
BASE STOCKS AND LUBRICANT BLENDS CONTAINING POLY-ALPHA OLEFINS  FIELD
[0001]This disclosure relates to polY.:alpha-olefins (PA0s) made from
selected lower alpha-olefins and lubricant blends containing lubricant base
stocks 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, Le., improved viscosity
index (VI), while also showing lubricities, thermal stabilities, oxidative
stabilities, pour points and low temperature viscometric properties equal
to or better than those for mineral oil. 



100031The viscosity-temperature relationship of 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.  WO
2009/094192PCT/U52009/000449 - 2 - A high VI oil, for example, will thin
out at elevated temperatures less than a low VI oil. Usually, a high VI oil
is more desirable because it has higher viscosity at higher temperature,
which translates into better lubrication and better protection of the
contacting machine elements, especially at high temperatures and/or at
temperatures over a wide range. VI is calculated according to ASTM method D
2270. [0004]Good low temperature properties of a lubricant are also
important if the lubricant is expected to provide lubrication at low
temperature environment. These low temperature properties can be measured
by pour points of pure fluids according to ASTM D 97, by low temperature
Brookfield viscosities of pure or blended fluids according to ASTM D 2983,
or other appropriate method such as Cold 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-molecularweight 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 PA0s). PAOs of different viscosity grades
are typically produced using promoted 11F3 or AlC13 catalysts.  WO
2009/094192- - PCT/US2009/000449 3  [0006]Specifically, PAOs may be
produced by the polymerization of olefin feed in the presence of a catalyst
such as AlC13, BF3, or promoted AlC13, BF3. Processes for the production of
PAOs are disclosed, for example, in the following patents: U.S. Patents
3,149,178; 3,382,291; 3,742,082; 3,769,363; 3,780,128; 4,172,855 and
4,956,122, which are incorporated by reference. PAOs are also discussed in:
Will, J.G. Lubrication Fundamentals, Marcel Dekker: New York, 1980.
Subsequent to polymerization, the PAO lubricant range products are
typically hydrogenated in order to reduce the residual unsaturation,
generally to a level of greater than 90% of hydrogenation. PAOs may be
conveniently made by the polymerization of an alpha-olefin in the presence
of a polymerization catalyst such as Friedel-Crafts catalysts. These
include, for example, boron trifiuoride, aluminum trichloride, or boron
trifluoride, promoted with water, with alcohols such as ethanol, propanol,
or butanol, with carboxylic acids, or with esters such as ethyl acetate or
ethyl propionate or ether such as diethyl ether, diisopropyl ether, etc.
(See for example, the methods disclosed by U.S. Patents 4,149,178 or
3,382,291.) Other descriptions of PAO synthesis are found in the following
U.S. Patents: 3,742,082 (Brennan); 3,769,363 (Brennan); 3,876,720
(Heilman); 4,239,930 (Allphin); 4,367,352 (Watts); 4,413,156 (Watts);
4,434,408 (Larkin); 4,910,355 (Shubkin); 4,956,122 (Watts); and 5,068,487
(Theriot). [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 SpectraSynTM 2, 4, 5, 6, 8, 10, 40, 100
and SpectraSyn Ultra mi 150, SpectraSyn Ultra Tm 300, SpectraSyn UltraTM
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  lubricants have led to PAO fluids exhibiting useful viscosities
over a wide range of temperature, i.e., improved viscosity index, while
also showing lubricity, thermal stability, oxidative stability and pour
point equal to or better than mineral oil. These relatively new synthetic
lubricants lower mechanical friction, enhancing mechanical efficiency over
the full spectrum of mechanical loads and do so over a wider range of
operating conditions than mineral oil lubricants. [0009]Performance
requirements of lubricants are becoming increasingly stringent. New PAOs
with improved properties, such as high viscosity index (VI), low pour
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.
100101Efforts 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 maw-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 PA0s, 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 lubricant base stock
manufacturers or  WO 2009/094192- - PCT1U52009/000449 5  



announced plans to put into production new hydro-process capacity to
produce low viscosity 4 to 6 centistoke (cS) base stocks, including Group
III base stocks 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. 10013]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 (PA0s) produced from C8-C12
linear alpha-olefins (LAO or LA0s) and polyisobutylenes (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 LA0s. 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 (PA0s) of
high viscosity index (HVB-PA0s, 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  composition may be made from at least two different
alpha-olefins of C3 YO C30 range, with monomers randomly distributed in the
polymers. In an embodiment one of the monomers is a higher alpha-olefin,
such as one chosen from C12 to C18 alpha-olefins, and the second one or
more alpha-olefin is, e.g., chosen from C3 YO C7 alpha-olefins. In another
embodiment there are used propylene or 1-butene as one of the feed
components, as they are readily available from refinery or petrochemical
plants. The resulting copolymers are said to have useful lubricant
properties, including excellent VI, pour point, low temperature
viscometrics by themselves or as a blend fluid with other lubricants or
polymers. [0015]U.S. Patent 5,859,159 is directed to a dilute process for
the polymerization of non-ethylene, alpha-olefin homopolymers and
copolymers in the presence of metallocene catalyst systems. The
alpha-olefin feed stream used in the process comprises at least one
alpha-olefin, such as propylene, 1-butene, pentene-1, 4-methyl-pentene-1,
hexene-1, octene-1 and higher alpha-olefins up to and including
nanodecene-1, e.g., mixtures of propylene and butene-1. The polymers of
most of the examples have isotactic index of at least 80%. The product can
be used as a backbone for production of lubricants, or oil dispersants and
viscosity modifiers. 



[0016]U.S. Patent Publication 2007/0043248 is directed to a process for
producing low viscosity poly-alpha-olefins comprising contacting one or
more alpha-olefin monomers of 3-24 carbon atoms with a catalyst which may
include metallocene catalyst compounds. The PAOs used in the process are
typically dimers, trimers, tetramers, or higher oligomers having weight
average molecular weight of 100,000 or less. [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  WO
2009/094192-PCT/11S2009/000449 - 7  



monomer may be chosen from aliphatic olefins, aromatic olefins or cyclic
olefins. Suitable alpha-olefins may include propylene, 1-butene, 1-pentene,
1-hexene, 1-heptene, 1-octene, 1-decene and 1-tetradecene. The PAOs of at
least some of the embodiments may be hydrogenated to formulate lubricant
oils. Some exemplified oligomers of 1-decene and 1-tetradecene were
reported to have kinematic viscosity (Kv) at 100C of 1.8 to 9.2, Kv at 40C
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 100C
of 1.9 to 11.4, and at 40C of 5.5 to 66.1 cSt and is,4,/Mr, of 1.04 to 134.
[0019]PCT/U506/21231 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.  SUMMARY 



[0021]The disclosure is directed to a substantially atactic poly-alpha
olefin polymer made of at least one of propylene, 1-butene or 1-pentene
monomer and/or its lubricant blend composition with another base stock
preferably of lower viscosity. The polymer may be used as a lubricant base
stock, and it has viscosity index (VI) of about 50 to about 250, Kv 100 of
about 8 to about 5,000 cSt, and Kv 40 of about 60 to about 80,000 cSt and
pour point of less than about 10C. [0022]The disclosure is also directed to
a blend composition comprising the substantially atactic poly-alpha olefin
polymer made of at least one of propylene, 1-butene or 1-pentene monomer.
The polymer has viscosity index (VI) of about 50 to about 250, Kv 100 of
about 8 to about 5,000 cSt, Kv 40 of about 60 to about 80,000 cSt and pour
point of less than about 10C. The composition may include a second
lubricant base stock. This second lubricant base stock usually has 100C
kinematic viscosity of about 20 or less than about 20, such as about 15 or
less than about 15 cSt and can comprise at least one of API Group Ito 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 100
of about 3 to about 1,000 cSt, and Kv 40 of about 6 to about 30,000 eSt,
and a significantly improved low temperature properties, e.g., Brookfield
viscosity than a single base stock of comparable 100C kinematic viscosity.
[0023]The substantially atactic polymer has Mw (weight average molecular
weight) of less than 300,000, such as between about 300 and about 300,000,
and Mn (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.  WO 2009/094192- -
PCT/US2009/000449 



9  [0024]The substantially atactic polymer has a kinematic viscosity (Kv)
at 100C of about 8, or from greater than about 8 to about 5,000 cSt, and at
40C from about 60 to about 80,000 cSt, and viscosity index (VI) greater
than about 50. BRIEF DESCRIPTION OF THE DRAWINGS  [0025]To assist those of
ordinary skill in the relevant art in making and using the subject matter
hereof, reference is made to the appended drawings, wherein: [0026]Figure 1
shows comparison of Viscosity Index (VI) as a function of 100C kinematic
viscosity (Kv) for a blend of poly- 1-butene (POB) of this disclosure in 4
cS GTL lube base stock to a blend of poly-isobutylene (PIB) H300 in 4 cS
Gil lube base stock. PIB H300 is available commercially from Eneos Chemical
Co. [0027]Figure 2 shows comparison of VI as a function of 40C Kv for a 



blend of POB of this disclosure in 4 cS 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 cS GTL lube to a blend of PIB H300 in 4 cS
GT1_, 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 comparison
of the Noack volatility predicted from TGA measurement as a function of 40C
Kv for a blend of 630 POB of this disclosure in 4 cS GTL lube to a blend of
PIB H300 in 4 cS Gil 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).  DETAILED DESCRIPTION 



[0031]As used herein, the new numbering scheme for the Periodic Table of
the Elements is used as set out in CHEMICAL AND ENGINEERING NEWS, 63(5), 27
(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 C3-05
alpha-olefin monomers, i.e., at least one of propylene, 1-butene or
1-pentene. Thus, the term "C3-05 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.  



WO 20091094192-- PCT/US2009/000449 11  [0036]The term "catalyst system" is
defined to mean a catalyst precursor/activator pair, such as a
rnetallocene/activator pair. When "catalyst system" is used to describe
such a pair before activation, it means the unactivated 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, 



aluminum, phosphorus, and silicon. A subclass of non-coordinating anions
comprises stoichiometric activators, which can be either neutral or ionic.
The terms ionic activator, and stoichiometric ionic activator can be used
interchangeably. Likewise, the terms neutral stoichiometric activator and
Lewis acid activator can be used interchangeably. [0039]In addition, a
reactor is any container(s) in which a chemical reaction occurs.
[0040]"Isoalkyl" is a branched alkyl group or radical having at least one
tertiary or quaternary carbon atom and which possesses at least one C1 to
C18 alkyl branch along at least a portion of each chain. [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. Polyalpha-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 C4 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 C4 streams may include mixed
n-butanes,  isobutene 1-butene, cis and trans 2-butenes and iso-butylenes.
The process, utilizing a catalyst described herein, substantially
selectively polymerizes 1-butene from such mixed aliphatic C4 streams.
[0044]The substantially atactic polymers may be blended with low viscosity
base stocks to produce lubricating blends which have improved properties,
such as viscometric, including viscosity and viscosity index, thermal,
oxidative, shear stability and volatility properties, than blends from
polyisobutylene or bright stock. Properties of the blends of this
disclosure are comparable to or even better than those of the blends made
from significantly more costly poly-alpha-olefins (PAO) produced from
C8-C12 linear alpha-olefins (LAO). [0045]All processes described herein can
be used to produce all of the 



substantially atactic polymers of this disclosure. [0046]The polymers
discussed herein, which may also be referred to as poly-alpha-olefins
(PA0s) of this disclosure, are made in a process which produces a
polyalpha-olefin having a KV100 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 1 X2 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  



group which is a hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, silylcarbyl or germylcarbyl, or Cp and Cp* are the
same or different cyclopentadienyl rings in which any two adjacent R groups
are optionally joined to form a substituted or unsubstituted, saturated,
partially unsaturated, or aromatic cyclic or polycyclic substituent;
X1 and X2 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 (PA0s) comprising more than 50 mole % of one
or more C3 to C5 alpha-olefin monomers, e.g., 55 mole% or more, preferably
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%  based on the total moles of monomers present
in the polyalpha-olefin, as measured by carbon -13 NMR and/or by H-1 NMR
method. 



[0048]For purposes of this disclosure and the claims, a liquid is defined
to be a material that flows at room temperature, has a pour point of less
than 25C. [0049]In a further embodiment, any of the polyalpha-olefins
described herein have an Mw (weight average molecular weight) of about less
than 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 about 150,000, between about 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 Mw/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 MW/MR 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 MaMn. [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  possible
MWD. PAO fluids with different viscosities, but made from the same feeds or
catalysts, usually have different M'WDs. In other words, MWDs of PAO fluids
are dependent on fluid viscosity. Usually, lower viscosity fluids have
narrower MWDs (smaller MWD value) and higher viscosity fluids have broader
M'WDs (larger MWD value). For most fluids with 100C 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 100C viscosity greater than 1000 cSt, usually have broader
M'WDs, usually greater than 2.5. Usually, the narrower a fluid's MWD, the
better its shear stability. Such narrow M'WD fluids will exhibit less
viseosity 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. 10054]The Mw, Mn and M'WD 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 100C. [0055]In one embodiment, any PAO described
herein may have a pour 



point of less than about 10C (as measured by ASTM D 97), such as less than
about 0C, less than about -10C, less than about -20C, less than about -25C,
less than about -30C, less than about -35C, less than about -40C, less than
about -55C, between about -10 and about -80C, between about -I 5C and about
-70C or between about -5 and about -50C.  WO 20091094192- 17
-PCT/US2009/000449 [0056]In an embodiment, any polyalpha olefin described
herein may have a kinematic viscosity at 100C of about 8 or greater than
about 8 to about 5,000, about 8 or greater than about 8 to about 10,000,
such as about 20 to about 10,000, about 30 to about 7,500, about 40 to
about 5,000, about 8 to about 1,000, from greater than about 8 to about
5,000 cSt, such as greater than about 20 to about 4,800 cSt, greater than
about 20 cSt to about 1,600 cSt. In another embodiment, any PAO described
herein may have a kinematic viscosity at 40C as measured by ASTM D 445 from
about 60 to about 80,000 cSt, such as about 80 cSt to about 70,000 cSt at
40C, or from about 90 to about 47,000 cSt. [0057]In another embodiment, the
polyalpha-olefin fluid described herein may have a viscosity index (VI) of
greater than 50. VI is determined according to ASTM Method D 2270-93
[1998]. VI of a fluid is usually dependent on the viscosity and feed
composition. Higher VI is more desirable. A fluid with high viscosity
usually has higher VI than a fluid of the same feed composition and lower
viscosity. The typical VI range for fluids made from C3 or C4 or C5 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 C20 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 C24 or lower carbon numbers or less than 1 wt%
fluid with C26 or lower carbon numbers. It is desirable to have less than
0.5 wt% fluid with C20 or lower carbon numbers, such as less than 0.5 wt%
fluid with C24 or lower carbon numbers or less than 0.5 wt% fluid with C26
or lower carbon numbers. C20 or lower carbon atoms, C24 or lower carbon
atoms etc., can also be referred to herein 



interchangeably as C20 or lower "carbons, C24 or lower carbons" etc.
Sometimes, these fractions are also referred to as light ends. Also, the
lower the amount of any of these light hydrocarbons, the better the fluid
property as can be determined by Noack volatility testing. Usually, the
fluid volatility depends strongly on the fluid viscosity or fluid molecular
weight. Higher viscosity or higher molecular weight fluid will have lower
volatility and lower viscosity or lower molecular weight fluid will have
higher volatility. For most viscosity grades e.g., the PAO fluid has a
Noack volatility of less than 15 wt%, such as less than 10 wt% and/or less
than 5 wt%. [0059]In another embodiment any polyalpha olefin described
herein may have a flash point of 150C 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/cm3 to 0.9 g/cm3, such as 0.78 to
0.85 g/cm3. [0061]The PAOs prepared herein, particularly those of moderate
to high viscosity (such as those with a Kvioo of greater than about 8 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, II, 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/H2 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  



WO 2009/094192-PCT/US2009/000449 - 19  stocks, when combined with additives
known in the art, are used to formulate into full synthetic lubricants,
partial synthetics, or used as special additive components with other base
stocks. These additives include, but are not limited to, ashless
dispersants, metal or overbased metal detergent additives, anti-wear
additives, viscosity index improvers, antioxidants, rust inhibitors, pour
point depressants, friction reducing additives, and the like. [0062]The
PAOs obtained in accordance with embodiments of this description may be
hydrogenated to formulate lubricant oils in amounts from about 0.1 wt% to
about 90 wt%. [0063]All kinematic viscosity values reported for fluids
herein are measured at I00C unless otherwise noted. Dynamic viscosity can
then be obtained by multiplying the measured kinematic viscosity by the
density of the liquid. The units for kinematic viscosity are in m2/s,
commonly converted to cSt or centistokes (1 cSt =10-6 m2/s or 1 cSt = 1
mom/sec). [0064]The PAOs described herein are typically dimers, trimers,
tetramers, or higher oligomers of one or more C3 to C5 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 C10 to C20. These small
oligomers are usually separated from the higher oligomers with carbon
number of greater than C20, for example C24 and higher which are typically
used as high performance fluids. These separated C10 to C20 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 C40 are separated from the residual lube
fraction to give products with most desirable properties. The high
performance fluid fraction in the C20, or C30 and higher fractions, after
hydrogenation to remove unsaturation, typically have lower viscosities
making 



them beneficial for some applications, such as better fuel economy, better
biodegradability, better low temperature flow properties, or lower
volatility. These smaller oligomer fractions from C10 to C30 or Co
fractions, if not hydrogenated, have high degree of unsaturation. They can
be used as starting material for further functionalization with aromatics,
hydroxyaromatics, maleic anhydride, or used as starting material for
chemical synthesis. The higher oligomerization fraction, C20 and higher, or
C24 and higher or C28 and higher, or Cm and higher fractions, after
hydrogenation, can be used as lubricant base stocks by itself or as a blend
component. These higher oligomerization fractions, if not hydrogenated, can
be used as starting materials for further functionalization with aromatics,
hydroxyaromatics, maleic anhydride, or used as starting material for
chemical synthesis. [0065]The oligomerization or polymerization process
described herein is typically carried out in a manner to produce a final
product with 100C Kv of greater than about 8 cSt. The process and catalyst
employed to produce these fluids are unique in that they produce polymers
which are substantially atactic and have molecular weight distribution,
MaMn, 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 C20
or C24 or C28 or Cm 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,  WO 20091094192PCT/US2009/000449 - 21 - 



and optionally viscosity modifiers, etc.Description of typical additives,
formulation and application can be found in the book "Synthetics, Mineral
Oils, and Bio-Based Lubricants, Chemistry and Technology", Ed. L. R.
Rudnick, CRC Press, Taylor & Francis Group, Boca Raton, FL. and in
"Lubricant Additives" Chemistry and Applications, ed. L. R. Rudnick, Marcel
Dekker, Inc., New York, 2003, which are incorporated herein by reference.
[0067]In another embodiment, the PAOs described herein have a volatility as
measured by the Noack Volatility test (ASTM D5800) of 20 wt% or less, such
as 15 wt% or less, 10 wt% or less, 5 wt% or less, less than 2 wt% or less,
or less than 1 wt% or less. Often, the PAOs have Noack volatility of less
than 5 wt%. [0068]In another embodiment, the PAOs produced directly from
the oligomerization or polymerization process are unsaturated olefins. The
amount of 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. [00691Both 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, CH2,
and CH3 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-PCT1US2009/000449 - 22  remaining aliphatic integral is
assumed to comprise one CH signal for each methyl group, with the remaining
integral as CH2 signal. The ratio of CH3/(CH + CH2 + CH3) gives the methyl
group concentration. [0070]Similar logic applies to the carbon-13 NIVIR
analysis, with the exception that no proton multiplicity corrections need
be made. Furthermore, the enhanced spectral/structural resolution of "C NMR
vis a vis NMR allows differentiation of ions according to branch lengths.
Typically, the methyl resonances can be integrated separately to give
branch concentrations for methyls (20.5-15 ppm), propyls (15-14.3 ppm),
butyl-and-longer branches (14.3-13.9 ppm), and ethyls (13.9-7 ppm).
[0071]Olefin analysis is readily performed by proton NMR, with the olefinic
signal between 5.9 and 4.7 ppm subdivided according to the alkyl
substitution pattern of the olefin. Vinyl group CH protons resonate between
5.9- 5.7 ppm, and the vinyl CH2 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 CH2 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 



to 5000 cSt polyalpha-olefin produced in this inventive process, the
as-synthesized PAO will have bromine number of from 50 to less than 1,
depending on fluid viscosity. [0073]The types of olefinic unsaturations in
the PAO fluids produced by this inventive process are unique, as confirmed
by 11-1 and 13C-NMR. They contain a very high amount of vinylidene olefins,
CH2=CRIR2, and much less of the other types of unsaturation, including
trisubstituted or di-substituted olefins. The vinylidene content is
preferably also much higher than the vinylidene content of the
polyalpha-olefins produced in prior art cases based on metallocene used
with MAO promoters. In the present invention, the vinylidene content is
more than 65 mole%, or more than 70% or more than 80%. A higher amount of
vinylidene unsaturation is usually more desirable because these types of
olefins are much more reactive for further hydrogenation or for further
functionalization. There are many methods described to maximize the amount
of vinylidene olefins, 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.  100751In one embodiment, the PAOs
described herein contain a substantial amount of atactic polymer structure.
In other words, the PAOs have mostly atactic arrangements of the monomer
units. This atactic polymer is beneficial for the lubricant applications.
The atactic component can be defined by the amount of mr triads as
determined by C13-NWIR method, as described in the publication, "Syntheses
of Multi-stereoblock Polybutene-1 Using Novel Monocyclopentadienyl Titanium
and Modified Methylaluminoxane Catalysts" Journal of Polymer Science: Part
A: Polymer Chemistry Vol. 37, page 4497-4501 (1999). In this patent
application, we define a substantially atactic PAO as a polymer containing
at least about 30%, such as more than about 30 mole% mr triads by C13-NMR
analysis. In one embodiment, a desirable atactic PAO has at least about 50,
such as about 50 mole% mr triads. In embodiments, the PAOs have an atactic
polymer structure as determined by the amount of mr triads of at 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. 100771In 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
20091094192- 25 -PCT/1JS2009/000449 [0078]In another embodiment this
disclosure further relates to PAOs having the ratio of min/mr of less than
about 5, such as less than about 4, less than about 3, less than about 2,
less than about 1, as determined by Carbon-13 Nuclear Magnetic Resonance
(NMR) spectroscopy according to the procedure below. [0079]As noted above,
Carbon-13 NMR is used to determine tacticity of 



the polyalphaolefins of the present disclosure - quantitatively in some
cases, and qualitatively in others. Carbon-13 NMR can be used to determine
the concentration of the triads, denoted mm (meso, meso), mr (meso,
racemic) and rr (racemic, racemic), as well as molar composition of the
sample. The concentrations of these triads define whether the polymer is
isotactic, atactic or syndiotactic. Spectra for a PAO sample are acquired
in the following manner. Approximately 100-1000 mg of the PAO sample is
dissolved in 2-3 ml of chloroform-d for Carbon 13 analysis. Approximately
10 mg/ml (solvent basis) 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.  [0080]In an embodiment, the product described herein is
produced in a selectivity of 70% or more for C20 and greater hydrocarbons,
preferably 80% or more, preferably 90% or more, more preferably 95% or
more, preferably 98% or more, preferably 99% or more for C20 and greater
hydrocarbons. [0081]In one embodiment, the productivity of the process is
at least 1.5 kg of total product per gram of transition metal compound,
such as at least 2 kg of total product per gram of transition metal
compound, at least 3 kg of total product per gram of transition metal
compound, at least 5 kg of total product per gram of transition metal
compound, at least 7 kg of total product per gram of transition metal
compound, at least 10 kg of total product per gram of transition metal
compound, or at least 20 kg of total product per gram of transition metal
compound. [0082]In another embodiment, the productivity of the process is
at least 1.5 kg of total product per gram of the non-coordinating anion
activator compound, such as at least 2 kg of total product per gram of the
non-coordinating anion activator compound, at least 3 kg of total product
per gram of non-coordinating anion activator compound, at least 5 kg of
total product per gram of non-coordinating anion activator compound, at
least 7 kg of total product per gram of non-coordinating anion activator
compound, preferably at least 10 kg of total product per gram of
non-coordinating anion activator compound, or at least 20 kg of total
product per gram of non-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.  20%
or less, preferably 10% or less, 5% or less, 1% or less for C24 or less
hydrocarbons (% by weight unless otherwise noted). [0085]In one embodiment,
the lube or high-performance fluid produced herein has a selectivity of 10%
or more, preferably 20% or more, preferably 40% or more, more preferably
50% or more, preferably 70% or more, preferably 80% 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 100C. 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%).  



WO 2009/094192- 28 -PCT/US2009/000449 [0087]One process (preferably a
continuous or semi-continuous or batch process) to produce a
polyalpha-olefin described herein, having a KV at 100C of greater than
about 8 cSt to about 10,000, such as about 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 comprises:       contacting one
or more alpha-olefin monomers having 3 to 5 carbon atoms with an unbridged
substituted bis cyclopentadienyl transition metal compound having the
structure: Ri     



R9   where M is a Group 4 metal; each X is, 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 X together can be an olefin, diolefin or aryne
ligand; RI to RI are each independently, a radical group which is a
hydrogen, a heteroatom, hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, silylcarbyl or germylcarbyl, provided that at least
one of RI to R5 is not hydrogen and at least one of R6 to RI is not
hydrogen and where any two adjacent R groups are optionally joined to form
a substituted or unsubstituted, saturated, partially unsaturated, or
aromatic cyclic or polycyclic substituent; and a non-coordinating anion
activator, and optionally an alkyl-aluminum compound, where the molar ratio
of transition metal compound to activator is 10:1 to 0.1:1, and when the
alkyl aluminum compound is present, the molar ratio of alkyl aluminum
compound to transition metal compound is 1:4 to 4000:1, under
polymerization conditions wherein: 



i) 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
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 KV100 of greater
than about 8 cSt 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 C3 to C5 alpha-olefin monomers, with a
non-coordinating anion activator and a transition metal compound
represented by the formula:  where M is a Group 4 metal; each X is,
independently, a hydrogen, halogen, hydride radicals, hydrocarbyl radicals,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted
halocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl
radicals, germylcarbyl radicals, or substituted germylcarbyl radicals, or
both X are joined and bound to the metal atom to form a metallacycle ring
containing from about 3 to about 20 carbon atoms, or both together can be
an olefin, diolefin or aryne ligand; and RI to RI 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 RI to R5 is not hydrogen or
an iso-alkyl group and at least one of R6 to RI is not hydrogen or an
isoalkyl or 2) at least two of RI to R5 are not hydrogen, or 3) at least
two of RI to R5 are not hydrogen and at least two of R6 to RI are not
hydrogen, and where any two adjacent RI to R5 groups may form a C4 to C20
cyclic or poly-cyclic 



moiety, and where any two adjacent R6 to RI groups may form a C4 to C20
cyclic or poly-cyclic moiety, and optionally a co-activator, RIR2R3M, where
M is aluminum or boron and RI, R2 and R3 can be the same or different CI to
C24 hydrocarbyl radicals, including trialkylaluminum, a trialkylboron
compound, or a mixture of different compounds. [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 20C of the desired reaction temperature, usually to within 10C of
the desired temperature, within 5C of the desired temperature, within 3C of
the desired temperature, or within 1C of the desired temperature over a 30
minute period, and usually for the entire reaction.  



[0092]Usually, a reactor, containing a small amount of starting liquid is
pre-heated to within 10C of the desired reaction temperature in a
semi-continuous run. This starting liquid can be feed olefins, catalyst
components, solvents or polyalpha-olefins heels from previous runs, or
polyalpha-olefin products from previous runs or any other appropriate
liquids. Usually, a part of the feed olefins, solvent or PAO heels from
previous runs or PAO products from previous runs are a more preferred
starting liquid. When the reactor is at a desired temperature, feed
olefins, catalyst components, hydrogen of a selected amount, solvents and
other components can be added continuously at selected rates. The
co-activator(s) or scavenger(s), part of all of or all of the intended
amount, can be added to the starting liquid. Optionally, part or all of the
co-activator(s) or scavenger(s) can be added to the feed olefins or solvent
streams to maximize the effectiveness of 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 C4
fractions such as n-butane, iso-butane, cis- and  trans-2-butenes and
isobutenes. After the addition of reactants is completed, the reaction is
allowed to proceed for the desired amount of time to obtain highest feed
olefin conversion. 10093]In a continuous mode of operation, the operation
is started in a similar manner to the semi-continuous run, except when the
reactor is filled up to a pre-determined level, a pre-determined amount of
reaction product mixture is withdrawn from the reactor while the addition
of all components is continued. The rate of feed addition and the amount of
reaction product withdrawn from the reactor determine the reaction time or
residence time. This can be pre-determined to obtain high feed olefin
conversion and high reactor throughput for economical operation. 100941In
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. But,
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 trialkylaluminum 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 -di methylcycl opentadi enyl)zirconiumdimethyl,
bis(1,2,4-trimethylcyclopentadienyl)zirconiumdimethyl,
bis(tetramethylcyclopentadienyl)zirconium dimethyl or
bis(methy1-3-n-butycyclopentadienyl)zirconium dimethyl, or many other
dialkyl metallocenes, etc.), a small amount of tri-allcylaluminums is used
to give the optimum catalyst productivity. In this case the molar ratio of
trialkylaluminum to  metallocene is typically 2 to 500, preferably 3 to
200, more preferably 3 to 100 or 3 to 10. The amount of the NCA used is
also important. The molar ratio of the metallocene to the NCA can range
from 10 to 0.1, such as 1 to 1 or 0.5 to 2. [0095]In addition, the amount
of metallocene concentration is important. In order to achieve the highest
catalyst productivity, highest selectivity to lube range product and best
temperature control and operability, an advantageous amount of metallocene
per gram of olefin feeds ranges from 1 microgram (or 0.001 milligram)/gram
to 1 milligram/gram of olefins. When amounts of catalyst components used
are too high, the temperature control can become difficult, product
selectivity can suffer and catalyst cost can become uneconomical. [0096]The
amount of hydrogen present in the reactor is also important. Usually
smaller amounts of hydrogen can be used. The hydrogen head pressure is
usually maintained at or below 300 psi, such as below 50 psi, below 30 psi,
below 20 psi, or below 10 psi. Alternatively, the amount of hydrogen in the
feed composition is present in a concentration of 1 ppm to 30,000 ppm, such
as 10 to 10,000 ppm, or 10 to 1,000 ppm. Usually, lower hydrogen pressure
is maintained to boost activity. Surprisingly, it has been found that
hydrogen present in the reaction medium does not readily hydrogenate the
starting alpha-olefin feeds into corresponding alkanes at low levels of
hydrogen pressure or hydrogen concentration. In fact, when hydrogen is
present in the reaction mixture, it has been found that the catalyst
productivity increases significantly. This is also desirable in that the
presence of low levels of hydrogen leads to olefinic polymers with high
vinylidene content which can later be functionalized by known methods, such
as those disclosed in US Patent No. 6,043,401. Therefore, it is preferred
to maintain reactor hydrogen pressure below 300 psi, such as below 100 psi,
less than 50 psi, less than 25 psi, less than 10 psi. Low pressure of
hydrogen is not only advantageous for producing unsaturated polymers, it is
also important to minimize the hydrogenation of feed stock into low value
alkanes. Likewise a minimum amount of hydrogen is desired, e.g., the
hydrogen is present at the level 



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.
100971The reaction time or residence time also influences the extent of
conversion of the feed olefins. Usually, longer reaction time or residence
time favors higher feed olefin conversion. However, to balance high
conversion and the high reactor throughput, the reaction time or residence
time is usually between 1 minute to 30 hours, such as 5 minutes to 16
hours, or 10 minutes to 10 hours. This total residence time can be achieved
by using a single reactor or a series of cascading or parallel reactors or
by controlling the reactant feed rates. [0098]By selective choice of
metallocenes, activated with NCA and/or co-activator, and by selective
choice of reaction operation conditions, including the amount of catalyst
used, and with the right amount of trialkylaluminum as co-activator or
scavenger, residence time or reaction time, and amount of hydrogen,
polyalpha-olefins are produced with high catalyst productivity of more than
1.5 kilogram total product per gram of metallocene used. This high
productivity makes the process economically and commercially attractive. 



100991After the reaction 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 H2 or less than 10 ppm H2 is added to the reactor. The
double bonds are mostly vinylidene, with some the balance of the olefins
being 1,2-disubstituted olefins or tri-substituted olefins. These olefins
are suitable for further functionalization into other functional fluids or
performance additives according to well-known olefin functionalization
reactions, such as alkylation with aromatic containing compounds, with
maleic anhydrides, with CO/H2 via hydroformylation reactions, etc. The
residual fractions, which usually have little or no light hydrocarbons with
less than 24 carbons can be used as lube base stock 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", 2nd edition, ed. by L. R. Rudnick and R. L. Shubkin, Marcel
Dekker, Inc., N.Y. 1999. 100100]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(r), 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.  WO 2009/094192PCT/US2009/000449
[00101]In another embodiment, the process further comprises contacting 



PAO produced herein with hydrogen under typical hydrogenation conditions
with hydrogenation catalyst to give a mostly saturated paraffinic PAO.
Metallocene Catalyst Compounds [00102]For purposes of this disclosure and
the claims, the terms "hydrocarbyl radical," "hydrocarbyl," and hydrocarbyl
group" are used interchangeably throughout this document. Likewise the
terms "group," "radical," and "substituent" are also used interchangeably
throughout this document. For purposes of this disclosure, "hydrocarbyl
radical" is defined to be a CI-C100 radical and may be linear, branched, or
cyclic. When cyclic, the hydrocarbon radical may be aromatic or
non-aromatic. "Hydrocarbon radical" is defined to include substituted
hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, and germylcarbyl radicals as these terms are defined
below. Substituted hydrocarbyl radicals are radicals in which at least one
hydrogen atom has been substituted with at least one functional group such
as NR*2, OR*, SeR*, TeR*, PR*2> A5R*2, SbR*2, SR*, BR*2> SiR*3, GeR*3,
SnR*3, PbR*3 and the like or where at least one non-hydrocarbon atom or
group has been inserted within the hydrocarbyl radical, such as -0-, -S-,
-Se-, -Te-, -N(R*)-, =N-, -P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-,
-B(R*)-, =B-, -Si(R*)2-, -Ge(R*)2-, -Sn(R*)2-, -Pb(R*)2- 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.
[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).  functional group such as
NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2, SiR*3, GeR*3, SnR*3,
PbR*3 and the like or where at least one non-carbon atom or group has been
inserted within the halocarbyl radical such as -0-, -S-, -Se-, -Te-,
-N(R*)-, =N-, -P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-,
-Si(R*)2-, -Ge(R*)2-, -Sn(R*)2-, -Pb(R*)2- and the like, where R* is
independently a hydrocarbyl or halocarbyl radical provided that at least
one halogen atom remains on the original halocarbyl radical. Additionally,
two or more R* may join together to form a substituted or unsubstituted
saturated, partially unsaturated or aromatic cyclic or polycyclic ring
structure. 1001051Silylcarbyl radicals (also called silylcarbyls) are
groups in which the 



silyl functionality is bonded directly to the indicated atom or atoms.
Examples include SiH3, S1H2R*, SiHR*2, SiR*3, SiH2(OR*), S1H(OR*)2,
Si(OR*)3, SiH2(NR*2), SiH(NR*2)2, Si(NR*2)3, 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.
[00106]Germylcarbyl radicals (also called germylcarbyls) are groups in
which the germyl functionality is bonded directly to the indicated atom or
atoms. Examples include GeH3, GeH2R*, GeHR*2, GeR53, GeH2(OR*), GeH(OR*)2,
Ge(OR*)3, GeH2(NR*2), GeWNR*2)2, Ge(NR*2)3, 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
functional heteroatom containing groups include carboxylic acids, acid
halides, carboxylic esters, carboxylic salts, carboxylic anhydrides,
aldehydes and their chalcogen (Group 14) analogues, alcohols and phenols,
ethers, peroxides and hydroperoxides, carboxylic amides, hydrazides and
imides, amidines and other nitrogen analogues of amides, nitrites, amines
and imines, azos, nitros, other nitrogen compounds, sulfur acids, selenium
acids, thiols, sulfides, sulfoxides, sulfones, phosphines, phosphates,
other phosphorus compounds, silanes, boranes, borates, alanes, aluminates.
Functional groups may also be taken broadly to include organic polymer
supports or inorganic support material such as alumina, and silica.
Preferred examples of polar groups include NR*2, OR*, SeR*, TeR*, PR*2,
A5R*2, SbR*2, SR*, BR*2, SnR*3, PbR*3 and the like where R* is
independently a hydrocarbyl, substituted hydrocarbyl, halocarbyl or
substituted halocarbyl radical as defined above and two R* may join
together to form a substituted or unsubstituted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring structure. 100108]In
using the terms "substituted or unsubstituted cyclopentadienyl ligand",
"substituted or unsubstituted indenyl ligand", "substituted or
unsubstituted fluorenyl ligand" and "substituted or unsubstituted
tetrahydroindenyl ligand", the substitution to the aforementioned ligand
may be hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, or germylcarbyl. The substitution may also be
within 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,  triacontyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonetlyl, decenyl, undecenyl, dodecenyl,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyl, tricosenyl,
tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyl, octacosenyl,
nonacosenyl, triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl,
pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl,
eicosynyl, heneicosynyl, docosynyl, tricosynyl, tetracosynyl, pentacosynyl,
hexacosynyl, heptacosynyl, octacosynyl, nonacosynyl, triacontynyl,
butadienyl, pentadienyl, hexadienyl, heptadienyl, octadienyl, nonadienyl,
and decadienyl. Also included are isomers of saturated, partially
unsaturated and aromatic cyclic and polycyclic structures wherein the
radical may additionally be subjected to the types of substitutions
described above. Examples include phenyl, methylphenyl, dimethylphenyl,
ethylphenyl, diethylphenyl, propylphenyl, dipropylphenyl, benzyl,
methylbenzyl, naphthyl, anthracenyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, methylcyclohexyl, cycloheptyl, cycloheptenyl,
norbornyl, norbornenyl, adamantyl and the like. For this disclosure, when a
radical is listed, it indicates that radical type and all other radicals
formed when that radical type is subjected to the substitutions defined
above. Alkyl, alkenyl and alkynyl radicals listed include all isomers
including where appropriate cyclic 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-l-propenyl,
1-methy1-2-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, metamethylphenyl and para-methylphenyl; dimethylphenyl
would include  2,3 -dimethylpheny I,2,4-dimethylphenyl,2,5-dimethylphenyl,
2,6-diphenylmethyl, 3,4-dimethylphenyl, and 3,5-dimethylphenyl.
1001101Examples of cyclopentadienyl and indenyl ligands are illustrated
below as part of the ligands. 



[0011 I]A "ring carbon atom" is a carbon atom that is part of a cyclic ring
structure. By this definition, an indenyl ligand has nine ring carbon
atoms; a cyclopentadienyl ligand has five ring carbon atoms and a flourenyl
ligand has 13 carbon atoms. Thus an indene is equivalent to a Cp ring with
two alkyl radical substituents and a fluorene is equivalent to a Cp ring
with four alkyl radical 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-hydroflurorenyl 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*)MXIX2(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 nonisoalkyl 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  
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unsubstituted, saturated, partially unsaturated, or aromatic cyclic or
polycyclic substituent;       X1 and X2 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.
[00113]Table A depicts representative constituent moieties for the
metallocene components of formula 2. The list is for illustrative purposes
only and should not be construed to be limiting in any way. A number of
final components may be formed by permuting all possible combinations of
the constituent moieties with each other. When hydrocarbyl radicals
including alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl
and aromatic radicals are disclosed in this application the term includes
all isomers. For example, butyl includes n-butyl, 2-methylpropyl,
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 -methyl1-propenyl
and 2-methyl-2-propenyl. This includes when a radical is bonded to another
group, for example, propylcyclopentadienyl include
n-propylcyclopentadienyl,isopropylcyclopentadienyland
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  WO 2009/094192- 43 -PCT/US20091000449
includesortho-methylethylphenyl,meta-methylethylphenylandpara-
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  WO 2009/094192- 44
-PCT1U52009/000449 



tricosylcyclopentadienyl  tetracosylcyclopentadienyl
pentacosylcyclopentadienyl  hexacosylcyclopentadienyl  



heptacosylcyclopentadienyl  octacosylcyclopentadienyl
nonacosylcyclopentadienyl  triacontylcyclopentadienyl
cyclohexylcyclopentadienyl 



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  WO 2009/094192-45 -PCT/US2009/000449
Methylethylindenyl  Methylbutylindenyl  Ethylindenyl 



Propylindenyl  Butylindenyl  Pentylindenyl  Hexylindenyl  



Heptylindenyl  Octylindenyl  Nonylindenyl  Decylindenyl  Phenylindenyl 



(fluorophenyl)indenyl  (methylphenyl)indenyl  Biphenylindenyl
(bis(trifluoromethyl)phenyl)indenyl  



Napthylindenyl  Phenanthrylindenyl  Benzylindenyl  Benzindenyl
Cyclohexylindenyl 



Methylphenylindenyl  Ethylphenylindenyl  Propylphenylindenyl
methylnapthylindenyl  



Ethylnapthylindenyl  propylnapthylindenyl  (methylphenyl)indenyl
(dimethylphenyl)indenyl  (ethylphenypindenyl 



(di ethylphenyl)indenyl  (propylphenyflindenyl  (dipropylphenyl)indenyl
methyltetrahydroindenyl  



ethyltetrahydroindenyl  propyltetrahydroindenyl  butyltetrahydroindenyl
phenyltetrahydroindenyl  (diphenylmethyl)cyclopentadienyl 



trimethylsilylcyclopentadienyl  WO 2009/094192- 46 -PCT/US2009/000449
triethylsilylcyclopentadienyl  trimethylgermylcyclopentadienyl  



trifluromethylcyclopentadienyl  cyclopenta[b]thienyl  cyclopenta[b]furanyl
cyclopenta[b]selenophenyl  cyclopenta[b]tellurophenyl 



cyclopenta[b]pyrroly1  cyc1openta[b]phospho1y1  cyclopenta[b]arsoly1
cyclopenta [b] stibolyl  



methylcyclopenta[b]thienyl  methylcyclopenta [b] furanyl  methylcyclopenta
[I)] selenophenyl  methylcyclopenta[b]tellurophenyl
methylcyclopenta[b]pyrroly1 



methylcyclopenta[b]phospholy1  methylcyclopenta[b]arsoly1
methylcyclopenta[b]stiboly1  dimethylcyclopenta[b]thienyl  



dimethylcyclopenta[b]furanyl  dimethylcyc1openta[b]pyrro1y1
dimethylcyclopenta[b]phospholy1  trimethylcyclopenta[b]thienyl
trimethylcyclopenta[b]furanyl 



trimethylcyclopenta[b]pyrroly1  trimethylcyclopenta[b]phospholy1
ethylcyclopenta[b]thienyl  ethylcyclopenta[b]furanyl  



ethylcyclopenta[b]pyrroly1  ethylcyclopenta[b]phospholy1
diethylcyclopenta[b]thienyl  diethylcyclopenta[b]furanyl
diethylcyclopenta[b]pyrroly1 



diethylcyclopenta[b]phospholy1  triethylcyclopenta[b]thienyl
triethylcyclopenta[b]furanyl  triethylcyclopenta[b]pyrroly1  



triethylcyclopenta[b]phospholy1  propylcyclopenta[b]thienyl  WO
20091094192-47 -PCT/1JS20091000449  propylcyclopenta[b]furanyl
propylcyclopenta[b]pyrroly1 



propylcyclopenta[b]phospholy1  dipropylcyclopenta[b]thienyl
dipropylcyclopenta[b]furanyl  dipropylcyclopenta[b]pyrroly1  



dipropylcyclopenta[b]phospholy1  tripropylcyclopenta[b]thienyl
tripropylcyclopenta[b]fitranyl  tripropylcyclopenta[b]pyrroly1
tripropylcyclopenta[b]phospholy1 



butylcyclopenta[b]thienyl  butylcyclopenta[b]furanyl
buty1cyc1openta[b]pyrro1y1  butylcyclopenta[b]phospholy1  



dibutylcyclopenta[bithienyl  dibutylcyclopenta[b]furanyl
dibutylcyclopenta[b]pyrroly1  dibutylcyclopenta[b]phospholy1
tributylcyclopenta[b]thienyl 



tributylcyclopenta[b]furanyl  tributylcyclopenta[b]pyrroly1
tributylcyclopenta[b]phospholy1  ethylmethylcyclopenta[b]thienyl  



ethylmethylcyclopenta[b]furanyl  ethylmethylcyclopenta[b]pyrroly1
ethylmethylcyclopenta[b]phospholy1  methylpropylcyclopenta[b]thienyl
methylpropylcyclopenta[b]fitranyl 



methylpropylcyclopenta[b]pyrroly1  methylpropylcyclopenta[b]phospholy1
butylmethylcyclopenta[b]thienyl  butylmethylcyclopenta[b]furanyl  



butylmethylcyclopenta[b]pyrroly1  butylmethylcyclopenta[b]phospholy1
cyclopenta[c]thienyl  cyclopenta[c]furanyl  cyclopenta[c]selenophenyl 



cyclopenta[c]tellurophenyl  cyclopenta[c]pyrroly1  WO 2009/094192- 48
-PCT/US2009/000449  cyclopenta[c]phospholy1  



cyclopenta[c]arsoly1  cyclopenta[c]stiboly1  methylcyclopenta[c]thienyl
methylcyclopenta[c]furanyl  methylcyclopenta[c]selenophenyl 



methylcyclopenta[c]tellurophenyl  methylcyclopenta[cipyrroly1
methylcyclopenta[c]phospholy1  methy1cyc1openta[c]arso1y1  



methylcyclopenta[c]stiboly1  dimethylcyclopenta[c]thienyl
dimethylcyclopenta[c]furanyl  dimethylcyclopenta[c]pyrroly1
dimethy1cyc1openta[c]phospho1y1 



trimethylcyclopenta[c]thienyl  trimethylcyclopenta[c]furanyl
trimethylcyclopenta[c]pyrroly1  trimethylcyclopenta[c]phospholy1  



ethylcyclopenta[c]thienyl  ethylcyclopenta[c]furanyl
ethylcyclopenta[c]pyrroly1  ethylcyclopenta[c]phospholy1
diethylcyclopenta[c]thienyl 



diethylcyclopenta[c]furanyl  diethy1cyc1openta[c]pyrro1y1
diethylcyclopenta[c]phospholy1  triethylcyclopenta[c]thienyl  



triethylcyclopenta[c]furanyl  triethylcyclopenta[c]pyrroly1
triethylcyclopenta[c]phospholy1  propylcyclopenta[c]thienyl
propylcyclopenta[c]furanyl 



propy1cyclopenta[c]pyrro1y1  propylcyclopenta[c]phospholy1
dipropylcyclopenta[c]thienyl  dipropylcyclopenta[c]furanyl  



dipropylcyclopenta[c]pyrroly1  dipropylcyclopenta[c]phospholy1
tripropylcyclopenta[c]thienyl  WO 2009/094192- 49 -PCT/1JS2009/000449
tripropylcyclopenta[c]furanyl 



tripropylcyclopenta[c]pyrroly1  tripropylcyclopenta[c]phospholy1
butylcyclopenta[c]thienyl  butylcyclopenta[c]furanyl  



butylcyclopenta[c]pyrroly1  butylcyc1openta[c]phospho1y1
dibutylcyclopenta[c]thienyl  dibutylcyclopenta[c]furanyl
dibutylcyclopenta[c]pyrroly1 



dibutylcyclopenta[c]phospholy1  tributylcyclopenta[c]thienyl
tributylcyclopenta[c]furanyl  tributylcyclopenta[c]pyrroly1  



tributylcyclopenta[c]phospholy1  ethylmethylcyclopenta[c]thienyl
ethylmethylcyclopenta[c]furanyl  ethylmethylcyclopenta[c]pyrroly1
ethylmethylcyclopenta[c]phospholyl 



methylpropylcyclopenta[c]thienyl  methylpropylcyclopenta[c]fizanyl
methylpropylcyclopenta[c]pyrroly1  methylpropylcyclopenta[c]phospholy1  



butylmethylcyclopenta[c]thienyl  butylmethylcyclopenta[c]furanyl
butylmethylcyclopenta[c]pyrroly1  butylmethylcyclopenta[c]phospholy1
pentamethylcyclopentadienyl 



Tetrahydroindenyl  methyltetrahydroindenyl  dimethyltetrahydroindenyl
1001151In an embodiment of the disclosure, when used with an NCA, Cp is the
same as Cp* and is a substituted cyclopentadienyl, indenyl or
tetrahydroindeny 1 ligand. 



WO 2009/0941920PCT/US2009/000449 - 5 - [00116]Preferred metallocene
compounds (we-catalysts) which, according to the present invention, provide
catalyst systems which are specific to the production of PAO of greater
than 8 cSt 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-butylcyclopentadienyOzirconium 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-methy1-2-ethylcyclopentadienyl)zirconium dichloride
bis(1-methy1-2-n-propylcyclopentadienyDzirconium dichloride
bis(1-methy1-2-n-butyllcyclopentadienyDzirconium dichloride
bis(1-methy1-3-ethylcyclopentadienyDzirconium dichloride
bis(1-methy1-3-n-propylcyclopentadienyl)zirconium dichloride
bis(1-methy1-3-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methy1-3-n-pentylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethy1-4-ethylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethy1-4-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-dimethy1-4-n-butylcyclopentadienyl)zirconium dichloride
bis(1,2-diethylcyclopentadienyl)zirconium dichloride
bis(1,3-diethylcyclopentadienyl)zirconium dichloride
bis(1,2-di-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-di-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methy1-2,4-diethylcyclopentadienyl)zirconium dichloride
bis(1,2-diethy1-4-n-propylcyclopentadienyl)zirconium dichloride
bis(1,2-diethy1-4-n-butylcyclopentadienyl)zirconium dichloride
bis(1-methy1-3-i-propylcyclopentadienyOzirconium dichloride
bis(1-ethy1-3-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-tetrahydroindenyl)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 




