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TRUNK PISTON ENGINE LUBRICATING OIL COMPOSITIONS
ABSTRACT

This invention encompasses trunk piston engine lubricating oil compositions,
comprising a major amount of one or more Group [ base oils; and one or more dispersant
additives. wherein the concentration of the one or more dispersant additives within the
trunk piston engine lubricating oil composition is about 0.2-0.6 wt.% on an actives basis;

and methods for making and using the trunk piston engine lubricating oil compositions.

(No Suitable Figure)
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TRUNK PISTON ENGINE LUBRICATING OIL COMPOSITIONS

FIELD OF THE INVENTION
{0001} This invention relates to tubricating oil compositions, and more specifically relates

to lubricating oil compositions for lubricating trunk piston engines.

BACKGROUND

[9002] Trunk piston engines typically operate using various types and gualities of diesel
fuels and heavy fuel oils. When heavy fuel oils and conventional tubricant oil
compositions mix in different temperature regions of trunk piston engineé, however, black
siudge (such as asphaltene deposits or other deposits) and other asphaliene derived
depo.sits (such as undercrown deposits) tends to form. Such black siudge or deposit
formation can adversely affect the service interval and maintenance cost of trunk piston
engines.

[6003] Several attempts have been made to develop a lubricating oil composition having
improved performance within trunk piston engines operating on heavy fuel oils. For
exampie, EP 1154012 discusses a dispersani-free fubricating oil composition comprising
an oil of lubricating viscosity, an overbased metal detergent, and an antiwear additive,
wherein the composition can contain small amounts of a dispersant provided that the
composition does not substantially demonstrate the dispersancy effect of the component.
Simitarly, EP 1209218 discusses a dispersant-free lubricating oil composition comprising
an oil of lubricating viscosity, an overbased metal detergent, and an antiwear additive,
where the composition can contain less than or equal to 1 mass % of a dispersant.

10084] A need still remains, however, for an improved trunk piston engine lubricating oil
composition having & Group I base oil that both reduces black siudge formation in trunk
piston engines using heavy fuel oil, and which is viscosity-stabilized such that it is

resistant (o oxidation-based viscosity increase.

BRIEF SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention relates to a trunk piston engine lubricating oil
composition, comprising a major amount of one or more Group I base oiis; and one or
more digpersant additives, where the concentration of the one or more dispersant additives
within the trunk piston engine lubricating oil composition is about 0.2-0.6 wt.% on an

actives basis, and where the composition has a total base number of at least about 12,
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[0606] In another aspect, the present invention relates to a black studge-minimizing trunk
piston engine lubricating oil composition, comprising a major amount of one or more
Group I base oils; and one or more dispersant additives, where the concentration of the
one or more dispersant additives within the trunk piston engine lubricating oil composiiion
is about 0.2-0.6 wt.% on an actives basis, where the composition has a total base number
of at least about 12, and where the trunk piston engine lubricating oil coraposition reduces
black sludge formation in an engine by at least about 5%, when compared to a dispersant-
free lubricating oil composition.

{6007] In another aspect, the present invention refates to a viscosity-stabilized trunk piston
engine lubricating il composition, comprising a major amount of one or more Group |
base oils; and one or more dispersant additives, where the concentration of the one or
more dispersant additives within the trunk piston engine lubricating oil composition is
about 0.2-0.6 wt.% on an actives basis, where the composition has a total base number of
at least about 12, and where the composition has at least about 5% less oxidation-based
viscosity increase, when compared to a dispersant-free lubricating oil composition.

[0008] In another aspect, the present invention relates to a method for making 2 trunk
piston engine lubricating oil composition, comprising mixing a major amount of one or
meore Group I base oils; and one or more dispersant additives, where the concentration of
the one or more dispersant additives within the trunk piston engine lubnicating oil
composition is about 0.2-0.6 wt.% on an actives basis, and where the compesition has a
total base number of at least about 12.

[06809] In another aspect, the present invention relates to a method for reducing black
sludge and deposit formation in an engine, comprising lubricating the engine with a frunk
piston engine lubricating oil composition, comprising a major amount of one or more
Group I base oils; and one or more dispersant additives, where the concentration of the
one or more dispersant additives within the trunk piston engine ubricating oil composition
is about 0.2-0.6 wt.% on an actives basis, and where the composition has a total base
number of at least about 12.

[8616] In another aspect, the present invention relates to a method for operating a frunk
piston engine, comprising lubricating the trurk piston engine with a trunk piston engine
lubricating oil composition comprising: one or more Group [ base oils; and one or more
dispersant additives, where the concentration of the one or more dispersant additives
within the trunk piston engine lubricating oil composition 1s about 0.2-0.6 wi.% on an
actives basis, and where the composition has 2 total base number of at least about 12,
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[0011] Several embodiments of the invention, including the above aspects of the
invention, are described in further detail as follows. Generally, each of these
embodiments can be used in various and specific combinations, and with other aspects and

embodiments unless otherwise stated herein.

DETAILED DESCRIPTION OF THE INVENTION

[8012] To facilitate the understanding of the subject matter disclosed herein, a number of
terms, abbreviations or other shorthand as used herein are defined below. Any ierm,
abbreviation or shorthand not defined is understood to have the ordinary meaning used by
a skilled artisan contemporaneous with the submission of this application.

(60131 “A major amount” of a base oil refers to a concentration of the base oil within the
tubricating oit composition of at least about 40 wt.%. In some embodiments, “a major
amount” of a base oil refers tc a concentration of the base oil within the lubricating oil
composition of at least about 50 wt.%, at least about 60 wi.%, at least about 70 wt.%, at
least about 80 wt.%, or at ieast about 90 wi.%.

{6014} “On an actives basis” indicates that only the active component(s) of a particular
additive are considered when determining the concentratior: or amount of that particular
additive within the overall trunk piston engine lubricating oil composition. Diluents and
any other inactive components of the additive, such as diluent oil, are excluded. Unless
otherwise indicated, in describing the trunk piston engine lubricating oil composition,
concentrations provided herein for the one or more dispersant additives are indicative of
the concentration of the dispersant (and not of any inactive components within the
dispersant additive, such as diluent oil) within the trunk piston engine lubricating oil
composition,

[6615] In the following description, ail numbers disclosed herein are approximate values,
regardiess whether the word “about” or “approximate” is used in connection therewith.
They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent.
Whenever a numerical range with a lower limit, RL., and an upper limit. RU, is disclosed,
any number falling within the range is specifically disclosed. In particular, the following
numbers within the range are specifically disclosed: R=RL+k*(RU-RL), wherein k 1s a
variable ranging from 1 percent o 100 percent with a I percent increment, fe., k15 1

poant

93 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
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numerical range defined by two R numbers as defined in the above is aiso specifically
disclosed.
{0616] The lubricating oil compositions, trank piston engine lubricating oil compositions,
and trunk piston engine oils (TPEO) described herein (collectively “lubricating oil
compositions”) can be used for lubricating any trunk piston engine or compression-ignited
~(diesel} marine engine, such as a 4-stroke trunk piston engine or 4-stroke diesel marine
engine.
[6017] The lubricating oil composiiions have surprisingly been found to be viscosity-
stabilized, black sludge-minimizing, low deposit-forming, deposition-reducing, deposit-
minimizing, asphaltene deposit or other deposit minimizing, asphaltene stabilizing,
oxidative thermal sirain-stabilized, and combinations thereof, such as when mixed or
combined with a heavy fuel oil (such as an asphaltene-containing or an unbumnt
asphaltene-containing heavy fuel oil). In this regard, the lubricating oil composition is
mixable or combinable with a heavy fuel oil (such as an asphaltene-containing heavy fuel
0il) to form a mixture or system having low, minimal, or no black sludge formation {(e.g.,
asphaltene deposits or other deposits), such as in different temperature regions (e.g.,
cooling gallery of the pistons, piston ring groove area, combusiion chamber, or other
cooling regions) of a trunk piston engine (such as a region having a temperature of about
300°C or less, about 280°C or less, about 260°C or less, about 240°C or less, about 220°C
or less, about 200°C or less, about 180°C or less, about 160°C or less, about 140°C or less,
about 100°C or less, about 80°C or less, about 60°C or less, or about 4C°C or less. In some
preferred embodiments, the lubricating oil compositions reduce black sludge {(or black
sludge deposit) formation in an engine (such as an engine using a heavy fuel oil, e.g., an
asphaltene-containing heavy fuel oil) by at least about 5%, at least about 10% or mors, at
least about 15% or more, at least about 20% or more, at least about 30% or more, at least
about 40% or maore, at least about 50% or more, at least about 60% or more, at least about
70% or more, at least about 80% or more, or even at least about 90% or more, when
compared to a dispersant-free lubricating oil composition. In another preferred
embodiment, the lubricating oil compositions reduce black sludge formation (e.g.,
asphaltene or other deposition) in an engine by at least about 5%, at least about 10% or
more, at least about 13% or more, at least about 20% or more, at least about 30% or more,
at least about 40% or more, at least about 50% or more, at least about 60% or more, at
ieast about 70% or more, at least about 80% or more, or even at least about 0% or more,

when compared to a lubricating oil composition having more than 0.6 wt.%, more than 0.7
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wt.%, more than 0.8 wt.%, more than 0.9 wt.%, or even more than 1.0 wt.% of =
dispersant. Reductions in black studge formation can be measured in any suitable manner,
preferaﬁiy via a Black Sludge Deposit (BSD) Test (such as 15 descnbed Examples 1 and
3).

[0618] In some preferred embodiments, the lubricating oil compositions form about 5%
less, about 10% less, about 15% less, about 20% less, about 30% less, about 40% less,
about 50% less, about 60% less, about 70% less, about 80% less, or even about 90% less
black studge (e.g., asphaltene or other deposits), when mixed (such as in an engine) with a
heavy fuel oil (such as an asphaliene-containing or unburnt asphaltene containing heavy
fuel oil), when compared to a dispersant-free lubricating oil composition. In another
preferred embodiment, the lubricating oil compositions form about 5% lesg, about 10%
less, about 15% less, about 20% less, about 30% less, about 40% less, about 50% less,
about 60% less, about 70% less, about 80% iess, or even about 90% less black sludge
{e.g., asphaltene or other deposits), when mixed with a heavy fuel o1l (such as asphaltene
or unburnt asphaltene containing heavy fuel oil}, when compared to a lubricating oil
composition comprising more than about 1 wt.%, more than about 0.¢ wt. %, more than
about 0.8 wt.%, more than 0.7 wt.%, or even more than about 0.6 wt.%.

[6019] In other aspects, some preferred lubricating oil compositions are viscosity-
stabiltized runk piston engine lubricating oil compositions. In a preferred embodiment,
the lubricating oil compositions have at least about 5%, at least about 10% less, at least
about 15%, at least about 20%, at least about 25%, at ieast about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, or even at
least about 90% less oxidation-based viscosity increase, when compared to a dispersant-
free tubricating oil composition.

3020} In another preferred embodiment, the lubricating oil compositions are at least
about 5%, at least about 10%, at ieast about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, or even at least about 90% more stable or stabilized agamnst
oxidation-based viscosity increase, oxidative thermal strain, or combinations thereof,
when compared 1o a dispersant-free lubricating oil composition. Viscosity stabilization,
and stability against oxidation-based viscosity increase, oxidative thermal strain, and
combinations thereof, can be measured in any suitable manner, such as via a Modified

Institute of Petroleum 48 (MIP48) test (such as is described in Exampie 2).
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[0621] The lubricating oil compositions can have any total base number (TBN) that is
suitable for use in trunk piston engines. For example, in some embodiments, the
lubricating oil compositions can have a TBN of at least about 12, at least about 14, at least
about 16, or at least about 18. In other embodiments, the lubricating oil compositions
have a TBN of at lezist about 20, at least about 23, at least about 30, at least about 35, at
jeast about 40, at least about 50, or even at least about 60. In other embodiments, the
lubricating oil compositions have a TBN less than about 100, less than about 90, less than
about 80. less than about 70, less than about 60, less than about 50, or less than about 40,
In other embodiments, tha lubricating oil compositions have a2 TBN in the range from
about 12 to about 70, such as in a range from about 20 to about 70, a range from about 12
fo about 60, a range from about 20 to about 60, a range from about 12 to about 50, a range
from about 20 1o zbout 50, a range from about 30 to about 60, a range from about 30 o
about 50, The TBN of the lubricating cil compositiens can be measured by any suitable
method, such as by ASTM D289¢.

{0022] The lubricating oil compositions can have any viscosity that is suitable for use in a
trunk piston engine. [in one embodiment, the lubricating oil composition has a viscosity
of at least about 3, at ieast about 10, at least about 15, or at least about 20 ¢St at 100°C. in
another embodiment, the tubricating oil composition has a viscosity of about 5.6 - 21.9
cSt at 100°C, such as about 5.6 — 9.3, about 9.3 - 12.5, about 12.5 - 16.3, or about 16.5 ~
21.9 ¢St at 100°C.] The viscosity of the lubricating oil composition: can be measured i
any suitable method, such as by ASTM DZ274.

[0023] The iubricating oil compositions disclosed herein can be prepared by any metnod
known to a person of ordinary skill in the art for making lubricating oils. In some
embodiments, one or more Group [ base oils can be blended or mixed with one or more
dispersants. Optionally, one or more other additives in addition to the one or more
dispersants can be added. The one or more dispersants and the optional additives may be
added to one or more Group [ base oils individually or simultaneously. In some
embodiments, the one or more dispersants and the optional additives are added to one or
more Group I base oils individually in one or more additions and the additions may be in
any order. In other embodiments, the one or more dispersants and the additives are added
to one or more Group 1 base oils simultaneously, optionally in the form of an additive
concentrate. In some embodiments, the solubilizing of the one or more dispersants or any

soiid additives in one or more Group [ base oils may be assisted by heating the mixture to



a temperature from about 25°C to about 200°C, from about 50°C to about 150°C or from
about 75°C to about 125°C.
[0624} Any suitable mixing or dispersing equipment may be used for blending, mixing or
solubilizing the ingredients. The biending, mixing or solubilizing may be carried out with
a blender, an agitator, a disperser, a mixer (e. g., planetary mixers and double planetary
mixers), a homogenizer (¢.g.. Gaulin homogenizers and Rannie homogenizers), a mill
(e.g., colloid mﬂf, ball mill and sand mill) or any other mixing or dispersing eguipment
known in the art.
{0025] The lubricating oil compositions described herein can also be used for any suitable
method of using a lubricating oil composition. In one preferred embodiment, a method 1s
provided for operating a trunk piston engine, comprising lubricating the trunk piston
engine with any of the lubricating oil compositions described herein, In another preferred
embodiment, 2 method is provided for reducing black studge formation in an engine,
compnsing lubricating an engine with any of the lubricating oil compositions described
herein. It is preferred, in some embodiments of these methods, for minimal, low, or no
black sludge formation (e.g., aspualtene or other deposition) in said engine or trunk piston
engine (such as during use or operation of the engine using a heavy fuel oil, such as an
asphaltene-containing heavy fuel oil), such as in different temperature regions (¢.g..
cooling galleries of the pistons or other cooling regions) of the engine or trunk piston
engine, such as a region having a temperature of about 300°C or less, about 280°C or less,
about 260°C or less, about 240°C or less, about 220°C or less, about 200°C or less, about
180°C or less, about 160°C or iess, about 140°C or less, about 100°C or less, about 80°C or
iess, about 60°C or less, or about 40°C or less.
10026] In other preferred embodiments of the methods, black sludge formation in the
engine or trunk piston engine {such as during use or operation of the engine or trunk piston
engine using a heavy fuel oil} (such as in lower temperature regions of the engine or trunk
piston engine) is reduced by a: least about 5%, at least about 10%, at least about 15%, at
least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, or even at least about 90%, when compared
to the same method using a dispersani-free lubricating oil composition. In other preferred
embodiments of the methods, black sludge formation in the engine or frunk pision engine
(such as during use or operation of the engine using a heavy fuel 011} (such as in lower
temperature regions of the engine or trunk piston engine) is reduced by at least about 5%,
at least about 10%, at least about 15%, at least about 20%, at least about 30%, at least
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about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,
or even at least about 90%, when compared to the same method using a lubricating oil
composition having more than 0.6 wt.%, more than 0.7 wi.%, mors than 0.8 wt.%, more

than 0.9 wt.%, or even more than 1.0 wt.% of a dispersant.

Base Oil:
[0027] In a preferred embodiment, the base oil is a Group I base oil, or a biend of two or
more different Group I base oils. The Group I base oils can be any petroleum derived base
oil of lubricating viscosity as defined by the American Petroleum institute (APT)
Publication 1509, Fourteen Edition, December 1996 (i.e., API Base Oil Interchangeability
Guidelines for Passenger Car Motor Oils and Diesel Engine Oils), which 1s incorporated
herein by reference in its entirety. The API guideline defines a base stock as a lubricant
component that may be manufactured using a variety of different processes. In this
regard, a Group [ base oil is 2 mineral oil having a total sulfur content greater than or equal
to about 0.03 wt.% (as determined by ASTM D 2270), a saturates content less than about
90 wt.% (as determined by ASTM D 2007), and a viscosity index (VI) of about 80-120 (as
determined by ASTM D 4294, ASTM D 4287 or ASTM D 3120).
[0028] Group I base oils can comprise light overhead cuts and heavier side cuts from a
vacuum distillation column and can also include, for example, Light Neutral, Medium
Neutral, and Heavy Neutral base stocks. The petroleum derived base oil also may include
residual stocks or bottoms fractions, such as, for exampie, bright stock. Bright stock isa
high viscosity base oil which has been conventionally produced from residual stocks or
bottoms and has been highly refined and dewaxed. Bright siock can have a kinematic
viscosity greater than about 180 ¢St at 40°C, or even greater than about 250 ¢St at 40°C,
or even ranging from about 500 to about 1100 ¢St at 40°C,
[0629] In another preferred embodiment, the base oil can be a blend or mixture of two or
more, three or more, or even four or more Group I base oils having different molecular
weights and viscosities, wherein the blend is processed in any suitable manner to create a
base oil having suitable properties (such as the viscosity and TBN values, discussed
above) for use in a trunk piston engine. In one embodiment, the base oil comprises
ExxonMobil CORE® 100, ExxonMobil CORE® 150, Exxonhiobil CORE® 600,
ExxonMobil CORR® 2500, or a combination or mixture thereof. In this regard, examples
1-2 of the present application, for instance, describe twelve different blends of three Group
[ base oils (specifically, ExxonMobil CORE® 150, ExxonMobil CORE® 600,
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ExxonMobil CORE® 2500), wherein each of the final blended compositions had a
viscosity of about 145 ¢St at 40°C and a TBN of about 41,

Diisnersant Additive

10G36] The dispersant additive (“dispersant”) can be in any suitable form. In one
embodiment, the dispersant is mixed or biended in the lubricating oil composition in the
orm of a dispersion or suspension comprising any suitable process or diluent oil (such as
any Group I oil, Group II oil, or combination or mixture thereof) and the dispersant. In
one embodiment, the process or diluent oil is an oil that is different from the base oil (e.g.,
Group I base oil) of the lubricating oil composition, such as a different Group I base oil, 2
Group IT base oil, or 2 mixture or combination thereof. In another embodiment, the
process or diluent oil is an oil that is the same as the base oil {e.g., Group I base oil) of the
lubricating oil composition.

[(3631] The dispersant can be any suitable dispersant or mixture of multiple dispersants for
use in & lubricating engine oil. In ons embodiment, the dispersant is an ashless dispersant,
such as an ashless dispersant that comprises an alikenyi- or alkyl-succinimide or a
derivative thereof, such as a polyalkyiene succinimide (preferably, polyisobutene
succinimide). In another embodiment, the dispersant is an alkali metal or mixed alkali
metal, alkaline earth metal borate, dispersion of hydrated alkali metal borate, dispersion of
alkaline-earth metal borate, polyvamide ashiess dispersant, benzylamine, Mannich type
dispersant, phosphorus-containing dispersant, or combination or mixture thereof. These
and other suitable dispersants have been described in Mortier et al., “Chemisiry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 5, pages 86-90
(1996): and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New
York, Marcel Dekker, Chapter 3, pages 137-170 {2003}, both of which are incorporated
herein by reference in their entirety. In a preferred embodiment, the dispersant is a
succinimide or a derivative thereof. In another embodiment, the dispersant is a
succinimide or derivative thereof which is obtained by reaction of a polybutenylsuccinic
anhydride and a polyamine. In another embodiment, the dispersant is a succinimide or
derivative thereof which is obtained by reaction of a polybutenylsuccinic anhydride and a
polyamine, wherein the polybutenylsuccinic anhydride is produced from polybutene and
maleic anhvdride (such as by a thermal rzaction method using neither chiorine or a
chiorine atom-containing compound). In another preferred embodiment, the dispersant 1is
a succinimide reaction product of the condensation reaction between polyisobuteny!
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suceinic anhydride (PIBSA) and one or more alkylene polyamines. The PIBSA, in this
embodiment, can be the thermal reaction product of high methylvinylidene polyisobutene
(PIB) and maleic anhydride. In another preferred embodiment, the dispersant 158
primarily bis-succinimide reaction product derived from PIB having a number average
molecular weight (Mn) of about 500-3000, such as about 600-2800, about 700-2700, about
800-2600, about 900-2500, about 1060-2400, about 1100-2300, about 1200-2200, about
1300-2100, or even about 1400-2000. In another preferred embodiment, the dispersant is
a primarily bis-succinimide reaction product derived from PIB having a Mn of at least
about 600, at least about 800, at least about 1000, at least about 1100, at least about 1200,
at least about 1300, at least about 1400, at least about 1500, at least about 1600, at least
about 1700, at least about 1800, at least about 1900, at least about 2000, at least about
2100, at least about 2200, at least about 2300, at least about 2400, at least about 2500, at
least about 2600, at least about 2700, at least about 2800, at least about 2900, at least about
3000. In one preferred embodiment, for example, the dispersant is a primarily bis-
succinimide reaction product derived from 1000 Mn PIB, which succinimide in another
preferred embodiment is subsequently borated to achieve a boron concentration of about
(0.1-3 wt.% (such as about 1-2 wt.%, such as 1.2 wt.%) in the succinimide. In another
preferred embodiment. the dispersant is a primarily bis-succinimide reaction product
derived from 1300 Mn PIB, which succinimide in another preferred embodiment is
subsequently borated to achieve a boron concentration of about 0.1-3 wi.% (such as about
1-2 wt.%, such as 1.2 wt.%) in the succinimide. In another preferred embodiment, the
dispersant is a primarily bis-succinimide reaction product derived from 2300 Mn PIB,
which succinimide in another preferred embodiment is subseguently reacted with ethylene
carbonate.
[0632] In another preferred embodiment, the dispersant is a succinimide prepared by the
reaction of a high molecular weight alkenyl- or alkyl-substituted succinic anhydride and 2
polvalkylene polyamine having 4 to 10 nitrogen atoms (average value), preferably 5 to 7
nitrogen atoms {average value) per mole. The alkenyl or alkyl group of the alkenvi or
alkyl succinimide compound, in this regard, can be derived from a polybutens having a
number average molecular weight of about 900-3000, such as about 1000-2500, about
1200-2300, or even about 1400-2100. In some embodiments, the reaction betweern
polybutene and maleic anhydride for the preparation of polybutenyl succinic anhydride
can be performed by a chlorination process using chiorine. Accordingly. in soms
embodiments, the resulting polvbuteny! succinic anhydride as well as 2 polybutenyl
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succinimide produced from the polybuteny! succinic anhydride has a chlorine content in
the range of approximately 2,000 to 3,000 ppm (wt). In contrast, a thermal process using
no chlorine gives a poiybutenyl succinic anhydride and a polybutenyl succinimide having
a chlorine content in a range of such as less than 30 ppm {wt). Therefore, a succinimide
derived from a succinic anhydride produced by the thermal process is preferred, in some
embodiments, due o the smaller chlorine content in the lubricating oil composition.
{60331 In another preferred embodiment, the dispersant comprises a modified alkenyi~ or
alkyl-succinimide which is afier-treated with a compound selected from a boric acid, an
alcohol, an aldehyde, a ketone, an alkylphenol, a cyclic carbonate (e.g., ethylene
carbonate), an organic acid, a succiamide, a succinate ester, a succinate sster-amide,
pentaerythritol, phenate-salicylate and their post-treated analogs or the like, or
combinations or mixtures thereol. Preferable modified succinimides are borated alkenyi-
or alkyl-succinimides, such as alkenyl- or alkyl-succinimides which are after-treated with
boric acid or a boron-contaming compound. In another embodiment, the dispersant
comprises alkeny?- or alkyl- succimmide that has not been after- or post-treated.

[0034] Preterably, the conceniration of the one or more dispersants within the lubricating
oil composition on an actives basis is less than about 1.0 wt.%, less than about 0.9 w=.%,.
less than about 0.8 wt.%, less than about 0.7 wit.%, less than about 0.6 wt.%, less than
about .5 wt.%, less than about (.4 wt.%, less than about 0.3 wt.%, or even less than about
0.2 wt.%. In other preferred embodiments, the concentration of the one or more dispersant
additives within the lubricating oil composition on an actives basis is about 0.1-1 wt. %,
about €.2-0.9 wt.%, 0.1-0.8 wt.%, about 0.2-0.8 wt.%5, about 0.2-0.8 wt.%, 0.1-0.7 wt.%,
0.2-0.7 wt.%, about 0.3-0.7 wt.%, about 0.4-0.7 wt.%, about 0.1-0.6 wt.%, about 0.2-0.6
wt.%, about 0.3-0.6 wt.%, about 0.4-0.6 wt.%, about 0.5-0.6 wi.%, about 0.1-0.5 wt.%,
about 0.2-0.5 wt.%, about 0.1-0.4 wt.%, 0.2-0.4 wt.%, 0.2-0.6 wt.%, or even about £.3-0.5

wt, %,

Detergent Additive:

10035] The lubricating o1l composition may also comprise any suitable one or more (such

as two or more, three or more, or even four our more) detergent additives (“detergents™),

such as non-overbased detergents, overbased detergents, overbased metal detergents,

overbased carboxylate-containing detergents (such as overbased carboxylate metal-

containing detergents), or combinations or mixtures thereof. An overbased detergent

additive can be any detergent additive in which the TBN of the additive has been increased
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by & process such as the addition of a base source (such as iime), and an acidic overbasing
compound (such as carbon dioxide). ’
0036} 'Preferabiy, the detergent comprises a sait, such as an overbased salt, of an alkvi-
substituted hydroxybenzoic acid. In a preferred embodiment. the detergent can be an
alkaline earth salt (such as calcium or magnesium) of an alkyl-substituted hydroxybenzoic
acid. In some embodiments, greater than about 75% (preferably greater than about 80%,
greater than about 85%, greater than about 90%, or even greater than about 93%) of the
alkyl-group of alkyl-substituted hydroxybenzoic acid is a residue of linear alpha-olefin
having 20 or more carbons, such as 22 or more, 24 or more, 26 or more, 28 or more, or
even 30 or more carbons. In a preferred embodiment, the one or more detergents comprise
an overbased salt (such as an overbased alkaline earth metal salt) of a mixture of alkyl-
substituted hydroxybenzoic acid and aliyl-substituted phenol. in this regard, for exampie,
the one or more detergents can comprise a mixture of an overbased salt of an allcyl-
substituted hydroxybenzoic acid and an overbased salt of an alkyl-substituted phenol. In
another preferred embodiment, the lubricating oil composition comprises one or more
detergents corﬁprising an overbased salt of an alkyl-substituted hydroxybenzoic acic,
wherein the lubricating oil composition comprises no other overbased salts (other than the
salt of the dispersant). In another preferred embodiment, the detergent of the lubricating
oil composition consists essentially of a salt of an alkyl-substituted hydroxybenzoic acid.
In another preferred embodiment, the detergent of the lubricating oil composiiion does not
contain 2 salt of an oil-soluble sulfonic acid. In another preferred embodiment, the
detergent of the lubricating oil composition does not contain an alkyl phenate. In another
preferred embodiment, the detergent of the lubricating oil composition does not comain a
salt of an oil-soluble sulfonic acid or an alky! phenate. In some embodiments, the
detergent comprises an alkyl phenate and an overbased salt of an allcyl-substituted
hydroxybenzoic acid.

[0637] In another preferred embodiment, the lubricating oil compOsition comprises a
carboxylate-containing detergent that comprises:

(a) a multi-surfactant unsulfurized, non-carbonated, non-overbased, carboxylate-
containing additive prepared, for example, according to the method described in Exampte
| of U.S. Patent Application Publication No. 2004/0235686, the contents of which are
incorporated herein by reference in their entirety; or

(b) an overbased calcium alkylhydroxybenzoate additive prepared, for example,
according to the method described in Example 1 of U.E. Patent Application Publication

12



No. 2007/0027043, the contents of which are incorporated herein by reference in their
entirety,
or combinations or mixtures thereof. In one preferred embodiment, the fubricating

oil composition comprises a mixture of (z) and (b).

[0038} Some non-limiting examples of suitable metal detergents inciude sulfurized or
unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic sulfonates, borated
sulfonates, sulfurized or unsulfurized metal salts of multi hydroxy alkyl or alkenyl
aromatic compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or
unsulfurized alkyi or alkeny! naphthenates, metal saits of alkancic acids, metal salts of an
aliyl or alkeny! multiacid, and chemical and physical mixtures thereof. Other non-
limiting examples of suitable metal detergents include metal sulfonates, phenates,
salicylates, phosphonates, thiophosphonates and combinations thereol. The metal can be
any metal suitable for making sulfonate, phenate, salicylate or phosphonate detergents.
Non-limiting examples of suitable metals inciude alkali metals, alkaline metals and
transition metals. In some embodiments, the metal is Ca, Mg, Ba, K, Na, Li or the like.
[0039] Generally, the amount of the detergent is from about 0.001 wt.% to about 5> wt.%,
“from about 0.05 wt.% to about 3 wt.%. or from about 0.1 wt.% to about | wt.%, based on
the total weight of the lubricating oil composition. Some suitable detergents have been
described in Morier et al., “Chemistry and Technology of Lubricants,” 2nd Edition,
London, Svringer, Chapter 3, pages 75-85 (1996); and Leslie R. Rudnick, “Lubricant
Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 4, pages

113-136 (2003}, both of which are incorporated herein by reference in their entirety.

Lubricating Oil Additives

[0040] Optionally, the lubricating oil composition may further comprise at least an
additive or a modifier (hereinafter designated as “additive”) that can impart or improve
any desirabie property of the fubricating oil composition. Any suitable additive may be
used in the lubricating oil compositions disclosed herein. Some suitable additives have
been described in Mortier et al., “Chemistry and Technology of Lubricants,” Znd Edition,
London, Springer, (1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker (2003), both of which are incorporated herein
by reference. In some embodiments, the additive can be selected from the group
consisting of antioxidants, antiwear agents, detergents, rust inhibitors, demuisifiers,
friction modifiers, multi-functional additives, viscosity index improvers, pour point

13



depressants, foam inhibitors, metal deactivators, dispersants, corrosion inhibitors, ubricity
improvers, thermal stability improvers, anti-haze additives, icing inhibitors, dyes, markers,
static dissipaters, biocides and combinations and mixtures thereof. In general, the
concentratian dfa&ch of the additives in the mbz‘icaiiﬁg il csmposition;.%#hen present;
may range from about G.GOI Wrt.% to about 10 w’ﬁ.%ﬁ fror about 0.01 wt.% to about §
wt.%, or from about 0.1 wt.% to about 2.5 wt.%, based on the total weight of the '
Jubricating oil composition. Further, the total amount of the additives in the lubricating oil
composition may range from about 0.001 wt.% 1o about 20 wi.%, from about 0.01 wt.% to
about 10 wt.%, or from about 0.1 wt.% to about 5 wt.%, based on the total weight of the
iubricating oil composition.

[6041] The lubricating oil composition disclosed herein can optionally comprise an anti-
wear agent that can reduce friction and excessive wear. Any suitable anti-wear agent may
be used in the lubricating oil composition. Nor-limiting examples of suitabie anti-wear
agents include zinc dithiophosphate, metal {(e.g., Pb, 5b, Mo and the hke) salts of
dithiophosphate, metal (e.g., Zn, Pb, 5b, Mo and the like) salts of dithiocarbamate, metal
(e.g., Zr, Pb, Sb and the iike) saits of fatty acids, boron compounds, phosphate esters,
phosphite esters, amine salis of phosphoric acid esters or thiophosphoric acid esters,
reaction products of dicyclopentadiene and thiophosphoric acids and combinations
thereof. The amount of the anti-wear ageni 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 wi.%,
based on the total weight of the lubricating oil composition. Some suitable anti-wear
agenis have been described in Leslie R, Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter €, pages 223-258 (2003}, which 1s
incorporated herein by reference.

[6042] In certain embodiments, the anti-wear agent 1s or comprises a dihvdrocarbyl
dithiophosphate metal salt, such as zinc dialkcyl dithiophosphate compounds, zine diaryl
dithiophosphate. or & combination or mixture therecf. The metal of the dihydrocarbyl
dithiophosphate metal salt may be an alkali or alkaline earth metal, or aluminum, lead, tin,
molybdenum, manganese, nickel or copper, In some embodiments, the metal 15 zinc. In
other embodiments, the alky! group of the dihydrocarbyl dithiophosphate metal 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 & carbon atoms and may be

linear or branched.



[0643] The amount of the dihydrocarbyl dithiophosphate metal salt including the zinc
dialky! dithiophosphate salts in the lubricating o0il composition disciosed herein may be
measured by its phosphorus content. In some embodiments, the phosphorus content of the
' lubricating oil composition disclosed herein is from about 0.01 wt.% to ab0qt 0.12 wt.%,
from about 0.01 wt.% to about 0.10 wt.%, frdm about 0.02 wt.% to about 0.08 Wt.%; or
from about 0.02 wt.% to about 0.05 wt.% based on the total weight of the lubricating oil
composition.

{0044] Inone embodiment‘, the phosphorous content of the lubricating oil composition
herein is from about 0.01 to 0.08 wt%, such as from about 0.02 to about 0.07 wt. %, from
about 0.02 to about 0.06 wt.% or from about 0.02 to about 0.05 wt.% based on the total
weight of the lubricating oil composition. In another embodiment, the phosphorous
content of the hubricating oil composition herein is from about 0.05 to 0.12 wt% based on
the total weight of the lubricating oil composition.

[6045] The dihvdrocarbyl dithiophosphate metal salt may be prepared by first forming &
dihydrocarbyl dithiophospheric acid (DDPA), usually by reacting one or more of alcohols
and phenoclic compounds with PoSs and then neutralizing the formed DDPA with a
compound of the metal, such as an oxide, hydroxide or carbonate of the metal. In some
embodiments, a DDPA may be made by reacting mixtures of primary and secondary
alcohols with P»55. In other embodiments, two or more dibydrocarby! dithiophosphoric
acids can be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the hydrocarbyl groups on the others are entirely primary in character. The |
zinc salts can be prepare from the dihydrocarby! dithiophosphoric acids by reacting with a
zine compound. In some embodiments, a basic or a neutral zinc compound is used. In
other embodiments, an oxide, hyvdroxide or carbonate of zinc is used.

[0046] In some embodiments, oil soluble zinc dialkyl dithiophosphates may be produced

from dialky! dithiophosphoric acids represented by formula (1)

RS‘O\F} /OR‘=
N

HS S (1D,
wherein each of R* and R’ is independently linear or branched alky! or linear or branched
substituted alkyl. In some embodiments, the alkyl group has from about 3 1o about 30

carbon atoms or from about 3 to about 8§ carbon atoms.



[6047] The dialkyldithiophosphoric acids of formula (II) can be prepared by reacting
alcohols ROH and R*OH with P,Ss where R> and RY are as defined above. In some
embodiments, R’ and R4 are the same. In other embodiments, R’ and R are differém. In
further cmbodimentsgi-}%s_{)ﬁ and R*OH react with P Ss Simu}tan.eeus}y. In still further
embodiments, R*OH and R'OH react with P,S; sequentially. | '
j6648] I\/.Ei;;:tures of hydroxy! alkyl compounds may also be used. These hydroxy! aliyl
compounds need not be monohydroxy alkyl compounds. In some embodiments, the
dialkyldithiophosphoric acids is prepared from mono-, di-, iri-, tetra~, and other
polyhydroxy alkyl compounds, or mixtures of two or more of the foregoing. In other
embodiments, the zine dialkyldithiophosphate derived from only primary alkyl alcohols is
derived from a single primary alcohol. In further embodiments, that single primary
alcohol is 2-ethylhexanol. In certain embodiments, the zine dialkyldithiophosphate 1s
derived from only secondary alkyl alcohols, such as a mixture of secondary alkyl alcohols.
In further embodiments, the mixture of secondary alcohols is a mixture of Z-butanol and 4-
methyl-2-pentanol.
[6049] The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric acid
formation step may contain certain amounts of one or more of Pa8;, PaS3, Pabs, or Pado,
Compositions as such may also contain minor amounts of free suifur. In certain
embodiments, the phosphorus pentasulfide reactant is substantially free of any of P)5;,
P85, P45, and PaSe. In certain embodiments, the phosphorus pentasulfide reactant is
substantially free of iree sulfur.
[6050] In the present invention, the sulfated ash content of the total lubricating oil
composition is less than about 5 wt.%, less than about 4 wi.%, less than about 3 wt.%,
iess than about 2 wt.%, or even less than about 1 wt.%, as measured according to ASTM
DE74,
00511 Optionally, the lubricating oil composition disclosed herein can further comprise
an additional antioxidant that can reduce or prevent the oxidation of the base oil. Any
suitable antioxidant may be used in the lubricating oil composition. Non-limiting
examples of suitable antioxidants include amine-based antioxidants (e.g., alkyl
diphenylamines, phenyl-o- naphthylamine, alky! or aralkyl substituted pheny!-o-
naphthyliamine, alkylated p-phenylene diamines, tetramethvi-diaminodiphenylamine and
the like), phenolic antioxidants {e.g., 2-tert-butylphenol, 4.methyl-2,6-di-tert-butyiphenol,
2.4 6-tri-tert-butylphenol, 2,6-di-tert-butyi-p-cresol, 2.6-di-tert-butylphenol, 4,4'-
methylenehis-(2,6-di-tert-butylphenol), 4,4 -thiobis(6-di-tert-butyl-o-cresol) and the iike).
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sulfur-based antioxidants {(e.g., dilauryl-3,3'-thiodipropionate, sulfurized phenolic

" antioxidants and the like), phosphorous-based antioxidants (e.g., phosphites and the like),
zinc dithiophosphate, oil-soluble copper compourids and combinations thereof. The
amount of the antioxidant fha)? vary from about 0.01 wt.% to about 10 wt.%, from about
0.05 wt.%‘ to about 5 wt.%, or from about {}.1. \#ﬁ.% to about 3 wt.%, based on the total
weight of the lubricating oil composition. Some suitable antioxidants have been described
in Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New York,
Mareel Dekker, Chapter [, pages 1-28 (2003), which is incorporated herein by reference.
10052] The lubricating oil composition disclosed herein can optionally comprise a friction
modifier that can lower the friction between moving parts, Any suitable friction modtfier
may be used in the lubricating oil composition. Non-limiting examples of suitable friction
modifiers include fatty carboxylic acids; derivatives (e.g., alconol, esters, borated esters,
arnides, metal salts and the like) of fatty carboxylic acid; mono-, di- or tri-aliy! substituted
phosphoric acids or phosphonic acids; dervatives {e.g., esters, amides, metal salts and the
like) of mone-, di- or wi-alkyl substituted phosphoric acids or phosphonic acids; mono-,
di- or tri alkyl substitred amines; moneo- or di-alkyl substituted amides and combinations
thereof In some embodiments, the friction modifier 18 seiecied from the group consisting
of aliphatic amines, ethoxylated aliphatic amines, aliphatic carboxylic acid amides,
ethoxylated aliphatic ether amines, aliphatic carboxylic acids, giveerol esters, aliphatic
carboxylic ester-amides, fatty tmidazolines, fatty teriiary amines, wherein the aliphatic or
fatty group contains more than about eight carbon atoms 50 as to render the compound
suitably oil soluble. In other embodiments, the friction modifier comprises an aliphatic
substituted succinimide formed by reacting an aliphatic succinic acid or anhydride with
ammonia or a primary amine, The amount of the friction modifier may vary from about
(.01 wt.% to about 10 wt.%, from about (.05 wt.% to about 5 wi.%, or from about 0.1
wt.% to about 3 wt.%, based on the total weight of the lubnicating oil composition. Some
suitable friction modifiers have been described in Mortier et al., “Chemistry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 183-187
{1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New
York, Marce! Dekker, Chapters 6 and 7, pages 171-222 (2003), both of which are
incorporated herein by reference.
[0053] The lubricating oil composition disclosed herein can optionally comprise a pour
point depressant that can lower the pour point of the lubricating oil composition. Any

suitable pour point depressant may be used in the lubricating oii composition. Non-
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limiting examples of suitable pour point depressants include polymethacrylates, alkyl
acrylate polymers, alkyl methacrylate polymers, di(tetra-paraffin phenol)phthalate,
condensates of tetra-paraffin phenol, condensates of a chlorinated paraffin with
- naphthalene and combinations thereof. In some embodiments, the pour point depressam’
co1npriées an.etﬁy‘;em»vinyl acetate copolymer, a condensate of chlorinated paraffin and
phenol, polyalkyl styrene or the like. The amount of the pour point depressant may vary
from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or from
about 0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil
composition. Some suitable pour point depressants have been described in Mortier et al,
“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6,
pages 187-185 (1996); and Lesiie R. Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 11, pages 329-354 (2003), both of
which are incorporated herein by reference.
[6034] The lubricating oil composition disclosed herein can optionally comprise a
demulsifier that can promote oil-water separation in lubricating oil compositions that are
exposed to water or steam. Any suitable demulsifier may be used in the lubricating oil
composition. Non-iimiting examples of suitable demulsifiers include anionic surfactants
(e.g., alkyi-naphthalene sulfonaies, alkyi benzene sulfonates and the like), nonionic
aikoxylated alkyiphenol resins, polvmers of alkyiene oxides {e.g., polyethviene oxide,
polypropyiene oxide, block copolymers of ethylene oxide, propylene oxide and the like),
esters of oil soluble acids, polyoxvethylene sorbitan ester and combinations thereof. The
amount of the demulsifier mav vary from gbout 0.01 wi.% to about 10 wt.%, from about
0.05 wt.% to about 5 wt.%, or from about 0.1 wt.% 1o about 3 wt.%, based on the total
weight of the lubricating oil composition. Some suitable demulsifiers havs been described
in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London,
Springer, Chapter 6, pages 190-193 (1996), which is incorporaied herein by reference.
[0035] The lubricating oil composition disclosed herein can optionally comprise a foam
inhibitor or an anti-foam that can break up foarns in oils. Any suitable foam inhibitor or
anti-foam may be used in the tubricating oil compesition. Non-limiting examples of
suitable anti-foams inciude silicone oils or polvdimethylsiloxanes, {lucrosilicones,
alkoxylated aliphatic acids, polyethers (e.g., polyethyiene glycols), branched polyvinyl
ethers, alkyl acrylate polymers, alkyl methacrylate polymers, polyalkoxyamines and
combinations thereof. In some embodiments, the anti-foam comnprises glycerol
manosiearate, polyglveol palmitate, a trialky! monothiophosphate, an ester of sulfonated
18



ricinoleic acid, benzoyiacetone, methyl salicylate, giveerol moncoleate, or glycerol
dioieaﬁe‘ The amount of the anti-foam may vary from about .01 wt.% to about 5 wi.%,
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 E.ubricé;ting oil composition. Some suitable anti-foams have been
described in Mortier et al,, “Chemistry and Technology of Lubricants,” 2nd Edition,
Loﬁdonj Springer, Chapter 6, pages 196-153 (1 996)5 which 15 incorporated herein by
reference.
[G856] The lubricating oil composition disclosed herein can optionally comprise a
corrosion inhibitor that can reduce corrosion. Any suitable corrosion inhibitor may be
used in the lubricating oil composition. Non-limiting examples of suitable corrosion
inhibitor include half esters or amides of dodecylisuccinic acid, phosphate esters,
thiophosphates, alkyl imidazolines, sarcosines and combinations thereof. The amount of
the corresion inhibitor may vary from about 0.01 wt.% 1o about 5 wt.%, from about .05
wt.% to about 3 wt.%, or from about .1 wt.% to about | wt.%, based on the total weight
of the lubricating oil composition. Some suitable corrosion inhibitors have been described
in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London,
Springer, Chapter 6, pages 193-196 (1996), which 1s incorporated herein by reference,
00571 The lubricating oil composition disclosed herein can optionally comprise an
extreme pressure (EP) agent that can prevent sliding metal surfaces from seizang under
conditions of extreme pressure. Any suitable extreme pressure agent may be used in the
lubricating oil composition. Generally, the extreme pressure agent is a compound that can
combine chemically with & metal to form a surface fiim that prevents the welding 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 polysﬁiﬁdes; 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 aipha-olefin, functionally-substitated dihydrocarbyl polysulfides, thia-aldehydes,
thia-ketones, epithio compounds, sulfur-containing acetal derivatives, co-sulfurized blends
of terpene and acvelic olefins, and polysulfide olefin products, amine salts of phosphoric
acid esters or thiophosphoric acid esters and combinations thereof. The amount of the
exireme pressure agent may vary from about 0.01 wt.% to about 5 wi.%, from about 0.05
wt.% to about 3 wt.%, or from about 0.1 wt.% 1o about 1 wt.%, based on the total weight
| 19



of the lubricating oil composition. Some suitable extreme pressure agents have been
described in Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New
York, Marcel Dekker, Chapter 8, pages 223-258 (2003), which is incorporated heretn by
reference. | .

[@(}Sg} The lubricating oil compositien disclosed herein can optionally comprise a rust
inhibitor that can inhibit the corrosion of ferrous metal surfaces. Any suitable rust
inhibitor may be used in the lubricating oil composition. Non-limiting examples of
suitable rust inhibitors include oil-soluble monocarboxylic acids {e.g., 2-ethylhexanoic
acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid, linolenic acid,
behenic acid, cerotic acid and the like), oil-soluble polycarboxviic acids (e.g., those
produced from tall oil fatty acids, oleic acid, linoleic acid and the like), alkenylsuccinic
acids in which the alkenyl group contains 10 or more carbon atoms (e.g.,
tetrapropenylsuccinic acid, tetradecenylsuceinic acid, hexadecenyisuccinic acid, and the
like); long-chain alpha,omega-dicarboxylic acids having a molecular weight in the range
of 600 to 3000 daltons and combinations therecf. The amount of the rust inhibitor may
vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or
from about .1 wi.% to about 3 wt.%, based on the total weight of the jubricating oil
cOomposition.

[6859] Other non-limiting examples of suitable rust inhibitors inciude nonionic
polvoxyethylene surface active agents such as polvoxyethylene laurvi ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonyl phenyl ether,
polvoxyethylene octyl phenyl ether, poiyoxvethylene octyl stearyl ether, polyoxyethylene
oley! ether, polyoxvethylene sorbitoi monostearate, polyoxyethylene sorbitol mono oleate,
and polyethylene glycol mono oleate, Further non-limiting examples of suitable rust
inhibitor include stearic acid and other fatty acids, dicarboxylic acids, metal soaps, fatty
acid amine salts, metal salts of heavy sulfonic acid, partial carboxylic acid ester of
polyhvdric alecohol, and phosphoric ester.

[0066] In some embodiments, the lubricating oil composition comprises af least a
multifunctional additive. Some non-limiting examples of suitable multifunctional
additives include sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organophosphorodithicate, oxymeolybdenum monoglyceride, oxymolybdenum diethylate
amide, amine molybdenum complex compound, and sulfur containing molvbdenum

complex compound.



[0061] In some embodiments, the lubricating oil composition comprises at least a
viscosity index improver. Some non-limiting examples of suitable viscosity index
tmprovers include polymethacrylate type polymers, ethylene propylene copolymers,
styrene-isoprene copolymers, hydrated styrene isoprene copolymers, polyisébut};ienf:, and
dispersant type viscosity index improvers. |
[0062] In some embodiments, the lubricating oil composition comprises at least a metal

eactivator. Some non-limiting examples of suitable metal deactivators include
disalicylidene propylenediamine, triazole derivatives, thiadiazole derivatives, and
mercapiobenzimidazolies.
16063] The additives disclosed herein may be in the form of an additive concentrate
having more than one additive. The additive concentrate may comprise a suitable diluent,
such as a hydrocarbon oil of suitable viscosity. Such diluent can be selected from the
group consisting of natural oils (¢.g., mineral cils}, synthetic oils and combinations
thereof, Some non-limiting exampleé of the mineral oils inciude paraffin-based oils,
naphthenic-based oils, asphaltic-based oils and combinations thereof. Some non-limiting
examples of the synthetic base oils include polyolefin oils {especially hydrogenated alpha-
olefin oligomers), alicylated aromatic, polyalkyiene oxides, aromatic ethers, and
carboxylate esters (especially diester oils) and combinations thereof. In some
embodiments, the diluent is a light hydrocarbon oil, both natural or synthetic. In some
embodiments, the diluent oil can have a viscosity from about 13 centistokes to about 35
centistokes at 40°C.

EXAMPLES

[0064] The foliowing examples are given as particular embodiments of the invention and
to demonstrate the advantages thereof. It 1s understoed that the examples are given by
way of illustration and are not intended to limit the specification or the claims that follow

In any manner.

[0065] The efficacy of 12 trunk piston engine jubricating oil compositions comprising
Group I base oils and varying concentrations of dispersant additive was evaluated using 2
Black Studge Deposit (BSD) Test as described in the test methods section.

[6066] Each of the 12 trunk piston engine lubricating oil compositions contained a

mixture of two different Group I base oils, as illuswated in Table 2. Group I Base Oil #1

ta
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was ExxonMobil CORE® 600. Group [ Base Oil #2 was ExxonMoebil CORE® 2500.
Group I Base Oil #3 was ExxonMobil CORE® 150.

10067} Compc:-sitioﬁ 1 contained no dispersant. The other 11 trunk piston engine
lubricating oil compositions (“compositions 2-12") contained differeni: concentrations of 3
different dispersants, as detailed in Table 2. Specifically, compositions 2-4 contained
varying concentrations of a bissuccinimide dispersant derived from 1000 MW PIB and
heavy polyamine/DETA (80/20wt/wt) (“Dispersant A”); compositions 5-7 contained
varying amounts of a borated bissuccinimide dispersant derived from 1300 MW PIB and
heavy polyamine (“Dispersant B”); and compositions 6-12 contained varying
concentrations of an ethylene carbonate-treated bissuccimimide dispersant derived from
2300 MW PIB and heavy polyamine (“Dispersant C7).

[0068] Each of the 12 trunk piston engine lubricating oil compositions also contained
13.78 wt.% of a carboxylate-containing detergent additive, that was a mixture of: (&) 25.91
wt.% of a multi-surfactant unsulfurized, non-carbonated carboxylate-containing aaditive,
prepared according to the method described in Example 1 of U.S. Patent Application
Publication No. 2004/0235686.; (b) 69.01 wt.% of an overbased calcium
alkylhydroxybenzoate additive prepared according to the method described in Example 1
of U.S. Patent Appiication Publication No. 2007/0027043.; and (c) 5.08 wi.% of an oil
concentrate of a secondary zince dialkyidithiophosphate.

[0069] The components of each of the 12 trunk piston engine lubricating oil compositions
were blended to a viscosity of about 145 ¢8t at 40°C, a TBN of about 41, a phosphorus
content of about 0.05 wt.%, and a Zinc content of about 0.058 wt.%.

[6078] The results of the BSD tests for each of the 12 trunk piston engine iubricating oit
compositions, as well as a percentage comparison of the B5D test results for each of the
trunk piston engine lubricating oil compositions to the BSD test results for composition 1,
are set forth in Table 1. All weight percentages indicated in Tabie | are calculated based

or the total weight of the trunk piston engine lubricating oil compositior.
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Table 1: BSD TEST RESULTS FOR GROUP I
BASE-OIL CONTAINING COMPOSITIONS

| Comp.# | GroupTBase Oil | - Dispersant - [

1 : -BSD Test Results ~ |
CowE%y o eowt%y i
S I O A - |mg deposic - Youdiffiiemg -

ST S#3 R et S O o E e ] o depesitv,

e : e S ' . | Comp.-#1

1 17926 1696 | — | = | — | - | 192

2 8022 [55 [ — [O03] — ] — | 76 | (60%)
E BLOS | 414 | — J08] - 13.5 (30%)
| 1 | |

4 8199 | 273 | — 100 | — | — | 205 | 7% |

5 80.22 155 | e | = 027 ] - 6.9 J (64%) '

H

G SLOS [L34T — | —~ 058 6 | (40%%)

7 81.99 | 273 | — | — | 0.81 | - 202 5%

8 8022 155 | — | = 026 54 (2%
9 [ 81.08 414 | — | e | = | 03] 62 (16%)
a0 (8% 20 | - = | 66| 285 | %

11 18290 [ 132 | — | — | — | 1.0 353 | [R4%,

|
iz 18191 @ - 1131 i — | 153 | 43 334%
1 | | | ?

Farentheticals around percentages in the “% Giff" column indicate perceniage
decreases, whereas a lack of parentheticals indicate perceniage increases.

[0071] As is evident from the results iliustrated in Table 1, frunk piston engine lubricating
oil compositions containing Group I base oils and about 0.2 to about 0.6 wi.% of
dispersant exhibited 2 substantial dispersancy effect and surprisingly less black sludge
formation than either dispersani-free trunk piston engine lubricating oil compositions and
those trunk piston engine lubricating oil compositions having more than 0.6 wt.% of

dispersant.
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Exampie 2
[0072] The degree of stability against oxidation-based viscosity increase was evaluated for
each of the 12 trunk piston engine lubricating oi! compositions evaluated in Example 1
using a Modified Institute of Petrolenm 48 (“MIP 48”) test as described in the test
methods.
[0073] The results of the MIP 48 tests for each of the 12 trunk piston engine lubricating
oil compositions, as well as a percentage comparison of the MIP 48 test resulis for each of
the trunk piston engine lubricating oil compositions to the MIP 48 test results for

compositon 1, are set forth in Table 2.



Table 2: MIP 48 TEST RESULTS FOR GROUP I |
BASE-GIL CONTAINING COMPOSITIONS

‘ Comp. | GroupIBaseGil | “Dispersant [P 48 TéstResiilts I _

" __ (Wf%) (W‘t%) i | “ N ; - o 1
il T @ W | A B C t Vovicosty | % diftm |
| T A ‘ : \ -increase - '-:pey‘;cm’ﬁiv;isg:ﬂsiiy k
; - a‘ o : : 1 _'E“C??%S?"j} 1
! & o T -Q@@pmm@m#l E
1 79.26[695 S Qe R - | “Ba T = 1
BT IR R——C lw SR R BT YR AR

T (8108 414 - 0% = = 145 | (68%)

R ERE S Y R B (27%) |

N % I TN B B I R Sy 0% |

6 [ 81.08 [4.14 | - | e 054 - | 200 (56%)
7 |819% 27 | — | — |08 — 40 (#1%)

| ‘

SR 55 | —  — | — 026 373 | 17%)

S TTRLE 1414 | —  — | = 051 788 (36%)
B N B I I R B U
i 8290 T3] — | < | — KR YN T a—
1 7 RIel | - 1131 | — | — %1.53 3 (51%)
| |

Pareniheticals around percentages in the "% difi. " column indicate perceniage
decreases, whereas a lack of parentheticals indicaie percentage increqses.

[0074] As is evident from the results illusirated in Table 2, trunk piston engine lubricating
oil compesitions containing Group I base oils and a low concentration of dispersant
exhibited surprisingly betier stability against oxidation-based viscosity increases than did

lubricating oil composition having no dispersant.
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Example 3 (Comparative)

10075} The efficacy of 12 trunk piston engine lubricating oil compositions comprising
Group II base oils and the same varying concentrations of dispersant oil concentrate as

- was used in Example 1 was evaluated using a BSD- Test as described in the test methods
section. | |
[06076] Each of the 12 trunk piston engine lubricating oil compositiané contained
approximately 80 wt.% of a Group II base oil, as illustrated in Table 3. The Group Il Base
Oil was Chevron 600R Group I base stock, available from Chevron Products Co. (San
Ramon, CA).
16077} Composition | contained no dispersant oil concentrate. The other 11 trunk piston
engine lubricating oil compositions {“compositions 2-127) contained different
concentrations of 3 different dispersants, as detailed in Table 3. Specifically,
compositions 2-4 contained varying concentrations of a bissuccinimide dispersant derived
from 1000 MW PIB and heavy polvamine/DETA (80/20wt/wt} (“Dispersant A}
compositions 5-7 contained varying concentrations of a borated bissuccinimide dispersant
derived from 1300 MW PIBSA and heavy polyamine {(“Dispersant B”); and compositions
8-12 contained varying concentrations of a ethylene carbonate-treated bissuccinimide
dispersant derived from 2300 MW PIBSA and heavy polyamine} (“Dispersant C7).
[6078] Fach of the 12 trunk piston engine lubricating oil compositions also contained
18.85-19.10 wt.% of a carboxylate-coniaining detergent additive that was a mixture of: ()
64.7 wit% of a multi-surfactant unsulfurized, non-carbonated carboxviate-containing
additive, prepared according to the method described in Example 1 of U.S. Patent
Application Publication No. 2004/0235686.; (b) 31.7 wt.% of an overbased calcium
alkylhydroxybenzoate additive prepared according to the method deseribed in Example !
of U.S. Patent Appiication Publication No. 2007/0027043; and {c) 5.08 wit.% of an oil
concentrate of a secondary zinc dialkyldithiophosphate, Moreover, all trunk pision engine
lubricating oil compesitions had a TBN of about 40.
[6079] The components of each of the trunk piston engine lubricating oil compositions
had viscosities from 132-153 ¢St at 40°C, with the exception of Compositions 11 and 12,
which had viscosities of 165.6 and 193 ¢St at 40°C, respectively.
[0080] All trunk piston engine lubricating oil compositions had a TBN in the fintshed oil
of about 40, a phosphorous content of about 0.05 wt.%, and a Zinc content of about 0.058

wt.%.
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10081] The results of the BSD tests for each of the 12 trunk piston engine lubricating ol
compositions, as well as a percentage comparison of the BSD test results for each of the
trunk piston engine lubricating oil compositions to the BSD test results for composition 1,
are set forth in Table 3. All weight percentages indicated in Table 3 are calculated based

on the total weight of the trunk piston engine lubricating oil composition.

Table 3: BSD TEST RESULTS FOR GROUP II
BASE-OIL CONTAINING COMPOSITIONSE

| Comp.”| GroupIl | ~  Dispersant 7 Bluck Sludge TestResults |
\! i ‘Base O | LwtYey S | e
AWt Al B G oomg depesit - Yo diffiin
| S : o L .r'mg;dgqusgg;w% .
! i
14 =80 0s 1 — | = 04 | 184%
15 | ~80 | 06 = = 16.1 316%
1 .
16 =~ 80 0.9 1.2 | 612%
LD 0.27 || 6.6 126% |
18 = 80 054 | - 12.4 24394
\ | !
15 ~ 80 B Y T — 229 449%,
76 ~ 80 — | = | 0% 50 I18%
21 e 80 — ) 03 5.8 : 173% |
27 =80 — | 076 s A75%
23 ~ 80 S N 329 | 645% |
|
24 | =80 1.53 727 | 14350,

[6¢82] Unlike Example 1, trunk piston engine Jubricating oil compositions having Group
11 base oils in combination with about 0.2 to about 0.6 wt.% of dispersant do not exhibit
tess black studge formation than dispersant-free trunk piston engine lubricating oil

compositions.



Test Miethods
Black Sludge Deposit (BSD) Test
10083] A sample of test oil was mixed with heavy fuel oi! to form a test mixture. Each
test mixture was pumped over a heated test plate for a specified period of time. After
cooling and washing, test plates were dried and weighed. The weight of each steel test
plate was determined, and the weight of the deposit remaining on the steel test plate was

‘measured and recorded as the change in weight of the stee] test plate.

Modified Institute of Petroleum 48 (MIP 48) Test

10084] Two samples of test oil were heated for a specified period of time. Nitrogen was
passed through one of the test samples while air was passed through the other. The
samples were cooled and the viscosities of both samples was determined. The oxidation-
based viscosity increase for each of the 12 trunk piston engine lubricating cil compositions
was calculated by subtracting the kinematic viscosity at 100° C for the nitrogen blown
sampie from the kinematic viscosity at 100 °C for the air blown sample, and dividing the
subtraction product by the kinematic viscosity 100 °C for the nitrogen blown sample,
[0085] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specificaliv and individually indicated 1o be incorporated by reference.
[6086] 1t will be apparent to one of ordinary skill in the art that many changes and
modification can be made to the disclosures presented herein without departing from the

spirit or scope of the appended claims.
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What is claimed is:

L. A trunk piston engine lubricating oil composition, comprising;
a. a major amount of one or more Group I base oils; and
b. one or more dispersant additives,

wherein the concentration of the one or more dispersant additives within the frunk piston
engine lubricating oil composition 1s about 0.2-0.6 wt.% on an actives basis, and wherein
said composition hes a total base number of at least about 12.

2. The tunk piston engine lubricating oil composition of claim 1, wherein the
composition 1s a black sludge-minimizing trunk piston engine lubricating oil compesition.
. . . . e

3. The trunk piston engine lubricating oil composition of claim 2, wherein the
composition reduces biack sludge formation in an engine by at least about 5%, whan
compared to a dispersant-free lubricating oil composition.

4, The vunk piston engine lubricating oil composition of any one of claims 2 to 3.
wherein the composition reduces black sludge formation in an engine by at least about
5%, when compared to a lubricating oil composition having more than 1 wt.% of a
dispersant on an actives basis,

3. The tunk piston engine lubricating oil composition of any one of the

preceding claims, wherein the composition is a viscosity-stabilized trunk piston

engine lubricating oil composition.

8. The trunk piston engine lubricating oil composition of claim 5, wherein the
composition has at least about 5% less oxidation-based viscosity inerease, when comparsd
10 a dispersant-free jubricating oil composition.

7. The trunk piston engine lubricaung oil composition of any one of the preceding
claims, wherein the trunk pistor engine lubricating oil composition comprises one or

more detergent additives.

8. The trunk piston engine lubricating oil composition of claim 7. wherein the one or

more detergent additives comprises an overbased detergent addinve.
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. The trunk piston engine lubricating oil composition of any one of claims 7 to §, wherein

the one or more detergent additives comprises a salt of an alkyl-substituted hydroxybenzoic acid.

Hi The trunk piston engine lubricating oil composition of any -one of claims 7 10 9, wherein the
one or more detergent additives consists essentially of an overbased salt of an alkyl-substituted

hydroxybenzoic acid.

11, The wunk piston engine lubricating oil composttion of any one of claims 7 1o 10, wherein
the one or more detergent additives consists essentiaily of a non-cverbased salt of a mixture of

alleyi-substituted hydroxybenzoic acid and alkvi-substituted phenol.

2 The trunk piston engine lubricating oil composition of claim 9, wherein greater than about
95% of the alkyl groups in the detergent additives are residues of linear alpha-oiefin having 26 or

more carbon atoms.

13. The trunk piston engine lubricating oil compasition of any one of claims 7 to 12, wherein
the one or more detergent additives comprises an alkaline earth metal salt, said alkaline metal earth

selected from the group consisting of calcium, magnesium, and combinations and mixtures thereof.

4. The runk piston engine lubricating oil composition of any one of the precedimg claims,

wherein the one or more dispersant additives comprises a poivalkylens succinimide,

15, The trunk piston engme hubricating ol composthion of any one of the precedmg claims,

wherein the one or more dispersant additives comprises polyisobutene succinimide.

16. The wrunk piston engine lubricating oil composition of any one of the precedmg claims,

wherein the trunk piston engine lubricating oil composition further comprises an antiwear agent.

17. The trunk piston engine iubricating oil composition of claim 16, wherein the antiwear

agent comprises a zine dialkvidithiophosphate.

18 The trunk piston engine hubricating oif composition of any one of the preceding
claims, wherein the trunk piston engine lubricating oi} composition has a viscosity of about

5.6-21.9 ¢St at 100°C.,



19 A biack sludge-minimizing trunk piston engine lubricating oil composition,

comprising:
a. a major amount of one or more Group I base oils; and
h. one or more dispersant additives,

wherein the concentration of the one or more dispersant additives within fhe_ trunk piston
engine Iubricating oit composition is about 0.2-0.6 wt.% on an actives basis, where said
composition has a total base number of at least about 12, and wherein the trunk piston
engine lnbricating oil composition reduces black sludge formation in an engine by at least

/

about 5%, when compared to a dispersant-free lubricating oil composition.

20. A viscosity-stabilized trunk piston engine lubricating oil composition, comprising:
a. a major amount of one or more Group 1 base oils; and
b. one or more dispersant additives,

wherein the concentration of the one or more dispersant additives within the trunk piston
engine lubricating oil composition is about 0.2-0.6 wt.% on an actives basis, wherein said
composition has a total base number of at least about 12, and wherein the composition has

at least about 5% less oxidation-based viscosity increase, when compared to a dispersant-

free lubricating oil composition.

21. A method for making a trunk piston engine lubricating oil composition, comprising
mixing:

2., a major amount of one or more Group I base oils; and

b. one or more dispersant additives,

wherein the concentration of the one or more dispersant additives within the trunk piston
engine lubricating oil composition is about 0.2-0.6 Wt.% on an actives basis, and wherein

said composition has a total base number of at least about 12

22. A method for reducing biack sludge and deposit formation in an engine,

comprising lubricating the engine with a trunk piston engine lubricating oil composition,

COmMpTISing:
a. a major amount of one or more Group [ base oils; and
b. one or more dispersant additives,

2
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23,

wherein the concentration of the one or more dispersant additives within the trank piston

engine lubricating oil composifion is about 0.2-0.6 wt.% on an actives basis, and wherein

said composition has a total base number of at least about 12.

A method for operating a trunk piston engine, comprising lubricating the trunk
piston engine with a trunk piston engine hubricating oil composition comprising:

a. cne or more Group I base oils; and

b. one or more dispersant additives,
wherein the concentration of the one or more dispersant additives within the trunk piswon
engine lubricating oil composition 1s about 0.2-0.6 wt.% on an actives basis, and wherein

said composition has a total base number of at least about 12
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