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Aminic Antioxidants to Minimize Turbo Sludge

BACKGROUND OF THE INVENTION
[0001] The disclosed technology relates to reduction of turbo sludge forma-

tion in the course of lubricating a turbo-charged, sump-lubricated internal
combustion engine which is susceptible to contamination of lubricant with
liquid fuel.

[0002] Modern engine lubricants are formulated to provide performance in a
number of important arcas. One of these areas is the minimization of sludge and
related deposits in the engine. Problems with excessive sludge formation have
historically been associated with extensive stop-and-go driving particularly
during cold, damp weather conditions. Sludge formation in the crankcase and
oils passages of an engine can seriously limit the ability of the crankcase oil to
lubricate the engine effectively. To address this problem, most engine lubri-
cants contain dispersants such as succinimide dispersants of various types, and
these have usually been quite effective at retaining sludge-forming materials in
solution or dispersion. An example of the use of a succinimide dispersant to
address problems of sludge is reported in U.S. patent 6,770,605, Stachew et al.,
August 3, 2004.

[0003] Recently, however, new sludge problems have appeared. Sludge and
deposits have been observed, especially in turbo-charged engines, and in par-
ticular turbo-charged gasoline (spark-ignited) engines, for instance, on the
cylinder head and in the lubricant sump. This heavy sludge and deposit forma-
tion may lead to bearing oil starvation and blockage of the oil feed filter and, in
extreme cases, to catastrophic engine failure. These problems seem more severe
in engines that are fueled with certain grades of gasoline. This “turbo-sludge”
problem has been resistant to solution by the customary use of dispersants.
[0004]  Lubricants for internal combustion engines, including those equipped
with turbochargers, are known. For example, U.S. Patent 6,458,750, Dardin et
al., October 1, 2002, discloses an engine oil composition with reduced deposit-
formation tendency, including an alkyl alkoxylate. Deposit formation is evalu-
ated in terms of, among other things, turbo deposition in heavy diesel engines.
U.S. Patent 6,586,276, Nakanishi et al., July 1, 2003, discloses a heat resistant
and oxidation resistant lubricating oil composition which includes a polyphenyl-
thioether as an antioxidant or a lubricating base oil component. A heat resistant

base oil may be used. The lubricant is suitable for automobile engines such as

1
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turbo engines, and jet engines and gas turbines operated at high speed and high
temperature.  U.S, Patent Application Publication US 2003/0162674, Scott,
August 28, 2003, discloses a heavy duty diesel engine lubricating o1l comprising
a Group 111 basestock, a detergent composition, and one or more other additives.
The lubricant is said to minimize the loss of efficiency of a turbo-charger
included in the engine assembly.

(G068] It is believed that the prior art does not recognize the unique difficul-
ties associated with turbo shudge nor does it provide a way to minimize the turbo
sludge.

SUMMARY OF THE INVENTION

(60067  The disclosed technology provides a method for lubricating a turbo-

charged, sump-hubricated internal combustion engine which i1s susceptible fo
contamination of lubricant with Hguid fuel (and 1n some embodiments in which
the lubricant is in fact contaminated with fuel), comprising providing said
engine with a lubricant which contains an amount of an aminic antioxidant
sffective to reduce the deterioration of said lubricant, said amount being at least
0.5 percent by weight of the lubricant, and wherein the lubricant contains less
than 2 percent by weight of a hindered phenolic antioxidant.
DETAILED DESCRIPTION OF THE INVENTION

18087]  Various features and embodiments will be described below by way of

non-limiting lustration.

(86881 The present inventors have analyzed turbo sludge and determined that
chemically it is not obvicusly different from ordinary engine shadge. Both are
substantially carbonacesus or hydrocarbonacesus materials which may contain
organic acids. However, turbo sludge appesrs to be more brittle than ordinary
shudge and may consist of discrete particles of sediment of millimeter and sub-
millimeter size {e.g, 8.1 to 1 mm).

[8069]  The twrbo sludge formation appears to be more prominent or more
often formed when certain gasoline grades are used as fuels. (Gasolines in
general are hydrocarbon distillate fuels in the gasoline range, such as thoss
meeting the specifications given in Awerican Society for Testing and Materials
Specification [-439, "Standard Specification for Automeotive Gasoline.” Gaso-
lines may generally have a boiling range of 30 to 215°C or, more precisely, as
defined by ASTM specification D86-00 for a mixture of hydrocarbons having a
distillation range from about 60°C at the 10% distillation point to about 205°C
at the 90% distillation point. Gasoline is typically composed of a mixture of

varigus types of hydrocarbons including aromastics, olefins, paraffing, isoparaf-
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fins, naphthenes and occasionally diolefins. Liguid fuel compositions compris-
ing non-hydrocarbonacecus materials such ag alcohols, ethers, and organc-nitro
compounds {(e.g., methanol, ethanol, diethyl ether, methyl ethyl ether, methyl t-
butyl ether, nitromethane) may also benefit from the present invention. The
gasoline may have a sulphur content of less than or equal to 50 parts per million
by weight or alternatively less than 30 or 20 or 15 or 10 parts per million, and a
lower fevel of G or 0.1 or 0.5 or 1 or 2 parts per million. The gasoline may have
any of the conventional octane ratings and may contain the conventions! addi-
Bives used for treatment of gasoline, e.g., solvents, anti-knock compounds,
detergents, dispersants, fluidizers, and scavengers, Gasolines may also include
materials prepared by a Fischer-Tropsch gas to Hguid process and emulsified
water-blended fuel compositions as described, for instance, in 11.8. Patent
6,858,046, Daly et al., February 2, 20035,

16838}  The present inventors have determined that the problem of turbo
sludge tends to be more severe when fuels are used which contain a relatively
higher percentage of high boiling material and which contain a relatively large
fraction of cyclic materials such as aromatics, in particular, relatively high
botling {>150°C) cyclic materials such as aromatics. In some such severe fuels,
there may also be a relatively high percentage of naphthenic fraction (also calied
cycloparaffins). It will be recognized, however, that there may be other parame-
ters as well in determining the sludge-forming tendency of & fuel. Focusing on
the boiling range, for instance, a “clean” fuel {one which produces little or no
turbo sludge) may have a boiling range such that 10 percent or even less of the
fuel boils ghove 150°C at atmospherie pressure. On the other hand, in a “dirty”
fuel, 30 percent or more {or greater than 10 percent, 15 percent, 20 percent, or
25 percent) may boil above 150°C. The high boiling fraction appears to com-
prise aromatic or paphthenic components, including aromatic materials having
one or more hydrocarbyl substituents totalling 3 or more carbon atoms, or
alternatively polycyclic paraffins such as “decalin” {decahydronapthalene) and
other closely related dicyclic species. Ap appreciable fraction {e.g., 4-15%, S-
12%, or 6-10%) of such fuels may boil in the range of 180 to 200°C or 184 to
196°C. Thus a “clean” fuel may contain 5 percent or less of aromatics {e.g., 3%
or less or 1% or less, such as down to §.1 or 0.5%) and a “dirty” fuel may
contain larger amounts of aromatics, e.g., greater than 3 percent, 10 percent, 12
percent, or 14 percent. An upper amount of aromatic component or naphthenes
in such a fuel is not rigidly defined but may be, in certain embodiments, up to

30 percent or 20 percent by weight. These values, of course, may not always be
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definitive if other factors may be impeortant for a given fuel, such as sulfur
content, aromatic content, olefing content, ratio of monocyclic 1o dicvelic
naphthenes, or isoparaffin content.

{06111 While not wishing to be bound by any theory, the inventors speculate
that cvelice {or other delelerious) materials as described above may find their
way into the lubricant system as a contaminant and may be retained there for
comparatively longer times because of their higher boiling temperatures, com-
pared to other portions of the fuel contaminant. These materials and the lubri-
cant in which they are contained, will be, during the course of lubrication, be
exposed to the high temperatures of a turbocharger, which are typically higher
than temperatore encountered during lubrication of a conventional engine, ¢.g.,
at least 180°C or at least 200°C or at least 250°C or even at least 300°C. Under
these conditions, the lubricant mixture may deteriorate, leading to the formation
of the turbe sludge. Whether the naphthenic component of the gasoline itself
{or its decornposition product) becomes a major component of the turbe sludge,
or whether the naphthenic component catalyzes formation of twrbo sludge from
components of the habricant itself] or some combination thereof, i3 not known
with certainty. However, it is proposed that the turbe shudge or precursors
thereof may be formed initially within the turbocharger but then be washed
away by additional lubricant and thereby accumulate in other parts of the engine
soch as the sump.

{80131  The problem of turbo sludge s reduced or eliminated by use of a
{ubricant that comprises an oil of lubricating viscosity, an ¢ffective amount of
an aminic antioxidant, and, typically, other additives. Thus, the present tech-
anology includes the use of the antioxidant or antioxidanis as described herein in
such a lubricant to reduce or eluminate turbo sludge.

(86131 The oil of lubricating viscosity, or base oil, used in the inventive
tubricating o1l composition may be selected from any of the base oils in Groups
-V as specified in the American Petroleum Institute (AP Base Oil Inter-

changeability Guidelines. The five base oil groups are as follows:

Base (il Viscosity
Category Sulfur {9} Saturates{®%) index
Group | >0.03 and/or <80 80 to 120
Group 1 <0.03 and 290 RO 120
Group [ <0.03 and 280 2120

Group IV All polyaiphaolefins (PAQs)
Group V All others not included in Groups L 1L, HHl or IV

4
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Groups L, I and 1l ave mineral oil base stocks. The oil of lubricating viscosity,
then, can include natural or synthetic lubricating oils and mixtures thereof.

Mixtures of mineral oil and synthetic oils, particularly polyalphaolefin oils and

L5

polyester oils, are often used. In certain embodiments of the present invention,

the o1l used to form the final lubricant composition (including contributions

from oil used as diluent oil for additives) may contain at most 60 percent by
weight Group I oil, or at most 40 or 20 or 10 %. In such cases, & complemen-

tary amount of the oil may be group 1L HL IV, or V.

16 6014}  Natural oils include animal oils and vegetable oils {e.g. castor oil,
lard oil and other vegetable acid esters) as well as mineral lubricating oils such
as liguid petroleum oils and solveni-treated or acid treated minersl lubricating
oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types. Hy-
drotreated or hydrocracked oils are included within the scope of useful oils of

5 fubricating viscosity.

{60151 (nls of lubricating viscosity derived from c¢oal or shale are also
useful, Synthetic lubricating oils include hydrocarbon oils and halosuhstituted
bydrocarbon otls such as polymerized and interpolymerized olefins and mixtures
thereof, alkylbenzenes, polyphenyl, {e.g., biphenyls, terphenyls, and alkyiated

20 polyphenyls), alkylated diphenyl ethers and alkyiated dipheny! sulfides and their

derivatives, analogs and homeologues thereof.  Alkylene oxide polymers and

interpolymers and derivatives thereof, and those where terminal hydroxyl
groups have been modified by, for example, esierification or etherification,

constitute other classes of known synthetic lubricating oils that can be used.

W

Anocther suitable class of synthetic lubricating oils that can be used comprises
the esters of dicarboxylic acids and those made from €5 to C12 monocarboxylic
acids and polyols or polyol ethers.

{00161 Other synthetic lubricating oils include liquid esters of phosphorus-
containing acids, polymeric tetrahydrofurans, silicon-based oils such as the poly-
30 alkyi-, pclyarylu, polyalkoxy-, or polyaryloxy-siloxane oils, and silicate oils.
{9817]  Hydrotreated naphthenic oils are also known and can be used. Syn-
thetic oils may be used such as those produced by Fischer-Tropsch reactions and
typically may be hydroisomerized Fischer-Tropsch hvdrocarbons or waxes. In
one embodiment oils may be prepared by a Fischer-Tropsch gas-to-lguid
syunthetic procedure as well as other gas-to-liquid oils,

[6018]  Unrefined, refined and rerefined oils, either natural or synthetic {as

well as mixtures of two or more of any of these) of the type disclosed hersin-
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above can used in the compositions of the present invention. Unrefined ¢ils are
those obtained directly from a natural or synthetic source without further punfi-
cation treatment. Refined oils are similar {0 the unrefined oils except they have
bheen further freated in one or more purification steps to improve ong or more
3 properties.  Rerefined oils are obtained by processes similar to those used to
obtain refined oils applied to refined oils which bave been already used in
service. Such rerefined oils often are additiomally processed by techniques
directed to removal of spent additives and oil breakdown products,
{88319  The amount of the base oil in the lubricant composition will typically
13 be the amount of the composition remaining after the other named components
and additives are accounted for. The amounts reported herein, unless otherwise
indicated, are amounts exclusive of any amount of contamination that may be
present in the lubricant, derived from the fuel or components of the fuel. In

general, the amount of oil of Iubricating viscosity 50 to 99 percent by weight,

[y
£y

more commonty 80 {0 97 percent by weight or 85 to 95 or €8 o 93 percent by
weight. The amount of diluent oil that may be included within any additive
components 18 to be considered as added to and a part of the base 03], Alterna-
tively, the composition of the present invention may itself be provided as a
concentrate intended to be mixed with further base oil in order to prepare the
20 final lubricant composition. In such a case the amount of base oil may be 20 to
O percentor 21 to 7S or 2210 70 0r 23 to 60 or 24 10 50 0r 25 t0 40 o1 30 10 40
percent by weight.
{80287  The lubricant formulation will also coniain an aminic antioxidant in
an amount effective to reduce deterioration of the lubricant, and in particular, in
25 an amount effective to reduce the formation of turbe sludge. Aminic antioxi-
dants are themselves well known materials. This component will typically be an

aromatic amine, and often a diarylamine, of the formula

wherein R’ is a phenyl group or a phenyl group substituted by R, and R® and B’
are independently a hydrogen or an alkyl group coniaining from 1 up to 24
30 carbon atoms. In certain embodiments, R is a phenyl group substituted by R,

and B® and R are alkyl groups containing 4 to 20 or G to 16 or 8to 12 or & fo 10

5
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carbon atoms, of, in some embodimenis, about 9 carbon atoms. In some em-
bodiments R is an alkyl group as described and R s hydrogen, and in some
embodiments there is a mixture of materials in which R is H in some molecules
and is an alky! group in other molecules. In one embodiment, the aminic anti-
oxidant comprises an alkylated diphenylamine such as nonylated diphenyiamine
of the formula

rd H Jrr—————,
/ \\ ‘ // \\
- / ) .
LQHH-J\ Q S O =Cotlig
\ // \\ /

Mixtures of the mono- and di-C9 substituted materials are comumonly used

Uther aminic antioxidants inclode Nephenyi-w-naphthylamine, Ne-phenyi-8-
naphthylamine, tetramethyldiaminodiphenylmethane, anthranilic acid, phenothi-
azing, 4-(phenylaminojphenol, and akylated derivatives of any of the foregoing,
the alkyl {or hydrocarbyl} groups typically having sufficient length to impart a
measure of oil solubility.

{6021} Specific examples of aminic antioxidants include monocalkyldiphenyl
amines such as monooctyldiphenyl amine and monononyl diphenyl amine;
dialkyldiphenyl amines such as 4,4-dibutyidiphenyl amine, 4,4-dipentyl-
diphenyl amine, 4,4-dithexyldiphenyl amine, 4, 4'-diheptyldiphenyl amine, 4,4'-
dioctyldipheny! amine and 4,4-dinonyldiphenyl amine; polyalkyldiphenyl
amines such as fetra-butyldiphenyl amine, tetra-hexyldiphenyt amine, tetra-
octyldiphenyl amine, and tetra-nonyldiphenyl amine; the naphthvlamines such
as ¢-naphthylamine and phenyl-o-naphthylamine; butylphenyl-o-naphthyl-
amine, pentylphenyl-o-naphthylamine, hexylphenyl-c-naphihylamine, heptyl-
phenyl-t-naphthylamine, octylphenyl-c-naphthylamine, and nonylphenyi-w-
naphthylamine. Of these, dialkyldiphenyl amines and naphthylamines are
commonly used.

(06221 Aromatic amine antioxidants are believed to exercise their antioxi-
dant activity by breaking peroxidative chain reactions which lead to deteriora-
tion of the oil or other components within the oil.

{3623}  The amount of the aminic antioxidant may be at least 0.1 % by
weight, or alternatively at least 0.2% or 0.5% or 1.0 or 2.0 % by weight. The
upper limits are pot rigidly defined but the amounts may be less than 10% or €%

or 5% or 3% by weight.
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j0624] It has been found that, unexpectedly, one other very common ¢lass of
antioxidants, hindered phenolic antioxidanis, is not particularly helpful in
reducing turbo slodpe and in some instances is deletericus.  Accordingly, in

certain embodiments of the present invention the amount of phenolic antioxidant

L

is limited to amounis that may be less than 2 percent by weight or less than |
percent or less than 0.5 percent of the lubricant, or less than 0.3%, 0.1%, 0.05%,
or §.01%, or in which the lubricant is substantially free from phenalic antioxi-
dants, 1.2., an amount near zero percent charactenistic of incidental contamina-
fion.  Appropriate mindmum amounts of hindered phenolic antioxidanis may
10 include 0.005, 0.01, 0.05, or 0.1 percent by weight. It is recognized, however,
that certain amounts of hindered phenolic antioxidanis may be desirable for
other performance properties. In that case, amounts as high as §.3 or 8.5 or 0.8
percent by weight may be acceptable. It is desirable, in some embodiments, that
the amount of the aminic antioxidant be egual to or greater than that of the
15  hindersd phenolic antioxidant., In certain embodiments, the amount of aminic
antioxidant may be greater than 0.5% and the amount of phenolic antioxidant may
be lees than 1% and/or the amount of aminic antioxidant may be greater than the
amount of phenclic antioxidant. In certain embodiments the amount of the
aminic antioxidant exceoeds that of the hindered phenolic antioxidant by at least
206 0.5%, e.g., 1.5% aminic and 1.0% hindered phenolic. In certain embodiments
the weight ratio of aminie to hindered phenolic antioxidant is grester than 1.5:1
or greater than 2:1 or greater than S:1. The various numerical limits and relative
amounts of antioxidants disclosed herein may be combined one with another,
{0625]  The hindered phenolic antioxidants {which may be omitted from the
25 present lubricants or present in relatively low amounts} may be of the general
formula

OH
/Y,
U]

wherein R is an alkyl group containing 1 to 24, or 4 to 18, carbon atoms and a
is an integer of 1 to 5 or 1 to 3, or 2. The pheool may be a butyl substituted
3¢ phenol containing 2 or 3 i-butyl groups, such as
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The para position may also be occupied by a hydrocarbyl group or a group
bridging two aromatic rings. o certain embodiments the para position is occu-

pied by an ester-containing group, such as, for example, an antioxidant of the

formula
t-alkyl
T
4
/
H CH,CH,COR®

) 2
4

t~alkyl

wherein R° is a hydrocarbyl group such as an alkyl group containing, e.g., 1 to
I8or2to 120r 210 8 or 2 io 6 carbon atoms; and t-alkyl can be t-butyl, Such
antioxidants are described in greater detail in U8, Patent 6,559,105,

18026}  Other antioxidants, howsver, may be present if desired, in conven-
tional amounis. They may have a beneficial effect on turbo sludge, but typically
significantly less than that of the aminic antioxidant. Examples of other types
of antioxidants include sulfurized olefins such as  mono-, or disulfides or
mixtores thereol These materials generally have sulfide linkages having 1 to 10
sulfur atoms, for instance, 1 to 4, or 1 or 2. Materials which can be sulfurized to
form the sulfurized organic compositions of the present invention include oils,
fatty acids and esters, olefins and polyoclefing made thereof, terpenes, or Diels-
Alder adducts. Details of methods of preparing some such sulfurized materials
can be found in U.S. Pat. Nos, 3,471,404 and 4,191,659, Molvbdenum com-
pounds can also serve as antioxidants, and these materials can also serve in
various other functions, such as anfiwear agents. The use of molvbdenum and
splfur confaining compositions in lobricating oil compositions as antiwear
agents and antioxidants is known. U.S. Pat. No. 4,285,822, for instance, dis-
closes lubricating oil compesitions containing a molvbhdenum and sulfur con-
taining composition prepared by {1} combining a polar solvent, an acidic meo-

tybdenum compound and an otl-seluble basic nitrogen compound to form a

g
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molybdenume-containing complex and (2} contacting the complex with carbon
disulfide to form the molybdenum and suifur containing composition.

{06271 Other additives that may be used in the lubricants of the present
invention include one or more metal-containing detergents. Metal-containing
detergents are typically overbased materials, or overbased detergenis. (ver-
based materials, otherwise referred to as overbased or superbased salts, ave
generally homogeneous Newtonian systems characterized by a metal content in
excess of that which would be present for neuwtralization according tw the
stoichiometry of the metal and the particular acidic organic compound reacted
with the metal. The overbased matenals are prepared by reacting an acidic
material {typically an inorganic acid or lower carboxyvlic acid, such as carbon
dioxide} with a mixture comprising an acidic organic compound, a reaction
medium comprising af least one inert, organic solvent {e.g., mineral otl, naph-
tha, toluene, xyieue) for said amdic organic material, a stoichiometric excess of
a metal base, and a promoter such as a phenol or aleohol and optionally ammo-
nia. The acidic organic material will normally have a sufficient number of carbon
atoms, for instance, as a hydrocarbyl substifuent, to provide a regsonable degree
of solubility in oil. The amount of excess metal i3 commonly expressed in ferms
of metal ratio. The term "metal ratio” is the ratio of the total equivalents of the
metal to the equivalents of the acidic organic compound. A neutral metal sali has
a metal ratio of one, A salt having 4.5 times as much metal as present in a normal
salt will have metal excess of 3.5 equuvalents, or a ratio of 4.5,

{80281 QOverbased detergents are often characterized by Total Base Number
{TBN}. TBN is the amount of strong acid needed to neutralize all of the over-
based material's basicity, expressed as potassium hydroxide equivalenis {mg
KOH per gram of sample). Since overbased detergents are commonly provided
it a form which contains a certain amount of diluent oil, for example, 40-50% o,
the actual TBN value for such a detergent will depend on the amount of such
diluent oil present, irrespective of the “inherent” basicily of the overbased mate-
rial. For the purposes of the present invention, the TBN of an overbased deter-
gent 13 to be recaleulated to an oil-free basis. Detergents which are useful in the
present invention typically have a THN {oil-free basis) of 100 to R00, and in one
emnbodiment 150 to 750, and in another, 200 or 400 to 700. If muliiple detergents
are emploved, the overall TBN of the detergent component {that is, an average of
all the specific detergents togethery will typically be in the above ranges.

{3029]  The overall TBN of the composition, including otl, will derived from

the TBN contribution of the individual components, such as the dispersant, the

1€
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detergent, and other basic matertals.  The overall TBN will typically be at least
S orat least 7 or at least 10, or sometimes even at least 20. Sulfated ash (ASTM
D3-874} is apother parameter often used to characlerize such compositions.
Certain of the compositions of the present invention can have sulfated ash levels
of 0.5 16 5% or 0.8 to 4% or to 2%, for instance, greater than 0.8%, greater than
1.0%, or even greater than 2%.

6038}  The metal compounds useful in making the basic metal salts are
generally any Group 1 or Group 2 metal compounds {CAS version of the Peri-
odic Table of the Elements). The Group 1 metals of the metal compound
include Group 1a alkali metals such as sodivm, potassivm, and lithinm, as well
as Group 1b metals such as copper. The Group | metals can be sodium, potas-
siurn, lithiom and copper, and in one embodiment sodinm or potassium, and in
another embodiment, sodium. The Group 2 metals of the metal base include the
Group Za alkaline earth metals such as magnesium, calcium, and barium, as well
as the Group 2b metals such a3 zine or cadmium. In one embodiment the Group
2 metals are magnesium, calcium, barfum, or zine, and in another embodiments
magnesium or caleium. In certain embodiments the metal is calcium or sodivm
or a mixture of calcium and sodium. Generally the metal compounds are deliv-
ered as metal salts or bases. The anionic portion of the compound can be
hydroxide, oxide, carbonate, borate, or nitrate.

(0831}  Such overbased materials are well known to those skilled in the art.
Patents describing technigues for making basic salts of sulfonic acids, carbox-
vhie scids, (hydrocarbyl-substituted} phenols, phosphonic acids, and mixtures of
any two or more of these include U8, Patents 2,501,731, 2,616,205, 2.616,911:
2,616,925, 2,777,874, 3,256,186, 3,384,585, 3,365,306, 3,320,162; 3,318,809
3,488,284; and 3,629,109,

(88321 In one embodiment the lubricants of the present invention can contain
an overbased sulfonate detergent. Suitable sulfonic acids for the sulfonate
detergent include sulfonic and thiosulfonic acids. Sulfonic acids include the
mono- of polynuclear aromatic or cycloaliphatic compounds.  Cil-soluble
sulfonates can be represented for the most part by one of the following formu-
Ias: szT«(S(}y)ﬁ and R3{303~)b, where T is a eyclic nucleus such as typically
benzene; Ro i3 an aliphatic group such as alkyl, alkenyl, alkoxy, or alkoxyalkyl:
{R%)-T typically containg a total of at least 15 carbon atorns; and R’ is an aki-
phatic hydrocarbyl group typically containing at least 15 carbon atoms. Fxame-
ples of R’ are alkyl, alkenyl, alkoxyalkyl, and carboalkoxyalkyl groups. The

groups T, R, and R’ in the above formulss can also contain other mnorganic or
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organic substifuents In the above formulas, a and b are at least 1. In one em-
hodiment, an alkali metal {e.g. sodium} salt such as an overbased sodium arene-
suifonate detergent is present in an amount to provide 0.004 to 0.4 percent by
weight of the alkall metal to the lubricant.

8033}  Another overbased material which can be present is an overbased
phenate detergent.  The phenols aseful in making phenate detergents can be
represented by the formuls (RN~ Ar-{OH ), wherein R' is an aliphatic hvdrocar-
byl group of 4 to 400 carbon atoms, or 6 to B0 or 6 0 30 or S to 25 or 8 10 15
carbon atoms; Arv is an aromatic group {which can be a benzene group or an-
other gromatic group such as naphthalene); 2 and b are independently numbers
of at 1gast one, the sum of a and b being in the range of two up to the number of
displaceable hydrogens on the aromatic nucleus or nuclet of Ar. In one em-
bodiment, a and b are independently numbers 1o the range of 1 tw 4, or 1 1o 2.
R' and a are typically such that there is an average of at least § aliphatic carbon
atoms provided by the &' groups for each phenol compound. Phenate detergents
are als0 sometimes provided as sulfur-bridged species.

18634]  In one embodiment, the overbased material 18 an overbased saligenin
detergent. Overbased saligenin detergents are commonly overbased magnesium
salts which are based on saligenin derivatives. A general example of such 8
saligenin derivative can be represented by the formula

OM OM

X Y, l
O orr
R, - p! - o

wherein X comprises -CHO or -CHyOH, Y comprises -CHa- or -CH;OCH,-, and
whevein such -CHO groups typically comprise at feast 10 mole percent of the X
and Y groups; M is hydrogen, ammonium, or 8 valence of 8 metal 1on, K; s a
hydrocarbyl group containing 1 to 60 carbon atoms, m is { to typically 10, and
each p is independently §, 1, 2, or 3, provided that at least one aromatic ring
cortains sn R’ substituent and that the total mumber of carbon atoms in all R
groups is at least 7. When m is 1 or greater, one of the X groups can be hydro-
gen. In one embodiment, M is a valence of a Mg ion (that is, % mole of Mg®'} or
a mixture of Mg and hydrogen. Other metsls inclode alkali metals such as

tithivm, sodium, or potassium; alkaline earth metals such as caleium or bartum;
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and other metals such as copper, zinc, and tin. As used in this document, the

expression “represented by the formula” indicates that the formula presented is

generally representative of the structure of the chemical in question. However,

it is well known that minor variations can occur, including in particular posi-

) tional isomerization, that is, location of the X, Y, and R groups at different

position on the aromatic ring from those shown in the structure. The expression

“represented by the formala” is expressly intended to encompass such varia-

tions. Saligenin detergents are disclosed in greater detail in U.S. Patent

6,310,009, with special reference to their methods of synthesis {Colwmun 8 and

1@ Example 1) and particular amounts of the various species of X and Y (Column 6),

[(438]  Salixarate detergents are overbased materials that can be represented

by a substantially linear compound comprising at least one unit of formula (8 or

formula (I}
e f— R4

COOR?

15 ey Y

cach end of the compound having a terminal group of formula (1D or GV
Rii

(R°),
SN

BN

'/j /"xf/E ™~ ,/ RS
H Dﬁ/ ﬁf R?/ \l/
COORE R
(1T (v}

such groups being linked by divalent bridging groups A, which may be the same

20 or different for each Hnkage; wherein in formulas (-(IV) R is hydrogen or a

hydrocarbyl group; R? is hydroxyl or a hydrocarbyl group and § 15 0, |, or 2: R®

is hydrogen, a hydrocarbyl group, or a hetero-substituted hydrocarbyl group;

either R® is hydroxyl and R and R are independently ¢ither hydrogen, a hydro-

carbyl group, or hetero-substituted hydrocarbyl group, or else R° and R’ are
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both hydroxyl and R* is hydrogen, a hydrocarbyl group, or a hetero-substituted
hydrocarbyl group; provided that at least one of RY, R, R and R is hvdrocarbyt
containing at least € carbon atoms; and wherein the molecules on average contain
at teast one of unit {1} or {11} and at least one of onit (11} or {1V} and the ratio of
the total number of units {1} and ({11} to the total number of units of (11} and (IV}
in the composition is 8.1:1 to 2:1. The divalent bridging grovp “A,” which may
be the same or different in each occurrence, includes -CHy- {methyvlene bridge)
and ~-CH:OCH,- {ether bridge}, either of which may be derived from formalde-
hyde or a formaldehyde equivalent {(e.g., paraform, formalin}.

{8036]  Salixarate derivatives and methods of their preparation are described
in greater detatl in U.S, patent number 6,200,936 and PCT Publication WO
(01/56968, It is beleved that the salixarate derivatives have a predominantly
linear, rather than macrocyclic, structure, although both structures are intended
to be encompassed by the term “salixarate.”

18037} Glvoxvlate detergenis are similar overbased materials which are

based on an anionic group which, in one ewbodiment, may have the structure

{!::(O}O'
& OH
R

wherein sach R is independently an alkyl group containing at least 4 or at least 8
carbon stoms, provided that the total number of carbon atoms im all such R
groups is at least 12, or in some embodiments at least 16 or 24, Alternatively,
gach R can be an olefin polymer substituent. The acidic material upon from
which the overbased glyoxylate detergent is prepared is the condensation prod-
uct of a hydroxyaromatic material such as a hydrocarbyl-substituted phenol with
a carboxylic reactant such as glyoxylic acid and other omega-oxoalkanoic acids.
Overbased glyoxylic detergents and their methods of preparation are disclosed
in greater detail in U8, Patent 6,310,011 and references cited therein.

180381  The overbased detergent can also be an overbased salicylate which-
may be an alkali metal salt or an alkaline earth metal salt of an alkylsshicylic
acid. The salicylic acids may be hydrocarbyl-substituted salicylic acids wherein
each substituent contains an average of at least § carbon atoms per substituent
and 1 to 3 substituents per molecule. The substituents can be polyalkene sub-

stituents, where polyalkenes include homopolymers and interpolymers of

14
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polymerizable olefin monomers of 2 to 16, or 2 to 6, or 2 to 4 carbon atoms,
The olefing may be monoolefing such as ethylene, propylene, 1-butene, isobu-
tene, and 1-octene; or a polyolefinic monomer, such as diolefinic monomer,
such 1,3-butadiene and isoprene. In one embodiment, the hydrocarbyl substitu-
ent group or groups on the salicylie acid contains 7 to 300 carbon atoms and can
be an alkyl group having a molecular weight of 150 to 2000, The polvalkenes
and polyalkyl groups are prepared by conventional procedures, and substitution
of such groups onio salicylic acid can be effected by known methods. Alkyl
salicylates may be prepared from an slkyiphenol by Kolbe-Schmitt reaction;
alternatively, calcium salicylate can be produced by direct neutralization of
alkylphenol and subsequent carbonation. Overbased salicylate detergents and
their methods of preparation are disclosed in U5, Patents 4,719,023 and
3,372,116,

{0039}  Other overbased detergents can include overbased detergents having a
Mannich base structure, gs disclosed in U.S. Patent 6,569,818,

{6046  The amount of the overbased detergent, in the formulations of the
present invention, is typically at least 0.6 weight percent on an oil-free basis. In
other embodiments, it can be present in amouvnts of 0.7 to 5 weight percent or 1
to 3 weight percent. Either a single detergeni or multiple detergents can be
present.

(6841}  Apother lubricant additive is a dispersant. [Hspersants are well
known in the field of lubricants and include primarily what is known as ashless
dispersants and polymeric dispersants. Ashless dispersants are so-called be-
cause, as supplied, they do not contain metal and thus do not normally contrib-
ute to sulfated ash when added to a lubricant. However they may, of course,
interact with ambient metals once they are added to a lubricant which includes
metal-containing species.  Ashless dispersanis are characterized by a polar
group attached {0 a relatively high molecular weight hydrocarbon chain, Typi-
cal ashless dispersants include N-substituted long chain alkenyl succinimides,

having a variety of chemical stroctures including typically

0 O
R’-Cng’j\ guycxa-ﬁi
J Ne[RANH]-REN l
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where each R is independently an alkyl group, frequently a polyisobutylene
group with a molecular weight of 300-5000, and R? are allylene groups, com-
monly ethylene {C:Hg) groups. Such molecules are commeonly derived from
veaction of an alkenyl acylating agent with a polvamine, and a wide vaniety of
Hinkages between the two moteties is possible beside the simple imide structure
shown above, including 2 variety of amides and quaternary ammonium salts.
Also, a variety of modes of linkage of the R’ groups onto the imide structure ate
possible, mecluding various cyelic linkages. The ratio of the carbonyl groups of
the acylating agent to the nitrogen atoms of the amine may be 1:0.5 to 1.3, and in
other instances 1:1 t0 1275 or 1:1.5 0 12,5, Succinumide dispersants are more
fully described in U.S. Patenis 4,234,435 and 3,172,892 and in EP 0355895,
180421  Another class of ashless dispersant is high molecular weight esters,
These materials are similar to the above-described succininudes except that they
may be seen as having been prepared by reaction of g hydrocarbyl acylating
agent and a polyhydric aliphatic alcohol such as glycerol, pentaerythritol, or
sorbitol. Such materigls are described in more detail in U8, Patent 3,381,022,
{06431  Another class of ashiess dispersant is Manpich bases. These are
materials which are formed by the condensation of a higher molecular weight,
alkvl substituted phenol, an alkylene polyamive, and an aldebyde such as

formaldehyde. Such materials may have the general structure

OH

( Ry = CHo-NHARINH -RENHCH,
A

R1

{including a variety of isomers and the like) and are described in more detail in
U.S. Patent 3,634,515,

{3044}  Other dispersants include polymeric dispersant additives, which are

generally hydrocarbon-based polywers which contain polar functionality to
impart dispersancy characteristics to the polymer.

[0048]  Dispersants can also be posi-treated by reaction with any of a variety
of agents. Among these are urea, thicures, dimercaptothiadiazoles, carbon
disulfide, aldehvdes, ketones, carboxylic acids, hydrocarbon-substituted sue-
cinic anhydrides, nitriles, epoxides, boron compounds, and phosphorus com-

pounds. References detailing such treatment are listed in U8, Patent 4,654,403,
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i8046]  The lubricant composition will typically also tnclude a metal salt of 2
phosphorus acid. Metal salts of the formula

2’0

wherein R® and R” are independently hydrocarbyl groups containing 3 to 30 or

5 to 20, to 16, or to 14 carbon atoms are readily obtaingble by the reaction of
phosphorus pentasulfide (P38; or Py} and an aleohs! or phenel to form an
G, O-dihydrocarbyl phosphorodithioic acid corresponding fo the formula

RO

R'o
The reaction invelves mixing, at s femperature of 20°C to 200°C, at least four

moles of an alcohol or a phenol with ove mole of phosphorus pentasulfide.

[N,
(5,

Hydrogen sulfide is libersted in this reaction. The acid is then reacted with a
basic metal compound to form the salt. The metal M, having & valence n, gener-
ally 1s ahwminum, lead, tin, manganese, cobalt, nickel, zine, or copper, or in
some embodiments, zinc. The basic metal compound may thus be zine oxide,

and the resulting metal compound is represented by the formula

RO .
N
P—5 n
/ i

3

2°0

N2
)

The R* and R’ groups are independently hydrocarbyl groups that may be free
from acetylenic and usually also from ethylenic unsaturation. They are typicaily
atkyl, eyeloaltkyl, aralkyl or alkaryl group and have 3 to 20 carbon atoms, or 3 to

16 carbon atoms, or to 13 carbon atoms, e.g., 3 to 12 carbon atoms. The alcohel

[\
by

. . 3 5 .
which reacts o provide the R® and R” groups can be a mixture of a secondary
sleohol and a primary alcobol, for instance, a mixture of 2-ethylhexanol and

tsopropanct or, alternatively, a mixture of secondary aleohels such as isopropa-
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nol and 4-methyl-2-pentanol.  Such materials are often referred to 85 zine
diatkyldithiophosphates or simply zinc dithiophosphates. They are well known
and readily available to those skilled in the art of lubricant formulation.

(80477 The amount of the metal salt of a phosphorus acid in a completely
formulated lubricant, if present, will typically be 0.1 to 4 percent by weight, or
0.5 to 2 percent by weight, or §.75 to 1.25 percent by weight. Its concentration
in a concentrate will be correspondingly increased, to, e.g., 3 to 20 weight
percent.

{3048]  The otl of lubricating viscosity will generally be selected so as to
provide, among other properties, an appropriate viscosity and viscosity index,
Most modern engine lubricants are multigrade lubricant which contain viscosity
index improvers to provide suitable viscosity at both low and high temperatures.
While the viscosity modifier is sometimes considered a part of the base oil, it is
more properly considered as a separate component, the selection of which is
within the abilities of the person skilled in the art.

{06491 Viscosity modifiers generally are polymeric materials characterized
as being hydrocarbon-based polymers generally having number average molecu-
far weights between 25,000 and 500,000, e.g., between 303,000 and 200,000.
865817 Hydrocarbon polymers can be used as viscosity index improvers,
Examples include homopolymers and copolymers of twoe or mors monomers of
(2 to C30, eg., C2 to C8 olefing, including both glphaolefing and internal
olefing, which may be straight or branched, aliphatic, aromatic, alkyl-aromatic,
or cycloaliphatic. Examples include ethylene-propylene copolvmers, generally
referred to as OCP's, prepared by copolvimerizing ethylene and propylene by
known processes.

[G8511  Hydrogenated styrens-conjugated diene copolymers are another class
of viscosity modifiers.  These polymers include polvmers which are hy-
dogenated or partially hydrogenated homopolymers, and also include random,
tapered, star, and block interpolymers. The term “styrene” includes various
substituted styrenes, The conjugated diens may contain four to six carbon atoms
and may include, e.g., piperviene, 2,3-dimethyl-1,3-butadiene, chioroprene,
isoprene, and 1,3-butadiene. Mixtures of such conjugated dienes are useful.
The styrene content of these copolymers may be 20% to 70% by weight or 40%
to 60%, and the aliphatic conjugated diene content may be 30% to 80% or 40%
to 60%. These copolymers can be prepared by methods well known in the art
and are typically hydrogenated to remove a substantial portion of their olefinic
double bonds.
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[6052]  Hsters obtained by copolymerizing styrene and maleic anhydride in
the presence of a free radical initiator and thereafter esterifying the copolymer
with a mixture of C4-18 alcohols also are useful as viscosity modifying addi-
tives in motor oils. Likewise, polymethacrylates (PMA) are used as Vigeosity
modifiers, These materials are typically prepared from mixtures of methacrylate
monomers having different alkyl groups, which may be either straight chain or
branched chain groups, and may contain 1 to 1€ carbon atorns or mixtures thereof,
Cy-Cr alkyl groups may be used in admixture with Cy-Cig or higher alkyl Broups.
{08331 When a small amount of a nitrogen-containing monomer is copoly-
merized with alkyl methacrylates, dispersancy properties are incorporated into
the product. Thus, such a product has the multiple function of viscosity modifi-
cation, pour point depressancy and dispersancy and are sometimes referred to as
dispersant-viscosity modifiers. Viayl pyridine, N-vinyl pyrrolidone and N,N'-
dimethylaminoethyl methacrylate are examples of nitrogen-containing mono-
mers. Polyacrylates obtained from the polymerization or copolymerization of
one or more alkyl acrylates also are useful as viscosity modifiers. Dispersant
viscosity modifiers may also be interpolymers of ethylene and propylene which
are grafted with an active monomer such as maleic anhydride and then derivat-
ized with an alcohol or an amine or grafted with nitrogen compounds.

[0834]  Other conventional components may also be present, including pour
point depressants; friction modifiers such as fatty esters; metal deactivators: rust
inbibitors {typically organic compounds contsining an amine group, an ether
group, a hydroxyl group, a carboxylic acid, ester, or salt group, or a nitrogen-
containing heterocyclic group), high pressure additives, anti-wear additives, and
antifoam agenis. Any of these materials can be present or can be eliminated, if
desired. In one embodiment a rust inhibitor such as a hydroxy-containing cther
of a tartrate or citrate ester may be present in an amount of 0.02 to 2 percent by
weight,

[0U55]  Antioxidants (or oxidation inhibitors), including hindered phenolic
antioxidants such as 2,6-di-t-butylpheno! and 2,6-di-t-butyiphenol with various
substituents at the 4 position, including those derived from acrylate ester,
secondary gromatic gmine antioxidants such as dialkyl (e.g., dinonyl} diphenyl-
amine, sulfurized phenolic antioxidants, oil-soluble copper compounds, phos-
phorus-containing antioxidants, molybdenum compounds such as the Mo dithio-
carbamates, organie sulfides, disulfides, and polysulfides. An extensive list of
antioxidants is found in U.S. Patent 6,251,840,
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[68686]  The role of the corrosion inhibitor is fo preferentially adsorb onto
metal surfaces to provide protective film, or o neoiralize corrosive acids.
Examples of these include, but are not Hmited to ethoxylates, alkenyl succinic
half ester acids, zine dithiophosphates, metal phenolates, basic metal sulfonates,
fatty acids, amines triazoles, and dimercaptothiadiazole derivatives.

1645871 Anti-foam agents used o reduce or prevent the formation of stable
foam include silicones or organic polymers. Examples of these and additional
anti-foam compositions are described o "Foam Control Agents”, by Henry T.
Kerner {Noyes Data Corporation, 1976}, pages 125-162.

{3058}  Powr point depressants arc used to improve the low temperature
properties of oil-based compositions. See, for example, page 8 of "Lubricant
Additives” by C.V. Bmalheer and R. Kennedy Smith {(Lezius Hiles Co.
publishers, Cleveland, Ohio, 1967). Examples of useful pour point depressants
are polymethacrylates; polyacrylates; polyvacrylamides; condensation products
of haloparaffin waxes and aromatic compounds; vinyl carboxylaie polymers;
and terpolymers of dalkylifumarates, vinyl esters of fatty acids and alkyl vinyi
ethers. Pour point depressants are described in U8, Patents including
3,250,715,

[685%] As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl
group” is used in is ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a2 group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include:

{48607  hvdrocarbon substituents, that i, aliphatic {e.g., alkyl or alkenyi},
alicvelic {e.g., cycloallyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyelic-substifuted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule {e.p., two
substituents together form a ring);

{3061} substituted hydrocarbon substituents, that is, substituents containing
non-hydrocarben groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substitvent {e.g., halo {(especially
chlorc and fluoro), hydroxy, alkoxy, mercapto, slkylmercapto, nitro, nitrose,
and sulfoxy);

{80621 hetero substituents, that is, substituents which, while having a pre-
dominantly hydrocarbon character, in the context of this invention, coniain other
than carbon in a ring or chain otherwise composed of carbon atoms and encom-

pass substituents as pyridvl, furyl, thieny! and imidazolyl, Hetercatoms include
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sulfur, oxygen, and nitrogen. In general, no more than two, or no more than
one, non-hydrocarbon substituent will be present for every ten carbon atoms in
the hydrocarbyl group; typically, there will be no non-hydrocarben substituents
in the hydrocarbyl group.

10663] It 1s known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions {(of, e.g., a
detergent} can migrate fo other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon emploving the
composition of the present invention in its intended use, may not be susceptible of
easy description. Nevertheless, all such modifications and reaction products are
included within the scope of the present invention; the present invention encom-
passes the composition prepared by admixing the components described above.
EXAMPLESR

{0G664]  Lubricant formulations are prepared in a standard fubricant formula-
tion comprising a mixtare of polvalpha olefins {4 and 6 mm%/s {c8t)) as the base
oil, as well as a viscosity modifier, a mixture of calcium and magnesium deter-
gents, a succinimide dispersant, a sulfurized olefin, a rinc dialkyidithiophos-
phate, a fatty amide friction modifier, a pour point depressant, and a foam
inhibitor. A certain amount of mineral oil is also present, supplied as diluent oil
with some of the additive componenis. Each sample also containes various
amounts of either aminic antioxidant and phenolic antioxidant, as shown in the
foliowing table. The test lubricants are subject to a bench oxidation test in
which a 20 g sample of the oil, contaminated with 140 ppm Fe naphthenate, is
placed into a long test tube eguipped with water condenser. The tube is im-
mersed in a 170°C ol bath and air 1s delivered through a glass tube to the bottom
of the sample at the rate of 10 L/hour. Samples of the fluid {10 mL) are removed

at the time intervals noted and analyzed for kinematic viscosity at 407C,
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Viscosity (KV40, mm?/s) as a function of time and antioxidant concentration

Ex: il 2 3 4 5% &*
Phenolic” | 0% (% 0% 0.3% 3% 3%
Time Aminic® | 2% 1% (3.5% 0.5% 0.5% (%
0 hr 71.2 70.8 69,4 67.2 74.7 76.2
72 br 55.0 533 5¢.5 48.2 50.3 30.4
86 hr 54.2 5G.6 46.4 54.2 57.0 62.6
120 hr 53.6 49.6 5401 53.4 71.6 P13.2
144 hr 53.8 $9.1 66. 1 201 1723 ¢
168 br 55.4 96.7 1786 | — © . —

* A comparative sxample

a. The phenolic antioxidant is 2,6-di-t-butyl-4-dodecyiphencl.  Amounts in
percent by weight

b, The aminic antioxidant is a wixture of mono- and di-nooy! diphenylamine,
overall 3.9% N. Amounis in percent by weight

¢. Viscosity recorded as 500 mm’/s: reported as too viscous to measure

{0068]  Although the above fest was run to 168 hours, a clear differentiation
among the lubricant samples is evident at 144 hours. For Examples | through 4,
there is little or no increase in viscosity at this time. For Comparative Example
5, however, the viscosity at 144 hours has increased by a factor of 2.3 compared
o its starting value, mndicative of the onset of significant oxidative degradation
of the lubricani. This resnit i3 believed {o be reflective of the excessive amount
of phenolic antioxidant present in the sample, compounded by the comparatively
low amount of aminic antioxidant.

{88066]  Thus as the amount of phenclic anti-oxidant is increased to 3%, in
comparative examples § and 6, the performance actuslly gets worse, whereas as
the amount of the aminic antioxidant is increassed, the performance improves,
When the aminic sntioxidant is removed {comparative example 6}, the perform-
ance likewise gets worse, showing significant viscosity increase even at 120
hours, whereas when the phenolic antioxidant is removed, {(examples 1 through
3} the performance is better. Thus, formulations of the present invention lead to
improved viscosity performance, indicative of improved oxidative stahility and
& reduced tendency to form shudge-like deposits.

18867]  The lubricant formulation of example 4, and a second lubricant of the

same composition except containing no phenolic antioxidant and 2 percent of

b2
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the aminic sntioxidant {as in Example 1), are used to lubricate a 1.8L turbo-
charged engine. The engine is fueled with a gasoline which is not particularly
“dirty” with respect to sludge formation. After running for 168 hours with each
of the lubricant samples, the engine is disassernbled and inspected. The rocker
cover and piston grooves are assigned merit ratings for sludge and deposit on a

scale of 0 — 10, with a rating of 10 indicating no sludge or deposits.

Lubricant with more aminic
{Ex. 4} AQG{Ex. 1}
Rocker cover Q.38 G.34
Piston groove | g o
Piston groove 2 5.54 6.94
Piston groove 3 2.86 4.07

a. a rating of & for groove 1 indicates a fouled ring, which is an expected

result for this texst

Ratings n the piston grooves indicate a significant reduction in the ameount of
sludge and deposits, as well as & modest improvement or comparable results for
the rocker cover, as the amount of the aminic antioxidant is further increased
above the amount present in the lubricant of Example 4 and as the amount of
phenolic antioxidant is reduced or eliminated.

[H068] Each of the docoments referred to above is incorporated herein by
reference. The mention of any docoment is not an admission that such document
qualifies as prior art or constitutes the general knowledge of the skilled person in
any jurisdiction. Except in the Examples, or where otherwise explicitly indicated,
all numerical quantities in this description specifving amounts of materials,
reaction conditions, molecular weights, number of carbon atoms, and the like, are
to be understood as medified by the word "aboul” Unless otherwise indicated,
each chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products,
derivatives, and other such materials which are nonmally undersiond to be present
i the commercial grade. However, the amount of each chemical component is
presented exclusive of any solvent or diluent oil, which may be customarily
present in the commercial material, undess otherwise indicated. It is in be
andersteod that the uapper and lower amount, range, and ratio Hmits set forth

herein may be independently combined. Similarly, the ranges and amounts for

)
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cach element of the invention can be used together with ranges or amounis for
any of the other elements. As used herein, the expression "consisting essentially
of” permits the inclusion of substances that do not materially affect the basic and
novel characteristics of the composition under consideration.
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What is claimed is;

1. A method for lubricating a turbo-charged, sump-lubricated internal
combustion engine which is susceptible fo confamination of lubricant with
Hguid fuel, comprising providing said engine with a lubricant which containg an
amount of an aminic antioxidant effective to reduce the deterioration of said
fubricant, said amount being at least about 0.5 percent by weight of the lubri-
cant, and wherein the lubricant contains less than sbout 2 percent by weight of a
hindered phenolic antioxidant.

2. The method of claim 1 wherein the engine iz a spark-ignited engine.

3, The method of ¢laim 1 or claim 2 wherein the reduction in said

deterioration is revealed in reduced formation of granular sediment,

4. The method of any of claims 1 through 3 wherein the turbocharger
of said engine is lubricated by said lubricant and wherein the lubricant encoun-

ters a surface within the turbocharger of at least about 186°C.

5. The method of any of claims 1 through 4 whereln said liquid fusl
comprises greater than 3 percent by weight content of cyclic materials boiling
above about 150°C.

6.  The method of any of claims 1 through § wherein said lguid fuel

has g sulfur content of less than or equal to about 50 parts per million by weight.

7. The method of any of claims 1 through ¢ wherein the amount of

amtnic anbioxidant is at least about 1 percent by weight of the tubricant.

8. The method of any of claims 1 through 7 wherein the amount of
phenolic antioxidant in the lubricant is less than about 0.5 percent by weight of

the lubricant.

9. The method of any of claims 1 through 8 wherein the amount of
aminie antioxidant in the lubricant is greater than the amount of the hindered

phenolic antioxidant,

10, The method of any of claims 1 through 9 wherein the lubricant

cornprises at most about 60 percent by weight of an AP Group | oil

11, The method of any of claims 1 through 10 wherein the lubricant

further comprises a rust inhibitor or an oil-scluble alkali metal salt.
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