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5, 153, 157; 5, 155,080; 5, 225,501; 5,227478; 5, 241, 025;

W 20d8e0dh9; 5, 278., 265; 5,281, 679; 5, 296, 434: pE30$4d%G30704
5324, 800; 5, 328, 969; 5329; 031; 5, 330, 948;:5, 331, 057;
5,372,980; 5;374,753; 5,385,877, 5,391,629; 5,1391 789;
5; 401, 8: 17; 5406, 013; 5, 416, 177; 5,4/6,178;

25 wi % propene, e.g., from about 18wt % to about 20 wi % pmp ene, from about § wt¥ to

abioit 15 9wt %, orfrem abicut 1 wi'% to about 10 wt % propene.
{0018} i & preferred embodinent, the PAQ has & raneh fevel oF gieater than. 19%, e.g.,
greater than 20%, greater than 31% and greater than 22%. A level of grester than [9%.4s
attained when propeae Is added fo the reacior at.a rate equivalest to from about 240 gbeyt 10
weipht percent of the toral decene added to the resctar. PAOs with branch levels of greater
than, 19% hiave a kinematic \’1%{.0@21} less than 1000 ¢St e.g ., loss thawt 750-¢51, less than 500
o8¢, or less than 230 ¢S( at 100°C oging ASTM D445, In t_.e:li'ms of ranges; the Kisiemidtic
yigcosity-optionally ranges from 1 fo 400 ¢St, e 8., from 201 10 eStar 100°C, Such an
advantageous property van be sxploited in-a variety of produsts sueh as, forexample,
products which require u viscous ofl or an'inert material with fluid properties. Such products
include dispersants, heat transfer Thiids, cosmetics ior other such consumer products, and the
tike. The pmivaipimmialm\ i‘wmnn bravich Jevel of greater thag 19% of the present fnvention
are particularty useful as viscosity smodifiers for Tubricating oils whereln the PAD ©
ﬂ«mplmrﬁd ina \:“is.cosit‘tym:mdi‘f&%iﬂg amoynt. Concentrations of from abont 1 to about 99
Fnefera*o}y; the coneentration isfromn ab-o-u:& 5 to about 85 nght; pf:r_cem_.
j}iﬁl’.ﬁl Aﬁiiiéiﬁaﬁ&ét ghiove, the péi-'af\"a'ipbaﬁfiaﬁ;ﬁ- also p‘:fe ferably &xi&éﬁits.gnﬁd. o’
SOFNR ﬂgnrhmx_z_x.}}g,e:x.ﬁ.mpicity ;mm}hrgf__inm,qm, A‘thc,‘ gg_x_;lyaiphmiam .ims & Bzm);ig.,n_;aidr».t.sg..o;sg,_iy af
50 blend of less than 60,000 ¢Ps, e.g., loss than 45,000
a.Pm or lessthan. 23 80(3 cPs. In terms of ranges, the. Brookiield viscosity e\pim}mny TAUZES
from :»,00.0 1o -‘-h 000 oPs, By fronn 160,000 1o 30 000 o, i:rcm 15‘,{}(31‘3 foBS,{}(}G «Ps, or
about 20,000 ¢Ps. The. pcs!yalph{wkim apiovally has a powr point: of less than -15% ‘Z, g8,
less than -30°C or less'than ~45°C,

40 °C when formulated in a A

MO171 As discussed above, i a preferred emblodiisent, & pelyalphaolefin is forméd from

the copolymerization of a decene and propens: - The Hquid pelyalphaclefin copolymers of the.

prasent invention confaining decene éxndfpmpan@ MORORIELS opticmally are substantiatly
amoiphous, fe, wherein a orystalling phise su&shm taily abserit from the resulting
polyelefin as defibed by an exothermic peak observation i a differential scannitg

calorimetry (DSC) experiment, Tn-addition to being subxmntmiiy amorphous, the hguid

oz
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5,416228; 5;%$27,991; : 5439, 994; 5,441, 920; . 54424020; , 1, 449;
651; 5, 453,41:0; 50.55, 365; 5,455, 366; 1459, 117: 5, 466649; 5,4701111,;
5470. 927; Wo4db098% 5, 491, 205; end, 5, 491. 207, the contpAl26b/0¥0£t t
arc incorporated by reference herein, 100211Wen enpl oying the

f or egoi ng net adocene procatah st and the cocathlyst is an

al tuninox fine, ligendis'preittrahly different froth i pint
(cpt7"0), and bridging group f(T preferably contains at |east two

EN: ay nmopgyifhadibes &p@f\%}gﬂﬁg HIBRALAGCRRE N dp%ﬁ fiﬂ? %@ib@-ﬁr’ﬁguﬁz@ huBuation

bridging group RI' possess: the structure:
OF Tow weight average molectlar weight (Mg} (g, from moui 1000 1o about 30000, from
abiout S000.to abinat 20000 or from about 7000 to about 13000 2 moii # low mnnber average
molecular wenght (M) {e,g.. from about 750 g a‘l;ag:\m' 13000, from about 1500 o -about
1O0B0, or Trom shoat 3000 ‘in‘-abmré ®O00 ghmol), low i)fjfw"iiﬁgm'@iz‘rv index (MM} {e.g.
froin abowt 14 to about 3. 0 fmm about 1.4 to shaut 2, ? from about 1.7 to ghout 2.5 or from
about 1.9 fo sbow 2.3 3, low jodine nonber, and cunitmiiabl'e kintematic ‘wsmsii:y;.
{€0181  lu sowe ombodiments, the PAOs of the present invention are substantially
saturated, 1o, they possess 8 fow lodive number. The PACS of the proferved embodiments of
the present invention can be obtained by ._pg}l;_ym;e{.i;-:mg decene, in the presence of propene
and o catalyst composition formed by activating ¢ metaliocene procatalystwith a suitable
cocatalyst. I an opticnal embodiment, the polyinerization is carried out i the presence of
hydrogen gas. Ina _‘p‘fﬁtb}?’:‘@d:‘-é’zhtmdimeim the deeene is 1-decene.
018 Alhough the prefored envbodiments of the present invention ivolv the
formation of a PAO from a decensand propens, otheralpha-olefin monomers can be used in
place of decene. Exemplary cﬁpz‘m“ukf ns inclade olefing containing from ¥ 1020 catbon
atosns, and preferably from about 6 to'about 12 carbon atoms, Suitable alphia-olefing incii:;d&:,‘.
for example, T-héxene, | -«‘h’{‘:piéﬂq? 1-actene; 1-donene, 1 @cacm 1ét}l}.{ié&:en@.ii.ed.(jd.eef:m,;_ I
tridecens, -tetridecung, 'i.'ég}gzziatiéceﬁm#‘h‘éﬁ‘:{ﬁdéé@ii& -heptadecens, 1-votadstene, 1
nonadecene, eicosene and the like and vigy! aromatic monomers sm,h as styrene, a-methyt
styrene and the like:
[oo26f  The catalyst c*ompo*‘si‘ti(m used to-produce the PAOs of the present invention is
formed “b}, activating s mietallocene procatalyst with & saitable co-catalyst. The metallocens

pracatalyst is ‘preferably one or 'a»mmmre,.‘(;'rt*m'c;tat.ifs‘cfme compods of the formula (I
{Cp RIRYCP R, IMX N

witerein C 5 of 1 z gand {Op'R] m} and C p “of ligand (L p RE o) are the same or different

nciopmdamcmi rings; RY and R dacht is, independently, a ydro 7arbxi hﬁi.‘oaarbyg

heteracarbyl, hydrocarbyl-substituted ore,ammcmilmd or halpcarbylsubistititted

‘organometalloid pronp containing upfo 20 carbon dtoms; o is an isteger from 01e 5, p e



M rbal k* groups R4 and |le each, itdcpn eitdis r Contai

cycl ohydrocar byl group containing up to 20 and preferably from6 to 2
car honat ouwcatedo/daorine (I to heteroatons such as oxygen, pspiu§1009/030704
tertiary nitrogen, boron or phosphons' ancl, particular, is a
itycl oal kyl, beterocycl oal kyl, cycl oal kenyl, heterocycl oal kenyl,

aryl, heteroaryi, ant-aryl, alkylheteroaryl, aral kyi, heteroaralleyi,
and the like. Min the conpound of fornmula (lin; titanimy zirconium

or haf ni Umteg@r #$n: 2 1@AGw3C Rnd % mSutaaian@tm adjka&%&mg dedvhsSof 1Ry ef erred
group of bridged Metallocenes; those at whioll |igand (CP. IlEn.is.

suhnft ncdwvémkﬁiﬁ%ﬁ%gﬁ& fgpaErd Syergpam b la‘?l@hfgf&t*hw@&ﬁa seeEpRd 9 e s

i ndenyl  OBychd QRSB rinind Bisdiirk QOMER Y reards ANG ch@oBBGMs! 19 15 2 bridging
substituted or unsubstil uted phenyl and each X ligand is chlorine are
parti cul abioyp wdqwzza)%@(%ﬁpr\hw ‘*B??"é@@ﬁ“ﬁ‘ﬁ@t ige p selawe &f BpmpiHe fasach X
tat eafl Qe m}HQ’?Qbﬁtﬁd@l»ﬁQh&@ﬁf 483d, TR RULRESSuQk LY ?!:@WQ%UEN s of
the jtdsint ithtntion incl W th ou% hirnta [Hon: -

di phei ny| fEtEgREEy gy ryd fm‘qvwbeﬁtyif)i opapERHpE, ardnieeiEE;

di phenyl by @d 8rdefitid tﬁﬁ)ﬁp&%l o@é}m )»;1}(;411\5{@176;3 ehbhRRUGE %fdnﬂq,@ﬂﬁﬂ)ng, rupte
zi rconi um di chl oride % i nethyl ene (cyclopenta.yeny

(2- net hy| Fhefsbrpptony M%m & f@ﬁwi?w et ManipehyMadpdyipepeparing these

g ffg:)gﬂ gﬁiag?ag&l Qggggﬁ@gtae&nm& akaBists ard kndb AREAY ey el QRENLAN SR for

di pbeny| nmiERgTEEhE pRivETh{FImed bt stivivgaaytiivoens mrosaiebaiygh o suitable

(3" der t 4t uryteMaklidgrl ehehid RRM.A4 'aﬁ&azyc%nglr&%&aw 2% qmmm S be
dltylyltnethylene (2,3,5- ylcyctopentadienyl) (2

5" -t ri met WRTELE peT s ey ds Avpe st e}ﬂw@;ﬁn@mh‘ﬂxwiwﬁ HERAY ene
(24di ner bV}‘CQ%Q{Lt%%ﬂJ @q“i&@ YLQ::\&()@&M 26 oF ot hui&éjuH&' a@%fﬁ?t@q!gﬁm ) ihe

zi rconi um’di ehl ori de, 'yl met hyl ene (2-net hyl-

-t enbut yI Bset bpes t»%iﬁéﬁ ¥ Mand gasrernopdiog in @nrhife‘lﬂllwm?n% Bgicahpigh
zi rconi um g e0EAr bf8ialyehk XWam el (81 dorb aﬂh}h% i}z%lv i‘&p ﬁl@f'i@g&eﬁ@ﬂﬁ Jysts that may
(Anon: Ely!) 2|rcon|tan dichloride, di-o- | 'yl met hyi ene

(eyel ope nberpnieig|f§r- (rapotymerizaggrificletipe Fﬁﬁ*éﬁt*wﬂ‘éﬁyﬂ yhpmppelywais and
clichldri &@wﬂm%@iw @@mw 86 F(@)‘éé‘@&%%x@w Bk %wi)m of the uczix,iaiimxne

(3,41-dine | - eyel openiralieny zi rconi um-dhc or
040l yhri t Fijal w’ﬁeﬁf‘( é‘;#e*l**?)éé%ﬁé‘@ﬂ%ﬁlﬁ\ﬁ?fﬁuﬁdi’aﬁ r¥ast %y’i@}ﬁ’é’ b %dﬁ REEE L))

nrdoxuui i & ofhi-6R 90k Heys, dk;eP*ésOk ) mml{ﬁ@m 5034549 5,036.034: 5 055,438;
(cy clopantadlenyltﬁwea diehirilide, cli enzgyltlet hyl enée

feyclopen?ﬂ?ﬁ&%&h&ﬁ?3¥&é@§é§?b?ﬂy$é@%PdB@ﬁ@héﬁe $3 SACR SBHISURR. 3B

di ehl ori dey.g§ denk ykni et hxlsem (;eyck@;pwz@fz agki. eny| b?ib@g@i@@(‘b’d)s 24k I egNi um
dlchlorlde dlbenz I'i neth &benc cl opent adi e uor cuy

2|rconlunﬂdﬁﬁﬁﬁe?ﬁﬁ%@%%9e ﬁ%&?Pﬁé?h&Péﬂégtt§€?%&§h?ﬂ?&?@%7'%?3”

(indenti)ss: asmhaﬁﬂwliweﬁktﬂ@z,@l @m{ﬁ@axyhziquk @f’ﬁ@ Q%&PW%}); 789
(fluoret)lz zi rconi um dich di eyekt’hei i yi nt et hyl ene

( 2- t het hy} &4 ¥oobas ¥3é’dré%<y@i¥ N@M % érM’} Q?r‘é@ﬁ?’t ﬁn@aﬁﬁhl*ofﬁﬁﬁ%*
(2, 4- d1t ugidy) domy €k nemt a@&@éﬁlk (43%% dl&f h@sr ih&@e@@@w 49* (%m(»&m

zireonitir cllpheny rlt 2,4, | et hyl cyclo ent’adi’ et tyl |

5' - di : t het-hifk féye%éﬁb?ﬁ”aé&r‘ér 895y 5.491,205; andy P GR1-07 feopiteathel Whioh &F| Vi
(2,1, 54r|g§£ng§¥§{hggggggg&henylf) (2,4,trinmethvittycl opentadi enyl.)
zi reoni unt . dichloride, tetrapheayidisil (eyel opent adi onyl ).

(i ndedy! | 883 ebniirs ﬁii@r}wmﬁﬁud@wv@: matpsifféwwmaﬁiwamd the cocatalyst is
(3-thet hylgy g) ap@al&@a@!@&t Gebhd frgeny b)@&étﬁ@&ﬂ@é&ﬂ' frifbh saine {;ﬁ& hand
tettaplitiddisityl .toy e10|aenta||| rertyli zireaniult diehl’or

di - o- t ol yisizing Ammé*y rrirvzf“ip@m@zwmt W*ta\*(tmbm ﬁwt@yéﬁbbmﬁ}afigqtier ty

zi rconi Ui fudh eBLArk Ay rorred that 2 GEAGHOE 1%@{- ﬁdg Y bk e Joture: . '
Itatranethytcyclopenta I eny 3|||rtoh tr Al ori e, -otolylsityl
(cycl opentadiertd)-(3, 4- cI|t|thyleyelopentad|eny|) Z|rconium

s
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about [LOS th’i notit, preferably from abeam 0.0002 inhic4/1",:
‘about 01)25 intnottiL and triere preferably front about 0.00025

m nol | f. twoahpwbe7®<02 fQ0261Correspo. adngt of hcse anmouirss2009/030704
-ansition ieftd, aturni noxithe citeatal yst can by utilized in an

amount ni frurn about 002 nmmol|," to about 50 nural, preferably froth
about 0.002 mnoll, to about 25 Inman, and room pretetably froth
ahead 0.02 Marra to about 10 itinQx(t.i The Optinitini |evels of
bri dged thetal theetthiprocatal yst and no cocatalyst will, to

sone: extent, deperrd upon the spothile pr ocat al yst arid occatal yst
sel ected as wel |- as ot her  pd ynefi zaiton pr ycess variabl es. 100271In
ternms of |evels of alum noxane c%t at: Myst to notall ocenta precut
.thee s eau be a v1000:1, aboat—756:41, abewui~560:1.250:1, about

100: 1, about 50:1, et about 25i, I{n some: Mhbbdi ni ents, thel ekiel of
met af t hi eene prorat al yst k alinuipl oxgpe eckcatat),cst tsprefeialily
50(11,. In other enbodinents, the level df thetallomre prCcatal yst to

al ut hi noxane cout hal yst is pr eferably 100;1,still other enbodi nents,
tho | evelypf..t-het ys. ot ane at al yst IS
pref erabl y&g 3 1!8%}1 ng fmg%}l n%hazgdeg I%%tﬂ §(I %e%flﬁgg‘t alyst, it

can be: &d@@ht@g@ﬁﬂ}h&f!‘ﬁﬂ@ﬁf«dﬂurﬁoﬂmw W and z’vi‘ﬁﬁﬁw immmtv Sbupha agnarich as

hi t het byl { it ig g I Jodot

A uM ntr I%&x??:{z{'l g:.léqt tm{dbs ]trﬁ Ly %)’%’E]!%;g a!}iﬁhl%x&an t%(ﬂ* e b%HXu)f ghaspﬁ)m& andd,

usobut s| dhantindbmis &ab‘idﬁ@ifné ibe?ck@m closkyledielkehe Pamw%»dm% aryl,

al um noxt d, ! I .

o bont oy s APILESCRAGRLE, G oh OBl B TERL B9BAR coppouna

utilized q% Fiorrst (Rirls flapip, t!tyﬁmzwrlhewmeq ip? @m?arial’r Jfds huddgefr ot h about 1

to about RAEHE a%tﬂﬁ?&?&@ )’mz} TPl x@éggﬁpm%magw?g%@ m%%’ah igbqg PAhHE D

al so cont errpl ated th or anioniclg

opt i onal |y substiigie pt w@e}hﬂ#@hﬂtmwgﬁmﬂ higned ey’ Bs*} @\mdcy:y&r ﬁumﬂﬂ Mis

aCtivati NG {'P%{iqu lE{@Céﬁ’Eh x@w@gtﬁgtu‘ﬁ @L@i}s@f&gﬂuﬁq ¥nd each X Heand i sx

nentral met a cont al ni ng conponent's’ i nc or anos Sueh a

perft her d&ﬁwlb%mﬁ@w@i@i‘rﬁ}QWSéS e g, fris (pentafluor ophenyl )

bonne, trhghsy(t £ ot b

tris(tril Ibi@zt or o?ﬁ%%gw gkléi’l{g%gh%?? 6 mw)m q}“ﬁ T“f be 't S mt% fl

- phenyl) b@i}&meu’aftﬂhms%ﬁse}ﬁ ﬁ?afffmbowwyiwkl)m b@mnezmtmnsnchm x\xihmﬁ
(letrall 4 K ehl ¢ s S,

tri s (peﬁ% ;t;gne ?ﬁg%%%&%ﬁ?\; @%%e(gﬁl%&q%gﬂ% iikémpr\}{um QL {lo 9{ ﬁg ﬁ%%lﬁ@g{yr%ﬂ@

boritne 4@&1%@\3@?&%&14 S@& hisalpseti ﬁnf@@@m@ﬁmmpbinem §mhcm®hﬂhbénm

al um numg &84 (8f d ¥ 2Rkoni C

fitetail o?% a%g‘#tﬁﬁﬁéc&& gﬁéﬁ‘% §9f} m(;ggﬁgg{gt §£§‘%%ﬁé‘%“y"°% A+

per f | uor cirsihyiBeiapasdicayl & r:aﬁm@ﬁ(»pm@ammwnmmiu)n doeride; |ithium

terrakia ‘QI‘:E?HI h O ) 3 (~l’ & .>-a,

r ei nki sf tdtr%lg fj’l ug{hg{méét%hﬂgws rp%@i i}go}%‘gﬁ k&(ﬁ):\ ) {bm}t etrakis (pet t

fluor henyiefisirorl @im@aisaamnm Hiehipade. dizy ;g@m::aﬁm&ﬁﬁ bor at e

magnesi umg pheaylk,).. &£ L AR rahis

(puma-fit ;ﬁ;@ﬁ%{;@%&@@%%g ;g{g};i){]{@ Qi rse({{i}?}s&?&gﬁn 3‘ Tt“%jofﬂgp enyﬁ\ borate,

di t net hyl< %quidmd%mi‘vii@ﬂ%\é%iké’{‘é‘émiai%d@mhémﬁ) {3boratc. and ale a. O

Me ftheg ierBAL Li, 1y ¢ BED e e

T e R e

lithium f}faéﬁmak’mﬂ(i rﬂéﬁ +1m§b@tph@n3rsﬁ§}kb9¥r}m@danﬂ} Ifzrqohmumiit:léw@kl S

(3, 541i \ & L oL ] o

e rreﬁig“ M%@ig&ﬁgf’%g g&lgggw %3{191%5@ S ‘%ﬁxﬁ? %ﬁll&fﬁ X cﬂ o {81»%:9 %1@1}

hanged, Iﬁ@mwiwiig‘oﬁlfettlaiimt‘fhﬂﬁk’fi m]xr@duanii} @mﬂemmréﬂém&m @heo nt al n| ng

conmponen . e

o bout - 157 gt @l Bt hadteny NEL oy RGN Aol i,

l'i pi d-contai ni ng conponent is dit net hylanilininnttetral sis

g .



1003311 n sone enthodi nents, the activated thetall ocene catal yst
conpo:s pnpared in advance and .thereafter the conposition is
i nt r oducedwioom/doazpot yi n: eri zati.on reactor with the gebsnovpooser
(3), optionally Mthe presence of hydrogen, 60341The teacti On of the
Mendi p: done procattilyst with the a hani naxane cot |ySt to generate
an aCtivated torimlimnme eiriiilysr is conducted at a tetinerature
rangi ng horn abi to about 100,from About O to about 80QC, from about

10 to abogtolfibeOficad ky @b!%&ad%nﬁ) ﬁQ »@Q@t& a~5@§p¢n§a@ln§i} bk duRR ek k0skef
fi wm about. 1mnutetoa ours, fromabout | mnute to

ahoi tt 50°ipbigtdmetyyle ﬁf[“%ﬁﬁ{mﬁf’ﬁ&}@%’@*hﬁ’bﬁ%ﬂ‘%ﬂ%ﬁﬂé dibepevigilengbout

1 note t orca@MhidRaNBliltFaSuothyley Qf@pé&%f’ 201y BBsh @ &0 @ (ﬁ@ﬂ?\finmhv Jerie
YO Yt hCnl nogn 01 t he af oreneufi oned nononers, m usi ng hydrogen, ™ and

the acti vatdeperhdiayll Geispd) saraispshiciaifepiibaay picdylaau{cy ﬁomﬁy “Riown
manner;  eih;BRnlih StlodiPNAseR e 5@9&:‘%&}1}&@%&%}\%}!}9 r(a,ﬁll )EK;QQQ¢§§*)) (Qberkd). @
suspenS| on process, either. continuously ttr. hese processes
are gener dlPyiEidiageslityclpbowd hp@ﬁﬁ%ﬂﬁ?déé} 11} hﬂ‘{(‘h@\ Pairgaivt diekatds: about
OC to ab 0&!&\ L%@i@‘hﬁm@ hlewe- (2 gQ&%ﬁub@%ugﬁﬁ&% BRI, cnl/%%@v\ilz\'ﬁ{uﬁ Q{Ehﬁsggyt 106C

to about 1 ™WC, © r Om about about

pol yner i z‘ﬁt"i»ﬁ’ni\é‘ﬂé%‘ﬁ)@#ﬂé‘tﬁlﬁvé‘r‘vlwk)ﬁ?ﬁf%%%Qi%&@m@@}E?mtlﬂn}\?étdﬁémﬁk és(@hf(h}éi of
hydr 0gen; qizax&p 11 G Dy § k0 c 10
hydr ogen: qigia%& kigtabyRIQ ke % Qﬁ‘mﬁ%gg&ﬁ‘*“’ﬁqout &‘cl}%g‘ﬁs‘f'ég ggek:ur agﬁegs P U
10 to aboﬂﬁﬁ‘m%’g‘iﬁﬁ@ﬁi‘aﬁﬁﬂiﬂw Foiptiadercbportglty O from about 10
to about @O RSkGyic v}&&%ﬁék&n@hﬁ%@m&%&ﬁ%ﬁ QL@%@G&J@I:?@%R&lﬁ&nﬁéwm i}

of : t hepol lnerlza era direct. bearin
pi ti | yt neldidaryibgvopimgichipsdestpysphenyddisii] 1»!3@1%11’%1%%%%}&@&%&

“properti CguEnif il ilﬁg\éﬁlapgéiwﬂ%ﬁt &{@J@&Qé%\ il {]ﬂm%{ﬂ DRLnRnSildeneed
by the iodine north e (ienetdl yt'neti zation ternPeratura

appr oach $-o5oistwl <m&‘i’tt“ﬁ@ui‘ﬁ&l“%‘ﬁ?ﬁiﬂﬂ*ﬁ@#‘ﬁ%ﬁnﬂ)ﬁé&‘eih‘é‘ﬁ dibiorisg di-tre
podynpr i z@i4Qh (e ﬁ‘!&l&nt‘aéﬁcﬁ'ﬂ {‘t@t.llngi?@ iu%@ﬁcﬁta&pr?\? I?fi!‘()%ﬂ@lﬂl JRLREr iR
shoul d he substanti al ose Me™ 1 nit ynmeri zation

t enper at sty H“t‘é‘ﬁ‘»ﬁ*éi&’ﬁéb@ 4- ﬁ@ﬁﬁ?ﬁeﬁf}}mﬂé‘é@m@ Bhenitg dsbloride.sdhRen at
pol ymer i zakiam (Lﬁr@ﬁﬁ@élt&cﬁﬁu&%&é(%ngu%%k %}ﬁé{ﬁmﬁ @@ﬂl%s%&edgbum iyl

polymsrlzatlante erature; thrl tnati telsin "
OXCt her i r{%ﬂéﬂmb%ﬁhwﬂ W epsne b ey @ hrisa Brcoepaiivt (ayelopentadican!) (2. 7-di-
pol yret haﬂﬂu‘isﬁ@u&%ﬂ%ﬂz%ﬂﬁsﬁx dlé%@x%dz%%%)ﬁ@x}t 1161 {l@gHﬁ&t&% u&lbﬁlﬁél@ﬂ@b ,
l'i qui d pohok . poi ySti 4ution can I'n" neat uid
nonomer (/Lneﬂmm*i dfqii@!ﬁéf)s‘éﬁé@h@?\ @s@hx}@mm)clmmciwmér@g?wémmnﬁemm
presence gfysalvent, Dilution solvents tharcan be enapl oyedi ncl ude
strai ght and branched chain hydrocarbons such as the butanes, the
pent anes: 10038 heXieragialyher pribigoamesiovehwite themestallopens procatalyets of and
010 I keaﬁ@&im@i; &ygmliﬁ Ry 8¢ aggﬁtsibsgﬂ%q:%UﬁsQ;“QxS{(w é’igja@&ttélﬁiér@ procatalysts.
eyel ohattane, cyckt hept at e, t het hyi r eyel eper nane,
ni et hi cy CreRelEaNPIInosoaeotRAleeRe s b mReKanPres Ul Reamefhdaluntinoiane:
~al kyl - SO3R49, arematie:s, %@a@ww%ﬁt {h(%@m%-'éﬁ &km@% mcdifdBkAgy and
the ijke andanaturcit thereof. 10038A° typi cal” batchpol ynerization pro
.ss can BeRpREyBdl iy >*iiﬁ?fff§b‘&&é$ ng the liquid monoftier. ng;
"1-det eri@pasgi N8 AkANG: Bhadel nROULALABLLLN od :
hydr ocar bon frl I ﬁa b “ ﬁe?anegﬁv ?&) %‘%%Iuhbgﬁg Hzt:h‘ﬁ{@lmmﬁ;[ T ed
tank rencEIONEL EERdy R ﬁé‘iﬂi’ oS sifion @?aﬁ&‘rqﬁé&ﬁbm fromn »‘i‘%i}ﬁ?@s@m@— &f an

addi t | opalseddeaisi Ghypm0N 9@? Lenha 1 f:gm &our%@ﬂﬁmdi tL 18aR3P8 oddedyeiid iﬁgztc

sequePtittlly O si nraltati cousl he ot her nmom copol yneri zat
i's carri guPRblY Renpregid s Dl ése&sufsﬂﬁbnmd%rér 0,gt., propene, the
gaseon, oner is spatged either into a solution of the other

Mononmer (gliSeinis or liquid) or into a neat |iquidnononer, typical
pressures of g, aseeitis nononer are from about 10 to about 100 ptig,
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1.004QLOnce the desi Ml conditicitia are establisbed,a. hydrocarbon
80baj l op iu.the.:reqi.Sed anpbunts are Men added to the liquid phase
in the reawb%og/ojmzrat e of polynerization is control | g@yks0/030704
concentration of the catal yst and nonotner(s) present() added during
pol ymeri zati Ori. The reactor tenperattne COntroll ed by neans of
cooling coils, ete.., and tl-winitial total pke;..;sure hi the
reactor is maintained by a constant fl oW hydros, * |nert gaS, gaseous

nanuant er (p86jOr  Go:6RPRINRLL MRsd MRKRQL MakiRQtakd @M&&%\E@.m,as st
conpl et e, the reactor la de tessurized and the cataly

deact i vat €8 PREEGA R SHEL 5 ﬁ%‘&h‘%“‘“‘@b‘é{h{‘“‘e‘}a&‘a?*y%‘}‘t’mYﬁ’ | feﬁfhgﬂ abdun be
lwrat ed fHomubHe008885H0N 1Pk iQ)g{mStmmW Baf h&Bre M hitoﬁxla@s&h@!lﬁ” :M’ﬁéi@[
or a mxture of both, then by phase separation -’t he hydrocar byl
conponent {ORERY 1P Henokhudbasrtiaenbsne at brderd @FWH@QW@W%“&‘%&#@ solid
such as eﬁl&&iz}m Qm Qfddgtﬁsi H ¥, mt%@:m Mﬁéﬁd{ié{%g(ﬁq;ﬁp%}b ldeBLaPtr}»QgHﬁit and
filtered. The g yolofin can then he rtiov fromt

hydr Ccar b‘ﬂ“ﬁté%)ﬁﬁ pré d“byﬁ@ﬂ 05*@?E?"EI*MHP‘“”W@WMS*H@@V@ evapor at i on,
di still atjy et ebhenr ik & ols
200910997!}_ ZP&FI U!%Z%rgg‘jc% §0é7102i 1 1515\9%5 9&9&5&8%@@&09@(@ b{o‘égzzlwim ie»
Monomer ciéff ek ngainéb\v?%’sﬁiﬁwwihi ‘F’@a@t’ T2 c@@#éﬁf‘& ﬂf?auhv}drré%r bon
st hai ent Gan: £ AL etiahdd md%é%em%&m@&& ﬁmpfa@qqs&m&wokgh

pol ytherip.: Spent. eandyst coinportet* can fron

react i on EENEEs MRETaRlnS0 Ehefher ambaﬁremw»dh» ey wémewogni prosetalyss of
both, t he«nmﬁmnm%&a%@% c&é?%l@ieot hqnhwg@&a&@éhmﬁgfm%%&&t or at he
agueous: conponent . pol yol efin can. e recovered-from
t he hydr‘ﬁ%‘é’#qka'w §‘1%Mﬁbb@ﬂ§%¥%wmii%ﬁa$ peferbbhdds, , G . g

evapor at i g’ di @Nﬂ 4:3@&&9&3 ;i!’teli‘&ulﬁ(}’@tagu{ﬁt;ﬁg\i 4R anbﬁ@'{d%ig@@%‘%g netudea
atirlnsired, EXAW The present” awcnti on: V\nﬁnowﬁ)
fit:dim d@sléywéww %(W‘H‘*é%? *é‘ﬁ%é* ifipgihy bt gk thy Hewdicpy fhaxanthet
10043; . ha‘iﬁhﬁﬂﬁ t;@&%&no;g aﬁ%zz%@@h@m@?@@ﬁ&ﬂﬂi Ehahgl R&ﬁmﬁ&{l SWEHRREE o
into a 25 viii.h O wts added the'vial an

Testi: ta&ﬁ'émeéi}tfs@ww‘éﬂ iuﬁu@\g!nak@mﬁ ﬁs)* rﬁlhfﬁ!ﬂ@sﬂmmm OO eirPeseat ur e.
100441A r’g%bg%ﬁdpqu? I@ngm.‘?zliribet 5;@!%:12% did ﬂxq{hn@mbﬂﬂ&ﬁ% ﬁttzi?z[» %ﬁn&i%ﬁ%@ ¢,

Wtl 670 grans of ry 1- deconel e reantor was

ni trogen: m“i%lffpéutté‘é?ﬂ"@ié sygddtopy ‘8195%& mtﬁ’th‘&il 19‘&#@%@?@@? figm '@’9‘@ ‘8850*1*
grai ns ofsgaropene Was then added to the reactor, which resathed in
raising the teat:tor press* to 38 pstg. Hydrogen Was added to the
reactor tI§¥H| ngtitiso ﬁ@é@v@ﬁ% Petsrpubaios aBignip §te&¥i@d*®mﬁ@m cgrpoBnRg
syringe apd 0?&@@;&}'&%& Rufthed %th(ﬁ?ﬂizﬁtﬂn\ﬁﬁu@}@h@fai st t%&ﬂqgtqeﬁ&, ¥r§l¢ﬁ§r@:m
reactor. of agitation, the:reaction was | owed

proceed fR5PCa8Ghi Lﬁt&%"é@f‘ R reiderd- V@@lﬁlﬁéwﬁ%&@m@dmﬁﬁ‘@v m%ﬁ?vw h

ni trogen anghotRSREQAUEHWRSS, o & . S alur e
for rervaaI {[{0%451p| n- Iiljon BI “f@%%%gﬁhgﬁrg%gkﬁe%@u @{ggmkgifﬁal i{slar;y%

 kastra iopErdedtboomarsiperpbedine, tris (3.5-difisioormetnd phengh Grane té
powﬂer nd @a&ramué gmmﬁl Ge maa@@ﬁk@xﬂéma@@} &Qafk%ﬁ% 1%@' o%ﬁ J&@v&ﬂ eil
was m xecj m nut es, . sohni’eu was hexed usling a
pES4n; mﬁr&mww Hooprtiyarophiy ﬁéﬁg@ﬁ» pridegs (el Hnaufaoxseﬁhm Breany bepng fe¢
di sk, | O%Q&kl@«p@#z%mmw&%{uh& '\/dﬂ%}@» nedad Ji%j}&&%ﬁﬁ}%@k@n@gzs.%zg&
sektion by ‘evapor at ni n under prosanke aMaly Narptitatofr
pt al yt hafCtiPoHEferial alai ei had a kinethatic Viscosity at 100T
0004: eSty 'aé?:'i,z% GR RSl mQluded §U
10( 1471Ex§a£H3 . SFI n ?ﬁe?u%r grrlﬁ% {g:gﬁ Eﬁ%m@gﬁ @cm\é/\\ié@ﬂg%&h% ce
the propé®i Eéiﬁﬁé bergis. ot -t INbiuSHbrikes (pqnésl‘k@yf@has Qf Yool h&ww&m‘m e l.

The pol 19 3 e y cSt
I 18@3(/: r{ggné&gx%%gﬁ%p?gvégﬁggb gml}@{%m%x%k NeARk: QuYibaeash bieOh iRk,
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Exarnple 3 100481A. ioeE. tevel of CoCataly,st:CatalySt and the
addition of activatorwas itsed. h glove boxgrans of

Pl i 2C( Cp- 9w 1opesehz and 0. 0288 grams of di nethylim | i nPomusiosdsim4
(pernal | uorophonyti borate were weighed out into a 25 tnt vial. 2A
nil oft.51% MAO solution and 9.6 grans oftol uene were added tothe
Vial and the m xture Was Al l owed to di ssol ve using a shaker far 10
M nutes at rooin tenperature, The renalnder of the procedure was the
sanme as Ex&imph &Eiﬁikﬂhﬁnﬁﬁhé‘{b@ﬁh}\ﬁ}ﬁmiaﬁﬁ §u ,@@Ai%}bﬂth@dﬁﬁ}iﬁ&liﬁ(ﬁét? A
| dneMati e viseoSit bra i n ghevel %;
Exanpl e: 4‘1Té%4§‘iﬁk%tﬁﬁ1 f@“% *é"i’éi%%éié’f’é‘éf F*B"tﬁﬂ@‘%ﬁ P?g WFORREY) Rite
3, except #n k&x\éﬁ;@ Q}aﬂﬁﬁﬂ&ﬁ;@ﬁﬁti@ inﬁlii@Qﬂnzgfwimh&ﬁhz\/!&ﬁ&v@ﬁ@hda‘@@m‘f&haﬁ?a & 1@orate.
pressure | ard |ncrease as found in _Exanple 3: The pril 5anit

was

det er i ned?4 &= sk dHghe W“ﬁr’éﬁ‘é 3‘%‘*%71 %‘865%?‘t*’y‘*‘%3“’8‘*)“3‘”“@Sﬁ“ﬁ*ﬁl‘i‘ée@i@‘ﬁ?18‘”}“{3
brandhi ng aheMel} ;ﬁ;idilﬁ%w%n@ hm@n 1Dbs (pc&m@d@&‘hﬂ)&ﬂs Al BorkiB @nd B%Rkn Of
CoCat al yskeat al yst. and th dition of. was_ -used wWith a tower
| evet of : pieHeRe i f ﬁi}usmg%véi Beseyh @saz@t»gara?fghﬁﬁd Ph, sengRpediments,
F1107A- Cly u@ﬂ&z;,Qwe%%m@.{mmr&&gb &txﬁ&w&é Mg ddatant etral ds

pentaflu? l'ienyl) e Wre % out .into 41 25 nil vett,
0,6 m of 3Tk me@n%i P%&%ﬁ FiopicgRtisidraiiarewcaanese da vEligdded
to the :stiRlaraneh b ARNbXll hacanyall M@Qz D oehsioNs, MR 2oShaker:o.5f ht
10 |njn|tS at room MiperaMe. The remai nder_of ,the rocedure was
{:he .samd'’%8 ﬂmw»émidilGéiz%wlwfwwqbﬁa%mmi&w@s@ﬁéw;as added: to

a pressur gh@asenal Borke P8 Byel The bszlaw{@n:zmel;ﬁtihzab&ﬁrp&m%w@urid to
have a: kinematic-viscosiity of 754 o.St at 100C and_.a. branohing

level of P89 [ dortional i#b%?&ﬂf«ﬁfa%*}éﬁé% &t mw f}%ﬁa%ﬁpfr%‘ﬁé Tabl e
WO 2009/ 09@ kel & & LA&&Q@%&%&ZQ&;&% thd—zgﬁuxémﬁme@xmmi1&%&@&0&1&3@%% Aty

A.. 00 Pol.smuvation "Kkrnperaujr.
the alurmoxane cocutalyst, optiona iy in the presence of a ieutral or anionic metatioid-

gobtaining component, efthér simultancousty or iy any ~;s;qumga-¢;szd with any interval of
time ihemiyet‘wem and vither b the pru crve-ofy or i the absence of, the olelin moa'n:an}erg"s»}
and wptmndihe for-a:time {)bﬁud rANgig &mm 1 rinute to 72 hs. ()plmﬂaﬁw aclivation
oceurs in from 0 to 99% of an inert hydrocarbor solvent, either aliphatic of aromatic. Ina
prefeired embodivuent, the metalitdens af;a:taiyst s activated for 10 mmuies sl foom
temperature and with teluene as sdbvent.

{06337 In SOME embodiments, the activ ated metallocene cataly st compositions i3

prepar od in advance 'md thieveniter the m‘q@%stmn is introduced Tute the p@?\zmanzatxmx
§8§34§ The reaction of the :’mﬁaii@mn pmmmﬁwt with the aiummmmm: e amlyst to
generate dn activated mictillocens catalyst is conducted at a femperature ranging from about
(0t about 1O0°C, v.g., from dbowt U to about &1C, from gbout 10 to about 30°C, or from
about 23 fo about SH°CY for a.time perted of from about 1 minute to.about 72 hours, e.g. from
about 1 minute o about 30 hQ"iIi‘SZ? froan about | mhnntete about 38&}0&1‘& or from about §

“minute 10 about 24 howss.

it



90 Polyrnae, ) 10 30 3030 30 Propene, g. (psiQ) Ce- Cat al ytt:r
Ilts.tpe nt. of 10% (1.5M MAO olutin 33(3S) MAO 12 0 (NI 3 MAO 33
(40) MAO Woeigw9e788) MAOA . O 0.6 leocatialy'st ameyniskoosozo7os

[ 1. 05gr]

7 .(0.2.1ml [ ._ Igi (0,053g/1 112 100% pita 50

[0035)  Polymerization orcapolymerization of the aforementioned monamers, optionally
using hydrogen, and the acvtivared metatlocene catalyst can be varried ot in any knowi

nraet, « i the Tiquid phase (e, in 4 solution & shurry procéss) or in a suspension

pracess, either continuously or in hatch, These processes are generally cavriod out &t
: iémpm'axmfss:331~ﬁz€> range of from about 0°C o sbowt 200°C, ¢.g., frons about §°C to abeut.
150°C, from about 10°C o shont 100°C, or from shout S0°C to about 150°C., When the
polymerization ar copolymerization is carried out in the presence of hydrogen, excmplary
pressures of hydrogen used include from showt 10 to about 3000 psig, e.g., from about 10t
about 500 psig, from about 10 to about. 200 psig, Foin éﬁ{;ﬁi 50 to dbout 150 pely, Or frtom
about 10 to about 60 psig: '
[9035]  Hshould be recogmized that control of the polymerization femperature. hasa direct.
bearing on the quality of the pelymerization, e, 5., activity, as well as the final product
properties; &, the Tevel of unsaturation i the polymer as evidended by the jodine mimber,
Generally, as the polymetization teniperatiire approach I50°C or greater, the inaximuin
exothern, should be sahstm.ﬁ:iéﬂy clase io the Injtial polymerization lemperature. Tn some
ixis:tz’mc:e:s;'hﬁmrer»fez,: care should be: taken at polymerization fempetatares excoeding 150°C:
such that the polymerization temperatare; even fo sitiations where thete is dn exotherm, is
DOt :meré’ ‘than about 20°C greater than the wnitial polymerization témperative,
[0037]  Due to the nature of the final lgaid polyolefin, the polymetization san be cartied
ut i neat liquid monomer (1.0, i the sbsence of solvent) or, if desired, in the presence of
solvent. - Diletion solvents thai-can be employed inchide straighit and branched chain:
-hydrocarbots such as the butaries, the pentanes, the hexands, the-heptanes, theoctanes, the
decanes, avd the Hke, cyelicand slicyclic lydrocarbons such as eyelopentaiie, ytlohexang;
cyelohieptane, mnothyl-eyclopeniane, methyloyelobexans, metlivicyeloheptane and the tike,
and alkyl-substituted aromatic-emmpounds such astoloene, xylene, g}_.:;d.i}‘mi;iﬁke and mixindes
thersof,
{038 A é:ypic&ﬁi batch solution polymerization process.can be.carred out by first

introducing the Hguid monomier, e.g, T-detens, either alone or in combination with an

 hexarie, Kylened, sty o d stired tdnk reactor, I

sgtional hydiocarbon solvent; ¢

copolymerization is carnied out in the presence of an additional Hauid monemer, £.g., 1+



50 50

." ..._ 50 50 catal)tst Activator 1 vpe None is.otie Borate7

: Bor até- Borate. Activator (minis) O 02S80. 0288. : f

Agl t at or

SweQdog/owm 550550 550550 550 Decengi axns 670] ﬁiﬁ‘mszﬁ@ﬂbk(ﬁﬂﬂ

670 eneatalysittcatitlyst Mlar Level,

octene, it can be added sither sequentially or simwltancously with the other monomer. If
copolymerization is carried in the prosence of & gaseous monomer, ¢.4., propens, the gases
memomer is spatiged cither into a solution of the other monomer (gaseous o Hygoid) or inte a
neat Hiquid mogomer, Typical pressures of gaseous mongmer are from about 10 to about 100
psig. 8.g., from about 10 to aboni 80 psig, from about 1010 about 60 psig; ar from about 1}
to.about SO psig. Ina preferred cimbodiment, 7 polyaiphackefin is formed from the:
sopolymerization of a decene and propesns. In a partivularly preferred embodiment, the.
deceng is 1-degete, When I-decene is copolymerizied with propene, the feed lovel of 1+
decene o propene 38 from about 100:1, from gbout 100:2, from about 100:5 orfrom about
100:10. |

[0039] A minor amount-of an inert impurity scavenger; e.g., the uforementioned
trialkylalominum compounds, can optionally be added. The reacior is then heated or cooled
1o this desited temperature aid a masared smount of ydrogey can opionally and séparately
beiptrodiced infe the stimed lank réactor. By carrying out the polymerization reaction in the
presence of ydrogen, a hydrogenation step is eliminated and the Hquid polyatphaoleting of
some embodiments of the present fuvention are substantially satursted and, thercfors, will

possess a low iodive valae, S, an i.@diﬁ‘e-nmiﬁﬁer" af from about 0.9 to about 16, pﬁrefémbiy

from about O, 1 to about 3, abd msst preferably from abowt 0.2 wabout 3.

166401  Oueo the desired condiiions areestablishied, a hydrocarbon solution of the cafalyst

in therequired amonnis are then added to the liquid phase in the reactor. The rate of

polymerization is controlled by the conceniration. of the eatalyst and monomer(s) present.or
sdtded during :péfmﬁ‘erifmﬁen; The réacter tsmperature i controlled by means of cdoling
mzlv«, ete., s the initial votul pressurs in the reactor i mainkined by a constant flow of
hydrogen, nert pas, gaSeous monomer(s) or a combination thergof. After polymerizition i§
complete,. the reactor 18 depressurized and the catalyst is deactivated by conventional means.

SBpent catalyst components can be Iselated -§Tmm the reaction produst vvm_gm xing with, e.8

-aleohol, water, or a mixture of both, then by phase separation of the hydrocarbyl component

from the aqueous component. Alterhatively, a basic solid such ak calciui oxide may be

auxed with the reaction product apd filtersd,. The Hquid polyoletin can theg be redovered
from the hvdracatbyl componont by conventional methods, 8.g., evaporation, distiflation,

ete., and fhen farther processed ax desired.



500: 15001 1001 100:1 15:1 MAOfIf 01:1 1,.1 kttwuor Catal yst Meter
Level, 0 1 11 11 'Borate:a .1) ro-catalyst 'Tr. L PCP4 PCPN
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{0041} Depending on the amountof monomer conversion and viscosity of the reactor
coutents, a hydrocarbon solvent can beadded toaid in removal of the product Thpaid
polyolefin, Spent eatalyst components can be isolated fromy the reaction pjmiiug{ via mixing
with, £ L. alcohol, water or 4 mixture of both, then by phase separation of the hydrocarbyl
somponent from the agueous component. The liquid pelyolefin can then be recovered from
the hydrocarbyl componeit By conventional rivéthods; e @, ovaporation, f&i&tﬁiatimg eto., and

shen firther processed ay desired.

‘ EXAMPLES.
[0042]  The present invention will now be further deseribed with reférence o the
following non-limiting Examples.
Exuriple )
[00431  Inwaglove box, 8.02 grams of PhaC(Cp-9-FiniZeCly

wial 13

s weighed hufo a 28 mid

shaler for 1 minutes at room femperature.

[0044] - A moisture and air free 3 fiter Buchi reactor was charged with 670 grams of dry 1-
decene monomet. The reactor was then purged with nitrogen. The reactor was brought to:a
teniperature of 90°C, 33 grams of propede was then added 1o the reactor, which restlted in.
raising the reactor pressure to 38 peig. Hydrogen was added fo the veactor 1o bring the
reactorpressurs 1o 30 psig. Using a dry 5 wl syringe and needle, 5 ml of catalyst solution
wasadded to the reactor, With 350 rpm of agitation; theregetion was allowed to proceed for
30 minutes. The reactor was then vented and purged with nitrogen and the product was

- allowed to canl to a safe temperature for retnoval.

{6045] A portion of the reattor contents, 100 graws, wis trangferred to a vessel eijuiipped
with anagitator; and 2.0 grames of powdered caloiony oxide was added, heated o 60°C and
the solution was mixed for34 minutes. The solution was then filered using a prossare filter
with 40 psi nitrogen pressure snd a 10 nsicron filter disk.

10048]  The polyiner was then obtained from the rémaining organic solatidn hy

evaporstion under reducedl préssure I a rotary svapoetator, The polvolafin materiad obtained

had & kinematic viscosity at THPC of 96408t anda branch Jovel of 22% measured ‘as %6Cs.
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y. 00030 Catal yst Added, grains: 0.0083 (Laws0O,0083t0, 0083 G 0083
cat al yst Added, grans 04375 . 4750, 08750. 0875, 00219 'Actnatoi, Added,
atatris OweQ)ol95Q2 01195 0. 01195 nernatic Viscosity, eafites200080704
760967: 875 754 arrineb Level (% Q ii ,", 19,....f.19 ...MAO rnj h
t 4ununn; 2.1-.0/.aic - dialc.thylaniiini.mt4n4is
(p.!'ffolfluorpplion)i) ',wap,: 3VC F - diphOyl neth)
kat | cycl oondi enl-9-flitornyl)4TOOnitlin dichloride. Dadani ned by
hul k& spegtrescopy 6.1 thin pabtn& films on a P.:;:t: in431ther

i ni hred sPectTopl i otot mOklel Spebtritin 11000, by contiaiion a IS
rd.: MOT iﬁiWani Rarmpb T wisatripredtio trehah fogpieiel ot ppanpia . blimitrgseh yrenaged

Thi's - in place of the propens being add to the same pressure kevel increase as found 1u Bxample 1.

The potymer was determined to have a kinensatic viscosity of 760 oSt at 100°C and a
branching level of 19%.

Example 3

30481 A lower level of CoCatalyst:Catalyst and the addition of agtivator was used. Tha
gloyve box, 002 grams of PhyC(Cp-9-FluZsCly and (L0288 grams of
dimethylanitiniumtetrakis (pentafluorophenyl) borate were welghed out fute a 25 mi vial, 2.4
mi of 1.5M MAD solution and 9.6 grams of tolbene were added 1o-the vial and the mixture
was allawed o dissolve usting a shaker for 10 nioutes at rootu temperature. The remsdnder
of the procedare wag the same as Example 1. The pol y‘iﬁﬁr Is this example vas famd to
have # kineriatic viscosity of 267 vft at 100%C and a branching lovel of 22%

{00491 Bxample 4 wasprepared in the same manner as, Example 3, except nitrogen was
wsed in place of the propene and to-a similar pressare level increase as found in Example 3.
The polvimer was defermined 1o have a kineralic viscosity of 875 eStal MG and
branching level of 19%.

Feample 5

[0#50] A furtherreduction in the level of CoCatalyst:Catalyst and the addition of
activator sas-used withua lower level of propene. In aglove box, .02 grams of PhaC{Cp-9-
FI0)ZrCl and 0.0288 grawmis of dimethylaniliniimtsteakis (pentafivorophenyl) bovate were.
weighed oul intd 2 25 ml vigh 0.6 mi of 1LSM MACGQ solation and 11.4 gramsof tohigne weré
added 1o the vial'and the mixtare was allowed to dissolve using a shaker for 10 minutes at
PO tg%mlt&eztzﬁur_f:,,, The remainder of the prfmmii}mwas; the same as Bxample i,grexcapij wady
15 grams of propeng was added 1o » pressure incresse of 23 psig. The polymer i this
example was found to have o kinematic viscosity of 754 ¢St at 100C and a hranching level of
20%.

[0651]  The process parameters and results of Exanyles 15 afe suminarized belowein
Table 1.
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gr amns, y%é W’am@f*%Wﬂw}@ﬁmuwé%ﬁ&rot»m@qu ypedkhigict at or and.  gr ans of _
powder o f‘if 118 ‘sd; a g-ua rv.d 9 Pedgndiigge i "&’f‘*‘h vfg& ﬁa
S I 1IN
1R V]

'pu{mm byg 3\\‘01 of Thad rc \-‘t ss th’t!JU- M THe *sme'iwkm *mup Y \ivmx,x‘
for 30 HLAULES ﬁd\s,g‘lh 0 w@x,si« g%%@' l&b hém,@ SBLEBSAT Lok Tt
40 pci | Bbishagen ;pfrﬂs;s)ura&\, and a m cron filter di sk 100 01The

pol yner wits obt ained fromthe temam ng 0| gam: solution by apor auol

eouceci pfrye;ssyr The pol yoletin roaterial obtained had a

eriaj | SLpgedy:

meagir €d

B01195
as7s.
2

ll

{00521
f:z,_z{:ﬂ;sfs;t et i’zy&rog;m wers iitf;:i‘é:;pendmt’iyz fed with stirving.
- {953}

Examples 6-9 wiilized 2 1250 ml continuous teactor sctup where two mononers,

In a glove box two catalyst preparations were made, The initial caifﬁ\s‘i
preparation, for inftiating flic réaction, was preparcd by weighing out 0.01 grams of Phy {Cp-
S FhZrCly and 00144 gramg of dimethylanilinittstoteakis, (peatathuorophenyl) bovale thtd a
23 ml vial, adding 2.4 ml of 1.5M MAO solation and 2.6 grams of toluene and dissolving the:

mixtisre using a shaker for 10 minutes st roomn tempersture. The second-catalyst preparation,
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(0061j . Conti puous pol ynerizalion continued idth the proteS addition.
Thirty rir after the propene feed \% Nt irted the polyner |ution was
sanpl ed, 6RbAopaobi®n of the sanple, 100 grams, was tr apsSied0@h3d704 4
"tcsscl:equi pped Nyt O an agitator and 2.0 grans of powdered cal ci um
oxi de was added, heated to 60C. and the Solution m Xed for 30

M nutes, The solution was filtered Using a pressure: filter with 40
psi MtiMn pressure and a 10 Mcron filter dittk, 10063)The

D1 yiner e, bl Bhiatul MohNEE LRLORRIG BAbYY |;<a aBY oPYARGERLI ON
under re need pressure In.a rotary evaporat or%o nat'e

obt ai ned haFHLKY henibeoldiyess! ﬁmyzzfamfdﬁ@m a}eutafmﬂr@@mm Ae8t, ?éndi of
3622522:]??”1\4?‘%@?%%%%%& 5@?}%%&%&1;% t@gtfbd‘t%i by d a‘% a?sx \m t% ?Mura uxz%;
preoc Thi asiyikminuttésw&inﬁta&tﬂbmtmmtwere th ped the poI yner

\?\/Iatsl ;Jf, :322 er d Z dS?ppzlnng J’Q}?@?%ﬁp R%EE r{e IS :Rfiz&tTy ?Im?ﬁ%ﬁp d‘:‘%&)tﬁj‘oguih'; ﬁ?g?’? il
powder ed CAF giaas ofdr émmazd@d@dj taﬁ@&‘t@dh&h}g@@ Gaamified h!énssgltiutmamr to
{r: #tegr f \(/)\/lrg ;(s)szl%n ﬂi"\tn?’ %ai si}g!};}%‘{t@ WAS. gig,c dd rﬁiﬁm %&%{6’99% REF? 23?}%] Emraﬁcara

[ 0066] TheT mwm& ms:sumiaai midh«;ﬁkmm tt H®rpsivahl lﬁngs,\@lqamm Igved tcotiirt y
evil: und@ Sgl'rﬁ@d pressure: in a rotary evaporator, The polyolefin
material obfa Tt ki nematic viscosi ty at 100C of 133 0 cST and a
br anchi ngmj;m“{},of 22% measured as %Ca% [ 90671The process paraneters

20001 0507 135t/ UHDBBF B8 o8 Tl D P TRel L B Sofon Rl Bl

6 NU t Yesf B grivgs. & hyvdrogen fow of 100 SLPH and 0.4 gi'min catlyst sclution. . An exotticrm

confitned reaction sad temperature was held at F25C. OGie hour after the continyous
{i]056~§ A porfipn of the sampicy 1.{3{} grams, wan;-iraﬁaipmé o & vessel ‘f:é:;_-,ui:g;sedﬁ_ with an
agitator and 2.0 grangs of powdered ealéium oxide was added, hedted 1o 60C and the solution
mixed for 30 minutes. The solution was flsred using a pressure filtet with 40 psi nitrogen
prossuee and 4 10 nicron filter disk. V
{0057]  The polymer was obiained from the remaining vrganic selution by cvaporation
under reduced pressure in a TOtAry evaporator.. The 'pgi}yﬁlieﬁn material obtained bada
Kinematie viscosity at 100°C.of 138.7 ¢St and a branching level of 19% measured as % Ca.
Example 7

FMISR] Comtinubud polymernization dontinued with the sddition of propene at 2.5 gfmin
Four minytes after the propene feed was started, the polyiner solufion was samnpled.

{00591 A portion of the semple, 100 grams, was transferred o a vessel equipped with.an
agitator and 2.0 grams of powdcred calctam exirde was added, heated 10 60°C and the
solution mied for 30 minntes. The solotion was Gltered using 2 pressore filter with 40 pst
nifrogen pressire and # 10 micron filter disk.

060]  The polyvmer was obiaingéd from the romaiting organie solution by evaporation
1;;;&@14; reduced pressure in a-rofary evaporator, The polyolefin material obtained had a

kinemnatic viscosityat 100°C . of 1484 c8t.and a branching level of 21% measured as %
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Yes Solids W.%l 72.6 76.5 7i3. 84A nib. 44538 a/a Kinematic
~Viacosity, cSt "ii,1 10C 13.30 1404 1602 134, 6 Ki nernauc

Vi scosi ty,w82boogbd7i» 40C 1 1195,4 1394,6 V_ 220 204 &atp@rmswy,ggo-,g; 4
CO 1905 2145 1 6 2154 iodine g,"

npte §
{8061}  Continnous polynierization contivued with the propene addition. Thirty thinaley

after the propesie foed was started the polymer solution was sampled.

{6662] A portion of the sample, 100 grams, was transférred to a vessel eqaipped withan
agitator and 2.0 grams of powiered caleivm oxide was added, heated to 60°C and the
sotution fmzxfeiz;{ tm'ﬁomﬁin‘atm The solution was filtered gsing a pressurs filter with 40 psi
fﬂ{}l&} The poi»m er wak oblatned from the remaining erganic solution by evaporalién
under reduced pressure ina rotary evaperator. The pa}vo:is:r‘in material obtained had x
kinematic viszosity st TOOPC of 160.2 ¢St and a branching lovel of 21% ‘measured as %6l

Bxample 9

{0064}  Continuous polymerization was stopped and the réaction allowed to procesd.
Thirty tfnies after thefoeds were stopped the polymersolution was sémpled.
{0068 A portion aff

agitator and 2.0 grams.of povedered calctum oxide was added. heated to 60°C and the

b sample, 100 graoms, wias tansferred to 2 vessel egoipped with an

solution mixed for 30 minuies. The'selutivn was filtered usinga pressure filter with 40 psi.

nitrogen pressure and-a 10 niforon fiter disk,

[0066]  The polymer was obfained ffom the remiaiding vrgganic solution by svaporation,

“under reduced pressure in 4 rotary evaporator, The polyolefin material oblained hada.
Kinemalic v ;s‘,asitv at 100°C of 133.0 ¢St and a bravching level of 22% measured a8 %Cr.
{8067} The process parainefers and resulis of Examples.6-9 are symmarized in Table 2,

below,
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00681  Highviscosity FAQ producis are typically used to thicken lower viscosity PAQ
products to make Tubricants with an acteptable viscosity for their fitended applications.
Viscasity is a key property of a lubricant and sevetal professional organizations have created
systerris toelassity viscosity ratiges that can be apphed fo the desired application. One. such
organiization is the Scciaty of Avtomiotive Enginders (SAE), In‘their publication SAE 3-306,
the entirety of which'is incorporated herein by veference, one such viscosity grade defined for
use in gear lubricants is an SAE 90 geade, Lubticants. Tneeting this viscosity grade havey
kinematic. \1%0%1‘\; of 13.5 10 <185 &t at G, A typical visgosity farget forsuch
praducts is 14,5¢St A blend nsiig a PAO OF the current invention with decens snd propam
ay the monomers and Baving > 19% branehing level have demonstrated improved thickening
efficiency while maintaining the portant low temperatare, eharacievistios of the nons
propene cantaining polymer. Improved thickening efficiency is defined as requiring lessof

ihehigh viseusity PAO o ineet the targeted Kinematic: wsmszt} ab 1O0°C,
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O the current PRI SA M th decenc_an pr-opene.as.-the.nudfitihet S
honstrated itutn' otad

tuad hayi ng > $9abi-t-i-Rehi-ng-l-evel..hkve. der
t hi ekeni ng ef f LEReRs Npaordy. 884 BAPR ng. it he i npdritfant. Low. 144}
tenperature, ell#apk slhY serine? BHEEG N-.__propdie cont aliiHg
pel ynthi. |npr Q\ieﬁsmﬂﬁwdkbﬁiﬁﬁ@ﬁffl di.ency...is._def] ned as requijting

jos of the NO viscosity PAD to neet tit targeted Ki rtonati C viscosity

at 100" C gy ZO,Q%I Q%g{%@&g% %(&2@98594 @QZQ ot 1g imf mﬁ )t) 0.7 n%&?% mlf%é,fz

PAD 4 t|n|I 11/0 at
40, 3 may be combined in zmv corabination with .any pas ormore mhu feature{sy deseribed or

clatmed with respect to any other disclosed implementation or implomentations, to the extent
that the foatures sre not m:-t.c%m'ﬂy techinieally mcsa1}3137;at:;}r;i‘e3 and.all such combinations are
within the scopeof the presens invention, Forthermore, e ci&im-s appendsd below sot foith
some nab-Umiting combingtions of features within {t}fr;ﬁ:s‘gs{ipé of the invention, bat also
contemyplated as being within the scope of the fnvention are all possible combinations of the
subject matter of any twe or more of the claims, in any pessible combination, provided that
the combination i$ not necessarily fechnically Imcompatible. All H patents, patent. 4pp¥mdimns

and publications vited herein are mmrpcsmtﬁzd by reference-in theit entirety..



-1 38.3 Ki nematic Viscosity, eSt &Wt Brookfield
Viscosity, ci? -400cl Lailveattaxt As-rmD-2M 14.614.4 23,250

What is claimed is:

1. A polyalphaolefin formed from a decene and propene and having a branch level greater than

19% measured as %C; determined by infrared spectroscopy of thin films.

2. The polyalphaolefin of claim 1, having kinematic viscosity of between 20 and 1000c¢St at
100°C.
3. The polyalphaolefin of claim 1, wherein the polyalphaolefin has a Brookfield viscosity at -

40°C when formulated in a SAE 90 blend of less than 45,000 cPs.

4, The polyalphaolefin of claim 1, wherein the polyalphaolefin has a pour point that is less than -
30°C.

5. The polyalphaolefin of claim 1, wherein the decene comprises 1-decene.

6. A process for forming a polyalphaolefin, the process comprising the step of

polymerizing at least two monomers in a reaction mixture to form the polyalphaolefin, the
two monomers comprising a decene, preferably 1-decene, and propene, in the presence
of a catalyst system comprising a metallocene catalyst, such as Ph,C(Cp-9-Flu)ZrCl, and
an aluminoxane co-catalyst, preferably an alkylaluminoxane co-catalyst, preferably
methylaluminoxane, wherein the polyalphaolefin has a branch level greater than 19%

measured as %C; determined by infrared spectroscopy of thin polymer films.

7. The process of claim 6, wherein the polyalphaolefin has a Brookfield viscosity at -40°C

when formulated in a SAE 90 blend of less than 45,000 cPs.

8. The process of claim 6, wherein the polyalphaolefin has a pour point less than -15°C.
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jUOTQAny fra.tr6 d Hi ed may be: pountined in any (x clainmed with
respect to any O her that the features ate not necessari dui (1 Wth
r,peet to any disclased inplenmentntio iy one pr nore oilier
feature(s) desctibed or sctosed inplenentation or inplenmentations, to
t he exfent j | oY ik j vl tl te
T A R A i e oA T R e b e
appended belaoyyrsiekelb@éd frdm IR0l Borlsistiigh bNghiko keMakiBEtEISropkent iRk, €S
Wthin the scope of the invention, but also contenplated as belnti
Wthin the $tope of tdekis(tiflesrdomethylgtresylpotatgossi bithdunc onbi nettakio(35-bftri-
the et.matrer of any two or noreof the clains, in any possible

conbi nat i on/flugspBethdebetyhiarate, é@ﬁwnnaﬂ¥®H$me@ﬁw@p¢ﬁe@@§y@pi|ymﬁw9um

technically inconpatjble atents, patent. | jcatjons and .
Dbl Cati ondtBREBR Hpphea et TS lE ORkE R R RP P Pp sy {feniom

What is clai s haol.efi n and
propene andtﬂ%&?@%”%&%?@ﬁ%ﬁh%%%§| gﬁ@ate#&%ﬁgﬁgTéégﬁ}g%ﬂﬁégags %ﬁ§d
det er mi ned RyndiidnfRigd itRREHEASRBRYNE S, films. 2. The

pol yal phaol efin of claim 11, having kinematic viscosity of between 20

and 1000cSt at 100C. 3. The pol yal phaolefin of claim1, wherein the
pol yal phaol efin has a Brookfield viscosity at - 40C when formnul ated
in a SAE 90 Thk eredessfof Fleigs6, thareiMtBe G@0tianPgixtuzk, coipdses diheydecpiraiolae fameurd
claim11l, wherein the polyal phaol efin has a pour point that is |ess
than - 30C. 95aterfian g WoaNieEEMerH iheotroranginmamamanRieFast aPorhbeweigld @preent
conprises 1-dece 6. . A process for formng a pol yal phaol efin, the
process co ?§§Fﬂ§“%ﬂ¥“g?§%80f pol ymeri zing at | east two nononmers in
a reaction mxture to formthe pol yal phaol efin, the two nononers
conprising a decene, preferably 1-decene, and propene, in the
presenae. of papedsalorSérmiSd BINFPBERNEANSAIE diRg REEIGIH DGR Bro6ak dbiiBrisingSte h
as Ph2C(Cp-9-Flu)zrC, and an al um noxane co-catalyst, preferably an
al kyl al um neskasef. co- cat al yst, preferably nethyl al um noxane, wherein
t he pol yal phaol efin has a branch | evel greater than 19% neasured as
UC3 det er m fdd byPreviditdap sarre@ion thetywen e total ot pbIpyapere fisgdntg. forTh the
process of claim6, wherein the pol alghaolefin has a Brookfjeld

Vi scosi ty aPOUHBRSCIIBAY 1576 256 eLOPRr Vel VSersy e evalnBedebhan
45,000 cPs. 8. Th i [ ej | yal l.ef i
nas a pour {31 nt ALERRRETerdnata bl AT iddod fin B AR BRARNEbache

t he cat al ysty, s0edofBhfdilh B8 e SROBFdnEERv& borate, preferably a borate
selected fromthe group consisting of |ithium

t et r aki s( pen¢)af | uemhomhe Rydclidromadtues cdmpriging Miechtriadet $4d mbhdnkrs, ane Rlabish
phenyl)borate,lithiuntetrakis(3,5-diftri-
mixture comprising the propene in the target propene amount; and
(d) polymerizing the at least two monomers in the reaction mixture in the presence of
a catalyst system comprising a metallocene catalyst, such as Ph,C{Cp-9-Flu)ZrCl, and an

aluminoxane co-catalyst, preferably an alkylaluminoxane co-catalyst, preferably methyl

aluminoxane to form the polyalphaolefin.

12. The process of claim 11, wherein the polyalphaolefin has a Brookfield viscosity at -40°C

when formulated in a SAE 90 blend of less than 45,000cPs.

13. The process of claim 11, wherein the polyalphaolefin has a pour point less than -15°C.
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fl uoronet hyl | phenyQbor at e, sodi umtetraki s(pentafl uoro-phenyl)borate,
pot assi um t etraki s(pent af |l uorophenyl ) borate, nmagnesi um

t et raki s(pent af | uorophenyl ) borate, titanium

t etraki s(pent afl uorophenyl )borate, tin

t et r akiig( perhafdsREORPER ) AONRERIN %dcgély@tﬁytleﬁnfu thdH &Mprises a borate,

t et raki s( pent afl uor ophenyl )borate. 10. The process of claim§é, wher ei n
the reacti omprdfarstiyr@hetPhe Sematt R dacaae flom are aji®upnico@istad edf fithiam
75 wei ght percent and the propene in an anmount from about 1 weight
percent to aekis(p@Bafiveicghenypearatentlithivd . &irprigitiégsomhahyldhenybborgtea lithium
pol yal phaol efin according to claim1, the ocess conprising the
steps of . (WPHBROIATHG A Suipirdoie bm(&@enteww ZAyorerhERmibose
propene use a panhefln and at | east one o

A e egyneBrlieng oo,
total propeng Aot He& k%@egtgﬂlg} épé?\yﬂ%lr%( & aﬁﬁ%&tmﬁ%ghe%g %&o@ﬁe

correlation and a desire anc ormng a rea

m xture CO”H%HEM@&kaﬁu@%u&@ﬂ§&mhﬁmmﬁﬁﬂaﬂﬁ%§mm¢he reaction mxture
conprising the propene in the target propene anmount; and (d)

pol ynerizing the at | east two nononers in the reaction mixture in the
presence of a catalyst systemconprising a netall ocene catal yst, such
as Ph2apCp- hEIptocgssOf, clamd 1awheibiniiantsretion regureatoaipysas, thg dedeae dbky an
al kyl al um noxane co-cat al preferably nethyl alum noxane to form

t he pol yal pﬁﬁlﬁ?f’@fqr??terl'?a %ew'ii%?'&?é@g”tcﬁ“déhea?rﬁﬁ’el‘f in GhHEMEHH fopeabout 1
polyalphaoleglﬂtQQS ?5&' l% V|sc05|ty at -40C when formulated in
a SAE 90 bl end of ?ess A5 13. The process of claim 11,
wherein the polyalphaolefln has a pour point |less than -15C. 22 14.
The process of claim 11, wherein the catal yst system further
conprises a borate, preferably wherein the borate is selected from
the group consisting of lithiumtetrakisl pentafl uorophenyCborate,
lithiumtetrakis(trifluoronethyl phenyl)borate, |ithium
tetrakis(3,5-di(tri-fluoronethyl}phenyl)borate, sodium

t et raki s(pent af | uor o- phenyQoor at e, potassi um

t etraki s(pent af |l uorophenyl ) borate, nmagnesi um

tetraki s(pentafl uorophenyl) borate, titanium

tetraki s(pent afl uorophenyl )borate, tin

t et raki s(pent af | uorophenyl )borate, and dinethylaniliniumtetrakis
(pent af | uorophenyl ) borate. 15. The process of claim 11, wherein the
reaction m xture conprises the decene in an anount greater than 75
wei ght percent and the propene in an anmount from about 1 wei ght
percent to about 25 wei ght percent.
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