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[ 0001] This disclosure relates to polY.:al pha-olefins (PAOs) nade from

sel ect ed wowssy/@4pha- ol efi ns and | ubri cgrt bl ends cont aipamngs2009nia@ant base
st ocks and such PAGs and to a process fof "the production thereof in the
presence of a netallocene catalyst with a non-coordinating ani on activator
and optionally with hydrogen. BACKGROUND Description of Related Art

[ 0002] Efforts to i nprovBASESTOGK $ANDrInERRICANTBLENDS1 neral oil - based
| ubricants by the synt hegtoNafA NING PRV ¥-AY PP yPpepri§ui ds have been the
subj ect of inportant research and developnent in the petrol eumindustry for
at least fifty years. These efforts have led to the relatively recent

mar ket introduction of a nunber of synthetic lubricants. In terns of

| ubri cant property inprovenent, the thrust of the industrial research
efforts i nkMDng synthetic |ubricants has been towards fluids exhibiting

useful viscosities over W, de terrferature range, i nproved vi scosity
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and such PAOs and to a process for the production thereof in the presence of a

metallocene catalyst with a non-coordinating anion activator and optionally with

hydrogen.

BACKGROUND
Description of Related Art

- [0002] Efforts to improve upon the performance of natural mineral oil-
based lubricants by the synthesis of oligomeric hydrocarbon fluids have been the
subject of important research and development in the petroleum industry for at
least fifty years. These efforts have led to the relatively recent market
introduction of a number of synthetic lubricants. In terms of lubricant property
improvement, the thrust of the industrial research efforts involving synthetic
lubricants has been towards fluids exhibiting useful viscosities over a wide
temperature range,}"' ie., 1mproved v1sc051ty index (VI), while also showing
lubricities, thermal stabilities, ox1dat1ve stabllltles pour points and low

temperature viscometric properties equal to or better than those for mineral oil.

[0003] The viscosity-temperafu;é rela,t,ionshipﬂof a lubricating oil is one of
the main criteria considered when selecting a lubricant for a particular application.
The mineral oils commonly used as a base for single and multigrade lubricants
exhibit a relatively large change in viscosity with a change in temperature. Fluids
exhibiting such a relatively large change in viscosity with temperature are said to
have a low viscosity index (VI). VI is an empirical, unitless number which

indicates the rate of change in the viscosity of an oil with a temperature change.
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i nportant Df22(/Ae | ubricant is expected to provide lubrication at |ow
tenperature environnent. These | ow tenperature properties can be neasured
by pour points of pure fluids according to ASTM D 97, by | ow tenperatute
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hydrocar boé'gld Cranking Simulator viscosity (CCS). Good shear stability of a lubricant is
also becoming more important as newer equipment or engines are often operated
under more severe conditions. Shear stability of a pure fluid or lubricant blends
can be measured by many methods, such as sonic shear test according to ASTM
D 2603 method or tapered roller bearing (TRB) shear test according to CEC L-45-
T/A to D methods, etc.

[0005] Heretofore known PAOs comprise a class of hydrocarbons
manufactured by the catalytic oligomerization (polymerization to low-molecular-
weight products) of linear a-olefin (LAO) monomers. These typically range from
1-octene to 1-dodecene, with 1-decene being a preferred material, although
oligomeric copolymers of lower olefins such as ethylene and propylene may also
be used, including copolymers of ethylene with higher olefins as described in U.S.
Patent 4,956,122 and the patents referred to therein. Some PAO products have
achieved importance in the lubricating oil market. Typically there are two classes
of synthetic hydrocarbon fluids (SHF) produced from linear alpha-olefins,
denoted -as PAO and HVI-PAO (high viscosity index PAOs). PAOs of different
viscosity grades are typically produced using promoted BF; or AICI; catalysts.
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[0007] Another class of HVI-PAOs may be prepared by the action of a
supported, reduced chromium catalyst with an alpha-olefin monomer. Such PAOs
are described in U.S. Patents 4,827,073 (Wu); 4,827,064 (Wu); 4,967,032 (Ho et
al.); 4,926,004 (Pelrine et al.); and 4,914,254 (Pelrine). Commercially available
PAOs include SpectraSyn™ 2, 4, 5, 6, 8, 10, 40, 100 and SpectraSyn Ultra™ 150,
SpectraSyn Ultra™ 300, SpectraSyn Ultra™ 1000, etc. (ExxonMobil Chemical

Company, Houston, Texas).

[0008] Synthetic PAOs have found wide acceptance and commercial
success in the lubricant field for their superiority to mineral based lubricants. In

terms of lubricant property improvement, industrial research efforts on synthetic



[ 0008] Synt heti ¢ PACs have found w de acceptance and commercial success in
the lubricant field for their superiority to mneral based |ubricants. In
terns of WOR0IX@A92property inprovenent,, i ndustrial reseamas2ef0o04s on
synthetic lubricants have |ed to PAO fluids exhibiting useful viscosities
over a wide range of tenperature, i.e., inproved viscosity index, while

al so showing lubricity, thermal stability, oxidative stability and pour

poi nt equdubtioandts Hagetled to PAOrlwmds @ixhihiting Tisefig visdositiesedyerreewide narget i c
| ubricants | ower mechanical frictjion, enhancing nechanical efficiency over
the ful |l SHetempPerABITCE€haHNPEAVedo XHSOSIRY 1Bdexo Wile aéSQMSH@WW&ng}EUSH‘W,

P qurr emodnerer iRy, Raa AESAbUY nd IR ey WQRF RS I B fpesalos
wi th inprqyged pﬁ%érfrél%ﬁvel%rﬁ?rg:vﬁssymtﬁélid’il%_ﬁﬁ_%!aﬁﬁé IS8 &g&ﬁanibﬂwfﬁ@’dbn,

poi nt, reduced volatility, "high shHear stability, inproved wear perfornance,
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range, are desired to_nmeet new performance requirements for |ubricants. New
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100101Efforts have been nade to prepare various PAGs using netall ocene
catal yst systens. | es include US Patent 6, 706, 82 equi val ent .to US
Pat ent Putii‘p ti on%?mmm,‘"rﬁmegﬁ Hfgﬂlﬁfégaé’és ﬁf%g’ﬁé‘f" srerpagnglyn t he

b essure WREA noa S akfh JutER e ARGRRLRS, St 35 iRHSv sl e 72
di scuss si(wih,alow Opdes point, reduced volatility, high shear stability, improved wear
performance, increased thermal stability, oxidative stability, and/or wider
viscosity range, are desired to meet new performance requirements for lubricants.
New methods to provide such new PAOs with improved properties are also

desired.

[0010] Efforts have been made to prepare various PAOs using metallocene
catalyst systems. Examples include US Patent 6,706,828 (equivalent to US Patent
Publication 2004/0147693), which discusses production of PAOs in the presence
of meso-forms of certain metallocene catalysts under high hydrogen pressure with
methyl alumoxane as an activator. WO 02/14384 and WO 99/67347 discuss

similar topics.

[0011] Others have made various PAOs, such as polydecene, using various
metallocene catalysts not typically known to produce polymers or oligomers with
any specific tacticity. Examples include‘ WO 96/23751, EP 0 613 873, US
5,688,887, US 6,043,401, WO 03/020856 (equivalent to US 2003/0055184), US
5,087,788, US 6,414,090, US 6,414,091, US 4,704,491, US 6,133,209, and US
6,713,438.

[0012] Recently, there has been a greater demand for high viscosity blend
stocks. This is believed to have been caused by a number of factors, including

limitations of production by many Ilubricant base stock manufacturers or
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from conventional slack wax feed or from wax derived from Gas-to-Liquid
process (GTL lube). These hydro-processes are believed not to be suitable for
production of higher viscosity base stocks such as those greater than 8 cS. Also,
the extra capacity for low viscosity hydro-processed base stocks, especially the
emergence of large volume of GTL lube, may induce the closing of Group I base
stock facilities which co-produce high viscosity bright stock (35-40 cS), creating a
decrease in the bright stock supply. Thus, there is an increased need to supply
high viscosity base stocks to blend with low viscosity base stocks, including
Groups I to VI base stocks, especially with low viscosity Groups II, III and GTL
- lube fluids.

[0013] Presently three major types of high viscosity base stocks are
available for blending with low viscosity base stocks to increase viscosities of the
low viscosity stocks and still maintain good properties. The three high viscosity
base stocks are: bright stock derived from Group I facility; poly-alpha-olefins
(PAOs) produced from Cg-Ci, linear alpha-olefins (LAO or LAOs) and poly-
isobutylenes (PIB). Each of these high viscosity base stocks has disadvantages.
The bright stocks usually have poor quality. The PAOs are usually more
expensive because of the expensive LAO raw material and limited availability of
the LAOs. The PIB does not have sufficiently good blend properties and the

resulting blends do not always meet performance criteria.

[0014] Several publications propose polymerization of various alpha-
olefins, at least some in the presence of metallocene catalyst systems, to provide
polymers having various utilities, such as lubricant components. For example,
WO 2007/011462 discusses a process for producing poly-alpha-olefins (PAOs) of
high viscosity index (HVI)-PAOs, including contacting a feed comprising a
mixture of LAOs with an activated metallocene catalyst to produce liquid

polymers for use in lubricant components or as functional fluids. The copolymer
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[0017] U.S. Patent Publication 2003/0055184 is directed to non-isomerized
oligomers, which comprise repeating units of olefin monomers, where the
oligomers have molecular weight of about 10,000 or less, and are prepared in the

presence of a single site catalyst, such as metallocene catalyst. The olefin



[0016] U. S. Patent Publication 2007/0043248 is directed to a process for
produci ng | ow viscosity poly-al pha-ol efins conprising contacting one or
nor e al phwocesi9aimononers of 3-24 car bgn atons with a eaTalSpet/oonitch may
i ncl ude netal |l ocene catal yst conpounds.” ‘The PAGCs used in the process are
typically dimers, trinmers, tetraners, or higher oligoners having weight
aver age nol ecul ar wei ght of 100, 000 or less. [0017]U. S. Patent Publication

2003/ 0055 Tidnomerimaydicechdsenfeomi s iphatic oéefind, iagometis olefinscdr cyajerélefins.
repeating units of olefin nonomers, where the oljgoners have nol ecul ar
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the embodiments may be hydrogenated to formulate lubricant oils. Some
exemplified oligomers of 1-decene and I-tetradecene were reported to have
kinematic viscosity (Kv) at 100°C of 1.8 to 9.2, Kv at 40°C of 5.3 to 50.3 and VI

of about 130 to 166.

[0018] Song et al.,, New High Performance Synthetic Hydrocarbon Base
Stocks, Lubrication Engineering, 58/6, 29-33 (June 2002) is directed to
polymerization of inexpensive olefin monomers, such as ethylene, propylene and
butene, to produce Ethylene-alpha-Olefin Polymer (EOP) apparently from
ethylene at least one of propylene and butene. A single site catalyst is used in the
polymerization reaction to produce a synthetic fluid which is said to have
performed similarly to commercial PAO and could be used as a synthetic base
stock in applications requiring premium lubricants. The EOPs had Kv at 100°C of
1.9 to 11.4, and at 40°C of 5.5 to 66.1 cSt and M,/M, of 1.04 to 1.34.

[0019] PCT/US06/21231 filed June 2, 2006, claiming the benefit of USSN
60/700,600, filed July 19, 2005, describes the production of liquids from
monomers having 5 to 24 carbon atoms using racemic metallocenes and non-

coordinating anion activators.

[0020] To date however, PAOs made with metallocenes have not found
wide application in the marketplace, particularly the lubricant marketplace, due to
a variety of factors, such as inadequate manufacturing processes, high costs and/or
their property concerns. In this disclosure we address such and other needs by

providing new PAOs having excellent property combinations.
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new PACS RA) B2 abar 50 T abbur 250, Ky oot abaut 815 aboit 5,000 ¢St, Kv 4 of about
60 to about 80,000 ¢St and pour point of less than about 10°C. The composition
may include a second lubricant base stock. This second lubricant base stock
usually has 100°C kinematic viscosity of about 20 or less than about 20, such as
about 15 or less than about 15 ¢St and can comprise at least one of API Group I to
VI base stocks and a lube base stock produced from gas-to-liquid conversion
process (GTL lube), or a mixture of these lower viscosity base stocks. The blend
composition comprises about 0.1 to about 90 wt% of the substantially atactic
polymer and has viscosity index of greater than about 100, Kv ;99 of about 3 to
about 1,000 cSt, and Kv 4 of about 6 to about 30,000 cSt, and a significantly
improved low temperature properties, €.g., Brookfield viscosity than a single base

stock of comparable 100°C kinematic viscosity.

[0023] The substantially atactic polymer has M,, (weight average molecular
weight) of less than 300,000, such as between about 300 and about 300,000, and
M, (number average molecular weight) of less than 100,000, such as between
about 280 and about 100,000. Molecular weight distribution (M,/M,) of the

polymer is greater than 1 and less than 5.



[0021] The disclosure is directed to a substantially atactic poly-al pha

ol efin polyner nmade of at |east one of propylene, 1-butene or 1-pentene
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a bl end conposition conprising the substantially atactic poly-al pha olefin
pol ymer mal¥)°6F ofiabpeta8; oo fiwnfgreaten hamabout- § to @abeubd,000ebt, and atoHBer .
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process (GIL lube), or a mxture of these | ower viscosity base stocks. The
bl end conpising ithe subigst i matern berrofo rafepencgpisumadg iy thoppperded IEavimgsal | y
atactic polyner and has viscosity index of greater than about 100, Kv 100
of about 3Wt{%re§bout 1,000 cSt, and Kv 40 of about 6 to about 30,000 eSt,
and a significantly inproved | ow tenperature properties, e.g., Brookfield

Vi scosity a singil 0 APV . I i KSECOSELY.
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[0027] Figure 2 shows comparison of VI as a function of 40°C Kv for a
blend of POB of this disclosure in 4 ¢S GTL lube to a blend of PIB H300 in 4 cS
GTL lube.

[0028] Figure 3 shows comparison of the Noack volatility predicted from
TGA measurement as a function of 100° C Kv for a blend of 630 POB of this
disclosure in 4 ¢S GTL lube to a blend of PIB H300 in 4 ¢S GTL lube. 630 POB
is an abbreviation for Poly-1-Butene (POB) described in this disclosure with
100°C Kv of 630 cSt.

[0029] Figure 4 shows comparison of the Noack volatility predicted from
TGA measurement as a function of 40°C Kv for a blend of 630 POB of this
disclosure in 4 ¢S GTL lube to a blend of PIB H300 in 4 ¢S GTL lube.

[0030] Figures 5a and 5b show C13 NMR spectra of a substantially atactic
poly-1-butene (Fig. 5 a) and of poly-1-butene with a substantial amount of
isotacticity (Fig. 5b).



9 [0024] The substantially atactic polynmer has a kinematic viscosity (Kv)
at 100C of about 8, or fromgreater than about 8 to about 5,000 cSt, and at
40C fr omWbc009/@®19%20 about 80, 000 cSt, K, d viscosity i n@et/uswop/ogreat er

t han about 50. BRI EF DESCRI PTI ON OF THE W NGS [0025] To assi st those of
ordinary skill in the relevant art in making and using the subject matter
hereof, reference is nade to the appended draw ngs, wherein: [0026] Figure 1
shows conﬂéETMhEﬁ DESCRIPTIONNdex (VI) as a function of 100C Ki nerratic

Vi scosity for a blend of poly- 1-butene (POB) of this di sclosure I n
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% '[8827]@@15%1%% cinataed corshent B NP R P EaRRE bl RIS RS

(1985). Unless otherwise stated all pressures in psi are psig. All numerical values

in this disclosure are understood as being modified by “about”. All singular forms
of monomers, polymers or other components described herein including (without
limitations) components of the compositions are understood to include plural

forms thereof and vice versa.

[0032] For purposes of this disclosure and the claims, 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 having two or more chemically distinct monomers.

[0033] For the purposes of this disclosure and the claims the term
“Polyalpha-olefin,” “polyalphaolefin,” or “PAO” are synonymous and include
homooligomers, cooligomers, homopolymers and copolymers of Cs—Cs alpha-
olefin monomers, i.e., at least one of propylene, 1-butene or 1-pentene. Thus, the
term “C;—Cs alpha-olefin monomers” as used in this disclosure means propylene,

1-butene, 1-pentene or a mixture or mixtures thereof.

[0034] The PAOs of the present disclosure can include oligomers, polymers
or combinations of both. The PAO compositions of this disclosure (whether it be
oligomers, polymers or combinations thereof) described herein are liquids and

have a M,, of 300,000 or less.

[0035] For the purposes of this disclosure and the claims the active species

in a catalytic cycle may comprise the neutral or ionic forms of the catalyst.



bl end of POB of this disclosure in 4 ¢S GIL |ube to a blend of PIB H300 in
4 ¢S GIL lube. [0028]Figure 3 shows conparison of the Noack volatility
predi ct edwDr0w0P@R2MEASUr ENENt @S a fupﬁi_on of 100 C KwcCfrars2eoobend of 630
POB of this disclosure in 4 ¢S GIL lube'to a blend of PIB H300 in 4 cS
GIl_, lube. 630 POB is an abbreviation for Poly- 1-Butene (POB) described
in this disclosure with 100C Kv of 630 cSt. [0029] Figure 4 shows conpari son
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Kv for a blend of 630 POB of this disclosure in 4 ¢S GIL lube to_a blend of
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catalyst (precatalyst) together with an activator and, optionally, a co-activator
(such as a trialkylaluminum compound). When it is used to describe such a pair
after activation, it means the activated catalyst and the activator or other charge-
balancing moiety. Additionally, the activated catalyst system may optionally

comprise a co-activator and/or other charge-balancing moiety.

[0037] “Catalyst precursor” is also often referred to as precatalyst, catalyst,
catalyst compound, precursor, metallocene, transition metal compound,
unactivated catalyst, or transition metal complex. These terms are used
interchangeably. Activator and cocatalyst are also used interchangeably. A
scavenger is a compound that is typically added to facilitate oligomeriZation or
polymerization by scavenging impurities. Some scavengers may also act as
activators and may be referred to as co-activators. A co-activator which is not a
scavenger may also be used in 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.

[0038] For purposes of this disclosure and the claims 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 as or be contained in the
noncoordinating anion. Suitable metals include, but are not limited to, aluminum,

gold, and platinum. Suitable metalloids include, but are not limited to, boron,
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[0041] In this application, whenever a composition or a group of elements
is preceded with the transitional phrase “comprising”, it is understood that we also
contemplate the same composition or group of elements with transitional phrases

“consisting essentially of”, “consisting”, “selected from the group of consisting

of”, or “is” preceding the recitation of the composition or elements and vice versa.

Polvalpha-olefins

[0042] The substantially atactic poly-alpha olefin polymer (which also may
be referred to herein as “substantially atactic polymer”) is made from relatively
low cost alpha-olefins, i.e., propylene, 1-butene, 1-pentene or mixtures thereof, or
from any feed streams containing these low cost alpha-olefins or their mixture or

mixtures.

[0043] Commercial production facilities, such as oil refineries, have
process streams which include alpha-olefins, which can be used as starting
- materials for the production of substantially atactic polymers discussed herein.
For example, mixed aliphatic C,4 streams, usually present in refineries, can be used
as feed streams for polymerization of 1-butene to obtain the substantially atactic

polymers discussed herein. The mixed C,4 streams may include mixed n-butanes,
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[0046] The polymers discussed herein, which may also be referred to as
poly-alpha-olefins (PAOs) of this disclosure, are made in a process which
produces a polyalpha-olefin having a KV oo of about 8 or greater than about 8 cSt
to about 5,000 cSt and all the other properties of the PAOs of this disclosure,
comprising:

contacting one or more alpha-olefin monomers having 3 to 5 carbon atoms
with an unbridged substituted bis(cyclopentadienyl) transition metal compound
represented by the formula:

(Cp)(Cp*)MX; X

wherein:

M is the metal center, and is a Group 4 metal;

Cp and Cp* are 1) the same or different cyclopentadienyl rings that are
each bonded to M, and both Cp and Cp* are substituted with at least one non-
hydrogen substituent R group or 2) Cp is substituted with from two to five
substituent R groups, each substituent group R being, independently, a radical



al um num phosphorus, and silicon. A subclass of non-coordinating anions
conpri ses stoichionetric activators, which can be either neutral or ionic.
The t er mreWO9094Ri vat or, and st oi chioggtric ionic actiPCatERowancpe used
i nterchangeably. Likew se, the terns neutral stoichionetric activator and
Lew s acid activator can be used interchangeably. [0039]1n addition, a
reactor is any container(s) in which a chem cal reaction occurs.

[ 0040] " | sqablep| which & lar hydivedrbail k yubggitoted bydrogdrbgd) hhkocartyylatsubsttatedone
tertiary or quaternary carbon atom and which possesses at |east gne Cl to
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phrases "consi sting essentia consi sting”, “selected fromthe group
of consi stdyetic@r polyyclicsubstiteeat]yi ng the recitation of the conposition or

el enents and vice versa. Pol yal pha-ol efins

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

a non-coordinating anion activator, and optionally an alkyl-aluminum
compound, where the molar ratio of the transition metal compound to the
activator is 10:1 to 0.1:1, and if the alkyl aluminum compound is present, then the
molar ratio of the alkyl-aluminum compound to the transition metal compound is
1:4 to 4000:1, under polymerization conditions wherein:

i) optionally hydrogen is present at a partial pressure of 0.1 to 300
psi, based upon the total pressure of the reactor or the concentration of the
hydrogen is from 1 to 30,000 ppm or less by weight ;

ii) wherein the alpha-olefin monomer(s) having 3 to 5 carbon atoms
are present at 10 wt% or more based upon the total weight of the
catalyst/activator/ alkylaluminum compound solutions, monomers, and any

diluents or solvents present in the reaction.

[0047] In one embodiment, this disclosure relates to liquid polyalpha-
olefins (PAOs) comprising more than 50 mole % of one or more C; to Cs alpha-
olefin monomers, €.g., 55 mole% or more, préferably 60 mole% or more, such as
65 mole% or more, 70 mole% or more, such as 75 mole% or more, 80 mole% or

more, 85 mole% or more, 90 mole% or more, 95 mole% or more, or 100 mole%



[ 0042] The substantially atactic poly-al pha olefin polynmer (which also may
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[ 0044] The substantially atactic polynmers may be blended with | ow viscosity
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such as viscometric, 1nc ng viscosity anhd visc y 1 ndex, thermal,
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be used t o Ry G5l Herdken 9bol'800 to about 100,000, or between about 1,000 and about
8,000 g/mol.

[0050] In another embodiment, any of the polyalpha-olefins described
herein have an M,, (number average molecular weight) of less than about 200,000
such as less than about 100, 000, between about 280 and about 100,000, between
about 250 and about 10,000, between about 500 and about 5,000 or between about
280 and about 4,000 g/mol.

[0051] In another embodiment, any of the polyalpha-olefins described
herein have an M,,/M,, of greater than about 1 and less than about 5, such as less
than about 4, less than about 3, less than about 2.5 or less than about 2.3.
Alternatively, any of the polyalpha-olefins described herein have an M,/M, of
between about 1 and about 3.5, such as between about 1 and about 2.5, between
about 1.1 and about 2.5 or between about 1.2 and about 2.3.

[0052] For purposes of this disclosure and the claims herein, molecular

weight distribution (MWD) is equal to M,,/M,.

[0053] For many applications when superior shear stability, thermal
stability or thermal/oxidative stability is desired, it is advantageous to have the

polyalpha-olefins of this disclosure i.e., discussed herein, made with the narrowest



substantially atactic polyners of this disclosure. [0046] The pol yners
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radi cal  MWDs (larger MWD value). For most fluids with 100°C Kv of less than 1000
cSt, the MWD is usually less than 2.5, and typically about 1.6 to about 2.2. Fluids
with 100°C viscosity greater than 1000 cSt, usually have broader MWDs, usually
greater than 2.5. Usually, the narrower a fluid’s MWD, the better its shear
stability. Such narrow MWD ﬂﬁids will exhibit less viscosity loss due to high
stress or shear in the TRB (Tapered Roller Bearing) test, and will have higher
high-temperature, high-shear rate (HTHSR) viscosity under more severe
conditions, providing a thicker lubricant film and concomitantly better lubrication
and wear protection. In certain applications, when operational condition is not so
severe, for example under low shear stress or low load, or when shear stability or

HTHSR viscosity is not so critical, fluids with broader MWD may provide better
blending property or other advantages.

[0054] The M,, M, and MWD are measured by size exclusion
chromatography (SEC), also known as gel permeation chromatography (GPC)
method using a column for medium- to low-molecular weight polymers, with
tetrahydrofuran as solvent and polystyrene as calibration standard. Unless
otherwise indicated, the Mn and Mw values reported herein are measured GPC

values and not calculated from kinematic viscosity at 100°C.

[0055] In one embodiment, any PAO described herein may have a pour
point of less than about 10°C (as measured by ASTM D 97), such as less than
about OOC, less than about -10°C, less than about -20°C, less than about -25°C,
less than about -30°C, less than about -35°C, less than about -40°C, less than
about -55°C, between about -10 and about -80°C, between about -15°C and about
-70°C or between about -5 and about -50°C.



group which is a hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted hal ocarbyl, silylcarbyl or gernylcarbyl, or Cp and Cp* are the
same or dwDReKIH19eycl opent adi enyl ringz i n which any tRETAR@O®N44R gr oups
are optionally joined to forma substift ?éd or unsubstituted, saturated,
partially unsaturated, or aromatic cyclic or polycyclic substituent;

X1 and X2 are, independently, hydrogen, hal ogen, hydride radicals,

hydr ocar by0086édi cal sIn awlesibddiment, angrpuigalphb olefin debaribdtbherear mdy have

radi cal s, substituted hal ocarbyl radicals, silylcarbyl radicals,

subst i t ut eakigiematisayisgosityaali b@({&: ofjebaytl § ax tgreaten thamadkoutdf tas abeuti $,0084

Por m o metdiousdyen ericndhrameaiic fidritaidisosh &b agted 56 abavioihObSoms:
ma e s 820 26
non- coor ai Bt BRAE F300. RiH 4ChS sBbEsdoos R, By g, from ©

conmpound, %‘}Eﬁtre? thilf aBBLAR toadBdut oF,000MR St fith 44 Sfedt@t fanCARAWIHtd abbhe

activator 10:1 to 0.1:1, and if the al kyl al um num conmpound i s present,
t hen the mMhBaO cSatgreatet thire abbity20 aStito aboutch6p0wdd. tln anothdrranbodinoemt)ret al
conpound is 1:4 to 4000:1, under ROl ymeri zat i on, conditions wherein:

i) opti onamyPA(dessaibed Sieprindnay have a kingmatig viscasit(atQC as measureddypsi |

oo ogonrASTFLIF 5 G BT Bl RGeS0 i3S, OISR EF 50T, Bhol
wherei n t hg @d)(pggfQtlﬁogjgggwﬁbgﬁgg@ﬁw&tﬁm@?@tc%@r bon atons are present

at 10 wt % or nore base e total welight o e catal yst/activator/
al kyl al um num conpound sol utions, nononers, and any diluents or solvents

present inopsm reactinodnoth@Pérmbbdimest, &b pdlyptia-oldfins fldid deagibed hi@kht es
to liquid polyal pha- olefins (PAOs) conprising nore than 50 nole % of one

or nore C3nay hase alviseositydhdex 8hovfegreatee than 565 Viois altaymined eccerdiigtoabl vy
01 0% or  bS BV BYeRioRehs 2 orSel 38T rmoVBolof Higiels $eiaHal Bopendentrds, tss
ol e o s Ol odRRC S S Abn B e I SO AE
met hod.  viscosity usually has higher VI than a fluid of the same feed composition and
lower viscosity. The typical VI range for fluids made from C; or C4 or Cs linear
alpha-olefin (LAO) or a combination thereof, discussed herein, is about 50 to
about 250, such as about 60 to about 220 or about 50 to about 200, depending.on

fluid viscosity and feed olefin composition.

[0058] In another embodiment, it is preferable that the PAO fluid of this
disclosure does not contain a very light fraction. These light fractions contribute
to high volatility, unstable viscosity, poor oxidative and thermal stability. They
are usually removed in the final product. It is generally preferable to have less
than 1 wt% fluid with C,; or lower carbon numbers (i.e., less than 20 or lower
carbon units in the product oligomer molecules), such as less than 1 wt% fluid
with C,4 or lower carbon numbers or less than 1 wt% fluid with C,¢ or lower
carbon numbers. It is desirable to have less than 0.5 wt% fluid with C,, or lower
carbon numbers, such as less than 0.5 wt% fluid with C,4 or lower carbon
numbers or less than 0.5 wt% fluid with C,5 or lower carbon numbers. C,y or

lower carbon atoms, C,4 or lower carbon atoms etc., can also be referred to herein



[ 0048] For purposes of this disclosure and the clainms, a liquid is defined
to be a material that flows at roomtenperature, has a pour point of |ess

t han 25C WPO0#9(%mw2a further enbodi ment ,,any of the pol yaiTgrsaemloeddisns
descri bed herein have an Mv (wei ght avé#gge nol ecul ar wei ght) of about |ess
t han 300, 000, such as between about 300 and about 300, 000, between about
300 and about 250, 000, between about 400 and about 200, 000, between about
600 to abointerthahge@bly beCpponlabeutfcadbing, €,qlo0 lvweabdOadofs” erc bometmespout
1,000 and about 8,000 g/ nol. 0050 I n anot her enbodi nent, of the

poI yal pha-thess frastioes erq alsq 16 I§¢Ch as dight eprds.( n%lﬁﬁethf‘alﬁé’}’%fg epinaunfl of

bot veen sl OoBs  HBPbRutocTow 0B itk TR BrSTBsR Shtana o peltTbnsgh,

bet ﬁlg% b 4y
g/err\gleen[go 1 (%ggnot er-e tlﬁ%mnt&qlgngség?ﬁ%e po &%I pﬁeﬁ% gt?l n yderg?% bed

her ei n hav@uidnvistédity of fliiéahelectilaanveiphtit H—lﬁﬂéﬂViS@@Sltjl erhighewindlecudarch as
| ess than about 4, less than about 3, |l ess than about 2.5 or | ess than

about 2. 3.weighefhudi wal \havanpwer valetiliy gad dewen|viscosity ders brwere tciesulam

h MV MR, of. bet bou ab 5, h bet b 1 and
nbout 2. 5. WEEPRART e Riehet VBB 2 o ot ettt eRies £ BRPAGbuL
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less than 5 wt%.

[0059] In another embodiment any polyalpha olefin described herein may

have a flash point of 150°C or more, as measured by ASTM D 56.

[0060] In an alternative embodiment any polyalpha olefin described herein

may have a specific gravity of 0.75 gram/cm’ to 0.9 g/em®, such as 0.78 to 0.85
g/em’.

[0061] The PAOs prepared herein, particularly those of moderate to high
viscosity (such as those with a Kv,oy of greater than about § cSt), are especially
suitable for use in the formulation of high performance automotive engine oils,
general industrial lubricants, grease, various types of automotive or industrial
gears oils, aviation lubricants, hydraulic fluids or lubricants, heat transfer fluids,
etc. They can be used by themselves or by blending 0.1 up to 95 wt% of the
" PAOs with other fluids, such as Group I, I, Group II+, Group III, Group III+ base
stocks or lube base stocks derived from hydroisomerization of wax fractions from
Fischer-Tropsch hydrocarbon synthesis from CO/H, syn gas (GTL lube base
stock), or other Group IV or Group V or Group VI base stocks. General
description of these base stocks can be found in Chapter 18 and 19 of the book,
“Synthetics, Mineral Oils, and Bio-Based Lubricants, Chemistry and Technology,
ed. L. R. Rudnick, published in 2006 by CRC Press, Taylor & Francis Group of
Boca Raton, FL 22487-2742, incorporated herein by reference. These blend



wei ght distribution (MAD) is equal to MaMWh. [0053] For many applications
when superior shear stability, thermal stability or thermal/oxidative

stabi | i t yWD0ebewr9ed, it i s advant ageoyfg'go have t he polpgalysh@ooh@id ns of
this disclosure i.e., discussed herein, Trade with the narrowest possible
MAD. PAO fluids with different viscosities, but nmade fromthe sane feeds or
catal ysts, usually have different MWDs. In other words, MADs of PAO fl uids
ar e dependtotkspwhenuiombinged eith gdditiseskhgwnl iovbe avt, aooeseadytof fomnadath ante
narrower MADs (sma) |l er MAD val u_el and hi gher viscosity fluids have broader
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ear sta narrow M flurds wll exhibit [ess
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Bearing) test, and will have higher high-tenperature, high-shear rate

(HTHSR) vifsistiontrgduging addiivessanvbthg lkendi ti ons, providing a thicker
| ubricant filmand concomtantly better lubrication and wear protection. In
certain apﬁl | cations en _oper at.i ona| condi({f‘i{non I §. not so,severe, ftg{S

exanpl e url8862]| ow shbhg BAQssobgrinedyin aggordancey aiths ambodimasts i ¢f,
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better bl e&r%gl&%tl%'? olg%% tbf;e gﬁa%(igﬁgrg{egdgoa#%%%@é %‘%@L hélw ﬁ&gﬁé%% are
measur ed koSt 89 ®i%! tdbent 90vaRt ogr aphy (SEC), al so known as gel

per neati on chromat ography (GPC) nethod using a columm for nedium to

| ow- nol ecul ar wei ght polynmers, with tetrahydrofuran as sol vent and

pol ystyrereo6s] cal i bAHt kimeraatid)deisdosityn| wdsentRpomed e fomndilgids eHereimeatéh and
Mv val ues reported herein are neasured GPC val ues and not cal cul ated from
ki nemat i c measvoed tap H0°Compless oothsTwisconetedmbddymasmic, vigepsitaGane shen hsd

herein nayobrt]z%\rllgd %}P Pnl{lrltiplying the measured kinematic viscosity by the density of the

liquid. The units for kinematic viscosity are in m*/s, commonly converted to ¢St

or centistokes (1 ¢St =10°m%/s or 1 ¢St =1 mo™/sec).

[0064] The PAOs described herein are typically dimers, trimers, tetramers,
or higher oligomers of one or more C; to Cs alpha-olefin monomers. Typically,
the PAOs described herein are usually a mixture of many different oligomers. In
one embodiment, smallest oligomers from these alpha-olefins have carbon
numbers ranging from C;y to Cy. These small oligomers are usually separated
from the higher oligomers with carbon number of greater than C,y, for example
C,4 and higher which are typically used as high performance fluids. These
separated C;p to C,o oligomer olefins or the corresponding paraffins after
hydrogenation can be used in specialty applications, such as drilling fluids,
solvents, paint thinner, etc with excellent biodegradability, toxicity, viscosities,
etc. Sometimes, the smaller oligomers up to C4 are separated from the residual
lube fraction to give products with most desirable properties. The high
performance fluid fraction in the C,p, or C;p and higher fractions, after

hydrogenation to remove unsaturation, typically have lower viscosities making



poi nt of |ess than about 10C (as neasured by ASTM D 97), such as |less than
about 0C, |ess than about -10C, |ess than about -20C, |ess than about -25C,
| ess t haw@boto9418DC, | ess t han about 23630 | ess t han aPOTAUS2MY@)044%ss t han
about -55C, between about -10 and about“-=80C, between about -1 5C and about
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her ei n mayth&avbencficinbnfat i some samsidayions, 30€C axf behtentfudl cscogoant, ebettdran
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such as athiedegradabilighobettern Jowoteraprsaturgofloy apeRfrtivs,s0p, loxssuyolaility,
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about 60 trpatefialfoBPulRér EfictiondliBatésn adtitar@Haisy, KyadrakgaomAlid80en4l&ic at
40C, or from about 90 to about 47,000 cSt. [0057]1n another enbodi ment, the

pol yal pha-anhgdride f loni ésede s r $tadihghanaieriahdor ehemiaalvisynihesisy i Huerhighgr) of
reater than 50..VI. is.deternined accordi ng.to TM Met hod D 70- 93
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al pha-olefin (LAO or a conbination thereof, discussed herein, is about 50

to about MydrogamatedysandmuusesDas stasting maz@ials fon fambersfunctioablizetidn0®ith
depending on fluid vjscosity and feed ol efin conposition. [0058]1n another

enbodi nentaromatics hydrpxyanomaticsamaleie pkydndg; @r gisedmassstgring satedalyfds not

contain a i fraction. These light fractions contribute to high
i S

volatilit Si%scosi ty, poor oxidative and thermal stability. They

are usually renoved in the final product. It is generally preferable to

have | ess 1w I; ot r ; 4l 1.ess
th\z;n 20 o bmr car }génH!}%ng}?ﬁgtgﬁe&pB(ggﬁ%E lzgﬁ?gm?é%?ée%&%g&ﬂglbcﬁ as

| ess t han tipichHy fdamiied wut in @ fnannet evgrodacd anfimalnpedacokvitle 60t O v lofit %
fluid with C26 or | ower carbon nunbers. It is desirable to have | ess than
0.5 wt % f lgneatexthan aboutod dS¥welhe prbegssmndoeatalyss eomplayed e sproduee thesewt %

16,0 T R el G B 0,
atoms et C.pavE Mo RESRAr %léﬁ{ 8iststutich, r}ﬂ(ﬂ\'/l,r,', of about 1 to about 5, such as about
1.1 to about 2.5. Because of this feature, the polymerization process produces
very high selectivity to lube fraction product with a relatively low amount of light
fraction of Cyy or Cy4 or Cyg or Cyy or lower fractions, depending on feed types.
Furthermore, because of this molecular weight distribution, the final lube fraction
does not contain excessive high molecular weight fractions, which may contribute

to the instability under shear, thermal, and oxidative stress.

[0066] The PAOs described herein can be utilized as lubricants.
Alternatively, the PAOs may be blended with other base stocks (Gr I to VI) and
used as lubricants. To be used as lubricants, the PAOs alone or blended with the
other base stocks are preferably combined with suitable additives, including
antioxidants, antiwear additives, friction modifiers, dispersants, detergents,

corrosion inhibitors, defoamants, extreme pressure additives, seal swell additives,



I nt erchangeably as C20 or | ower "carbons, C24 or |ower carbons" etc.
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description of these base stocks can be found in Chapter 18 and 19 of the
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unsaturation can be quantitatively measured by bromine number measurement
according to the ASTM D 1159, or by proton or carbon-13 NMR. Proton NMR
spectroscopic analysis can also differentiate and quantify the types of olefinic
unsaturation: vinylidene, 1,2-disubstituted, trisubstituted, or vinyl. Carbon-13
NMR spectroscopy can confirm the olefin distribution calculated from the proton

spectrum.

[0069] Both proton and carbon-13 NMR spectroscopy can quantify the
extent of short chain branching (SCB) in the olefin oligomer, although carbon-13
NMR can provide greater specificity with respect to branch lengths. In the proton
spectrum, the SCB branch methyl resonances falls in the 1.05-0.7 ppm range.
SCBs of sufficiently different length will give methyl peaks that are distinct
enough to be integrated separately or deconvoluted to provide a branch length
distribution. The remaining methylene and methine signals resonate in the 3.0-
1.05 ppm range. In order to relate the integrals to CH, CH,, and CHj;
concentrations, each integral must be corrected for the proton multiplicity. The

methyl integral is divided by three to derive the number of methyl groups; the



WO 2009/ 094192- PCT/ US2009/ 000449 - 19 stocks, when conbined wth additives
known in the art, are used to fornulate into full synthetic |ubricants,
partial swotdaeri9e®2 or used as speci al gditive conmponemC3/uM2eU/0004H®r base
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hydr ogenatmethyd grewmuvidh she temaining insegral ps Cifetignal. f Fasratisoof C@Isi(cywhl %to
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tetramers, or” higher oligoners of one or npre C3 to C5 al plha-ol efin
mononer s. énhanced IspectrdlétiRn@aratl essolutienl dfel’€ NMRe viss vavisy' Fh NMR walboves

many different oligoners, In one enbodinent, smallest _oligoners fromthese
al pha- ol efdiferentiationa of olonsuascardingaigi heancholgngths.t o Topicallphethe sgthy!
oligonmers are usually,separated fromthe hi.gher oligoners wth.carhon
nunber of ‘Greer ent iR schdsd So " Riprih RETEI iR e RIS 1
used as higly 2¢51 GHABNGEOGY i gps-llbe e RAIEHL-8R- TR drobfARhed | @aMR13.9
ol efins or(gt he co ?@’p?n%ﬁs*g araffi %?r@fter@hydroge ation can be used in
speci al ty ppn),iandtetloyls (13 9ehppm)drilling fluids, solvents, paint thinner,
etc with excellent biodegradability, toxicity, viscosities, etc. Sonetines,
the smaller oli gomerslaufp to C40 are separated fromthe residual |ube

trs

fraction tl@08ilve proQlefirs analysisrostredddy rpdrfermedbr preton NRhi with the
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maki ng substitution pattern of the olefin. Vinyl group CH protons resonate between 5.9-
5.7 ppm, and the vinyl CH, protons between 5.3 and 4.85 ppm. 1,2-disubstituted
olefinic protons resonate in the 5.5-5.3 ppm range. The trisubstituted olefin peaks
overlap the vinyl CH, peaks in the 5.3-4.85 ppm region; the vinyl contributions to
this region are removed by subtraction based on twice the vinyl CH integral. The
1,1-disubstituted — or vinylidene — olefins resonate in the 4.85-4.6 ppm region.
The olefinic resonances, once corrected for the proton multiplicities can be
normalized to give a mole-percentage olefin distribution, or compared to the

multiplicity-corrected aliphatic region (as was described above for the methyl

analysis) to give fractional concentrations (e.g. olefins per 100 carbons).

[0072] Generally, the amount of unsaturation strongly depends on the fluid
viscosity or fluid molecular weight. Lower viscosity fluid has higher degree of
unsaturation and higher bromine number. Higher viscosity fluid has lower degree
of unsaturation and lower bromine number. If a large amount of hydrogen or high
hydrogen pressure is applied during the polymerization step, the bromine number

maybe lower than without the hydrogen presence. Typically, for greater than 20
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such as those disclosed in US Patent No. 5,286,823, incorporated herein by

reference.

[0074] Vinylidene olefins usually react faster with maleic anhydride in an
ene reaction. They are much more readily hydrogenated to give fully saturated
hydrocarbons for high performance base stocks. Usually, the degree of
hydrogenation affects the oxidative stability of the fluid. Fluids with a higher
degree of hydrogenation, and concomitantly lower bromine number, usually have
better oxidative stability. The PAO or PAOs of this disclosure have high
vinylidene content and are therefore more amenable to hydrogenation, to provide
the formation of low bromine number fluids. The bromine number after
hydrogenation is preferably less than 5, more preferably less than 3, more
preferably less than 2, more preferably less than 1, more preferably less than 0.5,
more preferably less than 0.1. Generally, the lower the bromine number, the

better the oxidative stability.



and optionally viscosity nodifiers, etc.Description of typical additives,
formul ati on and application can be found in the book "Synthetics, M neral

G ls, andv@owBasieel Lubricants, Chemi st{y and Technol ogyCT/USZN09M0048R

Rudni ck, CRC Press, Taylor & Francis G'oup, Boca Raton, FL. and in
"Lubricant Additives" Chemi stry and Applications, ed. L. R Rudnick, Marcel
Dekker, Inc., New York, 2003, which are incorporated herein by reference.
[0067] | n §@0Sher enfindinermbodihentAbe RAeQs desastbateherein ¢entainca sabvstantialt y as
measured by the Noack Volatility test (AST D58OOI) of 2%% or |ess, such
as 15 wt v@BIOUNEsa atagtigy pelymer eimicturey Ji pthep¥ordse the HAs hayeomostlyess,

or less than,.l % aor |ess. . . ften, t h | ] .of = | ess
than”5. wt SeRboRtA e menls RE A HEBariel S L BB BNl Robssid) farcy,
the ol i 90@1‘?6h}lﬁidaﬁf‘_aggli@ﬁidfﬁ?rl“ﬁ@tat&'ﬂic%d?ﬁ mIcnUsasinéd B9 tAk amdimt The
anount of unsaturati can be quantitatively nmeasured by brom ne nunber
measur enenff nactriaddiasgldierntined ASTEN B-NNEO mathodyaspdescoibedrin ¢the pablid@iodyR.
Proton NVR spectroscopi c analysis can also differentiate and quantify the
types of 6Sgntheses unsafur atMuki-stareghlpglene, Polybetesetst it Wisteg  Novel

R
caron 13 RaPE PUITGERICRS SERC KAyHE i B poghahs Baprchi v

speci fi ci {1999)t hIi ehizepitehv anHﬂﬁl’bri, ewgtdefinel 8 substaptiailpratagee PAD) ad he SCB
branch methyl resonances falls in the 1.05-0.7 ppmrange. SCBs of
suffici enpbiyraelf centaiting e deastvablout gidve, sushhgs mergkthan rabous 38 diodeYonow

enough to bhe,integqr separate or deconvol uted to.,provide ranch
Congth d Gisdsoht Caa-NEIR Bt I oft eadnBcih femabheauehn A0 BSar o
in the 3.0; Q. r . he. i : 2,
and CH3 Cgenagé%p ?%f?g]’nél?&gg% ﬁbpﬁfégf‘%’f’}%gﬁ} glggccl:%r ?%c%%&l&eﬁf%ghg%/%@?
nul tiplicihhye afhgadtRt pylymei telictlrel & dbteiraRdty tHy &0ohft 9L hireiads o Mmitnber
of nethyl groups; the
least about 30 mole% mr triad, such as at least about 50 mole%, at least about 60
mole%, at least about 70 mole%, or at least about 75 mole%, as determined by

carbon-13 NMR described below.

[0076] In another embodiment this disclosure further relates to PAOs
comprising mm triads of 70 mole% or less, 60 mole% or less, 50 mole% or less,
40 mole% or less, 30 mole% or less, 20 mole% or less, as determined by
Carbon-13 Nuclear Magnetic Resonance (NMR) spectroscopy according to the

procedure below.

[0077] In another embodiment, the PAOs described herein include rr triads,
in the amount of about 80 mole% or less, such as about 70 mole% or less, about
60 mole% or less, about 50 mole% or less, about 40 mole% or less, about 30
mole% or less, about 20 mole% or less, about 10 mole% or less, or about 5
mole% or less as determined by Carbon-13 Nuclear Magnetic Resonance (NMR)

spectroscopy according to the procedure below.



WO 2009/ 094192- PCT1US2009/ 000449 - 22 remaining aliphatic integral is
assuned to conprise one CH signal for each nmethyl group, with the renmaining
i nt egral W 20MM9gi9gnal . The rati o of /5(CH + CH2 + CHBrTgiSe@w/ovd¥a9 et hyl
group concentration. [0070]Sinmilar |logi¢ applies to the carbon-13 NI VIR
anal ysis, with the exception that no proton multiplicity corrections need
be made. Furthernore, the enhanced spectral/structural resolution of "C NWR
vis a vis [@pR8al | owsindidnogherntimbtodoment thisndisalsardlifogheo hetaes ol BAgdhs.
Typical ly, the nethyl resonances can be integrated separately to give

branch corkasing the wiie efonmynyi lesy thenmbeyt posych asyleps than about 4, kesp than
DU 9 B IREE SBo b i R BB . B SeE PR LA I Bl
si gnal betygehede ﬁe%ﬁfﬁ%ﬁ%&?k&ﬁ&wﬁcﬁgg a@E&‘a'iﬁj%}_l{gtpﬂreggﬂoE@dlﬁjelﬁ@low.

substitution~pattern o group ons resonate between
5.9- 5.7 ppm and the vinyl CH2 protons between 5.3 and 4.85 ppm

1, 2- di subsfppyeyt ed ol gkifvted RbEYONSaRTOIRNMRN is iSed t&dotetniipéntd @i off he
trisubstituted ol efin peaks overlap the vinyl CH2 peaks in the 5.3-4.85 ppm

regi on; t hthefatydlpbaoitfinkwfitbepresent disslosere erquantitatovedy énl sbgnesedses.aantd on
based on twice the vinyl CHintegral. The 1.1-disubstituted - or vinylidene
- ol efi ns qualiéafayedyi i tﬂ@eﬂﬁ-%-é@rgoﬁﬂr% r ncamhie oPggq nioc dﬁé%‘&ﬁ&ﬁcﬁ'!se,

once correct f of : LRl ICcitl e n [ . ' a
nol e- per ce(f'ﬂngggtr%ll%[% P’g ﬂgﬁg gﬁér)(#}bgg 41%1‘%,8 r%]&' @3%%’&?@%05 ,Omtrﬁfer{@ h’ Fa%g'nh& ahd
mul tipli C'(}r%céiﬁ%,r efdcerhid), | BSatjetl rR9iMblat aéon‘ff?_@si‘ﬂi%%c rdfoqHe abampld or THe
met hyl analysis) to give fractional concentrations (e.g. olefins per 100
car bons) . ddneézir&koresr ef theset thindardefime whethes aheipalymer s isotayitic, dégotiedsr on
the fluid viscosity or fluid nolecular weight. Lower viscosity fluid has
hi gher degyadigdactifis pgetafon R isgmple propraeired indhe follgwang ynannss; t v

119, "2 A5R17°1 0 16R9 AL B . BB, S50 o ARE BT 2 ALt 0

o SRS e S TR0 WBTINSHRH 6408 of
chromium acetylacetonate relaxation agent, Cr(acac)3, is added to the sample to
enhance the data acquisition rate. Analysis of the spectra is performed according
to the paper by Kim, I.; 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 Lorentzian/Gaussian
line shape. 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 Pr, 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 (such as the Bernoullian)
see “Polymer Sequence Determination, James C. Randall, Academic Press, New
York, 1977”. For examples of measurements of tacticity of polydecene and

polydodecene please see the examples section of PCT patent application
PCT/US2006/021231, filed June 2, 2006.



to 5000 cSt polyal pha-ol efin produced in this inventive process, the
as-synt hesi zed PAO wi Il have brom ne nunber of from50 to | ess than 1,
dependi ngWorR0p9/eptb2vi scosity. [0073] The %ypes of ol ef i niPCTUrRAIHMGH4D ONS 1 N
t he PAO fl uids produced by this i nventi ¢ “process are unique, as confirned
by 11-1 and 13C-NVMR They contain a very high amount of vinylidene ol efins,
CH2=CRI R2, and much |l ess of the other types of unsaturation, including
trisubstit[0080] or dilnsabsmbedirmngl thei poduthdeviritdd Heredn dorprediicédsin a
preferably al so nuch higher than the vinylidene content of the

pol yal pha-s§lestivity ofr Hfecerimare dor 6o and grgates hydseaarbensppreferaldz ¥ %esad

with MAO pronoters. .ln resent invenki vi nyl i den nt i S
mor 6t han TStroreisiatty ShYf S RGR. FRRR GCTST Y b 0TV HE TS of
vi nyl i den [ b r [plgl%' Bise these types of
ol efins aﬁg%?héﬁnwfggﬁ?f@ﬁ%?ﬁ gﬁ’rﬁe h{yeg?ilc’{géﬁg‘ﬁ on or for further
functionalization. There are many net hods described to maxi m ze the anpunt

of vinylidqgeg)ol ef i M, oreUEhibadinidtSthedhroalion ity bf théSpFRless Adeast. 128®g823.
i ncorporated herein by reference. [0074] Vinylidene ol efins usually react

fast er wi tdf totdl girodesthyetr grden ofi teansition meted tdommpouifide sueh esratdbastd kgrafadi | y
hydr ogenated to give fully saturated h%grocar bons for high perfaormance base

stocks. Udetl pyoduch per grpb ofdransitinromet ommp ande at !-,ea@h'é x@itatalproduct
tability of the fduid..Flui ith a hi f hyd tion, and
concon 1 aeF F Bl ERien iR hapPold 15 SURE B efte) B G REp e of™"
stabi |i ty . yrah3fidAetdl EdbPoid, L4t &aﬁiyg ?Jggéf' E&ahgv&tdgt ng%(r):grQﬁH bf &aRsiERAL ent

and are therefore nore antnable to enat i on, de the fornmation
of | ow br anetak compamndf lavildast Thekgbobrtotad prodber perf igeamhyfitragsitmin aretals
preferably less than 5, nore preferably |less than 3, nore preferably | ess
than 2, mseapsuadereibay 1ﬁ@>ﬁ§528 hkg af tefsl prpduete pspl grame o E)rnaﬁhe%m%lre
preferably | ess than 0.1. Generally, the |l ower the brom ne nunber, the
better thEOBHME: ve stability. 1007511 n one enbodiment, the PACs
described herein contain a substantial amount of atactic polyner structure.

I n other \psgy, the Iﬁéﬁﬂ%tl’%i"e‘?nﬁ‘igcﬁhl%},@ﬁ%&%?@&{x{i}@“&ﬁ@?{Hcrg%%fs it A

units. Thi's atactic polyner 1's bene appli1cations.

The atact ikg 6pfmgﬂﬁmdu@ﬁ@epgrﬁﬁfdﬂ"ﬂl‘é Hoh-tHSrdimA Y affonnactivataidsodpound,
determ ned by C13- R net hod, as described in the publication, "Syntheses

of Ml ti - such esbatoldastPal kuifetosall prdgiuct) po\varhm\vbfidhg alaopestrditiatimg affionani um

and Modifi ed Met hyl al um noxane al ysts" Joyrnal of Pol yner Science: Part
A Pol ymeraCHNaRr Sompoynd, aﬁ?aSb g{sg HEgotal myodyatopgy) gramy, mogl-geﬁrgmatmg

appl i catiqQn; i he ang i y actd Y. | Ni ng
at |least a (l)%ﬁg%fog u%(ﬂngggﬁr%r g{ tlgéaslrt] %gﬁo%t&%gmgﬁ\l%ésg%q B g‘% ﬁgﬁ‘b@?g‘@‘r\m
anal ysi s. chBrdifgtifganinEitivatér Ssinpodil, atatat 7 kg BAOARPréduct §R8 oraftt S0,
such as about 50 nole% nr triads. 1n enbodi nents, the PAGCs have an atactic
pol yner smonetaordinatingedrdon aettvabyr tompamndnpreferably tati ledst ©0 lag dfetosil
about 30 nole% mr triad, such as_at |east about 50 nol e%_ at | east _about 60
mol e% at Predust pesgramz nRl-coprdinating anigntacHyaer cpmpawndypr aklegst 29 kigned

by car bon'o%%otlg?/srodcﬁlscﬂ)iep grdarrl? %k%‘(’)vh-coordinating anion activator compound.

[0083] It is of interest to have high productivity for the metallocene or
non-coordinating anion activator, as these components are usually the more
expensive components than other components in the catalyst system. For an
economical operation, it is important to have productivity of at least 1.5 kg/g of

transition metal compound or non-coordinating anion activator.

[0084] In one embodiment, the product produced herein has a selectivity of

60% or less for C,4 or less hydrocarbons, such as 50% or less, 40% or less, more



[0076]In
conprisin

| ess, 40 WO 2009/@9r192ess, 30 npl e% or | e 20 nol e% or | exg/USRAG09B0AEP M Ned

by Carbon-13 Nucl ear Magnetic Resonance '(NVR) spectroscopy according to the

pr ocedure
I ncl ude r

anot her enbodi ment this disclosure further relates to PAGCs
g mmtriads of 70 nole%or |less, 60 nole%or |ess, 50 nol e% or

bel ow. 1007711 n anot her enbodi nent, the PAGCs descri bed herein

r triads, in the anmbunt of about 80 nole% or | ess, such as about

70 nol e% 30% esslesgbpreferablyrdi0é8oar lesesS§% aboless,50%mok desoifot €55, orabmst 40

nol e% or

| ess, about 30 nole% or | ess, about 20 nol e% or | ess, about 10

mol e% or hydepcashonsd o bysveightunlsss pheswise netedr ni ned by Carbon- 13 Nucl ear

Magneti c

200910941
di scl osur
about 5,

| ess t han
(NMR) spe
Car bon- 13

Resonance (NVR) spectroscopy according to the procedure bel ow

WO

Wi nor 1 OmRoEmPoUBRERE HAGTHRL ORI RRARSSIasTAReR) CoPHAEEd  han

fifehn iy » RRlIRG ARG BB ORbIRA: o mufS Db RLIE IR O

ok hﬁﬁ@omregﬁ@ﬁe%m? 50@/0t&%@f@@@d@f&é?eﬁwor[@Qla?]p/l\éfemlydso%ove,

NWVR is used to determine tacticit
or less, preferably 90% or more, or preferably 95% or more. (% by weight unless

otherwise noted).

Process

[0086] The process described herein to produce the poly-alpha-olefins
employs metallocene catalysts together with one or more non-coordinating anion
activators and optionally with one or more co-activator or poison scavenger. The
metallocene catalysts are unbridged, substituted bis(cyclopentadienyl) transition
metal compounds. One class of catalysts comprises highly substituted
metallocenes that give high catalyst productivity and produce a product having
kinematic viscosities of greater than 8 cSt as measured at 100°C. Another class of
metallocenes is unbridged and substituted cyclopentadienes, including unbridged
and substituted or unsubstituted indenes and or flourenes. One aspect of the
processes described herein also includes treatment of the feed olefins and solvents
(if used), or purging nitrogen gas stream to remove catalyst poisons, such as
peroxides, oxygen-, sulfur-, and nitrogen-containing organic compounds, and/or
acetylenic compounds.  This treatment is believed to increase catalyst
productivity, typically by more than 30% increase in catalyst productivity, such as
more than 50% increase in catalyst productivity, more than 100% increase in
catalyst productivity, more than 200% increase in catalyst productivity, more than
500% increase in catalyst productivity, more than 1000% increase in catalyst
productivity, or more than 2000% increase in catalyst productivity. In many
cases, without purification of feed olefins, solvents if used, or purging gas stream,

one may obtain no conversion or very low conversion (e.g. less than 5%).



t he pol yal phaol efins of the present disclosure - quantitatively in sone
cases, and qualitatively in others. Carbon-13 NVR can be used to determ ne
t he conceWiOr209/@d193f the tri ads, denoted,nm (nmeso, mnMesoPCTFS200yHOGI49
racemic) and rr (racemic, racemic), as %Il as nolar conposition of the
sanpl e. The concentrations of these triads define whether the polyner is
isotactic, atactic or syndiotactic. Spectra for a PAO sanple are acquired
in the foll0687ng nan@eae.prépgssofpreferably 4 00atilddEusngr sémicenfAddsaoplbatdhs
dissolved in 2-3 m of chloroformd for Carbon 13 anal

] ) ysSi s. proxi nat el y
10 ng/ m  (BEFSssHto paeduee aapolymm@lﬁﬁaé&swb@@bm,ehafven&ﬁdﬂ/}poa{ Kkt of
Cr(acac) 3, _is, added it o the l e t ance the d acqui siti At e,
analyer & crepsE tgtabdu £ EsPRrRiia® GRESRER ay o0l GHBkCLOLRD 4S8 &
ZhOU, J. - Y éﬂ&n { t q Qt P it rt
Chemi stryMzbé)gg?%@1687-’]?%%(§?Bétr}gjrraeﬂrﬁue?@by t?%ﬁicsdgg?i% it’cg{ ?%(ﬁl ag;g& 4554
i nt egr ati cn00® c8ndr @iy uther PAOaleseribedahereireommptised: their contributions to
t he peaks used in the analysis. The deconvol utions are executed with Acorn
NMR Inc.'s NutsPro NVR data anal ysis software, using an 85/15
Lor ent zi an/ Gaussnrdactirighens bapwre Blghacolgfionmonopeakbaving 3 tod edrhmyatonss
into clusters accoi)di ng.to the nd rr triad assignmenﬁs, and fjt

h T, .
with a Ber'Wdhian ag ﬂﬂgﬁqii%\bﬁmégn Pt cyajopsntadienyd drapsatien metal (qomapound; 5 j 5
Pr, the fracki 0, noner added with racem c stereochem stry. For details
of going f@%’ﬁﬁl‘éﬁ%ee{tﬂc??uﬁ%ri ad neasurenents (such as described by Kimabove)
to a statistical nodel (such as the enoul | i an) see "Pol yner Sequence
Determ nation, James C. Randall, Aca ic Press, New York, 1977". For
exanpl es of neasurenents of tacticity qf polydqﬁene and pol ydodecene pl ease
see the exanpl es section of PCT patent/appN ion PCT/ US2006/ 021231, filed
June 2, 2006. [0080]In an enbogiinen roduct described herein is
produced in a selectivity of 70%0r C20 and greater hydrocarbons,
preferably 80% or nore, preferably 90 e, 4nore preferably 95% or
nore, preferably 98% or nore, preferabl 8% oR'nore for C20 and greater
hydrocarbons. [0081] I n one enbodi ment /st he Rroductivity of the process is
at least 1.5 kg of total product per am of\transition nmetal conpound,
such as at least 2 kg of total product per gramof transition netal
conpound, at least 3 kg of total product per gfgm of transition netal
conpound, at least 5 kg of total product per qraﬁ1of transition netal
compound, at |east 7 kg of total product per gramof transition netal
conpound, at least 10 kg of total product,pef gramof transition netal
conpound, or at least 20 kg of total prRBduct/ per gram of transition netal
conpound. [0082] I n anot her enbodi nent, the productivity of the process is
at least 1.5 kg of total product per gramgf_t hgénon-coordinating anion
activator conpound, such as at qu;t 2 /Kg0 otal product per gram of the
non- coordi nati ng ani on activator Respqu m | east 3 kg of total product
per gram of non-coordinating ani on act N\vatc onpound, at |east 5 kg of
total product per gram of non-coordi natiywg—ani 6R'acti vat or conpound, at
| east 7 kg of total product per gram of /non-coordi nating anion activator
conpound, preferably at |east 10 kg ofRBotal product per gram of
non- coordi nati ng ani on activator conpound, or at |east 20 kg of total
product per gram of non-coordinating anion activator conpound. [0083]It is

of inter esvghetrg ave élllo%ff) PLO éJl(;ItIVI ty for the nmetall ocene or

each X is, independently, hydr(;gen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted
halocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl radicals,
germylcarbyl radicals, or substituted germylcarbyl radicals; or both X are joined

and bound to the metal atom to form a metallacycle ring containing from about 3



non- coordi nati ng ani on activator, as these conponents are usually the nore
expensi ve conponents than other conponents in the catal yst system For an
econoni caWvoaeexr@iaen, it is inportant tzg have producti vircg/wshomtoodsaast 1.5
kg/g of transition nmetal conpound or nofi“coordinating anion activator. 20%
or less, preferably 10% or less, 5%or less, 1%or less for C24 or |ess
hydr ocar bons (% by wei ght unl ess otherw se noted). [0085]In one enbodi nent,
t he | ube do dbogh2perarbomratoras;f drubothpX adgether lvan dienarh atefm, shibkefin of agynef 10%
or nore, preferably 20% or nore, preferably 40% or nore, nore preferably
50% or norigandi eferably 70% or nore, preferably 80%or |ess, preferably 90%
or nore, or preferably 95% or nore. (% by wei ght unl ess otherw se noted).
Process [0086]Ihe process. described herei,n to produce .t he

pol y- al ph& olt@f nsagenﬁaﬁss“\%@i’ﬁ‘il Sekyned d3dig sgrg’upo&' Herisup t Bydggenr anpr e
non- coor di ' ni LAt O pt i I it .

co-acti vath%?érggg)ggi sggdrg%é%/béﬁ’gerglib%eget g?%@ é}r?gwc ap %ﬁ@/ g{bgﬂ’apgﬁﬁsﬁg}ltleg ged,
substi t ut Qﬁl&aﬂéﬂy@il%ﬁ@fﬁﬂ%ﬁ%&’xﬁyl&érb%' prio9idetethat at aRevRgSof Rheo ®ags of
catal ysts conprises highl'y substi tutﬁgd rre}oal | ocenes that give high catal yst
product i vinoy hyddogeroenid et degst anhiecof RAvony  kisneotehydroges aadi where afy gweat er
than 8 ¢St as neasured at 100C. Anot her cl ass of gg}éallocenes i'S unbridged

and subst iadincent & erenpsnaredrptienally jeingditagiasnbai tthstituied aruprsubstituted.or

unsubstituted i nden nd fl qurenes, pec Hhe processe
deser: bed havalel BT s fihotte bERRIMUTH TRESHA It P EREE e e
(if used), n-BY6tindtinY Ilﬁigﬁ%ti@ﬁﬁ)r;shxﬂ&%ﬁlibﬁal'l?%Vﬂkﬂa&lﬁhﬁﬁﬁnpébrﬁﬁ%d,sUCh
as peroxi des, oxygen-, sulfur-, and nitrogen-contal ning organi c conmpounds,
and/ or acethdrerthe melap caticiof tlansiidn aetaieuimpeurteto estévhtoois h@rletwse.1:1,
catal yst productivity, ti/pi cally by nore than 30% i ncrease in cat ala%{st
product i viang, whgehthgsaliyt ealeminnsooempevrdide presettt hg gnolsr gatier plialky! nore
t han 100% i ncrease in cat al VS roduct i

‘fet t}fgﬁs

i nor e .t han 200%. i-ngrease i n
catalyst ORI §9mPoR ool SauBaRd. i 34 o0 YOORLE Rhay.
mor e t han o LoORiL fedEasfitibns dlngtesAl Productivity, or nmore than 2000%
increase in catalyst productivity. In many cases, w thout purification of
feed ol efins, sol veri) siydfogesed, preseuatgi partgpd predsueant 0oheo M8Y ¥t basedno
conversion or very |low conversion (e.g. less than 5%. )

upon the total pressure of the reactor or the concentration of the hydrogen is from
1 to 30,000 ppm or less by weight; '

ii) wherein the alpha-olefin monomer(s) having 3 to 5 carbon atoms
are present at 10 volume% or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any

diluents or solvents present in the reaction.

[0088] In one embodiment, a process to produce a liquid poly-alpha-olefin
having a KV of greater than about 8 ¢St or more comprises:

a) contacting in a reaction zone, in the presence of hydrogen
(preferably from 10 to 10,000 ppm by weight of hydrogen), one or more C; to Cs
alpha-olefin monomers, with a non-coordinating anion activator and a transition

metal compound represented by the formula:



WO 2009/ 094192- 28 -PCT/ US2009/ 000449 [0087] One process (preferably a

conti nuous or sem -continuous or batch process) to produce a

pol yal phawe 2009/94th@scri bed herei n, havi a KV at 100C eCTgreemenouhman
about 8 cSt to about 10,000, such as abrl’;@f 20 to about 10,000 cSt, or about
30 to about 7,500 cSt, or about 40 to about 5,000 cSt, or about 8 to about
1,000 cSt or any other PAO described herein conprises: contacting one
or nore al pha-ol efin nononers having ®?to 5 carbon atoms wi th an unbri dged
substituted bis cyclopentadienyl trans\tion nmetal conpound having the
structure: Ri R

Rl
R4
RS
MX,
Rl 0
R6
R9
R7
R8

where M is a Group 4 metal,;

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

ligand; and

R' to R' are each independently, a radical group which is a hydrogen, a
heteroatom, hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl or germylcarbyl, provided that: 1) at least one of R to R is
not hydrogen or an iso-alkyl group and at least one of RS to R! js not hydrogen or
an isoalkyl or 2) at least two of R to R’ are not hydrogen, or 3) at least two of R’
to R’ are not hydrogen and at least two of R® to R'? are not hydrogen, and where

any two adjacent R' to R® groups may form a C4 to Cy cyclic or poly-cyclic



RO where Mis a Goup 4 netal; each X is, independently, hydrogen,

hal ogen, hydride radicals, hydrocarbyl radicals, substituted hydrocar byl
radi cal s, Wa0@wsi92l radi cals, substitu Fg hal ocar byl r &dirazsken9/o8iy| car byl
radi cal s, substituted silylcarbyl radicals, gernylcarbyl radicals, or
substituted gernylcarbyl radicals; or both X are joined and bound to the
nmetal atomto forma netallacycle ring containing fromabout 3 to about 20
car bon at aneietprartbwheré srmgevdadjacent R& taR'Dgefiips, may dbe ianCpto Gryoclic
ligand; RI to Rl are each independently, a radical group which is a

hydr ogen, & BY=yeHE #gietydr ocar byl , substituted hydrocarbyl, hal ocarbyl,
substituted hal ocarbyl, silylcarbyl or gernylcarbyl, provided that at | east

one of RI to R5.is.not hydrogen east e.of R6 to RI.is not
hydr ogen &y Wlté‘i’réalgn?/ cpvﬁft‘é’g}%(c ggzgg%t (yﬂbgre iﬁe‘S(ﬁlFWI qr bJoRad B'form
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aromatic cyclic or polycycli . .
activat or .trig/18IRiAnaA, | ¥ afiadkBbrod UBdMPBUAGPOING, nibkehR t&e affaent atio

of transition ™ netal conpound to activator is 10:1 to 0.1:1, and when the

al kyl al urdomypouwnsispound i s present, the nolar ratio of al kyl aluni num

conpound to transition netal conmpound is 1:4 to 4000:1, under

pol yneri zati on conditions wherein: o
[0089] By continuous is meant a system that operates (or is intended to
operate) without interruption or cessation. For example a continuous process to
produce a polymer would be one where the reactants (such as monomers and
catalyst components and/or poison scavengers) are continually introduced into
one or more reactors and polymer product is continually withdrawn. By semi-
continuous is meant a system that operates (or is intended to operate) with
periodic interruption. For example a semi-continuous process to produce a
polymer would be one where the reactants (such as monomers and catalyst
components and/or scavengers) are continually introduced into one or more

reactors and polymer product is intermittently withdrawn.
[0090] A batch process is not continuous or semi-continuous.

[0091] In one embodiment, the oligomerization reaction temperature is
controlled by several means, such as continuous or semi-continuous operation, by
heat removal, rate of catalyst or feed addition or solvent addition. Since catalyst
solution, feed olefins and/or solvents and/or scavengers are usually added at room
or ambient temperature or can be pre-cooled to a desired temperature, their
addition to the reactor can mitigate the heat of reaction and can help maintain
constant reaction temperature. This mode of operation can control the
temperature to within 20°C of the desired reaction temperature, usually to within
10°C of the desired temperature, within 5°C of the desired temperature, within
3°C of the desired temperature, or within 1°C of the desired temperature over a 30

minute period, and usually for the entire reaction.



1) hydrogen is present at a partial pressure of 0.1 to 100 psi, based upon
the total pressure of the reactor or the concentration of the hydrogen is
from1l t oWSQRIQD®4PP3m or | ess by weight; i 1) PETArs200y/00bua9

al pha-ol efin nononer(s) having 3 to 5 éé?ﬁon atons are present at 10

vol une% or nore based upon the total volune of the

catal yst/activator/al kyl al um num conpound sol uti ons, nononers, and any

di | uents 0j0092j vent sUpuabgna reactohecand@nirigon. sm4lDagdjdunt arfestartimglliqeid is a
process to produce a liquid pol y-aI{)ha-oI_efi n having a KV100 of greater

t han aboutprg-hegtedyrtonpyi 1@0ﬁ5r¢58§: he desired reactign clgmpeEaiuggy inn 2a SEB¥T i on

, hyd . ef | v | b
el gt of SOUPGERFoRondmly SRR i 67 fred SR, GuASCramBRERY,

non- coor di sgﬂ%érﬁg éﬁiﬂﬂ%ﬂ?g@(ﬁ&ﬂﬁs M2 ﬁérﬁgigéu\}SB{is Ring! &gg@%‘mﬂ%?leﬁn

represente y the for where Mis a met al ;

i ndependenproducta fiiymlr @eioushalng gananyhpthier dpf)f@ﬂiatallﬁ],uidlwdmuaﬂpyh pagdofal s,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted
hal ocar byl thedded glefinssispivent b PAQ dtelsafrem pretysoust s PrsP A peadpgts from

radi cal s, gernyl carbyl radicals, or, substituted_germl carbyl .radical.s,, or
hath X o dTFBIOS Fos te b OIS Peclerad iR Ediatin: 3Veur Therensiosis 80 Ruled oo
containin o) 0 b be
an ol efi ngeh{p%%@?%%st&a@%fggl elr%%lﬁgt; Egﬁ@%ﬂfﬁt{sbﬂggr%eg §g§h§el‘?n %%gdnh ently, a
radi cal greoiventhiafll dtherfcbimpPoR@ns cad Bredddedbésitinudyglyosnsdlydted shfes! i Thd ed
hydr ocar byl , hal ocarbyl, substituted hal ocarbyl, silylcarbyl or

ger nyl car ad-actpraseti(sleor sdavengdr(s)apattexfsill ofier all qﬁlthc ontRedéd amounhyandegen or
RGN VTN = ARG RCRINE ST T
NP e RO ek BTt e A
cyclic or grdativeMeds 6f the reaction. As the polymerization reaction starts at the reaction
temperature, heat is released. In order to maintain a reaction temperature to be as
constant as possible, heat is removed by one or more of several methods as
mentioned in the text, or as generally known in the art. One possible method for
heat removal is to continuously circulate a stream of the reactor contents through
a heat exchanger by pumping this side stream through a heat exchanger to cool the
side stream slightly and then pumping it back into the reaction zone. The rate of
this circulation and the degree of cooling of this side stream can be used to
effectively control the reaction zone temperature. Alternatively, if the reaction
rate is not high enough to maintain the reaction temperature, external heating is
supplied to the reactor to maintain a desired temperature. Another method to
maintain a constant reaction temperature is by controlling the addition rate of feed
olefin or solvent and the temperature of the feed olefin or solvent. Alternatively,
the heat of the reaction can be removed to maintain constant reaction temperature
by boiling a portion of the solvent or other inerts in the reactor and condensing the
vapor with a cooling condenser, as in a typical boiling reactor. This mode of
operation sometimes is preferred when one of the feed is a mixed butene stream

containing other non-reactive C, fractions such as n-butane, iso-butane, cis- and



noi ety, and where any two adjacent R6 to RI groups may forma C4 to C20
cyclic or poly-cyclic noiety, and optionally a co-activator, R RZR3M where
Mis al unWewewwo49eron and RI, R2 and Rg can be the san@cCarusdidfoessent Cl to
C24 hydrocarbyl radicals, including tri ?Ryl alum num a trial kyl boron
conpound, or a mxture of different conpounds. [0089] By continuous is neant
a systemthat operates (or is intended to operate) without interruption or
cessat i on. tréus-2-dbutenisearal sobtifenes.u A fierothesal ditiomp oddeactantspe | comegletody kit be
one where the reactants (such as nononers and catal yst conponents_ and/ or
poi son scaifanien 45 allpwedoter praeged yior the desised amaunt (elive tgopliape highsss and

pol ymer prfdgci fi.s continually withdrawn. By sem -continuous is neant a
syst em t hat®®BFeF 5 E8MYDP1%0s i ntended to operate) with periodic
interruption. For exanple a sem -continuous process to produce a pol yner

woul d be_ofgoyer e tlie of ARIANLS fRUENADRBRARICT e AL ERLALY SarfQITRENEN! S

and/ or scavengers) are co y Irntro I'hto e or nore reactors and

pol ymer pr@fiilat hanried 6 the témntbitinhsirdimvexcdiGPRd M tHRAteabor 19 FBRd uptdot
continuous or sem -continuous. [0091]1n one enbodi ment, the oligonerization
reacti on tappedatenménéd leveht a gre-ekttdrmined ensuntefnsacton lpraductomixtuteiss or
sem -conti nyous operation, by heat. renoval,.rate of catal yst or feed

addi ti on owithdrayahdrogadihe; igactos; whide ¢he &395‘%0%8 Wl 6empPagYs Jis Famiusad/ or

sol vents r..S LS. are ual d . Len ature
o can be P Plte STTHET S80RR i B unBuRERE eaBlioh ERFU Ll PERAAN hE B
reactor caRaffor deRirmihd thd RALLSH tinTE6F RNIHRE thAE. MRIPCAPbOpAd-defePmitat
reaction tenperature. This node of operation can control the tenperature to
wi t hi n 20Qoodbthimehighsferd bleffmcbnoersionnmed highr acteuthtdughipat ot &¢onohdiCabf
the desired tenperature, within 5C of the desired tenperature, within 3C of
t he desireQParei@brature, or within 1C of the desired tenperature over a 30
m nute period, and usually for the entire reaction.

[0094] In this process, several factors are balanced for optimum results.
First is the choice of catalyst components. @ An un-bridged, substituted
metallocene activated by a non-coordinating anion (NCA) with a small amount of
trialkylaluminum as a co-activator and poison scavenger is an effective catalyst.
The metallocene components can be dihalide or dialkyls. Blit, usually, the dialkyl
form of the metallocene is the active chemical component to interact with an NCA
activator to give the active catalyst. When the metallocene di-halide is used, it
typically requires addition of tri-alkylaluminum or other alkylating reagents to
convert the dihalide form into dialkyl form. In this case the molar ratio of tri-
alkylaluminum to metallocene is anywhere from 4 to 4000, preferably 8 to 500.
When the metallocene dialkyls are used, (such as bis(tetrahydroindenyl)

zirconium dimethyl, bis(1,2-dimethylcyclopentadienyl) zirconium dimethyl,

bis(1,3-dimethylcyclopentadienyl) zirconium dimethyl,
bis(1,2,4-trimethylcyclopentadienyl) zirconium dimethyl,
bis(tetramethylcyclopentadienyl)zirconium dimethyl or

bis(methyl-3-n-butycyclopentadienyl)zirconium dimethyl, or many other dialkyl
metallocenes, etc.), a small amount of tri-alkylaluminums is used to give the

optimum catalyst productivity. In this case the molar ratio of trialkylaluminum to



[0092] Usual | y, a reactor, containing a small anount of starting liquid is
pre-heated to within 10C of the desired reaction tenperature in a

sem - cont WaweuB0HM M. This starting quuiﬁg can be feed olpefliuse00omacad yst
conponents, solvents or polyal pha-ol efins heels from previous runs, or
pol yal pha-ol efin products from previous runs or any other appropriate
liquids. Usually, a part of the feed ol efins, solvent or PAO heels from
previ ous rmetallocedAD tppiadligt2td 5000 preferablys3 ta1280,amerapraterabpy 8fterli06cr
starting liquid. When the reactor is at a desjred tenperature, feed

ol efins, chtall()stTheoapenahos thadirAgisad ds alsosianpartad. ahhsumolarsiitioeef theand
ot her conponents ca e ed conti nuousl.y sel ected rates.. Th

co-acti vatrB?t(aii cgre @c@&gﬁg&?%@ngﬁ 0’51306{9?6'!)#5 Flaéﬁi 1ot OF ﬁes f“nfended
amount, can be added to the starting [iquid. Optionally, part or all of the

co-act i valgids) o sGayENAgh (e SARRE oRIENIbErd o &R Mhuinaie! ven!

streans tcl imze The SS O reactron.

pol ymeri zahi grdef 88 GchVeSHR! hiphdbt EAGIYSE Pebd@NiVIBNIRERESHIRledti®@y 105lube
released. In order to maintain a reactiion tenperature to be as Constant as
possi bl e, rhag¢ preduetnarneédbdsy tengpesaturmcentd] save optrabeitiypdm advartageaused in
the text, or as generally known in the art. One possihle nethod for heat
renoval i SRQUHG Meldirdepechercaram ofolefinefogsranges fronetlomicemgram ¢or

t hrough a exchanger b g this side reafgnt hrough a hea
exchanger CO0E B ARSEran ol } ERAEa)esany of S1tsen T IR oJ@halys o
the reacti pieats 8&d " f ' [ | e d ofi; i ng
of this side st regsm Eg% ﬁgetggeg{%ﬂéstgfe ftrggr%i%e\%ﬂluy@c%ﬂt ro g:ﬁnhggé@ggtélgﬁe‘%’ne
t enper at urprodddtiselettivityeday, suffer tahd cagslydticost ¢at bedameéahedongimieabugh to

mai ntain the reaction tenperature, external heating is supplied to the

reactor to maintain a desired tenperature. Another nethod to maintain a
const ant r[@@2f]i on t ehipeaatanngé afshydrogentpresdritrig theereadtiirt isoalse ampastant.eed
ol efin or sol yent d the te rgture of the fe ol efin or sqlvent. .

Al ternat i Jiwﬁw@?séam%ntﬁ 8 B QP s oo DEROBS R A APR R IE s t ant
reaction t . ol J 4 o 0 Eo sin
react ] on SURL Al Gif OB bByRPBY Akiphs BUBASD ESbeRby SUISE, b6l
typical baig ips ¢redelow -10TpsE "REermtiveRerthti AMoBANMBFI KRFogén AhefRr FRA When
one of the feed is a m xed butene stream contai ning other non-reactive C4
fracti ons congositsomisopreaent, ini 8 cobetrdrationcos! ppmal to 30000 ppimyseckeas didto

i sobutenes. After the additi of reactants is cqonpleted, the reaction is
al | oved t o GYYLRR®Y, pbrlottﬁelﬁ@@ppau Hﬁb@lﬁf, lgwer hyrdrqgengpessuse s grataineded

ol efin conyegrsion...10093%L1 n _a.cqntinyou eration per ation
is starte O%OOQ?%F%V&%T %ﬁ?ﬁgﬂﬁé& fthggssgﬁgr?gﬁﬂﬁ r{'ﬁ%tuéyﬁsﬁﬁ)%?heé{ggﬂq @n@ﬁ: t he
reactor i Sehdildrrhedfurh QioRs BRI rE&JiRf Hydddehféehe s?arﬂﬁ%'a‘l’%@bl@fﬁleféeﬂw of
reaction product mxture is withdrawn fromthe reactor Ile the addition
of all corooresporsding adkdriesued. IdWe lewdle of hgdrbgendipressurandrt hgdeogemnt of

reaction product withdrawn fromthe reactor determ ne the reaction_ tinme or
resi dence congentratinns dn fagle When hedrogen de dresenbdndha meagitor auytweefti s
conver si on._and. hi gh.,r tor .t.hroughput. for. econom cal..operati an, 100941l n
this procdeen oyl il Afe CudlVs BRlictinid irgEtRBR S ERiARRRLGH « hisiy 36
the choic tia |y st : rq L | ne
et vat ed TSy e T 100 KOk P pe G K3ty 19 LRIUITE AR
trial kyl alwith nhighasigylidenac conehorwhivh pans tners drv dogéetionalized &) &advivne
catal yst. The netal | ocene conponents can be di halide or dialkyls. But,
usual 1y, thetheds| such asthessf displosedtinl U Ratent Nox 604540V Thersferg) it 1s
conmponent to.interact. wi.th a activator t Y he. act|ve .cat al.yst.
When the. MECErYde BaiaAindeRter hydtesn prrours By B0 Bk rhas Ry i0h o
tri-al kyl ! r e I i t I i form
o di ol Byl o e SOPhIPlesSHt 2 g ISPAR, 10 b, QP Tiks B of ke

met al | oceng nos oalyyadeintadeons fér ?ﬁocﬂﬂﬁ)@g upsathened bylyinée, 06 aldthanpohent
met al | ocene dj al kyls are used, (such as bis(tetrahydroindenyl) zirconium

di met hyl , teiminimzegtheshydroggratigrenf ferdestprl infor loanivaedalkanes,| Likewise a

minimum amount of hydrogen is desired, e.g., the hydrogen is present at the level



bis( 1,3 -di nethylcycl opentadi enyl)zirconiundi nethyl,
bis(1,2,4-trinmethyl cycl opentadi enyl) zi rconi undi net hyl ,
bis(tetraweuby%mymhopentadienyl)zircon[gg1dinethyl or  PCT/US2009/000449

bi s(met hy1- 3- n- but ycycl opent adi enyl ) zi rconi um di net hyl, or nmany ot her

di al kyl netal |l ocenes, etc.), a small amount of tri-allcylalumnuns is used
to give the optinmum catal yst productivity. In this case the nolar ratio of
trial kyl alofratnleast @ psipvaldtdeasies ipsi.t Ysuadlly| yt & prachieal teradte’ abl OB psio
200, nore preferably 3 to 100 or 3 to 10. The ampunt of the NCA used is

al so i nporhyslfogemtethegraetorati o of the netall ocene to the NCA can range
from10 to 0.1, such as 1 to 1 or 0.5 to 2. [0095]In addition, the anpunt
of metallocene concentration is inporta In.ordg; to achieéﬁ%the hi ghest

cat al yst dPB%I'Uctiv:t e PRI lang é’EtTFWB’tFS'}’C% &ime, lsor infipenses dhe exiEH Pest
ber or am SOUBEOR of 38 BRE MG, XiaRlly AR FeEHE BRY B reriaBRIHRESAT

to 1 mllifyard Rightt q’éecpbrefﬂméonoa@?sai@nannu%seeftoqﬁlaﬁwhig?pe&waseﬁbﬁ aed
are too high, the tenperature control can becone difficult, product

sel ecti vi tthe hagh sedctartheouphpait cthy seactnst timaroriresidepcaitirmos asuigly befva&a6] The
anount of hydrogen present in the reactor is also inportant. Usually
smal | er anbiHpytegto E@@p@gsmueara%“enuge@s tonkd Rowise §&d Onmipptes ée dQrkours.

usual l'y Lntained at or bel ow 300 psi h as bel.ow 50 psi, bel| ow 30 psi,
bel ow 20" puns ToAF Besice e ehn e aPiy o Bt A iREle AR B0 iy o st 06" e
feed conpasikéddifg 'of pRFERE RéactSrsdr fd"lﬁﬁ%?l'ih RlactarP#eed Ait&0, 000 ppm such
as 10 to 10, 000 pmp or 10 to 1,000 ppm UsUally, |[ower hydrogen pressure

is maintained to boost activity. Surprisingly, it has been found that
hydrogen goessint i n Bhiesel@abie ohoitedoflmelgiéscones, aewvhtbd WitHr N@aingl/éhe
starting al pha-olefin feeds into correspondi ng al kanes at |ow |l evel s of

hydr ogen moeagtivatorprandybly sglastive mheicer at ireastionnoperation wioaditiors; doelnding
present in the reaction mxture, [t.has been found that the catalyst

D oauct i viths SRR es CaTy iy Hsecind Pt TheTIET Anuy Qfdae My TIHORIAR Qe
presence . | ev, hydr 1.NJ 0 1 Lgh

vi nyl i denggcgtk)lgwén(ﬁ % ?%rﬁéegaﬁ Kgéf}g:re tt)lggg) 3r{%??tgdnrgFlb{;gé%ngyaﬁﬁgﬁmﬁowﬁgggg such

as those ﬁjo‘}?élﬁﬁﬁ‘-d)léﬁhy§repﬁkﬁﬁice&|%itﬁJﬁé&cﬁﬁhlystﬁh@ﬂﬁ&ﬁ{/ﬁ% dftmbfe Bz €I ed
to mai ntain reactor hydrogen pressure bél ow 300 psi, such as bel ow 100 psi,
| ess t han l&bgpain, tdtals pradvet 15 geim dfemstalloeand Qispdi . Thewvhigle psoductivfity
hydrogen is not only advantageoys foy producing unsaturated polyners, it is
al so i nporakas thg nwvﬁsmefen?mcaxlyoﬁ eaq:fagy aftEdiVe ock into | ow val ue
al kanes. Likew se a m ni nrum anmount of hydrogen is desired, e.g., the

hydrogen i[ﬁOSPJ]esent Rhet t&?e Ireea\é?llon is completed in the semi-continuous run or batch
run or the product withdrawn from the continuous run, the crude product can be
worked up by deactivating the catalyst by addition of a small amount of oxygen,
carbon dioxide, air, water, alcohol, acids or any other catalyst poison agents;
washing the product with a dilute aqueous sodium hydroxide or hydrochloric acid
solution and water; and separating the organic layer. The organic layer typically
contains un-reacted olefins, olefin oligomers and solvent. The product fractions
can be separated from solvent and un-reacted starting olefins by distillation or
other methods known in the art. The product fractions can be further fractionated
into light fractions and residual fractions. These fractions typically have one
unsaturated double bond per molecule when no or very low amount of hydrogen,

such as below 10 psi of H;, or less than 10 ppm H, is added to the reactor. The



WO 2009/ 094192-- PCT/ US2009/ 000449 35 of at least 1 psi, or at least 5
psi. Usually, it is practical to add 5 to 100 psi hydrogen to the reactor.
100971 Thewpeaex(9s192t i ne or resi dence tigg al so i nfl uenc@®€TiUse0M0D@Ae Of
conversion of the feed olefins. Usually; longer reaction tine or residence
time favors higher feed ol efin conversion. However, to bal ance high
conversion and the high reactor throughput, the reaction tinme or residence
time i s usdebly bbaidsvasn mostiynvinglidenOwithwome shecbalaacé ofithetodefino béthg
hours, or 10 mnutes to 10 hours. This total_ residence tjnme can be achieved
by using a.2idignbstifuted idefiny on teeubstituied olefinsdi AGess olpding are| suitghla &rs or

by controlling the reactant feed rates. [0098]By. sel ecti hoi ce, of
ool BRCSRt ARbR' RER Rk Sind BT R She FehisFag ek fves
choi ce of f@ ihg%oaég%&on C&eﬂptﬁﬂl@ﬁ mlﬁﬁtuﬂx! Péhc&i%ﬁs,agy&ptas%lkgmawst
used, and w t the ri g t anount or tri af)ﬂy al um num as co-acti1 vator or
scavenger ,witkdrdgitie ¢dmBindig lcoafiounds,t with nedleicaantiyairides, itk Q®M, via

pol yal pha-ol efins’ are produced with high catal yst productivity of nore than

1.5 ki | ogrhydrofaralylgianeactipss, ¢jcarttuf rasidual Ifeassions uwbirh usuaé?;hhaye little
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or high performance fluids if their bromine number is below 2. If the bromine
number is above 2, it can be readily hydrogenated by conventional lube
hydrofinishing processes and converted into fully saturated paraffin fluids with
bromine number less than 2, usually significantly less than 2. Usually, lower
bromine number is more preferred, as it indicates better oxidative stability. These
hydrogenated, saturated hydrocarbon paraffins are used as high performance
lubricant base stocks or used as high performance functional fluids after
formulation. Description of the typical lubricant or functional fluids formulation
can be found in the book and the references in “Synthetic Lubricants and High-
Performance Functional Fluids”, o edition, ed. by L. R. Rudnick and R. L.

Shubkin, Marcel Dekker, Inc., N.Y. 1999,

[00100] Alternatively, the crude product from the polymerization reactor can
be worked up by absorbing the catalyst components and scavenger components
and any other heteroatom-containing components using a solid sorbent. This is an
advantageous method and is used in the examples below. In this method, a
catalyst de-activator as described above is added to the crude reaction, followed
by the addition of a solid absorbent. Or alternatively, a solid absorbent, such as
alumina, acid clay, Celite®, or any known filter aid, is added to the crude product.
The slurry is stirred for a pre-determined amount of time, usually greater than 5
minutes. Then the solid is filtered and the filtrate is ready for further distillation
or fractionation. This method is described more fully in patent application USSN
11/789,871, filed April 26, 2007, incorporated herein by reference.



100991After the reaction is conpleted in the sem -continuous run or batch
run or the product withdrawn fromthe continuous run, the crude product can
be wor kedwOpoyodiact i vati ng t he cat al ygk by addition ofCa/tsaedloo@nbunt of
oxygen, carbon dioxide, air, water, alcohol, acids or any other catalyst
poi son agents; washing the product with a dilute agqueous sodi um hydroxi de
or hydrochloric acid solution and water; and separating the organic | ayer.
The or gani@oiéner tyhi aabther canbedinsentnthee pedeeds duethen congprises ncaitagiorger s
and solvent. The product fractions can be separated from sol vent, and

un- r eact edPAOaproduged herain avithy hydeagen| undes typicalhyirogeratiameonditigns witht he
art. The progduct fractions can be further fractionated,into |light fractions
and resi dﬂ&quf’g%flﬁq%‘n%a.ta TREQEWF APPY Sqtyfﬂtﬁcgp???ﬁﬁ\f;gp%ﬁ)te unsat ur at ed
doubl e bond per nol ecul e when no or very |ow anount of hydrogen, such as
bel ow 10 psi of H2 or less than 10 ppmH2 is added to the reactor. The
doubl e bOﬂdI%tait&eﬁ@@aka/l)gyﬂ@Qm ands- Wi th some the bal ance of the ol efins
being 1,2-disubstituted olefins or tri-substituted ol efins. These ol efins
are suitabl0810r furkererpimpeses ookl thisit disalosnrer andhethef ueleimsnahef termis or
performancg additjves accqr,dip 0 | | ,;known ol efin functionalization
reactions, %@m% Y ‘%?ﬁi onnl\%f‘{rﬁc%ﬁéflmt iaé‘\ggowcﬁpﬁ?rﬁévc&%‘&gﬁdgfe whsgd

mal ei ¢ an ' i i @&.:hy ry! aty .2aChi 0 te e
resi dual p%%%%?m\%ﬁgﬁﬁﬁﬁﬁ @lgagég I?’F e oﬂr’ﬁ(lr%gﬁﬁ‘g%e ﬁ)é/la-rrlgcagr@ldﬁ’s W th
| ess than @4dieal bomsd cedubRfitum®d a lalfee iade isteRMangeablydihRRighenmemee
fluids if their brom ne nunber is below 2. If the brom né nunber is above
2, it can deeuneadi [Rorppaposgsieithis digclosunes fihy dirvahrbyiredicglt sfdefineldi togbe

processes and converted into fully saturated paraffin fluids wth brom ne
nunber | ess Qmémo radical And, mayy et lingar | Branehed, t pragyelic.us ey cyehigethe

tabi 11ty peelBalpEisBl Gibe drorfitid beRGFENERson thaReR el o
hi gh per f ofdfpege toubicha! Q?o%ﬁt@tk@chgg%cdfﬁ d allidiigh l&ﬁbé&b?ﬁ”?@dicals,
functional fluids after formulation. scription of the typical |ubricant

or functi cubktifuted Halocarbyll raticais, ciyldaebylotaditals) dandegarmoklcartyltradicals as
references in "Synthetic_Lubricants and Hi?(?h- Per f ormance Functional .

Fl ui ds", ZReseetarmsosre defingsl belowr SubgHiwed dydreearbyl sidieals rare wadieals in
Dekker, Incy. N.Y...1999. 100100] Alternatively.. the crude product fr.omthe
ol yrrer i zavhish 3 Léast 8RC g ows Re Beasy St xg i REIEBSCGH bynclidRa
conponent &R £, QORPORERkS d 0 e % 0 Rl ag;pixNg
conmponent zgrgg r?g a\éggfquz’sor b’eﬁ?R TE?E igpg ’%%aﬁ%%o%?%?lgdg’zsnlg s

used in t GeRXZ{RYS, PbRAWand nhé hike oreviead .at deasabat yoh-liadracaiboatomasr
descri bed above is added to the crude reaction, followed by the addition of
a solid algorpdws. bagn seedawithin the hydeicatbylbradidsdnsucts ag Qs -8t.urhiena,

product - THE P R PR, Aot i AACT b orBOFEE: “Bova 1
Peady for TORRB OGCVRPachos B TPt hoahd MEiRG FRECIT i indbBA&B,

more fully. hpdiehebyl @philocatbyd ratiital) dnd ?\88,&7ﬂnoréiR’edn£§agbin etRé0fb
incorporated herein by reference. WO 2009/094192PCT/ US2009/ 000449
[ 00101] | n farmt ssubstiuies] ©sunsubkidtuped satisateds pasiallyoupsiturated ot aromatie

cyclic or polycyclic ring structure.

[00103] 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, I)

or halogen-containing group (e.g. CF3).

[00104] - Substituted halocarbyl radicals are radicals in which at least one

halocarbyl hydrogen or halogen atom has been substituted with at least one



PAO produced herein with hydrogen under typical hydrogenation conditions

w th hydrogenation catalyst to give a nostly saturated paraffinic PAQO

Met al | ocewe 2@av@iiw3t Conmpounds [ 00102] Fgé pur poses of tRCI/uSeeaeloosuy e and
the clains, the terns "hydrocarbyl radical," "hydrocarbyl," and hydrocar byl
group” are used interchangeably throughout this docunent. Likew se the

ternms "group,” "radical," and "substituent" are also used interchangeably
t hr oughoutfunbiisnalogronpnsuchFas NRitd3RS, SeR*niTeRN, SBRb5uAsR * 5, SR b B8R,
radical” is defined to be a Cl-Cl00 radi cal _and may be |inear, branched, or

cyclic. WRR*p\&iR*s, GeR&:,nyaR b bl anddihe dikenes wheraaioleasti eneonon-carbon
non-aromatic. "Hydrocarbon radical, i.s.defined tqg i.nclude supstituyte

hydr ocar byAtOTL8f S84 ﬁﬁ%%&ﬁ%rlﬂwr?qdaﬁ‘l@é‘? 3{‘6 Eﬁg%clafotmtl@gl 1S3EarA5y1 'r’a'gl"cal s,
si |l yl car byl.r adi.cahgip and_ger ! Q_Fb._[@gtll()?' |ls—as tl *b erng,_ar fined
bel ow. Sublg'tei’t ﬁhtee’dﬁHRdﬁo’caqub’y ir{azli’(g):?l’s are édi‘gil’slﬁR i’ﬁat Ifgg?t’ one
hydrogen atBun haSi(Repn, SGBER* )Lt eSn(R*)h, alPH(RAJE and thyniike,0milergrREpissuch
as NR*2, OR*, SeR*, TeR*, PR*2> A5R*2, SbR‘2, SR*, BR*2> SiR*3, GeR*3,
SnR*3, PbAndepandently 4 ilxgdrocanbiybrar halocarbyl radicahopronidedo thatbatn leastrans

S0P 132 IiGH el Bor Sl PERGRH! ST AR, Bu™
-B(R*) -, =B: ' .- =, o= SN 300 = D - h '

where R* irgofengi{?pglrig&)eﬁﬂny t‘%@%‘? (%)%at;ogél §1§J gln(l)tggr éﬁ')ﬂrgglélﬂggﬁetd g%%k%&\%do’ or
nore R* nByartiglly uh§a6Eded of BrdnR4tia é\ycﬁliéb&tpdlyéféli@ﬁn%@ﬁubﬁﬁrél uted saturated,
partially unsaturated or aromatic cyclic or” polycyclic ring structure.

[ 00103] Hal ocarbyl radicals are radicals in which one or nore hydrocar byl
hydrogen goorss)have Sitdoayibsiditals€dlsoicatiedisilykashyloharengbopein ¢hich the, d
Br, 1) or hal ogen-containing group (e.g. CF3). functional group such as
NR* 2, ORr silgbfanctirrity prrbpndpd irectlgiir-the igicatggkatom grratgmsce Rxamplisr- 3,
PbR*3 and .the |i r & ale.dy8gst & NOoYs a ro been
i nsert ed WPEHAR ﬁ’é?’hﬁ%@l# by}SIfFIBdFtaﬁTgathgﬂiﬂ)@’ %‘W(?%teg’ §[¥gﬁf§)3,
-N(R*)-, = p (" ) NE*-) )"' 7] B - T & 31 7 _B':
_Si (R*) 2- %&,Q?% ?;S‘Hagr% R @@Pg?ﬁg@-thgr}ﬁ Rt 15;8 i indepefiéntly @

i ndependertiyldyocarbytookalobatbybradiedlaslr thd of Adire ®* mag\oitetgetiasr tatfotrgast
one hal ogen atomrenains on the original hal ocarbyl radical. Additionally,
two or norsabstituted, of winpubsiijetedesaturateds partaliyu vasaturated osraromatio sayicligt erd
saturated, partial [.g%/g unsaturated or aromatic cyclic or polycyclic ring

st ruct ur e POIYYFYSTEE SHUCIPES | radicals (also called silylcarbyls) are
groups in which the

[00106] Germylcarbyl radicals (also called germylcarbyls) are groups in
which the germyl functionality is bonded directly to the indicated atom or atoms.
Examples include GeHs;, GeH,R*, GeHR*,, GeR53, GeH,(OR*), GeH(OR¥*),,
Ge(OR*)3;, GeHy(NR*;), GeH(NR*,;),, Ge(NR*;);, and the like where R* is
independently a hydrocarbyl or halocarbyl radical and two or more R* may join
together to form a substituted or unsubstituted saturated, partially unsaturated or

aromatic cyclic or polycyclic ring structure.

[00107] 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



silyl functionality is bonded directly to the indicated atom or atons.
Exanpl es include SiH3, SIH2R*, SiHR*2, SiR*3, SiH2(OR*), S1H(OR*)?2,

Si (OR*) 3, WOI 0YMRt2) , Si HNR*2) 2, Si (NR’_;,%)_S, and the | i PETWR000/0RI449 S

i ndependently a hydrocarbyl or hal ocarbyf radical and two or nore R* may
join together to forma substituted or unsubstituted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring structure.

[ 00106] Gerfunttiandlyheterditomal sorftaimng @Erolpsd inpdude/ Icabdxyllic) acide, aeidupadides,
which the gernyl functionality is bonded directly to the indicated atom or

at ons. Exasasbexylinepigne csbexylials, cabopylic antiwisidese pidebrdys agdHthee ) 2,
Ge( OR*) 3, 2( NR* Ge 2 Ge(N and the,like where R* is

i n((jepealden(f ai,f'c eﬂy@%ﬁ’r Wﬁﬁ?ﬁ%gzé’%ﬁr 38?031}?6%% ?R%Srsorp%?“éieﬁz*aqpay
join toget %{91%11“ Of st it it t ; r i I
Junsat urgt elti}%g?b %ro %?rHaeE; %acyc ilg %Ilrrn?%gf ygggﬁf%&r ?‘?% lgﬁgﬁs?téd{rlgﬁﬁfgoﬁgﬁtbo a)r/
radi cal s Qiitrb?é@rar@l@gim af angdes)paittilfesyMantifies dndt anirisprzbsinaitiaxnadthey i s

bonded directly to the indicated atomor atonms. They include heteroatons of
groups 1- Initrogen ompoursts, csulfaup| acidsxselpriuomdsids, dhiplpy auldiss) sulfokistesal one

or connected.to other. elenmepts by coval ent bpnds or othery interactions such
as i onic es.,phipsabinesaRheshiiglese Othes Doy RIS, ASRRRHTI. SHanEs, Petanss,
functi onal r i.ni.ng i e r yi | i i

el oo ST ARE RN i RHBRal BrOHCHES’ BRKYbE SaRe) hoad! £

al dehydes japRidesthniehsdlgAze SupFbaY Br Jiﬂbr%ﬂﬁi QEPRTt nRtERAI0d e heaainging) s,

et hers, peroxides and hydroperoxi des, carboxylic am des, hydrazi des and
i m des, arandi silisa.aRdefertedrexamplos efi potal grgups indluderNRS,, ORtr S¢eRE, TeRi nes

and i m nes zos, _nitros, other nitrogen co ds, sul fyr, acids, | eni um
aci ds, thitR%, éﬁRf*'z,d§g>,i*su|5r%’§ei B’ *dngls?b?lgghé’élﬂh%hf‘e 1ken YR§ER o ?*s,ls

ot her phos S n i . t I an| es.
R e G R AL L i T R
SUpport's falbeb PP PAdicSIURP Helfingh! Adval aﬁd’QQ'oaR*ahgjﬁn tifdr! {oCForm a
Preferred exanples of polar groups include NR*2, , SeR", TeR*, PR*2,
AS5R* 2, SbRubstittiRd oBRhRubsiitRted, sdblnat&l, gradtialiye unsataratbéror dRdmiasic cyclic or

i ndependently a hydrocarbyl, substituted hydrocarbyl, hal ocarbyl or

subst i t ut RPIKeNBCHIRG Sirvelifeal as defined above and two R* may j oin
together to forma substituted or unsubstituted saturated, partially

t t iC . i | cl i i tr.uct . .100108] |
R N A RN T ot
"substi t ut s UK j t i -] N i t ed :
,sbet] LUy, USSRSH L o | RS O P UTRERA oChiinjed o

t et r ahydr aimddbgtitutdd gafldorenyle dighndt utandn teubbetaédr edent ivdizabstitugrnd
may be hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
hal ocar byltetrahydrotndeny! ligandjetheysubstibytion ®héhe afiweimentioned igand| mey dee

FEAL S R e DK G .

of whi ch Qs"i‘l@'l@aggﬂ'lt, iO?%%L’Ill‘g’l&?b?llflbfflé SHb&fufibn %'z?)”glss%' B hifliin the ring giving
heterocyclopentadienyl ligands, heteroindenyl ligands, heterofluorenyl ligands, or
heterotetrahydoindenyl ligands, each of which can additionally be substituted or

unsubstituted.

[00109] In some embodiments, the hydrocarbyl radical is independently
selected from methyl, ethyl, ethenyl, and isomers of propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl,

tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl,



[00109] I n sone enbodi nents, the hydrocarbyl radical is independently
selected fromnethyl, ethyl, ethenyl, and isonmers of propyl, butyl, pentyl,
hexyl , heyDy009/®é192l , nonyl, decyl, unggﬁyl, dodecyl , 't pCadasgoo/ov@iy adecyl ,
pent adecyl, hexadecyl, heptadecyl, octadeéecyl, nonadecyl, eicosyl,

henei cosyl, docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,

hept acosyl, octacosyl, nonacosyl, triacontyl, propenyl, butenyl, pentenyl,

hexenyl , heiatemyl, pocpearyy) butemyd; |pentergdc drexenylinbestenyl, , octedel; engmenyl,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, hept adecen%lﬂ,
oct adecenydecenphaduadesenyl.ei dodessnyl, ndHepedybny tetradresaxhy | pentadseriiy | |

honacosenyiexadedin aRGHecsrb DRGRECH, ASRABSERTT cicoSiy i;ﬁ@ﬁ%‘%h%w}m: |
octynyl, Weﬁr@égﬁ%w yl, YRHBEHR1Y1 ﬁ@ﬁﬁ%@ﬂgd t@?@&%ﬂggé gtyeﬁfya:’cagiasar,ny :

pent adecy ecynyl”,” hept adecyny oct adecyny non ,

ei cosynyl ,odissenyls ymorlacoseyds trigtontenylc gqerppyhyl, t wityaghs pentiynyhehexaandyny! |
hexacosynyl, heptacosynyl, octacosynyl, nonacosynyl, triacontynyl,

but adi enyihepemitladiostiny], hagawndnyidechayl adindggynyloctdedieeynyl, ~ Abdeehinsty| |
and decadienyl,. Al so included are isoners of. saturated, rtiall

unsat ur at etatféﬂ%Fw rat PENAGEEYNYland RERI4REYBY] s@?ﬂiﬁ&qﬁyggﬁm&ﬁaﬁe‘fwl’

Goscr | bed HEREELIITCLICOANIE BLEAESH D, | decdeyREE BipSHASE, | tialBoumy.
et hyl phenygentsiost/hyl, BBgAYIsynPl, Meptaddsynill, octapssiyl ph@itbsymaN&idcontynyl,

nmet hyl benzyl , napht hyl, anthracenyl, cyclopentyl, cycl opentenyl,

cycl ohexylhutagichphepentgdienykt hgxadienydhdeptadienydl odspdighyl, cponashemle rand,
nor bor nyl , . norbor peny|, ad ntyl and the like. Fqr this, disclosure, en a
adi cal i 4ecadieay " Klson fiedide S, drome eﬁpawﬂ@gamrtgﬁly sPRERTted <

above. A RpagFcRRTF S PRI SRSt R I el rhed ptERicgLY

¢ ] f ny_ a rcals S Inc | _sorre
i ncl udi ng sBpictedRPIHRRYDES BF SYIStitEtibmORCEbed %oeé.amhﬁg)lmmcnuddwﬁﬁa?@,sd
an

n- butyl, 2-nethyl propyl, 1-nmethylpropyl, tert-butyl, and cycl obutyl

anal ogous methylphenygd dimedyiphenys) ; efiadplyényilncldictbylphepght ypropyyphearydnt yl

1- net hyl but.yl , 2-met hyl butyl 3-netgylbutyl, 1- et hyl propyl, and neopentyl

(and anal ng{%))’ilﬂEﬁéWll’t ubEYdy cMsBupeRzyAn anaghthyhr amfhrarenyy: exglopeR®ludes

E and Z for f.1-huten 2- but epyil - hyt enyl -methyl 11 -pr n

= ot hy 1 DSrsEgit 2 SRR EgheR RIS e o SLEDROL

cycl obut e%&lﬁ@f’er@fﬁ'rﬁﬂb@ﬂ@ﬂ}’ | Forbofnéayl,C aAafRARC aaVitRd BKEOSt i Pétt iRs

i nclude all” isomrer "forns, for exanple, “nmethyl phenyl woul d include

ort ho- net Kifglbsang] wheat anmdival b disyéd, aindnprasesndtabyragivahtype dndeslbydthéreny|

woul d include 2,3 -djnethyl pheny I,2,4-ﬂinethy|phggél,2,51dinetﬁ¥%phenyl,

2, 6- di pherfgflieaisnjgrmegl wh@nn@@hya%ﬁélnme gninbicdedtaethrysybstiiyions defined

ég?é\}voésxangtvg;fxiw }’%h%ﬁﬁgé%ﬁ' zﬁﬁyrllylapaccilic'a 9 EIllns}/c!d %r{ 5 ed %llalrsgrr{elré lilr?ctl{lgltnegd
where appropriate cyclic isomers, for example, butyl includes #n-butyl,
2-methylpropyl, 1-methylpropyl, tert-butyl, and cyclobutyl (and analogous
substituted cyclopropyls); pentyl includes n-pentyl, cyclopentyl, 1-methylbutyl,
2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and analogous
substituted cyclobutyls and cyclopropyls); butenyl includes E and Z forms of
1-butenyl, 2-butenyl, 3-butenyl, 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-

methylphenyl and para-methylphenyl; dimethylphenyl would include



[0011 I]A "ring carbon atont is a carbon atomthat is part of a cyclic ring
structure. By this definition, an indenyl ligand has nine ring carbon
atons; a wWochegpestadi enyl |igand has fi ring carbon aPORAISANE/000489 our eny|
| i gand has 13 carbon atons. Thus an indéﬁé is equivalent to a Cp ring with
two al kyl radical substituents and a fluorene is equivalent to a Cp ring
with four al kyl radical substituents. In addition, the cyclic ring can al so
be hydr ogeh3tdichetliyiphexylppl e, di -hiydlimetloylphenyla- hydr o- iybetimlettyilpherd,1,
-hydro, tetra-hydro or octa-hydroflurorenyl |jgands are suitable.

[ 00112] The2, ﬁsilahmdmeéh)de%ﬁodm@hymnuh@adﬁégnmeuygpmnmer ein are
ferabl t adi t Uit f
7 gener al OLE0P " EReRBlesn 68 o} fetidicid o Shodivt il W, Aoni®ed”

repr esent elS’elB‘X/ats r{gﬂh%v“aé%dfsor mul ae: (CpCp*) MXI X2(2) wher e| n: Mis
the netal center, 4 nmetal, preferably titanium zirconium or
haf nium e.g., zirconium or hafnium Cp and Cp* are the sane or

di fferent mriqpent afli iy chfbt@Satolift ised eadbhateanded is pald oﬁﬂ‘iyéhcbﬂié‘ Cp
and Cp* are substituted with at |east one nonisoal kyl substituent, or

i s substi tattuetunei t Byf thisndefimition,f av énderdt liganshhas 'nivi¢ rm@fzmb@hl aytomsr,ra Cp

and Cp* are substl uted with frgmtw to five substituyents
subst i t uerY<HR (i?e'&éll hgand haehyadug Wboa atems @pd %H@Hfﬁ%llwnfi}aé 13

hydr ocar byl hyde ocar byl b I S v byl

silylcar by‘fdrBSH%gérhéfl o q“g %l 1y e%&p)‘é' eﬂé“%&g roeXtCFpe:?M Mth%‘g) PE(S’:] %ﬁ@cgy

chf'nggent aqib3fitilents BAE 4 @ld’&?éﬁ@ i@uiviletdia@eCh Rngr WHASTAIrCalRP irddiRhl ¥
substituents. In addition, the cyclic ring can also be hydrogenated, for example,
di-hydro- or tetra-hydro-indenyl ligand, di-hydro, tetra-hydro or octa-hydro-

flurorenyl ligands are suitable.

[00112] The metallocene compounds (pre-catalysts), useful herein are
preferably cyclopentadienyl derivatives of titanium, zirconium and hafnium. In
general, useful titanocenes, zirconocenes and hafnocenes may be represented by
the following formulae:

(CpCp*)MX, X, (2)

wherein:

M is the metal center, and is a Group 4 metal, preferably titanium,
zirconium or hafnium, e.g., zirconium or hafnium,;

Cp and Cp* are the same or different cyclopentadienyl rings that are each
bonded to M, and 1) both Cp and Cp* are substituted with at least one non-
isoalkyl substituent, or 2) Cp is substituted with from two to five substituents “R”,
preferably both Cp and Cp* are substituted with from two to five substituents “R”,
each substituent group R 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 R groups are optionally joined



WO 2009/ 094192PCT/ U52009/ 000449 - 42 - to forma substituted or
unsubstituted, saturated, partially unsaturated, or aromatic cyclic or

pol ycycl iwo0esoitoaent ; X1 and X2 I ndependenPC{r/Ushgudroogan,

hal ogen, hydride radicals, hydrocarbyl " 4§d|cals substi tuted hydrocar byl
radi cal s, hal ocarbyl radicals, substituted halocarbyl radi cal s, silylcarbyl
radi cal s, substituted silylcarbyl radicals, gernylcarbyl radicals, or

substit ut ed faemny subtibyted rardinsabstituged, batubat¥d Ap&tialy n@daistedooNardngatiche
metal atomto forma netallacycle ring containing from about 3 to about 20

car bon at cny@ilcmr}md)ydyotlmgﬁeltbh@weoan be an olefin, diolefin or aryne | i gand.
[00113] Table A r epr esen | onst i tuent leties faor t

met al | ocene co SX©f ACor e&%&ﬁﬂf@e F‘V@‘E(’geﬁ’ flir;rﬂogq’q’uikyfié'fiFvéaQﬂﬁ?lﬁoses
only and st b | 19 y f
final conpﬁgpd«gﬂg%rﬂﬁg pagiégq%c}r rrségggg}&%%r ﬁ#@ﬂo%}ﬂf r%@gglgbl }gﬁégﬁf@ygagp (géaslgof
the constidpefitutdd! B&lo@ﬁrb’ylt tiraﬁ’i%‘éﬁ Okﬁ'flbarﬁﬂ'e'i'adl%ﬂfsocﬁl%ﬂtutreﬂd's‘i@'léarbyl

i ncludi ng al kyl, al kenyl, "al kynyl , cycl oal kenyl, cycl'oal kynyl
and ar omatnadlaahi;l |geahylcmrlwld'adrclatssed substtthuesl gepplyl caby bradidads;tarboth 0¢ hrede s
all isomers, For exanple, I ncl udes n-butyl, 2-nethyl proF yl

t er t - but yljoingdaand, bound, tg |the w{@wonh& foram anmstailagycl eln%tcma | from

2- met hyl bu t e yI I entyl, ent and
et byl yol 0 o Tkt A3 cHthon BLRE R RIS oelREP S Yeiar Mirrih BoKHAR |
- but enyl , AéH Qﬁ{dl. 1 -propenyl, 1 -nethyl-2-propenyl, 2 -nethyl1- propenyl
and 2-net hyf-2-propenyl. This incI udes when a radical is bonded to another

group, for exanple, propylcyclopentadienyl include
n- propyl cyjebpignt adi Bapik, lAsonregm Cyépreseandtaet eonstitdent moieties for the

cycl opropyl cycl opent adi enyl 0114]I'n general, the |ligands or groups

i |1 ust r at edetaloTerd eomploncmgd@“ formula 2. The list is for illustrative purposes only
and should not be construed to be limiting in any way. A number of final
components may be formed by permuting all possible combinations of the
constituent moieties with each other. When hydrocarbyl radicals including alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl and aromatic radicals are
disclosed in this application the term includes all isomers. For example, butyl
includes n-butyl, 2-methylpropyl, tert-butyl, and cyclobutyl; pentyl includes
n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, neopentyl,
cyclopentyl and methylcyclobutyl; butenyl includes E and Z forms of 1-butenyl,
2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-
1-propenyl and 2-methyl-2-propenyl. This includes when a radical is bonded to
another group, for example, propylcyclopentadienyl include
n-propylcyclopentadienyl, isopropylcyclopentadienyl and
cyclopropylcyclopentadienyl.

[00114] 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; methylindenyl
includes 1-methylindenyl, 2-methylindenyl, 3-methylindenyl, 4-methylindenyl,
5-methylindenyl, 6-methylindenyl and 7-methylindenyl; methylethylphenyl



I someric fornms. For exanple, dinethylcyclopentadi enyl includes

1, 2-di net hyl cycl opent adi enyl and 1, 3-di net hyl cycl opent adi enyl ;

met hyl i ndwm2ood/a9¢1%des 1-methy|indeny|,4 2- met hyl i ndenyl pc3Arseedapbosagienyl |

4- et hyl i ndenyl, 5-nethylindenyl, 6-nétﬁjlindeny| and 7-net hyl i ndenyl ;

met hyl et hyl phenyl WO 2009/ 094192- 43 - PCT/ US20091000449

I ncl udesort ho-net hyl et hyl phenyl , net a- net hyl et hyl phenyl andpar a-

met hyl et hirlchidisy | . orfho-irhéthgletiaglphemyiber meth-mbthylethpkphengh mahdl cparponent

sel ect any conbi nation of the species listed in Table A TABLE A -
methylethylphenyl. To illustrate members of the transition metal component,

select any combination of the species listed in Table A.

TABLE A -

M Cp, Cp*

titanium methylcyclopentadienyl
zirconium dimethylcyclopentadienyl
hafnium trimethylcyclopentadienyl

tetramethylcyclopentadienyl
ethylcyclopentadienyl
diethylcyclopentadienyl
propylcyclopentadienyl
dipropylcyclopentadienyl
butylcyclopentadienyl
dibutylcyclopentadienyl
pentylcyclopentadienyl
dipentylcyclopentadienyl
hexylcyclopentadienyl
dihexylcyclopentadienyl
heptylcyclopentadienyl
diheptylcyclopentadienyl
octylcyclopentadienyl
dioctylcyclopentadienyl
nonylcyclopentadienyl
dinonylcyclopentadienyl
decylcyclopentadienyl
didecylcyclopentadienyl
undecylcyclopentadienyl
dodecylcyclopentadienyl
tridecylcyclopentadienyl
tetradecylcyclopentadienyl
pentadecylcyclopentadienyl
hexadecylcyclopentadienyl
heptadecylcyclopentadienyl
octadecylcyclopentadienyl
nonadecylcyclopentadienyl
eicosylcyclopentadienyl
heneicosylcyclopentadienyl
docosylcyclopentadienyl
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tricosylcyclopentadienyl

tetracosylcyclopentadienyl

pentacosylcyclopentadienyl

hexacosylcyclopentadienyl

heptacosylcyclopentadienyl

octacosylcyclopentadieny!l

nonacosylcyclopentadienyl

triacontylcyclopentadienyl

cyclohexylcyclopentadieny!l

phenylcyclopentadienyl

diphenylcyclopentadienyl

triphenylcyclopentadienyl

tetraphenylcyclopentadienyl

tolylcyclopentadienyl

benzylcyclopentadienyl

phenethylcyclopentadienyl

cyclohexylmethylcyclopentadienyl

napthylcyclopentadienyl

methylphenylcyclopentadienyl

methyltolylcyclopentadienyl

methylethylcyclopentadienyl

methylpropylcyclopentadienyl

methylbutylcyclopentadienyl

methylpentylcyclopentadienyl

methylhexylcyclopentadienyl

methylheptylcyclpentadienyl

methyloctylcyclopentadienyl

methylnonylcyclopentadienyl

methyldecylcyclopentadienyl

vinylcyclopentadienyl

propenylcyclopentadienyl

butenylcyclopentadienyl

Indenyl

Methylindenyl

Dimethylindenyl

Trimethylindenyl

Tetramethylindenyl

Pentamethylindenyl

Methylpropylindenyl

dimethylpropylindenyl

methyldipropylindenyl
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Methylethylindenyl
Methylbutylindenyl
Ethylindenyl
Propylindenyl
Butylindenyl
Pentylindenyl
Hexylindenyl
Heptylindenyl
Octylindenyl
Nonylindenyl
Decylindenyl
Phenylindenyl
(fluorophenyl)indenyl
(methylphenyl)indenyl
Biphenylindenyl
(b1s(trlﬂuoromethyl)phenyl)mdenyl
Napthylindenyl
Phenanthrylindenyl
Benzylindenyl
Benzindenyl
Cyclohexylindenyl
Methylphenylindenyl
Ethylphenylindenyl
Propylphenylindenyl
methylnapthylindenyl
Ethylnapthylindenyl
propylnapthylindenyl
(methylphenyl)indenyl
(dimethylphenyl)indenyl
(ethylphenyl)indenyl
(diethylphenyl)indenyl
(propylphenyl)indenyl
(dipropylphenyl)indenyl
methyltetrahydroindenyl
ethyltetrahydroindenyl
propyltetrahydroindenyl
butyltetrahydroindenyl
phenyltetrahydroindenyl
(diphenylmethyl)cyclopentadienyl
trimethylsilylcyclopentadienyl
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triethylsilylcyclopentadienyl

trimethylgermylcyclopentadienyl

trifluromethylcyclopentadienyl

cyclopenta[b]thienyl

cyclopenta[b]furanyl

cyclopenta[b]selenophenyl

cyclopenta[b]tellurophenyl

cyclopenta[b]pyrrolyl

cyclopenta[b]phospholyl

cyclopenta[b]arsolyl

cyclopenta[b]stibolyl

methylcyclopenta[b]thienyl

methylcyclopenta[ b]furanyl

methylcyclopenta[b]selenophenyl

methylcyclopenta[b]tellurophenyl

methylcyclopenta] b]pyrrolyl

methylcyclopenta[b]phospholyl

methylcyclopenta[b]arsolyl

methylcyclopenta[ b]stibolyl

dimethylcyclopenta[b]thienyl

dimethylcyclopenta[b]furanyl

dimethylcyclopenta[b]pyrrolyl

dimethylcyclopenta[ b]phospholyl

trimethylcyclopenta[b]thienyl

trimethylcyclopenta| b]furanyl

trimethylcyclopenta[b]pyrrolyl

trimethylcyclopenta[b]phospholyl

ethylcyclopenta[b]thienyl

ethylcyclopenta[b]furanyl

ethylcyclopenta[b]pyrrolyl

ethylcyclopenta[b]phospholyl

diethylcyclopenta[b]thienyl

diethylcyclopenta[b]furanyl

diethylcyclopenta[b/pyrrolyl

diethylcyclopenta[b]phospholyl

triethylcyclopenta[b]thienyl

triethylcyclopenta[b]furanyl

triethylcyclopenta[b]pyrrolyl

triethylcyclopenta[b]phospholyl

propylcyclopenta[b]thienyl
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propylcyclopenta[b]furanyl

propylcyclopenta[b]pyrrolyl

propylcyclopenta[b]phospholyl

dipropylcyclopenta[b]thienyl

dipropylcyclopenta[b]furanyl

dipropylcyclopenta[b]pyrrolyl

dipropylcyclopenta[b]phospholyl

tripropylcyclopenta[b]thienyl

tripropylcyclopenta[ b]furanyl

tripropylcyclopenta[b]pyrrolyl

tripropylcyclopenta[b]phospholyl

butylcyclopenta[b]thienyl

butylcyclopenta[ b]furanyl

butylcyclopenta[b]pyrrolyl

butylcyclopenta[b]phospholyl

dibutylcyclopenta[ b]thienyl

dibutylcyclopenta| b]furanyl

dibutylcyclopenta[b]pyrrolyl

dibutylcyclopenta[ b]phospholyl

tributylcyclopenta[b]thienyl

tributylcyclopenta[b]furanyl

tributylcyclopenta| b|pyrrolyl

tributylcyclopenta[b]phospholyl

ethylmethylcyclopenta[b]thienyl

ethylmethylcyclopenta[b]furanyl

ethylmethylcyclopenta[b]pyrrolyl

ethylmethylcyclopenta[b]phospholyl

methylpropylcyclopenta[b]thienyl

methylpropylcyclopenta[b]furanyl

methylpropylcyclopenta[b]pyrrolyl

methylpropylcyclopenta[ b]phospholyl

butylmethylcyclopenta[b]thienyl

butylmethylcyclopenta[b]furanyl

butylmethylcyclopenta[b]pyrrolyl

butylmethylcyclopenta[b]phospholyl

cyclopental c]thienyl

cyclopenta[c]furanyl

cyclopenta[c]selenophenyl

cyclopenta[c]tellurophenyl

cyclopenta[c]pyrrolyl
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cyclopenta[c]phospholyl

cyclopenta[c]arsolyl

cyclopenta[c]stibolyl

methylcyclopenta[c]thienyl

methylcyclopenta[c]furanyl

methylcyclopenta[c]selenophenyl

methylcyclopenta[c]tellurophenyl

methylcyclopenta[c]pyrrolyl

methylcyclopenta[c]phospholyl

methylcyclopenta[clarsolyl

methylcyclopenta[c]stibolyl

dimethylcyclopenta[c]thienyl

dimethylcyclopenta[c]furanyl

dimethylcyclopenta[c]pyrrolyl

dimethylcyclopentalc]phospholyl

trimethylcyclopenta[c]thienyl

trimethylcyclopenta[c]furanyl

trimethylcyclopenta[c]pyrrolyl

trimethylcyclopenta[c]phospholyl

ethylcyclopenta[c]thienyl

ethylcyclopenta[c]furanyl

ethylcyclopenta|c]pyrrolyl

ethylcyclopenta[c]phospholyl

diethylcyclopenta[c]thienyl

diethylcyclopenta[c/furanyl

diethylcyclopenta[c]pyrrolyl

diethylcyclopenta[c]phospholyl

triethylcyclopenta[c]thienyl

triethylcyclopenta[c]furanyl

triethylcyclopenta[c]pyrrolyl

triethylcyclopenta]c]phospholyl

propylcyclopenta| c/thienyl

propylcyclopenta[c]furanyl

propylcyclopenta[c]pyrrolyl

propylcyclopenta[c]phospholyl

dipropylcyclopenta[c]thienyl

dipropylcyclopenta[c]furanyl

dipropylcyclopenta[c]pyrrolyl

dipropylcyclopenta[c]phospholyl

tripropylcyclopenta[c]thienyl
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tripropylcyclopenta[c]furanyl
tripropylcyclopenta[c]pyrrolyl
tripropylcyclopenta[ c]phospholyl
butylcyclopenta[c]thienyl
butylcyclopenta[c]furanyl
butylcyclopenta[c]pyrrolyl
butylcyclopenta[c]phospholyl
dibutylcyclopenta[c]thienyl
dibutylcyclopenta[c]furanyl
dibutylcyclopenta[c]pyrrolyl
dibutylcyclopenta[c]phospholyl
tributylcyclopentalc]jthienyl
tributylcyclopenta[c]furany!
tributylcyclopenta[c]pyrrolyl
tributylcyclopenta[c]phospholyl
ethylmethylcyclopenta[c]thienyl
ethylmethylcyclopenta[c]furanyl
ethylmethylcyclopenta[c]pyrrolyl
ethylmethylcyclopenta[c]phospholyl
methylpropylcyclopentalc]thienyl
methylpropylcyclopenta[c]furanyl
methylpropylcyclopenta[c]pyrrolyl
methylpropylcyclopenta[c]phospholyl
butylmethylcyclopenta[c]thienyl
butylmethylcyclopenta[c]furanyl
butylmethylcyclopenta[c]pyrrolyl
butylmethylcyclopenta[c]phospholyl
pentamethylcyclopentadienyl
Tetrahydroindenyl
methyltetrahydroindenyl
dimethyltetrahydroindenyl

[00115] In an embodiment of the disclosure, when used with an NCA, Cp is
the same as Cp* and is a substituted cyclopentadienyl, indenyl or

tetrahydroindenyl ligand.
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[00116] Preferred metallocene compounds (pre-catalysts) which, according
to the present invention, provide catalyst systems which are specific to the
production of PAO of greater than 8 ¢St include:
bis(cyclopentadienyl)zirconium dichloride
bis(methylcyclopentadienyl)zirconium dichloride
bis(ethylcyclopentadienyl)zirconium dichloride
bis(n-propylcyclopentadienyl)zirconium dichloride
bis(iso-propylcyclopentadienyl)zirconium dichloride
bis(n-butylcyclopentadienyl)zirconium dichloride
bis(iso-butylcyclopentadienyl)zirconium dichloride
bis(tertiary-butylcyclopentadienyl)zirconium dichloride
bis(n-pentylcyclopentadienyl)zirconium dichloride
bis(n-octylcyclopentadienyl)zirconium dichloride
bis(n-dodecylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethylcyclopentadienyl)zirconium dichloride .
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride
bis(1,2,3-trimethylcyclopentadienyl)zirconium dichloride
bis(1,2,4-trimethylcyclopentadienyl)zirconium dichloride
bis(1,2,3,4-tetramethylcyclopentadienyl)zirconium dichloride
bis(1,2,3,4,5-pentamethylcyclopentadienyl)zirconium dichloride
bis(1-methyl-2-ethylcyclopentadienyl)zirconium dichloride
bis(1-methyl-2-n-propylcyclopentadienyl)zirconium dichloride
bis(1-methyl-2-n-butyllcyclopentadienyl)zirconium dichloride
bis(1-methyl-3-ethylcyclopentadienyl)zirconium dichloride
bis(1-methyl-3-n-propylcyclopentadienyl)zirconium dichloride
bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methyl-3-n-pentylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethyl-4-ethylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethyl-4-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethyl-4-n-butylcyclopentadienyl)zirconium dichloride
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bis(1,2-diethylcyclopentadienyl)zirconium dichloride
bis(1,3-diethylcyclopentadienyl)zirconium dichloride
bis(1,2-di-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-di-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methyl-2,4-diethylcyclopentadienyl)zirconium dichloride
bis(1,2-diethyl-4-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-diethyl-4-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methyl-3-i-propylcyclopentadienyl)zirconium dichloride
bis(1-ethyl-3-i-propylcyclopentadienyl)zirconium dichloride
(1,2-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride
(1,2-dimethylcyclopentadienyl)(methylcyclopentadienyl)zirconium dichloride
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienyl)zirconium dichloride
(1,2-dimethylcyclopentadienyl)(1,2-di-n-butylcyclopentadienyl)zirconium
dichloride

(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride
(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)zirconium
dichloride
(1,3-dimethylcyclopentadienyl)(1,3-diethylcyclopentadienyl)zirconium dichloride
bis(indenyl)zirconium dichloride

bis(1-methylindenyl)zirconium dichloride

bis(2-methylindenyl)zirconium dichloride

bis(4-methylindenyl)zirconium dichloride
bis(4,7-dimethylindenyl)zirconium dichloride
bis(4,5,6,7-tetrahydro{ndenyl)zirconium dichloride
bis(4,5,6,7-tetrahydro-2-methylindenyl)zirconium dichloride
bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)zirconium dichloride
(cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium dichloride
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[00117] The catalysts also include the zirconium dihalides, di-methyl,
di-isobutyl, di-n-octyl or other di-alkyl analogs of the above compounds, and the
hafnium dichloride, dihalides, or the hafnium di-methyl or di-alkyl analogs of the

above compounds.

[00118] Advantageous catalyst compounds also include
bis(cyclopentadienyl)zirconium dichloride, bis(methylcyclopentadienyl)zirconium
dichloride, bis(n-butylcyclopentadienyl)zirconium dichloride, bis(1,2-
dimethylcyclopentadienyl)zirconium dichloride, bis(1,3-
dimethylcyclopentadienyl)zirconium dichloride, bis(1,2,3-
trimethylcyclopentadienyl)zirconium dichloride, bis(1,2,4-
trimethylcyclopentadienyl)zirconium dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-
2-ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-
3-ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-
3-n-propylcyclopentadienyl)zirconium dichloride, bis(1-methyl-
3-n-butylclopentadienyl)zirconium dichloride, bis(4,5,6,7-tetrahydro
indenyl)zirconium dichloride, bis(indenyl)zirconium dichloride,
bis(1,2-dimethylcyclopentadienyl)zirconium dimethyl,
bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl,
bis(1,2,3-trimethylcyclopentadienyl)zirconium dimethyl,
bis(1,2,4-trimethylcyclopentadienyl)zirconium dimethyl and
bis(fetramethylcyclopentadienyl)zirconium dimethyl,
bis(1-methyl-2-ethylcyclopentadienyl)zirconium dimethyl,
bis(1-methyl-3-ethylcyclopentadienyl)zirconium dimethyl,
bis(1-methyl-3-n-propylcyclopentadienyl)zirconium dimethyl,
bis(1-methyl-3-n-butylclopentadienyl)zirconium dimethyl, bis(4,5,6,7-tetrahydro
indenyl)zirconium dichloride, bis(indenyl)zirconium dimethyl, or their diisobutyl
analogs These metallocene dialkyl components maybe present in the catalyst

system by using the preformed metallocene as the starting material. Sometimes,
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they are present as reaction products from metallocene dihalides with

trialkylaluminum compounds (co-activators/scavengers).

[00119] In an alternate embodiment, the metallocene compound is not
racemic. In an alternate embodiment, a wide variety of fluorenyl-containing
species that can also produced atactic polyalpha-olefins for this invention include
following groups: non-bridged fluorenyl/cyclopentadienyl species, such as (Cp,
Fluorenyl)ZrClZ, non-bridged fluorenyl/indenyl species, such as (In,
Fluorenyl)ZrCl2,  non-bridged  fluorenyl/fluorenyl  species such as
(fluorenyl)2ZrCI2, or bridged bluorenyl/fluorenyl C2v-symmetry species such as
Me2Si(Fluroenyl)ZrCl2, or bridged C1-symmtric species containing one fluorenyl
ligand and another bulky ligand, etc. as described in page 38, section 2.1.2 of the
book, Stereoselective Polymerization with Single-Site Catalysts, Ed. by L. S.
Baugh & J. A. M. Canich, CRC Press, Taylor & Francis Group, Boca Raton, FL,
2008.

Activators and Catalyst Activation

[00120] The catalyst precursors, when activated by an activator such as
non-coordinating anion activator, form active catalysts for the polymerization or
oligomerization of olefins. Activators that may be used include Lewis acid
activators such as  triphenylboron, tris-perfluorophenylboron, tris-
perfluorophenylaluminum and the like and or ionic activators such as
dimethylanilinium tetrakisperfluorophenylborate, triphenylcarboniumtetrakis
perfluorophenylborate, dimethylaniliniumtetrakisperfluorophenylaluminate, and
the like.

[00121] A co-activator is a compound capable of alkylating the transition
metal complex, such that when used in combination with an activator, an active
catalyst is formed. Co-activators include alumoxanes such as methylalumoxane,
modified alumoxanes such as modified methylalumoxane, and aluminum alkyls

such  trimethylaluminum, tri-isobutylaluminum, triethylaluminum, and
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tri-isopropylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tri-
n-decylaluminum or tri-n-dodecylaluminum. Co-activators are typically used in
combination with Lewis acid activators and ionic activators when the pre-catalyst
is not a dihydrocarbyl or dihydride complex. Sometimes co-activators are also
used and added to the feed streams or to the catalyst stream or to the reactor in
single or multiple streams as scavengers to deactivate impurities in feed or
reactors. In many cases, even when the dialkyl form of the metallocene
component is used, small amounts of co-activator is also added to the catalyst
system or to the reactor system for a further promoting effect or to scavenge an

impurity of the reactor system.

[00122] Particularly useful co-activators include alkylaluminum compounds
represented by the formula: R3Al, where each R is, independently, a C; to Cyg
alkyl group, preferably each R is ,independently, selected from the group
consisting of methyl, ethyl, n-propyl, iso-propyl, iso-butyl, n-butyl, t-butyl,
n-pentyl, iso-pentyl, neopentyl, n-hexyl, iso-hexyl, n-heptyl, iso-heptyl, n-octyl,
iso-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl,

n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, and their iso-analogs.

[00123] Ionic activators (at times used in combination with a co-activator)
may be used in the practice of this invention. Preferably, discrete ionic activators
such as [Me,PhNH][B(C¢Fs)a], [PhsCI[B(CeFs)s]l, [MePhNH][B((C¢Hs-3,5-
(CF3)))a), [PhsCJ[B((CeH3-3,5-(CF3)2))a), [NH4][B(CsHs)a] or Lewis acidic
activators such as B(C¢Fs); or B(C¢Hs)s can be used, where Ph is phenyl and Me
is methyl. Preferred co-activators, when used, are alumoxanes such as
methylalumoxane, modified alumoxanes such as modified methylalumoxane, and
aluminum alkyls such as tri-isobutylaluminum, and trimethylaluminum,
triethylaluminum, and tri-isopropylaluminum, tri-n-hexylaluminum, tri-

n-octylaluminum, tri-n-decylaluminum or tri-n-dodecylaluminum.
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[00124] It is within the scope of this disclosure to use an ionizing or
stoichiometric activator, neutral or ionic, such as

tri(n-butyl)ammoniumtetrakis(pentafluorophenyl) 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 a combination thereof. WO 98/43983 and U.S. Patent No.

5,942,459 are incorporated herein by reference.

[00125]' 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 alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, aikyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups, phenyl, naphthyl or mixtures
thereof. Even more preferably, the three groups are halogenated, preferably
fluorinated, aryl groups. Most preferably, the neutral stoichiometric activator is

trisperfluorophenyl boron or trisperfluoronaphthyl boron.

[00126] Ionic stoichiometric activator compounds may contain an active
proton, or some other cation associated with, but not coordinated to, or only
loosely coordinated to, the remaining ion of the ionizing compound. Such
compounds and the like are described in European publications EP-A-0 570 982,
EP-A-0 520732, EP-A-0495375, EP-B1-0500944, EP-A-0277003 and
EP-A-0277004, and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741,
5,206,197, 5,241,025, 5,384,299 and 5,502,124 and U.S. Patent Application Serial
No. 08/285,380, filed August 3, 1994, all of which are herein fully incorporated

by reference.
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[00127] Ionic catalysts can be prepared by reacting a transition metal
compound with an activator, such as B(C¢F¢);, which upon reaction with the
hydrolyzable ligand (X’) of the transition metal compound forms an anion, such
as ([B(C¢Fs)3(X’)]), which stabilizes the cationic transition metal species
generated by the reaction. The catalysts can be, and preferably are, prepared with
activator components which are ionic compounds or compositions. However
preparation of activators utilizing neutral compounds is also contemplated by this

invention.

[00128] Compounds useful as an activator component in the preparation of
the ionic catalyst systems used in the process of this invention comprise a cation,
which 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 plurality of
lipophilic radicals covalently coordinated to and shielding a central charge-
bearing metal or metalloid core, and 2) anions comprising a plurality of boron
atoms such as carboranes, metallacarboranes and boranes. Any of these non-
coordinating anions may be used in processes described herein. The disclosures
of EPA 277,003 and EPA 277,004 are incorporated herein by reference. In a
preferred embodiment, the stoichiometric activators include a cation and an anion
component, and may be represented by the following formula:
L™ (4%
wherein L** is a neutral Lewis base; H is hydrogen; (L**-H)* is a Bronsted acid,

A% is a non-coordinating anion having the charge d-, d is an integer from 1 to 3.
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[00129] The cation component, (L**-H)d+ may include Bronsted acids such
as protons or protonated Lewis bases or reducible Lewis acids capable of
protonating or abstracting a moiety, such as an alkyl or aryl, from the precatalyst

after alkylation.

[00130] The activating cation (L**-H)d+ may be a Bronsted acid, capable of
donating a proton to the alkylated transition metal catalytic precursor resulting in
a transition metal cation, including ammoniums, oxoniums, phosphoniums,
silyliums, and mixtures thereof, preferably ammoniums of methylamine, aniline,
dimethylamine, diethylamine, N-methylaniline, diphenylamine, trimethylamine,
triethylamine, N,N-dimethylaniline, methyldiphenylamine, pyridine, p-bromo -
N,N-dimethylaniline,  p-nitro-N,N-dimethylaniline, = phosphoniums  from
triethylphosphine, triphenylphosphine, and diphenylphosphine, oxoniums from
ethers such as dimethyl ether, diethyl ether, tetrahydrofuran and dioxane,
sulfoniums from thioethers, such as diethyl thioethers and tetrahydrothiophene,
and mixtures thereof. The activating cation (L**-H)* may also be a m(;iety such
as silver, tropylium, carbeniums, ferroceniums and mixtures, preferably

carboniums and ferroceniums; most preferably triphenyl carbonium.

[00131] The anion component A% includes those having the formula
[Mk+Q,,]d' 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, alkoxide, 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 occurrence is Q a halide. Preferably, each Q is a fluorinated
hydrocarbyl group having 1 to 20 carbon atoms, more preferably each Q is a
fluorinated aryl group, and most preferably each Q is a pentafluoryl aryl group.
Examples of suitable 4% also include diboron compounds as disclosed in U.S. Pat.

No. 5,447,895, which is fully incorporated herein by reference.
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[00132] Illustrative, but not limiting, examples of boron compounds which
may be used as an activating cocatalyst in combination with a co-activator in the
preparation of the catalysts used herein are tri-substituted ammonium salts such
as: trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,
tri(fert-butyl)ammonium tetraphenylborate, N,N-dimethylanilinium
tetraphenylborate, N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium
tetrakis-(2,3,4,6-tetrafluorophenyl) borate, triethylammonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tripropylammonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, dimethyl(terz-butyl)Jammonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, N,N-dimethylanilinium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, N,N-diethylanilinium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium
tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(n-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(terz-butyl)ammonium

tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
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tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(n-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(zerz-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triethylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, tripropylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, tri(n-butyl)ammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, tri(tert-butyl)ammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, N,N-dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and dialkyl ammonium salts such
as: di-(iso-propyl)ammonium tetrakis(pentafluorophenyl)borate, and
dicyclohexylammonium tetrakis(pentafluorophenyl)borate; and other salts such as
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate,
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl)borate, tropylium
tetraphenylborate, triphenylcarbenium tetraphenylborate, triphenylphosphonium
tetraphenylborate, triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate, tropylium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium
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tetrakis(pentafluorophenyl)borate, benzene(diazonium)
tetrakis(pentafluorophenyl)borate, tropylium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triphenylcarbenium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triphenylphosphonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triethylsilylium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, benzene(diazonium)
tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tropylium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perfluoronaphthyl)borate, tropylium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium)
tetrakis(perfluoFrobiphenyl)borate, tropylium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylphosphonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triethylsilylium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and benzene(diazonium)

tetrakis(3,5-bis(trifluoromethyl)phenyl)borate.

[00133] Suitale ionic stoichiometric activators (L**-H);" (4%) include
N,N-dimethylanilinium tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium

tetrakis(perfluorobiphenyl)borate, triphenylcarbenium
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tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium
tetra(perfluorophenyl)borate.

[00134] 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 (incorporated herein by reference),
and for the process described herein, require the addition of a co-activator to the
catalyst pre-cursor. “Compatible” non-coordinating anions are those which are
not degraded to neutrality when the initially formed complex decomposes.
Further, the anion will not transfer an anionic substituent or fragment to the cation
so as to cause it to form a neutral transition metal compound and a neutral by-
product from the anion. Preferred non-coordinating anions useful in accordance
with this disclosure are those that are compatible, stabilize the transition metal
complex cation in the sense of balancing its ionic charge at +1, yet retain
sufficient lability to permit displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization. These types of cocatalysts are

sometimes used with scavengers such as but not limited to tri-iso-butylaluminum,

tri-n-octylaluminum, tri-n-hexylaluminum, triethylaluminum or
trimethylaluminum.
[00135] The processes described herein also can employ cocatalyst

compounds or activator compounds that are initially neutral Lewis acids but form
a cationic metal complex and a noncoordinating anion, or a zwitterionic complex
upon reaction with the alkylated transition metal compounds. The alkylated
metallocene compound is formed from the reaction of the catalyst pre-cursor and
the co-activator. For example, tris(pentafluorophenyl) boron or aluminum act to
abstract a hydrocarbyl ligand to yield a cationic transition metal complex and
stabilizing noncoordinating anion, see EP-A-0 427 697 and EP-A-0 520 732 for
illustrations of analogous Group 4 metallocene compounds. Also, see the

methods and compounds of EP-A-0495375. For formation of zwitterionic
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complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878;
5,486,632; and 5,527,929, which, along with EP-A-0 427 697, EP-A-0 495 375

are incorporated herein by reference.

[00136] 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: Activafors, Activation Processes, and Structure-Activity

Relationships”, Chem. Rev., 100, 1391-1434 (2000).

[00137] When the cations of noncoordinating anion precursors are Bronsted
acids such as protons or protonated Lewis bases (excluding water), or reducible
Lewis acids such as ferrocenium or silver cations, or alkali or alkaline earth metal
cations such as those of sodium, magnesium or lithium, the catalyst-precursor-to-
activator molar ratio may be any ratio. Combinations of the described activator

compounds may also be used for activation.

[00138] When an ionic or neutral stoichiometric activator (such as an NCA)
is used, the catalyst-precursor-to-activator molar ratio is from 1:10 to 1:1; 1:10 to
10:1; 1:10 to 2:1; 1:10 to 3:1; 1:10 to 5:1; 1:2 to 1.2:1; 1:2 to 10:1; 1:2 to 2:1; 1:2
to3:1; 1:2t0 5:1; 1:3t0 1.2:1; 1:3t0 10:1; 1:3 to 2:1; 1:3 to 3:1; 1:3 to 5:1; 1:5 to
1:1; 1:5 to 10:1; 1:5 to 2:1; 1:5 to 3:1; 1:5 to 5:1; 1:1 to 1:1.2. The
catalyst-precursor-to-co-activator molar ratio is from 1:500 to 1:1, 1:100 to 100:1;
1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to 15:1; 1:10 to 10:1; 1:5 to 5:1, 1:2
to 2:1; 1:100 to 1:1; 1:75 to 1:1; 1:50 to 1:1; 1:25to 1:1; 1:15to 1:1; 1:10 to 1:1;
1:5to1:1; 1:2to 1:1; 1:10 to 2:1.

[00139] Advantageous activators and activator/co-activator combinations
include trialkylaluminum including trimethyl, triethyl, tri-n-propyl, tri-n-hexyl,
tri-n-butyl, tri-n-octyl, tri-n-dodecyl, tri-isopropyl, tri-isobutyl, or tri-isopentyl,
etc. with dimethylanilinium tetrakis(pentafluorophenyl)borate or

tris(pentafluorophenyl)boron, and mixtures of trimethyl aluminum with
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dimethylanilinium tetrakis(pentafluorophenyl)borate or -

tris(pentafluorophenyl)boron.

[00140] In some embodiments, methylalumoxane, modified
methylalumoxane, or mixtures of alkylalumoxanes are also used by themselves or
as one of the many co-activator components. However, it is often not necessary
and less desirable to use alumoxanes because alumoxane compounds are generally

more expensive than trialkylaluminum or trialkylboron compounds.

[00141] In some embodiments, scavenging compounds are used with
stoichiometric activators. Typical aluminum or boron alkyl components useful as
scavengers are represented by the general formula R*JZ, where J is aluminum or
boron, R* selected from C; to Cyq alkyl radicals and can be the same or different;
and each Z is independently R* or a different univalent anionic ligand such as
halogen (Cl, Br, I), alkoxide (OR*) and the like. Desirable aluminum alkyls
include triethylalufninum, diethylaluminum chloride, tri-iso-butylaluminum,
tri-n-octylaluminum. tri-n-hexylaluminum, trimethylaluminum and the like.
Desirable boron alkyls include triethylboron. Scavenging compounds may also be
alumoxanes and modified alumoxanes including methylalumoxane and modified

methylalumoxane.

[00142] In an alternate embodiment, alkylalumoxane compounds (such as
methyl alumoxane, and modified methylalumoxane) are present in the reaction
zone at less than 3 milligrams (mg) of alumoxane/gram of olefin feed, preferably
less than 1 mg of alumoxane/gram of olefin feed, preferably less than 0.5 mg of

alumoxane/g of olefin feed.

Supported Catalysts

[00143] Supported catalysts and/or supported catalyst systems may be used
to prepare PAOs. To prepare uniform supported catalysts, the catalyst precursor
preferably dissolves in the chosen solvent. The term “uniform supported catalyst”

means that the catalyst precursor, the activator, and/or the activated catalyst
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approach uniform distribution upon the support's accessible surface area,
including the interior pore surfaces of porous supports. Some embodiments of
supported catalysts include uniform supported catalysts; other embodiments can

use supported or non-supported catalysts.

[00144) Useful supported catalyst systems may be prepared by any method
effective to support other coordination catalyst systems, “effective” meaning that
the catalyst so prepared can be used for oligomerizing or polymerizing olefins in a
heterogeneous process. The catalyst precursor, activator, co-activator (if present),

suitable solvent, and support may be added in any order or simultaneously.

[00145] By one method, the activator, dissolved in an appropriate solvent
such as toluene, may be stirred with the support material for 1 minute to 10 hours
to prepare the supported catalyst. The total solution volume (of the catalyst
solution, the activator solution or both) may be greater than the pore volume. of
the support, but some embodiments limit the total solution volume below that
needed to form a gel or slurry (about 90% to 400%, preferably about 100-200%,
of the pore volume). The mixture is optionally heated from 30 to 200°C during
this time. The catalyst precursor may be added to this mixture as a solid, if a
suitable solvent is employed in the previous step, or as a solution. Alternatively,
- the mixture can be filtered, and the resulting solid mixed with a catalyst precursor
solution. Similarly, the mixture may be vacuum dried and mixed with a catalyst
precursor solution. The resulting catalyst mixture is then stirred for 1 minute to
10 hours, and the supported catalyst is either filtered from the solution and

vacuum dried or subjected to evaporation to remove the solvent.

[00146] 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, typically 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



Napt hyl i ndenyl  Phenant hryl i ndenyl Benzylindenyl Benzi ndenyl

Cycl ohexyl i ndenyl

WO 2009/094192 PCT/US2009/000449

-65 -

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 typically over 10-16 hours; however, greater

or lesser times and temperatures may be used.

[00147] The catalyst precursor may also be supported absent the activator; in
this case, the activator (and optionally co-activator) is added to the liquid phase of
a slurry process. For example, a solution of catalyst precursor may be mixed with
a support material for a period of about 1 minute to 10 hours. The resulting
precatalyst mixture may be filtered from the solution and dried under vacuum or
treated with evaporation to remove the solvent. The total catalyst-precursor-
solution volume may be greater than the support's pore volume, 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).

[00148] Additionally, two or more different catalyst precursors may be placed
on the same support using any of the support methods disclosed above. Likewise,
two or more activators or an activator and a co-activator, may be placed on the

same support.

[00149]  Suitable solid particle supports are typically comprised of polymeric or
refractory oxide materials, each being preferably porous. Any support material
that has an average particle size greater than 10 pm may be used in this invention.
Various embodiments select a porous support material, such as for example, talc,
inorganic oxides, inorganic chlorides, for example magnesium chloride and
resinous support materials such as polystyrene polyolefin or polymeric
compounds or any other organic support material and the like. Some
embodiments select inorganic oxide materials as the support material including
Group-2, -3, 4, -5, -13, or -14 metal or metalloid oxides. Some embodiments
select the catalyst support materials to include silica, alumina, silica-alumina, and

their mixtures. Other inorganic oxides may serve either alone or in combination
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with the silica, alumina, or silica-alumina. 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.

[00150] The support material may be pretreated by any number of methods.
For example, inorganic oxides may be calcined, chemically treated with
dehydroxylating agents such as aluminum alkyls or alumoxanes, such as

methylalumoxane, and the like, or both.

[00151] As stated above, polymeric carriers will also be suitable in
accordance with this disclosure, see for example the descriptions in WO 95/15815
and U.S. patent 5,427,991. The methods disclosed may be used with the catalyst
compounds, activators or catalyst systems of this disclosure to adsorb or absorb
them on the polymeric supports, particularly if made up of porous particles, or
may be chemically bound through functional groups bound to or in the polymer

chains.

[00152] Useful catalyst carriers may have a surface area of from 10-700
m?/g, and/or a pore volume of 0.1-4.0 cc/g and/or an average particle size of 10-
500 pm. Some embodiments select a surface area of 50-500 mz/g, and or a pore
volume of 0.5-3.5 cc/g, and or an average particle size of 20-200 pm. Other
embodiments select a surface area of 100-400 m?/g, and or a pore volume of 0.8-
3.0 cc/g, and or an average particle size of 30-100 pm. Useful carriers typically
have a pore size of 10-1000 Angstroms, alternatively 50-500 Angstroms, or 75-

350 Angstroms. The metallocenes and or the metallocene/activator combinations
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are generally deposited on the support at a loading level of 10-100 micromoles of
catalyst precursor per gram of solid support; alternatively 20-80 micromoles of
catalyst precursor per gram of solid support; or 40-60 micromoles of catalyst
precursor per gram of support. But greater or lesser values may be used provided
that the total amount of solid catalyst precursor does not exceed the support's pore

volume.

[00153] The metallocenes and or the metallocene/activator combinations can
be supported for 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,
5,498,582 and 5,466,649, and international publications WO 93/11172 and WO

94/07928. All of these patent documents are incorporated herein by reference.

[00154] In another embodiment, the metallocene and/or activator (with or
without a support) are combined with an alkylaluminum compound, preferably a
trialkylaluminum compound, prior to entering the reactor. Preferably the
alkylaluminum compound is represented by the formula: R;Al, where each R is
independently a C, to Cy alkyl group; preferably the R groups are independently
selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, n-butyl, pentyl, isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl,
octyl, isooctyl, n-octyl, nonyl, isononyl, n-nonyl, decyl, isodecyl, n-decyl,
undecyl, isoundecyl, n-undecyl, dodecyl, isododecyl, and n-dodecyl, preferably
isobutyl, n-octyl, n-hexyl, and n-dodecyl. Preferably the alkylaluminum
compound is selected from tri-isobutyl aluminum, tri n-octyl aluminum, tri-

n-hexyl aluminum, and tri-n-dodecyl aluminum.
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Monomers
[00155] In one embodiment, the catalyst compounds described herein are

used to polymerize or oligomerize propylene, l-butene or I-pentene or any

combination thereof.

[00156] In an embodiment, the polymers and compostions comprising the
polymers may include homo-oligomers or co-oligomers (for the purposes of this
disclosure and the claims, a co-oligomer may comprise two or three different
monomer units), homo-polymers or co-polymers. Preferred oligomers produced
herein include homo-oligomers or co-oligomers of any of the monomers of C; to
Cs alpha-olefins. In one embodiment, the oligomer is a homo-oligomer of
propylene, 1-butene or 1-pentene. In another erﬁbodiment, the oligomer is a co-
oligomer comprising two or three monomers selected from C; to Cs alpha-olefins.
For more information on the use of mixed feeds to prepare PAOs please see PCT
US2006/027591, particularly page 8, paragraph [0029] to page 16, paragraph

[044], incorporated herein by reference.

[00157] The alpha-olefins used to make the PAOs include C; to Cs

alpha-olefins.

[00158] Useful PAOs are oligomers or polymers with carbon numbers
starting from C,y and higher made from C; to Cs alpha-olefins. Suitable olefins
for such useful PAOs include propylene, 1-butene and/or 1-pentene. In one
embodiment, the olefin is propylene, and the polymer product is a mixture of
pentamer and higher oligomers or polymers of propylene. In another
embodiment, the olefin is 1-butene, and the PAO is a mixture of pentamers and
higher oligomers of 1-butenes. In yet another embodiment, the olefin is 1-
pentene, and the PAO is a mixture of tetramers and pentamers and higher of

I-pentene.

[00159] In another embodiment, the monomers comprise propylene and/or

1-butene, or a combination of propylene and/or 1-butene with 1-pentene. The
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copolymers usually have excellent viscosity range, low temperature fluidity,
including low pour point, high VI, excellent volatility, excellent thermal and
oxidative stability by itself, and other good lubricating properties, such as‘high
degree of shear stability by sonic shear test or by TRB test. These fluids are also
superior blending stock. When they are used as blend stocks with other low
viscosity base stocks (such as Gr I to VI base stocks or GTL base stocks), the
PAOs of this disclosure have much better thickening efficiency to increase the
viscosity of other low viscosity fluid, This thickening efficiency is much better
than that of the known stocks. For example, the poly-1-butene (POB) produced
according to this disclosure has much better thickening efficiency than PIB of
comparable viscosity in increasing the viscosities of the blends, and in increasing
the VI of the blends. The POB blends, compared to the similar PIB blends, also
have much better low temperature viscometrics, especially the Brookfield
viscosity measured at -40°C or -55°C, and better volatility, as measured by the
Noack volatility. In many cases, the POB blends also have better shear stability,
by Sonic Shear Test or by TRB test. These improvements are illustrated in the

examples.

[00160] In one embodiment, the PAO comprises, i.e., is made from two or
three monomers, for example, propylene and 1-butene, propylene and 1-pentene,
1-butene and 1-pentene, or propylene, 1-butene and 1-pentene, or any mixtures

thereof.

[00161] The C;5 to Cs alpha-olefins used herein can be obtained from any
suitable source. Polymer grade or chemical grade propylene or 1-butene or
1-pentene are certainly suitable. Other impure feed streams containing 5 mole%
or more of these olefins are also suitable. Examples of the feed streams from
refinery streams, are C, Raffinate 1 or Raffinate 2 stream, which contain mixed
n-butane, iso-butane, 1-butene, cis- and trans- 2-butenes, and isobutenes. Other
refinery streams are known to contain propylene and 1-pentenes, e.g., typical

refinery PP stream which contains propylene and propane, or pyrolysis gasoline
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stream which contains a mixture of C4 and Cs components containing 1-butene
and l-pentene. Alternatively, the olefins which are starting materials for the
production of the polymers of this disclosure, can be produced from
Fischer-Tropsch hydrocarbon synthesis from CO/H, syngas, or from metathesis of
internal olefins with ethylene, or from cracking of petroleum or Fischer-Tropsch
synthetic wax at high temperature, or any other alpha-olefin synthesis routes. In
one embodiment, a feed for this disclosure includes at least 10 weight % alpha-
olefin, such as at least 20 wt% alpha-olefin, at least 50 wt% alpha-olefin, at least
70 wt% alpha-olefin, at least 80 wt% alpha-olefin (such as linear alpha -olefin), at
least 90 wt% alpha-olefin (e.g., linear alpha-olefin), or 100% alpha-olefin (such as

linear alpha-olefin).

[00162] The olefins for the feed can be very dilute. For example, a suitable
feed from a wax cracking reaction contains anywhere from 10 to 90 wt% alpha-
olefins to make the PAOs described herein. Additionally, a feed stream from a
Fischer-Tropsch synthesis process provides an alpha-olefin content that may
range from 2 to 50 wt%. These are all suitable as feed olefins. However, alpha-
olefin-containing mixtures can also be used as feeds in this invention, even 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 not to have a substantial detrimental effect on the
polymerization of alpha-olefins. In other words, the processes described herein
can substantially selectively convert C;-Cs alpha-olefins in a mixture and leave
the other components unreacted. When mixed olefin stream or dilute olefin
stream is used as feed, adjustments of reaction conditions are needed. The major
change usually occurs during the polymerization stage. For example, reaction
temperature, residence time and catalyst concentration need to be readjusted to
obtain desirable product viscosity compared to pure alpha-olefin feed. Usually,
slightly lower reaction temperature or long residence time or slightly higher

catalyst concentration is used to produce similar product or conversion level as the
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pure feed. Sometimes, one or two or several variables are changed at the same
time to produce desired product with most economical operation. Appropriate
adjustments to achieve desired results discussed herein will be apparent to those
skilled in the art. This technology can be used to separate out alpha-olefins from a
mixture by selectively reacting them with polymerization or oligomerization
catalyst systems, thereby completely eliminating the need to separate alpha-
olefins from the remainder of the components in a mixed feedstream. This is
economically advantageous, for example, in a process utilizing Raffinate stream
. or Fischer-Tropsch synthesis olefin product streams containing alpha-olefins,
internal-olefins, branched olefins and corresponding alkanes. Such a mixture can
be utilized in concordance with the oligomerization technology as described
herein and can selectively react with the alpha-olefin. No separate step to isolate

the alpha-olefin is needed.

[00163] Another example of the utility of this process involves alpha-olefins
produced by the metathesis of internal olefins with ethylene, which may contain
some internal olefins. This mixed olefin feed can be reacted as is in the
polymerization/oligomerization process of this disclosure, which selectively
converts the alpha-olefins into lube‘products. Thus one can use the alpha-olefin
for the base stock synthesis without having to separate the alpha-olefin from
internal olefin or other types of hydrocarbons. This can bring a significant
improvement in process economics. The feed olefins can be a mixture of olefins
produced from other linear alpha-olefin processes containing C4 to Cy alpha-
olefins as described in Chapter 3 “Routes to Alpha-Olefins™ of the book Alpha
Olefins Applications Handbook, Edited by G.R. Lappin and J.D. Sauer,
published by Marcel Dekker, Inc. N. Y. 1989. |

[00164] In one embodiment, when 1-butene is used as the feed or one of the
feed olefins with other alpha-olefins, 1-butene can be pure 1-butene prepared from
any of the commercial processes. Alternatively, the 1-butene can be present as

one of the components in a mixed C4 stream that is readily available from a
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petrochemical complex or oil refinery operation. US patent 5,859,159 A
(incorporated herein by reference) has a more detailed discussion of such C,
streams, such as BB streams (butane- butene stream), or Raffinate 1 or Raffinate 2
streams. These mixed C, streams are available from steam cracking of light
naphtha in the ethylene/propylene production processes, from MTBE processes
where most of the iso-butene is removed, from the FCC- operation to produce C,
streams, and/or from other petroleum refining processes. When these mixed C,
streams are used as feed, only 1-butene will be reacted by the catalyst system.
Other C; components, cis-, trans-2-butenes, iso-butene, n-butane and iso-butane
will only act as diluent, but will not react or interfere with the polymerization
catalyst. These mixed C, streams are of interest and an economical source for
1-butene to produce poly-1-butene, or a copolymer of 1-butene with propylene or

1-pentene.

[00165] In another embodiment, when propylene is used as the feed, or as
one of the feed olefins with other alpha-olefins, pure propylene from a chemical
plant can be used. Alternatively, mixed propylene and propane streams (PP
stream) can be used in the same manner. The propylene will selectively
polymerize and the propane will act as a diluent and will not participate in the
reaction. This PP stream may contain propylene in any amount from 10 wt% to
95 wt%. In another embodiment, mixture of PP and C4 stream can be used as

starting olefin or one of the starting olefin feeds.

Polymerization/Oligomerization Process

[00166] Many polymerization/oligomerization processes and reactor types
used for metallocene-catalyzed polymerizations or oligomerizations such as
solution, slurry, and bulk polymerization or oligomerization processes can be used
in this disclosure. In some embodiments, if a solid or supported catalyst is used, a
slurry or continuous fixed bed or plug flow process is suitable. In one

embodiment, the monomers are contacted with the metallocene compound and the
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activator and/or co-activator/scavenger in the solution phase, bulk phase, or slurry
phase, preferably in a continuous stirred tank reactor or a continuous tubular
reactor. In one embodiment, the temperature in any reactor used herein is from
-10°C to 250°C, such as from 10°C to 220°C, from 10°C to 180°C, or from 10°C to
170°C. In an embodiment, the pressure in any reactor used herein is from 0.1 to
100 atmospheres, such as from 0.5 to 75 atmospheres or from 1 to 50
atmospheres. In ahother embodiment, the monomer(s), metallocene and activator
are contacted for a residence time of between 1 minute to 30 hours, such as 5

minutes to 16 hours, or 10 minutes to 10 hours.

[00167] In another embodiment, solvent or diluent is present in the reactor
and is 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, mixed
xylenes, ethylbenzene, isopropylbenzene, and n-butylbenzene; toluene and/or
xylenes and/or ethylbenzene, normal paraffins (such as Norpar™ solvents
available from ExxonMobil Chemical Company in Houston, Texasj, or
isoparaffin solvents ( such as Isopar™ solvents available for ExxonMobil
Chemical Company in Houston, Texas). These solvents or diluents are usually
pre-treated (e.g. to remove polar impurities) in the same manner as the feed
olefins. These solvents do not generally actively participate in the polymerization
reaction. However, they offer diluent effect for polymerization reaction. High
concentration of solvent usually has the effect of reducing product viscosity. The
concentration of solvent usually ranges from 0 wt% to 80 wt%, alternatively from
10 wt% to 60 wt% and in yet another alternative, from 20 wt% to 40 wt%.. For
commercial production, it is preferably to use as little solvent as possible.
However, if the diluent comes from the feed stock, it is more economical to

produce polymer without any prior separation of the diluent in the feed stock.

[00168] Typically, in the processes of this invention, one catalyst containing

a transition metal compound, discussed herein, one or more activators, co-



nmet hyl cycl opent a[ b] phosphol y1 net hyl cycl opent a[ b] arsol y1
nmet hyl cycl opent a[ b] sti bol y1l di nmet hyl cycl opent a[ b] t hi enyl

WO 2009/094192 74 PCT/US2009/000449

activators or scavengers, and one or more monomers are contacted to produce a
polymer or oligomer. These catalysts may be supported and as such will be
particularly useful in the known slurry, solution, or bulk operating modes
conducted in single, series, or parallel reactors. If the catalyst, activator or co-
activator is a soluble compound, the reaction can be carried out in a solution
mode. Even if one of the components is not completely soluble in the reaction
medium or in the feed solution, either at the beginning of the reaction or during or
at the later stages of the reaction, a solution or slurry type operation is still
applicable. In any instance, the catalyst components, dissolved or suspended in
solvents, such as toluene or other conveniently available aromatic solvents, or in
aliphatic solvent, or in the feed alpha-olefin stream, are fed into the reactor under
inert atmosphere (usually nitrogen or argon blanketed atmosphere) to allow the

polymerization or oligomerization to take place.

[00169] The polymerization or oligomerization can be run in a batch mode,
where all the components are added into a reactor and allowed to react to a pre-
designed degree of conversion, either to partial conversion or full conversion.
Subsequently, the catalyst is deactivated by any possible means, such as exposure
to air or water, or by addition of alcohols or solvents containing deactivating
agents, or by addition of solid sorbents. The catalyst components can then be
separated by conventional aqueous wash or by filtration as in the case when a

solid sorbent is used.

[00170] The polymerization or oligomerization can also be carried out in a
semi-continuous operation, where feeds and catalyst system components are
continuously and simultaneously added to the reactor so as to maintain a constant
ratio of catalyst system components to feed olefin(s). When all feeds and catalyst
components are added, the reaction is allowed to proceed to a pre-determined
stage. The reaction is then discontinued by catalyst deactivation in the same

manner as described for the batch operation.
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[00171] 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 and catalyst concentration. The withdrawn product is then
typically quenched, e.g., in a separate reactor, and the catalyst is removed in a
similar manner as in other operations, i.e., batch or semi-continuous operation as

described herein, e.g., in paragraphs [0099] [00100] and [00101].

[00172] In one embodiment, any of the processes to prepare PAOs described
herein are continuous processes. Preferably, the continuous process comprises the
steps of a) continuously introducing a feed streafn comprising at least 10 mole %
of the one or more C; to Cs alpha-olefins into a reactor, b) continuously
introducing the metallocene compound and the activator into the reactor, and c)

continuously withdrawing the polyalpha-olefin from the reactor.

[00173] In another embodiment, the continuous process comprises the step
of maintaining a partial pressure of hydrogen in the reactor of 0.1 to 300 psi (2068
kPa), based upon the total pressure of the reactor, such as 0.5 to 200 psi (1379
kPa), 1.0 to 150 psi (1034 kPa), 2.0 to 100 psi (690 kPa), 3 to 50 psi (345 kPa) or
less, 5 to 25 psi (173 kPa), or 1 to 10 psi (69 kPa). Alternatively the hydrogen, if
present, is present in the reactor at 1 to 30,000 ppm by weight, such as at 3,000
ppm or less, 150 ppm or less, 750 ppm or less, 500 ppm or less, 250 ppm or less,
100 ppm or less, 50 ppm or less, 25 ppm or less, 10 ppm or less, or 5 ppm or less.
During the oligomerization or polymerization reaction, little or no hydrogen is
consumed. Therefore the excess hydrogen gas can be recycled after the reaction

is completed.
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[00174] In another embodiment, if propylene, PP stream, C, stream,
1-butene, or 1-pentene is present in the reactor, the total partial pressure of these
components is usually maintained at below 1000 psi, such as below 500 psi,
below 200 psi, below 50 psi, below 30 psi, or preferably below 10 psi. As
discussed above, the total reactor pressure may be higher than the total partial
pressure of the gaseous feeds due to the presence of other inert gas, such as

nitrogen or argon.

[00175] Reactors range in size from 2 ml and up. Usually, it is preferable to
use reactors larger than one liter in volume for commercial production. The
production facility may have one single reactor or several reactors arranged in
series or in parallel or in both to maximize productivity, product properties and
general process efficiency. The reactors and associated equipment are usually
pre-treated to ensure good 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 compounds.

[00176] 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
the reactor, or preactivated and pumped as an activated solution or slurry to the
reactor. Polymerizations/oligomerizations are carried out in either single reactor
operation, in which monomer, or several monomers, catalyst/activator/co-
activator, optional scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
added to each of two or more reactors connected in series. The catalyst
components can be added to the first reactor in the series. The catalyst
components may also be added to two or all reactors, with one component being

added to a first reactor or reaction and another component to other reactors.
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[00177] In one embodiment, the precatalyst is activated in the reactor in the
presence of an olefin. In another embodiment, the precatalyst, such as the
dichloride form of the metallocenes, is pre-treated with alkylaluminum reagents,
especially, triisobutylaluminum, tri-n-hexylaluminum and/or tri-n-octylaluminum,
etc., followed by charging into the reactor containing other catalyst component
and the feed olefins, or followed by pre-activation with the other catalyst
component to give the fully activated catalyst, which is then fed into the reactor

containing feed olefins.

[00178] In another alternative, the pre-catalyst metallocene is mixed with the
activator and/or the co-activator and this activated catalyst is then charged into the
reactor, together with feed olefin stream containing some scavenger or co-
activator. In another alternative, the whole or part of the co-activator is pre-mixed
with the feed olefins and charged into the reactor at the same time as the other

catalyst solution containing metallocene and activators and/or co-activator.

[00179] In some embodiments, a small amount of poison scavenger, such as
trialkylaluminum (trimethylaluminum, triethylaluminum, triisopropylaluminum,
triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum) or
methylalumoxane is added to the feed olefin stream to further improve catalyst
activity. In one 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, priof to entering the reactor. In an embodiment, the
alkylaluminum compound is represented by the formula: R;Al, where each R is
independently a C, to Cy alkyl group, preferably the R groups are independently
selected from the group consisting of methyl, etﬁyl, propyl, isopropyl, butyl,
isobutyl, n-butyl, pentyl, isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl,
octyl, isoocotyl, n-octyl, nonyl, isononyl, n-nonyl, decyl, isodecyl, n-cecyl,

undecyl, isoundecyl, n-undecyl, dodecyl, isododecyl, and n-dodecyl, preferably
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isobutyl, n-octyl, n-hexyl, and n-dodecyl. In another embodiment, the
alkylaluminum compound is selected from tri-isobutylaluminum, tri-

n-octylaluminum, tri-n-hexylaluminum, and tri-n-dodecylaluminum.

[00180] In one embodiment of any of the processes described herein the feed
olefins and/or solvents are treated to remove catalyst poisons, such as peroxides,
oxygen- or nitrogen-containing organic compounds or acetylenic compounds.
The feed olefins, the solvents if used, or the purge gas (usually nitrogen) are
purified by typical feed purification techniques. In the case of a liquid feed, the
liquid is usually degassed under a vacuum for a period of 1 to 60 minutes to
remove any dissolved gases. Alternatively, the feed olefins, solvents or purging
gases are purified by passing through an activated molecular sieve (3A, 4A, SA or
13X molecular sieve) or commercial absorbing beds made of activated alumina,
silica or other purifying solids. These purifying solids can remove trace water,
alcohols, nitrogen compounds, or any other polar impurities. Alternatively, the
feed olefins, solvents or purging gas are purified by passing through an activated
oxygénate-removal solid catalyst (de-ox catalyst), which usually contains copper,
chromium and/or other metal oxides in reduced oxidation states. US Patent
6,987,152 describes examples of the feed purification. Depending on the feed
quality and the desired feed purity, one or two or all methods described above can

be used in combination to obtain best results.

[00181] Typically, in the embodiments of this disclosure, such treatment will
increase catalyst productivity at least 20% to 1000% or more as compared to
systems absent such treatment. The improved process also includes special
treatment of the feed olefins to remove catalyst poisons, such as peroxides,
oxygen-, sulfur- or nitrogen-containing organic compounds or other trace
impurities.  This treatment can increase catalyst productivity substantially
(typically more than 10-fold). In one embodiment, the feed olefins are contacted

with a molecular sieve, activated alumina, silica gel, oxygen-removing catalyst,
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and/or purifying clays to reduce the heteroatom-containing compounds in the

feed, below 50 ppm, such as below 10 ppm.

[00182] 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 can be made with mixed catalyst systems. Sometimes it is
advantageous to produce fluids with increased MWD, which may improve the
fluid blending properties. Mixed catalyst can comprise two or more catalyst
precursors and two or more activators. When narrow MWD is needed, it is
advantageous to use single catalyst component, especially a single type of

metallocene.

[00183] Generally, when using metallocene catalysts, after pre-treatment of
feed olefins, solvents, diluents and after precautions to keep the catalyst
component stream(s) and reactor free of impurities, the reaction should proceed
well. In some embodiments, when using metallocene catalysts, particularly when
they are immobilized on a support, the complete catalyst system will additionally
comprise one or more scavenging compounds. Here, the term scavenging
compound means a compound that removes polar impurities from the reaction
environment. These impurities adversely affect catalyst activity and stability.
Typically, purifying steps are usually used before introducing reaction
components to a reaction vessel. But such steps will rarely allow polymerization
or oligomerization without using some scavenging compounds. Normally, the
polymerization process will still use at least small amounts of scavenging

compounds (such as those described above).

[00184] Typically, the scavenging compound will be an organometallic
compound, such as the Group-13 organometallic compounds of U.S. Patents
5,153,157, 5,241,025 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132,
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and that of WO 95/07941, all being incorporated herein by reference. Exemplary
compounds include triethylaluminum, triethylborane, tri-iso-butylaluminum,
diisobutylaluminum hydride, methylalumoxane, iso-butylalumoxane, and tri-
n-octylaluminum. Those scavenging compounds having bulky or Cs-Cy4 linear
hydrocarbyl substituents connected to the metal or metalloid center usually
minimize adverse interaction with the active catalyst. Examples include
triethylaluminum, but more preferably, bulky compounds such as tri-iso-butyl
aluminum, tri-iso-prenyl aluminum and long-chain linear alkyl-substituted
aluminum compounds, such as tri-n-hexyl aluminum, tri-n-octyl aluminum, or
tri-n-dodecyl aluminum. Alumoxanes also may be added in scavenging quantities
with other activators, e.g., methylalumoxane, [Me,HNPh]'[B(pfp)s]” or B(pfp)s,
where pfp is perfluorophenyl (C¢Fs), Me is methyl and Ph is phenyl.

[00185] The PAOs described herein can also be produced in homogeneous
solution processes. Generally this involves polymerization or oligomerization in a
continuous reactor in which the polymer formed and the starting monomer and
catalyst materials supplied, are agitated to reduce or avoid concentration or
temperature gradients. Temperature control in the reactor is generally obtained by
balancing the heat of polymerization and with reactor cooling by reactor jackets or
cooling coils or a cooled side-stream of reactant to cool the contents of the
reactor, auto refrigeration, pre-chilled feeds, vaporization of liquid medium
(diluent, monomers or solvent) or combinations of the above. Adiabatic reactors
with pre-chilled feeds may also be used. The reactor temperature depends on the
catalyst used and the product desired. Higher temperatures tend to give lower
molecular weights and lower temperatures tend to give higher molecular weights.
In general, the reactor temperature can vary between -10°C to 250°C, such as from
10°C to 220°C, from 10°C to 180°C, or from 10°C to 170°C.

[00186] Generally, it is of interest to control the reaction temperature as
tightly as possible within a pre-determined band. In order to produce fluids with a

narrow molecular weight distribution, such as to promote the highest possible
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shear stability, it is useful to control the reaction temperature to obtain minimum
temperature fluctuation throughout the reactor with minimal variation over the
course of the reaction time. If multiple reactors are used in series or in parallel, it
is useful to keep the temperature constant within a pre-determined value band to
minimize any broadening of the molecular weight distribution. In order to
produce fluids with a broad molecular weight distribution, one can adjust the
reaction temperature, swing profile, or fluctuation; or as in series operation, the
second reactor temperature is preferably higher than the first reactor temperature.
In parallel reactor operation, the temperatures of the two reactors are independent.
Alternatively, the MWD can also be intentionally broadened by using multiple

types of metallocene catalysts.

[00187] The pressure in any reactor used herein can vary from about 0.1
atmosphere to 100 atmospheres (1.5 psi to 1500 psi), such as from 0.5 bar atm to
75 atm (8 psi-1125 psi), or from 1.0 to 50 atm (15 psi to 750 psi). The reaction
can be carried out under an atmosphere of nitrogen, or with some hydrogen or
sometimes with a partial pressure from other volatile components, such as
propylene, PP stream, 1-butene, C, streams, 1-pentene, etc. Sometimes a small
amount of hydrogen is added to the reactor to improve the catalyst productivity.
The amount of hydrogen is preferably kept at a level sufficient to improve catalyst
productivity, but not high enough to induce any hydrogenation of olefins,
especially the feed alpha-olefins because the conversion of alpha-olefins into
saturated paraffins is very detrimental to the efficiency of the process. The
amount of hydrogen partial pressure is advantageously kept low, such as less than
300 psi, less than100 psi, less than 50 psi, less than 25 psi, or less than 10 psi. In
one embodiment, in any of the processes described herein, the concentration of
hydrogen in the reactor is less than 30,000 ppm, such as less than 5,000 ppm, less
than 1,000 ppm, less than 500 ppm, less than 100 ppm, less than 50 ppm, or less
than 10 ppm.
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[00188] The reaction time or reactor residence time is usually dependent on
the type of catalyst used, the amount of catalyst used, and the desired conversion
level. Different metallocenes have different activities. Usually, a higher degree
of alkyl substitution on the cyclopentadienyl ring improves catalyst productivity.
The following exemplary catalysts or their dialkyl analogs have desirable high
productivity and stability as compared to unsubstituted metallocenes:
bis(1,2-dimethylcyclopentadienyl)zirconium dichloride,
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride,
bis(1-methyl-3-n-propylcyclopentadienyl)zirconium dichloride,
bis(1-ethyl-3-n-butylcyclopentadienyl)zirconium dichloride,
bis(1-methyl-3-n-hexylcyclopentadienyl)zirconium dichloride,
bis(1,2-diethylcyclopentadienyl)zirconium dichloride,
bis(1,3-diethylcyclopentadienyl)zirconium dichloride,
bis(1,2,3,4-tetramethylcyclopentadienyl)zirconium dichloride or
bis(1,2,4-trimethylcyclopentadienyl)zirconium dichloride, or
bis(1,2,3-trimethylcyclopentadienyl)zirconium dichloride,
(1,2,3,4-tetramethylcyclopentadienyl)(1,3-dimethylcyclopentadienyl)zirconium
dichloride or
(1,2,4-trimethylcyclopentadienyl)(1,3-dimethylcyclopentadienyl)zirconium
dichloride , or bis(indenyl)zirconium dichloride, or
bis(1-methylindenyl)zirconium dichloride, or bis(2-methylindenyl)zirconium
dichloride, or bis(1,2-dimethylindenyl)zirconium dichloride, or
bis(4-methylindenyl)zirconium dichloride, or bis(4,7-dimethylindenyl)zirconium
dichloride or bis(tetrahydroindenyl)zirconium dichloride,
bis(2-methyl-tetrahydroindenyl)zirconium dichloride, or
bis(1,2-dimethyl-tetrahydroindenyl)zirconium dichloride, or
bis(1-methyl-tetrahydroindenyl)zirconium dichloride, or
bis(4-methyl-tetrahydroindenyl)zirconium dichloride,
bis(4,7-dimethyl-tetrahydroindenyl)zirconium dichloride.
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[00189] Usually the amount of catalyst components used is determinative.
High amounts of catalyst loading tend to give high conversion at short reaction
time. However, high amount of catalyst usage makes the production process
uneconomical and difficult to manage the reaction heat and to control the reaction
temperature. Therefore, it is useful to choose a catalyst with maximum catalyst
productivity to minimize the amount of metallocene and the amount of activators
needed. When the catalyst system is metallocene plus a Lewis acid or an ionic
promoter with NCA component, the metallocene used is typically in the range of
0.01 microgram to 500 micrograms (or 0.5 milligram) of metallocene
component/gram of alpha-olefin feed. Usually the preferred range is from 0.1
microgram to 100 microgram of metallocene component per gram of alpha-olefin
feed. Furthermore, the molar ratio of the NCA activator to metallocene is in the
range from 0.1 to 10, such as 0.5 to 5, or 0.5 to 3. If a co-activator. of
alkylaluminum compound is used, the molar ratio of the Al to metallocene is in

the range from 1 to 1000, such as 2 to 500, or 4 to 400.

[00190] Typically one prefers to have the highest possible conversion (close
to 100%) of feed alpha-olefin in the shortest possible reaction time. However, in
a CSTR operation, it is sometimes beneficial to run the reaction at an optimum
conversion, which is less than 100% conversion. There are also occasions, when
partial conversion is more desirable or when the narrowest possible MWD of the
product is desired, because partial conversion can avoid a broadening of the
MWD. 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.

[00191] Desirable residence times for any process described herein are in the
range between 1 minute to 30 hours, such as from 5 minutes to 16 hours, or from

10 minutes to 10 hours.
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[00192] Each of these processes may also be employed in a single reactor,
parallel, or series reactor configurations. The liquid processes comprise
contacting olefin monomers with the above-described catalyst system(s) in a
suitable diluent or solvent and allowing said monomers to react for a sufficient
time to produce the desired polymers or oligomers. Both aliphatic and aromatic
hydrocarbon solvents are suitable.  Aromatics such as toluene, xylenes,
ethylbenzene, propylbenzene, cumene, and t-butylbenzene are suitable. Alkanes,
such as hexane, heptane, pentane, isopentane, and octane, Norpar or Isopar
solvents (from ExxonMobil Chemical Company in Houston, Texas) are also
suitable. Generally, toluene is best suited to dissolve the catalyst components.
Norpar, Isopar or hexanes are preferred as reaction diluents. Oftentimes, a
mixture of toluene and Norpar, or toluene and Isopar, is used as a diluent or
solvent. For process simplicity and high reactor efficiency, it is preferred to add
as little as possible solvent or diluent into the reactor. Sometimes for high
viscosity fluid production at low temperature, a solvent or diluent is added to
facilitate reaction heat transfer, stirring, product handling, filtration, etc. Usually,
less than 50 wt% extra solvent or diluent is added in the reactor, such as less than
30 wt%, less than 20 wt%, or less than 10 wt%. In one embédiment, no solvent is
added to the reactor system. The reaction systems usually have a small amount of
solvent or diluent carried over from the catalyst, activator or co-

activator/scavenger solutions.

[00193] The process can be carried out in a continuous stirred tank reactor or
plug flow reactor, or more than one reactor operated in series or parallel. These
reactors may have or may not have internal cooling and the monomer feed may or
may not be refrigerated. See the general disclosure of U.S. patent 5,705,577 for

general process conditions.

[00194] When a solid-supported catalyst is used for the conversion, a slurry
polymerization/oligomerization process generally operates in the similar

temperature, pressure and residence time range as described previously. In a
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slurry polymerization or oligomerization, a suspension of solid catalyst,
promoters, monomer and comonomers is added. The suspension including diluent
is intermittently or continuously removed from the reactor. The catalyst is then
separated from the product by filtration, centrifugation or settlement. The fluid is
then subsequently distilled to remove solvent, any unreacted components, and
light product. A portion of, or all of, the solvent and unreacted component or light

components can be recycled for reuse.

[00195] If an un-supported solution catalyst is used, upon completion of the
reaction or when the product is withdrawn from the reactor (such as in a CSTR),
the product may still. contain soluble, suspended or mixed catalyst components.
These components are preferably deactivated or removed. Any of the usual
catalyst deactivation methods or aqueous wash methods can be used to remove the
catalyst component. Typically, the reaction is deactivated by addition of
stoichiometric amount or excess of air, moisture, alcohol, isopropanol, etc. The
mixture is then washed with dilute sodium hydroxide or with water to remove
catalyst components. The residual organic layer is then subjected to distillation to
remove solvent, which can be recycled for reuse. The distillation can further
remove any light reaction products from C;g and less. These light components
can be used as a diluent for further reaction. Alternatively, they can be used as
olefinic raw material for other chemical synthesis, as these light olefin products
have vinylidene unsaturation, most suitable for further functionalization and for
conversion to high performance fluids. Alternatively, these light olefin products

can be hydrogenated for use as high quality paraffinic solvents.

[00196] Polymerization or oligomerization in the presence of a very small
amount of hydrogen is also advantageous to provide polymers or oligomers with a
high degree of unsaturated double bonds. These double bonds can be easily
converted into functionalized fluids with multiple performance features.
Examples of converting these polymers with MW greater than 300 include the

preparation of ashless dispersants, where the polymers are reacted with maleic
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anhydride to give PAO-succinic anhydride which can then be reacted with
amines, alcohols, polyether alcohols and converted into dispersants. Examples of
such conversion can be found in the book “Lubricant Additives: Chemistry and
Application,” ed. by Leslie R. Rudnick, Marcel Dekker, Inc. 2003, p. 143-170,

incorporated herein by reference.

[00197] In another embodiment, any of polyalphaolefins produced herein
can be hydrogenated. In particular, the polyalpha-olefin is preferably treated as
described above to reduce heteroatom containing compounds to less than 600
ppm, and then contacted with hydrogen and a hydrogenation catalyst to produce a
polyalpha-olefin having a bromine number less than 2. In one embodiment, the
treated polyalpha-olefin comprises 100 ppm of heteroatom containing compounds
or less, such as 10 ppm of heteroatom containing compounds or less. (A
heteroatom containing compound is 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, such
as the hydrogenation catalyst selected from the group consisting of one or more of
Ni, Pd, Pt, Co, Rh, Fe, Ru, Os, Cr, Mo, and W, supported on silica, alumina, clay,
titania, zirconia, or mixed metal oxide supports or a mesoporous material,
typically known as MCM-41 material or related material (as described in US
patent 5,264,203). A preferred hydrogenation catalyst is nickel supported on
kieselguhr, or platinum or palladium supported on alumina or MCM-41, or cobalt-
molydenum supported on alumina. Usually, a high nickel content catalyst, such
as 60% Ni on Keiselguhr catalyst is used, or a supported catalyst with a high
amount of Co-Mo loading. Alternatively, the hydrogenation catalyst is nickel
supported on keisleghur, silica, alumina, clay or silica-alumina. Alternatively, the

catalyst is Pd or Pt supported on MCM-41 or a related material.

[00198] In one embodiment the polyalpha-olefin is contacted with hydrogen
and a hydrogenation catalyst at a temperature from 25°C to 350°C, preferably
100°C to 300°C. In another embodiment the polyalpha-olefin is contacted with
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hydrogen and a hydrogenation catalyst for a time period from 5 minutes to 100
hours, preferably from 5 minutes to 24 hours. In yet another embodiment the
polyalpha-olefin is contacted with hydrogen and a hydrogenation catalyst at a
hydrogen pressure of from 25 psi to 2500 psi, preferably from 100 to 2000 psi. In
another embodiment the hydrogenation process reduces the number of mm triad
groups in a polyalpha-olefin by 1 to 80%. For further information on
hydrogenation of PAOs, see US Patent 5,573,657 and “Lubricant Base Oil
Hydrogen Refining Processes™ (pages 119 to 152 of Lubricant Base Oil and Wax
Processing, by Avilino Sequeira, Jr., Marcel Dekker, Inc., NY, 1994),
incorporated herein by references, which disclose more infoﬁnation on

hydrogenation of PAOs.

[00199] This hydrogenation process can be accomplished in a slurry reactor
in a batch operation, or in a continuous stirred tank reactor (CSTR), where the
hydrogenation catalyst is at a level of 0.001 wt% to 20 wt% of the PAO feed, or
preferably 0.01 wt% to 10 wt% of the PAO feed. Hydrogen and the polyalpha-
olefins are continuously added to the reactor to allow for a certain chosen
residence time, usually 5 minutes to 10 hours, to allow for complete
hydrogenation of the unsaturated olefins. The amount of catalyst added is usually
very small, yet is high enough to compensate for the catalyst deactivation. The
catalyst and the hydrogenated PAO are continuously withdrawn from the reactor.
The product mixture is 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 fractionated to a
particular component composition if necessary. In some cases, when the
hydrogenation catalyst shows no catalyst deactivation over long term operation, a
stir tank hydrogenation process can be carried out in a manner where a fixed
amount of catalyst is maintained in the reactor, usually 0.1 wt% to 10% of the
total reactants, and only hydrogen and PAO feed need to be continuously added at

a suitable feed rate and only hydrogenated PAO is withdrawn from the reactor.
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[00200] The hydrogenation process can also be accomplished by a fixed bed
process, in which the solid catalyst is packed inside a tubular reactor and heated to
reactor temperature. Hydrogen and PAO feed can be fed through the reactor
simultaneously from the top or bottom or countercurrently to maximize the
contact between hydrogen, the PAO and the catalyst and to allow best heat
management. The feed rates of the PAO and hydrogen are adjusted to give
appropriate residence to allow complete hydrogenation of the unsaturated olefins
in the feed and/or to allow a desirable conversion of mm triads in the process.
The hydrogenated PAO fluid can be used as is or further distilled or fractionated
to give the right component, if necessary. Usually, the finished hydrocarbon PAO

fluids have bromine number less than 2.

[00201] The new poly-alpha-olefins of this disclosure, when used alone: or

blended with other fluids have unique lubrication properties.

[00202] In another embodiment, a novel lubricant of the present disclosure
comprises a lubricant blend composition which includes the PAOs produced as
described herein, together with one or more other base stocks (which also may be
referred to as “second base stock™), including Group I to Group VI base stocks, a
lube base stock produced from gas-to-liquid conversion process (GTL lube) or
any combination thereof. Suitable combinations of such other base stocks
include, without limitation, Group III and Group IV base stocks, Group IV and
Group V base stocks, Group II and Group III base stocks, Group III and Group V
base stocks, Group I and Group II base stocks, Group I and Group III base stocks,
and at least one of Groups I — VI base stocks and the GTL lube. The lubricant
blend composition comprises about 0.1 to about 90 wt% of the poly-alpha olefins
of this disclosure, which may be substantially atactic POAs, and about 10 to about
99.9% wt % of the second base stock. The lubricant blend composition has
unique lubrication properties, including K, ;oo of about 3 cSt to about 1000 cSt, K,
40 of about 6 ¢St to about 30,000 cSt, VI of about 100 to about 400, such as about

100 or greater than about 100. The lubricant blend composition has pour point of
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less than about 0°C, such as less than about -10°C, less than about -20°C, less
than about -30°C, or less than about -40°C. The Noack volatility of the lubricant
blend composition is less than about 30 wt%, such as less than about 20%, less
than about 15%, less than about 10%, less than about 5%, or less than about 1%.
In an embodiment, the second base stock has K, 199 of about 15 ¢St or less.
Alternatively, the second base stock has Kv g9 of about 4 ¢S or less, as available
in Gr I, II, III, IV (PAO) base stocks or GTL lubes. Sometimes, it is desirable to
blend with lowest viscosity base stock to achieve maximum increase in VI and/or
maximum decrease in pour point for the final blend product. In special
applications when very high viscosity is needed, such as in heavy gear lubricants
or cylinder oils, it is beneficial to blend a high viscosity PAO made in this
invention with another oil of 15 to 100 ¢S (measured at 100°C), such as
conventional heavy neutral base stocks or bright stock or PAO (such as
SpectraSyn 20, SpectraSyn 40 or Spectra Syn 100) to give optimized finished
lubricants. 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 one embodiment, the PAOs 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, hydraulic, gear oils,
heat transfer fluids or gas turbine engine oils. These are non-limiting examples of
additives used in finished lubricant formulations. Additional information on the
use of the PAOs and Gr. I to VI and GTL base stocks of this disclosure in the
formulations of full synthetic, semi-synthetic or part synthetic lubricant or
functional fluids can be found in “Synthetic Lubricants, Mineral Oils and Bio-
Based Lubricants”, Ed. by L. R. Rudnick. CRC Press, Taylor & Francis Group,
2006, incorporated herein by reference. Additional information on GTL lube can
be found in U.S. Patent 6,420,618 and U.S. Patent 7,132,042, both being

incorporated herein by reference. Additional information on additives used in
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product formulation can be found in “Lubricants and Lubrications, Ed. by
T. Mang and W. Dresel, by Wiley-VCH GmbH, Weinheim 2001, incorporated

herein by reference.

EXAMPLES
Test Methods:
[00203] Fluid properties were measured by following standard methods and

their commonly recognized equivalent methods, except when described
otherwise: kinematic viscosity at 40 and 100°C in ¢St by ASTM D 445 method;
pour point by ASTM D 97 method; and viscosity index (VI) according to ASTM
D 2270.

[00204] TGA Noack volatility was measured according to the following

procedures summarized below:

[00205] A HTE volatility test was developed using thermogravimetric
analysis (TGA) equipment. The test procedure comprises several stage heating
and a final isothermal period at or near 250°C to mimic Noack volatility test
(ASTM D5800). The actual TGA test time per sample is kept at 15 minutes or
less. With rapid cooling and equilibrium, the total test run time per sample is less
than 33 minutes. The use of autosampler (carousel to handle multiple samples,
e.g., from 16 up to 64 samples) is highly desirable. TGA is known to correlate to
Noack volatility measurements as described in ASTM method D6375. Using this
method, one calculates the Noack value by determining the evaporative weight
loss in the TGA at a specified time determined by running a reference oil. In the
present disclosure, a different approach was used to generate a set of TGA data to

correlate with Noack volatility as described in the procedure below:

[00206] The test equipment is a Model Q-5000 available from TA
Instruments, U.S.A., although other TGA units (for example, TA's Model Q-500
and 2950, Netzsch 209C and 209F1, etc.) may be used if an autosampler is
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attached. The gas flow rates are regulated inside the equipment to ensure
sufficient amounts of carrier gases (air, oxygen, nitrogen, argon, or other inert
gases) used to protect the furnace and micro-balance from being contaminated, as
well as maintaining constant flow rates for the proper control of evaporation rate,

respectively.

Calibration:

[00207] The normal calibration procedure as recommended by the
manufacturer is utilized. In addition to temperature calibration to ensure the
proper furnace temperature control, internal standards can be established to verify
run-to-run repeatability and reproducibility. At least one sample per every 15
samples is used as an internal standard. The repeatability of the internal standard

is monitored and recorded periodically.

Procedure:
[00208] In order to avoid temperature overshoot, multi-stage ramping is used
in combination with an isothermal period as described in the example below:
a. Stage 1: ramp @100°C/minute from ambient temperature to 220°C
b. Stage 2: ramp @10°C/minute from 220°C to 249°C
c. Stage 3: maintain an isothermal mode for 10 minutes
d. Stage 4: cool down to temperature <40°C.

Other temperature ramping profiles can also be utilized.

Autosampler:

[00209] An autosampler is used to generate data in a high throughput
experimentation mode. The general procedure requires (a) tare the 25 empty pans
in sequence, (b) inject and weigh 25 samples into each sample pan, and (c) run 25

samples in sequence.
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[00210] Sample size can range from 10 mg to 50 mg if 100 pL sample pan is
used. For comparison purpose, it is important to maintain as close to a constant
sample size as possible and also keep the air flow rates constant. Sample can be
injected into sample pans through pipettes. Automated dispensing system may
also be used to accelerate dispensing rate. However, the special geometry of
sample pans (with V-shape hook on top) makes designing the automation system
difficult. There are a number of sample pans available. Platinum or aluminum

pans can be used due to their inertness and ease of cleaning.

Data Analysis:

[00211] Data can be plotted by measuring weight (loss or retention) of
sample versus temperature or time. Since multi-stage heating and isotherm are
involved, a plot of %weight loss (by every 5 wt% increment) or 5 %weight
retention (by every 5 wt% decrement) versus time can be graphed. In other
words, the generation of a set of data based on 5 or more data points (X, Y) is
sufficient, where X is the %weight retention to the original weight (i.e. 95%, 90%,
85%, 80%, 75% ...) and Y is the time in minutes. Once the %weight versus time
plots are available, possible correlations can be established by analyzing. the
sample data set against the actual Noack measurements (ASTM D5800-B
method). Simple linear equations can be derived based on a group of oils of
similar formulation chemistry. The wt% Noack volatility can be calculated from
the TGA data according to the following equation:
Wt% Noack volatility = (6.815 — TGA time in minutes at 15% weight

loss)/0.1621

Clean-up:
[00212] Frequent cleaning is needed to keep the system clean and to avoid

condensation/contamination carried from sample to sample. A visual inspection
of the hang-down wire and surrounding area is an effective way to determine

whether a clean-up is needed. The general clean-up procedure includes a quick
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ramping to 700 or 750°C and the maintaining at that temperature for 30-45

minutes to burn off all residues.

[00213] The following non-limiting examples are included to illustrate

various embodiments of the disclosure.

[00214] The 1-butene or C; mixture used for all of the experiments
summarized in the examples was purified by passing the liquefied gas through an
activated oxygen-removal catalyst and a 5 A molecular sieve, both available from
Supelco Chromatograph Co., at a rate of 1 ml to 10 ml liquid per gram of oxygen

removal catalyst and molecular sieve per hour.

Preparation of >20 cSt poly-alpha-olefins from 1-butenes:

[00215] 100 grams of pure 1-butene or 1-butene in mixed butenes were
charged into a 600-ml autoclave at room temperature, followed by hydrogen when
hydrogen was present. The reactor was then heated to reaction temperature. At
reaction temperature, the catalyst solution containing all catalyst components
(metallocene, activator and triisobutylaluminum scavenger) was added in two to
three stages to reactors, so that the reaction temperature was maintained as
constant as possible. The reaction was quenched after 16 hours. The crude
product was then treated with trace water to deactivate the catalyst. The catalyst
residual was removed by addition of a small amount of solid absorbing alumina

and removal of the solid alumina by filtration.

[00216] The crude product with a known amount of n-hexadecane as internal
standard was then analyzed by a gas chromatograph HP5890 model equipped with
a 30 meter, DB1 column which separates hydrocarbons according to their boiling
points. Column conditions; initial temperature 70°C/0 minutes, programmed at
10°C/minute to 300°C and hold for 30 minutes. The wt% of 1-butene conversion,

and wt% selectivities to light fraction (<C,4 fraction) and lube fractions of C,g and
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higher hydrocarbons, were than calculated from the gas chromatograph data using

an internal standard method.

[00217] The crude product was then fractionated under vacuum to remove
light solvents such as toluene or hexanes and light fractions, and further
fractionated under high vacuum of 0.1 millitorr or lower at 150°C to remove any
light fraction. The conversion and selectivities to lube fraction were reported.
The 40°C and 100°C kinematic viscosities, VI, pour points and GPC of the lube
fractions were measured according to standard methods as described earlier. The
catalyst productivity was calculated based on the weight of the total product or

lube product per gram of metallocene and catalyst used.

[00218] The results of poly-1-butene (POB) synthesis are summarized in
Table 1. The data demonstrates that the catalyst activities are much greater than

1,200 g product/g of catalyst.
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Analytical Methods:
Table 1. Typical synthesis conditions and product properties of POB.
Example 1 2 3 4 5 6 7 8 9 10 11 12
Catalyst A A A A A A A B B B B B
REactioniy | 100 80 50 80 50 35 25 55 40 30 25 20
Tem Uy °C
H; Pressure, 0 0 0 30 30 30 30 0 30 30 30 30

microgran (51824 4] 11824 18124 |- (718240 118:2471718.24 |718.24 | 7171824 | 118.24 7[:18.24--9.127 |+ 4.56
metallocene/g | - |7 L LS | ‘ ' : . : :
Wt% 45 43 60 88 75 27 40 74 100 99 99 86
Conversion
Wt% Pdt Selectivity
light fraction 0 311 2.0 54.1 72 23 1.4 239 7.8 43 34 1.6
lube fraction 100 68.9 98.0 459 92.8 97.7 98.6 76.1 922 95.7 96.6 98.4
Lube Properties
Vi00oc, ¢S 4865 9.64 177.9 9.68 56.9 429. 1002 24.84 65.89 1412 | 177.0 | 460.5
V400C, ¢S 93.66 | 8111 94.39 1528 | 26140 | 78235 4459 1773 6076 8199 32760
3
Vi 62 92 62 111 138 58 81 86 91 106

Pour Point, °C 45 -6 -32

IKBOCE 7O P LD R P e R L R e e
Kg pdvg Zr 510 | 506 | 526 538 29.1 . 524 | 532 | 531 | 1074 | 1812

Catalyst A = (1-Me, 3-n-PrCp)2ZrMe2, Catalyst B = (Me4Cp)2ZrCI2, Activator = N,N-dimethylanilinium tetrakis(perfluorophenyl)borate

Molar ratio of Zr/Activator/Tri-isobutylaluminum = 1/1/160, 100 gram 1-butene feed

Catalyst A was (1-methyl, 3-n-propyl cyclopentadienyl); Zr (methyl),; and
catalyst B was ((methyl), cyclopentadienyl), Zr (Cl),.

In a similar manner, mixed butene streams, which simulate the composition of
mixed C, raffinate streams, such as the C4 Raffinate 1 or Raffinate 2 stream and
contain 1-butene, cis- and tran-2-butenes, isobutenes, were used as feed. The

synthesis and product properties are summarized in Table 2.
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Table 2. Synthesis of POB from mixed butene stream.

Mixed C4 Feed (55% 1-C4=, 35% 2-C4=, 10% i-C4=)

13 14 15 16 17 18 19

Catalyst A A A B B A B B

Reaction Temperature, °C 20 40 30 15 15 20 20

H2 Pressure, PSI 30 30 30 30 30 30 30
microgram metallocene/g 1-C4 6.91 6.91 6.91 6.91 3.08 6.91 13.82
Wt% Lube Selectivity 99 95.9 96.7 96.1 98.5 95.0 89.8

Lube Properties

V100oc, ¢S 852.38 107.45 146.54 203.5 364.49 136.88 112.96

V400C, ¢S | 68,043.0 3,965.0 6,027.6 10,277.1 [ 22,515.8 [ 5,661.0 4,263.2

VI 136 89 95 96 109 92 89

GPC Mw 7349 2620 3264 3645 4633 2,992

Mn 3390 1588 1805 1880 2283 1,632

Mw/Mn 2.168 1.650 1.808 1.939 2.029 1.833
Kg lube/g catalyst -~ -~ 254 © 119 .. 194 40.9 | 463 42.1 171
Kgtotalpd/gcatalyst. - |- " 281 | 146 | 220" | 436 | .488 | 449 19.9.

Catalyst A = (1-Meg, 3-n-PrCp)2ZrMe2,

Catalyst B = (Me4Cp)2ZrCI2,

Activator = N,N-dimethylanilinium tetrakis(perfluorophenyl)borate

Molar ratio of Zi/Activator/Tri-isobutylaluminum = 1/1/160

Catalyst A was (1-methyl, 3-n-propyl cyclopentadienyl), Zr (methyl), and
catalyst B ((methyl), cyclopentadienyl), Zr (Cl),.

[00219] Samples from Examples 13-19 were used to blend with 4 to 6:¢cS
low viscosity GTL fluids or with other low viscosity Group I to Gr V base stocks.
The blend properties and comparison with competitive fluids, bright stock, poly-
iso-butylene (PIB) or other base stocks are summarized and discussed below. The

PIB sample was available commercially from Ineos Company.

[00220] Table 3 summarizes the blend compositions and properties made

from poly-1-butene (POB) with low viscosity PAO and ester fluids (Blend

Examples 20-24) versus blends from PIB (Blend Examples 25-29). Key points
are:

1. Blend Examples 20 and 21 are made from POB of viscosity >1000

cS and have VI close to or higher than 200. These types of fluids
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are truly high performance fluids and these high VI properties are

unexpected from such a blend composition.

2. Blend Example 22 and Blend Example 29 are made from POB and

PIB, respectively, of comparable 100°C viscosity (623.5 ¢S wvs.

634.3 ¢S). From comparison of these two blends, we draw the

following conclusions:

a.

Blends made from POB have better VI than from PIB. Blend
Example 22 has VI of 187, which is significantly higher than
the 165 VI of comparative Blend Example 29. Higher VI is a
desirable property for lube application. Higher VI can translate
into better wear protection and better energy efficiency.

Blends made from POB have better low temperature
Brookfield viscosity (BV) than blends from comparable PIB.
The low temperature Brookfield viscosities (BV) at -40 and
-55°C for Blend Example 22 is much lower than those for
Blend Example 29. Lower BV at low temperéture translates
into better pumpability, better low-temperature protection and
lower energy needed to overcome viscous drag and, thus,
potential better energy efficiency.

POB has higher viscosity boosting efficiency than PIB. Lower
amount of POB is needed to boost the viscosity of low
viscosity base stocks than PIB. In Blend Example 22, 36.8
wt% of POB is needed to blend into a 8.7 ¢S blend, whereas
41.1 wt% PIB of comparable viscosity is needed to boost
viscosity to 8.5 ¢S, as in Example 29. These data (comparing
Example 22 to 29) show that POB is 11.7% more effective
than PIB in increasing fluid viscosity. Thus, POB is a more

economical base stock option to increase fluid viscosity.

3. Similar conclusion can be drawn from comparing Blend Example 23

made from POB versus Blend Examples 26, 27, or 28 from PIB.
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The Blend Example 23 has higher VI (169 vs. 137-148), lower BV
at -40 and -55°C at comparable 100°C blend viscosity, and better
viscosity boosting effect (43% POB needed to boost viscosity to
8.24 ¢S vs. 49.6 wt% PIB needed to achieve the same viscosity).
Similar results are observed by comparing viscosity properties of the
blend of Example 20, prepared with POB, to those of Example 27,
prepared with PIB. Both blends have substantially the same
kinematic viscosity at 100°C (10.67 and 10.29, respectively).
Nonetheless, the blend of Example 20 has Brookfield viscosity
substantially lower than that of comparative Example 27, i.e., at
-40°C, Brookfield viscosity of the blend of Example 20 is 11, 977
cP as compared to Brookfield viscosity of 51,789 cP for the blend of
Example 27, and at -55°C Brookfield viscosity of Example 20 is
102,178 cP versus 545,884 cP for that of Example 27. As is known
to those skilled in the art, it is important for a lubricant to have
lower viscosity at such extremely low temperatures to enable it to
provide effective lubrication at low temperature. It is also notable
that VI of the blend of Example 20 is 207, as compared to 137.VI
for Example 27.
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Table 3. Blends from POB with low vis PAO and ester vs. similar blends from

PIB.
Inventive Example Comparative Example
Blend Example 20 21 22 23 24 25 26 27 28 29
POB POB POB POB POB PIB PIB PIB PIB H100 PIB
H100 H100 H100 H300
Metallocene Type B B B B B
Reaction Temp., °C 55 15 15 15 20
H, Pressure, PSI 20 30 30 30 30
microgram 7.388 4.56 4.56 4.56 13.82
metallocene/g 1-
Cl10
Pure Base Stock Properties
V100 °C, ¢S 1600 1006.84 | 623.47 269.14 113 209.46 209.46 209.46 209.46 634.31
V40 °C, ¢S 88.2 47,013, | 15271.0 | 4,263.0 | 7274.09 | 7274.09 | 7274.09 7274.09 | 238079
0 1
VI 136 121 102 112 112 112 112 164
POB or PIB in Blends Composition
predicted
Wt% mPOBorPIB. |- 32 = 34 |- 368 -.43 |- 516 [ 323 - 45 | 155 49.6 Al 4nl
Wt% 2 ¢S Ester 20 20 20 20 20 20 20 *20 20 20
Wt% 2 ¢S PAO 48 46 43.2 37 28.4 47.7 35 25 46.7 389
Blend Properties predicted
V100 °C, ¢S 10.67 9.19 8.70 824 8.24 4.20 6.70 10.29 8.24 8.49
V40°C, S 50.71 44.11 42.86 43.20 47.51 17.76 35.47 68.08 48.65 45.74
VI 207 197 187 169 148 146 148 137 144 165
Pour Point, °C -609E | -60.8E | -609E | -60.8E | -609E | 60.7E | -60.7E -60.7 E Na -60.7E
Brookfield Viscosity in cP
atao 19777t 7 3 036 | 15177
102,178 [7965679 | 1751637 347:126' 720,946 | 1205747 | 545,884 | 247519 137,971

[00221] Table 4 summarizes the blend composition and properties of
different amounts of a 630 ¢S POB in a 4 ¢S GTL lube and the comparative blend
compositions of PIB H300 with 4 ¢S GTL lube. The base stock, GTL4 had
relatively low viscosity, and VI of 138. As indicated In this table the POB and
PIB have comparable 100°C viscosity. The data in this table demonstrate the
following un-expected advantages of POB vs. PIB:
1. When the same amount of POB or PIB was blended with the GTL4, the
POB blends (blend Examples 30 and 33) consistently have higher
kinematic viscosities at both 100°C and 40°C than the PIB blends
(blend Examples 34 to 37).
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Figures 1 and 2 compare the VI vs. 100°C viscosity and 40°C viscosity,
respectively, for the POB and PIB blends. These graphs show that the
VI values of the POB blends up to 35 cS at 100°C viscosity or 300 ¢S
viscosity at 40°C viscosity are higher than the VI values of PIB blends.
For instance, the blend made with POB having Kv at 100°C of 10 cSt
has VI about 165, as compared to VI of less than 160 for the blend
made with PIB of the same Kv at 100 °C. This is very unexpected, as
the VI of the pure PIB, 171, is significantly higher than the VI of the
pure POB, 1170f comparable 100°C viscosity.

Figures 3 and 4 compare the Noack volatility versus 100°C kinematic
viscosity of the blends as predicted from TGA volatility measurement
for the POB and PIB blends. These two graphs show that, for blends of
same viscosities, the volatilities of POB blends were lower than PIB
blends throughout the viscosity range. Lower volatility is more

desirable for better performance.

Table 4. Blends of GTL4 with POB vs. PIB of comparable 100°C viscosity

Blend Example Pure 30 31 32 33

GTL4
Wt % POB in GTL4 0 5 20 40 75 pure POB
Blend Property
Kv 100°C, cS 3.67 4.54 8.15 19.19 110.12 623.47
Kv 40°C, cS 14.79 19.35 43.38 150.77 2473.14 47013
VI 138 156 165 145 120 117
W1t% Noack Volatility 16.57 1533 15.15 12.99 3.30 0
Blend Example Pure 34 35 36 37

GTL4
Wt % PIB in GTL4 0 5 20 40 75 pure PIB
Blend Property
Kv 100°C, ¢S 3.67 4.31 7.24 15.89 100.61 634.31
Kv 40°C, cS 14.79 18.39 37.91 119.98 1888.34 23807.91
VI 138 147 158 141 130 171
W1% Noack Volatility 16.57 15.89 15.33 14.47 935 0

[00222]

Table 5 summarizes properties of the blends of a high quality 4 ¢S

Group III base stock with POB and PIB of comparable viscosity at 100°C.
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Consistent with previous examples, the blend with POB has higher blend
viscosity, indicating higher viscosity boosting efficiency or thickening efficiency,
slightly higher VI and better pour point than the blend with PIB. When these two
blends were subjected to sonic shear stability test, as in ASTM D2603 method,
with different test lengths, the blend with POB had lower viscosity loss than the
blend with PIB for both 100°C and 40°C viscosity and at 30 or 120 minute test
duration. This test data demonstrated that for both fluids made from C, olefins,

the blend containing POB of comparable viscosity as PIB has better shear

stability.

Table 5

Blend Example 38 Blend Example 39
Gr 111 base stock + POB - 2520643 (636 ¢S Gr III base stock + PIB H300 (634.32

at 100°C) ¢S at 100°C)

Wt% of POB 40 W% of PIB 40
W1t% of 4 cS Gr III base stock 60 Wt% of 4 ¢S Gr III base stock 60
Blend Property Blend Property

Kv 100°C, ¢S 19.64 Kv 100°C, cS 16.77
Kv 40°C, ¢S 161.30 Kv 40°C, ¢S 132.80
VI 140 VI 137
Pour point, °C -33 Pour point, °C -30
Sonic Shear Stability 30 minutes Sonic Shear Stability 30 minutes

% Vis Loss @100°C 0.153 % Vis Loss @100°C 4.23
% Vis Loss@40°C 1.82 % Vis Loss@40°C 6.39
Sonic Shear Stability 120 minutes Sonic Shear Stability 120 minutes

% Vis Loss @100°C 0.71 % Vis Loss @100°C 4.53
% Vis Loss@40°C 3.45 % Vis Loss@40°C 6.36
[00223] The samples prepared in Examples 1 to 19 all have substantial

amount of atactic stereo-sequence of monomers in the polymer structure. This is
confirmed by C13 NMR of the sample as compared to an iso-tactic poly-1-butene.
A typical C13 NMR of Example No. 11 is shown in Figure 5a. This spectra is
significantly different from a C13 NMR spectra in Figure 5b of an isotactic poly-
1-butene, prepared in Comparative Example A as reported below. This C13 NMR
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of an isotactic poly-1-butene is also similar to the spectra reported in literature
[page 4500, Figure 2c of the paper, “Syntheses of Multi-stereoblock
Polybuntene-1 Using Novel Monocyclopentadienyl Titanium and Modified
Methylaluminoxane Catalysts” Journal of Polymer Science: Part A: Polymer
Chemistry Vol. 37, page 4497-4501 (1999)]. The sharp peaks in Figure 5b are
due to the high degree of isotacticity. The broad peaks of Figure 5a, especially
the Carbon 3 peak clearly indicate that they are high in % of mr stereo-sequence

(>30%) and low in mm and rr sequence.

[00224] In particular, it is notable that the broad peak for Carbon-3 in Fig. 5a
indicates the high degree of atactic composition in the polymer. For an isotactic
poly-1-butene or poly-1-butene of any high degree of tacticity, this Carbon-3 peak

is a very sharp and narrow peak, as shown in 5b.

Comparative Example A.

[00225] In this experiment, a poly-1-butene with substantial amount of
isotactic stereo-sequence was prepared by polymerizing 270 gram of pure
1-butene with a catalyst solution containing 5.274 gram of methylaluminoxane
(MAO) solution (10 wt% MAO in toluene), 20 gram toluene and 0.00834 gram of
a metallocene racemic-dimethylsilyl(tetrahydroindenyl)zirconium dichloride. The
catalyst system was similar to the catalyst system used in prior art. The reaction
was carried out at 35°C for 16 hours. The product was isolated by stripping off
solvent. When cooled down to room temperature, a solid poly-1-butene was
obtained. This poly-1-butene contained a substantial amount of mm diad in the
molecular structure. It is not suitable for a lube base stock application. This
example clearly demonstrated that poly-1-butenes with substantially isotactic

stereo sequence are not suitable as a lubricant base stock.

[00226] Applicants have attempted to disclose all embodiments and
applications of the disclosed subject matter that could be reasonably foreseen.

However, there may be unforeseeable, insubstantial modifications that remain as
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equivalents. While the present invention has been described in conjunction with
specific, exemplary embodiments thereof, it is evident that many alterations,
modifications, and variations will be apparent to those skilled in the art in light of
the foregoing description without departing from the spirit or scope of the present
disclosure. Accordingly, the present disclosure is intended to embrace all such

alterations, modifications, and variations of the above detailed description.

[00227] All patents, test procedures, and other documents cited herein,
including priority documents, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and for all jurisdictions in

which such incorporation is permitted.

[00228] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.
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What is claimed is:

1. A substantially atactic poly-alpha-olefin polymer made
of at least one of propylene, 1-butene or 1-pentene monomer,
the polymer having viscosity index (VI) of 50 to 250, Kv, o, of
8 to 5,000 cSt, Kv,,; 0f 60 to 80,000 cSt and pour point of less
than 10° C., wherein the substantially atactic poly-alpha-
olefin polymer includes at least 70 mole % mr triads in the
polymer.

2. A substantially atactic polymer of claim 1, which is a
polymer of 1-butene.

3. A substantially atactic polymer of claim 1, which is a
polymer of propylene.

4. A substantially atactic polymer of claim 1, which is a
polymer of 1-pentene.

5. A substantially atactic polymer of claim 1, which is a
copolymer of propylene and 1-butene.

6. A substantially atactic polymer of claim 1, which is a
copolymer of propylene and 1-pentene.

7. A substantially atactic polymer of claim 1, which is a
copolymer of 1-butene and 1-pentene.

8. A substantially atactic polymer of claim 1, which is a
copolymer of propylene, 1-butene and 1-pentene.

9. A blend composition comprising: (a) a substantially
atactic poly-alpha-olefin polymer made of at least one of
propylene, 1-butene or 1-pentene monomer, having viscosity
index (VI) of 50 to 250, Kv 4, of 8 to 5,000 cSt, and Kv,,, of
60 to 80,000 cSt, pour point of less than 10° C., and (b) a
second base stock which has Kv,,, of less than 20 cSt,
wherein the substantially atactic poly-alpha-olefin polymer
has an atactic component of at least 70 mole % mr triads.

10. A blend composition of claim 9, wherein the substan-
tially atactic polymer is a polymer of 1-butene.

11. A blend composition of claim 9, wherein the second
base stock has Kv,,, 0f 15 ¢St or less.

12. A blend composition of claim 9, which includes 0.1 to
90% by weight of the substantially atactic polymer.

13. A blend composition of claim 9, which has Noack
volatility of less than 30 wt%.
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26. A lubricant blend composition of claim 9, which has
pour point of less than —~10° C.
27. A lubricant blend composition of claim 9, which has
pour point of less than -20° C.
28. A lubricant blend composition of claim 9, which has
pour point of less than -30° C.
29. A lubricant blend composition of claim 9, which has
pour point of less than —40° C.
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Noack volatility of less than 15 wt %.

32. A lubricant blend composition of claim 9, which has
Noack volatility of less than 10 wt %.

33. A lubricant blend composition of claim 9, which has
Noack volatility of less than 5 wt %.

34. A lubricant blend composition of claim 9, which has
Noack volatility of less than 1 wt %.

35. A lubricant blend composition of claim 9, wherein the
second base stock has Kv, ,, of 4 ¢St or less.

36. A lubricant blend composition of claim 9, wherein the
second base stock comprises at least one of Group Ito VI base
stocks or a lube base stock produced from gas-to-liquid con-
version process (GTL lube) or any combination thereof.





