borate activator (n=0), with the

activator of fosmple 1 i(lia-a&vegécﬁwﬂﬂntali@pa&ﬂbﬁﬁhoﬂsh%éé'v% réﬁ%étgé‘ﬁut

approaching and in %ge case,  even surpassing that obtained with

(tetral ci sper MdPdFABhthy Pees setept E)@i‘ﬁﬁ‘l’@ ¥ “(lﬁ‘ e dn]}“@fbﬂ@]imﬁém

activity of C@ﬁwﬁroﬁenﬁx&b&@m&oﬂ%ﬁmyﬁb&mmrEaﬁlfaneU@%nd DRk REle 6
pol yneri zation, is plotted aq%?u nst the

r oces Fx

number of per Fitho A%W‘FWF“‘ Wﬂﬁh&?ﬂiﬁ@%h%f}m)"é@‘&mqaﬂh Iharate 0f
whi ch al so i nEkamkﬂs 3t ha Hm&@w‘g(tamjist Wi W¥s SbactRitad Wath dmbth Fﬁ&ﬁﬁﬂuﬂxﬁt ed
wi t h di et hyl r%a'lq ré ‘ ‘g’?"‘{hgbﬁ erfluorophenyl)borate. Figure 2
shows that th PP tors have i nproved activity over
then = 4 acti IMBZJr PoIT;haemom:hlaﬂnwEgl&r’rm‘e&eB cé;ibljkﬂer& Ogridihdax anpies 8
to 17 were p -t hro ut . expe ich each
reaction vvasa]?&e%‘ﬁ %%zg Sﬁsrsest? EePle] L té’nd'ef"rzil I}mfe s?ﬁa’f“? the BEPbe PLas
s‘ffbe aver age vnﬁrﬂ‘eormaphﬂml figrnds pariks aC{n@ﬂ&SinEl?lhydeeh ewlitiphiae dlchidenthe

{&at pol ymeri Zaﬁ:b&ﬂl%dv‘ﬂ{ofec{?ﬁf f\%lﬁﬁd o a aa%;l ?ﬁ?&rl gl%%gce% Bokd Iéaka?])%F

ocl ave reactor. equi tg a nech rer, an ext
heater for tePfs@fipted @ gimilaylaniliniens (etmaksispeifuprophehyBboratgyu FrereBigarappl y

of 27 dry njtyremeR apdoat E%h%@%e'dauﬁﬂorb BEEL 19@?&&1 Iggvegc'tab&&@%%n_r he

gl ove box. The,reactor was dried and egassed orou
di | uent, como her mefecularweighd than (et messyred forthe Erpainad with and

at mospheri c pﬂaeiﬁﬁilﬁspefﬁﬁﬁrdjaﬁﬁgl)ﬁﬁraw&&n‘a&@r@niﬂ) mehmet&u@a&&%?ﬁm le
pressure and fg rged V\n&g Iene whlle stirring 0
activator and SAcaBae 'é‘ﬁe?}}ﬁ%"s?g}}tr?ﬁ@%@i‘g F‘Fpe‘nr‘g’ﬁd’?%ﬁcvé{‘
process condi sunessng SBOAGEnEL with S (tdalNikp et @ﬁP ﬂl)lﬁmik@oﬂﬁﬂmﬂe 7

. cat al yst conp@_%j ng u-di netlayl silyl (bis-indenyl). haf ni um di et hyl
(Catal yst A Exanpl es 13-17 used a catalyst conprising his

-met hyl- 3- bul093¥ycl op8he acilvaﬂwﬁ)ﬂatam;mﬂ'gm%yk nufrfbai mrma; irBhe
h t al t { f t {
Formila & (GEEIGaR Okt of blinilles' 17 e BABHENS 1R ey of

cation and n:pe(rﬂqo@on@phthyl ligands on the acHvator in F:gure 2 wluch also mcludes the

-|

,:) , measured  activity of Catalyst A preactivated with dimethylanilinium
- ) (tetrakisperfluorophenyl)borate. Figure 2 shows that the asymmetrical activators

have improved activity over the n=4 activator.

Polymerization Examples 8 to 17

[0084] Examples 8 to 17 were part of a high-throughput experiment in
which each reaction was replicated four times. In general, results reported as the
average value of the four runs.

[0085) Ethylene-alpha-olefin co-polymerizations were performed in a
glass-lined 5-milliliter autoclave reactor equipped with a mechanical stirrer, an

external heater for temperature control, a septum inlet and a regnlated supply of




- [00861The p i zation was continued while maintaini > reaction
e, B0 B bAE

vessel within the target process tenperature (

(34 kPa) of target process pressure (75 psi (517 1cPa)) (by automatic
addi tion of ethylene on demand) until a fixed uptake of ethyl ene was
noted (corresponding to about 0.15 g polymer) or until a
[I'latr1311111 reaction time of 20 m nutes had passed. The reaction
was st opped by pressurizing the reactor?to 30 psi (207 1cPa) above
the target process pressure with a gas m xture conposed of 5 nol %

oxygen in ar gy nifogenRb ¥ en¥RSan RGNS i i l,on
of the reacti gﬁym' xtgeure. Eﬁeﬁ pol ymer | Zgﬁi‘:%%h;%?%?’%@%{%{ gfg{gg%%%’?ed
by di vi di ng tﬁ@siﬂrbelddar’éf desagsednthordpehivnet 115PGY The dienbicomeromert ahd st

charge by the stiveBger,wdi@udded andoYerdtenabamd %%sﬂii@ﬂ@ﬂi%ésufé( éwagmtn
at nospheres. Theﬂiepeq%f'ct ol ymerization activi tg}'. was cal cul at ed by
di vi di ng the y1&I"6" ‘tﬁ?mg’éff’ By Prefare B phangahivéh cdwlenr whilpstisisg ot
Lr ansi ti gnbmetsaﬂ mmb t i’rhaediviamr BiE cBa)sh wesd a@h&ﬁﬂ%yﬁﬁ{%txbﬁl {He[}gagtgsfgrh
ours and by sol.ut e r_pr i n_at nbspher es. e
results are s&u’%\%ﬁ&i cnonf—h:ﬁé'ﬂsr g%g%h?sgt{gii%)t hEtampies §-hp 8ok Acsatalysh
mol ecul ar wei ghpchingi prdichettiyisilyl(fisindenyl), hafmans Emaali (ahQn I anth
the n=0 activ e t,3i ne i th both tal ysts. A and.B. 8
[ 0088] Al | doc%kngﬁglgé deg?:_rlﬁbed'gsheémreian a?aéal?(':'%cor BPEPRE by isEstehde
heyei n, i ncl ulrwigyelpsentsdicoyhainponiamu diertty),a (Cdtalpstt Bt bavh peralgse ObEiGS .
(As) i s appar engefvhREwifs; : LRE4 O d the ..+.
specific enbod?tnen@ﬁ%fittﬁé&?g‘?% o§ t{}%@%\ﬁ/gﬁ“ﬁ:@ﬁﬁﬁ @e‘gﬁma 18
i | lustrated aftdgaethymbsgumeationand omddp fi cati ons can be made wi t hout

SRR 19, SURBE <PL e AN ik, el Ol SSEA
Wiat we cl ai mV§°88] within 3°C of the target process temperature (80°C) and 5 psi (34 kPa) of -
farget process pressute (75 psi (517 kPa)) (by automatic addition of ethylene on
demand) until a fixed uptake of ethylene was noted (corresponding to about 0.15 g
polymer) or until a maximum reaction time of 20 minutes had passed. The
reaction was stopped by pressurizing the reactor to 30 psi (207 kPa) above the
target process pressure with a gas mixture composed of 5 mol% oxygen in argon.
The polymer was recovered by vacuum centrifugation of the reaction mixture,
Bulk polymerization activity was calculated by dividing the vield of polymer by
| the total weight of the catalyst charge by the time in hours and by the absolute
) monomer pressure in atmospheres. The specific. polymerization activity was
calculated by dividing the yield of polymer by the total number of millimoles of
tramsition metal contained in the catalyst charge by the time in hours and by the
absolute monomer pressure in aimospheres.
{00871 The results are shown in Figure 3, which shows that the
improvement in molecular weight obtained with the n= 1, 2 and 3 activators
versus the n=0 activator are obtained with both Catalysts A and B,




" 1. A proces uci ng a propyl ene copol ynmer conprisin ,
. contacti ng gvr({)%%l@%\zggand at | east one ol efin nmononer s%q"&?%@d’o?zﬂ@m

et hyl ene and al pha ol efins having 4 to 20 carbon atons with a
catal yst system conprising (a) a catal yst precursor conprising an
organonetal i c conmpound and (b) an activator conprising a
fluoroaryl borate anion represented by the formula: C+ [B-(Aran)r
where Ct+ is a cation capable of extrac®ing an al kyl group from or
breaki ng a carbon-netal bond of, the organonetallic conpound; Ar is a
fl uorophenyl gosssp; R i gnaaddsenenaniinby! [ X.and n
is 1, 2, or 3, w?h the proviso that thehs?%?ﬁpg% %ﬁg—p}?ﬁ% %f'hrgfebep%%ess
of claim 1 whéFEinnakding agy peerity dequsishia ayd/or testingpeocpdwes o' infppateat m 1
or claim2 whesofi the Brboirts S04 MRERRBRMIME spedi c%o&i&r%ﬁgsé}fni@ folhy
preceding claimwherein x 1s 1 and' nis 3. 5p e process’ of any ‘one
of clainms Ito® ﬂW’t’é‘?"@P?P have degn iflpeiratediagd descgbed] wasiqus owdifsatisins amybeone
of clains Itondhdebaneitleyarfity Bord e sPirk Snd scoge ofﬁlﬁm?{n‘&‘&&sﬁcc%idi&gi%tiﬁ”e
0 e

of clains 1 to 3 Where‘!“ri!l an activator, (_:or'rerl ses at |east one
ani ons: 30 not mtended that the invention be limited thereby.

)



8. The process of any preceding claimwherein Ct+ is selected from
silylium trityl carbenium Goup-12 netal, anilinium ammonium

- phosphoni um and arsoni um cations, and anilinium anmoni um

phosphoni um and arsonium cationic derivatives wherein the cationic
. derivatives contain Cl to C30 hydrocafdyl, hydrocarbylsilyl, or

hydr ocar byl - am ne substituents for one or nore cation hydrogen atons.
9. The process of any preceding clai ein said at |east one

ol efin nmonomer is ethylene. 31 10. C%]h%ﬁ’gocess of claim9 wherein
sai d propyl ene copol yner contains units derived from propylene in an
anount greater than or equal to 65 weight percent, and units derived
from et hWhataveiolaimmisanount of from5 to 35 wei ght percent. 11. The
process of any preceding claimwherein said catal yst precursor is
selected froma netall ocene catal yst precursor, a bisam de catal yst

precursor, anAafiobéss %ﬁﬁﬁﬂg@in%gﬁﬁ&%ﬁénemoﬁﬁ‘iﬁr%??mgg{/isig% %ﬁtbéjdr{%e%'lo }Izltra];lue

bi sam de catal yst precursor. e procesSs o ecedi
wherein sai d azd afllgast oy ele@mmanoomp st eedfropretijde g dsimraadefog Hasing 4

2oL Y2 0! 1ty 3., BB 50 L RSP B S B8
g re f)g gts : OIof cl sérfipridngphar etginsde@IIE tambesfNand AbR! A4S hctfBFUESRPridiSg a
fluoroarylborate anion represented by the formula:
Ct" [B-(ArR.)]
where Ct’ is a cation capable of extracting an alkyl group from, or breaking a
carbon-metal bond of, the organometallic compound; Ar is a fluorophenyl group;
Risa fluoronaphthyl group and each of x and n is 1, 2, or 3, with the proviso that

the sum of x+n=4.

.2' The process of claim 1 wherein Ar is a perfluorophenyl.

3. The process of claim 1 or claim 2 wherein R is a perfluoronaphthyl.

4, The process of any préceding claim wherein x is '1 and.n is 3.

5. The process of any one of claims 1 to 3 wherein x is 2 and n is 2.

6. The process of any one of claims 1 to 3 whereinx is 3 and n is 1.

7. The process of any one of claims 1 to 3 wherein an activator comprises at least

one of the anions:



f r ompent anet hyl cycl opent adi enyl ti t ani um sopr opoxi de,

pent anet hyl cycl opent adi enyl tri benzyl titanium
~dinethylsilyltetranethyl cycl opentadi enyl-tert-butylam do titanium
di chl ori de, pentanethylcyclopentadienﬁb titaniumtrimethyl,

di mret hyl silyl tetramet hyl cycl opent adi eryl -tert-butyl am do zirconi um
- dinmethyl, dinmethylsilyltetranethylcycl opentadi enyl -dodecyl am do

haf ni um di hydri de,
~dinmethyl silyltetranethy
di met hyl, bis(1- nethyl -

ycl opent adi enyl - dodecyl am do haf ni um

pent anet hyl cycl opent adi nt adilenyl zi r coni undi net hyl ,
(tetramet hyl cycl opent adi 7 @ént adi gnyDzi r coni undi net h
yl, dinmethylsilylbis(tetrah rdi £hl ori de,

si l acycl obutyl (tetramettyl | - cycl opent adi enyD

zi rconi um di net hyl , di P
di met hyl si | yl bi si ndenyl haf ni um di net hyk,
dinethylsiIbeis(2-nethyIindeﬁyI) Aaf ni um di mét hy N,

di met hyl si | yl bi s(2-met hyl i ndenyl ) zirconi um §i met hj! ,

di met hyl si |l yl bi s(2- nethyl-4-phenylindenyl) hafnium di nethyl,
di met hyl si Iyl bi s(2-nmethyl1-4- 32

phenyl i ndenyl ) zi r coni ungdi net hyl , di get h

silylbis(2-
et hyl si |yl bi s(2-

di phenyl met hyl (fl uorenyl) ( i met hyl and
di (paratriethylsilyl phgnyl) tyl fil uorenyl)
(cycl opent adi enyphaf ni um 12

8. The process of any preceding claim wherein Ct" is selected from silylium, trityl
carbenium, Group-12 metal, anilinium, ammonium, phosphonium, and arsonium
cations, and anilinium, ammonium, phosphonium, and arsonium cationic
derivatives wherein the cationic derivatives contain C; to Cjp hydrocarbyl,
hydrocarbylsilyl, or hydrocarbyl-amine substituents for one or more cation

hydrogen atomns.

9. The process of any preceding claim wherein said at least one olefin monomer is

ethylene.



1 5. A propyl ene copol yner produced by the process of any preceding

claim

10.

11

12.

13.

14.

31

The process of claim 9 wherein said propylene copolymer contains units derived
from propylene in an amount greater than or equal to 65 weight percent, and units

derived from ethylene in an amount of from 5 to 35 weight percent.

The process of any preceding claim wherein said catalyst precursor is selected
from a metallocene catalyst precursor, a bisamide catalyst precursor, an amine

bisamide catalyst precursor, or a pyridine bisamide catalyst precursor.

The process of any preceding claim wherein said catalyst system is capable of

producing stereoregular polypropylene.

The process of any preceding claim wherein said catalyst precursor is a

metallocene catalyst precursor.

The process of claim 13 wherein said metallocene catalyst precursor is selected
from pentamethylcyclopentadienyltitanium isopropoxide,
pentamethylcyclopentadienyltribenzyl titanium,
dimethylsilyltetramethylcyclopentadienyl-tert-butylamido titanium dichloride,
pentamethylcyclopentadienyl titanium trimethyl,
dimethylsilyltetramethylcyclopentadienyl-tert-butylamido  zirconium dimethyl,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido  hafnium  dihydride,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido hafnium dimethyl, bis(1-
methyl-3-butylcyclopentadienyl)zirconium dimethyl,
pentamethyleyclopentadienyl-cyclopentadienyl zirconium dimethyl,
(tetramethylcyclopentadienyl)(n-propylcyclopentadienyl}zirconium dimethyl,
dimethylsilylbis(tetrahydroindenyl)zirconium dichloride,
silacyclobutyl(tetramethylcyclopentadienyl)(n-propyl-cyclopentadienyl)zirconium
dimethyl, dimethylsilylbisindenyl zirconium dichloride, dimethylsilylbisindenyl
hafnium  dimethyl, dimethylsilylbis(2-methylindenyl) hafoium  dimethyl,
dimethylsilylbis(2-methylindenyl) zirconium dimethyl, dimethylsilylbis(2-
methyl-4-phenylindenyl)  hafnium  dimethyl, dimethylsilylbis(2-methyl-4-



15.

32

phenylindenyl) zirconium dimethyl, dimethylsilylbis(2-
methylbenzindenyl)zirconium dichloride, dimethylsilylbis(2-
methylbenzindenyl)zirconium dimethyl,

diphenylmethyl(fluorenyl){cyclopentadienyl)zirconium dimethyl and di(para-
triethylsilylphenyhmethylene(2,7-ditert-butylfluorenyl)
(cyclopentadienyl)hafnium dimethyl.

A propylene copolymer produced by the process of any preceding claim.



