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COVPCSI TI ONS AND PROCESSES TO PRODUCE THE SAME 5 Field
of the Invention This invention relates to a process to
produce a new cl ass of poly-al pha- ol efins %‘F’A@S) Wi th
qTyUS204{031231
invention relates to novel PAGs prepared in the
presence of a netall ocene catalyst wth an activator
and a process for nmaking PAGs in the presence of a
nmetal | ocene 10 catalyst with an activator. Description
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of 'natural m nera -based lubricants by the
synthesi s of oligoneric hydrocarbon fluids have been
the subject of inportant research and devel opnent in
the petroleumindustry for at least fifty 15 years.
These efforts have led to the relatively recent market

618 efe thvitioh @ nunber of synthetic lubricants. In
terms of lubricant property inprovenent, the thrust of
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The wscomty—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
multigraded 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 oil is
more desirable because it has higher viscosity at higher temperature, which

translates into better lubrication and better protection of the contacting machine
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el érrents preferably at h| gh tenperatures and or at

tenperatures over a wwde range. VI is calcul ated
according to ASTM net hod D 2270. PAGCs conprise a class
of hydrocarbons nmanufactured by the catalytic

wobdogormss zati on (pol ynerization to | ow mol e®GTAS2NPYRA!

products) of linear a- 5 olefin (LAO nononers. These
typically range from l-octene to 1-dodecene, wth
1-decene being a preferred2rfateri al, al though
ollgorrerlfcwgs}n ners of r olefins such as
Elemyte REcERaL At |f@q%@erﬁtavsav o b LempsERures O dovidg
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In-U S. Patent 4,956 and the patents referred to
t her ePAOs Ppnineachless of hydrecaghons manefactmsd by heeatalytict he
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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, propancl, or butanol, with carboxylic
acids, or with esters such as ethyl acetate or ethyl propionate or ether such as
diethyl ether, diisopropyl ether, etc. For example, the methods disclosed by U.S.
Patents 4,149,178 or 3,382,291 may be conveniently used herein. Other
descriptions of PAQO synthesis are found in the following U.S. Patents: 3,742,082
(Brennan); 3,769,363 (Brennan); 3,876,720 (Heilman); 4,239,930 (Allphin);
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wobkosg/osfport ed, reduced chrom um cat al yst

WD 2007/ 011459 PCT/ US2006/ 021231 -3 4,367,352 (Wafts);
4,413,156 (Watts); 4,434,408 (Larkin); 4,910, 355
(Shubkin); 4,956,122 (Watts); and 5,068,487 (Theriot).

Anot her class of HVI-PAGs may be prepared b#frhe action
AIS2006/021231

al pha-ol efin nononer. Such PAGCs are 5 described in U S
Patents 4,827,073 (WiI); 4,827,064 (WJ) 4,967,032 (Ho
et al.); 4,926,004 (Pelri-de et al.); and 4, 914, 254
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SpettpSym Ultcd tsoepﬁmcuasgnmudmoee et fExxonNobilICheimical

ese | at i new synthetic |ubricants | ower
uStPP\&g¥¥2f enhanci ng mechanical efficiency

ov er B?ﬁhétw PAGPRSE 'féiﬁiﬂ&hdmbﬁtﬂbﬁﬁﬂ antl @8t sttessdn
er a w.der. range of operating conditions than
ﬁhq«lemanbﬁvld Ffm%%@@ontmrpwﬁgh@d Pbgigate natergsof

c%ﬁ%rﬁp@ggggﬂgﬂt NGddsied %@&E@%ﬂor&%g%%ﬁ@&el%ncahﬁw

properties, suc VI Scosity
havkcled (OPAQ fluidsexhibiting meéfnl visdositibs erreawidt rmbgd oft v,

roved wear perfornanc i ncr.ea t her.nal ..an
RSN S R et JISOGRH sl 7 i S bricith T ermal o

sadatie i uP Pbiky @r btk tHaf WERrS! JiD'Th
Iﬁﬁdgrl czg%t ss%%aﬁgbhogs vade such nevf/ Fl>AOs e\?\?th

rﬁﬁr\@lm%smﬁmhﬁ fubsicantelomes mephapigaldiictian, prlaseing have

e e g e T

(rédpr irargle @f bpératingondifiody tharmGRm) pil Mbeicant?ACs ar e

pr odu from nmeso-for certain netall ocene

cat al §e§wa%mwww@ﬂ@ﬁw Pig EPAIRISE BSFRASIREN e
SHMBEILE Nawob A OSwih TR0 ReBpropk?M&Y fich a¥/Ri@H viscosity index (VI),
rac-di met hyl silyl bi s(2-nethyl -i ndenyl )zirconi im 30

dpve howroins, high sheatxtahality dmpydvieh wean pepiommanesdnereasednO)  at
ﬁ%%al' A’ %daﬁ{ree &ﬁﬁﬁ& and or wider viscosity range, are needed to meet

new performance requirements for lubricants. New methods to provide such new

PAOs with improved properties are also needed.

Efforts have been made to prepare various PAOs using metaliocene
catalyst systems. Examples include US 6,706,828 (equivalent to US
2004/0147693), where PAOs are produced from meso-forms of certain
metallocene catalysts under high hydrogen pressure. Comparative example D of
US 6,706,828, however, uses rac-dimethylsilylbis(2-methyl-indenyl)zirconinm
dichloride in combination with methylalumoxane (MAQ) at 100°C in the presence
of hydrogen to produce polydecene having a reported Kinematic Viscosity at 100
°C (KV0p) of 116 ¢St, a Kinematic Viscosity at 40°C (KV) of 1039 cSt, a VI of
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of hydrogen to produce pol ydecene having a reported
Kinematic Viscosity at 100 C (KVloo) of 116 cSt, a

Ki nematic Viscosity at 40C (Kv4o0) of 1039 cSt, a VI of
WD 2007/ 011459 PCT/ US2006/ 021231 -4 214, ani odi ne
WOAMGIISP 2.8, an Mv of 7084, an Mh of 2906, PGHUSARISMIZ31
of 2.4, and a Tg of -72.4C. Likew se, WO 02/ 14384

di scl oses, anobng other things, in exanples J and K the
use of rac et hyI b| s(i ndem43 zi rconi um di chloride or

Fiipie mimben st ot un 167 OB o Mher 24068 W@é‘%&

R&d ah‘ﬁg‘iﬁ‘oﬂﬂ"co rLlﬂemé O 021y 34K Dsed, amdh L didieLthin €Fthings, in
i sotactic Eol ydecene reportedly having a T

&xatonieo] and olzem@tof raeradhyd-big(indgnyl)zio@nium di opd@ gmze

RSB Sen  Yiliuftn Wafice o aﬁlﬁ%w o

9@!\@73% 47 ﬁ l(ﬁdtQJoo @g&yﬂ{bgamnpmelebfgmﬁlgag eca plodedelisdtactiene
etraerIH eny Zlrconium dil Cc rrde. I n
ohesrRe reortagly BvDE RAB 0L 35&3% A BV s TECSE B aiefone

225 o B it ooy oé“'%yd&@@‘}ﬁ o & feone

poi g ddef 341, respectiyelyarfudher WOEI94734¢ disclosestinbxasupie h the

g oCitert oo el ke Rigk 1 ot it

BNPAD £ 58°BtbIroddice 4 polydésiBe Bi¥ng ddI1h 004848@dnd 94
03/ 020856u§) 3UI valent to US 2003/ 0055184), US

J&pRisat t o US 2001/ 0041817 and US
5540 ) by A0S BRI, gbeddd 091
hm:jt&lmm_e clmmsés e ;ﬂ@u_mily Etmumm i grobea pglyhnmmrrmfhgcimcr? :vmth
i cabi n.
e Spesi e etels e SRASEEST i oRip BT it Y
,68B83T, US 6043304, WOPIBRIZ0856IQGhivhlest 1o USE200981084184), US
i nventi on address such and other needs by providin

r@ﬂsﬁ% (gquamlmﬁ fo UﬁIZO@iAMSh'émdﬂéS @%é&V?@nUE 583388t
t h
SEAGA 9051308 s 1T E S PACRD L S SRk N

i on até’s
pol yalT[mhhtedio&felvBr CA Y madervgthnmetalldceass Hade nmtlfeund%ndé one

ORGPk e TS, esyeolrlifen BOEH THEREpIe, dHoto

tihdfAkent process, cost and property deficits. The instant invention address such

and other needs by providing new PAO's and or HVI-PAO's having excellent

property combinations and an improved process to produce them.

Summary of Invention

This invention relates to a polyalpha-olefin comprising more than 50 mole
% of one or more Cs to Cz4 alpha-olefin monomers where the polyalpha-olefin
has:
a) 40 mole % or more of mm triads,
b) a Bromine mimber of Y or greater, where Y is equal to 89.92 * (V)
, where V is the kinematic viscosity of the polyalpha-olefin in cSt measured
at 100°C, and

0.5863
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equal to 89.92 * MO ....where Vis the kinematic
viscosity of the polyal pha-olefin in cSt neasured at
100C, and WD 2007/011459 PCTI US2006/ 021231 rﬁcﬁ“g[?séoo%mgml

W@i20794145Y ut ed ol ef i ns present at 7 mole %o

preferably present at Z nole %or nore, where Z =
8.420*Log(V) - 4.048 where Vis the kinematic
viscosity of the pol yaI pha‘-%T efin in cSt nmeasured at

100C. .ernat el ny | at es

pol yaf’gﬁ? %’f’"@’ﬁ%ﬁ%gé ?eﬁ t Ofya/ﬁgﬁb"gf? %e%% @Xof one
Qreseft a8 Z @olé % érddors) wilae A =e814uo*rmgwye-r :aowmﬁhaet\hrs the

pol yal pha-ol efin has: a) 40 nole % or npore

tkinegmatic visyosity of &ﬁmyﬂﬂhﬁ'@éﬁﬁn@ cSjt meagyred é‘s]soo faﬂd 10 ¢) Z
nmole % or nore of units represented by the fornmula: Ck
n Cmwhere j, k and mare each, independently, 3, 4, 5,
6, 7, Adterrfatelyl Ghis inventidh relb®s tdlalpolgdipha-dléfid Gondptisiil mdre,

1, 2 S a n r.froml to 350; and where
Bin §5080% BEiner g B C5H St 0Bl hehmde e e
oﬁ@%ﬁh-tol/efﬂfhaﬁ :he pol yal pha-ol efin measured at 100C in
cSt ternat el this invention relates to a
pol yalabﬂﬁnmléf)lqi%ﬁﬁfmwdﬁmre 20 than 50 ol e % of
one ok, i n nononers where the
pol yal B)ha ofngél R,%%?éf??{}{ﬂ ‘lﬂﬁe % or nmore of nun
tri ads) Zanola YBoomibrecofimitbeepresénted yrthe formubyr , where Y i s
equal to 89.92 * (V)0.5863 where Vis the kinematic
viscosity of the polyal pha-olefin in cSt neasured at
25 100C, and c¥j 1,2 disubstituted ol efins, preferably

H

present at Z mple % or nore of units represented by
the formul a: 2007/ 0¥1459 PCTNUS2006/ 021231 -6- G a
c

where j, k and m are each, independently, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, or 22; n is an integer from 1 to 350; and

where Z = 8.420%Log(V) — 4.048, where V is the kinematic viscosity of the
polyalpha-olefin measured at 100°C in cSt

Alternately, this invention relates to a polyalpha-olefin comprising more
than 50 mole % of one or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has:

a) 40 mole % or more of mm triads,

b) a Bromine number of Y or greater, where Y is equal to 89.92 * (V)%%,
where V is the kinematic viscosity of the polyalpha-olefin in ¢St measured at
100°C, and

¢) 1,2 disubstituted olefins, preferably present at Z mole % or more of units
represented by the formula:
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b Ck n Cnwhere the olefinic 1,2-disubstituted carbons
w Il be positioned between Ca and Cb or occasionally
between Cb and Cc, and where j, k and mare each, 5

i ndependently, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, 16,

WO722007(@14589, 20, 21, or 22; n is an integer P¢EEPN06(31231

350; and where Z = 8.420*Log(V) - 4.048, where Vis the
ki nematic viscosity of the polyal pha-ol efin neasured
at 100C in cSt. 10 Alternatgely, this invention rel ates
to a pol yal pha-olefin conprising nore than 50 nole %
of one or noreC to C24 al pha-ol efin nononers where
the polyal phatolefin has: a) |ess than 40 nole %of mMm
triads, b) a Bfom ne nynber of Y.8 or less, and 15 c) Z
nol e % or norel®f unit °represe ted by the formula: Ck
n Cmwhere j, k ach, endently 1 3,4,5, 6,
7, 8, 9, 10, 11,

4.048, where Vis the i [ |scosty of the
pol yal pha-ol ef i n neasufed at™“k0pG in c@ﬁ-. WO 2007/ 011459
PCT/ US2006/ 021231 -7 ternately, this invention

e B il Sl edonomeaill I pratesRa PP ARt o
@Beo&%céa&%nala%a@é&f@a Alaadd anmﬁerzj,mna n%@reaé@r e of

units represented by the formula:"5 ¢ Cm where |,
m@n@dnnt&r,é‘ &bc b, 7,i8nUd9ehdd At 13y 14,35, 18, 1&1&319,720 81, 09,
16, 20, 21, or 22, nis an

t%’&é‘P”ﬂ‘z er%%“}%t%?é’%‘“%ﬁnd 10 where Z = 8. 420*Log(V) -

hh@fbaz =\8R20ELIL (VS — U088 ki liedTiitis the kirkamnfit Viscaity bhthe
poJ yal phgﬁpl efin nmeasured at 100C in cSt Alternatively,
PRivalhaolehinimrasyred a4 198°G 8 cgt.pol yal pha- ol ef i n conpri si ng

nore

Alternately, this invention relates to a polyalpha-olefin comprising more

than 50 mole % of one or more C5 to €24 alpha-olefin monomers where the

polyalpha-olefin has:
a) less than 40 mole % of mm triads,
b) a Bromine number of 1.8 or less, and

¢) Z mole % or more of units represented by the formula:

Gy

Ck /n Cm

where j, k and m are each, independently, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
or 16, n is an integer from 1 to 350, and

where Z = 8.420¥Log(V) — 4.048, where V is the kinematic viscosity of the
polyalpha-olefin measured at 100°C in ¢St
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t han 50 rmle % of one or nore C5 to C24 al pha ol efin

nmononers where the 15 pol yal pha-olefin has: a) 40 nole
% or less of mmtriads, b) a Brom ne nunber of Y or
reater, where Y is equal to 89.92 * (V)- 0.ssss where
2007701489 ki nemmti ¢ viscosity in cSt measur edP@USROSE21231
and c) 1,2 disubstituted olefins present at Z nole % or
nore where Z = 20 8.420*Log(V) - 4.048 where V is the
ki nemati c vi scosityof the-pol yal phaolefin in cSt
nmeasured at 100C. Alternately, this invention rel ates
to a pol yal pha- oI efin conprising nore than 50 nmol e %

of ong; j ?ﬁﬁg

the 25 tglgllaﬁg{p a- oI Oﬁéﬁ%ﬁ%ﬂ éiagglor nore o 3
thand@snale th ofms or nwme CH® Ealplia-clefirGmongmers mbergithe WO
2007/ 011459 / U 6/ 0212 8 Al ternat.el Lhi s
PRVBREF O R BRs ER0lE g o 0T SLPE AHEER B DA Tl ror e
than 50 nole % of one or nore C5 to C24 al pha-olefin
mononers wher et he pol yal pha- ol efin has 40 nole % or
nore of mmtrials and I ess than 1000 ppm of a G oup 13
netal, preferably |ess ghan 10 pm of al um num and/ or
boron. 5 Alterqately, fhis invention relates to a

pol yal pha-ol efi j
or nore C5 to C24
pol yal pha- ol efin has {40 nol of mmtriads
and | ess than 1000 ppm of al 4m boron. 10
Alternately, this inveRtion €gl
pol yal pha-ol efin conprising nore "t han nol e % of one
or nore C5 to C24 al pha-ol efin nononers, where the

AR, st i, 181 7000, RS T 4.0 1

t15;1§7 ﬂ&vl@;ﬂﬁ)d’rl oﬂhh%mtmteger;ﬁdnyhtqom ahdf i n conpri si ng

Zo‘l @F?Q?(iﬁs%‘{ @‘%f g ﬁﬁw%\ﬁwama Fths, has

$91ya}ah§-o%ﬁarm££&%d9ﬁmwdsads and | ess than 1000 ppm
of

Alternatively, this invention relates to a polyalpha-olefin comprising more
than 50 mole % of one or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has:

a) 40 mole % or less of mm triads,

b) a Bromine number of Y or greater, where Y is equal to 8§9.92 * (V)
, Where V is the kinematic viscosity in ¢St measured at 100°C, and

c) 1,2 disubstituted olefins present at Z mole % or more where Z =
8.420*Log(V) — 4.048 where V is the kinematic viscosityof the polyalphaolefin in
cSt measured at 100°C.

0.5863

Alternately, this invention relates to a polyalpha-olefin comprising more
than 50 mole % of one or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has 40 mole % or more of mm triads and less than 300 ppm of a
Group 4 metal.
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e g~ A T = I T TR S P

aI um num 20 Alternately, this invention relates to a
poI yal pha-ol efin conprising nore than 50 nole % of one
m)re C5 to C24 al pha-ol efin nononers, where the
Wp é E‘Sa olefin has 40 nole %or more of mmtriads and
U/ 600 ppm of  al umi num 25 Al t er nat i R/ {52062 231
invention relates to a hydrogenated pol yal pha-ol efin
conprising nore than 50 nol e% of one or nore C5 to C24
al pha-ol efin nononers, where the pol yal pha-ol efin has

50 3 P BT 2B B PR,
19% oféne Bnofe €3 tdam:znmhartﬂéﬁzf mbmnms wHEe 2001 Pl Fih5 9

PCTI US2006/ 021231 -9- Alternativel this inventjon
has 49 mole Y0y M@%?Mdﬂﬂf@layﬁlkﬁh |1 Q@Q vpm bW ldg

arﬁl%ﬁaﬁrbﬂ%ﬁ?ﬁﬂ %ﬁlﬁrﬁ‘gpgﬁ]%@p@hﬁe po yaI pha ol efl n has

mﬂtrlads ranging from95%to 20% mmtriads and | ess
PR e R R S SR S S L
1894 d e blehxaims foocay ay@émmoﬁﬁn@érg WhERThE payﬂﬂaanor e

than 50 nole % C5 to C24 al pha-ol efi n mononers and

okiivhgs Aot %ror 3105 0o (P sad s than AADNpPIVAE gaminum

%ln&%&%ﬁ than 1 and less than 2.5. 10 This i nventi on
So relates to process to produce such

pol yal pha ol efins conprising contacting the C5 to C20

nono s W a netall ocene cat referably a
race |ﬂs&@’fsnta°gtrala§¢§tcaaﬂ¥?@@fqléﬁq Rrpﬁ"é%?ram y

eﬁhnadotiﬁaé 946f on%raﬁl nfdhe €5 &pozmgﬁdibleﬁﬁ hRflodBis ORherd B,
optionally an al kyl al um num conpound. 15 Thi s invention

aowmuokﬁeém 40 molec%s more ofimoa iedsnd fess than 100 ppm of a
SDEl%taPl efins conprising contacting C5 to C20
rrers W'th a nmetall ocene catal yst and an activator,
preferabl y a racem c metall ocene cat alyst with an
al unoxane or act vator a supstituted

net al ASEEREN: PVE?-“%TF awwamarq} 9°mm51%rﬁ%r§o

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

aluminum.

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

aluminum.

Alternatively, this invention relates to a hydrogenated polyalpha-olefin
comprising more than 50 mole% of one or more C5 to C24 alpha-olefin
monomers, where the polyalpha-olefin has mm triads ranging from 95% to 20%
mm triads and less than 1000 ppm of group 13 metals, preferably less than 1000
ppm of aluminum and/or boron.
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20 netall ocene with an NCA activator. In all cases,
optionally a co-activator such as an al kyl al um num
conmpound mat be used. Further, these polyal pha-olefins
v‘(@nd any_ pol yal pha-ol efins descri bed herei n%} may be
HOHEERRt ed by contacting the pol yal pha-ol e FHUé}OPﬂﬁzml
hydrogen 25 and a hydrogenation catal yst. This
hydrogenat.i on step is often used to reduce the brom ne

nunber and/or to nodify thé-anount of mmtriads in the
final poly pha- oleflns Brief Descrirotion of the

Fi gur &dt em:'}@"qii’ é]ﬂ}F invention rglajes &bﬁhmgﬁ%tﬁ‘ii Relyalghsseletin

el SR A s A = 2

Rogomers2where thegrodyalphafolefinl hagsrign trmﬂprmgmg $rofh95%B 20%

G et &0 5, POED i f e et priferepfyfipsubal 02056
ggﬁsdfmlﬁnﬁ@ﬁ%y@{boss@ene for the formati on of A"

and 5 B conponents, including head to head connectl on
Figure 4 is a gas chromatograph for the C30H62 fraction

of ex rm eact i an

for t ndgéemn%gk%%ﬁ?ﬁ%gtoaa@?ﬁ@m qE"”"'Eﬁr e& is
ahanrimtmuﬂe RBS of szﬂphd-elfeﬁm nmnmﬁgs and hfvirgem Mmmfaloe 086

P e |sa ion results for
PAgEﬁéﬁ?I ‘%gé“ 6 an gﬁ@i’@b ared to SpectraSyn
100 and SpectraSyn UItra 150. Figure 8 is a carbon 13

NMRs pectra of 8Bs region of Exanple 36. Figure 9 is a
met hy [Thisriayestiomulsp Chptesyp ampssﬁ@g:odmemuch n@y@ahaodnﬁusa

h
SPERERREFihe s BT a el RUERA BB o
$prefesably ﬁfh.celﬁﬁ_ methllocéde atn]iysf}oﬂfpamatw@mml afQliindxane!
900 81 o FROTORIR SRDB) P ianalien SR ENBGR FoBpRIan o

of the Elenents is used as set out in CnntAL AND
ENG NEERI NG NEWS, 63(5)),
This invention also relates to process to produce such polyalpha-olefins

comprising contacting C5 to C20 monomers with a metallocene catalyst and an
activator, preferably a racemic metallocene catalyst with an alumoxane or NCA as
activator, or a substituted metallocene catalyst with an NCA activator, or a meso
metallocene with an NCA activator. In all cases, optionally a co-activator such as

an alkylaluminum compound mat be used.

Further, these polyalpha-olefins (and any polyalpha-olefins described
herein) may be hydrogenated by contacting the polyalpha-olefin with hydrogen
and a hydrogenation catalyst. This hydrogenation step is often used to reduce the
bromine number and/or to modify the amount of mm triads in the final poly-
alpha-olefins.

Brief Description of the Figures

Figure 1 is a graph of bromine number versus KV100 for certain PAQ's
from the examples and US 6,706,828,
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~27 (1985) . Forpurposes "of this invention and the
clains thereto, when a polyner or oligoner is referred
to as conprising an olefin, the olefin present in the
pol ymer 25 or oligonmer is the polynerized or
“?Ii%ﬁnerized formof the olefin, respectively, Likewse
QUYL8s the term polynmer is nmeant to enco E{L32006/021231
honopol ymers and copol yners, where copol yners incl ude
any pol ynmer having two or nore chemcally distinct
nononers. Likewi se the usel®f the term ohgoner i s neant

to COr s ho i gQner opl i

cool %ﬁ%iaﬂpﬁgmgmégﬁﬁ%gg%@yﬁ avi Wﬁ%?or
EEe KVE0U o2 bénaitlP A0is fdin e examles andCoR@aréliPcldedbiPles 1-
PCT/ US2006/ 021231 -11 For the purposes of this
finvention and the clainms thereto the term

"Pol y Lef Lt woe | ' FAD' i des
nomel By e Polabie real R BhRRARE e Brmarlh of A7 3", Al
Baonippnents; imfudidgiiead td led ommectiomer s. For t he pur poses

of this invention and th | al reto the actijv
opect Eguret B3 eaf Suipmen fos Mol sy Fiepos Sodble A
neut r Blgufy'5 is@'Possitle FaabticHf schdife for thr! iNddpendEhbsyinttests of
"cat al ﬁt systen is defined to nean a catal yst
3662 dbr/ activator pair, such as a

et al RGRIE AR Bf‘{h'énle%}géiﬁﬂb?ﬁ%%xamgﬁé?’%?{ﬁo.i s

used SCrirbe sucn a palr e activati

meansFigase Tisagiraphatf erelctionatsmilty fdr tiqExamgtladd bydrogenated her

i an activator _an optJ onal | a -activator 10
yﬁwrﬁ?r%{l @&%W%f%%{ﬁﬁ?ﬁ@&%&ﬂ% ?gQ/\hen_ it is used
to depfhid®iseUaibort 1BANMRs pdcki® bf 88§ de¥RhioP BxarhpledBans t he
activated catal yst and the activator or_ other charge-

bal anEigms Misiagnsthyl herpich pashGysbyanch regiersefihs earbagny B3 ¥MRay
%éch%@g}ﬁx&gﬂ“{pg&se a co-activator and/or other
arancin

ar ge- g noiety. "Catal yst precursor" is also

of t enFigafelCied gli'zllphaﬁnﬁﬂﬁ'tsqieﬂlmcarhbnh aémmtl K\/'laﬂifoéI

recursor, netallocene, ftransition nmetal conpound,
Grapies 3650 BoY %5?%&@%&6@#%?%@ A onpl ex.
These words are used interchangeably. Activator and
cocat al yst are al so used interchangeably. A scavenger
is a conpound that is typically added to facilitate
ﬁ%‘ oei zatﬁi on pol yneri zati on by scavengi ng

faail: D AFdfgers may al so act as activators

and NAY ub&l liepéif) thesev furilserid@ séienRAbi thaPericdic Pable of the
co-activator, which is not_a scavenger may al so be used

in  cEimeRs s ueedap st outin LHEMIGHLGND G NEWVS63{(3n
activerefjgg).yst with a transition

For purposes of this invention and the claims thereto, when a polymer or
oligomer is referred to as comprising an olefin, the olefin present in the polymer
or oligomer is the polymerized or oligomerized form of the olefin, respectively.
Likewise the use of the term polymer is meant to encompass homopolymers and
copolymers, where copolymers include any polymer having two or more
chemically distinct monomers. Likewise the use of the term oligomer is meant to
encompass homooligomers and cooligomers, where cooligomers include any

oligomer or having two or more chemically distinct monomers.
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nmetal conpound. In sonme enbodi nents, a co-activator can
be pre-m xed with the transition netal conpound to
forman al kylated transition nmetal conpound, also
referred to as an al kyl ated catal yst compound or

WRRYVAI4¥Y net al | ocene. 25 For purposes of t HEGEI/US2006/021231

invention and the clains thereto noncoordi nati ng anion
(NCA) is defined to nean an ani on which either does not
coordinate to the catalystlsretal cation or that

coordi nates only weakly to the netal tﬁatl on.

coor dFerdherurpeser i thisiatrgton wikthe clais getoLthegn b ase,

0 {3 ur at ed
S ABE" oAbl °pr P MEGRARmb KRGS 2,
%Hg?mais hﬂnémmérmmd dopMmfﬁmhmﬁkﬁnmwmriem e, |
wea ordi nat i C.0 t he, ca St. met a
ot | oo PHBOSTS Gl A IRCAH A LS IR fouts ot S RS g
ana %W&V&eﬁﬁﬁﬁcdﬁ%ﬁb theinggttdl dLionRUbrrad 6F tH@&at&lgsm ted
to, alum num dold, and plati num WO 2007/011459

PCT/ USko@an (catdigst systamp” lsdeﬁn;mt@mm aratalysls i ncl ude, but
are no 0 I and
BleEpidectidlbt il 5 AR 0B R AR sl PN Yatyst
@yﬂﬁﬁsﬁ“l is QSed3d aleﬁchba swhraipair bﬁfm activatian, itwisandithe anackieated ;
el ther neutra or IOI’]jC The ter ni actlvator an
sptalystpisratalyFt) tags P Wil §g 4V aIPT @gﬁo “&ﬁ%& co-activator

DRRASANHin BRHbE fich
é%ﬁOI chiometric agthil A\E)g%yg&ﬁi n“h%ggmﬁgﬂ%gltgdact i vatcora g]gn

lafensstivhtions it mehrathe adiivgted catalystaod theastivatorasatheoeharge- any

SaradiRaieR) O] s R Short B35 bhBaR Sotbiees
icodetiviato? and/6t atheschazehalaycihphoteny.ef i ns  ( PAC s)
conprising nore than 50 nole_ % of one or nore to C24

al pha’ (é"%t%[b’?tri’fe‘%‘ﬂﬁ‘? rié also oRenaeferred F‘i/asﬁ’\!e‘r?&lﬁt»%?f@*y%r e,
B ol B et it b Bmporbli e S ARITRIE ore
%amsmomnetal qougfler. dfHeye ﬂﬁrdsmﬂeeased ipterahangsablyr éfcavaihﬂ and85
Pyl e o nderSieg sk & scpyeRgi S ACoTRORR i o6
pol ya?'%ﬁ%adgﬁ gﬁﬁdc dﬁg&rrﬁ}e&{azgﬁ?m?ﬁ Cf?rz E%ﬁﬁﬁg&;akwgﬁxg

ammrﬁ@ﬁ Serbe SeavEREerS MAwalso Apb s acti aters and aey be refersad tp@s

PR A i ich Rpoli Sy oot M ueed n

conjunction with an activator in order to form an active catalyst with a transition

metal compound. In some embodiments, a co-activator can be pre-mixed with the
transition metal compound to form an alkylated transition metal compound, also
referred to as an alkylated catalyst compound or alkylated metallocene.

For purposes of this invention and the claims thereto noncoordinating
anion (NCA) is defined to mean an anion which either does not coordinate to the
catalyst metal cation or that coordinates only weakly to the metal cation. An NCA
coordinates weakly enough that a neutral Lewis base, such as 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.
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20 preferably 55% or nore, preferably 60% or nore,
preferably 65% or nore, preferably 70% or nore,
preferably 75% or nore, preferably 80% or nore,
referably 85% or nore, preferably 90% or nore

ﬁ 284701 4457 y 95% or nore, as determ ned by Cgrcg‘gﬁzgogmml
Nucl ear Magneti c Resonance (NMR) spectroscopy

according to the procedure_ below. 25 In another

enbodi nent, the polyal phabl fins according to the

B hetpliSERbIAE bIFHE pat o BARD, dRp iR, hodil

hmiasa‘licoabo‘uﬁub@l&snﬂnen%Mﬂngaﬂmnslcnnmnmstdmﬂﬂomﬁnc t he
Giost i b et Bex O pRiscid oo BHES G 4-OHabEM. 40

Eﬁlm&nc]ioﬁc abﬁba%%aﬁﬁmééa 'ifﬁahhautg%lwﬁkwss%é ange 30

is from1l . 0, from?2 9," or from2 to 18,

neutral stmchlomebfcactlwon@dé@wl&ﬂcld ﬁctlmtonca@ bews®l or from 8

%%FFAIEEE%S’ peasured by Carbon 13 NVR WD 2007/011459
f021231 -13 I n anot her enbodi nent, this

I nvenin fiditfod) 4 Re@étor i8 lafty Gshtdifer(3y Hi wigich 8 thsnicRACIcHomav | ng
90% or less mmtriads, preferably 70% nmtriads or

| ess, O¢Htef erably 50% nmtriads or |ess, preferably 30%
blvhRiSolghd ri ads, or preferably 10% nun triads or

. —On_anot her enbodi mrent, the hydrogenated

pol yalmpdprefeekd ambediment thiginvantion badates togeltalphawdafins on

0P sF e e Padogiala ' B 8 meeCe o oAt e

BoRumeS SprisfeyabByt 3 1i@ib1era lor mbfeDprdRirdtidly 6G B %ok ﬁhore,
synt hesi zed _pol ynmers. Proton NVR anal ysis of the

mﬂﬁvablb §émeled qvmrgumfgrably 79011(&@ Hranhere; Rrefepbbuidanols
|

% ey rEletl bt frotel STerstly 85 i Wior br

pmfﬁablyt B0 umle %aurtnmne,;tﬁeiBMyl% mols &oortmordgireferabiyel 00

e o R B i R i, o

Wycﬁ{,ahlmlth@rs Car bon-13 NWVR can be wused to

determ e the concentration of the triads, denoted nm

( mes oln anethgy embediment(this snyentiancfurthes relates ta PAQls having 40

TRIE T buonf e oS el S PARE Bk BRoetattl f o RO
pedferably 55% or mt@é , peéferablyd08cdr riore) préfieralllyod 596 bi Rioreppect r a

for PAQ sanpl e are acquired in the foIIovvlng manner .
¥ AR Jiore Prefersblynts “otr more, nopferabhig)’e of more,

9'&&&9&1}/ 854 or more, preferably 90% or more, preferably 95% or more, as
determined by Carbon-13 Nuclear Magnetic Resonance (NMR) spectroscopy
according to the procedure below.

In another embodiment, the polyalphaolefins according to the present
invention have at least about 84 mole % mm triads. In yet other embodiments, the
PAQ's have at least about 98 mole % mm triads. In one embodiment, the
polyalphaolefins according to the present invention have a ratio of mm to mr
triads ranging from about 49 to about 1.0. In one embodiment, the preferred range
is from 1.0 to 10.0, or from 2 to 49, or from 2 to 18, with more preferred ranges of
from 1.0 to 8 or from 8 to 49, as measured by Carbon 13 NMR.
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in 2-3 mM of chloroformd for Carbon 13 anal ysis.
Approxi mately -10 ng/m 20 (sol vent basis) of chrom um
acetyl acetonate rel axati on agent, Cr(acac)3, is added
to the sanple to enhance the data acquisition rate.

wéOnelTwsiasy of the spectra is perforned accor ACAFSeWoOHE31

paper by Kim 1.; Zhou, L -M; and Chung, H Journal
of Pol ynmer Science: Part A: Polyner Chem stry 2000, 38
1687- 1697, augnented by t18-identification and

integration of end group resonances, and renoval of
t hei r Inapothenembasiim stipventien Aiethgrrelgted do hydrpggnated

VS it ' Acorn
RRE) Y Rdving S0P o B  Riddy SRR TN S eilde el 2001
Plefekibly 50%aniiiais/of s preferabliy36 % uriess nibh &riads,rp predertbly

Eeﬂaks are |l unped together into clusters according to
$% i RS OTdRNE rr triad assignnments, and fit with a

Ber MOy dofier Ehbddiinbit! e BydrdBéhaR i BBk eAAERNRE 1] OF
these fits is Pr, the fraction 30 of nononer added with
thepeesent invention biveriratic §f mBde mydriads|of less thgw i nwith prefareed
set _.of %Ha?dq‘éreasurerrents (such as described by Kim
10 BPm 40LN % i sti cal nodel WO 2007/ 011459

PCT/ URROID Sp@dstapy provided issyahruataral iforBrtionatidut the) see
"Pol ymer Sequence Determ nation Jamegqoc. @ml |,
ayndbrsized peivess. Pretop MY analysispt theunkydrogena Effeht

. - i ity 5
gr e?erug%):ﬂ%aﬁ&ag\% Er g?nﬁlggkﬁlat e?ﬁggag(z'tgrﬁ{yg’r%ater, wher e
Wisitbstiduted itrigubstBeted 2nd vidyid8e R, Asvnsedabove,Lartom- K3 NMRisi ¢

Viscosity .at,.100C 10 f e | yval a-ol.efin and
8 BekpiniBe Bl R ntspler of B e B S -
QhAftRdtAely)Mn sorhé Sd¥ks) AnditlieHivell inothdrsO CafhoRa B SIMR can be
preferably Y+2 or greater, pr ef er abl Y+3 or greater,

peedrte datsroying the copcegirationaf the fradss d TR (gHH BFes)sr 10
. . ' ; f
(R ity o Moo tooent), A00HT B mEHP IR oFHY O

fardpldi Thbsdricenttatidnsodfaliésa srigds defies whithér the pelybtenis nor e,
based t he 1ot al I f _al t i
FRE R el BPgRBrn SRERLACAPAD BRPISTRAE IR
BSIRFvAR @ Rladne3. RE Rxiadly TO0-E0004hE b8 PAD Suiph B diéssied

nore, preferably 10 nole % or nore, preferably 15 nole

9 3 migtfshloreforand fordiarkarniGuinalynis, Aapspxishatelliel0 mg/ml
(P B L BRSNS oL R gl 2
neths saaple by efbandethe ddiacqoisition rdte= ABaly&i0 bf thg 6dctra ist. 0438,
%@&gr?ne\c{ alcgor&gg to the paper by Kim, 1.; Zhou, J.-M.; and Chung, H. Journal
of Polymer Science: Part A: Polymer Chemistry 2000, 38 1687-1697, augmented
by the identification and integration of end group resonances, and removal of their
contributions to the peaks used in the analysis. The deconvolutions are executed
with Acorn NMR Inc.’s NutsPro NMR data analysis software, using an 85/15
Lotentzian/Gaussian lineshape. The component peaks are lumped together into
clusters according to the mm, mr, and rr triad assignments, and fit with a
Bernoullian distribution. The adjustable parameter for these fits is Py, the fraction
of monomer added with racemic stereochemistry, For details of going from a set
of triad measurements (such as described by Kim above) to a statistical model
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ki nematic viscosity of the pol yal pha-ol efin neasured at
100C in eSt In another enbodi nent, any of the

pol yal pha-ol efi ns produced herein preferably have a
Bronmi ne nunber of 1.8 or |ess as neasured by ASTM D

WO 28701188 hreferably 1.7 or |ess, preferabl yPeTESHp6/021231

| ess, preferably 1.5 or less, preferably 1.4 or |ess,
preferably 1.3 or less, preferably 1.2 or |ess,
preferably 1.1 or less, pteferably 1.0 or |ess,

f bLy 0.5 I , f bly 0.1 I -
vk #he Bhmoulnslree "By bkt DlysmpmlinERe G
RaAUC RehdeBhEPRs2 New Ytk iwdrogenat ed and have a Bromine

nunber of 1.8 or 'l ess as neasured by ASTM D 1159,
preferably 1.7 or less, preferably 1.6 or |ess,

pCT) Rt Ry ety by of Be Al ety produged haein
DLy o PePerabiy 1 oor ) oas
3.8 /b4 ghere ¥ ip eainghaticel BQRYY o 1003 OF i f
ROAIBE-oRERAM WREH K 91Ny stheakiies RROUMPBHINAT 5

erein 5 preterably have % or nore of
oreiferably e praxsins nenibényofhil drgreatdrapreferably T2 whgneates, | k

h, . 1 nd v 3, 4.5 6. .7 . 10,
P9 V35 R e RGN of o e Romidg nighétis ™,
nfeadiiied it RASEM DNes.1 to 350 (preferably 1 to 300,

preferably 5 to 50), as neasured by proton NWVR and
where Z = 8.420*Log(V) - 4.048, where Vis the

ki ne ' i §d'iﬁ1¥1? I‘B@‘l’m I edagyr ed
at 18‘8@“&%%&9 pre tgérn:;}tbl y p I's :aﬁ)m%%%p?éd\l}?o. 627) 15
Preferghlpbave Ne/Bisubstituted clefinspeasentat uzdeVeor more, based upon
-dji supst Lt.uti ons _and the unit.s r nted b e
Hisiosal o188 ot & o 8ot Pssenllp ) Y B demeeeRPE |
PRAGPNME (pRe bl mb18 96 S1ahMeWrefefubly O bl @ givRe,d) , and
acqui ring a pul se-acquire experinment of sufficient
ot ly B mede Yeeorimaare.preferably 1§wnale egpmaeeon of t he

olefin region (approximately 6 ppm- 4.6 ppm. The
spectra are acquired at a 20 tenperature of 50C, with

t he t inpetitet anbodimestemyt of tlewilyalphaasigfimtpeodnaadheein

di ssal.ution (if, the s l.e 1s not conpletely dissolved
TS hate e dinbs T s Dieeety & £ OG TP ot |
bl8su3@ R} Protoh-INNIR) WRkR| 2/= €436l 0ge — 4048, wirtkd Phidtht C
region of the Froton SEeCtFUHICOHDrISES the signal from
kinemgtie visersiy of the pplyalpha-glefin measunesd a311809GhineSt egi on from
the unsaturated end of the polyner. In 25 cases where
mul ti pl e al phaol efins are copol ynerized, it may be

possi Il another embodiment, any of the polyalpha-olefins produced herein

preferably have a Bromine number of 1.8 or less as measured by ASTM D 1159,
preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or less, preferably 1.4
or less, preferably 1.3 or less, preferably 1.2 or less, preferably 1.1 or less,
preferably 1.0 or less, preferably 0.5 or less, preferably 0.1 or less.
{

In another embodiment, any of the polyalpha-olefins produced herein are
hydrogenated and have a Bromine number of 1.8 or less as measured by ASTM D
1159, preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or less,
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determ ne the conposition of the polymer fromthe

branch nethyl resonances of the differing al phaolefin

branches. This conposition determ nation can be WO

2007/ 011459 PCT/ US2006/ 021231 -16 executed if the
WR0A711488aks (resonating between 1.0 and 0. 6PEHHy2084/(21231

sufficiently resolved to allow direct integration, or

spect.ral .deconvol ution. The olefm c region can be

i ntegrated piecewi se accortyng to the chemcal shift

assi gnnments tabul ated bel ow. Chem cal shift rang{;11
Reefityehly d# op tess, preferablydti.3 or lessprrefgrably 1.3 oyless, greferably d.15 3

- d] [ Tr i ' 4.8-5.3
%r le%ﬁ’ ﬁ“?é.f%mb'f& Tés%ﬂg%‘gépll'yﬁ) Uf%lﬁeszf’. %—E%P%szfi é{‘ %gse ol efin
subintegrals are corrected for the proton multiplicity
of the contributjn species, . a for. overl. j n
O o Mo b D A i e PEE b
?}e@&?m? nhvt 2 181624 3t thoPe PRI RPrRSted T eifithR@s:al val ues
esulttng fromthis correctiOn can then be normalized
to give the nol e-percentage of each olefin 10 cl ass.

Compari son of (Ejhe corrected integral values with the
aliphatic integral intensity (also

ol efin concenkration n an absol ute basis (e.qg.

ol efins per 100 r enbodi ment, any
of the pol yal pha- in 15
preferably have | ess oup 4 netal s
(preferably Ti, Hf or rablyll ess than 200
ppm preferably less tRan 10 ) pre®gyably | ess than
50 ppm preferably |less than 10 ppm as neasured by

ASTM 5185 | n anpther e di , 0 e
R R R AR R R ERERTREL
hesEr, 1830, 35910 P20h istin inlRE& HREAPI3509 et ABEY 128300
preférably "i'ess than 100 ppm preferably |ess than 50
mmﬁf@v@fteﬁ%mawmymtmmdas measured by ASTM

3357 3. BUFLARD TS PR L bl oy of

polyalpha-olefin measured at 100°C in cSt, preferably Z is = 0.990 * V&7,

The proton NMR analysis (used to measure 1,2-disubstitutions and the units
represented by the formula above) is performed by dissolving the sample in
appropriate deuterated solvent (e.g. chloroform-d), and acquiring a pulse-acquire
experiment of sufficient signal-to-noise ratio to allow integration of the olefin
region (approximately 6 ppm — 4.6 ppm). The spectra are acquired at a
temperature of 50°C, with the temperature chosen to ensure complete sample
dissolution (if the sample is not completely dissolved at 50 °C, then the
temperature is raised slowly until the sample is completely dissolved). The
aliphatic region of the proton spectrum comprises the signal from the saturated
components, and the olefinic region from the unsaturated end of the polymer. In
cases where multiple alphaolefins are copolymerized, it may be possible to
determine the composition of the polymer from the branch methyl resonances of

the differing alphaolefin branches. This composition determination can be
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preferably have | ess than 300 ppm of Hf, preferably
| ess than 200 ppm preferably 25 less than 100 ppm
preferably | ess than 50 ppm preferably |ess than 10
ppm as neasured by ASTM 5185. WO 2007/ 011459

wBQi7Wsa896/ 021231 - 17 I n anot her enbodi nentPCTAFS2006f021231

t he pol yal pha-ol efins descri bed herein preferably have
| ess than 300 ppm of Zr, preferably |less than 200 ppm
preferably |less than 100. ppm preferably |ess than 50
ppm preferably | ess than 10 ppm as neasured by ASTM
Eﬂe&ﬁtede the nnﬂxyl paks (wﬂouehngdmweea r1)0 afd Q. Gppm) are sufficiently

%"‘%ﬁ’aﬁl dgr crl bed referabl y have

oY eﬁﬁm @c?ﬁﬁpef f?ffvg WiSPef erably B or

&vhé olefiRfc@E£6@Ednbelifts akhg&ca&s@mfc@;ﬁgefo&n@aiemaeaﬂﬁt han
ppm as neasured ASTM 5185. In anot her

' éﬁmeﬂ’@ﬁ@bulﬂiﬂ/b%?wt he pol yal pha-ol efins descri bed

trererm—10—preferabl 1@%&1&% Eé” TUR Ell f1

preferqm%_tjﬂeess t han SOup%p;gnpre erably

W{H asS ||LTaDU| ed UTI-\DIIVI jg‘n arrofher EIIDPUI eTIt,
] i
d.lly—UI LW pUryal pTl—cl OoTrTT1 Iin%u | D“cu I1UI CTTh

Le*z‘dh%bs i llavc | ess tHran STl of c:.l u||| oty

lcoa +Hhan566 f efet UI ess—tiam600
y Lo THR 5] yesp

pr-ef-erabi 'yzlcsa than

Vo W N rall .

idéne (1, “;915@5%

LJ IJUU

|
4t‘ha.. 1 1U—[J|JI P'I CI Tl Al y
| ess than 50 ppm preferably |l ess than 10 ppm as
TR 51¢hA GubliitedralbMrddodfectell Forah@pratn kUit the cafibafing
t he pol yal pha-ol efins descri bed herel n f&ﬂef erably have
appcm mefpwr aRRIRgRpatrihytiens (e b sahytitutrdo

in B 8oL 8Bl Y %mﬁ?@er g “9@9%2%?@58%

Ed;ramn cat thee bahdnnalissdte glvemﬁnehepeﬁ@nﬁg@ogdam blefin

e rred MV s, i ncl ude .t hos rom. t.0.55 1
éﬁé@r Cirsp ofihe BTeCisd iegalovalues i b phEpeds !
Hter MY (alsty ﬁﬁ&bﬁahyco%e@@g) da8 b3 hsBAe@iimE theAIdRH Nat el y
preferred MV s include 224 to about 6790 and 224 to
sbrrgntrationg pn an absghuér basis (e sidefinsmer 100rpprhons) he
pol yal pha-ol efins descri bed herein 25 preferably have
an Mh (nunber average nol ecul ar wei ght) of 50,000 or
| ess, In pioter embodimbny t&&;ﬁhlﬁﬂMeﬁﬁQiesmbe& Béreinl y
between. 250 and 30 OOO rsfsrably betmee g and

preferaly baviless thas 30pmbef hRtalE ecieTBY,
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.

O.'D

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.

In another embodiment, any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Hf, 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. |



10

15

20

25

30

280 to 10 000, preferably forn1280 to 4000 Alternately
preferred Mh's include those from 200 to 20, 900,
preferably 280, to 10,000, preferably 200 to 7000, 30
preferably 200 to 2000, preferably 280 to 2900,

WO PPy 280 to 1700, preferably 200 to SBOI/YSHG/021231
2007/ 011459 PCT/ US2006/ 021231 -18 In anot her
enbodi ment, any of the pol yal pha-ol efi ns descri bed
herein preferably have anipw Mh of greater than 1 and
less than 5, preferably |ess than preferably |ess

th an 31 aq@ﬂvr embpdipenteany qfrﬂmoiya@hamleﬂmrdameql beggint han

sty SOt Bl 868 ARIGAPRR Gufeiiind BRERITC

ddsk &faﬂat)e p‘mbpﬂemy Iessathigh ) fpm, Dreferbily 184s tieand Clgpnn be
measurf % GPC nethod using a colum for nediumto
Bed IMw%ht pol ynmers, tetrahydrofuran as

sol ve
cor 1 olbftr offodipiek, BT fAMARILAR Eudbidhctein,
mmierablgd;am lesmthan Q00TpnsofiGrowp i dmetalp(potfenvbly Bsor AlROC

o ok bibn s ety Rel B O iy oS b AR EM O

GlQQCws incSt)'S9. Simlarly, the relationship of
Mv vs, 100C viscgsity in cSt for fluids  prepared in

this Ehinoter smb adiment anyRbtks ol ﬁéphae@aﬁnssd%%h%w ng:
Mgty afeloss oo o b SR, Bredry 0¥ s 30
@quﬂ:mblgllaslthm m@mmmwmﬂmmm VS. 1OOC

oot togher oS By Sbthg ol i clbfit desclined hereid, ess

PhdTeraly Have 126K thad 60D dyi updlmmeﬁ%f ﬂﬂyt&gmsw% d
erre

val ues and not cal cul ated from 100. In a pr

oraferablydess than 60Ripem; preterablOless than, 348 pny peeferably desp than

300 R PBIEGey RO S B i 206 1&%%%@8@%&3?@?2@%
Itmg&ppanasﬁiaaﬁreckb}eﬁﬁﬂdkﬂ&s | ess than -25C, preferably
225 bhaudaseolbebr st Sobbieead Rt b
RETEabIFHaVe REVHERkight Eﬁri’gé‘i*nolg&lﬁr v&éi%ﬁ‘) d1119D.900 8Fless,

énbodi nent of this 1 nvention, descri bed herein

ps=ferablytbatnecen 100 aed, 009, Dﬂefﬁc@é}' quweqt 2500md £8,08@asur ed

By ettosd BRI G Herchel Mo eH! s b b,

(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
those from 200 to 20,900, preferably 280, to 10,000, preferably 200 to 7000,
preferably 200 to 2000, preferably 280 to 2900, preferably 280 to 1700, preferably
200 to 500.)
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C, alternately fromabout 4 to about 100,000 cSt,
preferably fromabout 6 ¢St to about 50,000 cSt,
preferably fromabout 10 cSt to about 30,000 cSt at 40
C. In another enbodi ment according to the present

WOoReei45h, any pol yal pha 30 ol efin descri beRCTHE32806121231

may have a kinematic viscosity at 100C from about 1.5
to about 5,000 cSt, preferably fromabout 2 to about
3,000 cSt, preferably fromgbout 3 cSt to about 1,000

cSt, nore preferably fromabout 4 cSt to about 1, OOO
cSt, Hraboiher anbyhetisy dBCR polalbe-/obdins describadherein nor e

RSt i AR Bl ot m bR hend pgietan s than

Wi Srefefdbly 1865 thah 3, Peefbrablidest thad 215 pRfRalilPlesethad @0C i n
on%eerrboym ment , g)ge from2 to 3080 cStsBat 100 Cin

Mistately anyios thernolyalpharplefins deseribecbherein praderably hiaye amot her
t lefin h 5
REDRE ERpcell 1182 BhoknabV SRR TuI S50 O TS S @
acc ?r Theiwt, MIE hﬁi Mz e&aneasuned gg GP@hmethyd m‘mhg/abcpihmn for.
| escri,pe aVv i nemat i C Vi sgosi t
oo 16 GralGr ot WELSHE Rl e By fa 0°C or

gyﬁmaé &f SNiBRMti¥n 319&1&1,%%& withthé'Bad wise@ls@mceﬁiyw

10 I n anot her enbodi nent according to the present
|arwem¢qunt1@ny pol yal pha ol efin described herein rray

Cas. b Srinstibef SARGID Eovseoniln T shis ibaPn,

%ﬁ@ﬁfv@ﬁtﬂﬂ &ﬁgtlﬂﬁecé}{e%?&id i6 BVBNSWRR: MW =P8k WalkRNe0°C vis
ol efin described herein may have a specific gravity of

in 0%)’T8". (Sidlaxy, dhsrelatibnghireéviwbisyl (9°€ Fiscosity. i 4Sifbrigids
The PAQ s.prepared .he artlcul tho of. .|
PPeBeisda i btBoR being hekenge frel Hantoliswghes B 8234 £5%
(@S whére Veis BRGliRdnatic Sikcbafy ieali@ed B 100°@ &1 éS!rWlh&?&her
autonotive engine oil fornulations either by thenselves

@lphirplaging muagi a6 feed, Bindiw v 100°@sviscositstrelationshinmay | |

k
R b, TR Uil e b Bl O S ot 0045 20
Fi shelUnlsopherwiseipdicaedMuovalsas népoaiad Berbinaiie GPCHRAIuSY iind

gas, ,or ot p IV or Goup V base stocks. PAGCs
RaLs allﬁj‘]‘}@ltg\? Kf%@ﬁ\S cSt to 8 cSt are also preferred

ndus i Bl SRLBGHA TS Snvgic R EROSRRRY Bunti
oSty havelepous print of lesn/than X5 (aa measiwed baASEM B97); pecferably
tféééﬁ:%ﬁid’%f prvgférgbly less than -20 °C, preferably less than -25°C, preferably
less than -30°C, preferably less than -35°C, preferably less than -50 °C, preferably
between -10 and -80 °C, preferably between -15°C and -70°C.

In a preferred embodiment of this invention, any PAQ described herein
may have a kinematic viscosity (at 40°C as measured by ASTM D 445) from
about 4 to about 50,000 cSt, preferably from about 5 ¢St to about 30,000 cSt at 40
°C, alternately from about 4 to about 100,000 cSt, preferably from about 6 ¢St to
about 50,000 ¢St, preferably from about 10 ¢St to about 30,000 cSt at 40 °C.

In another embodiment according to the present invention, any polyalpha

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



25 O I, I, 111, 1ll+ or GIL derived | ube base stocks
for use in industrial and autonotive engi ne or gear
oil, especially certain high KvV100 grades of 3 to 1000
cSt which are especially desirable for use as bl end

W 9eu0wdseh G |, 1, 111, H+ or GIL deriveRCTUE06RES1
stocks for use in industrial and autonotive engi ne or
gear oil. They are also suitable for use in personal

care applications, such asl1Bkends 30 w th soaps,
detergents, other enollients, for use in personal care

yetmpre preferablyfrom aboui & RSt to sheih360 65t agameargehbr ASEM: . WO
/ 21 . - 0
PG the AR iy AP lechiite i iQranle SO0 oSt a0
412 oh®embdairiént,30d FroafE td 3008rSt &t 00 ECHiroatiothen tmbbdimedOhrsd
ve_KVi go' s ranging fro about 32 .tq, abqut .10 In
Tk auto S0 G amnet ebbdimet Aoty SO tp e bay
ARVRPbyRistha oekef i n described herein may have a
viscosity index (VI) of 100 or nore, preferably 120 or

nor e, I pesthsr siwbodineot ascordingdo thelpresenfameaniion ai palvabghat o
4 | t tely f 00 ta 400 . al t.el 20
Xt gBstoief Bkun s B s iopts e Schsi of EoPERy 31 RSt
148 alfRsIBFdInt F156703E bk, prefablPRN0 T ¥Qfore Msirbsab@te by

from252 to 306, alternately the viscosity index is at
|ASEM PPt 165, alternately at |east about 10 187,

al ter .
oyt e erBnbpBish £iGngiDthe Fib il BROS R prlF0E
blefircdeseribed hérebanayrieaves dicleatriecbnstant dB2.6 kKivleao(1dfHzat £8
10, c§t), the pr VI range is from 100 to 180.
\/&?égﬁﬂ)ef’?n?‘ﬁ@gég@égg&m ned according to ASTM Met hod
D 227Gn Qrbthel BRBbdinmhi acdsbragipab kife présSHiGavdntion aﬁ;,?ﬁﬁyaépha
reported for fluids herein are neasured at 15 100 C
i fosdesesibied havieinamaohavd a sproifiggreviiy of ok toP. Wegicmhen be

' | tipd ying the neasured ki nematic
3’.%‘?*3@5’?% t}(/)Oﬁ%leé/ ensity of the liquid. The wunits for
Ki nentthe PAQ'SHedréd/hedéift, paptictifirlsy, thaye oTont yisceity Gutless t o

cSt or, centistokes (|cSt =10-6 /s or 1 ¢St =
thgseSuth 2 Kigoe ob Y PFrl?ﬂSs e eFeeialysuitgble fer basslbe%ﬁamamc
| YRR VE Bndi RetukliasSei@br hohdnscblls 8t BYBreRtiRs Wit oth
whi ch haveélgeﬁ%]i que chem’lc%ﬁ corrp%si ti oﬁ?cﬁgr acter i’ozgfj
fiuids, buchias Goanpdb diraye IIf Growp gUcGiosp dIt or hibetase stocks
cQnn ' h ) sitkiqn of t ner. chain
VGBS0 R0 B0 oR Rt Fplon ottt iRl
[hydsocadbph synthess iffom COMIR syis@e, d? vitiehSfeup! IVes GroupoVeasted
W th otksr fl uiIg% ha\ée uni (%ue | ubri cati on
stocks. PAOs having KV109's from 3 ¢St to 8 ¢St are also preferred grades for
high performance automotive engine oil or industrial oil formulations. The PAQO’s
of 40 to 1000 cSt made in this invention are desirable for use as blend stock with
Gr I, IT, I, I+ or GTL derived lube base stocks for use in industrial and
automotive engine or gear oil, especially certain high KV grades of 3 to 1000
¢St which are especially desirable for use as blend stock with Gr I, II, I, ITI+ or

GTL derived lube base stocks for use in industrial and automotive engine or gear

2]

oil. They are also suitable for use in personal care applications, such as blends
with soaps, detergents, other emollients, for use in personal care creams, lotions,

sticks, shampoos, detergents, etc.
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properties. The term "head-to-head connection" refers
to a connection formed on 25 at |east one end of the
PAO ol i goner or polyner in which the penultinmate olefin
inserted 1,2 and the last olefin inserted 2,1 into the
W8 308BMH845%90r pol yner chain, as illustrated | PCHHE00HRES1
schenme in Figure 3. Another enbodi nent according to the
present invention is a new class of hydrogenated

pol y- al pha- ol efi ns havi ng-20uni que chem cal conposition
which is 30 characterized by a_hi gh percentage of

uni quin ansther embedimgntdbnPaOts ke BtV 1eolsaanging fiems pbeub A2 &

AR G b A L ke 5 T i 1 ST

bdun 32 tdatshud HENelti on. The new pol y- al pha-ol ef i ns when

used itsel f or. blended. wi th another f.luid hav

i quo? st embpmenGiating b e pFRBH AEyeatiph Gy BOMFIpba

dfetit ddiciibed Rerbid riay HAYE B isOdbitd iRlek YV G100 oFnBR Sreferably

trimers, tetramers, or hlgher ol i goners of one or nore
oIom

(20 pomoxzdprsfarstily 130 temnaislys ffamnblOiodhe, alfemaighe C5

t I -0l efi f I

B 005 4001 BtrBlaly PR 90T o, BRadap Gotn RO 300, 21y
alterdhtplydron® 11 40 10880} dlferiatdly fromU180 té BOB, ahémattlylfbas252%0
carbons away from,the ol efinic,double . bond can also be

FBplternpis! e Viscostdndsae & lsstsladleldSnaicenaelypdeast thant
"’187,"Qlt>éfn'zlfe?)% e uadol Afepibiel ht: 10 Rbout 2301 eF ‘ﬁgin& fo¥er

ol i'goners ‘tromthese al pha 10" ol efins have car bon
rvisobsity fhadsghady fiono irdide onl-Ge@ne Fquivalent fedds (BVigokst

| ly t Light .f ixgh £ e {1 uj.d
3050t Prsttirot et Gufaofys 18k BReEy R erhinds
hb@idifig & ASTREMBSthed De27e/98gmoslnber of greater than
C20, faor.. exanpl.e C24 and hi gher which are nore

pr ef e¥iddnematisi ot eblepapered for flyids herpege measysad A ed
S R T i
spatplzing yheapedsined kinenmtic gisedsitpby thel dehsityopfithaliqiid. The

, int thi , 26t i th || ent .
B8 B Pegesh B 5, Sottsae i Bt B astor opmitatey
Reest N 0BRER ok h b= mdfYdeg) i n the C20, or C30 and
hi gher_fractions typically have |ower viscosities

maki n&nesabodiarcat acsprdingrto thequesentipyantionds ey class o€ polis
Pt Slott e B AR Ry B R i SRS allgfon R 4 i
\potcatiiage dfjunidiieetd-Hitnd vomectivins yit the enipdsiticasufaiid polymsere

5 B S R R g
\is&FSthbMsdlvesion S1cal&l Witk Sthéraidsa98 dnhOmkacdidh | ube

properties. The term "head-to-head connection” refers to a connection formed on

at least one end of the PAO oligomer or polymer in which the penultimate olefin
inserted 1,2 and the last olefin inserted 2,1 into the oligomer or polymer chain, as
illustrated in the lower scheme in Figure 3.

Another embodiment according to the present invention is a new class of
hydrogenated poly-alpha-olefins having a unique chemical composition which is
characterized by a high percentage of unique head-to-head connection at the end

position of the polymer and by a reduced degree tacticity compared to the product
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ot g st

appl ication to i nprove the Vi SCOSI ty. Because of their
usual Iy narrow nol ecul ar weight distribution, they
have superior shear stability. Because of their uni gue
25 chem cal conposition, they have excell ent

wohs@ERAMAES I cs and unexpected |l ow traction prromAS2e06921231

These hi gher viscosity PAO can be used as superi or

bl end stocks. They can be bl end stocks with any of the
G 1, 11, IIl, U+, GIL angy& V fluids to give the
opti mum vi sconetrics, solvency, high and | ow
ﬂ:efasrﬂah}dtageaatlolnu {thie neWy:plyeﬂpha—dems when et bybitselideblendedh

pr. a ves, udi ant i oxi dants, 30 anitwear

g‘i %‘qm@h\a%we Q‘g} Spersants, detergents,
corr O?hé’PAO%']ir@ddc@ﬂ ﬁoco &g‘@mﬁh&u&w%ﬁ gisifetl; ©
addi tives, seal swel Itives, and optionall y

i e SErameTs iﬁg@ﬂsohgf@m@rs afieseel metedi oC2hakeftn

bR aBI2 e Sh4fitp 3 o e AR ¥ MR, ”‘f?% o

AP bi mat;nm ,CHdinehr aljda- mmMrme et alphaic. |
New Yar 2003.. Process One_enbodi nent .of .the present
it ff

iolafim ittt isubstisient ableast & GRTBoRS AV JTOr uce a
DM CAnE et se@'fvyﬁéa@@%eb gsriﬁodmxd ﬁ@mﬂ'&k&&kﬁdﬂ‘zﬁm cal

conposi tions. h1's | iproved process enpl oys
meikBird afoeany d@ﬁtrailtwhgemmg Eheremallest dhggmen*»cﬁ'omﬂwes,e alpha-

TR i et e R R R
WSty deClight %tﬁﬁ@dt high Srimad B das aﬁp[libﬁﬂ)n They are usually

cycl opent adi enyl ,

enyl  or quorenyI
w%@méhea@gheaphs%ﬁlaﬁ %@w ony ngpperof n@"— ﬁ@ﬂ%fm ed
peane Il3 024 Qﬁéh@ﬂé‘ﬁwﬁbﬂ &e%&@%%ﬁeﬁ-ﬁhﬁh er i (fh&f fiyq@nd

hi gher rod Vi scosity er p ass of
rithese slemwné €1ateCR0 pligpmbr alefins snibs cortasperdling paraffins after

iopPahoR o e AT Ry SlcEneeri AR e, o
fsb@sts pame tififer, A8PREA efdelléd? emlaé%gﬂjﬂﬁ? teisHy, vireskitR] ei n

al so includes treatment of the efins to renove

et albg ighmsriognance dyishirection i the £8Qi ar €30 apd higher, frastipsyr |

N B BB AR LRYy PR o R Slplgaions

:C snldfj &dﬁ&er;f&él&lgig&ﬁmy, e ﬂ:ﬂidb%rgdafbﬂjltgmlﬁeﬂbWem?émutegmw 5

0 era (e} n a pr erre
RERGHicRea dow Pl CTHeRasher Bpigeioe broguct, Wi BLEwe it

nﬁgﬁymr@e dggea af ﬁﬁlﬁn&ﬁz‘%ﬁbﬁ‘ha%%fj 15Wehousfof020 or C30

contactin | east” one al p a-ol éfi n nonomer haV|ng 5
tcompenesh r bsse high yissositytfhvids ar%@@mlem bend stedksdprlubonpound

(aBﬁ]fJa%ml ﬁﬁp?m@ tﬂ@'!/%co‘?»ﬂﬁ Sééctaﬁge%? their usually narrow molecular

weight distribution, they have superior shear stability. Because of their unique

chemical composition, they have excellent viscometrics and unexpected low
traction properties. These higher viscosity PAQ can be used as superior blend
stocks. They can be blend stocks with any of the Gr L, II, III, IlT+, GTL and Gr V
fluids to give the optimum viscometrics, solvency, high and low temperature
lubricity, etc. When further blended with proper additives, including antioxidants,
anitwear additives, friction modifiers, dispersants, detergents, corrosion inhibitors,
defoamants, extreme pressure additives, seal swell additives, and optionally
viscosity modifiers, etc. Description of typical additives can be found in the book
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W2007/41088 kPa) or |ess,

n e g N, 1 ot SR 55 A e 8 e P b A et 55 B e st

conpound) and an activator under pol ynmeri zati on

condi ti ons wherein hydrogen, if present, is present at
a partial pressure of 200 psi (1379 kPa) or |ess, based
upon the total pressure of the reactor (preferably 150
preferably 25 100 psPCT/ESYIGER331
or less, preferably 50 psi (345 kPa) or |ess,

preferably 25 psi (173 kPa) or less, preferably 10 psi
(69 kPa) or less (alternatgdy the hydrogen, if present
is present in the reactor at 1000ppmor less b MEIght

PwbrizatAdditizes” Ghemistry andedpplicatians cdabl B. Fosipi

ess r ppm or | ess, preferably 100 ppm
t)re%fdé’s@?" F‘%%F%&%éyso ppmor | ess, preferably 25 ppm
Pfock®ss, preferably 10 30 ppmor less, preferably 5 ppm
or Tess), and wherein the al pha-qlefin nmpnoner, having

5 to Oneembaskimentosthe Hl‘%s%trlé‘é,@ﬁfm disclatss ¢ FPRE VoA RIPCaFB G

ARG AR S e MR e R Eeonich

This umlnmed pmmo employs mntillameyxe catanrste tugether wﬁbbnfemnmore

resent eacti on; and t ai ni ng
B nieh e R alySiog R O Eompor bR MRy B pstalicerme
Prﬁb:taﬁbé‘h Bﬂdg’éd%ﬁ%brfdﬁ@%rshﬁdtﬁﬁe@ér UnSasstitubdd ol e% of a
C24 al pha-ol efin mononer, wherein the

pmlwt@ﬂ@nﬂl r@flmyl hefucsenol sempeund. Bng preferred class ofietalysts

A bt R i B0 U A AL ORU Y R
ﬁ‘bdnct@ﬂncosl@v wimether pzefdrred rethssofmetalioveinss are”iniﬁrgedh dmht ly,
10, 11, .12 .13, .14, 15, é%“é

i@sﬁ&@d cygbpezliadwnﬁ Apother prefered ¢lass of @Ffallp%ﬁwaarﬁ bri
anflsudBfthRd Indend: &%ﬂo&ﬁé’s( \One asflec? §Bthe Ph8ERes\lesdritiel Berein

Kinematic viscosity of the polyal pha-ol efin neasured
also mhtdefs wmeagigent of thelfeednlefinisite rameave cetﬁlym:imﬁ@m, suehidss

RS, Rlvdef, I rlfhele BbARRG o Gl RIS R, end.x,

séetﬁam e@ﬂwunds rMthi@fredtdaitis belival icredse tdtilystnon o mer
havi ng to, 24 carbon atoms with a netall ocene cat al yst

E&ﬁ‘t}%t%‘ab typigallymore thany folgd pesterably sepre s A0 fldi vat or or
al kyl ff 45/e1eA08 efbbditihtOthis RPChtBR 18830 | a¥%prdfss to produce a

polyalpha-olefin comprising:

1) contacting at least one alpha-olefin monomer having 5 to 24 carbon
atoms with a racemic metatlocene compound (preferably a highly substituted
compound) and an activator under polymerization conditions wherein hydrogen, if
present, is present at a partial pressure of 200 psi (1379 kPa) or less, based upon
the total pressure of the reactor (preferably 150 psi (1034 kPa} or less, preferably
100 psi (690 kPa) or less, preferably 50 psi (345 kPa) or less, preferably 25 psi
(173 kPa) or less, preferably 10 psi (69 kPa) or less (alternately the hydrogen, if
present is present in the reactor at 1000ppm or less by weight, preferably 750 ppm
or less, preferably 500 ppm or less, preferably 250 ppm or less, preferably 100
ppm or less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10
ppm or less, preferably 5 ppm or less), and wherein the alpha-olefin monomer

having 5 to 24 carbon atoms is present at 10 volume % or more based upon the
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al kyl - al um num conpound, under polymnerization
condi ti ons wherein the al pha- ol efin nononer having 5
to 24 carbon atoms is present at 10 volume % or nore
based upon the total volune of the

WOR081/81845P act i vat or / co-acti vator solution, nBHgHE021231
and any diluents or solvents present in the reactor and
where the feed 25 al pha-ol efin, diluent or solvent
stream conpri ses | ess than2300 ppm of het er oat om
cont ai ni ng conpounds; and obt ai ni ng ,a pol yal pha- glefln

éqsﬂmoltmmmf the catalyst/actiygtor/seragiipatar sglutions, mopomers, an

4 pol yal pha-olefin has a
%@%ﬁ% |s§‘}\7ﬁt§' %tb}g@%ﬁég? 5000 cSt or |ess.
Pref egpbl y obthimﬂfgagmtyalphﬁ-oﬁnfhs@ttonw BRibdgefdting3be PAO,

e DRG S it ot Ra s 5ol Py b3 5 C R S -ofin

ess,
3 ePE{"E e poptn bt éf“”%‘?é?é’??b‘?‘ﬁ‘ o] ees.

5008 eStaiy ﬂgss,zssd ﬂpmowalplhe@beﬁnp‘pmpemtﬂ poleds ppmperof upids s |
pref er or less. 5 1n an alternate enbodi nent,
£ ?@%@b&ﬁ%ﬁ&% fates to a process to produce a

pol yal pha-ol efin conprising: 1) contacting a feed
stream conprisgCpg at | east one al pha-olefin nonomner
having 5 to 24|tarbon atons with a netal |l ocene catal yst
conpound and oor di nati ng ani on activator or

rization
nonmer having 5

al kyl -al um num
condi ti ons wher ei

based upon the total
catal ystlactivator/co- lutiQg, nonomers,
and any diluents or solvents pr nt in the reactor and
where the feed 15 al pha-ol efin, diluent or solvent

SHRFE RT3 Gas| S0y 00, SRIVEL, 186 010856816, 15,

o (i yCZZaIIBPB%]aD,diH n;mﬁmaxﬂntwgmmllm?.io Eﬁ)d nmol e% of ? C5
t -
s 71 AL P B ) 400E, Vhore Y 1 Gk BBt o8l s s,

aﬁ%%ﬁéﬂiﬂnéé&&rehﬂ@ﬁm‘@ﬁﬁswn pol ymer s and t hen
ting this lube 20 fraction with hydrogen under

typ| cal hydrogenation conditions with hydrogenation
c at al yis un altergate enbddimentyshistintention redates tors @rocoss topwatiugs a

Hmflte %%h g@%%ﬂﬁlfﬁlztiﬂgethe | ube fraction polyners
1) contacting a feed stream comprising at least one alpha-olefin

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



s rentoins

fraction wth hydrogen under nore severe condltl ons

W th hydrogenation catalyst to give fluid with brom ne
nunber below 1.8 and with reduce nol e% of nm 25
conponents than the unhydrogenated pol yners.
welowEsel y, in any process described herei PORERHGEH I
if present, is present in the reactor at 1000ppm or

| ess by weight, preferably 750 ppmor less, preferably
500 ppmor |less, preferablg4250 ppmor less, preferably
100 ppmor 30 less, preferably 50 ppm or | ess,

i neesentiib e reactonshl e@&pwg lesp blé Peieh |pyef&1@blpfﬂﬁ0 opm of ks

T e T R

mg,cpmhﬁﬂlym pom ohilesy, prpfopably 25 ppraoe tess, preferablyd S@ptn drn

e feed at. 1000 ppmor |ess by weight, preferably 750
éf'ﬁ?npéqeqa@é’ssl’lmb?’élle ably 500 ppmor |ess, preferably
250 ppmor |ess, preferably 100 ppmor |ess,
preferably 50 ppmor |ess, preferably 25 ppmor |ess,
pr ef el attefr@termhodiment, thlests'enimetbbmm §pOCEssite prodiasgs .

igﬁ%ﬁ %ﬁgrwl se .stated all pressures in psi are psig.
YAPPR; QISR cPmPUSDE:  Corpounds 10 For purposes of this
i nvengj on wi&chhga@féealsﬁfsmﬁ bfiising dt Msti ok Apha-olefin

“hydr ocar byl _radi cal, drocarg{ " and hydrocarbyl
@mﬂeﬁwf havisig ted4 darhoa aiomiiteametalieee aelyst compeund and

AEEEB el 0 ot B LAIERE R setval et Bptional 326
m]hybaldmmmecmnpd’and underrbergizetion ckundmdnswhersmrthﬁ alpha-

olp oY hevlle 8 B4 carton b § Prsie 861y W chanorgy o,

®idel ufon ihB ‘i‘oth!l&%hﬁﬁé‘éfqﬁé‘cz{tﬂﬁdt&@ﬁvamo aBGvaASrRoRtibE, OF
non-aromatic. "Hydrocarbon radical" is defined t'o

imespms, andi Ay dilpenteer soluents pessentin thaaeastor gnd where duerfosd |
it ST Ao byt B6Eres ond 8 S0 Bom S hot AR
e o e e«
e Eie RN e TR et SRR R A U

%@mﬁ&aaﬁﬁ’i&m m@!ﬁfsoﬂi@ Btorfigs;2, ASR*2a SbR*2,
BR*2, SIR* GeR*3, SnR*3, PbR*3 and t he Ilke or

V\/n ere at | %)as@lamEthﬁ bive tﬁy@trommims antdthrerpeongactiogthisdube
kﬁ%& \gnrthc’ﬁ ulg%gd Vﬁ”n%lgr't?p t%‘gxﬁfr}édr o&ar b&ﬁm r anZI}V;l:t_%l _Spij(:h as
16O Fenhtion sabdlyst toBiNeRlvid with Siﬁbmme-ﬁsmber%foﬁ" 1.8-or
alternatively, isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under more severe conditions with hydrogenation catalyst
to give fluid with bromine number below 1.8 and with reduce mole% of mm

components than the unhydrogenated polymers.

Alternately, in any process described herein hydrogen, if present, is
present in the reactor at 1000ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
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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25 Ge(R*)2- -Sn(R*)Z- -Pb(R*)2 and the |ike, where
R* is independently a hydrocarbyl or hal ocar byl
radical, and two or nore R* may join together to forma
substituted or unsubstituted saturated, partiall

WOn8Ma4a82 ed or aromatic cyclic or pol ycycl iRETYSagp6/021231

structure. Hal ocarbyl radicals are radicals in which
one or nore hydrocarbyl 30 hydrogen atons have been
substituted with at |east-@he hal ogen (e.g. F, d, Br

L) o7 Bitease ey honsstidotbes hBretndid: tI%Pliﬁf%lals
ﬁﬁ%s&ﬁ?ﬂ%)f}feeﬁ%@l g%rﬁﬁﬂegsqﬂ,lvg@@ﬁ e EFoBi o5 0%prd @A8, one

ocar n or hal ogeh atom has béen
prefertbly 60€ep|pmnor tesatpmfeabw 260 pprh@nless, prederably d0p rpewEh as

e oleciop 3 o R, psttly 2R B R ST it 0 PR

&8 FrefSrably W@rlegm atom or group has 5 been inserted
W t hi n the hal ocar byl radical such as -0-, -5-, -Se-,

-Te-, -N(R*)-, =N, -P(R*) P-, -As(R*)-, =As-,

- 33% Rl»%ﬂes ﬁﬁ%me)%@ el MR, o (O

ankdltalyst £o dscar byl or hal ocar byl radical
prow ded that at | east one hal ogen atomrenains on the
original halocarbyl radical. Additionally, two or nore

R* mayed swoittﬁaqﬁxtb%oﬁ ahd tRE BhidsIhddsh] the t@shs OF

unsubstlt ed saturated, partiall unsat ur at ed or

ahyhreaartyl caﬁeqal,“ "eydrqpetbyl | and hydracaiykareu'tase Bsed
THhAREIY, AfbnSR dhis dBluiort A AGIsE e R0 Bleup ) Bl
Ghind Exubtitudng’ dréelso nﬁbdaﬁteﬂxﬂmgeab‘ly thi'omomsthls EnoalmémsFor
SPeeLor o e S o™t B T i
%h& hRy B¢ E.an rB}aﬁJBEa | dr G 1ieh §¥1Rn Ryclics mem&eeMeﬁlmamay

hyd rocar hal’ocaf byl radical and'two or nore
rtayqunmtm ot mgeammatlc o"demmawoslmh@al't latdef;{nadrto mclude

t ted.s r I ted
BT E T el Gao AR tafionl, BRI e
@@dlmté eﬁsﬂ&%ylmﬁw@aﬁd ehaih3l faaiéala Q ﬂ%keceﬁbyérs)iemfee
roups in which t ger nyl functlonallty IS bonded

elﬁ@’c tS“PSttttbted hﬁdrp%bxla@@@ﬁlmrﬁdmal

B R bR e i B ﬁr&fﬁ%ﬁﬁéﬁﬁa euh 3

GRNORY JeRAnTeRY) G’H*meNbL@bR*B’SRI*SBRﬁﬂ SiRNdGeR tySuR *;,
%&O@Hﬁ? ke Hﬂ%ﬁ? i1 b?’ (lmeé%g- yglrocaa} gn igtg\llI)l o?'rgroup has been
inserted within the hydrocarbyl radical, such as -O-, -S-, -Se-, -Te-, -N(R*¥)-, =N-,
-PR¥)-, =P-, -As(R¥)-, =As-, -Sb(R*)-, =Sb-, BR*)-, =B-, -Si(R*)z-,
-Ge(R*)2-, -Sn{R*),-, -Pb(R*);- and the like, where R* is independently a
hydrocarbyl or halocarbyl radical, and two or more R* may join together to form a

I‘"

substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

Halocarbyl radicals are radicals in which one or more hydrocarbyl
hydrogen atoms have been substituted with at least one halogen (e.g. F, Cl, Br, )
or halogen-containing group (e.g. CF;).
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substituted or unsubst ituted sat urat ed partl ally
unsaturated or aromatic cyclic or 25 poI ycyclic ring
structure. Polar radicals or polar groups are groups in
whi ch a heteroatom functionality is bonded directly to

wh BR7hoNdsscat ed atom or atons. They include RETESYRE/GAIRII

of groups 1-17 of the periodic table (except carbon and
hydrogen) either alone or connected to other elenents

by coval ent bonds or otheragnteracti ons 30 such as

I oni c bonds, van der Waals forces, or hydrogen bondi ng.
Ex a rrrﬂubsumfed hblonabylonditalh et eadicaloimvdoelt aleastruge @abupbyl

5 o By o

ﬁicH%E‘NRO? o sERﬁlTeR‘*@li@zONsﬁ"zl 45R* PSR+ Ll‘ﬁ@floéil{@? t?e‘kl"a,

cha Grou anal ogues, al ‘cohol s and

M’ﬁol’@{*sétlg thedike pew: gﬂﬂedébaﬁ 9ae HW@HEW@R jodl gepup has

d d
%ﬁ%ﬁdﬁ@g‘ﬁ"e@% Sues 0 &gﬁnggésf ) ﬁ’i' rries’ N;ﬁs)nan
&N -PR¥)ESP-, ARER*)-PEAS-D SSHEFE#Sb-DIB(ROBSB-5 oBIRIAIS
sul fur aci ds sel eni um

GRMRER, YR ), Eh@ohegndatﬁﬁﬂiﬁghwﬂ@gﬁﬁwla m%‘@é}y 8ot her |
m&w Elﬁfo’vﬂ@@ﬁxat RURNGR: halo%@ﬂ AbfiSemains
al anes al um nat es u

tional groups nay al so be taken

b thediiginabhalocaiylicdical. gﬁdl@orpﬂjé,m or Tmm%’l‘ mRy join

(oRP A0 ey K R to Rt s Prs it el R i or
S comimyone, Nte D
anhyd$1&é%ﬂ®5m£ t epp'eﬂeg‘cﬁllmeqbu@)ﬂsﬂoupﬁbwgh B‘?ISH y
ﬁiﬁ@ﬁéﬂaﬁ%@ BondedREAT ﬂ kher,ﬁdbgai 2t di*%{dgl}e ttxaﬁgtg@ iRAlde

t wo t1tut

oln tog er toforma

Ei}huﬁﬁith“,L&HR*s :SnRﬂaaSﬁﬂ(Olbﬁr Sﬂ-ﬂORV)zuSné@Rﬁ)me&lHM*:),

S5 1, RS Bl ok
e mmﬁm S st

wrsahsiuted saterated perti @y aropjatigeslic or plycyclic ring
%ﬁ&gtuti on to the aforerrentl oned |igand maybe
ydrocar byl , substituted hydrocarbyl, hal ocarbyl,

'SI' E bst Gbmﬂ;daﬂﬂi}d radicid(glso calked| mfmﬂﬁdib&ls)hm groaps iy whivhogie .
t

ST B B ARS8 R,

ﬁfchﬁ@ﬁéﬂ?t@é}lﬁh)@&‘mdze %R, 28 N BRIR . GEROR*N G@{Ol@"jg can

addi ti onal | be’ subst1t ut ed or ‘unsibstituted

HVR &) (o iR )b gud the ke where R¥i lmdgmdm’ﬁb'l ay
ﬁ)?drg&}ﬁq or halocarbyl radical and two or more R¥ may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

Polar radicals or polar groups are groups in which a heteroatom
functionality is bonded directly to the indicated atom or atoms. They include
heteroatoms of groups 1-17 of the periodic table (except carbon and hydrogen)
either alone or connected to other elements by covalent bonds or other interactions
such as ionic bonds, van der Waals forces, or hydrogen bonding. Examples of
functional heteroatom containing groups include carboxylic acids, acid halides,
carboxylic esters, carboxylic salts, carboxylic anhydrides, aldehydes and their
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fromnmethyl, ethyl, ethenyl, and isonmers of propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

hexade%l, hept adecyl octadecyl nonadecyl ei cosyl
WRAWMYSY | | docosyl, tricosyl, 25 tetracosylPCT/US2006/021231

pent acosyl, hexacosyl, heptacosyl oct acosyl,
nonacosyl, triacontyl, propenyl, butenyl, pentenyl,
hexenyl hept enyl , octenyF27ﬂonenyI decenyl ,

ecen dodecenyl tr|d C et radecen
ém}lp Algphols W@&%@%@ﬂw» PER léiﬁé'eényl
m%bfﬂﬁ%ﬁﬂ&es HyaReideo s iidesIARHARRENA other

B,
tr| coseny%( ct et racosenyl , pent acosenyl, hexacosenyl,
hﬁmgammalm Ofmmdmm@liﬂ ami@s anhuines n?;,ds nitros, other

3 SESR Gretpou ﬁH@ﬁ%y“&yﬁ‘&rfﬁﬁﬁu*ﬁn%édéyﬁiﬂ% @ﬁaﬁs&f}fﬁﬁ%
p%%?ﬁbg OZlgﬂﬁkﬁh‘ﬁes, ik pRSEpBORY om pndd) 6ildridd, béhles,

t ad hexad B
ﬂ?wteaopéwﬁmlwn@eteéd@wh% al o ecygflﬁ«ybe taﬁé&;éyﬁ{}%

AR hRN oG BNIN or ok iR B0 mb il 3K Wi,
aohifics y Prbferred e:ampltdsy)lﬁ pd)lar gmn;adndmgd NRbe @B&dsmy TeR¥,
AR ey sork MBS BERY st e bR ol eI WherBY i o o
ﬁ&ﬂfebérﬂ'eﬁﬂ HH%EG&WI %ﬂbﬁﬁﬁe@ ﬁﬁaiatﬁ‘yl %ﬁchﬁrpdi@ubstltuted

poI gcllc struct'ures wherein the radica
helgrat]

Yradica] ap defined jabovecind two R anayyjpiadogsther to form a

B B05oRRG LB e Rk, GXATRSRRGhils, Bhegy!

gelybydliohingstructnreopy | phenyl d| propyl phenyl benzyl,
net hyl benzyl napht hyl , ant hracenyl, cycl opentyl

R R A T e —
mﬁib?ﬁ’tﬁf&l'or uﬂﬁb@ﬁ%ﬂﬁﬂiﬂde dﬁ@i QERI Md Skt dr'uhﬁlbstli_tﬁfedt hi's

di scl osure, when a cal is listed, it indicates

teteehydrainideny] Liggnstt, medubﬂmmu@nﬁcethcraaummt@nﬁcbhmd vty e

338bciE, Ebsattalybpoatn) RRbARY SbauBt BRbC O S
Isilgtablyl] ﬁhcgdnﬂcjlcaﬂbbrl lmmsﬁmmﬁ kg betwdthén tb pihg pividd e
;ycl [ %31{1’5 [ Songlrlig'ﬂﬁfégh exa% ylhga{ﬁs%@r i ncl u%ﬁngdbutlyl
G R ALY bf(vﬁ%ﬁ cAf A dRsm w&%FﬁthééH %E’Fﬁ‘sﬁq& éﬁgpy' S);

pentyl i ncludes n- penty cycl openty yl but yl,

2- nethylbutyl 3- nethylbutyl 1- ethyl propyl, and
neopeft same emkpdiments sy deoarbyl radicelds inylepenietlylsclectod

‘f%@h@ 8{3 ¥1h§'i, 15 ’ 'lsspﬁr%% %ﬁﬁp)@ﬁl’?ﬂ fenhy® HERy 1 heptyl,
betyb mbayyl; dlecpl; updmyl, dodbcﬁ}?ﬁd)iéyi,&eiﬁde@ﬁlmdntadccyl hexadecyl,
%ep%w octs 1¥adecy[l1 1cos3r11E hene1coézyl docosyl, tricosyl,

tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl,

( L.—»'“

propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,
heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyi,
tricosenyl, tetracosenyl, pentacoseny!, hexacosenyl, heptacosenyl, octacosenyl,
nonacosenyl, triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl,



propenyl (and cycl obutenyls and cycl opropenyls). Cyclic
conpound having substitutions include all isoner
forms, for exanple, nethyl phenyl would include
ort ho- et hyl phenyl , net a- net hyl phenyl and

wo 3dodoigény! phenyl ; di net hyl phenyl woul d i n@CTAS2006/021231
2, 3-di net hyl phenyl , 2, 4-di net hyl phenyl
2, 5-di et hyl phenyl, 2,6 25 di phenyl et hyl ,
3, 4-di met hyl phenyl, and 3,45 di net hyl phenyl. Exanpl es of
cycl opent adi enyl and indenyl |igands are illustrated
peitmlecynyl, Asxadetynyl, hgpadiyn(dcdeayngll héhddlecynyl, eicosynyl,
CT/[ US20 6/021%31 .-29-_The rin nunberiqg schene i s
engicosynyk: dpepsynyl drisosypyls tefracosynyl, pentacosynyl, hexacosynyl,
[ e | 4ri i1 ; rin
gﬁdéébﬁmh %E*ta&&?@ﬁ RrREdsTAN! trib SRR, bitalieyl, BéntateRRET | NG

nclatufe scheme'is used for heterol nhdenyl ~  as

htxadisnylphepthdizalyl wetatiieny, nadignyd and degrdiryh tilso inelpdads ent
B RRh IR Deotgly wgiiFisgind fomalc o) S SAeRBhotc
Btiucturéy/wiicdéin fivyradicslubot ddditioaily beckubjeated ¥d the iypepofir byl

substituted hal ocarbyl, silylcarbyl, or gernylcarbyl

suhstimtipnscdescriber ab amples giginde pagml, heayk o

RS Uhylph GAT Borbihen! GrolipEGRE SToBIRhAT] )
Bmlyg nib;b; a tiwl?@ﬁthlyhl Z= clo Bﬁlttﬂn?c HentelllyLZ:S)

S TREn S RGeS P RR R PSRRI 2=())
abbARE Rbmbikaf] aneRReN whd théTike) For this disclosure, when a

gﬂ&lagg iig{eg,%iggn‘?ig;&g ﬁgg% tgz%;ix%)@u other radicals formed when

BRI AL S S pABE BTt . A, e
aikalkyiyl cadicalsjsted dfcihigealrisdmnydrs (nZ];aEhx?there appropriate cyclic
S, 1 B SR R SR o Eplol -ty
G MRILAY hrrdCoiloBREN AL lahAb gk !ﬁﬂsﬁtg&@%ﬁmpyls); pentyl

S5Met hyl - cycl opent af c] ar sol %I §Z
includes n-pentyl, cyclopentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-

ethylpropyl, and neopentyl (and analogous substituted cyclobutyls and

cyclopropyls); butenyl includes E and Z forms of 1-butenyl, 2-butenyl, 3-butenyl,
1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl and 2-methyl-2-
propenyl (and cyclobutenyls and cyclopropenyls). Cyclic compound having
substitutions include all isomer forms, for example, methylphenyl would include
ortho-methylphenyl, meta-methylpheny! and para-methylphenyl; dimethylphenyl
would include 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-
diphenylmethyl, 3,4-dimethylphenyl, and 3,5-dimethylphenyl. Examples of
cyclopentadienyl and indeny ligands are illustrated below as anionic ligands.
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6- Met hyl - cycl opent a[ b] sti bol yl (Z=, Sb- - Me)
SMet hyl -cycl opent a[ c] sti bol yl (Z=Sb-Me) 10 A sim |l ar
nunberi ng and nonencl ature schene is used for
het er ocycl opent adi enyl rings as illustrated bel ow where
w&@wﬁllgsg i ndependent |y represent the heter oRCTUS208E/024231
or B. For these |igands when bridged to another
I|gand via a bridging group, the one position is
usual |y chosen to be the rjong carbon position where the
ligand 15 is bonded to the bridging group, hence a
nuithesiifi sohemeds 416d i | | ustrated bel ow. WO
2007/ 011459 PCT/ US2006/ 021231 -30- O Exanpl es
i nclude: Azdcycl opent adi e e (G =1IN
Phospha§yclo--ntad|en§ > bacycl opent adi ene (G=
hE

Sh) AL 1% Bor acycl opent adi ene
(G= B) De g2on t he i w RBe bridging
i gand, ks [ s owi ng |igands w ||

change; 4,3 3nhd 1,2 ar g use inthis case to
illustrate tRe position of 4the heBeroatons rel ative to
one anot her. 5 GO J OQ Exanples include: Exanples
ddpetailedyiacycl opentiidhgine (G =J = N)

% acycl opentadiene (G=J =N
1, 3- DA pisikp hﬁﬁb&iﬁmﬁﬂhﬁﬂieﬁcﬂﬁm(e@clﬁmb 1§us',%)i for heteroindenyl
1, 2Di phosphacycl opert adj ene G = =

%na(ng& wdep grgpg;ﬁfm the heteroatoms O, S,

%e ot gegrglmgﬁﬁg R r;q{ %ﬁzsi% 30£§J9f{ where R'is hydrogen, or

Dhydrecartyyd, substitutad| hyheca(rbyl;ha.hocavhyb, substltuted halocarbyl,

iﬂ)gca% o a%l%ﬁ@ﬂls% :: erit (’Jgenuglﬁerg}:heme shown below is for

Retéroihdaph tigaids et hﬁﬂﬁﬁk&ﬂlo%@théﬁgaml\lvla& bﬂdEing group.
1, 2- Azaphosphacycl opent adi ene (G = N;

1, 34Azast| Bacycl opent adi ene (G =N, 4 = Sb)3

cycl opent adi ene (G =N, =
| opent adi ene (G = N
I%pent adi ene (G

ZCI.)III

, cycl opent adi ene (G =

1, 2pzabor agycl opent adi ene( G=N; J=B) 6 1

Examples include: Examples include:

Cyclopenta[blthienyl (Z=S) Cyclopenta[c]&nenyl(Z"S)

Cyclopentalb ffuranyl (Z=0) Cyclopenta[c]furanyl (Z=0)

Cyclopenta[bselenopheny] (Z=Se) Cyclopentafc]selenopheny] (Z=S¢}

Cyclopenta[bjtellurophenyl (Z=Te) Cyclopenta[c{tellurophenyl (Z=Te
6-Methyl-cyclopenta[b]pymrolyl (Z=N-Me) 5-Methyl-cyclopentafc]pyrrolyl (Z=N-Me)
6-Methyl-cyclopenta[5]phospholy! (Z=P-Me) 5-Methyl-cyclopenta[c]phospholyl (Z=P-Me)
6-Methyl-cyclopenta[b]arsolyl (Z=As-Me) 5-Methyl-cyclopenta[c]arsolyl (Z=As-Me)
6-Methyl-cyclopenta[b]stibolyl (Z=Sb-Me) 5-Methyl-cyclopenta[c]stibolyl (Z=Sb-Me)

A similar numbering and nomenclature scheme is used for
heterocyclopentadienyl tings as illustrated below where G and J
independently represent the heteroatoms N, P, As, Sb or B. For these
ligands when bridged to another ligand via a bridging group, the one
position is usually chosen to be the ring carbon position where the ligand
is bonded to the bridging group, hence a numbering scheme is not
illustrated below.



1, 3- Arsaphosphacycl opentadiene (G = As; J =P) 1,2
Arsaphosphacycl opentadiene (G = As; J = P)
1, 3- Arsasti bacycl opentadiene (G = As; J = Sh) 1,2
Arsasti bacycl opent adi ene(G = As;J = Sb)

wQ 2@78t8sbor acycl opent adi ene (G =As; J =B) PCT/US2006/021231
1, 2- Arsaboracycl opentadi ene (G = As; J =B)
1, 3- Bor aphosphacycl opentadi ene (G = B, J =P)
1, 2- Bor aphosphacycl opent adilene (G = B; J =P)
1, 3-Bor astrbacycl opentadiene (G = B; J = Sh) 1,243

; Sh)

| i bacycl opentadiene (G =P, J= Sh) 1,2

pacycl opentadiene (G= P, J = Sb) A "ring

i is a heteroatomthat is within a cyclic

ring structure. A "heteroatom substituent" is

het eroat om contai ning group that is directly bonded to
dnhpék iBdIhdECt UT € through the heteroatom A "bridging

51 g tpuent” is 10 a heteroatom or
N)u is directly bonded to two
GABS% 7/ 011459 PCT/ US2006/ 021231 -31
% he heteroatom The terms "ri

ring
oatom substituent”, and "bridging
gfc Oe?F] ent".are illustrat ed bel ow where Z
and R areas defi ned above. It should be noted that a
"het quﬁlﬂiﬁg%ﬂlﬂidlidsiﬂﬁﬂbfthe(bﬁﬁglhg hgaﬁ&bﬂiad:gﬁibgnﬁpﬁoeﬂmat om
subst |t uent s addit] defl ne .as the 5
i gani® 033(’118]@&@5? Wlﬂl‘"’ﬁ@%@t h?&%@g eghith ase to
. et clnakALe pasfibd YR hetorBith g kél&n)é% Sﬁ@ﬁfoﬁi&
substituent” ring carbon atontf is a carbon atom
that is part of a cyclic ring structure. By this
definition, an indenyl ligand has nine ring carbon

atons; a cyclopentadienyl |igand has five ring carbon
atons. 10\ Jransition nmetal conmpound ave symetry

el enenis belong to symetry g These el enents
and grg dre well established a be referenced
fromC Appliation s of Gou ory (2nd Editon)

by F. Albert Cotton, WIey-Interscience, 1971.
Pseudo-symretry, such as a pseudo C2- axis of symmetry
Eemplesinglgde he same symmetry ofasmelésdnsludeionever, the 15
Siiazactlenspiadiens ‘F‘ﬁé ){ﬂJgand f r deDierecyglopentadient (6 Iiry)

L-erllipbp @gqcycl%tadéqne P si zd,2dpiphosphacyclopentadiene (G =1 =F)
1,3-Distibacyclopent 1,2-Distibacyclopentadiene (G=J =Sb)
1,3-Diarsacyclopentadiene (G =J= AS) 1,2-Diarsacyclopentadiene (G = I = As)
1,3-Diboracyclopentadiene (G = J=B) 1,2-Diboracyclopentadiene (G = J= B)

1,3-Azaphosphacyclopentadiene (G =N; J=F)  1,2-Azaphosphacyclopentadiene (G = N; I=P)
1,3-Azastibacyclopentadiene (G =N; J = Sb) 1,2-Azastibacyclopentadiene (G =N; J = Sb)
1,3-Azarsacyclopentadiene (G =N; J= As) 1,2-Azarsacyclopentadiene (G = N; J= As)
1,3-Azaboracyclopentadiene (G=N; J =B) 1,2-Azaboracyclopentadiene (G=N; ] =B)
1,3-Arsaphosphacyclopentadiene (G=As; J=P) 1 2-Arsaphosphacyclopentadiene (G= As; ]="P)
1,3-Arsastibacyclopentadiene (G=As; J=5b) 1 5 Arsastibacyclopentadiene (G = As; J = Sb)
1,3-Arsaboracyclopentadiene (G = As; ] =B) 1,2-Arsaboracyclopentadiene (G = As; J =B)
1,3-Boraphosphacyclopentadiene (G=B;J=P)  1,2-Bomaphosphacyclopentadiene (G = B; ] =P)
1,3-Borastibacyclopentadiene (G =B; J=8b) 12 Bomstibacyclopentadiene (G =B; J= Sb)
1,3-Phosphastibacyclopentadiene (G = P; J=8b) 1 2 Phosphastibacyclopentadiene (G = P; J=Sb)

A "ring heteroatom" is a heteroatom that is within a cyclic ring structure.
A "heteroatom substituent” is heteroatom containing group that is directly bonded
to a ring structure through the heteroatom. A "bridging heteroatom substituent” is
a heteroatom or heteroatom group that is directly bonded to two different ring
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20

steric bul k. Substituents of simlar size are typically
wthin 4 atons of each other, and of sim/lar shape.

For exanple, nethyl, ethyl, n-propyl, n-butyl and

i so-butyl substituents (e.g. Cl-C4 prinmary bonded

woninshimseent s) woul d be considered of sini | CTRIS2086/62181

steric bul k. Likew se, iso-propyl, sec-butyl,

1-met hyl butyl, 1 20 ethyl butyl and 1-nethyl pentyl
substituents (e.g. C3-C6 sgcondary bonded
substituents) woul d be considered of simlar size and
sttuRtures throhgh tHE&leterd}Itﬁml THe termWOrid@ Bigtethbioht) "heteroatom

/ i ] d | |
e GG | BLEAE BESFOT SUR G e Hittested oy yhore Z
ﬁf&m}e%%ﬁhe& e, ﬁféh&id B@ﬁdte@ahut DoReeshtcn Bstifus@nt )

be consi dered simlar size and steric bul k.
Fmﬁmpl "bridging hetesopfop $ubatﬁl:len’i’e\§h@y?~ ig adslitiqnally defined @sthey
?} %d"?x wbstituents) woul d be considered of simlar size

eric bulk. 5 Add|t| onal I'y, the bridging
substitue
symretry
are far

synmet r uI d have for exanpl e,
MePhSi MWtidging ligand, and stil e
have a pdeimghcteromtom"of symmetry gijjven the 10
appropriate remaining |ligand struct
enbodi nment et al | pcenes with

may al soff >fgF—er ei n.  For

di scl osu 9l i goer referg

havi ng 2 g and the tern1 ers to
conpositioRS_avi My’ 76 or nore ng S

defined as 4 unit of an ol i goner t 15

originally dorresponded to the oIe Ed1n the

ol i gone ailn or pol yneri zati on react| . For
exanpl.e, the mer of polydecgne:woul d be deceng The

met al Ihgteneat mﬁ pr e ctéﬁ@?gt}?} m@mlﬂl stifuent

1 anfuHe SRpAm ROER R o e? P e i Hing. o

birichie.CBREss defifitien) as aiesyl digshdtak hilﬂ&&ng%&bﬁﬁ}ltohs a
represented by the 20, foll ow ng fornmulae:

crsionentadienylNigangd hasifive iingceshon gieigo (2) wherein: Mis
the "ptalini6R et cofifblnthdyo Futiltrd Rk aRd BHGKAR! Y

titanium zirconiu
symmetry groups. These elements and groups are well established and can be

referenced from Chemical Appliation s of Group Theory (2nd Editon) by F.
Albert Cotton, Wiley-Interscience, 1971. Pseudo-symmetry, such as a pseudo C-

axis of symmetry refers to the same symmetry operation, however, the
substituents on the ligand frame do not need to be identical, but of similar size and
steric bulk. Substituents of similar size are typically within 4 atoms of each other,
and of similar shape. For example, methyl, ethyl, n-propyl, n-butyl and iso-butyl
substituents (e.g. C1-C4 primary bonded substituents) would be considered of
similar size and steric bulk. Likewise, iso-propyl, sec-butyl, 1-methylbutyl, 1-
ethylbutyl and 1-methylpentyl substituents (e.g. C3-C6 secondary bonded
substituents) would be considered of similar size and steric bulk. Terz-butyl, 1,1-
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25 hafnium preferably zirconiumor hafnium Cp and Cp*
are the sane or different cyclopentadienyl rings that
are each bonded to M and substituted with from zero
to four substituent groups S" for fornmula (1) and zero

WO RS ubst i tuents for fornula (2), each SH{FEY§2PQedR1231

group S" being, independently, a radical group which
is a hydrocarbyl, substituted hydrocarbyl, 30

hal ocar byl , substituted haBpcarbyl, silylcarbyl or
gen1y|carby| or Cp and Cp* are the sane or different

dimstigpopyd], brdymethyihyl i1l ditviedtylpentyl andol-etjlatent S

OB Rop € 1 ety B SRR P p Eonsiced or

i 4D Sié ﬁnats@ahc . upnézsml tolpBkylyR khd/mesitys albsfimabRE (CO-CO
arormtl c cyclic or po}ﬁé’re}t ic substituent;A is a
2

BTy enstilgengp)ovgmld bepons marw?m@}éesﬁmrhuﬂy, hydri de
|
ﬁ?ﬁ%ﬂ%@%@aﬂ%*?lﬁgﬁ%a%“kﬁﬁa’?gr St $sR6to Crmmisof
sphmetay Gy hotrhave tocesimilarsit bl blnefrthw are erembvr,,d from the
bstituied silyl b di cal
?éafé@ifvﬁ skl SR Ry PR o oo
eﬁ‘T aduid hﬂerfsldeﬁﬁ%oam;si BB OHMePh& A gah@r M

l acycle ring Containing from about 3 to about 20
gidhbe eongidered torhaye aipsqudg &1eais of aymmetragiven B n,

QE@J A ik oB30 9 oMbt Al focones it

afCléthsatfsylgmanny?ﬁay@Isbibgamﬁﬂammhescrl bed above to the
trans tion met nent . a ed, bo

o BRI St SRR agah ep Y g Tolr b SRbgitions
ﬁﬂ%ﬁ‘f}z-ﬁ bt Rt dthe R PolynitP teféds & donpdbifBhChdvinEeribrOr

bot h™ X can al so be ined"to forma anionic chelating
mogewser urits. Arpcreﬁ éﬁfjﬁmd ae Ao phameligomer oxpalytherdbaie i s

f 15 d h
eRESE sobthadPE R Be oftofle? b FL R Srsokierp Stk a -
eolyinebiatioh r&hau@n npbrmbcaﬁpleome SeroRioljdecaatvaiuld v@ddcbma
netal center, and have C2-axis of symetry

pse u d @hw@uv@ns FomBpoHAE Egrenc #Halystynusehid hﬁ@traare v@&rélrly

e

mﬁﬂm;%mm@ld mmm BORpesen2al By theCR
%IECR%'Z!R'ZCCR' =CR CR 2, R CCR CR =CR',
2, R2CSiR 2, R 2SI SiR 2, R'ZCSIR'ZCR'Z

| R'(%ﬁncg,?m;gu R SR 2 R 2CGR 2, R 2GeGeR 2,

CR 2 R2GCR 2R 2, R 2Si &R 2,
lpHER2, R B, BR2CGBR, R2CBR-CR2, RN RP,

theém.

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

Cp and Cp* are the same or different cyclopentadienyl rings that are each bonded
to M, and substituted with from zero to four substituent groups S” for formula (1)
and zero to five substituents for formula (2), each substituent group S” being,
independently, a radical group which is a hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl, silylcarbyl or germylcarbyl, or Cp and Cp* are
the same or different cyclopentadienyl rings in which any two adjacent S” groups
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wo2GirsR , R

S R2COCR 2 R 2CR 2C O CR 2CR 2i R 2G 0-CR 2CR 2,
SCR2 R s

R 2C-0 25 CR CR’ R 2C S
R 2C-S-CR 2CR

R 2CR 2C- Se-

, PCTIU82006/021231
R 2C NR - CR 2CR 2 R 2
R 2CR 2C-NR - CR 2CR 2, RZCPCR and R 2C PR - CR 2
where when Cp is differengsthan Cp* then R is a d-C5
cont ai ni ng hydrocarbyl, 30 substituted hydrocarbyl,
h:alopuaudﬂyrl joinedtostornt o swhstitutddoor angnpbtituted| syhm«uda phrtiglly

Slfarg °h¥r°r@ﬁ§§§%%?°§§&w%d %ﬁﬁl&% i8 p RS Boupt®
XQ BhAKD h:%?mﬁ%h drid® vdasdalst fambaxsbsdbsnmted
hal ocar by 2oo 11459 PCT/ szoo 021231 -34

bydrecarbyliradicals heleearbyradieqls, ylllb,sawm habpargélrrmel&r byI

F‘%ﬁ%&%@%%ﬁ’g&’ SE :')]gJ %Elg{ Ll%y%fraﬁlﬁ AU #l? ar?gg%s a% ur at edy

pibsstituted gernipleabyirradieals; wycml)éamnomai @tﬂ)bohnd:to the metal

bstit t Tabl A d t t
SRCIOI PR A AP IR SRR B 3y dn Bhout ST6BRERL s of
hRmEUbAoth ﬁ)%gthé’r can BE aﬁ biekin] GolkH of A:yﬁalgaﬁa | S WHRHTRARES

onIy and not be construed to limting in any

weigt activatnrsiisueh astméthylalnmowansowhich sre cﬁmbletmf domtmm?&

Rgfel o e RS2 1 B FnBRE A Ao S0 B D)

irfiepetdiently, bt Kinhlogai k&axikle, aajdtsx&ﬂe/, |am1de lmephda bin)ther
cycl oal kenyl clqgk .aro tlc radi cals are
avipleak PTG ig a;y O et o dou # PRI ERelaog:
ng QpErs. For exanpl e, butyl i ncl udes n-butyl, 2-

t hyl pnpyl, 1-nethyl propyl, tert-butyl, and
&ya: pm&neﬂl emlqoémne;at the metalideenens rapemic whichirmeans iy pugfopied

R i

SpEHMXERY] miavaio ﬂm{blﬂf@?minetr% %ﬁmbm @ithetaloehtet emydnd have

1- met hyl - | - propenyl, 1-ne propenyl 2- yl-1-

aﬂbwf szmale@y ﬁéraqulu fz‘z@ﬂw%ﬁmmeﬂmhrguzm@p mré@ cwﬁern a

pro py?‘% cpent ag(gllnéﬁ{/l 'R C%s&{&% fornftia 8 AR Siected

oo ;CyR 1,60 BYGRIRHETR 2, EﬂﬂwE@R’QNR’ LOPRHCRAGRIY| and

3?@%@‘%"HM¥@§%&% RERRARERY, | somric
@ECR&aHgbsl,R' mmﬂ’m%mmq'ﬁqsicwmwes
B@“@R@rﬂ;ﬁhykcéd opent adi en

SR bR EaEaR R sHGHRyCR R GECR GsRixdles
R RBsINL R ’Ge% TR RS8O, cBRELRY, RHERY, o, 5,
Se, R’zc—-O—CR 2, R’2CR’2C-0~-CR’;CR’;, R’;C-O0-CR’;CR’;, R’;C-0-
CR’=CR’, R";C-8-CR’3, R’;CR’;C-S-CR’,CR’2, R;C-S-CR":CR’, R*,C~-5-
CR’=CR’, R’;C-Se-CR’3, R’;CR’,C~Se-CR’,CR’*;, R*;C-Se—CR’;CR’;, R*,C—
Se-CR'=CR’, R’;C-N=CR’, R’;C-NR’-CR’;, R’;C-NR’-CR’,CR’;, R’;C-NR -
CR’=CR’, R’;CR’;C-NR’-CR’,CR’;, R’;C-P=CR’, and R’;C-PR’-CR’; where
when Cp is different than Cp* then R’ is a C1-C5 containing hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl or
germylcarbyl substituent, and when Cp is the same as Cp* then R’ is selected from
hydrogen, C1-C20 containing hydrocarbyl, substituted hydrocarbyl, halocarbyl,
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thyllndenyl 6-nethy|indeny| and 7-net hyl i ndenyl ;
nethylethylphenyl i ncl udes ortho-nethyl et hyl phenyl ,
net a- net hyl et hyl phenyl and par a- et hyl et hyl phenyl . 25
Exanpl es of specific invention catal yst precursors take

WORe0Ho145dWi ng formul a where sone conponent PEE2M64212H

in Table A. To illustrate nmenbers of the transition
net al conponent, sel ect any conbi nation of the species
listed in Tables A For ndkencl ature purposes, for the

e e L e

%P Bfeea?l acgﬁ’ch' Eﬁh? églﬂ t%’ fdrﬁgi sﬁg HAOLGY viysubstifltdl) bRR8ted

ers ene age and i s distingui shed
pmuaﬂ)euﬂsetmmted, 1G}!dh§‘/br pOTMSl‘,lG mbmmdm bri dgi ng group A,
"ethylene"” and "1, 2- ethylene" are used
i nt erchangeably. For conpounds having a bridging group,

A, \WPaple Aldediclsefrebtiatdiive st iftuemt mdldties fahtht hrtallbiege

position on the cycl opentadjenyl-type ring is always
é@nmr@@tseé fqrpatla1 alpsb%uThedwt IS‘fWéH zéwﬁaosgﬁﬁ piyand

ﬁ:g tg'ﬁlfl dJe p05| | on a!?’ a nu éoylﬁﬁﬁ&@pm&ms
&mgcble ffomnbd hytpetmutu@lm"padsmlb asmbihationsiof thg eonshihientmoieties

m&e%%h tLI gﬁgﬁ @W‘?l%é(ﬁ 8@&@%@3@' TABl;Eiuén lA'

@yﬁ&m&lsé)icldaﬂdéﬁyl aaaﬁfunﬁ@ib @4éals are disclosed in this

di propy | ene di net h cycl opent adi enyl

@pmimawrsﬁhp wmclud‘?sm&lﬂme@ lcffog p&amd@ub@ml includes n-butyl, 2-
%%%@1 Lﬂeﬁgﬁ%%ﬁ& C cf‘lﬁ%gﬁg% en&flaﬂgﬁﬁﬂc%udlesﬂ yl ene
qbemhylm@mﬂ'lmbﬁaﬂethﬂwtyl BHncetliyfiusyl] JHethytpropyl, neopentyl,

v ayme ey el bies Bt & fams of 1-buteny)

L X - .
?I :'gt%étngyg clo Ie%?%gt%lnly &ﬂg’ggﬁe%i% ﬂykﬁlﬁﬁnﬁ 2-methyl-1

ermeyylcayd Rapethyledipropenyl. This inicthdeswWheénl a/l‘aém:el is bonded to
q ahSHhLY ot &uﬁy %r%gent ,d ﬁrggy)icyclopentadlenyl include n-
propylcyclopentadienyl, isopropylcyclopentadienyl and
cyclopropylcyclopentadienyl. In general, the ligands or groups illustrated in Table
A include all isomeric forms. For example, dimethylcyclopentadienyl includes
1,2-dimethylcyclopentadienyl and 1,3-dimethylcyclopentadienyl; methylindeny?
includes 1-methylindenyl, 2-methylindenyl, 3-methylindenyl, 4-methylindenyl, 5-
methylindenyl, 6-methylindenyl and 7-methylindenyl; methylethylphenyl includes
ortho-methylethylphenyl, meta-methylethylphenyl and para-methylethylphenyl.
Examples of specific invention catalyst precursors take the following formula
where some components are listed in Table A. To illustrate members of the )
transition metal component, select any combination of the species listed in Tables
A. For nomenclature purposes, for the bridging group, A’, the words “sily]” and
“silylene” are used interchangeably, and represent a diradical species. For the
bridging group A’, “ethylene” refers to a 1,2—ethyler_1e linkage and is distinguished
from ethene-1,1-diyl. Thus, for the bridging group A’, “ethylene” and “1,2-
ethylene” are used interchangeably. For compounds having a bridging group, A’,
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dltetradecyIS|Ierne hexylcyclopentadlenyl

di pent adecyl si |l yl ene di hexyl cycl opent adi enyl
di hexadecyl sil yl ene heptyl cycl opent adi enyl

diheftadecyIS|Ierne di hept yl cycl opent adi eny]|

W W81y | si | yl ene octyl cycl opent adi enyl

di nonadecyl si |l yl ene di octyl cycl opent adi enyl
di.ei.casyl sil yl ene nonyl cycl opent adi enyl

di henei cosyl si l yl ene dinontGycIopentadienyl
di docosyl si | yl ene decylcyclogentadle

cthe bridgs Posion gn thesyelppriagdiony
gd ‘s{%{l AP
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PCT/US2006/021231

n
{YBPERE @@‘gwmonmdered the 1-

ecy cyﬁ%l p’%lgg{d%ﬂil]nng is used to

dhnﬂleataﬂrasbylﬂge positioneiftarruttbey/is mytﬂpe@ﬁeﬂ, dtdb essymed that the

| cycl opent adi enyl
Iopentadlenyl

dlnonacosyIS|Ierne hexadecyl cycl opent adi enyl
ditriacontyl silyl ene heptadecyl cycl opent adi enyl
diTABLEBAexy| si | yl ene oct adecyl cycl opent adi enyl

di cycl opentyl sil yl ene nonadecyl cycl opent adi enyl

WO

&07/011459 PCT/U82006/(112€;* -36 . .
i NI\ S A 2 P A DAY
h@bﬂﬂb@@@vISlelene do &?@D@é@k@ﬁgﬂﬁﬁﬂﬂenvl i
diiprppylsitidebecy! si | yl ene t|dimabyltywlopenipdiatydi eny|
qugghhmhﬁllylene tetracggmagy@ygﬂﬁﬁﬁ@ﬂmgmyl
S A o P T e
AibexyBiYIend y| ene hept ac §@W@Wﬂ¥ﬁ%ﬁﬁ%ﬂlenv
diipepéyisitytepksi | yl ene oct qdethyfleyplopepatiendi enyl
dm&@wgmm@ﬁenethyl)5|IyIegﬁnﬂﬁgagﬂﬁmwgmglopentadlenyl
"cﬁﬁdh)_((lsﬂi'léﬂé STTryrenme tT1 “diﬂx‘bﬁﬁ)lc‘y&obé’dffdiéﬂ‘l“ eyl
didecylsilylene butylcyclopentadienyl
diundecylsilylene dibutylcyclopentadienyl
didodecylsilylene pentylcyclopentadienyl
ditridecylsilylene dipentylcyclopentadienyl
ditetradecylsilylene hexylcyclopentadienyl
dipentadecylsilylene dihexylcyclopentadienyl
dihexadecylsilylene heptylcyclopentadienyl
diheptadecylsilylene diheptylcyclopentadienyl
dioctadecylsilylene octylcyclopentadienyl
dinonadecylsilylene dioctyleyclopentadienyl
dieicosylsilylene nonylcyclopentadienyl
diheneicosylsilylene dinonylcyclopentadienyl
didocosylsilylene decylcyclopentadienyl
ditricosylsilylene didecylcyclopentadienyl
ditetracosylsilylene undecylcyclopentadienyl
dipentacosylsilylene dodecylcyclopentadienyl
dihexacosylsilylene tridecylcyclopentadienyl
diheptacosylsilylene tetradecylcyclopentadienyl
dioctacosylsilylene pentadecylcyclopentadienyl
dinonacosylsilylene hexadecylcyclopentadienyl
ditriacontylsilylene heptadecylcyclopentadienyl
dicyclohexylsilylene octadecylcyclopentadienyl
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In a preferred embodiment of the invention, Cp is the same as Cp* and is a
substituted or unsubstituted indeny! or tetrahydroindenyl ligand. Most preferred
substituted indenyl or tetrahydroindenyl ligands do not have a substituent in the 2-

position of the indeny] or tetrahydroindenyl ring. Most preferred substituted and

unsubstituted indenyl or tetrahydroindenyl ligands include indenyl,
tetrahydroindenyl, 4,7-dimethylindenyl and 5,6-dimethylindenyl.
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In another embodiment, when the metallocene is used with an alumoxane,
then the metallocene catalyst compound used herein is not rac-
CH,CH;(Ind),ZrCl; and or rac-Me;Si(2-Me-Ind),ZrCl,. In another embodiment,
the metallocene catalyst compound used herein is not rac-CH;CH3(Ind),ZrCl, and
or rac-Me»Si(2-Me-Ind),ZrCl, and the activator is not methylalumoxane, where
Me is methyl and Ind is indenyl.

In a preferred embodiment of the invention, when used with an NCA, Cp
is the same as Cp* and is a substituted or unsubstituted indeny! or
tetrahydroindenyl ligand. Most preferred substituted and unsubstituted indenyl or
tetrahydroindenyl ligands include having a substituent in the 2-position of the
indenyl or tetrahydroindenyl ring, indenyl, tetrahydroindenyl, 4,7-dimethylindenyl
and 5,6-dimethylindenyl.

In another embodiment, when used with NCA, the metallocene catalyst
compound used herein is bridged, substituted or unsubstituted metallocenes of

general structure as shown in formula (1) or (2)

In another embodiment, the catalyst used herein is
Yomethylidene(R.Cp)RnFIu)ZrX; or Yosilyl(RCp)RmFIn)ZrX, where Y is
independently a C1 to C20 alkyl or a substituted or unsubstituted phenyl group, X
is a halogen, a substituted or unsubstituted phenyl group, or a C1 to C20 alkyl, Cp
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the netal |l ocene i's use | unmoxane, then t he

dinhanylsillhis(indenyd) hafriumotimetink methylpheryleilyibis@ndenyD) r a. c
hafhium dichloride, methylphenylsilylbis(indenyl) hafnium dimethyl,
ethylenebis(indeny!) hafniumn dichloride, ethylenebis(indenyl) hafinium dimethyl,
methylenebis(indenyl) hafhium dichloride, methylenebis(indenyl) hafnium
dimethyl, dimethylsilylbis(tetrahydroindenyl) zirconium dichloride,
dimethylsilylbis(tetrahydroindenyl) zirconium dimethyl,
diphenylsilylbis(tetrahydroindenyl) zirconium dichloride,
diphenylsilylbis(tetrahydroindenyl) zirconium dimethyl,
methylphenylsilylbis(tetrahydroindenyl) zirconium dichloride,
methylphenylsilylbis(tetrahydroindenyl) zirconium dimethyl,

ethylenebis(tetrahydroindenyl) zirconium dichloride,
ethylenebis(tetrahydroindenyl) zirconium dimethyl,
methylenebis(tetrahydroindenyl) zirconium dichloride,
methylenebis(tetrahydroindenyl) zirconium dimethyl,
dimethylsilylbis(tetrahydroindeny!) hafium dichloride,
dimethylsilylbis(tetrahydroindenyl) hafnium dimethyl,
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15 CH2CH2(1 nd)2ZrCl 2 and or rac-Me2Si (2- Me-1nd) 2Zr C12.
I n anot her enbodi nent, the netall ocene catal yst

compound used herein is not rac-CH2CH2(Ind)2Zrd 2 and
or rac- Me2Si (2-Me-1nd)2ZrCl2 and the activator i s not

woelhgiabunoxane, where M is nethyl and | n@Cir4I52006/021231

indenyl. In a preferred enbodi nent of the invention,
when used with an NCA, Cp 20 is the sane as Cp* and is
a substituted or unsubstitgyded i ndenyl or

t et rahydroi ndenyl |igand. Mst preferred substituted
&mﬁmqmsbﬂnﬂhmmhﬁﬂomdﬂﬁhﬁmﬁmnndmﬁbﬁdhydr0|ndenyl | i gands

g@%@ﬁ B?a}v é‘%“a su& méﬁ}i ﬁdggiitlon of the

R l@i'lylﬁi@@é& ﬁd&dwyﬂ{a&uﬁmmﬂﬁmﬂde and
5, 6-di net hyl i ndetm)g #@25 I'n anot her enbodi nent, when
y

mstyinkienysitdizs(te Flém}’@d@ﬁfé“@élﬂﬁtblt conpound used

@&&%&OC;}%@%&&E&Q%@ Lﬂrﬂgﬁ St r UC ur e %9\% | ﬁg?mdm}d)

Gdfhiun difribrhyll methyleisbis(tetrdiydioielenyl) hﬂhnmamalxlysde, used

here| n %S 30 Y%réet ﬁi%%%&%%ﬁ%é&%ﬁgemly a

tﬁ’){lﬁ%@nﬁj ﬁYdonﬁEn ﬁclﬁb’ﬁ’cfet Hﬁﬂ&lﬁ% Ribisih gkl kddRAy)
pheny

grou is a Substi tuted or

iyl ety oebmamdetionds, o

@?P%Fﬁ&g%ﬁ?bégﬁ“%%ﬁg %l S au&éﬁné@’o al kyl group, n

m&ﬂﬁrlﬁhtﬁiﬂeﬂylﬂﬁ(@‘i dm@tlghti&@la giglemlmﬁ dmhgm-tdlel ution of Cp
ey ohe P SOy ey e cluctid, pETR A P
&EE{*'%‘F*‘ byl m%m{dmmsﬁd‘e grane%ls(é 7TRERERY RNyl

ocene conpounds re c st’s) whi ch, accordlng

zircartigm dpnﬁh)dnmethulmchls(é,ﬁ-dnpethyhnﬂsnyi zlmoylsm dighlondes

G e U e e

Q[fmethﬁhﬂ@ﬁﬂ)/hﬁﬂuﬁi dablﬂémdbd&memylsn Toisga, vm&hﬁhﬁeﬁﬁ)ﬂe

di et yI si |yl bi s(i ndenyl zi rconi um di neth

dp v dinaqthyll diphenylsdhiz(47-dimedttindenydh hﬁml@mdérélonﬂ&

WWy él‘]lhﬁ{egpyﬂj g%néﬂ ZI rcﬂ: um!r}mt Ialylchl ori de,

mhﬂawlbls(m—ﬂum@hymﬂwl))haﬁnm‘n dn:hlmdd; met hyl ,
et%l@}@%ﬁﬁél})ﬁg%ﬂ Meﬂy e o I up di hl Qj.{nyl ethylenebis(4,7-
dimethylindenyl) hafnium dichloride, ethyleneb1s(4 7-dimethylindeny!) hafiium
dimethyl, methylenebis(4,7-dimethylindenyl) hafnium dichloride,
methylenebis(4,7-dimethylindenyl) hafnium dimethyl, dimethylsilylbis(2-methyl-
4-napthylindenyl) zirconinm dichloride, dimethylsilylbis(2-methyl-4-
napthylindenyl) zirconium dimethyl, diphenylsilylbis(2-methyl-4-napthylindenyl)
zirconium dichloride, dimethylsilylbis(2,3-dimethylcyclopentadienyl) zirconium
dichloride, dimethylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
diphenylsilylbis(2,3-dimethylcyclopentadienyl) zirconinm dichloride,
diphenylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
methylphenylsilylbis(2,3-dimemylcyclopentadienyl) zirconium dichloride,
methylphenylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
ethylenebis(2,3-dimethyicyclopentadienyl) zirconium dichloride, ethylenebis(2,3-



10

15

20

25

30

met hyl enebi s(i ndenyl ) zirconiumdichloride,
nmet hyl enebi s(i ndenyl ) zirconium 15 di net hyl,
di met hyl si |l yl bi s(i ndenyl) hafni um di chl ori de,
di met hyl si |yl bi s(indenyl) hafi,ium dinethyl,

wolb@henydesi | yl bi s(i ndenyl) haf ni um dichl ori o 8CT/US2006/021231

di phenyl si | yl bi s(i ndenyl) haf ni um di net hyl

nmet hyl phenyl si |l yl bi s(i ndenyl) haf ni um di chl or | de,
met hyl phenyl si |yl bi s(i ndenyd) haf ni um di met hyl,

et hyl enebi s(i ndenyl) hafni um dichl ori de,

WMM%B&M»WOW@ML am@thyiqnebla@ﬁ-
TR SAERA ATl R e Rt 5
dinistiyipicRipkiytadiesyl) mdbniuynthmemgleduﬂm)thgamnmns(aﬁm
d;n;zgga;y@%%am eyl o ey Shncibieiiady™!)
er El)Itlagkﬂgﬁﬁeny Sl I&Flgmﬁd@jg 1?ay hy %élt%ggnmyl)

Bimetipi¢yelopentadieinyl) hafaism dlchlonde dlphenylsﬂylbls(Z 3-

ﬁﬁeﬁﬁ SRttty bR AERAE Beto R EERony

ehtagiehyl) hafniiddictasale HaRyidilflbis I
2| rconi uﬁpdl chl or? de et hyl en;egrl(f??%t rglhy%llr O?I?(;gnzﬂ )

exsiapentadienyl) hafivey digaetiple pthylenshis(@Ay dr oi ndenyl )

M‘ﬁ@fle‘m&%@@% Zﬁﬁﬁl@%%hé%@qe ey (13 di et hyl |

dimethyigychipegtadiesyl) hafnmhl)/cﬁmeﬂlyhime;ﬂy)enbhﬁ(ﬂﬂﬂm di chl ori de,

3&”%%@%&%@%&%% SpenUh gt by o ety

AR i Eiﬁlﬁﬂlytﬂﬁx@l!h I amdthyldiBitis@m di chl ori de,
di phenyl si I I blt;é et rahydr oi gden [ ) hgilnl um di et hyl ,

m«:tpylgbéw isny} %@F@M?@Wﬂf@ Aipethylsitythis(3
e A el or BT ARk Bt bR MEAELETE )
ﬁaﬁmﬁmwpemadmymmmﬁmmmm diphsreyisilyttdsBy | )

2 ?Ihﬂﬁ#ﬂ? 1) SRORpRABES b PR Sy |
d| met i nygg%@ﬂﬂadleﬂjd?ﬁ}&ﬂuﬁi dt&’ﬁl&‘ld% ﬁneﬁlylphenytsﬂylbls(i%-

zitconiumdichlorid

dhlmﬁhﬂylﬂldw@ﬂpbn@dmﬁ) drwsmm/dumﬂwh yth)denzlm(ao ni um

Sih e dpaEieR) i ididide bylehBiF3Y

dirpéta 1|l)ﬂd:)}c16ﬂéhﬁﬂlén ﬁmﬁmhyd:med@n yYitethylérieBia(B- um
di, met ., meth IphenyISIIbels(4 7-di met hyl i ndenyl)
ﬁm@gﬂp%)@i % ) zirconium dichloride, methylenebis(3-
Mmethylsﬂylcyclopentadlenyl) zirconium dimethyl, dimethylsilylbis(3-
trimethylsilylcyclopentadienyl) hafhium dichloride, dimethylsilylbis(3-
trimethylsilylcyclopentadienyl) hafnium dimethyl, diphenylsilylbis(3-
trimethylsilylcyclopentadienyl) hafnium dichloride, diphenylsilylbis(3-
trimethylsilylcyclopentadienyl) hafnium dimethyl, methylphenylsilylbis(3-
trimethylsilylcyclopentadienyl} hafnium dichloride, methylphenylsilylbis(3-
trimethylsilylcyclopentadienyl) hafnium dimethyl, ethylenebis(3-
trimethylsilylcyclopentadienyl) hafiium dichloride, ethylenebis(3-
trimethylsilylcyclopentadienyl) hafnium dimethyl, methylenebis(3-
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met hyl phenyl si |l yl bi s( 4, 7-di met hyl i ndenyl ) zirconi um

di net hyl, ethyl enebi s(4,7- diniethylindenyl) zirconium
di chl oride, ethylenebis(4,7-dinmethylindenyl) zirconium
di met hyl , nmet hyl enebi s(4, 7-di net hylindenyl) zirconi um

wdianiorsde, 15 net hyl enebi s(4, 7- di et hyl i nd@&F{US2006/021231

zirconiumdi nmet hyl, dinethylsilylbis(4,7-

di met hyl i ndenyl) haf ni um di chl or i de,

di met hyl si |yl bi s(4, 7-di mnetfgl i ndenyl) hafnium

di met hyl, di phenylsilyl bis(4,7-dinmethylindenyl) hafnium

uun«hsdmmrefclopempchmm hafiymidichloride, wethidershisGrdeny | )
i %ﬂ%ﬁ%%?#ﬁﬁyé)(%ﬁ’}m& dr‘%?tﬂif}r i nde ny ) hafnium

di chl pértie\@arlyfreferred species are the racemic versions of:

net h IphenyIS|I Ib|s(47 dlmeth l'indenyl) hafnium
dlmﬁégi}ylﬁtﬂ gium dichlerides erﬂ%’ (ndeglhi um

gl rre% y| , ngghewéﬁiégifggﬁ%ﬂgfﬂéﬁbﬁ %ﬂh%enylyl) ) hg?mhumm
g?hghhﬂﬁf(ﬂﬂmﬂfftfbwn ﬂimﬂ:yﬁatyﬂbai(teﬂhﬁbﬁxd&mzﬂ)n i Iu m
‘We&wﬂhﬁ?‘m&%ﬁﬁ S R
inddny D tboHThis IdiEtdnde,

d| phenyl SI Iyl bi s 2- et hyl - 4- napt hy1 | ndenyl? zi rconi um
dlhyhnehm( ydrom enyl) zirconium dimethyl, dimethylsilylbis(4,7-

BRI SR 5 ot BB O, 0Ky
dircomiiy Hﬁﬂdtww&eBts@ Trdinteh ylindérgi)eiicadinandidhloride,

' . dj. hyl .. . . ot g
iy lraeR R meRindeny Wy zireamityn dietiybimstnlsitybis(indeny)
RhMARNHRRABE IElhﬁ’étlzlﬂﬁ1y1b1s(111denYl) hafnium dimethyl,
di phenyl si | yl'bi s( net hyl cycl o entadlenyl)

zthylpgq:bm[mdgn)rhaha@apm d;chlonde, cthylenebls(mdenyl) hafnium dimethyl,

g.ﬁ)%%)ﬂggﬁl?n%é iﬁ%ﬁ ELhyi %cl opent adi enyl )

ﬂﬁﬁawlﬁmmﬁuhﬁr&mwlﬁmmlﬁmﬂhﬁémﬁcl opent adi enyl )

zi rconi um di met

ethugpnmmmnémm@y dichlssidexsindanbis(tetrabydrindeny)

e Rl SRRl T Srh A baf i

mﬂbﬂslbﬂbldnﬁemmymyhmm ha!f_i’nﬂim difi2f134, ethylenebis(4,7-
i e Yenfeitae, sl et SRR asaBh urm

dh AR ¥imettdi Met hyl si [yl bi s(2, 3-
di met hyI cycl opent adi enyl ) haf ni um di chl ori de,

di et Hypef ygmmavogn@ﬁ a&mm@u@qﬁuﬂé@ent adi enyl )

gﬁﬁ&%ﬂﬁ C gﬁ%@éﬁrﬁl&% eny y ﬁl um Sjlzcﬁl ori de,

Hlsﬂbmémlbgcﬂd@bﬁt@mpﬁyl)zﬂﬂmﬁhﬁmdepent adi enyl ) haf ni um
di met hyl , et hyl phenyl silyl bi s(2, 3-
di met hyl cycl opent adi enyl ) haf ni um di chl ori de,

mﬁhmbﬁlﬁ{wtﬁahla_&hbﬁ&ﬁjoﬁ di net hyl cycl opent adi enyl )
af nium di et hy yI'€nebis(2, 3

The catalyst precursors, when activated by a commonly known activator

such as methylalumoxane, form active catalysts for the polymerization or
oligomerization of olefins. Activators that may be used include alumoxanes such
as methylalumoxane, modified methylalumoxane, ethylalumoxane, iso-
butylalumoxane and the like; Lewis acid activators include triphenylboron, tris-

perfluorophenylboron, tris-perflucrophenylaluminum and the like; ionic activators
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10 d|nethylcyclopentadlenyl) hantUHIdICh|0rlde

et hyl enebi s(2, 3- di net hyl cycl opent adi enyl ) haf ni um

di met hyl , net hyl enebi s(2, 3- di net hyl cycl opent adi enyl)
haf ni um di chl ori de, nethyl enebi s(2, 3-

wdoizoimpbeycl opent adi enyl ) haf ni um di met hyl , PCT/US2006/021231

di met hyl silyl bi s(3- trinmethylsilylcycl opentadienyl)
zirconiumdichloride, dinmethylsilylbis(3 15
trimethylsilylcycl opentadigpyl) zirconium dinethyl,
di phenyl si | yl bi s(3- tr|nethyISIIylcyclopentadlenyl)
ichrterdimethylauitihiom tekegkisperflvorophetylydrige.s ( 3-

Li,net.h il nta i rconi um di net hyl ,
&IQIIWYIB%% I’%Ls%]f’ ‘In%no?;ﬂﬁzy | yl cycl opent adi enyl )

' & fuorbptidaylaluntiigte, and yHelliks( 3-
trlﬁg?hyl silyl cys?opent adi en){l ) _zirconi um di net hyl ,

et hy| dnsbactiyatopls acemapimésapable efaflerlsing the@metipnmetal
bR P B plgEin %‘%ﬁ& I*’@%?@s%‘famﬁ Bt
ﬁmloh)zlbd% n@tbhﬁt(vatorﬂ inclnadd dyinexdngs suchlas pethytadiineoxahg, modJﬁed

qﬁ%%%?h  mgbeonRalsiree 504 dimingm VR PR

I
a? ni m di chﬂﬁ’lﬁé&uq%{ur]r@%W& I y}?l%%%ﬁggm@l eny )

tisoprapytajussini) trive-hexydaluminiu, yri-p-ontylalinginnay; Weehy |

S ol ot ao s, s

tcbitnﬁﬁiaﬁ%lh fivit}l :lbﬁrislcagﬂrx(egmfhs Qﬂd/iohldmﬁffattrtﬁmdl:eﬂﬂiem{é-gatalystl )

ne e SI | S - ri cycl.opent adl, en

Iw.a@p AN T A
a‘t g%giocaes&aa@m@%ﬁémh}eeh F—FEab'tB}sd' met hyl ,

30 trinmethylsilylcyclopentadienyl)
h af n| LPartI!bul'aHbf prefeied cetmmwe ncdg-alkylaluminum compound is

TRy 3 e i 0, B B b SR IR o

talliylBtduy) %’bfe?ﬁb BysbIPREN lindbperitiéhily, Ralbated btk gronp de,
met hy| ene - tri rret’h | silyl cycl opent adi enyl haf n| um

GPH%’!WOf msh:w,.e&mkampyonw,éﬁ%mﬂ @9@&%@1@4@ +

R 160 SR, B enlt - hEYEISANR, meBivE PR ‘I“‘%" iso-
5’7"??{????“3' dm”mw“"df?’g ”I‘?S?%“ *‘mff?ﬁ‘”n‘?m?bnzi b
PeRBHe & EeBnL PR RAshyE 50 DO BEiengs.

di chl %b%m&hﬁ?éoﬁﬂoﬁéﬂt%&h%taﬁ%mgﬁhmwy r):ferablyan

zi rconi um di methyl et hyl enebi s(tetrahydroi nden I
oligemenic Al enmpgand represented by the general formula (R™

which is a cyclic compound, or R* (R*-Al-O),AIRY,, which is a linear compound.

It is believed that the most common alumoxanes are a mixture of the cyclic and

linear compounds. In the general alumoxane formula, R* is independently a C;-
C2o alkyl radical, for example, methyl, ethyl, propyl, butyl, pentyl, isomers
thereof, and the like, and “n” is an integer from 1-50. Most preferably, R* is
methyl and “n” is at least 4. Methylalumoxane and modified methylatumoxanes
are most preferred. For further descriptions éee, EP 0279 586, EP 0 594 218, EP
0561 476, W094/10180 and US Pat. Nos. 4,665,208, 4,874,734, 4,908,463,
4,924,018, 4,952,540, 4,968,827, 5,041,584, 5,091,352, 5,103,031, 5,157,137,
5,204,419, 5,206,199, 5,235,081, 5,248,801, 5,329,032, 5,391,793, and 5,416,229,
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et hyl enebi s(t et rahydroi ndenyl ) zirconi um di net hyl,
di met hyl silyl bi s(4,7 10 di net hyl i ndenyl) zirconi um
di chl oride, dinethylsilylbis(4,7-dimethylindenyl)
zirconi um di met hyl , ethyl enebi s(4, 7-di net hyl i ndenyl)

w@ bdogonisem di chl ori de, et hyl enebi s(4, 7- di nePRYIUSHIEPRIRII

zi rconium di net hyl, di nethylsilylbis(indenyl) hafnium
di chl ori de, dinethylsilylbis(indenyl) hafnium dimethyl,
et hyl enebi s(i ndenyl ) haf ni4gm di chl ori de,

et hyl enebi s(i ndenyl ) haf ni um di net hyl, 15

di met Whersan glhmnxr(neetmﬂgﬂéd@lumm ip ubeslt thewatalystehl or i de,

oA R ARRCURICAioh 100 e ™

p!zdmd terlelq' &ttérﬁimg«y g1 000 a0VL; hlterhafvaiy msdp eet:hy | |
dlrrethIS|I0>6Ib|s 7d|rretE¥I|ndenl) haf ni um

dtematizely de300 toll i altgymatively 15359 ta 17, altempatiplyi 1nd09ry 131;
{L, : %Uglﬁ}/g @HHXIP al?érﬁ‘a\éa@l?@lbso%‘i 1¢ aftdm VIR 1Y Lnoeny )

a [orid
Wthbxy tlreraeﬁvaéréis #n alunekdnel (modidiey b) unﬂmﬁﬁed)momermtbb;tﬂments

EECAEIE NN TR P OO R
Bis{ 8 %éc%slt (P} el QRERICATEE "He AfE R GinC ! O | [ de 25

Act i vat ors and Catal yst Activation The catal yst
enﬂ@e‘fm-%%"?éalwmua@t 1atiaiseld] mplag ratisemonl y known

R R AL R

medfin the pra%ﬁt:d: ythBhisvehtioy. Prefrably, dikerdteliogit uctbxaairmh ad es

e LT e
gg#?‘[ﬁﬁblsﬂﬁﬁegf(l@ggﬂﬁp] tr}[ﬁ(@%ﬂlﬂ%%am&lﬁ ivators such

uor o uor ophenyl al um num and
aB(QsFReor BEiHs) a‘cmtbwaccb mehewrm l¢rl amble is methyl.

Frgir ?2006{1%%%%,?%1}?8 ?do 8:': lgnoexagesnspﬁaﬁXsl me yllapulm%)q]ane
nbiifiee adfoR hikd Rudh s Shddafiddsm ABYIAlubok ) il dadinainilkyls

di pet hyl ani | i _ni_unt et r aki stgerfl uorophenyl al um nate, and

#5h a friisobytylalminm.aaad gimethylaluade Hethilaiwimun,gnd tri-

el T A e e Aot BB i T

d:ayhlqmnumlostﬁ-mdmﬂehyldﬁumamhl vators include al unoxanes

such as t.hyl al uno , _odi fi ed
l% ma'nm)(h € scope ot this mventgon to use an ionizing or stoichiometric

activator, neuatral or ionic, such as tri(n-
i)utyl)ammoniumtetra]ds(pentaﬂuorophcnyl) borate, a trisperfluorophenyl boron
metalloid precursor or a trisperfluoronaphthyl boron metalloid precursor,
polyhalogenated heteroborane anions (WO 98/43983), boric acid (U.S. Patent No.
5,942,459) or combination thereof, '

Examples of neutral stoichiometric activators include tri-substituted boron,
tellurium, aluminum, gallium and indium or mixtures thereof. The three
substituent groups are each 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 alkeny! compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1



10

15

20

25

30

PR A st bt oo

aIuananes such as nodified nethylalunnxane and
al um num al kyl s such trinethylal um num
tri-isobutylalumnum triethylalumnum and tri-
i sopropyl al um num tri-n-hexyl al um num

WO Y| al umi num tri-n 10 decyl al umi num CT/US2006/021231

tri-n-dodecyl al um num Co-activators are typically used
in conmbination with Lewis acid activators and ionic
activators when the pre ca#@lyst is not a

d| hydr ocar byl d| h de compl e Sonet i
é CPeAtoS, ol ErE bR OB AT A 3ey] groups
pr e gBY@ﬁ@cdrﬁmpi bxhh Gﬁclhﬂln% ﬁ&@uﬂfedraeﬁ@t M&e gf’éférﬁlﬁl? Yhar !y

rred co-activators |Ihclude ai Kylal um num conpound
ithree gSupsze elkisthaving ) to Aearbon guolips, p » naphthyleor guxthrer

SRt rE P B he iy ot e FrioBnaltl: mibLy 'Y
Frafihaed, ag1 gfoup®t Mokt préi&lfamyethe Reffad Biichionebridctipaths is

I SO- butyl n-butyl, t-butyl, pentyl, iso-pentyl,
WJEQBP}‘IOTUF@W@WFP ﬂﬁdhﬁﬁ%yl i so- hept yl |

n-oct ¥$m<f 5 moﬁl%gg acFUatwlp g@%g%@yéoﬁt ; ARG broton, or

n- dode c 0 pent atlecy,
rsoime )oﬂldecapbn asmhmtcdaﬂﬁn it nohecoodizadedtp| or inwllobkﬂy r

|§&d3§‘?683&%ﬁme al U{rglxgﬂgﬁcoggonent u§1E ] as pglr}nds

3inll merlmmm&md nli E Bfop&APuBHcabiynd E'F—AQ@ sm 9$2 feprAvglsa0
Al-O" &:I iCc Cco

Em, BR-Ac0 495 3?52BPM @ ﬁOQ 45 EPiAr8 55’7 Q%MA-O BT7 904,

t t
AP ks 13301 SRS A 39661918 A B3 1
a Wﬂmﬁd $,60271242ndRU.Si Batent dqphcmhenﬂbuala\ldlﬂs&ﬁﬂ,ﬁsmlﬁkeﬁl

L R T
i nteg %mé Efilyshs O be'ﬂ?&tard&rﬁ%frﬁicﬁﬁé ¥ imﬁﬁltléﬁmeﬁ?éo%ﬂouﬁ’cf‘ d

"n" is at |east 4. yl al"'unoxane and nod
rveitthanl aghivaterx suvbas B&G&shn\ghwb RRdngEackion wr@rthtﬁ hydrei&zable

ABHIUE) SR8 R Btornsl Ao B orig e aafo g, ~ 7 °

ali(ey 5733)(’)]7} wiikh, sidbdlizes &e%%xﬂiﬁansﬁoﬁ&i’etﬂ%@ecm@ gﬁﬁéilat% 7,
584, 091, 352, 5 103, 03 5,157,137, 5,204, 419,

gyz@%r%@n Fhe saalysis cansbe; and nypferably ayoprepayed witlaptivator
%ﬁg&é&%@&?m%@%ﬂ s ﬁoﬁﬁ itbte0 Qﬁ{v&%@éparatﬁﬁ of

an al unoxane or noxane 1s U
cativators utilizingeawtre beompoundstis alse contenyplabed bathmmvsnti‘ono m

b - 1 1: 2000
a1t or SRERYIRY etibrrgin Bt Bl e It pEPYIT o0t 1
Jodic catﬂbrst Sysiéths Wl in the %ﬁﬁeéswfmimvadﬂoardaﬁipny@i Yatibn,250

to 1, alternatlveldy 200 to 1:1;
whlch is preferably a Bronsted acid capable of donating a proton, and a

compatible non-coordinating anion which anion is relatively large (bulky),
capable of stabilizing the active catalyst species which is formed when the two
compounds are combined and said anion will be sufficiently labile to be displaced
by olefinic diolefinic and acetylenically 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 phurality of
lipophilic radicals covalently coordinated to and shielding a central charge-
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5 alternatively 1:100 to 1:1; alternatively 1:50 to
1:1; alternatively 1:10 to 1:1. Wen the activator is
an al unoxane (nodified or unnodified), some enbodi nents
sel ect the maxi num anount of activator at a 5000-fold

woSo@b11836cess over the catalyst precursor (PET/URMOE21231
catalytic site). The preferred m ni mum
activator-to-catal yst-precursor ratio is 1:1 nol ar
ratio. 10 lonic activatorsggat tinmes used in
conmbination with a co-activator) nmay be wused in the
poaging imetal of méthlicid corepartdi 2) mnioBy edngpriztigya plakiakityrafberononi ¢

N

érﬁ’ﬂit?dﬁh&ﬁ(&@ﬁbﬁhﬁm@ﬁ%ﬁ%&%ﬁsﬂolu&e&%ﬁ&ﬁﬂ&ﬁéﬂ%ﬂn or Lewis

acidic activators such as B(ChF or BéCGHS can be

cepdnenthandangdtbe reproseated by shel ouem formig(L**18)aPedDer r ed
HERRPL 3 Ao R BRAm RS aRp NG, it illniBs, | o

mwyis alngnRyerdinatingshied muigtm alideyd &d isascibteger from 1to 3.
tri-i sobutyl al um nuné‘ and frinethylal um num

tri et A catiomeasenpneRin i m&w@éyi‘a@nﬂ?ﬂﬁm such as
%l%fo‘ﬁf Bﬁjr Jcoﬂhfé&'l.@%ﬁ‘ba&é@o? + v Mcaéagﬂ? &f protonati

m num or tri - m num IS WMtHin
sztsmupg a ofoidthissch mmrﬂkyb or m-gl from the precatalystragienr
?ii‘}‘ ch| ometric activator, neutral or ionic, such as
D butyl ) ammoni unt et r aki s(pent af | uor ophenyl )

bor atye a’étﬁa{tingl@ﬁﬁéﬂ @S*aIphenyy b@@Bﬂﬁstede&aJ dapatile of
precur sor or trlsperfluoronaphth boron netall oi d
lesgt Hransitipnirae cabbis

fenating 3 proton 1 & PESCHRPDFSultingHn a
A6 i Py e SOyl it

s;tydmmh; anthetixfuces ahm'eofaprefembilmahmdmums bf methylaiting, eniline,

g, sty N TS il s, G

&ﬁaﬂldnﬂﬂ@ Wdﬁﬁéﬂhylaﬁﬂiw%ﬁﬂylﬂfpﬁéﬁyﬁuﬂé %yn&!n qmbﬁm
hal agen, subst it ut ed alky , aryls thalld

ELN-@WM@IIM, panétso-Npi-giraethylpniling, phosphersums fomr oups ar e

FAERIALRM, HiphERHoRthibd, A OB &Mool ofmivos fom, | ¢
oneks a?df?ﬁ’yﬂfmwgo“?moug‘:ﬂﬁ%mﬂgmf P R
a
e S0 A Bodikers BSIgBRp EPIRaaent 40
&mﬁ&u&amaeo@tﬁ%m@nhgwu&r@w %Yayrh@soloetaqn&o%aapon

atons and ary! g‘gro_ups aving 3 t 20 “car bon at
4 silyen topidiveu barbeniums, femooghizns ahb mixtpresfiwefatably, t he

carboniums and ferroceniums; most preferably triphenyl carbonium. The

anion component A% include those having the formula [M**Q,]* wherein k is an
integer from 1 to 3; » is an integer from 2-6; n - k = d; M is an element selected
from Group 13 of the Periodic Table of the Elements, preferably boron or
aluminum, and Q is independently a hydride, bridged or unbridged dialkylamido,
halide, a]koxidé, aryloxide, hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said Q having up
to 20 carbon atoms with the proviso that in not more than one occurrenceis Q a
halide. Preferably, each Q is a fluorinated hydrocarbyl group having 1 to 20

carbon atoms, more preferably ¢ach Q is a fluorinated aryl group, and most
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three groups are alkyls having 1 to 4 carbon groups,

phenyl , naphthyl or m xtures thereof. Even nore

preferably, the three groups are hal ogenat ed,

preferably 5 fluorinated, aryl groups. Mst preferably,
WOReOvausy al st oichionmetric activator is PCT/US2006/021231

trisperlluorophenyl boron or trisperfluoronaphthyl

boron. lonic stoichionmetric activator conpounds mnay

contain an active proton, -6t- sone other cation

associ ated with, but not coordinpated tog, or_ only.

prsdarably eachdQ isch peatadgomvbary] geup-cEyamplesptisgitablsr 't pleo

. ORi Zi i: lee
e A s o R et N BT 805 s
ftorpobat&dierein B referiPnok- 0 495 375, EP-131-0 500 944,
EP-A-Q 277.003 and.EP- A-0 277 0Q4. and U S. .Patent

o, Bliskgivesbiu 38t limpging gpactilén cboton, SRpoSnE widh S be
5 ‘seitbb.afl detivating d5t41aBRPina0thbmalO witB 4 ca-astivdicrin iRt ent
Application Serial No. 08/ 285 380, filed August 3,

poparation pf the improwed catalystrcafdhin ivgntion FraEbiubstitiiedd by

refer | on| . red b
PRRS Sats o &Y BA BBl 1o REGEREY o1 DY
aﬁétmgm?imm Iﬁs?ﬂ@ﬁﬁﬁhﬁqmpﬁm'f ﬁnipmneiraphmylbmatw t:’l
th ol yzabl e [ X ). of .t transition neta
&Mfﬂ%ﬁ‘%ﬂ &?aabﬁ%afaﬂf’_fé%_ (tgrd-bupy ey (X)1),
10 WitapherAtRPAtL, N.RSdifnB@ylaailinfith &nﬁﬁlﬁﬁ?lbbﬂawjm al species
generated Dby the reaction. The catalysts can be, and

gi@m&iwamhm&mgﬁ Mrdimetiat-(3h6-vimethylawlipymant s
L e e R e N L
iusethyl[ammﬂhﬁmnw(pﬁtdﬂuotdphmﬂ)wm hﬁﬂopylzﬁﬁmmﬁu?qs f
use as _an actiyator component in the preparation o
f %Q??P@ﬂt‘}%‘i"gh%ﬁg t'é'zg‘gl‘ﬁ’ﬁﬁmmﬁ“% pPocgss of this

15 AMRRIHeaRAG Cégg ?a&%%&butmﬂ@ﬂ preferably a

Bronsted aci e of donati'ng a proton, and a 25

casrapis(entafluonophanyhbatate AN Nrdimethydaniliiiroh  ani on i s

| at | | | k bl.e.of stabilizing th
SRRl SRy R RRIE oG aben © ho two:
@éumwﬁﬂamrmynbm, NN} dindtlel 132\ 4 B rittlethlylaBRinium)

suffijciently labile to be displaced by olefinic

dteskisfpentafludrephenybbgraterimethWammenitm telrakis-@3gké at es or
ﬁgﬂ H;'{‘lal i nﬁHﬁQtr%ﬁ _ S, nitriles and
20 ? e h?{%g boc é\sﬂé%hsﬁgﬁﬁgonpatl %%\%ﬁBSO coordi nati ng
sattafineropbersyl)herete, tlipsoplylasedonium ERAKR(Z,3008 and EPA
77,004 uhlished.,1988:. 1) anionjc.cordination
%WH“%S?B@QD&%‘HP{%%'%%WBF‘H@H%&@“S‘&’{a?yﬁhi lic
eAEhifleatopheSY)Boal] divheBSNIH- Pty S amhbnigndettikiscd 16. a
centrgllbﬁchar e WO 208??01145 _EPCT/ USZOGC)GI 021231 -50
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-
25  tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium

tetrakis(perfluoronaphthyl)borate, triethylammonium

tetrakis(perfluoronaphthyl)borate, tripropylammonium

30 tetrakis(perfluoronaphthyl)borate, tri(n-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(fer-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
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J— 3 gt + - o R )
bearing nmetal or netalloid core, and 2) anions
conprising a plurality of boron atons such as
car boranes, netallacarboranes and boranes. In a
preferred enbodiment, the stoichionetric activators

wonoémdese cation and an anion conponent, arRCTAES200§821231

represented by the following formula: (L**-Hd+ (Ad) 5
wherein L** is an neutral Lewi s base;H is hydrogen;

(L**-H)+ is a Bronsted ackgAd- is a non-coordinating
ani on having the charge d-d is an integer from1l to 3.

Thakigletfidraphbyhidrate (N Nedibthgtaniliaiant ncl ude Bronst ed

D A f;@gg,gteggﬁg et yf&%@ﬁ@%s fr
?ﬁ“ﬁmﬁ?y t g%%?te’l gmﬂa}%’lng{&f on. Thgrag |>/vat| Lgm

dettalkm@e(ﬂub?ebibhbnyl)hgraibﬁneihﬁammmam aci d, capabl e of

e al kylated transition netal
6‘?‘}[33}@‘3?% &g&ﬁﬂg 0 t@s PIoPH MMt ransition netal
Q&Fﬂc&ﬁ)erﬂﬁﬂibﬁiﬁhdﬁgl)m%(mﬁmy%ﬂﬁbﬁiﬁﬁ phosphoni uns,
SI 'yl T'unms, and m xtures thereof, preferably ammoni uns

flupseliphenaBborais ctri(iem-butyhemeenimg ne

t%tfaﬂ%e%m ngﬁ\éngp{r’&é{ ’ny’lN %ﬂ;%hﬂ& lrrgtmhgleanl line,
bmaiynboranaymwdmthylamlhnmmo
RO O NP P

LebthaRIVEIRY ﬂlﬁeur?gﬁ bordRCielcRiy PRI AGS ARRRA(3, SXx0M Uns

from et such ‘as di rreth¥ et her, diethyl ether,

tbea(w@uymmmﬁmhmmi}bome@mﬁy anpooumftelrakists S5+ r om

RSP R IL bole pH ARR  Br A5
aﬁst(trulabtmﬂq&}phatyl)ﬂabfatm th(a-butiymalodiunbretrakig@jset y such

as silver, trogy ium carbeniunls, ferroceniuns and

rhls(mue%omeﬁ»@p Frybibgrates EHisEOh W YRATRRRINE tetEkish] - S . most

ML SRR e se e b I BRSSP o e

lbls(mihnmﬁftﬂlyi)phgad)bbratﬂmm-ﬂmﬂ&lmﬂmmnamakm(h@er from

it Pl N YRR A RS bor on

Qbtrake¥(3!5IbisTudfdeh RyDphinytiBRaRISTN didlk A aiMEdHIER sali%rsuaged
or %‘%r.dged di al kyly;%?gg hal i de Mk?lkom de,

@ﬁydld;spwpmymmam {pirakis(penfatiuogerhenyihoraie andy | |

q@{} osu E,’g%ﬂ‘f'm?ﬁl%% sgg&g?ﬁl &gﬁ é%lbora?en fhd do%erﬁgl\ss sr\]Jch as

aﬂ(d-mlﬂjpho@hbmnmaemns(yuntalﬂubﬂmph@]yi)bomm tri@,ﬁ- in not nDr e
R T A e s T R S
Q@Ifa?»ﬁ&l)%di‘ﬁﬁ,; mBHé:@lcﬁfb%hﬁﬁﬁ@ﬂrAbh%ﬁﬁiiere,' tSipBerylphesphBatuRd
tet}'/aphgnry?‘tlﬂoeate,au%thylsﬂyhum tetraphenylborate,
benzene(diazonium)tetraphenylborate, tropillium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene{diazonium)
tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbeninm tetrakis-(2,3,4,6-
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WO 20077011458 BCT/ US2006/ 021231 -51 preferably each Q

is a pentafluoryl aryl group. Exanples of suitable Ad
al so include di boron conmpounds as disclosed in U S.
Pat. No. 5,447,895, which is fully incorporated herein

w@%’oo‘i/ﬁﬁ%ﬁnce I'l'lustrative, but not |imtingCeXarmgéer231
0

boron conmpounds which may be 5 used as an
activating cocatalyst in conbination with a
co-activator in the prepaggtion.of the inproved
catalysts of this invention are tri-substituted

rafhuvrephesyl)tosats, unﬁheaytphmsphmmhyd:tamqﬂﬁwﬁ-

te%qog%%nél Iﬁor ate,, ]i’g I ar\%‘“f &l’im t et raphenyl bor at e,

tri (ltibert bmy )a?m)nl Eﬁld{%ﬂ?@ﬂé&gﬁ%ﬁ&y?g& at e,

N;mﬂvmrqmehxlbtwmte,ltmpdhmné@traapﬁ@rﬂuomnammyl)borm,

%‘Pﬁé‘?}x i nt‘%m“lﬁ‘t ‘%"?ﬁ‘g‘%@?ﬂ#ﬁ' a nHﬁ?fﬂylphOSPhomum

%@&ﬂﬂﬁﬂoﬁ@ﬂﬂlﬁﬁ)boﬁt@b , IRRdthpI4iBARG@Ni um
t et ra

ds( pent af | 'uor ophenyl) bor ate, _triethylamoni um
Biéh EFRAeR#Biazaniim), i pr opyl anmoni um

@&@@(@b&& B L T
triphémydearteniunt M’ﬁlm@mﬂmroblphenyl)borate triphenylphosphonium
f&%@éhﬁlﬁ%ﬁﬁl liﬂﬁr 0 h%rlné/tulggﬁiat e,

t t angﬁmm‘p%%ﬁw°%a%ﬂeh&(ﬂfa%ﬁumw N-di et hyl ani | i ni um
etra

|s(penta I uorophenyl bor at e

pstupxpbipheny )berate, itepiism sewakisediiim) o
Pﬁ{ ﬁ#‘* PSRy SRR e R Bkl b REE, 51 oM U
bm(mﬂm??mpnphmymm tgphe(nalpn?sgh&num tetr:Tkl:Jsr(s ,5-
bt o OB ocrase, Syt SRR AT at o
st%ﬁﬂu&%¥ﬁ}%&??$ﬁﬁ& St BkflRné(diadorttuRly tetrakis(3,5-

rafl uoro borate, dimethyl (tert-butyl)anmmmonium
bis(trifieareméthyBphenglbarater af | uor ophenyl ) bor at e,

tet r VPR EBl RO bRl RuiHia v (i PR ) -
Hﬁﬁdﬂi#lmﬁhlﬁﬁn:ﬁeiﬁkﬁ(p&@ddrqfﬂeﬂﬁﬂﬁmﬁ m/N)di e Rnilinium
NN- di et hyl - -trineth anlllnlun) tetrakis-

(@a@swe@h@@pammoe%éﬁ Drdimethylapilingun rret hyI anmoni um

Eet r gﬁ‘ perH uor onapﬂt}ﬂw%@org%h Lr1pr opy(?ag?n?rglnluumm 30

bxs(mﬂkorempthvbﬂ!hmvﬂvmﬂhl triphonylwaberipmt d( n- but yl ) anmoni um
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium
tetra(perfluorophenyl)borate.

The catalyst precursors can also be activated with cocatalysts or activators
that comprise non-coordinating anions containing metalloid-free
cyclopentadienide ions. These are described in U.S. Patent Publication
2002/0058765 Al, 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
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t et raki s(perfl uoronapht hyl) borat e,

tri(tert-butyl)ammoni um

tetral ds(perfl uoronapht hyl)borate, NN-dimethylanilinium
WD 2007/ 011459 PCT/ US2006/ 021231 -52

wo Soraldss( per f I uoronapht hyl ) borate, N, N-di et rgirais2dos/ediean

tetral ds(perfl uoronapht hyl ) bor at e,

NN- di met hyl - (2, 4, 6-trinmethylanilinium

t et raki s(perfl uoronapht hy_I%‘E_o{ ate, trinethylamoni um

t et raki s(perfl uorobi phenyl jborate, triethylanmoni um5
ﬁ]ﬁiiﬂl@"f&&(ﬁﬂ%ﬁﬁl})m dedvnifosery |Bubthéraihe anion will aehtreTep sk um
tetrakis yor obi phenyl ) borate, tri(n-butyl)anmoni um
gxgpmgﬁu@(lg@qtfop' Q‘gg;ggqt% glwéo cause it to form'a neutral

I
sl rhert Sbutp O HTIAR o tBhtegl by product from the anion, Preferred
hat-cavkdingtngrahlons nseifiil pin ewptc)ahcnmtbthlsl\mwnﬁm b.fqﬁ.hmlﬂl&it areum

L R LR 4y e i

it@ioh;%h&.ég@ﬁf +1, yor reisueRdibot Dai1aY € pertnitdRip ke bAoA at
tetrakis(3 glgt;(tnfluororretlﬁys;l)pheny bor at e,

ethybmsllmﬁmmﬂbt mkﬂu@(t | rgonomer durmg polymenzatmn

timited tc'kmt-x‘yd -patplatuniitivm | tﬂtﬂ-ﬂétﬁh{uﬁ:lﬁnﬂ,%-n-hexylalmninum,
bi (}%I‘Ifl uor onet hyl ohe %)borate
%( PpIngI, o ayrg trakis(3,5 Y bis(trif

| uor ofyg )SDP&%I&S% ABOERL EnplOPEdthBRAT BBk dsYr Wb vator

tetrakls (trlfluororrethyl)tphenyl)borate
sompaiinds il aaeinitiably meutral thewid ac{ds bst torm a cationic metal

RAghETE Bl RGPt BN od R eopic complex upon reaction
twith tisddleyRetrinisition mhdiblwomponidsy Theklieylyled Btaloeeneand
g$rr?1|qu l ﬁ)gm) o o 3 Sc’nli%tt] th% cat%.lsi(st pre-cursor and the co-
h@ivaRdkK! PérpﬁFkhﬂrm m t Babto allﬁisi?%‘)&on actlt‘s stract

di cycl ohex ent a uorop eny or at e;
ahﬁdrocahrbyl hgamitg ymlnk an Bpyention c@mm@tgnsjqohmsqmdi@nmplm and

Lebial Sé!ﬁ: cnta abﬂgr IR EbDL6 357 697 ialdp-R-0 520 732 for
ﬂﬁh&ﬂiﬂn@b PanRtogbhs GioaplaahsthlldeefedotpolihiddDIA14d, ¥éB the

tetraphenyl borate, triphenyl carbeni um

dpwns fprperadsof BPréitMé‘ﬁWérhE@rpfmt@moﬁsmttenomc

%@%ﬁ”&?ﬁ*&?@% eyt Rihnll, WD STRASRABRAR98

$.486,652; 852392 0r ophenyl )borate, tri phenyl car beni um

Additional neutral Lewis-acids are known in the art and are suitable for
abstracting formal anionic ligands. See in particular the review article by E. Y.~X.
Chen and T.J. Marks, "Cocatalysts for Metal-Catalyzed Olefin Polymerization:
Activators, Activation Processes, and Structure-Activity Relationships”, Chem.
Rev., 100, 1391-1434 (2000).

When the cations of noncoordinating anion precursors are Bronsted acids

-

such as protons or protonated Lewis bases (excluding water), or reducible Lewis
acids such as ferrocenium or silver cations, or alkali or alkaline earth metal cations

such as those of sodium, magnesium or lithium, the catalyst-precursor-to-activator
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tetraki s(pent afl uorophenyl ) borat e, tri phenyl phosphoni um
tetraki s(pent af | uorophenyl )borate, triethylsilylium 30

t et raki s( pent af | uonphenyl ) borat e, benzene(di azoni un

t et raki s(pent af |l uonphenyl )borate, tropillium

wbebgralisse (2, 3, 4, 6- tetrafl uorophenyl) bor at e PCT/US2006/021231

triphenyl carbeniumtetrakis-(2,3,4,6 WO 2007/011459
PCT/ US2006/ 021231 -53 tetrafl uorophenyl) borat e,

tri phenyl phosphonium tetraktis- (2,3, 4, 6-

tetrafl uorophenyl)borate, triethylsilylium

hffldraiticcmboPbSard rétio.t €ombihbtions ofthe dydcribed &ti®ator compounds
benzene(di azoni um . tetrakis-(2, 3,4, 6-
F@D’ra&ﬁpbl? ShiEAsAVEEIr ate, tropillium

tetra per<§ é*&f&ﬂamygaql% eaﬁ@a&waé,rts oﬁme&yﬁggg%m um

tetraki's uor onaph porate, triphenylp honi um
nedd; ﬂieim(abet—ﬁﬂeummﬂaﬁbﬁwaydrmmm'aatm 1s1fnomet b tos1: Lyl 1@t

i T3 BT Lt SREEN R ik G AT A6 1

tesnakn s pat Buo1 0k mb&axb)lbpm& 2:1; 1:8%b Bhenglesnbesiym
tetral ds% 1erfI uor obi pheny borat e, tri henyl phothonl um
I

10 05kto Rt {5 A11a 410D B b1P S0 dtte 1Lk ERASBREy | | um
pEEhRh & 82aiviSt SRl RRY; e oo PT ERAFCHRAO A

(1115 345034 S0:5; 1:28 (25:1; 1 1SaoBA 0y 1P REYY Dbt BLA2 to 211
t t ,

3Bl T SRS L0 B Liﬁ%@ﬂ&é-waaﬁémtﬁﬂa@bﬁaﬂi um
tef: fl%sl(ﬁ 1910 t& 2:101 Skrbfetrbd WM'&WK&H@@M&G

trieth yl's Iylumtetrals(3

@p@bmawnsumlmﬂwﬂmme) wodified methylplumoxane, mixtures of
LR P RE U e SRR Bribstpentpliorophenibamisor | ne

m@mtmmr@hwmbmpmmmmmmmwﬂmﬁﬁdmm s N N

di met hyl.anj i ni um tetraki s(per.fl uorophenyl)borat e,
ﬂk{p Y%‘Pﬁ?‘l“ﬁ'rﬁ"w]% oropggnyl)horatc ooy )

tuf?:,t({; Qdilefits, i um
tet aEI sg H)z’h WB ?%Egﬁy%gor at e, é@%eﬂbﬁﬁ%@ﬁﬁbaﬂﬁkbﬁ
Ns@cl whthmoiwyioamtria at;tmamset[‘ yRikal s{tﬁuﬁum or boron alkyl components

rifluorometh orat eni um
SaetpLdsiscaviRReY B FARBRER Y J8 s B ot BRI BRI ER: Ui
taRintiftdiH St Béroh) RIGE ePhreriensly Mﬁ%@faﬁovet indehemyhiear beni um
tetrm P 25 bis(trifl uoronethyljphenyl)borate or

r g'ezml(fﬁqent univalent anionic ligand such as halogen (Cl Br,

I), alkoxide (OR™) and the like. Most preferred aluminum alkyls inciude

triethylalaminum, diethylaluminum chloride, tri-iso-butylaluminum, tri-n-

octylaluminum. tri-n-hexylaluminum, trimethylaluminum and the like. Preferred
boron alkyls include triethylboron. Scavenging compounds may also be

alumoxanes and modified alumoxanes including methylalumoxane and modified

methylalumoxane.

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

prepare PAO's. To prepare uniform supported catalysts, the catalyst precursor
preferably dissolves in the chosen solvent. The term “uniform supported catalyst”
means that the catalyst precursor, the activator, and or the activated catalyst



10

15

20

25

30

““fetra(perfiuorophenyl )borate. The catalyst precursors

can al so be activated with cocatal ysts or activators

t hat conpri se non-coordi nati ng ani ons cont ai ni ng

netal |l oi d-free cycl opentadi enide ions. These are
&ﬁhigﬁﬂ in U S Patent Publication 30 2002c@A5806621231
, shed on 16 May 2002, and for the instant

inventlon require the addition of a co-activator to

t he catalyst pre-cursor. "Conpatible" non- coordinating

ani ons are those which are“not degraded to neutrality

\fé‘%l?%gglﬁglg&gf &89%98&6&»% tﬁ’%ﬁ&@@%ﬁ@ﬂ@ﬁﬁme adal nitialy

eco oses urther, the anion will not

ﬁmlaad'sfgethe 'nmenoapo a@abémqrownppqﬂs Spmgembpdimsnisie
Sieaet G i o BT dypb et S st Hnodhb @S CD

Bﬁg.icgr &ferenénN- coor di nati ng ani ons useful in accordance
W th th|s invention_ are those that are_ 5 conpati.bl e,

st ab| Vpeful supportad-patalyst Hitems may be grapried by sy WtbOH t he

BRaFe B supBord B foordihtioh B ECIIBEHE, diectvo mitilng (R The!
eathlyhtsn |pmlatey1 can be used\forantigometizingiomspol ymeriziag atﬂh"msn:e B
R T A A
%ﬁtablirdoﬁ&n@ uﬁdlé@pm e adldeld i) afCérilrcdr dibhnilfabetusty.

tri-n-hexylal umnum 10 trletgxl al um num or

t ri meBYppametiodutihe aptivptontdissalved ncaasppropapts solvent sushpasoy

YRk bo SRR B BlooB6 it for ) ARG IOGED T

mpplieehc ﬂpﬂomdmtalmr Thetatal mj;utmm voiumeo(of thezatalysiesolutionc

R ot n Er beormay by BEwEti o DA PP BBt iaBthec

rbﬁt Joﬁfeféﬁﬂmﬁﬁﬂéﬁté 1ngit ieAastal Rutidh vbmﬁxe%w thif nded & 16 WoriP4
and the co- activator. For exanple

1gel o lvory(alsaut 80%3h 409 Fo, m&rdﬂy @bouaﬂwwﬁa af¢he pose

%ﬁxﬁn&ﬁh&z#ﬁ%ﬁ@%ﬁﬁg BB AL 2005 C g Y B, 58
réhu[’s%i‘lﬂ%?b@ﬁﬂd&&to &ﬁemﬁmnéa@aéaﬂ ﬁaﬂsuaﬂﬂe Eﬂ’veﬁt&
520 732, for | ustrations _of anal ogous G ou

mmd;@éh@ P’é%’?ﬁb‘é BT ang sQjutiane Alfermatiyely e ﬁamreame be
@ps@xdﬁﬁﬁe@%ﬁh aEaht g%tgfrgﬁtréo? Qol@l&on.

ZW tter| on| c exes using an ous G oup
<Smﬁm1ynﬂs mixaue magbe Patlmm@eé aﬁdzm;ﬁﬂ&rlth eEc;a&ﬂﬁ; ﬁ@ﬁursa‘n d

20 sl LR R ek G AP G20 RL & 10N, 1
and the supported catalyst is either filtered from the solution and vacuum dried or

subjected fo evaporation to remove the solvent.

Alternatively, the catalyst precursor and activator may be combined in
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
temperature and over 10-16 hours; however, greater or lesser times and

temperatures may be used.
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abstracting formal anionic Ii gands See in part| cul ar
the review article by E. Y: X 25 Chen and T.J. Marks,
"Cocatal ysts for Metal -Catal yzed A efin Polynerization:
Activators, Activation Processes, and

w&%({o%hggge Activity Rel ationships", Chem ReCT/USH0®)21231

91- 1434 (2000). Wien the cati ons of noncoordi nati ng
ani on precursors are Bronsted acids such as protons or
protonated Lew s bases (exgjuding water), or reducible
Lewis 30 acids such as ferroceniumor silver cations,

or al ki data@yst piels@bormAayesd te sﬁpp@tedaaselnma agtivaforpia thisose
of sodi um gnesi um or %I thi um

sase.thy %quvgpé@aﬂ sorotstardf nepded) s %ﬂéﬁ%@ﬁh@!&i@é ghase of 2
6
Rl PR 0P e, 2 30000 ealfl rlor iy Al it
alpport reaterzbfbr b periatof abett ominutétei0dounsofheresultingut r al
t hi h j d
pivau p SR bre e dhe FUGRE Bob B¢ FhuRB AR gRey tadsl v 8% om
ireétgi With Qvagoraﬁoﬁ t ﬁeﬁm?e ﬂﬁ soﬂrentl Th& fotd] Qat&lystlpre&nsol'ﬂ t g

s@u@n wlume may b@é@atenthaqﬂ@ Stlmioy's ppre vpl@n@,@ulsozne 1: 1 3

v i i b e it ot rp gl ©

Stuiry (dbiolit 90% o 4002, prieferabdyt aoys100-200% of the pore volume).
precur, co-activator nolar, ratio is fr :5Q0 to
D 3 enatly: Grster mory difleri ooty Prepises s Plced pn o6

Yt gilne siprof sipg sh o0 £ pppieibds it sclapole TR L1

twoer mere Betivators %an astiyator angl alqo-acbva@umai b'§ plagedanthe 1: 2

eddoat 20, - e sPhEbEOE Rubld HRLAS Mmoo
pelyimghiabririructos, ommninitelws,rewuemgl pueferablygoratsx tAmges of

met hyl al u ne wth dlnethlanlllnlumtetralds( t af
FERpes Mﬂ{ﬁ%@a&ta@ ayprage pariqlp BAe ﬁﬁlt KR i %&Eﬂ for

f
3| rrerﬂ#g(' ani i |ng|\{1%nfotl g?%ﬁ?dém p}gg‘r‘ﬁl or opﬂ%ﬁyﬁt ag)ernaa% gucci)lr
s fog éwmlaftalq,cmrghem pkifbs, inorganiv chiomides; idreatamplst s,
scaven nds are se th sto horretr
g@#ﬁfa{%? ot R iR e it e B P Asfolein,
yﬁaeﬁ%co?gﬁ\dﬁw&faﬁy oftRr 612PHiE SIPPbA thatitial hxﬁl tﬁ@ﬂﬁé a$ome
a

fornul where J is alum num or boron, R' is as
odipents yelert inqigapi ey dematgrigls asthp supppy magerial including

A ndnﬁﬁﬂ%'%;‘gh%‘f’ G4 T b Sbia W e s g

Bﬂ%ct |thmta1m$1ppmtafaeamlsdo mcmdeamalm;m silivatalitheina, and
i}“‘i?u {Q}Fﬂ' l}%(}fgl 5 h 1[1?8: nL{z;rg Se1Ve of l anone of in combination

w1th the silica, alumina, or s1hca-alum1na. 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
detailed description of this class of materials and their modification can be found
in US 5,264,203,
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octyl al um num tri-n-hexylal um num trinmethylal um num
and the like. Preferred boron al kyls include

triethyl boron. Scavengi ng conpounds may al so be 25

al unoxanes and nodi fi ed al unbxanes i ncl udi ng

worbimpiasunoxane and nodi fied nethyl al unoxarfET/US2006/021231

Supported Catal ysts Supported catal ysts and or
supported catal yst systenms nmay be used to 30 prepare
PAO s. To prepare uniformsggpported catal ysts, the
catal yst precursor preferably dissolves in the chosen
sol vehe suppért xautetial may bepretrsatapsy inyhuahtadfiméthodsnFans

t hat the catal vy, precursor,. the activator, and or the

g¥amp] aﬂ@@g@aﬁ 3 PRI PP P RO BB 1021231

aé@a?&&ga[% | §ueh B AhndidulrPatk)1Othd RO kS BEbSHPPOr ' S
essl

ace area, Including the interior pore
s ur f adestated abaveopslymalppmsrs wilh plso berpitabledm accopdance

rted . catal ysts f ni form C sts;
SHRARS iRy S e B e BB bW PR s3T5 8L B
PHRHIOT, A XTH90 A tTAk yfethodY 8is€lofed TRy Beaised RRRERGalalystny
met hod effective to support ot her coordinatjon

eamaqsly@s aglivaterrer caialyst systepes ofdhis WgD‘!CH’éP adlsoEb orghsarby st

ymerl E’Sﬁq&gpé‘?ﬁr??ﬁﬁr% alrwlgtlgrgoge U?B%Pgégrggl.es,_ﬂ%e

mntyéie;chbmmnlépbmd throagh functional growpsdotuad tatonin {hiefpolymer
needed), suitable solvent, and support may be added in
ﬁﬁ?‘“%rder or sinultaneously. 10 By one nethod, the

acti V@Is@l"ul ca@su ear¥ied n!lzg{ h?alae a&&r&s bred b5l 106700 BYE And s
re

t ol uene, e stir the support material for 1

O ADoLS wbnq@fr%w Heelg ané pégaa\@ram patiglssize b 40580 amy st .

tHe aeg{blgfh/%%g?%fe | on or é)&{%%%%%ﬁlte% &E%ﬁg{% % he

pdg&f‘gﬁdg“m?ﬁfj?hma dsm?%ﬂvﬁnt-zt‘w)gﬁee ed to fo?ﬂrﬁ;ﬂt
sejegtays Pcesqrmf?%@ﬁé@ ml*/aaeﬂ)ée s PPV OYmE, PEY-Br3htcse. 4B R
égtgr%% @'Se}él?‘iﬁq@m%l giggﬂuc E% ngﬁ%%ﬁgpq&e
eixe af y@-ﬂoqeﬁ Angstroms, alteznatively G0E00 Angsitois, o 26:300e as a
AR ot ep. DhE el ook he RRRYER A BY ¢ e

dbnebinborale fderally dégsRel ortthe sﬁ@ertraﬁﬁ wa&mg GevePbf 19-100xed
wiith a_ catal yst precursor sol ution. |mlarlg t he

ml%pm%esw&yatwst\pmﬁx PRTigEam aﬁwhﬁ]smrtwﬂtqwelu APBOy st
FHSEHEN o O imoTh 3L R kLY bk
of catalyst precursor per gram of support. But greater or lesser values may be

used provided that the total amount of solid catalyst precursor does not exceed the
support's pore volume.

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
96/04319A which describe a particularly effective method. Both polymers and
inorganic oxides may serve as supports, see U.S. Patents 5,422,325, 5,427,991,
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and the supported catalyst is either filtered fromthe
sol ution and vacuum dried or subjected to evaporation
to renove the solvent. Alternatively, the catal yst
‘grecursor and activator may be conmbined in 25 solvent
0 2003/0k4480 sol uti on. The support is then added®CT8/SpMp6/021231
solution, and the resulting mxture is stirred for 1
mnute to 10 hours. The total activator/catalyst-
precursor solution vol une-#8ybe greater than the pore

et e anes A S48 R uttonr FRERCRBBUD TR LR R
Qig/5998 ry (about 90%to 400 % preferably about

100- 200% of the pore volune). 30 After stirring, the
r esi diabnathrpeeferrédsembmdinent thmetalloogneand ortapiiyasen (With ar

P iofls sugpSiLe SooEnf Bl fy Ay ik RiRound MBKRRY o,
WEAIRPRIGH A 28mPéubld 7k €S dieting3te readidr. THrefetablyothy St

precursor may al so_be supported absent_ the activator;
i aiolainminugyesmpound isJeprespried pY theformawa: Redilavehess each R is

. Lo )
150Gkt 2 RI4G C20 1 L ettty REPR rchps o idofdently
rsalectioé froinxtiel guiup leomsistimg pfmethylyethel, poipyl, tsopmppk butyll of
b 1 mnute to,10 h . t 5 t.al yst
et Rhayt By isvoenii i peonlo v bbb -l B v
WRERis0REIUDERYI, mlsﬂyqe,a&oﬁdnyv,i ﬂ-ﬁo@maieém,arsbdw?dt, f-degyipve the

sol’'vent. The total cat al yst - precursor- solutjon vol unme

riaadedyd ispuadecyl, newnsacylifiedeqyp pidpdesyl andin-dadacih prefgrebly o me
. b . ho
AR TRk, b, At deB, BN el O RO ¢ e
oaipetabis gelattedifromGl-iHasA alimidven, o nectyd hiumigum, 1i-n-
AR e A R B Bp0r t usi g Any of the

support nethods di scl osed above. Likewi se, two or nore
activators or an activator and a co-activator, may be
Manemiexsn t he sane support. Suitable solid particle

i.call i sed of '
7 of r adh BPf e ety BRERELAE GotbonnB Sk gl e
AREdteSpolyiietizk r sligRedrize By QishtdtatddtBéndhad ofhoAMBERJE

particle size greater than 10 mis suitable for use in

tplsrredinepemen molidei (e Cerpleims nrpfembbt eloCraolsBnn apre
R A G L
e o

€,
bbb Gl B el S i et P b6 P s

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-oligmer may comprise two, three, four, or more different
monomer units). Preferred oligomers produced herein include homo-oligomers or
co-oligomers of any of the above monomers. In a preferred embodiment the
oligomer is a homo-oligomer of any Cy to C); alpha-olefin. Preferably the
oligomer is a homo-oligomer of 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-

decene, 1-undecene, or 1-dodecene. Preferably the oligomer is 2 homo-oligomer
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20 enbodi ments sel ect inorganic oxide materials as the
support material including Goup-2,-3,4,-5,43, or -14
netal or netalloid oxides. Sone enbodi nents select the
catal yst support materials to include silica, alumna,
woidéwnigdum na, and their mixtures. O her iﬂfé‘i’@%ﬁ‘?ﬁﬂmz:’l
oxi des may serve either alone or in conbination wth
the silica, alumna, or silica-alumna. These are
magnesi a, titania, zirconi.gp.25 and the like. Lews
acidic materials such as nontnorillonite and simlar
aif dy&ne.NAyanothedembodimenttheolipomenis ta.cotoligbmescanamizingt he
support can opti o aI I y. doubl e as an activator

sremsad poe gumora ¢ mgpqmers igpd #hAYeal so be used.
I'n so &Eﬁ&%mﬁs u§&l9t8 'nﬁke ?ﬂ@k hﬂaﬂe lﬁi%'afecho% !iﬁﬁ’t@a to, Csto
common nown as can e used i IS a

r{é,walphaebﬁns withi the €5 b Qﬁ tahoha-phﬁns spoast]- bﬁxdn% drheptene, 1-

ared w t 0 _tunabl.e o nd .t un aC|d|ty

e R R AR P R R
Ct@t&ﬁééﬁb being preferféd A;bﬁf@reefgrdmptoeEbl@hlph@.méﬁhhalepoly-l-
nodi fi cation can be found in US 264, 203. WO

AesaeonolyEhemens, pelydoesteneapoit 1-nongnerprly-dcdssens polil-er i al
exaen%l En, Yol i%ﬂ&@n@% Vﬂ%@raﬂﬁ%apgl e ﬁeceﬁ ralirhou

I'nor gani ¢ 'oxiI"des may be ém cal I y
tthe dirreeek ofitfigher dlefipslincthy taagé ofC105peCis sars e presemt il therfinalm

| kyl d k tated ab

‘35?%& el PRl 4 progeetly g Birh e 2mng T PEABPT 30
Piek Bligdheers 6 intn@r@ withearbof huﬁmsmngrﬁ%xﬂemum ans

|n V\D 95/ 1581 and U. S.  patent 427, 991 The et hods

adel feose €4 ty s @lnbhawlefins wqewybeémny gnd olignmst cRolymers
adso r%‘g r&%ttmlgh em o%’l? %%'ﬁ g&h%{?/éﬁ%ﬁ%éﬁ gﬁ pp oIr4q§JhL

pcﬂeﬁnsamhmthqr enfood‘mht L&nmbleptﬂﬁnmmchﬂe flibmkems, 1-pentenepl- be
chem’cll boynd t hrou tion ups b to or
e L babiaRe ocidnechhohias Toserg T Eadaierae s Hodsentn,
hﬁﬁﬁe@ené U!"-feﬁ‘i&ec%ﬁ@ anUne bfBAirhent/BE of8#Ts 1.38&kne CnddOr €

vol ume of 0.1-4.0 cc/g and or an average particle size
RAQGs GDixture of Smers, dribew; trtgsness arsl peotamers(and bigherhofh of

S 1B Yo timeiy W oftp  FRempiape EpRuF St

edmﬁﬁm@pte&ﬁnérs af®petimers @m& hfgﬁer) of Ededdne 1%&& n2/ g,
and or pore yolume of 0.8-3.0 cc/g, and or

aﬁr@hoslg%enbam Sleftaisi peows aidha BROH 2 Piyaro!arimen eirangs
LR b LA EP 1,08k 10 ol LOR0 RS bicen i 1-

hexene, and the PAO is a mixture of tetramers and pentamers (and higher) of 1-

hexene.

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

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

%, preferably less than 20 mole%, preferably less than 10 mole%, preferably less
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Angstronms. The netal | ocenes and or the
net al | ocene/ activator conbinations are generally
deposited on the support at a |loading | evel of 10- 100
20_mi cronol es of catal yst precursor per gram of

sol i d
VQM9HPH45%,) t er nat el y 20-80 nicronol es of caPST%%‘WOﬂm

precursor per gram of solid support; or 40-60
m cronol es of catal yst precursor per gram of support.
But greater or | esser val u‘e@l'rray be used provi ded t hat

cifin o e PR sl WO G Bl e SRR

agebrigte &risodivaém) the PATE cagirisssdbR thmB0Ehsle% dFethylcas, be
supported for gas-phase, bulk, or slurry

popyiena andibutene, rsefersbydessithan 4anolebgerg otabiy less e 30 mole
S%{O g&%ér eQ&ﬁ&ﬁn 2 fno :ﬁ{ﬂeffzﬁfﬁgﬁ%& ﬁh}é%%&l@%} é}@fe?ib

mer i zatl on unbxanetacti v te
cﬂﬁnﬁmﬁﬂs%, Iabﬂeram}elesuhambinelef%,rprefsmbwm In anSéher f or

S 0 2
crhmlBensy the BGPTSR e BT Bt 5o dp eadtheno
S5, b Al cbA s ) Hor o4 T A ch

descri be a particularly effective Bot h pol yners

asbodimentgthe PAhsanepsisesiass tbm%nalg%sqf tﬂlﬁ sn anethey), S

péir?{@sﬁatﬁ%%r%%mp%éﬁgeiﬁéﬁ o f’g%éggra gty

ba?bcrcﬁmbmtplm PAﬁ).I&dl?pi‘Bbs Bfﬁhmdiﬁﬁﬂ%%é@r@%n\é\?n another

4 ot her er e e e | nt, e
eranél e RAY eamprises k?%st%rn l(%rﬂrlﬁp ugne. hiﬂﬁmﬁm

saaeaaaﬁlbmarhs p&@%ﬂnﬁ}ﬁréeﬂesﬂhﬁm Ableyd 4¢ 1M moRB@ENd,

preferably a 5 trial kyl al um num conpounid, prior to

eemqumg:tr the Pﬁéhmmnnsaﬁeﬁtbmabmple%ﬁ propitsriea by aoilen

SRS e RACL ERRRIE ointa TRl hen 57 oup:
pr ef erai dlpHahdefthsaisedRsieia rcaa wp&em& aﬁe&wy fréie bBglepd

from t he group consr sting et hy propyl,
glopitloprppess peprppticed by seera) pommem% yl;od ?;mp}mcesses or they

18%3{#& e@ﬁ@ﬁ'ﬁr%@her—'ﬁ% Ljh'hylh%gﬁﬁ mﬂ{és@ CO tyI

I soocty nony i sononyl, onyI
dsyaghs, of ﬁoxdene}xithemofemyﬂnal oleﬁm*.euﬂi qthylmuom&my Icrackmg of

- | d d n- dodecyl
PRl FiscRes Tippt SRE i at Sl ePpera i ohanather, |
PsighL6ieRh Yyritheaisdbutsd. %ﬁﬁfwfeﬁ%ﬂﬂvdnﬁoﬁﬁé[ﬁ%ﬁﬂlfﬁom

trr-rsobutyl alum num tri n-octyl alum num ‘tri-

hiegst (80 ayeight fastphaselafin Eprefnrabb'dwgn alphaelefin)nrefegbly at least
90 weight % alpha-olefin (preferably linear alpha olefin), more preferably 100%

alpha-olefin (preferably linear alpha olefin). However, alpha-olefin mixtures can

ey

also be used as feeds in this invention, especially if the other components are
internal-olefins, branched olefins, paraffins, cyclic paraffins, aromatics (such as
toluene and or xylenes). These components have diluent effects and are believed
to not have a substantial detrimental effect on the polymerization of alpha-olefins.
‘In other words, the process described herein can selectively convert alpha-olefins
in a mixture and leave the other components unreacted. This is particularly useful
when ethylene is not present in the mixture. This technology can be used to
separate out alpha-olefins from a mixture by selectively reacting them with
polymerization or oligomerization catalyst systems completely eliminating the
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Mbnoners In a preferred enbodi rrent the cat al yst
conpounds descri bed herein are wused to polynerize or
ol i goneri ze any unsaturated nononer or nononers.
Preferred nononers include C5 to C24 ol efi ns,

woRGPRIAE Y C6 to Cl4 ol efins, nore 20 pref ePEBIUP2006/031331

Cl2 olefins. In sone enbodi nents preferred nononers
include |inear, branched or cyclic al pha-olefins,
preferably C6 to C20 al phagpl efins, preferably C6 to
Cl4 al pha-ol efins, and nore preferably Cs to Cl12

adedha sqpaeite ﬁlpha—ol@ﬁm‘fa:rm ¢ raneihder of theaompsnents/inaeniand or

re of ene, heptene, octene, ne decene,
e T et TGeT R ESCRfof BRI AB0SS | o o
%ﬁgfﬁﬁer eﬁm&eslstonﬁnq&&ﬁeﬁanaeg; Eéﬂtﬁﬁﬁg hfheidHBY

be used to produce hono-oli goners or co-ol |t%gmers (for

nmmapltnitpﬁm@sd bfanchnds)lqﬁms eﬁuthﬁmmuc catﬁza fed to t her et o,

Sligepashizn o bepdfod tifkin il E5eietiely retl slBY Bio

bll?h@—btéﬁhn Nolseparhte gRep ed islat¥Rlicalptia-olefin rslmeerbﬂe MAofher any
t he above nonomers. In a preferred enbodi nent the 30

srample et the gtilityoh this E;Prqgso P Vsralawy lefing pyodured by the
ﬁ'lepalﬁ?es | o# frltéknal dfié?ffn@ Wi el gﬁéﬁ% \ﬁﬁihﬁ g2 Bntblﬁ s@me internal

ono- ol i goner o ept en -oct ene,
tlefins eTins nixalladefinchasd stockoeerbean be weacﬂedasl tdedlne.

YREG ok Cleoproad BTt SH0° B il B,

aélévuhsry RHRIE thePdlbhal d16fird! ihtd QB product. qthu@bﬁeg@mrse the
conprising decene and one or nore, of any of

Aphriefia for the bepe stosk synthesis withenthayingrte ﬁ@a@éee@e ﬂlﬂhﬁak e

g@%a gfeL ns opbvl‘\ﬁrllht E‘B{%ﬁgﬁ)@% ﬂl@g &1? Hé o%rﬁ’?nl %p@ocel?%h
a-nﬂm'lmxene 1- heptene, 1- 5 octene, |-nonene,

1-dec d ene, ri decene and 1
Lot 1 oot TR FgoB R Hed O AP ured P RO
H@h&ﬁhﬁ hidvia ‘Bf‘dnE'ﬁesQf Radt®| preferably at least 3 carbons away from the
hexene, pol yI'- t ene, pol Y- | - octene, pol y- I - nonene, pol y- |

al@ba:mttp@mqu, su oaetblrl -desens; Aretityddedseens, or 4-methyl-1-

el £ HERFTRARend B, RBteb olernd o BEGRERG il Hpdpne o

bhﬁ]?:r ﬂ‘ﬁ%lﬁhe grﬁnﬁfb]@uﬁﬂg’}ﬁbcelﬁorﬁhé}dmtb‘é addéiefetiberiely. SThar g
pre era | tri rs tetraners entaners an
erg pf ﬂrﬁhﬂe kraarhee @M@nam# complststy Huges alpha-olefins

ﬁ{,@r e? %g@ made fromC4 to Cls
alpha ol efins 1| one g I'ment, and ol i gomers or
pol ynbyaprefeirtetl embodioanty aumtfrthe;PAOtsidngribcd)heréimnand

Q&rgﬂ%e a%agt 5f0 rf‘c"?% to 94 carbos a ms and from 0.5 to 20 mole%
ethylene, where at least 80% of the ethylene present in the polyalpha-olefin is

present in runs of 1 to 35 carbons or less as measured by Carbon 13 NMR.
Preferably any of the PAO's described herein may comprise at least 60 mole% 5 to
24 carbon atoms (preferably at least 70 mole%, preferably at least 80 mole%,
preferably at least 85 mole%, preferably at least 90 mole%, preferably at least 95
mole%) and from 0.5 to 20 mole% ethylene (preferably from 1 to 15 mole%,
preferably from 2 to 10 mole %, preferably form 2 to 5 mole%), where at least
80% (preferably at least 85%, preferably at least 90%, preferably at least 95%,
preferably at least 98%, preferably 100%) of the ethylene present in the
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oleflns |n another enmbodi nent . SU|tabIe ol efins i nclude
1- butene, 1-pentene, 1 15 hexene, 1-heptene, 1-octene,
1- nonene, 1- decene, 1-undodecene and |-dodecene,

1-tri decene, 1-tetradecene. I n one enbodi nent, the

wol6f7ioaidss 1- decene, and the PAO is a ni xturPETHS2006/021231

dinmers, triners, tetraners and pentaners (and hi gher)
of 1- decene. In another enbodinent, the olefin is
1-decené,”and the PAO i s ag gtxture of trinmers,
tetramers and pentamers (and hi gher) of 1-decene. In

%2 DRE-ok#ing 5 BRI B Funs 6 1et0BlshibBnd Gréferabit1an 80, and t he

iI's a mxture of trinmers, tetramers andyrzentamers

(pmferabtvdﬁerzﬁ peferablict to20, preferabind froS.prefaablyrb it 10,¢ he
t f
t%é?ehgﬁlé’rlsto Rap’gl)é%&g"r‘?é’ S 1;0% 3h| g Ie?)aotn)l( uh:xgne In a

preferred enbodi nent, the PAO conprises two or nore
MONONers, . 25 preferabli{‘ three or nore nononers,
{IROT2ZA - e REE¥er s, preferablyflve or

more. ﬁ%ﬁerﬁ@oﬁ&eﬁzaﬁ%n%ce&%&nd@@&t&ﬂ s

al pha- fi'n mxture, or a ,
cmétallo@m-camiyzddt podsamerizatising ovoligometizations such as mluﬁorm

Cl 4 | ph f.
i Pt B polgerioath pr Setpmeniop icibecd e il i
Qﬁm&bﬁem sordetmﬂaa&@tsmral s6kdbor sepportedaatabBt iswbela olinre2,
and nmononers, preferably le t han 40 | e%

mr@p@rna!svs/ fixqdshedon pies Sl wiRzpcsss iss amr ks t han

|
¥ sﬂsEE Hﬁmef%(%‘%?%%ﬁ% Yok ucstg%gg}l %‘% 1531 o 6 T %af L bl the
neotiestyr iprtlm‘ &arhabin)phhsesbulk plzase, D1 shofy p%sepprefeeabéjoilw 0%

Bifniong Birrdt e rfon Bodh AR R a bk e pna

qﬁslfehett @fﬁﬁodlﬁia@tf fleddthperdt@® $n AdiaBactél veed Bédein iy £éA1 BIIC Yo
I'ess than 30 nol e % &eferabl | ess than 20 m)I e%
.

P81 Cr prsfeyably from: 30n to1 22076} hefrem 307Gyt B9SCp than 5

R BT 0787 K ol bRl Bl

nedctdbuséd hﬁrhmllsaﬁ'em a. ma@ommgphaed;)pﬁfmﬂﬂy froto(®S5 RAG

BB AT L DR d o o R o smbp B e

gt is adl RAAbYRES hERGSOHR 110 50060 RAB:pIRAR! bl%ﬁ?aﬂlyeﬁs

than 10 nol e% of et hylene. In another 10 enbodi nent’,

t1h@50AGatanspheres dnjanefberembadinGnirhenousmensh pydtalioeenciand
RIS or0 SAROUETRD Y resldbEcRAR YRR 106 BSur Wlkedly

ene n ano
30 seconds to 50 hours, preferably 2 minutes to 6 hours, preferably 1 minute to 4

o

hours. In another embodiment solvent or diluent is present in the reactor and is
preferably selected from the group consisting of butanes, pentanes, hexanes,
heptanes, octanes, nonanes, decanes, undecanes, dodecanes, tridecanes,
tetradecanes, pentadecanes, hexadecanes, toluene, o-xylene, m-xylene, p-xylene,
ethylbenzene, isopropylbenzene, and n-butylbenzene; preferably toluene and or
xylenes and or ethylbenzene, normal paraffins (such as Norpar solvents available
for ExxonMobil Chemical Company in Houston, Texas), or isoparaffin solvents (
such as Isopar solvents available for ExxonMobil Chemical Company in Houston,
Texas). These solvents or diluents are usually pre-treated in same manners as the
feed olefins.
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‘enbodi ment, the PAO conprises |ess than 1 nol e% of

et hyl ene. In another enbodi nent, the PAO conprises
| ess than 1 nol e% of propyl ene. In another enbodi nent,
the PAO conprises less than 1 nol e% of butene. 15 The

wah@p@1bef i ns used herein can be produced diPCEAISEPSPHIGH

ethylene growth process as practiced by several
commerci al production processes, or they can be
produced from Fi scher-Tropgch hydrocarbon synthesis
fromCO H2 syngas, or from netathesis of internal

ol ef | TypivHily)in@hdloeeees of fhif mOERtdH,AsHEIon ghodé tramfticnahedalm
or Fischer-Tropsch synthetic wax at high terrperature

eRAIdS PARPT OTCACH YOS, 4l PRe QRIS SAIMOMeR fre sonfacted to

ProBUfyingr O ikher) TheselfRiBRME nh v uflicef afifadodhwill
bt pdrticylariypusefud iradhk ¥newn sleag tsoluion, \mbgktop%aahg)hmdeﬂ efin
ciSd Pl or s o B! opciotny T PReuRRHRROT P r
ﬁéti%fér 2 AbohibidBoripduRS, tE@x‘éactﬁh%& l?eecakﬁ&ﬁo@%l ﬁﬁtﬂﬁ'ﬁon' n

this invention, especially if the, other conponents are
a®de.nEesndf ong afithneompsnents Isadt enmerletely solyblednthareactionc| i ¢

RRURH &8 me QRIS SRR Pboglio e BBt of fucilER),
B A S or i‘mwe’ @E*a?"‘&;?é‘é“ e
8&%@@ i ﬁﬁ? cAtalyst SprIRQnIeRts: fﬂ%ﬁ@i‘gﬁﬁes susppnded

flsBivents)s8éH RStolubhe & dﬂ'léﬂ:b&{w%méﬁt@ 4vafNtle hldgafik Eﬁﬁrents or in
corrponents unreacted. This is particularly useful "30

" akiphatie salyenbras in therfend alphasdefin stam pse fridintorthe regttpeimder

R e PR B0 e PRI LB AT

polyyetization o Oigodtierizhii @OioRake Hhict. OThepilahyisiation 8 €N
conpletely elimnating the WD 2007/ 011459

Bty 458 be gun in sobatchanode; where all thorcompopens Hr addeds

Er[ o%ﬁrto Ahacdt g %&9&%@9&{‘ éerbf%omréfﬁgr# either
st r eam i's is economca ant ageous,
oanid] epnviersien grrfol} eemsversisn. |Subsequenftlys iieer calalysp Bahactwated
t h | ef duct st nt a

B et S Bl s Spf 1 SAEpecEf o iR By Aensign of eatis
StisdlventsHotifaitiny deabtiviing 86bntsO ThB BolmiehibARNRS: bRgSh& ation
technology as described herein and to selectively react

saeajsa beccarrigdnh ing semircontigousgneragion, \gheép faeds andotatalyst t he
, t
Sptfodhitntls n EGARRs APLRARTan BUATRIGAR) tlciGackl'sp |

pePabdistaing whstanttretioaf catalyst m&m/uohipoﬂéﬂts/tmed olmﬂm(c)h may

nt aj onme |nternal ol efins, is mxed ol efin base
Sftsh ke 2R, b1t S mppiss gt ided, B aegetion 1s Allowed o

proceed to a pre-determined stage. The reaction is then discontinued by catalyst

deactivation in the same manner as described for batch operation. The
polymerization or oligomerization can also be carried out in a continuous
operation, where feeds and catalyst system components are continuously and
simultaneously added to the reactor so to maintain a constant ratio of catalyst
system and feed olefins. The reaction product is continuously withdrawn from the
reactor, as in a typical continuous stirred tank reactor (CSTR) operation. The
residence times of the reactants are controlled by a pre-determined degree of

conversion. The withdrawn product is then typically quenched in the separate
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10 polynerization / oligonerization process of the
present invention, which selectively converts the

al pha-ol efins into | ube products. Thus one can use the
al pha-olefin for the base stock synthesis w thout
WAMRGIME separate the al pha ol efin from i ntPEARER006/021231
olefin. This can bring a significant inprovenent in
process _ economcs. 15 In a preferred enbodi nent, the
PAO s produced herein may .-ggntain nononmers having
branches at |east 2, preferably at |east 3 carbons away
freatortiin e sindlapinannen ssivtheropetation.s Inchpréferred bybeodiments anef

-ethyl-1-d L 4-nmethyl -1- h 4- et hyl -1
ihotssies 1 beparepatLs disERtel et B SRR Bow e

| ProRablyth® BsitinBdsSrbétts édriifiskd e %Tﬁéafa%)tdéﬁﬁﬁ\muﬂwocess or
they can be added deliberately. e 20 copol yners of

dniredweing alfpedsineard camprising pideash 10 mpletts ebihsioae er more Gter
ot . _
R Ao St AR B BBl SRR G tatigeenes o ¢

deapouibadiie sotinatorinto the acios andt) dontisdously witideswving the
24 _carbon atons and from 0.5 to 20, nol e% ethyl ene

harolefig-fagm Fisgsastor: franalisy FERAipeRts g CoRtiuopRProcess
(IC:I,% LiRe ﬁé;%flﬁmht&n:éxggsﬁﬁﬁﬁ Bleshile Bgng]wfgeﬁ %/“R {h@ reator of

arbons or |'ess as ed by Carb
F308pet (A1BTS/kRe) pr Iss, bassd By the el presbard ofithe atactorzpyeferably

(BP0 hpa B s, SRe R Dok Ronodibel RS il po m
no4skPa) oPleed, preddihbly 25 phi€(|dt$3 k%) ofTeks; Yrefdrnlstly @ 0 pbil (99 RPa) or
| east 90 nol eo/%lal referably at least 95 nole% and from

dess. Adterngtelythe dydrogsn. dinzeseptis prsenbn the Fegstor at 1904ppm or
s bhwelght relefib 0 ppb i 1! ot LTRCH pn GBSy

| 25@priBardess prefembhbl 00 ppim drdess) p@fiably 6@ ppmailegs,at | east
95% referably at |Least, 98% ef er abl 009 f the
T ER S Rt bss; prefeR UL big o loee Bisdprably 3 Dt or Tss.
PﬁTérhb‘é@lQ% , if %1@32119,% pi@ieﬂhﬁ‘tﬁé Rkl B 1'0‘@0&5:& 9EREs B)ﬁ
runs of "1 to 35 carbons (preferably 1 to 30

pveight; prefeyably 75 ppm onlesss preferaby 00t apupor legs; preferablly 3501 t o

RS ARkl | R or R AR shobfd oo RARY 2
Ripac exSlessMprefergbdy 101pprh oAless) pr.‘e?ig’tﬂg;la lmpféigﬁgi_lése.n alp ; g ggs ses

and reactor, types used f.or C
pol yn&?‘?gf’afql@ TS AN AR FPm AR @g&huﬂj > $dt prefegable
St k€ Yeactd TarBet thaniile (11 ik t%ﬂfﬂg@ For¥omtherdRAPREdueabi. OThe

processed can be used in
production facility may have one single reactor or several reactors arranged in

series or in paralle] or in both to maximize productivity, product properties and
general process efficiency. The reactors and associated equipments are usually
pre-treated to ensure proper reaction rates and catalyst performance. The reaction
is usually conducted under inert atmosphere, where the catalyst system and feed
components will not be in contact with any catalyst deactivator or poison which is
usually polar oxygen, nitrogen, sulfur or acetylenic compouds.

One or more reactors in series or in parallel may be used in the present
invention, The transition metal compound, activator and when required, co-
activator, may be delivered as a solution or slurry in a solvent or in the alpha-

olefin feed stream, either separately to the reactor, activated in-line just prior to
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W08191388ne conpound and t he

invention. In sone enbodinents, if a solid or supported
catal yst is used, a slurry 10 or continuous fixed bed
or plug flow process is suitable. In a preferred

enbodi nent, the nononers are contacted with the
activator in thel/EANIRRA!
phase, bul k phase, or slurry phase, preferably in a
continuous, stirred tank reactor, continuous tubul ar
reactor, or a batch reactaqrgg.In a preferred
enbodlnent the tenperature in any reactor used herein

ithe lzehﬁmi) oiﬁlf@aﬁtblafbﬂ andpurfibedus ah actaka?eﬂ sblgllﬂnm faﬂﬁmrpto&ﬁé) C
pre er rom>5 to 180 C refera ram 60C to
T Mryna sl arriockui i b SREIF Fragi,
cﬁéﬁeeﬁ iH SaSth A6 nir, (3 sé\few}xﬁmgmtaﬁ ity HatRaRRE LS,

rably, fromO0.5 to 7 atrmspheres preferably
facbmtqr, optical mavmph mdeQ‘pthnai nodifire are addsddiontimously ftea

et b SRR P 3T, BSVBRE g SSi Pprtucar |
2iAgéd RN eaBBOINOGR frlore fel@tor¥RBRIBRIA 31 seridel Thd @taype and

activator are contacted for a residence tine of 1
soEpRBentbcands added te thefirstrepcien i) thezeriese dds@atatyst component

1
R B B A APt LR e B el BART Bk
diedtamenhnd anqsher semponent tblvcher emcon. hndlelpsefetpasmmmdhhqnt
I t f th t t ,
Bk AR 8RBT B bttt s T e
d&ﬂﬁﬂﬂﬁent Ltﬁé’ﬁféaiiﬂ t s@&d@%@aﬂoﬁdd fARf APAS metallocenes is
tetradecanw decanes hexadecanes, tol uene,

qrejredad wi ayaum ﬁeaggnt@w@cglaélwgusg wylelvaninum, tri-n-
t glene an g%&%xy?en rcriﬂgr‘ %ﬁeﬁggﬁeﬁ?ﬁﬁ%%ﬁﬁaﬁm

pgnﬁ?/g@beﬁhémawysae?m@npﬂrand mmﬁo clefuvsaor ?nbﬂec; lﬁ)f)pre-
on | ca n us exas

i @glﬁ%”r"é‘f"f"ﬂh'% 8&7@%‘@3’5{ n@epfiqqewo &V tﬁ%ﬁ%‘:f agtyaidpetals,
&Vﬁbﬁ ﬁt{h& £ int oG BRR ebnthil &Y f6éH o1EARED alﬂ&nbﬂﬁeﬂ‘ﬂééﬁfaﬁve

exas) These sol vents or I F'uents are usual
phepreraatalyst mietallocame ismixad with sl ackivator m@r&mmgvatw)

P08 b et R i o KRR GS: vl e plof

m&bah coffaifip Hodfe, scafvengRf of S sutiRsib. Vﬁtaﬁt’)&er amﬂaaﬁa@ i
nore nonomers are contacted to roduce E@nyner or

ovhdepmpart ofifbe eo-ativatoy ispee-mixedipethsthe fred oleding al darasdch
|
clfolthe REcBERHHE ¥ e 3RS tther et A s oBlalde

snﬂgﬂ@pnsmdmyatmsapdiomd-aluvateact ors. If the catalyst,

act i or o activat i S ol ubl e conmpound, the
realc:;/| ﬁ@ﬁﬁmggd@ﬁ?tﬁ’: %s&wgllﬁnl‘quﬂt P?&ﬂ%ﬂts?ad’ﬁng such 4s

trialkylaluminum (trimethylaluminum, triethylalumintm, trijsopropylaluminum,
triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum) or
methylalumoxane is added to the feed olefin stream to further improve catalyst
activity. In a preferred embodiment, the monomers are contacted with an
alkylaluminum compound, preferably a trialkylaluminum compound, prior to
being introduced into the reactor. In another preferred embodiment, the
metallocene and or activator are combined with an alkylaluminum compound,
preferably a trialkylaluminum compound, prior to entering the reactor. Preferably
the alkylaluminum compound is represented by the formula: R3AlL where each R
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“node. Even if one of the conponents is not conpletely

soluble in the reaction nediumor in the feed
solution, either at the beginning of the reacti on or
during or at the |ater stages of the reaction,

wEPotli@sy Or slurry type operation is still mTstzoosfomn

applicable. In any instance, the catal yst conponents,

di ssol ved or suspended insolvents, such as toluene or
ot her conveni ently avail abl aronatic solvents, or in
al i phatic solvent, or in fﬁi f eed alpha olefin stream

?%@8%@?9“&%‘%@@9 ARG ol b BARE RECIRENE ™ 1
anidepmdbhtéy sefertednfoon thatgramp consxsﬂn;gg:é methiylzthybpropyl,t ake
DRoRap B AR e R Dol "SR Rt s BB h B o

Iheiﬂ Hepty? asch is eyl GH-J)&_WeﬁbnSrp 1§oﬁ6§}tl ﬂ-ﬁoxﬁrl eBylciesdeayieal

dedree of conversion, elther partial” conversion or

fcml lmdmyénmtmdecy‘ambméqqyérdpﬂgcyl,ﬂmowhlas\é@-dp@ecyl

o) Vi exposure to
IR e, Mo n BERT, U B-AFREGR. PRREbIF eSO 1B
alkylahiniinGg cdepotnd istlegedfion ti-isobtiylahohiynmy trizgt i on or
ol i onerlzatlo 20 cap also be carried Qut in a

Sstyfaluaipumy ryihegylapmynug), and;risp-dodegy A cat al yst
systefy &%ﬁﬂéﬁﬁ&t%ﬁ‘ SnySTd PGS BekcRbH 1kd tHe FOQAQISHNY

added to the reactor so as to maintain a constant
raad posoéfentamalryﬁted oyemeve ctsiystpaisins, such axpatorxddest oxygen |

a eds and ¢ taI ents are d t he
R hcBirceh B e Mt B s SEARRAERE Sodbdiml i o
Stca@tent dihhe hﬁmfalpm-olaﬁnﬁvﬁtmndbﬁm imdlebmmwlamh 25
deactivation_in the sane manner as described_ for batch

Slerygnats catphist, i5o p yerured apPe Raiglyst morramed Gatalyst on can
%gglg . Bfe'tﬁ@ayfmfold AR EIy IR fsod oS 3hd S soeRE AR

cat al yst™ system conponents are conti nuously
dredted ssiiﬂmmmtimfmckxmleaﬂdesnbve,@uclh& A, 8A ard 3Kanoteduldrai n

a. const rati.o of cat al stem and feed,ql efins.
A AR i R OB e el ARG OGP FRIVAGH 8 om ¢ he
PRty Eebatet @htalydf Sudh &eitiiehtGall m‘d?.é%é DAt&lNSt p‘iédubﬁﬁ%{ Z-Q@ Q-
reactor (CS R) operation. The residence tinmes of the

deldor mere, Bhredimnsened oracess alpp inclydes sprsisd frastment Qiélgar%@i of
SRS TSR 00 S LD b e

I%G?}hidﬁ@lﬁ@inﬂ@dﬁﬁﬂomdﬁﬁr otlesa aher i ?mae% I THid tdatme roa'; as )
Qt her oper at | rre e odl nt n (0] t he
Shaitnse SBEhfprmishie SpRestily SpicRbogorIe! 10-B0.

FREH:AaBHAHS fdh QLR 8% contBisd RIR Rb1dcifr i8R, hhiHARAPT OCeSS

conprises the steps of a) continuously i ntroduci ng a

fadusging tsilica ek oxysen s¢maying catabyst,tand Or pwrifyingscliys tovedunedher
TRlefoatom- Egntmmng compounds in the feed, preferably th below 50 ppm,
preferably below 10 ppm.

The catalyst compositions can be used individually or can be mixed with
other known polymerization catalysts to prepare polymer or oligomer blends.
Monomer and catalyst selection allows polymer or oligomer blend preparation
under conditions analogous to those using individual catalysts. Polymers having
increased MWD are available from polymers made with mixed catalyst systems
and can thus be achieved. Mixed Catalyst can comprise two or more catalyst

precursors and or two or more activators.
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5 C24 al pha- oI efins into a reactor, b) continuously

i ntroduci ng the netall ocene corrpound and the activator
into the reactor, and c) continuously w thdraw ng the
pol yal pha-ol efin fromthe reactor. In another
WOBHIMSAL | the continuous process conpri seBCTHR0LRL231
of maintaining a partial pressure of hydrogen in the
reactor of 200 psi (1379 kPa) or |ess, based upon the
total pressure of the reacg % preferably 10 150 psi
(1034 kPa) or less, preferably 100 psi (690 kPa) or

| ess, GEﬁé?él%f %Eﬂuﬁﬂg pietallodend datklpel, a@ter predfeatninebefad! v
25 psi kPa) or |ess, preferably 10 psi (69 kPa} or

Iol@ﬁg ) ssnlvm rﬁ%‘!l@lt'g‘/ apdadten yww@ns wulqeerpthegé‘iwﬂ @ﬂa}oegfé nt

sednll®) 136 B 7136 o IIIPRE, Ble reaciB? s o well, 1n omo
Fﬁfﬁmﬂ?ﬁ?mgm m“’ﬁf’f&fﬂﬁmwgaﬂw e oo
RN R S A R L

oﬁéar mmféls&aareﬁ?ﬁg M%&ﬁdbym@gaammfscmﬁgﬁ bemp&unB ﬁ@a@mt

in the feed a ppmor less by weight, preferably

azomppindchatirergeves polat emamtlys oo tlpﬂjlw@mnle@wnnpﬁﬂéf ®l y

e oty i B 000 Y R, Bt R postive

Rtcps aeahlamyh&adtmme ﬁn&cﬂaang feacticdr clipynéntpm eictior ¥6ssel20
Preferred re %rs ran size from2 n and u

@’gwqhytepwﬂ Y iy B erq%aéwagéolf@%?%ﬂqw U§ihgan
%Bﬁe bd ol Edgind conftlotiis. fr@erSHWﬁéﬁdlﬁhw%ﬁgﬂJ{r%bé&@ will 881 use

production tacility may have one sing actor or
gelcestamaﬂmmgfmvmgamompou@w es or in parallel or

SR o BE RO Gt b o B SRR e R b

aacH0asiths @fbupdGicpgaidinstallioottpuadds of BES. PatentsrgBI3¢id 7] 0
ensure proper reaction_rates and catal yst performance.

P 1,028 and HiD-A-21/02838) WP-Acio0e IV Ondidd/ 4 d2.tand that of
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actlvator and when required, co- activator, mybe

degtallpid eeates ysually mlmmwdaprsg interacfion with the acfive patebrsn n

PP e A R, ORI Aeh

RET- usaﬁmmaﬂﬂﬁﬂ, trineoepignyl-alurdihir, ana letfiSehaithineaeaikylor |
GidihRE b hanS RUTRER o35 20.RT MRS RS S AN o

aluminum, or tri-n-dodecyl aluminum. When alumoxane is used as the activator,

any excess over that needed for activation will scavenge impurities and additional
scavenging compounds may be unnecessary. Alumoxanes also may be added in
scavenging quantities with other activators, e.g., methylalumoxane,
[MeHINPh]' [B(pfp)s]” or B(pfb)s, where pfp is perfluorophenyl (CeFs), Me is
methyl and Ph is phenyl.

In a preferred embodiment ethylene is present in the feed at 10 mole% or
less, preferably 0.5 1o 8 moles %, preferably 0.5 to 5 mole%, preferably from 1 to
3 mole%
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reactor. Polynerizations/oligonerizations are carried
out in either single reactor operation, in which
nononer, or several nononers, catalyst/activator/co-

activator, optional scavenger, and optional nodifiers
W0 WOHBIEYW continuously to a 5 single react or PEF/UBH06/021231

series reactor operation, in which the above conponents
are added to each of two or nore reactors connected in
series. The catalyst conpefents can be added to the
first reactor in the series. The catal yst conponent

may alhoPAQ'saldsteilicd herpinican alsa be prodycediin homegenewsponent
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cat al yst, ich is then fed into the reactor .
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charged into the reactor at the same tinme as the ot her

varytepueen sbous 0i°Grand ghewti3A0 AG, menspraferebly fommahbut 10 °C to
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preferably higher than the first reactor temperature. In parallel reactor operation,
the temperatures of the two reactors are independent. Or one can use two types of
metallocene catalysts.

The pressure in any reactor used herein can vary from about 0.1
atmosphere to 100 atmosphere (1.5 psi to 1500 psi), preferably from 0.5 bar to 75
atm (8 psi-1125 psi), most preferably from 1.0 to 50 atm (15 psi to 750 psi). The
reaction can be carried out under the atmosphere of nitrogen or with some

hydrogen. Sometimes a small amount of hydrogen is added to the reactor to
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-67 is independently a d to C20 al kyl group,
preferably the R groups are independently sel ected
fromthe group consisting of nethyl, ethyl, propyl,
|soErop¥ butyl, isobutyl, n-butyl, pentyl, |so ent
PBHMS? hexyl, isohexyl, n- hexyl, heptyl, WMINJM
i socotyl, n- octyl, nonyl, isononyl, n-nonyl, decyl
isodecyl, n 5 cecyl, undecyl, isoundecyl, n-undecyl,
dodecyl, isododecyl, and mglodecyl, preferably
i sobutyl, n-octyl, n-hexyl, and n-dodecyl. Preferably
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alum num tri n-_octylal um num
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b&pﬁ)@?{hswp&éferamngs n{qﬁqm pol ymeri zation catal ysts to

prepare polymer or ollgoner bl ends. Mononer and

cat al B reaetjondimens reactos pesidsaes trne isqisudllyi dyperdentiandhel
e et M SNSRI AN 0 B8 12
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productivity. Catalysts such as bls(l,2,3,4—tetramethylcyclope}1tadlenyl)z1rcomum
dichloride or bis(1,2,4-tri methylcyclopentadienyl)zirconium dichloride, (1,2,3,4-
tetramethylcyclopentadienyl)(1,3-di methylcyclopentadienyl)zirconium dichloride
or (1,2,4-tri methylcyclopentadienyl)(1,3-di methylcyclopentadienyl)zirconium
dichloride or their dialkyl analogs have desirable high productivity and stability
than unsubstituted metallocenes. Certain bridged and bridged with substitution
catalysts, such as the di-halides or dialkyls of dimethylsilylbis[indenyl]zirconium
or dimethylsilyibis[tetrahydro-indenyl]zirconium dimethylsilylbis[1-
methylindenyl]zirconium or their hafhium analogs, etc. Usually the amount of
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precursors and or two or nore activators. WO

2007/ 011459 PCTI US2006/ 021231 -68 General ly, when

usi ng netal |l ocene catal ysts, after pre-treatnent of

feed olefins, solvents, diluents and after precautions
WORREUIMSP he cat al yst conponent  strean(s) anﬁcyg%?@?ﬁﬂ\zlm

free of inpurities, the reaction should proceed well.

In some enbodi nents, when using netall ocene catal ysts,

particularly when they ar€’ls i mmbi lized on a support,

the compl ete catal yst syste add onal Ly .conprj se
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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
partial conversion is more desirable when the narrowest possible MWD of the
product is desirable because partial conversion can avoid a MWD broadening
effect. If the reaction is conducted to less than 100% conversion of the alpha-
olefin, the unreacted starting material after separation from other product and
solvents/diluents can be recycled to increase the total process efficiency.
Desirable residence times for any process described herein are in the range

from 1 minutes to 20 hours, typically 5 minutes to 10 hours.
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30 In a preferred enbodi nent ethylene is present in the
feed at 10 nole%or |less, preferably 0.5 to 8 noles %
preferably 0.5 to 5 nole% preferably from1l to 3
nmol e% WO 2007/ 011459 PCTI US20061021231 -69 The PAO s
WOSBWIHEY herein can al so be produced in hofSJénaegd21231
sol ution processes. Generally this involves
pol ynmeri zation or oligonerization in a continuous
reactor in which the polyngs _formed and the starting
nononmer and catalyst materials supplied, are agitated
{Back ofthese peicedieondy also be atphledin sﬁfgle&eitﬁcﬂ’pﬁa’rﬂlﬂdl bEseries
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nost preferably from about 25 C to about 200 C.
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L MDA L b £ 3P ARLERTE Lonch ook il (L B0YEEN

fluids narr ow nol ecul ar suc
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reactors are used in series or in paralle
lp@@ﬂtﬁ,miﬁﬂlfeembnépnoewpeomhm constant in a

ol o JTIER ATRIS REPaHEs (it Fufed for Bqmrernat Ayt
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can adjust the reaction tenperature _Sw ng
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then separated from the product by filtration, centrifuge or settlement. The fluid is

then distilled to remove solvent, any unreacted components and light product. A
portion or all of the solvent and unreacted component or light components can be
recycled for reuse.

If the catalyst used is un-supported, is a solution catalyst, when the
reaction is complete (such as in a batch mode), or when the product is withdrawn
from the reactor (such as in a CSTR), the product may stiil contain soluble,
suspended or mixed catalyst components, These components are preferably
deactivated or removed. Any of the usual catalyst deactivation methods or
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The pressure in any reactor used herein can vary from
about 0.1 atnosphere to 100 atnosphere (1.5 psi to
1500 psi), preferably fromO0.5 bar to 75 30 atm (8

i -1125 psi), nost preferably from1.0 to 50 atm (15

ps
WL2001/1145880 psi). The reaction can be carri edPETUSHPARI231

t he atnosphere of nitrogen or with sone hydrogen.
Sonetimes a small anmpunt of hydrogen is added to the
reactor to WO 2007/011459_RET/ US2006/ 021231 - 70

i nprove the catalyst. The anmpunt of hydrogen is
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the desired conversion level. Different metallocenes
&v@@ﬂt Additives: Ghemistry prdsApnlisation, yed. ByHieglieR. Rusdgickep. of
_gl7 subst itution on the cycl opent adi enyl ring, or
br| ging i nproves catalyst productivity. Catalysts
such &sanother embodiment, any of polyalphaolefins produced herein is

YoihEsited, Tp %p@%ﬁtﬁ?zég%p{) 2 Blehh & pretorabl treted fo feduce.
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hydrogen and 2 hydrogenation catalyst to produce a polyalpha-olefin having a
bromine number less than 1.8. In a preferred embodiment, the treated polyalpha-
olefin comprises 100 ppm of heteroatom containing compounds or less, preferably
10 ppm of heteroatom containing compounds or less. (A heteroatom containing
compoundis a compound containing at least one atom other than carbon and
hydrogen.) Preferably the hydrogenation catalyst is selected from the group
consisting of supported Group 7, 8, 9, and 10 metals, preferably the hydrogenation
catalyst selected from the group consisting of one or more of Ni, Pd, Pt, Co, Rh,
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tetrarret hyI cycl opent adi enyl )(1 3- (h

nmet hyl cycl opent adi enyl ) zi rconi um di chl ori de or
(1,2,4-tri nmethylcycl opentadi enyl) (1, 3-di

nmet hyl cycl opent adi enyl ) zi rconi um dichloride or their
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stability than unsubstituted netall ocenes. Certain
bridged and bridged with substitution 30 catalysts,
such as the di-halides or %al kyl s of

di met hyl si |l yl bi s[i ndenyl]zirconium or
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co-activator of Kyl al um num conpound s tsed
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t est OSSI bl e reaction ti N
TR P RHOn S RBPMEOP ST gL TR), Wi g catalys

8001 QA%Ab 20 WRIUFHREPA G P4 phedddably 0.01 to 10 wt%, hydrogen
and the polyalpha-olefins are continuously added to the reactor to allow for certain
residence time, usually 5 minutes to 10 hours to allow complete hydrogenation of
the unsaturated olefins and to allow proper conversion of the mm diads. The
amount of catalyst added is usually very small just to compensate for the catalyst
deactivation. The catalyst and hydrogenated PAO are continuously withdrawn
from the reactor. The product mixture was then filtered, centrifuged or settled to
remove the solid hydrogenation catalyst. The catalyst can be regenerated and
reused. The hydrogenated PAO can be used as is or further distilled or
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which is slightly | ess than 100% conversi on. There are
al so occasions, when 25 partial conversion is nore
desi rabl e when the narrowest possible MAD of the
product is desirable because partial conversion can

WavHTAIHSMAD br oadeni ng effect. If the reactRdAS2Y6/021231

conducted to | ess than 100% conversi on of the al pha-
olefin, the unreacted starting material after
separation fromother prodggt and solvents/diluents
can be recycled to increase the total process
fhftionated ¢y the3ighDamipoakit éf mesessatyn dresomeasesf wherbihy
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yl enes, ethyl benzene, propyl benzene, cunene,

reapior yeniperatente Hydrogenand A Q feedickmbefed through the réaetonne,

heptan tape, i nt an N ne. . .Ng or
T B S R
kontadt dBiwets lhg&o%erne Padbmds:udatyfattﬂndito govebest heat niandgeniat. i S

st. suitahle t o, di ssove catal yst conponents.
e %eg_fl,ratp QEWJ@)W ﬁ@@aﬂ@@%&r BVp PP P gencs
LAGW Ebﬁgleﬁ% Hydfdbefatiofof BiunbRiated oS 1 the Rlod M téSiiEwANd
Nor par or lIsopar Is used as diluent or solvent. The
desizablesouversibe of mny triadk io dhe process. cChhethiydrogesatet PAOdHid ank
reactor.. batc reactor., aor plug.flow reactor, or nor
PR S Bt e i on Hor i o 8 B3R bomipet 1t
hbesary. cosially StherfiiishaMdficaBy PAC fluidd/iive Bfddfifiéhumber
cool i ng and the nmonomer feed may or nay_not
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Iog¥ Pher) 2r 2 Bave Todicoq RO 9 PR triis B disnighidrogengted PAO.
) 7 gl
Dol a0 neR po T Rt MBRAR bl RAETE bR hidbDiher AT °
hhsnmigue Ipbitigatien propertiesy/ ol | goneri zati on process

general ly operates in the sinilar t enper.at ur.e,

ot oo BloLied emBafidenc neYek BORERgE of Beesery iuaion
BoBisy B/PADS prbdusddih this ROLMER! fogéthéritOdne or more other
ol i goneri zati on, a suspension of solid catalyst,

Brssratncks.dnclwding Fequpd el Geaspon bare stocks withavigensity Tange from
3438905 o8 ut'106°CQ! HiShulate 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
may be added. In a preferred embodiment the PAQO's produced herein are
combined with one or more of dispersants, detergents, friction modifiers, traction
improving additives, demulsifiers, defoamants, chromophores (dyes), and/or haze
inhibitors. These fully formulated lubricants can be used in automotive crank case
oil (engine oil), industrial oil, grease, or gas turbine engine oil. These are
examples of additives used in finished lubricant formulations. Additional
information on the use of PAQ's in the formulations of full synthetic, semi-
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diluent 'S |ntern1ttently or contlnuously renoved from
the reactor. The catalyst is then separated fromthe
product by filtration, centrifuge or settlement. The
fluidis 25 then distilled to remove sol vent

wWQavEatHsd conmponents and |ight product. A ﬁ’@ffqugwﬁ"@%ml
all of the solvent and unreacted conponent or |ight
components can be recycled for reuse. If the catalyst
used is un-supported, is aggolution catalyst, when the
reaction is conplete (suchas in a batch node), or when
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pbacjivated 13X mplaanlagsicye aleng wder WhogWAMPHIEWUNd i n
th
Dor it bl iz Pl o3 laiyeaith Sras Blerle B BEE ARG, T 1€

aittogel (k9 invini atinospharetdn argon ireettatrosphére. &ma seal] scalecohol s,
ol yet her al coh Is to i nto di sper,sants.

B Sop e 21 et PERR Ldsone veb aiaed 1o £RBall ook

a&masy Btéél‘i’@d’&ormti%ﬂh%}ass he Rifhd thtabRdctoPRdlined b 98 ml,

ed. By Leslie R Rudnick, p.
an agitator and a temperature controller, followed by addition of 0.668 ml of

methylalumoxane (MAQO) in toluene solution which was prepared by diluting 10
wt % MAOQ in toluene solution to a dilute solution containing 8.68 mg

methylauminoxane per ml of solution volume. The reactor was then heated to the
desired reaction temperature and the desired amount of metallocene catalyst in
toluene was added to initiate the polymerization reaction. After 3 hours, the
reaction was quenched by addition of carbon dioxide (CO;) gas of equal moles as
the metallocene catalyst. The polymerization / oligomerization product was
isolated by stripping the reactor contents, from about room temperature to 50 °C,

under high vacuum for at least 2 hours to remove solvent, unreacted starting
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143-170. In another enbodi nent, any of polyal phaol efins

produced herein is hydrogenated. In particular the

pol yal pha-olefin is preferably treated to reduce

het er oat om cont ai ni ng conpounds to | ess than 600 p
WARQOTHS cont acted wi th 25 hydrogen and a hy®frd6eEs &%VEHI

catal yst to produce a pol yal pha-ol efin having a

brom ne nunber less than 1.8. In a preferred

enbodi ment, the treated pqlyal pha- ol efin conprises 100

ppm of heteroaton1conta|n|ng conpounds or | ess,

pn&téml ahxl dimei,A.ep jany compraicstmaing tess thah shitty oarbon atomsn The

RGP TeHIORG RECTORSteI BXLMGHVE HEre DARROLEY Bbn
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oup " consi sting of supported
@sctlu,qmaﬁbraﬁpn gandardi "lltu: msidual Snidpissosityaimsicalehltated by a

CHERERT Riyafn ool T Ty GRC T RUR -3 The
203861283 dpRGITISAR06/ 021231 - 74 Fe Ru, Os, Cr, M,

and W supported on silica, alumna, alx45 tltgnla

o roni VGO0 st mdrIaH0.093578 Moo bATE HVFE o o
! oser gty BRIy e bRy oS B AP BOAE, Wil fypmatty

athe@BO&nd Iﬂgher mhpbﬂentrwhetdl?—dw&nsis mp&ﬂ’dsd‘éb@peﬁgramloﬂ MAOQ.

ual Iy, h_ni ckel content catalys 5 such as 60@6
kﬁ g@ @fNGAcv&%saqs %s qu,ca@b@a the satalyst progRFtvay

t rgﬂlc II\Q’FI!D ifto
Acﬂcgiraynegtlg ){P d ogenat I eﬁ? ta yQﬁ}ﬁli S nf?ﬂf qptalyst
sﬂnﬂnnh@ﬂgﬁm}KékerQHMNQMQ I|ca alunlna clay or

o1 y o il d Funohih o RSl BhhEled SRR TR Hendrtbed abpv, with

hadditieasl aﬁﬁbmauedmﬁroaﬂe@ﬂwmwe from25 to
350C, preferably 100 to 10 300C. In another preferred

enbodi nent the polyal pha-olefin is contacted with

hydr ogen and a hydrogenation catalyst for a tine period
from5 mnutes to 100 hours, preferably from5 ninutes
to 24 hours. In another preferred enbodi nent the

pol yal pha-ol efin is contacted with hydrogen and a

hydr ogenation catalyst at a hydrogen pressure of from
25 psi to 2500 psi, preferably from 100 to 2000 psi. In
15 anot her preferred enbodi nent the hydrogenation
process reduces the nunber of mmtriad groups in a

pol yal pha-olefin by 1 to 80 % Prefeably the PAO has 10
to 80%Iless mmtriad groups than the polyal pha-olefin
prior to contact with the hydrogen and hydrogenati on
catal yst. For further infonration on hydrogenation




of PAO s please see US 5,573,657 and "Lubricant Base
G| Hydrogen Refining 20 Processes" (page 119 to 152 of
Lubricant Base G| and Wax Processing, by Avili no
Sequeira, Jr., Marcel Dekker, Inc., NY, 1994. Thi
Wﬂ)lﬁ‘}'f(%@ﬁ%tl on process can be accon‘pl i shed |H’Céméslzﬁﬂﬁf°§”3l
reactor in a batch operation or in a continuous
stirred tank reactor (CSTR), where the catalyst in
0.001 wt%to 20 wt % of theypPAO feed or preferably 0.01
to 10 wt % hydrogen 25 and the pol yal pha-ol efins are
continuously added to the reactor to allow for certain
residence tinme, usually 5 mnutes to 10 hours to allow
conpl ete hydrogenation of the unsaturated ol efins and
to all ow proper conversion of the mmdiads. The anount
of catalyst added is usually very small just to
conpensate for the catal yst deactivation. The catal yst
and hydrogenat ed PAO are continuously withdrawn 30 from
the reactor. The product m xture was then filtered,
centrifuged or settled to renove the solid
hydr ogenati on catal yst. The catal yst can be regenerated
and reused. The hydrogenated PAO can be used as is or
further distilled or WO 2007/011459 PCT/ US2006/ 021231
-758n|; dto-the right conponent if necessary.
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Iess than 2 and have reduced amount of mmtriads than

t he unhydrogenated PAO. The new pol y-al pha-ol efi ns when

used al one or blended with other fluid has unique

| ubrication properties. 20 In anot her enbodi nent, a
WOR001145%r i cat ant of the present invention RCGIHHRPEEZI231

the PAO s produced in this invention, together with one

or nore other base stocks, including Goup Ito Goup V

base stocks with viscositys ?ange from 1.5 to 100 cSt

at 100C to formul ate suitable viscosity grades. In

addition, additives of one or nore of. thickeners, Vi

P OShagh T LRRI e AP BB, L e
aithi aadﬂiﬂl%halfbgiﬁeﬁmm defatlyprogidedimelhble Tbelowr ef er red

enbodi nent e PAO s produced herein are conbined with
one or nnre of dlspersants ~detergents, friction
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oxygenation catal yst were then renoved by filtration in
the gl ove box to provide purified 1-decene.
Alternatively, the feeds were purified by passing
through a bed of activated 13X nol ecul ar sieve al one
WOn29e7/018459r ogen at nosphere. The PCT/US2006/021231
pol ymeri zati on/ ol i goneri zaBl on reacti on was carried out
under 20 nitrogen (N2) inert atnosphere or argon inert
atnosphere. In a small scale screening experinent, 2.2
grans of purified 1-decene was added into a snal
stainless steel reactor fitted with glass liner with a
total reactor volunme of 5.5 nl, an agitator and a
tenperature controller, followed by addition of 0.668
m of nethylalurnoxane (MAO in toluene solution which
was prepared by diluting 10 25 wt % MAO i n tol uene
solution to a dilute solution containing 8.68 ng
met hyl aum noxane per m of solution volunme. The reactor
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addi ti onal experinmental details provided in Table I

bel ow. WD 2007/ 011459 PCT/ US2006/ 021231 _78_ 0 Nvn N
0l NtOW~ NWONON4 OO0 T OO0 DO h ao N N pOp~
Sn Ob Oen1lr, OOn. .~ O.00 NO0O 4 VNOOV McF
WO2007/0H480 O w d~V o tn Wo a0OO N 00 COPSO/UN28p6/82128
i .h0~"GUn C MpAONOO MTfit y~~pi NMU
ooThdvd CNn1l100¢c4 . N5T-0t .~~~dyy O
7 .-" O..r b Ln 00 kn en

-81-

Example 27 to 32. In this set of experiments, the reaction was carried out
by adding 180 gram of purified 1-decene and a catalyst solution, prepared by
dissolving 2.017 millimole methylalumoxane (1.17 gram of a 10wt% in toluene
solution) and 8.07 micromole of metallocene catalyst in 58 gram of toluene
solvent, into a 500 ml round bottom flask containing 180 gram purified 1-decene
heated to reaction temperature and equipped with stirrer and temperature
controller. The reaction mixture was maintained at proper reaction temperature.
After 4-10 hours, the reaction was quenched by addition of 3-ml isopropanol,
dilute HCI solution and washed with 5% NaOH solution. The organic layer was
separated and distilled under full vacuum to remove any C20 and lower
components. The C30 and higher components were then hydrogenated under
typical hydrogenation conditions using Nickel on Kieselguhr catalyst at 200°C,
800 psi hydrogen for 4-8 hours. After hydrogenation, the bromine number of the
samples were below 1. The composition of the product was then analyzed by gas
chromatograph equipped with 4 60 meter DB1 column (initial temperature,
70°C/0 minute, 10°C/minute to 320 °C). A typical gas chromatograph for the
CsoHg, componentof example 31 is shown in Figure 4. The major components A
and B were determined by comparison of the GC retention time to the known
compounds. Component A is believed to be produced by hydrogenation of the
olefin A" produced from simple 1,2-connections of each 1-decene molecule.
Component B is believed to be produced by hydrogenation of olefin B" produced
from a 1,1-connection during the chain termination process. The presence of

component B is unexpected from this type of chemistry.

The amount of Component B, 1,1-octyldocosane, is related to product
viscosity, as demonstrated in Table 4. In Table 4, the higher the lube viscosity,
the higher the amount of componenf B is in the 1-decene-trimer fraction. This is
quite unexpected from previously known chemistry. The presence of B is
beneficial for fluid property. For example, a CisHgy B compound, synthesized
independently from n-dodecyl aldehyde following a well-defined chemical
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descri bed above, w th additional experinmental details

wonranjotash i n Table 2 below. 5 Table 2. React iPERAISMIF/B21231

carried out at 100C, using 0.1 mcronole netall ocene
catalyst, Al/Zr nolar ratio =250 Exanpl e nunber 11 12
13 14 15 16 17 Catalyst typer HI J K C L B product
yield, wto%** 21.7 28.3 15.9_,17.3 38.1 23.2 27.6
roduct/ MAO 329 430 241 2627578 352 419 Mw (ghnol)
1715. 1674 1807 1862 2305 2333 2331 Mv Mh 1. :
reagtion path apshpwn in E@mﬁa&ﬁ@al prodret BiG30He20!1 lsogyuowswe)

@g&} D
gxgs Szllpne‘il vl%cc)gml ope d #?9?1%’0%'3?%8&\?%' 1od'lr9 ? &Secmlnpmd
ko the eﬁhddtm MizPay0 afile aty1002C FelonéSinmd Vi ki 1@6iodthe 10 J

t ycl.opent adj en I reoni ym dichloride K
Y@é‘fﬁﬂa &)é/té wéﬂﬂ'!’égP&@fH‘ﬁ?ﬂai m di chl oride L
(met hyl cycl opent adi enyl ) (propyl cycl opent adi enyl ) zi r coni

figC fiﬁrsyjr&?amés}nmaﬁsmiowomma@ Rt R BhpbAsed on Mv

TR B AN Y R T ) | ”32%r
telistpe 100 Aol aBi ool Foed s abeerdn waighy
Reaction temp., | 50 | 100 | U126 | 100 5y
°C .
Lube properties
KV100°C, cSt 8.14 [ 1029 13.81 15.86 37.56 126.27
KV40°C, cSt 438 | 56.73 85.04 100.57 284.04 | 1132.63
Viscosity Index 162 172 167 169 183 218
pour point, °C <-55 | <50 <-52 <-55 48 -33
Bromine number | 27.0 | 215 20.2 17.5 11.1 5.6
before
hydrogenation ‘
" | Bromine number 0 0 0 0.5 0 0
after
hydrogenation
Wi% B 3.6 49 4.9 8.4 113 14.6
component in
CsoHsg; fraction
Catalsyt type:
A biscyclopentadienylzirconium dlchlonde
B dimethylsilylbis(cyclopentadienyl)zirconium dichloride
I bis(ethylcyclopentadienyl)zirconium dichloride
F rac-dimethylsilylbis(tetrahydroindenyl)zirconium dichloride

For high viscosity fluids, the quantitative presence of the 1,1-connection
can be determined by the proton NMR of the olefinic region before
hydrogenation. The olefinic carbons in component A" and B" have very different
chemical shifts (Figure 6). In the olefinic region, each olefin class resonates in a

characteristic region

assigned according to the table below:
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Exanpl es 18 through 26 were conducted general ly as

addi tional experinental details
provided in Table 3 bel ow. WD 2007/011459

en, ONyy NO 0O0OM | NOO M

descri bed above, with

PCT/ 1JS2006/ 021231 SO

waQ@o0G01148 en It 'n N . -.

cd UMNNOO N en a,
M bo 14- cn N O G a 4i

00 tn t-

..~ N RCEAISEPO6/031231
00 N, y A"

~ a? OCh ~o0 en

O. U-2 d) ONvi 008, F- w

G1l.gpi~ . aryOt~~bqgf'i ,b~0 d en 1! (ON
>p NLtltl "~ ON~ NT~7 N 983-d O
Olefin type Chemical shift range Number of protons
(ppm)

Vinyl 57-59 1

48-53 2
1,2-disubstituted 53-5.6 2 I
Trisubstituted 48-53 1
Vinylidene (1,1-disubstituted) 4.6-4.8 2

The total olefinic integral can be subdivided as described, and gives

quantitative concentrations for each olefin type.

Examples 33 to 35. Three poly-1-decene samples were prepared using

similar procedures as Example 31, except at different temperatures and the

. products were analyzed by proton NMR before hydrogenation. The olefin
distribution was determined as described above, and a typical olefinic region of a
proton NMR spectrum is shown in Figure 6. From this proton NMR analysis, we
calculated the mole% unhydrogenated B in total PAO product. After
hydrogenation, the B" will be converted to B component. The B component

varied with the product viscosities and higher viscosity fluid had higher amount of

component B in the end group (Table 5).

/
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27 to 32.
carri ed out
and a catal yst

m I 1inole nmethyl al unoxane (1
toluene 5 solution) and 8.07

ol!lrts 111
ETb oy

019t tn 'g

b oov

p; 9 5 a3 g~.;

r b O3 domUO aaa Hv~ a eo

sol ution,

the r

wdei14d0 WO 2007/ 011459 PCT/ US2006/ 021231 PETUBR&HIEH
In this set of experinents,
by addi ng 180 gram of purified 1-decene

eacti on was

prepared by dissolving 2.017

8

7 gramof a lOM%in
icronole of netall ocene

catalyst in 58 gram of to] uene solvent, in 500 mi
Fehln s, BerouptalsiagRe n gl bieceninhy SMey N

Ex 5 teated™ T Gyl eact|i Of4 T ETPeT a & and equi pped
» t—teppet LUI$ controler—1he reacti on
'..,\.ﬁeAAa pt-aihed—at—prepet—reactenr—tenper at ur e.
Reactipn S, X\ eact 0 was aldnche by addition
KNV 19016, ¢ opr opand5;1310 di 13839 A 4%k i on and washed
KV40°G%sNaOH spl ukb4e7 Theldyd@ani c 513428 was separat ed
and distilled under full |[vacuumto renove any C20 and
WoBdity In@exPONent s. 13he 0 ztyd hi ghegygconponents were

. bt B0 genaf ed URHer Ty@gcal nhydiggenat|i on
%Gra-mmiinéﬁdngefgr%l |g—N|11rTci* f %lscs o guh2.3bat atiyst at 200C,
 hydrogenation

Mole% of

component by H-

NMR

A" 78.9 66.2 41.2

B" 15.9 30.0 53.9

Others* 5.2 3.8 4.9

The product made in Example 32 was evaluated for EHL
(elastohydrodynamic lubrication) traction performance using a Mini-Traction
Machine (MTM) from PCS Instruments Ltd. This device uses a ball-on-plate
configuration in which each is driven independently in order to vary sliding and
rolling speeds. Under the varied sliding and rolling speeds, an EHL contact is
formed between the ball and plate thereby separating the surfaces. The separated
surfaces allow the lubricant shear effects to be measured, while temperature and
contact pressure are varied to produce a comprehensive map of the fluid's
behavior. As referenced in Figure 7, the traction coefficient is a ratio of the EHL
traction force measured to the normal force applied (F;/ F,). The results are
presented in Table L



10

15

20

800 Ppsi
t he brom ne nunber

hydr ogen for 4-8 hours.

After

hydr 6'Vgérnati on,
of the 15 sanples were below 1. The

conposition of the product was then anal yzed by gas

chr omat ogr aph equi pped with a 60 neter
70C/ 0 m nut e,
gas chromat ograph for the

t enper at ur e,
ypi cal

wc%omn}&il

10C/

DB1 col umn

m peit/esnes/ @201
C30H62

conmponent of exanple 31 is shown in Figure 4. The nmjor
conponents A and B were determ ned by conparison of
the GC retention tinme to the known 20 conpounds.

Conponent A is believed
of the olefin A"
of each 1-decene nvol ecul

whsl

to

e.

'@’produced by hydr ogenati on
produced from sinple 1, 2-connections
Conmponent B is believed to
oduced by hydrogenation of olefin B"
a 1, 1-connection during the chain term nation

pr oduced

TRERGR{GPa) N Pl €SENCe off  qoyponent B s [unegzectled
Lfge,lbt{m?IyDP of —CThent§try. 25 |Ihe anounpt of Conponent
ML DR 1 1k U S

—H = 0 } :.,szlT I;Té e ttBe
enpR ) AG | : n0.0292 ¢ iQO-OZQ.‘ILp
a@lﬂ:@&ﬂécj eifrormorevulucl y_kn chemistrly. The

SpecteaSyod00f B i s 30 bendfi@OHI8 f br 00201 d [pr®9263t v| For
Speeirgiiva Ulaa C3DH62 B conpoubdllisynt BgdPred 0.0256
i} € Bihniple B PAID dodecy.d10d dehydas? olll oviony a

‘ Ag~@et I ned chem cal 2007101459 PCITUS2006/ 0p1231
-f“‘?' ci@cn partas shawy bigsT UUhR129 (Tl NGb2gaT ofuct B
L 3 ﬁ : y|u01,u5—cn| )’(LQQW SUWJI T I%&TE ics

3—F8—+% V=" , - red
H VA,Q s AALQ@Z,\ aﬂ@gg}; = 49@%w and

VI 126 or the synthesi zed C30 Awth Kv at 100C of
3.67 y'co %@9%1 % ﬂicxeﬁté%?c@ﬁ\%ﬁﬁéﬁa! Fﬁoﬂﬁ% 100
anDunt o ngou com onent Exégp e no
&9 vizCosty (8200?&)1 SpegsaSymyD éOO}aESplectFaSl?nPEJlu' aciaod ten‘p :

KV100C cSt 8. 14

S ok s B30 B B,

drogenated

Example 32 lube has a consistently lower traction coefficient over a wide range of
test pressure and temperature Lower traction coefficient is more desirable and is
advantageous for energy efficiency (Reference - Synthetic Basics, Benefits of
Synthetic Lubricants in Industrial Applications, W. R. Murphy, D. A, Blain, A. S,
Galiano-Roth, J. Synthetic Lubrication, Jan. 2002 (18) p.301).

Examples 36 to 41. This set of experiments was carried out in a
continuous reactor. These runs demonstrated the use of non-cordinating anion
(NCA) as activiator, high lube yields and or narrow molecular weight distribution.
1-Decene and toluene used in the runs were purified through a SAngstrom
molecular sieve, The metallocene catalyst used was
dimethylsilylbis[tetrahydroindenyl]zircornium dimethyl, The activator used was
N,N-dimethylanilinium tetra(pentafluorophenyl)borate (labled as activator-A or
NCA-A). A catalyst solution was prepared by pre-mixing equal molar of
metallocene with the activator in toluene solution to give 0.8 micromole catalyst
per ml of solution. The experiments were conducted in a series dual-reactor

continuous solution process. Both of the reactors were 1-liter autoclave reactors.
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4.9 8.4 11.3 14.6 conponent in C30H62 fraction
Cat al syt type: A biscycl opentadi enyl zi rconi um

di chl oride B
dinethylsiIyIbis(cyclopentaghfpyl)zirconiun1dich|oride
10 | bis(ethylcycl opentadi enyl')zirconiumdichloride F
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) . . . : i |
Freati G Sty ROBRA pfod Dpf MerBEILS 0B feaftling |

fehctioncéaperatute Reastionprédicewsd @natuasRovitidigyvr forh e

tabl e bel ow. WD 2007/011459 PCT/ US2006/021231: -83

eyteslavs, qyspehadyand waghed With wateh Hoe oigamie 1aver Wik utthsts
: - - ol j 5.3

5 Mty oo o eadbind. i

data demonstrated that the NCA activator gave excellent catalyst productivities,

conversions and or lube yields. The residual oil was ther hydrogenated using 1
wt% Ni-on-Kieselguhr catalyst at 200°C, 800 psi (5.5MPa) hydrogen pressure for
4 hours. The bromine numbers for all samples after hydrogenation were much
below 1. The reaction conditions and the hydrogenated finished lube properties
are summarized in the following Table 6. This set of data demonstrates that a
wide range of viscosities can be produced at high productivities. Also, these data
show that a wide range of mm contents, ranging from 86% to 51%, can bé
produced.

Carbon-13 NMR was used to determine the tacticity of the
polyalphaolefins of the present invention. Carbon-13 NMR can determine the
presence and quantity of triads present, denoted mm (meso, meso), mr (meso,
racemic) and 1T (racemic, racemic). Extensive runs of mm or mr triads correspond
to isotactic and syndiotactic polyalphaolefins, respectively. The tacticity of the
polydecene was examined by carbon-13 NMR. Spectra for these samples were
acquired in the following manner. The polymer samples were dissolved in
chloroform-d for carbon analysis. Approximately 10-15mg/m! of chromium
acetylacetonate relaxation agent, Cr(acac);, was added to the carbon samples to
enhance the data acquisition rate. Spectra were acquired using the 10mm
broadband probe on either the Varian INOVA 300 or the Varian UnityPlus 500,
with 8000-12000 scans acquired for each spectrum. Three carbon chemical shifts
in polydecene and polydodecene evidence tacticity dependence: the S, backbone
methylene, and the 8Bg and 7B3 methylenes (for decene) and the 10Byg and 9B
methylenes (for dodecene) on the short chain branches (SCBs). A peak
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Vinylidene (1,1-disubstituted) 4.6-4.8 2 The total
ol efinic integral can be subdivided as described, and
gives quantitative concentrations for each olefin

pe. 5 Exanples 33 to 35. Three poly-I-decene sanpl es
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Woara/optdshar ed using simlar procedures as- PETHIN0603231

except at different tenperatures and the products were
anal yzed by proton NVR before hydrogenation. The olefin
di stribution was determ ned as descri bed above, and a
typi cal olefinic region of ag7proton NVR spectrumis
shown in Figure 6. Fromthis proton NMR analysis, we 10

al cul ated the | e% yphydr o ated B ip tot PAO

Bla‘@iq%!‘mxfaﬁ Qﬁfgoﬁér%éﬁ?lg% %ﬁﬁﬁt"ﬁ’@g}g’ a%{] ?sFlgB%i ®Ronvert ed
FnBndn & QIERVORHhical tHEdsRc6RHRE Bk paper by €A, ThML ZBRou, and

roduct viscosities and higher viscosity fluid had

i Ghung, Jovead of Bolymeobaiencentarsdl Folymer Ghamiginodf (2081 e

RAGT 60 PRl e ponlg by R A0 Biothow e cldib gy |
MR theisvahitoratch B@hRdneariGakith hahcHleRgth. BRedohits)

tenp., C 100 70 45 100C, cSt .35.13_.150. 497.
zepds shovas e asspmed thajﬁ fgwdscﬁz. azid decengy Wfﬁagi‘hm

GEATRIE R e il B OSBRI
ikiRylehes7Bdd B6interdiangeabls: I#soofollowofiom. this figuteethet 5. 2
?og?nly%g%s th tfffgrgnptdallllghtaoﬂgg; whfha% ‘rs’lp%l:ra? cc?:%plﬂ':%?ed%‘fr%olﬁ%}ngfj
sequence effects. Furthermore, several of the samples are low M,, materials, and
contributions from chain end carbons overlap the region of interest. Where
possible, the end group resonances were identified, integrated. Thei1: contribution
to the peaks were removed from the analysis. The deconvolutions were executed
-with Acorn NMR Inc.’s NutsPro NMR data analysis software, using an 85/15
Lorentzian/Gaussian lineshape. The componént peaks were lumped together into
clusters according to the mm (~34.63-35.4 ppm), mr (~34.2-34.65 ppm}, and rr
(33.8-34.2 ppm) triad assignments, and fit by least-squares minimization to a
Bemoullian distribution. The probability of racemic addition, P, is the adjustable
parameter. The exact chemical shift offset cut points for the stereo triad regions
may vary somewhat as a function of solvent type, temperature, sample
concentration, and relaxation agent concentration. A typical spectrum of this
region was shown in Figure 8.

End group-related resonances appear in the 42-45 ppm and 35-36.5 ppm
regions. Visual inspection of low-Mn materials suggests that there are three endgroup
catbons contributing to the 8Bg or 10B,, region, with one carbon in each of the mm,
mr, and rr triad regions. As a first-order approximation to end group correction, the
end group resonances (where detected) in the 42-45 and 35-36.5 ppm regions were
integrated by deconvolution. The integral values so obtained were averaged and
subtracted from each of the mm, mr, and rr triad areas. In general, the quality of fit
improves upon such cotrection. The carbon-13 data is reported in Table 6 and is

reported in mole %.
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The Example 36 and Example 37 products were subjected to a tapered
roller bearing shear test (CEC L-45-T/C), a severe viscositly shear stability test, for
20 hours. At the end of the test, the Example 36 fluid lost only 0.77% of its
original viscosity. The Example 37 fluid lost -0.20% of its original viscosity.

This viscosity change is well within the experimental error of viscosity

measurement. Such outstanding shear is not known for other fluids of similar

viscosity range. This property can be significant for many high performance

on

er
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Lube
KV at 100°C, cSt 1095.2 194,61 72.53 8.43 6.2 40.08
Viscosity Index 310 226 191 151 145 167
Pour Point,°C -28 -38 <-56
Mw 25151 9094 4718 1358
Mw/Mn 2.05 2.04 1.62 1.22

These Examples 42 to 46 demonstrate that high quality lube can be produced in
high yields. The lubes have high VI and very narrow Mw/Mn. Also, high
selectivity to lube can be obtained with these catalysts.
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(33834 2 ppm triad assi gnrrents and flt by

| east-squares mnimzation to a Bernoullian
di stribution. The probability of racem c addition, Pr,
is the adjustable paraneter. The exact chem cal shift

wotdogeiammut points for the stereo triad regi 8GEUSDOFHERI231

vary somewhat as a function of solvent type,
tenperature, sanple concentration, and rel axation
agent concentration. A typical spectrumof this region
was shown in Figure 8. End g g]gup rel ated resonances
appear in the 42 45 ppm and 36.5 ppm regions.

RosSsauleabins 43 ST e mtalocstn e SRS bR: RGPS

gdﬁﬁgﬁme{n%&eh@wageﬂamﬁlh one carbon in each of the

, It triad regi ons. As a first-order
E?th &xlmetmmeacbonamtr gwtﬁ&bcwmné @@tiV(atW-R dsactiwgtor gr oup

esonances—{where—gd ct A—t 5 and 35-36.5
%Bl_%%@ons—ﬂer—e—m& 1349*“ H°'5 bl ution. The
AC

Hep Remp. G o< sl o dedl40rd ad8rahed and
Salionaweight in resetorach of the mm nr. anll it triad areas.
1-dereerahs the qupl i3y df %t 30 B6prpves upon such
TWA,@e | on. The caybagy 13 dagsa ifs egpofted in Table 6

PaFeres gported Th my e |% 2§0 40045011459
ﬁ&ﬁﬂm- ar TUTGRaRET at i ons were al so
g fret=hy—NvR: p: F n:gff% f%ggo aracteristic

gtHg=a¢ net hyl branch:

Factl; ’

Wﬁﬂemtﬁlﬂbﬁll hpgrﬁr - 6%l 5 . butyl and
Kinogetic Visgosityat: 1l 88713 |pph6 et|hpP.0Br Fnches: 12-8
K, et theJroton-spectra, t he (et hyl | protons resonate
Vistositydndek 1 ppm pnd94i gnallé2 5 |f rtfd di f f erent branch
['engths can often be resolved sufficiently to all ow

quantification by branch | eng th. A typical spectrum of
this E}@gméqs Shde 63 iolible %d@m@w ateghat pthex metallogepg eitalysts

%OB %E ' ?WQ‘I@F‘& speg’ éﬁgﬁ@ﬁﬁ?gﬁzﬁﬂ}\(h ang{@hﬁ =
T Thmmf?:d?“rﬂfesef e B e Mﬁﬁmatf’ta ooy
‘f’R@ YARLrthe SSlivalet B ifitet 5 EBimpls iy oo A& Mas Brciirn

d’&ﬁkr&tbp LEI\E)ltéy thefe sabiPles %Je?é’ﬁ’di F&ﬁfbd(] eREhmpidd 5146136 OF
i gur

regron or a decene

m‘”ﬁ‘@m‘s pata mdﬂsrgfm\gs cz" @emystz msée et 10 182088/POynRes with 89
}ggg 537%9 f?ﬁr%}&afﬁn {ai)gps 1ncll?({e tEX ra%gmfc%at%}yséx mch'ﬁﬁng

Catalysts F, E, and T; and highly susbstituted catalyst U. Examples 59 to 62
demonstrate that using meso type catalysts with no hydrogen produces fluids with

lower degree of mm triads ( e.g. less than 40%) and bromine number of up to 6
before hydrogenation. This is unexpected when compared to US6706828.



oA e e L 7 o1 el o7 N s e,

Rxr Tem C 50 60 70 80 90 100 1- decene 40 40 40 40 40
40 mlmn Cat rate (nol/ 2.39E- 2.39E- 3. 73E- 3. 73E-
3.73E- 3.73E- nin 06 06 06 06 06 06 TNOA (nol/ 7.57E-
7.57E- 9.10E- 9.10=- 9.1CE- 9.1 OE- mn 10 10 10 10 10

WOARNTHIYSY (g/min) 21.9 24.14 25.43 28.04 29.PLI/}§3006/021231

Conversion, wt% 73.27 80.76 85.08 93.84 97.67 na
Productivity g- 2.19E+ 2.41E+ 1.63E+ 1.80E+ 1.87E+ na
Tube/ cat. 04 04 04 04 04 KV at 100C, cSt. 295.21

169. 07 79.49 26.54 14.89 11.82.KV at 40C, cSt 3002.3
1618 696.8 197.2 99.7 70.4 Viscosity Index 249 225 197

i different 57
.gr oméﬁigd%rﬁ%b%]f g dg%ﬁ%eémg;yoo 0.0 Qﬂ% n%%% tgf ter
iwcitcmgmndltmm; resivte, pRABE pi‘@'emes aﬁtha@ﬁﬁﬁr ah756s.1493 Mw Mh

586715161337 —4—163 4 —Factigi b t3
mole 94 mm 86 86 76 69162 51 13 10 oo Mole% anglyzed by C13-
Ex. 10.0, _LCaéasR&acson or 0%07 (K0%@J.YB o Pew h By pmmy fmidirp pPr m
) rst* ptempe °d | Selsctivity |11@0 1. 2 (pEinhANO**OpO Car bons r
Measured by Cl3itNwiRe1 |8CxS7 3.9(8°G 3.0 [16.2 | The
51 ExTFrpI e 360 angd Ex@6pl 4 293.2pr2d8uct-30 wer28 sug7eclt £d |tD F0.0 1
ta d 5 rol ler bearilng shear fest (CEC L-45-[T/C), af §
52 eyEr e[ vi sgosity 1gpear| 192&01306t Y -1®s{,0.80f 9820 podre. ;0.0
At the| end of |[the test|, gghe Exanple B6 fllid llost jonly
O T 96 pf—1 OT T &y Tt HU Y- S anpg o g
53 I os;]% -D. 28%/0 of it%14 ori 5’%? %\??s o8] t y. 83 116 éo
54 E 100 74 9261200 (-39 | 43 | 65 |31 [4 |02
55 E 125 48 4194|187 | -50 [ 105 | 64 |32 [4 |02
56 M 70 95 3205170 | na | 102 | 42 |46 |13 |03
-l | 6
57 T 70 88 3044. (165 | na [ na | 88 [12 [ 4 |0.0
88 ' [ | 6
58 U 70 99 101.6)193 [-38 | 39 | 31 |49 |2 |04 ]
7 4
59 \% 70 | 99 2339.|354 | na na | 34 [49 (17 |04
| 93 . 1
60 W*¥| 50 99 3758./380 [ na " na | 34 [49 [17 |04
* 42 1
61 W 50 99 1383.]323 | -27 na 34 149 |17 04
62 2
62 \' 70 98 861.3/296 [-30 | na | 33 |49 (18 |04
4 3
63 W 125 76 11771206 | 41 | 5.7 | 34 |49 |17 (04
‘ 2 2
*Catalyst type
T Rac-dimethylsilylbis(2-methylindenyl)ZrC12
5 U Bis(tetramethylcyclopentadienyl)ZrCI2
\% meso—d1methyls1lylbls(Z-meﬂlylmdenyl)ZrCIZ
W meso-ethylenebis(indenyl)ZrCl12
** The samples in this Table were not hydrogenated and the Bromine numbers
were measured before hydrogenation.
10  *** NCA activator A was used.
Examples 64 to 69 demonstrate the advantages of hydrogenation of the
polyalpha-olefins produced from the polymerization step. In this hydrogenation
reaction, the Example 52 polyalpha-olefin was charged into an autoclave together
15

with 3 wt% of'a Ni (~60%) on Kieselgubr hydrogenation catalyst, purged with
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Th| S Vi scosi ty change is well wt h| n the exper| ment aI
error of viscosity neasurenent. Such outstandi ng shear
is not known for other fluids of simlar 10 viscosity
range. This property can be significant for many high

woevormasnce WO 2007/ 011459 PCT/ US2006/ 02123 PCTAISLN06/021231

application, such as in the fornulation of autonotive
engi ne, industrial, gear oils and grease fornul ation,
etc. Exanple 42 denonstrates the use of the dihalide
formof a netall ocene 5 catag st with an NCA activator.
The netal | ocene used was cat yyst IF. Areaction flask
cont ai ni ng cont ai ning 50 rified 1-decene and

hramaqve aifjang projIusEic hyqragendp SQRuasikeaMea) g

AG1T3504 i hnbod 566 GhyBaThUbAOD beRiE g

dﬂematumnmﬁs)f raddmﬂhmé\fhﬂnhﬂﬁrmaeiﬂampmmhvmominet h| S

G5 P e 24 o 4R B . ol 10.

'pnéael usth d¥msnstidtethatlposichoimekE A dnthydrogeiatibA G IBALY PoduEdsDV e

ramp

l'i ght ends. The resi dual | ube o1l properties are
o Bember trhelpw 17but@§@emﬁ a5 paiupepeipalphacolefing with t o
n at ure.
%tg)%l eOI% oqé&g%n thlttﬁérﬁg? éo é&h%rbegx(ge Ecat al yst

hydsogenited sampled iremﬁ ttige unhgdio getﬁteiltahhple J/the lhydiemmed pol yrn

er| atlaagetﬁlg ]?aﬁ %;Eerfe a Ng@i_@ﬁlva %ngm
g&%g@goﬁ%" % S@hM canRediRa e e at]of‘ﬁ?e@lﬁ{gean gr ans

50 TIBA m 31. 74 63.6 63.6 63.6 63.6
e3stallizatisnue seowiyinaFablel00 20 20 20 20 Metal | ocene, g
0.912 0.912 0.954 0.918 0.912 0.697 NCA-A activator, m
0.801 3.205 3.205 3.205 3.205 3.205 w % Sel ectivity to

PHlg1®7.0 96.2 80.6 73.0 94.0 Lube KV at 100C, cSt
1095 2 194 61 72 53 8 43 6 2 4008 \iscosi y | ex 310
ErampleNa.s 1] 1452167 64 65 66 67 68 | 69
' Starting i |
time, hrs PAO 1 2 4 7 12 24
Mole% diads by C13-NMR
mm 98 95 72 57 45 | 36 26
mr 2 3 15 20 41 38 47
T 0 3 13 22 14 27 26
Pr 0.01 002 {013 | 021 | 033 043 | 05 |
Mole % mm |
change 0 3 26 41 53 62 72
DSC
. 215 (139 2.05
AHm, j/g 25.01 22.69 8 8 1 0 0
156 | 18.1 | 1.68
AHc, j/g 19.94 | 21.38 8 3 3 0 0
%Hm decrease 0.0 93 | 13.7 ;441 | 91.8 | 100 | 100

DSC (Differential scanning calorimetry) was measured using a Perkin

Elmer DSC. 10 mg samples was heated at 10°C/minutes to 150°C and then
cooled down to -100°C at 10°C per minute. The total heat of melting and
crystallization during cooling was measured by integrating the heat corresponding
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Pour

Point, C - 28 -38 <-56 Mw 25151 9094 4718 1358

Mv WMn 2.05 2.04 1.62 1.22 These Exanples 42 to 46

denonstrate that high qual
The | ubes have high VI
hi gh 20 selectivity to | ube caRClHaS2006/021231
WD 2007/ 011459
Exanpl e 48 and 49 in Table
Exanpl e

hi gh yi el ds.
wdkdovio11489 SO,

obtai ned wth these catal ysts.
PCT/ US2006/ 021231
the netal |l ocene was catal yst F. For

8,

-9

1 For

Tabl e 8 the netal | ocene was

1- Decene reacti on over

activator

]%@l 5 65 65 Tol uene,
11; FZ]@(?’?O 456 0.348 NCA acti vator,

met al”

%gt alyst L Table 8.
Focene and acti vator-B as

nple No. 48 49 50 Reaction Tenp,
fothe s@m@.a@ﬁcwa@mtquaba&mgﬁheftaa%é seftwara providsd by 50
grams 20 20 20 Metall ocene,

ng

O 922 wt % Sel ect|V|ty to Lube 99.4 69.1 93.6

ity lube can be produced in
and very narrow

50 in

C .70 140

0.922 0.922

Ki ne t|c \Y| at 83.71.6,.7 0 100C,, cSt
U1 C e oBRATPlE A0 T Uik Seymied ot Sy 3 oS £5¢Rt b efepe
%@h&d%% pdn€ Tmamﬁinl&eafcsﬁty@ﬂ dneqemt&@h@dyst s
activated with MAO or NCA activators can oduce hi gh
@pathet \ylth produes propefiieglare spmmiagiged mﬁélbbrlde iy sssoff or

when

ﬁ]&‘i
tyﬂ&ﬂs.as

activator.

SO e il oo RSB

[ Note - these sarrpl es were not

fadits

en NCA

\yasli
hydrogenated.] Exanples 51 to 56 10 denonstrate that a
wi de range of catalysts can be used to produce polyners

‘cyagllguhl gh degree of mmtri ads.
i ncl udi na

the racenic _ca

tal vsts

Hxampleghl y sudbst0t utled 7tat &l y&2 U FE8anpl e459
Genpendie 20 t Hat 49si g mesa|ty@e cpt abystjs e h

fis@e, Ak 0dYyceol I g1 dgow §h 21 21 24

s hexene feed 91 90 90 90 90

grams of MAO 0.117 | 0.0585 | 0.0585 | 0.0585 | 0.0585
solution
molar ratio Al/Zr 300 250 250 250 250
KV100°C, cSt 1535.53 | 564.63 | 75.09 243 8.64
KV40°C, ¢St 42368.3 |12822.88| 1086.46 | 253.28 | 59.27
Viscosity Index 239 198 132 112 108
pour point, °C
Wt% Conversion 93 92 88 87 na

These catal ysts incl ude
Catalysts F. _E. and T,

to 62
no

Examples 75 to 78 in Table 12 are similar to Example 42 to 46, except 1-

hexene was used as starting material. These experiments demonstrated that 1-

hexene can be polymerized into high quality fluids using metallocene and NCA

activators and trialkylaluminum compounds as co-activator.



| oner degree of mmtriads ( e.g. less than 40% and
brom ne nunber of up to 6 15 before hydrogenation. This
wbSoderBect ed when conpared to US6706828. WPcT/us2006/021231
2007/ 011459 PCT/ US2006/ 021231 -92 Table 9. Pol yner
fluids from 1-decene by different netall ocene catal ysts
- reaction conditions, results, product properties and
tacticity analysis. Ml e%anal 2ed b C13-F X no. Cata
Reaction % KVQa VI Pour Br. mgenr it Pr m |yst* tenp.
C Selectivity 100 point, No**."'r to Tube C, ¢cS C51 F
50 96 295.2 249 -30 2.8 87 59 0.0 5 52 E 50 100
1028. 306 -19 0.8 98 2 0 0.0 96 1 53 E 75 94 368.0 252
541 I00 774 92. %8l 2P0 -39 4.3
841 9@ 187 {50 10.p 64 32 4

10 g@ 1P. i0612 4612b3 D.3 6 57 T
53 B AN TN /0 99 101.6

4885 [28%dg b339. 354 na

41

n 3 D _\WEx 50 99 3758 380D na na 34
A40KVAQ0 BC geStx 42 |1269120 583.60 1 RF8 3232.027| na 34 49 17
04 62 2 62 W70488.2861.3 296 -30 na 33 4P 18 0.4 4 3
KV40°C, cSt 6 661.38 | 269.58 | 96.66
Viscosity Index 176 132 115 | 105
"Pour Point,oC -24 ~40 -32 43
Mn 2519 1613 1211 912
Mw/Mn 3.025 1.667 1.315 1.287
Mole% Olefin Types in Unhydrogenated Polyalpha-Olefins
Vinyledene 674 | 714 | 123 | 122
1,2-disubstituted 15.7 116 | 88 5
tri-substituted 16.9 | 17 18.9 22.8
“vinyl 0 0 0 | 0

Using catalyst E (rac-ethylenebis(indenyt) ZrC12) at different reaction
temperature and similar reaction procedures, we obtained products with usefut
5 100°C viscosities ranging from 42 cSt to 1029 cSt (Examples 79 to 82 of Table
13) without any hydrogen.

Table 13.
Example no Reaction Kv@100| Kv@40 | VI [Pour \mm |[mr | 1r
Temp., | °C,cS | °C, ¢S L point,
OC OC
79 50 |1028.96| 12399 306 | -19 098 [0.02 | O |O.
80 75 368.05 [4009.3 [ 252 na (0.83 [0.16 [0.01 {0.
81 100 | 92.61 (842.29 200 | -39 1}0.65 |0.31 [0.04
82 125 | 4194 131673 | 187 | -50 |0.64 [0.32 |0.04
10 The product composition produced in this invention is different from the

compositions produced in US6706828 and WO 02/14384. Our invention using
metallocene catalysts with MAO or NCA activator optionally with co-activators in
low or no hydrogen (usually less than 200 psi hydrogen preferably less than 50 psi
or no hydrogen) during the polymerization step. In contrast, US6706828 and WO
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63 W125 76 117.7 206 -41 5.7 34 49 17 0.4 2 2
*Catal yst type T
Rac- di net hyl silyl bi s(2-methylindenyl)zZrd2 5 U
Bi sq(; etremet hyl cycl opent adi enyl ) Zr C12 V

041452t hyl si | yl bi s(2- et hyl i ndenyl ) zr CI 2 POR/US2006/021231
nmeso- et hyl enebi s(i ndenyl )ZrCl2 ** The sanples in this
Tabl e were not hydrogenated and the Brom ne nunbers
wer e nmeasured before hydrogenation. 10 *** NCA
activator A was used. Exanpl.eg-64 to 69 denonstrate the
advant ages of hydrogenation of the polyal pha-olefins

B8 S tod B bl BollHibso iy 38 it EBropbibe'of hdrogen, as
pqioytadl i Bxaniphé Drof W5, 065828 ed Eitplc dandKiin¥ @0@148dget her

5 wWith 3 wt%o Ni (- Ki | guhr .
K Bovaees foe o piite? o rlSTIPTE RECVEF D PHRYersin vs
bﬁ@@oﬁfsoﬁh%% m@$29m3@%682@ renove air and

pressurized with Rydrogen to 800 psi (5. SMPa) and

heat el €@n2@mﬂmmmbg|, theréagtion Wascandngiedintbe prasenomeid

290 P R ERERP nlbleT SaroRaEBB RO L ey 1 coc

tiadenhyzidcontint dichloride e il %o Bianﬁﬂlebfdfwsﬁsoeeze. JHeteiltsz ed
in Table 10, 5 These dat trate that

gEstyRanizen i Tabls Be Theae l sargple gys pnalyed frthe £
e

e OF PRSP Sherk o (0o i gHlohM AT PmBLOMES

plotted oy Figure 2. conpar i ng the DSC of the hydroguenat ed

hyar oG emaratve Exmets Y PER fitfe REChmBir Sramle
(eAddpt thbli'@lméﬁlﬂydi}@@h padssiE was 800 andos0ipsl) TS dofdphajolddin.

Hydr ogenati on of t he sa Ioe can reduce the heat of
FETPle Wegs then analyzed: far the mele%s af B sompengntsiip C3A Hretiong

e i 5 AR LR

reaction was carried out at 110°C.

Table 12. Comparative Examples using rac-dnnethylszlyl—b1s(2-
methylindenyl)zirconiumdichloride
Comparative Comparatlve Comparative Comparative
Example]l  Example2 Example3 Example 4

Temperature, °C 100 100 100 110
Hydrogen pressure, 200 100 50 200
psi

KV@100C, cSt 89.5 466.2 598.01 59.10
% B in C30 fraction 5.7 4.3 | 2.2 7.5
CH; per 1600 C by 14.2 27 2.5 na
C13 NMR

Viscosity Index 194 266 281

Pour Point, °C -36 -21 -21

The amount of B mole% for the Comparative Examples 1-4 versus the
amount of B mole% by Examples 27 to 35 is plotted in Figure 2.

Also, the amount of isolated CHj attached to a tertiary CH was analyzed
by Carbon 13 NMR method and are summarized in Table 12. Figure 10 compares
the amount of CHj; per 1000 Carbons of the Comparative Examples 1 to 3
produced in the presence of hydrogen during potymerization to the CH per 1000



10

15

20

25

L BT S kb i

mm 98 95 72 57 45 36 26 mr 2 3 15 20 41 38 47 rr 0O 3.

13 22 14 27 26 Pr 0.01 0.02 0.13 0.211 0.33 0.43 0.5

I\/ble % nm change 0 3 26 41 53 62 72 DSC215139205
'/ 25.01 22.69 8 8 1 00 15.6 18.1 1.68 Al

Wﬁ?@}!"gﬂ’llz‘i? 38 83300 9%imdecrease 0.0 9. stsT“JF’QP&”’?L”?’l

91.8 100 100 15 DSC (Differential scanning calorinetry)
was neasured using a Perkin Elmer DSC. 10 ng sanpl es
was heated at 10C/ m nutes to 150C and then cool ed down
to -100C at 10C per m nute. .ghe total heat of nelting
and crystallization during cooling was neasured by

RS gitelsn 39 1 8 pfRLEAARBA Blrollh 204 Mhaation

Thig gtaph Icleaﬂy slmwspthatkhemmmsmhm cﬁtEmmpted 36 & 41vhave much

e PetBo e e 1000 Garbati A o ot g e WLIGHE 55 s
Bvaftafdbus 8- the RILREOTERIYS; as WiEha? BN nScaflfer @R AeMSineANd

activators used, together W th Eroduct properties are

€a0k6a Withant pxiranapthi] aroup (Grinspoyed Bhhas bejtenyiscometrics,

SPRRARL VAR it R {1t BACL 5 e s SR8 AR BERINE

Fﬂ;ﬂkﬁnﬁr@ lzéézb %%?ﬁ‘tlaﬂ(g?t %ﬁ?le%tei’t&rr]}lﬂfﬁrdg'bfﬁ ﬁg&ghlyﬂﬂﬁmggm 3 0
tine I grans ene ee
glectugs. o Fhis tortiaps Bydrogenyis @%W@Pb@é@wgd O%igative

El'ﬁ{s %bﬁ’ég that compositions with less CH; branches and less tertiary hydrogen
are less susceptible to oxidative degradation.
Table 13 shows that the types of unsaturation from Comparative Example

4 are very different from the types of unsaturations produced from Example 33 or
76. In Comparative Example 4 which used 200 psi hydrogen, 52% of the
unsaturated double bonds were tri-substituted olefins. In contrast, in Example 33
or 76, where no hydrogen was added to the reactor, only 10 to 17% of the
unsaturation double bonds are tri-substituted olefins by either MAO or NCA as

co-activator.

Table 13. Comparison of unsaturation types.

Cotnparative Example 33 Example 76
Example 4
KV at 100°C, cSt 59.10 35.1 53.57
Mole% trisubstittued olefins 52 10 17.0
Mole% vinylidene 41 71 71.4
Mole% 1,2-disubstituted olefins 7 19 | 11.6

In preferred embodiments, the polyalpha-olefins produced herein have
higher bromine numbers, the amount of tri-substituted olefins are significantly
lower than prior art, and/or the amount of vinylidene + 1,2-disubstituted olefins
are higher. In further preferred embodiments the PAQ's produced herein have
higher amounts of B” structures believed to be formed from head-to-head
connection in the polymer product. 3. In further preferred embodiments the
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nmolar ratio Al/Zr 300 250 250 250 250 KV1000C cSt
1535.53 564.63 75.09 24.3 8.64 1Cv400C, cSt 42368.3
12822. 88 1086.46 253.28 59.27 Viscosity Index 239 198
132 112 108 pour point *C W % Conversion 93 92 88 87

WO00FERHAR es 75 to 78 in Table 12 are sim | aPCTASEO6PILH

42 to 46, except 1- hexene was used as starting

mat eri al . These experinents denonstrated that 1- hexene
can be polynerized into high quality fluids using

nmet al | ocene and MCA 15 actbéﬁtors and trial kyl al um num
conpounds as co-acti vator 2007/ 011459

R ARRR R BaER el iR ot 2Bt el olPL 2070 T BB 0

?&fgrreﬁ%nﬁ)odlkﬂﬂﬁ& thé PAEY K\?r@tﬁl cédvhek6lR hivedBphes @ibleh 08B 57
5.78 12.02 4900. 2 40 C cSt 6 661.38 269.58 96. 66

Yormed by hgadrtacherd eqmeqtinn. {Ths is gdicated by thehigher §80-B4 - 40

gt g SE i vioqed g mol s HRe s Raisply Aot 19

lofi thelB¥ fstrnetureVi nyI edene 67.4 71.4 72.3 72.2

1, 2-dj bttt 7 bst ted 16.9
17" 1gTBese s “%F‘ﬂ?%‘%"?ﬁ%'g PﬂVﬂg‘“’c‘?}Féﬁlsu : Iahu °
%&@g&ﬁﬁaﬂ ) Ey 18 brSkRNMe doublebbad, Aks @usﬂﬁﬁaﬁcea@@ﬁ&mn

terrper ature and simlar reaction pr ocedur es,
dmprave bibe bassstack praperty. Aferyidrogenativo the exaeples ab9§e had

%%Igﬁr%uﬁt HRofited CH, bé& 1506 Qarbodls it Eé%ﬂ%%ﬁn iR 82 of

Comparative Examples, even when the same polymerization catalysts were used.
In our examples, we preferred to hydrogenate the sample after the polymerization.
During this hydrogentation step, a we can tailor the mole% of mm content in the
polymer. By selection of hydrogenation condition, we can maintain the same
mole% of mm content or we can reduce the mole% mm content to significantly
below 40.

Exmaples 90, 91 and 92 illustrate the presence of a minor amount of
ethylene in the polymerization. The procedure, catalyst, activator, and reaction

conditions were the same as for Example 46, except that ethylene was present.
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13) wi thout any hydrogen

Kv@o0 Kv@o Vi
poi nt,

Pour mmnr rr

Tabl e 13 Exan'pl e no Reaction

P Tenp.,

C, ¢cS C ¢S

80 75 368.05 4009.3 252 na 0.83 0.16 0.01 0.1

316.73 187 -50 0.64 0.32 0.04 0 10 The product
conmposition produced in this invention is different

fromthe
02/ 14384. CQur
wi th MAO or
in |ow or

NCA acti vat or
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81 100
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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.




met hyl i ndenyl ) zi rconi undi chl ori de Conparative
Conparative Conparative Conparative Exanple 1 Exanple
2 Exanple 3 Exanple 4 Tem eratureC 100 100 100 110
Hydrogen pressure, 200 100 50 200 psi KV 1000, cSt
89.5 466.2 598.01 59.10 %B in C30 fraction 5.7 4.3
2.2 7.5 CH3 per 1000 Chy 14.2 2.7 2.5 na C13 NWR
Vi scosity Index 194 266 28100 Pour Point, C-36 -21 -21
The amount of B nole% for the Conparative Exanples 1-4
versus the 20 amount of B nol e% by Exanples 27 to 35
i,s plotted in Figure 2. Also, the anount of isolated
Claims” st tached to a tertiary CH was anal yzed by Carbon
13 NMR nethod and are summarized in Table 12. Figure 10
conpares the anmount of CH3 per 1000 Carbons of the
1. ConpAmatyalphaplefim¢ameprisingonare thanoumwels %orefione opmeseGs éo C24
f drogen durin al rizatiqn to the CH3 per 1000
ooy G et b a2 e . 57 Car bons. of
Exagpue siokb%%td? nfoke Bf Pdigiaes, W t hout hydrogen during
polr%rreri zation. This graph clearly shows that th
co

b 8iBrpine nymbex aiBlos grear,tveherel Y s equahioctP.92 HRAY ", whre

J ) .
v R peBA Gt ORRE ok i ol A dnoaRl s TRAC i B o
as e 1 aliibstitawt obdink pesert BAT miokeetor iveg. 5 C30H62
wi t hout extra methyl group (Conpound B) has better
visconetrics, especially VI, than triners in current
PAO ' t '
2 | oos HEHTERITH SR mGB D AT ABETESS onC UE ORI ERIFC20
alphy-dlefinambadmers twhité uhe polyalipha-blefihi ltasyZ hioleolYeor nmrérof ainits
susce&g;ﬁ‘g_lﬁe toward oxidative degration. This inplies
represapie dPFRY#s with | ess CH3 branches and |ess
tertiary hydrogen 10 are |ess susceptible to oxidative
degradation. Tah| e 13 shows that the types of
unsaturation frafp Conparative Exanple 4 are very
different fromtlhe types of unsaturations produced from
Exanpl e 33 or

where j, k and m are each, independently, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, or 22, n is an integer from 1 to 350, and
where Z = 8.420*Log(V)-4.048, where V is the kinematic viscosity of the polyalpha-

olefin measured at 100°C in ¢St.
3. A polyalpha-olefin as set forth in Claim 2, where the polyalpha-olefin has:
a) 40 mole % or more of mm triads, and

b} a Bromine number of 1.8 or less.

4, A polyalpha-olefin as set forth in Claim 2 where the polyalpha-olefin has:
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76. I n Conparative Exanple 4 which used 200 psi

hydr ogen, 52% of the unsaturated doubl e bonds were
tri-substituted olefins. In contrast, in Exanple 33 15
or 76, where no hydrogen was added to the reactor, only
10 to 17% of the unsaturation double bonds are
tri-substituted olefins by either MAO or NCA as
co-activator. Table 13. Cot#phrison of unsaturation
types. Conparative Exanple 33 Exanple 76 Exanple 4 KV
at 100C, cSt 59.10 35.1 53.57 Ml e%trisubstittued

oIe insidene 41 71 71.4 Mol e%
chl sbé%n Féocf%log ns ﬂfl\é’ %dll. 6 20 In preferred
enbﬁﬂamﬁmhmwnhhbmpﬁ“ﬁh&ﬂhahoIefins produced herein have

hi gher brom ne nunbers, the anmount of tri-substituted
olefins are significantly |ower than prior art, and/or
5 the I

Lo ASEAAEILLIAR kot 2BHARE bR SeBhgE
prom)ulaesjthhmnemmlm%\m‘nﬁﬁnhndgm amounts of B" structures

beI'evdto be from he RBRLtion 0N
t hebh ﬂerwm&rafc? S &5@2@&5@ , where V 1s the
kmgmh%gft?lﬁmn\%&&py 1044459 PCT/ US2006/ 021231 - 98

produced herein have hi gh nol e% of nm cont ent
(>40°/<) In further preferred embodi ments the PAO s

d h hi gh | e9
6. P PO AT B Tt Snco e L a BT RREF CS to C24
alpha-81k@H hetnBrs #REE WERyyhaElei hished Meree%nﬁeﬁ&ei oh i Bfads

rml e% of the di- substltuted olefins 5 of the
andslessibani3@) ppnneSeGeoupemetehl  di f f er ences for the

pol yal pha-ol efins persist after hydrogenation step(s)

to renove the double bond, as is usually practiced to

7. f ur t Agplyalpharolfi édﬁﬁﬁxsﬁ@&ﬂo@ttmksmsré%toy oné'bf filore C5 to C24
hydr ogenati on, the exanpl es above had | ower anpunt of

alphaglefin apononmrs,where dloopd selphsrelefim hasA) meley’wr snarp g mon iads
I ven when the sane
andlgfsq%@?gﬁd%ﬁi‘%??% stnslet\%ere used. I n our exanples,
we preferred to hydrogenate the sanple after the

pol ymeri zat i on.
8. A polyalpha-olefin comprising more than 50 mole % of one or more C5 to C24

alpha-olefin monomers where the polyalpha-olefin has 40 mole % or more of mm triads

and less than 600 ppm of aluminum.

0. The polyalpha-olefin of any of the above claims wherein the polyalpha-olefin is
polydecene having an Mw/Mn of between 1 and 2.5.

10. The polyalpha-olefin of any one of claims 1, or 6 to 9 wherein the polyalpha-

olefin has a Bromine number of 1.8 or more.

11. The polyalpha-olefin of any one of claims 1 to 8, wherein the polyalpha-olefin
has an Mw/Mn of between 1 to 3.5.
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During this hydrogentation step, a we can tailor the
nmol e% of mm content in the polynmer. By selection of
hydr ogenati on condition, we can maintain the sane

nol e% of mm content or we can reduce the nol e% nm
content to significantly 15 bel ow 40. Exmaples 90, 91
and 92 illustrate the presence of a m nor anount of
ethyl ene in the pol yneri zal®»n. The procedure,

catal yst, activator, and reaction conditions were the
same as for Exanple 46, except that ethyl ene was

28, P 2o S RIS 5 e Bl

hasf £i€themati evistdsity at WO*O0f #6mA E000 cStEt hyl ene feed rate
(standard liter per mnute) 0.18 0.01 0.35
Cat al yst/activator conbination feed rate nol/mn

53 TSGR & TR 8 SRy

hasz0K inem@nnviscositp at 408COY froth Do 100000 Btoducti vity | ube/ g
catal yst) 1.89E+04 2. 90E+04 3.05E+04 W©~h nol 1.15 1.52
1.57 Mw (kg/nol) 1.31 2.00 1.70 M~ M1 1.14 1.32 1.09

14 W % fige ;55&%51 18P 8f Shy2dnefoilaimM 81135 er&in theSolfdiplolefin
22.81 15. Kv at 40°C, cSt 69.94 150.44 101.19

hasvd ¥isessity yndewaé 00 61moes6 153 Al | docunents descri bed
herein are incorporated by reference herein, including
any priority docunments and/or testing procedures,

15.eXCePhe polydipter-615£i€ BE anyPorte1AMmS 1118 AAnShedéif e polidlplididlefin
specification. As is apparent fromthe foregoing

hasgeWiseapity dedsaof 389 enmared t he specific embodi ments, while
forms of the invention have been illustrated and
descri bed, various nodifications can be nade w t hout

16. The polyalpha-olefin of any one of claims 1 to 15 wherein the polyalpha-olefin

has a Viscosity Index between 120 and 450.

17. The polyalpha-olefin of any one of claims 1 to 16 wherein the polyalpha-olefin

has a pour point of -30°C or less.

18. The polyalpha-olefin of any one of claims 1 to 16 wherein the polyalpha-olefin
has a pour point between -10°C and -80°C.

19. The polyalpha-olefin of any one of claims 1 to 18 wherein the polyalpha-olefin
has a weight average molecular weight of 100 to 100,000 g/mol.

20. The polyalpha-olefin of any one of claims 1 to 19 wherein the polyalpha-olefin
has a weight average molecular weight of 336 to 40,000 g/mol.

21. The polyalpha-olefin of claim 2 wherein the polyalpha-olefin has a KV g of less
than 200 cSt.
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departlng fron1the splrlt and scope of the invention.
Accordingly, it is not intended that the invention be
limted thereby. 10 -100- Cainms 1. A polyal pha-olefin
conprising nore than 50 nole % of one or nore C5 to C24
al pha-ol efin nononmers where the pol yal pha-ol efin has:

a) 40 nole % or nore of mMmmtriads, b) a Brom ne nunber
of Y or greater, where Y i$03kqual to 89.92 * (V)-0.5863
whre V is the Kinematic Viscosity of the

pol yal pha-ol efin nmeasured at 100C in cSt, and c) 1,2

di sulsti t.ut.e | ef i resen I 0/or
22,8 SR LUUAISEL SRR it SRE0E cBimd T 81 IS e
oleﬁﬁﬁsﬁﬁfeese‘l&tddofr@ﬂthe grolip colstling ofoNBITereS MhRikddie! Miexene, 1-
yal pha-ol efin has Z nole % or nore of units

hent@sr ekestersd byronens, f bndgesne. Iokadscas \Ahé?d,eane, k 1dvidecpme, 1-
tetr%;e%eriegcl eﬂaﬁ%ﬁeﬁ’l‘éqg%@%}i&m ’81 ﬁi}g}gdeﬁgn é C%'idegeélfl? notjfz}decene

1-elcotenge!- fut@ﬁbﬂenéolﬁﬁeoseﬁﬂdldﬁﬁt@&ﬁlcz 1=tetracosene, 1-pentacosene 1-
8.420*Log(V)-4.048, where V.is the ki nematj ¢ Vi scosity

hexggosergs 4;}6@9&& binentens; g-phenyind deitpne AndS-phsoy-|-pentesie. 3. A

pol yal pha-ol efin as set forth in Caim2, where the
pol yal pha-ol efin has: a) 40 nole % or nore of mm
23.t ri diie, pelpaphd-olafiBrafnanyeomeuobetaimsd 11to8 2D rwheeais . thd .polyalpha-

alp olefln s set forth . in Caim2 where the
oleﬁadi Sidefiom Hgseroyp consistingeels | @ﬁ%ﬁwd -Oftane: dedggentiml-

do&eEérfédF-tetﬁHE’cenP}mcﬁl Begpeagenunber of 1.8 or less. 5. A
pol yal pha-olefin as set forth in Claim2 where the

pol yal pha-ol efin has a) Iess t han 40 m)l e % of nmm

24, :{r | a&g @yaiph(awle m ne n gft? éé ﬁlﬁero&ya\i\%a-oqeﬁn

has\al BEEEHE YorsnE &t 2. %aﬁ:blsr@dcmtat 3960, 6. A
pol yal pha-ol efin conprising nore than 50 nole % of one

or nore C5 to C24 al pha-ol efin nononers where the
25.'00I yﬁ'le o?ya?p %foll&inhﬁs clal}r(r)a 1”(91"2 Wﬁ/gl'glgl the Igo?ya%ha%meﬁnr . aas‘:js
a) a kinematic viscosity of from 3 to 3000 ¢St at 100°C, and
b) a viscosity index of from 110 to 400, and
c) a pour point below -10°C, and
d) aflash point of 150°C or more, and

e) less than 6% viscosity loss in a tapered roller bearing shear stability test.

26. The polyalpha-olefin of claim 1 or 2 wherein the polyalpha-olefin has
a) a kinematic viscosity of from 3 to 3000 ¢St at 100°C, and
b) a viscosity index of from 135 to 400, and
¢) apour point below -10°C, and
d) a flash point of 200°C or more, and

€) less than 3% viscosity loss in a tapered roller bearing shear stability test.

27, The polyalpha-olefin of any one of claims 1 to 26 where ethylene, propylene and

butene monomers are present at less than 1 weight %.
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and Iess t han 300 ppn1of a G?oup 4 metal. 7. A

pol yal pha-ol efin conprising nore than 50 nole % of one

or nore C5 to C24 al pha-ol efin nononers where the

pol yal pha-ol efin has 40 nole % or nore of nmtriads

and |l ess than 100 ppmof a Goup 13 netal. 8 A

pol yal pha-ol efin conprising nore than 50 nole % of one

or nore C5 to C24 al pha-el@in nononmers where the

pol yal pha-ol efin has 40 nole % or nore of nmtriads

and | ess than 600 ppm of alum num 9. The

poI | pha- ol.ef i.n. of . an t.he QV. wher ej the

28,001 YEieeRvefaeraidtie s A3 Ene biahs TR A ds ot hvite
tomavm&t&n@aep?es&tammm%mhml pha ol efin of any one

of claims 1, or 6 to 9 wherein the polyal pha- olefin

has a Brom ne nunber of 1.8 or nore. 11. The

pol y- f =0 y. cl ai i N.:
2901 Byt P 53008 B Byt &' vt o Phine
to 24 chﬂibnaicﬂns b pra3aituadPmoaledl 6f moreof any one of clains 1
to 11 wherein the polyal pha-olefm has a Kinenmatic
viscosity at 100C of from1l.5 to 5000 cSt. 13. The
pol 16f lia .
3000 B AE AP br AR ik 15078 20 diiein MeHoiglbha
olefifi hiis DBromihendfbsr@@0 oc tore.14. The pol yal pha-ol efin of
any one of claims 1 to 13 wherein the pol yal pha-ol efin
has a Viscosity Index of 100 or nore. 15. The
31.pol YAl fﬁ]!?] BLOERE oRRYy OREoOflaiflsAl 556 1o 5O “ﬁére\lﬁ‘ﬁ{egidl‘yaipha-
t he pol ya?’ a-olefin has a Viscosity Index of 13
oleﬁoh@amﬁ)mlﬁheulpbmdﬁmhmom efin of any one of clains 1
to 15 wherein the polyal pha-olefin has a Viscosity
I ndex between 120 and 450. 17. The pol yal pha-ol efin of
32.any KMgbrivhtifg é’ddﬁfosﬂhoﬁ%oﬂ@nﬂﬁ kiR ﬂbl?é&ﬂmﬂﬂéﬁiﬁb@ﬁ@'&k@f'efhlms
has a pour point of -30C or ess :
I tpdl.yal pha-ol efin of any one of claims 1 to 16 wherein
t he pol yal pha-olefin has a pour point between -10C and
-80C. 19. The pol yal pha-ol efin of any one of cI ai nms 1
33.t 0 18 preessab Prdduce ppblyapRigieh 8bhprisifgs a wei g
aver age nol ecul ar_ wei ght of 100 to 100, 000
Thelpol yeanisting pefeeh Sfmanaﬁymnmngwt leasfi ong @I!I%!%OII@H monomer

roliP ST 24 Sk R S e S onEAA %5 o v

coordinating anion activator, and optionally an alkyl-aluminum compound, under

polymerization conditions wherein the alpha-olefin monomer having 5 to 24 carbon
atoms is present at 10 volume % or more (based upon the total volume of the catalyst,
monomers, and any diluents or solvents present) in the reactor and where the feed stream
comprises less than 300 ppm of heteroatom containing compounds; and

2) obtaining a polyalpha-olefin comprising at least 50 mole% of a C5 to C24 alpha-
olefin monomer where the polyalpha-olefin has Kinematic viscosity at 100°C of 5000 ¢St

or less.

34. A process to produce a polyalpha-olefin according to claim 33, wherein
1) the metallocene catalyst compound is a racemic metallocene catalyst

compound,
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21. The pol yal pha-olefin of claim2 wherein the
pol yal pha-ol efin has a KV,00 of less than 200 cSt.
103- 22. The polyal pha-ol efin of any one of clains 1 to
21 wherein the polyal pha- olefin(s) are selected from
t he group consisting of 1-butene, 1-pentene, 1-hexene,
1- heptene, 1l-octene, 1-nonene, 1-decene, 1l-undecene,
1- dodecene, 1-tridecene, 110X-etradecene, 1-pentadecene
1- hexadecene, 1-heptadecene, 1-octadecene,
1- nonadecene, 1-eicosene, 1- uneicosene, 1-docosene,
1-tyicosene,. 1-tetracpsene, .l-pentacosene, .1- .
el osHEerin TRIORER 3 DRt WA B FRETGRS. 1 priams ot pyree
preSsulETRO0 phi (1STY BNG or &8s, bddea upe the ltdiBicpredsefe of ted reauior; ame
of clainms 1 to 22 wherein the polyal pha- olefin(s) are
sel Bct edhe pelypriphe-olgfis sempeipesi % Mol)e 6F morg, ok ayits, represented by
thc%ﬁ%ﬁﬁ§ne’ 1-decene, 1- dodecene, 1-tetradecene and
-hexadecene. 24. The pol yal pha-ol efm of any one of
claims 1 to 23 wherein the polyal pha-olefin has a
dielectric cons{ant of 2.5 or less (1 kHz at 23 C). 25.
The pol yal pha-ollefin of claiml1l or 2 wherein the
pol yal pha-ol efirl has: ay a kinematic viscosity of from
3 to 3000 cSt atl 100C, gnd b) a viscosity index of from
110 to 400, and r™oi nt w -10C, and d) a
flash point of 150 than 6%
viscosity loss in a tapered rojler i hg shear
stability test. ip of claim1 or
2 wherein the polyal pha- na) a(B%nenatic
viscosity of from3 to 3000 cSt at "100C, and b) a
viscosity index of from 135 to 400, and c) a pour point
bel ow -10C, and d) a flash point of 200C or nore, and
wherk j|leasl hedeadhpividegpendantly, 3,dsS, 6,1, & ¢, aperled2r i3, 14r15, 16, 17,
heay | shear ;stagbility test, 27.. The pol yal pha-ol efin
18,0‘5’ éﬁ@?&{é‘iov isqndniegerfrom [ 3%3%hand et hyl ene, propyl ene
= o) of i ol .
e e g P P & s SREY o iPiilphe
olefin trea@ireditd 06°A ineStrononmers having 5 to 24 carbon atons
are present at 80 nole%or nore. 29. The
pol yal pha-ol efm of any one of clains 1 to 28 where the

35.MONOABFR XY bRfHuSe a polyalpha-olefin in accordance with claim 33, wherein

1) the metallocene catalyst compound is a racemic metallocene catalyst

compound, the activator is an alumoxane activator, and optionally an alkyl-aluminum
compound,

2) where hydrogen, if present during polymerization, is present at a partial
pressure of 1379 kPa or less, based upon the total pressure of the reactor; and

3) the polyalpha-olefin comprises Z mole% or more of units represented by

the formula:
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to 24 carbon atons are present at 90 nol e% or nore. 30.
The pol yal pha-olefin of any one of clains 1, or 6 to 29
wherei n the pol yal pha- ol efm has a Brom ne nunber of 3
or nore. 31. The pol yal pha-olefin of any one of clains
1 or 6 to 30 wherein the pol yal pha- olefin has a
Brom ne nunber of 5 or nore. 32. A lubricating
conposition conprising thel@ol yal pha-ol efin of any one
of clainms | to 31. 33. A process to produce a
pol yal pha-ol efin conprising: 1) contacting a feed
strean1conpri§bng at | east one al pha-ol efin nononer
having 5 to 24Ytarbon atons with a netal |l ocene catal yst
conmpound and a|non- [ [ ani on activator, and
optionally an ound, under
pol yneri zati on
nmononer having 5
vol une % or nore (
catal yst, nononers, r solvents
present) in the reacto ed stream
conprises | ess than 300, ppm ofk cont ai ni ng
conpounds; and 2) obtaining a polyal pha-ol efin

ri.si.ng. a e | £% of t ha-

whEB I b drflach A3 dpeRitellD oy Gaasor aby fEfaatgias 161,

18, MOs2M S ot 22t n HAGneEer TR 1 ¢5850, and | ess. 34. A process
to produce_a pol yal pha-ol efin according to claim 33

whvmé? éi&ﬂﬂﬂ%{gf ) rre‘i-g‘ﬁjif@é@ﬁ'evcl&tﬂﬁl kigematisnyisrosily p§ thg polyalpha-

oleglﬁlg'ﬁeggugeﬁ.tlgb‘l@ﬁl%? catal yst conpound, 105- 2) wherein

ydrogen, if préesent during polynerization, is present

at a partial pressure of 200 psi (1379 kPa) or |ess,
based upon the total _pressure_of the reactor; and 3)

36.t he Thsinregeshel awone pf ele%rﬁst@égfdrﬂﬁr EMBESIBHre of units

repyyese f mye WiEehd :
ar e[)e ac h%ﬁgﬁﬁgyp g%"gglﬁ t ‘ﬁ?) tﬂﬂ{?}p R%Eﬁngﬁ‘ & , 8 ,%dst)e,méf%@ rk%ilfﬁmng
corghundSto ldsé thab00ppm,17, 18, 19, 20, 21, or 22, n is an
intgger from1 to 350, and re 7 =.8.420*Lo -
4. 098, AREOBy SeBoring sbﬁngla%@ﬁ%ﬁlﬁf@%ﬁgﬁsyﬁfaptsgmlumts’
pol yal phamteh Beast . [ . oA
to %fodﬂ%gughﬁ%ﬁ§alphgﬁgﬁg??giﬁﬁﬁggggr a%céﬁhftﬁﬁgﬁgﬁﬁﬁml
cat@gst wher ei n

4) obtaining a polyalpha-olefin having a bromine number less than 1.8.

vol une of the

37. The process of claim 36 wherein the polyalpha-olefin is treated to remove
heteroatom containing compounds prior to contacting with the hydrogen and or the

hydrogenation catalyst.

38. The process of claim 37 wherein the treated polyalpha-olefin comprises 100 ppm

of heteroatom containing compounds or less.

39. The process of claim 33 where the activator comprises methylalumoxane and or

modified methylalumoxane.
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1) the netall ocene catal yst conmpound is a racemc

net al | ocene catal yst conpound, the activator is an

al unoxane activator, and optionally an al kyl -al um num
conpound, 2) where hydrogen, if present during

pol yneri zation, is present at a partial pressure of
1379 kPa or |ess, based upon the total pressure of the
reactor; and 3) the polyal pd¥a- ol efin conprises Z nol e%
or nore of units represented by the fornula: -106- G
Ck n Cmwhere j, k and mare each, independently, 3, 4,

5, 7, 8 9,10, ,11, 12, 13, 14, 15 16, 17, 18
0.5, “Bre regesy f i 35 nefih Rfet i PBRFIIPI S 95 °5:‘i‘b°%ﬂé&eN'
dinfettiylilftRh L OGétM pentASfdhetyIBbaiteY 1S t RENdiaNgMFHehlanilinium
vi scosity of the polyal pha-" ol ef m neasured at 100C in
tetra(@entafd@roplivaybasate sevhste they alkpleisor €l dpn€lB3lkyd @oup), trityl

further c ri.Si 1) .opti lly,treating the .
tetpERsaAMOrRSHEbRYS, | cAtRBeiiorpheniieliy ai i ykvlammonium
tctrﬁ@@iﬁt@ﬂ'ﬁ&&pﬂeﬁ%lb&ﬁ@tet@ﬂﬂr&% BRYD is2) OPtd Q0B hlkyl group), tetra-

separating the pol yal pha-olefins fromsolvents or
alkypmmenivm Tega(pesiadluerophenyDherasol wherg e gkt isp faltte C18 alkyl

0h drogen and a hydrogenation catalyst 4) obtaining a
gr B%\'yal pha-ol efin having a brom ne nunber | ess than 1.8.

37. The process of claim 36 wherein the

pol yal pha-olefin is treated . to renpve, heteroatom .
41.cont HhernTagest ehpex Aers opslpigs Itochwhereinnie wnetaflacere comprises

d e d t ' St .38, T T
ond Y G89s e, 8 JmeyA BT PR ioniut - Wbloride;
isofropylidepttas(cycddpentadizapiicesiud00 ppdichlofiddjet er aat-ethylenebis(1-

. .containing conpaunds or less. 39, The process of claim
indy DaHEME e ABEHIGHCDr c&fpcflmg ISH%EWEWM%%@YQHEPOBM
. mdid.i e | nth@ibav148: Ofgichloride;
ALy S ey 00,08 S it
bisihddnylziroonhiayl andi¢tiloridemn t@tlopénpadierad (indenyljdieoyiub o rdidhégride;
. N,.N-di al kyl phenyl gni | i ni um . .

bis{lbt SR s R BB IEER R ket e the alkyl is a O
bis{1B-Gihi iR opBiitadiBlyl) Zirb il dichloride;
bis(tetramethylcyclopentadienyl)zirconium dichloride; or

bis(pentamethylcyclopentadienyl)zirconium dichloride,

42. The process of any one of claims 33 to 41 where an alkylaluminum 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-analogs.

43, The process of claim 33 wherein the process is a continuous process comprising:
a) continuously introducing a feed stream comprising at least 10 mole% of

the one or more C5 to C24 alpha-olefins into a reactor,
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tetra(pentafl uorophenyl ) borate,
tris(pentafluorophenyl)boron, tri-al kyl ammoni um
tetra(pentafl uorophenyl)borate (where the alkyl is a C
to C18 al kyl group), tetra- al kyl ammoni um

tetra(pentafl uorophenyl )borate (where the alkyl is a Cl
to C18 al kyl group). 41. The process of any one of
clainms 33 to 40 wherein tRé0%etal | ocene conprises one

or nore of dinethylsilylbis(cyclopentadienyl)zirconium

di chl ori de;

O] PV ADGRS ERALARERE PRI LR8N AA the ativatorinto

thetkesdibepr i de:

rac- dlnethyIS|Ibels(tetrahxdr0|ndenyI)Z|rcon|um
di cBl ori g[@tlonally continuously introducing co-activator into the reactor, and

T o L T

cyclopentadlenyl(|ndenyl)2|rcon|un1d|chlor|de
bis(l, 2, 4- trlnE g yl cycl o ntadlenyl)2|rcon|um
444 chThs PeRsessypk claim 9|°8V8F85%H’E‘%Hﬁal§\‘f}ﬂ pzqopessation of

hy8oedl 1h actggafsl@b%{)ﬁrmémmlgﬁeent adi enyl ) zi r coni um

bls(pentanethylcyclopentadienyl)zirconiun1dich|oride.

e roce of an of clainms 33 .to 41 where an
451 ey T RIRPRR A oo Wherpin o U Brecomprises:
al ka al U%tmﬁmlf 0 %ﬁﬂﬁ‘&ubﬁl I @dMiRg © @ltxee dp&&a Pﬁ@ofeﬁﬁ My areduce
R3A1l, where each R is, I'ndependently, ected from

hetetoatogr cm}nalmugsompmn‘@smlemethhyﬁlo mnbyl e, n-propyl,
i sospropyl . i so-but t,-.but n: pent
| so2bent yartinhBEHE aptactifl ok Yot ity Wik Rikpgep and o
hym§gﬂﬁggﬁyhmyg octyl i So- octyl n- nonyl, n-decyl,
n- undecyl, n-dodec n-tridec n- tetradecyl
n- péht ade@ymuwsnesz a pelylp éﬂ el¢fie yaving ackrométscyimber less
mﬁﬁ} their iso-anal ogs. 43. The process of claim 33
érein the process is a continuous process conpri sing:
a) continuously introducing a feed stream conpri sing at
| east 10 nol e% of the one_or nore C5 to C24 ]
464l phBhopesssnst amt epepfelaig 3t to 451oiwrein fwe sionpmarshsvips 5 to 18
caljbg{l Eu%ﬂ{é edel} nﬂﬁé @1&8@1{?&“&6 ”pound and the activator
eac I onal'ly continuously
|ntrodu0|ng co- actlvator into the reactor, and d)
contlggously wi t hdrawi ng the pol yal pha- ol efin fromthe
7Ty eac B Progess ofrpry &laimy 83 1q 44 Wherainsthe WH’é’Fra@Hﬁﬂ? thg repgtor
n concentration of hydrogen in the reactor
ISQ@h Hﬂgq%g%?gﬁ | ess by weight. 45. The process of cl aim
43 or 44 wherein the process further conprlses

Opt ! Efbaérg&ss o? nlta{n? Hywier%mttl:lg taetrr{pre]%ture 18 fp %8‘16) a1 58| Ef '

'tOf

49, The process of any one of claims 33 to 48 wherein the pressure in the reactor is

from 0.1 to 100 atmospheres.

50. The process of any one of claims 33 to 49 wherein the monomers, metallocene

and activator are contacted for a residence time of 1 second to 100 hours.



het er oat om cont ai ni ng conpounds to | ess than 600 ppm

2) continuously contacting the polyal pha-olefin with
hydrogen and a hydrogenation catal yst 3) continuously
obt ai ni ng a pol yal pha-ol ef m havi ng a brom ne nunber
less than 1.8. 46. The process of any one of clains 33
to 45 wherein two nononers having 5 to 18 carbon atons
are present in the polyal ph@>ol efin. 47. The process of
any one of clainms 33 to 46 wherein the tenperature in
the reactor is from-10C to 250 C. 48. The process of

claiqp 47 whergin the er,gture i.s fram 70C to 150 .C.
SL.g0° TRTRIAOR CEETEthrTORS 31t D HEein S BoNn Th dpelppeene
andt RAvAHLHE BbRadtéd fob 8 résRREEOHmE 5 2 fiftiesGo b HoBrs100

at nospheres. 50. The process of any one of clains 33 to

49 wherein the nononers, netall ocene and activator are
contacted for. a resi nce i of 1.secqnd 100, .

2. our B Broceggof by R hERAR 331881 Mherti®EE0Gy bPailiRALis present.
to 50 wherein the nononers, netall ocene and activator
are contacted for a residence tine of 2 mnutes to 6

53.hourbhe processpkany e claims 33 yo §4 @hgreinthg magnogers e sentacted

w0 A0 ) 58, ) Mk P 3R 3 o v 5

contindaBtifed tank a0 ton,cd @aitinwiuk ubukee rewetod| dradateh resempound
and the activator in a reactor and the reactor is a
continuous stirred tank reactor, a conti nuous tubul ar

54.F €a Igé{pgg 5%6%‘ gﬂ}sgﬁb mﬁ@é’l&iﬁﬁr% 8%3 Whie B 36GForak F?égv\%“t%re

of ¢ ere co-activator 1Is presen ere

the nomomerscare cantaute wiintha otetdlocertelotripeumidrmsl the activetor.
conpound and the activator. 55. The process of any one
of clainms 33 to 54 where the nononers are contacted

55.W t hriehsofds 8f W&E@oﬁﬁﬁﬁﬁ%&gaﬁg #h'%l% € trhofBhidfs drf cBntacted

solution or a slurry phase. . e process of any one
with theghetaliosefScanpditd whthe iactivatr imrs selntorsora Surtophaaet ed

i t | kyl al umi d.prior.to bei
6.t  DIRREGEFSY A B 01 QLIRS o3 135 whetsin,fhg mpenotisrs afp sopfpted
witR fin Glk§almidSm B mpBu R td BEndBtrdlhRA PRS i Ydac@br.

activator are conbined with an al kyl al um num conpound
prior to entering the reactor. 58. The process of

claiqm 56 or 57. where the,al kyl,al uglinum ¢ ound, i s
5.7 e eaPoBero g Fheopo S RIal Shntre JRE feidjogehe and or
activiide BRREMBired wathGn Alley14R@indhkdomduAd Priordd @nteAflg bR reactor.
n-al kyl or iso-al kyl group.
58. The process of claim 56 or 57 where the alkylaluminum compound is

represented by the formula: R;Al, where each R is independently a C1 to C20 alkyl group
and can be n-alkyl or iso-alkyl group.

59. The process of claim 58 wherein the R groups are independently selected from
the group consisting of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, n-butyl, pentyl,
isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl, octyl, isocotyl, n-octyl, nonyl,
isononyl, n-nonyl, decyl, isodecyl, n-cecyl, undecyl, isoundecyl, n-undecyl, dodecyl,

isododecyl, and n-dodecyl.



59. The process of claim58 wherein the R groups are
i ndependently selected from the group consisting of
net hyl , ethyl, propyl, isopropyl, butyl, isobutyl,

n-butyl, pentyl, isopentyl, n-pentyl, hexyl, isohexyl,
n- hexyl, heptyl, octyl, isocotyl, n-octyl, nonyl,
i sononyl, n-nonyl, decyl, isodecyl, n-cecyl, undecyl,

i soundecyl, n-undecyl, dodéd, isododecyl, and
n-dodecyl. _110- 60. The process of claim58 where the
R groups are independently selected fromthe group

consy,sting of.i,sob -ogtyl. n-hexyl.,and
60,7 ol ebsar IRut tes Bie K onps M Heehpnaelly selected frgm the
groby chip¥ifig 8Nisabhutyll Alobi, AliexgoERPAHISddcsl. present and the

conpound is selected fromtri-isobutylal um num

tri-n-octylalumnum tri-n-hexylal um num and

tri--fn- ' aalk S, 1Df .
o1} oy TS TR bR TR R B Rl A Eoound i
preSdn bAd tiedcorhpdunt sl selgaed o ai-RybitgghnaiumNtrcabatylaiiminum,

_selected fromthe grqup, consisting of supported G oup

tri-p-hexylalgmingy and trpdedecylabamingme process of any one of

clainms 33 to 62 wherein the polyal pha-olefinis

contacted with hydrogen and a hydrogenation catal yst
62.sel effteeprotess mft oy geoup claimsB3tton whéreon éheopolpaiplea-altfin is

Ni , Pd, Co, RBh, Fe, Ru, Gs, Cr, M, and W .
cmgfrf&&owlégbt“kﬂg%ﬁ and @hydrdgention &atalyPLaploctcil R dhe spvR.eavpisting
ofs‘ﬁgpéﬁc’&@oﬂﬁﬁé\é OXh PR SERROTts. 64. The process of claim

63 where the Hydrogenation catal yst is nickel supported

on keisleghur, silica, alunmna, clay or

siliga-alum ng. 65. Th rocess of, any one of .clai 3.
55 o CHRARSPES (oL 1 (8 SLFBHES 85 dp 47 POtefi fheckalGHPt Rt is
contHdOgRINh e dﬁmfﬁrlgﬂﬁiﬁﬁ&tféﬂ calydt seMctedtfrdin HRIMSHREIHRLN

from 25 t%ﬁig%C. 66. e procegg of any one o é?ains_ 8
of @8 erome® afhdis BdnPt Ko, Bb) FalBh&soCaf Ma, arsdl W snprasted @n silica,
lwi.th pydnpc;n.and %)5¥q%ﬂ%%n tL%n catalyst for a tine
AU 5871 TR ST B IS MTAPEURPYSY. The process of

any one of clainms 33 to 66 wherein the polyal pha-olefin

is contacted with hydrogen and a hydrogenation

64.cat allpqrroesss ef ¢lgian 6 wherg tlesshydregendtionragtplyssis mekel supporeion
eIy ey | S . reduce the nol e% of mm

kel?? ad Sélgcéuap}%lg%ﬁ’ Qagéﬁigﬁsabﬁgrg%ﬂaéfi n conprising
contacting the polynmer of any one of clains 1 to 32

wi th_a hydrogenation catalyst and Q%drpgen and i
65.r ecolhsr Pi9gess Poryarihabrlims 340 ¢y whesi thet polgdpha-elsfin is

colfdPted with hydrogen and a hydrogenation catalyst at a temperature from 25 to 350°C.

66. The process of any one of claims 33 to 65 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst for a time period from 5 minutes to
100 hours.

67. The process of any one of claims 33 to 66 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst at a hydrogen pressure of from 25
psi to 2500 psi.



triad groups than the pol yal pha-olefin prior to contact
with the hydrogen and hydrogenation catalyst. 69. The
process of claim68 wherein the polyal pha-ol efin has
from10 to 75 %less mmtriads. 70. The process of any
one of clains 33 to 67 where the feed olefins are
contacted w th nol ecul ar sieve, activated al um na,
silica gel, and or purifytihbl clays to reduce the

het er oat om cont ai ni ng conpounds in the feed to bel ow
100 ppm 71. The process of any one of clainms 33 to 67

wherg the feed olefins arge centacte wi t h. mol ecgul. ar
801 a/s, Prtet S8 crefheR] (s mateti, P AR BB iRyl 2 a g et
cortstgy &dntacBigl R polpred 68/ami0ortel FY&ait® I RHSZ &ith'ee hydrogenation

het eroat om cont ai ni ng conpounds in the feed to bel ow 10

catglppshand hydrpgen prdbresevering aqpp)yalphaolsfin dayinggraa 1t 867 less mm

: r yer o | .0 talyst i t
wialy Blofipt (oY EE BANAPLREAT Hioktlo Pt R R SRR and
hydysgempticionsdlgti ng of Ni, Pt, Pd, Rh, Fe, Ru, GCs, Cr,
andW 73. The process of claim72 wherein the

hydr ogenat ed pol yal pha-olefin has from25 to 70 nole %

nmm t] i t
69, oce ol e et F et R ol Blonp FATa Wtoln 1 79 s
muf friads.t he group consisting of racem c netal |l ocenes,

nmeso netal | ocenesand or un-bridged netal |l ocenes. 75.

The process of claim33 where the netall ocene is

70.?:'(:?13%&: ?%]e{? gil' %l&le%rgsr S WPaims B335 37 ivikrPfhe feed olefins are conit%czted

I s(tetrahydroi ndenyl) Zr X2, neso -
with tniolédutbe sedye s{citivated plunrna 2ilich Relsand Br ¥@rifying clays to reduce the

R nd) 27r. X2), et hyl.i depebhi X2i
het Pﬁ@?’h%ﬂ“&?‘ﬁ“?% 6‘?‘&?%)“2‘% E&’Ifa g@%&ﬁﬁ@ﬁ%@: s( Rnl nd) 2Zr X2,
di net hyl si | yl bi s(Rol nd) 2Zr X2, where X is a hal ogen, a

substituted or unsubstituted phenyl group, or a Cl to
71.C20 Bhelgyrbgess Gpanysone afyaddimpSattadil evhere therfesd Glefins are Chntagsed

.C20 -al kyl . i . er denoting the. d i
it ol icle” Sl Autid Rk, sbE ARV Br R inS ST, fad or
purdfing SR b rédubd theMeteoRom tefilaRingdeneouiids inhfie GRAE BeRiv 10

substitution of Ind and is a nunber fromO to 7. 76.
PPIFhe process of claim 33 where the netall ocene is rac-

di met hyl si | yl bi s(tetrahydroi ndenyl ) zi rconi undi net hyl ,

and or neso- ethylidenebis(indenyl)zirconiundi methyl.

72.77. TikeprpéRs of anPbnd bBélpmdbaoesewhdite thehpirb Qg éabalst i
Y2nmet hylri dene( R%)gpl)l( RFl u) Zr X2 or ekt 0 alsh is

supporded (o e Me)andkiyther sompristp promoters selected from the group consisting
of Ni, Pt, Pd, Rh, Fe, Ru, Os,Cr, andW.

73. The process of claim 72 wherein the hydrogenated polyalpha-olefin has from 25

to 70 mole % mm triads and a bromine number of less than 1.

74. The process of claim 33 where the metallocene is selected from the group

consisting of racemic metallocenes, meso metallocenesand or un-bridged metallocenes.

75. The process of claim 33 where the metallocene is selected from the group

consisting of rac-dimethylsilylbis(tetrahydroindenyl)ZrX,, meso-
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i ndependently a O to C20 al kyl or a substituted or
unsubstituted phenyl group, X is a halogen, a
substituted or unsubstituted phenyl group, or a d to
C20 alkyl, Cp is a cyclopentadienyl ring, Ris a d to
C20 al kyl group, n is a nunber denoting the degree of
substitution of Cp and is a nunber fromO to 5, Fluis
a fluorenyl ring, mis a nurher denoting the degree of
substitution of Flu and is a nunber fromO to 9. 78.
The process of any one of clainms 33-77 wherein ethyl ene

ct B S en ey BRREZOR e AR elBR G g ch g G2,
dirﬂ%(@ﬁ)é%(%ﬁézﬁ%,b&HylﬁEﬂéﬁség/ngg?)‘;Zﬂﬂ diQxeﬁlyisﬂyl%@s(HHh&)%ﬁrixﬁ,

re at least 8 t he ethylené presen
whereeX ol jadgenaa sabstfuted ar ysewétuted phenyingouf, ot at@l ®3C20 alkyl,

carbons or |ess.as as d bon 13. NMR._80., A .
Co i TGRSO Tk AU &b EAY ASRLPOBRbioh Bioer dagptipe the
degpd yRduBSARGGT 57 Gq%’d isSd RSB FrdnP UROS! 1HdO8 aRfindeyl SRE nPis a
clains 1 to 33. 3- 81. The lubricant according to

nurgbeziden@ g thvhdagederplishlstivionof fridoumd|is bawabertionok 0ite7.
selected froma Goup I, Goup Il, Goup Ill, Goup IV,
Goup V or GIL Tube base stock and m xtures thereof.

76.82. THee |gidessansf acsfiidi M3 t oyigdr@i Mh80 detdlbcéde t HEr rac-
_conprising one or nore of: thickeners, antioxidants,
dimeghil niylos(teprabydsgiadenybair¢oniumdimgthyl. ¢ i vesanddi speosant s, meso-
et ergent f.ricti ifiers, traction inproving
emg@%ﬁggg@%@“&@%ﬁP@@#@@?@Eﬂdefoanants, chr onophor es
(dyes), viscosity index inprovers, pour point
depressants, anti-wear additives, extreme- pressure .
77-addi Thev esproggssl/ oef haglimnhiddi t grksre g3theThemptaliogesant is  a

VARG AR EORRLIAR,° o - IBCCRRREEIART, Ve, ¥ s
indepeddently’a Cd t6 A0 Syl a sechbstitored toh @nsubisgtntedqthenylhgroup, X is a
hali)gctz)l[ Iacselll gtituted or unsubstituted phenyl group, or a Cl to C20 alkyl, Cp is a
cyclopentadienyl ring, R is a C1 to C20 alkyl group, n is a number denoting the degree of
substitution of Cp and is a number from 0 to 5, Flu is a fluorenyl ring, m is a number

denoting the degree of substitution of Flu and is a number from 0 to 9.

78. The process of any one of claims 33-77 wherein ethylene is present in the

monomer feed at from 0.5 to 10 mole%.

79. A polyalpha-olefin comprising at least 50 mole% 35 to 24 carbon atoms and from
0.5 to 20 mole% ethylene, where at least 80% of the ethylene present in the polyalpha-

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

80. A lubricant comprising
a conventional base stock; and

a polyalphaolefin comprising the composition of any one of claims 1 to 33.
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81. The lubricant according to claim 80, wherein the conventional base stock is
selected from a Group I, Group II, Group III, Group IV, Group V or GTL lube base stock

and mixtures thereof.

82. The lubricant according to claim 80 or 81 further comprising one or more of:
thickeners, antioxidants, inhibitor packages, anti-rust additives, dispersants, detergents,
friction modifiers, traction improving additives, demulsifiers, defoamants, chromophores
(dyes), viscosity index improvers, pour point depressants, anti-wear additives, extreme-

pressure additives, and/or haze inhibitors.

83. The lubricant according to any one of claims 80 to 82 where the polyalpha-
olefins are present in the lubricant at from 0.01 wt% to 95 wt%, based upon the weight of

the lubricant.



