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Description

FIELD OF THE INVENTION

[0001] This disclosure relates to lubricating oil compositions. It more particularly relates to lubricating oil compositions
with improved wear performance, engine cleanliness, soot induced viscosity control and reduced emissions.

BACKGROUND OF THE INVENTION

[0002] The emphasis on fuel economy has been increased in recent years. One approach to improve the fuel economy
of vehicles is to design new lubricant oils that reduce friction whilemaintaining a good film thickness for durability andwear
protection while also preventing deposit formation and soot-induced viscosity increase. In an attempt to improve fuel
economy, the use and stipulation of low viscosity grades by Original Equipment Manufacturers (OEM) is becoming
increasingly widespread. One of the challenges for the provision of diesel engines having these reduced viscosity grades
is maintaining cleanliness and engine wear protection. Such diesel engine oils must be able to reduce sludge, provide
good soot handling, and provide wear protection, whilst providing desired fuel economy benefits and also reducing engine
emissions. These targets should be achieved while maintaining low levels of sulphated ash and phosphorus for
compatibility with exhaust aftertreatment devices, as well as ensuring seal compatibility.
[0003] Hence, there is a need to provide new engine oil, and in particular engine oils for diesel engines and natural gas
engines, having lowviscosity grades thatmeet these requirements in termsof improvedenginewear protection, improved
soot induced viscosity control and reduced engine emissions while maintaining the desired fuel economy benefits. These
needs are particularly prominent with regard to heavy duty diesel engine and the associated oils for lubricating them.
[0004] The present invention relates to lubricating oil compositions which exhibit improved engine wear characteristics.
More specifically, the present invention relates to automotive crankcase lubricating oil compositions for use in diesel
(compression-ignited, or spark assisted compression ignited) internal combustion engines as well as hydrogen and
natural gas engines, such compositions being referred to as crankcase lubricants; and to the use of specific additives in
such lubricating oil compositions for reducing wear, improving soot induced viscosity control and reducing emissions in
useof suchenginesand/or improving thewearperformanceandsoot inducedviscosity control of anengine lubricatedwith
the lubricating oil composition.
[0005] It hasnowsurprisinglybeen foundby thepresent inventors thatparticular combinationsofbaseoil, functionalized
polymer, overbased calcium detergent, overbased magnesium based detergent and one or more, optionally borated,
higher and/or lower molecular weight PIBSA-PAM dispersant can be used in a lubricant composition, such as in
compression ignited internal combustion engines and natural gas engines, to provide improved engine wear protection,
improved engine cleanliness, improved soot induced viscosity control and reduced emissions while maintaining out-
standing fuel economy afforded by low viscosity oil grades.

SUMMARY OF THE INVENTION

[0006] This invention relates to a composition, such as a lubricating oil composition, comprising or resulting from the
admixingof: anoil of lubricatingviscosity at greater than50wt.%of thecomposition comprisingaGroup I,Group II baseoil,
a Group III base oil, a Group IV base oil, or combinations thereof; a functionalized polymer at from 0.2 to 20 wt.% of the
composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5
olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS); an overbased calcium based detergent with a Total Base Number
(KOH/g) greater than or equal to 9 and less than or equal to 500 and at treat level to deliver at least 500 ppm by weight of
calcium to the composition; an overbased magnesium based detergentwith a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the
composition; one or more, optionally borated, polyisobutylene succinimide PIBSA-PAM dispersant having an Mn of 1600
g/mol or more, hereinafter referred to as higher molecular weight PIBSA-PAM, and one or more, optionally borated,
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol), hereinafter referred to as lower
molecular weight PIBSA-PAM, wherein the treat level of the combination of the higher molecular weight PIBSA-PAM
and lowermolecularweight PIBSA-PAM is from1.0 to 6.0wt.%of the composition, andwherein the treat level of the higher
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molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% (such as from 0 to 4.0 wt%) of the composition; the
lubricatingoil composition havinga total sulfatedashof less thanor equal to 0.9wt.%, a kinematic viscosity at 100°Cof 5 to
20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less than or equal to 0.35
wt.%. The lubricating oil composition accordingly provides a Detroit DD13 scuffing (ASTM D8074‑22) test result of at least
31 hours.
[0007] This invention also relates to a concentrate comprising or resulting from the admixing of: from 1 to less than or
equal to50wt.%ofoneormorebaseoils; from1 to30wt%, suchas2 to20wt.%,basedupon theweight of theconcentrate,
of one or more of the functionalized polymers of the composition comprising an amide, imide, and/or ester functionalized
partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS); from 2 to 20 wt.% of an overbased magnesium based detergent with a
Total Base Number (KOH/g) greater than or equal to 9 and less than or equal to 500; from 2 to 20 wt.% of an overbased
calcium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and less than or equal to 500; and
from 2 to 40 wt.% of optionally one or more, optionally borated, higher molecular weight polyisobutylene succinimide
(PIBSA-PAM) dispersant (Mn 1600 g/mol or more), and/or one or more, optionally borated, lower molecular weight
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol).
[0008] According to another aspect of the present invention, there is provided a method of making a lubricating oil
composition comprising combining: (1) an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising
a Group I, Group II base oil, a Group III base oil, a Group IV base oil (preferably a Group II base oil, a Group III base oil, a
Group IVbaseoil), or combinations thereof; (2) functionalizedpolymerat from0.05 to20wt%,suchas0.2 to2.0wt.%of the
composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5
olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS); (3) an overbased calcium based detergent with a Total Base Number
(KOH/g) greater than or equal to 9 and less than or equal to 500 and at treat level to deliver at least 500 ppm by weight of
calcium to the composition; (4) anoverbasedmagnesiumbaseddetergentwithaTotalBaseNumber (KOH/g) greater than
or equal to 9 and less than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the
composition; (5) optionally one ormore, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-
PAM) dispersant (Mn 1600 g/mol or more), and (6) one or more, optionally borated, lower molecular weight polyisobu-
tylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol), wherein the treat level of the combination of the
higher molecular weight PIBSA-PAM and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition,
and wherein the treat level of the higher molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition
(suchas0 to 4wt.%); andwherein the lubricating oil composition has a total sulfatedashof less thanor equal to 0.9wt.%, a
kinematic viscosity at 100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur
level of less than or equal to 0.35 wt.%, and wherein the lubricating oil composition provides a Detroit DD‑13 scuffing
(ASTM D8074‑22) test result of at least 31 hours.
[0009] According to yet a further aspect of the present invention, there is provided a lubricating oil composition
comprising or resulting from the admixing of: an oil of lubricating viscosity at greater than 50 wt.% of the composition
comprising a Group I, Group II base oil, a Group III base oil, a Group IV base oil (preferably a Group II base oil, a Group III
base oil, a Group IV base oil), or combinations thereof; a functionalized polymer at from 0.1 to 20 wt%, such as 0.2 to 2.0
wt.%, of the composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer
comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
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copolymer is greater than 25,000 g/mol (GPC-PS); an overbased calcium based detergent with a Total Base Number
(KOH/g) greater than or equal to 9 and less than or equal to 500 and at treat level to deliver at least 500 ppm by weight of
calcium to the composition; an overbased magnesium based detergentwith a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the
composition; optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-
PAM) dispersant (Mn 1600 g/mol or more), and one or more, optionally borated, lower molecular weight polyisobutylene
succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol), wherein the treat level of the combination of the higher
molecular weight PIBSA-PAM and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and
wherein the treat level of the higher molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition; the
lubricatingoil composition havinga total sulfatedashof less thanor equal to 0.9wt.%, a kinematic viscosity at 100°Cof 5 to
20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less than or equal to 0.35
wt.%,andwherein the lubricatingoil compositionprovides the following: 1) aDetroitDD‑13scuffing (ASTMD8074‑22) test
result of at least 31 hours, 2) a high temperature high shear viscosity at 150°C (HTHS) as determined according to ASTM
D4683‑20 of greater than or equal to 2.6 mPa.s and less than or equal to 3.2 mPa.s, or wherein the lubricating oil
composition has a HTHS of greater than or equal to 3.5 mPa.s, 3) a turbocharger #1 deposit rating of greater than or equal
to 50 and a piston cleanliness rating of greater than or equal to 74 in the Daimler OM471 engine test (CEC L‑118‑21), 4) an
oxidation induction time of greater than or equal to 65 minutes in the pressure differential scanning calorimetry (PDSC)
oxidative stability test (CECL‑85_T‑99), and5)when the lubricating oil composition hasa kinematic viscosity at 100°Cof 9
to 20 cSt results in a rocker arm mass loss of less than or equal to 100 mg in the Ford 6.7L valve train wear test.

DEFINITIONS

[0010] For purposes of this specification and all claims to this invention, the following words and expressions, if and
when used, have the meanings ascribed below.
[0011] For purposes herein, the new numbering scheme for the Periodic Table of the Elements is used as set out in
CHEMICALAND ENGINEERINGNEWS, 63(5), 27 (1985), i.e.,Alkalimetalsare group1metals (e.g., Li, Na, K, etc.) and
Alkaline earth metals are group 2 metals (e.g., Mg, Ca, Ba, etc.).
[0012] The term "comprising" or any cognate word specifies the presence of stated features, steps, or integers or
components, but does not preclude thepresenceor addition of oneormoreother features, steps, integers, components or
groups thereof. The expressions "consists of" or "consists essentially of" or cognates may be embraced within
"comprises" or cognates, wherein "consists essentially of" permits inclusion of substances not materially affecting the
characteristics of the composition to which it applies.
[0013] The term "LOC" means lubricating oil composition.
[0014] The term "major amount"means more than 50 mass % of a composition, such as more than 60 mass % of a
composition, such as more than 70 mass % of a composition, such as from 80 to 99.009 mass % of a composition, such as
from 80 to 99.9 from 80 to 99.009 mass % of a composition, of a composition based upon the mass of the composition.
[0015] The term "minor amount" means 50 mass % or less of a composition; such as 40 mass % or less of a
composition; suchas30mass%or lessof a composition, suchas from20 to0.001mass%, suchas from20 to0.1mass%,
based upon the mass of the composition.
[0016] The term "mass%"meansmasspercent of a component, basedupon themassof thecompositionasmeasured
in grams, unless otherwise indicated, and is alternately referred to as weight percent ("weight %", "wt %", or "%w/w").
[0017] The term "active ingredient" (also referred to as "a.i." or "A.I.") refers to additive material that is neither diluent
nor solvent. Unless otherwise indicated, amounts herein are described as active ingredient.
[0018] The terms "oil-soluble" and "oil-dispersible," or cognate terms, used herein do not necessarily indicate that
the compounds or additives are soluble, dissolvable, miscible, or are capable of being suspended in the oil in all
proportions. These do mean, however, that they are, for example, soluble or stably dispersible in oil to an extent sufficient
to exert their intendedeffect in theenvironment inwhich theoil is employed.Moreover, theadditional incorporationof other
additives may also permit incorporation of higher levels of a particular additive, if desired.
[0019] The terms "group" and "radical" are used interchangeably herein.
[0020] The term "hydrocarbon"means a compound of hydrogen and carbon atoms. A "heteroatom" is an atom other
than carbon or hydrogen. When referred to as "hydrocarbons," particularly as "refined hydrocarbons," the hydrocarbons
may also contain one or more heteroatoms or heteroatom-containing groups (such as halo, especially chloro and fluoro,
amino, alkoxyl, mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.) in minor amounts (e.g., where the heteroatom(s) do
not substantially alter the hydrocarbon properties of the hydrocarbon compound).
[0021] The term "hydrocarbyl" means a radical that contains hydrogen and carbon atoms. Preferably, the group
consists essentially of, more preferably consists only of, hydrogen and carbon atoms, unless specified otherwise.
Preferably, the hydrocarbyl group comprises an aliphatic hydrocarbyl group. The term "hydrocarbyl" includes "alkyl,"
"alkenyl," "alkynyl," and "aryl" as defined herein. Hydrocarbyl groups may contain one or more atoms/groups other than
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carbonandhydrogenprovided theydonot affect theessentially hydrocarbyl natureof thehydrocarbyl group.Thoseskilled
in the art will be aware of such atoms/groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl, mercapto,
alkylmercapto, nitro, nitroso, sulfoxy, etc.).
[0022] The term "alkyl"means a radical of carbon and hydrogen (such as a C1 to C30, such as a C1 to C12 group). Alkyl
groups in a compound are typically bonded to the compound directly via a carbon atom. Unless otherwise specified, alkyl
groups may be linear (i.e., unbranched) or branched, be cyclic, acyclic, or part cyclic/acyclic. Preferably, the alkyl group
comprises a linear or branchedacyclic alkyl group.Representative examples of alkyl groups include, but are not limited to,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, iso-pentyl, neo-pentyl, hexyl, heptyl,
octyl, dimethyl hexyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, icosyl and triacontyl.
[0023] The term "alkenyl"means a radical of carbon and hydrogen (such as a C2 to C30 radical, such as a C2 to C12
radical) havingat least onedoublebond.Alkenyl groups in a compoundare typically bonded to the compounddirectly via a
carbonatom.Unlessotherwise specified, alkenyl groupsmaybe linear (i.e., unbranched) or branched, be cyclic, acyclic or
part cyclic/acyclic.
[0024] The term "alkylene"meansaC1 toC20, preferably aC1 toC10, bivalent saturatedaliphatic radical, whichmaybe
linear or branched. Representative examples of alkylene include methylene, ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, decylene, 1-methyl ethylene, 1-ethyl ethylene, 1-ethyl‑2-methyl ethylene, 1,1-
dimethyl ethylene and 1-ethyl propylene.
[0025] An "olefin", alternatively referred to as "alkene," is a linear, branched, or cyclic compound of carbon and
hydrogen having at least one double bond. For purposes of this specification and the claims appended thereto, when a
polymer or copolymer is referred to as comprising an olefin, the olefin present in such polymer or copolymer is the
polymerized formof theolefin.Forexample,whenacopolymer is said tohavean "isoprene" content of 55wt% to95wt%, it
is understood that the mer unit in the copolymer is derived from isoprene in the polymerization reaction and said derived
units are present at 55 wt% to 95 wt%, basedupon theweight of the copolymer. A "polymer" has twoor more of the same
or different mer units. A "homopolymer" is a polymer having mer units that are the same. A "copolymer" is a polymer
having two or more mer units that are different from each other. "Different" as used to refer to mer units indicates that the
mer units differ from each other by at least one atom or are different isomerically. An "isoprene polymer" or "isoprene
copolymer" is a polymer or copolymer comprising at least 50 mol % isoprene derived units, a "butadiene polymer" or
"butadiene copolymer" is a polymer or copolymer comprising at least 50 mol % butadiene derived units, and so on.
Likewise, when a polymer is referred to as a "partially or fully saturated polymer comprising C4‑5 olefins," the C4‑5 olefin(s)
present in such polymer or copolymer are the polymerized form of the olefin(s), and the polymer has been partially or fully
saturated (such as by hydrogenation) after polymerization of the monomers.
[0026] The term "alkynyl"meansaC2 toC30 (suchasaC2 toC12) radical, which includesat least onecarbon-to-carbon
triple bond.
[0027] The term "aryl"means a group containing at least one aromatic ring, such a cyclopentadiene, phenyl, naphthyl,
anthracenyl, and the like. Aryl groups are typically C5 to C40 (such as C5 to C18, such as C6 to C14) aryl groups, optionally
substituted by one or more hydrocarbyl groups, heteroatoms, or heteroatom-containing groups (such as halo, hydroxyl,
alkoxy and amino groups). Preferred aryl groups include phenyl and naphthyl groups and substituted derivatives thereof,
especially phenyl, and alkyl substituted derivatives of phenyl.
[0028] The term "substituted"means that a hydrogen atom has been replaced with hydrocarbon group, a heteroatom,
or a heteroatom-containing group. An alkyl substituted derivative means a hydrogen atom has been replaced with an alkyl
group.An "alkyl substitutedphenyl" is aphenyl groupwhereahydrogenatomhasbeen replacedbyanalkyl group, suchas
a C1 to C20 alkyl group, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, iso-
pentyl, neo-pentyl, hexyl, heptyl, octyl, dimethyl hexyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl and/or triacontyl.
[0029] The term "halogen" or "halo" means a group 17 atom or a radical of group 17 atom, such as fluoro, chloro,
bromo, and iodo.
[0030] The term "ashless" in relation to an additive means the composition does not include a metal.
[0031] The term "ash-containing" in relation to an additive means the composition includes a metal.
[0032] The term "effective amount" in respect of an additive means an amount of such an additive in a lubricating oil
composition so that the additive provides the desired technical effect.
[0033] The term"effectiveminoramount" in respectof anadditivemeansanamountof suchanadditiveof less than50
mass % of the lubricating oil composition so that the additive provides the desired technical effect.
[0034] The term "effectivemajor amount" in respect of an additivemeans an amount of such anadditive of 50mass %
or more of the lubricating oil composition so that the additive provides the desired technical effect.
[0035] The term "ppm" means parts per million by mass, based on the total mass of the lubricating oil composition,
unless otherwise indicated.
[0036] The term "metal content" of a lubricating oil composition or of an additive component, for example, magnesium
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content, molybdenum content or total metal content (i.e., the sum of all individual metal contents), is measured by ASTM
D5185.
[0037] The term "aliphatic hydrocarbyl fatty acid" means a monocarboxylic acid having an aliphatic C7 to C29,
preferably a C9 to C27, most preferably a C11 to C23 hydrocarbyl chain. Such compounds may be referred to herein as
aliphatic (C7 to C29), more preferably (C9 to C27), most preferably (C11 to C23), hydrocarbyl monocarboxylic acid(s) or
hydrocarbyl fatty acid(s) (wherein Cx to Cy designates the total number of carbon atoms in the aliphatic hydrocarbyl chain
of the fatty acid, the fatty acid itself due to thepresenceof the carboxyl carbonatom includes a total ofCx+1 toCy+1carbon
atoms). Preferably, the aliphatic hydrocarbyl fatty acid, inclusive of the carboxyl carbon atom, has an even number of
carbon atoms. The aliphatic hydrocarbyl chain of the fatty acid may be saturated or unsaturated (i.e., includes at least one
carbon-to-carbon double bond); preferably, the aliphatic hydrocarbyl chain is unsaturated and includes at least one
carbon-to-carbon double bond - such fatty acids may be obtained from natural sources (e.g., derived from animal or
vegetable oils) and/or by reduction of the corresponding saturated fatty acid. It will be appreciated that a proportion of the
aliphatic hydrocarbyl chain(s) of the corresponding aliphatic hydrocarbyl fatty acid ester(s) is unsaturated (i.e., includes at
least one carbon-to-carbon double bond) to permit reaction with other agents, such as sulfur, to form the corresponding
functionalized, such as sulfurized, aliphatic hydrocarbyl fatty acid ester(s).
[0038] The term "aliphatichydrocarbyl fattyacidester"meansanester obtainablebyconverting themonocarboxylic
acid functional groupof thecorrespondingaliphatichydrocarbyl fattyacid intoanester group.Suitably, themonocarboxylic
acid functional group of the aliphatic hydrocarbyl fatty acid is converted to a hydrocarbyl ester, preferably a C1 to C30
aliphatic hydrocarbyl ester, such as an alkyl ester, preferably a C1 to C6 alkyl ester, especially a methyl ester. Alternatively,
or additionally, the monocarboxylic acid functional group of the aliphatic hydrocarbyl fatty acid may be in the form of the
natural glycerol ester. Accordingly, the term "aliphatic hydrocarbyl fatty acid ester" embraces aliphatic hydrocarbyl fatty
acid glycerol ester(s) and aliphatic hydrocarbyl fatty acid C1 to C30 aliphatic hydrocarbyl ester(s), [e.g., aliphatic
hydrocarbyl fatty acid alkyl ester(s), more preferably aliphatic hydrocarbyl fatty acid C1 to C6 alkyl ester(s), especially
aliphatic hydrocarbyl fatty acid methyl ester(s)]. Suitably, the term "aliphatic hydrocarbyl fatty acid ester" embraces
aliphatic (C7 to C29) hydrocarbyl, more preferably aliphatic (C9 to C27) hydrocarbyl, most preferably aliphatic (C11 to C23)
hydrocarbyl fatty acid glycerol ester(s) and aliphatic (C7 to C29) hydrocarbyl, more preferably aliphatic (C9 to C27)
hydrocarbyl, most preferably aliphatic (C11 to C23) hydrocarbyl fatty acid C1 to C30 aliphatic hydrocarbyl ester(s). Suitably,
to permit functionalization, such as sulfurization, of the aliphatic hydrocarbyl fatty acid ester(s) a proportion of the aliphatic
hydrocarbyl chain(s) of the fatty acid ester(s) is unsaturated and includes at least one carbon-to-carbon double bond.
[0039] The term "sulfurized aliphatic hydrocarbyl fatty acid ester" means a compound obtained by sulfurizing an
aliphatic hydrocarbyl fatty acid ester as defined herein.
[0040] The term "absent" or "substantially free" as it relates to components included within the lubricating oil
compositions described herein and the claims thereto means that the particular component is present at 0 wt %, based
upon theweight of the lubricatingoil composition, or if present in the lubricatingoil composition thecomponent is present at
levels that donot impact the lubricatingoil compositionproperties, suchas less than10ppm,or less than1ppmor less than
0.001 ppm. When the term "absent" is used in relation to monomer reactants and/or to repeat units in (co)polymers
describedherein, itmeanspresent at 0wt%,basedupon theweight of all (co)monomers in the (co)polymer, or, if present at
all, at levels so low that they do not substantially impact the physical properties of the (co)polymer, such as at 0.2 wt% or
less or at 0.1 wt% or less.
[0041] The term "PC‑12" stands for proposed category 12, which is in development and will ultimately become the next
kind of generation of theAPI (AmericanPetroleum Institute) specifications that govern heavy duty engine oil performance.
[0042] As used herein,Mn is number average molecular weight,Mw is weight average molecular weight, andMz is z
average molecular weight. Molecular weight distribution (MWD), also referred to as polydispersity index (PDI), is
defined to be Mw divided by Mn. Unless otherwise noted, all molecular weight units (e.g., Mw, Mn, Mz) are reported in
g/mol, and Mn is determined by GPC (GPC-PS).
[0043] Total Base Number also referred to as "TBN," in relation to an additive component or of a lubricating oil
composition (i.e., unused lubricating oil composition) means total base number as measured by ASTM D2896 and
reported in units of mgKOH/g.
[0044] Total Acid Number ("TAN") is determined by ASTM D664.
[0045] Phosphorus,Boron,Calcium, Zinc,Molybdenum,Sodium,Silicon, andMagnesium content are measured
by ASTM D5185.
[0046] Sulfur content in oil formulations is measured by ASTM D5185.
[0047] Sulfated ash ("SASH") content is measured by ASTM D874.
[0048] Kinematic viscosity (KV100, KV40) is determined pursuant to ASTM D445‑19a and reported in units of cSt,
unless otherwise specified.
[0049] Viscosity index is determined according to ASTM D2270.
[0050] Saponification number is determined by ASTM D94, and reported in units of mgKOH/g.
[0051] "HTCBT, high temperature corrosion bench test, is determined pursuant to ASTM D6594.
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[0052] The term "functionalized polymer" refers to functionalized hydrogenated polyisoprene family of polymers for
use in lubricating oil compositions, which are disclosed in commonly owned U.S. Provisional Application No. 63/379,006,
filed October 11, 2022, which in herein incorporated by reference in its entirety. For the functionalized polymer family of
polymers, Average Functionality [also referred to as Average Functionality Value (Fv)] and Functionality Distribution (Fd)
value are determined by Gel Permeation Chromatography using polystyrene standards as described in the Experimental
section of USSN 63/379,006.
[0053] The term "neoacids"meanscarboxylic acids that exhibit highly branchedstructures inwhich the carboxylic acid
functional group is attached to a quaternary carbon atom and where the other moieties bonded to the quaternary carbon
are saturated linear, branched, or cyclic alkyl groups.
[0054] "Neodecanoic acid" is a mixture of C10 neo acids with the common structural formula C10H20O2. Components
of the mixture are acids with the common property of three alkyl groups at carbon two, including, but not limited to: 2,2,3,5-
tetramethylhexanoic acid, 2,4-dimethyl‑2-isopropylpentanoic acid, 2,5-dimethyl‑2-ethylhexanoic acid, 2,2-dimethylocta-
noic acid, and 2,2-diethylhexanoic acid.
[0055] Unless otherwise indicated, all percentages reported are mass % or wt.% on an active ingredient basis, i.e.,
without regard to carrier or diluent oil, unless otherwise indicated.
[0056] Also, it will be understood that various components used, essential as well as optimal and customary, may react
under conditions of formulation, storage or use and that the disclosure also provides the product obtainable or obtained as
a result of any such reaction.
[0057] Further, it is understood that any upper and lower quantity, range and ratio limits set forth herein may be
independently combined.
[0058] Also, it will be understood that the preferred features of each aspect of the present disclosure are regarded as
preferred features of every other aspect of the present disclosure. Accordingly, preferred and more preferred features of
one aspect of the present disclosure may be independently combined with other preferred and/or more preferred features
of the same aspect or different aspects of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0059] The features of the disclosure relating, where appropriate, to each and all aspects of the disclosure, will now be
described in more detail as follows.
[0060] The lubricating oil compositions of the disclosure comprise components that may or may not remain the same
chemically before and after mixing with an oleaginous carrier (such as a base oil) and/or other additives. This disclosure
encompasses compositions which comprise the components before mixing, or after mixing, or both before and after
mixing.

Lubricating Oil Compositions

[0061] This disclosure relates to lubricating oil compositions (also referred to as "LOC," "lubricant compositions,"
"lubricating compositions," or "lubricant oil compositions") comprising or resulting from theadmixingof: an oil of lubricating
viscosity at greater than 50 wt.%of the composition comprising a Group I, Group II base oil, a Group III base oil, aGroup IV
base oil (preferably a Group II base oil, a Group III base oil, a Group IV base oil), or combinations thereof; a functionalized
polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an amide, imide, and/or ester
functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

iii) an Mw/Mn of less than 2,
iv) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS);

an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and less than or
equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbasedmagnesiumbaseddetergentwith aTotal BaseNumber (KOH/g) greater thanor equal to 9and less than
or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition; and
optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-PAM)
dispersant (Mn 1600 g/mol or more), and
one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn
less than 1600g/mol),wherein the treat level of the combination of the highermolecularweightPIBSA-PAMand lower
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molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treat level of the higher
molecular weight PIBSA-PAM is less than or equal to 4.0 wt.%, such as 0 to 4.0 wt.%, of the composition;

[0062] The lubricating oil composition has a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic viscosity at
100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less than or
equal to 0.35 wt.%, and provides a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least 31 hours.
[0063] In another form of the instant disclosure, the lubricating oil composition includes the higher molecular weight
PIBSA-PAM inaborated form, the lowermolecularweightPIBSA-PAM inaborated form, or a combination thereof, and the
boratePIBSA-PAM is/are includedat a treat level todeliver from20 to700ppm,or 50 to600ppm,or 100 to500ppm,or 200
to 400 ppm by weight of boron to the composition.
[0064] In another form of the instant disclosure, the lubricating oil composition is substantially free of the higher
molecular weight PIBSA-PAM.
[0065] Inanother formof the instantdisclosure, theoil of lubricatingviscosity constitutes from60wt.% to95wt.%,or70 to
90wt.%, or 75 to85wt.%of the composition, comprisesaGroup II baseoil, and is substantially freeof theGroup III baseoil
and the Group IV base oil.
[0066] With regard to the overbased magnesium based detergent of the lubricating oil composition, it may be a
sulfonate, a salicylate, a phenate or combinations thereof. Similarly, the overbased calcium based detergent of the
lubricating oil composition may be a sulfonate, a salicylate, a phenate or combinations thereof.
[0067] With regard to the treat level of the combination of the one or more, optionally borated, higher molecular weight
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn 1600 g/mol or more), and one or more, optionally borated,
lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol), it may range
from 0.1 to 6.0 wt%, or 1.0 to 6.0 wt.%, or 1.5 to 5.5 wt.%, or 2.0 to 5.0 wt.%, or 2.5 to 4.5 wt.%, or 3.0 to 4.0 wt.% of the
composition. The treat level of thehighermolecularweightPIBSA-PAM in the composition is less thanor equal to4.0wt.%,
or less than or equal to 3.5 wt.%, or less than or equal to 3.0 wt.%, or less than or equal to 2.5 wt.%, or less than or equal to
2.0 wt.%, or less than or equal to 1.5 wt.%, of the composition, or less than or equal to 1.0 wt.%, or less than or equal to 0.5
wt.%, or is substantially free of the higher molecular weight PIBSA-PAM or is absent (0 wt.%).
[0068] The lubricating oil composition of the instant disclosure may have a high temperature high shear viscosity at
150°C (HTHS) as determinedaccording to ASTMD4683‑20of greater than or equal to 2.6mPa.s and less than or equal to
3.2mPa.s, or greater thanor equal to 2.7mPa.s and less than or equal to 3.1mPa.s, or greater thanor equal to 2.85mPa.s
and less than or equal to 3.0 mPa.s.
[0069] Alternatively, the lubricating oil composition of the instant disclosuremayhaveaHTHSof greater than or equal to
3.5 mPa.s, or greater than or equal to 3.6 mPa.s, or greater than or equal to 3.7 mPa.s, or greater than or equal to 3.8
mPa.s, or greater than or equal to 3.9 mPa.s.
[0070] The lubricating oil composition of the instant disclosure results in a turbocharger #1 deposit rating of greater than
or equal to 50, or greater than or equal to 60, greater than or equal to 70, and a piston cleanliness rating of greater than or
equal to 74, or greater than or equal to 80, or greater than or equal to 90 in theDaimlerOM471 engine test (CECL‑118‑21).
[0071] The lubricating oil composition of the instant disclosure also results in an oxidation induction time of greater than
or equal to 65 minutes, or greater than or equal to 75 minutes, or greater than or equal to 85 minutes in the pressure
differential scanning calorimetry (PDSC) oxidative stability test (CEC L‑85_T‑99).
[0072] The lubricating oil composition of the instant disclosure having a kinematic viscosity at 100°C of 9 to 20 cSt, or 11
to 18 cSt, or 13 to 16 cSt also results in a rocker arm mass loss of less than or equal to 120 mg, or less than or equal to 100
mg, or less than or equal to 80 mg in the Ford 6.7L valve train wear test.
[0073] The lubricating oil composition of the instant disclosure may further include one or more of the following
components: one or more friction modifiers; one or more antioxidants; one or more pour point depressants; one or more
anti-foaming agents; one or more viscosity modifiers; one or more dispersants other than the higher molecular weight
PIBSA-PAMand the lowermolecularweight PIBSA-PAM; oneormore inhibitors, oneormore antirust agents; oneormore
seal swell agents; and/or one or more anti-wear agents.
[0074] In an advantageous form, the lubricating oil composition of the instant disclosure further includes one or more
anti-wear agents comprising one or more zinc dialkyldithiophosphates (ZDDP) at a treat level to deliver less than or equal
to1200ppm,or less thanorequal to1100ppm,or less thanorequal to1000ppm,or less thanorequal to800ppmbyweight
of phosphorous to the composition.
[0075] In another advantageous form, the lubricating oil composition of the instant disclosure further includes one or
more antioxidants selected from one or more phenolic antioxidants, one or more sulfur based antioxidants, one or more
aminic antioxidants, or a combination thereof, andwherein theoneormoreantioxidants comprise from1.0 to 6.0wt.%, 1.5
to 5.5 wt.%, or 2.0 to 5.0 wt.%, or 2.5 to 4.5 wt.%, or 3.0 to 4.0 wt.% of the overall lubricating oil composition.
[0076] In another advantageous form, the lubricating oil composition of the instant disclosure further includes one or
more friction modifier selected from a dimeric molybdenum dialkyldithiocarbamate (moly dimer), a trimeric molybdenum
dialkyldithiocarbamate (moly trimer), or acombination thereof at a treat level todeliver from12ppm to1000ppm,or20ppm
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to 500 ppm, or 20 ppm to 200 ppm, by weight of molybdenum to the composition.
[0077] In yet another advantageous form, the lubricating oil composition of the instant disclosure is substantially free of
molybdenum.
[0078] As described above, the lubricating oil composition of the instant disclosure includes a functionalized polymer at
from 0.1 to 20 wt.%, or 0.2 to 20 wt.%, or 0.2 to 6 wt.%, or 0.2 to 2.0 wt.%, or 0.4 to 1.8 wt.%, or 0.6 to 1.6 wt.%, or 0.8 to 1.4
wt.%, or 1.0 to 1.2 wt.% or 0.3 to 5 wt.%, or 0.4 to 3 wt.%, or 0.5 to 2.0 wt.%, or 0.5 to 1.0 wt.%, or 0.7 to 0.73 wt.% of the
composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5
olefins having:

i) an Mw/Mn of less than 2, or less than 1.8, or less than 1.6,
ii) a Functionality Distribution (Fd) value of 3.5 or less, or 3.2 or less, or 3.0 or less, or 2.5 or less, and
iii) an Mn of 10,000 g/mol or more, or 15,000 g/mol or more, or 20,000 g/mol or more, or 25,000 g/mol or more (GPC-
PS) of the polymer prior to functionalization, provided that, if the polymer prior to functionalization is a copolymer of
isopreneandbutadiene, then theMnof thecopolymer is greater than25,000g/mol, or 30,000g/molormore, or 35,000
g/mol or more, or 40,000 g/mol or more (GPC-PS).

[0079] The functionalizedpolymerof the lubricatingoil compositionof the instant disclosuremay includeat least 50%,or
at least 60%, or at least 70% of 1,4-insertions of monomer. Furthermore, the functionalized polymer of the lubricating oil
composition of the instant disclosure may include a partially or fully saturated homopolyisoprene containing one or more
pendant aminegroupsandhavinganMnof 25,000 to 100,000g/mol, or 35,000 to90,000g/mol, or 45,000 to 80,000g/mol,
or 55,000 to 75,000 g/mol (GPC-PS) and at least 50%, or at least 60%, or at least 70% of 1,4-insertions prior to
functionalization.
[0080] The functionalized polymer of the lubricating oil composition of the instant disclosure may be absent of styrene
repeat units, or absent of butadiene repeat units, or is not a homo-polyisobutylene, or is not a copolymer of isoprene and
butadiene.
[0081] The lubricating oil composition of the instant disclosure is particularly suitable as a heavy-duty diesel oil, a light-
duty diesel oil or a natural gas engine oil, The lubricating oil composition of the instant disclosure is particularly suitable as
anSAEgradeselected from thegroupconsistingof 0W‑20, 0W‑30, 5W‑20, 5W‑30, 10W‑30, 15W‑40,5W‑40and10W‑40.
[0082] The lubricating oil composition of the instant disclosure is also particularly suitable as a heavy-duty diesel oil
meeting theAPIPC‑12specification. The lubricating oil composition of the instant disclosure is also suitable as a light-duty
diesel engineoil (commercial andpassenger vehicles) aswell as apassenger vehicle spark ignited combustion engineoil.
[0083] The lubricating oil compositions described herein may have one, two, three, or four of:

a) a turbocharger #1deposit ratingof greater thanor equal to 50 (or greater thanor equal to 60, greater thanor equal to
70) andapiston cleanliness rating of greater than or equal to 74 (or greater thanor equal to 80, or greater thanor equal
to 90) in the Daimler OM471 engine test (CEC L‑118‑21);
b) an oxidation induction time of greater than or equal to 65 minutes (or greater than or equal to 75 minutes, or greater
thanor equal to 85minutes) in thepressure differential scanning calorimetry (PDSC)oxidative stability test (CECL‑85
T‑99);
c) when the lubricating oil composition has a kinematic viscosity at 100°C of 9 to 20 cSt, a rocker arm mass loss of less
than or equal to 100 mg (or less than or equal to 80 mg) in the Ford 6.7L valve train wear test; and
d) aDetroitDD‑13 scuffing (ASTMD8074‑22) test result of at least 31hours (suchasat least 40hours, suchasat least
50hours, suchasat least 60hours, suchasat least 70hours, suchasat least 80hours, suchasat least 90hours, such
asat least 100 hours), preferably having: a); b); c); d); a) and b); a) and c); b) and c); a), b) and c); a) and d); b) andd); c)
and d); a), b) and d); b) ,c); d); a), c) and d); and a), b), c), and d).

[0084] Also provided herein is a method of lubricating an engine including supplying to the engine a lubricating oil
composition according to the instant disclosure. Also provided herein is a method of providing a diesel fuel to the engine
and combusting thediesel fuel in the engine,wherein thediesel fuel is a non-renewable diesel fuel, a renewable diesel fuel
or a combination thereof, andwherein theengine is adiesel engine. Also providedherein is amethodof providinganatural
gas or hydrogen to the engine and combusting the natural gas or hydrogen in the engine, wherein the engine is a natural
gas engine or a hydrogen engine.
[0085] The lubricating oil composition of the instant disclosure is particularly suitable for improving wear performance
and reducing emissions of an engine. Hence, also provided is a method of improving wear performance and engine
cleanliness, and reducing emissions of an engine comprising supplying to the engine a lubricating oil composition
according to the instant disclosure. Also provided herein is a method of improving wear performance and reducing
emissions of an engine lubricated with a lubricating oil composition according to the instant disclosure, comprising
providingadiesel fuel to theengineandcombusting thediesel fuel in theengine,wherein thediesel fuel isanon-renewable
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diesel fuel, a renewable diesel fuel or a combination thereof, and wherein the engine is a diesel engine. Also provided
herein is a method of improving wear performance, improving engine cleanliness, and reducing emissions of an engine
lubricated with a lubricating oil composition according to the instant disclosure, comprising providing a natural gas or
hydrogen to the engine and combusting the natural gas or hydrogen in the engine, wherein the engine is a natural gas
engine or a hydrogen engine.
[0086] Suitably, the lubricating oil composition may have a total base number (TBN) of 4 to 16 mgKOH/g, preferably 5 to
14 mgKOH/g, such as 7 to 12 mgKOH/g, such as 8 to 12mgKOH/g, as measured by ASTM D2896.
[0087] The lubricating compositions of the present disclosure may contain low levels of phosphorus, namely not greater
than 1200 ppm, more preferably not greater than 800, such as 1 to 1200, such as 50 to 1200, such as 100 to 800 parts per
million (ppm) by mass of phosphorus, expressed as atoms of phosphorus, based on the total mass of the lubricating
compositions, as measured by ASTM D5185.
[0088] More particularly, the lubricant composition may have a phosphorus level of 1200 ppm or less, alternately 1000
ppm or less, alternately 800 ppm or less, as measured by ASTM D5185.
[0089] The lubricating compositions of the present disclosure may contain a ratio of atoms of Magnesium to atoms of
Calcium based on the total mass of the lubricating compositions, as measured by ASTM D5185, of at least to 0.5,
preferably at least 0.6, more preferably at least 0.65.
[0090] Typically, the lubricating compositions may contain low levels of sulfur. Preferably, the lubricating composition
contains up to 0.35, more preferably up to 0.3, such as 0.1 to 0.35 mass % sulfur, based on the total mass of the lubricating
oil composition, as measured by ASTM D5185.
[0091] Typically, the lubricating compositions may contain low levels of sulfated ash, such as 1.0 mass or less %, or
preferably 0.9 mass or less %, , alternately 0.0001 to 0.9 mass % or less sulfated ash, based on the total mass of the
lubricating composition, as measured by ASTM D874‑13a (2018).
[0092] Generally, the kinematic viscosity at 100° C ("KV100") of the lubricating composition may range from 5 to 20 cSt,
such as 7 to 18 cSt, such as 10 to 15 cSt as determined according to ASTM D 445‑19a).
[0093] In embodiments, the kinematic viscosity at 100° C ("KV100") of the lubricating composition may range from 5 to
20cSt, suchas6 to19cSt, suchas8 to less than17cSt, suchas10 to less than16cSt, asdeterminedaccording toASTMD
445‑19a).
[0094] Generally, the total basenumberof the lubricatingcompositionmay range from1 to30, suchas5 to15mgKOH/g,
(as determined according to ASTM D2896).
[0095] Preferably, the lubricating composition of the present disclosure may be a multigrade oil identified by the
viscometric descriptorSAE15W-X,SAE10W-X,SAE5W-XorSAE0W-X,whereX representsanyoneof 8, 12, 16, 20, 30,
40, and 50; the characteristics of the different viscometric grades can be found in the SAE J300 classification. Alternately,
the lubricating compositionmaybe the formof viscosity gradeSAE15W-X,SAE10W-X,SAE5W-XorSAE0W-X, suchas
in the form of SAE 15W-X or SAE 10W-X, wherein X represents any one of 8, 12, 16, 20, 30, 40, and 50. Preferably X is 20,
30, or 40. Alternately, the lubricating composition of the present disclosure may be a multigrade oil identified by the
viscometric descriptor SAE 5W‑20, 10W‑30, 15W‑40, 5W‑30, 5W‑40, 10W‑40. (See standard SAE J300 published
January 2015 by SAE International, formerly known as Society of Automotive Engineers).
[0096] In embodiments, the lubricating oil composition may comprise less than 75 ppm boron, alternately less than 60
ppm boron, alternately from 1 to 70 ppm boron. Alternately, the LOC may be absent or substantially free of boron.
[0097] In embodiments, the lubricatingoil compositionmaycomprise less thanor equal to6 (suchas less than5, suchas
less than 4, such as less than 3, such as less than 2, such as less than 1) mass %, functionalized (such as aminated)
polybutene (such as polyisobutylene), such as PIBSA-PAM. In embodiments, the lubricating oil composition may
comprise, may be substantially free of, or may be absent, functionalized (such as aminated) polybutene (such as
polyisobutylene), such as high molecular weight PIBSA-PAM.
[0098] In embodiments, the lubricating oil composition may comprise acylated polymers, such as polyisobutylene
succinic acid (PIBSA), optionally having an Mn of 500 to 50,000 g/mol, such as 600 to 5,000 g/mol, such as 700 to 3000
g/mol. In embodiments, the lubricating oil compositionmay comprise acylatedpolymers, suchaspolyisobutylene succinic
acid, having an Mn of 500 to 1600 g/mol, such as 700 to 1200 g/mol. In embodiments, the lubricating oil composition
comprises more than 0.1 (such as 0.1 to 6, such as 0.5 to 4) mass %, functionalized (such as aminated) polybutene (such
as polyisobutylene), such as PIBSA-PAM.
[0099] In embodiments, the lubricating oil composition may comprise 20 (such as 15, such as 10, such as 5, such as 3,
such as 1) mass % or less block copolymer, such as block, star, random, and/or tapered block copolymer).
[0100] In embodiments, the lubricating oil composition may be substantially free of or may be absent block copolymer,
such as block, star, random, and/or tapered block copolymer.
[0101] In embodiments, the lubricating oil composition may comprise 20 (such as 15, such as 10, such as 5, such as 3,
such as 1) mass % or less styrenic copolymer, such as block, star, random, and/or tapered styrenic block copolymer).
[0102] In embodiments, the lubricating oil composition may be substantially free or absent styrenic copolymer, such as
block, star, random, and/or tapered sytrenic block copolymer.
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[0103] In embodiments, the lubricating oil composition may comprise less than 20 (such as less than 15, such as less
than 10, such as less than 5, such as less than 3, such as less than 1) mass % of functionalized diluent, such as
functionalized oil.
[0104] In embodiments, the lubricating oil composition may comprise, may be substantially free of, or may be absent
functionalized diluent, such as functionalized oil.
[0105] In embodiments, the lubricating oil composition may comprise less than 20 (such as less than 15, such as less
than 10, such as less than 5, such as less than 3, such as less than 1) mass % of solvent, such as aromatic solvent.
[0106] In embodiments, the lubricating oil composition may be substantially free of or absent solvent, such as
functionalized solvent.
[0107] In embodiments, the oil composition may be substantially free of or absent aminic antioxidant, such as
diphenylamine, such as di(nonylphenyl)amine.
[0108] In embodiments, the lubricating oil composition may comprise less than 0.5 (such as 0.4, such as less than 0.3,
such as less than 0.2, such as less than 0.1, substantially absent, or zero) wt %, based upon the weight of the LOC, of
secondary hydrocarbyl amine compounds and tertiary hydrocarbyl amine compounds.
[0109] In embodiments, the lubricating oil composition may be substantially absent, or may comprise no, secondary
hydrocarbyl amine compounds and tertiary hydrocarbyl amine compounds.
[0110] In embodiments, the lubricating compositions of the present disclosure may be a heavy-duty diesel oil (e.g., for
use in an engine for a heavy-duty diesel vehicle, i.e., a heavy-duty diesel vehicle having a gross vehicle weight rating of
10,000 pounds or more.)
[0111] In embodiments, the lubricating compositions of the present disclosure may be a heavy-duty diesel oil, a light-
duty diesel oil, or a passenger vehicle engine oil for a spark ignition combustion engine.
[0112] In embodiments, the lubricating compositions of the present disclosure may be a natural gas engine oil or a
hydrogen engine oil.
[0113] The lubricating compositions disclosed herein, such as diesel engine lubricating compositions, may have a
kinematic viscosity as measured by ASTM D‑445 at 100° C of from 5 to 20 (such as 6 to 18, or 8 to 16, or 10 to 14) cSt
(mm2/s) and a kinematic viscosity at 40° C of from 15 to 30 (such as 15 to 25) cSt (mm2/s).

Methods of Making Lubricating Oil Compositions

[0114] This disclosure also relates to methods of making lubricating oil compositions comprising combining: (1) an oil of
lubricating viscosity at greater than 50 wt.% of the composition comprising a Group I, Group II base oil, a Group III base oil,
a Group IV base oil (preferably a Group II base oil, a Group III base oil, a Group IV base oil), or combinations thereof; (2) a
functionalized polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an amide, imide,
and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS);
an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and less than or
equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbasedmagnesiumbaseddetergentwith aTotal BaseNumber (KOH/g) greater thanor equal to 9and less than
or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition; and
optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-PAM)
dispersant (Mn 1600 g/mol or more), and
one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn
less than 1600g/mol),wherein the treat level of the combination of the highermolecularweightPIBSA-PAMand lower
molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treat level of the higher
molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition; and
wherein the lubricatingoil compositionhasa total sulfatedashof less thanor equal to 0.9wt.%,a kinematic viscosity at
100°Cof 5 to 20 cSt, a total phosphorous level of less thanor equal to 0.120wt.%, and a total sulfur level of less than or
equal to 0.35 wt.%, and
wherein the lubricating oil composition provides a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least 31
hours.

[0115] The method of making of the instant disclosure provides a lubricating oil composition has a total sulfated ash of
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less thanor equal to 0.9wt.%,a kinematic viscosity at 100°Cof 5 to 20cSt, a total phosphorous level of less thanor equal to
0.120 wt.%, and a total sulfur level of less than or equal to 0.35 wt.%, and provides a Detroit DD‑13 scuffing (ASTM
D8074‑22) test result of at least 31 hours.
[0116] In another form of the instant disclosure, the method of making of the instant disclosure, the lubricating oil
composition includes the higher molecular weight PIBSA-PAM in a borated form, the lower molecular weight PIBSA-PAM
in a borated or a combination thereof, and is/are included at a treat level to deliver from 20 to 700 ppm, or 50 to 600 ppm, or
100 to 500 ppm, or 200 to 400 ppm by weight of boron to the composition.
[0117] In another form of the instant disclosure, the method of making of the instant disclosure, the lubricating oil
composition is substantially free of or absent the higher molecular weight PIBSA-PAM.
[0118] Inanother formof themethodofmakingof the instant disclosure, theoil of lubricatingviscosity constitutes from60
wt.% to 95 wt.%, or 70 to 90 wt.%, or 75 to 85 wt.% of the composition, comprises a Group II base oil, and is substantially
free of the Group III base oil and the Group IV base oil.
[0119] With regard to the overbased magnesium based detergent of the method of making the lubricating oil
composition, it may be a sulfonate, a salicylate, a phenate or combinations thereof. Similarly, the overbased calcium
based detergent of the lubricating oil composition may be a sulfonate, a salicylate, a phenate or combinations thereof.
[0120] With regard to the treat level of the combination of the one or more, optionally borated, higher molecular weight
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn 1600 g/mol or more), and one or more, optionally borated,
lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol), it may range
from 1.0 to 6.0wt.%, or 1.5 to 5.5wt.%, or 2.0 to 5.0wt.%, or 2.5 to 4.5wt.%, or 3.0 to 4.0wt.% of the composition. The treat
level of thehighermolecularweightPIBSA-PAM in the composition is less thanor equal to 4.0wt.%,or less thanor equal to
3.5wt.%, or less than or equal to 3.0wt.%, or less than or equal to 2.5wt.%, or less than or equal to 2.0wt.%, or less than or
equal to 1.5 wt.%, of the composition, or less than or equal to 1.0 wt.%, or less than or equal to 0.5 wt.%, or is substantially
free of or absent the higher molecular weight PIBSA-PAM.
[0121] The method of making of the instant disclosure may provide a lubricating oil composition having a high
temperature high shear viscosity at 150°C (HTHS) as determined according to ASTM D4683‑20 of greater than or equal
to 2.6 mPa.s and less than or equal to 3.2mPa.s, or greater than or equal to 2.7mPa.s and less than or equal to 3.1mPa.s,
or greater than or equal to 2.85 mPa.s and less than or equal to 3.0 mPa.s.
[0122] Alternatively, method of making of the instant disclosure may provide a lubricating oil composition of the instant
disclosure mayhaveaHTHS of greater than or equal to 3.5mPa.s, or greater than or equal to 3.6mPa.s, or greater than or
equal to 3.7 mPa.s, or greater than or equal to 3.8 mPa.s, or greater than or equal to 3.9 mPa.s.
[0123] The method of making of the instant disclosure may provide a lubricating oil composition having a turbocharger
#1 deposit rating of greater than or equal to 50, or greater than or equal to 60, greater than or equal to 70, and a piston
cleanliness rating of greater than or equal to 74, or greater than or equal to 80, or greater than or equal to 90 in the Daimler
OM471 engine test (CEC L‑118‑21).
[0124] The method of making of the instant disclosure may provide a lubricating oil composition having an oxidation
induction time of greater than or equal to 65 minutes, or greater than or equal to 75 minutes, or greater than or equal to 85
minutes in the pressure differential scanning calorimetry (PDSC) oxidative stability test (CEC L‑85_T‑99).
[0125] The method of making of the instant disclosure may provide a lubricating oil composition having a kinematic
viscosity at 100°Cof 9 to 20 cSt, or 11 to 18 cSt, or 13 to 16 cSt also results in a rocker armmass loss of less than or equal to
120mg,or less thanor equal to100mg,or less thanor equal to80mg, in theFord6.7Lvalve trainwear test described in the
Ford specification WSS-M2C171-F1.
[0126] The method of making of the instant disclosure may provide a lubricating oil composition which further include
one or more of the following components: one or more friction modifiers; one or more antioxidants; one or more pour point
depressants; one or more anti-foaming agents; one or more viscosity modifiers; one or more dispersants other than the
higher molecular weight PIBSA-PAM and the lower molecular weight PIBSA-PAM; one or more inhibitors, one or more
antirust agents; one or more seal swell agents; and/or one or more anti-wear agents.
[0127] Inanadvantageous form, themethodofmakingof the instantdisclosuremayprovidea lubricatingoil composition
further includingoneormoreanti-wear agents comprisingoneormorezinc dialkyldithiophosphates (ZDDP)at a treat level
todeliver less thanorequal to1200ppm,or less thanorequal to1100ppm,or less thanorequal to1000ppm,or less thanor
equal to 800 ppm by weight of phosphorous to the composition.
[0128] In another advantageous form, the method of making of the instant disclosure may provide a lubricating oil
composition further includingoneormoreantioxidants selected fromoneormorephenolic antioxidants, oneormoresulfur
based antioxidants, one or more aminic antioxidants, or a combination thereof, and wherein the one or more antioxidants
comprise from 1.0 to 6.0 wt.%, 1.5 to 5.5 wt.%, or 2.0 to 5.0 wt.%, or 2.5 to 4.5 wt.%, or 3.0 to 4of the overall lubricating oil
composition.
[0129] In another advantageous form, the method of making of the instant disclosure may provide a lubricating oil
composition further including one or more friction modifier selected from a dimeric molybdenum dialkyldithiocarbamate
(moly dimer), a trimeric molybdenum dialkyldithiocarbamate (moly trimer), or a combination thereof at a treat level to
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deliver from 12 ppm to 1000 ppm, or 20 to 900 ppm, or 50 to 800 ppm, or 75 to 700 ppm, or 100 to 600 ppm, or 150 to 500
ppm, or 20 to 200 ppm, or 50 to 100 ppm by weight of molybdenum to the composition.
[0130] In yet another advantageous form, the method of making of the instant disclosure may provide a lubricating oil
composition that is substantially free of molybdenum.
[0131] As described above, the method of making of the instant disclosure may provide a lubricating oil composition
including a functionalized polymer at from 0.1 to 20 wt.%, or 0.2 to 2.0 wt.%, or 0.4 to 1.8 wt.%, or 0.6 to 1.6 wt.%, or 0.8 to
1.4 wt.%, or 1.0 to 1.2 wt.% or 0.3 to 5 wt.%, or 0.4 to 3 wt.%, or 0.5 to 2.0 wt.%, or 0.5 to 1.0 wt.%, or 0.7 to 0.73 wt.% of the
composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5
olefins having:

iii) an Mw/Mn of less than 2, or less than 1.8, or less than 1.6,
iv) a Functionality Distribution (Fd) value of 3.5 or less, or 3.2 or less, or 3.0 or less, or 2.5 or less, and
iii) an Mn of 10,000 g/mol or more, or 15,000 g/mol or more, or 20,000 g/mol or more, or 25,000 g/mol or more (GPC-
PS) of the polymer prior to functionalization, provided that, if the polymer prior to functionalization is a copolymer of
isopreneandbutadiene, then theMnof thecopolymer is greater than25,000g/mol, or 30,000g/molormore, or 35,000
g/mol or more, or 40,000 g/mol or more (GPC-PS).

[0132] The method of making of the instant disclosure may include a functionalized polymer of the lubricating oil
compositionhavingat least 50%,orat least 60%,orat least 70%of1,4-insertionsofmonomer.Furthermore, themethodof
makingof the instant disclosuremay includea functionalizedpolymer of the lubricating oil composition havingapartially or
fully saturated homopolyisoprene containing one or more pendant amine groups and having an Mn of 25,000 to 100,000
g/mol, or 35,000 to 90,000 g/mol, or 45,000 to 80,000 g/mol, or 55,000 to 75,000 g/mol (GPC-PS) and at least 50%, or at
least 60%, or at least 70% of 1,4-insertions prior to functionalization.
[0133] The method of making of the instant disclosure may include a functionalized polymer of the lubricating oil
composition of the instant disclosure may be absent of styrene repeat units, or absent of butadiene repeat units, or is not a
homo-polyisobutylene, or is not a copolymer of isoprene and butadiene.
[0134] The method of making of the instant disclosure may provide a lubricating oil composition that is particularly
suitable as a heavy-duty diesel oil, a light-duty diesel oil, a hydrogen engine oil, a spark ignition combustion engine oil, or a
natural gas engine oil, The lubricating oil composition of the instant disclosure is particularly suitable as an SAE grade
selected from the group consisting of 0W‑20, 0W‑30, 5W‑20, 5W‑30, 10W‑30, 15W‑40, 5W‑40 and 10W‑40.
[0135] The method of making of the instant disclosure may provide a lubricating oil composition that is particularly
suitable as a heavy-duty diesel oil meeting the API PC‑12 specifications.

Concentrates

[0136] A concentrate, also referred to as an additive package, adpak, or addpack, is a composition having less than 50
mass % (such as less than 40 mass %, such as less than 30 mass %, such as less than 25 mass %, such as less than 20
mass %) base oil and lubricant composition additives (such as described herein) which is typically then further blended
with additional base oil to form a lubricating oil product.
[0137] This disclosure relates to concentrate compositions comprising or resulting from the admixing of: from 1 to less
than or equal to 50 wt.% of one or more base oils; from 10 to 35 wt.%, or 2 to 20 wt.%, based upon the weight of the
concentrate, of one or more of the functionalized polymers of the composition comprising an amide, imide, and/or ester
functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS);
from 2 to 20 wt.% of an overbased magnesium based detergent with a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500;
from2 to20wt.%of anoverbasedcalciumbaseddetergentwithaTotal BaseNumber (KOH/g) greater thanor equal to
9 and less than or equal to 500; and
from 2 to 40 wt.% of one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-
PAM) dispersant (Mn 1600 g/mol or more), and/or one or more, optionally borated, lower molecular weight
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol).
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[0138] Concentrates may be present in the lubricating oil compositions of the instant disclosure at from of 0.5 mass% to
35 mass%, such as 5 mass% to 30 mass%, such as 7.5 mass% to 25 mass%, such as 10 to 22.5 mass%, such as 15 to 20
mass%, based upon the mass of the lubricating oil composition.
[0139] Optionally, the concentrate may be absent functionalized oil.
[0140] In embodiments, the concentrate composition may optionally be absent solvent (such as aliphatic or aromatic
solvent) and/or absent functionalized base oil.
[0141] Optionally, the concentrate may be absent phenolic antioxidant.
[0142] In embodiments, the concentrate may be substantially free of or absent aminic antioxidant, such as dipheny-
lamine, such as di (nonylphenyl) amine.
[0143] In embodiments, the concentrate may comprise less than 75 ppm boron, alternately less than 60 ppm boron,
alternately from 1 to 70 ppm boron. Alternately, the concentrate may be absent boron.
[0144] In embodiments, the concentrate may comprise less than or equal to 20 (such as 15, such as 10, such as 5, such
as3, suchas1)mass%, functionalized (suchasaminated) polybutene (suchaspolyisobutylene), suchasPIBSA-PAM. In
embodiments, the concentrate comprises is substantially free or absent, functionalized (such as aminated) polybutene
(such as polyisobutylene), such as PIBSA-PAM.
[0145] In embodiments, the concentrate may comprise acylated polymers, such as polyisobutylene succinic acid,
optionally, having an Mn of 500 to 50,000 g/mol, such as 600 to 5,000 g/mol, such as 700 to 3000 g/mol. In embodiments,
the concentratemay comprise acylatedpolymers, suchaspolyisobutylene succinic acid, havinganMnof 5001600g/mol,
such as 700 to 1200 g/mol.
[0146] In embodiments, theconcentratemaycomprise20 (suchas15, suchas10, suchas5, suchas3, suchas1)mass
% or less block copolymer, such as block, star, random, and/or tapered block copolymer.
[0147] In embodiments, the concentrate may be substantially free of or absent block copolymer, such as block, star,
random, and/or tapered block copolymer.
[0148] In embodiments, the concentrate may comprise 20 mass % or less (such as 15 mass % or less, such as 10 mass
%or less, suchas5mass%or less, suchas3mass%or less, suchas1)mass%or less styrenic copolymer, suchasblock,
star, random, and/or tapered styrenic block copolymer).
[0149] In embodiments, the concentrate may be substantially free of or absent styrenic copolymer, such as block, star,
random, and/or tapered sytrenic block copolymer).
[0150] In embodiments, the concentrate may comprise less than 20 (such as less than 15, such as 10, such as less than
5, such as less than 3, such as 1) mass % of functionalized diluent, such as functionalized oil.
[0151] In embodiments, the concentrate may substantially free of or absent functionalized diluent, such as functiona-
lized oil.
[0152] In embodiments, the concentrate may comprise less than 0.5 (such as less than 0.4, such as less than 0.3, such
as less than 0.2, such as 0.1, substantially absent, no) wt %, based upon the weight of the concentrate, of secondary
hydrocarbyl amine compounds and tertiary hydrocarbyl amine compounds.
[0153] In embodiments, the concentrate may be substantially absent, or may comprise no, secondary hydrocarbyl
amine compounds and tertiary hydrocarbyl amine compounds.
[0154] In embodiments, the concentrate may have a kinematic viscosity at 100° C of less than 1000 cSt, such as less
than 500 cSt, such as less than 200 cSt.
[0155] Thisdisclosurealso relates tomethodsofmakingconcentratecompositionscomprisingcombining: from1 to less
than or equal to 50 wt.% of one or more base oils; from 1 to 30wt.% such as 2 to 20 wt.%, based upon the weight of the
concentrate, of one or more of the functionalized polymers of the composition comprising an amide, imide, and/or ester
functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

iv) an Mw/Mn of less than 2,
v) a Functionality Distribution (Fd) value of 3.5 or less, and
vi) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene and butadiene, then the Mn of the
copolymer is greater than 25,000 g/mol (GPC-PS);

from 2 to 20 wt.% of an overbased magnesium based detergent with a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500;
from2 to20wt.%of anoverbasedcalciumbaseddetergentwithaTotal BaseNumber (KOH/g) greater thanor equal to
9 and less than or equal to 500; and
from 2 to 40 wt.% of optionally one or more, optionally borated, higher molecular weight polyisobutylene succinimide
(PIBSA-PAM) dispersant (Mn 1600 g/mol or more), and/or one or more, optionally borated, lower molecular weight
polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol).
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Lubricating Oil Composition Components and Concentrate Components

A. Base Oil Component

[0156] The base oil (also referred to as "base stock," "lubricating oil basestock," or "oil of lubricating viscosity") useful
herein may be a single oil or a blend of oils, and is typically a large liquid constituent of a lubricating composition, also
referred toasa lubricant, intowhichadditivesandoptional additional oils areblended, for example, toproducea lubricating
composition, such as a final lubricant composition, a concentrate, or other lubricating composition.
[0157] Abaseoilmaybeselected fromvegetable, animal,mineral, and synthetic lubricating oils, andmixtures thereof. It
may range in viscosity from light distillate mineral oils to heavy lubricating oils, such as those for gas engine oil, mineral
lubricating oil, motor vehicle oil, and heavy-duty diesel oil. Generally, the kinematic viscosity at 100° C ("KV100") of the
base oil ranges from 1 to 30, such as 2 to 25 cSt, such as 5 to 20 cSt, as determined according to ASTM D445‑19a, in
particular, from1.0 cSt to 10 cSt, from1.5 cSt to 3.3 cSt, from2.7 cSt to 8.1 cSt, from3.0 cSt to 7.2 cSt, or from2.5 cSt to 6.5
cSt. Generally, the high temperature high shear (HTHS) viscosity at 150°Cof the base oil ranges from 0.5 to 20 cPsuchas
1 to 10 cP, such as 2 to 5 cP as determined according to ASTM D4683‑20.
[0158] Typically, when lubricating oil basestock(s) is used to make a concentrate, it may advantageously be present in a
concentrate-forming amount to give a concentrate containing, from 5 wt% to 80 wt %, from 10 wt % to 70 wt%, or from 5wt
% to 50 wt % of active ingredient, based upon the weight of the concentrate.
[0159] Commonoils useful as baseoils include animal and vegetable oils (e.g., castor and lard oil), liquid petroleumoils,
and hydrorefined and/or solvent-treated mineral lubricating oils of the paraffinic, naphthenic, and mixed paraffinic-
naphthenic types. Oils derived from coal or shale are also useful base oils. Base stocks may be manufactured using
a variety of different processes including, but not limited to, distillation, solvent refining, hydrogen processing, oligomer-
ization, esterification, and re-refining.
[0160] Synthetic lubricating oils useful herein as base oils include hydrocarbon oils such as homopolymerized and
copolymerized olefins, referred to as polyalphaolefins or PAO’s or group IV base oils [according to the API EOLCS 1509
definition (American Petroleum Institute Publication 1509, see section E.1.3, 19th edition, January 2021, www.API.org)].
Examples of PAO’s useful as base oils include: poly(ethylenes), copolymers of ethylene and propylene, polybutylenes,
polypropylenes, propylene-isobutylene copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-octenes),
poly(1-decenes), homo‑ or co-polymers of C8 to C20 alkenes, homo‑ or co-polymers of Ca, and/or C10, and/or C12
alkenes, C8/C10 copolymers, C8/C10/C12 copolymers, and C10/C12 copolymers, and the derivatives, analogues and
homologues thereof.
[0161] Inanotherembodiment, thebaseoilmaycomprisepolyalphaolefinscomprisingoligomersof linearolefinshaving
6 to14carbonatoms,morepreferably8 to12carbonatoms,morepreferably10carbonatomshavingaKinematic viscosity
at 100° C of 10 or more (as measured by ASTM D445); and preferably having a viscosity index ("VI"), as determined by
ASTM D2270, of 100 or more, preferably 110 or more, more preferably 120 or more, more preferably 130 or more, more
preferably 140ormore; and/or havingapour point of ‑5°Cor less (asdeterminedbyASTMD97),morepreferably ‑10°Cor
less, more preferably ‑20° C or less.
[0162] In another embodiment polyalphaolefin oligomers useful in the present disclosure may comprise C20 to C1500
paraffins, preferably C40 to C1000 paraffins, preferably C50 to C750 paraffins, preferably C50 to C500 paraffins. The PAO
oligomers are dimers, trimers, tetramers, pentamers, etc., of C5 to C14 alpha-olefins in one embodiment, and C6 to C12
alpha-olefins in another embodiment, and C8 to C12 alpha-olefins in another embodiment. Suitable olefins include 1-
pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, and 1-dodecene. In one embodiment, the
olefin is a combination of 1-octene, 1-decene, and1-dodecene, or alternatelymaybesubstantially 1-decene, and thePAO
is a mixture of dimers, trimers, tetramers, and pentamers (and higher) thereof. Useful PAO’s are described more
particularly in, for example, US Patent Nos. 5,171,908 and 5,783,531, and in Synthetic Lubricants and High-Performance
Functional Fluids 1‑52 (Leslie R. Rudnick & Ronald L. Shubkin, ed. Marcel Dekker, Inc. 1999).
[0163] PAO’s useful in the present disclosure typically possess a number average molecular weight of from 100 to
21,000g/mol in oneembodiment, and from200 to 10,000g/mol in another embodiment, and from200 to 7,000g/mol in yet
another embodiment, and from 200 to 2,000 g/mol in yet another embodiment, and from 200 to 500 g/mol in yet another
embodiment. Desirable PAO’s are commercially available as SpectraSyn™ Hi-Vis, SpectraSyn™ Low-Vis, SpectraSyn™

plus, SpectraSyn™ Elite PAO’s (ExxonMobil Chemical Company, Houston Texas) and Durasyn PAO’s from Ineos
Oligomers USA LLC.
[0164] Synthetic lubricating oils useful as base oils also include hydrocarbon oils such as homopolymerized and
copolymerized: alkylbenzenes (e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)ben-
zenes); polyphenols (e.g., biphenyls, terphenyls, alkylated polyphenols); and alkylated diphenyl ethers, and alkylated
diphenyl sulfides; and the derivatives, analogues, and homologues thereof.
[0165] Another suitable class of synthetic lubricating oils useful as base oils comprises the esters of dicarboxylic acids
(e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic acids, maleic acid, azelaic acid, suberic acid,
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sebasic acid, fumaric acid, adipic acid, linoleic acid dimer,malonic acid, alkylmalonic acids, alkenylmalonic acids) reacted
with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol,
diethyleneglycolmonoether, propylene glycol). Specific examples of theseesters includedibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl phtha-
late, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, and the complex ester formed by reacting one mole
of sebacic acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.
[0166] Esters useful as synthetic oils herein also include those made from C5 to C12 monocarboxylic acids and polyols,
and polyol ethers such as neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol, and tripentaerythritol.
[0167] Desirable ester base oils are commercially available as Esterex™ Esters (ExxonMobil Chemical Company,
Houston, Texas).
[0168] Silicon-based oils such as the polyalkyl‑, polyaryl‑, polyalkoxy‑ or polyaryloxysilicone oils and silicate oils
comprise another useful class of synthetic lubricants useful herein; such oils include tetraethyl silicate, tetraisopropyl
silicate, tetra‑(2-ethylhexyl) silicate, tetra‑(4-methyl‑2-ethylhexyl)silicate, tetra‑(p-tert-butyl-phenyl) silicate, hexa‑(4-
methyl‑2-ethylhexyl)disiloxane, poly(methyl)siloxanes, and poly(methylphenyl)‑siloxanes.
[0169] Other synthetic lubricating oils useful herein include liquid esters of phosphorous-containing acids (e.g., tricresyl
phosphate, trioctyl phosphate, diethyl ester of decylphosphonic acid) and polymeric tetrahydrofurans.
[0170] Unrefined, refined, and re-refined oils can be used in the lubricating compositions of the present disclosure.
Unrefined oils are those obtained directly from a natural or synthetic source without further purification treatment. For
example, a shale oil obtained directly from retorting operations, a petroleum oil obtained directly from distillation, or an
ester oil obtained directly from an esterification process and used without further treatment is considered an unrefined oil.
Refined oils are similar to the unrefined oils except they have been further treated in one or more purification steps to
improve one or more properties. Many such purification techniques, such as distillation, solvent extraction, acid or base
extraction, filtration, and percolation are used by those in the art. Re-refined oils are oils obtained by processes similar to
those used to obtain refined oils where the refining processes are applied to previously refined oils which have been
previously used in service. Such re-refined oils are also referred to as reclaimed or reprocessed oils and often are
additionally processed for removal of spent additive and oil breakdown products. A re-refined base oil is preferably
substantially free from materials introduced through manufacturing, contamination, or previous use.
[0171] Other examples of useful base oils are gas-to-liquid ("GTL") base oils, i.e., the base oil is an oil derived from
hydrocarbons made from synthesis gas ("syn gas") containing H2 and CO using a Fischer-Tropsch catalyst. These
hydrocarbons typically require further processing in order to be useful as a base oil. For example, they may, by methods
known in the art, be hydroisomerized; hydrocracked and hydroisomerized; dewaxed; or hydroisomerized and dewaxed.
For further informationonusefulGTLbaseoils andblends thereof, pleaseseeUSPatentNo. 10,913,916 (col 4, ln 62 to col
5, ln 60) and US Patent No. 10,781,397 (col 14, ln 54 to col 15, ln 5, and col 16, ln 44 to col 17, ln 55).
[0172] In particular, oils from renewable sources, i.e., based in part on carbon and energy captured from the environ-
ment, such as biological sources, are useful herein.
[0173] The various base oils are often categorized as Group I, II, III, IV, or Vaccording to the API EOLCS 1509 definition
(American Petroleum Institute Publication 1509, see section E.1.3, 19th edition, January 2021, www.API.org). Generally
speaking, Group I base stocks have a viscosity index of between about 80 to 120 and contain greater than about 0.03 %
sulfur and/or less than about 90 % saturates. Group II base stocks have a viscosity index of between about 80 to 120 and
contain less than or equal to about 0.03 % sulfur and greater than or equal to about 90 % saturates. Group III base stocks
have a viscosity index greater than about 120 and contain less than or equal to about 0.03 % sulfur and greater than about
90 % saturates. Group IV base stocks include polyalphaolefins (PAO). Group V base stocks include base stocks not
included in Groups I-IV. (Viscosity index measuredbyASTMD2270, saturates ismeasuredbyASTMD2007, and sulfur is
measured by ASTM D5185, D2622, ASTM D4294, ASTM D4927, and ASTM D3120).
[0174] Base oils for use in the formulated lubricating compositions useful in the present disclosure are any one, two,
three, or more of the variety of oils described herein. In desirable embodiments, base oils for use in the formulated
lubricating compositions useful in the present disclosure are those described as API Group I(including Group I+), Group II
(including Group II+), Group III (including Group III+), Group IV, and Group V oils and mixtures thereof, preferably API
Group II, Group III, Group IV, and Group V oils and mixtures thereof. The base oil may be a Group III, Group III+, IV, and
Group V base oils due to their exceptional volatility, stability, viscometric, and cleanliness features. Minor quantities of
Group I basestock, such as the amount used to dilute additives for blending into formulated lube oil products, can be
tolerated but are typically kept to aminimum, e.g., amounts only associatedwith their use as diluent/carrier oil for additives
usedon an "as-received" basis. In regard to theGroup II stocks, it is often more useful that theGroup II base stock be in the
higher quality range associated with that stock, i.e., a Group II stock having a viscosity index in the range from 100 to 120.
[0175] The base oil useful herein may be selected from any of the synthetic, natural, or re-refined oils (such as those
typically used as crankcase lubricating oils for spark-ignited and compression-ignited engines). Mixtures of synthetic
and/ornatural and/or re-refinedbaseoilsmaybeused if desired.Multi-modalmixtures (suchasbi- or tri-modalmixtures) of
Group I, II, III, IV, and/or V base stocks may be used if desired.
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[0176] The baseoil or base oil blend used herein conveniently has a kinematic viscosity at 100° C (KV100, asmeasured
according to ASTM D445‑19a, and reported in units of centistoke (cSt) or it its equivalent, mm2/s), of about 2 to about 40
cSt, alternately of 3 to 30 cSt, alternately 4 to 20 cSt at 100° C, alternately 5 to 10 cSt, alternately the base oil or base oil
blend may have a kinematic viscosity at 100° C of 2 to 20 cSt, of 2.5 to 2 cSt, and preferably of about 2.5 cSt to about 9 cSt.
[0177] The base oil or base oil blend preferably has a saturate content of at least 65 mass %, more preferably at least 75
mass %, such as at least 85 mass %, such as at least than 90 mass % as determined by ASTM D2007.
[0178] Preferably, the base oil or base oil blend will have a sulfur content of less than 1 mass %, preferably less than 0.6
mass %, most preferably less than 0.4 mass %, such as less than 0.3 mass %, based on the total mass of the lubricating
composition, as measured by ASTM D5185.
[0179] In embodiments, the volatility of the base oil or base oil blend, as measured by the Noack test (ASTM D5800,
procedure B), is less than or equal to 30 mass %, such as less than or equal to 25 mass %, such as less than or equal to 20
mass%, suchas less than or equal to 16 mass%, suchas less than or equal to 12mass %, such as less than or equal to 10
mass %, based on the total mass of the lubricating composition.
[0180] In embodiments, the viscosity index (VI) of the base oil is at least 95, preferably at least 110, more preferably at
least 120, even morepreferably at least 125,most preferably fromabout 130 to 240, in particular fromabout 105 to 140 (as
determined by ASTM D2270).
[0181] The base oil may be provided in a major amount, in combination with a minor amount of one or more additive
components as described hereinafter, constituting a lubricant. This preparation may be accomplished by adding the
additivesdirectly to theoil or byadding theoneormoreadditives in the formof a concentrate thereof todisperseor dissolve
the additive(s). Additivesmaybe added to the oil by anymethod known to those skilled in the art, either before, at the same
time as, or after addition of other additives.
[0182] The base oil may be provided in a minor amount, in combination with minor amounts of one or more additive
components as described hereinafter, constituting an additive concentrate. This preparation may be accomplished by
adding the additives directly to the oil or by adding the one or more additives in the form of a solution, slurry or suspension
thereof to disperse or dissolve the additive(s) in the oil. Additives may be added to the oil by any method known to those
skilled in the art, either before, at the same time as, or after addition of other additives.
[0183] The base oil typically constitutes the major component of an engine oil lubricant composition of the present
disclosure and typically is present in an amount ranging from about 50 to about 99 wt %, preferably from about 60 to about
95 wt%, preferably fromabout 70 to about 95 wt%, andmore preferably fromabout 80 to about 95 wt%, based on the total
weight of the composition.
[0184] Typically, one or more base oils are present in the lubricating composition in an amount of 32 wt % or more,
alternately 55 wt % or more, alternately 60 wt % or more, alternately 65 wt % or more, based on the total weight of the
lubricating composition. Typically, one ormore baseoils are present in the lubricating composition at anamount of 98 wt%
or less, more preferably 95 wt % or less, even more preferably 90 wt % or less. Alternately, one or more base oils are
present in the lubricating composition at from 1 to 99 mass %, alternately 50 to 97 mass %, alternately to 60 to 95 mass %,
alternately 70 to 95 mass %, based upon the weight of the lubricating composition.
[0185] The base oils and blends thereof described above are also useful for making concentrates as well as for making
lubricants therefrom.
[0186] Concentrates constitute a convenientmeansof handling additives before their use, aswell as facilitating solution
or dispersion of additives in lubricants. When preparing a lubricant that contains more than one type of additive (sometime
referred to as "additive components"), each additive may be incorporated separately, each in the form of a concentrate. In
many instances, however, it is convenient to provide a so-called additive "package" (also referred to as an "addpack")
comprising one or more additives/co-additives, such as described hereinafter, in a single concentrate.
[0187] Typically, one or more base oils are present in the concentrate composition in an amount of 50 wt % or less,
alternately 40 wt % or less, alternately 30 wt % or less, alternately 20 wt % or less, based on the total weight of the
concentratecomposition.Typically, oneormorebaseoils arepresent in theconcentratecompositionatanamountof 0.1 to
49mass%,alternately 1 to40mass%,alternately 5 to40mass%,alternately to10 to30mass%,alternately 15 to25mass
%, based upon the weight of the concentrate composition.
[0188] In one form of the lubricating oil compositions disclosed herein, the compositionsmay comprise aGroup I,Group
II baseoil, aGroup III baseoil, aGroup IVbaseoil (preferablyaGroup II baseoil, aGroup III baseoil, aGroup IVbaseoil), or
combinations thereof. In another formof the lubricating oil compositions disclosedherein, the compositionsmay comprise
a Group II base oil, and is substantially free of the Group III base oil and the Group IV base oil.

B. Functionalized Polymer Component

[0189] The functionalized polymer component of the lubricating oil compositions and concentrate compositions
disclosed herein comprises a polymer that prior to functionalization has an Mn of about 10,000 g/mol or more, such
as 20,000 g/mol or more, such as 25,000 g/mol or more, such as 30,000 g/mol or more, such as 35,000 g/mol or more
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(GPC-PS). Alternately, functionalized polymer comprises a polymer that prior to functionalization has an Mn of 10,000 to
300,000 g/mol, such as 20,000 to about 150,000 g/mol, such as 30,000 to about 125,000 g/mol, such as 35,000 to about
100,000 g/mol, such as 40,000 to 80,000 g/mol (GPC-PS). The polymer prior to functionalization may have an Mw/Mn of
less than 2 (such as less than 1.6, such as less than 1.5, such as 1.4 or less, such as from 1 to 1.3, such as from 1.0 to 1.25,
such as from 1.0 to 1.2, such as 1.0 to 1.15, such as from 1.0 to 1.1 as determined by GPC-PS). The polymer prior to
functionalization may comprise repeat units of one or more olefins having 4 to 5 carbon atoms (preferably conjugated
dieneshaving4 to5carbonatoms).Prior to functionalization theC4‑5 polymer is preferably fully or partially saturated (such
as fully or partially hydrogenated). The functionalized polymer may be obtained by reacting the C4‑5 polymer with an
acylating agent to form acylated polymer and then reacting acylated polymer with an amine or alcohol to form an amide,
imide, ester, or combination thereof. The functionalized polymer may also be obtained by reacting an acylated C4‑5
polymer (such as a commercially available maleated fully or partially hydrogenatedC4‑5 polymer)with anamine to forman
amide, imide or combination thereof.
[0190] This disclosure further relates to lubricating oil compositions including functionalized polymers including amide,
imide, and/or ester functionalized saturated (such ashydrogenated) polymers ofC4‑5 conjugated dienesdescribed herein
obtainedby reacting fully or partially saturated (suchas fully or partially hydrogenated) polymersofC4‑5 conjugateddienes
having an Mw/Mn of less than 2, with an acylating agent, such as maleic acid or maleic anhydride and thereafter reacting
the acylated polymer with an amine (such as a polyamine) to form an imide, amide or combination thereof.
[0191] This disclosure relates to lubricating oil compositions including functionalized polymers containing one or more
pendant amine groups and comprising or resulting from the admixing of: at least partially (preferably completely)
hydrogenated C4‑5 olefin polymers with an acylating agent, such as maleic acid or maleic anhydride, and thereafter
reacting the acylated polymer with a polyamine to form an imide, amide or combination thereof.
[0192] In embodiments, the functionalized polymer is not prepared in aromatic solvent (such as benzene or toluene), or
aromatic solvent is present at 2 wt % or less (such as 1 wt % or less, such as 0.5 wt % or less), based upon the weight of
solvent, diluent, and polymer.
[0193] In embodiments, the functionalized polymer is not prepared in an alkylated naphthylenic solvent, or alkylated
naphthylenic solvent is present at 5 wt % or less (such as 3 wt % or less, such as 1 wt % or less), based upon the weight of
solvent, diluent, and polymer.
[0194] The polymer useful herein to prepare the functionalized polymer may be a homopolymer of butadiene, isoprene,
or the like.
[0195] In embodiments, the polymer useful herein to prepare the functionalized polymer may be a homopolymer of
isoprene, or a copolymer of isoprene and less than 5 mol % (such as less than 3 mol %, such as less than 1 mol %, such as
less than 0.1 mol %) comonomer.
[0196] The polymer useful herein to prepare the functionalized polymer may be copolymer of isoprene and one or more
of styrene, methyl-styrene, 2,3-dimethyl-butadiene, 2-methyl‑1,3-pentadiene, myrcene, 3-methyl‑1,3-pentadiene, 4-
methyl‑1,3-pentadiene, 2-phenyl‑1,3-butadiene, 2-phenyl‑1,3-pentadiene, 3-phenyl‑1,3 pentadiene, 2,3-dimethyl‑1,3-
pentadiene, 2-hexyl‑1,3-butadiene, 3-methyl‑1,3-hexadiene, 2-benzyl‑1,3-butadiene, 2-p-tolyl‑1,3-butadiene 1,3-buta-
diene, 1,3-pentadiene, 1,3-hexadiene, 1,3-heptadiene, 2,4-heptadiene, 1,3-octadiene, 2,4-octadiene, 3,5-octadiene,
1,3-nonadiene, 2,4-nonadiene, 3,5-nonadiene, 1,3-decadiene, 2,4-decadiene, and 3,5-decadiene, [optionally the co-
monomer(s) are present at less than 20 mol %, less than 5 mol %, such as less than 3 mol %, such as less than 1 mol %,
such as less than 0.1 mol %].
[0197] Generally, the polymerized conjugated diene polymer useful herein to prepare the functionalized polymer
includes a mixture of 1,4‑ and 1,2-insertions (a.k.a. 2,1-insertions; for butadiene, 1,2-insertions are the same as 3,4-
insertions). As measured by 1H NMR, the polymerized conjugated diene polymer useful herein to prepare the functio-
nalizedpolymer containsat least about 50%of1,4-insertions, suchasat least about 75%of1,4 insertions, suchasat least
about80%of1,4 insertions, suchasat least about90%of1,4 insertions, suchasat least about95%of1,4 insertions, such
as at least 98 % of 1,4 insertions, based upon the total of the 2,1 insertions, 1,4 insertions, and 3,4 insertions of isoprene.
For purposes of this disclosure: 1) the phrase "1,4 insertion" includes 1,4 and 4,1 insertions, 2) the phrase "2,1 insertion"
includes 2,1 and 1,2 insertions, and 3) the phrase "3,4 insertion" includes 3,4 and 4,3 insertions.
[0198] Optionally, styrene repeatunitsmaybeabsent in thepolymeruseful herein toprepare the functionalizedpolymer.
Optionally, styrene repeat units may be absent in the functionalized hydrogenated/saturated polymers.
[0199] Optionally, butadiene repeat units may be absent in the polymer useful herein to prepare the functionalized
polymer. Optionally, butadiene repeat units may be absent in the functionalized hydrogenated/saturated polymers.
[0200] Optionally, the polymer useful herein to prepare the functionalized polymer may be not homopolybutylene.
Optionally, the functionalized hydrogenated/saturated polymer may be not homopolybutylene.
[0201] Optionally, the polymer useful herein to prepare the functionalized polymer may be not homopolyisobutylene.
Optionally, the functionalized hydrogenated/saturated polymer may be not homopolyisobutylene.
[0202] Optionally, the polymer useful herein to prepare the functionalized polymer may not be a copolymer of isoprene
and butadiene. Optionally, the functionalized hydrogenated/saturated polymer may not be a copolymer of isoprene and
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butadiene.
[0203] The polymer useful herein to prepare the functionalized polymer and/or the functionalized polymer may be
homopolymer or copolymer. The copolymer may be a random copolymer, a tapered block copolymer, a star copolymer, or
ablockcopolymer.Blockcopolymersare formed fromamonomermixturecomprisingoneormorefirstmonomers (suchas
isobutylene), wherein, for example, a firstmonomer formsadiscrete block of the polymer joined to a seconddiscrete block
of the polymer formed from a second monomer (such as butadiene). While block copolymers have substantially discrete
blocks formed from the monomers, a tapered block copolymer may be composed of, at one end, a relatively pure first
monomer and, at the other end, a relatively pure second monomer. The middle of the tapered block copolymer may be
more of a gradient composition of the two monomers.
[0204] The polymer useful herein to prepare the functionalized polymer may typically have an Mn of 20,000 to 150,000
g/mol, alternately 20,000 to about 150,000 g/mol, alternately 30,000 to about 125,000 g/mol, alternately 35,000 to about
100,000 g/mol, alternately 40,000 to 80,000 g/mol (GPC-PS).
[0205] Polymers useful herein to prepare the functionalized polymers may typically have an Mw/Mn (as determined by
GPC-PS) of 1 to 2, alternately greater than 1 to less than 2, alternately 1.1 to 1.8, alternately 1.2 to 1.5. Alternately, the
polymers useful herein to prepare the functionalized polymers may typically have an Mw/Mn of 1 or greater than 1 to less
than2 (suchas less than1.8, suchas less than1.7, suchas less than1.6, suchas less than1.5, suchas less than1.4, such
as less than 1.3, such as less than 1.2, such as less than 1.15, such as less than 1.12, such as less than 1.10).
[0206] The polymers used to prepare the functionalized polymers may have an Mz (as determined by GPC-PS) of
20,000 to150,000g/mol, alternately 20,000 toabout 150,000g/mol, alternately 30,000 toabout 125,000g/mol, alternately
35,000 to about 100,000 g/mol, alternately 40,000 to 80,000 g/mol, alternately 40,000 to 60,000 g/mol (GPC-PS).
[0207] Polymers useful herein to prepare the functionalized polymers may have a glass transition temperature (Tg) of
‑25° C or less, such as ‑40° C or less, such as ‑50° C or less, as determined by Differential Scanning calorimetry (DSC)
using aPerkinElmer or TA Instrument ThermalAnalysisSystem (sample is heated fromambient to 210°Cat 10°C/minute
and held at 210° C for 5 minutes, then cooled down to ‑40° C at 10° C/minute and held for 5 minutes.)
[0208] Polymers useful herein to prepare the functionalized polymers typically have a residual unsaturation of less than
3 %, such less than 2 %, such less than 1 %, such as less than 0.5 %, such as less than 0.25 % based upon number of
double bonds in the non-hydrogenated polymer.
[0209] Polymersuseful herein toprepare the functionalizedpolymers typically havea residualmetal (suchasLi,Co,and
Al) content of less than 100 ppm, such less than 50 ppm, such as less than 25 ppm, such as less than 10 ppm, such as less
than 5 ppm.

Hydrogenation

[0210] The C4‑5 polymer useful herein to prepare the functionalized polymer can be hydrogenated partially or
completely by any hydrogenating agent known to one of ordinary skill in the art. For example, a saturated or partially
saturated polymer can be prepared by (a) providing a C4‑5 polymer containing unsaturations (such as double or triple
bonds); and (b) hydrogenating at least a portion or all of the unsaturations (such asdouble or triple bonds) in the polymer in
the presence of a hydrogenation reagent. In some embodiments, the polymer is fully hydrogenated. In some embodi-
ments, the polymer is partially hydrogenated. In some embodiments, the polymer is saturated (hydrogenated) at 50 % or
more, such as 60 % or more, such as 70 % or more, such as 80 % or more, such as 90 % or more, such as 95 % or more,
such as 98 %or more, such as 99 % ormore, suchas from 50 to 100 %saturated (hydrogenated), as determinedby ozone
adsorption method described in Martino N. Smits and Dirkman Hoefman, Quantative Determination of Olefinic Unsatura-
tion by Measurement of Ozone Absorption Analytical Chemistry Vol 44, No. 9, pg. 1688, 1972, Martino N. Smits.
[0211] In embodiments, the hydrogenation reagent can be hydrogen in the presence of a hydrogenation catalyst. In
some embodiments, the hydrogenation catalyst is Pd, Pd/C, Pt, PtO2, Ru(PPh3)2CI2, Raney nickel, or a combination
thereof. In embodiments, the catalyst is a Pd catalyst. In another embodiment, the catalyst is 5 % Pd/C. In a further
embodiment, the catalyst may comprise or be 10 % Pd/C in a high-pressure reaction vessel and the hydrogenation
reaction is allowed to proceed until completion. Generally, after completion, the reaction mixture can be washed,
concentrated, and dried to yield the corresponding hydrogenated product. Alternatively, any reducing agent that can
reduce a C=C bond to a C - C bond can also be used. For example, the olefin polymer can be hydrogenated by treatment
with hydrazine in the presence of a catalyst, such as 5-ethyl‑3-methyllumiflavinium perchlorate, under an oxygen
atmosphere to give the corresponding hydrogenated products. The reduction reaction with hydrazine is disclosed in
Imada et al., J Am. Chem. Soc., 127, pp. 14544‑14545, (2005), which is incorporated herein by reference.

Acylation

[0212] The fully or partially saturated (hydrogenated) polymer may be chemically modified (functionalized) to provide a
polymer having at least one polar functional group, such as, but not limited to, halogen, epoxy, hydroxy, amino, nitrilo,
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mercapto, imido, carboxy, and sulfonic acid groups of combinations thereof. The functionalized polymers can be further
modified to give a more desired type of functionality. In a preferred case, the fully or partially hydrogenated polymer is
functionalized by a method, which includes reacting the fully or partially hydrogenated polymer with an unsaturated
carboxylic acid (or derivative thereof, suchasmaleic anhydride) to provideanacylatedpolymer (whichmay thenbe further
functionalized as described below).
[0213] In some embodiments, a carboxylic acid functionality or a reactive equivalent thereof is grafted onto the polymer
to form an acylated polymer. An ethylenically unsaturated carboxylic acid material is typically grafted onto the polymer
backbone. These materials which are attached to the polymer typically contain at least one ethylenic bond (prior to
reaction) and at least one, such as two, carboxylic acid (or its anhydride) groups or a polar group which is convertible into
said carboxyl groups by oxidation or hydrolysis. Maleic anhydride or a derivative thereof is suitable. It grafts onto the
polymer, to give two carboxylic acid functionalities. Examples of additional unsaturated carboxylic materials include
itaconic anhydride, or the corresponding dicarboxylic acids, such as maleic acid, fumaric acid and their esters, as well as
cinnamic acid and esters thereof.
[0214] The ethylenically unsaturated carboxylic acid material may be grafted onto the polymer in a number of ways. It
maybegraftedonto thepolymer in solutionor in essentially pure (molten) formwithorwithout usinga radical initiator. Free-
radical induced grafting of ethylenically unsaturated carboxylic acid materials may also be conducted in solvents, such as
hexaneormineral oil. Itmaybe carried out at an elevated temperature in the rangeof 100°C to 250° C, e.g., 120°C to 190°
C, or 150° C to 180° C, e.g., above 160° C.
[0215] The free-radical initiators which may be used include peroxides, hydroperoxides, and azo compounds, typically
thosewhichhaveaboilingpoint greater thanabout100°Candwhichdecompose thermallywithin thegrafting temperature
range to provide free radicals. Representative of these free-radical initiators include azobisisobutyronitrile and 2,5-
dimethyl-hex‑3-yne‑2,5-bis-tertiary-butyl peroxide. The initiator may be used in an amount of 0.005 % to 1 % by weight
based on theweight of the reactionmixture solution. The graftingmaybe carried out in an inert atmosphere, suchas under
nitrogen blanketing. The resulting acylated polymer intermediate is characterized by having carboxylic acid acylating
functions as a part of its structure.
[0216] In embodiments, the acylated polymer may have 2 or more anhydride groups per polymer molecule and may
exhibit less than 10 % gel. Alternately, the acylated polymer may have less than 2 anhydride groups per polymer molecule
and may exhibit less than 10 % gel. (See also col 17, ln 14 -col 18, ln 11 of US Patent No. 5,429,758).
[0217] Alternately, in some embodiments, the acylated polymer may have a gel content of less than about 5 wt %, less
than 3 wt %, less than 2 wt %, less than 1 wt %, less than 0.5 wt %, less than 0.1 wt %, or 0 wt %, where the gel content is
measured by determining the amount of material that is extractable from the polymer by using boiling xylene (or
cyclohexane) as an extractant. The percent of soluble and insoluble (gel) material in a polymer composition is determined
by soaking a nominally 0.5mm thick thin film specimen of polymer for 48 hours in cyclohexane at 23°C or refluxing the thin
film specimen in boiling xylene for one half hour, removing the solvent, weighing the dried residue and calculating the
amount of soluble and insoluble (gel) material. This method is generally described in US Patent No. 4,311,628, which is
incorporated herein by reference. For purposes of this disclosure, gel content ismeasuredusing boiling xylene, unless the
sample is not soluble in xylene, then the cyclohexane method is used.
[0218] In embodiments, the acylated polymer mayhavea SaponificationNumber (SAP) of 5 g/KOHor more, such as10
g/KOHormore, suchas20g/KOHormore, suchas30g/KOHormore, suchas50g/KOHormore, suchas10 to60g/KOH,
such as 20 to 40 g/KOH as determined by ASTM D94.
[0219] In embodiments, the acylated polymer composition may have less than 5 wt % unreacted acylating agent (such
asmaleic anhydride), such as less than 4 wt %, such as less than 3 wt %, such as less than 1 wt %, such as less than 0.5wt
%, such as less than 0.25 wt %, such as less than 0.1 wt %, based upon the weight of the acylated polymer composition
(i.e., polymer, acylating agent, and diluent).
[0220] In embodiments, the acylation reactions described herein may take place in base oil diluent. As a side product,
functionalized base oil can be produced. The oil may become acylated itself. For example, maleated base oil may be
present after the acylation reactions described herein.
[0221] It is contemplated that the functionalized baseoilmay comprise the acylated oil and/or the reaction product of the
acylated oil with an amine to form an amide, imide or combination thereof.
[0222] Preferably, the acylated oil and/or reaction product of the acylated oil with an amine or alcohol to form an amide,
imide, ester, or combination thereof,maybepresent in a concentrate in anamount of 40wt%or less, alternately 20wt%or
less, alternately 10 wt % or less, alternately 5 wt % or less, alternately 3 mass % or less, preferably 2 mass % or less,
preferably 1 mass % or less, preferably at 0.1 mass % or less, preferably at 0 mass % (such as 0 to 40 mass %, alternately
0.01 to40mass%,alternately 0.1 to20mass%,alternately to1 to10mass%,alternately 1.5 to5mass%), basedupon the
weight of the concentrate composition.
[0223] Preferably one or more functionalized base oils, such as acylated oil and/or reaction product of the acylated oil
with an amine or alcohol to form an amide, imide, ester, or combination thereof, may be present in the lubricating oil
composition at an amount of 0.01 to 40 mass %, alternately 0.1 to 20 mass %, alternately to 1 to 10 mass %, alternately 1.5
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to 5mass%, (suchasat 3mass %or less, preferably 2mass%or less, preferably 1mass%or less, preferably at 0.1mass
% or less, preferably at 0 mass %), based upon the weight of the lubricating oil composition.
[0224] In embodiments, the acylation reactions described herein take place in solvent containing media. As a side
product, acylated/functionalizedsolvent canbeproduced. Inembodiments, acylatedand/or functionalizedsolventmaybe
present in a concentrate composition at 3 mass % or less, preferably 2 mass % or less, preferably 1 mass % or less,
preferably at 0.1 mass % or less, preferably at 0 mass %, based upon the weight of the concentrate composition. In
embodiments, functionalizedsolventmaybepresent ina lubricatingoil compositionat 3mass%or less, preferably 2mass
% or less, preferably 1 mass % or less, preferably at 0.1 mass % or less, preferably at 0 mass %, based upon the weight of
the lubricating oil composition.
[0225] In embodiments, the acylating agent may be added in such a way as to minimize side reactions (such as reaction
with base oil or other diluent present in the reaction vessel).
[0226] In embodiments, the acylating reaction may occur where the acylating agent (such as maleic acid or maleic
anhydride) is added in a continuous or semi-continuous (such as intermittent) stream (such as, for example, in controlled
relatively equal portions over the reaction time, or larger and/or smaller portions at different points in the reaction) to
minimize functionalized base oil and other side reactions. As an example, the acylating agent may be added in a
continuous fashion where the amounts of polymer and acylating agents are added in controlled stoichiometric amounts.
As another example, the polymer may be added to a reaction vessel in batch fashion and the acylating agent added slowly
or in a semi-continuous fashion (such as adding the acylating agent in 2 or more, such as 5 or more, such as 10 or more,
such as 20 or more, such as 30 or more, such as 40 or more, such as 50 or more, such as 60 or more discrete amounts or
portions). Alternately, the polymer can be added to the reaction vessel in X number of portions and the acylating agent
added in 1.5Xormore (suchas2Xormore, suchas5Xormore, suchas 10Xormore, such as20Xormore, suchas 30Xor
more, such as 40X or more, such as 50X or more, such as 60X or more) number of portions. This same effect may also be
achieved by diluting or concentrating a polymer solution and/or the acylating agent solution to the same or different
extents.
[0227] Preferably, theacylatingagentmaybeadded in suchawayas tominimizeside reactions, suchas in acontinuous
or semi-continuous fashion.
[0228] The reaction may also be run so as to minimize side reactions by using high concentrations of the polymer in
diluent, such as 45 wt % or more, or 50 wt % or more, or 55 wt % or more, or 60 wt % or more in batch, semi-continuous, or
continuous reactor operations. For example, the polymer (such as a hydrogenated isoprene polymer, such as hydro-
genatedhomo-polyisoprene)maybe introduced intobatch, semi-continuous, or continuous reactor operationsassolution
or suspension (suchasa slurry) in diluent (suchasoil (e.g., baseoil, suchasaGroup I, II, III, IV, and/or Vbaseoil, suchasa
Group II and/orGroup III baseoil) or alkane solvent or diluent or a combination thereof),where thepolymermaybepresent
in thesolutionorsuspensionat45wt%ormore (or50wt%ormore,or55wt%ormore,or 60wt%ormore), basedupon the
weight of the polymer and diluent.
[0229] In embodiments, the side reactions may be minimized by: 1) adding the acylating agent in a continuous or semi-
continuous fashion, and/or 2) the polymer is introduced into batch, semi-continuous or continuous reactor operations as
solution or suspension in diluent where the polymer is present at 45 wt % or more, based upon the weight of the polymer
and diluent.
[0230] In embodiments, side reactions are minimized, optionally by adding the acylating agent in a continuous or semi-
continuous fashion, and/or by introducing the fully or partially hydrogenated polymer (such as isoprene polymer) into
batch, semi-continuous, or continuous reactor operations as solution or suspension in diluent, said solution or suspension
comprising 45 wt % or more (or 50 wt % or more, or 55 wt % or more, or 60 wt % or more), of the fully or partially
hydrogenated polymer, based upon the weight of the fully or partially hydrogenated polymer and diluent.
[0231] In embodiments, side reactions are minimized, optionally by adding the acylating agent in a continuous or semi-
continuous fashion, and by introducing the fully or partially hydrogenated polymer (such as isoprene polymer) into batch,
semi-continuous, or continuous reactor operations as solution or suspension in diluent, said solution or suspension
comprising 45 wt % or more (or 50 wt % or more, or 55 wt % or more, or 60 wt % or more), of the fully or partially
hydrogenated polymer, based upon the weight of the fully or partially hydrogenated polymer and diluent.

Functionalization

[0232] In embodiments, the acylated polymer may be reacted with an alcohol or an amine to form an amide, imide, ester
or combinations thereof. The reaction may consist of condensation to form an imide, an amide, a half-amide, amide-ester,
diester, or anaminesalt.Aprimaryaminogroupwill typically condense to formanamideor, in thecaseofmaleicanhydride,
an imide. It is noted the amine may have a single primary amino group or multiple primary amino groups.
[0233] Suitable amines may include one or more aromatic amines, such as amines wherein a carbon atom of the
aromatic ring structure is attached directly to the amino nitrogen. The amine may also be aliphatic. In embodiments
aliphatic amines can be used alone or in combination with each other or in combination with aromatic amines. The amount

22

EP 4 530 336 A1

5

10

15

20

25

30

35

40

45

50

55



of aromatic amine may, in someembodiments, be amajor orminor amount comparedwith theamount of the non-aromatic
amines, or in some instances, the composition may be substantially free of aromatic amine. Alternately, the composition
may be substantially free of aliphatic amine.
[0234] Examples of aromatic amines which may be used herein include one or more N-arylphenylenediamine(s)
represented by the formula:

wherein R7 is H, - NHaryl, - NHalkaryl, or a branched or straight chain hydrocarbyl radical having from about 4 to about 24
carbonatomsselected fromalkyl, alkenyl, alkoxyl, aralkyl or alkaryl;R9 is -NH2, - (NH(CH2)n)mNH2, -NHalkyl, -NHaralkyl,
- CH2-aryl-NH2, in which nandm eachhave a value from about 1 to about 10; andR8 is hydrogen, or alkyl, alkenyl, alkoxyl,
aralkyl, or alkaryl, having from about 4 to about 24 carbon atoms.
[0235] Suitable N-arylphenylenediamines include N-phenylphenylenediamines (NPPDA), for example, N-phenyl‑4,4-
phenylenediamine, N-phenyl‑1,3-phenylenediamine, and N-phenyl‑1,2-phenylenediamine and N-naphthyl‑1,4-pheny-
lenediamine. Other derivatives of NPPDA may also be included, such as N-propyl-N’-phenylphenylenediamine.
[0236] In embodiments, the amine reacted with the acylated polymer is an amine having at least 3 or 4 aromatic groups
and may be represented by the following formula:

wherein independently each variable, R1 may be hydrogen or a C1 to C5 alkyl group (typically hydrogen); R2 may be
hydrogen or a C1 to C5 alkyl group (typically hydrogen); U may be an aliphatic, alicyclic or aromatic group, with the proviso
that when U is aliphatic, the aliphatic group may be linear or branched alkylene group containing 1 to 5, or 1 to 2 carbon
atoms; and w may be 1 to 10, or 1 to 4, or 1 to 2 (typically 1).
[0237] Other examples of aromatic amines include aniline,N-alkylanilines such asN-methyl aniline, andN-butylaniline,
di‑(para-methylphenyl)amine, naphthylamine, 4-aminodiphenylamine, N,N-dimethylphenylenediamine, 4‑(4-nitro‑ phe-
nylazo)aniline (disperse orange 3), sulfamethazine, 4-phenoxyaniline, 3-nitroaniline, 4-aminoacetanilide, 4-amino‑2-
hydroxy-benzoic acid phenyl ester (phenyl amino salicylate), N‑(4-amino‑5-methoxy‑2-methyl-phenyl)‑benzamide (fast
violet B), N‑(4-amino- 2,5-dimethoxy-phenyl)‑benzamide (fast blue RR), N‑(4-amino‑2,5-diethoxy-phenyl)‑benzamide
(fast blue BB), N‑(4-aminophenyl)‑benzamide and 4-phenylazoaniline. Suitable amines are referenced in US Patent No.
7,790,661 and are hereby incorporated by reference.
[0238] In embodiments, the compound condensing with the acylated polymer can be represented by the following
formulas:

wherein X is an alkylene group containing about 1 to about 4 carbon atoms; R2, R3 and R4 are hydrocarbyl groups.
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wherein X is an alkylene group containing about 1 to about 4 carbon atoms; R3 and R4 are hydrocarbyl groups.
[0239] Alternately, the amine may be an amine having at least 4 aromatic groups and an aldehyde (such as
formaldehyde). The aromatic amine may be represented by formula:

wherein,R1 is hydrogenor aC1‑5 alkyl group (typically hydrogen);R2 is hydrogenor aC1‑5 alkyl group (typically hydrogen);
U is an aliphatic, alicyclic or aromatic group, optionally with the proviso that when U is aliphatic, the aliphatic group may be
linear or branchedalkylenegroup containing 1, 2, 3, 4, or 5, or 1 to 2 carbon atoms; andw is 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9, such
as 0, 1, 2, or 3 or 0 or 1 (typically 0). For further information on such amines see, e.g., US 2017/0073606, page 5paragraph
[0064]‑[0070] and European Patent No. 2 401 348.
[0240] Examples of compounds capable of condensing with the acylating agent and further having a tertiary amino
group can include but are not limited to: dimethylaminopropylamine, N,N-dimethyl-aminopropy-lamine, N,N-diethyl-
aminopropylamine, N,N-dimethyl-aminoethylamine ethylenediamine, 1,2-propylenediamine, 1,3-propylenediamine, the
isomeric butylenediamines, pentanediamines, hexanediamines, heptanediamines, diethylenetriamine, dipropylenetria-
mine, dibutylenetriamine, triethylenetetraamine, tetraethylene pentaamine, pentaethylenehexaamine, hexamethylene-
tetramine, and bis (hexamethylene) triamine, the diaminobenzenes, the diaminopyridines or mixtures thereof. The
compounds capable of condensing with the acylating agent and further having a tertiary amino group can further include
aminoalkyl substituted heterocyclic compounds such as 1‑(3-aminopropyl)imidazole and 4‑(3-aminopropyl)morpholine,
1‑(2-aminoethyl)piperidine, 3,3-di-amino-N-methyldipropylamine, 3’,3-aminobis(N,N-dimethylpropylamine). Another ex-
ample of compounds capable of condensing with the acylating agent and having a tertiary amino group include
alkanolamines including, but not limited to, triethanolamine, trimethanolamine, N,N-dimethylaminopropanol, N,N-di-
ethylaminopropanol, N,N-diethylaminobutanol, N,N,N-tris (hydroxyethyl)amine, N,N,N-tris(hydroxymethyl)amine.
[0241] In embodiments, the polymer may be reacted with a polyether aromatic compound. Typically, the polyether
aromatic compound will have at least two functional groups, each capable of reacting with a monocarboxylic acid or ester
thereof, or dicarboxylic acid, anhydride or ester thereof, or mixtures thereof. In embodiments, the polyether aromatic
compound is derived from an aromatic compound containing at least one amine group and wherein the poly ether is
capable of reacting with a monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof.
[0242] Examples of suitable polyether aromatic amines include compounds having the following structure:

in which A represents an aromatic aminic moiety wherein the ether groups are linked through at least one amine group on
the aromatic moiety; R1 and R6 are independently hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; R2, R3, R4,
andR5 are independently hydrogenor alkyl containing fromabout 1 toabout 6 carbonatomsofmixtures thereof; andaand
x are independently integers from about 1 to about 50.
[0243] The acylated polymer may be reacted with a polyether amine or polyether polyamine. Typical polyether amine
compounds contain at least one ether unit and are chain terminated with at least one amine moiety. The polyether
polyamines can be based on polymers derived from C2‑C6 epoxides such as ethylene oxide, propylene oxide, and
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butylene oxide. Examples of polyether polyamines are sold under the Jeffamine™ brand and are commercially available
from Hunstman Corporation.
[0244] Amines useful herein for combination with the acylated polymer include one or more of: N-phenyldiamines (such
as N-phenyl‑1,4-phenylenediamine, N-phenyl-p-phenylenediamine (a.k.a. 4-amino-diphenylamine, ADPA), N-phe-
nyl‑1,3-phenylenediamine, N-phenyl‑1,2-phenylenediamine), nitroaniline (such as 3-nitroaniline), N-phenylethane-dia-
mine (such as N1-phenylethane‑1,2-diamine), N-aminophenylacetamide (such as N‑(4-aminophenyl)acetamide), mor-
pholinopropanamine (such as 3-morpholinopropan‑1-amine), and aminoethylpiperazine (such as 1‑(2-aminoethyl)pi-
perazine).
[0245] In embodiments, the functionalization (such as amination) reactions described herein may take place in diluent
(such as base oil or alkane solvent). As a side product, functionalized diluent (such as functionalized base oil) can be
produced. It is contemplated that the functionalized diluent (such as functionalized base oil) may comprise reaction
product of the acylated diluent (such as acylated base oil) with an amine to form an amide, imide or combination thereof.
[0246] Preferably, the reaction product of the acylated diluent (such as acylated oil) with an amine or alcohol to form an
amide, imide, ester, or combination thereof,maybe present in a concentrate in anamount of 40 wt%or less, alternately 20
wt%or less, alternately 10wt%or less, alternately 5wt%or less, alternately3mass%or less, preferably2mass%or less,
preferably 1 mass % or less, preferably at 0.1 mass % or less, preferably at 0 mass % (such as 0 to 40 mass %, alternately
0.01 to40mass%,alternately 0.1 to20mass%,alternately to1 to10mass%,alternately 1.5 to5mass%), basedupon the
weight of the concentrate composition.
[0247] Preferably one or more functionalized base oils, such as the reaction product of the acylated diluent (such as
acylated base oil) with an amine or alcohol to form an amide, imide, ester, or combination thereof, may be present in the
lubricating oil composition at an amount of 0.01 to 40 mass %, alternately 0.1 to 20 mass %, alternately to 1 to 10 mass %,
alternately 1.5 to 5 mass %, (such as at 3 mass % or less, preferably 2 mass % or less, preferably 1 mass % or less,
preferably at 0.1 mass % or less, preferably at 0 mass %), based upon the weight of the lubricating oil composition.
[0248] In embodiments, the functionalization (such as amination) reactions described herein may take place in solvent-
containing media. As a side product, functionalized solvent can be produced. In embodiments, the functionalized solvent
maybepresent in a concentrate compositionat 3mass%or less, preferably 2mass%or less, preferably 1mass%or less,
preferably at 0.1 mass % or less, preferably at 0 mass %, based upon the weight of the concentrate composition. In
embodiments, functionalizedsolventmaybepresent ina lubricatingoil compositionat 3mass%or less, preferably 2mass
% or less, preferably 1 mass % or less, preferably at 0.1 mass % or less, preferably at 0 mass %, based upon the weight of
the lubricating oil composition.
[0249] In embodiments, the acylated base oil/solvent may be removed prior to functionalization.
[0250] The functionalized polymer may be a homopolymer of C4 or C5 olefins, such as butadiene and isoprene.
[0251] In embodiments, the functionalized polymer may be a homopolymer of isoprene, or a copolymer of isoprene and
less than 5 mol % (such as less than 3 mol %, such as less than 1 mol %, such as less than 0.1 mol %) comonomer.
[0252] The functionalized polymer may comprise or be a copolymer of isoprene and one or more of styrene, methyl-
styrene, 2,3-dimethyl-butadiene, 2-methyl‑1,3-pentadiene, myrcene, 3-methyl‑1,3-pentadiene, 4-methyl‑1,3-penta-
diene, 2-phenyl‑1,3-butadiene, 2-phenyl‑1,3-pentadiene, 3-phenyl‑1,3 pentadiene, 2,3-dimethyl‑1,3-pentadiene, 2-hex-
yl‑1,3-butadiene, 3-methyl‑1,3-hexadiene, 2-benzyl‑1,3-butadiene, 2-p-tolyl‑1,3-butadiene 1,3-butadiene, 1,3-penta-
diene, 1,3-hexadiene, 1,3-heptadiene, 2,4-heptadiene, 1,3-octadiene, 2,4-octadiene, 3,5-octadiene, 1,3-nonadiene,
2,4-nonadiene, 3,5-nonadiene, 1,3-decadiene, 2,4-decadiene, and 3,5-decadiene, (optionally the comonomer(s) are
present at less than20mol%, less than5mol%,suchas less than3mol%,suchas less than1mol%,suchas less than0.1
mol %)
[0253] In embodiments, the functionalized polymer comprises 10 (such as 9, such as 8, such as 7, such as 6, such as 5,
such as 4, such as 3, such as 2, such as 1) wt %, or less, based upon the weight of the functionalized polymer, of styrene
monomer.
[0254] In embodiments, styrene repeat units may be absent in the functionalized polymer.
[0255] In embodiments, the functionalizedpolymermaybeablock or tapereredblock copolymer that doesnot comprise
a styrene block.
[0256] In embodiments, the functionalized polymer may be a block or taperered block copolymer comprising (or
consisting of or consisting essentially of) isoprene.
[0257] In embodiments, the functionalized polymer may be a block or taperered block copolymer comprising 50 wt % or
more isoprene, based upon the weight of the copolymer.
[0258] In embodiments, the functionalized polymer may be a block or taperered block copolymer comprising (or
consisting of or consisting essentially of)C4‑5 conjugateddiene, preferably comprising50 (suchas60, suchas70, suchas
80, such as 90, such as 95, such as 98) wt % or more C4‑5 conjugated diene, based upon the weight of the copolymer.
[0259] In embodiments, the functionalized polymer maybe a copolymer comprising 50 (such as 60, such as 70, such as
80, such as 90, such as 95, such as 98) wt % or more isoprene, based upon the weight of the copolymer.
[0260] In embodiments, the functionalized polymer maybe a copolymer comprising 50 (such as 60, such as 70, such as
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80, such as 90, such as 95, such as 98) wt % or more butadiene, based upon the weight of the copolymer.
[0261] In embodiments, the functionalized polymer maybe a copolymer comprising 50 (such as 60, such as 70, such as
80, such as 90, such as 95, such as 98) wt % or more butadiene and isoprene, based upon the weight of the copolymer.
[0262] In embodiments, the functionalized polymer may be a di-block copolymer comprising at least one block of
isoprene homo-or co‑ polymer.
[0263] Optionally, butadiene repeat units may be absent in the functionalized polymer.
[0264] Optionally, the functionalized polymer may be not homopolyisobutylene.
[0265] Optionally, the functionalized polymer may be not a copolymer of isoprene and butadiene.
[0266] Generally, the polymerized conjugated diene in the functionalized polymer includes monomer units that have
been inserted in the growing polymer chain by conjugated addition and non-conjugated addition In embodiments the
functionalized polymer contains at least about 50 % of by conjugated addition insertions, such as at least about 75 % of by
conjugated addition insertions, such as about 80 % of by conjugated addition insertions, such as from about 85 % to about
100 % of by conjugated addition insertions, based upon the total number of by conjugated addition and non-conjugated
insertions, as measured by 13C NMR.
[0267] The insertion of isoprene most often occurs by 2,1 insertions, 1,4 insertions (trans and cis), and 3,4 insertions of
isoprene. (Measurements of the insertion geometry are determined by 1H NMR.) As measured by 1H NMR, the
functionalized isoprene polymer contains at least about 50 % of 1,4-insertions, such as at least about 75 % of 1,4
insertions, suchasat least about 80%of 1,4 insertions, suchasat least about 90%of 1,4 insertions, suchasat least about
95 % of 1,4 insertions, such as at least 98 % of 1,4 insertions, based upon the total of the 2,1 insertions, 1,4 insertions, and
3,4 insertions of isoprene. For purposes of this disclosure: 1) the phrase "1,4 insertion" includes 1,4 and 4,1 insertions, 2)
the phrase "2,1 insertion" includes 2,1 and 1,2 insertions, and 3) the phrase "3,4 insertion" includes 3,4 and 4,3 insertions.
[0268] The functionalized polymer may be homopolymer or copolymer. Optionally, the functionalized polymer com-
prises a homopolymer or copolymer of isoprene. The copolymer may be a random copolymer, a tapered block copolymer,
a star copolymer, or a block copolymer.
[0269] The functionalized polymer may typically have an Mn of 20,000 to 150,000 g/mol, alternately 20,000 to about
150,000g/mol, alternately 30,000 toabout 125,000g/mol, alternately 35,000 toabout 100,000g/mol, alternately 40,000 to
80,000 g/mol (GPC-PS).
[0270] Thepolymer prior to functionalizationmay typically haveanMn/Mw (GPC-PS) of 1.0 to 2, suchas1.1 to 1.5, such
as 1.1 to 1.3, such as 1.1 to 1.2. As functionalization occurs, Mw/Mn broadening may occur.
[0271] The functionalized polymer may typically have an Mw/Mn (GPC-PS) of 1 to 3, alternately 1 to 2, alternately
greater than 1 to less than 2, alternately 1.05 to 1.9, alternately 1.10 to 1.8, alternately 1.10 to 1.7, alternately 1.12 to 1.6,
alternately 1.13 to 1.5, alternately 1.15 to 1.4, alternately 1.15 to 1.3. Alternately, the functionalized polymer may typically
haveanMw/Mnof 1or greater than1 to less than2 (suchas less than1.8, suchas less than1.7, suchas less than1.6, such
as less than 1.4, such as less than 1.2, such as less than 1.15, such as less than 1.12, such as less than 1.10).
[0272] In embodiments, the functionalizedpolymermayhaveaSaponificationNumber (SAP) of 25 (suchas28, suchas
30, such as 32, such as 34) mgKOH/g or more, as determined by ASTM D94.
[0273] In embodiments, the functionalizedpolymermay contribute 17%ormore (suchas20%ormore, suchas17 to40
%, such as 20 to 30 %) to the Saponification Number of the lubricating oil composition.
[0274] In embodiments, the functionalized polymer may have an average functionality of 1.4 to 20 FG grafts/polymer
chain, such as 1.4 to 15 FG grafts/polymer chain, such as 3 to 12.5 FG grafts/polymer chain, such as 4 to 10 FG
grafts/polymer chain, as determined by GPC-PS.
[0275] The functionalizedpolymermayhaveanaverage functionality of 15 (suchas14, 13, 12,11, 10, 9, 8, 7, or 6)or less
FG grafts/polymer chain, as determined by GPC-PS.
[0276] The functionalized polymer may have an average functionality of 1 (such as 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, or 4.0) or more FG
grafts/polymer chain, as determined by GPC-PS.
[0277] The functionalized polymer mayhavean average functionality from1 (suchas 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, or 4.0) to 15 (such as 14, 13,
12 ,11, 10, 9, 8, 7, or 6) FG grafts/polymer chain, as determined by GPC-PS.
[0278] In embodiments, the functionalized polymer may have an aromatic content of 5 % or less, such as 3 % or less,
such as 1 % or less, such as 0 %, based upon the weight of the polymer.
[0279] In embodiments, the functionalized polymer may comprise acylated polymers of branched C4‑5 monomers
having an Mn of 20,000 to 500,000 g/mol having an Mw/Mn of 2 or less, such as from 1 to 2.0, as determined by GPC-PS.
[0280] In embodiments, the functionalized polymer may have a number average molecular weight (Mn) of 20,000 (such
as 25,000, such as 30,000, such as 35,000 such as 40,000) g/mol or more, as determined by GPC-PS.
[0281] In embodiments, the functionalized polymer may have a weight average molecular weight (Mw) of 50,000 (such
as 40,000, such as 35,000) g/mol or less, as determined by GPC-PS. In embodiments, the functionalized polymer may
have a weight average molecular weight (Mw) of 1000 to 50,000 g/mol, such as 5000 to 40,000 g/mol as determined by
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GPC-PS.
[0282] In embodiments, the functionalized polymer may have a z average molecular weight (Mz) of 5000 to 150,000
g/mol, such as 10,000 to 150,000 g/mol, such as 15,000 to 70,000 g/mol, such as 20,000 to 150,000 g/mol, alternately
20,000 to about 150,000 g/mol, alternately 30,000 to about 125,000 g/mol, alternately 35,000 to about 100,000 g/mol,
alternately 40,000 to 80,000 g/mol, alternately 40,000 to 60,000 g/mol (GPC-PS).
[0283] In embodiments, the functionalized polymer may have a gel content of less than about 5 wt %, less than 3 wt %,
less than 2 wt %, less than 1 wt %, less than 0.5 wt %, less than 0.1 wt %, or 0 wt %, where the gel content is measured by
determining the amount of material that is extractable from the polymer by using boiling xylene (or cyclohexane) as an
extractant. Thepercent of soluble and insoluble (gel)material in apolymer composition is determinedasdescribed herein.
[0284] In embodiments, the functionalized polymer may have a Functionality Distribution (Fd) value of 3.5 or less (such
as 3.4 or less, such as from 1 to 3.3, such as from 1.1 to 3.2, such as from 1.2 to 3.0, such as 1.4 to 2.9, as determined by
GPC-PS). Functionality Distribution (Fd) value is determined as set out in the Example section below and an average
functionality of 1.4 to 20 FG grafts/polymer chain, such as 1.4 to 15 FG grafts/polymer chain, such as 3 to 12.5 FG
grafts/polymer chain, such as 4 to 10 FG grafts/polymer chain, as determined by GPC-PS.
[0285] This disclosure relates to amide, imide, and/or ester functionalized hydrogenated/saturated polymers compris-
ing (consisting essentially of or consisting of) C4‑5 olefins having an Mw/Mn of less than 2, a Functionality Distribution (Fd)
value of 3.5 or less (such as 3.4 or less, suchas from 1 to 3.3, suchas from 1.1 to 3.2, such as from 1.2 to 3.0, such as 1.4 to
2.9, as determined by GPC-PS), and wherein, if the polymer prior to functionalization is a C4 olefin polymer such as
polyisobutylene, polybutadiene, or a copolymer thereof (preferably a polyisobutylene or a copolymer of isobutylene and
butadiene), then the C4 olefin polymer has an Mn of 10,000 g/mol or more (GPC-PS), and if the polymer prior to
functionalization is a C4/C5 copolymer of isoprene and butadiene, then the Mn of the copolymer is greater than 25,000 Mn
(GPC-PS).
[0286] This disclosure also relates to amide, imide, and/or ester functionalized hydrogenated/saturated polymers
comprising 90mol%ormore isoprene repeat units, havinganMw/Mnof less than 2, aFunctionalityDistribution (Fd) value
of 3.5or less (suchas3.4or less, suchas from1 to3.3, suchas from1.1 to3.2, suchas from1.2 to3.0, suchas1.4 to2.9, as
determinedbyGPC-PS), andwherein the polymer prior to functionalization has anMn of 30,000 g/mol ormore (GPC-PS).
[0287] This disclosure also relates to amide, imide, and/or ester functionalized hydrogenated/saturated homopolymers
of isoprene having an Mw/Mn of less than 2, a Functionality Distribution (Fd) value of 3.5 or less (such as 3.4 or less, such
as from1 to3.3, suchas from1.1 to3.2, suchas from1.2 to3.0, suchas1.4 to2.9, asdeterminedbyGPC-PS), andwherein
the polymer prior to functionalization has an Mn of 30,000 g/mol or more (as determined by GPC-PS).
[0288] The lubricatingcompositionaccording to thepresent disclosuremay further compriseoneormoreadditives such
as detergents, friction modifiers, antioxidants, pour point depressants, anti-foam agents, viscosity modifiers, dispersants,
corrosion inhibitors, antiwear agents, extreme pressure additives, demulsifiers, seal compatibility agents, seal swell
agents, additive diluent base oils, etc. Specific examples of such additives are described in, for example, Kirk-Othmer
Encyclopedia of Chemical Technology, third edition, volume 14, pp. 477‑526, and several are discussed in further detail
below.

C. Detergents

[0289] The lubricating oil compositions and concentrate compositions may comprise one or more metal detergents
(such as blends of metal detergents) also referred to as a "detergent additive." Metal detergents typically function both as
detergents to reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear and corrosion
and extending engine life. Detergents generally comprise a polar head with a long hydrophobic tail, with the polar head
comprising a metal salt of an acidic organic compound. The salts may contain a substantially stoichiometric amount of the
metal in which case they are usually described as normal or neutral salts, and would typically have a total base number
("TBN"asmeasuredbyASTMD2896) of up to150mgKOH/g, suchas from0 to80 (or 5‑30)mgKOH/g.A largeamount of a
metal base may be incorporated by reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas (e.g.,
carbon dioxide). Such detergents, sometimes referred to as overbased, may have a TBN of 100 mgKOH/g or more (such
as200mgKOH/gormore), and typicallywill haveaTBNof 250mgKOH/gormore, suchas300mgKOH/gormore, suchas
from 200 to 800 mgKOH/g, 225 to 700 mgKOH/g, 250 to 650 mgKOH/g, or 300 to 600 mgKOH/g, such as 150 to 650
mgKOH/g.
[0290] Suitable detergents include, oil-soluble neutral and overbased sulfonates, phenates, sulfurized phenates,
thiophosphonates, salicylates, naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali metals
(Group1metals, e.g., Li,Na,K,Rb) or alkalineearthmetals (Group2metals, e.g., Be,Mg,Ca,Sr,Ba), particularly, sodium,
potassium, lithium, calcium, and magnesium, such as Ca and/or Mg. Furthermore, the detergent may comprise a hybrid
detergent comprising any combination of sodium, potassium, lithium, calcium, or magnesium salts of sulfonates,
phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates or other oil-soluble carboxylates of a
Group 1 and/or 2 metal.
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[0291] Preferably, thedetergent additive(s) useful in thepresent disclosurecomprises calciumand/ormagnesiummetal
salts. The detergent may be a calcium and/or magnesium carboxylate (e.g., salicylates), sulfonate, or phenate detergent.
More preferably, the detergent additives are selected from magnesium salicylate, calcium salicylate, magnesium
sulfonate, calcium sulfonate, magnesium phenate, calcium phenate, and hybrid detergents comprising two, three, four,
or more of more of these detergents and/or combinations thereof.
[0292] The metal-containing detergent may also include "hybrid" detergents formed with mixed surfactant systems
including phenate and/or sulfonate components, e.g., phenate/salicylates, sulfonate/phenates, sulfonate/salicylates,
sulfonates/phenates/salicylates, as described, for example, in US Patent Nos. 6,429,178; 6,429,179; 6,153,565; and
6,281,179. Where, for example, a hybrid sulfonate/phenate detergent is employed, the hybrid detergent would be
considered equivalent to amounts of distinct phenate and sulfonate detergents introducing like amounts of phenate
and sulfonate soaps, respectively.
[0293] The overbased metal-containing detergent may be sodium salts, calcium salts, magnesium salts, or mixtures
thereof of the phenates, sulfur-containing phenates, sulfonates, salixarates, and salicylates. Overbased phenates and
salicylates typically have a total base number of 180 to 650 mgKOH/g, such as 200 to 450 TBN mgKOH/g. Overbased
sulfonates typically have a total base number of 250 to 600 mgKOH/g, or 300 to 500 mgKOH/g. In embodiments, the
sulfonate detergent may be predominantly a linear alkylbenzene sulfonate detergent having a metal ratio of at least 8 as is
described in paragraphs [0026] to [0037] of US Patent Application Publication No. 2005/065045 (and granted as US
PatentNo.7,407,919).Theoverbaseddetergentmaybepresentat 0wt% to15wt%,or0.1wt% to10wt%,or0.2wt% to8
wt %, or 0.2 wt % to 3 wt %, based upon of the lubricating composition. For example, in a heavy-duty diesel engine, the
detergentmaybepresent at 2wt% to3wt%of the lubricating composition. For apassenger car engine, thedetergentmay
be present at 0.2 wt % to 1 wt % of the lubricating composition.
[0294] The detergent additive(s) may comprise one or more magnesium sulfonate detergents. The magnesium
detergent may be a neutral salt or an overbased salt. Suitably the magnesium detergent is an overbased magnesium
sulfonate having a TBN of from of from 5 to 700 mgKOH/g (ASTM D2896), or from 7 to 600 mgKOH/g, or from 9 to 500
mgKOH/g, or 80 to 650 mgKOH/g, such as 200 to 500 mgKOH/g, such as 240 to 450 mgKOH/g.
[0295] Alternately, the detergent additive(s) is a magnesium salicylate. Suitably the magnesium detergent is a
magnesium salicylate having TBN of from 5 to 700 mgKOH/g (ASTM D2896), or from 7 to 600 mgKOH/g, or from 9 to
500 mgKOH/g, 30 to 650 mgKOH/g, such as 50 to 500 mgKOH/g, such as 200 to 500 mgKOH/g, such as 240 to 450
mgKOH/g or alternately of 150 mgKOH/g or less, such as 100 mgKOH/g or less.
[0296] Alternately, the detergent additive(s) is a combination of magnesium salicylate and magnesium sulfonate.
[0297] The magnesium detergent provides the lubricating composition thereof with from 200‑4000 ppm of magnesium
atoms, suitably from 200‑2000 ppm, from 300 to 1500 or from 450‑1200 ppm of magnesium atoms (ASTM D5185).
[0298] The detergent composition may comprise (or consist of) a combination of one or more magnesium sulfonate
detergents and one or more calcium salicylate detergents.
[0299] The combination of one ormore magnesium sulfonate detergents and oneor more calciumsalicylate detergents
provides the lubricating composition thereof with: 1) from 200‑4000 ppm of magnesium atoms, suitably from 200‑2000
ppm, from 300 to 1500 ppm or from 450‑1200 ppm of magnesium atoms (ASTM D5185), and 2) at least 500 ppm,
preferably at least 750 ppm, more preferably at least 900 ppm of atomic calcium, such as from 500‑4000 ppm, preferably
from 750‑3000 ppm, more preferably from 900‑2000 ppm atomic calcium (ASTM D5185).
[0300] The detergent may comprise one or more calcium detergents such as calcium carboxylate (e.g., salicylate),
sulfonate, or phenate detergent.
[0301] Suitably the calcium detergent has a TBN of from 30 to 1400 mgKOH/g (ASTM D2896), such as 80 to 1200
mgKOH/g, suchas100 to1000mgKOH/g, suchas150 to800mgKOH/g, suchas200 to600mgKOH/g, suchas240 to550
mgKOH/g, or alternately of 150 mgKOH/g or less, such as 100 mgKOH/g or less, or 200 mgKOH/g or more, or 300
mgKOH/g or more, or 350 mgKOH/g or more. The calcium detergent preferably has a TBN of greater than or equal 500, or
600, or 700, or 800, or 1000, or 1200, or 1300, or 1400 mgKOH/g.
[0302] Suitably, the calcium detergent is a calcium salicylate, sulfonate, or phenate having a TBN of from 30 to 1400
mgKOH/g, 30 to 1200mgKOH/g (ASTMD2896), suchas50 to1000mgKOH/g, suchas200 to800mgKOH/g, suchas240
to 600 mgKOH/g or alternately of 150 mgKOH/g or less, such as 100 mgKOH/g or less, or 200 mgKOH/g or more, or 300
mgKOH/g or more, or 350 mgKOH/g or more, or 500 mgKOH/g or more, or 700 mgKOH/g or more, or 900 mgKOH/g or
more, or 1100 mgKOH/g or more, or 1300 mgKOH/g or more.
[0303] Calcium detergent is typically present in amount sufficient to provide at least 500 ppm, preferably at least 750
more, preferably at least 900 ppm atomic calcium to the lubricating oil composition (ASTM D5185). If present, any calcium
detergent is suitably present in amount sufficient to provide no more than 4000 ppm, preferably no more than 3000 ppm,
more preferably no more than 2000 ppm atomic calcium to the lubricating oil composition (ASTM D5185). If present, any
calcium detergent is suitably present in amount sufficient to provide at from 500‑4000ppm, preferably from 750‑3000ppm
more preferably from 900‑2000 ppm atomic calcium to the lubricating oil composition (ASTM D5185).
[0304] Suitably the total atomic amount of metal from detergent in the lubrication composition according to all aspects of
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the disclosure is no more than 5000 ppm, preferably no more than 4000 pm and more preferably no more than 2000 ppm
(ASTM D5185). The total amount of atomic metal from detergent in the lubrication oil composition according to all aspects
of the disclosure is suitably at least 500 ppm, preferably at least 800 ppm and more preferably at least 1000 ppm (ASTM
D5185). The total amount of atomic metal from detergent in the lubrication oil composition according to all aspects of the
disclosure is suitably from 500 to 5000 ppm, preferably from 500 to 3000 ppm and more preferably from 500 to 2000 ppm
(ASTM D5185).
[0305] Sulfonate detergents may be prepared from sulfonic acids which are typically obtained by the sulfonation of alkyl
substituted aromatic hydrocarbons, such as those obtained from the fractionation of petroleum or by the alkylation of
aromatic hydrocarbons. Examples include those obtained by alkylating benzene, toluene, xylene, naphthalene, diphenyl,
or their halogen derivatives such as chlorobenzene, chlorotoluene, and chloronaphthalene. The alkylationmay be carried
out in the presence of a catalyst with alkylating agents having from about 3 to more than 70 carbon atoms. The alkaryl
sulfonates usually contain from about 9 to about 80 or more carbon atoms, preferably from about 16 to about 60 carbon
atoms per alkyl substituted aromatic moiety. The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides, nitrates, borates and ethers of the metal.
The amount of metal compound is chosen having regard to the desired TBN of the final product, but typically ranges from
about 100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically required.
[0306] Metal salts of phenols andsulfurizedphenols arepreparedby reactionwithanappropriatemetal compoundsuch
as an oxide or hydroxide and neutral or overbased products may be obtained by methods well known in the art. Sulfurized
phenolsmaybepreparedby reactingaphenolwith sulfur or a sulfur-containingcompoundsuchashydrogensulfide, sulfur
monohalide, or sulfur dihalide, to formproductswhich aregenerallymixturesof compounds inwhich2ormorephenols are
bridged by sulfur-containing bridges.
[0307] Carboxylate detergents, e.g., salicylates, can be prepared by reacting an aromatic carboxylic acid (such as a
C5‑100, C9‑30, C14‑24 alkyl-substituted hydroxy-benzoic acid) with an appropriate metal compound such as an oxide or
hydroxideandneutral or overbasedproductsmaybeobtainedbymethodswell known in theart.Thearomaticmoietyof the
aromatic carboxylic acid can contain heteroatoms, such as nitrogen and oxygen. Preferably, the moiety contains only
carbon atoms; more preferably the moiety contains six or more carbon atoms; for example, benzene is a preferred moiety.
The aromatic carboxylic acidmay contain one ormore aromaticmoieties, suchas oneor morebenzene rings, either fused
or connected via alkylene bridges.
[0308] Preferred substituents in oil-soluble salicylic acids are alkyl substituents. In alkyl-substituted salicylic acids, the
alkyl groups advantageously contain 5 to 100, preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is more
than one alkyl group, the average number of carbon atoms in all of the alkyl groups is preferably at least 9 to ensure
adequate oil solubility.
[0309] In embodiments, the ratio of atomic detergentmetal to atomic molybdenum in the lubricating oil compositionmay
be less than 3:1, such as less than 2:1.
[0310] Further, as metal organic and inorganic base salts, which are used as detergents can contribute to the sulfated
ash content of a lubricating oil composition, in embodiments of the present disclosure, the amounts of such additives are
minimized. In order to maintain a low sulfur level, salicylate detergents can be used and the lubricating composition herein
may comprise one or more salicylate detergents (said detergents are preferably used in amounts in the range of 0.05 to
20.0wt%,morepreferably from1.0 to 10.0wt%andmost preferably in the rangeof from2.0 to 5.0wt%, basedon the total
weight of the lubricating composition).
[0311] The total sulfated ash content of the lubricating composition herein is typically not greater than 2.0 wt %,
alternately at a level of not greater than 1.0 wt % and alternately at a level of not greater than 0.8 wt %, based on the total
weight of the lubricating composition as determined by ASTM D874.
[0312] Furthermore, it is useful that each of the detergents, independently, have a TBN (total base number) value in the
range of from 10 to 700 mgKOH/g, 10 to 500 mgKOH/g, alternately in the range of from 100 to 650, alternately in the range
of from 10 to 500 mgKOH/g, alternately in the range of from 30 to 350 mgKOH/g, and alternately in the range of from 50 to
300 mgKOH/g, as measured by ISO 3771.
[0313] Thesulfonatedetergents (suchasCaand/orMgsulfonatedetergents)maybepresent inanamount todeliver0.1
wt % to 1.5 wt %, or 0.15 to 1.2 wt %, or 0.2 wt % to 0.9 wt % sulfonate soap to the lubricant composition.
[0314] The salicylate detergents (such asCa and/or Mg salicylate detergents) are present in an amount to deliver 0.3wt
% to 1.4 wt %, or 0.35 wt % to 1.2 wt %, or 0.4 wt % to 1.0 wt % salicylate soap to the lubricant composition.
[0315] The sulfonate soap may be present in an amount 0.2 wt % to 0.8 wt % of the lubricant composition, and the
salicylate soap may be present in an amount 0.3 wt % to 1.0 wt % of the lubricant composition.
[0316] The total of all alkalineearthmetal detergent soapmaybepresent inanamount0.6wt% to2.1wt%,or0.7wt% to
1.4 wt % of the lubricant composition.
[0317] Typically, lubricating compositions formulated for use in heavy-duty diesel engines comprise detergents at from
about 0.1 to about 10 mass %, alternately from about 0.5 to about 7.5 mass %, alternately from about 1 to about 6.5 mass
%, based on the lubricating composition.
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[0318] Typically, lubricating compositions formulated for use in a passenger-car engines comprise detergents at from
about 0.1 to about 10 mass %, alternately from about 0.5 to about 7.5 mass %, alternately from about 1 to about 6.5 mass
%, based on the lubricating composition.
[0319] Typically, lubricating compositions formulated for use in a drive train (e.g., transmissions) comprise detergents at
from about 0.1 to about 10 mass %, alternately from about 0.5 to about 7.5 mass %, alternately from about 2 to about 6.5
mass %, based on the lubricating composition.

D. Friction Modifiers

[0320] A friction modifier is any material or materials that can alter the coefficient of friction of a surface lubricated by any
lubricant or fluid-containing such material(s). Friction modifiers, also known as friction reducers, or lubricity agents or
oiliness agents, and other such agents that change the ability of base oils, formulated lubricating compositions,
concentrate compositions or functional fluids, to modify the coefficient of friction of a lubricated surface may be effectively
used in combination with the base oils or lubricating compositions of the present disclosure if desired. Friction modifiers
that lower the coefficient of friction are particularly advantageous in combination with the base oils and lubricating
compositions of this disclosure.
[0321] Illustrative friction modifiers may include, for example, organometallic compounds or materials, or mixtures
thereof. Illustrative organometallic friction modifiers useful in the lubricating oil formulations of this disclosure include, for
example, tungsten and/or molybdenum compounds, such as molybdenum amine, molybdenum diamine, an organo-
tungstenate, a molybdenum dithiocarbamate, molybdenum dithiophosphates, molybdenum amine complexes, molyb-
denum carboxylates, and the like, and mixtures thereof. Examples of useful molybdenum-containing compounds may
conveniently include molybdenum dithiocarbamates, trinuclear molybdenum compounds, for example, as described in
PCT Publication No. WO 98/26030, sulfides of molybdenum and molybdenum dithiophosphate.
[0322] Other known friction modifiers comprise oil-soluble organo-molybdenum compounds. Such organo-molybde-
num friction modifiers may also provide antioxidant and antiwear credits to a lubricating oil composition. Examples of such
oil-solubleorgano-molybdenumcompounds includedithiocarbamates,dithiophosphates, dithiophosphinates, xanthates,
thioxanthates, sulfides, and the like, and mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.
[0323] Additionally, themolybdenumcompoundmaybeanacidicmolybdenumcompound. Thesecompoundswill react
with a basic nitrogen compound as measured by ASTM test D664 or D2896 titration procedure and are typically
hexavalent. Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium molybdate, and other
alkali metal molybdates and other molybdenum salts, e.g., hydrogen sodium molybdate, MoOC14, MoO2Br2, Mo2O3C16,
molybdenum trioxide or similar acidic molybdenum compounds.
[0324] Among the molybdenum compounds useful in the compositions of this disclosure are organo-molybdenum
compounds of the formula Mo(R"OCS2)4 and Mo(R"SCS2)4, wherein R" is an organo group selected from the group
consistingofalkyl, aryl, aralkyl andalkoxyalkyl, generally of from1 to30carbonatoms,andpreferably2 to12carbonatoms
and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the dialkyldithiocarbamates of molybdenum.
[0325] Another group of organo-molybdenum compounds useful in the lubricating compositions of this disclosure are
trinuclear molybdenum compounds, especially those of the formula Mo3SkLnQz and mixtures thereof wherein the L are
independently selected ligands having organo groups with a sufficient number of carbon atoms to render the compound
solubleor dispersible in theoil, n is from1 to4, k varies from4 to7,Q is selected from thegroupof neutral electron-donating
compounds such as water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes non-
stoichiometric values.At least 21 carbonatomsshould bepresent amongall the ligand/organogroups, suchasat least 25,
at least 30, or at least 35, carbon atoms.
[0326] Lubricatingoil compositionsuseful inall aspectsof thepresentdisclosurepreferably containat least 10ppm,or at
least 12 ppm, or at least 20 ppm molybdenum. Suitably, lubricating oil compositions useful in all aspects of the present
disclosure contain nomore than1000ppm, nomore than750ppm, nomore than500ppm, nomore than350ppm,ormore
preferably no more than 200 ppm of molybdenum. Lubricating oil compositions useful in all aspects of the present
disclosure preferably contain from 12 to 350 ppm, such as 12 to 500 ppm, or 20 to 200 ppm of molybdenum (measured as
atoms of molybdenum).
[0327] Formore informationor useful frictionmodifiers containingMo,pleaseseeUSPatentNo. 10,829,712 (col 8, ln 58
to col 11, ln 31). Particularly preferred friction modifiers containing Mo of the instant disclosure are dimeric molybdenum
dialkyldithiocarbamate (moly dimer), a trimeric molybdenum dialkyldithiocarbamate (moly trimer), or a combination
thereof.
[0328] Ashless friction modifiers may be present in the lubricating oil compositions of the present disclosure and are
known generally and include esters formed by reacting carboxylic acids and anhydrides with alkanols and amine-based
friction modifiers. Other useful friction modifiers generally include a polar terminal group (e.g., carboxyl or hydroxyl)
covalently bonded to an oleophilic hydrocarbon chain. Esters of carboxylic acids and anhydrides with alkanols are
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described in US Patent No. 4,702,850. Examples of other conventional organic friction modifiers are described by M.
Belzer in the "Journal of Tribology" (1992), Vol. 114, pp. 675‑682 and M. Belzer and S. Jahanmir in "Lubrication Science"
(1988),Vol. 1, pp. 3‑26.Typically, the total amount of organicashless frictionmodifier ina lubricant according to thepresent
disclosure does not exceed 5 mass %, based on the total mass of the lubricating oil composition and preferably does not
exceed 2 mass % and more preferably does not exceed 0.5 mass %.
[0329] Illustrative friction modifiers useful in the lubricating compositions described herein include, for example,
alkoxylated fatty acid esters, alkanolamides, polyol fatty acid esters, borated glycerol fatty acid esters, fatty alcohol
ethers, and mixtures thereof.
[0330] Illustrative alkoxylated fatty acid esters include, for example, polyoxyethylene stearate, fatty acid polyglycol
ester, and the like. These can include polyoxypropylene stearate, polyoxybutylene stearate, polyoxyethylene isosterate,
polyoxypropylene isostearate, polyoxyethylene palmitate, and the like.
[0331] Illustrative alkanolamides include, for example, lauric acid diethylalkanolamide, palmic acid diethylalkanola-
mide, and the like. These can include oleic acid diethyalkanolamide, stearic acid diethylalkanolamide, oleic acid
diethylalkanolamide, polyethoxylated hydrocarbylamides, polypropoxylated hydrocarbylamides, and the like.
[0332] Illustrative polyol fatty acid esters include, for example, glycerol monooleate, saturated mono‑, di‑, and tri-
glyceride esters, glycerol monostearate, and the like. These can include polyol esters, hydroxyl-containing polyol esters,
and the like.
[0333] Illustrative borated glycerol fatty acid esters include, for example, borated glycerol monooleate, borated
saturated mono‑, di‑, and tri-glyceride esters, borated glycerol monosterate, and the like. In addition to glycerol polyols,
these can include trimethylolpropane, pentaerythritol, sorbitan, and the like. These esters can be polyol monocarboxylate
esters, polyol dicarboxylate esters, and on occasion polyoltricarboxylate esters. Preferred can be the glycerol mono-
oleates, glycerol di-oleates, glycerol tri-oleates, glycerol mono-oleates, glycerol di-stearates, and glycerol tri-stearates
and the corresponding glycerol mono-palmitates, glycerol di-palmitates, and glycerol tri-palmitates, and the respective
isostearates, linoleates, and the like. Ethoxylated, propoxylated, and/or butoxylated fatty acid esters of polyols, especially
using glycerol as underlying polyol are useful herein.
[0334] Illustrative fatty alcohol ethers include, for example, stearyl ether, myristyl ether, and the like. Alcohols, including
those that have carbon numbers from C3 to C50, can be ethoxylated, propoxylated, or butoxylated to form the
corresponding fatty alkyl ethers. The underlying alcohol portion can preferably be stearyl, myristyl, C11‑C13 hydrocarbon,
oleyl, isosteryl, and the like.
[0335] Useful concentrations of friction modifiers may range from 0.01 wt % to 5 wt %, or about 001 wt % to about 2.5 wt
%, or about 0.05 wt % to about 1.5 wt %, or about 0.051 wt % to about 1 wt %. Concentrations of molybdenum-containing
materials are often described in terms of Mo metal concentration. Advantageous concentrations of Mo may range from 12
ppm to 350 ppm or more, and often with a preferred range of 20 to 200 ppm. Friction modifiers of all types may be used
alone or in mixtures with the materials of this disclosure. Often mixtures of two or more friction modifiers, or mixtures of
friction modifier(s) with alternate surface-active material(s), are also desirable. For example, combinations of Mo-
containing compounds with polyol fatty acid esters, such as glycerol mono-oleate are useful herein.

E. Antioxidants

[0336] Antioxidants retard theoxidativedegradationofbaseoils duringservice.Suchdegradationmay result in deposits
on metal surfaces, the presence of sludge, a viscosity increase in a lubricant, and the like. A wide variety of oxidation
inhibitors that areuseful in lubricatingoil compositions.SeeLubricants andRelatedProducts,Klamann,WileyVCH, 1984;
US Patent Nos. 4,798,684 and 5,084,197, for example.
[0337] Useful antioxidants includehinderedphenols. Thesephenolic antioxidantsmaybeashless (metal-free) phenolic
compoundsor neutral or basicmetal salts of certain phenolic compounds. Typical phenolic antioxidant compoundsare the
hindered phenolics, which contain a sterically hindered hydroxyl group, and these include those derivatives of dihydroxy
aryl compounds in which thehydroxyl groups are in the o‑or p-position to each other. Typical phenolic antioxidants include
the hindered phenols substituted with C6+ alkyl groups and the alkylene coupled derivatives of these hindered phenols.
Examples of phenolic materials of this type 2-t-butyl‑4-heptyl phenol; 2-t-butyl‑4-octyl phenol; 2-t-butyl‑4-dodecyl phenol;
2,6-di-t-butyl‑4-heptyl phenol; 2,6-di-t-butyl‑4-dodecyl phenol; 2-methyl‑6-t-butyl‑4-heptyl phenol; and 2-methyl‑6-t-bu-
tyl‑4-dodecyl phenol. Other useful hindered mono-phenolic antioxidants may include, for example, hindered 2,6-di-alkyl-
phenolic proprionic ester derivatives. Bisphenolic antioxidants may also be advantageously used herein. Examples of
ortho-coupled phenols include: 2,2’-bis(4-heptyl‑6-t-butyl-phenol); 2,2’-bis(4-octyl‑6-t-butyl-phenol); and 2,2’-bis(4-do-
decyl‑6-t-butyl-phenol). Para-coupled bisphenols include, for example, 4,4’-bis(2,6-di-t-butyl-phenol) and 4,4’-methy-
lene-bis(2,6-di-t-butyl-phenol).
[0338] Effective amounts of one ormore catalytic antioxidantsmayalsobe used. The catalytic antioxidants comprise an
effective amount of a) one or more oil soluble polymetal organic compounds; and effective amounts of b) one or more
substituted N,N’-diaryl-o-phenylenediamine compounds or c) one or more hindered phenol compounds; or a combination
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of both b) and c). Catalytic antioxidants useful herein are more fully described in US Patent No. 8,048,833.
[0339] Non-phenolic oxidation inhibitors, which may be used include aromatic amine antioxidants and these may be
usedeither assuchor in combinationwith phenolics. Typical examplesof non-phenolic antioxidants include: alkylatedand
non-alkylatedaromaticaminessuchasaromaticmonoaminesof the formulaR8R9R10N,whereR8 isanaliphatic, aromatic
or substituted aromatic group, R9 is an aromatic or a substituted aromatic group, and R10 is H, alkyl, aryl or R11S(O)XR12
whereR11 is analkylene, alkenylene, or aralkylenegroup,R12 is analkyl group, or analkenyl, aryl, or alkaryl group, andx is
0, 1, or 2. The aliphatic group R8 may contain from 1 to about 20 carbon atoms, and preferably contains from about 6 to 12
carbon atoms. The aliphatic group is typically a saturated aliphatic group. Preferably, both R8 and R9 are aromatic or
substituted aromatic groups, and the aromatic group may be a fused ring aromatic group such as naphthyl. Aromatic
groups R8 and R9 may be joined together with other groups such as S.
[0340] Typical aromaticaminesantioxidantshavealkyl substituentgroupsofat least about6carbonatoms.Examplesof
aliphatic groups include hexyl, heptyl, octyl, nonyl, and decyl. Generally, the aliphatic groups will not contain more than
about 14 carbon atoms. The general types of amine antioxidants useful in the present compositions include dipheny-
lamines, phenyl naphthylamines, phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of two or
more aromatic amines are also useful. Polymeric amine antioxidants can also be used. Particular examples of aromatic
amine antioxidants useful in the present disclosure include: p,p’-dioctyldiphenylamine; t-octylphenyl-alpha-naphthyla-
mine; phenyl-alpha-naphthylamine; and p-octylphenyl-alpha-naphthylamine.
[0341] Sulfur-containing antioxidants are also useful herein. In particular, one or more oil-soluble or oil-dispersible
sulfur-containing antioxidant(s) can be used as an antioxidant additive. For example, sulfurized alkyl phenols and alkali or
alkaline earth metal salts thereof also are useful antioxidants herein. Suitably, the lubricating oil composition(s) of the
present disclosure may include the one or more sulfur-containing antioxidant(s) in an amount to provide the lubricating oil
composition with from 0.02 to 0.2, preferably from 0.02 to 0.15, even more preferably 0.02 to 0.1, even more preferably
0.04 to 0.1, mass % sulfur based on the total mass of the lubricating oil composition. Optionally the oil-soluble or oil-
dispersible sulfur-containing antioxidant(s) are selected from sulfurized C4 to C25 olefin(s), sulfurized aliphatic (C7 to C29)
hydrocarbyl fatty acid ester(s), ashless sulfurized phenolic antioxidant(s), sulfur-containing organo-molybdenum com-
pound(s), and combinations thereof. For further information on sulfurized materials useful as antioxidants herein, please
see US Patent No. 10,731,101 (col 15, ln 55 to col 22, ln 12).
[0342] Antioxidants useful herein include hindered phenols and/or arylamines. These antioxidants may be used
individually by type or in combination with one another.
[0343] Typical antioxidants include: Irganox™ L67, Irganox™ L135, Ethanox™ 4702, Lanxess Additin™ RC 7110;
Ethanox™ 4782J; Irganox™ 1135, Irganox™ 5057, sulfurized lard oil and palm oil fatty acid methyl ester.
[0344] Antioxidant additives may be used in an amount of about 0.01 to 10 (alternately 0.01 to 5, alternately 0.01 to 3 wt
%, alternately 1 to 6wt%, alternately 2 to 5wt%, alternately 3 to 4 wt%, alternately about 0.03 to 5 wt%, alternately 0.05 to
less than 3 wt %, based upon the weight of the lubricating composition.
[0345] Compositions according to the present disclosure may contain an additive having a different enumerated
function that also has secondary effects as an antioxidant (for example, phosphorus-containing antiwear agents (such as
ZDDP) may also have antioxidant effects). These additives are not included as antioxidants for purposes of determining
the amount of antioxidant in a lubricating oil composition or concentrate herein.

F. Pour Point Depressants

[0346] Conventional pour point depressants (also known as lube oil flow improvers) may be added to the compositions
of the present disclosure if desired. Thesepour point depressantsmaybeadded to lubricating compositions of the present
disclosure to lower the minimum temperature at which the fluid will flow or can be poured. Examples of suitable pour point
depressants include polymethacrylates, polyacrylates, polyarylamides, condensation products of haloparaffinwaxes and
aromatic compounds, vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty acids and allyl
vinyl ethers. US Patent Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501; 2,655,479; 2,666,746; 2,721,877; 2,721,878;
and 3,250,715 describe useful pour point depressants and/or the preparation thereof. Such additives may be used in an
amount of about 0.01 to 5 wt %, preferably about 0.01 to 1.5 wt %, based upon the weight of the lubricating composition.

G. Anti-Foam Agents

[0347] Anti-foam agents may advantageously be added to lubricant compositions described herein. These agents
prevent or retard the formation of stable foams.Siliconesand/organic polymers are typical anti-foamagents. For example,
polysiloxanes, such as silicon oil or polydimethyl siloxane, provide anti-foam properties.
[0348] Anti-foamagents are commercially available andmaybeused in minor amounts suchas 5wt%or less, 3 wt%or
less, 1wt%or less, 0.1wt%or less, suchas from5 towt% to0.1ppmsuchas from3wt% to0.5ppm,suchas from1wt% to
10 ppm.
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[0349] For example, it may be that the lubricating oil composition comprises an anti-foam agent comprising polyalkyl
siloxane, suchasapolydialkyl siloxane, for example,wherein thealkyl is aC1‑C10 alkyl group, e.g., apolydimethylsiloxane
(PDMS), also known as a silicone oil. Alternately, the siloxane is a poly(R3)siloxane, wherein R3 is one or more same or
different linearbranchedorcyclic hydrocarbyls, suchasalkylsoraryls, typicallyhaving1 to20carbonatoms. Itmaybe that,
for example, the lubricating oil composition comprises a polymeric siloxane compound according to Formula 1 below
wherein R1 and R2 are independently methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl or decyl, phenyl,
naphthyl, alkyl substituted phenyl, or isomers thereof (such as methyl, phenyl) and n is from 2 to 1000, such as 50 to 450,
alternately such as 40 to 100.
[0350] Additionally, or alternatively, itmaybe that the lubricatingoil composition comprises anorgano-modified siloxane
(OMS), such as a siloxane modified with an organo group such as a polyether (e.g., ethylene-propyleneoxide copolymer),
long chain hydrocarbyl (e.g., C11‑C100 alkyl), or aryl (e.g., C6‑C14 aryl). It may be that, for example, the lubricating oil
composition comprises an organo-modified siloxane compound according to Formula 1, wherein n is from 2 to 2000, such
as50 to 450 (alternately suchas 40 to 100), andwhereinR1 andR2 are the sameor different, optionallywherein eachofR1

and R2 is, independently an organo group, such as an organo group selected from polyether (e.g., ethylene-propylene-
oxide copolymer), long chain hydrocarbyl (e.g., C11‑C100 alkyl), or aryl (e.g., C6‑C14 aryl). Preferably, one of R1 and R2 is
CH3.

[0351] Based on the total weight of the lubricant composition, the siloxane according to Formula 1 is incorporated so as
to provide about 0.1 to less than about 30ppmSi, or about 0.1 to about 25ppmSi, or about 0.1 to about 20ppmSi, or about
0.1 to about 15 ppm Si, or about 0.1 to about 10 ppm Si. More preferably, it is in the range of about 3‑10 ppm Si.
[0352] In embodiments, silicone anti-foam agents useful herein are available from Dow Corning Corporation and Union
Carbide Corporation, such as Dow Corning FS‑1265 (1000 centistokes), Dow Corning DC‑200, and Union Carbide UC-
L45. Silicone anti-foamants useful herein include polydimethylsiloxane, phenyl-methyl polysiloxane, linear, cyclic or
branched siloxanes, silicone polymers and copolymers, and/organo-silicone copolymers. Also, a siloxane polyether
copolymer Anti-foamant available from OSI Specialties, Inc. of Farmington Hills, Michigan and may be substituted or
included. One such material is sold as SILWET-L‑7220.
[0353] Acrylate polymer anti-foam agent can also be used herein. Typical acrylate anti-foamants include polyacrylate
anti-foamant available from Monsanto Polymer Products Co. known as PC‑1244. A preferred acrylate polymer anti-foam
agent useful herein is PX™3841 (i.e., an alkyl acrylate polymer), commercially available from Dorf Ketl, also referred to as
Mobilad™C402.
[0354] In embodiments, a combination of sililcone anti-foamant and acrylate anti-foamant can be used, such as at a
weight ratio of the silicone anti-foamant to the acrylate anti-foamant of from about 5:1 to about 1:5, see, for example, US
Patent Application Publication No. 2021/0189283.

H. Viscosity Modifiers

[0355] Viscosity modifiers (also referred to as viscosity index improvers or viscosity improvers) can be included in the
lubricating compositions and concentrate compositions described herein. Viscosity modifiers provide lubricants with high
and low temperature operability. These additives impart shear stability at elevated temperatures and acceptable viscosity
at low temperatures. Suitable viscosity modifiers include high molecular weight hydrocarbons, polyesters, and viscosity
modifier dispersants that can function as both a viscosity modifier and a dispersant. Typical molecular weights of these
polymers are between about 10,000 to 1,500,000 g/mol, more typically about 20,000 to 1,200,000 g/mol, and even more
typically between about 50,000 and 1,000,000 g/mol.
[0356] Examples of suitable viscosity modifiers are linear or star-shaped polymers and copolymers of methacrylate,
butadiene, olefins, or alkylated styrenes. Polyisobutylene is a commonly used viscosity modifier. Another suitable
viscosity modifier is polymethacrylate (copolymers of various chain length alkyl methacrylates, for example), some
formulations of which also serve as pour point depressants. Other suitable viscosity modifiers include copolymers of
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ethylene and propylene, hydrogenated block copolymers of styrene and isoprene, and polyacrylates (copolymers of
various chain length acrylates, for example). Specific examples include styrene-isoprene or styrene-butadiene based
polymers of 50,000 to 200,000 g/mol molecular weight.
[0357] Copolymers useful as viscosity modifiers include those commercially available from Chevron Oronite Company
LLC under the trade designation "PARATONE™" (such as "PARATONE™ 8921," "PARATONE™ 68231," and "PARA-
TONE™ 8941"); from Afton Chemical Corporation under the trade designation "HiTEC™" (such as HiTEC™ 5850B, and
HiTEC™5777); and from The Lubrizol Corporation under the trade designation "Lubrizol™ 7067C". Hydrogenated
polyisoprene star polymers useful as viscosity modifiers herein include those commercially available from Infineum
International Limited, e.g., under the trade designation "SV200™" and "SV600™". Hydrogenated diene-styrene block
copolymers useful as viscosity modifiers herein are commercially available from Infineum International Limited, e.g.,
under the trade designation "SV 50™".
[0358] Polymers useful as viscosity modifiers herein include polymethacrylate or polyacrylate polymers, such as linear
polymethacrylate or polyacrylate polymers, such as those available from Evnoik Industries under the trade designation
"Viscoplex™" (e.g., Viscoplex™ 6‑954) or star polymers which are available from Lubrizol Corporation under the trade
designation Asteric™ (e.g., Lubrizol™ 87708 and Lubrizol™ 87725).
[0359] Vinyl aromatic-containing polymers useful as viscosity modifiers herein may be derived from vinyl aromatic
hydrocarbon monomers, such as styrenic monomers, such as styrene. Illustrative vinyl aromatic-containing copolymers
useful herein may be represented by the following general formula: A-B wherein A is a polymeric block derived
predominantly from vinyl aromatic hydrocarbon monomer (such as styrene), and B is a polymeric block derived
predominantly from conjugated diene monomer (such as isoprene).
[0360] Vinyl aromatic-containing polymers useful as viscosity modifiers may have a Kinematic viscosity at 100° C of 20
cSt or less, such as 15 cSt or less, such as 12 cSt or less, but may be diluted (such as in Group I, II, and/or III basestock) to
higher Kinematic viscosities at 100° C, such as to 40 cSt or more, such as 100 cSt or more, such as 1000 cSt or more, such
as 1000 to 2000 cSt.).
[0361] Typically, the viscosity modifiers may be used in an amount of about 0.01 to about 10 wt %, such as about 0.1 to
about 7wt%, suchas0.1 to about 4wt%, suchasabout 0.2 to about 2wt%, suchasabout 0.2 to about 1wt%, and suchas
about 0.2 to about 0.5 wt %, based on the total weight of the formulated lubricant composition.
[0362] Viscosity modifiers are typically added as concentrates, in large amounts of diluent oil. The "as delivered"
viscosity modifier typically contains from 20 wt % to 75 wt % of an active polymer for polymethacrylate or polyacrylate
polymers, or from 8 wt % to 20 wt % of an active polymer for olefin copolymers, hydrogenated polyisoprene star polymers,
or hydrogenated diene-styrene block copolymers, in the "as delivered" polymer concentrate.

I. Dispersants

[0363] During engine operation, oil-insoluble oxidation byproducts are produced. Dispersants help keep these by-
products in solution, thus diminishing their deposition on metal surfaces. Dispersants used in the formulation of the
lubricating compositions herein may be ashless or ash-forming in nature. Preferably, the dispersant is ashless. So called
ashless dispersants are organic materials that form substantially no ash upon combustion. For example, non-metal-
containingorboratedmetal-freedispersantsareconsideredashless. In contrast,metal-containingdetergents tend to form
ash upon combustion.
[0364] Dispersants useful herein typically contain a polar group attached to a relatively high molecular weight
hydrocarbon chain. The polar group typically contains at least one element of nitrogen, oxygen, or phosphorus. Typical
hydrocarbon chains contain 40 to 500, such as 50 to 400 carbon atoms.

Dispersants of (Poly)alkenylsuccinic derivatives

[0365] Aparticularly useful class of dispersants includes the (poly)alkenylsuccinic derivatives, typically producedby the
reaction of a long chain hydrocarbyl-substituted succinic compound, usually a hydrocarbyl-substituted succinic anhy-
dride, with a polyhydroxy or polyamino compound. The long chain hydrocarbyl group constituting the oleophilic portion of
themoleculewhich confers solubility in the oil, is often a polyisobutylene group (typically the long chain hydrocarbyl group,
such as a polyisobutylene group, has an Mn of 400 to 3000 g/mol, such as 450 to 2500 g/mol). Many examples of this type
of dispersant are well known commercially and in the literature. Exemplary US Patents describing such dispersants
include US PatentNos. 3,172,892; 3,2145,707; 3,219,666; 3,316,177; 3,341,542; 3,444,170; 3,454,607; 3,541,012;
3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of dispersants are described in US Patent Nos. 3,036,003;
3,200,107; 3,254,025; 3,275,554; 3,438,757; 3,454,555; 3,565,804; 3,413,347; 3,697,574; 3,725,277; 3,725,480;
3,726,882; 4,454,059; 3,329,658; 3,449,250; 3,519,565; 3,666,730; 3,687,849; 3,702,300; 4,100,082; 5,705,458. A
further description of dispersants useful herein may be found, for example, in European Patent Applications Nos. 0 471
071 and 0 451 380, to which reference is made for this purpose.
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[0366] Hydrocarbyl-substituted succinic acid and hydrocarbyl-substituted succinic anhydride derivatives are useful
dispersants. In particular, succinimide, succinate esters, or succinate ester amides prepared by the reaction of a
hydrocarbon-substituted succinic acid or anhydride compound (typically having at least 25 carbon atoms, such as 28
to 400 carbon atoms, in the hydrocarbon substituent), with at least one equivalent of a polyhydroxy or polyamino
compound (such as an alkylene amine) are particularly useful herein. Hydrocarbyl-substituted succinic acid and
hydrocarbyl-substituted succinic anhydride derivatives may have a number average molecular weight of at least 400
g/mol, such as at least 900 g/mol, such as at least 1500 g/mol, such as from 400 to 4000 g/mol, such as from 800 to 3000,
such as from 2000 to 2800 g/mol, such from about 2100 to 2500 g/mol, and such as from about 2200 to about 2400 g/mol.
[0367] Succinimides, which are particularly useful herein, are formed by the condensation reaction between: 1)
hydrocarbyl-substituted succinic anhydrides, such as polyisobutylene succinic anhydride (PIBSA); and 2) polyamine
(PAM). Examples of suitable polyamines include: polyhydrocarbyl polyamines, polyalkylene polyamines, hydroxy-
substituted polyamines, polyoxyalkylene polyamines, and combinations thereof. Examples of polyamines include
tetraethylene pentamine, pentaethylene hexamine, tetraethylenepentamine (TEPA), pentaethylenehaxamine (PEHA),
N-phenyl-p-phenylenediamine (ADPA), and other polyamines having an average of 5, 6, 7, 8, or 9 nitrogen atoms per
molecule. Mixtures where the average number of nitrogen atoms per polyamine molecule is greater than 7 are commonly
called heavy polyamines or H-PAMs and may be commercially available under trade names such as HPA™ and HPA-X™

from Dow Chemical, E‑100™ from Huntsman Chemical, et al. Examples of hydroxy-substituted polyamines include N-
hydroxyalkyl-alkylene polyamines such as N‑(2-hydroxyethyl)ethylene diamine, N‑(2-hydroxyethyl)piperazine, and/or N-
hydroxyalkylated alkylene diamines of the type described, for example, in US Patent No. 4,873,009. Examples of
polyoxyalkylene polyamines include polyoxyethylene and/or polyoxypropylene diamines and triamines (as well as co-
oligomers thereof) having an average Mn from about 200 to about 5000 g/mol. Products of this type are commercially
availableunder the tradenameJeffamine™.Representativeexamplesof useful succinimidesareshown inUSPatentNos.
3,087,936; 3,172,892; 3,219,666; 3,272,746; 3,322,670; 3,652,616; 3,948,800; and 6,821,307; and CA Patent No.
1,094,044.
[0368] Thedispersantsmaycompriseoneormore, optionally borated,highermolecularweight (Mn1600g/mol ormore,
suchas1800 to 3000g/mol) succinimides andoneormore, optionally borated, lowermolecularweight (Mn less than 1600
g/mol) succinimides, where the higher molecular weight may be 1600 to 3000 g/mol, such as 1700 to 2800 g/mol, such as
1800 to 2500 g/mol, suchas 1850 to 2300g/mol; and the lower molecular weightmaybe 600 to less than 1600 g/mol, such
as650 to1500g/mol, suchas700 to1400g/mol, suchas800 to1300g/mol, suchas850 to1200g/mol suchas900 to1150
g/mol, such as 900 to 1000 g/mol. The higher molecular weight succinimide dispersant may be present in the lubricating
composition in anamount of from0.5 to 10wt%, or from0.8 to 6wt%, or from1.0 to 5wt%, or from1.5 to 5wt%, or from1.5
to 4.0 wt %; and the lower molecular weight succinimides dispersant may be present in the lubricating composition in an
amount of from 1 to 5wt%, or from 1.5 to 4.8wt%, or from 1.8 to 4.6wt%, or from 1.9 to 4.6wt%, or at 2 wt%or more, such
as 2 to 5 wt %. The lower molecular weight succinimides may differ from the higher molecular weight succinimides, by 500
g/mol or more, such as by 750 g/mol or more, such as by 1000 g/mol or more, such as by 1200 g/mol or more, such as by
500 to 3000 g/mol, such as by 750 to 2000 g/mol, such as by 1000 to 1500 g/mol.
[0369] Succinate esters useful as dispersants include those formedby the condensation reaction betweenhydrocarbyl-
substituted succinic anhydrides and alcohols or polyols. For example, the condensation product of a hydrocarbyl-
substituted succinic anhydride and pentaerythritol is a useful dispersant.
[0370] Succinate ester amides useful herein are formed by a condensation reaction between hydrocarbyl-substituted
succinic anhydrides and alkanol amines. Suitable alkanol amines include ethoxylated polyalkylpolyamines, propoxylated
polyalkylpolyamines, and polyalkenylpolyamines such as polyethylene polyamines and/or propoxylated hexamethyle-
nediamine. Representative examples are shown in US Patent No. 4,426,305.
[0371] Hydrocarbyl-substituted succinic anhydrides (suchasPIBSA) esters of hydrocarbyl bridgedaryloxy alcohols are
also useful as dispersants herein. For information on such dispersants, please see US Patent No. 7,485,603, particularly,
col 2, ln 65 to col 6, ln 22 and col 23, ln 40 to col 26, ln 46. In particular, PIBSA esters of methylene-bridged naphthyloxy
ethanol (i.e., 2-hydroxyethyl‑1-naphthol ether (or hydroxy-terminated ethylene oxide oligomer ether of naphthol) are
useful herein.
[0372] The molecular weight of the hydrocarbyl-substituted succinic anhydrides used in the preceding paragraphs will
typically range from 350 to 4000 g/mol, such as 400 to 3000 g/mol, such as 450 to 2800 g/mol, such as 800 to 2500 g/mol.
The above (poly)alkenylsuccinic derivatives can be post-reacted with various reagents such as sulfur, oxygen, formal-
dehyde, carboxylic acids such as oleic acid.
[0373] The dispersants may be present in the lubricant in an amount 0.1 mass % to 20 mass % of the composition, such
as 0.2 to 15 mass %, such as 0.25 to 10 mass %, such as 0.3 to 5 mass %, such as 1.0 mass % to 3.0 mass %, of the
lubricating oil composition.
[0374] The above (poly)alkenylsuccinic derivatives, can also be post reacted with boron compounds such as boric acid,
borate esters or highly borated dispersants, to form borated dispersants generally having from about 0.1 to about 5 moles
of boron per mole of dispersant reaction product.
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[0375] Dispersants useful herein include borated succinimides, including those derivatives from mono-succinimides,
bis-succinimides, and/or mixtures of mono‑ and bis-succinimides, wherein the hydrocarbyl succinimide is derived from a
hydrocarbylene group such as polyisobutylene having an Mn of from about 300 to about 5000 g/mol, or from about 500 to
about 3000g/mol, or about 1000 to about 2000 g/mol, or a mixture of such hydrocarbylene groups, oftenwith high terminal
vinylic groups.
[0376] The boron-containing dispersant may be present at 0.01 wt % to 20 wt %, or 0.1 wt % to 15 wt %, or 0.1 wt % to 10
wt %, or 0.5 wt % to 8 wt %, or 1.0 wt % to 6.5 wt %, or 0.5 wt % to 2.2 wt % of the lubricating composition.
[0377] The boron-containing dispersant may be present in an amount to deliver boron to the composition at 15 ppm to
2000 ppm, or 25 ppm to 1000 ppm, or 40 ppm to 600 ppm, or 80 ppm to 350 ppm.
[0378] The borated dispersant may be used in combination with non-borated dispersant and may be the same or
different compound as the non-borated dispersant. In one embodiment, the lubricating composition may include one or
moreboron-containing dispersants andoneormorenon-borated dispersants,wherein the total amount of dispersantmay
be0.01wt% to 20wt%, or 0.1wt% to 15wt%, or 0.1wt% to 10 wt%, or 0.5wt% to 8wt%, or 1.0wt% to 6.5wt%, or 0.5wt
% to2.2wt%of the lubricating composition andwherein the ratio of borateddispersant to non-boroateddispersantmaybe
1:10 to 10:1 (weight:weight) or 1:5 to 3:1 or 1:3 to 2:1.
[0379] The dispersant may comprise one or more borated or unborated poly(alkenyl)succinimides, where the poly-
alkyenyl is derived from polyisobutylene and the imide is derived from a polyamine ("PIBSA-PAM").
[0380] The dispersant may comprise one or more PIBSA-PAMs, where the PIB is derived from polyisobutylene having
an Mn of from 600 to 5000, such as from 700 to 4000, such as from 800 to 3000, such as from 900 to 2500 g/mol and the
polyamine is derived from hydrocarbyl-substituted polyamines, such as tetraethylene pentamine, pentaethylene hex-
amine, tetraethylenepentamine (TEPA), pentaethylenehaxamine (PEHA), N-phenyl-p-phenylenediamine (ADPA), and
other polyamines having an average of 5, 6, 7, 8, or 9 nitrogen atoms per molecule). The dispersant may be borated,
typically at levelsof up to4mass%suchas from1 to3mass%.Thedispersantmaycompriseoneormoreboratedandone
or more non-borated PIBSA-PAM’s. The dispersant may comprise one or more borated PIBSA-PAM’s derived from a PIB
having an Mn of 700 to 1800 g/mol (such as 800 to 1500 g/mol) and one or more non-borated PIBSA-PAM’s derived from a
PIB having an Mn of more than 1800 to 5000 g/mol (such as 2000 to 3000 g/mol). The dispersant may comprise one or
more non-borated PIBSA-PAM’s derived from a PIB having an Mn of 700 to 1800 g/mol (such as 800 to 1500 g/mol) and
one or more borated PIBSA-PAM’s derived from a PIB having an Mn of more than 1800 to 5000 g/mol (such as 2000 to
3000 g/mol).
[0381] The dispersant may comprise PIBSA derived from a PIB having an Mn of 700 to 5000 g/mol (such as 800 to 3000
g/mol) and one or more borated or non-borated PIBSA-PAM’s derived from a PIB having an Mn of 700 to 5000 g/mol.
[0382] The dispersant may comprise PIBSA derived from a PIB having an Mn of 700 to 5000 g/mol (such as 800 to 3000
g/mol) and one or more borated PIBSA-PAM’s derived from a PIB having an Mn of 700 to 1800 g/mol (such as 800 to 1500
g/mol) andoneormorenon-boratedPIBSA-PAM’sderived fromaPIBhavinganMnofmore than1800 to5000g/mol (such
as 2000 to 3000 g/mol). The dispersant may comprise PIBSA derived from a PIB having an Mn of 700 to 5000 g/mol (such
as 800 to 3000 g/mol) one or more non-borated PIBSA-PAM’s derived from a PIB having an Mn of 700 to 1800 g/mol (such
as 800 to 1500 g/mol) and one or more borated PIBSA-PAM’s derived from a PIB having an Mn of more than 1800 to 5000
g/mol (such as 2000 to 3000 g/mol).
[0383] The dispersant may comprise one or more borated or non-borated PIBSA-PAM’s and one or more PIBSA-esters
of hydrocarbyl bridged aryloxy alcohols.
[0384] The dispersant may comprise one or more borated and one or more non-borated PIBSA-PAM’s.
[0385] The dispersant may comprise one or more, optionally borated, higher molecular weight (Mn 1600 g/mol or more,
suchas1800 to3000g/mol)PIBSA-PAM’sandoneormore, optionallyborated, lowermolecularweight (Mn less than1600
g/mol) PIBSA-PAM’s, where the higher molecular weightmay be 1600 to 3000 g/mol, such as 1700 to 2800g/mol, such as
1800 to 2500 g/mol, suchas 1850 to 2300g/mol; and the lower molecular weightmaybe 600 to less than 1600 g/mol, such
as 650 to 1500 g/mol, such as 700 to 1400 g/mol, such as 800 to 1300 g/mol, such as 850 to 1200 g/mol, such as 900 to
11500 g/mol, such as 900 to 100 g/mol. The higher molecular weight PIBSA-PAM dispersant may be present in the
lubricating composition in an amount of from0.5 to 10 wt%, or from0.8 to 6wt%, or from 1.0 to 5wt%, or from 1.5 to 5 wt%
or from 1.5 to 4.0 wt %; and the lower molecular weight PIBSA-PAM dispersant may be present in the lubricating
composition inanamount of from1 to5wt%,or from1.5 to4.8wt%,or from1.8 to4.6wt%,or from1.9 to4.6wt%,or at 2wt
% or more, such as 2 to 5 wt %.
[0386] In onepreferred form, thedispersantmaycomprise oneormore, optionally borated, highermolecularweight (Mn
1600g/mol ormore) PIBSA-PAM’s andoneor more, optionally borated, lower molecularweight (Mn less than 1600g/mol)
PIBSA-PAM’s,where the highermolecularweight PIBSA-PAM’s are included in the lubricating oil composition at less than
or equal to 2.5 wt%, or less than or equal to 1.5 wt%, or less than or equal to 0.5 wt%, or 0.0 wt%. In the preferred form
wherein the dispersant comprises one or more, optionally borated, higher molecular weight (Mn 1600 g/mol or more)
PIBSA-PAM’s and one or more, optionally borated, lower molecular weight (Mn less than 1600 g/mol) PIBSA-PAM’s, the
treat level of the combination of the higher molecular weight PIBSA-PAM’s and the lower molecular weight PIBSA-PAM’s
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may range for 1.0 to 6.0 wt%, or 1.5 to 5.5 wt%, or 2.0 to 5.0 wt%, or 2.5 to 4.5 wt%, or 3.0 to 4.0 wt%.

Dispersants of Mannich Bases

[0387] Mannich base dispersants useful herein are typically made from the reaction of an amine component, a hydroxy
aromatic compound (substitutedor unsubstituted, suchasalkyl substituted), suchasalkylphenols, andanaldehyde, such
as formaldehyde. See US Patent Nos. 4,767,551 and 10,899,986. Process aids and catalysts, such as oleic acid and
sulfonic acids, can also be part of the reaction mixture. Representative examples are shown in US Patent Nos. 3,697,574;
3,703,536; 3,704,308; 3,751,365; 3,756,953; 3,798,165; 3,803,039; 4,231,759; 9,938,479; 7,491,248; and 10,899,986,
and PCT Publication No. WO 01/42399.

Dispersants of Polymethacrylate or Polyacrylate Derivatives

[0388] Polymethacrylate or polyacrylate derivatives are another class of dispersants useful herein. These dispersants
are typically prepared by reacting a nitrogen-containing monomer and a methacrylic or acrylic acid esters containing 5‑25
carbon atoms in the ester group. Representative examples are shown in US Patent Nos. 2,100,993, and 6,323,164.
Polymethacrylate and polyacrylate dispersants are typically lower molecular weights.
[0389] The lubricating composition of the disclosure typically comprises dispersant at 0.1 mass % to 20 mass % of the
composition, such as 0.2 to 15 mass %, such as 0.25 to 10 mass %, such as 0.3 to 5 mass %, such as 2.0 mass % to 4.0
mass % of the lubricating oil composition. Alternately the dispersant may be present at 0.1wt % to 5 wt %, or 0.01 wt % to 4
wt % of the lubricating composition.
[0390] For further informationondispersants useful herein, pleaseseeUSPatentNo. 10,829,712, col 13, ln 36 to col 16,
ln 67 and US Patent No. 7,485,603, col 2, ln 65 to col 6, ln 22, col 8, ln 25 to col 14, ln 53, and col 23, ln 40 to col 26, ln 46.
[0391] Compositions according to the present disclosure may contain an additive having a different enumerated
function that also has secondary effects as a dispersant (for example, Component B Functionalized Polymer described
above,mayalsohavedispersant effects). Theseadditives are not includedasdispersants for purposesof determining the
amount of dispersant in a lubricating oil composition or concentrate herein.

J. Corrosion Inhibitors/Anti-rust Agents

[0392] Corrosion inhibitorsmaybeused to reduce the corrosionofmetals andareoftenalternatively referred to asmetal
deactivators or metal passivators. Some corrosion inhibitors may alternatively be characterized as antioxidants.
[0393] Suitable corrosion inhibitors may include nitrogen and/or sulfur-containing heterocyclic compounds such as
triazoles (e.g., benzotriazoles), substituted thiadiazoles, imidazoles, thiazoles, tetrazoles, hydroxyquinolines, oxazolines,
imidazolines, thiophenes, indoles, indazoles, quinolines, benzoxazines, dithiols, oxazoles, oxatriazoles, pyridines,
piperazines, triazines and derivatives of any one or more thereof. A particular corrosion inhibitor is a benzotriazole
represented by the structure:

wherein R8 is absent (hydrogen) or is a C1 to C20 hydrocarbyl or substituted hydrocarbyl group which may be linear or
branched, saturated or unsaturated. It may contain ring structures that are alkyl or aromatic in nature and/or contain
heteroatoms such as N, O, or S. Examples of suitable compounds may include benzotriazole, alkyl-substituted
benzotriazoles (e.g., tolyltriazole, ethylbenzotriazole, hexylbenzotriazole, octylbenzotriazole, etc.), aryl substituted
benzotriazole, alkylaryl‑ or arylalkyl-substituted benzotriazoles, and the like, as well as combinations thereof. For
instance, the triazole may comprise or be a benzotriazole and/or an alkylbenzotriazole in which the alkyl group contains
from1 to about 20 carbonatomsor from1 to about 8 carbonatoms.Non-limiting examplesof such corrosion inhibitorsmay
comprise or be benzotriazole, tolyltriazole, and/or optionally, substituted benzotriazoles such as Irgamet™ 39, which is
commercially available from BASF of Ludwigshafen, Germany. A preferred corrosion inhibitor may comprise or be
benzotriazole and/or tolyltriazole.
[0394] Additionally, or alternatively, thecorrosion inhibitormay includeoneormoresubstituted thiadiazoles represented
by the structure:
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wherein R15 and R16 are independently hydrogen or a hydrocarbon group, which group may be aliphatic or aromatic,
including cyclic, alicyclic, aralkyl, aryl and alkaryl, and wherein each w is independently 1, 2, 3, 4, 5, or 6 (preferably 2, 3, or
4, such as 2). These substituted thiadiazoles are derived from the 2,5-dimercapto‑1,3,4-thiadiazole (DMTD) molecule.
Many derivatives of DMTD have been described in the art, and any such compounds may be included in the fluid used in
the present disclosure. For example, US Patent Nos. 2,719,125; 2,719,126; and 3,087,937; describe the preparation of
various 2, 5-bis‑(hydrocarbon dithio)‑1,3,4-thiadiazoles.
[0395] Further, additionally or alternatively, the corrosion inhibitor may include one or more other derivatives of DMTD,
such as a carboxylic ester in which R15 and R16 may be joined to the sulfide sulfur atom through a carbonyl group.
Preparationof these thioester-containingDMTDderivatives is described, for example, inUSPatentNo. 2,760,933.DMTD
derivatives produced by condensation of DMTD with alpha-halogenated aliphatic carboxylic acids having at least 10
carbon atoms are described, for example, in US Patent No. 2,836,564. This process produces DMTD derivatives wherein
R15 and R16 are HOOC-CH(R19)‑(R19 being a hydrocarbyl group). DMTD derivatives further produced by amidation or
esterification of these terminal carboxylic acid groups may also be useful.
[0396] The preparation of 2-hydrocarbyldithio‑5-mercapto‑1,3,4-thiadiazoles is described, for example, in U.S. Patent
No. 3,663,561.
[0397] A class of DMTD derivatives may include mixtures of a 2-hydrocarbyldithio‑5-mercapto‑1,3,4-thiadiazole and a
2,5-bis-hydrocarbyldithio‑1,3,4-thiadiazole. Such mixtures may be sold under the tradename HiTEC™ 4313 and are
commercially available from Afton Chemical Company.
[0398] The preparation of 2-hydrocarbyldithio‑5-mercapto‑1,3,4-thiadiazoles is described, for example, in US Patent
No. 3,663,561.
[0399] A class of DMTD derivatives may include mixtures of a 2-hydrocarbyldithio‑5-mercapto‑1,3,4-thiadiazole and a
2,5-bis-hydrocarbyldithio‑1,3,4-thiadiazole. Such mixtures may be sold under the tradename HiTEC™ 4313 and are
commercially available from Afton Chemical Company.
[0400] Still further, additionally or alternatively, the corrosion inhibitor may include a trifunctional borate having the
structure, B(OR46)3, in which each R46 may be the same or different. As the borate may typically be desirably compatible
with the non-aqueousmedium of the composition, eachR46 may, in particular, comprise or be a hydrocarbyl C1‑C8 moiety.
For compositions in which the non-aqueous medium comprises or is a lubricating oil basestock, for example, better
compatibility can typically be achieved when the hydrocarbyl moieties are each at least C4. Non-limiting examples of such
corrosion inhibitors thus include, but are not limited to, triethylborate, tripropylborates such as triisopropylborate,
tributylborates such as tri-tert-butylborate, tripentylborates, trihexylborates, trioctylborates such as tri‑(2-ethylhexyl)
borate, monohexyl dibutylborate, and the like, as well as combinations thereof.
[0401] When used, a corrosion inhibitor may comprise a substituted thiadiazole, a substituted benzotriazole, a
substituted triazole, a trisubstituted borate, or a combination thereof.
[0402] When desired, corrosion inhibitors can be used in any effective amount, but, when used, may typically be used in
amounts from about 0.001 wt % to 5.0 wt %, based on the weight of the composition, e.g., from 0.005 wt % to 3.0 wt % or
from 0.01 wt % to 1.0 wt %. Alternately, such additives may be used in an amount of about 0.01 to 5 wt %, preferably about
0.01 to 1.5 wt %, based upon the weight of the lubricating composition.
[0403] In some embodiments, 3,4-oxypyridinone-containing compositions may contain substantially no (e.g., 0, or less
than 0.001 wt %, 0.0005 wt % or less, not intentionally added, and/or absolutely no) triazoles, benzotriazoles, substituted
thiadiazoles, imidazoles, thiazoles, tetrazoles, hydroxyquinolines, oxazolines, imidazolines, thiophenes, indoles, inda-
zoles, quinolines, benzoxazines, dithiols, oxazoles, oxatriazoles, pyridines, piperazines, triazines, derivatives thereof,
combinations thereof, or all corrosion inhibitors.
[0404] Compositions according to the present disclosure may contain an additive having a different enumerated
function that also has secondary effects as a corrosion inhibitor (for example, Component B Functionalized Polymer
described above, may also have corrosion inhibitor effects). These additives are not included as corrosion inhibitor for
purposes of determining the amount of corrosion inhibitor in a lubricating oil composition or concentrate herein.

K. Antiwear Agents

[0405] The lubricating oil compositions and concentrate compositions of the present disclosure can contain oneormore
antiwear agents that can reduce friction and excessive wear. Any antiwear agent known by a person of ordinary skill in the
art may be used in the lubricating oil composition. Non-limiting examples of suitable antiwear agents include zinc
dithiophosphate, metal (e.g., Pb, Sb, Mo, and the like) salts of dithiophosphates, metal (e.g., Zn, Pb, Sb, Mo, and the

38

EP 4 530 336 A1

5

10

15

20

25

30

35

40

45

50

55



like) salts of dithiocarbamates, metal (e.g., Zn, Pb, Sb, and the like) salts of fatty acids, boron compounds, phosphate
esters, phosphite esters, amine salts of phosphoric acid esters or thiophosphoric acid esters, reaction products of
dicyclopentadiene and thiophosphoric acids and combinations thereof. The amount of the antiwear agent may vary from
about 0.01wt% to about 5wt%, fromabout 0.05wt% to about 3 wt%, or from about 0.1wt% to about 1wt%, basedon the
total weight of the lubricating oil composition.
[0406] In embodiments, the antiwear agent is or comprises a dihydrocarbyl dithiophosphate metal salt, such as zinc
dialkyl dithiophosphate compounds. Themetal of the dihydrocarbyl dithiophosphatemetal saltmaybe analkali or alkaline
earth metal, or aluminum, lead, tin, molybdenum, manganese, nickel, or copper. In some embodiments, the metal is zinc.
In other embodiments, the alkyl group of the dihydrocarbyl dithiophosphatemetal salt has from about 3 to about 22 carbon
atoms, from about 3 to about 18 carbon atoms, from about 3 to about 12 carbon atoms, or from about 3 to about 8 carbon
atoms. In further embodiments, the alkyl group is linear or branched.
[0407] Useful antiwear agents also include substituted or unsubstituted thiophosphoric acids, and salts thereof include
zinc-containing compounds such as zinc dithiophosphate compounds selected from zinc dialkyl‑, diaryl‑ and/or alkylaryl-
dithiophosphates.
[0408] A metal alkylthiophosphate and more particularly a metal dialkyl dithio phosphate in which the metal constituent
is zinc, or zinc dialkyl dithio phosphate (ZDDP) can be a useful component of the lubricating compositions of this
disclosure. ZDDP can be derived from primary alcohols, secondary alcohols or mixtures thereof. ZDDP compounds
generally are of the formula Zn[SP(S)(OR1)(OR2)]2 where R1 and R2 are C1‑C18 alkyl groups, preferably C2‑C12 alkyl
groups. These alkyl groups may be straight chain or branched. Alcohols used in the ZDDP can be 2-propanol, butanol,
secondary butanol, pentanols, hexanols such as 4-methyl‑2-pentanol, n-hexanol, n-octanol, 2-ethyl hexanol, alkylated
phenols, and the like. Mixtures of secondary alcohols or of primary and secondary alcohol can be used. Alkyl aryl groups
may also be used. Useful zinc dithiophosphates include secondary zinc dithiophosphates such as those available from
The Lubrizol Corporation under the trade designations "LZ™ 677A", "LZ™ 1095" and "LZ ™1371", from Chevron Oronite
under the trade designation "OLOA™ 262" and from Afton Chemical under the trade designation "HiTEC™ 7169".
[0409] In embodiments, the zinc compound can be a zinc dithiocarbamate complex, such as the zinc dithiocarbamates
represented by the formula:

where each RI is independently a linear, cyclic, or branched, saturated or unsaturated, aliphatic hydrocarbon moiety
having from1 to about 10 carbonatoms, n is 0, 1, or 2, L is a ligand that saturates the coordination sphere of zinc, and x is 0,
1, 2, 3, or 4. In certain embodiments, the ligand, L, is selected from the group consisting of water, hydroxide, ammonia,
amino, amido, alkylthiolate, halide, and combinations thereof.
[0410] The antiwear additives, such as ZDDP and/or the zinc carbamates, are typically used in amounts of from about
0.4 wt % to about 1.2 wt %, preferably from about 0.5 wt % to about 1.0 wt %, and more preferably from about 0.6 wt % to
about 0.8 wt %, based on the total weight of the lubricating composition, although more or less can often be used
advantageously. Preferably, the antiwear additive is ZDDP, preferably a secondary ZDDP, and is present in an amount of
from about 0.6 to 1.0 wt % of the total weight of the lubricating composition. The lubricating oil compositions of the instant
disclosure preferably include one or more ZDDPs at a treat level to deliver less than or equal to 1200 ppm, or 1000 ppm, or
800 ppm, or 600 ppm, or 400 ppm, or 200 ppm, or 0 ppm by weight of phosphorous to the composition.
[0411] Antiwear additives useful herein also include boron-containing compounds, such as borate esters, borated fatty
amines, boratedepoxides, alkalimetal (ormixedalkalimetal or alkalineearthmetal) boratesandboratedoverbasedmetal
salts.
[0412] Compositions according to the present disclosure may contain an additive having a different enumerated
function that also has secondary effects as an antiwear agent (for example, Component B Functionalized Polymer
described above, may also have antiwear effects). These additives are not included as antiwear agents for purposes of
determining the amount of antiwear agents in a lubricating oil composition or concentrate herein.
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L. Demulsifiers

[0413] Demulsifiers useful herein include those described in U.S. Patent No. 10,829,712 (col 20, ln 34‑40). Typically, a
small amount of a demulsifying component may be used herein. A preferred demulsifying component is described in
European Patent No. 330 522. It is obtained by reacting an alkylene oxide with an adduct obtained by reacting a bis-
epoxidewithapolyhydric alcohol. Suchadditivesmaybeused inanamount of about 0.001 to5wt%,preferablyabout 0.01
to 2 wt %.

M. Seal Compatibility Agents and Seal Swell Agents

[0414] Other optional additives includeseal compatibility agents suchasorganic phosphates, aromatic esters, aromatic
hydrocarbons, esters (butylbenzyl phthalate, for example), and polybutenyl succinic anhydride. Such additives may be
used in an amount of about 0.001 to 5 wt %, preferably about 0.01 to 2 wt %. In embodiments the seal compatibility agents
are sea swell agents, such as PIBSA (polyisobutenyl succinic anhydride).

N. Extreme Pressure Agents

[0415] The lubricating oil compositions and concentrate compositions of the present disclosure can contain oneormore
extreme pressure agents that can prevent sliding metal surfaces from seizing under conditions of extreme pressure. Any
extreme pressure agent known by a person of ordinary skill in the art may be used in the lubricating oil composition.
Generally, the extreme pressure agent is a compound that can combine chemically with a metal to form a surface film that
prevents thewelding of asperities in opposing metal surfaces under high loads.Non-limiting examples of suitable extreme
pressure agents include sulfurized animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or
partially esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins, dihydrocarbyl polysulfides,
sulfurized Diels-Alder adducts, sulfurized dicyclopentadiene, sulfurized or co-sulfurized mixtures of fatty acid esters and
monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid ester and alpha-olefin, functionally substituted
dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones, epithio compounds, sulfur-containing acetal derivatives, co-
sulfurized blends of terpene and acyclic olefins, and poly sulfide olefin products, amine salts of phosphoric acid esters or
thiophosphoric acid esters, and combinations thereof. The amount of the extreme pressure agent may vary from about
0.01 wt % to about 5 wt %, from about 0.05 wt % to about 3 wt %, or from about 0.1 wt % to about 1 wt %, based on the total
weight of the lubricating oil composition.

O. Non-basestock Unsaturated Hydrocarbons

[0416] The lubricating oil compositions and concentrate compositions of the present disclosure can contain oneormore
unsaturated hydrocarbons. These unsaturated hydrocarbons are distinct from any baseoils (lubricating oil basestocks of
Group I, II, III, IVand/or V) and/or viscosity modifiers that may be present in the compositions and always have at least one
(and typically only one, in the case of linear alpha-olefins, or LAOs) unsaturation per molecule. Without being bound by
theory, the unsaturation(s) may provide an antioxidation functionality and/or a sulfur-trapping functionality that may
supplement and/or replace one or more antioxidant additives and/or one or more corrosion inhibitor additives, but
unsaturated hydrocarbons (LAOs) will typically not provide the only antioxidant nor the only corrosion inhibition
functionality in lubrication oil compositions. Non-limiting examples of unsaturated hydrocarbons can include one or more
unsaturated C12‑C60 hydrocarbons (such as C12‑C48 hydrocarbons, C12‑C36 hydrocarbons, C12‑C30 hydrocarbons, or
C12‑C24 hydrocarbons). When only one unsaturation is present, the unsaturated hydrocarbons may be termed linear
alpha-olefins (LAOs). Other non-limiting examples of unsaturated hydrocarbons can include oligomers/polymers of
polyisobutylenes that have retained (or been post-polymerization modified to exhibit) a (near‑) terminal unsaturation,
and/or blends thereof. When present, unsaturated hydrocarbons (LAOs) may be present from 0.01 to 5 wt % (in particular,
0.1 to 3 mass %, alternately 0.1 to 1.5 mass %), based on total weight of the lubricating oil composition.
[0417] When lubricating oil compositions contain one or more of the additives discussed above, the additive(s) are
typically blended into the composition in anamount sufficient for it to perform its intended function. Typical amountsof such
additives useful in the present disclosure, especially for use in crankcase lubricants, are shown in the Table below.
[0418] It is noted thatmanyof the additives are shipped from theadditivemanufacturer as a concentrate, containing one
or more additives together, with a certain amount of base oil or other diluents. Accordingly, the weight amounts in the table
below, as well as other amounts mentioned herein, are directed to the amount of active ingredient (that is the non-diluent
portion of the ingredient). The weight percent (mass %) indicated below is based on the total weight of the lubricating oil
composition.
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Typical Amounts of Lubricating Oil Components

[0419]

Additive Formulations A (mass % a.i.) B (mass
% a.i.)

C (mass %
a.i.)

Dispersant 0.1 - 20 0.5 - 10 1 - 6

Detergents 0.1 - 20 0.2 - 10 0.3 - 9

Corrosion Inhibitor Anti-rust / extreme pressure agents 0 - 7 0.05 - 5 0.1 - 1.5

Overbased Ca detergent 0.1 - 10 0.2 - 5 0.3 - 4.5

Overbased Mg detergent 0.1‑10 0.2 - 5 0.4 - 4.5

High MW PIBSA-PAM 0 - 20 0 - 8 0 to 4

Low MW PIBSA-PAM 0.1 - 20 0.2 - 10 0.5 - 6

Antioxidant 0.01 ‑10 0.1 - 5 0.1 - 4

Pour Point Depressant 0 - 8 0 - 5 0.01 - 1.5

Anti-foaming Agent 0 - 5 0 - 2 0.001 - 0.15

Functionalized Polymer 0.01 - 10 0.1 - 5 0.1 - 2

Friction Modifier 0‑2 0.1‑1 0.2‑0.5

Antiwear Agent 0.01‑10 0.1 - 5 0.1 - 3

Viscosity Modifier 0‑15 00.1 - 10 00.25 - 3

Seal Swell Agents 0‑10 0 - 5 0 - 2

Extreme Pressure Agents 0‑10 0 - 5 0 - 3

Unsaturated Hydrocarbons (LAOs) 0‑10 0 - 5 0 - 3

Basestock Balance (such as 50 to 95 %) Balance Balance

[0420] The foregoing additives are typically commercially available materials. These additives may be added inde-
pendently, but are usually pre-combined in packages, which can be obtained from suppliers of lubricant oil additives.
Additive packages with a variety of ingredients, proportions and characteristics are available and selection of the
appropriate package will take the use of the ultimate composition into account.

Fuels

[0421] This disclosurealso relates toamethodof lubricatinganautomotive internal combustionengineduringoperation
of the engine comprising:

(i) providing to a crankcase of the automotive internal combustion engine an automotive crankcase the lubricating
composition of described herein;
(ii) providing a hydrocarbon fuel in the automotive internal combustion engine; and
(iii) combusting the fuel in the automotive internal combustion engine, such as a spark-ignited or compression-ignited
two‑ or four-stroke reciprocating engines such as a diesel engine or passenger car engine (such as a spark-ignited
combustion engine).

[0422] This disclosure also relates to a fuel composition comprising the lubricating oil compositions described herein
andahydrocarbon fuel, wherein the fuelmaybederived frompetroleumand/or biological sources ("biofuel" or "renewable
fuel"). Suitable hydrocarbon based fuels include diesel fuel, mogas, natural gas fuel and hydrogen fuel. In embodiments,
the fuel comprises from0.1 to 100mass%renewable fuel, alternately from1 to75mass% renewable fuel, alternately from
5 to 50 mass % renewable fuel, based upon the total mass of the from 1 to 50 mass % renewable fuel and the petroleum
derived fuel.
[0423] The renewable fuel component is typically produced from vegetable oil (such as palm oil, rapeseed oil, soybean
oil, jatropha oil), microbial oil (such as algae oil), animal fats (such as cooking oil, animal fat, and/or fish fat) and/or biogas.
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Renewable fuel refers to biofuel produced from biological resources formed through contemporary biological processes.
In an embodiment, the renewable fuel component is produced by means of a hydrotreatment process. Hydrotreatment
involves various reactions where molecular hydrogen reacts with other components, or the components undergo
molecular conversions in the presence of molecular hydrogen and a solid catalyst. The reactions include, but are not
limited to, hydrogenation, hydrodeoxygenation, hydrodesulfurization, hydrodenitrification, hydrodemetallization, hydro-
cracking, and isomerization. The renewable fuel component may have different distillation ranges, which provide the
desired properties to the component, depending on the intended use.

Uses

[0424] The lubricating compositions of the disclosure may be used to lubricate mechanical engine components,
particularly in internal combustion engines, e.g., spark-ignited or compression-ignited, two‑ or four-stroke reciprocating
engines, by adding the lubricant thereto. Typically, they are crankcase lubricants, such as passenger car motor oils or
heavy-duty or light-duty diesel engine lubricants. The lubricating compositions of the disclosure may also be used to
lubricate mechanical engine components of hydrogen and natural gas engines.
[0425] In particular, the lubricating compositions of the present disclosure are suitably used in the lubrication of the
crankcase of a compression-ignited, internal combustion engine, such as a heavy-duty diesel engine.
[0426] In particular, the lubricating compositions of the present disclosure are suitably used in the lubrication of the
crankcase of a spark-ignited turbo charged internal combustion engine.
[0427] In particular, the lubricating compositions of the present disclosure are suitably used in the lubrication of the
crankcase of a natural gas engine or a hydrogen engine.
[0428] In embodiments, the lubricating oils of this disclosure are used in spark-assisted high compression internal
combustion engines and, when used in high compression spark ignition internal combustion engines the lubricating oil
compositions of this disclosure are useful in lubricating high compression spark ignition engines.
[0429] In embodiments, the lubricating compositions of the present disclosure are suitably used in the lubrication of the
crankcase of an engine for a heavy-duty diesel vehicle (i.e., a heavy-duty diesel vehicle having a gross vehicle weight
rating of 10,000 pounds or more.)
[0430] In embodiments, the lubricating compositions of the present disclosure are suitably used in the lubrication of the
crankcase of a passenger car diesel engine.
[0431] In particular, lubricating oil formulations of this disclosure are particularly useful in compression-ignited internal
combustion engines, i.e., heavy-duty diesel engines, employing low viscosity oils, such as API PC‑12, and future oil
categories, in which wear protection of the valve train becomes challenging.
[0432] The following non-limiting examples are provided to illustrate the disclosure.
[0433] This invention further relates to:

1. A lubricating oil composition comprising or resulting from the admixing of:

an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising a Group II base oil, a Group III
base oil, a Group IV base oil, or combinations thereof;
a functionalized polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an amide,
imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

v) an Mw/Mn of less than 2,
vi) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
anoverbasedcalciumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor equal to9and less than
or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbased magnesium based detergent with a Total BaseNumber (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-PAM)
dispersant (Mn 1600 g/mol or more), and
one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant
(Mn less than 1600 g/mol), wherein the treat level of the combination of the higher molecular weight PIBSA-PAM
and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treat level of
the higher molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition;
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the lubricating oil composition having a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic viscosity at
100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less
than or equal to 0.35 wt.%, and
wherein the lubricating oil composition provides a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least
31 hours (such as at least 40 hours, such as at least 50 hours, such as at least 60 hours, such as at least 70 hours,
such as at least 80 hours, such as at least 90 hours, such as at least 100 hours).

2. The lubricating oil composition of paragraph 1, wherein the higher molecular weight PIBSA-PAM is borated, the
lower molecular weight PIBSA-PAM is borated or a combination thereof, and is/are included at a treat level to deliver
from 20 ppm to 700 ppm by weight of boron to the composition.
3. The lubricating oil composition of paragraph 1 or 2, wherein the composition is substantially free of the higher
molecular weight PIBSA-PAM.
4.The lubricatingoil compositionofparagraphs1‑3,wherein theoil of lubricatingviscosity is at from60wt.% to95wt.%
of the composition, comprises a Group II base oil, and is substantially free of the Group III base oil and the Group IV
base oil.
5. The lubricating oil composition of paragraphs 1‑4, wherein the overbased magnesium based detergent is a
sulfonate, a salicylate, a phenate or combinations thereof.
6. The lubricating oil composition of paragraphs 1‑5, wherein the overbased calcium based detergent is a sulfonate, a
salicylate, a phenate or combinations thereof.
7. The lubricating oil composition of paragraphs 1‑6, wherein the lubricating oil composition has a high temperature
high shear viscosity at 150°C (HTHS) as determined according to ASTM D4683‑20 of greater than or equal to 2.6
mPa.s and less than or equal to 3.2 mPa.s, or wherein the lubricating oil composition has a HTHS of greater than or
equal to 3.5 mPa.s.
8. The lubricating oil composition of paragraphs 1‑7, wherein the lubricating oil composition results in a turbocharger
#1 deposit rating of greater than or equal to 50 and a piston cleanliness rating of greater than or equal to 74 in the
Daimler OM471 engine test (CEC L‑118‑21).
9. The lubricating oil composition of paragraphs 1‑8, wherein the lubricating oil composition results in an oxidation
induction timeof greater thanor equal to65minutes in thepressuredifferential scanningcalorimetry (PDSC)oxidative
stability test (CEC L‑85_T‑99).
10. The lubricating oil composition of paragraphs 1‑9, wherein the lubricating oil composition having a kinematic
viscosity at 100°C of 9 to 20 cSt results in a rocker arm mass loss of less than or equal to 100 mg in the Ford 6.7L valve
train wear test.
11. The lubricating oil composition of paragraphs 1‑10, further including oneor moreof the following components: one
or more friction modifiers; one or more antioxidants; one or more
pour point depressants; one or more anti-foaming agents; one or more viscosity modifiers; one or more dispersants
other than the higher molecular weight PIBSA-PAM and the lower molecular weight PIBSA-PAM; one or more
inhibitors, one or more antirust agents; one or more seal swell agents; and/or one or more anti-wear agents.
12. The lubricating oil composition of paragraph 11, wherein the one or more anti-wear agents includes one or more
zinc dialkyldithiophosphates (ZDDP) at a treat level to deliver less than or equal to 0.12% by weight of phosphorous to
the composition.
13. The lubricating oil composition of paragraph 11, wherein the one or more antioxidants includes one or more
phenolic antioxidants, one or more sulfur based antioxidants, one or more aminic antioxidants or a combination
thereof, and wherein the one or more antioxidants comprise from 1.0 to 6.0 wt.% of the composition.
14. The lubricating oil composition of paragraph 11, wherein the one or more friction modifier includes a dimeric
molybdenum dialkyldithiocarbamate (moly dimer), a trimeric molybdenum dialkyldithiocarbamate (moly trimer), or a
combination thereof at a treat level to deliver from 12 ppm to 200 ppm by weight of molybdenum to the composition.
15. The lubricating oil composition of paragraphs 1‑13, wherein the composition is substantially free of molybdenum.
16. The lubricating oil composition of paragraphs 1‑15, wherein the functionalized polymer comprises at least 50 % of
1,4-insertions of monomer.
17. The lubricating oil composition of paragraphs 1‑16, wherein the functionalized polymer comprises a partially or
fully saturated homopolyisoprene containing one or more pendant amine groups and having an Mn of 25,000 to
100,000 g/mol (GPC-PS) and at least 50 % of 1,4-insertions prior to functionalization.
18. The lubricating oil composition of paragraphs 1‑17, wherein styrene repeat units are absent in the functionalized
polymer, and or wherein butadiene repeat units are absent in the functionalized polymer.
19. The lubricating composition of paragraphs 1‑18, wherein the functionalized polymer is not homo-polyisobutylene.
20. The lubricating oil composition of paragraphs 1‑219, wherein the functionalized polymer is not a copolymer of
isoprene and butadiene.
21. The lubricating oil composition of paragraphs 1‑20, wherein the lubricating oil composition is a heavy-duty diesel
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oil, a light-duty diesel oil, a hydrogen engine oil, a spark ignition combustion engine oil or a natural gas engine oil.
22.The lubricatingcompositionof paragraphs1‑21,wherein lubricatingoil composition isanSAEgradeselected from
the group consisting of 0W‑20, 0W‑30, 5W‑20, 5W‑30, 10W‑30, 15W‑40, 5W‑40 and 10W‑40.
23. The lubricating oil composition of paragraphs 1‑22, wherein the lubricating oil composition is a heavy-duty diesel
oil meeting the API PC‑12 specification.
24. The lubricating oil composition of paragraphs 1‑23, wherein the lubricating oil composition is a heavy-duty diesel
oil having one, two, three, or four of:

a) a turbocharger #1 deposit rating of greater than or equal to 50 (or greater than or equal to 60, greater than or
equal to 70) and a piston cleanliness rating of greater than or equal to 74 (or greater than or equal to 80, or greater
than or equal to 90) in the Daimler OM471 engine test (CEC L‑118‑21);
b) an oxidation induction time of greater than or equal to 65 minutes (or greater than or equal to 75 minutes, or
greater than or equal to 85 minutes) in the pressure differential scanning calorimetry (PDSC) oxidative stability
test (CEC L‑85 T‑99);
c) when the lubricating oil composition has a kinematic viscosity at 100°C of 9 to 20 cSt, a rocker arm mass loss of
less than or equal to 100 mg (or less than or equal to 80 mg) in the Ford 6.7L valve train wear test; and
d) a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least 31 hours (such as at least 40 hours, such as at
least 50 hours, such as at least 60 hours, such as at least 70 hours, such as at least 80 hours, such as at least 90
hours, such as at least 100 hours), preferably having: a); b); c); d); a) and b); a) and c); b) and c); a), b) and c); a)
and d); b) and d); c) and d); a), b) and d); b) ,c); d); a), c) and d); or a), b), c), and d).

25. A concentrate comprising or resulting from the admixing of:

from 1 to less than or equal to 50 wt.% of one or more base oils;
from 1 to 30 wt.%, such as 2 to 20 wt.%, based upon the weight of the concentrate, of one or more of the
functionalized polymers of the composition comprising an amide, imide, and/or ester functionalized partially or
fully saturated polymer comprising C4‑5 olefins having:

iv) an Mw/Mn of less than 2,
v) a Functionality Distribution (Fd) value of 3.5 or less, and
vi) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
from2 to20wt.%of anoverbasedmagnesiumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor
equal to 9 and less than or equal to 500;
from 2 to 20 wt.% of an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500; and
from 2 to 40 wt.% of one or more, optionally borated, higher molecular weight polyisobutylene succinimide
(PIBSA-PAM) dispersant (Mn 1600 g/mol or more), and/or one or more, optionally borated, lower molecular
weight polyisobutylene succinimide (PIBSA-PAM) dispersant (Mn less than 1600 g/mol).

26.Amethodof lubricatinganengine comprisingsupplying to theenginea lubricatingoil compositionaccording toany
one of paragraphs 1 to 24.
27. The method of paragraph 26, further including providing a diesel fuel to the engine and combusting the diesel fuel
in the engine, wherein the diesel fuel is a non-renewable diesel fuel, a renewable diesel fuel or a combination thereof,
and wherein the engine is a diesel engine.
28. The method of paragraph 26, further including providing a natural gas or hydrogen to the engine and combusting
the natural gas or hydrogen in the engine, wherein the engine is a natural gas engine or a hydrogen engine.
29.Amethodof improvingwearperformanceandenginecleanlinessand reducingemissionsof anenginecomprising
supplying to the engine a lubricating oil composition according to any one of paragraphs 1 to 24.
30. The method of paragraph 29, further including providing a diesel fuel to the engine and combusting the diesel fuel
in the engine, wherein the diesel fuel is a non-renewable diesel fuel, a renewable diesel fuel or a combination thereof,
and wherein the engine is a diesel engine.
31. The method of paragraph 29, further including providing a natural gas or hydrogen to the engine and combusting
the natural gas or hydrogen in the engine, wherein the engine is a natural gas engine or a hydrogen engine.
32. A method of making a lubricating oil composition comprising combining:
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(1) anoil of lubricating viscosity at greater than 50wt.%of the composition comprising aGroup II baseoil, aGroup
III base oil, a Group IV base oil, or combinations thereof;
(2) a functionalized polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an
amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
(3) an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
(4) an overbased magnesium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and
less than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
(5) optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-
PAM) dispersant (Mn 1600 g/mol or more), and
(6) one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dis-
persant (Mn less than 1600 g/mol), wherein the treat level of the combination of the higher molecular weight
PIBSA-PAM and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the
treat level of the higher molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition; and

wherein the lubricating oil composition has a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic
viscosity at 100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur
level of less than or equal to 0.35 wt.%, and
wherein the lubricating oil composition provides a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least
31 hours.

33. The method of paragraph 32, wherein the higher molecular weight PIBSA-PAM is borated, the lower molecular
weight PIBSA-PAM is borated or a combination thereof, and is/are included at a treat level to deliver from 20 ppm to
700 ppm by weight of boron to the composition.
34. The method of paragraph 32 or 33, wherein the composition is substantially free of the higher molecular weight
PIBSA-PAM.
35. The method of paragraphs 32‑34, wherein the oil of lubricating viscosity is at from 60 wt.% to 95 wt.% of the
composition, comprises a Group II base oil, and is substantially free of the Group III base oil and theGroup IV base oil.
36. The method of paragraphs 32‑35, wherein the overbased magnesium based detergent is a sulfonate, a salicylate,
a phenate or combinations thereof.
37. The method of paragraphs 32‑36, wherein the overbased calcium based detergent is a sulfonate, a salicylate, a
phenate or combinations thereof.
38. The method of paragraphs 32‑37, wherein the lubricating oil composition has a HTHS of greater than or equal to
2.6 mPa.s and less than or equal 3.2 mPa.s, or wherein the lubricating oil composition has a HTHS of greater than or
equal to 3.5 mPa.s.
39. The method of paragraphs 32‑38, wherein the lubricating oil composition results in a turbocharger #1 deposit
rating of greater than or equal to 50 and a piston cleanliness rating of greater than or equal to 74 in the Daimler OM471
engine test (CEC L‑118‑21).
40. The method of paragraphs 32‑39, wherein the lubricating oil composition results in an oxidation induction time of
greater than or equal to 65 minutes in the pressure differential scanning calorimetry (PDSC) oxidative stability test
(CEC L‑85 T‑99).
41.Themethodof paragraphs32‑40,wherein the lubricatingoil compositionhavingakinematic viscosityat 100°Cof 9
to 20 cSt results in a rocker arm mass loss of less than or equal to 100 mg in the Ford 6.7L valve train wear test.
42. The method of paragraphs 32‑41, further including one or more of the following components: one or more friction
modifiers; one or more antioxidants; one or more pour point depressants; one or more anti-foaming agents; one or
more viscosity modifiers; one or more dispersants other than the higher molecular weight PIBSA-PAM and the lower
molecular weight PIBSA-PAM; one or more inhibitors, one or more antirust agents; one or more seal swell agents;
and/or one or more anti-wear agents.
43.Themethodofparagraph42,wherein theoneormoreanti-wearagents includesoneormorezincdialkyldithiopho-
sphates (ZDDP) at a treat level to deliver less than or equal to 0.12% by weight of phosphorous to the composition.
44. The method of paragraph 42, wherein the one or more antioxidants includes one or more phenolic antioxidants,
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oneormore sulfur basedantioxidants, one ormore aminic antioxidants or a combination thereof, andwherein theone
or more antioxidants comprise from 1.0 to 6.0 wt.% of the composition.
45. The method of paragraph 42, wherein the one or more friction modifier includes a dimeric molybdenum
dialkyldithiocarbamate (moly dimer), a trimeric molybdenum dialkyldithiocarbamate (moly trimer), or a combination
thereof at a treat level to deliver from 12 ppm to 200 ppm by weight of molybdenum to the composition.
46. The method of paragraphs 32‑44, wherein the composition is substantially free of molybdenum.
47. The method of paragraphs 32‑46, wherein the functionalized polymer comprises at least 50 % of 1,4-insertions of
monomer.
48. The method of paragraphs 32‑47, wherein the functionalized polymer comprises a partially or fully saturated
homopolyisoprene containing one or more pendant amine groups and having an Mn of 25,000 to 100,000 g/mol
(GPC-PS) and at least 50 % of 1,4-insertions prior to functionalization.
49. The method of paragraphs 32‑48, wherein styrene repeat units are absent in the functionalized polymer.
50. The method of paragraphs 32‑49, wherein butadiene repeat units are absent in the functionalized polymer.
51. The method of paragraphs 32‑50, wherein the functionalized polymer is not homo-polyisobutylene.
52. The method of paragraphs 32‑51, wherein the functionalized polymer is not a copolymer of isoprene and
butadiene.
53. The method of paragraphs 32‑52, wherein lubricating oil composition is a heavy-duty diesel oil, a light-duty diesel
oil, a hydrogen engine oil, a spark ignition combustion engine oil or a natural gas engine oil.
54. The method of paragraphs 32‑53, wherein the lubricating oil composition is an SAE grade selected from the group
consisting of 0W‑20, 0W‑30, 5W‑20, 5W‑30, 10W‑30, 15W‑40, 5W‑40 and 10W‑40.
55. Themethodof paragraphs32‑54,wherein the lubricatingoil composition is aheavy-duty diesel oilmeeting theAPI
PC‑12 specification.
56. A lubricating oil composition comprising or resulting from the admixing of:

an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising a Group I, Group II base oil, a
Group III base oil, a Group IV base oil, or combinations thereof;
a functionalized polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an amide,
imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

iii) an Mw/Mn of less than 2,
iv) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization(GPC-PS);

anoverbasedcalciumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor equal to9and less than
or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbased magnesium based detergent with a Total BaseNumber (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant
(Mn 1600 g/mol or more), and
one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant
(Mn less than 1600 g/mol), wherein the treat level of the combination of the higher molecular weight PIBSA-PAM
and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treat level of
the higher molecular weight PIBSA-PAM is less than or equal to 4.0 wt.% of the composition;
the lubricating oil composition having a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic viscosity at
100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less
than or equal to 0.35 wt.%, and
wherein the lubricating oil composition provides the following: 1) a Detroit DD‑13 scuffing (ASTM D8074‑22) test
result of at least 31hours, 2) a high temperature highshear viscosity at 150°C (HTHS)asdeterminedaccording to
ASTM D4683‑20 of greater than or equal to 2.6 mPa.s and less than or equal to 3.2 mPa.s or wherein the
lubricatingoil compositionhasaHTHSofgreater thanor equal to 3.5mPa.s, 3) a turbocharger #1deposit ratingof
greater than or equal to 50 and a piston cleanliness rating of greater than or equal to 74 in the Daimler OM471
engine test (CEC L‑118‑21), 4) an oxidation induction time of greater than or equal to 65 minutes in the pressure
differential scanning calorimetry (PDSC) oxidative stability test (CEC L‑85_T‑99), and 5) when the lubricating oil
compositionhasakinematic viscosity at 100°Cof 9 to20cSt results ina rocker armmass lossof less thanor equal
to 100 mg in the Ford 6.7L valve train wear test.

57. The lubrication oil composition of paragraph 1 or 56 where the a functionalized polymer is present at from 0.3 to 5
wt.%.
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58. A lubricating oil composition comprising or resulting from the admixing of:

an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising a Group I, Group II base oil, a
Group III base oil, a Group IV base oil, or combinations thereof;
a functionalized polymer at from 0.1 to 20 wt.%, such as 0.2 to 2.0 wt.%, of the composition comprising an amide,
imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
anoverbasedcalciumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor equal to9and less than
or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbased magnesium based detergent with a Total BaseNumber (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
optionally, one or more, optionally borated, higher molecular weight polyisobutylene succinimide (PIBSA-PAM)
dispersant (Mn 1600 g/mol or more), and
one or more, optionally borated, lower molecular weight polyisobutylene succinimide (PIBSA-PAM) dispersant
(Mn less than 1600 g/mol), wherein the treat level of the combination of the higher molecular weight PIBSA-PAM
and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treat level of
the higher molecular weight PIBSA-PAM is from 0 to 4.0 wt.% of the composition;
the lubricating oil composition having a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic viscosity at
100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less
than or equal to 0.35 wt.%, and
wherein the lubricating oil composition provides a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least
31 hours.

EXPERIMENTAL

[0434] All molecular weights are number average molecular weights (Mn) reported in g/mol, as determined by gel
permeation chromatography using polystyrene standards, unless otherwise noted. "A.I.", "a.i.", and "ai" are wt % active
ingredient, unless otherwise indicated.

Testing Procedures

[0435] KV100 is Kinematic viscosity measured at 100° C according to ASTM D445‑19a.
[0436] KV40 is Kinematic viscosity measured at 40° C according to ASTM D445‑19a.
[0437] Sulfur content in oil is measured by ASTM D5185.
[0438] Sulfated ash ("SASH") content is measured by ASTM D874.
[0439] Phosphorus, Boron, Calcium, Zinc, Molybdenum, andMagnesium content are measured by ASTM D5185.
[0440] Detroit Diesel DD‑13 Scuffing engine test measures the wear performance of the lubricating oil and is
measured according to ASTM D8074‑22.
[0441] OM471Engine test is anengine test thatmeasures thepistoncleanlinessand1st turbo ratingof the lubricatingoil
according to CEC L‑118‑21.
[0442] The Ford 6.7LValve Train Wear test is an engine test that measures the average Rockarm weight loss of the
lubricating oil according to the valve train wear test described in the Ford specification WSS-M2C171-F1.
[0443] Pressure Differential Scanning Calorimetry (PDSC) is an oxidative stability test that measures oxidation
induction time in minutes for lubricating oils according to test procedure CEC L‑85_T‑99.
[0444] High Temperature HighShear Viscosity, ("HTHS" or "HTHS 150") measures the high temperature high shear
viscosity of the lubricating oil and is determined at 150° C according to ASTM D4683 and is reported in cPs.
[0445] Cold Cranking Simulator ("CCS"), at ‑25° C or ‑30 °C unless otherwise indicated, is a measure of the cold-
cranking characteristics of crankcase lubricants and is determined as described in ASTM D5293‑92 and is reported in cP.
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Materials

Component Chart

[0446]

Additional Lubricating Oil
Components

Description

Functionalized Polymer
Functionalized hydrogenated isoprene block copolymer produced according
to the procedure disclosed in USSN 18/480,571, filed October 4, 2023 and
USSN 63/379,006, filed October 11, 2022, ai 28 % in oil

Borated PIBSA-PAM Polyisobutylene succinimide having 1 to 3 mass % boron, based upon a PIB
having an Mn of about 900‑1050 g/mol in oil, ai ~40‑50

PIBSA-PAM (2000+ Mn PIB) Polyisobutylene succinimide based upon a PIB having an Mn of about
2000‑2300 g/mol in oil, ai ~45‑60

PIBSA-ester Dispersant PIBSA ester of hydrocarbyl-bridged naphthyloxy alcohol in oil diluted to ~40 %
ai. See US Patent No. 7,485,603.

PIBSA-PAM (900+ Mn) Polyisobutylene succinimide based upon a PIB having an Mn of about
900‑1050 g/mol in oil, ai ~45‑55

Calcium sulfonate‑300 TBN Calcium sulfonate detergent having a TBN of approximately 300 mgKOH/g
(on an as diluted basis) in oil, ai ~55

Magnesium sulfonate‑400 TBN magnesium sulfonate detergent having a TBN of approximately 400 mgKOH/g
(on an as diluted basis) in oil, ai ~57

Mg sulfonate/Mg salicylate Combination of Mg sulfonate and Mg salicylate detergents and having a TBN
of approximately 310 mg KOH/g (on an as diluted basis) in ~40 wt % oil

Calcium phenate‑45 TBN Calcium phenate detergent having a TBN of approximately 45 mg KOH/g (on
an as diluted basis) in oil, ai ~46

ZDDP Zinc dialkyl dithiophosphate in oil, where the alkyl groups are derived from a
mixture of 1° and 2° alcohols, ~75 ai

Mo Friction modifier Trimeric Mo dialkyldithiocarbamate compound in oil, ~45 ai

DPA antioxidant Alkylated diphenylamine antioxidant

Phenol antioxidant Hindered phenol antioxidant

Sulfurized FAME Sulfurized Fatty Acid Methyl Ester, derived from Lard Oil, Rapeseed Oil and/or
Palm Oil

PIBSA‑2000+ Mn Polyisobutylene succinate having an Mn of approximately 2000‑2300 g/mol in
oil, ai ~70‑75

Polyisobutylene‑ 900+ Polyisobutylene having an Mn of approximately 900‑1050 g/mol

Anti-foamant Polydimethylsiloxane

Lube oil flow improver Fumarate-Vinyl Acetate copolymer in oil

EP copolymer-viscosity modifier Ethylene-propylene copolymer viscosity modifier in oil (shear stability index
~25)

SD-star-block copolymer viscosity
modifier Hydrogenated styrene-diene star copolymer viscosity modifier

EXAMPLES

Example 1: Inventive Oil Candidates

[0447] Table1belowshows the formulation for a5W‑20oil (inventiveexample), aswell as the same formulationblended
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as a 10W‑30 oil (inventive example) that were prepared and tested. Additives used in the formulation are shown in Table 1
as weight %. Also provided in Table 1 are the viscometric properties of the inventive oils.

TABLE 1

5W‑20 10W‑30

Functionalized Polymer 1.8 1.8

PIBSA-PAM (950 Mn) 4.0 4.0

Borated PIBSA-PAM(~1.3B) 0.5 0.5

Ca/Mg Sulfonate Detergents 1.9 1.9

ZDDP 1.0 1.0

Mo Friction modifier 0.1 0.1

Antioxidants (DPA, S-FAME) 2.4 2.4

PIBSA‑2220 Mn 0.1 0.1

PDMS Anti-foamant 0.01 0.01

Polyisobutylene‑ 950 Mn 1.0 1.0

Group I base oil diluent 1.6 1.6

Fumarate-Vinyl Acetate copolymer in oil 0.2 0.2

EP copolymer viscosity modifier 2.8 2.5

Group II base stock, KV100 ~4.5 cSt 73.6 22.9

Group II base stock, KV100 ~6.5 cSt 9.0 60.0

KV100 (cSt) 8.7 9.9

HTHS (150°C, cP) 2.7 3.0

CCS ‑25°C (cP) n/a 6350

CCS ‑30°C (cP) 6050 n/a

Example 2: Wear Testing of Oil Candidates

[0448] Table 2 below shows the formulation for an inventive 5W‑20 candidate, as well as a comparative 5W‑20
candidate (with no functionalized polymer) that were prepared and tested for wear performance using the Detroit Diesel
DD13 Scuffing test. Additives in the formulation are shown in Table 2 below as weight %.
[0449] Piston/cylinder liner scuffing occurs when the ring/liner wear becomes excessive, leading to adhesive wear
between the piston ring and the cylinder liner. Combustion pressure cannot be maintained, and the combustion engine
shuts down. This was tested in the Detroit Diesel DD‑13 Scuffing engine test per ASTM D8074‑22. It is challenging in a
5W‑20 oil formulation to obtain an adequate Detroit Diesel DD13 Scuffing test due to the thin viscosity of the oil film based
on the low viscosity of the oil. Referring to Table 2 below, it can be seen that the inventive 5W‑20 candidate provided 101
hours to scuff, whereas the comparative 5W‑20 candidate (no functionalized polymer) only provided 25.1 hours to scuff.
The inventive 5W‑20 candidate lasted unexpectedly and surprisingly longer than the comparative 5W‑20 candidate, and
passed theDD13 scuffing test (101hours to scuff) and stillmet the otherPC‑12specification requirements. In contrast, the
comparative 5W‑20 candidate (with no functionalized polymer) did not pass theDD13scuffing test (only 25hours to scuff).

TABLE 2

Constituent 5W‑20 * (Comparative) 5W‑20 * (Inventive)

Functionalized Polymer 0.0 1.8

PIBSA-PAM (950 Mn PIB) 0.0 4.0

Borated PIBSA-PAM (~1.3 B) 0.8 0.5

PIBSA-PAM (2200 Mn PIB) 8.0 0.0

PIBSA-ester dispersant 2.8 0.0
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(continued)

Constituent 5W‑20 * (Comparative) 5W‑20 * (Inventive)

Mg/Ca Sulfonate Detergents 2.0 1.9

ZDDP 1.0 1.0

Polyisobutylene‑ 900+ 1.0 1..0

Antioxidants (DPA, hindered phenol, S-FAME) 2.2 2.5

Ethylene propylene copolymer Mw/Mn approx 2 1.0 2.8

Group II base stock 0.0 82.6

Group III Basestock 78.8 0.0

Hours to Scuff 25.1 101

*Blends contained Mo friction modifier, Si antifoam, PIBSA, Lube oil flow improver, Group 1 diluent oil from additive
package.

[0450] Applicant hasdiscovered inventive5W‑20heavydutydiesel engineoil formulations thatdonot requireaGroup III
basestock to meet the viscometrics requirements, but instead may utilize a less costly Group II basestock. In addition, the
inventive5W‑20heavydutyengineoil formulationsprovidedhereindonot requirehighmolecularweight dispersant, and in
fact, the high MW dispersant may be completely removed (0 wt.%). The inventive 5W‑20 heavy duty engine oil
formulations minimize or eliminate the high molecular weight dispersant and a functionalized polymer is used as the
primary dispersancy source, with support from a low molecular weight PIBSAPAM dispersant. This results in a lower
viscosity adpack, particularly at low temperatures, that enables the inventive 5W‑20 heavy duty diesel engine oil
formulations to meet the viscometrics requirements of a 5W‑20 oil with 100% Group II basestocks and still provide
outstanding wear protection (DD‑13 scuffing test) and soot-viscosity control performance. In particular, it is surprising and
unexpected that the inventive 5W‑20 heavy duty diesel engine oil formulations passed the challengingDD‑13 scuffing test
due to the thinner oil film from a lower oil viscosity. The inventive 5W‑20 heavy duty diesel engine oil formulations passed
and exceeded the requirement (minimum of 31 hours time to scuff) by a large margin (101 hours).

Example 3: OM471 Engine Test Performance Testing of Oil Candidates

[0451] Table 3 shows the formulation for a comparative 10W‑40 candidate (with no functionalized polymer) and an
inventive10W‑30 (with functionalizedpolymer) candidate thatwerepreparedand tested for engineperformanceusing the
OM471 engine test (CEC L‑118‑21). Additives in the formulation are shown in Figure 1 as weight %. As can be seen in
Figure 1, the inventive 10W‑30candidate passedboth thepiston cleanliness test and the1st Turbo rating test,whereas the
comparative 10W‑40 candidate failed both the piston cleanliness test and the 1st Turbo rating test.

TABLE 3

Engine test -
OM471

Comparative
Example*

Inventive
Example*

10W‑40 10W‑30

Type Constituent

Piston Cleanliness (≥74) 72 75

1st Turbo Rating (≥50) 38 55

Dispersant Borated PIBSA-PAM (~1.3 B) 0.3

Dispersant Borated PIBSA-PAM (~2.3 B) 0.5

Dispersant PIBSA-PAM (2200 Mn PIB) 6.7 4.0

Dispersant PIBSA-ester dispersant 2.3 1.8

Dispersant PIBSA-PAM (950 Mn) 4.0

Func. polymer Functionalized Polymer 2.3

Detergent calcium sulfonate‑300 TBN 1.2 0.6
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(continued)

Engine test -
OM471

Comparative
Example*

Inventive
Example*

10W‑40 10W‑30

Type Constituent

Piston Cleanliness (≥74) 72 75

1st Turbo Rating (≥50) 38 55

Detergent Mg sulfonate/Mg salicylate - 310 TBN 0.7

Detergent magnesium sulfonate‑400 TBN 0.9

Detergent calcium phenate‑145 TBN 0.1 0.8

ZDDP ZDDP 1.0 1.0

AO DPA antioxidant 1.3 2.5

AO Phenol antioxidant 1.7

AO Sulfurized FAME 0.8

VM SIB-star-block copolymer viscosity modifier 6.3

VM EP Copolymer viscosity modifier 3.5

Base Stock Group III hydroisomerized and Dewaxed Base Oil 30.0

Base Stock Group II base stock 46.9 75.2

KV 100 14.2 11.6

HTHS150 3.8 3.4

CCS‑25 6700 5500

NOACK 11.3 11.6

*Blends contained Mo friction modifier, Si antifoam, PIB, PIBSA, lube oil flow improver, Group 1 diluent oil from ad-
ditive package.

Example 4: Ford 6.7L Valve Train Wear Engine Test Performance of Oil Candidates

[0452] TABLE 4 shows the formulation for a comparative 10W‑30 lubricating oil (with no functionalized polymer) and an
inventive 10W‑30 lubricating oil (with functionalized polymer) that were prepared and tested for engine wear performance
using the Ford 6.7LValve Train Wear test described in Ford specification WSS-M2C171-F1. Additives in the formulation
are shown in Figure 2 as weight %. As can be seen in Figure 2, the inventive 10W‑30 lubricating oil passed the average
rocker arm weight loss test with a value of 37. In contrast, the comparative 10W‑30 lubricating oil did not pass the average
rocker arm weight loss test with a value of 132.

TABLE 4

Ford 6.7L Valve Train Wear Test

Avg rocker arm WL 132* 37*

Comparative Inventive

Grade 10W‑30 10W‑30

PIBSA-PAM (2200 Mn PIB) 1.0 4.000

PIBSA-PAM (2200 Mn PIB) 7.5

PIBSA-PAM (950 Mn) 4.000

Borated PIBSA-PAM (~1.3 B) 0.3 0.500

PIBSA-ester dispersant 1.6

Functionalized Polymer 2.253
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(continued)

Ford 6.7L Valve Train Wear Test

Avg rocker arm WL 132* 37*

Comparative Inventive

calcium sulfonate‑300 TBN 1.2 1.000

magnesium sulfonate‑400 TBN 0.8 0.850

ZDDP 1.0 1.000

EP Copolymer VM 1.4 0.400

Group II base oil 80.0 80.1

SAE Grade 10W‑30 10W‑30

HTHS150 3.2 3.2

KV 100 10.0 9.9

CCS ‑25C 6100 5800

*Blends contained Mo friction modifier, DPA and hindered phenol anti-oxidants, sulfurized FAME, Si antifoam, PIB,
PIBSA, lube oil flow improver, Group 1 diluent oil from additive package.

Example 5: Pressure Differential Scanning Calorimetry (PDSC) Test Performance of Oil Candidates

[0453] TABLE 5 shows the formulation for one comparative 10W‑30 (with no functionalized polymer) lubricating oil and
one inventive 5W‑20 (with functionalized polymer) lubricating oil that were prepared and tested for Pressure Differential
Scanning Calorimetry (PDSC) performance (CEC L‑85_T‑99) and in particular oxidation induction time (OIT) in minutes.
Additives in the formulation are shown in Figure 3 as weight %. As can be seen in Figure 3, the inventive 5W‑20 oil
candidate passed the OIT test with values of 230 minutes. In contrast, the comparative 10W‑30 had significantly poorer
performance with an OIT of only 35 minutes.

TABLE 5

PDSC Test Results Comparative* Inventive*

Oxidation Induction Time (mins) 35 230

SAE Vis Grade 10W‑30 5W‑20

Functionalized Polymer 1.8

PIBSA-PAM (950 Mn) 4.0

Borated PIBSA-PAM (~1.3 B) 0.4 0.5

PIBSA-PAM (2200 Mn PIB) 6.8

PIBSA-ester Dispersant 2.3

Magnesium/calcium sulfonate 1.2 1.9

Mg sulfonate/Mg salicylate ~ 310 TBN 0.7

calcium phenate‑145 TBN 0.1

ZDDP 1.0 1.0

DPA antioxidant 1.5 1.9

Phenol antioxidant 2.3

Sulfurized FAME 0.5

Ethylene propylene copolymer Mw/Mn approx 2 2.8

SIB-star-block copolymer viscosity modifier 3.5

Group II base stock 48.8 82.60
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(continued)

PDSC Test Results Comparative* Inventive*

Oxidation Induction Time (mins) 35 230

Group III Basestock 30.0

*Blends contained Mo friction modifier, Si antifoam, PIB, PIBSA, lube oil flow improver, Group 1 diluent oil from ad-
ditive package.

[0454] All documents described herein are incorporated by reference herein, including any priority documents and/or
testing procedures, to the extent they are not inconsistent with this text. As is apparent from the foregoing general
description and the specific embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention. Accordingly, it is not intended that
the invention be limited thereby. The term "comprising" is considered synonymous with the term "including." Likewise,
whenever a composition, an element, or a group of elements is preceded with the transitional phrase "comprising," it is
understood that we also contemplate the same composition or group of elements with transitional phrases "consisting
essentially of," "consistingof," "selected from thegroupof consistingof," or "is" preceding the recitation of the composition,
element, or elements and vice versa.

Claims

1. A lubricating oil composition comprising or resulting from the admixing of:

an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising a Group II base oil, a Group III
base oil, a Group IV base oil, or combinations thereof;
a functionalized polymer at from 0.1 to 20 wt.% of the composition comprising an amide, imide, and/or ester
functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
anoverbasedcalciumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor equal to9and less than
or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
an overbased magnesium based detergent with a Total BaseNumber (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
optionally, one or more, optionally borated, polyisobutylene succinimide PIBSA-PAM dispersant having an Mn of
1600 g/mol or more, hereinafter referred to as higher molecular weight PIBSA-PAM, and
one or more, optionally borated, polyisobutylene succinimide PIBSA-PAM dispersant having an Mn less than
1600 g/mol, hereinafter referred to as lower molecular weight PIBSA-PAM, wherein the treat level of the
combination of the higher molecular weight PIBSA-PAM and lower molecular weight PIBSA-PAM is from 1.0
to 6.0 wt.% of the composition, and wherein the treat level of the higher molecular weight PIBSA-PAM is less than
or equal to 4.0 wt.% of the composition;
the lubricating oil composition having a total sulfated ash of less than or equal to 0.9 wt.%, a kinematic viscosity at
100°C of 5 to 20 cSt, a total phosphorous level of less than or equal to 0.120 wt.%, and a total sulfur level of less
than or equal to 0.35 wt.%.

2. The lubricating oil composition of claim 1, wherein said composition provides a Detroit DD‑13 scuffing (ASTM
D8074‑22) test result of at least 31 hours.

3. The lubricating oil composition of claim 1 or claim 2, wherein the higher molecular weight PIBSA-PAM is borated, the
lower molecularweight PIBSA-PAM is borated, or a combination thereof, and theborated PIBSA-PAM is/are included
at a treat level to deliver from 20 ppm to 700 ppm by weight of boron to the composition.
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4. The lubricating oil composition of any of the preceding claims, wherein the overbased magnesium based detergent is
a sulfonate, a salicylate, a phenate or combinations thereof; and the overbased calcium based detergent is a
sulfonate, a salicylate, a phenate or combinations thereof.

5. The lubricating oil composition of any of the preceding claims, wherein the lubricating oil composition has a high
temperature high shear viscosity at 150°C (HTHS) as determined according to ASTM D4683‑20 of greater than or
equal to 2.6 mPa.s and less than or equal to 3.2 mPa.s, or wherein the lubricating oil composition has a HTHS of
greater than or equal to 3.5 mPa.s.

6. The lubricating oil composition of any preceding claim, further including one or more antiwear agents which includes
one or more zinc dialkyldithiophosphates (ZDDP) at a treat level to deliver less than or equal to 0.12% by weight of
phosphorous to the composition.

7. The lubricating oil composition of any of the preceding claims, wherein the functionalized polymer comprises at least
50 % of 1,4-insertions of monomer.

8. The lubricating oil composition of any of the preceding claims, wherein the functionalized polymer comprises a
partially or fully saturated homopolyisoprene containing one or more pendant amine groups and having an Mn of
25,000 to 100,000 g/mol (GPC-PS) and at least 50 % of 1,4-insertions prior to functionalization.

9. The lubricating oil composition of any of the preceding claims, wherein styrene repeat units are absent in the
functionalized polymer.

10. The lubricating oil composition of any of the preceding claims, wherein butadiene repeat units are absent in the
functionalized polymer.

11. The lubricating oil composition of any of the preceding claims, wherein the lubricating oil composition is a heavy-duty
diesel oil having one, two, three, or four of:

a) a turbocharger #1 deposit rating of greater than or equal to 50 and a piston cleanliness rating of greater than or
equal to 74 in the Daimler OM471 engine test (CEC L‑118‑21);
b) an oxidation induction time of greater than or equal to 65 minutes in the pressure differential scanning
calorimetry (PDSC) oxidative stability test (CEC L‑85 T‑99);
c) when the lubricating oil composition has a kinematic viscosity at 100°C of 9 to 20 cSt, a rocker arm mass loss of
less than or equal to 100 mg in the Ford 6.7L valve train wear test, and
d) a Detroit DD‑13 scuffing (ASTM D8074‑22) test result of at least 31 hours,

preferably having: a); b); c); d); a) and b); a) and c); b) and c); a), b) and c); a) and d); b) and d); c) and d); a), b) and d);
b) ,c); d); a), c) and d); or a), b), c), and d).

12. A concentrate comprising or resulting from the admixing of:

from 1 to less than or equal to 50 wt.% of one or more base oils;
from 1 to 30 wt.%, and preferably 2 to 20 wt.%, based upon the weight of the concentrate, of one or more of the
functionalized polymers of the composition comprising an amide, imide, and/or ester functionalized partially or
fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
from2 to20wt.%of anoverbasedmagnesiumbaseddetergentwithaTotalBaseNumber (KOH/g) greater thanor
equal to 9 and less than or equal to 500;
from 2 to 20 wt.% of an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or
equal to 9 and less than or equal to 500; and
from 2 to 40 wt.% of one or more, optionally borated, polyisobutylene succinimide PIBSA-PAM dispersant having
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an Mn of 1600 g/mol or more, referred to as higher molecular weight PIBSA-PAM, and/or one or more, optionally
borated, polyisobutylene succinimide PIBSA-PAM dispersant having an Mn of less than 1600 g/mol, referred to
as lower molecular weight PIBSA-PAM.

13. A method of lubricating an engine comprising supplying to the engine a lubricating oil composition according to any
one of claims 1 to 11.

14. A method of improving wear performance and engine cleanliness and reducing emissions of an engine comprising
supplying to the engine a lubricating oil composition according to any one of claims 1 to 11.

15. A method of making the lubricating oil composition of claim 1 comprising combining:

(1) anoil of lubricating viscosity at greater than 50wt.%of the composition comprising aGroup II baseoil, aGroup
III base oil, a Group IV base oil, or combinations thereof;
(2) a functionalized polymer at from 0.1 to 20 wt.%, and preferably 0.2 to 2.0 wt.%, of the composition comprising
an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C4‑5 olefins having:

i) an Mw/Mn of less than 2,
ii) a Functionality Distribution (Fd) value of 3.5 or less, and
iii) an Mn of 10,000 g/mol or more (GPC-PS) of the polymer prior to functionalization,

provided that, if the polymer prior to functionalization is a copolymer of isoprene andbutadiene, then theMnof the
copolymer is greater than 25,000 g/mol (GPC-PS);
(3) an overbased calcium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and less
than or equal to 500 and at treat level to deliver at least 500 ppm by weight of calcium to the composition;
(4) an overbased magnesium based detergent with a Total Base Number (KOH/g) greater than or equal to 9 and
less than or equal to 500 and at treat level to deliver at least 200 ppm by weight of magnesium to the composition;
(5) optionally, one or more, optionally borated, polyisobutylene succinimide (PIBSA-PAM) dispersant having an
Mn 1600 of g/mol or more, referred to as higher molecular weight PIBSA-PAM, and
(6) one or more, optionally borated, polyisobutylene succinimide PIBSA-PAM dispersant having an Mn of less
than 1600 g/mol, referred to as lower molecular weight PIBSA-PAM, wherein the treat level of the combination of
the higher molecular weight PIBSA-PAM and lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the
composition, and wherein the treat level of the higher molecular weight PIBSA-PAM is less than or equal to 4.0
wt.% of the composition; and

wherein the lubricatingoil compositionhasa total sulfatedashof less thanor equal to 0.9wt.%,a kinematic viscosity at
100°Cof 5 to 20 cSt, a total phosphorous level of less thanor equal to 0.120wt.%, and a total sulfur level of less than or
equal to 0.35 wt.%.

16. The method of claim 15, wherein the resulting lubricating oil composition provides a Detroit DD‑13 scuffing (ASTM
D8074‑22) test result of at least 31 hours.
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