TRUNK PISTON ENGINE LUBRICATING OIL COMPOSITIONS FIELD
OF THE INVENTION [0001] This invention relates to lubricating oil
compositions, and more specifically relates to lubricating oil compositions
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S1m1l| ?Stﬁp?%&% 8 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.

[0004] A need still remains, however, for an improved trunk piston engine lubricating oil
composition having a 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 to oxidation-based viscosity increase.

BRIEF SUMMARY OF THE INVENTION

[0005]} In one aspect, the present invention relates {o a 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 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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[0006] In another aspect, the present invention relates to a black
sludge-minimizing trunk piston engine lubricating oil composition,
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wofIoifier shect, he presgnt jnyention relates to a_method for operating a
runk piston engine, comprising lubricating the trunk piston engine with. a
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shclsc{goeufncli %"é‘;?gsx‘% i'l%ﬁ%ggo%nl% % [crlllogri%e, comprising lubricating the engine with a trunk
piston engine lubricating o1l 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 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.

[0010] In another aspect, the present invention relates to a method for operating a trunk
piston engine, comprising lubricating the trunk 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 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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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, and where the

ositign has a total base number of.at least Eo 12. 2 [0011
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the concentration of the dispersant (and not of any inactive components within the
dispersant additive, such as diluent oil) within the trunk piston engine tubricating oil
composition.
[0615] In the following description, all numbers disclosed herein are approximate values,
regardless whether the word “about” or “approximate” is used in connection therewith.
They may vary by | 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 is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, e, kis 1

percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 30 percent, 51 percent, 52 percent,...,

95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any



any number falling within the range is specifically disclosed. In particular,
the following numbers within the range are specifically disclosed:
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preferred embodiments, the lubricating oil compositions reduce black sludge (or black
studge deposit) formation in an engine (such as an engine using a heavy fuel oil, e.g., an
asphaltene-containing heavy fuel 0il) by at least about 5%, at least about 10% or more, at
least about 15% 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 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 studge formation (e.g.,
asphaltene or other deposition) in an engine by at least about 5%, at least about 10% or
more, at Jeast about 15% 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 teast 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 lubricating oil composition having more than 0.6 wt.%, more than 0.7
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about 40% or more, 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
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least about 90% less oxidation-based viscosity increase, when compared to a dispersant-
free lubricating oil composition.

[0020] In another preferred embodiment, the lubricating oil compositions are at least
about 5%, at least about 10%, at least 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 against
oxidation-based viscosity increase, oxidative thermal strain, or combinations thereof,
when compared to a dispersant-free lubricating oil composition. Viscosity stabilization,
and stability against oxidation-based viscosity increase, oxidative therma! 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 Example 2).



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 lubricating oil composition. [0020] In
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any 55251 B cating oil composition has a
[082S¢OBity lofnaba:utg&ﬁ ech@sitions disclosed herein can be prepared by any method
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 I 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 | base oils simultaneously, optionally in the form of an additive
concentrate. In some embodiments, the solubilizing of the one or more dispersants or any

solid additives in one or more Group | base oils may be assisted by heating the mixture {o



cSt at 100C, such as about 5.6 - 9.3, about 9.3 - 12.5, about 12.5 - 16.3,
or about 16.3 - 21.9 ¢St at 100C,] The viscosity of the lubricating oil
composition can be measured in any suitable method, such as by ASTM

D2270. [0023) The lubricating oil compgsitions disclpsed herein can be
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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 40°C or less.

[0026] 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 at 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 dispersant-free lubricating oi} composition. In other preferred
embodiments of the methods, black studge formation in the engine or frunk piston engine
(such as during use or operation of the engine using a heavy fuel oil) (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
7



black sludge formation (e.g., asphaltene 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 0il), such as in different temperature regions (e.qg., ing gallerjes of .
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about 40C or less. [0026] In other preferred embodiments of the methods,
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re@30doq &irlags! Fasboltid@irtitatittabhout 5091 atileasioanayteller atan or equal
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0.9 wt.%, or eyen an 1.0 wt.% of a digpersant., Base QOil: [0027] In

el S S 0 Et- e BYSE 108 5 oL LbAL i or a blend of
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FERISRIT, SEhi, Rl and Siee spanc ol e onpraed
higiswvastalsiigamnke oil which has been conventionally produced from residual stocks or
bottoms and has been highly refined and dewaxed. Bright stock 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.

[0029] 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 1 base oils having different molecular
weights and viscosities, wherein the blend is processed in any suitable manner to create a
base 01l 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, ExxonMobil CORE® 600,
ExxonMobil CORE® 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

I base oils (specifically, ExxonMobil CORE® 150, ExxonMobil CORE® 600,
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component that may be manufactured using a variety of different
processes. In this regard, a Group | base oil is a mineral oil having a total
sulfur content greater than or equal to about 0. 03 Wt % (as determined by

s content t wt.%

B O s S R R el st o

VIS(a&tyiefeﬂmnneldbySASfrﬁM"D ma,merr M D29 or ASTM D 31.20).
100281 Group | base oils can comprise light overhead cuts and heavier
side cuts from a vacuum distillation column and can also include, for

Discarapié\ddighveNeutral, Medium Neutral, and Heavy Neutral base stocks.
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2 of the present application for| stance descnbet
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R g AT R SRR R BRI, s
and other suitabie dispersants have been described in Mortier et al., “Chelmstly and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 3, pages 86-90
(1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New
York, Marcel Dekker, Chapter 5, 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 1s obtained by reaction of a polybutenyisuccinic
anhydride and a polyamine. In another embodiment, the dispersant 1s a succinimide or
derivative thereof which is obtained by reaction of a polybutenyisuccinic anhydride and a
polyamine, wherein the polybutenylsuccinic anhydride is produced from polybutene and
maleic anhydride (such as by a thermal reaction method using neither chiorine or a
chlorine atom-containing compound). In another preferred embodiment, the dispersant is

a succinimide reaction product of the condensation reaction between polyisobuteny!
9



Group | base oil) of the lubricating oil composition, such as a different
Group | base oil, a Group Il base oil, or a mixture or combination thereof.
In another embodiment, the process or diluent oil is an oil that is the
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W%%B%{lccinimide in another preferred embodiment is subsequently reacted with ethylene
carbonate.

[0032] In another preferred embodiment, the dispersant is a succinimide prepared by the
reaction of a high molecular weight alkenyl- or alkyli-substituted succinic anhydride and a
polyalkytene polyamine having 4 to 14 nitrogen atoms (average value), preferably 5 to 7
nitrogen atoms (average value) per mole. The alkenyl or alkyl group of the alkenyl or
alkyl succinimide compound, in this regard, can be derived from a polybutene 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 between
polybutene and maleic anhydride for the preparation of polybutenyl succinic anhydride
can be performed by a chlorination process using chlorine. Accordingly, in some

embodiments, the resulting polybuteny! succinic anhydride as well as a polybutenyl
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800-2600, about 900-2500, about 1000-2400, about 1100-2300, about
1200-2200, about 1300-2100, or even about 1400-2000. In another
preferred embodiment, the dispersantis a primarily bis- succinimide
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wt.%, about 0.3-0.6 wt.%, about 0.4-0.6 wi.%, about 0.5-0.6 wt.%, about 0.1-0.5 wt. %,

about 0.2-0.5 wt.%, about 0.1-0.4 wt.%, 0.2-0.4 wt.%, 0.3-0.6 wt.%, or even about 0.3-0.5
wt.%.

Detercent Additive:

[0035] The lubricating oil 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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the range of approximately 2,000 to 3,000 ppm (wt). In contrast, a thermal
process using no chlorine gives a polybutenyl succinic anhydride and. a
polybutenyl succinimide having a chlorine content in a range of such as
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prqe?etrerrc%eenr;lbodiment, the detergent of the lubricating oil composition does not contain a
salt of an oil-soluble sulfonic acid or an alkyl phenate. In some embodiments, the
detergent comprises an alkyl phenate and an overbased salt of an alkyl-substituted
hydroxybenzoic acid.

[6037] 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 Example
1 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 exampie,

according to the method described in Example | of U.S. Patent Application Publication
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Lubricating Oil Additives

[004G] 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 desirable property of the lubricating 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,” 2nd 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, demulsifiers,

friction modifiers, multi-functional additives, viscosity index improvers, pour point
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containing additive prepared, for example, according to the method
described in Example | of U.S. Patent Application Publication No.
2004/0235686, the contents of which are incorporated herein by
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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 herein by reference.

[0042] In certain embodiments, the anti-wear agent is or comprises a dihydrocarbyl
dithiophosphate metal salt, such as zinc dialkyl dithiophosphate compounds, zinc diaryl
dithiophosphate, or a combination or mixture thereof. The metal of the dihydrocarby!
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 is zinc. In
other embodiments, the alkyl 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.
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any desirable property of the lubricating 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
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zinc compound. In some embodiments, a basic or a neutral zinc compound is used. In
other embodiments, an oxide, hydroxide or carbonate of zinc is used.

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

from dialkyl dithiophosphoric acids represented by formula (II):

30\ /OF{“
P
/N
ST TS,
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 to about 30

carbon atoms or from about 3 to about 8 carbon atoms.
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Applications,” New York, Marcel Dekker, Chapter 8, pages 223-258
(2003), which is incorporated herein by reference. 10042] In certain
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[0050] In the present invention, the sulfated ash content of the total lubricating oil
composition is less than about 5 wt.%, less than about 4 wt.%, less than about 3 wt.%,
less than about 2 wt.%, or even less than about 1 wt.%, as measured according to ASTM
Dg74.
[0051] 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., atkyl
diphenylamines, phenyl-o- naphthylamine, alkyl or aralkyl substituted phenyl-a-
naphthylamine, alkylated p-phenylene diamines, tetramethyl-diaminodiphenylamine and
the like), phenolic antioxidants (e.g., 2-tert-butylphenol, 4-methyl-2,6-di-tert-butylphenol,
2.4,6-tri-tert-butylphenol, 2,6-di-tert-butyl-p-cresol, 2,6-di-tert-butylphenol, 4,4'-
methylenebis-(2,6-di-tert-butyiphenol), 4,4"-thiobis(6-di-tert-butyl-o-cresol) and the like),
16



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
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et}g]?g% Eyqﬁpﬂjloph 5%%%%2 g)ﬁggg(gac}n s cdm}ggl&g%go%%ggrg aliphatic
carboxylic ester-amides, fatty imidazolines, faity tertiary amines, wherein the aliphatic or
fatty group contains more than about eight carbon atoms so 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
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 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 oil composition. Non-
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Compositions as such may also contain minor amounts of free sulfur. In
certain embodiments, the phosphorus pentasulfide reactant is
substantially free of any of P2S3, P4S3, P4S7, and P4S9. In certain
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0.05 wt.% to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the total
weight of the tubricating oil composition. Some suitable demulsifiers have been described
in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London,
Springer, Chapter 6, pages 190-193 (1996), which is incorporated herein by reference.
{0055} The lubricating oil composition disclosed herein can optionally comprise a foam
inhibitor or an anti-foam that can break up foams in oils. Any suitable foam inhibitor or
anti-foam may be used in the iubricating oil composition. Non-limiting examples of
suitable anti-foams include silicone oils or polydimethylsiloxanes, fluorosilicones,
alkoxylated aliphatic acids, polyethers (e.g., polyethylene glycols), branched polyvinyl
ethers, alkyl acrylate polymers, alkyl methacrylate polymers, polyalkoxyamines and
combinations thereof. In some embodiments, the anti-foam comprises glycerol

monostearate, polyglycol palmitate, a frialkyl monothiophosphate, an ester of sulfonated
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phosphoric acids or phosphonic acids; derivatives (e.g., esters, amides,
metal salts and the like) of mono-, di- or tri-alkyl substituted phosphoric
acids or phosphonic acids; mono-, di- or tri alkyl substituted amines;
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A PR AR M e B R
cm@u@s@wmchayemwnm@mﬁbmm@ @l 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 polysulfides, sulfurized
Diels-Alder adducts, sulfurized dicyclopentadiene, sulfurized or co-sulfurized mixtures of
fatty acid esters and monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid
ester and aipha-olefin, functionally-substituted dihydrocarbyl polysulfides, thia-aldehvdes,
thia-ketones, epithio compounds, sulfur-containing acetal derivatives, co-sulfurized blends
of terpene and acyclic olefins, and polysulfide olefin products, amine salts of phosphoric
acid esters or thiophosphoric acid esters and combinations thereof, The amount of the

extreme pressure agent may vary from about 0.01 wt.% to about 5 wt.%, from about 0.05

wit.% to about 3 wt.%, or from about 0.1 wt.% to about 1 wt.%, based on the total weight
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"Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer,
Chapter 6, pages 187-189 (1996); and Leslie R. Rudnick, "Lubricant
Additives: Chemistry and Applications " New York, Marcel Dekker,
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oleyl ether, polyoxyethylene sorbitol 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
polvhydric alcohol, and phosphoric ester.
16060] In some embodiments, the lubricating oil composition comprises at least a
multifunctional additive. Some non-limiting examples of suitable multifunctional
additives include sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organophosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum diethylate

amide, amine molybdenum complex compound, and sulfur containing molybdenum

complex compound.
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London, Springer, Chapter 6, pages 190-193 (1996), which is

incorporated herein by reference. [0056] The lubricating oil composition

disclosed herein can optionally comprise a corrosion inhibitor that can
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[0064] The following examples are given as particular embodiments of the invention and
to demonstrate the advantages thereof, 1t is understood 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.

Example 1
[0065] The efficacy of 12 trunk piston engine lubricating oil compositions comprising
Group I base oils and varying concentrations of dispersant additive was evaluated using a
Black Sludge 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 illustrated in Table 2. Group I Base Oil #1
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described in Leslie R. Rudnick, "Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 8, pages 223-258
(2003), which is incorporated herein by reference. [00581 The lubricating
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compound, and sulfur'containing molybdenun
content of about 0.05 wt.%, and a Zinc content of about 0.058 wt.%.

[0070] The results of the BSD tests for each of the 12 trunk piston engine lubricating oil
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 i Table 1. All weight percentages indicated in Table 1 are calculated based

on the total weight of the trunk piston engine lubricating oil composition.
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complex compound. 20 [0061] In some embodiments, the lubricating oil
composition comprises at least a viscosity index improver. Some
non-limiting examples of suitable viscosity index improvers include
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Parentheticals around percentages in the "% diff.” column indicate percentage
decreases, whereas a lack of parentheticals indicate percentage increases.

{00711 As is evident from the results illustrated in Table 1, trank piston engine lubricating

oil compositions containing Group I base oils and about (.2 to about 0.6 wt.% of

dispersant exhibited a substantial dispersancy effect and surprisingly less black sludge

formation than either dispersant-free trunk piston engine lubricating oil compositions and

those frunk piston engine lubricating oii compositions having more than 0.6 wt.% of

dispersant.
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Black Sludge Deposit (BSD) Test as described in the test methods
section. [0066] Each of the 12 trunk piston engine lubricating oil
compositions contained a mixture of two different Group | base oils, as
illustrated in Table 2. Group | Bas&%#} él was ExxonMobil COREC(r)>
600. Group | Base Oil #2 was Exxon dbil CORED 2500. Group | Base
[0@i }BhwdsgEexonibiitC QRIB P 1801i[00BTE Compotitionrtasomasmedinged for
IS . [.1 trunk pi ine_lubricati i c ositions
e ol e LR
usigpeybahiisdds didttil ol hatTdblen2 SSpRUIRcHlY, tev mpdsitiohsdnthe test
m g%@ned varying concentrations of a bissuccinimide dispersant derived
rom 1000 MW PIB and heavy polyamine/DETA (80/20wi/wt) ("Dispersant
[0093] ddmpssitiomstise MIBrtdireth fvaryidy itteulitdronia erateatgine lubricating
oilbégﬁl %%Iirﬁlgﬂ"d%sd\@&[e{g%m, (%Cegh\{edefégnn%l ]aglgc())nM ‘ Plﬁﬁ’n& pee%‘ Youits for each of
polyamine rZ’$D|spersant é)?) an(?%ompéjg IoNns 8- contalne(fvarylng
thetmokmisatio nsgofahBioylencochrbopatétitreate dhbibéifcéhinsidesdispinsant
cofl§HAEEL {12, 2900 M) P18, god heavy polyamine (‘Dispersant C). (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: (a) 25.91 wt.% of a multi-surfactant unsulfurized,
non-carbonated carboxylate-containing additive, prepared according to
the method described in Example 1 of U.S. Patent Application Publication
No. 2004/023 5686.; (b) 69.01 wt.% of an overbased calcium
alkylhydroxybenzoate additive prepared according to the method
described in Example 1 of U.S. Patent Application Publication No.
2007/0027043.; and (c) 5.08 wt.% of an oil concentrate of a secondary
zinc dialkyldithiophosphate. 10069] The components of each of the 12
trunk piston engine lubricating oil compositions were blended to a
viscosity of about 145 cSt at 40C, a TBN of about 41, a phosphorus
content of about 0.05 wt.%, and a Zinc content of about 0.058 wt.%.
[00701 The results of the BSD tests for each of the 12 trunk piston engine
lubricating oil 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 1. All weight percentages indicated in Table 1 are calculated based
on the total weight of the trunk piston engine lubricating oil composition.
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22 Table 1: BSI) TEST RESULTS FOR GROUP | BASE-OIL,
CONTAINING COMPOSITIONS Comp. # Group | Base Oil Dispersant

BSD Test Results Wt %) (wt.%) mg dep05|t % dlff in mg #1 #2 #3 A B C
deposit Y. Corr}p 480

(60%) 3 81.08 z%? 4§19
20.5 7% 5 80.22'5 5 20X \

4000 )7 Sl_nn_ 2 _,8 S— O fo¥] 20 2504 8 00_22_ I _l; i 026 1
060) 8 WP daliiise, Ol 606y 10 8198 38,5 ﬁ

%6 25.3 3295 11 82 9013424 __ -"1_184% 128191 -1

Sl RS B aHSA0 Dnr A!;—.- ArAairadn A0 i

*columning ﬂc‘;taééﬁcemé” P ZS@“'WEE P LRI nine s i

“indicat§ pe_rcentage increases. [007 1] As is evident chﬁW % re s?ﬁ‘fge“t viscosity
illustrated in Table 1, frunk piston engine Iubricatlng oil co_mpos% ma:ev 41
~“contain ng Group I'base oils and about 0.3 to about 0.6 wt.% af ompaosition #1
r~||cnarc~ hrh:hl or |'|r'ﬁ\é.'l'g tinl dienareancw.of tand-Surnticinaly Incc )

IQP\.;IQ \%8.. ] UI;J‘:) AT QP\—IQI—IIU] A | \JL ulg‘ -.)Ulrll IJIIIBI] \'w.:.l
bldck slu ge” fo ign than either dispergant-ire truft Blston engine
lubricating-eil-compositions-and-—-thase-trunk plst ine-lubn r‘nflnn oil

o?npoc' r?g haﬁfiﬁg rnor"é"than003.6 wt % af didpersa 0% Example @4/ 0
rnn791 The.de jree of.stabhility-against.oxidation-hased \I!Q(‘anf / increase
wé’s eval%lagégd férléa‘h of the 12’trunk piston engine Ilfbﬁcatmg oil (68%)
compositions.evaluated in Example. ]

81.99 | 2.73 09 | - - 28.5 (27%)
5 80.22 | 5.5 e 1027 e 40.6 {10%)
6 81.08 | 4.14 e - 1054 | - 20.0 (56%)
7 8§1.99 1 2.73 - — 081 7 - 24.0 (47%)
8 8022 5.5 - --- - 1 0.26 37.5 (17%)
g 81.08 | 4.14 -—- - | 0.51 28.8 (36%)

10 §1.99 1 2.73 e -~ | 0. 76 8.8 (81%)

i1 82.90 | 1.32 e e ~- | 1.02 204 (55%)

12 81.91 | -~ | 1.31 e - | 1.53 22.3 (51%)

Parentheticals around percentages in the "% diff. ” column indicate perceniage
decreases, whereas a lack of parentheticals indicate percentage increases.

{0074] Asis evident from the results illustrated in Table 2, trunk piston engine lubricating
otl compositions containing Group 1 base oils and a low concentration of dispersant
exhibited surprisingly better stability against oxidation-based viscosity increases than did

lubricating oil composition having no dispersant.
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using a Modified Institute of Petroleum 48 ("MIP 48") test as described in

the test methods. [00731 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;; P or each of the trunk

piston engine lubricating (;[lflgcgo égé}ﬁﬁf‘g taggti%% 48 test results for
[0 pbsitifivdyaré iSet folthpisi chabigine bTedfie RolkPIS JIESTF comprising

RESULTS FOR @) / - : I l ,
O T B e NG Fae) WASCHS o ) (DA
wa gt #BIABNE 94 wissosilnssdiffsing mBdasepercésrcvibebsitihdrierbasehods
Sec\ﬁOComposition #1 179.26 6.96 --- --- --- --- 45.3 -- 280.22 5.5 --- 0.3 ---
~220.9 (54%) 381.08 4.14 --- 0.6 --- --- 14.5 (68%) 4 81.99 2.73 --- 0.9
[0076]-F28:5 (2794 BuhigpigRibehgine JuDIRAUNAD] G (UM 16 BICOSAES ---

--- 0.54 -+- 20.0 (5604, ) -7 81. - om === 124, %) ki
i RO WhA Gk S e S I b
0188 hRZon-600R (Fore 8 84819%6rkl B epigud [8an Chevron PoRlpgsaCo. (San
Rag%g%))&;& 8191 ---1.31 --- -- 1.53 22.3 (51%) Parentheticals around

percentages in the diff " column indicate percentage decreases, whereas
[0@7Eck ohpesitiothéticalsimdicatdipersentagecimuressgs. 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 polyamine/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 C™).
[0078] Each of the 12 trunk piston engine Iubricating oil compositions also contained
18.85-19.10 wt.% of a carboxylate-containing detergent additive that was a mixture of: (a)
64.7 wt% of a multi-surfactant unsulfurized, non-carbonated carboxylate-containing
additive, prepared according to the method described in Example | of U.S, Patent
Application Publication No. 2004/0235686.; (b) 31.7 wt.% of an overbased calcium
alkythydroxybenzoate additive prepared according to the method described in Example 1
of U.S. Patent Application Publication No. 2007/0027043; and (c¢) 5.08 wt.% of an oil
concentrate of a secondary zinc dialkyldithiophosphate. Moreover, all trunk piston engine
lubricating oil compositions had a TBN of about 40.

[0079] 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 cSt at 40°C, respectively.

[0080] All trunk piston engine lubricating oil compositions had a TBN in the finished o1l
of about 40, a phosphorous content of about 0.05 wt.%, and a Zinc content of about 0.058
wt.%.
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10074] As is evident from the results illustrated in Table 2, trunk piston
engine lubricating oil compositions containing Group | base oils and a low
concentration of dispersant exhibited surprisingly better stability against
on ba ed reas id br| ating oil compo itio
S T e D A A bR s SR B o
comwmp;smweék’@am%@m&mmpwmmﬁmbmﬁ&ﬁmnmsgltﬁmwpcﬂh of the

S and t varyin Concentr flons rsan
B I RN RSO RO S spmgin

ar@&dﬁsﬁmbeﬁabitﬂie tekit\mghw@csmammn[ﬂ&m EaChbdf thed @itcuhited based
n I 0|I com osmo s,Gonfained. appro imately 80
o S SO SRR AR

ase 0| rou Il Base
O|I was Chevron 600R Group II base stock avallable from Chevron
Products Co. ( QEF t'&@ikﬁ?ﬁtﬁl‘ned no
dispersant oll co %9 §§;‘% lef%ubrlcatlng oil
composmons ("comp05| ions con alne d| erent concentratlons of
odiffer &L s rsants; as; claucu in-Table-3 opeg 168 "‘"‘m“GS' '"ns
Com 'con me%‘i Rfing conce Wrta:ﬁaﬁts ofablcsuccml#nl e &sp%rsa f S‘_f!ts :
eer@d é OG VA-PIB- alﬁl gavy _.U‘|:y MRey ETA {86 20‘\/‘\1"(/‘"\7‘{\ T —
("Dlspers Mt ,ompOSIEons 57/ contained vg}%&’% ce 1trat|0n/§ g’lf e
~berated- bls__succm|m|de dispersant derived flom 1300 MW. PIBS; Adfposit y.

heavy polyamine (‘Dispersant B") and compositions 8- 12_0)nta|_n- _"ﬂm:_ __:::#13 |

- - oA e CearRarnata traatad Ris Sy S
Al UIID UI CLIIyICIIu bULI uUIIbL rC CUTOTOO
ﬁspersam erived from 2300 MW PIBSA and heav ‘bolyam ne) -
{-Pispersant-€“): '”Oﬁ%; Each-of-the 1:2 trunk-piston Engine ubricati.rfgﬁ/i!
mposition also tdined 18.85-19.T0 wt.% of &- 0
carbexylate-containing-detergent-additive-that was a mixture.of (a) 64.7
1506 of 2 A - ifed 316%
Yo of a multi-surtactant upsulfurized, fion-carbon

carbgxylate-containing-additive, prepared according.to the method
B@scrlbed |r18%xample ¥ of U.S Patent "Appli:ationgtﬁ)licaticn No. 612%
2004/0235686.; (b) 31.7 wi.% of an overbased calcium

thyIrydroxyﬂﬁ)enzoate-additivé.p'r?epared—according t®dhe method 1299
described in Example 1 of U.S. Patent Application Publicatign No.

PH07/0027043; and (c)}-5.08 it 94 of an-eil concentrate of a secondany 39
zinc dialkyldithiophosphate. Moreover, all trupk piston engine

19 = 80 - 0.81 - 22.9 449%
20 =~ 80 - - 0.26 6.0 118%
21 =~ 80 _— --- 0.51 8.8 173%
22 = 80 -—- --- 0.76 215 422%
23 = 80 --- --- 1.02 32.9 645%
24 =~ 80 - - 1.53 72.7 1425%

[0082] Unlike Example 1, trunk piston engine lubricating oil compositions having Group
I base oils in combination with about 0.2 to about 0.6 wt.% of dispersant do not exhibit
less black siudge formation than dispersant-free trunk piston engine lubricating oil

compositions.
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lubricating oil compositions had a TBN of about 40. [0079] The
components of each of the trunk piston engine lubricating oil compositions
had viscosities from 132-153 cSt at 40C, with the exception of
Compositions 11 and 12, which had viscosities of 165.6 and 193 cSt at
40C, respectively. [0080] All trunk piston engine lubricating oll
compositions had a TBN in the fifish@ddeilodt about 40, a phosphorous

ontent of out 0. nd a Zinc content of about 0.058 wt.%. 26
B'&)‘&%@‘%f ?oﬁ#é%%g tests for each of the 12 trunk piston engine
[0S catingydi cdampoﬂlmﬂsnaletmheaneMmﬂge tomparsganiefulfee Each

est results for gach o ru E’a?t%1 rlcatl

il
tes?onrlﬁx%éﬁl\gﬁs%rﬁ?e I?)rtes‘t3 HESURE o comp 15 R7e’s g?ﬁ&)lm?'inp‘ﬁer
co“o‘hb@aﬁdﬁdhﬁamghtepfepdmmag@s mdadamdmfghhm Jtarevcalouddtedibasebtest

on the tal weight of.the trun ine lubricating oil comppsitio
D e e S R SRR wes
mEAviE @S] TetoNEConip. Grogp ih RispbrsdnhBiaek ShudgecTest Results

# Base Oil (wt_%) (wt.%) A B C mg deposit % diff. in mg deposit v.

Comp. #13 L13N80-5.1--142z800.3 --- --- 9.4 184% 15280 0.6 ---
Medifed BE6Y0td 6f P80 QRm-48-(BILR m)Z%sﬂ.Y z80--0.27 --- 6.6 129%

R AR TR B T R 08
passed through one of the test samples while air was passed through the other. The
sampies were cooled and the viscosities of both samples was determined. The oxidation-
based viscosity increase for each of the 12 trunk piston engine lubricating oil compositions
was caiculated by subtracting the kinematic viscosity at 100° C for the nitrogen blown
sample 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 specifically and individually indicated to be incorporated by reference.
[0086] It 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.

28



23 80 --- --- 1.02 32.9 645% 24 80 --- --- 1.53 72.7 1425% [00821 Unlike
Example 1, trunk piston engine lubricating oil compositions having Group
Il base oils in combination with about 0.2 to about 0.6 wt.% of dispersant

wH Ri.exbipit. less black sludge formation than dispersant-free trunk
piston engine lubricating oil compositions. 27 Test Methods Black Sludge
Deposit (BSD) Test [0083] A sample of test oil was mixed with heavy fuel

1. oil tosfermkapteshrabxtuseizretn test MpaevAS FMpRad-over a heated
testgate for a specified period of time, After cooIinP and washing, test
§

platés weré BHET ZRAWR ?féed?iﬁ*ﬁ%r?/vgfaﬂ? SPENcH 'S8R test plate was
detetminedynand theadaight-of Hdéidegosit remaining on the steel test plate

was_measured and recorded as the change in weight of the steel test .
e GG ot S ES AIT A Pt [OOR . i
engaw plbscefitgstibilowereitieatetbfor & 3Pecifieth pg@o@@wmmim@mel‘ein
sal28-pRSRRA thovgh pneaf s dest samlgshile air was passed

through the other. The samples were cooled and the viscosities of both
samples was determined. The oxidation- based viscosity increase for

2.eachrat thent 2itiunkistonenaing b isakog @hcaMRRS oM WAShe
calculated b %légtraaggg the kinematic viscogity_ at 100 C for the nitrogen
0081186\?&10&%@ PGS TIRATHARE VIOSoERO AEIBee (RS A 5SRHRYsition.

sample, and dividing the subtraction product by the kinematic viscosity

3,100 G for the nitroc e‘?ﬁ‘oé?ﬂeoi’ﬁ’ﬁm%%{&@'ﬁn l$818§lgéHrPé%in%%99T‘%ﬂ%?9 A’@te”t
applications mentionéd in this spetifica I0h are herein mcorpora%e Ey
copferdirertd s Shvkeseperivasaif achrindigide by plishcationtdl pateat

oARRICANON Was shacHically.and.jpdiyidally:indicated to be incorporated

by reference. [0086] It will be apparent to one of ordinary skill in the art
that many changes and modification can be made to the disclosures

4 presenteghhrraiowithgut deprkting Sromthe ssRiFboLScoReOtthes 2 10 3,

WF"} 1%§1nt%gg:0dai s1stio%81 ngas'f %ﬂaiﬁn ?d i?c:)rg’ridt trunléupismn ngip le t about
¢ " S i o A1 O 7
upricating 8}P80|||p03| 10N, p gﬁa, ton 1m engie by at least abou
5%, when compared to a lubricating oil composition having more than I wt.% of a

dispersant on an actives basis.

5. The trunk 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.

6. The trunk piston engine lubricating oil composition of claim 5, wherein the
composition has at least about 5% less oxidation-based viscosity increase, when compared

to a dispersant-free lubricating oil composition.

7. The trunk piston engine lubricating oil composition of any one of the preceding
claims, wherein the trunk piston 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 additive.
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a a major amount of one or more Group | 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 A t.% on an actives basis, and wherein said
©. compOSTHE PR 5ES HALR e b EPOP AL RIS BB AT 1258 dyfere
thepiston seng ike:dgHirieatitg Oibepmpositionrah alaimsdyswieieiithg benzoic acid.
composition is a black sludge-minimizing trunk piston engine lubricating oil
composition. 3. The trunk piston. engine lubricating oil composition of
Hclainiiz, twklerisipntirinsdmhpositior | edwess dolatkoslodgd feimdtion intarein the
on€BONE AU ALIGARIAROUL R ADER: 80 TMRA R AR B ISP SR8 stituted
lubricating oil composition. 4. The trunk piston engine lubricating oil
hygEMmBEItIEAEF 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 ail composition having more than. 1 wt.% ofa |
o B S A b B RO b e iy B
theompositivniofaeyt edbtetthensprecadinglelaimsiowheréincthaicompasition of
S NSO RIARHNZSH Rk RISIRD, SRGIRGIBrIGafing oil composition. 6.
he trunk piston éngine lubricating oil composition of claim 5, wherein the
composition has at least about 5% less oxidation-based viscosity
izincrepganMDeRGARRR oA disRers ARt re s Hcating o cRIRGSIHA
7. The trunk piston engine lubricating oil composition of any one of the
2gtatiamy’ &raws‘?m%g?éﬁ’fﬁﬁé%m% BlEtsH BRYyMER AR A Bihaving 20 or
meempesitemcomprises 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 additive. 29
139, Thewtronk pistorrengihedobngatingrapbgonmpdsitiomoffamnorveof Tlalrsin
tnd b2 & M@@ﬁ@aégn@amvgg dnpsasaeleras il Addiives, COMRIISSR fsAltoh 2,

alkyl-substituted hydroxybenzoic acid. 10. The trunk piston engine
selEmTE IR g Ol LERP TSP BTk o M EIEINTBI F B TnapRs eI hEuehd oL
more detergent additives consists essentially of an overbased salt of an
: 4alkyl-jshubsti1i‘uted hgdr.ox;{&enzoic aci

d. .
e trunk piston engine lubricating Ol?compos:tlon of any one of the preceding claims,

wherein the one or more dispersant additives comprises a polyalkylene succinimide.

15, The trunk piston engine jubricating oil composition of any one of the preceding claims,

wherein the one or more dispersant additives comprises polyisobutene succinimide.

16, The frunk piston engine lubricating oil composition of any one of the preceding claims,

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

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

agent comprises a zinc diatkyldithiophosphate.

18. The trunk piston engine lubricating oi} composition of any one of the preceding

claims, wherein the trunk piston engine lubricating oil composition has a viscosity of about

5.6-21.9 ¢St at 160°C.



11. The trunk piston engine lubricating oil composition of any one of
claims 7 to 10, wherein the one or more detergent additives consists
essentially of a non-overbased salt of a mixture of alkyl-substituted
hydroxybenzoic acid and alkyl-substituted phenol. 12. The trunk piston
engife liridudigrom Eaipe SHRInPETUARF 9¢ Wiherstng b tar s Sbout
coRp¥eiakthe alkyl groups in the detergent additives are residues of linear
alpha-olefin having 20 otr gnore carbo aton’ﬁ.%13. Tghe taunk piston engine
Iubri%ating aoﬂl%ﬁf%‘b%fﬂo% 8?38{/8%" of CRim&¥ (517 Wherein the one
or more detergemt@dditiyesaomigiises,an alkaline earth metal salt, said
Ikaline metal earth c I .ar ' -
B B e i

engHgih lablieatih gooinesinpobigbeubf ariy ok ‘o fothenmatedivryelaihess said

coYiﬁB@%&?&ﬂH% Q%Q%E@QF&Q@&%@@%@QQ&W@&W&%@ {Re W@Hfé’é%&%
suecinimide. 15. The trunk piston engine lubricating oil composition of any

engiE BrHifaieel dRTGRORIiAG st thautes SimberdisprrsgHe by at least
abadditvesteemprisesdoolyispbeianefichininide: 46 cdhgdslil piston
engine lubricating oil composition of any one of the preceding claims,
wherein the trunk piston engine lubricating oil composition further
2(comprismsosity entrthilezd ageRtpisidh Fipentr btk pistoncdngimedsibncatimgroHing:
comositiog gf, AN A, WAGKER MG ADfEAT, RS sgmprises a zinc
dlalkyldlthloph&sphate. 18. The trunk piston engine lubricating oil
compositioANSfoamyoshé BRFeEEERg claims, wherein the trunk piston
wRAGIRG,ILbYicating: 6 SOMPORIUNBRSIAMSCAS Y B ARAMELR, @ frthEpisAn
100C. 30 19. A black sludge-minimizing trunk piston engine lubricating oil
SR pURIGHINE CMYNBMYIR '4 %&%P&%&u‘m- g‘ﬁh@]@wﬁﬁé’%%qrﬁ%@d
cRiifoaich saneiarimereudispessantaddies 2wvhareibia gRNeRMatRN has
.9f the one gr more dc'llsEer_an'ggdditives within the};[runklgistog engine
ABRCRIRG on EEhPOSTHoH 18 Sh Ut T 2106 {56 D AR ARIES Bsidspersant
frgeHebesé; cbnopgsititinthas a total base number of at least about 12, and
wherein the trunk piston engine lubricating oil composition reduces black
sludge formation in an engine by at least about 5%, when compared to a
2 Hispetsapbaouptidag sgraiicosiiiodigsss. Rbrimiisco s ryoRabiive dapuieing
migien 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 trunk piston
engine lubricating oil composition is about 0.2-0.6 wi.% on an actives basis, and wherein

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

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

comprising lubricating the engine with 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,
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a. a major amount of one or more Group | 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
CBIHEor FEART AR AP BB B8 e SRR RS AS SRt itk piston
ingieasarinhien companetido ia dispérzani-free dubricating 0ii compositon.
2k AJREIRAG L M RkING. & E{Mﬂﬁepbsft&ﬂe‘ifagiﬂ&ﬂH'E’.”C""t'”g oil composition,

comprising mixing: a. a major amount of one or more Group | base oils;
and b. one or more dispersant additives, wherein the concentration of the
are or masealispersantadditivepiithienthe tmkRisioRbeRgINEH rigating

' ition. | ut 0.2-0.6 Wt.%.on.an actives basis, and wherein
O P D R TS P
method-for ré8tiETHeLEIAERSILdRE @ildl @posit formation in an engine,
comprising luhEeatiag: thepenginaiwvith-a trunk piston engine lubricating oil
o e AT e s i e ol s
coatednatieins btheonesbpmopbadishrsamt ddditives wvithindhetrinkerein
RistonneREH BHcatng:Qikeampesitian.is ARauk0.2-0.6 wt.% on an
actives basis, and wherein said composition has a total base number of
at least about 12. 23. A method for operating a trunk piston engine,
comprising lubricating the trunk piston engine with a trunk piston engine
lubricating oil composition comprising: a. one or more Group | 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. 32



