MULTIFUNCTIONAL BRANCHED POLYMERSWITH IMPROVED LOW-
TEMPERATURE PERFORMANCE

FIELD OF THE INVENTION
The invention relates to a multi-functional ole@iapolymer viscosity index improver and a
lubricating oil composition. A lubricating oil compition comprising the multi-functional olefin
copolymer viscosity index improver may provide imyed thin film friction and one or more of
improved viscometric parameters including improled temperature performance, as determined

in a cold crank simulator.

BACKGROUND OF THE INVENTION

Viscosity index improvers are an important compunef lubricating oil compositions as
they are required to improve the finished oil parfance and to meet SAE multi-grade viscosity
standards. Functional polymers add the possimlitseducing the amount of Group Il trim oil due
to their ability to modify the viscometrics and amdtribological performance. Ethylene alpha olefin
copolymers are versatile and may be chemically fremtifor various purposes.

By introducing nonpolar chains to a polymer bacidousing reactive moieties such as
alcohols and amines, the viscometric performanoebeaadjusted to affect one or more of treat rate,
high temperature high shear viscosity, and low tnaure performance, as well as frictional
properties which could contribute to improved emegiperformance and extended engine oil
longevity. In general, amines containing a longeéin hydrocarbon chain or the corresponding
alcohols, when attached as side chains on an alefia- backbone, could provide improved
viscometrics when used as a viscosity modifierngiee oils. However, it is desirable to provide a
viscosity index improver capable of delivering baticometric and one or more friction properties.

U.S. Pat. No. 5,229,022 discloses a dispersarpaped from grafted olefin polymers.
Specifically, the olefin polymers are ethylene almhefins reacted with a monounsaturated
carboxylic reactant and further reacted with a eoghilic compound, for example an amine,
alcohol, polyol, amino alcohol or reactive metahgmunds. Preferably, the grafted polymers are
prepared with polyamines having from 3 to 12 nigrogtoms.

U.S. Pat. No. 4,160,739 discloses graft copolynpeepared from maleic anhydride and an
olefin copolymer reacted with a polyamino compouraving one reactive primary or secondary

amino group.



SUMMARY OF THE INVENTION
In a first aspect, the invention relates to a vé#gandex improver that includes a reaction
product of:
0] an acylated copolymer obtainable by acylatinigh an acylating agent, a copolymer
of ethylene and one or morg-C, alpha-olefins having a number average moleculaghtef
3,000 to 250,000 g/mol as measured by GPC; and
(i) a compound selected from one or more compouwfidise formulae (1)-(V):

OH

0
wherein R is selected from a hydrogen and an optionallystuted linear or branched
alkyl or alkenyl group; and Rs an optionally substituted linear or branched/latk

alkenyl group, and a sum of a number of carbon atohf} and R is from 7 to 31;

OH

|
R;— C— Rs

Ry

)
wherein R, Ry, and R are independently selected from an optionally stutbed linear
or branched alkyl or alkenyl group, and a sum oéimber of carbon atoms ogRR, and
Rs is from 7 to 31;

NH,

H—C— R,

Rg
(Il1)



wherein R is selected from a hydrogen and an optionally tsuwitsd linear or branched
alkyl or alkenyl group, and-Rs an optionally substituted linear or branched/latk
alkenyl group, and a sum of a number of carbon atohi®; and R is from 7 to 31,

R‘8 Tlo
Rq e N C— Ry
]
H H
(V)

wherein R, Ry and Rg are independently selected from a hydrogen araptanally
substituted linear or branched alkyl or alkenylugpand R;is selected from an
optionally substituted linear or branched alkybatkenyl group, and a sum of a number

of carbon atoms of RRy, Rip and R;is from 6 to 30; and

R’12 Tls
Ry3 (’3 H (‘3 Ry
Ry Ry7
V)

wherein Rs, Ri4, Rig, and Ry are independently selected from an optionally stutbsd
linear or branched alkyl or alkenyl group;i.Rnd Rs are independently selected from
hydrogen and an optionally substituted linear @nlshed alkyl or alkenyl group, a sum
of a number of carbon atoms of,RR13, Ri4, Ris5, Rig and Ry is from 6 to 30, and only
one of R, and Rs can be hydrogen; and
the alkyl or alkenyl groups of the compounds offtrenulae (1)-(V) are optionally
substituted with one or more of halo groups, alkgsyups, mercapto groups, nitro
groups, nitroso groups, sulfoxy groups, pyridylupws, furyl groups, thienyl groups,
imidazolyl groups, and sulfur, and no more than hwo-hydrocarbon substituents are
present for every ten carbon atoms in the alkglkenyl group.
In the foregoing embodiment, one or more ef R, R, Ri1, and Rz may be an alkyl group
or an alkenyl group that provides branching at@neore of an alpha and a beta carbon atom of the
compound (ii), or one or more 0bRR3, R;, Ry1, and Rz may be an alkyl group or an alkenyl group

that provides branching at at least an alpha caabmm of the compound (ii), or one or more ¢f R



Rs, R7, Ri1, and Rz may be an alkyl group or an alkenyl group that/mtes branching at at least a
beta carbon atom of the compound (ii).

The compound (ii) may be a compound of the fornfl)|eR; may be hydrogen and,Rhay
be a branched alkyl group or branched alkenyl groughe compound (ii) may be a compound of
the formula (I) and Rmay be a linear or branched alkyl or alkenyl group

In other embodiments, the compound (ii) may berapmund of the formula (II) and at least
one of R, Ry, and R may be a branched alkyl or a branched alkenylgrou

In other embodiments, the compound (ii) may berapgmund of the formula (lll) andRnay
be a linear or branched alkyl or alkenyl group.

In other embodiments, the compound (ii) may berapgmund of the formula (IV), andsRand
R, are independently selected from a branched alogmand a branched alkenyl group.

In other embodiments, the compound (ii) may berapgmund of the formula (V) and at least
one of R, Ri3, and R4 may be a branched alkyl group or branched alkgrotip, and at least one
of Ry5, Ris, and R7 may be a branched alkyl group or branched alkgrofip.

In each of the foregoing embodiments the at leastgvoup that provides beta branching
may be a &C;7 alkyl or alkenyl group, and in this embodimeng ttompound (ii) may be a primary
amine.

In certain embodiments, the compound (ii) is a Bdaoy amine and the at least one group
that provides beta branching is g@Cig alkyl or alkenyl group.

In certain embodiments the compound (ii) is sel@dtom 2-ethylhexanol, 2-butyloctanol,
isomyristyl alcohol, 2-hexyldecanol, isostearylaol, 2-octyldodecanol, 2-decyltetradecanol, 2-
dodecylhexadecanol, and 2-tetradecyloctadecanol.

In certain embodiments the compound (ii) is setkétem 2-ethyl-1-hexylamine, 2-butyl-1-
octylamine, 2-hexyl-1-decamine, 2-octyl-1-dodecyilzen 2-decyl-1-tetradecamine, 2-dodecyl-1-
hexadecamine, and 2-tetradecyl-1-octadecamine.

In other embodiments, the compound (i) may becsetefrom dioctylamine, 2-ethyl-1-
hexylamine and bis(2-ethyl-1-hexyl)amine, or thenpound (i) may be selected from 2-
hexyldecanol, 2-hexyloctanol, and 2-dodecylhexadelca

In other embodiments, the compound (ii) may berapmund of the Formulae (I) and (I1)
and one or more of Fand R may be a linear alkyl group or a linear alkenyligy attached to
provide branching at @ carbon atom of the compound (ii).

In other embodiments, the compound (ii) may berapgmund of the Formulae (111)-(V) and
one or more of R Ry;, and Rz may be a linear alkyl group or a linear alkenygy attached to

provide branching at @ carbon atom of the compound (ii).



The compound (i) may also be a mixture of any twonore compounds of the Formulae (I)-
(V) or a mixture of two or more of any of the conupds of the foregoing embodiments.

In each of the foregoing embodiments, the acydgtigent may be an ethylenically
unsaturated acylating agent having at least ortogglic acid or carboxylic anhydride group, or the
acylating agent may be at least one selected fnengitoup consisting of maleic acid, fumaric acid,
itaconic acid, citraconic acid, cyclohex-4-enedj2€arboxylic acid, bicyclo[2.21]hept-5-ene-2,3-
dicarboxylic acid, maleic anhydride, itaconic anhgd, citraconic anhydride, allylsuccinic
anhydride, 4-methylcyclohex-4-ene- 1,2-dicarboxginydride and bicyclo[2.2.1]hept-5-ene-2,3-
dicarboxylic anhydride, or the acylating agent rbaymaleic anhydride.

In each of the foregoing embodiments, the ratimofes of amine and/or alcohol per mole of
carboxyl groups of the acylated polymer, may benftb25:1 to 4:1 or from 0.5:1 to 2:1 or from
0.5:1 to 1:1, or more preferably from about 1:1.

In each of the foregoing embodiments, the acylatgmblymer may have acyl groups present
in an amount of 0.3 weight percent to less thaw&i@ht percent, based on a total weight of the
acylated copolymer, or the acylated copolymer maaxehracyl groups present in an amount of 0.5
weight percent to less than 10 weight percenthercylated copolymer may have acyl groups
present in an amount of 0.5 to 5 wt.%.

In each of the foregoing embodiments, the acylatgmblymer may have 0.1 to 0.8 acyl
groups per 1000 number average molecular weigls ohthe ethylene/&C,o alpha-olefin
copolymers.

In each of the foregoing embodiments, the ethytmmtent of the copolymer of ethylene and
one or more C,o alpha-olefins may be at least 10 mol% and less f@amol% and a £Ci
alpha-olefin content of the copolymer of ethylend ane or more £C; alpha-olefins may be at
least 40 mol% of propylene.

In each of the foregoing embodiments, the copotyohethylene and one or morg-Cs
alpha-olefins may include propylene units.

In each of the foregoing embodiments, the copotyohethylene and one or morg-Cio
alpha-olefins may have a polydispersity index s&léhan or equal to 4.

In each of the foregoing embodiments, the copotymay have an average ethylene derived
unit run length §,) which is less than 2.6, as determinedityNMR spectroscopy, the average
ethylene derived unit run length, is defined as the total number of ethylene-deriveits in the
copolymer divided by a number of runs of one oremsequential ethylene-derived units in the

copolymer, and the average ethylene derived unitengthn_, also satisfies the relationship shown



by the expression below:

(EEE + EEA + AEA)
(AEA + 0.5EEA)

wherein
EEE = (x¢,)3
EEE = (x¢;)°
AEA = xc(1 = x¢3)?

x¢, being a mole fraction of ethylene incorporatethia copolymer as measured i{NMR
spectroscopy, E representing an ethylene unitfarapresenting a £Cyo alpha olefin unit.

In each of the foregoing embodiments, less th&a @Dunit triads in the copolymer may be
ethylene-ethylene-ethylene triads.

In each of the foregoing embodiments, the aveedigg@ene derived unit run length may be
less than 2.4.

In another aspect, the invention relates to adating oil composition. The lubricating oil
composition includes:

greater than 50 wt.% of a base oil, based on tia¢weight of the lubricating oll
composition, and

0.1 wt.% to 20 wt.%, based on the total weighthef lubricating oil composition, of a
viscosity index improver as claimed in claim 1.

In each of the foregoing embodiments, the lubmgabil composition may be an engine oil
composition.

In another aspect, the invention relates to a atetar improving thin film friction in an
engine. In the method the engine is lubricated aitlengine oil composition that may contain any of
the foregoing viscosity index improvers. The thimffriction may be determined by measuring
traction coefficients using a mini-traction machatel30°C with an applied load of 50N between an
ANSI 52100 steel disk and an ANSI 52100 steel &aslbil was being pulled through the contact
zone at an entrainment speed of 500 mm/s whiletaiaing a slide-to-roll ratio of 50% between the
ball and disk during the measurements. In the faregmethod, the improved thin film friction may
be determined relative to a similar compositiort twntains conventional an olefin copolymer
viscosity index improver without any modification.

In another aspect, the invention relates to a atetor improving low temperature

performance in an engine as determined accorditigetmethod of ASTM D5293. In the method the



engine is lubricated with an engine oil compositieat may contain any of the foregoing viscosity
index improvers.

In each of the foregoing methods, the engine aihpasition and/or the crankcase oil
composition may be suitable for lubrication ofeddt the pistons, rings, cylinders, bearings and
crankshafts of an engine crankcase.

Additional details and advantages of the discleswitl be set forth in part in the description
which follows, and/or may be learned by practicah&f disclosure. The details and advantages of
the disclosure may be realized and attained by smeathe elements and combinations particularly
pointed out in the appended claims. It is to beéeustood that both the foregoing general descriptio
and the following detailed description are exempkand explanatory only and are not restrictive of

the disclosure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the present inventwaili be described by way of example with
reference to the accompanying figures, which arematic and are not intended to be drawn to
scale. In the figures, each identical or nearlyiaal component illustrated is typically represzht
by a single numeral. For purposes of clarity, narg component is labeled in every figure, nor is
every component of each embodiment of the inverglomwn where illustration is not necessary to
allow those of ordinary skill in the art to undersd the invention. In the figures:

FIG. 1 is a graphical representation of the comsparof average ethylene run length to
purely statistical and alternating microstructuadsdifferent ethylene incorporations for C2/C3
copolymers, according to one or more embodiments;

FIG. 2 is a graphical representation of the effefcteactor temperature on microstructure,
according to one or more embodiments;

FIG. 3 is a graphical representation of the cresstemperature versus average ethylene run
length for worse than statistical and better thatistical microstructures, according to one or enor
embodiments; and

FIG. 4 is a graphical representation of the cresstemperature versus average ethylene run
length for only copolymers better than statisticaicrostructures, according to one or more

embodiments.

DEFINITIONS
The following definitions of terms are provided ander to clarify the meanings of certain

terms as used herein.



The terms “oil composition,” “lubrication compasm,” “lubricating oil composition,”

“lubricating oil,” “lubricant composition,” “lubriating composition,” “fully formulated lubricant
composition,” and “lubricant,” are considered syymious, fully interchangeable terminology
referring to the finished lubrication product comsprg a major amount of a base oil plus a minor

amount of an additive compaosition.

The terms “crankcase oil,” “crankcase lubricariehgine oil,” “engine lubricant,” “motor
oil,” and “motor lubricant” refer to oil compositis as defined above which are suitable for use as a
lubricant in the device referenced in each tergn, @ankcase, engine and motor.

As used herein, the terms “additive package,” It concentrate,” and “additive
composition,” are considered synonymous, fullyrch@ngeable terminology referring the portion of
the lubricating oil composition excluding the maj@mount of base oil stock mixture.

As used herein, the terms “engine oil additivekpge,” “engine oil additive concentrate,”

“crankcase additive package,” “crankcase additie@centrate,” “motor oil additive package,”
“motor oil concentrate,” refer to additive packagesdefined above which are suitable for use in
formulating a lubricant for use in the device refared in each term, e.g. crankcase, engine and
motor.

The term “overbased” relates to metal salts, agimetal salts of sulfonates, carboxylates,
salicylates, and/or phenates, wherein the amoumtedél present exceeds the stoichiometric amount.
Such salts may have a conversion level in exced9@¥ (i.e., they may comprise more than 100%
of the theoretical amount of metal needed to cdner acid to its “normal,” “neutral” salt). The
expression “metal ratio,” often abbreviated as NHRused to designate the ratio of total chemical
equivalents of metal in the overbased salt to chehequivalents of the metal in a neutral salt
according to known chemical reactivity and stoich&try. In a normal or neutral salt, the metal
ratio is one and in an overbased salt, MR, is gretiitan one. They are commonly referred to as
overbased, hyperbased, or superbased salts andersajts of organic sulfur acids, carboxylic acids,
salicylates, and/or phenols.

As used herein, the term "hydrocarbyl substituemt™hydrocarbyl group” is used in its
ordinary sense, which is well-known to those sHilla the art. Specifically, it refers to a group
having a carbon atom directly attached to the redwi of the molecule and having predominantly
hydrocarbon character. Each hydrocarbyl groupnependently selected from hydrocarbon
substituents, and substituted hydrocarbon substdueontaining one or more of halo groups,
hydroxyl groups, alkoxy groups, mercapto groupgrongroups, nitroso groups, amino groups,

sulfoxy groups, pyridyl groups, furyl groups, thyemgroups, imidazolyl groups, sulfur, oxygen and



nitrogen, and wherein no more than two non-hydiomarsubstituents are present for every ten
carbon atoms in the hydrocarbyl group.

As used herein, the term "percent by weight", smlexpressly stated otherwise, means the
percentage the recited component represents tottdeveight of the entire composition.

The terms “soluble,” "oil-soluble,” or "dispers#filused herein may, but does not necessarily,
indicate that the compounds or additives are se|ublissolvable, miscible, or capable of being
suspended in the oil in all proportions. The faiag terms do mean, however, that they are, for
instance, soluble, suspendable, dissolvable, biystispersible in oil to an extent sufficient toeet
their intended effect in the environment in whidte toil is employed. Moreover, the additional
incorporation of other additives may also permitarporation of higher levels of a particular
additive, if desired.

The term "TBN" as employed herein is used to detlo¢ Total Base Number in mg KOH/g
as measured by the method of ASTM D2896.

The term "alkyl" as employed herein refers toigtra branched, cyclic, and/or substituted
saturated chain moieties of from about 1 to ab®Gt darbon atoms; or 1, 2, 3, 4, 5, 6, 7, or 8 to 16
17, 18, 20, 32, 40, 50, 60 or 100 carbon atomsnipkes include methyl, ethyl, propyl, isopropyl,
butyl, sec- butyl, tert- butyl, pentyl, isopentgkeopentyl, tert- pentyl, 1-methylbutyl, 2-methyhaut
3-methylbutyl, hexyl, isohexyl, and the like.

The term "alkenyl" as employed herein refers taight, branched, cyclic, and/or substituted
unsaturated chain moieties of from about 2 to ali@Gt carbon atoms; or 2, 3, 4, 5, 6, 7, or 8 to 16,
17, 18, 20, 32, 40, 50, 60 or 100 carbon atoms.

The term “aryl” as employed herein refers to stnghd multi-ring aromatic compounds that
may include alkyl, alkenyl, alkylaryl, amino, hyadwg, alkoxy, halo substituents, and/or heteroatoms
including, but not limited to, nitrogen, oxygendasulfur.

When a polymer or copolymer is referred to as casimgy an ethylene unit or an olefin unit,
the ethylene unit or olefin unit present in the yoodér or copolymer is the polymerized or
oligomerized form of the ethylene or olefin, regpedy. The term, “polymer” is meant to
encompass homopolymers and copolymers. The terapofgmer” includes any polymer having
two or more units from different monomers, and empasses random copolymers, statistical
copolymers, interpolymers, and block copolymers.ewh copolymer is said to comprise a certain
percentage of an ethylene or olefin unit, that @etage is based on the total number of units in the
copolymer.

A "polyolefin" is a polymer comprising at least &tbl% of one or more olefin monomers.

Preferably, a polyolefin comprises at least 60 mad¥oat least 70 mol%, or at least 80 mol%, or at



least 90 mol%, or at least 95 mol%, or 100 mol%emé or more olefin monomers. Preferably, the
olefin monomers are selected from t6 Gy olefins. More preferably the olefin monomers are
selected from ethylene, propylene, 1-butene, 14#exand 1-octene. Polyolefins may also comprise
up to 50 mol% of one or more diene monomers.

The nomenclature "C where X is an integer means there are "x carbon#fie compound;
for example, a "galpha-olefin” is an alpha-olefin with 5 carbonrat

For purpose of this invention and the claims tleremnless otherwise noted, physical and
chemical properties described herein are measusidg uthe test methods described in the

Experimental Methods section.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Disclosed herein is a viscosity index improver poising a reaction product of:

i) an acylated copolymer obtainable by acylating, vaithacylating agent, a copolymer of
ethylene and one or morg-Cyp alpha-olefins having a number average moleculaghte
of 3,000 to 250,000 g/mol as measured by GPC; and

i) a compound selected from one or more compoundsedbrmulae (1)-(V):

OH

{)
wherein R is selected from a hydrogen and an optionallysstuted linear or branched
alkyl or alkenyl group; and Rs an optionally substituted linear or branchedylatik

alkenyl group, and a sum of a number of carbon atohf} and R is from 7 to 31;

OH

|
R;— C— Rs

Ry

(11

10



wherein R, R4, and R are independently selected from an optionally suied linear

or branched alkyl or alkenyl group, and a sum oéimber of carbon atoms ogRR, and
Rsis from 7 to 31;

NH,

H—C— R,

R¢

(11)
wherein R is selected from a hydrogen and an optionally tuibsd linear or branched
alkyl or alkenyl group, and Rs an optionally substituted linear or branchedylati
alkenyl group, and a sum of a number of carbon atohi®; and R is from 7 to 31,

R‘B Tlo
Rq C N C— Ry
b
H H
(V)

wherein R, Ry and Rg are independently selected from a hydrogen andpsionally
substituted linear or branched alkyl or alkenyluppand R; is selected from an
optionally substituted linear or branched alkylatikenyl group, and a sum of a number

of carbon atoms of RRy, Rip and R;is from 6 to 30; and

R’12 Tls
Ri; (’3 H (‘: Ry
Ry Ry7
V)

wherein Rs, R4, Ris, and Ry are independently selected from an optionally stuied
linear or branched alkyl or alkenyl groupioRand Rs are independently selected from
hydrogen and an optionally substituted linear @nibhed alkyl or alkenyl group, a sum
of a number of carbon atoms of,RR;3, R4, Ris, Rig and Rz is from 6 to 30, and only

one of R, and Rs can be hydrogen; and
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the alkyl or alkenyl groups of the compounds of tbhemulae (1)-(V) are optionally
substituted with one or more of halo groups, alka@xgups, mercapto groups, nitro
groups, nitroso groups, sulfoxy groups, pyridyl ups, furyl groups, thienyl groups,
imidazolyl groups, and sulfur, and no more than tvem-hydrocarbon substituents are
present for every ten carbon atoms in the alkglkenyl group.

In another aspect of the invention, the discloswlates to a lubricating oil comprising
greater than 50 wt.% of a base oil and the foreguiscosity index improver.

Various embodiments will now be described in greatetail below, including specific
embodiments, versions and examples. The disclomirémited to these embodiments, versions or
examples, which are included to enable a persom@pardinary skill in the art to make and use the
invention when the information in this patent ismtmned with available information and

technology.

Reaction Product of at L east One Compound of Formulae (1)-(V) with an Acylated Copolymer

The described viscosity index improver is the neacproduct of an acylated compolymer
with an alcohol or amine as described herein. Baetron product of the present disclosure can be
prepared by the reaction of a compound selected fn alcohol represented by Formulae (1)-(11)
and an amine or combination represented by Form(l&e(V), with at least one acylated
copolymer as described herein. For example, adating oil composition comprising the viscosity
index improver may be prepared by heating and rgitine acylated copolymer to a temperature of
150°C with a base oil to completely dissolve the a@datopolymer. Then, the mixture may be
maintained at 120°C overnight and then raised @@ Avhile adding the alcohol and/or amine for
three hours. In the reaction, the ratio of moleamine and/or alcohol per mole of carboxyl groups
of the acylated polymer, is from 0.25:1 to 4:1 wnh 0.5:1 to 2:1 or from 0.5:1 to 1:1, or more
preferably from about 1:1. The amount of aminectexd with the acylated polymer, wherein the
amine comprises a primary amino group is approxgabne mole of amino groups per two
carboxyl groups of the acylated polymer, approxetyal:2, with respect to reactive moieties.

The amines comprising a secondary amino group aeferped, as they demonstrate

improved performance due to higher densities afteghmoieties.

Compounds of Formulae (1)-(11) - Alcohol Compounds

Suitable alcohols used to make the reaction proaluitte present disclosure may be primary,

secondary or tertiary alkyl or alkenyl alcoholseferably, the alcohols comprise 8 to 32 carbon
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atoms with branching at the carbon, or thg carbon, or they carbon, or thé carbon, or the
carbon, or mixtures thereof, relative to the oxygéthe hydroxyl group of the alcohol.

For example, an alcohol with branching at the alff)acarbon, would be branched at the
carbon atom directly bonded to the oxygen atomheftiydroxyl group. Branching at the befa (
carbon, would be branching at the second carbontedufrom the oxygen atom of the hydroxyl
group, branching at the gamm@ ¢arbon, would be branching at the third carbomnted from the
oxygen atom of the hydroxyl group, branching at de#ta ¢) carbon would be branching at the
fourth carbon counted from the oxygen atom of the@rbxyl group and branching at the epsileh (

carbon, would be branching at the fifth carbon ¢edrirom the oxygen atom of the hydroxyl group.

O—C—C—C—C—C—C—
a By & e

Specifically, preferred alcohols for the presenemtion may be represented by the formulae
() and (I1). Formula (I) represents suitable prisnand secondary alkyl or alkenyl alcohols of the
present invention:

OH

{)
wherein R is selected from a hydrogen and an optionally tsuibsd linear or branched alkyl or
alkenyl group, and Rs an optionally substituted linear or branched/latic alkenyl group wherein
the number of carbon atoms of Bhd R add to a total of 7 to 31 carbon atoms. Preferd®iys a
hydrogen and Ris an optionally substituted alkyl or alkenyl gpouMore preferably, Ris a
hydrogen and Ris an optionally substituted linear alkyl or allgegroup having from 7 to 31 carbon
atoms, or from 7 to 30 carbon atoms, or from 8Ga&rbon atoms, and wherein the carbon of said
linear alkyl or alkenyl group which is bonded te @hpha carbon is also bonded to two other carbons
in said linear alkyl or alkenyl group. Preferaltlye alcohol compound of Formula (I) comprises an
alkyl or alkenyl group having a branch at fhearbon, relative to the oxygen atom. Exemplarabet
branched alcohols include, but are not limite2tethylhexanol, 2-butyloctanol, isomyristyl alcohol
2-hexyldecanol, isostearyl alcohol, 2-octyldodedar@sdecyltetradecanol, 2-dodecylhexadecanol,

and 2-tetradecyloctadecanol.
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In another aspect,;Rand R are alkyl or alkenyl groups, wherein at least ohéhe alkyl or
alkenyl groups of Rand R is linear and comprises 6-30 carbon atoms.

In each of the foregoing embodiments, Formula &) comprise at least one branched alkyl
or alkenyl group, wherein the location of the bfang is selected from the group consisting offihe
carbon, the carbon, the carbon, the carbon, and mixtures thereof, relative to the exyg

Suitable tertiary alcohols may be represented bynkta (I1):

OH

|
R;—— ‘c— Rs

Ry

(1)
wherein R, Ry, and R are independently selected from an optionally stubed linear or branched
alkyl or alkenyl group wherein the number of carladoms of B, R, and R add to a total of 7 to 31
carbon atoms. Preferably, at least one Hff, and R is an optionally substituted linear alkyl or
alkenyl group wherein the carbon of said lineayktk alkenyl group which is bonded to the alpha
carbon is also bonded to two other carbons inlgaedr alkyl or alkenyl group. Preferably, the
alcohol compound of Formula (II) comprises an alixyalkenyl group having a branch at fhe
carbon, relative to the oxygen atom (e.g, 2-hyds®)y3+dimethylhexane).

In each of the foregoing embodiments, Formulaodh comprise at least one optionally
substituted branched alkyl or alkenyl group, whetbe location of the branching is selected from
the group consisting of thecarbon, thg carbon, the carbon, the carbon, the carbon, and
mixtures thereof, relative to the oxygen.

In each of the foregoing embodiments, the optigndkstituent(s) for RRs in formulae (1)-
(I may be one or more of halo groups, alkoxy gre@umercapto groups, nitro groups, nitroso
groups, sulfoxy groups, pyridyl groups, furyl graughienyl groups, imidazolyl groups, and sulfur,
and wherein no more than two non-hydrocarbon swiestis are present for every ten carbon atoms
in the alkyl or alkenyl group.

Particularly suitable alcohols are illustrated bg following non-limiting examples, 2-
ethylhexanol, 2-butyloctanol, isomyristyl alcoh®thexyldecanol, isostearyl alcohol, 2-
octyldodecanol, 2-decyltetradecanol, 2-dodecylhegadol, 2-tetradecyloctadecanol 2-
dodecylhexadecanol, 2-hexyloctanol 2-ethylhexa2lydroxy-2,3-dimethylhexane, 2-
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butylhexanol, 2-propylhexan-1-ol, 3-Propyl-1-hexk3emethyl-1-heptanol, 3-ethylheptan-1-ol, 2-
ethyl-4-methylhexan-1-ol, 2,4-diethylhexan-1-ol. M@referably, the alcohol is selected from 1-
hexyldecanol, 2-hexyloctanol, and 2-dodecylhexadelca

Compounds of Formulae (11N)-(V)- Amine Compounds

Suitable amines used to make the reaction pramfuitbe present disclosure may comprise
primary or secondary amino groups. Preferablyathees comprise 8 to 32 carbon atoms with
branching at the alpha carbon, or the beta cardraine gamma carbon, or the delta carbon, or the
epsilon carbon, or mixtures thereof, relative t® tiitrogen atom of the amino group.

For example, an amine with branching at the alp@#rbon, would be branched at the
carbon atom directly bonded to the nitrogen atorthefamino group. Branching at the bdp (
carbon, would be branching at the second carbontedurom the nitrogen atom of the amino
group, branching at the gammga ¢arbon, would be branching at the third carbamted from the
nitrogen atom of the amino group, branching atdéléa ¢) carbon would be branching at the fourth
carbon counted from the nitrogen atom of the angnoaip and branching at the epsileh ¢arbon,

would be branching at the fifth carbon counted fbwi nitrogen atom of the amino group.
N-—CC-CCCC—
a B Y 6 €

Amines of the present disclosure may be represdntdlde formulae (111)-(V). Formula (111)

represents suitable primary amines:

NH,

H—C— R,

Rg

(1)
wherein R is selected from a hydrogen and an optionally tswibsd linear or branched alkyl or
alkenyl group; and Rs an optionally substituted linear or branched/latk alkenyl group wherein
the number of carbon atoms of &d R add to a total of 7 to 31 carbon atoms. PreferdRjys a
hydrogen and Ris an optionally substituted linear alkyl or alkkgroup. More preferably, &s a
hydrogen and Ris an optionally substituted linear alkyl or algegroup wherein the carbon of said
linear alkyl or alkenyl group which is bonded te thlpha carbon is also bonded to two other carbons

in said linear alkyl or alkenyl group. Preferaldynine compounds of the formula (IIl) include
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branching at th@ carbon. Examples of such amines include 2-ethygdylamine2-butyl-1-
octylamine, 2-hexyl-1-decamine, 2-octyl-1-dodecyilzen 2-decyl-1-tetradecamine, 2-dodecyl-1-
hexadecamine, and 2-tetradecyl-1-octadecamine. Meftrably, the amine of the formula Ill is 2-
ethyl-1-hexylamine.

In one aspect, Fand R are both optionally substituted alkyl or alkengbigps, wherein at
least one alkyl or alkenyl group is linear.

In each of the foregoing embodiments, the aminepoamd of Formula (I1l) can comprise at
least one branched alkyl or alkenyl group, whetleelocation of the branching is selected from the
group consisting of thg carbon, the carbon, the carbon, the carbon, and mixtures thereof. In
the case of primary amines, the preferred aminedeta branched amines having one or tw&€G
alkyl or alkenyl groups attached to the beta ca/om. In the case of secondary amines, the
preferred amines are beta branched amines havigramvo G-C,g alkyl or alkenyl groups
attached to the beta carbon atom.

Formulae (IV) and (V) represent suitable secondanynes of the present invention:

R‘8 Tlo
Rq e N C— Ry
]
H H
(V)

wherein R, Ry and Rg are independently selected from a hydrogen araptianally substituted
linear or branched alkyl or alkenyl group; and iR selected from an optionally substituted linear o
branched alkyl or alkenyl group, wherein the nunmidferarbon atoms of )Ry, Rijp and R;add to a
total of 6 to 30 carbon atoms. Preferably, theaaily substituted alkyl or alkenyl group of:Rs

an optionally substituted linear alkyl or alkenybgp wherein the carbon of said linear alkyl or
alkenyl group which is bonded to the alpha carlsoaiso bonded to two other carbons in said linear
alkyl or alkenyl group. Thus, the amine compounid$he formula (IV) can include branching at one
or more of the carbons (e.g., N,N-bis-(2-ethyl-n-hexyl)amine)thie case of primary amines, the
preferred amines are beta branched amines whemeinrdboth of Rand Rpis a G-C,7 alkyl or
alkenyl group. In the case of secondary aminesptéferred amines are beta branched amines
having one or two £C,5 alkyl or alkenyl groups attached to the beta cardom. Preferred amines
of this type are dioctylamine through dioctadecylasrand beta branched dioctylamines such as

bis(2-ethyl) hexylamine. Preferably, these amiressymmetrical about the amine group.
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In each of the foregoing embodiments, Formula @af) comprise at least one branched
hydrocarbyl group, wherein the location of the lotdéng is selected from the group consisting of the

B carbon, the carbon, the carbon, the carbon, and mixtures thereof, relative to theogién.

R’12 Tw
Ry3 (’3 H (‘3 Ry
Ry Ry7
V)

wherein R3, Ri4, Rig, and Ry are independently selected from an optionally stited linear or
branched alkyl or alkenyl group;Rand Rs are independently selected from hydrogen and an
optionally substituted linear or branched alkybtkenyl group, wherein the number of carbon atoms
of Ri2, Ri3, Ris, Ris, Risand R; add to a total of 6 to 30 carbon atoms, and whesely one of R,

and Rs can be hydrogen. Preferably, at leagtiRan optionally substituted linear alkyl or allgen
group wherein the carbon of said linear alkyl dealyl group which is bonded to the alpha carbon is
also bonded to two other carbons in said lineayl akalkenyl group. In other words, the amine
compound of formula (V) can comprise a branch eBtbarbon, relative to the nitrogen atom (e.qg.,
N-(t-butyl)-N-(2-methyl-3-ethylhept-1-yl)amine.

In each of the foregoing embodiments, Formula @f) comprise at least one branched
hydrocarbyl group, wherein the location of the lotang is selected from the group consisting of the
a carbon, the carbon, the carbon, thé carbon, the carbon, and mixtures thereof, relative to the
nitrogen.

In each of the foregoing embodiments, the optignaktituent(s) for RR17 in formulae (I)-
(V) may be one or more of halo groups, alkoxy gsyupercapto groups, nitro groups, nitroso
groups, sulfoxy groups, pyridyl groups, furyl graugthienyl groups, imidazolyl groups, and sulfur,
and wherein no more than two non-hydrocarbon suiestis are present for every ten carbon atoms
in the alkyl or alkenyl group.

Particularly suitable amines are illustrated byftiilwing non-limiting examples, 2-
octanamine, 2-ethylhexamine, N,N-bis-(2-ethyl-nyigmine, N-(t-butyl)-N-(2-methyl-3-
ethylhept-1-yl)amine, tetradecan-3-amine, 3-octanai-hexylheptylamine, 1-heptyloctylamine,
decan-3-aminel-methyldecylamine, 2-dodecanamine, 1-methyldodauiie, 1-pentylhnexylamine,
2-nonylamine, N-methyl-N-nonylamine, 2-decylami@eyctanamine, dioctylamine, dinonylamine,

didecylamine, diundecylamine, didodecylamine, dégylamine, and ditetradecylamine through

17



dioctadecylamine. Preferably, the branching graffke amines of the formula V are one or two
Cs-Cyg alkyl or alkenyl groups. The branching groupspaeferably attached to the beta carbon
atom. More preferably, the amine is selected frometgllamine, 2-ethyl-1-hexylamine, and bis(2-
ethyl-1-hexyl) amine.

Acylating Agent

According to one or more embodiments, the ethyldpbka-olefin copolymer described
herein is acylated. The ethylene/C, alpha-olefin copolymers can be functionalized by
incorporating at least one functional group in¢bgolymer structure. Exemplary functional groups
may be incorporated by grafting, for example, ethidally unsaturated mono- and di-functional
carboxylic acids, ethylenically unsaturated monud di-functional carboxylic acid anhydrides, salts
thereof and esters thereof and epoxy-group comigiesters of unsaturated carboxylic acids onto the
ethylene/G-Cyo alpha-olefin copolymers. Such functional groupy i@ incorporated into the
copolymer by reaction with some or all of the uosation in the copolymer. Typically, the
functional group will be an acyl group.

Examples of the unsaturated carboxylic acids, bimaylic acids which may be used to make
the acylated copolymer are those having aboutabtwit 20 carbon atoms per molecule such as
acrylic acid, methacrylic acid, cinnamic acid, ot acid, maleic acid, fumaric acid and itaconic
acid. More preferably, the carboxylic reactantssaiected from the group consisting of maleic acid,
fumaric acid, maleic anhydride, or a mixture of taramore of these. Unsaturated dicarboxylic acids
having about 4 to about 10 carbon atoms per madesmdl anhydrides thereof are especially
preferred. Compounds that can be reacted witlhitisaturation in the ethylenefC;, alpha-olefin
copolymers include for example, maleic acid, fumagid, itaconic acid, citraconic acid, cyclohex-
4-ene-l,2-di- carboxylic acid, bicyclo[2.21]heptebhe-2,3-dicarboxylic acid, maleic anhydride,
itaconic anhydride, citraconic anhydride, allylsmic anhydride, 4-methylcyclohex-4-ene- 1,2-
dicarboxylic anhydride and bicyclo[2.2.1]hept-5-eh8- dicarboxylic anhydride. One particularly
useful functional group may be introduced usingeitahnhydride.

The amount of the acyl group present in the acglatgolymer can vary. The acyl group can
typically be present in an amount of at least aldBitweight percent, or at least 0.5 weight percent
or at least 1.0 weight percent, preferably at l@&stweight percent, or at least 2.0 weight percant
at least about 5 weight percent, or at least abaugight percent. The acyl group will typically be
present in an amount less than about 40 weighepgrpreferably less than about 30 weight percent,

and more preferably less than about 25 weight péroe less than about 10 weight percent and
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more preferably less than about 5 weight perc@umbinations of each of the above referenced end
points to form ranges are also contemplated.

The ethylenically unsaturated carboxylic acid matsitypically can provide one or two acyl
groups per mole of reactant to the grafted polymaer.example, methyl methacrylate can provide
one acyl group per molecule to the grafted polymigite maleic anhydride can provide two acyl
groups per molecule to the grafted polymer.

The carboxylic reactant is reacted or grafted diméoethylene/&Cyo alpha-olefin
copolymers in an amount to provide from about 6.akiout 0.8 acyl groups per 1000 number
average molecular weight units of the ethylerelg alpha-olefin copolymers. As another
example, the carboxylic reactant is reacted ontgdadnto the prescribed ethyleng{C, alpha-
olefin copolymers in an amount to provide from at@d5 to about 1.4 acyl groups per 1000
number average molecular weight units of the etig/lg-C,o alpha-olefin copolymers. As further
example, the carboxylic reactant is reacted ontgdadbnto the ethylene4cC,, alpha-olefin
copolymers in an amount to provide from about 6.8kout 0.75 acyl groups per 1000 number
average molecular weight units of the ethylerélg alpha-olefin copolymers. As an even further
example, the carboxylic reactant is reacted ontgdadnto the ethylene4cC,, alpha-olefin
copolymers in an amount to provide from about 6.8kout 0.5 acyl groups per 1000 number
average molecular weight units of the ethylenelg alpha-olefin copolymers.

For example, a copolymer substrate with a Mn 00@0,g/mol. may be reacted or grafted
with 6 to 15 acyl groups per polymer chain or 3 moles of maleic anhydride per mole of
copolymer. A copolymer with a Mn of 100,000 g/mmlay be reacted or grafted with 30 to 75 acyl
groups per polymer chain or 15 to 37.5 moles ofemanhydride per polymer chain.

The grafting reaction to form the acylated olefapolymers is generally carried out with the
aid of a free-radical initiator either in solutionin bulk, as in an extruder or intensive mixing
device. In some cases, it may be economically alel&ito carry out the grafting reaction in hexane
as described in U.S. Pat. Nos. 4,340,689, 4,67(b6#151,948,842. The resulting grafted copolymer
is characterized by having carboxylic acid acyldtiomalities randomly distributed within its
structure.

In the bulk process for forming the acylated olefapolymers, the olefin copolymer fed to
rubber or plastic processing equipment such axiuader, intensive mixer or masticator, heated to a
temperature of 150 °C to 400 °C and the ethylelyicadsaturated carboxylic acid reagent and free-
radical initiator may then be separately co-fethemolten polymer to effect grafting. The reaatio
is optionally carried out with mixing condition &ffect shearing and grafting of the ethylene

copolymers according to, for example, the method.&. Pat. No. 5,075,383. The processing
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equipment is generally purged with nitrogen to prevoxidation of the polymer and to aid in
venting unreacted reagents and byproducts of thigirgy reaction. The residence time in the
processing equipment is sufficient to provide fur tlesired degree of acylation and to allow for
purification of the acylated copolymer via ventihdineral or synthetic engine oil may optionally be
added to the processing equipment after the vestange to dissolve the acylated copolymer.

Other methods known in the art for effecting reatif ethylene-olefin copolymers with
ethylenically unsaturated carboxylic reagents ascdbed, for example, in U.S. Patent no.
6,107,257.

Ethylene Alpha Olefin Copolymers

The ethylene copolymers to be grafted in accordanitethis invention contain from about 2
to about 98, preferably 30 to 80 wt.% of ethylesngg about 20 to 70, preferably 40 to 60, wt.% of
one or more gto Gg, preferably Gto G, alpha-olefins. Such copolymers preferably hadegree
of crystallinity of less than 25 wt.%, as deterndiy X-ray and differential scanning calorimetry,
and a number average molecular weight (Mn) in #mge of about 3,000 to about 250,000,
preferably 5,000 to 150,000, as determined by gehpation chromatography (GPC). Copolymers
of ethylene and propylene are most preferred. Gilpdra-olefins suitable in place of propylene to
form the copolymer or to be used in combinatiorhvweithylene and propylene to form a terpolymer
include 1-butene, 1-pentene, 1-hexene, 1-octese;mbnched chain alpha-olefins, such as 5-
methylpentene-1 and 6-methylheptene-1 and mixtine®of.

Terpolymers of ethylene, said alpha-olefin and m-oonjugated diolefin or mixtures of such
diolefins may also be used. The amount of the ramugated diolefin ranges from about 0.5 to 20
mole percent, preferably about 0.1 to about 7 rpeleent, based on the total amount of ethylene
and alpha-olefin present. Representative diolefiokide cyclopentadiene, 2-methylene-5-
norbornene, non-conjugated hexadiene, or any aliwiclic or aliphatic nonconjugated diolefin
having from 6 to 15 carbon atoms per molecule, sisc®-methyl or ethyl norbornadiene, 2,4-
dimethyl-2-octadiene, 3-(2-methyl-1-propene) cyeloiene, ethylidene norbornene, etc. These
ethylene copolymers, this term including terpolysy@nay be prepared using the well-known
Ziegler-Natta catalyst compositions as describdd.ia Pat. No. 1,397,994. A suitable
polymerization method is described, for examplecdimn 5, lines 24-46 of U.S. Patent no.
6,107,257.
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The Crossover Temperature

As noted above, the starting material copolymieas &re reacted with the acylating agent, are
copolymers containing a plurality of ethylene umitgl a plurality of one or more;€,o alpha-olefin
units. These ethylene alpha-olefin copolymers @arty known in the art. However, we now
discuss a particularly preferred type of ethyleipba-olefin copolymer for use with the present
invention.

One characteristic of the ethylene alpha-olefinotygper that helps to define its behavior in
low temperatures is its crossover temperaturenseitemperature. A copolymer may generally be
viscoelastic; in other words, its mechanical prtipsrare between that of a purely elastic solid and
that of a purely viscous liquid. The viscoelasthavior of the copolymer may be characterized as
the combination of an elastic portion (referredaiternatively, as an elastic modulus or a storage
modulus), and a viscous portion (referred to, afiively, as a viscous modulus or a loss modulus).
The values of these moduli are used to charactdrezgiscoelastic properties of the copolymer at a
certain temperature. A copolymer that has a redtikigher elastic portion and a relatively lower
viscous portion will behave more similarly to a @lyrelastic solid, while a copolymer that has a
relatively lower elastic portion and a relativeiglmer viscous portion will behave more similarlyao
purely viscous liquid. Both the storage modulus @nadloss modulus are each functions of
temperature, although they may change at diffardpt as a function of temperature. In other
words, the copolymer may exhibit more elasticityrare viscosity, depending on the temperature.
The highest temperature at which a value of a geonaodulus of the copolymer equals a value of a
loss modulus being determined by oscillatory rhetoyrie referred to as the crossover temperature
or the onset temperature.

Oscillatory rheology is one technique that may beduto determine values (generally
expressed in units of pressure) for the loss am@gé moduli. The basic principle of an oscillatory
rheometer is to induce a sinusoidal shear defoamai the sample (e.g., a sample of copolymer)
and measure the resultant stress response. Incaltggperiment, the sample is placed between two
plates. While the top plate remains stationaryotomrotates or oscillates the bottom plate, thereb
imposing a time dependent strain on the sampleul&meously, the time dependent stress is
guantified by measuring the torque that the sanmpp®ses on the top plate.

Measuring this time dependent stress responsealsetlearacteristics about the behavior of
the material. If the material is an ideal elastiids then the sample stress is proportional tosthan
deformation, and the proportionality constant & shear modulus of the material. The stress is
always exactly in phase with the applied sinusasti@in deformation. In contrast, if the matersai

purely viscous fluid, the stress in the samplerggprtional to the rate of strain deformation, wher
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the proportionality constant is the viscosity of ftuid. The applied strain and the measured stress
are out of phase.

Viscoelastic materials show a response that aositaoth in-phase and out-of-phase
contributions. These contributions reveal the esten solid-like and liquid-like behavior. A
viscoelastic material will show a phase shift wiglspect to the applied strain deformation that lies
between that of solids and liquids. These can bewj®ed into an elastic component (the storage
modulus) and a viscosity component (the loss m&julthe viscoelastic behavior of the system thus
can be characterized by the storage modulus andgkenodulus, which respectively characterize
the solid-like and fluid-like contributions to tineeasured stress response.

As mentioned, the values of the moduli are tempesadependent. At warmer temperatures,
the value of the loss modulus for the copolymeresater than the value of the storage modulus.
However, as the temperature decreases, the copolgaebehave more like an elastic solid, and the
degree of contribution from the storage modulusapghes that from the loss modulus. As the
temperature lowers, eventually, at a certain teatpe the storage modulus crosses the loss
modulus of the pure copolymer, and becomes theopmathnt contributor to the viscoelastic
behavior of the pure copolymer. As stated abowefemperature at which the storage modulus
equals the loss modulus of the pure copolymerfesned to as the crossover temperature or the onset
temperature. According to one or more embodimeniiswer crossover temperature of the
copolymer correlates to better low temperaturegeerédnce of oils into which the copolymer is
incorporated.

Thus, according to one or more embodiments, tpelgmer may have a crossover
temperature, that is to say, a temperature at whielstorage modulus of the copolymer is equal to
the loss modulus of the copolymer, of -20 °C ordgw25 °C or lower, -30 °C or lower, -35 °C or
lower, or -40 °C or lower, or -50 °C or lower, ‘8D or lower, or -70 °C or lower; e.g., as determine
by oscillatory rheometry. Other values are alscsjibs. An advantageous crossover temperature for
the copolymer may be achieved through controllingracteristics of the copolymer during its
manufacture, as discussed herein. One such chastcts an average ethylene-derived unit run
length.

Average Run Length

According to one or more embodiments, the sequehttee ethylene-derived units ang-C
Ci0 alpha-olefin derived units within the copolymeryntee arranged in such a way as to provide
good low temperature performance. The sequentiahgement of the different units may be

characterized by an average ethylene-derived unitength.
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Methods for determining ethylene sequence value&mown in the art and comprise
established spectroscopic procedures uSlBquclear magnetic resonance methods as descfitved,
example, in “Carbon-13 NMR in Polymer Scienc&CS Symposium Series 103, American
Chemical Society, Washington, D.C. 1978 at p. 9¥ iarfPolymer Sequence Determination
Carbon-13 NMR Method,” J. C. Randall, Academic Bré&ew York, N.Y. at p. 53.

In a copolymer molecule comprising a chain of fastl second types of subunits (e.g.,
ethylene-derived and propylene-derived subunitsjhar of the species will be distributed
uniformly along the chain of the copolymer. Insteadertain amount of random distribution of the
different types of units will take place. For exdeypn a representative copolymer comprising four
monomers of species A and four monomers of sp&;idse monomers may be distributed as
follows A-A-B-A-B-B-B-A, or in any other manner. Braverage run length of a species is the
average number of that species appearing sequgndiati may be determined for a copolymer, on
the average, by dividing the total number of uafta species by the number of runs of that species.
For example, in the above example, there are hdbtaur A units and three separate runs of A
units. Therefore, the average run length of spekiissl.33. For species B, there is a total of Bur
units and two separate runs of B units. Therefthee average run length of species B is 2.0. The
average ethylene-derived unit run lengghis defined as the total number of ethylene-deriveits
in the copolymer divided by a number of runs of onenore sequential ethylene-derived units in the
copolymer, and the average ethylene-derived unitength Q..

Where the arrangement of species A and B in alpyiof copolymer chains is purely
random (i.e., each of A and B has a chance of ajgeia a certain position proportional to the
amount of that species, and regardless of wheltieentmediately preceding species isan Aora B
unit), an expected average run length for speciearfbe statistically calculated as a functiorhef t
molar percentage of species A in the copolymewa@dd be understood by a person of ordinary
skill in the art. This value is referred to as statistically-expected random average run-length.

According to one or more embodiments, the copotymay be synthesized by a process
through which the average run length of one ofcibigolymer species is less than the statistically-
expected random average run length for the givelampercentage of that species, i.e., for a given
position, there is a greater likelihood that aatiéint species appears than the immediately pragedin
species (e.g., AB may be more favored than AAistiedlly speaking). For example, taking ethylene
and propylene as examples, one or more catalystdmahosen such that during chain formation, a
propylene unit is favored to bond to a precedimylene unit, while an ethylene unit is favored to
bond to a preceding propylene unit, as discusseheiubelow. As a result, the resulting average

ethylene-derived unit run length is reduced arldss than statistically-expected random average
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unit length for the given molar percentage of eghgl. Where the average run length is less than
what would be expected from random distributioe, ¢cbpolymer is between statistical and
alternating. Alternatively, where the average mmgkh is greater than would be expected from
random distribution the copolymer is between diaikand blocky.

According to one or more embodiments, an averagdength for ethylene-derived units in
the copolymer are, at least in part, a functiothefpercentage of ethylene units in the copolymer,
and the chosen catalysts. For example, a higheepige of ethylene units will naturally resultin
higher average run length. The choice of catalijstts the average run length, because the catalyst
affects the relative rate of insertion of the diffiet units.

Thus, using an ethylene-propylene copolymer aliustrative example, during copolymer
chain formation, the reaction rate at which an letl molecule bonds to a preceding ethylene unit
at the end of the growing polymer chain is refeteds the ethylene-ethylene propagation reaction
rate constant (‘lee”). The reaction rate at which a propylene (or o@eC, alpha-olefin co-
monomer) bonds to an ethylene unit at the endeoftbwing polymer chain is referred to as the
ethylene-propylene propagation reaction rate con$ti,er’). The reactivity ratio of ethylene f)
refers to the ratio of the ethylene-ethylene prapiag reaction rate constant to the ethylene-
propylene propagation reaction rate constagat/ kper.

Likewise, the reaction rate at which a propylemeother G-C,, alpha-olefin) molecule
bonds to a propylene-derived unit at the end ofjtieeving polymer chain is referred to as the
propylene- propylene reaction rate constantsek The reaction rate at which an ethylene molecule
bonds to a propylene unit at the end of the growiolgmer chain is referred to as the ethylene-
propylene reaction rate constantgeK). The reactivity ratio of propylene () refers to the ratio of
the propylene-propylene reaction rate constartiegtopylene-ethylene reaction rate constapt k
Kope

The lower each of the reactivity ratios €r 1p) are, the more likely it is that a different unit
will follow the one preceding (e.g., ethylene fell@ropylene or vice versa) and the resulting
polymer chain will have an alternating charactatha lower average ethylene-derived unit run
length than would otherwise be expected from alpuesndom distribution of units. According to
one or more embodiments, selection of an apprapciatalyst as discussed herein, as well as control
of other process parameters, may reduce the régctatios and therefore the average ethylene-
derived unit run length, e.g., when copolymerizeth\wropylene or other £C;o alpha olefins as
discussed herein.

A lower average ethylene-derived unit run lengtiymrovide certain advantages. For

example, it may result in a lower crossover temijpeeafor the copolymer, thereby improving
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performance (e.g., cold-weather performance) abadating oil comprising a viscosity index
improver derived from the copolymer. In generakheut wishing to be bound by any theory, it is
believed that the shorter the average ethylendength for a given ethylene content, the lower the
crossover temperature of the copolymer, which @tety results in a better low temperature
performance for lubricating oils incorporating aaosity index improver made from the copolymer.
Known techniques may be used to determine the geetm length of a species in a copolymer
sample, for example NMR spectroscopy.

According to one or more embodiments, a copolymeenprising ethylene-derived units and
Cs-Cyp alpha-olefin-derived units has an average ethytereved unit run length that is less than the
statistically-expected random average ethylenesddrunit run-length for the given molar
percentage of ethylene-derived units in the copelyfor example, as shown in FIG. 2, use of a
coordination polymerization catalyst comprising to@rdinated metallocene ¢4Cl,, and
methylaluminoxane as a co-catalyst, under certaotion conditions, results in the production of a
copolymer having an average ethylene-derived unitength that is less than the statistically
expected run length for a random distribution given percentage of ethylene units.

According to one or more embodiments, the copotymeay have an average ethylene run
length that is less than 2.6, less than 2.5, lems 2.4, less than 2.3, less than 2.1, or less2ltan
According to one or more embodiments, a copolymengrising ethylene and a4, alpha-olefin
species has an average ethylene-derived unit ngthehat is less than the statistically-expected
random average ethylene-derived unit run-lengthifergiven ethylene molar percentage in the

copolymer.

Statistical and Alternating Microstructures

Copolymers of ethylene (€and propylene (§ produced with perfectly alternating
microstructures would not have a distribution gfr@ lengths, as every ethylene sequence is
exactly the same. The ethylene run length for &pty alternating microstructure is calculated

from Equation (1).

_ _Xc2
nCZ,Alternating - (1-xc2) (l)

However, copolymers that do not have a perfectlgriahting microstructure would have a
distribution of G run lengths, and the prediction of a purely stiga$ microstructure represents the
average grun length (also referred to as, the “averageletigyrun length”) for the distribution of
C, run lengths. The average fin length for copolymers produced with a purédistical

microstructure can be calculated from Bernoulligtistics, as shown in Equation (2). The mole
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fraction of ethylene incorporated in the copolymes, is used to calculate the fraction of EEE, EEP
and PEP (there are also EPE, PPE and PPP triadgurely statistical copolymer through
Equations (3)-(5).

Nc2,statistical = % ()
EEE = (x¢,)° 3)
EEP = 2(x¢2)*(1 — x¢3) (4)
PEP = x¢c,(1 — x¢3)? )

The experimental £incorporation in mol% can be determined frimNMR or **C-NMR
using standard techniques known to those of ordiskitl in the art. The experimental average C
run length can be determined frdf€-NMR using standard techniques. The comparisondsn
the experimentally determined averager@ length and the calculations for the alterrgaind
statistical results are shown in Fig. 1 at différethylene incorporations. A comparison of the
experimental results for average ran length to the calculated statistical and alieng results
yields an indication of whether the copolymers picetl have microstructures worse or better than
statistical. Without being bound by any theorysibelieved that microstructures that are worsa tha
statistical have a broader distribution gfrGn lengths about the average.

Increasing the ethylene content of the copolymereases the plasticization efficiency,
plasticization durability, and oxidative stabiliby the plasticizer but also decreases the amount of
structure forming that may occur at lower tempearesult is unexpected that the particular
combination of properties and microstructure ofédbpolymer of the present invention provides
adequate plasticization efficiency, plasticizatthmability, and oxidative stability while at thensa
time providing a good low temperature performance.

The results shown in Figure 1 were produced with different catalyst systems. The
ethylene incorporation was controlled during the/prization using standard techniques known in
the art. The copolymerization using the;@2€I,/MAO catalyst system was carried out at a lower
temperature and within a narrower temperature rémge the copolymerization using the
CpZrMe,/FAB/TEAL catalyst system, shown in Figure 2.

The copolymerization reaction can be controllegrwvide the desired copolymers of the
invention. Parameters such as the reaction termyergressure, mixing, reactor heat management,
feed rates of one or more of the reactants, typés, and concentration of catalyst and/or co-
catalyst and/or scavenger as well as the phasedéed components can be controlled to influence
the structure of the copolymer obtained from treetien. Thus, a combination of several different

reaction conditions can be controlled to produeedésired copolymer.
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For example, it is important to run the copolymatian reaction with appropriate heat
management. Since the copolymerization reactiexashermic, in order to maintain a desired set
point temperature in the reactor heat must be rechowhis can be accomplished by, for example,
two different methods often practiced in combinatid¢ieat can be removed by cooling the feed
stream to the reactor to a temperature well belmaréaction set point temperature (even sometimes
cryogenically) and therefore allowing the feed atneto absorb some of the heat of reaction through
a temperature rise. In addition, heat can be rexhdwom the reactor by external cooling, such as a
cooling coil and/or a cooling jacket. The lowee et point temperature in the reactor, the more
demand there is for heat removal. The highere¢hetion temperature, the less heat needs to be
removed, or alternatively or in combination, therenconcentrated the copolymer can be (higher
productivity) and/or the shorter the residence taae be (smaller reactor). The results
characterization the deviation of the average etigy/lunit run length from a purely statistical
microstructure are shown in Figure 2 for both gaiasystems plotted versus the temperature of the
reactor during the copolymerization.

As the reaction temperature was increased bey85dQ, it appears that control of the
microstructure may be lost and the copolymer typideecomes worse than statistical. As a result,
the low temperature properties of the copolymer ttegompromised. Without being bound by
theory, the reduced control of the microstructudreapolymers produced at higher temperatures is
believed to be due to a drop in the reaction kosedf comonomer incorporation relative to ethylene
incorporation. The more difficult it is for the mmnomer to incorporate in the copolymer, the less
regularly the comonomer breaks up the runs of etteylunits in the chain during copolymerization.
Some strategies for improving the incorporatioc@honomer at higher reaction temperatures
include increasing the ratio of monomers gf@G, alpha-olefin/ethylene in the reactor, increasing
the Al/Zr ratio in the catalyst or by making chaage the catalyst architecture.

Thus, in some embodiments of the invention, readimperatures of 60-135 °C are
employed for the copolymerization reaction, or, enpreferably, reaction temperatures of 62-130
°C, or 65-125 °C, or preferably 68-120 °C or 70260 are employed for the copolymerization
reaction.

Preferred Al/Zr ratio in the catalyst system mayldss than 10,000:1, less than 1,000:1, less
than 100:1, less than 10:1, less than 5:1, orthkess 1:1. For boron-containing technology, a
preferred Al/Zr ratio in the catalyst is less tH&0:1, less than 50:1, less than 10:1, less thn 5:
less than 1:1, less than 0.1:1 and a preferred Bty is less than 10:1, less than 5:1 , less #han

less than 1.5:1, less than 1.2:1, or less than 1:1.
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Low temperature properties of the copolymer candreclated to the microstructure of the
copolymer. Low temperature performance of the pomolymer is measured by Oscillatory
Rheometry. The point at which storage modulusjisaéto the loss modulus, namely, the crossover
or onset temperature, is an indication of the taatpee at which the copolymer will begin to exhibit
unfavorable structure forming. The crossover tenampee is the point at which the structure formed
in the copolymer exceeds the liquid-like charaofehe copolymer. This temperature has been
shown to be predictive for determining the impé&dhe copolymer structure on low temperature
performance as a polyolefin plasticizer.

The impact of average ethylene unit run lengtlcrmssover temperature is shown in Figure
3. The copolymers produced with the,ZyCI,/MAO catalyst system are well-behaved and there is
a strong correlation between crossover temperatuleaverage ethylene unit run length. The
copolymers produced with the &sMe,/FAB/TEAL catalyst system can be controlled to pdev
the desired combination crossover temperature agichge ethylene unit run length. A particularly
wide range of crossover temperatures is observetthéocopolymers produced using the
CpZrMe,/FAB/TEAL catalyst system is shown in Figure 3.e8ifically, at an approximate average
C, unit run length of 2.6, the crossover temperatiitthese copolymers varies from almost -40 °C to
about 5 °C. This wide range in crossover tempegatorrelates with the wide variety of different
microstructures that was also observed for thepelgmers at the same average ethylene unit run

length. In Figure 4, only the data exhibiting bethan statistical microstructures are included.

Triad Distribution

The sequential arrangement of units in the ethyédplea-olefin copolymer may,
alternatively, be described with reference to tdedribution. The triad distribution refers to the
statistical distribution of the possible combinas®f three subunits in a row in a copolymer chain.
Taking as an example an ethylene-propylene copalywieere “E” represents an ethylene-derived
unit and “P” represents a propylene-derived urteptial combinations for unit triads include: E-E-
E, E-E-P, P-E-P, E-P-E, P-P-E, and P-P-P. Accorttirane or more embodiments, the amount of E-
E-E is less than 20%, less than 10%, or less tB@mah indication of a relatively short average
ethylene-derived unit run length.

The method used for calculating the triad distitdouof ethylene-propylene copolymers is
described in J. C. RanddMSReview Macromolecules Chem Physics C29, 201 (1989) and E.W.
Hansen, K. Redfor&olymer Vol. 37, No. 1, 19-24 (1996). After collectifdC(*H ) NMR data

under quantitative conditions, eight regions (A-8h)pwn in Table 1 are integrated. The equations of
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Table 2 are applied and the values normalized.tleexamples described herein, the D, E, and F

regions were combined due to peak overlap is a alization constant and T = total intensity.

TABLE 1 TABLE 2
Integral Regions Equations
Chemical
Region | Shift K(EEE)=0.5(TpgptTa+Tc+3Ts-Tp-
2TH)
(Ppm)
K (PEE+EEP)=0.5(T 1+0.5Tg-T a-
43.5-48.0 2Tg)
B 36.5-39.5 k(PEP)=Tg
32.5-335 k(EPE)=Tc
k(EPP+PPE)=0.5(2T 4+ T-2T a-
D |292-31.2 4T¢)
E 28.5-29.3 k(PPP)=0.5(3T p+2T c-0.5Tg-Th)
F 26.5-27.8
G 23.5-25.5
H 19.5-22.5

M olecular Weight

The number average molecular weight of the etleyldpha-olefin copolymer can be
determined byH-NMR or gel permeation chromatography (GPC), axdeed in U.S. Pat. No.
5,266,223. The GPC method additionally provideseswdar weight distribution information; see
W. W. Yau, J. J. Kirkland and D. D. Bly, “Modernz8i Exclusion Liquid Chromatography”, John
Wiley and Sons, New York, 1979. According to somdediments, the copolymer may have a
number average molecular weight of 3,000 to 250¢)6tl, or from 5,000 to 150,000 g/mol, as
determined by GPC utilizing the polystyrene staddAccording to some embodiments, the
copolymer may have a number average molecular weigjreater than 3,000 g/mol, or of greater
than 5,000 g/mol, as determined by GPC or the gopail may have a number average molecular
weight less than 250,000 g/mo1l or of less thanQEDg/mol. Combinations of any of the above-
referenced ranges are also possible (e.g., 3,00@Q® g/mol, greater than g/mol and less than

g/mol or greater than g/mol and less than g/maie®values are also possible. In addition, in some
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cases, NMR may be used in addition and/or insté&P¢, e.g., for determining the values
described above.

The polydispersity index (PDI) of the copolymerimeasure of the variation in size of the
individual chains of the copolymer. The polydispgraidex is determined by dividing the weight
average molecular weight of the copolymer by thealoer average molecular weight of the
copolymer. The term number average molecular weigtermined by, e.g"H-NMR or GPC) is
given its ordinary meaning in the art and is dedias the sum of the products of the weight of each
polymer chain and the number of polymer chainsrmathat weight, divided by the total number of
polymer chains. The weight average molecular weifithe copolymer is given its ordinary
meaning in the art and is defined as the sum optbducts of the weight squared of each polymer
chain and the total number of polymer chains hathag weight, divided by the sum of the products
of the weight of each polymer chain and the nunabg@olymer chains having that weight.
According to one or more embodiments, the PDI efdbpolymer may be less than or equal to 4,

less than or equal to 3, less than or equal to 2ss than or equal to 1.

Ethylene Content

Theethylene alpha-olefin copolymer may comprise aateninole percentage (mol%) of
ethylene derived units in some embodiments. Adogrtb some embodiments, the ethylene content
of the copolymer, relative to the total amountte tinits within the copolymer, is at least 10 mol%,
at least 20 mol%, at least 30 mol%, at least 4®04nak least 45 mol%, at least 50 mol%, at least 55
mol%, at least 60 mol%, at least 65 mol%, at |&@sinol%, or at least 75 mol%. According to some
embodiments, the ethylene content of the copolyskess than 80 mol%, less than 75 mol%, less
than 70 mol%, less than 65 mol%, less than 60 mia8s,than 55 mol%, less than 50 mol%, less
than 45 mol%, less than 40 mol%, less than 30 mol%ess than 20 mol%, Combinations of the
abovereferenced ranges are also possible (elgasatl0 mol% andless than 80 mol%, at least 20
mol% and less than 70 mol%, at least 30 mol% assltlean 65 mol%, at least 40 mol% and less

than 60 mol%). Other ranges are also possible,determined byH-NMR or **C-NMR.

Comonomer Content

The ethylene alpha-olefin copolymer may compriseréain mole percentage of comonomer
units, where the comonomer is selected from a goomgisting of G-Cyo alpha-olefins having a
carbon number at or between 3 and 10, e.g., propykeccording to some embodiments, the
comonomer content of the copolymer, relative tottiial amount of the monomers within the

copolymer, is at least 20 mol%, at least 25 mol@teast 30 mol%, at least 35 mol%, at least 40
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mol%, at least 45 mol%, at least 50 mol%, at |8&sinol%, at least 60 mol%, at least 65 mol%, at
least 70 mol%, or at least 80 mol%. According tme@mbodiments, the comonomer content of the
copolymer is less than 90 mol%, less than 80 mtd%s than 70 mol%, less than 65 mol%, less than
60 mol%, less than 55 mol%, less than 50 mol%,tlesms 45 mol%, less than 40 mol%, less than 35
mol%, less than 30 mol%, less than 25 mol%, ortess 20 mol%, less than 90 mol%.
Combinations of the above reference ranges arelgp@$s.g., at least 40 mol%, and less than 60

mol%). Other ranges are also possible.

Unsaturation

Theethylene alpha-olefin copolymer may comprise polymehains. In some cases, at least
70% of these chains may each possess a termiretunatson, i.e., a carbon-carbon double bond in
the terminal monomer unit of the copolymer. Accogldio some embodiments, less than 50%, less
than 45%, less than 40%, less than 35%, less N [@ss than 25%, less than 20%, less than 15%,
less than 10%, less than 5%, or less than 3% eatdapolymer molecules each possess a carbon-
carbon double bond. Preferably, the copolymer nubdscdo not possess any terminal unsaturation.
The percentage of polymeric chains exhibiting teahunsaturation may be determined by, e.g.,
FTIR spectroscopic analysis, titration,"d6€ NMR. See, e.g., U.S. Patent No. 5,128,056.

Copolymerization

According to one or more embodiments, various nethaye provided for synthesizing the
ethylene alpha-olefin copolymers described here @athod is polymerizing ethylene and a2,
alpha-olefin in the presence of a single-site co@tibn polymerization catalyst to produce a
copolymer comprising ethylene-derived units andlg alpha-olefin-derived units.

According to one or more embodiments, the coorthngtolymerization catalyst may
comprise a coordinated metallocene. A metallocengptises cyclopentadienyl anions (“Cp”)
bound to a metal center. The coordinated metallmoesly comprise a zirconium. For example, the
coordinated metallocene may compriseZ2@l,. The coordination polymerization catalyst may
further comprises a co-cataly$the co-catalyst may comprise, for example, methp@hoxane.

The copolymer may be produced in a reactor. Pagmthat may be controlled during the
process include pressure and temperature. Thaaeawcay be operated continuously, semi-
continuously, or batchwise. The ethylene may be&veledd to a reactor through a metered feed of
ethylene gas. The additiona}-C,o alpha-olefin component (e.qg., propylene) of theatgmer may
be delivered through a separate metered feed. dthéyst and co-catalyst may be delivered to the

reactor in solution. The weight percent of either tatalyst or co-catalyst in the solution may be
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less than 20 wt.%, less than 15 wt.%, less thamt19, less than 8 wt.%, less than 6 wt.%, less than
5 wt.%, less than 4 wt.%, less than 3 wt.%, leas thwt.%, or less than 1 wt.%, according to
different embodiments. The components may thenikedrn the reactor. Examples of different
processes for forming the copolymer are describede examples below.

In some embodiments, the microstructures are adddry uniformly spatially distributing
the composition within a reactor. Methods of emgyucomposition uniformity include, but are not
limited to, agitation, feed locations of monomeslyent and catalyst components and methods for
introducing. Additional factors that may impact qmusitional uniformity in some cases include
ensuring operating at optimal temperature and prespace that provides a single fluid phase with
the reactor based on the reactor composition aite possibly ensuring the reactor temperature and
pressure conditions are above the entire vapordigbase behavior envelope of the feed
composition. It is also envisioned that premixaigwo or more of the feed components may be
important and the premixing time and mixing inténsif the feed components is important for
control of uniformity within the reactor, at leastsome cases. Another subtle, but important featu
of certain embodiments is to ensure no pocketapbrexist within the reactor that would create a
composition gradient either at a vapor-liquid ifaee or within the liquid. Lower temperatures are
also believed to be important for controlling tleactivity ratios in a manner that leads to
microstructures with better than statistical mitmestures and tending toward alternating
microstructures. Some or all of the above may qmant for controlling the microstructure within
a polymer chain and also the comonomer compositiiation from chain to chain, in various

embodiments.

Low Metal and/or Fluorine Content

Low metal content ethylene alpha-olefin copolynaesdesirable for many uses due to the
harmful effects of metals in various environmerf®r example, metals or ash can have an adverse
impact on after-treatment devices employed in warikypes of engines. It is also desirable to ensure
that the copolymers have a low fluorine contentesifiuorine is ecologically undesirable in many
environments.

There are several methods to achieve a low metaéobin the copolymer as described
herein. The present invention incorporates mettkodsvn by those skilled in the art to purify and
remove impurities. For example, in Giuseppe Fantk Sara Ronca, “Synthesis of Disentangled
Ultra-High Molecular Weight Polyethylene: InfluencEReaction Medium on Material Properties,”
International Journal of Polymer Science, vol. 2Q4rTicle ID 7431419, 8 pages, 2017.
doi:10.1155/2017/7431419, methods for purifyingolypthylene compound are disclosed. The
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method of purifying the copolymer comprises diss@whe copolymer in acidified methanol
(CH3OH/HCI) to a DCM (dichloromethane) solution of thelymer/catalyst mixture. This results in
precipitation of the “purified” polymer, while thmatalyst and other byproducts remain in solution.
The copolymer may then be filtered and washed dtht additional methanol, and oven dried under
vacuum at 40°C.

According to one or more embodiments, the ethyl#pbka-olefin copolymer may be purified
to achieve a low metal content by passing the pehjratalyst mixture through an adsorption
column. The adsorption column contains an adsopveferably, activated alumina.

In a more preferred embodiment, the copolymer neagurified to achieve a low metal
content by stripping the polymer compositions usoigene and a rotavap with a temperature-
controlled oil bath.

In an alternative embodiment, the ethylene alpledirotopolymer does not require a
purification step. In this embodiment, the copolymokthe present invention is preferably
copolymerized using a catalyst having a catalystipctivity of from 200-1500 kg copolymer/gram
of single-site catalyst, or from 350-1500 kg comady/gram of single-site catalyst, or from 500-1200
kg copolymer/gram of single-site catalyst, or fr660-800 kg copolymer/gram of single-site
catalyst. Suitable single-site catalyst systenvénigethese productivities may be selected froméhos
known in the art. The catalysts may be selectethi® production of copolymers having Mn’s in the
range of 700-1400 g/mol. or from 550-650 g/molle&en of a suitable single-site catalyst may
eliminates the need for a wash step to achievéothenetal content of the copolymer.

Catalyst productivity, expressed as the kg polypmeduced per gram of catalyst, may be
improved by efficient catalyst systems. The presargntion incorporates the use of catalyst
systems known by those skilled in the art whichcagable of achieving high catalyst productivities.
For example, U.S. Patent no. 9,441,063 relateatiyst compositions containing activator-supports
and half-metallocene titanium phosphinimide cometear half-metallocene titanium
iminoimidazolidides capable of producing polyolafiwith high catalyst productivities of at least up
to 202 kg polymer/g catalyst (551 kg polymer/glwawith a 22 min residence time, See Example 5
and Table 1, Columns 47 and 48.) Also, U.S. Pa&teni8,614,277 relates to methods for preparing
isotactic polypropylene and ethylene-propylene tgppers. U.S. Patent no. 8,614,277 provides
catalyst systems suitable for preparing copolyraérsatalyst productivity levels greater than 200 kg
polymer/g catalyst. The catalysts provided theegénmetallocenes comprising zirconium as their
central atom. (See the examples in Tables 1a-1c).

The copolymer may comprise a metal or ash conte2b ppmw or less, based on the total

weight of the copolymer. Preferably, the metal it aontent of the copolymer is 10 ppmw or less,
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or more preferably 5 ppmw or less, or even moréepably 1 ppmw or less, based on the total
weight of the copolymer. Typically, the metal ohasntent of the copolymer is derived from the
single-site catalyst and optional co-catalyst(spleyed in the copolymerization reactor.

These single-site catalysts may include metallocataysts. Zr and Ti metals are typically
derived from such metallocene catalysts. Variausatalysts may be employed in combination with
the single-site catalyst. Such co-catalysts malpde boron and aluminum metals, as well as
ecologically undesirable fluorine atoms or compaundhus, the metal or ash content of the
copolymers of the present invention is the totalainer ash including Zr. Ti, Al and/or B. Various
suitable catalyst systems are described elsewleeeinh

The copolymers may have a fluorine content of feas 10 ppmw, or less than 8 ppmw, or
less than 5 ppmw, based on the total weight ottdpolymer. Typically, the fluorine will come
from co-catalyst systems based on boron compouwratsas pefluoroaryl boranes.

Grafting of the Copolymer

The free-radical induced grafting of ethylenicallysaturated carboxylic acid materials in
solvents, such as hexane or benzene is known @artha suitable grafting process is described, for
example, in U.S. Patent no. 6,107,257 at coln®, 4i7 to col. 6, line 63. The grafting according to
the process of this invention is carried out aekavated temperature in the range of about 10@°C. t
250°C, preferably 120°C to 190°C, and more prelgrab0°C to 180°C, e.g. above 160°C, in a
solvent, preferably a mineral lubricating oil sadut containing, e.g. 1 to 50, preferably 5 to 30wt
based on the initial total oil solution, of the@#ne polymer and preferably under an inert
environment. The grafting is carried out in thesgrece of a high-temperature decomposable
compound capable of supplying free radicals at skdated temperature.

The free-radical initiators which may be used ampides, hydroperoxides, and azo
compounds which have a boiling point greater tHaoua100.degree. C. and decompose thermally
within the grafting temperature range to providiel $aee radicals. Representative of these free-
radical initiators are azobutyronitrile and 2,5-ditmyl-hex-3-yne-2,5-bis-tertiary-butyl peroxide or
its hexene analogue. The initiator is used at el lebetween about 0.005 wt.% and about 1 wt.%,
based on the total weight of the polymer solution.

The ethylenically unsaturated dicarboxylic acid eniai, e.g. maleic anhydride, is used in an
amount ranging from about 0.01 wt.% to about 104ypreferably 0.1 wt.% to 2.0 wt.%, based on
the weight of the initial total oil solution.

The grafting is preferably carried out in an irErnosphere, such as by nitrogen blanketing.

While the grafting can be carried out in the preseof air, the yield of the desired graft polyneer i
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decreased as compared to grafting under an imedsgthere. The grafting time ranges from about
0.1 to 12 hours, preferably from about 0.5 to 6repmore preferably 0.5 to 3 hours. The graft
reaction is carried out to at least approximateliyres, preferably at least about 6 times the lfalf-
of the free-radical initiator at the reaction temgtare employed. The time and temperature
combination should be such that substantiallytedigeroxide (i.e. above 90 mol%) is decomposed.

In the grafting process, the copolymer solutiofirst heated to grafting temperature and
thereafter said dicarboxylic acid material andiandr are added with agitation although they could
have been added prior to heating. When the rearstioomplete, the excess maleic anhydride is
eliminated by an inert gas purge, e.g. nitrogemgpg.

The grafting is preferably carried out in a mindudricating oil which need not be removed
after the grafting step but can be used as theesbla the subsequent reaction of the graft polymer
with the polyfunctional material and as a solvamtthe end product to form the concentrate.

Lubricating Oil

According to one or more embodiments, the viscaaigx improvers described herein may
be introduced to a major amount of a base oil talpce a lubricating oil. Preferred lubricating oils
may also contain at least a dispersant and/or agmat depressant. The lubricating oils may
contain common additives used in lubricants oreagils, including, but not limited to one or more
of dispersants, detergents, friction modifiersj-amgar agents, defoamers, antioxidants and pour
point depressants. In some embodiments, the htbrgccompaosition is an engine oil composition or
a crankcase oil composition.

According to some embodiments, the lubricatingcorhprises a certain weight percentage of
the viscosity index improver. In one or more embuwghts, the lubricating compaosition comprises
about 0.001 wt.% to about 20 wt.% for a finisheddurct (e.g., a fully formulated engine oll
composition), with alternative lower limits of 0.0&.%, 0.05 wt.%, 0.1 wt.%, 0.25 wt.%, 1 wt.% or
2 wt.%, and alternative upper limits of 15 wt.%l€érwt.% or 8 wt.% or 6 wt.% or 5 wt.% or 4 wt.%
or 3 wt.%. Ranges for the concentration of theosgy index improver in the engine oil composition
may be made by combining any of the lower limitghwany of the foregoing upper limits.

Lubricants, combinations of components, or indigidcomponents of the present description
may be suitable for use in various types of intecoanbustion engines. Suitable engine types may
include, but are not limited to heavy duty diepalssenger car, light duty diesel, medium speed
diesel, or marine engines. An internal combustingine may be a diesel fueled engine, a gasoline
fueled engine, a natural gas fueled engine, aumtetl engine, a mixed diesel/biofuel fueled engine,

a mixed gasoline/biofuel fueled engine, an alcdteled engine, a mixed gasoline/alcohol fueled
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engine, a compressed natural gas (CNG) fueled epgirmixtures thereof. A diesel engine may be
a compression ignited engine. A gasoline enging Ineaa spark-ignited engine. An internal
combustion engine may also be used in combinatiimam electrical or battery source of power.
An engine so configured is commonly known as aidydngine. The internal combustion engine
may be a 2-stroke, 4-stroke, or rotary engine.abletinternal combustion engines include marine
diesel engines (such as inland marine), aviatistopiengines, low-load diesel engines, and
motorcycle, automobile, locomotive, and truck eegin

The internal combustion engine may contain compt:ef one or more of an aluminum-
alloy, lead, tin, copper, cast iron, magnesiumagecs, stainless steel, composites, and/or mixtures
thereof. The components may be coated, for examtle a diamond-like carbon coating, a lubrited
coating, a phosphorus-containing coating, molybdegontaining coating, a graphite coating, a
nano-particle-containing coating, and/or mixtutesreéof. The aluminum-alloy may include
aluminum silicates, aluminum oxides, or other cacamaterials. In one embodiment the aluminum-
alloy is an aluminum-silicate surface. As useceherthe term “aluminum alloy” is intended to be
synonymous with “aluminum composite” and to deszabcomponent or surface comprising
aluminum and another component intermixed or relaotea microscopic or nearly microscopic
level, regardless of the detailed structure ther€bis would include any conventional alloys with
metals other than aluminum as well as compositdloy-like structures with non-metallic elements
or compounds such with ceramic-like materials.

The lubricating oil composition for an internalnabustion engine may be suitable for any
engine lubricant irrespective of the sulfur, phaspis, or sulfated ash (ASTM D-874) content. The
sulfur content of the engine oil lubricant may lbeat 1 wt.% or less, or about 0.8 wt.% or less, or
about 0.5 wt.% or less, or about 0.3 wt.% or lessbout 0.2 wt.% or less. In one embodiment the
sulfur content may be in the range of about 0.00%vto about 0.5 wt.%, or about 0.01 wt.% to
about 0.3 wt.%. The phosphorus content may be @h@uwit.% or less, or about 0.1 wt.% or less, or
about 0.085 wt.% or less, or about 0.08 wt.% os,les even about 0.06 wt.% or less, about 0.055
wt.% or less, or about 0.05 wt.% or less. In ond@iiment the phosphorus content may be about 50
ppm to about 1000 ppm, or about 325 ppm to abodip®®n. The total sulfated ash content may be
about 2 wt.% or less, or about 1.5 wt.% or lesgbmut 1.1 wt.% or less, or about 1 wt.% or less, 0
about 0.8 wt.% or less, or about 0.5 wt.% or lesene embodiment the sulfated ash content may be
about 0.05 wt.% to about 0.9 wt.%, or about 0.2wadr about 0.2 wt.% to about 0.45 wt.%. In
another embodiment, the sulfur content may be abduivt.% or less, the phosphorus content may

be about 0.08 wt.% or less, and the sulfated aahast 1 wt.% or less. In yet another embodiment
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the sulfur content may be about 0.3 wt.% or ldss phosphorus content is about 0.05 wt.% or less,
and the sulfated ash may be about 0.8 wt.% or less.

In one embodiment the lubricating oil compositisan engine oil, wherein the lubricating
oil composition may have (i) a sulfur content 0bab0.5 wt.% or less, (ii) a phosphorus content of
about 0.1 wt.% or less, and (iii) a sulfated ashteot of about 1.5 wt.% or less.

In one embodiment the lubricating oil compositissuitable for a 2-stroke or a 4-stroke
marine diesel internal combustion engine. In onbaiment the marine diesel combustion engine is
a 2-stroke engine. In some embodiments, the latinig oil composition is not suitable for a 2-
stroke or a 4-stroke marine diesel internal combostngine for one or more reasons, including but
not limited to, the high sulfur content of fuel dse powering a marine engine and the high TBN
required for a marine-suitable engine oil (e.ggwababout 40 TBN in a marine-suitable engine oil).

In some embodiments, the lubricating oil composiis suitable for use with engines
powered by low sulfur fuels, such as fuels contagrabout 1 wt.% to about 5 wt.% sulfur. Highway
vehicle fuels contain about 15 ppm sulfur (or ad@0015 wt.% sulfur).

Low speed diesel typically refers to marine engjmeedium speed diesel typically refers to
locomotives, and high speed diesel typically retersighway vehicles. The lubricating oil
composition may be suitable for only one or altr@se types of vehicles.

Further, lubricants of the present description fp@guitable to meet one or more industry
specification requirements such as ILSAC GF-3, GB8-5, GF-5+, GF-6, PC-11, CF, CF-4, CH-4,
Cl-4, CJ-4, API SG, SJ, SL, SM, SN, SN+, ACEA A1/BR/B2, A3/B3, A3/B4, A5/B5, C1, C2,

C3, C4, C5, E4/E6/ET/E9, Euro 5/6,Jaso DL-1, LowSAMid SAPS, or original equipment
manufacturer specifications such as DéXak, Dexos" 2, MB-Approval 229.1, 229.3, 229.5,
229.31, 229.51, 229.52, 229.6, 229.71, 226.5, 22@38.0/.1, 228.2/.3, 228.31, 228.5, 228.51,
228.61, VW 501.01, 502.00, 503.00/503.01, 504.08,@), 505.01, 506.00/506.01, 507.00, 508.00,
509.00, 508.88, 509.99, BMW Longlife-01, Longlifé-BE, Longlife-04, Longlife-12 FE, Longlife-
14 FE+, Porsche A40, C30, Peugeot Citroén Autorasti71 2290, B71 2294, B71 2295, B71
2296, B71 2297, B71 2300, B71 2302, B71 2312, BI172B71 2008, Renault RN0700, RN0710,
RNO0720, Ford WSS-M2C153-H, WSS-M2C930-A, WSS-M2CG#43WSS-M2C913A, WSS-
M2C913-B, WSS-M2C913-C, WSS-M2C913-D, WSS-M2C948ABK5S-M2C948-A, GM 6094-M,
Chrysler MS-6395, Fiat 9.55535 G1, G2, M2, N1, K2, S1, S2, S3, S4, T2, DS1, DSX, GH2,
GS1, GSX, CR1, Jaguar Land Rover STJLR.03.5003,.8D3.5004, STJLR.03.5005,
STJLR.03.5006, STJLR.03.5007, STJLR.51.5122, gmpast or future PCMO or HDD

specifications not mentioned herein. In some ermmbents for passenger car motor oil (PCMO)
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applications, the amount of phosphorus in the liegsfluid is 2000 ppm or less or 900 ppm or less
or 800 ppm or less.

The present disclosure provides novel lubricatihdplends formulated for use as automotive
crankcase lubricants. The present disclosure gesvovel lubricating oil blends formulated for use
as 2T and/or 4T motorcycle crankcase lubricant®bd&diments of the present disclosure may
provide lubricating oils suitable for crankcase laggtions and having improvements in the
following characteristics: air entrainment, alcohal compatibility, antioxidancy, antiwear
performance, biofuel compatibility, foam reducingerties, friction reduction, fuel economy,
preignition prevention, rust inhibition, sludge &mdsoot dispersability, piston cleanliness, defposi
formation, and water tolerance.

Engine oils of the present disclosure may be fdawad by the addition of one or more
additives, as described in detail below, to an appate base oil formulation. The additives may be
combined with a base oil in the form of an addifpaezkage (or concentrate) or, alternatively, may be
combined individually with a base oil (or a mixtwkboth). The fully formulated engine oil may
exhibit improved performance properties, basecheratdditives added and their respective

proportions.

Base Oil
The base oil used in the lubricating oil composisitierein may be selected from any of the
base oils in Groups I-V as specified in the Amari&troleum Institute (API) Base Oll

Interchangeability Guidelines. The five base odups are as follows:

Table3
Base oil o Saturates Viscosity
Category Sulfur (wt.%) (wt.%) Index
Group | >0.03 and/or <90 80 to 120
Group Il <0.03 and 290 801to 120
Group Il <0.03 and 290 2120
All polyalphaolefins

Group IV (PAOS)

All others not
Group V included in Groups

I, I, 1, or IV

Groups |, 1l, and Ill are mineral oil process stecksroup IV base oils contain true synthetic

molecular species, which are produced by polymgorzaf olefinically unsaturated hydrocarbons.
Many Group V base oils are also true synthetic petgland may include diesters, polyol esters,

polyalkylene glycols, alkylated aromatics, polypplogte esters, polyvinyl ethers, and/or polyphenyl

38



ethers, and the like, but may also be naturallyioarg oils, such as vegetable oils. It should be
noted that although Group 11l base oils are derifveth mineral oil, the rigorous processing that
these fluids undergo causes their physical prageetti be very similar to some true synthetics, such
as PAOs. Therefore, oils derived from Group llidags may be referred to as synthetic fluids in
the industry. Group I+ may comprise high viscpsiidex Group Il. In one embodiment, the base
oil is selected from a Group Il base oil havindeatst 90 wt.% saturates, a Group Il base oil hgvin
a least 90 wt.% saturates, a Group IV base oikcauV base oil and mixtures thereof.

The base oil used in the disclosed lubricatingorhposition may be a mineral oil, animal
oil, vegetable oil, synthetic oil, synthetic oikllds, or mixtures thereof. Suitable oils may be
derived from hydrocracking, hydrogenation, hydradiming, unrefined, refined, and re-refined oils,
and mixtures thereof.

Unrefined oils are those derived from a naturaheral, or synthetic source without or with
little further purification treatment. Refined ®ihre similar to the unrefined oils except thaythe
have been treated in one or more purification stepgch may result in the improvement of one or
more properties. Examples of suitable purificatiechniques are solvent extraction, secondary
distillation, acid or base extraction, filtratiggercolation, and the like. Oils refined to the lgyaf
an edible may or may not be useful. Edible oily migo be called white oils. In some
embodiments, lubricating oil compositions are foéedible or white oils.

Re-refined oils are also known as reclaimed oraegssed oils. These oils are obtained
similarly to refined oils using the same or simpaocesses. Often these oils are additionally
processed by techniques directed to removal oftsguititives and oil breakdown products.

Mineral oils may include oils obtained by drillimg from plants and animals or any mixtures
thereof. For example such oils may include, batrast limited to, castor oil, lard oil, olive oil,
peanut oil, corn oil, soybean oil, and linseed asl well as mineral lubricating oils, such as ltui
petroleum oils and solvent-treated or acid-treat@tkeral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic typesctSoils may be partially or fully hydrogenated,
if desired. Oils derived from coal or shale magodbe useful.

Useful synthetic lubricating oils may include hydaobon oils such as polymerized,
oligomerized, or interpolymerized olefins (e.g.|ybutylenes, polypropylenes, propyleneisobutylene
copolymers); poly(1-hexenes), poly(1-octenes), érsror oligomers of 1-decene, e.g., poly(1-
decenes), such materials being often referred tedasfins, and mixtures thereof; alkyl-benzenes
(e.g. dodecylbenzenes, tetradecylbenzenes, dinemydimes, di-(2-ethylhexyl)-benzenes);
polyphenyls (e.g., biphenyls, terphenyls, alkylgtetyphenyls); diphenyl alkanes, alkylated
diphenyl alkanes, alkylated diphenyl ethers anglatkd diphenyl sulfides and the derivatives,
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analogs and homologs thereof or mixtures therBafyalphaolefins are typically hydrogenated
materials.

Other synthetic lubricating oils include polyol &st, diesters, liquid esters of phosphorus-
containing acids (e.g., tricresyl phosphate, tyibghosphate, and the diethyl ester of decane
phosphonic acid), or polymeric tetrahydrofuransatBgtic oils may be produced by Fischer-Tropsch
reactions and typically may be hydroisomerized ks€Tropsch hydrocarbons or waxes. In one
embodiment oils may be prepared by a Fischer-Tiogas-to-liquid synthetic procedure as well as
other gas-to-liquid oils.

The major amount of base oil included in a lubfigatomposition may be selected from the
group consisting of Group |, Group II, a Group #8IlGroup 1V, a Group V, and a combination of two
or more of the foregoing, and wherein the major ama@f base oil is other than base oils that arise
from provision of additive components or viscositgiex improvers in the composition. In another
embodiment, the major amount of base oil includhed lubricating composition may be selected
from the group consisting of Group I, a Group #IGroup 1V, a Group V, and a combination of two
or more of the foregoing, and wherein the major ama@f base oil is other than base oils that arise
from provision of additive components or viscositgex improvers in the composition.

The amount of the oil of lubricating viscosity peas may be the balance remaining after
subtracting from 100 wt.% the sum of the amounthefperformance additives inclusive of viscosity
index improver(s) and/or pour point depressantig@ other top treat additives. For example, the
oil of lubricating viscosity that may be presentifinished fluid may be a major amount, such as
greater than about 50 wt.%, greater than aboutt® vgreater than about 70 wt.%, greater than
about 80 wt.%, greater than about 85 wt.%, or graatin about 90 wt.%.

Antioxidants

The lubricating oil compositions herein also mayiamally contain one or more antioxidants.
Antioxidant compounds are known and include fomepke, phenates, phenate sulfides, sulfurized
olefins, phosphosulfurized terpenes, sulfurizedresaromatic amines, alkylated diphenylamines
(e.g., nonyl diphenylamine, di-nonyl diphenylaminetyl diphenylamine, di-octyl diphenylamine),
phenyl-alpha-naphthylamines, alkylated phenyl-alphphthylamines, hindered non-aromatic
amines, phenols, hindered phenols, oil-soluble bu#ypum compounds, macromolecular
antioxidants, or mixtures thereof. Antioxidant quyunds may be used alone or in combination.

The hindered phenol antioxidant may contain a sgagnbutyl and/or a tertiary butyl group
as a sterically hindering group. The phenol gro@y ilme further substituted with a hydrocarbyl

group and/or a bridging group linking to a secoratratic group. Examples of suitable hindered
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phenol antioxidants include 2,6-di-tert-butylphermethyl-2,6-di-tert-butylphenol, 4-ethyl-2,6-di-
tert-butylphenol, 4-propyl-2,6-di-tert-butylphermi 4-butyl-2,6-di-tert-butylphenol, or 4-dodecyl-
2,6-di-tert-butylphenol. In one embodiment the leiredi phenol antioxidant may be an ester and may
include, e.g., Irganox™ L-135 available from BASFan addition product derived from 2,6-di-tert-
butylphenol and an alkyl acrylate, wherein the btkpup may contain about 1 to about 18, or about
2 to about 12, or about 2 to about 8, or about&btuut 6, or about 4 carbon atoms. Another
commercially available hindered phenol antioxidawaty be an ester and may include EthanoxTM
4716 available from Albemarle Corporation.

Useful antioxidants may include diarylamines arghhnolecular weight phenols. In an
embodiment, the lubricating oil composition may taom a mixture of a diarylamine and a high
molecular weight phenol, such that each antioxidaay be present in an amount sufficient to
provide up to about 5 wt.%, based upon the finagiateof the lubricating oil composition. In an
embodiment, the antioxidant may be a mixture ofual®a3 wt.% to about 1.5 wt.% diarylamine and
about 0.4 wt.% to about 2.5 wt.% high molecularghéphenol, by weight, based upon the final
weight of the lubricating oil composition.

Examples of suitable olefins that may be sulfurittetbrm a sulfurized olefin include
propylene, butylene, isobutylene, polyisobutylgrentene, hexene, heptene, octene, nonene, decene,
undecene, dodecene, tridecene, tetradecene, pestaddexadecene, heptadecene, octadecene,
nonadecene, eicosene or mixtures thereof. In om®eément, hexadecene, heptadecene,
octadecene, nonadecene, eicosene or mixtures tlageeheir dimers, trimers and tetramers are
especially useful olefins. Alternatively, the otefnay be a Diels-Alder adduct of a diene such as
1,3-butadiene and an unsaturated ester, suchtgtadylate.

Another class of sulfurized olefin includes sulhadl fatty acids and their esters. The fatty
acids are often obtained from vegetable oil or ahioil and typically contain about 4 to about 22
carbon atoms. Examples of suitable fatty acidsthail esters include triglycerides, oleic acid,
linoleic acid, palmitoleic acid or mixtures thereGfften, the fatty acids are obtained from lard oil
tall oil, peanut oil, soybean oil, cottonseed silnflower seed oil or mixtures thereof. Fatty acids
and/or ester may be mixed with olefins, such-adefins.

In another alternative embodiment the antioxidambgosition also contains a molybdenum-
containing antioxidant in addition to the phenaliad/or aminic antioxidants discussed above. When
a combination of these three antioxidants is ugegferably the ratio of phenolic to aminic to
molybdenum-containing is (0 to 2) : (0 to 2) : ¢OL).
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The one or more antioxidant(s) may be presentrigea about 0 wt.% to about 20 wt.%, or
about 0.1 wt.% to about 10 wt.%, or about 1 wt.%liout 5 wt.%, of the lubricating oil

composition.

Antiwear Agents

The lubricating oil compositions herein also mayiamally contain one or more antiwear
agents. Examples of suitable antiwear agentsdecliout are not limited to, a metal thiophosphate;
metal dialkyldithiophosphate; a phosphoric acieest salt thereof; a phosphate ester(s); a
phosphite; a phosphorus-containing carboxylic estéer, or amide; a sulfurized olefin;
thiocarbamate-containing compounds including, thibamate esters, alkylene-coupled
thiocarbamates, and bis(S-alkyldithiocarbamyl)didak; and mixtures thereof. A suitable antiwear
agent may be a molybdenum dithiocarbamate. Thegftoous containing antiwear agents are more
fully described in European Patent 612 839. Thtahmne the dialkyl dithio phosphate salts may be
an alkali metal, alkaline earth metal, aluminunadietin, molybdenum, manganese, nickel, copper,
titanium, or zinc. A useful antiwear agent may b zialkylthiophosphatedialkyldithiophosphate.

Further examples of suitable antiwear agents irgctitednium compounds, tartrates,
tartrimides, oil soluble amine salts of phospharampounds, sulfurized olefins, phosphites (such as
dibutyl phosphite), phosphonates, thiocarbamatéagming compounds, such as thiocarbamate
esters, thiocarbamate amides, thiocarbamic ethdndene-coupled thiocarbamates, and bis(S-
alkyldithiocarbamyl) disulfides. The tartrate arttimide may contain alkyl-ester groups, where the
sum of carbon atoms on the alkyl groups may bea#t|8. The antiwear agent may in one
embodiment include a citrate.

The antiwear agent may be present in ranges imgualout O wt.% to about 15 wt.%, or
about 0.01 wt.% to about 10 wt.%, or about 0.08atb about 5 wt.%, or about 0.1 wt.% to about 3

wt.% of the lubricating oil composition.

Boron-Containing Compounds

The lubricating oil compositions herein may optilbypaontain one or more boron-containing
compounds.

Examples of boron-containing compounds include teogaters, borated fatty amines,
borated epoxides, borated detergents, and borapdrdants, such as borated succinimide
dispersants, as disclosed in U.S. Patent No. $)883,
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The boron-containing compound, if present, candsslun an amount sufficient to provide
up to about 8 wt.%, about 0.01 wt.% to about 7 wadeout 0.05 wt.% to about 5 wt.%, or about 0.1

wt.% to about 3 wt.% of the lubricating oil comptasn.

Detergents
The lubricating oil composition may optionally faer comprise one or more neutral, low

based, or overbased detergents, and mixtures thebedable detergent substrates include phenates,
sulfur containing phenates, sulfonates, calixara@sxarates, salicylates, carboxylic acids,
phosphorus acids, mono- and/or di-thiophosphoiiitsaalkyl phenols, sulfur coupled alkyl phenol
compounds, or methylene bridged phenols. Suitddétiergents and their methods of preparation are
described in greater detail in numerous patentipatiobns, including US 7,732,390 and references
cited therein.

The detergent substrate may be salted with aniakalkaline earth metal such as, but not
limited to, calcium, magnesium, potassium, sodilitmum, barium, or mixtures thereof. In some
embodiments, the detergent is free of barium.omesembodiments, a detergent may contain traces
of other metals such as magnesium or calcium inuatscsuch as 50ppm or less, 40 ppm or less, 30
ppm or less, 20 ppm or less, or 10 ppm or lessuitable detergent may include alkali or alkaline
earth metal salts of petroleum sulfonic acids amgj Ichain mono- or di-alkylarylsulfonic acids with
the aryl group being benzyl, tolyl, and xylyl. Exples of suitable detergents include, but are not
limited to, calcium phenates, calcium sulfur conitagy phenates, calcium sulfonates, calcium
calixarates, calcium salixarates, calcium sali@gdatalcium carboxylic acids, calcium phosphorus
acids, calcium mono- and/or di-thiophosphoric aciddcium alkyl phenols, calcium sulfur coupled
alkyl phenol compounds, calcium methylene bridgeenols, magnesium phenates, magnesium
sulfur containing phenates, magnesium sulfonatagn@sium calixarates, magnesium salixarates,
magnesium salicylates, magnesium carboxylic aodgnesium phosphorus acids, magnesium
mono- and/or di-thiophosphoric acids, magnesiumlglkenols, magnesium sulfur coupled alkyl
phenol compounds, magnesium methylene bridged pdhesadium phenates, sodium sulfur
containing phenates, sodium sulfonates, sodiumaraies, sodium salixarates, sodium salicylates,
sodium carboxylic acids, sodium phosphorus acidiusn mono- and/or di-thiophosphoric acids,
sodium alkyl phenols, sodium sulfur coupled alkiyeépol compounds, or sodium methylene bridged
phenols.

Overbased detergent additives are well known iratheand may be alkali or alkaline earth
metal overbased detergent additives. Such deteagilitives may be prepared by reacting a metal

oxide or metal hydroxide with a substrate and cartioxide gas. The substrate is typically an acid,
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for example, an acid such as an aliphatic substtsulfonic acid, an aliphatic substituted carbixyl
acid, or an aliphatic substituted phenol.

The terminology “overbased” relates to metal salish as metal salts of sulfonates,
carboxylates, and phenates, wherein the amounetdlmpresent exceeds the stoichiometric amount.
Such salts may have a conversion level in exce&8@¥o (i.e., they may comprise more than 100%

of the theoretical amount of metal needed to cdrtheracid to its “normal,” “neutral” salt). The
expression “metal ratio,” often abbreviated as MRjsed to designate the ratio of total chemical
equivalents of metal in the overbased salt to chahaiquivalents of the metal in a neutral salt
according to known chemical reactivity and stoiohédry. In a normal or neutral salt, the metal
ratio is one and in an overbased salt, MR, is graatin one. They are commonly referred to as
overbased, hyperbased, or superbased salts andensajts of organic sulfur acids, carboxylic acids,
or phenols.

An overbased detergent of the lubricating oil cosifien may have a total base number
(TBN) of about 200 mg KOH/gram or greater, or ashier examples, about 250 mg KOH/gram or
greater, or about 350 mg KOH/gram or greater, ouaB75 mg KOH/gram or greater, or about 400
mg KOH/gram or greater.

Examples of suitable overbased detergents inclugteare not limited to, overbased calcium
phenates, overbased calcium sulfur containing geenaverbased calcium sulfonates, overbased
calcium calixarates, overbased calcium salixaraesibased calcium salicylates, overbased calcium
carboxylic acids, overbased calcium phosphorussaoierbased calcium mono- and/or di-
thiophosphoric acids, overbased calcium alkyl pleraverbased calcium sulfur coupled alkyl
phenol compounds, overbased calcium methylene dxliggpenols, overbased magnesium phenates,
overbased magnesium sulfur containing phenatesbased magnesium sulfonates, overbased
magnesium calixarates, overbased magnesium sdésaverbased magnesium salicylates,
overbased magnesium carboxylic acids, overbasedesagn phosphorus acids, overbased
magnesium mono- and/or di-thiophosphoric acidsrlm&ed magnesium alkyl phenols, overbased
magnesium sulfur coupled alkyl phenol compoundsverbased magnesium methylene bridged
phenols.

The overbased calcium phenate detergents havald&ste number of at least 150 mg
KOH/qg, at least about 225 mg KOH/g, at least 225«@dH/g to about 400 mg KOH/g, at least
about 225 mg KOH/g to about 350 mg KOH/g or a8 to about 350 mg KOHY/g, all as
measured by the method of ASTM D-2896. When s@tbrdent compositions are formed in an

inert diluent, e.g. a process oil, usually a miheilathe total base number reflects the basioitthe
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overall composition including diluent, and any athwaterials (e.g., promoter, etc.) that may be
contained in the detergent composition.

The overbased detergent may have a metal to stéosttao of from 1.1:1, or from 2:1, or
from 4:1, or from 5:1, or from 7:1, or from 10:1.

In some embodiments, the lubricating oil compositimes not contain a calcium phenate
detergent and/or a calcium salicylate detergent.

In some embodiments, a detergent is effectivedataiag or preventing rust in an engine.

The detergent may be present at about 0 wt.% totdlibwt.%, or about 0.1 wt.% to about 8
wt.%, or about 1 wt.% to about 4 wt.%, or greabtemtabout 4 wt.% to about 8 wt.%.

Dispersants

The lubricating oil composition may optionally faer comprise one or more dispersants or
mixtures thereof. Dispersants are often knownshteas-type dispersants because, prior to mixing
in a lubricating oil composition, they do not cantash-forming metals and they do not normally
contribute any ash when added to a lubricant. Ashigpe dispersants are characterized by a polar
group attached to a relatively high molecular welyydrocarbon chain. Typical ashless dispersants
include N-substituted long chain alkenyl succiniesdExamples of N-substituted long chain alkenyl
succinimides include polyisobutylene succinimidéhwvaumber average molecular weight of the
polyisobutylene substituent in the range aboutt85ibout 50,000, or to about 5,000, or to about
3,000. Succinimide dispersants and their preparatre disclosed, for instance in U.S. Pat. No.
7,897,696 or U.S. Pat. No. 4,234,435. The polyolefay be prepared from polymerizable
monomers containing about 2 to about 16, or abaatabout 8, or about 2 to about 6 carbon atoms.
Succinimide dispersants are typically the imiderfed from a polyamine, typically a
poly(ethyleneamine).

Preferred amines are selected from polyamines wdicbkyamines. Examples of polyamines
that may be used include, but are not limited tethylene triamine (DETA), triethylene tetramine
(TETA), tetraethylene pentamine (TEPA), and high@mologues such as pentaethylamine
hexamine (PEHA), and the like.

A suitable heavy polyamine is a mixture of polyd#e-polyamines comprising small
amounts of lower polyamine oligomers such as TERAREHA (pentaethylene hexamine) but
primarily oligomers with 6 or more nitrogen ator@pr more primary amines per molecule, and
more extensive branching than conventional polyamuixtures. A heavy polyamine preferably

includes polyamine oligomers containing 7 or mateogens per molecule and with 2 or more

45



primary amines per molecule. The heavy polyamimeprises more than 28 wt.% (e.g. >32 wt.%)
total nitrogen and an equivalent weight of primanyine groups of 120-160 grams per equivalent.

Suitable polyamines are commonly known as PAM, @ndain a mixture of ethylene amines
where TEPA and pentaethylene hexamine (PEHA) arendjor part of the polyamine, usually less
than about 80 wt.%.

Typically PAM has 8.7-8.9 milliequivalents of prinyaamine per gram (an equivalent weight
of 115 to 112 grams per equivalent of primary amarel a total nitrogen content of about 33-34
wt.%. Heavier cuts of PAM oligomers with practigaio TEPA and only very small amounts of
PEHA but containing primarily oligomers with moteh 6 nitrogens and more extensive branching,
may produce dispersants with improved dispersancy.

In an embodiment the present disclosure furthenx@®s at least one polyisobutylene
succinimide dispersant derived from polyisobutyler number average molecular weight in the
range about 350 to about 50,000, or to about 580@, about 3000. The polyisobutylene
succinimide may be used alone or in combinatioh wiher dispersants.

In some embodiments, polyisobutylene, when includemly have greater than 50 mol%,
greater than 60 mol%, greater than 70 mol%, greélagter 80 mol%, or greater than 90 mol% content
of terminal double bonds. Such PIB is also refétoeas highly reactive PIB (“HR-PIB”). HR-PIB
having a number average molecular weight rangiogy fabout 800 to about 5000 is suitable for use
in embodiments of the present disclosure. ConeaatiPIB typically has less than 50 mol%, less
than 40 mol%, less than 30 mol%, less than 20 mol%ess than 10 mol% content of terminal
double bonds.

An HR-PIB having a number average molecular weighging from about 900 to about
3000 may be suitable. Such HR-PIB is commerceligilable, or can be synthesized by the
polymerization of isobutene in the presence of acidorinated catalyst such as boron trifluoride, a
described in US Patent No. 4,152,499 to Boerzell.eind U.S. Patent No. 5,739,355 to Gateau, et
al. When used in the aforementioned thermal eaeticm, HR-PIB may lead to higher conversion
rates in the reaction, as well as lower amountedfment formation, due to increased reactivity. A
suitable method is described in U.S. Patent N@7/a96.

In one embodiment the present disclosure furtberprises at least one dispersant derived
from polyisobutylene succinic anhydride (“PIBSA"The PIBSA may have an average of between
about 1.0 and about 2.0 succinic acid moietieppbmer.

The wt.% actives of the alkenyl or alkyl succinithgdride can be determined using a
chromatographic technique. This method is describedlumn 5 and 6 in U.S. Pat. No. 5,334,321.
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The percent conversion of the polyolefin is caltedafrom the wt.% actives using the
equation in column 5 and 6 in U.S. Pat. No. 5,33%4.,3

In one embodiment, the dispersant may be derivad & polyalphaolefin (PAO) succinic
anhydride.

In one embodiment, the dispersant may be derivad 6lefin maleic anhydride copolymer.
As an example, the dispersant may be describegalydIBSA.

In an embodiment, the dispersant may be derived & anhydride which is grafted to an
ethylene-propylene copolymer.

A suitable class of dispersants may be derived ftefin copolymers (OCP), more
specifically, ethylene-propylene dispersants whicty be grafted with maleic anhydride. A more
complete list of nitrogen-containing compounds tteat be reacted with the functionalized OCP are
described in U.S. Patent Nos. 7,485,603, 7,786,0263,231; 6,107,257; and 5,075,383; and/or are
commercially available.

One class of suitable dispersants may be ManniseshaMannich bases are materials that
are formed by the condensation of a higher moleawaght, alkyl substituted phenol, a
polyalkylene polyamine, and an aldehyde such amdfttehyde. Mannich bases are described in
more detail in U.S. Patent No. 3,634,515.

A suitable class of dispersants may be high moseauméight esters or half ester amides.

A suitable dispersant may also be post-treatecohyentional methods by a reaction with
any of a variety of agents. Among these are baroeg, thiourea, dimercaptothiadiazoles, carbon
disulfide, aldehydes, ketones, carboxylic acidsirbgarbon-substituted succinic anhydrides, maleic
anhydride, nitriles, epoxides, carbonates, cyditonates, hindered phenolic esters, and phosphorus
compounds. US 7,645,726; US 7,214,649; and US3&8B4 are incorporated herein by reference in
their entireties.

In addition to the carbonate and boric acids p@sttinents both the compounds may be post-
treated, or further post-treatment, with a varmtpost-treatments designed to improve or impart
different properties. Such post-treatments inclindse summarized in columns 27-29 of U.S. Pat.
No. 5,241,003, hereby incorporated by referenagch$reatments include, treatment with:

Inorganic phosphorous acids or anhydrates (e.§., Bat. Nos. 3,403,102 and 4,648,980);

Organic phosphorous compounds (e.g., U.S. Pat3/802,677);

Phosphorous pentasulfides;

Boron compounds as already noted above (e.g.,RASNos. 3,178,663 and 4,652,387);

Carboxylic acid, polycarboxylic acids, anhydridesl@r acid halides (e.g., U.S. Pat. Nos.
3,708,522 and 4,948,386);
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Epoxides polyepoxiates or thioexpoxides (e.g., B&. Nos. 3,859,318 and 5,026,495);

Aldehyde or ketone (e.g., U.S. Pat. No. 3,458,530);

Carbon disulfide (e.g., U.S. Pat. No. 3,256,185);

Glycidol (e.g., U.S. Pat. No. 4,617,137);

Urea, thourea or guanidine (e.g., U.S. Pat. N@&L23619; 3,865,813; and British Patent GB
1,065,595);

Organic sulfonic acid (e.g., U.S. Pat. No. 3,189,&4d British Patent GB 2,140,811);

Alkenyl cyanide (e.g., U.S. Pat. Nos. 3,278,550 3y366,569);

Diketene (e.g., U.S. Pat. No. 3,546,243);

A diisocyanate (e.g., U.S. Pat. No. 3,573,205);

Alkane sultone (e.g., U.S. Pat. No. 3,749,695);

1,3-Dicarbonyl Compound (e.g., U.S. Pat. No. 4,679);

Sulfate of alkoxylated alcohol or phenol (e.g., \P&t. No. 3,954,639);

Cyclic lactone (e.g., U.S. Pat. Nos. 4,617,13848,615; 4,668,246; 4,963,275; and
4,971,711);

Cyclic carbonate or thiocarbonate linear monocaab®or polycarbonate, or chloroformate
(e.g., U.S. Pat. Nos. 4,612,132; 4,647,390; 4,688,8,670,170);

Nitrogen-containing carboxylic acid (e.g., U.S..Pa971,598 and British Patent GB
2,140,811);

Hydroxy-protected chlorodicarbonyloxy compound (el S. Pat. No. 4,614,522);

Lactam, thiolactam, thiolactone or ditholactong(eU.S. Pat. Nos. 4,614,603 and
4,666,460);

Cyclic carbonate or thiocarbonate, linear monocaal® or plycarbonate, or chloroformate
(e.g., U.S. Pat. Nos. 4,612,132; 4,647,390; 4,6&05,8nd 4,670,170);

Nitrogen-containing carboxylic acid (e.g., U.S. .. 4,971,598 and British Patent GB
2,440,811);

Hydroxy-protected chlorodicarbonyloxy compound (el S. Pat. No. 4,614,522);

Lactam, thiolactam, thiolactone or dithiolactongy(eU.S. Pat. Nos. 4,614,603, and
4,666,460);

Cyclic carbamate, cyclic thiocarbamate or cyclihidicarbamate (e.g., U.S. Pat. Nos.
4,663,062 and 4,666,459);

Hydroxyaliphatic carboxylic acid (e.g., U.S. PabdN4,482,464; 4,521,318; 4,713,189);

Oxidizing agent (e.g., U.S. Pat. No. 4,379,064);
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Combination of phosphorus pentasulfide and a pkyyahe polyamine (e.g., U.S. Pat. No.
3,185,647);

Combination of carboxylic acid or an aldehyde aioke and sulfur or sulfur chloride (e.g.,
U.S. Pat. Nos. 3,390,086; 3,470,098);

Combination of a hydrazine and carbon disulfidg.(¥.S. Pat. No. 3,519,564);

Combination of an aldehyde and a phenol (e.g., Ba&.Nos. 3,649,229; 5,030,249;
5,039,307);

Combination of an aldehyde and an O-diester ofapthosphoric acid (e.g., U.S. Pat. No.
3,865,740);

Combination of a hydroxyaliphatic carboxylic acitbaa boric acid (e.g., U.S. Pat. No.
4,554,086);

Combination of a hydroxyaliphatic carboxylic adilden formaldehyde and a phenol (e.g.,
U.S. Pat. No. 4,636,322);

Combination of a hydroxyaliphatic carboxylic acibdathen an aliphatic dicarboxylic acid
(e.g., U.S. Pat. No. 4,663,064);

Combination of formaldehyde and a phenol and thgeogic acid (e.g., U.S. Pat. No.
4,699,724);

Combination of a hydroxyaliphatic carboxylic acidaxalic acid and then a diisocyanate
(e.g. U.S. Pat. N0.4,713,191);

Combination of inorganic acid or anhydride of pHuspus or a partial or total sulfur analog
thereof and a boron compound (e.g., U.S. Pat. \&.74214);

Combination of an organic diacid then an unsatdréatty acid and then a nitrosoaromatic
amine optionally followed by a boron compound amehta glycolating agent (e.g., U.S. Pat. No.
4,973,412);

Combination of an aldehyde and a triazole (e.dS, Bat. No. 4,963,278);

Combination of an aldehyde and a triazole thenrarboompound (e.g., U.S. Pat. No.
4,981,492);

Combination of cyclic lactone and a boron compo(end., U.S. Pat. No. 4,963,275 and
4,971,711). The above mentioned patents are hex@nporated in their entireties.

The TBN of a suitable dispersant may be from ali@uib about 65 on an oil-free basis,
which is comparable to about 5 to about 30 TBN éfasured on a dispersant sample containing
about 50 wt.% diluent oil.

The dispersant, if present, can be used in an ansofdiicient to provide up to about 20

wt.%, based upon the final weight of the lubricgtoll composition. Another amount of the
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dispersant that can be used may be about 0.1 wtaédut 15 wt.%, or about 0.1 wt.% to about 10
wt.%, or about 3 wt.% to about 10 wt.%, or abouit®6 to about 6 wt.%, or about 7 wt.% to about
12 wt.%, based upon the final weight of the lultirgoil composition. In some embodiments, the
lubricating oil composition utilizes a mixed dispant system. A single type or a mixture of two or

more types of dispersants in any desired ratio beaysed.

Friction Modifiers

The lubricating oil compositions herein also mayiamally contain one or more friction
modifiers. Suitable friction modifiers may comm@risietal containing and metal-free friction
modifiers and may include, but are not limiteditoidazolines, amides, amines, succinimides,
alkoxylated amines, alkoxylated ether amines, araMées, amidoamines, nitriles, betaines,
guaternary amines, imines, amine salts, amino gliaegalkanolamides, phosphonates, metal-
containing compounds, glycerol esters, sulfurizgtyfcompounds and olefins, sunflower oil other
naturally occurring plant or animal oils, dicarbbtgyacid esters, esters or partial esters of agioly
and one or more aliphatic or aromatic carboxylidsicand the like.

Suitable friction modifiers may contain hydrocarlgybups that are selected from straight
chain, branched chain, or aromatic hydrocarbyl gsoar mixtures thereof, and may be saturated or
unsaturated. The hydrocarbyl groups may be compaisearbon and hydrogen or hetero atoms such
as sulfur or oxygen. The hydrocarbyl groups mageainom about 12 to about 25 carbon atoms. In
some embodiments the friction modifier may be alohain fatty acid ester. In another
embodiment the long chain fatty acid ester may bwao-ester, or a di-ester, or a (tri)glyceride.
The friction modifier may be a long chain fatty aej a long chain fatty ester, a long chain fatty
epoxide derivatives, or a long chain imidazoline.

Other suitable friction modifiers may include orgarashless (metal-free), nitrogen-free
organic friction modifiers. Such friction modifemay include esters formed by reacting carboxylic
acids and anhydrides with alkanols and generatijude a polar terminal group (e.g. carboxyl or
hydroxyl) covalently bonded to an oleophilic hydadaon chain. An example of an organic ashless
nitrogen-free friction modifier is known generallg glycerol monooleate (GMO) which may contain
mono-, di-, and tri-esters of oleic acid. Othetapiie friction modifiers are described in U.S. Pat.
No. 6,723,685, herein incorporated by referendsientirety.

Aminic friction modifiers may include amines or pamines. Such compounds can have
hydrocarbyl groups that are linear, either satarateunsaturated, or a mixture thereof and may
contain from about 12 to about 25 carbon atomsthEuexamples of suitable friction modifiers

include alkoxylated amines and alkoxylated etheinesm Such compounds may have hydrocarbyl
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groups that are linear, either saturated, unsadyatr a mixture thereof. They may contain from
about 12 to about 25 carbon atoms. Examples in@tliexylated amines and ethoxylated ether
amines.

The amines and amides may be used as such orforthef an adduct or reaction product
with a boron compound such as a boric oxide, bbadide, metaborate, boric acid or a mono-, di- or
tri-alkyl borate. Other suitable friction modifiease described in U.S. Pat. No. 6,300,291, herein
incorporated by reference in its entirety.

A friction modifier may optionally be present imges such as about 0 wt.% to about 10
wt.%, or about 0.01 wt.% to about 8 wt.%, or ab@dtwt.% to about 4 wt.%.

M olybdenum-Containing Component

The lubricating oil compositions herein also mayiapmally contain one or more
molybdenum-containing compounds. An oil-solubldybhdenum compound may have the
functional performance of an antiwear agent, afogiolant, a friction modifier, or mixtures thereof.
An oil-soluble molybdenum compound may include nbdignum dithiocarbamates, molybdenum
dialkyldithiophosphates, molybdenum dithiophosptesaamine salts of molybdenum compounds,
molybdenum xanthates, molybdenum thioxanthatesylmehum sulfides, molybdenum
carboxylates, molybdenum alkoxides, a trinuclegaopo-molybdenum compound, and/or mixtures
thereof. The molybdenum sulfides include molybderisnlfide. The molybdenum disulfide may
be in the form of a stable dispersion. In one enrhedt the oil-soluble molybdenum compound may
be selected from the group consisting of molybdedithiocarbamates, molybdenum
dialkyldithiophosphates, amine salts of molybderaampounds, and mixtures thereof. In one
embodiment the oil-soluble molybdenum compound beg molybdenum dithiocarbamate.

Suitable examples of molybdenum compounds which Ipeaysed include commercial
materials sold under the trade names such as Molg2a™, Molyvan™ A, Molyvan 2000TM and
Molyvan 855TM from R. T. Vanderbilt Co., Ltd., al&kura-Lube™ S-165, S-200, S-300, S-310G,
S-525, S-600, S-700, and S-710 available from Ad&dgoration, and mixtures thereof. Suitable
molybdenum components are described in US 5,650138 RE 37,363 E1; US RE 38,929 E1; and
US RE 40,595 E1, incorporated herein by referendkair entireties.

Additionally, the molybdenum compound may be awliaainolybdenum compound.
Included are molybdic acid, ammonium molybdatejwndnolybdate, potassium molybdate, and
other alkaline metal molybdates and other molybdesalts, e.g., hydrogen sodium molybdate,
MoOCI4, MoO2Br2, Mo203CI6, molybdenum trioxide amgdar acidic molybdenum compounds.

Alternatively, the compositions can be providedwitolybdenum by molybdenum/sulfur
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complexes of basic nitrogen compounds as describedxample, in U.S. Pat. Nos. 4,263,152;
4,285,822; 4,283,295; 4,272,387; 4,265,773; 4,283 ,8,259,195 and 4,259,194; and WO
94/06897, incorporated herein by reference in theiireties.

Another class of suitable organo-molybdenum comgsuare trinuclear molybdenum
compounds, such as those of the formula®lo,Q, and mixtures thereof, wherein S represents
sulfur, L represents independently selected ligdralsng organo groups with a sufficient number of
carbon atoms to render the compound soluble oedigge in the oil, n is from 1 to 4, k varies from
4 through 7, Q is selected from the group of néefiectron donating compounds such as water,
amines, alcohols, phosphines, and ethers, andgesdrom 0 to 5 and includes non-stoichiometric
values. At least 21 total carbon atoms may be ptesaong all the ligands' organo groups, such as
at least 25, at least 30, or at least 35 carbanatédditional suitable molybdenum compounds are
described in U.S. Pat. No. 6,723,685, herein inm@fed by reference in its entirety.

The oil-soluble molybdenum compound may be presetite lubricating oil composition in
an amount sufficient to provide about 0.5 ppm toudt2000 ppm, about 1 ppm to about 700 ppm,
about 1 ppm to about 550 ppm, about 5 ppm to aB@ipppm, or about 20 ppm to about 250 ppm of

molybdenum.

Transition M etal-Containing Compounds

In another embodiment, the oil-soluble compound by transition metal containing
compound or a metalloid. The transition metals malude, but are not limited to, titanium,
vanadium, copper, zinc, zirconium, molybdenum,ahmh, tungsten, and the like. Suitable
metalloids include, but are not limited to, borsiticon, antimony, tellurium, and the like.

In an embodiment, an oil-soluble transition met@aMaining compound may function as
antiwear agents, friction modifiers, antioxidamsposit control additives, or more than one oféhes
functions. In an embodiment the oil-soluble transitmetal-containing compound may be an oil-
soluble titanium compound, such as a titanium @Wpxide. Among the titanium containing
compounds that may be used in, or which may be isggquteparation of the oils-soluble materials
of, the disclosed technology are various Ti (IVinounds such as titanium (IV) oxide; titanium
(IV) sulfide; titanium (1V) nitrate; titanium (IValkoxides such as titanium methoxide, titanium
ethoxide, titanium propoxide, titanium isopropoxitieanium butoxide, titanium 2-ethylhexoxide;
and other titanium compounds or complexes inclutmignot limited to titanium phenates; titanium
carboxylates such as titanium (1V) 2-ethyl-1-3-hsed@ioate or titanium citrate or titanium oleate;
and titanium (IV) (triethanolaminato)isopropoxid®ther forms of titanium encompassed within the

disclosed technology include titanium phosphates s titanium dithiophosphates (e.g.,

52



dialkyldithiophosphates) and titanium sulfonateg.(ealkylbenzenesulfonates), or, generally, the
reaction product of titanium compounds with variaegl materials to form salts, such as oil-soluble
salts. Titanium compounds can thus be derived feonong others, organic acids, alcohols, and
glycols. Ti compounds may also exist in dimeriobgomeric form, containing Ti--O--Ti

structures. Such titanium materials are commedycaadailable or can be readily prepared by
appropriate synthesis techniques which will be egmato the person skilled in the art. They may
exist at room temperature as a solid or a liquigheshding on the particular compound. They may
also be provided in a solution form in an apprdgriaert solvent.

In one embodiment, the titanium can be suppliea @smodified dispersant, such as a
succinimide dispersant. Such materials may begpegpby forming a titanium mixed anhydride
between a titanium alkoxide and a hydrocarbyl-stiiet! succinic anhydride, such as an alkenyl-
(or alkyl) succinic anhydride. The resulting tidé-succinate intermediate may be used directity or
may be reacted with any of a number of materialsh &s (a) a polyamine-based succinimide/amide
dispersant having free, condensable --NH functigngb) the components of a polyamine-based
succinimide/amide dispersant, i.e., an alkenyl-af&yl-) succinic anhydride and a polyamine, (c) a
hydroxy-containing polyester dispersant preparethbyreaction of a substituted succinic anhydride
with a polyol, aminoalcohol, polyamine, or mixtutegreof. Alternatively, the titanate-succinate
intermediate may be reacted with other agents as@icohols, aminoalcohols, ether alcohols,
polyether alcohols or polyols, or fatty acids, &inel product thereof either used directly to imart
to a lubricant, or else further reacted with thecsic dispersants as described above. As an
example, 1 part (by mole) of tetraisopropyl titanatay be reacted with about 2 parts (by mole) of a
polyisobutene-substituted succinic anhydride at180° C for 5 to 6 hours to provide a titanium
modified dispersant or intermediate. The resultiragerial (30 g) may be further reacted with a
succinimide dispersant from polyisobutene-subsitiguccinic anhydride and a
polyethylenepolyamine mixture (127 grams + diluafjtat 150° C for 1.5 hours, to produce a
titanium-modified succinimide dispersant.

Another titanium containing compound may be a fieagiroduct of titanium alkoxide and
Cs to G5 carboxylic acid. The reaction product may be espnted by the following formula:

R
Ti40-C-R).

wherein n is an integer selected from 2, 3 anahd,Riis a hydrocarbyl group containing from about

5 to about 24 carbon atoms, or by the formula:
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)

Rs Ti .

m

wherein m + n = 4 and n ranges from 1 to 3isRan alkyl moiety with carbon atoms ranging friom
8, Ry is selected from a hydrocarbyl group containimmgrfrabout 6 to 25 carbon atoms, andaRd

R3 are the same or different and are selected frogdeocarbyl group containing from about 1 to 6
carbon atoms, or by the formula:

R3
R1 R
R4 R4 O R2
(0]
g
R
@) (0] 3
R, Ti— / /
~ . .
i i— ’
\o il 0 R
R, / o} \O
0 X
R1 R4 \R4
o) R
R3
R1

wherein x ranges from 0 to 3; B selected from a hydrocarbyl group containimgfrabout 6 to 25
carbon atoms, Rand R are the same or different and are selected frogdeocarbyl group
containing from about 1 to 6 carbon atoms, aptsRelected from a group consisting of eitherH, o
Cs to Goscarboxylic acid moiety.

Suitable carboxylic acids may include, but arelmoited to caproic acid, caprylic acid,
lauric acid, myristic acid, palmitic acid, steaaicid, arachidic acid, oleic acid, erucic acid, leio
acid, linolenic acid, cyclohexanecarboxylic acidepylacetic acid, benzoic acid, neodecanoic acid,
and the like.

In an embodiment the oil soluble titanium compouray be present in the lubricating oll
composition in an amount to provide from 0 to 3@Pdn titanium by weight or 25 to about 1500

ppm titanium by weight or about 35 ppm to 500 pgamtum by weight or about 50 ppm to about
300 ppm.
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Additional Viscosity | ndex | mprover

The lubricating oil compositions herein also mayiamally contain an additional viscosity
index improvers. Suitable viscosity index impraveray include polyolefins, olefin copolymers,
ethylene/propylene copolymers, polyisobutenes, dgeinated styrene-isoprene polymers,
styrene/maleic ester copolymers, hydrogenatedrstjioetadiene copolymers, hydrogenated
isoprene polymers, alpha-olefin maleic anhydridgotygmers, polymethacrylates, polyacrylates,
polyalkyl styrenes, hydrogenated alkenyl aryl cogajied diene copolymers, or mixtures thereof.
The additional viscosity index improvers may in@wstar polymers and suitable examples are
described in US Publication No. 2012/0101017A1.

The lubricating oil compositions herein also mayiamally contain one or more dispersant
viscosity index improvers or additional viscositglex improvers in addition to the viscosity index
improver of the present invention. Suitable visigasdex improvers may include functionalized
polyolefins, for example, ethylene-propylene copudys that have been functionalized with the
reaction product of an acylating agent (such agimanhydride) and a paitine;
polymethacrylates functionalized with an amineesterified maleic anhydride-styrene copolymers
reacted with an amine.

The total amount of additional viscosity index iroper and/or dispersant viscosity index
improver may be about 0 wt.% to about 20 wt.%, &lBoliwt.% to about 15 wt.%, about 0.1 wt.%

to about 12 wt.%, or about 0.5 wt.% to about 1@4ybf the lubricating oil composition.

Other Optional Additives

Other additives may be selected to perform onearerfunctions required of a lubricating

fluid. Further, one or more of the mentioned add# may be multi-functional and provide
functions in addition to or other than the functjmescribed herein.

A lubricating oil composition according to the peasdisclosure may optionally comprise
other performance additives. The other performaulcktives may be in addition to specified
additives of the present disclosure and/or may cm®@ne or more of metal deactivators, viscosity
index improvers, detergents, ashless TBN boodtatpn modifiers, antiwear agents, corrosion
inhibitors, rust inhibitors, dispersants, dispetsascosity index improvers, extreme pressure agjent
antioxidants, foam inhibitors, demulsifiers, emiidss, pour point depressants, seal swelling agents
and mixtures thereof. Typically, fully-formulatégbricating oil will contain one or more of these
performance additives.

Suitable metal deactivators may include derivatesenzotriazoles (typically tolyltriazole),

dimercaptothiadiazole derivatives, 1,2,4-triazobEs)zimidazoles, 2-alkyldithiobenzimidazoles, or
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2-alkyldithiobenzothiazoles; foam inhibitors incing copolymers of ethyl acrylate and 2-
ethylhexylacrylate and optionally vinyl acetaterdasifiers including trialkyl phosphates,
polyethylene glycols, polyethylene oxides, polyprepe oxides and (ethylene oxide-propylene
oxide) polymers; pour point depressants includistgrs of maleic anhydride-styrene,
polymethacrylates, polyacrylates or polyacrylamides

Suitable foam inhibitors include silicon-based connpds, such as siloxane.

Suitable pour point depressants may include a petlyytmethacrylates or mixtures thereof.
Pour point depressants may be present in an amsatfitient to provide from about 0 wt.% to about
1 wt.%, about 0.01 wt.% to about 0.5 wt.%, or ali0R wt.% to about 0.04 wt.% based upon the
final weight of the lubricating oil composition.

Suitable rust inhibitors may be a single compound mixture of compounds having the
property of inhibiting corrosion of ferrous metakfaces. Non-limiting examples of rust inhibitors
useful herein include oil-soluble high molecularngie organic acids, such as 2-ethylhexanoic acid,
lauric acid, myristic acid, palmitic acid, oleicidgclinoleic acid, linolenic acid, behenic acidgdan
cerotic acid, as well as oil-soluble polycarboxymds including dimer and trimer acids, such as
those produced from tall oil fatty acids, oleicch@nd linoleic acid. Other suitable corrosion
inhibitors include long-chain alpha, omega-dicafdimxacids in the molecular weight range of about
600 to about 3000 and alkenylsuccinic acids in tvhine alkenyl group contains about 10 or more
carbon atoms such as, tetrapropenylsuccinic atihdecenylsuccinic acid, and hexadecenylsuccinic
acid. Another useful type of acidic corrosion imtors are the half esters of alkenyl succinic acid
having about 8 to about 24 carbon atoms in thenglkgroup with alcohols such as the polyglycols.
The corresponding half amides of such alkenyl suc@cids are also useful. A useful rust inhibitor
is a high molecular weight organic acid. In som#ediments, an engine oil is devoid of a rust
inhibitor.

The rust inhibitor, if present, can be used in mmoant sufficient to provide about 0 wt.% to
about 5 wt.%, about 0.01 wt.% to about 3 wt.%, alfiol wt.% to about 2 wt.%, based upon the
final weight of the lubricating oil composition.

In general terms, a suitable lubricant compositi@y include additive components in the

ranges listed in the following table.
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TABLE 4

W1t.% W1t.%

Component (Suitable (Preferred

Embodiments) Embodiments)
Dispersant(s) 0.1 -20.0 1.0-10.0
Antioxidant(s) 0.1-5.0 0.01-3.0
Detergent(s) 0.0-15.0 0.2-8.0
Ashless TBN booster(s) 0.0-1.0 0.01-0.5
Corrosion inhibitor(s) 0.0-5.0 0.0-2.0
Metal dihydrocarbyl dithiophosphate(s) 0.1-6.0 104.0
Ash-free phosphorus compound(s) 0.0-6.0 0.0-4.0
Antifoaming agent(s) 0.0-5.0 0.001 -0.15
Antiwear agent(s) 0.0-1.0 0.0-0.8
Pour point depressant(s) 0.0-5.0 0.01-15
Viscosity index improver(s) 0.01 — 20.0 0.1 -10.0
Dispersant viscosity index improver(s) 0.0 -10.0 .0-05.0
Friction modifier(s) 0.01-5.0 0.05-2.0
Base oil(s) Balance Balance
Total 100 100

The percentages of each component above représeweight percent of each component,
based upon the weight of the total final lubricgtsl composition. The balance of the lubricatinlg o
composition consists of one or more base oils.

Additives used in formulating the compositions disa herein may be blended into the
base oil individually or in various sub-combinasoiiowever, it may be suitable to blend all of the
components concurrently using an additive concenfrae., additives plus a diluent, such as a
hydrocarbon solvent).

Fully formulated lubricants conventionally contain additive package, referred to herein as
a dispersant/inhibitor package or DI package, whthisupply the characteristics that are requined i
the formulations. Suitable DI packages are desdribeexample in U.S. Patent Nos. 5,204,012 and
6,034,040 for example. Among the types of additimekided in the additive package may be
dispersants, seal swell agents, antioxidants, foaihitors, lubricity agents, rust inhibitors,
corrosion inhibitors, demulsifiers, viscosity indexprovers, and the like. Several of these
components are well known to those skilled in ttieaad are generally used in conventional
amounts with the additives and compositions desdrherein.

In all of the embodiments described herein, theidalnt or additive composition may further
comprise one or more of detergents, dispersaitspfr modifiers, antioxidants, rust inhibitors,

viscosity index improvers, emulsifiers, demulssiecorrosion inhibitors, antiwear agents, metal
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dihydrocarbyl dithiophosphates, ash-free amine phate salts, antifoam agents, and pour point

depressants and any combination thereof.

EXAMPLES
The following examples are illustrative, but niatiting, of the methods and compositions of
the present disclosure. Other suitable modificatiand adaptations of the variety of conditions and
parameters normally encountered in the field, ahathvare obvious to those skilled in the art, are
within the spirit and scope of the disclosure. pgdtents and publications cited herein are fully
incorporated by reference herein in their entirByamples 1-7 exemplify different lubricating
compositions comprising viscosity index improvessnprising ethylene units and propylene units

reacted to branched alcohols or branched aminepradsses for producing them.

Example 1
Reaction of 2-dodecylhexadecanol with an acylatefirocopolymer
(1:1 molar ratio of alcohol groups to reactive cayd groups)

A 500 mL 4 neck resin kettle was equipped with ating mantle, a pitched 3 blade overhead
stirrer, a thermocouple, a nitrogen inlet, a nigogutlet and a condenser. An acylated ethylene-
propylene copolymer with number average molecukight of 56,000 g/mol (60 g, 0.41 carboxylic
groups/1000 Mn), and Pure Performance® 110N bds@lillips66) (529.62 g) were added to the
kettle. The reaction mixture was heated to°C5at a constant stir rate of 300 rpm and undevecti
nitrogen flow for 6 hours to allow the acylatedfoiecopolymer to completely dissolve. The mixture
was then maintained at 1%ZDat 120 rpm overnight and under constant nitrdtgem. The following
day, the temperature was increased to°@7@nd while mixing at 300 rpm, 2-dodecylhexadetano
was added (10.38 g, 25.24 mmoles). After 3 houtsfoBic® L24-2 (18.0g) was added to the
reaction mixture and the reaction mixture was letld70C for an additional 2 hours. The reaction
mixture was allowed to cool to 13D and was filtered through a 100 mesh (140) filter. The
product was allowed to cool to room temperature &@ad subsequently tested for tribological and

viscometric properties.

Example 2
Reacting 2-dodecylhexadecanol an acylated olefrolgoner
(1:2 molar ratio of alcohol groups to reactive caryd groups)
The composition of Example 2 was prepared in alammanner to Example 1, except that
516.83 g of Pure Performance® 110N base oil wededdo the kettle in the first step, and 5.19 g
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(12.62 moles) 2-dodecylhexadecanol was added l|ates. product was allowed to cool to room

temperature and was subsequently tested for tgizaband viscometric properties.

Example 3
Reacting 2-hexyldecanol with an acylated olefinatgmer
(1:2 molar ratio of alcohol groups to reactive catyd groups)

The composition of Example 3 was prepared in alammanner to Example 1, except that
516.82 g Pure Performance® 110N base oil were atdd#ed kettle in the first step and instead of 2-
dodecylhexadecanol, 3.07g (12.66 moles) of 2-hecddol was employed. The product was
allowed to cool to room temperature and was sulmgtutested for tribological and viscometric

properties.
Example 4

Reacting 2-hexyloctanol with an acylated olefin @gmer
(1:2 molar ratio of alcohol groups to reactive caayd groups)

The composition of Example 4 was prepared in alammanner to Example 1 except that
519.26 g Pure Performance® 110N base oil were atdd#ek kettle in the first step and instead of 2-
dodecylhexadecanol, 2.74 g (12.78 moles) of 2-fwetghol was added. The product was allowed to

cool to room temperature and was subsequentlydtésteribological and viscometric properties.
Example 5
Reacting 2-ethyl-1-hexylamine with an acylated iolebpolymer

(1:2 molar ratio of amine groups to reactive casib@xoups)

A 500 mL 4 neck resin kettle was equipped with atingg mantle a pitched 3 blade overhead
stirrer, a thermocouple, a nitrogen inlet, a nigogutlet and a condenser. An acylated ethylene-
propylene copolymer with number average molecukight of 56,000 g/mol (72 g, 0.41 carboxylic
groups /1000 Mn) and Pure Performance® 110N bds®20.08 g) were added to the kettle. The
reaction mixture was heated to 1%D at a constant stir rate of 300 rpm under actittegen flow
for 6 hours to allow the acylated olefin copolyn@icompletely dissolve. The reaction mixture was
then maintained at 120 at 120 rpm overnight and under constant nitrdigam. The following day,
the temperature was increased to °@50and while stirring at 300 rpm, 2-ethyl-1-hexylam was
added (1.9 g, 14.70 mmoles). After 4 hours, Sud®nL24-2 (9.0g) was added to the reaction
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mixture and the reaction mixture was held at®@sfbr an additional hour. The reaction mixture was
allowed to cool to 13 and was filtered through a 100 mesh (140) filter. The product was
allowed to cool to room temperature and was sulsdtutested for tribological and viscometric

properties.

Example 6
Reacting dioctylamine with an acylated olefin comoér
(1:1 molar ratio of amine groups to reactive casgih@xoups)

A 500 mL 4 neck resin kettle was equipped with atingg mantle a pitched 3 blade overhead
stirrer, a thermocouple, a nitrogen inlet, a nigogutlet and a condenser. An acylated ethylene-
propylene copolymer with number average moleculkaigit of 56,000g/mol (60 g, 0.41 carboxylic
groups/1000Mn) and Pure Performance® 110N baséstb.5 g) were added to the kettle. The
reaction was heated to %&Dat a constant stir rate of 300 rpm under actitregen flow for 6 hours
to allow the acylated olefin copolymer to dissolVae mixture was then maintained at 32@t 120
rpm overnight and under constant nitrogen flow. Tdiwing day, the temperature was increased
to 165C, and while mixing at 300 rpm, dioctylamine wasled (6.5 g, 26.91 mmoles). After 3
hours, Surfonic® L24-2 (18.0g) was added to thetiea mixture and held at 185 for 2 additional
hours. The reaction mixture was allowed to codl36°C and was filtered through a 100 mesh (140
um) filter. The product was allowed to cool to rodemperature and was subsequently tested for

tribological and viscometric properties.

Example 7
Reacting bis-2-ethyl-1-hexylamine to an acylatezfinlcopolymer
(1:2 molar ratio of amine groups to reactive castb@xoups)

Example 7 was prepared in a similar manner to Exaripexcept that 518.45 g of Pure
Performance® 110N base oil were added in the ketttae first step and instead of dioctylamine,
3.55¢g (14.7 mmoles) of bis-2-ethyl-1-hexylamine veasled. The product was allowed to cool to
room temperature and tested for tribological asgmmetric properties.

The resulting polymers from examples 1-7 were sibge to two dissolution iterations
comprising one equivalent weight of heptane addifalowed by precipitation of ten equivalents of

acetone. The polymer was thoroughly dried of aaetand drying was finisheth vacuo. The
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grafting efficiency was characterized by changefh@lR spectra, number average molecular weight
and nitrogen content of the polymers.

Comparative Example 1 - 25 SSI Olefin Copolymer Viscosity Index | mprover

HITEC® 5748A is a commercially available olefiopplymer viscosity index improver from
Afton Chemical Corporation which is recommended e in industrial, gasoline and diesel
crankcase lubricants, particularly when excelldmtas stability is desired. HITEC® 5748A was
employed in Comparative Example 1 and comparedtherdormulations mentioned in Table 5

below.

Mini Traction Machine

Thin film friction (TFF) was measured on a minig¢tian machine (MTM). The TFF test
measures thin-film lubrication regime traction dméénts using a Mini-Traction Machine (MTM)
from PCS Instruments. These traction coefficienégsenmeasured at 13D with an applied load of
50N between an ANSI 52100 steel disk and an ANSI0B2steel ball as oil was being pulled
through the contact zone at an entrainment spe&@®imm/s. a slide-to-roll ratio of 50% between

the ball and disk was maintained during the measengs.

Table5
TFF
Polymer Traction
Coefficient
Example 1 0.061
Example 3 0.047
Example 4 0.057
Example 5 0.055
Example 6 0.048
Example 7 0.049
Comparative 0.064
Example 1

Comparative Example 1 showed a higher coefficafriction than the other prepared
inventive examples, with a TFF coefficient of 0.0&h the other hand, all of the inventive examples
exhibited an improved friction performance, and ¢henpositions of Examples 3, 6, and 7 exhibited
the best overall performance.

Finished oil formulations were prepared using Ex@si-7 and Comparative Example 1
which comprised proportional base oil ratios tceassviscometric contributions of the invention

compositions. The following additive package waduded in each of the finished oil formulations.
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Table 6 DI Additive Package

Component Name wt.%
Dispersant 4.5
Diluent Oill 0.4740
Defoamer 0.006
Detergent 1.55
Antioxidant 1.2
Anti-wear Agent 1.12
Friction Modifier 0.45
Pour Point Depressant 0.2
Total Treat 9.50

The polymer treat rate was varied depending oratheunt of the polymer needed to reach
the target K\{go. In general, the amount of polymer used rangenh 0649 to 1.01 wt.%, based on
the total weight of the finished oil composition.

Each of the formulations were tested for cold weagerformance (CCS), kinematic
viscosity at 100C and 40C, Low-Temperature Pumping Viscosity (MRV-35), higimperature
high shear viscosity (TBS) and low temperature Isigbar viscosity (ASTM-D6616 (TBS)). ASTM-
D6616 is a high shear viscosity test performedd&tQ@ while the TBS is a high shear viscosity test
conducted at 15C. The Cold Crank Simulator (CCS) test is a meastionld weather performance
and this test was carried out according to the ateti ASTM D5293 at -3TC.

Table7
1 2 3 4 5 6 7 CE1L
Molar
e (1:1) (1:2) (1:2) (1:2) 12) | @1 | @2
K"égg €| 1057 | 1083 10.60 1012 | 1082 | 1118 | 1082 | 11.07
K‘(’c‘fs%c 6622 | 66.44 65.74 6120 | 67.07 | 7014 | 6743 | 6851
C%;SSO 6641 | 6574 6635 6523 | 6684 | 6913 | 6715 | 7558
M?CVI;)SS 31400 | 35500 | 33000 | 28300 | 32400 | 33900 | 31000 | 29200
TBS&SPS)O C | 297 2.94 2.81 2.73 299 | 304 | 285 | 331
D6616-TBS
100°C 6.51 6.43 6.35 6.09 668 | 658 6.5 7.68
(cP)
Viscosity 148 154 151 153 152 151 151 154
Index

*The molar ratio is the molar ratio of either amirealcohol groups to the reactive carboxyl groups.
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In general, the cold cranking temperature perfogeamas improved when compared to the
polymer used in comparative example 1. Improvenretite cold cranking temperature performance
ranged from 8.5% to 13.7%. In particular, exampleshowed the best overall performance, i.e. a
low CCS and good TBS satisfying the SAE J300 gatdt shows that using the inventive polymer
can effectively convert a failing 5W-30 formulatiorio a passing 5W-30 formulation by changing
the viscosity index improver.

Other embodiments of the present disclosure wikiiygarent to those skilled in the art from
consideration of the specification and practicéhefembodiments disclosed herein. As used
throughout the specification and claims, “a” andén” may refer to one or more than one. Unless
otherwise indicated, all numbers expressing queastdf ingredients, properties such as molecular
weight, percent, ratio, reaction conditions, andiosth used in the specification and claims arbdo
understood as being modified in all instances leytéhm "about,” whether or not the term “about” is
present. Accordingly, unless indicated to the @yt the numerical parameters set forth in the
specification and claims are approximations thay way depending upon the desired properties
sought to be obtained by the present disclosutaghéivery least, and not as an attempt to lin@t th
application of the doctrine of equivalents to thepe of the claims, each numerical parameter should
at least be construed in light of the number obrega significant digits and by applying ordinary
rounding techniques. Notwithstanding that the micaéranges and parameters setting forth the
broad scope of the disclosure are approximatitvesntimerical values set forth in the specific
examples are reported as precisely as possiblg.nAmerical value, however, inherently contains
certain errors necessarily resulting from the sdathdieviation found in their respective testing
measurements. It is intended that the specifioaimd examples be considered as exemplary only,
with a true scope and spirit of the disclosure paendicated by the following claims.

The foregoing embodiments are susceptible to ceraide variation in practice.

Accordingly, the embodiments are not intended ttirbged to the specific exemplifications set
forth hereinabove. Rather, the foregoing embodimare within the spirit and scope of the
appended claims, including the equivalents theagaflable as a matter of law.

The patentees do not intend to dedicate any desdlesbodiments to the public, and to the
extent any disclosed modifications or alteratiorag/mot literally fall within the scope of the clasm
they are considered to be part hereof under theideof equivalents.

It is to be understood that each component, conmghosubstituent or parameter disclosed
herein is to be interpreted as being disclosedu$ar alone or in combination with one or more of

each and every other component, compound, substibtngparameter disclosed herein.
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It is also to be understood that each amount/valueange of amounts/values for each
component, compound, substituent or parameteradied| herein is to be interpreted as also being
disclosed in combination with each amount/valueaoge of amounts/values disclosed for any other
component(s), compounds(s), substituent(s) or petengs) disclosed herein and that any
combination of amounts/values or ranges of amowalisds for two or more component(s),
compounds(s), substituent(s) or parameters distlbseein are thus also disclosed in combination
with each other for the purposes of this descniptio

It is further understood that each range discldsz@in is to be interpreted as a disclosure of
each specific value within the disclosed range tiaatthe same number of significant digits. Tlus,
range of from 1-4 is to be interpreted as an expdesclosure of the values 1, 2, 3 and 4.

It is further understood that each lower limit aich range disclosed herein is to be
interpreted as disclosed in combination with egapeu limit of each range and each specific value
within each range disclosed herein for the same pom@nt, compounds, substituent or
parameter. Thus, this disclosure to be interprated disclosure of all ranges derived by combining
each lower limit of each range with each uppertliofieach range or with each specific value within
each range, or by combining each upper limit ohe@nge with each specific value within each
range.

Furthermore, specific amounts/values of a compgorerhpound, substituent or parameter
disclosed in the description or an example is tinberpreted as a disclosure of either a lowerror a
upper limit of a range and thus can be combined @ity other lower or upper limit of a range or
specific amount/value for the same component, cam@o substituent or parameter disclosed

elsewhere in the application to form a range fat tomponent, compound, substituent or parameter.
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What isclaimed is:

1. A viscosity index improver comprising a reactfmoduct of

0] an acylated copolymer obtainable by acylatingh an acylating agent, a copolymer
of ethylene and one or morg-C, alpha-olefins having a number average moleculaghef
3,000 to 250,000 g/mol as measured by GPC; and

(i) a compound selected from one or more compowfdse formulae (1)-(V):

OH

{)
wherein R is selected from a hydrogen and an optionallystuted linear or branched
alkyl or alkenyl group; and Rs an optionally substituted linear or branched/latk
alkenyl group, and a sum of a number of carbon atohir and R is from 7 to 31,

OH

|
BR,—— (‘:— Rs

Ry

(In
wherein R, Ry, and R are independently selected from an optionally stulbed linear
or branched alkyl or alkenyl group, and a sum ofimber of carbon atoms oA, and
Rs is from 7 to 31,

NH,

H—C— R,

Rg
(1)

wherein R is selected from a hydrogen and an optionally tsuwibsd linear or branched
alkyl or alkenyl group, and-Rs an optionally substituted linear or branched/latk
alkenyl group, and a sum of a number of carbon atohi®; and R is from 7 to 31,
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R‘B Tlo
Rq (‘I N C‘— Riq
H H

(V)
wherein R, Ry and Rp are independently selected from a hydrogen arap@ianally
substituted linear or branched alkyl or alkenylugrpand R;is selected from an
optionally substituted linear or branched alkybtkenyl group, and a sum of a number

of carbon atoms of RRy, Rip and R;is from 6 to 30; and

R’12 TlS
Ri; (’3 H (‘: Ry
Ry Ry7
V)

wherein R3, Ri4, Rig, and Ry are independently selected from an optionally swited
linear or branched alkyl or alkenyl group;i.Rnd Rs are independently selected from
hydrogen and an optionally substituted linear @nlbhed alkyl or alkenyl group, a sum
of a number of carbon atoms of,RR13, Ri4, Ris5, Rig and Ry is from 6 to 30, and only
one of R, and Rs can be hydrogen; and

the alkyl or alkenyl groups of the compounds offtrenulae (1)-(V) are optionally
substituted with one or more of halo groups, alkgsyups, mercapto groups, nitro
groups, nitroso groups, sulfoxy groups, pyridylupws, furyl groups, thienyl groups,
imidazolyl groups, and sulfur, and no more than hwa-hydrocarbon substituents are
present for every ten carbon atoms in the alkglkenyl group.

The viscosity index improver of claim 1, whereime or more of R Rs;, Ry, Ri1, and Rsis

an alkyl group or an alkenyl group that providesnazhing at one or more of an alpha and a beta

carbon atom of the compound (ii).

The viscosity index improver of claim 1, wherene or more of R Rs, R;, Ri1, and Rsis

an alkyl group or an alkenyl group that providesnazhing at at least an alpha carbon atom of the

compound (ii).
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4, The viscosity index improver of claim 1, wherene or more of R Rs, R;, Ri1, and Rsis
an alkyl group or an alkenyl group that providesrnohing at at least a beta carbon atom of the

compound (ii).

5. The viscosity index improver of claim 1, wherée compound (ii) is a compound of the

formula (I), R is hydrogen and Rs a branched alkyl group or branched alkenyl grou

6. The viscosity index improver of claim 1, wherghe compound (ii) is a compound of the

formula (I) and Ris a linear or branched alkyl or alkenyl group.

7. The viscosity index improver of claim 1, wherghe compound (ii) is a compound of the
formula (lI) and at least one okRR4, and R is a branched alkyl or a branched alkenyl group.

8. The viscosity index improver of claim 1, wherée compound (ii) is a compound of the

formula (1) and R is a linear or branched alkyl or alkenyl group.

9. The viscosity index improver of claim 1, wherée compound (ii) is a compound of the
formula (IV), and B and R are independently selected from a branched aliogmand a branched
alkenyl group.

10. The viscosity index improver of claim 1, wharthe compound (ii) is a compound of the
formula (V) and at least one of RRy3, and Ry is a branched alkyl group or branched alkenyl

group, and at least one ofdRRy6, and Ry is a branched alkyl group or branched alkenyl grou

11. The viscosity index improver of claim 4, wharthe at least one group that provides beta

branching is a €Cs7 alkyl or alkenyl group.

12. The viscosity index improver of claim 11, wharthe compound (ii) is a primary amine.

13.  The viscosity index improver of claim 4, wheréhie compound (ii) is a secondary amine and

the at least one group that provides beta brandkiads-C;g alkyl or alkenyl group.
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14.  The viscosity index improver of claim 1, wheréhe compound (ii) is selected from 2-
ethylhexanol, 2-butyloctanol, isomyristyl alcoh®thexyldecanol, isostearyl alcohol, 2-

octyldodecanol, 2-decyltetradecanol, 2-dodecylhegadol, and 2-tetradecyloctadecanol.

15.  The viscosity index improver of claim 1, wheréie compound (ii) is selected from
2-ethyl-1-hexyl, 2-butyl-1-octylamine, 2-hexyl-1-admine, 2-octyl-1-dodecylamine, 2-decyl-1-

tetradecamine, 2-dodecyl-1-hexadecamine, and 2d@tyl-1-octadecamine.

16.  The viscosity index improver of claim 1, wheréie compound (ii) is selected from

dioctylamine, 2-ethyl-1-hexylamine and bis(2-ethyhexyl)amine.

17.  The viscosity index improver of claim 1, wheréhe compound (ii) is selected from 2-

hexyldecanol, 2-hexyloctanol, and 2-dodecylhexadeica

18. The viscosity index improver of claim 1, wharthe compound (ii) is a compound of the
Formulae (I) and (Il) and one or more of &d R is a linear alkyl group or a linear alkenyl group

attached to provide branching gt aarbon atom of the compound (ii).

19. The viscosity index improver of claim 1, wharthe compound (ii) is a compound of the
Formulae (ll1)-(V) and one or more of,RR;1, and Rsis a linear alkyl group or a linear alkenyl

group attached to provide branching @t@arbon atom of the compound (ii).

20. The viscosity index improver of claim 1, wharthe acylating agent is an ethylenically

unsaturated acylating agent having at least ort®ogglic acid or carboxylic anhydride group.

21. The viscosity index improver of claim 1, wharthe acylating agent is at least one selected
from the group consisting of maleic acid, fumataitaconic acid, citraconic acid, cyclohex-4-
ene-l,2-di-carboxylic acid, bicyclo[2.21]hept-5-eR8-dicarboxylic acid, maleic anhydride, itaconic
anhydride, citraconic anhydride, allylsuccinic adhgle, 4-methylcyclohex-4-ene- 1,2-dicarboxylic
anhydride and bicyclo[2.2.1]hept-5-ene-2,3-dicaghocxanhydride.

22. The viscosity index improver of claim 1, wheréie acylating agent is maleic anhydride.
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23.  The viscosity index improver of claim 1, wheréie ratio of moles of amine and/or alcohol
per mole of carboxyl groups of the acylated polymsefrom 0.25:1 to 4:1 or from 0.5:1 to 2:1 or

from 0.5:1 to 1:1, or more preferably from abouit.1:

24.  The viscosity index improver of claim 1, wheréie acylated copolymer has acyl groups
present in an amount of 0.3 weight percent totless 30 weight percent, based on a total weight of

the acylated copolymer.

25. The viscosity index improver of claim 1, wharthe acylated copolymer has acyl groups

present in an amount of 0.5 wt.% to 5 wt.%, based total weight of the acylated copolymer.

26. The viscosity index improver of claim 1, wharthe acylated copolymer has 0.1 to 0.8 acyl
groups per 1000 number average molecular weiglé ohthe ethylene/&Cy, alpha-olefin

copolymers.

27. The viscosity index improver of claim 1, thbBydééne content of the copolymer of ethylene
and one or more 4Cy alpha-olefins is from 10 mol% to 70 mol% and theCQy, alpha-olefin
content of the copolymer of ethylene and one oren@@+C,, alpha-olefins includes at least 40 mol%

of propylene when the one or morg-C, alpha-olefins comprises propylene.

28. The viscosity index improver of claim 1, wharthe copolymer of ethylene and one or more
Cs-Cyp alpha-olefins has a polydispersity index of ldemtor equal to 4 and an average ethylene
derived unit run lengthn(,) which is less than 2.6, as determinedi®/NMR spectroscopy, the
average ethylene derived unit run length is defined as the total number of ethylene-deriveits

in the copolymer divided by a number of runs of onenore sequential ethylene-derived units in the
copolymer, and the average ethylene derived unitengthn., also satisfies the relationship shown
by the expression below:

(EEE + EEA + AEA)
(AEA + 0.5EEA)

wherein
EEE = (xp)3
EEE = (x¢3)°
AEA = x5 (1 — x05)?
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x¢, being a mole fraction of ethylene incorporatethie copolymer as measured #{tNMR

spectroscopy, E representing an ethylene unitfargpresenting a £C;o alpha olefin unit.

29. The viscosity index improver of claim 28, wharkess than 20% of unit triads in the
copolymer are ethylene-ethylene-ethylene triads.

30. A lubricating oil composition comprising:

greater than 50 wt.% of a base oil, based on tia¢weight of the lubricating oll
composition, and

0.1 wt.% to 20 wt.%, based on the total weighthef lubricating oil composition, of a

viscosity index improver as claimed in claim 1.

31. The lubricating oil composition of claim 30he&rein the lubricating oil composition is an

engine oil composition.

32. A method for improving thin film friction in a@ngine, comprising the step of lubricating the
engine with the engine oil composition as claimedlaim 31, wherein the thin film friction is
determined by measuring traction coefficients usimgini-traction machine at 130°C with an
applied load of 50N between an ANSI 52100 sted digd an ANSI 52100 steel ball as oil was
being pulled through the contact zone at an entram speed of 500 mm/s while maintaining a
slide-to-roll ratio of 50% between the ball andkdilsiring the measurements.

33. A method for improving low temperature perfono@in an engine as determined according

to the method of ASTM D5293, comprising the stefubficating the engine with the engine oll

composition as claimed in claim 31.
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