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WO 20071011459PCT/ US2006/ 021231 - 1 - POLYAPLHA- OLEFI N COVPCSI TI ONS AND
PROCESSES TO PRODUCE THE SAME 5 Field of the Invention This invention
relates to a process to produce a new class of poly-al pha- ol efi ns (PAOs)
wi th uni que chem cal conpositions. Mre specifically, this invention

rel ates t WONEMLBACs prepared in the presence of a mePal/VEIB1IBAt al yst
with an activator and a process for nmaking PAGCs in the presence of a

net al | ocene 10 catalyst with an activator. Description of Related Art
Efforts to inprove upon the perfornmantée of natural mneral oil-based

| ubricants by the synthesis of oligomeric hydrocarbon fluids have been the
subj ect of i _ ma? AEstsrt Nrot Poppet ek edamei ndustry for
at | east fif?gﬂf%i]@geg%s. Tée%iségﬁe&fq?%ftﬁgﬂ)%gve led to the relatively recent
mar ket introduction of a nunber of synthetic lubricants. In terins of

| ubricant property inprovenent, the thrust of the industrial research
efforts involving synthetic lubricants have been towards fluids exhibiting
useful viscosities over a wide tenperature range, i.e., inproved viscosity
i ndex (\3), Fiofdl dfehefinSéntiwaow Ng lubricities, thermal and 20 oxidative
stabilities and pour points equal to or better than those formneral oil.
The vi scosi t y-t ehpemxention elateste spepssp togrodnce amewciass REPYYEIPIE one of the
critical crj ' hGE ﬁﬁf" 0[S ' | ubricant for a
particul ar gltﬁgjl&’:@é‘t\q%?)ﬁ&h e %Bﬁeé@g{l%%’ﬁﬁé&%é‘mf?ﬁﬁe al sﬂgs base for single
and nul ti gr atestionurélaies tntaveERADD prepared ml the presdnge bba metatibeeng eatalpstvi scosity
with a change, 25 in te rature.. Fl yi.d hibiting such a |latively | arge
change in v %F?Vawg‘ﬁgﬁgfpﬁﬁsgﬁfpéq%ﬁs%féﬁF@hT Breﬂwgoga{ng{ﬁﬁ%eggqsi ty

i ndex. Ypscesalyy withd@actifatéd) enpirical number which indicates the rate of
change in the viscosity of an oil within a given tenperature range. A high
VI oil, forD of Rgl n out at elevated tenperatures nore slowy

1
than a | ow VI oi . i [ ﬁﬁr : i - e because it
has hi gher vi scoﬁs{f?r%g?nlq%ﬁgﬁépgﬁglgﬁﬁg%#ﬁ&n ICE trans gagg&i nto better
| ubri cat i onlubricanksyt the syrthsisadfiodigoméricttydrocarhom Bnids faveshslen the subjet

2007/ 011459PCT/ US2006/ 021231 .- - el ts, f bl i
t enper at ur egtclgﬂjﬂ g regeate ﬁB‘ifiﬁ‘fefzﬂpE‘fgﬂsg}’npe?a eﬁéﬁp‘i#?&@.fgr\ﬂ%iqagtgﬂl cul ated
accordi ng t QeahSTMcEPeRAE Have RlQo tHRACHKI e MREdn® Mrafket Inkd8udtonlay dr ocar bons

manuf actured by the catalytic oligonerization (polynerization to

| ow nol ecul Bymbgsiof pmihstisdelriogytson teimsed dubgican psonertyamproremephener s. These

typically r - 0. ed - Lt . ing a
preferred rraﬁ?%??gﬁggﬂéiﬂl P%%E&éﬁ eg)oﬁgﬂgﬁ%w %%?glﬁggﬁﬂ?%?pg%ﬂef ins such as
et hyl ene ancbwardsfjuidsrexhibtityngussful bscositieslover actidelienpenapetapggie., of et hyl ene
wi th higher, olefinsg as described in U'S Patent, 4, 956, 12 nd the patents
referred tolrFlffBYeé‘i‘ﬂs.coﬁiﬂﬁna?’b t“%l“]ﬁégg s%’ﬁP%ﬁ@&“ﬁ“ﬁf)&W"ﬁ‘ﬂﬁ"é‘%i n the 10

| ubri cabpng LightivERiabalties Iﬂ@b&ﬁbbﬁts@i}ﬁﬁl@o S ittbVRa SRS RImBkrabyilt heti c
hydrocarbon fluids (SHF) produced fromlinear alpha-olefins, the two

cl asses of SHE bEhegsedsitytamepesatumeadrtionshipiof a labdcativiggil iy pacefshe v i ndex
PAO s). PAO.s,. . i i i r re typically
b odubed usPisE] WAk petanBbER ) SfREHE KARBIRTRALE [YPLIRTY.

produced by pirtieulmcdppligationaThe migdral olleédniméitlp dsddrastatasgpfoe siegleandf a cat al yst
such as Al1Cl13, . BF3, qr, BFE3 caonpl exes. Processes.far the oducti on of PAGCs
are discl os@’é‘}ﬂgi‘?ﬂ‘:dé‘ﬁ’iﬁﬁ'i‘té,‘m?‘ £ FRetvElY| 1grge Finge iofpcositjvih a fit s
3,149,138, % 38gerdfids. Fuifid éxMBiding SuchGel2®Rly Bree@Badetin vikedsligwi@> and
4,956, 122, which are fully incorporated by rTeference. PAGCs are al so

di scussed i tPmpertye pre saisl to&ave 4,lomi decosibhingaxn ddpesitaingdex iancel Dekker: New
Yor k, 1980. QR . i i ]‘;@ . e ange products
are typi cal Fﬁﬂﬁégr oge%ﬁ%’eﬁﬂﬁﬁé{%@%&%&{a{gﬁg u gxf@gvﬁsgé’{dguogﬁﬁ ﬁfrllsat uration,
general |y t eithinl aegiedn tefnpepratme mingés. n& high 0Phboillidr elRAfipls, witlythial ohbatbe

conveni ently nade by the pol rization of _a -glefin in the presence
of a pol yne%?%?‘f@#%?&g?%gg@&&@éiwﬁw Bﬁeﬁs%r@f ?‘sl“%ha{}%l?’yﬁ s. These

i ncl ude 3¢ f OmopXdusRABle bétlatise iPHAB HigHef (ialdsiPat RSP Renfietatite] wWigich al um num
trichbride or boron &fluoride promoted with Water, with alcohols such as
et hanol , pr tpeslaiés, intorbelen lubri¢ationandbettar protestiancofdled ehmfacting mactinest er s such
as ethyl acetate or ethyl propionate or ether such as diethyl ether,

di i sopropyl ether, etc. For exanple, the nethods disclosed by US. 30
Patents 4,149,178 or 3,382,291 may be conveniently used herein. O her
descriptions of PAO synthesis are found in the followng U S. Patents:
3,742,082 (Brennan); 3,769, 363 (Brennan); 3,876,720 (Heil man); 4,239, 930
(Al phin);




WD 2007/ 011459PCT1US2006/ 021231 -3-. 4,367,352 (Watts); 4,413,156 (Watts);
4,434,408 (Larkin); 4,910,355 (Shubkin); 4,956,122 (Watts); and 5, 068, 487
(Theriot). Anot her class of HVI-PAGCs may be prepared by the action of
a supported, reduced chrom um catalyst with an al pha-ol efi n nononer. Such
PACs are wodeswidsed in U S. Patents 4,827,073 (W) FESHBYNAN)) .
4,967,032 (Ho et al.); 4,926,004 (Pelrine et alL); and 4,914,254 (Pelrine).
Commerci al ly avail abl e PAGCs i nclude SpectraSynTm2, 4, 5, 6, 8, 10, 40, 100
and SpectraSyn U traTm 150, SpectraSyh-U tra 300, SpectraSyn U traTm 1000,
etc. (ExxonhMobil Chem cal Conpany, Houston Texas). 10Synthetic PAGCs have
found wi de %@&@&p%&rﬁ){,%ﬁ@n@mﬁ@}‘ﬁw §EE§@‘§E“§‘W"FH¥‘¥Q a¥idecant field for
thei r superQe W if QIEIAGT RooRdfaE ASTM keaRiP 2470, ter ms of | ubri cant

property inprovenent, industrial research efforts on synthetic |ubricants
have | ed to PAOPAQs ahmpeisthia bliass of iydroedrbonsimanyfcturgddey o etalatioi de range of
tenperature,. i .e.. .inproved.vj.scosity i.ndex, il e o) ing lubricity,
t hermal 15 “&\%8““8’52?388? 2)”5?%1?1? {?)jmg-ry%ol%c(g ”‘E%Pmél% Oft%%gégra better than
m neral 50i |oleﬂ31%$@)frﬂdm§ﬂe¥s$|iﬁhe§@t?f¥ﬁ¥lmﬁﬁ§é feorh Ukictepans 5-dbdewesie, vechani cal
friction, enhanci ng nechanical efticiency over the full spectrum of

mechani cal Wightrdecgneibeing a preferesd matgrakalthough plizgemerc,eopolymys ebndi ti ons t han
m neral oil j R j ] jinegant s are becom n
i ncreasi ngl13%%&????&%eﬁt@gﬁgﬁr%g@p%ﬁgﬁh?ﬁg}gg923&8?l(l‘l)lg@gtnlges, such as hi ghg
Vi s](c:osi ty iqmdg@m@hﬂlofp’éhw?ﬁz pmth:ingimtalbﬁp?sglhsmb&thmGFaBﬂbﬁttwaSGilﬁ@r _O\éed wear
per f or mance, .inhcrease r an i ive s ilif. nd or .,w der

vi scosity ragﬂéléepagqng fﬁ%&&&&’ re??equo(ﬁgwﬁﬂ‘gf ﬁ%vrer?ﬁaﬁ%wﬁléﬁ’ﬁﬁ?récﬁé%% f or

| ubri caymt S-luM%gﬁﬂ%bimﬁﬁﬂ(etUrﬁﬁﬁﬂiydﬁarsh&@'@wﬂ&lé(sQé\@syﬂﬂfeﬁc hyqrocaviesh properties

ed.

are al so need S5Efforts have been made to prepare varioqus PAGCs using

net al | ocenelwds @HF3 prodyeaddiam lipsas giphe-elefing thedwogtnsees P EHEDgmEe qui val ent to
US 2004/ 01 r ?‘\Fﬁ;_ . ildef OEnafrgertain

nmet al | oceng&ggﬁ’égﬁg@?agﬁ er %Em%ggg%e n%ir e?éurﬁ'. E’%orrpar aflﬂeve exanple D
of US 6, 70624808 of differentyiscogity grades are typically produced using promoted BF; or

rac-di net hyéﬁll %I gi g(z- nmet hyl -1 ndenyQzi rconi um 30 dichloride in conbination
wi th et hyl "(MAO at -100C in the presence of hydrogen to produce
pol ydecgne havi ripedfit PA@dulQXnﬂ' duSedB5t60 fbliMeAtatibAOf Slefih @4100) of 116
cSt, a Kinemati c@\ﬁ sc%rs??t at OC%KV4O ygt? .iio 9 cSt, a VI of- -4- 214, an
i odi ne nunb@thegresenes ofacaplysbsucheg AlClaBHynordiFs zowplexes: Rmpersesder 2. 4, and a

Tg of-72.4 i i . i : S, in
exanpl es Jqg%#oéﬁ%g%gg)éﬁeg%%‘gﬁgﬁ’%ﬁ%{@ﬁ%ﬁy ?’P@ﬁ tﬁ?#t%:[g | oride or
racdi met hy | Ratdnyd 3, 4%5178: BBRAQHT;i3AIRI08L) 3,269,368 13,080, t128; 4]192,848 amdn conbi nati on
with 5 MAO 40 C (at 20 si _hydrogen or 1 of .0ogen).to produce
i sotactic p‘gﬁﬁdgge?fé‘cﬁéﬁotﬁlgm"?ﬁ%dﬁ@'ISPG’T@G%;TPAé\%?@ %gﬂ SBo"of 702 cSt,
and a Mo of wiDGG. Tubkithridh FomBemaRAY, 0868 DekRAONES Motk h@8ONY a Tg of -66 C
a KV100 of 1624, ‘and a VI of 341, respectively. Further WD 99/67347

di scl oses i$rbssauayite palymirzatiog, the PACHpbrictatwangs produsts etk fapissliideny Dzi r coni um

di chl ori de 4 ) At | 1 : ecene havi ng
an tn_of - 11358 g8 bl e Mol sl BERSUEROR IR $FECTCS T
vari oulsI POls;grezserdhamEm“/@oHyd-é’@ﬂil smajasrwbe@t?;!vélﬁuﬁlynﬂm_hlﬁgcthene cat _a:c_ysts not
typically known to,produc 0] rs,. or oligoners with, an ecific
tacticity. F@imzégg‘}MM%MEWW%EP@?@%@%@&& 688, 887, US
6,043, 431, MEh QoFARORGAR esluva! Phso 121045, RPBARANE BBdumUS 6, 548, 724
(equivalent to US 2001/0041817 and US 6, 548, 723), US 5,087,788, US

6, 414, 090, tochleride; horgy triflygsids, ateminggytrichlerids orderongyilueride nosmeted 13, 438.

To date ho : i rga}ﬁl O}« j de

appl i cabi | Y“?‘ﬁ"ﬁtef’ﬁé&r?g‘?’ ggs%%ﬂg1 pa!r)lf ﬁ‘%ﬁ%}g’w@%ﬁﬁ‘é&r %’b&rli%c{gn )mrcr’ar ket pl ace,
due to 20 iavelsférovidndsteps such as ethglogttaternd efhybgrepioyate ef éthértsach dhe i nst ant

i nvention a ss such and .ot her needs b rovidin ew P, nd or

HVI - PAO s rfﬁ&f‘ﬁge%&é@ﬁ%ﬂ?ﬂﬁb’ﬁb&ﬁ %&Mﬂgﬁ%@%‘%ﬁ%ﬁs@% @v‘gd process to
producesot hergenBdITaD, 178Qr 31382201 nfdy bé onvenientlyhised hBNANID1AE rel ates to a

pol yal pha-ol efin conprising nore than 50 nol'e % of one or nore C5 to Cu

al pha- ol ef i deseriptionsof A eyndhasisearpbupdinghe fallowingUSaBatenty: 42482 % or nore
of "1 t i ackpyc300) 3 368504 NGl A7 o0 Vet S R030 W | S CURl T

89.92 * (V)




0i 863, where V is the kinematic viscosity of the polyal pha-olefin in cSt
neasured at 100C, and - 5 - c) 1,2 disubstitutecl olefins present at
7 mole %or nore, preferably present at Z nole %or nore, where Z =
8.420*Log(V) - 4.048 where Vis the kinenmatic viscosity of the

pol yal phawel ®67/011458 cSt neasured at 100C. 5Al t er nat el yYECHY§2R060%{273ht i on
relates to a pol yal pha-ol efin conprising nore than 50 nole % of one or nore
C5 to C24 al pha-ol efin nononers where the pol yal pha-ol efin has: a) 40 nole
%or nore of mmtriads, b) a Bromi ne-hunber of 1.8 or less, and 10c) Z rmle

% f t t f wh :
A B B A T
1516 17, 56]1%2%8)2%\,\%9@5§287 (Théfotpn integer from1l to 350; and where Z

= 8. 420*Log(‘ ere Vis the kinematic viscosity of the
poI yal pha- ol ef | mmﬂmulamfmm may beprepared by thajactiomefiasfupportedi s i nvent i on

lates t - 0| |l e % of
ore 05 1 o el il G OREROR e (R uncl, SUAERG BT 1 Ras™™ )
0, 10l 50 Tt 417 O T R oty el
of the pol yaf &P@Pﬁeﬁ%)a@gﬂ4ﬁéggg$@&\ﬁgﬁe 2@‘1’@@’8“” deé‘?a%le I%‘L‘éﬁ"subst i tu%/ed
ol efins, prlﬁ%%@%;e\(’wﬁe@,;%t 6, ,rf?I@ %@&dﬁﬁgﬂ?ﬂlﬂﬁﬁm fsepresented by the

formul a: e’ tthé o tuted carbons will be

posi ti oned mcmma%wmp@uw%wuwemmmw GhaniGd, and where
] kandm re ea;[ibsgon%ge)ndently 3 4, 5, 6, 7, 8 9, 10, 11, 12, 13,
14, 15, 16 Yo or ii is an integer from1l to 350; and
where Z¢= 8. 420*9yaﬂ{emPAo§hwe8fouﬂmﬁfdeavc Sabilit@ard ddaiiadrtial sacesoimi ty of the
pol yal pha-ol efin nmeasured at 100C.in cSt. 10Alternatel ﬁq t hi s I nvention

rel ates to the rigamt Sl for eir sunesiafieite mineralthaged; lpbricanls. Fbleemsh f one or nore

Chan 40 moi eo0enr ety PRV, Hofhaal BRaRl B RPEUL IpREE ©) 1150 2

nmol e % or rimveledfto BAQ Auide pxhilsitmg weefuld yistdsities ovenal veide cange of

temperature, i.e., improved viscosity index, while aiso showing lubricity, thermal

15  and oxidative stability and pour point equal to or better than mineral oil. These
relétively new synthetic lubricants lower mechanical friction, enhancing
mechanical efficiency over the full spectrum of mechanical loads and do so over a
wider range of operating conditions than mineral oil lubricants.

Performance requirements of lubricants are becoming increasingly

20 stringent. New PAOs with improved properties, such as high viscosity index (VI),
low pour point, high shear stability, improved wear performance, increased
thermal and oxidative stability, and or wider viscosity range, are needed to meet
new performance requirements for lubricants. New methods to provide such new
PAOs with improved properties are also needed.

25 Efforts have been made to prepare various PAQs using metaliocene
catalyst systems. Examples include US 6,706,828 (equivalent to US
2004/0147693), where PAOs are produced from meso-forms of certain
metallocene catalysts under high hydrogen pressure. Comparative example D of
US 6,706,828, however, uses rac-dimethylsilylbis(2-methyl-indenyl)zirconinm

30 dichloride in combination with methylalumoxane (MAQ) at 100°C in the presence
of hydrogen to produce polydecene having a reported Kinematic Viscosity at 100
°C (KV0p) of 116 ¢St, a Kinematic Viscosity at 40°C (KV) of 1039 cSt, a VI of



where j, k and mare each, independently, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 20 or 16, nis an integer from1l to 350, and where Z =
8.420*Log(V) - 4.048, where Vis the kinematic viscosity of the

pol yal pha-ol efin measured at 100C in cSt WD 2007/011459PCT/ US2006/ 021231
-7- AYQ 0HAL14%  this invention relates to a pol yRFHYE28¢/eH24
conprising nore than 50 nole % of one or nore C5 to C24 al pha-olefin
nononers where the pol yal pha-olefin has Z nole % or nore of units
represented by the formula: S where-f#- k and mare each, independently, 3,

4, 5, 6, 7,.,8 9, .10, 11, 1 13, 14 , 16 8, .19, 20 1, or 22, n
is an int eg@"‘*ﬁ-%?ﬂ?f%*’ﬁ%@&'%tﬁﬂ%‘ﬁom@r%emz]l@%52%@3&‘("@@9f%1‘%’048, where V
is the ki nemtdﬁ%am_ﬁ.w:.t Viketwise o) 143k P Bidc19ses] dnlorpRatie itfiflgsatn 100C in cSt
Alternatively, this invention relates to a f)yg[lyal pha-ol efin” conpri sing nore

t han 50 nol exasplss Jand Kothe g of resrethyl-ws(indgnyl)rarcomiam; dichlendsrag rec-wher e t he 15

| yal pha- ol.ef | ) .40 9 . f . b
B omne. iR mety Bpaa e Suth O EaRe BooBBbibENh Soes  phere
}j/_ i Sbt PESt kitn%r(mlhﬂ?"@(scm ﬁsY{erdi}ct)gbgtor M}ﬁ@d}éﬂ@dﬁgeﬂﬂ@ﬁm@ﬁdisota%ﬁc o Z)ZOILZ v
I supstituted olerins reseny a 149] % or. _nore re = . *Lo
- 4. 048 whepdydgopne reprrtediaving BcTE/‘?fs'Z%g‘iq,%{fVmOrfg 783:63& 3t @? min cSt )

g hic. C o
measured at %dé) 90 Cproduc.eﬂ) gé&ﬁe ?épxﬁ%clﬁly %aéflﬂr%%/ 'g@% -g? €64 RVGS of P62

pol yal pha-olef i n conpri nore-t ohe or nmore C5 to C24
al pha- ol ef i mdYibofsd4d, xehpactvelieFathepWQ 89/p7 34 -didcddsesinexample 1t e % or nore

of mmtriads and,l ess th 0 .a rou pet.al . - - ternately,
this inventP%ﬁ%@#ﬁﬁ%tbﬂ%%@a@f@ﬁ%ﬁmwgﬁ%%IBFHG"WS%?%‘ Yﬁgn 50 nole %
of one og NMILAD &B50PO téprbdadedblRictdne having AR iSoMN 200 ahde4%o0! yal phaol ef i n
has 40 nole % or more of mmtriads and | ess than 1000 ppmof a G oup 13

net al , prefﬂﬂmwcﬂ@%@ebwmb pm of al um num and/ or boron. Alternately,
this invention r - j i ']-ﬁ%, than 50 nole %
of one or nore £h§g%%&ﬁ)ﬁﬁ%?gﬁpﬁ'%ﬁ§,@}g&%@t eﬂgo yalphaol efin
has 40 nol emétaliocene catalybts oo typicalljsknewd té podudelyailyni€® 6r glgumefs wtlun num and
bor on. Al terpatel.y, this invent]j r o) yal.pha-ol efin
conpri si ng Wrsgeﬁlﬁ%#éé%ﬁweﬁfmiﬁg%gp 9%?%?&%%@3&?;&& ol efin

nonomer 5 WHE8B88NeTPR 0440 O SH20838 $ehitvalit ® TS 20030055184), Usn tri ads and

| ess than 100&$m of a Goup 13 netal. Alternately, this invention

rel ates to &5fbV3k{carinalentdeUS 20040041517 gudbS &, 3484335 VSdP%, 8380PSone or nore
C5 to C24 a ' S fj-a has 40 nmole %
or nore of !rsﬁgnh?(r)iﬂiégjsg gﬁd ’@g?r Stﬁﬁ%dr%(fh%’oe%é E’g%ﬁg¢%§b€§%}@mﬁ"iﬁﬁ ternately, thios
i nvention rel at €Bo tate howedey,HADamatiewith metatipcdnss hayemdt foubhdaitie50 nol e % of
one or nore C5 tq.C24 al pha-ol efin nmn rs,, where the polyal pha-ol efin has
40 nole % ofP %hW@%‘ﬁﬁﬁ%@%ﬂﬁﬁp;ﬁ@@yn&ﬁi‘fp“ﬁ% %ﬁﬁ?tﬁlﬁ&afiéﬁonum 25

Al t er nabg veinkfficidht Srobié fobist 1 préilefty A8HidiN. ThouERAGRIGHRH aRksabgna- ol efin
conprising nore than 50 nol e% of ohe or nore C5 to C24 al pha-olefin

mononer s, whisrathar meedsdivradvidimg abw PAQwmandromE V- RAR's havigg expeilendm 95% t o 20%
mmtriads a . m. 0 3 t al preferably | ess than
nﬁrgpéﬁ éon%f%oé% g‘?doﬁip mp Jve@ fn%_'égsg th pllzﬁuce

1000 30 pp um num on. ernatively, this
invention relates to a hydrogenated pol yal pha-ol efin conprising nore than

50 nol e% of _one or re C5 to C24 al pha-ol efin nononers, where the

pol yal pha-oﬁ@?ﬁﬂ%ﬁ@ﬂ@i ads ranging from95%to 20% mmtriads and | ess
than 1009 ppm of group 13 netals, preferably |less than 1000 5 ppm of

al um num and/ or boron. Alternately, this invention relates to a

pol yal pha- ol ef i nThisiyentianiglaies tea polyaipiseolpiin eomprishamoretuandiOphele ol ef i n
monomer s - ang, fakl BRfe Aot 4RO HonbiiSs AR ALY SlasT cat or than 1
and |l ess than 2.5.
has:
a) 40 mole % or more of mm triads,
30 b) a Bromine mimber of Y or greater, where Y is equal to 89.92 * (V)
03863 where V is the kinematic viscosity of the polyalpha-olefin in ¢St measured

at 100°C, and



10 This invention also relates to process to produce such pol yal pha-ol efins
conprising contacting the C5 to C20 nononers with a netall ocene catal yst
(preferably a racernic netall ocene catalyst), an activator (preferably an

al unoxane_and or a non-coordi nating ani on) and, opti ongéﬁ/] A 6@3@(I al um num
conpound. W&200701145¢i 5 i hyention also relates to proce 5 E/ uce such

pol yal pha-ol efins conprising contacting C5 to C20 nononers with a

net al | ocene catal yst and an activator, preferably a racem c netall ocene
catal yst with an al unoxane or NCA as-activator, or a substituted

met al | ocene catal\yst .with an actlivater. .of SQ all ocene with
an NCA acti vat or°.) ﬁ%dﬁﬁﬂ@%@%&%&gﬁtﬁ ?)‘}noée éoo?ﬁFfé%aH&ch as an

al kyl al umi ROMTOMOR %8t mbee, wheR. Z = 8.420FLsg(pr 4.048 edrredVligthk pha- ol ef i ns
(and any pol yal pha-ol ef ns_ descri bed herein) may he hb/q,rogenat ed by

cont acting hﬁ@ﬁ!ﬂ‘?@ﬁﬁ@féﬁlwaﬁlﬂh%ﬂeﬁ%@@ spred gk 40 Gy dr ogenat i on

catal yst. This hydrogenation step is often used to reduce the brom ne
nunber and/or to nodify the amount of mmtriads in the final

pol yal phfa- ol ef i n&lterBatelgfthisdsvantipn refatesdd aphlyalphayolefin c8fprisiiy more

2007/ 011459PCT/LUS2 [/ Q21231 - - Figuwe 2 is a graph of nole% B
conponent s 5@60%()“2[9?8?%%W&@%@W@%%‘?m&%ﬁ% °PXO s fromthe
exanpl es angbigapmasiafin ¥Q: exanpl es 1- 4. Figure 3 is a possible
reaction schehe for the formation of A", B", A and 5 B conponents,

i ncl udi ng head t® 4fmeledonrmerd ofqnm triadsi gure 4 is a gas chronatograph for
the C30H62 fracty\o £ e Ehgur.es5 is a possible reaction schene
for the independ@n?Bg@%?ﬁg@H{%&g?%&dgll%gaE(.l Figure 6 is a
proton-N VI R of ¢)hZ nolse%iarmore efjirits refreseiied Bx theforemds PAO. 10Figure 7 is a
graph of traction results for the Exanple 32 hydrogenated PAO conpared to
SpectraSyn 100 and SpectraSyn U tra 150. Figure 8 is a carbon 13 NVRs
pectra of 8B8 regi on of anple 36. Figure 9 is a nmethyl branch and C3+
branch region of the carfgon 13 NWVR spectrum for Exanple 56. 15Figure 10 is
a graph of methyls per 100 carbons versus\ KV100 for Exanples 36, 37; 38,
39, 40, 41 and Conparati tailed Description of the

| nventi on 20As used herein, cheme for the Periodic Table
of the Elenents is used as se€ D ENG NEERI NG NEW5, 63(5),
27 (1985). For purposes of this d thel clainms thereto, when a
polymer or oligoner is referred t\o as npifi sing Jan olefin, the olefin
present in the polymer 25 or olig&ner i Kthe pol ri zed or oligonerized
formof the olefin, respectively. Likew se the use of the termpolyner is
meant to en | o) r r p IS i nclude
any pol ymr&ﬁ%?’ﬁéﬂh%%am&gﬁiﬁn éPTJ)‘/nglg ’sftilsh%\?%hglﬁgg’eﬁé?wﬁskew se the
use of 1he 1&MM 18,18R0e21,ice 2Bpaistantintegen fronplatesS Stpando! | goner s and

cool i goners, . where i rs.include. any 30 ol iganer. or,having two or
nore chem c&’h?’ﬁ%ngi?(ﬁJéﬁgwﬁmg.Whefﬁiistﬁe ema sctoﬁ’éyﬁﬂgf)oses of this
i nvention aPa A1pEa-Slkfit ARadub QT £100%018 cker m " Pol yal pha- ol efin, "

"pol yal phao e?i n," or 'TAO' includes honooligoners, cooligoners,

honmopol ymers and copol yners of al pha-ol efin nononers.
Alternately, this invention relates to a polyalpha-olefin comprising more

20  than 50 mole % of one or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has:
a) 40 mole % or more of mm triads,
b) a Bromine number of Y or greater, where Y is equal to 89.92 * (V)%%,
where V is the kinematic viscosity of the polyalpha-olefin in ¢St measured at
25 100°C, and
¢) 1,2 disubstituted olefins, preferably present at Z mole % or more of units
represented by the formula:



For the purposes of this invention and the clains thereto the active
species 5 in a catalytic cycle nmay conprise the neutral or ionic forns of
the catalyst. The term "catal yst systenm is defined to nean a catal yst
precursor/activator pair, such as a netallocene/activator pair. Wen

"cat al yst ¥93e0@#145% used to describe such a pair bef oPETASIWOYEARHN, it
nmeans the unsctivated catal yst (precatal yst) together with an activator
and, optionally, a co-activator 10 (such as a triallcylal um num conmpound).
When it is used to describe such a pag¢ after activation, it neans the
activated catal yst and the activator or other charge-bal ancing noiety.
Additionally, the catalyéﬁ system nmay optionally conprise a co-activator
and/ or ot her charge-bal ancing noiety. "Catal yst precursor” is also often
referred to as precatal ygt, recursor, netallocene, transition
met al compound, unacti vat or tyansition netal conplex. These

) cocat al yst are al so used

is typically added to
cavenging inpurities. Sone
y belreferred to as 20
co-activators. A co-activator whi ﬁ'scaﬁbmger may al so be used in
conjunction with an activator in order to forman active catalyst with a
transition tal caqnpaund. . In so enbodi nents,,.a cqQ-activator can be

or o i xed wPBReHHROIERBA d 2 digtbsiiBted copaRR TS e BoSiPRe Hebreen (A at od

transition oesddecadsrany Bebwedh 88 a8 ah8 Whefe ja aimakdeacRt €d cat al yst
conpound or allcylated netall ocene. 25For purposes of this invention and

t he cl aidrs independantlychdodrtd7nkOi HY 14012 h3,(IMCH, 16517184 19e20,t28, erean an ani on
whi ch eithey,. does. not coor di the catal yst netal cation or that

coor di nat e?zoﬁﬁi/%g%ﬁy@?%qttﬁg&rﬁrgﬁgl cation. An NCA coordi nates weakly
enough t hatwikera2ut 8.4204Lep(\d -bhG4S, wherelV Rshaltinahicivideosityl of tiiy acetyl enical |y
unsaturated nononer, can displace it fromthe catalyst center. Any 30 netal
or net al | oiRpI¥aiRha-lehn megspred ab PG iR te, weakl y coordinating conpl ex with
the catal yst netal cation nay be used or contained in the noncoordinating
anion. Suitable netals include, but are not limted to, ahuninum gold, and
pl atinuid - 12 AltcBuatelypithis innentadrl xelaths t¢ apodlyalpha-blefin gomprising mprei t ed t o,
boron, al uni nu phorus, an il c0 ubcl ass_of. nop-coordi nati ng
ani ons corrp%?’%gdsmg{éﬁ’eﬁf%en%ﬁ’?ﬁ’re%éz?mgf’g’%@%ﬂin?:%c’%wr% her neutral or
ioni c. The pogydhaldefithadct i vator, and stoichionetric ionic activator can be
used i nterchangeably. Likewi se, the ternms 5 neutral stoichionetric

activator and Lé)uilsssébwoam?liﬂ\'ya?ﬁﬂﬂﬁéﬂﬂsbe' used interchangeably. In
addition, a reaGhofpiSn; ! . which a chem cal reaction MaM
Pol val pha- ol ef i ng J%Wuﬁﬁ%?éﬂ'g?%%%o Iment, this invention relates to
pol yal pifa- ol ef i id Z &8 %)or arnpoefi1mits cepraserded Inathe Séimuid: e % of one or nore C5
to C24 al pha-ol efin nononers, preferably 55 nole % or nore, preferably 60
nole % or nore, preferably 65 nole % or nore, preferably 70 nole % or nore,
preferably 75 nole % or mire, preferably 80 nole % or nore, preferably 85
nole % or nore, 15 preferlably 90 nole % or nore, preferably 95 nole % or
nore, preferably 100 nol g % basedson the total noles of nononers present in
t he pol yal pha-ol efin, as|nmeasure -13 NWR I n anot her

enbodi ment this invention AO s having 40 nole % or nore
of mmtriads, preferably 45 50 % or nore, 20
preferably 55% or nore, preferaby 60% lor referably 65% or nore,
preferably 70% or nore, preferably 75%]lor referably 80% or nore,
preferably 85%or nore, preferabl\y 90% re, @eferably 95% or nore, as
determ ned by Carbon-13 Nucl ear gnetic ReSonance (NVR) spectroscopy
according to the procedure bel ow. 251 n another enbodi nent, the

pol yal phaol ef 8 _according to the present invention have at |east about 84
ol e % mm twheaels k apd ny are egahnindepasterdiyndir §, 6,708, HAQ 1, b3S, B4, 16east about
98 nol &% ri ” i t, the polyal phaol efns according to

t he pr?genmlﬁvgﬁgﬁﬁdeg%\%%FWOgﬁ mmto nr triads ranging from about 49
to about 1.\herd & =081420ogCV)1B048, Where IV Rty KiféhitRRGRos dfshd rom 1.0 to
10.0, or from?2 to 49, or from2 to 18, wth nore preferred ranges of from
1.0 to 8 orpobfaifhﬂsﬂ? measured apH0SG iePthy Carbon 13 NMR - WO

2007/ 011459PCT/ 11S2006/ 021231

i nt erchangeably. A scavengerN“§ [a co
facilitate oligonerization orbpo| ymeri
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- 13 - I n anot her enbodi nent, this invention further related to

hydr ogenat ed PAO s having 90% or |less mmtriads, preferably 70% mm tri ads
or less, preferably 50 mmtriads or less, preferably 30% or | ess mm
triads, or preferably 10% nmtriads or |ess. 5In another enbodi nent, the
hydr ogenat™¥ 24P 14¥phaol ef i ns according to the present PCHUEH A2 Have a
ratio of mmto nr triads of less than 1, with preferred range fromO0.01 to
0.9. NWR spectroscopy provides key structural information about the

synt hesi zed pol yners. Proton NWVR anatysis of the unhydrogenated PAO gives a
10 quantitative breakdown of the olefinic structure types (viz. vinyl, 1,2-
di substituted, trisubstituted, and vinylidene). As noted above, Carbon-13
NMVR is used to %Ee%d%%lg,eqﬁs&}ﬁ&énﬁbﬁ 2128 t4 DBopRbNAbRAR bAhNiSs Abret he present
invention - quantitatively 1 n some cases, and qualitatively iIn others.

Car bon- 13 Nk §molec of enk oranere (GortoriC24 alphe-olelin cemomats wherothet he tri ads,
denot ed nun Q, 0).,» Nr neso,. racemc dif.(ragcemc, racemc),
as well as qp&%ﬁza—&&%@lﬁsﬁ ISHIG(J# O{lﬂgmsogﬁffl er.eppfﬁe)éltegi%c%%fo %ns of these
triads defines whether the polynmer is isotactic, atactic or syndiotactic.
Spectra for a PAO sanplecare acquired in the follow ng manner.

Approxi mately 100-1000 r d of the PAO sanple is dissolved in 2-3 m of
chloroformd for Carbon 13 anal ysys. Appreximately -10 ng/m 20 (sol vent
basi s) of chrom um acetyllacet onatfe rel axation agent, Cr(acac)3, is added to
the sanple to enhance the™ata apqtnsition e. Analysis of the spectra is
performed according to the T N , L-M; and Chung, H
Journal of Polyner Science: Party A: Pol Chem|stry 2000, 38 1687-1697,
augnented by the identification &nd intlegration df end group resonances,
and renoval of their 25 contributyons tt ﬁl pealGy,used in the analysis.
The deconvol utions are executed wth Acor MR Inc.'s NutsPro NMR dat a

anal ysis software, using an 85/15 Lorentzi an/ Gaussi an | i neshape. The
conponent L ar ggﬁ i I r C{0k 6li 130 the mm nr,
and rr tri gﬁﬁégg %gaﬁ%ewnégg%q%% {hﬁé&%i}’%’eg?\%%Sf’ilg’nﬁd;ig’tlr% i E)%j? |5’on. The

adj ust abl e g1 Arks; 9, 20021,ton 223 ik ah mteger fom 1tth850,raadt i on 30 of nonomer added

with racem c, stereqc ' y. For detgi.l f goi.ng, froma set of triad
measur e nt‘é’h?rgf?gﬁgétgsmbéﬂ%ﬁ?ﬁ%@?%ﬂe%@“%%?%wg thEal nmodel - 14
- (such as tiaiardest meaed# $00°6) ygrer Sequence Determination, Janmes C
Randal | , Academ c Press, New York, 1977" In another enbodi nent, any of the

pol yal pha-ol efins produced herein 5 preferably have a Brom ne nunber of Y

or greater, wherg,Y i gual. to . 15863 ere .M s the Kinemtic
Vi scosity at 10d@“‘(‘?&9‘|§'8§§ H%‘c? ny ﬂ’é‘%&‘?@‘%ﬁ‘ﬁ%ﬁﬁ’ﬁi’?‘f"ﬁ le ¢ ORREPs R\?igreoo i's
measur ed acthad 50 m@let% ofoddbiinérd TS5 to 024 alphiblefia nidromefowlidgiiher of Y +1 or

greater,_ preferabl +2 or greater, preferably Y+3 or greater, preferably
Y+4 or eaEcha,lP%W‘Fé?%‘ésbm ne nunber is 10 nmeasured by ASTM D 1159. I n

anot her enbodi W%j%o:ﬁg% 9@5¥k§@0fgﬂhmgha- ol efins produced herein preferably

have 1,2 disubstituted olefins present’ at 7 nole % or nore, based upon the
total noles of d&)laBrominenwmperes¥mr greatet,ivchepo \is eduahtm-88192f (Y)as neasured by
15 Proton Nk prefer.aply.8 |l e, % Qr. e referahly 9.mole % or nore,
preferably 10 ’r@ e&‘%&“”ﬁ%‘?‘*&%ﬁ?’é‘f°&ﬁ%ﬁ%f?a-ﬁﬁ?geﬁ%ﬁﬁrdﬁm‘e. I n anot her
embodi ment, any o)f1,2 GRulpstituted slBfnsPrasbnias Zpficle Yradnbtefdiere Br=ef er ably have
1,2- di ubséi yt ed gl efins Brese,nt at Z nole %or_nore as 20 nmeasured by

Pr ot on-iﬁm -mﬁeg = 0IDRere | it/fhe kinemang visgaeiyef the pelyalpkacigingnat i ¢
viscosity ofsiireaked Malopfa- ol efin nmeasured at 100C in cSt | n anot her

enmbodi ment, any of the polyal pha-ol efins produced herein preferably have a
Brom ne nunmber of 1.8 or |less as neasured by ASTM D 1159, 25preferably 1.7

Cess. " pr ef er abl yoicrustds. Bls b Gon Blfesi 8 BolabhpoRiinsoBrabERaR o 171 or
| ess, pref ethab$ymdleds@f ohesismoreC5ite 2k hiphfofefidmdroaters Whieé geabl y 0.1 or
| ess. 25  polyalpha-olefin has 40 mole % or more of mm triads and less than 300 ppm of a

Group 4 metal.
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I n anot her enbodi nent, any of the polyal pha-ol efins produced herein are 30
hydr ogenat ed and have a Brom ne nunber of 1.8 or |ess as neasured by ASTM D
1159, preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or

less, - 15 - preferably 1.4 or less, preferably 1.3 or less, preferably
1.2 or Ie§§?”ﬂ%@ﬂ@$ably 1.1 or less, preferably 1.0 orPFBQQymﬂ&@F%rably 0.5
or less, preferably 0.1 or |ess. I n anot her enbodi nent, any of the
pol yal pha-ol ef ns descri bed herein 5 preferably have Z nole % or nore of
units represented by the formula: -%here j, k and mare each,

i ndependent 4,.5 6. 7 9, .1 1 2, 13..14 15, 1016, 17, 18,
19, 20, 21, ‘L‘%‘?m%%‘?“ this; davegtion E“(‘“g‘ife‘?’ aPPg’HP%a‘Pk?%ﬁgBmP“BP%Pé’F%%‘F@?‘% to 300,
preferably faclkds 8fdne c2endi® €S 46 €94 biphpolefin hohbined Wherd e polgalph8. 420* Log(V) -
4.048, where V is the kinematic viscosity of the polyal pha-ol efin neasured

at 100C i n @efin has40meqle by gr more of mnptrigdpand lgss thandl 090 gpwrinfaroun bl ysi s (used
to neasure i i L OR | l ented.by the formula
above) is p%ur: %ﬁgﬁgggiﬁggggllg?%gtoﬁéﬁ?%r%dllcﬁ.l%g%glfopri ate deuterated
solvent Je.g. chloroformd), and acquiring a pul se-acquire experinent of

sufficient sjgnal-to-noise ratio to all i ntegrati.an of the olefin region
Cappr oxi mat BlSpRgei S v hion st odlyalbfiabR dompntive siore i b0

t enper at ur emgfe % Bfonedrintbrt 0 t6 XM BIpAL-Ylefin HHASRBrstwhetd i @mymgﬁpl ete sanple

di ssolution (if the sanple is not conpletely dissolved at 50 C, then the

t enper at ur eolefin hasiddauole Moo mongef mm trisds snskipisdhans 008 ppmeaf@lymignB sol ved) . The
aliphatic rﬁﬁib%%nof the proton spectrum conprises the signal fromthe
saturated conponents, and the oleffitic region fromthe unsaturated end of
the polymer. In 25 cases where nultiple al phaol efins are copol ynerized, it

may be possible o determne the c ositio f e polynmer fromthe branch
met hyl resonanc t%?at?lﬁég}éil?‘feéfl?%&?aggsﬁﬁ&BP@M&P%%EHE@P%Q*% §%onposi tion
det er mi nat i @ SGMoRS, Ch2HAAAHR A5 AT RIpHTANGG baR s, whif the eXecut ed i f

t he met hyl peaks (resonating between 1.0 and 0.6 pp are sufficiently
resol ved t opadyalphe-alefinlaas 40maale Paer mere obmnsisieds and) less lpprd &, The
olefinic re@jfo%g 1?%& e integrated piecew se according to the chem cal shift
assignment s tabulrated below. Oefin type Chemical shift range (Pon Nunber
of protms Vinyl 5.7 - 5.9 1 4.8 - 5.3 2 1,2-disubstituted 5.3 -5.6

Alternately, this invention relates to a polyalpha-olefin comprising more
than 50 mole % of one or more C5 to C24 alpha-olefin monomers, where the
polyalpha-olefin has 40 mole % or more of mm triads and less than 1000 ppm of

aluminum.
20
Alternately, this invention relates to a polyalpha-olefin comprising more
than 50 mole % of one or more C5 to C24 alpha-olefin monomers, where the
polyalpha-olefin has 40 mole % or more of mm triads and less than 600 ppm of
aluminum.
25

Alternatively, this invention relates to a hydrogenated polyalpha-olefin
comprising more than 50 mole% of one or more C5 to C24 alpha-olefin
monomers, where the polyalpha-olefin has mm triads ranging from 95% to 20%
mm triads and less than 1000 ppm of group 13 metals, preferably less than 1000

30  ppm of aluminum and/er boron.



2 Trisubstituted 4.8 - 5.3 1 Vinylidene (1, 1-disubstituted) 4.6 - 4.8 2
The ol efin subintegrals are corrected for the proton nultiplicity of the
contributing species, and for overl apping contributions (e.g. both vi nyl
and trisubstituted olefins in the 5. 3-4.8 ppmregion). The integral values
resul ting YPEMA4S% correction can then be nornalized tRSTSF6H as1

nol e- percent age of each olefin 10 class. Conparison of the corrected
integral values.with_the aliphatic integral intensity (also
multiplicity-corrected) can be used t®-determine the ol efin concentrations
on an absolute basis (e.g..alefins ezqt?sfiflooo carbons). |In anaqf her

enbodi ment, any emwérelproﬂlysan\rﬂaa%r Q adydrogsnaisd Pabrelnba ba-olefingr ef er abl y

have |ess t n&g%}gﬁ S oL I Hf or Zr),
preferably ({62&51:8 %gan Spm p/r'é gi%ta(lﬁ;ln?r% gg—gs ?E‘g%ip%é]eggm preferably | ess
t ha[\hSO pggmgrmmérewﬂia&wthbpdyalphaoieﬁﬂhuﬁm tﬁmsma@%gempg%gsmw; 5%85 I n
anot her enbodi ne -0l efins Cri in
preferably Wa&se@g%sg éb@?ﬁ%’n ﬁ %?3 H’r@e?’ﬁﬁréﬁy Eé%gﬁﬁgﬁ&goo ppm
preferalyy ﬂ §f i@t O dRPBbroRr ef erably | ess than 50 ppm preferably |ess

than 10 ppm as neasured by ASTM 5185. I n anot her enbodi nent, any of
t he pol yal pha- ol ef| ns descrl bed herein preferably have less than 300 ppm of

Hf , preferably | ofe) f > than pm
preferably | ess ‘than gg’ ppm DT & ree?dg I@E‘?aé{glpﬁ%fﬁﬁﬁguoprﬁ sgrr'gasur ed by
ASTM 5185. thanSIYmole%CS tb 24 nlphh-elefiambahimeesdnd haviyg af My ef p,008] pha- ol ef i ns
descri bed herein have | ess than 30 pmof Zr, preferably |ess

t han 200 pp?ﬁlesﬁ &'SY@B'(% eafqﬁgﬁnllo%‘dgﬁﬁfhaﬂaﬁerabl y less than 50 ppm
preferafg y | ess than 10 ppm as nmeasured by ASTM 5185. 5In anot her

enbodi nent, any of the p }/al pha-ol efins descri bed herein preferably have
| ess than 100 ppﬁlmmvmup smselﬁtetmyoqepmfmchm Vlcbpglryamh?-o ghnef erabl y | ess

than 50 pp r I 5185. In
anot her errgaé'clﬁfment' §€Jﬁu@§§ig§b§¢2&ﬁpﬁ escrr é%?]_}ﬁer ein 10

pr e]1: er ag: y lemf&ablga&a@hﬁm%@nomabaﬂyhp?ﬁgcuw@tmﬁﬁbyy dresiembume 50hppm
preferably less than 1 m as  neasur.e y TM 5185. | n anot her
enbodi nent , 2 2HPOLCAY Juion) &é’PPﬂ%"D@f& M@H‘“ﬁ@?’éﬁ’ﬂmﬁv%#]erabl y have

| ess t hgn 600 ppm of alum num preferably |Iess than 500 ppm preferably

| ess than 600 ppm preferably |ess than 300 ppm preferably | ess than 15
300 ppm pr ef er aBliyinverdiontalsamelates iyprocess ofpodaiot suchgelyatphaielddins ppm
preferably Iess thant a(%é) nmeasur ed ASTM 5185. talyst I n anot her
Erbodi ment RN o 2 P RIR il o BPraEoR SPER BidPer abl y have
an Mv (wei grithvﬁhiﬁ Bty b @4dénid meRilgdehe cdlyst MthARQIRhoda86 55 NOAgker abl y

bet ween 100 and 80, 000, preferably between 250 and 60, 000, 20 preferably
bet ween 28CRCHNHOBOr BEubsti @WCW%i%EW@%N%a%m@D@IQW (Preferred

rl\)ArNe?elr% ngst%ﬁ?%ﬁ%&hg%% pr eéfﬁerrgtgﬁ Odil uréf&%w%%’ ? e?ggr ely

preferred Mﬂdkyldumuﬂm@mwmmabbﬁused% and 224 to about 2720). | n anot her
enbodi ment, any of the pol yal pha-ol efins described herein 25 preferably
have an M1 (nunber average nol ecul ar wei ght) of 50,000 or less, preferably

bet ween 200 and FRtheR) thesdp jinlauh] ﬁxhqmaﬁ.zh péBRIpARS1cHAs ABRrib&T eferabl y
bet ween 500 and 20, 000 /m) Preferred |ncI ude those from 280 to

10, 000, prelr@sfrnahp@/y%mf#mat%bn%@acnm rPﬁb’@k’W‘ fbarath bsdlragens i ncl ude

t hose fggom ?egﬁ’]’ 200 to
7000, 30 pé@%ﬁﬁcé@%@ﬂggﬁfﬁgﬁﬁg%@ 51935%% tgg%g%g% pre etriabl y 280 to
1700, pr ef éraiving md@bet ands@ o nodify the amount ofmm triads in the final poly-

alpha-olefins.

Brief Description of the Fi

30

Figure 1 is a graph of bromine number versus KV100 for certain PAQ's
from the examples and US 6,706,828,



T8 I n anot her Teibodi nent”, " ‘any’ of t he pol yal pha-ol efi ns descri bed
herein preferably have an MV Mh of greater than 1 and | ess than 5,
preferably | ess than 4, preferably less than 3, preferably |less than 2.5,
preferably less than 2. Alternately any of the pol yal pha-ol efins described
herein prg&gr@?l have an 5 Mv Mh of between 1 and 2.5, alternately between
1 and 3.5.WO 2007034y My, Mh and Mz are neasured by GPC ﬁsffﬁk?a"“é@%lﬁﬂ a colum
for mediumto | ow nol ecul ar wei ght pol yners, tetrahydrofuran as sol vent and
pol ystyrene as calibration standard, correlated with the fluid viscosity
according to a power equation. 10Thr§0relationship of Mwv vs. 100C viscosity

incSt for flui repared . in. this d LQN AUSH - as feed is as
foll owi ng: Mwv :%sﬁ%ﬁ?s &%ﬁ%&@@?@é%@%ﬁ@g’féggﬁh%ﬁ%he rel ati onship
of Mv vs. 1QRGs KVI00 Soricérthiil PAD's fréth tHe exmtiplep ampeongsirdtive ekansplesivent i on usi ng
1- hexene as feed is as followng: Mv = 234.85 * (V)' 6165 where V is the

ki nematic \ﬂi-scosity nmeasured at 100C in cSt Wien ot her 15 al pha-olefins are
used as feed, thi -V : b i j j n G, e slightly.
s axpect ed ST 3 FpostBredb G RRLLY FirthEhRIGH df ATB ARG

ot her wi $e iBichmpnents\cludihg beadrte peadtosdndetiori n are GPC val ues and not

cal culated fromKV100. In a preferr | f this invention, any PAO
descri bed herei n'88° %fﬁmﬁgﬁ%ﬁ?&gpﬁggbﬁqoﬂé’ e p?%lgp'maasured by
ASTM D 97), pre 5 ¥s 4 SosSiblctadetion eheme Boraheindbpendét Spnthdaivf- 20 C,

preferably | ess than -25C, preferably |ess than -30C, preferably |ess than
-35C, pref &3WH6¢ Bess than -50 C, preferably between -10 and -80 C,

pref erably bet 2 k5 MR of! : ﬂf‘,ﬂ@&g; this

i nvention, any%ﬁégsc%ﬁﬂég)a her e‘?frtlﬁbfge%ﬁag;ﬁ%&\i}g&a |ner£§ﬁP§€)écosi ty (at
40C as Yoeasur ed Rigurd31dvd fraght of trdctiomrealdtsfor the Ezample 32 hydrogéatedSt , preferably
from about St to about 30,0 cSt_ at. 4 al.ternately fromabout 4 to
about 100, 8@?%&&%&%‘5&’"&8{%% %Qﬁﬁ'é“‘gyr‘g@lﬂatlésabout 50, 000 cSt,
preferably frommphayk idHen 1IONRIR PectRbrAMY répRin SHExApH 36, N anot her

enbodi nent according to the Eresent i nvention, any polyal pha 30 olefin

descri bed her ei Figag 9hawmethykbranoheani €:vbrauchargipn gt thegaroon 1dMMbout 1.5 to
about 5, 000 r Iy fromabout 2 to about 3,000 cSt, preferably
from about ?8%“@5%%}%‘? ;000 cSt, nore preferably fromabout 4 cSt to
about 115000 cSt Figurd 10 W2 SafhVéfidUaopeTOMbeab6s0R21s08K V100 $or- yet nore
preferably fromabaout_8 cSt o _ab z:t 500 .cSt as measgr ed by ASTM 0445. The
PACs prefer%ﬂwlm’«ﬁeﬂi3§c}%ﬂ9’i‘%§ng opparafiye gramplesd 4 500 ¢St at 100C in
one enbodi nment, and from2 to 3000 cSt at 100 C in another enbodi ment, and
from3.2 to 300 ¢St in another enbodinent. Alternately, the

pol yal pha-olefin has 5 aril(r) of less than 200 cSt. I n anot her
enbodi ment Qcc.o) Nl e i nvention any pol yal pha ol efin

descri bed HéFE A KT Temwati ¢ viscosity at 100C from3 to 10 cSt
and a ficash poi s wed ho@in(the hewiberiipachémdloy tht(IricdieTabRI0E tHeas neasur ed
by ASTM D 56). 10l n another enbodi nent accordi ng to the present invention
any pol yal pha olfdsmentsisdised a5t o G HEMIGAL ANR ENCRFEBRING 8Pkt ant of 2.5
or less (1 kHz af (?385?. as determ ned by ASTM D 924). I n anot her
enbodi nent accorJi ng to the present invention any polyal pha olefin

descri bed her ei Forpyrphsesef thisipeeitibh endjtha elairgs therefh, wWiet o pOlyB®@r of cnB8, 15

preferably Q.80 to 0.94.g9/cnB. .. The. PAO repared herein, particularly
those of | SWEITPSEBLrEFed @LF@W%B“%%‘HW’P ea‘ﬁﬁﬁm“gs#mfge 3@?’“‘8& |l ess), are
especi adsl y drwligodb:es trpolymistiza®od sHgomefifedin® 6Pthe bR:fa@bpeetivdly. f or nul ati ons

ei ther by tltéﬁrrs_el ves or by blending wth other fluids, such as Goup II,
G oup |1+, lakewise temsep{ibp teon polymer iffacaphioensemapass homopplymeraand r om

hydr oi sonmerdopatyifers @heté@bpdl i f j 3 drocar bon
synthesis from CO H2 .gyn %ag‘?s%?&ot eé‘%"?@lg‘&%p?‘{\‘/’mg%%gﬁd? base stocks.
PACs havi ncrhrmipaily distinetn®noserst dilgwistthause ofithedenn efignmerds myeantits f or hi gh

per f or mance ive engine qil or industrial..oil formylations. The PAO s
of 40 to 1050 008 bk Boher o Fomety Waris feismas Bebl B as bl end
stock 3ot h gligofder ér having thvblor mbtd cheicalBMiidghdt vRhomeRe base stocks for use in

i ndustrial and autonotive engine or gear oil, especially certain high KvV100
grades of 3 to 1000 cSt which are especially desirable for use as bl end
stock with & I, Il, D, ffl+ or GIL derived | ube base stocks for use in

i ndustrial and autonotive engine or gear oil. They are also suitable for

use in personal care applications, such as blends 30 with soaps,
detergents, other enollients, for use in personal care creans, |otions,
sticks, shampoos, detergents, etc.



ot rpios ¢ e b e s € e ine e i A g

- 20 - In another enbodi nent the PAO s have KVioo's ranging from about 42
to about 3045 cSt In another enbodi nent the PAO s have KVioo's ranging from
about 32 to about 102 cSt In another enbodi ment according to the present

i nvention, '}/ Béléal pha 5 olefin described herein may have a viscosity

i ndex (VI V@007 nmore, preferably 120 or nore, pr e?@T@ﬁ?“W@é@?lor nor e,
alternately, form 120 to 450, alternately from 100 to 400, alternately from
120 to 380, alternately from 100 to 300, alternately from 140 to 380,
alternately from 180 to 306, alternatiely from252 to 306, alternately the
viscosity index is at |east about 165, alternately at |east about 10 187,
alternately at Eeaﬁwpmsoidosmamt@pﬁameylwsrb&wth&ﬁm 252. For many

| ower visca " val ent feeds
(V100 of 3 eiytiphe-Hlefs "Bpfphaist AR CERE; Heikiel BEERTASE! T T )

Vi scosity icodkgoness, demopmmﬂmdc@odhmsoﬁnlﬁﬁmmmnmnﬁszzm 93 [1998].

Al'l kinematic vi sc vaILes teported Evr qu ds h ﬁ are. rreasured at
15 100 C unl ess F8F rtﬂ@dm"gﬂpﬂi’& g ENETPER®0bt ai ned by
mul ti plyy ngnfaf&&aﬁ}ﬁeaw@&a?'c&ﬁ PBde the YeuBBIQT idnic Rxmebsﬂﬁeaﬁlyw of the Iiquid.
The units for kinematic vi scosrty are in n2/s, comonly converted to ¢St or
centi st okes (I cgﬂleiﬁmkl"cﬁ@lﬁt&)’ﬁem isclefireditomeangeetelystne embodi ment accor di ng

to the present 1S ey gfins, which
have a uni cﬁﬁ‘%ﬁ?gﬁ? *ogg’gln’psggl?% &%@ogcr act"é‘f%}ze%"‘% L:IE' per cent age of
uni que heabeﬁtemhﬁaﬂe@maiﬁecmdlﬁpmﬂfﬁoteachvpﬁsm,mmmmfthetthmtpmteﬁner chain
and a high degree of stereo-regularity. The y- aI ha- ol ef i ns when
used by the‘iﬁag)fstl@secétalﬁpéﬂ&ébfrwﬂpﬁnWéprFF‘%NOBE‘“P?EW GYRT ubri cati on

proper t{gs. baffnd cOBRRnE° WEEL it R defa%gmte@uéhacpmnectlon
f or med 10(}; (gﬂ-dﬁ%stag%ésntqlone end of th@OPAO ol |tgcs)?rer or polymer in which the
penul ti mat eafiet adftivation #ancaps the, aptivated catabyst angk omwatorbr@bmcb@fg% 1into the

ol i goner or, ol hal as he | in Figure 3.
Anot her errbdgqnf?éﬁpmé tl’rtil n?ly h‘%ggtﬁﬁ%tssgﬁfﬁ‘% t&éﬁfyé %%?N cl ass of

hydr ogenat %—@ﬁbﬂoﬁdﬂdf&oﬁieethaﬁge -beaticing néoietyi que cheni cal conposition which
is 30 characterized by a hi gh per cent a(%e of uni que head-to- head connection

at the end posi t 8t presEsqEoisakeolten pieredto ag precalalyetetatal Bt acticity

compar egs t g, Eéﬁ?sp T %/\Qagﬁ éﬁﬁ?ﬁﬁgﬂ VAN t-or21 - before
hydr oge%%atl on éﬂén{gfvécg% Q%I{algo e vénjen ugé@g%%a %soerl f or blended

wi t h anot hetranfitioh memramnplquﬂi‘hcsb sords@at used interolmgeabdy . Actwatorﬁrde PAO s

produced accor th| i nv nt| t ypi cal | dlne triflers,
tetramers, %%é‘f‘ﬁﬁ?\’ﬁ “g ‘t’%‘? ‘%6 @‘P‘étsm 5 nononers,
preferably tggalﬁfadﬂﬁ’dﬁ) ﬁ"éhta@c%mﬁﬁanefﬁélmemaﬂayseavm@tger abl'y one or

nore C5 to I'i near al pha-ol efin nononers. Alternatively, an al pha-olefin
with al kyl Epysties tﬁomscatengeamayzlsewt@oﬂ@vammdrwhmfea%m% doubl e
bond cag al e T hﬁr i:n are usually a
m xt ur ?bof (?roanyg%}géf gr%on @g{d’)‘rr]eng Eﬁggnﬁesy%plbgggr@r@ fromthese

al pha- 10 odoaﬁmdsoﬂmleammtimmmmﬂmto fommginmgnfdmmlﬁt&motfﬁﬁﬂnoﬂ' hese snal |

olignmers are ual | ht  f nost hi r mance fluid
Soblicari ormmetdiayogid. o8 somd prbadineEct roradteBr A egRE B 5 i t h
carbon nunbginsigibn ﬁfe%b%p&ﬁﬁ%%an%ﬂfyla@étﬁi‘&ﬂsﬁm%fetﬁ%?bﬁﬁeﬂsd’m' ch are

nore preferred as high performance fluids. These separated Cl10 to C20

ol i gomer o|I@femétcmsamrrék)d%ipcie%pmmmgoqoépaﬁkm@d@qt@bci@ hydr ogenat i on can
be use n speci I ol vents, paint
t hi nne?zd etc w tf%&éx@gﬁgggtﬁﬁ b gra E’e Eflgghlte}c)e;t(ﬁpg?ntc{)wd&is sities, etc.

The hi gh pemlimr(mm)esﬂéﬁnedtémmimonwhﬂem@ﬁdomoe’d&rdmaietut@her fractions

typically ha V] SCO |es ing th e eflc , for
appllcatlod? tgﬁgégtﬁﬁfF @ggﬁﬂﬁghV'ﬁﬁ%E%i#ITﬁ é&é&ggty, better
| ow t enper adodfdindidsovéall do mﬁeutrﬂmewé@erse \sat1R4d dﬂdwﬁmc;lat@ opi gher
viscosity product usual | y have nmuch hi gher average degree of

pol ymer i zat3csfylenisally yesafiratedunanerner C@@meﬂrﬁm@e@éﬁb@mw Apese high

Vi scosi f C ti.gn to inprove
the.vi st pHb G AR RIGRH B3t ol BRSSPl Eocrt AR o

di st hl but i lahe czttﬁlystdimatl&aﬁmpﬂaylﬁéuseheﬁdsonﬁMilhitﬁemonE@tﬁ‘&n&&lg(ﬁna@hei rouni qge
25 chem ca osi tipn ey have exce ent , vi sco ¢s, and unexpecte

| ow tracti o$’ruﬁ§£]g s E’§1“d?‘ arefpopliraited ip salwinuin, Eﬂg@d? lgugsed as superior
bl end stocks. They can be bl end stocks with any of the G I, 111, I+,
GIL and G V fluids to give the optinmmvisconetrics, sol vency, hi gh and

| ow tenperature lubricity, etc. Wien further blended with proper additives,
i ncludi ng antioxidants, 30 anitwear additives, friction nodifiers,

d| sper sants det er gents corrosr on | nh| bi tors def oarrants extrerre pressure

o o, e




WO 2007/ 011459PCT/ US2006/ 021231 - 22 - "Lubricant Additives" Chem stry and
Applications, ed. L. R Rudnick, Mrcel Dekker, Inc., New York, 2003.
Process One enbodi ment of the present invention discloses an inproved
process to 5 produce a new class of poly-al pha-ol efins_havi uni g

chem cal B Bns. This | nproved process enpl oys nB?HPP’&@%%é”&at al ysts
together with one or nore activators (such as an al unoxane or a

non- coordi nati ng anion). The netal |l ocene catal yst can be a bridged or

unbri dged, substituted or unsubstituﬂ d cycl opent adi enyl indenyl or

fl I
sugg: ?%t eg'%rr%@aﬁ%ocenes ateglg:a%e eggot’ Bﬁ%ﬂ’téﬁnﬁlg;né?l vsﬁftly énd hi gher

product vi smdsilicyn. Asalichss ofmuc&f—morchnhtmgmnméonm'tsed stoickiomstrir e bri dged and
substituted gycl opent.adi Anot E@gred ¢l ass of netall ocenes are

bri dged andCBYAI%E: Wiiehenn; (féth@'snerl" tergsdonie aetpatoniantle by ocesses
descri bed hegigiidnétis Rmi&ﬁ:'tx%i&scahrb%%é&ﬁierc@xﬁnéeﬁﬁyf iﬁévﬁéee{h'e R&mkO renove
catal yst poisons, such as 15 peroxides, oxygen, “sulfur, nitrogen-containing
or gani ¢ SCormnmale;ucbmmbtm am@toyﬂmiﬁ«w&mwmrcmhb%uaedeat ment is believed
to |ncrease Cai}%ééibl productivity, typically nore than 5 fold, preferably
nore than 19 In a preferred enbodi nent, this invention rel ates
to a process t o padiitiGe aedRh YPdngtantainef(s)in 6bithra cheiiral Z@djopont acti ng at

| east one al pha-ol efin nononer having 5 to 24 carbon atons with a racemc
met al | ocene com®§9B¥ (preferably a highly substituted conpound) and an
activator %‘M” zation conditions wherein hydrogen, if present, is
present at a rtial pressure of 200 psi (1379 kPa) or |ess, based upon the
total prlessure diapteferredembodiniqnt,dhie irvbhtjontites $0 pqlydphh-dpns or | ess,
preferably Q 690 kP, referably,50,psSi, (3 | cPa) or

| ess, pref e@bﬁg %5 'ﬂé“? irfstﬁ%“cga'f‘ ﬁ%;f’gg%e B?oé?tf‘%é%%gif@h%gﬁg?w kPa) or

| ess (alt erfigiomeys, bfb@erﬁbljﬂﬁ@ﬂﬁﬂh%cfrnﬁr@?@éféra Iy 0RSIERS ofilorehe react or at
1000ppm or | ess by wei ght, preferabl m or |ess, preferably 500 ppm

or |ess, prm%rahlﬂﬁm‘de%m@qe,pré@sabsp?%me afspymﬂwpv&wbiy 7pewle " preferably
50 ppm or '*ﬁ%?moPJ §1fe§’érﬁﬁ ko%ﬁuéé’%r%ré %?ﬁ%mglﬁf%ﬁ%& b¥orkflord® PPM Or | ess,

pr ef er abl y ess wherelf I'n nohonmer having 5 to
24 car bidn eﬁeﬁmbl)@Opmls &bhor mbrelﬁkefendbwﬁ foler% unmﬁop&:ﬁaiablpmmt he WO

2007/ 011459P total vol upe of

cat al yst/ ac‘ﬁ%zf gqﬁﬁg g’@%‘%ﬂé?ﬁlf’s gﬁpﬁ?q“%ﬁ%meﬁh’&ﬁﬁ? B‘JIYQH]EP -Olpfi 35 | uent s or
sol vents prfsRiNed by CafRn-ERNMEEN; and 2) obtaining a pol yal pha-ol efin,
optional ly hydrogenating the PAQ, and obtaining a PAQ,_ conprising at |east
50 nol e% of a Cﬁlnmthrzmépélmbth@rmmonﬁn&me atestie PAIOYs havig 40

he” pol yal gnaecr anfarear il REBL sethaB 35d dt bop Sl % efBhcnt ca by tne

f or mul 20 J;ﬁefﬁhbfyﬁﬂ% oﬂ@nﬁmﬂprﬁfeﬂab@ymbr mbfv,’iplr%ﬁilﬂﬂjﬂﬁ% ordord, 5, 6, 7, 8, 9,

-

10, 11, 12 4 15, 16, 1 18,19, 20, 21, aor nis an integer from
1to 350 dﬁﬁf‘%ﬁ  19%or-meye prgte; %% or momarefWY §0%’ FHAHe Ki nematic

vi scosity feRBHABLY & bR, prefeld zﬁﬁ% In an
alternate rﬁ')od,i nA/ this %ﬁjﬁver?lti&l%?gr%e f& p?%cogs%m? éépr oduce a

pol yal pha- diewrn'nhledbyrﬁaﬂ@ufié NllpﬂftaoMagmttlcdtpsmahe@ﬂ\IMRD gEeciressopy | Si ng at | east
one al pha- Oslcgc];r&ng to the procedure below.
25 In another embodiment, the polyalphaolefins according to the present
invention have at least about 84 mole % mm triads. In yet other embodiments, the
PAQ's have at least about 98 mole % mm triads. In one embodiment, the
polyalphaolefins according to the present invention have a ratio of mm to mr
triads ranging from about 49 to about 1.0. In one embodiment, the preferred range
30  is from 1.0 to 10.0, or from 2 to 49, or from 2 to 18, with more preferred ranges of

from 1.0 to 8 or from 8 to 49, as measured by Carbon 13 NMR.



nononer having 5 to 24 carbon atons with a netall ocene catal yst conpound
and 20 a non-coordi nating anion activator or alkyl al unoxane activator, and
optionally an al kyl -al um num conmpound, under pol ynerization conditions
wherein the al pha-ol efin nononmer having 5 to 24 carbon atons is present at
10 vol unewiy mo7omase based upon the total vol ume of thePCT/US2006/021231

catal yst/activator/co-activator solution, nononers, and any dil uents or
solvents present in the reactor and where the feed 25 al pha-ol efin, diluent
or solvent stream conprises |ess than3300 ppm of het eroatom contai ni ng

conpounds; and obtai ning a_pol yal pha-ol efin conprising at | east 50 nol e% of
a Cs to C24 al pﬂmamtbﬁiembm%ﬂnﬁlm?@@ﬁ@%ﬁ}%ﬂbﬁdw agepaiechas a ki nematic

Vi scosity : . J, : en, if present WO
2007/o11453’3@%@‘?@%8&%2’8&%{”%&555%“5@222@%% )ebqgéeggfct or at 1000ppm or
| ess by weipgéferablrssbemabirids’darlesspreforablye30s oplessiramatiads, @Qfeforablyor | ess,
preferably 250 ppm.or |ess, preferably 100 ppmor |less, preferably 50 ppm
or |ess, priéfemihmadssriesim or | ess, preferably 10 ppmor |ess, preferably 5
ppm or lsess. 5 %mom&memﬂﬁﬁm@mmphabmﬁﬁsadammglt_en relates to
a process to produce a polyal pha-olefi'n corprising: 1l)contacting a feed

st r eam conyihé presapt tventmadavonmtiaiofmm tol rof triadnefHessshanHa withpraemwresd 24 car bon
atons with a al h%ﬁﬁgg catal yst conmpound and 10 a non-coordi nati ng ani on
acti vat or d?"%ﬁ%ﬂ’ i dne activator, and optional ly an al kyl -al um num

conpound, under NMR)sRdtioddpl provides dey stanfursfisfoghationkbowtithha- ol ef i n mononer
having 5 to 24 carbon atons 1s_present at _ 10 volune O{%c?}r)égor,e based upon

the total \PyniaEzedpolArers Fratop alysis of the yobydrqgsas 1§Y5S3n, nononers,
and an ilfﬁﬁﬂﬁ . M st ot ang. where the feed 15
al pha- )cf)lloceifi , Jlﬁ?ﬁbﬁ?ﬂggﬁggrt\ygﬁt strsggmégg%éssg%sﬁ@g'sgg} han 300 ppm of

het er oat om disubstituted gy sastimtednatsl vilylidone)a dd notst abevenGarhopd B YMB - ol ef i n
conprising at.|east 50 nol e% a 0 4al.nha- ol ef.i n noner where the
pol yal pha- d'}sg‘?*on&ieég‘mf%@rﬁﬁ‘ﬁpﬁ%@l@sﬁ&f@ﬁ%@ﬂnﬁg&E& or less; 2)
i sol ating tdvantitdtieely mAdine @BseR, A RAL fnloetiers; (OHret 1 IIMR a8 Beube 20
fraction with hydrogen under t)i/lgi cal Q\Xdrogenati on conditions with

hydr ogenat i used to-deigripine thecogeeniraion pkthafriads, fepoted Burn(mese, meseh.a¥ 1.8, or

al t er nagd v [ [ ettt t [ dEmeont acting
this | utse f%g ’ir%%hgmé)taﬁgﬁ{/@a?ogeh&tﬁ%%?’ %%g&ggb\%%gé%l nditi onsecwi th

hydr ogenat i sampieatBieyconcentratipiny of these trladsi definds velmithes theypohawerliel ow 1.8 and with

reduce nol e% of, mm 25 conponents_than th hydrogenat ed polyners.
Al ternat el VISOTRGHCARHACHG 08 SWALORIC FPTF%& f?f‘e"’re%‘%d sﬁ‘?ﬁ? 9“‘?‘?‘10‘5 ent, is
present 1n foﬂ&vfn%%énﬁér. Qﬁpp%(ﬁ@ﬁ&@ﬁ?‘ 190-1066 &g@f %m%mﬂéﬁ AésdRley 750 ppm or

| ess, preferably 500 ppmor |ess, preferably ppmor less, preferably
100 ppm or i8@-3 s of chierefosmadbioy Capop pIreealysise sApprowimpiehyad 0 weghsl ppm or | ess,
pref er y I -0l I | oo N2 o ternately,
in anya%lr Oc(éélggrg?g%)iqgggﬁ%@%%e?ﬂ%&%ma%ﬁ , Q:F%U%%raé%z’rigr,(acfc 3’3? aedsdélrl\t in the
feed at 10GO thxpsnple toeakanby theddaghibquisitial etea LAnalyssbf theepettrd iess, preferably
500 ppmor less, preferably 250 ppm.or _| ess, preferabl 0 ppmor |ess,
preferably W%HB?FFWII%? @P@B’X&%‘W&‘S%#-ﬂ%@@“@g@%F 10 ppm or
5 less, pref/uphlet SBichPRFA A: PoBmer Chem:l.sJBir 8060, 38 1687 &7, algaleattqal |

pressures ih psi_are psig. Metallocene Catalyst Conpounds ™ 10For purposes
of this in ¢ tlentifacation andcinteigration fensk gyoup iesonangeyand wgrdesd of yir r adi cal , "
"hydr ocar byl . ;- oc "aake dsed | | y.5t hr oughout
this dgzgu rneércljf1 F"b@‘ﬁg%;vhxg%“' qeﬁieg%%? rgi{stﬁgg?%’[ajsbs " fﬁﬁ%ﬁf)ﬂé@ﬁ@%ﬁi%@%ﬁ% tituent" are
al so used iwitte ActraNMRIIhy, stNuttsRg NMR dhtaiasalgisicsofevaie, ubiag awBs/pHses of this

di scl osure, "hIYclro rbyl radical) is defined to he a Cl-C10Q radical 15 and
may be |inddie sy I’G‘PSL@"C_ | The cofppanent peaks are EHechParaedron radi cal
may be ar orgNistdis &dcoRR R tREM fir, anllyAE{A8 3¢ dnAdidirt wittsa def i ned to

i ncl ude substituted hydrocarbyl radicals, halocarbyl radicals, substituted

hal ocar byl Beaowbansdistsibtiane dhb pdjustakle patameten fiul thpse fislie By thelfraction cal s as

o cal D | oSk LR R i SHBRbonED,. BLHARELSY

yl.radicals are
ﬁ@’é‘ﬁﬁ%%??‘t uted with
at | east ond tfiadmibasoreidenGr(Quch as destrive BY K idy afdR) to 2@ftisticheRode]PR* 2, ASR* 2,
SbR*2, SR*, BR*2, SIiR*3, GeR*3, SnR*3, PbR*3 and the |like or where at |east
one non-hydrocarbon atom or group has been inserted wi thin the hydrocarbyl
radi cal, such as -0-, -S-, -Se-, -Te-, -N(R*)-, =N, -P(R*)-, =P-,
-As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-,-Si(R*)2-, 25 -Ge(R*)2-,-Pb(Rr)2-
and the like, where R* is independently a hydrocarbyl or hal ocar byl
radical, and two or nore R* may join together to forma substituted or
unsubstituted saturated, partially unsaturated or aromatic cyclic or
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WO 2007/ 011459PCT/ US2006/ 021231 - 26 - Substituted hal ocarbyl radicals
are radicals in which at | east one hal ocarbyl hydrogen or hal ogen at om has
been substituted with at | east one functional group such as NR*2, OR*,

SeR*, TeR*, PR*2 A5R*2, SbR*2, SR*, BR*2, Sirs, GeR*3, SnR*3, PbR*3 and
the |ike oWVORMEPL4EY | cast one non-carbon atom or gr oud’qffﬂészg’ﬁ’%‘éﬁ i nserted
within the hal ocarbyl radical such as -0-, -S., -Se-, -Te-, -N(R*)-

=N-, -As(R*)-,-Sb(R*)-, =Sb-, -13(R”)-,-Si(|?*)2-, -Geatir, -Sn(r)r,

-Pb(t*) 2- and the i ke, where R* is -ilAdependent |y a hydrocar byl or

hal ocar byl I‘OVI de east hal at om remai ns on the
ori gi nal ha(F‘i? &F I ]éa(ggseeA }VHGB %Weq:?‘%ﬁ“ﬂ?qﬁﬁrn] may join 10
toget her t R4,Q5MNAa8HS Prdss ¢Sy PhrkiiNpybst i tuted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring structure.

Silylcarbyl radicals (also. called silylcarbyls) are groups in which the

silyl functlonallt s b i or atonmns.
Exanpl es i ncl ud q%pm%g&ﬁ%pg ﬁg&bgp&l@é&?ﬁ@ﬁ@l&% )gi? SKOR*) 3,

Si 52( NR’(;52) ,ﬁréfﬁra&yl'ﬂ(ab% B}%nﬁnSmﬁﬁi%h IZ)IY or?ﬂdltdrhghére Keiselpal ® R* is -

i ndependent ar, or_hal ocar, radic nor e ma

j oi npt oget & y ’b(‘égéﬁéﬁ’@éo‘éﬁqlﬁmﬁm ﬁ'ﬁ"g ?QR éﬁﬁg}aﬁ?éﬁ%d parti al I>/y
unsaturate W 1’2’% KW&,] k36668l abCordiing o ABTNCHWLS; Gennyl car byl

radi cal s ( ger myl carbyls) are groups i n which the 20 gernyl
f uncti onal mrgferablylxhrdmmedmnw@ &bormampﬁmﬁmﬁhngtﬁateatorm Exanpl e

e, ol B o B B R e BT )

a hydr omar huéasmbgwmmsgadl cal and two or nore V may join together to
forma substituted or unsubstituted saturated, partially unsaturated or
aromatic cyclic or 25 pol ycycl ic ring structure. Pol ar radicals or

pol ar groups ar gy Bnfof\GE 551 I:beeﬂﬂaﬁrb@mhh&lé i s bonded
directly to the |%‘§i| cat eéﬁatom?’OrflgtonE %Eu 1|n de het erl(l)latoms of groups
1-17 of t heprgferablydiave ﬂ,&tﬂmbetampépteﬁnaprbmt atr?dnhlydﬁ ogmm)e basedeponal one or

connected t er .el nts b covalen er |nter ctions 30 such
as ionic b&ﬁ%g’?ﬂmes 3‘% (pf%sggt E}dﬁB@% egignpl es of
functi ol Pi@bﬁNﬂR,%Pe&?&ﬂﬁSﬂio&@%%&ﬁiéﬁbspfm 9@@1&9@%&@ acids, acid
hal i des, carboxylic esters, carboxylic salts, carboxylic anhydrldes

al dehydes ameferahlyi 0 mole % gumor: e foabty} Usolsd6romere1 - 27 - chal cogen

(G oup 14) anal ogues, al cohols and phenols, ethers, peroxides and

hydr oper oxi des, carboxylic am des, hydrazi des and i m des, am di nes and

ot her nitrogen dnahmgmhnﬂmaﬁ,da;sofmbpo]iyhlpba-olaﬁi]smdmdhbminnes, azos,
nitros, other en.c ou_nds fur aci s, se] eni um aci ds, thiols,

sul fi des, fF’@H elg- ?%‘H‘E%d °1f#ﬂ§§5‘f§FWé‘§ ??)Wé?%‘g 38 ot her phosphor us
conpoungs, n'ﬁédsﬁ@@% PM&@M%@Z%&@*%@—WWﬂﬁérevlsﬁwmt'0”a| groups
may al so be taken groadl y to include organl c’ po r supports or inorganic
support natkivemgticisspsityolshapalysdphamiefinghedsaergd at ﬁ%éCenc%d exanpl es of pol ar
groups include NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2, SnR*3,
PbR*3 and the like where R* is 10 independently a hydrocar byI, substi tuted
hydr ocar byl , haIImemtbwemhbdﬁm&ﬂafahyufmdpdslgﬂpmblbﬂhspxﬂduideahe:eﬁl defi ned above

andtvvoVrra together to tltuted Qr substituted

sat ur at ed, Pﬁé?%"ﬁbﬂﬁ""'g é‘f”é‘g %m@%lmd(}) d&g PR &A% ic ring
struct usse. rél’ei%ly”m bhﬁsst 5fe¥§abl§!”€%fr 1&ytp?éfe1%1yqr§biq§és' 15:%%1 14 _

cycl openta enyl "liga substituted or unsubstituted |ndenyl | i gand"”,

and "subst |qfl!ﬁsé@r@fﬁr3bh’sh%gt leﬁﬂuP@ﬁ‘J@é}[ t-2loy thshipraferably 1.1 erdess;’ | t he

hyar ocar by =R aPhED B ke BRI 3 arl e BReARAND RGOS ) o

gernyl carbyl. The substl tution may al so be vvithi n the ring giving

het er ocycl opent i enyl |igghds, heteroinden | i_gands or i

het er ot et r ahydoi 6%9%7' %&%h&gw@aewwp Pléﬁn%léfﬁ‘s‘ gherein s | y be

substi tygt e i gy ocar byl
sti t3gt edhyafogemisPaidi Havé 8 Bromine mgxhﬁbr%?'i"% o?ﬁ@%?géﬁiﬁ?}hfedbhﬂﬁsm

radi cal is i'ndependently selected om net hyl and isoners
of propyl, 1B69yreferabht W or leesy pieferdbdyl $loy less;q)yéferahb'riyﬂ or ldsscyl undecyl ,
dodecyl , trldecyl tetradecyl, pentadecyl, hexadecyl, heptarlecyl,

oct adecyl , nonadecyl, eicosyl, heneicosyl, docosyl , tricosyl, 25
tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nona.cosyl,
triacontyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl,

pent adecenyl, hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl,
elcosenyl henelcosenyl docosenyl tricosenyl tetracosenyl pentacosenyl

S T . e o e
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WO 2007/ 011459PCT/ US2006/ 021231 - 28 - pentadecynyl, hexadecynyl,

hept adecynyl, octadecynyl, nonadecynyl, eicosynyl, heneicosynyl, docosynyl,
tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl,
octacosynyl, nonacosynyl, triacontynyl, butadienyl, pentadienyl,

hexadi eny|WORMIOEEPeny| , oct adi enyl, nonadi enyl, and d®EAAISaMGP2121| so
included 5 are isoners of saturated, partially unsaturated and aronmatic
cyclic and .polycyclic structures wherein the radical may additionally be
subjected to the types of substituti-dds descri bed above. Exanpl es include
phenyl, nethyl phenyl, dinethyl phenyl, ethyl phenyl, diethylphenyl,

pr opy| phenyarefersblyrlohen lesseprpferabiy h3or lessrpraierals A 2,qr lessay I ,Lgnt hr acenyl ,
cycl opentyl

| 0 1edzet hyl cycl ohexyl |
vl onept 1o I AREBL W breck pEIERAVE K8 ool MR BN el 0 The 1 ko

For this disclosure, when a radical is listed, it indicates that radical
type and all other radicals. fornmed en that radical is subjected to
t he substitutio&%EHE?FﬁE®°%HEVE?n¥? FPMXQEEW?F 8 H%@ﬁ?@“%adicals listed
i ncl ude zal |, ' b # £ Ol frEuidd> i soners, for
exanplef J?%?ﬂgﬁgﬁﬂ%gg&ﬂggﬂ?;ﬁgﬁg?ﬁggﬁyIpfgﬁgﬁyg¥ﬁ%etﬁ%lpropyl,
tert-butyl, and cycl obutyl (and anal ogous substituted cycl opropyls); pentyl
i ncl udes n-pentyl, cycloﬁ?ntyl, 1- net hyl butyl, 2-methyl butyl,
3-net hyl butyl, 1- ethyl pjopyl, and neopentyl (and anal ogous substituted
cycl obutyl s and cycl opropyl s); i n§l udes E and Z forns of 1-butenyl,
2-butenyl, 3-butenyl, 20 1- met hyl - 2- pr openyl ,

2-met hyl - 1- propenyl and 2- and cycl obutenyls and

cycl opropenyls). Cyclic conp i i ions include all isomer
forms, for exanple, nethyl phenyl} woul d |i ncljude orlt ho- et hyl phenyl ,

nmet a- met hyl phenyl and par a- net hyl phenyll df met hyliphenyl woul d i ncl ude

2, 3-di et hyl phenyl, 2, 4-di net hyl | phenyl, 2,6- 25

di phenyl net hyl, 3, 4-di net hyl phenyl, and 3, 5-di net hyl phenyl . Exanpl es of

3
oy opent ach g0 .l ocer g s, b YEL G LY B0 oni

11 ustraf edig; Yy, eald,20] BNet 271968 4h integer frén $HBSGY preieFdly | BO368Nd
nonencl at ure scheme i s used for heteroindenyl as illustrated bel ow where Z

and Q i ndeprafteably ytor5Opae swasurediby protoa™NRend 0, S, 5 Se, or Te, or

het er oat om gy QUPBS, P L—ﬁﬁ& e. R.' . ogen, or a
hydr ocar byl‘gﬁgggﬁq'%*%ﬂg@drOcat’%’??{e‘ﬁgﬁ)ecﬁgﬁ ym,cl%ésﬁgéé@({}ﬁl?éed hal ocar byl ,
si |yl car byl polglptaenstia mhedstiet as LAGSC it ¢St preferably DisTs@999ctefEshown bel ow is

for heteroindenyl ligands that are bridged to another |ligand via a bridging
group. 4343 Exanpl es i nclude: Cycl openta][ M hienyl (Z--5)

| — ;
Gycl opent af EHE6 NI anilrts Gl SARRPTEWoursfiaigls s Gemits | 1 (2=n we)
6- Met hyl - cyreprepeateddiyihefoonplaabgve) (sipeFfotvigd by dissolving the sample in
6- Met hyl - I f l.y1{ Z=As- .. .
6 Mot hyl - cyEPORERE PRrRRsaN R B actHiormtorsd, Ay acaviFiag p use-scquire
Cycl opent a[ aptimen v fffiSntQigabpendisraid teraflowlinteatiepenbabefisel enophet ryl
g=se} Cycl openta[c]tellurophenyl (Z:Te)rh .
5- Met hyl - cyﬂ@glapéawa{x@]l%lm%mrémmﬁ-) e spectra are acquired at a
5-Met h , : =P~ = - lyl
(2ot R0 ) BRI SORE R YorelaRink Bloshs Ut B L e i ng
and nomenc| dissohtios (ifithesainpleisnot completely dissoived labP@ME, dhinghy| ri ngs as

illustrated _bel ow wher.e -4 .hdependent | resent.. the heteroatons N,
P. As, Sb %gﬁ%ﬁmﬁ%ege%lq%ﬂgé{'ﬁgstﬂ leolrs ic'alﬁé{f{eigdlﬁ?i‘f%%r ﬁgand via a
bri dgi ng grdliphaticiegio® SEhP PFitd sptcingm dompridey theRixmanfrén tikesatudgted | Ng car bon
position where the thand 15is bonded to the bridging grqup, hence a
nunberi ng sCOMACESTS apdheiolofinig regiop droputhe ypsaturated end of the'polymer. In

25  cases where multiple alphaolefins are copolymerized, it may be possible to

determine the composition of the polymer from the branch methyl resonances of

the differing alphaolefin branches. This composition determination can be



WD 2007/ 011459PCT/ US2006/ 021231 - 30 - Exanpl es i ncl ude:

Azacycl opertadi ene (G = N) Phosphacycl opent adi ene (G= Sti bacycl opent adi ene
(0= Sb) Arsacycl opentadi ene (G = As) Boracycl opentadi ew (G= B) Dependi ng on
the position of the bridging |ligand, the nunbering for the follow ng

| i gands wwid 200h1@nge; 1,3 and 1,2 are only used in thi sPCHESRO@2IIN ust rat e
the position of the hetero atons relative to one anot her. Exanpl es

i nclude: 1, 3-Di azacycl opentadiene (G =J = N) 1, 3- D phosphacycl opent adi ene
((3 =7 P) 1,3-Distibacycl opentadi ene16(3=J = Sb) 1, 3-Di arsacycl opent adi ene
((3 = 3= As) 1, 3- Di boracycl opent adi ene (0= J = B)

1, 3- Azaphosqxhangdzfﬁmmmmpeﬂe((e@omngbetwpeml 8 and B.§ ppd exechffisesntlindi ene (G

=N, J = Sb) cI opent,adi ene

X 1
1, 3- Azabor 58%?&‘(885%3@ ELALQR, G SP MH?ORY‘éB%%Sphacycl opent adi ene (G =
As; J= P) M dféﬁﬁ&l‘e@ibﬂ%mb Ebgfa@dl FERWLE aScoing b the Hdmical shift

1, 3- Arsabor acycl opentacl i ene J =B) 1, 3- Boraphosphacycl opent adi ene
(G=B J- ﬂlgmn@ﬁﬂ?bblﬂeﬁbdéyel opent adi ene (G =B; J= Sh)

1, 3- PhosphastThacyctopemtadieng— b TP Eriber BEorotos:
1, 2- Di azadgycl openbﬁﬂh&gg (G =J|= EI&T jfé@ﬁ' p %sphacy oper Cadi ene (G=l =P
1, 2-Distil Rpgs opentadf ene =13 —%Lgﬁ.i ¢ D dde(,yCT Uprfmam enme (G = 7=

As) 1,2-Di "uu yL,| opent aul eme—(0="3= @_5:32- Azaphosphacyctopentiadi ene (G =

b O

N, J=P) 1 € opentadiene F—1Sh)

’ ’1‘2 AEdshdEgeycop ! 535.4" ) | o
X %ﬁz@% e e gLyt ene (G-
1, 2- Amasst %a%}}\,. upc’ﬁtésé’m L el= : =% b—+2-Arsabofacyetopent adi ene (G
= As; =B) 1, 243 rraphosphacycl opent adiene (0= B; J =P) 1,243

onst i bacyclm&&hwﬁ@egﬁs ﬁco&wtmr&s%r&&@mhﬁmbi@ﬁsﬁ/mémmmgene (G =P

J= Sb) ring heteroatom is a hetergatomthat is . wthin a cyclic

ring str uctﬁﬂp@es,md pesraping corirbttions (g bothsvind aad gisubsitetetht ai ni ng” gr oup

“bri dging 10rEn AT ESnftckbRY RS Puidraiite st B O 0% om ot oup

that is di reeaettyontmanden bicmotmalizeld f.of gvethe moleypercatfage of each olefin

2007/ 011459PCT/ UUS2006/ 02 st hr h t etero atom The
terms "J ngflamst ﬁF’ %a}‘?é’f’ﬁ?%%f{’ﬁfﬁg?ﬁxﬁéf‘ ‘ﬁi}h&‘ aﬂé??& ”g?g‘%gl ng heter oat om
subst i t uentieakify sbum ficilcbipba) Whes ustd BbiGnid e aRAAS | ned above. It
shoul d be notedthat a heteroatorn substituent” can be a "bridging
heteroatom@ﬂb@ﬁﬂatlmﬂanwb&luwbaﬂl%(eadﬂleﬁnbmllpw easbonshd as the 5 |igand
"A". "het er oat om substituent”"bridgi ng heteroatom substituent” A
"ring carbon atont is a carbon atomthat is part of a cyclic ring
structure. B?/ tﬂh&ngthéﬂen}uoidmmnt gﬂ%bﬂﬁepy]ya]ph%hﬁnhdﬁcﬁﬂeﬂexefehmg car bon
atons; a cyc nt adi eny igan Ive ri car hon_at 10Transition
metal conp dﬁﬁ’gﬁa% iﬁ? FPE%'T@P © %ﬁ%?&ﬁ%@f £9: groups. These
el ements a from

Chem cal pfiﬂfﬁgiﬁgﬁsﬂhﬁmﬂ gﬁiTheorlgm’?gﬁgﬂggg?gmbﬁgkglgﬁrﬁl&gg% Cott on,

W | ey- | nt er¥xpranpesferabliyess Bunldppey armeasyredhyAST 538pseudo (22-axi s of
symmetry refers to the sane symretry operation, however, the 15
substituents on the ligand frane do not need to be identical, but of

simlar SI ze andn&h@thbﬂenﬂﬁbﬂknen&dﬂﬁbfﬂhﬁ?ﬁlyﬁlpﬁi—oﬁﬁm H@ErilsddaRrent © typically
each ot her, and m | ar _shape. For exanple, nethyl,

h
b bl " 20, oS EBrb e (o (1ARA00 BB SE.T, PreferBaly Msn a0 8P, SIGHEY pr' sy

bonded sub { teno bul k.
Li kew se, flg%s-tﬁﬁpgfﬁge@“§§%gmgoﬁeﬁ“ reﬂr%my-&%%h%ﬁ]@;}ﬁu%yl and
t

1- net hyl pemflwsu@d STMA18.(e. g. C3-C6 secondary bonded substituents)
woul d be consi e g AL ek, 3h S Ao hREL S1RH KesoBitichHl Y1 101

preferably have less than 300 ppm of Hf, preferably less than 200 ppm, preferably

25 less than 100 ppm, preferably less than 50 ppm, preferably less than 10 ppm, as
measured by ASTM 5185.



WD 2007/ 011459PCIV52006/ 021231 - 32 - d| met hyI propyl, 1,1-dimethyl butyl,
1,1-di methyl pentyl and 1-ethyl- 1- nethylpropyl (e.g. C4-C7 tertiary bonded
substituents) would be considered of simlar size and steric bul k. Phenyl,
tolyl, xylyl, and nmesityl sub stituents (C6-C9 aryl substituents) woul d be
consi der edV@R00IPHMF%r size and steno bulk. 5 Additi onalPC§/USEIe6/0R31dgi ng
substituents of a conpound with a pseudo C2-axis of symmetry do not have to
be simlar at all since they are far renoved fromthe active site of the
catal yst. Therefore,” a conpound w thig-pseudo C2-axis of symretry could
have for exanple, a Me2Si, MeEtSi or MePhSi bridging Ligand, and still be
consi dered to hdvenetherrmhodingt,any of the pelyalnba-plefins ‘k@mhe%élem appropriate

Ci i s of BSARBITIA R e 30 pA BEAE PRAEAIF TGS walB0BRLAEORRRY ) %, 1 ¢
di scl osur e,legshﬁmimorppﬂi ipgsferably leaé thas 50 ppmpmmdbuy' lessthiald pyan,2s75 mer units

and the term polé refers to conpositions having 76 or nore ner units. A
mer is defiHe§UX bé{”{ﬁ;w[ Sé¥3-an ol i gomer or polymer that 15 originally

correspopded to rhig tﬁéreén'}x]ﬂbﬁﬁﬁen‘t',%ﬁ of ehbea@ha.seﬁﬁgaesa%eame% pol yneri zati on

reaction. For exarrp e mer of ecene woul d be decene The
met al | ocenq:rcﬁrqbb{hﬁts le(spthandat) ppmsf quupdsSemjals Krefsrablya er phef er abl y

cycl opent adi e e es rconi. um and .haf In
general , us {%ﬁb dlf %(ngm’lqr?ft%ﬁ%g g}sangqud’ PHiaft ?18%53?8?) r‘égyﬂg]e

represent eds1gg. t he 20 followi ng fornmul ae: (Cp-N CplIMXI X2(1) (CpCp*) MXI X2(2)
wher ei n: Mis the netal center, and js a Gqup_4 netal preferably

titanium zircodP@aetger @@W%WOB@EPE}YQBPVOWP%W%W%t hium Cp and
* h I h bonded
O S M RSO Sl o i a0 ponce

to M and S t fro zero to roups S' for
f or mul a ( 1)prefechbheless than 10 ppm,sas pwbsuredsryt ASTMISH86r nul a (2), each substituent

group S" being, .independent.l ara 'cal u ich i.s hydr ocar byl ,
Substituted hydrBAoBeT cobhginient, 3oy p Bielis fetrises et |, silylcarbyl
or gernyl Caﬁr@ﬁ&ablﬂﬁav@@esﬁﬂﬁn@ﬁpﬁh%f&lh&ﬁﬁﬂ%rﬁ&a f1és8 HIRAT500 opent adi enyl
rings in which any two adjacent 7/ 011459PCT/ US2006/ 021231

- 33 - are Dplerabhalessthanp m,@rqfeﬁﬁwéesg ﬂxae@ﬂ@ ap@dprsferabhslwsfbm ut ed,
t t i
subst t font TR profertBy ol 1B AO el pRRGAY L05s S SO o rbtBabEES' € 1

radi cal s, hgneh m:pprbydsmadmedtbeSE‘hbﬁlt&St ut ed hydrocarbyl radicals,

hal ocar byI radl substi tuted halocar ragi.cal s i car byl
el o subst RN P ebATbEBIRg USPITR BRA cal s, or
substi t ut edy@ferdhy H@@WM&Q@&@HJ averaB$ mBRERar‘wagRY) bplmoambsbound to the

nmetal atomto forma netal l'acycle ring containi ngQi rom about 3 to about 20

car bon atomefemblme%waﬁdﬁoﬁ%PbﬁferaHY(bIS'@fqenZ ansl @%G09, or aryne |igand:;

of conat] g St eIl S0 0Bt bR TRkl S RAPRRO T T o

conponent afPeefersabiwmintlude tmse frond A2p@rEseI00)] ptefemmﬁ'&alwﬂ €130,800koxi de,

Z{ZL‘)E'edfo.mE%d&vf@ A e brerobe 1 B0 ae. Rhermsber or rea

enbodi nent {BRE@VAVE RREAINE mmmmm%uebw&mumy preferred 15
enbodi nent,” that_ the conpounds represented by formula (1) [ (Cp-A -

Cp*) MXI X2] have In@nmhar@nbﬁdnammfpt/‘thwnbfalpha-n@ﬁnﬁéesnqulhewnt er, M and

rave 2 52, b ARG (SRS SIS B PSRN w70 e e

A is sel ecprefirdbiybetiRee(200mRna 80,0003 prsberably befeeiR2 20 ard (U0, 2CR' 2,

R 20 R 2, Py hetycen 19ead 1wl cpyelrend Mgsipoude thoso from

R2C=CR' Si R $80%0 36006 efei%‘b Eﬂ%(?—to 46’06%81:3 Iﬁefﬁe@ﬂﬁ%ﬁw 2,
R 2Si GeR 2, RC_CRée 2C- BR RP, 0, S Se

R 2C 0- CR Zhogg WZQ@@moszezablwmmmafezablmmdes CRR.

R 2C S 2 2

= 26 s bR O al ey 2101 U0 SS T By

R 2C N=CR ,2@t@3G00R -CR 2, R2C-NR -CR 2CR 2, R 2C-NR -

R2CR 2CNR -CR2CR 2, R2CP=CR, and R2CPR -CR 2 vvhere WI”IGHQ)IS

di fferent than Cp* then R is a Cl- 05 contai ni ng hydrocarbyl, 30
substituted hydrocarbyl, hal ocarbyl, substituted hal ocarbyl, silylcarbyl or
gernyl carbyl substituent, and when Cp is the sane as Cp* then R 1is

sel ected from hydrogen, Cl-C20 contai ni ng hydrocarbyl, substituted

hydr ocar byl , hal ocarbyl, - 34 -




substituted halo carbyl, silylcarbyl or gennyl carbyl substituent and
optionally two or nore adjacent R may join to forma substituted or
unsubstituted, saturated, partially unsaturated, cyclic or polycyclic
substituent. 5Table A depicts representative constituent noieties for the
nmet al | oceVeO 2WMPUA¥Nt s of fornmula 1 and 2. The |ist i sPCBAISRA0G/0RRIIAt | ve
pur poses only and should not be construed to be [imting in any way. A
nunber of final conponents may be fornmed by pernmuting all possible

conmbi nati ons of the constituent noietiges with each other. Wen hydrocar byl
radi cal s including al kyl, alkenyl, allcynyl, 10 cycloallcyl, cycloal kenyl,
cycl oal kynyl andn aratinaieinbodiaunt; ahy ofthe pelyalphaselefing deseritied heyspl i cati on t he

t i ncl ud ' . | e,, bytyl .includes .n-butyl, 2-
ot Iyl pr opyereRblyiaR LM SreB e Bty v ok o & RPNy BN % et e
npentyl, 1-4YBtdferhtlyilads thar 3 RefRYdbBHIedd than32 FRIréMablitlvds thar 2t hyl propyl ,

neopentyl, cyclopentyl and net hyl cycl obutyl; butenyl includes E and Z forns
of 1- but enyhlternately anyefthe polyaipkarelebys desaribed herpin prefsrabbehaye an

1- met hylsr Z-M%%ﬁr&l ewgwé&]%%%g%tg&%%w?@q%a3@t hyl - 2- propenyl . This

I ncl udes when a radica 0 anot her group, for exanple,
propyl cycl opent athedy) Mnaad Micare preasnyddcydGR( arethad iusing la,column for

i sopropyl cycl gpent adi enyl .and .cycl opropyl cyc] opent adi enyl . .1 n general, the
| i gands or_’ﬁ?‘g do jop e F‘ﬁ?’e‘ﬁm Wﬁ%}ﬁ%&?@m\&ésﬁvﬁt@%mn c forms. For
exanpl e, di gl ORI, dddfel it thé TlidWsdoie ¥ebRRgtb adi enyl and
1, 3-di net hyl cycl opent adi enyl ; net hyli ndenyl. includes 1-nethylindenyl,

2- met hyl i ncepoper equatien-hy| i ndenyl , 4-net hylindenyl, 5- nethylindenyl,

6- met hy] j ndenyl .and 7..nethylindeny] - aet hyl.eth envl, 1ncl udes

o o Mk hy et nyEBrT PR e SR fonC R 0 S BN BBRRHE et nyi pheny!

25 Exanpl espRfinveRf6n ddifg 1-0¥R0s h@!&e@ﬁfatﬁt%lﬁ_huﬁ' :quépsmmb@m@eisf ol | ow ng
isted in Ta

formul a where sone conponents are | e A To illustrate nenbers
of the trangicS)bH nSinsilarkyotinp oelativnship of Mt vea (0 Eoviksionidy inaSt &ir flude speci es

listed in Tabl es A .For nonmencl ature purposes or.the brigdaing group, A,
the words "EPR??‘mé]?'}ﬁmvgﬁ‘qT‘iﬂ‘@W@" E?@%@Jgeﬁﬁ%@hﬂ% Wy",?% represent a
di radi cal sEabY€syhefeoV idthekidembtid dsiositly MeaMidAt 100°ERYEE Waienlofifefr S O a

1, 2-et hf\;slgene | i nkage and is distinguished fromethene-1,1-diyl. Thus, for

t he briHyi ndpiyrdefinsare used apfped this Miwas. 100%C wisenpity rlationskip magd

I nt er change b | | Welol A, W
2007/ 0114500009 B PR3 R Ak hAorabaRLG BIRR, O\ ]
cycl opent adi enylUrilypetherwige indicateddy® valoesiepéricdhetdieart-GRDRilidgsand The

nunberi ng sche reyi ous defined for the indenyl ring is used to indicate
the bridge %gﬁaﬂ%ﬁﬂm Vi¥hber is not specified, it is assuned that the
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less than -30°C, preferably less than -35°C, preferably less than -50 °C, preferably
between -10 and -80 °C, preferably between -15°C and -70°C.
In a preferred embodiment of this invention, any PAQ described herein
25 may have a kinematic viscosity (at 40°C as measured by ASTM D 445) from
about 4 to about 50,000 cSt, preferably from about 5 ¢St to about 30,000 ¢St at 40
°C, alternately from about 4 to about 100,000 cSt, preferably from about 6 ¢St to
about 50,000 ¢St, preferably from about 10 ¢St to about 30,000 cSt at 40 °C.
In another embodiment according to the present invention, any polyalpha

30  olefin described herein may have a kinematic viscosity at 100°C from about 1.5 to
about 5,000 cSt, preferably from about 2 to about 3,000 cSt, preferably from about
3 ¢St to about 1,000 cSt, more preferably from about 4 ¢St to about 1,000 ¢St, and



di heptyl silyl ene diethyl cycl opent adi enyl dioctylsilyl ene
propyl cycl opent adi enyl di nonyl silyl ene di propyl cycl opent adi enyl

di decyl sil yl ene butyl cycl opent adi enyl di undecyl silyl ene

di butyl cycl opent adi enyl di dodecyl silyl ene pentyl cycl opent adi enyl
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hexyl cycl opent adi enyl di pental ecyl sil yl ene di hexyl cycl opent adi enyl
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di hept yl cycl opent adi enyl dioctadecylsﬂlylene octyl cycl opent adi enyl
di nonadecyl si |l yl ene dloctyI@gclopentadle dlelcosyIS|Ierne

nonyl cycl op¥stmese pieferably fiem St fa ghortR00Shaspeasyel bE A eny !
di docosyl si hyhensAsud ﬁx&}a%ﬂa&tve%smes% e r SRR VS td YOPRR at 100°C
in one embodiment, and from 2 to 3000 ¢St at 100 °C in another embodiment, and
from 3.2 to 300 ¢St in another embodiment. Alternately, the polyalpha-olefin has
5 aXVg of less than 200 cSt.

In another embodiment according to the present invention any polyalpha
olefin described herein may have a kinematic viscosity at 100°C from 3 to 10 ¢St
and a flash point of 150 °C or more, preferably 200 °C or more (as measured by
ASTM D 56).

10 In another embodiment according to the present invention any polyalpha
olefin described herein may havea dielectric constant of 2.5 or less (1 kHz at 23
°C as determined by ASTM D 924).

In another embodiment according to the present invention any polyalpha

olefin described herein may have a specific gravity of 0.75 to 0.96 g/cm’,
15  preferably 0.80 to 0.94 g/om’,

The PAO's prepared herein, particularly those of low viscosity (such as
those with a KV g of 10 ¢St or less), are especially suitable for high performance
automotive engine oil formulations either by themselves or by blending with other
fluids, such as Group II, Group II+, Group III, Group III+ or lube base stocks

20  derived from hydroisomerization of wax fractions from Fisher-Tropsch
hydrocarbon synthesis from CO/H2 syn gas, or other Group IV or Group V base
stocks. PAOs having KV10q's from 3 ¢St to 8 ¢St are also preferred grades for
high performance automotive engine oil or industrial oil formulations. The PAO’s
of 40 to 1000 cSt made in this invention are desirable for use as blend stock with

25  Gr1 II IO, O+ or GTL derived lube base stocks for use in industrial and
automotive engine or gear oil, especially certain high KV grades of 3 to 1000
¢St which are especially desirable for use as blend stock with Gr I, II, I, ITI+ or
GTL derived lube base stocks for use in industrial and automotive engine or gear
oil. They are also suitable for use in personal care applications, such as blends

30  with soaps, detergents, other emollients, for use in personal care creams, lotions,

sticks, shampoos, detergents, etc.
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about 32 to about 102 cSt
In another embodiment according to the present invention, any polyalpha
5 olefin described herein may have a viscosity index (VI) of 100 or more, preferably
120 or more, preferably 130 or more, alternately, form 120 to 450, altemately
from 100 to 400, alternately from 120 to 380, alternately from 100 to 300,
alternately from 140 to 380, alternately from 180 to 306, alternately from 252 to
306, alternately the viscosity index is at least about 165, alternately at least about
10 187, alternately at least about 200, alternately at least about 252. For many lower
viscosity fluids made from 1-decene or 1-decene equivalent feeds (KV g of 3 to
10 cSt), the preferred VI range is from 100 to 180. Viscosity index is determined
according to ASTM Method D 2270-93 [1998].
All kinematic viscosity values reported for fluids herein are measured at
15 100 °C unless otherwise noted. Dynamic viscosity can then be obtained by
multiplying the measured kinematic viscosity by the density of the liquid. The
units for kinematic viscosity are in m’/s, commonly converted to ¢St or centistokes
(1cSt=10"5m?/s or 1 ¢St = 1 mm?/sec).
One embodiment according to the present invention is a new class of poly-
20  alpha-olefins, which have a unique chemical composition characterized by a high
percentage of unique head-to-head connections at the end position of the polymer
chain and a high degree of stereo-regularity. The new poly-alpha-olefins when
used by themselves or blended with other fluids have unique lubrication
properties. The term "head-to-head connection” refers to a connection formed on
25  at iecast one end of the PAO oligomer or polymer in which the penultimate olefin
inserted 1,2 and the last olefin inserted 2,1 into the oligomer or polymer chain, as
illustrated in the lower scheme in Figure 3.
Another embodiment according to the present invention is a new class of
hydrogenated poly-alpha-olefins having a unique chemical composition which is
30  characterized by a high percentage of unique head-to-head connection at the end
position of the polymer and by a reduced degree tacticity compared to the product
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pentacosylcyclopentadlenyl di tolyl silyl ene hexacosyl cycl opent adi enyl

di benzyl si | yl ene hept acosyl cycl opent adi enyl di phenet hyl silyl ene

oct acosyl cycl opent adi enyl di (butyl phenethyl)silylene
nonacosyl cycl opent adi enyl net hyl et hyl silyl ene triacontyl cycl opent adi enyl
met hyl pr ogxd switheoe cycl ohexyl cycl opent adi enyl et | aypdmvsdoedidzylsene
phenyl cycl opent adi enyl net hyl hexyl silyl ene di phenyl cycl opent adi enyl

met hyl phenyl si |l yl ene tri phenyl cycl opent adi enyl et hyl phenyl silyl ene

t et raphenyl cycl opent adi enyl et hyl praopyjl.sil yl ene tol yl cycl opent adi neyl
et hyl butyl stlyl ene benzyl cycl opent adi enyl propyl phenyl silyl ene

phenet hyl cyiferphydragknetign. Thememhpdiyelpharblefins when used by itself or blended

gygLiEgT%Lh&@#@ﬁ@’ | o %g%ﬁﬁ@ﬁg%%Pgbgﬁgéﬂgﬁﬁgylene napt hyl cycl opent adi enyl
The PAQ's produced according to this invention are typically dimers,
trimers, tetramers, or higher oligomers of one or more C5 to C24 olefin
5 monomers, preferably one or more C5 to C24 alpha-olefin monomers, preferably
one or more C5 to C24 linear alpha-olefin monomers. Alternatively, an alpha-
olefin with alkyl substitutent at least 2 carbons away from the olefinic double
bond can also be used. Typically, the PAQ's produced herein are usually a
mixture of many different oligomers. The smallest oligomers from these alpha-
10 olefins have carbon number ranging from C10 to C20. These small oligmers are
usually too light for most high performance fluids application. They are usnally
separated from the higher oligomers with carbon number of greater than C20, for
example C24 and higher which are more preferred as high performance fluids.
These separated C10 to C20 oligomer olefins or the corresponding paraffins after
15 hydrogenation can be used in specialty applications, such as drilling fluids,
solvents, paint thinner, etc with excellent biodegradability, toxicity, viscosities,
etc. The high performance fluid fraction in the C20, or C30 and higher fractions
typically have lower viscosities making them beneficial for some applications,
such as better fuel economy, better biodegradability, better low temperature flow
20  properties, or lower volatility. The higher viscosity product, usually have much
higher average degree of polymerization have very low amount of C20 or C30
component. These high viscosity flnids are excellent blend stocks for lube
application to improve the viécosity. Because of their usually narrow molecular
weight distribution, they have superior shear stability. Because of their unique
25  chemical composition, they have excellent viscometrics and unexpected low
traction properties. These higher viscosity PAQ can be used as superior blend
stocks, They can be blend stocks with any of the Gr I, 10, III, i+, GTL and Gr V
fluids to give the optimum viscometrics, solvency, high and low temperature
lubricity, etc. When further blended with proper additives, including antioxidants,
30  anitwear additives, friction modifiers, dispersants, detergents, corrosion inhibitors,
defoamants, extreme pressure additives, seal swell additives, and optionally
viscosity modifiers, etc. Description of typical additives can be found in the book
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nethylphenylgernylene nethyltolylcyclopentadlenyl

cycl ot et ranet hyl enesi | yl ene net hyl et hyl cycl opent adi enyl

cycl opent anet hyl enesi | yl ene net hyl propyl cycl opent adi enyl
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met hyl pentWP2yZ0tld&ht adi enyl but yl azanedi yl net hyl hexyPEFaISaeB1aHi eny|

nmet hyl azanedi yl net hyl heptyl cycl pent adi enyl phenyl azanedi yl

met hyl oct yl_cycl opent adi enyl perfl uorophenyl azanedi yl

met hyl nonyl cycl opent adi enyl net hyl phggphanedi yl net hyl decyl cycl opent adi enyl
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propenyl cyé‘l[u'pmmtaﬂdtthyds” Bhemispiiesp igns, pditLe Ry Reguitlo plaresddi eny|
cycl ohexyl phenyl phosphanedi yl net hyl i ndenyl
net hyl bor aﬁg‘g‘f‘%}’ & hy?rpg%@éyl phenyl bor anedi yl

Process

One embodiment of the present invention discloses an improved process to
5  produce a new class of poly-alpha-olefins having unique chemical compositions.
This improved process employs metallocene cata.ly}sts together with one or more
activators (such as an alumoxane or 2 non-coordinating anion). The metallocene
catalyst can be a bridged or unbridged, substituted or unsubstituted
cyclopentadienyl, indenyl or fluorenyl compound. One preferred class of catalysts

10 are highly substituted metallocenes that give high catalyst productivity and higher
product viscosity. Another preferred class of metallocenes are bridged and
substituted cyclopentadienes. Another preferred class of metallocenes are bridged
and substituted indenes or fluorenes. One aspect of the processes described herein
also includes treatment of the feed olefins to remove catalyst poisons, such as

15  peroxides, oxygen, sulfur, nitrogen-containing organic compounds, and or
acetylenic compounds. This treatment is believed to increase catalyst
productivity, typically more than 5 fold, preferably more than 10 fold.

In a preferred embodiment, this invention relates to a process to produce a
polyalpha-olefin comprising:

20 1) contacting at least one alpha-olefin monomer having 5 to 24 carbon
atoms with a racemic metatlocene compound (preferably a highly substituted
compound) and an activator under polymerization conditions wherein hydrogen, if
present, is present at a partial pressure of 200 psi (1379 kPa) or less, based upon
the total pressure of the reactor (preferably 150 psi (1034 kPa} or less, preferably

25 100 psi (690 kPa) or less, preferably 50 psi (345 kPa) or less, preferably 25 psi
(173 kPa) or less, preferably 10 psi (69 kPa) or less (alternately the hydrogen, if
present is present in the reactor at 1000ppm or less by weight, preferably 750 ppm
or less, preferably 500 ppm or less, preferably 250 ppm or less, preferably 100
ppm or less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10

30  ppm or less, preferably 5 ppm or less), and wherein the alpha-olefin monomer

having 5 to 24 carbon atoms is present at 10 volume % or more based upon the
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total volume of the catalyst/activator/co-activator solutions, monomefs, and any
diluents or solvents present in the reaction; and
2) obtaining a polyalpha-olefin, optionally hydrogenating the PAO,
and obtaining a PAQ, comprising at least 50 mole% of a C5 to C24 alpha-olefin
5  monomer, wherein the polyalpha-olefin has a kinematic viscosity at 100°C of
5000 cSt or less, and the polyalpha-olefin comprises Z mole % or more of units

represented by the formula:

Ci

Ck /4 Cm
10
where j, k and m are each, independently, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16,17, 18,19, 20, 21, or 22, n is an integer from 1 to 350, and
where Z = 8.420%¥Log(V) - 4.048, where V is the Kinematic viscosity of the
polyalpha-olefin measured at 100°C in cSt.
15

In an alternate embodiment, this invention relates to a process to produce a
polyalpha-olefin comprising:
1) contacting a feed stream comprising at least one alpha-olefin
‘monomer having 5 to 24 carbon atoms with a metallocene catalyst compound and
20  anon-coordinating anion activator or alkylalumoxane activator, and optionally an
alkyl-aluminum compound, under polymerization conditions wherein the alpha-
olefin monomer having 5 to 24 carbon atoms is present at 10 volume % or more
based upon the total volume of the catalyst/activator/co-activator solution,
monomers, and any diluents or solvents present in the reactor and where the feed
25  alpha-olefin, diluent or solvent stream comprises less than 300 ppm of heteroatom
containing compounds; and obtaining a polyalpha-olefin comprising at least 50
mole% of a C5 to C24 alpha-olefin monomer where the polyalpha-olefin has a
kinematic viscosity at 100°C of 5000 cSt or less. Preferably, hydrogen, if present



met hyl et hyl ene nonyl i ndenyl di net hyl et hyl ene decyl i ndenyl trinethyl ethyl ene
phenyl i ndenyl tetranethyl ethylene (fluorophenyl)indenyl cyclopentyl ene
(et hyl phenyflindenyl cycl ohexyl ene bi phenylindenyl cycl oheptyl ene
(bi s(trifluoronethyl)phenyl)indenyl cyclooctyl ene napthylinden
pr opanedi WO 16#a48hr y| i ndenyl net hyl propanedi yl benzyP¢HEE2)4/021231
di net hyl propanedi yl benzi ndenyl trinethyl propanediyl cycl ohexyli ndenyl
t el ramet hyl pr opanedi y1 net hyl phenyl i ndenyl pent anet hyl propanedi yl
et hyl phenyl i ndenyl hex anet hyl propanedi-yl propyl phenyl i ndenyl
t et ranet hyl di si |l oxyl ene net hyl napt hyl i ndenyl - vi nyl ene
is present in the reactor at 1000ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or

less, preferably 5 ppm or less.

In an alternate embodiment, this invention relates to a process to produce 2
polyalpha-olefin comprising:
1) contacting a feed stream comprising at least one alpha-olefin
monomer having 5 to 24 carbon atoms with a metallocene catalyst compound and
10  anon-coordinating anion activator or alkylalumoxane activator, and optionally an
alkyl-aluminum compound, under polymerization conditions wherein the alpha-
olefin monomer having 5 to 24 carbon atoms is present at 10 volume % or more
based upon the total volume of the catalyst/activator/co-activator solution,
monomers, and any diluents or solvents present in the reactor and where the feed
15 alpha-olefin, diluent or solvent stream comprises less than 300 ppm of heteroatom
containing compounds which; and obtaining a polyalpha-olefin comprising at
least 50 mole% of a C5 to C24alpha-alefin monomer where the polyalpha-olefin
has a kinematic viscosity at 100°C of 5000 ¢St or less;
2) isolating the lube fraction polymers and then contacting this lube
20  fraction with hydrogen under typical hydrogenation conditions with
hydrogenation catalyst to give fluid with bromine number below 1.8, or
alternatively, isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under more severe conditions with hydrogenation catalyst
to give fluid with bromine number below 1.8 and with reduce mole% of mm

25  components than the unhydrogenated polymers.

Alternately, in any process described herein hydrogen, if present, is
present in the reactor at 1000ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or

30 less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or
less, preferably 5 ppm or less.
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(met hyl phenypi ndenyl di propenyl silyl ene (di nethyl phenyl )i ndenyl
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(di et hyl phenyl )i ndenyl nethyl propenyl silylene (propyl phenyl)indenyl
met hyl but ¥€/208701458ne (di propyl phenypi ndenyl di met hyl sPET/UB0RBhe
nmet hyl t et r ahydr oi ndenyl di phenyl silyl nmet hyl ene et hyl t et rahydr oi ndenyl
clinmethylsilylethylene propyltetrahydroi ndenyl di phenylsilyl ethylene
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Rt st el PO
trimethyl silydefidin et #4060bm b RSBy weilgh Pisk@dtity 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or
5 less, preferably 5 ppm or less.

Unless otherwise stated all pressures in psi are psig.

Metallocene Catalyst Compounds

10 For purposes of this invention and the claims thereto, the terms
"hydrocarbyl radical," "hydrocarbyl,” and hydrocarbyl group" are used
interchangeably throughout this document. Likewise the terms "group," "radical,”
and "substituent” are also used interchangeably throughout this document. For
purposes of this disclosure, "hydrocarbyl radical" is defined to be a C;-Cjgo radical

15  and may be linear, branched, or cyclic. When cyclic, the hydrocarbon radical may
be aromatic or non-aromatic. "Hydrocarbon radical” is defined to include
substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl
radicals, silylcarbyl radicals, and germylcarbyl radicals as these terms are defined
below. Substituted hydrocarbyl radicals are radicals in which at least one

20  hydrogen atom has been substituted with at least one functional group such as
NR*;, OR¥*, SeR*, TeR*, PR*,, AsR¥,, SbR*;, SR*, BR*;, SiR*;, GeR*;, SnR*;,
PbR*; and the like or where at least one non-hydrocarbon atom or group has been
inserted within the hydrocarbyl radical, such as -O-, -S-, -Se-, -Te-, -N(R*¥)-, =N-,
-P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)~, =Sb-, -B(R*)-, =B-, -Si(R*);-,

25  -Ge(R*)z-, -Sn{R*)z-, -Pb(R*),- and the like, where R¥ is independently a
hydrocarbyl or halocarbyl radical, and two or more R* may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

Halocarbyl radicals are radicals in which one or more hydrocarbyl

30  hydrogen atoms have been substituted with at least one halogen (e.g. F, Cl, Br, I)

or halogen-containing group (e.g. CF;).
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triethylsilylcycl opentadi enyl trinmethylgernylcycl opentadienyl
trifluronethyl cycl opentadi enyl X1 or X2 cycl openta[b]thienyl chloride
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cycl opent a[ b] sti bol y1 propyl nethyl cycl opentalb]thienyl butyl
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met hyl cycl opent a[ M el | ur ophenyl heptygg.nmet hyl cycl opent a[ b] pyrrol yl octyl
met hyl cyclopent a[ b] phosphol y1

Substituted halocarbyl radicals are radicals in which at least one halocarbyl

hydrogen or halogen atom has been substituted with at least one functional group
such as NR*,, OR¥, SeR*, TeR*, PR*,, A§R*z, SbR*;, SR*, BR*;, SiR*;, GeR*3,
SnR*;, PbR*; and the like or where at least one non-carbon atom or group has

5  been inserted within the halocarbyl radical such as -O-, -8-, -Se-, -Te-, -N(R*)-,
=N-, -P(R*)-, =P-, -As(R¥)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-, -Si(R*);-,
-Ge(R*)-, -Sn(R*);-, -Pb(R*);z- and the like, where R* is independently a
hydrocarbyl or halocarbyl radical provided that at least one halogen atom remains
on the original halocarbyl radical, Additionally, two or more R¥ may join

10  together to form a substituted or unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure.

Silylcarby! radicals (also called silylcarbyls) are groups in which the silyl
functionality is bonded directly to the indicated atom or atoms. Exampiles include
SiHs, SiH;R*, SiHR*,, SiR*;, SiH,(OR*), SiH(OR*),, Si{OR*);, SiH,(NR*3),

15 SiH(NR*;)2, Si(NR*;)s, and the like where R;" is independently a hydrocarbyl or
halocarbyl radical and two or more R* may join together to form a substituted or
unsubstituted saturated, partially unsaturated or aromatic cyclic or polycyclic ring
structure.

Germylcarbyl radicals (also cailed germylcarbyls) are groups in which the

20  germyl finctionality is bonded directly to the indicated atom or atoms. Examples
include GeHs, GeH;R*, GeHR*2, GeR’;, GeHa(OR*), GeH(OR*),, Ge(OR*)s,
GeH,(NR*,), GeH(NR¥;);, Ge(NR*;)3, and the like where R* is independenily a
hydrocarbyl or halocarbyl radical and two or more R* may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or

25  polycyclic ring structure.

Polar radicals or polar groups are groups in which a heteroatom
functionality is bonded directly to the indicated atom or atoms. They include
heteroatoms of groups 1-17 of the periodic table (except carbon and hydrogen)
either alone or connected to other elements by covalent bonds or other interactions

30  such as ionic bonds, van der Waals forces, or hydrogen bonding. Examples of
functional heteroatom containing groups include carboxylic acids, acid halides,
carboxylic esters, carboxylic salts, carboxylic anhydrides, aldehydes and their
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nonyl met hyl cycl opent a[ bl arsol y1 decyl nethyl cycl openta[ b]stibolyl undecyl
di met hyl cycl opent a[ b] t hi enyl dodecyl di nethyl cycl openta[b]furanyl tridecyl
di met hyl cycl opent a[ b] pyrrol y1 tetradecyl dinethylcycl opentalb] phosphol yl
pent adecyl trinethylcycl opental b)thienyl hexadecyl

trimet hyl SQMSHRMR bl f ur anyl heptadecyl trimethyl cycl BpERERPHIZRAH r ol y1
oct adecyl trinmethyl cycl opental b] phosphol y1 nonadecyl

et hyl cycl opent a[ b] t hi enyl ei cosyl ethyl cycl openta[ b]fm anyl henei cosyl

et hyl cycl opent a[ b] pyrrol y1 docosyl etdiyl cycl opent ap] phosphol y1 tri cosyl

diethyl eyl Rt Rhroup 14) snalogion, sloondls abd phendls aihors, porbwides s> nent acosyl
hydroperoxides, carboxylic amides, hydrazides and imides, amidines and other
nitrogen analogues of amides, nitriles, amines and imines, azos, nitros, other
nitrogen compounds, sulfur acids, selenium acids, thiols, éulﬁdes, sulfoxides,

5  sulfones, phosphines, phosphates, other phosphorus compounds, silanes, boranes,
borates, alanes, aluminates. Functional groups may also be taken broadly to
include organic polymer supports or inorganic support material such as alumina,
and silica. . Preferred examples of polar groups include NR*,, OR*, SeR*, TeR¥,
PR*;, AsR*;, SbR*,, SR*, BR*;, SnR*;, PbR*; and the like where R* is

10  independently a hydrocarbyl, substituted hydrocarbyl, halocarbyl or substituted
halocarbyl radical as defined above and two R* may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

In using the terms "substituted or unsubstituted cyclopentadieny! ligand",
15  "substituted or unsubstituted indenyl ligand", and "substituted or unsubstituted
tetrahydroindenyl ligand", the substitution to the aforementioned ligand may be
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylearbyl, or germylcarbyl. The substitution may also be within the ring giving
heterocyclopentadienyl ligands, heteroindenyl ligands or heterotetrahydoindenyl
20 ligands, each of which can additionally be substituted or unsubstituted.

In some embodiments, the hydrocarbyl radical is independently selected
from methyl, ethyl, ethenyl, and isomers of propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl,

25  tetracosyl, pentacosyl, hexacosyl, heptécosyl, octacosyl, nonacosyl, triacontyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,
heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyi,
tricosenyl, tetracosenyl, pentacoseny!, hexacosenyl, heptacosenyl, octacosenyl,

30  nonacosenyl, triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl,
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heneicosynyl, docosynyl, tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl,
heptacosynyl, octacosynyl, nonacosynyl, triacontynyl, butadienyl, pentadienyl,
hexadienyl, heptadienyl, octadienyl, nonadienyl, and decadienyl. Also included
5  are isomers of saturated, partially unsaturated and aromatic cyclic and polycyclic
structures wherein the radical may additionally be subjected to the types of
substitutions described above. Examples include phenyl, methylphenyl,
dimethylphenyl, ethylphenyl, diethylphenyl, propylphenyl, dipropylphenyl,
benzyl, methylbenzyl, naphthyl, anthracenyl, cyclopentyl, cyclopentenyl,

10 cyciohexyl, cyclohexenyl, methylcyclohexyl, cycloheptyl, cycloheptenyl,
norbornyl, norbornenyl, adamantyl and the like. For this disclosure, when a
radical is listed, it indicates that radical type and all other radicals formed when
that radical type is subjected to the substitutions defined above. Alkyl, alkenyl
and alkynyl radicals listed include all isomers including where appropriate cyclic

15  isomers, for example, butyl inciudes n-butyl, 2-methylpropyl, 1-methylpropyl,
tert-butyl, and cyclobutyl (and analogous substituted cyclopropyls); pentyl
includes n-pentyl, cyclopentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-
ethylpropyl, and neopentyl (and analogous substituted cyclobutyls and
cyclopropyls); butenyl includes E and Z forms of 1-butenyl, 2-butenyl, 3-butenyl,

20 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl and 2-methyl-2-
propenyl (and cyclobutenyls and cyclopropenyls). Cyclic compound having
substitutions include all isomer forms, for example, methylphenyl would include
ortho-methylphenyl, meta-methylpheny! and para-methylphenyl; dimethylphenyl
would include 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-

25  diphenylmethyl, 3,4-dimethylphenyl, and 3,5-dimethylphenyl. Examples of
cyclopentadienyl and indeny ligands are illustrated below as anionic ligands.
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illustrated. Cydlopentadienyl Indenyl
A similar numbering and nomenclature scheme is used for heteroindenyl
., asillustrated below where Z and Q independently represent the heteroatoms O, S,
5  Se, or Te, or heteroatom groups, NR', PR', AsR', or SbR' where R' is hydrogen, or
a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl, or germylcarbyl substituent. The number scheme shown below is for

heteroindenyl ligands that are bridged to another ligand via a bridging group.

4 3 4 3
Q0O O
Z
6 1 6 1
Examples include: Examples include:
Cyclopenta[blthienyl (Z=S) Cyclopenta[c]&nenyl(Z"S)
Cyclopenta{b furanyl (Z=0) Cyclopenta[c]furanyl (Z=0)
Cyclopenta[b]selenophenyl (Z=Se) Cyclopentajc]selenophenyl (Z=S¢}
Cyclopentalbjtellurophenyl (Z=Te) Cyclopenta[c{tellurophenyl (Z=Te
6-Methyl-cyclopenta[b]pymrolyl (Z=N-Me) 5-Methyl-cyclopentafc]pyrrolyl (Z=N-Me)
6-Methyl-cyclopenta[5]phospholy! (Z=P-Me) 5-Methyl-cyclopenta[c]phospholyl (Z=P-Me)
6-Methyl-cyclopenta[b]arsolyl (Z=As-Me) 5-Methyl-cyclopenta[c]arsolyl (Z=As-Me)
6-Methyl-cyclopenta[b]stibolyl (Z=Sb-Me) 5-Methyl-cyclopenta[c]stibolyl (Z=Sb-Me)
10 A similar numbering and nomenclature scheme is used for

heterocyclopentadienyl tings as illustrated below where G and J
independently represent the heteroatoms N, P, As, Sb or B. For these
ligands when bridged to another ligand via a bridging group, the one
position is usually chosen to be the ring carbon position where the ligand
15 is bonded to the bridging group, hence a numbering scheme is not
| illustrated below.
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Examples include:
Azacyclopentadiene (G =N}
Phosphacyclopentadiene (G=P)
Stibacyclopentadiene (G= Sb)
Arsacyclopentadiene (G = As)
Boracyclopentadiene (G=B)

zi rconi um cycl opent a[ c] f ur anyl
cycl openta[c]tell urophenyl
WO 2007/ 011459PCT/ US2006/ 021231 -

haf ni um

40 -

Depending on the position of the bridging ligand, the numbering for the

following ligands will change; 1,3 and 1,2 are only used in this case to

illustrate the position of the heteroatoms relative to one another.

G\/Q\j

Examples include:

1,3-Diazacyclopentadiene (G=J =N)
1,3-Diphosphacyclopentadiene (G =J=P)
1,3-Distibacyclopentadiene (G=J =Sb)
1,3-Diarsacyclopentadiene (G = J= As)
1,3-Diboracyclopentadiene (G = J=B)
1,3-Azaphosphacyclopentadiene (G =N; J=P)
1,3-Azastibacyclopentadiene (G =N; J = Sb)
1,3-Azarsacyclopentadiene (G =N; J= As)
1,3-Azaboracyclopentadiene (G=N; J =B)
1,3-Arsaphosphacyclopentadiene (G= As; J=P)
1,3-Arsastibacyclopentadiene (G = As; J = Sb)
1,3-Arsaboracyclopentadiene (G = As; ] =B)
1,3-Boraphosphacyciopentadiene (G = B; I =P)
1,3-Borastibacyclopentadiene (G =B; J= Sb)
1,3-Phosphastibacyclopentadiene (G = P; J= Sb)

O

J

Examples include;

1,2-Diazacyclopentadiene (G=J=N)
1,2-Diphosphacyclopentadiene (G =] =P)
1,2-Distibacyclopentadiene (G=J =Sb)
1,2-Diarsacyclopentadiene (G = ] = As)
1,2-Diboracyclopentadiene (G = J=B)
1,2-Azaphosphacyclopentadiene (G = N; I=P)
1,2-Azastibacyclopentadiene (G =N; J = Sh)
1,2-Azarsacyclopentadiene (G = N; J= As)
1,2-Azaboracyclopentadiene (G=N:J =B)
1,2-Arsaphosphacyclopentadiene (G= As; ]=P)
1,2-Arsastibacyclopentadiene (G = As; J = Sb)
1,2-Arsaboracyclopentadiene (G = As; J =B)
1,2-Borphosphacyclopentadiene {G = B; ] =P)
1,2-Bomstibacyclopentadiene (G =B; J= Sb)
1,2-Phosphastibacyclopentadiene {G = P; J= Sb)

A "ring heteroatom" is a heteroatom that is within a cyclic ring structure.

A "heteroatom substituent” is heteroatom containing group that is directly bonded
to a ring structure through the heteroatom. A "bridging heteroatom substituent" is

a heteroatom or heteroatom group that is directly bonded to two different ring
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di met hyl cycl openta[ c]thi enyl di net hyl cycl opent a[ c] f ur anyl
di met hyl cycl opent a[ c] pyrrol yl di et hyl cycl opent a[ c] phosphol y1
trimethyl cycl openta[c]thienyl -31-
structures through the heteroatom. The terms "ring heteroatom”, "heteroatom
substituent", and "bridging heteroatom substituent” are illustrated below where Z
and R' are as defined above. It should be noted that a "heteroatom substituent"
can be a "bridging heteroatom substituent” when R' is additionally defined as the

5 ligand "A".

h ’
"ring heteroatom"
= Z
= !R'

"heteroatom substituent"  “bridging heteroatom substituent”

A "ring carbon atom" is a carbon atom that is part of a cyclic ring
structure. By this definition, an indenyl ligand has nine ring carbon atoms; a
cyclopentadienyl ligand has five ring carbon atoms.

10 Transition metal compounds have symmetry elements and belong to
symmetry groups. These elements and groups are well established and can be
referenced from Chemical Appliation s of Group Theory (2nd Editon) by F.
Albert Cotton, Wiley-Interscience, 1971. Pseudo-symmetry, such as a pseudo C-
axis of symmetry refers to the same symmetry operation, however, the

15  substituents on the ligand frame do not need to be identical, but of similar size and
steric bulk. Substituents of similar size are typically within 4 atoms of each other,
and of similar shape. For example, methyl, ethyl, n-propyl, n-butyl and iso-butyl
substituents (e.g. C1-C4 primary bonded substituents) would be considered of
similar size and steric bulk. Likewise, iso-propyl, sec-butyl, 1-methylbutyl, 1-

20  ethylbutyl and 1-methylpentyl substituents (e.g. C3-C6 secondary bonded
substituents) would be considered of similar size and steric bulk. Terz-butyl, 1,1-
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trimet hyl cycl opent a[ c] phosphol y1 et hyl cycl opent af c]t hi enyl
et hyl cycl openta[ c] furanyl ethyl cycl opentalc]pyrrolyl
et hyl cycl opent a[ ci phosphol yr di et hyl cycl opent a[ c] t hi enyl
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dimethylpropyl, 1,1-dimethylbutyl, 1,1-dimethylpentyl and 1-ethyl-1-

methylpropyl (e.g. C4-C7 tertiary bonded substituents) would be considered of
similar size and steric bulk. Phenyl, tolyl, xylyl, and mesityl substituents (C6-C9
aryl substituents) would be considered of similar size and steric bulk.

5  Additionally, the bridging substituents of a compound with a pseudo C;-axis of
symmetry do not have to be similar at all since they are far removed from the
active site of the catalyst. Therefore, a compound with a pseudo C;-axis of
symmetry could have for example, a Me,Si, MeEtSi or MePhSi bridging ligand,
and still be considered to have a pseudo Cr-axis of symmetry given the

10  appropriate remaining ligand structure. In some embodiments, metaliocenes with
a C;-axis of symmetry may also be useful herein.

For purposes of this disclosure, the term oligomer refers to compositions
having 2-75 mer units and the term polymer refers to compositions having 76 or
more mer units. A mer is defined as a unit of an oligomer or polymer that

15  originally corresponded to the olefin(s) used in the oligomerization or
polymerization reaction. For example, the mer of polydecene would be decene.

The metallocene compounds (pre-catalysts), useful herein are preferably
cyclopentadienyl derivatives of titanium, zirconium and hafnium. In general,
useijal titanocenes, zirconocenes and hafnocenes may be represented by the

20 following formulae:

(Cp-A'-Cp*)MX, Xz (1)
(CpCp*IMX; X, 2)
wherein:

M is the metal center, and is a Group 4 metal preferably titanium, zirconium or
25  hafnium, preferably zirconium or hafhium;

Cp and Cp* are the same or different cyclopentadienyl rings that are each bonded

to M, and substituted with from zero to four substituent groups S” for formula (1)

and zero to five substituents for formula (2), each substituent group S” being,

independently, a radical group which is a hydrocarbyl, substituted hydrocarbyl,
30  halocarbyl, substituted halocarbyl, silylcatbyl or germylcarbyl, or Cp and Cp* are

the same or different cyclopentadienyl rings in which any two adjacent S” groups
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2007/ 01145 6 .JThe Q , y be

pr et rea’éléeld }&g\q é’%’&)&‘u#{%‘%ﬂ%ﬁ%‘%ﬁ%‘&?“@df‘n&xkﬁﬁfﬁf f‘errﬁ 1Jle’doaglﬁdes may be
cal ci ned, cﬁgmmﬁtéwmﬂmbeﬁmmmhquim @é]uﬂ@mag@m,t s such as al um num
al kyl s and the |ike, of both st at ed above, ]100| yneric carriers wll also

be suitabl eteirfhydecindeayhde- @mﬁhyhndenﬂmﬁﬁéﬂlmﬂiy igd@ytor exanpl e the
descriptions in WO 95/15815 and U.S. patent 5,427,991. The net hods

di scl osed may be used with the catal yst conpounds, activators or catalyst
systens of this invention to adsorb or absorb themon the polyneric
supports, particularly if nmade up of porous particles, or may be chemcally
bound t hrough functional groups bound to or in the polyner 10 chains.

Useful catalyst carriers may have a surface area of from 10-700 n2/g, and
or a pore volune of 0.1-4.0 cc/g and or an average partlcle si ze of 10 500
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conbi nati ons are generally deposited on the support at a |oading | evel of
10- 100 20 m cronol es of catal yst precursor per gram of solid support;
alternately 20-80 mcronoles of catalyst precursor per gramof solid
support; or 40-60 mcronoles of catal yst precursor per gram of support. But
great er orWPRYWIAK4Y,| yes nay be used provided that theP%EﬂQme%B t of
solid catal yst precursor does not exceed the support's pore volune. 25The
net al | ocenes and or the netall ocene/activator conbinati ons can be supported
for gas-phase, bulk, or sliny polynmerzation, or otherw se as needed.

Nuner ous support nethods.are kpawn f catalysts in the o]efi.n.

pol yneri zati on aftf®® reﬂb(?ﬂl’F[H’PE . ?f%? qa%#w%@ngﬁgigp&lg}s all are

sui t abl e f qfot HRSCHMEIEB(IRd), 8%, arldtr reXeHi@-MbLIR), 7281, Th ndth&57, 475 and
5,227, 440. An exanpl e of supported 30 1onic catalysts apinars in WO

94/ 03056. gnshodimantthe Beglorege vataliet compomdowshlsreinis i réfescri be a

particul arl i Bat r iL00, . 0xj des nmay serve
as supports(?‘(H’gfé%?%aj%z @ﬁf@g%ﬁ%ﬂ(%%%ﬁ Jc_%@%?l_s%é{, 498, 582 and
5, 466, 649, méHylhninekar] where Meisrhdtipd ahdhd iV¥da81.11172 and WO 94/ 07928.

In anot her preferred enbodi nent, t nmet al.| ocene _and QL act.ivator (wth or

h
wi t hout a suppor®p PEsferredsmhodupentof e fyentiony, hen, the FFIEAEd preferably

astriall W&lﬂhﬁ%@p@@&wm&%g@;hﬁdwﬁbwﬂwﬁmed Preferably

t he al kyl al um num conpound i's repre ted by the tormula: 123Al1, where each
R i s i ndepeindagyt éntetrah@tiroindeq@digand yMogppeafprreduubstinted indenyl®rR.  groups are

i ndependent |y .sel ected .fro he.arou nsi sti of .neth . |, propyl,

i sopropyl, %%Wﬁ:oqaégﬂ&m&g (#?ll?f]ﬁ@‘feapsﬂgﬁ}tgﬁﬁml ‘E%%’Sﬂ?@?‘} o%tlh%gﬁ%@i hexyl ,

i sohexylo rorhetehldrotiaenyl ring 1 Mdstpreterred Hbetiuted and ubsubstituted dil¢hyl ok Sononyl ,

n- nonyl, decyl, ?{sodecy!, n-_decgq,, undecyl, i saoundecyl, n-undecyl, dodecyl,
i sododecy! , teahydrpindsaddigandsipelnds indenyl, et ydrpindenyl, 4 WCWWQW?{, and

n- dodecyl . f 5@&&% | kyl al um num conpound is selected from
tri-isobut yﬁﬁgf‘fm nu lﬁl{i'%llyi;}n-octyl al um num tri-nhexyl alum num and
tri-n-dodecyl allumnathenenitiodivengveiea the metalldceneais peedfveith awlalembxetierent t he

cat al yst coppounds, descri be erein are.used .to polynerize or oligonerize
any _unsatur%@emweﬁﬁwﬂﬁﬂwygﬁﬂgﬁﬁ?%ﬁn%mrs include C5 to C24
ol efinsys pr@ﬂmy@m),gm% &ﬁ?r@é-ﬁe&ﬁ&-ﬁd@%@fﬁ@wqﬁfaﬁd@@éﬁaﬁ&ﬁéﬁt C12 ol efins.

In sonme enbodi ments” preferred nononmers include |inear, branched or cyclic

al pha- ol ef i the mejatlogene setplysicompouhwed hermin ipnetitan CHGHe(fnd)Z5Ch a@b t 0 C14

al pha-ol efi . DL a 1 G lefins. .Preferred
ol efin mno%cs%(%%ﬁolﬁ&eﬁ%?ﬁ%%&e{h%m %%%é?%%g?%ﬁgox%?’ é%gl,re nonene,
decene, dodeéyaeth@-andThyisihdeyl ene, and tetradecene. 25In a preferred
enbodi nent, the process descrj bed E&;ei n may be used to produce

8

hono- ol i goner s @aéﬁmmﬁ W%Hgﬁéuﬁfi"fiﬁ@mﬁée@i on and the
clai s 2d‘eri§%1saﬁegQCP’;hﬂ{rﬁ%sﬂ‘ﬁéﬁnﬁgfr&rﬁ&sﬁﬂ}%diﬁdﬁx r four, or nore

di fferent nononer units). Preferred oligomers produced herein include
hono- ol i gonterahydroinsisnyll liggndreMestgirefamgd substitited adbwsubstitatadindenyl or a preferred

o pha of of bR Bbdr g fad e b B nf Pt 8167 exene,
1- hept ene, ihd@gl ertetrahbdrodiiRiA rink; indagnerahddioidesd & 7-dahethylii@dpgene.

Preferably the oljigaoner is_a hono-oligoner WO 2007/011459PCT1US2006/ 021231
- 60 - of cddededimefylirdswbr enbodi nent the ol i goner is a co-ol i gomer

conpri sjsng deceqﬁa@t&gq@ﬁ% RfmdiR" Plichbh ARES dal d above. The
al pha-olefins used to ma 8 PACs vﬁlﬁghﬁgﬁ utkéglg%t Ilmclfae tFo, C5 to C24

al pha- ol ef i sempound ksed heredais bridgetdsubbtithted of wisubstitutedimietadlecehehebene,
1- heptene, 1- 5 octene - nQnepe -decene, 1-undecene, 1-dodecene,
1-tri decenegeg?fal S%:“c@éet F&h@@gﬁ%&ﬁ@}lﬁéﬂp‘?i¥5er red. A preferred group of
pol yal pha-ol efins are poly-1- hexene, polyl-heptene, poly-I-octene,

pol y-1-nonene, poly-]-decene, polylundencen, poly-I-dodecene,
pol y-1-tri decendd WWW%&&?%Wﬁ@%ugh the dinmers of higher

ol efinsggn A qugﬁg ] fvnal 10 products.
Usef ul IgAO ?ﬁgertﬁ 3% p?‘gef(g'} ym%g%e%%ﬁ%g]ﬁg%,eﬁ@g@g%& %gléen*’ gkarrer s, and

hi gher ol i godepesdently pHyto€i26 aitiyl br ceubltitated vroenbstisuted phengl groapnXC20 and

or "pol yrror 3° ARERET P SO O R Gl GOrmb GBI GALAEGR fr om G5 ¢
or pol ymer ] rom 0
Cl4 al pha-ol efins in another enbodi ment. Suitable ol efins include 1-butene,
1- pentene, 1-




vt g e =

15 hexene, 1-heptene, 1l-octene, 1-nonene, 1-decene, 1l-undodecene and
1-dodecene, 1l-tridecene, 1-tetradecene. In one enbodinent, the olefin is
1-decene, and the PAOis a mxture of diners, hiners, tetraners and
pentarners (and higher) of 1- decene. In another enbodinent, the olefin is
1- decene, waormotd1¢4SPAO i s a mixture of triners, tetranePSI/ERREBhmers (and
hi gher) of 1-decene. In another 20 enbodinent, the olefin is 1-octene, and
the PAOis a mxture of tiners, tetraners and pentaners (and hi gher) of
1-octene. I n another enbodinment, theddl-efin is 1- hexene, and the PAOis a

m xture of tetranmers and pentamers (and higher) of 1- hexene, In a
preferred dsbogilopsntadienylamgABizofhite €28 alkyleronp, mis enwmbmdereing2s preferably

three or e, nmnoner.s,.. bref era . f f ferably five
or nore rmnﬁ% FEEC ‘i(—%}’g%x Iog?pgh @1&%%{1‘6@_@9%@@%%%%@5@' efin m xture,
or a G6, Cting(hh is @Rumbdilienétink, thédsbred D IubsGhdiohiofiPhwandliphaarabeef i n m xture,

or a ¢4, C6, C8, Cl0, C12, Cl4, C16, C18-linear al pha-olefin m xture can be
used as a fEBO0t®8. | n an alternate enbodi ment, the PAO conprises |ess than

50 nol e% of C2, I : e
prefer aél) y |l ess ﬁgﬁ%%@&%p@gg§r§ﬁ§/@g@ t %ﬁ%%rr%?tgg?é pr?af erably
| ess t han ZXfesent in¥éntion gireviddiapalys systems which arelspevific todheeptodymtiohef abl y | ess

than 3 nole % preferably 0% , Specifically, in an alternate enbodi nent, the
PAO conpri scpév-ptég rhawnsemﬁm@wmr‘*&%mc & thegpesmye ¥ersionsRf: but ene,

preferably 4; i 9 i i aB; he % preferably

| ess t han ngﬁén%ly%g}?mgég?ég?g%@w%s t%’gﬂgg’ld&%én%?de%&gﬁ'g@gbl y less 5 than 5
nmol e% pr efaircehivgn dimsthyl, dipherd/lsilylbis(didemyl edirwonibimdicdiloriden anot her enbodi nent,
t he PAQ, conpr. ses..l.es h 40 ol e% et hyl.ene. . L.n.anot her., enbodi nent,
the PA Ocoﬁﬁ???@%@@f@"‘ieﬂgﬁ 2P @%%f?y‘»p?%ﬁwg%!ﬂwlsglﬂﬁ?ﬁ r enbodi ment ,

t he PAO comgifcosiam digtderidenan 40 nol e% of butene. | n another enbodi nent, the

PAO conprises_|less than, 10 nol e% of, et hyl ene. I n another 10 enbodi nent, the
PAO conpr i Seethylphepylsiyivis(ipdenyl)aireeniug dipsthdnethylenebistiadensd) enbodi nent, the

PAO conpri : ﬁgllfl tz?x@?ni -another enbodi nent, the PAO
conpri ses F%?ghtﬁ%;dﬁeq&%hoefl%bo 0 %Z%ﬁgf‘g}r‘?e. nuggn%ol?‘ﬁtg L enbodi nent, the PAO
conpri ses |methylehabis(ibdemyl)eifcatiunrdightériiecmethplensbid(indenydndiedninent , t he PAO
conpris | ess ..t han % 0f. b ne. 1 E}Be. I ha-ollsg{"m. sed herein can
be pro ceﬁ@ﬁ%@%&ﬂ%h&@ﬂ%i&jm‘ﬁc ?‘}F@e&“e&} Yg’&?\ntﬁ{%‘ﬂ[ y several
commer ci al RN EinelyDdiPRGSAAFIbisPdédPPhaiiin RRhiyr@duced from

Fi scher-Tropsch hydrocarbon synt hesis "from CO H2 syngas, or from netathesis

of i nt er nal diphegyistibia(inensb hefie dinsthyt methpbenydsigibtingyhol eum or
Fi scher-Tr %ﬁﬁﬁmsd#fﬁ&-ﬁfe' ﬁe@h&kl%&g%@r@g@ﬁ;% ar sgfl(‘?%thﬁgy ot her 20

al pha-ol efi'n synthesi's tou invention is
pref erabl y aliylerebi{in®dyl)dafpiim dichlopde,-etyidnebis(ndesylPhahinn dikeent, al pha

ol efm,_preferabl _%t | east 90 ight. % al pha-olefin_(preferably |inear
al pha d%f ilﬁﬁ,yiﬁﬁ%’é* infenydrhafym Rethyrrsbistndenybrhisfiwny | i near al pha

ol efin). HugNEN m;]? He‘&aﬁi}d%i&i 1 s 'éﬁ%gfﬂéed as feeds in this

i nvention, espe i’gﬁly I lﬁ{lﬁe(_ot er .cgﬁ%(;%?s a(rale ' I ht emal - ol ef i ns,
branched oldimethylsilghisittabydroingdenyl) girqoamad dimethyl,ar omati cs (such as tol uene
and or xylepes).. These c onent S, have. di l.uent.effects and are believed to
not have a@ﬁb@lgﬁ{(lﬁgﬁet&a&? Of@ﬁ?yj?z‘ﬁq”fuéla& m?q'f’e pol yneri zati on of

al pha- ol ef i diphenyRilibid@tétradpddindehyIpzipoafvabdin@@gLr i bed herein can sel ectively
convert_.al pha-olefins in a mxture and | eave the other conponents

unr eacti@d. Tethyphenylsilybisggiranydimdenyl) pircoptymfighloddey| ene is not present in
the m Xt ur gpetiint teEihyR RS SRt &iﬁrféﬁ:{ te out al pha-olefins from
a mxture bye sg Ee(ﬁy?ggrlg%kreactl ng&tﬁ%]Zm W t]'ﬁn po yr?g’ri zation or

ol i goner i zathdencbis(tetrahydroindendhzirovnivpl ditkdbyde| i mi nating the WO

2007/ 011459 1 -.62 -.need to,separate al pha-olefins fromthe
r emai nder o@#ﬁ@%@%ﬁf@eﬁlﬂ) QIWF"@BW& ream This is economcally
advant ageousethylenebixteiliydroindengl) Bireomas didhlotilgi Ng Fi sher-Tropsch synt hesi s

ol efin product streans caontajning al pha-olefins, internal-olefins and
br anch@t% olmagthyisnebisekahydraindenyl) ziseoniza ditesthyl,o t he 5 ol i gormeri zati on

t echnol ogy_me%gﬁggggﬁ%ﬁ?%m@g%ugﬁégﬁ#%eI y react away the

al pha-ol efin. ate’step e al pha-ol efin is needed.

Anot her exatipethylsilylbis@etrthiyiroindenyl) hafhismpdi@ethss | nvol ves- al pha- ol ef i ns
produced by the netathesis of internal olefins with ethylene, which my
contain sone internal olefins. This m xed ol efin base stock feed can be
reacted as is in the 10 polynerization / oligonerization process of the
present invention, which selectively converts the al pha-olefins into |ube
products. Thus one can use the thpha-olefin for the base stock synthesis
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nononers having branches at |east 2, preferably at |east 3 carbons away
fromthe al pha-unsaturation, such 4-nethyl-I|-decene, 4-ethyl-I|-decene, or
4- et hyl -1 hexene, 4-nethyl-I-pentene, etc. These ol efins may be present in
the linear al pha- olefins fromthe manufacturing process or they can be
added del woejetiakess The 20 copol ymers of slightly br an't(l?i@@}s’a?ﬁﬂﬁ@bl efins
with conpletely linear al pha-ol efins have inproved | ow tenperature
properties. In a preferred enbodi nent, any of the PAO s descri bed
herein may conprise at |east 50 nol e¥5 to 24 carbon atons and fromO0.5 to
20 nol e% et hyl ene, where at | east 80% of the ethylene present in the

pol yal pha- aiqﬂfenylsﬂylﬁﬁ(tﬁr&sémindml}huﬁsumfdlt‘lﬂqrtde% carbons or |ess as

nmeasur ed by 3 fer n he PAO s descri bed herein may
conpri se atdt ﬁ%&g’?%@é Oc%mgti% (preferably at | east 70

nol e% prefigg tﬁftbuen@tmlgmuﬁﬁdmt@ﬂ(yl)mfuﬁmmﬁn@a | east 85 ol e%
preferably at 1east 9

mol e% preferabl | east 95 nole% and fromO0.5 to
20 ol e% etWﬂMbiW@EM@WﬂM@WLSO preferably from2 to 10

Im;agt %8 % pr e‘f%%r ag%&e{h%&easfl)’é ];la&)l%re er ab e%&f’szag%((/ﬁ’d &121[ 2?% §t at

e o e vy T
a esent in runs o
1to 35 car‘B m@yﬁﬁé@&bﬁéﬁﬁg% tﬁyl'p@yl%@@%r eferably 1 to

20, prefer adatnx Néhﬁd%n%ﬁ REGERE albhloride, EmdyIsINBk@ Bty iheengl) as neasur ed

by Carbon 13 N rrerl zation/ Qi gonerization Process ~Many

pol yrer i zatmmmm@mn@w Riphenylsilyltis 43 simethyiindenyld gisgoniump dishlogdel” f or

met al | ogene f i zations such as solution,
sl urry,ﬁ]en@@%ﬁfs%@ﬁgn@?%%a%ﬂyﬁmg%ﬁér@%%n processed can be used in
t hi 3 [ nvePtmahylphmywmtﬁmmnemiﬁxﬁexayl);mﬁoﬁmm dicldorideypport ed cat al yst i EI
used, a slurry 10 or  contiguous ed bed or roce is suitable.
In a pref er@%‘é lﬁﬂﬁf&‘ﬁ( gtq%ethﬂﬁéﬁ@ﬂwg“%‘!l}?g&i& rret al | ocene
compound  angy Y hcBnitaf dichforid et I}‘léﬁ@b@@aﬁ@ime'&ﬁrlhhd&%% or slurry

phase, prefera y |n conti nuous stir tank react conti nuous tubul ar
reactor, orzmomnndinm’élarhmthylmblaﬂﬂr@ﬁ@thyhudmwbadDmmdlCtthldtS,enperature in

226 C. b o mraRRy Ry e ereopfal Srivy SBhRBEORe 1 70°C i o

preferred edmegy Hﬁd&lyl)maﬁmmtaﬁméhee,ldﬂnaﬁmwﬁ@@m-dma@hhw@ nis from0.1

to 100 at nospheres, t%referably fromO0.5 to 75 atnospheres, preferably from

1 to 50 at nisdisHardme Vhdmhmmwlmaﬂhlﬁ@hrhnm hafewm gighlprideany r eact or

used hereing &EHQQ' r referably 1 20 to 25,000
at nospheres. %rﬁlg’fgﬂgibﬁ g’r% rfi}l t eﬁ}ﬁnodﬁgneﬂ(s) met al | ocene and
activator’ anahylphmadmlgﬂns‘(e,ﬂ—dnnethglunﬂemd)ahaﬁnnm dithldrideecond to 100 hours,

orof or ]y SO RGTR B e BhE et A B o1 a1 ent s

present in th?ﬂﬁd‘ch haﬁﬁtnhacﬁroﬁﬁ@re&tyteﬁea@(hercalﬁréﬂtyhﬁaensfn%aﬂﬁwp consi sting
pent anes

of but anes, hexanes, 25 heptanes, octanes, nonanes, decanes,

undecanes, @@G@dhmhylmebé%'é:ﬁ@ﬁh)ﬂ@dmﬂél@ﬁn@ diohlonidadecanes, hexadecanes,
t ol d
oL vere, 5t P RO AVl b AUE R0R h JBE R enzene. - ar

ggr mal par oA-hapisylindergil) ﬁﬁ:ohﬁlﬁpthﬁhl&ﬁﬁey&nieﬂtff M}H\x/ﬂb&:&t tﬁ)@{% Docoanbbl : Chemi cal

npany exas)., of i ra ent s such as | sopar

sol vent ﬁ’iﬁﬂ‘ ig Bﬂlgbtﬁ?tﬁﬁda L‘iﬁﬂ%&ﬁ%gmh f‘%l‘ fhdindsnylrexas) .

These sol veﬁltcg - ers as the
s LS8 BBA MBI ¥ i a5 SReSHADA

feed ol efins. V\D 2007/ 01 64 - Typically, in
the process@ehlepde, dimethylsityiis@3:dimatylsyclopentadiensh gireonivm diseethylc onpounds,

one or norey gt act ed to produce
pol ymer or o%g&ﬂﬁlgfs%%?gg% %c?ogﬁﬁ%m@%g%éa fﬁgﬁand as such will be
parti cul ar | diphenglsilylbis(2,3-démdthylovelepentadiynylpatoshiuandinethyhul k operating nodes

5conducjed in, sipgle, or parallel reactors. |f the catalyst,
activator dr® t@ﬂpﬂ%gfqﬂyﬁng #3 dimgfhygyclopest a@’@%bﬁlﬁ‘d’m‘t“h@"m@&@?ﬂ on can be

carried out ARRE cgﬁmﬁgﬁﬁ@ﬂﬁnts i s not
conpl etely Ig%tlﬁjnl ?@ﬁ?&#&%bﬁég% eac;{;ﬁ}@}{%g&gﬁ?}&@]??# eed "sol ution, either
at the begisthylengbiz(2,3-dimethyicydapentadicnyl) ziregninm dithlotide, ethylenctig(ages of t he
reaction, a solution or slurry type operation is still 10 applicable. In
any instance, the catal yst conponents, dissolved or suspended insolvents,
such as toluene or other conveniently available aromatic solvents, or in
ali phatic solvent, or in the feed al pha-olefin stream are fed into the
reactor under |nert atnDsphere (usually nrtrogen or argon bIanketed

T v o -, = -, = M '




30 reactor, as in a typical continuous stirred tank reactor (CSTR)
operation. The residence tines of the reactants are controlled by a
pre-determ ned degree of conversion. The wi thdrawn product is then
typically quenched in the separate WD 2007/011459PCT/ US2006/ 021231 - 65 -
react or iwoaegionidsar manner as ot her operation. In a RETEEE2BModi nent ,
any of the processes to prepare PAO s described herein are conti nuous
processes. Preferably the continuos process conprises the steps of a)
continuously introducing a feed stream-conprising at |east 10 nole % of the
one or more C5 to 5 C24 al pha-olefins into a reactor, b) continuously

i nt r oduci nglimetbyloyslepentsdienyl) iseqninm dimethylupehyenabiséldr i nto the react or,
and c) contj. i ' : - ' romthe reactor. In
anot her enb%@%ﬁﬁhﬁgﬁ%ala%éﬁwug E‘QES@@@@% %%Sﬁ‘r?g%"fé{s’ié?’é he step of

mai nt ai ni ngliRethglcydlepentadzagl) zRcafiuh didtetgélimathyitylbs@3-or of 200 psi (1379
kPa) or |ess, based upon.the total pressurg o e.r tor, preferably 10
150 psi (10@@31’13?5&)(01?93“”&@}'1‘3&-&"@ I Qa(ﬁ'ﬁgé‘ytsaﬂblsg§ or less, preferably
50 psi (34%2&% i Qﬁﬁ{?ﬁ?ir&trh SivHedvisiniGiE@)3-0r | ess, preferably
10 psi (569 a yl%ﬁ%@@%ﬁ%r nately tﬁ'g’ lrl‘Fydr}Z)lgle*, If present is present in
t he react ordimethylopdppemtadientyt) hafniiym dichlgtids, dphefydsibiftis(2,350 ppm or | ess,
preferably 500 m, or SS r gf er abl 50 or, L.ess referably 100 ppm
or |ess, pr@8¢§§¥i}°%"6&“§ﬁ?¢f8&“§’é@é aﬁfé]yiﬁléﬁt@ﬁﬁ ISQEI%EW or |ess,

preferably difiefpRyQépdnemtony]) hafndind BickloHdg) RAethylphassily®ig(pnat el y the
hydrogen, if present, is present in the feed at, 1000ppm or |ess by weight,

pref er abl y dimethylskslopenfadienyl) hafiun dimefhybsthylgnsbist2.3-ess, preferably 250 ppm

or | essyy pr %;Peg gl&ﬁﬁ . . : pmor |less, preferably
25 ppm Ioor l%@g@?@&%ﬁ?@a y@ ppﬁ?ﬁhﬁ%&?ﬂ%@g&]?@ﬁy 5 ppmor |ess.

20Pr ef er r eddimethglcpel spentadipmyl)hafiivme direthyl, nethylemebis(@y3- Usual |y, it is
preferable o use reactaors rger than .one liter. i ol ume for comerci al
production.&Wﬁ@ygyﬁm%ﬁyl)%W@cﬁQQRﬁm)aﬁb@ jle reactor or several
reactors ardimioRyélopentidien§l)Nafiiin Byl fimethylsilylBRt3 t o maxi m ze
productivity, product propeéerties and general process efficiency. The

react ors arfimgtwlbsdylsydepeatpdignybzireoniue dighlosie.dimethilsidylbis@at ed to ensure
; _ at ed s
Conguct S by auiah hbolth LRI G RIBRE O G Foad

\(/:\grrpﬁnent S tﬁiﬂlelthylmylctaﬂolbamtadmybczircwiudﬁ d'mhlprildfa,ttﬂbheﬁylsiﬂﬁhis@il- vator or poijson
ich is usually pol]ar oxygen, nitrogen, sulfur_or. a.cet i ¢ conpouds.
One or nor emP’égWFQV'I&Y?lﬂP@é%F%D&m‘? 4 m%ﬁpﬁ@y&%‘é‘él ﬂ' t he present 30
i nvention. Ld1d i ; .required,
ﬁﬁﬁ%&ﬂg@&%gﬁﬁbdﬁgb ZeSTRRH QidhloRas, d&ﬁﬁﬁh&i@ﬂﬂ%ﬁ@

co-acti vator, as a solution or slurry ih a solvent or in

t he al pha- drigfethylsilglejiclopantzsitgnyBizirbaniung dizasthytl cithylenebistde r eact or, activat ed

in-line,ust. pRi.ok 10, WO 2007({011459P 0061021231, .0 A le J. - 66 -

t he regth or?"%fhyg’%‘[ﬁ%?‘?v&f@gmgﬁ&lrﬁ?m@ﬁ@%ﬁﬁ° ‘f‘\?ﬁ’fé& solution or slurry
to the reackinfethyBill M Eiopeheididy D/ Ztorbaieimcliaf, mehylencbigsv ri ed out in either
singl e reactor operation, in which nongper,. or several nononers,

cat al yst / acEimgthyisilyicydenpsniadicnyl) zspeniyn dichloddc.apgfbylenehig-opt i onal nodifiers

are added i ; i gﬁﬁ%y i t@s reactor
operation, In W@gﬁyﬁ‘éﬁ%ﬁ%@y@gﬁ%ﬁ%ts ar é’cg%lggﬁls?ghgsg%h of two or nore
react ors canmethybilyicpclepanitasisenylihetnpm dichlotide, dimpethdsildbis@@n be added to the

first rgactor f,n,t eries,. T at al,.ys ofponen al so be added to
bot h regﬁto ,@Wﬁ@‘ﬁ@?ﬁ@bﬂ@ﬁ?ﬁ]ﬂﬁﬂ%“eﬁwﬁe‘@ﬁ%ﬁﬁlg‘% eaction and anot her
conponent tiginethiyhilylcpdopaitRlienyl) hattunpdichlerids diphebhylsiiyisin@. 10 t he

precatal yst is activated in the reactor in_the presence of olefin. In

anot her entS@eHY YICY?}%P%@&%’?@IW“%G@}F&%’ rpotbylpheng]sgyibiie-f or m of t he
met al | Oceneﬁmeﬁlyﬁﬁg{cwleﬁén%i%pma&huhﬁ{ mmmmﬁ&ztsﬂﬁﬁﬁﬁg ially,

triisobutylalunmnu t ri - nhexyl’al um num and/ or t -octylalum num

f ol | owed bytrictethylsilplgyélopentadienyl) dafiwn divetiyi ethybepebis(Ber cat al yst conponent
and th eed ol.e r follo re:-. 15 activat.ign with the other

cat al yg’}of cm%&ﬁ?gaﬁ?%%wgﬁwﬁ%WVET’3@’ylegfaé1‘§@§t, which is then fed
into the retﬁﬁieﬂiylsﬂ?lﬂyﬂbp&nwiéngﬁdlaﬂﬁtﬁﬁ SEnetyl, membRaebight ernative, the
pre-catal yst nmetallocene is mxed with the activator and/or the
co-activator and this activated catalyst is then charged into reactor,
together with feed ol efin stream containing sonme scanvenger or
co-activator. In another alternative, the 20 whole or part of the
co-activator is pre-mxed with the feed olefins and charged into the
reactor at the same tinme as the other catal yst solution containing

met al | ocene and activators and/ or co-activator. I n sone enbodi nents, a
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or nitrogen-containing organi c conpounds or acetylenic conpounds. The
treatnent of the |inear al pha-olefin wth an activated 13X nol ecul ar si eve
and a de-oxygenate catalyst, i.e., a reduced copper catalyst, increased
catal yst productivity nore than 10-fold. Alternatively, the feed ol efins
and or soWwoe0er1Mse 15 treated with an activated nol ecRETAVS289608E31 such as
3A, 4A, SA or 13X nol ecul ar sieve, and/or in conbination with an activated
alum na or an activated de- oxygenated catal yst. Such treatnment wl|

i ncrease catal yst productivity 2- te480- fold or nore. The inproved process
al so includes special treatnent of the feed olefins to renove catal yst

poi sons, s udmetylsiigcyolontetadicoyly hafniumsdichloride; metlylencbjed- 20 cont ai ni ng
catal yat prBREEsRUTEy By SR SR 1y rore than 10-fold)
Preferably the fragikuRligbteirealspecietir@tticesbentid Verdongdfecul ar sieve, activated
Feduce. t ho dreeEyBaYlbRGM YA AR SHpoBa Py RO ISR o] or 2bly L h bel ow
50 ppm 25 i{rlxacﬁ’rhé’th egtgg m%@%‘@@é’?‘h@‘ iGfdfeyst conpositions can be

used i ndi vidua or cah nown pol ymeri zation catal ysts

t o prepar e givilgnebis(indengl) zyoomium dinestid, dildsthylsHylbia(ietralytimindenyls el ect i on

Those. usi nyterRiRp AR Bt me Ly PGSRty Gres e il ip ar e
ose usin a : are

avai |l abl e fémgéig?(m%m%wﬁ&omcm&qﬂyst systenms and can thus be

achi eved. M Xed al ySt can ‘conprise two or nore catalyst precursors and

or two or retindengbis(ietrahpdroindenyl) Ziconiupndinsthpldinsbyobivs@/31 - 68 -

B e
TR il s/ ot st et 71!
bar 1 cul ar 15EYFENS G RO BN PR B ALBPES) SRl SIo TN BRI ot o

cat al yot, SR dlodR ik AORIY 1IsRMRY]) 3aAARE dBfeli © SCVeNgI g

conpounds. Here, the term scavehgi ng npound nmeans a conpound that renoves

pol ar i npurdthylesbistindenyl) bafnswe dichloride,\efhytemabis(indemylpbafniunpdimiethybs adver sel y
af f ect tal.ys tivity.and.stabilidy. Tvpically, purifying steps are
usual | %ﬁse‘id%ﬁ@gﬁ%hshﬁ%‘ag@@ﬁnﬂeg?ﬁ#%m ?Fb hents to a reaction vessel.
10 But suchiisempRilyibisitetiaydloindehyiphsfabydimeihgyht i on or ol i goneri zati on

wi t hout using _sone scavengi ng conpounds. Nornally, the polymerization

process wi |gthdenchis(tetsahydromdgnyd) hafnigm diehleride: ethienebiséigtaldagindeasounds.

Typi cal vy, H&ﬁ i Fﬁm H’%ﬁpj i . @ggp : ke conpound such
as the G oup- @%ﬁ%ﬁ@?‘g |c9co 4?&%2&%@ aten%@h{l)‘l,l%%, 157, 15

5, 241, 025 atimieth@lsilylbib(4)B8Rdethylifd dydHafitd GimathyiLetBAbiebisdL7- and t hat of WO
95/ 0794]. enplary c unds, i.ncl ude, tri.ethyl m n triethyl borane,
tri-is %b uwﬁﬁ‘?%ﬂﬁﬁ %%@‘ﬁwpgﬁ' &re %Wﬁ%ﬁ(‘ﬁé’g’mﬁﬁmﬂﬁ@m noxane,

i sobut yl al y¥etas im _tri-n-octylalum num Those scavengi ng conpounds

havi ng bul ky or C6-C20 |inear hydrocarbyl substituents connected to the

metal or 20 net dreforred eatalyss companaids glseringlude bis(laver se i nteraction with the
active cat agj: L . l,um num but nore preferably,
bul ky COW%%‘E@Y%EQ%E%&ﬁ%?%%éﬂ’ﬁéﬁ%‘!m&ﬁum tri-iso-prenyl alumnum
and | ong- clds(tetramathgicyelbpeptadtanbBtirdonivaddishiofiderum conpounds, such as

tri-n- yl alum num tri-n-octyl alum num or tri-n-dodecyl alum num When
al unoxdte i s used as the activator, 25 any excess over that needed for
activation Adtivatsis a@ Caealystividi®s and addi tional scavengi ng conpounds may
be unnecessary. unoxanes al'so may be added in scavenging quantities with
ot her acti vat or skhegatglyst prequsprs whaw activeted by zpmpionhyBmonm)astivater  B(p) ) 3,
where pfp i . ' I i s phenyl. 30In a
preferred e%%%%%ﬂ%&%éhg&%Y%é\%%ﬁ ﬁ%éﬂ’@%&zgﬁﬁfg nol e% or | ess,
pr ef er abl y dligbmedzaionof elefif. Autivhersthitymdy Yo vsed mchmé sfmopareseicbl y from 1
to 3 | e% WO 20Q7/011459PCT/ US2006/ 021231 - - The PAO s descri bed

her ei g%(?an %F%%h’gg‘“ﬁ%?&'ﬁc‘%‘% s H&%ﬂ%@m&f‘i‘?ﬂi‘aﬁ%é@esses. General |y
this invol i i L J 1 L B i S reactor in
whi ch T he 1o e e e B A e or i ol s
suppl i ed, uegopthendboron, triegerfiuorophenytaluninum @ed thedikepioniwractvatesper at ur e
gradients. Tenperature control in the reactor is generally obtained by

bal anci ng the heat of polynerization and with reactor cooling by reactor

j ackets or cooling coils or a cool ed side-stream of reactant to cool the
contents of the reactor, auto refrigeration, pre-chilled feeds,
vaporization of liquid nmedium (diluent, nononers or solvent) or
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15 about 230 C, and nost preferably fromabout 25 C to about 200 C.
Usually, it is inportant to control the reaction tenperature as
pre-determned. In order to produce fluids with narrow nol ecul ar

di stribution, such as to pronote the highest possible shear stability, it
i s usef ul wigzespnndasel the reaction tenperature to obt ai PCHUSERIZS
tenperature fluctuation in the reactor or over the course of the 20
reaction tinme. If nultiple reactors are used in series or in parallel, it
is useful to keep the tenperature camgt-ant in a pre-determ ned value to
m ni m ze any broadeni ng of nol ecul ar weight distribution. In order to
produce f | unclededitdetitylandthivitetrekisparfluvasophienyldpmite; i buti on, one can adj ust the
reaction te rature sw or fd uctuation,. or as in series operation, the
second reacqqgﬁenty QPIiFtEakis peiio M@%ﬁﬁ’ hi gher than the first reactor
t enper at ur ejimethyRaildhinitbtrikispeiiRbropRaiyidliminate §ifd theliger at ures of the two
reactors are independent. O one can use two types of netall ocene

cat al ysts. A e-aptivatps i acoamponnd capahle b alkylating the frapsiigmetahy v £ r om about
0.1 at ph r: . [ [ ly fromO0.5
bar to 75 3“8"“31‘%%88@3%@%%35‘? féﬁtr’rlgg pv?”e %n:aggl@%’ ??%?nst?{egﬁt?fg@go atm (15
psi to 750 ip$ormedTI0o-dctieatdrs inehxla aldnexamsssicthsondthylasldmoxdrieemadified pher e of

nitrogen or with some, hydrqgen. Sopetines a | I. amount of, hydrogen is
added to _th%@@’&”é‘%?“"? m_o&%@dm W%"apﬁé’nagfwgﬂqhéu@rmunt of
hydrogen i Siripfegf ﬁ:ﬁﬂm}n?ﬂ%@%tﬁhlu&ﬂﬁﬂn,%&ﬁ%ﬂ@iunﬁﬂm,%ﬂwﬁ catal yst

productivity, but not induce any hydrogenation of olefins, especially the
f eed al pha-istmbpylaiumimum $e-nthesylalomimmsitom-estylalmirum téhk ns i nt o sat ur at ed

par af f i iV det ri nent L f {4, s. The 5
anount h@%?’@!j%ﬂg‘b‘ °f EP“%‘?%’%@B]PQ%@' Fro e%cg?aﬁ%ag{ec}}@gﬂ%‘%? (Fﬁlow, | ess than
I100 IOSih, prﬁfnﬂjindms:viﬂif I&Mt;lléﬂhiclpsdti,vaﬁfﬂﬁh et yctivelfbﬁf\vllimgilléﬁﬁeﬂaialysﬁr eferably
ess than 10 psi,. prefer y.less than 5 psi, prefera ess than 1 psi.
In a parti cﬁP&??@mﬁﬁ’@F%\’iﬁé’Hd‘@ﬂf@&ﬁWW 05‘(?9“’6? Q-ARVBloE B UsQiescr i bed

herein the I Qﬂ;ﬁﬂ:" : Setant phase is less than 100
ppm prefergég?gg%ggﬁétd%g%a 89%%%1 prg?glrnta%ﬁjyé 10 F(ggs than 10 ppm

p][ eIﬁrabI y IessdPa:ﬁmlaﬂ}ppﬂﬁene@ctaangmtotsiuﬂa%d gllfyrialsﬂmm'f hcblmmmdlls_nen: hi n any

0 e process described herein con ratjion .o in the

react orgs Wﬁ“ﬁ?@%&?ﬁfﬁ’ﬂa’ﬁﬁg’ eﬁ?%egbsem&g?mfl ‘ngﬂg@@r | ess, based
upon the to ,gtbfﬁamfzeidﬂﬁIs?ﬁﬂé&ﬁdeﬂ?ﬁe%&b'ﬁbﬂﬁ@gﬁﬁb (1034 Kkl aa) or

1
| ess, preferably psi. (690 kPa) or less, preferably 50 B'Si (345 kPa) or
| ess, pr ef eansisting of pefhyl ebyle.m-poRYl, isp-prepyb isodputdy priued.y-butyh tany process

foed at. 1000 s pH g Eopetill, RUERAT o oS AR, b RepEnlepBb . BO0 201
oref Brably S0 b o Lena el e an v o5 pom ot | esa. 2ol or abl'y 10 ppm of
Fess, pﬁL?‘/eﬁ’ %y i*‘r@i@“%%néﬁ@ﬁ%r&ﬁ fl}eﬁés%?*&‘%étt or )r/esi dgﬁce
time i s usual Iy SROQRGRe Shimbditnd BRI B afhiphtipiaRs pidfeaymnt of

catal yst used, and the desired conversion |eve ff'erent netall ocenes

have diff f epligpmegictaluminume sompeywd representer by ther gedergl foemulp BI-AL-Olsubst i t ut i on

th I . ad] |, .ri «pk dgi i ductivity.
Catalyst o sSARRIEELRI bobbdfly, R TRANAIIRTD WRET £ bl Kol 2! Y
di chl ori de his telis¢dd thatdhd mbstrBinmohajithapadtasdi minthoeoif theaytlicandi chl or i de,

oty b et 1 ot Smenp S hdmaa] SRk o R is pdepepdeutly a Cr-

met hyl cycl ogﬁ)rwmm)f&]exgmgje, . Wgwgkﬂ,@ﬁnbagj PEMEE isofiep um di chl ori de
b i gh prod

or their dialkyl anal Ol&: have desiTtabl e uctivity Qf‘d stability
t han unsubstieteaf, and fhstlike] and Epéls andetegeasifionbt-SOgbestprefempblt§eds wit h
substitutio @b i i -hal i ' f

di met hyl si I@Fﬁ&sf@n e%i}%tfeﬁtf%gbaftg laé:??oxgpe ar.?ﬁ é&ﬁéﬁﬁﬁeﬂﬁlﬂiﬂk%&

di net hyl si | ykimast prefaredy Borqfurtha degdriptionsaee)i BP0 279 586, EP 0 594 218, EP

di met hyl si | yl_bj indenylizirconiumor their_haf n_anal ogs, etc.
Usual | yﬁq hegaatgiflb %bay/&/@%g@ééﬁ§?ﬁ§&ﬂ(%ﬁ@l%6@76%‘;?%%’4??’ - catal yst
conponent s y§e4lo1$ 448b U 4\isi8ge, s bil a 03031 ¥s5f57.182di ng tends to
gi ves high conversi on at short reéctlgi)sr?’ ?’P%@?’S%V}ev’er, I”l% gth’m)unt of

cat al yst us3ged. Atk S,20649nr56a3a 81 o248, 8010 §,329,03%; 6,30hi783|and S#16289.i cul t to
manage the reaction heat or to control the reaction tenperature. Therefore,
it is useful to 5 choose a catal yst with maxi num catal yst productivity to
m ni m ze the anount of netall ocene and the anpbunt of activators needed.
When the catal yst systemis netall ocene plus nethyl al unobxane, the range of
net hyl al unoxane used is typically in the range of 0.1 mlligram(ng) to 500
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Each of these processes may al so be enployed in single reactor, parallel or
series reactor configurations. The |liquid processes conprise contacting

ol efin nmonomers with the above described catal yst systemin a suitable

di luent or solvent and allow ng said nononers to react for a sufficient
tinme to pwodeemiifse desired 5 polyners or oligoners. HROWEH6HIR3L0l vent s
both aliphatic and aromatic are suitable. Aromatics such as tol uene,

xyl enes, ethyl benzene, propyl benzene, cunene, t-butyl benzene are suitable.
Al kanes, such as hexane, heptane, pepgane, isopentane, and octane, Norpar
or |sopar solvents from botonMbil Chem al Conpany in Houston, Texas are

al so suitable. @Hmaraalaluynomnﬂ @rem!hﬁai ahonoxase is usbd.ghel@talyst-di ssove cat al yst

conmponent s ent. or fer as reaction
di | uents. @fepgqsf&{qegc % ?a b?ﬁ?%ﬁge‘ﬁzggﬁ(&ﬁ?\@'g EY g‘&par is used as
di | uent or 1990y eNto:1; altemaﬁ’mynrmew@&rmmaﬁ%ly,uesboquu ;N a conti nuous
stirred tank reactor batch reactor, {) flow reactor nore than one

reactor opéltamaivell §%Qi°e151,c9item§tl‘f9§3)fh2$(e [ltermatively: | 89%t°rﬂal)b have or may
not have i ot be

refri ge?at BE&[@N fﬁgb%%gleﬁgﬂe% sggg)rlo; e%%gﬂﬁ% l?gr%tﬂ‘%% 905, 577 for

?ene[ ﬁl erﬁﬂh@mnﬁaforlfsrm mMoxmmmﬁmmfm@psam?mmms is used
or e convers a slur nmeri zat,| i gomeri zati on process

general |y 6?}5?%1'&%@%@%@%&&0% vajey gt éﬁﬂ@&gﬁﬁFg’arﬁF%@%ﬁYeé nd residence

time range c@ﬁlﬁ@?@d\ﬁ&?ﬁ)&h&%ﬁl@&tﬁ&ﬁc sitel). ?hc%féfeiﬂédﬁﬂﬁ:ﬁﬁﬁ{' zation or

ol i goneri zati 6n, a suspension of “solid catal yst, pronoters, nononer and

conmononer s aam\@tcaﬂq-&etalyﬂwemmmhm@mmg diluent is internmttently or

The. prafuct by TG fv bR GOERTRR BeopplBubf bRD-AdoT Ra? B8 25", o

di SE! |l ed meecfmmqﬁ-aaimlcwieﬂﬁs ?ﬁﬂmoﬂ.nPtbﬁﬁt?ﬂ dimaa@imfcta;eums bmah{h‘s productt A
Can be. 1 coftlea MBI Rgy, PhCTRC AR PNGER S Sogpolea 15

sol ution CTP]%t%@((CGHQ%rS (d}qgj)gammg Fgﬁ@gpt% aéﬁib%uﬁﬁ?]ﬂsgu& bat ch node) ,

or when the product s wthdrawn he reactor as 1n a CSTR),

t he productas B‘é@sthlot B(@@hiambsmedm@,rcBhlzspﬂlnnlﬁdndM&mmﬂlybat al yst-
corrpone}gts 'Iih onent are preferab ctlv or. renoved. Any of
the usddl &5 S‘i"i}f R R Pryflom®iees) Us2006/ 021231

- 73 - aqu%mﬁﬁdmhn@ﬁh@ﬁx&hﬁﬁﬁo&ﬁe& gtaﬁuﬁ@ﬁﬁé/%nﬂhﬁnﬁlﬂﬁﬁh]kﬂk conponent.
Typically, the reaction_ is deactivated by addition of stoichionmetric anount

or excess @hchasiri-isahpivialwainug, anHsimethylabpnispmnsiethylataningmeanditsét ure i s t hen

washed wit R aﬁmﬁig ”193151 S nove cat al yst
conponents. w&% esl %1 dgiﬁl C Fglyg}r,\{l}c’gt !@iﬂn 'é“Sij elgt ed to distillation
to renove s;led:ylaium;nmnh-méadebﬁalummmi ed for reuse. The distillation can
further,.renove reactjon, roduct fromCl8 and,| These | i ght
corrpon&ﬂts can @‘éxﬁ’étbﬂ%%“m’?a@ﬁ{ ?%M%EP“?‘W?W“’@”‘P%? can be used
as ol efi ni getivabredual &Imﬁl@rsuéﬁg%nchem cal synthesis, as these |ight

ol ef i n product have vi nyl i dene unsaturatl on, nost sui table 10 for further

funct i onal ibaedREmoniumtemkis(pentafluptophenydrboatesarttspet flustephenydbordnese | i ght
| ef i it ffini
Sotvent o SRR b A ARERRbE it Bt FR AR, | Y P00 ' D 5o

advant ageoqaslyhdomnateﬂd:h&rqhokapaamen@(fwoI%geﬂw)sboﬁctdaxd’(llml Faegt N6. of

unsatur cg ggg”gé) SS,, TElese doubl e- bonds can be easily converted into
functi & 2 ‘?rlcﬂ ftiple performance features. Exanpl es for
convertl ng t hes Exﬁﬁinl\éé@frfeu’ﬂ'hlt&bl&ﬂﬂﬂfrﬁétﬁé‘h&f%fo?@iﬁcﬁgguﬁ%sﬂﬁteﬁ‘BHf?oﬂ in

preparation of ashless dispersants, by reacting the polyners wth maleic
anhydri de ﬁq%lugilmealpm indiemiod mixtites thereof, Thethreeeact ed with

am nes, Q.0 ants. Exarrpl es
f or such converS| o%%ﬁ%g%kou&g&% 8%1 é%% %I’balulgc ’t ive
Cheni stry aulstifyel dlicyls, laqus, mwhd&{akes&mﬁuahd@amfeiamypthem& 170, In

anot her, enmbodi nent, haol efi ns produced herein is

hydr ogéflat &P f?F%%@PF%QY%?@;%@WB%W@PW@CW@f (mchding treated to
reduce het SRR ks adé,gﬁ H]?J[}lngg and t hen
cont act ed %ﬁl?h 25 %&groseﬁﬁglﬁ?ﬂm ogeﬁatl oﬁnca a ysﬁito ’produce a

pol yal pha- oreférrad ameadkergr graypshavire htorﬁﬂe:arblonammshalkyljgr&zpslhavmg preferred
enbodi nent, the treated pol yal phaol efin conprises 100 ppm of heteroatom
cont ai ni ng conpounds or |less, preferably 10 ppm of heteroat om cont ai ni ng
conmpounds or less. (A het er oat om cont ai ni ng conpoundi s a conpound

contai ning at |east one atomother than carbon and 30 hydrogen.) Preferably
the hydr ogenatl on cat al yst |s sel ect ed fromthe group. con5| sting of

Y | . o .
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5 such as 60% Ni on Kei sel guhr catalyst is used, or a supported catal yst

wi th high amount of Co-M | oading. Alternately, the hydrogenation catal yst

i s nickel supported on keisleghur, silica, alumna, clay or silica-al um na.
In a preferred enbodi nent the polyal pha-olefin is contacted with hydrogen
and a hyd™Wmanei1é5® cat al yst at a tenperature from 25 PEI/HBWEN2I34f er abl vy
100 to 10 300C. In another preferred enbodi nent the pol yal pha-olefinis
contacted with hydrogen and a hydrogenation catalyst for a tine period from
5 mnutes to 100 hours, preferably f+4m 5 mnutes to 24 hours. In another

preferred enbaodi nent the pol yal pha-o] efin (Ls gont acted wifh h%dr ogen and a
hydr ogenat i ©r#0camban plomsqalkox i grarns arng & 4o 2¢,Fa Qﬁat?l,’ﬂgmldzgylﬁgpu o 2500 psi,
preferably i (i \ﬂiﬂé% -ﬁggg;&p,ﬁ.y ) kment the

hydr ogenati%{gﬁ{gr%tgggga‘%ggg?g%(tmﬁie n rr%er (;[f m*n]g% ?iug{iéﬁ?fgﬁﬂgg??lﬁ a

pol yal pha- othefeignoupy ark alkylSigaing tofdecattionp grovps.mhenyiaraphthyl or B@Mr¢sess mm tri ad

roups thang,the | yal pha- ol ef.i ior _to cont i h drogen and
ﬁydrggenat i @W%%@Fé&&e%?e’%lﬁh%ﬁ“ﬁww ﬁ%ﬁg@%@}ﬁf"ﬁ%@p&g@b& %/i ongof PAO s
pl ease sge fiprinafed arfiptodRd Mdstiplefceably, tiRaretrilstoidiisihersie actRafor iy ng 20

Processes"” (. page 119 to 152 of Lubricant Bate G| and Wax Processing, by
Avi | i no SeqWeperfiuorgphenyhhorenser thsnexidyoronaphihyl hogon. 1994, Thi s

hydr ogenat i on prlgl(ﬁg&%tim&ﬁcg&ﬁgﬁp%@ﬂ&@a@%@;%%ﬁ_@g%ﬁ&n iLp a batch

operation or in a continuous stirre r ere the
cat al yst i nsdmedterwation assdtihted With fout ixe cevidinkied to, or oplyddaselybl y 0. 01 to 10

wt % hydrogen 25 and the pal yal.pha-plefins are contd nuousl dded to the
reactor to &% W?‘Q%'&’sﬁfgﬂﬂ%ﬁé@%éﬁ%@mﬁ%%?ma%ﬁﬁw C?HIR%‘P to 10 hours
to al | oy cozqd thé Bkdwd HELABL inFurdfeat Tﬁmmm& BPaA Bk 70l08h | BEEASROt 0 al | ow
proper conversion of the nm diads. anount of catal yst added is usually

very snal | ?%Eptﬁs'oé@ﬁé@ﬁﬁ@l'poﬁcoﬁﬂéeﬂ?aﬂaﬂ /it 008 @nd EPvA10 %GR 004he cat al yst

d hyd i . Th
ond 1S oochapod, URCAGE 85 LPLSShioNopt R R Dol cactor . The

product m x €r éa, uged "or sét 0’ renove the
sol i d hydr 0§88429%and Szf02| 124 tand THE: PaehibApidicatimrSdnial Ne 18285886 dfledhd r eused.
The hydr ogenat ed, PAO. can .ysed.as. is. or further digtilled or WO
2007/011459158%%28@)‘6/33‘?}%%&”95“9%%%@3b@’ae °§i ght conponent i f
necessafy. |n sOWBicea@Rsts c%ﬁé‘piebﬁp&wﬁfe@&ﬁ'@%tk&@itiﬁﬁ&&ﬁl%&mﬁ&iﬂw no catal yst
deactivation over longtermoperation, the stir tank hydrogenation process

can be car r wih apgetivater,suehy: shdle mitich uppx redctiovomith thethydrelyaiblet i s

mai nt ai ned . wleactor. .. | %t 10% o he 5 total reactant,
and only hy!ig%%‘@ )gﬁgleg%aslpﬁgﬁgaflémg@#p%ﬁ%ﬁs ﬁmgﬁ'dgeuﬁﬁa certain feed rate
and only hy(BECE)0e)) Ratckaabilizéstthl @uionit tramitidiemetabsgiecies generated The

hydr ogenat i on_process can al so be acconplished by a fixed bed process, in

whi ch t he sbBY tha reagtion. yhe catalystsqan fe,iand prefersbly avsy Prsparpd Hathgstivai heat ed to
react or o4 eNpEHRANLIS whidh ArORAR B @%QOP &ﬁfh&%&@&&@&ﬁ% ddie reactor
10 sinmultaneously fromthe top o ottom or countercurrently to maxi m ze

t he cont act adbivatprsatilining meujeal comp@ingds s atsatcahtpwiplatadditthisamvestivrbest heat
managenent. The feed rate of the PAO and hydr.ogen are pusted to give
proper resi denceé?napoé'fl&%%e@g%%?‘cgvﬁ H‘f’o&é"é%g?ti“gﬁwﬁeﬂaﬁ%dchﬁigfur ated ol efins
in the feediohittatalysedysieiis deed ihalM Froce@d RS iDenién E6prise a@atidn) t he process.

The hydrogenated PAO fluid 15 can be used as is or further distilled or

fracti onat e¥hich 1gpreigraplya Brogsted agid papsblsiof donatingapsatamyand gisyal |y, the

fini shegs hy R j : ; j an 2 and have
r educedgsamﬁt{?g&g?eqn@{t?ﬁ?g%dg%%éﬁg?ﬁgcgﬁ%%&ggg{igtﬁf éﬁ%ﬁu&ﬁ The new

pol y- al pha- edpeble afstelibizing teactvaratalyst spspiesiwbithig fomed when the bval has uni que

bresent. 1 meRRA At SRt d wligRElon HEE stRenn I & b it oget her
wi th one orbywslefiniotiotefinirad smtigliitally wshtuhtodubtais or bthefFidata V base st ocks

Wi th viscosjty, gange grom 1.5 to 100 cSt at 100C to fornul ate suitable
vi scosity gheié8asey such 3 piherspnitnlerpndithelken {Tvenfdasses ofisempatible aon-ckeners, VI

i Nproveis, difatin tHez : ) b
deter ge%\?/ d?dg%)er sag?ﬁo ﬁﬂ?ﬁ&tuor E %?%égggﬂ%gz)g’%géﬁnﬁ%?Agm’lm‘tr ust additives
may be addephblishedd 988:elf) enicnit contdirmtioraimpliwes Paibssipg o glncadity bfer ei n ar e

conmbi ned with one or, re of dispersants, .detergents, friction nodifiers,
fraction i 0881%6@@3‘210?9"9%’3‘,” %@@F‘?@é’?‘g ghl&@'?’%&n‘é?ﬂtr%l ChaTgEonophor es

(dyes), and/or haze inhibitors. These fully formul ated | ubricants can be
used in autonotive crank case 30 oil (engine oil), industrial oil, grease,
or gas turbine engine oil. These are exanples of additives used in finished

| ubricant formulations. Additional information on the use of PAOs in the
formul ations of full synthetic, sem - WD 2007/011459PCT/ US2006/ 021231




7776 - synthetic or part synthetic lubricant or finictional fluids can be
found in "Synthetic Lubricants and Hi gh-Performance Functional Fluids", 2nd
Ed. L. Rudnick, etc. Marcel Dekker, Inc., NY. (1999). Additional
information on additives used in product fornulation can be found in

"Lubri canyg sagdiiaedrications, Ed. By T. 5 Mang and W HOTASR006/0p23WY | ey- VCH
GrbH, Wi nhei m 2001. Exanpl es The foll ow ng exanples are for
purposes of illustration only and are non-limting exanples. 10The 1-decene
used for all of the experiments was.ggcified by mxing 1 liter of untreated
raw material with 20 granms of activated 13X nol ecul ar sieve, (which was
activated bymlmﬁtﬂiongle&ﬂlom& find 2)pdnidie zempfising a ploralisy oftdbeon a st r eam of

pur gi ng dry nitr and rans of . OXi - C yst (purchased
from Al t ecRIORESY %?t %n?ﬂ‘ﬂéﬁgg?ﬁa’é?s&ndpﬁra%?ﬁ E‘)aﬂrﬁ‘%"ﬁ‘% | east two days

I nsi de a gleﬁmsdﬂn‘éndomeswuﬁém@m@laahvato&emluaémh%@wh&trogen The
nol ecul ar si eve and de- oxygenation catal yst were then re l%/ed by

flhl t][atl on cpmperest, gnd)meyb@mpmetmd)by’a@ fcpiqumg @g;nladbt’émd (A‘lderlg?(tl vlel Y, I
the fee e assi r tivate nol ecul ar
si eve agonw%h O 3#“%5@881%1 ggeeﬁé E}W%geﬁtgf« n’g?fl%g F%nr? %)ll i goneri zation

reaction wasxdqﬁﬁgdm@atmmﬂgmﬁﬁhamhgﬂ@&nm@ua)d15a@mtegatmmese or argon
i nert atnosphere. In a small sca_L*e sgreening, experinent, 2.2 grams of
purified 1-decenge sationsempensnh (b*yHnamay inglydeHranstedsacidsisuclatct or fitted

wi th gl ass r tusAd tor and a

t enper at ur k%g&%togﬁ*&aﬁdf ol'l O%g?ﬁ/rgﬂau&gﬁ% P%‘ﬁlsg%ldg)c%g@knf% &%ﬁ yl al unbxane
(MAO) in t@kamuactmglaunmdry, wich ab amelkylor epd, fesin the piedatelyshaftet O 25 w % MAO i n
t ol uen ggﬁykﬁ%lg to a dilute solution containing 8.68 ng nethyl aum noxane
per Bn vol ume. The reactor was then heated to the desired

react| on t enper ghyk@ivatink dafien fOi-ARY rf e A BrétstodricRll, t4aprefcat al yst in
t ol uene was added to initiate the polynerization reaction. After 3 hours,

the reacti GANHRNS aguelae e w&a&.mﬁ%me@bﬁqﬁﬁmwmrq@mg%m of equal

nol es as 3Q,hh € ol i goneri zation

product was |s§ ﬁéﬁi%{%@?ﬁ?ﬁ&%%g@éhc or cb%*&ﬁl%dsm?él’om about room

t enper at ur eilylowmi) arkd mmlld'es thbnegf; pmubly‘aﬁmonannsl of asdthy?arinne,ramiline, r enove

sol vent t ed. st i n 20 CT/ US2006/ 0 3L - 77 -

mat eri 4P aﬁbm%ﬁﬂémm ‘%Eél IB%WV\@MIB hﬁﬁyl?“B%’ W&fﬁlﬁﬁ%‘?’y car bon

atons. The g m?@ﬁiﬂd&@%mliﬂbcin@ﬂﬂy%ﬁéﬁjdﬁﬁﬁk Mw/ Mh, were

anal yzed béq% per meati on chronat ogra usi ng tetra rofuran as the
cflimpethy 't%/m

sol vent an h@ﬂaacavsnmhé%ladlmtba andmemlnﬁdnmms residual fluid

Vi scosi t Ly orrelated the
My by GPC 1 fifnds éﬁ&@%ﬁh%?éﬁcbﬁ‘dﬁﬂﬁgﬁ%ﬁ&gﬁ%g ot rofi0L ! Kv( 4) 100C
in cStI Oeﬂlﬁxés&uelﬁ)ﬁﬁﬁ&’ew ethér, gzmyﬂéﬂﬁ*léﬁmy\d&o?ﬁran lmladaiamie;égg prgdlﬁct ihvi ty
was ca a as gra product ich is usua th and hi gher
corrpongrﬁ \RH]Z. g’%‘@ﬁ'é“’?‘é“&s%‘ﬂh axdiethyl fhio {BErs gpd, y 0911@1&! n the case
when an N%waﬁxtuﬁsﬂle?e%f@n&&m oaug;hﬁﬁq&ﬁ* %5} albd BEk roferyy fukn Was

cal cul ated 1 n gram of product I gher) per gram of “netal |l ocene
cat al yst (ra@sﬂ\rmdrowhmg,qarmnmm &rroc@umsmdamm)res,preferabmxarrpl es 1 through

e e A A S S AR b LA

anion component A% include those having the formula [M**Q,]* wherein k is an

25  integer from 1 to 3; » is an integer from 2-6; n - k = d; M is an element selected
from Group 13 of the Periodic Table of the Elements, preferably boron or
aluminum, and Q is independently a hydride, bridged or unbridged dialkylamido,
halide, a]koxidé, aryloxide, hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said Q having up

30 to 20 carbon atoms with the proviso that in not more than one occurrenceis Q a
halide. Preferably, each Q is a fluorinated hydrocarbyl group having 1 to 20

carbon atoms, more preferably ¢ach Q is a fluorinated aryl group, and most
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preferably each Q is a pentafluory] aryl group. Examples of suitable A% also

sic"
2 ti
. a.

e-A -

include diboron compounds as disclosed in U.S. Pat. No. 5,447,895, which is fully

incorporated herein by reference.

Hlustrative, but not limiting examples of boron compounds which may be

used as an activating cocatalyst in combination with a co-activator in the
preparation of the improved catalysts of this invention are tri-substituted
ammonium salts such as: trimethylammonium tetraphenylborate,
triethylammonium tetraphenylborate, fripropylammonium tetraphenylborate,
tri(n-butyl)ammonium tetraphenylborate, tri(fert-butyl)ammonium
tetraphenylborate, N,N-dimethylanilinium tetraphenylborate, N,N-
diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetraphenylborate, trimethylammonium tetrakis(pentafiuorophenyl)borate,
triethylammonium tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)Jammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylaniliniur
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinjum
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(n-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, dimethyl(ters-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium
tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(n-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(fer-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
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2007/ 011459PCT/ US20061021231 - 79 - Exanpl es 11 through 17 were
conducted generally as descri bed above, with additional experinental
details provided in Table 2 below. 5 Table 2. Reactions were carried out
100C, usi ng twodommusdr onol e net al | ocene catal yst, Al/Zr ROI/EB20pE21231=250
Exanpl e nunber 11 12 13 14 15 16 17 Catalyst type* H1 J K C L B product
yield, t%** 21.7 28.3 15.9 17.3 38.1 23.2 27.6
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tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium

5 tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(ters-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium

10 tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-
bis(uiﬂiloromethyl)phenyl)borate, triethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-

15  bis(trifluoromethyl)phenyl)borate, trizert-butyl)ammonium tetrakis(3,5-
bis(tzifluoromethyl)phenyl)borate, N;N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium}
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and dialkyl ammonium salts such

20 as: di-(iso-propyl)ammonium tetrakis(pentafluorophenyl)borate, and
dicyclohexylammonium tetrakis(pentafluorophenyl)borate; and other salts such as
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, tri(2,6-
dimethylphenyl)phosphonium tetrakis(pentafluorophenyl)borate, tropillium
tetraphenylborate, triphenylcarbenium tetraphenylborate, triphenylphosphonium

25  tetraphenylborate, triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate, tropillium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium

30 tetrakis(pentafluorophenyl)borate, benzene{diazonium)
tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbeninm tetrakis-(2,3,4,6-

at
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tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6~
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perﬂuorom'aphﬂxyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium)
tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(triﬂuoromethyl)phényl)borate, triphenylphosphonium tetrakis(3,5-
bis(uiﬂuoron'{eﬂlyl)phenyl)borate, triethylsilylium tetrakis(3,5-
bis(niﬂuoromeﬂlyl)phenyl)i)orate, and benzene(di;zonimn) tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate.

Most preferably, the ionic stoichiometric activator (L**-H)g" (4%) is N,N=
dimethylanilinium tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinivm tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbeniwm
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium
tetra(perfluorophenyl)borate.

The catalyst precursors can also be activated with cocatalysts or activators
that comprise non-coordinating anions containing metalloid-free
cyclopentadienide ions. These are described in U.S. Patent Publication
2002/0058765 A1, published on 16 May 2002, and for the instant invention,
require the addition of a co-activator to the catalyst pre-cursor."Compatible" non-
coordinating anions are those which are not degraded to neutrality when the

s e

- proauct TG MAO 339 430 241 262 578 352 419 Mw (g/rol) 1715 1674 1807 1862
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Vi scosity was cal cul ated based on Mv determ ned by GPC using the fornul a:
15 Kv@00C in cSt = 0.13+0. 005578*Mv + 1.37*10-6*(mg *** product yield

wei ght % = 100 (residual weight/ feedyl-decene weight ) Exanples 18 through
26 were conducted generally as described above, with additional
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transition metal compound and a neutral by-product from the anion. Preferred
non-coordinating anions useful in accordance with this invention are those that are

5  compatible, stabilize the transition metal complex cation in the sense of balancing
its ionic charge at +1, yet retain sufficient lability to permit displacement by an
ethylenically or acetylenically unsaturated monomer during polymerization.
These types of cocatalysts are sometimes used with scavengers such as but not
limited to tri-iso-butylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum,

10 triethylaluminum or trimethylaluminum.

Invention processes also can employ cocatalyst compounds or activator
compounds that are initially neutral Lewis acids but form a cationic metal
complex and a noncoordinating anion, or a zwitterionic complex upon reaction
with the alkylated transition metal compounds. The alkyiatéd metallocene

15  compound is formed from the reaction of the catalyst pre-cursor and the co-
activator, For example, tris(pentafluorophenyl) boron or aluminum act to abstract
a hydrocarbyl ligand to yield an invention cationic transition metal complex and
stabilizing noncoordinating anion, see EP-A-0 427 697 and EP-A-0 520 732 for
illustrations of analogous Group-4 metallocene compounds. Also, see the

20  methods and compounds of EP-A-0 495 375. For formation of zwitterionic
complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878;
5,486,632; and 5,527,929.

Additional neutral Lewis-acids are known in the art and are suitable for

abstracting formal anionic ligands. See in particular the review article by E. Y.~X.

25  Chen and T.J. Marks, "Cocatalysts for Metal-Catalyzed Olefin Polymerization:
Activators, Activation Processes, and Structure-Activity Relationships”, Chem.
Rev., 100, 1391-1434 (2000).

When the cations of noncoordinating anion precursors are Bronsted acids
such as protons or protonated Lewis bases (excluding water), or reducible Lewis

30 acids such as ferrocenium or silver cations, or alkali or alkaline earth metal cations

such as those of sodium, magnesium or lithium, the catalyst-precursor-to-activator
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molar ratio may be any ratio. Combinations of the described activator compounds
may also be used for activation.
When an ionic or neutral stoichiometric activator ( such as an NCA) is
used, the catalyst-precursor-to-activator molar ratio is from 1:10 to 1:1; 1:10 to
5 10:1;1:10t02:1; 1:10t0 3:1; 1:10to 5:1; 1:2 t0 1.2:1; 1:2 t0 10:1; 1:2 to 2:1; 1:2

to 3:1; 1:2t0 5:1; 1:3t0 1.2:1; 1:3 to 10:1; 1:3 t0 2:1; 1:3 t0 3:1; 1:3 10 5:1; 1:5 to
1:1; 1:5t0 10:1; 1:5t0 2:1; 1:5 to 3:1; 1:5 to 5:1; 1:1 to 1:1.2. The catalyst-
precursor-to-co-activator molar ratio is from 1:500 to 1:1, 1:100 to 100:1; 1:75 to
75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 t0 15:1; 1:10 to 10:1; 1:5t0 5:1, 1:2 to 2:1;

10 1:100to 1:1; 1:75t0 1:1; 1:50 to 1:1.; 1:25t0 1:1; 1:15t0 1:1; 1:10 to 1:1; 1:5 to
1:1; ll:Z to 1:1; 1:10to 2:1.  Preferred activators and activator/co-activator
combinations include methylalumoxane, modified methylalumoxane, mixtures of
methylalumoxane with dimethylanilinium tetrakis(pentafluorophenyl)borate or
tris(pentafluorophenyl)boron, and mixtures of trimethyl aluminum with

15  dimethylanilinium tetrakis(pentafluorophenyl)borate or
tris(pentafluorophenyl)boron In some embodiments, scavenging coinpounds are
used with stoichiometric activators. Typical aluminum or boron alkyl components
useful as scavengers are represented by the general formula R*JZ; where J is
aluminum or boron, R* is as previously defined above, and each Z is

20  independently R* or a different univalent anionic ligand such as halogen (Cl, Br,
I), alkoxide (OR™) and the like. Most preferred aluminum alkyls inciude
triethylalaminum, diethylaluminum chloride, tri-iso-butylaluminum, tri-n-
octylaluminum. tri-n-hexylaluminum, trimethylaluminum and the like. Preferred
boron alkyls include triethylboron. Scavenging compounds may also be

25  alumoxanes and modified alumoxanes including methylalumoxane and modified

methylalumoxane.

Supported Catalysts
Supported catalysts and or supported catalyst systems may be used to

30  prepare PAO's. To prepare uniform supported catalysts, the catalyst precursor
preferably dissolves in the chosen solvent. The term “uniform supported catalyst”

means that the catalyst precursor, the activator, and or the activated catalyst
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approach uniform distribution upon the support's accessible surface area,

including the interior pore surfaces of porous supports. Some embodiments of

supported catalysts prefer uniform supported catalysts; other embodiments show
~ no such preference.

5 Useful supported catalyst systems may be prepared by any method
effective to support other coordination catalyst systems, effective meaning that the
catalyst so prepared can be used for oligomerizing or polymerizing olefins in a
heterogenous process. The catalyst precursor, activator, co-activator (if needed),
suitable solvent, and support may be added in any order or simultaneously.

10 By one method, the activator, dissolved in an appropriate solvent such as
toluene, may be stirred with the support material for 1 minute to 10 hours to
prepare the supported catalyst. The total solution volume (of the catalyst solution,
the activator solution or both) may be greater than the pore volume of the support,
but some embodiments limit the total solution volume below that needed to form a

15 gel or slurry (about 90% to 400 %, preferably about 100-200%, of the pore
volume). The mixture is optionally heated from 30-200 "C during this ﬁple. The
catalyst precursor may be added to this mixture as a solid, if a suitable solvent is
employed in the previous step, or as a solution. Alternatively, the mixture can be
filtered, and the resulting solid mixed with a catalyst precursor solution.

20  Similarly, the mixture may be vacuum dried and mixed with a catalyst precursor
solution. The resulting catalyst mixture is then stirred for 1 minute to 10 hours,
and the supported catalyst is either filtered from the solution and vacuum dried or
subjected fo evaporation to remove the solvent.

Alternatively, the catalyst precursor and activator may be combined in

25  solvent to form a solution. The support is then added to the solution, and the
resulting mixture is stirred for 1 minute to 10 hours. The total activator/catalyst-
precursor solution volume may be greater than the pore volume of the support, but
some embodiments limit the total solution volume below that needed to form a gel
or slurry (about 90% to 400 %, preferably about 100-200% of the pore volume).

30  After stirring, the residual solvent is removed under vacuum, typically at ambient
temperature and over 10-16 hours; however, greater or lesser times and

temperatures may be used.



tol uene solvent, into a 500 mM round bottom flask containing 180 gram
purified 1-decene heated to reaction tenperature and equi pped with stirrer
and tenperature controller. The reaction m xture was nai ntai ned at proper
reaction @mﬁ%gge. After 4-10 hours, the reaction VECI/Uf2e06OREY by
addition o -ni |l 1sopropanol, 10 dilute HCl1 solution and washed with 5%
NaOH sol ution. The organic | ayer was separated and distilled under ful
vacuumto renove any C20 and | ower Qg&ponents. The C30 and hi gher
conponents were then hydrogenated under typical hydrogenation conditions
using Ni ckel onThetasightgubtirsoninal ¥sb babuppoRa abSaR tRsdctibator; aomis for 4- 8
hours. After hydrogenation, the r&gine nunber of the 15 sanpl es were bel ow

1. The conpess theaptivator (e sorastiveter wﬁa@ﬂ?élt%/%ﬂﬁqﬂ}udg@é’“c rformat ogr aph
equi pped w J}r@ r e Ryl : : m nut e,
10C/ m nut e S! [} ig&&‘g oie;t(y g’gﬁgog?gn%bﬁ?%%?karap oryéﬁlexeég’g{lh%&
conponent ofsuppoximpiterid Tor spesivd wii about Fingoute tod10 Hiues. riheaesultingponent s A and B
were determ ned. by ¢ ari son.,of .the refention. ti to the known 20
corrp_ounés. p@fﬁﬁyﬁgﬂ{x%ggP%a_ya’gﬁ@?&ﬁ%%édﬂf‘%@géﬂ"egynnﬁi"d'laﬁlj‘gh%rt ion of the
ol efin A" pfdaftdest dvisiration® kéndvedhs QINERE t THRSaDdatB st prebudiecene nol ecul e.
Conmponent B is believed to be produced by hydrogenati on of olefin B"

produced f rsohitign Yolume sraydetrester dhan thesuppert's e Holumenbuigem8n process. The
presence of monent, Byl I ' I.stry. 25
The anopunt %[?b% Comp %ﬂé?\ﬁ?ﬁéioﬁﬁgﬁﬁ b’?g]g{%) g?r‘?{a@hﬁ?hse E%'egﬁg? ‘Ee%‘f{]gépﬁ ? oduct
vi scosi ty, shardabsut 90%ab 400 04) pledirhidy dbout 100r200% ofithetpbee Yuhghe)r t he | ube
viscosity, the hjigher the anpunt component B is in the 1-decene-triner
racti o This Adbiimaly, one pRoTeatmeol PRPBUTGRLys RAGRAPIFRIRST 1y The
presence ofBginte sifpdeiied aﬁwftﬁé%lﬁpﬁdrﬂmémsamw&swaf@e. enaee, a C30H62B
y

conmpound, synthesized i ndepéndent from n-dodecyl al dehyde fol | ow ng a
vel | - def i ne@oohswreastivator oz @0 2dtiveict 30dTR-utives meyieplaced ogthe  react i on

ath as shog .o Figure S5g(f] ar t . - sane), has
guperi or vig g'ﬁ{é‘qpro%tg: andSé}}db?%\?halp%%éu&@%gq@féwﬁﬁifg‘g§f as 2:orrpar ed
to the cur rpiymdridwr véffactdAoxifle atepitls €200 being prefeedbily pordus/| Amd 26 or the

synt hesj zed C30 A wi,th Ky at 100C of 3,67 and VI = _130., 65 Table 4 |ube
pr oper t§%es S&HEPWB’GH?%%%WW@GB@“HE@%W&%% “E?(En‘kﬂtg’?‘f’lgrﬂ 28 29 30

31 32 cat al ¥ty HuABveHith.| VidhsErfBBakicbRRe& M horous support material, such

as for example, talc, inorganic oxides, inorganic chlorides, for example

magnesium chloride and resinous support materials such as polystyrene polyolefin
or polymeric compounds or any other organic support material and the like. Some

20  embodiments select inorganic oxide materials as the support material including
Group-2, -3, -4, -5, ~13, or -14 metal or metalloid oxides. Some embodiments
select the catalyst support materials to include silica, alumina, silica-alumina, and
their mixtures. Other inorganic oxides may serve either alone or in combination
with the silica, alumina, or silica-alumina. These are magnesia, titania, zirconia,

25  and thelike. Lewis acidic materials such as montmorillonite and similar clays
may also serve as a support. In this case, the support can optionally double as an
activator component. But additional activator may also be used. In some cases, a
special family of solid support commonly known as MCM-41 can also be used.
MCM-41 is a new class of unique crystalline support and can be prepared with

30  tunable pore size and tunable acidity when modified with a second component. A
detailed description of this class of materials and their modification can be found
in US 5,264,203.
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The support material may be pretreated by any number of methods. For
example, inorganic oxides may be calcined, chemically treated with
dehydroxylating agents such as aluminum alkyls and the like, or both.

As stated above, polymeric carriers will alse be suitable in accordance

5  with the invention, see for example the descriptions in WO 95/15815 and U.S.
patent 5,427,991, The methods disclosed may be used with the catalyst
compounds, activators or catalyst systems of this invention to adsorb or absorb
them on the polymeric supports, particularly if made up of porous particles, or
may be chemically bound through functional groups bound to or in the_ polymer

10 chains.

Useful catalyst carriers may have a surface area of from 10-700 m*/g, and
or a pore volume of 0.1-4.0 cc/g and or an average particle size of 10-500 pm.
Some embodiments select a surface area of 50-500 m%/g, and or a pore volume of
0.5-3.5 cc/g, and or an average particle size of 20-200 pm. Other embodiments

15  select a surface area of 100-400 m%/ g, and or a pore volume of 0.8-3.0 cc/g, and or
an average particle size of 30-100 pm. Invention carriers typically have a pore
size of 10-1000 Angstroms, alternatively 50-500 Angstroms, or 75-350
Angstroms. The metaliocenes and or the metallocene/activator
combinations are generally deposited on the support at a loading level of 10-100

20  micromoles of catalyst precursor per gram of solid support; alternately 20-80
micromoles of catalyst precursor per gram of solid support; or 40-60 micromoles
of catalyst precursor per gram of support. But greater or lesser values may be
used provided that the total amount of solid catalyst precursor does not exceed the
support's pore volume.

25 The metallocenes and or the metallocene/activator combinations can be
supported for gas-phase, bulk, or slurry polymerization, or otherwise as needed.
Numerous support methods are known for catalysts in the olefin polymerization
art, particularly alumoxane-activated catalysts; all are suitable for use herein. See,
for example, U.S. Patents 5,057,475 and 5,227,440. An example of supported

30 iomic catalysts appears in WO 94/03056. U.S, Patent 5,643,847 and WO
96/04319A which describe a particularly effective method. Both polymers and
inorganic oxides may serve as supports, see U.S. Patents 5,422,325, 5,427,991,
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5,498,582 and 5,466,649, and international publications WO 93/11172 and WO
94/07928.

In another preferred embodiment, the metallocene and or activator (with or
without a support) are combined with an alkylaluminum compound, preferably a
5 trialkylaluminum compound, prior to entering the reactor. Preferably the
alkylaluminum compound is represented by the formula: R3Al, where each R is
independently a C1 to C20 alkyl group; preferably the R groups are independently
selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, n-butyl, pentyl, isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl,

10 octyl, isooctyl, n-octyl, nonyl, isononyl, n-nonyl, decyl, isodecyl, n-decyl,
undecyl, isoundecyl, n-undecyl, dodecyl, isododecyl, and n-dodecyl, preferably
isobutyl, n-octyl, n-hexyl, and n-dodecyl. Preferably the alkylaluminum
compound is selected from tri-isobutyl aluminum, tri n-octyl aluminum, {ri-n-
hexyl aluminum, and tri-n-dodecyl aluminum.

15
Monomers

In a preferred embodiment the catalyst compounds described herein are
used to polymerize or oligomerize any unsaturated monomer or monomers,
Preferred monomers include Cs to Cy4 olefins, preferably Cs to Cy4 olefins, more

20  preferably Cg to Cy olefins. In some embodiments preferred monomers include
linear, branched or cyclic alpha-olefins, preferably Cs to Cyp alpha-olefins,
preferably Cq to Cy4 alpha-olefins, and more preferably Cs to Cy; alpha-olefins.
Preferred olefin monomers may be one or more of hexene, heptene, octene,
nonene, decene, dodecene, 3-methyl-1-butene, and tetradecene.

25 In a preferred embodiment, the process described herein may be used to
produce homo-oligomers or co-oligomers (for the purposes of this invention and
the claims thereto, a co-oligmer may comprise two, three, four, or more different
monomer units). Preferred oligomers produced herein include homo-oligomers or
co-oligomers of any of the above monomers. In a preferred embodiment the

30  oligomer is a homo-oligomer of any C; to Cy; alpha-olefin. Preferably the
oligomer is a homo-oligomer of 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-

decene, 1-undecene, or 1-dodecene. Preferably the oligomer is 2 homo-oligomer
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usi ng 5 octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene and 1-
tetradecene being preferred. A preferred group of polyalpha-olefins are poly-1-
hexene, polyl-heptene, poly-1-octene, poly-1-nonene, poly-1-decene, poiyl-
undencen, poly-1-dodecene, poly-1-tridecene, and poly-1-tetradecene, although
the dimers of higher olefins in the range of C); to C;3 can be present in the final

10  products. Useful PAO's are preferably dimers, trimers, tetramers, pentamers, and
higher oligomers or polyﬁners with carbon numbers starting from Cyo and higher
made from C, to Cy3 alpha-olefins in one embodiment, and oligomers or polymers
with carbon number starting from Cyp and higher made from Cg to Cy4 alpha-
olefins in another embodiment. Suitable olefins include 1-butene, 1-pentene, 1-

15  hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undodecene and 1-dodecene,
1-tridecene, 1-tetradecene. In one embodiment, the olefin is 1-decene, and the
PAOQ is a mixture of dimers, trimers, tetramers and pentamers (and higher) of 1-
decene. In another embodiment, the olefin is 1-decene, and the PAQ is a mixture
of trimers, tetramers and pentamers (and higher) of 1-decene. In another

20 embodiment, the olefin is 1-octene, and the PAQ is a mixture of trimers, tetramers
and pentamers (and higher) of 1-octene. In another embodiment, the olefinis 1-
hexene, and the PAQ is a mixture of tetramers and pentamers (and higher) of 1-
hexene.

In a preferred embodiment, the PAO comprises two or more monomers,

25  preferably three or more monomers, preferably four or more monomers,
preferably five or more monomers. For example, a C8, C10, C12-linear alpha-
olefin mixture, or a C6, C7, C8, C9, C10, C11, C12, C13, C14-linear alpha-olefin
mixture, or a C4, C6, C8, C10, C12, C14, C16, C18-linear alpha-olefin mixture
can be used as a feed.

30  In an alternate embodiment, the PAQ comprises less than 50 mole% of C2, C3
and C4 monomers, preferably less than 40 mole%, preferably less than 30 mole

%, preferably less than 20 mole%, preferably less than 10 mole%, preferably less



et

et P

simlar procedures atExanple 31, except at different tenperatures and the
products were anal yzed by proton NVR before hydrogenation. The ol efin

di stribution was determ ned as descri bed above, and a typical olefmc
region of a proton NVR spectrumis shown in Figure 6. Fromthis proton NWVR
anal ysi s, WE28G2YSLul at ed the nol e% unhydrogenat ed B iFFH{ERWOOHEE product .
After hydrogenation, the B'" will be converted to B conponent. The B
conponent varied with the product viscosities and higher viscosity fluid
had hi gher anmount of conponent B in tRt-end group (Table 5). WO

et S S SN R e T L L
Reaction t eRemate edBOdifint the!PAKD B6mpiistt 1e85thdB50. 281990 AdliyleHe, KVA0C, cSt
254.27 1374.2 7 5174, 28 Viscosity Index 187 224 278 Pour point, C

propylene and butene, preferably less than 40 mole%, preferably less than 30 mole

%, preferably less than 20 mole%, preferably less than 10 mole%, preferably less

5 than 5 mole%, preferably less than 3 mole %, preferably 0%. In another

embodiment, the PAQ comprises less than 40 mole% of ethylene. In another

embodiment, the PAO comprises less than 40 mole% of propylene. In another

embodiment, the PAQ comprises less than 40 mole% of butene. In another

embodiment, the PAO comprises less than 10 mole% of ethylene. In another

10 embodiment, the PAO comprises less than 10 mole% of propylene. In another
embodiment, the PAO comprises less than 10 mole% of butene. In another
embodiment, the PAQ comprises less than 1 mole% of ethylene. In another
embodiment, the PAQ comprises less than 1 mole% of propylene. In another
embodiment, the PAQ comprises less than 1 mole% of butene.

15 The alpha-olefins used herein can be produced directly from ethylene
growth process as practiced by several commercial production processes, or they
can be produced from Fischer-Tropsch hydrocarbon synthesis from CO/H;
syngas, or from metathesis of internal olefins with ethylene, or from cracking of
petroleum or Fischer-Tropsch synthetic wax at high temperature, or any other

20  alpha-olefin synthesis routes. A preferred feed for this invention is preferably at
least 80 weight % alpha-olefin (preferably linear alpha olefin), preferably at least
90 weight % alpha-olefin (preferably linear alpha olefin), more preferably 100%
alpha-olefin (preferably linear alpha olefin). However, alpha-olefin mixtures can
also be used as feeds in this invention, especially if the other components are

25  intemal-olefins, branched olefins, paraffins, cyclic paraffins, aromatics (such as
toluene and or xylenes). These components have diluent effects and are believed
to not have a substantial detrimental effect on the polymerization of alpha-olefins.

‘In other words, the process described herein can selectively convert alpha-olefins
in a mixture and leave the other components unreacted. This is particularly useful

30  when ethylene is not present in the mixture. This technology can be used to
separate out alpha-olefins from a mixture by selectively reacting them with
polymerization or oligomerization catalyst systems completely eliminating the
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internal-olefins and branched olefins. Such a mixture can be fed to the

5  oligomerization technology as described herein and to selectively react away the
alpha-olefin. No separate step to isolate the alpha-olefin is needed. Another

example of the utility of this process involves-alpha-olefins produced by the

metathesis of internal olefins with ethylene, which may contain some internal
olefins. This mixed olefin base stock feed can be reacted as is in the

10  polymerization / oligomerization process of the present invention, which

selectively converts the alpha-olefins into lube products. Thus one can use the

alpha-olefin for the base stock synthesis without having to separate the alpha-

olefin from internal olefin. This can bring a significant improvement in process

economics,

15 In a preferred embodiment, the PAO's produced herein may contain

monomers having branches at least 2, preferably at least 3 carbons away from the
alpha-unsaturation, such 4-methyl-1-decene, 4-ethyl-1-decene, or 4-methyl-1-
hexene, 4-methyl-1-pentene, etc. These olefins may be present in the linear alpha-
olefins from the manufacturing process or they can be added deliberately. The

20 copolymers of slightly branched alpha-olefins with completely linear alpha-olefins

have improved low temperature properties.
In a preferred embodiment, any of the PAO's described herein may

comprise at least 50 mole% 5 to 24 carbon atoms and from 0.5 to 20 mole%

ethylene, where at least 80% of the ethylene present in the polyalpha-olefin is

25  present in runs of 1 to 35 carbons or less as measured by Carbon 13 NMR.

Preferably any of the PAO's described herein may comprise at least 60 mole% 5 to
24 carbon atoms (preferably at least 70 mole%, preferably at least 80 mole%,
preferably at least 85 mole%, preferably at least 90 mole%, preferably at least 95
mole%) and from 0.5 to 20 mole% ethylene (preferably from 1 to 15 mole%,

30 preferably from 2 to 10 mole %, preferably form 2 to 5 mole%), where at least
80% (preferably at least 85%, preferably at least 90%, preferably at least 95%,
preferably at least 98%, preferably 100%) of the ethylene present in the
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polyalpha-olefin is present in runs of 1 to 35 carbons (preferably 1 to 30,
preferably 1 to 25, preferably 1 to 20, preferably 1 to 15,preferably 1 to 10,
preferably 1 to 5) as measured by Carbon 13 NMR.

5 Polymerization/Oligomerization Process
Many polymerization/oligomerization processes and reactor types used for

metallocene-catalyzed polymerizations or oligomerizations such as solution,
slurry, and bulk polymerization or oligomerization processed can be used in this
invention. In some embodiments, if a solid or supported catalyst is used, a shary

10 or continuous fixed bed or plug flow process is suitable. In a preferred
embodiment, the monomers are contacted with the metallocene compound and the
activator in the solution phase, bulk phase, or slurry phase, preferably in a
continuous stirred tank reactor, continuous tubular reactor, or a batch reactor. Ina
preferred embodiment, the temperature in any reactor used herein is from -10°C to

15 250°C, preferably from 30°C to 220 °C, preferably from 50°C to 180 °C,
preferably from 60°C to 170 °C. In a preferred embodiment, the pressure in any
reactor used herein is from 0.1 to 100 atmospheres, preferably from 0.5 to 75
atmospheres, preferably from 1 to 50 atmospheres. In another embodiment, the
pressure is any reactor used herein is from 1 to 50,000 atmospheres, preferably 1

20 to 25,000 atmospheres. In auqther embodiment, the monomer(s), metallocene and
activator are contacted for a residence time of 1 second to 100 hours, preferably
30 seconds to 50 hours, preferably 2 minutes to 6 hours, preferably 1 minute to 4
hours. In another embodiment solvent or diluent is present in the reactor and is
preferably selected from the group consisting of butanes, pentanes, hexanes,

25  heptanes, octanes, nonanes, decanes, undecanes, dodecanes, tridecanes,
tetradecanes, pentadecanes, hexadecanes, toluene, o-xylene, m-xylene, p-xylene,
ethylbenzene, isopropylbenzene, and n-butylbenzene; preferably toluene and or
xylenes and or ethylbenzene, normal paraffins (such as Norpar solvents available
for ExxonMobil Chemical Company in Houston, Texas), or isoparaffin solvents (

30 such as Isopar solvents available for ExxonMobil Chemical Company in Houston,

Texas). These solvents or diluents are usually pre-treated in same manners as the
feed olefins.
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to partial conversion or full conversion. Subsequently, the catalyst is deactivated

by any possible means, such as exposure to air or water, or by addition of alcohols
or solvents containing deactivating agents. The polymerization or oligomerization
20  can also be carried out in a semi-continuous operation, where feeds and catalyst
system components are continuously and simultaneously added to the reactor so
as to maintain a constant ratio of catalyst system components to feed olefin(s).
When all feeds and catalyst components are added, the reaction is allowed to
proceed to a pre-determined stage. The reaction is then discontinued by catalyst
25  deactivation in the same manner as described for baich operation. The
polymerization or oligomerization can also be carried out in a continuous
operation, where feeds and catalyst system components are continuously and
simultaneously added to the reactor so to maintain a constant ratio of catalyst
system and feed olefins. The reaction product is continuously withdrawn from the
30 reactor, as in a typical continuous stirred tank reactor (CSTR) operation. The
residence times of the reactants are controiled by a pre-determined degree of

conversion. The withdrawn product is then typically quenched in the separate
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the reactor, or preactivated and pumped as an activated solution or sluiry to the
reactor. Polymerizations/oligomerizations are carried out in either single reactor
operation, in which monomer, or several monomers, catalyst/activator/co-
activator, optional scavenger, and optional modifiers are added continuously to a

5  single reactor or in series reactor operation, in which the above components are
added to each of two or more reactors connected in series. The catalyst
components can be added to the first reactor in the series. The catalyst component
may also be added to both reactors, with one component being added to first
reaction and another component to other reactors. In one preferred embodiment,

10  the precatalyst is activated in the reactor in the presence of olefin. In another
embodiment, the precatalyst such as the dichloride form of the metallocenes is
pre-treated with alkylalumum reagents, especially, triisobutylaluminum, tri-n-
hexylaluminum and/ or tri-n-octylalumintm, followed by charging into the reactor
containing other catalyst component and the feed olefins, or followed by pre-

15  activation with the other catalyst component to give the fully activated catalyst,
which is then fed into the reactor containing feed olefins. In another alternative,
the pre-catalyst metallocene is mixed with the activator and/or the co-activator
and this activated catalyst is then charged into reactor, together with feed olefin
stream containing some scanvenger or co-activator. In another alternative, the

20 whole or part of the co-activator is pre-mixed with the feed olefins and charged
into the reactor at the same time as the other catalyst solution containing
metallocene and activators and/or co-activator.

In some embodiments, a small amount of poison scavénger, such as
trialkylaluminum (trimethylaluminum, triethylalumintm, trijsopropylaluminum,

25  triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum) or
methylalumoxane is added to the feed olefin stream to further improve catalyst
activity. In a preferred embodiment, the monomers are contacted with an
alkylaluminum compound, preferably a trialkylaluminum compound, prior to
being introduced into the reactor. In another preferred embodiment, the

30  metallocene and or activator are combined with an alkylaluminum compound,
preferably a trialkylaluminum compound, prior to entering the reactor. Preferably

the alkylaluminum compound is represented by the formula: R3AlL where each R
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is independently a C1 to C20 alkyl group, preferably the R groups are
independently selected from the group consisting of methyl, ethyi, propyl,
isopropyl, butyl, isobutyl, n-butyl, pentyl, isopentyl, n-pentyl, hexyl, isohexyl, n-
hexyl, heptyl, octyl, isocotyl, n-octyl, nonyl, isononyl, n-nonyl, decyl, isodecyl, n-

5 cecyl, undecyl, isoundecyl, n-undecyl, dodecyl, isododecyl, and n-dodecyl,
preferably isobutyl, n-octyl, n-hexyl, and n-dodecyl. Preferably the
alkylaluminum compound is selected from tri-isobutylaluminum, tri n-
octylaluminum, tri-n-hexylaluminum, and tri-n-dodecylaluminum.

In one embodiment of any of the process described herein the feed olefins

10 and or solvents are treated to remove catalyst poisons, such as peroxides, oxygen
or nitrogen-containing organic compounds or acetylenic compounds. The
treatment of the linear alpha-olefin with an activated 13X molecular sieve and a
de-oxygenate catalyst, i.e., a reduced copper catalyst, increased catalyst
productivity more than 10-fold. Alternatively, the feed olefins and or solvents are

15 ftreated with an activated molecular sieve, such as 3A, 4A, 8A or 13X molecular
sieve, and/or in combination with an activated alumina or an activated de-
oxygenated catalyst. Such treatment will increase catalyst productivity 2- to 10-
fold or more. The improved process also includes special treatment of the feed
olefins to remove catalyst poisons, such as peroxides, oxygen, sulfur or nitrogen-

20  containing organic compounds or other trace impurities. This treatment can
increase catalyst productivity substantially (typically more than 10-fold).
Preferably the feed olefins are contacted with a molecular sieve, activated
alumina, silica gel, oxygen removing catalyst, and or purifying clays to reduce the
heteroatom-containing compounds in the feed, preferably th below 50 ppm,

25  preferably below 10 ppm.

The catalyst compositions can be used individually or can be mixed with
other known polymerization catalysts to prepare polymer or oligomer blends.
Monomer and catalyst selection allows polymer or oligomer blend preparation
under conditions analogous to those using individual catalysts. Polymers having

30 increased MWD are available from polymers made with mixed catalyst systems
and can thus be achieved. Mixed Catalyst can comprise two or more catalyst

precursors and or two or more activators.
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Generally, when using metallocene catalysts, after pre-treatment of feed
olefins, solvents, diluents and after precauntions to keeli the catalyst component
stream(s) and reactor free of impurities, the reaction should proceed well. In some
embodiments, when using metallocene catalysts, particularly when they are

5  immobilized on a support, the complete catalyst system will additionally comprise
one or more scavenging compounds. Here, the term scavenging compound means
a compound that removes polar impurities from the reaction environment. These
impurities adversely affect catalyst activity and stability. Typically, purifying
steps are usually used before introducing reaction components to a reaction vessel.

10  But such steps will rarely allow polymerization or oligomerization without using
some scavenging compounds. Normally, the polymerization process will still use
at least small amounts of scavenging compounds.

Typically, the scavenging compound will be an organometallic compound
such as the Group-13 organometallic compounds of U.S. Patents 5,153,157,

15 5,241,025 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132, and that of
WO 95/07941. Exemplary compounds include triethylaluminum, triethylborane,
tri-iso-butylaluminum, dtisobutylaluminum hydride, methylalumoxane, iso-
butylalumoxane, and tri-n-octylaluminum. Those scavenging compounds having
bulky or Cg-Cyp linear hydrocarbyl substituents connected to the metal or

20  metalloid center usually minimize adverse interaction with the active catalyst.
Examples include triethylaluminum, but more preferably, bulky compounds such
as tri-iso-butyl aluminum, tri-iso-prenyl aluminum, and long-chain linear alkyl-
substituted aluminum compounds, such as tri-n-hexyl aluminum, tri-n-octyl
aluminum, or tri-n-dodecyl aluminum. When alumoxane is used as the activator,

25  any excess over that needed for activation will scavenge impurities and additional
scavenging compounds may be unnecessary. Alumoxanes also may be added in
scavenging quantities with other activators, e.g., methylalumoxane,

[MeHINPh]' [B(pfp)s]” or B(pfb)s, where pfp is perfluorophenyl (CeFs), Me is
methyl and Ph is phenyl.

30 In a preferred embodiment ethylene is present in the feed at 10 mole% or
less, preferably 0.5 1o 8 moles %, preferably 0.5 to 5 mole%, preferably from 1 to

3 mole%
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The PAQ's described herein can also be produced in homogeneous
solution processes. Generally this involves polymerization or oligomerization in a
continuous reactor in which the polymer formed and the starting monomer and
catalyst materials supplied, are agitated to reduce or avoid concentration or
5  temperature gradients. Temperature control in the reactor is generally obtained by

balancing the heat of polymerization and with reactor cooling by reactor jackets or
cooling coils or a cooled side-stream of reactant to cool the contents of the reactor,
auto refrigeration, pre-chilled feeds, vaporization of liquid medium (diluent,
monomers or solvent) or combinations of the above. Adiabatic reactors with pre-

10 chilled feeds may also be used. The reactor temperature depends on the catalyst .
used and the product desired. Higher temperatures tend to give lower molecular
weights and lower temperatures tend to give higher molecular weights, however
this is not a hard and fast rule. In general, the reactor temperature preferably can
vary between about 0 °C and about 300 °C, more preferably from about 10 °C to

15  about 230 °C, and most preferably from about 25 °C to about 200 °C. Usually, it
is important to control the reaction temperature as pre-determined. In order to
produce fluids with narrow molecular distribution, such as to promote the highest
possible shear stability, it is useful to control the reaction temperature fo obtain
minimurn of temperature fluctuation in the reactor or over the course of the

20  reaction time. If multiple reactors are used in series or in parallel, it is useful to
keep the temperature constant in a pre-determined value to minimize any
broadening of molecular weight distribﬁtion. In order to produce fluids with
broad molecular weight distribution, one can adjust the reaction temperature
swing or fluctuation, or as in series operation, the second reactor temperature is

25  preferably higher than the first reactor temperature. In parallel reactor operation,
the temperatures of the two reactors are independent. Or one can use two types of
metallocene catalysts.

The pressure in any reactor used herein can vary from about 0.1

atmosphere to 100 atmosphere (1.5 psi to 1500 psi), preferably from 0.5 bar to 75

30  atm (8 psi-1125 psi), most preferably from 1.0 to 50 atm (15 psi to 750 psi). The
reaction can be carried out under the atmosphere of nitrogen or with some

hydrogen. Sometimes a small amount of hydrogen is added to the reactor to
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improve the catalyst. The amount of hydrogen is preferred to keep at such a level
to improve catalyst productivity, but not induce any hydrogenation of olefins,
especially the feed alpha-olefins because the conversion of alpha-olefins into
saturated paraffins is very detrimental to the efficiency of the process. The

5  amount of hydrogen partial pressure is preferred to be kept low, less than 100 psi,
prefer less than 50 psi, preferably less than 25 psi, preferably less than 10 psi,
preferably less than 5 psi, preferably less than 1 psi. In a particularly preferred
embodiment in any of the process described herein the concentration of hydrogen
in the reactant phase is less than 100 ppm, preferably less than 50 ppm, preferably

10 less than 10 ppm, preferably less than 1 ppm. In a particularly preferred
embodiment in any of the process described herein the concentration of hydrogen
in the redctar is kept at a partial pressure of 200 psi (1379 kPa) or less, based upon
the total pressure of the reactor, preferably 150 psi (1034 kPa) or less, preferably
100 psi (690 kPa) or less, preferably 50 psi (345 kPa) or less, preferably 10 psi (69

15 kPa) orless. Alternately, in any process described herein hydrogen, if present, is
present in the reactor and or feed at 1000 ppm or less by weight, preferably 750
ppm or less, preferably 500 ppm or less, preferably 250 ppm or less, preferably
100 ppm or less, preferably 50 ppm or less, preferably 25 ppm or less, preferably
10 ppm or less, preferably 5 ppm or less.

20 The reaction time or reactor residence time is usually dependent on the
type of catalsyt used, the amount of catalyst used, and the desired conversion
level. Different metallocenes have diffferent activities. Usually, a higher degree
of alkyl substitution on the cyclopentadienyl ring, or bridging improves catalyst
productivity. Catalysts such as bis(l,2,3,4—tetramethylcyclope}1tadienyl)zirconium

25  dichloride or bis(1,2,4-tri methylcyclopentadienyl)zirconium dichloride, (1,2,3,4-
tetramethylcyclopentadienyl)(1,3-di methylcyclopentadienyl)zirconium dichloride
or (1,2,4-tri methylcyclopentadienyl)(1,3-di methylcyclopentadienyl)zirconium
dichloride or their dialkyl analogs have desirable high productivity and stability
than unsubstituted metallocenes. Certain bridged and bridged with substitution

30  catalysts, such as the di-halides or dialkyls of dimethylsilylbis[indenyl]zirconium
or dimethylsilyibis[tetrahydro-indenyl]zirconium dimethylsilylbis[1-
methylindenyl]zirconium or their hafhium analogs, etc. Usually the amount of



5 roller bearing shear test (CEC L-45-T/C), a severe viscosity shear
stability test, for 20 hours. At the end of the test, the Exanple 36 fluid
|l ost only 0.77% of its original viscosity. The Exanple 37 fluid |ost -0.20%
of its original viscosity. This viscosity change is well within the

exper i mentVi® 207/PHA5%f vi scosity neasurenent. Such out sEGRYSHYSEHEUr is not
known for other fluids of simlar 10 viscosity range. This property can be
significant for many high performance - 90 - application, such as in the
formul ati on of autonotive engine, iRdlistrial, gear oils and grease

formul ation, etc. Exanple 42 denonstrates,the use of th]S i hal i de formof a
met al | oceneaBlystaomppaentspsed igdetoqninative. ; cpatys Bcg%g]@n ed was
catal yst F. ' b d}[‘ﬂte%‘[ | C QiYwrtlvEl, g | ed

1- decene aﬁ%%ﬁ%%e%@?%gﬁty aﬂt??n@%}f% (UBAE_lII \;\l%]sﬁﬁlgg{ng{ipcgﬂgrygoc To this
fl ask a catmigesnhakedhayproduction prazessiuneroboical ang ult td penagathe 0. 801 ny
activator-Ain 20 m tolue was ,added. Afte hours of..r.eaction at this
t enper at ur é?acﬁ‘”i‘rgeait %ﬁ%ﬂ'ﬁ%e Wﬁ%nofm& Elrﬁég Foé%c}{ ﬂsggef% t§t ure was worked

up by “@terch&@s%fd-cafﬁﬂﬂtﬂ{tﬁﬁl&ﬂmdﬁﬁatﬂ?rﬁ tdduetvinitto hERiGlide thewbgumtacuum to
renove any, |ight ends. The residua ube oil properties are summarized in
Tabl e 7. Bretplosencpmdithe apgount ef antivgtprsneeded = Whep the cptalyst svstm 18t di f f er ent
reaction te r Eé@ ' §'! ;E I 14RAS except catal yst
| was the ah%%% ﬁ%s usegm%ﬂ%éd&g . ef?glg‘éh&ne po%sné?e@%tion b

met al | ocenaygicallyfearangesft00r maligram(pightoNif0 nigg 48alpta-dlbfid feed.7 AReact i on

T, C 3010 50 C0 0kt O 0L P i et ggact o 1-decene

10  Furthermore, the molar ratios of the aluminum to metallocene (Al/M molar ration)
range from 2 to 4000, preferably 10 to 2000, more preferably 50 to 1000,
preferably 100 to 500. When the catalyst system is metallocene plus a Lewis Acid
or an ionic promoter with NCA component, the raetallocene use is typically in the
range of 0.01 microgram to 500 micrograms of metallocene component/gram of

15  alpha-olefin feed. Usually the preferred range is from 0.1 microgram to 100
microgram of metallocene component per gram of alpha-olefin feed.
Furthermore, the molar ratio of the NCA activator to metallocene is in the range
from 0.1 to 10, preferably 0.5 to 5, preferably 0.5 to 3. If a co-activator of
alkylaluminum compound is used, the molar ratio of the Al to metallocene is in

20 therange from 1 to 1000, preferably 2 to 500, preferably 4 to 400.

Typically one prefers to have the highest possible conversion (close to
100%) of feed alpha-olefin in shortest possible reaction time. However, in CSTR
operation, sometimes it is beneficial to run the reaction at an optimum conversion,
which is slightly less than 100% conversion. There are also occasions, when

25  partial conversion is more desirable when the narrowest possible MWD of the
product is desirable because partial conversion can avoid a MWD broadening
effect. If the reaction is conducted to less than 100% conversion of the alpha-
olefin, the unreacted starting material after separation from other product and
solvents/diluents can be recycled to increase the total process efficiency.

30 Desirable residence times for any process described herein are in the range
from 1 minutes to 20 hours, typically 5 minutes to 10 hours.
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Each of these processes may also be employed in single reactor, parallel or series
reactor configurations. The liquid processes comprise contacting olefin
monomers with the above described catalyst system in a suitable diluent or solvent
and allowing said monomers to react for a sufficient time to produce the desired
polymers or oligomers. Hydrocarbon solvents both aliphatic and aromatic are
suitable, Aromatics such as toluene, xylenes, ethylbenzene, propylbenzene,
cumene, t-butylbenzene are suitable. Alkanes, such as hexane, heptane, pentane,
isopentane, and octane, Norpar or Isopar solvents from ExxonMobil Chemial
Company in Houston, Texas are also suitable. Generally, toluene is most suitable
to dissove catalyst components. Norpar, Isopar solvent or hexanes are preferred
as reaction diluents. Oftentimes, a mixture of toluene and Norpar or Isopar is used
as diluent or solvent.

The process can be carried out in a continuous stirred tank reactor, batch
reactor, or plug flow reactor, or more than one reactor operated in series or
parallel. These reactors may have or may not have internal cooling and the
monomer feed may or may not be refrigerated. See the general disclosure of U.S.
patent 5,705,577 for general process conditions.

When a solid supported catalyst is used for the conversion, a slurry
polymerization/oligomerization process generally operates in the similar
temperature, pressure and residence time range as described previously. Ina
slurry polymerization or oligomerization, a suspension of solid catalyst,
promoters, monomer and comonomers are added. The suspension including
diluent is intermittently or continuously removed from the reactor. The catalyst is
then separated from the product by filtration, centrifuge or settlement. The fluid is
then distilled to remove solvent, any unreacted components and light product. A
portion or all of the solvent and unreacted component or light components can be
recycled for reuse.

If the catalyst used is un-supported, is a solution catalyst, when the
reaction is complete (such as in a batch mode), or when the product is withdrawn
from the reactor (such as in a CSTR), the product may stiil contain soluble,
suspended or mixed catalyst components, These components are preferably
deactivated or removed. Any of the usual catalyst deactivation methods or

PCT/US2006/021231
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aqueous wash methods can be used to remove the catalyst component. Typically,
the reaction is deactivated by addition of stoichiometric amount or excess of air,
moisture, alcohol, isopropanol, etc. The mixture is then washed with dilute
sodium hydroxide or with water to remove catalyst components. The residual
5  organic layer is then subjected to distillation to remove solvent, which can be
recycled for reuse. The distillation can further remove any light reaction product
from C18 and less. These light components can be used as diluent for further
reaction. Or they can be used as olefinic raw material for other chemical
synthesis, as these light olefin product have vinylidene unsaturation, most suitable
10  for further functionalization to convert in high performance fluids. Or these light
olefin products can be hydrogenated to be used as high quality paraffinic solvents.
Polymerization or oligomerization in absence of hydrogen is also
advantageous to provide polymers or oligomers with high degree of unsaturated
double bondss. These double bonds can be easily converted into functionalized
15 fluids with multiple performance features. Examples for converting these
polymers with MW greater than 300 can be found in preparation of ashless
dispersants, by reacting the polymers with maleic anhydride to give PAO-succinic
anhydride which can then reacted with amines, alcohols, polyether alcohols to
convert into dispersants. Examples for such conversion can be found in the book
20  “Lubricant Additives: Chemistry and Application,” ed. By Leslie R. Rudnick, p.
143-170.
In another embodiment, any of polyalphaolefins produced herein is
hydrogenated. In particular the polyalpha-olefin is preferably treated to reduce
_heteroatom containing compounds to less than 600 ppm, and then contacted with
25  hydrogen and a hydrogenation catalyst to produce a polyalpha-olefin having a
bromine number less than 1.8. In a preferred embodiment, the treated polyalpha-
olefin comprises 100 ppm of heteroatom containing compounds or less, preferably
10 ppm of heteroatom containing compounds or less. (A heteroatom containing
compoundis a compound containing at least one atom other than carbon and
30 hydrogen.) Preferably the hydrogenation catalyst is selected from the group
consisting of supported Group 7, 8, 9, and 10 metals, preferably the hydrogenation
catalyst selected from the group consisting of one or more of Ni, Pd, Pt, Co, Rh,
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Fe, Ru, Os, Cr, Mo, and W, supported on silica, alumina, clay, titania, zirconia, or
mixed metal oxide supports. A preferred hydrogenation catalsyt is nickel
supported on kieselguhr, or platinum or palladium supported on alumina, or
cobalt-molydenum supported on alumina. Usually, a high nickel content catalyst,
5  such as 60% Ni on Keiselguhr catalyst is used, or a supported catalyst with high
amount of Co-Mo loading. Alternately, the hydrogenation catalyst is nickel
supported on keisleghur, silica, alumina, clay or silica-alumina.
In a preferred embodiment the polyalpha-olefin is contacted with hydrogen
and a hydrogenation catalyst at a temperature from 25 to 350°C, preferably 100 to
10 300°C. In another preferred embodiment the polyalpha-olefin is contacted with
" hydrogen and a hydrogenation catalyst for a time period from 5 minutes to 100
hours, preferably from 5 minutes to 24 hours. In another preferred embodiment
the polyalpha-olefin is contacted with hydrogen and a hydrogenation catalyst at a
hydrogen pressure of from 25 psi to 2500 psi, preferably from 100 to 2000 psi. In
15  another preferred embodiment the hydrogenation process reduces the number of
mm triad groups in a polyalpha-olefin by 1 to 80-%. Prefeably the PAO has 10 to
80% less mm triad groups than the polyalpha-olefin prior fo contact with the
hydrogen and hydrogenation catalyst. For further infomration on hydrogenation
of PAO's please see US 5,573,657 and "Lubricant Base Oil Hydrogen Refining
20 Processes” ( page 119 to 152 of Lubricant Base Oil and Wax Processing, by
Avilino Sequeira, Jr., Marcel Dekker, Inc., NY, 1994,
This hydrogenation process can be accomplished in a slurry reactor in a
batch operation or in a continuous stirred tank reactor (CSTR), where the catalyst
in 0.001 wt% to 20 wt% of the PAO feed or preferably 0.01 to 10 wt%, hydrogen
25  and the polyalpha-olefins are continnously added to the reactor to allow for certain
residence time, usually 5 minutes to 10 hours to allow complete hydrogenation of
the unsaturated olefins and to allow proper conversion of the mm diads. The
amount of catalyst added is usually very small just to compensate for the catalyst
deactivation. The catalyst and hydrogenated PAO are continuously withdrawn
30  from the reactor. The product mixture was then filtered, centrifuged or settled to
remove the solid hydrogenation catalyst. The catalyst can be regenerated and
reused. The hydrogenated PAO can be used as is or further distilled or
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65 Tol uene, granms 20 20 20 Metall ocene, ng 0.456 0.456 0.348 NCA activator,
nmg 0.922 0.922 0.922 wt % Selectivity to Lube 99.4 69.1 93.6 Kinematic
Viscosity at 100C, cSt 83.71 . 6.76 39.03 Viscosity Index 194 162 170
5Exanples 51 to 63 in Table 9 denonstrate that other netal |l ocene catal ysts
acti vat edWQ 20p7/NA3%r NCA activators can produce hi gh BuEHPPOPRIF ds in

hi gh yi el ds. The procedures for these exanples were simlar to Exanples 27
to 32 when MAO was the activator or simlar to Exanple 42 when NCA was used
as activator. [Note - these sanples wgre not hydrogenated.] Exanples 51 to
56 10 denobnstrate that a wi de range of catal ysts can be used to produce

pol ymer s wiftdctibnatéd idehe Bght obmponent if ackessaifih ds gomwa tasks; sthenithec| ude t he racenic

catal ysts ingl udi Cat al ysts F, d T: .and highly susbstituted catal yst
O B! o SYamEemtds st bR dosatival Rhetgthee b aan B0 o b o
hydrogen prsgetsaR hydlogbrhfioNpiodess e cheridasut Bf a Mbdef Whel® a(fi@dg. | ess than
40% and brom ne nunber of up to 6 15 before hydrogenation. This is

unexpect ed amnant efnstplysé i maintaipebindbgregotor, usually 0.1 wiv to 10% of the
5  total reactant, and only hydrogen and PAO feed are continuously added at certain

feed rate and only hydrogenated PAO was withdrawn from the reactor.

The hydrogenation process can also be accomplished by a fixed bed
process, in which the solid catalyst is packed inside a tubular reactor and heated to
reactor temperature. Hydrogen and PAQ feed can be fed through the reactor

10  simultaneously from the top or bottom or countercurrently to maximize the
contact between hydrogen, PAO and catalyst and to allow best heat management.
The feed rate of the PAO and hydrogen are adjusted to give proper residence to
allow complete hydrogenation of the unsaturated olefins in the feed and to allow
desirable conversion of mm triads in the process. The hydrogenated PAO fluid [
15  can be used as is or further distilled or fractionated to give the right component, if
necessary. Usually, the finished hydrocarbon PAO fluids have bromine number
less than 2 and have reduced amount of mm triads than the unhydrogenated PAO.

The new poly-alpha-olefins when used alone or blended with other fluid
has unique lubrication properties.

.20 In another embodiment, a novel lubricatant of the present invention
comprises the PAO's produced in this invention, together with one or more other
base stocks, including Group I to Group V base stocks with viscosity range from
1.5 to 100 ¢St at 100°C to formulate suitable viscosity grades. In addition,
additives of one or more of: thickeners, VI improvers, antioxidants, anfi-wear

25  additives, detergent/dispersant/inhibitor (DDI) packages, and/or anti-rust additives
may be added. In a preferred embodiment the PAQO's produced herein are
combined with one or more of dispersants, detergents, friction modifiers, traction
improving additives, demulsifiers, defoamants, chromophores (dyes), and/or haze
inhibitors. These fully formulated lubricants can be used in automotive crank case

30 oil (engine oil), industrial oil, grease, or gas turbine engine oil. These are
examples of additives used in finished lubricant formulations. Additional
information on the use of PAQ's in the formulations of full synthetic, semi-
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synthetic or part synthetic lubricant or functional fluids can be found in "Synthetic
Lubricants and High-Performance Functional Fluids", 2nd Ed. L. Rudnick, etc.
Marcel Dekker, Inc., N.Y. (1999). Additional information on additives used in
product formulation can be found in “Lubricants and Lubrications, Ed. By T.

5 Mang and W. Dresel, by Wiley-VCH GmbH, Weinheim 2001.

Examples
The following examples are for purposes of itlustration only and are non-

limiting examples.

10 The 1-decene used for all of the experiments was purified by mixing 1 liter
of untreated raw material with 20 grams of activated 13X molecular sieve, (which
was activated by calcining at 200°C for at least four hours under a stream of
purging dry nitrogen gas), and 10 grams of Oxi-Clear catalyst (purchased from
Altech Associates, Inc of Deerfield, IL 60115) for at least two days inside a glove

15 boxunder a dry, inert atmosphere of nitrogen. The molecular sieve and de-
oxygenation catalyst were then removed by filtration in the glove box to provide
purified 1-decene. Alternatively, the feeds were purified by passing through a bed
of activated 13X molecular sieve alone under nitrogen atmosphere.

The polymerization/oligomerization reaction was carried out under

20  nitrogen (N;) inert atmosphere or argon inert atmosphere. In a small scale
screening experiment, 2.2 grams of purified 1-decene was added into a small
stainless steel reactor fitted with glass liner with a total reactor volume of 5.5 ml,
an agitator and a temperature controller, followed by addition of 0.668 ml of
methylalumoxane (MAQO) in toluene solution which was prepared by diluting 10

25  wt % MAO in toluene solution to a dilute solution containing 8.68 mg
methylauminoxane per ml of solution volume. The reactor was then heated to the
desired reaction temperature and the desired amount of metallocene catalyst in
toluene was added to initiate the polymerization reaction. After 3 hours, the
reaction was quenched by addition of carbon dioxide (CO;) gas of equal moles as

30 the metallocene catalyst. The polymerization / oligomerization product was
isolated by stripping the reactor contents, from about room temperature to 50 °C,

under high vacuum for at least 2 hours to remove solvent, unreacted starting
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material and dimer, i.e., any component having less than thirty carbon atoms. The
product properties, including molecular weight and Mw/Mn, were analyzed by gel
permeation chromatography using tetrahydrofuran as the solvent and polystyrene
as the calibration standard. The residual fluid viscosity was calculated by a
5  correlation equation, which correlated the Mw by GPC to fluid viscosity. The
correlation equation used was:
Kv@100°C in ¢St = 0.13+0.005578*Mw + 1.37+10S%Mw)?
Catalyst productivity was calculated as grams of product, which is usvally
the C30 and higher component when 1-decene is used as feed, per gram of MAO.
10  Inthe case when an NCA was used as co-catalyst, the catalyst productivity was
calculated in gram of product (C30 and higher) per gram of metallocene catalyst
(not including the NCA or co-activator). |
Exainples 1 through 10 were conducted generally as described above, with
additional experimental details provided in Table 1 below.
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Examples 11 through 17 were conducted generally as described above,
with additional experimental details provided in Table 2 below.

Table 2. Reactions were carried out at 100°C, using 0.1 micromole metallocene

catalyst, Al/Zr molar ratio =250

Example number 11 12 13 14 15 16 17
Catalyst type* H 1 J K C L B
product yield, wt%*** | 21.7 | 28.3 15.9 17.3 38.1 232 | 276
g product/g MAO 329 430 241 262 578 352 419
Mw (g/mol) 1715 | 1674 1807 1862 | 2305 | 2333 | 2331
Mw/Mn 1.1 1.1 1.1 1.1 1.2 1.2 [ 12
Estimated 100°C vis, 40 | 38 44 47 6.7 6.9 6.9
cSt**

Catalyst type

H bis(methylcyclopentadienyl)zirconium dichloride

I bis{ethylcyclopentadienyl)zirconium dichloride

J bis(n-butylcyclopentadienyl)zirconium dichloride

K bis(n-dodecylcyclopentadienyl)zirconium dichloride

L (methylcyclopentadienyl)(propylcyclopentadienyl)zirconinm dichloride
** Viscosity was calculated based on Mw determined by GPC using the
formula:

Kv@100°C in cSt = 0.13+0.005578*Mw + 1.37*'%5*(Mw)*

% product yield weight % = 100 (residual weight/ feed 1-decene weight )

Examples 18 through 26 were conducted generally as described above, with

additional experimental details provided in Table 3 below.
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Example 27 to 32. In this set of experiments, the reaction was carried out
by adding 180 gram of purified 1-decene and a catalyst solution, prepared by
dissolving 2.017 millimole methylalumoxane (1.17 gram of a 10wt% in toluene

5  solution) and 8.07 micromole of metallocene catalyst in 58 gram of toluene
solvent, into a 500 ml round bottom flask containing 180 gram purified 1-decene
heated to reaction temperature and equipped with stirrer and temperature
controller. The reaction mixture was maintained at proper reaction temperature.
After 4-10 hours, the reaction was quenched by addition of 3-ml isopropanol,

10  dilute HCI solution and washed with 5% NaOH solution. The organic layer was
separated and distilled under full vacuum to remove any C20 and lower
components. The C30 and higher components were then hydrogenated under
typical hydrogenation conditions using Nickel on Kieselguhr catalyst at 200°C,
800 psi hydrogen for 4-8 hours. After hydrogenation, the bromine number of the

15  samples were below 1. The composition of the product was then analyzed by gas
chromatograph equipped with 4 60 meter DB1 column (initial temperature,
70°C/0 minute, 10°C/minute to 320 °C). A typical gas chromatograph for the
CsoHg, componentof example 31 is shown in Figure 4. The major components A
and B were determined by comparison of the GC retention time to the known

20 compounds. Component A is believed to be produced by hydrogenation of the
olefin A" produced from simple 1,2-connections of each 1-decene molecule.
Component B is believed to be produced by hydrogenation of olefin B" produced
from a 1,1-connection during the chain termination process. The presence of

component B is unexpected from this type of chemistry.
25

The amount of Component B, 1,1-octyldocosane, is related to product
viscosity, as demonstrated in Table 4. In Table 4, the higher the lube viscosity,
the higher the amount of componenf B is in the 1-decene-trimer fraction. This is
quite unexpected from previously known chemistry. The presence of B is

30  beneficial for fluid property. For example, a C3;Hsy B compound, synthesized
independently from n-dodecyl aldehyde following a well-defined chemical
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reaction path as shown in Figure 5 (final product B C30H62, 11-octyldocosane},
has superior viscometrics and VI (Kv at 100°C = 3.38 ¢St, VI = 149), as compared
to the current low vis PAO of Kv at 100°C = 4.1 ¢St and VI='126 or the
synthesized C3p A with Kv at 100°C of 3.67 and VI =130.

Table 4. lube properties and amount of compound B in C30 component

Example no 27 28 29 30 31 32
catalyst type A B I F F F
Reaction temp., 50 100 70 126 100 70
°C .
Lube properties
KV100°C, cSt 8.14 [ 1029 13.81 15.86 37.56 126.27
KV40°C, cSt 438 | 56.73 85.04 100.57 284.04 | 1132.63
Viscosity Index 162 172 167 169 183 218
pour point, °C <-55 | <50 <-52 <-55 48 -33
Bromine number | 27.0 | 215 20.2 17.5 11.1 5.6
before
hydrogenation ‘
" | Bromine number 0 0 0 0.5 0 0
after
hydrogenation
Wi% B 3.6 49 4.9 8.4 113 14.6
component in
CsoHsg; fraction
Catalsyt type: :

A biscyclopentadienylzirconium dichloride

B dimethylsilylbis(cyclopentadienyl)zirconium dichloride

I bis(ethylcyclopentadienyl)zirconium dichloride

F rac-dimethylsilylbis(tetrahydroindenyl)zirconium dichloride

For high viscosity fluids, the quantitative presence of the 1,1-connection
can be determined by the proton NMR of the olefinic region before
hydrogenation. The olefinic carbons in component A" and B" have very different
chemical shifts (Figure 6). In the olefinic region, each olefin class resonates in a

characteristic region

assigned according to the table below:
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Olefin type Chemical shift range Number of protons
(ppm)
Vinyl 57-59 1
48-53 2
1,2-disubstituted 53-5.6 2 I
Trisubstituted 48-53 1
Vinylidene (1,1-disubstituted) 4.6-4.8 2

The total olefinic integral can be subdivided as described, and gives

quantitative concentrations for each olefin type.

Examples 33 to 35. Three poly-1-decene samples were prepared using

similar procedures as Example 31, except at different temperatures and the

. products were analyzed by proton NMR before hydrogenation. The olefin
distribution was determined as described above, and a typical olefinic region of a
proton NMR spectrum is shown in Figure 6. From this proton NMR analysis, we
calculated the mole% unhydrogenated B in total PAO product. After
hydrogenation, the B" will be converted to B component. The B component

varied with the product viscosities and higher viscosity fluid had higher amount of

component B in the end group (Table 5).
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Table 5. Amount of structure B" in poly-1-decene lube fluid by H-NMR

Example no. 33 34 35

Catalyst F F F

Reaction temp., °C 100 70 45

KV100°C, oS5t 35.13 150.39 497.01

KV40°C, cSt 254.27 1374.2 5174.28
7

Viscosity Index 187 224 278

Pour point, °C -44 -30 -22

Bromine No. before 11.1 4.8 2.3

 hydrogenation

Mole% of

component by H-

NMR

A" 78.9 66.2 41.2

B" 15.9 30.0 53.9

Others* 5.2 3.8 4.9

The product made in Example 32 was evaluated for EHL

(elastohydrodynamic lubrication) traction performance using a Mini-Traction
Machine (MTM) from PCS Instruments Ltd. This device uses a ball-on-plate
configuration in which each is driven independently in order to vary sliding and
rolling speeds. Under the varied sliding and rolling speeds, an EHL contact is
formed between the ball and plate thereby separating the surfaces. The separated

surfaces allow the lubricant shear effects to be measured, while temperature and

contact pressure are varied to produce a comprehensive map of the fluid's

behavior. As referenced in Figure 7, the traction coefficient is a ratio of the EHL

traction force measured to the normal force applied (F;/ F,). The results are

presented in Table L
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Table I
Pressure (GPa) 0.75 ' 1 - 1.25
At 80°C :
SpectraSyn 100 0.0151 0.0246 0.0308
SpectraSyn Ultra 150 0.013 0.0227 0.0299
Hydrogenated Example 32 PAO 0.0123 0.0222 0.0291
at 100 °C
SpectraSyn 100 0.0118 0.0201 | 0.0263
SpectraSyn Ultra 150 0.0111 0.0191 0.0256
Hydrogenated Example 32 PAO 0.0106 0.0187 0.025
At 120°C
SpectraSyn 100 0.0088 0.0149 0.0205
SpectraSyn Ultra 150 . 0.0084 0.0143 0.02
Hydrogenated Exaraple 32 PAO 0.0072 0.0129 0.0186 |

Figure 7 compares the traction coefficients of conventional PAO with 100
5 cStviscosity (at 100°C), SpectraSyn™ 100, a SpectraSyn Ultra™ 150 and

hydrogenated polyolefin of Example 32. As the data show, hydrogenated
Example 32 lube has 2 consistently lower traction coefficient over a wide range of
test pressure and temperature Lower traction coefficient is more desirable and is
advantageous for energy efficiency (Reference - Synthetic Basics, Benefits of

10 Synthetic Lubricants in Industrial Applications, W. R. Murphy, D. A. Blain, A. S.
Galiano-Roth, J. Synthetic Lubrication, Jan. 2002 (18) p.301).

Examples 36 to 41. This set of experiments was carried out in a
continuous reactor. These runs demonstrated the use of non-cordinating anion
(NCA) as activiator, high lube yields and or narrow molecular weight distribution.

15  1-Decene and toluene used in the runs were purified through a 5Angstrom
molecular sieve, The metallocene catalyst used was
dimethylsilylbis[tetrahydroindenyl]zircornium dimethyl, The activator used was
N,N-dimethylanilinium tetra(pentafluorophenyl)borate (labled as activator-A or
NCA-A). A catalyst solution was prepared by pre-mixing equal molar of

20  metallocene with the activator in toluene solution to give 0.8 micromole catalyst
per ml of solution. The experiments were conducted in a series dual-reactor

continuous solution process. Both of the reactors were 1-liter autoclave reactors.
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conversions and or lube yields. The residual oil was ther hydrogenated using 1
10  wt% Ni-on-Kieselguhr catalyst at 200°C, 800 psi (5.5MPa) hydrogen pressure for
4 hours. The bromine numbers for all samples after hydrogenation were much
below 1. The reaction conditions and the hydrogenated finished lube properties
are summarized in the following Table 6. This set of data demonstrates that a

wide range of viscosities can be produced at high productivities. Also, these data

15 show that a wide range of mm contents, ranging from 86% to 51%, can b¢

produced.
Carbon-13 NMR was used to determine the tacticity of the

polyalphaolefins of the present invention. Carbon-13 NMR can determine the

presence and quantity of triads present, denoted mm (meso, meso), mr (meso,

20  racemic) and T (racemic, racemic). Extensive runs of mm or mr triads correspond

to isotactic and syndiotactic polyalphaolefins, respectively. The tacticity of the

polydecene was examined by carbon-13 NMR. Spectra for these samples were

acquired in the following manner. The polymer samples were dissolved in

chloroform-d for carbon analysis. Approximately 10-15mg/m! of chromium

25  acetylacetonate relaxation agent, Cr(acac);, was added to the carbon samples to

enhance the data acquisition rate. Spectra were acquired using the 10mm
broadband probe on either the Varian INOVA 300 or the Varian UnityPlus 500,
with 8000-12000 scans acquired for each spectrum. Three carbon chemical shifts
in polydecene and polydodecene evidence tacticity dependence: the S, backbone
30  methylene, and the 8Bg and 7Bg methylenes (for decene) and the 10B1q and 9B
methylenes (for dodecene) on the short chain branches (SCBs). A peak
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deconvolution was performed on the 8B3 or 10B)g peaks, and assigned to
monomer stereochemical triads according to the paper by L. Kim, J.-M. Zhou, and
H. Chung, Journal of Polymer Science: Part A: Polymer Chemistry 38 (2000)
1687-1697. Figure 3 in the paper by Kim, et al. shows how the chemical shift
offset of the relevant branch methylene varies with branch length. Based on the
trends shown, we assumed that the dodecene- and decene-based SCBs were both
of sufficient length that the chemical shift assignments for the 8Bz and 10Byg
methylenes would be interchangeable. It also follows from this figure, that
copolymers of different alphaolefins will have spectra complicated by monomer
sequence effects. Furthermore, several of the samples are low M,, materials, and
contributions from chain end carbons overlap the region of interest. Where
possible, the end group resonances were identified, integrated. Thei1: contribution
to the peaks were removed from the analysis. The deconvolutions were executed
-with Acorn NMR Inc.’s NutsPro NMR data analysis software, using an 85/15
Lorentzian/Gaussian lineshape. The componént peaks were lumped together into
clusters according to the mm (~34.63-35.4 ppm), mr (~34.2-34.65 ppm}, and rr
(33.8-34.2 ppm) triad assignments, and fit by least-squares minimization to a
Bemoullian distribution. The probability of racemic addition, P, is the adjustable
parameter. The exact chemical shift offset cut points for the stereo triad regions
may vary somewhat as a function of solvent type, temperature, sample
concentration, and relaxation agent concentration. A typical spectrum of this
region was shown in Figure 8.

End group-related resonances appear in the 42-45 ppm and 35-36.5 ppm
regions. Visual inspection of low-Mn materials suggests that there are three endgroup
catbons contributing to the 8Bg or 10B,, region, with one carbon in each of the mm,
mr, and rr triad regions. As a first-order approximation to end group correction, the
end group resonances (where detected) in the 42-45 and 35-36.5 ppm regions were
integrated by deconvolution. The integral values so obtained were averaged and
subtracted from each of the mm, mr, and rr triad areas. In general, the quality of fit
improves upon such cotrection. The carbon-13 data is reported in Table 6 and is
reported in mole %. '
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Branch concentrations w&e also determined by NMR spectroscopy. The
characteristic shift ranges for the carbon spectra are methyl branch: 20-15 ppm, propyl
branch: 15-14.2 ppm, butyl and longer branches: 14.2-13 ppm, ethyl branches: 12-8
ppm. In the proton spectra, the methyl protons resonate upfield of 1 ppm, and signals

5  from different branch lengths can often be resolved sufficiently to allow quantification
by branch length. A typical spectrum of this region was shown in Figure 9. In the
carbon spectra, the integrals of the branch methyl signals can be divided by the total
spectral integral, and the result expressed in terms of branches per 1000 carbons. The
same holds true for the proton spectrum, although the integrals need to be corrected for

10 the proton multiplicity of the relevant carbon (e.g. CH, CH;, or CH;). Figure 9 shows
the methyl region of a decene carbon spectrum.
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Table 6. Reaction Conditions for Ex 36 to 41

DSC. 10 ng sanpl es
was heated at 10C/ m nutes to 150C and then cool ed down to -100C at 10C per

m nute. No§24@bplsshreat of nelting and crystallizati onpdumisemyseziedli ng was

Ex. No 36 37 38 39 40 41

Rxr Tem. (°C) 50 | 60 70 80 90 100
1-decene 40 40 40 40 40 40
'ml/min)

Cat rate (mol/ 2.39E- | 2.39B- | 3.73E- | 3.73B- | 3.73E- | 3.73E-
min) 06 06 06 06 06 06
TNOA (moV/ 1.57B- | 7.57B- | 9.10E- | 9.10E- | 9.10E- | 9.10E-
min) 10 10 10 10 10 10
Yield (g/min) 21.9 2414 | 2543 | 28.04 | 29.19 na
Conversion, wt%} 73.27 | 80.76 | 85.08 | 93.84 | §7.67 na
Productivity g- | 2.19E+ | 2.41E+ | 1.63E+ | 1.80B+ | 1.87E+ na
lube/g cat. 04 04 04 04 04

KV at 100°C, ¢St|. 295.21 | 169.07 | 79.49 26.54 14.89 11.2
KV at40°C,cSt | 30023 | 1618 696.8 | 197.2 99.7 70.4
Viscosity Index 249 225 197 169 155 150
Pour point, °C -30 -30 -33 -48 -52 -57
Bromine number | 0.09 0.05 0.00 0.00 0.05 0.22
after

hydrogenation I

Mw 10732 | 7579 | 4823 2586 1760 1493
Mw/Mn 1.758 | 1.671 1.516 1.317 | 1.161 1.14
Tacticity by C13 NMR, in mole %

mm 86 86 76. 69 | 62 51
mr 1 13 14 22 28 33 41
T 1 0.1 2 3 1 8
Pr 0.07 0.07 0.13 0.17 0.21 0.26
Ratioofmmmr | 66 | 6.1 3.5 2.5 1.9 1.2
CH3 per 1000 Carbons Measured by C13-NMR

_

1.9

27 | 35 |

81 [ 13.0 | 162

The Example 36 and Example 37 products were subjected to a tapered

roller bearing shear test (CEC L-435-T/C), a severe viscosity shear stability test, for

20 hours. At the end of the test, the Example 36 fluid lost only 0.77% of its
original viscosity. The Example 37 fluid lost -0.20% of its original viscosity.
This viscosity change is well within the experimental error of viscosity
measurement. Such outstanding shear is not known for other fluids of similar

viscosity range. This property can be significant for many high performance
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application, such as in the formulation of automotive engine, industrial, gear oils

and grease formulation, etc.

Example 42 demonstrates the use of the dihalide form of a metallocene

catalyst with an NCA activator. The metallocene used was catalyst F. A reaction

flask containing containing 50 gram purified 1-decene and 31.74 mg tri-
siobutylaluminum (TIBA) was heated to 30°C. To this flask a catalyst solution
containing 0.912 mg F catalyst and 0.801 mg activator-A in 20 m! toluene was

added. After 20 hours of reaction at this temperature, 2 ml isopropanol was

added. The reaction mixture was worked up by water wash. The product was
distilled at 160°C/1 mm-Hg vacuum to remove any light ends. The residual lube

oil properties are sumimarized in Table 7. Examples 43 to 46 are similar to

Example 42 except at different reaction temperature. Example 47 is similar to

Examples 42, except catalyst I was the metallocene used.

Table 7. -1-Decene polymerization by metallocene and NCA activator-A

_ |Example No. 42 43 44 45 46 47
Reaction Temp, C 30-40 [ 30-65 70 120 140 70
Solution weight in reactor
1-decene, grams 50 50 50 50 50 50
TIBA, mg 31.74 63.6 .| 63.6 63.6 63.6 63.6
Toluene, grams 0 0 20 20 20 20
Metallocene, mg 0912 [ 0912 | 0954 | 0.918 0.912 | 0.697
NCA-A activator, mg 0.801 | 3.205 | 3.205 3.205 | 3.205 | 3.205

wt% Selectivity to 95.7 97.0 96.2 80.6 73.0 94.0
Lube
KV at 100°C, cSt 1095.2 194.61] 72.53 8.43 6.2 40.08
Viscosity Index 310 226 191 151 145 167
Pour Point,°C -28 -38 <-56
Mw 25151 | 9094 4718 1358
Mw/Mn 2.05 2.04 1.62 1.22

These Examples 42 to 46 demonstrate that high quality lube can be produced in
high yields. The lubes have high VI and very narrow Mw/Mn. Also, high
selectivity to lube can be obtained with these catalysts.
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For Example 48 and 49 in Table 8, the metallocene was catalyst F. For Example
50 in Table 8 the metallocene was catalyst L

Table 8. 1-Decene reaction over metallocene and activator-B as activator

[Example No. 48 49 50
Reaction Temp, C 70 140 70
Solution weight in reactor

1-decene, grams 50 50 50
TIBA, mg 65 65 65
Toluene, grams 20 20 20
Metallocene, mg 0.456 | 0.456 0.348
NCA activator, mg 0922 | 0.922 0.922
wit% Selectivity to Lube 99.4 69.1 93.6
Kinematic Viscosity at 83.71 6.76 | 39.03
100°C, cSt

Viscosity Index 194 162 170

Examples 51 to 63 in Table 9 demonstrate that other metallocene catalysts
activated with MAO or NCA activators can produce high quality fluids in high
yields. The procedures for these examples were similar to Examples 27 to 32
when MAO was the activator or similar to Example 42 when NCA was used as
activator. [Note — these samples were not hydrogenated.] Examples 51 to 56
demonstrate that a wide range of catalysts can be used o produce polymers with
high degree of mm triads. These catalysts include the racemic catalysts including
Catalysts F, E, and T; and highly susbstituted catalyst U. Examples 59 to 62
demonstrate that using meso type catalysts with no hydrogen produces fluids with
lower degree of mm triads ( e.g. less than 40%) and bromine number of up to 6
before hydrogenation. This is unexpected when compared to US6706828.
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Table 9. Polymer fluids from 1-decene by different metallocene catalysts —

reaction conditions, results, product properties and tacticity analysis.

Mole% analyzed by C13-}
Ex.no. |[Cata| Reaction % Kv@| VI |Pour | Br. | mm fmr |rr |Pr mm
lyst*| temp. °C | Selectivity | 100 point, | No**, T
to lube |°C, ¢S °C
51 F 50 96 2952249 |-30 | 28 | 87 |5 [9 |00 |1
. L 5
52 E 50 100 1028.{306 |-19 | 0.8 | 98 [2 |0 (0.0
96 1
53 E 75 94 368.0( 252 [ na 05 | 8 |16 |1 [0.0
5 9
54 E 100 74 9261200 (-39 | 43 | 65 |31 [4 |02
55 E 125 48 4194|187 [ -50 | 105 | 64 [32 [ 4 |02
56 M 70 95 3205|170 | na | 102 | 42 |46 |13 |03
-l | 6
57 T 70 88 3044. (165 | na [ na | 88 [12 [ 4 |0.0
88 ' [ | 6
58 U 70 99 1016|193 [ -38 | 39 | 31 |49 |2 |04 | ]
7 4
59 \% 70 | 99 2339.|354 | na na | 34 [49 |17 [04
-} 93 . 1
60 W*¥| 50 99 3758.|380 [ na | na | 34 [49 |17 |04
* 42 1
61 W 50 99 1383.]323 | -27 na 34 149 |17 04
62 2
62 W 70 98 8613|296 [-30 | na | 33 |49 |18 |04
4 3
63 W 125 76 11771206 | 41 | 5.7 | 34 |49 |17 |04
‘ 2 2
*Catalyst type

T Rac-dimethylsilylbis(2-methylindenyl)ZrC12
5 U Bis(tetramethylcyclopentadienyl)ZrCI2
\% meso—d1methyls1lylbls(Z-meﬂlylmdenyl)ZrCIZ
W meso-ethylenebis(indenyl)ZrCl12
** The samples in this Table were not hydrogenated and the Bromine numbers
were measured before hydrogenation.
10  *** NCA activator A was used.

Examples 64 to 69 demonstrate the advantages of hydrogenation of the
polyalpha-olefins produced from the polymerization step. In this hydrogenation
reaction, the Example 52 polyalpha-olefin was charged into an autoclave together

15 with 3 wi% of a Ni (~60%) on Kieselguhr hydrogenation catalyst, purged with
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hydrogen to remove air and pressurized with hydrogen to 800 psi (5.5MPa) and
heated to 250°C with agitation. The sample was allowed to hydrogenated for
different period of reaction time. All the hydrogenated samples have bromine
number less than 0.5. Qther properties of the fluids are summarized in Table 10.
5  These data demonstrate that post-polymerization hydrogenation not only reduces

the bromine number to below 1, but also we can produce polyalpha-olefins with
26 to 95 mole% of mm triads. Furthermore, comparing the DSC of the
hydrogenated samples versus the unhydrogenated sample, the hydrogenated
samples had reduced heat of of melting (AHm, j/g) and heat of crystallization

10 (AHc, j/g). Hydrogenation of the sample can reduce the heat of melting and
crystallization as shown in Table 10.

Table 10.
Example No. 52 64 65 66 67 68 69
' Starting i |
time, hrs PAQ 1 2 4 7 12 24
Mole% diads by C13-NMR
mm 98 95 72 57 45 | 36 26
mr 2 3 15 20 41 38 47
I 0 3 13 22 14 | 27 | 26
Pr 0.01 002 {013 ] 021 | 033 | 043 | 0.5
Mole % mm [
change 0 3 26 41 53 62 72
DSC
. 21.5 | 139 | 2.05
AHm, j/g 25,01 [22.69| 8 8 1 0 0
156 | 18.1 | 1.68
AHc, j/g 1994 (2138 8 3 3 0 0
%Hm decrease 0.0 93 |13.7 1441 | 91.8 | 100 | 100
15 DSC (Differential scanning calorimetry) was measured using a Perkin

Elmer DSC. 10 mg samples was heated at 10°C/minutes to 150°C and then
cooled down to -100°C at 10°C per minute. The total heat of melting and
crystallization during cooling was measured by integrating the heat corresponding
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82 of Table 13) without any hydrogen. Table 13. Exanple no Reaction Kv@ 100

-94 .-

to the melting and crystallization peak using the standard software provided by
Perkin Elmer.

Example 70 to 74 were carried out similarly to Ex. 31, except 1-hexene
5 wasused in each experiment. The amounts of catalyst and activators used,
together with product properties are summarized in Table 11. This set of
examples demonstrated that other alpha-olefins can be used to produce high

quality fluids.
10 Table 11.

Example 70 71 72 73 74
temperature, °C 45 70 100 125 170
reaction time, hr 22 20 21 21 24

s hexene feed 91 90 90 90 %%
grams of MAO 0.117 | 0.0585 | 0.0585 | 0.0585 | 0.0585
solution
molar ratio Al/Zr 300 250 250 250 250
KV100°C, ¢St 1535.53 | 564.63 | 75.09 24.3 8.64
KV40°C, ¢St 42368.3 |12822.88| 1086.46 | 253.28 | 59.27
Viscosity Index 239 198 132 112 108
pour point, °C
Wt% Conversion 93 92 88 87 na

Examples 75 to 78 in Table 12 are similar to Example 42 to 46, except 1-
hexene was used as starting material. These experiments demonstrated that 1-
hexene can be polymerized into high quality fluids using metallocene and NCA

15  activators and trialkylaluminum compounds as co-activator.
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Example 75 76 77 78
Reaction
Temperature, °C 31 80 100 120
Conversion, wt% 80.4 93.5 86.5 49.1
Lube Properties
KV100°C, ¢St 269.21 | 53.57 | 25.78 | 12.02
4900.2
KV40°C, cSt 6 661.38 | 269.58 | 96.66
Viscosity Index 176 132 115 [ 105
‘Pour Point,oC -24 -40 -32 -43
Mn 2519 1613 1211 912
Mw/Mn 3.025 | 1.667 | 1315 | 1.287
Mole% Olefin Types in Unhydrogenated Polyalpha-Olefins
Vinyledene 67.4 71.4 72.3 72.2
1,2-disubstituted 15.7 116 | 88 5
tri-substituted 169 | 17 18.9 22.8
vinyl 0 0 0 | 0

Using catalyst E (rac-ethylenebis(indenyt) ZrC12) at different reaction
temperature and similar reaction procedures, we obtained products with usefut
5 100°C viscosities ranging from 42 cSt to 1029 cSt (Examples 79 to 82 of Table

13) without any hydrogen.
Table 13.
Example no Reaction Kv@100| Kv@40 | VI [Pour mm [mw [ | P
Temp., | °C,cS | °C, ¢S L point,
°C °C
79 50 102896 12399 |306 | -19 1098 [0.02 | O |0
80 75 368.05 |4009.3 | 252 na [0.83 [0.16 [0.01 0.
81 100 92.61 (84229 (200 | -39 10.65 031 [0.04 |0
82 125 | 4194 (31673 | 187 | -50 |0.64 [0.32 |0.04 | O
10 The product composition produced in this invention is different from the

compositions produced in US6706828 and WO 02/14384. Our invention using
metallocene catalysts with MAO or NCA activator optionally with co-activators in
low or no hydrogen (usually less than 200 psi hydrogen preferably less than 50 psi
or no hydrogen) during the polymerization step. In contrast, US6706828 and WO
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4009.3 - 252 na 0.83 0.16 0.01 0.1 81 100 92.61 842.29 200 -39 0.65 0.31
0.04 0 82 125 41.94 316.73 187 -50 0.64 0.32 0.04 0 10The product
conposition produced in this invention is different fromthe conpositions
produced in US6706828 and WD 02/14384. Qur invention u&@g net al | ocene
catal yst s WR iM7AM&%r NCA activator optionally with coPQBUFPA/GIFLin | ow or
no hydrogen (usually | ess than 200 psi hydrogen preferably | ess than 50 psi
or no hydrogen) during the polynerization step. In contrast, US6706828 and
WO - 96 - 02/14384 produced products from nesa catal ysts in the presence
of hydrogen, as -96 -
02/14384 produced products from meso catalysts in the presence of hydrogen, as
reported in Example D of US 6,706,828 or Example J and K in WO 021484,
Figure 1 compares the bromine number of potymers produced in our invention vs
Examples 1, 2, 8, 9, 10, 11, and 12 of US 6,706,828,
5 In Comparative example 1, the reaction was conducted in the presence of
200 psi hydrogen and catalyst T (rac-dimethylsilylbis(2-methy-1-
lindenyl)zirconium dichloride, similar to Example D of US6706828. The results
are surnmarized in Table 12. The polyalpha-olefin sample was analyzed for the Z
mole% of B components in C30 fraction. The amount of this Z mole% was
10  plotted in Figure 2. !
Comparative Examples 2 and 3 were similar to Comparative Example 1,
except the reaction hydrogen pressure was 100 and 50 psi. The polyalpha-olefin
sample was then analyzed for the mole% of B components in C30 fraction.
Comparative Example 4 was similar to Comparative Example 1, except the
15  reaction was carried out at 110°C.

Table 12. Comparative Examples using rac-dnnethylszlyl—b1s(2-
methylindenyl)zirconiumdichloride
Comparative Comparatlve Comparative Comparative

20

Example]l  Example2 Example3 Example 4
Temperature, °C 100 100 100 110
Hydrogen pressure, 200 100 50 200
psi
KV@100C, cSt 89.5 466.2 598.01 59.10
% B in C30 fraction 5.7 43 | 2.2 1.5
CHj; per 1000 C by 14.2 2.7 2.5 na
C13 NMR
Viscosity Index 194 266 281
Pour Point, °C -36 -21 -21

The amount of B mole% for the Comparative Examples 1-4 versus the
amount of B mole% by Examples 27 to 35 is plotted in Figure 2.

Also, the amount of isolated CHj attached to a tertiary CH was analyzed
by Carbon 13 NMR method and are summarized in Table 12. Figure 10 compares
the amount of CHj; per 1000 Carbons of the Comparative Examples 1 to 3
produced in the presence of hydrogen during potymerization to the CH per 1000
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reported in Exanple D of US 6,706,828 or Exanple | and K in WD 021484.
Figure 1 conpares the brom ne nunber of polyners produced in our invention
vs Exanples 1, 2, 8, 9, 10, 11, and 12 of US 6, 706,828. 5In Conparative
exanple 1, the reaction was conducted in the presence of 200 psi_hydrogen
and cat al Y& 29714 i net hyl si |yl bi s(2- et hy- 1- |inde’ﬁ9¥6§?’r"&‘g‘ﬁﬂ3&n
dichloride, simlar to Exanple D of US6706828. The results are sunmari zed
in Tabl e 12. The pol yal pha-ol efin sanple was anal yzed for the Z nole% of B
conmponents in C30 fraction. The amount of this Z mole% was 10 plotted in
Fi gure 2. Conparative Exanples 2¢@nd 3 were simlar to Conparative
Exanpl e 1, except the reaction hydrogen pressure was 100 and 50 psi. The

pol yal pha- ' t &ﬁ&gﬂ Q : nponents in
C30 fractig’n“?‘;‘;&%ﬁ%@% oéﬁﬁ%&gaiwas &W%éegﬁ 5& %ﬁg‘é’g{aﬁp%@ﬂaaml e 1,
except the This graphodléanly shows that the edmpoesitiont ofi Etithpldsedd to 41 haveGangiar at i ve
Exanpl es usi ng rac-di net hyl si |yl -bis(2- nethylinden I rconi undi chl ori de
Conpar ativ§°&%§hﬂms%nwgpﬁafvés'c_§ﬁ‘b‘&?r WM@%’W@WHMW& C
100100 100,a0ckfhgbdt0 SRNuBE S0P, ot n8RAP cflc iR HERQRC, cSU 895
466.2 598.01 59.710 %B in C30 fraction 5.7 4.3 2.2 7.5 CH3 per 1000 C by

C13 NVR514.C30p162 withgut extra methyl group (Compound B) has better viscometrics,
especially VI, than trimers in current PAO which has extra short chain branches.

Furthermore, less CH; branches imply less tertiary hydrogen in the hydrocarbon
structure., This tertiary hydrogen is more susceptible toward oxidative degration.
This implies that compositions with less CH; branches and less tertiary hydrogen
10 are less susceptible to oxidative degradation.
Table 13 shows that the types of unsaturation from Comparative Example
4 are very different from the types of unsaturations produced from Example 33 or
76. In Comparative Example 4 which used 200 psi hydrogen, 52% of the
unsaturated double bonds were tri-substituted olefins. In contrast, in Example 33
15  or 76, where no hydrogen was added to the reactor, only 10 to 17% of the
unsaturation double bonds are tri-substituted olefins by either MAO or NCA as

co-activator.

Table 13. Comparison of unsaturation types.

Cotnparative Example 33 Example 76
Example 4
KV at 100°C, cSt 59.10 35.1 53.57
Mole% trisubstittued olefins 52 10 17.0
Mole% vinylidene 41 71 71.4
Mole% 1,2-disubstituted olefins 7 19 | 11.6

20
In preferred embodiments, the polyalpha-olefins produced herein have
higher bromine numbers, the amount of tri-substituted olefins are significantly
lower than prior art, and/or the amount of vinylidene + 1,2-disubstituted olefins
are higher. In further preferred embodiments the PAQ's produced herein have
25  higher amounts of B” structures believed to be formed from head-to-head
connection in the polymer product. 3. In further preferred embodiments the



na Viscosity Index 194 266 281 Pour Point, C-36 -21 -21 The
anount of B nole% for the Conparative Exanples 1-4 versus the 20 anount of
B nol e% by Exanples 27 to 35 is plotted in Figure 2. Al so, the anount
of isolated CH3 attached to a tertiary CH was anal yzed by Carbon 13 NWR

met hod anwoawer/@uspari zed in Table 12. Figure 10 conpdM@sUR2MS03R8Lnt of CH3
per 1000 Carbons of the Conparative Exanples Ito 3 produced in the presence
of hydrogen during polynerization to the CH3 per 1000 - 97 - Carbons of
Exanples 36 to 41 produced wi thout hydrogen during polynerization. This
graph clearly shows that the conpositiogs. of Exanples 36 to 41 have much

| ower methyl groups per 1000 Carbons. A | ower anmount of nethyl groups is

advant ageo 0 _the tube.properties,,as we have s rljer that the
trimer 5 c@#@%%@%@?ﬁéﬁ'ﬁ‘% ok 5‘&5“?‘%6‘%%%&?‘ as" bet t er

Vi sconmet i CsprefRfrBPehbddindents thelHIaD!s pradided hemintiavé BipheriAleWofEY has extra
short chain branches. Furthernore, |ess CH3 branches %F%%Bl ess tertiary

hydr ogen i rfopnd byheaditashend cogngction.Flis isipdicateddyyt the high en is nore
ceptible g;ﬂdal' gﬁi%k i & d hi&shith@kd itions with
Fggs ?:HIS br?%ﬂqgg estlslé/?[grt a%?%ﬁrr%g%ﬁd adrlgsaFess sﬁ%@gﬁts: b: e fow

oxi dati Ve defghelBfasthoture.Tabl e 13 shows that the types of unsaturation from
Conparative Exanple 4 are.v different. fromihe types of unsaturations
produced from Erxﬂ‘ﬁfﬁW%%@%HCF#%EHWSWMVB{%?%P%E@ @ hi ch used 200 psi
hydrogen, Sidrdpendtidf s foHeRioQ tHE QU118 b Bkis BBty ipracibiBtoifhrdiepd Ol efi ns.
I n contraststzyi n Ex,arrptlég@g3 15 or 76, V\he?gpno hydrgté)gan was added to the

reactor, onimprayg el bessagtenk prapertyh osften hydrpgmation, Bieexponles abgve bed - subst i t ut ed
o i 1 0 ol e RS S e R TP 200,
100C, cH SQorhfhraive Examples, even when the same polymerization catalysts were used.

In our examples, we preferred to hydrogenate the sample after the polymerization.

During this hydrogentation step, a we can tailor the mole% of mm content in the

polymer. By selection of hydrogenation condition, we can maintain the same

mole% of mm content or we can reduce the mole% mm content to significantly

15  below 40.
Exmaples 90, 91 and 92 illustrate the presence of a minor amount of
ethylene in the polymerization. The procedure, catalyst, activator, and reaction

conditions were the same as for Example 46, except that ethylene was present.



53.57 Mol e% trisubstittued olefins 52 10 17.0 Mol e% vinylidene 41 71 714
Mol e% 1, 2-di substituted olefins 7 19 .11.6 20 In preferred
enbodi ments, the pol yal pha-ol efi ns produced herein have hi gher brom ne
nunbers, the anobunt of tri-substituted olefins are significantly |ower than
prior artWoaepd145%he anount of vinylidene + 1, 2-di sub%@TWi?ﬂ"éﬁépzéi’éfi ns are
hi gher. In further preferred enbodi nents the PAO s produced herein have 25
hi gher amounts of B" structures believed to be formed from head-t o-head
connection in the polymer product. 3. In further preferred enbodi nents the
- 98 - PAO s produced herein have high ggpol e% of mm content (>40%. In
further preferred enbodi nents the PAO s produced herein have hi gher nol e%
of B" formed by head-to-head connection. This is indicated by the higher
C30- B conponent by GC or the un-expected higher nole% of the di-substituted
olefins 5 DExINg B structure. Thege sy uctralgydi ffleregges for the

L NG, : :

ol yal pha- otetHms—Terstst—after—hydrogermqtTop_step{s) -t o Teno the doubl e
b y y (5] K(f
5. k—pir operty.

bond, as i 0] qr%(ﬁ further i np Qe ubcsobac st
Aft er hydr odelecenedeed rotaémbmimipl es above had40.0er | ar\it of #8600 atled CH3
per 1000 caEdofee feedtite (gaidurdeliter gehan t he 10 Conpprati ve Bxanpl es,| even
when t he sa;mmﬂgl ymerization catal ysts were guged. | | ngQur gxargdses, | we
preferred g RYRTRGCINEEF Contbiraton TBedTate! [ €1| (he polymerrzatijon.  Durijng this
hydrogent at g Iléfn?.p, a we can tailor the |mpheingl| MAadEGE qnb.308 06 he

pol ynmer. By tiomof hydrogenatton—can TV MeL gt he same
nmol €% of mmn? Mﬁwﬁ ! té!"1 ghificantly

15 bel ow 40 Yield (g/midmapl es 90, 91 and 92 |il 128 rale 29,6 E)reséi@'ég of a mnor
anount of eCaytésien (%) t he pol ynmeri zation.| Thegprofeduz, datalggst,

activator. (SR EEAEIL SEFPIEhOT™ TeTe UNERATE bs REGEToTRIEAEC, oXcp
1.15 1.5

90 91 92 PoMmEEImAl i on ferperature () | 115 | 152 | 157
Mw (kg/mol) 1.31 2.00 1.70
Mw/Mn 1.14 132 1.09 |
Wi% C2 in feed 3.63 0.21 6.87
Kv at 100 °C, cSt 11.67 22.81 15.58
Ky at 40 °C, ¢St 69.94 150.44 101.19
viscosity index 151 166 153

All documents described herein are incorporated by reference herein,
including any priority documents and/or testing procedures, except to the extent
5 they are inconsistent with this specification. As is apparent from the foregoing
general description and the specific embodiments, while forms of the invention
have been illustrated and described, various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the invention be limited thereby.
10



80 80 80 1-decene feed rate (m/mn) 40.00 40.00 40.00 Ethyl ene feed
rate (standard liter per mnute) 0.18 0.01 0.35 Catal yst/activator
conbination feed rate (nol/mn) 3.73E-06 2. 39E-06 2. 39E-06 TNQA feed
rate (mol/mn) 9.10E-10 9. 10E-10 9. 10E-10 Yield (Wrin) 29.5 29.0 30.5
Conversion (% 98 97 100 Productivity (g lube/g catalyst) . 1.89E+04
2. 90E+04 3. 05E+04 Mh (kg/nol) 1.15

- 100 -
CLAIMS: _
1. A polyalpha-olefin comprising more than 50 mole % of one or more C5 to

C24 alpha-olefin monomers where the polyalpha-olefin has:

a) 40 mole % or more of mm triads, measured by 3C NMR

b) a pour point of less than 0°C, as measured by ASTM D97

¢) a Bromine number measured by ASTM D1159 of Y or greater, where Y is
equal to 89.92 * (V)'0'5863, and

d) 1,2 disubstituted olefins present at 7 mole % or more, or at Z mole % or
more, where 7 = 8.420%Log(V)-4.048, where V is the kinematic viscosity measured
by ASTM D 445 of the polyalpha-olefin measured at 100°C in ¢St, and wherein the

1,2 disubstituted olefins are represented by the formula:

where the olefinic 1,2-disubstituted carbons are positioned at Ca and Cb or
occasionally at Cb and Cc¢, where j, k and m are each, independently, 3, 4, 5, 6, 7,
8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22, and where n is an integer
from 1 to 350.

2. A polyalpha-olefin comprising more than 50 mole % of one or more C5 to
C24 alpha-olefin monomers where the polyalpha-olefin has

a) 40 mole % or more of mm triads,

b) a pour point of less than 0°C,

¢) a Bromine number of 1.8 or less, and

d) comprises Z mole % or more of units represented by the formula:



1.52 1.57 Mv (kg/nol) 1.31 2.00 1.70 MM Vn 1.14 1.32 1.09 W% C2 in
feed 3.63 0.21 6.87 Kv at 100 C, cSt 11.67 22.81 15.58 Kv at 40 C

cSt 69.94 1150.44 101.19 viscosity index 151 166 153 All docunents
descri bed herein are incorporated by reference herein, including any
priority docunents and/or testing progggdures, except to the extent 5
they are inconsistent with this specification. As is apparent from
the foregoing general description and the specific enbodi nents, while

forns of the invention hale been illustrated and descri bed, various
nodi fications can be made|w t hout departing fromthe spirit and scope
of the invention. Accordipgly, it fs not irXended that the invention

be limted thereby. 10

where j, k and m are each, independently, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, or 22, n is an integer from 1 to 350, and

where Z = 8.420*Log(V)-4.048, where V is the kinematic viscosity of the
polyalpha-olefin measured at 100°C in ¢St.

3. The polyalpha-olefin according to claim 1 or 2 wherein the polyalpha-
olefin has an Mw/Mn of greater than 1 to 3.5, preferably of greater than 1 to 2.5.

4. The polyalpha-olefin according to any preceding claim wherein the
polyalpha-olefin has a Kinematic viscosity V at 100°C of from 1.5 to 5,000 cSt,
preferably from 2 to 3,000 cSt, and more preferably from 3 to 1,000 c5t.

5. The polyalpha-olefin according to any preceding claim wherein the
polyalpha-olefin has a Kinematic viscosity at 40°C of from 4 to 100,000 cSt,
preferably from 6 to 50,000 cSt, and more preferably from 10 to 30,000 cSt.

6. The polyalpha-olefin according to any preceding claim wherein the
polyalpha-olefin has a Viscosity Index of 100 or more, preferably of 120 or more,

more preferably of 130 or more, and even more preferably between 120 and 450.

7. The polyalpha-olefin according to any preceding claim wherein the
polyalpha-olefin has a pour point of -10°C or less, preferably -15°C or less, more
preferably -30°C or less, and optionally of at least -80°C, preferably at least -70°C.



- 100 - CLAIMS: 1. A polyal pha-olefin conprising nore than 50 nole %
of one or nore C5 to C24 al pha-ol efin nononmers where the

pol yal pha-ol efi n has: a) 40 nole %or nore of mmtri ads,
measured by 13C NMR b) a pour point of less than 0C, as neasured by
ASTM D97 c) a Brom ne nunber ured by ASTM.D1159 of Y or
greater, where Y is equal to 89.92 *n?@ 0. 5863, and d 1,2

di substituted olefins present at 7 nole %or nore, or at Z nole %or

more, wheregZ = ﬁuﬂ;;’di’y Mifid aObRdinp e a8y ebéﬂlﬁé\ﬁaﬂﬁ KRR the
viscosity neasured b TM D 445 of tThe poly -olefin neasured at

00 n Y ot polsaipfplbe ha & Weicht avagamelaItn uti ot GETORGOR EANG! of less,

r epr esent ed S i ed
carbons ar €’ t%%éhw?)ﬁie)d atlﬁﬁé’%ﬁ’d%@g@rré E%gegélﬁ%na?ﬁy&a@’@g %ﬁg’ %{-}
where j, k mott prefrdleelise toad@oondast |y, 3, 4, 5 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22, and where n is an
integer froml to 350 2. A pol yal pha-ol efin conprising nore than 50 -.
nol e % of e org lefh

pol yal pha- ol 'ef i n s @é&eﬁ?éc%r@?@}%%@bl@c gg[ﬁgggn&%e gtl pour

poi nt of | empepylhemaitutene momemers A presehbat lesd thangl wmghe%s and d)
conprises Z nole %or nore of units represented by the fornula: 101
where j, k and m are each, independently, 3, 4, 5 6, 7, 8, 9, 10,
11, 12, 13,104, M polfaipHatolefil acdddding o amlprecudinPclaifn wheralthd zﬂﬁmer
from1 to 350, and where Z = 8, 420*Lo &1 4.048, where \{ is t

i nemat i o veIsERFIONYMES haniResHiol 4l GHRRTGRENS Are ABsSeal 5 AHOISHOE IR o 5t
3. The poly.

pol yal phaol e ﬁ‘jfg %%;gkgéndﬁ v?ﬂﬂgwg{rog%ﬁgr?érfﬁﬁgﬁpgo l%owaﬁlgrrete?@ena% r)? of
gr eat er t hapreferabdy 2t &) moke% Thmorse ystanherepreferablyrat 80 carlefiorog mage.any
precedi ng cl ai m wherein the pol yal pha-ol efin has a Kinematic
viscosity V at 100C of from1l.5 to 5,000 cSt, preferably from2 to
3,000 cSt, and nPheuserofiier pliyalpia-olefia at@r&n@&lﬂa@&hrecedﬁlg clhien, either

Dol yal bha: ohbtielr & Vicndhile v ARSPLTGE Ty high Reterbates Biods
100, 000 cStgy Og%eﬂé@foaﬁhm&ﬁqmaﬁ 1&&155&1 B GoeRllatiodNEh IBrorRl &f&r abl y
from10 to 30,000 cSt . Th pha-ol efin accordlngllto any

precedi ng cmlmtvmpreamblswbst%yﬁharﬁ%rlelleﬂl,rmﬁa)gcéﬂ-\ﬁi%@ ubg ha&mex of
100 or noreg f.er ly of 130 or
nore, and e\/t(e)‘%g§rll)a(rﬁelﬂ"lipu agpg%%p lgse?é\.g‘yeﬁen (ﬂ.rae%%;g@7 The

pol yal pha-ol efin according to any pr eced| ng cI ai m wherein the

pol yal pha-olefin .a_pour point of | es r fera

Posar hore. et ofdis nbheRig oSventions Bhes ik s Pt okdg ™

preferably Qdcol'cﬁﬁ?étoan?/%e of 3@#ns 8to The pol yal pha-ol efin according to
any preceding clalmwherein the polyal pha-ol efin has a wei ght average
nol ecul ar wei ght of 100,000 g/ nol or less, preferably of 100 to

100, 000 g/ r ARLE

pr ef er abl yrrgjf SQ%I{%%&E% ogﬁré@dc)éa °! .ataﬁ%%%z{a%eh%pﬁinolcg%%caccoﬁdl ng
to any pr ec@dlﬂagompa!itm\/\here et hyI ene, propyl ene and butene nononers

are present aj,.l t I

according to gﬂygcgiaé%g i ng {zﬁg%fe Cfesr&é’%%'hcoyﬁlsﬁlggfé%egy no'r?g?ﬁsn

havi ng 5 t omddomar iavinga$ @Bt @rkorpateme miithod mEEIIﬂMe%telystrm@ound and
referably at 60 nol e% or re preferably a nol e% or .nore,

AR R R S R T AW A R Y S

mol €% Or Mg &hditioks whEREn E&%IISH&-(S 1Bfn an»saiepmn@ etd ™ aRbe slbMgid 0 any

preceding claim either by itself or by blending with another fluid,

in a high ppresentahhlrolnmedor moee, bagpdwonithe totst welpeeiodithe i n an
industrial oil fornulation, in a personal care application, or as
bl end stock with a O I, II, IIl, Ill+ or GIL derived |ube base stock




12. A lubricant conprising a conventional base stock and the

pol yal pha-ol efin according to any one of clains 1 to 10. 13. A
process to produce a polyal pha-olefin according to any one of clains
1 to 10, conprising: (1) contacting in a reactor a feed stream
conprising at | east one al pha-olefin oner having 5 to 24 carbon
atons with a netall ocene catal yst congg nd and an activator, and
optional Iy an al kyl -al um num conpound, under polynerization

condi tions mazWa@anr/&I - §61hﬂomﬂﬁia%{er§1 AMd By &méats%ﬁ ssl%l%an
atoms is preseht at 10 volume % or nore, baséd upon the total vol ume
of the 103pmauﬁMy§mkamimwahGEbEo activator solution, nononers, and
any diluents or Ive sent the t

t he nmetal | ocene taI tm al?oge%c? ?‘%ﬁﬁ% 3 ﬁ&é d?gl%bsgﬂgé;ae%#%%bqut?é
cycl opent adgRidfentad 9N ddeayl drlfuﬂfaﬂ?ybozﬁpémunﬁ,acﬁ%ragh ng@tor is a
non- coordi nating anion activator and the feed stream conprises |ess

than 300 ppfRednAtREFRR arfivains ead Hiefge BiraBLAoMRPrisy less than 30Q ppm of e
met al | oceney, Ngr i f present, is present at a
partial pr esésér% g[fgafﬁ%}%\g Em?g%% psia) or |ess; and (2) obtaining
a pol yal pha- ol ef {ij) hathengetalldceneisatdorniv pand bpdrogeraif @, of prosedoat a St
or | ess. 14.The proces ri ta cl |m13 further conprising

(3) opti onaPT?akﬁgﬂfﬁm%@g?Bﬂgp %l&$5 #1% o reduce het er oat om
contai ni ng CO(H)OUBldﬁungoig YalbBa-6RIth HaVinp @ Kihdniatichesdayiely RJ00RE bPN
catalyst, to less than 600 ppm preferably to 100 ppmor |ess, and
more pref er 4900 cSter 1885 ppm or | ess,  (4) optional |y separating the
pol yal pha-ol efins from sol vents or diluents, and when this separation

is done by distillation, optionally further remove any light reaction
product froi®.C18Tbe ptoesss; accor(iﬁlg te olimadBifagharivempukipgl pha- ol efin with

ool yal pha. ol oD SRR i e e rElvkiPhasiehn BB s ABgtom sonuining

process acceshmehds, Oprﬁirm mrfta:n(nglwltmhe heddgédution Chialyas, & eSOt 56®@S
met hyl al unoxane and/ | al unmox The rocess

| fied e., 1
accor di ng t BP} BieHRT @y(q”? bR 7St 4B e BB ?%gvlaﬁr
activator CO”@[' optiorail s@ﬁarﬁﬁ{gech%ol%l%ﬂbﬁ?ih@YrIoﬁ{‘soIleé%tslH?‘dxluents and
tetra(pentafl uor ophenyf | bor at di al kyl phenyl ani i ni um
_ tetra( pent afMhgn thip srpatatipn oy dﬁné bofvdﬁﬂléﬂ@me)wpkgﬂy fugther removoanigehd| ky|
group), tr| enyl ) borate,
tris(pentaf %Strl%l? {09&%WHI§% ?egpal | cyl ammoni um 104
tetra(pentafl (ﬁ))rrphmagﬁﬂgahapdyﬂphebteﬁhhat!ahycydsgansand a@lydtoge@i®nal kyl
group), tet ra I ammoni um t etra( pent af |l uor ophenyl ) borate (where the
alkyl is a Efta CI 8 al kyl group). 17. The process according to any
one of clains é)%bﬁuﬁ@ x\/g@l@supnaioteanbfam@q%rmt@d&ﬂﬁmsgmﬁmsﬁes one
or nore of dimethylsilylbis(cyclopentadienyQzirconium dichloride;
i sopropyl i denebi s(cycl opent adi enyDzi r coni um di chl ori de;
rac- et hyl enghi s( I
rac- di met hqugl I y%?ﬁﬁ@%@%ﬁ&gﬁﬁ al(r;lll;l}%tzgl ?’?z{évﬁ?ﬁ%ﬁ éma tvgﬁr ompnﬁes
racemnic ver mqﬁqdalomO&ammm@@ﬁemwwalmamnw um di chl ori de or
et hyl enebi s(i ndenyl) zirconiumdinmethyl, or
di phenyl met hyl i dene(cycl opent adi enyl ) (9-f | uor enyDzi rconi um

di chl oride. 1618. Tﬁbqarcwemssm&cgqarcwummt(@ vamelﬁmlee Wn-eoadingingdnfon 17
where an al |l cyl ahuni num conpound i resen . t he al kyl al um num

conpound i s AFEHYTLSOMPEEE RN &gy PRI 1 B each It is,
| ndependent kyy, g&k %n@ﬁ@m&&e ﬂlrl‘?lﬂpalﬁﬁﬁﬁénglahﬂﬂuﬁ met hyl, ethyl,

n- propyl, iso- I"'so- , h-pentyl,

|n 3 gt ple nt ?/!s ) tct@émm%;%g:emd)mmte (wherp Mrl]l;yl s h@[bttgy C, 13 |agwi @@pp); firityl
noTHY ooyt e dliRahehy i Sk ettt B DB RR M ammoniym
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tetra(pentafluorophenyl)borate (where the alky! is a C1 to C18 alkyl group), tetra-
alkylammonium tetra{pentafluorophenyl)borate (where the alkyl is a C1 to C18

alkyl group).

17.  The process according to any one of claims 13 to 16 wherein the bridged
metallocene comprises one or more of
dimethylsilylbis(cyclopentadienyl)zirconium dichloride; isopropylidenebis(cyclo-
pentadienyl)zirconium dichloride; rac-ethylenebis(1-indenyl)zirconium
dichloride; ;‘ac-dimethylsilylbis(tetrahydroindcnyl)zirconium dichloride, the
racemic versions of ethylenebis(indenyl) zirconium dichloride or
ethylenebis{indenyl) zirconium dimethyl, or

diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconium dichloride.

18.  The process according to any one of claims 13 to 17 where an
alkylaluminum compound is present and the atkylaluminum compound is
represented by the formula: R3Al, where each R is, independently, selected from
the group consisting of methyl, ethyl, n-propyl, iso-propyl, iso-butyl, n-butyl, t-
butyl, n-pentyl, iso-pentyl, neopentyl, n-hexyl, iso-hexyl, n-heptyl, iso-heptyl, n-
octyl, iso-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, h-tetradecyl, -

pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, and their iso-analogs.

19,  The process according to any one of claims 13 to 18 wherein the feed

stream comprises an alpha-olefin mixture.





