LUBRICATING OIL COMPOSITIONS COMPRISING A BIODIESEL FUEL
AND AN ANTIOXIDANT FIELD OF THE INVENTION [0001] Provided
herein are lubricating oil compositions comprising a base oil and an
antioxidant, particularly a diarylamine antioxidant, wherein the composition
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[0002] The contamination or dilution of lubricating engine oils in internal

combustion engines s lQdi i een a concern.
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generally have low oxidative stability, these deposits on. the cylinder wall
of mekimgthedarankshatvbanadiegrod s origstivety aandifordassoRefderized and

cross-linked biodiesel gums, sludges or varnish-like deposits on the metal

surfaces that may gangusH A biesiope arginevarNhg grankshaft.
Furthermore, biodiesel fuels and resulting partially combusted
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biodiesel contamipants, further contribute to the formation_qf oxidization of
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comBORARE bARRM ReanG Waiaiiale Thevinflugnee ehiiadigselianiihie @giienders of
Qil may, require jmproved additives formulatigns tq address oxidation
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volafiligaesiit eapepiseiindrRmmninizadiRysusisguantlibdigriitgddnto the crankshaft
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the fietal oxifiatiothal LUNMARY @ bIdddN YIENdd ONhe crankshaft. Furthermore,
biodiesel fuels and resulting partially combusted decomposition products can contaminate
the engine’s lubricants. These biodiesel contaminants further contribute to the formation of
oxidization of the engine oil, deposit formation, and corrosion, particularly of lead and
copper based bearing material. The influence of biodiesel on the engine oil may require
improved additives formulations to address oxidation, corrosion, and deposits within the

engine.

{6603] Generally the gums, sludges or deposits can be minimized by using a
lubricating oil composition. However, lubricating oil compositions generally comprise a
base oil which can also be oxidized under the extreme conditions while lubricating the
running parts of an mternal combustion engine. Therefore, there is always a need to protect
the base oils from oxidative deterioration. Further, there is also a need to protect the

biodiesel fuel from oxidation.



[0004] Provided herein are lubricating oil compositions that are oxidatively
stable. In one aspect, the present invention is directed to a lubricating oil
composition contaminated with at least about 0.3 wt% of a biodiesel fuel
or a decomposition product thereof, based on the total weight of the
lubricating oil compo§tigMVGOIRPSING HR) INRIQTaQUNt of base oil of
lubricating viscosity; and (b) a diarylamine compound, wherein, the
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the total weight of the Iubrlcatllrc]ég oil composition. [000; ] In some
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Wlth a biodiesel fuel which comprises operating the engine with a
lubricatind @il compagitiemoontamirated! withubtiteasiabmats0y3 and% of a
biodiesel fuel or a decomposition product thereof, based on the total
weight of the lubridatirigreihesmppsitidn, wherein the lubricating oil
composition comprises: (a) a major amount of base oil of lubricating
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total%%ﬂﬂm&ﬁm&m& @ilaédﬁ%tsﬂﬁﬁf‘t 0.1 wt.%, based on the total
weight of the lubricating oil composition. [0007] In some embodiments, the
lubricating oil composition disclgsed herein is substantially free of a
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composition disclosed herein is free of a vegetable oil or animal oil. [0008]
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least one antiwear agent comprises a zinc
{a) amajor amount of base oil of lubricating viscosity; and

(b)  adiarylarnine compound,

wherein, the amount of the diarylamine compound is at least about 0.1 wt.%, based on the

total weight of the lubricating o1l composition.

[0007] In some embodiments, the lubricating oil composition disclosed herein is
substantially free of a vegetable oil or animal oil. Tn other embodiments, the lubricating oil

composition disclosed herein 1s free of a vegetable oil or animal oil.

[0008] In certain embodiments, the lubricating oil composition disclosed herein
further comprises at least one additive selected from the group consisting of antioxidants,
antiwear agents, detergents, rust inhibitors, demulsifiers, friction modifiers, multi-functional
additives, viscosity index improvers, pour point depressants, foam inhibitors, metal

deactivators, dispersants, corrosion inhibitors, lubricity improvers, thermal stability



dialky! dithiophosphate compound. In still further embodiments, the
phosphorous content derived from the zinc dialkyldithiophosphate
compound is from about 0.001 wt.% to about 0.5 wt.% or from about 0.01
wt.% to about 0.12 wt.%, based on the total weight of the lubricating oil
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embodiments, the diarylamine compound is a diphenylamine compound.
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enylamine comprises a C7.20 alkyl group. In still further
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diphenylamine, or a combination thereof. [0013i Other embodiments will
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OF THE DRAWINGS [0014] Figure 1 is a plot of the regression between
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oil composition. In further embodiments, the base oil has a kinematic viscosity from about

5 ¢St to about 20 ¢St at 100 °C.

[0012] In some embodiments, the amount of the diarylamine compound of the
lubricating oil composition disclosed herein is at least about 0.4 wt.%, based on the total
weight of the lubricating oil composition. In other embodiments, the diarylamine
compound 1s a diphenylamine compound. In further embodiments, the diphenylamine
compound is an alkylated diphenylamine compound. In still further embodiments, the
alkylated diphenylamine comprises a C;.20 alkyl group. In still further embodiments, the
alkylated diphenylamine is bis-nonylated diphenylamine, bis-octylated diphenylamine,

octylated/butylated diphenylamine, or a combination thereof.

[0013] Other embodiments will be in part apparent and in part pointed out

hereinafier.



22 oils. Definitions [0015] To facilitate the understanding of the subject
matter disclosed herein, a number of terms, abbreviations or other
shorthand as used herein are defined below. Any term, abbreviation or
shorthand not defined is understood to have the ordinary meaning used

by a skilled artisan pgriemperaoee eV ithp gUIsgi@N of this
application. [0016] "Biofuel' refers to a fuel (e.g., methane) that is

[601gfoduced Figtia enewahieo binlagicaksrReObiEREen BT newABle-Riolngic dhcrease
resources include (@Mi organisms anﬂ)their metabolic L
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” utputs include straw, timber, manure, rice husks, sewage, biodegradable
Sste, food leftovers, wood, wood waste, wood liquors, peat, railroad ties,
wood sludge, spent sulfite liquors, agricultural waste, straw, tires, fish oils,

tall oil, sludge waste, waste alcofixdfimigiomespal solid waste, landfill gases,

other waste, and ethanol blended into motor gasoline. Plants that can be
[00133ed to prbedies]brstublistindtutiending oSoirbsulmscilmatendisdpesdedein, a

numBYOBF GRS, a@%ﬁﬂiag@&a&ﬁ&ha&o% As%é[@efﬂ% gﬁ' A@gw&sngébcfeffg' . Any

derived from fermented sugar and biodiesel derived from vegetable oil or
termyldue 10810 oBibdidzridnel deffoed to amlatkidakte havadeefrodinary meaning
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esterifying a natural oil with an alcohol (e.a., ethanol or methanol) in the
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derived from a natural oil such as vegetable oils or animal fats. In further

and el SptakPHE, RHerpsiigte kath fetey Seer consindapsmoabinstestadablsnoutputs
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30 carbon atoms, or from about 14 carbon atoms to about 24 carbon

incluge $iE&, EaReinBHBEdmte M khepisar darfsaruiablp se reied letinsess.

wool ROWELvLeaveblieNRLdieselenainesdasigned daRaROWRIRd¥ie liquors,
petroleum diesel fuels. The 4 hiodiesel fuel generally Is biodegradable and

agri RS h e iy phob gcis ab oik sgEasesetesibali tidkiawnicipal

soli @MSEOnS dRANpessoletin wase dsliesahl00h8ldRetediess! tuebirgfensiifs that
a diesel fuel produced from petroleum.

can be used to produce biofuels include corn, soybeans, flaxseed, rapeseed, sugar cane,

palm oil and jatropha. Examples of biofuel include alcohol derived from fermented sugar

and biodiesel derived from vegetable oil or wood.

{0017} “Biodiesel fuel” refers to an alkyl ester made from esterification or
transesterification of natural oils for use to power diesel engines. In some embodiments, the
biodiesel fuel is produced by esterifying a natural oil with an alcohol (e.g., ethanol or
methanol) in the presence of a catalyst to form an alkyl ester. In other embodiments, the
biodiesel fuel comprises at least one alkyl ester of a long chain fatty acid derived from a
natural oil such as vegetable oils or animal fats. In further embodiments, the long chain
fatty acid contains from about 8 carbon atoms to about 40 carbon atoms, from about 12
carbon atoms to about 30 carbon atoms, or from about 14 carbon atoms to about 24 carbon
atoms. In certain embodiments, the biodiese! fuel disclosed herein is used to power

conventional diesel-engines designed to be powered by petroleum diesel fuels. The
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[0019] "A major amount” of a base oil refers to the amount of the base oil
is at least 40 wt.% of the lubricating oil composition. In some
embodiments, "a major amount” of a base oil refers to an amount of the
base oil more than 50 wt.%, more than 60 wt.%, more than 70 wt.%,

biodBeeibPEe A6 % KI6HROFRIHMHA WilecRl Enenibrsading @i duces about 60%
composition. [0020]."Sulrfated ash content" refers to the amount of

less Pﬁéféﬂ?ﬁh%ﬂ%‘ﬂ?ﬁ SRARALS thathPeRRleR i PRad A%SRIm, molybdenum, zinc,
etc.) in a lubricating oil and is typically measured according to ASTM

[001BB74, whitkisilicarpordtedherain diesefénehped 0021 frdnc panpositian
that is "substantially free" of a compound refers to a composition which

[0018pNtains 'eﬁ%ﬁ%%” é@ldﬂh@ok%%és@%ﬁ@f% BAeSTABAR %f"ffre/‘?}a!s%sgil ‘i@%‘%‘ least

4'wt.%, less than 3 wt.%, less than 2 wt.%, less than 1 wt.%, less than O
40 wigtopf lssubrigaiing oit. YempoleEsthdin V0 mbedimeiseo mwﬁdiméd of a
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of a compound refers to a composition which contains from 0. 001 W. % to
than(f Qvwis e froeedbanptiund  basedcss e tarweighthst teiccoimpeditomposition.

100231 In the following description, all numbers disclosed herein are

802@@ proxi ma@ll?ﬁ%ﬂ@&%&'ﬁ%%@%é thaouerd( aheutetainin g additives

géoxmate is used in connection therewith. They may vary by
(€. 2 p AW TRERSHETS Bl o Lifetina & ﬁé%‘?f%%%%é?ﬁd\ﬁﬁéﬁé%@?

meaSRYMEEIGRAIKANGA WithiaIPMEe LR, iRincansh afcd RS B rBefence.
disclosed, any number falling within the range is specifically dlsclosed In

rticular, the following humhers within ra are specifi
100 Ciosco FERPRRLER E) SaRarRTRAL LS8 o GG syt
compsmem: hiBO:perdantaitthan Dpercenismcamelt, Wte/o,, kets Thapeicernft; dess
t,.3 percent, 4 perc erce 5 1 percent,52
erceﬁ’t1 Sggéaﬁgr%ri% %ebs i’?@e ’p;igFéetﬁ?P 2?&?3@? réé’?"ﬁ Triess
than]ﬂi)@ petcent. | doreavern) any.%h mfrtaﬂ mtmmgeddbmdcbbym\mta muabeos the
as defined in the above is also specifically disclosed. 5 DESCRIPTION
COMBEERRBODIMENTS OF THE INVENTION [00241 Provided herein are
lubricating oil compositions contaminated with at least about 0.3 wt% of a
[0023bdiesel fisloonzpedooriipbsitidregrobacrthprent sdsesdon thiepotalion which

com\%%iagﬁlg&f (5% HUR'E'%R‘@@ 9}!‘%)5'13 Wéﬁb?ﬂp&%@%‘%@@ on the total weight of the

composition.

[0023] In the following description, all numbers disclosed herein are approximate
values, regardless whether the word “about” or “approximate” is used in connection
therewith. They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20
percent. Whenever a numerical range with a lower limit, R" and an upper limit, RY , 18
disclosed, any number falling within the range is specifically disclosed. In particular, the
following numbers within the range are specifically disclosed: R=R"+k* (RY-R"), wherein k
is a variable ranging from 1 percent to 100 percent with a | percent increment, i.e., kis 1
percent, 2 percent, 3 percent, 4 percent, 5 percent,..., S0 percent, 51 percent, 52 percent,...,
95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically

disclosed.



(a) a major amount of base oil of lubricating viscosity; and (b) a
diarylamine compound, wherein, the amount of the diarylamine compound
is at least about 0.1 wt.%, based on the total weight A. The Oil of
Lubricating Viscosity [00251 The lubricating oil compositions disclosed

herein ggpeEIN LPRPNGIRESASGBNA LN TR (PHaatiRINSIOSEY OANY

base oil known to a skilled artisan can be used as the oil of lubricating

[0024isCOsity @igslaRethBRIBIrSaBRABFER SpHRRIR IRIBIRRAMNG @it at least
Iubricatln@fll compositions have been descri ed in Mortier et al.,

abouid} 3 WL ARIOHESHNIR G BRecIRRasiHon RedeehtRiicpbRagsd on the total

weidhptingeRGhagiascl a0ehBokle9e )i anghiinSequeria, Jr., "Lubricant Base
Oil and Wax Processing," New York, Marcel Decker, Chapter 6, (1994);
and D. Brock Lubrlcatlon Efn meepnlg u\émd 3. é)wges 184- 5 (1987),

all of whith areTh 8?8‘8% herein by EraPEiSad 3W #d amount of

the base, @il in }P cati 0|I [olo) position may be from about 70 to
about 9§b§ t Y%, aeblg%%%nq etota "weight of the lubricating oil

Whef"ém.' %Mghﬂpoﬁﬂéed%w&m%e %é%oaq néa%{t%%tﬁ%? \%.J o984 on the

lubricating oil composition Is from a out 75 to abou wt.%, from about
totalg@etglbout 98.5 wt.%, or from about 80 to about 98 wt.%, based on the
total weight of the lubricating oil composition. [00261 In certain

A. ’FH@Q@QQ@QMﬁﬂ@ﬁ@%SQIQ&Qt?r comprises any natural or synthetic
lubricating base oil fraction. Some non-limiting examples of synthetic oils

[0025Flude oilpheguBbHiasi pobiathagiefing 08 RAGISdPraRRI eenlk @I IBemprise at least
pqlymerization of at least one alpha- olefin, such as ethylene, or from
one B ol

rbfc?ﬁ%%tﬁ%&&ypréwd‘aﬁ%’sqﬂs%w@%@wmﬁ%mea%ﬁﬁlmw the
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base oil comprises less than about 10 wt.% of gne or more heavy

lubricalifg 04 GoREReF I S HS e SRR SR L MOE ST eAcﬂeaWrPazéfrewérers
TechRodoT bﬁmbigagmﬂ’ hadi mlﬂdﬁs%ﬂlﬁ@fﬁﬁl@ﬁ ahgyter0l faﬁa@t l@@@@ and A.
In certain 0 im nts raction has a viscasity of 6 at least
Sequiiiiibs éeé?’a%m 4s¢ éa ﬂf%%{’sfa%w mﬁm%fffgn%mmﬁféefhe
Chapmadint 99ftherone. or . mesek eay: fricioRsdmbaasenbilis legedhan-s, (1987),
bqut 10 wi-%, less than about 5 wt.%, less than about 2.5 wt.%, less

el g T SN AIOLERL (e Lol B oHE e el in
the lnbthathaseilodoipstitifuriner eabos mﬁmsrzwhe hiase ofl sarapsigesdion the total

weight of the lubricating oil composition. In some embodiments, the amount of the base oil

in the lubricating oil composition is from about 75 to about 99 wt.%, fron about 80 to about
98.5 wt.%, or from about 80 to about 98 wt.%, based on the total weight of the lubricating

oil composition.

[06626] In certain embodiments, the base o1l is or comprises any natural or synthetic
lubricating base oil fraction. Some non-limiting examples of synthetic oils include oils,
such as polyalphaolefins or PAOs, prepared from the polymerization of at Ieast one alpha-
olefin, such as ethylene, or from hydrocarbon synthesis procedures using carbon monoxide
and hydrogen gases, such as the Fisher-Tropsch process. In certain embodiments, the base
oil comprises less than about 10 wt.% of one or more heavy fractions, based on the total
weight of the base oil. A heavy fraction refers to a lube oil fraction having a viscosity of at

Jeast about 20 ¢St at 100 °C. In certain embodiments, the heavy fraction has a viscosity of



heavy fraction. [0027] In certain embodiments, the lubricating oil
compositions comprise a major amount of a base oil of lubricating
viscosity. In some embodiments, the base oil has a kinematic viscosity at
100 C from about 2.5 centistokes (cSt) to about 20 cSt, from about 4
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kinematic viscosity of the base oils or the lubricating oil compositions
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oil is or comprises a base stock or blend of base stocks. In further )
on theiBHIRE SO HHReREsE So iYW rRRIEI ERinghs basfedyl pmprises no

heavdiffi@kgiiprocesses including, but not limited to, distillation, solvent
refining, hydrogen processing, oligomerization, esterification, and
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kine S A O RSP Gk o A e aebout
centidtleridaftPetdlewund trnstituel (@R hb&u blicstiona hbo09] Fcitrtder Editiontic

. Decemper,1996.(i.e., AP] Base Oil Interchangeability Guidelines for
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component that may be manufactured using a variety of different
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specific ranges of the amount of saturates, sulfur content and viscosity
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030] The saturates Tevels, sulfur levels and viscosity indices for Gfoup'l,
procpssimgi ligpansripasenspstisiweeiisteddneTelbieng bbioame dmbislimaBieibe base

stocRAFARSLASASIREN RS Sulfin4As: MissosiIndex (As datesmingd by pe

ASTM D 2007) determined by by ASTM D 4294, ASTI\_/I D ASTMD 2270
substepdialyy RS TIRD 1Baroipl iagedhard JboashtorenatcGrizgesahtamaration, or

pre&[gq}g_ than or equal to 80 and

[6029] In some embodiments, the base oil comprises one or more of the base stocks
in one or more of Groups I-V as specified in the American Petroleum Institute (APT)
Publication 1509, Fourteen Edition, December 1996 (i.¢., APl Base Oil Interchangeability
Guidelines for Passenger Car Motor Oils and Diesel Engine Oils), which is incorporated
herein by reference. The API guideline defines a base stock as a lubricant component that
may be manufactured using a variety of different processes. Groups I, IT and HI base stocks
are mineral oils, each with specific ranges of the amount of saturates, sulfur content and
viscosity index. Group [V base stocks are polyalphaolefins (PAO). Group V base stocks

include all other base stocks not included in Group 1, IL 111, or IV,

10636] The saturates levels, sulfur levels and viscosity indices for Group 1, 11, I, IV

and V base stocks are listed in Table 1 below.



equal to 0.03% less than 120. sulfur. 1l Greater than or equal to Less than
or equal Greater than or equal to 80 and 90% saturates. to 0.03% sulfur.
less than 120. Il Greater than or equal to Less than or equal Greater than
or equal to 120. 90% saturates. to 0.03% sulfur. IV Defined as
polyalphaolefins (PAO) V All other figisal stocks not included in Groups |,
[, 1l or 1V [00311 In some embodiments, the base oil comprises one or
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mare-of the-base-stocks—in-Group 11,1111V, YV-oracombination
Grouther8efulatastires etdyodimbntsSthbibase oil compridesasie brdmord soddtremined
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Group ittt TV-oracombinmation thereof wheremthe base vithasa
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about 4 cSt to about 20 cSt, oefethtaldti’s cSt tolesbdam B28St at 100 C.
[00321 The base oil may be sél&é&d from the grqup consisting of natural

0il§ of Tubricating ViScosity, Synthetic oilS of IUbficating vViscosity and
m t@r@?ﬂﬁé}?%f’flﬁ%‘%ﬁ% embSEHERST B Hase SIEREIIHAS Bagral to 80 and
stocRE"6I5ERES Dy |somer|zat|8h(b9%§’rﬁ1%ﬁ% wax %rititBckalax, as well

11

o

as drocra kate base stocks prod ced b cking (rather than
1 gon SRRt R0 0 LR mauﬁ Efb% onSHET SIErE gauhto 120.
oth %/%%‘dﬁ?ﬁeegnts the base 8i f)FI {thg viscosity includes natural

v oilg, ﬁu h sanlmal oils, vege=tab|e oils, mineral oils (e.g., liquid

petro lyent treated or acid-treated mineral oils of the
par g{n pr%ap‘niﬂ i@{%ﬂmxed paraffinic-naphthehic types), oils derived

v fromACﬁ)gh% %@I& @ﬁdncéqmblnations thereof. Some non-limiting

examp! ﬂ f fclude bone 8 oil, lanolin; fish oil, lard oil, dolphin
oil,isg ar oﬁ tallow ojl, and whale oil. Some non-limiting
eX& moles of vegetable oils include castor ail, olive oil, peanut oil

rapeseed oil, corn oil, sesame oil, cottonseed oil, soybean oil, sunflower
oil, safflower oil, hemp oill,

[0031] In some embodiments, the base oil comprises one or more of the base stocks
in Group L, 11, 111, IV, V or a combination thereof, In other embodiments, the base oil
comprises one or more of the base stocks in Group II, I, 1V or a combination thereof. In
further embodiments, the base oil comprises one or more of the base stocks in Group I, II1,
IV or a combination thereof wherein the base oil has a kinematic viscosity from about 2.5
centistokes (¢St) to about 20 ¢St, from about 4 ¢St to about 20 ¢St, or from about 5 ¢St to
about 16 ¢St at 100 °C.

[0032] The base oil may be selected from the group consisting of natural oils of
lubricating viscosity, synthetic oils of lubricating viscosity and mixtures thereof. In some
embodiments, the base oil includes base stocks obtained by isomerization of synthetic wax
and slack wax, as well as hydrocrackate base stocks produced by hydrocracking (rather than
solvent extracting) the aromatic and polar components of the crude. In other embodiments,
the base oil of lubricating viscosity includes natural oils, such as animal oils, vegetable oils,
mineral oils (e.g., liquid petroleum oils and solvent treated or acid-treated mineral otls of
the paraffinic, naphthenic or mixed paraffinic-naphthenic types), oils derived from coal or

shale, and combinations thereof. Some non-limiting examples of animal oils include bone
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linseed oil, tung oil, oiticica oil, jojoba oil, and meadow foam oil. Such oils
may be partially or fully hydrogenated. [00331 In some embodiments, the
synthetic oils of lubricating viscosity include hydrocarbon oils and
halo-substituted hydrocarbon oils such as polymerized and inter-

oil, | pedvimefiitesilolefinsilaliofiisnzéhesipdlyghehyld, altylaisd dighehyle oil. Some

thers, alkylated gliphe l,sulfides,.as well as their.derivatives, analogues , .
non B BT PR G IR, FRA BB g e ol

cornsyhthwtimois! jpolidealiydnepkide po)ymdiswintaipalfiivers; copalymeis
.__and derivatives thereof wherein the terminal hydroxyl gr can be
i By LA 0 S B P LR (HRep e s be

partieliybmdinhigritgd theeisyathetic oils include the esters of dicarboxylic acids
with a variety of alcohols. In certain embodiments, the synthetic oils

[0o3%)c!ude egiers made tem Lintet .EHQ@@SﬂEbM%?i%%% A%, 88l ude

ahd polyol ethers. In further embodiments, the synthetic oils include

hydreraiiign Phogpheal ssbstisiisddushcssin Blryhphesphbtaetingd and inter-
polyiﬂeﬁee@kﬁxhaaoa?g?@%@%%f‘éé’l&ﬁﬂ%ﬁfﬁﬁ{}%@&f&ﬁ%@ﬁ@%{ﬂ@?&%@i&@&
I y (such'as't kyl

ubricating viscosity include silicon-based oils e polyakyl-,
diphp@ﬂﬂ;fa@ﬁeim %ﬂ@kw,tbeiyéﬁyj@x@@ﬂom@gm afdeinelteusiidheraodtiaag the
like.®fH %‘ﬁ&’é%%%%d@%;ﬁ)é{‘%ﬂ@%ﬂéd@Bk‘r'sdﬁlé'ﬂﬂlga R Wxide polymers,

~ phosphorus-containing acids, polymeric tetrahydrofurans,
interpelysiptiacieisnarddaikeatyas dhoicabrisecirohe deeminal hydroxyl groups

can Qé/ﬂ{%ﬁ@ae&iléémﬁ%%ﬁ% éﬁl%}‘iﬁk%?l&ﬁ m%&%r fiﬁl%‘ﬁh%? g}nbodiments, the

combination’with the aforesaid natural and/or synthetic base oil. Such wax

Synﬂ?éﬁiﬁ‘ﬁéifbté’@_ﬂl@ tbmmééwﬂfh@%{ﬂ?éig@ﬁ%‘f‘iﬁﬁﬁb‘fﬁﬂﬂﬁ&lﬁ Pt ArodyniRegeain
embd@ERER QT fﬁ%%ﬂ%ﬁ*&%ﬁ@f&Y&&@eM@Wﬁ@s% @%E}Mﬁgo[:%% acids

further embodiments, the base oil comprises a poly-alpha-olefin (PAO). In
and gehetapndePon-eipna-dlefindwiaghedanvis themyatmelistalolatidalirgkyl
phodFARARA A1 I ARK 0, R FAB S Ith {0 AROML RO AN YR.GRRHE 6 to

about 16 carbon atoms. Non- limiting examples of suitable
oly-alpha-olefins include those derived from octene, decene, mixtures

1003k reof, alyIBIIRE PPHBLE Bo i RREITHSMIS Rl Pl e YEReosHY Histde
silicBRM4bed il aRauk 15 :HEomIshiedt Jivabautddy Aksom pbiuiddeyaiRihe oils

centistokes at 100 C. In 9 some instances, the poly-alpha-olefins may be

and §Ca o Eth oI b AR ALE Hiis B KA HAiRRS AR T S [BBSS] SF S er
phoginbedinentmithebaseoilenriprisesianolyadlenre glyaebRiias, and the like.

Base oil derived from the hydroisomerization of wax may also be used, either alone or in
combination with the aforesaid natural and/or synthetic base oil. Such wax isomerate oil is
produced by the hydroisomerization of natural or synthetic waxes or mixtures thereof over a

hydroisomerization catalyst.

[0035] In further embodiments, the base oil comprises a poly-alpha-olefin (PAO).
In general, the poly-alpha-olefins may be derived from an alpha-olefin having from about 2
to about 30, from about 4 to about 20, or from about 6 to about 16 carbon atoms. Non-
limiting examples of suitable poly-alpha-olefins include those derived from octene, decene,
mixtures thereof, and the like. These poly-alpha-olefins may have a viscosity from about 2

to about 15, from about 3 to about 12, or from about 4 to about § centistokes at 100 °C. In



polyalkylene glycol derivative, where the terminal hydroxyl groups of the
polyalkylene glycol may be modified by esterification, etherification,
acetylation and the like. Non- limiting examples of suitable polyalkylene
glycols include polyethylene glycol, polypropylene glycol, polyisopropylene
som@lyisehardito mbinalibas tbene ohal 6o lindting cexamplestaésbitalés such as
. po ya{kylene glycol derivatives include ethers of polyalkylene glycols
THNGE Plinethyl ether of polyisopropylene glycol, diphenyl ether of
polyethylene glycol, diethyl ether of polypropylene glycol, etc.), mono-
[003&hd polychribardrtic eastersrotnpobpal kytenel glyogissardpodyabiptiorsycol or a
thereof. In some instances, the polyalkylene glycal or polyalkylen |
pols g A R R U BT e
glycal phay dle first Hied byirestedi Hilstif@O 8thEih fatibs raeetpetimentsthth Elisa S8 ait
.. comprises any. of the esters,of ; dicarhoxylic aci hthalic acid,
i B e R e S e R B
polyaraizicraclly suerigisedmdbac i aeit duhvaritacit padibiccadidNimelsicting

e D KR B tycol
(e ¢ cowey] elatialsiapivextiiadia. ebtentgiycol witykosiysod.

. ike). -
SR R ek O O e
polyhikydeatesldiottyhsébardieatiise dutytalzdlatendiisotusyb athel ady diodgne glycol

. - icon . ’ .
or p@?’h@}%ﬁé&i q‘%ﬁSYﬁe‘%ﬁlﬂ?ﬁgﬁ%ﬁ%ﬁ t%%@%%%tﬁr dGeeiMhexy EQ&@Z&%oly-

eic acid dimer, an 003 er embodiments, t
alphhagdefuis eodprisaslatydrocarbon prepared by the Fischer-Tropsch
process. The Fischer-Tropsch process prepares hydrocarbons from

[003@@Ses contaiingehygiioasmand aarhan MoRexidsusing 3 Firchaktropsch
catalyst. These hydrocarbons may require further processing in order to

dicapoyplisacidiade ahitiabisraadashptanare iy dbrbspemaisigdscatienakacinic

acidQYIEQISO NS 266 ANRL, RYBEAETAGHEE BT NHOFERAER KBRMAHIBI& acid, linoleic
person of ordinary skill in the art. [0039] In further embodiments, the base

acid sk aRe hARRRBANIS Astie dbnyA MateRitctr i, aRdthetsre with a
varithergalcbivriined eils angctioseebiningshaireribediom@npatablhexyl alcohol,

synthetic source without further purification treatment. Non-limitin

ethylsngabysel ofiehulsrsralserdmeonestiue. snanyisie shicthaaditfedilyehohon-limiting

exatfIRFINGIAREISHORSH Ao laUAN I Rt et AR ey TP BHIUMENY: -n-hexyl
distillation, and ester oils obtained directly from an _ i
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl

phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, and the like.

[0638] In further embodiments, the base oil comprises a hydrocarbon prepared by
the Fischer-Tropsch process. The Fischer-Tropsch process prepares hydrocarbons from
gases containing hydrogen and carbon monoxide using a Fischer-Tropsch catalyst. These
hydrocarbons may require further processing in order to be useful as base oils. For
example, the hydrocarbons may be dewaxed, hydroisomerized, and/or hydrocracked using

processes known to a person of ordinary skill in the art.

[6039] In further embodiments, the base oil comprises an unrefined oil, a refined oil,
a rerefined oil, or a mixture thereof. Unrefined oils are those obtained directly from a

natural or synthetic source without further purification treatment. Non-limiting examples of
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esterification process and used without further treatment. Refined oils are

similar to the unrefined oils except the former have been further treated

by one or more purification processes to improve one or more properties.

Many such purification processes are known to those skilled in the art
unrefiueh aigssalient exdractionhaasendastaistitaionofsd ephasenepeastiam oils

filtration, percolation, and the like. Rerefined gjls are, obtained by applying
obtajge @ﬁ??&ﬁyoff«?’ﬁr@&é@é%ﬁﬁlﬂﬁ&% fr St atle ipGA TuRAEY 618 Guch.
estefigkefitadAils aren@lsR KRaWpRsHesta athameReaassed Lils apgiRfteN he

re %ﬂitionally treated by processes directed to removal of spent, .

unrefjagef %%wspaﬁfﬁr%@gm&ﬁvsm&g@rém%evu@ﬁ@%@@&] géfication

prochsbeicaiingeiveanposiionsisainsed Meminoensiail-conpice-atdeast known

one ilﬁgi?gsel fuel. Any biodiesel fuel which can be used to power a

to theg IR ES SHr LT RO BT CAR 58- JSEaMHars i S S e SR A tRE

extr@@mpigsObhigdieseifuel st ehdiselogaddnitbe Hppk byrasrband Kpeiae to
and Jon Van Gerpen, "The Biodiesel Handbook," AOCS Publishing, |
ek A1 TR SR SHen ) TR GHOES (oo PR o are
also &mbotlimentaithel biogigsetivel 6DMRIISESONEOLdNRILAINEAUY by processes
ers of Ionﬁa %Eain fatty acids deriv§rg fror% a natural oil such as

. es
dm%éé?&ﬁf&%ﬁ Rhaf s APGRE AR SNRERRIUHE biodiesel fuel

comprises one or more of methyl esters of long chain fatty acids. In
B. Barthesebioddiments, the number of carbon atoms in the long chain fatty
acids is from about 10 to about 30, from about 14 to about 26, or from
[0048bout 16 Thabducatngroiliethepeitivodidwhesedietomgechein fattynapide at least
: almitic. aci " oleic acic (C18:1). | i acid (C18:2) . .
o B e hpD e I S Ry
unalfgsed Extarificdionsed hemuesterificatior iofitogevitnplestdvioflicoel bitls are
disoi&%@?not'l’re@ﬁ?{f 18” (%%%P&i Rlﬁ]o(ﬂ'lle ggg QB&FOUEH%FEFEQH, Wé) ﬁ%@fz%gel ‘%?que ook,”
oil, linseed oll, hazelnut olil, euphorbia oil, pumpkin seed oil, coriander oll,
AOemRebteshéen d Wi Yamerhasolicemsanted digrsifffoweleninadee oil, tong oil,
sunflower oil, cocoa oil, peanut oil, opium poppy oil, rapeseed oil, olive

[004i, castorReameibnReeamait allcinisbr Qi rialeRaRls BRGEaREIMo-alky]
oil, Brazil nut oil, avocado ail, coconut oil, palm oil, Chinese tallow oil, or

estery 0h0BY ettt il R ESE SN IR Qibsat s Tegsks @alpor animal

fats CONYEELA IR RRIMEALRIB O FAPESRE o SQYR IR RO NER M sters of
biomass, UCQ (used- cookin% oil), MSW (municipal solid waste) or from
longaﬂw\ﬁégqg asdfsidplugther embodiments, the number of carbon atoms in the long

chain fatty acids is from about 10 to about 30, from about 14 to about 26, or from about 16
to about 22. In further embodiments, the long chain fatty acid comprises paimitic acid
(C16), oleic acid (C18:1), linoleic acid (C18:2) and other acids. In still further
embodiments, the biodiesel fuel is derived from esterification or transesterification of corn
oil, cashew oil, oat oil, lupine oil, kenaf oil, calendula oil, cotton oil, hemp oil, soybean oil,
coffee oil, linseed oil, hazelanut oil, euphorbia oil, pumpkin seed oil, coriander oil, mustard
seed oil, camelina oil, sesame oil, safflower oil, rice oil, tung oil, sunflower oil, cocoa oil,
peanut oil, opium poppy oil, rapeseed oil, olive oil, castor bean oil, pecan nut oil, jojoba oil,
jatropha otl, macadamia nut oil, Brazil nut oil, avocado oil, coconut oil, palm oil, Chinese
tallow oil, or algae oil. In still further embodiments, the biodiesel fuel is chemically
converted from natural oils or rapeseed, soya, jatropha or other virgin biomass, UCO (used-

cooking oil), MSW (municipal solid waste) or from any viable fuel stock.
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100421 In certain embodiments, the biodiesel fuel disclosed herein
comprises a biodiesel fuel that meets the EN 1.4214 standard, which is
incorporated herein by reference. In other embodiments, the biodiesel
fuels disclosed herein meet some of the EN 14214 specifications as
[0042hown in rakigadn Eabl@iZn BRiePekbidaitsdlawe idonsb Rt Bdinprises a
Test-Method Ester, content % 96.5 - EN 14103d, Density at 15 C k

. /ml
blodisge) 650 R TRESUBEYETOF EN 1SS PIHEE WIASC IS I SR E TSI Befgsence
In ot ¢2BALA4n KA HomEE! FudRlirstREIE Redlin gD ulfime caNtRIINNpRY 4

%‘,_% Tar remnant (at 10% % - 0.3 EN ISO 10370 distillation remnant)

Spee ?é‘r‘?@‘srﬁﬁﬁ%‘éw 81 [FR¥R4S0 5165 Sulfated ash content % - 0.02 ISO
3987 [00431 Generally, a pure biodiesel fuel that meets the ASTM D
6751-03 specifications has a B 1d&hksignation. The ASTM D 6751-03 is
incorporated herein by reference. In some embodiments, a 13100

biodieset fuetcanbe mixed with-a petrofeurngieset fuettoform
hi

d
biddierertylend whichlintly redubevesriibdioits andliippestdergine Test-Method

performance. The bjodiesel blend may fiave ajdesignation "BxX! Whereimn
Ester, Gontedts to the amabint of tHe’B8200 biodiesel jif vol.%, based onlthelbtgpd

Denglfg i Whith comprisesn® vol%eof the B100 biodigsel fuel and 9

volume _of the biodjesel blend. For example, "B6" refers to a bloﬁgé
the petroleum diesel fuel. [00441 In some embodiments, the bio

. disclo reinis a B 100, B95, B90, B85, B80,.1375, B70, B6 -
Viscpilly 352@}?45, B4of“§‘§7§, 133%% B25, B20, Bls,g)é’lo, BS, B6, E%@%@iim

Flaskﬁﬁo Bl bipdiesel fugh. In othe;§ bpdiments, a B100 biodiesel flfﬁbigi) 86796
ended with one or more mineral diesels whetein the amount of the Bl 0

quirkiedigsgl fuel 12is 5 val.%, about 6 vol.%about 10 vol.%, about
15 val %, ahout 20.v0l % _about 25 _vol. %, _about 30 vol % _about 35

Tar NhYAn@lOUbH4P vo %, about: 45 vol.%, about 500\4’0I.%,
- e

distillation remnant) 0 EN ISO 10370

Cetane number - - | 51.0 - EN ISO 5165
Sulfated ash content Y - 0.02 ISO 3987
[0043] Generally, a pure biodiesel fuel that meets the ASTM D 6751-03

specifications has a B100 designation. The ASTM D 6751-03 is incorporated herein by
reference. In some embodiments, a B100 biodiesel fuel can be mixed with a petroleum
diesel fuel to form a biodiesel blend which may reduce emissions and improve engine
performance. The biodiesel blend may have a designation “Bxx™ wherein xx refers to the
amount of the B100 biodiesel in vol.%, based on the total volume of the biodiesel blend.
For example, “BE” refers to a biodiesel blend which comprises 6 vol.% of the B100

biodiesel fuel and 94 vol.% of the petroleum diesel fuel.

[0044] In some embodiments, the biodiesel fuel disclosed herein is a B100, B95,
B90, B85, B8O, B75, B70, B65, B60, B55, B50, B45, B40, B35, B30, B25, B20, B15, B10,
B8, B6, B3, B4, B3, B2 or Bl biodiesel fuel. In other embodiments, a B100 biodiesel fuel

is blended with one or more mineral diesels wherein the amount of the B100 biodiesel fuel
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about 55 vol.%, about 60 vol.%, about 65 vol.%, about 70 vol.%, about 75
vol.%, about 80 vol.%, about 85 vol.%, about 90 vol.%, or about 95 vol.%,
based on the total volume of the biodiesel blend. [0045] In some
embodiments, the biodiesel fuel is used to power conventional

is abdigFelsinginesdesigned, kbbea powered bivauetrslesimdiassl elmilnoibett 25
embodiments, the biodiesel fuel js used to grﬁw%&modifief dle el en ines
ef %%

vol. ‘GetigHEd s Be poRRTEPHP HARASIT 3P btitet 1Bt IaIL [00 dvol.
abouarswat%f the hiedieskldugiin heJubricatogtoil cemmoskian Eﬁﬁch.(%nabout 80

L,mt Y itable to obta irable rtle such as
VoL T R T Ly G BreBted o Bl ahg of he
bmdty@qlm@ﬂ_fuel in the lubricating oil composition is at least about 0.3 wt%,
at least about 1 wt.%, at least about 2 wt.%, at least about 3 wt.%, at

[004 ast ab011|t4wt% %t Icfeaset %5: Vgitg?d u(;:?ast ab ut 10 wt.% atI ast
K7

out 15 Wt%%m eas 8&f easi%S %outtgg W%%Cmﬁeé% nal

dms@kﬂmguﬁa WesOgnadt teést;abwt&ﬁme%;iamteé'ssab‘oﬂmmmm%r atleasbinents,
wi.%, or tleast about t°/ based on the t weight of.the
e e PR e BT I G LSS
natutabeitatingto#r dootpdsitions disclosed herein generally comprise at least
one diarylamine compound. Any diarylamine compound that can reduce

[0048]e tendengy of, he:RasR-qll 40 digtier atade ﬁﬁﬁY&%ﬁ&QBxP@oHﬁﬁQﬁ%ﬂr@&a be in

non-limiting examples of suitable diarylamine compound include
any gt piame ihpblaydesaphieprapsinies steacbiodrasadahiibsasdctisassity. In
som@ikyiiathdinbenyamings and-alkydaterhepke NBRRAMABINGSuMBsition is at

some embodiments, the diarylamine compound is an alkylated

leasippiatyibmiite aTkéSWQWhMMe/@&ﬁﬁ@ﬁﬁ@%bgl b Gsatletsiiboptia wt.%, at
leasCRSBRINAN0D WA GhIMPHGRING Ail A4 dBlyESI M CUSING: pBGr BiAN IS, at

compounds. [0048] In one embodiment, the alkylated dlphenylaml nes can

Ieastbeg)(pgb?gs% dab&ezﬁ;r@ﬁg}g DM aNez(ﬁ@)aqm)%me %o, at least about 35 wt.%,
at least about 40 wt.%, at Jeast about 45 wt.%, or at least about 50 wt.%, based on the total

weight of the lubricating o1l composition,

C. Lubricating Oil Additives

[0047] The lubricating oil compositions disclosed herein generally comprise at least
one diarylamine compound. Any diarylamine compound that can reduce the tendency of
the base oil to deteriorate in service can be used. Some non-limiting examples of suitable
diarylamine compound include diphenylamine, phenyl-a-naphthylamine, alkylated
diarylamines such as alkylated diphenylamines and alkylated phenyl-a-naphthylamines. In
some embodiments, the diarylamine compound is an alkylated diphenylamine. The
diarylamine compound may be used alone or in combination with other lubricating oil

additives including other diarylamine compounds.

[0048] In one embodiment, the alkylated diphenylamines can be represented by

formula (1):

13



wherein each of R1 and R2 is independently hydrogen or an arylalkyl
group having from about 7 to about 20 or from about 7 to about 10
carbons atoms; or a linear or branched alkyl group having from about 1 to
about 24 carbon atoms; and each of x and y is independently 0, 1, 2, or 3,
provided that at least one aromatic rkpg contains an arylalkyl group or a
linear or branched alkyl-grotg, | e nts, each of R' and R2
is independentl an kyl groupjcontaining from about 42to about 20, from
about 4 to 16, ffdrx FHYUT 4 to about 12 carbon atoms(Rfrom about 4 to
about 8 carbon atoms. '
diphenylamine includes, but is not limited to,
diphenylamine, bis-octylated diphenylamine, and octylated/butylated
diphenylamine. In other embodiments, the alkylated diphenylamine

wheﬁ@ﬂﬁ@&iﬁ@fiR‘fiiﬁﬁmﬁid@ﬁeﬁﬁgﬁwlﬂ?d("l)g\é/ﬁ%ieaﬁ%@ﬁé}fcﬁ'%ﬁ Vg from

independe (Iﬁ/octyl; and each of x and y is 1. In further embodiments, the

nt
aboul g IR hehfam AR tberidestl S EuSraEmMpEURd Srsfmuiraghed alkyl
group/AeveneaRthOitduand v ésdndependentymuivg anch e Rf ¥ @nai¥dentently

In still further embodiments, the alkylated diphenylamine comprises a third
0. Lcoipbuia SI98 mliat (3RO IR BE RN E SATRITS Lty alinf @aprpaing lincar

or bAReh¢dsikyln:atil futhenreRediments, the rikyliteddhe R ntly an
omprises a fourth compound of formula (I) where R'is octyl; x is 2 and y

alkangﬂ% QAR FEMBOAhE ALY Atk RS RAPHE I IiniFE bR APt b & about

12 carbibthcompouneef pemulad bnyhese fRbim butwisx is 2 and y is 0. In
certain embodiments, the alkylated diphenylamine comprises the first

mpound, second compound, third compaqund, fourth compaund, fifth
oo R A A BB S A LR, RS
limiedtubi ehohel slied ylgphingleompobisehcsyiate d sli phergliaylaibe dand

iphenylamines, in the lubricating, oil co sitions disclosed herein is. at .
ooty e P R T 63 S b Be e A AR SRR pine
comfeass alfoet Grhpti] af feasilalihuy et widh odRleast #5dsin ettt octyl;

least about 1.5 wt.%, at least about 2 wt.%,, or.at least about 5 wt.% .
and R s e LRl s P R P arpprises o
secopdrtaintemabbaiifients]tiib aimoeradi tfddimmtBminedepapdamly isusssand each
of xt%acp azks) Ptigi%thLth/?ftﬁtho?n 10 1%('3%%%& taﬁﬁ 'ié?é&c 8I|rf1%n0|ia(ﬁ?{r?g (?{?IIIEII(})IQSBS a third

may further comprise ateieast an addaitive or a modﬁler e’herelna er
comgesighziémsiadpitivet) Mt caty mphR ds inrbwedesch of x and y is 1. In still

further embodiments, the alkylated diphenylamine comprises a fourth compound of formula

(1) where R' is octyl; x is 2 and y 18 0. In still further embodiments, the alkylated
diphenylamine comprises a fifth compound of formula (I) where R' is butyl; x is 2 and v is
0. In certain embodiments, the alkylated diphenylamine comprises the first compound,

second compound, third compound, fourth compound, fifth compound or a combination

thereof.

[0050] In certain embodiments, the amount of the diarylamine compound, such as
the alkylated diphenylamines, in the lubricating oil compositions disclosed herein is at least
about 0.1 wt.%, at least about 0.2 wt.%, at least about 0.3 wt.%, at least about 0.4 wt.%, at
least about 0.5 wt.%, at least about 1.0 wt.%, at least about 1.5 wt.%, at least about 2 wt.%,

or at least about 5 wt.%, based on the total weight of the lubricating oil composition.
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desirable property of the lubricating oil composition. Any additive known to

a person of ordinary skill in the art may be used in the lubricating oil

compositions disclosed herein. Some suitable additives have been

described in Morti.er et al., "Chemistry and Technology of Lubricants,”
[0052Dd Editign,cegatom Salingars (4RUoanchleestiailyRBudnickonipedigantess

Additives: Chemistry and Applications,” New York, Marcel Dekker (2003),
thangbiro WRTch- are incorporated herein by reference. In some

embodiments, the additive can be selected from the group consisting of
[005ahtioxidaridptiantilive ahalybnis;tdef eijentmosisbinhilyt Gusthatemmlsifiers:; least an
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ord g R R e RO BRI i
Somofsilieblddifiitis i thed bbrcdtngibicompositorn, sihéfuseidmayd dagelogy

from abaui 0,001 wt.% to about 10 wt.9 n about 0. t.% 19 abouyt 5
of Ll o R O B AR, oo AT Wb "ot
Adduivye (Heridstingreil topipasitior. Newrtlierkiidaotal2ehbent?6Dteboth of which

.additives in,the lubricating oil cpmpositio range from. about Q.00
are B B 0 D SO B A b ddrecred
fronatheurdil wrtdsio abdatthowitidn)hasedan daentstakweightsofubenhibitors,

demﬁi&%%‘%"}?ﬁ‘%{hﬁ%no%‘i’ég}% ”mu]xl (9RRk:L0E Ipricaling .l com nt%%i'%E"%{‘govers, pour
IScloséd herein can op iona y comprise an anti-wear agven thal n

pointeiipcessrittiofvand xbdssivaeielatcAnymti-wlepeagetst kmowaobymbibitors,
ubrREP I (fngerlcfismt%r Slzﬁ”sfgbtltﬁ? ahrltl mc?\yel%?a%%ﬁgﬁ%tg] %HQQ&%‘{I‘; Pn'hib'to s, dyes,
cornposition. Non- limiting e%amglreso suitable anti-wear’agemnts include
marking dithiopissisplatebivathds(ed.cRhbiBboMalachthdikehsalislof concentration
ithi 0 te._metal (e.qg:,. Zn, Ph, Sh. Mo.and the like). salts. of ,
of cSHNRESRIRNG IO, e Gl QRGN IRLELERE, Bnee from
abowdrof ! corfipounmtsjtpiosphaté@stebsnphdd phitts estareyamivid saltdioin about
o) i i r i I j ers, I+ ion .products. ¢
O e R G A A g Rl
Furtiigre theotmtaofahet aftheedditiyentriizyiveng frowm aboum B itiantidstgange from

abo&kﬁ?blé ?\)@ft@/%/%f E%%@E@ %‘[Q/Q %M%@DB%?@@ &Jt\gh% ”t?é’ﬁl?&f{ S V@Lh%lf top f%om about

0
wt.% to about 1 wt.%, based on the total weight of the lubricating ol
0.1 vohvgosition. Sonté. htadlentBedntrlves ghigeliis: Halvecbbrg désenipodiiion.
Leslie R. Rudnick, "Lubricant Additives: Chemistry and Applications,"

jooNew Yorkilarash Dakkes CHABIRIRRALES L43de (ZBWPrionally comprise an

anti-wear agent that can reduce friction and excessive wear. Any anti-wear agent known by
a person of ordinary skill in the art may be used in the lubricating oil composition., Non-
limiting examples of suitable anti-wear agents include zine dithiophosphate, metal (e.g., Pb,
Sb, Mo and the like) salts of dithiophosphate, metal (e.g., Zn, Pb, Sb, Mo and the like) salts
of dithiocarbamate, metal (e.g., Zn, Pb, Sb and the like) salts of fatty acids, boron
compounds, phosphate esters, phosphite esters, amine salts of phosphoric acid esters or
thiophosphoric acid esters, reaction products of dicyclopentadiene and thiophosphoric acids
and combinations thereof. The amount of the anti-wear agent may vary from about 0.01
wt.% to about 5 wt.%, from about 0,05 wt.% to about 3 wt.%, or from about 0.1 wt.% to

about 1 wt.%, based on the total weight of the lubricating oil composition. Some suitable

15



which is incorporated herein by reference. [0054] In certain embodiments,
the anti-wear agent is or comprises a dihydrocarbyl dithiophosphate
metal salt, such as zinc dialkyl dithiophosphate compounds. The metal of
the dihydrocarbyl dithiophosphate metal salt may be an alkali or alkaline

anti-QRENIRGTRIhOFc BheR Lt Hedsh 1IRsHRGY PARREIR, MNAPLRRRSE/MNGKE!: Or
copper. In some embodiments, the metal is zinc. In other embodiments

Chenyed i IAA BRECEF R i ar o ikby BT p RO aniss By Rageh 2L o (2003),
whideuhSiacrkedharsakhepfalarss, from about 3 to about 18 carbon
atoms, from about 3 to about 12 carbon atoms, or from about 3 to about 8

rbon atoms. In further.embodiments, the alkyl group is linear or . ]
00 e OGS L RGNS I ey Ao PR SALd etgaro
dithieahéschacimyethiesatinadiedkydiditdiahyo sipthadeleajtiadte thedpduichtintheimetal of
osition disclosed herein is .measured by it osp horu ]
e e e S R S metal. o
aluniroricalkénd, oih.conipbditiom disetasadshengikekdronpadouh Gdhevetckdiments, the

bout 0.12 wt.%, from.about 0,01 wt.% to about O. t.%, or.fr at]Pout _
et 1 ine 18 e RS I R P och B R Sk

metadiboorpdsitionb§@0536) kboue2@mirbdinent,sthizophalsplict susteontehitabon

__the.lubricating oil compagsition herein is from ahout Q.01 to 0.Q8wt%
o o O e T oyt e it voms. 1
furtlemdotinkient) thehehdisphopeyps cintenbobtiechudricating oil composition

herein is from about 0.05 to 0.12 wt% based on the total weight of the

[ooﬁﬁP“C&“”lgrﬂH samBesiHan: R Jhe, iyt Ma@étﬂl%?%mi?dmg the

_metal salt may be prepared in"accordance with known techniques by first
zincrighinbdatlivihodaie yroropRdspherinacd (oomaitionsliathpisy heseting
mea@tﬁ%@ﬁy”i%rﬁh%ﬁ%%gbﬁ%%%rﬁ%ﬂ%sSH{QQﬁ&H%‘&ME%,F%ﬁe?Eh%@Hh%%ﬂomS

neutralizing the formed DDPA with a compound of the metal, such as an

contgridd thy Hrosigeng odrpBRatiliontAsesed hpvadn isdiemabait@Ats va. %o to about
0.12RRPA may hemada bk 55acting. miXyresal Brman.806 WW@@SO about 0.08

alcohols with P2S5. In other embodiments, two or more dihydrocarbyl
wt. githaspshes phfotdtah e kel Hee propspsa svib rermO Hijdrocarbyl groups on
one are entirely secondary in character and the hydrocarbyl groups on

[003BE othersiarhentirehyiRamame ipHeRBRAesRE. cone:Eing SalthBARBaPsapare
from the dihydrocarbyl dithi.o hosghoricﬂlG acids by reacting with a zinc
COmPORBRRUAETEIA & P iRD LBHA S R I ScerEht of (he

tubricating oil composition. In another embodiment, the phosphorous content of the
lubricating oil composition herein is from about 0.05 to 0.12 wt% based on the total weight

of the lubricating o1l composition.

[0057] The dihydrocarbyl dithiophosphate metal salt may be prepared in accordance
with known techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA),
usually by reacting one or more of alcohols and phenolic compounds with P,Ss and then
neutralizing the formed DDPA with a compound of the metal, such as an oxide, hydroxide
or carbonate of the metal. In some embodiments, a DDPA may be made by reacting
mixtures of primary and secondary alcohols with P2Ss. In other embodiments, two or more
dihydrocarbyl dithiophosphoric acids can be prepared where the hydrocarbyl groups on one
are entirely secondary in character and the hydrocarbyl groups on the others are entirely

primary in character. The zinc salts can be prepare from the dihydrocarbyl dithiophosphoric
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compound is used. In other embodiments, an oxide, hydroxide or
carbonate of zinc is used. [0058] In some embodiments, oil soluble zinc
dialkyl dithiophosphates may be produced from dialkyl dithiophosphoric
acids represented by formula (I): RIO\j R4 P HS/\S (Il) wherein each of

acid RS apsb R4 is-independenipslineanoshranehvsiatonor lingat of Pianehedinc
substituted alkyl. In some embodiments, (g?e alkyl group has from abqut 3

compOURSh 19860 c AP EIRES BB, AB AR5 uBRTS RhrALh RS AL e Is used.

[0059] The dialkyldithiophosphoric acids of formula (II) can be prepared by
[0058jacting alcehois dRBOHmptR4DEOMbth RRSHislihdrdiRB pindfRdterenag be
defined abpve. |n..some embodiments, R3 and R4 are th e. In other
prod R B R R e R P e —aom
and R40H react with P2S5 simultaneously. In still further embodiments,
R30H and R40H react with RZ&E5 S?@?‘itially. [0060] Mixtures of
hydroxyl alkyl compounds may al e used. These hydroxyl alkyl
compounds need not be monohygfoxy alkyl compounds. In some
embodiments, the dialkyldithisfhosphdétic agigls is prepared from mono-,
di-, tri-, tetra-, and other po]yhydroxy alkyl compounds, or mixtures of two
wheafiimac of thesfat egaingdbpatbertiemkedisenisctie aikel or linear or branched

dialkyldithiophosphate derjved from ol rimary alkyl alcohols.is derive
s ANt T A BIH T b ABOR A R B
carbalcahalsisrIrethythaxanel abveestatembedinents, the zinc

dialkyldithiophosphate derived from only secondary alkyl alcohols. In

rther empodiments,. that mixture.of secondary alcohols is a mixture of
00 e I A€ SRR SIS P 2,8 SIS B
reactiegetboobokel’ DHre dRfHithib fhSs prieric RA ciudiB mationdstémedwove. In
somSURULGRIRLN MO 81‘5@0@1% ormore ohR2 33 D AR ankARY n A @4%9-
omposmons as such may also contaln minor amounts Oﬁ’ ree sultur. ﬁ‘]
diffarentaifn &mbodimbntsnitspROEFhondsyiOhtasatiice theBetaninsitancously. In still

fm%ﬁ%ﬁ%%ﬁﬁ’ﬂ&{{se61‘2%ﬁggﬁﬁ%%ﬁre%%ﬁﬁ%%@gnﬁéﬁ9- In certain

odiments, the p orus pentasu ntis syubstantially free

of free sulfur. 17 [0062] In the present invention, the sulfated ash content
[0068 the totaMiBHstRfdpiroxyl alkyl compounds may also be used. These hydroxyl

alkyl compounds need not be monohydroxy alkyl compounds. In some embodiments, the
dialkyldithiophosphoric acids is prepared from mono-, di-, tri-, tetra-, and other
polyhydroxy alkyl compounds, or mixtures of two or more of the foregoing. In other
embodiments, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols is
derived from a single primary alcohol. In further embodiments, that single primary alcohol
is 2-ethylhexanol. In certain embodiments, the zinc dialkyldithiophosphate derived from
only secondary alkyl alcohols. In further embodiments, that mixture of secondary alcohols

is a mixture of 2-butanol and 4-methyl-2-pentanol.

[0061] The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric
acid formation step may contain certain amounts of one or more of P,S;, P4S;, P4Ss, or P4Ss.
Compositions as such may also contain minor amounts of free sulfur. In certain
embodiments, the phosphorus pentasulfide reactant is substantially free of any of P»S;, P4Ss,
P4S7, and Py4Se. In certain embodiments, the phosphorus pentasulfide reactant is

substantially free of free sulfur.
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composition is about 5 wt.%, about 4 wt.%, about 3 wt.%, about 2 wt.%, or
about 1 wt.%, as measured according to ASTM D874. [0063] Optionally,
the lubricating oil composition disclosed herein can further comprise an
additional antioxidant that can reduce or prevent the oxidation of the base

[0062]l. Any dntiaxipaRtkiavaniynatpersofuet ordinanyeskidifiththea@l lubsydig oil
used in the lubricating oil composition. Non-limjting examples of syitabl

com BB . A AT Eh Qe A ATBHC TS (& EoHR L . or EDOLE 1 2%,

as meipheayiatoiase phasyiza-Denghthylamine, alkyl or aralkyl substituted
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e o e e
phodpditssethdshe Hbtorgmetd Sunnherphdimioigexainsiapof guitableds and

comﬂﬁfgé%ﬁmﬁé%%i’!‘?'?H%%Xﬁ!&&if’o?‘éﬁé%&gﬁéﬁﬁ%ﬁm?f QL SUsEinanIdes: Y, (o

polyamines, for instance polyisobutylene succinimides or polyisobutylene
abogrhthetsticdinanaieias, bliphetlo tarmhous S Wakhich BeareeborHinines’are about 3

wesRODIS, @ RaRaR Y NE lBAEIGAY KARS i RO S NI
succinimide detergents are described in"GB960493, EP0147240,
anti@pdeohes; berobeoRe! BAGSEY 6 Rudeiw 0108808 Al o whickeavestry
and REBIRAFRAISSNGLEIN DY TRIGIEAGS IR STodipEniss e GlRIpraankss
a polyolefin substituted succinimide such as polyisobutylene succinimide.
incogpmrseddiekmitiigesemisies of commercially available 18

[0064] In some embodiments, the lubricating o1l composition comprises at least a
detergent. Any compound or a mixture of compounds that can reduce or slow the build up
of engine deposits can be used as a detergent. Some non-limiting examples of suitable
detergents include polyolefin substituted succinimides or succinamides of polyamines, for
instance polyisobutylene succinimides or polyisobutylene amine succinamides, aliphatic
amines, Mannich bases or amines and polyolefin {e.g. polyisobutylene) maleic anhydrides.
Some suitable succinimide detergents are described in GB960493, EP0147240, EP0482253,
EP0613938, EP0557561 and WO 98/42808, all of which are incorporated herein by
reference. In some embodiments, the detergent is a polyolefin substituted succinimide such

as polyisobutylene succinimide. Some non-limiting examples of commercially available
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detergent additives include F7661 and F7685 (available from Infineum,
Linden, NJ) and OMA 4130D (available from Octel Corporation,
Manchester, UK). [0065] Some non-limiting examples of suitable metal
detergent include sulfurized or unsulfurized alkyl or alkenyl phenates,
deteaiiot Ridaikenyhainmaticsuiiahares shataiebisdtonatemcan{UriadenoNT) and
nsulfurized metal salts of mylti-hydroxy alkyl or alk aromatic
M R TR 50 AR e o ATE BaTErlb. sulfuived or
unsulfurized alkyl or alkenyl naphthenates, metal salts of alkanoic acids,
[006fjetal saltScfiancaitihomakeayiplerultiaoidtdndctr ditakamdpiydicallfurized or
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suitable detergents have been described in Mercier et a
maki@hanfisteyeanteTechsrdiogpter phasginsitddEgition, Noonldaiing examples of

suita %rﬁgﬁﬁs %ﬁ%{g Kal?i’(dﬂafﬁ&%lgﬁaﬁéi‘%@éﬁ%ﬁ%n%&?gh%lgom iﬁk’In some

"Lubricant Additives: Chemistry an plications,” New Yor , Marcel
embDERkatsChapieialisfayed 4 13+ ¥38NRA03), thethksf which are incorporated
herein by reference. [0067] The lubricating oil composition disclosed

[0068¢Tein camepLiana!ivicamBlise s tdisRersant: that GAKREEVE03IWAYIE to about 5
varnish, and other d{()e)posns by keeping particles susiended in a colloidal

Wt %8t RemaRe i SHEY SnRAGRRIDY Wiper<triony alieir (- SR i thaRat hag-vo

bascdQHIRH N M CRURY AN RARROSIlIenmNef bRItiRgRXAMAINE Sftergents have
suitable dispersants include alkenyl succinimides, alkenyl succinimides

beedserrbadiriMis: 6fghnicC ReipBLANE, ARerirau bt thodmbEdyon.

LonBoStSpeaipentmiti-ethyens sabonrion! aRANGarR SREGARRIAGS hricant
succinate esters, succinate ester-amides, pentaerythritols, phenate-

Addigirsy aleaisity wed- Bodicedarsd AogekalkiarrRebaidemixeapigicaiipages 113-
136 9, alkeline wridh areeiRbRRIARS HieRe B /qRRRinkydrated alkali metal

bprates, dispersions of_ alkaline-earth metal borates, polyamide ashlers
ofEeants O s Matnch AR ISR BN oy comorisc
disparsaiinbafdhepdisparsanige, varnish, and other deposits by keeping particles
suspended in a colloidal state. Any dispersant known by a person of ordinary skill in the art
may be used in the lubricating oil composition. Non-limiting examples of suitable
dispersants include alkenyl succinimides, alkenyl succinimides modified with other organic
compounds, alkenyl succimmides modified by post-treatment with ethylene carbonate or
boric acid, succiamides, succinate esters, succinate ester-amides, pentaerythritols, phenate-
salicylates and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth
metal borates, dispersions of hydrated alkali metal borates, dispersions of alkaline-earth
metal borates, polyamide ashless dispersants, benzylamines, Mannich type dispersants,
phosphorus-containing dispersants, and combinations thereof. The amount of the dispersant

may vary from about 0.01 wt.% to about 10 wt.%, from about .05 wt.% to about 7 wt.%, or
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may vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to
about 7 wt.%, or 19 from about 0.1 wt.% to about 4 wt.%, based on the
total weight of the lubricating oil composition. Some suitable dispersants
have been described in Mortier et al., "Chemistry and Technology of
from'—dlbbﬂﬂ&!’lt%f"["%dl) BB, Loviensc3pinge tothapiehBo PhgestBiRie oil
1996); and Leslie R. Rudnick, "L ubricant Additives: Chemistry and., _
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(199 S0 R BRI TRE (SR Bt eah bty DA g New
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borated esters, amides, metal salts and the like) of fatty carboxylic acid;
[0068jono-, diTbe trbelkylisgbstitotenbpiiosphericadideronphospionidhacidsprise a
. derivatives (e.g., ester nides, t ike) - di- of:
e A k) et e
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acidshdegliphatic (ordattytgroamuisatamtihselie thdrihabsor eightearsbnoatohadkyl
render the.. i il ley.In otk | e
e e o Tor s
monpy sedictiiylamvbdiphéticasudeiioheitnbimtiopd itky sofihTasemisrisbediments, the
. pri .amine, . T 0 friction:modifi y fro
e A RS T S L e g ot
aliplfrsimzabiogs. Gliphatds corbibailic3wid senivased o vicdotipbasig thof treines,
aiphifcafinaalcamposiiion, Same suilableditonmediiers Arye egy
described in Mortier etal., "Chemistry and Technology of Lubricants,” 2nd

imicﬁmﬂﬁ@sn;s,'tmd@mi@mg'msaﬁ@p@ Giephigbsetias- 18 (@996 caignsasiee than
abo%eléﬂfj%ﬂla%ﬂ%‘@taﬁgqgﬁ@?{1%%%56%9@9@8 isatiaNg, i New Yk,

arcel Dekker, Chapters 6 and 7, pages 171-222 (2003), both of which
embgénisobrpbralidel inareipdbjerafaranises an aliphatic substituted suceinimide formed

by reacting an aliphatic succinic acid or anhydride with ammonia or a primary amine. The
amount of the friction modifier may vary from about 0.01 wt.% to about 10 wt.%, from
about 0.05 wt.% to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the
total weight of the lubricating oil composition. Some suitable friction modifiers have been
described in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition,
London, Springer, Chapter 6, pages 183-187 (1996); and Leslie R. Rudnick, “Lubricant
Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapters 6 and 7,
pages 171-222 (2003), both of which are incorporated herein by reference.

[0069] The lubricating oil composition disclosed herein can optionally comprise a
pour point depressant that can lower the pour point of the lubricating oil composition. Any

pour point depressant known by a person of ordinary skill 1n the art may be used in the
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[0069] The lubricating oil composition disclosed herein can optionally
comprise a pour point depressant that can lower the pour point of the
lubricating oil composition. Any pour point depressant known by a person
of ordinary skill in the art may be used in the 20 lubricating oil
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oxide, propylene oxi sters I soluble acids,
mayﬁzﬂy@@emﬁyleh@embna@esmnmimnﬁﬁrnahmtmemmpfffhefaﬁm@thim of

demmﬁﬁs&%‘&&é ﬁ%YﬂMrEQ%%@@% Oaggy}’vltl‘c/ﬁhtt%a?e?lg W QW20 gzene

about 0.05 wt.% to about 5 wt.%, of from about 0.1 wt.% to about 3 “wt.%,

sulfpratesiand theeliseal mn@mmiﬁ%m%aimgmtwmwumlm@é@iwge
oxidl§ @LQS'IBSI?e'El’RMSn*%%‘?{‘d@%&HB? e'}{tpgi{?&eeno%ck QW){S%@%&%IGHB oxide,

Technology of “Lubricants,” 2hd tlon London, Springer, Chapter
propyAyesx0b: 203 {£996),. whirth o€ oot eareidhardroyeibideanserbitan ester and

combinations thereof. The amount of the demulsifier may vary from about 0.01 wt.% to
about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or from about 0.1 wt.% to about 3
wt.%, based on the total weight of the lubricating oil composition. Some suitable
demulsifiers have been described in Mortier et al., “Chemisiry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193 (1996), which is

incorporated herein by reference.

[0071] The lubricating oil composition disclosed herein can optionally comprise a
foam inhibitor or an anti-foam that can break up foams in oils. Any foam inhibitor or anti-
foam known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable anti-foams include silicone oils or

polydimethylsiloxanes, fluorosilicones, alkoxylated aliphatic acids, polyethers (e.g.,
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100711 The lubricating oil composition disclosed herein can optionally

comprise a foam inhibitor or an anti-foam that can break up foams in oils.
Any foam inhibitor or anti- foam known by a person of ordinary skill in the
art may be used in the lubricating oil composition. Non-limiting examples

polyehsuitabieantyfeamsHec bl siigont-ells iy InRiydinegibyislox RS}
fluorosilicones, alkoxylated aliphatic acids, polyethers (e.q., 21

met%sry&me}y@weaféy:aﬁfaﬁmals%W ﬁﬁf%?ﬂ&%?%@fﬁ%?y%mmer&

emb&ik¥leiMeiRaanaleaROlIMPkss R AyRKGOX YiRsH RS AREl OEINASIgashare .

. In.some _embodiments, the anti-foam comprises glycerol monastearate,
riallGd AR BRRMTRREC SIS P hOHORISEHESBRES a5 Rrar e atmone Bt hy!
salickitiRolgiccaeitmbansRyi@cetanecdngthiyli-salicyindeglyee ! ronepieate nafy vary
glyceral dioleate. The amount of the anti-foam may vary from about 0.01
from POt b S VS o o R0 Hboa( 3 0o Y rom
aborROUHO % widota abautk lbaddbohasethon thedatal weighRhthe oil

lubricating oil composition. Some suitable anti-foams have, been described
compR WHier EPSC MR ARt 02D kA S A

and \Cedmion SRIIger &hagtend, mages, 190493 SERAR), Whighiss, pages 190-193
incor ,%ﬁted herein by reference. [0072] The lubricating oil composition

i
(1995}3817% HESHPREHCE SRR CSHIFTSE a corrosion inhibitor that can

reduce corrosion. Any corrosion inhibitor known by a person of ordinary
[0072Kill in theTart hdaychengsat dontipedutoicditiclg @il GormipositiamtiNoaiHiritimgyise a

examples.of suitable corrosion inhibitor include half esters oy amides of
com T O A SR I BRBIR PLAAES Fperson of
ordifaniy slzdlimed e seircosirnEsiand ioahsbiviaticns ghelreofiisgiamoiint-dfridng

rosion inhibitar may vary.from.abhout 0.04. wt.% to about t.%, from. .

exa S T AT IO Rl AR o e
acidpplsegpionetha dotahivpighspbittse dliicatidgzollconipositions Suhvesbitatbiens

carrasion. inhibit ave been described in Mortier et.at... "Chemistry.and .
ther R B R A h R GG s
wt.%pdnes 193:10.6 {1896)iovbicht i3 Wicbrporated ahentih by t&faredosit[0073p,
vascts ARG Ol cormpesiindiseiored Asreinenamtonali comprse

an extreme pressure (EP) agent that can prevent sliding metal surfaces
inhilagrs deixihgamdiscrimdditidfero¢estrdnid pragstupeaihieehtrelng prdsdureanis,”

y - . Skilldn t y sed i

2 B e Bl 43 TR AT B PR rared
herein by reference.

[0073] The lubricating oil composition disclosed herein can optionally comprise an
extreme pressure (EP) agent that can prevent sliding metal surfaces from seizing under
conditions of extreme pressure. Any extreme pressure agent known by a person of ordinary
skill in the art may be used in the lubricating oil composition. Generally, the extreme
pressure agent is a compound that can combine chemically with a metal to form a surface
film that prevents the welding of asperities in opposing metal surfaces under high loads.
Non-limiting examples of suitable extreme pressure agents include sulfurized animal or
vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially
esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins,
dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts, sulfurized dicyclopentadiene,

sulfurized or co-sulfurized mixtures of fatty acid esters and monounsaturated olefins, co-

22



pressure agent is a compound that can combine chemically with a metal
to form a surface film that prevents the welding of asperities in opposing
metal surfaces under high loads. Non-limiting examples of suitable
extreme pressure agents include sulfurized animal or vegetable fats or

sulfigilssSbilfutized Rnimal Rrivegatabledatinaeigdiestgssniuinaipartiaiybstituted
sterified esters of trivalent or pentavalent acids of phosphorus, sulfurized

dihygragpdy By ipmpidaieles. tifrerenrnitiferaeRRds, sulfur-

con@uifn@ae@t@i@aﬁ%&e@d&mm&ﬁumﬁwbﬂwﬁaraﬁa@@mw@éfﬁ{sfm
and monounsaturated olefins, co 22 sulfurized blends of fatty
poly% 9?

RIS A 4SO RROTRRRHS ASIR SSiRsS Gt figphosphoric acid
este;@lﬁb{di mﬂ’ébﬂtmls/ﬁtﬂf&ﬁs Thisaaldenysiase Wiadkatonessepilia may Vary from

ounds sylfur- con ining acetalgerlvatlves co-sulfurized blends q

&b"% Wl R o s diRdE ofefhABrStdce: an%@@amwm
.whpspdsmrlc\ac}d, sstedsoarthiephpsphgiic fgid luesenimand] combRatieNSSome

.. thereof. The amountofth extreme pressure agent, may vary. from about
R B A P R S

Addﬁﬂ@MIOhbnmﬁv%dﬁcﬁw{tchr%’ basey af, INeatetd DVRIGH! Ohib&r 8, pages 223-
il.composition, Some  suitable extreme pressure agents have
258 ééelaqg%é@%f%é%i }q%fggﬁ%tqé {fihik "l BMfEant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 8, pages 223- 258
[007(42]003) wHith lishincorpg rated heositi dndiefeyentceert 0Tl oPhensibyicatipgise &
o} [ nd| clased herein can.aptional mprise a rust inhibito
rust S R RN ST RIRRS B Blbtor
knowndwra byra)pex%@mimﬁqrdklawmkdlam tivey dot nvey imetmshﬂbma:hag, r 0il
com#&%r't(fa%mglg ”1 1t1 |t|on 1%'50 0 Iéﬁ}][tl% F %rﬂ]ﬁll%st(? fssiyigﬁtaleﬁﬂf soluble
ibitors inclu olu % monocar caC| s (e.g 5o&t thexanoc
mongcithiatrtic a@@s (mgr;s&rclbylh@mimmm:ab|t;kumeamémdymsmamé,qmlmmc acid,
OIEléIQi(? lc? q (?1%!? a?%{'grﬂ %%d C(igr%tlg acédagi dé@r%tklke (? l; ?th'el <e) oil-soluble
yca oxylic acids (e.g., those produce fromt yamcf dleic
polyaarbohmbﬁeacié@(@ @nmh@pm@)mm@wtsuaamhfm@smmmé alkeleyt acid
o] 1t t ro ccinic. acid
o B R S (AP TN, S o R
atonfeg-cheimaalpharoinegandicaibosoticlecid ! fandindeaenblbexdde wejdhitdenic acid,

and @H‘é h gﬁ@%@é}@é%égggﬂgg 6%%58%&%9 §1H3r %Q&QC-: ?ala&“% in the

of the ust| ay var)7’ rom Y t0-a outl rom
rangglsg 1 ft00. @53!\}@@/@@@1}@1&150%%n@romhpm@éutﬂhqumt@ﬁw@u‘ua Mﬂ%ztor

may%?quQl heRRYEIoN: &f éBSdHP(ﬁ'%ﬂ“/@,ngdh about 0.05 wt.% to about 5 wt.%, or

from about 0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil

composition.

[0075] Other non-limiting examples of suitable rust inhibitors include nonionic
polyoxyethylene surface active agents such as polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene
octyl pheny! ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and
polyethylene glycol mono-oleate, Further non-limiting examples of suitable rust inhibitor

include stearic acid and other fatty acids, dicarboxylic acids, metal soaps, fatty acid amine
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composition. [0075] Other non-limiting examples of suitable rust inhibitors
include nonionic polyoxyethylene surface active agents such as
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl ether,

salts pabakydthyitina octyl fterrytidthertpbhobkyeitiylend ety efpelyhydric alcohol,

d Iﬁflay/{%)'( eth ltene sorbitol monostearate, polyoxyethylene sorbitol

and SRS Bl ate “and polyethylene glycol mono-oleate. Further non-limiting
examples of suitable rust inhibitor include stearic acid and other fatty

[0076Lids, dichrisomglicnavidimenttathsoapsciing adidammprotze sarmprisrstal least a

multﬁ%lﬁ 1 fnﬁ?%&@ﬁ %’é‘foib%ﬁ%%n%ﬁlﬂ% Mig‘s %?'glﬁ%(fé REPOWRMEBIG! additives
alco c?l, and phosphoric ester. [0076] In some embodiments, the

includb sddtirigedibsprpubittonochipiisesbariegssul finarifunctonsbdemitve.

i I . ) o " .
o ] e Eatate
amidsrgamiophiosphdrodithiose ey bard i sWoHogppsEAtg molybdenum
comg@gg}xﬁgs{&lm diethylate amide, amine-molybdenum complex

ompound, and sulfur-containing molybdenum complex compound.
[00439077] In certain embodiments, the lubricating gil compaosjtion comprises

1least a Iqig@é@wmagq(iwﬁ%\;gp. lg%ét%giﬁﬁﬂmg%%m (GRIBRSFSES at least a
viscSHHPRIBVI SeRsIVendemINNRIOMErRINE e PRIY BTaRataieche index

polymers, ethylene-propylene copolymers, styrene-isoprene copolymers,

len
impiy§raiegl e Bk MReR OB RIS LR RARY 'SR CORPENSTt
styréﬁ@@sﬁﬁ%ﬂ@i&ﬁﬁﬂ%éf@m%@d [QOZ8L L serane: eoppeineanissifisobutylene, and

_lubricating oil composition comprises at least a metal deactivator. Some
dispRSADS Ry ESeshpI BLCST BB metal deactivators include disalicylidene
propylenediamine, triazole derivatives, thiadiazole derivatives, and
{00 718ercaptoherzinidanlésn a7 Henbraddityed disolpsddohersimpmay dddast a

the form of an additive concentrate having more, than additive. .T
et R S PR Sy RO G LA ANeE QLB S Acr e
disahiydrdeachnnmilntdisitable wiseokigerBudvdiluentizanibd seletied, from

the group cqnsisting of natural oils (e.g., mineral oils), synthetic oils and
mefﬁ%%ﬂé%gﬂ%%:’i%‘of_ Some non-limiting examples of the mineral oils

include paraffin-based oils, naphthenic-based oils,
[0679] The additives disclosed herein may be in the form of an additive concentrate

having more than one additive. The additive concentrate may comprise a suitable diluent,
such as a hydrocarbon oil of suitable viscosity. Such diluent can be selected from the group
consisting of natural oils (e.g., mineral oils), synthetic oils and combinations thereof. Some
non-limiting examples of the mineral oils include paraffin-based oils, naphthenic-based oils,
asphaltic-based oils and combinations thereof. Some non-limiting examples of the synthetic
base oils include polyolefin oils (especially hydrogenated alpha-olefin oligomers), alkylated
aromatic, polyalkylene oxides, aromatic ethers, and carboxylate esters (especially diester
oils) and combinations thereof. In some embodiments, the diluent is a light hydrocarbon
oil, both natural or synthetic. Generally, the diluent oil can have a viscosity from about 13

centistokes to about 35 centistokes at 40 °C.
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asphaltic-based oils and combinations thereof. Some non-limiting
examples of the synthetic base oils include polyolefin oils (especially
hydrogenated alpha-olefin oligomers), alkylated aromatic, polyalkylene
- oxides, aromatic ethers, and carboxylate esters (especially diester oils)
D. Paocs@pbinatignsiieladirimsanoaribadiasntmsthe diluent is a light
hydrocarbon oil, both natural or synthetic. Generally, the diluent oil can
[0080pve a vidtesitpframnghiltdlpedtitistokes tecaliautid TaehtiptekesabdGny
T..24 D. Processes of Preparin bricating Oil Compaosition LE5\008 he
et Rl PR RD Ao SIE Ll [l EA b o QRet g Ay 11 come
embadatizad kievwastodl perderbafndrdinanyisid witlhe did- foamimkingdpéuicating
,0ils. In some embodiments, the.base.oil can be blended or mixed with a
PR TR SHG SO AT R HAGh i B et A R Ean b
addeddditiodd td théndiasytiaminé aahtipoumdonaahddditadd ek yTieaddry tantindase oil
._,..compound.and, the optional additives may b ded to, the base oil _
i 0 B AN 1 TR SO RO e [y pad and te
opticsainpiditiekaad tikledptiohabaddiiilves!xic atlyad tadhe paseaiditions and the

.Jndividually in one or,more additions and the additions may be in any, .
iR N B A & B e L SRBURE T o i and the
additidditive sl ad dedtesthel basel aihsimmljtangousiy aptiengthninithe f0dmive
conchlt%Q e?d .f{tls\(l)?né: oS élrx?é%tsl oS 1§1t1(1) dIg%%gl%sdithelaslgggbIc':'é'r@%%%@ St any

larylaminé compound of any solid additives in the base oil may be
solicasdistedshy Hedbing thenmixturestistederm perdigebfeonixabotat 2EBnerature from
abOL:ﬁll ?glgpz%%gfﬁg}%a’?f)lﬁt@%? a (}gt %%Q’% 9052(3)819 i g?% %Ib ?r%‘irt? gb((')\’uROY %
. ny miXing or dispersing equipmeént known to a person o
abowrdinany. skill in the art may be used for blending, mixing or solubilizing

the ingredients. The blending, mixing or solubilizing may be carried out

[oogt|th a b'em%ﬁ;eiﬁgﬁ@mgpésg EERESRATRRTWiE: I PLARSIRBORIRELS skill in

and double planetary mixers), a’homogenizer (e.g., Gaulin homogenizers
the aghorREmisHoRTOYenzegsin i ingl p(eﬂ.gl%bm thﬂnwmﬁm%nﬁb@éﬂ@nﬁm,
mixﬁrg%[ﬂ)é(ﬂﬁﬁﬁimé' ey 5_9 SRAEIRGEIIPNG Qﬂ(ﬁ}?%ﬂq&g\tﬁﬂ&%tdgperser, a mixer
Application of the Lubricating Oil Compositions [0082] The lubricating oil
(e.g cOIABIBINORIHRSE b dnble Planay e sfabla hompgendcneobr oalhat

homiSe SRAREAUSORLGTARkRRRR QIS I fieaekengingd Ratiaularyif digsehd min)
engine fueled and/or contaminated at least in part with a biodiesel fuel.
or any other mixing or dispersing equipment known in the art.

E. Application of the Lubrieating Oil Compositions

[0082] The lubricating oil composition disclosed herein may be suitable for use as
motor oils (that is, engine oils or crankcase o0ils), in a diesel engine, particularly a diesel

engine fueled and/or contaminated at least in part with a biodiesel fuel.

{0083} The lubricating oil composition of the present invention may also be used to
cool hot engine parts, keep the engine free of rust and deposits, and seal the rings and valves
against leakage of combustion gases. The motor oil composition may comprise a base oil,
and a diarylamine compound disclosed herein. Optionally, the motor oil composition may
further comprises one or more other additives in additional to the diarylamine compound.

In some embodiments, the motor oil composition further comprises a pour point depressant,
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[0083] The lubricating oil composition of the present invention may also be
used to cool hot engine parts, keep the engine free of rust and deposits,
and seal the rings and valves against leakage of combustion gases. The
motor oil composition may comprise a base oil, and a diarylamine
a de1eBIBROUNTPIgcHasath Rareited RHGRRILI AR ihamRasHi@RiaNhibitor, or
further comp ises one or more other additives in additional to the
2 COARARTR pound. In some embodiments, the motor oil composition
further comprises a pour point depressant, 25 a detergent, a dispersant,
[0084h anti-wéax; frilawiiexidantplfrictipresnodidies, casmsi ifhtbitordoteats of the
mven{J onbb .';1|roennt ST cndefp a‘l{ﬁl-tr&% fi?ll\lf"gtvl\{m g F 00 les, P (r:ee es ntgn tsﬁ:t forth.
diments € invention butars Rotintended 1o Timit the
Unlaswmdnmetbtmme; pecificie abpditm endpsstefarties hhalbgzsweugimatedl toutherical
valu&d Q}éag r%lr)lu%?r‘}e \?\ﬁ)]% ner{ﬁglrég?gﬁ 20t le Wellg ht. A"l%nu%etl;lcazlld\é?s%o%l that
are ap Poxma e.'When numerical raﬁges a8 oi glven 5D
embmodtmkmmnbmﬂmgts mlﬂdltfaélsfcatﬂed thmg@qaawmlﬁhﬂ\adhuon.

\A%l of the i iny ntlon ecM eéalls descriped in each
Spec %’ 24 ip el é)é Otid hot St 25 pecssdry features of
exam e Shou not be Conatr as necessary FeatUres of the invention..

the IBYANMRLES [0085] The following examples are intended for illustrative
purposes only and do not limit in any way the scope of the present
invention. [00861 Examples 1-2pad HypanglkComparative Examples 3-4,
were top-treated with 6 wt % B100 biodiesel,fuel to simulate the effects of

[0ogisiel dilutiopinggipdiese cﬁﬁz@ﬂ%‘ﬂﬁ%nd@c@?&?ﬁﬁﬁ&'ﬁf@t@é%%&%@o‘iﬂﬁand do

were top- treated with 6 wt.% conventional ultra low sulfur diesel fuel
not [ B AgEY Eapriseriivi st tRerAbIaYc®ANnd 5 and Comparative
Examples 3-4 and 6-9 were adjusted by the addition of viscosity index

[608epprover Exaghitye azliﬁﬂ\/ﬂ(lnaitx@ﬁ@mﬁﬁ@ﬁﬁa@@de} ﬁxwr@{eplt{@&&i{ Iwvith 6
o e-Ijn |t|on S prep used for assessing the
wt @ﬁfé}sﬁ) Frfeoh bishin. muB b Fﬁrﬁﬁsﬁwg r%%%al PSR o fpeines

Conﬁﬁﬁﬁzh’ﬁ@:@ﬂi@ﬁl{ﬁm@m Gofttainedrdaledviyith aCtVEs aﬁa@x&ibm Mtra low sulfur
ost trea yisobutenyl su cm ide ( vail Ie from

dies g o S AHG DGR ITED S RO | AT S A e P gemples

3-4 M@tedmeedjmm&ek(waala&ﬂeﬁmmf@ﬂewap ﬁd@ﬁlimﬁomptmychleve a 15W40

oil (SAE viscosity grade).

Example 1

[0087] A base-line composition was prepared and used for assessing the
performance of various oxidation inhibitors in the oxidator bench test. The base-line
composition contained 1.1 wt.% actives of an ethylene carbonate post-treated
polyisobutenyl succinimide (available from Chevron Oronite Company LLC, San Ramon,
CA), 2.5 wt.% actives of a borated succinimide (available from Chevron Oronite Company
LLC), 1.8 wt.% actives of a high molecular weight polysuccinimide (available from
Chevron Oronite Company), 0.18 wt.% actives of a low overbased calcium sulfonate
detergent {(available from Chevron Oronite Company LLC), 0.27 wt.% actives of a borated
calcium sulfonate (available from Chevron Oronite Company LLC), (.24 wt.% actives of an
overbased magnesium sulfonate (M-400T, purchased from Witco), 0.65 wt.% actives of an

overbased calcium phenate detergent (available from Chevron Oronite Company LLC), 1.1
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LLC), 1.8 wt.% actives of a high molecular weight polysuccinimide
(available from Chevron Oronite Company), 0.18 wt.% actives of a low
overbased calcium sulfonate detergent (available from Chevron Oronite
Company LLC), 0.27 wt.% actives of a berated calcium sulfonate

wt.%{ availablg fremcQhaviam@ipmnisepham panlbbie )iOn ¢ M Yorackivaseaf @npany
overhased magnesium sulfonate (M-40Q0T, purchased from Witcg), 0.65

LLClyfodya 8t dsob Rt R B S R W RO RS St ARYEF st oM SO m
Horsghfg@/(%m) F]Czrgﬁﬁﬁ@h@ﬁm@( m'iihtlﬁibilfbﬂaﬂc@ ﬁz\a%\acw bvesnodigpaiient type etl;ylene-
jalkyldithjophosphate (available from Cheyron Qronite Company LLC),
PTOP@S{%% WESBta HSR}EEPMHS&%BBP% ﬂt%&?}r‘é‘%gﬁ?’(‘bgﬂ&%ﬁ%&%ﬁ}ﬂe gompany
LLCRehmaxe dHokshiaimyisA)mbspiencd kafyal ioac iskedigniang @ab aswte¥d (14 wt.%

on-dispersant t hylene- propylene copolymer viscosity index
of Cﬁﬁ%\%ﬂ&%ﬁ%ﬁﬁﬂ% ﬁ@ﬂ&%ﬁ%%%%&%ﬁ&@@%%i@% Rrmon.
CAYwhdchwasEl ixtursiiqha Ky draarosessshaQiraeotiadaseraillthieio¥ of
Cheyron Neutral Oil 600N, gvailable from Chevron Products Company,
Che o FRaHOR CORY AR 2 T B T W H GrREREU o R ef0-109
wt.%220N, available from Chevron Products Company). The baseline
composition had a phosphorus content of 0.109 wt.%. Example 2 [0088]

A lubricating oil composition was re ar?d jin accordance with the
formulation of Example 1 except ST L% of an alkylated

rmulation of Examp / | .
R L T SR O R R S
formGiiparétverBRlaiplsceiionen] Anibridatigloilatoibpbimotemins prapaident (an

octyiat@%a{ga déﬁﬂaﬁpFaniﬂ{mwg@meofr&ﬁa@méesge%%%mwgai’éolﬁ@mo@

hindered phenol antioxidant (a mixture of C7-C9 brantched alkyl esters of
L-53-(35adiledrt-butyl-4-hydroxyphenyl)propionic acid available from Ciba
Specialty Chemicals as IRGANOX(r) L-135) was added. Comparative

Example 4 [0090] A Iubric@g}gﬁmﬁm{ﬁ? was prepared in
accordance with the formulation of Example 1. except that 1 wt.%, 450

[0osepmM Mo, of RisHEAIEOGIAIBHRG YNBSS PHFRISHGRIAHILR: COMP X

(available from Chevron Oronite CompFn;r/l_LLC) was added. . _
formulation of Example T except that 1 wt.% of a hindered phenol antioxidant (a mixture of
C7-Co branched alkyl esters of 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid

available from Ciba Specialty Chemicals as IRGANOX® L-135) was added.

Comparative Example 4

[6€90] A lubricating oil composition was prepared in accordance with the
formulation of Example 1 except that 1 wt.%, 450 ppm Mo, of a sulfur-containing
oxymolybdenum succinimide complex (available from Chevron Oronite Company LLC)

was added.

Example 5

[6091] A lubricating oil composition was prepared in accordance with the
formulation of Example 1 except that a combination of 0.3 wt.% of IRGANOX® L-57, 0.5
wt.% of IRGANOX™ L-135 and 0.12 wt.% of a sulfur-containing oxymolybdenum

succinimide complex (available from Chevron Oronite Company L.1.C) was added.
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Example 5 [0091] A lubricating oil composition was prepared in
accordance with the formulation of Example 1 except that a combination
of 0.3 wt.% of IRGANOX(r) L-57, 0.5 wt.% of IRGANOX(r) L-135 and 0.12
wt.% of a sulfur-containing oxymolybdenum succinimide complex

(available from Chevron QranhijeatRp Bk dlple) 6vas added. 27
Comparative Example 6 [00921 A lubricating oil composition was

[009prepared Anlabdondapeesl with iheitifarwataiiopant Exeaagleddnexceph that the

C osition was top-treated with 6 wt.%.of a conventional, ult w sulfur
for R ATt R SR BBR R  S o e
conviethiieatingrail compfisitioessl &s:prefparekhintaatSidasindewith the

formulation of Example 6 except that 1 wt.% of an alkylated

diphenylamine antioxidantgty %(;.L‘}%Iéag/&q%%e}d diphenylamine

available from Ciba Speci emicals as ANOX(r) L-57) was

[0093fided. C%”TH&'&%EME&B&?H&%?&%QQ%QS Arlyhricating: ol gprepaaiiiopwas

prepared in accordance with the formulation of Example 6 except that 1

formptasipn i Bratarsd shiesns hatibxigane {er o ipehémbanyiepriastapg gridant (an

iy et DRIORIeRIG agd-aYalleRlefom LG ANOX”
OCty%E%é? ﬁé’}%ér?e%gé%gé%ﬁ%%r) L-135) Wg(g ad d?dé?:%ﬁ%ﬁaﬁvﬂg&

L-578 xeanpld @l [00951 A lubricating oil composition was prepared in
accordance with the formulation of Example 6 except that 1 wt.%, 450

ppm Mo, of a sulfur-contai([i@ﬂpgxyﬂwmgﬁﬁpm guccinimide complex
(available from Chevron Oronite Company LLC) was added. 10096]

[009@idation stutesathihel nrodpotstiohbxanppiesrio i weredatdesdituhin a
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.. pressure by a given wejght, of oil.was. monitored., The time required
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measured at 171 C under 1.0 atmosphere of oxygen pressure. The
sample was stirred at Comparative Example 9

[0095] A lubricating oil composition was prepared in accordance with the
formulation of Example 6 except that 1 wt.%, 450 ppm Mo, of a sulfur-containing
oxymolybdenum succinimide complex (available from Chevron Oronite Company LLC)

was added.

[0096] Oxidation studies of the products of Examples 1 to 5 were carried outin a
bulk oil oxidation bench test as described by E. S. Yamaguchi ef af. in Tribology
Transactions, Vol. 42(4), 895-901 (1999), which is incorporated herein by reference. In this
test, the rate of oxygen uptake at constant pressure by a given weight of oil was monitored.
The time required (induction time) for rapid oxygen uptake per 25 grams of sample was
measured at 171 °C under 1.0 atmosphere of oxygen pressure. The sample was stirred at
1000 revolutions per minute. The results were reported, however, as time for rapid oxygen
uptake per 100 grams of sample. The oil contained a catalyst added as oil soluble
naphthenates to provide 26 ppm iron, 45 ppm copper, 512 ppm lead, 2.3 ppm manganese,

and 24 ppm tin.
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1000 revolutions per minute. The results were reported, however, as time

for rapid oxygen uptake per 100 grams of sample. The oil contained a

catalyst added as oil soluble naphthenates to provide 26 ppm iron, 45

ppm copper, 512 ppm lead, 2.3 ppm manganese, and 24 ppm tin. 28
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standard. A formulation containing a mixture o three _
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phenol and Mo/succinimide antioxidants contribute only nominal oxidative
threggiifidants (Example 5) showed improved oxidative stability over the baseline

formulation and over formulations containing only either a hindered phenol or
Mo/succinimide antioxidant. The improved oxidative stability of Example 5 over the
baseline formulation may be due to the presence of 0.3 wt.% of the diphenylamine
antioxidant as the hindered phenol and Mo/succinimide antioxidants contribute only

nominal oxidative stability.
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29 TABLE 3. Antioxidant Example Diphenylamine Hindered Mo- Hours to
Rapid 02 (wt.%) phenol succinimide Uptake (wt.%) (Wt.%) 1---14.7 21
--60.1 3-1-17.2 4--121.0 50.30.50.237.5[00991 A summary of
the bulk oil oxidation bench test results for the lubricant compositions
top-treated with 6 wt.% conventiongigliragJow sulfur diesel fuel is provided
in Table 4. Comparative Example 6, which contains no supplemental

in 2.8 hours. Formulationg eoskaiaing either a hindered phenol

only nominal oxidative stabilit tgvif%)%eoz
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the base-line.formulation and-formulations containing either the hingered
phenol or Ma/succinimide antioxidants. TABLE 4. Antioxidant  60.1
Lomparative-Diphenylamine Hindered Mo- Hours to Rapid 02 Exarmple
4wt.%) phenal succinimide Uptake (wt.%) (wWt.%)6---2.8 71--2431 8
51-41 9-3:153 30 0.5 0.2 37.5

[0099] A summary of the bulk oil oxidation bench test results for the lubricant
compositions top-treated with 6 wt.% conventional ultra low sulfur diesel fuel is provided in
Table 4. Comparative Example 6, which contains no supplemental antioxidant and serves a
baseline formulation, demonstrated rapid O, uptake in 2.8 hours. Formulations containing
either a hindered phenol antioxidant (Comparative Example 8) or a Mo/succinimide
antioxidant (Comparative Example 9) showed only nominal oxidative stability over the
baseline formulation. The formulation containing 1 wt.% of an alkylated diphenylamine
antioxidant (Comparative Example 7) demonstrated rapid O, uptake in 13.1 hours, a
significantly improved oxidative stability over the base-line formuiation and formulations

containing either the hindered phenol or Mo/succinimide antioxidants.

TABLE 4.
Antioxidant
Comparative Diphenylamine Hindered Mo- Hours to Rapid O,
Example {(wt.%) phenol succinimide Uptake
{(wt.%) {(wt.%%)
6 - - - 2.8
7 1 - - 13.1
g - 1 - 4.1
9 - - 1 3.3




CLAIMS What is claimed is: 1. A lubricating oil composition contaminated
with at least about 0.3 wt% of a biodiesel fuel or a decomposition product
thereof, based on the total weight of the lubricating oil composition,
comprising: a. a major amount of base oil of lubricating viscosity ; and b.
a diarylamine compound, whereig;thggggount of the diarylamine
compound is at least about 0.1 wt.9%, based on the total weight of the
Wha lubricating oil composition. 2. The lubricating oil composition of claim 1
—F&?—tﬁ%’%‘éﬂﬁé‘nsmg at least one additive selected from the group
consisting of antioxidants, antiwear agents, detergents, rust inhibitors,
demulsifiéréuhxiinﬁdngwddtﬁmppmiﬂn fonttionaitativitives jeAsicasity ﬁw&iew% ofa
vioafBARYR'S: PRUROIL SR GeRANiSwoam BBIAISHDEIA! dragliators
ISp ersants corrosion in |tors Iu r|C|t§/ Improvers, thermal Stabl |ty
1ubl‘lnmtmg\¢e}rspmmmm adaipmesg:icing inhibitors, dyes, markers, static
dissipaters, biocides and combinations thereof. 3. The lubricating oil
compositipn of cjaim:d. fihercarBpisingortiRaRhANE VAIWRA! agent. 4.
The lubricating oll composmon of clalm 3, wherein the at least one
antiwear gent gqmp);ﬁgﬁ@ Zihg | dithiophosphate compound. 5.
The lubricating oil composition of claim 4, wherein the phosphorous

whe&ﬁﬂtﬂﬁt afierivedimenithe iz mdistyidithio phasphatereampound sHiesd on the
bout 0.001 wt.% to_about 0.5 wt.%, based on the total weight of the

total I‘ﬁYISh‘%ﬁtﬂféh& PR ERisH C%”*Pﬂé"ﬂ?ﬁncatlng oil composition of claim 5,

wherein the phosphorous content derived from the zinc
di a:lkyl ditHitpHospbategceiin@oumekis dnom divout GiGthetortprabqust 42 one

asg on the total Wergsht oftfg)? rica mgsm (f‘L‘)ng)OSItO

addlq—Y‘le SFI I’IgatlnongE % rODBSI?OI'] or Claim 10X erein e p?’l gﬁorqduétergems rust

inhitgante dencdsivfealsfrimtite mmhfﬁimikyidﬁtﬁﬂﬁ;ﬂcdsphb&é&bmm&cb mstfromiex

impr, b((:)rst 00(1)1% Wt { %iéor%bou{ (9 & Wi, ﬁ/%l?ased nlt(tff%é gz’%ﬁltg\{'gl bt O}c‘stgln
PiRbricdting Bil' Composition.” Y¥Réttbrica ing on composition 015% AIm 6;
corrwhmrmhlth@ghbémfmusmomeemttwsmbstefbmm;fcmmmrs anti-haze additives,
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3. The lubricating oil composition of claim 1 further comprising at ieast one

antiwear agent.

4, The lubricating oil composition of claim 3, wherein the at least one antiwear

agent comprises a zinc dialkyl dithiophosphate compound.

5. The lubricating oil composition of claim 4, wherein the phosphorous content
derived from the zinc dialkyldithiophosphate compound is from about 0.001 wt.% to about

0.5 wt.%, based on the total weight of the lubricating oil composition.

6. The lubricating oil composition of claim 5, wherein the phosphorous content
derived from the zinc dialkyldithiophosphate compound is from about 0.01 wt.% to about
(.12 wt.%, based on the total weight of the lubricating oil composition.



0.12 wt.%, based on the total weight of the lubricating oil composition 9.
The lubricating oil composition of any one of the preceding claims,
wherein the sulfated ash content of the lubricating oil composition is at
most about 2.0 wt.%, based on the total weight of the lubricating oil

compositipge {:EheLBICHRSLCHiSAHPASIHPS, ol RR%PRE: Yt horous content
preceding claims, wherein the biodiesel fuel comgér]lses an allal*l1 ester of a

deriviesh @nafte fifty dakeydithierbasphiaing on ehip dsiorPer tikthh wbYe to about
0.08 \WRereihiae danalinvRibh: A¢ith e ABRESES M ARBIi&Ecarbon atoms

to about 30 carbon atoms. 12. The lubricating oil composition of any one
of the precedin% claims, wherein the amount of th biQdi%seI fuel or

deEompositioH BRSAHEE T ERTHIIS BPEsEft e P A A RIpsphorous content

deriveanpasiienakfam aldout G Roviiiade ahpulROivkdm Basad @3 thetotahbout
weight of the lubricating oil composijtion. 13. The lubricating oil
G-Eze%tn%@fﬁfh%ﬁ Y STAHEP IBE AR ETAmA] GHEPRH e base ofl has
a kinematic viscosity from about 4 cSt to about 20 ¢St at 100 C. 14. The
lulfticating odl wbmosit ol obapy dhiencfitheyprecedihg pltedmBnyblereis wherein

tl ount of the diagr ine compound is at least about 0.4 wt.%, based
e R B R N SRR R A [ L o
on theitorinpogiion dfaiwporeind thecprepedingiclaims, wherein the

diarylamine compound is a diphenylamine compound. 16. The lubricating

oil gompog{lion e Slal I WREHSINIAS AIRDSMIBFUNE, LRORANELiIE & herein

alkylated diphenylamine compound. 32 17.°The lubricating oil composition
the bapdietieh fos! opmepeivtne alkylgster ofipHenylelraindatonpidses a C_20 alkyl
group. 18. The lubricating oil composition of claim 16 or claim 17, wherein

they mlkylatgd Ripheyiaainaisfistisnyiaiachdin)emdaming Rissaaiiatedy
diphenylamine, octylated/butylated diphenylamine, or a combination

acid GIPBGFCE STONABINO 4 OFARNICIERY LPARYY ARGHER &AL least in part

with a biodiesel fuel which comprises operating the engine with a
lubtitating’bd bdmpositien eontariitated mithvat letibkglvetddihg vitdmef @herein
blodleseil t&%@!’@ deC{)H;aoosnAon roducts thereof asedfon the total

the G e IBHERLRG o SRRl MRRTa S FTCR g™ 1 (o
lubricating 01l composition at from about 0.3 wt.% to about 20 wt.%, based on the total

weight of the lubricating oil composition.

13.  The lubricating oil composition of any one of the preceding claims, wherein

the base oil has a kinematic viscosity from about 4 ¢St to about 20 ¢St at 100 °C.

14, The lubricating oil composition of any one of the preceding claims, wherein
the amount of the diarylamine compound is at least about 0.4 wt.%, based on the total

weight of the lubricating oil composition.

15.  The lubricating o1l composition of any one of the preceding claims, wherein

the diarylamine compound is a diphenylamine compound.

16.  The lubricating oil composition of claim 15, wherein the diphenylamine

compound is an alkylated diphenylamine compound.
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oil composition comprises: a. a major amount of base oil of lubricating
viscosity ; and b. a diarylamine compound, wherein, the amount of the
diarylamine compound is at least about 0.1 wt.%, based on the total
weight of the lubricating oil composition. 20. The method of claim 19

further compprisingatdeast QReRBHIWAITANeRT 181whbemeatbagkof.alaim
20, wherein the at least one antiwear agent comprises a zinc dialkyl

diph@fﬁ%ﬁﬁﬁ%ﬁé%’ésééﬁlﬁmwlzgr?ﬂﬁ- method of claim 21, wherein the
phosphorous content derived from the zinc dialkyldithiophospbate

comgpountitis fibrcatgutd &RdpatifoticoabimllLb widhihdSed erthetiotal

weight of the lubricating oil composition. 23. The method of any. one, of .
SR R e T S T
octyleapatnseddipihe yhethad ef claimbadtivheheiedbe diphenylamine

compound is an alkylated diphenylamine compound. 25. The method of

;lr%ig]p 2g éAQ’ RErEH R AMARY SRRSIYRIMINGLALARHIER Ainllaa WitiY
biodiesel fuel which comprises operating the engine with a lubricating oil composition
contaminated with at least about 0.3 wt% of a biodiesel fuel or decomposition products
thereof, based on the total weight of the lubricating oil composition, wherein the lubricating

oil composition comprises:

a. a major amount of base oil of lubricating viscosity ; and

b. a diarylamine compound,
wherein, the amount of the diarylamine compound 1s at least about 0.1 wt.%, based on the
total weight of the lubricating oil composition.

20.  The method of claim 19 further comprising at least one antiwear agent.

21. The method of claim 20, wherein the at least one antiwear agent comprises a

zinc dialkyl dithiophosphate compound.

22.  The method of claim 21, wherein the phosphorous content derived from the
zine dialkyldithiophosphate compound is from about 0.001 wt.% to about 0.5 wt.%, based

on the total weight of the lubricating oil composition.

23, The method of any one of claims 19 to 22, wherein the diarylamine

compound is a diphenylamine compound.

24.  The method of claim 23, wherein the diphenylamine compound is an

alkvlated diphenylamine compound.

25. The method of claim 24, wherein the alkylated diphenylamine comprises a

Cy0 alkyl group.



