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invention relates to pol yal phaol efins. Specifically,
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pol ynmer structure is reasonably well understood,
provi ding a strong resource for targeting on
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reaction mixture o form the polyalphaocletin, the bvo monomers comprising a decene and

propene, wheremm the polyalphaolefin has a branch level greater than 19%, e.g., greater than
20%, greater than 2196 or greater than 22%. The decene preferably is 1-docene.

[0009) The polymeriziog optionally ocours in the presence of o metallocens catadyst, for
exanmple, a catalyst having the formula PhyC(Cp-9-Fln)ZrCh (diphenyimethylens
(cyclopentadieny-9-Huorenyzivconinm dichloride). The polymerizing optionally occurs
with & catalyst sysiem comprising a nmetallocene catalyst and av aluminorane co-catalyst.

The aluminoxane co-catalyst optionally s an atkylalummoxane. In a preferred embodiment,
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pol yal phaol efin and at | east one of branch |evel or
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(0817} As discussed above, n a preferred embodiioent, & polyalphaolefin is formed from
the copolymerization of a decene and propene. The liquid polyalphaclefin copelymers of the

present invention containing decene and propene monomers optionally are substantially
amorphous, te., wherehin a erystalline phase is sobstantially absent from the resulting
polyolafin as defived by an exothermic peak observation in a differential scanring

calorimetry (DSC) experiment. by addition to being substantally amorphous, the liquid



i ncl ude di spersants, heat transfer fluids, cosnetics

or other such consuner products, and the |ike. The
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19% of the present invention are particularly useful

as viscosity nodifiers for lubricating oils wherein

the PAOis enployed in a viscosity-nodifying anount.
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stvrefll TR he 1®c | OW nunber average nol ecul ar wei ght (M)

(e.g., fromabout 750 to about 15000, from about 1500
{0028 abdatalDO0OMporitif oy a@gmﬁu@()@@l’ﬁ@\ abtutpr @@@()ma.mm 1 is

iomxg%m‘)li)ta} 349 puk)iy ‘t\_ng D owéi}(« l gig t§1 aple 4.,0)¢;d A? < u% ltznls?ld Hocens

preciinigaiapeitrsidy ¥nd @ abotitre 21 mc@Hodono mpounds of the formuta {1):
{Cp REORN(Cp REIMX, {n

wherein Cp' of Hgand (Cp'R ) and Cp® of ligand (O R ) are the same or different

cyelopendadieny! rings; R’ and R® cach is, independently, a hydrocarbyl, halocarbyl,

heterocarbyl, hydrocarbylenbstituted organometalloid or halocarbyissbstinured

organometaliond group containing up to 20 carbon atoems; m is an integer from G110 5; p s an

&



about 1.9 to about 2.3), |ow iodine nunber, and

control | able kinematic viscosity. {0018] In sone
wepwahINent s, the PACs of the present inventi oPCHE82009/030704

substantially saturated, i.e., they possess a | ow

i odi ne nunber. The PAGs of the preferred enbodi nents

of the present invention can be obtai ned by

pol ymeri zi ng decene, in the presence of propene and a

inte @ATRLYS o LORPaShbd/ ORI QbaRe: fYorath o @atdnMndtoms of zm
met al | ocene procat al yst with a suitable cocatalyst. In

cyelaprbtTshae émﬂw%m“ g BoloVive ioe e Broms agiedingd to the
m%@;ﬂ iRl N PHRIBRAGI R o YL Q080 988 20 Lll}wﬁa B[n%t %U;@ql bridging
odlnent the decene is 1-decene. [0019] oug
‘*wue*t’q?@dpmeﬁ ar e whlod |aﬁ@nﬁgmoﬁmtah@xpme&s‘emncv ni/’emm Xon 6; cach X
isa aun,hcg Ko chlGeh 0% W%HHQ}Q lnRaEROAY QB ABSNA A
oxylphlacetof, hdecehs. h\Eb(smmh%yhbattmaargi_wfmmﬂ;mun oi.)tnjémum}zi-

\ubaa{uz a0 n%q?l&ﬁ Og%b{?%gg ‘?ﬁ‘%gﬁ}%ﬁt %%%gcgtgs?t?li%oggf%%ggnminiﬂg up to
0 cHbbLH ﬁ!!bhﬁ aldphiawgkeld ms vibaloudes nfiak 2eXaaphd, i %mb@fﬁ;ﬂehme
oct ene, - nonene, ecene, 1-undecene

and ii’hﬁ&glg%‘gﬁ)é\ia%iﬁiﬁk o1 Ipirqﬂéie ﬁ% are i\rwtnéxtn]?g C“étne‘ he catalyst composition for
use Herd® R REREBNELARNEXALSCANE, o hohBRELANSSENB st with 4 suitable

1- octadecepe 1- nonadecene 1-ei cosene and the |ike

catalypid Thg W6§NS HReocrre” Romh oneirdoaste rroggalssy pevred hareirethhl) be

and YL LRS- RPL L&shﬁn!ﬂ’;dﬁ%&mi@@igﬂl l;a&hﬁxoﬁ %‘ie@l}X§tai ?QE'?QQ; ntn!t

used to pro uce the he present 1 nvention Is
cyclfignirdgopydeaotd irsamﬁn‘gdlai et @31 fhmdvewe*><1pmoe@tiahy}sthtwwct K. e
i!i{dﬁ%l'h»%ﬂa’bclﬂg{{&lglétﬁ gy) g«ll X?%L L(}HL }S(illqgi“e}ll 1 8!? gr}%n H{io&%ﬁ HU» M]LYLU‘} %u{,h
wmplflmtihewfmiwi aee (Ul )‘m th\hEJﬁnﬁil» mt@pd p&f\tdd ;g«amidh@ﬂsdﬁiﬂﬂ@ {hai may

he m}a:)l nhd) VS| %}h g{; é!()L ﬁ@i%q? t%&ﬁ%ﬁ&ﬁ) é{?%r%ﬁtéih gh@ H(‘T g %UIH O pé g I%E 1% r]afnd

anpnﬂ*ﬂﬂ@@%ﬁd@ﬂpdﬁ}‘! nedafiy e bagakbydmpibahoear J.nyhwn of the metallocene
het er ocar byl , hydroc rbyI substi t ut ed or ganonet al | oi d

cataigsts Ffa%&éabbg‘/r%alﬁi% ttied or gandfetdl ol i gt - 4731417

4.93 §©m al xnl‘;m@ UPod1020205 0RT bon sat:anmdi. ImdsSsans bﬁ‘& @gﬁrs J@W@k:
I's aninteger from0 to 5, two Rl and/or R2

‘“‘%b@st‘r«‘ﬁ@éﬁﬁsﬁ O -&d} 2680 6 A BER0AL DHE. B ﬁﬁe«~ *“‘*U 5132380

5148 ¥ 6. apeat aélﬁnwagw 89, A5G Atadg ther %W\tb 1§886:P8 275 11
j’oi ned " to ether ‘to forma 'ring fused fo the

“”&y@iGp@ﬁﬁdﬂr@ﬁ#ﬂi¥thQ+ﬁ he S8 &d 7ri g, ont ai ,mvﬁgbtﬂéww;
5338040 520 1 GRH PO ALANE - B3 § ALBELAIING 77 5 301 600, 5301 780,
5,399,636, 5,401,817, 5,406.013; 5.416,177; 5416,178; 5,416.228: §.427.991; 5 439,994
5,441,920 5,442,020, 5.449 6311 5.453.410; 5.455,365; 5.455.366; 5,450,117, 5.466,649;

*J“t

‘J 3

5470511 5,470,927, 5,477,895, 5,491,205, and, 5,491,207, the vontents of which are
meorporated by reference herein.

[6021) When employing the foregoing metallocens procatalyst and the cocatalvst ia
entirely an aluminoxane, figand { Cp*'{{j\ <} 18 preferably different from ligand {C;}""R%}_ﬂ and
bridging group R preferably contains at least two butky groups. Of these bridged

metatlocenes, it is preforred that a bridging group R’ possess the structure:



group bridging Cpland Cp2;Mis a transition netal
having a valence of from3 to 6; each Xis a
WoW090bpent adi enyl Iigand and i s, independeP€T/4$2009/030704
hal ogen or a hydrocarbyl, oxyhydrocarbyl, hal ocarbyl,
hydr ocar byl - substi tut ed organonetall oi d,
oxyhydr ocar byl substituted organonetal | oid or
hal ocar byl - substituted organonetal | oid group
containing up to 20 carbon atoms; and q is equal to
the val ence of Mrinus 2. Methods for preparing these
and ot her useful netal’focene procptalysts are known in
the art. The catal yst conpositionjfor use herein is
preferably fornmed bymaEFFvatingmaﬁﬁekallocene
procatalyst wi th a sui able cat al The terns
“netal | ocene” and "netgl | ocgne pr catalyst as used
herei n shall be understood io refer to conpounds
possessing a transition nmetal M at |east one
noncycl.opent adi enyl.. derdi ved.ligand X and zero or one
whe o B eIk Ry Y s APRRE . S Blig
cycl pEkeinat @b Qodvhiand «@es LeSRONARAG Y RoMWBED ch@ok BRms and
| e ce_thereof Such conpounds, cocatal ysts usef ul
frony @P‘ 1 FRAFIPRGRE SYEET SRYHE: gE‘HW‘H B AR AORR eatapRpere

i p.Il h@I arBY »bﬁ!n%lml' Qé&@%@m&‘%aﬂ&m@ vBRLY RN | Zakhaniaficeiefins
provi de ﬁﬁ yol efi n honmopol'yners and copol yners,

hd&aﬁ&ﬁﬂ$hﬁﬁl§ ﬁwﬁ@%nénuﬁ#ﬁc@%@e@d%ﬁﬁh@?ﬂhdﬁénél@wmﬁﬁ@émnmd
of «%u I‘ih 8 i ﬁif#u'l rp 9@&%1{9@%@% A §1t11§1 risel Qfﬁis%%}% Qelq Imigflrm anmong

hers, U.
¥Wp41931)4&$pu4u93m§5m701ﬁM9®BWM®BﬂH5tOﬁﬁwetﬁﬂmﬁlG&deiéR.}

is \ugmgtgléd 7 19%1%11%’{18%761 5\?’}3 '}C]gl’i{? 3 mn g’ 1%% gsggdmng %6 1&5»6121 Mis

# ;1&5}1&&@2{ 318@ R Bah32 Sﬁﬁﬂﬁﬂhﬁ (}14&5;&&3&9} 108 ph&3) Vadoach X1Hhwm080;
chloBaeaR rﬁkgv,wi 478; 5,241,025, 5,243,002; 5,278, 119;
hloghtug brbigilagl BRiergdo. 5 296 434: 5 304, 614: 5, 308, 817:

{0928} 324:x80Q1arDhBR8d 96Ril1086:32 9F 83 Lornbl3B0H 248h 58:1:33%n OR7;
5,349, 032; 5, 372 980; 5,374, 753; 5, 385,877; 5,391, 629;

polyBlenglopgeices ol gapdincnbonl Bameset soeriyrgneisic 1ehaw7;
mm'tﬁm&xl @r ;Qizagxflm@bhé'ﬂsﬁm gg&mﬁ ﬁg& e&%ilmaénﬂ?eﬁh&% ndu ¢ ﬁt‘ﬂigm%%gthykm

(&y dg;pzﬁgqﬁfq_l}?} € 455 {4'63:1;@&:9}; o 511(?4:1}@1 ) 811& o_pmng dmk‘@i ng ﬂvﬂu nyimethylene
R\m%&??{hﬁ&%{’%&%tﬂ%gﬁ HQEGI}NQ xﬂs?iilim%ﬂ7 hg }\I:}g 199&?% gtﬁ% 9
are I ncorporat’e rererence
dimayien témwmawﬂmgﬁﬁhe*kbn@gﬁkﬁgqnamahhﬁﬁ@wempmmdahmhﬁst
dipt .1@&&9{11 ipeiucf‘u?gqm }\er%! iu’t%i ivicyclo-pentadienyl) (3 ert-butyl-
Smethyleyclopentadienyl) sircontum dichhride, dixylvimethylene (2.3.5-
trimethylovelopentadionyl) (27, 4,5 timethyloyclopentadienyl) zirconium
dichloride dixylvimethvions (2, ddimethyvicyclopentadicnyh) (37, 57~
dimethyleyclopentadienyl) zircomum dichlonide dixylylmethylene (2-methyied-teni-
butylevelopentadienyl) (3 -tert-batyl-Sometlivicvelopentadionyl) airconium dichlorids,
dixyivimethylene (ovelopentadieny ) (fleorenvl) zirconium dichloride, di-o-tolvlmethyiene
{evclopentadicoyl) (3 4 -dimethylevelopentadienyl) zivconium dichloride, divo-

tolylmethylene (eyclopentadiensy (3 dedimethyl-ovelopentadienyly ziveorum dichloride, di-

fole]



entirely an al um noxane, ligand (CplRl m is

preferably different fromligand (Cp2R2 p), and
Woh2dga2 gr oup R3 preferably contai ns at | easPCTE/HB2009/030704

bul ky groups. O these bridged netallocenes, it is

preferred that a bridging group R3 possess the

structure:wherein in which bul ky groups R4 and R5

each, independently, is, or contains, a

0~ml®yﬁdiWMﬁrteﬁﬁtﬁgﬁwdd RO R, CAnkahNinRG Mﬁiamn@@x@mmm dic ﬂoum
preferably from6 to 12 carbon atons and fromO to

ddi-o ﬁ‘@i Begstodc ‘s«é%‘h“‘ﬁ%“—%%y@’é*h‘% i gy dphtor séwi*wht’vﬂfe@ahm

{oye Q@E&{B:&ﬁlﬂﬂ@égﬁg{s US cRACheadidh B3k :&Jnﬁh'zlna:ﬁeh1('}1%1&%1& azymethyler
cycl oal %ﬂ het er oCycl oal kyl',” cycl oa
(6

wwewéed;@y wekdhyire unawyﬁmhihétke ddanpin mwﬁar ymmmmdw )]
(ﬂm@x {EY ;hr&[\zﬁ{uﬂ%}fliom@ m.b& }exthff&ﬁ{ }Qﬁ[ ﬁ%{lﬁﬁ’m nﬁ%‘? Q rgm%gml;

e co
?WNKMWE@mhbnﬁ@nhhamﬁfﬂﬁiuﬂk@&ﬁ%&ﬁﬂﬂuﬁachnw)P&Jﬂ&h@@@hﬂﬂde
dicy tf#‘é}tl“a ¥ En()) z enttglt'j" a{s@flgxi[c:?](? wg\wq}rgzggﬁ %ﬁ%ﬂ}%%%%%}ﬂiﬁ} dichloride,

diphsuidsivl Cut-gighary humwbﬁwatnwnw smhme&e\t Ashcamtlenylh tf&aﬂdlm
s 2|rcgn|u

d*d*écﬁ ?@9%&9@@2« PR A AR U BT R i)

zmc@a@xhd;&ibh@@ﬂ%btﬁx 16hl of & ALy RAULAGH ALY preferred.
w4L,023 Exe mpl ary bridged netall ocenes of the fornula
i

et ‘@a‘f‘fa‘%‘eﬂ‘d‘aéﬁ opiin fiehipeilsy riep el Grivprveleatsienyl)
{inddnlB G PDeG): ARALSid0f - L RBRIE: §i¢»m( Jn{l‘\’igna;xk )nm'i n@iL }‘{qi}e(mdumh

Wi thout Iimtation: dlp henyl et hyl ené |n
zuawﬂmu@r@nyﬁqtqvmh@n<Uﬂh@hnh$nmﬂ@buh@nﬁh@nyﬂhebhyhmnéahmndL

l Nt 42 d .
di-o- gﬁ\yic k‘ﬁ?ﬁmt dlllﬁ d&m’ntdﬁlgh\édvf lil{a?[::')(i‘zgﬂtuﬂ%m Ylu,\ oride, di-o
mmg@y &l soivgmffadmehwu)n a(xﬁﬁﬂﬁi‘v hiy) basmzdbny I })mzmmmrdmmi wde, di-o-

loi\eial %Lt\h opbfgtg W"@Snt a%ﬁr:rg %)it%?igl i hc’n}i} zircomum dichloride, di-o-
tolylGlyd [xﬁel}bgé‘itﬁﬂsﬁiu Qg&nﬁz@d{nenmtamum ORtcMui Ghkiondd Bibenzyinily]

- t adi
{cve lypzsgn tdg,?/w {TB@II? rla xgxg )te Wzs..ogg;%sg lh!yf ra@(e: frit b%%%%?é;ly}gy&%r&g\ { 16(2
t-but 7l fheRer vy db ek 1Qﬁélﬁ@ﬂdcdif%% Mkt%ﬁwligﬂ% eBadieRsl) (Buorenyh

trlnethylcyc opent adi enyl)
rivcoging dighlprgt pyd .é}y&qi@gjéﬁtzﬁgm@quh}}pezlmdwni Frifeorenyljzirconivm

dichloride.

{24} The cocatalyst, or activator, eraployed with the metallocene procatalysis of
formula (1) can be any of the aluminoxanes known to activate metallocene procatalysts.
Exemplary aluminoxane cocatalysts include alkvlaluminoxanes such as methylalununoxane
(MAQ) See, e g, ULS. Patent No. 5,229 478, the eutirety of which 18 incorporated by
reference ag if fully ser forth herein,

fo025] In general, the bridged metaliovene procatalyst can be present in the reacior in an
amount, expressed in ferms of its ransition metal content, of from about 0.0001 mmoVL to
about 0.05 mmol/L, preferably frow about (0002 mmo¥/L 1o about 0.025 mmol/L and more

preferably from about §.00025 menolL 1o about .02 numol L.

G



di chl ori de, di xyl yl met hyl ene

(2, 4di met hyl cycl opentadi enyl) (3, 5'-
WQIRM07IZ Yy cl opent adi enyl ) zirconi um PCT/US2009/030704

di chl ori de, di xyl yl net hyl ene

(2-nmethyl -4-tertbutyl cycl opent adi enyl)

(3" -tert-butyl-5-netliylcycl opentadi enyl) zirconium

di chl ori de, dixylylnmethylene (cycl opentadi enyl)
[0026] | udterybondzigrc oiselmmeithbarantigion Bet:0-thohiyhiRt by @oalyst

an @C %‘*@Lfg g{.}%%g%ﬁ&é;? iag(gg ‘%‘I“’C‘j 8{[}5 H@f %&: @H‘éﬁ J(B%gtlnginy 2n,iu ably
frord @61 OPENLALENY kok 35 4aal 'Teixﬁyll;tnﬁ%?ﬁji.g Q@n&@x@ S .02 mmol/L
zirconi um di chl ori de, dio-tol Y ene
o ahogy £ Bphitadi %wvmm(udtm*dﬁr%@w wyielloyenprditelyapd
Al{:ﬁ%hiﬁ%ggl&m z@UaF@l ptﬁg Q}?\» &'{m@ Qe,nllil {g?;]i tlxnfﬂﬁfm procatalyst and
(cycl opent adi enyl I ndenyl )™ zirconiu
Ow@ﬂthh@wnﬁb%dwﬁbnzﬁhﬂeohykenawc@yuknpennﬁaienyl)
El}{}zgf et ﬁé“?@&g% dlf;%&\ 9P em:rtni\%l nrlyco)( t3l “(’:{I tg mé.ﬁ{p OLEne r? ‘crc*sm yst, the levels
Luxﬁqnﬂenykm!za&nmﬁmhhu&bmhﬁmrld@nuﬂﬁbEnmyhmﬁmhyh&m@%bi v
h é entad en% (f é )
sbodsy OF Fe i EOHe A et ) renBoreg erbplhutibmginy e
cog mm@l e;r;w r aaum)onl UHk)dquhh&Kdnﬂ&m dicyctiohaxytiocens procatalyst to
cl opent adi enyl ) (quorenyI z rconlun1d|chlor|d
“ﬂﬂa?%\}btr hé&é&ﬂ*»weﬁ*ﬁwém 191 bt Y e appertadeyllyvel of
metlibEQ MM a)y sZiol SQRIHMAd 60k Q\[xt &gm.ﬁ!ld@hew | silyl
g , 4- di et hyl cycl opent adi enyl)
{0028} (i ﬁbwwm}wmbéhfia@llr‘iem!lm)kwz@tiﬂc gnitym o ahkgsgades o inclade a
I - )
DR ooy RO HELSRET A SO ol By
al un‘dmpme nydps(p;‘jvy huE@yg, 16t {huwﬁtahyineyml Yyp&emtﬁawl msniyzh:)\ ant the like, 1o
red Ut &h.. in )‘qu\lltf Xm‘T&%O\] iﬁpe{]}}i in“otpfé!htyiga\hlz AL odrI]] ﬁgn}jg}ﬁ le Lﬁ[ﬂﬁ‘LHL
procaivero riiz L;mcdali ché Oﬁmaﬂl@i ir zt:&& hap:lnem;yslumu B¢ hfj thzed 3 m a muiar tevel to
(.3-met hyl cycl opent adi zirco n
meifFie Qe <t Qb ey i Loty [P et dicgghop 2 to abou
sﬂa(fluorenyl) zirconiumdichloride, di-o-tolylsilyl
: | opent adi eny| ) (trimethylcycl opentadi enyl)
Eﬂﬂ‘?% r cohiF gt gppmrbiaied ghat gincigs @,pwrgu;npy petalloid-containing component
can L(&M&llﬂﬂﬁfrlling%&%ﬁ)(\ idh il @iﬁﬁ@gﬁtlﬂﬁ&é(&ﬂ\ QQﬁ RERAALEED W dmeialiocene
zi rconi um | oride, di-otol Iyl
procgiglyel dpenphan emr) mes! lmdcw@mw wmmmm adivdnierynes such as
o g% ) d\ \ de ko QL Jg » s fmethocvphenyl
I rﬂ% g{;‘g‘z‘?%gm al Ilqigl y[f) ﬂss {ﬁu ézlﬂ(ﬁolg%!ﬁ)tﬁ i‘mr e, Il js {methoxyphonyl)
borand, Fxmm?umtmo@hﬂ min.n}f.ie bmdmbemz()ilbsmliyi o uymkdnpé nhadil grydie. tris
(iur{i{umt \6E2{%’i o)t akeirr]ml \) umu%ebg ‘»[}6‘8{ vf L?}?E %ﬁﬁyl ;iy‘fik foregoing
boradZdsr €0 ﬂ;hclmmfkiibﬁhhﬂm ﬁﬁ\,} ariagy etsghexylusitharbmethvl] phenyl) borane are
i rconi.um di chl orj de,

ent adi enyl, fluoren
ey Lﬁg!‘ﬁg (ldT?irp)]hléhﬁ‘g Ff’éf iy% (é]g'iénﬂi:ﬂ?\ %‘(L ude a%uml num Romod Oﬂl]t 5 of the toummﬁ
comit®y@d. opent adi enyl - 9-f | uorenyl ) zi rconi um

{3304 Exemplary andonic metatioid-containing componos include borates such as
perflucroaryt borates, ¢ g, luhuom tetrakis {(pentallucrophenyl} borate, Hthium tetrakis

{trifluoromsthylphenyl) borate, Hthivm tetrakis (3,5-di [iri-fluoromethyi] phenyl) borate,

1



di chl oride. [0024] The cocatal yst, or activator,
enpl oyed with the netal |l ocene procatal ysts of fornula
W@ 2009921 he any of the al um noxanes known to aR€T/1/82089/030704
net al | ocene procatal ysts. Exenpl ary al um noxane
cocat al ysts include al kyl al um noxanes such as
nmet hyl al um noxane (MAO . See, e. g., U S. Patent No.
5,229,478, the entirety of which is incorporated by
sodiefiargnoeqsasiud: s:si)l;ix}:d W) eelie, hotkdub @ReikR.{ pﬁf?@@ﬂ@]ﬂplhﬁm 13 borate,
eneral , the brjdge tal |l ocene procatal yst can
“"*“g‘r"&bﬁf“i‘ﬁ et pedpt Hﬁll By | %&ﬁﬁﬁﬁt‘““‘é&é?‘é’é@“é’a‘*il’ﬁm\“ borate,
tin QK pQfiaidoSo e ANShdh @i NRES: mﬁ@x'ﬂt}@ f&mk@ﬁpunh@imW@Pthxh borate
00001 mmI/Lto about 0.05 mmol /L, preferably from
and disdiie- O 0B02reamor borates. Epeliy ol DRBAweHY oatrlitarertenyl) borate
and Qi'f\ ?If ﬁx‘l ﬁp lwyx 9{%%1?1? ggﬂ%;gg qugi?p Wﬁ{ez/é)g)pg{?%g,ﬁiﬁygm 81‘1(9%} wm
iumﬂx ahgﬂii iiuﬁumrawwiﬁ hiee ﬂa]}l}pmma pestoociatiakyst erpanlilents,
02 mol /L to
““Ht‘“‘ l“% opiks L““qq é“‘“ ébf‘&x“‘?%’rﬂ“éébd?‘qo 002 mmol /L to

166 3&])0 uthn Qﬁmmiil)iiduli.mhﬂdmmnﬁn@meﬁ@{ adhoysish rcﬁmpai&@tw( 4050 2tilized

ut . 10
o e TR TP T A R L o 10

Whe@OEadrRb S thetibid ¢ Lﬁlﬁmﬁﬂ”ﬁnﬁ%ﬂh@tﬂ% delepandiuR@Acl-hgs
ecifjc g}r ocat al yst and cocat al i;%t sel ected as wel |

(Mé“gl%wﬁiéwm dogHe kzlé‘ﬁ ShtsreEdss Hareabrese proogelrpt is il

03k Er M @fad@valise Rbapbund F}ox?iéﬁem Q&Q@h@ SVSEY lskom catalyst
met al | ocene procatal yst, the |evels can be about

comp@uEnEan kpagticveg gy 101115@@1;(&}&5@@1 n:_l_nuigmtmggbn $ne borlysts with
the 43!19%1&\1311@?8( Hat §ﬁ %ﬁmt‘?ﬁh%@?ﬁt )l*ula Lip aly Qut B anionic n ut{i toid-

odi nent's, l'evel ocene procataly
Lomahumunmxamwt @dbsat\atuysmms »pmetﬁ @nahlgyuﬁé)@zm dith lnms otdner of
tim %l:‘rtg WENL S 1II i ?1 ITCSHC L meta ¥ igc 0% g)ictant a)LTX n?im £{s)
¢ mno&a‘g EREAA] ‘éf“%‘ fe?éi‘ By f o e P
and otdhear neﬁ'b@ddihﬁﬁth&,)piiuhﬂi\l {&V&x}» 20% Rﬂiﬁi&inhr@@ﬂﬁﬂm from O 1o 100°C,
(y)st to al mnoxane Focat al yst is preferably

and *ﬁéwiﬁ %m‘\m@ﬁ ERBIT8YTORY BHE i fExanelie gt aeal ys*vm

mmklm @ﬁ)ﬂ} be ‘a,d‘ﬂ@ﬂﬁf@ﬁt@@%&ifb@)tb(ﬂﬁ@%@ﬁi itk iaBhieyk ak lﬁ'lrﬂxﬂHm ina
nmpound. such as trimethylal um num triethylal um num

P“fht* N u(ﬂﬁbéﬁ?kbﬁy e HERRSE AT S Sostiopydiouit rungietaioon
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{0634 The reaction of the metallocene procatalyst with the alununoxane cocatalysi to
generate an activated metallovene catalyst is conducied at a temperature ranging from about
@ to about 100°C, .z, from abowt O to about °C, from sbout 18 to about S0°C, or from
about 28 to about 30°C for & time peried of from about 1 nupute to about 72 hours, e.2. from
about | minute to about 30 bouss, from about 1 minute to about 30 hours, or from about |

nunute (o about 24 hours.
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procatal yst. In general, the optional trialkylalum num

can be utilized in a nolar level to netall ocene
Weer@wearalyst of from about 1 to about 1000 andPCT/US2009/030704

preferably fromabout 2 to about 500. [0029] It is

al so contenpl ated that a neutral or anionic

met al | oi d- cont ai ni ng conponent can optionally be

enpl oyed with the al um noxane cocatal yst in activating

jooxshe neftahboesnecnipsahaliysion cEXRMBb MY DAY hRdhomers, optionally
nt ai ni ng conponents i ncl ude boranes such
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not zaéﬁum ﬂ@b@uth@l‘mkﬁgﬁﬁﬁmﬁf1&@1@1&?‘;%@9& AfoCRIPOMALS may be
[0031] I n general, neutral or anionic

fﬂ‘“nbt a|¥?wwi@awtﬂa+ 7 ey i hssifersls lfin s @olymiarizatics dan ba carried
out LWL;QHQLE\{ %noﬁ%z g‘%t % Ll@%@&%m ﬂtt%!}%§ti (‘QW{QLP %Jﬁk hydence of

about .1, or a
sol \«alm Bﬁpi@om@i xafhl b da@@bm @iyl xg.dnqb.m‘qieznﬁﬂ fugl hI"iithu& chain

hydn %{: thﬁ'z a8 ft WﬁHH;‘bettﬁ gt,lnt? mﬁ? ol }gf Iul:‘l«:lgrt?g hme m nn 1PL %3 mf,k the

pr ‘oca
dmmn@, dndlihe bke, cyche and alicychic hydrocarbons such as ¢y {.iopa ntane, L}Liohm ane,

cyclolieptane, methyb-oyclopentane, methyloyelohexang, methyvicycloboptane and the like,
and alkyi-substituted aromatic compownds such as woluene, xylene, and the like and mixtures
thereot,

{038} A typrcal batch solution polymerization process can be carried vut by first
imtroducing the Hguid monomer, e.g., I~decene, either alone or in combination with an
aptional hydrocarbon solvent, e.g., hexane, xylenes, el into a stirred tank reacior. I

copolymerization s carned out in the presence of an additional Hquid monomer, 2.g., 1-



[0032] Activation of the netallocene to yield an

activated netall ocene catal yst conposition can be
W@MWhe¥eH2 by conbi ni ng the af orenenti oned net aPCHUBWE9/030704

procatal ysts with the al um noxane cocat al yst,

optionally in the presence of a neutral or anionic

nmet al | oi dcont ai ni ng conponent, either sinultaneously

or in any sequence and with any interval of tine
octehhler @hetween! ane SLthaR & SRSIREASENCRE O .ok nldiolbe It

absence of, the olefin nnnoner(s) and hydrogen. The
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it ;t?amt Pyatedinfoprelt@edimbbdsicat 2 polonpt eﬁrpe:nakuwed aﬂ”bfh et h
LO;\O&%XP !\/21 1%533%%%%?([? n%zg Q]ngl? a yyg;fasf ‘ggﬁ‘ﬁgg??}%dh uingodmllgni the
decepl @pRdednd. nWwady Bﬁiﬁ&n&ﬂdﬂphﬁ’h&aﬁ(ﬁi ik ﬁ%p&ﬁ*”ﬁ*@ﬂ*&ﬂ bS

i ntroduced into, the neri zation reactor with th
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som BT iRt SR01 B TORBN A B e TUNea O RbHEE dercore, will
pom&@hl i@xﬂ abcliye wiSiken gy Ny RGNt ey asdds V}@i B8dbout 16 3, preferably
Iocene cat al. yst can be carrjed out |n any known

mﬂ“ﬂ@ﬁﬁ‘éf toeaimmg\ auﬁl ﬂiuflﬁ‘ét. ey ‘&U’I iamb Haraa ¢ (}(‘*I o gt mut i*n a

j0046P! UthRE 4Rl dz,%liéc'ir Wdi@i(\@@%@t Rshdd) g Q%%&Qﬁﬂ?‘ L@8ion of the cat: alys
process, ei ther conti nuousl y or in atch hese

in thp rgssedEgoaErg éﬁerﬁéﬁch ¢y kdvebploet inghe weviper Bteuriesti n
tmintubﬁmﬂ BRYE: a%rt :L WO s‘?as 8%&:& 1?& ntrsg 0 ﬁl% létn:i % Cp (;i'd 11?(3 z}gsn%u (i%\%q%em or

about 0OC to about Fom a out o abou
added dufiropeipbourai:sQ Cl h@ln&@@ﬁtﬁ?ﬁlm@@@!v MWhemrdile by means of cooling

L\\i]‘ap(%u ygeg 'h;?xmﬁ i( O]hngugpu, 1:¥H%re§'t).(aé?tl zsox?z im?‘m» %(, aei.gu}ga.m ﬂji\W of

h}dx OEL 1, mmt Ras, gaseous monoer{s) or a w.u_\bnmnm thereof. After polymerization is
complete, the reactor is depressurized and the catalyst is deactivated by conventional means.
Spent catalyst components can be isolated from the reaction product vis mixing with, e.g.,
aleohol, water, or a mixture of both, then by phase sepavation of the hydrocarbyl component
front the aqueous component. Alternatively, a basic solid such as calcium oxide may he
muxed with the reaction product and Gltered. The Hauid polyelefin can then be recovered
trom the hydrocarbyl component by conventional methods, &g, evaporation, distillation,

cte., and then further processed as desired.
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pressures of hydrogen used include fromabout 10 to

about 3000 psig, e.g., fromabout 10 to about 500
W@ 2009/09%7im about 10 to about 200 psig, from abGUUSE09/030704

to about 150 psig, or fromabout 10 to about 60 psig.

[0036] It should be recognized that control of the

pol yneri zati on tenperature has a direct bearing on the

quality of the polynerization, e. g., activity, as
jooael | 1apehdigs bh NRLoRGOAUGEPROPEILERR: 18d visBosity e reactor

| evel of unsaturation in the polymer as evi denced b¥
contpfp A hydione biaibent caeberdded M%@ EReVH AT ey edust on
polybRARSLARL WY, @1&@@9@19@%@1Hl@gxgbgoi';o g{aﬁ% il the kﬂ?mﬂﬁk‘«bw@km mixing

tenperature reached during the polynerization, even in
withsi. iguatiobis wakiepies whsdwre of Qﬂihnh@xm plesnyepshoot df he hmr ocarbyl
\}m?{%pﬁlte !?Qa% {tj?’lel Yi“’(q%%glﬁlg&%ﬁg ?ﬁw ¢ mn }’?]C!Ik/\gg Hy Ff}%r %‘: ?1& rh;om séd from
ﬁm}béutahehumnmpehynenmaahmmmntemmemaﬁu&asmaume@dmngnm5&cﬂmm

that t ol ynerization tenperature, even in

“"ZW@ﬁét?bH““ éﬁé“? ere is an exotherm is not nore

t han about 20C greater than the initial polynerization

tenperature. [0037] Due_to the nature of the fina

l'iquid polyolefin, the SO Zation can be carried
[0040Ut e RRAE: ik @HIich FRNQRES.: ﬁz‘rﬂ‘@r desdefhelt h@ﬁﬁpﬁﬁm emem

solvent) or, if desired, in the presence of solvent
tolloppaaduongsE Famprleshat can be enpl oyed i ncl ude
Exagbik @i ght and branched chain hydrocarbons such as the
anes, the pentanes, the hexanes, the heptanes, the
[0043ct anes glovheod Sdinpsms afith: f‘h@ Piflhezz(dyem B t@h@lﬁ into # 25
vial. all "' ﬁ%{%leilxgﬁ EP{Q{}QCF 3h8anf Io%{l‘ vig a‘f?}ﬁq‘ aCtléxot n*u m1 t}sh\x as dissolved in a
ﬁm_mehWﬁmmnhahexanemnmehhyécycloheptane and the i ke,

; d al kyl -substi.tuted ar tic conmpoynds such as
00 G e e RE P afia TR SPiree gD ggpms of ay 1
deceh O3B mA. THplesabs \bﬁtiﬁakh ROt - ONnROL eI 281k QR R LRGBS u
be_carried out by flrst i ntroducing the |iquid

im;pﬁ;gigmréfr‘){f% é‘: g 11;1sdéé7éqﬁ"@m vt her adiied ot pegelpr, which resulted in

\mﬁ‘@tﬂb kgl fRekd ila RHQPLHQARAen RUALAGATD AR « §an¥ &l Emn g the
e.g., hexane, xylenes, etc., into a stirred tank

reactpeRiE e, o PP s*@*@pél%ywdrz atmiomimnsa gidmegae Sont oficatebiyesclution
Wits ‘Q{ i€ ﬁ)nz@@ ¥ @%f mg n\z’t%d;lf)h j ;35 ail ;13“1 d% ﬁ}x %J@:Q&Mﬁ Wag ea}lgm £d to proceed for

1-octene, 1t can €r sequenti al
30 mgivisl tfanesast yawlht;h vehed mtdhea: aninndrmm!.?d:ffand the pr udum wWits
-.3.”0% &qrgﬂ {.Jy N .cli \g‘gt {(\%{}?L{d 13 1\0 (;l{rf!f‘(e)g\ ﬁli n t he pr esence Of a

€.¢., propene, the gaseous
{()64%} \ pmtmu oi the iLdLH}I contents, 100 grams, was frangderred to a vessel equipped

with an agitator, and 2.0 grams of powdered calchin oxide was added, heated to 60°C and
the solution was moxed for 30 minutes, The solution was then filtered using a prossare filter
with 40 psi mitrogen prossure and a 10 neicron filter disk.

HH)4 6] The polymer was then obtained from the remaining organic solution by
evaporation under reduced préssure in a rotary evaporator. The polyolefm materiad obtained

had a kinematic viscosity at HHPC of 964 ¢St and & brancly level of 22% measured as %6Cy.
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nmononer i s sparged either into a solution of the other
nmononer (gaseous or liquid) or into a neat liquid
WOorwomaea712 Typi cal pressures of gaseous nonomner PEF/ESIPYRR0704
about 10 to about 100 psig, e.g., fromabout 10 to
about 80 psig, fromabout 10 to about 60 psig, or from
about 10 to about 50 psig. In a preferred enbodi nent,
a pol yal phaolefin is formed fromthe copol ynerization
}«\3@3} ao decene and propene. In a particularl y preferred
i ment, the decene is 1-decene. Wien 1-decene is
it)i)%’bpm wﬁngf%eﬁzwrgwrg} @ﬁ@h@m\:ﬂﬁ@nﬁe@d Aagpdl LGt wpitrogen was used
m pi qf?t, ﬁﬂﬁﬁ; L}il?‘%{%{ 2:@1219{ dl‘ X 1fh Q%@Qm rﬁe,;iOgﬁgxm %\%s_oci oap'%%) §9Tezx17&
The m1 m@m anndmdrofedan hﬁwerkmqrmqmnmweoa\ﬁeﬁgéw 1607 andtshe
] It nt| J]ed trial kyl al um num conpounds, can
bid%ﬁ;fi it hV “be added. The reactor is then heated or
Bxag 19I ed to the desired tenperature and a nmeasured

unt = of n optjonall d. se arately be
“‘“3[1'0 roﬁb‘é‘eap Xﬁtgqf?re“ < f+pl %&»&ka\{we{é@t% ARSI P I
m@utm tohe ﬁé}hyﬂﬂm Zatj-onneast hany g henpeesence of

dro en, ydr ogenati on ste is ellmnated and the

dm‘tqiﬁyﬂdﬂv “‘ﬂ)fatkyaiﬂpﬁaeﬁé‘iﬁfpwiw RS BRI E BRSS! fBf0 4 Aol vial. 2.4
i 0P e@emﬂ nvemnl Q0 93 S Gsfoﬁi@m au Shddal T&&}% edi @ﬂdm mixture
herefore, wll possess a | ow iodine va . an
was p}@;dﬁ agdo m;pﬂj'eaf w2 4 shafvbolit iﬂ@l\l@)<t’iblf@bbi@tﬂp@j@ﬂiu} The remainder
of th@ ﬁzgﬁ,g(ﬁtg L.Xs e g%hgggﬁ&;ugxﬂ : ghag (‘ak‘;‘imf’ L3 iﬁé bzgtﬂﬁtd%m o ﬁd to
hav xdelew wdic oendﬂtw 0§ 7 ablent é 8¢ “Abinil Shﬁd’l,i ha myk@tr @fc’m*‘ fon
hHeo!l ldtl on of the catalyst in the requi red anounts are
Wher added to the liquid phase in the reactor. The
{oo4ppt e FafmpleldywBrigatddn teseambdnabl S @Yptd e except nitrogen was
Concentriatl on of the catal yst and nononer (s present

d\t,dd}ll piddxd%{d YR 3ﬁ© wgpcy ﬁéftp%;éﬂtbwn Wk IpGEsHsE gy found n Example 3.
e HATRES AW e ANHLHQl 186k DY)« FRARSHQfr 36 90%1 NIGBO1hd «
etc., and the initial total pressure in the reactor is
"laﬂﬂﬁ?%}%a‘riﬁéé}by a constant flow of hydrogen, inert gas,
p“ug@gous nmonomer (s) or a conbination thereof. After

ol'ymerization is con‘pl ete, the reactor is
E““‘ﬁﬂepr ésauthirzedicand it fre lavat @l {ydfatalst:fembist waltthal: iihiyhon of

achiv %’;P\é% i 58 Q@ilh rﬁ?ﬁnrs oy Q}? pl uﬁgs‘?*t 6}!} Xs\’ém% QIR o(pﬁnér‘?’;mg %F E :‘;‘53%((,:p~9~

["at e e rea oduct™ via ni'X
hﬂaé( g and ailtb?éh @i xz:z\wa”tdﬂm,t }'dmnhn mnwx&ruke (pén&bhtomphmnem;b&e wer

epacat.i o nent .
W «,wpuﬁ S 3SR a"s il Vi 1r1] és mi of ;r%f' r\? gt S0 mun xm i? grams of toluene were

added 1o the vial and the mixture was alfowed to dissolve using a shaker for 10 minutes at

room femperature. The reroainder of the procedure was the same as Example 1, except ouly
1R prarme nb FELEREVIRON YRS «\;i S OPWPENEON TFCE T A PR O 3 Te ] T T

15 grams of propene was added to 2 pressure increase of 23 psig. The polvmer in this
example was found o bave a Rincmatic viscosity of 754 ¢St at 100C and a branching level of
200,

{8051} The process parameters and results of Exanyples 1-3 are sunumarized below in

Tahle |



fromthe aqueous conponent. Alternatively, a basic
solid such as calciumoxide nay be m xed with the

WO 200009992 pr oduct and filtered. The |iquid pol BGI/E$3009/030704
can then be recovered fromthe hydrocarbyl conponent
by conventional nethods, e.g., evaporation,
distillation, etc., and then further processed as
desi red. [ 0041] Dependi ng on the anmount of nonomer
conversion and viscosity - fgthg reactor contents, a
hydr ocar bon sol vent can be added to aid in reanaI of
____the product Iiquid polybﬂ@ﬁfh53$ﬁént cat al yst

PgnentsTcanbe i solargd-from-ghe yeagti-onpryduct

p(ﬂ}ﬂ‘i;})jdﬂ\l@ﬂ )f;_mﬂmg‘fm‘! L 3. 2 Co %Uwal = LS0 o Tegt T 90
h |
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Propensol (R51%¢ i-n..can..t.hen...be %ﬁm\mﬁméﬁ}mwm,aifabﬁg;ﬁ yl.. 153)
Co-Capdrpblitnt .. by..canvent.i addB et hdda® el WAQ evapdialign, MAD

ol of dPStSMALYLOR, sobtion,  and then | f urifher | protessed s 0.6
[eocutghes pmednt] EXAVPLES [ 004210380k | it éSert | {h¥ent { off.Mighl_|_{0.053gr]
H 100%emibe further describedstwith reflerencesto the 30 50

Catalyfioldiowbn@ymon- | i mi ti ng Exanpl esofexameeatd” | 00434 | 1 aBorate

Activa@hravembox, 0.02 grans of sPh2C(Cpa9- F| )@@l 2 wasss | 00288

AgiiatWeipghe@y hnt 0 a 25 m wialsp 12 nksef 1. 5WMHMAD Wasy added ssg

Decent, el VI al and The Tesylhing Mpxd Ure wag diSSghyedin g7y

Co-CaBha DAk sHOR L Pl NUT eSSl T YOTRGE gMPET Aty e l;‘{;‘t’}"}‘” A asa

MM)ypl sture and alr free 3 L'l'tlel ?uchi r eact or L

ans Aary Lsaecene DNONetr, > The TT
J\tm‘ihlrdihgs %\% Jat IheHI gur ged%%/vl'lth‘ ni tU:r}oge ’TL reacifior was i
BOUV It PRy fB0C—33GF-aNE—0f—Pr-epene
Pro-caRi3t Piign. b0 tRafhGEt o b cher S5t ed PRE 1 PCE
Cat: 1}?1&0&%@ Whact.or.orddiif el 1 BULH) pgi{éﬁs;ﬁ.},ir AME30 pae 0.0030
Catal vl fyidgd 108 dI}l‘hp rpar‘t or rr%‘f,-"mﬁ?}n3 PRESY o K3 n e8diGBh 1o 0.0083
 Cocataby! pddey. 2emisng a_dry |5 0378y (i g7 and MEdAl e, ORSHE_gf 0.0219

ActivapapdiyEeresl uti on wad added to the reaét bt | WEH9S50 0.01193

 Kmemppny ofosdgidhat i on, the readéti on Was al | owed to proceed 754

_BrnetfioneB0: fiNut es.  The reactdr Wwas ithen vent ed andispurged 20

MAG-widtilaichinegen and the product was allowed to cool to a

Borste se e tenperaturetohoremoyal:
- m‘{qb u;wmt\miunw Huorenvhizireonmun dickloride
g ’\:{:(mum of thin polvraer filras oua a Perkio-Blwer infrared spectraphotomeicr
clative intensities of methyl o methylene proups i the pebvner Thig

ciments frow J\ol\l standard D300, which determnes the relative cthylese o

4.(

mﬂda x
methad ¢ 159 <
propene lovel in BP9 ¢ opolvriers,

[BBSE'Q Exampies 6-9 utitized a 1250 ml continuous reacior setup where two monomers,
catalyst and hydrogen were tndependently fed with stiring.

[B853} In a glove box two catalyst preparations were made. The initial catalyst
preparativm, for Inttiating the reaction, was prepared by weighing out 0.01 grams of Phy (Cp-
FhupdrCly and 0.0144 grams of dimethylaitindumtetrakis {(pentaflucrophenyl) borate inte a
25 ml vial, adding 2.4 ml of 1.5M MAO solution and 2.6 grams of tohiene and dissolving the

mixture using a shaker for 1) minutes at room temperature. The second catalyst preparation,
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[0045] A portion of the reactor contents, 100 grans,
was transferred to a vessel equipped wth an agitator,

W@ pu9R901yr ans of powdered cal ci um oxi de was aRiBEHS2009/030704
heated to 60C and the solution was m xed for 30
m nutes. The solution was then filtered using a
pressure filter with 40 psi nitrogen pressure and a 10
mcron filter disk. [0046] The polyner was then

for @BERINEedntHem &H%oﬁleﬂﬁi N d;ﬂ@tdl’?&g‘ﬁﬁﬂngv S0} phin8r b¥,cicp-9-
evapor ati on under reduce ressure I n a rotar

Fluldifep sk dt g mr‘rwéﬂweﬂlyBrvémwtﬁimsew gt Gt atwe) %@@Ra—?? il of
L «xlli' m@mmoy uawﬂni Yr x@an&oﬁ&z@gﬂ% i3 h,a%gdai@ n*gég&%h ture using

evel % measur ed 047
a shgkondis iyéimerpamed roptthepasEne. rranner as Exanpl e 1, but

{00‘&# r Oﬂ rht( 1« me xg‘icei%r nwrz)fr Ge w%t. :m éu‘[jlg J?} ME% éﬁlgrs éi QM{? il

I ncre
{69 ‘{lm aﬁlih}enpiosl’ gmem MﬂiSl aied er mone, dm Ciro@@r\/@¢&adﬁkdﬂ ematigQhe reactor to
SCosi of 760 cSt at 100C an kﬂr anchi ng | evel of
30 1?1'@0/ }E)Ig]é |catay ‘[iﬁb&*é tmﬁ\ FISREFCIFS \}1&& Hfcactor w th $30 rpm agitation.

The C&Gﬁ;‘% aky pickfaral wak handpdone 1808tk banuefeR6sd WAl AlowdaSe run
sed. In a glove box, 0.02 grams of Ph2C(Cp-9-Flu)zrd

for 7 “a\ﬁﬁ“’@ 0288 granms of di methyl aniliniuntetrakis
i"‘iﬁfﬁm af | uorophenyl ) borate were wei ghed out into a 25

i vial. 2.4 mM of 1.5M MAO solution and 9.6 grams of
LR uéﬂéﬂlmlé pabdedizpiy s opiradengrio tih e milsition ef dvaene at a rate

of 28 J:‘waeq Jw?mg ﬂsﬁtQ\L Yg}](‘fbs*klr\% ‘:i’uds@ékﬂmxg gfid *»Q smﬁi u{ e§u g&mhum

roomt enp ture. remal nder rocequre
mm‘trh‘@d saan‘emamd&xxanphmu wasThél pdl*ymef iz hnﬂ;thqls:l e anyph: t&m\z\as
poly I‘ﬂLH: " EQ%QSAR thl tﬁf? €1 1@ é’“g’im“éf‘&ﬁti%:\g .E\}S(xléh%ilingif 49[65023 g( aﬁ'glog
{{]{)%} vvas‘a pdsxapﬁbéﬁkb I\mnpihﬂ (SaRndTenn etndsrddanpbecBquedse@plth an
en was sed [ n ace of the PF‘O pene and to a

dumgilnmn %'nétg &t if'{é‘*’f t,él\} »1 nﬂ’%r}é{gs ag add BUH‘d iap e @%aﬁxb]l iébf., gohms ]

mixcier KIDJ:M’Q@!\ was sdet@! Whngd DAV @kl eRRLIE 40 psi nitrogen
vi scosity of 875 cSt at 100C and a branching |evel of

”’f‘"f’i@@/f}“dExd pogorgfilter disk,

j0857] The polymaer was obtained from the remaining organic solation by svaporation
under reduced pressure w a rotary evaporator. The polvalefin matertal obtained had a
Kinematic viscosity at 100°C of 138.7 ¢81 and a branching level of 19% measured as %
Example 7

58] Contipuous polymenization continued with the addition of propene at 2.5 gv/min.
Four minutes after the propene feed was started, the polymer solution was sampled.

[0059] A portion of the sapaple, 100 grams, was transferred to @ vosse] equipped with an
agiiator and 2.0 grams of powdered calcium oxude was added, heated 10 80°C and the
solution mixed for 30 minues. The solution was Gltered using a pressure filter with 40 psi
gitregen prossure and a 10 micron filter disk.

3060} The polymer was obtained from the remaining organie solution by evaporation
under reduced pressure in a votary evaporator. The polyolefin material obtained had a

Kingmatic viscosity at 1{RC of 1404 ¢St and a branching level of 21% measured as %%

17



[0050] A further reduction in the |level of CoCatalyst:
Catal yst and the addition of activator was used wth a
WO 200109978 el of propene. In a glove box, 0.02 BCHNE2009/030704

Pb. 2C(Cp-9- Flu)zZrd and 0.0288 grans of

di met hyl ani l'i ni untetraki s (pentafl uorophenyl) borate

were wei ghed out intoa 25 mM vial. 0.6 m of 1.5M MAO

solution and 11.4 grans of toluene were added to the
z\AM1@L and the m xture was allowed to dissolve using a

ker for 10 mnutes at roomtenperature. The

Wﬂbma. ISPUER OHEHRHIEETER B YRR SY HEe BrmrercasidBegnghisty) minates
atte@RE BRLeRNLYa 2 Qﬁr@qﬁh@%wiﬁ%%@n.@m%%s@ ggﬂht 0 a

pressure increase of psig. The poly inthis
mﬁ@kanpﬁeamaswf6Mﬁ@npeaHEMena%kmm@nmﬁﬁnJMUQQQSktvuamuisﬁtzn
agiis ch%t @b iﬂ'fQQ}% 9[‘ ‘s@“ltpuﬁgﬁ Ml dg\\/& ‘%)%d 0?4%{@89@4,]&“@@? W

rocess arane ers and res u?i pres
m)h{B@ﬂM‘LiZ@dﬁbeths| TiheTs aibkf&mlw'EABLEdl asXANREESe THbr with 40 psi
S es 6-9 utilized a 1250

nnﬂwbﬁggﬁﬂﬂugmﬁbéh?ﬁfYE@?UHR&here two mononers, catalyst

jpecand hghdrogen: Wek ehihde ﬂ@ﬁﬁ‘ﬁﬁIdnymfzﬁdm\%ﬁah sSltdidl bnGaporation
In a gl ove box two cataly reparatlons wer e

[
mﬂ%ﬁ%ﬂfldnwewm P pdplagatvapsapr piféﬁa#}atiwawwﬁa% Phirlaeiag
kilk‘;ﬂh@? (ﬁ@ﬁtﬂ M OONAST RIEPSY QM BYrWehigN NG Ul o 0mOL, QHas.,.
. of Ph (Cp- 9-Flu)zZrd and 0.0144 grams of
Exagp hyl ani li ni untetrakis (pentafluorophenyl) bor at e
Qﬁéhpt Y (%n?—xﬁm Mh?rlww@g)q B8 @it F\\ %*19% ARS8 \t}ﬁ 04,

grané 'Uene and' di ssol Vi ng t he m Xt

Thi n“i)sn wtmgha aghrakeredorere Gloppnibe solamer @dxmntlems ep@aplad. e Th e

wgdEcond catal yst pr tion, for | ;
{Uliﬁf, Eac t"ilg %‘Hﬁgﬁég l%pF %Palé)a 1 mé 3 n‘s’%%dzﬂ i? ) m‘;“b? qmpgu ¥ ith an
Auiuﬁh&@(}@m-‘ﬁamﬂsu;)cﬁr{@ﬁ m&w&hﬁ)ﬂm gt anbadifed, hmud 10 60°( md Eht,

anlllnlunt trakis (pen uor ophenyl )
st oy Ci wf‘%ﬁ%atﬁ&bdwm P HGr b AL Bi(& 10 psi
mm?n@ m\uﬁantﬂ a6 vandrahi (ARekivkng the m xture using a

for 10 mnutes at roomtenperature. [0054] The
3996%. stT iFECHAYY g1 ofpige! Pemdhor ey Ak yierar geerden
nnm@ﬁf(’lﬂhaf bds Wik B r@‘ﬁQ 899 B gmol e} 3@5% g%@%ﬂﬁd and

heated to 100C dr og en was a bring the .
kincyplctignostpat 100°C of 133, (}t,‘wi and a bravching level of 22% measwred as %%C;.

{006 7] The process parameters and resulis of Exanples 6-9 are sununarized in Table 2,

below,



30 psig. The initial catalyst preparation was injected

into the reactor with 550 rpmagitation. The reactor
WQ09%ssuri zed with hydrogen to 100 psi g andP€HES2009/030704

reaction was allowed to run for 72 mnutes. Exanple 6

[ 0055] Conti nuous pol ynerization was commenced w th

the addition of decene at a rate of 25 gr/mn, a

hydrogen flow of 100 SLPH and 0.4 gr/mn catal yst

solution. An exotherm configned reacti on and

tenperature was held at 125C. One hour after the

cont i nuous polynerlzatLbﬁﬂwﬁbféﬁé¥ted the pol ymer

‘ES?;L\W!PP{‘ SAS Sarrpl eo [UU'IOJ 3'-\ parti Qll 6] [ rt;.—,‘ bc:lllp
e nd 20 gramsof SBowor 34 cal ol ot
R g“%gﬁéd heat-ed—t-0—60C-andtheisol uti-oh-mixed f
'f‘\hm“gh g gl"h‘é sol.uti.on.was. filVteredddsi: g aﬁﬁ;’;}{}gq(,“r gy
Kirpgpe WisensiwocHist 80€ r agen. préssuréland! a 492 nil cr b6
Kh%ﬂ@ﬁcﬁﬁﬁkﬁniﬂlﬁ?ﬁﬂﬁhe Dolvﬁéﬁ was_obt at ned- fr omith&s
¥YEnmi_ning organic sol ution byUevaporation under 204

Beducbdvcpiessure in a rotarysevapordator. | Thess 22,54
palsyaet efin materi al obtal hed2Radia ki.nematic.viscosity

bl ROOA 1 38«7 ¢St and a kp@nchi ng..l'evel of T19% 7758
MRRsHhedufs Ukt . Exanple £y D0%8]  Continugus 3784
P AIRE a0, CONT T nued "W th Theadditionof opeyie

£

16({1“ ﬁs‘(\i?\i g(*l mn. Four m ﬂUI cS aP)I e Lne pf Jpene | ;‘_IBU \é\@slb

S\[\ﬂﬁ Egu’"’ Jdc@g ;R%’)' yillf_ﬂ‘mu i ﬁyniﬁﬂ‘r’!thrnv‘?ﬁ it ﬂlib”(i%}'{ bk VV&‘?~ 1 {\!p The
| ALt l\% ke HNQ::S FNPLeBueenl 0.2 AFAMB 1 WRS bE BDS x@xﬁ&ﬁﬁ doRd Qnd
| vessel &qump@&dxmmﬂhu&ﬂdﬁ@hﬂﬁﬁ@ﬁnaﬂduﬁwQﬁgﬁﬁn&rﬁ
‘Péideredmesl OF urkox kderwas adde dyivie atedont 0P EOCEaR ned
*z‘heﬂ%@r Lind @r?@h“;mwn;ﬁé éﬁﬂﬂgm rpﬂmuwsi:h Fhelbisl xg%ﬁwn%\fgsuén{ o
T8 ”ﬂwh§ﬁh@“§“ Sayyad Py g I O O™ BS I geperd
‘%Y fij;’, R PO TR FIGOEOY" The
e Xﬂiei[md M@%NQQF@L ﬂ@ %RJ LMW {t}'h@n 1&:@\%'» Q\nﬂ%‘?m%[‘ I«Cndx s
SeluUtinona Oy evapor at i on under reduced pressure In a
rotary evaporator The polyol'efin material obtainéd
inematic viscosity at 100C of 140.4 cSt and a
N‘"ﬁﬁk anéhﬁhg*w{é%ﬁ’ AbtrrodeghEadipiedy axdomibitseanple gieosity PAD

products to make fubricants with an aceeptable viscosity for their intended applications.
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Viscosity 15 a Key property of a lubricant and soveral professionaf organizations have created
systems to classify viscosity ranges that can be applied to the desired application. One such
nrganization is the Seciety of Awtomaotive Engincers (SAE). {n their publication SAE 1-306,
the entirety of which Is incorporated berein by reference, one such viscosity grade defined for
use in gear tubricants is an SAEL 90 geade. Lubricants meeting this viscostty grade have a
Kinermate viscosity of 13.5 (o <183 eStat HHIPC, A typical visgosity target for such
products is 145 o5t A blend using 3 FAO of the cwrrent invention with decene and propene
as the monomers and baving > 19% branching level have demonstrated improved thickening
efficiency while maimtaining the mportant low temperatare characteristios of the nons
propene contatning polymer. Improved thickening efficiency 18 defined as requiring less of

the high viscosity PAO to meet the targeled Kinematic viscosily al 100°C,

|§Y



[ 0061] Conti nuous pol ynerization continued with the
propene addition. Thirty mnutes after the propene

WO 2w9d/09%9%2 st art ed t he pol ymer sol uti on was sanPCEUS2009/030704
[0062] A portion of the sanple, 100 granms, was
transferred to a vessel equipped with an agitator and
2.0 grans of powdered cal cium oxi de was added, heated
to 60C and the solution m xed for 30 mnutes. The

mu@qnl ut7.on: Wasiold biterate MSLAG:AuRITRSSUTR filddBs W A1 40 blends
ni trogen pressure and a 10 m cron fi Iter di sk.

Si
‘\w[\f}b“G@T FEris gl e TRk sobtarmeds f eaht he remai ni ng
organi c solution by evapgrgi@a under reduced pressure
in arotary evaporator. The polyolefin materi al
obt ai neG NGO SATIE WL EW)SSTMM Ty‘&aﬁrilibm:()e’f\ﬂ@o 2

p
cSt g’dg ‘}‘ﬂﬁ & P#%&}]}I%\@q\f/\ﬁl of—45 I.I./o |||:f1:u: ea-as + g
Exanp QYOG4 —Eoht-HHdous—pot-yrer-zaty as--st-opped

an Aﬁg““‘bigp}’)' on--al-l-owed--t-o-proceed. i) ym.nut Q\EH
af téﬁ{tﬂﬁg {HAH"{(Q’)\Apr e..stopped..fLhe. pal \1r‘rW|f1 in ution.was
sanpixetrly0065RY) A portion of the. sampl.es100. grams.s
was_transferred to a vessel equi pped withi an agitat ot
and oOngicaiscoefty pdweier@dC cal ¢i um oxi de.dnvas addedj4.4
heattetoiifekbOGcang, dghe goluti on m xed2f oo 30 m nutess
The* sl Ut deQR avag nidekt ered using a pressure TilTtéer Wth
pSI nitrogen pressure and a 10 mcron fiTter disk.
7& S{ The poI ymsr was obt ai ned fromthe remaining
078} garfbty fsglustdednithy cevaporatiforsisnde rny ddveed :pwé:gsuménn
| V. |
may b@ L%ﬁl%@%@[ﬁy‘ éi%’ gﬁl%%}g%gxg Isa, gTG?\S g’g&sﬂ}%&gatﬁip%&ﬂ % 1ﬁé§;ri&md oF
-i%@t\%%ﬁnd*»atbﬁoam loiirgdisduakl mﬁﬂxﬁﬂmmmaenuqu‘imﬁ HBBs, to the extent
thiat %} 8&3&1;\,:%?}%%&1}&.?(?23 ;19% \.? fu‘%{}g 1RER }f\E%JE&Eh ExamLtlx.:g §are
W ithﬁa—iﬁx E«ﬁs@@ 8? EhHipghemm&(mBm . yf d?ﬁ@nm;ﬁadhksﬁ&nm @piadpl eabbet forth
en .|l ower. vi scos PAO products to make
smmt Uer %”BﬁWP gowll( tnﬁn%{ﬁ t}ééﬁcigﬁf N f‘ m\ﬁxswéaghl cffy}hcf B*IS”FW@I ?i)ut also

mmd‘rﬂ iendedbapphiEatihofspe W B S ibn Fo /1 KQWHRI QRYEN o8] of the

ubricant and several professional organizations
sul jg.ﬁévié{t@r\\édﬁbaa o or move of the claims, i any possible combination, provided that

the combination s not necessarily technically mcompatible. Al patents, patent applications

and publications cited herefn are incorporated by reference in thelr entirety,

H



systens to classify viscosity ranges that can be
applied to the desired application. One such

WoeandZex i on i s the Society of Autonotive EngPGEES209/030704

(SAE). In their publication SAE J-306, the entirety of
which is incorporated herein by reference, one such
viscosity grade defined for use in gear lubricants is
an SAE 90 grade. Lubricants nmeeting this viscosity

whitadehaye a kinematic viscosity of 13.5 to <18.5 cSt
at 10

i,

e

Lod

oy

8.

~

9.

10

-
-

A typical viscosity target for such products

' S \]14 \51 o]%@)[‘e ﬁkg YEH‘%EO%YSI& p&u‘?{ f Aﬁz thm ﬁd &HK;(G ¥ t)mm}z ia
i nvent
hagungimaﬂggkbranchlng Ievel have denDnstrated
i mproved thickening efficiency while maintaining the
i nportant | ow tenperature characteristics of the
nonpr pengse@iuaifRisng |prhymBisechaRreedtdiivekenh BYand 1000
effIC|$@q¥ is defined as requiring | ess of the high
vi §¥5% PAO to neet the targeted kinematic viscosity
at 100C. [0069] Tabl e 3, bel ow, shows the kinematic and
Brookfield viscosities of SAE 90 bIendswof PAO from
Ex aprdydriaetplingd cpo!. shepinghapiiydrhaglcaindana Bragfigd3
Vi §QQ§IJ E20éhy ﬁbpﬁ\l% JEROM %Wlﬁg§ng (ANQs am[} QQYEQ&]) oY
feature descrl or clainmed wth respect
dlsclosed |nplenentat|on nay be conblned |n any
gggg]r Ex éﬁpmwuln of € aﬂ%ﬁ”} H,,tem © ps}l %mu}dm zﬁré g&%&ﬁeid
dlsmMsSEdi#ﬂhjehmn@aﬁubmdmra&nhh@nmnﬂaﬁmﬁnﬁmnﬁéﬁﬁﬁﬂk.
extent that the features are not necessarily
technically inconpatible, and all such conbi nati ons
ar ghvpdiiphat REn S€ 0R8Y Of whHSn PSS pHOMERLEDDpour point that is
Furth rnnreh the cl ai ns appended bel ow set forth sone
no “W‘ﬁitrng conmbi nations of features within the scope
of the invention, but also contenpl ated as being
within the scope of the invention are all possible
cofi pratdRimslebn of plaing dbjvivein datnodyalifeokeiy htswobor ppit gt is
of LﬂﬁnC“@%UB i n any possi bl e conbination, provided
the “corbi nation is not necessarily technlcally
|nconpat|ble Al'l patents, patent appllcatlons and

Flg!r}g{ﬁ*t ﬂ%iugh r??iaeﬁtr el wm I%?&‘Oég m im,z Lféb ml }“A
polyalphaolefln forned fron1a decene and propene and

hayi n reater, than
AN Py iiiQi«]g{gFil of eimm i, g herein the brauc hjh*u 113 greater than 21%.

sd.i

The polyalphaoietin of claim §, wherein the branch level is greater than 22%.
The polyalphaolefin of clake 1, whernn the decene comprises -decene.

A process for fornung a polvalphaoletin, the process comprising the step of
polymenzing al kast two monomers in 4 reaction mixtuge fo form the
polyalphaoletin, the two monomers comprising a decene and propene, wherein the

pabvalphuoletin has o branch kevel greater than 19%.



weaarghaol efin of claim1, wherein the

16,

17,

14

20

2%

P

2. The pol yal phaol efin of claim1, having kinematic
viscosity of between 20 and 1000 cSt at 100C. 3. The

pol yal phaol efin has a Brookfield viscosity at -40C
when fornul ated in a SAE 90 blend of |ess than 45,000
cPs. 4. The pol yal phaolefin of claim1, wherein the
pol yal phaol efin has a Brookfield viscosity at -40C
when fornul ated in a SAE 90 blend of |ess than 25,000
cPs. 5. The pol yal phaolefin of claim1l, wherein the

. pollyaPpREBIEFH? hhsyerge the nediahtaplkie hiss Beekiigliancosity at

- 15fpec: Q\hu,-lz Rx@ %Pllnpshaa@' @{ﬁ w@t){ Slﬂﬂ JJ’ }a £ %f ein the

pol yal phaol et as a pour point t han
-30C. 7. The polyalphaolefln of cIa|n11 mhereln t he

12 D
. pgﬁ?}arnﬁms mf!{mn g uaflmmn trh_t pﬂv%tp*s{ «.I)ihh? Hés (b}i"jr ]h]éij]t, é{? Twm at

| s-greavem hara2d % = 9AETheipdly akphapbebimerrf cl aim
1, wherein the branch level is greater than 22% 10.
The pol yal phaol efin of claim1, wherein the decene

. CONMpE rﬁ}@&s i dreene. wikloin AeoRG838ob08 hi0f MuRGoiB ess than

pol _phaol efin, the process conprising the step of
polyneri zing at |east two nononers in a reaction
nixture to formthe polyal phaolefin, the two nononers
rising a decene and propene wherein the
n‘gapfpﬁh@e étlann hhgvimrdr dealiaphedicr batogrout haint less than
Q?QJhe process of claim 11, wherein the
poPyJTphaoIefin has a Brookfield viscosity at -40C
when fornulated in a SAE 90 bl end of Iess t han 45, 000
c cess,
poﬁi}‘a thx 5% log i3y "n \x in :\B? glfi k”t}ém F}g S5 a,lx )}mgr.ﬂ 40C
when fornulated |n a SAE 90 blend of Iess t han 25, 000
CP The pr cess of claim wher ei n s
pol %P‘b’h‘aé PEFF IR has¥ 8 o the b}ﬁﬁﬁ*ﬁt“ ‘Pl §“t*héﬁ‘ WG The
process of claim 11, wherein the polyal phaolefin has a

pour point |less than -30C.
The process of elaim 11, wherein the branch level is greater than 229%,.

The process of claim T, whevein the decene i3 Todecene.

The process of clatm 11, wherein the polymerizing occurs in the presence of a

mctallocene catalyst,

The process of claim 10, wherein the metallocene catalyst comprises PhaC{Cp-9-

FluiZrCl.

The process of elaim 11, wherein the polymernizing ocours with a catalyst system

corpprismg a metaliocene vatalyst and an alummoxane co-catadyst.

PCT/US2009/030704



The process of claim 11, wherein the branch level is
greater than 20% The process of claim 11, wherein the

Whewpo7izvel is greater than 21% The processP@F/US1089/030704

ey
A

2G
a

11, wherein the branch level is greater than 22% The
process of claim 11 wherein the decene is 1-decene.
The process of claim11l, wherein the polynerizing
occurs in the presence of a nmetall ocene catalyst. The

3. pr PG pS ok of LRI 20 hevhe iR Re et haseneagat al yst

n§;|ses Ph2C( Cp-9- Flu)Zrd 2. The procéss of claim
aWHERERACY R pol ymeri zi ng occurs with a catal yst
systen1conpr|5|ng a nmetal |l ocene catal yst and an

al um noxane co-catal yst. The process of claim22,

4. whéheprotdhie! abuni hodenen te-bmiabyest ci-satalyst s methylaluminoxane.

al kyl al um noxane. The process of claim 22, wherein the
al um noxane co-catal yst i s nethyl al unm noxane. The

25. pr dbepscok of tlainme 2 Zvheniie heichtalyhiesveatrakydr csytiema borate.

further conprises a borate. The process of claim 25,
wherein the borate is selected fromthe group

COMBd Silol:0g oOfiaknk bk cin m borate is selected from the group consisting of
raki s( pent af | yor ophenyl )borate, |ithium

te S
t e[“r“éﬁ%“ Q‘ti?lﬂﬁﬂﬁéﬁwé% Ky @ﬁw Sthiskat e, |ithi um
t ekf&@i&k{%@ﬁuﬁmmf{l{ Bhddy HQQ;%ELML& Rheayl . porat e, sodi um

tetraki s(pent af | uor o- phenyl)borate, potassium
t efirakivsthybrkati horbphenyh jdokiat %nﬁeiﬁn«@neﬁéwﬁahnmu» potassium

t ek{r@iﬁ}@g REAL %ﬁg}i‘fép‘[l%@gyy\: .g\pxo n%ﬁeimth r%@*q a%(ﬂ\mnin snyitborate,

tetraki entafl uoro hen “bor at
t etmaaxkzntst@p@ﬂt{aﬁh‘ubmgphemy]b)}bmr amea.,n aémcbmzaﬂ uorophenyliborate, and

FELOv a%nhm%tp tHng {_ﬂgiéﬂu(\l\g téwLLgtl;'f r.ophenyl ) borate.

The process reaction m xture
conprlses the decene in an anobunt greater than 75

Eht percent. The .process of claiml11, mhereln t he
re H“Bh“hf‘ﬁ( ! Eé‘rﬁb?“% é“t‘h‘é“‘b?‘b‘ﬁ%‘né”f“ﬂ“‘éﬁ Wi o an

f r omvahorthicl WAL OBtvcReE f@BEntt 0 about 25 wei ght percent.
A process for formng a pol yal phaol efin fromat | east

two nononers, the two
The process of claim 11, wherein the reaction mixture comprises the propene in an

amountd from about 1 weight percent to about 25 weight percent.

A process for forming a polyalphaolefin front a1 least two monomers, the two
monomers vomprising a decens and propene, the process comprising the steps oft

() providing a comrelation between the tedal amount of propene used o forna the
polvalphackelin and at Jeast one of branch lovel or viscosity of the polvalphaoiefing
{1} determining a target total propene amount used 1o form the polyvalphaolefin
based on the correlation aud a desired branch levely

(<) forming @ reaction mixture compuising the at feast two monomers, the reaction
mixhwe conprisiog the propene o the target propene amaunt; and

{d} polvmerizing the at lzast two monomers in the reaction mixture o form the

polvalphanlefin,



WOH 240629712 he t ot al
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- pr dkewscist cetlanm 2 9hegietheipal

nonomers conprising a decene and propene, the process
conprising the steps of: (a) providing a correl ation

pol yal phaol efin and at | east one of branch |evel or
viscosity of the pol yal phaolefin; (b) determning a
target total propene anount used to formthe
pol yal phaol efi n based on the correlation and a desired
branch | evel ; (c) formng a reaction m xture

ri sing the at least two nononers, the reaction

3. m I P ‘céﬁb'r Pt Ay StiReTpitspehalnbole liebasarigrepk b peprsity at

AMDYRE: | 54 @qqm(zﬂ)!aipr@lﬂy{mm'zm rklg nlt '3?;&@ {Emr?%hfﬂ 4R nononers
in the reaction mxture to formt

polyalphaolefrn The process of cIa|n129 wherein the

. %L%@#;RP@Q §% &t h@%\h@ ?E%ggaf Lg g%%r\ﬂl\fsr? a\ 3 B’f{wﬁkmhﬁgs%bbx at

of mul ess
cPsl{¥(T hdmpriormﬁ&ﬁerb.ﬁz cc‘ﬁ..fah f 28 whkgedum £heno oPs.
pol yal phaol efin has a Brookfield viscosity at -40C
when fornul ated in a SAE 90 bl end of |ess than 25, 000

2. CP3he finecspb OGRS 20w ikl e 29lvaihenehihdsR®our point lass than

pol yal phaol efin has a pour point less than -15C The
pr&céss of claim 29, wherein the pol yal phaol efin has a
pour point less than -30C. The process of claim 29,
wherein the branch |level is Preater t han 20% The
vijpdaBe el alpevepoipidess than

greater than 21% The process of claim 29, wherein the
branch level is greater than 22% The process of claim
29, wherein the decene is 1-decene. The process of

cl ?“mmrr% U&a\ V\Pﬁgrg{ nj tﬂqlgli‘%‘loijhxve TIC il! 3‘40%%%{»;} I fge S of

prese al'l'oce
cIa|n138 mhereln t he netallocene catal yst conprises a

co ound havi.n Ph?2 9- Fl u) Zr 2 The
SRS r@&:riﬁgh?ggmwrrb Y wnr*hgggr GRS F?\ Becurs
vvrth a catal yst system

The process of clanm 29, wherein the branch level is greater than 22%.
The process of claim 29, wherein the decene 18 1-decene.

‘the provess of claim 29, whorein the polymerizing ocears in the presence of a

metatiocene catalyst.

The process of claim 38, wheroln the metallocene catalyst comprises a compound

having the formula PhaC{Cp-9-FlapZeCla,

The process of claim 29, wherein the polymerizing occurs with a catalyst system

comprising a metallocene catalyvst and an aluminexane co-catalysi

amount of propene used to fRETHUSINEI/030704



conprising a nmetall ocene catal yst and an al um noxane
co-catal yst. The process of claim40, wherein the

WQLWaIIX2ane co-catal yst is an al kyl al um noxanBCT/T52909/030704

41,

42

44,

43,

48,

process of claim4l, wherein the al um noxane
co-catal yst is nethyl al um noxane. The process of claim
40, wherein the catal yst systemfurther conprises a
borate. The process of claim43, wherein the borate is
selrasbedeh o BIR e GFHRMA GRNSISHbAGe OF . chb b A o,

t et raki s( pent af | uor ophenyl ) borate, Iithium

t et¥alkigieysaEuor omet hyl phenyl )borate, |ithium
tetrakis(3,5-di{trifluoromethyl} phenyl)borate, sodium
t et raki s(pent af | uor o- phenyl ) borat e, potassi um

t ethakios¢pentiamh dbrdpheniic)bonaten: magrestumnethylalunsinoxane.
tetraki s(pent af | uorophenyl )borate, titani um

t et raki s(pent afl uorophenyl )borate, tin

3. t ehaldesépentiafd daraphenyt:bonat @steantrther comprises a borate.

di met hyl ani Uni unt et r aki s( pent af | uor ophenyl ) borate. The
process of claim29, wherein the reaction m xture

CO'TFN p@eses b SlaBeCBRELckdin 81 RRRURLIBHEREEH hd@Bud Sonsisting of
ght percent. The process of claim 29, wherein the

reﬁ%Wf% ‘W*%V%?%H@BH$FW$§%“?%é“bW6bene in an anount

fr Q’Eﬁsﬁ@%ﬁuaﬁm‘{iﬁﬂxg BheRELEERT 1hQ:ARAUEE5:. Y8 ght
per cent
fluore »mdhvl tphenyliborate, sodium tetrakis{ pentafiuoro-phenyliborate, potassium

tetrakis(pentafluorophenylborate, magnesivm tetrakis{pentafluorophenyliborate,
titanum tetrakis(pentafluorophenyDborate, tin letrakis(pentafluorephenylborate, and

dimethylambinium tetrakis(pentafloorophenyd thorate.

The process of clanm 29, wherein the reaction mixtpre comprises the decene i an

avaounyt greater than 73 weight percent.

The process of claim 29, wherein the reaction mixinre covprises the propene in an

amwnt from about 1 weight percent fo about 25 weight percent,



