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LUBRICATING OIL COMPOSITIONS

FIELD OF THE INVENTION

The present invention generally relates to a method for reducing intske valve deposits in
Direct Injection Spark Ignition {DISI) engines. Also provided is a method for reducing intake
valve deposits in a DISE engine by top treating an oil of Tubricating viscosity with a lubricating
oil additive concentrate.

BACKGROUND OF THE INVENTION

Recently 2 number of aulomotive engine manufacturers have introduced direct injection
spark ignition (DIST) engines for gasoline. Such engines inject gasoline. directly into the
cormbustion chamber of the engine, rather than introdoeing the gaseline indirectly through the
mtake manifold by means of, for example, carburetors or pott fuel injectors. Because the
gasoline. is injected directly into the combustion chambers, it enables precise control over the
amount. of fuel burned and the timing of the injection. One disadvantage of this approach,
however, is that iniake valves of DIST engines are likely {o form large amounts of intake valve
deposits (“TVD” hereinafter), since there is no gasoline at the site of the intake valves to provide
deposit control additives to combat deposits or deposit precursors. These valve deposits
mterfere with valve operation, reduce the efficiency of the engine, and have a negative impact
on driveabikity,

Some patent documents disclose solving the problem of intake valve deposits in direct
njection spark ignition engines by using lubricant formulations.

Konishi, Japanese Patent Publication Ne. 2003-155492 discloses lobricanis
containing polybutenyl succinimide, dithio zine phosphate, phenol and/or amine group ash-free
antioxidant and alkaline-carth metal group cleaner, and which de not contain viscosity mdex
HNHrovers.

Calder, U.5. Patent Apphcation Publication No.2004/0198614 discloses a method of
reducing intake valve doposits in a direct injection engine, the method comprising lubricating
the engine with a lubricating 0il composition comprising & base oil mixture, the base oil mixture
comprising (i} & Group 1, a Group TV o1, or & mixture thereof, i combination with (ii) a

synthetic ester ofl, the weight ratio of (1) to (ii) being from about 0.2:1 1o about 6:1.
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Colucet ef al, LS, Patent Application Publication No. 2004/0231632 discloses 8 method
and combustion svstem for reducing the formation of intake manifold deposits, such as
mchuding intake valve valves, and exhaust valve deposits in combustion engines by delivery of
an organomolybdenom source from the vapor phase of an engine lubricant into 2 combustion
chamber.

Adams et al, U.S. Patent Application Publication No. 2005/0236301 discloses a process
to prepare a heavy and a light lubricating base oil from a partly isomerized Fischer-Tropsch
derived feedstotk, the feedstock having an indtial boitling point of below 400 degrees Cand &
final boiling point of above 600 degrees C by {(a) separating the fraction via distillation into a
light base nil precursor fraction and a heavy base oil precursor fraction; {b) reducing the powr
point of each separate base ol precursor fraction via dewaxing,; and, {¢} isolating the desired
base ofl products from the dewaxed oil factions as ohiamed in step (bl

Wediock, U.S. Patent Application Publication No. 2006/0052252 discioses a lubricant
composition containing a mixture of at least two Fischer-Tropsch derived base oils and one or
more additives wherein one Fischer-Tropsch derived base oil (low viscosity component) has a
kinematic viscosity at 100.degree. C. of less than 7 ¢85t and the second Fischer-Trepsch derived
base oil (high viscosity component) has a kinematic viseosity at 100.degree. €. of more than 18
e

Locke et al., UL, Patent Application Publication No. 2007/0157406 discloses, intake
valve depostis in a direct injection internal combustion engine are reduced by hibricating the
engine with a lubricant that is substantially free of ashless organic friction modificrs and whose
base oil has a Moack volatility of less than 12 mass %.

A mumber of patent documenis disclose the use of foam inhibitors in a generic manner in
gasoling direct injection engines. These inclnde: ULS. Patent Application Publication Nos.
ZO08/02341 53, 2008/024898 land 2008/01 10799, and Japansse Patent Publication Nos, 2008-
120908, 2001-262172, 2008-231192, and 2008-231191.

As described ahove, intke valve deposits are recognized as a problem in IDIST engines.
A nmber of attempts have been made to alleviate the problem of reducing make valve deposits
m DISI engines.

SUMMARY OF THE INVENTION

One embodimens of the present invention is directed to & method for reducing intake
valve deposits in a Direct Injection Spark Tgnition engine, the method comprising operating the

engine with a lubricating oil composition comprising:

A
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5 {a) a major amount of an oil of lubricating viscosity; and
(b} at least one foam inhibitor selecied from the group consisting of silicon oils,
polvsiloxanes, polyacrylates, and polymethacrylates;
wherein the foam inhibitor is not poly{phenyvimethvl) siloxane; and further wherein the amount
of said foam mhibitor in said kibricating oil composttion is at an effective concentration (o

10 achieve at least 10% reduction in intake valve deposits in said Direct Injection Spark Ignition
engine compared to operating the engine with said fubricating ol corposition without any foam
intubitor.

Another embodiment of the present invention is divected to a method for reducing intake
valve deposits in a Direct Injoction Spark Ignition engine, the method comprising:

15 {a) operating said engine with a lubricating ofl; and

{b) top treating said lubricating oil composition with 2 lubricating oil concentrate
comprising at least one foam inhibitor selected from the group consisting of
silicon oils, polysiloxanes, polyacrylates, and polymethacrylates to therhy
provide a top freated fubricating oil comaposition;

20 wherein the foam inhibitor is not poly (phenyl-methyl) siloxane; and further wherein the amount
of said foam inhibitor m said top ireated 'E_ﬁ.hricating oil composition is at an cffective
concentration to achieve at feast 10% reduction in intake valve deposits n said Direct Injection
Spark Ignition engine compared to operating the engine with the lobricating oil of step (a)
without any top treatment,

25 i another embodiment, the lubricating ol composition disclosed herein further
comprises at least one additive selected from (he group consisting of antioxidanis, antiwear
ageats, detergents, rust inhibitors, demulsifiers, friction modifiers, extreme pressure agents,
viscosity index improvers, pour point deprossants, dispersants, corrosion inhibitors, and
combinations thereaf.

30 DEFINITIONS

The term “top weating” means adding the Iutwicating oil concentrate described herein to
the crankcase oll abready present tn the IS engine.

DETAILED DESCRIPTION OF THE INVENTION

Among other factors, the present invention is based on the surprising dscovery that the

La0
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addition of targer than typical amounts of foam inhibiting additives io lubricants used to
hubricate direct injection gasoline engines can substantially decrease the amount of intake valve

deposits in said engines. The typical amount of foam inhibiting additives used in many
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hubricants varies from about § 10 about 30 ppmw. The increased amount of added foam inhibiter
is guite stnall, and enables a large reduction in IVD deposits without the use of expensive
specialty hibricants or base oils such as polyalphaolefing {Group I'V) ot ester (Group V)
iubricants. This finding also enables the aftermarket addition of small amounts of foaro inhibitor
boosters in gasoline direct injection engines lubricated with conventional hubricants,

In accordance with one embodiment of the present invention, provided herein is &
method for reducing intake valve deposits in 2 Direct Injection Spark Tgnition engine, the
methed comprising operating the engine with a lobricating oil composition comprising:

{a}  a major amount of an oil of lubricating viscosity; and

(b)Y  at least one foam inhibitor selected from the group consisting of silicon oils,

polysiloxanes, polyacrylates, and polymethacrylates;
wheretn the foam inhibitor is not poly (pheny-Imethyl) siloxane; and further wherein the amount
of said foam nhibitor in said lubricating oil composition is at an effective concentration to
achieve at least 10% reduction in intake valve deposits in said Direct Tnjection Spark Ignition
engine compared to operating the engine with said lubricating ofl composition without any foam
inhibitor.

in accordance with another embodiment of the present invention, provided herein is a
method for reducing intake valve deposits in a Direct Injection Spark Ignition engine, the
method comprising:

) operating said engine with a ebricating oil; and

(b} top treating said lubricating oil with a lubricating oil concentrate comprising at

least one foam mhibitor selected from the group consisting of silicon oils,
polysiloxanes, polyacrylates, and polymethacrylates to therby provide a op
treated lubricating oil composition;
wherein the foam inhibitor is not poly {phenvi-methyl) stloxane; and further wherein the armount
of said foam inhibitor in said top treated hibricating oil composition is at an effective
concentration to achieve at least 10% reduction in intake valve deposits in said Direct Injection
Spark Ignition engine compared to operating the engine with the lubricating oil step (a) without
any top frealment.
In one embodiment of the invention the Direct Injection Spark Ignition engine i an engine that
i equippad with positive crankease ventilation. Posiiive crankcase ventilation is 2 method for
rechicing emissions In ap engine m which combustion gases that escape {rom the combustion

chamber past the piston and piston rings into the crankease (ofien called “blow-by™) are returned
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through the infake manifold to the combustion chamber, where the re-circulated hydrocarbons
are burned.

FHE OH. OF LUBRICATING VISCOSITY:

The oi] of lubricating viscosity for use in the hubricating oll compositions of the present
invention, also referred to as a base oil, is typically present therein in 2 major amow, e.g., an
amount of greater than 30 wt. %, preferably greater than about 70 wi. 9%, more preferably from
about 80 to about 99,5 wi. % and most preferably from gbout 85 o about 98 wi. %, based on the
total weight of the composttion. The expression “base oil”™ as used herein shall be understood 1o
mean a base stock or blend of base stocks which is a Tubricant component that is produced by a
single manufacturer to the same specifications (independent of feed source or manufacturer's
focation}; that meets the same manufacturer's specification; and that s identified by 2 umque
formuda, product ideniification pumber, or both.

The base cil for use hersin can be any presently koown or later-discovered oil of
jubricating viscostty used in formulsting lubricating oil compositions for any and all such
applications, e.g., engine oils, marine cylinder oils, functional fhuids such as bydraulic oils, gear
oils, wansmission fluids, etc. The selection of the panicular base oil depends on the
conternplated application of the lubricant and the presence of other additives. For example, the
oil of lubricating viscosily useful in the practice of the invention may range in viscosity from
Hght distiliate mineral oils o heavy hdbricating oils such as gascling enpgine oils, rineral
inbricating oils and heavy duty diesel oils,  Additionally, the base oils lor use herein can
opfionally contain viscosity index improvers, ¢.g., polvmeric alkvimethacrviates: olefimic
copolymers, e.g., an ethylene-propvlene copolymer or a styrene-butadiene copolymer; and the
likke and mixtures thereof. The lubricating oil compositions of this invention can be prepared by
admixing, by conventional techmiques, an appropriate amount of the foam mhibitor compounds
disclosed herein in an additive concentrate with an off of lubricating viscosity and conventional
fubricating oil additives

As one skilled in the art would readily appreciate, the viscosity of the base oil is
dependent upon the apphication. Accordingly, the viscosity of a base oil for wse herein will
ordinarily range from about 2 to sbout 2000 centistokes {¢5t) at 100° Centigrade (C). Generally,
individoally the base oils used as engine oils will have a kinematic viscosity range at 100°C of
about Z ¢35t to about 30 ¢St, preferably about 3 ¢5t to about 16 ¢St and most preferably about 4
olt to about 12 oSt and will be selected or blended depending on the desired end use and the

additives in the finished oil to give the desired grade of engine oil, e.g., a Iubricating oil
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composition having an SAE Viscosity Grade of 0W, OW-20, OW.30, OW-40, OW-50, GW-50,
W, SWLR0, SWLA0, SW40, W50, SWee0, 10W, LOW.20, 10W.30, 10W-40, 10W.30, 15W,
PAW-20, 15W-30 or 15W-40. Ods used as gear oils can have viscosities ranging from shout 2
eSt o about 2000 o8t at 100°C.

Base stocks may be manufactured using a varietv of different processes including, but
not Hmited to, distilation, solvent refining, hydrogen processing, oligomerization, esterification,
and rerefiniog.  Rerefined stock shall be substantially free from matenals introduced through
manufacturing, contaminaiion, or previous use. The base il of the Iubricating il compositions
of this invention may be apy patral or synthetic lubricating base oil.  Suitable hydrocarbon
syathetic oils inchude, but are not bmited to, oils prepared from the polymerization of ethylene
or from the polvmerization of 1-olefins to provide polymers such as polyalphaciefin or PAQ
oils, or from hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such
as in a Fischer-Tropsch process. For example, a suitable base oil is one that comprises little, if
any, heavy fraction; e.g., littde, il any, Tube oil fraction of viscosity 20 ¢8t or higher at 100°C,

The base oif may be derived from natural lubricating oils, svnthetic hubricating oils or
mixtures thereof, Suttable bage oil includes base stocks obiained by isomerization of synthetic
wax and slack wax, as well as hydrocracked base stocks produced by hyvdrocracking (rather than
solvent sxiracting) the aromatic and polar components of the crude. Suitable base oils include
those m all AP categories 1, TE, IEL ¥V and WV as defined in API Publication 1509, 14ih Ediiion,
Addendum I, Dec. 1998, Group IV hase oils are polyalphaolefins (PAOQ). Group V base oils
mehude all other base oils not incioded in Group 4, I, UL or 1V,

As will be demonstrated herein, an advantage of the present mvention s that low
amounts of [VD can be obtained without the use of large amounts of expensive Group IV or
Group V basestocks.  Accordingly, in one cmbodiment of the present mvention, the ol of
lubricating viscosity comprises at least 50 wt-% of a Grouwp ¥ basestock. In anocther
embodiment of the present invention, the ofl of lubricating viscosity comprises at least 50 wi-%
of an AP Group I basestock. In a further embodiment of the present invention, the oil of
iubricating viscosity comprises at least 50 wi-% of a mixture of Group U and Growp Il
basestocks. In one embodiment of the present invention, the o1l of lobricating viscosity does not
contain either a Group IV or a Group V basesiocks. In one ernbodimeant of the present invention,
the base oil 1§ a mixture of Groop 11, Group HY, and Group IV basestocks.

Watural otls may also be employed and include miners] lubricating oils such as, for

example, liquid petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the
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paraffinic, naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale,
animal oils, vegetable oils {e.g., rapesced oils, castor oils and lard o), and the fike.

Syuthetic lubrncating oils may also be employed and include, but are not Hmited to,
bydrocarbon  oils  and  halo-substituted  hydrecatbon olls such  as  polymerized  and
inferpolymerized  olefing,  eg. polvhutylenes, polypropylenes, propylene-iscbutylene
copolymuers, chlorinated polybutylenes, poly{i-hexenes), poly(1-octenes), poly{i-decenes), and
the hike and mixtures thereof, alkylbenzenes such as dodecyibenzenes, tc—:tz’aﬁecyibanzesws,
dinonylbenzenes, difZ-ethyihexvi)-benzenes, and the like; polyphenyls such as hiphenvls,
terphenyis, alkylated polyphenyis, and the like; alicylated diphenyl ethers and alkylated dipheny!
sulfides and the derivative, analogs and homologs thereof and the like.

Othar synthetic tubricating oils employed include, but are not Hmited to, oils made by
polymerizing olefing of less than 5 carbon atoms such as ethvlens, propylense, butvienes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well
kuows to those skilled in the ar.

Additional synthetic hydrocarbon oils employed include Hiquid polvmers of alpha olefing
having the proper viscosity. Hspecially useflul synthetic hydrocarbon oils are the hydrogenated
tHauid oligomers of Cg to Cy; alpha olefins such as, for example, 1-decene trimer,

Another class of synthetic lubricating oils include, but are not limited to, alkylene oxide
polvisers, ie., homopolymers, interpolymers. and derivatives thereof where the terminal
hydroxyl groups have been modified by, for example, esterification or etherification, These oils
are exemplificd by the oils prepared through polymerization of ethylene oxide or propyiene
oxide, the alkyl und phenyl ethers of these polyoxyalkylene polymers (e.g., roethyl poly
propyiene glyeel ether having an average molecular weight of 1,600, diphenyl ether of
polyethylene glycol having & molecular weight of 300 to 1000, diethyl ether of polypropylene
glycol having a molecular weight of 1,000 to 1,500, etc.} or mono- and polycarboxylic esters
thereof such as, for example, (he acetic esters, mixed Cs-Cy fatty acid esters, or the Ciz oxo acid
diester of tetracthyiene glyeol.

Yot another clags of synthetic lubricating oils include, but are not Hmited fo, the esters of
dicarboxylic acids e.g., phthalic acid, suceinic acid, alky] suecinic acids, alkenyl succinic acids,
maleic acid, azelaic acid, suberie acid, sebacic acid, fumaric acid, adipic acid, linoleie acid
dimer, malonic acids, alkyl malonic acids, alkenyl malonic acids, ete., with s variety of aleohols
e.g., butyl alcohol, hexyl aleobol, dodecyl akeohol, 2-ethyihexy] alcohol, ethvlene glveof,

dicthylene glycol monosther, propylene glveol, ete. Specific examples of these esters include
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dibutyl adipate, &2-ethvihexvisebacate, di-n-hexyl fumarate, diociyl sebacate, diisooctyl
azelate, diisodecyl azelate, dinctyl phthalate, didecyl phthalate, dicicosyl sehacate, the 2.
ethythexyl diester of Hnoleic acid dimer, the complex ester formed by reacting one mole of
sebacic acid with two moles of tetrasthylene glveol and two moles of 2-ethythexanoic acid and
the hike.

Esters may also be employed as synthetic oils and include, but are not Hmited to, those

-Be

made from carboxviic acids having from about 5 to about 12 carbon atoms with alcohols, ¢
methanol, ethanel, ete., polyols and polyol ethers such as neopeniyi glyesl, trmeithyiol propane,
pentasrytheitol, dipentaerythritol, ttipentacrythritol, and the like,

Siticon-based oils such as, for example, polvalkyl-, polyaryl-, polyalkoxy- or
polyaryioxy-siloxane ois and silicate otls, comprise asuother clags of synthetic lubricating oils
which may be employed in the present invention. Specific examples of these nchude, but arg
nier Hemdted 1o, tetracthy] sifcate, tetra-tsopropyl silicais, teira-(2-ethylbexy) silicate, tetra-(4-
methyl-hexvl) silicate, tetra-{p-tert-butylphenyh) silicate, hoxyl-{4-methyi-2-pontoxy) disiloxane,
poly (methyl) siloxanes, poly {(methyiphenyl) siloxanes, and the Hke

The tubricating oil may be derived from unrefined, refined and rerefined oils, either
natural, synthetic or mixtures of two or more of any of these of the type disclosed hereinabeove.
Unrefined oils are those obtained directly from a natural or synthetic source (e.g., coal, shale, or
tay sands bitumen} without further purification or treatiment. Examples of anrefined oils include,
but are not lmited o, a shale oil obtained directly from retorting operations, a peiroleum odf
obtained divectly from distillation or an ester oil obtained directly from an esterification process,
each of which is then used without farther freatment. Refined ofls are similar to the wnrefined
otls except they have been further trested in one or more purification steps to bnprove one or
more properties. These purtfication techniques are known o those of skill in the art and inchade,
for example, solvent extractions, secondary distillaton, scid or base extracticn, flration,
percolation, hvdrotreating, dewaning, cic. Rerefined oils are obtained by treating used oils in
processes similar to those used to obtain refined coils. Such rerefined oils ave also kaown as
reclaimed or reprocessed oils and often are additfionelly provessed by technigues divecied to
removal of spent additives and oil breakdown products,

Lubricating ol base stocks derived from the hyvdroisomerization of wax mav also be
used, sither afone or in combination with the aforesaid natural and/or synthetic base stocks.
Such wax isomerate oi is produced by the hydroisomerization of natural or synthetic waxes or

mixtares thereof over a hydroisomerization catalyst.
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Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; syathetic waxes are typically the wax produced by the Fischer-Tropsch process.
FOAM INDIRITORES:

A foam inhibitor 15 a lubricant additive that, when added in amall amounts to 2 lubricans

)
either irthibits the formation of foam, accelerates the breaking of foarm, or both, At least one
foany inhibitor or mixtures thereol is employed in the lubricating oil composition of the
presently claimed invention. The foarm inhibitor employed is selected from the group consisting
of silicon oils, polysiloxanes, polvacrylates, polymethacryiates, and combinations thereof,
provided that the foam inhibitor may not be poly (phenyl-methy) siloxane,
in one embodiment, the foam inhibitor is a poly dimethy] stloxane.
In one embodiment, the foam inhibitor is a poly (dimethyl, phenyi-methyD) siloxaneIn one
embodiment, the foam imhibitor s a mixture of poly dimethy! sitoxane and poly {dimethyl,
phenyb-methyl) siloxane,

in one embodiment, the foam inhibitor is a polymethacrylate.

in one embodiment, the foam inhibitor i3 a poly {trifluorepropybmethyD) siloxane.
In one embodiment, the amount of the foam inhibitor in the fobricating 0il composition may
vary from about 30 to about 500 ppmw, or from about 50 1o about 500 ppimw, or from about 75
Lo about 300 ppovw, or from about 100 to about 500 ppmw, or from about 150 10 about 500
ppmw, or frome about 200 ppow 1o sbout 400 ppmw, based on the total weight of the Tubricating

il composition.

I one embodiment, the reduction in intake valve deposits is at least 10%, or at least
20%, or at least 30%, or at least 40%, or at least 50% compared to operating the engine with the
hibricating oil composition without any foam inhibitor,

in one embodiment, the amount of the foam ivhibitor in the fubricating oif concentrate
may vary from about 001 wi% to about 1 wi% , From about (.02 wt.% ic about 0.8 wt.%%,
from abowt 0.03 wi.% 1o abont 0.7 wi.%, or from aboul .04 wit.% to about G.6 wi.%, based on
the total weight of the lubricating oil concentrate. The foam inhibitor can be conveniently added
to the hubricating oll concentrate in the form of a foam inhibitor concentrate, which contains the
foam inhibitor and at least one solvent,

ADDITIONAL LUBRICATING OIL ADDITIVES:

The lobricating oil compositions of the present invention may also confain other
conventional additives for ifmparing auxiliary functions to give a finished lbricating oil

compostion in which these additives are dispersed or dissolved. For example, the lubrivating
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oif compositions can be blended with antioxidants, anti-wear agents, ashless dispersants,

detergents, rust inhibitors, dehazing agents, demulsifying agents, metal deactivating agents,

friction. modifiers, pour point depressants, co-solvents, package compatibilisers, corrosion-

mhibiters, dyes, extreme pressure agents and the lke and mixtores thereof. A variety of the

additives are known and commercially available. These addilives, or their analogous

16 compounds, may be employed for the preparation of the tubricating oil compositions of the
invention by the usual blending procedures.

Examples of antioxidants include, but are not limited lo, aminic types, eg.,
diphenylamine, phenyl-aipha-napthyl-amine, NN-di{alkylphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl phenols

15 such as Z.6-di-tert-butylphenol, 2,6-distert-butybp-cresol and 2 6-di-tert-butyl-4-(2-octyl-3-
propanoic) phenol; and mixtures thereof

Examples of antiwear agents include, but are not limited to, zine dialkyldithiophosphates
and zinc diaryldithiophosphates, ¢.g., those described in an article by Borp ot al. entitled
"Relationship between Chemical Structure and Effectiveness of some Metallic Dialkyl- and

20 Diaryl-dithiophosphates in Different Lubricated Mechanisms®, appearing in Lubtication Science
4-2 January 1992, see for example pages 97-100; aryl phosphates and phosphites, sulfur-
containing esters, phosphosulfur compownds, metal or ash-free dithiccarhamates, xanthates,
alkyl sulfides and the like and mixiares thereef,

Represenmtative examples of ashless dispersants inchude, but are not limited to, amines,

25 alcobols, amides, or ester polar moieties attached to the polymer backbones via bridging groups.
An ashless dispersant of the present invention may be, for example, selected from oil soluble
salts, esters, amino-esters, amides, imides, and oxazotines of long chain hydrocarbon substituted
mono and dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long chain
hydrocarbons, long chain aliphatic hydrocarbons having a polyamme aitached directly thereto;

30 and Mannich condensation products formed by condensing a long chain substituted phenol with

formaldehvde and polyslkylene polyamine.
Carboxyhic dispersants are reaction products of carboxylic acvlating agents {(acids,
anhydrides, esters, oic.) comprising at least about 34 and prefersbly at least about 54 carhon

atoms with nitrogen containing compounds (such as amines), organic hydroxy compounds {such

123
wh

as aliphatic compounds inchuling monoliydric and polyhydric alechols, or aromatic compounds
including phenols and npaphbthols), and/or basic inorgande materials. These reaction products

melude imides, amides, and esters.

i
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Succinimide dispersants are a type of carboxylic dispersamt. They are produced by
reacting hydrocarbyl-substituted succinic acylating agent with organic bhydroxy compounds, or
with amines conmprising at Ieast one hydrogen atom attached (o a witrogen afom, or with a
mixture of the hydroxy compounds and amines. The torm "succinic seviating agert” referg to a
hydrocarbon-substitated suceinic acid or a suecinie acid-producing compound, the latler
encompasses the acid itselll  Such malerials typically include hydrovarbyl-substiinted succinic
acids, anhydiides, esters (including haif esters) and halides,

Succinie-based dispersants have a wide vartety of chemical structures.  One class of

succinic-based dispersants may be represented by the formula:

] H
! O
T cj E‘\LW (i? r!
i N"’{‘ RPwmor ‘\T{-}*— R e 1 g
Hm?mc\x | \CMC—-—M
E O Of/f' E{

wherein each R’ is independently a hydrocarbyl group, soch as a polyolefin-derived group.
Typically the hydrocarbyl group is an alkyl group, such as a polyisobutyl group, Alternatively
expressed, the R’ groups can contain about 40 to about 500 carbon atoms, and these atoms may
be present in alipbatic forms. R” is an alkylene group, commonly an ethylens (C.H 1) EEOU.
Examples of succiniimde dispersants mclude those described in, for example, 1.5, Patent Nos,
3,172,892, 4,234,435 and 6,165,235,

The polyalkenes from which the substiinent groups are derived are typically
homopiymers and interpolvmers of polymerizable olefin monomers of 2 to abont 16 carbon
atoms, and uwsually 2 1o 6 carbom atoms, The amines which are reacted with the suocinic
scylating agents to form the carboxylic dispersant composition ¢so be monowmines or
polvamines.

Succinimide dispersants are reforred fo as such since they normally contain nifrogen
fargely in the form of imide functionality, elthough the amide functionality may be i the form
of amine salts, amides, imidazolines as well as mixtures thereof. To prepare a succimimide
dispersant, one or more succinic acid-producing compounds and one or mors amines are heated
and typically water is removed, optionally in the presence of a substantially inert organic liquid
soivent/diluent. The reaction temperature can range Tom sbout 80°C up to the decomposition

termperature of the mixture or the product, which typically falls between about 100°C to ghowt
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300°C. Additional details and examples of procedures for preparing the succinimide dispersants
of the present invention include those described in, for example, U5, Patent Nos. 3,172,882,
3,219,066, 3,272,746, 4,234 4335, 6,165,235 and 6,440,905,

Suiluble ashless dispersants may also inchude amine dispersants, which are reaction
products of relatively high molecular weight aliphatic halides and amines, preferably
polvalkvlene polyamines. Examples of such amine dispersamis include those described in, for
example. ULS, Patent Nos, 3,275,554, 3,438,757, 3,454,555 and 3,565,8'04.

Suitable ashless dispersamts may fHwiher Include "Mannich dispersants,” which are
reaction products of alkyl phenols in which the aikyl group containg at least about 30 carbon
atoms  with aldehydes (cspecially formaldehvde) and amnes {cspecially poiyvalkvlene
polyamines). Examples of such dispersants include those deseribed in, for example, U.S. Patont
Nos, 3,036,003, 3,586,629, 3,591,558 and 3,980,565,

Suitable ashless dispersants may also be post-treated ashless dispersanis such as post-
treated succinimides, e.g., post-reatment processes involving borate or ethylene carbonate as
disclosed in, for example, U.S. Patent Nos. 4,612,132 and 4,746,446; and the ke as well as
gther post-ireatinent processes.  The carbonate-treated aleny!l suceinimide is a polybutene
succinimide dertved from polybuienes having a molecular weight of about 450 to about 3004,
preferably from about 900 to aboul 2500, more preferably from about 1300 to about 2400, and
most preferably from about 2000 10 about 2400, as well ax mixiures of these molecular weighis,
Preferably, it is prepared by reaciing, under resctive coaditions, a mixtre of a polvbutene
suceinic acid derivative, an umsaturated acidic reagent copolymer of an unsaturated acidic
reagent and an okefin, and a polyamine, such as disclosed in ULS. Patent No. 5,716,912, the
contents of which are incorporated herein by reference,

Suitable ashless dispersants may also be polymeric, which are inierpolymers of oil-
solubilizing monomers such as deevl methacrylate, vinyl decyl ether and high molecular weght
olefing with monomers containing polar substitmes. Examples of polymeric dispersanis mclude
those deseribed in, for example, U5, Patont Nos, 3,329,658, 3,449,250 and 3,666,730,

In one preferred embodiment of the present invention, an ashless dispersant for use in the
lubricating oil compesition is a bis-succinintide derived from a polyisobuteny] group having a
yarrher average molecwdar weight of about 700 to about 2300, The dispersant(s) for use in the
iubricating oil compositions of the present invention are preferebly non-polvmeric (¢ g., are

mono- or bis-sucoimimides),
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Generally, the ong or more aghless dispersants are present in the lubricating off
composifion n an amout ranging from about .61 wt. %0 1o about 10 wi %, based on the tolal
wedght of the lubricating oil composition.

Representative examples of metal detergents include suiphonates, allkviphenates,
sulfurized  alikyl phepates, carboxylates, salicylates, phosphonaies, and  phosphinates.
Commercial products are generally referred to as neuiral or overbased. Overbased metal
detergents are gensrally produced by carbonating a micturs of hydrocarbons, detergent acid, for
example: sulfonic acid, alkylphenol, carboxylate ote., metal oxide or hydroxides {for exanple
calcinm oxide or calcium hydrowide) and promoters such as xvienc, methanol and water. For
example, for preparving an overbased calcium sulfonate, in carbonation, the calcium oxide or
hydroxide reacts with the gaseous carbon dioxide to form caleium carbonate. The sulfonic acid
is neutrahized with i exeess of Ca0 or Ca{OH), to furm the sulfonate.

Maetal-containing or ash-forming detergents fonction as both detergents to reduce or
remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear and corroston
and extending engine hfe. Detergents generally comprise a polar head with 2 long hydrophobic
tail. The polar head comprises a metal sall of an acidic organic compound. The saits may
cenfain @ substantially stoichiometric amount of the metal in which case they are usuvally
described as normal or negtral salts, and would typically have 2 total base number or TBN {as
can be measured by ASTM D2896) of from { to about BQ. A large amount of a metal base may
be incorporated by reacting excess metal compound (c.g., an oxide or hvdroxide) with an acidic
gas (o.g., carbon dioxide). The resuliing overbased detergent comprises neutralized detergent as
the ouler laver of 2 metal base {g.g., carbonate) micelle, Such overbased delergents may have a
THN of about 150 or greater, and typically will have a TBN of from about 250 o about 450 or
more.

{DJetergents that way be nged mehude oil-soluble neviral and overbased sulfonstes,
phenates, sulfuorized phenates, thiophosphonates, salicylates, and naphthenates and other oil-
soluble carboxylates of a metal, particularly the alkall or alkaline carth metals, ¢.g., barhum,
sodium, potassium, Hthhwm, calcium, and magnesium,  The most commmonly used metals are
calcium and magpesium, which may both be present in detergents used in g lubricant, and
mixtures of calehum and/or magnesium with sodium. Particularly convenient metal detergents
arp neniral and overbased calciom soffonates having TBN of from about 20 to about 450, nevtral
and overbased caleium phenates and sulfurized phenates having TBN of from about 50 to about

450 and neutral and overbased magnesinm or caleium salicylates having a TBN of from about
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20 to about 450, Combinations of detergents, whether overbased or neutral or both, may be
used,

in one cmbodiment, the defergent can be ope or more alkali or alkaline earth metal salis
of an alicyl-substituted hydroxyaromatic carboxylic acid. Suitable hydroxyvaromatic compounds
inclode mononoclear monohydroxy and polyhydroxy aromatic hydrocarbons having 1 to 4, and
preferably 1 oto 3, hvdroxyl groups.  Suitable hydroxyaromatic compounds include phenol,
catechol, resorcinol, hydroquinone, pyrogallol, coresol, and the Uke. The preferred
hydroxyaromatic compound is phenol.

The abeyl substituied modcty of the alkall or alkaline carth metal salf of an alyl
substiiuted hydroxyaromatic carboxylic acid is derived from an alpha olefin having from about
H} 1o sbout BO carbon atoms. The olefins employed may be lnear, isomerized Hoear, branched
or partially branched hnear. The olefin may be a moxture of Haear olefing, a mixture of
wsomerized linesr olefing, a mixture of branched olefing, a mixtore of partially branched linear or
a mixture of any of the foregoing.

In one embodimend, the mixiure of lnear olefing that may be used 18 a mixture of normal
alpha olefins selected from olefins having from about 12 to about 30 carbon atoms per molecule,
In one emboediment, the normal alpha olefing are isomerized using at feast one of a solid or
figud catalyst

In another embodiment, the clefins are a branched olefinic propviene oligomer or
mixture thersofl having from about 20 1o abous 80 carbon atoms, le., branched chaln olefins
derived from the polymerization of propylene. The olefing may also be substituied with other
functional groups, such as hydroxy groups, carboxylic acid groups, heteroatoms, and the like. In
ong embodiment, the branched olefinic propyiene oligomer or mixtures thereof have from about
24 to about 60 carbon atoms. In one embodiment, the branched olefinic propylene oligomer or
mixtures thereof have from about 20 fo about 40 carbon atoms.

in one embodiment, at least about 75 mole% (e.g., a1 least abont 80 moles, at least about
83 meleds, at lcast about 90 moleYe, at feast about 93 mole%, or at least about 99 mole%) of the
alkyi groups contamned withim the alkah or alkaline garth metal salt of an alkyl-substitited
hydroxyaromatic carboxylic acid such as the alky! groups of an alkaline sarth metal salt of an
aikyl-substituied hydroxybenzoic acid delergent ave & Uyg or higher. In another embodiment, the
alkali or alkaline earth metal salt of an atkyl-substitwted hvdroxyaromatic carboxylic acid is an

alkali or alkaline earth meial salt of an alkyl-substtsted hydroxyvbenzoic acid that s derived
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from an alkylsubstituted hydroxybenzoie actd in which the alkyl groups are the residue of
normal alpha-olefing condaining at least 75 moic%e Cyp or higher normal alpha-olefins.

in another embodiment, at Jeast about 50 mole % {o.g., al least about 60 mole %6, al feast
about 70 male %, at least about 80 mole %, at least about 25 mole %, at least about 90 mole %,
at least about 95 mole %, or at least about 99 meole %) of the alkyl groups contained within the
alkali or alkaline earth metal salt of an alkvl-substitoted hydroxyaromatic carboxvlic acid such
gs the alkyl groups of an alkall or aikaline ecarth metal salt of an alkyl-substituied
hydroxybenzoic acid are about Cyy to about Cyg.

The resulting atkal or alkaling earth metal salt of an alkyl-substituted hydroxyaromatic
carboxyhic acid will be a mixwre of ortho and para isomers. In one embodiment, the product will
contain about 1 o 99% orthe somer and 99 to 1% para fsomer. In another embodiment, the
product will contain abool 5 to 70% orthe and 95 to 30% pars isomer.

The alkali or alkaline earth metal salte of an alkyl-substitited hydroxyaromatic
carboxyhc acid can be neatral or overbased.  Geperaily, an overbused alkali or alkaline earth
metal salt of an alkyl-substiteted hvdroxyaromatic carhoxylic acid is one in which the BN of the
alkali or alkaline earth metal salts of an alkybsubstituted hydroxyaromatic carboxylic acid has
bzen increased by a process such as the addition of a base source {e.g., hme) and an acidic
gverbasing compound (e.g., carbon dioxide).

Overbased salls may be low overbased, e.g., an overbased salt having a BN below about
108, In cne embodiment, the BN of a low overbased selt may be from about 5 to about 30, In
another soibodiment, the BN of a low overbased salt may be from showr 10 to about 30, To yet
another embodiment, the BN of a low overbased salt may be from about 15 1o about 20,

Overbased deiergents may be medium overbased, ¢.g., an overbased sali having a BN
from about 100G 10 about 250, In one embodiment, the BN of 2 medium overbased salt may be
from about 100 to about 200, In another embodiment, the BN of 2 mediom overbased salt may
be from about 125 to abount 175,

Overbased detergents may be high overbased, ¢.g., an overbased salt having & BN above
about 250, In one cmbodiment, the BN of a ligh overbased salt may be from about 250 to about
450,

Sulfonates may be prepared from sulfonic acids which are typically obtnined by the
suifonmation of alkyl substituied aromatic hydrocarbons such as those obtained from the
fractionation of petroleum or by the alkylation of aromatic bydrocarbons. Examples included

those obtained by alkylating benzene, tolvene, xylene, naphthalene, diphenyd or their halogen
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derivatives. The allylation may be carried out in the presence of a catalyst with alkylating
agents having from sbout 3 to more than 70 carbon aioms. The alkaryl sulfonates usually
comtain from about 9 o about 80 or more carbon atoms, preferably from about 16 to about 60
carbon atoms per alkyl substitnted aromatic molety.

The ofl scluble sulfonates or alicaryl sulfomic acids may be newiralized with oxides,
hydronides, alkexides, carbonates, carboxylate, suifides, hvdrosulfides, sitrates, borates and
ethers of the moetal. The amount of metal corepound is chosen having regard to the desired TBN
of the final product but typically ranges from about 100 1o about 220 wi % {(preferably at feast
about 125 wi. %} of that siotchiometrically reguived,

Metal calts of phonols sod snifurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and nental or overbased products
may be obtained by methods well nown in the art. Suifurized phencls may be prepared by
reacting a phenol with suifur or 2 sulfiy confaining compound such as hydrogen sulfide, sulfur
nonohalide or sulfur dihslide, to form products which are generally mixiures of compounds
which 2 or more phenols are bridged by sulfur containmyg bridges.

Generally, the ene or more delergenis are present in the lubricating oil composition in an
amount ranging from about 0.01 wi % to sbout 10 wi %, based on the total woight of the
jubricating o1l composition.

Examples of rost inhibitors include, but are not Hmited to, nonionic polyoxyalkylene
agents, <.g. polyoxvethylene lavryl  ether, polyoxyethylens  hisher ajcohol ether,
polvoxyethylene nonylphenvi ether, polyvoxyethylene octylpheny? ether, polyoxvethviene ooyl
stearyl ether, polvoxyethvlene oleyl ether, polyoxyethylene sorbitol  monosiearate,
polyosyethylene sorbiicl monecoleate, and polvethylene glycol monocleate; stearic acid and
other fatty acids; dicarboxylic acids; metal soaps: fatty acid amine salts; metal salts of heavy
sulfonie acid; partial carboxylic acid ester of polyhvdric sleohol; phosphoric esters; {shori-chain)
alkenyl soccinic acids; partial esters thereof and nitrogen-confaiing derivatives thereof
synthetic allaryisulfonates, e.g., metal dinonylnaphthalene sulfonates; and the like and mixtures
thereof.

Examples of fction moedifiers includs, but are not limited to, alkoxylated fatty amines;
bovated fatty epoxides; fatly phosphites, fatty epoxides, falty amines, borated alkoxylated fatty
amines, metal salts of fatty acids, fatty acid amides, glycerol esters, borated glveerol esters: and
fatty vmidazotines as disclosed i .S, Patert No. 6,372,608, the contenis of which sre hersin

incorporated by referenice; fiction modifiers oblained from & reaction product of a Co to Ty,

i5



30

Lad
L

WO 2012/058012 PCT/US2011/056179

preferably a Cg to Co, and most preferably a Cs 16 Ty, fatty acid aster and a nitrogen-containing
compound selected from the group consisting of ammonia, and an atkanclemine and the hike and
mixtures thereof.

Examples of a pour point depressant melude, but are not Umited to, polymethacrylates,
alikyl acrylate polymers, alkyl methacrylate polymers, di(tetra-paraffin phenclphthalate,
condensates af tetra-paraffln phenol, condensates of a chiorinated paraffin with naphthalene and
combinations thereof. In one embediment, a pour point depressant comprises an ethyleng-vinyt
acetate copolymer, a condensate of chlorinated paraffin and phenol, polvalicyl styrene and the
like and combinations thereof, The amount of the pour puint depressant may vary from about
6,01 wi. % to about 10 wi. %.

Examples of a demulsifier inclade, but are not Iimited fo, anionic surfactants {s.g., allyl-
naphthalene sulfonates, alkyl benzene sulfonates and the like}, nonionic allkoxylated alkyiphenol
resing, polymers of alkylene oxides (e.g.. polyethylene oxide, polypropyvlene oxide, block
copolymers of ethylens owide, propylene oxide and the Bke). esters of oil soluble acids,
polyvoxyethylene sorbitan ester and the like and combinations thersof. The amount of the
demuisifier may vary {rom about G.01 wi. % o about 10 wt, %,

Examples of a corrosion inhibitor include, but are not Bmited fo, half esters or amides of
dodecylsuceinic acid, phosphate esters, thiophosphates, atky] imidazolines, sarcosines and the
filce and combinations thercof. The amnount of the conosion inhibitor may vary from about (.01
wi, % 10 about 5 wi, %,

Examples of an extreme pressure agent include, but ave not Hmited to, sulfurized animal
or vegelable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially
esterifisd esters of trivalent or pentavalent acids of phosphorus, sulfurized olefing, dihydrocarby!
polysulfides, sulfurized Dhicls-Alder adduets, sulfurized dicvelopentadiens, sulfurized or co-
sulforized moixtures of fatty acid esters and monounsaturated olefing, co-subfurized blends of
fatty acid, fatty acid ester and alpha-olefin, functionally-substituted dihvdrocarby! polysulfides,
thig-aldchydes, thia-ketones, epithio compounds, sulfur-containing aceisl derivatives, co-
sutfurized biends of terpone and acyclic olefing, and polysuifide olefin products, amine salts of
phosphioric acid esters or thiophosphoric acid esters and the Hke and combinations thereof, The
amount of the extrome pressure agent may vary from ahout G.01 wt, % 1o about 5 wt. %.

Each of the foregoing additives, when used, is nsed at a functionally offective araount to
mapart the desired propertics to the lubricant. Thus, for example, if an additive 18 a friction

modifier, a functionally effective amount of this friction modifier would be an amount sufficient

oy
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te impart the desired friction modifying characteristios to the lubvicant.  Generally, the
concentration of cachk of these additives, when used, may range, unless otherwise specifled, from
about 0.001% to about 20% by weight, and in one embodiment about (.01% to about 10% by
weight based on the total weight of the Tabricating o1l composition,

In another embodiment of the invention, the lubricating oil additives of the present
invention may be provided as an additive package or concentrate in which the sdditives are
incorporated mnto a substantially inert, normally lquid organic dituent such as, for example,
mineral oil, naphtha, benzene, toluene or xylone to form an additive concentrate.

CONCENTRATES AND DIT UFNTS:

Lubricating oil concentrates are also contemoplated berein. Thess concentrates usually
include at least from about 00 wt. % to about 10 wit. %, or from about 80 wi, % to about 20 wi,
%%, or from about 70 wi % to about 30 wt %, or from aboud 60 wi, % 1o about 40 wi. % ol a
diluent ofl, and from about 10 wi. % to about 90 wt. %6, or from about 26 wi. % 1o sbout 89 wi.
%%, or from about 30 wi. % to about 70 wi. %4, or from about 40 wi. % o about 80 wi. %, of the
foam inhibitor described in the lubricating oil composition of the present invention, or

combinations thereof, Typically, the concentrates contain sufficient diluent to make them easy to
handie during shipping and stovage. Suitable diluents for the concentrates inclade any inert
diluent, preferably an oil of Iubricating viscosity, so that the concentrate may be readily mixed
with Iubricating oils to prepare lubricating oil compositions. Suilable lubricating oils that ay be
used as diluents typically have viscosity in the range from about 35 to about 300 Sayhoit
Universal Seconds (SUS) at 1007 F (38 " ), although any oil of lubricating viscosity may be
used.

If desired, other additives can be admixed with the {foregoing lubricating oil concentrate
to enhance performance, Examples of these additives include, but are not timited to antioxidants,
antiwear agents, detergents, rust mhibitors, demulsifiers, fricon modifiers, extreme pressurs
agents, viscosity index improvers, pour point depressants, dispersants, corroston inhibitors, and
the lilce. at the usual levels in accordance with woll knovwn practice,

it is also conternplated that the foam inhibitors of the present imvention, along with other
additional additives deseribed herein, way be emploved as a top treatment for crankease
hubricants employed in DISI engines. When so employed, the top treatment lobricating oil
concenirale may be added at from about 0.01 to 5% by weight to the oil, or from about 0.5

about 25 by weight to the ofl, based ov the total weight of the lubricant composition.
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In another embodiment, the fop treatment lubricating oil concentrate is added to the
original DISI engine lubricating oil composition in an amount such that the final concentration
of the foam mhibitor of the present imvention is between 150 and 300 ppmw, and preferably
botween 200 and 400 ppmow, based on the total weight of the lubricant o1l composttion in the
ergine.

1 In one embodiment, the addition of the top treatment fubricating oil concentrate results in at
igast o 10% reduction W IVD compared 1o operating the engine with & nbricating oil without
aryy top treatrnent fubricating oil concentrale.

In one embodiment, the addition of the top treatment lubricating oil concentrate results in at

57

least a 20% reduction in IVD compared to operating the engine with a lubricating ol without
15 any top treatment lubricating oil concentrate,
In one embodiment, the addition of the top treatment lubricaiing oil concentrate resulis in at
ipast a 3% reduction in IV compared to operating the engine with a lubricating oil without
any iop treatment lubricating oil concentrate,
In one embodiment, the addition of the top treatment lubricating oil concentrate resulls in at
20 least a 49% reduction in VD compared to operating the engine with a lubricating ofl withowt
any top trestment lubricating oil concentrate.
In one embodiment, the addition of the top treatment lubricating oil concentrate results in at
feast a 509 reduction in IVD compared (o oporating the engine with 2 lubricating oil without
any fop treatment libricating oil concentrate.

25 PERFORMANCOE TESTING

The lubricating oil compositions of Examples 1 and 2 below were evaluated using the 204!
Mitsubishi 1.85 DIST 212 hour Intake Valve Deposit Test ¢ “Mitsubishi IVD Test™), described
hereinafier. The 2001 Mitsubishi 1. 8L DISI engine used in this procedure is mounted on an
engine stand and commected o a dynamometer with load and speed control, The Mrisubishi

30 IS enging ts a wall gulded engine with capability to run both homogsnous snd lean-siratified
combustion. For carrying out the tests describod herein, the engine was run on a lean-stratified
combustion mode.
The engine is frst fushed with the ol to be testedrefilled with test oif, and then operated for 30

prnbies running at the test oyele. The engine 1s then stopped, the oil drained, and a fresh sample

Lad
Ln

of test il is added to the engine. The 212 br iest is thes started, which consists of approximately
636 repeats of the test eyele. In the test eyele the engine is operated for 1 minute at idle speed

{750 - 130 rpim) and no load, followed by 19 minutes of operation at low load (20.0 N/m) and
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Iow speed {1400 4+~ 10 tpm). At 106 hours the engine is stopped, and the oil level checked, and
if necessary additional test ol is added to the fulf mark,
After 2172 hours, the engine bead is removed and the intake valves as well as the combustion
chamber are rated for the deposit weights. The eight intake valves (two per oylinder) in the
engine are rinsed using hexane and weighed. Intake valves are weighed before and after the test
and the difference in weight represent the weight of the deposit accumulated during the test,
EXAMPLES
The following non-limiting examples are Hlustrative of the present invention. The efficacy of the
use of high concentrations of foam inhibitor crankcase lobricants for direct injection spark
gnition engines was demonstrated by means of the 2001 Mitsubishi 1.8L DISE 212 hour Inake
Valve Deposit Test {the “Mitsubishi IV Test”), desertbed shove, Al Tubricants tested
contained identical amnounts of additives of the “haseline additive package”™ which mcludes
dispersant, detergents, zing diatkyldithiophosphate, aminic antioxidant, friction modifier,
polymethacrylate powr point depressant, and olefin copolymer viseosity mdex improver, bui ng
foam inhibitor additive,

GROUP HILUBRICANTS CONTAINING SILICONE FOAM INHIBITOR

Mitsubishi IVE» Tests were performed on tubricants containing the baseline additive package in
approximately 75 wt-% Yubase 4 Group I base oil and varying active ingredient
concentrations of different foam ishibitors. Foam Inhibilor A was a poly {(phenyi-methyl)
siloxane; B a mixture of poly dimethyl siloxane and poly (dimethyl,phenyl-methyl}y siloxane; C
a polymethacryiaie; D a poly (riftuoropropy nrethyl) siloxane; and F a poly {dimethylphenvi-

mathyly siloxane. The results are shown i Table 1 below.
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Table 1
Comparative Comparative Example | Example | Example | Example | Exampie | Exomple
Example ¥ Example 2 i yJ 3 4 ) 6
Foam inhibitor None A B B B C & B
iFoam Inhibitor
concentration, pprw 0 200 30 200 350 304 56 350
V1), average mg

141 150 85 a8 52 gy 122 104

Y IVD NA NA 40 73 63 37 13 25

Reduction
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The results in Table | show the surprising effectiveness of different foam inhibitors in reducing

intake valve deposits in Group UI [ubricants.

GROUP FUVGROUP BVGROUP IV LUBRICANTS CONTAINING SIEICONE FOAM

INBIBITOR

Mitsubishi ITVD Tests were performed on lubricants contaming the baseline additive package

in approximatcly 75 wt-% of a mixture containing (1) 50 wit-% PT 100D Group 1 base o1l, {2) 30

wi-% Yubase & group IIT base oil, and (3} 20 wi-% PAG & Group IV base oil, and varying active

ingredient concentrations of foam inhibitor B from above. The resulis are shown in Table 2 below,

Table 2
Example 7 Exvampie §
Foam infubitor B B
Foam Inhibitor concentration, ppiw 30 150
VD, average mg 38 26

The resolts in Table 2 show that mixed Group H/Group 1T/ Groop TV lubricants containing a foam

inhibitor of the invention slso exhibit low amounts of mtake valve deposits.

BYMW SWIR L UBRICATING OIL TOP TREATED WITH FOAM INBIBITOR:

Mitsubishi IVD Tests were performed on a commercial SW38 lubricating oil which was top treated

with 350 ppm active ingredient concentration of foam inhibitor B from above. The results are

shown in Table 3 below,

I
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Tablie 3

L

Comparative Example 4
Example 4
Bascline SW30 Oil Baseline SW30 Onl + 330

ppiw Foam Inhibitor B

IVD, average mg as 49

%5 IVD Reduction NA 48

The resuits in Table 3 show the surprising effectiveness in reducing intake vaive deposits of top

freating a lubricating il with a concentraic containing foarn nhibitor.

¢



WHAT IS CLAIMED IS:

1.

A method for reducing intake valve deposits in a Direct Injection Spark Ignition
engine, the method comprising operating the engine with a lubricating oil composition
comprising:

(a) a major amount of an oil of lubricating viscosity; and

(b) at least one foam inhibitor selected from the group consisting of silicon

oils, polysiloxanes, polyacrylates, and polymethacrylates;

wherein the foam inhibitor is not poly (phenyl-methyl) siloxane; and further wherein
the amount of said foam inhibitor in said lubricating 0il composition is at an effective
concentration to achieve at least 10% reduction in intake valve deposits in said Direct
Injection Spark Ignition engine compared to operating the engine with said Tubricating

oil composition without any foam inhibitor.

The method of claim 1 wherein the foam inhibitor is selected from polysiloxanes and

polymethacrylates.

. The method of claims 1 — 2, wherein the foam inhibitor is selected from the group

consisting of: polydimethyl siloxane, poly (dimethyl, phenyl-methyl) siloxane, poly
(triftuoropropylmethyl} siloxane, and a mixture of polydimethyl siloxane and poly

(dimethyl, phenyl-methyl) siloxane.

The method of claims 1 — 3, wherein the concentration of said foam inhibitor in said
lubricating oil composition is from 30 to 500 ppmw, or from 100 to 500 ppmw, or

150 to 500 ppmw, or 200 to 400 ppmw.

The method of claims 1 — 4, wherein the reduction of intake valve deposits is at least

20%, or at least 30%, or at least 40%, or at least 50%.

The method of claims 1 — 5, wherein said lubricating oil composition further
comprises at least one additive selected from the group consisting of: detergents,
dispersants, antioxidants, ant-wear agents, rust inhibitors, dehazing agents,
demulsifying agents, metal deactivating agents, friction modifiers, pour point

depressants, co-solvents,
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package compatibilisers, corrosion inhibitors, dyes, extreme pressure agents, and

mixtures thereof.

The method of claims 1 — 6, wherein said oil of lubricating viscosity comprises at

least 50 wt-% of an API Group II or a Group III base stock, or mixtures thereof.

A method for reducing intake valve deposits in a Direct Injection Spark Ignition

engine, the method comprising:
(a) operating said engine with a lubricating oil;

(b) top treating said lubricating oil with a [ubricating oil concentrate comprising at
least one foam inhibitor selected from the group consisting of silicon oils,
polysiloxanes, polyacrylates, and polymethacrylates to thereby provide a top

treated lubricating oil composition;

wherein the foam inhibitor is not poly (phenyl-methyl) siloxane; and further wherein
the amount of said foam inhibitor in said top treated lubricating oil composition is at
an effective concentration to achieve at least 10% reduction in intake valve deposits in
said Direct Injection Spark Ignition engine compared to operating the engine with the

lubricating o1l in step (a) without any top freatment.

The method of claim 8, wherein the foam inhibitor is selected from polysiloxanes and

polymethacrylates.

The method of claims 8 — 9, wherein the foam inhibitor is selected from the group
consisting of: polydimethyl siloxane, poly (dimethyl, phenyl-methyl) siloxane, poly
(trifluoropropylmethyl) siloxane, and a mixture of polydimethyl siloxane and poly

(dimethyl, phenyl-methyl) siloxane.

. The method of claims 8 - 10, wherein the concentration of said foam inhibitor in said

lubricating oil concentrate is from 0.01 to 1.0 wt-%, or from 0.02 to
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12.

I3.

14.

15.

(0.8 wt-%, or from 0.03 to 0.7 wt-%, or from 0.04 to 0.6 wt-%.

The method of claims 8 — 11, wherein the final concentration of said foam inhibitor in
said top treated fubricating oil composition is from 30 to 500 ppmw, or from 100 to

500 ppmw, or from 150 to 500 ppmw, or from 200 to 400 ppmw.

The method of claims 8 — 12, wherein the reduction of intake valve deposits is at least

20%, or least 30%, or at least 40%, or at least 50%.

The method of claims 8 — 13, wherein said top treated lubricating oil composition
further comprises at least one additive selected from the group consisting of:
detergents, dispersants, antioxidants, ant-wear agents, rust inhibitors, dehazing agents,
demulsifying agents, metal deactivating agents, friction modifiers, pour point
depressants, co-solvents, package compatibilisers, corrosion inhibitors, dyes, extreme

pressure agents, and mixtures thereof.

The method of claims 8 — 14, wherein said lubricating o1l comprises at least 50 wt-%

of an API Group II or a Group III base stock, or mixtures thereof.
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