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PROCESSES FORPOLYMERIZING ALPHA-OLEFING, INTERNAL QLEFINS AND
COMPOSITIONS THEREOF

FIELD
6001} The present disclosure provides processes for polymerizing low molecular weight
alpha-olefing, linear internal olefing, and branched internal olefins. The present disclosure further

provides polvolefin products useful as diesel fuel, and or base stocks, and or chemical

intermediates.
BACKGROUND
(3002} The polymerization (e.g., oligomerization) of light mono-olefins offers an attractive

way for upgrading light olefins to produce either, fuel components (e.g.. gasoline; nuddie
distillates), which are commonly branched, or as intermediates for the manufacture of various types
of products targeted in the petrochemical industry. Highly linear products are desirable in the fuel
industry {e.g., feedstocks for diesel blending due to high cetane values). Branched alcohol
production is desirable for the synthesis of surfaciants, polvmer additives, lube and fuel additives,
adhesives, and other industrial products}.

3003} Commercial processes for butenes oligomerization using homogeneous catalvsts in a
liguid phase {e.g., Dimersol process), heterogeneous catalysts {e.g., Octol process), or tonic liquid
catalyst solvents {e.g., Difasol process) are in constant development, seeking for more performant
catalyst systems and conditions {(e.g., temperature, time, recycling solvents, recycling catalysts,
feed impurtties tolerance} that would satisty the increased demand of “higher olefins™, which are
also referred to as reactive intermediates, used to manufacture products {e.g., lube oil additives,
surfactants, agricultural chemicals, coatings, corrosion inhibitors, feedstocks for alcohols,
plasticizers, and neodecanoic acids), i the petrochemical industry.

(G004} Diesel fuel is one of the major transportation fuels. Diesel fuel is a mixture of many
different hydrocarbons with the carbon numbers ranging, for example, from 8 to 25, Usually, n-
alkanes and oxvgenates {e.g., ethers) in diesel fuel tend to increase the cetane number, while
branched or unsaturated hvdrocarbons lower the cetane number value. Hydrogenated polyolefin
products can be used as diesel fuels having a high cetane number, if the polvolefins are less
branched. A high-cetane diesel fuel provides, for example, more complete combustion, improved
cold starts, less engine noise and knocking, reduced white smoke and warm-up time, and lower
exhaust enussions {e.g., hvdro carbon, carbon monoxide, and sometimes particulate matter), as
compared to diesel fuels having lower cetane numbers.

(6005} In addition, higher olefins are reactive intermediates used to manufacture products

used in lube ol additives, surfactants, agricultural chemicals, coatings and corrosion inhibitors.
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Base stocks are a key enabler for formulating high-quality lubricants to help meet today’s energy
efficiency, emission reduction and fuel economy challenges. Base stock is a constituent in finished
lubricants and the characteristics of the base stock coninbute to the properties of the finished
lubricants. Finished lubricants include engine oils, crankcase fubricants, fiber optic cable, food-
grade processing labricants and greases, and various industrial lubricants. Lubricanis in actual
commercial use are prepared from a variety of natural and synthetic base stocks admixed with
various additive packages and solvents depending upon their intended application. The base stocks
typically include mineral oils, polyalphaolefins (PAD), eas-to-liquid base otls (GTL), silicone vils,
phosphate esters, diesters, polyol esters, and the like.

{006} Base stocks are categorized according to the American Petroleum Institute (API)
classifications based on saturated hydrocarbon content, sulfur level, and viscosity index (see Table
1 infra). Typically, Group I, II, and III base stocks are each derived from crude oil via extensive
processing, such as fractionating, solvent extraction, solvent dewaxing, and hvdrotsomerization.
Group 1l base stocks can also be produced from svnthetic hydrocarbon liguids obtained from
natural gas, coal, or other fossil resources. Group IV base stocks are polyalphaolefins (PAQs), and
are produced by the oligomerization of alpha olefins. Group V base stocks include all base stocks
that do not belong to Groups I-IV. such as naphthenics, polvalkvlene glveols (PAG), alkyl
aromatics and esters.

[GO071 Additionally, there are the informal categories of base stocks referred to as “Group
[+ and “Group H+7 that are generally recognized within the lubricant indusiry as corresponding
to base stocks that exceed the minimum classification requirements of the formal group. For
example, a “Group H+” base stock may have a viscosity index (V1) above 110 and a “Group HI+”

base stock may have a viscosity index (V1) between 130 and 130,

Table 1,
APY Classification
Group | Group | Group | Group IV | Group V
] i i

Property Polyalpha- | All others

% Saturates <90 290 290 olefins not
% Sulfur >(.03 =0.03 <0.03 {PAOs) belonging

Index (VI} 80-120 | 80-120 2120 to
group -1V




WO 2020/205708 PCT/US2020/025664

-3

{3008} Group IV PAQGs, for example, can be synthesized by cationic oligomerization with a
Lewis acid catalvst, such as BFs, using 1-decene as feedstock followed by hvdrogenation of the
obtained oligomers. Furthermore, polymerization of Cs and higher alpha-olefins can be performed
using early transition metal catalvsts {e.g., Ti. Zr, Hf, or V). Processes using acid catalysts lead to
the formation of highly branched prodacts, such that products contain high amount of methyl
branches, as determined by *C NMR spectroscopy, which gives different product properties than
the transition metal catalyzed producis.

3009} Internal olefins (e.g., linear internal olefing and branched internal olefins) on the other
hand, have not been utilized as feed for base stock manufacturing due to their tendency to form
highly branched producis. Lower molecular weight internal olefins are abundantly available from
a variety of refining sources such as fluid catalytic cracking (FCC) gasoline and coker naphtha.
For example, 5% of FCL producis are Us-olefins, which represent approximately 300 KBD in the
United States, and approximately 62% of those are internal olefins. Due to their low reactivily,
there are currently no significant uses of these olefins as feed to make higher molecular weight
products.  Therefore, upgrading these feeds into higher value products would be desirable.
However, value upgrade options of the intemal olefins are typically limited to alkane alkylation to
gasoline and oligomernization to chemical intermediates, both promoted by acid catalysts.

G010} Nonetheless, higher linearities of products, by means of linear hydrocarbons, are more
desirable for a wide range of applications, such as precursors for plasticizers, diesel, and jet fuel.
6011} There is a need for processes for polymerizing low molecular weight alpha-olefing and
internal olefins, such as linear and branched olefins, that can provide novel linear base stocks and
diesel fuel.

(3012} Furthermore, under present conditions, petroleum refineries are finding it increasingly
necessary 1o seek the most cost-effective means of improving the quality of diesel fuel products.
Cetane number is a measure of ignition quality of diesel fuels. Cetane number is highly dependent
on the paraffinicity of molecular structures whether they are straight chains or alkyl attachments
1o the rings. Distillate aromatic content, for example, 18 inversely proportional to cetane number
while a high paraffinic content is directly proportional to a high cetane number. Fuels including
less branching materials also have higher cetane number.

(3013} in light of the ever present need for improving conventional diesel formation processes
and for improving diesel fuel properties, there remains a need for processes of obtaining diesel fuel
with high cetane number that can be formed from alpha-olefins and intemal olefins.

(6014} References for citing in an Information Disclosure Statement (37 C.F.R. 1.97(h)):

Behr, A.; Rentmeister, N.; Seidensticker, T., Vosberg, I Peitz, 8.; Maschmever, B. “Highly
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Selective Dimerization and Trimerization of Isobutene to Linearly Linked Products by Using
Nickel Catalysis™ Chem. Asia. J. 2014, 9, pp. 556-601; Keim, W. “Nickel: an Element with Wide
Application in Industrial Homogeneous Catalysis™ dngew. Chem. Int. Ed. Engl. 1990, 29, pp. 235-
244; Behr, A Bayrak, Z.; Peitz, 8., Stochniol, G.; Maschmeyer, D. “Oligomerization of I-butens
with a Homogeneous Catalyst System Based on Allyvlic Nickel Compleses™ RSC Adv. 2015, S, pp.
41372-41376; US 9,682,898; US 5177,282; Olivier-Bourbigou, H.; Favre, F.; Forestiére, A ;
Hugues, F. “lonic Liquids and Catalysis: the IFP Biphasic Difasol Process” Handbook of Green
Chemistry, book chapter 2010; Olivier-Bourbigou, H. “fonic Liquids: New Solvents and
Technology for More Environmentally Friendly Processes”, IFP Innovation Energy Environment,
2007,

SUMMARY

[6015] The present disclosure provides diesel fuel, base stocks, and or chemical intermediates,
and processes for producing such diesel fuel, base stocks and or chemical intermediates by
polymerizing {2-Cae alpha-olefins, linear C4-Cso internal olefins, branched Cs-Cso internal olefins,
or mixture thereof. The present disclosure further provides polyolefin products useful as diesel
fuel. The present disclosure further provides diesel fuel and or base stocks, comprising low
molecudar weight polyolefin products.

6016} In at least one embodiment, a process includes: 1) introducing, neat or in the presence
of a solvent, a feed comprising a branched Cs~Cso internal olefin with a catalyst compound
comprising a group 8, 9, 10, or 11 transition metal and at least one heteroatom: and 11} obtaining a
Ce-Croo polyolefin product having one olefin, a methylene content of from about 1 wi% 1o about
98 wi%%, based on the total weight of the Ce-Cioo polyolefin product, and or a methyl content of
from about T wt% to about 75 wt%, based on the total weight of the Co-Cioo polyolefin product.
The feed may further comprise a linear C4-Cao internal olefin, a C2-Cao alpha-olefin, or a mixture
thereof.

(60171 A process of the present disclosure may include: 1) introducing, neat or in the presence
of asolvent, a feed comprising abranched Cs-Cso internal olefin with a catalyst system comprising
(1) a catalyst comprising a group 8, 9, 10, or 11 transition metal and at least one heteroatom, (2)
an activator, and (3) optionally a support material; and 11} obtaining a Cs-Croo polyolefin product.
The feed further comprises a linear Cs-Cso internal olefin, a (2-Cso alpha-olefin, or a nuxture
thereof.

[6018] In at least one embodiment, a Cs-Croo polyolefin product has one olefin, as determined
by 'H NMR spectroscopy.

3019} A process of the present disclosure may further include hydrogenating the Ce-Cioo
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polyolefin product to form a Cs-Cieo hydrogenated polvolefin product. In at least one embodiment,
the Cs~-Cioo hvdrogenated polyolefin product has one or more of. a cetane number of about 30 or
greater, a methylene content of from about 1 wi% to about 98 wi% (based on the total weight of
the Cs-Ciee hydrogenated polyolefin product, as determined by GC measurements), and or a methyl
content of from about 1 wi% fo about 75 wi% (based on the total weight of the Co-Cioo
hydrogenated polyolefin product, as deternined by GC measurersents).

BRIEF DESCRIPTION OF THE DRAWING

(3020} FIG. 1 is a pie chart illustrating Cs-olefin content (%) of the products formed by Fluid

Catalytic Cracking (FCC), according to one embodiment.

{6021} FIG. 2 15 a graph illustrating equilibriuro composition (%) as a function of teraperature
(°Cy of 2-methyl-2-butene, 2-methyl-1-butene, and 3-methyl-1-butene, according to one
embodiment.

6022} FIG. 3 15 a graph illustrating equilibrium compositions (96) as a function of temperature
(°C) of 1-pentene, trans-2-pentene, and cis-2-pentene, according to one embodiment.

(30623} FIG. 4 is a gas chromatogram of hydrogenated polyolefin products formed from 1-
pentene, 2-peniene, 3-Me-1-butene, 2-Me-~1-butene, and  2-Me-2-butense with
Ni(hfacac)/EtAIOFEL, according to one embodiment.

(0024}

FI1G. 5 i3 a graph tlustrating gas chromatograms of dimers formed based on Ni-catalyzed C5-olefin
dimerization and BF3-catalyzed CS-olefin dimerization, according (o one erabodiment.
DETAILED BESCRIPTION

The present disclosure provides novel low-branched diesel fuel, base stocks, and or chemical
intermediates, and processes for producing such diesel fuel, base stocks, and or chemical
ntermediates by polymerizing low molecular weight alpba-olefins and or internal olefins and or
branched olefins. In one aspect, a hight distillate product includes one or more C6-C100
hydrocarbon product{s). The light distillate product may be blended with one or more other
components (e.g., additives) to produce, for example, a fuel composition {e.g., higher value diesel
(cetane)), waxes, lubricant range products, and base stocks. The present disclosure further provides
polyolefin products {e.g., linear base stocks, diesel fuel) having one or more of improved flow, low
ternperature properties, and thickening efficiency. The present disclosure further provides novel
diesel compositions and processes for producing such diesel compositions by polymerizing low
molecular weight alpha-olefins and internal olefins.

(G025} In at least one embodiment, a process includes: 1} introducing, neat or in the presence

of a solvent, a feed comprising a branched Cs-Cso internal olefin with a catalyst compound
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comprising a group 8, 9, 10, or 11 transition metal and at least one heteroatom (e.g., fluorine); and
it} obtaining a Cs-Cico polyolefin prodact having one olefin, a methylene content of from about 1
wi% to about 98 wit%, based oun the total weight of the Ce-Cioo polyolefin product, and or a methyl
content of from about 1 wit% to about 75 wi%, based on the total weight of the Co-Creo polyolefin
product. The feed may further comprise a linear Cs~Cao internal olefin, a C2-Cso alpha-olefin, or a
mixture thereof.

[(3026] A process of the present disclosure may include: 1} introducing, neat or in the presence
of asolvent, a feed comprising abranched Cs-Cso internal olefin with a catalyst system comprising
(1) a catalyst comprising a group 8, 9, 10, or 11 transition metal and at least one heteroatom (e.g.,
fluorine), (2) an activator, and (3) optionally a support material; and 11} obtaining a Ce-Cioo
polyolefin product. The feed further comprises a linear C4-Cso internal olefin, a C2-Csyo alpha-
olefin, or a mixture thereof.

66271 in at least one embodiment, a Co-Croo polyolefin product has one olefin, a methyvlene
content of from about 1 wt% to about 98 wt%, based on the total weight of the Cs-Cico polyolefin
product, and or a methyl content of from about 1 wit% to about 735 wit%, based on the total weight
of the Cs-Cioo polyolefin product, as determined by 'H NMR spectroscopy.

(0028} A process of the present disclosure may further include hydrogenating the Cs-Cioo
polyolefin product to form a Ce-Cieo hydrogenated polyolefin product. In at least one embodiment,
the Ce-Cioo hydrogenated polvolefin product has one or more of a cetane number of about 30 or
greater, a methyl content of from about 1 wit% to about 75 wi% (based on the total weight of the
Co-Croo hydrogenated polyolefin product, as determined by GC measurements). and or a methviene
content of from about 1 wi% to about 98 wi% {(based on the total weight of the Ce-Cioo
hydrogenated polyolefin product, as determined by GC measurements).

(3028} in at least one embodiment, a process of the present disclosure includes using a catalyst

represented by Formula (1)

R! RO
—X X
\/
R2 \ /1\/[\ \\ RS
X X=
R’ R* M

wherein;

Mis agroup &, 9, 10, or 11 metal;
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each X is an hetercatony, and

each of R, R% R% RY RS, and R® is independently selected from hydrogen, C1-Cao hydrocarbyl,
C1~Cao substituted hydrocarbyl, a heteroatom or a heteroatom-containing group, wherein at least
one of RL R? R’ R* R° and R®is a heteroatom or a heteroatom-containing group, of one of more
of Rb and R%, R? and R?, R* and R’ or R® and RS are joined to form one or more substituted
hydrocarbyl rings. unsubstituted hydrocarbyl rings, substituted heterocyclic rings, or unsubstituted
heterocyclic rings each having 5, 6, 7, or 8 ring atoms, wherein at 1east one of the rings is substituted
with a heteroatom or a heteroatom-containing group if the remainder of R groups of Formula (I}
are not a heteroatom or a heteroatorm-containing group. Alternatively or additionally, each of RY,
R2, B3, RY RS and RS is independently selecied from hydrogen, Ci-Cyo hydrocarbyl, Ci1-Cao
substituted hydrocarbyl, a heteroatom or a heteroatom-containing group, wherein at least one of
R), R? R3 R* R’ and R® is hydrogen or C1-Cae hydrocarbyl.

(6630} Furthermore, the ability to utilize the low activity internal and branched olefing of
conventional feeds while at the same time increasing the linearity of the products has the benefit
of low feed cost, improved upgrading of feeds that are mixtures of different kinds of olefins, and
superior product performance.

(G031} in at least one embodiment, a base stock is a Ce-Croo polvolefin product, such as a Cas-
Cso polyolefin product. In at least one embodiment, a base stock 1s a hydrogenated Cs-Cioo
polyolefin product, such as a hydrogenated C23-Cso polyolefin product.

60321 in at least one embodiment, a diesel fuel is a Ce-Cioo hydrogenated polyolefin product,
such as a Co-Cos hydrogenated polvolefin product.

3033} All numerical values within the detailed description and the claims herein are modified
by “about” or “approximately” the indicated value, and take into account experimental error and
variations that would be expected by a person of ordinary skill in the art.

[G034] For purposes herein, the numbering scheme for the Periodic Table Groups is used as
described in CHEMICAL AND ENGINEERING NEWS, 63(5), pg. 27 (1985). For example, a “Group 4
metal” is an element from Group 4 of the Periodic Table, e.g.. Hf, Ti, or Zr.

[6035) The following abbreviations may be used herein: Me is methyl, Et is ethyl, Ni{acac)
is Nickel(ll) acetylacetonate, Ni(hfacack: is Ni{Il) hexafluoroacetylacetone, MAO is
methyvialuminoxane, RT is room temperature {and is 23°C unless otherwise indicated), wi% is
weight percent, MOFs is metal organic frameworks, BDC is 1,4-benzenedicarboxylate, VI is
viseosity index, VM is viscosity modifier, TE is Thickening efficiency, TON is Tumn-Over

Number.
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3036} A “polymer” has two or more of the same or different monomer (“mer”) units. A
“homopolymer” is a polvmer having mer uniis that are the same. A “copolvmer” is a polymer
having two or more mer units that are different from each other. A “terpolymer” is a polymer
having three mer units that are different from each other. “Different” as used to refer to mer units
indicates that the mer units differ from each other by at least one atom or are different isomerically.
Accordimgly, the definition of copolyroer, as used herein, includes terpolviners.

(G037} As used herein, the term “base stock™ means a hydrocarbon liquid useable as a major
component of a lubricating otf. As used herein, the term “base oil” refers to a blend of base stocks
useable as a major component of a lubricating oil.  As used herein, the term “major component”
means a cornponent present in a lubricating ol in an amount of about 50 weight percent {wt%) or
greater. As used herein, the term “minor component” means a component {e.g., one or more
lubricating o1l additives) present in a lubricating o1l in an amount less than about 50 wt%.

[6638] As used herein, a “catalyst” can have isomeric forms such as conformational isomers
or configurational isomers. Conformational isomers include, for example, conformers and
rotamers. Configurational isomers include, for example, sterecisomers.

{3039} A “catalyst system” includes at least one catalyst compound and ai least one activator.
When "catalyst system” is used to describe such the catalyst compound/activator combination
before activation, it means the unactivated catalyst complex (precatalyst) together with an
activator. When it 15 used to describe the combination after activation, it means the activated
complex and the activator. The catalyst compound rmay be neutral as in a precatalyst, or a charged
species with a counter ion as in an activated catalyst system.

(3040} “Conversion™ is the amount of monomer that is converted to polymer product, and the
conversion reported herein is defined as the amount of monomer fed into the reactor that is
converted divided by total amount of monomer fed into the reactor.

G041} “Catalyst activity” is a measure of the level of activity of the catalyst and is reported
as the number of moles of the feed reacted per moles of catalvst used, and is also referred to as the
turn-over number (TON).

[6042] Unless otherwise indicated, (e.g, the definition of "substituted hvdrocarbyl",
"substituted aromatic”, efc.), the term “substituted” means that at least one hvdrogen atom has been
replaced with ai least one non-hydrogen group, such as a hydrocarbyl group. a heteroatom, or a
hetercatom containing group, such as halogen {such as Br, Cl, F or I} or at least one functional
group such as -NR*; -OR*, -SeR* -TeR* -PR* -AsR¥; -SbR*, -SR* -BR*;, -SiR¥;, -GeR*;,
-SnR*z, -PbR*3, -(CH2)g-SiR*3, where g 15 | to 10 and each R™ 13 independently a hydrocarbyl or

halocarby! radical, and two or more R¥ may join together to form a substituted or unsubstituted
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completely saturated, partially unsaturated, or aromatic cyclic or polycvclic ring structure}, or
where at least one heteroatom has been inserted within a hydrocarbyl ring.

(G043} The term "substituted hydrocarbyl” means a hydrocarbyl radical i which at least one
hydrogen atom of the hvdrocarbyl radical has been substituted with at least one heteroatom (such
as halogen, e.g., Br, CL, F or I} or heterocatom-containing group (such as a functional group, e.g., -
NR#;, -OR*, -SeR¥ -TeR¥ -PR¥, -AsR¥;, -SbR*;, -SR¥, -BR*;, -8iR*;, -GeR*;, -SnR*;, -
PbR*;, -(CH2)q-S1R*;, where qis 1 to 10 and each R* is independently a hydrocarbyl or halocarbyl
radical, and two or more R* may join together to form a substituted or unsubstituted completely
saturated, partially unsaturated, or aromatic cyclic or polveyclic ring structure), or where af least
one heteroatom has been inserted within a hvdrocarbyl ring. The term "hydrocarbyl substituted
phenyl” means a pheny! group having 1, 2, 3, 4 or 5 hydrogen groups replaced by a hydrocarbyl or

substituted hydrocarbyl group. For example, the "hydrocarbyl substituted phenyl” group can be

R& R®

RP Rd

represented by the formula: R¢ where each of R%, R?, R°, R4, and R® can
be independently selected from hydrogen, C1-Cao hydrocarbyl or Ci~Cao substituted hydrocarbyl,
a hetercatom or a hetercaiom-containing group (provided that at least one of R% R®, RS, R4 and R®
is not H), or two or more of R R RS RY and R® can be joined together to form a C4-Ce2 cyclic
or polyveyelic hydrocarbyl ring structure, or a combination thereof.

(60441 The term "substituted aromatic,” means an aromatic group having 1 or more hvdrogen
groups replaced by a hvdrocarbyl, substituted hvdrocarbyl, heteroatom or heteroatom containing
group.

{3045} The term "substituted phenyl,” mean a phenyl group having 1 or more hydrogen groups
replaced by a hydrocarbyl, substituted hydrocarbyl, heteroatom or heteroatom containing group.
[6046} The term "substituted carbazole,” means a carbazolyl group having 1 or more hvdrogen
aroups replaced by a hydrocarbyl, substituted hydrocarbyl, heteroatom or hetercatom containing
group.

(3047} The term "substituted naphthyl,” means a naphthyl group having 1 or more hydrogen
groups replaced by a hydrocarbyl, substituted hydrocarbyl, heieroatom or heteroatom containing

group.
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(30481 The term "substituted anthracenyl," means an anthracenvl group having 1 or more
hydrogen groups replaced by a hydrocarbyl, substituted hydrocarbyl, heteroatom or heteroatom
containing group.

[G049] The term "substituted fluorenyl” means a fluorenyl group having 1 or more hyvdrogen
groups replaced by a hydrocarbyl, substitited hydrocarbyl, heterocatom or heteroatom containing
group.

(G050} The terms “alkoxy™ and “alkoxide” mean an alky! or ary} group bound to an oxygen
atom, such as an alkyl ether or aryl ether group/radical connected to an oxygen atom and can
include those where the alkyl/aryl group is a Cito Cichydrocarbyl The alkyl group may be straight
chain, branched, or cyclic. The alkyvl group may be saturated or unsaturated. Exaraples of suitable
alkoxy radicals can include methoxy, ethoxy. n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-
butoxy, tert-butoxy, phenoxyl

G051} The term "alkenyl" means a straight-chain, branched-chain, or cyclic hydrocarbon
radical having one or more double bonds. These alkenvl radicals may be optionally substituted.
Examples of suitable alkenvl radicals can include ethenyl, propentyl, allyl, 1 4-butadienyl
cyclopropentyl, ¢yclobutenvl, cvclopentenyl, cyelohexenvl, cveloctenyl, including their
substituted analogues.

G052} The terms “alkyl radical,” and “alkyl” are used interchangeably throughout this
disclosure. For purposes of this disclosure, "alkyvl radical” is defined to be Ci-Cioo alkyls, that may
be linear, branched, or cyclic. Examples of such radicals can include methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbuiyl, sec-butyl, tert-butyl, pentyl, iso-amyl, hexyl, octyl cyclopropyl,
cyclobutyvl, cyclopentyl, evclohexyl, cyclooctvl, including their substituted analogues. Substituted
alkyl radicals are radicals in which at least one hydrogen atom of the alkyl radical has been
substituted with at least a non-hydrogen group, such as a hydrocarbyl group, a heteroatom, or a
heteroatom containing group. such as halogen (such as Br, CL, F or I) or at least one functional
group such as ~NR*y, -OR*, -8eR* -TeR* -PR*y -AsR*2, -SbR*y, -SR* -BR*:, -SiR*3, -GeR*3,
-SnR*s, -PbR*;, or -(CH2)-8iR*3, and each R* is independently a hydrocarbyl or halocarbyl
radical, and two or more R* may join together to form a substituted or unsubstituted completely
saturated, partially unsaturated, or aromatic cyclic or polycyelic ring structure), or where at least
one heteroator has been mseried within a hydrocarbyl ring.

(6053} The term "aryl” or "arvl group” means an aromatic ring and the substituted variants
thereof, such as phenyl, Z-methyl-phenyl, xylyl, 4-bromo-xviyl. Likewise, heteroaryl means an

aryl group where a ring carbon atom {or two or three ring carbon atoms) has been replaced with a
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heteroatom, such as N, O, or 8. As used herein, the term "aromatic” also refers to pseudoaromatic
heterocvcles which are heterocvelic substituents that have similar properties and structures (nearly
planar} to aromatic heterocvclic ligands, but are not by defimtion aromatic; likewise the term
aromatic also refers to substituted aromatics.

[G054] Where isomers of a named alkyl, alkenvl, alkoxide, or arvl group exist (e.g., n-buiyl,
iso-butyl, sec-butvl, and tert-butyl} reference to one member of the group (e.g., n-butyl) shali
expressly disclose the remaining isomers {e.g., iso-butvl, sec-butyl, and tert-butyl) in the family.
Likewise, reference to an alkvl, alkenyl, alkoxide, or arvl group without specifying a particular
isomer {e.g., butyl} expressly discloses all isomers (e.g., n-butyl, iso-butyl, sec-butyl, and tert-
butyl).
[GOS5] The term "ring atom” means an atom that 15 part of a cvclic ring structure. By this
definition, a benzyl group has six ring atoms and tetrahydrofuran has 5 ring atoms.

{6056} A heterocyelic ring 15 a ring having a heteroatom in the ring structure as opposed (o a
heteroatom substituted ring where a hydrogen on a ring atom is replaced with a heteroatom. For
example, tetrahy drofuran is a heterocyclic ring and 4-N N-dimethylamino-phenyl is a heteroatom-
substituted ring.

(G057} The terms “hvdrocarbyl,” “hydrocarbyl group,” or “hydrocarby! radical” may be used
interchangeably and are defined to mean a group consisting of hydrogen and carbon atoms only.
For example, a hydrocarbyl can be a C1-Cice radical that may be Hnear, branched, or cyclic, and
when cyclic, aromatic or non-aromatic. Examples of such radicals may include, but are not limited
to, alkyl groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentvl, 1so-amvl, hexyl, octyl eyclopropyl, cvclobutyl, cyclopentyl, cyclohexvl, cyclooctyl, and
aryl groups, such as phenyl, benzyl naphthyl

[GO58] The term “olefin” refers to an unsaturated hydrocarbon compound having a
hydrocarbon chain containing at feast one carbon-to~carbon double bond in the structure thereof,
wherein the carbon-to-carbon double bond does not constitute a part of an aromatic ring. The
olefin may be Hinear, branched linear, or cyvchic. The term “olefin” can be alternatively referred to
as “alkene”. An olefin can be substituted or unsubstituted.

G039} The term “termuinal olefin”, also referred to as “alpha-olefin™, refers to an olefin having
a terminal carbon-io-carbon double bond in the structure thereof ((R¥RY}-C=CHz, where R* and RY
can be independently hvdrogen or anv hydrocarbyl group, such as R* is hydrogen, and RY is an
alkyl group). In other words, an “alpha-oletin™ is an olefin having a double bond at the alpha {(or
-} position. A “linear terminal olefin™ 15 a termuinal olefin defined in this paragraph wherein R¥is

hydrogen, and RY 1s hydrogen or a linear alkyl group. As used herein, terros “linear terminal olefin”
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and “linear alpha-olefin” are used interchangeably. A “linear alpha-olefin™ or “LAQG” 15 an olefin
with a double bond at the alpha position and a linear hydrocarbon chain. A “polv(alpha-~-olefiny”
or "PAGO” is a polymer having two or more alpha-olefin units. As used herein, terms “poly{alpha-
olefiny” and “poly(alpha-olefin} polvmer™ are used interchangeably. For the purposes of this
disclosure, the term “o-olefin” includes C2-Cao olefing. Non-limiting examples of a~olefing include
ethylene, propylene, 1-butene, 1-pentene, 1-hexene, |-heptene, l-octene, |-nonene, I-decene, 1-
undecene 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene, I-heptadecene, 1-
octadecene, I-nonadecene, I-eicosens, I-heneicosene, 1-docosene, 1-iricosene, I-tetracosene, 1-
pentacosene, 1-hexacosene, 1-heptacosene, I-octacosene, l-nonacosene, 1-triacontens, 4-methyl-
i-pentene, 3~-methyi~-1-pentene, S-methyl-1-nonene, 3,5,5-trimethyl-1-hexene, vinylcyclohexane,
and vinylnorbornane. Non-limiting examples of cyclic olefins and diclefins include cyclopropene,
cvelobutene, cyclopentene, cyclohexene, cycloheptene, cyclooctene, cvclononene, cyclodecene,
norbornene, 4-methylnorbornene, 2-methylcyclopentene, 4-methyleyclopentene,
vinyleyclohexane, norbornadiene, dicyclopentadiene, 5-ethylidene-2-norbomene,
vinylcyclohexene, S-vinvl-Z-norbornene, 1.3-divinylcyclopentane, 1.2-divinyleyclohexane, 1,3-
divinyleyvclohexane, 1 4-divinyleyclohexane, 1,5-divinyleyclooctane, 1-allyl-4-vinylcyclohexane,
I.4-diallvlcyclohexane, 1-allyl-S-vinyicyclooctane, and 1.5-diallylcyclooctane.

G060} For purposes of this disclosure, ethvlene shall be considered an alpha-olefin (also
referred to as an “o-olefin™).

0061} The term “alpha-olefin” includes vinviogous compounds. The term “vinyl” means an

olefin having the following formula:

H H
H R
wherein R is a hvdrocarbyl group, such as a saturated hydrocarbyl group.
3062} The term “internal olefin” includes olefing that are vinvlenes.
(3063} The term “linear olefins” includes 1, 1-disubsituted olefins and linear internal olefins,

such as 1,2-di-substituted olefins. The term “1,1-di~-substituted olefin” includes “vinylidene”. The

term “vinylidene™ means an olefin having the following formula:

H R
—
H R

wherein each mstance of R is independently a hydrocarbyl group, such as a saturated hydrocarbyl

>
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group. The term 1,2-di-substituted olefin includes “vinylene” or “1,2-di-substituted vinylene”
means:
(1) an olefin having the following formula {(which 1s a “cis- conformation):

R R

H H; or
(it} an olefin having the following formula (which is a “trans-" conformation}:

R H

H R;OI

(i1} a mixture of (i} and (ii} at any proportion thereof,

wherein each instance of R is independently a hydrocarbyl group, such as saturated hydrocarbyi
aroup.

(3064 ] The term “branched olefin™ includes branched internal olefins such as “tri-substituted
olefin”.  The term “ir~substituted olefin” inclodes tri-substituted vinylene. The term “lri-

substituted vinylene” means an olefin having the following forroula:

R R

R H
wherein each instance of R 1s independently a hydrocarbyl group, such as a saturated hydrocarbyl
group.
Alpha-Olefing
(6065} An alpha-olefin {e.g.. monomers) of the present disclosure can be a hnear or branched
C2-Cao olefin. Monomers can include substituted or unsubstituted ', to Cso alpha olefins, such as
substituted or unsubstituted C, to €, alpha olefins, such as substituted or wnsubstituted C, to €,
alpha olefins, such as ethylene, propylene, 1-butene, 2-methyi-1-propene, 1-pentene, 2-methyl-1-
butene, 3-methyl-1-butene, 1-hexene, 2-methyl-1-pentene, 2-ethyl-1-butene, 3-methvl-1-pentene,
4-methyl-1-pentene, heptene, octene, nonene, decene, undecene, dodecene and i1somers thereof. In
at least one embodiment, a substituted and or unsubstituted alpha-olefin is selected from one or
more of 1-butene, I-pentene, I-hexene, t-hepiene, 1-octene, 1-nonene, 1-decene.
Internal Olefing

3066} An mtemal olefin {e.g.. monomers) of the present disclosure can be a linear C4-Cso
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olefin, a branched Cs-Cso olefin, or a cvclic C4-Cso olefin, having one or more carbon-carbon

EE

double bonds along the olefin backbone (also referred to as “internal unsaturation™) instead of, or
in addition to, a carbon-carbon double bond at a terminus of the olefin {(also referred to as “ternunal
unsaturation”}. Linear Cs-Cso internal olefins or branched Cs-Cse internal olefins may be referred
1o as C4~Coo internal olefins. In addition to mternal ensaturations, a Ce-Cso internal olefin may
additionally have oune or roore terminal unsaturations. Au internal olefin can have one or more cis-

conformations or one or more trans-conformations. The monomers may include one or more C,
to €, cyelic olefins, such as C, to C,, cyclic olefins, such as C to €, cyclic olefins. The C, 10
C,, eyclic olefins may be strained or unstrained, monocyclic or polyeyclic, and may optionally
include heteroatoms and or one or more functional groups.

60671 In at least one embodiment, an internal olefin is selected from a cis-configuration, trans-
configuration, or mixture thereof of one or more of 2-butene, 2-pentene, 2-hexene, 3-hexene, 2~
heptene, 3-heptene, 2-octene, 3-octene, 4-octene, Z-nonene, 3-nonene, 4-nonene, 2-decene, 3-
decene, 4-decene, and 5-decene.

G068} Exemplary C, to C,, internal olefin monomers may also include, norbornene,
cyclopentene, cvclohexene, cycloheptene, cyclooctene, cvclododecene, 7-oxanorborene,
substituted derivatives thereof, and isomers thereof, such as I-hydroxy-4-cyclooctene, 1-acetoxy-
4~cyclooctene, S~-methylcyclopentene and their respective homologs and derivatives.

[G069] Internal olefins of the present disclosure can be obtained from commercial sources
{(such as Sigma Aldrich or TCI) and or may be obtained from refined hydrocarbon feeds such as
fluid catalvtic cracking (FCC) gasoline or coker naphtha. For example, a cellulosic feed material
may be liguefactioned to form a product that then undergoes a fluid catalytic cracking process, as
described in U.S. Pub. No. 2013/0118059. Any suitable cellulose-containing material may be used
as a cellulosic material of the present disclosure. The cellulosic material for use according to the
present disclosure may be obtained from a varety of plants and plant materials including
agricultural wastes, forestry wastes, sugar processing residues and or nuxtures thereof. Examples
of suitable cellulose-containing materials include agricultural wastes such as corn stover, soybean
stover, corn cobs, rice straw, rice hulls, oat hulls, comn fiber, cereal straws such as wheat, barley,
rve and oat straw, grasses, forestry products such as wood and wood-related materials such as
sawdust, waste paper; sugar processing residues such as bagasse and beet pulp, or mixtures thereof.
(3070} Alternatively, a biomass material may be treated under high temperature at a short
contact time to form a fast pyrolysis oil that can then undergo a fluid catalvtic cracking process,

such as the processes described in U.S. Patent No. 9,120,989, Suitable biomass materials include
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wood, wood residues, sawdust, slash bark, thinnings, forest cullings, begasse, com fiber, comn
stover, empty fruit bunches (EFB), fronds, palm fronds, flax, straw, low-ash straw, energy crops,
palm oil, non-food-based biomass materials, crop residue, slash, pre-cormmercial thinnings and tree
residue, annual covercrops, switchgrass, miscanthus, cellulosic containing components, cellulosic
components of separated vard waste, cellulosic components of separated food waste, cellulosic
components of separated municipal solid waste (MSW), or combinations thereof.

Polyvmerization Processes

3071} Polvmerization processes of the present disclosure inchude the polvmerization of Ca-
Cso alpha~-olefing, C4-Cso internal olefins, branched Cs-Cso intemnal olefing, or a mixture thereof, to
provide at least one Ce~Cioo polvolefin product. A process involves contacting a feed including
one or more C2-Cso alpha-olefin, one or more Cs-Cso internal olefin, one or more of branched Cs-
Cso internal olefins or a mixture thereof, with at least one catalyst compound comprising a group
8,9, 10, or 11 transition metal and at least one heteroatom.

{6072} Polyvmerization processes may occur in one or more polymerization reactors, in series
or in parallel, at a reactor pressure of from O psig to 1000 psig: and a reactor temperature of about
250°C or less.

(G073} The C2-Cse alpha-olefing, the linear C4-Cso internal olefins, the branched Cs-Cso internal
olefins, or a mixture thereof, can be introduced to a polymerization reactor in a liquid state, and or
in a gaseous state, or in a partally bquid-partially gaseous state.  When injected in the
polymerization reactor in a liquid state, and or in a gaseous state, or in a partially liquid-partially
gaseous state, the linear C4-Cso internal olefins, the branched Cs-Cso internal olefins, or a mixture
thereof, can be vaporized upon entry, such as the C2-Us alpha-olefins, the linear Cy-Cio internal
olefins, the branched Cs-Cso internal olefins, or a mixture thereof can be contacted in the gaseous
state with the catalyst compound(s) of the present disclosure,

[GO74] In at least one embodiment, the polymerization process includes contacting the C2-Cso
alpha-olefins, the linear Cs-Cso inlernal olefins, the branched Cs-Cao internal olefins, or a mixture
thereof, neat or in the presence of a solvent, with a catalyst or catalvst system: at a temperature of
from about 250°C or less, such as from about -35°C to about 120°C | such as from about 0°C to
about 8G°C, such as from about 10°C to about 50°C, such as from about 15°C {0 about 40°C, such
as room temperature; and or at a pressure of from aboul 0 psig to about 1000 psig such as from
about O psig to about 200 psig, such as from about 0 psig to about 100 psig.

G075} For example, the polymerization process may include contacting one or more Cs olefins
{e.g.. Cs alpha~olefin, linear Cs internal olefins, branched Cs mternal olefin, or a mixture thereof);

neat or in the presence of a solvent, with a catalyst or catalyst systemy; at a temperature of from
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about 230°C or less, such as from about -35°C 1o about 120°C | such as from about 0°C to about
80°C, such as from about 10°C to about 50°C, such as from about 15°C {o about 40°C, such as
room temperature; and or at a pressure of from about 0 psig to about 1000 psig such as from about
0 psig to about 200 psig, such as from about 0 psig to about 100 psig.

6076} The one or more Cs olefins can be independently selected from 2-Me-2-butene, 2-Me-
I-butene, 3-Me-1-butene, l-pentene, cis-2-pentene, trans-2-pentene, or nuxture thereof.

G077} A catalyst system may include one or more of 1) at least one catalyst compound
comprising a group 8, 9, 10, or 11 transition metal and at least one heteroatom; ii} an activator; iii)
and optionally a support. The catalyst compound and activator may be combined in any order, and
can be combined prior to contacting with the C2-Cao alpha-olefins, the linear Ce-Csointernal olefins,
the branched Cs-Cse internal olefins, or a mixture thereof. The Co-Cioe polyolefin products of the
present disclosure can be linear Cs-Croo polvolefin products, such as linear Cio-Cas polyolefin
products.

{6078} In a polymerization process, a feed siream comprising the C2-Cso alpha-olefins, the Cs-
(30 internal olefins, and branched olefin or a mixture thereof, such as a feed stream comprising
from about 0 wi% to about 20 wi% of C2-Cze alpha-olefing, from about 10 wi% 1o about 50wi% of
linear Cs-Cao internal olefing, from about 10 wt% to about 80 wi% of branched Cs-Cso internal
olefins, or a mixture thereof, is contacted with a catalvst compound described above, neat or in the
presence of a solvent. The catalyst compound(s) may be activated by any suitable activator, such
as an alkyl aluminoxane, but an activator 1s not needed. In at least one embodiment, an alkyl
aluminoxane is an alkyvl aluminoxane of triethylethoxyaluminium, methyl aluminoxane (MAO) or
modified methy! aluminoxane (MMA®D). The solvent may be a saturated hydrocarbon or an
aromatic solvent such as n-pentane, isopentanes, n-hexane, n-heptane, cyclohexane, benzene,
toluene, xylenes, or a mixture thereof. Furthermore, the solvent can be a nuxture of one or more
alkanes with one or more olefin, such as the volume ratio alkane/clefin can be 1.1, such as 0.5:1,
such as 0:1. For example, one or more Cs alkanes can be used as a solvent to mix with one or more
olefins, at a volume ratio of Cs alkanes/Cs olefins of 100:1 to0 1: 100

{6079} The polymerization process may include contacting the C2-Cso alpha-olefins, the linear
Cs-Cro internal olefing, the branched Cs-Cso internal olefing, or a mixture thereof, with the catalyst
compound mcluding a group 8. 9, 10, or 11 transition metal and at least one heteroatom, neat or in
the presence of a solvent, at a weight ratio of olefin to solvent of from about 1:0.001 to about 1:10,
such as from about 1:0 to about 1:1, such as from about 90:10 to about 60:40, such as from about
80:20 to about 70:30 to about 100: 1.

(G080} The polymerization process may include contacting the C>-Cso alpha-olefins, the linear
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Cs-Cso internal olefins, the branched Cs-Cso branched olefins, or a mixture thereof with the catalyst
system corprising one or more of: 1} at least one catalyst cornpound including a group 8, 9, 10, or
I1 transition metal and at least one heteroatom (e.g., fluorine); 11) an optional activator; 11} and
optionally a support; neat or in the presence of a solvent; at a weight ratio of olefin to solvent of
from about 1:0 to about 1:10, such as from about 1:0 to about 1:1, such as from about 9G:10 to
about 60:40, such as from about 80:20 to about 70:30.

(G081} Contacting the catalyst compound with a feedstream comprising the C-Cso alpha-
olefins, the linear C4-Cso internal olefins, the branched Cs-Cao internal olefins, or a mixture thersof,
may be carried out in an atmosphere inert under the process conductions, such as in nifrogen, argon,
or a mixture thereof.

[GOR2} When an activator is employed, a molar ratio of group 8, 9, 10, or 11 transition metal
catalyst to activator {e.g., alky! aluminoxane} {representative of alkyl aluminoxane to group 8, 9,
16, or 11 transition metal catalyst) can be from about 10:1 to about 1:1,000, such as from about 111
to about 1:700, such as from about 1:500 to about 1:200, such as from about 10:1 to about 1:3. For
example, a molar ratio of Ni catalyst to activator (e.g., alkyl aluminoxane) {representative of alkyl
aluminoxane to Ni catalyst) can be from about 10:1 to about 11,000, such as from about 1.1 to
about 1:700, such as from about 1:500 1o about §:200, such as from about 10:1 to about 1.5, Inat
least one embodiment, the molar ratio of catalyst compound to activator is from about 10:1 to about
1:5, such as from abowt 5:1 to about 1:4, such as from about 1.3

G083} A catalyst loading % (based on the concentration of monomer) can be from about
0.0001 mol% to about 5 mol%, such as from about 0.001 molY% to about 2.5 mol%, such as from
about .01 mol% to about I mol%, such as from about 0.1 mol% to about 0.75 moi®s, such as
about 0.2 mol%, for example.

[G084] In at least one embodiment, the TON of the catalyst compound is about 10 or greater,
such as from about 10 to about 1,000,000, such as from about 15 to about 10,000, such as from
about 20 to about 1,000,

{6085} In at least one embodiment, a polymerization of Co-Cso alpha-olefin(s), limear Cs-Cso
internal olefin{s), branched Cs-Czo imternal olefin{s), or a mixture thereof, is performed at a
temperature of from about 120°C or less, such as from about -35°C 1o about 120°C | such as from
about -30°C to about 100°C, such as from about -25°C io about 80°C, such as from about 0°C {o
about 70°C, such as room temperature, for example. A polymerization of the present disclosure
may be carried out by nuxing a solution of internal olefin and the catalyst(s), cooling the solution,
adding activator to the cooled solution, and optionally allowing the mixture to increase in

temperature. A polymerization can be performoed at arobient pressure for a period of tiroe, such as
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from about 1 minute to about 240 hours, such as from about 5 minutes to about 48 hours, such ag
from about 30 minutes o about 24 houwrs, aliernatively from about 4 hours to about 48 hours,
alternatively from about 1 minute to about 1 hour, such as about 1 minute to about 30 nunutes,
such as about 5 minutes to about 15 minutes.

{086} In at least one embodiment, C2-Cse alpha-olefins and or Cs-Cse internal olefins are
converted to Ce~Croo polyolefin product(s) at a conversion (%) of from about 10% to about 99%,
such as from about 20% to about 80%, such as from about 30% to about 70%. such as from about
40% to about 80%, such as from about 50% to about 60%.

3087} A polymerization can be terminated, {for example, by addition of an acid solution, such
as 3% HCI-MeOH, which decomposes the catalyst mixture. The polyolefin products obtained can
be washed with a solvent, such as water, and separated by hquid-liquid separation or distillation.

Polvmerization Catalvsis

G088} Polymerization catalyst compounds of the present disclosure may include one or more
group 8, 9, 10, or 11 transition metal and at least one heteroatom. In at least one embodiment, the
group 8, 9, 10 or 11 transition metal is nickel, palladium, cobalt, or iron, such as the catalyst
compound includes nickel. It has been discovered that polymerization of internal olefins (hinear
and branched). as well as alpha olefins occurs when the catalyst compound is a nickel catalyst,
which may include one or more fluorine atoms. Furthermore, it has been discovered that catalyst
compounds of the present disclosure, for example catalyst compounds that include at least one
fluorine atom, can polymerize branched mternal olefins. Additionally, polymerization catalysts of
the present disclosure also provide low molecular weight polymers {e.g., <1,000 g/mol).

3089} In at least one embodiment, a catalyst compound, and catalyst systems including such

compounds, s represented by Formuda (1)

R! RO
—X X
\ /
R2 \ /1\/[\ \ RS
X X
R’ R* M

wherein:
Mis agroup &, 9, 10, or 11 metal;

X is an heteroatom; and
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each of R, R, R’ R* R’ and R® is independently selected from hydrogen, C1-Cue hydrocarbyl,
Ci-Cao substituted hydrocarbyl, a heteroatom or a hetercatom-containing group, wherein at least
one of R, R? R? R* R’ and R®is a heteroatom or a heterocatom-containing group, or one or nmore
of R} and R%, R? and R?, R* and R®, or R® and R® are joined to form one or more substituted
hydrocarby! rings, unsubstituled hvdrocarbyl rings, substituted heterocyclic rings, or unsubstituted
heterocyclic rings each baving 5, 6, 7, or 8 ring atoms, wherein at least one of the rings s substiuted
with a heteroatom or a heteroatom-containing group if the remainder of R groups of Formula (1)
are not a heteroatom or a heteroatom-containing group.

[3390] Atleast one of R, R?, R3 R4 R, and R® are independently selected from a halogen or
a halogen-containing group. For example, R! can be a halogen or a halogen-containing group, and
each R%, R®, R R, or R® groups can be independently selected from hvdrogen, C1-Cho substituted
alkyl, Ci-Cio unsubstituted alkyl, Ci-Cro substituted aryl, C1-Cio unsubstituted aryl, such as each
of R?, R? R* R’ and R® can be independently selected from hydrogen, methyl, ethvl, propyl, butyl,
pentyl, hexvl, heptyvl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, substituted phenyl, biphenyl
or an isomer thereof, which may be halogenated, substituted hydrocarbyl radicals or an isomer of
substituted  hydrocarbyl  radicals  including  tnimethylsilylpropyl,  trimethylsilylmethyl,
trimethylsilylethyl, phenyvl, or an isomer of hydrocarbyl substituted phenyl including
methyiphenvl, dimethylphenvl, trimethviphenvl, tetramethylphenyl, pentamethyiphenyl,
diethyiphenyl, triethyiphenyl, propyiphenvi, dipropylphenyl, tripropyiphenyl,
dimethylethylphenyl, dirnethylpropylphenyl, dimethylbutyiphenyl, or dipropylmethylphenyl. In
at least one embodiment, R! is a halogen or a halogen-containing group, and each of R?, R®, RY,
R*, and R® is independentily selected from hydrogen, unsubstituted phenyl, substituted phenyl,
unsubstituted carbazole, substituted carbazole, unsubstituted naphthyl, substituted naphthyl,
unsubstituted anthracenyl, substituted anthracenyl, wunsubstituted fluorenyl, or substituted
fluorenyl, a heteroatom or a heteroatom-containing group. In at least one embodiment, each of R,
R, R* or R%is CFs3, and each of R? and R is independently selected from hydrogen, methyl,
isopropyl, or fluorine.

G091} Furthermore, M can be Ni, Pd, Co, Cu, Rh, or Fe, such as M can be Ni. Each X can be
independently selected from O, 5, Pand N.

3092} It has further been discovered that a catalyst system including a nickel catalvst
comprising {luorine also provides novel polyolefin products that provide, for example, a high
cetane number after hydrogenation which are suitable as diesel fuels.

{6093} Catalyst compounds of the present disclosure, such as nickel catalysts described above,

are advantageous internal olefin polymerization catalvsts as they are typically not inhibited during
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a polymerization process by the presence of an aromatic solvent. Nickel catalysts of the present
disclosure can also polvmerize alpha-olefin feeds, and or alpha-clefin feed present in an internal
olefin feed (such as a linear alpha-olefin or an internal olefin that also has terminal unsaturation).
In comparison, early transition metal catalysts used to polymerize olefing are only compatible with
alpha-olefins and are often incompatible in the presence of internal olefins. In addition, acid
catalyzed polymerization produces branched products that do not have high cetane numbers after
hydrogenation.
3094} Catalyst compounds of the present disclosure, such as a Ni catalyst comprising at least
one heteroatom can be prepared according to any suitable method, for example as reported in D
L. Beach, J. E. Bozik, C. Y. Wu, Y. V. Kissin, J Mol Catal. 1986, 34, pp 345 =354, which is
incorporated by reference herein, or can be obtained from comumercial sources {e.g., Nithfacack
available from Sigma-Aldrich}.
(6095} In at least one embodiment, one or more different catalyst compound(s) are present in
a catalyst system including an activator, and an optional support material. One or more different
catalyst compound(s) can be present in the reaction zone where the process(es) described herein
occur. When at feast two catalyst compounds are used in one reactor a3 a mixed catalyst sysiem,
the two catalyst compounds can be chosen such that the two are compatible. A simple screening
method, such as by 'H-NMR or PC-NMR, can be used to determine which catalyst compounds are
compatible.
(6096} The two catalyst compounds (pre-catalysts) may be used in any ratio. Molar ratios of
(A} catalyst compound to (B) catalyst compound can be arange of (A:B) of from 1:1000 to 1000: 1,
alternatively 1:100 to 500:1, altematively 1:10 to 200:1, alternatively 1:1 to 100:1, alternatively
1110 75:1, and altemnatively 5:1 10 30:1. The particular ratio chosen will depend on the exact pre-
catalysts chosen, the process of activation, and the end product desired. In atleast one embodiment,
when using the two pre-catalysts, where both are activated with the same activator, mole
percentages, based upon the molecular weight of the pre-catalysts, can be from 10% to 99.9% A
10 0.1% 10 90% B, alternatively 25% to 99% A to 0.5% to 75% B, aliematively 50% to 99% A to
% to 30% B, and alternatively 75% 10 99% A to 1% 10 10% B.
Activators
{3097} The ferms “cocatalyst” and “activator™ are used herein interchangeably and are defined
to be a compound which can activate a catalyst compound of the present disclosure by converting
the neutral catalyst compound to a catalytically active catalyst compound cation.
{6098} After the catalyst compounds described above have been synthesized, catalyst systems

may be formed by combining them with activaiors in any suiiable manner including by supporting
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them for use in a polymerization. The catalyst systems may also be added to or generated in
solution polvmerization or bulk polymerization (in the monomer). Suitable catalyst svstems may
include a catalyst compound as described above and an activator such as aluminoxane.

G099} Non-limiting activators, for example, include aluminoxanes, aluminum alkyls, ionizing
activators, which may be neutral or ionic, and conventional-type cocatalysts. Activators can
include aluminoxane compounds, modified aluminoxane compounds, and ionizing anion precursor
compounds that abstract a reactive, o-bound, metal ligand making the catalvst compound cationic
and providing a charge-balancing non-coordinating or weakly coordinating amon.

Aluminosang Activators

[38180] In at least one embodiment, aluminoxane activators are utilized as an activator in the
catalyst system.  Aluminoxanes are generally oligomeric compounds coniaining -AHR)-0- sub-
units, where R is an alkyl group. Examples of aluminoxanes include methyvlaluminoxane (MAO),
modified methylaluminoxane (MMAQO), ethylaluminoxane and isobutylaluminoxane. As used
herein, “MMAQ” is a modified methyl aluminoxane which contains some higher alkyl groups
which can improve solubility in non-polar solvents. A useful MMAQ is MMAGO cocatalyst type
3A {commeraially available from Akzo Chemicals, Inc. under the trade name Modified
Methylaluminoxane type 34, described in US 5,041,584).

[68181]  Alkvlaluminoxanes and modified alkylaluminoxanes are suitable as catalyst activators,
particularly when the abstractable ligand i1s an alkyi, halide, alkoxide or amide. Mixtures of
different aluminoxanes and modified aluminoxanes may also be used. It may be switable to use a
visually clear methylaluminoxane. A cloudy or gelled aluminoxane can be filtered to produce a
clear solation or clear aluminoxane can be decanied from the cloudy solution.  Another suitable
alununoxane 15 solid polymethylaluminoxane as described 10 US 9,340,630 US 8,404,880; and
US 8,975,209. Aluminum atkyls are available as hydrocarbon solutions from commercial sources.
Methylalumimoxane ("MAQ"} is available from Albemarle as a 30 wt% solution in toluene.
[G0102] When the activator is an aluminoxane {(modified or unmodified), the activator to
catalyst compound molar ratio can be a 1:1 molar ratio. An activator to catalyst compound molar
ratio may be from 1:1 {0 500:1, such as from 1:1 10 200:1, such as from 1:1 to 100:1, such as from
1:1 10 50:1.

[60193] In an aliernate embodiment, litile or no alumunoxane 1s used in the polymerization
processes described herein. For example, aluminoxane can be present at zero mole%, alternately
the aluminoxane can be present at a molar ratio of aluminum to catalvst compound transition metal

less than 300:1, such as less than 300:1, such as less than 100:1, such as less than 1:1. In at least
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one embodiment, the aluminoxane is present at a molar ratio of aluminum to catalyst compound
transition metal of 100:1 or more,

[G0104] In at least one embodiment, aluminoxane 1s present at a molar ratio of alununum fo
catalyst compound transition metal of from about 10:1 to about 15, such as from about 1:3, for
example.

Optional Scavengers or Co-Activators

[60195]  In addition to these activator compounds, scavengers or co-activators may be used.
Aluminum alkyvl or organcaluminum compounds which may be utilized as scavengers or co-
activators include, for example, trimethylaluminum, triethylaluminum, triisobutylaluminam, tri-n-
hexylaluroinur, tri-n-octylalunminum, and diethvl zinc.

Optional Support Materials

[60106] In embodimenis herein, the catalyst system may include an inert support material. The
supported maternial can be a porous support matenial, for example, tale, and inorganic oxides. Other
support materials include zeolites clays, organoclays, MOFs (e.g., MOF-5 (ZnsO(BDC);, MOF-
74, MOF-253, Ui0-66-NH2, NU-1000) or any other suitable organic or inorganic support material,
or mixtures thereof

[60107] The support material can be an inorganic oxide in a finely divided form. Suitable
inorganic oxide materials for use in catalyst systems herein include groups 2, 4, 13, and 14 metal
oxides, such as silica, alumina, and mixtures thereof. Other inorganic oxides that may be emploved
either alone or in combination with the silica, or alumina are magnesia, titania, zirconia, and the
like. Other suitable support materials, however, can be employed. for example, finely divided
functionalized polyolefins, such as finely divided polyethylense. Particularly useful supports
include magnesia, titania, zirconia, montmorillonite, phyliosilicate, zeolites, talc, clays, and the
like. Also, combinations of these support materials may be used, for example, silica-chronuum,
stlica-alumina, stlica-titania, and the like. In at least one embodiment, the support material is
selected from Ab(z, ZrO2, Si02, S102/ALOs, SiG2/TiOx, silica clay, silicon oxide/clay, or mixtures
thereof.

[60108] The support material, such as an inorganic oxide, can have a surface area in the range
of from abowt 10 mlg 1o about 700 mz/gy pore volume in the range of from about 0.1 cn’/g to
about 4.0 om’/g and average particle size in the range of from about 5 pum to about 500 um. The
surface area of the support material can be in the range of from about 50 m?'/g to about 500 mz/g,
pore volume of from about 0.5 cm’/g to about 3.5 em’/g and average particle size of from about 10

um to about 200 um. For example, the surface area of the support material is in the range is from
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about 100 mz/g to about 400 mz/g, pore volume from about 0.8 cm’/g to aboui 3.0 cm’/g and
average particle size is from about 5 pm to about 100 um. The average pore size of the support
material useful in the present disclosure is in the range of from 10 A to 1000 A, such as 50 A to
about 500 A, and such as 75 A to about 350 A. In at least one embodiment, the support material
is a high surface area, amorphous silica (swrface area=300 mz/gm; pore volume of 1.65 cm’g/gm)‘
Silicas can be marketed under the fradenames of DAVISON 952 or BAVISON 955 by the Davison
Chemical Division of W.R. Grace and Company. In other embodiments DAVISON 948 is used.
Alternatively, a silica can be ES-70™ silica (PQ Corporation, Malvern, Pennsylvania) that has
been calcined at 875°C.

[6010%] The support material should be dry, that is, free of absorbed water. Drying of the
support material can be effected by heating or calcining at about 100°C to about 1000°C, such as
at least about 600°C. When the support material is silica, it is heated to at least 200°C, such as
about 200°C to about 830°C, and such as at about 600°C; and for a time of about 1 minute {0 abowt
106 hours, from about 12 hours to about 72 hours, or from about 24 hours {0 about 60 hours. The
calcined support material must have at least some reactive hydroxyl {OH) groups to produce
supported catalyst systems of the present disclosure. The calcined support material is then
contacted with at least one polvmernization catalyst comprising at least one catalyst compound and
an activator.

[60118] The support material, having reactive surface groups, such as hydroxyl groups, is
sturned in a non-polar solvent and the resulting shurry is contacted with a solution of a catalyst
compound and an activator. n at least one embodiment, the slurry of the support matenial is first
contacted with the activator for a period of time in the range of from about 0.5 h to about 24 h,
from about 2 h to about 16 h, or from about 4 h to abowt 8 h. The solution of the catalyst compound
is then contacted with the 1solated support/activator. o at least one embodument, the supported
catalyst system is generated in situ. In alternate embodiment, the slurry of the support material is
first contacted with the catalyst compound for a period of time in the range of from about 6.5 h fo
about 24 h, from about 2 hto about 16 h, or from about 4 h fo about 8h. The sturry of the supported
catalyst compound is then contacted with the activator solution,

[60131]  The mixture of the catalyst compound, optional activator and optional support is heated
to about 0°C to about 250°C, such as about 0°C 1o about 70°C, such as about 23°C {o about 60°C,
such as at room teraperature. Contact times may range from about 0.3 b to about 24 h, from about
2 hto about 16 h, or from about 4 h to about 8 h.

[60112] Suitable non-polar solvents are materials in which alf of the reactants used herein, e.g.,
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the activator and the catalyst compound, are at least partially soluble and which are liquid at
reaction temperatures. Non-polar solvents can be alkanes, such as isopentane, hexane, n-heptane,
octane, nonane, and decane, although a variety of other materials including cvcloalkanes, such as
cyclohexane, aromatics, such as benzene, toluene, and ethylbenzene, may also be emploved.

Polvolefin Products

[60113] The present disclosure relates to compositions of matier produced by the processes
described herein. Processes of the present disclosure provide novel compositions comprising one
or more Co-Cioo polyolefin products, such as Cs-Cso poly olefin products, such as Cio-Cao polyolefin
products, such as Cio-Cos polvolefin products.  Altematively, polyolefin products produced in
accordance with processes of the present disclosure can be diesel fuels that have a high cetane
number {e.g.. after hydrogenation}.

[60114] A polyolefin product of the present disclosure can be a Cs-Cioo polvolefin product, such
as a Cs-Cso polvolefin product, such as a Cio-Cso polvolefin product, such as a Ci2-Cas polyolefin
product.

[00115] A polyolefin product can have less than 3 sp® hybridized carbons {(e.g., substantially all
(e.g., > 99 wi%) of the polyolefin compounds of the polyolelin product have less than 3 sp?
hybridized carbons). such as a polyolefin product having 2 sp? hybridized carbons. A polyolefin
product of the present disclosure has one olefin {e.g., substantially all (e.g., > 99 wt%) of the
polyolefin compounds of the polyolefin product have one olefin).  Furthermore, the polyolefin
product of the present disclosure can have a carbon number of “Cn”, where n is from about 6 to
about 100, such as from about 10 to about 80, such as from about 10 to about 25, alternatively from
about 25 to about 50. Furthermore, the polvolefin product of the present disclosure can have a
number of monomers “X” in the polyolefin polymer product, where X can be from 2 to 25, such
as from about 3 to about 20, such as from about 10 to about 15.

[60116] The starting olefin monomer may have a number of branches (referred to as “B™). For
example, 1-pentene is linear with B equal to 0 and 2-methyi-2-butene has one branch with B is
equal to 1. The polyolefin product may have a number of branches depending on B of the starting
olefin and X, the number of monomer unit. For example, a dimer product (X=2) from l-pentene
(B=0) can have number of branches ranging from (B}{X) = 0 to (B+1)X-1 = 1. The dimer product
(X=2} of 2-methyl-2-butene (B=1) will have number of branches ranging from (B}X) = 2 1o
(B+DX-1 =3 In a further example, the polyolefin product can have from (BYX) to (B+1)X-1
branches, where B can be from 0 to 4, such as from 0 to 3 such as from about 1 to about 2; X can
be from 2 {0 25, such as from about 5 to about 20, such as from about 10 to about 15.

[60117] The branching structures of the polyolefin products can be determined by *C NMR
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spectroscopy (which can include Distortionless Enhancement by Polarization Transfer at 135
degree pulse flip angle, known as “DEPTI35” spectroscopy). PC NMR spectroscopy
differentiates the types of carbon in the polyolefin product sample (e.g., CHs, CHy, CH, and
quaternary ). For a mixture of polyolefin products, the mixture can be first separated by gas
chromatography and then its individual components can be identified by mass spectrometry. The
overall branching structures can be determined by “C NMR.

[60138] The various types of carbon atoms of a polyolefin product of the present disclosure can
be determined using 'H and PC NMR spectroscopy.

[38119] The Cs-Cioo polvolefin products may have a methylene content of from about T wi%
to about 98 wt%, such as from about 5 wt% to about 85 wt%, such as from about 10 wt% to about
75 wit%, based on the total weight of the Cs-Cioo polyolefin product.

[60120] The Cs-Ci00 polyolefin products may have a methyl content of from about 1 wi% fo
about 75 wi%, such as from about 5 wt% to about 60 wi%, such as from about 10 wi%s to about 50
wt%, based on the total weight of the Cs-Croo polyolefin product.

[¢36121] The high amounts of di-substititted olefins and or alpha-olefins are more reactive than
tri-substituted olefins which provide improved subsequent reactivity of the polyolefin products,
such as faster hvdrogenation processes (hydrogenation processes will be described further).
(601221 Compositions of the present disclosure formed afier polvmerization of, for example,
one or more Cs olefins, such as compositions formed after polymerization of 2-Me-2-butene, 2-
Me-1-butene, 3-Me-~I-butene, 1-pentene, 2Z-pentene, or a mixture thereof. can be further
catalytically hvdrogenated to form a Ce-{ 100 hy drogenated polyolefin product, such as a substituted
or unsubstituted polvmer product. A Ce-Cioo hy drogenated polyolefin product can be used as diesel

fuel. Also, a Co-Cioo hydrogenated polyolefin product can be used as a lubricating oil base stock.

[60123] In at least one embodiment, a base stock is a Ce-Croo polyolefin product, such as a Cos-
Cso polvolefin product.

[60124] A polvolefin product of the present disclosure, when added to an oil (as a viscosity
modifier) or used as an oil, can reduce the tendency of the oil to change its viscosity with
temperature in order to improve its viscosity index (VI) and flow characteristics. Improving Vi
helps in moaintaining constant the flow properties of the protective ol film. This means a high
enough viscosity to avoid damage on engine parts when the temperature rises because of the engine
heat and a low enough viscosity against the cold start and pumping. Polvolefin products of the
present disclosure can have a VI of about 100 or greater, about 120 or greater, such as about 140

or greater, such as about 150 or greater, such as about 170 or greater, such as about 180 or greater,
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[38125] In addition, base stocks are affected by many properties including kinematic viscosity
(KV), where an inverse relationship exists between KV and low-teraperature fluidity, and VI,
where a direct relationship exists between VI and low-temperature fluidity. Increasing the Viofa
base stock by adding a polvmer product of the present disclosure can provide improved
viscometrics under both low-temperature and high-temperature regimes. VI tiself represents the
change in viscosity over a temperature range from 40°C to 100°C. The higher the VL the lower
the oil’s viscometric properties will change, and the flatter its profile will be over the temperature
range. This can be extended to higher and lower termperatures. In at least one embodiment, a
polyolefin product of the present disclosure can have a kinematic viscosity at 100°C (KV 100). as
deternmuned by ASTM D445, of about 2 ¢St to about 25 ¢St, such as from about 3 ¢St to about 18
¢St, such as from about 4 ¢St to abowut 10 ¢8t. Additionally or alternatively, a polvolefin product
of the present disclosure can have a kinematic viscosity at 40°C (KV40), as determuned by ASTM
D445, of about 7 ¢St to about 240 ¢St, such as from about 12 ¢St to about 155 ¢St such as from
about 18 ¢St to about 70 ¢St

[30126] In addition, glass transition ternperatare (Tg) is indicative of the fluidity of a4 material
at low temperature operations. Tg can be measured using Differential Scanning Calorimetry (DSC)
on a commercially available instrument (e.g., TA Instruments 2920 DSC). Tg is measured by
sequtlibrating the sample at 100°C, isothermal for 5 min, ramping the temperature at 10°C/min to
-100°C, 1sothermal for 5 min, ramping the temperature ai 10°C/min to 100°C, and isothermal for
2 min.

Hvdrogenation of Polvolefin Producis and Production of Diesel Fuels, Lubricants. and Base Stocks

[68127] A polyolefin product formed by a polymerization process can be catalytically
hydrogenated to forro a hvdrogenated polvolefin product. A hydrogenated polyolefin product can
be used as diesel fuel and or a fubricating oil base stock. The hydrogenation may be carried out in
solution. The catalyst may be any suitable hydrogenation catalyst, such as a palladium catalyst
supported on activated carbon or a Raney nickel catalyst. The hydrogenation can be carried out at
elevated pressure, e.g., from 100 KPa to 10,000 KPa, such as from 100 KPa to 5,000 KPa. The
hydrogenation reaction can be carried out at a temperature of from 15°C o 200°C, such as from
30°C 1o 70°C. The duration of the hydrogenation reaction may be from a few mimues to several
days. After the hydrogenation reaction is complete, the reaction muxture can be cooled,
depressurized and the solvent removed by vacuum distillation. The purity of the hydrogenated
product can be determined by H NMR by detecting the disappearance of olefinic protons.

[60128] In at least one embodiment, a hydrogenation is performed using Ni/Kiselguhr as the
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catalyst, 1 mol% to 5 mol%, under 200 psi to 400 psi of hydrogen at a temperature of from about
150°C to about 200°C for about 4 hours.

Hvdrogenated Polvolefin Product

[6012%9] In atleast one embodiment, ahydrogenated diesel fuel and or a hvdrogenated base stock
is a Cs-Croo hydrogenated polvolefin product, such as a Ce-Cso hydrogenated polyolefin product,
such as a Co~Cas hydrogenated polyolefin product. Low amounts of methyl (-CH3) and methane
(CH) can be indicative of high linearity of a hydrogenated polyolefin product.

[00130] A hydrogenated polyolefin product can have less than 3 sp? hybridized carbons, such
as substantially free of {or free of} sp® hybridized carbons (e.g., substantially all {e.g., > 99 wi%)
of the hydrogenated polyolefin coropounds of the hvdrogenated polyolefin product are
substantially free of {or free of) sp® hybridized carbons). A hydrogenated polyolefin product of
the present disclosure can be substantially free of (or free of} olefin content (e.g., substantially all
{e.g..> 99 wit%) of the hvdrogenated polyoletin compounds of the hydrogenated polyolefin product
are substantially free of (or free of} olefin content). Furthermore, the hydrogenated polyolefin
product of the present disclosure can have a carbon number of “Cn”, where n i1s from about 6 1o
about 100, such as from about 10 to about 80, such as from about 10 to about 25, alternatively from
about 25 to about 530, Furthermore, the hydrogenated polyolefin product of the present disclosure
can have a number of monomers “X” in the polyoletin polvmer product, where X can be from 2 to
25, such as from about S 1o about 20, such as from about 10 to about 15.

[60131] The polvolefin product wmay have a number of branches (referred to as “B”). For
example, a hydrogenated polyolefin product is linear with B equal to 0. The polyolefin product
may have a number of branches depending on B of the starting olefin and X, the number of
monomer units that formed the polyolefin product. For example, a dimer product (X=2} from 1-
pentene (B=0) can have number of branches ranging from (B)3) =010 (B+1)X-1 =1, The dimer
product (X=2} of 2-methyl-2-butene (B=1} can have number of branches ranging from (B}X} =2
to (B+1)X-1 =3 In a further example, the polyolefin product can have from (B}X) to (B+131X-1
branches, where B can be from 0 to 4, such as from 0 to 3 such as from about 1 o about 2; X can
be from 2 to 23, such as from about 5 to about 20, such as from about 10 to about 15.

[38132] Process of the present disclosure provide novel compositions comprising ong or more
Co~Cioo hydrogenated polyolefin products, such as Cs~Cso hydrogenated polyvolefin products, such
as Cio-Cao hydrogenated polyolefin products, such as Ci2-Cos hydrogenated polvolefin products.
Hence, compositions including one or more Ce-Croo polvolefin products can be catalytically
hydrogenated to form compositions including one or more Cs-Cioo hydrogenated polvolefin

product, such as Ce-Cioo substituted or Ce-Croo unsubstituted polymer products.
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[30133] For example, compositions including polyolefin products formed after polymerization
{for example, polyvmerization of one or more Cs olefins (e g, 2-Me-2-butene, 2-Me-1-butene, 3~
Me-1-butene, 1-pentene, 2-pentene, or nuxture thereof)), can be further hydrogenated under the
conditions described above, forming novel hydrogenated polyolefin products. For example, a
hydrogenated polyolefin product may have one or more of:

(1) a 2,3.6-trirvethylheptane content of from about 0.1 wit% to about 100 wi%, such as
from about 0.1 wt% to about 75 wi%, such as from about 0.1 wit% to about 50 wi%, such as from
about 0.1 wit% to about 25 wit%, such as from about 0.1 wt% to about 15 wt%, based on the total
weight of the hydrogenated polyolefin products;

(2) a 2.3,5-tnmethylheptane content of from about 0.1 wit% to about 100 wt%, such as
from about 0.1 wi% to about 75 wt%, such as from about 0.1 wt% to about 50 wi%, such as from
about 0.1 wt% to about 25 wt%, such as from about 0.1 wi% to about 10 wit%, such as from about
0.1 wt% to about 5 wt%, based on the total weight of the hydrogenated polyolefin products;

(3} a 2. 5-dimethyloctane content of from about 0.1 wi% to about 100 wt%, such as from
about 0.1 wit% to about 75 wi%, such as from about 0.1 wit% to about 50 wt%, such as from about
0.1 wi% to about 25 wi%, such as from about 0.1 wi% to about 10 wit%, such as {rom about 0.1
wt% to about 5 wi%. based on the total weight of the hydrogenated polvolefin products;

(4) a 2,7-dimethyioctane content of from about 0.1 wi% to about 100 wi%, such as from
about 0.1 wt% to about 75 wt%, such as from about 0.1 wit% to about 30 wit%, such as from about
0.1 wi% to about 25 wi%, such as from about 0.1 wt% 1o about 10 wi%6, such as from aboui 0.1
wt% to about 5 wt%, based on the total weight of the hydrogenated polyolefin products;

{5} a S-ethyl-2-methylheptane content of from about 0.1 wi% to about 100 wi%, such
as from about 0.1 wi% to about 75 wt%, such as from about 0.1 wit% to about 50 wi%, such as
from about 0.1 wit% to about 23 wi%, such as from about 0.1 wit% to about 10 wi%, such as from
about 0.1 wi% to about 5 wi%, based on the fotal weight of the hydrogenated polyolefin products;

(6) a 2, 6-dimethyloctane content of from about 0.1 wi% to about 100 wi%, such as from
about 0.1 wt% to about 75 wt%, such as from about .1 wt% to about 50 wit%, such as from about
0.1 wt% to about 40 wt%, such as from about 0.1 wt% to about 30 wi%, such as from about 0.1
wi% to about 20 wi%, such as from about 0.1 wit% to about 15 wit%, based on the total weight of
the hydrogenated polyolefin products;

{7y a 3,6-dimethyloctane content of from about 0.1 wi% to about 100 wi%s, such as from
about 0.1 wi% to about 75 wi%, such as from about 0.1 wt% to about 50 wt%, such as from about
0.1 wit% to about 25 wit%, such as from about 0.1 wi% to about 10 wi%, such as from about 0.1

wi% 10 about S wit%, based on the tolal weight of the hydrogenated polyolefin products;
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{8y a 2,3-dimethyloctane content of from about (.1 wt% to about 100 wt%, such as
from about 0.1 wi% 1o about 75 wt%, such as from about 0.1 wi% to about 50 wi%, such as from
about 0.1 wi% to about 25 wi%. such as from about 0.1 wi% to about 10 wit%, based on the total
weight of the hydrogenated polyolefin products;

(9) a 4-Me-nonane content of from about 0.1 wi% to about 100 wt%, such as from about
0.1 wit% to about 75 wit%, such as from about 0.1 wt% to about 50 wi%, such as from about 0.1
wi% to about 40 wi%, such as from about 0.1 wi% to about 30 wi%, such as from about 0.1 wt%
to about 20 wit%, based on the total weight of the hydrogenated polyolefin products;

{10} a 2-Me-nonane conient of from about 0.1 wit% 1o about 100 wt%, such as from
about 0.1 wi% to about 75 wi%, such as from about 0.1 wt% to about 50 wt%, such as from about
0.1 wi% to about 25 wi%., such as from about 0.1 wi% to about 10 wt%, such as from about 0.1
wi% to about 5 wit%, based on the total weight of the hydrogenated polyolefin products;

(11} a 3-Et-octane content of from about 0.1 wt% to about 100 wi%, such as from aboui
0.1 wi% to about 100 wit%, such as from about 0.1 wit% to about 75 wt%, such as from about 0.1
wi% to about 50 wi%, such as from about 0.1 wi% to about 40 wi%, such as from about 0.1 wt%
to about 30 wi%, such as from about 0.1 wi% to about 20 wi%, based on the total weight of the
hvdrogenated polvolefin products;

{12) a 3-Me-nonane content of from about 0.1 wi% to about 100 wi%, such as from
about 0.1 wi% to about 100 wt%, such as from about 0.1 wi% to about 75 wt%, such as from about
0.1 wi% to about 30 wi%, such as from about 0.1 wt% 1o about 40 wi%6, such as from aboui 0.1
wi% to about 30 wi%, such as from about 0.1 wi% to about 20 wi%, such as from about 0.1 wt%
to about 10 wit%, based on the total weight of the hydrogenated polyolefin products; and or

{13} adecane content of from 0.1 wi% to about 100 wt%, such as from about 0.1 wi%
to about 100 wt%, such as from about 0.1 wt% to about 73 wt%, such as from about 0.1 wt% fo
about 50 wt%, such as from about 0.1 wi% to about 40 wi%, such as from about 0.1 wi% to aboui
30 wt%, such as from about 0.1 wi% to about 20 wt%, such as from about 0.1 wit% to about 10
wi%, based on the total weight of the hydrogenated polyolefin products%.

[60134] In at least one embodiment, a hvdrogenated polyolefin product includes two or more
of!

a 2,3 6-irimethylheplane content of from about 0.1 wit% to about 12 wit%;

a 2.3, 5-trnimethylheptane content of from about 0.1 wit% to about 1 wt%;

a 2.5-dimethvloctane content of from about 0.1 wi% to about 5 wt%;

a 2,7-dimethyloctane content of from about 0.1 wi% to about 3 wi%:

a S-ethyl-Z-methylheptane content of from 0.1 wi% to about 5 wi%,;
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a 2,6-dimethyloctane content of from 0.1 wit% to about 15 wi%;
a 3,6-dimethyloctane conteni of from about 0.1 wit% to about S wi%;
a 2.3-dimethvloctane content of from about 0.1 wi% to about 10 wi%;
a 4-Me-nonane content of from about 0.1 wt% to about 20 wt%;
a 2-Me-nonane content of from about 0.1 wi%% 1o about 3 wt%,;
a 3-Et-octane content of from about 0.1 wt% to about 16 wi%:
a 3-Me-nonane content of from about 0.1 wi% to about 10 wi%; and
a decane content of from about 0.1 wit% to about 10 wt%, based on the total weight of the
hyvdrogenated polyolefin products%.
[60135] A hydrogenated polyolefin product can have a methylene countent of from about | wi%
to about 98 wt%, such as from about 5 wt% to about 60 wt%, such as from about 10 wt% to about
30 wt%, such as from about 15 w1% to about 20 wt%, based on the total weight of the Ts-Caoo
hydrogenated polyolefin product, as deternuned by GC measurements.
[60136] A hydrogenated polvolefin product can have a methyl content of from about 1 wi% to
about 75 wit%, such as from about 5 wit% to about 50 wi%, such as from about 10 wi% to about 25
wi%, such as from about 15 wi% to about 20 wi%, based on the total weight of the Cs-Cioo
hydrogenated polyolefin product, as determined by GC measurements.
[60137] Hydrogenated polvolefin products, as diesel fuels, base stocks, and or chemical
intermediates, produced in accordance with processes of the present disclosure can possess high
hinearity which can provide tmproved flow, low lemperature properties, and thickening efficiency.
Alternatively, some hydrogenated polyolefin products can be used as diesel fuels having a high
cetane number.

Lubricating Qils

[60138] Polvolefin products or hydrogenated polyolefin products of the present disclosure can
be used as base stocks useful in engine otls. The polyolefin products and or hydrogenated
polyolefin products can be in the lube oil boiling range, typically from about 100°C to about 450°C.
[60139] The viscosity-temperature refationship of a lubricating o1l 1s an aspect often considered
when selecting a lubricant for a particular application. Viscosity index (V1) is an empirical, unitiess
number which indicates the rate of change in the viscosity of an o1l within a given temperature
range. Fluids exhibiting a relatively large change in viscosity with temperature are said to have a
low viscosity index. A low VI oil, for example, will thin out at elevated temperatures faster than
a high VI oil. Usually, the high V1 oil is more desirable because it has higher viscosity at higher
temperature, which translated into thicker lubrication film and better protection of the contacting

machine elemenis.
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[38140] In another aspect, as the oil operating temperature decreases, the viscosity of a high Vi
oil will not increase as much as the viscosity of alow VI ¢il. This is advantageous because the
excessive high viscosity of the low VI oil will decrease the efficiency of the operating machine.
Thus high VI (HV1) oil has performance advantages in both high and low temperature operation.
V1is determined according to ASTM method D 2270, A lubricating ¢l of the present disclosure
can have a VI of about 100 or greater, about 120 or greater, such as about 140 or greater, such as
about 150 or greater, such as about 170 or greater, such as about 180 or greater, as deternmined
according to ASTM D2270.

[60141] Vlisrelated to kinematic viscosities measured at 40°C and 100°C using ASTM method
D445, Alubricating ol of the present disclosure can have a kinematic viscosity at 100°C (KV100),
as determined by ASTM D443, of about 2 ¢St to about 25 ¢S¢, such as from about 3 ¢St to about
18 ¢5t, such as from about 4 ¢St to about 10 ¢St. Additionally or alternatively, a lubricating oil of
the present disclosure can have a kinematic viscosity at 40°C (KV40), as deternuned by ASTM
D445, of about 7 ¢St to about 240 ¢St, such as from about 12 ¢St to about 155 ¢St such as from
about 18 ¢St to about 70 ¢St

[60142] Polyolefin products or hydrogenated polyolefin products of the present disclosure can
be present in a lubricating oil in an amount of from about 1 wi% to about 99 wi%, such as from
about 1 wit% to about 50 wit%. such as from abowt 1 wi% to about 25 wit%, such as from about 5
wi% to about 10 wit%, based on the weight of the lubricating oil.

Otiher Lubnicating Gl Additives

[60143] A lubricating oil of the present disclosure may additionally contain one or more
lubricating oil performance additives including but not limited to dispersants, other detergents,
corrosion inhibitors, rust inhibitors, metal deactivators, other anti-wear agents and or exireme
pressure additives, anti-seizure agents, wax modifiers, viscosity index improvers, viscosity
maodifiers, fluid-loss additives, seal compatibility agents, other friction modifiers, lubricity agents,
anii-staining agents, chromophoric agents, defoamants, demuisifiers, emulsifiers, densifiers,
wetting agents, gelling agents, tackiness agents, colorants, and others. For a review of many
commonly used additives, see Klamann in Lubricants and Related Products, Verlag Chemie,
Deerfield Beach, Fla; ISBN 0-89573-177-0. Reference is also made to “Lubricant Additives
Chemistry and Applications” ediled by Leslie R. Ruadnick, Marcel Dekker, Inc. New York, 2003
ISBN: 0-8247-0857-1.

Viscositv Improvers

[60144] Viscosity improvers (also known as Viscosity Index modifiers, and V1 improvers)

increase the viscosity of the oil composition at elevated temperatures which increases film
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thickness, while having limited effect on viscosity at low temperatures.
[38145]  Suitable viscosity improvers include high molecular weight hydrocarbons, polyesters
and viscosity index improver dispersants that function as both a viscosity index improver and a
dispersant. Typical molecular weights of these polvmers are from about 10,000 to about 1,000,000,
such as about 20,000 to about 300,000, such as about 50,000 {0 about 200,000,
[60146] Examples of suitable viscosity improvers are polymers and copolymers of
methacrylate, butadiene, olefins, or alkviated stvrenes. Polyisobutviene is a commonly used
viscosity index improver. Another suiiable viscosity index improver is polymethacrylate
{copolymers of various chain length alkyl methacrylates, for example), some formulations of
which also serve as pour poiut depressants. Other suitable viscosity index 1mprovers include
copolymers of ethylene and propylene, hvdrogenated block copolymers of styrene and isoprene,
and polyacrviates (copolymers of various chain length acrylates, for example). Specific examples
include styrene-isoprene or styrene-butadiene based polvmers having a molecular weight of from
about 50,000 to about 200,000,
[38147] The amount of viscostty modifier in a lubricating o1l of the present disclosure may range
from zero 1o about 8 wi%, such as about 0.1 wi% io about 4 wit%, such as about 6.1 wi% o about
2 wt % based on the weight of the lubricating o1l
Antioxidants
[60148] Typical anti-oxidants include phenohic anti-oxidants, aminic anti-osidants and oil-
soluble copper complexes.
[60149]  The phenolic antioxidants include sulfurized and non-sulfurized phenolic antioxidants.
The terms “phenolic type” or “phenolic antioxidant” used herein includes compounds having one
or more than one hydroxy] group bound to an aromatic ring which may itself be mononuclear, e.g.,
benzyl, or poly-nuclear, e.g., naphthyl and spiro aromatic compounds. Thus “phenol type” includes
phenol per se, catechol, resorcinol, hydroquinone, naphthol, etc., as well as alkyl or alkenyl and
sulfurized alky] or alkenyl derivatives thereof, and bisphenol type compounds including such bi-
phenol compounds linked by alkylene bridges sulfuric bridges or oxvgen bridges. Alkyl phenols
include mono- and poly-alkyl or alkenyl phenols, the alkyl or alkenyl group containing from 3
carbons to 100 carbons, such as 4 carbons to 50 carbons and sulfurized derivatives thereof, the
number of alky! or alkeny! groups present in the aromatic ring ranging from 1 {o up to the available
unsatisfied valences of the aromatic ring remaimuing after counting the number of hvdroxyl groups
bound to the aromatic ring.
[60158] A phenolic anti-oxidant may be represented by the general formula
(Ry-Ar-(OH )y
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= (CHy),

where Ar is selected from phenyl, naphthyl, biphenyl, , and

= (CHp)y

(CHy),
3
Q.
, where R is a C3-Cioo alkyi or alkenvi group, a sulfur

substituted alkyl or alkenyl group, such as a C4-Cso alkyl or alkeny! group or sulfor substituted
alkyl or alkenvl group, such as Cs-Cioo alkyl or sulfur substituted alkyl group, such as a Ca-Cso
alkyl group. Q is oxygen or sulfur. wis at least 1 to up to the available valences of Ar. v ranges
from O to up to the available valances of Ar-w. z ranges from 1 to 10, n ranges from 0 t0 20. In at
least one embodiment, w ranges from 1 10 3, v ranges from 0 1o 3, z ranges fror | to 4 and n ranges
from 0 1o 5.

[68151] Phenolic anti-oxidant compounds can be the hindered phenolics and phenolic esters
which contain a sterically hindered hydroxyl group, and these include those dernivatives of
dihydroxy aryl compounds in which the hydroxyl groups are in the o- or p-position to each other.
Typical phenolic anti-oxidants include the hindered phenols substituted with Ci+ alkyl groups and
the alkviene coupled derivatives of these hindered phenols. Examples of phenolic materials of this
type 2-t-bulyl-d-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol; 2.6-di-t-
butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecy! phenol; 2-methyi-6-t-butyl-4-heptyl phenol; 2-
methyl-6-t-butyi-4-dodecyl phenol; 2,6-di-t-butyi-4 methy! phenol; 2 6-di-t-butyl-4-ethvi phenol;
and 2,6~di-t-butyl 4-alkoxy phenol; and

OH

t-(butyl) t-butyl

O

C—C—C—0—(C4-C},)

[G0152] Phenolic type anti-oxidants in the lubricating industry include commercial examples
such as Ethanox® 4710, Irganox® 1076, lrganox® L1035, Irganox® 1010, Irganox® L109,
Irganox® L118, Irganox® L1335 and the like.

[60153] The phenolic anti-oxidant can be present in a lubricating oil in an amount in the range

of from 0.1 wi% to about 3 wi%, such as about 1 wi% to about 3 w9, such as from about 1.5 wi%
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to about 3 wt % based on the weight of the lubricant oil.
[38154] Aromaiic amine anti-oxidants include phenyl-a-naphthy! amine which is described by

the following molecular structure:

(R%),,
HN

wherein R* is hydrogen or a Ci to Cus linear or (5 to Cis branched alky? group, such as Ci to Cio
linear or Cs to Cio branched alkyl group, such as hinear or branched Cs to Cs and n is an integer
ranging from 1 to 5, such as 1. A particular example is Irganox® L06.

[60155] (rther aromatic amine anti-oxidants include other alkylated and non-alkvlated aromatic
amines such as aromatic monoamines of the formula R7R’R™N where R7 is an aliphatic, aromatic
or substituted aromatic group. R® is an aromatic or a substituled aromatic group, and R’ is H, alkyl.
aryl or RIYS(0)RY where RYis an alkylene, alkenviene, or aralkylene group, R1!is a higher alkyl
group, or an alkenyl, aryl, or alkary! group, and p is 0, 1 or 2. The aliphatic group R7 may contain
from I carbon atom to 20 carbon atoms, or can contain from 6 carbon atoms to 12 carbon atoms.
The aliphatic group is a saturated aliphatic group. For example, both R” and R® can be aromatic or
substituted aromatic groups, and the aromatic group may be a fused ring aromatic group such as
naphthyl. Aromatic groups R7 and R® may be joined together with other groups such as 8.
[60156] Typical aromatic amine anti-oxidants have alky! substituent groups of at least 6 carbon
atoms. Examples of aliphatic groups include hexyl, heptyl, octyl, nonyl, and decyl. Generally, the
aliphatic groups will not contain more than 14 carbon atoms. The general types of such other
additional amine anti~oxidants which mav be present include diphenylamines, phenothiazines,
imidodibenzyls and dipheny! phenylene diamines. Mixtures of two or more of such other
additional aromatic amines may also be present. Polymeric amine antioxidanis can also be used.
[60157] Another class of anti-oxidant used in lubricating oil compositions and which may also
be present are oil-soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants include copper
dihydrocarbyl] thio- or dithio-phosphaies and copper salts of carboxylic acid (naturally occurring

or synthetic). Other suitable copper salts include copper dithiacarbamates, sulphonates, phenates,
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and acetylacetonates. Basic, neutral, or acidic copper Cufl} and or Cu(il) salts derived from alkenyl
suceinic acids or ashydrides are known to be particularly useful.

[GB158]  Such anti-oxidants may be used individually or as nuxtures of one or more types of
anti-oxidants, the total amount used in a lubricating oil being an amount of from about 0.50 wit%
to about 5 wi%, such as about 0.75 wi% to about 3 wi%.

Detergents

[60159]  Detergents may be included in lubricating oils of the present disclosure. In at least one
embodiment, a detergent is an alkali or alkaline earth metal salicylate detergent.

[00160] A detergent can be alkali or alkaline earth metal phenates, sulfonates, carboxylates,
phosphonates and mixtures thereof. The detergents can have total base number (TBN) ranging
from neutral to highly overbased, e.g, TBN of { to 500 or greater, such as 2 to 400, such as 5 fo
300, and they can be present etther individually or in combination with each other in an amount in
the range of {rom 0 wt% to about 10 wt %, such as about 0.5 wi% to about 5 wt % {aciive
ingredient) based on the total weight of the formulated lubricating oil.

[38161] Other detergents can be calcium phenates, calcium sulfonates, magnesium phenates,
magnesiom sulfonates and other related components (including borated detergents).

Dispersants

[60162] During engine operation, oil-insoluble oxidation byproducts are produced. Dispersants
help keep these byproducts in solution, thus diminishing their deposition on metal surfaces.
Dispersants mayv be ashless or ash-forming. For example, the dispersant is ashless. So called
ashless dispersants are organic materials that form substantially no ash upon combustion. For
example, non-metal-containing or borated metal-free dispersanis are considered ashless. In
confrast, metal-containing detergents discussed above form ash upon combustion.

[G0163] Suitable dispersants typically contain a polar group attached to a relatively high
molecular weight hydrocarbon chain. The polar group typically contains af least one nitrogen,
oxygen, or phosphorus atom. Typical hydrocarbon chains contain from about 50 to about 400
carbon atoms.

[60164] In at least one embodiment, a dispersant is an alkenvisuccinic derivative, typically
produced by the reaction of a long chain substitted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polvamino compound. Thelong chain group
constituting the oleophilic portion of the molecule which confers solubility in the oil, is normally
a polyisobutvlene group. Exemplary U.S. patents describing such dispersants are U.S. Pat. Nos.
3,172,892; 3,219,666; 3,316,177 and 4,234,435, Other types of dispersant are described in U.S.
Pat. Nos. 3,036,003 and 5,705,458,
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[68165] Hydrocarbyl-substituted succinic acid compounds may be used as dispersants. In
particular, succinimide, succinate esters, or succinaie ester amides prepared by the reaction of a
hvdrocarbon-substituted succinic acid compound, such as those having at least about 30 carbon
atoms in the hvdrocarbon substituent, with at least one equivalent of an alkylene amine.
[60166] Succinimides are formed by the condensation reaction between alkenyl succinic
anhydrides and amines. Molar ratios can vary depending on the amine or polyamine. For example,
the molar ratio of alkeny! succinic anhydride to TEPA can vary from 1:1 to 5:1.
[68167] Succinate esters are formed by the condensation reaction between alkenyl succinic
anhydrides and alcohols or polyols. Molar ratios can vary depending on the alcohol or polyvol used.
For example, the condensation product of an alkenyl succinic anhydride and pentaerythrtol is a
useful dispersant.
[60168] Succinate ester amides are formed by condensation reaction between alkeny! succinic
avhydrides and alkanol amines. For example, swiable alkanol amines include ethoxylated
polyalkylpolyvamines, propoxylated polvalkylpolvamines and polvalkenvipolyamines such as
polyethylene polvamines. One example is propoxylated hexamethylenediamine.
[38169] The molecular weight of the alkenyl succinic anhvdrides will typically range from
about 800 to about 2,500, The above products can be post-reacted with various reagents such as
sulfur, oxygen, formaldehyde. carboxylic acids such as oleic acid, and boron compounds such as
borate esters or highly borated dispersants. The dispersants can be borated with from 0.1 10 5 moles
of boron per mole of dispersant reaction product.
[60176] Mannich base dispersants are made from the reaction of alkyiphenols, formaldehyde,
and amines. Process aids and catalysts, such as oleic acid and sulfonic acids, can also be part of the
reaction mixiure. Molecular weights of the alkyviphenols range from about 800 {o about 2,300.
[68171] Typical high molecular weight aliphatic acid modified Maonnich condensation products
can be prepared from high molecular weight alkyl-substituted hyvdroxyaromatics or HN(R ) group-
contaning reactants.
[60172] Examples of high molecular weight alkyl-substituted hy droxvaromatic compounds are
polypropviphenol, polybutviphenol, and other polyalkylphenols. These polvalkylphenols can be
obtained by the alkylation, in the presence of an alkviating catalvst, such as BFs, of phenol with
high molecular weight polypropvlene, polybutyvlene, and other polvalkylene compounds to give
alkyl substituents on the benzene ring of phenol having an average molecular weight of from about
600 to about 100,000
[60173] Examples of HN(R}): group-containing reactants are alkvlene polyamines, principally

polyethylene polyarsines. Other representative organic compounds countaining at least one HN(R)
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group suitable for use in the preparation of Mannich condensation products include the mono- and
di~aming alkanes and their substituted analogs, e.g., ethylamine and diethanol amine; aromatic
diamines, e.g.. phenylene diamine, diamino naphthalenes: heterocyclic amines, e.g., morpholine,
pvrrole, pyrrolidine, imidazole, imidazolidine, and piperidine; melanune and their substituted
analogs.

[60174] Examples of alkyvlene polvamine reactants include ethylenediamive, diethylene
triamine, triethylene tetraamine, tetracthylene pentaamine, pentacthylene hexamine, hexacthyiene
heptaamine, heptaethylene octaamine, octasthylene nonaamine, nonaethyiene decamine, and
decaethylene undecamine and mixture of such amines having nitrogen contents corresponding o
the alkylene polvamines, i the forroula HaN-(Z-NH-)H, mentioned before, Z 15 a divalent
ethylene and n is 1 to 10 of the foregoing formula. Corresponding propviene polyamines such as
propylene diamine and di-, tri-, tetra-, pentapropylene tii-, tetra-, penta- and hexaamines are also
suitable reactants. The alkvlene polyamines can be obtained by the reaction of anumonia and dihalo
alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained from the reaction of 2
moles to 11 moles of ammonia with 1 mole to 10 moles of dichloroalkanes having 2 carbon atoms
to 6 carbon atoms and the chlorines on different carbons are suitable alkylene polyamine reactants.
[60175] Aldehvde reactants useful in the preparation of the high molecular products useful in
this disclosure include the aliphatic aldehydes such as formaldehyde (also as paraformaldehyde
and formalin}, acetaldehyde and aldol {(B-hyvdroxyvbutyraldehvde). Formaldehyde or a form
aldebyvde-yielding reactant is exemplary.

[60176] Dispersants can include borated and non-borated succinimides, including those
derivatives from mono-succimmides, bis-succinimides, and or mixtures of mono- and bis-
succinimudes, wherein the hydrocarbyl succinimide is derived from a hydrocarbylene group such
as polyisobutylene having a molecular weight of from about 500 g/mol to about 3000 g/mol or
derived from a mixture of such hydrocarbylene groups. Other exemplary dispersants include
succinic acid-esters and amides, alkylphenol-polyamine-coupled Mannich adducts, their capped
derivatives, and other related components. Such additives may be used in an amount of 0.1 wt% to
20 wt%, such as 0.1 wi% to 8 wi%s, such as 1 wi% to 6 wt% (on an as-received basis) based on the
weight of the total lubricant.

Pour Point Depressants

[G8177]  Pour point depressants (also known as tube oil flow improvers) may also be present in
lubricating oils of the present disclosure. Pour point depressant may be added to lower the
minimum temperature at which the fluid will flow or can be poured. Examples of suitable pour

point  depressants include alkvlated naphthalenes polymethacrvlates, polvacrylates,
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polyarviamides, condensation products of haloparaffin waxes and aromatic compounds, vinyl
carboxylate polymers, and terpolvimers of dialkyifumarates, vinvl esters of fatty acids and allyl
viny! ethers. Such additives may be used in amount of from 0 wi% to about 0.5 wi%, such as about
0.0001 wt% to about 0.3 wit%, such as about 0.001 wit% to about 0.1 wt%, based on the weight of
the fubricating oil.

Corrosion Inhubitors/Metal Deactivators

[60178] Corrosion inhibiiors are used to reduce the degradation of metallic parts that are in
contact with the lubricating oil composition. Suitable corrosion inhibitors include aryl thiazines,
alkyl substituted dimercapio thiodiaroles, thiadiazoles and mixtures thereof. Such additives may
be used in an amount of about 0.01 wi% to about 5 wi%, such as about 0.01 wt% to about 1.5 wt%,
such as about 0.01 wt% to about 0.2 wit %, such as about 0.01 wt% to about 0.1 wi% based on the
total weight of the lubricating otl.

Seal Compatibility Additives

[60179] Seal compatibility agents help to swell elastomeric seals by causing a chemical reaction
in the fluid or physical change in the elastomer. Suitable seal compatibility agents for lubricating
oils include organic phosphaies, aromatic esters, aromatic hydrocarbons, esiers (butylbenzyl
phthalate, for example). and polybutenyl succinic anhydride and suifolane-type seal swell agents
such as Lubrizol 730-type seal swell additives. Such additives may be used in an amount of from
about 0.01 wi% to about 3 wt%, such as about 0.01 wi% to about 2 wi% based on the total weight
of the lubricating oil.

Anti-Foam Agenis

[60180] Anti-foam agents may be included in fubricant oils of the present disclosure. These
agents retard the formation of stable foams. Silicones and organic polymers are typical anti-foam
agents. For exanple, polysiloxanes, such as silicon oil or polvdimethy! siloxane. provide antifoars
properties. Anti-foam agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of these additives
combined is about 1 wi% or less, such as from about 0.001 wi% to about 0.5 wt%, such as from
about 0.001 wit% to about 0.2 wt%, such as from about 0.0001 wi% to about 0.15 wi% based on
the total weight of the lubricating oil.

Inhibitors and Antirust Additives

[G8181]  Anti-rust addifives {or corrosion inhibitors) are additives that protect lubnicated metal
surfaces against chemical attack by water or other contaminants. One type of anti-rust additive is
a polar cornpound that wets the mwetal surface, protecting the metal swrface with a film of oil.

Another type of anti~rust additive absorbs water by incorporating it in a water-in-oil emulsion so
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that only the oil touches the metal surface. Yet another type of anti-rust additive chemically adheres
to the metal to produce a non-reactive surface. Examples of suilable additives include zinc
dithiophosphates, metal phenolates, basic metal sulfonates, faity acids and amines. Other anti~wear
additives include zinc dithiocarbamates, molybdenum dialkyidithiophosphates, molybdenum
dithiocarbamates, other organo molyvbdenum-nitrogen complexes, sulfurized olefins, etc. Such
additives roay be used in an amount of trom about 0.01 wt% to about 5 wi%, such as from about
.01 wi% to about 1.5 wi% based on the total weight of the lubricating oil.
[¢0182] The term “organo molvbdenume-nitrogen complexes” embraces the organo
molybdenum-nitrogen complexes described i U.S. Pat. No. 4,889,647, The complexes are
reaction products of a fatty oil, dithanolanune and a molybdernurn source. Specific chemical
structures have not been assigned {o the complexes. U.S. Pat. No. 4,889,647 reports an infrared
spectrum for a typical reaction product of that disclosure; the spectrum identifies an ester carbonyl
band at 1740 cmy! and an amide carbonyl band at 1620 cm™'. The fatty oils are glycery] esters of
higher fatty acids containing at least 12 carbon atoms up to 22 carbon atoms or more. The
molybdenum sowrce is an oxygen-containing compound such as ammonium molybdates,
molybdenum oxides and mistures.
[60183] Other organo molybdenum complexes which can be used are tri-nuclear molybdenum-
sulfur compounds described in EP 1 040 115 and WO 99/31113 and the molybdenum complexes
described in U.5. Pat. No. 4,978,464,
Diesel Fuels
[60184] In at least one embodiment, a diesel fuel is a Cs-Croo hvdrogenated polyolefin product,
such as a C4-Cos hydrogenated polyolefin product.
[60185] Generally, diesel engines operate well with a cetane number of from 48 to 80, such as
from 51 to 60. Fuels with a lower cetane number have longer ignition delays, requiring more fime
for the fuel combustion process to be completed. Hence, higher speed diesel engines operate more
effectively with higher cetane number fuels. A hydrogenated polyolefin product of the present
disclosure can be usefud as a diesel fuel, as indicated by advaniageous cetane numbers. For
example, a hydrogenated polyolefin product can have a cetane number of about 30 or greater, such
as about 40 or greater, such as about 45 or greater, such as about 48 or greater, such as about 50 or
greater, such as about 60 or greater, such as about 70 or greater, such as about 80 or greater, such
as about 90 or greater.
Experimental

[60186] (eneral Methods. All manipulations of air- and or water-sensitive compounds were

carried out under dry nitrogen using a Braun UniLab drybox or standard Schienk technigues. 'H
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and C NMR spectra of polymers were recorded on a Bruker (400 MHz) spectrometer and
referenced versus residual nondeuterated solvent shifts. The product samples were dissolved in
chioroform-d or toluene-d® in a 5-mum G.D. tube. Average molecular weights were determined by
GC measurements. The kinematic viscosities at 40°C and 100°C were measured using a Stabinger
viscometer. The results were then used to calculate the viscosity index.

[66187]  Adaterials. Toluene was purchased from Millipore and dried over fresh 4A molecular
sieves before use. Chloroform was purchased from Aldrich and dried over 4A molecular sieves
before use. 1-Pentene, 2-peniene, 2-methyi-2-butene, 2-methyl-1-butene, 3-methyi-1-butene (Alfa
Aeser) were stirred over molecular sieves for several days and stored under nmifrogen prior to use.
Diethylaluminum ethoside (AIEROED, MAO, and nickel-(hfacacy, were purchased from Sigma-
Aldrich and used as recetved.

[60188] General procedure for olefin oligomerization. Oligomerization reactions were carried

out in oven dried glass vials equipped with Teflon stit bars in a nitrogen atmosphere.  After the
desired reaction time (from 0.1 hours to 72 hours), the reactions were quenched by filtering through
a non-dried silica pad, stir bars were removed, and the mixture was analyzed bv GC, versus an
adamantane imternal standard.

[GB189]  Lxamples. Trn-substituted olefins are typically a major component m a fluid catalyvtic
cracking (FCC) feed (see example of Cs-olefins distribution (%) in the FCC feed, FIG. 1). New
hydrocarbon products, such as low molecular range (e.g., Cw o Cas) polvolefin products were
obtained from the conversion of di-substituted olefins {e.g., 2-methyi-1-pentene) and tri-substitutec
olefins (e.g., 2-methyl-2-butene} using a catalyst system of Catalyst 1 and AIEROEL Catalyst 1
can also be referred to as “Ni(hfacac)” Examples 1-26 were prepared using Catalyst 1 and

AlELOEL

FiC CF,
—0 O
\ /
VAR
\ /N
O O
Ne CF,

Catalyst 1
[B0190] The catalyst precursors were {irst activated using AIELOFEL, then the general procedure
for olefin polvmenzation was performed. The compositions and properties of isolated olefin
oligomers were analyzed and compared with reference materials.

[60191] For example, Ni-catalyzed oligomerization of 2-methyl-2-butene led to the formation
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of predominantly dimers having the hydrocarbon structures of five geometric isomers represented
in Scheme 1 below, with 2,6-dimethyloctane and 2,3,6-trimethylheptane being the two major

polyolefin products formed.

Scheme 1
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[68192] A graph illustrating the equilibrium compositions (%) (percentage of each Cs branched
olefins content at chemical equulibrium in an FCC reactor) of the thermodynamic mixture of 2-
methvi-2-butene, 2-methyl-1-butene and 3-methyl-1-butene as a function of teraperature (°C) 1s
ilfustrated in FIG. 2. At a temperature of from 0°C to 500°C, 2-methyl-2-butene remained the
major component (about 80% to 98%, based on the total Cs-olefins content of the thermodynamic
mixiure).

[60193] A graph illustrating the equilibrium compositions (%) (percentage of each Cs linear
olefins content at chemical equilibrivm in the FCC reactor) of the thermodynamic mixture of 1-
pentene, trans-2-peniene, and ¢is-2-pentene, as a function of temperature (°C) is lhustrated n FIG.

3. For example, at 30°C, the equilibrium compositions (%) of the thermodynamic nuxture was
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ess than 2% of 1-pentene, about 10% of cis-2-pentene, and about 88% of trans-2-pentene.
[68194] Table 2 illustrates the hyvdrogenated polyolefin products formed from the polvolefin
products first formed by the polymerization of 1-peniene, Z-pentene, 3-Me-1-butene, 2-Me-1-
butene, and 2-Me-2-butene, with Ni(hfacach/ERAIOEL, followed by hvdrogenation of the
polyolefin products {mainly dimers). The polyolefin products were hydrogenated by using a Ni
catalyst under 500 psig Hz.

(601951 The formation of the hydrogenated polyolefin products were also observed via gas
chromatography (FIG. 4), demonstrating that all Cs-olefins can be oligomerized. The results
confirmed that 2 6-dimethyvioctane and 2,3,6-trimethylheptane were the major compositions
obtatned via the polymenzation/hydrogenation reactions when 2-Me-2-butene 15 used
Polymerization of 1-pentene with Ni(hfacac)/Etz AlQE!, or 2-pentene with Nithfacac)/Etz AIOEL,
followed by the hydrogenation of the resulting dimers, ied in both cases 1o the formation of three

major hydrogenated polyolefin products: 4-Me-octane, 3-Et-octane, and decane.

Table 2.
Process 1 2 3 4 5
Olefin Used I-pentene 2~ 2-Me-2- 3-Me-1- | 2-Me-1-
pentene butene butene buteng

Example Alkane

1 2,3,6- 0% 0% 38% 16% 20%
trimethylheptane

2 2,3.5- 0% 0% 3% 1% 1%
frimethylheptane

3 2,5+ 0% 0% 0% 0% 0%
dimethyloctane

4 2,7- 0% 0% 5% 49% 4%
dimethvloctane

5 S-ethyi-2- 0% 0% 0% 0% 0%
methyiheptane

6 2.6- 0% 0% 46% 29% 63%
dimethylociane

7 3,6~ 0% 0% 9% 4% 12%
dimethyloctane

8 2,3- 0% 0% 0% 0% 0%
dimethyloctane

9 4-Me-nonane 34% 43% 0% 0% 0%

10 2-Me-nonane 0% 0% 0% % 0%

11 3-Et-octane 23% 40% 0% 0% 0%

12 3-Me-nonane 0% 0% 0% 0% 0%

13 Decane 3R% 16% 0% 0% 0%

[60196] Table 3 illustrates the hydrogenated polyolefin products formed from a mixed feed of
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I-pentene with 2-Me-2-butene, and 2-pentene with 2-Me-2-butene, using Ni(hfacach/Etz AlIOEL.
Under such conditions, 4-Me-nonane, 3-Ei-octane, and decane remained the major hydrogenated
polyolefin products formed. New compositions were obtained as well, such as 3-Me-nonane and

2-Me-nonane, which are ideal for cetane number.

Table 3.
Process 6 7
Olefin Used I-pentene / 2-Me-2- 2-pentene / 2-Me-2-
butene butene
Example Alkane
14 23,6~ 3% 3%
trimethytheptane
15 2.3,5- 0% 0%
trimethyltheptane

16 2.S-dimethyloctane 6% 6%

7 2. 7-dimethyloctane 1% 5%
18 5-ethyl-2- 3% 4%

methylheptane

19 2, 6-dimethyloctane 8% 1%
20 3, 6-dimethyloctane 2% 0%
21 2, 3-dimethyloctane 9% 9%
22 4-Me-nonane 18% 25%
23 2-Me-nonane 4% 3%
24 3-Et-octane 12% 23%
25 3-Me-nonane 12% 12%
26 Decane 13% 8%

[G0197] Table 4 illustrates oletin conversion (%) and TON data of polymerizations using
Ni(hfacach/Et2AlOE! and a reaction time of | day. Ni(hfacack/Et:AlOEt was highly active for
all alpha-olefins and internal olefins. The highest Ni(hfacac)/Etz AIQE{ cataly st activity was found

10 be towards 1-pentene, with a 93% conversion (TON = 163) achieved after 1 day.

Table 4
QOlefin Conversion (1 day) Tum-over Number {TON)
1-pentene 93% 163
Z2-pentene 64% 112
3-methyi-i-butene 33% 58
2-methyi-i-butene 16% 28
2~-methy-2-butene 15% 26

[G0198] FIG. 5 is a graph illustrating overlaid gas chromatograms of dimers formed based on
Ni(hfacac)y/Et AlOEt-cataly zed Cs-olefin dimerization {non-acid catalysts) and BFi-catalyzed Cs-
olefin dimerization {acid catalysts). The dimers of the Cs-olefins (e.g., 1-pentene, 2-pentene, 3-

Me-1-butene, 2-Me-1-butene, and 2-Me-2-butene} made by BFi-catalyst typically showed



WO 2020/205708 PCT/US2020/025664

- 44 -

significantly lower GC retention times than dimers of the Cs-olefins {e.g., 1-pentene, 2-pentene, 3~
Me-1-butene, 2-Me-~1-butene, and 2-Me-2-buteng) made by Ni(hfacacy/EizAlOEt-catalyst,
indicating that the compositions formed from BFs-catalvzed polymerization have lower boiling
point and more branched isomers than that of the compositions formed from Ni(hfacach/EtAIOEL
~cataly zed polvmerization. The non-acid catalysts (e g., Nithfacac)EnAIOEL) give a different,
less-branched, hvdrocarbon structure in the products than the acid catalvsts (e.g., BFs-catalyst),
which can find use in diesel, lubricant or intermediates markets.

[60199] Besides functioning as base stocks, the novel compositions exhibit interesting
properties for use as diesel, low sulfur products, because of one or more of the following properties:
little to no aromatics, little to no paraffinic products, cold flow properties, low temperature
propertigs, good jet fuel, better oxygen stability, good freezing point, little to no particulates.
[00208]  Overall, processes of the present disclosure can provide polymerization of low
molecular weight alpha-olefins, branched internal olefing, and or Hinear internal olefins. Polyolefin
products and hydrogenated polvolefin products of the present disclosure can provide one or more
of improved flow, low temperature properties, thickening efficiency, and cetane number.

[36281]  The phrases, unless otherwise specified, "consists essentially of" and "consisiing
essentially of" do not exclude the presence of other steps, elernents, or materials, whether or not,
specifically mentioned in this specification, so long as such steps, elements, or materials, do not
affect the basic and novel characteristics of the present disclosure, additionally, they do not exclude
impurities and varniances normally associated with the elements and materials used.

[60202]  For the sake of brevity, only certain ranges are explicitly disclosed herein. However,
ranges from any lower limit may be combined with any upper limit o recite a range not explicitly
recited, as well as, ranges from any lower limit may be combined with any other lower limut 1o
recite a range not explicitly recited, in the sare way, ranges from any upper linit may be combined
with any other upper limut to recite a range not expliciily recited. Additionally, within a range
includes every point of individual value between its end points even though not explicitly recited.
Thus, every point or individual value may serve as its own lower or upper limit cormbined with any
other point or individual value or any other lower or upper himit. to recite a range not explicitly
recited.

[66283]  All documents described herein are incorporated by reference herein, including any
priority documents and or testing procedures to the extent they are not inconsistent with this text.
As is apparent from the foregoing general description and the specific embodiments, while forms
of the present disclosure have been illustrated and described, various modifications can be made

without departing from the spirit and scope of the present disclosure.  Accordingly, it i3 noi
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intended that the present disclosure be limited thereby. Likewise, the term “comprising” is
considered synonymous with the term “including.” Likewise whenever a composition, an element
ot a group of elements is preceded with the transitional phrase “comprising,” it 15 understood that
we also contemplate the same composition or group of elements with transitional phrases
“consisting essentially of,” “consisting of,” “selected from the group of consisting of,” or “1s”
preceding the recitation of the compaosition, element, or elements and vice versa.

[60204]  While the present disclosure has been described with respect to a number of
embodiments and examples, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart {rom the scope and spirit of

the present disclosure.



