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5[ 0001] This application clainms priority to and the benefit of USSN

12/ 143,663, filed June 20, 2008 and EPA 08164840.4, filed Septenber 23,
2008. FIELD OF THE | NVENTI ON [0002] This invention relates to olefin

ol i goneri zation, particularly propyl ene-ethyl ene oligonerization, to
produce vinyl term nated oligonmers. 10 BACKGROUND OF THE | NVENTI ON
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Polynerlzatlon and At om Tr ansf er di cal meri zation," Macronol ecul es 38
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allylic V|ny , at| turations, by 11-1 NVMR Thereafter,
Resconi , dmnﬁfemﬂﬁf&éwgﬁg4g%gﬂ% ‘14 1992, 1025- 1032), disclose the use
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obt o} ned bt UHER fy PUBPAHET BRPELAITS Hg e o1 R “ahd A iR Eeu ar
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amdo iron catalyst in a |ow tenperature polynerization to produce | ow

mol ecul ar wei ght anor phous propyl ené frateri al s apparently having

predom nant or exclusive 2,1 chain growh, chain termnation via

bet a- hydri de elim nation, and high anounts of vinyl end 25 groups.
Deknezian et al. (Macronol. 33, 2000, 8541-8548) discloses materials with
up to about 81 percent vinyl term nation made using dinmethylsilyl

bi s(2-nmet hyl, 4-phenyl -indenyl) hafnium dichloride and net hyl al unbxane in
tol uene at about 120C. The materials have a nunber average nol ecul ar wei ght
of about 12,300 (neasured with 11-1 NVR) and a nelting point of about 143C.
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[ 00101Coates et al. (ilacroinol 2005 38, 6259) discloses preparation of |ow
nol ecul ar wei ght syndi otactic pol ypropylene ([rrrr] = 0.46-0.93) wth about
100% al Il y! end groups 5 using bis(phenoxyimne)titaniumdichloride

((F H1)2Ti C12) activated with nodified nethyl alunoxane (MVAG AUTi nol ar
ratio = 200) in batch polynerizations run between -20 and +20C for four
hours. For these polynerizations, propylene was dissolved in toluene to
create a 1.65 Mtoluene solution. Catalyst productivity was very |low (0.95
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unsat urati onf HEERr BE8RL b VR B SR Oet e, SOAT ARG S8 o Bl sthyllene.
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di mret hyl sil WOG&I s( Snmfetlmﬂmalléhnpﬁmmyhart (Mecmyﬁu)/ Z1 r6rMi3am cdicﬂmtshyé uenfa
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di met hyl si | ag%qw Lhd J&ln@éﬁg\ ahy %Etgfhk{;:r c{eeéwmaﬂ%brgnd”hgﬁna%uﬁ' U As COHDOU”O'
wi t h net hyl aFunoxXane at ‘ene oOFI gorer re ortea

have 95%?2al | gloupserRdkmaziannt dlanZicmmcgoiﬁeﬂD@h@ﬁ@nXi&égm@@ﬁseefnmﬁalé Wnthcxlp tbl keI y
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The activiti gjsolyg g er%ggtl%l]t%%%)dtlf%%df‘] bm%%? %ﬂggb%gﬁ%ﬁﬁ i%heg%ll 9?69 1 s are
shown to pr obl‘tfclemm@ﬂpreﬂlewyﬂ imsthy hbinrpxarkSin upisae wt abduon20°Cn Thic gimtariabs| ldse; aa

wi de range Oflung& Qfelxll A ovl\&hgp(}vmgﬁ‘p& a‘%&ch@bg &Kﬁ’z@&'%th“ﬁt IYIflgdnd a melting

pr opyl ene- bas rlzatlons especi al | ropyl ene-eth

copol yneri zapq1@irv§ab0‘lihlﬁ§°ct here is still a need for propyl ene based

MRCr OMONGFer fohdlat VBV G R! diYhi t(%?%)n%&' oh, p{oﬁfe%ls‘) “d@k%& PYRL S, 9‘8% or
nore), wth control over a w de ecul ar "wel that can be made
at commer ci aflimedpiseylaciylesc Yis3 4 bulZf!S@demb zibove) dah’dué‘owﬁlemihalldlumK@E if 5, 000
20 g/ mrol / hr e |

propyl ene et ]ﬁaqclr ene otir%‘%%&ré%(rag pﬁg%@%lcgm %cﬁ%?ggragcwb H&gc'[ nes ?\Aﬂgﬁoqp agécﬁyfi on
of ethylene raises viscosity and the sol 2b| lity paraneter - relative to
propyl ene - and provides for potential crystallizable ethylene runs, while
| onering glass transition tenperature). Further, there is a need for

propyl ene based reactive materials having vinyl term nation which can be
used as raw 25materials and or building blocks in many applications.
SUMMARY COF THE | NVENTION [0018] This invention relates to a propyl ene
co-oligoner having an Mh of 300 to 30,000 g/nol (as neasured by NVR)
conprising 10 to 90 nol % propyl ene and 10 to 90 nol % of et hyl ene, wherein
the oligonmer has at least X%allyl chain ends (relative to total

30unsatur at| ons), V\/nere 1) X = ( 0 94 (rml e% et hyI ene. i ncor por at ed) +
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15 wherein the oligoner has: at |least 87%allyl chain ends (alternately at

| east 90%, an WMh of about 150 to about 10,000 g/nol, (as neasured by 1H
NVR), and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0. [0022] This invention further relates to a propyl ene oligoner,
conprising at |east 50 nol % propylene, fromO.1 to 45 wt % et hyl ene, and
from0.1 to 5 nol % di ene, wherein the 20 oligoner has: at |east 90% al |l yl
chain ends, an Mh of about 150 to about 10,000 ginol (as nmeasured by 11-1
NMR), and an psoblabydr aghether cedighotym, alahy [prapend] riyin tigsowpctioad, norphblo@y dontrot 0
1.35:1.0. [0O nt i furd h $ .49 &;.honool i goner,,

conpri si ng pr%%{/l%'ﬁ% dh%i’mmgﬂely H? OO?IhIe Cﬁdlﬁn%s fia dlll:\ﬂat | east 93% ally! chain
ends, an Mh off0HHoutCHB. et al. abwbm(ZOZ,OoS)GS g@lﬁ@)l dlﬁﬁ(s%pmmasmneiﬂldw mblecllaNVR) ,
anisobutyl . l.ic,vinyl .gr g1.2.1.0

| ess than 140%6?%}Q gﬁattfan&ﬁﬁl pf%%?ﬂ? %rr; |§\'Z/££8t9?%nq?lfg 1%Or egfl %ggcgg{?u%g
hom)geneou% prsowelss phapormkac Kitrouno dichloregr §PHBRIIER) EIES@RI RAthGib e dT hEthyl
DRAW NGS ! I|e hai n ds _versu

nol €% et hyl ene%@r&gg@y%d L%l %’3% ra% P )81%2}%@93 HhEaiaRg %Eeq%vl?eél ggf“é from
Macr onol ecul eg202008, fole1hOL5595616fh¢beTméyrmqizatoes nrmylieesms dEx«aismi @stob2nd @ 61
and the circlg.Lepy re 2.1S har f the
range of chem‘g%da sﬁ?ﬁ‘oz%egg{r%ﬁts F%)y {’%&2&1 YEe Al @aggﬁ?jis} 13 &P If“ﬂl E-P
copol yners. [D0®7]Figure 3 is a graph of %i nyl (rel atlve to total ol efin

popul ati ofy of % H¥e ROk; td f
i sotacti cfbpol[g%frlgpy Jgnggy%a e AA %ycat&alﬁsst gﬁlf&gﬂ%@;ﬁ% E’&E ﬁ%@ Psﬁ\?e
[ 0028] Thi s i medmcronsing| @@telsali auetl pr opyd@&n ecHohon@itihgdheits, U@tmtailmlmgn

propyl ene an W

wherein the g“!‘g%ﬁ%ﬂ Qﬁ%l&m? Mel/é)fﬁ r{g&gggé/g ePF {Fégﬁglhr? %ﬁa S %ﬁgg?er alb § at

| east 95% prigfisepmidsy m@duIC@Sasqu@mﬂilyp!pféfl@lparbawmmmh@asnow@%ng a(slgn)ﬁcant
nunber averaglglogptlo@gﬂg,%omdgsp L, (M1) of about 500 to about 20,000 g/nol, as
measured by 11-1 NWR (preferab‘ly 500 to 15,000, preferably 700 to 10, 000
pref er ably 8000126 8 Roe0 eg/dhlﬁMdcrpmePE@ﬂfabZ(&ﬂS%G 6%9- 56700@501%%6?@]7(&@[&’5@11@:%0 to
6, 000, preferp@(%, i I

vinyl group rati %n%?Q %.rgé%n@mgg%t hdvm(% M@mclasﬁoﬁm& s o Q@ bgﬁlgg%bt{)%dg E}% fum
(preferably I“éfﬁ%m%q@aﬁ‘ithltﬁ‘(ﬁﬂlepwmlp@éﬁml@bﬂlyhlp@é@s((ﬂfﬁbzﬁ@ﬂ@Gln]@wmwwbmeidefreabI y
less than 50QhdRmideher @iXol expTi hﬁ&arlqgloongflge [19@2%1 E'a%ﬁ 16 \é&ﬁtﬂd%p
relates to a propylene co-oligomer having a 0, 00 as
measur ed by NYRYpPSHefigpsHB) psigowytcae Wcéﬁrotolkmﬁé#té)r(é@f %05’@0, folow @) @G@hylcnw
preferably 600 fiQy %%2%99& og&eﬂrgs Iﬂpldyab%QtQ) &@01 ]pglygrggzaugﬁ %fn@g @tbi ¥ togépl?o}§OtO
8,000, preferably 900 't , npri si n% %

propyl ene (pPErEFeabty CQB’II%YS‘&FVH’@I % Pﬁmeffmbabq $800 tq @38060. rmlm/(fOUprrelP@tCébl y
30 to 75 ol YBpophehesahl YalRtc t @ai90 I %N6PT 85
o 15 101 %  DrSLer ably 20 0. 80 Mol by DIl el bl S5 15 70 ol of LTSl ably
10 to 50 nol Jgushly 2 'éﬁftoﬁ‘t?rf‘éuﬁlopha ol efin conononers (preferably ethyl ene,

but ene, hexene, ai@llic O6L:iCORLs (ERLIShBRIMicRYHRY L BBEI0le WREHELDibOBoQlel has
at | east X% al l g;/?%éhal n 2%( ends (rerl gtl)ve to@%()o? al Jns]a'ltnuirﬁg?l gng)mmher

1) X = (20. 9oy wsmet 68 allsheompred golos adytuatipph vanrperdaosByP tomtynter 0. 94

(ol e% et hyl e@@amng:wﬁ@re%@ en‘é Q)i th@h&ﬁés'ﬂﬁd@bypulatléﬁ’(ich@ev@& (RLeer,
et hyl ene i ncor por at ed) + when 10 to nol e% et iél ene Is present in

t he cool i gonBForPatyd 23th3€“‘3~ g{@y (‘%V‘t 8t Higt wisstugons e gyt e Pipde@ivity Wiehese

greater thanpﬁg)maﬁdnér@s Em&nﬁ@/smbé nrﬁmyﬂlﬁﬂw@ Proe gaRkol TI/htkhe
co-oligoner, and 3 rml e% et hyl e i ncorgor at ed(z - 83,

| al t er nat el y[%13o [11“03? ‘rﬁﬁqré Peehilt @ﬁ‘é”‘qdrﬁ’éﬁrlﬁ)ﬁt(&x d)yviyBs mingpd ehvlecel v

1.50 [1.88* fwpjlee %bmmae mmor»mlr ahedromsBahel) , coReRy 7RetaBol M8
ethyl ene is inth goner. Alternately X is 80% or

esent
nore, prefer &b 4 §‘§d/%ZHrt“ﬁB‘t‘té[)TlMﬁéF‘ék"étﬁfi;‘f" ‘gé%dJP) N é/‘MéPe(f‘@F’é’BWZ@‘g%-or
nmore. [0031] lovsano@ot-gd nat@-enRed cormt...0es o 1igoyrey. has at | east 80%
i sobutyl chain ends (based upon the sum of isobutyl and n-propyl saturated
chain ends), preferably at |east 85% 5 i,sobutyl chain ends, preferably at
| east 90% i sobutyl chain ends. Alternately, the oligoner has an i sobut yl
chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, preferably
0.9:1to 1.20:1.0, preferably 0.9:1.0 to 1.1:1.0. [00321This invention
relates to a propylene oligoner, conprising nore than 90 nol %
propyl ene (preferably 95 to 99 nol% preferably 98 to 9 not% and | ess than
10 nol %



10et hyl ene (preferably 1 to 4 nol% preferably Ito 2 nol %, wherein the

ol igoner has: at least 93%ally' chain ends (preferably at | east 95%
preferably at |east 97% preferably at |east 98%; a nunber average
nol ecul ar wei ght (M) of about 400 to about 30,000 g/nol, as neasured by
[1-1 NVR (preferably 500 to 20,000, preferably 600 to 15,000, preferably
700 to 1510,000 g/ nmol, preferably 800 to 9,000, preferably 900 to 8, 000,
preferably 1000 to 6,000); an isobutyl chain end to allylic vinyl group
ratio of 0.8:[M0t4 1.18&6aKk .20 Blam§l summarizd esaritthar et Gelppitalolipdbmarimtion of
(preferably | n.120 f Iy | ess than 1000 ppm preferably

| ess t han 5005%%5;(10%?8?101 g%rﬁrsﬁeg@%t & 100 ppm . 100331This invention also
relates to a [90byy| ehelrighazgoereral monﬁ& S0NFO12021  Hisdsts SEOIQmér&fd&dsmth}d 60
to 90, prefer ) |.% | ene and. f bly 10
to 40, pref er%%f’%‘erf%“én ng Cdt%ft%g]i’ ‘ﬁ\é%ﬁréab Céf;wéllh uf a?lted offP Otgﬁr\(ecfe’ﬁglé’ ifics

at | east 90% Ia)ll}tn}dnzaih)almthemdsal(/qnlcerhmuabloj‘?matetﬂyéagiﬂ bBGZ%nctpylezﬂ@haﬂyl mdatyl)l east

93% preferab % efer y 9
about 150 1 o AbahmsB3hy PR ERRL L5 M B0 HPRER oiabermr g bl 25t
15, 000, pref eﬁﬂé(blvylyizaﬁdtabOLi_tSﬁ(B@O«my;budafeereamlnyl 866tutagodsO (d)0ls tpmerﬁlemabhge 400
to 9,500, prefer z;rg %{ 500 to 9,000, preferably 750 to 9,000); and an

n 0

i sobutyl chain e allylic vinyl group ratio of 0.8:1 to 1.3:1.0,
wher ei n nonon8| haviixagpitou orf NMEPe VAMToOh disdnss anenpr eseatimethylsifanatiyl0 t o

3 mol % ( pyef t han . I /(),
preferablgﬁaﬁﬁg&#%yé§ﬂ&%%§85%§?¥%ngﬁ%ﬁ%gﬁgﬁ%ﬁkﬁﬁg%HH% é%ﬂgnaﬁzgzﬂp%(%
propyl ene ol ingrmpmo-pompliciseliggmer reported tahave 84%tall50te(mpin@iver alboligaterkzaast 60,
preferably 7 " 1 s &hHa %
propyl ene, f?%%?qu4§(WBEﬁﬁﬁﬂﬁ$%M£§ ;Lg?gﬁgg§¥q %&% ég% o {%%mggkéo
preferably 1 %@OQﬂpmpT’@ﬂfc@h‘&bﬁ“&ﬁ@ dBpetdt)lOIVO) nmot % et hyI ene, and from0.1to 5
(preferably fo ref.e I L% t f such as
but ene, hexeggﬁgr o%’%edﬁ'eglfe &ﬂge%gq? &% tene ﬁ%é?gﬂ " R ﬁ Qﬁéé %&Q

at | east 1§0%ua$dltlyﬂttloehmmghesnd§b ém@frerrgabfywb@uldlrefmht gi%vﬁlphlgflemmtyltmforl east
93% 5Sprefer e n r
aver age nol egﬁpglreﬁémg%sg@ iz%é%dtl E%@&Qf %ééyéég%gﬁ%eggé %OOY menlzmq% %‘ag
measur ed by fhereiis giRa mge ép@mlyﬂezl@@?dtféaclczn@emcl”srslii@éﬁl@\rﬁaﬁblwt@%@attoe plﬁ@eIOOO
preferably 3Q|ph1%§ﬁ)ari119un@bqgﬁ)% RE g&)f% q;mhycoﬁl’cpcg otvé} a%@@van%r c@fn%rl(% lay wégﬂb {hg C%n000
preferably 750 ); an 1sobutyl chain en ytic V|ny group
rati o of 0.8:g nage pt sgnqzczelal m{pwslsqbﬁh{gs%"ﬁv@ﬁtabgw)fw rchamercis] attess(510§0a
propyl enenol G008, LIRS HY a f 60,
preferably 75 to 96 % prle1 e{rﬁagmilc) OAH&M&? %&rg lgraé%cs g)(%a}m)l%lﬁg (%t%%
propyl ene, f Pb%ﬁn@rqhetvws@u(twéfc@ﬁmﬂsy (velterq eldgion B cthylepg élrmabwcqsltxs am€bth30
preferably |49,@0y girﬁjfl&érab|1¥latlve5tot Bloﬁgk:ncm)l a8 & LWAL NS, @1’39& rc%]ta@hz;blgo 5
(preferably 0.5 t referabl yo 1) nol % di ene (suc

al pha- onega aﬁhéﬁ@f‘sﬂ(ﬂsauwlea@we,%glaw Té’ﬁlémo‘hé%%faéﬁ@ Eﬂe”thamt@q@)s a b frene,

et hyli dene n?fo??lreﬂbeﬂéﬁed Yéa@ﬁfxtenﬁ)lrdtggﬂerﬁ@vm@@[ngplf@ﬂhﬁ% w‘ﬂﬁq can be used as raw

di cycl opent adi ene), wherein the oligomer | east 90% al tyl
chain ends (prEriaham g ba’tldlpﬁé'él@‘fkb%%nympélﬂ“éﬂ%ly at Ieast 93% preferably at
| east 95% psafvwmhw()atmmrz%%m a nunber average nol ecul ar

wei ght (M1) of about I50 to about 20, 000 g/nol, as 20nmeasured by H N VIR
(preferably J888k o Ths gy Bmloﬂrf%lﬁté‘r'é?b"‘iIVOIZ%GP‘EIO&@HB’OG&V“H@MMBP 800-008

10, 000, pref enplay nﬂ‘Q‘QLrJdQ)ngmR) &frxﬂfrﬁlﬁl?@b% Molt/cpprgpﬁ&gund)[(ﬁtfo%%WI% 0?50 to
9,000); and an isobuty chaln end to allylic viny roup ratio of lto

1.35:1.0. | Oﬁéﬁf‘ﬁnywwe‘? HE® AliRgBifePs i éﬁﬂatr &de I‘f’élb’ bl a“br%‘fite r(Egtiye htélv@tai1 ess

than 140Q0 ppmsatura@bisiii Jierd: 1pxeE @nahl (Mol c@éSéh}tlQ@nn&)@[Q)Qat&f?m Aoy HAH MY to 60
preferably |ess than 500 ppm 25al umi num preferably |ess than 100

al um num pr%@@f%ﬁ?ﬂ“Fé%@”%ﬁéﬁt@b“bﬂﬁ?%?bﬁ%h&h¥”ﬁ@e?@@h@F%uﬂ%@§mﬁﬁﬂﬁ%20 ppm
al um num preferably less than 5 ppm alum num [0037]This invention al so

rel ates to a honobgeneous process, preferably a bul k process, to nake such

ol igonmers. [0038] As used herein, the term"oligoner” is defined to have an
Mh of from 100 to 30 25,000 g/ nol as neasured by 11-1 NVR \When an ol i goner
is referred to as conprising an olefin, the olefin present in the oligoner
is the oligonerized formof the olefin. A propylene oligomer is an oligomner
having at | east 50 nol e% of propylene. A co-oligonmer is an



ol i gonmer conprising at |east two different nononer units (such as propyl ene
and et hylene). A honp-oligoner is an oligonmer conprising units of the sane
nmononer (such as propylene). As used herein, M is nunber average nol ecul ar
wei ght (measured by 11-1 NWVR unl ess stated otherwi se, as for exanple in
Tabl e 3A), Mv is weight average nol ecul ar wei ght (neasured 5 by Cel

Per neat i on Chronat ography), and Mz is z average nol ecul ar wei ght (neasured
by Gel Perneation Chronatography), W% is weight percent, and nol%is nole
percent. Nbl edenl 20 mplsP/gtrhylelicsis prekant irothe CoAARIonies, adef3) Ked (.83 Ho@oli Ethplasur ed
by Gel Perne 0y 4 e 11-1 NWR).

Unl ess ot her\?;l\,rfn éog—gor{%tg(ﬁe)d ??Jn?r@l@%%:ou gl\réﬁ’\%/eq’kﬁ%[“%h esémﬁ?ﬁg gh’ﬂi\%}/{f/1 ‘Mh, Mz) are
g/ nol . 10[ OO3WPIN | yThlcinaqmoerﬁtdEhér iekited eéd rarpenbyteg)e blezoamr, @bmgmmqg mbravthnlg%at

| east one ter e Yol formul a 0
allylic vinyl ﬁlér%ﬁmpﬁ?{e a\?ﬁ%ﬁq}%‘aﬁ 10, %@%g’gﬁcﬁ?«éetg%n{ﬁe %)11 omrer has ﬁtalela]bt 9?/0
preferred &nbdldi nlelmt 6ntdhem@rlm yi atoha’td tercru:slt Q@%’Qeﬂm‘s@nmum tiyh'él NoWRudna |1 :
15allylic vi oup i d ned
using 111" E T B AR SRR Mo B b T 8 35T e B BREI G, on
a 500 M rracd*rlrrnleumand in selected cases confirmed by 13C NVR. Resconi has

reported pr ot nd r n d t

t et rachl or oet (rqur@ us@gg ?8‘%“%?2 Ig({r%pgég%% éoa?&i?rp F)l%e glg%g{gg C%glﬂlbm% o eabr%osomal
and per deut er@QI%dprlenetandiﬁhmohﬂdetSHemé%wdlsrlqusedldm the atiporer $pe @t IrcasteQD%
spectra e Tﬁ*ﬁﬁr 49 at
300 WVHz :‘Algfr pa?lgf&;lnfﬁgeﬂdﬁ\d&%%ﬁ';b?g?&bggf ?gr (%Prﬁ lqr?derﬁ%ﬁrate ?ﬁropyl ene
ol i goners in lsobAtry\brha@a@d@helmlearnySe@uam1)992 | wg2BL. ermlhmpnmeeb ryefaul
herein. [004Q} 53 0RH ¥lbof BRLR o E&gﬁgeﬂt% ﬁj&-{gb%eg (N be an ol i gorrer havi ng at

| east one term nus 25represente ‘h or mul a: "\\"? isobutyl end
group) wher e [f#4epr é@enmcnvhle fmhevgmms ehapiepylEre dlg@l‘nét epmedsiegrbobrsreit |
thev&sobut yl i1 ol | fork @9&@%@%@9 ﬁ}}(,reﬁmn@rm%hﬁ a‘o@ rln 4 ?9 i PiATYAR: M

5 where Mrepresents t oner chain. 1] The percent age
of i sobuthl é’ﬁ’éfegﬂr@elpbgqﬂseréet etrlﬁ%héﬂ’/o GHyl dl&@@*l‘ﬂm“w@y elfelset pOSex an Mn athe
exanpl e sectigf) 1864, LRe p(h@j@;l oAb &R J Am
Chem Soc. 1592 114, 10 t 5-10 {‘)or&h é%bfﬁ%%m%@oéﬁggﬁgﬁg%n%gg{d t190rth
in Figure 2 deYIICE’JID'IéWOP@wﬁ*eﬂéo 81%¢ b8%2PThe "isobutyl chain end to allylic
vinyl group n@hhp” 'Iﬁmqg@cénﬂﬁgﬁfrﬁexb{%latt@eroraaﬁﬂoﬁylgfe 51@3m@1€ 8{% ﬁrggeato adi SRPUL Y|
chain ends to tohe per cent age of l1c viny grouF In a preferred
enbodi ment, tWERFGEIPedEmY do it Mt sHyineead [fiegsd ﬁhﬁ“@%ﬂd%l@fwﬁctm@tmonal

Or OUPS  SekecuRghrd: A Ay QDS 1y ALKl S:rAl G DS Ikl Y @Y qoh@d % RN %
al koxys, carboxyl ates, esters, acry | at es, oxygen, nitrogen, xyl,

preferably | &¥aSudahy 31 WMR). aBhet éOW§éfféﬁlab1n9 t é%}élcm@rh grmwr%to poP-&:1 to
preferably | ess:.jthan 0.5 wt% nore preferably less than 0.1 w% nore
preferably 0 wt% based upon the weight of the oligoner. [0044] The ol i gomer
preferably h&d¥23h MThlaénVa@tOérﬁrrtb?éaclw 19 ) o ligommes Fomgrigig: oy lene. whereine,
200 to 20, 00€heqyiBBher HAS-hQERPIY, 2BA chfn %édsOQng/o@rﬁi)out BEEfeihaR 2 0@@%/&(9
15,000 W.not, preferably 400 to 12, 000 preferably 750 to 10,

g/ ol . Fur? hefasanggeded Bpi |4 MR ypmndeahuad © @rd toy glfydje VEkh SED JFFP @fo%ﬂ rfat i on

of any upper noleest |agbtmrlgmmlnwmﬁm\mﬂth any - 10 - | ower nol ecul ar wei ght
limt described above. determ ned according to the nmethods descri bed

bel ow i n t he! @4 s g‘é‘%‘%“i%ﬁ”“ﬁb‘”@@ﬁ %h%qg%ﬁ’érpr%eé?téﬁéb? yehadeomst ass

transition tBRPEF BESCRIPTEN OF THEHHRAWINGS O | ess (as deternined by
differenti al sggnnr ng cal ori rret ry.as described bel ow), preferably 5-10C or
less, nore pl8Fdr abligureobes arplpiedfs perpst @lipicepiinmrdy Yespie meletoeallsylenspios

preferabBy Examples 35 and 52 to 61. (The triangles are data from Macromolecules 2008, 41, 559-567.

The squarcs represent Examples 52 to 61 and the circle represents Example 35.)



-50C or |less. [0046] The oligomer preferably contains | ess than 80 wei ght %
of 4 olefin(s), (such as isobutylene n-butene, 2-butene, isobutylene, and
but adi ene), based upon the weight of the oligomer, preferably |ess than 10
wt% preferably 5 wt% preferably less than 4 ww% 10 preferably | ess than
3 WM% preferably less than 2 w% preferably less than 1 w% preferably
|l ess than 0.5 W% preferably less than 0.25 w% of C4 ol efin(s) based upon
the weight of the oligonmer. [0047]Alternately, the oligonmer preferably
contai ns | ess(00Mdn 20gwe? ghitch8é of thQangrofwhengcad kg ftiass{gmment§ Suclie isdbu@icttam C30
ol efins, typi to Cl2 olefins, typically such as C4, 15Cs,
cg8, C12, ol efél}lﬁlslboyth%l]‘t“C C(ﬁ)%g(%& upon the wei ght of the oligoner, preferably
| ess than 10 M627 eregteqr Al a/grBphnt Ppvipyldfedtiab toytolabalsfint prapnlalombd 400 etwusabl y

| ess than 3 f er abl an 1 wt %
preferably | sosﬁn{t1 g %‘pdmfaé)é"gglﬁ’% OE?Q%%UCV% e%’éc%ty Een“b Hga%ﬁémlh%g}glg?tnm ol efin(s)
based uporﬁt&M@Wgomr as determ ned by 13C NVR 100481In

anot her enbo e Con ' st 50
20 w96 (prf Sy o nfel B0 BRLe R TRGH e R0 SRS FRGBULE SRrBinc i pon
t he wei ght oflefiswem@lﬁ Wh@moecmpowbﬁciabh)o \Ur/ecrqnwsorhavwh@jmatheloea@neraas car bon
atons (preferabl y 0 t f 0 Q rbon
2t ors) | s meacur od By FE D RN L08R DR Rrath & BLEGL Bk BRCh AR

[ 0049] I n anot her en‘lmzﬁrﬁ*émlt leash®?@l i gomer conposition pr oduced corrprl ses

| ess than 25 20 0,0 ( Y, h

pref er abl 1yOZI ess }N%n él%gr EQ%%% @b%?‘[é revfegggjlft Wﬁ)g(lsfsab&ﬁ%ﬁog 2?Dtag}]‘%l’.)as oul’pa(ign t he
wei ght of the oli gomabttlf@nbbsﬁtNMﬂ) (plésrahlﬁa%)ﬁrfedIWOG@”efﬁ[r%Squ) ro dfidPher
enbodi nent, the oli

haf ni um preferabl y%?ég%ébl?ﬁgéd% %lﬁ @%@%ﬂy@gggfﬁg Pﬁ?ﬁrébg% P@r@an 6’30

haf ni um based on 30tkéergklel@0d¢ S0y ner produced and the mass of cat aI yst
enpl oyed. 100511l i bed herein may
have a nelting po?lr)n:%ﬂ% élfc?%@%t%ﬁﬁghcg?@?r%lﬁ# %8{}?{;(53%%8%%&& ernately 50 to
100C. I n lanot her efhﬁﬁadﬁhﬁeriﬂoo rpre alumtipyonereserehds ésd Do 1R pimy heferbiydicss
detectabl e mel ting RohLRbodY, %féﬁz%@é’&‘t% ?ﬁﬁ%ef%tabl?r@%%% 16@@3‘&@ ature

(23 Q) for at |east 48 hours. enper at ure | ass
transition t 38t at dhie “("th)OHafP]éteh%MPEdﬁ@§P1@@g®1€fffheﬁ‘lé$1t‘fi Min oSeaQum 39@000

Cal orimetry QBRE)asUskAGred YIMEY qul re@e@alyl a@b % %w()@n&@%em%gﬁ @oo % 38 ogo
I nstrunments 2920 DSC. TyEI caII na; he sanple, 't hat has’ bee

stored at rodffeeEdpeilde dr-804, cBYCfCéfblbl' %Qi)st? 19&8 (héi?f%db 5 W04 808¢) proferairly 00U num
pan and lpadegop gﬁr&i)t B %ﬁb"&%ﬂ m8it, 5@@%&%’9@@%5% 83_91%1"/% &bl S0

equi librated at > hen it is cool ed acoomgrateo Cmn'to
-80C. The saffpf@ n}%/oh@l@&raézty IBECTT 61018, prafcehly thendhawt’edanst 1Qtchddmiolg rat e
of 10C/ nin t gyrdGbly B3Go 95 %mtrrr@f@emw@r@o@@%@»@ %é{étﬁbl&&S@@%;HB@ﬂ f@ﬂ%lk

10 heating Cﬁde ,X\Iternatlvey anple is equilibrated at

heated at a HedeidAgme! a{@e)fd?nelqmwmlneOi@meonmn@ﬂehdwﬁéﬁbm @thﬁerres ibHigne:

transition, héxeRs &% &0lkne, lpefeaﬂy ¥AORnd)04h QRS ahe BfigdnlcARSd i (O &OF 2B AKain
tenperature. The nelting tenperatures reported are the peak nelting

t enper at dp es P SFFaiKR tof tpﬁaét‘mhté%i"f“"ﬁhl“é@ée 61 Ker P8¢ (@‘ﬁ%leﬂiy@ﬁe “F@‘Ff’o@ﬁﬁbf es

di spl ayi ng mubd(hpireutddeaks, (-0.5e Bk émg/]mun@m&d?xted}e«l t1b6)d alt@RARGY Atd[-Bh4i S
defined to bethe @eak mel ting 15t enper at ur associated with the
| ar gest endotPit wictyEas tS‘F‘i’Ilﬁ%rt‘f‘tre‘ii)c+ 3 o‘f‘i%f‘é‘ lloﬁo hH‘Pler/ arthpdenstis pisepkindbafoes)

from the DSCom@hict,Rgd tyaces ({IQAaR3] 5@ ﬁ&%&?aﬁmwg%ﬁ%mﬂ hﬁarﬁllé@mﬁﬁe
descri bed herelsn are a liquid at 54] 1 n anot her enbodi nent,

ol i goners de®eIErHEGVIET df ri?r%%ﬁﬁema‘il?e I\ﬂﬁ'o( ligpeiragd HsXdese P bddobser c?\ﬂbye@?

1, 000 t o3z@boutorpéaO-8g/ Mkina@iyt ﬁlmﬁt&*"}(maggpethﬁe@eﬁnagg)rgédmkl] alternately

20al ter natel?/ 6% 000 to go 000 glinol and/or an ut 1700 to about
150, 000 g/ mof-30 B3¢ malegq yhdes l?cefpfe?e%oﬁi? o ¥oA". /D8 51oMe athyone's afceent
measur ed by usShd@-dighim@h Tenperature Size Excl usion Chromatograph (either
fromWaters Corporation or Polynmer Laboratories), equipped with a
differential refractive index detector (IgRI Experimental details, are
described in: T. Sun, P. 75 Brant, R R Chance and W W G aessl ey,
Macr onol ecul es, Vol une 34, Nunber 19 6812- 6820, (2001) and references
therein. Three Pol yner Laboratories PLgel 10mm M xed-B col uimms are used.
The nomnal flowrate is 0.5 cnB/mn, and the nom nal injection volune is
300 pt. The various transfer lines, colums and differential refractoneter
(the DRI detector) are contained in an oven maintained at 135C. Sol vent for
the SEC experinment is prepared 30 by dissolving 6 grans of butyl ated
hydroxy toluene as an antioxidant in 4 liters of Aldrich reagent grade 1,

2 4 trlchl orobenzene (TCB) The TCB mxture |s t hen flltered through a 0 7

o ~ oA y"



KDRI I DRI Atin/ 110 where KDRI is a constant determ ned by calibrating the
DRI, and (dn/dc) is the refractive index increment for the system The
refractive index, n = 1.500 for TCB at 135C and 2= 15 690 nm For purposes
of this invention and the clains thereto (dn/dc) = 0.104 for propyl ene
polymers and 0.1 otherwise. Units on paraneters throughout this description
of the SEC nethod are such that concentration is expressed in g/cn8B,

nol ecul ar weight is expressed in g/nole, and intrinsic viscosity is
expressed in @03Y. 10E56IdDKee 800 weieghtefetibbt 85%but mor, friafably 950%yr b€ DRI )
s deternlnedrg%mg %5; bﬂod above. In sone enbodi ments, the oligoners of
this inventioh (by GPC-DRI) of 1.5 to 20, alternately 1.7 to
10. A |gonerlwaﬂﬂonIPM@GE@SmwGﬁﬁamithmémugnmiOMsaﬂ&aﬁ@é%aﬁﬁmqﬂ@hanemh
honbgeneous pf Ot refer

descri bed her @938%? @ Sf g?@%d&an oa“ﬁ%’?%“%?a%angﬁésdﬁgg%g? g%%$8§§5
connnonersS(Su&h@asmethy$ eﬁmbamihQMGmMgmﬁmbuzmmnbybreﬂehmmgr&w&ﬂ@&hﬁst
system (conpr 0 0

wth the o orlneh e ERARERTR ST QG ak B RO Lo EF TR 8
scavengers anUkaOMyﬂ@@@eﬁ9lAhyldanentlonal suspensi on, hoaneneous bul k,
sol ution Oofr.hi I tion Qcess can b

Such processle}[g“cé n ggﬂrlgﬂcn%fgcw%etgh A%’ e Ogg ik or Pr305 Coih %ﬁﬁggsmoﬁr%d
Such pr ocesseaxomtvdc fdesbar ¥ we%%mkwbwmﬁhwﬂy@étaGUmmmbnmgeheDmmn10rmﬂ%

pol ymeri zgf i r I h zatlon
process igﬁde |ﬁ%§6?§%%@ygt§?§%§iz’§ﬁ %ﬁp§ ﬁﬁpgﬁﬂg%%@PA)oOnﬁhéhproduct i's
sol ubl e in the reéclporP3predid. hain dods I(pfefel:’aﬁly- at lnomigBnectisalpy et ésst 985,
partlcuIarlylp&ggﬁ§&eg%t&@/bulk process is defined to be a process where
mononer concentration 1 n al f feeds to the reactor is 70 volune %or nore.)
Al ternately no sokwemberawverdid melvrulirsweglss@h obrbaddee té abduh0.0ehetmiobras

nedi um (exc%@dsuflé?irbytllﬂﬁ\lﬁ hllefc‘? %Sto g&@@b ?&Ifﬁtrchﬁfy thllgbgi% férgbﬁ%g@ﬂttg‘l YSt

system or other additives, unts fou

e.g. prodénelpﬁo%@bpymeﬁeyﬂy§@D58P@@mﬁibmeyaW1Médwgﬂsﬁhv@mﬂgmhoﬁoom

ol i goneri zation i | es include
strai ght and bran%ﬁggggﬁggﬁlﬁggg%gggp%zgﬁgﬁgﬁﬁégkvgg%ﬂﬁgﬁg¥q@ﬂtane

pent ane, |sopentahethﬁekﬁﬁemﬂl#e%hemameﬁﬂwepﬁahéwndé@hmemId@de@aﬂe;ﬂand

m xtures then i as cycl ohexane,
cyclohcptane1gﬁ%mnp¥&h%§§€¥%ﬁ%%éﬁggbhC%E%ggggﬁgﬁgg?gﬁ %Band m Xt ures

t her eof such %§3banT@é“W@NWﬁaé@ﬁﬂﬁ@ﬁpapﬁyY@mséﬂamQ)ﬂﬂ@e&h&logenated
hydrocar bgns suc hat@e?lstpﬁr Eﬂc%‘?z[b'l)n@d 8hoHrALbR! 7630 @§) m6i ﬁ%ﬁg&ﬁ%ﬁ&‘ ?romair(bdto

aromati c and al kyl substituted aromatic co oun S such enzene, tol uene,
mesi tyl ene, é?lﬂ’“)‘(fylld@ﬁéoms‘iﬂ prsfrrabls Kl to 8k ol asley lqnacihseran thie qligancohest i ns whi ch

may act as MmononefseQf 9@%@@9%%% chiCl i ngy ek hé’astegﬁ)/o, ereﬁépa){)kﬁ@[eledgt d%b% ene,
1- hexene, 1-pentene, 153-net ¥ -| - pentene, 4 met hyl - 1- pent erie, 1- oct ene,
and 1- decenepmﬁr%ﬁmﬁéyﬂéﬁ%tWéf*@beﬁbﬁﬁ@géﬁe al so suitable. [0059]In a

preferred enmbodi N of HRuf BB Q%@W@G’(}%/h@lndsf QLashid® b?hlll W'ﬁﬂx@@ﬁl l?QOb s 60
vol une Wbsolvent or |ess, preferabl vol ume % or | ess, %re era
1

vol ume , A of° 128, ppsiesabiy ééwoﬂﬁéo%mr@c iRl i P91 P 0h9-008. praferably 400bigl %500
process. 201RQRALEMHI0aDD Bo@ARFLANES50LO900b®; fldi goneri zation process can
include one or nore scavengers, promoters, nodifiers, reducing agents,

oxi di zi ng agent s, hiefiued ethainggngnion kil ‘féwlsglo‘éfr ragio| @in88:1 (0681l e nvherein
preferred enmoging®Nbay %@%'ﬂldr@ca@lf(ﬁsd%ﬂﬁ drfplchg &l @O0RS 3 2R, lcfRBGIer at
a partial pressure of 001 to 50 gmﬁpre? rably from0.01 to 25 psig,

more pref er alsiyh ﬂlhm?8fmﬁﬁxﬁﬁyﬁ§ﬁ§m~ s PEESHPLY Paelthat in the present

syst ens, 36y dfogan CRfs MCcndsS thrfh6r r@lﬁ@ytocheprbﬂa@erneeﬁg)dnea%ﬂnwny Wi t hout
significantly inpairi the catal yst's abi roduce ﬁ ic chain

ends. Preferably‘TH%“%SQéP§§Fm5b€ﬁU?ﬁy“{déﬁ@ﬁ%ﬁf@b §9§¢HWEW@5I§PV§¢Phr) is
at | east 20%:bic@BBro0t:haR 51 MBS By ERAGEIM QN 144k Revdter WAL QAR SPHERERT: 0
preferably at |east 50% hi gher, preferably at | east 100% hi gher. 3[0062]In
an alternate enbodi nent, the product|V|t¥ at | east 4500 g/ nmol / hour,
preferably 5000 or nore gl mol /hour, preferably 10,000 or nore g/ mol/hr,
preferably 50,000 or nore g/mol /hr. [0063]In an alternate enbodi nent, the
productivity is at |east 80,000 g/mml/hr, preferably at |east 150, 000

g/ mol / hr, preferably at |east 200,000 g/mml/hr, preferably at |east
250,000 g/ mmol / hr, preferably at |east 300,000 g/ molihr. [0064] Preferred
ol i goneri zati ons can be run at typical tenperatures and/or pressures, 5such
as from25 to 150C, preferably 40 to 120C, preferably 45 to 80C, and
preferably fromO0.35 to 10 MPa, preferably fromO0.45 to 6 MPa, preferably
fron10 5to 4 NPa [0065]In a typlcal ollgonerlzatlon the re5|dence tinme

Y . . o -~ e~ .



10[ 00661Cat al yst compounds useful herein include one or nore netall ocene
conpound(s) represented by the fornulae: R7 R7 Il11V where 15Hf is

haf ni um each X is, independently, selected fromthe group consisting of
hydrocar byl radicals having from1l to 20 carbon atons, hydrides, am des,

al koxi des, sul fides, phosphides, hal ogens, dienes, am nes, phosphines,
ethers, or a conbination thereof, preferably nethyl, ethyl, propyl, butyl,
phenyl, benzyl, chloride, brom de, iodide, (alternately two Xs nay forma
part of a fusedlrpmfgrably latord0ngefybdlyelny to leﬁ)amhl%gctihglpnd actepen dand ISy peasddpon or
a heteroatom referal A n is a

het er oat om ?? er nat'e er%a?f 0152851 Htm%/" % 4 l?ff{%'e(a% \ dsat(’)‘I&enai ?efxg?eeﬂrt octene,

het er oat ons, ﬁaﬁfetabtynmteeé)ywaﬁolhéasﬁwdrimrees Q S are t he sane or di fferent
heteroatoms, al terpat el y,at ast. four r ¢ |ff rent.,,

het er oat ons) ; eachp?ﬁ‘?‘et %/aaﬂﬁlle BHagHe I(I}rgfehab@r Bgé& ﬁ”?ogﬁ@}” p&%rta@ I(%I‘A”
group, preffer[abﬂegpbaacbaatésmwfenauaratlaisk%%)group preferably nmet hyI et hyl,
propyl, butyl, pent hex t Qr .0 I I r dlfferent
as R2; 10each R2 igs%mbﬁrdaeveer%%enﬁ%%u%r Ry &§H g\&ﬁr@ U & Utgﬁ}s 3@ &Lﬁ qu)?{? ¢
preferably a rﬁ,‘dasmrodli;B HNhﬁh{’prdéxklyy 2@1mup Oomrp&ffaalablzyo eI, ;eéfhybly 3p(D ebpyl
butyl, pentyl e one, of Rl or
R2 is not hydlroodag f[b)rra gl EP%L Qb%gfﬁtg%awy I%?OO Sﬁg’frea?%bl ?dtﬁ g)to%elﬁd
preferably Rl andhmrbpmylahzen muittoblﬂjamcfhefﬂgroaamhosa)mxo I Isﬁ:lependent ly,
gyggogegar%n[auﬁgggwh%g;é qn&bfumseivgagséwg%g% SOReRt rbxomeg{gpggl 15gav' ng from
substituted or unsukssti imfmcfel@blyt@ g8t IGOneaferza:ﬂ}kyD tgrS&ﬁp prefeisb er&blﬂy 9pet hyl
et hyl , propyl,. I PNV , [ QV r that
at least thr ecr%{)%rg 815@%1 rdédl/g)%%gw&reg? OgﬁnM ; wéf%lgl%%legﬁgwm eraﬁ s Sar e
not hydr ogen,toaf tmfrfﬁablellyo £9, \peefRBblngdUpQOHmeI‘Vﬂ@hYIdedgfmr)Q l{tdxﬁt(lenﬁaatbbfl Y,
when t he catey t e 0 each
R3 20 is, d%peng)ent %W%;t/ozpo&é%sggnet gusu%e?ZI F’u?{ggﬂgl} Ar}] ubsetnlﬂ G?CQI

hydr ocar b1>5I drudignh alixpdjerfer eatadicn, 8obambon w@ybidene mrééletrablwnylnour@m&ncar bon
atons, preferg Ya@ien i Bat i o C8 linear alkyl
group, preferaEJOy “met h hy dé%yﬁsoﬁglt%eng)n%gg& tﬁe%@g%%hf}% hexyl, heptyl,

octyl, provided howeserd0thallyl chyingnfs f{firgleraR3 grlwpé)l“ézr ererﬁmHIyIaI lagst %)%,f our
R3 groups ar e qh, AR08, l@astog@ne R3 group is a C2 to GCs
substituted E)F unsgbstl tute F&%r%}r octarg 98gB(preferabl y at |east two, three,
four or five R3 gt Gupscrayerage mglcﬁldlegClglutiMm)tOIﬁtaé@tdﬁO tmnglys 20,008 efhol, as
hydr ocar by1) }med@@&m)y% NI§1R( I%Fé%ﬁﬂ%% 1Y 000N BRELARN R 10 32 HHP St & ol

unsubsti t ut ed hg rocarb ? a het eroat gm or "heteroat om conittgéfnl ng
group, prefer8s (g,«peefogﬂ%ss‘&(i()ttaf)éao orefapdy bt o OW0Rdr¢yrdbln 750 t9y00§); oub haV| ng
from1l to 20 carbgn.at, noergft@({ ] | 8. | At ,030preferably a
substituted or unsulbostﬁlltjrgl%dledn Cl @ Wm |gtr§(gu a&ﬁi?@“ lSsol(tjﬁsl (|)or ef erably net hyl
et hyl, propyll003put yAny p?éntiisllohg%"é%ylprem@étlwem ol ‘;mbly slwsﬁ@tlw ubhed | e nyh
(such as pr oBMlniRhie itibrab ANRAY lian $800Y bpm SHBS b RGe3bIL Y Chyoa

CH2SIi R . where Ii'i’ |2]yra te 19 tan ollég?by , I'guc pges !r)n% !ﬁss bl {PO Ppm
propyl , BatyPUMHHER we)ferahﬂ% leﬁsthwy a@%@@n algmingmeprofesabits logy tagn 5@@@@ plummum
prefer abl Y apfelerdv®y 1€§stixdnn’@%maahd%hunﬂﬁa@éamabﬂ}re%iﬁﬁ@?bﬂm@ﬁhﬂ%‘m ethyl, propyl,
butyl , pentyF hexyl heptyl or octyl; is hydrogen or a C to Cs al kyl
group, pref efMBYly aTlds inventros alsriglates &l ﬁkwm‘@%ﬁ?ﬁ‘ Pigeesh-g¥bRbly wewhyprocest hyl
propyl, butyl,mpertdlolichgxy! ., heptyl or octyl; each R7 is, independently,
hydrogen or adC to Cﬁ al ky I roup, referabl adC to Cs | i near al kyl
group, prefel4B¥ly ndt Ky 1l@té’rlﬁ/lt e BB pytigonst Vlde ghioyave gedMn of fapt PP tor
octyl, poevi deshonoweVArmdbatd 8 't A, SENENAN Bl GhQUPRIRE R IMHEAGER

alternately at | east eight R7 groups
olefin, the olefin present in the oligomer is the oligomerized form of the olefin. A propylene

oligomer is an oligomer having at least 50 mole% of propylene. A co-oligomer is an

-8-



10are not hydrogen, alternately all R7 groups are not hydrogen, (preferably
the R7 groups at the 3 and 4 positions on each Cp ring of Fornmula IV are
not hydrogen); Nis nitrogen; T is a bridge, preferably, Si or Ce,
preferably Si; each Ra, is independently, hydrogen, halogen or a d to C20
hydrocar byl, such as nethyl, 15 ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, phenyl, benzyl, substituted phenyl, and two Ra can forma
cyclic structure including aromatic, partially saturated, or saturated
cyclic or fusedomengngyisingny loash dvd diﬂ’eﬂaetrmmom ded (thlats pioyyltnsanadihaiessnt R
groups may fo ed rin r multicenter f ng. Sys wher e the
rings may be éﬁ%ﬁﬁpﬁ%rﬂx qm’l§m§8 n“éeﬁmﬁPHigfﬁFé(gﬁn% éﬁg}b@§?16$ﬁe
term "substit & edd hﬂ@anMntlshaItnbar M@g@gelncmwmhhemahwrbyr praﬁexﬂle\m dtheda

hydr ocar byl het er oal {h.eroat. cont ai ro
exanpl e met hyét%l&isf op e%rt%( m{%@ ?A 6pWCI$Oh olp 08t “t“gat’r gﬁlgytf ?’Ftea%t”‘?fiet hyl
group and %tHmtGaﬂtmheﬁmmQh@nweghwhwgmdU$z$ubsWIﬁmnmﬂamhth@@nt&&khgﬁdup

1006811 n an e t east on not dr ogen
alternately g¢& %%ﬁz%ogqﬁﬁghﬁﬁﬁqm?du <° éte@ﬁbfpﬁce bgen ﬁ?ﬂ%f% %@F?gﬁt
| east three Rﬂogmwupﬁmaﬁdwndmﬂmydﬂb@8n§dahmenmateby(me»meaey(kaMnEwﬁ@moups

t hyd
[0069] Cat a1 yor SanguL AR &) b PP, 7 Sya8. RGO B v vt

i ncl ude one onrolpayfae wofght units (c.g., Mw, Mn Mz) arc g/mol.

2905 5 D e bdope e pant e kel RPENLA B R LD THEL W

(1,3,4,7-Tetranet hyl i n nt anet ope eny ni ndlne
(1, 3-Di nethyhmﬁd§ﬁ®¢?Xﬁﬁbﬁﬂﬁ@ﬂh@&my@@dbemﬂaﬁlenyI)benlunﬁlnethyl
(1,3-Diethyl in denyl)(pentanethyg\cyclQpentadlenyl)kbfnlunﬂlnethyl

(1, 3-Di propyl i ndenyl ) ( pent anet hyi cyal.epentadi eayl ) Haf fi i undi net hyl, (1
- Met hy1l, 3- propylI|ndenyl)(pentanethylcyclopentadlenyl)kbfnlunﬁlnethyl
(1, 3-Di nethyllndenyl)(tetranethylpropélcyclopentadlenyl)kbfnlunﬁlnethyl
5(1, 2, 3-Tri met hyl i ndenyl ) ( pent anet hy# &y VBpeit g@ueny| ) Haf ni undi et hyl
(1, 3-Dinmet hy|vht@fb2thél dany kdptRand MrRlipdthG ¥ahioPen kel el onttakimi-Him: raﬁttmﬁtm
(2,7-Bis t-but quorenyI) pentanethylcyclopentadlenyl)kbfnlundlnet yl
(9- thhylfluﬁP%ﬁyF?ﬁi Homellopent adi enyl ) Haf ni undi met hyl |

(2,7,9- Tr|nethylfluorenyl)(pentagethyteyclo nt adi nyl)kbfnlunﬁlnethyl,
10ti-Di hydrosilyl (bis tetranethylbyclop i Haf ni undi net hyl ,

ti-Di hydrosilyl (bis tetramethyl cycl opent adi enyl )} Haf ni undi net hyl ,

p- Di met hyl si | yht et ranet hyl cycl opent adi enyll ) (3- ptopyl tri met hyl cycl opent adi en
yl) Hafni undi nethyl, and p.-Di cyclopropylsilyl(bis
tetranethylcyclopentadlenyl)kbfnluwﬂmﬁemhvwdgmﬁm00701ln an alternate

enbodi ment, the amgbr{{%tffmg,; il ace LtEH}xﬁzﬂe%aJ Rﬁﬁw Efs 'P”O?]@eusm Sdteht?xfdtcd

cat al yst conpounds above ' is rep oride or
di f 1 uori de) 6¥m§ﬂ%P§bWéﬁ@ﬁﬁd@”ﬂp@ﬂ@ﬁ@QWéﬂlywﬂm& gslein wiltdedagrs @l confxad dy

activator. Acd w@tf@rsm@@tn t'eé de@Mp¥Rh NAES e n &%@gtnﬁrﬁt (Eé%m%ta@&aamd
[00711The terns "cocat al yst ?lvator arc us
|nterchangeaBW?dﬁﬁﬁﬁ%Wéugﬂf@eﬂpheémﬁedb@ﬂ%m§0é%ﬁw@wﬁ@fWMH@hM@aﬁKQEWMWQte
any one of the.ga &St “eptgww@eb@tﬁ%&tabe@bﬁt}evecrpyec&faeafﬁnbb eQnlig neut ral

catal yst conmpound to a catal ytical (é active catal yst conpound cati on.
Non- | i mi ti ng/&E#0meQiogctor BIPWé&@arﬁtw MHp &rgpseorangdnis)}iandidz foglcarhomden atky | s,

ioni zi ng act {Vahoks prombml@bfluQQn ﬁ‘%%c'ﬁ%n @llicnlugﬁlsge | BNfhgsomenbs LR s Lype
cocatal ysts. Preferred activators typically includ e al unoxane conpounds,
modi fi ed al ukSkAgeings conpounds, and |on|2|ng ani on precursor conpounds
that abstracfoogge r'Q%EﬁyV@hdtrﬂemqpqeﬁrﬁ@tt@Ibe Lh QAR draling of NEstRE ArmGREP! ex
cationic_and provi char ge- bal anci ng noncoordi nati ng or weakly
coord|na@?ngméﬁﬁﬁﬁde%G?ETmﬁione embodi nent, al unoxane activators are
utilized as an activator in the catal yst conposition. Al unoxanes are
general ly oligoneric conpounds containing -A (Rl)- 0- sub-units, where R
is an al kyl group. Exanpl es of al unbxancs i ncl ude nethyl al urnoxane (MAO),
nodi fi ed net hyl al unoxanc ( MVRO), ethylalgnnxane and i sobutyl al unoxane.

Al kyl al unbxanes and nodi fi ed al kyl al unbxanes are suitable as catal yst
activators, particularly when the abstractable ligand is an al kyl, halide,
al koxi de or am de. M xtures of different alunoxanes and nodified al unoxanes
may al so be used. It may be preferable to use a visually clear

met hyl al unoxane. A cl oudy or gelled al unoxane can be filtered to produce a
clear solution or clear alunoxane can be decanted fromthe cloudy sol ution.
5 Anot her al unoxane is a nodified nethyl alunoxane (MMAO) cocatal yst type
3A (conmmercially avail able from Akzo Chemicals, Inc. under the trade nane
Nbdlfled N@thylalunnxane type 3A covered under patent nunber US

N A NN N1 2 .y



[0075]1t is within the scope of this invention to use an ionizing or
stoichionetric activator, neutral or ionic, such as tri (n-butyl) ammoni um
tetrakis (pentafluorophenyl) borate, a tris perfluorophenyl boron netalloid
precursor or a tris perfluoronapthyl boron 20 netalloid precursor,

pol yhal ogenat ed het eroborane ani ons (WD 98/43983), boric acid (U. S. Patent
No. 5,942,459) or conbination thereof. It is also wthin the scope of this
invention to use neutral or ionic activators alone or in conbination with
al unoxane or nodi fied al unbxane activators Nuch preferred activators are
the ionic ones, not the neutral boranesm 0076] Exanples of neutral

stoi chiometric activators include tri-substituted boron, 25 tellurium

al um num galliumand i ndiumor m xtures thereof. The three substituent
groups are each independently selected from al kyl$, al kenyls, hal ogens,
substituted al kyls, aryls, arylhak%d@&md@kmpxy d halides. Preferably, the

t hree groups dependent | y selﬁcted fro | ogen, nmonag or nultlcycllc
(i ncl udi ng ha‘l?’lb%%%‘gffl?"’?%ﬁfﬁééie olipgng chajp{p apre HHP iediRAnt deridubichaimrgd is

m xtures theregtsenfd 8y 6k EFehedb@vahk@miblagr oups having 1 to 20 carbon atons,
30 alkyl groups having 1 to 20 carbon atons, alkoxy groups having 1 to 20
carbon atons and aryl groups having 3 to Zolwar n udhngfx
substitut ed awyL37{¥NbLe/g$éie(§tTym the three groupd arc alkyls haV|ng 1
to 4 carbon groups, phenyl, napthyl jor m xtures thergof Even nnra
preferably, the three groups are haﬁogenated preferably fluorinate aryl
groups. Most preferably, the neutral &toichionetric activator is t[ik
per f1 uor ophenyl boron or tris gerflu/;onapthyl bor oROPYIFPT BB ¢

st oi chi onetric activa orbbonﬁ% hds nay contain an active proton, or sone 5
other cation associated with, but not coordinated to, or only |oosely
coordinated to, th i on of the ionizin d. Su b conpounds
and the |ike pr urbnean publ ipg ~EP- A- 0
520 732, EP-A-0 495 375, EP-B1-0 500 944, EP-A-0 277|003 and EP—A—O 277
004, and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066, 741, 5,206, 197,

5,241, 025, 5, 384,299 and 5, 502, 124 a U S. Patent Appllcatlon Seri 10No.
08/ 285, 380, filed A“%%§t1%hd1994 al I/ of which are ﬂg&glgnglnu :7

i ncor porat ed by referenc% F@ 8] lonic catal ysts can be % py edly
reacting a tWﬂm&mﬂh@nﬂﬂﬁiﬁbO@@ﬁﬁ@ﬂﬂd}MAth sone neutr al Lemns aci ds, such as

B( C6F6) 3, reaction with the hydrolyzable |i qu of the
transition @HFP %ﬂﬁﬁmPé?ﬂ%ggﬁwiﬁFBﬁ%m§ﬁé%&ﬂ§m?P§ ﬁ%wgﬁg§?fﬁwﬂmﬂch
stabilizes t hEthe&t(arﬁ)pﬂb Gectib@nmitd tthaOEhemtaB khif peﬁgne&mgemambﬂobt hy jthe. craction.

component & wiPEH 4rd Nt RonBolite o EbiuisBreR ahe e (o] i oUdE?

useful as anoa@ﬁmyﬁtor conmponent in the preparation of the ionic catalyst
syst ens ed t he, .proc f.this i ventl n conprl tion, which is
pref er ablL@ a[(g'q%lnst gge atd Ht%%ﬁé{’oi’rﬁl B ﬁllfn%i'fﬁﬁ’éouﬁ % ‘bﬂéaﬁna%a) be e IRL9TbI e
non- coordlnaﬂwm@manmﬁmfmbbmﬁchaﬁemﬁmﬂmepscaﬁgabe@hVVM§mg@q£buIky) capable

of stabili zi he actiy ci es G ou §

f or med when 4glt \Aoﬁlcao %rrﬁcg%rg% Cé% i HaRy 4l ¢ d’%%ﬁ"ﬂ EWP% \EI&S‘T thubéw“" of’
sufficientIyﬁmmhmhbgquhekﬂw6ﬁhﬂﬁ&ﬂh@g&phqmqmkmnmdnmaﬁhwnlﬁda@ﬂbCquys
acetyl eni cal | atur at es other neutral .Lew s bas ych as

ethers, ami ne%b a %ef hceb?effS REy™ H%\*?\DOW 51?8 BBy ™ ?ﬁS%ﬁX?' {Dlpéef‘ﬂgbrlﬁ iedb&ﬂ’il 2a“(t/ g

ani ons hate meemwdk@bbdsedh&mlE@%A@o@ﬁﬂaﬂ@&yaﬂdﬂﬁﬁ(AﬂwﬂQSma%ﬂxaaéupu&Llshed
1988: 1) anigni or di nati.on. c ris urallty of

l'i pophilic ra8|§éﬁ§” gompnf1%§y§g§rdl%%.%)ntg‘gﬁﬁggﬁhg PHORS a centra

char ge- bearlH@4ﬁﬁtaTMDﬂgnmbGMt@mHdesenNandcﬁknmnumeItbmmkbsumgoaaooo

plurality of Q uch, as rb an ,r orane d bor anes.
[0080]In a pyggefrégg g@ mOIPmﬂ¥%) {0|§§OWF999|BW (@ ?isﬁﬁgyﬁﬂg
cation and ame@@bahﬂ%hkcmhﬁthmkﬂ maﬁmmby7ﬁbuxe®®@BgmmEd mynm@e1HQHMﬂmnng

formul a: ,{L- erein neutra

hydrogen26 E%?“F%'a ron g@ %fO%&Td&M“%an%oﬂmﬁg%kclnéY”q§Fg “@ﬁdﬂ%V|ng
the charge d-; and d is an integer from1 to 3. [0081] The cation conponent,
(L-Hd" may include Bronsted aci ds such as protonated Lew s bases capabl e
of protonating a noiety, such as an alkyl or aryl, fromthe bul ky Iigand
S5netal | ocene containing transition nmetal catal yst precursor, resulting in a
cationic transition netal species. [0082] The activating cation (L-Hd may
be a Bronsted acid, capable of donating a proton to the transition netal
catal ytic precursor resulting in a transition nmetal cation, including
anmoni uns, oxoni unms, phosphoniuns, silyliuns, and m xtures thereof,
preferably 10 annDnlunE of nethylanlne an|I|ne dlnethylanlne

I L T T T L ) [T L o I T




an activating cocatalyst in the preparation of the inproved catal ysts of
this invention are trisubstituted ammoni um salts such as:

30t ri met hyl anmoni um t et raphenyl borate, triethylamoni umtetraphenyl borat e,
tripropyl anmoni um t etraphenyl borate, tri (n-butyl)anmoni um

tetraphenyl borate, tri(tbutyl)ammoni umtetraphenyl borate,

N, N-di net hyl ani | i ni um t et raphenyl borate, N, N diethylanilinium
tetraphenyl borate, N, N-di methyl-(2,4,6-trinmethylanilinium
tetraphenylbdbaﬁenommmumwd@huﬁm&eknapﬂbﬂmkbowaneda&ﬁmpheamhﬁ@;hahéUﬁmodb

t et raphenyl bor at I, ium tetraphenyl borate triethylsilylium
tetraphenylbd%di%éd% g{ﬁ? ﬁﬁﬁ?}etraphenylborate tri met hyl anmoni um
5t et r aki s( penodd] uor’ﬁphﬁgtyﬁe) bofaitdy hds Ialge{shlyclrﬁmmmpmature (Tg) of less than 0°C or
tetrakls(pentafl or,ophen tripro

Lot raki o( pont a1 oRSEHER $oihiGtet iR G esrbed below. preferably

t et r aki s( pent-adiCuariophesy pletiratle;20t¢ bl secmbistpydirabipedio dmr less, more preferably
tetrakls(pent§§kj or | Phenyl)borate N, N- di et hyl ani | i ni um

tetraki s(penta uor8pheny|)borate N, N- di et hyl ani |'i ni um

t et r aki s( pent/é#4élior dfhh@hgdn)dﬂ(preéftré)ly BNkl lamtthanl 80(Zgight 65 of Cy olefin(s), (such as
10tr|nethylan|I|n entafluoro en or. trop

t et raki s( pent aofb lt&l)@%lg})lhbélﬁci} f())uﬁae mol%utylenﬁ:Enyhléa%/dbe)nﬁ aseg 'upon 810 welghl’flmf the
tetrakls(penk&@@umr@pﬁeﬂyy)®onmmeu)vm%pbeﬁymthSWHQQMUhmbw less than 4 wit%,
tetraki S(R)ent Q{ rglglr ?ers) é:ﬁnxy %N’B tfgIablt rlelsseghhty% it% ylrefgr% less than 1 wt%, preferabl
tetrak|s(penﬁ) uor op eny or'at enzene( di ‘azonl P Y
tetrakls(penﬂa$Huoﬂdphéhyk&@dMﬁkauhmw&thﬁ@bﬁ@mmﬁmuﬂbmmdumnnhbwmgnofme
tetrakis-(2, 3,4, 4:? tetrafl uorophenyl) borate, triethylanmoniumtetrakis-
15(2, 3, 4, 6- tetFa 7uoropheny|)borate, tripropylannDniun1tetrakis-(2,3,4,6-
t et raf | uor opHed1 ) badvitatetelyt the phgdmer ptefearhipenntams less than 20 weight % of C4 or more

tetrakls (2 uor d t mMRNI. WM
el (2 RIS T e el RIPLE, P E M el e
tetr ak| 1(52 I ACHCtedlefats] alor, bph@ngdn)thm&maglé of ¢ RHighnet hvydfaably ilem than 10 wt%,
}Veu Slklmsa'g ﬁ 3, P e’é‘c@zﬁ gg Wh,g %BPQ I})ralllpgr A) efer y Ics(q éhag 32(\/t% , preferably less than
20t etr af | uor @phté/nwrgf@dylaﬂegs thtdn dpptP/d |pu3fﬁqrably less than 0.5 wt%, preferably less than 0.25
tetrakis-(2, Bt u
tetrakis-(2, gwé OQC &tehg(H B&g{dg%ﬁg{r%%%g{(gﬁ% Ollﬁg?#gﬂ%{%ﬁ& 8§% on%n“q“ R
tetrakis- (2, :BO(HSB t &t anafhicuemimdhvemmy| thedigatmer, comppatidnypreducyd ¢ammriscs at least 50
t etraki s-4(,2 A f

tetrakis 2?2 §Vt4 gteflrctﬁ):_l}ra % 1%&%?29 ﬁflg’/ﬁ ;'l%lrle% fgaatt ?eatst%nwéte/nq)ggn%égrp 'thlerelght of the
t et raki s(per pligomas aepedsifioboeleitns hating eftlbapt éﬁmmbqnmtomb (preferably at lcabt 51 carbon
25t etrakis(p u ofpt r pyd u
tetrakls(per?%&%rgﬁggﬁﬁégy%%gagg &??%&B&ghxyﬁggﬁﬁgnﬁL#?IWWRM&Hmngone
tetrak|s(perﬂF%@W@ﬁ&p@ﬁ&W?borate tri(t- butyl)annnnlgm

tetrakis(per dou@r ONFPIHIWe) Ergﬁd'ﬂlirﬁent Nh%@o%ﬁ B%/ s 1t1|oh BHd&Mled comprises less than

t et raki s(per Iuoronapthyl) rate, N, i nium

tetrakis %éer £9 vdtoghapt #yl iper freferally Nesy |ﬂFﬁét1IQyWT-/( refergbly tigsp whan Hy WEHi thomi um)
tetraki s(per blporaneRtdbil ) Hor ah&d ubdORE bbb WBF the oligomer composition), as measured
30t et r aki s(perfl ucronapthyl)borate, triphényl carbéni um

t et r aki s( per PY 46r onapt hyl ) bor at e, trlphenylphosphonlum

tetrakis(per Idﬂ"'ﬂr Onﬁl]plnla}ﬁ%) gQE(ﬁi'irﬁ@ntttN Fi okhes ipkotihiddMere contains less than 25 ppm
tetraki s(per Iuorona borate, benzenhe( dlazonlu

t et r aki s( per P#tigmopiaist lybcshdalt & ppmy frdﬁwwrfawhmw fhen S ppm hafhium based on
tetraki sgper fik wcp@paggfay,{)&mg@m thd M@tohyétaqym@fnmw@d

tetraki s(perfl uorobi phenyl)borate, tripropyl amoni um

t et r aki s( per {08 obinghetsn FHheriacal theroligprm st elgaey bagrivsivirumy have a melting point
tetrakis(per gﬂ@ﬁ@bhgl@w}&rp@@ &t Bsooct raltéﬁlatgyt%lta apg*eNITK Ahother cmbodiment, the
t etraki s(perfl uorobi phenyl )borate, N, N-di methyl anilini um

t et raki s(perfl uorobi phenyl)borate, 5N, N—?Lgthylanlllnlum

tetraki s(perfluorobi phenyl)borate, N, Nd thyl-(2,4,6- trimethylanilinium
t et raki s(perfl uorobi phenyl)borate, tropillium

t et raki s(perfluorobi phenyl)borate, triphenyl carbeni um

tetraki s(perfl uorobi phenyl)borate, triphenyl phosphoni um

tetraki s(perfluorobi phenyl)borate, triethylsilylium

t et raki s( perfl uorobi phenyl )borate, benzene(di azoni um

t etraki s(perfluorobi phenyl)borate, 10tri methyl ammoni um
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, triethylamoni um
tetrakls(3 5- bls(trlfluoronethyl)phenyl)borate trlpropylannnnlum

v e - . o



cation and their non-coordinating anion are also contenplated, and are
described in EP-A O 426 637, EP-A 0 573 403 and U.S. Patent No.
5,387,568, which are all herein incorporated 5by reference. [0087] The term
"non-coordi nati ng ani on" (NCA) nmeans an ani on 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
Lewi s base. "Conpati bl e" non- coordinating anions are those which are not
degraded to nceigbmaﬂsidtcgpriwueheréihea*vmmd dadckaplef elrimglpoidibyc DEP| feltovdee atpgsers .
Further, the anion w | erdmre t)(xt:)afn dteed t%Qhanl oni ¢ substituent or fragnent to
t he catlon so as 1o ¢au (Ig) “Form a‘nettral four coordinate metal | ocene
conmpound and [@05%¢ut er:ltuhg/tqmmdumet (an)amdtgbess amnmmn Nopeoaor dig)airé ngaaiddons
e 0 RS Bl LR RS BRI RSP B g
at +1, vyetS r etsailh bufdmanise900 Dabi ITiypgzaltyo6 puer()rmg oﬂﬂhspdramemtemhasbyeramred&
et hyl eni cal |y, et.yl eni at ur at ed .nononer . during riz |on.
In addition to&{qﬁ%geera%r ?%ra orgtc%wgourné’sbeggdé%a%ﬁu g} gan a“@ﬁ%%dngé“rt it e
used such as ms’mumestodnmquh teaipmactutrmnTber batnple-@@tllyllbratbdlm ) theD@88Fdatadentai on
process al so can e cat al ys 0 agt, r.co ds t hat
are initially°Ré'? IOP{ Wrgmaci sé'bﬁlfengglp I%hegci\?t g¢1 o rrrgfﬂéﬂ “ggﬁ%q?%e‘i\?fd a
noncoor di nat Ial’l@atlra%Oraﬁl’UfQD"C/ﬁhfn B 720t e plani t&nﬁﬁ@ieﬂﬁﬁetﬂ@%srbn%aﬁﬂrddoﬁbrﬁ\/:tﬁeh t he
i nvention conpounds. Far exa tris( pen or ophen oron or. al um num
act to ab¥tr 4TI Ky GUEFBYYS Wyofheﬁyarelﬁ geeapi gerff {8 té%lraheaﬁ d i betingoiate
cationi c net af igemney 1307d. StrRkhldiRding AAMGORhGHARtT ﬁ&eﬁ@ls@ﬂﬁalyﬁﬁ@m&%sé 0
427 697 and EP-A Q. 520 732 for illustratijons of anal ogous G oup-
met al | ocene CoHpBIlivgend prakgempsaruiend hepekisg £t Es BN e dreghe Erakme@m@gs
375. For for n@hpcmurey fra@iiict /Rt Rt & lcdDE R E XR8ids] PG s@ﬁﬁﬂeeg@my@ RURpR
conpounds, see U. S. Patents 5, 624 878; 5,486,632; and 5,
[ 0089] Anot heP*&ii fhenmaltipg Pofnb (R mFTtingc teppapiupey is stehipcs) y)sﬂae ctbwiﬂs a¥ltpesg) t
of a catieni Ger@tahirZ (iRY ag@eiRlkd N l@@@@@ﬁﬁo@ieﬁﬂ&lc@lﬁmm&ﬁﬁﬁe;s(pérﬁé h BN e
represented by the formula: (OXe )d (Ad),(16) 30wherein OXe is a cationic
oxi di zi ng agé’ﬁfemﬁar\%uﬁd) Borp fy BFlRGIACE | s an i nt eger from1l to 3; and A-,
and d are as [@s8Vi 0%Jnﬁth@ﬁédﬁbﬂﬁnen@ﬁ@ﬂh&ﬁer@ﬂes@xﬁieﬂ(Béﬂeﬁi 284 1ejuzd AQ5°@agent s
tituted ferroceni um or Pb -2.

i nclude: ferr ni um hydrocar byI sub Ag-
Preferred enﬂa@%ﬁlmanf%“%%cr phodipant, f%@éoe?ﬁ Sﬁﬁr‘?ﬁdé\?feﬁlﬁwafﬂj@% (sasupickas

respect to tlkescBs@anséled) a€ilghooomt &odi NQ,00C toV M@l al&nat@$ PBOD abl 35,000 g/mol,

tetrakis ent qu rate. [Q090] The typi cal NCA

acti vat 0&8 R yg‘togﬁ té&bl”@%@‘?‘&t% ‘%i‘? aM’iLP% aﬁ‘iﬁ‘lt dr0% i pput 15090p/mat-e
preferred ra@g@ﬁatélﬁs(bmdeotb()@n”@/&oll l1to 100: 1, al ternatel y from 0.5:1to
200: 1, 5a|ter(ﬂ’§@fely rom 1M1 to 500:1 ternate om 1. § 100011 A
particularlyl AGe VE §F GBI Py iy 1%3% eP%wg? izq lpgglugion

Acti vat or cochionatigeps (ox{h&oﬁ&i [Watérs Cotpohikion bheolﬁﬁ@pebefamhba)smmwemm@a t hat

catal yst co nds c nbj ned with one or re activators
et fvart on nBEHBHe GaBePT i alstye: (it rBRgisgel St URNEa e
activat ors hawet, Re@nCeserand&d WnGilksSley Pai@sholNags, Bollbh3 34, Nunaed1%h 6453, 410,

Eur opean pub a P-Bl 0O 57 120, .and_PCT atl S 94/ 079 and
VO 95/ 14044, érg)e?ogg)o% %Ff%‘c%ﬂ Pegins e b ?n'émﬁfpg%fa S g{ﬂaﬂn\@&ﬁ% ‘\8?1“%@
conbi nati on wdltthnsaune isodi Zhen@raed fvatac is 0[5)@;921]11hmna|ﬂ&t1heﬁnaenﬁmd&mmntmd i s

invention relgtes 151. A co-oli orrer of 300t 0, 000
glinol conpr # (ZO ﬁg {ik(? PHOB RSP S 1“@?1%“ éfﬁtggi%‘a’t% Y%O%?Ié%% dHeHER ene,
wherein the gkicgameed has o&&n Jn@@ﬁﬁnea(% ajsloczl sglhaitqo&ﬁQSEéreelbea{&ﬂeﬁelstp fephief al
unsaturations as neasured 1) = (-0.94(note% eth [pene

i ncor por &f edyy 4SH0)E © @HEW Oi@uftmwédlya@r%%@eﬁw ahantjogidaptda dritery gt f\hﬂeoh
co-ol i gomer, rcagd: @hdoX, 2, A@Chlmsshzgﬁce(ateﬁ tharc®Qiand id Bssnitc-hanh 40 €%
ethylene is present in the co- 20 oligoner, and 3) X = (1.83* e%

ethyl ene i ncpdtsatredtfiltergsy subisaenttp thrgughoa 9ol woy Exflep| ise |T§1ep'§(e3sehthei‘ n the
co-oligoner. 2. The oligomer of paragraph | wherein the oligomer has nore
than 90% al lyl chain ends (relative to t I‘al unsaturations). 3. The

ol i goner of paragraph | wherein the oligoner conprises at 15 to 95 W%
25et hyl ene and has nore than 80%ally' chain ends (relative to total
unsaturations). 4. The oligonmer of paragraph |I wherein the oligoner
conprises at 30 to 95 wm % et hyl ene and has nore than 70% al ly! chain ends
(relative to total unsaturations).



5. The oligonmer of paragraph 1 wherein the oligoner conprises at 30 to 95
wt % et hyl ene and has nore than 90% allyl chain ends (relative to total
unsaturations). 306. A propyl ene oligomer, conprising nore than 90 nol %
propyl ene and | ess than 10 nol % et hyl ene wherein the oligoner has: at |east
93% al ly' chain ends, a nunber average nolecular weight (M) of about 500
to about 20,000 g/nmol, an isobutyl chain end to allylie vinyl group ratio
of 0.8:1to 1.35:1.0, and less than 1400 ppm aluminum 7. A propyl ene

ol i goner, comphsédgith at ohl@asitedGr fmifb%emfeﬁpgEmrﬂEcanEbl)fm@mbmﬁortsCmé@rem%c%

et hyl ene, wh re|n t he oligonmer has t least 90% al chayj n an M of
Sbout 180 5 Lo Bty SohEB0R geler coingt Rthe B8 de et Kmaf SL PG oL ¢
vinyl group rtat hﬁxtmf: a0L68 A witl cdntidiokis Qgitavibrefoe hidbunDRane rAl d[lﬁkﬂhtn:g afc@ibas@Ed Mor e

carbon atons are ent at mO to 3 | % 8. ropyl ene ol i goner,
conprisi ng at®éd! fic b ﬁ‘? {SngW‘BH‘éb ‘P%ﬁ?oexfmtg%%fg | SORSRBHED Hhnd
fromO.1 to Smpehufd dnds GA21abBli, atWdehelchpdirc0hdddOBRS chasit Alsedeasd 90%
10al Iyl chain_ends, an M of about 150 to about 10,000 g/nol, and an

i sobl i tyl chalSC@REoRES ERIoPIis Eomi Wy fo P sugmb atithdowr conesnyatiops hemygusedgor g,
A propyl ene qhgtgpmecul@pwa%msaaﬁgmat g2t rudn TR AORRAP YHEPRY ddiéc@Padd Ihd O 45
nol % et hyl ene, and from0 nol % di ene, wherein the oligonmer has: at

| east 90% al | §icctehalr Rughdis Flogrraiern G appyaits ssben geragsedifo 4.0 miounys-radithe and

an isobutyl ob@i i emskvetiOroddtdiylideCrovisny 9lR@kOY@orcalnjcotigf 1. sl shipid.- 315h~1 0.
10. A horm ol i %;orrer conpri sing .pr opxl ene, wherein the oligoner has:

| east 93%0al | SPNCRREIOR: @ AREch BTN s hgBBiRerBI0s cal g siglitRm 81 Dats bnegWﬁﬁPCthan

i sobutyl chaimrenshal BrAbdivd the folbMk cgi-@bp ratio of 0.8:1 to 1.2:1.0, and

| ess than 1400 ppm al unminum 11. The oli gorrer of any of paragraphs 1 to
10, wherein the oli gorrer is a IlundzﬁnRé@(E/(‘” 2’0) 12. The ol i goner of any of

paragraphs 1- u ! qol.

is 1,000 to a ut %%Oﬁ}kﬁl{)w cfzat éal@ggngt out %ﬁdof)d%%g ge@ﬁa fra%’y 1700)
to about 150,038 nq/rermdnt fol:mestreeml |Tgon@ractoife indey, ©OF IpS@M@Tmst B5A2 andnher ei n
the ol i gorer n f.oll.0 or age at
anbi ent tgerrpeérag Ur g:()?gr a'tes’aﬁl))fldif1S a 1gtloﬁgdn$§1ec h‘?%g (ST/ddo\rg‘%?&oPr Tl

par agr aphs 1-peRmewhaddl. hothhevigl | gotyem m:snfaersrﬂirdmghgltp@aldcwhptﬁcmowﬁ tabSEC 60C
to about 130 n ) ng N i gomer
of any of thgjj eéﬂ)ogvagé %gggl%r?a&[ﬁ&n%&? R %plfebsedl %‘E (iégisosle%ﬁlgl\[/‘S&%))gg1 F% uct b%w ty of
at least 4.5 gkﬂ(iél@ﬂ@inmicmmbltwmenemd edlpg.ocess conprises: 30contacting,
at a tenpera ne YA t ene
and fromO t ab%ut @&%)3 5\%&&1 g déﬁ%ﬁfﬁo‘{)ﬂ\g‘g&[@seb cgpéflﬁg[) cgtd g%] & kah
conpri si g armeetwtildbateorlnamde anbddgagits, dreligenetb bﬁdmevmmpb«wndmﬂ\é\pﬁ\@sém ed
by the formlggip ¢ Rsk (#ie?%wr 15f7tAT(§IV where Hf is hafnium 5each X is,
i ndependent |y, se 'd Tromthe group consisting of hydrocarbyl radicals
havi ng from DlizompdizationPaecess ons, hydri des, am des, al koxi des, sul fi des,
phosphi des, en : h tion
P or bof | pre?@rgz %m%},}d%{%@o% al%”?eﬂ%? 10 QHﬁrﬁ&%h&%F pro%%}ssﬁ;f ?fexaglé/n%l‘ﬁ%%hﬁf}g“ de.
bromi de, | od|t¢|@dk0(té¢ olaomtbedcycrﬂmd)hcxbls ilmg/plfc&rm ambahmutb,fpr@pyiqns etsti phitiegalor a
rlng syst n ; yoc t r roa rably
c S e R Ll S
t wo Q s are (q@élpélan@rr@rdﬂmcw eqrmwml{@s ew%@ztcmnorcaaqtéptnab ity tla:toltféastOthchr ee
Qs are the sang,Qf r et.er al,t | our S
are the sane or c??fr%léevre 4 %2%%%050%¥£”§M1 A %&R@ﬂ&w ae&/%fegenagcﬁt I f},nga Cl
to C8 al kyl eewepiongr ewéncabpry ahomosmm@s bqllneawoltélpkylsbgmup’r g esevrabl y
net hyl et hyl ohﬁ)rnféﬁya{tmR%%&s Cdlpggltlyéd SQ@H(WOC%E@QEN iae Qln 1991'[1% ch @ml %W]w t(ﬁe
sanme or different as each I's, independently, a C group,
pref er abB) ac@tineys opdei s P&JCR%?PS #idompdes reevell &Bpwyn :*mthﬁwrt eHhtypgengmépyl
butyl, pe Nty holyh&iMlion HEREML aRMprOekdd » (APKRIBERBLY pdiim @R AR ssAE Qe it

branche

to be a process where at least 90 wt% of the product is soluble in the reaction media.) A bulk
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each R ' is, independently, hydrogen, or a substituted or unsubstituted
hydr ocar byl group having from1l to 8 carbon atons, preferably 1 to 6 carbon
atons, preferably a substituted or unsubstituted Cl1 to Cs |inear alkyl
group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, provided however that at |east three R3 groups are not hydrogen
5(alternately four R3 groups are not hydrogen, alternately five R3 groups
are not hydrogen); each R4 is, independently, hydrogen or a substituted or
unsubsti t ut edhdwygreoe pyéesyisqupicularin ptefmeat ombalk ﬂs‘recteesr Rak-Himdcot ai prodegs
group, prefera Rsubstitute sub tit ted dro rb ggou haV|ng
from1l to 20 cgcrr on'a grrrﬁoncemmﬂ?ar} é dﬂ {_Jf ?o SHIC ref)d i i’it 0 X] Pafﬂ )a
substitut ed oAhumﬁﬂbsobMWmedl@mmesﬁawhtme@dmhhkmimgﬁmmpmdmﬁe&ﬁm@bﬁyththyI
ethyl, 10 pr¢ but yl e ty X oc y ) tituted phenyl
(such’ as pr Op?l(FaYlp% oun{ uséd Eeﬁl lcar‘r;selrl? Iytlhé &8 lgft erla,gglf\éﬁﬁcﬂr ggounts
CH2Si Ri . vﬂwertep@illylfsuna v@h thmmntey,drgoprapdmylm prspytdsnc)as met hyl, ethyl, propyl,
butyl, phenyl Rs 0 roup erabl a C
to C8 1inear [g?i guﬁabﬁé’ C{ll Q»‘F' Oso? Pts 0%§?m6r1z?thon 1ncﬁr% 61)%1 cg%rgltn fng, B Sk vl
hexyl , heptyl hqmrdb ocE&ahtple%REBudesstﬂaggdr anglehramheaclﬁhn hyzdr%rmhkyhchgammpbutane
preferably a i.near rou rably methyl, ethy ropyl,
butyl, pentyﬂ%aﬁ% (%é'%lmﬁgﬁa E%m,% bo%%@ﬁ ﬁﬁgmw O%Mde%%% éﬁtfm‘“%“a ogen
or a Cl to Cghatdyl cghoupr,ld pnlefyelrcabﬂmdrc&a@inst osu@8 b nesa;toha;talny, Cg’blohlqip,tane

pr ef er abl K nﬁ%@%‘lcy@foﬁ&ame p&?tﬂ?lcydd%‘éé}t%e’ gnlth}é( Uresh%%:yeo{ uap ta¥ ! ca%r %‘Xrld’
provi ded however that at | eas groups are no %

al ternatel y apmieastlydisghrs)Rperrlaagpse Dahrearbots gl rds)gemipotaiatedr(l’ua& elkyneal | R7
groups are n ( rahl h ositions
on each Op r %%g)p%ﬁgﬁzggeg %’Jnfi aep(flffftgragﬂ n%l%);l }dgﬁmﬁecg 5)')%%’%1'3%: %&m;gougds qu%ﬂ f‘rbeBzene
bridge, pref delagsieymeSBylens, aGexylpreefSertaid W‘Snts abadiviuda liqiig daﬁdewélndem/ lagt,

hydr ogen, hal,0gen.,9k.a 9@@( Y h, 2 yl,
propyl, butylcl pe(nt i rgo nlmle(;%len%[r%ro t nIIg lkm eér{l% Bl%g%gtl Imx’teg&blsx?l ?eh ed
phenyl, ad twoctRe- lcmtefl@dnm%thﬁd*;depen@ne tqusrmdrdedllnbtqmm Mgctlaemfethq: toregoing
partlally satWr al.qditap®y saturated cyclic or fused ring system and further
provided that any two adj acent R groups may forma fused ring or

mul ticenter fIUS8H rilme peojeated rambhdiment He feddnepocamtiytidnefon the rmdigprosrizptiant is 0| y
saturated or v§ﬁ1¥n‘ér"/§‘gcﬁ%nt Ofggbb refe?ébt\}pwgfﬁ&gﬁ% (Hrl&g eﬁ%’f Ian %‘lﬂ& & Q)?l SS
propyl ene hono-ol i gonmer of ar agr aphs 2 daid process s h
a product|V|fyi@ﬁmaﬂwnéaywxwdngbwoelgnﬁhnm¢mnn wherein the process
conprisesy ooe0; CQMtBRL LGhive@liy Anl WIMELAIMG: Df é Js Ot 3 h :
propyl ene, 0 ! nol l% conmpnomer and ?r ome(g%t o about '5 Plpc éghy@ragagé;r? iggogtﬁme
presence of A&cdyengalsy lomeiess amddismp ridting aacnltaa@ﬁdvatgoorgcatndhysiroglceaeémml@we

net al | ocene gRORQHNAGLLEPresented by the fornulae: IV 5 where H is hafnium
each X is, |nde?endently sel ected fromthe group consisting of hydrocarbyl
radi cal s havul‘wg ¥ r off Apeisrrodembadivasnt Avdseasn inpresenideshe ligpaerization kastdices,

sul fides, ?%Q'p%%le bed RE&HS0 | slé) p@f@%ﬁofﬂ@(ﬂ@&% Pshé)%pé &%vab@tw%qo or a
conbi nati on t her eof r ef erabIK , ethyl, pr%g g]E‘)heny

benzyl, ¢&hl oPiige, I‘b]i*@erﬁed‘e foyng dhagein tkl@apltemnﬁamnv f ogcnscaﬁdae fsof f aioyiet of

a fused ri ngn@Fea@d'ébtﬂQtth%Bﬁm mf?%ﬁﬁ@' rdifing thOERRGRAENE Yo ﬁ%&&‘b@ﬁlnﬁrc Hain
het eroatom preferably C, I§ eragbly at” |l east ‘one Qi

het er oat om éfl‘dt“ePﬁ’éftrehl)ythﬁtcatﬁléésa?tl‘t‘%%@uéatedlrde gtopolgaisstap liﬁtfl@fdéfr@n’t higher

het er oat ons, hhpalbkahdRh&loN w%odt%?@r%gén%&@nt%r&e@ﬁ al &t §@’J7J‘%1g95 It BFyent
heteroatons, alternately at |east four s are the sane or f er ent
heteroatons)ewéégﬁ6mgm¥; i ndependently, a Cl to Cs al kyl group preferably
aClto gl woear ainkyh gfeﬁue, eﬂ[)@cfn%&ﬁblt% RSNVt BY leastPl SRY |g,/mr9émﬁ6lw
pentyl, hexyl or oc , may the sanme or different R2; each
R is, i ndep@ﬁ@éﬁ]‘f& §000amcrr10&00%e§wé{bw| prgieehly, 1Bhrasr e @Bllcyg/éméﬁft Frgably near
al kyl group, 5mmgmﬁh@nh¥mggymyl ethyl, propyl, butyl, pentyl, hcxyl, heptyl
or octyl, preferably Rl and/or R2 are not branched each R3 is,
independently, hydr ogen, or a substltuted4or unsubst i t ut ed hydrocarbyl
group 5 having from1l to 8 carbon atons, preferably 1 to 6 carbon atons,
preferably a substituted or unsubstltuted Cl to Cs linear alkyl group,
preferably nmethyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

provi ded however that: 1) all five R3 groups are nethyl, or 2) four R3
groups are not hydrogen and at | east one R3 group is a C2 to C8 substituted
or unsubstituted hydrocarbyl (preferably at |east two, three, four or five
R3 groups arc a C2 to C8 substituted or 10unsubstituted hydrocarbyl); each
R4 is, independently, hydrogen or a substituted or unsubstituted

hydr ocar byl group, a heteroaton1or heteroaton1containing group, preferably

[ T Y 1
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R5 is hydrogen or a Cl to C8 al kyl group, preferably a Cl1 to C8 |inear

al kyl group, preferably nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl
or octyl; 20R6 is hydrogen or a Cl to Cs al kyl group, preferably a Cl to Cs
| i near al kyl group, preferably nethyl, ethyl, propyl, butyl, pentyl, hcxyl,
heptyl or octyl; each R7 is, independently, hydrogen, or a Cl1 to Cs al kyl
group, preferably a C to Cs linear al kyl group, preferably nethyl ethyl,
propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that at

| east seven RPOGH oupia arehﬂUMehyﬂbmgem:tmipeﬁmabeyysam ltea$0,080 gttimBhr,

groups 25are n dr rnat r e no h dr.o
(preferably tlhrg%eﬁﬁ;% s ?e%%sfsgt% IO@ Iﬁlr i re?erd%lgldf %o?%ts%@% e & B f‘?ﬁﬁvg@?’ at
Formula 1V arEwh@ﬂHh&@hmg@ﬂ&Inﬁhhwyatmhogmnm0§MMmﬂambr|dge preferably, S

fo C20 hydr ochlb - TEERCLe oo 5B more Ysiabg PRt e Ry
hexyl, hepiyl guch)@st@dn’,l 2pheliyic, prteémbw 40 tsub@‘ﬂ profeadlyplien $0°C, andréfwablRfroman
ot U at oo cyc el MR e P AT b e P B SR Tha "Ry two
adj acent R gri008 mey afypicrd alighuseghtion, nig rovidentd dme@nberadids &diprtd 6 msyssem
where the ri artial rated or saturated. 17.The
process of pggggggﬁﬁgfgg{ypq%rmhtb QEE“? ]OtO%?va%gr conpri ses one or nore
non- coor di natatalystringreend 518. The process of paragraph 15, 16, or 17

(pent amet 11 duoqtys e BuRt RSN RN o TRE B Blrs itinsens Fomaonpeco
(pentanethyloymt@p@mbﬁﬁménymmél 3 dlnethyllndenyl) haf ni um dlchlorlde
19. The process of paragraph 15 or 17, wherein the catal yst system conprises

one or nore of (1 -Di nathyllndenyl)(pentanethylcyclopentadlenyl)
Haf ni undi net hyl ,

10(1, 3,4, 7- Tepﬁa Q) den I)(pentau-th # opent adi enyl )
Haf ni undi et hyl , eyl i ndeng arret hyl cycl opent adi enyl )
anet hyl cycl opent adi enyl)

Haf ni undi net hyl, t hyl i ndeny

Haf ni undi met hy¥", ﬁ@*llndenyl ( pered

Haf ni undi net hyl , @ropylllndéﬁbé}( anet hyl eycl opent adi enyl )
beniunﬁinethyl, Di,net hyl i ndes anmet hyl propyl cycl opent adi enyl )
Haf ni undi net hyl , -f?lnethyllnde P ntanethylcyclopentadlenyl) Haf n
i undi et hyl, (1, 3- ylben2|ndeny5) t,amet hyl cycl opent adi enyl )

Haf ni undi et hyl , 7-Bts t- butyhfldprenyﬂ3(pentanethylcyclopentadlenyl)
Haf ni undi net hyl , (RJthhyIfIuorenyl)(pentanethylcyclopentadlenyl)

Haf ni undi et hyl, 2002, 7, 8- Tri met hyl f lgeor engl ) (pent anet hyl cycl opent adi enyl )
Haf ni undi met hyl R” ydrosilyl (bi,s tetranethyl cycl opentadienyl)

Haf ni undi net hyl , u- dr03|IyI(5§§11 h&%cyclopentadienyl)

Haf ni undi et hyl ,
u-Di nethylsrlpy%netrane h Ieyelopgd@a reny
nyl ) Haf ni undi metNuyl R” %Kpcyclopropm S|§y$(
| opent adi enyl) i
(1, 3- Di met hyl imd

Léggleyclopentadienyl)

3-propyl trimethyl cycl opentadie
'ﬁKﬁetranethyleyc

di et hyl . {{//
pent anet hyl ey g enyl) Haf niundi hal i de,

(1, 3,4, 7-Tetranet hyl i ndenyl) (pent anet h pent adi enyl ) Haf ni undi hal i de,
(1, 3- D nethy“hndéﬁyl)(tetranethylcycl aglenyl) Haf ni undi hal i de,

(1, 3-Di et hyl i'ndenyl ) ( pent anet hyl éYcl &ent alli enyl ) Haf ni undi hal i de,
30( 1, 3- Di propytriendenyl ) ( pent anet hyl cycl opent adi enyl ) Haf ni undi hal i de,
(1-Methyls3- Q@gpmglh denyl)(pentanethylcyclopentadlenyl) Haf ni undi hal i de,
(1,3-Di et hyl'i ncl onyl’) (tetramet hyt propyl cycl opent adi enyl ) Haf ni undi hal i de,
(1, 2, 3- Tri meedsy N ndedspehdepdn tselpetchirdro il opemtoasibtenzydd hydHatanbs naliidatsl Hadieg
(1, 3- D net hy n a p e

(2175 st g1 o ety PRERT Relh RGO e iy et el

(9- Met hyl f | udieey tmnpe ntharmditney| ¢has opentcanbenydn) thekpihi ruefeliablal inctayl. cthyl,
5(2,7,9-Trimethyl fl uorenyl) (pent anmet hyl cycl opent adi enyl ) Haf ni undi hati de,
u- D hydrosilyl (bis tetranethylcyclopentagienyl) Haf ni undi hal i de,

u- Di hydrosilyl (bis tetranethytcycl opentadi enyl) Hafni undi hali de,

I'A-Di hal i desilyl (tetranet hyl cycl opent adi enyt) (3-propyltrirnethytcycl opentad
i enyl ) Haf ni undi hal i de, and 101A-Di cyclopropylsi 1yl(bis

t et ramet hyl cycl opent adi enyl ) Haf ni um di hal i de. 20. The process of paragraph
16 or 17, wherein the catalyst system conprises one or nore of

(1, 3-Di net hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,

(1, 3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1, 3-Di et hyl i ndenyl ) ( pent anmet hyl cycl opent adi enyl ) Haf ni undi methyl, 15( 1 ,3
-Di propy lindenyl)(pentameth y 1 cyclopentadi eny 1) Hafni undi net hyl,



(1- Met hy1l, 3-propyl | i ndenyl ) ( pent anmet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1, 2,3-Trinmethylindenyl) (pentanet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1, 3- Di net hyl benzi ndenyl ) ( pent anet hyl cycl opent adi enyt) Haf ni undi net hyl ,
(2,7-Bis t-butyl fluorenyl) (pentanethyl cycl opent adi enyl) Haf niti ndi met hyl
20( 9- Met hyl f1 uor enyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,

(2,7,9-Trimethyl fluorenyl) (pentanet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1, 3-Di net hyl i ndenyl ) ( pent anet hyl cycl opent adi enyl ) Haf ni undi hal i de,

(1, 3, 4, 7- Tet raomt,tybyil, pileny. bp{zve nblarids byhddeciodide ntlathagriyiwo Xa friy doreh hygditi de,
(1,3-Diethylind u%d%,?eQﬁ%PE?QX cycl opent adi enyl ) Haf ni undi hal i de,

25(1, 3-Di propylinde ?( A ylcyclopentadlenyl) Haf ni undi hal i de,

(1- Met hy1l, 3- paadpQI 1Lnndb@ﬁ)dlebt(yp@rﬁoarmtahiﬁcwmhnmeaﬁetraﬂjr é‘nw P Slapmictutdi hadasde,
(1, 2, 3- rlnet nde ent cl opent adi enyl al i de,

(1, 3- Di net hyIQD i ndﬂ&eI)P%‘ ?rﬁ)lefﬁl mat[etI Y, %ab(tzl?‘g% Tt A ?hen a%n § O q?erg?rk%ﬁte’ﬁ’éﬁop&e
(2,7-Bis t> bmitydnﬁﬂelmx kay Itljréepiémlammshmb oxychffaaermtlaﬁbmemy,ta)teddatbmaluhmt il e,
30

(9- Met hyl f1 uo | cycl opent adi enyl ) Haf ni undi hal i de, and
(2,7,9-Tri methyf %Tbezogﬁ Pefe(n aarﬁ%[%{ﬁyl cycl opent adi eny1) Haf ni undi hal i de.

EXAMPLES [ 00@&] Kha, fndﬂ@gctmmg h;idrsgcu&s'l 00, oan die/l tup, neetemalscarmlbteo&vunrsh
reference to

tin X ﬁerl ation
5100941 Pr oduc:lksy?%‘f@“% “aa%fnee{h °tm*d""°‘%h%|‘\‘1 pe‘%&l h%yﬁl%ﬁ?qé‘ oroF B e R
[0095]"C NI\/Rb@I!acardAﬁ@”cm@BRéct ed at 1200 [ n a 10 mm probe using a Var| an

spect r onmefer ev\éht Qz 8 m'(?%’pgﬁ(%g has glec{;lcayC (@;talkal?g ohjalpqgfgllsygl?ut i 'on Qﬁq{n [©°

pul se, an acquisition
0.1 and 0. 12 aHy] gaup,| recfsiabla nle@hyl wyls@wmldbwull wnzdcbwqylslhtpt@lmrdmtyawrmmm WI th

CTt oS, PrARIDBRGRY A HESOUPH MBSl 00 FITRl, AR TR o

wi t hout gating was enpl oyed durin cqw sition perio
spectra vverepafzfqallvlyédanﬂéquﬁgatelnnﬁbrawmchgl ng to provi de a si gnal to noi se

o vetrach oroR, IEARELAG. BENR ol b BLER, an RIBLES npBOR S IRRL T
bei ng i nslér t ddviphiromtihe 8gpbon pomet eeferblyreab 6 caBPOOYEEAreforblya datiatainal y5| s
ol anal - wher o ‘RSP EIAOF S Mk DB ABREARTLERL R bufl obSL i
identified useng hdw@’lsP@Yiam@Vsiqd)VWWPYﬁrtth«é ettalb«l%e thyed &Ngrwpbuﬁwlm‘ahﬁdwgepr opyl
ohat - ends. ohosnich B Al b AR A R AR e LR, B L
23-5 to 25.5 {4Henagygvhe tl%ca@lypmomndautosgu@ommmEorpgmlmﬁr fyehcath BB to
43 ppm Ex)fi an m%gpegdénﬂy Qhérdx%%ap (Q} ez ?thgtgrgtgll b Jnsmg%u%?ﬁlgdﬂ?ﬁ?ﬁguu?%%gggsﬁ

ei ther roomteénperature pur poses

used) in a 5 liod prrbpreatemss. mepfuablat itcaﬁcesrlpf@cmrms‘ne@émdmwbalwtp@/dtrtag@mtuud
frequency of caly, lceamby 480, FRWPReGCARHCHopsi Bety R BRI

wi dt h of 4SCC?§Osecon%lls betl\élv\%lghm dw A 9 }qngrloygvgquyhglpn 9 B0 120 trah@ ents.
Spectral si ghglls Pisided hevivat @gtrél@ljf“‘a@n@ grn@smmﬁeqhyl@pr %anﬁaft%lrﬁp‘ﬂmrﬁfﬁt yphes

per 1000 car h?dg§gev§%d GalgY lo‘% ed gp&ﬁprfy Iatd‘zgh 3@«@ NQbdkiAfeddis Jn@&b%%teg rh%l’tg%rw 1000

and di vi di ng e result by the total nunber jof carbons. was cal cul-at ed
by dividithg (mefcrblyatt lenrbee. iceyfeuit ar re® spewsesc info tqzﬁsow%ﬂtuted or

unsubstituted hydrocarbyl)};

each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a

heteroatom or heteroatom containing group, preferably a substituted or unsubstituted

hydrocarbyl group having from 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms,
30  preferably a substituted or unsubstituted C, to Cy linear alkyl group, preferably methyl ethyl,

propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl (such as propyl phenyl), phenyl,

-16 -



[ 0099] The chemical shift regions for the olefin types are defined to be
between the foll ow ng spectral regions. Unsaturation Type Region

(ppm Nunber of hydrogens per structure Vinyl4.95-5.102

5Vi nyl i dene4. 70- 4. 842 Vi nyl ene5. 31-5. 552 Trisubstituted5.11-5.301 [00100]
The popul ati ons of olefin unsaturations found in the products by 11-1 NWR
are summarized in Table 3. In this table, the vinyl population, as a
percentage of total 10 unsaturation, is provided as well, along with the
nunber aver agﬁlyh’@ﬁlﬂﬁwie&&ﬂ)we(is@htab calb$iRl ah@dRby ads sudi, mgdrotebinsait améthyon per
chai n and degr t| on, or average nunber of propylene units
per chain. Fof™ H’éOPBF§B‘§'F§ %'y 1igoner products, the %vinyl ranges from-0
(conparative k%almire@n,@r amdtcﬁ‘caak}alg;(ﬁps@lefbr@b@a (hit@lys Ascar ABYOL o), pBREBIAl ess

of activator s Stenic n B catal ysts (comparative
exanpl es) di dn%g’ﬁ l?yid’u%pé’ PB?%’HE[? ﬁgln%tpt Prrﬁ? Plpopul ations, and the

met al | ocermes ®,is (ﬁ/cadi‘g’énldr alcsm @J@mtge)up,rmda@bls auld tth Ck HWaﬁMkyﬂgr(mpyprﬂﬁéfably
content (10 to /cgt act Mator appears to inpact the

chai n tel m natfomn P tfli’v\?é’ﬁp%wﬁ PHY éyqtlééiél ef’?yljiorr‘if high allylic vinyl
popul ati ons wecteR aist atl¢peadeondl hny&hogdm dr aﬂdtﬂCaﬂkyl\g&mpr wefeablyno0gie @l iinghd

vi nyl popul at i on decre e WI th p meri zation
tenperature. TenBery prgfsrdgllyaycegh? bPPy lr‘| f‘tﬁe pg/n ﬂwypf}lé‘?ty@rb%%ylz‘ﬁ?‘@%eg o)
for F. Wher e Howpat thanaslcobsery &d groups arasotdppoged, eltctr@atcls |angadnm1gﬁgﬁdgroqm ral
net al | oce es Sl Anst tion Te tur sure by DSC
as descri af‘[mljo\(;/)gall dl%’%?&f@%f” |ysdé05| (f/uP\%/ﬁrseqpr?gﬁ giﬂo S0 (é %gatﬁgﬂeémgpba the

Br ookfi el d VIMO%DBHQHSE)@@M&][)1Rgf0lf5.@'tﬂuiﬂdVthyvﬁSgcr[Easur ed at 25C with
589 nm Na |ine; %g)l\@ erials [00104] The followi ng netal |l ocenes were used:
A = bis(1-net f Sh- "but yl cycl opent adi enyl ) zi rconium di methyl ; B =

di met hyl si | yIT 1b|ab(ldg659r6feﬁabtyesrr<mlﬁ3ﬁdmcﬁentikyrﬂfl ) zirconium di net hyI C =

R Ry S BT T e
(tetrametiyl cthol. opent utykepydtyl( ox8h demet oyl pideyiybeniaf substituteld nkehﬂyhr;d tho—
(Fetramet iyl cyerORERadrany el P PR M CIRR) RLEE G oo
(tetranet hyI dysed owmﬁaﬂn enyl ) (1-isopropyl, 3-n-propylindenyl ) haf ni um

d! met hyl ; %xicgg]rtggr' é/d t%!itl 9{1&/ t\p% Eé)aﬁeggkry& gl 2%5%1 5 'ﬁgg(? % %rl {HERICG

di met hyl . lonic’ ac ors Tan supporte oni ¢ ac |vat or
were used toﬁﬁeﬂl rI%QYetCQtVHEICrmmgbmrbesmmmepar@mli}osaam‘r¢cl\ﬁatsun@tcused were: 1

= di met hylani u u a of hLt-b ni Ll nium
bi s pentg | ué‘?dgz%eg;ﬁf cLln ngb(g#l %{Iegr %Q r{]%tg_gt @fc?%eg ﬁouﬁ l%? bhed H‘:E)ML !tlln a
4 tert - butyl Andrpgarivy rgrO(upefnﬂlatrloatgmcrpreehv¢r)>¢tpm§(>pt@mfnlgwom 2Fgrapemyle)hahdt e; 4

= di met hyl an Let ( y an a is a
ai et by an, 1| E ot 3 G bl A S MR Bland By Datcitglis ap
and 6 = tri s%@%‘@%ﬂb@h@@?lﬂtﬁm OhLer§@0106] Catal yst Conpound Synt hesi s:
Typical dry- Pﬁ}éS]prOﬁmeglua{h%&aﬂce%b&ﬁﬁ#ente%' asPbn PR ro@gg%o{ g&’a‘?(\)/g%Qn%% @Gwere

fol |l oned. So nts were purchased from drlch rie Ves
| ndene was plﬂa@ﬁygé?a gfouprAngr hysrogam il tprariclarme teayt I teye Ro ponpeds eﬂehwimer%

purchased fr QE@!M}QQ?-Y%%NR)R@'RMc@?&ﬁwgsaréa‘moﬁhﬁd}ggcg WRBut T ﬁhﬁs%%uﬁJ aw ipul der

scientific or Al bemarle he activators were purchased from Al benarl e or
Grace Davi solvdr@sgtal yst F: (CpMe5) (1, 3- Me2C9H5) Hf Me2 [ 00107] Li COH7 was

generated | n[(ﬁkﬁo (C‘gtgl@t cla%p&h’ﬁs 'E}%?-%ipqﬂicglfarlg%seguliiﬁ‘%@%v(:&iogqnm&one or

more of:

30 (1.3-Dimethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramcthylcyclopentadicnyl)Hafniumdimethyl,
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with 1 equivalent of n-BuLi (10 M hexane) added slowy. LiCOH7 was

i sol ated by reduction 20 of the ether solution, addition of hexane and
filtration over a nmediumglass frit. The product was washed with additi onal
hexane (2 x 40 nmL). LiC9H7 was dissolved in Et20, cooled to - 35C and
reacted with excess Mel (0.375 nol, 47.6 g). After 2 hours the reaction

m xture was warned to anbi ent tenperature. 1-MeCOH/ was isolated as a
colorless liquid by aqueous work-up and ether extractions. Simlarly

1, 3- Me2COH6 wWdS3- Eytfhtyhﬁ&hﬂ){pbnbiynemytcmlalidnmﬂxcﬁ)ﬂ)Pﬁﬂ’mM@%’myl met hyl ati on with

Mel and aqueo ed by reaction of
1 3. Me2Cor6 it e%’rli’éh‘&e‘&lh*%%?[:‘%g‘yF?%?_fiemc‘%leﬁzﬁ Y42 hours. The white
solid was fi |CIG\ﬂﬁﬁylaﬂﬁlo[\Mlﬁlldedll)wehﬂ&m&tﬁgﬂlhj’zdid}ﬂﬂhdlh@mﬂﬁﬁlmﬁihﬂed in vacuo to

| d L . 3- M2 THE-d,. 300 WMHz) 6
Y 5o 10" (Ul SRR g b guhrondtdnM iyt e UL o O
1H), 2.35 {s,(2, W&E}Hﬁderﬁl){ﬁ)@ntamaﬁylEﬁ([bb@r&}m@yl\)ﬁﬁrﬁu@]jﬁnc(t@ lowt her, D.;
B Soci et
C501) 211 4 P TEEEDpaE e T s G T FR PR 5. oo cors] (3.7
g, 24.8 mol )Q2i7mBikt- Btﬁylﬁﬁ@&lymxgenfa@mthilzydh@anﬁdlerﬂyh)eiaﬁﬁhﬂmﬁ)metpyloduct was

Coovees £ 2 DR Rl 2y LR PR, V] Soosy e
(cb2C12, éOO (W)Txﬁnqmlwmuoi'cn%ep?mmct(lmyc(a@Httad,mn@l)mzfn(umduﬂethyndenyI proton),

(2025/9(5)5(1 3- é%ﬂ@% Pﬁ@gg‘ﬁé‘eﬁygym taglf‘g}'?%léﬂ‘lm(ﬁrmftg?'Uene (100 M) and

reacted with (VoMglirokifi(BisGetradethy Rodbbpéntadicty Matiurkdidbthyl, The reaction m xture
was heated to 80C for 3 hours. After cooling the volatiles were renoved in

vacuo to vyi e|%Dan%fmlallal(%%%hm%loqué?@tﬂé@-RMYHruﬁétM@eclqpantidem) Hexane
was renoved fH@mithe o ﬁ/g‘%dﬁed extractl ons to yield solid yell ow

(CpMeb) (1, 3- Me2COHS) Hf E ( "H NVR (C6D6, 300 MHz) 106 ppm
7.55-7. 48 (mu-@wrztomsmédﬂlyfﬁb@@trm%ylfmopeg%wysﬂﬁfmuzld@@cﬂw 1, 3Me2C9H5, 6H),
1.76 (s, 1@!0'\/?50 Cg5H)ln arf Qte%te(énboh‘lfrnematheaht)met g@'ta‘ﬂcyﬁg thnsmon meta] i m the list of
(CpoMe4) (1, 3- M2 Zr Me2 [00111] ZrCl4 was slurried CH2C12
(200 ni) and ctrb C:Oéla@tnéddw@hs el d(vid ezdlgahdpéwchdh@elplonctgocwemﬁlﬂ@mmn(a34 )
was added sl ¢ kab(ent)gidé Q%lELﬁM%P&CWI%thﬁ%mOXQJe thWd‘&)(Pl id 15began to
precipitate after severa hours and was |tered to yield a first crop of
21.3 g of |i gwtivajers pbAdiypticy poflg dar Ce -et.ew-'uu‘-"‘ &13( SMe2) xNWVR (CD2C12, 300
MHz) 6 ppm TG(Q@] (STthMﬁéfH)ocatgl & GRY a%nwl\t@s)arc Bocd felR mg%l}@ndﬁ)\.abl; g(?a&s
CpMe4) . *[00112] ' CpiveaH) Zr CL3 (15.0 g) was slurried in

react ed wit h dpfiefiffab esdnywew@iqs]whw cai gc)m#télann@ewé&watd%tecomwdﬁ deicipiedduct
was filtered,querb@ BhRfthel bt ncu¥@S E‘eﬁgyst ZchﬁﬂjﬁrQi g"%oczgal nfrdc% loftaly@CUO.
Al'l the solid pro uct (ca 22 g) was slurried in Et20 and reacted
with MeMgl (381epusd \gptigy- ENQ@'jlm“A’fgt whiveoofir xenpiet ek @Wm@éar(eﬁ Hurgnuigg s
added and t hgk @aqsﬁmg a&ﬂx)ét‘bl‘—&r %h&h Ha%@qeutéﬂ@ll ibhienak cg¢vg9[10‘ﬂ@lstyqy§&>gatgl9m
extract the solid residue. ltrates were reduced and cod to” -

An of f - whi t e PE&ITE prtbdioet tmgdﬂm lipclided aBiRgxHIei sampeingscedified . glugpxane
(CoMed) (153 MeR ) zﬁmlzlﬁh%la@u%y Jeo%@naga%@;@mé@qe M0 B, 7 35,
7.05 (m C9H5), S (s 4H) , , H5), 1.79,
1.70 (s, Cp\esH), hgalid :ﬂal%gw@e @stah| sps! :C{t@pllcv&m)p(w@ng\/@zemsgeywmmo
[00114] H O ﬂor(cg(;rdgltldw“%gwédo‘?cqndtlﬂ (12 (200 ni) and reacted slowy
with CoMe4HSI Me3 for several® hours. %“he reaction mxture was filtered,
reduced in vHi0THe ahdonczembpsiasme (8OO} apeiond dedutilied af japtactyasorwiasthe ool ed
to -35C Theca@eﬁ;’s’t%}h;%cﬁltlgﬁoml&ﬁox\ﬁ@é a@één@t@%ﬁgh,@ﬁgng%rﬁ&uh& bAathth -Al(Rl)—
(Opl\/E4H)I—tf013 (8.0 was di ssolved in E ) d reacte

[Li][1,3- %2@9%1%(@ VehegR " isngry adley] gmﬁ@uEXotnﬁécs\PéPlamm@gs inelpde m@hﬂ%mom t he
crude reacti ANAD, X&Hﬂlﬁc@)fﬁcrt@%h%ﬁ%é QMWZCtl(ﬂal%n&gan Jchﬁtyfléh hdx@he Was
reduced in vacuotoallg yeIIowsolld product (7.

(CpMe4) (1, 3- MOV pMee1 3nd( 7hopliffgyl ! dglmwrieédalﬁnwelplue%ﬁe cetzty@t REYVaterd
reacted with 2 equivalents of MeMyBr (3 I\/Elél n Et20). The reaction m xture
was heated to 90C for 6 hours. The nmixtule was cool ed to room 5 tenperature
and di net hoxyet hane (3 ml) was added. The volatiles were renoved, the

resi due extracted with CH2C12 and the filtrates were reduced in vacuo. The
product was collected after cooling to -35 C (2.85 Q).

(CpMe4) (1, 3- Me2COHS) Hf Me211-1 NMR (CD2Cl12, 500 MHz) 6 ppm 7.35, 7.06 (m
C9H5), 5.50 (s, C9H5), 4.89 (s, CpMedH), 2.18 (s, Me2C91-15), 1.79, 1.76
(s, CpMedH), -1.49 Hf Me. 10Cat al yst

H: (tetramet hyl cycl opent adi enyl ) (1-i sopropyl, 3-propyl - COH6) Hf Me2

[ 00115] 1-i sopr opyl, 3 propyl 09H6 was synt he5| zed by reactl on of
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and reacted with Triethylalumnum (10 nL, 1.9 Min toluene) for 12 hours.
The solid was filtered and washed with hexane (2 x 20 nL). After drying in
vacuo the yield was 10.75 g TEAL-Si 02. Catalyst |: [00119] TEAL-Si 02 (2.0
g) was slurried in toluene (30 nm.) and reacted with 5 Triphenyl carboni um
t et raki sperfl uorophenyl borate (142 ng, G ace Davison) for 10 m nutes.

Met al | ocene E (56 ng) was added as a solution in toluene (5 nL) to the
slurry and allowed to react for 12 hours. The supported catal yst was
filtered, \Nasbnetibuwaxnyhvﬁaexdamestanﬂbldnigad i An vlayduhnlidean@kiyisbr Knide. 1&{1;&011:261}
Simlar to Ca Vet al | upported as descri

except that 3a§lel¥§t‘|% oafignd ﬁ”fgll?’ed Elufn Om d%c‘ts? DRt 11 mey i’ie Clgrlﬂ i

nmet al | ocene Euswer eumﬂ;l@cbleaPmieWmmmwms clo&mmge]lle?rmmyixermeml beg IE@Ed hﬁt ch
or conti nuous | yner,i.zat i ons e carried ou ud

stirred aut oclfrgguégrae%lg ' or lug?% 088[5661} i‘%ﬁma"anﬁ %%Fe(g‘ian Q:a?oé?ﬂ ¥1§B yuﬁ%ﬁg wer e
15 prepared ifnaharslumotanogena pusdiita Wediyl mivitaxesp MO dreycdndpst typaddi ng
nearly equi no, ically, 1.00:1.05) uant ities af tal |l ocene an
activator to (Iﬁ%nﬁr_lg%%ﬁ | ltlfge()}lee ToRT 2 ;M( Crﬂ(%mlcldas%mw anl(a.er Eﬁﬁe%ﬁé’exflffp% “a&cgﬁed
stirred for stt@ylaﬂunmamatwsBAncbvtﬂaéundcrma]ftemmMUSd E1SRean, oven dri ed
catal yst tub e e rd zation edure follo 2
nL of 25 wt % elt r’{%?n )ég{&ltﬁe C&Fraiu(r)lrd?na urﬁ% e yﬂ)ﬂd ﬂeﬁ N %@%ﬁfreegs:ﬁgm%% IRASHBAS and
100 nL propylseket thememmzfm ?axdxﬂedoﬂaotntahe af eé@ﬂoeﬁold rNﬁwtcxbcfmArl/e/amtomhcm&lyb'eat ed
to the se|gct .00, t epper. ~and activator .

fl ushed flr(gmﬂtﬁ %UR&I E/ﬂsetga?:c%t%gmlt F]l%g t@é%ﬁlgla Cl O?C%\‘I/\Agt? Ih% 66 S Iecursm 1 aeze

Addi ti onal prraqdw aitie. vva@uoépt |pm¢fa1rddyraagl®edclh¢er up tb oflall, @ttemqaeIWOuplﬁi)QO@rL In
sone cases, o] I all ast tank (see Table 2A).

Hydr ogen part| an g‘?élg\gﬁfogalv\g%mggg’ '-{1![ Pp5| g at the start of the run.
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alumoxane activators. \/uwh nefer“eb activators are the ionic ones, not the neutm! boranes.

[0076] Examples of neutral stoichiometric activators include tri-substituted boron,
25 tellurium, aluminum, gallium and indium or mixtures thercof. The three substituent groups
are each independently selected from alkyls, alkenyls, halogens, substituted alkyls, aryls,
arylhalides, alkoxy and halides. Preferably, the three groups are independently selected from
halogen, mono or multicyclic (including halosubstituted) aryls, alkyls, and alkenyl
compounds and mixtures thereof, preferred are alkenyl groups having 1 to 20 carbon atoms,
30 alkyl groups having 1 to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and
aryl groups having 3 to 20 carbon atoms (including substituted aryls). More preferably, the

three groups arc alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures thercof.
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Even more preferably, the three groups are halogenated, preferably fluorinated, aryl groups.
Most preferably, the neutral stoichiometric activator is tris perfluorophenyl boron or tris
perfluoronapthyl boron.
[0077] Ionic stoichiometric activator compounds may contain an active proton, or some
5  other cation associated with, but not coordinated to, or only loosely coordinated to, the
remaining ion of the ionizing compound. Such compounds and the like are described in
European publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0 495 375, EP-B1-0 500
944, EP-A-0 277 003 and EP-A-0 277 004, and U.S. Patent Nos. 5,153,157, 5,198,401,
5,066,741, 5,206,197, 5,241,025, 5,384,299 and 5,502,124 and U.S. Patent Application Serial
10 No. 08/285,380, filed August 3, 1994, all of which are herein fully incorporated by reference.
[0078] lonic catalysts can be preparedly reacting a transition metal compound with some
neutral Lewis acids, such as B(CsFs)s, which upon reaction with the hydrolyzable ligand (X)
of the transition metal compound forms an anion, such as ([B(CsFs);(X)]), which stabilizes
the cationic transition metal species generated by the reaction. The catalysts can be, and
15 preferably are, prepared with activator components which are ionic compounds or
compositions.
[0079] Compounds useful as an activator component in the preparation of the ionic
catalyst systems used in the process of this invention comprise a cation, which is preferably a
Bronsted acid capablc of donating a proton, and a compatiblc non-coordinating anion which
20 anion is relatively large (bulky), capable of stabilizing the active catalyst species (the Group 4
cation) which is formed when the two compounds arc combined and said anion will be
sufficiently labile to be displaced by olefinic, diolefinic and acetylenically unsaturated
substrates or other neutral Lewis bases such as ethers, amines and the like. Two classes of
compatible non-coordinating anions have been disclosed in EP-AQ 277,003 and EP-A0
25 277,004 published 1988: 1) anionic coordination complexes comprising a plurality of
lipophilic radicals covalently coordinated to and shielding a central charge-bearing metal or
metalloid core, and 2) anions comprising a plurality of boron atoms such as carboranes,
metallacarboranes and boranes.
10080] In a preferred embodiment, the stoichiometric activators include a cation and an
30  anion component, and may be represented by the following formula:

(L-H)g" (A9 (14)
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wherein L is an neutral Lewis base; H is hydrogen; (L-H)" is a Bronsted acid; A% is a non-
coordinating anion having the charge d-; and d is an integer from 1 to 3.
[0081] The cation component, (L-H)¢  may include Bronsted acids such as protonated
Lewis bases capable of protonating a moiety, such as an alkyl or aryl, from the bulky ligand
5  metallocene containing transition metal catalyst precursor, resulting in a cationic transition
metal species.
[0082] The activating cation (L-H)qs may be a Bronsted acid, capable of donating a
proton to the transition metal catalytic precursor resulting in a transition metal cation,
including ammoniums, oxoniums, phosphoniums, silyliums, and mixtures thercof, preferably
10 ammoniums of methylamine, aniline, dimethylamine, diethylamine, N-methylaniline,
diphenylamine, trimethylamine, triethylamine, N,N-dimethylaniline, methyldiphenylamine,
pyridine, 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
15  as diethyl thioethers and tetrahydrothiophene, and mixtures thereof.
[0083] The anion component A% include those having the formula [M*Q,]* wherein k is
an integer from 1 to 3; n is an integer from 2 to 6; n - k = d; M is an element selected from
Group 13 of the Periodic Table of the Elements, preferably boron or aluminum, and Q is
independently a hydride, bridged or unbridged dialkylamido, halide, alkoxide, aryloxide,
20 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
cach Q is a pentafluoryl aryl group. Examples of suitable A% also include diboron
25  compounds as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by
reference.
[0084] [Mustrative, 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:
30 trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, tri(t-

butyl)ammonium tctraphcenylborate, N,N-dimcthylanilinium tetraphenylborate, N,N-
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diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetraphenylborate, tropillium tetraphenylborate, triphenylcarbenium tetraphenylborate,
triphenylphosphonium tetraphenylborate tricthylsilylium tetraphenylborate,
benzene(diazonium tetraphenylborate, trimethylammonium

5 tetrakis(pentafluorophenyl)borate, tricthylammonium 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-dicthylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-

10 trimethylanilinium) tetrakis(pentafluorophenyl)borate, tropillium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenylphosphonium tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene(diazonium) tetrakis(pentafluorophenyl)borate,
trimethylammonium tetrakis-(2,3,4.6-tetrafluorophenyl) borate, triethylammonium tetrakis-

15 (2,3,4,6-tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)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-tetrafluorophenyl)boratc, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-

20 tetrafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
triphenylcarbenium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triphenylphosphonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4.6-tetrafluorophenyl)borate,
trimethylammonium tetrakis(perfluoronapthylborate, triethylamonium

25  tetrakis(perfluoronapthyl)borate, tripropylammonium tetrakis(perfluoronapthyl)borate, tri(n-
butyl)ammonium tetrakis(perfluoronapthyl)borate, tri(t-butyl)ammonium
tetrakis(perfluoronapthyl)borate, N.N-dimethylanilinium tetrakis(perfluoronapthyl)borate,
N,N-diethylanilinium tetrakis(perfluoronapthyl)borate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetrakis(perfluoronapthylyborate, tropillium

30  tetrakis(perfluoronapthyl)borate, triphenylcarbenium tetrakis(perfluoronapthyl)borate,
triphcnylphosphonium tetrakis(perfluoronapthyl)borate, tricthylsilylium

tetrakis(perfluoronapthyl)borate, benzene(diazonium) tetrakis(perfluoronapthyl)borate,
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trimethylammonium tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium tetrakis(perfluorobiphenyl)borate,
tri(n-butyl)ammonium tetrakis(perfluorobiphenyl)borate, tri(t-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(perfluorobiphenyl)borate,
5  N,N-diethylanilinium tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetrakis(perfluorobiphenyl)borate, tropillium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
triphenylphosphonium tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium) tetrakis(perfluorobiphenyl)borate,

10 trimethylammonium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triethylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(t-butyl)ammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethylanilinium tetrakis(3,5-

15 bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tropillium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triphenylcarbenium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylphosphonium
tetrakis(3,5-bis(trifluoromethyl)phenylborate, tricthylsilylium tetrakis(3.5-

20 bis(trifluoromethyl)phenyl)borate, benzene(diazonium) tetrakis(3,5-
bis(trifluoromcthyl)phenyl)borate, and dialkyl ammonium salts such as: di-(i-
propyl)ammonium tetrakis(pentafluorophenyl)borate, and dicyclohexylammonium
tetrakis(pentafluorophenyl)borate; and additional tri-substituted phosphonium salts such as
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, and tri(2,6-

25  dimethylphenyhphosphonium tetrakis(pentafluorophenyl)borate
[0085] Most preferably, the ionic stoichiometric activator (L-H)4 (AY) is, N,N-
dimethylanilinium tetrakis(perfluoronapthyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate,  triphenylcarbenium  tetrakis(perfluoronapthyl)borate,

30  triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylcarbenium  tetrakis(3,5-

bis(trifluoromethyl)phenylyborate, or triphenylcarbenium tetrakis(perfluorophenyl)borate.
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[0086] In one embodiment, an activation method using ionizing ionic compounds not

containing an active proton but capable of producing a bulky ligand 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
5 by reference.

[0087] 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 arc thosc which are not degraded to ncutrality when the initially formed
10 complex decomposes. Further, the anion will not transfer an anionic substituent or fragment
to the cation so as to cause it to form a neutral four coordinate metallocene compound and a
neutral by-product from the anion. Non-coordinating anions useful in accordance with this
invention are thosc that are compatible, stabilize the metallocene cation in the sense of
balancing its ionic charge at +1, yet retain sufficient lability to permit displacement by an
15 ethylenically or acetylenically unsaturated monomer during polymerization. In addition to
these activator compounds or co-catalysts, scavengers are used such as tri-isobutyl aluminum
or tri-octyl aluminum.
[0088] Invention process also can employ cocatalyst compounds or activator compounds
that arc initially ncutral Lewis acids but form a cationic metal complex and a noncoordinating
20 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
25  complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878; 5,486,632; and
5,527,929.
[0089] Another suitable ion forming, activating cocatalyst comprises a salt of a cationic
oxidizing agent and a noncoordinating, compatible anion represented by the formula:
(0X ) (A%, (16)
30 wherein OX° is a cationic oxidizing agent having a charge of e+; ¢ is an integer from 1 to 3;
and A’, and d arc as previously defined. Examples of cationic oxidizing agents include:

ferrocenium, hydrocarbyl-substituted ferrocenium, Ag”, or Pb™. Preferred embodiments of
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A% are those anions previously defined with respect to the Bronsted acid containing

activators, especially tetrakis(pentafluorophenyl)borate.

[0090] The typical NCA activator-to-catalyst-precursor ratio is a 1:1 molar ratio.

Alternate preferred ranges include from 0.1:1 to 100:1, alternately from 0.5:1 to 200:1,
5  alternately from 1:1 to 500:1 alternately from 1:1 to 1000:1. A particularly useful range is

from 0.5:1 to 10:1, preferably 1:1 to 5:1.

Activator combinations

10091] It is within the scope of this invention that catalyst compounds can be combined
with onec or more activators or activation mcthods described above. For cxample, a

10 combination of activators have been described in U.S. Patent Nos. 5,153,157 and 5,453,410,
European publication EP-B1 0 573 120, and PCT publications WO 94/07928 and WO
95/14044. These documents all discuss the use of an alumoxane in combination with an
ionizing activator.

[0092] In another embodiment this invention relates to:

15 1. A co-oligomer having an Mn of 300 to 30,000 g/mol comprising 10 to 90 mol%
propylene and 10 to 90 mol% of ethylene, wherein the oligomer has at least X% allyl chain
ends (relative to total unsaturations as measured by 'H NMR), where: 1) X = (-0.94(mole%
ethylene incorporated) + 100), when 10 to 60 mole% ecthylene is present in the co-oligomer,
and 2) X = 45, when greater than 60 and less than 70 mole% ethylene is present in the co-

20 oligomer, and 3) X = (1.83* (mole% ecthylene incorporated) -83), when 70 to 90 mole%
cthylenc is present in the co-oligomer.

2. The oligomer of paragraph | wherein the oligomer has more than 90% allyl chain
ends (relative to total unsaturations).
3. The oligomer of paragraph 1 wherein the oligomer comprises at 15 to 95 wt%

25  ecthylene and has more than 80% allyl chain ends (relative to total unsaturations).

4. The oligomer of paragraph 1 wherein the oligomer comprises at 30 to 95 wt%
ethylene and has more than 70% allyl chain ends (relative to total unsaturations).
5. The oligomer of paragraph 1 wherein the oligomer comprises at 30 to 95 wt%
cthylene and has more than 90% allyl chain ends (relative to total unsaturations).
30 6. A propylene oligomer, comprising more than 90 mol% propylene and less than 10

mol% ethylene wherein the oligomer has: at least 93% allyl chain ends, a number average
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molecular weight (Mn) of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic
vinyl group ratio of 0.8:1 to 1.35:1.0, and less than 1400 ppm aluminum.
7. A propylene oligomer, comprising: at least 50 mol% propylene and from 10 to 50
mol% ethylene, wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 150
5 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.2:1.0, wherein monomers having four or more carbon atoms are present at from 0 to 3
mol%.
8. A propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45 mol%
cthylene, and from 0.1 to 5 mol% C4 to C,; olcfin, whercin the oligomer has: at least 90%
10 allyl chain ends, an Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to
allylic viny! group ratio of 0.8:1 to 1.35:1.0.
9. A propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45 mol%
ethylene, and from 0.1 to 5 mol% diene, wherein the oligomer has: at least 90% allyl chain
ends, an Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl
15 group ratio 0of 0.7:1 to 1.35:1.0.
10. A homo-oligomer, comprising propylene, wherein the oligomer has: at least 93% allyl
chain ends, an Mn of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.2:1.0, and less than 1400 ppm aluminum.
11. The oligomer of any of paragraphs | to 10, wherein the oligomer is a liquid at 25°C.
20 12, The oligomer of any of paragraphs 1-11, wherein the Mn is about 500 to about 7,500
g/mol, the Mw is 1,000 to about 20,000 g/mol, and the Mz is about 1400 (alternatcly 1700) to
about 150,000 g/mol.
13. The oligomer of any of paragraphs 1-12, wherein the oligomer has no detectable
melting point by DSC following storage at ambient temperature for at least 48 hours.
25 14.  The oligomer of any of paragraphs 1-12, wherein the oligomer has a melting peak of
from about 60°C to about 130°C.
15. A homogenous process for making the propylene co-oligomer of any of the above
paragraphs 1 to 14, said process having productivity of at least 4.5 x 10° g/mmol/hr, wherein
the process comprises:
30 contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
cthylenc and from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising

an activator and at [cast onc metallocene compound represented by the formulae:
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where

Hf is hafnium;

cach X is, independently, selected from the group consisting of hydrocarbyl radicals having
from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens,
dienes, amines, phosphines, ethers, or a combination thercof, preferably methyl, ethyl,
propyl, butyl, phenyl, benzyl, chloride, bromide, iodide, (alternately two X’s may form a part
of a fused ring or a ring system);

each Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at least
one Q is a heteroatom, alternately at least two Q's are the same or different heteroatoms,
alternatcely at least three Q's arc the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);

each R' is, independently, a C; to Cy alkyl group, preferably a C, to Cs linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or
different as R?;

each R? is, independently, a C, to Cg alkyl group, preferably a C, to Cs linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R?
are not branched;
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20Alctcronnlegg?2ﬁ%§0%§9 @nggg 567. Table 2 Summary of Propyl ene- Et hyl ene

Copol yneri z atR’ onkydrogen or a Cy to Cy alkyl group, preferably a C; to Cs [inear alkyl group, preferably

methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

15 R®is hydrogen or a C; to Cs alkyl group, preferably a C; to Cy linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl,
cach R’ is, independently, hydrogen, or a C; to Cg alkyl group, preferably a C) to Cg linear
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
however that at least seven R’ groups arc not hydrogen, altcrnately at lcast eight R” groups

20 are not hydrogen, alternately all R’ groups are not hydrogen, (preferably the R groups at the
3 and 4 positions on cach Cp ring of Formula IV are not hydrogen),
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
each R is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,

25 ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
R can form a cyclic structure including aromatic, partially saturated, or saturated cyclic or
fused ring system;
and further provided that any two adjacent R groups may form a fused ring or multicenter
fused ring system where the rings may be aromatic, partially saturated or saturated.

30 16. A homogenous process for making the propylene homo-oligomer of any of
paragraphs 1- to 14, said process having a productivity of at lcast 4.5 x 10° g/mol/min,

wherein the process compriscs:



Exanpl e Catal yst/ Activator Mol e netallocene a T1l, C Psig C2 Tinme, mn
Yield, g Productivity, g/muvol/hr 33 E/4 2. 13E-05 65 20 10 320 90,122 35 E/ 4
4. 26E-06 60 40 20 127 89,526 52 F/ 4 8.26E-06 60 40 20 240 87,297 53 F/ 4

contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer
and from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising an

activator and at least one metallocene compound represented by the formulae:

RY R
4
R\&RS
R? ®>
R* g3 R _HIX;
3 3
. R ) R -
R
4 R’
R7 R7 8
R4\Q/,Q 5
~ R
R’ \
R,AT , rt 3
R Hsz RY 3 R2 HfX
o o
R7
5 I v R3 R3
where

Hf is hafnium,

cach X is, independently, selected from the group consisting of hydrocarbyl radicals having

from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens,
10 dicnes, amines, phosphines, cthers, or a combination thercof, preferably methyl, cthyl,

propyl, butyl, phenyl, benzyl, chloride, bromide, iodide, (altcrnately two X’s may form a part

of a fused ring or a ring system);

cach Q is, indcpendently carbon or a heteroatom, preferably C, N, P, S (preferably at lcast

one Q is a heteroatom, alternately at least two Q's are the same or different heteroatoms,
15  alternately at least three Q's are the same or different heteroatoms, alternately at least four Q's

are the same or different heteroatoms);

each R' is, independently, a C, to Cy alkyl group, preferably a C to Cy linear alkyl group,

preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or

different as R%;
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8.26E-06 65 30 10 128 92,838 54 F/ 4 4.13E-06 60 20 10 178 258, 206 55 F/1
2. 06E-06 58 <5 30 95 92,055 56 F/1 2. 06E-06 70 <5 30 87 84,303 57 F/1

6. 19E-06 70 10 60 80 12,920 58 F/1

cach R? is, independently, a C, to Cy alkyl group, preferably a C| to Cs linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R?
are not branched;
each R' is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
5 having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cg linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that: 1) all five R* groups are methyl, or 2) four R*
groups are not hydrogen and at least one R” group is a C, to Cg substituted or unsubstituted
hydrocarbyl (preferably at lcast two, three, four or five R groups arc a C; to Cy substituted or
10 unsubstituted hydrocarbyl);
each R’ is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a
heteroatom or heteroatom containing group, preferably a substituted or unsubstituted
hydrocarbyl group having from [ to 20 carbon atoms, preferably 1 to 8 carbon atoms,
preferably a substituted or unsubstituted C, to Cg linear alkyl group, preferably methyl cthyl,
15  propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl (such as propyl phenyl), phenyl,
silyl, substituted silyl, (such as CH,SiR' where R’ is a C, to C, hydrocarbyl, such as methyl,
cthyl, propyl, butyl, phenyl);
R’ is hydrogen or a C, to Cs alkyl group, preferably a C; to Cs linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
20 R%is hydrogen or a C; to Cy alkyl group, preferably a C; to Cg linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
each R is, independently, hydrogen, or a C; to Cs alkyl group, preferably a C, to Cg linear
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
however that at least seven R’ groups are not hydrogen, alternately at least eight R7 groups
25 are not hydrogen, alternately all R’ groups are not hydrogen, (preferably the R’ groups at the
3 and 4 positions on each Cp ring of Formula IV are not hydrogen);
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
each R, is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,
30  ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
R* can form a cyclic structure including aromatic, partially saturated, or saturated cyclic or

fused ring system;
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8. 26E-06 68 30 10 158 114,597 59 F/1 4.13E-06 65 50 10 95 137,806 60 F/1
2. 07E-06 55 220 10 108 313,329 61 F/1 4.15E-06 65 50 5 46 133,455 a in all
cases, slight nolar excess (-5-10 nole/o) of activator used with

nmet al | ocene. Tabl e 2A: Propyl ene Pol yneri zations with Catalyst F in the
Presence of Hydrogen Ex Act Cat/Activator (ng/ng) Hz, psi Tp.

and further provided that any two adjacent R groups may form a fused ring or multicenter
fused ring system where the rings may be aromatic, partially saturated or saturated.

17.  The process of paragraph 15 or 16, wherein the activator comprises one or more non-
coordinating anions.

5 18.  The process of paragraph 15, 16, or 17 wherein the catalyst system comprises one or
more of (pentamethylcyclopentadienyl)(1,3 dimethylindenyl) hafnium) dimethyl, and
(pentamethylcyclopentadienyl)(1,3 dimethylindenyl) hafnium) dichloride.

19.  The process of paragraph 15 or 17, wherein the catalyst system comprises one or
more of (1,3-Dimecthylindenyl)(pentamcthylcyclopentadienyl) Hafniumdimethyl,

10 (1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dicethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

15 (1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(9-Mcthylfluorenyl)(pentamethyleyclopentadienyl) Hafniumdimethyl,

20 (2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdimethyl,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdimethyl,
u-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
Hafniumdimethyl,

25 u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafnium dimethyl.
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1.3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdihalide,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

30 (1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1-Mcthyl,3-propyllindenyl)(pentamethylcyclopentadicnyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdihalide,
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(© Tinme (mn) Yield (g) Productivity g/mmol/hr 62 4 10 / 25 7 80 10 342
39768 63 4 5/ 12.5 7 27 60 348 13489 64 4 4 / 10 7 60 30 225 21803 65 4

4.5/ 11.25 7 40 45 428 24579 66

(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

5 (2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdihalidc,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdihalide,
u-Dihalidesilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
Hafniumdihalide, and

10 u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafnium dihalide.

20.  The process of paragraph 16 or 17, wherein the catalyst system comprises one or
more of (1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3,4,7-Tetramethylindenyl}(pentamethylcyclopentadienyl) Hafntumdimethyl,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

15 (1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

20 (9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dicthylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

25  (1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

30 (9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide, and
(2,7,9-Trimethylfluorenyl)(pentamethyleyclopentadienyl) Hafniumdihalide.



15/ 97 29 50 525 33915 67 1 2/ 3.5 7 60 60 165 22841 68 1 6 / 10.4 7 45
30 487 45375 69 1 2/ 3.5 7 40 10 1.5 2180 70 1 2/3.5 50 40 5 2.3 6689 71

EXAMPLES
[0093] The foregoing discussion can be further described with reference to the following
non-limiting examples.
Product Characterization
5 [0094] Products were characterized by 'H NMR and "“C NMR as follows:
“C NMR
[0095] BC NMR data was collected at 120°C in a 10 mm probe using a Varian
spectrometer with a 'Hydrogen frequency of at least 400 MHz. A 90 degree pulse, an
acquisition timc adjusted to give a digital rcsolution between 0.1 and 0.12 Hz, at lcast a 10
10 second pulse acquisition delay time with continuous broadband proton decoupling using
swept square wave modulation without gating was employed during the entire acquisition
period. The spectra were acquired using time averaging to provide a signal to noise level
adequate to measure the signals of interest. Samples were dissolved in tetrachloroethane-d,
at concentrations between 10 to 15 wt% prior to being inserted into the spectrometer magnet.
15 [0096] Prior to data analysis spectra were referenced by setting the chemical shift of the
(-CHj-), signal where n> 6 to 29.9 ppm.
[0097] Chain ends for quantization were identified using the signals shown in the table
below. N-butyl and n-propyl were not reported due to their low abundance (less than 5%)

relative to the chain ends shown in the table below.

Chain End “CNMR Chemical Shift
P~i-Bu 23-5to 25.5 and 25.8 to 26.3 ppm
E~i-Bu 39.5t0 40.2 ppm

P~Vinyl 41.5to 43 ppm
E~Vinyl 33.9 to 34.4 ppm

20 'HNMR
[0098] 'H NMR data was collected at either room temperature or 120°C (for purposes of

the claims, 120°C shall be used) in a 5 mm probe using a Varian spectrometer with a
'Hydrogen frequency of at least 400 MHz. Data was recorded using a maximum pulse width
of 45°C, 8 seconds between pulses and signal averaging 120 transients. Spectral signals were
25  integrated and the number of unsaturation types per 1000 carbons was calculated by
multiplying the different groups by 1000 and dividing the result by the total number of

carbons. Mn was calculated by dividing the total number of unsaturated species into 14,000.
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14/ 7 7 50 10 140 101740 72 1 4/ 7 22 45 10 202 146770 73 1 4 / 7 50 42
5 30 43622 74 1 4 /] 7 50 47 30 325 78731 Table 3: Characterization Data
for Propylene AQigoners Exanple % Vinyls* DP* Mh* Tg ("C) Viscosity at 35C

(cps)

[0099] The chemical shift regions for the olefin types are defined to be between the

following spectral regions.

Unsaturation Type  Region (ppm) Number of hydrogens per structure
Vinyl 4.95-5.10 2
5 Vinylidene 4.70-4.84 2
Vinylene 5.31-5.55 2
Trisubstituted 5.11-5.30 1

[00100] The populations of olefin unsaturations found in the products by 'H NMR arc
summarized in Table 3. 1In this table, the vinyl population, as a percentage of total
10 unsaturation, is provided as well, along with the number average molecular weight calculated
by assuming one unsaturation per chain and degree of polymerization, or average number of
propylene units per chain. For the propylene oligomer products, the % vinyl ranges from ~0
(comparative examples A and B catalysts) to as high as ~98% (F). Regardless of activator,
the less sterically encumbered A, B catalysts (comparative examples) did not produce
15 significant vinyl populations, and the metallocenes D, G and H also produce products with
low allylic vinyl content (10 to 42%). In the case of E, the activator appears to impact the
chain termination pathway. In the case of F runs, high allylic vinyl populations were attained
with both 1 and 4 activators, although allylic vinyl population decreased modestly with
increasing polymerization tcmperaturc. Temperature played a role in the % vinyl for E but
20 less so for F. Where impact was observed, it was opposite to using bridged, chiral
mectallocenes.
[00101] Glass Transition Temperature (Tg) was measured by DSC as described above.
[00102] Viscosity was measured at 35°C using a Brookfield viscometer.
[00103] Refractive Index was measured at 25°C with 589 nm Na line.
25  Materials
[00104] The following metallocenes were used:
A = bis(1-methyl,3-n-butylcyclopentadienyl)zirconium dimethyl;
B = dimethylsilyl bis(4,5,6,7-tetrahydroindenyl) zirconium dimethyl;
C = dimethylsily! bis(indenyl) hafnium dimethyl;
30 D =(tetramethylcyclopentadienyl)(1,3-dimethylindenyl)zirconium dimethyl,
E = (tetramcthylcyclopentadicnyl)(1,3-dimethylindenyl)hafnium dimethyl;
F = (pentamethylcyclopentadienyl)(1,3-dimethylindenyhafnium dimethyl;
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Refractive Index 1 3.35 12.55 526.91 2 5.5 107.5 4516 3 1.50 6.57
4 28.7 86.1 3618 5 12.6 24.2 1017 6 1.94 6.54 274.51

275.92

10

15

20

25

30

G = (tetramethylcyclopentadienyl)( 1-isopropylindenyl) hafnium dimethyl;

H = (tetramethylcyclopentadienyl)(1-isopropyl,3-n-propylindenyl) hafnium dimethyl; and

J = dimethylsilyl bis(2-methyl,4-phenylindenyl)zirconium dimethyl.

[00105] Several ionic activators and one supported ionic activator were used to activate
the metallocenes. The ionic activators used were:

1 = dimethylanilinium perfluorotetraphenylborate;

2 = 4-tert-butylanilinium bis(pentafluorophenyl)bis(perfluoro-2-napthyl)borate;

3 = 4-tert-butylanilinium (pentafluorophenyl)tris(perfluoro-2-napthyl)borate;

4 = dimcthylanilinium tetrakis(perfluoro-2-napthyl)boratc;

5 = dimethylanilinium tetrakis(3,5 (pentafluorophenyl)perfluorophenylborate); and

6 = tris-perfluoropheny! boron.

[00106] Catalyst Compound Synthesis: Typical dry-box procedures for synthesis of air-
sensitive compounds were followed. Solvents were purchased from Aldrich and dried over
2A sieves. Indene was purchased from Aldrich and pentamethylcyclopentadiene was
purchased from Norquay. Metallocenes A, B and C were purchased from Boulder scientific
or Albemarle. The activators were purchased from Albemarle or Grace Davison.

Catalyst F: (CpMes)(1,3-Me,CoHs)HfMe,

[00107] LiCoH7 was generated in Et;O (-35°C) by the reaction of 29 g indene (0.25 mol)
with 1 equivalent of n-BuLi (10 M, hexanc) added slowly. LiCoH; was isolated by reduction
of the ether solution, addition of hexane and filtration over a medium glass frit. The product
was washed with additional hexanc (2 x 40 mL). LiCoH7 was dissolved in Et,0, cooled to -
35°C and reacted with excess Mel (0.375 mol, 47.6 g). After 2 hours the reaction mixture
was warmed to ambient temperature. 1-MeCoH; was isolated as a colorless liquid by
aqueous work-up and ether extractions. Similarly 1,3-Me,CoHs was synthesized by lithiation
of MeCoHy7, methylation with Mel and aqueous work-up. [Li][1,3-Me,Colls] was synthesized
by reaction of 1,3-Me,CyHg in hexane with excess nBuli (1.1 equiv) for 12 hours. The
white solid was filtered and washed with additional hexane and dried in vacuo to yield pure
[Li][1,3-Mc,CoHs], B (14.5 g). 'H NMR (THE-dg, 300 MHz) & ppm; 7.25-7.10 (m, CgH,,
2H), 6.45-6.30, CsH4, 2H), 6.10 (s, 2-indenyl proton, 1H), 2.35 (s, 1,3Me CoHs, 6 H).

[00108] CpMesHfCl; (Crowther, D.; Baenziger, N.; Jordan, R.; J. Journal of the American
Chemical Socicty (1991), 113(4), 1455-1457) (10.4 g) was reacted with [Li][1,3-Mc,CoHs]|
(3.7 g, 24.8 mmol) in Et;O (100 ml) for 12 hours. The ycllow product was collected by
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7 1.64 6.93 291.18 8 14.19 8.23 345.51 9 25.03 4.34 182.43 1.4240
10 41.47 6.89 289.26 3.5 11 57.17 8.95 375.94 12 55.74

filtration over a glass frit and dried to yield crude (CpMes)(1,3-Me;CoHs)HEC1(8.6 g) as a
mixture with LiCl.

[00109] 'H NMR (CD,Cl,, 300 MHz) & ppm; 7.58-7.11 (m, CsHy), 6.17 (s, 2-indenyl
proton), 2.32 (s, 1,3Me,CoHs), 2.09 (s, CpMes).

5 [00110] Crude (CpMes)(1,3-Me,CoHs)HECL, (2.5 g) was slurried in toluene (100 ml) and
reacted with MeMgl (4.2 g, 2.1 equiv, 3.0 M in Et;0). The reaction mixture was heated to
80°C for 3 hours. After cooling the volatiles were removed in vacuo to yield a solid which
was extracted with hexane (4 x 40 mL). Hexane was removed from the combined extractions
to yield solid yellow (CpMes)(1,3-Me,CoHs)HfMe,, E ( 1.6 g). "H NMR (CsDs, 300 MHz )

10 3 ppm; 7.55-7.48 (m, C¢Ha, 2H), 7.20-7.16 (m, CoHs, 3H), 2.00 (s, 1,3Me,CoHs, 6H), 1.76 (s,
CpMes, 15H), -0.95 (s, Hf-Me, 6H).
Catalyst D: (CpMes)(1,3-Me,CoHs)ZrMe,
[00111] ZrCl, (36 g) was slurried in CH,Cl; (200 mL) and then reacted with Me,S (19.2 g)
for I hour. CpMesHSiMes (34 g) was added slowly to the reaction mixture. Yellow solid
15  began to precipitate after several hours and was filtered to yield a first crop of 21.3 ¢ of light
yellow solid product. (CpMesH)ZrCly(SMey), 'H NMR (CD,Cly, 300 MHz ) & ppm; 6.05
(s, CpMesH), 2.6 (br s, MeS), 2.27 (s, CpMey), 2.20 (s, CpMey).
100112] (CpMesH)ZrCl; (15.0 g) was slurried in EO (250 mL) and reacted with [Li][1,3-
Me,CyHs] (7.5 g) for 16 hours. The reaction product was filtered over a glass frit, washed
20 with CH;Cl; and dried in vacuo. All the solid product (ca 22 g) was slurried in Et;O (200
mL) and reacted with MeMgl (38 g 3 M in Et,O). After 4 hours dimethoxyethane (6.8 g) was
added and the reaction mixture filtered. Additional Et;O was used to extract the solid
residue. The filtrates were reduced and cooled to -35°C. An off-white solid product was
filtered and dried in vacuo (14.8 g). (CpMea)(1,3-Me,CoHs)ZrMe,.
25 [00113] 'HNMR (CDyCly, 500 MHz) & ppmy; 7.35, 7.05 (m, CoHs), 5.51 (s, CoHs), 4.83 (s,
CpMeyH), 2.17 (s, Me,CoHs), 1.79, 1.70 (s, CpMesH), -1.31 ZrMe.
Catalyst E: (CpMes)(1,3-Me,CoHs)HfMe,
[00114] HICly (31 g) was slurried in CH,Cl, (200 mL) and reacted slowly with
CpMesHSiMe; for several hours. The reaction mixture was filtered, reduced in volume and
30 hexane (80 mL) was added. The filtrate was cooled to -35°C. The off-white product was
collected and dried in vacuo. (CpMceH)HTCI; (8.0 g) was dissolved in Et;O (150 mL) and
reacted with [Li][1,3-Me,CoHs] (2.8 g). After | hour the volatiles were removed and the

-36 -
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crude reaction mixture extracted with CH,Cl, (2 X 60 mL). The filtrate was reduced in
vacuo to a light yellow solid product (7.2 g). All (CpMey)(1,3-Me,CoHs)HFC, (7.2 ¢) was
slurried in toluene (200 mL) and reacted with 2 equivalents of MeMgBr (3 M in Et;0). The
reaction mixture was heated to 90°C for 6 hours. The mixture was cooled to room
temperature and dimethoxyethane (3 ml) was added. The volatiles were removed, the residue
extracted with CH,Cl; and the filtrates were reduced in vacuo. The product was collected
after cooling to -35 °C (2.85 g). (CpMes)(1,3-Me,CoHs)HfMe, 'H NMR (CD,Cl,, 500 MHz)
d ppm; 7.35, 7.06 (m, CoHs), 5.50 (s, CoHs), 4.89 (s, CpMe4H), 2.18 (s, Me,CoHs), 1.79, 1.76
(s, CpMc,4H), -1.49 HfMe.

Catalyst H:(tetramethylcyclopentadienyl)(1-isopropyl, 3-propy!-CoHe)HfMe,

[00115]  I-isopropyl, 3-propyl-CoHs was synthesized by reaction of 1-isopropylindenyl
lithium with propyl bromide in Et,O. The lithium salt is synthesized from BuLi in Et,0.
[Li][1-isopropyl, 3-propyl -CoHs] (2.1 g) was dissolved in Et;O (60 mL) and reacted with
(CpMesHHHIECL: (4.0 g). MeMgl (2 equivalents) were added to the reaction mixture, 60 ml
toluene added and the reaction was heated to 90°C. After 2 hours the reaction was cooled,
volatiles removed and the dimethyl product extracted with hexane. The product was obtained
as an amber oil (3.8 g). 'H NMR (CsDs, 300 MHz) 8 ppm; 7.48 (d), another doublct partially
obscured under solvent 7.02 (m), 5.53 (s), 4.72 (s), 3.25 (p), 2.72 (m), 2.31 (m), 2.83, 2.77,
2.74,2.73 (s), 1.22 (d), 1.07 (d), -0.73(s, Hf-Me), -1.29 (s, Hf-Me).

Catalyst G: (CpMea)(1-/C3H7-CoHs)HIMe;

[00116] I-Isopropylindenyl lithium (Bradley et al, OM, 2004, 23, 5332) (2.0 g) was
slurried in Et,O (100 mL) and reacted with (CpMe,H)HFC; (5.0 g) for 12 hours. The solid
product was filtered and washed with hexane (3.7 g). (CpMey)(1-iC:H7-CoHs)HFCl, 'H NMR
(CsDs, 300 MHz) 6 ppm; 7.55. 7.41 (d), 6.95 (p), 6.22 (d), 5.51 (d), 4.96 (s), 3.72 (p), 1.93,
1.92, 1.83, 1.64 (s), 1.34, 1.11 (d).

[00117] The dichloride was slurried in toluene (50 mL) and reacted with 2 equivalents of
MeMgl (3 M in Et;0). The reaction was heated to 90°C for 2 hours and then cooled. The
volatiles were removed. The crude mixture was extracted with hexane (2 x 40 mL), filtered
and filtrate reduced to solid product in vacuo (3.1 g). 'H NMR (CeDs, 300 MHz) 8 ppm; -
0.52,-1.46 Hf-Me.

[00118] TEAL-SiO,: SiO; Davison 948 calcined at 600°C was slurricd in hexane (30 mL)

and reacted with Triethylaluminum (10 mL, 1.9 M in toluene) for 12 hours. The solid was
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24 24.72 46.04 1933.70 -56.9 25 54.11 9.05 379. 92 28 63.3 17.48 734.1
29 16.1 45.8 1923 30 55.52 8.52 357.69 31 57.49 8.54 358.70

filtered and washed with hexane (2 x 20 mL). After drying in vacuo the yield was 10.75 ¢

TEAL-SIO,.

Catalyst I:

[00119] TEAL-SiO, (2.0 g) was slurried in toluene (30 mL) and reacted with
5 Triphenylcarbonium tetrakisperfluorophenyl borate (142 mg, Grace Davison) for 10 minutes.

Metallocene E (56 mg) was added as a solution in toluene (5 mL) to the slurry and allowed to

react for 12 hours. The supported catalyst was filtered, washed with hexane and dried in

vacuo.

10 [00120] Similar to Catalyst 1, Metallocene E was supported as described above except that

3.8 g TEAL-SiO, 215 mg of ionic activator 1, and 114 mg of metallocene E were used.
Polymerizations
[00121] Propylene oligomer batch or continuous polymerizations were carried out for this
study using a 2L stirred autoclave reactor are described in Table 1. Catalyst solutions were
15 prepared in a dry nitrogen purged Vacuum Atmospheres dry box by adding nearly equimolar
(typically 1.00:1.05) quantities of metallocene and activator to 4 mL dry toluene in a 10 mL
glass vial. The mixture was stirred for several minutes and then transferred to a clean, oven
dried catalyst tube. An example of the basic polymerization procedure follows: 2 mL of 25
wt% tri-n-octyl-aluminum (0.037 g Al) in hexancs as scavenger and 100 mL propylenc were
20 added to the reactor. Next the reactor was heated to the selected polymerization temperature
and catalyst/activator was flushed from the catalyst tube into the rcactor with 100 mL
propylene. Additional propylene was optionally added for a total of up to 1000 mL. In some
cases, hydrogen was also added from a ballast tank (see Table 2A). Hydrogen partial
pressure was as high as 50 psig at the start of the run. Polymerization was carried out for 10
25  to 60 minutes, and then the reactor was cooled, depressurized, and opened. At this point the
collected product typically contained some residual monomer. The residual monomer
concentration in the product was initially reduced by “weathering.” In many cases the
sample was heated in the oven under nitrogen purge or for a short time with applied vacuum.
Some of the lowest molecular weight oligomer product may be lost along with the residual
30  monomer. In some cases, residual monomer is still detected in the product in 'H NMR
spectras recorded at 30°C (but is not detected when spectra are recorded at 120°C). In the

Tablcs below Polig means propylenc oligomer, EP mcans propylenc-cthylene oligomer, T,

-38 -



32 60.45 9.33 391. 83 36 62. 37 68.17 2862.99 -16.7 37 10.68 8.07 338.90
38 97.20 4.62 194.04 1. 4252 39 42.16 7.61 319.42 40 27.06 4.68

means polymerization temperature, P-time means polymerization time, Cat means catalyst,
Act means activator, DP means degree of polymerization.

Table 1: Summary of Propylene Polymerizations

Example |Product] Cat Act | Cat/Act (mg/mg) Tp | P-time | Yield [ Additional

© Q) (min) | (g) O3k
1# Polig A 4 30/60 90 10 25 hork
2# Polig B 4 10/25 90 7 110 REx
3# Polig A 4 30/60 140 10 25 hoak
44 Polig C 4 10/25 140 8 160 Rk
S# Polig B 4 4/12 145 7 140 Hxk
6# Polig B 1 6/15 152 5 47 Rk
7# Polig B 1 6/15 130 10 30 ok
8 Polig D 4 6/13.1 132 10 5.7 Rk
( Polig E 4 10/25.7 132 10 19 oAk
10 Polig E 4 10/25.7 100 12 319 100
11 Polig E 4 10/25.7 80 12 52.5 100
12 Polig E 4 10/25.7 80 27 142 400
13 Polig E 4 10/25.7 60 10 65 Rk
14 Polig E 4 12/30.8 75 40 242 500
21 Polig E 1 10/17.9 132 10 17.9 kk
22 Polig E 1 10/17.9 80 12 | 46.2 100
23 Polig E 4 10/25.7 80 27 | ~127 300
24 Polig D 4 10/31.5 80 10 8.9 150
26 Polig E 6 10/11.5 80 30 0 ok
25" Polig [K(150mg) 80 30 9.8 250
28" Polig |1(210mg) 60 30 149 Ak
27 Polig E 6 10/11.5 132 30 0 ok
30 Polig E 5 10/45.7 80 30 162 450
31 Polig E 2 10/23.1 80 30 112 350
32 Polig E 3 10/25.7 80 30 112 250
36 Polig E 1 10/17.9 45 30 130 HEE
37 Polig H 4 10725 80 30 13.2 200
38 Polig F 4 10/25 80 30 | 462 250
39 Polig G 4 10/22.7 80 25 70 150
40 Polig G 4 10/22.7 100 30 55.7 70
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196. 63 1.4298 41 15.14 3.59 150.81 42 74.12 106.5 4472. 84 44 97.48

7.12 299.02 45 97.61 24.12 1013.02 46 95.02 4.31 181.21 1. 4367
41 Polig G 4 10/22.7 132 30 16.2 40
42 Polig E 4 10/25.7 38 20 | ~200 ok
44 Polig E 4 10/25 60 30 ~75 ook
45 Polig E 4 10725 37 30 ~85 ok
46 Polig E 4 10/25 100 30 36.7 80
47 Polig E 4 10/25 132 30 ~10 orx
48 Polig E 1 10/18 60 30 | ~110 ok
49 Polig E 1 10/18 80 30 ~70 280
50 Polig E 4 10/25 60 180 | ~200 ook
51 Polig E 1 10/18 60 120 | ~220 ok

# comparative, ~ supported, **Additional propylene added, *** Continuous run using
continuous propylene feed from day tank

[00122] Propylene-ethylene co-oligomerizations, carried out for this study using a 2L
stirred autoclave reactor, are described in Table 2. Catalyst solutions were prepared in a dry
5 nitrogen purged Vacuum Atmospheres dry box by adding nearly equimolar (typically
1.00:1.05) quantitics of metallocene and activator to 4 mL dry toluene in a 10 mL glass vial.
The mixture was stirred for several minutes and then transferred to a clean, oven dried
catalyst tube. An example of the basic polymerization procedure follows: 2 mL of 25 wt%
tri-n-octyl-aluminum in hexanes as scavenger and 300 mL propylene were added to the
10 reactor. Next the reactor was heated to appropriate polymerization temperature and
catalyst/activator was flushed from thc catalyst tube into the reactor with an additional 300
mL propylene. Ethylene was then added continuously throughout the reaction at partial
pressurcs from less than 5 psi up to 220 psi. After a pre-determined reaction time, the reactor
was cooled, depressurized, and opened. At this point the collected product typically
15  contained some residual monomer. The residual monomer concentration in the product was
initially reduced by “weathering.” In many cases the sample was heated in the oven under
nitrogen purge or for a short time with applied vacuum. Some of the lowest molecular
weight oligomer product may be lost along with the residual monomer. Note that catalyst
productivities are 28 to 678 times higher than the productivities reported by in

20 Macromolecules 2008 41, 559-567.
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47 88.73 3.79 159.25 48 97.49 8.52 357.87 49 97.85 4.68 196. 41
1. 4205 50 96.24 8.14 341. 96 51 97.13 8.24 346. 28 1.4422 62 97.1 6.31

265

Table 2 Summary of Propylene-Ethylene Copolymerizations

Example | Catalyst/ Mole Tpr Psig Time, Productivity,
Activator | metallocenc® | °C | €2 min | Yield,g | g/mmol/hr
33 E/4 2.13E-05 65 | 20 10 320 90,122
35 E/4 4.26E-06 60 | 40 20 127 89,526
52 F/4 8.26E-06 60 | 40 20 240 87,297
53 F/4 8.26E-06 65 | 30 10 128 92,838
54 F/4 4.13E-06 60 | 20 10 178 258,206
55 F/1 2.06E-06 58 | <5 30 95 92,055
56 /1 2.06E-06 70 | <5 30 87 84,303
57 F/1 6.19E-06 70 10 60 80 12,920
58 F/1 8.26E-06 68 | 30 10 158 114,597
59 F/1 4.13E-06 65 | 50 10 95 137,806
60 F/1 2.07E-06 55 | 220 10 108 313,329
61 F/1 4.15E-06 65 | 50 5 46 133,455

*in all cases, slight molar excess (~5-10 mole%) of activator used with metallocene.

Table 2A: Propylene Polymerizations with Catalyst F in the Presence of Hydrogen

Ex Act | Cat/Activator | Hy, | Tp. Time Yield Productivity
(mg/mg) psi| (C) | (min) (2 g/mmol/hr

62 4 10/25 7 80 10 342 39768
63 4 5/12.5 7 27 60 348 13489
o4 4 4/10 7 60 30 225 21803
65 4 45/11.25 7 40 45 428 24579
66 1 5/9 7 29 50 525 33915
67 1 2/35 7 60 60 165 22841
68 1 6/10.4 7 45 30 487 45375
69 1 2/35 7 40 10 1.5 2180
70 1 2/35 50 40 5 23 6689

71 1 4/7 7 50 10 140 101740
72 1 4/7 22 45 10 202 146770
73 1 4/7 50 42 5 30 43622
74 I 4/17 50 47 30 325 78731
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63 96.5 22.49 945
67 98.0 6.21 261

838

64 96.7 6.55 275
68 97.4 10.31

65 98.2 13.59 570

66 97.2 19. 97

Table 3: Characterization Data for Propylene Oligomers

Example |% Vinyls*| DP* Mn* Tg (°C) | Viscosity at |Refractive Index
35°C (cps)
1 3.35 12.55 526.91
2 5.5 107.5 4516
3 1.50 6.57 275.92
4 28.7 86.1 3618
5 12.6 242 1017
6 1.94 6.54 27451
7 1.64 6.93 291.18
8 14.19 8.23 345.51
9 25.03 4.34 182.43 1.4240
10 41.47 6.89 289.26 3.5
11 57.17 8.95 375.94
12 55.74 9.01 378.28 16.0
13 73.30 26.97 113269 | -373
14 69.63 14.40 604.75
21 30.75 3.54 148.48
22 5424 7.80 327.72 37.3 1.4489
23 60.88 8.46 355.15 1.4534
24 24.72 46.04 1933.70 | -56.9
25 54.11 9.05 379.92
28 63.3 17.48 734.1
29 16.1 45.8 1923
30 55.52 8.52 357.69
31 57.49 8.54 358.70
32 60.45 933 391.83
36 62.37 68.17 | 286299 | -16.7
37 10.68 8.07 338.90
38 97.20 4.62 194.04 1.4252
39 42.16 7.61 319.42
40 27.06 4.68 196.63 1.4298
41 15.14 3.59 150.81
42 74.12 106.5 | 4472.84
44 97.48 7.12 299.02
45 97.61 24.12 1013.02
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433 71 98.0 6.79
74 97.4 9.07 380.8

i sob-utyl chain end.

GPC-DRI (PP Std)

285. 4

72 98.2 7.52 315.7

73 96.7 10.56 443.

%Vinyls = %allyl chain ends,* 11-1 NVR, |BCE
Tabl e 3A GPC-DR1(PP standard) Ex. H2, psi | HNWR

46 95.02 4.31 181.21 1.4367
47 88.73 3.79 159.25

48 97.49 8.52 357.87

49 97.85 4.68 196.41 1.4205
50 96.24 8.14 341.96

51 97.13 8.24 346.28 1.4422
62 97.1 6.31 265

63 96.5 22.49 945

64 96.7 6.55 275

65 98.2 13.59 570

66 97.2 19.97 838

67 98.0 6.21 261

68 97.4 10.31 433

71 98.0 6.79 285.4

72 98.2 7.52 3157

73 96.7 10.56 4435

74 97.4 9.07 380.8

% Vinyls = % allyl chain ends,* "H NMR, IBCE = isobutyl chain end.

Table 3A GPC-DRI(PP standard)

Ex. | Hypsi | '"HNMR GPC-DRI (PP Std)
My My Myw My,

0 4516 3245 | 9600 21306

0 3617 3262 | 9584 22496

0 1017 576 | 2745 12604
13 0 1133 811 7546 | 675,306
24 0 1934 360 | 12,359 | 614,945
33 0 1283 947 | 3,703 | 10,279
35 0 4546 | 4,080 | 19,065 | 313,648
36 0 2863 | 2,075 | 13,793 | 1,541,001
42 0 4473 3,410 | 26,362 | 180,129
45 0 1013.02 | 504 | 2,409 9,196
63 0 945 468 | 1,736 4,143
64 7 275 106 265 611
65 7 570 255 850 1,883
66 7 838 389 | 1,810 4,557
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MN MWN Mv 2 0 4516 3245 9600 21306 4 0 3617 3262 9584 22496 5 0 1017 576
2745 12604 13 0 1133 811 7546 675,306 24 0 1934 360 12, 359 614,945 33 0
1283 947 3,703 10, 279

67 7 261 98 198 431
68 7 433 183 538 1,142
71 7 2854 134 395 1,676
72 50 315.7 153 443 1,600
73 7 443.5 162 288 1,143
74 22 380.8 156 564 1,440
52 0 773 378 2,277 22,624
53 0 929 466 9,804 53,617
54 0 795 315 3,577 38,176
55 0 974 651 3,290 23,906
56 0 490 294 1,292 9,395
57 0 112 490 5.208 31,162
58 0 1071 501 6,709 65,024
59 0 1580 633 11,053 | 118,559
60 0 4861 3,519 | 71,123 | 433,478
61 0 1877 900 16,764 | 348,185

Table 4: Properties of Propylene-Ethylene Copolymers

Sample | Mole fraction Wt fraction Tg DP~ Mn*
propylene in propylene in “O)
product* product* % vinyls*®
33 - - -45.6 82.5 30.6 1283
35 0.555 0.652 -53.1 84.1 108.2 4545
52 0.629 0.718 -88 95.9 18.4 773
53 0.447 0.578 97.2 22.1 929
54 0.501 0.606 96.4 18.9 795
55 0.428 0.529 -83 95.9 232 974
56 0.611 0.702 94.6 11.7 490
57 0.434 0.535 94.9 26.8 1124
58 0.378 0.472 94.8 255 1071
59 0.351 0.447 96.5 37.6 1580
60 0.124 0.176 76.4 115.7 4861
61 0.247 0.329 99.1 447 1877

* Calculated from 'H NMR % Vinyls = % allyl chain ends
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35 0 4546 4,080 19,065 313,648 36 0 2863 2,075 13,793 1,541,001 42 0 4473
3,410 26, 362 180,129 45 0 1013.02 504 2,409 9,196 63 0 945 468 1, 736 4, 143
64 7 275 106 265 611 65 7 570 255

[00123] Examples 35 and 52-61 were characterized by "C NMR as described above then
compared to the data in Macromolecules 2008 41, 559-567.

Table 5: Allyl chain ends in Propylene-Ethylene Co-oligomers

Source Wt% ethylene Mol% ethylene % allyl chain ends
M-Tab 17 0.0 0.00 100
M-Tab 1 214 29.0 65.0
M-Tab 17 29.9 39.0 60.0
M-Tab 17 51.0 61.0 43.0
Coates Tab 1+ 542 64.0 42.0
35 34.8 44.5 84.1
52 28.2 37.1 95.9
53 4272 553 97.2
54 394 49.9 96.4
55 47.1 57.2 95.9
56 29.8 38.9 94.6
57 46.5 56.6 94.9
58 52.8 62.2 94.8
59 553 64.9 96.5
60* 824 87.6 76.4%
61 67.1 75.3 99.1
M-Tab is table 1 of T Mucromolecules 2008 41, 559-567  * 10C exotherm
5 Table 6: percent Chain End Microstructures from *C NMR
Sample | Saturated End Groups * | Unsaturated End Groups | Init/ Term
IB-P IB-E Vinyl-P Vinyl-E
52 71.8 28.2 71.7 28.3 1.31
53 64.5 355 64.1 359 1.32
55 48.6 514 61.8 382 1.16
56 62.4 37.6 65.6 34.4 1.03

[00124] Saturated chain end microstructurc analysis rcveals the surprising result that
propylene is nearly always the first monomer inserted following -Methyl elimination or
transfer involving a growing chain and/or incoming monomer, even in polymers containing
up to 52 mole% cthylene.

10 Comparative Examples
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850 1,883 66 7 838 389 1,810 4,557 67 7 261 98 198 431 68 7 433 183 538
1,142 71 7 285.4 134 395 1,676 72 50 315.7 153 443 1,600 73 7 443.5 102 288

1,143 74

[00125]  Activator 7 is triphenylcarbonium perfluorotetraphenylborate and Activator 8 is
dimethylanilinium perfluorotetranaphthylborate.

[00126] Polymerizations with catalyst J and Activators 1, 7 and 8§ are carried out in the

reactor described below at temperatures ranging from 70 to 130°C.  Inlet propylene feed

5  concentration is 3.5 to 4 M. Residence time for all runs is 5§ min.  Tri(n-octyl)aluminum

(TNOAL) is used throughout as scavenger. Molar ratio of TNOAL to metallocene is ~20.

The polymerizations are performed in a liquid filled, single-stage continuous reactor using

mixed metallocenc catalyst systems. The reactor is a 0.5-liter stainless steel autoclave reactor

and is cquipped with a stirrer, a water cooling/stcam heating clement with a tcmperature

10 controller, and a pressure controller. Solvents, propylene, and comonomers (such as butene

and hexene), if present, are first purified by passing through a three-column purification

system. The purification system consists of an Oxiclear column (Model # RGP-R1-500 from

Labclear) followed by a 5A and a 3A molecular sieve columns. Purification columns were

regenerated periodically whenever there is evidence of lower activity of polymerization.

15  Both the 3A and 5A molecular sieve columns were regenerated in-house under nitrogen at a

set temperature of 260°C and 315°C, respectively. The molecular sieve material was

purchased from Aldrich. Oxiclear column was regenerated in the original manufacture,

Purified ethylene from in-house supply is fed into the manifold then the reactor through a

Brookfield mass flow controller. The ethylenc is delivered as a gas solubilized in the chilled

20 solvent/monomer mixture. The purified solvents and monomers arc then chilled to about —15

°C by passing through a chiller before fed into the reactor through a manifold. Solvent and

monomers are mixed in the manifold and fed into reactor through a single tube. All liquid

flow rates are measured using Brooksfield mass flow meters or Micro-Motion Coriolis-type

flow meters. The polymerization conditions, % conversion of feed, catalyst productivity and

25  characterization data are listed in the table below and Figure 3.

Ex. | Cat | Act| Tp, | Tm, °C | AHf, |%Con|Produ | Vinyl/| Vinyli|Vinyle| Mn x | Mn x

°C J/g | versio|ctivity |[1000C| denc/ | ne/ | 1000 | 1000
n* | x10° 1000C|1000C| 'H | GPC

g/mol/ NMR

min

Cl| ] 1 [ 1251 131.93 [82.65]|94.07| 465 | - | === | =em | =oee | ———
C21 1] I 1120 13432 187.26(95.68| 473 | 093 | 1.14 0 6.76 | 6.69
C3 | ] 1 | 115] 13691 | 84.17|98.111 486 | 0.51 | 0.82 | 0.09 | 9.86 | 9.82
C4 | ] 1 1 110] 140.77 190.01 19879 | 489 1 0.78 | 1.21 | 0.11 | 6.67 | 936
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22 380.8 156 564 1,440 52 0 773 378 2,277 22,624 53 0 929 466 9,804 53,617
54 0 795 315 3,577 38,176 55 0 974 651 3,290 23,906 56 0 490 294 1, 292
9,395 57 0 112 490 5, 208

C5 1 J 1 105714231 19233 100.61] 469 | == | - | === | === | -==-
C6 | J I [ 100 145.07 | 97.75 [100.71] 66.2 | === | === | === | ==mm | =mm-
C7 1 1 ] 95| 146.07 {96.40]100.64] 66.2 | 0.24 | 043 | 0.08 | 18.7 |19.74
C8 | J 1 |90 | 148.15 [103.70[100.39] 66.0 | 0.21 | 0.28 | 0.15 | 18.9 |32.11
Co | J | 7 [130]127.14 78.58165.68] 1.83 1099 | 1.11 | 0.01 | 6.1 6.0
Clo| J | 7 |120]132.64 |84.16 | 67.36| 324
Clt] J | 7 [110]13827 1916 [70.14| 333 | 046 | 040 | 001 | 144 | 9.0
Ci12| J 7 [100] 140.83 |127.15]72.61 | 34.6
CI3| J | 7 |90 | 14542 195.89]73.54| 363 | 0.17 | 0.35 | 0.00 | 23.7 | 25.0
Ci4] J 7 [ 80 | 151.24 1103.60]73.57] 36.3
Ci5| J | 8 |130] 13233 | 89.6 |5793]| 28.6 | 0.78 | 047 | 0.03 | 105 | 8.7
Cl6| J | 8 [120]137.18 | 87.8 160.79| 30.0
Cl7] J | 8 |110]143.44196.72162.04| 30.6 | 037 | 0.19 | 0.00 | 23.7 | 243
C18| J | 8 [100| 146.0 [100.70/62.46| 30.8
Ci9] J | 8 1 90| 152.85193.78 16343 313|025 ] 022 | 0.0l | 29.2 | 56.6

[00127] All documents described herein are incorporated by reference herein, including
any priority documents and/or testing procedures to the extent they are not inconsistent with
this text. As is apparcnt from the forcgoing gencral description and the specific
5  embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention.
Accordingly, it is not intended that the invention be limited thereby. Likewise, the term
"comprising” is considered synonymous with the term "including" for purposes of Australian

law.
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31,162 58 0 1071 501 6,709 65,024 59 0 1580 633 11,053 118,559 60 0 4861
3,519 71,123 433,478 61 0 1877 900 16, 764 348,185 Table 4: Properties of
Propyl ene- Et hyl ene Copol ynmers Sanple Ml e fraction propylene in product* W
fraction propylene in product* Tg (C "/0 vinyls* DP* NWn* 33

CLAIMS:

1. A homogenous process for making a propylene co-oligomer, said process
having productivity of at least 4500 g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
ethylene and from 0 to about 5 wt% hydrogen in the presence of a catalyst system
comprising an activator and at least one metallocene compound represented by at least

one of the formulae:

2
R* R3 R* HfX, R3 R HfX,
R3\¢.%3 Rs\grﬁ
. R® R3 1 R R®
R7
, R’ R
R R4, //Qﬁ
~ Q
R’ 3
RAT , R4 GZ\
O}foz $ 3 R HfX2
I11 R7
Iv R3 R3
where:
Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals

having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,

halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s

may form a part of a fused ring or a ring system,

each Q is, independently carbon or a heteroatom;

each R! is, independently, a C; to Cg alkyl group, R! may the same or different as RZ;
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- - -45.6 82.5 30.6 1283 35 0.555 0.652 -53.1 84.1 108.2 4545 52 0. 629
0.718 -88 95.9 18.4 773 53 0.447 0.578 97.2 22.1 929 54 0.501 0.606 96.4

18.9 795 55 0.428 0.529 -83 95.9 23.2

each R is, independently, a C; to Cg alkyl group;
each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R?
groups are not hydrogen;
each R? is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;
R’ is hydrogen or a C; to Cg alkyl group;
R® is hydrogen or a C; to Cg alkyl group;
cach R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;
T is a bridge;
each R?, is independently, hydrogen, halogen or a C; to Cy hydrocarbyl, and two R*
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic
or fused ring system;
and further provided that any two adjacent R groups may form a fused ring or
multicenter fused ring system where the rings may be aromatic, partially saturated or
saturated,

wherein the propylene co-oligomer obtained is a co-oligomer having an Mn of
300 to 30,000 g/mol (measured by 'H NMR ) comprising 10 to 90 mol% propylene
and 10 to 90 mol% of ethylene, wherein the oligomer has at least X% allyl chain ends
(relative to total unsaturations), where: 1) X = (-0.94*(mole% ethylene incorporated)
+ 100), when 10 to 60 mole% ethylene is present in the co-oligomer, and 2) X = 45,
when greater than 60 and less than 70 mole% ethylene is present in the co-oligomer,
and 3) X = (1.83* (mole% ethylene incorporated) -83), when 70 to 90 mole%

ethylene is present in the co-oligomer.

2. The process of claim 1, wherein the co-oligomer has more than 90% allyl

chain ends (relative to total unsaturations).

3. The process of claim 1, wherein the co-oligomer comprises from 15 to 95 wt%

ethylene and has more than 80% allyl chain ends (relative to total unsaturations).
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974 56 0.611 0.702 94.6 11.7 490 57 0.434 0.535 94.9 26.8 1124 58 0. 378
0.472 94.8 25.5 1071 59 0.351 0.447 96.5 37.6 1580 60 0.124 0.176 76.4
115.7 4861 61 0.247 0.329

4. The process of claim 1, wherein the co-oligomer comprises from 30 to 95 wt%

cthylene and has more than 70% allyl chain ends (relative to total unsaturations).

5. The process of claim 1, wherein the co-oligomer comprises from 30 to 95 wt%

cthylene and has more than 90% allyl chain ends (relative to total unsaturations).

6. The process of claim 1, wherein the co-oligomer is a liquid at 25°C.

7. The process of claim 1, wherein the Mn is about 500 to about 7,500 g/mol, the
Mw is 1,000 to about 20,000 g/mol, and the Mz is about 1400 to about 150,000 g/mol.

8. A homogenous process for making a propylene co-oligomer, said process
having productivity of at least 4500 g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
ethylene and from 0 to about 5 wt% hydrogen in the presence of a catalyst system
comprising an activator and at least one metallocene compound represented by at least

one of the formulae:
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99.1 44.7 1877 * Calculated fromH NWVR % Vinyls = %allyl chain ends
[00123] Exanples 35 and 52-61 were characterized by L3C NVR as descri bed
above then conpared to the data in Macronol ecul es 2008 41, 559-567. Table
5: Ally" chain ends in Propyl ene-Ethyl ene Co-oligoners Source W % et hyl ene
Mol % et hyl ene % allyl chain ends MTab it 0.0 0.00 100 MTab It 21.4 29.0
65.0 MTab It 29.9 39.0 60.0 MTab it 51.0 61.0 43.0 Coates Tab It 54.2
64.0 42.0 35 34.8/44.5 84.1 52 28.2 37.1 .9

7 R7 R
R4, /,Q
~ Q RS
R’ 3
RZaT 7 R4. \\Q 2
O/Hf)(z R s R/HfX2
R R’ R3\@»R3
111 R’
v R R3
where:
Hf is hathium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system;

each Q is, independently carbon or a heteroatom,;

each R' is, independently, a C to Cg alkyl group, R' may the same or different as R?;
each R? is, independently, a C; to Cg alkyl group;

cach R is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R
groups are not hydrogen;

each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;

R’ is hydrogen or a C; to Cs alkyl group;

R® is hydrogen or a C; to Cg alkyl group;

each R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R7 groups are not hydrogen;

T is a bridge;

each R?, is independently, hydrogen, halogen or a C to Cy hydrocarbyl, and two R?
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic

or fused ring system,;
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53 42.2 55.3 97.2 54 39.4 49.9 96.4 55 47.1 57.2 95.9 56 29.8 38.9 94.6 57
46.5 56.6 94.9 58 52.8 62.2 94.8 59 55.3 64.9 96.5 60* 82.4 87.6 76.4* 61
67.1 75.3 99.1 MTab is table |I oft Macronol ecul es 2008 41,
559-567 * | OC exotherm 5Table 6: nercent Chain End Mcrostructures from 13C

NVR Sanpl e Saturated End G oups *
and further provided that any two adjacent R groups may form a fused ring or

multicenter fused ring system where the rings may be aromatic, partially saturated or
saturated,

wherein the propylene co-oligomer obtained is a propylene co-oligomer
comprising more than 90 mol% propylene and less than 10 mol% ethylene wherein
the co-oligomer has: at least 93% allyl chain ends, a number average molecular
weight (Mn) of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.35:1.0, and less than 100 ppm aluminum.

9. The process of claim 8, wherein the co-oligomer is a liquid at 25°C.

10. A homogenous process for making a propylene co-oligomer, said process
having productivity of at least 4500 g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
ethylene and from O to about 5 wt% hydrogen in the presence of a catalyst system
comprising an activator and at least one metallocene compound represented by at least

one of the formulae:
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Unsaturated End Goups Init / Term IB-P IB-E Vinyl-P Vinyl-E 52 71.8 28.2
71.7 28.3 1.31 53 64.5 35.5 64.1 35.9 1.32 55 48.6 51.4 61.8 38.2 1.16 56
62.4 37.6 65.6 34.4 1.03 1001241Saturated chain end m crostructure

anal ysis reveals the surprising result that propylene is nearly always the
first nononer inserted follow ng 13-Methyl elimnation or transfer

I nvol ving a growing chain and/or incom ng nononer, even in polyners
containing up toR2 nol e% ethyl ene. 10 Conparative Exanples
1001251Act|vat9r s k¥i phenyl car bdp rfluorotetraphenyl borate and
Activator 8 iB"k hyl ani |'i ni uguperdluossg et ranapht hyl borate. [00126]

Pol yreri zati ons W-EK.catal yst J ar@f Actli R°1, 7 and 8 are carried out
in the R’ 5-

RAT. RV

O}foz R HfX5
111 R’
v R RS
where:
Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system;

each Q is, independently carbon or a heteroatom;

each R' is, independently, a C, to Cg alkyl group, R' may the same or different as R?;
each R? is, independently, a C, to Cg alkyl group;

each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R?
groups are not hydrogen;

each R? is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;

R’ is hydrogen or a C; to Cs alkyl group;

R® is hydrogen or a C; to Cs alkyl group;

each R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;

T is a bridge;

each R? is independently, hydrogen, halogen or a C; to Cyo hydrocarbyl, and two R?
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic

or fused ring system;
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reactor described below at tenperatures ranging from70 to 130C. Inlet
propyl ene feed 5 concentrationis 3.5to 4 M Residence tinme for all runs
is 5mn. Tri(n-octypalum num (TNOAL) is used throughout as scavenger.

Mol ar ratio of TNOAL to netallocene is -20. The polynerizations are
performed in a liquid filled, single-stage continuous reactor using m xed
met al | ocengnd frieY SroUad R antheud GGLAH R Surfufd- A fofih Slaldl Ase 3t cel
aut ocl ave reactor and is equipped with a stitrer, a water cooling/steam
heati ng el embBiventar fused ring spgemtwitae tikOringsmayobd aomatindpaatiphesswaed or
controller. SOG ents, propylene, and conononers (such as butene and
hexene), if3Yp éent, are first purified by passing through a three-colum
purification syghe@in Tihe ppdlyildreC 8-bABomNS bBIIANEI 8t Sropflead) Xdlfdods Ccol um
(Model # RGP-R1-500 from Labclear) followed by a 5A and a 3A nol ecul ar

si eve col ueamprishg: jat leaat $Gmat’sl prapgengean fre@eﬁbmﬁ%m%%rﬁtbﬁdﬁmlwhﬂmenever
there is eyidence alelouel, AELT ook Sl RN YWIRLT 8N 08r (B e, 3A and
5A nol ecul ar & &R EOIUME Wet'e régeﬁera ed I'n-house under nitrogen at a
set tenper a,00g/@fol 26dG@ndssbudld 2kainlcas pegilylicaliyyl gfhg rmatib @€ 0l8ar tosi.2ue),

mat eri al was purchased from Al drich. Oxiclear colum was regenerated in the
ori gi nal n¥ReEECcHRRMens h3vinge Hust HyneReCH PYhPIoMhGsestp gt yrons O 043 nt o

t he mani f ol.djot hen the reactor through a Brookfield mass flow controller.
The ethylene I's delivered as a gas solubilized in the chilled 20

sol vent/ nmononer m xture. The purified solvents and nononers are then

chilled to aboa& -15 Cb gassin thraugh a chiller efore feg into the
react or t hHough®aReReETY Prosss, Bt MAHAE b RIS 5500 RS FHY RS Rni f ol d

and fed i MQidGR6ERLVIERLOHORAR 450MPntmblabewhéieln the BrcEss dogWrisad.es are
measur ed usi ng Brooksfield mass flow neters or Mcro-Mtion Coriolis-type

fl ow meters. Thenpelipgmt atempoatucoridran 3AY; (b X¥8nyvrrepylene, 8f1 foeddnoklat al yst

productivity .and characterization ta,are listed in t t abl. e bel ow and
E oure o b BRCRREOAT SO Wbl LRl wedh Hrsrlie N BIKGL SR £
x106 Ono WomphisMighinl detit&004ndVit st orteiehlld&a0 CodpoiydarepRbent&DBCatBasx 1000

11-1 NVR WMh x 1000 GPC Cl J 1 125 131.93 82.65 94. 07
one of the formulae:

2 6
R* R3 R HfX2 RS R HfX2
: R® R3 g R R®
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46.5 ----

0 6.76 6.69 C3 J 1 115 136.91 84.17 98.11 48.6 0.51 0.82 0.09 9.86 9.82

J 1 110 140.77 90.01 98.79 48.9

where:
Hf is hafnium;
each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system,;
each Q is, independently carbon or a heteroatom,;
each R' is, independently, a C; to Cs alkyl group, R' may the same or different as R%;
each R? is, independently, a C; to Cs alkyl group;
cach R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R?
groups are not hydrogen;
each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;
R’ is hydrogen or a C; to Cg alkyl group;
R® is hydrogen or a C; to Cs alky! group;
each R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;
T is a bridge;
cach R?, is independently, hydrogen, halogen or a C; to Cyg hydrocarbyl, and two R
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic
or fused ring system;
and further provided that any two adjacent R groups may form a fused ring or
multicenter fused ring system where the rings may be aromatic, partially saturated or
saturated,

wherein the propylene co-oligomer obtained is a propylene co-oligomer
comprising: at least 50 mol% propylene, from 0.1 to 45 mol% ethylene, and from 0.1
to 5 mol% C4 to Cy, olefin, wherein the oligomer has: at least 90% allyl chain ends,
an Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.35:1.0.

12. A homogenous process for making a propylene co-oligomer, said process
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0.78 1.21 0.11 6.67 9.36 C5 J 1 105 142.31 92.33 100.61 46.9 ----

see- s--- 2222 06 J 1 100 145.07 97.75 100.71 66.2 ---x --c- ---n -oa-

Cr J 1 95 146.07 96.40 100. 64

having productivity of at least 4500 g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%

ethylene and from 0 to about 5 wt% hydrogen in the presence of a catalyst system

comprising an activator and at least one metallocene compound represented by at least

one of the formulae:

I R3 R3 I
R7
R7 R4 R’
7 I
R R4 /,Q
N C\) RS
R
R,AT re @S
R.HfX5 R* _s R HfX
CJ//// ) ///’ 2
R7 R7 R3 R3
111 R’
v RS R3
where:

Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system;

each Q is, independently carbon or a heteroatom;

each R' is, independently, a C, to Cg alkyl group, R' may the same or different as R%;
each R? is, independently, a C; to Cg alkyl group;

each R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R
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66.2 0.24 0.43 0.08 18.7 19.74 C8 J 1 90 148.15 103.70 100.39 66.0 0.21
0.28 0.15 18.9 32.11 C9 J 7 130 127.14 78.58 65.68 1.83

groups are not hydrogen;
each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;
R’ is hydrogen or a C; to Cg alkyl group;
R® is hydrogen or a C; to Cg alkyl group;
cach R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;
T is a bridge;
each R?, is independently, hydrogen, halogen or a C; to Cyo hydrocarbyl, and two R®
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic
or fused ring system;
and further provided that any two adjacent R groups may form a fused ring or
multicenter fused ring system where the rings may be aromatic, partially saturated or
saturated,

wherein the propylene co-oligomer obtained is a propylene co-oligomer
comprising: at least 50 mol% propylene, from 0.1 to 45 wt% ethylene, and from 0.1 to
5 mol% diene, wherein the oligomer has: at least 90% allyl chain ends, an Mn of
about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio
0f 0.7:1 to 1.35:1.0.

13. A homogenous process for making a propylene homo-oligomer, said process

having productivity of at least 4.5x10° g/mol/min, wherein the process comprises:
contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol%

comonomer and from 0 to about 5 wt% hydrogen in the presence of a catalyst system

comprising an activator and at least one metallocene compound represented by the

formulae:
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0.99 1.11 0.01 6.1 6.0 C10 J 7 120 132.64 84.16 67.36 32.4

a!

J 7 110

138.27 91.6 70.14 33.3 0.46 0.40 0.01 14.4 9.0 C12 J 7 100 140.83 127.15

72.61 34.6

3 3 3 3
. R R I R R
R?
4 R’
R” R j
R4 /,Q 5
\R7 (3 R
RzaT . fo R4'Q\\Q4 )
7
R R Rs\@»RS
R7
= Iv R® R3
where
Hf is haftnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system;
each Q is, independently carbon or a heteroatom;
each R' is, independently, a C; to Cg alkyl group, R' may the same or different as R
cach R? is, independently, a C; to Cg alkyl group;
each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that: 1) all five R® groups
are methyl, or 2) four R® groups are not hydrogen and at least one R* group is a C; to
Cs substituted or unsubstituted hydrocarbyl;
each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;
R’ is hydrogen or a C; to Cs alkyl group;
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Cl3 J 7 90 145.42 95.89 73.54 36.3 0.17 0.35 0.00 23.7 25.0 C14 J 7 80
151. 24 103.60 73.57 36.3

R® is hydrogen or a C; to Cg alkyl group;
each R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;
T is a bridge;
each R?, is independently, hydrogen, halogen or a C; to Cy hydrocarbyl, and two R
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic
or fused ring system;
and further provided that any two adjacent R groups may form a fused ring or
multicenter fused ring system where the rings may be aromatic, partially saturated or
saturated,

wherein the propylene oligomer obtained is a homo-oligomer; comprising
propylene, wherein the oligomer has: at least 93% allyl chain ends, an Mn of about
500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl group ratio of 0.8:1
to 1.2:1.0, and less than 1400 ppm aluminum.

14.  The homo-oligomer of claim 13, wherein the homo-oligomer is a liquid at
25°C.
15. A homogenous process for making a propylene co-oligomer, said process

having productivity of at least 4500 g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%

ethylene and from 0 to about 5 wt% hydrogen in the presence of a catalyst system

comprising an activator and at least one metallocene compound represented by at least

one of the formulae;




Cl5 J 8 130 132.33 89.6 57.93 28.6 0.78 0.47 0.03 10.5 8.7 Cl6 J 8 120

137.18 87.8 60.79 30.0 Cl7 J 8 110 143.44 96.72 62.04 30.6 0.37 0.19
0. 00
R7
R7 R4 R
R” 4 :
R™ /,Q
Q R®
\R7 N
Q=
R,AT. R4
2 RT_HfX5 RY 5 R? HFfX
O/ ) / 2
R7 R7 R3 R3
I R’

where:

Hf is hathium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals
having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,
halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s
may form a part of a fused ring or a ring system;

each Q is, independently carbon or a heteroatom;

each R' is, independently, a C, to Cs alkyl group, R' may the same or different as R?;
each R? is, independently, a C; to Cg alkyl group;

each R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl
group having from 1 to 8 carbon atoms, provided however that at least three R’
groups are not hydrogen;

each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl
group, a heteroatom or heteroatom containing group;

R’ is hydrogen or a C; to Cg alkyl group;

R® is hydrogen or a C; to Cs alkyl group;

each R’ is, independently, hydrogen, or a C; to Cg alkyl group, provided however that
at least seven R’ groups are not hydrogen;

T is a bridge;

each R, is independently, hydrogen, halogen or a C, to Cy hydrocarbyl, and two R*
can form a cyclic structure including aromatic, partially saturated, or saturated cyclic
or fused ring system;

and further provided that any two adjacent R groups may form a fused ring or
multicenter fused ring system where the rings may be aromatic, partially saturated or
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23.7 24.3 C18 J 8 100 146.0 100.70 62.46 30.8 Cl9 J 8 90 152.85 93.78
63.43 31.3 0.25 0.22 0.01 29.2 56.6 [00127] Al docunents described herein
are incorporated by reference herein, including any priority docunents
and/or testing procedures to the extent they are not inconsistent with this
text.As is apparent fromthe foregoing general description and the specific
5 enbodi mepts.phile fowls of the invention have been illustrated and
descri bed, "various nodifications can be nade w thout departing fromthe
spirit and scope of the invention. Accordingly, it is not intended t hat the
i nvention ?@I limted thereby. Li kevmﬁ the term"conprising",js considered
synonynous thAtlFfén?géPﬂ‘I‘S'Prﬁﬁ?%(fPhﬁm ngra POPP58e Bogp-oNgaeh [SpidhPoggss
CLAIMS: 1. ﬁ‘a\j?ﬁé'gx%ﬁﬂ&% yRIFQF feast 4f9{10ﬁg}fﬁdwmﬁ Qﬁ@r@ﬁﬁ' tﬁé‘ﬁr&@ss%hﬂ)%&f sai d
process having productivity of st 4500 g wherein the process
conpri ses: contammg;:at ragterraieraaumemﬁ)éloat 66%3 d@ 20800 Eﬁ@yt@@e,lgoﬁol%

| .1 to 70 0 bout wt 9
Phe’ br csentaidiorier aag doyed gl i @hBrdopymah® SR d o Sy v tdier | one
net al | ocengorMigRet el al‘:t‘?smtﬁsﬁﬂit fdieBY b haaséceadoRbotmE rdpaisthibady thbere: Hf

i's haf ni um
formulae:
R3 HfX2 R3 HfX2
RSQRS @5
R3 R3
I
R7
4 R’
R" R’ j
R4\Q/,Q 5
N R
R’ \
RST r45g Q\
LHfX2 R* o3 R HfX
O/ 1 e i
R? R7 R3\@~R3
R7
i I\% R3 R3
where
Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals

having from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides,

halogens, dienes, amines, phosphines, ethers, and a combination thereof, (two X’s

may form a part of a fused ring or a ring system;

each Q is, independently carbon or a heteroatom;

each R' is, independently, a C, to Cg alkyl group, R! may the same or different as R?;
-61 -



each X is, independently, selected fromthe group consisting of hydrocar byl
radicals having from1l to 20 carbon atons, hydrides, am des, al koxi des,
sul fi des, phosphides, hal ogens, dienes, am nes, phosphines, ethers, and a
conbi nation thereof, (two Xs may forma part of a fused ring or a ring
system each Qis, independently carbon or a heteroatom each Rl is,

i ndependen , : | Kyl 0 y the sane or different as R2;
- 48 - ea%%ﬁégqﬁé%déﬁgégga%§5F8¢8§Egﬁ§%g£gB al kyl group; each R3 is,

i ndependentdch, Rhysd rindppandently ahgdrbsdri, toutae shibsti tutes o shsubstitetbd ydiroatsyiy |

group having from1l to carbon atons, pravided however that gt | east three
R3 groups &P4P mmﬁmiéﬂ% G %amﬁssgrgvﬁeiggwa@#%; fm}[}ﬁﬁg eEpUPg
substi t ut egieQhetHISHPSY fotibREdrdup s ARCRIL lﬁ%hrf%ftgﬂrﬁ& atde e bRE RALRIMAS altsligr oat om

containing group; R5’s hydrogen or a al kyl group; R6 is hydrogen
or a G toCcsubstikydd grumephstisieshhyRfodashyli ndependent |y, hydrogen, or a Cl to

C8 al kyl group,s+ provided. hawever that at least seven R7. S, ar ot

ydr ogen: “FeHoR &P rEsaca R oS br RoubSRRlaar T S BEE UG RRE or &
Cl to C20 fydpartdrphtomedithetanBatia coafidiRs gloapcycl i c structure including
aromatic, partially saturated, or saturated cyclic or fused ring system
and furth ﬁﬂﬁ@ﬁﬁ@ﬂofhéhUhﬁya%ﬁbg@HPﬁcent R groups may forma fused ring
or nulticepter i S e the rings may be aromatic, partially
saturatede%r%§3?3%§€85%69U§&85§ﬂt e? ' t he propyl ene co-oligoner obtained is
a co- ol i goemeh Ridyiindppandeltly ofiyds@i@nt or 80; 800; glkpbgroGprastidedhdwyever tHat NVR )
conpri si ng &0 to 90 gnl@bpropylgn& and 10 to 90 nol % of ethyl ene, wherein
the ol i gon¥rcaihsevar K gLups sim ot PYHrogeki n ends (rel ative to tota
unsat ur at i pns) prigaere: 1) X = (-0.94*(nol e% et hyl ene i ncorporated) + 100),
when 10 to 60 nole% ethyl ene is present in the co-oligomer, and 2) X = 45,
when gr eatech tRiais i6depandentlgskydrhgan, Tidlogoi s €y ICanbydrecasbds emd twa Rf he

co- ol i goner nd 3) X = . 83* | e% et hyl ene..i ncor por at e - 83), ,.when 70
T 90 ol endBi rahes Srishugdns e ARG pRMGL SRR B il S
claiml, vhguidtidgsstesrol i gomer has nore than 90%al lyl chain ends
(relative to total unsaturations). 3. The process of claim1, wherein the
co- ol i goneandcBwiher peavidadotha sny gvwgsadipognéthhyeresis mAY faas anbessdt i 080%

clarm 1. iaFEr e S B AR ISR A nie, il B BERER AR e

has nore tdaamaté% al |l y! chain ends (relative to total unsaturations). 5.
The process of claim1l, wherein the co-oligonmer conprises from30 to 95 wt%
et hyl ene and has nore than 90% al |yl chain ends (relative to total

unsat uratipons). r |l | 0= 0l is a
i d a J5c e bropl® oPLREBE Sl 16 17 br LFarARRR RSeE cBIIFN00 1o
about 7, 5Ghegt moirg noireodtlinang aiofs.t o about 20,000 g/ nol, and the Mz is
about 1400 to about 150,000 g/nmol. 8. A honpbgenous process for making a
propyl ene co-oligoner, said process having productivity of at |east 4500

g/ mmol / hr 1 gwhergieNpob&s RITQIARS 1§01 bt 98S wherein theC &fvafd iddghpridés dne or
tenperature of from 35C to 150C, propylene, 0.1 to 70 nol % et hyl ene and
from 0 to ma@e@pnSookdinaipdeo®esn i n the presence of a catal yst system
conprising an activator and at | east one netal |l ocene conmpound represented
by at | east one of the fornmulae: where: Hf is hafnium each X is,

i ndependen®l y, Belm@otss of aoyot bRigs oup 18QRdkesdn g @talliytdyaeardoyprisagdi cal s
having from1 to 20 carbon atons, hydrides, am des, al koxides, sulfjdes,
phosphi de$ne hal oferfs, oldi(Berametipicrespenspieantl(hds dinethslindenylg hafndgrbi nat i on
t hereof, (4t 'S y i ey S each Q
is, indepgﬁﬁgﬁ?Fyzggrb nn%?ﬂgﬂﬂé$%@%gggﬁﬁ§§§%% %?”%g?@?ﬁﬁggénﬁéﬁ% y? a Cl
to C8 al kylichipralep, Rl nay the sanme or different as R2; each R2 is,

i ndependently, a CI to C8 al kyl group; each R3 is, independently, hydrogen,
or a substituted or unsubstituted hydrocarbyl group having from1l to 8
carbon atons, provided however that at |east three R3 groups are not

hydr ogen; each R4 is, independently, hydrogen or a substituted or

unsubsti tuted hydrocarbyl group, a heteroatom or heteroatom containing
group; R5 is hydrogen or a Cl to C8 alkyl group; R6 is hydrogen or a Cl to
C8 al kyl group; each R7 is, independently, hydrogen, or a Cl to C8 al kyl
group, provided however that at |east seven R7 groups are not hydrogen; T
is a bridge; each Ra, is independently, hydrogen, halogen or a Cl1 to C20
hydrocarbyl, and two Ra can forma cyclic structure including aromati c,
partially saturated, or saturated cyclic or fused ring system



and further provided that any two adjacent R groups may forma fused ring
or nmulticenter fused ring systemwhere the rings may be aromatic, partially
saturated or saturated, wherein the propyl ene co-oligoner obtained is
a propyl ene co-oligomer conprising nore than 90 nol % propyl ene and | ess
than 10 nol % et hyl ene wherein the co-oligonmer has: at |east 93%allyl chain
ends, a nupper av f 0, 000
g/ nol , an ?gobuty?ﬂ%ﬁ%Pﬁ%gﬁg%%ghgeﬁhﬁ?gtéP%%l?&ﬂgﬁgU$%??%n%€ﬂ%p&ﬂﬁyﬁ

1.35: 1. 0, systerhess thampti®& ppm abueri num or 9. Thengeocess of cl ai(h®B,

wher ein th co 0 0 d at .25 A h enous process for
maki nlg a p i\%&egﬁiﬂeflﬁm?&}ﬂ% pﬁntﬁgﬁﬁgg gaﬁﬁ\}‘?’ﬂ’éneg%guct iuvi !to y of at
| east 4500(g3, m’rorétrwnetrgrﬁaaeﬁﬁ)(}éé}ﬁa@étﬁm§§o§&ﬂm¢rg@)srrafmumdlmeﬂm acting, at a

terrperature of from 3 propyl ene, 0.1 nol % et Ayl ene and

from0 to Gbbiimsthyfisdenybftegemcthyicytlepqtasiendd lohivmdimetiykst syst em
conpri si ng v a. nd. at e cen ound represented
by at | easpaigrlljgct}é}/hl}(%nyl?@ema{nethy Cyciﬂgelﬂam I? fIIaPrhurP%Im ue(rgrf]’rmeach X is,

i ndependentll, 3#D1§1@bjﬁl@ic%ﬂyfb(fp@ﬁfainléﬂlywy@ld)peﬁ@(ﬁiém}ﬂ) Haghiehdifyedtiyocar byl r adi cal s
having from 1 carbon atons, hydrides, anides, alkoxjdes, sulfides,

phosphi des (I- ]P‘@F}Wéérﬁop}ﬁh@?@§l)(l3§maﬁ@ Yl%@ﬁh‘iaﬁ’égyl) Hefirdingtyla combi nat i on

t her eof , stem each
i ndepe é%?‘??‘hggﬂ (lir)efngf) gk@mﬂ%ﬁ@gﬂiﬂ u@%&% 1&1&?) ﬁéf,n?lln{rll%‘epe ently, a ClQ
to C8 al ky(l ZJBd‘mmr,letmmndayylp(bmtsmaﬁymycldpérftmdlen)ﬂ) HsfnRﬁndlﬁ&dfyl R2 is,

i ndependen to ou ach | nde hydr ogen,
or o subst e TP e TS Ditbpth R i Wlegrﬁ HatHSHg Eom 1 (5 8
car bon at oys;. B&rt%ﬂtﬁﬁqoﬁéﬁy\ﬁéb%ﬁtahféﬁ{yl@'blo&;@ﬁ’tﬁ&eﬁﬁﬁ Fl%fr%ﬁngfn%ﬂﬁ)ﬁ are not

hydrogen; each R4 is, independently, "hyd rogen or a substitut ed or

unsubst i tﬁeMeWHIM@Wlb)ﬁDCWbYICﬁplméqdmbrﬁafmunehmﬁfdmh om cont ai ni ng
R5 dr,0 Clt
iyl grout a8 SrtBpeRa B Py PRy B Bp R0 & Bk °

group, pr qleIiBjZHrbﬂl/}@(‘bﬁbrteﬁrﬁlﬁéthﬁkyélaﬁéﬁacﬁﬁiyﬂ?ﬂ{ﬁﬁu@lﬁdiﬂl@ﬁlyﬁr e not hydrogen; T
is a brldge each Ra, is independently drogen, hal ogen or a Cl1 to C20
hydr ocar byllL Oqllbr!i’br%ée@%methblrcmlgp @“Ffb’ )afgmmdimetng| udi ng aromati c,
partially LA r nd further
br ovi ded trﬁ?efﬁgnty%“rﬁraﬁﬁ* &‘%ﬂa@%%eéﬁr@r%?%ﬂn&rﬂ T Eleny®

mul ti cent erﬂaﬂmmﬁtimethyg system where the rings may be aromatic, partially

saturated or_saturate rein the yé‘)é{lene co-oligoner obtained is
a propyl errerDe@/CerwA%ryl(@wsrrr@rthglcyepquéﬁ by HPsEyl-ene and from 10

to 50 erIO/ { 90% al | chain
ends, I\ﬁl]% ?%ﬁﬂﬁ %@5(?%&61@%&?& 89)%1%9&?{% ﬁafm%k%lhg?g%but yl ché,u n eni:l
to all yI i 1), 4)’y/-ITegamathyhﬁdargl)(ﬁen&n&iﬂyltﬁldpeﬁtaﬂldﬂyl)\Mwmemdthflerrer s havi ng
four or nor rb are r sent at fro 3 % 11. A honpbgeno
pr lcJ)cess fdd %nlé ﬂ@lé{%ﬁ‘g& t’@ﬁfé’t CW‘?@BWQF”&&?@“‘BF@@@QQMW ng JEnons
producti vidy. Efeth'%xl1nhﬁ%§}(}€é}§%etﬁ§lwahﬁé?ﬁadléﬁw 18AMidnlBhd[QRCESS conpri ses:

contacting, at a tenpérature of from 35C t6 150C, propylene, 0.1 to 70 nol %
et hyl ene dhd- If)mpymlnd@l}é)ﬁmﬁarﬁetwlwdyphrw?emyﬂ)ﬂafhmnmb@mce of a catal yst

t i Si tivat t ! d
oot csent diughals-Pihadingk R Bpefbe Ryt SR BB G AT b each X
is, | ndepG{lD@elDinhdthylﬁﬂhﬁ}%(ﬁéﬂraﬁfeﬂf?lﬁx’@ﬁyl@ff&@;ﬁbn@m Hzrfgm{dlﬁmmreocar byl

radr cal s havi ng from1l car bon at ons, am des, al koxi des,
¢l

sul fides, (bAes m@llnmyméam@hiéﬁﬁé@@mﬁd@yl) E&f@@mlh@ﬁe ethers, and a
combi nat | gﬁ‘,ﬁt %e‘?@lber%ﬁﬁ%nﬂ%@gﬁg% &L@ﬁ%g@r%&ﬁlﬁléﬁaf WS GGinkli %rl ?S“ ng

system eac epen roat ony eac
i ndependerg®, WyB1s&b%lﬂ@r%lﬁb&ydlmghphpcloﬁéntammyﬂhldaﬁlanﬁdlbaihdérffer ent as R2;

each R2 is endently, al kyl up; .each R3 is,

i ndependerﬁ?ﬂ\@e P’Eﬁ’&élﬁ(pe@iamé’ éﬁyﬁqpm&a@&nbla %@ﬁ‘éﬁ%‘é"ﬁapﬁ? ed hydrocar byl
group haV| at | east three
R3 groups grgegf E@%ﬁbﬁygﬁlggee eac Iﬁéﬁgﬂlgysd%ewepegc?e Ml%%lg%@g’gen or a

substi t ut edDdrydrosd ylglsit nétmh&dh}hyﬂﬂcqmatah;dnyg&mﬁmunﬂlﬁaaﬂe,r oatom or heteroatom
containing group; R5 is hydrogen or a C 1 to C8 al kyl group; R6 is hydrogen
or a G to C8 alkyl group; each R7 is‘,63i'ndependently, hydrogen, or a Cl to
C8 al kyl group, provided however that at |east seven R7 groups are not
hydrogen; T is a bridge; each Ra, is independently, hydrogen, hal ogen or a
Cl to C20 hydrocarbyl, and two Ra can forma cyclic structure including
aromatic, partially saturated, or saturated cyclic or fused ring system
and further provided that any two adjacent R groups may forma fused ring
or rrultlcenter fused ring systemv\here the rlngs may be aromatlc partlally

T Y 1 T Y 1 I T



12. A honbgenous process for maeking a propyl ene co-oligoner, said process
-55 - having productivity of at |east 4500 g/ muol/hr, wherein the process
conpri ses: contacting, at a tenperature of from 35C to 150C,
propylene, 0.1 to 70 nol % et hyl ene and fromO to about 5 wt % hydrogen in
the presence of a catal yst system conprising an activator and at | east one

et al | oceng ISATROUIGTRKEALA Y cBe b SPuBE Abaldte Tormulae:  uhere.

i s haf nl'unt - eac romthe group consisting

of hydr ocapkmkndﬂgdm@@(Itarahaevnyn@ycid;@ﬁm&lehpl)@%@pﬁbﬁﬂetﬁyl@y@wmﬁn@g@s am des,
es

al koxi des, sul fi phosphi des, hal ogens, dienes, am nes, phosphi nes,
ethers, anHafniwodibplide poh t her eof (two X's may forma part of a fused ring

h. d I h Rl
"<, °i naopeRiBRRproR oB S ey A Ry RO SRR B B BudRhT o "ol T er ent. as

R2; each R2 is, independently, a Cl1 to Cg al kyl group; each R3 is,
i ndependent |y, hydrogen, or a substltuted or unsubstituted h drocarbyl
group havi A f r omThet DYOSGS@a‘Pibéhlfatb?rmM,p}Q)\ﬂrdb&i Wheteipe thet patelyst sysseBt t hree

- 56 - e not reg gen or
a substl tu%oq’aﬁ)?#'? uﬁ%eu bst |nil$]r 8? 633? gg@%@yﬁdengt)geﬂﬁﬁ%ﬁ{ﬂg@a P\éfﬁﬁagprég{’ﬁ
heteroatom{aﬁlmmdlmeﬂgzlgroup R5 is hydrogen or a Cl to C8 al kyl group; R6

i s hydrogen or a C8 al k)éi?ﬁ rou each R7 . is ndependently, hydr ogen,
or a Cl1 tolleg? arwamjﬂwﬁderw w}@?enf%%ﬂnygth pyardimehsh” R7 groups

are not hyﬁ@B‘?é?hyl-ﬁgg%d%%&hﬂ%glc?@lﬁgnxﬁ?r%lgg@%&%ﬁﬁﬁ@%ﬁ}yh y, hydrogen,

hal ogen or a Cl to rocar orm'a cyclic structure
i ncl udi ng (ei;bmpropyhqdanylb(aélhtymsmylsnyalbpd;tacﬁen}dhﬂwﬁliatrmﬁmcﬂtyﬂ| c or fused ring

Fusea 11 g oMl e reBT iR iea Ay R RERD LRI TR R bo

aromatic, @ar 3JI%'rrle‘x’hdﬂﬁaﬁéﬁﬁ)(ﬁ&xt%etﬁﬁkyéléﬁ&f@amenyl) Hafth@i@mRtHyhe propyl ene
co- ollgoner obtained is a propyl ene co-oligomer conprising’ at |east 50

mol % pr opy(lenPiméthplbezindeny!)dsniansghst¢yvelweatadigngl) Hadrpdimathyls nol % di ene,

wh h I % al | f ab
o about - 10006 RN OE b ERE e Briiie TR AR BT 01 Group

rati o of Q9M&th&ﬂlubréi&l)@pe@tanie’ﬁhﬂcﬁ%&ﬁ&ﬂi&?l)ﬂ{dfﬁlaﬁﬁinhahylnak| ng a propyl ene
hono- ol i gomrer . _said process having productivity of at |east 4.5x106

g/ ol / mi n,(2 \Zf%Femth%u%ﬁ@é}ég@t%ﬁ%ﬂcg@@pemadleny(kblﬂﬁfa&m%leﬂaﬂ a tenperat ure
of 1 om 306 kA Gindlh ORYE AR TRI R AOBATT R AahRR0 L0 about S wt s

hydrogen in’ t e presence a ca Sy st onpr|5|ng an activator and
at | east aqng, mtrbmemghndmnybqlmthmee}wlgwlieamd@yl) afhiomdihalide, where Hf is

haf ni um e Xis, enden sel ected . fromth oup consi sting of
hydr ocar by(?%h]alﬁ}byi‘fng ilf&ﬁﬁanf’? gﬁCXCIPBGHE@L%H’Db%#n &W&ﬁ%ﬂq dSydrides, am des,
al koxi des,( 1%beﬁr&&%@md&i}@ﬁﬁéﬂtﬂﬁ@thﬂ&?&leﬂéﬁﬁlerﬂﬂﬁ@ﬁﬁlun‘%’dﬂwﬂﬁfé phOSphl nes,

et hers, and " a combi nat ion' t her eo my forma part of a fused ring
or a ring ($ydetb, 3-empbﬂ@dﬁsyl)(pmdetpetﬂndl@mclbyemahbufi) Hafnaurpdihelidsat om each Rl

L e N R TR

I ndepender(tl BYDinfyEY1B@&hdeayl) eﬁtﬁbﬁtﬂyﬂd&b%eﬂédlugﬁﬂDﬁfﬂlﬁxﬂﬂﬂ?ﬁhﬁwdr ocar byl
group havi ng} from1l to 8 carbon atons rovi de owever that: 1) all five
x

R3 groups (@& eB1|Sré‘tbﬁ§b11ﬂuQiPn}z‘)(Pq?Iﬁ@memlcw1@9%3@?@1}15@&#9‘@‘?18@@& and at | east
(I;Zei SR?’ _gr 9ﬂdétgxél‘i‘lt ﬁ%}l&ﬁ@%ﬁtaﬁ}éﬁﬁﬁ&c%&%ﬁ en%ﬁ?ﬁ?ﬁﬁhﬁﬁfaﬁg hydrocar byl each

ndepen rogen-or’ a su or unsubs |tuted
hydr ocar by®2,7¢-btipethgl thetrarydrpaamethieydomatativnydrit@nivindihdidoup; R5 is
hydrogen or a CI to C8 al kyl group; - 58 - R6 is hydrogen or a Cl1 to C8
al kyl group;

22. The process of any of claims 1 to 7, wherein the co-oligomer has an isobutyl

chain end to allylic chain end ratio of 0.9:1 to 1.1:1.0.
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each R7 is, independently, hydrogen, or a Cl1 to C8 al kyl group, provided
however that at |east seven R7 groups are not hydrogen; T is a bridge; each
Ra, is independently, hydrogen, halogen or a Cl to C20 hydrocarbyl, and two
Ra can forma cyclic structure including aromatic, partially saturated, or
saturated cyclic or fused ring system and further provided that any two
adj acent Rygr 0URfie FRYolSfin] 8SEA o'did whef@ﬁh HeC@nbfonldi96d o ﬁ'mg/mstem
where the rings may be aromatic, 'partiall saturate or saturat

wher ei n t hby giR{pYPIRInE b |tgd|®eandodn mbbuagll | }smmehabm@aﬁymcgmmf ErappnRtio sifng
propyl ene, gghere;gs. e oligomer has: at least 93%ally' chain ends, an M
of about 586418 laby * 20,000 g/nol, an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.2:1.0, and |ess than 1400 ppm al um num 14. The
hono- ol i gomer of claim 13, wherein the honmo-oligonmer is a liquid at 25C

15. A hom%‘énou§h®p®ceﬂ§§ffﬁw ohthkiahgveclpmspyhemin o MoviMoisel7 tasHi-d process
havi ng productivity of at |east 4500 g/nmol/hr, wherein the process

conpri ses: contacting, at a tenperature of from 35C to 150C,

propyl ene,29. 1 The ﬁ&cmlc%a&ihykeﬂe) andrdifi @ &b-blgahaUiasm mirfbdiyaaeagen in

t he presence of a cat al ys tem conprising an activator and at |east one
net al | ocen@okswgbusight 6y Qgyto gpoutdad00gaBobf t he for mul ae: - 59 -

where: Hf is haf ni um each X |s i ndependently, selected fromthe group
consi sting of hydrocarbyl radi cal s havi ng from1l to 20 carbon atons,

hydri des, 26m defhe plokexxioflesy osalhihisdes,7, pthosih Xde85%hal ogens, di enes,

am nes, phosphines, ethers, and a conbination thereof, (two Xs may forma
part of a fused ring or a ring system each Qis, independently carbon or a
het er oat om7, eaCJﬂhﬂ)ro'c%s dfﬂﬂﬁﬂﬁ*@ﬁ%' Vio & Ghekefh ﬁ;@ RLdonIt AU an R HRY the
sane or different as R2; each R2 is, independently, a Cl to C3 al kyl group;
each R3 |sab0uhﬂéb©radtem10/@0(}g/m0bgen or a substituted or unsubstituted

hydr ocar byl group having from1l to 8 carbon atons, provided however that at
| east three R3 groups are not hydrogen; each R4 is, independently, hydrogen

or a substig ut eﬂlé)proUék%LBISdniytdﬂ&ﬂnﬁYIdfcﬂﬁz afyhdtkinOthe Wp-oliohRt GO ah O OF
het er oat om cont ai ni ng group; R5 is hydrogen or a Cl to C8 al kyl group; R6

i s hydr ogetPOde 38.069 I@O]Cf@leaﬁqui bﬁﬂHLMMPé@@H crenprises i0HaSHanidnpIopyleRy dr ogen,
or a Cl to, G&nal, [P%‘?’etlﬁrﬁﬁ ' gzﬁgreL}- c%roﬁg{aﬁ} r Rhs 4 %t ?ﬁtt XB A ‘?181 8. 19r oups

are not hyorllr ogen; I's a bri eac epen
hal ogen orends @elatWeGBOtOMdfrﬂﬁtadeMhs) avitdrd: V\I) Ra= C(&JQO( 0!9#?“@1@1;‘% ethy&he ucture
i ncl udi ng .aromati c partlaIIy saturate }saturated cyclic or. fused ring

system ar@°9APRRIE) okl Rt N0 %Onvlotj% eaEéﬁPreﬁelgﬂB&%%cwa 298¢ a
fused ringngmn %Ltsbcaﬂérﬁgrewﬁanrébraad%agghaw HhebRS &ﬁ%l"eh@&gpr@é%}{t f&he

aromati c, par saturated or - - saturated. MDgenous process
for maki ng:omlrgoumylemldé)%mﬂdD(lngoleé/aeﬁhy]@momspdﬂavdh@mr otioc 7Dvo t y of

t | 1 0
cont act| ng'0 Bpe% daiBes RetesehoR e P BERREo 120C.  propyl ene, 0 mol %

cononormner and fromO to about 5 wt % hydrogen in the presence of a catal yst
system conprising an activator and at | east one netal |l ocene conpound
repr esent €4- by thseprpegstel gay of claipsvihier & wherpig thafcaraligpmensas xa iMn of

i ndepende i f r i cals
havi ng fr (r)gtr%b)l{o t’S g’%gg car b%%g%qr&i]g}f 9%@3@3 Cgﬁr#ggess,qmpﬁgm(gggg rggﬁ]le??des
phosphi desmdhﬁaltG@@ﬂﬁoleélﬂ’@lenamvhﬁﬁm thbesphigoesr hed ndesst )@tadllal cleibi nat i on
thereof, (two X' s may forma part of a fused I‘II’I(IJSOI‘ arin em each Q

is, .ndep@ﬁe%.ﬁﬁewweépbtewl d&nsauwa%%mhaﬁ ) X = (7.50(-094* (moleds cthylene

incorporated) + 100)), when 50 to 60 mole% cthylene is present in the co-oligomer,
and 2) X = 60, when greater than 60 and less than 70 mole% ethylene is present in the
co-oligomer, and 3) X = (1.50(1.83*(mole% ethylene incorporated) -83)), when 70 to

90 mole% ethylene is present in the co-oligomer.
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each Rl is, independently, a Cl1 to C8 alkyl group, RI may the sanme or
different as R2; - 61 - each R2 is, independently, a Cl to C8 al kyl group;
each R3 is, independently, hydrogen, or a substituted or unsubstituted

hydr ocar byl group having from1l to 8 carbon atons, provided however that:
1) all five R3 groups are nethyl, or 2) four R3 groups are not hydrogen and
at |east ong RS TgE GHRelsordn f%&g@l%‘bsﬁrhéﬁfnetﬁe Qb-otsHBShdstad et 0%
hydrocar byl ; each R4 is, ependent |y, drogen or a substituted or
unsubstrtuuahumydﬁmtanbyl group, a heteroatonror het er oat om cont ai ni ng
group; R5 is hydrogen or a Cl1 to C8 alkyl group; R6 is hydrogen or a C to
C8 al kyl group; each R7 is, independently, hydrogen, or a Cl1 to C8 aIkyI
group, proyj, dedrhéig?e@rs smalnﬂe d e@sér BleVRTRrdRY I QHOBg& Ha9tanhyshupden;

is a bridge; each . is independent| hydr ogen, halogen or a Cl to C20
hydrocarbycmﬂ@ﬂmiKMbWHQC@aneﬁ ratiof Oy | tcl. 38kt ur e i ncl udi ng aromati c,
partially saturated, or saturated cyclic or fused ring system and further
provi ded that any two adjacent R groups nay forma fused ring or

mul ticent eg2.f usEhe pfd&lsssoﬁdngmﬂ@ﬁwme 1110€7, RiHRESn MRy cdI6li @nddrtiak @n igubitylal |y
saturated or saturated. 17. The process of any of claims 1 to 12, or 15,
wher ei n th@ﬁ@%ﬁﬁb@ﬁﬁﬂhééﬁ%¥P@%%“@ﬁﬁoérlHbI% I{bn- coordi nating ani ons. 18.
The process of claim 13, 14 or 16, wherein the activator conprises one or
nore non-coordinating anions. 19. The process of any of clains 1 to 18,
wher ei n t h&3.cat &hy ptocessstfemny ob i alses ctadmsowheremetheco-oligomer has a Tg of
(pentaneth(kg glopentadlenyl)(l 3 di net hyl i ndenyl) hafnium dinethyl, and
(pentaneth@ %'F%pentadlenyl)(l 3 di et hyl i ndenyl ) haf ni um di chl ori de.

syst enconpri sesoneO nor eof (1, 3-

D met hyl i ndenyl ) (pent amet hyl cycl opent adi enyl ) Haf ni undi et hyl

(1,3, 4, 7- T# r an“élumptbmeﬁymw Al @@tdi@amsywh@pmrthadoghgrn)len—msm meltinget hyl
(1, 3-Di neth gge etr thylcyclopentadlenyl) Haf ni undi net hyl ,

(1,3-D e (§¥?%%%Wt§ ‘hyl cycl opent adi enyl ) Haf ni undi net hyl ,

(1,3-D propylrndenyl)(pentanethylcyclopentadrenyl) Fﬁfnrundrnethyl

(1- Met hy -propyl I'i ndenyl ) (pent anmet hyl cycl opent adi enyl ) benlundlnethyl
(1, 3- met?rﬁ/r in prqcerSet)f amétOIWhﬁra@BW clamepwhesdl 8wy r9-okigemeruhes Rt hyl |
(1,2 Tri
(1, 3-
(2,7-
(9-

Di

, 3- mdi met hyl

b1 ot T s Py B P P B P Ol 4 B i ot iyl

Bi s t butyIfIuorenyl)(pentanethylcyclopentadlenyl) benlundlnethyl
Met hyl f I t I I d | ) f t hy

(2, 7. 9 Tri et nyTHa GOPOR FEBH it Ve oI Uet i QAP PURBREA SNBSSt hyl

tetramet bENALAPERE O ENVrho e IEHAEL st S3oPllYE8) bd{ Bh han of

t et r amet hyl cycl opent adi enyl') Haf ni undi et
pt - Di met hyabsir YO toetboantd,ngd g&fmlo:pembadylecrmh) ¢8L toradiylit tvinyigtdupl retic lobpent adi

ot ramot hl £y 0 Spet ot dRyicheL rP P g S

1, 3-Di net hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi hal i de,
,4 7- Tetranethylrndenyl)(pentanethylcyclopentadlenyl) Haf ni undi hal i de,
metHy| i nenypygss ef elarptlBy L&yl Tpbhtvdwran yhe hogag-pligerehedngrises

B g% {)f} %%g%dﬁ §?\§ w&{%#é’%@og%gtﬁf%hl eny/?’ rﬁa{i{m umj‘ré ha":l%gn of

t hy1 aBoptr 300ytol abo ey 00X @/ﬁﬂﬂ adreisbyltglycHapatdt @diligtiy v)nyHafoipuatds bal i de,
-Dinmeth Irnde I)(t tranmeth Ipropylcyclopentadrenyl) Haf ni undi hal i de,
3- Tr| %rryrﬁf(%élrﬂn PP/ RmEBEht adi enyl )~ Haf ni undi hal i de,
-Di nethylbenzrndenyl)(pentanethylcyclopentadlenyl) Haf ni undi hal i de,
-Bis t-butyl fluorenyl) (pentanethyl cycl opent adi enyl ) Haf ni undi hal i de,
hyl 38uor élﬂlﬁlr)r()mmbﬁnhhml Be{4 | Idpant8acibersih YheHafomé-ohgdrhed ¢odaprises

"y nycnrbgpise i df LT RIS LE RGP E R TSt SR o bt o080 63

ydr o%rﬂqml elhllsi)bh%n rcﬁarﬁtémzrltsrégw@eﬁl&ﬁgf@ thr)io birbm: v bal 6,dess than
D met hyIs yl(tetranethylcycllgfnta ien propyl trimet hyl cycl opent adi e

| ) Haf nildfeippalalweinuan dnpaDVbydMiopy G éRII pf 4 5rtg 20.
tranethylcyclopentadlenyl)kbfnlunrdr |ide. 21. The process of claim13,
16 or 18, wherein the catalyst system conprises one or nore of

, 3- Di met hyl i ndenyl ) ( pent amet hyl cycl opent adi enyl ) Haf ni undi et hyl ,

,4,7 Tet ramet hyl i ndenyl ) ( pent anmet hyl cycl opent adi enyl ) Haf ni undi et hyl ,
et hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,

i propyl i ndenyl ) (pent anet hyl cycl opent adi enyl) benlundlnethyl

hyl, 3- propyl I i ndenyl ) ( pent anet hyl cycl opent adi enyl ) benlunﬂlnethyl
Tr|nethylrndenyl)(pentanethylcyclopentadlenyl) Fﬁfnlundlnethyl
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30. The process of any of clainms 1 to 7, wherein the co-oligoner has at

| east 80% i sobutyl chain ends. 31. The process of claim8, 9, 10 or 11,
wherein the co-oligoner has an isobutyl chain end to allylic chain end
ratio of 0.8:1 to 1.35:1.0. 32. The process of any of clainms 1 to 7,
wherein the co-oligoner has an isobutyl chain end to allylic chain end
ratio of 03§:1 eéro%egs folaicts, VireBf MERESNGA i1y (PR L he above cl aims,
wherein the Co-0 oner has a T1g o OC or less. '34. The process of any of
t he above clalns wherein the co-oligoner has a nelting point of from 60C

to 130C roces f th cla ns, wherein the

co- ol i gomer hasqﬁﬁgﬁﬁﬁ%ﬁgfgﬂpgg PFW& ngﬁ%%% 5’(ﬁllomnng storage at
23C for 48 hours. 36. The process of claim 13, 14, 16 or 18, wherein the
hono- ol i gomer conpri ses propyl ene and 0 wt % conononer, and has: at |east
95% al Iyl chain ends, an Wnh of about 700 to about 10,000 g/nol, an isobutyl
chain end to allylic vinyl group ratio of 0.8:1 to 1.2:1.0, and |l ess than
1400 ppm al umi num 37. The process of claim13, 14, 16 or 18, wherein the
hono- ol i gomer conpri ses propyl ene and 0 wt % conononer, and has: at |east
98% al Il yl chain ends, an Wnh of about 500 to about 20,000 g/nol, an isobutyl
chain end to allylic vinyl group ratio of 0.8:1 to 1.2:1.0, and |l ess than
1400 ppm al umi num 38. The process of claim13, 14, 16 or 18, wherein the
hono- ol i gomer conpri ses propyl ene and has: at |east 95% allyl chain ends,
an Wn of about 500 to about 20,000 g/nol, an isobutyl chain end to allylic
vinyl group ratio of 0.8:1 to 1.2:1.0, less than 1400 ppm al um num and an
Mv Mh by GPC-DRI of 1.5 to 20. - 66 - 39.The process of claim 38, wherein
the MM Mh is 1.7 to 20. 40. The process of claim 38, wherein the MV M is
1.7 to 10.
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