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WD 2009/ 155471PCT/ US2009/ 047880 Title: H GH VINYL

TERM NATED PROPYLENE BASED OLI GOMERS | nventor (s):
w@aawi18378r ant, Donna J. Crowt her, and Andr ew BECT/US2009/047880

Narvaez, Jr. PRIOCRITY CLAI M 5[0001] This application

clainms priority to and the benefit of USSN 12/ 143, 663,

filed June 20, 2008 and EPA 08164840.4, filed

Sept ember 23, 2008. FIELD OF THE | NVENTI O\H 0002] Thi s
Tlﬂ%vBﬁG&bWNWaTEBM%%TEDI FROPYAITEE BRI YLIGOMERS

ul I Iy ,1.L O
RGO il BB TR 3 N B ARGEFS OB O
THE INVENTION [ 0003] Al pha-ol efins, especially those
ntalnlﬂﬁkabout 6 to about 20 carbon at ons, have been
CLMM redi ates in the manufacture of det ergents
[mﬁﬁ] ot hﬁ{ls hRR {%étl&{ clﬁm&hﬂo MPAYGbRefit S EISSN 12/143,663, filed June
al pha- ol ef have al so been used as nononers,
20 X8 cind [HPA 08I6I484(éé1rﬁlb«l)ﬁemembett%8 2008.

] : ially produced al pha-olefins are
Flaﬁbmsgqﬁéﬁﬁ§%§8§€ﬁ5@5 ol i goneri zi ng et hyl ene. Longer
[0(162?1' N Piphdeatied ir8lates $4! %Ilbfﬁlsol‘{gdﬂﬂérrzﬁﬁdiﬂn Iﬁ?ﬂi&l@aﬂy propylene cthylene

yethyl enes are al so known and can be "usef ul
Ohﬂmh@@wﬁgmﬁp®ﬁkb0¢MHWbmmﬁgwﬁﬁn&@p@ﬁ@I|zat|on or as

N ted | I I
1y§£ﬁ5%§9@8@?§§~%g@9$ﬁ%UIgs ofeeghgﬁeﬁe o?mp?gpsfgngr
[mﬁﬁYe aA Ra RS pessgéfﬁgﬂthogé’ R ﬁ]!ulnﬁ faf)&it UG baGt %ﬁ @a@&ﬁlez?toms have

ri zation reactions 20 exa
beﬁuhhxdf ds 1n&me&hlateanni tlh@amansifayture( C)S}iﬂbmﬁﬁssnranhier types of commercial

aracteri of . Def i Branched Pol ropyl ene
prq(/ih §9¢Ile§18 iR} BEYS BLSP HeER U %&aﬂnyﬁép 25 qC&ﬂM@ linear low
der\?\s?t?ppbgz@ﬁly?éﬂg Li 08@mcRLAINK] eﬂ?@dLQeHgNggé -Slefifes 31@ &ically made by

' Met al'l ocenes/ MAO Cat’al yst's romol ecul es 16
oligQo&izing 5I(hylj§:4@0)Longn1dchﬁanelpb@-hleﬁnﬁ-,n suolras emyhkterminated polyethylenes

archy e e SEBHn e By CBMST R LTSI o e Brglifitaion or as

madbonidrdngker Coor di nati on Polynerlzatlon and At om
Transfer Radical Polynerization," Macronol ecul es 38

(0085 fsuﬂlsemgaﬁyd Io00SIcR{s viséght suslsznd 1iguslaf cthylene or propylenc

ha% %lg(} gec’el%s erBh %%é%?ﬁ%e%h%/s% %Cyc g%ée@nﬂ {p?%}%}r %3861{] t4ions. See, for

exarhple 0 Riulhoft]i Sah,bl@r ladleé Kadigky ( (Svhmest iyl Chalaidteykation of Defined
c clopentadlen ) hafniumdichloride with

Brmoehﬁ% IPQIyLﬁF@R)é(ﬁ’ée)I Witk dilfeiss’ Yicrawsusgenyt homuyggrization of Propylene

and! tLh19 by lQ}gﬁnPt/ go%e (@' LZ%'Z@ Vi dmfdfl‘oyé'jhtfe?ﬁ/lAO Catalysts,”
propy ene Hhono- o omers havi ng a | ow degree o

Magezodryorecileal 6 dﬁO@fl%Om%OIIwﬁd(mieygsm;eHﬂodm atatl. Y&vmhesis of Block

andBRp DB Dikehin e Paviddons) Seguitits oo LebegtignahRpgenerarive
Tr@ifbrai®ordEu AP B IPREHRGA Wag0QRDATRB P RAMEED BYymerization,”

| ow productivities with a Iarge excess of al unoxane
Ma(th@lﬁctrlaﬁgoﬂl%oﬂ%/ M35M = Zr, Addi ti onal | y, no

75, R O S e BB SRRy
dichibrid¥Pbis &ataarﬁethﬁ% lﬂ@@mta&@ﬂyl?ﬁrc@kﬁﬁﬁ dichloride and bis(tetramethyl n-

Cp*2MVE THT) + BPh4] M= Zr and Hf) to make
buty qu) d}@ﬁpgm dIQ-hrlomgle—wzh ng:tlml@-,lg@omr@dgé@luene or hexane with

S B, B SFF gy s
low kdegrdé Eﬂﬁpol@ﬂfmfz&t}drrdf 2-pentlbpe d[gﬂ)rﬁdﬂﬁ dd mbteave high Mn's and have at
4, 6-di Ehyl- - hept ene The dom n
leaf;te?}ﬁ/o yligvi C‘H’éﬁﬁugarﬁoﬁpp@glg‘é(&?et 8166660 gomcrsd (ﬂypomonorner and are
transfer fromthe growi ng chain back to the neta
center, as was denonstrated by deuterium | abeling
studi es. 10[ 0007] X. Yang, et al. (Angew. Chem Intl
Edn. Engl. 31 1992 1375) di scl oses anorphous, |ow
nol ecul ar wei ght pol ypropyl ene nade at | ow
tenperatures mhere t he reactlons shomed Iom1actIVIty

. Y. Y. Y - o, . oy I 1
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pol ynmers using materials such as H2SO4 treated
montnorillonite, triethylalumnum triisopropyl

W@bkwoitsagm where the liquid propylene is fed i PEDUS2009/047880
catalyst slurry in toluene. This process produces
substantially isotactic macronononers not having a
significant anmount of anorphous material. 15[0012] Rose
et al (Macronol ecul es 2008, 41, 559-567) discloses

prosiorsd attloy Insedictiviticp mathyd lergs)cxaess 0b pymtrxens (melar raeine)0 AVM; M

T T T

aubf&ﬂk%g%%gﬁZ) activated with nodified nethyl al unbxane
MVAO, [Ti nolar ratio ran

(ﬁ@ , e 150 to 292) in

[0096ki - bEquepn 56 IalyrﬂarM@bt@%ﬂsQ%%@%s?”p%pwé neridd¥e(TdT)]+[BPhy],
1 ] I b t M .

M 2L UEER Bk Bordinlb okl BUEM 2 SRR PRt HBfbucion with

oliparhyreripitd &by OVInt336LE82a0bbtdindd tad rebnh Guiperdtareprwheress for R1 = Hf only
cqopol ynmer havi ng an Mh of apout 4800 to 23,300. In

thet &werr‘é-at?ﬂv d "ROHFECy Sk ﬁlfa&rmaﬁﬁs‘},6zﬂup9fﬁwlcl-§ﬁ%me &g formed.  The

dofBRhERFRRMbE Ml &R GrRHHYE %Qt%—ﬂl&ﬁ?rtpﬁlﬁﬁ} 8t the growing chain
roughly according to the equation: %allylic chain

badntdsh¢ wictal otradr, aneat denainisatsy by de@tcHGm (nhplieg $tudichy | ene

Q0 ok ed 6, btk (AREREuLEETowEtn s BBkt &1 1997 179 discloses
amSAMOLY, "Rfw GRAEAIAH RPich? JoR3pyaéddy hﬁa@.aé}@rkfo ltéeréi/petrﬁﬁres where the

hi'ghest al |yl popul atl on achi eved. For D| € '
reachey porveatdedowet #gfivetyeandomrgdusd dawingt AeYouabdicurvatyloneslative to all

o BBy b OB P BglSRRE, XPE B, S503114 1992, 1025
10301 dibdidNe. [RO13LPri of tas(bitsmy@ileycléhent@fierdl)  zirconium  and
reported only low (-38% . vinyl term nated_ethyl ene- 30

bisgregesindexcdnsnipsicny hbadbiuf (hntere te ARSIRHIZ§eBrogElsARtangl obtained

0 ) i - i- 2 .
el AP EREAR iy YR OGS, ol gyt potymers with
“ma6 2413D0a dwocbuvfaleteoninhtcRaghai@e.mMmig. is2003ca?d in US 4,814,540, the

.311- 315) 2009/ 155471PCT/ US2009/ 047880
ollg%gr&]pgmcg %ﬁat Vémg %}Tﬁ%ﬁlﬁ)}gl@?sha‘}%pp vl Mn gfphout 500 to about
201080 WREl ER AbdHRTBLY ZI@tNMR&P&noP{h%fda%ys& ag ﬁWngdu%YlU}%y (112,620
236 2006, 14-22). [0015] Rodriguez, et"al 1n U
g/M00bih otk BOR88.hdi>s000 seprps| mmeodrsay)i on and

ok 7 R ShlbioeR Bl kB Rl a2y discloses the se ofa

py R YR i d& bR Batdybhing 163 @Y Slatis® mﬁaﬁﬁﬁ;a{on% FRédNeE low molecular
silyl bis(2-nmethyl, 4-phenyl indenyl) zirconium

wetihiremythoos PPy epp awtesigpapareny bhvio g peidpstirang onexcdysive 2,1 chain
typi cal.ly. produce about .50% vi nvl. and abeout. .50% .

ex TR FRY RO BRI AP BV Y D . RE e ifounigf vinyt end

graupe. Dekadcdiaateed). . (MARBAAI/EZRNT000, $84 108548 il &y héterials with up to
di scl oses usi ng a di nethyl sil aned

. |10 | :
abayit S et cgRy winpk ictBinghgn mady peipg idumtéyléwl&ls(a@leél@&pbph@yl-mdenyl)
vl D TSP TR e 505 5 A OB ODIHR i v
nuthbbi gereei maltédar weighee! atolut 45,300Mincisutddkeltly 'HouBRdsind a melting
to g%)whbfg about 1890), and an estimated Al content
POt olgph hhm The activities al so appear |ow.

[0d09P17INBs@ldi Ehe1 PR OPEaBer. N20C F0BY Y S038 AT EscPRWNhE Ouse of rac-
produce high allylic Tthain 15 unsaturations in high

diry;}@thj;}l%ylmgthﬁ@e.tﬁﬁhfg@uuﬂ irrd@hlgld uiracgniumi(@ﬁtl?ri@w%th\qulylalumoxane in
vargh AL St Mangieal i PaEeE i ke PRok T oRE fligoun atways

there is still a need for propyl ene based

macr onononers that have allyk2term nation present in
hi gh anounts (90% or nore), with control over a w de
range of nol ecul ar wei ghts that can be nade at
commercial tenperatures (e.g. 25C and above) and
commercial rates (5,000 20 g/ mmol /hr productivity or

Al . o,
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[0025] Figure 1 is a plot of percent allylic chain ends
versus nol e% et hyl ene for 30Exanples 35 and 52 to 61.
w@ Twe/1s:rangl es are data from Macronol ecul es 2BOBUS2029/047880
559-567. The squares represent Exanples 52 to 61 and
the circle represents Exanple 35.) WO
2009/ 155471PCT/ US2009/ 047880 [0026] Figure 2 is a chart
of the range of chem cal shift assignnents for the
prqv§%@\fe§; lany pichehgreupse pt qqydp@_ppn@ Shﬁ@'r@actlons morphology control
1§ I tive to total
wal ?Qﬁt In iﬁ%g 3%?%1 elgp g/a(gq)g é)%/hea?ﬁs/%%% aré 5@1 yneri zation
[0018hper@datesect (al p)Md@bmbs DOGEC B8,06230) Yipriops erpaatimef low molecular

th t al ED DES I PTI 0028] Thi
Weﬁm Sndgfer %mafyggopcygE %‘P’@bw @ V%Ip .agaw;eI 0% allyl end groups
usﬁggef e(k)g%flagyﬂlﬁ@ﬂa%ﬂﬁn ch1dERS T{bla %@f‘e@%ﬁﬂ '}'R(gdlﬁed methyl

0 W % conpnoner , ereln the ol i gomer
alun)oxane (640989 amoldr ratias @Oéhnhsba(tcrh eflpnatitayions runelmween -20 and

%. preferably | east. 97% prefer ab at | eas :
+28oFo i PR ERb S CPRb REE A e Bl e gt Splyedo toluene to
creaRoHt 6900 tbReRb It OXQ1yar ﬁ%huctaﬁtf/rwz@swrﬁ%\bxo d51t0YR4 g/mmol
preferably 500 to 15,000, preferably 700 to 10, 000,
Tl/ér)efer ably 800 to 8,000 g/nol, preferably 900 to
[0(]&}88&]%@5?335@5? sAoO% scfog% Gglgeg(r)%an g\fatc u% a mlp%;lrrﬁnqated propylene
polghi2up usafd anaéridls 8subht @s IHBA, Qicald Vﬁon&@&ﬁlléﬂi@n tlléﬂ@rlalummum
ppm al um num (preferably I ess than 12
truﬁ(m;p]@f aq:lﬂuquugg vhere the liquid H’éﬁpﬂ@@olspfﬁﬁqlmﬁr%’?@ﬁ%tl §,lurry in toluene.
p I
Tht Og%ﬁ%%éh go%?tg%se Iséa%'ﬁ?lef ?&g&%ﬁg‘ﬁﬁﬁ%&gf‘%ﬁ% nBP rﬁavmg a significant
amoontalfiagmngrouk awtergpl.an Mh of 300 to 30,000 g/ nol as
asured by 1 NI\/R(pref 400 to 20,0
lﬂﬂﬁﬁéf er%%eyetsegl (Merglagensles ?nger ! V%é%h glsalgseéo@oly(ethylene -co-
ge]‘:ng g%!:ﬁ)éng%gmze{'g r]!(g hggo g s?gﬁﬁ@arnﬁgh%ugntg%f tsl‘%nﬁltgp&lam ends. Those
welmm‘a/dqawabwsém@n()@nmﬁrmr) ldnyuri Elqilbbréﬁ (inIH%Tlﬁbkacéwat@kiywnh modified

0.to 80 nol Y fe ly 30 to..75 nol %, pnrefe ly. 50 .
mef gty GIMREE o 80 melfs P oriitsn| yBae0 £ 8k in” Semi-bach
pol?ﬁie%zat&ﬁﬁf(% a4 Moﬁﬁeﬁ@acﬁi@dm@k&fmetﬁr@fm & 30 @n, 811 Wed by cthylene

% preferably 10 ﬁ of one or nore
gasaﬂ@\ﬁai of ppiiaf ocf@mww gt e(bgrlb@" fb pylyatchightenetimpelehé to 4 hours to
prodl% orfmi;rg 3%1% n?l%\él@%e;;l{a Bhﬁ/t ﬁg(g%%o ‘Af”fﬁ(% n fnhef“our reported
colﬁdlﬁhatﬁia‘ﬁeni Oall}flicabhaiiﬂse’ﬂd@fdﬁctda@é‘d) w1’Izﬁ'1 eﬂic@easih)g &h¥lene incorporation

-0.94 (m)l e% et hyl ene i ncorporated) + 100
roqgélbt%é‘ﬁﬁr ing i the e@iatiory. 94 (ol €% et hyl ene i ncor por at ed)

‘T’ %%glgép%l}ag% érﬁl) r(‘@t‘t?%%y%saﬁ&é} 10915? gg’(%;go %t éej[ggrl@&ﬁ cO orated) + 100.

Fopeesapit, 6500t diyl ((cmhpageﬂrm‘ Iotainlahsﬁmr@(lon) 4ns (raj)dr&ldnﬁﬂreﬂ ? copolyrner
50, .altern han 0.and . les
coRtpgines ‘é@s@ﬁy@ ehais h% st allv] Pomdeg higjafe For 64 mole%
1nc%§51)r'§t}d %thylén'k %%fy QIQ%' @?/ "tl?et nﬂia@lﬁ@tlooiﬁ ﬂenzﬁgirh@or PFO%%UVlty of these
, {alternately 1.20 [1 (ol e% et hyl"ene
pOIynwzymmtrmg)ed fi®8] 0 7&IXt 167 gémaiqlf Tih6® 4[ 42 836’ g/rmineD/El/hr

[OOjltjﬂyl gorlté] o L aﬁ% t’dﬁ éép}g%teg PP@Q (~5€%?V1ny errmnated ethylene-

propR9é 155ﬂ31§!81@ﬂ_ / M@OQ{/1@47&§0 {ROBALA t gedradts) Ym&alllﬁcene catalyst

% or nore, preferably 85%or nore, preferably 90% o
[CﬁéWéSlNﬁﬁz]éIftéﬁéM}Sl)TgMﬁa @etivagrdewith M@aﬁsbma@nl\/lé{lfs@r@éa@omol 2002 35,
108@?&67‘6%5&1\5(%‘?@9%1& R, %oi A3 - %P o1 sobutyl

ain en ase e sun1 i SO and

n- propyl saturated chaln ends) , preferably at | east
85% 5 isobutyl chain ends, préferably at |east 90%

i sobutyl chain ends. Alternately, the oligoner has an
i sobutyl chain end to allylic vinyl group ratio of
0.8:1 to 1.35:1.0, preferably 0.9:1 to 1.20:1.0,
preferably 0. 9 1 O to 1. 1 1 O. [0032]Th|s |nvent|on

o .y a o o o o o o o
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at |l east 90%al lyl chain ends (preferably at | east
91% preferably at |east 93% 5preferably at |east
wOp/1puef erably at | east 98% ; a numbePCHULI0aY@:7880
nol ecul ar wei ght (M) of about 150 to about 15,000
g/ nol, as neasured by 1H NVR (preferably 200 to
12 000, preferably 250 to 10,000, preferably 300 to
OOO preferably 400 to 9500, preferably 500 to
[009143) Japjelsranda Bl Wi?wm@‘@ DOBYCtyanl wark ir8lgisdt i) oligpmaization of

I v atio of 0.8:1 to 1.35:1.0.
ok%@?&%%g?h%li%&n ?gﬂggurt er relates to a propyl ene
[00dI5] gonsdrigneaprdtsidig:in - US  2085/01 82299 Sdisdlpgesf qfoajbheyhzation and
at | east 60 preferably 70 to 99.5, prefer $Iy 80 t
oligemerizalipp vf) (Atelyst omaoUBYs AR IRoanGFISEYIe HEAtH PBRCE! and gremplifies
po%&eehgétgc{gle&fﬁﬁla)/ca%l%ét ogl?% 8? Hﬁﬁ&%ﬁ@ﬂxl QIS?Z I‘If%th?j/@ 4-phenyl indenyl)
ziredrinyth ghmgthgh dn far cmpp&i ;tu]rtmrtS $1pnhe¢aeala$j$ jao@'eﬁerttgplsally produce about

refe abl y0. 5 t ) . o di ene. (such as to.Cl2 ..
S0% S Gy o e rlgﬁf&#nﬁste it AR ST (G b dermini that arc
un@@irddigne) , norbornene, ethylidene norbornene,
vi nyl nor bor nene, nor bornadi ene, and

[ﬂ(ui6bycllb@emladil§ne9f Wer 52 1hé dlisdeneer wsimg: a  dimethylsilanediyl
.at le 90% al I. chm refe y o
blsg%g}hygr )\ 81rrea° Zi c niunL d ch@g@e ngl und b[h a%fl}llglglg%oxgge) /at 50 °C to

maﬂlé fhﬁﬁlb%bbp’yléde d)l%’iﬁl’(er 98§%6rted a0 BWBJ%% &‘M?I—&&ﬁmﬁﬁblﬁ cidl "atigomerization
(M) of about 150 to about 20, 000 g/ nol,  as 20
de gréasqfrﬁéofwhﬂ#qhwma&w &n dn 9f st {8905 a@@)@ﬂ estimated Al content of
LA preferably 300 to 10, 000,
90@?2 ra?%%a%%%ﬂ%%ﬂé?m C,Qrpreferably 500 to 9, 000,
[00a7¢f erlabhly fRBOptiar Art00O) catzfiymls e [ Slobflnt w ptrdsdalce kigt &lbylic chain

allylic vinyl group ratio of . 35: 1.
unra@e)é 'ht% Kiflg. S VigE RIS Osrleé%w i aﬁldarlélr ligh prapuctivity for
Yeffie |b‘§% ﬁ&?ﬁeﬁé‘ﬁ@nﬁ’ P&Gpecidliy B Bne REB Gl ph1 djn?e?&atlons Thus,
t an 1000 ppm al um num prefierably less than'5
thep®isadtiling nemh fop pe:fpe'f@blbﬂsddemscrofmanome)@ tkmrhaaf: lalfylnucmmnatlon present

. preferably less th n alunrnu ref es

in B AP0t 08 Moo PheBR g ey ot rRRE R SO F5ne that can

be ah4d¥l ﬁ%mﬂl@t@ﬁ?]t&ﬁp&aﬂu@ée(@tg 23°@l50 dbelvet &8 Eénercial rates (5,000
honbgeneous process, Freferabl a bul k process, to

g/mmrbhrs peaduetivityo ek rmsore). 008 ByAgte etlzferrrerSei1 reed Her tnsppwlene cthylene

olg B 8TE b hicdFIL BB Do bt b RecyiRy isdhiy and tn

soluslhrﬁfpefarnmﬂert 0 @fativonfer p@phgnan ehefprovidéhorobefential crystallizable
present in the oljgoner is the oligonerjzed form of

ethylgae guet i Whilealgpyyesing gaws Brisgiametempsragged| iFyshets thegiihg need for

PR TabS 1RE) CBuAb G Cry (iR Gnd ¥R as ra

rnéﬂtﬁ&‘ﬂlﬂ;i aridwo bdilfiihe bérrks momemeapplicatiens( such as propyl ene
) olrgoner is an ol igoner
; o re=sanme nononer (such as
[mﬁefpy' ﬁﬁ?)nveﬁﬁoryﬁe@ﬂemfa%xﬂp%% b&olh?%rm@rf ha@Wf &99In of 300 to 30,000
ecul ar wei ght (nmeasured unl ess state
g/ronlH{ey micsswreddsy beNl\é&)aGmnmsmg Tithtol ¥ BYp pMNylesle wedl ghito 90 mol% of

oS SFIRACYL S0ty SRR, SR, Sl FEUTSAUARR o o

undaiRasHs§ dvidte:Col X Pe(-o®at i @r&@mieqaﬁarpbﬁa}edR wt $00)Swhen 10 to 60
merght percent, and nmol %is nole percent. Ml ecul ar

mojgSfo gmquneslﬁ prqggr;t, ip ﬁhe( m/\pj)lgqrgerd aifd T &5, gshgugreater than 60 and less
(measured by Gel Perneation Chromatography) divided by
Mh (neasured by 1H NVR). Unl ess ot herw se noted, al
nol ecul ar weight units (e.g., My, Mi, M) are g/ nol.
10[ 0039] "Al l yl chain ends" is4defined to be an
ol i goner having at | east one term nus represented by
(CH2CH CH2-ol igoner), formula I: - XN-.., allylic
vinyl end group where the "...." represents the
ol i goner chain In a preferred enbodrnent the aIIyI

e I Ar- 1 -
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[0043]1n a preferred enbodi nent, the propyl ene

ol i goner conprises |ess than 3 wt % of functiona
w@e@apss43el ect ed from hydroxi de, aryls and subBCT/Us20e2047880

aryls, hal ogens, al koxys, carboxyl ates, esters,

acryl ates, oxygen, nitrogen, and carboxyl, preferably

less than 2 wt% 15 nore preferably less than 1 mt@b

nor e preferably | ess than 0.5 wt % nore preferabl

thame&nlph‘e(m cthylengiisprogesitan ﬁh%ﬁepbmrpero apd 39 Xpaded3{ yﬂ@lﬁle% cthylene
1nct0¥b%fr ? g\fhefl 96 t(ﬁ’/}%d) g (3 tetetér%gé g%gljégenﬁﬁ %%g&-oofhgﬁlgar. to

[0(29] OOOThls gi\t’emil@l fudthar tﬂat%@tcﬂﬁ)(@)r(gfyﬂmie ol@bﬁfeﬁf@higtmﬁ@&nore than 90
to 15,000 g prefera 00 to 15,000 g
mabroeRI@PEBNS, alztggfse 6ha1121(b@6> ﬁgﬂeﬂf‘p rehEriaghy Otls‘e}ntrohas at least 93%
allyi0 hgﬁtoexﬂi's”!&t MrH6E Dt @06’%?515&11?'2@ 099 g?‘ﬂﬂb?%‘é' as%fi%?“H NMR), an
range can be any conbination of any uppe ecu
isobetyghaih iendl tto wllylhc mmyl grotp-ratioAef 0.8:1 to 1.35:1.0, and less than 1400 ppm
12009/155471PC’I’/U82009/047880 | ower nol ecul ar wei ght
AUYMHPY: descri bed above. M, is determined according to

0dzhg4getT1E9ct§ve@tﬁ§& LG I*éelt&wol B b8 1 sl Rsers @@Ih%)ﬁ?ﬂng at least 50

e ollgoner preferably has "a glass transition
my %nmemd@m end frgin ¥ tol Esmot’hathyd@eomherecieths qligomer has: at least 90%

eterm ffe I Iorlnetr
all ecshca:urnI A 8% outpiéﬁz);]te rag) }1’[3 F@WO%%})O? serétgasuredybéla% NMR), and an
isopti§t ezl leyd t@@t@lﬁrwhﬁsgoumt@ dres-enahly1.0366erein hes&mers having

nore preferably -50C or |ess. [0046]The ollgoner
fous o marapArhor BRI iaFrsPICESS at fifn Ogo 3Bdlght % of C4

liefi , yl.e e b .

O LT AR HER (AR g el MO pqrfer B SBfing ar Least 50
mdi%eproj)ylgmérom prietbetsatnblo Ie&grsbenbhani ftﬁ)rnv(it 610) ﬁrnedl&/(r Gbltg C12 olefin,

5 w9% preferably |ess tha refe ny 3
whefedhts dliesmep ar & ks, aglvl it S oferpriebar 5985' 70), an Mn of
ab(l;tﬁSlSSOttB aa'ao&t V4,660 l%a@%éésﬁt%& Byl PERMR P 2 591 isobutyl chain end to

preferab | eSs t . % of “C4 ol efTn(s) aseg
aﬂﬂpnﬂmyhgom@ughmf@ﬂﬁthelb$ﬂ@oner [0047] Al ternately,

1 0
o3 5 TR U Ao o, o e 4 a0
mdl%pﬁr@gjrlleﬂe i 0aSto@b W% (élt%rl&ieeﬁhd\ Sront Y Rit6 3l 195 WedheaFherein the
C4, 15C6, C8, Cl12, ol efins, etcbz based upon the
nyo

oligemeghhasot lehs 994 glcbytmhalnpfﬂeiﬁema i ahoyt 4 hhto 2lepuktl 9000 g/mol (as
0
B ERER T NP B , el B WA S gy i of 071 0

lmﬁﬁﬁ preferably less than 1 wt % preferably | ess than
wt %. preferably less than 0.25 wt % of C4. ol efin(s)
W‘Bél;ed @H“tea@métféﬁt reditey 19 BPmaRligamer qeorppsisiinpiRaylene, wherein
b r dqﬂﬁﬂi
ﬂKpMﬁ%bS|t|ona%@g %%éna %%%ﬁégg at easfbg%bﬁ%péngHPEOOOOgAHOI
(as(peasuerdaby yHaNMR3ash 1§cﬁ)u‘t§¢l%hamr afdetoabllylicatink e gsup @tio of 0.8:1 to

% sed up the t of the oligoner
]4¥£ﬁ%%§%@¥6H¥1%RQﬂWH§a @%Wﬁb at | east 36 carbon atons
[0(‘29[ ef eriablnetior @RREr refht& 36 RABMBEMBus Ptro%és% @ kake &lch oligomers.

east 102 carbon atons) as neasured by 1H NVR assum ng

i 1P ¥9] I n anot her
h
0 Sﬁ& R0 L0 BRI LFAEEE mote tyen o
Ex(uﬁgeé gk ahl mlt@%qs {TiantrihRgleb Yoe d&taetre[tlatqwotnefe@uteb anod 41, 559-567.
nore preferably | ess than 2 w% based upon the

ThWéfﬂlgiﬁQS represdig Egpmplspra? e ohpiskibe icoale reprssentsdsiampde b3y
GC. [0050] I n anot her enbodi nent, the oligoner produced
here contains | ess than 25 ppm haf ni um
preferably |l ess than 10 ppm hafnium preferably |ess
than 5 ppm haf ni um based on 36-the yield of polyner
produced and the mass of catal yst enployed. [0051]1In
anot her enbodi nent, the oligoners descri bed herein nay
have a nelting point (DSC first nelt) of from®60 to
130C alternately 50 to 100C. In another enbodlnent

VALN AN APFr— 2A"=—2a2 rM T I 1 1srrsesd 7N A0S0 o - o s




10

15

20

25

30

6820, (2001) and references therein. Three Pol yner

Laboratories PLgel 10nm M xed-B col umms are used. The
wmoewpnsd47f | ow rate is 0.5 cnB/ mn, and the nonMP@EIS2009/047880

injection volune is 300 ilL. The various transfer

l'ines, colums and differential refractoneter (the DRI

detector) are contained in an oven nmai ntained at 135C.

Sol vent. for. the SEC experinment is prepared 30 b ) )
[0Q2:6§ s ol Kipwig 26S grchss obthe tls@ngy‘l%@b@nwwhﬁpwagsm@@ﬁe%aﬁleawbutyl chain
[ liters of Aldrich reagent grade 1, 2,

o nf{oﬁffé#g%%élgrzng%se (TCB). The TCB mixture is then

[0027] t erEigurel® Bugdraph Of %vnﬂyh(gallms tptaalf dltfie ponation of 100%) versus
subse ntly throygh a 0.1 ilmTeflon filter. The TCB

polgepRapTmpetatirg P opaiSeie AT DR e ol fpcataly St 1

DIEERASES DI ERIBFI(PQ! | Nne degasser before entering the

_SETPWW_%TTOHS are prepared by placing dry

[0028] y nEFhis m\angdnaseiatc&m alpnmylenadwmg oligrenate sompusing propylene and

t hen heatin m xture at 160
lesS R0 i5 1 SBo RS PTG FO O SORBATEST: Rhpih A b igqTae has
ar ejTeAgdsed39/ @wlre%fd &fds| (PrefliBly TfeBe A8 0SVL ipeFerdBRat least 97%,
to express the polymer concentration in 5 mass/vol Une
uni t s pelerablyigdcayt A8%%t room tenperature and 1.324
g/m.at 1 Theln i.on '
Do) & mimT s R GL RN FRT e A obTg bRy o ermot.as
hi ghermmhﬁ@ubyﬂrlwmm (psambgs 500°rtb Or5,000, rpi@f@i‘dbgl ereo ho 10,000,
sanpl e the DRI detector and the inj ector are %)
Fl ow rigefsrably 8%t0a§>9%(? gtnedd, prsforshin 9991& M%oprﬁ%r [ 1000 to 6,000,
m / m is allowed to stabilize for 8
to 9 o%%gab ?%drd;tgl )] egtl ng the first sanple. The
10c mbca-‘nnt;m‘taitylca:hamcendm alédhvipgigndup mtid bé0 hir ontad: d)gj)lg am
is cal cul ted om t he basel i ne-subtracted gnal
| DRIY) lgss ﬁ85 OB BWTHE B tPAE F@ﬁp S&th@Rﬁ{é& preferably less
wher e tﬁQﬂOO OetaBh) 1 eh &t 5dd R f@éih‘élﬂlb(')‘ .
DRI, and (dn/c]ﬁn(i?s tah[eSI rGefract [ vglq?g&gx | n}?reerren ?pm)
[0629¢ syBtiemveihen redftesatota prepylauesq-ohgomdr, lﬁiﬁ)ﬁlgfamrMﬁ@E 300 to 30,000

eilas RFera iy CHoNOLS QRTBy L6 % o oy Bt o 15000,

prd?&yIFRING t@mel 000, Jpr&RBIV8 G0 1900 pRILr Ay 90@&?8 800, preferably 900 to
t hr oughout this descri ption of the SEC method are such

7,00Ra{meldrroammrisitei Bhtoi%) raqle eroptent prgfeesidy 1onbd 82 ok, preferably 20
1 ri oM t 0
to ‘§§ rgg)zl/r rgger %g t% H‘I rx%é‘go]p%gfr‘aglgll %\dr’] ttoWgB §1 i % t§ 90 mol%
(prdfesdbﬂy BSItd OR n(dW(/ M‘bferably 20R6-90Rh)1% Spréﬂ%f&[mﬁ ed7®ynol $iepreferably
20 net hod above. In sonme enbodi nents, the oligoners of
10ttRi 20 mp}%nt9topnchay dncin alplranticiin roronomeys) (nsgferably ?@ylene butene,
t o) 0
i) ORS00, TANTEN, GO BLafaghy o v
engy (@cless; tom)t:'aﬂ ensdpdrytienspudvierpr DOess(-0.06 (makeds tthglene incorporated) +

10@{%80 e @:g? AN ﬁ%ﬁ)@é@g‘%@i g9 P ARAREly 1.50(-0.94
(m@fe%/étﬁ{)l%ﬁe ﬁﬁﬂrp‘%?at&l)'@mp 2860 Y 6 88189 BhyE&Heal Yadsent in the co-

system (conprising netallocene conmpound(s), “and one or
oligomer, axt 2 V% tots(plteinatalyt f'rﬁs alitrafiichys00) Qvhar gragdi thaw €6 anchysss than 70
as

A SBERTS AnyP ESRU AR I'onch-SLEEpEn e tny) Homogdndaudhole?s cthylene

1noBdefatec$)018l3t i QFornAEIYT Y0 [ PR3 N{(@6RPs @tfﬁijléh@ 1ncorporated) -83], alternately
meri zation process can be used. Such (gr ocesses

1 Sé)a{rlu%ﬁé (male% athylopadederpaseind) a1 ohwher 786 e®molefastiylene is present
1n§B%8cH§H&P processes and nodes are well known in the
nogeneous pol yneri zati on processes are

preferred. (A honbgeneous pol ynerization process is

defined to be a process where6at | east 90 wt % of the

product is soluble in the reaction nedia.) A bulk - 13

- WD 2009/ 155471PCT/ US2009/ 047880 honpbgeneous process

is particularly preferred. (A bulk process is defined

to be a process mhere nonomer . concentratlon |n al

r s N a e s — o~ o o o
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[0063]1In an alternate enbodi nent, the productivity is

at least 80,000 g/muol/hr, preferably at |east 150, 000
wa@toonsyshr , preferably at | east 200, 000 g/ nmol PEIF/S2009/047880

preferably at |east 250,000 g/mmuol/hr, preferably at

| east 300, 000 g/ mol / hr. [0064] Preferred

ol i goneri zati ons can be run at typical tenperatures

and/ or pressures, 5such as from25 to 150C, preferabl¥

(00381 t o ABayEatclyr%ne P&l f meyet prefuely $ath oraptes prsTgrably
preferably fromO0.45 to 6 MPa,

]x%%%?l bTylggonro 5to 4 MPa. [0065]1n a typical

[0(13I1] gontar drz aliéroste  chtbedireait dEen@egdsmafeh@f att leestr 8086 tisobutyil Thain ends

to 60 m nutge r.ef er abl to 5
(bﬁﬁ?‘éfl%‘?na ROl SO0 v B lgrgrgtcﬁea BnBrererably at east 85%
isob(fyPLREH gﬁ&@'p}‘%raﬁ?‘ﬁqgék@@oysﬁgyﬁt DEfa8 Bndsh CAH%at@BIe the oligomer
or “nore netall ocené conpound represented b
has @r sobagt chain & to albdichvingligsqup mepéfdehtd ¥.35 éeﬂ @mfedbly 0.9:1 to

fro 0 ng of hydrocarbyl radicals
l%ﬁgbﬁhggfrﬁhaqgég) 3’@1 bgn atoﬁs hydr?des entdes,
[0082KOXi TARS inveHlibi 6@8tes RNASRED ISR, ol@n{b@eéb?n i@ B8%re than 90 mol%

am nes, phosphines, ethers, or a conblnatlon t her eof ,

prquyl_fmer(atﬂf abtt Ryto, 9%111&@1%, prq,fgably 98 to 9 mol%) and less than 10 mol%
09/15 PCT/ /O 7880 pr.opylo n
ethB/ @il Wre?er 7'1][ :I-:II dg rnqg % RECHE r8t§l lﬁ 2r¥01/gr\?lflhee\rf%1g ttlgqosl onter has:
X Sami?eastf o899 allylagHairDlends f(pt‘é&(ﬂatﬂy ng 1odst D504, nr@teﬁeyﬁilﬁﬂi) Jleast 97%,
Qis, |gdependently carbon or a heteroaton1
pfﬁ‘é?rélt’]éfraékﬂa?% )N, P, S (preferably at least one Qis a
het e SieAr
LA ALEERIILEE PUherah LS 6 6y 3900 s, o
me@t;tsedabe 'HANMBa(pee famblyi F0Deo éﬁtOOb,eprefemiﬂya 080 teal 3,00 atebipbly 700 to

103ho sfasls misloor sBn g o0 Hrs B Ing e 0 R el A0 tox6.000):

C 1af QobBryRbayd ex&f t%tPlehE’ bﬁ?ﬁg&% Yatfd &% 4.9 t&ﬁ‘ 3kineand
al kyl group, preferab mef hyl et hyl, propyl, butyl,

peniagh thanebd0l0, prime phyrhmmn, ertfyta,blleessrﬁtﬁnt 1260 e pmctferably less than

N e e

[0d33pearTial kivknt@Odsd roRit@f 8 aaRbpy SRt dNsbnRE, R¥priBihgPy |
but yl , pentr{\ye(ﬁ hexyl , heptyl or octyl, provrded that
ern¢

at Belgstt 39 ralpily 6<9rt0§2) peferakly MPde &Qémol%rmo@rlqtﬂ and from 10 to

a e ref
508k Pgfoedd 1P oo B0 Ik 20/ HERA SRy e FL AR e Blingrg pes:
hydaoges, 90% allygudisin teudedproferabhs UﬂDSéast Wieqd preferably at least 93%,
hydr ocar byl up. 15having from1l to 8 carbon atonmns,

prodirablarea syt 9% orecERBIcat SIY8Y pref er ably a

sub t
groa%?&géggmgéé ngﬁﬁgFHetﬁ&ﬁ&ﬂb%%%g?éﬂﬁﬁgéﬁghggﬁ(VFFHMﬂy200
to A609D, preéptylly, 2fm)ctw[15 0p0,opticftesbln AOOVier 1,000, @tfekahsi00 to 9,500,

et ohao g gtroters Wik ARREEy 1 ve Re groups
ar e gk kdr Qﬁh@t‘i‘)end{t%‘ taﬁt]lﬁatv?ﬂyy %W Nafib&rcakal ¥$t1.3:1.0, wherein

COITpOUﬂdIStO used to nake tHhe OITDOIQOITEF t hen
mopauiersRBvRR fogr of moepeblenatoms angy pircogneat from Gito 3 mol% (preferably at

L e e N A T S B
[0084P S, THIS BfvehRtad HirtBerSredsitd Hﬁ)%i)y@d'neldiﬁgﬁﬁi&t |06Mf3ﬁ§in§31 to
C8 linear al kyl group, prefera

ot 0B IS0y PreTpahy bl 160, PRI, Thcioy PO Sppesfeidbly 50 0 9.
t 0 ro} I
AR bR ol Ebopy e fn G 1URT QIR snaPi Pheferably 03
group is a C2 to C8 substituted or unsubstituted
hydr ocar byl 25(preferably at-lleast two, three, four or
five R3 groups are a C2 to C8 substituted or unsub
stituted hydro carbyl) 1 ; each R4 is, independently,
hydrogen or a substituted or unsubstituted hydrocar byl
group, a heteroatonror heteroatonrcontalnlng group,

o o o L T Y 1 L T Y 1 o

o Or more,



10

15

20

25

30

al kyl group, preferably nmethyl ethyl, propyl, butyl,
pentyl, hexyl, heptyl or octyl, provided however that
w@rookessrl seven R7 groups are not hydrogen, alPEr/nsioed/§47880
at | east eight R7 groups 10are not hydrogen,
alternately all R7 groups are not hydrogen,
(preferably the R7 groups at the 3 and 4 p03|tions on
of Forrmula IV are not hydrogen Nis

to g&fggef@c%b’u 1?%? %O,@r@ﬁer@@él Sﬁp éf)bfn@ﬂ)%fth}gene@ pngegrom 0.1 to 5 (preferably
h

O'Sﬁ{a egg@%?%¥b§ OCS ?8‘::12 @({ th? dﬂroocgf(ggﬁﬁ Qélll%has ylﬁ&?eg ql'ef(ene or octene,

pref&abltyhmkenep faRydin tHeuihgbmepEarst yI hexyl hept yI octyl,

phenyl , ngyl., s stlt ted nyl , and two Ra_ can .
For fil éeaéygpﬁ allyly aﬁwe f?a% & ehil o rﬁﬁf@#ﬁ%ﬁ{ |y least 93%,
raratayr;yaarféast B, fera@gﬁﬂr&axﬁém .or fused ring system

urther provided that any tmo adj acent R groups
may afrommhea afvcusgd mqlcpgllewrwe[ghtt (Mehbé rbduisldd toi abgus y§0680ng/mol, as

mehFed by, R T e S0 2 ot BT 2 5 b B ety 300 10

1ofob@ préfefiptl 2RI 930 tmeré@a%bbmomemﬂ@ﬁ%r%l&%@ to 9,000); and
ydrocarbyl group, het eroat om or a het er dat om

c ontaambnfgl groupnd Wé@dlyb& sl @ronprfﬁ;q of Y&l dpéadddi-ene
[0({3??') | i§ 1 9or oftlﬁllpthgl‘ul‘% atte%stte’I ! g)go M e e 0 1rg{)rr%tf:h or\rlr\?{rr%rrl‘rlg.nand

a CO I's an et
- OHagn@up 50[@9&81]abn/ an 1<aist 60”@)&&%1@613}0(10 nBNoo. 5a1prdf@asry 80 to 99,
one R4 group i s not hydrogen, alternately at 25

prafgiablrp e A3 reelee propyispeirtegen; ! 91 45epreieiably aétleaSbggtpreferably 0.5
0 to t
o WSFOEFRLOLNER BEAAY AT 8050 U LR oo L35S rorrtty
0. ngwmq&e&raé)ly(bi tdyyl rrm)g%ndrel[ld)(kﬁeﬂ eaCal gos@llbalpbwmﬂ:ga tdixaies (such as
are particularly useful in this |nvF¥t|on i.ncl ude on

buglicpr deiongo qeiadienehy RRATINAAEMyTIES SATSHADRy|‘dpdnorbomene,
norlb‘apnaﬁfetn@ ddn%weﬁc%feﬂﬂaéﬁ"eﬁé)ngfhgﬁéin thé elrgorn@b Has:T

etranet hyl i ndenyl’) (p entanet hyl cycl

ent a‘d|1®n‘5/|9§)‘}4|aalﬂ1ylu¢m1mmndwl(prefela,‘t3y at least 91%, preferably at least 93%,

ety Lo g B et T oo °P

2008&1"&1’5&%?%9&5@&%2&&%@%&?& (MnBof %&Ithwol thz(ﬁJaM{ 20000 g/mol, as

ent anet hyl cycl op ent adi enyl’) Haf ni undi net

mea@lrgi bby |NMgdyrgferpb@ﬂOQ@tlﬁﬂ0@y@pmbly 258/ to 12,000, preferably 300 to

n| h :
10%66 a¥) r%enyﬁo)dg%}ii)léﬁfetfer I%IN ;F)é )t/oc Mggb, p)relfer)’ably 750 to 9,000); and
ent afﬂ hsﬁ)lﬂuﬂyl tHafimentdidi angtio yinyl grbug ratio of 0.7:1 to 1.35:1.0.
- Di nethyl|ndenyl)(tetranethylgropylcyc

(00361 adl@i*ﬁ/ qf €l rg?m%tmegare gresn @referabl%r have less than 1400 ppm

alugr-rl]rrtruggeﬁ iaggﬁgggamn:??]@%tpﬁl %yrﬁiﬁﬁ nét%r)efeéably less than 500 ppm

aluﬁnﬂmmdﬁtefdra‘t(lp leESBtt]mmIOWﬂ)pm @luppinum, preferably less than 50 ppm aluminum,

|eny f ni undi net hyl 7- Bi :
prafer @W?Sm ) {BHR R afbgae SHBAT AAPEHYFTIRH und
[003‘72Et NYthis (rgfeMr@ﬁ B b IHHRE %th)ofrféggrﬁgoﬁ%w&}é&sc}ﬁ?éf&ﬁbly a bulk process,
adi enyl ) Haf ni undi net hyl
to@@kaﬁghBMgnmmhylfluorenyl)(pentanethylcyclopentadlenyl

f mﬁ& HI rre@%grbb 10%'&%1q ?@g?’hﬂs%ﬁig%yﬁve an Mn of from 100 to

25 |Ob(') @/rﬁb’ldz[sofﬁleis)llre@bcb}s H NMR. When an oligomer 1s referred to as comprising an
tetranethylcyclopentadlenyl)kbfnlu i met h

oleffin, menaé@fnyprgmny Kt e odigempn/is dhe plogrararizad &Wr 91 the phadimy A propylenc
thy I fn t d
olré(%rﬂ%l ﬁ ln? 36‘1}1 %%g{]heﬂhg n% leastl%o hﬁi[&‘% 0% J}Xfayler?éq A co-oligomer is an
tetranethylcyclopentadlenyl)kbfnlundlnethyl
15[ 0070] I n an alternate enbodBrent, the "di methyl"
after the transition netal in the [ist of catalyst
compounds above is replaced with a dihalide (such as
di chl oride or difluoride) or a bisphenoxide,
partlcularly for use mnth an al unoxane activator.

o, o, s - A a2 A A 2+ 1 1 r ~ 1+ 1 a



10

15

20

25

activators(orscavengers)incl udetrinethylal um numtriet
hyl al um num 15trii sobutyl al um num

wao eeoonsdaexyl al um num tri-n-octyl al um num and PEEUR10RE047880
I oni zing Activators [0075]1t is within the scope of
this invention to use an ionizing or stoichionetric
activator, neutral or ionic, such as tri (n-butyl)
anmmoniumtetrakis (pentafl uorophenyl) borate, a tris

oligrpen GompsisHENALI Leash Fion difErent ngnemsr aelly 6eh 8% Peppyleng and cthylene).

| . . et al-l ai
RSSO0 DL Bl s oo
Ashgped beraini Mn(iUnSmbBadventge Moole@l 84251 diEneasuradbp AN Runless stated

thereof |t is %Iso within the scope of this inventio
P

othepVisgers Bt Fraale M TBRF S Ade MW &t wgﬁfam%gedpolieﬁular weight (measured
I .

b Ao O oY P oA T8 e S0 MOATRERNiphr (messured by

GebrResmeatmn Cheonmaegraphy )b ovtanes Wl g)Esanphes nofl% is mole percent.

eutral .stoi.chiometr] ti ors, i,nclud :
Mlpiti e h S EEREs BYBE S ERGAgne M mstsuredghy Getpermeation
Chedifatb HEpryN @K 1det XBUNeS (BSueRf by el NMRE SUBISSs beR¥ise noted, all
roups are each independently selected from al kyl s,
mod¢datatwosght haitbgensyive Wbs iMpreg/maulkyl s, aryl s,
| hal j.des,  al koxy .and-.hal ides. Preferably. the three .

0G5 e AIPE eI ELICE PRI NS Y G R comminus
repeéseigl by CYELCH-CHn6ligshay ahdsubstituted) aryl s,

al kyl's, and al kenyl conpounds and m xtures thereof,

preferred are aIkenyPQQ&quﬁ§\hgving 1 to 20 carbon

atons, 30 al kyl groups having I"*t%" 20 carbon at oms,

al koxy groups having 1 to 20 carbon atons and aryl

groups having 3 to 20 c i.ngl udi ng

substituted aryls). Nbrgﬂgﬁgggﬁggﬁiéﬁﬁﬁe t hree groups
whareethal "kysb 'Srehesgentg the dligoinaashhion b o pperr@hempbdiment the allyl chain

napt hyl or m xtures thereof WO
endsgo sorTesated Pethajepone/ 1647880 Even nore preferably, the

three groups are ha&ggenq&gd, preferabl y fluorinated,

aryl groups. Mbst preferabl i

stoichionetric activator is t | uor ophenyl boron

or tris perfluoronapthyl boron. [0077]1onic

stoichionetric activator conpounds y contain an

active proton, or sone t@ﬁr ' associ ated wth,

but not coordi nated toé%g@ 0 Hﬁﬁ@ggg'ly coor di nat ed
Tht aymdule of eligl bhaig cnds i0Hetthrined RN OMMRCNR0°Susihg deuterated

conpounds and the |like are described in European
tet@ﬁg@r%&% 4% (amo}ewt gr @ P8 MBzpnachgnes oid mgselccrgd gases confirmed by
13 75, - B1 4 - A= 003 -As

3 Boa RaRaT U MRl irbe A Sl MM YR perdeutoned
tetfachiotcthhbe uSedfO6 ptBTn sprcd WS, 5SG5B8dxtABofamamal and perdeuterated
g Iogs e Vot HRSoRGINGE ST AGUATeH VO SRR S0"C on o Bruker
AMIS0E 'sﬁecftﬂékﬂe&’er'og%ﬁﬁg’ hes @MY, fof hRItEN &1 75 99 KBz FRRhfoon) for vinyl

catatysts can be preparedly reacting a transition
terppptegdd pronplons dligemérs s dedAmenitandTheing o Sogclilds] 998U PR 5032 that are
us§§1(f6£3, whi ch upon reaction with the hydrol yzabl e

TPg8hd™(X) of the transition netal conpound forms an
[00200] ON, "TSobaty1 aain] BICAEALBhE) fo) be WhidtiosibAaRAVihZ @S Idab€one terminus

cationic transition netal species generated by the
represgpief o therfosmulst al ysts can be, and 15 preferably are,

prepared with activator conponents which are ionic

conpounds or conpositions. [0079] Conpounds useful as

an activator conponent in the preparation of the ionic

catal yst systens used in the process of this invention

conprise a cation, which is pPeferably a Bronsted acid

capabl e of donating a proton, and a conpati bl e

non- coor di nati ng ani on which 20 anion is relatively

| arge (bul ky), capable of stabilizing the active

catal yst species (the Goup 4 cation) which is forned

. o

a
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WO 2009/ 155471PCT/ US2009/ 047880 di et hyl ani | i ni um
t et raphenyl bor at e,
woRModszet hyl - (2,4, 6-trinmethylanilinium PCT/US2009/047880
tetraphenyl borate, tropilliumtetraphenyl borate,
tri phenyl carbeni um tetraphenyl bor at e,
tri phenyl phosphoni um t et raphenyl bor at e
triethylsilyliumtetraphenyl borate,
benzene(di azoni un) t et raphenyl é‘t\e\ 21 met hyl anmoni um
5t et r aki s(pent af | uor ophenylIMbor at e, tr| et hyl ammoni um
t et raki s(pent af | uor ophenyl ) bor at e, tr| pr opyl anmoni um
t et raki s( pent af | uor ophenyl ) bor at e,
tri(n-butyl)anmmoni um )
tetraki s(pentafl uor qphigiylchBQrdie.
tri(sec-butyl)anmoni um
whieet Makpiegqpenthafoligemepdtaity | lnhoprafeered embodiment, the isobutyl chain end is
Nl\l-dlmathl [ inium
renreCRiSe 0¥ Ope EAl g‘i"lfﬁ%‘?"b‘ﬁﬂéﬁ’ml)l%r ate,
N, N- di et hyl ani I'i ni um

tetrak{s(pe f | uorephenyl.)yboratg,
W\T&flmthyl ani li ni um

tet raki s( pent af | uor ophenyl )borate, tropillfium

t et raki s(pent af | uor ophehyl ) borate, triphenyl carbeni um )

t et raki s(pent af | uor ophev) bor at e,

tri phenyl hosphonl um isobutyl end group
t et r aki $Op&n gréﬂbphe | )borate, triethylsilylium

tetrakis( pent af | uor ophenyl ) borate, benzene(di azoni um
tetraki s(pentaf| uor ophenyl )borate, trimethylanmoni um

15(2,3,4,6-tetraf | uorophenyl)borate triprlopyl ammoni um
tetrakis-(2,3,4,6- tetriafl uorophenyl)bor atle,

tri (n-butyl)amoni um )

R e o 1)1
WhEFéM%n%I%%&% Be 611%0&&1&%1' uor ophenyl ) bor at e,

ylani T'i i um
[004d{ r alemﬁequmag@ f tsebutaf tndogropirein kfebroinad @sing “C NMR (as described

n F@t?xg i 3'9{)' @ r@fﬁw Slbllﬁtew1gjlglgpt§t18 Resconi et al, ] Am. Chem.

Sod\, Modi et hY)QS(l@BZL’f(ﬁ’ tooearBtdpylcaB I0|11 Bbif¥)and set forth in Figure 2 for E-P
tetrakis- (2,3,4,6- 20tetrafluorop enyl ) bor at e,

oligeragis! | i um t et rakl s-(2,3,4,6-tetrafl uorophenyl ) bor at e,

ph ni "
[0(*45# ] aﬁf%/e (a)bé;?yi galtneetnld atP|a11 lrlcO 5H1é’n ﬁ%ugorraté is defined to be the ratio of
thel Felr qUAGIAY loP ﬁ@Elﬁﬂs}Déhalﬁ%nds to the percentage of allylic V1ny1 groups.
tetrakis- (2,3, 6tetrafluorophenyl%borate
[0043] ot 9|aspr|e§%|n‘|eg pbednagat.sthe prapyleng oligomer comprises less than 3 wt% of
fuﬁcﬁgﬁaﬁ%ﬁ‘?}% Q (f hg&rﬁ‘}; x198” enyrﬁl) %&) Ptlugga) aryls, halogens, alkoxys,

tetr a Plior ‘op
carbbxy‘[mbhydswmmmyhms, ey add, sﬁwehj aral mb@tyhypr)a&mﬂﬂy égss than 2 wt%,

tri et hy] anoni S5tetrakis rf.l ugr onapt hyl rate,
mayg Pbﬁf?}y e w@%walmesé%geﬁ 1y dfs ﬁﬁ%} Ay ‘)Vb/?yr IRpEe preferably less
thahn’0. { R1% b I)r@m HWt%, based upon the Wel%ht of the ohgorner

tetraki s(perf | uoronapt hyl)borate, tri )anmoni um
[004ei{ r alew(qzigomem@mfmaptyhlyds)dmoMatae determined by H NMR of 150 to 25,000

o/t 2 S RO R R A P50 BORE Rk RPRGHLATRY fy 5900 g/mol
prdf&hpRKi®( Rerhlooor onpt ?ﬁé@rﬁlﬂfl ats®, to\.100d0 Y| - (Ruthebn desirable

trimet hyl ani | i ni um tetrakis{perfluor onapt hyl ) bor at e,

mofgeyfir WaLghir 8 e et bk ey pembingemorapy hypyriaelagwar weight limit with any
tri phenyl carbeni um tetraki s(pHEr{I uoronapt hyl ) bor at e,
tri phenyl phosphoni um tetraki s(perfl uoronapt hyl ) borate,
triethylsilyliumtetrakis(perfluoronapthyl)borate,
benzene(di azoni un) tetraki s(perfluoronapthyl)borate,
V\D 2009/ 155471PCT/ U82009/ 047880 tri met hyI anm)nl um-

o, o
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[ 0088] I nvention process al so can enpl oy cocat al yst

conpounds or activator conpounds that are initially
woewvnsd47iewi s aci ds but forma cationic netal PCDIR108%047880

and a noncoordi nating 20 anion, or a zwitterionic

conpl ex upon reaction with the invention conpounds.

For exanple, tris(pentafl uorophenyl) boron or alum num

act to abstract a hydrocarbyl or hydride ligand to
lowgranefeatan weoight liv# %‘é‘fﬂhﬁ’ﬁl abotiet Ma dhtﬂr@;@eér?@cordmg to the methods

ng anion, see EP-A 0 427 697
deSﬂ g?@&@gﬂgg@&g@g[@%g&#}n[ ustrations of anal ogous
[mraspup Phedigahlco pefieablopougtiss traisition ee@ectahae (Bf)uddsss than 0°C or
conpounds o

and f 495 375. For formatiqn of
lesy (ps dlgtermtie %GEFE% I@B@g§c%}§lﬂl}¥g CHREMSGS LA ‘Eed4below) preferably

i d S -
(CPTHOS SRR SR oA 90 69, . it

-5(136t0|r\l@15| ng cocat al yst conprl ses a sal t of a catl oni c

(0B8] o P 2R s Db r R i an 6av SR G GRlgfa ). (such as

isoBRtyYAe Ebite <D Kb nédbuﬁ?ﬂéﬂi' Zha %uﬁ@lﬁeﬁ&) mﬁyé n%)oa the Welght of the
charge of e+; e is an integer from1l 3; ,

oligorgere pa@fe@béwaﬁ&s:ha}n d@fwt%dpre@@ab&m égvf%, prafargy cless than 4 wt%,
n rr U 0
oot Pl PRy REE R G, AT oot Ph gt s ! v profrsbly
lesE’ﬂfaBQT 3 Gf@%eﬁﬂé&ﬁ*ﬁb@ Ms§ tiah 0.30xt% of C, olefin(s) based upon the weight of the
2009/ 155471PCT/ US2009/ 047880 Ad- are those ani ons
Olg‘Pf@i’F tously defined with respect to the Bronsted acid

R 2 SLBAEEL NSABR FSPSRAPL i i e i ot Cror o

oleﬂiﬁ@s),a(smlyat Or tot Oxyddfalsy spiqatlecuclsar Cy it €0 dlesﬁra ﬂypﬂcally such as Cy,

Cogly U 0f Pt ). baredemaade Yo be ST pOGALY less (i 10 we,
I. 0

pre?@}]aﬁl? Qg F%f?iielfa?uw %?5131/1518;12\9% %ﬁ%}%@&?iﬁ%@}% rg Wen %neﬁera‘tﬂy less than

2 m% ]pref@r@ﬂse tablthanlt wtteo pefdrabldessvtham 0. 5ot pﬂafarahis less than 0.25

Wil sy At wBERRErBE alifodern A SingPed B he nvr

(008} | VaAhQMSthef crabbdiMhi, it MBIARE SoRBE&iTibP BbIBRAV@MPTRES at least 50
exanple, a 10 conbi nation of activators have been

withe@eeleibly atrlcast 35 vl ameferddy, ableas 016oabrged iaGB he1wsight of the
ol ERA RN Sh| G5 By G5 et i TP B Rty at teas 51 carbon

atoBB¢ preiadlyalt 16liss 408 Scaibin unsyfasameadusdHNE] iINMR assuming one
conmbination with an ionizing activator. [0092]In
ungpiyetlt PEBYEi nent this invention relates to: 151.A

0681 1 G0RE R U 1300 Ry RS BT s o

20 oft%e dhydreand, trindee r(preficrblbig 1edsi thamdn Vht%; atfekabhg lesX%han 5 wt%, more

pre%elérla‘él& ch IBajI n}] Qin rsgcli a]tﬁ‘é]\’/ tvx%tél?(to tb(e f’gghl%]r:rg(%rlgp%]s?tlo% as measured
by gjdyl ene incor por at ed) + 100) when 10 to 60 nol e%

et hylene is present in the co-oligoner, and 2) X = 45,
[0086&n gnemodrer tehﬂmdﬁmenanmeIOélgsmteharodﬁoedrbd:re%oatamsl lesrethan 25 ppm

fiPﬁB’Fr eS%{ ﬂa?ySf &ﬁ%pﬂaﬂ glgrplgg} lééﬁjgw%? e ra%&cqjlg%) tﬂhé(n ? é)&)ébl%};ium based on

thd”@él@%f@bi%de@@&dh@ed’itﬁl&ﬁ@habibﬂd&&l%@eﬁh iogeder. 2. The
omer of paragraph 1 wherein the oner has nore

[0Q5th downathiey pmbediment plepsol{gospaas ﬂ@ﬁéﬂb@d ¢ig| may have a melting point
(D%Sfﬁ‘gtuﬁlgtt*gfn ﬁ%m 60r3rt‘=9r ﬂé@gcﬁgirlteg@ag& SBftg H%bgtgrsﬁpv\lggyjfher embodiment, the
25et hyl ene and has nore than 80% allyl chain ends
(relative to total unsaturatibns). 4. The oligoner of
paragraph 1 wherein the oligonmer conprises at 30 to 95
wt % et hyl ene and has nore than 70% al |l yl chain ends
(relative to total unsaturations). 5. The oligoner of
paragraph 1 vvherel n the ol i goner conprl ses at 30 to 95

o o o o o ~N\N 7
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11. The oligonmer of any of paragraphs 1 to 10, wherein

the oligoner is a liquid at 25C. 20 12. The ol i gomer
w@booangs4of par agr aphs 1-11, wherein the Mh i s BODUS2080017880

to about 7,500 g/nol, the Mvis 1,000 to about 20, 000

g/nmol, and the Mz is about 1400 (alternately 1700) to

about 150,000 g/nol. 13. The oligoner of any of

par agr aphs 1-12, wherein the oligomer has no

oligierpess tdepribefreicrqin diapo natdesptabsome Bing or gy DSiCa floating storage at
by t 48 hours. 2514. The

mﬂ%FB{%%g)Z%@BZE? #%Eéﬁég?g%h -12, wherein the

[mnn]gomﬂﬂnhgaﬁﬁmﬁﬁhhemgmpeak;§ﬁ$fﬁmmuamouMqﬁﬂﬁméqj@bamérnammfd
130C.. 15..A _homgenous. proc for maki ng .t he propyl ene

usipg PH{feigBiScamming §alorinay ( (A asipgrragmepHall &aY%laﬁlﬁ equipment such
gal IRy v, PrRALGh! 8id Yo Al G thl SARpIeAthat Ba

asg/nnéﬁfﬁﬁﬁﬁﬁhggzpﬁgihéﬁggg eg§6c%nﬁ%?§%és ble: s ¥ stored at

rodi]@(t@npfa@mrm@)r aatleat 14& ripersauwsaladf inf gioauBE@nt pad 50, loaded into the

ene, % et hyl ene ro tp abaut
insBUGRH, Fy 3P B ERIER e gy ot dtedih 2% B cooled at a
coQHFtI MY @Mmif G LYREO rTlﬁrEQm? e fs %ﬁf atog‘@’d%ﬁr 3l hRACHAGhen heated at
cormpound represented by the formnul ae:
a h%ﬁ)tﬁl% Hb 47 1(PCV1’I1USRDD9’/CD4TB€8 Qlass trhdgition mh@bﬁltlkﬂé i$ measured from the
ni unm 5Seac i ndependent |y, selected from

heﬁm@@fd@o n@lt§@?%©elbfth% seemRle & i librafad 8t s Cnign rlsl@atﬁﬁi ah% heating rate
of ggﬁ@%&‘g 2({ P%Cﬁ %end%ﬁ%%%&é%lgﬁggﬂﬁsﬁno@l1Fﬁ11)%|sgﬁsl’s analyzed for onset
of phms{di ﬂ&ﬁpea&ttbtﬁpératum’ @h@ ﬁ{ﬂﬂﬂgaﬁeh@ﬁratdﬁ&r epbrted are the peak melting

preferably nethy B a pheny
tenppegatyres f@m B ferét hqar Bme%ﬁeot @ravdfi»eo@%l(lﬁ t EPh %ﬁr@rlsfs digplaying multiple
f r
pedfsg AP IBRT IR Bbufhe WARRHILAY @ adtinbd 1 BYShEHealc melting
tenppeeétmrea(bby aﬁpcMedﬁyltIStl(epia@ﬁrealﬁbmelamc |celsitnetmere§porse an that range

het er oat al t t el at | east two Qs are the sane
Ofﬁ?uﬁﬁﬁwgggh% %égg T3t ernately at |east three

[0(@315 arg ah%els@fﬁﬁocﬁﬁlefijﬂ Me%h%ﬂﬁmﬁ%@&%ﬁ%%m aktalqpal alyec.
| east four Qs are the sane or different

[0(}561 er dataonﬁl\;r emb@thmhntthhel @1g0m¢d93‘{1ﬁ§mﬂl®¢theyeln dag art MvCBneasured as

des%lgig%/(ifl% %@F;gf ﬁl‘gﬁ(&r‘c@ blb}’wﬁ 3830ng rnol,bl'jl %%Etegr ?pbﬁ) % 059 000 g/mol,

altaﬁml 3be@ttylzmooogﬁrwl,anavorrmﬁ/Mthf SB&R 10100 iof mﬁmerltso 000 g/mol,
i s, independently, a G to C8 alkyl

alt@‘rlétsb 80&rtef1@9£a® g/molcl to C8 Iinear alkyl group,

f I t
[0({?55 i erﬁ@) %ggfy Y alber téjlfi]er al%? %&ydslnﬁb% ﬁl%ple&téﬁ/elratyge)g}ge Exclusion
Chbdrﬂzﬁﬁﬁtﬁﬁh (cithex ﬂﬁﬁﬂ%&ﬁté(ﬂ)ﬁﬁfétlﬂﬁZ&Oﬂﬂ%%ﬁB%c&ﬁOheﬁBeqtﬁpped with a

.i.ndependently, hydrogen, or a substituted
dlftﬁﬁ%ru@iqufaa%f‘dmﬁ?a AereePh{PRYr Bxisrimantal &eﬁarlmrqd%ﬂbed in: T. Sun, P.

Br&ﬂrﬁoﬁ %fuzﬁﬁé'arﬂr\@f . E@t'a)@ssilelyt Ry lpc(hnes g% e 34,&urnber 19, 6812-
preferably @ subsfituted or’ unsu tltute
6820, r(éﬁ@l)adﬂdyfefgbwp thep:nemf eﬂ"hmbyPoiﬁtlhtyLalmrhths BLgf:ilernrn Mixed-B

col it PEIE e el V5P M SSH Mo, BFOH: SEBiAPIS S votume i
30@ al tﬁfe%ﬁ@ﬁé’tr&ﬁf’err {335, S6RMBR A RifRALnt Y AR Mmeter (¢ (hhe DRI detector)
alternately five R3 groups are not hydrogen); eac
ard Gntdimdiejpeamd@rehl ngaintayrcd g eB5W. Solsuisior thet $EIC @Rperlrnent is prepared
unsupstit ut ed ydrocarbyl grou a heteroatom g
a

by Klspsabvyig o & HaBne bwm&dg%wy wﬁ)@p@ raé@pwna%ld%@tmt"ukﬂ@éﬁ of Aldrich
reagéntgﬁdébls bl 1;1‘1.‘111&{-1101? @(’l%) %%kﬂ@e {0 thediQd algough a0.7
on at'ofrs, pre er ab 1to car on at ons,
unp ke pablijteaasd bﬁlﬁﬂeﬁmﬁnﬂg through Sailoslt IuhutTeﬂOﬁS]ﬁlteﬁ. CBhe TCB is then
| i near al kyl group, preferably nmethyl ethyl, 10
propyl, butyl, pentyl, hexyls1heptyl, octyl,
substi tuted phenyl (such as propyl phenyl), phenyl,
silyl, substituted silyl, (such as CH2SIi R, where R
is a G to Cl2 hydrocarbyl, such as nethyl, ethyl,
propyl , butyl phenyl) R5 is hydrogen or a C1 to C8
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where Hf is hafnium each X is, independently,
sel ected fromthe group consisting of hydrocar byl
wOo ae9asd431 having from1 to 20 carbon at ons, hyPET/UER09/047880
am des, al koxi des, sulfides, phosphides, hal ogens, 10
di enes, am nes, phosphines, ethers, or a conbination
thereof, preferably nethyl, ethyl, propyl, butyl,
phenyl , benzY chl ori de, bron1de i odi de,
degaéﬁqdew%taél ipquesasser gfore sieriag jag BEGF Bolymerewlytiony are prepared

o D0 P R S o B R g o S i

thd raR$dre @an Bo0QCH Wsitlacditingd @adgitariodfdr abs\a e oprat Al gasititicyere measured
Qs are the sane or different heteroatons,

graygaetrigdlat e e al CBe dlspsitighy ascdyte grrecsh éhes gipdyraer  concentration  in
diff t £ | t I | 0

masé/vol?{xll%n%m r%ee arce?ﬁ Pg%? ngfrn(leﬁtt rﬁrenzre?n ra?tluje aen Stl 35%'ué/mg & 135°C. The

1nJéd’ﬂﬁ)ﬁR%'ﬁG@ﬁﬁahMm iafroh 1.0 68 @intgyil, ok en l[bwdi*rdéﬁl%rﬁiﬁhynﬁb&ﬁg used for

C8 linear alkyl ro%% preferably met hyl et?ﬁp
hlghpbgwlecu@{gtvgqlghtpﬁ@ 0tyip  Tupipg yach paraple ythe dpégptor and the

b RSB0l B8 BBt e g 0 05 e, o

DRJnL‘!;e p)lﬂmd@;httd) ystabaliZsl faro8 G3 &l kotlrs drefaip, 1np;=rceﬁ§ rth@lﬁ/rsta sﬁihple The
i near aIk | group, preferably neth yl
corﬁﬁegg@,tpon Btﬁt)ﬂdc Iﬁ%ﬁtt 1§1|the ﬁggg}ptoghaérbts)ﬂa ng:frgqn the baseline-subtracted
I ot branched; each R3 is,
Dlﬁng%%{a%) é’ntsﬁ)g tﬁﬁﬂg?’%%e(ﬁ%ﬁ 12 substituted or
unsubsti t ut ed hydrocar@yikgﬁggﬁﬂﬁhhﬁwlng fromlto 8
carbon atons, preferably 1 to 6 carbon atons,
wherceKeriails| ay censgubsiictrained byr calibzaingtthe R a@il (do/degis the refractive

near al kyl grou eferabl th I o
indsis ey 1 ey PR R n 5o efon ThahEsC and 2=
698 AL : Fob)pudbdsed bf’tﬁlSFﬁVé}fﬂ%HQﬁd @lﬁeeclﬂﬂshtﬁ&etoo%n%)c ) EQU104 B propylene
groups are not hydrogen and at |east one group is a
polgmersoaigh 0§u@t§t:m1&ﬁt edngs qmnwm@netsuﬁlmwym beaddsgtiption of the SEC
efera east. .t wo, . foursor five R3 . .
e L haP bt R PRI Gt s Shplcdl gty expressed in
g/hoer antinbik viskagty iRéxpressell el /gndent l'y, hydr ogen or a
y

substituted or unsubstituted h rocarbyl roup
(00561 er odplsavler Weeghs rdistribwtiaro AVIET/ Minng byr ﬁ?g DBJ)efSed%tmr@/med by the

u t t
ﬁg@ﬁﬁ%k rgéggn?onﬁgacaiggﬁ&% g%§¥9§ %%P%&%wgweémlw“ﬂwn(by
GRCaDB@)ﬂofalt Hr520, pttedetcibl .y tl@ubst i t ut ed or
ynsubstltuted Cl to C8 linear alkyl group, preferably
ol 9C propyl, butyl, pentyl, hexyl, heptyl,
yl,
(ORELY TR S RIS o 34525 AR BRIy bk proces
to mhake eheRShgomees @s&rﬂnemi I€t@nhydrgeactyd embodimeas pnagtyihgnie,and optional

eth phenyl): . R5 is dro en. or a
cofgratra PR ghoogiiGprLRarabr Yo lsogierved (B [EReR A1 RYAYSt system
(cddhpisihg ﬁéﬁfl@ée%@lc)én?@ﬁlm(k) afid BYé or ﬁ{d?@ﬁ&tiva%ﬁ)yémth the olefins. Other
pentyl, hexyl ptyl or octyl; 20R6 is hydrogen or a
addifiveso NGy alspzybe gISQ@Lp as plesifrest, a@,Cil as Graweogdas 4tndmfahydr0gen Any
corg\!eml lg/rf ' Oug%/einsmﬁeg ;liqloé?nnegfﬁ z:b’ulkggg LH.P%{ OpXu’fy bUt y high-pressure
olibH&NRAL Piditss twndbogRA, Sichdpréeectsds Qa%e%KYﬁ aQfa€dhp semi-batch, or
preferably a Cl to C8 linear alkyl group, preferab
éornogeneous

cortrupys madey | Sughr pipgessehitd modpe atey well Hawyn, inhidg

h

AR PRI S OV AL . v
to Bbapmcastwiigre ntogest 90 alttesfitat plodued ik séRdblgrio theseadtionmaddia.) A bulk

hydrogen, (preferably the R7 groups at the 3 and 4

positions on each Cp ring of-Bornmula IV are not

hydrogen); Nis nitrogen; T is a bridge, preferably,

Si or CGe, preferably Si; each Ra, is independently,

hydr ogen, halogen or a C 1 to C20 hydrocarbyl, such as

met hyl , 30 ethyl propyl, butyl, pentyl, hexyl,

.
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1- Met hy1l, 3- propyl I i ndenyl ) (pent anmet hyl cycl opent adi eny
) Haf ni undi hal i de,
1903a84met hyl i ndenyl ) (t et ramet hyl propyl cycl opeeit/asioesnys7880
) Haf ni undi hal i de, WD 2009/ 155471PCT/ US2009/ 047880
(1,2, 3-Trimet hylindenyl) (pentanethyl cycl opent adi enyl )
Haf ni undi hal i de,
(1, 3-Di net hyl benzi ndenyl ) (pent anet hy| cycl opent adi enyl)
homgeencand PIPsEISde ’pa{tQ:’uip.r i reterred. (A bulk process is defined to be a process

Whlt?lr-aetb ﬁ&é:grélleﬁg o?gétha(igﬁ Nhapt Y YE P Bt RMYb) volume % or more.)

AlteBrabddy ny |sbivemr @ndilukhps iprasert dryd ddyd o pentadioanyddium, (except for the
t hi undi hal i de, ) ..
smayl AmouglsTsCedshier arareley e SRRAMSYHGT &F FBFettdidEngr amounts
: ) bal LD . .
ty}JtléeatH an%}%dhyllﬂ%yt/}%l %%gor?tléé’d?‘g@‘ggn%éf? h?%ﬁ"@m i de,
[0058} Di Hyudtabksi ditignits/solvants dome tohigbmyictadipe ninatlide nydn)-coordinating, inert

. Hat hi undi hal i de, : : :

ligpids Frmle ﬁl}%ﬂeﬁ%tm RiB i et PP ASps Byt isobutane,

butrah;é[eﬁéﬂi’a{n%y Fsb@&ﬁéﬁe?@'eﬁeﬁﬁék) i_sb‘l@éxﬁhé! rﬁi’,‘pth@h' 8&an@Mddeccane, and mixtures
10i | - Di cycl opropylsilyl (bis

thereatfr amealiey| anyc| elpeystiadibedipcybanni awhdi bl crdohexancthecycloheptane,

mef (fcfyec?o ega{nep.ar{lgtggrlacﬁaol}e%té)r{e 1a7n’d Vn\'iﬂgtru?elsn tﬁelir]eeo gﬁc%l ¥$tcan be found
syst’em conpti ses”’ oné or nofe of

coﬁlﬂr}e&j@lggﬁkébéﬁ)ﬁﬁ@ﬂﬂokém By@bhirbsnscduop e trreih@mvhied Cy 1o alkanes,
ni unal net

Ha hyl, . : :
chlpqobgnzeng. Feqd ra%/ﬁmtﬁy pich gbaaubstpetsd aaremple cprpepett sighets benzene,

tol BIUMLARL I Suitable solyents also include ligui hich t
o T ST TS (S R 150 HSBE A gfogns which may ac
as himhomgrsobrmm@indonlomers including ethylene, propylene, 1-butene, 1-hexene, 1-pentene,
15(1, 3-Di propyl i ndenyl ent anet hyl ¢yc| opent adi enyl :
3-mgf “h’ﬁ%ﬁt%ﬁ’ %Yfpethyl-l-%el)lt(errl)e, I-octene, )a/m(? )i-(lecgne. N?ixturesyof) the foregoing

ardlabs\BEyd, 3- propyl I'i ndenyl ) (pent anet hyl cycl opent adi eny
') Haf ni undi net hyl ,

[0059] 2, 3nTa preddriedl ¢mitelnpkdt( fenfeadrebhgentyicdro frerthadiigomezation is 60

o oo s Arsiaehi 40 sems ey ey BieGEEHY 20 ahyng % or les.

PrdfigablyUn®lb @I zati§ris fuBirSa bulk process. _
t-butyl fl uorenyl) (pentanet hyl cycl opent adi enyl )
[0064 hi USudiabist Rgditivespto the oligomerization process can include one or more

sca]gfél;lgl\_'él?%h :Oﬁrrllgtjegé lenqg(il}lgt%,e ?éa%'c‘ﬁ%ha}’ée%%? logﬁ(i%z%ga%jgeenqgl ﬁydrogen, aluminum
alkyR, dr Qrahéd. met hyi fluorenyl) (pent anet hyl cycl opent adi enyl

Haf ni undi et hyl , . . . o
[0061] 3- DnrerRiFricd Ga1PPHINSHE Ry divgehipl REGENbiFehe QliBaingIiation reactor at a

P O O IS AP R Qe B8 B RElTigly 01 0 10
psigl ) IHdtabibeomlifb@dd dey in the present systems, hydrogen can be used to provide
ino&é;sgﬁ gﬁiﬂgﬁtggq![hggte sqgrln)ﬁgfn?f}t i%%ﬁfrﬂé'tﬁé/ galltglgs%@ta%ﬂitﬁ ?3/ Il)r)oduce allylic chain

endx? (ﬁrgi%ra{%[hﬁﬂfé&ﬁ{am@ ety (PARLIARE LD YN AREBRYRY i EMMEAst 20% higher
Haf ni undihal i de,

thaf Thevismiyta@igqprwighdutt hydregy Prepmntpactetablyl @ yedsop®athaghice pycferably at

[ i yundi hal i de,
leafﬁl,@%ﬂlﬁﬁ?rne.t hyl i ndenyl ) ( pent anet hyl cycl opent adi enyl )
[00d2f ni uRdihaklt@Bate embodiment, the productivity at least 4500 %/rnrnol/hour,
1, 3- D net hyl benzi ndenyl ) ( pent anet ha/l ca/cl opent adi eny )
pr bliyupRI0ned imgse g(rggn‘pl/éplg, preferably 10,000 or more g/mmol/hr, preferably

501@?%%@%‘% é@fﬁ%@r) ggent anet hyl cycl opent adi enyl )

(9- Met hyl f 1 uor enyl ) (pent anet hyl cycl opent adi enyl )

Hat hi undi hal i de, and -14 -

(2,7,9-Trinmethyl fluorenyl) (pentanet hyl cycl opent adi enyl
) Haf ni undi hal i de. WD 2009/ 155471PCT/ US2009/ 047880
EXAMPLES [0093] The foregoi ng di scussion can be
further described with reference to the follow ng

e . o o o -~ 1 a ~ e .

!
wa
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WD 2009/ 155471PCT/ US2009/ 047880 [ 0099] The chem ca

shift regions for the olefin types are defined to be
wheiwas7t he foll ow ng spectral regions. Unsat BCHUS29N9/047880

Type Regi on (ppm Nunber of hydrogens per structure

Vi nyl 4. 95-5.102 5Vinyl i dene4. 70- 4. 842

Vi nyl ene5. 31-5. 552 Trisubstituted5. 11-5. 301 [00100]

The popul ati ons of ol efin unsaturations found in th

[0063b duclfrs 2 yaltepnapgvrRtbodinagitmiici PEUIUEHViItaBY et 3leagtn8@, 91(?05, g/mmol/hr,
t
R 5, Y50 o DORKL AN, G L E 905085 chfb Pty
leagt2RO00 0V @Imlyar, podfeablyadt leasi 300008/ elodhed by assum ng
one unsaturation per chain and de ree, of

100041 y nefiretesed aligopietizafions gan Menbard otf/plﬁﬁlotﬁmpaﬁéurafn apd/or pressures,

sudbels IR0 10 %oct Q]%faaawb% 20'C. GRIBLDLI r4@%¢ %ch aha %ref%rably from
vinyl ranges f arative exa

0.350 4D Pk pretfdrahlsf fring 9. 4ésto 6988, (p@feramgmmme%@ szPa

Y tor, the |l ess steri encunber
10B5] &) Yoy e s REr ot Hipsr L eGP e eBel s 18 to 60 minutes,
pre?étﬁli‘l'yftieﬁ)%éh Mo mineRY! RbfcRibSy 1Rt Rud®t al | ocenes D,
G and H al so produce products with low aliylic vinyl

CatalsteCompaund 0 429 . In the case of E, the activator
[ﬂfﬁiﬁgearéatalé;?tl TRBGhnds %ef:ua ﬁer? o 1fel<r:luden 854 SN RALIVEY O compound(s)

case uns, viny popd?a ions

reph&kfted by ahdR@mwiath both 1 and 4 activators, although

al l'ylic vinyl popul ation decreased nDdestIy wi th

i ncreasing polynerization tenperature. Tenperature

playgd a Rble in the @6V|nyl fg but 20l ess so for
nS opposite to using
#01] d ass Transition
DSC as descri bed

e 0y Q2] V'SCOSIt‘\Jc ¥eqsured at 35C using a
rookhi el g ter. [00103] rfe tive Index was
neasﬁr ° at ﬂ*gggfth 589 nm I %53625Nhter|als

were used: A =
I enyl ) zi rconi um

[ 00104 follmmng ta
bi yE 3-n- but yl

di nmet ' dlnethyIS|Iy

bi s, 5, 6$$-tetrahyﬂg mfényl )RZi r coni um di nethyl; C =
dif net I silyl bis(indenyl) hafniumdinmethyl; 30D =
(tet nethylcyclopentadleqyl)(l 3- dlnethyllndenyl)2|rc
oni, Rlyi: E =

(Re hyl cycl opengadi gayl LA, 3-di met hyl i ndeny! ) haf n
iumd 0 F = 5

(pe Icyclopentad\enyl 3-§inethylindenyl)hafn
RL,aM di met_hyl ; WD 200%@f§5 1P 2009/ 047880 G =

%te / E&g opentadleayl%glR?spynggylindenyl)

haf dinmethyl; H=

l//;opropyl 3-n-propylin

R ylcyclopentadl ny
A? ﬁg I met hyl si |yl

ni um di net hyl ;
bi s42- met hy1, 4- phenyllnden
I 00105] Several ioni¢yactgdvat org3 and one supported
ionic activator were used to activate 5the
Whﬁ%‘ztallocenes. The ionic activators used were: 1 =
Hfdd Rehfuyd; ani | i ni um perfl uorotetraphenyl borate; 2 =
4-tert - butylanlllnlum

cadhi X (ipdpdarhdariypsrdenied Bpeythe eroupstonsptingpt hydrpessbtradicals having
ol dnCar  GoTaprang) VPP, dhori s hyidbopgpbidgs. helogens

dichedi areinby | pivisphinéd)thers, or a combination thereof, preferably methyl, ethyl,
tetrakis(perfluoro-2-napthy|)borate; 105 =
di met hyl aniliniumtetrakis(3,5
(pent af | uor ophenyl ) perf | uor opttenyl borate); and 6 =
tris-perfluorophenyl boron. [00106] Catal yst Conpound
Synt hesi s: Typical dry-box procedures for synthesis of
air- sensitive conpounds were followed. Solvents were
purchased fronlAldrlch and drled over 2A si eves.
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5[ 00110] Crude (CpMe5) (1, 3-Me2COH5)H C12 (2.5 g) was
slurried in toluene (100 m) and reacted with MeMyl
W@ 2002/185472. 1 equiv, 3.0 Min Et20). The react i PCI/US2009/047880
m xture was heated to 80C for 3 hours. After cooling
the volatiles were renoved in vacuo to yield a solid
V\,hi ch was extracted with hexane (4 x 40 nlL). Hexane
enmoved fromthe conbi ned extractions to yi

pr%l, |bat>glemheaw beyswb shiotids. e difquegitermately 1w!e Xgy mayprm a part
106 7.55-7.48 C6H4, 2
Of%m%&gﬁ?g’ ?%%ég‘!ﬁ%}]) IOgmoo (s, 1, SI\/E(ZQQHS 6H) , v

each Qﬁs (indefeptitably dbdn or Qh@t’érc(asom Hbrefdeablp i), N, Bata(prsferably at least
CpMed) (1, 3- Me2C9H5) Zr Me2 [00111] Zr Cl4 (36 wa
ong |QJ  # @ater%tméiezn%tggoat Egst e Qhare ﬁ@mdow%r%%stmawm&
altérﬁgtel%l ﬂ)leaspt'hre% (5’9 Yee: th@i}@élml%l?én{ ﬁ’flet%)ltoﬂ@sal?éiiﬁiﬁg at least four Q's
W’y to the reaction m xture. ow solid 15 ggan
arettbe parecompdiffateat bdterontogsyer al hours and was fil ter ed to

cadhy Bt depipindi B Ress Csied) B G ReleppbEsTblg Ci to C linear
alk?ﬂ'lél)o Cg I\g@f&a‘tﬁy %ﬂ{(ﬁ ethgw til%y(')l?g%%@j?l( %%x rléi %Ztyl R' may the

sa qgr‘d)f enmRsl urried in Et20 (250 L) and react ed
eaé@{I ﬁh é 8nt C}(M?hZ%?o o(lr7 é{j%) C% Flfkgil'gforﬁgg{)rfserer%bny a C; to Cg linear

feacty tere
alk\yﬁgﬂﬁ@ ﬁ&féﬁohﬁlf«\ rﬁ‘é‘tﬁﬂl&hﬁnﬁrd@&l Qﬁityl Npata@lBexyd he }hﬁbr octyl, provided
solid product (ca 22 g) was slurried in Et20 (200 ni)
thag Atleps e @ Raiok iR Ne BB hxdgwg Brefaratly pothogf R aprdeR” are not hydrogen,
[ X g) was added and the
prér%e}gt(’):1 %n@@&%ﬁélim:%?aggg%ﬁ Addi tional Et20 was used to
ca@dXRr dgtintépendaltiyd hyésiganeor Thebdtithttd ar amsuistiaited tydedarbyl group
ha‘faifqg {%%gg?gﬁég@ppggpmsﬁn pg%ffgl{ggwhh)e@%m Ior(lj a orn(l)sd %getfer\gﬁy a substituted or
uniu@@%ée)d(é%% I&zl% I@aﬁ{ywb%oulggr%llajo}_g n?egh;lg']'\_@ﬁl;(l%’?gg% butyl, pentyl,
hexyl,SBeptg c@»N{bsz)Vldezi h@w@mr e @O MBIt thred xR’ groms (a6 not hydrogen

(al%éﬁ%?q Rg; %ﬂ’é@ﬁ‘s‘j‘%ﬁ?&ﬂ g%’@?d’f‘fﬁ‘]atel-lf EXGZLR( grougy atRdet hydrogen);
{Ai&%ﬁ&l&ﬂeﬂ%@zﬂeﬁ tid Ballfst CERPomld is a0 dsddad elaRe tif KMhLoMbdrier then each R*

- Me3 for several hours. The reaction m xture
is, s pendenidy, éwdrqg@@w@dsubﬁtlﬁu@ﬂmnaﬁmtlwm@dmﬂm @rap)having from

1 to fcaatho% a orns ffeliab% oe6 1? gt%m% %rte Oerabgisgi'shli)rssug%ta% or unsubstituted
C (t@pﬂ&@ﬁﬁbaﬂa@%ﬂ dr8uff) Igéfemy m&mleﬂt}d pﬁ)pﬁt Zﬁltﬂ,’l@&ltml,)hexyl, heptyl,
and reacted with [Li] M2 COH5] (I; After 1
octyburoYifd bowater Iﬂ&% We@r”eﬁi’% Hn\géaipér@ae m%ly D 2) four R™ groups are not
8
AT RS S SE5H LN4 ocs
(prefedibtye cit i Inast aeweo theea fourght fivel Rovgrewisi dreproduad s/ s@bstituted or

3- Me2COHB) Hf C12 (7. 2 was slurried
un&&ﬁ“l“b‘?ﬁ%’é(&%“?%%)iu and rea?:t ed wi t(h 2 g?qw val ents of
ead}%ﬂbﬁr il B pMdentlEr ke _r%]eﬁh@r 4 S@Rtihedy B ¥hHbQiNRE Iﬁ/ﬁ?éc@lq)yl group, a

C for 6 hours. e m xture was cooled to room5
hetermatyen atru hetceratbrai ¢m1t2hmmgeglt®ap,e p@@celntb)y wasulatitigetl oThensubstituted

iles rere eextr ctdvvit
hy%iﬂ%@ 5‘%?6‘ mf% e@ g@ 8 PBd e Prr? @Mol tgrﬁg carbon atoms,
prdi’él@ﬁllvlg(ht su\b@t&ufé@ldr @ﬁ&ﬁféu@ftédecl ©O liktgr hik rg%ug ﬁrgfesa%w)nethyl ethyl,
3- Me2COHS) Hf Me21H NWVR ( CD2C1 0

prqm buwlaﬁntﬁ Iyl depteb syl sgbwuteé Ph@%lSﬁ)uCh&S a@p(ykphenyl) phenyl,

CoMedH), 2.18 (s, Me2C9H5), 1.79, 1.76 (s, CpMe4dH),

-1.49 Hf Me. 10Cat al yst

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

- propyl - COH6) Hf Me2: [ 00115] -1tG sopropyl, 3-propyl - COH6

was synt hesi zed by reaction of 1-isopropylindenyl

l[ithiumw th propyl bromide in Et20. The lithium salt

is synthesized fromBuLi in Et20. [Li][21-isopropyl,

3- propyl -Col - 15] (2 1 g) was di ssol ved |n Et 20 (60

Y 1 1 <A I~ AR A R A 1



10

15

20

25

30

20 added to the reactor. Next the reactor was heated

to the selected pol ynerization tenperature and
we2aa0ahiyarl acti vator was flushed from the cat al pST/US200%047880

into the reactor with 100 nL propyl ene. Additional

propyl ene was optionally added for a total of up to

1000 nL. In sone cases, hydrogen was al so added from a

bal | ast tank (see Tabl e 2A). %rogen partial pressure
silylpsubstitufdgilyhdsush ap&iHpSHt' WF@ tra Coto €hdiydipsarbyl, such as methyl,

[ s carried out for 10 25 to 60
eth?‘?%@’,%g’ﬂd&{%ﬁ >the reactor was cool ed,
R’ depydesganr orzed, toalidaloplegredp, phtfetablysa Qit Cs lihear atityll @edupdpreferably
duct typi Cﬁ\‘-:tlb’}/ conL i ned so resi dual nononer. The
PERE HEFYL heghy

meﬂé’iﬂ i PTRBYo Oﬁ OPth product was
6'1§]h d[rééényorraeéluﬁ)e@g 'Ql(ytégg LeRBly a 0 (TRDYin&AS: ggﬁﬁllp preferably

e was heated in en under nitrogen pu

meﬂtyd cthyd hgropylt buigl, wentll, apml; lsgptylacooyl; Sone of the

| oyest . nol ecul ht oli uct Ios .
cadi Bt WERTHETY. QYEHEAD S0t PORberSt Aripnarceagul & to Cs lincar
alk?zﬁﬁfc%%%re@ﬁ]&ﬁr%ethﬁ &hyll br 91 %Eﬁ pénmylt H@xy@r@éil)%qtoﬂ dityl, provided

spectras recor ed a IS not detected

howkreat thgsent tieaat saven rPecgyelaéoaramotlme?genl, ﬁlwméteh?aftﬂ lgast cight R’ groups
aregr}eolop 1%%I | gitltﬁmlape? R %pélrorerg)g a?él.tll ogen (pre erat?ly the R’ groups at the
3 230Q%oshiddy &f@%@ﬁ@@bﬂ%&&@a mm&opﬂydm@éﬂ)zat I on

tenperature P-time neans pol ynerization tine, Cat

Niy@gdrgceat al yst, Act neans activator, DP means degree

f P I
T Ro e PR Shor ST O At ot At

eac(hﬂ@? ng Jndeper(detily, Prytdrapen( hilogenYored € 1(tg) CXddydrocardyl, &8ch*as methyl,
eth yﬁi)?%yh @gip%gfyl?gewl %g@)%ﬁgzt;];@ﬁgwﬁig@myfsé@%ig)l{tezdS pl?e%yl, 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.

[0067] The term "substituted" means that a hydrogen group has been replaced with a
hydrocarbyl group, a heteroatom or a heteroatom containing group. For example methyl
cyclopentadiene (Cp) is a Cp group substituted with a methyl group and ethyl alcohol is an
ethyl group substituted with an -OH group.

[0068] In an alternate embodiment, at least one R group is not hydrogen, alternately at
least two R groups are not hydrogen, alternately at least three R* groups are not hydrogen,
alternately at least four R* groups are not hydrogen, alternately all R* groups are not
hydrogen.

[0069] Catalyst compounds that are particularly useful in this invention include one or
more of:

(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl)Hafniumdimethyl,
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(1,3-Diethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl)Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl)Hafniumdimethyl,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl)Hafniumdimethyl,

u-Dihydrosilyl(bis tetramethylcyclopentadienyl)Hafniumdimethyl,
u-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
Hafniumdimethyl, and

u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafniumdimethyl.

[0070] In an alternate embodiment, the "dimethyl" after the transition metal in the list of
catalyst compounds above is replaced with a dihalide (such as dichloride or difluoride) or a
bisphenoxide, particularly for use with an alumoxane activator.

Activators and Activation Methods for Catalyst Compounds

[0071] The terms "cocatalyst" and "activator" are used herein interchangeably and are
defined to be any compound which can activate any one of the catalyst compounds described
above by converting the neutral catalyst compound to a catalytically active catalyst
compound cation. Non-limiting activators, for example, include alumoxanes, aluminum
alkyls, ionizing activators, which may be neutral or ionic, and conventional-type cocatalysts.
Preferred activators typically include alumoxane compounds, modified alumoxane
compounds, and ionizing anion precursor compounds that abstract one reactive, c-bound,
metal ligand making the metal complex cationic and providing a charge-balancing
noncoordinating or weakly coordinating anion.

[0072] In one embodiment, alumoxane activators are utilized as an activator in the
catalyst composition. Alumoxanes are generally oligomeric compounds containing -Al(R")-
O- sub-units, where R' is an alkyl group. Examples of alumoxanes include methylalumoxane
(MAO), modified methylalumoxane (MMAO), ecthylalumoxane and isobutylalumoxane.

Alkylalumoxanes and modified alkylalumoxanes are suitable as catalyst activators,

- 18 -
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particularly when the abstractable ligand is an alkyl, halide, alkoxide or amide. Mixtures of
different alumoxanes and modified alumoxanes may also be used. It may be preferable to
use a visually clear methylalumoxane. A cloudy or gelled alumoxane can be filtered to
produce a clear solution or clear alumoxane can be decanted from the cloudy solution.
Another alumoxane is a modified methyl alumoxane (MMAOQO) cocatalyst type 3A
(commercially available from Akzo Chemicals, Inc. under the trade name Modified
Methylalumoxane type 3A, covered under patent number US 5,041,584).

[0073] When the activator is an alumoxane (modified or unmodified), some embodiments
select the maximum amount of activator at a 5000-fold molar excess Al/M over the catalyst
precursor (per metal catalytic site). The minimum activator-to-catalyst-precursor is a 1:1
molar ratio. Alternate preferred ranges include up to 500:1, alternately up to 200:1,
alternately up to 100:1 alternately from 1:1 to 50:1.

[0074] Aluminum alkyl or organoaluminum compounds which may be utilized as co-
activators (or scavengers) include trimethylaluminum, triethylaluminum,
triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum and the like.

lonizing Activators

[0075] It is within the scope of this invention to use an ionizing or stoichiometric
activator, neutral or ionic, such as tri (n-butyl) ammonium tetrakis (pentafluorophenyl)
borate, a tris perfluorophenyl boron metalloid precursor or a tris perfluoronapthyl boron
metalloid precursor, polyhalogenated heteroborane anions (WO 98/43983), boric acid (U.S.
Patent No. 5,942,459) or combination thereof. It is also within the scope of this invention to
use neutral or ionic activators alone or in combination with alumoxane or modified
alumoxane activators. Much preferred activators are the tonic ones, not the neatral boranes.

[0076] Examples of neutral stoichiometric activators include tri-substituted boron,
tellurium, aluminum, gallium and indium or mixtures thercof. The three substituent groups
are cach 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,
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 are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures thereof.
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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
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
No. 08/285,380, filed August 3, 1994, all of which are herein fully incorporated by reference.
[0078] Ionic catalysts can be preparedly reacting a transition metal compound with some
neutral Lewis acids, such as B(CsFs)3, which upon reaction with the hydrolyzable ligand (X)
of the transition metal compound forms an anion, such as ([B(C¢Fs)3(X)]’), which stabilizes
the cationic transition metal species generated by the reaction. The catalysts can be, and
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 capable of donating a proton, and a compatible non-coordinating anion which
anion is relatively large (bulky), capable of stabilizing the active catalyst species (the Group 4
cation) which is formed when the two compounds are 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-A0Q 277,003 and EP-A0
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.

[0080] In a preferred embodiment, the stoichiometric activators include a cation and an
anion component, and may be represented by the following formula:

(L-H)g" (A (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
metallocene containing transition metal catalyst precursor, resulting in a cationic transition
metal species.

[0082] The activating cation (L-H);' 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 thereof, preferably
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
tricthylphosphine, triphenylphosphine, and diphenylphosphine, oxoniums from ethers such as
dimethyl ether diethyl ether, tetrahydrofuran and dioxane, sulfoniums from thioethers, such
as diethyl thioethers and tetrahydrothiophene, and mixtures thereof.

[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,
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
compounds as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by
reference.

[0084] [lustrative, but not limiting examples of boron compounds which may be used as
an activating cocatalyst in the preparation of the improved catalysts of this invention are tri-
substituted ammonium salts such as:

trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, tri(t-

butyl)ammonium tetraphenylborate, N,N-dimethylanilinium tetraphenylborate, N,N-
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diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetraphenylborate, tropillium tetraphenylborate, triphenylcarbenium tetraphenylborate,
triphenylphosphonium tetraphenylborate triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium tetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
N,N-dicthylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-
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-
(2,3,4,6-tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(n-butyl)Jammonium 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)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-
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, tricthylsilylium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
trimethylammonium tetrakis(perfluoronapthyl)borate, tricthylamonium
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(perfluoronapthyl)borate, tropillium
tetrakis(perfluoronapthyl)borate, triphenylcarbenium tetrakis(perfluoronapthyl)borate,
triphenylphosphonium 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,
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,
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-
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)phenyl)borate, triethylsilylium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, benzene(diazonium) tetrakis(3,5-
bis(trifluoromethyl)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-
dimethylphenyl)phosphonium tetrakis(pentafluorophenyl)borate.

[0085] Most preferably, the ionic stoichiometric activator (L-H)g (Ad') 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,
triphenylcarbenium  tetrakis(perfluorobiphenyl)borate, triphenylcarbenium  tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium tetrakis(perfluorophenyl)borate.
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Pr opyl ene- et hyl ene co-oligomerizations, carried out
[00881  t Hinsongt erabodiicnly ag aefivatiqny method Msiie HREZing iritig compounds not

co%?@})r%? %g 5%%%2pﬂ8?b¢T§&| @apgbleca{ﬁhéﬁctings gl Bﬁtllbp Ba hitallocene catalyst
cation and their non-coordinating anion are also contemplated, and are described in EP-A 0
426 637, EP-A 0 573 403 and U.S. Patent No. 5,387,568, which are all herein incorporated
by reference.
[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 are those which are not degraded to neutrality when the initially formed
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 those 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
cthylenically 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 are initially neutral Lewis acids but form a cationic metal complex and a noncoordinating
anion, or a zwitterionic complex upon reaction with the invention compounds. For example,
tris(pentafluorophenyl) boron or aluminum act to abstract a hydrocarbyl or hydride ligand to
yield an invention cationic metal complex and stabilizing noncoordinating anion, see EP-A 0
427 697 and EP-A 0 520 732 for illustrations of analogous Group-4 metallocene compounds.
Also, see the methods and compounds of EP-A 0 495 375. For formation of zwitterionic
complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878; 5,486,632; and
5,527,929.
[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 (AT (16)
wherein OX" is a cationic oxidizing agent having a charge of e+; ¢ is an integer from 1 to 3;
and A’, and d are as previously defined. Examples of cationic oxidizing agents include:

ferrocenium, hydrocarbyl-substituted ferrocenium, Ag", or Pb™. Preferred embodiments of
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1PCT/ US2009/ 047880 Table 2 Summary of
lmﬁgggéﬁgﬁgﬁEthylene Copol yneri zati ons Exanpl e Catalyst/
[0082] i vaihanhotubt @nbetimkhtabBievaatidprelePmig C2 Tine, mn

L. Ibelégeogbgérggfu i 4t MIGE B9 %Bﬁ@‘f@@é#%&%%%@%% to 90 mol%
prd:p/yfeng A8 5048 98Uns19; gpeﬂ?&l%né fwBS3dinIRe gfléorg’erzrﬁg'ap Rast 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% cthylene 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 oligomer of paragraph 1 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%
cthylene 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%
cthylene 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).

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
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 Cj, 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.
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
group ratio of 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 1 to 10, wherein the oligomer is a liquid at 25°C.
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 (alternately 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.
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:

contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
cthylene 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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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 thereof, 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,
alternately at least three Q's are the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);

cach R' is, independently, a C; to Cg alkyl group, preferably a C; to Cg linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or
different as R%;

cach R’ is, independently, a C; to Cg alkyl group, preferably a C; to Cy 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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cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cs linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that at least three R’ groups are not hydrogen
(alternately four R’ groups are not hydrogen, alternately five R? groups are not hydrogen);
cach 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,
preferably a substituted or unsubstituted C,; to Cs linear alkyl group, preferably methyl ethyl,
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,
ethyl, propyl, butyl, phenyl);

R’ is 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;

R’ is 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;

cach R’ is, independently, hydrogen, or a C, to Cs alkyl group, preferably a C; to Cg lincar
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 cight R” groups
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,
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.

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

wherein the process comprises:
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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:

R7
il v R3 R 3

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  dienes, amines, phosphines, cthers, or a combination thereof, preferably methyl, cthyl,

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,
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 Cs alkyl group, preferably a C, to Cg 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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Tabl e 3. Characterization Data for Propylene Aigoners
Exanple % Vi nyl s* DP* Mh* Tg (C) Viscosity at 35C

w@ epe)isRef ractive Index 1 3.35 12.55 526.91  PQI/BSH09/047880
107.5 4516 3 1.50 6.57 275.92 4 28.7 86.1 3618
5 12.6 24.2 1017 6 1.94 6.54 274.51

each R? is, independently, a C; to Cs alkyl group, preferably a C, to Cg linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R
are not branched,;

cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cs 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 least two, three, four or five R® groups are a C; to Cg substituted or
unsubstituted hydrocarbyl);

cach 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,
preferably a substituted or unsubstituted C, to Cs linear alkyl group, preferably methyl ethyl,
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,
ethyl, propyl, butyl, phenyl);

R’ is 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;

R’ is 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;

cach R’ is, independently, hydrogen, or a C, to Cs alkyl group, preferably a C; to Cg lincar
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 cight R” groups
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,
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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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.

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-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdimethyl,

u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdimethyl,
u-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
Hafniumdimethyl,

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,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdihalide,
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(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdihalide,
u-Dihydrosilyl(bis tetramethylcyclopentadienyl) Hafniumdihalide,
u-Dihalidesilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
Hafniumdihalide, and

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) Hafniumdimethyl,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(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,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(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,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide, and
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide.
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EXAMPLES

[0093] The foregoing discussion can be further described with reference to the following
non-limiting examples.

Product Characterization

[0094] Products were characterized by "H NMR and *C NMR as follows:

“CNMR

[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 time adjusted to give a digital resolution between 0.1 and 0.12 Hz, at least a 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.
[0096] Prior to data analysis spectra were referenced by setting the chemical shift of the
(-CH3-), 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 23-5to0 25.5 and 25.8 to 26.3 ppm
E~i-Bu 39.5 to 40.2 ppm
P~Vinyl 41.5 to 43 ppm
E~Vinyl 33.9 to 34.4 ppm

'H NMR

[0098] 'H NMR data was collected at cither 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
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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[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
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 are
summarized in Table 3. In this table, the vinyl population, as a percentage of total
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
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 temperature. Temperature played a role in the % vinyl for E but
less so for F. Where impact was observed, it was opposite to using bridged, chiral
metallocenes.

[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.

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 = dimethylsilyl bis(indenyl) hafnium dimethyl;

D = (tetramethylcyclopentadienyl)(1,3-dimethylindenyl)zirconium dimethyl;

E = (tetramethylcyclopentadienyl)(1,3-dimethylindenyl)hafnium dimethyl;

F = (pentamethylcyclopentadienyl)(1,3-dimethylindenyl)hafnium dimethyl;
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G = (tetramethylcyclopentadienyl)(1-isopropylindenyl) hafhium 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 = dimethylanilinium tetrakis(perfluoro-2-napthyl)borate;

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

6 = tris-perfluorophenyl 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] LiCoH; 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, hexane) 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 hexane (2 x 40 mL). LiCoH; was dissolved in Et,O, 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 MeCyH7, methylation with Mel and aqueous work-up. [Li][1,3-Me,CoHs] was synthesized
by reaction of 1,3-Me,CoHs 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-Me,CoHs], B (14.5 g). "H NMR (THF-ds, 300 MHz) 8 ppm; 7.25-7.10 (m, C¢H,,
2H), 6.45-6.30, CsH4, 2H), 6.10 (s, 2-indenyl proton, 1H), 2.35 (s, 1,3Me,CoHs, 6 H).

[00108] CpMesHfCI; (Crowther, D.; Baenziger, N.; Jordan, R.; J. Journal of the American
Chemical Society (1991), 113(4), 1455-1457) (10.4 g) was reacted with [Li][1,3-Me,CoHs]
(3.7 g, 24.8 mmol) in Et,0 (100 ml) for 12 hours. The yellow product was collected by
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filtration over a glass frit and dried to yield crude (CpMes)(1,3-Me,CoHs)HICI»(8.6 g) as a
mixture with LiCl.

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

[00110] Crude (CpMes)(1,3-Me,CoHs)HICI, (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 (C¢Ds, 300 MHz )
S 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: (CpMe4)(1,3-Me,CoHs)ZrMe,

[00111] ZrCl4 (36 g) was slurried in CH,Cl, (200 mL) and then reacted with Me,S (19.2 g)
for 1 hour. CpMesHSiMes (34 g) was added slowly to the reaction mixture. Yellow solid
began to precipitate after several hours and was filtered to yield a first crop of 21.3 g of light
yellow solid product. (CpMesH)ZrCly(SMe,), 'H NMR (CD,Cly, 300 MHz ) 8 ppm; 6.05
(s, CpMe4H), 2.6 (br s, MeS), 2.27 (s, CpMey), 2.20 (s, CpMea).

[00112] (CpMesH)ZrCl; (15.0 g) was slurried in Et;O (250 mL) and reacted with [Li][1,3-
Me,CoHs] (7.5 g) for 16 hours. The reaction product was filtered over a glass frit, washed
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,0). 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). (CpMes)(1,3-Me,CoHs)ZrMe,.

[00113] 'H NMR (CD,Cl,, 500 MHz) 8 ppm; 7.35, 7.05 (m, CoHs), 5.51 (s, CoHs), 4.83 (s,
CpMesH), 2.17 (s, Me,CoHs), 1.79, 1.70 (s, CpMesH), -1.31 ZrMe.

Catalyst E: (CpMey)(1,3-Me,CoHs)HfMe,

[00114] HfCly (31 g) was slurried in CHCl; (200 mL) and reacted slowly with
CpMe,4HSiMe; for several hours. The reaction mixture was filtered, reduced in volume and
hexane (80 mL) was added. The filtrate was cooled to -35°C. The off-white product was
collected and dried in vacuo. (CpMesH)HSCl; (8.0 g) was dissolved in Et,O (150 mL) and
reacted with [Li][1,3-Me,CoHs] (2.8 g). After 1 hour the volatiles were removed and the
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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 (CpMes)(1,3-Me,CoHs)HSCI, (7.2 g) 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). (CpMe4)(1,3-Me,CoHs)HfMe, 'H NMR (CD,Cl,, 500 MHz)
S ppm; 7.35, 7.06 (m, CoHs), 5.50 (s, CoHs), 4.89 (s, CpMesH), 2.18 (s, Me,CoHs), 1.79, 1.76
(s, CpMe4H), -1.49 HfMe.

Catalyst H:(tetramethylcyclopentadienyl)(1-isopropyl, 3-propyl-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
(CpMesH)HLCl; (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 (C¢Ds, 300 MHz) 8 ppm; 7.48 (d), another doublet 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: (CpMey)(1-iCsH7-CoHs)HfMe;

[00116] I-Isopropylindenyl lithium (Bradley et al, OM, 2004, 23, 5332) (2.0 g) was
slurried in Et,O (100 mL) and reacted with (CpMesH)HCl; (5.0 g) for 12 hours. The solid
product was filtered and washed with hexane (3.7 g). (CpMes)(1-iC3H;-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 (CsDs, 300 MHz) 8 ppm; -
0.52, -1.46 Hf-Me.

[00118] TEAL-SiO,: SiO; Davison 948 calcined at 600°C was slurried in hexane (30 mL)
and reacted with Triethylaluminum (10 mL, 1.9 M in toluene) for 12 hours. The solid was

-37 -



10

15

20

25

30

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
W@2000355401 279 35 0 4546 4,080 19, 065 313, 648 3BCODUKRBB047880

2,075 13,793 1,541,001 42 0 4473 3,410 26, 362 180, 129

45 0 1013. 02 504 2, 409

filtered and washed with hexane (2 x 20 mL). After drying in vacuo the yield was 10.75 g
TEAL-SiO;.

Catalyst I:

[00119] TEAL-SiO; (2.0 g) was slurried in toluene (30 mL) and reacted with
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.

Catalyst K:

[00120] Similar to Catalyst I, Metallocene E was supported as described above except that
3.8 g TEAL-Si0,, 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
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 hexanes as scavenger and 100 mL propylene were
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 reactor 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
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
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

Tables below Polig means propylene oligomer, EP means propylene-cthylene oligomer, T,
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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

67 7

WQemIaF4108 431 68 7 433 183 538 1,142 71 7 28BCHUIRMI/047880
395 1,676 72 50 315.7

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) C3**
1# Polig A 4 30/60 90 10 25 ok
2# Polig B 4 10/25 90 7 110 ok
3# Polig A 4 30/60 140 10 25 ok
44 Polig C 4 10/25 140 8 160 ok
S5# Polig B 4 4/12 145 7 140 ok
6# Polig B 1 6/15 152 5 47 ok
T# Polig B 1 6/15 130 10 30 ok
8 Polig D 4 6/13.1 132 10 5.7 ok
9 Polig E 4 10/25.7 132 10 19 ok
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 ok
14 Polig E 4 12/30.8 75 40 242 500
21 Polig E 1 10/17.9 132 10 17.9 ok
22 Polig E 1 10/17.9 80 12 | 462 100
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
284 Polig [1(210mg) 60 30 14.9 ok
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 ok
37 Polig H 4 10/25 80 30 13.2 200
38 Polig F 4 10/25 80 30 | 46.2 250
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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10

15

20

153 443 1,600 73 7 443.5 102 288 1, 143 74 22 380.8 156
564 1,440 52 0 773 378 2,277 22,624 53 0 929 466 9, 804
wG308175434 0 795 315 3,577 38,176 55 0 974 651PCr/BSIH09/047880

23,906 56 0 490 294 1,292 9,395 57 0 112

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 ~T75 ok
45 Polig E 4 10/25 37 30 ~85 ok
46 Polig E 4 10/25 100 30 36.7 80

47 Polig E 4 10/25 132 30 ~10 ok
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 ok
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
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 in hexanes as scavenger and 300 mL propylene were added to the
reactor. Next the reactor was heated to appropriate polymerization temperature and
catalyst/activator was flushed from the catalyst tube into the reactor with an additional 300
mL propylene. Ethylene was then added continuously throughout the reaction at partial
pressures 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
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
Macromolecules 2008 41, 559-567.
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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
wQa309/190a01 16, 764 348,185 Table 4: Properties BET/US2009/047880

Propyl ene- Et hyl ene Copol yners Sanple Ml e fraction

propyl ene in product* W fraction propylene in
-45.6 82.5

product* Tg (C

% vi nyl s* DP* WMnh* 33 - -

30.6 1283 o
Table 2 Summary of Propylene-Ethylene Copolymerizations
Example | Catalyst/ Mole Tp, Psig Time, Productivity,
Activator | metallocene * | °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 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 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

*1in 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 | H,, Tp. Time Yield Productivity
(mg/mg) psi| (C) | (min) () 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 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 2.3 6689

71 1 4717 7 50 10 140 101740
72 1 4717 22 45 10 202 146770
73 1 4717 50 42 5 30 43622
74 1 4717 50 47 30 325 78731
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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
WO2891537606 96.4 18.9 795 55 0.428 0. 529 - 83POBUS2009/047880

23.2 974 56 0.611 0.702 94.6 11.7 490 57 0.434 0.535

94.9 26.8
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 55 107.5 4516
3 1.50 6.57 275.92
4 28.7 86.1 3618
5 12.6 24.2 1017
6 1.94 6.54 274.51
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 1132.69 | -37.3
14 69.63 14.40 604.75
21 30.75 3.54 148.48
22 54.24 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 9.33 391.83
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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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
wWO2@4/1587829 99.1 44.7 1877 * Cal cul at ed fronmPd/us20hVR7880

%Vinyls = %allyl chain ends WO

2009/ 155471PCT/ US2009/ 047880 [ 00123] Exanples 35 and

52-61 were characterized by 13C NVR as descri bed above

hen conpared to the data in Macronolecules 2008 41
b594667.| Tak02 5 ABLyl| cl8did nds in 1.4367
-r OQ)/I ere- ‘ I gne 59- al |1%9%rs S0Ur Ce WU/O et hyll ene
bl % ot Hyl 8%&° o4 haiPA“snds M Tall it 0 0 3 00 100
M- T4B it| 297.4929. 08.65. Q MST&T ift 29.9

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 7.52 315.7

73 96.7 10.56 443.5

74 97.4 9.07 380.8

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

Table 3A GPC-DRI(PP standard)

Ex. | Hy psi | 'HNMR GPC-DRI (PP Std)
My My Mw Mz

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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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 95.9 53 42.2
WG2003/155472 54 39.4 49.9 96.4 55 47.1 57.2 95. OpGBUKBNB047880

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

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 7 443.5 102 288 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 ()]
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 23.2 974
56 0.611 0.702 94.6 11.7 490
57 0.434 0.535 94.9 26.8 1124
58 0.378 0472 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 99.1 44.7 1877

* Calculated from 'H NMR % Vinyls = % allyl chain ends
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10

87.6 76.4* 61 67.1 75.3 99.1 MTab is table 1 oft

Macr onol ecul es 2008 41, 559-567* 10C exot herm 5Tabl e
wW®2000/1894¢ent Chain End M crostructures from 13ECTNNR009/047880

Sanpl e Saturated End G oups * Unsaturated End G oups

Init / Term IB-PIB-E Vinyl-P Vinyl-E 52 71.8 28.2

7172831315364535564135913255486

51.4 61.8 38.2 1.16 56 62.4 37.6 65.6,,34.4 1.
(001331 2 A xagylesr I 89 Ehal Weisrdanrieriaet bsuchlNMRa%adew@d above then

h I I
00%?%1“3%&“%'39?3” e IR AT DYBI PO ng 13 vyl

ndror s S AR e S b e SRR, CRsi B hrs

;$954&122A5‘3Li%%m1§“&ae7 0 FRIEIE, EXaRL g Fhocnis
t|YIpheény| car bpni umOder f 1 uar ot et rOaQQnienyI bor at e_and00
Aq\tqmé@thr 8 ip di @Lh}/!‘am ll ni umg o 65.0
CI\I/I_I | %Ul Ul Cl 1 allaplléél‘ﬁl Ul AU T. 390 600
M-Tab 17 51.0 61.0 43.0
Coates Tab 17 54.2 64.0 42.0
35 34.8 44.5 84.1
52 28.2 37.1 95.9
53 42.2 553 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* 82.4 87.6 76.4%
61 67.1 75.3 99.1

M-Tab is table 1 of T Macromolecules 2008 41, 559-567  * 10C exotherm

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 51.4 61.8 38.2 1.16
56 62.4 37.6 65.6 34.4 1.03

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

Comparative Examples
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[00126] Polynerizations with catalyst J and Activators

1, 7 and 8 are carried out in the reactor described
whedloomsarl t enperatures ranging from 70 to 130QCT/HE®D9/047880

propyl ene feed 5 concentrationis 3.5to 4 M

Resi dence tine for all runs is 5 mn.

Tri(n-octyl)al um num (TNOAL) is used throughout as

scavegger. Mol ar ratio of TNOAL to netall ocene is -20.. )
Bt ZAts Bivden earbarvyr rasduqrategraphcgyibarate ppddictivator 8 is

(003381
R8I pot | RNl
i e B0 e Rl MRS, 9, 00 Tort's a

[00026} | | Retymstiaitiohe ssthsdagdy st dudndcA etnwertdre dc 7aandafdrd Sarried out in the
equi pped with a stirrer, a water cooling/steam heating

reagtos spRIibA theloy ek Hapecartuice raeing AOPLYY &9 13@id alnlet propylene feed

cofgeﬁégtwneiscf?% | l{/l.erR s%?én\ég R f raﬂ@ﬁh? €5 fn?iﬂd Trilg -octyl)aluminum
comononers {such as butene and héxene), | prese T

(THOALf)iis sikedpthiddfghedt dyscpaspiengMdigrough ofl TIND &B-t0 ah¢tattocene is ~20.
purification systefm The purificatjon system consists i

The polmesertiensa3c PSR Mo éiaud &@?L RINSKDEAES GRRtNuOUS reactor using

mi*&fl‘;nbt%ﬁ{)éeng ehih BNEd s TRA réehrds 36, STRLEGHhALs §EQ%Btoclave reactor
colums. Purifi'cation colums were regenerated

angpey equdppal thwhetresren Witer eoolsgéstdade heaingf elbmewr with a temperature

ctjvity of polynerizati . 15 Both the 3A and 5A
cofi s e FoHioiR | Sl quandria Sad CoRRIYEES (uch as butene
and ME&nei rpli‘gs%ﬁ‘grﬁffre Qir?teﬁurtf&'d‘p@y Phisify ﬂfro@@log tRRE-c8afa purification

respectively. The nol ecul ar sieve material was
syspem c Hhe gurifigagion Ay siemeRnsigy ot ke Oxideir garmpg@odel # RGP-R1-500 from

ener.at ed ;i n e ori ginal nuf.act ure. Pupified.
Lo TR EIRNRR Ty R ST URRC PR i ™Y Biilop gplgmos were
regeh&ateti geriogratlprwhdneeitgther Br ealdncel o Res ablivy of polymerization.
controller. The ethylene is delivered as a gas )
BogpihghiA oA molefdarctigye] i Seevesne UR§ WRdpr ditrogen at a
T rifi n pd non rs arg th chill ed .
sty & g0 o8B 30 ERRREEBn 7 hl PERBRL 98 hloral was
putchhRdt fiemr RREICRI ORIctAg RoRINRRYaE Ok genebRdd @NtthedBelginal manufacture.
nmononers are mxed in the manifold and fed into
PuriBied e long g in-Howsenyipelyt isHed imp|the myaifalds theytheygeastor through a
r r . . . .
o TEI K3 0P PR A TR LU TR S50t i v it
solpeltym@ionZa hiigture OTieH purified, soKecaBnvié hikinomees art @&, chilled to about —15

,.catal yst productj vi t% and_25characterization data_ are
Cihyspasting fhrewgh ¢ ghiller befoenfed iptopthe)igastos thrpyugh mapanafetd. Solvent and

o585 D A Y T L Sl 0t s
flodemness atdaResuied usitd Btodka0ld bV wl € rSRCMItrodMdtidi2 Boriolis-type

131.93 82.65 94.07 46.5
flow meters. The polymer?zation conditions, % conversion of feed, catalyst productivity and

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| dene/ | ne/ | 1000 | 1000
n* | x10° 1000C|1000C| 'H | GPC

g/mol/ NMR

min

Cl | J | 1 |125]131.93 82.65|94.07| 465 | ——- | - | - | - | -——-
C2 | J | 1 |120]134.32 |87.26|95.68| 473 [ 093 | 1.14 | 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
C4 | J | 1 |110]140.77 190.0198.79| 489 | 0.78 | 1.21 | 0.11 | 6.67 | 9.36
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C2 J 1 120 134.32 87.26 95.68
47.3 0.93 1.14 0 6.76 6.69 C3 J 1 115 136.91 84.17

w®3009155431 6 0.51 0.82 0.09 9.86 9.82 C4 J 1 11RCT/UR208H047880

90.01 98.79 48.9 0.78 1.21 0.11 6.67 9.36 WO

2009/ 155471PCT/ US2009/ 047880 C5 J

C5] J | 1 [105]142.31(92.33100.61] 46.9 | --== | ==== | ==== | ==== | ===-
Co| J | 1 [100] 145.07 [97.75100.71] 66.2 | ==== | ==== | ==== | ==== | ===-
C7 1 J [ 1 [95]146.07196.40|100.64| 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
CO| J | 7 [130])127.14 [78.58|65.68| 1.83 | 099 | 1.11 | 0.01 | 6.1 | 6.0
Cl0| J [ 7 |120] 132.64 |84.16|67.36| 324

Cll| J [ 7 |110]138.27 | 91.6 |70.14| 333 | 0.46 | 040 | 0.01 | 144 | 9.0
Cl2| J | 7 |100]| 140.83 |127.15|72.61 | 34.6

C13| J [ 7 |90 |14542 |95.89|73.54| 363 | 0.17 | 0.35 | 0.00 | 23.7 | 25.0
Cl4| J | 7 | 80 | 151.24 |103.60[73.57| 36.3

Cl5| J | 8 |130]132.33 | 89.6 |57.93| 28.6 | 0.78 | 047 | 0.03 | 10.5 | 8.7
Cl6| J | 8 |120] 137.18 | 87.8 [60.79 | 30.0

Cl7| J | 8 |110] 143.44 196.72]62.04| 30.6 | 0.37 | 0.19 | 0.00 | 23.7 | 243
Cl8| J | 8 |100| 146.0 |100.70{62.46 | 30.8

Cl9] J | 8 |90 | 152.85|93.7863.43| 313 ] 025 ] 022 | 0.01 | 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.
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.

"comprising"” is considered synonymous with the term "including” for purposes of Australian

law.

As is apparent from the foregoing general description and the specific
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1 105 142.31 92.33 100.61 46.9 ---- ---- ---- ----
---- C6 J 1 100 145.07 97.75 100.71 66.2 ---- ----
WO 2009/15547+ ---- C7/ J 1 95 146.07 96.40 100. 64 BOGI/ESIHONE47880
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

CLAIMS

What is claimed is:

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% cthylene 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 oligomer of claim 1 wherein the oligomer has more than 90% allyl chain ends

(relative to total unsaturations).

3. The oligomer of claim 1 wherein the oligomer comprises at 15 to 95 wt% cthylene

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

4. The oligomer of claim 1 wherein the oligomer comprises at 30 to 95 wt% cthylene

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

5. The oligomer of claim 1 wherein the oligomer comprises at 30 to 95 wt% cthylene

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

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
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
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 Cj, 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.
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18.9 32.11 C9 J 7 130 127.14 78.58 65. 68
1.83 0.99 1.11 0.01 6.1 6.0 C10 J 7 120 132.64 84.16
W® 7200365321 4 Cl1 J 7 110 138.27 91.6 70. 14PCT/US2009/047880

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
group ratio of 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 claims 1 to 10, wherein the oligomer is a liquid at 25°C.

12.  The oligomer of any of claims 1 to 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 (alternately 1700) to
about 150,000 g/mol.

13.  The oligomer of any of claims 1 to 12, wherein the oligomer has no detectable

melting point by DSC following storage at ambient temperature for at least 48 hours.

14.  The oligomer of any of claims 1 to 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
claims 1 to 14, said process having productivity of at least 4.5 x 10° g/mmol/hr, wherein the
process comprises:

contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
cthylene 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:

R

R4
O (6
4

R 4

1

R
R s R OHX, 5 R HEX,
R

]
R R
Rsﬁ%s R® R?

3 R R
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R7
4 R1
R’ RY j
N R4\Q//Q R5
R’ \
RAT. r9%0 ®\
HFfX; R* 3 R? HfX
O/ i yd 2
7
R R’ Rs@Rs
7
m R v rY RS
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 thereof, 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,
alternately at least three Q's are the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);

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

cach R’ is, independently, a C; to Cg alkyl group, preferably a C; to Cy linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R
are not branched,;

cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cs linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that at least three R’ groups are not hydrogen
(alternately four R groups are not hydrogen, alternately five R? groups are not hydrogen);
cach R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a

heteroatom or heteroatom containing group, preferably a substituted or unsubstituted
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hydrocarbyl group having from 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms,
preferably a substituted or unsubstituted C, to Cs linear alkyl group, preferably methyl ethyl,
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,
ethyl, propyl, butyl, phenyl);

R’ is 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;

R’ is 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;

each 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 are not hydrogen, alternately at least cight R” groups
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,
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.

16. A homogenous process for making the propylene homo-oligomer of any of claims 1
to 14, said process having a productivity of at least 4.5 x 10° 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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of 0.8:
cach R is, independently, a C, to Cs 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 Cs alkyl group, preferably a C, to Cg 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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