1 OLEFIN POLYMERIZATION CATALYST SYSTEM AND PROCESS FOR USE THEREOF Field of
the Invention [0001]This invention relates to novel transition metal compounds and to processes to
polymerize ofyeligReii{s unsaturated monomers using these transition mgia}-£_ppHHIgssaNnd
polymers or oligomers produced therefrom. Background of the Invention. [0002]Various processes
and catalysts exist for the homopolymerization or copolymerization of unsaturated monomers,
particularly the polymerization of olefins. For many applications, it is desirable for a polyolefin to have a
high weight average molecular weight while having a relatively narrow molecular weight distribution.
Chiral bis-indeny| nmidiafifie . RIAABIOEN § AdeilyX I Fob X AT HIVh 4D, BRMCFESS tatic
polypropylene and copolymers of propylengeyigl @8ieripRp@osrs (Resconi, L. Chem. Rev. 2000, 100,
1253). Non-chiral metallocene catalysts have also been prepared which yield atactic polypropylene
and copolymers (Resconi, L. in Metallocene Based Polyolefins, Eds. J. Schiers, W. Kaminsky; Wiley;
NY, 2000; 467). Wb thes enatatgdiiral catalysts which operate between these extremes, yielding
polypropylene with crgstallinity less than highly crystalline and more than amorphous, generally these

chiral catalysts ghQ48lv molectiss IErgHPR SRR rsomasskiRsipnarsiebepionaweds andisared from

propylene and ook esQRAEEBNGRE SLSHoBYSAR OB A5 S28:fesgibes bridged chiral
metallocenes as catalﬁsts use{ul for olefin palymerization. W02002/01745, US 2002/0004575A1,

W02002/083753 XSS PSR 9IRS 40d DRLYPARLS SL QL ESMFTS ProsesiBarefeBropylene/ethylene

copolymer containing tacticity within the propylene sequences using the chiral metallocene
rac-Me2Si(1-ind 2Ht nd,.an ionizing activator. US 6,057,408 discloses a process for the
preparation of hi 8}& E6s Ozfﬁle i ylene/ethylene copolymers with high crystallinity in the
propylene sequeli#¥2jusing chifaidis protesydsnandalinsigie exTshdoediaysiitilyietdesine WO
2006/010139PCI i Q / §708 2fhi hest. molecular weight cqpolymer was . .

rac-Me2Si(2-Me- ]? Eapthyls: p%%e%%%‘?%fﬁ%B@ﬁﬁﬁ%‘@%ﬁ%&éﬁa%%%ﬂl?gﬁérted
(Organometallic®edog, For aenspapdicationd, thés ifsicaldf Soabsptlgotisfimtthieabete piogitions on a series
of chiral ethylengafidgedmetaligrenes. 5@&1&9“% 6-X2-1-indeny1)2ZrC12. on solution ethylene
and propylene poly_rggriz_atip%s_. In comparing X= fégr%fig:a Rﬁ%ea?igé%g?}{rrr@%ox]l&% a(?d\liva@ights were found
for the preparatifetghpdiythytione Chizakhirmdenyl snciglinotnX cathstave bash Kgghiol) and
polypropylene Ohefdrdaghi} orfoKalmokobutc 6 MBS LS BUAL BN ISPl SR dep- 365, chiral

bis-indenyl metallocenes containing methyl groups inthe 5 and 6 positions a etaldcenes

containing a pheMegraoR R Restominbs ReRisil08e(r dRARE N atiowéralt 70 C in liquid

propylene gave merBERIlY GiuHAiNSRAMBIMRA SRS ASISVISENGRTH RY.PG PBg{Hg: Points between
132 and 147 C. The molecular weights (Mw) of thﬁe%&e’ materials are be?we%gg%)o f d 200 Kg/mol.

W
CopolymerizatioAPdrSoRsVRsTS (Rercatiyleie Mitalorane fasediPrisdefinsa EdsiddSakiymsC 12/MAO,

yielded a 2.8 wt W, athyleney WK% PrODYlerE ComalYEN R b A RisniEinani Iewen molecular

weight as evidenceg a droFPZitEﬁintrinsic visco,sit% from 155 mL/g (Mw = 143 Kg/mol) to 98 nilig (Mw

b
not recorded). TRRTESH BRIV RS AR -eX LS Bl PORGEGRYIBR W b et it st dhans .
100051In US 6,b8hicystadlitebhisniogetyhmeiaihoasceaitainingss riapnelasaddetiagethylated

cyclohexyl ring ttacheéj at.the 5.gnd 6 positigns is d'sclose%. This metallocene, rac
-Me28i(5,6,7,8-?é’t‘?vaﬁ§9 ?8‘%,15‘,’?@-’5@ a?ﬁ'e%ﬁolé B IRPRA AT RASRA b eliene), is
reported to be irpthpydéheridhoiharstaerRPrspyiimespolyspstezation behavior was reported in alkane

solution (24 wt % ylene) ra,paytial pressure of hydrogen at 70C. Molecular weights obtained
were ca. 60 Kg/r@gﬁgﬁd polyr:ge:%j ?ﬁoe tlﬁ%ﬁp%?rg ?ﬁgéanfﬁﬁgéfﬂ% ?%ﬁ%%@?ﬁﬁe%‘fﬁfsﬁeights were
lower than the awsgbydersodefmpielymitizeiipnth® 62002/6 IESIHTTR20020004575A1,
-Me2Si(2-MeThiggssy ' I j = 79 Kag/mol. Simjlar results observed in
ethylene/octene polymdgg%’%sr%{)v{}it %@gﬁﬁg@%&&ﬁ%ﬁ%&ﬁ? reese%grg#beti%rr?pp%ﬁar%%ﬂ%tions were
reported. Supporteryéens/sibed e ropobonsx smitaining thitipatenthinchemepplordeotacedar weight
distributions (> 36 MAKEIRATRRIAAS RS IHAAD, SAPMAS SifisHlkThePS, aslts WO
2006/010139PCT/1%§005/024708 3 inqicateq‘?hé?%ﬁ%?%%ﬁv%?jt%@%&ﬁ%@gﬁs not expected for
catalysts with laR§E'@fetipSrsHe7s AR diecinssnibprecrssior tes prsaniriiduldhbigaswliecplalymer
molecular weigh afopsteiiuindhess,BiaMaNs s IoNaN BRI B 200724 discloses
y

polymerization of butene with methylalumoxane and dimethylSi

bis[2-methy1-5, 8¢RFARRRHNAG B hstndenfimerirhassrseniGhs entristithatarieldad shdescribed certain
indenyl type compounds with annulated six membered rings; however, WO 2004/050724 does not
obtain higher molecular weights at higher temperatures. [0007]Thus there is a need in the art to
provide catalyst systems that can provide polymers having high molecular weight as well as good
crystallinity preferably prepared at higher temperatures and productivities than otherwise possible.
[0008]US 6,479,424 discloses the preparation of unbridged species bis(2-
(3,5-di-t-butylpheny1)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) hafnium dichloride,
bis(2-(3,5-di-t-butylpheny1)-5,5,8,8-tetramethy1-5,6,7,8- tetrahydrobenzWindenyl) zirconium
dichloride hic(2-(A-t-biitvinheanv1)-B 5 Q Q_ tatramethv1-5E A 7 Q-teatrahvdraobenz(HDindenv hafniirim




each R1 is independently selected from the group consisting of hydrogen, hydrocarbyl, substituted
hydrocarbyl and functional group, and any two R1 may be linked; each R2 is independently selected

from the groypEayssistingeof methyl, ethyl, propyl, butyl, pentyl, hexyl and thejseasisHiesgof,
provided that when R3 and R6 and or R12 and R1p form a 5 carbon ring, then each R2 is

independently selected from the group consisting of ethyl, propyl, butyl, pentyl, hexyl and the isomers

thereof; R3 is carbon or silicon; R4 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional

group; ais 0, 1, or 2; R5 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, R4

and Rs may be boighestoydtioslatoreight sapodymevRSrandvRBiaMeetd g tiydrirer to form a ring; b

is0,1,0r2;R6is (&%ﬁgﬁgmiﬁcon; and R4 and R6 may be bound together to form a ring; each 127 is
IS

hydrogen; each RS epenzdently selected from the group consisting of hydrogen, methyl, ethyl,

propyl, butyl, peri§#0HEXxy! ano&k@qléimm@idf chsiaktreapored @ﬁw@w@ﬁ@_@iﬂwlgg?edtbd from the group
consisting of hydézqgﬂ% oo GRARYLARNP SE UGG NI OGRS 205b&ifuRS UanAl QLT dfditwo RO

groups may be linke er to form a ring, R9 and R8 may be linked together to form a ring, R9 and

R16 may be linkexthidersaheidgsdoneialeprier gasr§ RN b &imkadaadeféritodrm a ring; cis 0,1
or 2; Rio is _m2(RAfa sgﬁg%&éﬁdﬁowe&,p& | 21508, I3AHIRPRARE famripdxsuch that the
n

valence of M2 is filled, a 16 is hydrogen, hy rocarbg/l, substituted hy rocarb}r/é,or a functional

group, and two RY6-§rBiss melgohkatimerhts yém dpindderihe nrrpagetion of pabvetiodenrs Ri1 is

independently selegteg{ronuig grasip xensisting of (ykgediy ueid pephpaeRsiituted hydrocarbyl
and a functional group, and two R11 groups WQ 2%%2608]{}(1)139PCT/U82005/024708 6 may be linked

together to form g?%ﬁ(}(ﬁ/’é’% Re iy Ml 6B &HY "4 B2 and R16 may be
Iirllked togetherht%fmrmbasrjﬁ%é@jsygt?udaré&swhﬂmrﬁd h Iiég mm;@lfgeo‘qasaﬁd}e E%&@p&iﬁ%ﬁg is carbo?n or
silicon; R13 is hydrqgen, rocarbyl,.substityte rocar r a functional group, and R13 and R14
may be bound to&%&ﬁa?%?%?ﬁ?%cﬁﬁ/&%ﬁ% ﬁi#?@fli it gé) b Hﬁ%ltf%é‘fgéﬁsfg%eﬁh aring, when g
is 0; fis 0, 1, or 2Polidhefirativpdraigtn® Gyl tapadyyhstiastipatechindiratdylaylaaldidanctional group, and
R14 and R12 gis Q, 1, or 2: and R15 is carbon or silicon:.provided.that if t Q goups are linked,
then they do not Pé’éﬁ”%%%é‘&ieaﬁévglrg‘&%e?vh%R‘i\i}(‘.’ée }n%&ﬁﬁ?ﬁiss Fﬁ\%ﬁ%ﬁﬁ%ﬁﬁ@%ﬁa@s to a
process to polymEhzmoiesalurateghtsdivomerSthesiamitarial ave tedwesosifio nsd gdidhgliyodombined with

an activator. Detgisg Qeeeion (PR IbE InpuRtRalen 194 R gacs phsalalvst compounds

that may be combi one or more-activators to polymerize any unsaturated monomer. [0014]For

the purposes of thidemidaidn Ml haddfsdrs28arélo othrans.fhme shesies eoreEaRnprising a
monomer, the moaamer prgsaRhinthR PANMRGIIS WG ROl ReHaed Iy atshsanamer. For the

purposes of this invention and thé claims thereto when a polymer is referred to as comprising an

olefin, the olefin pieesiyifreRe 1981k (MiveJ4R FeimddtroPhmita &drenat 1acaidedescription herein

the transition metalcIHYRRARREMNGI PR dRSIIBEH AfRiRB RIS PERCYESQL FoBrescatalyst
compound, a transition metal complex or a catalyst compound, and these terms_are used

interchangeably. I88%alyst sy 160346 boaetine Pispany) sxellgesie AsEtAaRS Abination of a
transition metal catalysi-aqsnRRisNcy AR RPARMAInA Bractivataris 3lsadatpsshrngeably referred to as

Csed heram, the AUFIDEAng BEHEFIRISFe BerBI HaBte IR e e RS et out
CHEMICAL ANDENGINEERINGNEWSh B3 (6):27 (R85} f0Rt6 o wsiantiorpuridsesof this
e e i S HEB s eeap R gl prow, o
trimethylsilyl. % propylene) under a partial pressure of hydrogen at 70°C. Molecular weights

obtained were ca. 60 Kg/mol and polymer melting points were 144.8-147 °C.

These molecular weights were lower than the analogous complex with H in the 5

and 6 positions , rac -Me;Si(2-Me-1-indenyl)Zr(1,4-diphenylbutadiene), Mw = 79

Kg/mol. Similar results observed in ethylene/octene polymerizations with these

two catalysts. No H,-free solution polymerizations were reported. Supported

catalysts were also examined in this patent, however broad molecular weight

distributions (> 3.5) make comparisons between catalysts difficult. These results



[0017]This invention relates to the preparation of polyolefms in solution, slurry or gas phase processes
using chiral metallocenes containing specifically substituted indenyl ligands, (such as those
represented {ynHe5EM1R b above), in combination with an activator and optighaiivRpsadetenal
cocatalyst. In one embodiment of this invention, pglyalpha-olefins are prepared. In another
embodiment, olefin copolymers, substantially free of diene are prepared. In a preferred embodiment of
this invention, polypropylene with intermediate crystallinity and high molecular weight is prepared
(intermediate crystallinity is defined to be having a percent crystallinity of 15 to 35% as measured by

DSC procedure dedicatiodbibelonleondaniueishbidranizanisgiot rxpedind e palsrsviinlasg® 100,000 as
measured by GP, i S BRards)s SHER ﬁfﬁiﬁéfe&reefﬁiﬁmw use in applications
such as plasticizéioggg%E%égaé}t{éeﬁrﬁnoélgaatiqns, hot melt aé%hjl?ggive applications, coatings, seals,

insulation, moldifplestHpositishicen beaserivrditadhesepacsioas substithéereferred embodiment of this

invention is the pigRjation of WORMEHBAMSRE R S:ankIYPsuRRSGmWithin the propylene
sequences as described in W02002/01745, US 2002/0004575A1, W02002/083753A1, US

6525157B2. Suchgholireneransmahdissiulsid BisZa sy ftatemsdbibstic elastomers, impact
modifiers, compagiRiligersinyiRgimeniagiedeatvgiefiososiasitdiies yaprabimesthinanaaaily

vulcanizable alloys, curable elastomers, adhesives, PVC replac?églents and viscoziqtgﬂgj%jifiers. Also,
ed elastic

blends of such cERAFATRPSHHR B HBPSAS BSHBHER Eieh RRvE Sl

recovery and tengdes siseoiin MR-? ABE0101 3RGIHE/3 hixBebidrddaat@f referred catalyst systems
comprising a metallocene represented hy Formula g%,gan activatar and ogtionag)&h%ﬂggdditional

cocatalyst are pAiihrly suitdd¥SHISFESARGHIR BleAILPINY S SAIRGI Y S {Austrially useful
temperatures. [0piSHadfisyBnitat baahip highateivoetiorEdhC) st rackk dageoid apsailiedtyising a TA
Instruments model 2920 machin mples weighjng approximately..7-10 mg.are sealed in aluminum
sample pans. Th%régébg'alfae%r e%ea%c?rlégg b%/n'fﬁ%ajct:"cl%ﬂr%%{ reoslzla(rzs[wlﬁget% 9&5 %ﬁléa%l%ﬁen gradually
heating it to 200 posdileleate of 10 C/minute. The sample is kept at 200 C for 5 minutes before a second
cooling-heating is appli irst an C 8 Ee ded. Areas
under the meltingﬁg)lu&\rs\is areerﬁga%gé?gg Ea%c(lﬁ é(?gs iﬁggé}eg%ﬁ}l/?%%ﬂ%‘?r@%h og%[)sgl%%aﬁﬁ e degree of

crystallinity. The (efediritutdpdtimii)- s8R ttatadatieyhg, thé foetralisdiebeaz(Madensib curve
(loulesioram) /& aylesiarml: 100, whets Bisinlies) o usondap g haropelymer of the major

monomer component. These values f are to be obtainéed from the Polymer Handbook, Fourth

Edition, publishetbtsghydrabenaidinsisaydames oo distloroloobiaFdht Bt ypdbmylB)yis dsed as the heat
of fusion for polypronylana. 407 S1fisUSBERA HHAL HRlaikRie REARG R SAarNeParng oligomers

and/or polymers of unsatirated monomers, such as polar monomers and or olefins comprising

contacting a tranBisRRYA 2SR SoeHansh e GibSdatehydr brrr (DFHAXINZ PR W ator with the

monomers. This jjvepiian AlaenslaiasdaPpRbaass prigfyibsprapakation of olefin polymers and
copolymers using metallocenes containing specifically substituted indenyl ligands as represented in

Formula 1: WO 1010139PEyIReEHess ok et HGlide: I 3G EHERE WRHINE R ted form
grcl)up 4doff - ?}%ﬁ&ﬂiﬁl@bﬁ% py@sr@bﬁggfmr @&xﬁi&g&&@f byl %ﬂl;g&gﬁl%gmg’ | and nftly ional
selected from the group consisting o rogen, hydro yl, substituted hydrocarbyl and a functiona
group, preferablf%eligg%72§%?ﬂ%¥§gﬁgﬂlﬁb§foﬁé% 4708 10 hydrogen, a hydrocarbon or a
halide, preferably@dligg a hydridestese thepeie pretdrablyeRitisogetadtecfromsdagpoofuconsisting of
methyl, ethyl, trimethy|silylmethyl, trimethylsilyl enyl, naphthyl,.ally!, and.benzyl; even more
preferably, Rl is Re 'fng 83&‘}}@?% S|Fr%¥é‘g%%?%?h@ﬁ?@%ﬂ%?%’a%?g‘ﬁ?gsame or different; each
R2 is independentiyselitated freferdbly gnsoprdon pisteassexf rhikbwisetthdrepiopytedunthpentyl, hexyl and
the isomers thereof, proyided that when R3 and R6 and or R1 form carbon ring, then
each R2 is indep?é’n%g)ﬁ %{/egé?é:(e: %%?V#, Nt ué:%%%%%gﬁgﬁfn S@ﬁqﬁ%%?é%m%%?% pentyl, hexyl and
the isomers therend]qndierabighR 2t dighethighnptngivoesdromyiitionnsqsrssesalsipgR295-methyl, and the R2
groups may be the same..or dj [ Jicon. I : yl, substituted
hydrocarbyl or a ki ro]rc%ggtﬁ%%%ﬁe%}g%@g@%%ﬁ@%ﬁ 9%5%%?3%%8%%&%?%&3 nrs% together to
form a ring, and &Rt and R6 may be bound together to form a ring; a is an integer that is equal to 0,
1, or 2; 11.5 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, preferably R5 is
CH2, and R5 and R3 may be bound together to form a ring; b is an integer that is equal to O, 1, or 2;
R6 is carbon or silicon; each R7 hydrogen; each Rsis independently selected from the group
consisting of hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof; preferably
R8 is hydrogen, methyl, ethyl or propyl, more preferably R8 is hydrogen or methyl, and the R8 groups
may be the same or different; each R9 is independently selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R9 is hydrogen,
methyl, ethyl, propyl or phenyl, more preferably R9 is hydrogen, and the R9 groups may be the same
or different, and any two R9 groups may be linked together to form a ring, and R9 and R8 may be

linked together to form a ring, and R9 and RI16 may be linked together to form a ring, and R9 and Ri |
mav he linked tooether to form a rina: WO 200A/010120PC T/ IK2005/024702 11 Rin ic A\A42(Riec h )



R11 and R16 may be linked together to form a ring; c is an integer = 0, 1, or 2; d is an integer = 0, 1, or
2;eisaninteger =0, 1, or 2; The sumof c, d, and e is 1, 2 or 3, preferably the sum of ¢, d, and e is lor
2, more prefeyPlyedldgossym of ¢, d, and e is 1; R12 is carbon or silicon; R134s ysliaapaydaydrocarbyl,
substituted hydrocarbyl or a functional group, preferably CH2, and R13 and 1R14 may be bound
together to form a ring, and R13 and R15 maybe bound together to form a ring, when g is 0; R14 is
hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, preferably CH2, and R14 and
R12 may be bound together to form a ring when fis 0; R15 is carbon or silicon; f is an integer that is
equalto 0, 1, or 2 tatts equal to 0, 1, or 2, provided that if the two R1 groups are
linked, then they do not form a butadrene group when M is Zr. [0020]In a preferred embodiment, R3
and R6 do not forﬂﬂmﬁ Carborrﬁﬁgnr@rﬁré@rﬁar@teberﬁla@ﬂﬁaﬁ@ﬁe@ﬂ@a%féf-goﬂ%&@ do not form a 5
carbon ring. In an altern % é%gjrment R3 and R6 and R12 and R15 do not form a 5 carbon ring.

WO 2006/010135® Ceﬁfﬁ'% 8 Wal [0021]In a preferred embodiment, R3 and R6 do not form a
5 carbon ring when M is Zr. In an alternate embodiment, and or R12 and R15 do not form a 5 carbon
ring when M is Zr. In an alternate embodiment R3 and R6 and R12 and R15 do not form a 5 carbon
ring when M is Zr. E)%QZZ]In ajReferred embodiment whegi/M is Hf, R3 and R6 form a 5 carbon ring and
at least one R2 gr ttached to the 5 carbon ring is methyl, preferably at least two R2 groups are
not methyl, preferably a &e R2 gro are not metayl, preferably all four R2 groups attached to the
5 carbon ring are ~0Q23

carbon ring and at'lea bone R2
two R2 groups armot)methyl, pr
groups attached t acarbon g
and both R1 groups are yl. [002

carbon r| is not methyl, preferably at least
IC 40t methyl, preferably all four R2
Y24]In another preferred embodiment, M is HT,
drocarbyl radicals (also called substituted
hydrocarbyls) are r 2} which at least ong hydro arbyl hydrogen atom has been substltuted with
at least one hetergtom or%goatom contajning group{| &O term "hydrocarbyl radical”
sometimes used interchangegbly with "hydgocarbyl” thr @ocument. For purposes of this
disclosure, "hydrocarbyl radical" encompagses radicals contajjng carbon, hydrogen and optionally
silicon atoms, preferably 1 to 10? carbopf/ptoms, hydroger(Rr opjionally silicon. These radicals can
be linear, branched, or cyclic Rc ng pglysyclic| These rz76icals can be saturated, partially
unsaturated or fully unsaturated, and whan cy€hc, may zagwq[ non-aromatic.
[0027]Hydrocarbyls may be arenes. An afene is a subst r uSg(i@strtuted aromatic hydrocarbon.
Arenes may be monocyclic, polycyclic, hyfirocarbon rpfg assemblies or fused ring systems. Arenes

{)

ocyl, hexadecyl, heptadecyl,
entacosyl, hexacosyl,

, butenyl, pentenyl, hexenyl, heptenyl,
na adecenyl, hex

icasenyl, docosenyl, tricosenyl,

&B8yl, triacontenyl,

tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyt-e
propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonyqyl, decynyl, u ynil, dodecynyl,
tridecynyl, tetradecynyl, pentadecynyl, hexadecynyl, heptade octadecynyl, nonadecynyl,
eicos3myl, heneicosynyl, docosynyl, tricosynyl, tetra \taeom exacosynyl,

heptacosynyl, octacosynyl, nonacosynyl, or triaconty somer i$ digfosure, when a radical is
listed it indicates that radical type and all other radicals formed Rifen that radical type is subjected to
the substitutions defined above. Alkyl, alkenyl and alkynyl radicals listed include all isomers including
where appropriate cyclic isomers, for example, butyl includes n-butyl, 2-methylpropyl, 1-methylpropyl,
tert-butyl, and cyglgfeutyl (and analogous substituted cyclopropyls); pentyl includes n-pentyl,
cyclopentyl, 1- methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and analogous
substituted cyclyg bh(?i}&ﬂ:?ﬁ%ﬁ}@}e %%@ﬁﬁﬂ@g‘oﬁ%bof 1-butenyl, 2-butenyl,
3-butenyl, 1-methyl- 1 -propenyl, 1-methy1-2- propenyl 2-methyl-1-propenyl and 2-methyl-2-propenyl
(and cyclobutenyls and cyclopropenyls). Cyclic compound having substitutions include all isomer
forms, for example, methylphenyl would include ortho-methylphenyl, meta-methylphenyl and
para-methylphenyl; dimethylphenyl would include 2,3-dimethylphenyl, 2,4- dimethylphenyl,
2,5-dimethylphenyl, 2,6-diphenylmethyl, 3,4-dimethylphenyl , and 3,5-dimethylphenyl. [0029]Functional
groups are heteroatoms of groups 1-17 of the periodic



table either alone or connected to other elements by covalent or other interactions such as ionic, van
der Waals forces, or hydrogen bonding. Examples of functional 14 groups include fluoride, chloride,
bromide, iodige) £RERR¥YIE acid, acid halide, carboxylic ester, carboxylic sgi-£adagelissaghydride,
aldehyde and their chalcogen (Group 14) analogusas, alcohol and phenol, ether, peroxide and
hydroperoxide, carboxylic amide, hydrazide and imide, amidine and other nitrogen analogues of
amides, nitrile, amine and imine, azo, nitro, other nitrogen compounds, sulfur acids, selenium acids,
thiols, sulfides, sulfoxides, sulfones, phosphines, phosphates, other phosphorus compounds, silanes,
boranes, borateseaghReds andapendesFsehesiohfiogdepermacansistietakbydesnly to include organic
polymer supports, grIGORNIG.SURRRE MR N ShARAUHBNALARM sliPan AR A piRferred
embodiment, the Catalyst compounds used her€in are represented by the Formula 2: 15 M is a
transition metal s 3d from group 4 of the periodic table, preferably Zr or Hf, most preferably Hf;

each R1 is indepgndertly seiepted Aot YRR ansiEing ShmBHAAOEAKRY!, substituted

hydrocarbyl and a functional group, preferably Rl is a hydrogen, a hydrocarbon or a halide, more

preferably R1 is #19pdHdetyh deriylchsyylwnd dhsyrsmysssdhsysotsinravided fat redHtny 1, allyl, or
benzyl, even morg,grsfRrdbhdREisometykapshtie AR d.0R0UDE taspbedathepaneted different, and
the two R1 groups m%ﬁ%)e linked; each R2 is independen{}lzleselected from the group consisting of

methyl, ethyl, profSiSRREPR-oPsLing o fibidenne Ut PeBRY b RS aE HABSTR3 and R6 and
or R12 and R18 faersr:5 carbon ring, then each R2 is independently selected from the group
consisting of ethylspropyl, butyl, pentyl, hexyl and the isomers thereof, preferably R2 is methyl, ethyl or
propyl, more pre réﬁﬁf,@@yﬁ'}gﬁ‘i’% and the R2 groups may be the same or different; each R7 is
hydrogen; each B8 is iiydependenttysebstieobititmehhygrocpindrsistiogeabhyidiogen, methyl, ethyl,
propyl, butyl, pentyl 61 3@ aj]d the isomers thereof, preferably R8 is hydrogen, methyl, ethyl or propyl,
more preferably, IS cfrogen or methyl, and the R8 groups may be the same or different; each R9
is independently Balisdtwdrdgsm tydrgrathylcevisititingddfdyoraiehohy duoctobyl gsolpstRitedl hydrocarbyl
and a functional gyo r I ' . methylsethy] 4 r | re preferably R9
is hydrogen, andgt{wé% Qé%g?é%{%lar}:?gé E%Eéw{ggsgagr%g‘l é?’céﬁé%n@gr% % P\?Solp @g%{r%%%%e?ntgy be linked
together to form &0tk @hgl R9 and R8 may be linked together to form a ring, and R9 and 1(.11 may
be linked togethey jo Joymypxing; RN) is _m2(R16,1,_ ) where M2 is B, Al, N, P, Sior Ge, 12 is
an integer from 1 t9_2,’ such t’hat_ the valencg of M2 is filled, and R16 is hydrogen, hydrocarbyl,
substituted hydroaibyfton ol sBiromapRAdt past Bremanp aborsHeogaiherdadarr BgigEsup may be the
same or different; QcRARY YRS groups may be linked together to form a ring, preferably, Rl is
SiMe2, Si(CH2) 2, Si(CH2) 3> SiPh2, Si(biphenyl)i, Si(biphenyl)2, Si(o-toly1l)2, more preferably 12.16
is SiMe2 or SiPh$actnd Bapdsperstiendp ectotisbiiondrszoariersising PidiyiHesdh selected from

the group consistifgRbRysnoseRl, putoradxl subsiitisaddhydiaestbyl and a functional group,
preferably Ru is hydrogen, methyl ethyl,ejﬁ%:l or phenyl, more preferably RIl is hydrogen, and the n

tc groups may bé& Aviadspandentiys 9 1o Ao SRy g RKEYT88E her to form a ring,
andand R8 mayhsylirkeebiggaibeiticeiigdmcirigyl cigl afindtanilzoup, aidvbR agdaeger = 0, 1, or 2;
eisaninteger=0, 1, or.2;: The sum of c.d, and e is 4,2 or. 3, preferahly the sum of ¢, d, and e is lor 2,
more preferably, %%']sjﬁrhn%fe%?%‘?)ea{ﬁ% Ie"i‘é"i*?ﬁr{)%?d fﬁléi{?f ﬂf@%%@ér@ﬁﬁglgrg’ I’fﬁﬁg& then they do
not form a butadieng §roars Rifenalyitis Fnk¢adaddiheatv dttenratmgnoaidRHtmaba lidkisdHf at least one
R2 group attache[g tcgiae rsp0< fo%%’%r}iﬁng is not methyl, preferably at least two R2 groups are not methyl,
preferably at three R groups are nat methyl, preferably all four R2 groups attached to a six carbon
ring are not methyglif00BaR 2 another preferred embodiment, M is Hf, and both RI groups are methyl.
[0033]In a prefer T imen t herein ar ted by the Formula
3: WO 2006/010%9%%@{%0% g%ﬁé%blﬁ?‘ AN g&%&?%%ﬁiﬁ?o%%%ﬁ%@éi% *from group 4 of
the periodic tablesughetatibl vlenes 1 Mods BHstbransRH fisduedroreshiyérepamubisthstiaitasted from the
group consisting (f RydIReD: byskeRaiby s sHbSHY i8R RIIRGRIOY. AN R IBgAbGr gy, preferably
Rl is a hydrogen, a hydrocCarbon or a halide, more preferably R1 is a hydride, methyl, ethyl,
trimethylsilylmetHorrféBEylsilyl, phenyl, naphthyl, allyl, or benzyl, even more preferably R1 is methyl,
and the two R1 gepis may e the same or different, and the two RI groups may be linked, provided
that if the two R1 gromgg are linked, then theéfgo not form a butadiene group when M is Zr; Me is

methyl: each R8 $85hdepiiiadmsrdentirsciaststh iR 4he §roEs FSRININSIHRIBEEH: hydrocarbyl,
substituted hydragasiayhasydl aubstgtienalarecibraiarakiiSrsl Bysliposiy ety gedtys or propyl,

more preferably R8 is hydrogen or methyl, and the R8 groups may be the same or different; and



WO 2006/010139PCT/US2005/024708 18 cache may be the same or different and the R16 groups
may be linked together to form a ring, preferably each 1216 is independently a methyl, ethyl, phenyl,
biphenyl, o-t¢{¥). Bras @ene. preferably R16 is methyl, ethyl, phenyl or an gggngsliidddlhaany a
preferred embodiment of any of the above formulag R8 is not a phenyl group and or a substituted
phenyl group. [0035]In another preferred embodiment, if the two R1 groups are linked, then they do
not form a butadiene group when M is Ti. [0036]In another preferred embodiment, if the two R1 groups
are linked, then they do not form a butadiene group when M is HE [0037]In a preferred embodiment,
the catalyst compoaynbslined reshexiefepresngendR thanfoREmiagbe dmkeltogeti®r tavhere Me is
methyl, Hf is hafrdgum, Ph | i, i s sii diment, the catalysts
compounds of th%%@ve%gs’n%i%re@ggt{ in@%%%%%% %%%{gﬁgﬁlbos%s Irﬁ%gﬁother embodiment, the
catalysts compouadsbitesdnvention are not present in a formal +2 oxidation state. The nomenclature
of formal oxidatiogsiatgs g&&doiﬁg’rg’aa;ﬁi%%qrigqg 1 length in the texts: Hegedus, L.S. Transition
Metals in the Syntqze_sis of Complex Organic WO 2006/010139PCT/US2005/024708 20 Molecules 2nd
Ed, University Sdfenéecpirassonsiiooiaysalito, CA. and Collman, J.P. et. al. Principles and
Applications of O@aﬁq{%@@ﬁ%%&h%ﬁ’Eﬂ%ﬁ%u’béﬂiHﬁdﬁS%@gi%?‘%efEﬂ&ﬁﬁaal%Wué%@alito’ CA.
10039]In another preferred, embodiment the catalyst compounds dgscribed herein may be used in

combination withth#didlyayiPatemhiesrthargoinemativg. catR siandRa pravhePrbodiment the
instant catalyst cesprabin@dsiaria Hseg IRvEabignation with catalyst compounds described in any of the
following references and references therein: Hlatky, G.G. Chem. Rev. 2000, 100, 1347; Alt, H.; Koppl,
A. Chem. Rev. 2008.%160°1505; Resconi, L.; Cavallo, L.: Fait, A., Piermontesi, F. Chem. Rev. 2000,
100, 1253; BryntRiuehydrbgpetialddogeyl, Sibetitutbit hidkobntld b9 9Fudeichbd gidtigl a&iD.; Johnson,
LX.; Brookhart, M,¢hem,;Rev. 20Q0, 1 1169; Gibson, V.C.; Spitzmesser, S.K. Chenz. Rev. 2003,
103,283.; Skupin * A R ey SV.OE%%@ Sﬁ‘i?; %%‘r‘t%rr} > &ﬁg T80, Commun. 2002, 856
McGuinness, D.Sgiet0.dl, dr ZyrandChem. Soc. 2003, 125, 5272; McGuiness, D.S. Chem. Commun.
2003, 334. Activaﬁo;f&;,sagr @Igg}/gltflocrgnl\/lethods for Catalyst Compounds [0040]The bridged metallocene
compounds according%o his inventioh may be activated for polymerization catalysis in any manner
sufficient to allowpeodddihtitioif SrecatioRicgronpmes ditked, Mbisteendomatfiisveadbfsadiordination
polymerization W%ﬁﬁé?%é@ﬂng &an be abstracted and another will either allow insertion of the
unsaturated monomers or will be similarly abstractable for replacement with a ligand that allows
insertion of the unsaturated monomer (labile ligands), eg. alkyl, silyl or hydride. The traditional
activators of coor@'@fg'on poW’ﬂ‘ﬁQ%ﬁ&@ﬂi@ﬁ%ﬁf&@i@ﬁé@t&@&%&gqg%%igﬂ&% Lewis acids such as
alumoxane compounds, and ionizing, anion precursor compounds that abstract one so as to ionize the
bridged metalloctfeaiatasd saopemprisaneiheabaye proweations artepali fomyinehrotramnting ion.
[0041]Alkylalumaxangg,and modified alkylalumoxane are suitable as catalyst activators, particularly for
the invention metal compounds where RI = halide or other functional group. Alkylalumoxanes and
modified alkylalumoxane_WO 2006/010139PCT/US2005/024708 21 are also suitable as catalyst for
the invention me re Rl = hydrocarbyl or substituted hydrocarbyl. In one
embodiment, onqgy18]ore alurmaxaResntich Wlizatas Bwativadotiftiha catglyaheommosition of the
invention. Alumoxanes, someti%{esg%alled aluminoxanes in the art, argg&neral%i meric

: Hpté

compounds contaAIhGE- ST PN IREARTAIOR AR Pae umoxanes include
methylalumoxanengviéfd),. modified methylalumoxane (MMAOQ), ethylalumoxane and

isobutylalumoxa ylalumgxanes and modified alkylalumoxanes are suitable as catalyst activators,
particularly Wherﬂﬁ?gibstract%ﬁﬁagﬁg) 44 r?gﬁ?&‘é .‘Wi%ﬁd?‘é%‘f@%ﬁé’%n %2 u%%%ﬁrﬁgg &nd modified
alumoxanes maypalymbeisisdelréebtofastbmnplesop ptinogorses HeSnGmentprkG&abiadhs 4,952,540,
5,041,584, 5,091,352, 5,206,199, 5,204,419 4 734, 4,924,018, 4.908.463,.4,968,827, 5,329,032,
SR D e o B T R
EP 0 594 218 Al avdrifiu® &) 104 8Rirfeoheehethe miyivatds isfane dorasemep(siogified or
e o SRR ks sSlar BT, AL RIAISK o RO molar excese

Al/M over the catalyst precursor (per metal ca minimum activator-to-catalyst-precursor

is typically a 1:1 thelégseatidiojoba’ja iimbranbeniajebeatlysiresapoynt anydodpsisibediae respective

trialkyIaIumintu-nac&qaggpﬂgch@gﬁgIg@yapﬁyg{ggﬁgg%ygmg&ﬁlﬂﬁpémm%lurninum and a
u

higher trialkylaluminum such as triisobutylaluminum. MMAO's are generally more soluble in aliphatic
solvents and mo@@!ﬁﬁlé"é&ﬁﬂ\@do and these terms are used interchangeably. A catalyst system is



storage. There are a variety of methods for preparing alumoxane and modified alumoxanes,
non-limiting examples of which are described in U.S. Patent No. 4,665,208, 4,952,540, 5,091,352,
5,206,199, 54851 6hsh’ 4,734, 4,924,018, 4,908,463, 4,968,827, 5,308,853 9334 s0,248,801,
5,235,081, 5,157,137, 5,103,031, 5,391,793, 5,394,529, 5,693,838, 5,731,253, 5,731,451, 5,744,656,
5,847,177, 5,854,166, 5,856,256 and 5,939,346 and European publications EP-A- 0561 476, EP-B1-0
279 586, EP-A-0 594-218 and EP-B1-0 586 665, and PCT publications WO 94/10180 and WO
99/15534, all of which are herein fully incorporated by reference. It may be preferable to use a visually
clear WO 2006/C16A89REDIIE 2008147 082D ostakysjledtrnowatheandas|ecitipior gdifed alumoxane can

be filtered to prodies 4 ¢lean SOIHIRR, At Laay AumexanscAN e desanied iam neclaydy solution.

Another preferred alumoxane is a modified methyl alumoxane (MMAO) cocatalyst type 3A
(commercially aviilabiedrsanakaoroneisicasbemical iegeiieR@ste name Modified Methylalumoxane

type 3A, covered gpglsy patent qumber hise%, 04 SAAhIOMA IR UG} alky B Rrganealyminum

compounds which may be utilized as activators (or scavengers) include trimethylaluminum,
triethylalumimun, GEPSHB Uy tRRLASHUIATAERR- Ab RGTOUHIA HHEMIGAB ORI ERTFRFERRIGtAE WS . [0045]1t is
within the scope gthisinygogion to use an ionizing or stoichiometric activator, neutral or ionic, such as
tri (n-butyl) anntonium tetrakis&épentafluorophenyl) boron, a trisperfluorophenﬁl boron metalloid

precursor or a tridp&Hlioronaphthss iSRS QiR treati R drdgetind rane anions

(WO 98/43983), mriccagitl (Y iSpRptignPNe ieBfeb i D)rencashinasiopyiheierfbhigiaisa within the

scope of this invention to use, neutral gr ionic activators alone qr in combination with alumoxane or
modified alumoxéﬁ‘é’%‘éﬁh}ﬁﬁﬂé.tfﬁm?é%ﬂrﬁﬁ?&‘éﬁ PGS G BRI S e TS

substituted boronisteliegsitiminum, gallium and indium or mixtures thereof. The three substituent
groups are each | ndently selected from alkyls, alkenyls, halogen, substituted alkyls, aryls,
arylhalides, alkox@gi%ehalides.%ls‘é?gfa ﬁ%ﬁ?&akﬁg:%oetg?gﬁ%sarﬁ é‘%‘%‘éﬁéﬁg Y g‘eﬁg%ﬁénfrom halogen,
mono or multicyclimfimoltuglinghatgsobstits @dingriisabthytsl] ecw el kenpicomgmeifisiiynd mixtures
thereof, preferred are alkenyl aroups havi to 20 carbon at Xl grRup hayjng 1 to 20 carbon
atoms, alkoxy gr&%@ﬁ%ﬁﬁé#%@@%@r g%lgi loar%%sgfa)usﬁedr %ﬁsglﬁaéuﬁsbsyiﬂ;vmg%ultﬁ% Y %arbon atoms
(including substitatasbamtion wWithempactoribhanthertesellyraupdditienal cgtmtabsindriame4 carbon groups,
D oy SEBAES INGIRILFHEILT QIR RSIeIAbhn S fSe dio el ha ogenated

preferably fluorinated, aryl groups. Most pre e neut bichiometric activator is
trisperfluorophengiborbmantialpsrtapebrapktsybansallnires 20061 o P9erarel. $2005/024708 23

[0047]lonic stoiclygm@&%y@mgmggyﬁg@mgﬂ, BRABLHERACHE PERIRRe f5ts0me other cation

associated with, but not coordinated to, or only loosely coordinated to, the remaining ion of the ionizing

compound. Such@y¥abrintand héethaales Hes Veiehtisayparsd opeamestidR GHvALIEDLE-0 570 982,

EP-A-0 520 732, fRrAQ 0578 AR A BN 179093 ABER AP 004, and U.S.
Patent Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197, 5,241,025, 5,384,299 and 5,502,124 and

U.S. Patent ApplidessiiesinseRRsddesionsand bighanolsrylie el geios dgfinad inenaaMRerein fully

incorporated by rghesen@®,000 as measured by GPC using polystyrene standards). Such polymers
are preferably for use in applications such as plasticizer and lubricant
formulations, hot melt adhesive applications, coatings, seals, insulation, molding
compositions or sound insulating materials. Another preferred embodiment of this
invention is the preparation of propylene/ethylene copolymers containing tacticity
within the propylene sequences as described in W02002/01745, US
2002/0004575A1, W02002/083753A1, US 6525157B2. Such propylene/ethylene
copolymers have utility as thermoplastic elastomers, impact modifiers,
compatibilizers in thermoplastic polyolefins, elastic fibers and films, dynamically
vulcanizable alloys, curable elastomers, adhesives, PVC replacements and
viscosity modifiers. Also, blends of such copolymers with polypropylene, upon

orientation give significantly enhanced elastic recovery and tensile strength.



[0048]Preferred activators include a cation and an anion component, and may be represented by the
following formula: (St+)u (NCAv-), St+ is a cation component having the charge t+ NCAv- is a
non-coordinafipg@iexaving the charge v- tis an integer from Ito 3. v is gi-#Rg6¥siH24M0a to 3. u and
v are constrained by the relationship: (u) x (t) = (v)gx (w). [0049]The cation component, (St+) may
include Bronsted acids such as protons or protonated Lewis bases or reducible Lewis acids capable of
protonating or abstracting a moiety, such as an akyl or aryl, from an analogous metallocene or Group
15 containing transition metal catalyst precursor, resulting in a cationic transition metal species.
[0050]In a preferRsefemedsatpiesiisyitientvamisngdaeriadlecasepesemricdiy A emmohant, and may be
represented by thefoliowing farmme, (P ANGAYlWharsiaBuis, REHspklyewis base; His
hydrogen; WO 2006/010139 C1/1152005/024708 24 NCAv- is a non-coordinating anion having the
charge v- t is an IFEPgEREBRRYRIeSs ofibighmalegalerrbmichtat andusially Asfobtmnrarieresy the
relationship: (u) g8 (v) X (WhIRGSHENG ArHHEUaG AL @ SLNADE:R N BsiEdACid, (LB-Ht),

capable of donating a’proton to the transition metal catalytic precursor resulting in a transition metal

cation, including B3 HidrRstRBrAHOd5h S2RR RTINS SHMRISS Wt nRPER W RN preferably

ammoniums of meiiyignaioge A8l neaimathyamplepsisthyirmise, drnedtandsae, girhenylamine,
trimethylamine, triethylamine, N,N-dimethylaniline, methyldighenyla}minmyridine, p-bromo
N,N-dimethy|anim?@}lagq%smmlﬂrﬁ.eiwgﬁﬂﬁq@%r%m?@m patinRof AR ipRosEraRE 10

triphenylphosphiag,and diPhroyiRliasahing: LERYESIemEIREIS b Asdimedbyligther diethyl

ether, tetrahydrofuran and dioxane, sulfoniums from thioethers, such as diethyl thioethers and

tetrahydrothioph&geliag ¢ yplsis e hedr 30tcbe Arvhand sacentheyvelaibarpsilgviendy @Ro be an
abstracting moiefy 3Hgbas\siyehindar BT S RpVILRRe GRRGRIHMR IREPLEMNRSI ARG MiXtures,

preferably carboniums and fen-oceniums. Most preferably (St+) is triphenyl carbonitun or N,
N-dimethylanilinibfat picBEpr7adHie deears 6 sertaie - st rost it & the formula [Tx+Qyiv-

wherein X is an iRigagaieukihiand Hisd8, iRiRAehI&The darfs Womss/¥ialnls/ @ element selected from
Group 13 or 15 of the Periodic Table of the Elements, preferably boron or aluminum, and Q is

independently a RiRRIEBrRALed B sl ddthricatahiationdrtitedivpanalymsistit, hydrocarbyl,
su_tzjstci)tur:ed. hydrq%q%h&%m%@m@mﬁt%m&@mrﬂylm :Iaademfﬂedtﬁdhydf@carbyl rQadicr?LT,_ d
sai aving up carbop a wi €. proviso. n an 1 occyrrence is Q a halide.
Preferably, each]@%@b?]ﬂ%[(%ﬁ?ﬁ?ﬁg%%mhg% lbr%‘l‘?glgg%mg T%@%ﬁ%%%%%%ﬁe%ore preferably
each Q is a fluorivatied $09] graumeautd 39dsE (0B fBradely @cthb KRasd fisivafoopplyndpyiony. Examples
of suitable (NCAy- o includg diboron.co unds as disclosed in WO . .
2006/010130PC IDSh008 05470 S8 BRPRE SeE 10 R HIdR Ay R SBSTATE herein by
reference. AnothendxapoiyenefsaSuitstieatad omim ey stehvishptiremanthoesubstinteldffhsoroaryl
ligands and one alkyne ligand..A | suit ion | rat ntagning fluoroaryl
groups with poIaF glgggtsl%u e%%gt%dl?gfglé%r gﬁﬁé%%é%ﬁi@%ﬁsﬁﬁ%ﬁ%%geﬁ%%g%%ﬁ%s ?‘iereof.
[0054]Additional spiitetrbyapioasiztokwiththiseaamers dilig ibeestivalsilsdaelatss With the catalysts of
the invention. Seg, j RAGEWAY ﬁ%&v‘fﬁién%oﬁe% %ﬁ%qé@é%ﬁ%oﬁgﬁﬁ% W@Qé&ﬁaﬁ%s
W0200218452, W02000037513, W02000029454, W02000004058; W099644 76, W02003049856,
W02003051892, izioaossoifzallyepbsdotdndenyldizaods asepoesented in Formula 1:



W02002000738, W02002000666, W02001081435, W02001042249, W02000004059. Also see the
review articles by S. H. Strauss, "The Search for Larger and More Weakly Coordinating Anions",
Chem. Rev.,\08 24d09134(1993) and C. A. Reed, "Carboranes: A New Clagg-pi\WeaidysHRordinating
Anions for Strong Electrophiles, Oxidants and Superacids”, Ace. Chem. Res., 31, 133 -139 (1998).
[0055]lllustrative, but not limiting examples of boron compounds which may be used as an activating
cocatalyst in the preparation of the improved catalysts of this invention are tri-substituted ammonium
salts such as: trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetyaphenylpgite, tri(n-butyl)ammonium tetrv?phenylborate, tri(t-butyl)ammoniurn
tetraphenylborate, R -dimetrﬁwilinium tetraphenylborate, IRI-diethyIaniIinium tetraphenylborate,
N,N-dimethyl-(2,4,6- tri

tetralds(pentafluoropheny

tripropylammoniuﬁjﬁ enta 0]

tetrakis(pentafluorophe b)borate, [ [ Rakis(pentaflgorophenyl) borate,
N,N-dimethylaniIinium4etrakis(pent f
tetrakis(pentafluor Re borate,

borate, trimethylammonmsig, VO 52065/024708 26
tetrakis(heptafluoronapht iethyarhmonigm tetrakis(heptafluoronaphthyDborate,
tripropylammonium t% is(h§ptafluoronaphthyDb i

ht

ButyOamgyonium
tetrakis(heptafluor§R&phthyOborg(@, tri(sec-butyDAmmonium t%éﬂlﬂgazz oronaphthyOborate,
N,N-dimethylanilinium tetrakis(heptafluoronaphtpyDborate, N,N-djethyla m
tetralds(heptafluoronaphthyl)borate, trimethylaynmonium (2- d\
perfluorobipheny03(perfluorophenylallcynyOpgrate, triethylammo R':' %}j

. m =

perfluorobipheny03(perfluorophgayl F@, trigropylammdniu
perfluorobipheny03(perfluoroph rate,R( -butyOam oniuin (2-

perfluorobipheny03(perfluorophenylallcynyObgrate, trl(sec-butm fllw
. .n u e

N,N-dimethyl(2,4,6-trimethylanilinium)tetrakis yAerfafluoroghyny0 boralg; dialkyl ammonium
salts such as: di-O-propyOammonium tetraKi . ate, and Ficycloheylammonium
tetrakis(pentafluoropheny0 borate; 37 ' Al $2—R
triphenylphosphonium tetralcis(pentattuorophenyl) bora Pphosph

tetralcis(pentafluoropheny0 borate, and tri(2,6-dimethylphenyQpifosphonium 13
tetralcis(pentafluorophenyO borate; non-Bronsted acids such as trighenylcarbenium (R
tetrakis(pentafluorophenyOborate, triphenylcarbenium tetrakis(heptaflu aphthyDborate,
triphenylcarbenium (2- perfluorobipheny03(perfluorophenylalk rg?;ﬂt trisperﬂﬂophenyl borane,
and triperfluoronaphthyl borane. WO 2006/010139PCT/UR§ 247g§*p;)ﬂ] c)st preferably, the
ionic stoichiometric activator is N,N- dimethylanilinium tetrakis(perfluorqphenyl}borate Shd/or
triphenylcarbenium tetrakis(perfluorophenyl)borate. [0057]In one embopiﬁnt, activation methods
using ionizing ionic compounds not containing an active proton but capable of producing an analogous
metallocene catalyst cation and their non-coordinating anion are also contemplated and are described
in EP-A- 0 426 68f¢tEP-A- 0 573 403 and U.S. Patent No. 5,387,568, which are all herein incorporated
by reference. [0Qual He:iRiTniAeeAeiEiRA NGO NEAL MRe AANIARANIGD slther does not
coordinate to said cation or which is only weakly coordinated t0 said catiorn eregy emaining
sufficiently labileHé BdispEedl bl neutral Lewis base. "Compatible” non-coordinating anions are
those which are aphdeaaachiadeutalen e el (iRl desomposes.

Non-coordinating anions useful in accordance with this invention are those that are compatible,
stabilize the metAYERfeYh tHbstiyed Brdsasarhpde mrtienal geoupepreferbhumcient lability to permit
displacement by an ethylenically or acetylenically unsaturated monomer during polymerization. These
types of cocatalysts sometimes use tri-isobutyl aluminum or tri-octyl aluminum as a scavenger.
[0059]Invention process also can employ cocatalyst compounds or activator compounds that are
initially neutral Lewis acids but form a cationic metal complex and a noncoordinating anion, or a
zwitterionic complex upon reaction with the invention compounds. For example, tris(pentafluorophenyl)

boron or aluminum act to abstract a hydrocarbyl or hydride ligand to yield an invention cationic metal
combnlevy and <tahilizinAa noncoordinatina anion cee FP-A-O A27 RO7 and FP-A-0O 520 722 for



alumoxane. Alternately the catalyst system used herein comprises les than 0 1 weight % of an
alumoxane. WO 2006/010139PCT/US2005/024708 29 [0066]In another embodiment the catalyst
compositions,r} Wi yeption include a support material or carrier. For exagerigstifsRRee more
catalyst components and/or one or more activatorggmay be deposited on, contacted with, vaporized
with, bonded to, or incorporated within, adsorbed or absorbed in, or on, one or more supports or
carriers. [0067]The support material is any of the conventional support materials. Preferably the
supported material is a porous support material, for example, talc, inorganic oxides and inorganic

chlorides. Other uprgemateiisesarianes sk prefpoi Ridstibrdedorreenpotystyrene,

functionalized or grogslinkash ¢geRiGHRPERI Re LR Ee e aiyinhgnzene polyolefins or
polymeric compounds, zeolites, clays, or anﬁﬂot er organic or inorﬁanlc’supp’ort material and the like,

or mixtures thereSiuetedstybngtintd Simstisblenhtav aq Uxpddanayineteaagiose Group 2,
3,4,5,130r14 'B@ﬁjkﬂﬁ&g@-i}fﬁféﬁ'&ﬂf@ﬁ@ﬁsﬂﬂg%@?ﬂﬂk@l}!%ﬁ%@{ MRy Yo TR AL be
dehydrated, fumed silica, alumina (WO 99160033), silica-alumina and mixtures thereof Other useful
supports include FAEHEERE titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),

montmorillonite (EaRREaiFRgHER BRI BRI B YYIes HsRiRIABItBRMNGICeEAYs (U.S. Patent
No. 6,034,187) and th(i-: %r%{ Also ﬁcombinati ns of these support materials may be used, for example,
LW nBo . e A R

silica-chromium, Bfff&4: Rewy oeks AT ooy idad it WisteRardRy include
those porous acrytid poRiheia REStribes i M6y, 184 Akhifchiiineanarptesddasein by
reference. Other suppgort materials include.nanpcornposites as described in PCT WO 99/47598,
aerogels as desc?fB%g&ilﬁ %%‘?H%‘éh%% g%ﬁ@?[ﬁi?égpgg E‘é%i’rfbeé%' ﬁﬁﬁ’% P RAINED72,510 and
polymeric beads temesqitfetWROIO8IEOS] Lhyhicipam hinbesgirfacbtpdRAtedisihiiference.
[0069]It is preferr atshe support material, most preferably an inorganic oxide, has a surface area
in the range of frogrlgd%%ﬁt %:)%PCE Ea%léar;%%%erﬁ 5,050%? ?/rgfﬁfne in the range of from about 0.1 to about
4.0 cc/g and aveRges pathislesiticenthe range of from about 5 to about 500 um. More preferably, the

surface area of t kLS, igjjj f 2/g, pore volume of
from about 0.5 tohg;ggjl%%g@gg%gﬁg averé&%%gggﬁehggfgﬁ%wg%% %?%%13%&(&' /US2005/024708
30 from about 10pEsTarbly BOG GH2MBdRorandrRbanbehntaddcaehestofersuppiog nmterial is in the
range is from abqut JIRORBOLE AR IRIELRYS YHkReiHom about 0.8 to about 3.0 cc/g and average
particle size is from about 5 to about 100 gm. The average pore size of the carrier of the invention
typically has poret&528 iigest i és sARYP Do koP1800A, preferably 50 to about 500A, and most
preferably 75 to gogh3aRpeMaRaNRIS QG0 MARIfers eI Bt RELIDE srafsition metal

compounds of this invention.are used to polymertize or oligomerize any unsaturated monomer or

5
monomers. PreffeAbABmisSsic g B 1eRy Srehendgiesetbmiiodor aiBiolefins, preferably
C2 to C40 olefinshpsefieratepeRin (s2@lefens, preferably C2 to Cu olefins. In some embodiments
preferred monomegs inclluéje linear, branched or cyclic alpha-olefms, preferably Cy to C100
alpha-olefins, preferSiSi208 95 B Kipha-olefins, preferably C2 to C40 alpha-olefins preferably C2 to
C20 alpha-olefinsaghdtéinidip£23;to C12 alpha-olefins. Preferred olefin monomers may be one or more
of ethylene, propylene,sbutene, pentene,.hexene, heptene, octene, nonene, decene, dadecene,
4-methyl-pentene¥-af?§§rhse d;elpﬁ}e%rf 8ﬁ¥sfl ef% “ithe ﬁﬁ %dé)x%%nesl ?%8@%%%9%% é?he. [0071]In
another embodinedntlspeopwlynérl preotyt duhe mid tscdsoopodytireea préeombiydilinear or branched
C3 to C30 prochi -olef] rng.c inj tefins or combinations thereof capable
of being poIymer@@&%&%ﬂ@e&é&%ﬁ%ﬁéﬁh@%gﬁ%%?%tggp}?eclﬁ%ycé%%g : ?%18/ i?zlijll?,ie as used
herein, refers to fhedoreeepiaesbhotmhsafoemrdidisrofisotactic or syndiotactic polymer when
polymerized using, s{aseaspaeiiic, saialy sl A6al e oGS AR Mg G ] l%g include

. Sul

aromatic-group-containing monomers containing up to 30 carbon ato

aromatic-group-derstsiearky brivhetiteed dydiperubd e fewdendratain spigfuady feferably from one to
three, more prefq{ﬁgyg@npgﬁrﬂy%l’i@gl%)ﬂrg @Bﬂm&glﬂﬁg{ggﬁwq e, ICQPKIR-containing
s at 0

monomer further cpmprise east one polymerizable double bopd such that a er polymerization, the

aromatic structur® VEIPBRS BeR e e srnger SaflRssat B By Awo FhSurenh at §edinkedntaining

monomer may fuigbemberoadR6K 1Ad IOREIII2200e/PRAA08 RneHRsHsHIES th ARe or more
hydrocarbyl groug/%z incluging b%t not limited to C1 to C10, alkyl groyps. Adglitionally two adjacent

substitutions may b&%0 e o ek HHO SRRz LB ARt A%t ot S84 BrotpeeBAtikady monomers
contain at least opgettieniatisnsiegige appended to a polymerizable olefinic moiety. Particularly
preferred aromatic monomers include styrene, alpha-methylstyrene, paraalkylstyrenes, vinyltoluenes,
vinylnaphthalene, allyl benzene, and indene, especially styrene, para-methylstyrene,
4-phenyl-1-butene and ally! benzene. [0073]Non aromatic cyclic group containing monomers are also
useful herein. These monomers can contain up to 30 carbon atoms. Suitable non-aromatic cyclic
group containing monomers preferably have at least one polyrnerizable olefinic group that is either

pendant on the cyclic structure or is part of the cyclic structure. The cyclic structure may also be further
cribetitiited by one nr more hvdrocarbvl aroirine <irich ae hiit not limited to C1 to C10 allkvl Aarorine



32 tetradecadiene, and low molecular weight polybutadienes (Mw less than 1000 g/mol). Preferred
cyclic dienes include cyclopentadiene, vinylnorborriene, norbornadiene, ethylidene norbomene,
divinylbenzegg, digysiRRsntadiene or higher ring containing diolefins with opWitheighsyhstjtuents at
various ring positions. [0075]Non-limiting examplegof preferred polar unsaturated monomers useful in
this invention include 6-nitro-1-hexene, N-methylallylamine, Nallylcyclopentylamine,
N-allyl-hexylamine, methyl vinyl ketone, ethyl vinyl ketone, 5-hexen-2-one, 2-acetyl-5-norbomene,
7-syn methoxymeth—S-gorpomenZ-one acrolein, 2,2-dimethy1-4-pentenal, undecylenic aldehyde,

2 4-dimethy1-2,6RneistdiéRalmabhyme Mids Bindladbtls 8t Gepeinenditegeidranpldimiethy1-4-
pentenoic acid, 6sheptaRAiEAGIEnLERSVE s RERIRdIEIRIC ?sq&glm%%ﬂqgmi@mﬁ Atfdtituted

nona-fluoro-I-hexene, allyl alcohol, 7-octene-1,2-diol, 2-methyl-3-buten- 1- o

5-norbomene-2-da¥ssATHE @-ﬁ@#ﬁ@?ﬁéﬂ&@%rﬁ@ﬁ@ﬂ%ﬁ%@?@%@%@ﬂ@h@li%&ﬂbw feeacid,
cis-5-norbomenetgaeiang, gr AGRARAK IR %ﬁftvﬁs']{jﬂfﬁﬂﬂl%@?ﬁgy%é direinapgher to form a

cis-5-norbomene-endo-2,3-dicarbgxylic anhydride, 5-norbomene-2- endo-3-endo-dimethanol,

5-norbomene-2-&ii PEERERImMR thi SMS2n S HS dRabi SX ek S Do S BSBREEH.2-Ol,
eptaoyClopentypeatag IS e L 130 oo L7 Bloeelonane. 5 bengayt 5. norbomene, al
eptacyclopentylpentagycla[9,5.1.13' '15.17'13]octasiloxane, 2-benzoyl-5- norbomene, ally'
1,1,2,2,-tetraf|uor%a§?h%| efﬁéﬂ?&‘égﬂ}é &S g&!’@t Fﬁ?&ﬁi&%ﬁ%ﬁ&@%@%poxy-?-octene,
1,2-epoxy-9-decédn@rdeapoxpitites dydradamsthd: imootea geod)\refyeill Rthey,
2,5-dihydrofuran,, 2-.cyclopentene- 1-one ethylenge ketal, allyl disulfide, gthyl acrylate, methyl acrylate.
It is recognized & %dﬁéy%%ﬁé“ﬁﬁw 1 J?t]i’ﬁ(é?}f %rgggng}t’ﬁ%?é?ymg%&&%’r in' é é‘i’?aﬁ%&n processes
require the use oftledRyisgemigsoneptalybessasuchrakifitteyitphuihe R Lorogsundg betliakedlternative
protection metho t izationy(Boffa.Js.S,: Novya M. Chem. Rev. 2000, 1479 and
references therei%gﬁtg ﬁ%@%%?é%h%@\%é%#’ gé&%ﬁ%%ﬂ?m@&e@z o,atﬁg%earlrlnéoligomer
refers to composiRortsnd Rvimges rslimiead ingstherdaierneamipglymer refers to compositions having 76 or
more mer units. A ek ﬁtggé'{n_eg’q?& gpit of WO 2006/010139PCT/US2005/024708 33 an oligomer
or polymer that originally corresponded to the olefin(s) used in the oligomerization or polymerization
reaction. For exafiisian tHtegaeT 8f baWathylene would be ethylene. [0077]hi an embodiment herein, the
process describegd;hereintdsedsasl 10 groduce an oligomer of any of the monomers listed above.
Preferred oligomers include oligomers of any C2 to C20 olefins, preferably C2 to C12 alpha-olefins,
most preferably ooMHEY S ohsisdsetng ehd, Birspohindhs sums pbednaareipd i i preferred
feedstock for thepligomeyrizadiomPspecasasdgsalpha- olefin, ethylene. But other alpha-olefins,

including but not Jimited tg propylene and 1-butene, may also be used alone or combined with
ethylene. PreferrBd AR M &L ude any C2 to C40 alpha-olefin, preferably and C2 to C20

alpha-olefin, prefRiadhadrsder, 1o/ Gdaaiph arblefiticnieferabibetby e nacawnyasepand butene, most
preferably ethylene. Dienes ma wsed.ig the processes described herein, preferably alpha,
omega-dienes ar%r%fgﬁag’%lgég’é‘ﬁﬁ%oﬁfb tié?\%/ﬁﬁ%ﬂ‘é‘ﬁ TS rotl‘éf{‘}@.l BONEn&L Kion Processes
[0078]A preferredmbR/ieriy didoisdtsingherstafiensiaddy slate gislymerization conducted in a
well-mixed continuaus.feed polymerization re r. The polymerization can be conducted in solution,
although other po yrﬁse}rll%(grﬁg%lnb)irlggé%ﬁ%g ’s%%%?ct%a%sﬂa%@%%%%aé gr[ g]fuar(r%ﬁuf)co1§)/Irlra1l fizaten, which fulfill the
requirements of ireteebizn§3poind R zatioR Aty batound tofstittréa toors a carg sibenfis @ed. The
process can be qgsqgi%gé&qoq ﬁﬂggﬁwous, non-batch process that, in its steady state operation, is
exemplified by removal of amounts of polymer made per unit time, being substantially equal to the
amount of polyméswitialiessiiiedin eavaldadidnaréssel per unit time. By "substantially equal" we intend
that these amourét§s BPle@gér@Eﬁfjﬁ Q&[aymtdirpemapd polymer withdrawn per unit time, are in ratios of

one to other, of from 0.9:1;"or 0.95:1; or10.97’:1°; or I:1. In such a reactor, there is preferably a
substantially honpégjafedbihatHahe e Risrnssre hined Shomihaydo webfolymetizadicon is
accomplished in gisaptamualiv gingle step or stage or in a single reactor, as contrasted to multistage or
multiple reactors é}two or WO 2006/010139PCT/US2005/024708 34 more). Multiple reactors where
each of the abovl®¥bactors 18 dPiRfeERsenbadisrt RisendRtifdaretinmoo? opabprai@ged method of
making polymer isincthenpRlyrsstralion eatedy /Y dasibed her elmeameisp i follewing steps: a)
feeding solvent and a set of mgnomers in predetermined proportions to a polymerization reactor, b)
adding a soluble?FRAIG ERPOLMER; & 187K ABd Bor 285 Foly AL INg e S B MBRomers in solution
to produce an effluent containing a polymer wherein the first and second set of monomers are chosen
from the group propylene, ethylene, alpha-olefin, non-conjugated diene. Likewise Polymers may be
made by solution polymerization in a train of at least two continuous flow stirred tank reactors (CFSTR)
connected in series with the addition of a metallocene catalyst. Each reactor should be capable of
being fed independently with monomer and solvent. In order to remove polar compounds that act as
catalyst poisons, all solvent and monomer feeds are desirably purified over mole sieves, alumina beds,

or other absorbents as known in the art. Heat removal from the reactor is by methods well known in
the art cr1ich ac arito-refriceratinn feed nrechillina (adiahatic reactore) coolina coile or vvariorie




[0082]In general the transition metal compound and the activator are combined in ratios of about
1:10,000 to about 1:1, in other embodiments the combined transition metal compounds and the
activator areg@yaipgehiggatios of 1:1 to 100:1. When alumoxane or alumippalkylaetivggors are
used, the combined pre-catalyst-to-activator molanatio is from 1:5000 to 10:1, alternatively from
1:1000 to 10:1; alternatively, 1:500 to 2:1; or 1:300 to 1:1. When ionizing WO
2006/010139PCT/US2005/024708 36 activators are used, the combined pre-catalyst-to-activator
molar ratio is from 10:1 to 1:10; 5:1 to 1:5; 2:1 to 1:2; or 1.2:1 to 1:1. Multiple activators may be used,
including using nif@2tks of alumeyesfer st atbodimentaRyrndRS dormeirfyrateiaeareoia083]One or more
reactors in serieg QLiMR %Lelﬂ@( ﬁ%ﬂﬁ%delﬂbt&ﬁrﬂéﬁﬁ%h'm’ﬁm'% ﬁatalglﬁ&cfa%pggent and activator

may be delivered as a solution or slurry, either separately to the reactor, activated in-Iinc?Sjust prior to

the reactor, or prezbavaiag whenddrispld Esanrebiomaiasmbelimsntdd ndiR tend&rearddt. A preferred
operation is two aglﬂgpmgy@%pﬂ%ﬁgmﬁrg@tions are carried out in either single reactor

operation, in which monomer, comonomers, catalyst/activator, scavenger, and optional modifiers are

added continuoub38l a singldneuriewrdrrbadisne bpbbiakEnRirrnhRhiena aove components

are added to each, @ ARPIEILEAUREREPANGFIRE IR 8% T BarbatialysticamRRRBLS can be
added to the first reactor in the series. -The catalyst comionent maédalso be added to both reactors,

with one compor@ﬁf%@?ﬁ@%@ﬁﬁéﬁ‘f@ﬁé%‘&%iﬁﬁ B har sl fes SthEereadSrs.
[0084]Ethylene-algharalgfinpiereldpipal efovi e figicaaiaiie erdigsBydemnermaiireladin-diolefin)
polymers of high molecular weight and low crystallinity can be prepared utilizing the catalysts of the
invention under tFdMBnal solution processes or by introducing ethylene gas into a slurry utilizing the
alpha-olefin or cyjg@3ylefin or mixtisRdihereohbidiathe whendme s Y mdrizdbteandnot, as a
polymerization diluent in, which the catalystsuspensjon is sugpended. Typical ethylepe pressures will
be between 10 aﬁ%%d@‘ﬁsﬁﬁ %@%@?% 5%%?@?#?@%2’1?/%%%%%% i th%éée%?ﬁ’re will typically
be between -10 poefdtbliEat ThstpracBS geapsecastindthyl, prefatiblgct dnkerBAgionps ar¢ubular
reactor, or more than ope.reactor.gperated in-series or. in parallel. See the general disclosure of U.S.
patent 5,001,20%(%%%%%1?&1%%3@ sai%%r%{tll%n%r.o/&ﬁsdaotgaﬁr%é{ri%%a?e% i%%%?ﬁc?#gtge%f%%ofeference for
description of polyetkylzation processes, ionic activators and useful scavenging compounds. WO
2006/010139PC 005/02 7 S [ZQti 8 B{e al%ﬁl}g L egnpounds
described herein-[rénHaz?/&oe useﬁ%%%%ﬁgigﬁyﬁﬁgﬁﬁtﬁiﬁgﬁ%.%-énelrgll : n? a%fﬁ)uidized gas
bed process usethétinyproducing polymers, a gaseous stream containing one or more monomers is

continuously cycﬁgigrough aéﬁﬂ?ﬂﬁﬁ%@ﬁﬁ%c@]ﬁﬁﬁ%ﬂ%ﬁe@@@ &qf@dy&g@g@gdreactive conditions.

The gaseous stream Is withdrawn from thé fluidizéd bed and recycled back into the reactor.

Simultaneously, puliyaserbyiaduerasigalh iraviich ehloass qaxbgh Aadded to replace
the polymerized RNQMR(RRGIRE RIS SRS N 88 deatir i ABR8 798 5,028,670,
5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228 all of
which are fully int¥#@rated herbarisp rdrdisatyradicaladioropreliagramdiyschmesaiiyocess may
vary from about 1R RScka" M%%&Qﬁi@&&&ﬁ%ﬁ kR pRpRiRshEI @At 100 psig (690
kPa) to about 500 psig (3448 kPa), preferably in the range of from about 200 psig (1379 kPa) to about
400 psig (2759 kPRfIRSIFRYDFadisalh GREPIRAT S Ja el FRUNBIRS SO L Y EREEKBY) to about 350 psig
(2414 kPa). The spaeinliedIRpiR I RESASINRSEPIQEBSE Masyantisgen albut 30C to about
120C, preferably from about.60C g about,115C, more preferably in the range of from about 70C to
110C, and most BP@‘%’I’%%W‘\% ﬁ&f‘f’ﬁﬁr&?}% ¥ nbﬁt *f%ﬁr’t X %ﬁggﬁyﬁﬁgﬁg&iépgmbodiment when
high density polysshydetieisThess ediduncticheeacicattdnjaetiatlyradsatypitlyr faitween 70 and 105 C.
100861The productivity of the catalyst or.catalyst system in a gas phase system is influenced by the
partial pressure W@?ﬁ%ﬁi ?ﬁgr%t@ne}éﬁy NG %lraééﬁé% %%}8 %re?crel atP%IP??t]lé:'main monomer, ethylene or
propylene, prefef@bR7gthyleneligifooabgisont?betar@itsndla percentasuddit@tcdimonomer partial
pressure is in the range.of from about 138 kPa to ghout 517kPa. preferably abhout 517 kPa to about
2069 kPa, Whichuélr%ln%/%%gdg%rﬁg}ﬁé%ﬁg}f%%car% %h%ggeng%wa e%ﬂegg\%gg@g?ﬁ(%gg&?xfgﬁ%h some systems
the presence of dydronahwerroanasserablses prddsectivitg siBO8TY nfaqnesferag B esnbyitiedrar the reactor
utilized in the pregent Inyetior i GanaBle At aradusinmmAe: than RAR4hs ohglyter per hour (227
Kg/hr) to about %gs%oo@s%ﬂir%o,gop Kgrhr) or Ahl%%ler,%%‘erably grea_ter%)han 1000 Ibs/hr (455
Kg/hr), more prefaraibly dkeavehiiahstinoddyseerrpybaoaydmbetersctiéssmore preferably greater than
25,000 Ibs/hr (11,30 Kgi)e il Ha%%&yaf@mtgm@l%ﬁegfmééd%@&eémé%g@%@mr), still even
more preferably greater than 50,000 Ibs/hr (22,700 Kg/hr) and preferably greater than 65,000 |bs/hr
(29,000 Kg/hr) to greater than 100,000 Ibs/hr (45,500 Kg/hr), and most preferably over 100,000 lbs/hr (
45,500 Kg/hr). [0088]Other gas phase processes contemplated by the process of the invention include
those described in U.S. Patent Nos. 5,627,242, 5,665,818 and 5,677,375, and European publications
EP-A- 0 794 200, EP-A- 0 802 202 and EP-B- 634 421 all of which are herein fully incorporated by

reference. [0089]In another preferred embodiment the catalyst system in is liquid form and is
introdiiced into the aoac nhace reactor into 2 recin narticle lean 7zone Eor information on how to




[0091]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 gigMaigh ipgsgolymer goes into solution. Such technique is we kpewndadhpgart, and
described in for instance U.S. Patent No. 3,248,119 which is fully incorporated herein by reference.
The preferred temperature in the particle form process is within the range of about 85C to about 110C.
Two preferred polymerization methods for the slurry 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 slurf)P&cesses icoue eohtdivenisicbpbidserrelytaptisnos selsstedaion other examples
f sy procesoc 5 dnshaRIn b el e A e s fbuincorporatcd by

reference. [0092]In ahother embodiment, the Slurry process’is carried out continuously in a loop

reactor. The catalpdecab Bidra tefradnsulapriigdenyla i preyl bankg ssolvaeiadecliected regularly to
the reactor loop, ﬂ&ﬁh‘%ﬂé?litéﬁ'és@‘iﬁgeﬁéibbﬁﬂfﬁH@é@ﬁlﬁ%&éﬁf &E%&QIP&&M{E@{)S%H@J&%@@ diluent of

isobutane containing monomer and comonomer, Hydrogen, optionally, may be added as a molecular

weight control. ThePFaestdr fstacamanraaces s drisssurd-dithgnt prpe8YAdngaesh peeayla temperature
in the range of ah&@k@xﬁ@, ficfReabn e G seRendag: N, helsesiyedpelysmer, rakisgycharacteristics.

Reaction heat is removed through the Iocégewall since much of the reactor is jn the form Qf a

double-jacketed FipaderRRYSIBRRIAds B eRF I dss e hentpdsPe e etRgte ARBPESHuously to a
heated low presssigesiiash Megselssai@niddnsenyngicontiipg enrpeogaylppemacssasduence for removal of
the isobutane dilyent and aJl unreacted monomer and comonomers. The resulting hydrocarbon free
powder is then cEWfﬁS‘Eﬁ%@ #SPtﬁ%%S?HXE%6%05%’§ft%?%aﬁ§?fﬁérﬁ%ﬁ%°%‘h8ﬂ¥e§ é?ﬁ%%\giment, the reactor
used in the slurnpprascésseatyting, ineentidhiptaghbleyofyanch eyl dessybhtiiedyvdntion is producing
greater than 200Q Ibs of polymer per hour, (907 .Kg/h r ferably great 000 Ibs/hr (2268
Kg/hr), and mostgﬁrgeetceyrnzfﬂly%@%%& tr%%nai%ﬁ%%’ Fgésl}ﬁrd %@ﬁ%’%gﬁg%%#ﬁﬁ%ﬁ?ﬁ%%%gdimem the slurry
reactor used in thetplecesnd, sotid dnyeyiticndsynpiChaedaremyl.38ra Ty RB0SY024 708 40 producing
greater than 15, I f t Ibs/hr

(L1 340 K 10 o B o A e iy
process of the invefirsenhaybistmeastdiopibisslisslpsireeheariadeadnlisind Higdicatess kPa) to 800

psig (5516 kPa), prefarblydr0Raigi 3403 KEROBRAM R8NBig 484 @e)i,smﬁeo@é@ferably 500
psig (3448 kPa) to about 650 psig F§4482 kPa), mosthtjreferably from about 525 psig (3620 kPa) to 625

psig (4309 kPa). fotusihsidetenstratingd bermenttsnlakantsnd ikued srdisalsisdsdion the

concentration of pragdeminaa R RRIRlKL e ABILHAMS (padiyiiRg tbedangaLbiigm about 1 to
10 weight percent, preferably from about 2 to about 7 weight percent, more preferabl% from about 2.5

to about 6 weighisatdenr-Pubds Arartibnrng 2Behy BiRpxh &-6whdighd serleht JAnother
process of the inygaItigRUS YRR IIECPERSREPY IRy Eientflihaledes }-0Eaes BhagRMIOCess is operated in
the absence of or essentially free of any scavengers, such as triethylalyminum, trimethylaluminum,
tri-isobutylalumin‘ﬁ'ﬁ‘ihé(ﬂﬂlﬂ'ilir%ﬁ’émmln rﬂ%ﬁ%ﬂ&iﬁ'SYE}%‘RH%RX?@H}@&’&@WJMm and the like.
This process is dgsgogad RGilited bichibon/P6/08pRp ALy bhSnRabehiddoE andl2,352, which are
herein fully incorporate refer . [0097]In another embadiment the proc is run with
scavengers. Typ?g c%%&%?ﬁ%ﬁ%g ?m%ﬁ@?@f?%ﬁ%ﬂ%ﬁ% Sfi?/ﬁa Grr%?i%aﬁ%nd an excess of
alumoxane or mguiffedyd) 2rnosthyie] fopoyt asd 2s1EtHEbRHporpRind {end olaiobrizaytrafd098] The
catalysts described herein can be.used advantageously. i : IMtion processes.
Generally this in\?é’R/SEIB%?%g?ﬁgﬁ‘ghc i%oran%%ﬁ%@ﬁgr%%%%ﬁ }‘I% gv%??ﬁ‘?ﬁ%%go @gr%%? %?‘?nﬁe’d and the

starting monomefoausdanapidy stathatphiaizl suppd doclade erheadthylpork vetavorivdpheaytration
gradients. Suitab%%(gﬁ 558 lig}? &H%Yﬁyﬂﬁeﬁﬁ%ﬂl@%ﬁﬁe@% M&}Sﬁﬁ}%wi'g@’@ressures, from

1 to 3000 bar (10 0 MPa), In which the mMonomer acts as diluént or in solution polymerization

using a solvent. [Hogshyipbepératindinethipbieniheledinbenyloridivie d byliatiémhgnrle heat of
polymerization agg&/gi@_&ﬁﬂg%;%ﬂéﬁéﬂg by reactor jackets or cooling coils to WO
2006/010139PCT/US2005/024708 41 cool the contents of the reactor, auto refrigeration, pre-chilled
feeds, vaporization of liquid medium (diluent, monomers or solvent) or combinations of all three.

Adiabatic reactorfygdt) pre-chibgg {Reds MA PIsOIREHHREMS BE JRABKOT TENpera gpends on the

catalyst used. In general, the reactor temperature preferably can vary between about 0C and about

160C, more prefdaalsigithsralonsar roensstedhin el TRy SOBALR b RIFERIEREHP MO C to about
120C. In series opRIAiOIINtBEVER CRAGERACIO RN Bl ISRk i Miglles shambefist reactor
temperature. In parallel reactor operation, the temperatures of the two reactors are independent. The
pressure can vary from about 1 ram Hg to 2500 bar (25,000 MPa), preferably from 0.1 bar to 1600 bar
(1-16,000 MPa), most preferably from 1.0 to 500 bar (10-5000MPa). 100100]Each of these processes
may also be employed in single reactor, parallel or series reactor configurations. The liquid processes
comprise contacting olefin monomers with the above described catalyst system in a suitable diluent or

solvent and allowing said monomers to react for a sufficient time to produce the desired polymers.
Hvdroecarbon ecolvvente are criitahle bhoth alinhatic and aromatic Alkaliee <rich aec havane nentane



WO 2006/010139PCT/US2005/024708 42 to produce copolymers of ethylene/octene or
ethylene/propylene or teipolymers of ethylene/propylene/diene, preferably copolymers of propylene
and from 1 tqyzPwRigh1 % ethylene. (By continuous is meant a system thapppgiedgiss (R4jgsintended to
operate) without interruption or cessation. For example a continuous process to produce a polymer
would be one where the reactants are continually introduced into one or more reactors and polymer
product is continually withdrawn.) An organoaluminum compound, namely, tri-n-octylaluminum, may
be added as a scavenger to the monomer feed streams prior to introduction into the polymerization

process. For pregagrisineindediaceijershinedsoRremide ipdids sAreo Braeith g4 combination
with climethylaniligipial alds(Rensafim epheayboRonatigyieies sdletyasaldtinenpolymerization is

conducted in a single, or optionally in two, continuous stirred tank reactors .%%nn cted in series with

hexane used as¥hcosREHErMmHITRACBIG: Herhel e Bacnok [ RS L Iubility of the

co-catalyst. Theﬁ?&@%@ﬁﬁ'&él‘%ﬁ%@ﬁﬂm@rﬂ@, IeReieldy ettt xaildatenindatymsaiizagan reaction is
conducted adiabatically at a reaction temperature $etween about 50 C to .about 220 C. Hydrogen gas

may also be addB@IREFE FeARIARS, R4Tl6 AU ARISENIRS ArSdHE R ISt ER s ired, polymer product
is then transferregripsndsesans beatiaklvich dsiddsthiobs riléid ad mifatidddly atlfotesperature

between about 50 C to, 200 C. Addijtiona] monomers, solvent, metalloce ataly activators can
be fed to the seégwapﬁéﬁﬁio?.%?’??g‘%ﬁyﬂ%?r@ﬁ%sgﬁto ezsi\(/:fﬁnglpt%uénrgséc%in ng§8§3P$g, §?é%%%bly from 8 to
22 weight perceatafsd)aaingixehanFanttiendi eadsthapohisndedatetidnoally termséudeure of about 220 C.
The polymer solution .is then brought to a Lower Critj 1on4T. r 1) liquid-liquid
phase separatorW&ﬁ REUEES & r?o @r%é?%r&%q}grslﬂég égp%%?ﬁﬁ%%% %%n&%gs--an upper lean
phase and a lowstigolymer-rich phase. The upper lean phase contains about 70 wt. % of the solvent
and the lower polymer rich phase contains about 30 wt. % polymer. The polymer solution then enters a
low pressure separator vessel which operates at a temperature of about 150 C and a pressure of 4-10

barg (400 to 100[9038) and flaihepreferied emperdimentsibs prislyst orERABKES WSRAISEE%0 increase

the polymer cong%[%}etgé&gglﬂg@ﬁe\%%ﬁﬂear pump at the bottom of the flash vessel drives the
polymer rich solution to a List devolatilizer. An extruder is WO 2006/010139PCT/US2005/024708 43
coupled to the end-of the R’gt devolatizer Wherﬁiy the polymer material is transferred to a gear pump
which pushes the pdlymer material through a gcreen pack. Then the polymer is cut into pellets and fed

to a water bath. A spinMd : n€r pellets which have a final solvent content of less than
about 0.5 wt. %. [G0103]In aPpre oipent, the,monomer (preferably propylene) is present in
the feed into the reactor at 5¢ L ) Rbly between 5 and 40 weight%, preferably 5
and 30 weight %, preferabl and 2% weight %, based upon the weight of the feed.

eferably hexane) jist prior @Gq&y 'Dnto the reactor. In a preferred embodiment,
the catalyst system conves at least Z0% of the ono%é:r to polymer, preferably at least 30%,
preferably at least 35%, preferably at least 40%, ably at least 50%, based upon the weight of the
monomer introduced into thg reaet ~n a preferrgd ermbodiment, the catalyst system converts at least
20% of the propylene to polypropyle ne,lﬁrefera? @Eﬁ/@ t 30%, preferably at least 35%, preferably at
eighe of the propylene introduced into the reactor.
e process described herein may be used to produce
pposes of this invention and the claims thereto a copolymer
rent monomer units.) Preferred polymers produced herein
of the above monomers. In a preferred embodiment the

homopolymers or copolymep§8(Fort ep
may comprise two, three, four orNQoreAfl

ethylene or a homopolymer of propytes e embodiment,the polymer is a copolymer
comprising ethylene and one g +hore of 2 g phonen)e ed above. In another embodiment the
polymer is a copolymer comprising propyl nd/One or myre of any of the monomers listed above.

[00105]Other olefinically unsaturated monomes2.b€sides those specifically described above may be
polymerized using the catalysts according to the inventipn, for example, styrene, alkyl-substituted
styrenes, isobutylene and other geminally disubstitutead olefins, ethylidene norbomene, norbomadiene,
dicyclopentadiengggpd other olefinically-unsaturated monomers, including other cyclic olefins, such as
cyclopentene, norbomene, alkyl-substituted norbomenes, and vinyl group-containing polar monomers
capable of coordination polymerization. See, for example, U.S. Pat. Nos. 5,635,573, 5,763,556, and
WO 99/30822. Additionally, alpha-olefinic macromonomers of up to 1000 mer units, or more, may also
be incorporated by copolymerization yielding branch-containing olefin polymers. Ethylene Polymers
[00106]Linear polyethylene, including high and ultra-high molecular weight polyethylenes, including

both homo- and copolymers with other alpha-olefin monomers, alpha-olefinic and/or non-conjugated
dinlefine for evamnle C2- C20 olefine dinlefine or eveliec olefine can be nrodiiced by addina ethviene



[00109]In another preferred embodiment the polymer produced herein is a copolymer of propylene and
one or more C2 or C4 to C20 linear, branched or cyclic monomers, preferably one or more C,) or C4 to
C12 linear, byghshsshayisyclic alpha-olefins. Preferably the polymer produgserhiaisiss i@ gopolymer of
propylene and one or more of ethylene, butene, pggtene, hexene, heptene, octene, nonene, decene,
dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and 3,5,5- timothy' hexene 1. [00110]In another
preferred embodiment the polymer produced herein is a copolymer of propylene and ethylene and
optionally one or more C4 to C20 linear, branched or cyclic monqmer;ttg’lgaferably j)gne or more C2 or

C4 to C12 lineadybismthesitionayetid safssted mSI R 2606700 29s 25 P58 46

[00111]In anothgffpﬁggcrﬁggeq%lpfﬁ@ent the polymer produced herein is a copolymer of propylene and
ethylene the copolymer includes from a lower limit of 3% or 5% or 6% qr 8% or 10% by weight to an

upper limit of 200actrigsdnsienvadsrtlsaniesind domy e gD ORTHGR L8/t of 75% or 80% by
weight to an upqﬁ[dygggrgg,@g%sg{@éw@ﬁ&?a%}qraﬁ@%f@ycmghg@mﬂetaaﬂeymé@hlanits, the
percentages by weight based on the total weight of propyﬁgg- aigi eﬂlélr%gg-deriﬁ?q uni.ts. Within
these ranges, thEsEQssHoR, AYEFRCAFRM 18R YL EaIMRE RLIRERRN R d b BRI NS S  anning calorimetry
(Dhscl:), and are gﬁg@p&iﬁﬂ@k@ligﬁmﬁﬂwéﬁiﬁli@@iﬁﬂ?g §hhs}amﬁ?3htbﬂsﬁﬁ3éémrhlgﬂnzghd\@|msticity. ﬁt
ethylene compositions lower than the abqve limits for the copolymer, such polymers.are.genera
crthaIIine, sirﬁil&?‘ﬁ? BFﬁ%hWeRgﬁg&??b o?f}é:%‘ﬁ)%%gs dhd R/%ﬁ’g%{é%?rﬁa Se#%%y (ran%%ﬁesﬁ}g streng%/h,
they do not havetiaaavesableroisess drdiatadticity. At ethylene compositions higher than the above

limits for the copol camponent, the copolymer js substanti . ethylene

composition of aeﬁéWéf* 5&?&8&@ %sefgﬁév@%ﬁﬁiﬁr i n?ég@érgtflo%gftﬁ%?@br%g%éd ata

temperature of a;h@py]lBﬁﬁjlmaytghﬂmxyhmdrﬂmGNWEnlwﬁ@ﬂ;mmEiﬁﬁéﬂFaEVYIbF@(RinWé’r&?

spectrophotomete, & (i specirif of e apmple oMADARA {94000 66k efesarded and the
e e

monomer Weighf“f)ercent 0 ylenée can be calcu according to the following equation: Ethylene
wt % = 82.585 - frbth G873ouB0004i5tg, of pbedimiriy theufstid Bt Thd pedRMEBRISSEIS5 cm-1 and
peak height at gt /26 6 /42 SllmiMBiR Y sépilahere [0l Rhw aregaiment, the
polymer is a random pfopylene topolymer having a narrow compositional distribution. The copolymer
is described as rantibmBezraupe msy %@?W&%ﬁtﬁ@ﬁ&mropylene, comonomer, and optionally
diene, the numbey anghdisitiidien. of comonomer residues is consistent with the random statistical
polymerization of the ngonomers. In stereoblock structures, the number qf hlock mon%xer residues of

any one kind adjersrR tdsdnéeasisieriy sdretai Foma thp BaRSAHEHNE L WSrRET U B on in random

copolymers with im0 MRYSIHeRy 1 isieyicalatyissacrs arenepesbelyinasisvith stereoblock
structure have a distribution of ethylene residues consisterﬁ Wi&'}btﬁ&block&%@ﬁt&lrggdrather than a
random statistic AR AR Yh SRR PR BGER RS T rHARY (o) v
2006/010139P C{4)R2H0aadAL0BAMe01d 31 tiffaemis embodiments, features of the copolymers
include some or all of the following charagcteristics, where ranges. from cited upper limit to any
recited lower limf5heRedftBARBRAR Wtkbsgf?ﬁfeﬁngo%lc\ﬁnlﬁ %%Lajlr% ?})Srﬁnﬁr?%l?ggée?%%itg of less than 110V,
or less than 90 okyjesscifian, S0bstitotdhsdhend Mde fitonendlgival.greabiidh 25 C, or greater
than 35 C, or greater than 40.C, or.greater than 45 C. (ji ept.al; 0 faRQing, from @dower limit of
greater than 1.0 l%é’ %eélr Ignr%t%}d@ﬁig:] ,lb?rggopga%rlj'[ %flr%l 1fgaff§g,$}or grgea%ejﬁr thzatr?%g.z)l()é]?i1 g, or greater than 6.0
Jig, or greater thRA géupigntry he thppentmitifisest thah apswyRoetedrstial kobuked or less than 75
Jig, or less than 60 Jig, qt Iess t SeaIERS AAGiga b eaR oAl digliha triad tactcity
as determined be&ﬁﬁ@%ﬁ?éﬁé}ﬁﬁ ’r%g%n:%’g resonance (1C13 NMR) of greater th§(n 75 %, or greater
than 80 %, or gréitendr i 186yde Hnked eeethesitodoms 2 fiAga tacticity index m/r ranging from a lower
limit of 4 or 6 to e}{‘@i#ﬂﬁ%{'i“ﬁ‘&! oh8on008 121 f)ERinermalesuamissticisaucty that at least X %
olymer i

by weight of the cop s’soluble in jwo adjacent temperature fractions of a thermal fractionation

carried out in hexank B irdrarsaid] \ihEHed 389, oF 85dees BYGBcEPYs SHgHE! 9o: (vi) a

reactivity ratio pragyel AR, PGS bA A SORHOpR a0 b AtiesEban R qriegaiba. 8 (Vi) a
molecular weight distribution Mw/Mn ranging from.a lower Iimi(%)f,l 50r1.8to an;gjﬁger limit of 40 or
[

20 or 10 or 5 or 3hpvAs ARGk RGO B50HBD 1YY df@l@%ft?ﬁatl?ﬂg f/ as defined

herein of less thag,30,%r@riesRINANRNGH, SA GBI ANeiINCID6, SitagSittanha:dd)or less than 5 %; and
or (x) a500 % ter15|fe modulus, of greater than O. 1é|;>}a Qb gr z%ts%r thagi 8 MPa, or greater than 1.0
082508154 Y08

MPa, or greater thERBIEW RS RE YHodR 1D RSB Melting Point, Percent
Crystallinity and Heat of Fusion [00114]Melting point (second melt), percent crystallinity and heat of
fusion are deteimined according to the following DSC procedure: Differential scanning calorimetric
(DSC) trace data is obtained using a TA Instruments model 2920 machine. Samples weighing
approximately 7-10 mg are sealed in aluminum sample pans. The DSC data are recorded by first
cooling the sample to -50 C and then gradually heating it to 200 C at a rate of 10 C/minute. The
sample is kept at 200 C for 5 minutes before a second cooling-heating cycle is applied. Both the first

and second cycle thermal events are recorded. Areas under the melting curves are measured and
1ieced 10 determine the heat of fiicion and the deadaree nf crvetallinity The nercent crvetallinityv ie



mm Fraction =PPP(mm) PPP(mm)+ PPP(mr) + PPP(n) WO 2006/010139PCT/US2005/024708 49
where PPP(mm), PPP(mr) and PPP(rr) denote peak areas derived from the methyl groups of the
second unitsyimthg delenying three propylene unit chains consisting of heads¢q-igdhbnag P P(mm)
CH3CH3CH3 1 HCH-CH2) (CH CH2) (CH CH2)-- 8PP (mi): PPP(rr): CH3CH3 11 (CHCH2) (CHCH2)
(CHCH2)-- 1 CH3 CH3CH3 (L-CH2) (CH CH2) (CH CH2)--- 1 CH3 [00117]The 13C NMR spectrum
of the propylene copolymer is measured and the triad tacticity determined as described in U.S. Pat.
No. 5,504,172 and refe{le_rlqes therein. The propélene copolymers of embodiments of our invention
have an mm triadaglfeitysondersadsislyselestehionthagaunrearssingoiiogsngreater than 75%, or
greater than 80%,ykHR818! AR REPhPLIEeAR PR ﬁﬁ(gﬁoﬂﬁlgéﬁﬁl%rp'il%?é}a%w/RlTﬁCtiCity Index
[00118]The tacticity index, expressed herein as "noir”, is determined #’ul-BC nuclear magnetic
resonance (NMRYYSR8¥adtey Inetbxlnpronylenehrdameraemist iy R N idnemgemastbmolecules, 17,
1950 (1984). Thenierldpalign may 8k the dese'hiestbRMtemeahamistppkRaliswRigfRtguous propylene
groups, "m" referring to mego and "r" to racgmic, An mir ratio of 1.0 generally describes a syndiotactic
polymer, and an RETRHOR P &Rnga il Fnafddt Avdstlivtediegetr tRder@EMEmay have a ratio
approaching infingtys, anghtezrny: Dyip@dyct atactic polymers have sufficient isotactic content to result in
ratios of greater than WO 2006/010139PCT/US2005/024708 50 50. Copolymers of embodiments of
our invention cart Hafe & é‘?ﬁ&ty’i mir ranging from a lower limit of 4 or 6 to an upper limit of 8 or
12. Intermolecularis antinibgdriel6cljar Siructure: Homogeneous Distribution: [00119]Homogeneous

distribution is det'ﬁeed as atsta isg{lcéag){ i?fsljzgni%cantfint Emgllecular giﬁ ren%e ofyﬁ?tg in the composition
of the copolymer and in the tacticity of tHe pONRErZad propylens. Ford topdlyRer18'fsve a
homogeneous dipteifsualdy, thmasnmegtdhmdenuilement of two independent tests: (i) intermolecular
distribution of tacticity; ii)d C Istribut composition, which are described below.
These tests are ?%%ggﬁ%%gfzr%gﬁ%%gi%%é%ﬁfﬁ%%@fﬁrﬁ%@ngégu grf‘évﬁpe%ﬁli%dgegf tacticity of the
polymerized propyfamerdist MdscBmposition of the copolymer, respectively. Intermolecular Distribution
of Tacticity: [00120]Preferred polymer produced herein have a statistically insignificant intermolecular
difference of tacticity of polymerized propylene between different chains (intermalecularly.). This is

determined by thBi033 fractiodamerplisretpeehedimest vtien Meisdtan) s ewedté sonent, at a series

of slowly elevateghigmpeiatuss.Aubipiaa RANeRIRA SaltalsE WHIREABIL Sushasbexane or
heptane. These controlled dissolution procedyres are common é used to separate similar polymers of

different crystalliftty BEEXb PErEraby thrssRa&eupsspye Pisderahly s R the article in
Macromolecules g\ 2£140B8E b L8R Fhrbon ring are not methyl.

[0032] In another preferred embodiment, M is Hf, and both R' groups are
methyl.
[0033] In a preferred embodiment, the catalyst compounds used herein are

represented by the Formula 3:



[00121]In embodiments of our invention, at least 75% by weight, or at least 80% by weight, or at least
85% by weight, or at least 90% by weight, or at least 95% by weight, or at least 97% by weight, or at
least 99% byt efotie Polymer is soluble in a single temperature fractipprRisih§¥e: adiacent
temperature fractions, with the balance of the polymer in immediately preceding or succeeding
temperature fractions. These percentages are fractions, for instance in hexane, beginning at 23 C and
the subsequent fractions are in approximately 8 C increments above 23 C. Meeting such a
fractionation requirement means that a WO 2006/010139PCT/US2005/024708 51 polymer has
statistically insignjfjeant inMemolecular differences of tacticity of the polymerized propylene.
Intermolecular Distribstigh of Composition: [00122]Preferred polymers produced herein have
statistically insignificant’| grelgnces of composition, which is the ratio of propylene to
IS compositional analysis is by infrared
spectroscopy of thafractions by the controlled thermal dissolution procedure
described above. [00T23 he~gtatistically insignificant intermolecular differences of
composition, each of these fractions has a composition (wt. % ethylene content) with a difference of
less than 1.5 wit. (M?absoIMe) or less/than 1.0\wt. % (absolute), or less than 0.8 wt. % (absolute) of the
' nergvieeting such a fractionation requirement means
cu)ar differences of composition, which is the ratio

which allows only a single statisticalmode/of addition of the first and second monomer sequences and
(2) the copolymer is well-miggtl in a tongifiuous flow stirred tank polymerization reactor which allows
only a single polymerization envi 3?,— ER or substantially all of the polymer chains of the copolymer.
Molecular Weight and Molecular Distribytion [00125]Mw, Mn, Mz and Mw/Mn are determined
using an instrument containing col. 3\ W\

order to separate polymer molecules 0
copolymers were measured by gel permeg omatography using (1) an Alliance 2000 GPC3D

scattering detector or (2) a Polymer Labs 220 GPX
light scattering detector. Detectors were calj »
2006/010139PCT/US2005/024708 52 were in 142 ,4-trichlorobenzene (135 'V) using three Polymer
Laboratories PC Gel mixed B LS columns in series M€correlation of polystyrene retention volume
obtained from thg gtggdards, to the retention volume of the polymer tested yields the polymer
molecular weight. [00126]Average molecular weights M can be computed from the expression:

) 1 1V.M.n+1 | S M &2 fransitign metalselepted Aipmsaryr %ﬁé@%@ﬂ%@]&m&%&m&%ht M. When
n=0, M is the nurpBahavesage-dpRiemklar weight Mn. When n=1, M is the weight average molecular
weight Mw. When nz%ﬁllvl is the Z-average malecular weight Mz. The desired MWD function (e.qg.,
VWM or MzIMEHTE BT RRSBY RS FREBBAGHE M AR CRASSLARSHBHEBERband MWD is well
known in the art apdrisdtsdyssedineoseldetablinadon exactipial Slegls, greferabigh.RPilymer Molecular

Weights Part Il, Marcel Dekker, Inc.. NY, (1975) 287-368; Rodriguez, F., Principles qf Polymer
Slys't\;zms 3rd fd.%ﬁﬁﬁhfﬂ;@%%ﬁrﬁ?%f gﬁeﬁgﬁi&% S _%’hiil”ggﬁ(?f’ %‘3@@?’753; Velrstrate et
al., Macromolec ) WE098) Otraomet noleshgliedthibsejnlljo0abEndfesad polymers
produced herein Hﬁ%}ze a #%%gg gv%r%%%]‘%ole% ar ngﬁhtﬁp\/lllwg %iath'\igle & [ange héﬁﬂ'nlg an upper limit
of 5,000,000 g/moal, 13.65 , g/mol, or Oale) gmm , a a & fower limi o?afb(% g mgl,’Z0,000
g/mol, or 80,000 achibk; trelR igrolersuteaybeilinkedispriovitdon thiwiftheWWR) gsometrmes referred to as a

"polydispersity inﬂﬁ%%'d(':t’l%ﬁ’tﬁ%&?%‘ﬂoftr?cgﬂr?eﬂ%‘ﬁ‘ﬁ&i'éﬁgt &}BQ,V}H}M{ .to an upper limit of 40, 20, 10,
5, or 4.5. WO 2006/010139PCT/US2005/024708 53 [%?01 8]in one embodiment, the polymers

produced herein M&je malabney viscosity, ML(1+4) @ 125C, of 100 or less, 75 or less, 60 or less, or

30 or less. Moongy Kigeasityi e iiRad iRt FABR Y resh&sdMe Gk td@ 2 5C according to
ASTM D1646, unless otherwise specified. Elasticity [00129|Elasticity s determined according to ASTM

D 790 as describEacasiinivstitnicd hedrgomyhengrafanelonsl gronoraredpeaiioBuliss [00130] Tensile
Modulus is deterfjinedACeNHNg ol MobyPIBodd Bl ferably R® is hydrogen or methyl, and

the R® groups may be the same or different; and



inches per minute (51 cm/min) using dumbbell shapes as described at column 17, line 1 to 17 of US
6,525,157. Melt Index [00131]In embodiments of the present invention, the polymers produced herein
have a melt @361 REL0 dg/min or less, 7 dg/min or less, 5 dg/min or l§ssr Rk 26 MHLOr less, or
less than 2 dg/min. The determination of the melt ijgdex of the polymer is according to ASTM D1238
(230C, 2.16kg) Procedure A. In this version of the method a portion of the sample extruded during the
test was collected and weighed. This is commonly referred to as the modification 1 of the experimental
procedure. The sample analysis is conducted at 190C with a 1 minute preheat on the sample to

provide a steady tashder et the sameratidiTeramaed fain csromreresy bmlinkediogateors in Insertion
of Propylene: th@%*n%éﬁﬂg?ﬁfeﬁ?aﬂﬁpéa%ﬁlwm'M@é%ﬂﬁ?éﬁﬁ@tﬂ%,%@ﬁ‘?ﬂé@?” of a-olefins of
three or more carbon atoms in the presence of a chiral metallocene catalgst, ,1-insertion or
1,3-insertion take¥pardsiA-iidi o rioriRac. BIRPrRblY R e i retbric kthyhnAceykermasprd units such
as a 2,1- insertionggsa) 1,3-insextion it daulrbiting A58 MAY BISREPIGRSHSaG. B otolecular
Chemistry Rapid Communication, Volume 8, page 305 (1987), by K. Soga, T. Shiono, S. Takemura
and W. WO ZOOﬁmmmmléﬁﬂ%gwma?ﬁﬂ&Bm‘hus, the insertion of propylene can
occur to a small ggt3sq by eithes Zadtligiple Al Dérib3dnaentianeeand @l%gg,)pg'% Rrgpgrtion of the

2,1-insertions to %2 of thegrop lene insertigns in a propylene. elastomer is calculated by’the method
u

described by Tsut&dh, HeYe{o ROBRA P uiAdises5OuBEHER b iskent of 1,3 insertions are determined
according to the jpposeHure desethetdnpdSedDdnbbitiei, Arelerred RMbodingrtiireproportion of
inversely inserted, propylene units of polymers produced herein, hased on the 2,1-insertion of a
propylene monor%%ﬁliﬁygﬂ%’rgﬁglgﬁg E\%%%&é ° FORMTARLBHE3C NMR, is greater than 0.5%, or
greater than 0.6900%8ed on the dp3eforediantoliinpiopiie oatanenamsioarlimaasteecibyd 3C NMR, is
greater than O 051%0 or % e ertﬁréafra d%?%“ﬁ%%%g?get_er than 0.07%, or greater than 0 08%, or greater
than 0.085 percentpﬁﬁ R a pre%erre embodiment, the polymers produced herein are random
copolymers of propylene and ethylene having a heat of fusion as determined by Differential Scanning
Calorimetry (DSC) of less than 50 J/g, a melt index (MI) of less than 5 dg/min, and containing
stereoregular propylene crystallinity. Preferably the polymer is a random copolymer of propylene and
at least one comonomer selected from ethylene, C4-C12 a-olefins, and combinations thereof;
preferably the polymer comprises from 2 wt % to 25 wt% polymerized ethylene units, based on the
total weight of the polymer. [00134]In another preferred embodiment, the polymer produced herein
comprises:  a first monomer present at from 40 to 95 mole %, preferably 50 to 90 mole %,
preferably 60 to 80 mole %, and  a comonomer present at from 5 to 40 mole %, preferably 10 to 60
mole %, more preferably 20 to 40 mole %,and  a tennonomer present at from 0 to 10 mole%, more
preferably from 0.5 to 5 mole%, more preferably 1 to 3 mole %. [00135]Preferably the first monomer
comprises one or more of any C3 to C8 linear branched or cyclic alpha -olefms, including propylene,
butene, (and all isomers thereof), pentene (and all isomers thereof), hexene (and all isomers 55
thereof), heptene (and all isomers thereof), and octene (and all isomers thereof). Preferred monomers
include propylene, 1-butene, 1-hexene, 1-octene, cyclohexene, cyclooctene, hexadiene,
cyclohexadiene and the like. Preferably the comonomer comprises one or more of any C2 to C40
linear, branched or cyclic alpha-olefms (provided ethylene, if present, is present at 5 mole% or less),
including ethylene, propylene, butene, pentene, hexene, heptene, and octene, nonene, decene,
un-decene, do-decene, hexadecene, butadiene, hexadiene, heptadiene, pentadiene, octadiene,
nonadiene, decadiene, dodecadiene, styrene, 3,5,5- trimethylhexene-1, 3-methylpentene-1,
4-methylpentene-1, cyclopentadiene, and cyclohexene. Preferably the termonomer comprises one or
more of any C2 to C40 linear, branched or cyclic alpha-olefins, (provided ethylene, if present, is
present at 5 mole% or less), including ethylene, propylene, butene, pentene, hexene, heptene, and
octene, nonene, decene, un-decene, do-decene, hexadecene, butadiene, hexadiene, heptadiene,
pentadiene, octadiene, nonadiene, decadiene, dodecadiene, styrene, 3,5,5-trimethyl hexene-1,
3-methylpentene-1, 4- methylpentene-1, cyclopentadiene, and cyclohexene. In a preferred
embodiment the copolymers described herein comprise at least 50 mole% of a first monomer and up
to 50 mole% of other monomers. [00136]In the measurement of properties ascribed to some polymers
produced herein, there is preferably a substantial absence of a secondary or tertiary polymer or
polymers to form a blend. By "substantial absence" we intend less than 10%, or 15 less than 5%, or
less than 2.5%, or less than 1%, or 0%, by weight Blends [001371The catalyst compositions of the
invention can be used as described above individually for coordination polymerization or can be mixed
to prepare polymer blends with other known olefin polymerization catalyst compounds. By selection of
monomers, blends of coordination catalyst compounds, polymer blends can be prepared under
polymerization conditions analogous to those using individual catalyst compositions. Polymers having
increased MWD for improved 56 processing and other traditional benefits available from polymers

made with mixed catalyst systems can thus be achieved. [00138]It is generally believed that in situ
blendina nrovvidece a more homoaodeneniic nrodiict and allowe the blend to be nrodiiced in one <ten The



WO 2006/010139PCT/US2005/024708 58 10 weight %, preferably at about 0.5 weight % to about 7
weight %, even more preferably at about 1 to about 4 weight %, based upon the weight of the
hydrocarbonyggsh@ndye unsaturated acid or anhydride. Examples 1001486 iyenhe and
comparative metallocenes CI-05, Compl- Comp3 and Activators A1-A3 are shown below (where Me is
methyl, Ph is phenyl, ). Preparations for C1-05 are given. Metallocenes Compl-Comp3 and Activators
Al, A3 were obtained from commercial sources. Activator A2 was prepared according to WO
2003049856. CIC2C3C4 Ph,Me.\e\ ,MeMS.,t Cl oCl 14CM"cC HC Me CI MIMe (1-Napthyl)

Me

weights (Mn) and 3
throughput gel perme 3 0 aphy measureme
indicated, therm
sample from -50 to 220
150 C to -100 C and fin@
100143]Molecular weig

pol ﬁg/rene, using high
#osed 1n US6475391. Where

lly again heatir®iMer 150 C at 10 C/min. T o
{5 for\etMpené propylene copolymerkigsreparggsin ekamples C-K were

calibrated using polystyrenes B-’s\ equipped with DRI,
viscometry and an 3 angle lig HIEFSTINg detector. Samples were @» ichlorobenzene (135

C) using three Polymer Labor S6 hermal analyses
spfepargd in examples C-K were gsadyg
are gvailable form Perkin ElmerTns

of the ethylene propylene copoly éW’yris 1
instrument using the accompanying so ts, USA. Heat of
fusion (AFIr" in the tables herein) wgjg-megasured by Differential Scanning Ca try (DSC) WO
2006/010139PCT/US2005/024708 60 usifag the ASTM E-794-95 proceduf€. Al} measurements were
conducted during the first heating cycle between -100C and +150C on a sampleethat had been molded
at 200C and aIIoweﬂ to appeal at room temperature for approximately 7 days. The first healing cycle
was run at a tempera\e re e of 20C/min. The heaMsf fusi6n was measured from the total area

6FXhe ethyle e pxopylene copolymers

. [0P145]Composition measureme
ad on a Perkin Elmer Pt 1760/FTIR spectrophotometer. A thin

82.585 -111.987X + 30.045 X2, whérein X is the ratio of the peak height gt 1155 cm-I and peak height

3¢ NMR measurements with
rsegd o defermine the compositi \J)o?:‘n: tniag tacticities

(Imm]), regio error content, the reac @ teJaroduet (rir2) and m/r ra -1{'@ ads|to ggtermine
e\

these values are found in; Randall, MMatromolecules 1978, 11, 33; Coz acromolecules
1987, 20, 1237; Tsutsui, T. et. al. Polymer)1989, 30, 1350; US 5,504,172 and re es therein.
Me

Me

Me

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon.

[0038] In another embodiment, the catalysts compounds of this invention
are present in a formal +4 oxidation state. In another embodiment, the catalysts
compounds of this invention are not present in a formal +2 oxidation state. The
nomenclature of formal oxidation states used here are described in length in the

texts: Hegedus, L.S. Transition Metals in the Synthesis of Complex Organic



[00147]For example K, polymer samples for 13C NMR spectroscopy were dissolved in d2
-1,1,2,2-tetrachloroethane and the samples were recorded at 125C using a NMR spectrometer of 75 or
100 MHz. PalygwiErseiance peaks are referenced to mmmm=21.8 ppm. ajaHasiansiqpolved in the
characterization of polymers by NMR follow the wagk of F. A. Bovey in "Polymer Conformation and
Configuration” Academic Press, New York 1969 and J. Randall in "Polymer Sequence Determination,
Carbon-13 NMR Method", Academic Press, New York, 1977. The percent of methylene sequences of
two in length, %(CH2)2, were WO 2006/010139PCT/US2005/024708 61 calculated as follows: the
integral of the médojtwdes@nd BérWmerersityl$eispas RiessH 298, SqusatitenCidy. eodcenthamon to the

number of methyjancs 1) waHGIEES A AYDIRIRAGY) OMdRAbX e TSl igpral of e

methylene sequences of one In een 45-49 ppm and the integral of the methyl carbons

between 14-18 pgniveisitsSeomct Risss A%Hindausalited&lation for the amount of methylene groups
contained n a sqgggce of W, dhRIFEIRGSERBAaRR AP RATAS L LARERIGIANAL R ave been
excluded. Assignments were based on H. N. Chong and J. A. Ewen, Malcromol. Chem. 1989, 190,
1931. Catalyst SyaeiasrarRaussis [oonbiopiemaliatagiRalynes 21808 gidREmethyl-benz[flindene

was prepared acgpsdingrithBAUshed. rapetVLq Uttbeditheantheavariest it s.6,7.8-
tetrahydro-2,5,5,8,8-pentamethyl-benz Mindenyl lithium b}/ treatment with butyl lithium in_pentane.

Example 1 Prep&atBerafs seemresdn saepinatiRpprithers st cemnountsd & AMAENYI 7THM),
Example la. Preprsatiapwihheieiiss afitiefadadohdkin; 8, 8-pentamethylbenziflindene).
[00149]5,6,7,8-tetrahydrg-2,5,5,8,8-pentamethyl-henz|flindenyl lithium (6,9, 24,4 was added,
mostly as a solidwatléyc&é%(-ggeﬁ’?) é}’uﬁgﬂoofl eé%?é’l ltth7 Wgé\h%{%ﬁﬁ 5‘?&%@2 (150 mL) The
color turned yellougo Afpers skigsogndVELighilibeIre Fatip A \WRkineoeglate Chétt: fea. 2000) was added and
the reaction allo to.shir for a total of 6 days. The solutipon was then filter rQug lass flit then a
0.45 urn acrodisvcy.sﬁhgzggt ﬁﬁﬁ%%n%gﬁ}'éﬁ%ﬁgﬁgﬁrg@tﬁgh Hé'&%%%cgﬁwglsﬂa?ied in vacua.
The yield was 6.3iel).SR3aFyilastn, RPrEpaBadiskhat, M. Chem. Rev. 2000, 100, 1169; Gibson,
rac-MezSi(5,6,7,8-tetrghydro-2,5,5,8,8-pentamet indenyl)2HIC12_[001501]A solution of
Me28i(5,6,7,8-te§{a§ygpc¥-§?§$§%%—%{ér§%%rﬁzé f/‘(i%@@g%}#d%%%e) . né‘i’f %%%%%%”and ether (325
mL) was treated 191,80 \\6D32 Qa6 81 80 RICTHIB 200751024 2082 3 5% (MicBuadres, WD Sutet. lithium in

hexane (14.7 mL,,23.52 ol). Jhe rAyEn r After stigring overnight, th rry was cooled
to-30 C (freezerfut'h%rg ’é’fﬁzrfgé”?a‘g?&y W %lé%f(?&%é@%ﬁ&%ef%?ﬁ%o Was added a?soggéolid. The color

turned intense y&ildw. After stirring ca. 1 day, the mixture was filtered giving the product with LiCl.
Repeated extractions with CH2C12 (total 750 mL) gave the product in racemic form. Yield 2.72 g.
Example 1 c. Preparation of
rac-Me,Si(5,6,7, Antivatoxsrand A etivation Methods for Catalyiss Ggnmounds)) (00151]A 3.0 M solution of
MeMaBr in ether g . 1 mallandGaecdiiien! e NAR addeEa SRR Aoy
rac-Me2Si(5,6,7,8-tetrahydro-2,5,5,8,8- pentamethyl-benz[flindeny1)2HtC12 (0.288 g, 0.39 mmol) and
benzene (50 mLyPhdeastlated s RArBrEAEAT GRtaES Wy SramsFigHAd 48eHPY0.5 mL, 1.5
mmol) was adde%&ﬁﬁlmeﬁtg@cmﬁ,%ﬁt?& yYehilvs Weskend thasHiartethi seftiniavarnight. The
mixture was then treated with Me3SiC1 (0.2 mL, 1.57 mmol) 1,2-dimethox}/et,hane ﬁ0.25 mL, 2.4
namol), filtered tlﬁ’@W@H?tWEIW@&S@%@@QW@@??@F@}S%%% gether will either allow

rac-Ph2Si(5,6,7, §tetrahysk the indS@teeniainaiby beniifirdaniaRHibde2:(4b2) fhxample 2a.
Preparation of Ph2Si(5,6,7,8-tetrahydrq-2,5,5,8,8-pentamethy|benzfflindene)2 .

1001 2015.0.7.6- RS B SRR A B ARSI RHHRCAE PGromst A was addec
to a solution of Phg:mid€) 62 24068) 2ilid 4:0hgdSde6 Therted) aiad A theividale oficherdimabamount of ether
was used to rinse the flask contgining the lithium reagent. After.stirring for three days, the reaction was
washed with watgﬁ]w]%@?r?ﬂ)fa%’ﬁree%?ﬁtgp ai)}lg %a&p 9r&|1:ia]léf Wéﬁlﬁk?&aﬁ ésréu & the solvent was
removed to give thexraoisctoaspavatistensd ichiXieddabths prdairsdrichnth6und9thig ebhiapt MO
2006/010139PCT/US2005/024708 .63 Example 2b. Preparation o . .
Pn2Si(5,6.7 8 o2y drevD ket Broaei S e AEFHRAER Lo oo spdmdes s w1 solusion o
butyl lithium in herantertieldhomg ddgcordimuinganadded to a solution of

Ph28i(5,6,7,8-tegr§?{g¢i ro-2,5, dﬁﬁk?r%%%éw%?p\ teﬁgf%aiﬁ%&?a& Q%.;umglgsdissolved in

ether (1 L). The hange ow to re r the reaction was stirred over night, the solvent
was removed witthtalysiragiiatNg, mdadankifmdhsdvsniienansishrempiimdenheneR260 mL) collected
on a fl-it then ringeg Wifh %@I@ﬂﬁcﬁﬂﬂélé@?oﬁﬁ' id asianslawnawdedhenarieduisldes.85 9.
Example 2c. Preparation of rac-Ph9Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethylbenziflindeny1)2HfC12
as a mixture with LiCl. [00154]A solution prepared from Ph2Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[flindenyl lithium)2.0Et2 (10 g, 114 mmol) and ether (500 mL) was cooled to -30 C
then treated with HfC14 (4.17 g, 13.0 mmol). After stirring for two days, the yellow slurry was filtered
and the solids rinsed with ether (3 x 30 inL) then dried. Yield 5.22 g. Example 2d. Preparation of
rac-Ph2Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethylbenz|[flindenv117HfMe2.(C2) [00155]A 3.0 M

colition of MeMaRr in ethear (2 A& Ml 7 Q mmol wae added to a <hirrvy nrenared from a mivtiire of




64 Example 3. Preparation of rac-(CH2)3Si(5,6,7,8-tetrahydro-2
5,5,8,8-pentamethylbenz[aindenv1)9HfMe7.(C3) Example 3a. Preparation of

(C112)3Si(5:6:¢ srigtahysiro-2,5,5,8,8-pentamethylbenzfilindene)2 PCT/US2005/024708
[00156]5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-bgnz[flindenyl lithium (5 g, 20.5 mmol) was added to
a solution of (CH2)3SiC12 (1.45 g, 10.3 mmol) and ether (200 mL) After stirring overnight the solvent
was removed and the solids extracted with pentane (3 x 50 mL), filtered then dried in vacuo to give a
white solid. Yield 5.06 g. Example 3b. Preparation of

(CLUSI(5,6,7,8-tetalyolruiisl5a8 Suplystdfordtinyiiensdametitisompeunds joers R176 M Butyl lithium in
hexane (11.6 m t .

(CH2)38i(5,6,7,|E_31}%$r§% ro-2%%%@ggﬁgg%%@ﬁt}g%ﬁ%ierllltljbeondé%el(l%.S%GQ?rQIPféemmol) in ether (100
mL) The initially elaoyetienssohitisadesansetiatoran i sniptystaraesiiong diienight, the mixture
was filtered and the Jigityelpphselitbwasshecmith PRAIARS 42X RQH0 b heRndHgdiry feld 4.28 g.
Example 3c. Preparation of rac-(CH2)38|(5_,6_,7,8-tetrahydro-2,5,5,8,8- ) :
pentamethyl-bengliBABISHE PRHROIRds OB AR PySernitsvdipiw Ksia ayabkyb S8 ry prepared
from (CH2)3Si(5 BxdipielahuritnoR:me tenraiametiviskaaalfiindeny! HibiumeI2E20 (4.28 g, 6.77

mmol) and ether (100 mL) The color turned intense yellow. After stirring overnight, the mixture was

filtered and the sBIRIALHBERARHMNAR- el alimexanesafisb B REe The solid was dried
overnight. Yield 2AT4/aifxammme 2 RodpsatinylafviacxfabhRSiiabié & eiraiydro-2,5,5,8,8-
pentamethyl-benzMindenv117HfMe2.(C3) [00159]3 ethylmagnesium_bromide in ether (2.75 mL,
8.25 mmol) was 3@&@80{8’51’%&&!\4?‘&36?&’%5{{ ?{%&%f@ﬁ?ﬁf?ﬁﬂ@%,é\,qi’%‘?ﬁcgﬁtamethyl- WO
2006/010139P C i e&200802ekA8sGn d etudit ndl elydgR ks 1h2a{2a 356 be Bs63. rivrdljrtired toluene (100
mL). After stirring,overnight, the mixture was, treated wjt i .25 mmol), stirred
overnight, then tgéeasfgla)qvl\% Sﬁfﬁ@éﬂ%ﬁ@%ﬁ%ﬁ&% %?néglrsﬁift%’ra s%(’l)’r#r?lgrgtl)qgi’ég%jrs, the mixture was
filtered and the réBam19g, SN0 418 B WisEhe d,92th D3y 4190 ] 3681 4, T8 Aty &t828 A3 Yried then

washed with pen dd ieldd X <Pre tjo

e Ph2SI(5.0.7 Bl BNy Lere e TS R 270 786,
Preparation of 5,8 BR&ltyi6 4, 5B B384 ahtetydride WAXBHIHH-80. one [00160]A 1 L 3-neck flask
was charged with A1C13 (80.8 g, 0.606 mol), fitted with a mechanical stirrer, and a 250 mL addition

funnel, charged wigygnhydroug/matihdersahipiids R dRke TRBEREDMaSERRIRAYO - 20 C and
stirred. The addition funnel was then charged (in two portions over the course of the reaction) with a

solution of 2-indai9BHSTRRRE EeEts sRlsHIl e BRI AR R LAERotirRigh B e WA Tatd 8P Rith ether to

remove brown imixdeiicslM Sviaty eealgsbpritieiby (pexaiel 2Bt dickitd)3 M hafsharhydrous
methylene chloride (180 mL) T%; solution was dg%ﬁed onto the cold, stirring AIC1.3 slurry over the

course of 50 min2ARaI LAY FSFPESRUSIRE AR KAtNiB A WAL ES Hite, a solution of 2,5-dichloro,

2,5-dimethyllaexqo®@t8] 3 g, 0.0k umeendaytdindadcee tyibnrydnddyideoiRanégpodites stirring an
additional hour, the regction mixture was po to ice (1 L) and treated with ethey (500 mL). The
organic layer Wag'sailﬁg? ‘i%ﬂ“&ﬁb%%&ﬂ&ﬁﬁ%@%%@%ﬁa v%ﬁ%gé%gfe(gy\grﬁ@ﬁl?nﬁ) The combined
organic layers werenataghbeintimPabd\a highit taaikyBikmnnm ok rsvatsshi@Flahigiien. dried over
MgsO4. The drieghgrganic soldtioniias Jllerthints i1 900 NE SR RS Ry removed
with a nitrogen blowing over tHe Surface of the solution The SOlllgt at remained was washed with cold
pentane and the siofitsisbhatedis\a fiiaratiyof Trethpds docprepfinngoristaiiines aatenedifivds separated

manually rom = SEALARS A1 shunlos Rl Rl it capsainesipRsL e @R Kipury. Yield 21 9.

WO 2006/01013 S2005/024 /08 66 E Preparation of 5,6

8-tetrahydro-5,5, 8,8t fate A, THh 23 20,208y RY dpadithél Q06 884 R $0bRt.4ldsk was charged
with osy hycrazis %680 44 mmeloh 67,8 a8 Seisamei ! aorglindan 2 one

2

(10.0 g, 1 equiv.) and anhydrous ether then stirred mechanically under nitrogen overnight. The slurry

was filtered, rinsSel AAtAdoRiIthdP e Wried) b £3 854 Bxardpte/ 1P e pertstidifs of

5,6,7,8-tetrahvdrg-§45, 878-te s auneifys-Ren 2NHNGa 30898 £ Grid Bried RN HsBeRifdns EP-A-
8-tetramethyl-benzfflindenyl lithiunr0.83 DME. 1001621A 1 L flask was charged with of

5,6,7,8-tetrahydr8-%6,$,‘é?§= t‘r%ﬁi@t?‘@ﬁ-B@@zlfﬁrrﬁgri%taé§llﬂ}fhﬁgzméo(§§§ Ey a§‘§.?q{¥mol), anhydrous
1,2- dimethoxyethapie4500smtd) (U A Glisteihexvervans s3 DMIE) thanch. 4ré heBlfufiy hexane) (38 mL, 2
equiv.). The color turned d?rarbﬂThe mixturj was heaterd t.reflux for @0 mjn then allowed to cool to
room temperaturBeRFRARIFH DY ARSPRNE: JEMAR BRI NIAite ﬁ%ﬁiﬁf&f@' iff Btirgundy colored solution
was filtered and the 1,2-dimethoxyethane removed from the filtrate leaving the product, 5,6,7,8-
tetrahydro-5,5,8,8-tetramethyl-benz[flindenyl lithium.0.83 DME as a white solid with a trace of purple
color, after washing repeatedly with pentane. Yield 1.76 g [00163]The remainder of the solution was
guenched with water (20 mL) then washed with 4 M NaCl (3 x 100 mL). The organic layer was then
dried over MgS0O4 then reduced to a brown solid. Yield 5.5 g. This product was further purified by

sublimation at 75 C using a vacuum pump. Yield 4.1 g of 5,6,7,8-
tatrahvdro-B 5 Q Q_teatramethvl-ben7\Windene ac a white <enolid Evamnle Ad Prenaration of




[00167]A 3.0 M solution of MeMgBr in ether (1.15 mL, 3 45 mop was added to a solution of
rac-Ph2Si(5,6,7,8-tetrahydro-5,5,8,8-tetramethylbenz[flindeny1)2HfC12 (0.5 g, 0.568 mmol) and
toluene (50 Rylg- 28k i6RGION was stirred overnight then heated to 75 C fop2nibsissRqkag to room
temperature WO 2006/010139PCT/U82005/024788 68 then treated with Me3SiC1 (0.30 mL, 2.36
mmol) After stirring overnight, the mixture was treated with 1,4-dioxane (0.77 g, 8.74 mmol). After
stirring for 411, the mixture was filtered then the solids were washed with toluene (2 x 50 mL). The
solvent was removed and the residue taken up in pentane and filtered (0.45 um). The pentane was

removed to yield rethPhRSi(587. 8- taudyyel geb @l glgmusraerrath e bdiszefittriedye ke as a glassy
solid. Ylel_d 0.27 golﬁﬁ@ﬂ@@l@rg[ﬁﬂwggﬂ be decanted from the cloudy solution. Another
rac-Ph2Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethylbenziffindeny1)22iC12.(C5) MAO/Silica Catalyst
Example 5a. Prepesfstisa gimoxane is a modified methyl alumoxane (MMAO) cocatalyst type
rac-Ph2Si(5,6,7 & feltahvriRiaiR S8itmeHamalyihenailinde e 2R G5 )-JgOR68To a slurry of cold
(-30 C) Ph2Si(5,6,7,8-tetrahydro-2,5,5,8,8- pentamethyl-benz[fl|ndenyl lithium)2 (2 g, 3 mmol) and
ether (100 mL) wYodided deteyldumoranatypmdd). qrershvider pateatE B8R ddeneous then a
precipitate was obgaivegipAfter stirring overnight, the solvent was removed and the mixture washed
with pentane (12 x 20 mL; The rac isomer remained with the salts on the fit. Yield 0.88 g (ca. 71 wt %

metallocene). A $8Mfle of this RiRET0RBY) o QLeanplrag i RoemowEts YA e allocene free
of salts. Exampleyfiliz&repasaisere{or scavengers) include trimethylaluminum,

rac-Ph2Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethylbenzrflindeny1)2ZrC12and MAQO supported on
Ciioa [001691A NI L0 ior O E Ao g5 TR RS FAE HheESOHBTITRL) o
added to a mixtusadftalikeh2Si(5,6,7,8-tetrahydro-2,5,5,8,8- pentamethyl-benz[flindeny1)2ZrC12(15.7

mg, 0.0191 mmo&ﬁﬁ toluen(i 5m .TFE reen s ﬁjtion was added to silica.(1.01 g). The color
iniggroReSL MY

turned red. After g for 15 i(ekip SRYAS ritered the sou%speor ed"¢4 a%/%rt was dried in vacuo

overnight. WO 2606E/0t0E8APLCHVaIE? QOBIRR 47 /6 IsRdiyantt i@atiotylE xaomple s keimbles Al-A66.
Semibatch Propylene Rolymerizations [00170]Pglymerizations. wer n ' claves lined
with glass test tu eeél%lir} eokér? ?‘\e/neil}mgrg}[?géél?éer%.rg%r%ﬁ& oéogur?%é“%g\?%%%%%ﬁgr{&éd with a 1 mM
hexane solution ¢figp@Bteré0aphhil borgmoktahloxdpreqswserTpdlidhdldgermted ingtfreb2G@e14 toluene
solution of PANMgab: BfeRildodt) itk S:0(naleandgesLuiecssyl RipRalis At he
temperature indicated in the tables. Then a 200 RM solution of Gatalyst (0.1 mL, 0.02 Imop was added
to the autoclave. theegsfielidswise wilturedrec o M bisHavautisel A0 sscRFMIGIBianE i zation.
Polymerizations ware, halief Y ASEEiRRHt AR A9 SRmOYE indieiselfddeeactors were then
vented and cooled. Polymer was isolated after the solvent was removed in-vacuo. Polymerization data
are reported in TAB8!I8. Examples BI-B67. Batch Propylene Polymerizations
[00171]Polymerizptigsys Were peAREMedmalastdioRHisdenPhoifRfies RRHIARAS With a mechanical

stirrer, an external heater for temperature control, septum inlet and regulated supFIy of nitrogen,

ethylene, and propbRétgsa beTRet s e pHEmigig, stiye syl dudwaor iR s iBFRRs dried and
degassed at 115CHgthpebaubstRnshibesups sgedadtithaipagritbl Jclofrtefitpe akyle Mraniiher five
hours. It was finally purged with propylene gas at 50 psig. Hexane, scavenger ol of
tri-n-octylalumin &R FHHRSERS %ﬁé’ %ﬁ@ggﬁgéﬁﬁﬁgﬁﬂz{%ﬂ?Tfﬁ%’gﬁ&tﬁ%ated to
process temperathre: Whitp stirsiiiglgicBaeniprseltbhieefttinataiozen, cadatyst,i2tltieptlaf each in 0.1 mL of
toluene, were injected at proces nditions, The reaction.was. run to a predetermijned time period (43
seconds unless fﬂ%%ﬁg {rl%fga S(aﬁf% t%&kaﬁlglg’fg\:‘v?ﬁllgﬁ%P&%léeélgeﬁ%lﬁggmvﬁ%a'g%rtn%%?ygen in Argon.
The reactor was therafpptefirred ntecd imaylhgquply/haginge t dy2fechibpratumsn atieyitgiogation of the
reaction mixture..Polymerization data are reported | - s Qf hexane and
propylene in the ]raélg%: rgIE or the g(l)\fl;}lﬁ[ orrengi:%or?%z%ﬁ%pgg §t%$§n ef) Fé%%)}gea%c}) -%;r? %taabqag %H&\%%
2006/010139PC Btog2005i024 708 ¥ catboarnisies (ndludisgsrkisPiueéduyrks)foMotntinuous
Ethylene/Propyle [zafi 7 YReLZ]teNs cied ia 980 mL
continuous feed ﬁ%@%@%ﬁ%@éﬁgﬁe r%ﬂa{%%r. Thg ?ggagr&fgri?ls%g%ggnqglfmained at 320 psi
by a restriction onapiloliglowstihethegeheRyatisrre asebrdny Hiidse SAPS #Fin three bladed
pitched propellerjiype agjtat %P&%@ghﬁéﬁﬂm&, PEIOH §%£P§P@&%b hylepgtpfiopylene and a
e b NOA) in hydro59 3 i i

solution of tri-(n-octypalmninum (TNOA) in carbon were continuously fed into the reactor at flow
rates indicated instragtiosnpinia agtkeder ASdHSPRIEHO FaRhEBYLROEPB 96 SRR FIATRIABIRID the reactor to
maintain the polyggggization temperature. A catalyst solution, prepared by mixing catalyst and activator
in toluene was fed separately into the reactor at flow rates indicated in Tables 7a-14a. The
polymerization was rapid and representative samples were collected after 4 residence times at steady
state. Polymer samples were dried and their mass used to calculate the polymerization rates, which
are reported with other polymer characterization data in Tables 7b-14b. Examples C1-C9.
Copolymerization using CI/A1 [00174]The catalyst solution was prepared from Cl (0.105 g, 1.41 x 104
mol), Al (0.115 g, 1.43 x 104 mol) and anhydrous, deoxygenated toluene (900 mL) The TNOA solution

wAac N 102 wt 04 ecolition of tri-(n-occtvnalitminiim (TNOAY in hvdrocarbon (R 168 A hentane R27 2 A



[00177]The catalyst solution was prepared from Cl (0.052 g, 7.0 x10-5 mol), A3 (0.079 g, 6.9 x10-5
mol) and anhydrous, deoxygenated toluene (900 mL). The TNOA solution was 0.198 wt % solution of
tri-(n-octyl)alyrginsigld@$¥A) in hydrocarbon (3.155 g heptane, 527.2 g hexgrgl)sRedipnetgation
conditions and results are, respectively, reported ipgTables 10a and 10b. Examples G1 -G3.
Copolymerization using C1/A3 [00178]The catalyst solution was prepared from Cl (0.026 g, 3.5 x 10-5
mol), A3 (0.04 g, 3.5 x10-5 mol) and anhydrous, deoxygenated toluene (900 mL) The TNOA solution
was 0.198 wt % solution of tri-(n-octyl)aluminum (TNOA) in hydrocarbon (3.155 g heptane, 527.2 g
hexane)). Polymdfi@4fion conditiniestaithierselts acsiveseprutipetndsapayteehiai ablestivia and 11b.

Examples H-H8. ?&9&'%@&%@3&{3}&%@&%@& t%ﬁﬂ;ﬂ?&%@@éﬁ%ﬁ&ww Y@aprepared from C2

(0.062 g, 7.1 x 105 mdl), A3 (0.082 g, 7.2 le-5am_oI and anhydrous, deoxygenated toluene (900 mL).
The TNOA solutidrpiedisoarddsiedtosdateonanpeiepefihaliomrings¢IRORY.i SHgrocarbon (3.155 g

heptane, 527.2 g3 s RRIYRAlizAle N GRBLiPRSRIGb KRR S AR ASRECHYS y7goRarted in Tables
12a and 12b. Examples 1142. Copolymerizations using C4/A1 [00180]The catalyst solution was

P [
prepared from CERAE729 73 %65 2L5H61Y SaER 6 90444118k /A 9B AR Hfds,

deoxygenated tolyene (890,Aa1).J 18RI 3 Blkissokition yvas DpeBared 5rops AQCt3 (1.0515 g)
and anhydrous, WO 2006/010139PCT/US2005/024708 72 deoxygenated toluene (800 mL).

Polymerization crditidHs -ahdtredliiandré: s b2t a0d Il - Sepitaly tRPtispiion $sHa NP1 3b. Example 13.

Copolymerizationsgusing §o4idd[RaEsk|T ho gataly st sohdticneMateir anpy asbbipotded (3:1 9, 1.32 x le
mol), Al (0.098 g, 1,22 x104 mol) and anhydrous, deoxygenated toluene (900 mL) ) The aluminum
alkyl solution wa§eﬁ?é?5§Fed from AlOct3 (1.0515 g) and anhydrous, deoxygenated toluene (800 mL).
Polymerization cqoei8pns and Pesutisdaetivespetittedy, 4 episteshinahabies ddapanent 3mdExample J1.
Copolymerization usi§%<CSIA1 0 8§JT %catalé@t solﬁjtjon was prepared from C3 (0.1 g, 1.15 x 10-4
mol), Al (0.097 g,n:f% THISROT A aenﬁy YoUs, %&fgenated toluene (900 mL). ). The aluminum
alkyl solution was prepared from AlOct3 (1.0515 g) and anhydrous, deoxygenated toluene (800 mL).
Polymerization conditions angl results are, respectively, reported in Tables 14a and 14b. Examples
J2-J4. Copolyme@aﬁbﬁ@%né\@S/Al [00183]The catalyst solution was prepared from C3 (0.138 g,
1.59x 104 mol), Al (0.097 g, 1.68 x104 mol) and anhydrous, deoxygenated toluene (900 mL). The
aluminum alkyl S%M@%%HW&%MM ﬁf@c(ﬂa&'é]@ g) and anhydrous, deoxygenated toluene

(800 mL). Polymerization conditions and results are, respectively, reported in Tables 14a and 14b.
Examples 1C1-Kift Londinwens shiianal ey arafsape binerzations using C2/A1
[00184]Polymerizations were conducted in a 27 L continuous feed strirred tank polymerization reactor
agitated with a tﬁiﬁﬁé@%?ﬁb@%ﬂtéﬂéd propeller type agitator at 700 rpm. The reactor pressure was
maintained at 16QQs&igr¥estidoall 1agions in the polymerization zone were liquid full and had the

same composition duying the entire course of the pglymerization. Hexane, ethylene, propylene, 0.3
Wt% tri-(n-octyl)a}h?ﬁf#‘d %?f%ﬂ?ﬁ%@kg}?ﬁ/{féf%ﬁ&}én@&éﬂf\@b (w):

2006/010139PCd$7005/02478 7 feshinpe Abgrasteian S eranaiohroasalabial saltian, prepared by
mixing C2 (1.35 g, 1.56 mmol) and Al (1.5 g, 1.87 mmo!?g‘liél oxygen-free anhydrous toluene (4 L) was

fed into the reactBroloBeard3AtMmYRd #&Wﬂﬁfwﬁew@m drP Wi A€ FanItle PABIatenating

Polymerizations wejigsgapgreiea dtigmrgraiuiesihesresn 0and idddsodnadiaaiehpelymerization
was removed by addin%agre-chjlled hexane. Small polymer samples were taken directly from the

reactor during stéHAYRIEVHHERES HASH SR I A F BB R PR BHMEGIAR S Sency and
polymer propertiegafitivn sasnabipddialymers are reported in Table 15b. After quenching the
polymerization W'@g olution of wat in/gex ne, the polymer produced were recovered by a two
stage solvent renht q process. @F&r%go 8?%1@%?%&%%%’?“(5%3\}8 LSS FH solution
temperature procassiiempoecenaathmaydeivemeyeatdémdvefbilvaihiToradedalatization extruder. The
solvent removed in the first stage was dried by passing through a column filled with 3 A and Selexsorb
CD molecular sieves and recycled back to reactor. The solvent removed in the second stage was
slopped. The polgnge_Fw%s @@K&%n pellets about a 1/8 to 1/4 inch in principal axes. Examples
LI-L16. Propylene Polymetization with Supported Catalyst [00185]Polymerizations were performed in
dry glass-lined 22 5 mL reactor equipped with a mechanical stirrer, an external heater for temperature
control, septum intbtmindlBgs atedtsdipslyiobasgogen, hydrogen/nitrogen gas mixture (20/80), and
propylene in an i@ﬂr; @a}%g&lﬂere of nitrogen glove box. The reactor was dried then charged with a
hydrogen nitrogen gas mixturé (20 H2: 80 N2) then propylene, 0.1 M AlOct3 and hexane. The reactor
was heated to 70 C then a gradient of 0.69 wt% slurries of catalyst supported on silica/MAO in toluene
were injected into the reactor. The feed conditions for these experiments are reported in Table 16a.
The polymerizations were halted after 30 mm. then quenched with 5 mol% oxygen in argon. The
reactor was then cooled, vented and the polymer recovered by vacuum centrifugation of the reaction
mixture. The polymer was characterized by GPC (vs polystyrene standards). Polymerization data are
reported in Table 16b. WO 2006/010139PCT/1iS2005/024708 74 Stress Strain Behavior of EP

Conolvmere Prenared in Contintioiie <nhiition Copnolvmerizatione 10012R1Polk/mer (A nrenared in the



WO 2006/010139PCT/US2005/024708 75 manner, fractions of the second polymer component
soluble at 40, 48, 55, and 62 C are obtained at temperature increases of approximately 8 C between

stages. Furthgp ¥gERasas in temperature to 95 C can be accommodated, ipEeRi6s/iRsiead of
hexane, is used as the solvent for all temperaturesgbove about 60 C. The soluble polymers are dried,

weighed and analyzed for composition, as wt% ethylene content, by the Rt. technique described
above. Soluble fractions obtained in the adjacent temperature increases are the adjacent fractions in
the specification above. Results are reported in Table 18. Table 1. Example A. Monomer Feed

Conditions' T (C 6 Hexane %mlai 2127 1.9 K'l;gl Q20.2 Propylene Pressure (psig) 37
85 Catalyst (micﬁ%leslf 002 TS ?&ggﬁ?%r%l?cr%m(%%ﬁ 1 “Total amounts of reagents in autoclave
at initiation of polyimarizdetige. fiablk 2. Fxamples A1-A66. Semibatch Propylene Polymerization Data

Example Metallo\g%%ﬁ%%&t%%@/M\_@//Mn Temp (C) Yield Polymer Tin A-1 Comp2/A1 1360181 1.69

40 0.0182 A-2 Comp 232499 1.66 40
u and v are constrained by the relationship: (u) x (t) = (v) x (W).

[0051] The activating cation (St") may be a Bronsted acid, (LB-Ht+),
capable of donating a proton to the transition metal catalytic precursor resulting in
a transition metal cation, including ammoniums, oxoniums, phosphoniums,
silyliums and mixtures thereof, preferably ammoniums of methylamine, aniline,
dimethylamine, diethylamine, N-methylaniline, diphenylamine, trimethylamine,
triethylamine, N,N-dimethylaniline, methyldiphenylamine, byridine, p-bromo
N,N-dimethylaniline, p-nitro-N,N-dimethylaniline, phosphoniums from
triethylphosphine, triphenylphosphine, and diphenylphosphine, oxoniums from
ethers such as dimethyl ether diethyl ether, tetrahydrofuran and dioxane,
sulfoniums from thioethers, such as diethyl thioethers and tetrahydrothiophene and

mixtures thereof.

[0052] The activating cation (St") may also be an abstracting moiety such

as silver, carboniums, tropylium, carbeniums, ferroceniums and mixtures,

preferably carboniums and ferroceniums. Most preferably (St) is triphenyl

carbonium or N, N-dimethylanilinium.
[0053] The anion component (N CAV') includes those having the formula

[TX+Qy]V' wherein X is an integer from 1 to 3; y is an integer from 2 to 6; y - x =
v; T is an element selected from Group 13 or 15 of the Periodic Table of the
Elements, preferably boron or aluminum, and Q is independently a hydride,
bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarbyl radicals, said Q having up to 20 carbon atoms with the proviso that in
not more than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated
hydrocarbyl group having 1 to 20 carbon atoms, more preferably each Q is a
fluorinated aryl group, and most preferably each Q is a pentafluoryl aryl group.

Examples of suitable (N CAV') also include diboron compounds as disclosed in
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U.S. Pat. No. 5,447,895, which is fully incorporated herein by reference. Another
example of a suitable anion is a borate with three ortho-substituted fluoroaryl
ligands and one alkyne ligand. Another example of a suitable anion is a borate
containing fluoroaryl groups with polar substitutents such as amines, ethers, silyl
groups and derivatives thereof..

[0054] Additional suitable anions are known in the art and will be suitable
for use with the catalysts of the invention. See in particular, patents US
5,278,119, W02002102857, W02002051884, W0200218452, WO2000037513,
W02000029454, W02000004058, W09964476, WO2003049856,
W02003051892, W02003040070, WO2003000740, W02002036639,
W02002000738, W02002000666, W02001081435, W0O2001042249,
W02000004059. Also see the review articles by S. H. Strauss, "The Search for
Larger and More Weakly Coordinating Anions", Chem. Rev., 93, 927-942 (1993)
and C. A. Reed, "Carboranes: A New Class of Weakly Coordinating Anions for
Strong Electrophiles, Oxidants and Superacids", Acc. Chem. Res., 31, 133 -139
(1998).

[0055] Ilustrative, but not limiting examples of boron compounds which
may be used as an activating cocatalyst in the preparation of the improved
catalysts of this invention are tri-substituted ammonium salts such as:
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,
tri(t-butyl)ammonium tetraphenylborate, N,N-dimethylanilinium
tetraphenylborate, N,N-diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl) borate, N,N-dimethyl-(2,4,6-trimethylanilinium)

tetrakis(pentafluorophenyl) borate, trimethylammonium
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tetrakis(heptafluoronaphthyl)borate, triethylammonium
tetrakis(heptafluoronaphthyl)borate, tripropylammonium
tetrakis(heptafluoronaphthyl)borate, tri(n-butyl)ammonium
tetrakis(heptafluoronaphthyl)borate, tri(sec-butyl)ammonium
tetrakis(heptafluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(heptafluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(heptafluoronaphthyl)borate, trimethylammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, triethylammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, tripropylammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, tri(n-butyl)ammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, tri(sec-butyl)ammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, N,N-dimethylanilinium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, N,N-diethylanilinium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, trimethylammonium tetrakis-
(2,3,4,6-tetrafluorophenylborate, triethylammonium tetrakis~(2,3,4,6-
tetrafluorophenyl) borate, tripropylammonium tetrakis-(2,3,4,6-tetrafluorophenyt)
borate, tri(n-butyl)ammonium tetrakis-(2,3,4,6-tetrafluoro-phenyl) borate,
dimethyl(t-butyl)ammonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate, N,N-
dimethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl) borate, N,N-
diethylanilinium tetrakis-(2,3,4,6-tetrafluoro-phenyl) borate, and N,N-dimethyl-
(2,4,6-trimethylanilinium)tetrakis-(2,3,4,6-tetrafluorophenyl) borate; dialkyl
ammonium salts such as: di-(i-propyl)ammonium tetrakis(pentafluorophenyl)
borate, and dicyclohexylammonium tetrakis(pentafluorophenyl) borate; and tri-
substituted phosphonium salts such as: triphenylphosphonium
tetrakis(pentafluorophenyl) borate, tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl) borate, and tri(2,6-dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl) borate; non-Bronsted acids such as triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(heptafluoronaphthyl)borate, triphenylcarbenium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, trisperfluorophenyl borane,
and triperfluoronaphthyl borane.
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[0056] Most preferably, the ionic stoichiometric activator is N,N-
dimethylanilinium tetrakis(perfluorophenyl)borate and/or triphenylcarbenium
tetrakis(perfluorophenyl)borate.

[0057] In one embodiment, activation methods using ionizing ionic
compounds not containing an active proton but capable of producing an analogous
metallocene catalyst cation and their non-coordinating anion are also contemplated
and are described in EP-A- 0 426 637, EP-A- 0 573 403 and U.S. Patent No.
5,387,568, which are all herein incorporated by reference.

[0058] The term "non-coordinating anion" (NCA) means an anion which
either does not coordinate to said cation or which is only weakly coordinated to
said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis
base. "Compatible" non-coordinating anions are those which are not degraded to
neutrality when the initially formed complex decomposes. Non-coordinating
anions useful in accordance with this invention are those that are compatible,
stabilize the metal cation in the sense of balancing its ionic charge, yet retain
sufficient lability to permit displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization. These types of cocatalysts
sometimes use tri-isobutyl aluminum or tri-octyl aluminum as a scavenger.

[0059] Invention process also can employ cocatalyst compounds or
activator compounds that are initially neutral Lewis acids but form a cationic
metal complex and a noncoordinating anion, or a zwitterionic complex upon
reaction with the invention compounds. For example, tris(pentafluorophenyl)
boron or aluminum act to abstract a hydrocarbyl or hydride ligand to yield an
invention cationic metal complex and stabilizing noncoordinating anion, see EP-
A-0 427 697 and EP-A-0 520 732 for illustrations of analogous Group-4
metallocene compounds. Also, see the methods and compounds of EP-A-0 495
375. For formation of zwitterionic complexes using analogous Group 4
compounds, see U.S. Patents 5,624,878; 5,486,632; and 5,527,929.

[0060] Additional neutral Lewis-acids are known in the art and are suitable
for abstracting anionic ligands. See in particular the review article by E. Y.-X.

Chen and T.J. Marks, "Cocatalysts for Metal-Catalyzed Olefin Polymerization:
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Activators, Activation Processes, and Structure-Activity Relationships", Chem.
Rev., 100, 1391-1434 (2000).

[0061] When R' is a functional group ligand, such as chloride, amido or
alkoxy ligands, and the functional group ligands are not capable of discrete
ionizing abstraction with the ionizing, anion pre-cursor compounds, these
functional group ligands can be converted via known alkylation reactions with
organometallic compounds such as lithium or aluminum hydrides or alkyls,
alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944, EP-A1-0 570 982
and EP-A1-0 612 768 for analogous processes describing the reaction of alkyl
aluminum compounds with analogous dihalide substituted metallocene
compounds prior to or with the addition of activating noncoordinating anion
precursor compounds.

[0062] When the cations of noncoordinating anion precursors are Bronsted
acids such as protons or protonated Lewis bases (excluding water), or reducible
Lewis acids such as ferrocenium or silver cations, or alkali or alkaline earth metal
cations such as those of sodium, magnesium or lithium, the catalyst-precursor-to-
activator molar ratio may be any ratio. Combinations of the described activator
compounds may also be used for activation. For example, tris(perfluorophenyl)
boron can be used with methylalumoxane.

[0063] In general the combined metal compounds and the activator are
combined in ratios of about 1000:1 to about 0.5:1. In a preferred embodiment the
metal compounds and the activator are combined in a ratio of about 300:1 to about
1:1, preferably about 150:1 to about 1:1, for boranes, borates, aluminates, etc. the
ratio is preferably about 1:1 to about 10:1 and for alkyl aluminum compounds
(such as diethylaluminum chloride combined with water) the ratio is preferably
about 0.5:1 to about 10:1.

[0064] In a preferred embodiment the ratio of the first catalyst to the
second or additional catalyst is 5:95 to 95:5, preferably 25:75 to 75:25, even more
preferably 40:60 to 60:40.

[0065] In another embodiment the activator used herein is not an
alumoxane. Alternately the catalyst system used herein comprises les than 0.1

weight % of an alumoxane.
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[0066] In another embodiment the catalyst compositions of this invention
include a support material or carrier. For example, the one or more catalyst
components and/or one or more activators may be deposited on, contacted with,
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or on,
one or more supports or carriers.

[0067] The support material is any of the conventional support materials.
Preferably the supported material is a porous support material, for example, talc,
inorganic oxides and inorganic chlorides. Other support materials include
resinous support materials such as polystyrene, functionalized or crosslinked
organic supports, such as polystyrene divinyl benzene polyolefins or polymeric
compounds, zeolites, clays, or any other organic or inorganic support material and
the like, or mixtures thereof.

[0068] Preferred support materials are inorganic oxides that include those
Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include silica,
which may or may not be dehydrated, fumed silica, alumina (WO 99/60033),
silica-alumina and mixtures thereof. Other useful supports include magnesia,
titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),
montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these
support materials may be used, for example, silica-chromium, silica-alumina,
silica-titania and the like. Additional support materials may include those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,
which are all herein incorporated by reference.

[0069] It is preferred that the support material, most preferably an

inorganic oxide, has a surface area in the range of from about 10 to about 700

m?/g, pore volume in the range of from about 0.1 to about 4.0 cc/g and average
particle size in the range of from about 5 to about 500 pm. More preferably, the

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

m2/g, pore volume of from about 0.5 to about 3.5 cc/ g and average particle size of
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from about 10 to about 200 pm. Most preferably the surface area of the support

material is in the range is from about 100 to about 400 m2/g, pore volume from
about 0.8 to about 3.0 cc/g and average particle size is from about 5 to about 100
pm. The average pore size of the carrier of the invention typically has pore size in

the range of from 10 to 10004, preferably 50 to about 500A, and most preferably

75 to about 350A.
Monomers
[0070] In a preferred embodiment the transition metal compounds of this

invention are used to polymerize or oligomerize any unsaturated monomer or
monomers. Preferred monomers include C, to Cygp olefins, preferably C, to Cegp
olefins, preferably C, to Cyp olefins preferably C, to Cyg olefins, preferably C; to
Cy2 olefins. In some embodiments preferred monomers include linear, branched
or cyclic alpha-olefins, preferably C, to Cioo alpha-olefins, preferably C, to Cgo
alpha-olefins, preferably C; to Cyo alpha-olefins preferably C, to Cy alpha-olefins,
preferably C, to Cy; alpha-olefins. Preferred olefin monomers may be one or more
of ethylene, propylene, butene, pentene, hexene, heptene, octene, nonene, decene,
dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, 3,5,5-trimethyl hexene 1, and
5-ethyl-1-nonene.

[0071] In another embodiment the polymer produced herein is a copolymer
of one or more linear or branched Cs to Cs prochiral alpha-olefins or Cs to Csp
ring containing olefins or combinations thereof capable of being polymerized by
either stereospecific and non-stereospecific catalysts. Prochiral, as used herein,
refers to monomers that favor the formation of isotactic or syndiotactic polymer
when polymerized using stereospecific catalyst(s).

[0072] Preferred monomers may also include aromatic-group-containing
monomers containing up to 30 carbon atoms. Suitable aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three,
more preferably a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-
group-containing monomer further comprises at least one polymerizable double
bond such that after polymerization, the aromatic structure will be pendant from

the polymer backbone. The aromatic-group containing monomer may further be
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substituted with one or more hydrocarbyl groups including but not limited to C; to
Cyp alkyl groups. Additionally two adjacent substitutions may be joined to form a
ring structure. Preferred aromatic-group-containing monomers contain at least one
aromatic structure appended to a polymerizable olefinic moiety. Particularly
preferred aromatic monomers include styrene, alpha-methylstyrene, para-
alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and indene,
especially styrene, para-methylstyrene, 4-phenyl-1-butene and allyl benzene.
[0073] Non aromatic cyclic group containing monomers are also useful
herein. These monomers can contain up to 30 carbon atoms. Suitable non-
aromatic cyclic group containing monomers preferably have at least one
polymerizable olefinic group that is either pendant on the cyclic structure or is part
of the cyclic structure. The cyclic structure may also be further substituted by one
or more hydrocarbyl groups such as, but not limited to, C; to C;o alkyl groups.
Preferred non-aromatic cyclic group containing monomers include
vinylcyclohexane, vinylcyclohexene, vinylnorbornene, ethylidene norbornene,
cyclopentadiene, cyclopentene, cyclohexene, cyclobutene, vinyladamantane and
the like. "

[0074] Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C4 to Csg, having at least two unsaturated bonds,
wherein at least one, typically two, of the unsaturated bonds are readily
incorporated into a polymer by either a stereospecific or a non-stereospecific
catalyst(s). It is further preferred that the diolefin monomers be selected from
alpha, omega-diene monomers (i.e. di-vinyl monomers). More preferably, the
diolefin monomers are linear di-vinyl monomers, most preferably those containing
from 4 to 30 carbon atoms. Examples of preferred dienes include butadiene,
pentadiene, hexadiene, heptadiene, octadiene, nonadiene, decadiene, undecadiene,
dodecadiene, tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene,
docosadiene, tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene, triacontadiene, particularly
preferred dienes include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-

decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13~
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tetradecadiene, and low molecular weight polybutadienes (Mw less than 1000
g/mol). Preferred cyclic dienes include cyclopentadiene, vinylnorbornene,
norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene or
higher ring containing diolefins with or without substituents at various ring
positions.

[0075] Non-limiting examples of preferred polar unsaturated monomers
useful in this invention include 6-nitro-1-hexene, N-methylallylamine, N-
allylcyclopentylamine, N-allyl-hexylamine, methyl vinyl ketone, ethyl vinyl
ketone, 5-hexen-2-one, 2-acetyl-5-norbornene, 7-syn methoxymethyl-5-norbornen-
2-one, acrolein, 2,2-dimethyl-4-pentenal, undecylenic aldehyde, 2,4-dimethyl-2,6-
heptadienal, acrylic acid, vinylacetic acid, 4-pentenoic acid, 2,2-dimethyl-4-
pentenoic acid, 6-heptenoic acid, trans-2,4-pentadienoic acid, 2,6-heptadienoic
acid, nona-fluoro-1-hexene, allyl alcohol, 7-octene-1,2-diol, 2-methyl-3-buten-1-
ol, 5-norbornene-2-carbonitrile, 5-norbornene-2-carboxaldehyde, 5-norbornene-2-
carboxylic acid, cis-5-norbornene-endo-2,3-dicarboxylic acid, 5-norbornene-2,2,-
dimethanol, cis-5-norbornene-endo-2,3-dicarboxylic anhydride, 5-norbomene-2-
endo-3-endo-dimethanol, 5-norbornene-2-endo-3-exo-dimethanol, 5-norbornene-
2-methanol, 5-norbornene-2-ol, 5-norbornene-2-yl acetate, 1-[2-(5-norbornene-2-
yDethyl]-3,5,7,9,11,13,15-

heptacyclopentylpentacyclo[9.5.1. 1321315 1718

Joctasiloxane, 2-benzoyl-5-
norbornene, allyl 1,1,2,2,-tetrafluoroethyl ether, acrolein dimethyl acetal,
butadiene monoxide, 1,2-epoxy-7-octene, 1,2-epoxy-9-decene, 1,2-epoxy-5-
hexene, 2-methyl-2-vinyloxirane, allyl glycidyl ether, 2,5-dihydrofuran, 2-
cyclopentene-1-one ethylene ketal, allyl disulfide, ethyl acrylate, methyl acrylate.
It is recognized to one skilled in the art that the use of polar monomers in
polymerization processes require the use of Lewis-acid cocatalysts, such as alkyl
aluminum compounds, or an alternative protection method to effect
polymerization (Boffa, L.S.; Novak, B.M. Chem. Rev. 2000, 1479 and references
therein).

[0076] For purposes of this invention and the claims thereto, the term
oligomer refers to compositions having 2-75 mer units and the term polymer

refers to compositions having 76 or more mer units. A mer is defined as a unit of
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an oligomer or polymer that originally corresponded to the olefin(s) used in the
oligomerization or polymerization reaction. For example, the mer of polyethylene
would be ethylene.

[0077] In an embodiment herein, the process described herein is used to
produce an oligomer of any of the monomers listed above. Preferred oligomers
include oligomers of any C, to Cy olefins, preferably C; to Ci alpha-olefins,
most preferably oligomers comprising ethylene, propylene and or butene are
prepared. A preferred feedstock for the oligomerization process is the alpha-
olefin, ethylene. But other alpha-olefins, including but not limited to propylene
and 1-butene, may also be used alone or combined with ethylene. Preferred alpha-
olefins include any C; to Cy alpha-olefin, preferably and C; to Cy alpha-olefin,
preferably any C, to C; alpha-olefin, preferably ethylene, propylene, and butene,
most preferably ethylene. Dienes may be used in the processes described herein,
preferably alpha, omega-dienes are used alone or in combination with mono-alpha

olefins.

Polvmerization Processes

[0078] A preferred polymerization is a single stage, steady state,
polymerization conducted in a well-mixed continuous feed polymerization reactor.
The polymerization can be conducted in solution, although other polymerization
procedures such as gas phase or slurry polymerization, which fulfill the
requirements of single stage polymerization and continuous feed reactors, can also
be used. The process can be described as a continuous, non-batch process that, in
its steady state operation, is exemplified by removal of amounts of polymer made
per unit time, being substantially equal to the amount of polymer withdrawn from
the reaction vessel per unit time. By "substantially equal” we intend that these
amounts, polymer made per unit time, and polymer withdrawn per unit time, are in
ratios of one to other, of from 0.9:1; or 0.95:1; or 0.97:1; or 1:1. In such a reactor,
there is preferably a substantially homogeneous monomer distribution. At the
same time, the polymerization is accomplished in substantially single step or stage

or in a single reactor, as contrasted to multistage or multiple reactors (two or
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more). Multiple reactors where each of the above of reactors is of this description
are also useful herein.

[0079] A preferred method of making polymer using the polymerization
catalysts described herein comprise the following steps: a) feeding solvent and a
set of monomers in predetermined proportions to a polymerization reactor, b)
adding a soluble metallocene catalyst to said reactor, ¢) polymerizing the set of
monomers in solution to produce an effluent containing a polymer wherein the
first and second set of monomers are chosen from the group propylene, ethylene,
alpha-olefin, non-conjugated diene. Likewise Polymers may be made by solution
polymerization in a train of at least two continuous flow stirred tank reactors
(CFSTR) connected in series with the addition of a metallocene catalyst. Each
reactor should be capable of being fed independently with monomer and solvent.
In order to remove polar compounds that act as catalyst poisons, all solvent and
monomer feeds are desirably purified over mole sieves, alumina beds, or other
absorbents as known in the art. Heat removal from the reactor is by methods well
known in the art such as auto-refrigeration, feed prechilling (adiabatic reactors),
cooling coils, or various combinations of these techniques. Adiabatic reactors
with prechilled feeds are preferred. Pressure is preferably sufficient to keep the
reactor contents in solution at the reactor temperature. Polymerization may be
carried out at temperatures in the range of -20°C or lower to 200 °C or higher, and
preferably, at 0 °C to 160 °C. Most preferably polymerization is conducted in a
range of 55 °C to 140 °C. The residence time per reactor is maintained at 1 to 180
minutes and preferably at 5 to 30 minutes. The polymer concentration in the
effluent of the reactors is maintained in the range of 1 to 20% by weight and more
preferably between 3 to 12 % by weight. The overall polymerization rate is set by
the catalyst and monomer feed rates. Polymer composition is controlled by
adjusting the monomer feed rate to a reactor. Polymer molecular weight is set by
choosing the reactor temperature, (MW decreases with temperature increases),
monomer concentration (MW increases with increasing monomer concentration),
and by optionally adding chain transfer agents such as hydrogen. The polymer
product can be conventionally recovered from the effluent by coagulation with a

nonsolvent such as isopropyl alcohol, acetone, or n- butyl alcohol, or the polymer



Table 3. Exam le A. Summary of Semibatch Propylene Polymerization Data Metallocene/Activato r
Temp (C) Avg Mw (g/mol) Std. Dev. Mw (g/mol) Number of Experiments CI/A1 40 1063600 140580 17

Compl/Al 40a83dnraRe%p 7 17 Comp2/Al 40 1116576 125502 16 CI/AL 7p35906s428R% ©
Compl/A1 75 121184 14499 5 Comp2/A1 75 1780£8 20288 5 Table 4. Example B. Monomer Feed

Conditions for Batch Propylene Polymerizations Reaction Temperature Hexane (mL) Propylene (mL)

can be recovered by stripping the solvent or other media with heat or steam. One
or more conventional additives such as antioxidants can be incorporated in the
polymer during the recovery procedure. Useful antioxidants include phenyl-beta-
naphthylamine, di-tert- butylhydroquinone, triphenyl phosphate, heptylated
diphenylamine, 2,2"-m ethyl ene-b is (4- methyl-6- tert-butyl)phenol, and 2,2,4-
trimethyl-6-phenyl-1,2-dihydroquinoline.

[0080] Polymerization may be conducted by any of the polymerization
procedures known in the art, however, in a preferred embodiment the
polymerization is conducted in a solution polymerization under conditions where
the components are completely in solution. These polymerization conditions are
obtained by the choice of a solvent, in sufficient quantity, common to both of the
polymeric components as the polymerization medium at suitable reaction
conditions, including temperature and pressure, such that all of the components of
the polymer mixture are maintained in solution. Solvents useful in this invention
include hydrocarbons such as aliphatics, cycloalphatics, and aromatic
hydrocarbons. Preferred solvents are C12 or lower straight-chain or branched-
chain, saturated hydrocarbons, and C5 to C9 saturated alicyclic or aromatic
hydrocarbons. Examples of such solvents or reaction media are hexane, butane,
pentane, heptane, cyclopentane, cyclohexane, cycloheptane, methyl cyclopentane,
methyl cyclohexane, isooctane, benzene, toluene, xylene, with hexane being
preferred.

[0081] Typically one or more transition metal compounds, one or more
activators, and one or more monomers are contacted to produce polymer. The
components may be contacted in a solution, bulk, gas or slurry polymerization
process or a combination thereof, preferably solution phase or bulk phase
polymerization process.

[0082] In general the transition metal compound and the activator are
combined in ratios of about 1:10,000 to about 1:1, in other embodiments the
combined transition metal compounds and the activator are combined in ratios of
1:1 to 100:1. When alumoxane or aluminum alkyl activators are used, the
combined pre-catalyst-to-activator molar ratio is from 1:5000 to 10:1, alternatively
from 1:1000 to 10:1; alternatively, 1:500 to 2:1; or 1:300 to 1:1. When ionizing
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activators are used, the combined pre-catalyst-to-activator molar ratio is from 10:1
to 1:10; 5:1 to 1:5; 2:1 to 1:2; or 1.2:1 to 1:1. Multiple activators may be used,
including using mixtures of alumoxanes or aluminum alkyls with ionizing
activators.

[0083] One or more reactors in series or in parallel may be used in the
present invention. Catalyst component and activator may be delivered as a
solution or slurry, 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. 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
added to each of two or more reactors connected in series. The catalyst
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.

[0084] Ethylene-alpha-olefin (including ethylene-cyclic olefin and
ethylene-alpha -olefin-diolefin) polymers of high molecular weight and low
crystallinity can be prepared utilizing the catalysts of the invention under
traditional solution processes or by introducing ethylene gas into a slurry utilizing
the alpha-olefin-or cyclic olefin or mixture thereof with other monomers,
polymerizable and not, as a polymerization diluent in which the catalyst
suspension is suspended. Typical ethylene pressures will be between 10 and 1000
psig (69-6895 kPa) and the polymerization diluent temperature will typically be
between -10 and 160 °C. The process can be carried out in a stirred tank reactor
or a tubular reactor, or more than one reactor operated in series or in parallel. See
the general disclosure of U.S. patent 5,001,205 for general process conditions. All
documents are incorporated by reference for description of polymerization

processes, ionic activators and useful scavenging compounds.
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Gas Phase Polymerization

[0085] The catalyst compounds described herein may be used in gas phase
polymerization processes. Generally, in a fluidized gas bed process used for
producing polymers, a gaseous stream containing one or more monomers is
continuously cycled through a fluidized bed in the presence of a catalyst under
reactive conditions. The gaseous stream is withdrawn from the fluidized bed and
recycled back into the reactor. Simultaneously, polymer product is withdrawn
from the reactor and fresh monomer is added to replace the polymerized
monomer. (See for example U.S. Patent Nos. 4,543,399, 4,588,790, 5,028,670,
5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and
5,668,228 all of which are fully incorporated herein by reference.) The reactor
pressure in a gas phase process may vary from about 10 psig (69 kPa) to about 500
psig (3448 kPa), preferably from about 100 psig (690 kPa) to about 500 psig (3448
kPa), preferably in the range of from about 200 psig (1379 kPa) to about 400 psig
(2759 kPa), more preferably in the range of from about 250 psig (1724 kPa) to
about 350 psig (2414 kPa). The reactor temperature in the gas phase process may
vary from about 30°C to about 120°C, preferably from about 60°C to about
115°C, more preferably in the range of from about 70°C to 110°C, and most
preferably in the range of from about 70°C to about 95°C. In another embodiment
when high density polyethylene is desired then the reactor temperature is typically
between 70 and 105 °C.

[0086] The productivity of the catalyst or catalyst system in a gas phase
system is influenced by the partial pressure of the main monomer. The preferred
mole percent of the main monomer, ethylene or propylene, preferably ethylene, is
from about 25 to 90 mole percent and the comonomer partial pressure is in the
range of from about 138 kPa to about 517kPa, preferébly about 517 kPa to about
2069 kPa, which are typical conditions in a gas phase polymerization process.
Also in some systems the presence of comonomer can increase productivity.
[0087] In a preferred embodiment, the reactor utilized in the present
invention is capable of producing more than 500 lbs of polymer per hour (227
Kg/hr) to about 200,000 1bs/hr (90,900 Kg/hr) or higher, preferably greater than
1000 Ibs/hr (455 Kg/hr), more preferably greater than 10,000 Ibs/hr (4540 Kg/hr),
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even more preferably greater than 25,000 Ibs/hr (11,300 Kg/hr), still more
preferably greater than 35,000 Ibs/hr (15,900 Kg/hr), still even more preferably
greater than 50,000 Ibs/hr (22,700 Kg/hr) and preferably greater than 65,000 lbs/hr
(29,000 Kg/hr) to greater than 100,000 lbs/hr (45,500 Kg/hr), and most preferably
over 100,000 Ibs/hr ( 45,500 Kg/hr).
[0088] Other gas phase processes contemplated by the process of the
invention include those described in U.S. Patent Nos. 5,627,242, 5,665,818 and
5,677,375, and European publications EP-A- 0 794 200, EP-A- 0 802 202 and EP-
B- 634 421 all of which are herein fully incorporated by reference.
[0089] In another preferred embodiment the catalyst system in is liquid
form and is introduced into the gas phase reactor into a resin particle lean zone.
For information on how to introduce a liquid catalyst system into a fluidized bed
polymerization into a particle lean zone, please see US 5,693,727, which is

incorporated by reference herein.

Slurry Phase Polymerization

[0090] The catalyst compounds described herein may be used in slurry
phase polymerization processes. A slurry polymerization process generally
operates between 1 to about 50 atmosphere pressure range (15 psi to 735 psi, 103
kPa to 5068 kPa) or even greater and temperatures in the range of 0°C to about

120°C. In a slurry polymerization, a suspension of solid, particulate polymer is
formed in a liquid polymerization diluent medium to which monomer and
comonomers along with catalyst are added. The suspension including diluent is
intermittently or continuously removed from the reactor where the volatile
components are separated from the polymer and recycled, optionally after a
distillation, to the reactor. The liquid diluent employed 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
should be operated above the reaction diluent critical temperature and pressure.

Preferably, a hexane or an isobutane medium is employed.
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[0091] 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 which is fully incorporated herein by
reference. The preferred temperature in the particle form process is within the
range of about 85°C to about 110°C. Two preferred polymerization methods for
the slurry 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 continuous loop or stirred tank processes.
Also, other examples of slurry processes are described in U.S. Patent No.
4,613,484, which is herein fully incorporated by reference.

[0092] In another embodiment, the slurry process is carried out
continuously in a loop reactor. The catalyst, as a slurry in isobutane or as a dry
free flowing powder, is injected regularly to the reactor loop, which is itself filled
with circulating slurry of growing polymer particles in a diluent of isobutane
containing monomer and comonomer. Hydrogen, optionally, may be added as a
molecular weight control. The reactor is maintained at a pressure of 3620 kPa to
4309 kPa and at a temperature in the range of about 60 °C to about 104 °C
depending on the desired polymer melting characteristics. Reaction heat is
removed through the loop wall since much of the reactor is in the form of a
double-jacketed pipe. The slurry is allowed to exit the reactor at regular intervals
or continuously to a heated low pressure flash vessel, rotary dryer and a nitrogen
purge column in sequence for removal of the isobutane diluent and all unreacted
monomer and comonomers. The resulting hydrocarbon free powder is then
compounded for use in various applications.

[0093] In another embodiment, the reactor used in the slurry process of the
invention is capable of and the process of the invention is producing greater than
2000 Ibs of polymer per hour (907 Kg/hr), more preferably greater than 5000
Ibs/hr (2268 Kg/hr), and most preferably greater than 10,000 Ibs/hr (4540 Kg/hr).

In another embodiment the slurry reactor used in the process of the invention is
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producing greater than 15,000 Ibs of polymer per hour (6804 Kg/hr), preferably
greater than 25,000 Ibs/hr (11,340 Kg/hr) to about 100,000 lbs/hr (45,500 Kg/hr).
[0094] In another embodiment in the slurry process of the invention the
total reactor pressure is in the range of from 400 psig (2758 kPa) to 800 psig (5516
kPa), preferably 450 psig (3103 kPa) to about 700 psig (4827 kPa), more
preferably 500 psig (3448 kPa) to about 650 psig (4482 kPa), most preferably
from about 525 psig (3620 kPa) to 625 psig (4309 kPa).

[0095] In yet another embodiment in the slurry process of the invention the
concentration of predominant monomer in the reactor liquid medium is in the
range of from about 1 to 10 weight percent, preferably from about 2 to about 7
weight percent, more preferably from about 2.5 to about 6 weight percent, most
preferably from about 3 to about 6 weight percent.

[0096] Another process of the invention is where the process, preferably a
slurry or gas phase process is operated in the absence of or essentially free of any
scavengers, such as triethylaluminum, trimethylaluminum, tri-isobutylaluminum
and tri-n-hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like.
This process is described in PCT publication WO 96/08520 and U.S. Patent No.
5,712,352, which are herein fully incorporated by reference.

[0097] In another embodiment the process is run with scavengers. Typical
scavengers include trimethyl aluminum, tri-isobutyl aluminum and an excess of

alumoxane or modified alumoxane.

Homogeneous or Solution Phase Polymerization

[0098] The catalysts described herein can be used advantageously in
homogeneous and or solution processes. Generally this involves polymerization
in a continuous reactor in which the polymer formed and the starting monomer
and catalyst materials supplied, are agitated to reduce or avoid concentration
gradients. Suitable processes operate above the melting point of the polymers at
high pressures, from 1 to 3000 bar (10-30,000 MPa), in which the monomer acts
as diluent or in solution polymerization using a solvent.

[0099] . Temperature control in the reactor is obtained by balancing the heat

of polymerization and with reactor cooling by reactor jackets or cooling coils to
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cool the contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization
of liquid medium (diluent, monomers or solvent) or combinations of all three.
Adiabatic reactors with pre-chilled feeds may also be used. The reactor
temperature depends on the catalyst used. In general, the reactor temperature
preferably can vary between about 0°C and about 160°C, more preferably from
about 10°C to about 140°C, and most preferably from about 40°C to about 120°C.
In series operation, the second reactor temperature is preferably higher than the
first reactor temperature. In parallel reactor operation, the temperatures of the two
reactors are independent. The pressure can vary from about 1 mm Hg to 2500 bar
(25,000 MPa), preferably from 0.1 bar to 1600 bar (1-16,000 MPa), most
preferably from 1.0 to 500 bar (10-5000MPa).

[00100] Each of these processes may also be employed in single reactor,
parallel or series reactor configurations. The liquid processes comprise contacting
olefin monomers with the above described catalyst system in a suitable diluent or
solvent and allowing said monomers to react for a sufficient time to produce the
desired polymers. Hydrocarbon solvents are suitable, both aliphatic and aromatic.
Alkanes, such as hexane, pentane, isopentane, and octane, are preferred.

[00101] 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 and the
monomer feed my or may not be refrigerated. See the general disclosure of U.S.
patent 5,001,205 for general process conditions. See also, international
application WO 96/33227 and WO 97/22639.

[00102] In a particularly preferred embodiment, a continuous solution
polymerization process is used with the catalyst compounds of this invention
(preferably one or more of dimethylsilyl bis(2-(methyl)-5,5,8,8-tetramethyl-
5,6,7,8-tetrahydrobenz(f)indenyl) hafnium dimethyl, diphenylsilyl bis(2-(methyl)-
5,5,8,8-tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) hafnium dimethyl,
diphenylsilyl bis(5,5,8,8-tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) hafiium
dimethyl, diphenylsilyl bis(2-(methyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydrobenz(f)indenyl) zirconium dichloride, and cyclo-propylsilyl bis(2-
(methyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) hathium dimethyl.)
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to produce copolymers of ethylene/octene or ethylene/propylene or terpolymers of
ethylene/propylene/diene, preferably copolymers of propylene and from 1 to 20
weight % ethylene. (By continuous is meant a system that operates (or is intended
to operate) without interruption or cessation. For example a continuous process to
produce a polymer would be one where the reactants are continually introduced
into one or more reactors and polymer product is continually withdrawn.) An
organoaluminum compound, namely, tri-n-octylaluminum, may be added as a
scavenger to the monomer feed streams prior to introduction into the
polymerization process. For production of more crystalline polymers, the catalyst
1s preferably used in combination with
dimethylaniliniumtetrakis(pentafluorophenyl) borate. Preferably the solution
polymerization is conducted in a single, or optionally in two, continuous stirred
tank reactors connected in series with hexane used as the solvent. In addition,
toluene may be added to increase the solubility of the co-catalyst. The feed is
transferred to the first reactor where the exothermic polymerization reaction is
conducted adiabatically at a reaction temperafure between about 50° C to about
220° C. Hydrogen gas may also be added to the reactors as a further molecular
weight regulator. If desired, polymer product is then transferred to the second
reactor, which is also operated adiabatically at a temperature between about 50° C
to 200° C. Additional monomers, solvent, metallocene catalyst, and activators can
be fed to the second reactor. The polymer content leaving the second reactor is
preferably from 8 to 22 weight percent. A heat exchanger then heats the polymer
solution to a temperature of about 220° C. The polymer solution is then brought to
a Lower Critical Solution Temperature (LCST) liquid-liquid phase separator
which causes the polymer solution to separate into two liquid phases--an upper
lean phase and a lower polymer-rich phase. The upper lean phase contains about
70 wt. % of the solvent and the lower polymer rich phase contains about 30 wt. %
polymer. The polymer solution then enters a low pressure separator vessel which
operates at a temperature of about 150° C and a pressure of 4-10 barg (400 to 1000
Pa) and flashes the lower polymer rich phase to remove volatiles and to increase
the polymer content to about 76 wt. %. A gear pump at the bottom of the flash

vessel drives the polymer rich solution to a List devolatilizer. An extruder is
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coupled to the end of the List devolatizer whereby the polymer material is
transferred to a gear pump which pushes the polymer material through a screen
pack. Then the polymer is cut into pellets and fed to a water bath. A spin dryer
dries the polymer pellets which have a final solvent content of less than about 0.5
wt. %.

[00103] In a preferred embodiment, the monomer (preferably propylene) is
present in the feed into the reactor at 50 weight % or less, preferably between 5
and 40 weight%, preferably 5 and 30 weight %, preferably between 5 and 25
weight %, based upon the weight of the feed. Preferably the monomer is
combined with a solvent (such as butane, isobutene, pentane, hexane, octane or the
like, preferably hexane) just prior to entry into the reactor. In a preferred
embodiment, the catalyst system converts at least 20% of the monomer to
polymer, preferably at least 30%, preferably at least 35%, preferably at least 40%,
preferably at least 50%, based upon the weight of the monomer introduced into the
reactor. In a preferred embodiment, the catalyst system converts at least 20% of
the propylene to polypropylene, preferably at least 30%, preferably at least 35%,
preferably at least 40%, preferably at least 50%, based upon the weight of the

propylene introduced into the reactor.

Polymers .
[00104] In a preferred embodiment the process described herein may be

used to produce homopolymers or copolymers. (For the purposes of this invention
and the claims thereto a copolymer may comprise two, three, four or more
different monomer units.) Preferred polymers produced herein include
homopolymers or copolymers of any of the above monomers. In a preferred
embodiment the polymer is a homopolymer of any C; to C; alpha-olefin.
Preferably the polymer is a homopolymer of ethylene or a homopolymer of
propylene. In another embodiment the polymer is a copolymer comprising
ethylene and one or more of any of the monomers listed above. In another
embodiment the polymer is a copolymer comprising propylene and one or more of

any of the monomers listed above. In another preferred embodiment the
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copolymers comprises one or more diolefin comonomers, preferably one or more
C, to Cyo diolefins.

[00105] Other olefinically unsaturated monomers besides those specifically
described above may be polymerized using the catalysts according to the
invention, for example, styrene, alkyl-substituted styrenes, isobutylene and other
geminally disubstituted olefins, ethylidene norbormene, norbornadiene,
dicyclopentadiene, and other olefinically-unsaturated monomers, including other
cyclic olefins, such as cyclopentene, norbornene, alkyl-substituted norbornenes,
and vinyl group-containing polar monomers capable of coordination
polymerization. See, for example, U.S. Pat. Nos. 5,635,573, 5,763,556, and WO
99/30822. Additionally, alpha-olefinic macromonomers of up to 1000 mer units,
or more, may also be incorporated by copolymerization yielding branch-

containing olefin polymers.

Ethylene Polymers
[00106] Linear polyethylene, including high and ultra-high molecular

weight polyethylenes, including both homo- and copolymers with other alpha-
olefin monomers, alpha-olefinic and/or non-conjugated diolefins, for example, Cs-
Cyo olefins, diolefins or cyclic olefins, can be produced by adding ethylene, and
optionally one or more of the other monomers, to a reaction vessel under low
pressure (typically <50 bar), at a typical temperature of 40-250° C with the
invention catalyst that has been slurried with a solvent, such as hexane or toluene.
Heat of polymerization is typically removed by cooling. Gas phase
polymerization can be conducted, for example, in a continuous fluid bed gas-phase
reactor operated at 2000-3000 kPa and 60-160° C., using hydrogen as a reaction
modifier (100-200 PPM), C4-Cs comonomer feedstream (0.5-1.2 mol %), and C,
feedstream (25-35 mol %). See, U.S. Pat. Nos. 4,543,399, 4,588,790, 5,028,670
and 5, 405,922 and 5,462,999, which are incorporated by reference for purposes of
U.S. patent practice.

[00107] In another preferred embodiment the polymer produced herein is a
copolymer of ethylene and one or more Cs3 to Cy linear, branched or cyclic

monomers, preferably one or more C; to C;; linear, branched or cyclic alpha-
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olefins. Preferably the polymer produced herein is a copolymer of ethylene and
one or more of propylene, butene, pentene, hexene, heptene, octene, nonene,
decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and 3,5 ,O-trimethyl
hexene 1.

[00108] Ethylene-c-olefin (including ethylene-cyclic olefin and ethylene-o-
olefin-diolefin) elastomers of high molecular weight and low crystallinity can be
prepared utilizing the catalysts of the invention under traditional solution
polymerization processes or by introducing ethylene gas into a slurry utilizing the
a-olefin or cyclic olefin or mixture thereof with other monomers, polymerizable
and not, as a polymerization diluent in which the invention catalyst is suspended.
Typical ethylene pressures will be between 10 and 1000 psig (69-6895 kPa) and
the polymerization diluent temperature will typically be between 40 and 160° C.
The process can be carried out in a stirred tank reactor, or more than one operated
in series or parallel. See the general disclosure of U.S. Pat. No. 5,001,205 for
general process conditions. See also, International Applications WO 96/33227 and
WO 97/22639. All documents are incorporated by reference for description of

polymerization processes, metallocene selection and useful scavenging

compounds.
Propylene Copolymers
[00109] In another preferred embodiment the polymer produced herein is a

copolymer of propylene and one or more C; or C4 to Cy linear, branched or cyclic
monomers, preferably one or more C; or C4 to C;; linear, branched or cyclic
alpha-olefins. Preferably the polymer produced herein is a copolymer of
propylene and one or more of ethylene, butene, pentene, hexene, heptene, octene,
nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and 3,5,5-
trimethyl hexene 1.

[00110] In another preferred embodiment the polymer produced herein is a
copolymer of propylene and ethylene and optionally one or more Cy4 to Cy linear,
branched or cyclic monomers, preferably one or more C, or Cy4 to Cy; linear,

branched or cyclic alpha-olefins.
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[00111] In another preferred embodiment the polymer produced herein is a
copolymer of propylene and ethylene the copolymer includes from a lower limit of
3% or 5% or 6% or 8% or 10% by weight to an upper limit of 20% or 25% by
weight ethylene derived units, and from a lower limit of 75% or 80% by weight to
an upper limit of 95% or 94% or 92% or 90% by weight propylene-derived units,
the percentages by weight based on the total weight of propylene- and ethylene-
derived units. Within these ranges, these copolymers are mildly crystalline as
measured by differential scanning calorimetry (DSC), and are exceptionally 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 softness and
elasticity. At ethylene compositions higher than the above limits for the
copolymer component, the copolymer is substantially amorphous. The ethylene
composition of a polymer is measured as follows. A thin homogeneous film is
pressed at a temperature of about 150°C or greater, then mounted on a Perkin

- Elmer PE 1760 infrared spectrophotometer. A full spectrum of the sample from
600 cm™ to 4000 cm™ is recorded and the monomer weight percent of ethylene
can be calculated according to the following equation: Ethylene wt % = 82.585 -
111.987X +30.045 X, wherein X is the ratio of the peak height at 1155 cm™ and
peak height at either 722 cm™ or 732 em™, whichever is higher.
[00112] In one embodiment, the polymer is a random propylene copolymer
having a narrow compositional distribution. The copolymer is described as
random because for a polymer comprising propylene, comonomer, and optionally
diene, the number and distribution of comonomer residues is consistent with the
random statistical polymerization of the monomers. In stereoblock structures, the
number of block monomer residues of any one kind adjacent to one another is
greater than predicted from a statistical distribution in random copolymers with a
similar composition. Historical ethylene-propylene copolymers with stereoblock
structure have a distribution of ethylene residues consistent with these blocky
structures rather than a random statistical distribution of the monomer residues in

the polymer.
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[00113] In various embodiments, features of the copolymers include some
or all of the following characteristics, where ranges from any recited upper limit to
any recited lower limit are contemplated:

(i) 2 melting point ranging from an upper limit of less than 110 °C, or less than 90
°C, or less than 80 °C, or less than 70 °C, to a lower limit of greater than 25 °C, or
greater than 35 °C, or greater than 40 °C, or greater than 45 °C;

(ii) a heat of fusion ranging from a lower limit of greater than 1.0 joule per gram
(J/g), or greater than 1.5 J/g, or greater than 4.0 J/g, or greater than 6.0 J/g, or
greater than 7.0 J/g, to an upper limit of less than 125 J/g, or less than 100 J/g, or
less than 75 J/g, or less than 60 J/g, or less than 50 J/g, or less than 40 J/g, or less
than 30 J/g;

(iii) a triad tacticity as determined by carbon-13 nuclear magnetic resonance (C13
NMR) of greater than 75 %, or greater than 80 %, or greater than 85 %, or greater
than 90 %;

(iv) a tacticity index m/r ranging from a lower limit of 4 or 6 to an 5 upper limit of
8orl10ori2;

(v) an intermolecular tacticity such that at least X % by weight of the copolymer is
soluble in two adjacent temperature fractions of a thermal fractionation carried out
in hexane in 8 °C increments, where X is 75, or 80, or 85 or 90, or 95, or 97, or
99,

(vi) a reactivity ratio product i1, of less than 1.5, or less than 1.3, or less than 1.0,
or less than 0. §;

(vii) a molecular weight distribution Mw/Mn ranging from a lower limit of 1.5 or
1.8 to an upper limit of 40 or 20 or 10 or 5 or 3;

(viii) a molecular weight of from 15,000 - 5,000,000;

(ix) an elasticity as defined herein of less than 30 %, or less than 20 %, or less than
10 %, or less than 8 %, or less than 5 %; and or

(x) a 500 % tensile modulus of greater than 0.5 MPa, or greater than 0.8 MPa, or
greater than 1.0 MPa, or greater than 2. 0 MPa.
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Melting Point, Percent Crystallinity and Heat of Fusion

[00114] Melting point (second melt), percent crystallinity and heat of fusion
are determined according to the following DSC procedure: Differential scanning
calorimetric (DSC) trace data is obtained using a TA Instruments model 2920
machine. Samples weighing approximately 7-10 mg are sealed in aluminum
sample pans. The DSC data are recorded by first cooling the sample to -50 °C and
then gradually heating it to 200 °C at a rate of 10 °C/minute. The sample is kept at
200 °C for 5 minutes before a second cooling-heating cycle is applied. Both the
first and second cycle thermal events are recorded. Areas under the melting
curves are measured and used to determine the heat of fusion and the degree of
crystallinity. The percent crystallinity is calculated using the formula, [area under
the curve (Joules/gram) / B (Joules/gram)] * 100, where B is the heat of fusion for
the homopolymer of the major monomer component. These values for B are to be
obtained from the Polymer Handbook, Fourth Edition, published by John Wiley
and Sons, New York 1999. A value of 189 J/g (B) is used as the heat of fusion for

polypropylene.

Triad Tacticity
[00115] An ancillary procedure for the description of the tacticity of the

propylene units of embodiments of the current invention is the use of triad
tacticity. The triad tacticity of a polymer is the relative tacticity of a sequence of
three adjacent propylene units, a chain consisting of head to tail bonds, expressed
as a binary combination of m and r sequences. It is usually expressed for
copolymers of the present invention as the ratio of the number of units of the

specified tacticity to all of the propylene triads in the copolymer.

[00116] The mm triad tacticity (mm fraction) of a propylene copolymer can
be determined from a *C NMR spectrum of the propylene copolymer and the
following formula:

PPP(mm)
PPP(mm) + PPP(mr) + PPP(tr)

mm Fraction =



4 Compl/A1 40 665105 19646 4 Comp2/Al 40 1237555 1 CI/A1 70 766436 63812 4 CI/A2 70 702275
26745 4 CI/A3 70 1230756 15022 2 C2/A1 70 991483 35315 4 C2/A2 70 868924 60277 4 C2/A3 70

968102 622433 fdRlMAyL 70 208641 10025 PCT/US2005/024708
49

where PPP(mm), PPP(mr) and PPP(1r) denote peak areas derived from the methyl
groups of the second units in the following three propylene unit chains consisting

of head-to-tail bonds:

Coor
PPP(mm): CH——CHy}—CH——CH, CH———CHZ)————
N
PPP(mr): ——(CH—-CHZ CH——CH, (IJH—-CHZ)——
CHs
(|3H3 (|)H3
PPP(i1): —-(CH—CHz TH—CH2 CH—CHZ)—
CH3
[00117] The 13C NMR spectrum of the propylene copolymer is measured

and the triad tacticity determined as described in U.S. Pat. No. 5,504,172 and
references therein. The propylene copolymers of embodiments of our invention
have an mm triad tacticity of three propylene units, as measured by 13C NMR, of
greater than 75%, or greater than 80%, or greater than 82%, or greater than 85%,
or greater than 90%.

Tacticity Index
[00118] The tacticity index, expressed herein as "m/r", is determined by >C

nuclear magnetic resonance (NMR). The tacticity index m/r is calculated as
defined in H.N. Cheng, Macromolecules, 17, 1950 (1984). The designation "m"
or "r" describes the stereochemistry of pairs of contiguous propylene groups, "m"
referring to meso and "r" to racemic. An m/r ratio of 1.0 generally describes a
syndiotactic polymer, and an m/r ratio of 2.0 an atactic material. An isotactic
material theoretically may have a ratio approaching infinity, and many by-product

atactic polymers have sufficient isotactic content to result in ratios of greater than
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50. Copolymers of embodiments of our invention can have a tacticity index m/r

ranging from a lower limit of 4 or 6 to an upper limit of 8 or 12.

Intermolecular Tacticity

Molecular Structure: Homogeneous Distribution:

[00119] Homogeneous distribution is defined as a statistically insignificant
intermolecular difference of both in the composition of the copolymer and in the
tacticity of the polymerized propylene. For a copolymer to have a homogeneous
distribution it must meet the requirement of two independent tests: (i)
intermolecular distribution of tacticity; and (ii) intermolecular distribution of
composition, which are described below. These tests are a measure of the
statistically insignificant intermolecular differences of tacticity of the polymerized

propylene and the composition of the copolymer, respectively.

Intermolecular Distribution of Tacticity:

[00120] Preferred polymer produced herein have a statistically insignificant
intermolecular difference of tacticity of polymerized propylene between different
chains (intermolecularly.). This is detérmined by thermal fractionation by
controlled dissolution generally in a single solvent, at a series of slowly elevated
temperatures. A typical solvent is a saturated hydrocarbon such as hexane or
heptane. These controlled dissolution procedures are commonly used to separate
similar polymers of different crystallinity due to differences in isotactic propylene
sequences, as shown in the article in Macromolecules, Vol. 26, p2064 (1993).
[00121] In embodiments of our invention, at least 75% by weight, or at least
80% by weight, or at least 85% by weight, or at least 90% by weight, or at least
95% by weight, or at least 97% by weight, or at least 99% by weight of the
polymer is soluble in a single temperature fraction, or in two adjacent temperature
fractions, with the balance of the polymer in immediately preceding or succeeding
temperature fractions. These percentages are fractions, for instance in hexane,
beginning at 23° C and the subsequent fractions are in approximately §° C

increments above 23° C. Meeting such a fractionation requirement means that a
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polymer has statistically insignificant intermolecular differences of tacticity of the

polymerized propylene.

Intermolecular Distribution of Composition:

[00122] Preferred polymers produced herein have statistically insignificant
intermolecular differences of composition, which is the ratio of propylene to
ethylene between different chains (intermolecular). This compositional analysis is
by infrared spectroscopy of the fractions of the polymer obtained by the controlled
thermal dissolution procedure described above.

[00123] A measure of the statistically insignificant intermolecular
differences of composition, each of these fractions has a composition (wt. %
ethylene content) with a difference of less than 1.5 wt. % (absolute) or less than
1.0 wt. % (absolute), or less than 0.8 wt. % (absolute) of the average wt. %
ethylene content of the whole polymer. Meeting such a fractionation requirement
means that a polymer has statistically insignificant intermolecular differences of
composition, which is the ratio of propylene to comonomer (such as ethylene).
[00124] To produce a copolymer having the desired randomness and narrow
composition, it is beneficial if (1) a single sited metallocene catalyst is used which
allows only a single statistical mode of addition of the first and second monomer
sequences and (2) the copolymer is well-mixed in a continuous flow stirred tank
polymerizatién reactor which allows only a single polymerization environment for

substantially all of the polymer chains of the copolymer.

Molecular Weight and Molecular Weight Distribution

[00125] Mw, Mn, Mz and Mw/Mn are determined using an instrument
containing columns packed with porous beads, an elution solvent, and detector in
order to separate polymer molecules of different sizes. Molecular weights for
ethylene propylene copolymers were measured by gel permeation chromatography
using (1) an Alliance 2000 GPC3D equipped with differential refractive index
(DRI) and viscometry detectors and an 18 angle light scattering detector or (2) a
Polymer Labs 220 GPC 3D equipped with DRI, viscometry and an 3 angle light

scattering detector. Detectors were calibrated using polystyrene standards Samples
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were run in 1,2,4-trichlorobenzene (135 °C) using three Polymer Laboratories PC
Gel mixed B LS columns in series. A correlation of polystyrene retention volume
obtained from the standards, to the retention volume of the polymer tested yields
the polymer molecular weight.

[00126] Average molecular weights M can be computed from the

expression:

where Ni is the number of molecules having a molecular weight M;. When n=0,
M is the number average molecular weight Mn. When n=1, M is the weight
average molecular weight Mw. When n=2, M is the Z-average molecular weight
Mz. The desired MWD function (e.g., Mw/Mn or Mz/Mw) is the ratio of the
corresponding M values. Measurement of M and MWD is well known in the art
and is discussed in more detail in, for example, Slade, P. E. Ed., Polymer
Molecular Weights Part II, Marcel Dekker, Inc., NY, (1975) 287-368; Rodriguez,
F., Principles of Polymer Systems 3rd ed., Hemisphere Pub. Corp., NY, (1989)
155- 160; U.S. Pat. No. 4,540,753; Verstrate et al., Macromolecules, vol. 21,
(1988) 3360; and references cited therein.

[00127] Preferred polymers produced herein have a weight average
molecular weight (Mw) within the range having an upper limit of 5,000,000
g/mol, 1,000,000 g/mol, or 500,000 g/mol, and a lower limit of 10,000 g/mol,
20,000 g/mol, or 80,000 g/mol, and a molecular weight distribution Mw/Mn
(MWD), sometimes referred to as a "polydispersity index" (PDI), ranging from a
lower limit of 1.5, 1.8, or 2.0 to an upper limit of 40, 20, 10, 5, or 4.5.
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[00128] In one embodiment, the polymers produced herein have a Mooney
viscosity, ML(1+4) @ 125°C, of 100 or less, 75 or less, 60 or less, or 30 or less.
Mooney viscosity, as used herein, can be measured as ML(1+4) @ 125°C
according to ASTM D1646, unless otherwise specified.

Elasticity
[00129] Elasticity is determined according to ASTM D 790 as described at

column 17, line 19 to line 49 of US 6,525,157.

Tensile Modulus
[00130] Tensile Modulus is determined according to ASTM D 638 at 20
inches per minute (51 cm/min) using dumbbell shapes as described at column 17,

line 1 to 17 of US 6,525,157.

Melt Index

[00131] In embodiments of the present invention, the polymers produced
herein have a melt index (MI) of 20 dg/min or less, 7 dg/min or less, 5 dg/min or
less, or 2 dg/min or less, or less than 2 dg/min. The determination of the melt
index of the polymer is according to ASTM D1238 (230°C, 2.16kg) Procedure A.
In this version of the method a portion of the sample extruded during the test was
collected and weighed. This is commonly referred to as the modification 1 of the
experimental procedure. The sample analysis is conducted at 190°C with a 1
minute preheat on the sample to provide a steady temperature for the duration of

the experiment.

Stereo- and Regio- Errors in Insertion of Propylene: 2.1 and 1.3 Insertions

[00132] In polyolefins prepared by polymerization of a-olefins of three or
more carbon atoms in the presence of a chiral metallocene catalyst, 2,1-insertion
or 1,3-insertion takes place in addition to the usual 1,2-insertion, such that
inversely inserted units such as a 2,1~ insertion or a 1,3-insertion are formed in the
olefin polymer molecule (see, Macromolecular Chemistry Rapid Communication,

Volume 8, page 305 (1987), by K. Soga, T. Shiono, S. Takemura and W.
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Kaminski). Thus, the insertion of propylene can occur to a small extent by either
2,1 (tail to tail) or 1,3 insertions (end to end). The proportion of the 2,1-insertions
to all of the propylene insertions in a propylene elastomer is calculated by the
method described by Tsutsui, T. et. al. Polymer, 1989, 30, 1350. The extent of 1,3
insertions are determined according to the procedure described in US 5,504,172.
In a preferred embodiment, the proportion of inversely inserted propylene units of
polymers produced herein, based on the 2,1-insertion of a propylene monomer in
all propylene insertions, as measured by BCNMR, is greater than 0.5%, or greater
than 0.6%. based on the 1,3-insertion of a propylene monomer, as measured by
BCNMR, is greater than 0.05%, or greater than 0.06%, or greater than 0.07%, or
greater than 0.08%, or greater than 0.085 percent.

[00133] In a preferred embodiment, the polymers produced herein are
random copolymers of propylene and ethylene having a heat of fusion as
determined by Differential Scanning Calorimetry (DSC) of less than 50 J/g, a melt
index (MI) of less than 5 dg/min, and containing stereoregular propylene
crystallinity. Preferably the polymer is a random copolymer of propylene and at

. least one comonomer selected from ethylene, Cs-C;, o-olefins, and combinations
thereof, preferably the polymer comprises from 2 wt % to 25 wt% polymerized
ethylene units, based on the total weight of the polymer.

[00134] In another preferred embodiment, the polymer produced herein
comprises:

a first monomer present at from 40 to 95 mole %, preferably 50 to 90 mole
%, preferably 60 to 80 mole %, and

a comonomer present at from 5 to 40 mole %, preferably 10 to 60 mole %,
more preferably 20 to 40 mole %,and

a termonomer present at from 0 to 10 mole%, more preferably from 0.5 to
5 mole%, more preferably 1 to 3 mole %.
[00135] Preferably the first monomer comprises one or more of any Cs to
Cs linear branched or cyclic alpha -olefins, including propylene, butene, (and all

isomers thereof), pentene (and all isomers thereof), hexene (and all isomers
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thereof), heptene (and all isomers thereof), and octene (and all isomers thereof).
Preferred monomers include propylene, 1-butene, 1-hexene, 1-octene,
cyclohexene, cyclooctene, hexadiene, cyclohexadiene and the like. Preferably the
comonémer comprises one or more of any C, to Cy linear, branched or cyclic
alpha-olefins (provided ethylene, if present, is present at 5 mole% or less),
including ethylene, propylene, butene, pentene, hexene, heptene, and octene,
nonene, decene, un-decene, do-decene, hexadecene, butadiene, hexadiene,
heptadiene, pentadiene, octadiene, nonadiene, decadiene, dodecadiene, styrene,
3,5,5- trimethylhexene-1, 3-methylpentene-1, 4-methylpentene-1, cyclopentadiene,
and cyclohexene. Preferably the termonomer comprises one or more of any C; to
Cyo linear, branched or cyclic alpha-olefins, (provided ethylene, if present, is
present at 5 mole% or less), including ethylene, propylene, butene, pentene,
hexene, heptene, and octene, nonene, decene, un-decene, do-decene, hexadecene,
butadiene, hexadiene, heptadiene, pentadiene, octadiene, nonadiene, decadiene,
dodecadiene, styrene, 3,5,5-trimethyl hexene-1, 3-methylpentene-1, 4-
methylpentene-1, cyclopentadiene, and cyclohexene. In a preferred embodiment
the copolymers described herein comprise at least 50 mole% of a first monomer

and up to 50 mole% of other monomers.

[00136] In the measurement of properties ascribed to some polymers
produced herein, there is preferably a substantial absence of a secondary or tertiary
polymer or polymers to form a blend. By "substantial absence" we intend less
than 10%, or 15 less than 5%, or less than 2.5%, or less than 1%, or 0%, by
weight.

Blends

[00137] The catalyst compositions of the invention can be used as described
above individually for coordination polymerization or can be mixed to prepare
polymer blends with other known olefin polymerization catalyst compounds. By
selection of monomers, blends of coordination catalyst compounds, polymer
blends can be prepared under polymerization conditions analogous to those using

individual catalyst compositions. Polymers having increased MWD for improved
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processing and other traditional benefits available from polymers made with
mixed catalyst systems can thus be achieved.

[00138] It is generally believed that in situ blending provides a more
homogeneous product and allows the blend to be produced in one step. The use of
mixed catalyst systems for in situ blending involves combining more than one
catalyst in the same reactor to simultaneously produce multiple distinct polymer
products. This method requires additional catalyst synthesis and the various
catalyst components must be matched for their activities, the polymer products
they generate at specific conditions, and their response to changes in
polymerization conditions. In a preferred embodiment, polymers produced herein
can be thermoplastic polymer compositions composed of a majority of propylene
with a minor amount of ethylene or other alpha olefins having between 4 to 20
carbon atoms. These polymer compositions include a linear, single homogeneous
macromolecular copolymer structure. These polymers have limited crystallinity
due to adjacent isotactic propylene units and have a melting point of between 25
and 110°C. They are preferably generélly devoid of any substantial intermolecular
heterogeneity in tacticity and comonomer composition. They are also devoid of
any substantial heterogeneity in intramolecular composition distribution. In

addition, these thermoplastic polymer compositions are soft and elastic.

[00139] In all previous embodiments including but not limited to ethylene
polymers, ethylene copolymers , propylene polymers, other polymers and blends,
the polymers described above may further comprise one or more dienes at up to 16
weight %, preferably at the lower limit of 0.00001 wt%, preferably at a lower
limit of 0.002, preferably at a lower limit of 0.3 weight %, preferably to 0.5 weight
%, even more preferably 0.75 wt% and to a higher limit of to 1.0 weight %, a
higher limit of 3 wt% and a higher limit of 7 wt% and a higher limit of 15 wt%
based upon the total weight of the composition. All of these percentages are by
weight, based upon the weight of the copolymer. The presence or absence of
diene can be conventionally determined by infrared techniques well known to
those skilled in the art. Sources of diene include diene monomer added to the

polymerization of ethylene and propylene, or use of diene in catalysts. Non-
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conjugated dienes useful as co-monomers are preferably straight chain,
hydrocarbon di-olefins or cycloalkenyl-substituted alkenes, having 6 to 15 carbon
atoms, for example: (a) straight chain acyclic dienes, such as 1,4- hexadiene and
1,6-octadiene; (b) branched chain acyclic dienes, such as 5 -m ethyl - 1, 4-hexadi
ene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene; and the mixed
isomers of dihydro-myricene and dihydro-ocinene; (c) single ring alicyclic dienes,
such as C ID 1,3-cyclopentadiene, 1,4-cyclohexadiene; 1,5-cyclo-octadiene and
1,5- cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such
as tetrahydroindene; nonboradiene; m ethyl -tetrahydro 1 ndene; dicyclopentadiene
(DCPD); bicyclo-(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5 -m ethyl ene-2-norbomen e (NM), 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbomene, 5-(4-cyclopentenyl)- 2~
norbomene, 5-cyclohexylidene-2-norbornene, and 5-vinyl-2-norbormene (VNB);
(e) cycloalkenyl-substituted alkenes, such as allyl cyclohexene, vinyl cyclooctene,
allyl cyclodecene, vinyl cyclododecene. Of the non-conjugated dienes typically
used, the preferred dienes are dicyclopentadiene, 1,4-hexadiene, 5- methylene-2-
norbomene, and 5 -ethyl idene-2-norbomene, and tetracyclo (A-11,12) 5,8
dodecene. Particularly preferred diolefins are 5-ethylidene-2- norbornene (ENB),
1,4-hexadiene, dicyclopentadiene (DCPD), and 5-vinyl-2-norbomene (VNB).

[00140] Any of the polymers or oligomers produced by this invention, may
be functionalized. Preferred functional groups include maleic acid and maleic
anhydride. By functionalized is meant that the polymer has been contacted with
an unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides
include any unsaturated organic compound containing at least one double bond
and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the
organic compound contains an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Examples include maleic, fumaric, acrylic, methacrylic, itaconic,
crotonic, alpha.methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt derivatives. Maleic anhydride is particularly preferred. The
unsaturated acid or anhydride is preferably present at about 0.1 weight % to about
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10 weight %, preferably at about 0.5 weight % to about 7 weight %, even more
preferably at about 1 to about 4 weight %, based upon the weight of the
hydrocarbon resin and the unsaturated acid or anhydride.

Examples
[00141] The inventive and comparative metallocenes C1-C5, Comp1-

Comp3 and Activators A1-A3 are shown below (where Me is methyl, Ph is
phenyl, ). Preparations for C1-C5 are given. Metallocenes Compl-Comp3 and

angdl
=
[O]

\

Activators A1, A3 were obtained from commercial sources. Activator A2 was
prepared according to WO 2003049856.
Me., ; \ oeMe Ph., / % \, wMe /Cl-b"' %e Ph.,
;.S, H 3 f—S. H C ’I-S. H ,.S,
me” %i} pif” %ﬁ' Fgcl-b e i % Sue
c1 c2 c3
? (+-Napthyl)
Ph., \ “\\\\C Me. g Me Men,_ \ \\\Me Me'l._ \ \\\‘CI
S\ A s B s\ HN s\ AN
d cl Mg Me  m¢” Me me” cl
X X (1-Napthyl)
Comp1 Comp2 Comp3

Z
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[00142] Propylene polymers were prepared in examples A, B, and L.
Molecular weights (weight average molecular weight (Mw) and number average
molecular weights (Mn) and polydispersity indices (Mw/Mn) were determined,
versus polystyrene, using high throughput gel permeation chromatography
measurement techniques disclosed in US6475391. Where indicated, thermal
analyses were done using a TA Instruments DSC (Model 2920) by first heating the
sample from -50 to 220 °C at 10 °C/min, isotherm at 220 °C for 10 minutes, then
cooling at 10 °C/min from 150 °C to -100 °C and finally again heating to 150 °C
at 10 °C/min. The second heat results are reported.

[00143] Molecular weights for ethylene propylene copolymers prepared in
examples C-K were measured by gel permeation chromatography using (1) an
Alliance 2000 GPC3D equipped with differential refractive index (DRI) and
viscometry detectors and an 18 angle light scattering detector calibrated using
polystyrene standards or (2) a Polymer Labs 220 GPC 3D equipped with DRI,
viscometry and an 3 angle light scattering detector. Samples were run in 1,2,4-
trichlorobenzene (135 °C) using three Polymer Laboratories PC Gel mixed B LS
columns in series.

[00144] Thermal analyses of the ethylene propylene copolymers prepared in
examples C-K were conducted on a Pyris 1 instrument using the accompanying
software available form Perkin Elmer Instruments, USA. Heat of fusion (AHgs in

the tables herein) were measured by Differential Scanning Calorimetry (DSC)
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using the ASTM E-794-95 procedure. All measurements were conducted during
the first heating cycle between -100 °C and +150 °C on a sample that had been
molded at 200°C and allowed to anneal at room temperature for approximately 7
days. The first heating cycle was run at a temperature ramp rate of 20°C/min. The
heat of fusion was measured from the total area under the peak curve in the region
of room temperature to 105°C. The melting temperatures reported here are the
peak melting temperatures from the second melt unless otherwise indicated. For
polymers displaying multi-peak melting characteristics, the higher melting peak
was taken as the principal melting point.

[00145] Composition measurements of the ethylene propylene copolymers
prepared in examples C-J were conducted on a Perkin Flmer PE 1760 FTIR
spectrophotometer. A thin homogeneous film of the copolymer was pressed at a
temperature of about 150°C, or greater, then mounted on the spectrophotometer.
A full spectrum of the sample from 600 to 4000 cm™ was recorded and the
monomer weight percent of ethylene calculated from the equation: Ethylene wt %
= 82.585 -111.987X + 30.045 X, wherein X is the ratio of the peak height at 1155
cm™ and peak height at either 722 or 732 cm™, whichever is higher.

[00146] For example K, '*C NMR measurements with and without proton
decoupling were used to determine the composition, propylene triad tacticities
([mm]), regio error content, the reactivity ratio product (r1r2) and m/r ratios.
Methods to determine these values are found in: Randall, J. Macromolecules
1978, 11, 33; Cozewith, C. Macromolecules 1987, 20, 1237; Tsutsui, T. et. al.
Polymer, 1989, 30, 1350; US 5,504,172 and references therein.

[00147] For example K, polymer samples for >C NMR spectroscopy were
dissolved in

d; -1,1,2,2-tetrachloroethane and the samples were recorded at 125°C using a
NMR spectrometer of 75 or 100 MHz. Polymer resonance peaks are referenced to
mmmm=21.8 ppm. Calculations involved in the characterization of polymers by
NMR follow the work of F. A. Bovey in "Polymer Conformation and
Configuration" Academic Press, New York 1969 and J. Randall in "Polymer
Sequence Determination, Carbon-13 NMR Method", Academic Press, New York,
1977. The percent of methylene sequences of two in length, %(CH,),, were



0.9 0.7 TNOA (mL/min) 1.5 1.5 1.5 Table 11b. Examples GI-G3. Polymerization Results for
Copolymerizations Using C1/A3 Ex. G1 G2 G3 Polym. Rate (g/h) 333.58 218.94 167.72 C2 content

(wt %) 18.5928.-8Reddi8sConc.’ (wt %) 10.07 7.21 5.53 Mn (g/mol) 64877 S¢pRR26609Qw (9/mol)
139060 147172 153268 dHfb (J/g) 3.6 1 1.9 Tm (G) 47 47 47 'Polymer concentration in solvent. Heat

of fusion. Table 12A. Examples 111-118. Feed Conditions for Copolymerizations Using C2/A3 llI

calculated as follows: the integral of the methyl carbons between 14-18 ppm
(which are equivalent in concentration to the number of methylenes in sequences
of two in length) divided by the sum of the integral of the methylene sequences of
one in length between 45-49 ppm and the integral of the methyl carbons between
14-18 ppm, times 100. This is a minimum calculation for the amount of
methylene groups contained in a sequence of two or more since methylene
sequences of greater than two have been excluded. Assignments were based on H.
N. Cheng and J. A. Ewen, Makromol. Chem. 1989, 190, 1931.

Catalyst Synthesis Examples

[00148] 5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ flindene was
prepared according to a published report (WO 99/46270) and converted to 5,6,7,8-
tetrahydro-2,5,5,8,8-pentamethyl-benz| flindenyl lithium by treatment with butyl

lithium in pentane.

Example 1 Preparation of rac-Me,Si(5,6,7.8-tetrahydro-2.5.5.8.8-pentamethyl-
benz[flindenyl),HfMe, (C1).

Example 1a. Preparation of Me,Si(5.6,7,8-tetrahydro-2,5,5.8.8-pentamethyl-

benz[flindene).

[00149] 5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ flindenyl lithium (6

g, 24.4 mmol) was added, mostly as a solid, to a cold (-30 °C) solution of
Me,SiCl, (1.57 g, 12.2 mmol) and ether (150 mL). The color turned yellow.

After stirring overnight the reaction was incomplete. THF (ca. 1 mL) was added
and the reaction allowed to stir for a total of 6 days. The solution was then filtered
through a glass frit then a 0.45 pm acrodisc. The solvent was removed by a
nitrogen purge then the product was dried in vacuo. The yield was 6.31 g.

Example 1b. Preparation of rac-Me,Si(5,6.7,8-tetrahydro-2,5.5.8.8-pentamethyl-
benz[flindenyl),HfCl,.

[00150] A solution of Me,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz[f]indene) (6.31 g, 11.75 mmol) and ether (325 mL) was treated with a
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solution of 1.6 M butyl lithium in hexane (14.7 mL, 23.52 mmol). The color
turned orange. After stirring overnight, the slurry was cooled to -30 C (freezer)
then stirred rapidly while HfCl4 (3.75 g, 11.7 mmol) was added as a solid. The
color turned intense yellow. After stirring ca. 1 day, the mixture was filtered
giving the product with LiCl. Repeated extractions with CH>Cl, (total 750 mL)

gave the product in racemic form. Yield2.72 g.

Example 1c. Preparation of rac-Me,Si(5,6.,7.8-tetrahydro-2,5.5.8.8-pentamethyl-
benz[flindenyl),HfMe, (C1)

[00151] A 3.0 M solution of MeMgBr in ether (0.33 mL, 1 mmol) and ca. 1
mL of ether was added to a solution of rac-Me,Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[ f]indenyl),HfCl, (0.288 g, 0.39 mmol) and benzene (50 mL).
The reaction was stirred overnight then additional grignard reagent (0.5 mL, 1.5

mmol) was added. The mixture was stirred over the weekend then heated to
reflux overnight. The mixture was then treated with Me;SiCl (0.2 mL, 1.57
mmol), 1,2-dimethoxyethane (0.25 mL, 2.4 mmol), filtered then dried. Yield 0.189

g.

Example 2. Preparation of rac-Ph,Si(5.6.7.8-tetrahydro-2.5.5,8,8-pentamethyl-
benz[flindenyl),HfMe,.(C2)

Example 2a. Preparation of Ph,Si(5.6,7.8-tetrahydro-2.5.5,8.8-pentamethyl-

benz[f]indene),
[00152] 5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ flindenyl lithium
(45.1 g, 183 mmol) was added to a solution of Ph,Si(OSO,CF3), (44.0 g, 91.6

mmol) and ether (500 mL). A small amount of ether was used to rinse the flask

containing the lithium reagent. After stirring for three days, the reaction was
washed with water (2 x 50 mL). The ether layer was dried with MgSO,, filtered
then the solvent was removed to give the product as a white solid. Yield 59.6 g (of

which 0.6 wt % is ether).
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Example 2b. Preparation of Ph,Si(5,6.,7.8-tetrahydro-2.5.5.8.8-pentamethyl-
benz[f]indenvl lithium),*OEt,

[00153] A 1.6 M solution of butyl lithium in hexane (112 mL, 179.2 mmol)
was added to a solution of Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz[f]indene), (59.27 g, 89.7 mmol), dissolved in ether (1 L). The color changed

from yellow to red. After the reaction was stirred over night, the solvent was
removed with a purge of N,. The remaining solids were slurried with pentane
(200 mL) collected on a frit then rinsed with pentane until the solid was a yellow
powder, then dried. Yield 63.85 g.

Example 2c¢. Preparation of rac-Ph,Si(5.6.7.8-tetrahydro-2,5,5,8.8-pentamethyl-
benz[f]indenyl),HfCl, as a mixture with LiCl.

[00154] A solution prepared from Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[flindenyl lithium),.OEt; (10 g, 13.4 mmol) and ether (500 mL)
was cooled to -30 °C then treated with HfCl, (4.17 g, 13.0 mmol). After stirring

for two days, the yellow slurry was filtered and the solids rinsed with ether (3 x 30
mL) then dried. Yield 5.22 g.

Example 2d. Preparation of rac-Ph,Si(5,6,7,8-tetrahydro-2.5.5.8.8-pentamethyl-
benz[flindenyl),HfMe,.(C2)

[00155] A 3.0 M solution of MeMgBr in ether (2.6 mL, 7.8 mmol) was
added to a slurry prepared from a mixture of rac-Ph,Si(5,6,7,8-tetrahydro-
2,5,5,8,8-pentamethyl-benz[ flindenyl),HfCl, (78 wt %) and LiCl (22 wt%) (2.58 g
mixture, 2.01 g rac-Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz[f]indenyl),HfCl,, 1.91 mmol) and benzene (200 mL). The reaction was
stirred for 2 hours then filtered (0.45 pm) and treated with Me;SiCl (0.60 mL, 4.7

mmol). After stirring overnight, the gray mixture was treated with 1,4-dioxane
(1.7 g, 19.3 mmol). After stirring for 1 hour, the cloudy mixture was filtered (4-8
um) to yield a clear yellow filtrate. The benzene was removed and the solid mixed
with toluene (20 mL) then the mixture was dried to remove excess 1,4-dioxane.
The solid was rinsed with a small amount of pentane (5 mL) and dried in vacuo to

give the product as a light yellow powder. Yield 1.31 g.
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Example 3. Preparation of rac-(CH»)3S81(5.6.7.8-tetrahydro-2.5.5.8.8-pentamethyl-
benz[flindenyl),HfMe,.(C3)

Example 3a. Preparation of (CH,)3Si(5.6.7.8-tetrahydro-2.5.5.8.8-pentamethyl-

benz[flindene),
[00156] 5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ f]lindenyl lithium (5
g, 20.5 mmol) was added to a solution of (CH,);SiCl, (1.45 g, 10.3 mmol) and

ether (200 mL). After stirring overnight the solvent was removed and the solids

extracted with pentane (3 x 50 mL), filtered then dried in vacuo to give a white
solid. Yield 5.06 g.

Example 3b. Preparation of (CH;)3Si(5,6,7.8-tetrahydro-2,5.5.8.8-pentamethyl-
benz[flindenyl lithium),*Et,O

[00157] 1.6 M Butyl lithium in hexane (11.6 mL, 18.56 mmol) was added
to a solution (CH,);Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz{ flindene),

(5.06 g, 9.29 mmol) in ether (100 mL). The initially clear yellow solution became
an orange slurry. After stirring overnight, the mixture was filtered and the light
yellow solid was washed with pentane (2 x 20 mL) then dried. Yield 4.28 g.

Example 3c. Preparation of rac-(CH,)3Si(5.6.7.8-tetrahydro-2,5.5.8.8-
pentamethyl-benz[ flindenyl),HfCl,

[00158] HfCl4 (2.17 g, 6.77 mmol) was added to a slurry prepared from
(CH,);Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[flindenyl lithium),*Et,O
(4.28 g, 6.77 mmol) and ether (100 mL). The color turned intense yellow. After

stirring overnight, the mixture was filtered and the solid washed with ether (2 x 10
mL) then pentane (3 x 10 mL). The solid was dried overnight. Yield 2.74 g.

Example 3d. Preparation of rac-(CH;)3Si(5,6,7,8-tetrahydro-2,5.5.8.8-
pentamethyl-benz[ flindenyl),HfMe,.(C3)

[00159] 3 M Methylmagnesium bromide in ether (2.75 mL, 8.25 mmol) was
added to a mixture of rac-(CH,)3S1(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
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C4/A1 Ex. 1i 12 13 Polym. Rate (g/h) 588 458 319 C2 content (wt %)

benz[f]indenyl),HfCl, (2.05 g, 2.03 mmol) and toluene (100 mL). After stirring
overnight, the mixture was treated with Me3;SiCl (0.54 mL, 4.25 mmol), stirred
overnight, then treated with 1,4-dioxane (1.91 g, 21.7 mmol). After stirring for 4
hours, the mixture was filtered and the remaining solids further washed with
toluene (5 mL). The filtrate was dried then washed with pentane (10 mL) then
dried. Yield 1.1 g.

Example 4. Preparation of rac-Ph,Si(5,6.7,8-tetrahydro-5,5.8.8-tetramethyl-
benz[flindenyl),HfMe,.(C4)

Example 4a. Preparation of 5,6,7.8-tetrahydro-5.5,8.8-tetramethyl-benz[flindan-2-

one
[00160] A 1L 3-neck flask was charged with AICl; (80.8 g, 0.606 mol),
fitted with a mechanical stirrer, and a 250 mL addition funnel, charged with
anhydrous methylene chloride (370 mL). The slurry was cooled to - 20 °C and
stirred. The addition funnel was then charged (in two portions over the course of
the reaction) with a solution of 2-indanone (40.0 g, 0.303 mol) {Note: Aldrich
brand 2-indanone was rinsed with ether to remove brown impurities}, 2,5-
dichloro, 2,5-dimethylhexane (55.4 g, 0.303 mol) and anhydrous methylene
chloride (180 mL). The solution was dripped onto the cold, stirring AICl3 slurry
over the course of 50 min. After stirring for 2.5 h after the addition was complete,
a solution of 2,5-dichloro, 2,5-dimethylhexane (13 g, 0.071 mol) and anhydrous
methylene chloride (42 mL). After stirring an additional hour, the reaction
mixture was poured onto ice (1 L) and treated with ether (500 mL). The organic
layer was separated and the aqueous layer extracted with ether (2 x 200 mL). The
combined organic layers were washed with 2.5 M NaCl (aq) (3 x 75 mL) then
water (25 mL) then dried over MgSQO,. The dried organic solution was filtered
into a 3 L flask and the solvent was slowly removed with a nitrogen blowing over
the surface of the solution. The solid that remained was washed with cold pentane
and the solids isolated by filtration. The product, a fine crystalline material, was
separated manually from a small amount of chunky oily solids that contained

product and an impurity. Yield 21 g.
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Example 4b. Preparation of 5.6.7.8-tetrahydro-5,5.8,8-tetramethyl-benz[ flindan-2-

tosylhydrazone
[00161] A 500 mL flask was charged with tosylhydrazide (7.68 g, 41.3

mmol), 5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-benz[ f]indan-2-one (10.0 g, 1
equiv.) and anhydrous ether then stirred mechanically under nitrogen overnight.
The slurry was filtered, rinsed with cold ether then dried. Yield 13.85 g

Example 4c¢. Preparations of 5.6,7.8-tetrahydro-5.5.8.8-tetramethyl-benz[ flindene
and 5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-benz[ flindenyl lithium+0.83 DME.

[00162] A 1L flask was charged with of 5,6,7,8-tetrahydro-5,5,8,8-
tetramethyl-benz[f]indan-2-tosylhydrazone (13.85 g, 33.7 mmol), anhydrous 1,2-
dimethoxyethane (500 mL) (1,2-dimethoxyethane = DME) then 1.77 M BuLi (in
hexane) (38 mL, 2 equiv.). The color turned dark. The mixture was heated at
reflux for 60 min then allowed to cool to room temperature overnight. Part of the
resulting slurry (white precipitate) in burgundy colored solution was filtered and
the 1,2-dimethoxyethane removed from the filtrate leaving the product, 5,6,7,8-

" tetrahydro-5,5,8,8-tetramethyl-benz[ f]indenyl lithium*0.83 DME as a white solid
with a trace of purple color, after washing repeatedly with pentane. Yield 1.76 g
[00163] The remainder of the solution was quenched with water (20 mL)
then washed with 4 M NaCl (3 x 100 mL). The organic layer was then dried over
MgSO;, then reduced to a brown solid. Yield 5.5 g. This product was further
purified by sublimation at 75 °C using a vacuum pump. Yield 4.1 g of 5,6,7,8-
tetrahydro-5,5,8,8-tetramethyl-benz[ f]indene as a white solid.

Example 4d. Preparation of 5,6,7.8-tetrahydro-5.5.8,8-tetramethyl-benz[ flindene.
[00164], A 1L flask was charged with of 5,6,7,8-tetrahydro-5,5,8,8-

tetramethyl-benz[ flindan-2-tosylhydrazone (12.81 g, 31.2 mmol), anhydrous 1,2-
dimethoxyethane (500 mL) then 1.64 M Buli (in hexane) (38 mL, 2 equiv.). The

color turned dark. The mixture was heated at reflux for 75 min then allowed to

cool to room temperature overnight. The mixture was treated with water (20 mL)
then washed with 4 M NaCl (3 x 100 mL). The organic layer was then dried over
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MgSO, then reduced to a brown solid. Yield 7.23 g. This product was further

purified by sublimation.

Example 4e. Preparation of Ph,Si(5.6,7,8-tetrahydro-5,5,8.8-tetramethyl-

benz[f]indene),.

[00165] A stirred slurry of , 5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-
benz[f]indenyl lithium+0.83 DME (1.76 g, 5.73 mmol) and ether (50 mL) was
treated with PhySi(OSO,CFs), (1.39 g, 1/2 equiv.) and ether (60 mL). After
stirrung for 2 hours, the mixture was washed with 2 M NaCl (3 x 10 mL), dried
over MgSO; then reduced to a solid. Yield 1.76 g.

Example 4f. Preparation of rac-Ph,Si(5.6,7.8-tetrahydro-5.5.8.8-tetramethyl-
benz[flindenyl),HfCl,

[00166] Ph,Si(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-benz[ flindene), (1.76
g, 2.78 mmol) and ether (40 mL) were treated with 1.77 M BuLi (in hexane) (3.2
mL, 5.66 mmol) and stirred overnight. Additional 1.77 M Buli (in hexane) (0.35
mL, 0.62 mmol) was added. This mixture was treated with 1.0 M Me3SnCl (5.8

mL, 5.8 mmol) then filtered to remove the LiCl. The ether was removed in vacuo
and the glassy solid dissolved in toluene and filtered (0.45 um) onto a slurry of
HfCl, (0.89 g, 2.78 mmol) and toluene (20 mL). The color turned red. "H NMR
showed broad resonances and a clear set for the rac-metallocene. Filtered,
removed toluene and unsuccessfully attempted crystallization from ether.
Removed ether then washed with pentanes (5 x 10 mL) to remove impurities.
Then took up material in benzene (25 mL), filtered and dried in-vacuo. Yield 554

mg.

Example 4g. Preparation of rac-Ph,Si(5,6,7,8-tetrahydro-5.5,8,8-tetramethyl-
benz[flindenyl),HfMe, (C4)

[00167] A 3.0 M solution of MeMgBr in ether (1.15 mL, 3.45 mmol) was
added to a solution of rac-Ph,Si(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-
benz[f]indenyl),HfCl, (0.5 g, 0.568 mmol) and toluene (50 mL). The reaction was

stirred overnight then heated to 75 °C for 2 h then cooled to room temperature
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then treated with Me;SiCl (0.30 mL, 2.36 mmol). After stirring overnight, the
mixture was treated with 1,4-dioxane (0.77 g, 8.74 mmol). After stirring for 4 h,
the mixture was filtered then the solids were washed with toluene (2 x 50 mL).
The solvent was removed and the residue taken up in pentane and filtered (0.45
um). The pentane was removed to yield rac-Ph,Si(5,6,7,8-tetrahydro-5,5,8,8-
tetramethyl-benz[f]indenyl),H{Me, as a glassy solid. Yield 0.27 g.

Example 5. Preparation of rac-Ph,Si(5,6,7,8-tetrahydro-2,5.5.8.8-pentamethyl-
benz[flindenyl),ZrCl,.(C5) MAO/Silica Catalyst

Example 5a. Preparation of rac-Ph,Si(5,6,7.8-tetrahydro-2.5.5,8,8-pentamethyl-
benz[flindenyl),ZrCl,.(C5)

[00168] To a slurry of cold (-30 °C) Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[flindeny! lithium), (2 g, 3 mmol) and ether (100 mL) was added

ZrCly (0.7 g, 3 mmol). The mixture became homogeneous then a precipitate was
observed. After stirring overnight, the solvent was removed and the mixture
washed with pentane (12 x 20 mL). The rac isomer remained with the salts on the
frit. Yield 0.88 g (ca. 71 wt % metallocene). A sample of this mixture (0.2 g) was

extracted with CH,Cl, to obtain metallocene free of salts.

Example 5b. Preparation of rac-Ph,Si(5.6,7,8-tetrahydro-2.5,5,8,8-pentamethyl-
benz[f]indenyl),ZrCl, and MAO supported on silica

[00169] A mixture of 30 wt% MAO in toluene (983 mg, 16.2 mmol) and
toluene (10 mL) was added to a mixture of rac-Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[f]indenyl),ZrCl, (15.7 mg, 0.0191 mmol) and toluene (5 mL).
The green solution was added to silica (1.01 g). The color turned red. After

stirring for 15 min the mixture was filtered. The supported catalyst was dried in

vacuo overnight.
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Polymerization Examples

Examples A1-A66. Semibatch Propylene Polymerizations

[00170] Polymerizations were conducted in autoclaves lined with glass test
tubes (internal volume of reactor= 23.5 mL). The autoclaves were charged with a
1 mM hexane solution of AIOCt; (0.1 mL, 1 pmol), hexane (see Table 1 for
amount), a 200pM toluene solution of PhNMe,H" B(C6F5)4” (0.1 mL, 0.02 pmol)
and pressurized with propylene at the temperature indicated in the tables. Then a
200 pM solution of catalyst (0.1 mL, 0.02 pmol) was added to the autoclave.
Propylene was allowed to flow into the autoclaves during polymerization.

Polymerizations were halted by addition of an O2/Ar gas mixture to the cells. The

reactors were then vented and cooled. Polymer was isolated after the solvent was

removed in-vacuo. Polymerization data are reported in Tables 1-3.

Examples B1-B67. Batch Propylene Polymerizations

[00171] Polymerizations were performed in glass-lined 22.5 mL reactor
equipped with a mechanical stirrer, an external heater for temperature control,
septum inlet and regulated supply of nitrogen, ethylene, and propylene in an inert
atmosphere of a nitrogen glove box. The reactor was dried and degassed at 115°C
for 5 hours and then purged with nitrogen at room temperature for another five
hours. It was finally purged with propylene gas at 50 psig. Hexane, scavenger (2
pmol of tri-n-octylaluminum) and propylene were added at room temperature.
The reactor was heated to process temperature while stirring at 800 rpm. The
activator and catalyst, 20 pmol of each in 0.1 mL of toluene, were injected at
process conditions. The reaction was run to a predetermined time period (43
seconds unless otherwise noted) at the end of which it was quenched with 5 mol%
Oxygen in Argon. The reactor was then cooled, vented and the polymer recovered
by vacuum centrifugation of the reaction mixture. Polymerization data are

reported in Tables 4-6.

[00172] The amounts of hexane and propylene in the reactors for the given

reaction temperature are reported in Table 4.
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Examples C-J. General Procedure for Continuous Ethylene/Propvylene

Copolymerizations

[00173] Polymerizations were conducted in a 980 mL continuous feed
strirred tank polymerization reactor. The reactor pressure was maintained at 320
psi by a restriction on the outflow of the polymerization reactor and agitated with a
twin three bladed pitched propeller type agitator at about 550 rpm. Reactor feeds
(hexane, ethylene, propylene and a solution of tri-(n-octyl)aluminum (TNOA) in
hydrocarbon were continuously fed into the reactor at flow rates indicated in
Tables 7-14. These feeds were refrigerated prior to introduction into the reactor to
maintain the polymerization temperature. A catalyst solution, prepared by mixing
catalyst and activator in toluene was fed separately into the reactor at flow rates
indicated in Tables 7a-14a. The polymerization was rapid and representative
samples were collected after 4 residence times at steady state. Polymer samples
were dried and their mass used to calculate the polymerization rates, which are

reported with other polymer characterization data in Tables 7b-14b.

Examples C1-C9. Copolymerization using C1/A1

[00174] The catalyst solution was prepared from C1 (0.105 g, 1.41 x 10
mol), A1 (0.115 g, 1.43 x 10™* mol) and anhydrous, deoxygenated toluene (900
mL). The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum
(TNOA) in hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization

conditions and results are, respectively, reported in Tables 7a and 7b.

Examples D1-D3. Copolymerization using C2/A1

[00175] The catalyst solution was prepared from C2 (0.122 g, 1.41 x 10
mol), A1 (0.115 g, 1.43 x 10" mol) and anhydrous, deoxygenated toluene (900
mL). The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum
(TNOA) in hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization

conditions and results are, respectively, reported in Tables 8a and 8b.
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Examples E1-E8. Copolymerization using C2/A1

[00176] The catalyst solution was prepared from C2 (0.062 g, 7.1 x 10
mol), A1 (0.057 g, 7.1 x 10°® mol) and anhydrous, deoxygenated toluene (900
mL). The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum
(TNOA) in hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization

conditions and results are, respectively, reported in Tables 9a and 9b.

Examples F1-F4. Copolymerization using C1/A3

[00177] The catalyst solution was prepared from C1 (0.052 g, 7.0 x10®
mol), A3 (0.079 g, 6.9 x10° mol) and anhydrous, deoxygenated toluene (900 mL).
The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum (TNOA) in

hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization conditions and

results are, respectively, reported in Tables 10a and 10b.

Examples G1-G3. Copolymerization using C1/A3

[00178] The catalyst solution was prepared from C1 (0.026 g, 3.5 x 10°
mol), A3 (0.04 g, 3.5 x10” mol) and anhydrous, deoxygenated toluene (900 mL).
The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum (TNOA) in

hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization conditions and

results are, respectively, reported in Tables 11a and 11b.

Examples H1-H8. Copolymerization using C2/A3

[00179] The catalyst solution was prepared from C2 (0.062 g, 7.1 x 10
mol), A3 (0.082 g, 7.2 x10° mol) and anhydrous, deoxygenated toluene (900 mL).
The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum (TNOA) in

hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization conditions and

results are, respectively, reported in Tables 12a and 12b.

Examples I1-I2. Copolymerizations using C4/A1

[00180] The catalyst solution was prepared from C4 (0.0574 g, 7.60 x 10
mol), Al (0.06 g, 7.49 x10° mol) and anhydrous, deoxygenated toluene (900 mL).
The aluminum alkyl solution was prepared from AlOct; (1.0515 g) and anhydrous,
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deoxygenated toluene (800 mL). Polymerization conditions and results are,

respectively, reported in Tables 13a and 13b.

Example I3. Copolymerizations using C4/A1

[00181] The catalyst solution was prepared from C4 (0.1 g, 1.32 x 10*
mol), A1 (0.098 g, 1.22 x10™ mol) and anhydrous, deoxygenated toluene (900
mL). ). The aluminum alkyl solution was prepared from AlOct; (1.0515 g) and

anhydrous, deoxygenated toluene (800 mL). Polymerization conditions and

results are, respectively, reported in Tables 13a and 13b.

Example J1. Copolymerization using C3/A1

[00182] The catalyst solution was prepared from C3 (0.1 g, 1.15x 10
mol), Al (0.097 g, 1.21 x10™ mol) and anhydrous, deoxygenated toluene (900
mL). ). The aluminum alkyl solution was prepared from AlOct; (1.0515 g) and

anhydrous, deoxygenated toluene (800 mL). Polymerization conditions and
results are, respectively, reported in Tables 14a and 14b.

Examples J2-J4. Copolymerizations using C3/A1
[00183] The catalyst solution was prepared from C3 (0.138 g, 1.59 x 10
mol), Al (0.097 g, 1.68 x10™* mol) and anhydrous, deoxygenated toluene (900

mL). The aluminum alkyl solution was prepared from AlOct; (1.0515 g) and
anhydrous, deoxygenated toluene (800 mL). Polymerization conditions and

results are, respectively, reported in Tables 14a and 14b.

Examples K1-K11. Continuous Ethylene Propvlene Copolymerizations using
C2/A1

[00184] Polymerizations were conducted in a 27 L continuous feed strirred

tank polymerization reactor agitated with a twin three bladed pitched propeller
type agitator at 700 rpm. The reactor pressure was maintained at 1600 psig so that
all regions in the polymerization zone were liquid full and had the same
composition during the entire course of the polymerization. Hexane, ethylene,

propylene, 0.3 wt% tri-(n-octyl)aluminum (TNOA) in hexane were continuously
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Example MetaEocene Condition H2/N2 (psig) Propylene (mL) Hexane (mL) TNOAL (mL) Catalyst

Slurry (mL) 0.03 LIC5A54.74.30.70.04 L2C5B54.74.30.70.040.04L3C5C
fed into the reactor. Separately, a catalyst solution, prepared by mixing C2 (1.35
g, 1.56 mmol) and A1 (1.5 g, 1.87 mmol) in oxygen-free anhydrous toluene 4L)
was fed into the reactor. Feed conditions for the copolymerization are reported in
Table 15a. Polymerizations were conducted at temperatures between 60 and 140
°C. The heat of polymerization was removed by addir;g pre-chilled hexane. Small
polymer samples were taken directly from the reactor during steady state operation
and analyzed. Polymer production, catalyst efficiency and polymer properties of
the sampled polymers are reported in Table 15b. After quenching the
polymerization with a solution of water in hexane, the polymer produced were
recovered by a two stage solvent removal process. First, 70% of the solvent was
removed in a lower critical solution temperature process then the remaining
solvent was removed in a LIST devolatization extruder. The solvent removed in
the first stage was dried by passing through a column filled with 3 A and
Selexsorb CD molecular sieves and recycled back to reactor. The solvent
removed in the second stage was slopped. The polymer was finished in pellets

about a 1/8 to 1/4 inch in principal axes.

Examples L1-L16. Propylene Polymerization with Supported Catalyst

[00185] Polymerizations were performed in dry glass-lined 22.5 mL reactor
equipped with a mechanical stirrer, an external heater for temperature control,
septum inlet and regulated supply of nitrogen, hydrogen/nitrogen gas mixture
(20/80), and propylene in an inert atmosphere of nitrogen glove box. The reactor
was dried then charged with a hydrogen nitrogen gas mixture (20 H,: 80 N3) then
propylene, 0.1 M AlOct; and hexane. The reactor was heated to 70 °C then a
gradient of 0.69 wt% slurries of catalyst supported on silica/MAO in toluene were
injected into the reactor. The feed conditions for these experiments are reported in
Table 16a. The polymerizations were halted after 30 min. then quenched with 5
mol% oxygen in argon. The reactor was then cooled, vented and the polymer
recovered by vacuum centrifugation of the reaction mixture. The polymer was
characterized by GPC (vs polystyrene standards). Polymerization data are
reported in Table 16b.
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Stress Strain Behavior of EP Copolymers Prepared in Continuous Solution

Copolymerizations.

[00186] Polymer ( =72 g) prepared in the continuos solution was
homogenized in a2 Brabender intensive mixture for 3 minutes at a temperature
controlled to be within 180-220 °C. High shear roller blades were used for the
mixing and approximately 0.4 g of Irganox-1076, an antioxidant available from
the Novartis Corporation, was added to the blend. At the end of the mixing, the
mixture was removed and pressed out into a 6" x 6" mold into a pad 025" thick at
215 °C for 3 to 5 min. At the end of this period, the pad was cooled for 2.5 min
and removed and allowed to anneal for 40-48 h. Test specimens of the required
dumbbell geometry were removed from this pad and evaluated on an Instron tester
to produce the data shown in Table 17. Young's Modulus, Ultimate elongation
and Ultimate tensile were determined according to ASTM D638 and modulus
data at 50%, 100%, 200% and 500% was recorded for the test done according to
ASTM D638.

Composition Distribution Determination of EP Copolymers Prepared in

Continuous Solution Copolymerizations.

[00187] Composition distribution of the polymers as described above was
measured as described below. About 30 g of the second polymer component was
cut into small cubes about 1/8" on the side. This is introduced into a thick walled
glass bottle closed with screw cap along with 50 mg of Irganox1076, an
antioxidant commercially available from Ciba - Geigy Corporation. Then, 425
mL of hexane (a principal mixture of normal and ISO isomers) is added to the
contents of the bottle and the sealed bottle is maintained at about 23 °C for 24 h.
At the end of this period, the solution is decanted and the residue is treated with
additional hexane for an additional 24 h. At the end of this period, the two-
hexane solutions are combined and evaporated to yield a residue of the polymer
soluble at 23 °C. To the residue is added sufficient hexane to bring the volume to
425 mL and the bottle is maintained at about 31 °C for 24 h in a covered
circulating water bath. The soluble polymer is decanted and the additional amount

of hexane is added for another 24 hours at about 31 °C prior to decanting. In this
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manner, fractions of the second polymer component soluble at 40, 48, 55, and 62
°C are obtained at temperature increases of approximately 8 °C between stages.
Further, increases in temperature to 95 °C can be accommodated, if heptane,
instead of hexane, is used as the solvent for all temperatures above about 60 °C.
The soluble polymers are dried, weighed and analyzed for composition, as wt%
ethylene content, by the IR technique described above. Soluble fractions obtained
in the adjacent temperature increases are the adjacent fractions in the specification

above. Results are reported in Table 18.

Table 1. Example A. Monomer Feed Conditions®

T (°C) 40 75
Hexane (mL) 2.127 11.997
Toluene (mL) 0.2 0.2
Propylene Pressure (psig) 37 85
Catalyst (micromoles) 0.02 0.02
Al(Oct); (micromoles) 1 1

*Total amounts of reagents in autoclave at initiation of polymerization.

Table 2. Examples A1-A66. Semibatch Propylene Polymerization Data

Example|Metallocene/| Mw Mw/Mn | Temp Yield Polymer Tm
Activator (°C)

A-1 Comp2/Al [1360181 1.69 40 0.0182
A-2 Comp2/Al [1232499| 1.66 40 0.0165
A-3 Comp2/A1 [1137802| 1.66 40 0.0211
A-4 Comp2/Al | 935247 1.77 40 0.0738
A-5 Comp2/Al1 | 689884 1.79 40 0.0988
A-6 Comp2/A1 [1255412| 1.52 40 0.0315
A-7 Comp2/A1 |1314435| 1.65 40 0.0415 164.09, 154.34
A-8 Comp2/A1 |1262111| 1.75 40 0.0526
A-9 Comp2/A1 |1033984| 1.72 40 0.0528
A-10  [Comp2/A1 |1011980f 1.74 40 0.0281
A-11 Comp2/A1 1083342} 1.76 40 0.0617
A-12  |Comp2/Al | 999616 1.69 40 0.0309
A-13 Comp2/Al [1073986] 1.71 40 0.0411
A-14  |Comp2/Al |1185897| 1.73 40 0.0264
A-15 Comp2/Al1 1188284 1.67 40 0.0315
A-16  |Comp2/Al |1100556| 1.74 40 0.0271
A-17 Comp2/Al | 218840 1.62 75 0.0356
A-18 Comp2/Al | 187897 1.71 75 0.0796
A-19  |Comp2/Al | 175380 1.64 75 0.0837
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A-20  |[Comp2/Al | 152318 1.60 75 0.1359
A-21 Comp2/A1 | 155605 1.56 75 0.1265
A-22 Compl/Al | 525429 1.70 40 0.0933
A-23 Compl/Al | 528591 1.67 40 0.0852
A-24  |Compl/Al | 514103 1.70 40 0.1242
A-25 Compl/Al | 476069 1.81 40 0.151
A-26 Compl/Al | 469304 1.83 40 0.171
A-27 |Compl/Al | 523090 1.65 40 0.1699
A-28 Compl/Al | 669610 1.56 40 0.0789 139.42
A-29 |Compl/Al | 624085 1.56 40 0.0918
A-30 |[Compl/Al | 733533 1.76 40 0.0228
A-31 Compl/Al | 587852 1.75 40 0.0719
A-32 Compl/Al | 575723 1.67 40 0.1044
A-33 Compl/Al | 551901 1.72 40 0.0741
A-34 Compl/Al | 666727 1.69 40 0.0296
A-35 Compl/Al | 411251 1.72 40 0.1051
A-36 Compl/Al | 565723 1.65 40 0.0773
A-37 Compl/Al | 582961 1.66 40 0.0837
A-38 Compl/Al | 543852 1.70 40 0.0829
A-39 Compl/Al | 131368 1.61 75 0.0868
A-40 Compl/Al | 147248 1.70 75 0.0988
A-41 Compl/A1 | 113230 1.56 75 0.1143
A-42 Compl/Al | 106186 1.54 75 0.1549 126.97
A-43 Compl/Al | 107889 1.57 75 0.1657
A-44  |C1/Al 967297 1.68 40 0.2163
A-45 C1/Al 985383 1.66 40 0.2007
A-46 C1/A1 902080 1.74 40 0.2664
A-47 Cl/Al 751598 1.82 40 0.218
A-48 Cl/Al 851656 1.93 40 0.256
A-49 Cl/Al 902545 1.97 40 0.2567
A-50 |Cl/Al 1047008 | 1.66 40 0.2063 136.6
A-51 Cl/Al 1204014 | 1.62 40 0.1705
A-52 Cl/Al 986381 1.70 40 0.2442
A-53 C1/A1 1092381 1.78 40 0.182
A-54 |C1/Al 1190085 1.81 40 0.1653
A-55 Cl/Al 1040966| 1.85 40 0.2469
A-56  |Cl/Al 1320134 1.75 40 0.128
A-57 Cl/Al 1006150 | 1.88 40 0.2048
A-58 C1/Al 1250139| 1.80 40 0.1936
A-59 Cl/Al 1310244 1.79 40 0.1809
A-60 |Cl/Al 1273133 | 1.68 40 0.1796
A-61 C1/Al 269748 1.85 75 0.1824
A-62 C1/Al 257174 1.88 75 0.2253
A-63 Cl/Al 250578 1.86 75 0.2084
A-64 |C1/Al 223473 1.98 75 0.2442
A-65 Cl/Al 291737 1.70 75 0.1807 132.39
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Table 3. Example A. Summary of Semibatch Propylene Polymerization Data

Metallocene/Activato| Temp | AvgMw |Std. Dev. Mw | Number of
r (°C) (g/mol) (g/mol) Experiments
C1/Al 40 1063600 140580 17
Compl/Al 40 561753 60257 17
Comp2/Al 40 1116576 125502 16
Cl1/A1 75 259597 15855 6
Compl/Al 75 121184 14499 5
Comp2/Al 75 178008 20288 5

Table 4. Example B. Monomer Feed Conditions for Batch Propylene

Polymerizations

Reaction Hexane (mL) Propylene (mL)

Temperature

40 °C 3.965 0.628

70 °C 3.805 0.704

100 °C 3.690 0.795

Table 5. Examples B1-B87. Batch Propylene Polymerization Data

Example [Metallocene/ Temp (°C)| Yield (g) Mw |Mw/Mn| Tm | Hf
Activator (g/mol) O | (/g

B-1 Compl/Al 40 0.0151 648330 1.5

B-2 Compl/Al 40 0.0168 682091 1.4

B-3 Compl/Al 40 0.0171 647855 1.5

B-4 Compl/Al 40 0.0155 682145 1.5

B-5 Comp2/A1l 40 0.0142 | 1237555 1.5

B-6 C2/Al 40 0.0128 | 2132896 1.3

B-7 C2/A1 40 0.0135 | 2166262 1.3

B-8 C2/A1 40 0.0101 | 2032035 1.3

B-9 C2/A1 40 0.0126 | 2549407 1.3

B-10 Cl1/Al 40 0.0126 | 2105520 1.4

B-11 Compl/Al 70 0.0215 214255 1.4

B-12 Compl/Al 70 0.0337 201936 1.5

B-13 Compl/Al 70 0.0216 215022 14

B-14 Compl/Al 70 0.031 204352 1.5

B-15 Compl/Al 70 0.0257 223219 1.4

B-16 Compl/Al 70 0.0246 214879 14

B-17 Compl/Al 70 0.0339 195381 14

B-18 Compl/Al 70 0.0374 190041 14 | 135 | 76

B-19 Compl/Al 70 0.0394 217926 1.4

B-20 Compl/Al 70 0.0339 222444 1.4

B-21 Compl/Al 70 0.034 205137 1.4
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B-22 Compl/Al 70 0.0359 198796 14

B-23 Compl/Al 70 0.0174 206379 1.4

B-24 Comp1/Al 70 0.0399 211205 1.4

B-25 Comp2/Al 70 0.0248 265047 1.5

B-26 Comp2/Al 70 0.0283 256103 1.5

B-27 Comp2/Al 70 0.0263 278984 1.5

B-28 Comp2/Al 70 0.0236 253721 1.5

B-29 C2/A1 70 0.0287 | 1005952 1.5

B-30 C2/A1 70 0.0245 996420 1.5

B-31 C2/Al 70 0.0228 | 1022520 1.5

B-32 C2/A1 70 0.0216 941040 1.5

B-33 Cl/Al 70 0.0298 741315 1.5

B-34 Cl/Al 70 0.0359 687730 1.5 134 | 70
B-35 Cl/Al 70 0.034 818005 1.5 136 | 75
B-36 C1/A1 70 0.0357 818694 1.5 133 | 76
B-37 C1/A3 70 0.0112 | 1241379 14

B-38 C1/A3 70 0.0103 | 1220134 1.4

B-39 C2/A3 70 0.0123 | 1001408 1.4

B-40 C2/A3 70 0.0128 | 1006577 1.5

B-41 C2/A3 70 0.0109 896320 1.5

B-42 C1/A2 70 0.0353 696371 1.5

B-43 C1/A2 70 0.036 722538 1.5

B-44 C1/A2 70 0.0461 666835 1.5

B-45 C1/A2 70 0.0425 723357 1.6

B-46 C2/A2 70 0.029 813853 1.5

B-47 C2/A2 70 0.0253 831702 1.5

B-48 C2/A2 70 0.0244 881734 1.5

B-49 C2/A2 70 0.0274 948407 1.5

B-50 Comp1/Al 100 0.0354 46933 1.4

B-51 Compl1/Al 100 0.0168 52225 1.4

B-52 Compl/Al 100 0.0283 49153 1.4

B-53 Compl1/Al 100 0.0451 46804 1.4

B-54 Comp1/Al 100 0.0445 48045 1.4

B-55 Compl/Al 100 0.0329 47905 1.4 122 | 40
B-56 Compl/Al 100 0.0307 50826 14

B-57 Compl/Al 100 0.0395 45812 1.4

B-58 Comp2/Al 100 0.0398 62064 1.4 148 | 80
B-59 Comp2/Al 100 0.0554 55896 1.5 151 | 106
B-60 Comp2/Al 100 0.0685 56767 1.5

B-61 Comp2/Al 100 0.069 53370 1.5

B-62 C2/A1 100 0.0161 155070 1.5

B-63 C2/A1 100 0.0192 199260 1.5

B-64 C2/A1 100 0.0266 173242 14

B-65 C1/A1 100 0.0254 195451 14

B-66 C1/Al 100 0.0344 183654 14 | 128 | 70
B-67 C1/A1 100 0.0349 168068 14 1126 | 69
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Stress Strain Behaviour of EP Copolymers Prepared in Continuous lution CoDolvmerizations. Sample

.. Youngs Mggglusafid Mdodulus 100% Modulus 200% Modulus 500% MogghlgWitimpateglongation
Ultimate tensile Example psi psi psi psi psi % psi G 335596.2 785.06 690.67 669.82 1010.04 913.96
1774.11 C2 93104.45 447.94

Table 6. Example B. Summary of Batch Propylene Polymerization Data

Metallocene/ Temp Avg Mw Std Dev Mw | Number of

Activator (°C) (g/mol) (g/mol) Experiments
C1/Al 40 2105520 1
C2/A1 40 2220150 226800 4
Comp1/Al 40 665105 19646 4
Comp2/Al 40 1237555 1
C1/A1 70 766436 63812 4
C1/A2 70 702275 26745 4
CI1/A3 70 1230756 15022 2
C2/A1 70 991483 35315 4
C2/A2 70 868924 60277 4
C2/A3 70 968102 62218 3
Compl/Al 70 208641 10025 14
Comp2/Al 70 263464 11438 4
C1/A1 100 182391 13735 3
C2/A1 100 175857 22211 3
Comp1/Al 100 48463 2165 8
Comp2/Al 100 57024 3656 4

Table 7A. Examples C1-C9. Feed Conditions for Copolymerizations Using C1/A1

Ex. C1 C2 C3 C4 Cs5 Cé6 C7 C8 | C9
Hexane (mL/min) 90 90 90 90 90 90 90 90 | 90
Ethylene (g/min) 0.895 | 1.12 | 1.12 ] 0.783 | 094 |1.436| 135 |125| 1.5
Propylene (g/min) 13.52 | 13.52 | 13.52 | 947 | 9.47 |13.52| 13.52 [13.52|16.23

Temp (°C) 90 90 90 90 120 90 90 90 | 90
Cat. (mL/min) 0.75 1 075 | 075 | 0.75 | 0.75 | 0.6 | 045 [0.35]0.35
TNOA (mL/min) L5 1.5 1.5 L5 1.5 1.5 1.5 15 |15

Table 7b. Examples C1-C9. Polymerization Results for Copolymerizations Using
Cl/Al

Ex C1 C2 C3 C4 C5 Cé6 C7 C8 C9

IPolym. Rate (g/h) | 453.6 | 507.9 | 418.4 | 346.2 | 383.7 | 478.4 | 449.3 | 469.0 | 562.4

C2 content (Wt %) | 10.21 | 12.45 | 13.09 | 11.64 | 11.6 | 16.56 | 15.71 | 14.88 | 14.31

Conc.” (wt %) 12.49 | 12.38 | 11.67 | 8.42 | 10.99 | 11.93 | 11.84 | 11.43 | 13.62

Mn (g/mol) 36556 | 34935 | 56225 | 46493 | 15398 | 47647 | 43892 | 42204 | 40660
IMw (g/mol) 72674 | 56755 | 88920 | 70119 | 31654 | 85523 | 76746 | 75516 | 72532
dHP (T/g) 26.8 | 253 | 236 | 315 | 77 | 63 | 133 | 198 | 182
Tm (°C) 43 43 | 43 | 43 45 | 48 | 47 | 45 | 44

®Polymer concentration in solvent. “Heat of fusion.

Table 8A. Examples D1-D3. Feed Conditions for Copolymerizations Using C2/A1
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Ex. D1 D2 D3
Hexane (mL/min) 90 90 90
Ethylene (g/min) 0.895 | 1.12 1.12
Propylene (g/min) 13.525 | 13.525 13.525
Temp (°C) 90 90 60
Cat. (mL/min) 0.75 0.75 0.75
TNOA (mL/min) 1.5 1.5 1.5
Table 8b. Examples D1-D3. Polymerization Results for Copolymerizations Using
C2/A1

Ex. D1 D2 D3
Polym. Rate (g/h) 4314 | 4294 351.2
C2 content (wt %) 10.53 12.97 13.33
Conc.” (wt %) 11.67 10.63 9.78
Mn (g/mol) 58191 | 55007 94382
Mw (g/mol) 96793 | 96062 157313
dHf (J/g) 39.3 20.5 23.1
Tm (°C) 43 44 43

*Polymer concentration in solvent. "Heat of fusion.

Table 9A. Examples E1-E8. Feed Conditions for Copolymerizations Using C2/A1

Ex. El E2 E3 E4 E5 E6 E7 E8
Hexane (mL/min) 90 90 90 90 90 90 90 90
Ethylene (g/min) 144 | 135 | 1.25 | 1.52 1.44 1.35 1.25 1.35
Propylene (g/min) | 13.53 | 13.53 | 13.53 | 16.23 | 13.53 | 13.53 | 13.53 | 16.23
Temp (°C) 90 90 90 90 70 70 70 70
Cat. (mL/min) 1.2 0.9 0.7 0.7 1.2 0.9 0.7 0.7
TNOA (mL/min) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Table 9b. Examples E1-E8. Polymerization Results for Copolymerizations Using

C2/Al

Ex. Fl E2 E3 E4 ES E6 E7 E8
Polym. Rate (g/h) 4539 | 422.6 | 325.5|341.82| 389.4 | 323.9 | 254.3 | 355.07
C2 content (wt %) 16.11 |16.02 |16.57|19.72 | 17.11 | 17.65 | 17.73 | 15.15
Conc.” (wt %) 11.23 | 11.79 | 9.83 | 8.86 | 10.93 | 9.09 7.14 9.96
Mn (g/mol) 55595 | 60736 | 64667 | 66848 | 100133 | 79530 | 84668 | 89135
Mw (g/mol) 108773 {112539{117315/117138]209073 | 146609 | 154093 | 160616
d=f (J/g) 7.6 8.2 7.6 1.0 4.2 1.3 0.98 11.5
Tm (°C) 46 47 47 48 47 47 49 45

*Polymer concentration in solvent. ®Heat of fusion.

Table 10A. Examples F1-F4. Feed Conditions for Copolymerizations Using

C1/A3
Ex. F1 F2 F3 F4
Hexane (mL/min) 90 90 90 90
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Ethylene (g/min) 1.436 | 1.35 1.25 1.6
Propylene (g/min) 13.525 | 13.525 | 13.525 16.23
Temp (°C) 90 90 90 90

Cat. (mL/min) 1.2 0.9 0.7 0.7
TNOA (mL/min) 1.5 1.5 1.5 1.5
Table 10B. Examples F1-F4. Polymerization Results for Copolymerizations Using
C1/A3

Ex. Fl F2 F3 F4
Polym. Rate (g/h) 485.2 | 455.7 381.2 475.3
C2 content (wt %) 16.23 | 16.38 16.32 16.52
Conc.? (wt %) 14.13 | 12.70 10.81 14.37
Mn (g/mol) 49984 | 53889 | 55427 55951
Mw (g/mol) 91650 | 97287 | 100107 100309 -
dHf° (J/g) 10 12.5 11.4 8.6

Tm (°C) 48 47 46 50

*Polymer concentration in solvent. "Heat of fusion.

Table 11A. Examples G1-G3. Feed Conditions for Copolymerizations Using

C1/A3

Ex. Gl G2 G3
Hexane (mL/min) 90 90 90
Ethylene (g/min) 1.52 1.45 1.35
Propylene (g/min) 16.23 16.23 16.23
Temp (°C) 90 90 90
Cat. (mL/min) 1.2 0.9 0.7
TNOA (mL/min) 1.5 1.5 1.5
Table 11b. Examples G1-G3. Polymerization Results for Copolymerizations
Using C1/A3

Ex. Gl G2 G3
Polym. Rate (g/h) 333.58 218.94 167.72
C2 content (Wt %) 18.59 20.82 20.76
Conc.” (wt %) 10.07 7.21 5.53
Mn (g/mol) 64877 67506 70690
Mw (g/mol) 139060 147172 | 153268
dHf’ (J/g) 3.6 1 1.9
Tm (°C) 47 47 47

*Polymer concentration in solvent. "Heat of fusion.

Table 12A. Examples H1-HS8. Feed Conditions for Copolymerizations Using

C2/A3

Ex. H1 H2 H3 H4 HS5 H6 H7 HS

Hexane (mL/min) 90 90 90 90 90 90 90 90

Ethylene (g/min) | 1.436 | 1.35 1.25 1.6 1436 | 1.35 1.25 1.35
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137.23 141.59 185.86 903.63 413.28 Table 18. Composition Distribution Determination of EP
Copolymers Rigpash s ontinuous Solution Copolymerizations. Sample B@giQksoliigsat 23 C
Fraction soluble at 31 C Fraction soluble at 40 C Fgaction soluble at 48 C Fraction soluble at 56 C Ex.
Wit% C2 wt% Wt% C2 wt% Wt% C2 wt% Wt% C2 wt% Wt% C2 wt% CI

Propylene (g/min) | 13.525 | 13.525 | 13.525 | 16.23 | 13.525 | 13.525 | 13.525 | 16.23
Temp (°C) 90 90 90 90 70 70 70 70
Cat. (mL/min) 1.2 0.9 0.7 0.7 1.2 0.9 0.7 0.7
[TNOA (mL/min) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Table 12b. Examples H1-HS8. Polymerization Results for Copolymerizations

Using C2/A3

Ex. H1 H2 H3 H4 HS H6 H7 H8
Polym. Rate (g/h) | 400.3 | 373.9 | 301.9 |362.92 | 404.8 | 286.1 | 277.3 | 258.39
C2 content (wt %) | 17.08 | 16.91 | 16.99 | 18.51 | 18.85 | 0.75 | 18.93 | 18.56
Conc.” (wt %) 11.73 | 11.68 | 9.345 | 10.87 | 7.43 48.5 7.22 6.76
Mn (g/mol) 65852 | 64015 | 68412 | 73549 | 116409 | 93779 |102761 109127
Mw (g/mol) 119694 | 121598 | 160803 | 165140 | 205548 | 150839 | 160747 | 166821
daf (J/g) 7.6 8.2 7.6 1 22.95 | 0.52 0.48 2.94
Tm (°C) 48 48 48 48 43.1 48 48.5 49.7

*Polymer concentration in solvent. "Heat of fusion.

Table 13a: Feed Conditions for Copolymerization Using C4/A1.

Ex. I1 12 I3
Hexane (ml/min) 90 90 90
Ethylene (g/min) 1.44 1.43 1.44
Propylene (g/min) 14.38 14.8238 16.88
Temp (°C) 70 70 90
Cat. (mL/min) 1.94 2.0 1.75
TNOA (mL/min) 1.5 1.5 1.5
Table 13b. Examples I1-I3. Polymerization Results for Copolymerizations Using
C4/A1
Ex. 11 12 I3
Polym. Rate (g/h) 588 458 319
C2 content (wt %) 19.2 19.5 21.6
Conc.” (wt %) 14.2 11.38 8.23
Mn (g/mol) low low low
Mw (g/mol) low low low
dHf° (/) 1 1 na
Tm (°C) 48 48 na

*Polymer concentration in solvent. "Heat of fusion.

Table 14a: Examples J1-J4. :

Ex. J1 J2 J3 J4
Hexane (mL/min) 90 90 90 90
Ethylene (g/min) 1.077 | 1.35 1.35 1.35
Propylene (g/min) 13.53 | 15.01 | 14.58 16.23
Temp (°C) 70 70 70 70

Feed Conditions for Copolymerization Using C3/A1.
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Cat. (mL/min) 2.0 1.5 1.9 2.4
TNOA (mIL/min) 1.5 1.5 1.5 1.5
Table 14b. Examples J1-J4. Polymerization Results for Copolymerizations Using
C3/A1
Ex. J1 12 J3 J4
Polym. Rate (g/h) | 319 380 351 419
C2 content (wt %) | 20.03 | 23.3 22.7 | 21.99
Conc.” (wt %) 8.23 9.64 8.98 | 10.54
Mn (g/mol) low low low low
Mw (g/mol) low low low low
dHf (1/g) na 1 na na
Tm (°C) na 48 na na

“Polymer concentration in solvent. "Heat of fusion.

Table 15a. Examples K1-K11. Feed Conditions for Continuous Ethylene
Propylene Copolymerizations Employing C2/A1

Example| Polym. | C2rate C3 rate C6 rate cat/act Scav/Cat
Temp (°C)| (Kg/h) (Kg/h) (Kg/h) | (mol/mol) | (mol/mol)
K1 142.0 10.50 5.94 74.42 1.0 11.3
K2 141.4 10.50 6.88 74.42 1.0 17.7
K3 141.6 10.00 11.76 76.35 1.0 18.5
K4 66.0 2.10 24.98 90.10 1.0 16.1
K5 66.0 1.89 26.63 90.24 1.0 19.0
K6 66.0 1.58 27.82 90.36 1.0 19.0
K7 67.0 1.99 18.84 89.67 1.0 22.4
K8 67.0 2.76 27.90 90.04 1.0 38.5
K9 66.0 2.88 27.84 89.96 1.0 36.9
K10 70.0 2.06 24.20 90.03 1.0 26.3
K11 70.0 2.75 18.90 89.93 1.0 28.2

Table 15b. Examples K1-K11. Polymerization Results for Continuous Ethylene

Propylene Copolymerizations Employing C2/A1

Ex. | Poly Cat wt% |[mm]*| m/® |Inversions [r1r2*| Mw® | Mn® |[Mw°/Mn®
Rate | Efficiency | C2° (EPPE) [per 1000C* (g/mol) | (g/mol)
(Xg/h) (g Pol/g cat)
K1 10.1 106359 75.8 4.3 0.45 [ 123876 | 46343 2.67
K2 10.3 128142 73.9 3.8 0.49 | 115976 | 39420 2.94
K3 11.7 151910 61.3 5.1 0.54 | 76895 | 28620 2.69
K4 9.6 199518 12.7 89.3 3.5 0.78 | 187044 | 79186 2.36
K5 10.0 176887 10.8 89.3 4.2 0.79 1192584 | 98610 1.95
K6 10.2 181331 8.0 90.4 3.6 0.89 [207560| 82134 2.53
K7 9.6 151008 13.5 91.2 3.8 0.79 1155025 | 76753 2.02
K8 10.5 283609 13.8 914 3.9 0.69 | 180593 | 89364 2.02
K9 10.2 263865 14.3 88.4 4.1 0.74 |211564 105927 2.00
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K10 | 10.6 | 196203 | 11.9 | 90.2 3.5 0.79 1169106 | 82310 | 2.05
K11 | 9.6 189528 | 18.1 91 3.3 0.71 1150801 | 77043 | 1.96

*Determined from “C{'H}NMR measurements. "Determined using a light
scattering detector. “Determined using a differential refractive index detector.

Table 16a. Feed Conditions for Supported Propylene Polymerizations

Example | Metallocene |Condition| Hy/N, |Propylene| Hexane |[TNOAL| Catalyst
(psig) | (mL) (mL) (mL) | Slury

(mL)
L1 C5 A 54.7 4.3 0.7 0.04 0.03
L2 C5 B 54.7 4.3 0.7 0.04 0.04
L3 C5 C 54.7 4.3 0.7 0.04 0.05
L4 C5 D 54.7 4.3 0.7 0.04 0.06
L5 C5 E 54.7 4.3 0.7 0.04 0.07
L6 C5 F 54.7 4.3 0.7 0.04 0.08
L7 C5 G 54.7 4.3 0.7 0.04 0.09
L8 C5 H 54.7 4.3 0.7 0.04 0.1
L9 Comp3 A 54.7 4.3 0.7 0.04 0.03
L10 Comp3 B 54.7 4.3 0.7 0.04 0.04
L11 Comp3 C 54.7 4.3 0.7 0.04 0.05
.12 Comp3 D 54.7 4.3 0.7 0.04 0.06
13 Comp3 E 54.7 4.3 0.7 0.04 0.07
L14 Comp3 F 54.7 4.3 0.7 0.04 0.08
L15 Comp3 G 54.7 4.3 0.7 0.04 0.09
L16 Comp3 H 54.7 4.3 0.7 0.04 0.1
Table 16b. Supported Propylene Polymerization Data
Example | Metallocene |Condition| Yield (g)| Mw Mn Mw/Mn

(g/mol) | (g/mol)

L1 C5 A 0.018 | 512844 | 246721 2.08
L2 C5 B 0.0224 | 578900 | 312660 1.85
L3 C5 C 0.0354 | 534760 | 296029 1.81
L4 C5 D 0.0419 | 560049 | 313920 1.78
L5 C5 E 0.0205 | 934851 | 446849 2.09
L6 C5 F 0.0321 | 662337 | 374585 1.77
L7 C5 G 0.0325 | 626450 | 356518 1.76
L8 C5 H 0.0445 | 568224 | 319236 1.78
L9 Comp3 A 0.0391 | 473241 | 206032 2.30
L10 Comp3 B 0.0673 | 220344 | 115631 1.91
L11 Comp3 C 0.0954 | 183047 | 102653 1.78
L12 Comp3 D 0.174 | 209586 | 113992 1.84
L13 Comp3 E 0.2088 | 266103 | 138948 1.92
L14 Comp3 F 0.224 | 230346 | 129264 1.78
L1i5 Comp3 G 0.2338 | 228364 | 125242 1.82
L16 Comp3 H 0.2519 | 294877 | 167917 1.76
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Table 17. Stress Strain Behaviour of EP Copolymers Prepared in Continuous
Solution Copolymerizations.

Sample Youngs 50% 100% 200% 500% | Ultimate | Ultimate
Modulus | Modulus | Modulus | Modulus | Modulus |elongation| tensile
Example psi psi psi psi psi % psi
C1 335596.2| 785.06 | 690.67 | 669.82 | 1010.04 | 913.96 | 1774.11
C2 93104.45| 447.94 | 479.27 | 479.11 | 646.25 9454 | 1322.57
C3 60267.47 | 430.12 | 461.72 468.5 749.89 | 857.26 | 1681.33
C6 42483.11| 153.87 | 172.29 | 194.37 | 264.55 | 976.99 | 481.15
C7 45406.24 | 192.62 | 220.82 | 251.81 | 336.84 | 976.35 620.7
C8 44453.35| 24235 | 279.26 | 311.28 406.8 962.46 | 793.66
D2 33615.43 | 325.41 | 364.29 392.2 618.02 | 844.29 | 1408.99
D3 23626.48 | 355.89 | 392.11 | 41827 | 854.01 | 742.17 | 2108.61
E1 57684.18 | 127.91 | 138.82 | 143.39 | 180.36 | 953.31 | 373.38
E3 41496.2 | 129.53 | 141.22 145.1 183.61 | 926.93 | 408.98
E4 71708.91 | 49.52 49.13 67.91 51.17
F2 30811.26| 215.9 245.19 | 274.34 | 420.31 | 882.47 | 882.71
Gl 49528.21 | 93.45 99.28 96.52 99.17 | 1013.42 | 167.55
C3 32559.32 | 66.24 68.97 61.72 43.57 83.21 69.51
H2 4239324 126.03 | 137.23 | 141.59 | 185.86 | 903.63 | 413.28

Table 18. Composition Distribution Determination of EP Copolymers Prepared in

Continuous Solution Copolymerizations.

Sample | Fraction soluble | Fraction soluble | Fraction soluble | Fraction soluble | Fraction soluble
at 23 °C at 31 °C at 40 °C at 48 °C at 56 °C

Ex. Wit%|C2 wi%| Wi%|C2 wt%| Wt%|C2 wi%| Wit%|C2 wt%| Wi%|C2 wt%

C1 18.5 10 824 105

C2 99.3 12.6

C3 99.8 13.7

Cé 102.3 16.3

C7 101 16

C8 7.2 14.7] 93.6; 86.9

D2 102]  12.6

D3 101.6f 13.1

El 101.4 16

E3 101.3 16.6

E4 100.1 19.6

F2 64.1 16.1] 37.1 16.2

Gl 100.1 18.2

C3 100.4] 203

H2 100.3 16.5
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and/or testingyy 9sRANIESH As is apparent from the foregoing general descrtionsand the specific
embodiments, while forms of the invention have bagn illustrated and described, various modifications
can be made without departing from the spirit and scope of the invention. Accordingly, it is not
intended that the invention be limited thereby. 87 CLAIMS: 1.Continuous solution polymerization
process to polymerize olefins with scavengers selected from the group consisting of

trimethylaluminurf)OtHisthylalundiflsiesuriews dsperibas daraintAre ineoprivtas drrefensdegi-n-octylaluminum
at a temperature gf, /) 19, 5, E0C.GO MRSIHPASAMBIRNG FUMISHR AN RRRAUEE R7pRIZHRY anion

precursor compound that ionizes the bridged metallocene metal center into a cation and provides a

counterbalancingifsn desofereasing sensal eeraripienpdsimrresifieemhodinaiicvtaideforms Me MeMe
88 where Me is metylifiis Sipfakime RNt RRROY hingkRHscalliea o RsatGH sheepohimer of

propylene and ethylene with a lower limit of 5 wt% ethylene and i _ )
made without departing from the spirit and scope of the invention. Accordingly, it

is not intended that the invention be limited thereby.
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an upper limit of 25 wt% ethylene based on the total weight of ethylene and propylene derived
units. 5 2. Process according to Claim 1 in which the activator is represented by the following
formula: (St+)u (NCAv-)  St+ is a cation component having the charge t+; NCAv- is a
non-coordinating anion having 10 the charge v-; t¥ an integer from 1 to 3; v is an integer from
1 to 3; u and v are constrained by the relationship: (u) x (t) = (v) x (w); where St+ is a Bronsted
acid or a re&let¥MBeawis acid capable of ionizing or abstracting a moiety. 3. Process
according tq Clai i ' {i IS ted from the group 15 sisting of
N, N-dimethy|ani|ir:\%‘l"r%ﬂtgét‘rg;%g%ﬁ&oﬁ?ﬁ%ﬁ%@%ﬁ%ﬁ%ﬂ ﬁgwﬁé%%gﬁe%]}}% Wil scavengers
tetraki S(per%?gﬂﬁﬁm)@@@@.}p consisting of trimethylaluminum, triethylaluminum,

triisobutylaluminum, tri-n-hexylaluminum, and tri-n-octylaluminum at a temperature of 70 to
5 150°C comprising combining ethylene and propylene, an tonizing anion precursor compound
that ionizes the bridged metallocene metal center into a cation and provides a

counterbalancing noncoordinating anion, and a composition of the formula selected from:

Me Me Me Me

Me, Me Me

o

Mg Me Me
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where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon,
to produce a copolymer of propylene and ethylene with a lower limit of 5 wi% ethylene and
an upper limit of 25 wt% ethylene based on the total weight of ethylene and propylene

derived units.

2. Process according to Claim 1 in which the activator is represented by the following

formula:
(St (NCAYY),,

St* is a cation component having the charge t+; NCAY is a non-coordinating anion having
the charge v-; t is an integer from 1 to 3; v is an integer from 1 to 3; u and v are constrained

by the relationship: (u) x (t) = (v) x (w); where St* is a Bronsted acid or a reducible Lewis

acid capable of ionizing or abstracting a moiety.

3. Process according to Claim 1 in which the activator is selected from the group
consisting of N,N-dimethylanilinium tetrakis(perfluorophenyl)borate and triphenylcarbenium
tetrakis(perfluorophenyl)borate,





