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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 onfuel 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 while maintaining a good film thickness for durability and wear
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 low viscosity grades that meet these requirements in terms of improved engine wear 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 presentinvention 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
use of such engines and/orimproving the wear performance and sootinduced viscosity control of an engine lubricated with
the lubricating oil composition.

[0005] Ithasnow surprisingly beenfound by the presentinventors that particular combinations of base oil, 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
admixing of: an oil of lubricating viscosity at greater than 50 wt.% of the composition comprising a Group I, Group Il base oll,
a Group lll 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 C,4_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 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; 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 lower molecular weight PIBSA-PAM is from 1.0 to 6.0 wt.% of the composition, and wherein the treatlevel 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
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.%. 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 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 C,_5 olefins having:

i) an Mw/Mn of less than 2,
i) a Functionality Distribution (Fd) value of 3.5 or less, and
i) 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 Il base oil, a Group Il base oil, a Group IV base oil (preferably a Group Il base oil, a Group Il base oil, a
Group IV base oil), or combinations thereof; (2) functionalized polymer at from 0.05 to 20 wt%, such as 0.2 t0 2.0 wt.% of the
composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer comprising C,_g
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) 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 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
(such as 0to 4 wt.%); 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.

[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 |, Group Il base oil, a Group Ill base oil, a Group IV base oil (preferably a Group Il base oil, a Group IlI
base oil, a Group IV base oil), or combinations thereof; a functionalized polymer at from 0.1 to 20 wt%, such as 0.2t0 2.0
wt.%, of the composition comprising an amide, imide, and/or ester functionalized partially or fully saturated polymer
comprising C,_g 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 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; 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
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 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 (CEC L-85_T-99), and 5) when the lubricating oil composition has 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.

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
CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985), i.e., Alkali metals are group 1 metals (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 the presence or addition of one or more other 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; such as 30 mass % or less of a composition, such as from 20t0 0.001 mass %, such as from 20t0 0.1 mass %,
based upon the mass of the composition.

[0016] Theterm"mass %" means mass percentofacomponent, based upon the mass of the composition as measured
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.l.") 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 exerttheirintended effectin the environment in which the oilis employed. Moreover, the additional incorporation of 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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carbon and hydrogen provided they do not affect the essentially hydrocarbyl nature of the hydrocarbyl group. Those skilled
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 C, to C5,, such asa C, to C4, 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 branched acyclic 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 C, to C, radical, such as a C, to C4,
radical) having atleast one double bond. Alkenyl groups in a compound are typically bonded to the compound directly viaa
carbon atom. Unless otherwise specified, alkenyl groups may be linear (i.e., unbranched) or branched, be cyclic, acyclic or
part cyclic/acyclic.

[0024] Theterm"alkylene™ meansaC,toC,, preferablyaC, to C,, bivalentsaturated aliphatic radical, which may be
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 form of the olefin. For example, when a copolymer is said to have an "isoprene" content of 55 wt % to 95 wt %, 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 %, based upon the weight of the copolymer. A "polymer" has two or 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 C,_s olefins," the C,_s 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] Theterm"alkynyl" meansaC,toCs,(suchasaC,toC,,)radical, whichincludes atleast one carbon-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 Cg to C,, (such as C5 to Cg, such as Cg to C4,) 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 thata 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 substituted phenyl"is a phenyl group where a hydrogen atom has been replaced by an alkyl group, such as
a C, to C, 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] Theterm "effective minoramount”inrespectofanadditive means an amount of such an additive of less than 50
mass % of the lubricating oil composition so that the additive provides the desired technical effect.

[0034] The term "effective major amount” in respect of an additive means an amount of such an additive of 50 mass %
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 C; to C,g,
preferably a Cq to C,,, most preferably a C4; to C,5 hydrocarbyl chain. Such compounds may be referred to herein as
aliphatic (C; to C,g), more preferably (Cq to C,;), most preferably (C4; to C,3), 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 the presence of the carboxyl carbon atom includes a total of Cx+1 to Cy+1 carbon
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] Theterm "aliphatic hydrocarbylfatty acid ester” means an ester obtainable by converting the monocarboxylic
acid functional group of the corresponding aliphatic hydrocarbyl fatty acid into an ester group. Suitably, the monocarboxylic
acid functional group of the aliphatic hydrocarby! fatty acid is converted to a hydrocarbyl ester, preferably a C, to C5,
aliphatic hydrocarbyl ester, such as an alkyl ester, preferably a C, to Cg 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 C,; to C,, aliphatic hydrocarbyl ester(s), [e.g., aliphatic
hydrocarbyl fatty acid alkyl ester(s), more preferably aliphatic hydrocarbyl fatty acid C, to Cg alkyl ester(s), especially
aliphatic hydrocarbyl fatty acid methyl ester(s)]. Suitably, the term "aliphatic hydrocarbyl fatty acid ester" embraces
aliphatic (C; to C,g) hydrocarbyl, more preferably aliphatic (Cq to C,;) hydrocarbyl, most preferably aliphatic (C4; to C,53)
hydrocarby! fatty acid glycerol ester(s) and aliphatic (C; to C,g) hydrocarbyl, more preferably aliphatic (Cg to Cy7)
hydrocarbyl, most preferably aliphatic (C4, to C,3) hydrocarbyl fatty acid C, to C5 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 the weight of the lubricating oil composition, or if present in the lubricating oil composition the componentis present at
levels that do notimpact the lubricating oil composition properties, such asless than 10 ppm, orless than 1 ppm orlessthan
0.001 ppm. When the term "absent" is used in relation to monomer reactants and/or to repeat units in (co)polymers
described herein, it means present at 0 wt%, based upon the weight 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 wit% 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 the APl (American Petroleum 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, and Mz 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, and Magnesium 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] Theterm"neo acids™ means carboxylic acids that exhibit highly branched structures in which 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 C,, neo acids with the common structural formula CyH,,0,. 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 the admixing of: an oil of lubricating
viscosity at greater than 50 wt.% of the composition comprising a Group |, Group Il base oil, a Group Il base oil, a Group IV
base oil (preferably a Group Il base oil, a Group Il 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 C,_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 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; 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 1600 g/mol), wherein the treat level of the combination of the higher molecular weight PIBSA-PAM and 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 in a borated form, the lower molecular weight PIBSA-PAM in a borated form, or a combination thereof, and the
borate PIBSA-PAM 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.

[0064] In another form of the instant disclosure, the lubricating oil composition is substantially free of the higher
molecular weight PIBSA-PAM.

[0065] Inanotherform oftheinstantdisclosure, the oil of lubricating viscosity constitutes from 60 wt.% to 95 wt.%, or 70 to
90 wt.%, or 75 to 85 wt.% of the composition, comprises a Group Il base oil, and is substantially free of the Group Il base oil
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 t0 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 the higher molecular weight PIBSA-PAM in the compositionis less than orequal to 4.0 wt.%,
orless than or equal to 3.5 wt.%, orless 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.%, orless than or equal to 1.5 wt.%, of the composition, or less than or equal to 1.0 wt.%, or less than orequal 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 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 orequal to 2.7 mPa.s and less than or equal to 3.1 mPa.s, or greater than orequal to 2.85 mPa.s
and less than or equal to 3.0 mPa.s.

[0069] Alternatively, the lubricating oil composition of the instant disclosure may have a HTHS of 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
orequal 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).
[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-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.

[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
to 1200 ppm, or less than or equal to 1100 ppm, or less than or equal to 1000 ppm, or less than or equal to 800 ppm by weight
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, and wherein the one or more antioxidants comprise from 1.0t0 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 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 a combination thereof at a treat level to deliver from 12 ppmto 1000 ppm, or 20 ppm
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to 500 ppm, or 20 ppm to 200 ppm, by weight of molybdenum to the composition.

[0077] Inyetanother 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 t0 2.0 wt.%, or 0.4 to 1.8 wt.%, or 0.6 to 1.6 wt.%, or0.8to 1.4
wt.%, or 1.0to 1.2 wt.% or 0.3 to 5 wt.%, or 0.4 to 3 wt.%, or 0.5 t0 2.0 wt.%, or 0.5t0 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 C,_g
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
isoprene and butadiene, then the Mn of the copolymer is greater than 25,000 g/mol, or 30,000 g/mol or more, or 35,000
g/mol or more, or 40,000 g/mol or more (GPC-PS).

[0079] The functionalized polymer of the lubricating oil composition of the instant disclosure may include atleast 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 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.

[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
an SAE grade selected from the group consisting of 0OW-20, 0W-30, 5W-20, 5W-30, 10W-30, 15W-40, 5W-40 and 10W-40.
[0082] The lubricating oil composition of the instant disclosure is also particularly suitable as a heavy-duty diesel oil
meeting the API PC-12 specification. The lubricating oil composition of the instant disclosure is also suitable as a light-duty
diesel engine oil (commercial and passenger vehicles) as well as a passenger vehicle spark ignited combustion engine oil.
[0083] The lubricating oil compositions described herein may have one, two, three, or four of:

a) aturbocharger #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) testresult of atleast 31 hours (such as atleast 40 hours, such as atleast
50 hours, such as atleast 60 hours, such as atleast 70 hours, such as atleast 80 hours, such as atleast 90 hours, such
as atleast 100 hours), preferably having: a); b); ¢); 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); 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 the diesel fuel in the engine, wherein the diesel fuel is a non-renewable diesel fuel, a renewable diesel fuel
ora combination thereof, and wherein the engine is a diesel engine. Also provided herein is a method of 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.

[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
providing a diesel fuel to the engine and combusting the diesel fuel in the engine, wherein the diesel fuel is a non-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 mgKOHY/g, such as 8 to 12mgKOH/g, as measured by ASTM D2896.

[0087] Thelubricating 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] Inembodiments, the kinematic viscosity at 100° C ("KV100") of the lubricating composition may range from 5 to
20cSt, suchas6to 19cSt, suchas 8tolessthan 17 cSt, such as 10toless than 16 cSt, as determined accordingto ASTM D
445-19a).

[0094] Generally, the total base number of the lubricating composition may range from 1 to 30, such as 5to 15 mgKOH/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 descriptor SAE 15W-X, SAE 10W-X, SAE 5W-X or SAE OW-X, where X represents any one of 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 composition may be the form of viscosity grade SAE 15W-X, SAE 10W-X, SAE 5W-X or SAE OW-X, such as
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 Xis 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, 