
CONTROLLING BRANCH LEVEL.AND VISCOSITY OF POLYALPHAOLEFINS \nal
PROPENE ADDITION  BACKGROUND OF THE INVENTION Field of the Invention
100011This inventionto polyalphaolefins, Spec contrail iy, the branch
levoL and viscosity of polyalphatilefins, he invention relates to
Discussion  of the  Badkround:lrifohflatjcffi 00921?Arlo
otinonwrization of olefins is a.ltnown technique.. hy:drtxnrbon
basestoas useful as lubricants,.. EIfortsito improve upot he
perfirmance of natural mineral oil based lubrieantsby the synthesis
of olitometic hydrocarbon fluids have been the subject :of important
reSearch andEdevelopiterit in the putroletinhithiStry for several
decades; leading to recent eominercial iirrodtietion of a nitinber of
Superior pOlyalphaoletiri synthetic lubricants (h.erental*
rigerredlons -EPAO").. These materials are primarily based on the
ollgonteriwation of alphaolelthis such as (,.(iCEr, olefins,
Intinshial research effort on synthetie lubricants has generally
focused on fluids exhibiting useful vikositios over a wide _range of
teMperatures; i.e., imp/Oiled viscOsity indek 010, while also Showing
litbrieity, therinal and oxidativt stability and pontlibitit equal to
or better than mineral :oil. TheSe hewer synthetic InbrictintS
provide lower friction and bonne increaSe Meehan:flit/1 efficiency
across -the roll spectrum of Mechanical loads and dO so over a wider
range oloperatinit conditions,than minend: oil lubricants.
[011031Well known stmetutal and physical:property relationships for
high poiyrner.havo pointed the: way to alphatylefins as a fruitful
:Ski of investigation for the .isytitheSis of oligoruers with the
stinctine believed to tweesSary to Confer improved lubricant
prOpertieS tlititootE. Due largely to studies on the
prilyincrizaticin of propene and vinyl monomers, the inechanisin of
the polymerization of alpbaolefins and the effect of that mechanism
on polymer structure is reasonahly well Understood,'providing 4
strong reSourob for targeting on potentially useful OligornEni2atibn
thethodif and oligoiner StEttetures, Building:on that .reourt.,
bligiametS Of alphaolefina frianto to 12- carbon atontS have been
prepared With  commercially useful syntlricais from,ei-decenc
oligomerization, yielding a distinctly superior lubricant product
via)Cr cationic. r Ziegler catalyzed polymerization. 100041A
.signicleatit problem hi the mainfigeturc cif-synthetic lubricants is
the produetion of liabriciants in a preferred high kineinatic:
viscesitytst low t viscosity characteristics, it good yield, and
without exeesSi ye catalyst gesid control the viscosity index are
sought after hi the 41I (0:9Vcreome the problei nialWfaCtOre of.
particularly, lower viscosity lubricants:, :Methods to in iii
SUMMARY:OF THE INVENTION  1004It. has be surprisingly found that an
efficient way to prcpare lubricants Pod low ien!pertiire properties
is by "'Mining PAIN comprising I -dame and propene units. Such
cospotymers: have high Ws, a varighle branch level ofgreater than
19%; cabanad thicikthibtefliciency and ,ped low :temperature
properties: 100061lit a first embedment, the:invention is to a
prilyalphaelefirt formedcone and propene:and haying a brand level
greater than 19%; eg, greater than 20%, greater than 2.100 pr.
greater than 2..% he dcoeue preferably comprises 1,:decene, 1.00071In
some preferred embodiments, the: polyalphaolefin has a: kinematic
vscqsnyot between 20 and 1960 cat at 100C and aBrookfield viscosity
at -40"C when formulated:in a SAE 90 blend ofless than 60,000 ePs,
g,.iss thaia451K)0 as, Or less than 25,000 as.: The pialyalphattlefin



fOSIIn another embodiment, the veram is to a:process 10 t'funning a
poiyalphaolefin, the process: comprising the:step:of polymeriteing at
least :two motion 1-eaction iniXture to form ihetotyalphaolefin; the
tkVa MOnorncra comprising a decent and         'herein the
polyalphitoletin has a branch leYel greater than 19%, e,g" treater
than 20%, greater than 21% ri:rgrater that 22%, The deceit preferably
is 1-deeene.: 1Q0091:The pplyincirizipg:optionally occurs in the
presence of a ruetallocene catalyst, for ex:ample, a catalyst haytrig
rhc toimW Ph:;C(C0-9;0:147sCh fdipbeny'lmethylene
(cyclopetuadienyf9-fluoreny1)zireonium dichloride). Tbe polymerizinc
optionally occurs with a catalyst system comprising a Metallocene
catalyst and an alunntoXime eu-catalyst. The altimiboxatM
toOttlimally is all alkylalumaioxtme. In a preferred embodimen
the:abmint Comprises t 1.0010i Tht rea :Xy 7$ weight  ercent, roe.
Optionally, the ent&yst system y comprises the deceneint gr cm than
$0 "ight percent, greater than S5 weight percent  greater than 90
weight percent or greater than 95, weight percent. The reaction
mixture Optionally eompriaes the propene in an amouttifrom about.]
Weight percent: to about 25 weight percent, c.&, from about 10 wt %
to Anita 20 wt % propetres-from about 5 -wt % to about I 5 yvt %, Or
Mutt tiliclut 1% to about 10 Wt privet-le. tOO:tii:In another
embodiment, the My-end:on ts to a procesa for farming a
palyalpharilcfin from at least two monomers, the two nionomets
comprising a Acne e and propene, theprOcess comprising the steps of
(a) pros iding a correlation between the annuli of propene MS to tom
the polyalphaolefin and at least One of branch leVel or viseosity of
thc polyalphaolpflut 0:9 .cktennining a target total propene amount
aced to form the.polyalphaolefin based on the correlation and a
desired branch leveh. Itt) liming a reaction mixture. comprising the
at least two monomers, the reaction mOtture comprising the propene
:in die targot propene amount; and (4) polymerizing the at least -two
monomers in iher reaction Mixt= US lorm the polyalphaolefin, The p o
IyalphaOlThrMed by the itmceast preferably has a branch level creater
thabi 9%, elg,, Meat& than 20%, greater than 2.t% or greater than
22%. DETAILED DESCRIPTION OF THE INVENTION In one aspect, the
invention relates to a polyalphaolefin formed from a decenti and
it and having a branchlevel of greater than 19%, ht another aspect,
the inVention relates to a process for forming a polyalphaolefm, the
process comprising the step of polymerizing at least twe ihomatiers
lin a reaction mixt*: to ,form the ptilyalphtiblefin, the two
nionnmerscompri.sieg a deceee and propene, wherein thepolyalphcolefio
has a branch level of greater than 19%, In some embodiments, for
example, the branch level is greater than 20%, greater than 21%, or
greater than 22%. It has been surprisingly retold that
polyalphaolrthed from a tale and propeti linving a branch level Of
greater than 1.9%, halite tinhanced thickening effietioney (lower
treat rates), good low temperature KopernesBroOkficid viscosity) and
pantie  used asviscosity modifiers.also been found that the kinematk
viscosity of polyalphaolefinS formed from adecene and propene having
a b             Mrelled by adjusting the propene content in th
opolyine While M14-bemg bound by any particular theory, ills believed
that the propene content of such wilyalphaolelms QuEltrON the "branch
level" of the polyalphaolefin. the branch,hi turm impacts Alen
enhanced thickening efficiency (rower treat rate') and low
temperature properties of the pelyalphtiolefin 8theit as Brookfield



(a)providing a cot:relation between the total amount 91'12f9Peue.9e4:
to term the polvaiphaciefin and at least oneofbranch level or
viScosity of the polyatphaolefin; (i)determining -a target:propene
antount used to form the polralphaoiefin kni ;and a &Sired btanli.k
farthing reaetion MiAt ti comprising the at b'AsttWc, LTiOTiOnIeE.S..
the reaction traztnne, comprising the propene in the target propene
amuum; and (4)polymerizing theat jeast two monomers in the
reactionure fOrm polyalphaOlefin. Mused herein, the term "total
amount of propene :wed" refers :to the total amount, in grants, of
propene introduced into the reaction. 41branching level of the:M(3s
of the preferred embodiinents of the present     uon m' printarity
controlled by controlling the amount of propene fed into the reactor,
171w: percent C U in the total polymeriocreasith \' nit increasing,
propene, therein raising the branch level of the resulting PAO, in a
preferred enthodiment, the PAOs produced by the proeesiseS of the
present invention comprise from abotit 75 wt % abottt wt3I4)
I-der:cue, e.g., froth about 80 Wt %to about 90 wt 334 1-deedne, from
about 85 wt % to abont ivt % -decene, or (torn about wt 334 to about
99 t % I dceene and froth Omit Iwt % to about  25 w 6 ptope, e.g.,
from about 10 wit % to about 20 lot %propene. from about 5 % to about
15 stit %, or from about I mit % to about 10 wproper100151In a
preferred embodiment, the PAO has a brand) level of greater than 19%,
greater thangreater than 21% and greater than 22%. A level of greatan
19% is attained when propene is added to thereactor ata rate
equiyaient to from abauf2to.sbout 10 Weight percent of the total
decene added to the reactor. PAOs with branch levels of greater
19% have a kinematic viscosity hiss than 1000 eSt, tg., less than 750
eSt, lets than 500 eSt, or leils than 250 (1St at 100C uSing,ASIM
12.-445, in tetips of rapgeS;::* kmeiwuic Oscosi ty-optiowatlY ranges
from 10 to 400 &St,t g. ter40:29' 0100 e$14t 100"C. Sutilt an
advantageous property can be exploited in a variety of products such
as, for example, products which require a viscous oil or an inert
material with :fluid 'properties. Such products inchlide dispersants,
heat transfer fluids, cosmetics lor.Otbenuch consumer procinets, and
the     The polyalphaolectris having a branch It'd of greater than
1:9% of the present invention arc paitictilarlytisethl asViSCOIty
ModitierS fortablidating Oils Wherein the PAQ is employed in a
viscosity-modifying .mount , Concentrations of from about) to about
99 weight percent based cm the total weight ofthe lubricating 011
composition Can be used. Preferably; the concentration isfroin about
's to about 85 weight percent 100161AS indicated ab.we, thc.
pelyalphablefin also preferably exhibits good hrti teMperaturc
properties, Which May be: reflected by pont.' !*nto prookfieht
viscosity,hi somk. non-flouting exemplary etribodimentS, the
pnlyalphartlefin has it lhookfiel4 vistosny at -40 "C when
thratulated in a SO 90 blend of less than 60,000 cPs et,g., less
-than :45,000 ePs, or less than 25,000 :as. In terms of ranges, the
EIrotikfield viscosity optionally ranges from 5,000 tofrom 10,000 to
30,000 cPs, from 15-,000 to 25,000 elYs, or about 20,000 cPs, The
polyalphaolefin Optionally -has a pour point of leSs than :- 10s:than
30C or leSs than -45t. 100171As disetissed above, in a prefurcd
embodiment, apolsalphaolehn is Finn* fnitin the copolymerization of a
depene and propene, Theprilyalphitolefin copolymers of the
presentinvention containing decene and propene monerners Optionally
are substantially amorphous, te" Wherein a crystalline phase iS



[001,91Although the -preferred cinhodintents of thepresent iu:vthhthi
itivOiv the formation of a PAO Emu a deceneiarid propene, other alpha
-.Olefin monomers can be used in place of dectine. Exemplary
alpha-olefins include olefins containing from ) to 20 calbon acorns,
and preferably from about 6 to 'about 12 carbon atoms, Sentable
alptia-oletins for tixthpfr, 1-hexone, 1-hoittfe, 1;odtdie- hrionene,
1 tend. laindecend, 1,dodecene, trideeene, ktettadeeene,
-pentadeectic,,I- litSadecetie, 1-hoptadeCone, Iaietadeeerie, 1-
nonadecene, 1-tticosoe and the like and vinyl. aromatic monomers such
as styrene, rii-methyl styrene andthe 100201The: catalyst composition
used to pro( cPACts of the. pin:vention is frrtned.by activating a
mendlociene procatalyst with a suitable co-catalyst The ineialloce e
procatalyst is preferablY one or amixture of metallotlene compounds
of tho formula (1): tCPRNICP7.1(.2p)MX Wherein") and t..j of ligand
(El) c4r cycloperidadienyi rings; It' and k2 &ad iS; independently.
ahydroe or diffb halocar    terocarhA hydrocarhyl-substituid
orgationietalloid Or halocarbylsobatituted organometalloiti group
containing up to 20 carbon atoms; in is an integer from 0 to 5, is an
integer ire Iii 0 t03 two 1id/or Wsnbstiti ntsoxt.adjacent carbm
cyciooentadicityl ring associated therewith can he joined together to
fin. a ing fusedtothe cyclopenrttdieftyl ring, the :fused ring
containing troM 4 to 20 carbonus; R.' is a bri group bridging eft and
Cp2; MI5 a transition metal having: a valence of from I to 6; each X
is a 11011 C)Egand and is, independently, hitlogen or a hydrocarbyl,
incyhydrocarbyl, halocarbyl,
laydrocarbylLsubstitatertorganothetalloid,, oxyhydrocaitylSubstitined
organometadoid or hatocarby1substituted otgaitinetatiold group
attaining np 20 carboa MOO; and ei iSalnal to the alericenainrpt2
Motliods-fot prepadog these and other pseud inefaltocene pro
catalysts are ilichowi in the art t he catalyst composition for
1717RE: harglia is preferably fOrmed, by activating a inefallocenc
procatalyst with a suft catalyst. the tents l'inetalloate7 and
"metallOcene prOcatabtsr as used:herein shall be Understood to refer
to compounds possessing a transition metal. MI, at idast:atie nom
cyclopentadieny14erivedligand X and Zara or one
littetoatimmanitairiirig 1i.itd y; the ligend being doordnrated to M
and Corresponding in hunaber io the Mate thereof. Snell compounds;
cocatalysts usefill for their activation to provide metallocene
catalysts that may lx employal far ale polymerization of Olefins to
provide polyalerin homopolymers and copolymers drains polymerization
processes employing one or more of the tnetallocite catelystS are
described in.: anti* others, US; Pat, Nos, 4;75275(7; 47789285 ;
4,931,417; 4,931;517; 4,933,403; 5,001,205; 5,017)14: 5,0.26,798;
5,034,549; 5,03034; 5,055;438; 5,04,802; 5,086,134; 



5,087,677; 5,126,301; 5,126,303; 5,132;262; 5,132,380; 5,1132,381;
5,145,819; 5,153,157; 5,155,080; 5,225,501; 5,227478; 5,241,025;
5,243,002; 5,278,119; 5,278.,265; 5,281,679; 5,296,434: 5304414;
5,308,817; 5324,800; 5,328,969; 5329;031; 5,330,948;:5,331,057;
5,349,032; 5,372,980; 5;374,753; 5,385,877; 5,391,629; 5,1391 789;
5,399,636; 5;401,8:17; 5406,013; 5,416,177; 5,4/6,178; 



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; 5;477,895; 5,491,205; end,5,491.207, the contents of whiett
arc  incorporated by reference herein, 100211When employing the
foregoing metadocene procatah st and the cocathlyst is          an
altuninox fine, ligendis'preittrahly different froth li pint
(cpt7"0), and bridging group f(T' preferably contains at least two
EN:ay mops. Of these bridged mendlocenes; ittirpreferred that a
bridging group RI' possess: the structure:   I or 



Mirbalk* groups R4 and le each, itdcpn eitdis r Contai
cyclohydrocarbyl group containing up to 20 and preferably from 6 to 2
carhonatoui and firma (Ito  heteroatoms such as oxygen, sulfur,
tertiary nitrogen, boron or phosphoms'ancl,   particular, is a
itycloalkyl, beterocycloalkyl, cycloalkenyl, heterocycloalkenyl,
aryl, heteroaryi, ant-aryl, alkylheteroaryl, aralkyi, heteroaralleyi,
and the like. M in the compound of formula (lin; titanimny zirconium
or hafnium, q is 2 and each. X iS halOgeti. [00221Of this 'preferred
group of bridged Metallocenes; those at whioll ligand (CP IlEn is
suhnftncd. or unatibstitutecl cyclopentildienyl, ligand (C.p1R1,) iS
indenyl or fluorenyl, M. is in tonnun 1::.$ and le each is
substituted or unsubstiluted phenyl and each X ligand is chlorine are
particularly Pr 10023)Exemplary bridged inetallocenes of the.a (I)
tat eafl be::usedin th polymerization process of the eMbodiments of
the jtdsint ithtntion include, without hirnta lion:
dipheinylmethylene (inderryi) (ritiorenyl) zirconium dichloride,
diphenylmetbyle e (cyclopentadienyi) (4,5A7-tetrahydro-indenyl)
zirconium dichloride, dipbenylinethylene (cyclopentadienyl)
(2-methylindeny1i -zirconium dichloride, dipbenylmethylene
(2Adimethyleyc10-pcntadieityl) (3', 5 'dimethyleyelopentadienyl)
zireonitan dichloride,
dipbenylmethylenc(2-nethylA-teri-butyleyelo-pentadieny1)
(3'4ert4turyt5Metliy1c)cliipentadieray1) zirconium dichloride,
ditylyitnethylene (2,3,5- ylcyctopentadienyl) (2', 4;
5'-trimethykye1opentridieny1) zirconitmi oricie"dixylylinethylene
(24dimerbylcyclopeniadienyl) (3'. 5'-      iyluclopeniadienyl)
zirconium diehloride,dixylylmethylene (2-methy1-4
-tenbutyleyclopentadienyl) (3l-tert-buly1-5-ruelliy1mentadienyl)
zirconium dichloride, dixylylnietitylette {clopentadienyl)
(Anon:Ely!) zirconitan dichloride, di-o- tolylmethyiene
(eyelopentatlienyl) (3,41-dimethyl-cyclopentadieny I) zirconium
clichldridc, di-o/olylmetbyiene (cyclopeniadierry))
(3,41-dimethyl-eyelopeniralienyl) zirconium dhclitoride, di-
04olyhmithylene (cyclopentadienA (34-ditriethyleyclOpentadititild)
nrdoxuuiii diChloride, di.o-tolylmethylche
(cyclopantadienyitArea:Matt diehirilide,clibenzylitiethylene
feyclopentiiiiionyi) (tetraitethyleyelopentadienyl) zirconium
diehloride,dibeniyintethylene (eyclopiintadienyl) (inden)d) Zirconium
dichloride, dibenzylinethylenc (c) clopentadieny. (fluorcuyi)
zirconium dichloridedieyelohexylmethylene (CyclopentitdieT;(1)
(indenti)      am dichloride, dicyclehexyl (cyclopentadienyl)
(fluoret)l) zirconium dichloride, dieyektheiiyintethylene
(2-thethyleytilobetitadieby0 filtirirenyl) zirconitim dichloride,
(2,4-d1tucth)leyclOpentadie411)(3% 5-ditriet1)J0e1opent4dienyl)
zireonitir cliphenyfrityl (2,4-dimethylcyclopentadiertyll (3',
5'-di:thethyleyelopcntadier4 )         4ichlor1140filthellivisilYi
(2,1,54rimethyleyelitpentantienyif) (2,4,trimethvittyclopentadienyl.)
zireoniunt dichloride, tetrapheayidisilyt (eyelopentadionyl)
(indedyll zirebnium dielitorides tetrapheityldisilyi
(3-thethyleyclopentadiette1) (indenyi) zireonfuni dichloride,
tettaplitiOldisityl toyeloiaentaiii,.rertyli zireoniuut diehloride,
di-o-tolylsily I (eynicipentatlithyD (triMethyleyelopentailierty
zirconiuin dichloride,        (cyclopentadiertylt
ltatramethytcyclopentadienyl)iiirconitrin dichloride, di-otolylsityl
(cyclopentadiert4)-(3,4-clitithyleyelopentadienyi) zirconium



about [LOS thinotit, preferably from abeam. 0.0002 inhic4/1",:to
about 01)25 intnottiL and triere preferably front about 0.00025
minollf. to about 0<02  fQ0261Correspo.adngtofhcse amounts '
-ansition ieftd,aturninoxithe citeatalyst can by utilized in an
amount nifrurn about 002 mmoll," to about 50 mural, preferably froth
about 0.002 minoll, to about 25 Inman, and room pretetably froth
ahead 0.02 Marra to about 10 itimOt(t.i The Optinitini levels of
bridged thetaltheetthiprocatalyst and         no cocatalyst will, to
some:extent, deperrd upon the spothile procatalyst arid occatalyst
selected as well as other pOlymerizaiton process variables. 100271In
terms of levels of aluminoxane cot:at:Myst to motallocenta precut
.thee s eau be a v1000:1, aboat 750;1, about 5O0:1.250:1, about
100:1, about 50:1, et about 25i,In some:Mnbodinients, thelekiel of
metafthieene proratalyst k alinuirloxane ecicatat),cst tsprefeialily
50(11,. In other embodiments, the level df thetallomme prOcatalyst to
aluthinoxane couthalyst is preferably 100;1,still other embodiments,
tho level of thetalioecue ptheatalyst to aluminottane cocatalyst is
preferably 251. 100.281When employing:au aluminoxime imeatalyst, it
can be: advautageol4tt 11. ludo a:.     yialuitunum eompraind arch as
hithetbylithithininn, thettryldurriinum, tri (n-propyl)
CluMintriu,triiiropthpIialuipinuna, tri Oa-but:A aluminum, h
usobutslahaninnin, and the like; to rednee the anew.% of
aluminoxtute:repriredsmitable actwat.ion.ot the metallocene
procatalyst. In general, the :optional trialkylaluminum min be
utilized in  molar ieiwI to metalloyene: procatalyst of froth about 1
to about 1666 and preferably from about 2 to:about 500, 100291It b
also contemplated that .a neutral :or anionicig component can
optionally be einployed with the aluntinoxane co:owl:y:8i, in
aCtivating thernytallocetie proeutalySt E)templary
nentralmetalliad-containing components include boranos such as
perftheroarylbothne obirapeura5; e g , fris (pentafluorophenyl)
bonne, trig: (thethiaNyphenyll) borane
tris(trillitorothethylphenAbotane, this (3:,)41[trifluotmmethyfl
phenyl) borane, this (iethafiuorckylyk) bOtane, tris
(letralluoro-o4oly1) boratte, and the like. Of the foregbing horanes,
triS (pentafiueraphenyl) ho ant and ti iaBritloctothethyll phenyl)
boritne 4e& preferred. Other useful second components, include
aluminum homologues: of the foregoing compounds 3Otxm try anionic
fiietailoidc0atainingcozmponents Inelude horates such as
perfluoroaryl borates, e,tetrakis (pentalluorophenyl) borate, lithium
terrakia &tnftuoromcthylphens borate, lithium
reinkisftri-fluerothetth,711 phert}1) borate,  sodium tetrakis (pet t
fluor henyl) borate, OtaSSJufli tetrakis (pentathhowl} borate
magnesium tetrapentafin ,rophenyl) borate, titanium letrahis
(puma-fitphenyl) boratetin tetrakis (pentafluorophenyl) borate,
ditnethyltmilinium tettakis (pentalluomphenyl) boratc. and ale a. Of
Me fthegating borates, ditnethylintiliniutritehathis
Ipentalltiorophen)d) borate and alkali metal lattrates,:such as
lithium: tetrakis (pernalloprophenyi) borate and lithium tetrakis
(3,541i prifluoromiedayt] phenyl) borate are preferred To some,
embodiment:4i Wand:nate hoinaltigues Of the foregaing:compaunds may
hanged, 100311In gotietal, nankin] Or anionie inefalthithcontaining
componentshe   mlar level t inetallocithe ptheatalySt of 'AbOttt
1a:bout:1:1,5, aboorl ;1 orabOut :(.1.5 When the iutionic meta
lipid-containing component is ditnethylanilininnttetralsis



100331In some enthodiments, the activated thetallocene catalyst
compo:s pmpared in advance and .thereafter the composition is
introduced:into the potyin:erizati.on reactor with the Olefin monomer
(3), optionally M the presence of hydrogen,  60341The teactiOn of the
Mendip:done procattilyst with the a haninaxame cot lySt to generate
an aCtivated torimilimime eiriiilysr is conducted at a tetimerature
ranging horn abi  to about 100,from About 0 to about 80QC, from about
10 to about rC.or at) about 2.5 to about 50C; toT a time period of
fiwm about 1 minute to about 72 hours, tog. from about I minute to
ahoitt 50 bouts, front about minute:to about 36 hburs, Or from 'about
1 note to about 24 hatirs.  I 00:151Polymerization 01 CO.
YOIYthCnInoon 01 the aforemeutioned monomers,m using hydrogen, and
the activated thetallocene catalyst can be carried out n am1-y known
manner; eithe liquid phasea: solution Cu slurry proCess) or in a
suspension process, either continuously ttr. in beta. These processes
are generally carried out at temperatures:in the range of froth about
0C to about 200t, e.g., from about C to about 1504c, from about 106C
to about 1 WC, or frOm about 50"C, to about 150ril When the
polymerization orcopolytherizatitm is earried out lathe presence Of
hydrogen; ;exemplary pictures of hydrogen used include froth about 10
to althnt 3000 psig; e_g" froth about 10 0 about 500 psig, from about
10 to about 200 pig from about 50 to about 150 psig, Or from about 10
to about 60 psig, 100361It should be recognized that control
of:thepolyinerizaUon tempera direct. bearing on the 4-UAW of the
pitilytnediation, e, g, activity, as well as the final iprOditet
properticc e g, the level of unsaturafich or the polymer a evidenced
by the iodine north e (ieneta11 is the:polytnetization ternPeratura
approach I 50C or wad, the inalsimuni ternpeamire ched during the
podymprization, even in situations where there is an nxothcria,
should he substantially close to Me initial polymerization
temperature: in ta instances, however., cat-O Should btt., taken at
polymerization temperatures caetWing 150tle such that the
polymerizatian temperature; thilen sitnatiOns Winne *fete is in
OXOtherin is not Moro thawobout 20"C greater than the initial
polymethatiith temperature. 100171Due to the nature of the Jinni
liquid pohokfin b. poiySti4ution can bc:t. itind out in neat: liquid
monomer (Le ,in thetabsence of selyerit) or; if desired, in the
presence of solvent, Dilution solvents tharcan be enaployedinclude
straight and branched chain  hydrocarbons such as the butanes, the
pentanes; the hextmes, the lieptanes; theactanes, the     nes; and
010 likeand alkyd:lc hydrocarbons such as cyclOpettatie"
eyelohattane, cycktheptate,thethyireyelepernane,
niethicyClohettantli; inethyleyektheprane and the like and
alkyl-SO*1040 aromatic: compoinitia Stich as toluene,. xylethe, and
the ijke andanaturcit thereof. 10038A typical batchpolymerization pro
.ss can be Patted nut introducing the liquid monoftier. mg;
"1-deterie, either alone or in eouthinatiOn With an optional
hydrocarbon sril Kat; e.g,, hexane; xylenittl, ath, into a .tititred
tank renctintIt tholytherization I. carried out in the presence of an
additlopal liquid monomer, e,g" 1  octene, it eaO be added eitlidt
sequePtittlly Or sinrultaticously withthe other mom copolymerizatiOn
is carried in the presence Of a gaseous monother, 0,gt., propene, the
gaseon,     omer is spatged either into a solution of the other
Monomer (gliSeinis or liquid) or into a neat liquidmonomer, typical
pressures of g,aseeitis monomer are from about 10 to about 100 ptig,



1.004Q1Once the desiMd conditicitia are establisbed,a. hydrocarbon
80bajlop iu.the.:reqi.Sed amounts are Men added to the liquid phase
in the reactor. The rate of polymerization is controlled:by Me
concentration of the catalyst and monotner(s) present() added during
polymerizatiOri. The reactor temperattne COntrolled by means of
cooling coils, ete.., and tl-w initial total pke;..;sure hi the
reactor is maintained by a constant floW hydros,* inert gaS, gaseous
nanuanter(S) Or a combination thereof Met polytheriziition ta
complete, the reactor la deptessurized and the catalyst is
deactivated hi eonyentional means, Spent catalyst COMpoileptS: can be
lwrated from the reaction product :via pliant" with, alcohol, water,
or a mixture of both, then by phase separation Of-the hydrocarbyl
component Mari the aqueous -component. Alternatively, a hale solid
such as ealcinth Oxide til# be: Mixed with tbe reaction product and
filtered. The liqUidpolyolofin can then he rtiovieked. from the
hydrOcarbyl component by On yerittbnal :methods, e.g., evaporation,
distillation, etc., mut then further processed as desired,  WO
20091099712PCT1US20091030704 110041)Depending. on the atiKnifltot
Monomer cdnversi.on and ViSebsityoltht reactor comentS, a hydmearbon
sthaient Can be.addisi to did in Manoviti Of the product hmrid
polytherip.:Spent. eandyst coinportet* can bc isolated front:the
reaction product Via Mix* withg...,,alcoltol, water or a inixture of
both, then by phase separation of the hydronarbyl. componentftorathe
aqueous:component. The. 1ktdd. polyolefin can. then be recovered-from
the .hydrocarlayl cortiporgantconVentional trnithods,,Ci.g
evaporation, 'distillation; etc., and than finthearproCessed
atirInsired, EXAMPLES  [00112:1The present awcntion:witlnow be
fit:dim described with rekrence fr0 the foilowingnenditunp Examthet
10043j.ha glove box. 9,02 grams of Phaetep4-Flargr011 Witswctghcd
into a 25 nil viii.5M MAO wits added to the vial and the
Testi:taunt:6dissolved in a shaker ft)minutes at room temperature.
100441A moisture and air free 3 liter Ratan reactor was charged
Witl670 grams of ry 1- deconelet. The reantor was then purged With
nitrogen:. the teanick was brought thai tenipthartur of 90C :33
grains of propene Was then added to the reactor, which resathed in
raising the teat:tor press* to 38 pstg. Hydrogen Was added to the
reactor to bring the reactor pressure to 50 psi& 1. sing a dry 5 Rd
syringe and ncethe, 5 nil or catalyn 5thi4hill was added to the
reactor.. With 550 rpm of agitation, the:reaction was allowed to
proceed for 30 minutes. The regoor was then vented and punted With
nitrogen and the product was . allowed to noel to a safe temperature
for removal. [00451pin-lion oi the rcautoi Contents, 100 grains,
,kastra isterced to ta.YCiptipped       .agitator, and 2:0 grams of
powdernd etheiurn oxide :was added, heated to 60C and Ole SOitAieil
was mixecj [or :30 minutes, Tht. sohnieu was then ft:hexed usling a
pmss4n; iikr with 40 pal nitrogen pressure and a 10 micron :filter
disk, I0046Th polymer Nvm then obtained from:the remaining Organic
sektion by evaporatnin under Mduced prosanke aMtaiy Marptitator The
ptalythaftti material alai ei had a kinethatic Viscosity at 100T
0004: eSt audia branch Engel of 22% measured as %Qt.  Example 2
10(1471Example .2 s.in thenuermpie. 1, but nitrogen Was used     ce
the propene being add to the Sallie pressase as found in Example I.
The polymer was determined to have a kinematic viscosity of 760 cSt
at 10CPC and a branching level of 19%. 



Exarnple 3  100481A. ioeE.tevel of CoCataly,st:CatalySt and the
addition of activatorwas itsed. h glove boxgrams of
Pli2C(Cp-9-Flu)Zic12 and 0.0288 grams of dimethylimiliniumtetrakis
(pernalluorophonyti borate were weighed out into a 25 tnt vial. 2A
nil oft.51%4 MAO solution and 9.6 grams oftoluene were added tothe
Vial and the mixture Was Allowed to dissolve using a shaker far 10
Minutes at rooin temperature, The remainder of the procedure was the
same as Example I The polyinet in this eXaMple Was:-IOUnd to liatP A
IdneMatie viseoSity of 9-67 eSt at lOnimd a branching level 002%.
Example:4 100491Example 4 was prepared ip the same meaner as I ample
3, except nitvogn was used in place of Me privene and toa similar
pressure lard increase as found in Example 3: The pril5anit was
determined to have a :kinematic viscosity:a 875 eSt al 100"C and it
brandhing level 61.19%. Example 5  01Asr ieduetion in the level of
CoCatalyskeatalyst and the Addition of     to was -used with a tower
levet of:propene, ii it glove box, 0A2 grams of Ph,CASM,9:-
F1107A-CL; and 0.0288 -grains ofdiniethylimilitatantetralds
(pentafluoroplienyl) borate Were   eighcd out into 41 25 nil vett,
0,6 ml of 11.5M MAO soliationitirid11 A grannie& toldene:eSate added
to the :stial and the mixture as allowed to oisoh. uMog a Shaker: fht
10 injnitS at room MmperaMre. The remainder of ,the procedure was
{:he .same as Example 1, except only 1$ Prams of propeno was added:to
a pressure increase or2;$ psie. The: plymer intl imam& was found to
have a: kinematic-viscosity of 754 o.St at 100C and a. branohing
level of 20%., [00511The rocess. parametersresults Examples'e Table
WO 2009/099712PCT/US2009/030704 TAM.' LES :1-5  0 ., 12 90 3 90 V 4
A.. 00 Polsmuvation "krnperauir.: VC) 



90  Polyrnae, ) 10 30 3030 30 Propene, g. (psig) Ce-Catalytt:r
Its.tpe mt. of 10% (1.5M) MAO o1utin 33(3S) MAO 12 0 (NI 3 MAO 33
(40) MAO  0 (N?., 38) MAO4 .    0  0.6 leocatialy'st amount]
[1.05gr]  7 .(0.2.1m1  [  ._ Igi  (0,053g/1 112 100% pita 50 



50 50 ..." ..._ 50 50 catal)tst Activator 1 vpe None is.otie Borate7
:Borate Borate. Activator (minis) 0 __  02S80.0288.: ,______._____ f
Agitator Speed. rpm 550550 550550 550 Decengiaxns 670j670   670I670 .
670  emeatalysittcatitlyst Molar Level, 



500:15001 1001 100:1 15:1 MAO)flf  01:1 1,.1   kttwuor Catalyst Meter
Level, 0 1   11 11 'Borate:a    .1) ro-catalyst 'Tr. L PCP4  PCPN
I1PCP  PCI Catalyst Ciincentra on (M) I0.0030 00030 ll.0030 10.0030 



y. 00030 Catalyst Added, grains: 0.0083 (Laws0,0083t0,0083 G.0083
catalyst Added, grams 04375 .4750,08750.0875, 00219 'Actnatoi, Added,
atatris  0 0OM 1950.01195 0.01195 mernatic Viscosity, eSt -  964
760967:875 754  arrineb Level (% Qy ii ,", 19,....f.19  ...MAO- rnj h
t 4ununn; 2.1-.0/.aic - dialc.thylaniiini.mnt4n4is
(p.!ffolfluorpplion)i) ',wrap,: 3VC.F - diphOylmeth)
katIcycloondien1-9-flitormy1)4TOOnitlin dichloride. Dadanined by
hulk& spectrescopy 6.1 thin pabtn& films on a P.:;:t: in431ther
inihred spectrOpliotot mOklel Spebtritin 11000, by comtiaiion a IS
rd.:MOT itriensiaa':offthothyl to theillykkIttups itt ft- rOlyrner.
This 



method OosOy pal-4nti:4, m&Oureitelt froth ASTNI standard 1)3900,
Whicth detenrain it totatM -ethyleik. to oropthit icvel it) EP 4
copoNist3.   PrarrtialeS 6-2 100$2]Examples 0-9 utilized a 1250 ml c
cal:Ay:4 and hydrogen were indepeudently, fed wi 100531in a "glove
hox two catalyst preparations were made. The inithd. catalytit
preparation, for initiating the reaction, was prepared by weigimig
out 0.01 gnms of Ph2(Cp9-Flu)Zrel: and 0.0144 mums Of
dimethylaniliniumtefrahis (pentitfluorophemyd) borate into a    ml
vial, adding 2.4 ml of 1,5M MeV) solution and 2.6 grams of toluene
and dissolving the mixture using a shaker for 10 minutes at mom
temperature. The second. catalyst preparation,  for us in the
continuo0S reaction, *asd by adding 1107 grams of PlaX(Cp-9-
FIUTZT(12, 0.101 mums of dimethylatf(Peritalltioropherod) )omic, 21
ml ut solution and 40 md of toluene to a 100 mf bottle arid dissoitag
the inixturciitg a shaker IA: 10 minutes at, room temperature.
41Themoisture and aeater Wag in%I to aln4 full with 940 (695 grains)
Of dry deem and hattd. to: 100"C. Hydrogen Wag added to lying the
reactor to 30 psig, The initial catalyst preparation WW.i.injeded
into the readot with 550 rpm agitation. The reactor, wa$ pressutfr4d
with hydrogen to 100 psig and the: reaction was allowed to mu for 72
minutes. Example 6 100551ContintiouSuerization S'q8.1t; COMItIttleOd
wki:h.thndditibti o.idecimo at a: rate Of 25 gpimin.a hydrogen flow
Of 100 SLPU and 0.4 ut Min catalyst sOlOtion. An exotherm Qqalittped.
reacti9n and teinporattire wag hold at 1-35C. Oho hour after the
comiimous polymerization was started the polymer solution was
sataled. 100561A portion of the sample, 1.00 grams. was fransferred
to a vessel: equippedwitb an agitator and 20 grams of powdered
calthum oxide wag -added" heated to 60C ad the solution Mixedfor 30
Minutes. The solution was filtered titling-a Pressitre filter with 40
psi nit pressure and a 10 Micron:filter disk.. [0057]The polymer was
Otrthlecl Mow remalP/by evapo under: reduced pressure in a rotary
evaporator, The. polyolefin material obtained bad a vistpsity
at:100t, ofj:38.7 cS't and a branching level of ].9% measured as .%C.
FamS nitinuouS polymerization ebiithiuth wiTh the addition of
propel/7.5ta. Four.es after the premene feed was .started, the
polymer solution was sampled. 100.591A. portion Gtthe sample, 100
grams, was transferred to a vessfil equipped agitator and. grams of
powdered calcium oxide was added, heated to 60t and th solution mixed
for 30 minutes. The solution was filtered using a press= filter with
40 pci nitrogen pressure and a 10 micron filter disk. 100601The
polymer wits obtained from the temaming oigamc solution by aporauoi
eouceci pressur'The polyoletin roaterial obtained had a 



(0061j.Contipuous polymerizalion continued idth the proteS addition.
Thirty rir after the propene feed \%a Nt irted the polymer lution was
sampled, 621A portion of the sample, 100 grams, was transferred to 4
'tcsscl:equipped NytO an agitator and 2.0 grams of powdered calcium
oxide was added, heated to 60C: and the Solution miXed for 30
Minutes, The solution was filtered Using a pressure: filter with 40
psi MitiMen pressure and a 10 Micron filter dittk, i0063)The
PiPlyiner ViaS obtained from theg organic $olution by evaporation
under re need pressure in.a rotary evaporatorpolyolefin material
obtained had a kinematic viscosity at lOire .of1.60.1t4 eSt and
brartehina level of 21% measured as oftiLs. Example 9
00641CantintitruS polymerritiwas:stepped and Me resetion Allowed to
preoc Thirty Minutes Eift&th feeds were jtc  ped the polymer
sitiution wits Sampled. 100651A portion of The sample, 100 kriams,
was transferred to a vessel equipped t, agitator and 2.0 grams of
powdered calcium oxide was added, heated to 60C and the solution
mixed for 30 minutes. The sdlutiOn was filtered usingn pressure
tiTter with 40 psi, nitrogen pressure and a 10Mittroir finer disk.
[0066]The OA:tun& was obtained froth theremathing Organic qlutiotity
evil: under reduced pressure: in a rotary evaporator, The polyolefin
material obtamed it kinematic viscosity at 100C of 133,0 cST and a
branching level of'22% measured as %Ca% [90671The process parameters
and vestals:of Exumples6-9 are .summarized in Table 2, below.  WO
2009/099712PCT/US2009/030704 TABLE 2 EXAMPLES 6,9 -.1-AMPLE # Propene
6 NU t Yes 8. Yes ; 



Yes Solids Wt.%1 72.6 76.5 7i3. 84A  nib.  44538  a/a  Kinematic
Viacosity, cSt "ii,1 IOC    13.30 1404 1602 134,6 Kinernauc
Viscosity, eSt eiti 40C I1195,4  1394,6 V_ 220  204 &atoll Level C.4
CO 1905  2145 1 6  2154 iodine g,"  



18 -   MoleCulat Weight, MW4 80 -  7768 d Molecular Nturiber, :Nin
3792 nLn2L  PetydiSPersityyMW/Mn 2;1  2,1 Pour Point; QC -3:6 -- _,
L-36 ' sotkis tc,:a.::: 21 Oman PAO x4ts placed in en iiternikun an
and phnted on a prOhCatect hoi plate. The soltion tempo-anon at plate
*usAwn 2(0,2 I:0-C, wa,s held to; 20 ma, maned, Cooled and Ti
weighed. the, solithi wa:; tlie final \night divided by theta 64
WO,ght tirnes:100 - in 2 *.:It ", 1.)etcgmbitti by infrared
vecirosi:ify of Olin 1)Olywer Mos on 4 porkaElmor ickWed
spectropbotometCr. modd Sneettcm 1000, by, compafi.son of The
cellidye intcnities Of 3040 to 



methyicce grows: in :01! polyincr, Thai method closely twalle4 mc;
j4,tsrenients from AS "4 stioldard W900. Whieli detcrFO e the
Telative el:hylenc: to propene levet th EP 9 corsi)lyniccs. 3
li)ditte ti e-troxtlEcd,ASTM 1)5768 Mn add:Polydispereity ---,Gel
PorineantntehrothatostSohy usiiig paryks,tha6 8t:thdards: 5 Pont
Point - A.STS1 bin  1006$1Ifigh viscosity PAD products art.
typietilly used. to thicken lower viscosity PAG  products to
make:lubricant:3 with an acceptable viscosity for their intended
applications. Viscosity is a key property of a lubricant and several
professional Orgititiaations have created systems to classify
viscosity ranges that can be applied to the desired application. (hie
such Orgetitzultion r tlhe Society of Autotnotiye Engineers (SAE), hi
their publication SAS, J-306, the entirety of which is incorporated.
herein by reference, pue such vitico:3ity gatictined ,1* use: in war
tObricants is an SAE 90 grade, Lob cant meeting this VIKOSily grade
havea kinematic viscosity of 13.5 to <18,5 eSt at 100t. A typical
viscoSity target fig such -products is 14,5 ea A blend tising a PAO
Of the current invention with decenc and propene as the nuomithetS
tuad haying > 19abilinching level bkve derhonstrated itutn'oted
thiekening efficiency While maintaining the important low
temperature, eltaraetoristies, of the non-. propene containing
pelymthi. Improved thickening effldiencv..is. defined as requiting
jos of the NO viscosity PAD to meet tit targeted kirtonatic viscosity
at 100"C,  WO 2009/099712PCT/1JS2009/030704        90.Blends Ustlz
PAD 4 tinil 11/0 at:Maple <i (vat %) Example 94s(el%)      6  591
40,3           



- I 38.3              Kinematic Viscosity, eSt &Mot Brookfield
Viscosity, ci? -400c1  Lailveattaxt As-rm D-2M   14.614.4  23,250



jUO7OAny fra.tr6 d Hied may be:pountined in any (x claimed with
respect to any Other that the features ate not necessari  dui (1 With
r,peet to any disclased implementntio        iy one pr more oilier
feature(s) desctibed or sctosed implementation or implementations, to
the extent ethnically incompatible, and: ail such .cornb (nations ate
within the scope:althe preSent invention, FutduirmOre, the claims
appended below set lettli same nOn-limiting coinhimations Or features
Within the scope of the invention, but also contemplated as beinti
Within the scope of the invention are all possible combinations of
the et.matrer of any two or moreof the claims, in any possible
combination, provided that    combInation. is not necessarily
technically incompatible. AU patents, patent applications and
publications cited herein arated by reference in their entirety.
What is claimed is: 1. A polyalphaolefin formed from a decene and
propene and having a branch level greater than 19% measured as %C3
determined by infrared spectroscopy of thin films. 2. The
polyalphaolefin of claim 1, having kinematic viscosity of between 20
and 1000cSt at 100C. 3. The polyalphaolefin of claim 1, wherein the
polyalphaolefin has a Brookfield viscosity at - 40C 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 - 30C. 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 Ph2C(Cp-9-Flu)ZrCI, and an aluminoxane co-catalyst, preferably an
alkylaluminoxane co-catalyst, preferably methylaluminoxane, wherein
the polyalphaolefin has a branch level greater than 19% measured as
%C3 determined by infrared spectroscopy of thin polymer films. The
process of claim 6, wherein the polyalphaolefin has a Brookfield
viscosity at -40C 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 -15C.  9.The process of claim 6, wherein
the catalyst system further comprises a borate, preferably a borate
selected from the group consisting of lithium
tetrakis(pentafluorophenyl)borate, lithiumtetrakis(trifluorom ethyl
phenyl)borate,lithiumtetrakis(3,5-diftri- 



fluoromethyllphenyOborate, sodium tetrakis(pentafluoro-phenyl)borate,
potassium tetrakis(pentafluorophenyl)borate, magnesium
tetrakis(pentafluorophenyl) borate, titanium
tetrakis(pentafluorophenyl)borate, tin
tetrakis(pentafluorophenyl)borate, and dimethylanilinium
tetrakis(pentafluorophenyl)borate. 10.The process of claim 6, wherein
the reaction mixture comprises the decene in an amount greater than
75 weight percent and the propene in an amount from about 1 weight
percent to about 25 weight percent. 11.A process for forming a
polyalphaolefin according to claim 1, the process comprising the
steps of.  (a) providing a correlation between the total amount of
propene used to form the polyalphaolefin and at least one of branch
level or viscosity of the polyalphaolefin;  (b) determining a target
total propene amount used to form the polyalphaolefin based on the
correlation and a desired branch level;  (c) forming a reaction
mixture comprising the at least two monomers, the reaction 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 Ph2C{Cp-9-Flu)ZrCI, 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 -40C 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 -15C. 22  14.
The process of claim 11, wherein the catalyst system further
comprises a borate, preferably wherein the borate is selected from
the group consisting of lithium tetrakislpentafluorophenyOborate,
lithium tetrakis(trifluoromethylphenyl)borate, lithium
tetrakis(3,5-di(tri-fluoromethyl}phenyl)borate, sodium
tetrakis(pentafluoro-phenyOborate, potassium
tetrakis(pentafluorophenyl)borate, magnesium
tetrakis(pentafluorophenyl) borate, titanium
tetrakis(pentafluorophenyl)borate, tin
tetrakis(pentafluorophenyl)borate, and dimethylanilinium tetrakis
(pentafluorophenyl) borate. 15. The process of claim 11, wherein the
reaction mixture comprises the decene in an amount greater than 75
weight percent and the propene in an amount from about 1 weight
percent to about 25 weight percent. 


