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WD 2007/ 011973 1 PCT/ US2006/ 027943 PROCESS TO PRODUCE
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Priority ClaimThis invention clains the benefit of
USSN 60/ 700, 600, filed July 19, 2005. 10 Field of the
I nvention This invention relates to a process to
produce poly-al pha-olefms (PAGCs) in the presence of a

met aPRQEERS TEPROPEICRLOW &/ I8 COSIO RO IIRLA Nk ALY
activator and hydrogen. Description of Rel atégbgggn\i%
Efforts to i nprove upon the performance of natural

NINVEERITORIS!: - basegh A/ iRk apps by the synthesis of
ol i gomeri c hydrocarbon I?w s have been the subject

of inportant res@ATARDIAJCORER opnent in the petrol eum
i ndustry for at fi years. These efforts have
led to the rel atﬂ@@ﬁyﬁgégﬁt mar ket introduction of a
nunber of synt hgipiguNupiieants. In terns of |ubricant

prop,ert%,i nprovenent, the 20 thrust of the industri al
r U8 f orts involving synthetic |ubricants have

been {1 yi.ds .exhi bt eful viscosities

over a]t }g\ng/\%ggﬁlé)ﬁlpciaﬁﬁlf @eébepghé%{]@ﬁg]gﬁ’oy 70089 ol ke July 19, 2005.

viscosity index (VI), while also showng lubricities,
rn? nd oxidative stabilities and pour points

ﬁ@%—h@igu&@w & ter than those for mneral oil. The

Vi SCogiptyimt r ationship of a lubricatin .

oil is one ' o tﬁ ﬁ@g%gg %:Etllotclgscs ?pﬁ?qouf:%??lé{"ﬁ\)ﬁ?acﬂeﬁ%%ﬁpg Ad@s) in

denresraredf avnetllsedne chiahgt with Whioh CRBEdiA@ngBmion activator ecx]nd

icular application. The mneral oils commonly use
g@&%g%se for single and nmultigrade |ubricants

OebirdptionarReladgd gl Y | arge change in viscosity with a
change in tenperature. Fluids exhibiting such a
rel at Efferty tq iamgevectpangbe perforimaosof natiil Rind-AFRESALAT €

- Sal e.a Jow viscqsity index. Viscosity
?{kg‘g%ﬁ% gy 21% Sggt S%P’Lr ? (%m‘?ﬂ?ﬂ?é’é‘Foc\ﬁhoéltﬂWMWStbéQn thiesubject
ofinepontniiessagd dnd debheopi i i it hi

i ven_tenperature r angfg@%qﬁi %eyhp‘%{d%ﬁ &d*’l %tfy\%faakn%ﬁ%,ﬁﬂy
ary- nﬂ?ﬁsﬁ clierts have led tovthe edativehperatt ket imreistionbya

il || i gh VI il WO
S8 S oot 8 ot i, e
theushobtbeindubmal lsghell cMorRCiasslihedlnibedd Rlbr SR LA BILE

whi_c . e . .
towarcﬂ fluids exhibiting useful viscosities over a wide temperature range, i.e.

improved viscosity index (VI), while also showing lubricities, thermal and
oxidative stabilities and pour points equal to or better than those for mineral oil.
The viscosity-temperature relationship of a lubricating oil is one of the
critical criteria which must be considered when selecting a lubricant for a
particular application. The mineral oils commonly used as a base for single and
multigrade lubricants exhibit a relatively large change in viscosity with a change
in temperature. Fluids exhibiting such a relatively large change in viscosity with
temperature are said to have a low viscosity index. Viscosity index is an
empirical number which indicates the rate of change in the viscosity of an oil
within a given temperature range. A high VI oil, for example, will thin out at

elevated temperatures more slowly than a low VI oil. Usually, a high VI o0il is
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translates into better lubrication and better
protection of the contacting machi ne el enents,

wee@rotalnd y at high tenperatures and or at tenpPET/as20€627943

over a wwde range. VI is calculated according to ASTM
met hod D 2270. 5 PAGs conprise a class of hydrocarbons
manuf actured by the catalytic oligonerization

(pol ynerization to | ow nol ecul ar-wei ght products) of

hioneadsirable Geefukdit hbdaheronsoritysat higles eenpapatord, hichange
from 1-octene to 1-dodec

pmsl@ﬁ& iatp balice bgratiog apd 3&% Pé?tﬁﬁ;téf}’f’e‘?fq £ em%&‘&&&@%&#
f%%ﬁts%r%%érﬁhﬁﬁ gtuiﬁ gh %éx ek enR & fté?ﬁ}%b?é(thfe@ @vBRY wieS O

used copolynmers o hyl ene wth
Rirgbe VI efldulsedsccdeiing o e8TVmdéth@ DRR7ent 4, 956, 122

and th atents referr d to therein roduct s, have
achi eV Siq?amﬂ@%ﬁef@sw YAEocatbgRs m@%ﬁ%@ by hacaglvic

%ﬁg&ﬁéﬁi Yioh @ﬁﬂéﬁ t1%1‘l‘R) oS sReulaf- weipht ﬁl%ﬁh@ts) of linear o~

rocar SHF) produced from i near
alqﬂne(LAlO)ﬁnmmdm eTheaotypically eangeffrogHE-ogtsnadpe L-dedescad

i IHOrcons ber ergpel g atgoe ol Sebng g of ©
U PR g sﬁé@%@%ﬂeﬂ@dnﬁ@r@&%@tﬁﬂf ﬁ&Sb@ﬁsed%Qlﬁmg

catal ysts. Specificall

d db
abalympisieitytond it iglioh ofedia ot faroned ISSCRaeniAITE122
B D Rlon R ERrRR fNnetedy PO e Ol e AR R SBuoriance in the
e et e
ﬂuld?si HES podycedsrams dingar alphrq @ﬁ{sa tygic qurﬁ%éxﬁo bl

&8& & BRO%md Pﬁbgpghsv?scgél asesADR). PR andJHGI

r| cation Fundanent l\/arc Dekker: “New York
P%@s of Giffescmtjuisedsity grades g«mﬂaypuzdly onduaet asipg@rombie Ehtor
@ng roducts are typically hydrogenated in order to
ccéatlff?ég residual unsaturation, generally to a |evel

of 25 Qr&ataly, Pﬁ@ﬁ n%@/’@e ﬂiW&uc%&@yfthé@MyﬁEﬁQaﬂ%ﬁ of olefin feed

conveniently érrerl zation of an
ath ﬁh:zpr@leecﬁe of 4 qatatlm sm g\d@é, Fa.81 Bdb yﬂ@plez(gsf i Bigcesses for

?]ﬁecﬁ)raéléctmp &#%&?ﬁaﬁg éfsgld felﬁ]m or S)r(n ag-ﬁlné( ?&lngi;[%gac‘tgnts: U.S.

tpatdnts 49 E7S; ab@ngum 147,082, 87668687 3,020, 028; t4l;]|7f2|,856rande
rom)ted W|th vvat , W|th aI cohol s such as

rﬁ’s%séalﬂéb whish %@Hﬁémcommr%tﬁd BuFHEREpes: 50 46 go t§issed in:
%}StL%)}szc afnbs }f{ @%ﬁ%ﬁb@lg&r RLHworR! aRiponat e

her suc I et sopropyl” ether,
ﬂubseq@aeteto fpolyrr&mantpjre thetH?eO idtriveuts angesmb dswsi aﬂ@yyplcﬁlsl.

Patents 4,149,178 3,38 d Lpti f
PASSTHbE RO OB BS PO RS Y P e b AL VoL
(g%é‘ﬂ& théh 908, HRILINOB thal-alo HeaoRMrient S, ndde BBike

rennan); 3,769,363 (Bfennan);
polymenzatlon of an alpha—ole in in the presence of a polymerization catalyst

such as Friedel-Crafts catalysts. These include, for example, aluminum
trichloride, boron trifluoride, aluminum trichloride or boron trifluoride promoted
with water, with alcohols such as ethanol, propanol, or butanol, with carboxylic
acids, or with esters such as ethyl acetate or ethyl propionate or ether such as
diethyl ether, diisopropyl ether, etc. (See for example, the methods disclosed by
U.S. Patents 4,149,178 or 3,382,291.) Other descriptions of PAO synthesis are
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3,876,720 (Heil man); 4,239,930 (Allphin); 4,367,352
(Watts); 4,413,156 (Watts); 4,434,408 (Larkin);

W@ 231010855 ( Shubkin); 4,956, 122 (Watts); and 5POBBS208027943

(Theriot). 5 Another class3of HVI-PAGCs may be
prepared by the action of a supported, reduced

chrom um catal yst with an al pha-ol efi n nononer. Such
PACs are described in U S. Patents 4,827,073 (W);
£,182 Tn 0840 0Mng 14 S9Batefts:3, 143,082 (Badnnpn); 3469363 (Brknnan);

bl feocin A2s 80 ol A 36 S50 CWAE: #4tansq Watsn

, - .Spegt : 4587 10
A ot N M R

(Bexiot)Vbbi | Chemi cal Conpany, Houston Texas).

t heti PAGCs d wd tapilit d
o dapiher daes VT RAR Y SRR b s iaahioh T4 shwppried
SURELd Hrbihdud BatHlyBEHRh 2R 58Sl ol SRS Shéh PROFErOf

[ ubricant property inprovénment, industrial research
désoobedsindd Ss P atehie 4,82 7L A7Br(Waant.8§2 166have); H&§ 71082 Phoet al.);

£ Lui it . iy _ .
309603 T b, 3 4 AP ERE] CorihElidy Rl P ADs
alcsRleTpeutamgnitbr i3,y 8, 10he0, R0 and SgecnaSgatiine™ 150,
stabilit an&&g@gr pol nt eua[lMto or better than .
Sperstashn bitra Speqteaap ety 1980 g {EfeqmMobil Chemical

[ chanical friction, enhancing
%gﬁgﬁﬁg(ﬁw{é%mféﬁa ncy over the full spectrum of
mechaBiyatabtid PAGs hanel fobnd sddeveeptabil@y middbemmanigksugtess in

operating.conditions than mneral oil _lubricants.
pisr b e ek e aReTRaty {0 Wi baee Jublkants o B g of

ﬂMc%%Jrgi%lrt\ﬁr i SRR tind NG ML RAER Ve bt td W%ﬁyt’ﬁé@lcllubncants

properties, “such as hi'gh viscosity index ( ow
bawr lep to RAO flwds exddbiiok aséthi tiscosities)hves edide sangpiofl i t y,

i mpr oved wear er f armance, , i ncy.eased .t her .and
st €5 Pred, SRS Gidet AT R AT RbEBRY thormal
ah& oxiafskRdtdRliReH poarp el dREIRE Bettd Ahtin @R 8ilf Ahese

| ubricants. New nethods to provide such new PAGs with

retpiivelenevp popbetid lubrieants laivsbmeehaaicg! frickpp,gnhangieg e

L T T S G
fadintleaToptatit coRdfdidhdy G9RYal oiabicaR&Qs ar e
produced. from neso-forns 30 net.al | ocene

f certai
cat al YSRGS FRGRORFAL g‘&gwa%ﬁs PR RCTRRY RS Y
girf;lggl)ﬁa g\gev&faﬁA@)s vAed inYJ?rBQJd proPeFREY, ldn\a8 hetPR RitPirRiex YRT),
. , 828, however, Uses rac-
towrpbimpcsit] sedbeesi wladithiytigh sibensthbility; tuproved Wweahl ori de

LGRSO L TS 84
PHe088 ReddrdRb GEHEE Bew performance requirements for lubricants. New
methods to provide such new PAOs with improved properties are also needed.
Efforts have been made to prepare various PAOs using metallocene
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 with methyl alumoxane as a
activator. Comparative example D of US 6,706,828, however, uses rac-

dimethylsilylbis(2-methyl-indenyl)zirconium dichloride in combination with
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pol ydecene. Likew se, WO 02/ 14384 di scl oses, anobng
other things, in exanples J and K the use of

w0 2781193 - bi s(i ndenyl ) zi rconi um di chl ori de orPECHUS2006/027943

di met hyl si |yl - bi s(2-net hyl -#ndenyl) zirconium
di chloride in conbination with 5 MAO at 40 C (at 200
psi hydrogen or 1 nDIe of hydr ogen) to produce

|sotat|c ol ortedly haV|ng a Tg of
- gthylalumgoape &%&@ 1 th%lHWS@lCVIO Bydrogagto p@wducg

SRS Ge T ey ‘?’ 3?582‘?‘11%%‘%?3'#%%8 ol Blges b epes
VIDuBIK 6HSusE ofiecéthglelsis (imlcayBriptoniin thalorids or pic.

e

FJMA\(Q SR BEYH Pk ﬁf}‘drggeﬁ)gr ﬂ-#(ﬂl@&r@@% L%ﬂ)r/f.’o X@o%&%c

doubl e bond conten hers have
sdydegenquepgrtraiteheeying s T VY. 8°@Js K‘ma(t aff 70@cn@lﬂ,emd a VI of

2509f 9@55(1@4)1918(@sahﬂr@3¢e BITCQJSu@ (hdlﬂorﬁ)@il,n cofbination with

QB g% FRofadsolidreb b idy e Rl (170 wn os

rmnﬁideneém&ﬂebtama;on%tfound wide applicability in the

mar ket articularly the |l ubricant marketpl ace,
due t O(S’ % %ﬂ‘ég Peds BHtous 11’}/&%% suchoasqrolisigernsy uﬁg@g t/a}rlous

Afothtiddofo otifott BO bt RN ARG OREIIED: offincrs with
g spgoi o taoimﬁyﬂ &tmgmpfs iaciddaWw @ Bﬁmw'ﬂ? Epr®6EsS73, US

ul val en 0
e b s ugﬁ%géi)éé%%@qwakn@eﬁ&aocbﬁ/%ﬁéés%ws

atosol mowsré Dl ®OUEE M LE6S1AUR ATR6AU 08RG 1 594 Yjd Brs
téﬁpll cal [ in conbinafion W th rreth | " al urioxane.

Fi3S. 20 line 40 to 44 of US 6, 548 724 indi cat es

t hat Jdndi.cate th di o .tetra

subst 5?8 u olﬁoive"% Pt%hjo S Wadp %Tglrﬂ‘%tgfl%(ﬁws }Hvﬁ get )g)run% fade
applidabilize ﬁﬂﬁhe m&wﬁ&é&?ﬁﬁﬁlﬂ@@ﬂ@ﬁbﬁ%t afarifdtflce, due to
VIS osity polyalphaol I ns viscosities it he range

BHejepigregssy cegian Prmdeﬁel’fw The lnﬁpmtov@mtlyn @-ﬂd,tsss such

TN e e

PET AUBOIBI 2&P B dedsk keproduceth2m. 2006 ¢l ai mi ng the benefit
of USSN 60/700, 600, filed July 19, 2005 describes the
production of liquids from nononmers having 5 to 24

car bowsp, 94837 1s(cRSivAIRR S S 166 BbOARENSSa BRS, §1)723)
disclose production of oligomer oils using certain metallocene catalysts, typically
in combination with methyl alumoxane. Column, 20, line 40 to 44 of US
6,548,724 indicates that Examples, 10-11 indicate that di, tri or tetra substitutions
on the cyclopentadieny! rings of the metallocenes are useful for production of high
viscosity polyalphaolefins, ( viscosities it he range of 20 to 5000 cSt at 100°C)

with improved yields whereas penta alkyl substituted cyclopentadienyl rings are

poor."



coordi nating anion activators. 5 O her references of
interest include: EP0284708, US5846896, US5679812,

WERPIAIVEP, US4962262 EP0513380, US2004/ 023001BCT/HIZH06/027943
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US6642169. Summary of Inveftion 10 This invention
relates to a process to produce a pol yal pha-olefin
conprising: 1) contacting one or nore al pha-olefin
nononers_havin carbon atonms wit

3 to 24 h an

unbr | dE@&"@W? 1234 dder Bims 263 00skeiming ihebpnefitof RSN on

iRg: . I efin
e PR pTRR Ry 18 A0 el inB e R R PRI RG ) 0y
| masdmeshasingSttb Rétchrhioa amaisingasémiengetallocenes and non-
C%Fg)lg&pent adi.enyl . ring, preferably having at |east two
SEASSEINEAS PRQD HHVeEh  cycl opentadi enyl ring, a
non- copfitt Rtttk ahiNal Hpop@AbsCRLs oLy IRB6 79812,
al kyl - al um num conpound, ere the nofar ratio’ o
t ERO3A 18521362262 BRODIBAH0,1GS2 (8 102860 1, and US6642160.
0.1:1, and if the al kyl al um num conmpound is present
then the 20 nolar ratio of al kyl alum num conpound to
t S@Amak} MnP&iRL conmpound is 1:4 to 4000:1, under
pol'ynmerit zation conditions wherein: i) hydrogen is
present at a partial pressure of 1 to 50 psi or a
hydr ogen. .congentration of 10 to 10, 000 ased
upon tﬁ@lstlrg{e ﬁorb¥eéa§§%ﬁoea RIPCShE W8i%ﬁe&301€£§%a'&ﬁ€? ein
t d@nprispda- ol ef i n mononer (s) having 3 to 24 carbon
atoms are 25 present at 10 volume % or nore based
upon t Be t ofaartaclisg gae opmoreydpha-olefin monomers having 3 to 24
C v at . LI . sal.uti.ons,
R
r @agiouad having) 1 )tah eastesiedendsooldfimesubftititien 6:eaghi on i s

at k)gast ) nutes; iyv) the productivity of the

PG §§taﬂ1§ngltm}geagg)ahl?,aﬁdtywuwuttwapn ,9? sagtoneper 30
o o | ; o
oA PR ATy RS GRS
RETlops2adien di2itg4 8 nos-coorlintahieg tnp ectitatereandioptivaally an alkyl-
reaction zone oeﬁnt ri ea@% re .than 10 C durjng

A e rapRng B e tap Ry Flh o arsifipn piefd sPQind g o

tdedat8PisVIok Ligr). 4t Odnd! ilf e HIAA ARSI nuB oAb REA fsHesent then the
reaction zone; 5 and 2) obtaining a polyal pha-olefin

(Ip@l@ gatigmf iaBayAplvgnipye cogpernd tadgransition metal compound is 1:4 to

4000:1, under polymerization conditions wherein:

1) hydrogen is present at a partial pressure of 1 to 50 psi or a hydrogen
concentration of 10 to 10,000 ppm, based upon the total pressure of the reactor;

11) wherein the alpha-olefin monomer(s) having 3 to 24 carbon atoms are
present at 10 volume % or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any
diluents or solvents present in the reaction;

iii) the residence time of the reaction is at least 5 minutes;

1v) the productivity of the process is at least 43,000 g of total product per
gram of transition metal compound;

v) the process is continuous or semi-continuous,
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PAO, wherein the PAO conprises at |east 50 nole% of a
C3 to C24 al pha-olefin nononer, and wherein the PAO

wha®7alerhemati ¢ vi scosity at 100C of 20 cSt oPCT/USXE6/027943

10 Detail ed Description of éhe Invention As used
herein, the new nunbering schenme for the Periodic
Table of the Elenents is used as set out in CHEM CAL
AND E ElEERI NG NEWS, 63(52%,> 27 (1985). 15 Unless

ot her w4 BedeTHPFAMET 10 the Easlierezoneslogg notaise bygneye tiwer10 °C
RULRRIESTRbtidhbgq | nvention and the claims thereto,

when a polyner or oligoner is referred to as

conpr i €)rethydeneas et presenha modrefthan 3 edent % of the€nonomers

polymer. or oligonmer is the polynerized or
d??%gﬁ%??ﬁﬁﬂu Pof the olefin, respectively.
Ldnkewi se the use of the termpolyner is neant to
enconpass honopol yners and 20 copol ynmers, where

copol yher s dbtihinge ratyelpokolatn (1), ngtionwdlydlydrapeaating the

ical | i stinct nmononers. i kewi se the use of the
Horch St P s 6o il oot Guhaply-alagn
anetdnge@IdSwhetbiare: PAO Had ANBemdtRG/istdsit@mv 008t bISFES or
or having two or nore chemically distinct nonomers.

8% pur poses of this disclosure, the termoligoner
refers to conpositions 25 having 2-75 ner units and
the term polyner refers to conpositions having 76 or
etailaddDesaripticn ofAhe®ivehisordef i ned as a unit of an
ol i gomer or gol yner. that _originall %Hcorresponded to

t he ol/&¥ysf Bsrelis the nev ryreb@inegshens jathoRerindic Table of the
b MERE IsAARL i : f

PAMMEIRS LoARb Ak SACH A ERE R BRb G ANERS Rt
i tion and the clainms thereto the term 30

"Pol y ha-glefin," "p al phaql ef.in," or "PAO

i ncl u?éﬁﬂﬂﬁ&ﬂ}?&quas%quaﬂﬁ/reﬁ 1SS g R#AE PR&Dpol ymer s and
copol Yeperpeéeso? s iHeh 1188 Bleldlo, WD

2007/ 011875 et 85 LA E i A bAL L B oo, ot pg‘rsg;‘gﬁ%?r\@

PHEMEM sefeirethtoasconipaisinigainrmdefith éreetlefin hesattin the polymer
y | Lyti le. i h tral
SPER R i RN PR e B PR el el

$ylstvesd the sisdlef the edmi ol yRérts Meaat 8lei8dmpass homopolymers and

pr eéur sor/gct ivator pair, such as a )

RRRYINES eV a9Ts COPRIMMETS 1peinde amyralymenhayingstwosorgyeree i

k Qi | D& palr ti.vation, it
e LR e e PP Ml s B Bl Sl ey o
wicommss aanoalrgoorerssad, coofigomaas) Wiere @o6ldzonedrs ULk any

oligomer or having two or more chemically distinct monomers.

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

For the purposes of this invention and the claims thereto the term
"Polyalpha-olefin," "polyalphaolefin,” or "PAO" includes homooligomers,

cooligomers, homopolymers and copolymers of C3 or greater alpha-olefin

monomers.
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(such as a trial kyl al um num conpound). Wen it is used
to describe such a pair after activation, it neans

w0 b@7acryat ed catal yst and the activator or oOPEEDS2006/027943

charge- bal ancing noiety. Additionally, the catalyst
system may optionally conprise a 10 co-activator

and/ or other charge-bal ancing noiety. "Catalyst
precursor” is also _often referred to as precatalyst,

cat al Y the pirpesss 9 his mventiqnaadiihe cleimntierstothersstivg species

GRmRaLS ' - fonid HoAAS bt 1@ RafIRkE!
SR SRS STl oLyl ERIELE AT
Act i vallerteamdcatdpataysbms is dafimed temens @ datalyst

i nt erchangeably.. A scavenger is conpound .that'is 15
B ot 51 ghehéi Ak eooBp AgRTRAT DAt | WheTbfoatalyst
ROLEARN dRl 1O BeddYibs SRLEISHi NSk fole MRHT AT IS & a‘ner?g%eunactivated

sCavengers may al so act ‘as activators an
regfadyst fuiecatalyss) togethacwith ah activatok and; eyticnaky,arconduitiohtor S
ot ,a scavenger may also b din canjynction with,
ARoch A BE VBRSO ) oY e a8 v376 1o dpseripe pucl a e
affef 8AB/alioQt mBRisahe EATRRAREalsP 2R PIFR BFPAN SRS chikge-
co-activator can be E)re- mxed wth the 20 transition
rhalagring apgieliyn b dditignsilin the caihlyyl sysieth newpnpiietably compeke a
r 0 eferr tg. as _an, al kyl ated cat al yst
%g%gﬂ%gr %@/grl %%%ra{:ﬁlgr&e?ero\(s%%agf PPEAANEY - For pur poses of
this i"Qatahfst precaor'tinelse babiEferhal ol PGP, Handjst Ng
ani on gNCA) Is defined to nean an ani on whi ch either
PERUISOBRBIREnRdtamsition mprtal compapyd tunaetivatedatalysh aor
tohatiti ' 0 ' tigQ
G e R A R SRR
lsasatalystiachalas usad inteedhiangaablyl yA scaveagetiy h edmpadddythat is

nsatur at.e n r,..can displace it fromthe catalyst
SR B 0 RERERe BHERerianon & bolseBEH P Aeg eneing
@ PRRidsDIdm R AN R IRLyUIARLd BY a GRARIE Hn Mk 38 tr%}ﬁrr%chté) as

catal yst netal cation ray be used or contai
ROREBRieNsn 4t ¢activatasnwhiciSginbtb bevaegeaingyi alsd hedesed bt

* b A oo o A

et Romdbid. MisMSordeleasiiaahetls, a cadttihiok 681be HeSHREH %M the
of ng@n-coordi nating ani ons conprises stoichionetric

Hersien eyl compeyndiadone ar pilafediemsitnn oetal compoundiadso
tSEAEY fooig'éa;ﬁ &?%%té@%%ﬁlgtstg(%%g}?%g ?10 Zﬂ(%ge%zﬁetall cene,

PCT/ US200 lometric’ionic acti vator
can b&ouswgosestof thih arvgetidi ynd the klaihs therdtd Boid@bftinating

neutr toichiqnmetric activator and Lewis acid,

auep @3@3 Tel Legn ) ARICR SHAHHEHIT oo et saendinatsfo the
EQAEQheth Bealiod of Gt Bbd1aTak): ohly WEHIGNtFhE %%13% . An NCA
reaction 5 occurs. "lsoolefin" isa branche al'kene
peoriingtes vepklysnovglethaes n¢wray Lowischaae,enokaag/an olefinically or
acetylenically unsaturated monomer, can displace it from the catalyst center. Any
metal or metalloid that can form a compatible, weakly coordinating complex with
the catalyst metal cation may be used or contained in the noncoordinating anion.
Suitable metals include, but are not limited to, aluminum, gold, and platinum.
Suitable metalloids include, but are not limited to, boron, aluminum, phosphorus,

and silicon. A subclass of non-coordinating anions comprises stoichiometric

activators, which can be either neutral or ionic. The terms ionic activator, and
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woe@ierand y t he al kyl

carbon atom and whi ch possess at | east one Cl to C18
al kyl branch along at |east a portion of each chain.

Pol yal pha-olefins In a pref&rred enbodi nent, this
invention relates to liquid polyal pha- ol efins (PAO s)
conprising nore than 50 nole % of one or nore C3 to
C24 al pha- ol efin nononmers, preferably 55 nole % or
§B1cRiont¥ted Rnabdcyiveor 6@l e Yed intehageaplye  dicawibey tleSerms
nole % or nore, preferably 70 nole % or
prirabstatshipnrtricrattyatos angd bewinncd activatos P%‘bng?u@é nmol e %
eferably 85 nole % or nore, preferably 90
ﬁl%?rg%&}go im preferably 95 nole % or nore,
pr ef eInazkﬂdytm‘tQ@ redetirds bamednar(s) inwhiohtaadhemidad seaofion
nmononers present in the polyal pha-olefin, as neasured
BYFUCar bon -13 NMR  For purposes of this invention and
the cl 1@{)&@{119 h&r, EHranh@d L {K3H Hadlﬁ%gtqfeés@ B8fe jt'e?tlauf? Qr B€até@mnary
materia 1one at room t erature, having a pour
pabod atofn dxrelsshlb]n posse@SCleaanezhev@itth Go aHnyl bnan@h pongat least a

above QC and a kin i C Viscosit 5 30, 000
B i0B ! Faaf TARGIILY DERAPTERY 1 G GF t he

pol yal pha-ol efi ns descri bed herein preferably have

| ess than 300 ppmof Goup 4 netals (preferably Ti, Hf

BolyZlpha-oledspr ef erabl y | ess than 200 ppm preferably

| ess tha efe abl

pr ef et'abP V%efr@eﬁi Ogﬁmilg Srﬁn¥%r§t%?rle 3%%?2% ﬁgula%g}ﬁﬁpgl%S
bRfias R AOK) &!ﬂ@@ﬂdlﬁ@ﬂﬂ)re tihBIy 50ndld®, @dnealr mlitﬁe a3abi0rd alpha-
descri bed herein glr ef erably have | ess_than 3

plefin gpasostesh Pyelprably 3 aaleSoor piows. Dyslerabhad 910?636 o g3y
p&%&a@g v@&e{n%@%éfe Sﬁlﬁr%gtxﬁ@i% 228 BRA é,%fslfasfya@ 15{1016

pm as

: %&71116&1&%361@@?/803}2@66’6 621719#&‘3 pr@erbhlyﬁahh]er% or more,
enbodi nent, any of the | gha-ol ef i ns desc
- BBl 90maele /anr 9105%%4%? b Py 06" BioRT &Fefrﬂfagﬁdloo

%{(})@é SrERLY oh ﬁ%ofah%le%%@n{b@lmnepsr (}%E@haﬁi the pb ﬁ)hﬁf&)@éﬁn as
ppm preferably |ess than 50 ppm pre erably ess

tleasurddby Parboas13 MRAABuUr ed by ASTM 5185. 5 In anot her
enbodi rrent any .qf. the ole e

her ei hO* BYRPSF 25 Hﬁ’\% tF"ﬁg 11%%%1%%%%?&25@ flfined to
BE & neiadl Yhalt ﬂ@&stahmnz%ﬂ@mmem@ﬁ@,r @pbyt poliress 1dshean
100 ppm preferably |less than 50 ppm preferably |ess

2h%n 20 wipmo msltingpaing phevady Coamriyd I5BBALIq HSEaRY HEFS"C of
ﬁ%B@lch&tlessany of the pol yal pha-ol efins descri bed
erern )

In another embodiment, any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Group 4 metals (preferably Ti, Hf or Zr),
preferably less than 200 ppm, preferably less than 100 ppm, preferably less than
50 ppm, preferably less than 10 ppm, as measured by ASTM 5185.

In another embodiment, any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Ti, preferably less than 200 ppm, preferably
less than 100 ppm, preferably less than 50 ppm, preferably less than 10 ppm, as
measured by ASTM 5185.

branch is Cl to Cl12. 10 PCT/US2006/027943



10

15

20

25

30

10 preferably have |l ess than 100 ppm of G oup 13
netals (preferably B or Al), preferably |less than 50

wepear/oproes erably | ess than 10 ppm as nmeasur edPGHUSSIN27943

5185. I n another enbodi nent9 any of the

pol yal pha-ol efi ns descri bed herein preferably have
| ess than 100 ppm of boron, preferably I ess than 50
ppm 15 preferably less than 10 ppm as neasured by
ASTM hl8bthel Bmboditdeat, aeybdHithe miel}talpharqleﬁrmfdesdsrﬁned herein

PERLS BB o e PR P 6 PR
LB T30 O Bt
nfeeéueds&:\l{q}&STBBSl&Shan 10 ppm preferably less t han 50
2B, Bt kv b e S B
%lf%r\%@elp Igﬁ\{é)lleg thi®3 n@;ﬁg opod Hefeibl 1k Bh Q@@B%rgb%‘f%rﬁﬂy

aver age cul ar wei ght) of 100
less than 100 pprer plefeyatiip {ase éran 5O@Ppan @r@"@rabbdessﬁh@f &0 pynyas

bet wee 0, 000, preferably between 280 and
Bft?a%%{lbﬁbgg?@fg‘dﬁ bet ween 336 and 40, 000 g/ mol. 25
( Pref & fiRtheMaindodiRtdnti @ bhﬂfe%noﬁ;‘a‘l}fﬁa&ﬁéﬁﬁ@d&&nﬂ&@erem
preferablyfrom392to 0, 00 preferably 800 to

pref@ally hprelﬁéﬂr’fh@lll 9/003pmc9>f Gowy 1 Suotilybaeprably B oF Ak el y
5 e A 8, A, A oIS g

gog3.al pha- ol ef i ns descrl bed herein preferably have an

| oss. T gt emepAmISpUsEY AET p@‘é@?&w@o@%ﬂq)&rnbed%erem
B8 20 Mol BECET Mo Ao T Lo By Pl B o0 RS

bre:ﬁdsmblgaébs ttlmn]l(o) Iﬁﬁm as prcafwed bl WSIM 1 880 t o 4000

Al ter a inclu 007/ 011973
T LD OBR0 37 oagT A oL DI T ggEe hercin
Ef&él@ﬁl@@ﬂaye R80thah 604 g%IQLQQ aluiBh@! ﬁil%k’éfa@? Qesk %aﬁm ppm,
referably 200 to 20 referably 280 to 2900,

preéérﬁblabdisy tiR@®H00@pLY, @oefel;a}?bﬂe%ébm?ﬂ 0Cpprm+ ryefeably lepsthan
G s AL R R S AR e e e A

ftﬁkiﬂolppﬂndshﬁﬁﬁnédlBﬁASTM)EEgﬂsr ably Iess than 4,
preferably | ess than 3, preferably Ies t han

prefe Jramgthqr egbogiyaght.any Oﬂheé?%&llé‘IWOlS s Q?SCF\%%I herein
Pt sl i gl
Prefierablydbetween MO0 and 8MD06, peefoshiyb@d ety 2 TP e, HEY

e G tevean b hd 50,000, preferably between 336 and 40,000 g/mol.
(Preferred Mw's include those from 224 to 55,100, preferably from 392 to 30,000,
preferably 800 to 24,000, preferably 2,000 to 37,5000 g/mol. Alternately
preferred Mw's include 224 to about 6790 and 224 to about 2720).

In another embodiment, any of the polyalpha-olefins described herein
preferably have an Mn (number average molecular weight) of 50,000 or less,
preferably between 200 and 40,000, preferably between 250 and 30,000,
preferably between 500 and 20,000 g/mol. (Preferred Mn's include those from

280 to 10,000, preferably form 280 to 4000. Alternately preferred Mn's include
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10 mediumto | ow nol ecul ar wei ght pol ymers,
tetrahydrofuran as sol vent and polystyrene as
w@ado7iotars on standard, correlated with the fl uPdI/Uus2006/027943
viscosity according to a pdOwer equation. Unless
ot herwi se indicated Mv val ues reported herein are GPC
val ues and not cal cul ated from ki nenatic viscosity at
100C. In a preferred enbodi nent of this invention, any
AR 6&s 200 ke 20,ber, girdferkbly?8y, oaved0a, pefaraliy 200 to7000ess
than 0O Cé:tas nmeasur ed bg ASTM D 97%%5%& a]gpﬁ l?SSb
preferably B0Qto 31085 ety LSl 2908 pre y 28} tor ORpprpterably
40@5% Stopgn -25C, preferably Iless than -30C, preferably
S an -35C, preferably less than -40 C, preferably
| ess nhmdthebBmBodipteaf, enydf tie pelyulpha-olefds dngbrib8dh@gin

r ef er abl bet ween -15C and -70C. 20 Ipn a pr rre
BrRIABAte Bt MV of Gt FR. | Sy A bR Ral T G
' ' [ ' red b
LBl RS By A T Rratt PRAAY O Bbro eI SRR AL e DY
Aheheteibiny dfrthepalipadpha-dletst dascritadderein 0tefegblydiavaan C,
alternately from ut. 4 about 4 ¢ r ef er abl
W%%%%%enésﬂnd?ﬁgﬁaa@tsw%eﬁ}b@?wsﬁ% albcf%P efabl y fr oxw
about TRe K81, MR 2AR R ard Ri3asurid B GRO rheth@budifig 806l for

enbodi ment ‘according to the present invention, an
pedipal foHaw rdledilar waglmobetbrh éeteahndipdyran ag golyent an

Ki.nemati ¢ vi.scasi t t ,100C,f 1. E 3
B b GEF AR g S TR AR gl ypch By EPBMing o
Dp&WEF @flatiod. r Uledd@bidrwiselndiedbéd My adloek rep@rteaiSiereiB@rd GPC
anot her enbodi nent accordi ng to Ihgte{)qbg ent invention

elyesdyngt pHaulatsf donpkigaastiq HEgske y have a

Ki nemgt | ' i Vi: C _ .
5007 Bra G By S50k v alfioh; Bp Eadackbed perein
pay Ihhv@g pdinoihtef lewpthen 0P CahemakiuyedDOARBTYE D), er¢farably
nmeasur e STM D 56). |n,another, .enbodi nent,

e tnr My pr e e P Brnly g e o s preferably
fg%égiag %(?éf} g}e@ﬁgblp L8 k}ﬁnﬂgsgcng\é%er%@ i@k @6l 46 °Coprsferdbly

ss (1" kHz at C as det erm ned by ASTM
Bs9ta) 53 PC.amofictebly eatvodhi 18 and K6 dfeferably hetseapréaénand
‘iﬁz)génti on any polyal pha olefin described herein my
a specific gravity of 0.75 to 0.96 g/cnB,
pr ef enakbief@rdlerisy din&ft offtisBverkivn, RAP AOpics@itiedderein
herein, particularly those of |ow viscosi Ml (su%?r as
10y thave & kigeatia Vicepiy (34020 ag meagireq g 4P TV, Pet45) from

Sk %i tgla{)gutsl%(foaclglt,epréfgfabw 0 BES [t Ar SRS Svout 500 cSt at 40 °C,

alternately from about 4 to about 4 cSt, preferably from about 5 cSt to about 400
cSt, preferably from about 5 ¢St to about 300 cSt at 40 °C.

In another embodiment according to the present invention, any polyalpha
olefin described herein may have a kinematic viscosity at 100°C from about 1.5 to
about 20 cSt, preferably from about 1.7 to about 15 cSt, preferably from about 1.8
¢St to about 12 cSt.

In another embodiment according to t'he present invention any polyalpha

olefin described herein may have a kinematic viscosity at 100°C from 1.8 to 12
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autonotive engine oil fornulations either by
t hensel ves or by blending with other fluids, such as

w@x@ap19ry G oup 11+, Goup |11, Goup |11+ orPeTDs2006/027943

base stocks derived from hidroi soneri zati on of wax
fractions from Fi sher-Tropsch hydrocarbon synthesis
from CO H2 syn gas, or other Goup IV or Goup V base

RGOSR SRy P of L RO hGr PO B romprsiued

egAgeMOblsepr industrial oil fornulations. In another
enbodi nent according to the present invention, any
pol yallphaother elﬁlbndldezataqcbﬂhhgte rtied prepamy 1rh/&m&nﬁany polyalpha

Vi.S dex. or_.nore ferably

R Ky b pce v SBuretaat pEd 5. B O Higant 23
120nstdeteBhedd)yt £STBREBlog4R0 from 100 to 300,

alternately from 140 to 300,. For nmany | ower viscosity

f| ui ddn er ¢émbedimedeaseomingto Ih@mcmmdalm'qnmmﬁdrm’ﬁolyalpha

PRSP K BEOLIAT o "

qﬁe@fadlmsmmoaﬁ@@rﬁkt hod D 2270-93 [1998]. All
kinematic viscosity values reported for fluids herein

are negsd¥a's prepapxl hepenpaginuéasty theseerfildw eisaotisuch as
g .
Nt Y120 5B o e B SO S By Bp e
|lautpmicdive 'Ehgne il fosmblations el theivikel 6edrtby bididghwith other
?@8‘4 ‘i‘F% g ﬁ verted to ¢St or centistokes (lcSt
S6SUFEya8 roup H+ntpoup &) Groppe Lipmolebedrasriziedss
WHPELHEHY hB(@r&EBrﬁeﬂﬁﬁ@ﬁ‘B ﬁﬁoec Qtn¥ @Iloﬁiai:lsﬂ

b 8 pELR 30
trimers, teétraners, er goners O or nore
b3drosarben syithésin fromﬁ@ﬂ’é?r Sy gas, efr@t}a:ln IQtoutmE/ or GroupbeV bdse

éﬁo 6 B0 R Bar o hBoBeis o Rl Aeo DiEBRHERTany,
100 SRR AT LIRS HSRAREL ORI ©f 1

W|th al kyl substituent at | east 2 carbons away from
t he olepigther eabsimeniasdordingrio tlegwedset nsedionTymi mdydiyha

U A S i e—

tihe SEmafep hhemb&ﬁy fismhidoao 306 aRemattiiemn 120RGR8Q alteAMtely
g@ﬁhi These smal |l oligoners are usually

r @Fﬁmﬁélyf#% a0 # 3%’@ EPIsmeRst lawernyibensity Slistsr
g{ragg??g{l ggf‘%é;l%u%égg&ggﬁ%qguﬁ per nﬁcé’og %:tbdgf'&{t helsgh
praferrest Bhra@g @it po1@20 to IZDQ;OWBboﬂiyaﬁdMS detetrhied according to

ndj raf fi after hydrogenation can be
%‘?&MS’E%@W@J& ?ﬁcat ions, such as drilling
f 1 ui daJl kiseh¥@dWiScosR@vaued ﬁb&@&f for §lufds Wetdh %?ﬁéa@@@& at

bi odegradabi lity, toxicity, viscosities,
ROQH prlessorthermdee nated. dDyraat visaosity qan@le@m ,obtaine@3y and

Hiu%}ﬁﬁngg EI?e%E%ﬁ%ed kinematic viscosity by the density of the liquid. The
units for kinematic viscosity are in m*/5, commonly converted to ¢St or centistokes
(1cSt=10"°m*s or 1 cSt=1 mm?/sec).

The PAO's produced according to this invention are typically dimers,
trimers, tetramers, or higher oligomers of one or more C3 to C24 olefin
monomers, preferably one or more C4 to C20 alpha-olefin monomers, preferably

one or more C5 to C20 linear alpha-olefin monomers. Alternatively, an alpha-
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typically have | ower viscosities making them
beneficial for some applications, such as better fuel

weewnome73 better bi odegradability, better | ow PCT/US2006/027943

tenperature flow propertidgg, or lower volatility.

Because of their usually narrow nol ecul ar wei ght

di stribution, they have superior shear stability. the

PACs described herein can be 15 further blended with

plefip&vitlaal it subéBuerit AClebd 2rgrimnt iawny di@nt the obafinicaible bond

addi tives, frictjon rmglfler ersants

get dpgbansed. dopicaly.dhe P F%Smr? Ibémﬁklaélya@ﬁwr@r?é
S, [ .

Bl THEfp bt TR Bl Sl %01?*9%%‘*“ Bz Ml plcfing pave

tatbos atmaediahging Sroaad1 b C20urbhdsa stal obigakers atanmuaiant

R s e e T FHECS e in o o
§ @@ AR S TR P bvhi BYe f @Fmtaﬁfug’e’ﬂq Cgeﬁ&fdrﬁﬁﬁcmﬁ@g n

ave pour - points o ess than 0C; alternately
lrhsse sepaated 45 0Gp CﬁlOtoéugnmbed)lyﬁlhmtht: hemesppadiQy patafiing after
ferr d enbodi nent , PAq(.Ss of thiﬁ ié} 1gntl on, have
Veogotson o B¢ Budaspdst YAPBATHIoPEIHED Bt 41888 il
Qﬁveﬂ&ﬁ aﬁ{t@ﬁlhﬂer' &8 withaelichbPbiodegadiBfyetoaity, Viegsities,
t han - C. Ater nately preferred PAO s have KV100 of

th5 The hggt pe;rmaac;]q)ﬂmﬂ figelient inghe Ce8sort Giifhargichigher fractions
PR I S B st SRR PR RO e B

isﬁbmtbeﬁex ﬁaN@oﬁomW@r Bibddgrad dbdlityObet @t lmttnq:emure flow

poi nt _of |ess than 0C_ preferably less than -
PFOPEEICAPTIOWEE Ol ptHiH. Bpgruee OQ@GW%&W“@WB%P%WF%N

lGihAg %1@& E%%Cﬁg\}q(ﬁ; ﬁbxf}l spa%i’lﬁ 2440 RO tiéstc)‘ib@@herem sgn be

neasur e ty t st (ASTM D5800) of
\fitir¥oed blelndsdswrch pedper additives2icluitgoantiosslantspaeiveranidditives,

% or | ess. 2007/ Q11973 PCT/ US2006/ 0279 13 In
%ﬁg%&m&%d ISREants, 8@6’1‘3&65 C%’E"&b‘{}i‘c‘@g‘bﬁ«%seé% OFRES-a
@f(ﬁ)g{h@ ﬁresiiﬂ@g@cﬁtl%s deaBséll ARAitBves Tzﬁ}ﬁi SpiRalpy PidetsRs

herein are liquids. For purposes of this |nvent|on and
niveliffdra e Deﬁ@netl@n oftybicaladditives gert bﬁn &g gn e bgok

terial .t.hat fJows .at ro . 1 r |
oGt ApdGhey iRy SSE MG ERRE R ot Rl Sdkeh
MK& e. ansly ok, PeoRmt i C Vi scosity at 25C of 30 000
cSt or less. In a preferred enbodi nent, the product

pr odude anﬂb@reqmbqﬁlﬁer& e of dhg RAD)s deseriling hapedp mayhave ppur
T 2108 AL B3k 9 IMAEASAY RA0Rran DA LEE! ARy B TERtndi0r SoC.

% of nore, nore prefera % or nor e,
pr ef edahlpycfOB84a embmhment the® A ebéﬂabhye@@m Iorve A€ & of of

28l cr:]gt a%rd%apto% po nt o %?srtggr? °C, preferably less than -45 °C,

preferably less than -75 °C. Alternately preferred PAO's have KVioo of 1.5-15 ¢St

and a pour point of less than 0°C, preferably less than -45 °C, preferably less than
-75 °C. In another preferred embodiment, the PAO's of this invention have a
KVigo of 1.5 to 10 ¢St and a pour point of less than 0°C, preferably less than -45
°C, preferably less than -75 °C.

In another embodiment, the PAO's produced herein have a volatility as
measured by Noack Volatility test (ASTM D5800) of 25 wt% or less, preferably
20 wt% or less, preferably 14 wt% or less.



In a preferred enbodi nent, the productivity of the
process is at least 43,000 g of total product per

w@e@moof73 r ansi ti on nmetal conpound, preferabl yPEr/US2006/027943
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| east 45, 000g of total proddct per gram of transition
net al conpound, preferably at |east 50,000 g of total
pr oduct per gram of transition netal conpound, 15

prefer ast 55,0009 of total product per gram
of tr aﬁjs%l% H@Pérmen&dh%g@or prpdused hgisinhaye ajBygwine

M%f@%é%éﬁle product per gramof transition netal
conpound, preferably at |east 75,000g of total product

per g r Eher BAOstpredised hereinnaet tituidenPeipudposps ef tatsdblentivh and

Rl e miowt e ok 4 it BReReete room
@ifaﬁﬁ@thavh{kfea g&ﬁ‘gﬁﬁ{t oPfeRd ﬁQSg 4 prmal?o Relting point

sel écti vi ty ess
rabeve 63€ bn@gklmwmwmbytm%sw of 38,800 p$hatfréessabl y  40%

or |less, nore 0% or, | ess era 10%
or | es¥l 2 Beds $‘£\Bﬁ”§ (gp%e}i%%hq podugt &ro@gdgrerqué a selectivity
hyRI8® 0@ ansre( for Y20V lateattn| SRS AFJORE V‘fn%fer 89% or Tore,

a preferred enbodi nent, the product produced hereln
Hrstesably PA% orvinpie, nmge prefgablya5s begmrd, qmefemlyorr&% for more,

e G

unl esslnot hﬁ'éf&h%& d’iﬁﬁcﬁl@hen’t B{eppﬁﬁi%ctﬁltys of rﬁhf@flidc@ﬁ is at least
3@I@tes to an i nproved process to produce poly-al pha
0o i dotal praduchperogram o Berstioncmstabygempeuns, peefersbly at

|
2648 4 0be PRSI oghte' e 90 of raliBiGh DR SORRALIE bk fihabty
i el ol e g, bttt
o
Me%raé’fﬁérg @agtr 3§85§$ V&t‘%‘:ﬁlyé’[f ugt Pk Gy of Ubansitian deetal
rRholAe, eﬁ%&r&ﬁl?ta’r‘}l’eé’s@ d@'(ﬁ)b &%@Jl BdLR:;t 2)@9 g}dh\c{: otfytrﬁﬁ ion

with | ow product viscosi f Anot her | ass
rragtal IC@@Qﬂ@@ﬁ aprsfarahly | aigbdstaﬁﬁtOQQg)saf totdl eproduct per gram of

T T T A

off tlaheitibn plegt @smpsustescri bed herein al so incl udes
treatnent of the feed olefins to renove catal yst

poi son8 2 Rigkwredserphqdimpriethe nyrduss prodiged herein has a selectivity

T TN —
|4ﬁ&’<2| eakess, m@t’qiryfstabbr DePs atrilasisy Ifynelfegym?z aabd yr I&Lf‘a; 9rdf%la61y55%
0 ref e napreferre

Shis5d F"‘?Feﬁ() °fal %‘Y%@WPB%@&%%&@ S OB ERIED- of

Sem HQ@ ﬁ@&}ﬂeﬁl&%dﬁﬁ&ﬁeﬁé ProaRk g%&ﬁ%e@herem hﬁs a select1v1ty
ol yal pha-ol efin conprising: 1) contacting at

@iﬁ Ooporaless fofri Gl rdimmreprefaratiptI084 on lass,nuykferably 40% or less,

more preferably 30% or less for C10 dimer (% by weight unless otherwise noted).

Process

This invention relates to an improved process to produce poly-alpha-
olefins. This improved process employs metallocene catalysts together with one
or more non-coordinating anion activators. The metallocene catalysts are

unbridged, substituted bis cyclopentadienyl transition metal compounds. One
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waeamshim ed bi s cycl opent adi enyl

nononer type or a mxture of two or nore nononers),
having 3 to 24 carbon atons wth an unbri dged
transiti on MeCEUS2006/027943
conmpound having: 1) at | east4 one non-isool efin
substitution on each 15 cycl opentadi enyl ring, or 2)
at | east two substitutions on at |east one

referably having at |east two

c%%t%p ﬁ@iﬁ%g Iﬂg n%lﬂy g% hlg% SBRpsEGat %‘BP’@F?}IIOC?HGH éhat give high
‘T?Q PESHURAY I InPREA T ‘f)I‘dleélt x%cosgy ?rélga et é}%kelr%df%pass of

- "al um num conpound; where

t Iiﬂafﬁgb‘tqn@ﬁ anmrldgeﬂmmlwudstttmted ayptlopatatieres, id€luding @nbridged
0,11 nd,if th | um n npound_i s present
sy E05g o hbsalstndimeRit 7 Brshu PecHpbu g do
t profesbdsi RRcrilRUder&iR ARE ¥idudes trlbatfhehﬁof AOOQ 4 e MR8 temove
pol ymeri zati on conditions whereln hydrogen 1s presen
aﬁataéysé apispag, sucph a,sggm)gd@ﬁ of@epsiulfuB 4btrédea)coatailifg Sxganic

(RGRaBE Rt BEps Dl BRERSHE, Bl iR ipifieved to norease
pfae:’ﬂﬁt fﬂdﬁcﬁ’ﬁty\@ﬂﬁ AlyRabre((BAKPRId, RO
prefergbly betweenC yggﬂﬁ(BSkPa) gﬁd %OQ%Q?R?%%;EKE?a
25 pr eP&rpapieyred srrbgquep? 3hig payentipn reé@ss topy ehgimadnisyor $6mi-

0 resent at a

iRt Skl Eate YpUEb°AEh somaBrice:

prefe r]abl y @ntdcting #; B&A ope anph@bw&’ﬁrra&wne%(xmt&r QQfhgle
ngna? wherei n the al pha-ol efin nononer(s) having 3
t YRS PbThere of éwe) PEYSFR manorm@fs» SRYiRE 390 3¢ cmbpe

hasgdwiRAA uh’ﬁﬁd%éd%,lﬁktltﬁféh %E‘QEC pEHt? en ltransmon metal
catal yst/activator/co actlva SO ﬁ s NONONEr's,
&ﬁﬂlpahly«d Boving:| 1) ehtessteme sloh-\r@nleéinpnubst&nﬁon on el

not present at nore than 30

h
Vi ?1% ity l%i?y o Moar?rél gt RSEPTHEU PR A 46265 B8 zone,
whelopériadibieyl Iﬁ@@ HRRGE01YR A0 # Q&s} ™3 SE&TM%%QQQ/ 7943

15 tinme of the reaction is at |least 5 m nut t he
cEpippemadieny! ringt m@om-e@szrmn@hng anien adbetornatd aptlsaalhyan alkyl—

R R bulis R gt B, F?fﬁh%@g‘? well Sy

I@@t@(atamsi 164 ttaior: hgmd 1%@&111@@ ARk iShA goﬁ‘ﬁ)oﬁlﬁﬁi‘%tpré@nﬁﬁé@%
4 al pha- 5 ol efin nononer, wherein

BEHI%F‘B‘P] 8P %1%# 41Wnﬁ’é§n SOTRPHERHP rfréns;tl%wtaﬂ 9orap0tmdos:1 dfto
2‘@0@& urfefer b&%e{‘l%’tﬁfnecroﬁﬁ t%é %éz&&%ﬁn 9}{ re%enq at 2 R%mal

preferably a pour poi nt WRET &I
prexssux@ of §9 pgi (345 kRe) grlesdssed chaithb ecasltpré@ufwftge ®ehctor

ot r ransi tal conpound.
U Rl Bitietn 1 88T b et b relersbly Brvesn S it D)
tid 20 PG PEP !
b 0BT e e @5@%@%@%@5@ el
preferably 25 psi (173 kPa) or less, preferably 10 psi (69 kPa) or less, or hydrogen

s present at a concentration of 10 to 10,000 ppm by weight, preferably 25 to

7,500 ppm, preferably 25 to 5,000 ppm, and wherein the alpha-olefin monomer(s)
having 3 to 24 carbon atoms are present at 10 volume % or more based upon the
total volume of the catalyst/activator/co-activator solutions, monomers, and any
diluents or solvents present in the reaction and ethylene is not present at more than

30 volume % of the monomers entering the reaction zone, wherein the residence



a) contacting in a reaction zone, in the presence of
hydrogen (preferably from 10 to 10,000 ppm by wei ght
wo@Roongdwayen), one or nore C3 to C20 al pha- 15r@i/881006/027943
nononmers wWith a non-coordi ni& i ng ani on activator and a
transition netal conpound represented by the fornula:
WO 2007/ 011973 PCT/ US2006/ 027943 16 R2 R3 R R4 R5
X2 | where M s Goup 4 netal
%BF 8%& rgactiop é%ﬁ“‘dﬁ*}sgé IMEYRT 3R e tﬁl@?ﬁﬁaﬁﬁ? itythe freactiph gone
Ziides 98t 488 B mBAf thhd' 0 °€6h drpgen, hal ogen,
hydride ra lglfrga I's, 5 hydr oc% Hesre&tgl}{c substltut ed
hydr ocr byl obtaigingzd mlya‘iplhaaclaﬁhf]PAOangpuahﬂly hydrogenating the

R P Bamt P20, Yym et aaioe S0 whleipoE A iy €2 ipba-

5 fcﬂéﬁl@ﬁio‘ﬁom@f wHieRsh 'tﬁebH %lﬂﬁtmﬁﬁﬁ klnéﬁ?ﬁ&@llséos%tgr 100°C

both X are 'joi ned ound tot e netal atom
LIRS Gt Ioakﬁyra:(péefr:ranb@/ b%qrf‘ttaur fsp)y afid preferatily atpodr pmnta@idmc or
glg carbon atons; or both together can be an ol efin,
Forefin or 10 aryne ligand; and RL to Rl are
I ndepenbkgsinltie pRdueteitadf 1es ]ISl‘éQes\Mi‘d £NedsB4R0HY 1P ‘E‘cﬁélq;\f!)duct
substltut ed hydrocar byl ocarbyl, substitUted
HRsr Sag! |tran§%9§/rr@éalﬁymp@¢nd gernyl carbyl, (preferably

10 hydrogen, or a Cl to C20 hydrocarbyl, a substitut ed C1
to C20 hydrocarbyl, or a heteroatom, provided that:
1) at Ihaq&efetmda embodRinehQ tiRS ixBretién 1Ate8 4/ dRI & produce a

PCT/ US /027943 17 hydrogen or an isoolefin and at
l@é&,‘f ‘22)‘ @ nhe-qlefin havimga %éflwd% 1 20\7 St eigleps empyising:
I sool efyi ddntdRF 0
e o§‘5 G R A S
hbto h@/ ﬁe%gmn)bywh@glﬁ cd thy dtogen)a dhacendreR13 tooCRbalpha-

15 %rléﬁjrp monorXers with a non-coordinating anion activator and a transition metal

compound represented by the formula:



10

w@eooansbst i t uted fl ourene),

forma C4 to C20 cyclic or polycyclic noiety (such as
substituted or unsubstituted 5 i ndene or substituted

R6 to R10 groups may formla C4 to C20 cyclic or poly
cyclic noiety (such as substituted or unsubstituted

i ndene or substituted or unsubstituted flourene), and
provi ded that ethylene is not present at nore than 30
vol ume ¢ t he nmononers entering the reaction zone,
where: 10\i) the productivity of the process is at

| east 43,000 g of tot, @ product per nmol of

transitio pound, and ii) the process is

cont i nuou i -continuous, and iii) the

tRripe the reaction zone does not rise by nore
t han ) ng the reaction (preferably not nore
than 7 C, ef\ers zpot nore than 15 5 C, preferably

not nore tyan 3 Rand b) obtaining a liquid

intended to operate) wthout interruption or

a continuous process to produce
a 20 polynmer would one where the reactants (such
as nononers and ca t conponents) are continually
i ntroduced into orfe or nore reactors and pol yner
product is continpgally w thdrawn. By sem -conti nuous
Is meant a._sypstemthat operates (or is intended to
operate) wth pefiodic interruption. For exanple a
sem - conti nyous /process to produce a pol yner woul d be
one where t ¢ 25 (such as nonomers and
catal yst c re continually introduced into
one g or G actjors and pol ynmer product is

in tthdrawn. A batch process is not
conti nuous, O émif- continuous. In a preferred
enbodi ment S~

Eﬁbntion the oligonerization
reaction tgnperature is controlled by several neans,
such as cogti nuous or sem 30 continuous operation, by
heat renoRal, rate of catalyst or feed addition or
solvent addition. Since catalyst solution, feed

ol efins and/or solvents are usually at room or

LR 4 SR 2L A BB by BEtGaR uihy
Adgoneacor lerniang eadnX hed hydrapedt, didlo aBf@ide ri@ads, on
DERBERSE tEeats SRR HOEoGTDYESTPeB hserbomdicals,
gyl SIS AT 6
rgdispls egprmylepdiyhradicals pr prbsfiettedegtrmglchrbyiddivals; 3Ebeth X are
j 91"?1%& 5&9 bound to the metal atom to form a metallacycle ring containing from
about 3 to about 20 carbon atoms; or both together can be an olefin, diolefin or
aryne ligand;

and R to R" are independently, a radical group which is a hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl or
germylcarbyl, ( preferably hydrogen, or a C; to Cyg hydrocarbyl, a substituted C;

to Czo hydrocarbyl, or a heteroatom), provided that:1) at least one of R! to R’s not

and where any twoPEHUsI0€61027943
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5 tenperature over a 30 mnute period, preferably for
the entire reaction. Usually, a reactor, containing a

wapmbii1amdunt of starting liquid is pre-heat edP@DUS2006/027943

within 10C of the desired ri@action tenperature in a
sem -continuous run. This starting liquid can be feed
ol efins, catal yst conponents, solvents or polyal pha-

I gfi ns heels from previous runs, of, polyal pha-olefin
ﬁ}y ERRCR 8T 11 BRpistia ¢rd alslepsh RBe @bRoto Bnys BetHwidrogen or an
. L ’ 5Ly, ¢
PR OB Lo e Bady P aline? ol (R ER g st
PO qf RS dei B saré notrhydragenpwherreung tao adjmoes ROeRE gﬁﬁ@s may

arti liguid. Wien the reactogr s at desire i
defipa a2 S Eleotraresbe MOt §ish 2 SehmoehpEmsubstituted
R @kne 98 ButiiitRECHAnsAETUALA f15ReN [‘%r)?/d MNke %g o acéjtaceesnt RSto

c%rponents were added conti nuous at proper r
& U gtoups imay dorseaiC4do A20ryclisdypalynyclichroiegn@echlss sabstituted

3 Sttt of Pt ottt P Hohrese). o rovided tha
SHHYRHEEs A6tDreRAPAtehdd fith JNRISAEY, bf KB md®nicRCentering the

pol ynerization reaction starts at the reaction
freagpian geng whergeat is rel eased. In order to control the

tion t t : t ant i bl
neat omoval Tyt yortfe RS SEith A5 A Khoedt <
prquivoy st mio] dfftranbieion @atdlicompobai® ahg not hi gh 20

enough to I‘I;SI ntain the reaction tenperature, external
heating i s U3 HsHPERss isFonHBuoyss se-comiinganneadn a

desired ter t: Ll ' onpl th
foact i on | DapRtetiferadie @ in A danbnt 8GR RE B mdrfran
df °Cidweing theotstction (hiediérelsly not aee: thiag f7ioT, pasfistablsimo0mokdithan

£ont i de of tion, th ti i
Si°f POy PREmOE: fhan ECK AR nlous run,  except when
the r epebefinihs afighidgsbiyBiph- e Brilet £KR nagt 2b.%‘$§larr 1o,

pre-determ ned anount of ‘reaction product is Wt

from d i h dition of.al onponen
is con'tlgi r?ggg I Se%?%{{tgsg%te etg% OR§¢ ??Si(gﬁlsdﬂggng °°pera£[esj
snthont inetruptac bt assapond 0ot exinigiel b avitifuoaspidaessite eddRike a
det erm ne, t.he re‘%:ti n time or residence tine. This

BRI5E oKL bfener Hishe thersrcBitaiSHOhagRoneBeErs and qanly8o
ESHYSepts Qre%ﬁtiﬁthﬂl@r @88 it bRy gf]fﬁ#ﬂ'e Je%toﬁca%g%'a}&%r

oper at_l on. In t IS process, severa actors ar
produstas corftayalby wilthdramme St segni-deintistouisds tieent uysfear that

choice,of catalyst conponents. An.un-brjdged,

SRAET (Roe SRR oD VP pbiero gption’ For example a
RéaTil ddBR006IsQP2dR43to pkBdaeta poiraek Wyuld bRdRe GARFhB A ARG ts
anion (NCA) with snmall amount of trial kylalumnumis

EHCl Py WERoTers GBd aiglyst comr@na@tﬁharb sortimiatly gnpulnﬂﬁmlc@mme
ipo RS ot pREFRR CHERE B agh Soone 1

t he nArtatqhrpedesss Bchot ad@tinnslis bodents@ntitudi@nbi nat i on
W th fn NCA. . - . . oL

n a preferred embodiment of this invention the oligomerization reaction
temperature is controlled by several means, such as continuous or semi-
continuous operation, by heat removal, rate of catalyst or feed addition or solvent

addition. Since catalyst solution, feed olefins and/or solvents are usually at room

or ambient temperature, their addition to the reactor can mitigate the heat of



10

15

20

25

30

WO 2@CH110M

5 When the netal |l ocene di-halide is used, it typically
requires addition of tni- alkylalumnumto pronote the

al kyl alum numto netall ocend@ is anywhere from4 to
4000, preferably 8 to 500. Wen the netall ocene

di al kyl s are used, (such as bis(tetrahydroi ndentyl)
zi rconi um di net hyl , bi s(1, 2-di net hyl cycl opent adi enyl)
?éaét&ﬁfdﬁdmaﬁfh rhzyihtalrﬂ&nstant reaction temperature. This mode of

By onen s i g e
WH%% usquDfé%?ér{eﬁr{FBgW1ﬁ¥P*QP@FHe§Qé@Mﬁeﬁtﬁ&0ﬂeféﬂed

hbe/eitaih SpeEnif dedird yémpératocnoryrefdirad tchlyd witbim 3P&gf,desired
ot her dial kyl _petallo

;
PR P Vs Bl By oS eRbeoptim
Elgﬁeﬁ!)y§ﬁiat1zﬁ>r p(foﬂfillrlxﬁ ¥ k¥ ah@uﬁ%f%ta?ﬁr?geh(glhﬁ 1We%ea{e@ttb o

al um nu to netal |l ocene is ypically 2 to
@ﬁmm mDéIfCEfrtm:)diqud taac@@0iemperabirp ired senaibtoytiBuews 1100 This

It
Sreediid qahe fearolBts b ot b ires Bkt bne
A h@h&l@-ﬁoﬂiqﬁeﬂ@lﬁsﬂuﬁﬁ o Fél&ﬁﬁhﬁﬂéleﬁh prédiicts Bbm prev1ous runs
met al | ocene to ose to or 0.5 to

pnargtiether appropriats hmtﬂj;n U suallmﬂlé loff Bt,eefﬁ@i elsfn solvary erPAO
b?e&%ﬁglgn: R%gxlflousl 1{111111%% JELO spe? ?ﬂ}r&i{? %\h&]\ q‘ggyﬁ%ﬁn&gﬂ)%ﬁfﬁéd

Blafgdiquid nWhB@ﬁIe regas aﬁde&ﬁed?’(empéﬁituranﬁe@ phﬂﬁab,l dataflyst
the preferred anount of netallocene

6PEPPRENfSe BUAOSARYPEORST SHOTL PV 3 ?tg?r @Weﬂts were
Tidddl o%ﬁﬁﬁqdugléfaaq:pfo?ellratéy s AR DeRm c%fltlﬂtllcﬁl‘csl}ﬂ%ﬂ,l ﬁ ;%hge

anount's conponent’s used are too
bh additompfor ﬂtaﬂatalm stloton decthefeddildfiniscud contyplled se that
l.ecti

ERATESAN ‘?ﬁtﬁéisfgr;f?rég a&%ﬂﬁieﬁgﬁ? a{ﬂyﬁSt o pg%ﬁ‘&ﬂoﬁfrﬂel?zﬁ%on

E&gﬁ&? §tait$ atdh S Rab RO Baturb/Hiéad ik Yelea%@@' hiebrderWwahtrof the
rogen is preferred. The hydrogen head pressure is

u@uabm {empeedture 40 hees eanstaet aposgblephgat rgmafabbrseyerdel ow

Q’&:ﬂﬁ)&s as B}egﬁuéx}e ba}béveﬁ%e%l%dp%r if %g rga}cf]:)g ?ﬁ? synokﬁl gcflw

BYSoRAE MaikhRIBeFRctidH te@pamtuie, auxranm; hastirecik |suplih,edh®dﬁat
is preferred. Too high a hy dro% pressurei/vl J@
FEASioB iR MAtTEan ﬁ@eglfeéirtﬁmﬁ@ra%\%h% & aditEprr g SgRp|stgdy the

9%2581? ]w%g t oggeQi dlf Pﬁé%%ﬁréﬁ%ﬁ&éé@ BP6MA%d gﬂi%m l%ghest
a r

ane. ogenation of raw materi al
@éﬁdtdl&ﬁn&dﬂﬁemomduct yield and selectivity will suffer
S|gn|f|ca ' ref.ercred t nt ain

tl Th f
react of MG@%W%BT?B ‘%Rﬁr‘g‘oﬁ‘ei \ﬁ%‘iﬁﬂoﬁéﬁ Slmﬂﬁﬁ: g)athe semt-
g?ﬁﬁrﬁfoﬁpmﬁ bedepiivhéh 18 redcRorid ﬂlléﬂ %Ptol J‘}ffe - Ry e a¥d] o

eed stock into | ow val ue al kanes. kew se a
pirariletemminedameount of reaction product is withdrawn from the reactor while

the addition of all components is continued. The rate of feed addition and the
amount of reaction product withdrawn from the reactor determine the reaction
time or residence time. This can be pre-determined to obtain high feed olefin
conversion and high reactor throughput for economical operation.

In this process, several factors are critical for optimum results. First is the

proper choice of catalyst components. An un-bridged, substituted metallocene

In this case the nolar ratio of triPCT/US2006/027943
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5 of hydrogen is also desired, preferably the hydrogen
is present at least 1 psi, preferably at |east 5 psi.

wah@7oedcs i on tine or residence tine is al so | PEDUSENG/027943

for high conversion of tha% eed olefins. Usually
| onger reaction tine or residence tinme favors higher
feed ol efin conversi on. However, to bal ance high

conversion and th h reactor. 10 throughput, the
raé’gg?ﬁeg ?‘fylal’“r‘?t!:l Q?Prq?%&“%é’ﬁlf’@ Nq?@ Wigh %ﬂb#ﬁ?‘gﬁ@f ween 5
6
ek Ruh B s SRSy Al PhEREEHoHhe Fhllb it G
phbz;itde ((m@ﬁewly)glchbt‘ldb) (!I(deaileﬁs Bai; tisuafy etﬁe di- hlﬂtyNGﬁrn of the
r choic on oper at.i on
Aty soBh &G gt e et s i ombinayPn videen NGH
VWth i rﬁétﬂﬂéceﬁ@"@i«lﬁﬁhdéfls hédaad: %1@112%@ Q&dlﬁé}@é(%ger
anount

resi dence tinme or reaction fl
rﬁ}lebrlaig@mt}m weprnodethe rpastipal phihisalaed the snoldrtrhtio b ftni-

r odu vity of re.th n 4 00 t ot al
SRR b Biserts SRS atmate d00R e BBl & o
Wnewﬂielmetmodmk eRIyeard Lo%E &%cﬁﬁ@ﬁl@(]@%t%kl&%lrﬂ@gtyl)
commerci al | attractive. I n an terhnate

IS ORI Hedme ¥11}f1|é>1$(éé’ddlmeﬁWéGYdO@ﬁntﬁdlewl) ziegonivon dswdthgnt
t
HAGAEUIBICS R e RN IR ANILED Behergatorn

|tnmbﬁgzlcgzempemadie11yw girsoniuii danethfle product wit hdrawn
the C nuoua@run t he crud%afroduct can be

Hly cloperfadieydyzisgnivmedimethyl gsbis@yetadd-vi on of
%ﬁ@ckcl@ﬁ&ﬂﬁﬁle 1)Z2e¥ S dlﬁlgzgmyg b graﬂg otheg dia gﬁﬁ ﬁfetal]tocenes

al co , acids or any ot cat I'S agen
Wwepsh  iggpatl hmqblﬂbdﬁtut-alkyla}mmmimﬂmiseleatﬁdeo gﬁlefﬂﬁ)ﬁd)ptfmum catalyst
ion and water; and

d hi t
B B P AR5 5 bR ey
R b Wb@féi&blf}@ th©80,186ke é)‘i’éf%fab 10080 B 1o 10... The
ol igomers and sol vent. The B uct fractions can
@

SBOEREINIC AT vnddsplve ﬁntl%ﬁth mobsa catecofanetallderge ol NCANEn
t f
Pahef ol |Gl OF. THSabE Bt 1B e hupdenedingass

tloactd btusl od0&g3e2f racti ons typically have unsaturated

doubl gq?ﬂd peg each nol ecul e. The doubl e bonds are
nost | iﬂ PiLdRhamgEatief mskalogene. coneqnistion istcsiticall 4 jonder to

8¢hib t . i
SRR E g Bty MO 1S e sopge papduct
st bdst telnmratﬁwmontro}rmidl apetabdity; the preﬁetrfearaxﬂdmncbf @8@llocene
fluids &e% rrance ddi tives according

e e, o0 AT o AR T PP (ot Cr 000 el ramygen o1
aliligtaad /ot W blefiad. OWtkh ﬁm‘éﬁﬁ‘tts ak Eﬂtﬂ?st%@ﬂi@? seW'aI@too
mal ei ¢ anhydrides, wth vi a” hydr ormJ ation

highcthe deraperauge ccpmt@l bg@n@g dlfﬁcult product selectivity suffers and

catalyst cost becomes un-economical.

The amount of hydrogen present in the reactor is also important. Usually
smaller amount of hydrogen is preferred. The hydrogen head pressure is usually
maintained at below 100 psi, preferably below 50 psi, preferably below 30 psi,
preferably below 20 psi, preferably below 10 psi. Usually, lower hydrogen
pressure while maintaining an activity boost is preferred. Too hi gh a hydrogen

pressure will hydrogenate the starting alpha-olefin feeds into corresponding
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5 fractions, usually have low or no |ight hydrocarbons

wth | ess than 24 carbons can be used as high
weeeofotyence fluids if their brom ne nunber i SPOEUSM0R027943

If the Dbromne nunber is a@love 2, it can bg readily

hydr ogenat ed by conventional | ube hydrofiﬁ?shing

process and converted into fully saturated paraffin

fluids with brom ne nunber |ess than 2, usually

sikgne.f Woentthiy hiydrogenatian of ravusssdriay ocdussaéire produst givldand

SPaspy R ERES: PEETEARC T ety Ut iRt R e ggpoter
Yy arogeRpReArHBEIBHT 100SpsAmEord pRster@blyicti B Pii% ERRERze the
| Ubri'cant base stocks or used as high perfornance

hydrogeration of fesdgtockfinierlopr@peeralkangs. nlikgwisgr minimum amount

cription,of,the tvpic ubricant. or functional .

P BB PR e i DESoBly h Bl BRY o Rheshilat 1ailifhoie
gﬁﬁaﬁgngg$%@f55§Wnthetic Lubricants and Hi gh 15

erf ormance Functional Fluids", 2a_edition, ed. by L,
R Rudhieckactipd time qr residpngs ke, 1s Rlsp daportui karhigh eaiversion
N . t [ : .
St i POt ORARY 1K reablin SSE QRS (AT
tfted defirtotsierstanridowestes, tadlancakigh getivetsiom amtthe Sighndactor

any ot her_ heteroatom contai ni ng conpopents using a
dyrpghrsbrtbarrectioniige oz r%%ldgecepv@ﬁé%v%aﬂwg%%an AFEnes to 30

gﬁ%&& $Brd a}%}@fe‘?ﬁéaq.@ln%%u{%@ k@Y nbitks b2 HEEREE20 fhimALabISt

e-activator as descri bed above Is added to the crude
heaxst i on product or a solid absorbent, such as
um na, ,acid

, cl Celite, or. a.C fi,l ter ai .S
AP st o Belocproadstv el REE gy Bior Shoiéeor
RER1IIE bEHl AL ELrRAINIMR! inefudirg e amStiR Ifa@lyBeiRl, ankiReth 5
m nutes. Then the solid is filtered and the filtrate

iright amdyntiodiriglkiylelvarngs adsesviengeat icpidenne thpeeneaian tisne,

Thi s et [ SGI i [ L1y, LI

P e SR phh i PR CRlhughe ey SRS ARgyeY
2efmclitiy of mese thieXe00 biarbrital PESHRIMIS Bram of niztudlobeic
enbodi ment, the process further conprises contacting
paed- BioHighauodhstixity magkentheparcssesronaansally gpd eopmercially
Qﬁgkﬁggnation conditions wwth 30 hydrogenation
catalyst. WD 2007/011973 PCT/ US2006/ 027943 22

Met al [oae nkerGate @inpstlinGortpbe ficks! dfdr-@efipasesntel solves

i nvention.and the clains thereto, the t.erns

shyh GBIt O Pbin b Eeieniby ConiRERgEPaESby
gr oup“A fédr ehd4286tion ik BEMPARIAIRDs il DD AKEIR Hin bfths product
docunent. Likewi se the ternms "group,"” "radical," and

‘g thidsavn fremtthe gerdinaousrups the drpdearedizat gambe yorked dndhiout
T R T I U
fafdrCalbohol, acids or any other catalyst poison agents; washing the product with
dilute aqueous sodium hydroxide or hydrochloric acid solution and water; and
separating the organic layer. The organic layer typically contains un-reacted
olefins, olefin oligomers and solvent. The product fractions can be separated from
solvent and un-reacted starting olefins by distillation. The product fractions can
be further fractionated into light fractions and residual fractions. These fractions
typically have unsaturated double bond per each molecule. The double bonds are

mostly vinylidene with some 1,2-disubstituted olefins or tri-substituted olefins.
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and may be linear, branched, or cyclic. Wen cyclic,
t he hydrocarbon radical may be aromatic or

woenwratomat i c. " Hydrocarbon radical " is defi neRICT/0S2006/027943

i nclude 10 substituted hydrdcar byl radicals,
hal ocar byl radicals, substituted hal ocarbyl radicals,
silylcarbyl radicals, and gernyl carbyl radicals as

bel ow.. Subst |t uted

d d
56 Sk Pordrare syl for Aot armstRiaR vt cieniucion!
Offi§ids BY fLrRIEANAE YIRS 2 (ﬁ)‘?glgg \‘{&%gtkld@ﬂ owgngpgéulo zatlon

one functional group suc

RRaGjonAsiRh2ys aBilyRitidn vERY aroBR2 corBhiRing, co@mRiiads, Sﬁﬁi"rﬁalei&:5
one

R ol i E RO BB B, i Tl rsital
\MI‘E{CJ@I'OHS td@ﬁalﬁb’l%@ (I@XI IBY hO Iilgﬁiﬂ Iﬁ@%oca?&é‘ﬁ? W%.% lesgl&sa(nF% tarbons can

:bm;sed asbl(gh*p)erformﬁto)e ﬂuicB(lR&Deu bremBine nuBibeRs)b2tow 2. If the

d the |Like, where
T RLBEIRER VA2 g BLARY bONORAPGAP I P rgbbe
aydrd Wasing PRcessRhd BBYvdrel fnth P98 Hfirafe@ phQFEH A 1%19 with
substituted or unsubstituted saturated, parti P
Ureming ameher dass ﬁlﬁ@ﬁaﬂiﬂtﬁﬂmﬁtﬁnﬂﬁca@}ﬂy lgsothag )Zc IUstuaHy,rigwer

dj di
TS B AR S Bk s
genuee,ckamatbd B%'drbaﬁsbn p:ﬂr@fffh@ I(amed %ﬁ:}ésﬁh perfofthanddr
en containin rou e
éﬁ‘ﬁ%ﬁap{ E%Ssa Ogk$ BicTeR ¢ b hiehgeeianBanse ét%toa@n@léhsda aftammm
{
ok DS HLOLSL Yo DISU00EH | RASL, AL e
sau he deundrn Zhe @Rk, anBek refereiRes iPMyaithefis Mncﬁbﬁﬂ’d High —
BR*2, SiR*3 ¥ San PbR* 3 d the lik

TREP RS AR oRh B, e eBORnad oY br g RBtichaad Roben
ISpSBkInEMavdel tﬂeﬁkérhﬁlchﬂ?cﬁﬁdwl radical such as -0-,

-S-, -Se-, -Te-, -N(R*)-, 30 =N-, -P(R*)-, =P-

As( R*A]Iemaiwgly, thesty(lwproduciﬁom the%@h)enzat;@& reactor can be

and the
i Py s aaban B Re s st sbersygponts and
laay othet hyteroatish Eattaipingw néhtdtisias a kERBLorBAR. NAIQIEN
atom renmains WD, 2007/ 011973 PCT/ US2006/ 027943 23 on

PrEe3d gethed apd igessd yyrhereaambﬁ belawdiln s aietod, awatatyst
@tl%tof@ydebﬁiﬂéd ab8 {ghﬂﬁe& F@d@reségtt atr]grtogldgtdorr%rsohd

unsubstltuted satura par y unsa
absomipdrit,csucly e$ alomima, paldyotayc Uehte[ ongclebyp GltbtHie, is added to the

SR ] S R Ao b o st

0 I
ShaEmbou s R SR Bt 4 g F0C% | iEI e

gquu@m or fragtiomriong, This m@'(fNR'lszgiqscm&dH@NR*fﬁI)lﬁ in concurrently
nd_t wher e e
ﬁ e%lr atent g%)l%agon E]%Sll\f g& %ifed gz 1%, 98(%1 EAt\{omey
Docket Number 2006EM037).
In another embodiment, the process further comprises contacting PAO

produced herein with hydrogen under typical hydrogenation conditions with

hydrogenation catalyst.
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hal ocar byl radical and two or nore R* may join
together to forma substituted or unsubstituted
waatoanaoexl, partially unsaturated or aronati c PYDUS06027943
pol ycyclic ring 10 structw2e. Gernylcarbyl radicals
(al so call ed gernyl carbyls) are groups in which the
gernyl functionality is bonded directly to the
i ndi cated atom or atonms. Exanples include GeH3,
defabocenchlapgst GonmRendeH2( OR*), GeH(OR*) 2, Ge(OR*) 3,
GeH2(NR*2), GeH(NR*2)2, Ge(NR*2)3i and the |ike where
R* is independently a 15 hydrocarbyl or hal ocar byl

radi caordghds¥PofhisTBVELBE af@ihe) s tiegebh@e tdriisf or m a
substituted or unsubstituted saturated, partially

uhydiogrhybadisel, toideadeydy end Bydecarpyl sreyir| are ugedng

| ar ' pel-ar . o QUPS: 11
Sl Ok B B DAL B LR B,
cindesiisyitient "tde alk 6 dicdahechah gabbr thedughbut tHisdycurhelt uder
20 heteroatons of groups 1-17 of the periodic table
(aResst obthisylselegyes, hywheeaahyl radictleis dabigad taohe 2 brmfewtadical
t e . )
AeShRts SRRy o 2yl bR h e by e it may
fleraresatioor dopdarogatic. btifigdrocparbdxadizh¥es définekluo eiclhwieal

B R P L LS S L
- GRABAX iy fcaf Y%ﬁéﬂs? and BEASIVAER rAN16h1t Reihbsederms are defined

chal cogen (Goup 14) anal ogues,” al cohol's and phenol s,
drehay.sSubstitwisd biedoeanblyl ragidale prsrradicele sn whizhlablepstione

n.des drazi des and im des, .am di nes_ and ot her

A AR E S BR8P e b g o

INR 1L OR‘QBOR T, TER, PR*, 0A4RE,, SHR,I ORIEBRONPIMM ISR *;, SnR*3,

sul fur acids, seleniumacids, thiols, sulfides,

ko gndits like oy wherred legsherainniassirogsrpasiem e grayprhas been

: 4+ or-anes, «30 bor g N

IR Vit S TR Bl Al o B ST 2 - v

t-REEY)-, bRoAMN YR ), =Ane I-Sﬂ@@l*w, gSEi, eB(Rj*Py -, sSiPROKRLS or

i norgani c, s or eri such as al um.na, n

sPeR —Sﬂxﬁggrar%@%ﬁaﬁ&e e, ¥ @rR"@}deg@eP%a%@f&e

SRsithe BT e R MR I ey fojgoscfper tg forme

SnbiByute@bRuBsubstttuted satfuirdted, whdiadly Rhsdteratedrod eprematerdyt c ar

h g;oc]?r b‘i%s sgbst i tuted hydrocarbyl, hal ocarbyl or
ST Y  Scar byl radi cal as defined above and

two RHABArDAIradit A9 eletedichld i @hithdne o4 bfvié hytirochrbyl
unsubstituted saturated, partially unsaturated or

dyveragen atosschave been subsiiwtedoyigh pidesst ape Balpgmt (ggeF, ¢hBr, D

i ) |t d or unsubstituted
c%é%ﬁg’ééﬁn?%@?%% gﬁﬁ%iﬁ%}%éﬁﬁ substituted or
uns ubsSubktitiied hatuderbyl rddiginae radiciliiatwhich sideast one halocarbyl

nsubsti t ut ed . . .
yﬁro gen or halogen atom has been substituted with at least one functional group

such as NR*;, OR*, SeR*, TeR*, PR*,, AsR*;, SbR*,, SR*, BR*,, SiR*3;, GeR*3,
SnR*3, PbR*; and the like or where at least one non-carbon atom or group has
been inserted within the halocarbyl radical such as -O-, -S-, -Se-, -Te-, -N(R*)-,
=N-, -P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-, -Si(R*)-,
-Ge(R*)2-, -Sn(R*),-, -Pb(R*),- and the like, where R* is independently a

hydrocarbyl or halocarbyl radical provided that at least one halogen atom remains
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fluorenyl |igand" and "substituted or unsubstituted
tetrahydroi ndenyl |igand", the substitution to the

w@t@remens i oned | i gand may be hydrocarbyl, subRCT/US1086€1027943

10 hydrocarbyl, hal ocarbyl ,23substituted hal ocar byl ,
silylcarbyl, or gernylcarbyl. The substitution may
al so be within the ring giving heterocycl opent adi enyl
| i gands, heteroi ndenyl I|igands, heterofl uorenyl

loh gBneisginalmahebeyydiaidah hydditiney twd bgmioesR* megdbinof
whi ch can additionally be substjtuted._ or

doesthss to fogmasubstiuisd s vasisHiviRdeRratehoapiadbgtmgstyiated or

radical 18, cted 15 from nethyl,
é@%@%ﬁ”@?ﬁ%ﬁ€@ﬁ9§§%8?%%ﬁ%?@hg? propyl, butyl, pentyl,
hexyl Silyiatbslt radieatd (also cabied/silylchelzyls), arel grbmpy in whist dloa/dilyl
tridecyl, .tetradecyl ent adecyl,, hexadecyl, .
eptingulsy is Sondka dunsh, BB RHei =t oo Sge. el dgrinde
doGOBMLR A, SARSY IsiR+{ SHIRORSY ISIHAGRY AR ), NeRE0RY),
hep%acosyl, octacosjﬁ, nonacosyl, triacontyl,

SEHEERY);, SHRY andothelibe ywhereRk sripdepehdgntlyratiydrocarbyl or
Fol Gk A O I GRD B ERRI o BR300 oo o
hepirdge&turale8 ! REeARNMsatuRRaRSIeseMMtic cRilic®s QBL%YCHC ring

henei cosenyl , docosenyl, tricosenyl, tetracoseny
penetarosenyl , hexacosenyl, heptacosenyl, octacosenyl,

nonacgsen triacon I t . :
penty E@qn:r&kdg&b}ya {/%f’ic lée %?%ndﬂl’gci g%%{%ér%lf}?gn%ﬁ é]lr?;/lpf in which the
%@ﬁﬁﬂdyﬂmctwﬂldﬁty)zdg kﬁbndetdaﬁﬁed l)mydl the Eﬂdi@&@y:{tyini or atoms. Examples
t et radecyny ent adecyny xadec "
RNRIGE IS5, BRRE] ny e mieRioN Ry GHOR )
eyn £QS ri .
PR ORI IR b TN whiétk KGR ndently o
nydacadyhyt halécariayd oatiyalphd the bacioenk maygoinddgehsrito form a

hexadi enyl , hept adi.enyl , di enyl | di enyl
- cabaamenyr imsip Gy ien Slice Bl B SRR e Sl o

F}Fciy@lliéﬂngﬁﬁﬁ;ft%at ed and aromatic cyclic and
S% ycycli1c 30 structures wherein the radi cal my

addi t iRedarirhdicile os pdipegroups are srhws iy pylishgaf heteroatom

bsti tuti.ons ribe bove. I Lncl -
ettt Fondsfaisr o o au i miEos EanrRohbe ndutes
RtdbABMBYE ?‘laaﬁgy 1 -17eifiyd driiasd tablei(@tdapd @ifestydnd hydrogen)
propyl phenyl, di propyl phenyl, benzyl, met hyl benzyl , .
reatba 4gme orm@cé@bmtper@g@pgﬁ%w ¢va %EPJ&%@{@&W piteractions
[ , .
SUE) BT on S OB P L B A OB, i o
adactonbVietanatothenltdikiag gFmps itvlelediagwixytcaeds, wlshadidss,

radical, is listed, .it indicates that.radi.cal type and
Seoo5 Y e PRy e S e BRI PRE g agryeby B FF
%Fﬁglcggérﬁ@rbgp i DeariRRbd, alohOR Snd Bhéded] elRAY BeroRldeY hnd
al kenyl " and al’kynyl™ radi cal s |isted include al
ilydrpewoxides) eatbonylishaoridesapytrapidescand imydsi amidingspad gther
ffﬁ%gfﬁ%{p@ﬁbo%%id&r} %itll‘llgeg,s anrl]ihgsu ;Er}é' imi%és?g%ogyhi%rog,pé&er
nitrogen compounds, sulfur acids, selenium acids, thiols, sulfides, sulfoxides,
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¥,
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tert-butyl, and cyclobutyl (and anal ogous substituted
cycl opropyls); pentyl 10 includes n-pentyl,

weywropent yl , 1-net hyl butyl, 2-nethyl butyl, PCT/US2006/027943

3-net hyl butyl, 1- ethylpropl, and neopentyl (and

anal ogous substituted cycl obutyls and cycl opropyls);

butenyl includes E and Z forns of 1-butenyl,

2-butenyl, 3-butenyl, 1-nethyl-Il-propenyl, 1

PRE}, AR *2-JHRIPESRM, BR*- riatRty) PUR3rang elltwllikea\mhiere R* is
-met hyl - 2- propenyl (and cyclobuten

W@pe@gp@b@ﬁpycgycar@dfq tlmgﬁ(&} y %%%1 or substituted
ﬁﬁ?ﬁa&ﬁ%%@cﬁ%ﬁs Idgj‘fflll A8 03t énd RATRE g&aﬁ@t to E&ﬁer%m g

nclu orth yl phenyl ,
m&amﬁdimmnWteMImdmanmmywh’mr@wd or aromatic cyclic or
di nmet hyl phenyl woul d i nclude 2, 3-di net hyl phenyl
EQW@¥WHﬁ¥%VPBﬁ€ﬁyI 2, 5-di met hyl phenyl, 2, 6-

di phenyl net hyl , 3, 4- di met hyl phenyl , and

3, 5- dijRdhyte ARG sulEsARR] SsuRlibstyel eRafcRtdemyl ligad",

i ndenyl li1gands are illustrated bel ow as anionic
I'substitdtsd of msa;b*smuuteg m@nrtybhgmdc'smsub@lt@te@ ar wabstitetet hat

.S par.t A _CYE t "
EeBRTGhe s Pty Pr g BB o blRa ggnes e
a&ﬁﬂﬁmoﬁtoﬂ%@@ﬁ@ﬁ@ﬁ@ﬁkﬁﬂﬁ@n&h@@%@h@&&cmMyEsﬁbmmmaarbon
atons and a flourenyl ligand has 13 carbon atagns

ydrecaabyl h@l@@p@bylss@qmum ca:{béll,éll@%gamy},g)r\gpwlg%yl The
gllkblé%{ ut?ﬁ%a%ésoa%&ﬁlﬁlkﬁgg%ﬁg ﬁ%l?et%{o% A agllldc aPll i 2%ands,

equr va
hetb@ﬁndenselrii g@nds hetepelialrérod hgmdsp@rpi&tlmd&trahydoindenyl ligands,

precauﬂyus rein are ferably
M@WQ&W%W%HU%%ﬁagﬁﬁﬂﬁggl%#WFFF %ﬂﬁ?32|rcon|um
an d ha{ Yinimbdy éﬂl@ﬁt@ r@k hydieesbyl raHicta?i@ %Q&B@l%enﬂ% selected

zi rconocenes and haf nhocenes may be represent ed

80Tt rokthglyetiyl, fetirenyl, and 1SO(I©pﬁpf°9rMX®ltY12))6nch bﬁ@l,rhepm

2007 OIS T3, PSTASEOROLCATOAE 30 3, R B e

A Y m:t@aecyh afoRhdbdy1, RIcekR 1addleltogyll EsdEUMIiRbsyl,
haf ni unt Cp* are the sane or different

mympwém@a@p@gylhemmxl hentecogyle oelaeasvh aamregsyls Blagpntyhd
Riom ot ey, B Rordn btehih SEietle, Rothyl 888 BPE

whddeehylododevenyl, arifiéocayk timtledengl) pentad®cenylphefadeanlly
both Cp and * are substituted mnt% fromt to fi
éemgqu?%n?féa erenyl, nogateces Ficotrah hgroenseryly %W@eny

H&g)rg‘% i c|o¥enyg é{ AR GRhyDhokRo gp 'wat%c@kenyl octacosenyl,

|tuted hydr ocar hal ocar byl ,
ﬁmhmbsdnl;rt eldadmatew‘aphmynyl bitypyle aﬁlttynylohexgeyhi;w}m{mﬂyl
octyn nonyncfJ decynyl, un%e d%(riec(%llnyf %‘1(? cynyl, tetradecynyl,
pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl, eicosynyl,
heneicosynyl, docosynyl, tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl,
heptacosynyl, octacosynyl, nonacosynyl, triacontynyl, butadienyl, pentadienyl,
hexadienyl, heptadienyl, octadienyl, nonadienyl, and decadienyl. Also included
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,



10

15

20

25

30

WQ p®aosIO73 ut ed,

10 cycl opentadi enyl rings in which any two adjacent R
groups are optionally joined to forma substituted or

aromatic cyclic or polycydsic substituent; Xi and X2
are, independently, hydrogen, hal ogen, hydride
radi cal s, hydrocarbyl radi cal s, substituted

d cal s, halocarbyl radi cal s, substituted
1% ﬁwﬁﬂ,ﬂs iﬂy? lalawél diethylphenyd areRyiphendd, éam@pylphenyl
SBehsvii heﬁl?ﬁ)eﬁig{ﬂ ﬁfh?/yl fh?géeﬁ%, Byclogsatyly, édy%?o&e en}S]],

radlca gennyf car

knyt:]mhééqd;ce/clohexmﬂd mhiylbmwmyp cyﬁshermylabyoaélwme&@l form
tal |l acycl e ring contai ni n from about to about
SR o AT BRI SRnEORh ahofeike: Tox b HRSEE CFhan A

dh@bafié Rsted, iBindiGtes tHa9Aackal ﬁ@c Eﬁ@ Llﬁ oﬁ’xeg ?ﬁ]&atlss formed when
or the

repr esent at ive constltuent
rthatahdical dype is swjpoekiottae sxfbsﬁmtmrm deﬁhed'ﬁbevé i Atkyl,&alkfeﬁyl

il Lustrative r pqse and sh uldnt

e SR SR e e Y S iy Sy ding s rasriafy srsfic
qgum&m&t

ISUANION Sxallibe, bityl WRLTRS BuICs HdbligroBlt 18085 LRIy
derrdptyl\and r@}’ﬂybllﬁtwb@rlé wlalogms cubsititad cydoprgpalsk pentyl

cycﬁoaln@e%fh y%'%qdp a?tgmt ERand %’8 y&%?eﬁ}yéb‘g%%ﬂﬁ%t@ﬂlb}lwl 1-

teﬂlyﬂsproﬁjapzltndor&bpﬁﬁylt(hﬁdbﬁl uB @hbﬁ@ﬁe@l:&cw&ﬁy@ raﬁd For
but |ncludes n- , 2- nmethylpro

fy HEWVE} Sylenyl ingludegfagd Z fams @@bb@ﬂ@uﬂy&bu@m prbutenyl,
'1%Eﬂ{gﬁf-gfbtp%ﬁﬁt {lmet@@?%gwt% éxger’g r%—t -#n%% Y4 2-methyl-2-
@y@eowe(anq/bymmmsmddmyclopmpéwls) tmj?cﬁlmcbmpaﬁhdlldﬁfing
anl%é%forns Ofﬁé bute% - but enyl, 3-buteny

fu Lﬁgﬂns FncB,].dg AsAmer oS, exgr_n@}e@ E;WIPhezLy}fngpnqlude
D B e B 80T P LA B o B e
_M)uhim:héc 2gr&msthylmengl 2dpdimetipyigepyc 2053-dipetiydpticanly 2, 6-

l Xﬂ%y@é&%%g%%@é@%@%&?t aﬂbegwljmethylphenyl Examples of

eyabmta@lﬁahlypéiﬁi Rpenl Aghei)ke 111u§trﬁ€<ﬂ‘ 6&1@% astanforlid BERMS.
or groups illustrated in Table i nclude all isoneric

fornsA’ C@smmﬂt@n" diarmarhep &E‘V@Ithﬁééﬁmﬁjbémwchcmgudes

I .
B oot S ARG PR BOR ie hp oon e
ﬂ:yd’epdnyddlamgtb]ngfdnd Iﬂs fiet byt Icﬁ]t(ﬂ»@ﬂ wtoms3anides fiyiremd @ipyshd has 13
4- l i ng,g 5- nethy| |{1denyl 6- met hyl i ndenyl and
?QIE‘SIE AYyTHs H%fm lqﬁi@‘t‘%ﬂe&“ﬁ? cphierfyir FiRg mithdzvo alkyl radical

L
glgtirsgﬁrengﬁ ﬁl}l}? g?fﬁ)t}?'égﬁgﬁy valé_% E(If'@‘a hﬁ Wi %Lﬁ”& c?{é he

sibghientson netal conponent, sel ect any corrbl natl on

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

(CpCp*IMX; X, )

wherein:

saturated, partially unsaturatBdl/US2006/027943
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10 of the species listed in Tables A. TABLE A M Cp,
Cp* titanium cycl opentadienyl zirconium

woreaohplioyx| opent adi enyl  haf ni um PCT/US2006/027943

di met hyl cycl opent adi enyl tr26net hyl cycl opent adi enyl
tetranet hyl cycl opent adi enyl et hyl cycl opent adi enyl

di et hyl cycl opent adi enyl propyl cycl opent adi enyl

di propyl cycl opent adi enyl butyl cycl opent adi enyl

M i the Inwjal Icopien aad isengroup ganetyl iy sraipe titaading myiconium or

I pentyl cycl opent adi en hexyl cycl opent adi enyl
gfﬁ@§91%@%?%%gﬁ?%ﬁwgﬂﬁyhﬂﬁg%Pylcyclopentadienyl
dpeatopcars krpanicagidentint coelbydrEatiés P einka tiat ileach bonded
dloctyhggclopentadlenyl nonyl cycl opent adi enyl

do Noapd dyboth Samansldingre substiefadeyh ableasiona apn-dsppiefin
didecyl g ' tad by
SERED Bt SRRl bR e HBIREL LR RO P B R o
PIHROI/ 1B CPGhd dp2 0664BeTAR3 wikBfrom two to five substituents "R",

tetradecyl cycl opent adi enyl _pentadecyl cycl opent adi enyl
sastebeijineteropeR bgwigeingpendently, a radical group which is a

hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl or germylcarbyl, or Cp and Cp* are the same or different
cyclopentadienyl rings in which any two adjacent R groups are optionally joined
to form a substituted or unsubstituted, saturated, partially unsaturated, or arométic
cyclic or polycyclic substituent;

X; and X; are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted
halocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl radicals,
germylcarbyl radicals, or substituted germylcarbyl radicals; or both X are joined
and bound to the metal atom to form a metallacycle ring containing from about 3
to about 20 carbon atoms; or both together can be an olefin, diolefin or aryne

ligand.

Table A depicts representative constituent moieties for the metallocene
components of formula 2. The list is for illustrative purposes only and should not
be construed to be limiting in any way. A number of final components may be
formed by permuting all possible combinations of the constituent moieties with
each other. When hydrocarbyl radicals including alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl and aromatic radicals are disclosed in this
application the term includes all isomers. For example, butyl includes n-butyl, 2-
methylpropyl, 1-methylpropyl, tert-butyl, and cyclobutyl; pentyl includes n-
pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, neopentyl,
cyclopentyl and methylcyclobutyl; butenyl includes E and Z forms of 1-butenyl,
2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-
propenyl and 2-methyl-2-propenyl. This includes when a radical is bonded to
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hept adecyl cycl opent adi enyl oct adecyl cycl opent adi enyl
nonadecyl cy. cl opentadi enyl eicosyl cycl opent adi enyl

wheoeiocsy| cycl opent adi enyl  docosyl cycl opent aPlCENF1006/027943

tricosyl cycl opent adi enyl t2tracosyl cycl opent adi eny
pent acosyl cycl opent adi enyl hexaco syl cycl op
ent adi enyl hept acosyl cycl opent adi enyl

oct acosyl cycl opent adi enyl nonacosy] cycl opent adi enyl
her geaym: {ar Gremplseproanicydgpentadisnybwelide 8y cl opent adi enyl

anof
t:adi [ | opent adi enyl
Ino???g%éﬁ%ﬁ%@%ﬁ@ﬁ%ﬁ#@%%éﬁgﬁeagggggp gnyﬁcyclopen¥adienyl
cyctopkop ytyselappatatirdi/e i igendreln thellipyndsogreyndupdiikusated in Table
A 112(5@%%%2%5%&{: b n; %gg %%pé@ idéqq?tlhylcyclop entadienyl includes
[ la_g; j I
1,2.@%%3?@8&&@5 aﬁ@g,3-dﬂy%ﬁmyyéy%%emh&xﬂlga@m&ﬁme%w

cycl opent adi en
inclmdeshiHnettingtindgicyl operetladindenyll, 3-methylindenyl, 4-methylindenyl, 5-

metﬁ&ﬁﬁ%n&[j %E%ﬁ%@%&?%ﬁéﬁ{%ﬁyﬁndenﬂ; methylethylphenyl includes

ortHEBHy R IV E R RlcAtl &MYbhenyl and para-methylethylphenyl.
neththexy?%yclopentéﬁﬁgngrb ngfhyl%eptyI39cl%penP%di

To dhwptratemearnlyeroef thk trposibpemetaditenydnent, select any combination
of tHEETDAA9MNGY ToHREAL adi eny!

TABLE A -
M  Cp, Cp*
titanium cyclopentadienyl
zirconium methylcyclopentadienyl
hafnium | dimethylcyclopentadienyl

| trimethylcyclopentadienyl

tetramethylcyclopentadienyl

ethylcyclopentadienyl

diethylcyclopentadienyl

propylcyclopentadienyl
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In a preferred embodiment of the invention, when used with an NCA, Cp
is the same as Cp* and is a substituted or unsubstituted indenyl or

tetrahydroindenyl ligand. Most preferred substituted and unsubstituted indenyl or
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|s47d|rrethy|nden ni-um
Bifgium Slchlo’ndteedlhalmedmn theleafyiuprdirmethyLondiiatltyll efidleg of the
%}OV% CSPT 8 dt et rahydr o- 2- net hyl i ndenyl ) zi r coni um

SI sg ﬁP&Tiﬁul‘éﬂ&%ﬁ&ﬁMﬂéa@al%t%o&b%d&léﬁéoqgﬁﬂd'é Big1rLoni um
I C ori de

w&ﬂwﬁwﬁa@m Deaconien dichboridabhisliil - ndenyl ) zi r coni um
z| r c n| ucm@pc?%ﬁad@lgg HCJ&%mné{cﬁﬁgdg&?ls(ﬁsl fl so include the
trimethylcyclopentadienyl)zirconium dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-
ethylcyclopentadienyl)zirconium dichloride, bis( 1-methyl-3-n-

propylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
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i sobutyl, di-n-octyl or other di-alkyl anal ogs of the
above conpounds, and the hafnium dichloride,

waledvabides, or the hafniumdi-nmethyl or di-al kpeT/US2006/027943

anal ogs of the above conpadénds. Particularly
preferred catal yst conpounds al so include bis(1,2- 25
di met hyl cycl opent adi enyl ) zi r coni um di chl ori de,

EIE R U R R R A
tindemRT) Bt Gieh ARG rRL %gihae’rig{r%%{?@rffﬁﬁﬂmmrﬁ%i de and

bi sét et ranet hyl cycl opent adi zirconiumdichl ori de,

Blliﬁg(h,%dfmemcy,@bpenth@ileﬁyllfﬁtigmgigtmdihmﬂw,)lﬂ(ﬂ @oni um
i [ ' 1-net hyl - 3.. .
gi“%‘?ﬁhg{/"é? %B%‘ﬁ%‘ig‘?yé |°?‘§1W%%meﬁﬁ4’dal%£ﬁ42&ri de,

hiitne el bntadiBny I AR BYIuEY & i enyl ) zirconi um
Qi ol or e po Py ittty i B80T 1555

pestietigmethelyeippagadigaylhritophivhodierettadi ts(yimahyledni um

[ ' 15(4.5. 6, 71 et dr.o indenyl)zirconium
Bl Sh e ior o e bR o1 b
btlﬁ/delypmpdhmmymﬁmh@meaﬁm%amk Zhgwooiwm di met hyl
bi s 1,3- di met hyl cycl opent adi en .é2|rcon|un1d|nethyl,
IB_F%P§>’ cyslopenfadienphgispnive gt ki@ mpethyk3-voni um
B LB A iromium dimethyl B3 316 b reonium
dich{drideebib{ihdedyl)eirdoniay dirpglant adi enyl ) zi r coni um
di met hyl, bis(1-nethyl - 3-
et hyl cycl opent adi enyl ) zi r coni um di net hyl ,
RictivAtodE hild \CaBalfst &étﬁl%‘!oﬁyc'lgpem adi enyl ) zi rconi um

S(I- =3-N

I me . DI met Ny
but yl gﬁ{lé patatysidireeyrsgrz, wiomrdctinatdd bg tleyimonly known activator
18(4,5. 6, 7-tetrahydro i.ndenyl)zirconiu di chl ori de,
e Ry B A el HEon g et gaiibit Tane
fltyaleyigitioNdriotighmenzat v dTdSHn%S %cﬁ(lﬁ@fértﬁﬁglgays A @% %nclude
u

actjvated by a cormonly known acti vat or
hewisasut astinatorsiychas biphaeylborenoirs-reollunremicnylboron, tris-

t i_.zation.or .oligonerization
BB Py el pBPU TG BTt BB e SroR0ret ™ Lowi s
diciethydatiliviatnoesaldsehflasropRénglRntk REp Ryl carboniumtetrakis
tri.s-perfl yorophenyl borgon, tris-.
PGB P P Tivi A Wamigkispredugroghenyl4lomirate, and
@efiikgat ors such as dinethylanilinium

t et raki sperfl uorophenyl bor at e,
t r i ph&reptastivigonisardoatpoaki saRbd el At yiaimrhe tyh s etal

' hyl anj, | j nj unt et.r.aki sper{.l uor ophenyl al um nate, and
P Rl Bh TR 5P Efon BB A wlrah & catant
ialfdynedt iQQadtivetotd MORIE aRn dBh& such as methylalumoxane, modified

alumoxanes such as modified methylalumoxane, and aluminum alkyls such

trimethylaluminum, tri-isobutylaluminum, triethylaluminum, and tri-
isopropylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tri-n-
decylaluminum or tri-n-dodecylaluminum. Co-activators are typically used in
combination with Lewis acid activators and ionic activators when the pre-catalyst
is not a dihydrocarbyl or dihydride complex. Sometimes co-activators are also

used as scavengers to deactivate impurities in feed or reactors.
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wW@es0do1199mt ors i ncl ude al unoxanes such as

conpl ex, such that when used in conbination with an
activator, an active catalyst is forned.

met hyl al unoxane, nodified 28 al unbxanes such as
nmodi fied nethyl al unbxane, and al um num al kyl s such
tri methyl aI um num tri-isobutylal um num

trlet mnum and tri.- |sopro yl al um num
tri- Xlﬂlieitﬁﬂﬁd cprqctlﬁatg@tlw gk pakmingm campounds

qgﬁrﬁééﬁé&‘%f?ﬁ@f&ﬁnﬁééI%ﬁgg@ng&%&cﬁlllﬁg ﬂﬁ%b?_nﬁ%ns acc‘r’g OF g

are typically use nation W
adltyil gedup; prederdbly@aticRas hnd@EMe&tlymﬁmcteheﬁcpﬁ heCtbidd YSt

30|snotag£%carb or di hydride compl ex.
SHRRIE TR By FiVIR BRSoRylaSoPipY L debntys né%‘é‘z(leﬁ*@éﬂs n-
S B B RO S AR P8y ML oot

Méﬂm—newlcmdaqﬂ; nfandﬁcsl nAtodecd, miridecpl, nigtraderyl, n-

he f Al, wh
Sk anorlecim E?ﬂqfl%%gn%mﬁs%@d tﬁ%&gﬁp 258D,
pr ef ernahiccBPibrsRat tﬁnésﬂ@ﬁ@ﬁf%’iﬂlhé‘nonaﬁltﬁg & QCtNa@HB 53§ be

group consisti ntg yl, ethyle, n-propyl
usesl wrtbpyracticeef thisipyentionh Braferably, Siserple iomic Botpeidry kych as

88 PRt pCREERI CIRE T e AR o 8o,

PhyQ] MCGHsm GQGXF@MM [NHJ] [B@BHE)d] di“ﬂeﬁtlf] i’%tglt@)aélcg\é&f}?rs such

{ - - t
g&@f\r‘gﬁroﬁ %(glﬁgt??g gaggeyuqeéﬂwbg a& gl@/ﬁ%@ﬁ’éal(daﬁ’letm mediylised
'P?ef@ﬁ’é@b@ @Eﬁ\%&%rw WhersE@ a@@lﬂ'u}ﬁ%&%{ k}ﬁethgﬁ %}
re era%sl y, disc e

he practice of this invention
mﬁlﬁechdtlmammssudu@naﬁﬁed&eﬁﬁ%ﬁhbkﬂr{eﬁ(m{ﬂum alkyls

RSBl g 2R LR 3 S ER D,
E@Moﬁay@é}mﬂirﬁmﬁ%ln\l xﬁz[a?urﬁﬁhﬁﬂl #R9-J2 c}%ﬁ?ﬁrﬁmﬁ’ rtn%OGFB) 3

can be used, where P henyl Me 1s nethyl
ﬂﬂéﬂdﬂﬁ@mﬂnorEbnﬂkdt@d@ummhmn used are al unoxanes

such a unnx i fied al unoxanes such as .
o 1 158 LR bR AR m‘éeﬁﬂoamﬁeﬁammog sipighinpagiric
activakdr; h@mﬂﬂibyioﬁid;lﬁﬂldhtbmtnépd trimethylal um num
trlethylalun1nun1 and tri-_isopropylal um num
PrvDAmRRanBictakiagentaflppropheuiicattant wigpsrilupiophenyl boron

'y I n wi thin
FRECTL B B0% (e isher R A B Wt
pOkyha:lbgmmb dhelcterohm'ane:/atlonis (W@LQISYAEBDS@}, b?lltwacﬁd (Lﬁ'lﬂl? P?tjaﬁt No.
ri 0 but yl.) anmopi ui nt et r aki s( pent af | uor opheny
%ﬁ 459@%%#%@%@ henyl boron netalloid _
Pr eCUEKApRE ofinbiftta3 Q@E(fhhdiﬁ’étﬁ@ SRR iRl 1¥Rh tvé)goron,

precursor, polyhal ogenated heteroborane ani ons
wirgwg dumiben galhmndnq d8im Patextrdsidhered, 42 tHBO) or

&%@Hiu‘%ﬁ{ gr%up§ i?rg &S % independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups

having 3 to 20 carbon atoms (including substituted aryls). More preferably, the

PCT/US2006/027943
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w@2doziourerand i ndi um or m xtures thereof.

Exanpl es of neutral stoichionetric activators include
tri-substituted boron, 25 tellurium alum num

substituent groups are eacl88i ndependently sel ected
fromal kyl s, al kenyls, hal ogen, substituted al kyl s,
aryls, aryl halides, al koxy and halides. Preferably,

the three groups are independently selected from
hadeogenps drealkylrhavitigtli oycdarkbon groups,iphenyl, naphthyl or mixtures

hal bstituted s, alkyls, d, al k | d
thatror Braarambieony: oS HeE SR g ips
g@éfﬂérgh?ebdé #}2 tggoglg’g.afg%f‘gﬁfé?éﬁy, 1A Kdltra9 5i81HRRorAME Btivhtor i

oxy groups having 1 to 20 carbon
aitsperluarugphenyyt bogimoargsspenfwdirogppdtitybb@@ncar bon at ons

T P oS S st
&Ky bheP@NioA DsshelafedwRR RO HottoBHRSatedAE BY dnly NtiRBE/NY |

or mxtures thereof. Even nore preferably, the fhree
goardinsted te, thatepyemag éah ofthe fonizing gompdundr iSHelk eenpeip

r . Nbs r.ef er abl t he .neutr t QIGRI iAC
1B Tneg s desBi G ERpfiosh BRwERYbSER 211570 08EE M0 520
53 spentd 4oy oy EPBYl0 300r9aa, EB-A-01217¢ 068 ahd BPoAmt2 77004,
act’i vat or conpounds may contain an active 8r oton, or
gash .S tPatent Nas-i%}ﬁ%b%él&ﬁég L 049, 743u - 206419 ot th- ¥k ed

n I ' iU [
525400 BR1X SR ST e LEO M ALl Bn Sefi NE TRV IRk} fika
aAfgusd 8s toIfatl oif whikly p derrirpfulll icatparasd BPr#e®ndd0 982,
EP-A-0 520 732, EP-A-0 49% 375,. EP-B1-.0 500 944 d
EP- A- frme satalysts sapbeprepargd by Foastag @ gusifon petel compah

. 3 \ . . . a’ l bl
3 pp g ertor Blope b SR ey S onig e Hidrelrable
Bpald ©&) bHihe Bansitibn hetal 08/mp8E3RONS A kwidn, shalyast 3,

94, al |, i.ch e herein fully.incor.porat. b
haerfice) T othek dablioT e Sudbric benbiielIRbR HRb B ety
By AR on0 MHERRBIysEOHAMNEhd phefebab@ardChrey @t withwetivator
as B(C6F6) 3, which upon reaction with the hydrol yzabl e
temponpatrdwhixh preponicrremposnds aricompRiitians. ddemess @rdparatign of
an.ani on,...such _as B ): ") - [ Il i-zes
AaRer? P BHE P i PR, by, B3Rt nloF
t he r ergigoands ddeeulesbabyiitasoreampbrent amtheprefagatiil of the
are, prepared with activator _canponents which are
iQm¢ eatelyphrysiees used WA BRICEISH 41S IRYRRNQS CPPRIFS AL O

- 1aGt [ ldog j lzs0
gt B PR Bl LA 0 ARG Bl GRTREUDERoA I8 R as
aomaatibly abwcoadimating abionwhithearporejsaelativey layge (tidky),

bt ¢ Citiis e BV EsatRSR spocif Eieh & B e by oo
BoRRSLER 28CESBiab@REsd aH6R il BE s@fipleatly Mbilenél badisplaced

conpati bl e non-coordi nati ng ani on which anion is
bglodafinie dipldfmigand asatyignycally unsaturated substrates or other neutral

Lewis bases such as ethers, nitriles and the like. Two classes of compatible non-
coordinating anions have been disclosed in EPA 277,003 and EPA 277,004
published 1988: 1) anionic coordination complexes comprising a plurality of
lipophilic radicals covalently coordinated to and shielding a central charge-
bearing metal or metalloid core, and 2) anions comprising a plurality of boron

atoms such as carboranes, metallacarboranes and boranes. In a preferred

The tPCBES2006/027943
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capabl e of stabilizing the active catal yst species
which is fornmed when the two 25 conpounds are conbi ned

wapa7ea9d ani on will be sufficiently |abile toP@BUS2006/027943

di spl aced by olefinic diol¥®finic and acetylenically
unsat ur at ed substrates or other neutral Lewi s bases
such as ethers, nitriles and the |Iike. Two cl asses of

UL BB T 0 i
1R8%ondit, A MRY Be FPOLLHRALY A dﬁ&ggﬁkr@%ﬁnﬁ%@%kﬁ)wﬁ )

plurality of 30 Iipophilic’ra S tova y
cwlarrelind &t del an newradl Lewisdhade; g isdqydecrg_en;(L*thBi* #er Bhesakeing

nmet ale-.or netal loid core, .and 2 ni ons conprising a
TP 8o oBrSpsiin ahBind A ireitte iy Gdiameatozer fom 1t03.

met al I'Beasaaen BF_ :
2007/ 01197ag P@/ﬁ%%%gé/pw? %gna%%‘cgld cﬁ?g{“r?rsrteén‘f%l#gé“’h as

swelicahpiopretanaied dewis/basos er riedadibid d.esvicatidsocapabld ofprotonating

i nt, and b d by th
PP brachBER BT s Pl s Sy oralh) BORMUE Brevtielset pgeran

rfofiatin. Lewi s base; H is hydrogen; (L* *-H)+ is a
Bronsted acid '4d- is a non-coordinati ng ani on havi ng
the chaiegetvtimgcatiom (' itde maybera Bronste acidscapakle of

' B +,. Lhclude Bronsted acids
gigféiri]t S&ﬁg&gﬁpg Eltée %lfr{%gcreg?%aﬁsalflgrgﬁ_eéa c%tagfglg Precyrsor resuﬁlng ma
tradsito hetdl emien, azlwbng apabhRnt] opsei@gahoBthonffms,
aﬁ tractigg}.a moi ety, such as an al kyl or argl,ﬁ_ from
FHEIHPE 2at Hriures dhareet, prefqrghly apapenivhe obmethylaning aniline,
aathbRPakdide; atdil ¢ fhns B0
A, U . R PR ab S R ARy fmind
tagthyloming, DN climstbylandsi) methgldipheaylatiing) piytidios, prétciho

i on, .0 nckudi ng.a i Uuns xqQni uns, phasphani uns,
gﬂ“ )—/cﬁrlna,t pangﬁlg Hﬁ%%‘#ﬂ@%@f‘ﬁmﬁr Rhasphgsiyms Fefbni uns
afcthfEpispBiNeiphaipioshine, G hoShifd '
iy fﬁy| gni T ne, @g‘i%heﬁhﬁm gg;@?ﬁ%ﬁﬂ%m%‘gwuﬁ%%
Fﬁhie@tsﬁﬂjlll a5 Himethy! rither, diiethyltefheartetratnadrofuran and dioxane,

' ini ri di . pabro 5 }
R P s A O B i ricphene
pivbsypttores tregedfr Tie attivaeihh ehidiO@PALIDET may also be a moiety such
tri.phenyl Eosphl e, and, di phenyl phosphi ne, oxom uns
% Ymer é?vql?g Wn sGREPETREMY; R qepiunes: andrmixgiires, pydferablyer |

j ] ' from

i L
ardor admypionsnhi 6 pindwds, thosertthvirigxhe famul hPrE Q1 Wherein k is an

tjvati ti. *%- 1) d I'so b i et h
Po B i S B i o S e M Focementisiafind

fromt Giios .13 I EfecPeridliic TR HORE B AN phEELBEAN LTS,
nost preferably triphenyl carbonium’ The ni on

dumysme mnd Qis mjlfme : tlmds@_riﬁa\hridged beurtordged dialkylamido,
ks S e o ARG A ot
sbbtintedthalocarbyl, and halosubstituted-hydrocarbyl radicals, said Q having up
to 20 carbon atoms with the proviso that in not more than one occurrence is Qa
halide. Preferably, each Q is a fluorinated hydrocarbyl group having 1 to 20
carbon atoms, more preferably each Q is a fluorinated aryl group, and most

preferably each Q is a pentafluoryl aryl group. Examples of suitable 4% also
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wo pabeperddent |y a hydri de,

from Goup 13 of the Periodic Table of the Elenents,
preferably boron or 25 alum num and Qis

di al kyl am do, halide, al koWi de, aryl oxi de,

hydr ocar byl , substituted hydrocarbyl, hal ocarbyl,
substi tuted hal ocarbyl, and

hal.o ug%tltuted hy rocarbyl radicals, said havi ng up
EC156e ARPRS, PORPOHEISASKchickdned i Bhs Dot DNem o-447,89¢ whishids fully

Gh@Rp QAR bF ghé@ Qa halide. Preferably, each Q

is a fluorinat ed rocar byl group having 1 to 20 30
c ar bodllastotize, bud net lpm&frgrabﬂnplee a€ borQnicenidolthdsorhibRHRY be

PR T i e e
B TS O o A

conpounds as di's
Whine¢nig shif$ $ugh asricioreflodatmdniuer mraplteylytb@ffz&e ence.

AR e, boPBe R et v oras
w@aﬁtﬂ&%hmbﬁluﬁm%ﬂ% oraté.t b z%rﬁ@ut?ﬁﬁf Efﬁ'in' n the 5

preparation of the nproved cata ystsS
TﬂwhﬁmbpraﬁeeNtN1d1r9@tbslamlmuem tetlalphmnfﬂhnmtsaNﬂ@— such as:

Idgétﬂggﬁlﬂﬁhﬁ oral%J g\g&/&i{bor a 2%4 6t {n tﬂ%am 1n1um)um ‘
tﬁtaphﬁf}ébmbibpﬁﬁﬁahylalhfﬂoﬁlﬁmb tﬂtﬁékﬂs@iﬁi&ﬂuﬁfﬁphenyl)borate

anm)nl um

%Igt henyl borate, tri(tert-but
LQ P Eekiakis(ng nmfhlpwﬂlmylﬁwatp,ﬁnpmpylammomum
E&fakﬁ;ﬂ&h%%ugm Eﬁyl)ﬂﬂré\ﬂe IR AR AT um

t et raphe
thk@(pwtdﬂpbro(phgmymadratte,rta(dabiatyl)armnmmm

| anmoni um

gliaﬁg P%Jélﬂfo F%}b&%&ﬁ&ﬁ -pigpethdaniipivngt byl anmoni um
teeﬁak@@eﬁ(a@ﬁei@hbﬁgqmmsww @i‘e }g{ﬁmﬁlﬁfnpf opyl ammoni um

t et raki s(pent af | uor ophenyl )

: fqtr,a{(ﬁ(mtaﬂupmhmynhwate N,N- d1methy1 (2,4,6-trimethylanilinium)

%{‘@@ b%[%y ?Q,ﬁp@ﬁo%ﬁ? r%g? 91 1R S bnium tetrakis- (2,3,4,6-

teartaflaktioph Qe tfrht Ofie iy RmMyh oM At Rakis-(2,3,4,6-
N, N- di net hyl ani | i ni. um
telpflupeR b aric SiRrePYAMBEHa teirakis-(2,3,4,6-

?g%?gi@gg@ﬂg?ﬂbﬁ lj@p ut%lgle}rgugomu{n tetrakis-(2,3,4,6-

NNaﬂuchepmuyl)b@caaa, ﬁimﬂhyﬂékf%mﬂbdtmlﬂbisjﬂin te‘{rﬁklls -(2,3,4,6-
akl S at e rime amoni um

ST P S R P A R s

fetrb BT IRIFDBOMM, NN Ak Stahifinmd te@ﬁaﬁg 2.3,4.6-

tetrafl uorO{JhenyI Yborate, tripropy nrudm
tereugpehqny])Boraies N, Natimathiyl+3, @,ﬁlftemﬁﬂ)yﬂmnhﬂmm) tetrakis-

' I
({thégftptu%f?ug%) rﬂggnl;}gog]?tgte @ﬁ%@ﬂ’;ﬂn 1{nért but yl ) anmoni um
fb&ﬁklé@bﬁ}do?orﬁpﬂthﬁr)béﬁtd ﬁ{éthsﬁﬁxﬁﬁbﬁm ) borate,

I@\é nmet hyl anj | 1 ni um tetraki s- (2,3, 4,6-
telgl gp?ﬁb‘l‘){%ﬁﬁh Wiy ) beretes @prm&mmr]@nwn ani i ni um

tEﬁ&l&%éﬁl’u@?on%pﬁ’[h?l)borate, tri(n-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(terz-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinjum
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium

bri dged or unbri dgedPCT/US2006/027943



25 tetrafl uorophenyl)borate,
NN-di methyl -(2,4,6-trinmethylaniliniunm tetrakis-

W@ 2003/09@3 t et r af | uor ophenyl ) borate, tri methyl aremns2008/027943
t et raki s(perfl uoronapht hyl )JYdorate, triethylammoni um
tetraki s(perfl uoronapht hyl)borate, tripropyl ammoni um
tetraki s(perfl uoronapht hyl ) bor at e,

) amoni um

b
P elon RSP gsHe R Y Bt (2 4.6-trimethylanilintum)

:tgﬂtragktlé{f)&{l gxtc%ﬁ}l%lﬁ il apﬁt@hm]rrjegby momum

Mewds(pm‘ﬂhyﬂohmhbnyi)humte trlethylammonlum

tetra ﬁ hthtyl)bo ate, .
NERE g §?rg 1 SPIPPY DY UPCT/ US2006/ 027943
NG At eoBR ﬁ?&?@ﬁm“?%ﬁ%ﬁ%@a

tteirakaﬂ(p@’ﬂpmobipluenyimmhyl(t)ettdxuayl)mnm‘mmm hyl ammoni um
tet h t t hyl
S R R S P Bttt aniliEiuibr Sy T ammoni um

RethAlig(pdsfI60BIphE atB e MLkik ri(n-butyl)
a%mm% tet%#}gwgmrf uorob?%ﬁlﬁ?n)l%orate

ttetrakiséparflperohiph aten N,N-dimethyl-(2,4,6-trimethylanilinium)

kﬁ@%%{]ﬁ&%{) ?r)ﬁ%oﬁé}g nr}{m?eﬁl aantlr%bmum tetrakis(3,5-

tbﬁ(ﬁﬁlﬂbﬁﬁmhﬁ)plﬁhﬂ%dib@nﬁeﬂ@%ﬁhemum tetrakis(3,5-
N, N-dj et hyl ani |.i ni um
tbéi(ﬁﬂéw%{nbf‘éhx Pmnﬂ%%h@nmp;mlm@onmm tetrakis(3,5-

tet ﬂ%r Iﬁlgr%@o&g %1 g@f‘h’%nru né%tgakllsémmm um

tbm_(hrﬂ]upfn(nﬁs:ﬂSyl)mneaﬂbborﬁﬂEmmﬂ(xgﬁgjﬂnylba)lmhemyxh) ﬂe&mats(eb

[l et a m {raki ek g .
BRIy PPy Y Arethdanitinivg isbliahmi um
%ﬁs{ﬁﬂﬁbﬁﬁ&ﬂ@l)p%ﬁﬁ%drﬁﬂeuﬁrl\@ H}%ngéxﬁﬂﬁlﬁﬂweﬂaaﬁ@se

tri (n-butyl)amoni um tetrak

bisétm]mmfommﬁ)p@mxll)qumnw\) ﬂmneih)d (2 4,6-trimethylanilinium)

tté’tf' Ec{ f}r blsg ﬁ?ﬁq?%lﬁﬁ??el}%%%%ts d cﬁaﬂiyl ammonium salts such

hk M- Edjj}}ﬂ)@ﬂhﬁdrﬂtﬁrﬁ%&a@ﬁg tﬁﬁ%ﬂﬁfhenyl)borate and
b| s(trl f1 uoronet hyl ) phenyl) bor at e,

yﬂgp@ﬁpquph et 1§@pn1@ﬂp@rpgh@yl)borate and other salts such as

M@taryur?éhﬁ@peﬁm%apt@@w?h&g bRy borale, triC26-

tienetaydplsnd])phdxph (it ﬂeuam@semtbﬂhdrpbmwl)bbfat@mpﬂmﬁﬁ

gqtra?ﬁ%jaﬂbﬁ E,C}i‘l;g] S tlgﬁ%?#n% tetrapﬁenylborate triphenylphosphonium
teRap Rty RloPRB A EY RIRRE Y ARES A Sratcand 20

di cycl ohexylammoni um
beveakilsrpramuitirydeophersy, )Eﬂoprlhum and other salts

eltlr;;a &)%gt(agl {og]at o] 8%1&%%9 ch{ggmuflh (2, 6-

chitrakis ﬁ)&h@ﬂ&bﬁbbhéﬂwﬁ;@fﬁw ItPRenylphosphonium
t et r aki s(gentafl uor ophenyl )borate, tropillium

tebiekig P%T@Pb@@’l)bpﬁt‘p feeihylsiylbemi um
h
%eglrtaf? a hen%@gpﬂ ?Db%)ﬁt&g?)%ﬂ%gl (FIOS Bﬂlr?ﬁ%i)gtmr aphenyl bor at e,

tetrakls(pentaﬂuorophenyl)borate tropillium tetrakis-(2,3,4,6-

tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
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wao edorakiozy pent af | uor ophenyl ) bor at e,

25 benzene(di azoni umtetraphenyl borate, tropillium
tetraki s(pent af | uor ophenyl ) borate, triphenyl carbeni um

tri phenyl phosphoni um 42
t et raki s(pent af |l uorophenyl )borate, triethylsilylium
tetraki s(pentafl uorophenyl)borate, benzene(di azoni um

30, t t t af | h )b t [

NEELUIE eoEat%‘Lm?&y?sﬁﬁ%a%}m?fL%{A iporate

tt%tr@ﬂl‘@d}b(ﬂlﬁﬁﬂ?&ﬂét@ MdnSlilefdibss ?rﬁ a8 (2,3.4.6-
trip eny? ﬁ S

t et raf | uor ophe bor at ‘phdni um
ttetraféuargpl(eﬁyli)boztatﬁ tvuplnmaweﬁmg@arm@irdﬂdmm@@b&a@% 42

Ebh N SRAT ik onsy b@gﬂé@% hslphosphonium
h@ﬁaﬁ é@m%ﬂﬂpmﬁgl HodtE alibdylsdy

tetrafl uorophenyl’) borate, tropilli um

ttetralak(perflgeronhpithyd)twpaie, Pcysh;dmfcmzamurm)r i phenyl car beni um

ttrgtllrp Bg&lﬁﬁr{g&'&ﬁ@%ﬁw@t qY()lpzllﬁ etrékls(perﬂuoroblphenyl)borate
tieibheiatieatunt eaRB@RFUSYShi PRI Borate] trifhRdlBhbsphbii

t et r aki sg]perfl uor onapht hyl ) bor ate, benzene(di azoni u

ttelr kP ﬂ@@blpbémd}b&pﬁ@,ﬁyp M]@ﬂﬂulén tropillium

S eIt 7 - o o
tteﬁrqjhs{pgtlﬂpbmbmhaml)lﬁralt;te trolpllgum tetrakis(3,5- ol si 1] 10
etr (0] | en orate, triet Si ium
éﬁ@%ﬁi%‘(’g"éﬁﬂ@&? Ogﬁtén%l[’;?}%)’rl%@m‘ﬁ@ ! #p a>z/on| um

[§

ot NI T ¢
tbflS(’pﬂbmdmﬁhjdmhewm&oeateahe&]@ml&hum tetrakis(3,5-

tf)l é—h@ﬁfl ueﬁ%@gﬁsﬂ% rh[e %gm%g%e%teghazomum) tetrakis(3,5-

Mﬁﬁ{ﬂuofdmeq EhdRkeny! ) borate, triethylsilylium
tetrakis S bis(trifluoronmethyl) henyl)borate and

benzeAd¢ p@@i@nblunﬁ}leucemcr sikichioByeric actlvator (L**-H)q" (4%) is N,N-

f bl
S bt MR e RO R R, no R
I tidkiki(peefliycbraphttyliboratd, 8 Nedins{gemiinigmophenyl ) bor at e,
N, N- di met hyl anj | ini um

ki S twapbiphesdiearite. ANy dimetianilinium tetrakis(3,5-
Nié&ﬂh@ﬁﬁ%}?ﬁ%ﬁﬁ%ﬁé&éﬁym%m g{bee’mum

tetraki s(perfluorobi
betrakai(reetlimrbrzaphttiyiiboratd, épheki/le 4B efum

S uor.o en borate,. tri hen | car beni um

?%{35‘%5&% ‘boé?lflgﬁ%‘ryﬁ?é%m ﬂ%&ﬁ}ﬁ‘?% Emu{nr‘ie bXsar beni um

b thidlsbnRey [pH Ry oPAE By ki fih dlcSrbehfubPheny| car beni um
tetrakis(3,5 bis(trifluoronethyl)phenyl)borate, or

tatragrafyarephonzbberaie.

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

initially formed complex decomposes. Further, the anion will not transfer an

PCT/US2006/027943
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25 tetra(perfluorophenyl)borate. The catal yst
precursors can al so be activated with cocatal ysts or
t hat conprise non-coordi nati ng anP@NES2006/027943
contai ning netalloid-free 43ycl opentadi eni de ions.
These are described in U S Patent Publication

2002/ 0058765 Al, published on 16 May 2002, and for the
instant invention, 30 require the addition of a

@oioairt substitoentton finpmentd dhe/ctiopse atigoreawse it taCiommen nevtral

non-...coordinatin ni.ons t hose ich are n

HagH R Tt Shon e P R BA DR A et rgferred
GBARbEXH IR ARRSE ﬁsefl’fllifltab&frdarfcg &i@hRAnWntibn BRtthose that are
transfer an WO 2007/ 011973 PCT/ US2006/ 027943 43

ammpainldesﬂnaishzetthe frensgtiorf ma@h@qmolfz?g catipm ig éhq whssef kadancing

t t d
TR pheref ot “byePreBteRren Y SirEnTasPle By
@ﬂiﬂdéﬁ%&ll@"d?@Eét%niéﬁ]lﬂ;@ﬂx%aﬂﬁﬁfa&lhlohﬁméﬁ@lﬁ{ﬂéqmlﬁnmiahohhl s
i nvention are those that are conpatible, stabilize

{These: tynessofidosaalyais ate soormbimss veert Wik s¢ayengsas Sishee baf not
BiRAGH B bila ut%hﬁ%cgﬂa%‘épf’aé m\/%-n-lfe&giammmum

Icrent per m é¢enmen
elﬁehwlamnﬁﬁhﬂn)omﬁmam@layhﬁnumal ly unsat ur at ed nonomner
during polynerization. These types of coc lysts are
somet FEEIIGE PEPGRRIER alse SFLFYRIY &Ryl compp RGO activaor

chﬂpB ttﬁ:«littal'}é 1&%%%5%%1%% Fapaubﬁtrfbmm 2 Q&fiotli@dad num

tri- um nu m num or '
tcompkixreylldal nomcorrdinatiog amvermamW11p¢rm1écsmplax sporcigaction

Sl P BT el ane arnoged o o Tiies SRETRER

¢8O EisTBiAdd fr&RNRY RACRMCH fah UL O k- B@%d)ﬂﬁld&ﬂé as,
or a zwitterionic conplex upon reaction wth the

apﬂxw@n é%prtex@mshet tristrenteflapropbenyburvgen orra:i@mamy peitie gbstract

P BlosBB 7 Bt PBRR G g B ol i R ch I and

SdIlis ndrrcbsl(dﬂ@ﬁhgahmﬁy fpEPaxlo 42370697fhndrEIaAbm”5me2iﬁir
to abstract a hydrocarbyl ligand to yield an

.1lhwﬁtlpwﬁﬁalﬁloaﬁ%quuarﬂsmﬁaHﬁcqa?ﬁpampew%ﬁﬁl s fgp the
t 97
SRS R OnRRSHIIEEIRIA 155 I, T LoERbH ofe fikhtnR
Gbmptbxés nahg bhadegus Gronpéduodpoundk ssee (58 Phtkeets (T4 RIS ;
nd c ou P-A-0 495 375. For formation of
%vﬁ%été:}pﬁ?f{]g%gézggonpl exes using anal ogous G oup 4
CONMPOUMIStiord® BeltaPLe WAl &idsSarO kS Bife artand 8 L&dble aHd

5,527,929. Additional neutral Lew s-acids are_known in
wheiragting &oveneh peiosigilizabdse Seain parbietlenibe irefgew artipdg by E. Y.-X.

gg‘xieg%i"[l jxg&‘ar%h "ﬁ§g§%}y£} goarh%g&t%tb% c? O e%v %ﬁ%ﬁ?}liaﬁ ofi:
I¥estiahtoeR iy Ziesh Bloedsses, Red smmza%mmw Relatlonshlps" 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
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
molar ratio may be any ratio. Combinations of the described activator compounds

may also be used for activation.
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ani on precursors are Bronst®dd acids such as protons
or protonated Lewi s bases (excluding water), or
reduci ble Lewis acids such as ferroceniumor silver

catio or alkali K. ne earth metal cations 30
such Q?h?rh%% L) waaﬁﬁto%mm%ﬂﬁlwor { sush@amnn NeA) is
Q@E@ltuééatﬂpﬁ%iééﬁﬁortte a%ﬁl}dtc\!ﬁhelfar ra‘i‘iB'lé‘Eregl (ﬁo\'}g%’bﬁ fo to

any ratio. Conbinations of the descri
d&ids deiibie 2: halyl@tcsblbblageﬂlf bR tad 2 batd enl0:M@:2 to 2:1; 1:2

4 06/ 0279
) T 20T M P e 15 0
usgd.:s tE: cat:ahy 8t1- mrs%lsrﬁqrs fon Prqt { Y@%gfz @Jf%tafﬁ{-' 0

is from1:10 to 1:1: 1:10°t
Proquses-ta-co-petivatommolar 1atip is from 125(1Q toll: P, 1t b0018:1D0:1; 1:75 to

g shit dodst '3 21 p P 3o S g s
1 mo t& 151 tlcﬂslﬁ, 111 1:56td D121:35 tol1:9; 1:05% Li1; L1164 9151 50

#D:H he cat alsést- pr ecursor to- CO act i vat or
dr2 ?Oalt iol ﬂ%tq 2dm 1Prsfsored activators and givelor/toactivatar: 75

15:1: 1:10
o S B g b s e
methylduBOx e with d1n’11etaﬁlramaliﬁh:l[ﬂteirﬂi%@eh@leﬁcirbp%éhyg)goﬂaﬁédor

to referre
i%sg(f’?}"iﬁfﬁlﬂ§0}§]f?ay1§fg?r0{}af{1@rm@8ng%qf toEely! slomiem Wil i ons
| al

R e oY Lol At 1
ﬁ@(?%ﬁiifk(omleaﬂ)mn gheome pimboditents; scavenging compounds are

D Db bt AR A1 B Ao fibran ek cormponents

usdfulodsi ssimgé@fak&%f@&ﬁ&v by BRrRh&aPformula R*JZ, where T is
tris(pentafluorophenyl)boron I'n some enbodi nents,

alusiravg ior oroanBo tisrevieusivdafined abw e asd edchif ismet ri ¢

X [ ar b r on 0
R pURRLPR B B et o e i e b RB G
Doaliokide FORIZAdwhe tike. JMost prafettad Al Blim RO W inclkde | S as
ed _above, and each Z is _ independently

%‘@?‘B@ﬁ{ﬁlt “F?ag{l%tﬁtflam%mémoném tEinise-butydrlweingos rizs
balRARNnES ri- ﬁfhexyl%jmmﬂhllﬁo@n?ém %ﬁ'r)l c}ﬁ'ﬂg%& he1 kjekﬁreferred

Mbst preferred al um num al
borop @E@}'ﬂsaneﬂmiﬁ tmgthylbetony Sa:lmmgmg ra:bnipbmmdsdﬂay also be

bl ol LAt e Pl laienan ang meifed

Regifytlugekangor on al kyl s include triethyl boron.
Scavengi ng conpounds may al so be al unoxanes and
nodi f el Alematk ambedimest, alkiytdumetany cainpoandar{sichas methyl

ﬂﬁlﬁixbicér%g and Tl ! rﬂémgflgﬂ%oxane) are present in the reaction zone at

less than 3 mg of alumoxane/gram of olefin feed, preferably less than 1 mg of
alumoxane/gram of olefin feed, preferably less than 0.5 mg of alumoxane/ gof

olefin feed.
Supported Catalysts

Supported catalysts and or supported catalyst systems may be used to

prepare PAO's. To prepare uniform supported catalysts, the catalyst precursor
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| ess than 3 ng of al unbxanelsgram of ol efin feed,
preferably less than 1 ng of al unpbxane/gram of olefin
feed, preferably less than 0.5 ng of al unoxane/g of

I d.. 30 rted Cat I ts S t ed
o S5 YR e B P S ot

U§1€ t r

R P a9 e L R o P G

PADDL QISR 00 GH2 ﬂ@&ﬁ)umﬁ uporefhersajyort' dicsssdible suifivetahe,

ch n | v The term "uni form supported cat al yst
RSRE ety et oqrSiuy e DO S SHEPE e Setd wBRSmETRGE

Osrup%)&@e@é‘attdlyﬁé ﬁl‘éf&%ﬁ%ﬁfﬁ% g@ﬁ@& P44l sfénbt%l?f hbo ments show

ri buti on upon the sup t's accessi bl e sur
dresuch preferenei.ng the interior pore surfaces of por ous

Sone orte catal ysts
o oF or USRI R SR B Sertemp B BRGRHE e de et s
sdffeotived iyt Bief e62aiaaE o5l s§s1491£a9 réf?e‘ét19@ﬁ1@£ﬁi§ that the
systens may be prepared by any nethod " effective
E?élfﬁt $0 prchated can e isrdt fPoeligemenizingt orsmiymmzmgbh‘eﬁns imee
rlﬁ 43 e&lﬂ%ro{:&g Tﬁ?&a% ?flssc %rs%lrr ea?:%%gt%ir %;%nac?l&ator F P neeged),

rzing

hegitelslo gﬂm&ﬁu&cﬂn@p@ﬁ may'ﬂéetdééli i@l ayi§ tor Péras Wind@lfaneously.
activator, co- aép%vator (if, needed) suitable

sol verity ougaethiad 8¢ ectialoridissdisddn pn anpRppEpigeplvent such as
Shiehd. iYred BMORE sﬁ@toptqgat 508 Iai:tl’ﬁlﬁettqu ’19 h?urs to
di ssol’'ved in an appropriate sofvent: sUCh &S

rpagpabeths tsiyprartdwiatalyst. NEhestomh soltitiomt eluingd (of the cittamsﬂwlﬁlon

h t ed taly
s 2t aBY itulifn oBPARE Sy b Ervateh BRRIGE ORI LH tha guvport,
thesafd bMBédimeaR! ikt 912 1951 LAt VIRYmE BePWERL: eg&&ialﬂ form a

the pore volune of the support, but sone e
|Zehon shyrre (abeu30% & 490 Y predirairty ab@!lltoWOEI{Iil‘%,mefdmbepbre 0

f r 0% Q% er.abl
BARA, 538358l bRl S5 3 R0 B SR e
@pﬁalﬁﬂpﬂebﬁ&s&l&ﬁhﬁﬂe hddeat Ori 2Rk thred¥ fal Sold! #rla SukdVIBso VMR is
cat recursor nmay be added to this mxture as a

£8P, Q}’eg i Ph& PEENiIPUTLED, 95 Py @ FRluGen. z@lt@wﬁnwmm mixthes can be
0 LV t he

%lt%’égr ée&ﬁlctg% ¢ ’ultﬂiffg ﬁ%?‘é ‘r'ﬁggéﬁ \%ﬂa Qgﬁta@ségfqgﬁtsor gtht

Simdalyithdmxtemtradyyist vapnemnuirisd and alixvéd with a oStalIryst larrebxyrsor

t he..m xture e vacuumdried and m xed with a
SFPY s The e ibe St St Gomdnred torch misio d0yiours,
Bhe tHelsappditddamigst id di@er filéred ABWE %ofu‘ﬁoé 9?@ O8HuSim drAbr
the supported catalyst is either filtere romthe
gehieatedie eyaporatioutametove thegolvent.

Alternatively, the catalyst precursor and activator may be combined in
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).

After stirring, the residual solvent is removed under vacuum, typically at ambient
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Alternatively, the catal yst precursor and activator

worego7ioe19cdonbi ned in solvent to form a sol uti oPCT/Uk®06/027943

support is then added to th® solution, and the
resulting mxture is stirred for 1 mnute to 10 hours.
The total activator/ cat aI yst- precursor sol ution

vol ume e r n the pore volune of the
Bt o S B wl G e BoRer v citRE e and
&@hy&hﬁﬁﬂMﬁhyH@ugﬁlOMIthat needed to forma gel or
slurry (about 90%to 400 % preferably about 100-200%

of t hellpmatalys praveisor mag tksp bssippdrted absenetheasiiviia, in this

[ vent d [ mbi ent
TorS S ackhts GheEr RS0 Ssctsb s B Brasbe Bawiipharmiot
a¥iefy Pi8cds8. FerEsmi10 RN AltiondT 8RBkt é}‘&cdr?(ﬁsrﬁa[ Bd B adth

tenperatures may be used. The cat'al'yst precursor may
aUppPrhmatagishr nagrigd oéahout heniauteity 40 boyrsi The hissltingase,

hecaRELd VAL (A0 B RGN iRl St SR Y e O
areﬁtbﬂwtltloéVapf)ra@lah@d) KBlOVBRIBEIHT SR, THY t0R8 cma ﬁ?ﬁ%ﬁrgoxa
ort material for a period of about eto

ﬁe 1gn vl r@ay be eregter fraadhe sppert's @psqml@nmsat game
ehl’bto@fngéiilt; fuﬁm thO &t ShithibR DoAY wide ﬁ}] Y ng%F%gafo%%erl or

treate evaporation to renove e SO

tsbirs (abmté»!O%Btoéti}Oé%)upmfdrablﬁ abatit i100-2005.0T8hdBote RElume).
greater an.the suppor pore vol une, but sonme 10

enbodi ?@ail?frﬁ“fo RO i ERpilh Ao bsoREB eI
fIReAaE dufpd® [lﬁh 2B bt g% Su}%o?‘{ Iﬁgth()@p&)i%lo&?%o&? e, A0Rewhse,

preferab y abou 100- ore vo
APt merradtiyatorsver r activater ehd 4 ev-ectivatiat mby ¢ placed on the

rs nay aced.on.the sane su usi ng any
Bérﬁ%: %Jéﬁ% uppor t ﬁ'ﬂtﬁ §SOU BTigls SHPRMSES &S %Bf% W%‘@PHSW
polyietie oRedftatiirgo%id matrifAs daMbQhe 9{&%@1}19?0%% !
may be placed on the 15 sanme support. Sui abl e so

ﬁ'énnorféwe@@iﬁb@irhag ap pEeregbaratle yize @rqatqrsﬂm 16 tipad gvmablecfor

O 0195 00,5, R GE AL 85 RELB0. B SR

pafdriegdeple] i, gicegdnit okitley) inbBgagie ¢ifosdbis! @PbLarhgle  use
in this :qgvglgtl on. Various enbodiments select a por ous
g‘ﬁiﬁ]&?ﬂl{m 'y p&p IES{OHS swoﬁdyat@g@wc@ aspglystyrene polyolefin

bISYIgRBHE c&ﬁ?é’tﬁﬁis ok BRY G@e: &r%gllil}é Q@ﬁgﬁrpgtfeﬁgl & ?ﬁ%)hlge 20 me

%ne3|un1ch oride and resi mat er S SucC
e @bmsts;spbn@nprgam efidematorialpab ;lmuppnrcmnmundsludfng

api c_s e he |ike.. Some
St et Lol b P B o B Glb Bt SPge smpstionals
Sallgup el caf@y <t Gisport MedeHels A incfdd@ WRicd; aldmtha; 1iéBaluing, 4d
metal or netalloid oxides. Sone enbodlnenfs sel ect

theE neitEes SPthey pmersanicrasidasinagysservs dithet aldes e inicompination
@ktﬁ %J‘sq}lcas; 'aiu!rrﬁﬂa,‘%r lémcgglun%ng. These are magnesia, titania, zirconia,

and the like. 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

tunable pore size and tunable acidity when modified with a second component. A
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titania, zirconia, and thet7llike. Lewi s acidic
materials such as nontnorillonite and simlar clays
may al so serve as a support. In this case, the support

can .optj onal | uble as. an .gctiyator conponent. But
0 B it actiod B e e 5 ind Bl modi o combertund
andfs spegpes, fam Iy of solid support commonly known as
MCM 41 can al so be used. MCM 41 is a new class of

uni quelles spppeit mmaégmy(blemg?tmwdd:y_ d_mrmmmabﬂglﬁubﬂ% For
t e.pore.size an un e,acldlLt en _nodifie
RS RFe ehiatan be SRoes Soomi oty brsea Win

RUHY UERORAAD S AsucH Es dhhl R ARSI BE D Fhofl S
class of materials and their nodification 'can be found
i n US 4s sisigd 2bgve, Phlymstip samrierseilbals@abe smtabledn accordance

: nb f methods.. F |
R iyt B0%or R IBRle B aFRERRS S inaP D IR aka bt
vatdmt 5,442/99 tlr Tky hittiods dRERBEBMEY BB uds] Wik HetdmRk Kyl s

and the |ike, or-both. As stated above, polyneric
CRPPORRES, gftfatoss ehcaialys sistamss ef ihis imversradn edsorot #bsotte

[ [ : . ripti-ons in

L v P S
dngcheoshethically Hoend sledugti fuctidial griuph Psind 16 QFRPLBPSlymer
agtivators or catalyst systens of this invention to
J8¥3Pb or absorb 10 them on the pol ymeric supports,

par ti quedllcitalylst SREErs WRayfavP rsQHﬁceo;ﬂEEf bEL&R10%00 rﬁn?dé’ and
be chem cal |y "bound t hrough functional groups bound™to
®F ajpare vdupe by Adr4.0 cbrgiand or s evarhgamradly size oAt 0560 am.

e syrface ar of fr -700 nm2/g, and or a
St Bifasl S35 B0GRere oo i zaiet g eitiret
9i528.5et/g] AndOParAvetdre PANRICHROS TR 1&e | Riftr Snpoidifaas
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Seleef, 2 sipfacorreant A0EAAQm 1sarnd @ apak velupfe .20 arg, and or
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o oG bR 20 F 0B i 5 S B Gl B v oy
aizeofiye-1080 Ainghteoras, attemhtidly 30600 MngsAM@ALIrgn-35ar I'i er s
t picallngave % pore size of 10-1000 An?strons,_
SHroyas- | PW% laggpps /gﬁe 8§t thsraetalloceng/agbpiorgombinations are
ABEFAIPNSPosiTdior Tk 3l PO ;ﬁi*ﬁ'% - i
netalloceﬁg/activatéé con%?%a€| ﬁéegggozggﬁg¥gFP?eS°f
eiplysti nreeiireny peh erasupisolitl sappaat; labiemhatety 268€ miabmbles HF0
' |es of catalyst. precursor,_per gramof solid

RS per Rl o Dl Bibart PoAB RO e Bromal off iyt
preeaisosyr gt of kagposil BiRloteidtcs WP RAEdrivalies Ay PE used provided
%%cronoles of catalyst precursor per gram of support.

t theietal @powyt of selibeatalyit presuraey dpes nes exicesd th ipport's pore

volume.

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
ionic catalysts appears in WO 94/03056. U.S. Patent 5,643,847 and WO
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25 that the total anmount of solid catal yst precursor
does not exceed the support's pore volune. The

woredoaiiweenes and or the metal |l ocene/ acti vat orPCT/US2006/027943

conbi nati ons can be suppor48ed for gas-phase, bulk, or
slurry polynerization, or otherw se as needed.

Numer ous support nethods are known for catalysts in

the olefin polynerization 30 art, particularly

Q6048 X evhacit desatilezia patiauly@y sffeciivie nagthod uBothiplotyniars and
use hereij

et S das e serve R BT E S b Jl S s 2T BB,

@M%Iseataﬁd@m%@ mlmn%bﬂéi Blicdfiods Wetmnt1172 and WO
643,847 and WO WD 2007/ 011973 PCT/ US2006/ 027943 48

QHKUHQQQA whi ch describe a partlcularly ef fective

met ho and c _oxi des

ns cupbartbs EEkET ehtRRen) AR AR08.BK 3%, IRNGES Wiin or
Witd8s H&Hpenty afe, (ﬂaﬁﬁmﬁaﬁavlt}ﬁﬂdalkﬂlfaﬁfnﬁhﬁhmcd’dﬁ{pound preferably a
publications WO 93/11172 and WO 94/07928. 5 In

andkrelunprensprpguedipsiar inesiteringibe reactor Becderablyrdbe or
ﬁ{;)ﬁéi&hﬂﬁﬁ%}%}lﬁ u%dﬁ% #;pg%%&o{%% ﬁ% ﬁ{égfggrﬁhﬂaag?& GRTR DEAR is

titidepddenell urg lnmrﬂlmyltg%hp pfdfélfabl}ahe X @oigpsoare Ii't&iependently
reactor. Preferably the num onpoun

rselﬁ?téé reethe l&?oltprf‘é’nﬁlé‘il%? PRy ela%ow ity

e I e
ﬁR%? ups a%e |ngeﬁs g?gﬁﬁhgﬂsel g?ﬁ’ ??b%ﬁ%ﬁg %}%%p
c:)otyi;,| isdoictyd, mbcuyia,tnh;xjd 1sendmy, n—mm@,ydecy] sodeqybyi-dedylst yI

B toumesibaphagghiecyl, GRRGReN sl spgitetvs wEfHbty

@%ﬁ{w 1-8@90 Aexyl) aﬁ@ﬁéﬂ'odedifﬁcvﬁeferhﬁlgﬂiﬁ@éﬂk laRmeiaen!
undecyl |soundecyl, n- undecyl , dodecyl, |sododecyl

@nﬂlpnumbta é@lwed yﬁlfoélf tri-ispbytyl alembwny|tri noesy almingh &%yt |
n dodec I | kyl al um num 15
% Hm%ys%? é@dgstI%lgwﬁsobutyl alum num tri

n- octyl alun1nun1 tri-n- hexyl alum num and
tri-n-dodecyl alum num Mononers 1In a preferred
nt the catalyst conpounds descri bed herein are

20 usgfl,t0e100Ly BRbb g O LLERIRLI AR alRRRLI Al Bdre

nmononer Or NDNONers erre
G2ed tol p@ﬂymenzemr@ﬁlgombhye @Y unsatGRiedinehoms:, ommomomers.

| ef i fer ab t

RSP emraiRalR G I G Ol i ety U R Pl ofifspmore

%%@raﬁmf,dﬂomez@ bk 8hele R BROTEISC ], R %biz%\ﬁtéﬂ'eragéy Cq
(0]

branchéd or cyclic alpha ol efi'ns, preferabTy
& ﬁmlgﬁ@f i Insomgreafoedinyings wafepsd meoronaera inshide dineat ns,

% FDJ c%rrcﬁg %fp%glo)fef%% Igrgfegb%y %l P(p ézooAISﬁa{—&%ﬂnf ?Jf%faﬁﬁzda
to Cy4 alpha-olefins, and more preferably Cg 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.

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-oligomer 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
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nononers may be one or nore of hexene, heptene,
oct ene, nonene, decene, dodecene, 3-nethyl-I|-butene,

wapa7veradecene. In a preferred enbodi ment, tPET/US2006/027943

process described herein nma be used to produce
hono- ol i gonmers or co-oligoners (for the purposes of
thls invention and 30 the clains thereto, a

e iae LR T UMEoTHn ofyy b Fey Mgt @;ﬁégﬁm?éra&%ﬁmed
hﬁlrggin@r {sn AR R Rer Y '1%‘}%@ 12%8 ten@; Pur:]%l rgr 1§01}enef ﬁlny

t he above nononers. |In a pr rred e
\L@@@OV-/uﬁd@_(@ﬁ@ PCTAAIS2H1R6 POXZAB B/ thé@hgd)mgqﬁafhohﬁ) -@ligomer

ol i goner, of an 12 al pha-ol efin
ﬁngg%GPS'Io anpqther ?1 égﬂwal?esﬁhgom?ﬁ% B$q- a%&éﬁer@onmnsmg
-d3ERNMAd ohe oPEREENINy LT A lﬂeﬁo mert 2‘118138 Afovel- decene,

1-undecene, or 1-dodécene. e oligoner is
a hond™ lmlaﬂrd@ftéeﬁnsofsedi trmnke PA@s amui)mdeebum‘b adi limited toh €5 to

0 [deSin ene and one
A SRR T R R
akeha-10h@fdns;s] - H&%ﬁetlouﬁ@K&leP'f\%db&ﬁls uﬁﬁ'lde@éﬁe ﬁqu not
I|n1ted to, ‘C5 to C24 al pha- ol efi ns,” wit to

tetipdgeenr etmeaneigged s Aamefared soapof eolymlpﬂneﬂﬂ@"m ardpoly-l—
PR RoIR LROENERE po; EBERRE nolv YRR R feds TRy 1-
pnédneet, qm;gmmnemle,gmlyauﬁheceab %ﬂ@m}ametwabaeﬁe dithough
B et i O5ins i thg rengrcaics sy sah betbrssemne e final
?fﬂd&ﬁcfsl Usbhd Pg@f'se%re ?)P(Q‘FIQP Winkrd fihad etgﬁglﬁerfs a&%fga%?%s and

he dinmers of hig I'ns 1n e range o

@@elc@lrgom@rpom;mersmrﬂh@rbommhmbeprs @bdttﬁigﬁ‘rorh@iﬁ atld higher
| mers, tetramers,

g? iﬁ?ﬂ’r § P Pﬁ-ﬁb lgfﬁ Fllsgﬁ E’g% gdla}en’b 3ng fligemegs of polymers
thﬁfboﬁliﬂhﬂeﬁ stﬁﬂﬁfﬁtﬂ‘d'iﬂ C‘]}J 8 12 Qer@ﬁ‘ag:leg%&g el tde, r@ﬁﬁ(}

fromC4 to C18 al pha-olefins in one e i ment,
elelige tegnother embpgtmqns Svikable @aﬁnmmcmaﬁbémtmeatmemgne 1-

r jrade fr 4 a - .olefins
e RO, DSt PR DGR Lo R T,
1-thddoens 1 -tktrpdet e €ln ohe choaRtsnt khHSRERAS] d@ac&fzet &Ethe
é onene, 1-decene, 1- undodecene and 1-dodecene

IS dSREHEe of imers, fFmeBnieramgrsog p@m@mrm@nd hlghhré of 1-
@éc%ﬁé Ml shofiief! %ggﬁmeﬁp thd BeaAT Pﬁ%eng Ad %'Cﬁm ure
Gha s Gy

dinmers, triners, trdmers an aners
off trimers) écteameers sl mmtﬂms (z&mltiﬁgtndﬂ)em 1-dédeae Ofredriothedr s

FafFERER Rl R Srrs etk oA & 5 St o sk, totmers
gi}gédﬂ%nerﬁma%m of 1t51ae194 ethiafothSr émp&il&egw R WefiR 1-

is a mxture of triners, tetraners pent aner s
lqeéﬁae g e FAQfis a mstuemef telramensané entemsdand higher) lof 1-
? dnis 1 25 hexene, and the PAOis a mxture of

etraners and pentarners (and hlgher) of 1-

In another embodiment, the monomers comprise propylene and or butene,
or combination of propylene and/or butene with another alpha-olefin or other
olefins, choosing from C5 to C20 alpha-olefins.

In a preferred embodiment, the PAO comprises two Or more Mmonomers,
preferably three or more monomers, preferably four or more monomers,

preferably five or more monomers. For example, a C8, C10, C12-linear alpha-
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hexene. | n another enbodi nent, the nononmers conprise
propyl ene and or butene, or conbination of propylene
wa@ea/or19mut ene wi t h anot her al pha-ol efin or ot PEr/US2006/027943
ol efins, choosing fromC5 t C20 al pha-olefins. 30 In
a preferred enbodi nent, the PAO conprises two or nore
nmononers, preferably three or nore nononers,

iR Chor S s E10aC b Cle) B & bl Y glpha-olefin
ahixfige,\¥ 2290 /0 @%9@% thly %O@ gé (810891?%&?‘ gl%hg 8? n&xféure

m xture, or a b,
@anbeluseiﬂ%raﬁbcbha oI efln m xture, or a C4, C6, C8, C

10, C.12 | h | ef t
can bR b atedite sTHRimetaiha RALY FemeTiees [entBaI Rt Ao,
mmﬁioﬁgﬁefseﬁl%férMQ 120t |4@0{9191fe‘70§56fer§b gglesg qgﬁn%

mononers, preferably |ess t g prefera
Iraels %, hpaeferbly lnss thag0 moil%6,rpabieyabll e kess thiam 0 b1 px%ferably

TG SR, I SShlBIE b b B 5
Snaubﬁlh&aanhbbdnhéht 48 PAl0 85 AR %E’Q‘%}%moleﬁfﬂﬁ”eﬂfs@e

conprises | ess than 50 nol e% of et hyl ene prop
P Ve spd bu@nefréﬁfatﬁbyy 1eeest§1am Ha molelonpre&ebly kess ﬁTaaBIOynole

P ReiP B R B g Hbicly MRS e el 3R R e TR e

mmrwmow/efpeesfmbw leesthar mamlé%rpka‘e%lym%f B afokier 0%
I n,anot her di ment, the PAO conpri ses | ess than 40

sl e mpriseilest ar 40 sredionettyleneh dnpagiher
CAPBHNTAS thePRO RArAl: R i ) nRIORNrGRSId 3PAUDAL:

mbodi nent , conprises Iess tha
bmbedlenent, mhemammprﬁeehtmmamc) imol¢¥ef BAGne.oOfpdroses

h % of h h
STBBARER I PAD BRtiserisr LEL 19 sde Rt tbyisnpolTespether
- BB RAL thd PA@%‘iﬁb@fseS RENAGh T8 Rioled e gPd%g&Qng{ hftfer

| ess than 10 nol e% of butene. In anoth ment
EReodiEN: dgP AQeonpaises lesrethar 10miode% of betehs:| Breothen

R or A PR Risky o e PBBe L BunfR: M oretheno

embpdineas theeBAOtd@afpnz;esmeése&{a@i kBT prdpYiche P e hfih§d
n‘g (SI ment et hyI ene, pr op}/ll ene and but ene nononers
gPBodmeEk fe PAQ copprisgedesst %&mqlﬁémfizume ght % The

8l PPt Rl dnfbddtags, aﬁﬁ ég gﬁﬂ%ﬂéﬂ% anl %ﬂ %m%%s aré present

fromethylene grow as prac y sev
umhﬂﬁA@alleqsﬁba;tubWexghtwocesses or they 25 can be

T oo s 8RS0 el 8 RRS Be ProdhScd diredlly Bom ciiplene
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
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
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syngas, or fromnetathesis of internal olefins with
et hyl ene, or fromcracking of petroleum or

wo-e@cher73dr opsch synthetic wax at high tenper apa¥/E52006/027943

any other al pha-olefin syrilhesis routes. A preferred
feed for this invention is preferably at |east 80

wei ght % al pha-olefin (preferably |inear alpha
olefin), preferably at |east 30 90 wei ght %
attpmal-olefihs, briuohed elefiy, paﬂaffmsacyczkilcmamfﬁhsbfqm)a,tlcmwh as

A o, NPTy St
WS REt 1BSe fa%ﬁﬁ%%aﬂtfdl &é”!hﬁlehtﬁ}/ﬁféct 8fl th Laki¥nof a %h@-oleﬁns

ot her conponents are WO 2007/ 011973 PCT/ US2006/ 027943
5 ofhet wordsl thelpeddessdeseniteddisesin otresdlentivelyaony gt aﬂ@ha-oleﬁns

cli.c omati cs SUC uene a
R £ aiiEaRe s oo AL SRt et dSthefR . Bl B B0 boenn
RnRelyleeasnoti ekt in Ry iduwsy i et i o edabibdRRERlo
effect on the polynerization of al pha-olefins. In
Setrrsate @ot @lgha-vlgﬁn@fr@@@s@lxa% byisplesti by eaptingthem with

PELGE AN o A B ARty ) el
Raéd ioyehamteyalpiesisfing e theaehyiieeof the bomppreaseinta mixed

the m xture. .This technol ogy can E?ef used tp separate
derdspapira TBIsds poeaomicay A0YAUIAEGPYS, S cXamele iy pipeess
|
o
setpanabblefiab pnhthbmhdfed m)kafﬁlso S'uctlhenmanm qadéde fed to the
onents in egdst.rea

oRaRen eionyCadoley SSacaub e itbEaT, dleqliyeR e auey the

WHaldAtMy Kb s8Rkad E &Pi@ol%bér‘ch@ 8phs-oRifRf ik Redie@dWaiother
streans containin ha-ol efins, internal-olefins

almrnplea:fcﬂa@dﬂﬁy ef hprowe nvalves rinbewlefis preduced by het he
20 SRR A Dl ol FROATh AR, RERSIARChoh Shfle B

Slhs! Thissalxal oldfiieasd Pbek i@b@&dﬁﬂbé Rafted d@ﬁ in Aot her 15
exanple of the utility of this process, involves

@pbw@w h@hW@w BFYCash ef tlmr@aeﬁte@rf%ntm VR nal
%1%&1&&3, X%Janﬂﬂyal eqlefm; 05 picAl @ Py dso&Fed L8t iR

S smx ase BYock f eed can
nidotdefimborits base stoek symhesivewitlrat hoving tadcpgatethe alphlao n

process aqf the presgnt ention, ich selectivel

Bitrors s BE: ShiscrRErinhe g H e et i gisbess
QBSndrRiRs. USEe 108 oRGnabal e @b &likfird OF olbf® RB&E A tRAK other
synthesis wi thout having to separate the al pha- olefin

flmemn alphaeolnﬁn prﬂce$8| qentaithing Cé 49 CBP iatndaeplefingras idegcarbed in
IRoRY SRR o BEESTRan St b lE ER, Suflcptios

IHanaBsola [FaRad Bl & RNLpspae a6 J. A0 Baakr) iptblishdd b9 MaOel Dekker,
al pha oI ef| ns as described in Chapter 3 "Routes to
AnpRh Pns" of the book Al pha O efins Applications
25 Ha : ' n 1 Sh
oubl | g.ﬂg&?%&n%%%@?&%ﬁ?&e?ﬂé@%Pdcﬂxc@@ﬂerém hy SSH1
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
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wa@eooreawr3 2, preferably at

Inc. N Y. 1989. In a preferred enbodi nent, the PAO s
produced herein may contain nononers having branches
| east 3 carbons awaRCT/DeIw06/027943

the al pha-unsaturation, su€h 4-nethyl-I-decene,
4-ethyl- | -decene, or 4-nethyl-1 30 hexene,
4-nethy|-|-pentene etc These ol efi ns maybe present

inthe lin ha- fin om t he manuf acturing

pcpgggzgéer%ff ﬁ}g@@ @ ajﬂl@e% Ig%q\iv)élépgpg]egﬁ ly Iegar gipha-olefins

2@0841&%1%97@@10‘%@4 2008 9((?;) a3 52 copol yners of

slightly branche l'efins with conpletely |inear

al pha-lsl aeﬁrﬁf@sredhmbedmnwpt eugdf ﬂhﬁ\BA@ﬁﬁeﬁbﬂbw Jerein may
erred . enbodi nent, any of the

BREREIsh bRt atiBlAG B ot aion S fiemDeser2tmok et
Ztitylerdd whefdd Neagt SU% ofihd efff w&rg&eﬁﬂn%ﬁ yﬁkﬁﬁﬁa—gleﬁn is

et hyl ene, where at |east 8 the et resent
iPFeseRingBny/af bieedSotadiang of lespasapeastiradrbyrCarborn3 NMR, 35

BPCPEDR My A58 BRO TR Beifln i) dfofch o g mole% 5 o

@émprbcm&t@rhs (1eafetabbOatNEse 70 MoleDs, p%é'feféﬁf}pa@ Meadt %ole‘y
| east 70 nole% preferably at |east 80

abI y at
ﬁfgqf@iﬁ? Hleask s Ao atpreferbly %@eaﬁb%nﬂplem,@wmblwatawast 95

10
Fran &%‘éd FOLS (O PEURIOPtuhe LEBRILI AP0 (PR ol 15
mfe%;ly fporaf2eodblmyole C\/ﬁ mrén”erhblyljfﬁrrﬁ?k@ g%{nﬂ(@%@ﬁfm@@ Etl)’leastt
e’ ere eas % (prefera a
B e ATt Sy e Tab D CoD08 s et p iy loagt 95%
bﬁﬁéﬁb%%leas@@% spraRbabiRiode /@ao?{thg %\?{g eﬁiglfeg{lﬁ?ﬁ Mnel 00%

of the ethyl ene present” in t’he
pelaalabe-alefi rrmrpsesent 1m rus §3 te 36 laanbsn{ gmmbgm 1o 30 t 0

o) t.o
é‘%@ iyt {Oeife%e blﬁrléf’ 8§£F§ a%flﬁf gtﬁgpreﬁ%@&ﬂéeﬂ% 1
befdhbBs] WEHSY hedsikyd GACRSBn 13 NYR.
Pol yneri zation/ O igonerization Process Many
pol yneri zati on/ ol i gonmeri zati on processes and reactor

PYR R0 nlSligorillillHod B, 3c80 - cat al yzed
ations such as sol ution,

sl ur r Mamgrpsljmérizapoh/yligomet 2bliOfpotesttd ATl SEdh& ised for
rogessed c n he ¥sed in this 1nvention. In some

QPRsHTada Yﬁd pehapgrizgtions of @gemereRtions auohss sphitigsed,

& Udddybul®
T OB AU 1 it B (L BB
wmtmtlacspm embtothmdmas [lf&tSﬂ)ﬂlﬂ@C emm)octeﬁpﬂu]ydt iamded, Aghidby

onill ¢n th|<[91 hase é hase, or slurry
e frP ¢ f‘?sﬁustﬁ}'ét e p 8 greferred
érﬁl&ﬁhﬁfen@ theBm666thérB d&%@nﬁa@ﬂé& hath the fetoceddbothpound and the
preferred enbodinent, the tenperature in any react or
qe4XefoR & thesolusion phese, dlcphase @G hary phase, preferably in a

continuous stirred tank reactor or a continuous tubular reactor. In a preferred

embodiment, the temperature in any reactor used herein is from -10°C to 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 to 25,000
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preferably from30C to 220 C, preferably from50C to
180 C, preferably from 60Cto 170 T. In a preferred
the pressure in any reactor used BOI/I82006/027943
is fromO0.1 to 100 at nospheBes, preferably from0.5 to
75 atnospheres, preferably from1l to 50 atnospheres.

I n anot her enbodi nent, the pressure is any reactor
used herein is from1l to 50,000 atnospheres,

gnebphicady. \in indtherXmBENmAD, HeeT¢hIdER metallocene and activator

PCT/ US2006/ 027943 3 at h | t

SR SORRRER I A RS cnsa s P SRt B O Reiialy; Jnsespnds

ﬁm 1R ?Féffa%@%mﬁm&e%% danmss, Pféaa-aa 1ImBRE00 Y fdurst 08
pref er abl

ours, y 30 seconds 'to 50 hours, preferably
ghatharetbedingent séivent o1 dineftés pisbgnt in e meactortand is proferably

In th enmbodi nent sal vent or _diluent is,present
oot RRivE s BPURHerTng g EPRE gen s R Bept R ERS: he
SEMR, FRRALS HidAde D linBitaARe Bod REAsARRBcanRE 8RR canes,
hept anes, octanes, nonanes, decanes, undecanes,
podat-ames, heaxpiatenesntodueneco-Kalpae.aneglenc eKylaoe cared

hexadec s, tol.uene, .0-xyl e ok

ket SaypameeS HTRgrIBa g A5 i RbaP R BrollBTgiuene
Andst 1 HRE 26MES ctRyIBERIaE) orine] preaina (Miclhas Nyipanssvans
or ethyl benzene, normal paraffins_(such as Norpar

avrikablstfer Exxpnddehil Gisraicpldrompanyrinsinuston Esagh Pt Spgsaiin

R AR5 PRl SAROCALE L op ROl St
GoHpasiyn, TerasioTheenplveatsas diludite s usodliygprtdreated in same
di l uents are usg&lly pre-treated in sanme manners as

pzangre asths fesd Hefinstypi cal Iy, in the processes of this

inve ntl“iyﬁigall}g R R pro@E&sloT a8 idvieRfodBhabr mbke €RRU RG]
one or re activators, and one or nbre nononers are

compartdebre®r npro deitetqys| apdwene or moké gohemers fieemtacted to

CaL S AR S T Ryl el
BuplrtiemanRtuberal NREEEnoWwOSIaHG! @iutioh, 61 gk Bperatid @SdesOr
parall el reactors. |If the catalyst, activator or co-

aendugteddn singleasesish.siparalighisecions. If He caabyst.iaghvaterPrise-
carried t. 40 ' . . [ -t he
A T ke
fRde U Ever ifione bi thefoeambonetsis mn compledy saltible fethe reaction
b%ginning, of the r.eaction OL gunin 0£ at %he Igter
Steayu obfo th fed salufippyFither ddhePraRnBE O5igrartipy gedurng or
OPGE Mtk QWRades oBtHe!rbactiBRP ddtattifor dilirPH¥e bPShARER stillhe
cat al yst conponents, dissolved or suspended

apsioiablen ths ang nstaines theotatadyg componénss, disselyed pesispgnded

avaj |l abl e aromatic sol.vents, or ..in 25 aliphalj :
EEPbERE, Sigh of [ hare oF ST Rrpisar A ATl uliRG fatvngy orin
'aﬂ{al?atfb RelveR2 6t BIthe fda alphatetin skdias pRefee inftd Shiedehdtor under
nitrogen or argon bl anketed atnosphere) tq allow.the

prsriatmoRnhere GRually mtrpgrsvRIrargen blanketes atmpaphsralde allaw dhe
%813%1%%(25&0%} ci)roo'TiggﬁleriZation to take place. The polymerization or
oligomerization can be run in a batch mode, where all the components are added
into a reactor and allowed to react to a pre-designed degree of conversion, either
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
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ol i gonerization can be run in a batch node, where all
the conponents are added into a reactor and all owed

WO 0oreaor3to a pre-desi gned degree of conver siPC/US2006/027943

either 30 to partial conver®ion or full conversion.
Subsequently, the catalyst is deactivated by any
possi bl e neans, such as exposure to air or water, or
by addition of alcohols or solvents containing

eepdlid batdrrigd ageant semiFbmtimobyneperatain, shemrfeeds and catalyst
ol i goneri zati on V[)2007/011 .3 PCT/ U Eﬁg(ﬁéﬂg43 54
aésit%f:%lapwn@aﬁr? PRHINGAYsly AR SIEHADCQYSY; AET© the reactor so
QPR ik a‘ﬁt £ Q)%cétﬁﬁr ﬁk&kﬁ/ Sdmp &bl e IR S
are con nuous y an simu eously added to the
Masntatlrfeads and Satatysheinmgcaients ara:zcdd@tiatht reagtipwisgflowed to

cat al yst system conponen to feed

BrocesiRdep T g eERing yoge iﬁ%%?ﬂ‘étﬁ?%ﬁ& 5&&“855@31“%‘? Catlyst

H@&ﬁ%tﬂi%lh%h@é&%"}ﬁ%ﬂeia aPdREREEERr baich opéatisiet Bhdri ned

st age e reaction is then discontinued by catal yst

ddaIHemzatormr dligomkezatimmsanalsn e cagiedeyt in heantibeushat ch
eratlo rization or ol n

SPatos, “isrs oede Bk S el SRRk PAEE S

Eﬁﬁﬂ&n;@&ﬂl}ﬁﬂd@&l ¥6Sthe $368E02 b EORPONSRaSoastent A dMaacelgdty
and si nul taneouslﬂié added to the reactor so.tq

mestom anch fez@d olafis adbe ragetion produeitia poainuppsly yféf#lérfﬁ%@om the
%ﬁ%f%ﬁ) 102:[ %ﬁnﬁrﬁ?‘gé %:tﬁgerdatraﬂlg Pé:a'i:tdr %ngg%g;?wﬁﬁll Yhe

e&[&elnwﬁmss sf ﬂhe redtahBrike canniied b(y@&%é%)detﬂpamﬁ ldegrﬁe ahe

resi dence_tines. of the reactants, ar,e confroll b
EPRVegReR r Figwihdrayp epodyet 1s thgn, ypicplly quepghe fﬁx ‘fﬁa F%%%F?%e

PLRAY G a kignild? ?dhnh%’rpds Q)?ﬁérl’) Q4808 NRa pRIGRA BRRAIAMR, any of
reactor rna simlar rmnn r as other operation. In a
fhegirecases te phapdreRA®'s dastyibed hefint e cpnignwys processes.
epa AO s. descri bed herein are co
BBk Gube Sobinbrar PG enapBih i et oot phieat uousty
%feaﬁlbfng% f%étﬁstﬁaﬁ]pe%nﬁfnsaa)g £ Qi TS % of ity rRii@hdtg G5 to
feed stream conpri sing | east 10 nole % of the one

6R4miphe- c@sﬁnsontocamacéprp hhcmt@ﬂlpn%ly ipftesluging daemetallogsne

EREbATNRYR e WAL Uk EiolBha ) LAfGoudo RRAIAC A e

e reac cont1 nuousl Yy

‘P’btyﬂaﬁjhawléfﬁl ﬁrcblﬁ tﬁ@re@aby a]hlpinaﬂmk elfrﬂbﬁdlfrr[entrlthd'm)ntlaa(m13q1r006s3
n anot her enbodi nent, the c nti nuougg%rocess

compripesdhe §iRR O MAIARINGADATUS Hﬁ‘ﬁ@ufs op hydrpgen iy thgegptar of
?60 g&ctg 3% e d) R IR Ya8RCY RN tRE totAReRBle dr U RaktbR preFérably

upon the total pressure of the reactor,
ﬂﬁébar(am%/kPa)blﬁﬂbsmqareib@BAmmas)l (@70 kR ot lep$,@r@fplalb1yy50 psi

(95 B3 of B8 prifpp B2 Co i O 155 hrdseBR) 19 ng #91ep) or

ﬁ’és@f al@Blavely} theRSiirdgls), ik Bﬁkerﬁ fis gr%sérﬁiﬁthe%icﬁfrm@ﬂ G(DQpphh&
hydr ogen, i esent is present in the reactor at

068 pyedght, pre ﬁﬁap@mor lqgsmrefeaa&lwmrp SFicss: pr@%@bly
ol ePnrdter BT R SO pRR gy RIS TR BORE L o
lp@sferably 25 ppm or less, preferably 10 ppm or less, preferably 5 ppm or less.
Alternately the hydrogen, if present, is present in the feed 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.
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preferably 25 ppmor |ess, preferably 10 ppmor |ess,
preferably 5 ppmor less. Alternately the hydrogen,

WO Roopoewent, is present in the feed at 1000ppnPOY/US®86027943

by 30 weight, preferably 758 ppmor |less, preferably
500 ppmor less, preferably 250 ppmor Iess,
preferably 100 ppmor |less, preferably 50 ppmor |ess,
preferably 25 ppmor |ess, preferably 10 ppmor |ess,
preferably 5 ppmor |less. WO 2007/011973

PCT/ US2006/ 027943 55 Preferred reactors r g%.i n si 2§
f r om Brefgrredigadiprs ragqap Fiye Hop gﬂ ﬁ?‘if‘%r @B‘f‘ajﬂ’ > {18 RfgEerabie
foRRE rOlcfor ?dggegghm 1R800 Vbiude foP c&ﬁh‘éﬁ?&gf @duction. The

conmerci a uction. The production ility may
p@dectoonefasilitginey heecdmsrsingle wedter aif severakteactorsarrangeseit

in 5 [ [ I1el . ' h im
SerisaqE i RArEe opoiae premues pradueli: BBq aroRs s aud
%éﬂce!rzﬁ :ps&‘é){s effiRRnk € ABAOHACt8R Gnd 25:Q61aRldRAupRnR RO hiSuallly €

sua pre-tredted to ensure proper reaction rates’
predradddatioyenturp @rdper reaniden ratps @nd eatslybiaqrerformanpsy dlhe yeaction

d d .und ' h
R S A e e e

¥bthPorRiss Wl it Y iin el Wwiilaal cotalyRd@otivatby dtpoisdn Bhich is
usual 'y pol ar oxygen, njtrogen, sulfur or _acetylenic

vonty potis oxyees, bitroger. sulfexesasetylenis copmpodddyr i n
par al |-€l L i 0 . Lo l:0R. :
Fr ansthesh e S5ty ¥ iR RaERmal B R the pFEnt
frR@hii 616 dThe@ansitvini ivethlooompuayd, ketieadi andrvétbnasqred, co-
solution or slurry in a_solvenf or. in the al.pha-
apteRigs, marhe delveas 256t PREIONAE § tl@@;ﬁofvan‘t %8 rtt]léeaa&]?}@r' ,

' I, LIRS sl b Be refetdD althRtddaagn@ ust PHor t
g%&ei?\é?%%{éé‘gl’ girﬁ%@sbuﬁée%l@gg aen acti 3at ed sol ut |J121)sn90cr’r °
tHeur#atot, or pltwectiwaml_(mldrpumped as an activated solution or slurry to the

Pol yneri zations/ ol igoner.i zations are carri.ed out. in

B A R R R TR R
SpUSHA, ITWAIBASnorR@ & ¥6ErhP@bhAE0) datldyst/activavatcor ,
optional scavenger, and optional nodifiers are added
edimatoruopiiingl scavenges jand pationsharodifiesy arp gddek gaagnpqushy tgra
operation, i.n which e .

P lTen i on st Tt D pRRYE, B VIRADEENEo R SntuBild ol
Th@:daateatly st twoC e edtctors edhnbeted idtdesics. oThdentdlystst
reactor in the series. The catal yst co

nent . m
aprepoRmteRIchs adgedin the figd £3a61 In hesrisn éﬁ%{ﬁ‘&ﬁéﬂ{mponem
| | ' AIQEPRTRSH
RE Qi Rteh o Bdih SfactokE BRI AR B e eI
peaetian ahd/ siother cattpouatt éelothar tehgorse almtome prefetrebembodiment,
resence aof. olefin.. IL.Ln anot her. 25 enmbod;j t,.the
Hhecusgaiflydiis SqIEmiddn Med ot b e ST B GF Lppy it abother
ERbBHINRGRNBS pledataRkEsukh 8athe dioMldritleatbiei bathethétbiidcenes is
reagents, especially, triisobutylalumnum tri-n-
nescireatbdiwiithuaiyydaiuminm reagenis, geregiably bisolH Yl emingie 4§y
har.gi ng_into.the.react . t &ksni : I
o e e T e S
containing other catalyst component and the feed olefins, or followed by pre-

C

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
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WO p06/011923 r eact or contai ni ng feed ol efins.

activation with the other catal yst conponent to give
the fully activated catalyst, 30 which is then fed

alternative, the pre-catal¥st netall ocene is m xed
with the activator and/or the co-activator and this
activated catalyst is then charged into reactor,
together with feed olefin WD 2007/011973

FinSA0NEH L 2AE Scavifizes br eaatttaidrailm imghaaternstiay g er

hele o6 Pt R e goiReHT et B BITETHR o PR A QaEed
lglgoe gé’ag?cﬁ% ﬁ,!a%a&]@ Gmd a@ttﬁe biher ERAGHbIufbn t:&%afnﬁlfgeot i me

er catalyst solution containing neta cene
@asallacink vad actsvaios And/ocap-attvatoat or. 5 I n sone

enbodj nents, a small anmoynt of peison scavenger,, such
2. U1 SRy ATEROGP Rl TR HA B B AV mer Sueh 28
Mﬂl&ﬁﬁ%ﬂ‘lﬁlu ARyl irh SRR, $Rth Ak M iAMA) triisopropylaluminum,
trirsobutyl alum num tri-n-hexyl al um num

triisobntydal tuykradmy it mdingx ytrluminet, yrii-atestdlamenyms) efdded t o

th ed olefin reamt o, f.urther i -
Ao PRt PP b et RS B Shatyy
SQRA9C 188 pirt e BEMBddIAbY thalnisHonen gerpataadd with an
preférably a trial kyl al um num conpound, prior to.
plsiamiinunseupetnd, preferahly 3 Badtdlumum,eespprind, prior to

r.ef erred ' t

G iR RO Tty o T o R ol e
pieefilesadel and ar bétivakdekatambinedwith ap alkyihlupitivar cangpound,
entering the reactor. Preferably the.alkyl al %Jm Eurén bl
pisipeRlK@ trialkylapagwmcomneynd.REof & PRIFS 188 AFACIQRn SFacrabty

S l )
g%é;kgj%l%ﬁ;{ u?rl‘;]lé Agide Pé&ré’seﬁ‘te@bytﬂ% fo2BuBt RYAL @eksach R

groups "are i ndependently sel ected
fsrindepehéengiyau®] tod20 sikiyhgroup, prefetaply, the Rhgrioupsarepy| |

ey sclbhon rgep copidifehfim Rl by propy

ps%ﬁfox)&}, bﬁféﬁ,%obukﬁ?x@—%&iyﬂpenfM,Qﬁp%htyl,Wﬁyl, h&gMasohexyl, n-
n- honyl, decyl

ecyl, Tso ylI', "n-cecyl, undecyl, .
hegiieptyl qctyls ispeketyll n-odobiawpyl, isoserddragiyl, ¢gsal, isodecyl,

-d 20 f bl v i l4, ¢ I -
Brador dsedy 1o Bhfar st et PARELYT, and i RGAE,
bfef@rﬁlbl?%cﬁﬁit;fl,ﬁﬁﬁtt&f, in=Hex9h ahd halodedyduPrefermblyrihe
oct}/I alum num tri-n-hexyl al um num i@gd . -
elkylafmaisecsaraouRt ALielectsd B TABDEHIMRRTIBIG ARy of t he
§étl<§’\§aen inf8S %-?%Q%zieag{nﬁhﬁmt, aﬁiﬁ@ﬁ—@o@%@idlﬁ}ﬁmuﬁﬂd or

s are trea to rénove catal yst poisons, such
as peilwandasbodimgnent angf tre procase Jessribeshhericinithe feed olefins
organi ¢ conpounds .or acetyl eni ¢ _conpounds. The.

T B ST OO BB o B GPERT S RY STy g
bk %%E&Eb&lgaﬁqi §¥5ni@ BSmPourB 0P ¥YFFBRE RomPbahdss (The
|

. €., a reduced copper catalyst, increased catal yst
preatthent pf/ihe yinparadpharelpfin vith@ngctivated F 4 majequar sigyg and a

fdg%giygeln%el cna‘?al}?srt],dl.e(.),ra 2 Jlé/e%r%tosp&rc%talyst, increased catalyst

productivity more than 10-fold. Alternatively, the feed olefins and or solvents are
treated 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

| N BEDUR®NG6/027943
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treated with an activated nol ecul ar sieve, such as 3A,

4A, 8A or 13X nol ecul ar 30 sieve, and/or in
weemwhionari on with an activated al um na or an arCT/Us1006/027943

de- oxygenated catal yst. Su¢h treatnment will increase
catal yst productivity 2- to 10- fold or nore. The

i nproved process al so includes special treatnent of
the feed WO 2007/011973 PCT/ US2006/ 027943 57 ol efins
d1efifieiaRvBoeadadlysitpojsons aneh asperdridss, peygen sidir ooryeen-
sul fur or nitrogen- _cont inin?.or ni c oq?o¥nds or
EOERRING PEEAB1G GRBTRONRASY Otheli TEACE RIS T3 (PeatET £AL o
o . _ r e
iRl B AOAGL L oSNy S haFL Yolep
Refdrasly dk febd blefinsre eontaated siitvamolectlay siteq astivdtedr na,
silica gel, .oxygen remvi ng catal yst do ri fvin
dpmine, $i0icH Bely @M EER B AINE PR S AR it %lﬁ?\?& ciaa”ﬁté% e the
%&?ﬁ%ﬁ-@&ﬁainﬂg%gﬁ%@%dé iR EhOWe® DroRifbly ek S0HPNY,

elow 10 ppm The catal yst conpositions can be used
prathrabildbeloivyl Coppnz.an be mi xed with ot her known

pol y i zat.ion catal.ysts t,o pr 4 I . .
571 yonks SR aetPrB B BRE PR AP Tan B iy with
SthEOWRWROp ol §HREri AioR bhiaBFRIto Btepact julgpar @tdligomenbiiads.
condi ti ons anal ogous to those using_individual

Menangs sl catlys seleetianealion polyieeres SEgowpPigpg preparation

avai | abl.e fr I ' at alvslors havi
QB iyl 2RO e TR ikl 6081, 8! POMRers having
BRrREIEH Wherodivaitalsle foat polyaters padecwits arisedoadalpst systems
or nore activators, al | en usin

¢ 15 Gerler y, Wh r% ;
sk ) thieehroachiaysdly Mixed cafalyst cap GOMPRSE tor THerecaklys
ﬁxleglfujs ’anﬁ% &Smofés' alcﬁ@%%. and after precautions to
eep the catal yst conponent strean(s) and reactor
free Genémidynritienesingtthetalemot canlystsmafiet ppe-teaagniwd fped

I n_sone.  enbadi nents, .when usin tall ocene
elgﬁawgkvg?‘fspﬁfwwpi AfiST BREATIORRL el (] RIBTHPPRgRgH
Sreaih| reddiét BRBHiRbArES, AleiShctRYiSheid Wrddeed well. In some
additi‘onally conprise 20 one or nore scavengin

- emhpdiredts, whien wsing metallocenesiatahesiy PAGicBBRY oia t § a

nd. t hat | ' ' e .
FREBEIG g PR A ot TR RS ARGy comprise
8hd ethofkcalenginganhipouhys. dieesthalrin dopvenpyyy aapgopnd means

purifyin steps are usually used befor.e introduc
p éQ@PP‘émig haimemeEet RolpgMPUFEE: Pphe Eaghen CHWH?BL E'phese

ﬁ‘{’lﬁﬂﬁie\yaﬁbergﬁggfﬁc&h{a t RQIYIBLEZBLUAY. Ppically, purifying

ol'i gonerization w thout using 25 sone” scavengi ng

siepparendsallyNsedratfoys introdu@ng yeretionr earipmepisde @geachiph vessel.
till use | east. smal.l| anouynts of. scavengin .

Bk prsiitess vy e Al R eHEA ey R e B Rate hmant yine

¥ne 5&@@9@1&% BbihpSurie MBREALY, THE Poltneti fetica pr0gksd Hill still use

organonetal T'i ¢ conpounds of U.S. Patents 5,153, 157,

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,
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, diisobutylaluminum hydride, methylalumoxane, iso-

butylalumoxane, and tri-n-octylaluminum. Those scavenging compounds having
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. patelyst materials sepnliedgare epitaed fo rgducsarayo

5,241, 025 and WO A-91/09882, WD A-94/ 03506,
WO A- 93/ 14132, and that of 30 WD 95/07941. Exenpl ary

weewpouds i ncl ude triethylalum num triethyl bPCHIE2006/027943

tri-iso-butylalum num diis8butylal um num hydri de,

nmet hyl al unoxane, iso- butyl al unoxane, and
tri-n-octylalum num Those scavengi hg conpounds havi ng
WO 2007/ 011973 PCT/ US2006/ 027943 58 bul ky or C6-C20
bulkgar Chyds tiecar hydrosarbglt substénergs comeeted éxtheandtleornet al

or nmetalloid center usually mnimze .gdyerse
Pistetlpikaeniss voyally T RENZE PRV B RoR WiTHhE Ay catalyst.

gg&n%%lgﬁ g%[dd%ttﬁé/thgllsa}ﬁt'iﬂlﬁﬁm bllfig%c%xg?f&elﬁﬁﬁlf BUIRD b¥mpBsdsYuch

suc r-i1so- falumi num =
o tiri-dss-duyl ehyinehyim-ivamrerh dlunimgm cdnal long-chain lingdriajityl5

BBt T TR S ol o)

A HABH By t%ﬁ%&k%l@%ﬁﬁﬁuﬂ. swieR dhuaoxbieisastd ¥athehctivator,
any excess over that needed for activation wll

soaaEaspovienthat n¢dded ferrrdtinatibntwidrsehvenge avpyifigsgnd additional

d b :
R PR e R e e R
Soa¥engifi® fhapidies Atk dfer adidvatdve - BNPakthlyBluh@ahk, or
B(pfp)3, where pfp is perfluorgphenyl (C6F5). Me s,
PPNl ()il sor@fiys. Where Bfpps Berdupropham §HsTrbaYe is

fe)ntre%ll%r;@)iﬁsoﬁ{fg fnt in the feed at 10 nmole% or | ess,

erera 0 8 noles % preferably 0.5 to 5
mol e%n ppefarabinhodimen cihitlene i8 prostredh fife {FekatHAGhegle% or

descri bed herein can glso_b raoduced jn, ho eous

o preibreopr e da et oty Vo © 3 HolsHh deTemoly o 1 to
BQlyp®r i zation or oligonerization in a continuous
reactor in which the polyner fornmed and the starting
mononihe RAD's destrbgdsheremtcen kb be puphcedh hampaegeagiusat ed

tq reduce or oid.concentration or. tenperature. .. .
sufive e e B B aB eI 6 P P AR PR tfization ina
gensishs %081 8l WBEh e pilyhat RhGkdand e stedig Mbnomer and
pol ymeri zati on and with reactor cooli n%iqkf%cr eact or

TGP OB T

eactant to.. I
T
bhlaidiflg dRdieuno{ilyrtetiiation and ortarrsader coolinghy yeaotor jackets or
conbi nations of the above. Adiabatic actors w g(h
BPIELaRHI5 PR op et o 95 96 AL 1B FO0ITNE CPBISRISGH the reactor,

%@ggg%%fegﬁi%n, %ﬂﬁ&d%dsh%p%ﬁ%ﬁkdfﬁafr idHeedivan@ilhbe,

eslre H gher tenper at ures end to give
hwemenniresolneat) or wembnagomna thoelmvet dyipahatic ueastors widkl pre-

to. give highe | ecuyl wei ghts, however hi S, |
e Yo DS R USH Lo PR By Sl
LenPaiaahpR dREElSRaR! Mighatempafyurbetene egia Mol erlnsleanar
about 300 C, nore preferably fromabout 10 C.to

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
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 to obtain
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W0 b@7/0e@ti | on tenperature as pre-detern ned.

about 230 C, and nost preferably fromabout 25 Cto
about 200 C. Usually, it 30 is inportant to control

to produce fluids wth nar¥®ow nol ecul ar di stributi on,

such as to pronote the highest possible shear

stability, it is useful to control the reaction

tenperature to obtain WO 2007/011973 PCT/ US2006/ 027943

mbhimiumi ofitempératuenfiectastionan tharehetat ooover thet doarseedcticor
urse of the reacti.on tine.

I A e A e SR Sk

e ftl% tefn?eralﬁﬁg Rotdbht i TBRL &t Bn &PRh AN mifm@re any
pre-determned value to mnimze any broadening of

rohdenin gaof meleghar weightr digtubiiaen. Inrorderde praduce flodlgseth
fluids.with 5. brqad. ol ecul ar i di st.ri butio one
B Gt piEh ARG B0 SHpEP AT oo g G ePiure
Miﬁg bH AhtARio0 br ASini sRrisEePAicAPRleatidA, rehdier tsRpaMathre is

reactor tenperature is preferably higher than the
priefesably bipbewothar Srefastreaster tempeyshiral Ieparplbelaeastor operation,

FRTeAbble & 1p SRR UeEaBlbUS, RGN B o

fetadbysbgatalyfdtsThe pressure in any reactor used herein
can vary from about 0.1 atnosphere to_100_at npsphere

(1.5 Bkt pressuIsSHORNyIFactongised Bergh spnviaphiiomsbegt 0l o 75

. ; : :
R e BLobiiroBele (PP P T HEPEP plefEaO ol o Dol 75
ot (Suiie 123 ped), atosopreiienisy dfonni OrioGemtrar(13psitio §60rpsi). The
hydr . SOnet,| |l t _of hyd i
AR 495 DEIREITIREAE DRt oS 6f BHRETLORTYA PO
ﬁyggggen. Cs‘orﬁafﬂ{éag%ansaxmﬁzt Bf hikFoLd 1 a88eBlb B FAcr to

to 1 nprove catal yst productivity, but not

inptoeethamygtalyst r Boeamoidof bydopef ispscferred treledenlat suchipdevel

feed al pha-ol efins . because t.he conversion of

i 5Ra0 s e S PR gtvBA PUF ot Y By o utoa o olefios.
EQtib P Hedtbed Aphd16]efihb bed0ECthe @bnidisoR bOGIPES-oleTine into
anmount” of hydrogen partial pressure is F)referred to be

sesprated paratfiesis venadetsmepis| to thpeliciansy b nraeesst ks 25
i f |y 1. . i
BBy VRV FREER Yo EendTs DR BB B s SORS
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The reaction time or reactor residence time is usually dependent on the

type of catalyst used, the amount of catalyst used, and the desired conversion

| PCDOUR®06/027943
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preferably 500 ppmor |ess, preferably 250 ppm or
| ess, preferably 100 ppmor 30 less, preferably 50
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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
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W@ bowroewr3 possi bl e reaction tinme. However,

Typically one prefers to have the highest possible
conversion (close to 30 100% of feed al pha-olefin in

operation, sonetines it is deneficial to run the
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ps sevetion didvenire Qfgntiney, HEHXLIT oA tlpene and NpEPEqr Asapgr is used
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t he nononer feed nmay or nmay not .be refrlg{% . See
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Iéera es in thée .simlar tenperature, pressure and
Be1ALRTRESSS LM%M ye as descri bed previously. In a
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of solid catalys

polymerlzatlon/ohgomenzatlon process generally operates in the similar
temperature, pressure and residence time range as described previously. In a
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

i N BITBS2006/027943
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weonwriomeously renoved fromthe reactor.

pronoters, nononmer and conononers are added. The
suspension including 30 diluent is intermttently or

then separated fromthe praduct by filtration,
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doubl
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convert into dispersants. Examples for such conversion can be found in the book
“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

hydrogen and a hydrogenation catalyst to produce a polyalpha-olefin having a

The caPEi/yS1006/627943
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I n anot her enbodi nent, any of polyal phaol efi ns
produced herein is 30 hydrogenated. In particular the

wologalphn-olefin is preferably treated to redeCEUS2006/027943

het er oat om cont ai ni ng conpadnds to | ess than 600 ppm
and then contacted with hydrogen and a hydrogenati on
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cat al yst % NL..: ' I : [

G0 Ghoep 2 eBRa 0T L, SIE, B LBl e,
SahMe 6boAd] BrgK eibbloalmmataaysy js shé, drydsupgentadt ¢atalyst atithl high

i's nickel kei sl _sili . uni na,
eyt of CorMpdRap S liemetes: T T depespay ok e RS
%}1&%09[9& Xﬁk&@l@gﬂdreéiri&, LRGN B8t SdiNdL ARy ogen  and a

rogenation-catal yst at a ténperat ure from25 to
350C, Ipx plefareddl eptb@imens theagd@lpharokefiotih epntgnted with Bydrogen

enpodi rent t.he pol yal pha-ol efin.is nt.act ' .
AR BB RESoA g oY O BATP ST ATy L TP & Iy ey 10010
« 96(5"@qnfaﬁ@cﬁéliprgfei‘ﬂéﬂ%ﬁlbb@inﬂeggtheﬁﬁﬂieﬂ hapslefigisdonyacted onitth
mnutes to 24 hours. I n another preferred enmbodi nent

Redropen gl aylayduogenetier ¢atalys ferontimetnsaodibion hyarystR 197d
Preth e Ell fan LRSS 2oy, TALOREERRIERS thboinen
ﬁi?‘ei roé)}dé?]h;??]gﬁnlh ﬁ{ cg?léa:ieﬁ;vggﬂh}glgkt?ﬁi'eaﬁﬁum h}tedn@%efnation catal)i/s{;[l 3’[ a
Gy GaBen PR el R 25bioG 0 By PRefpgb B o 169 B gy 1o
e S s ?éﬁ%@%sgﬁ‘a%“éﬁ: 4

and thaddgrogeniata polyadeitaad iy by Foo 80 (bt Reaferably Ddas ¢ to
hydr ogenat.i.o of PAO l.egse s US 5,573 657 -
B H e 28 e AR B SR SRR Bt a g et
(LR@QEerd dl ARirdRAalbn iRk itC ®o filbake iffoimalva ddfydrogenation
Processing,” by Avilino Sequel ra, Jr., Marcel Dekker,
i AO'NMeasegeetUS 5,573,657 and "Lubricant Base Oil Hydrogen Retining
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

and the polyalpha-olefins are continuously added to the reactor to allow for certain
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Thi s hydrogenati on process can be acconplished in a
slurry reactor in a 30 batch operation or in a

w@eonwriomeadis stirred tank reactor (CSTR), wher eP€T18S2006/027943

catalyst in 0.001 wt%to 28 wt % of the PAO feed or
preferably 0.01 to 10 % hydrogen and the

pol yal pha-ol efins are conti nuously added to the

reactor to allow for certain WO 2007/011973
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the PAO s produced in this invention, together with

barumquetsbecaiongroperties.

In another embodiment, a novel lubricant 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 cSt at 100°C to formulate suitable viscosity grades. In addition,
additives of one or more of: thickeners, VI improvers, antioxidants, anti-wear

additives, detergent/dispersant/inhibitor (DDI) packages, and/or anti-rust additives
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wo ool @re sui tabl e viscosity grades.

‘reactor or

base stocks, including Goup Ito G oup V base stocks
Wth viscosity range from30 1.5 to 100 ¢St at 100C to

additives of one or nore of65 thickeners, VI inprovers,
antioxi dants, anti-wear additives,
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activator, and optionally an al al um num conpound,

ehwpeutdiving: éb atrlaast eneon-Raplsit illsébﬁtﬁ%fi% orkBound to
LA OE 5 AD Lol ) A5y ke @ rum

@b&%ﬁ%ﬂlﬁ@ﬂﬁ@ﬁ!@ndrﬂcddréﬂﬁsmﬁg atiomedtblatar panpoyptidnally 4 alkyl-
to 4000:1, under nerlzatlo condi tion mherelq
ABIRinuREQRRGERL véh 6&? 3’§é‘i*ﬂ arfatig oS HARTIHP? BRI SQFROBE 19 1

L QividorlS 1 o: lbcﬁ%eldl URARr thbSlkyl Sfudinith %§ﬁ1‘ﬁ6§n@ifs pkdd8nt then the

e concentration of the hydrogenis from1l
molar]l@n@ Gﬁalkphalomlﬂlms sothyounditg hnan$1tlom mejeh eprapenndie 1:4 to
rmnorrer(s havi g,?l t o 24 carbon atons

29@8 ?p‘r‘ yﬁ’(enfﬁl%ci 089S B3OSR e pased upon t he
total 1)’1§’5Ldi'8§enqg. pkddnt at a partial pressure of 0.1 to 50 psi, based upon the

total pressure of the reactor or the concentration of the hydrogen is from 1 to

10,000 ppm or less by weight ;

ii) wherein the alpha-olefin monomer(s) having 3 to 24 carbon atoms are
present at 10 volume % or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any
diluents or solvents present in the reaction;

iii) the residence time of the reaction is at least 5 minutes;

I n addi t PONS2006/027943
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30 catal yst/activator/al kyl al um num conpound
sol utions, nononers, and any diluents or solvents

w@e@3end7i n the reaction; iii) the residence tPCEUSI006/027943

the reaction is at |east 5 af nutes; WO 2007/011973
PCT/ US2006/ 027943 66 iv) the productivity of the
process is at |east 43,000 grans of total product per
gram of transition nmetal conpound; v) the process is
cont i iviithesproductieity of tretrironessis, at fmast 48,000 drems ofindal produst
in the reactjon zone does not rise by nore than 10 C
ger(gﬁmﬁétrg%thryggprm{pp%, vii) ethylene is not
pres e\?)tthéiaﬁdg%sqs EoR M3 s ¥depiRoMbiRiousdTONONMEr S
enteri‘ng e reaction zone; and 2) obtaining a
pol yavip ke tetpeiaturé BNDF reashion eersl does mptiviseunaorathan He°C
0. PAQO, wherein.the PAO conprises at |east 50 nol e% of
g e 1g8sioma8fla_ ol efin - nononer, and wherein the PAO
has ayky diRyIBid & nbt presk bymdte thADSD 051 %I tIY mondés
2. The ‘process of paragraph 1 wherein the transition
emgeang thomgrstion zose; represented by the fornula: 15 WO
2007/ 011973 PCT/ US2006/ 027943 67 R2 R3 RIL R4 R5
Rro R RO R7 R8 where Mis a Goup 4 netal;
2) obtaining a polyalpha-olefin (PAO), optionally hydrogenating the

PAO, wherein the PAO comprises at least 50 mole% of a C3 to C24 alpha-olefin
monomer, and wherein the PAO has a kinematic viscosity at 100°C of 20 ¢St or

less.

2. The process of paragraph 1 wherein the transition metal compound is

represented by the formula:
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each X is a hydrogen, hal ogen, hydride radicals,
hydr ocar byl radicals, substituted 5 hydrocar byl

wo aei7oa1933 hal ocar byl radicals, substituted haP@©UES$1996/027943

radi cals, silylcarbyl radi@@als, substituted
silylcarbyl radicals, gernylcarbyl radicals, or
substituted gernyl carbyl radicals, or both X are

j oi ned and, bound to the netal atomto forma

net al | ac e ring containing fromabout 3 to about 20
carbon af\ons, or both together can bean ol efin,
diolefin o i d; and 10 Rl to R10 are

i ndepende al group which is a hydrogen, a
heﬁeroat Qydriocar byl , substituted hydrocarbyl,

hRl pstfi t ut ed halocarbyl, silyl carbyl or
gernyl c pr gvi ded that: 1) at |east one of Rl to
R5 is not , op an i sool efin and at | east one
of R6 to [ Riydrogen or an isoolefin or 2) at
| east two Of RL\to R5 are not hydrogen, or 3) at | east
two of 20 WO X007/ 011973 PCT/ US2006/ 027943 68 R5

are not hydrogen gnd at |least two of R6 to RLO are not
hydr ogen, and where any two adjacent RL to R5 groups
my forma C4 to CQ+eyclic or poly cyclic noiety,

and where any two si%zent RG to R10 groups may forma
C4 to C20 cyclic of poly cyclic noiety. 5 3. The
process of paragrgph 1 or 2 wherein the PAO has a pour
point of 0 Cjgor Jess. 4. The process of paragraph 1,
or 3 whereilR the /PAO has a pour point of -40 C or

| ess and a K At i [ [

| ess. g any of paragraphs 1 to 4
wherein the pour point 10 of -55 C or |ess
and cosity at 100 Cof I CcSt or |ess.
6. Rhe ) pny of paragraphs 1 to 5 wherein the
polyalpha [ pol ydecene having an Mw Wh of

between 1 axd 3.5~ The process of any of paragraphs
1 to 6 wherefn the pJ$yaIpha olefin has a Bromne
nunber of 8 or nore. 15 8. The process of any of
paragraphR® to 7 wherein the pol yal pha-olefin has a
Ki nematic viscosity, at 100C of from1.5 to 15 cSt. 9.
The process of any of paragraphs 1 to 8 wherein the

exa%ggg P§$4EEQQ§ a Kinematic viscosity at 100C of

10. The process of any of

panng iephgdrbgérn Ihlodear kydridehadipal yakdrivarssl @thdam absftuted
mati c viscosity at 40C of from3 to 000 cSt.

0.kin
%?hnﬁﬁ Vi P@@é@sh%?mﬁmvr%?°%%ﬁ8@¥ﬁ@ﬁéhib@@bibﬂdﬁéb6|n
5 Ao alRRR; ﬂb@tﬁt’uﬂsd@ﬁ?lcarbyl radicals, germylcarbyl radicals, or

substituted germylcarbyl radicals, or both X are joined and bound to the metal
atom to form a metallacycle ring containing from about 3 to about 20 carbon
atoms, or both together can be an olefin, diolefin or aryne ligand; and

R'to R are independently, a radical group which is a hydrogen, a heteroatom,
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl or germylcarbyl, provided that: 1) at least one of R! to R’ is not
hydrogen or an isoolefin and at least one of R® to R' is not hydrogen or an

isoolefin or 2) at least two of R' to R® are not hydrogen, or 3) at least two of R' to
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a Viscosity. Index of 90 or nore. 12. The process of
any of paragraphs 1 to 11 wherein the pol yal pha-ol efin
wWha®7/0a19%3 scosity I ndex of 90 to 200. 25 13. TPET/US2006/027943
process of any of paragrapl 1 to 12 wherein the
pol yal pha-ol efin has a pour point of -40C or |ess.
The process of any of paragraphs 1 to 13 wherein

14
i gh bt dieimanishiagang oh! o 12 e g ”"%a?%?v'v%y any
Shelal@siasne it sk heRad Boaet (bR STOHE.

ghdotherd gy tHoeadjroenteR Stodt " groppe naydomge 4@hs CROt@chbor poly

wher.ei n.t he nononmers having 3 to 24 carbon atons are
prELelPI4Y- 55 ol e% or nore. WO 2007/ 011973

PCT/ US3Q0R6Q2¢ 8ﬁ}§l‘aéa§§pﬂ-ipr I RheRlif? ﬁfesfsA@.fhaQQémtﬂf ot pf0°C

paragraphs 1 to wher ei n nononers havi ng
caldésen atons are present at 55 nole%or nore. 18. The

pr oce of an f par aphs to 17 rein the .
o yar ety phpedtodly LG et e BRCTHS groitipoint of 40
CONSi16ds1aR@ aKinelatR Wi RBELy d-10ORLITascdrdiaggne, 1 5
hept ene, 1-octene, 1l-nonene, 1-decene, 1-undecene,

P- dodddemsocess of anyef @aragraphs il go dacheeeinghe PAO has a pour point
]]?-f pendage E@%ﬁldlgklgglégtg CYisiBsity %1@ C%@ gﬁ g(?c%i br less.

- oct adecene, - nonadecene,

nei cadeneoceds oimgsEParagtaphk i 46 S elRreid theidlPApREsefin Is
pe tacos%ne_, 1- hexacosene, 4-nethyl-1-pentene,
ZP-OBFF@?F%G- avipgre e/ MaQf betwegp Ayind 3.5ent ene. 10 19. The

Pt 0Cesy, ¥Qﬁ* g?a? Mﬁﬁd €
pol yal pﬁg)?%cl%g%/ ?frﬁn ) rpg%r gﬁéi?gg\d}]er%m elghrhg%pdeﬁn has a
dbomirstiungpeodf 1.8 gpemirene, 1 - hexene, 1 -heptene, 1-

cten 1-nonene, 1-decene -updecene,, 1-dodecene
BT ledreel doy o qaerens 110§ aieaas o Yalepa-olcfin has o
kihenadeasnBity 2010070 RLACES S0 95 c8Ny of paragraphs 1
to 19 wherein the polyal pha-olefin(s) 15 are sel ected

% om {lhe percsssoivonsif paiagrpbs 1 1o Bavensn the-eiyadpte-olefin has a

. [ - dodeeen 1- radecene and
k‘ﬁ@%@e@%"ﬁ%ﬁw5&%@8?&?&%230%°_%§ny of paragraphs 1
10. 20 Thb@kdiess dRyRIpiALAREs OkeH Wherdi® TR PJobRIpIACIIERE has a
decene, and dodecene. 22. The process of any of

sHCEGHE pHeosi % 49°C ah&pmitotGssity al pha- ol ef i n has

3. S0P ) 5 00T e £ Tt Rl gl
whésmisity Tiviex pd 09 af ploae.ol ef i N has

12.  The process of any of paragraphs 1 to 11 wherein the polyalpha-olefin has
a Viscosity Index of 90 to 200. v

13. The process of any of paragraphs 1 to 12 wherein the polyalpha-olefin has
a pour point of -40°C or less.

14..  The process of any of paragraphs 1 to 13 wherein the polyalpha-olefin has
a weight average molecular weight of 100 to 50,000 g/mol.

15.  The process of any of paragraphs 1 to 14 wherein the polyalpha-olefin has
a weight average molecular weight of 336 to 40,000 g/mol.

16.  The process of any of paragraphs 1 to 15 wherein the monomers having 3

to 24 carbon atoms are present at 55 mole% or more.
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a flash point of 150C or nore. 24. The process of any
of paragraphs 1 to 23 wherein the polyal pha-ol efin has

w@2@peciofdi c gravity of 0.75 to 0.96 g/cnB. 25 PSI/UTINE6/027943

process of any of paragraph® 1 to 24 wherein ethyl ene,
propyl ene and butene nononers are present at |ess
than 1 weight % 26. The process of any of paragraphs
1 to 25 wherein the nononmers having 5 to 24 carbon
Bt.onsThe propese s mty eltpab@raphis % d6 whsren nnonErehaying e s

of paragra t 6 wherein the nononers
ﬁ%ﬁﬂ%ngom e e gpééﬁ%%eé"t?fﬁorgre present at 70
)| e% SHEASS 19w isenein @ ApliApRS
e 27T%I?Iltaﬁéesr§°£%ﬁyp?fpﬁg§ REIAS 19 widiin Ao RATAGAHENG)

BTS20 6o gudp cposigingaftl-orend, J-nenteaei nbexene 1-

B Faciets Tideh LRSS 1FIEESR BlbaGRar Ry fiddne, 1-
f£8RdRhE, NG dnbReRakyRhBhdenef 1-Aspthdeeths aloctitlesere! 1-

diluents; 5 3). contacting the polyal pha-olefin with
hytdensae, hpidosenpyld naeiepssne.dndocosensh y4ricossny L4tptracosene, 1-

obt ai ni ng ol yal pha- i i A Igyelep) er
S R R L L N
f/Bil hehfege.pol yal pha-olefin is treated to 10 renove

et ergat om cont ai ni ng conpounds prior, to cqontacti

Wt h Thepriegessodany obpragsphsHdorhbdiirgendhs B‘ﬁy%lgﬁ%if’{}%ﬂ(s)
. f h & t ed

B B o o P BT e i ©

octatenil rongne; drjeoeirgd -uadedens,sl-d@lecerkh é-tpdensas, sl -tstradecene,

ar agraph 29 erein the treated pol yal pha-olefin 15
d’ﬁbﬁgflgggei‘%ﬂﬁ%ﬁ’f °Y¥&t er oat om cont ai ni ng conpounds or

bgss. TREprotb dPaRE 8Ssariraptidyl ©f 190K 6iIhaRpoldalpBa-3lkfin(s)
where scavenger is present and conprises .
aretshietigt droox B greupdoosistinmio ff i-bexenet hottans dodespis, 133,

h rocess pf an f. paragraphs 1 to 32wherein the
g%(%(’g%et’ gfetetéao ?qes%gq“}be%%&eggn%r e of ,‘
bl N- dirAe phoy bt lahy bﬂ;sarag[gaﬁm( pRakhereinapd polyhiphookte,

N, N 20 di al kyl phenyl ani | i ni um
sempragep oftens-Idgemsphdfadytsdeat e (where the alkyl is a

%’t tr g?ﬁgﬁfog?ﬁ%hoﬁ% Ef;ﬁd}#?%r%%lﬁsral't {g?’il wherein the polyalpha-olefin has
b dicddapintabtanbsftph enigby (dddmnat 23rC)al kyl anmoni um

t23¢.t ' afrgg B;o%];slsuo%ra%’) QF Il)’] lagrgp rs { 1% 22 wherein the polyalpha-olefin has
a flash point of 150°C or more.

24.  The process of any of paragraphs 1 to 23 wherein the polyalpha-olefin has
a specific gravity of 0.75 to 0.96 g/em’.

25.  The process of any of paragraphs 1 to 24 wherein ethylene, propylene and
butene monomers are present at less than 1 weight %.

26.  The process of any of paragraphs 1 to 25 wherein the monomers having 5
to 24 carbon atoms are present at 60 mole% or more.

27.  The process of any of paragraphs 1 to 26 wherein the monomers having 5

to 24 carbon atoms are present at 70 mole% or more.

28.  The process of any of paragraphs 1 to 27 further comprising
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(where the alkyl is a C1lto C 18 al kyl group),
tetra-al kyl ammoni um tetra(pentafl uorophenyl ) borate

w@ mdvenedrhe alkyl is a Cl to C18 al kyl group)PCRBESBE6/027943

The process of any of paragibaphs 1 to 33 wherein the
transition netal conpound conprises one or nore of:
bis(1, 2,4-trinmethyl cycl opentadi enyl ) zi rconi um
di chl oy.i de; . :
bi s( 1, 3" di mRtePRIEYEsatine treralipharolefin émredusairaieosiomde;
Rt disihE 388 LOWIAS Y. ' | ) zi rconi um di chl ori de;
30 bils(%ent g{ﬂr)eﬂt ﬁyf%;glégﬁ%gﬁ?g@?{’enyl ) zi rconi um
di chl d)i de;optionally separating the polyalpha-olefins from solvents or
gd.ﬁ%l 2,4-trimethyl cycl opent adi enyl ) zi rconi um

ibERtSy 1 . bi s(1, 3-di met hyl cycl opent adi enyl ) zi r coni um
i et iy | AR GLLBRAICTLSE v -
bi s(t gato'r anmet ﬁyl cyécl 0 er%t%adgll eny Zﬁgégﬁrﬁg%g}dﬁ%{%%rpgeng}mn
watalysrandet hyl cycl opent adi enyl ) zi r coni um di net hyl .

35. The progess. of a f raphs, 1 to 34 erei
the transi tc?%gﬂmﬁﬁf‘éﬂop%gg]ﬁﬁg%rﬂgﬁaé’gfﬁp? pogung, prmper I%rtgm
af.85 Bi s(1, 2-di met hyl cycl opent adi enyl ) zi r coni um

di chl ori de,
Bi% ( 1, Bredirpesshof rayedrepie?’ whereimthy pokyekpha-whafol is icated tie,

EIE%%%% ﬁelztgrgta{omgn@{hi%é %lor(r)l SHiR %Ingln oI gozrllca{c%gg |W1tr1T1] the hydrogen
Ringl (o} {12 Hyydksdenmidnydagytgdt.opent adi enyl ) zi r coni um

di chl ori de, _
é:og( 1?@%@?&@%9@%% B vhegathe iedad Pylypipbenelafin

%ﬁ@ﬂg&; % ini

Bis(l, 2, 3, Zﬁpé?gfelhett%%? ]ﬁlyﬁocr:lg/acl:rflg% (é%rfl%cgfng rsn(/) f ;eiq'ls'r coni um
dS!lc: hl drliegeocess of paragraph 29 wherein the treated polyalpha-olefin
g:lf){s}m]ﬁé%e L(ggfln_q %f‘ }?étgl%lat%}ilcclzo% a?rﬂkg 9:51%5%’1'13 sloEr e%?.l Hm

Bs( 1-%(;33&&3@0%@@%%@@%%ﬁ%a%vslcaxzéng&qe pHnt and

di chl ori
BpBYp1iseraneihylaburoxpog §1d ayndédfehmathiybiyhpzineconi um

hchl opi d . . .
B (1 TR g BB e RS et comprises
dne ok aidrelef NN dimethylanilinium tetra(pentafluorophenyl)borate, N,N-

Bi. s( 1- net hyl - 3- n- propyl cycl opent adi eny ?12| rconi um
dialkylph¢nylinilinium tetra(péntaffuorophenyl)borate (where the alkyl is a C1 to

g%lg(h%%cg%b,'tﬁfﬁ Té?fé@én@fﬁllo%ﬁgﬁﬁ%o?ﬂ&l ) zi rconi um
Biis(pdntafbchypheBybqrenttsitatipdimpeniuaicaagphrilosophemlborate

ichloride,.. .
gY"@?rf%? lfid AyiL-2 DRI grueh et v Eoni um
eUtedth M fBrophenyl)borate (where the alkyl is a C1 to C18 alkyl
Bi ge{d)l 2-di ms% h?/}() A?-raﬁ? r(Jv;,oerggl ceyacl%ése%t ad?enyla) o %%W?'um
d#tchl dhiegsocesof any of paragraphs 1 to 33 wherein the transition metal

i.s(1. 2-di met hyl - 4- n- but vl cycl opent adi enyl ) zi r coni um
g?%%f)%l}(} %)ér,lpnsg%/%?efrig%ﬁeé’ ‘hyl cycl opent adi enyl ) zi r coni um
giscth1{zgrﬂrigmhy@ic&(oémadi@hﬁmﬂebﬁu@i @pElatiagi enyl) zirconi um

i chloride,
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride;

bis(tetramethylcyclopentadienyl)zirconium dichloride;
bis(pentamethylcyclopentadienyl)zirconium dichloride;
bis(1,2,4-trimethylcyclopentadienyl)zirconium dimethyl;
bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl;
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Bi s(1, 2-di - n-propyl cycl opent adi enyl ) zi r coni um
di chl ori de,

w@e@(01 2731 - n- but yl cycl opent adi enyl ) zi r coni um PCT/US2006/027943
71

di chl oride, 25

Bi s(1-net hyl -2, 4-di et hyl cycl opent adi enyl ) zi r coni um
di chl ori de,

Bi s(1, 2-di et hyl -4-n-propyl cycl opent adi enyl ) zi r coni um
61s¢tbirmnétﬁg],cyclopentadienyl)z1rcon1um dimethyl; or

El Zqﬁn( 1@@2 egléﬁ(t: opentaﬂlenybgllrco)xll(l:llnr? Egétﬁdll enyl)zi reoni um
B5S( 11*E€gmeles§bﬂ 20 0 BYaOhO PN ACHhERM] the trak@iéribtal

dichl ori
Bompduret doyiprides o @pydreyodi opent adi enyl ) zi r coni um

I.chloride, 30 . . . . .
glg(g 2 ll:?sﬁﬁé(w&&?@f*%%ﬁl}éb%ﬁg}Wﬂ UishloBfent adi enyl ) zi r con
'Bh‘é(‘l diGh c@@lopentadwnyl)zucomum dichloride,
3-di rret hﬁ/l cycl opentadi enyl ) (cycl opent adi enyl ) zircon

Blﬁfﬂ;@ﬁ?h‘lmﬁ yleyclopentadienyl)zirconjum dichloride,

FiE TR R AR G SR r b TR UB2006) 027043

BZs(l 2,3 4-tetramethylcyclopentadienyl)zirconium dichloride,
(1, dlnethylcyclopentadlen ) (lethy Icgclopentadlenyl)z
Q{\éﬂbwmegﬁp@ﬁhy&@/clopentadleny 21rcon1um chloride

RO OPERAATLADIE s Gliofuguty1 ovel opent

i'Tco
(Bls(:B-miethﬁthlpmypylQmmneatﬁdmnyl)zltcammnm pehloaide.enyl ) zi r con
Luin dichlori

B (&rrt %QTbé‘;é Céfﬁ@ﬂ?"éﬁqlw}z)‘rﬁm?moql?m?%‘%ﬁ »cycl opent ad

| CDBiL EdthAEh dichlorid
('B%(y rﬂ&lﬁ& hy gymgcggent adlsg)r?z)llm)or(u%mS “di et hey| cycl opent adi

&ig(lL )rmthyie}‘rntm@m{l@)rﬂ(men@élenymlsﬁ(qnnm dighbozide.coni um

S(%Ig?téﬁ%{l%ﬂ%ﬁ% le?lg@ﬁﬁ}f rlFimdn @H:F% dl chlori de,
Big( 4né'tE§r lhyhlﬁﬁ@Mc)@bﬁt@l@i&hwfﬁlﬂﬂoﬁﬁhﬂdmm@nde :

Bi sé -di met hyl'i ndenyl ) zi rconji um di chl orj de,

Biis(( 2- @m@%&%ﬁw@mmﬁd&wﬂ);lﬁ%% digkicgiden or i de,
g b émgthlﬂ LSl bRIBY Cropellatiadi} A Ye didibhag! um

ior

Biis(( 2-&nfethid Yei-baiylyclopéntadihyiptifphinndéolylblide,r coni um
di.chl or.i

Eas(d 2ofie %FLY@TF]QHWW‘%@H@ZGTC?W‘?18\11491851% ndenyl ) zi rconi um

@ :I'|3°J @S1cyclopentadienyl)zirconium dichloride,
1§( 1 21 d?rrg% 3 [ cycl o%o%ent adi enyl ) zi r coni um di met hyl ,

lls((l,lz d-rdproptyloytlopented emtyrdicemytn) dichlendd. um di met hyl |
% ?égzﬁgz}rrﬁb% cycltopgrlltgéﬁeny g)%r&%%lmeg Xhlz)z yg coni um
Biig( Jmahﬁ-z BiR@h Yy sIneidestiyRdiredtinin Zidhtddey m

di net

Brig(d £- ée@}’hé’rtnel’rpﬁﬂét“ﬁyp@W@l@b’éﬁtra‘éﬂ%ﬁﬂ‘)}%ﬁ’rﬁ%n| um
dE 2y arbueyclopsmpdionygieonium Giosds, - oni
Bisethsthyl-3 -1—propylcyclopentadwnyl)zncomum dichloride,
Bis(1-ethyl-3-i-propylcyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(methylcyclopentadienyl)zirconium dichloride,
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Bi s(1- et hyl - 2- et hyl cycl opent adi enyl ) zi rconi um
di net hyl ,

w@e@@atres hyl - 2- n- propyl cycl opent adi enyl ) zi r cOPCT/IS2006/027943
72

di met hyl, 25

Bi s(1- et hyl - 2-n-butyl | cycl opent adi enyl ) zi rconi um
di nmet hyl ,

Bi s(1- net hyl - 3- et hyl cycl opent adi enyl ) zi r coni um

¢i, prelithgthylcyclopentadienyl)(ethylcyclopentadienyl)zirconium dichloride,

E igfrﬁgtflyﬁgclopentado %)d % %?Jn?beg}r)lcyagggl%ad)xeny )%Sgc;nlillml
g,icﬁ(o]wlget hyl - 3-n- but yl cycl opent adi enyl ) zi r coni um

Bi, §(djmnhhyhyd:loﬁemaqwmmscmlempérmwzleqwlhmu dicblonide,m
g, 'ér%imétlha choR ey P Rr B aP AP

Bi s(1, 2 d| met hyl - - pr o%yl cycl opent adi enyl ) zi r coni um
a1, aﬁhmymylcyclopentadlenyl)(l 3-diethylcyclopentadienyl)zirconium dichloride,

?%B}]dﬁgﬁlsjmwlﬂ%bdf%iﬂgugypgfUggggg?c);?ng?,) Zl7gcon| um

@1§(6lmé%hﬁhﬁl"eﬂyl?zﬁﬁé@hmﬁﬁdiblﬂdn@@yI ) zi rconi um di net hyl ,
Bi s%l di et hyl cycl opent adi enyl ) zi r coni um di net hyl ,

Big(¢mehyindgnyzgsoniggpedisendadi enyl ) zi r coni um
% &?}H%hgéhnden)&ztmpmu %Btélﬁlflad i enyl)zirconitun

Cﬁm(&ﬂ hditnetiylindenyl)zirconium dichloride,
?{ééﬁ tetrahygromden zrl%om%m (ﬁgﬁl’gnﬁdl enyl)zirconi um

%lﬁg 627 Qe hab- ﬁnfaf}&hﬁ@éﬂywﬁb&aa&tml@mé ) zi rconi um
Blis(@5, (27{d¢t@thl9|§h10 4471d1m¢1hylnr:d;nylomqwaun disployiger coni um
%#gﬁan%é%%w%‘* 5.6 3 Sise PSS A ST L

tZtIMinethylcgfclopentadlenyl)zncomum dimethyl,

s 1-eth 5) cl opent adi enyl ) zi rconi um
13|»@amet}md):yclopenta 1eny13/21rcon1um dimethyl,

1%(1%&?3-%Q?@lg%%&aﬁa%e?l%)%@é@xﬁ&rﬁ%%?ﬁt adi enyl ) zi r con
(Bis($ 204~ tfﬁﬁéthylcycﬂbm&rdi@m)amdn)ﬁmyhmmght adi enyl ) zi rcon

Lum di met
Brs(3.%f %@tWW&?WB@ﬁ?@GWE}@WWIﬁ9?‘3?@’10pent adi enyl )
Figg@gi,&'@ fihiRicRy loyclopentadlen?/l))zncomum dimethyl,

net'hyl cycl"opentadi enyl ) (etyl cycl opent adi enyl) zi
Bis(himethgli-2rethiylelyclopentadienyl)zirconium dimethyl,

%fﬂ(i ditﬁ?—\él c cI op) nt adh%qﬁb/%lgcdm d1metg§’lt yl cycl opent
Bls@ rﬂétﬁyltilﬁlmicw@ﬁérﬂ@hl@szh(csmhocnﬁret}@q| enyl ) zi rcon

i um di net

(Bis(@3 -n::ethﬁlr%ﬁhd&ﬁdplep@ﬁ@camséﬁypwynzdlmeﬁm hyl cycl opent ad
(ﬁ 5@ %éri%@?% Hl—pltl@ai kg)p gﬁeg%lhlée%%l( Coném% e I{l?} y¥ tyclo pent adi

eB‘iwl)methylo_nnwﬁtﬂcyamﬁa:yitadlengl)zﬁ:csﬁmmdiang/thylz| rconi um
met hyl , Bi s(1-npethyli ndeny}g zZi rconl um di_nmet hyl ,

§1§<(1 ZD?FBY]hWrH‘?BTé@ﬁYP CPPRI@SP I EROREIR fimetbyl,
Bis(1,2-dimethyl-4-ethylcyclopentadienyl)zirconium dimethyl,

Bis(1,2-dimethyl-4-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)zirconium dimethyl,
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Bi s(4- et hyl i ndenyl ) zi rconi um di net hyl ,
Bi s(4, 7-di net hyl i ndenyl ) zi rconi um di net hyl, 25

wB®(A10875, 7-t et r ahydr oi ndenyl ) zi r coni um di met PgT/1S2006/027943

Bi s(4, 5, 6, 7-tetrahydr o- 2- meBhyl i ndenyl ) zi r coni um

di et hyI ,

Bis(4,5 6 7-tetrahydro-4, 7-di net hyl i ndenyl ) zi rconi um
di net hyl, or

(Bpcl, bﬁathséwcmwntﬁdwnﬂ)@rwnm@t diateflalyloi ndenyl ) zi r coni um

e e iR e R AR Rt Gy 29" 2P0 ot >

OB®(102-dI1R c¢yclopentadienyl)zirconium dimethyl,
Bi sg dlp@n%%y)i C)I/)C| opent adi enyl ) haf ni um di chl ori de,

ERis(112- Ql-mbﬁé\ﬂWﬂQP)ﬁn‘Iaé}@éﬂﬁ%imOéhW frgthylum di chl ori de,

ﬁ%ﬁ’ gt dePTveetnRiapdntion it dmenyh

Dﬂieﬁ@d 4—n—propylcycloFentadlenyl)zuconlum dimethyl,

BI s -trineth opent adi_enyl ) haf ni um
dpis 2; }eg@d -4-n-butylcyclopentadienyl)zirconium dimethyl,

%lé§]]]—rél%lthgle-é-1-p%15ﬁéﬁﬁdﬂéhﬁ)i&h9ﬁﬁ%ﬁﬂin‘? Ayhathaf ni um

BBis(11ctRy133 4phopytytbpedthdibeyl pAuepainthadinetiyl,) haf ni um
dj_chl
Ed1?cél%ﬁ'élaﬁwc?%eeiaﬂg?rlx%w@sgmt%fh?f@/ﬁ%ﬂll}cﬂwm dimethyl,

d(:l%mii‘ﬁ{ét cyclc%eﬁt(agheﬂﬁt)(@%loﬁerﬁad?ér%@)ﬂn%bfmum dimethyl,

opent adi zi rconi um di ch
BilsX dlM}ﬂwcl@entabmyll)dm%thylgﬁémeatﬁdmwﬂ)}ﬂm@cfmmm ihimethyl,

d I d

1 PRk Revelopentadisp) ertylalonsniadisryMeissgniy dimethyl,
dQlCZJHlﬁ{dﬂ@&eycl 3pen’tadlenyl)ﬁl ,2-di-n-butylcyclopentadienyl)zirconium
Bi s(1- net hyl - 3- n- propyl cycl opent adi enyl ) hat ni um

dhigwtholi de, 10 _ _ |
S Jo T R VY6 BRER AR ERCLMIAL ATy,

?1ssgg?,in[&lgyiyyd@eﬁtaﬂﬁﬁylwlcydinmmleﬁtﬁﬂbmydd)dm&t)nimmﬁum
i.chl oride,
BHEEYS. di met hyl - 4- et hyl cycl opent adi enyl ) haf ni um

190498k lopentadienyl)(1,3-diethylcyclopentadienyl nium dimethyl,
g: (11 2- lgﬁ e Oﬁ)en-a ‘-e‘r%yéﬂ opylecyccygp r??é‘dluere%;)/mcr? fnium Y

cBls(lhctﬂmyDel,rcomum dimethyl,

15(,1, 2-di.nmet hyl - 4- n- but yl cycl opent adi enyl ) haf ni um
%léfh'@le?hé{bfq&fe’%@ﬁ%%“@%ﬁ%@ | cycl opent adi enyl ) haf ni um
a@i@ﬁi methgﬁndenﬁl)gl&aon%nﬁldﬁh&m_l/lcycI opent adi enyl ) haf ni um

i chl oride

B$1§(41mzﬂlcrim¢ﬁw})@p§qne% [dgpethyladi enyl ) haf ni um

lg?dipglng&hﬁnge{l{/l Zé]%) lgﬁne%lfnet y’nyI ) haf ni um di chl ori de,
BBis(415, ﬁﬁtthtyhhyﬂrcﬂndhngt)blyécmymhdpﬁahgm enyl ) haf ni um
dichl ori_de,

Bris(t: éﬂotrﬂé%lm#o Tpethylgdendyzrcepivm et ) hatii um

& 5)6 7 47-d th denvl di 1,
IS 95708 watydro-4.7-dimethylindenybairconiym dimethul or |

c(C(yhloppmtd@pnyl)(él 5 6,7- tetrahydr01ndenyl)21rcon1um dlmethyl

§]|1 o t&g%cess OJLT aIPyr o ]}/alré:g\%gplh%q %}?er% in’t ea{rglnsﬂlon metal
compound comprises one or more of;
Bis(1,2-dimethylcyclopentadienyl)hafnium dichloride,
Bis(1,3-dimethylcyclopentadienyl)hafnium dichloride,
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Bi s(1-ethyl -3-i-propyl cycl opent adi enyl ) haf ni um
di chl ori de,

w@ o2o0diomet hyl cycl opent adi enyI ) (cycl opent adi enpdi/bisfoné/oe7943

m di chl ori de, 25
(1, 3-di net hyl cycl opent adi enyl ) (cycl opent adi enyl ) haf ni u
m di chl ori de,

2-di net hyl cycl opent adi e met hyl cycl opent adi enyl
ﬁ@baﬁﬁr(gmg Vb%@lgpgltadlenyl)hal)!mgrg dlchlgndey P yh

(ﬁlﬁ(ﬁ Xﬁﬂ(g 8&?@&1&%’1)% M'uarg%ﬁc@ﬁ’orﬁl)éd opent adi enyl ) h

(Blis@; z;l3 m&t%&uﬁbwmmﬂu@whmmdféh}oﬁdb utyl cycl opent
adi enyl ) haf ni um _ di chl ori de,

Bis@, ﬁérm%%hﬂ@&wmtaém%%fwm@éh@aéﬁeny| ) haf ai u

Eﬁlgg ‘ﬂét?%g "%%h Célldo gwadignyin aIﬁ}l?T dehjoride, hyl cycl opent ad

|E|§(yLméthﬁ/m-mproplylcjfdl@dntbﬂlen\ﬁ@zﬁ&@lﬁhﬁHﬂcﬁﬂYoﬁhde
PCT/ US2006/ 027943 75
Biis@- @?%k%ﬁr@ﬂi%@ﬁ?l&aﬂlémmm@ dithdenda cycl opent adi

%]%:( 1%12%521 3% é(?/@ %eﬁtﬁﬁlenyl e ny F@}%ﬁ%#%&n?g |mc E Imo ride,
B_ls((l anﬂiayh&-:n!-prdleyiyjlfc)lwmdwmybhdmug}[ ]dnthl,onds,
s 4- afni. u e
B e T bR Biehridee,
@@((1 éméthgb-i ntﬁlfﬁés)é@dﬁéhﬁﬁl%ﬁﬂﬁdﬁﬁlﬁi &iemeh@@ lori de,

7-tetrah | i ndeny 2hafn|um
(ﬁl@(HLQOdmmaéhyl 4~ ethylcyclopentadlenyl) afmum dlch oride
%1?(&?20% ga‘th7y1t481t1~£>90%90yclopemagieny5 I ndde (H’MOI)i haf nrum

(By@ 1mﬁfm@dmamshﬁy(c%cmpéntdeﬁylmﬁmdmmlaﬂ@@&é ) haf ni um
di.chl ori de 2-di met hyl ¢cycl opent adi enyl ) haf ni um
(ﬁlﬁ@t%@FthyioBP]@P&nthléﬁlﬂﬁtaﬁ}} ‘{b@ﬁ% adi enyl ) haf ni um

T pentcgh Bpd g 42‘%%”1 1Bent adi enyl ) hat ni um
(Bls(ﬂI%dﬂl—n—pﬁﬁ»ylcyclopentadlenyl)hafmum dlchlonde _

Uish b Pl S TR R Sl aRerkadh efy ) haf ni um
%lﬁgﬁé}@»ﬂ4%&&%&9&@5&%&d§é{@bﬁ%ﬁ$ﬁ@kﬁw&b af ni um

Bhis(( 2- Ghethbfw IQP@PWV@MI@E@@WM&@Mﬁ@f%@m di net hyl ,
?mn(g]r?ﬁ%tth Y4-n—bur%y1%y88¥en(%§/cf: én%%nﬁuum%nc\fxll()nlbaf ni-um

331@((1 Jnﬁanylhy gp&pyid@utopbﬁta&ﬁ@hﬁmﬁnam @atbdaf rii um
I met

B ﬁéfﬂaﬁét%épmeyléyﬂyp%%d@p/&h@@wé diabiaiigeni um di net hyl
E’}%@ﬁ%ﬁlﬁfmfoﬁeﬁa@wﬁ)’(k%&ﬂ DRRIUS b A% BRhHAHY

B .8 {dimethylvyblopentadicmhyl ) (C yeibmymendi angi Y afyii unh dichi aride,

?i ,E?cfir@ela‘éh’ylcyclopentadienyl)(methylcyclopentadienyl)haﬁqium dichloride,
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienyl)hafnium dichloride,
(1,2-dimethylcyclopentadienyl)(1,2-di-n-butylcyclopentadienyl)hafnium
dichloride,

(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)hafnium
dichloride,
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w®Be@(1 273l net hyl

Bi s(1- et hyl - 3-n- pent yl cycl opent adi enyl ) haf ni um
di net hyl ,

di met hyl, 25 75
Bi s(1, 2-di net hyl - 4- n- propyl cycl opent adi enyl ) haf ni um
di nmet hyl ,

Bi s(1, 2- di met hyl n- but cl opent adi enyl ) haf ni um
s gty cyBlopntaieqy 1KY el siosgione e ny) pam dighloride,

t hyl cycl opent adi enyl ) haf ni um
?F@ﬁ#ﬁ@ha@"%(}mgr@dgn propyl cycl opent adi enyl ) haf ni um
d31§(&t-rh§‘ﬂhyhl&ﬁ:ngl)hafmum dichloride,

Bis utyl cycl: oBent adi enyl ) haf ni um di et hyl ,
mpthyligdenylhatanen dighlojideopent adi enyl ) haf ni um

%9@ gtjhﬁh c}eﬁ?f )h%fmunﬁ)fhg% ycI opent adi enyl ) haf ni um
d31ﬁ(atm&ﬁnethwnﬂ@ﬂﬁl)}&ﬁ%3d1aﬂ3ﬂd@2006/ 027943 76

i.S di et Ic ¢l opent adi enyl ) haf ni um
ﬁéﬁq 7~t|etrahydr01ndeny8 1urr)1/ dlchl%nde Lenyl) '

? ﬁg&l G"?tt&)’alhyérd 2GRV ﬂ%ﬁ&lﬁ&%ﬁhﬁ%&m{ﬁw af ni um
Bls(@;ﬁh @}7 hﬂkalﬁdro—@ﬁapyietlwfhh@g@haﬁhwm dichkaddej um
AE TRt e G G s ey MRS BB d5ny ) ha i

'Blgﬂgl' r23&tﬂ?t/elthyléyclopentadlenylc?hafmum dimethyl,
di met hyl cycl opent adi en ((10ycl opent adi enyl ) hafniu
1@&1;ﬁgdlh}qthylcyclopentadlenyl)hafnlum imethyl,

(oL LN Lol BRENBRIRIMLL TRV, £ o! opent adi enyl)
(Blis@;214- tﬁhhéth&l@ycl’k)pmmla@bﬂpmﬁhx)rheﬁxhyﬂhwcI opent adi enyl ) h

af nl um di met

Biis@.25, ﬂé@twmﬁbﬂpwmnw@wphy@m@danethylb ut yl cycl opent
?#(gr%i )ng eﬂ aniBt 1%15%@6&&(116 ?afm qm dimethy

cyc opent-adi opent ac}i enyl ) haf niu
Bisfil Fmethy]-z e&@lcyclopentadlenyl)hafmum dimethyl,

(Pé'ﬂjr gelﬁé%_ y.}ﬁ?cﬁg,pentadl ql%{ )zlgl%uum glmet le cycl opent ad
(Bhs 3 rﬁétﬁgf-ﬁ)ﬁ[‘rﬁﬂ(ﬁh&@ %ﬁqai%ﬂylbﬁa(ﬁ%u& dieiiy! cycl opent adi

eny haf hi um di met'h Bi s(1 ndenyl ) haf ni'um di et hyl,

Bhis(l inﬁbyh%ethymwwadmyﬂmmlm diyethyl,

.S 2- | i nde haf
88 BRI L e
@1§((14né'th511|-mtmwlbya tadiedyyheigh aRhéiiil,
Bi.s 7-tetrahydroi ndenyl haf ni um d| met hyl,
fs(flzm@hﬁl -Fnpspbdexriprsntadigay Hhatn £ ni um

t

% gt?fh %lh%ethyl t4e?ﬂ§ly]h§%0%enﬁad'}e l)ha US/IPI eth%’ ) haf ni um
diste12hdiimetlo- 4210propylcyclopentadlenyl)hafnlum dlmethyl

ent adi 4 7-tetra r [') haf ni um
G s R e e hphe 1 t o 34
QT SLdie Pfcy&l%ﬁ@ﬁh&'eﬂﬁ)lﬁ?ﬁlﬁfn dlﬁﬁffi%/@und conprises one
or nore o
Bis(1,3-diethylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-di-n-propylcyclopentadienyl)hafhium dimethyl,
Bis(1,2-di-n-butylcyclopentadienyl)hafnium dimethyl,
Bis(1-methyl-2,4-diethylcyclopentadienyl)hafhium dimethyl,

Bis(1,2-diethyl-4-n-propylcyclopentadienyl)hafnium dimethyl,

-4- et hyl cycl opent adi enyl ) haf nP@IIS2006/027943
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bi s(1, 2-di met hyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(1, 3- di net hyl cycl opent adi enyl ) zi rconi um

waele@hoorwrde, bis(1,2,4 25 PCT/US2006/027943

tri met hyl cycl opent adi enyl ) Ziér coni um di chl ori de and

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(1- met hyl - 2- et hyl cycl opent adi enyl ) zi r coni um

di chl oride, bis(1-nethyl-3-

&is(y 2edicthypémt-adyleysibpentadienyDhaindin dimethsle,

i3S FadRUC A Dl Ry SLE BB 7 reoni v
| . , . . e,
%ii(% 4&1{3@ %qgél?g?@g%ag%@gﬁ@a%ygg %ﬁzi ?Eﬁggtgglﬁ m di chl ori de,

61,2t metbulayyloperodibayh @yanpestadimyiagnao Aoy 3

PCT/ 1)S2006/ 0279 . 7 . . .

ShemetRyehendyehiierisprmadioy Dheiebam dimsii¥iot ny!

Ipi 3 (dmathythyo®b bith &g ey I EeHAclicRipyhihdich PR foitOd ety |
s(1,2,4- trimethylcycl oFent adi enyl ) zi rconi um

b
&i,%eiimyﬂhylcyak0§emté¢ip Y

| | yglopepatiend haiyrnAdimedyl um
SRR B0 2 byl pppfemvopatiium dimethy

1§18 {dimptbty eyt loBentedinyy Ny ¢dl opstddirtiyBhyfnjurh diroethyim
i met.hyl, bis(l-nmethyl-3-n- . . .
S}a- m%%lcaﬂe&t&é@s@k} %—shewmwcbq%?ﬂmbhéﬁnum dimethyl,
B B o P Eh AR et
dlig(mdenylsfniom diefhyddenyl ) zi rconi um di net hyl . 10 38.

€. pr ss, of . of .paragraphs 1 to 37 wherein an
ﬁ%}rﬁ%ﬁﬁf‘}ﬂ?ﬂ%’l)ﬁ%&ﬂ%ﬁ@ﬂp resent and the
Hik iy vmRdddinethyiepr esent ed by the formul a:
R3Al, where each R is, independently, selected from

g4 gnebylindsaeafnme digtetids hyl , et hyl e, n-propyl

[ 1S0- . , t-butyl, n-pentyl,
I@%@%@%&Hylmﬁ%g&%ﬁ%&?mﬁﬁg@%l , 1so-hexyl, n-heptyl,
iE§(4{j$¢¢)7-|yétrah5}gm$ﬁdehlyl)hﬁﬁhmpdiyﬂeﬂlly’h, 15 nonyld, nl- decyl ,
n-undecyl, n-dodecyl, n-tridegyl, p-tetradecyl,
RIHA %%WYWO‘%&%@WF{MﬁlaﬁEWéﬂ‘@@&WL n- oct adecyl ,
Bk i NakC of
g
¢On¢lopentadsenyl)§4.6 $57-tetraipdroifidenylyafisss dinefigt.agr aph 39

erei.n the process is a continyou rrocess 20
e eRgeeR SCERaRERSIE 1 4F £ Rt B Farsfon et
CORPbLInSd Snisel 686 br hBre oW €% of the one or nore C3 to
C24 al pha-olefins into a reactor, b) continuously

ibia( .8 dlimethyloyplopentadisnyl)zrsonipdicklorge iyl dnd t he
dimethylcyclopentadienyl)zirconium dichloride, bis(1,2,4- '
trimethylcyclopentadienyl)zirconium dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
propylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
butylclopentadienyl)zirconium dichloride, bis(4,5,6,7-tetrahydro

indenyl)zirconium dichloride, bis(indenyl)zirconium dichloride,
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activator into the reactor, 25 c) optionally
conti nuously introducing co-activator into the

wo e@chor73 and d) continuously w thdraw ng thePCT/US2006/027943

pol yal pha-ol efin fromthe rBactor. 41. The process of
par agraph 40 further conprising nmaintaining a
concentration of hydrogen in the reactor of 10,000 ppm

. . b i ght. The process of paragraph 40
s oy iR es oo ek Gt bis et 1
OB % olopofiBiehMARDhYnt EfRkI%HLAS ol yal pha- of efin

tor heteroa om cont ai ni g’ conpounds to | ess
t thizwretlg0¢y ohqpentadien 2D A7donhtd dBnd#3l, US2006/ 027943 78 2)

| | f t t t
thf(ly o B e oaten (kg lamatnbayy
H%Ey&éb%nta‘ﬁ’fb%&ﬁzf‘r%uﬁﬁ%‘i&ﬂetﬁ{rlaﬁfstloﬂl% 1&?\39 20 or nore

ons cont’i nuousl y con aCtI ng
pﬁ&hxlgymmntﬂdmhzwmmyldnetggmbmﬁdmthyﬁmydr ogenati on

| | pha- ol ef
bR onsitafeRab it Histah it Bisng hyﬁé-ynefTﬁeap?oie'SQ
dfutyﬂﬁlkbpéﬁtadléﬂﬁ}}ﬁr@@ﬁlﬁnﬂdlhﬁt}%% @B% Tltétll'éﬁ?@ 5% +1§ gﬂirr@omum

in the reactor is from

ﬁh@@@@¥3QibﬁﬁﬁéﬁwﬁéﬁmugmmﬁénéhW-the tenperature is

facom r.ocess of. par h. 43

ihor e R deofEdrady of bhraelddfp 11332 3nepiyn B B Mg

Eoopessd mfprﬁr&hﬁgfd&hb alﬁl@la\lﬁiﬁmahfbofrﬂ}ﬁ)uh@ 'iﬁl%fn%kéﬂté‘d bpthe
om_7 ﬁso 15 C. .47. The process of any of

6@%‘&?2%#9 Wherg eagh %ﬂ%rl@i%ew?@ﬂwlﬂ@dsfmmﬁmgpum@mstmg

[ r d: £ t
R B PR b it S B h B 12
m@n@@mpp@tﬂ -dhexdyl, whélesylnn{heptwe fido-lptyl imetyll ib&octg) n-

ent 9. ragraph 48 wherein the
BBRTE Ries inupdiD S EyopBEe ?motmrewgmatadecy, b
GeREies Yl ﬁgleﬁﬂcad&iy‘l %ﬂ@&ade@?ﬁ‘éﬁ‘@%lr ifie hept anes,

oct anes, nonanés, decanes, undecanes odecanes
BPi degélﬁééoceﬁ%@ﬁ@délf@mapbe htade Mdnnm1 the process is a

continuous process.

40. The process of paragraph 39 wherein the process is a continuous process
comprising:
a) continuously introducing a feed stream comprising at least 10

mole% of the one or more C3 to C24 alpha-olefins into a reactor,
b) continuously introducing the transition metal compound and the

activator into the reactor,

c) optionally continuously introducing co-activator into the reactor,
and

d) continuously withdrawing the polyalpha-olefin from the reactor.
41.  The process of paragraph 40 further comprising maintaining a
concentration of hydrogen in the reactor of 10,000 ppm or less by weight.
42. The process of paragraph 40 or 41 wherein the process further comprises:

1) optionally, continuously treating the polyalpha-olefin to reduce

heteroatom containing compounds to less than 600 ppm,
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hexadecanes, benzene, toluene, o-xylene, mxylene,
p- xyl ene, m xed xyl enes, 25 ethyl benzene,

w0 s@poopyd benzene, and n-butyl benzene. 50. TheP@r/US®86027943

of any of paragraphs 1 to 48 wherein the nononers are
contacted wth the transition netal conpound and the
activator in areactor and the reactor is a
continyous stirred tank reactor. 51. The process of
any of*)par afé’ﬁlaﬁﬂ  foRtpuSBsIyAraFuonating thy B@YalPlé%OIGﬁaltm s

S%%gﬁﬂ@%ﬁ%g@%o 1973%%%"%%2@’82&%%@%% M]@%?OSQFHBOW

pedoess of any of paragraphs 1 to 51 where the

Compould At ERBUSEaTREBRE i PORE G Ie b poden g 2

HeropeRaRnatlys@ny of paragraphs 1 to 52 where the
nmononers are 5ycontacted with the transition netal

conpodnd arsdntimwuskytableaitiog aipolyaighasdlefin havyilgs Bromihd.
e f any of paragraphs 1 to 53 wherein the
-rl;ltt)lﬁlg%e s%‘?’é? contacted with an al kyl al um num conpound

@i or Tthe pbedeBdof aﬂl@ro(f @Hﬁ@ﬁhph@ﬁ % 4P %vhefe%‘?ﬁfe%mﬁéatu}_@ﬁl the
process_of any of “paragraphs 1 to 53 where

ﬁﬁcglrll%ﬁ@melﬁﬁdtoo%%"% activator are combined with an

ahkyl [ to.enteri t.h r to
5%’. Tﬁglg rocess 0 z%g ra%i‘é’g%re@fh\/\}]eé?peerqﬁr it from 50°C't0 220
aCkyI al um num conpound is selected from

El-lsfﬁbut num _tri-n-octylal um num

Hﬁl{ﬁﬁrap a”r%dWh?rP @Eﬁy@@y@twuﬁfrﬁmO@ao 180

7. The process of any of paragraphs 1 to 54 where an
al kyl al umi num conpound is present and the conpound is
4@l ectlbd pfacesn afipiaragsaphusdylhdraini thel tamgerdture is from 70°C to 150
5¢octy| alum num tri-n-hexylal um num and

i -n-dodecyl al umi num 58. The process of any of
par agmrag bﬁocésstdl‘ aﬁ? ofp&aEraphs 1 ﬂ?él@%&%hptlﬂ@ Bk
contacted wi th hydrogen and a hydrogenation catal y t
gistatlecans angdaativaier aye oongacted far arrssidencegingf ofsupprortdsed 100
@ﬁyp 7, 8, 9, and 10 netals. 59. The process of any
0 paragraphs 1 to 57 wherein the polyal pha-olefinis
4int aTheproskdshoriaygbogangapes BtdwowaaeRadolrit sla&lﬁle)ﬁﬁis
selected fromthe group consisting of one or nore of
RieseDbg  pt, Co, Rh, Fe, Ru, Os, Cr, M, and W

ppo I zireo
R S G L
fremdlye gronp SOnsisigpaifibutdnes, @enﬂaﬁeshhdxam@g mapianes, 6&thadsy St

rllosnanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,
hexadecanes, benzene, toluene, o-xylene, m-xylene, p-Xylene, mixed xylenes,
ethylbenzene, isopropylbenzene, and n-butylbenzene.

50.  The process of any of paragraphs 1 to 49 wherein the monomers are
contacted with the transition metal compound and the activator in a reactor and
the reactor is a continuous stirred tank reactor.

51. The process of any of paragraphs 1 to 50 wherein catalyst residual is

removed from the product by contacting with a solid sorbent.
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ni ckel supported on keisleghur, silica, alumna, clay
or silica-alumna. 61. The process of any of

weanagtaphs 1 to 60 wherein the pol yal pha- ol ef P@I/US2006/027943

contacted with hydrogen and¥9a hydrogenati on catal yst
at a tenperature from25 to 350C. 30 62. The process
of any of paragraphs 1 to 61 wherein the product
produced has 60 w % or less C10 dinmer. WO
(eragepha 3 to 86 vdwre theanqnosessareof

s aﬁ%d%f@ﬂ ?"QFSZ%%“ e P g R BN AR L o' BRUERD

gfhagar agraphs 1 to 63 wherein the process further
conprises: 5 1) catalyst residual is renoved fromthe
pf§| yal Birdretess phanyyo! ramstanss il g 5¢ mdepuiby arqnemest &ei n
f'x cfed Al el me% SftfiHnli¥he AL #ﬂgthtelgﬁlrry phase.
yal pha-o efTh to reduce heteroatom con
cﬁdn‘po Urhgproaess eSmytdf: @ma@@@hp pro 53)Wlmnitm dﬁaahd)r)omers are

fractjiqnating.the oI ha-olefin to separate the
|5ogapte gm&’;ﬁ?&l’ﬁﬂ%ﬁﬂ ; B Rikeste DR HEPged o the
fre€dd ons have 20 or nore carbons, 4) contacting the
pol yalﬁlea olefin with hydrogen and a hydr ogenati on

oat al pregess &) anylt @migr@hal p@ng*/ atheteathe Ineetallochze/amigpra
mber Ex Fl ui.d
AP ER et SR B o Sod AT o i e

reddeds, except when described otherw se: kinematic
viscosity at 40 and 100C in cSt by ASTM 445 net hod;
pSur Jiemrogsss AypRemwh Hewher thawllyllussoentopmpaedis
0 foI l.Q
AR s T S T
randtri—hr&udtmy]gumxmmnl es. The 1-decene used for all of
erinments.was purified by mxing 1 |iter of

At 1 e DB St ot RGPR b0 3 abereor slevivmiam 13X
gtgfngﬁﬁﬂ@i% %s%%d&ﬂ@édchgb ﬁlé’\?e?e drﬁttﬁqsd@(x gﬁ ?ﬁﬁﬂrﬂgm'—

00C for at |east ours un er a stre
perctylalymdrym iritr-bgetalgasiuym, and td-@-dpdecgalnmifh - C ear
%%t al )ﬁl pgcp &80 a%)el%f %aragraphs 1 to 57 where in the polyalpha-olefin is

contacted with hydrogen and a hydrogenation catalyst selected from the group
consisting of supported Group 7, 8, 9, and 10 metals.

59.  The process of any of paragraphs 1 to 57 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst selected from the group
consisting of one or more of Ni, Pd, Pt, Co, Rh, Fe, Ru, Os, Cr, Mo, and W,
supported on silica, alumina, clay, titania, zirconia, or mixed metal oxide supports.
60.  The process of paragraph 59 wherein where the hydrogenation catalyst is
nickel supported on keisleghur, silica, alumina, clay or silica-alumina.

61.  The process of any of paragraphs 1 to 60 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst at a temperature from 25 to
350°C.

62.  The process of any of paragraphs 1 to 61 wherein the product produced
has 60 wt % or less C10 dimer.
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Al tech Associates, Inc of Deerfield, IL 60115) for at

| east two days inside a glove box under a dry, inert
wa@rewosptees e of nitrogen. The nol ecul ar si eve apdI/tig2006/027943

oxygenation catal yst were t8en renoved by filtration

in the glove box to provide 30 purified 1-decene.

Alternatively, the feeds were purified by passing

t%{jougﬂ}#a bed f activated 13X nol ecul ar sieve al one
ror T prasn ob oS RAEEAPDID 12,68 PYHseDD it product produced
%/4@%2@%%@6%3@#?&&& The Data in Table 3 were

generated as follows. The pol ynerization/

of4. gonEld pratéss of agasftpacagraphs 1ge 68 melletein drproesds Guther
under.nitrogen (N2) inert atnosphere or argon inert
A PR¥%re. In a small scale screening experinent,
2.96 gnans I f @tk s I smal |
st ai nI_Ie)ss sét%&eaé?étl ?%gigtg glrs %gﬂ?fe{ﬂ[}go W tlﬁﬂ%ﬁggds ?Hg?l W th
sgontacting thegolaiphaallefirewish aSold sdrbetn agi t at or and a
tenpergature controller, foll b dditjon_ of 2

m cr on%l e o?p%top?li% ?G%B}%;L%Pﬁ%?‘ﬁ'ﬁi/qamoé‘?@e belersiame
Wontdiingl combSMdR RS lebthaiB00 ppm, _

tetraki s(perf]uorophenyl)borate solution of 1

ni cr ol e/ | qptiepallyTectiocnatng thevpedyalntaeoicfire tot segatate thiEght

[ ' d, t he, desired t of
R Ry A, S BN PR S crBiiBre of
met al 149)ceneontitiny/thit psBalphh @efirOith hiidre @4 hydreganation
was addeg to initiate the polynerization reaction.

Aftabyst. gn hours, the reaction was quenched by addition

of carfyon gjnaxi:de ] 3

et ol 1 Boone SArEE A (HSpRRSIcRh AHAL o ARNAR Afubdiiess than
dl-3.goneri zation product was isolated by stripping the
reactor contents, from about roomtenperature to 50 15
C, under high vacuumfor at |least 2 hours to renove
FXaMs, unreacted starting material and diner, i.e.,
any conponent having |less than thirty carbon atons.

The pilwodmeepepiaspeare messurédioy fodiomgngmbtretand arcthods,gixtept

1al vzed. by gel i
o okt ondR B MRER il o SO M T
aafl npohods byugivent bIsAS TN DFH inbihall] &1 HiR8EAHdex gma

residual fluid viscosity was cal cul ated by a 2
QEFFergte on I&4227&n, which correl ated the Mv by GPC

to fluid fYiiieiRst irb&ds be; o

Experi ment s&’%l:)g 1&%{%@ %’SD%r% 8@%&%@@%&%&%@%@? %%C} GROR
Tiabtieg 8xardgfes. nnol of catal yst, 40 nnol of activator

(N, Ndimet hyl ani | L ni u 5 ) . .. .
tetr a%?‘g?ﬁg%?@dﬁf% E‘H @ﬁ]ﬁ%)ﬂﬂfo?"é’%ﬂemﬁ Was Qusifs by mmixigd liter
OF tuhtrdtddCiaW! AAHARI R 20 ordnBQf At Rked R BNR 1A vd (Riich
mL of toluene were used. Each experinent was run for
90s attinateskhy AP0 7Y ZDTO 7T8r RAFISURRD 616 21843 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
box under 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.
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82 Table 3. 1-Decene Batch Oigonerizations Ex #
Catal ys Tem H2 C20+ Conversi o GPC GPC PDI Vi scosity'

wo eoop/oproessur Yield n (%9 to Mv Mh MV M at 100P@I/US10)6/€27943

(g) C0+ n) (cS) (psia)b AD-1 1 80 0 0.3646 12.3
2,024 1,757 1.2 5.9 PD-2 1 100 0 0.5614 18.9 1,503
1,394 1.1 4.1 PD-3 1 120 0 0.5624 19.0 1,257 1,194

PRI i atje B EctEDitat 3 faira, ToEpalyEREBIONPD. 6 1
8PP A8 el b Pl
zlltlm@apheﬁei%or&rgon inert atnEZEpBer& h’Dsibdll deale 26ethide®xPeriment;

10 1.100.54.7 2.1813 73.6 1,295 1.231 T.1 3.4
F?t%} ags Of gupfigd lﬁi%ﬁn& veps gddaslanie asgoall stainiess steelpenciar 2

o 1914 boR S n i o fmgiuotyhepd s R up detyo gy g

TeRpparaiieg C@“@@Sr folloWIadQ)y ddBiibh of 2kRi0roddold oOtrBAY1 33. 6

' 120.54. 7 0.9083 30.6
%’cgri%uﬁ%ﬁg}% afdi) ‘%‘ Iﬁlc’f%}?ﬂli ‘?il g" I‘iﬁéfn@hbla&%@m 1 1,511
letﬁaﬂéfs(ﬂerﬂuér he@@'b&fategsol&gn%f Q. n@ﬁ%né‘lg/lﬂerl ’I%g Q’Gajcto}%pas
0 3.1 100 0 0.3620 12.2 1,4

mlaﬁa@dltg @@dqaqudtmctmxﬁemp@anuqarmhe ﬂcsnrea amouBDoQ 1 3

4Rl g ety O Rt oyt int Gatghgrpfution

54 1 tnibrdibel6/1i%2), Svat ad&el td ik Bdke &ép&wﬁenﬁ@oﬁ Feadtidbg OAdd: 7
81514 17.4 1,175 1,125 1.0 3.0 PD-25 4 100 0 0.0179

optssthggsaction sues guenchedby addipmef carbopglioxide (689 g;\; gf equal
EL A A s s B Al Bl By

wag isolged 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
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
correlation equation, which correlated the Mw by GPC to fluid viscosity as
described in Table 3.

Experiments PD-1 to PD-103 In the experiments below in Table 3, 40

nmol of catalyst, 40 nmol of activator (N,N-dimethylanilinjum
tetrakis(perfluorophenyl)borate), 2 micromol of TNOAI (tri-n-octylaluminum),
4.00 mL of 1-decene, and 1.00 mL of toluene were used. Each experiment was

run for 90 minutes.
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wd}-cat @2 ii20Tafd.2 |1039%he 35 1xt Unglonds degdt edit o 29
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Byiiregsmn eV weosiy of\ﬂulichat.rﬂ 00O W estipats@based on a
%cgragrigﬁcﬁ{ &gﬁlopg@ﬁet@%é&? EpevW Hath &R V%stclogi{y? dFofr%[w4<
4000, viscosity at 100°C in ¢S = 0.0034(Mw) — 1.0174. For Mw > 4000, viscosity
at 100°C in cS = 0.000002(Mw)* + 0.0102(Mw) — 7.0186.

Examples 1A to 8A. In a 600 ml autoclave, a solution containing 90 gram of
purified 1-decene and 4 gram of tri-n-octylaluminum (TNOAL) solution
containing 20 mg TNOAL per gram of solution in toluene solvent were added.
The reactor was pressurized with hydrogen to appropriate pressure indicated in
Table 1A. The mixture was heated to reaction temperature with slow agitation.
Under this condition, a catalyst solution, containing 20 gram toluene, 0.5 gram
TNOAL solution and 1.60 mg catalyst A (1-Me-3-n-BuCp),ZrMe,) and 3.84 mg

of activator (dimethylaniliniumperﬂuorotetraphenylborate), was added slowly



The reactor was cool ed down to roomtenperature and
then 10 grans of activated alum na were added to the
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absorb the catal yst. The al8m na was then filtered to
renove the solid and any catalyst residual. The
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general ly as described above, with 25 additional

xpdiGtivayas caleiaiqdss shogtams of tofalpapdust made fiom feed pledins

faly =316k t‘g[patatakenfromExanpleis 14 to 18
g’? 5%5@8&%5%4%?8 0 2007/ 011973 PCT/ US2006/ 027943

86  Talbl cenipaisdiy Table@ ALstdva the Sxan@res 3565482 Audnd

Rx , C 100 121 120 12Q . ressure i 0.10

Telahe apL i gl o Bisdues olyidso Thegralycpbushyidets

%wg‘z LaRuihtdd ok the sfGé b¥A A Exaniflle 3139, AsHe BBcholy, Fkamples
1 to 8 have high catalyst productivity in grams of product per gram of

metallocene. The highest catalyst productivity Table 2 A appears to be 41.6 kg/g

metallocene.

Examples 1 through 8 were conducted generally as described above, with
additional experimental details provided in Table 1 below. Table 2 presents

selected data taken from Examples 14 to 18 of US 6,548,724.



TNOAL,

89.1 89 85.4
W@2007/050978 53. 7 55.2

nmg 90 90 90 90 90 W % Conversion 61.5 82.9

of feed olefins W % Selectivity 49.3
to C20 Product Property KVI/0820@5/027943

cSt 4.65 5.02 4.42 4.38 4.3 KV40 C, cSt 20.3 22.01
18.86 18.87 18.68 Viscosity Index 153 164 152 147 151
Productivity g product/g 34,594 46, 623 50, 105 50, 063
48,038 netall ocene A = (1-Me-3-n-BuCp)2Zr M2, B =

@‘M’Oﬂ cl12 ctivator =

diBrerind ani | i ni Unpér f ljuoot &t r dbhehyl #or &t e5 TNOAL =
i IiGatalygact yl -al umi nAm | * A= Sol Wi op wai gipt, Agraps in
ea@i Ty Prask b Tabl ¢ Tio( Jonfainued)o® 1 820Cat al yst
TEB Hesipd TP Col2 THY 90 0% PregsTe gyt PO 30
L Dec \é’;‘iq?igf " B oW 3 1849% gs Ig ‘._:%ng'&_ R
uﬁa\tﬁiwmmgnf fhed -Gl dfih 78 k675 71d3 W o
setcdetort,me t o £28.849.18 3634, 4 1684 | P3.84luct 3P¥doperty KV
10ON@ALcSE 3.94{4.90 11.96 |KVv80 C Bt 16.26 18. 19
6386 CoMvesionl ty bndex k43 [149 116P gorodugkiavity g
Plopgieatrdeet al | ocene (44, 332 42,638 47,000 A =

Wi sEIlRFHPT E2R8 2, By (VB3P P44 2y Aghrvat or =
to C20

Product Property

KV100 °C, cSt 4.65 5.02 4.42 4.38 4.39

KV40 °C, cSt 20.3 22.01 | 18.86 | 18.87 18.68
Viscosity Index 153 164 152 147 151
Productivity ]

g product/g 34,594 | 46,623 | 50,105 | 50,063 | 48,038
metallocene ‘

A = (1-Me-3-n-BuCp),ZrMe;,, B = (Me4Cp),ZrCl,, Activator =
dimethylaniliniumperfluorotetraphenylborate, TNOAL = tri-n-octyl-aluminum,
* = Solution weight, grams in reaction flask

5
Table 1A (Continued)
6 7 8

Catalyst B B B
Rxn Temp, °C 120 100 60
H2 pressure psi 30 30 30
Decene*, g 90 90 90
Catalyst*, mg 1.6 1.6 1.6
Activator*, mg 3.84 3.84 3.84
TNOAL, mg

W1t% Conversion of feed olefins 78.8 75.7 83.6
Wt % Selectivity to C20 79.8 64.4 16.7
Product Property

KV100 °C, cSt 3.94 4.29 11.06
KV40 °C, cSt 16.25 18.19 65.46
Viscosity Index 143 149 162
Productivity

g product/g metallocene 44,332 42,638 47,000

A = (1-Me-3-n-BuCp),ZrMe;,, B = (MesCp),ZrCl,, Activator =
dimethylaniliniumperfluorotetraphenylborate, TNOAL = tri-n-octyl-aluminum,

* = Solution weight, grams in reaction flask
10
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di met hyl ani | i ni unperfl uorotetraphenyl bor at e,
* = Sol ution weight,
wo eachoiom f | ask 10 WO 2007/ 011973 PCT/ US2006/ ORTRES2008727943
Tabl e 2A US 6,548,724 14 13716 17 18
Cat al yst Cp2Zr Me2 Cp2Zr Me2 Cp2Zr Me2 (i PrCp)2zZrd 2

g/ mole 251.5 251.5 251.5 376.1
8025 8.8025 8.8025 13.1635

tri-n-octyl-alum

(i PrCp)2ZrCl2 Mble w,
376.1 Catalyst wt.,

num

nmg

8.

ex

anpl e no

TNQOAL
grams in

13.1635 Activator Z, ng 11.1 28.035 28. 035 28. 035

tetra(perfluorophenyl)borate,

Example 9

282_2A TI BA gram 0. 1572 0.1572 0.1572 0.1572 0. 1572

2| UBes¥& B4 psi Q 0 BO 0|50 151-decené fded, gram §82 13
1@96mpA® 1072 1047 Tenp. C 100|110 1140 110 110 |%
digwealygiel ect 1 Vi t Vg Red@plzde,” (GRzMé P e, PCp),ZrCl,
CMoléJwt“g/‘iho{ 0. 7 19.9%51% 3] OUL1 BOT U o571 & | ;57 %J? Néé '6%6.1
O Catalyst Wt g Y ”%925’7 "8"36” R AN 513383311 [3933.1635
P ARGl deints o &+ 1111 Loz D3oL [n2t0as [AeriiEoa. 1. 28.035
NITIRA, geaohy | ani | ilnDJAV2t bt ABBRr { | WbYBpHeny.)358r atle, 061572
EfBhprlessuge, Bsit ch RunsO- | h thése funs) alcat algyst 50
s il dbcemnfeedpranni|ng8d® np TNOAL, | 1.16490 | cafgjyst |1 1047
affémp. &4 ng of 100 110 110 | . 110 _ 110
O PRI Y T3 Uy GER yap ey ponat ety 2 ,?',,2'4‘16
(DN SR MDA N i 00 N R XA N D I

r QﬁJFPQ’mManpraturpﬂmd r rﬁl?drouen“SIQrecsure.%The -69
r MAgaosisyIngss t hem di6@onti nued after 4 Hours by

i Rjatdyst Rgpdldtigityam of solfjd al unmfna. The product Jas
igqir@dwgbytatysttrali,qmsto T'ESTY/ €| anyo3%olll d 1g@sydudl, 40392
dinstdlldcegk at 100C under pacuumtp renove tol uene gr

U C 1R GsdbubAlmid, AARGtor Z = N, Ndimethylanilinium

Batch Runs — In these runs, a catalyst solution containing 10 mg TNOAL, 1.6 mg

catalyst 1 and 3.84 mg of dimethylaniliniumperfluorotetraphenylborate in 20 gram

toluene solution was added to an autoclave containing 90 gram of 1-decene and 80

mg of TNOAL heated to reaction temperature under hydrogen pressure. The

reaction was then discontinued after 4 hours by injecting 10 gram of solid

alumina. The product was isolated by filtration to remove any solid residual,

distilled at 100°C under vacuum to remove toluene or unreacted olefins followed

by distillation at 160°C/<1 milli-torr vacuum to remove light ends. The reaction

conditions and residual olefinic polymer properties and compositions are

summarized in Table 4. In all of the following experiments the molar ratio of

TNOAI scavenger to catalyst was 60, and the molar ratio of activator to catalyst

was 1.0. The residual fraction of some runs was further hydrogenated with
hydrogen with 2 wt% of a 50% Nickle on Kieselguhr catalyst at 200°C and 800

psi hydrogen pressure for 4 hours.
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wW@b@f7iomioe3 pol yner

by distillation at 160G/ <1 mlli-torr vacuumto renove
i ght ends. The reaction 15 conditions and residual
properties and conpositions BECEUS2006/027943
summarized in Table 4. In &8 of the follow ng
experiments the nolar ratio of TNOAl scavenger to
cat al yst vvas 60, and the nolar ratio of activator to
cat al yst é The residual fraction of sone runs
was furt he &g’éﬁ%ﬁ“@@%%“ﬂ%‘&%@&ﬂ% Reactont % of

a 9 NI CKT e on RKiesefrguhr [ catal gt atR 200C=and—8606
20 hg]é(fni hydrogen pr nccurgxf 1rBA hxlﬁra % 2007/ 0119

PCT U806/ 027943 88| Tdbl b &. |1-1Defent 1 1
A iggnga@at i on in Baf CiRoRE 3t 011 0guN ﬁp F 5 1100
Catml ¥&beute hsf) T T T TOP| (6] [166™ PO 1500 124 126 3

. 6§\55 4)7'2‘§t é?ﬁ gg 01 eti ng %L%‘E

61.95 1.2,
sel$¥HpEOlednen 7 95 3163 3146 7 46 B 44 8! Viscdsity

at [Wol Iebesdenativity 10 1904 923 [43.34] 3467 B946%i Jcosb By |
at M3Ccwityes100°G o6, 67 4255, (10.118 588 134.87 18488 |VI4.3910
156Vibeity3940.36, B9  PEOB [$6ia7122.C1 < 1888 hmen r[ungss
-61VK-61 g Lube/ g Zf 146, 53587.138 2913 P3,440 7313579
21,1tk poitht, 2C0 g total PLOSIUGE, | G Zr lfh SP 405174 BeP2|
50, bo 40, U306 | O Iat

0. ( %53% flj 6.4 Oef ﬁgﬁgﬁt %562%&%? a%g’ﬁ% 21521 |
T l \As ')7_/I 2 3 Nol-a%s nl e Hn—tvpe
o SRR 622" a1 o ATy PO epar Thi0 | 50400 | 5 |

Trit—substituted olefihs 410/ 2524 8 2§ 7 Vi nyl i dene

'\’c"aﬁ
B
B
& s
ggi;

ol efilndecore hydyosenad g 0.0 0.8 3.1 6.4
Olefin Content by H-NMR i
analysis ;

Total olefins/1000 C 27.5 274 26.3
Mole% olefin type ‘
distribution ‘ |
1,2-disubstituted olefins | 4.3 | 4.0 3.5
Tri-substituted olefins 19.2 | 240 | 26.7
Vinylidene olefins 76.5 72.0 69.8

_nm = not measured

Example 10 - Continuous Runs.

This set of experiments was carried out in a continuous reactor process. 1-decene
and toluene used in the runs were sparged with nitrogen and then purified through
a 5-Angstrom molecular sieve. The metallocene catalyst used was Catalyst 1,
preactivated with N,N-dimethylanilinium tetra(pentafluorophenyl)borate with
equal molar amounts of metallocene and activator in toluene solution. The
experiments were conducted in a series dual-reactor continuous process. Both of
the reactors were 1-liter autoclave reactors. All feeds were introduced into the
first reactor and products were continuously withdrawn from the second reactor.
Both of the reactors were controlled at the same reaction temperature. The

product isolation and hydrogenation were similar to that of Example 9. The



nm = not neasured Exanple 10 - Continuous Runs. 5 This
set of experinments was carried out in a continuous

WO e@cho7pr ocess. 1l-decene and tol uene used iPCT/082006/027943
runs were sparged with nitr88gen and then purified
t hrough a 5-Angstrom nol ecul ar sieve. The netal | ocene
catal yst used was Catal yst 1, preactivat Ed W:;B
N, N-di i.net hyl ani liniumtetra(pentafl uoropheny orate
wel Wnelé%ﬁﬁlép%ﬁ%‘illgm%wpgu%ﬂ)g%ﬂbﬂsIaﬁé’éhléﬁamah@t #gat or
[ td on. The 10 experinments were conducted
éhrﬁrﬁér&e&%?g%qgmglsl-reactor conti nuous process. Both of
the reactors were 1l-liter autoclave reactors. All
f eeds weTsblest rleDecemd Oligomériatiohiit TontRa©i o Prevess

pr oduc were-continuoustvywithdrawn fromthe second
reacto Metag%‘ffﬁleof t he reaé]t ors| wele ¢ontlrol|l edlat t/he
same r eRgip OQ)t enper at{ur ejpgThe PO@dUCT]ppSqT atiipgn and

hydr 0gBNgddeRE MERELS! N1 T apyT o (Nl o1 B e e
WO ZOO{EQJJS&(;MI PCT/US uu015uuu‘3 potyner Z9 +Of
condi t {01 d gouct—prope foti=€ t“” Ry b.ﬁflon
are s RGURER 1o BAEK10° %a%gib b i 10°

ai go rizationin-Continuous IProcess Met dll ocene |l 1
11 TW&&?ﬁaoo 100 (1269820 |1 T&ecénd3.2ml/ mSA-840 |40
40 40 |49mvemstsy nin 5 20 5 20 |(Catalyst, mol|/nin [
2. 48x 10M1% 148x s€lectdig8x 1®7.22. 48xQ107 6 69 % Os528i n
59.8 7/CA0#3.2 83.8 (onversion W % Lube sel ectivity
87.2 8w, 8202cRRtaty (|C302) W% 129 $ehegli|vi iy 712(8

18.3 4 03I T 10
4. 36 Ql&\(l)lﬁls{céts}?dy@at 40>8C65tcc 2635?23 3g§§o 204 8 18. 54

VI 161:E60— 4513156 At—E =60 d 45

g Lubel iSOty 8 ‘F@cw& *5‘}52% 10538287} 3 __H 131,8545 |
VI 161 1600 | 151 | 150
Pour point, °C - -60.9 -60.3 | -51 -45

g lube/ g metallocene | 15,924 | 19,049 | 13220 | 13,378
Catalyst 1 is (1,3-Me,n-Bu-Cp),ZrMe,

Example 11

Experimental procedures: 100 grams of pure 1-butene or propylene were charged
into a 600-ml autoclave at room temperature, followed by the proper amount of
hydrogen if hydrogen was added( see Table 6 below). The reactor was then
heated to reaction temperature. At reaction temperature, catalyst solution
containing all catalyst components were added in three stages to reactors, so that
reaction temperature was maintained as constant as possible. The reaction was
quenched after 16 hours and lube product (C20 and above) was isolated in similar
manner as in Example 9 above. The results and certain reaction conditions of
propylene and 1-butene oligomerizations are summarized in following Table 6.
The product fluids have low viscosities and were produced with productivity of
more than 43,000 g total product/g of metallocene catalyst. Furthermore, the lube
product produced from propylene or 1-butene has good VI and low pour points,

suitable for high performance liquids.
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5 Catalyst 1 is (1,3-Me, n-Bu-Cp)2Zr M2 Exanple 11
Experinental procedures: 100 grans of pure 1-butene or

wee@pplione were charged 10 into a 600-ml aut oRCHUS2086/027943

roomtenperature, followed 99y the proper anount of
hydrogen if hydrogen was added( see Table 6 bel ow).
The reactor was then heated to reaction tenperature.
At reaction tenperature, catalyst solution containing
a at al.yst conponents re added in three stages to
rblxcazlstégte 8/'so t hat reactllyi%n téilr%er ature was nmai nt ai ned
a%e oL LeRPesatuts 6’Gi bl e. Ithe BBaction was 15 quenched
arYEPEYBPIRE VS PBInd | ube pPodud® (C20 and above) was
i Eerd@leingn sinilar roopdencas-butenExanpl e 9 above. The
r ®dugmamsand certai n reactioon ¢omditions of propyl ene
ar(chtdlyftspbuiendh i goneri zati ons are sumuari zed in
f alddimoinfgnnbabl e 6.  The product fluids have | ow
ViTdRse! qrgmsand were proggicedyyi th productivity of
pEeA than 43, 000 g total,prod t7/g of netall ocene
CRiAIbS e Fjgrtherrmre, ?’?’1 E% O product produced

n .

£

lu
f R QR 0 e or 1-but ha od VI and | ow pour
Agﬁka‘?&’ﬁ%ui tab for h@ggS per: g‘ﬁmnce liquids. WD
5 Vﬁ‘i%‘“ﬁ@‘llﬁ 52006/ ©2704387-8D) Exanple No. | A 11B
desiowlopl rature, oC 110 80 hydrogen pressure,
t8pdGCRAb Vit ef i ns FBEpyl BhE25b5but ene W, grans
1lobe, 16825 agdtahpywt%ol ut 2o | n458iHi3si on f unnel Tol uene,
geehedrapertiés TIBA, ng 26 12.7 Metall ocene, ng 1.47
IVBIC, A8t i vator, ng 3.200 3.2648 W % Conversion by

Goi®L,58 87.52 Productopebecdjywty |ight ends (<C24),
WPb 78. 4 54. 12565 | ube,7( C25;5and above)wt % 21. 6

4uBPdRpocLube PropertiegyV 1 QoC, cS 10.02 9.68

Bromine Number 25.6
GPC

Mw 1000 782
Mn : 868 710
Mw/Mn 1.152  1.101

g total pdt/g metallocene 45,932 47,982

TIBA is trisiobutylaluminum, Activator = N,N-dimethylanilinium
tetra(perfluorophenyl)borate, Catalyst A = bis(1-methyl-3-n-
butylcyclopentadienyl)zirconium dimethyl

All documents described herein are incorporated by reference herein,

including any priority documents and/or testing procedures, except to the extent
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.
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woARdoT 073, 152 1.101 g total pdt/g netal | oceneCHBESDBR027943

47,982 TIBA is trisiobutyl #llum num Activator =

N, N-di met hyl ani linium tetra(perfluorophenyl)borate,

Catal yst A = bis(1-nethyl-3-n-

b )55 h@ cl opent adi enyl ) zi rconi um di net hyl 5 All
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TabiogtETAGEBEhs S oty 5 o FRitifens & st o A

yopsadionyl ridglis aoxacmidmhﬁ@ &n@h QEHVhi&O IR ¢ dqﬁio‘ﬂglly a4 alkyl-
contacting one or nore al pha-ol efin nononers having 3

tApIUICCHMRONNG Whase fiermolantatinmf itugsitios otetdl compenhddo s
C(%ﬁ A5eR4 841§ -1 teﬁﬁﬁffh% a1 gﬁﬁa@hlflmt qund Bﬁ%léeﬁlgthen the

east one non-71s00 I N-su
my@lhmfaau o dlikghslymintinn g&mpeimndap tﬁh&hﬁﬂ&ietzﬂ\bﬁmpound is 1:4 to

tu on._at |east,L one_  cyclopentadi enyl ring,
4%%&'?:‘5{? E(H}ei“ﬁﬁtl%{‘rﬁo&ﬁlt@é‘?“@ﬁ%? and optionally an
al kyl - I t ]
L ) A B RO B S BB E0 b e lpon e

dotal Ilressamjof the tdaeton bkghle caheamimtion oHthedydebges istr@s @no
r ratjo of al kyl alum num conpound to

1:6%@8 prno?{ Fﬁﬁt A WVeEeNgound is 1:4 to 4000:1, under
pol ymef) int@tdi® theG@pihlS1LAN ﬁlo%ﬁl'éﬁbﬁha\hﬁ% DY LERBo §toms are

present at a partial pressure of o 50 psi, base
PpR5enitahd0 volume % or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any
diluents or solvents present in the reaction;

ii1) the residence time of the reaction is at least 5 minutes;

iv) the productivity of the process is at least 43,000 grams of total product
per gram of transition metal compound;

v) the process is continuous or semi-continuous, and

vi) the temperature in the reaction zone does not rise by more than 10 °C
during the reaction; and

vi1) ethylene is not present at more than 30 volume % of the monomers
entering the reaction zone;
and

2) obtaining a polyalpha-olefin (PAO), optionally hydrogenating the
PAO, wherein the PAO comprises at least 50 mole% of a C3 to C24 alpha-olefin
monomer, and wherein the PAO has a kinematic viscosity at 100°C of 20 ¢St or

less.



total pressure of the reactor or the concentration of
the hydrogen is from1l to 10,000 ppmor |ess by
waoweioght1973 i i) wherein the al pha-ol efi n nonomer¥&)/US2006/027943
having 3 to 24 carbon atong®2are present at 10 vol une
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nononers, and any diluents or solvents present in the
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al. | eapfie frodds Wt Bl%im il \WhediR Y RAfoh hdt¥ Bfnrolld s
process is at |east 43,000 grans of total pﬁb uct per
depigsated bathsifoinodamet al conmpound; v) the process is
conti nuous or sem -continuous, and vi) the tenperature
in the reaction zone does not rise by nore than 10 C
during the reaction; and vii) ethylene is not present
at nore an 30 volune % of the nononmers entering the
reacti on 2one; and 2) . obtaining a polyal pha-olefin
(PAO), optpapally h gf%genating the PAO, wherein the
AO conpr) east 50 nole% of a C3 to C24
,aha- ol phomer, and wherein the PAO has a

: sijty at 100C of 20 cSt or less. WO
2007/ 011 / US2006/ 027943 92 2. The process of
claim1l w ] 4ansition netal conpound is
repr esent ed rmula: R R3 RL R4 R5 MX2 RI10
6 RO R7

MX,
Rl 0
R6
R9
R7
R8

where M is a Group 4 metal;

each X is a hydrogen, halogen, hydride radicals, hydrocarbyl radicals, substituted
hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl radicals, or both X are joined and bound to the metal
atom to form a metallacycle ring containing from about 3 to about 20 carbon

atoms, or both together can be an olefin, diolefin or aryne ligand; and



where Mis a Goup 4 netal; each X is a hydrogen,

hal ogen, hydride radicals, hydrocarbyl radicals,
weamsniwem ed hydrocar byl radicals, hal ocar byl PCT/US2006/027943

radi cal s, substituted hal odarbyl radicals,

silylcarbyl radicals, substituted silylcarbyl

radi cal s, gernylcarbyl radicals, or substituted

g@{nyhgarbyl radicals, or_ both X are joined and bound
th oHe " AeetiBependeatlyt dradicahgrupsthich is@yhrrogen rgheteroatom,

g%wéafugg,t ubLiAled Botocanl gglpggbggg?b%pm&alé‘éag@g; or

oth to er can be an efIn or ar
| silyboathyl angerM@100/ Mo tidzd tHACT/) HSRAGGO T84 ROZ 3L to
g ar e indﬁﬁepgsntly a radigak grup which is a
TV EHSE 97 38 G EBnGRg ShieastpapE Ra b Lo spkfstraasned an
I I '
MYSH1OER6Y) at 138 RO o é{i Mdtthg?%gaﬂ{%k g? Qtr l%@t Ywo of R' to

sigylcarbyl or gernylcarbyl, pro

| Rzase noteydodgeRentl at Rstitwo 6 R’ thRifravg aot Inxdragen] awokiedre Any
nd at | it e of R6 to RI0.is not hydrogen or _an .

g gitiepri B to X Expuins a3 Opmg (o o124 eyohs oBpel salic moiety,
hiyid P @EanyOw 03adj dtend IEEGBIR 10 & nf3Y thin 2 B8 181@0N8k1;

hydr ogen gﬂglat | east two ggmg6n§§ Rloaare notqgkhcorpow
yekogeisty.and where any two adjacent Rl to R5 groups
may forma C4 to C20 cyclic or poly cyclic noiety,

and where any two adjacent R6 to RLO groups may forma

G4 t o TheGreysss ofclgiin Pot ¥ whetih tie PO @hya pdur pbt& of 0 °C or
rocess of claiml or 2 wherein the PAO Ras a pour

Bﬁﬁnt of O Cor less. 4. The process of claiml, or 3

wherein the PAO has a pour point of -40 C or |ess and

a kinematic viscosity at 100 C of 15cSt or |ess. 5.

Phe pridegsscess ofagiyinot, orBavingeih thoP AOvE gotr pbift FPADD °C or

has a ur i nt of. - or. | ess and a ki nematic

s apd E?CV’CH{%‘%E dﬁc@lalfatﬁg%ggt"fééc$té§§‘?536. The process

of any of clainms 1 to 5 wherein the polyal pha-olefin

i s polydecene having an Mv 1\ 4n of between 1 and 3. 5.
7. Thdhppoessssofnyafglaihs & ltai rhetein the A dneh pothint of -

35 R TR B Ay R PG B 3 Besnassel n e

pol yal pha-ol efin has a Kinematic viscosity at 100C of
froml.5 to 15 cSt. 9. The process of any of clains 1

fo 8 WhePEIGEss Heny o giaimph b i athereimthe nelyakihaertefin i

BBOPSTE e B st ] Baed vy 35,25 O

7. The process of any of claims 1 to 6 wherein the polyalpha-olefin has a

Bromine number of 1.8 or more.

8. The process of any of claims 1 to 7 wherein the polyalpha-olefin has a

Kinematic viscosity at 100°C of from 1.5 to 15 cSt.

9. The process of any of claims 1 to 8 wherein the polyalpha-olefin has a

Kinematic viscosity at 100°C of from 1.7 to12 cSt.



10. The process of any of clains 1 to 9 wherein the
pol yal pha-ol efin has a Kinematic viscosity at 40C of
WO e@moBIor® 1, 000 cSt. 11. The process of any oPCTIUSI00®027943
1 to 10 wherein the polyal pda-olefin has a Viscosity
I ndex of 90 or nore. 12. The process of any of clains
1 to 11 wherein the polyal pha-olefin has a Viscosity

I.ndex qQf 90 to 200. .. THe rocess of any of clainms 1

to" 12 %?@%?%S? @ypﬂ;ll \RLEY @W@?ﬁrﬁnﬁlﬁspcayalp%el_eﬁ@ihns a

G inefiite ﬁ%cdsﬁﬁmq»@}of[ﬁ%n 9&(9?&‘)@@ c8f any of claims 1 to
yal pha-ol e

13 wherein the po I'n has a weight average
nol ecul ar wei ght of 100 to 50,000 g/nol. 15. The

f f clai to 14 wh inth
DT v rrateey phany et Sietg 4t N0 S eEna e mbraigr elpfin has a
thﬂﬁﬁyﬂ&ﬁﬁ%@gb%rﬁgmgoolg/nDI. 16. The process of any
0

claims 1 to 15 wherein the nononers having 3 to 24
carbon atons are present at 55 nole%or nore. 17. The

oce of _an f _clains to,16 wherein oner
Ha0i ng s ool tanas3ihe § o Th el Lo TIBES i bog
Ofisdteite Indk8 of 90 € po®cess of any of clains 1 to 17
wherei n the polyal pha-olefin(s) are selected fromthe
group consisting of 1-butene, 1-pentene, 1-hexene, 1
-1hept - p - decene, . 1-yndecen
1 o peces ft E e RO T80 B2 el R Bors iR SiEt Fas o
bopepmdinidec40P€, orlledsexadecene, 1- hept adecene,
1- oct adecene, 1-nonadecene, 1- eicosene, 1-
unei cosene, 1l-docosene, 1l-tricosene, 1-tetracosene,

en - 3 s hyl - | e

A bor 2T oy iy CRAAS TRT LS AHBRATM ol has o
G0t 61ragamPIETaSReRbt ORTB43 S0IH0Imollhe process of
any of clains 1 to 18 wherein the pol yal pha-ol efin(s)
are selected fromthe group consisting of 1- pentene,
15hexane probefedta@R@f cthif P EHENEN
1-undeceﬁe, 1-dodgcgn%} ﬁ§?$?%gg§he, %%?g?ﬁggggenefmft
pieiehs e agramalegular weightietBogo 42000 Bmobr ocess of any
of clains 1 to 19 wherein the polyal pha-olefin(s) are
sel ected fromthe group consisting of 1-hexene,

16.0ct Eheprobebafansg of diRde e wherkit B haRERACHAND 3 to 24
1-Eexadecene. 21. The process of any of clains 1 to 20
G

PRARMSFEE PIEFSH RPPRISISEs PRMOELpr i ses oct ene,
decene, and dodecene. 22. The process of any of clains
1 to 21 wherein the polyal pha-olefin has a
17. The process of any of claims 1 to 16 wherein monomers having 5 to 24

carbon atoms are present at 55 mole% or more.

18.  The process of any of claims 1 to 17 wherein the polyalpha-olefin(s) are
selected from the group consisting of 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-
octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene,
l-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-
eicosene, 1- uneicosene, 1-docosene, 1-tricosene, 1-tetracosene, 1-pentacosene, 1-

hexacosene, 4-methyl-1-pentene, 4-phenyl-1-butene, and 5-phenyl-1-pentene.



di el ectric constant of 2.5 or less (1 kHz at 23 C).

23. The process of any of clains 1 to 22 wherein the
w@ologalphn- ol efin has a flash point of 150C oPCTHOSMN6/027943

24. The process of any of ains 1 to 23 wherein the

pol yal pha-ol efin has a specific gravity of 0.75 to

0.96 g/cnB. 25. The process of any of clains 1 to 24

ereifn ethyleng, propyl ene and, butene nononers are
oS erfheirttesS 8Pyl ted ] G B Gynepn thmplwmi@e@lgﬁ@(s) are
a8 r

Sool FReueduw) QudR MO RalehE RAREE, SRS i
ﬂh@orpngdeé@peoé lamdecdnec-dpdsetie, tletrﬁﬁc%ﬁ[%tfhdb&@e 1-

rs ha 3#@1% dto 24 carbon atons are present at

p@n P95 8¢ £A0C5H. The process of any of claims 1
to 27 further conprising WO 2007/011973

PCT/ US2006/ 027943 96 1) optionally treating the
Bl yallplaretess pfanyof clains & th &9 shertiothe podyyaﬂ;ﬂjamla@n(s) are

SOUER AR 0 5 000 BRI 2 ORI SORLLY. 1 dcons

di-tetsedticene &)d Cheladedendg the pol yal pha-olefin with
hydrogen and a hydrogenation catalyst; and 4)
obt ai ni ng a pol yal pha-ol efin having a brom ne nunber

hess ofcai2v\,hrin
tZEe pol @g)fo%&oﬁa%?ﬁorf}zggn ;goa?§§'hf ren}, % a?m]@foz?@ht om
cmnpaseslm@nemﬁoamdﬁdmde@éndo contacting with the
hydrogen and or the hydrogenation catalyst. 30. The
process of claim?29 wherein the treated

po! yalrph %r(@eg dﬁ@g@%hﬁ Bto é‘pgf%}%fﬁqﬁfe Srﬁféfa@ﬁ@ %{Hclilas a

cont ai ni ng ouhds or ess aim
ﬂ@lqﬁm_ir@mtanh@fi5eateesj(ldd{g/alqar?€)ol efin conprises 10
ppm of het eroatom contai ni ng conpounds or |ess. 32.

The process of any of clains 1 to 31 where scavenger

D3. pr g5ePtocaiichf 69 OPEERS] I
nodi fi edprggt g)él al Srmxane 33. ‘)'I(Al%éegeg{%égeg %?{Q o l?as 2

Hpshy ppint1oft 150N avaesi n t he acti vator conpri ses one or
nore of N, N-di net hyl anilinium
tetra(pentafl uorophenyl )borate, N, N

M.al ky‘h@bmayésamahy bf clainiset foaz(ao@ﬁérefd tHO pORARAY o) IR 1Bk &

spec&'rc grav1ty oil 0k¥5 ’toI OS 96a g/gm

25. The process of any of claims 1 to 24 wherein ethylene, propylene and

butene monomers are present at less than 1 weight %.

26.  The process of any of claims 1 to 25 wherein the monomers having 5 to 24

carbon atoms are present at 60 mole% or more.

27.  The process of any of claims 1 to 26 wherein the monomers having 5 to 24

carbon atoms are present at 70 mole% or more.

28.  The process of any of claims 1 to 27 further comprising



C18 al kyl group), trityl
tetra(pent af | uorophenyl ) bor at e,

wa eio3pms af | uor ophenyl ) boron, tri-al kyl ammoni BET/US2006/027943
tetra(pentafl uorophenyl)bordte (where the alkyl is a
C1to C18 al kyl group), tetra-al kyl ammoni um
tetra(pent afl uorophenyl )borate (where the alkyl is a

d to 18 al kyl. group). 34. e process of any of

cl ai m_sl 1 toopj‘sl@}4 ﬁr%?}t‘g‘gtﬂf?epqll‘alﬁk’}@r‘ﬂ?@ht%@flﬂ‘Fe hetgaponnd
GRARIHIR éoxﬁg&nfaﬁ tSRESthA 600%pR007/ 011973

PCT/ US2006/ 027943 97

bi s( 1,2, 4- taptienalhydcpgmting thetpatiakihgtolefinsdosm Wolvents or
dheileri de:
blsfﬂ,e-dinethylcyclopentadienyl)zirconiun1dich|oride;
bi s( t efyr anefolmkayEine BRI with GO | L ALt
bi s pgt anmet hyl cygcl o%e%iag)gi enyl )Zil r cgﬁ})gérﬂ %ildg#@;rél)‘%g?ﬁon
lsr{yBt;20d- t r i et hyl cycl opent adi enyl ) zi r coni um

di met hyl ; 1.S(:1. 3-dj hy | opent.adi enyl ) zi rconi um
di met hyl : ‘%@‘%P%?HPSL?@? 1°i%cl@£{ %WPBW%@YI}‘%W?E g5 than
digqret hyl; or

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di net hyl .

35. The process of any of clains 1 to 34 wherein the

B S TRl O el I OO ST RN S5 BB GRS e
Bets{obi@n domeining eyeonpésritite Bytacting QA MR hh® 6

geggﬁ]dg?zgegéﬁ%l{ &%19%! cycl opent adi enyl ) zi r coni um

Bis(1,2,4-trinethylcycl opentadienyl)zirconi um
di chl ori de, _
BPs ( 1 The propesseaficianst 3% Wiereih diventadet woiydlphzd-olefnicomprises

' ricde -
g?gpﬁ&ffgle Hpraator SO AOMPOPBHESi enyl ) zi r coni um
di chl ori de,
Bi s(1-net hyl - 2- et hyl cycl opent adi enyl ) zi rconi um
&l-chl dhe geocess of claim 29 wherein the treated polyalpha-olefin comprises 10

BhAleFHBR N SR REARLGEELEPSLR eny! ) 2i o um
Bi s(1-nmet hyl -2-n-butyllcycl opentadienyl)zirconi um

i chl ari de, _
%-g( 1{11&%‘9P%F$§f PR 9T elotmsoblontlavhan seavenges éyprgsant and

SHrapriRE bhifehylalumoxane and or modified etg lalumaxane. .
nr{la }/ H‘f Zl rconi um

Bi s(1- et hyl - 3-n- propyl cycl ope eny
d! chl ori de, . . .
%. i g ﬂi&ﬂe}s}érh les-S?(’)-fglI-l}l? st é’llai%}/scll kA ggelir? trlll%la)ctznlle{tgrocrgrrlxjprpises one or

lg%)ﬁ]clif;ﬁmf&Eﬂd@lﬂﬁﬁﬁ%ﬁé’@éﬁ@ﬁﬁréﬂi&%ﬁc)réie[ GPRLUM
dplkyiphonyippitingn teiraenipflegreploghberdic(wtiejezthe ebiyi ism C1 to

P %1 : '
% s kﬁzérgﬁ%{rﬁﬁ tefaige He %%‘?P%%GSVQB%Tﬁieadi enyl ) zi r coni um
tgs@hiimgud@phfngl)lbozon, tnGaltkyllammcinium t?tra entai}uoro.phenyl)borate

i, S -di -4-n-bu cycl opent adi en zirconium
(¥her e @g%(ﬂas a ¢ to C18 alkylygrogp), te%a—alkylamm%nl)um

tetra(pentafluorophenyl)borate (where the alkyl is a C1 to C18 alkyl group).

34, The process of any of claims 1 to 33 wherein the transition metal

compound comprises one or more of:



Bi s(1, 2-di et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1, 3-di et hyl cycl opent adi enyl ) zi r coni um di chl ori de,
w@e@(@01 2731 - n- propyl cycl opent adi enyl ) zi r coni unPCT/US2006/027943

di chl ori de,

Bi s(1, 2-di -n- butylcyclopentadlenyl)2|rconlum

dichloride

A Lo R £
Js»d”angmsha%iop%n&d&hg)%c%xﬁlh?@l%ﬂfoﬁ% enyl)zirconium

d| chiori
B}ls((elxammhmy@dpeﬂtadrehm)mcmnnmomenlbﬁde enyl ) zi rconi um

i.chl ar i de, . o . :
%? ?@Fﬁ}’ Jeyaloperdadipmilizirepyipmichioddsy | ) zi r coni um
dd1§(|1‘|2Qf-’crﬁﬁeth lcyclo entadlenyc) irconium dimeth
34 1?opy cycl opent adi enyY%zl rconi um

Bi s

dqm(&ﬁodlmj;da,ylcyclopentadlenyl)zncomum d1methy1

(bd%ge nﬁg?%/yag%cl t%&%g%{ dl}cgpn){mz éncr}/ y(i)pent adi enyl ) zircon
(bls@eﬂarﬁahpmy@[yﬁérﬂﬁﬁa{ﬁgir@whﬁl(&ylgﬂwpe nt adi enyl ) zi rcon

ium di chlorid
(1, 2- d|nethylcyclopentadlenyl(nethylcyclopentadlenyl)z

gfcon%q% Igééé;{: p%fr? 4 Séﬁopﬂx’é’tefﬁ}ﬁlg?ﬂ%ﬁgﬂ?ﬁlﬁtaényl )z
IcmﬂmmIéilw‘mc?ﬁﬁﬂfdeg)t)n@le];mtomdOf nyl ) (1, n- but yl cycl opent
i e ent adi e u
%?ér%/dm}e}}z HEE %ﬂleawaﬁr@'\r/u%dwhlonde _ e _ P
<B1s<¥3da1m°ew<g}eyo%ﬁﬁaf&9ﬁhﬁ%}a vhf G¥fil.pRENT adi enyl) zircon

i um di chl ori

Bis(3,28-tranéthyicydbpmeatiagi)eiryéni@h d2chtbriaes hyl cy.

?10@%24 ﬁg{‘%&h}fg’fé i r%%%&h é%{’/‘?n;‘]llfrg rdl§?’§F?l"t§1l‘3hyl cycl opent adi
37 (W22 4@&&%@&%&5ﬁaﬁ%y2§&c%§\h&g 8% lokigkr coni um

dichloride, Bis met hyl 1 nd zirconi umidi chl ori de,
Bis({.2, 39%5’rwmamﬁr}'}¢})cmpentadleuyﬂ1)zjroohium didsloride,

B Ry RS o | e

Bﬂs{(%&hﬁrﬂnIp@dﬁYWWp@hﬁdﬁﬁylP?l?cbﬁﬁlﬁD&MHi‘oﬁﬁgh' ori de,
7-tetrahydro-2-net hyl i ndenyl ) zi rconi um
: g ?ﬂnﬁﬂpy}@ -n-butyllcyclopentadienyl)zirconium dichloride,

glasz{ ﬁlﬂel%h}g*37eth?ltcff&gl\.{gfté)dléi‘ly?)zﬂc%ﬁrrﬁydlchl decpey I)zirconium

B&Y binwtieyitantperpyl gy(clbpbntadiényiptifcahiver ditlegay, ) zi r coni um

I . . . . .
%%SEPﬁ%ﬁ%ﬁéﬂ%%@&ﬁ%ﬁ%@%m%% dighlgriden di met hy!
o i i d hyl
B b e e R AR R

Elsék %, dzfnﬂﬂlvkﬁﬁﬂwﬂﬁucbﬁp@h@@enﬂamcenmh) dichlondé,um
gis?ﬁ& I213’1{‘1ethyl-4-n—propylcyclopen’tadle:nyl)zuconlum dichloride,

Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1,2-diethylcyclopentadienyl)zirconium dichloride,
Bis(1,3-diethylcyclopentadienyl)zirconium dichloride,
Bis(1,2-di-n-propylcyclopentadienyl)zirconium dichloride,
Bis(1,2-di-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1-methyl-2,4-diethylcyclopentadienyl)zirconium dichloride,



Bis(1,2,3,4-tetranet hyl cycl opent adi enyl ) zi rconi um
di net hyl ,
w@Be®(01 278, 4, 5- pent anet hyl cycl opent adi enyl ) zi r BORUS206/027943
di met hyl , 98
Bi s(1- net hyl - 2- et hyl cycl opent adi enyl ) zi r coni um
di nmet hyl ,

1- opyl cycl.opent adi enyl) zi rconi um
(Ejléﬁ&t th}X 4~ n—propylcycl%pentadlenyl)21rcon1um dichloride,
d %é%%??ﬁ?%‘%%%%%%*ﬁ%@? R
BRis(Lmetiyh3i-Bemtityclapeniadipanlzioniuh fichtdzide] um

%]g@tlgtﬁl‘;]f% WPropyleyplonpyrdigelsirermizg EaYloside.r coni um

1 'E%'thl lopentad
8 S Lo lopenagiens eyelppentadiontleiicpyiom dichorde

dil ;iedlhyalthylcyclopentad1eny1)(cyclopentadwnyl)zucomum dichloride,
3:1;79% m?ﬁy'i‘XyclopentaH%%lé 5 l%lflc onpte%‘gafd?err]l 1);1Zrc|:orncl:uonr1] Idﬂ:rlﬁonde
E(u &(dm%t@lé};%td@)éhra&reﬁﬂw{t@wgﬂc%@ﬂt&&féhﬁ%«bﬁiﬁr?&a@m&!ﬂhe

di met h
:0 @c@n@ﬂad%@lqwmadwnylm &p@km&uﬂy&qyelﬂpaniﬂaélnwl)mrcpnmm um
{mdg , Bis(1,2-dinethyl-4-n-butyl cycl op

ent adi enyl ) zi rconi um di net hyI

Rl S&(dml%ﬂﬁ/ﬂ@t:lvpleﬁtﬁdﬂeﬁ)}aﬁﬁy@gpdﬁ'fadlér@il)rzﬁ@diﬂluﬂﬁl densidy !,
|

enyl ) zi rconi um di met hyl ,

t hyl cyc| t
Ea S s PR PES a1 oA iyanpBiad oy oniu

Bi s((?LIlﬂ‘?/Ze| di - n-but yl cycl opent adi enyl ) zi rconi um di net hyl ,
Bl S(dimetitytsiclopeutadicryll(y 3edicthylogtiopeitadivhyl Hitconiam dehioride,
1% YRiEseRipm dichlogfe,ny | cycl opent adi enyl ) zi r coni um

(ElmIrﬁéfthyhndenyll)zucomum dichloride
4-n-but yl cycl opent adi enyl ) zi r coni um

1, 2-d
if"‘%'frm}"thylllr(li‘df’n}’l)znrcomurn dichloride,
B8l 5 TR e L RRY A ¥Rl agent adi eny1) 2i r coni um
lls(él,li cﬁhﬁﬂiyhﬁdtnﬁ)fzﬁ@gydl@mql(gﬂ&m@d, enyl ) zi r coni um

@is(ﬂﬁeﬂy gty dipindspdiianiany dichloyide.opent adi enyl ) zi r con
(1 3- dd‘ﬁ’ rrté%i%;alhygr)?c _gnp?]éhﬁ[thngengr?y rf?muml dé%helo It adi enyl ) zircon
iBUIS(#,dLG;rﬁtdﬁl;ahydro 4,7-dimethylindenyl)zirconium dichloride,

iy m@gwewﬂm Lyethyl eyl gpent adi eny! )
ms(zzoalﬁﬁﬂmdyemleﬁeﬁeﬁﬁwlﬁeﬂmah{aﬂﬁyc' opent adi enyl ) z

i rconi um di met

(315(23d3|flmﬂh@qw§@pbmip@nmdm19mu)d din®tlgil; n- but yl cycl opent
%Tg(ga%s, rrénlﬁr%l;%rﬁmCi?peﬁgaﬂ{egﬁf%‘ﬁiﬂrﬁ%ggflghgm adi enyl ) zi rcon

Bisf1 d14n1EinﬁBﬂ|1ylcyclopentadlenyl)zncomum dimethyl
dlnethylcyclo ent ad |en¥ (1, 2- dlnethylcyclopentad
Z

i%és,g &,,p -fesghtethivicyglopartpgienyl)zirconium d1methy1
ai é i %HW ycI opent adi
B2 TE BN ey RRER ARk S
Bistetiwghyl-2-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-2-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-2-n-butyllcyclopentadienyl)zirconium dimethyl,



Bi s(1- et hyl i ndenyl ) zi r coni um di et hyl ,
Bi s(2- net hyl i ndenyl ) zi rconi um di net hyl ,
w@e@@atrves hyl i ndenyl ) zi rconi um di net hyl , PCT/US2006/027943
Bi s(4, 7-di net hyl i ndenyl ) zi r%oni um di net hyl ,
Bi s(4, 5, 6, 7-tetrahydroi ndenyl ) zi rconi um di net hyl , WO
2007/ 011973 PCT/ US2006/ 027943 100
t.hyl j ndenyl ZI rconi um

?% Félf' Iﬂgii’h(}sfl Z etth}}lcycﬂy %{1’%d1zeny 1)zircontum dimethyl,
@1§((14m5bh§1 Txk prop eyl ebadlenhIEL ki AiREAKY) 21 T coni um

di met h
(319@Fmp@wl—édll-lelﬁyllcy@dp&tz&lla'hyﬂ)etrcmmdrdomatrblyhyI ) zi rconi um

T ph R R 2R e Bior 1 sosone

®Bi &nﬁthéBb 13 yl) haf ni um
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Bis(2-methylindenyl)zirconium dimethyl,

Bis(4-methylindenyl)zirconium dimethyl,
Bis(4,7-dimethylindenyl)zirconium dimethyl,
Bis(4,5,6,7-tetrahydroindenyl)zirconium dimethyl,



Bi s(1, 2-di et hyl - 4-n-but yl cycl opent adi enyl ) haf ni um
di chl ori de,
w@e@¢atres hyl - 3-i - propyl cycl opent adi enyl ) haf ni BeT/US2006/027943
di chl ori de, 100
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(1, 2-di net hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) h

Boni uNMHRige&deas by of claims 1 to 34 wherein the t
(1, 2-di rrer?hyl cycl gpent adi en;c; & erenél y rablsjlttlyc/) clzlg/eé?lopent
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h I cycl opent adi enyl )haf ni um

gfszél%ﬁiixpethyl ethry(”ilcyc opentadleny Yhafnium dichloride,
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Bis(1-methyl-2,4-diethylcyclopentadienyl)hafhium dichloride,
Bis(1,2-diethyl-4-n-propylcyclopentadienyl)hafnium dichloride,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)hafhium dichloride,
Bis(1-methyl-3-i-propylcyclopentadienyl)hafnium dichloride,
Bis(1-ethyl-3-i-propylcyclopentadienyl)hafnium dichloride,

(1 ,2-dimethylcyclopentadienyl)(cyclopentadienyl)haﬁlium dichloride,
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37. The process of any of clainms 1 to 34 wherein the

transition netal conpound conprises one or nore of.
woDd0200p7911973 PCT/ US2006/ 027943 103 PCT/US2006/027943
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(et dymethyleyelopantadienyd)éenelopentadiepy jum dioadbhutly | |
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(P eyt B e oS R B R R B Pty
(lsbdtmdethjzlpycﬂepsmtadienym)(l,ﬂ&l@e}thylcfclé}%@eﬁﬂényl)ﬂaﬁﬁﬁﬁQl)ﬂlmth}r(]l,

-tridecyl, .n-tetradecyl, n-pentadecy, n-hexadecyl,
ﬂbszh“gﬂ@’i fniym dimpeiibyl  and their iso-anal ogs. 39.

Bher- e@rﬁ_@i%ﬁer%fl)h%ﬁﬂuﬂfdiﬁlsﬁ 5 1 to 38 wherein the
rocess 1s a contl nuous focess. 40. The process of
istd-megylindemdibafititie dometbgss i s a continuous process

BRCRhMcniBr2R00h A8 f5, PCT/ US2006/ 027943

Bis(4,7-dimethylindenyl)hafnium dimethyl,

Bis(4,5,6,7-tetrahydroindenyl)hafnium dimethyl,

Bis(4,5,6,7-tetrahydro-2-methylindenyl)hafnium dimethyl,

Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)hafnium dimethyl, or

(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)hafnium dimethyl.

37. The process of any of claims 1 to 34 wherein the transition metal

compound comprises one or more of:



104 a) continuously introducing a feed stream

conprising at least 10 nole%of the one or nore C3 to
w@2ob7alphn- ol efins into a reactor, b) conti nuoRGT/YS2006/027943

introducing the transitionl¢getal conpound and the

activator into the reactor, c) optionally continuously

introducing co-activator into the reactor, and d)

W Lhde gy ng . he, pol.yg) pha-ol etin from th
§i@ol eyl enen e By abpondorun fer
lyxsdyemp&ﬁadite%nyﬂnr&enﬂnma%ﬂhé %%%;PQ £f hydrogen in

t he reactor of ppm or | ess ght. 42. The
ﬁ’ﬂ@@%@’éﬂ}’gl‘opélﬂ‘fadlﬁnﬂmmpnmm dkblogidaande pr o cess further

PR R R Bt n e bR W biatbrig.
mmémnﬁa@lehﬂ%rdoﬂﬁﬁl @Qﬁloﬁﬂg\ blg(l)l gfhgoyal ly,

continuously fractionating t a-olefinto
SHpylgystapents enylmcoam ﬁ@hwde,ﬂas(ﬂmahyl Where t he

AL SREb o ORR PR Bnll FRuCBR i Cacier i i ¢

rmy@mgmwmmwmmﬂmmmebfg@t b yrsteiratidro
d% uousl| y obtalnlng pha-ol efin haV|ng a
TCORIyHp dichlogide, lflﬁ(gm{emy 1rc4>31un1'ﬂ1@hbmdc,ess of any

t rature.in the
L e 1c) o R B F ot e o
dnmthymwlwwta@namyl)lzecammpelﬁmemyr;bis§1 bmuom 30C to 220 C.
T roc cl ai.m 43 wherein the tenperature is
W@g@?}&eﬁ%gerﬁﬁ)mﬁ@mmﬂémﬁ%bess of cl am 43
Bﬁ@Et@arﬁeth?l@yélSﬁ@%ﬂﬂﬂlerb&lﬁﬁl%z@ﬁl t1)9&(11%?& 1247 The
e nononer s,

[ocess O of clainms 1
ﬁ%vle?wleﬁ@ﬁ@hermi)zlra@munmlmem é)ls(mmahyle}d for a

5ot BTG B Plse B sl sl bl i pr ocess of

puopylofclopaitatienlJz@cdriumhBiRingl, BV ednArs. fi | uent is
gresgﬁ% 49. The process of ¢laim48 Wherein the

niggiegylziecemuns dineqtlod: bis(45, @mtetahydgy mdenyl)zirconium
| enta hexanes, hept anes,
GieRshiat, R anggflﬁﬁgému& bRt P

oct anes, ecanes, anes, dodecanes,
trldecanes tetradecanes pentadecanes hexadecanes,
nzepe, t ol ue ﬁy ene, | ene, p-xylene, m xed
len e process o a:ny of claims 1 to 37 w erein an a kylalummum compound
is present and the alkylaluminum compound is represented by the formula: R3Al,
where each R is, independently, selected from the group consisting of methyl,
ethyle, 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, n-tetradecyl, n-pentadecy, n-hexadecyl, n-

heptadecyl, n-octadecyl, and their iso-analo gs.

39.  The process of any of claims 1 to 38 wherein the process is a continuous

process.

40. The process of claim 39 wherein the process is a continuous process

comprising:



et hyl benzene, isopropyl benzene, and n-butyl benzene.

50. The process of any of clains 1 to 49 wherein the
WORWoNEM33 are contacted with the transition MeCEUS2006/027943

conmpound and the activator 19 a reactor and the

reactor is a continuous stirred tank reactor. 51. The

process of any of clains 1 to 50 wherein catal yst

resi dusnl i's rgm)ve .{r(%m.the product by contacting

with &”sol iGRERYSRnredncing pfesd swean comprsipg of leastdOns

Imé16%0k tHEHLorth6reTRNEBI £a] e@ol‘%ﬁﬁg ﬁl?(; §acl, L the

transition nmetal conpound anhd the ac | vatorin the

sol utitdn pieasénuagly ithedysingctbe tranditionmendl compbur hdtiBe

. e t noponers are contacted wth the
?Ir%té{r;l%?l{lﬁtgntﬁgﬁag Or’con‘pound and the activator in the

sl ur r y) phasgtiokdly cBHﬁth@%ﬁﬁo&jcilgg"é’o—%t'\&lco"i‘*ii% e feBct3
wherein the mononers are contacted W th an ’
é‘pflyl al um num conpound prior to being introduced into

unor e e seinobRE BHERE" e e iahoshlelpdioss sme:

wi th an al kyl al um num conpound prior to entering the

Heact Qhe phfzessldT 1 mORERShES ¢ Iﬁismﬁ% ¥h5KiGg WGncentration of

al kyl al um num conpound i s sel ecte ?r om

tysiiopen by reacionph LAP0R phmror dess Py ateigtitnum

tri-n-hexylalum num and tri-n- dodecyl al um num WO

4907/ &ﬁ%gr?c)% F;%}'J S2006/ 027943 . 106 57. The process of

afy of "SPEICRE Of AB05Y i rehetpindhgprogess mbenceBwpses d

i s prepent o?tlitdjaﬂl EconBiBOUNréai -

Lri -1 s)cs)but yl al umpnum tri Rdt olgg?:liﬁgﬂzlgﬁggmgmﬁnto reduce
flerodtonesataningicanipaundstd lessithan-@ddwoyl al uni num 58,

The pppces y. of. cl ai . to.57 where in th

pol y a?rr; ha- gﬁ)tg%aﬂg‘)’i Y %{lg‘gorﬁsggﬁ %Cilo g e Pg’é‘g\]i‘a&i?fﬁhto
baperabagythn dighomddmaay frattice] ®héethd Hé&ﬂ%%@ti&{sqiépe 20 or more
COQSIStI ng of supported Goup 7, 8, 9, and 10 net afs.
88 %fhe process of any of clainms 1 to 57 wherein the
pol yaktypha- f ol d | hydrq and a
hydr okg)gnat ?Héﬁlfnggltl% g/%r?é)dge gfé?egcé}%légarhoyeﬁlg Vgﬁ’o ogen and a
khegemniiomycatdlysne or nore of Ni, Pd, Pt, Co, Rh, Fe,
Ru, , O, M, and W. .suppaorted on silica, alum na,
cl ay %t it a‘?ﬂnﬁl}lh%‘?%?%%l?f?’é‘}n%?gw&%]&a'%ﬁaIhaﬁwgd’é)mmme
SR Ndss thanG08. The process of claim59 wherein where

t he hydrogenation catalyst is nickel supported on

kei sl eghur, silica, alumna, clay or silica-alum na.

. T . of, ¢l ai 1 to 60 wherein the
o1 yal SCARERF Al o tilinf 680 it Ry mageg i hs feactor
IRYidnogOMatd 290 €at al yst at a tenperature from25 to

44.  'The process of claim 43 wherein the temperature is from 30°C to 220 °C.
45.  The process of claim 43 wherein the temperature is from 50°C to 180 °C.

46.  The process of claim 43 wherein the temperature is from 70°C to 150 °C.

47.  The process of any of claims 1 to 46 wherein the monomers, metallocene

and activator are contacted for a residence time of 5 minutes to 100 hours.



350C. 62. The process of any of claims 1 to 61 wherein
the product produced has 60 w %or |ess ClO diner.
W@ 3070w 7pr ocess of any of clains 1 to 62 wherBCTIUS1966/027943
product produced has 40 wi0% or |ess Cl0 diner. 64.
The process of any of clainms 1 to 63 wherein the
process further conpri SﬁSZ I1)f.cat gl yst rteS|;jyaI Itf}
r v fromth ol yal pha-olefin by contacting the
p -yaleg‘FFaErs?eéF Pﬁm&? 1%%3% trd’ yeherrinsolvent asskiluentds present.
treating the polyal pha-olefin to reduce heteroatom
cont ai ni ng conpounds to |ess than 600 ppm WO
26807/ Olileq#8cdBCH LIS2008 MOREABe saRéntr dilkhios 8lkdted from the

fractionat.in e pol yal pha-olefin to separate the

|5 GhR COIE}?E}% ggwa‘?fgaﬁffvﬁ?%ﬁ%ilwehmehm%rn@@@neé,ns

r&%&&,%rﬂ%cdﬁ@ﬁﬁlo@@c{aﬂ@é}%id%ﬁn&%&@%c'aﬂ%s, ég}ﬁadec es

pol yal pha-ol efin w th hydrogen and a hydrogenatiodn
adogenes, kanders) tadintre) orixylyne, molyjeakphrayizhefhixet aylenes, a

be[tﬁy%erﬁ%eﬂlelf %Sfoply/ﬁ)séﬁzetnlg? hd nl-bgt'ylbenZene.

50.  The process of any of claims 1 to 49 wherein the monomers are contacted
with the transition metal compound and the activator in a reactor and the reactor is

a continuous stirred tank reactor.

31. The process of any of claims 1 to 50 wherein catalyst residual is removed

from the product by contacting with a solid sorbent.

52.  The process of any of claims 1 to 51 where the monomers are contacted

with the transition metal compound and the activator in the solution phase.

53. The process of any of claims 1 to 52 where the monomers are contacted

with the transition metal compound and the activator in the slurry phase.

54.  The process of any of claims 1 to 53 wherein the monomers are contacted

with an alkylaluminum compound prior to being introduced into the reactor

55. The process of any of claims 1 to 53 where the metallocene and or
activator are combined with an alkylaluminum compound prior to entering the

reactor.

56.  The process of claim 54 where the alkylaluminum compound is selected
from tri-isobutylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum, and tri-n-

dodecylaluminum.
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57.  The process of any of claims 1 to 54 where an alkylaluminum compound
is present and the compound is selected from tri-isobutylaluminum, tri-n-

octylaluminum, tri-n-hexylaluminum, and tri-n-dodecylaluminum.

58.  The process of any of claims 1 to 57 where in the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst selected from the group
consisting of supported Group 7, 8, 9, and 10 metals.

59.  The process of any of claims 1 to 57 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst selected from the group
consisting of one or more of Ni, Pd, Pt, Co, Rh, Fe, Ru, Os, Cr, Mo, and W,

supported on silica, alumina, clay, titania, zirconia, or mixed metal oxide supports.

60.  The process of claim 59 wherein where the hydrogenation catalyst is

nickel supported on keisleghur, silica, alumina, clay or silica-alumina.

61.  The process of any of claims 1 to 60 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst at a temperature from 25 to
350°C.

62.  The process of any of claims 1 to 61 wherein the product produced has 60

wt % or less C10 dimer.

63.  The process of any of claims 1 to 62 wherein the product produced has 40

wt % or less C10 dimer.

64.  The process of any of claims 1 to 63 wherein the process further
comprises:

1) catalyst residual is removed from the polyalpha-olefin by
contacting the polyalpha-olefin with a solid sorbent,

2) optionally, treating the polyalpha-olefin to reduce heteroatom

containing compounds to less than 600 ppm,



WO 2007/011973 PCT/US2006/027943
107

3) optionally, fractionating the polyalpha-olefin to separate the 1i ght

and heavy fractions, where the heavy fractions have 20 or more carbons,

4) contacting the polyalpha-olefin with hydrogen and a hydrogenation
catalyst, and

5) obtaining a polyalpha-olefin having a bromine number less than
1.8.



