LUBRICATING OIL COMPOSITIONS COMPRISING A BIODIESEL FUEL
AND A DETERGENT FIELD OF THE INVENTION [00011 Provided
herein are lubricating oil compositions comprising a base oil, and a metal
phenate detergent, particularly an alkaline metal phenate, wherein the
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a need to reduce or. slow the build up of engine deposits. Further, there i
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Furthermore, biodiesel fuels and resnlting 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.

[0063] 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 to form deposits under the extreme conditions while
lubricating the running parts of an internal combustion engine. Further the lubricating ol
compositions under such exireme conditions can cause corrosion of engine parts.
Therefore, there is always a need fo reduce or slow the build up of engine deposits. Further,

there is also a need to reduce the corrosion of engine parts.



SUMMARY OF THE INVENTION [0004] Provided herein are lubricating
oil compositions that can reduce or slow the build up of engine deposits
or the corrosion of engine parts. In one aspect, the present invention is
directed to a lubricating oil composition contaminated with at least about

0.3 wt% of a biodiesglak ARy d9EoHPRINVENTEOSt thereof, based on

the total weight of the lubricating oil composition, comprising: (a) a major
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lubricating oil composition, wherein the lubricating oil composition

comprises: (a) a major amaount of base oil of lubricating viscosity ; and (b)
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ppm. [0006] In some embodiments, the lubricating oil composition
a mE B H herein is substantially free of a vegetable oil or animal oil. In
other embodiments, the lubricating oil composition disclosed herein is
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composition, wherein the lubricating oil composition comprises:

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

(b) a metal phenate,

wherein the amount of the metal phepate from the metal phenate present in the lubricating

o1l composition is at least about 1000 ppm.

[0006] In some embodiments, the lubricating o1l composition disclosed herein is
substantially free of a vegetable oil or animal oil. In other embodiments, the Tubricating oil

composition disclosed herein is free of a vegetable oil or animal oil.

[0007] In certain embodiments, the lubricating o1l 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
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improvers, anti-haze additives, icing inhibitors, dyes, markers, static
dissipaters, biocides and combinations thereof. In other embodiments,
the at least one additive is at least one antiwear agent. In further
embodiments, the at least one antiwear agent comprises a zinc dialkyl
deactfhioRNEEPBAI COMPRING Ml herembraineaEs, dhephospareus
content derived from the zinc dialkyldithiophosphate compound is from
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[0008] In some embodiments, the sulfated ash content of the lubricating .
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emhodiments, the hiodiesel fuel of the lubricating oil composition
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lubrigg NG bF P BidifiBsel fuel is from about 1 wt.% to about 20 wt.%, based
on the total weight of the lubricating oil composition. [0010] In some
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some embodiments, the amount of the metal phenate of the lubricating oil
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total weight of the lubricating oil composition. In another embodiment, the
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lubricating oil composition. In other embodiments, the metal phenate is an
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metal phenate has formula (1), (11), (IIl) or a combination thereof: 3 M R1
[OOIE]RZ . In some embodiments, the amount of the base oil of the lubricating oil
composition disclosed herein is at least 40 wt.%, based on the total weight of the lubricating
oil composition. In further embodiments, the base oil has a kinematic viscosity from about

5 ¢St to about 20 ¢St at 100 °C.

[0011] In some embodiments, the amount of the metal phenate of the lubricating oil
composition disclosed herein is at least about 1000 ppm based on the total weight of the
lubricating oil composition. In another embodiment, the amount of the metal phenate of the
lubricating oil composition disclosed herein is at least about 2000 ppm based on the total
weight of the lubricating oil composition. In other embodiments, the metal phenate is an
alkaline metal phenate. In further embodiments, the alkaline metal phenate is a calcium
metal phenate. In still further embodiments, the metal phenate has formula (1), (II), (II) or

a combination thereof:



zOMO R31~"IISlliRaV~~J(ll),or 3R5!Cz R6 ~ wherein each of
RI, R2, R3, R4, R5 and R6 is independently H, alkyl, aralkyl or alkylaryl,
each of M', M2 and M3 is independently an alkaline metal; and n is an
integer from 1 to 3. In certain embodiments, each of R', R2, R3, R4, R5
and R6 is independently alkyl and eggh of M', M2 and M3 is calcium.

[0012] Other embodiments wsill bedh pEer nt and in part pointed out
hereinafter. Definitionsg| 13]] o facilitate pe undgestanding of the
subject matter disclosed i, a number s, aphreviations 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 contempoganeous with the submission of this
application. [0014] "Biofuci. refeggto aduel (8.9., methane) that is
produced from renevxﬁpmgical reso rc@sﬂ;%w renewable biological
resources include recenWﬁg o?’ganisms\gatl eir metabolic
byproducts (e.g., feces from cows), plants, or biodegradidble outputs from
industry, agriculture, forestry and households. Examples of biodegradable
outputs include straw, timber, manure, rice husks, sewage, biodegradable

waste, food leftovers, wood, wo , wood liquors, peat, railroad ties,
wood sludge, spent sulfitg“tiquufs, HagricultdraNyaste, straw, tires, fish oils,
tall oil, sludge waste, Wast ical golitd waste, landfill gases,

other waste, and ethanol bignded into motor gasoline{Mlants that 4 can be
used to produce biofuels include corn, soybeans, flaxseed, rapeseed,

whestigasdaneR PRI Rhdfaseehb; sExasppidsafibiofuphinelate blealiolaryl:
derjved from fermented sugar and biodjesel derived, from. vegetable oil or
o N (5 P A TP AR AT LB et g trom o 3.
In cestprifipatioments, cach of R, R?, R, RY, R” and R® is independently alkyl and each

of M', M? and M? is calcium.

[0012] Other embodiments will be m part apparent and in part pointed out
hereinafter.

Definitions

[6013] 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 contemporaneous with the submission of this application.

[0014] “Biofuel” refers to a fuel (e.g., methane) that is produced from renewable
biological resources. The renewable biological resources include recently living organisms
and their metabolic byproducts (e.g., feces from cows), plants, or biodegradable outputs
from industry, agriculture, forestry and housecholds. Examples of biodegradable outputs
inciude straw, timber, manure, rice husks, sewage, biodegradable waste, food leftovers,
wood, wood waste, wood liquors, peat, railroad ties, wood sludge, spent sulfite liquors,
agricultural waste, straw, tires, fish oils, tall o1l, slndge waste, waste alcohol, municipal

solid waste, landfill gases, other waste, and ethanol blended into motor gasoline. Plants that
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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
can eastoneplidiesiesfotia lafgchaimiatyrais dgiveddreipedc i@ aibne,
such a ,vegetablg oils @r animal fats. In further embodiments, the long
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and Bigilischidumvabadii degasbnoatomsdeiabout 30 carbon atoms, or from
about 1.4 carbon atoms to about 24 carbon atoms. In certain

joor§roodiments, e piadiesel el disdosed nereinisused o poer,
conventional diesel-enginés designed-to be powered by petroleum diesel
trandesdsifitheobididiesekiuelsgenesally mbiodigseldalmendmemitoxiobainents, the

. typically produces about 60%. less net garbon. gioxi issions than
o B R R DG SR e o
metipred)yveddnorspetealt ot d§Od Fovnmajdkphesient Tofothbase bidiefenss tthe

biodggs%laﬂi'&%%}x%}w& 9{3 Fe%s?i(l)til% %h{lelaéssttqf}%fvyitl%)lg ]:: 1%1%'?;9‘[ Icgéi?%grliw[‘d tom a
composition.’In some embodiments, "a major amount” of a "base oll refers
natutel aml ambustveftiblasé oit moreltfen 30 Widsr moediaent vt Yopgndran

th % r ‘ t.%, ore than-.90 wt.% of the.lubrigatin
s O B S L I B AR
carbprettineo frtaimng Mddithesatieny., adiciomborad tesitom atalybterun Znerbon
tc.ina icating oil and | ically. measured.according to ASTM
e ST G N e R SO
conthididsdisiibstantigihefréesipfed tohepowredlerptodecondpssitivalwhlidi
s ins e han 20- Wi % t 10 wt.%, less.than,? wt.%, | han .,

biod O RS Y R R I SRR M e o
less watosrlmgsdihradOeminsions dhdegetiodenoiLOsnd destlthe compound, based

on the total weight of the composition. 5 [0020] A composition that is

[ootdyee” of aeemprLnd fipfers:f0-&69NaRQsI AR WhishLPRGIN fom(001
wt.% to 0 wt.% of the compound, based on the total weight of the

mposition. [0021] In the following description, all numbers disclosed
190 drein are SppreiARET R}eas\g?éf‘g%%l%féés\%&ﬁé‘% those bl at least
40 WapPpsOXieRle datligesi inaapaettian ItheewihbbbRYamay ¥anyby dmount” of a
pE{ce t, 2 percent, 5 p?r?ent, or, ,?ometi es, %O to 20
base o1l refers to an amount of the base 01l more than 50 wt.%, more than 60 wt.%, more

than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the lubricating oil composition.

[0018] “Sulfated ash content” refers to the amount of metal-containing additives
(e.g., calcium, magnesium, molybdenum, zine, efc.) in a lubricating oil and is typically

measured according to ASTM D874, which is incorporated herein by reference.

[0019] A composition that is “substantially free” of a compound refers to a
composition which contains less than 20 wt.%, less than 10 wt.%, less than 5 wt.%, less
than 4 wt.%, less than 3 wt.%, less than 2 wt.%, less than 1 wt.%, less than 0.5 wt.%, less
than 0.1 wt.%, or less than 0.01 wt.% of the compound, based on the total weight of the

composition.



percent. Whenever a numerical range with a lower limit, RL, and an upper
limit, e, is disclosed, any number falling within the range is specifically
disclosed. In particular, the following numbers within the range are
specifically disclosed: R=RL+k*(R-RL), wherein k is a variable ranging
[0020Pm 1 percentiRdifohergant Wik aflaperepptiidcaiiens, d €ontpiition which
percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51
contyEFIENT %§%¥&%§9.9 %‘%&%&ﬁﬁ?@@%&%? A a&%&f&t@%w?éﬂﬁtb@
comp@figrnt, or 100 percent. Moreover, any numerical range defined by two R
numbers as defined in the above is also specifically disclosed.
ESCRIRTION.QF EMBODIMENTS, OF THE INVENTION [0022] .
0078} ovictod He AR T S e S B TR TR e ey g
valued oet 03wt Whoflatiodiesel fabbor” adégpmpositie progucntbereeion
based.gn the total weight of th ?bricati 0il compasition, comprising,
e ERlot Y aP DS ST B Ry Dy Ande ) o et
percpiiendtenwhereinitherian oargeofitiearhetal pinonRE, faotatheppetihphdhiats
._.present in the lubricating. oil composition is atlegst about 1000 ppm |
cise R e A AT RMR ACR, et TR, e
follo@ingf ivutirizativithvi sbo sityzf0R23pTti6 dublyi datimosed: CorRpositiRISR "), wherein k
. disclased herein generall mprise at least. one; ail of lybricating . . .
s e T S AT R R M e
perclultribatingniiscpsitydistlogedihergitrcSome Haperoits. stiitpbrlecfor 52 percent,...,
reparing.the lubricating. il gompositigns have been.described in Mortier
o5 P e B R R PR S any
mmSpringergClepted Dy bl R (109615 andefinédSeque g dr is"tsbrpantically
disc %56? Oil and Wax Processing," New York, Marcel Decker, Chapter 6,
4); and D. V. Brock, Lubrication Engineering, Vol. 43, pages 184-5,
(1987), all of which are incorporated herein by reference. Generally, the

amount BES e IRHSEISINO1h ENBGERIMG NI AB oSBT HE BN,
about 70 to about 99.5 wt.%, based on the total weight of the lubricating

(60221 composiieiidd xasie SahediragniSoitheampeinsef ibedkhaseel Withe least
Iubricatin%%;)il com_positj;on is from about. 75 to about 99 wt.%, from about

aboud i whiaof DBiedEreh U foAatytPedicapsdresivient hasedanifdote!
weidBtalweigitiofihe: luhrieatingition, comprising:

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

(b) a metal phenate,

wherein the amount of the metal phenate from the metal phenate present in the lubricating
o1l composition is at least about 1000 ppm In further embodiments, the base oil 1s present

in a major amount.
A. The Gil of Lubricating Viscesity

[0023] The lubricating o1l compositions disclosed herein generally comprise at least
one oil of lubricating viscosity. Any base oil known to a skilled artisan can be used as the
oil of lubricating viscosity disclosed herein. Some base oils suitable for preparing the
lubricating oil compositions have been described in Mortier et al., “Chemistry and

Technology of Lubricants,” 2nd Edition, London, Springer, Chapters 1 and 2 (1996); and A.
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oil composition. [0024] In certain'embodiments, the base oil is or
comprises any natural or synthetic lubricating base oil fraction. Some
non-limiting examples of synthetic oils include oils, such as
polyalphaolefins or PAOSs, prepared from the polymerization of at least
Sequetie, diphdaralefinumiol asleihylBhe }%fmm;@rdmrb@fk syhihesidecker,

CloR e LR oo bHEI BBGAHBNE e Bt ST ABIeS 957
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htoft base oil. A heayy fra ctlo ref stoalu il fr vrn
the ARG SO AGBEY T CTARPA6D D h LBHATG S AL e ol

we;gheamﬁmmh@ @visagsityth. atﬂ@@&ﬁ@émbbﬁ&@ﬁf@puha@laa&ha@ﬁnhh?oﬁse oil

100 T..|n furth bo t fth
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about 0.1 wt.%, based on the total weight of the base oil. In still further

ol compesEitints, the base oil comprises no heavy fraction. [0025] In certain
embodiments, the lubricating oil compositions comprise a major amount

[00241 a baselmib@ftairbﬁtrdﬁn@mfm@oshy bassoihis envoodinreststetbadeoiynthetic

t 0
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oleﬁﬁ't?sﬂéﬁtl\%%tg }885'1% Bﬂﬁ ‘&5%%'&’:%% {Ell& d{ﬂg@ﬁ M%Bgomde

IS mcorporate ereln re erence. [0026] In other
and bﬂb@ﬁﬂm®¢ thelbesdol ighor dornprisprechasn @@@kmrmmnﬁnﬁa‘é@ base

oil i f349RE ABROAMATIR. F3 d@é&sﬁg&tg%‘éﬁx@’%@ﬁ‘%%&k‘é&%&ﬁ&@%@d
ety dlf erent processes including, but not limited to, distillation
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stoc urther embodiments, the rerefined stock shall be 7 substantially
at leﬁsé@bmrrﬁﬁwa‘@énaré inmdb@@bﬁt%rt&n@h IPfarfufalerdvinlercombadimansnthsramount

of t&rgﬂéoéﬁﬁ{ﬁ% }I&Q%f?ﬂrégtﬁﬁ@ ﬁ}%ﬂ%%g%ﬁ%sle@%ﬁﬁsﬁeo&lt GOOR @%el%égr{ﬁa?rrabout

more of the base stocks in one or more of Groups |-V as specified in the

5 widnéisdhapatronsar wstiules (ARI) doblitatich. K50e:sHburteer Ekih, 2. bascd
on fz}l}%%%lﬁ%{g%?89tﬂe%a&%i§%ﬁ%t9!'ﬂﬂ&ﬁé?'&ﬁﬂ%%ﬁ@l%, the base oil comprises no

heavy fraction.

% Ltj? about

[0025] In certain embodiments, the lubricating o1l 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 (¢St) to about 20 ¢St, from about 4
centistokes (¢St) to about 20 ¢St, or from about 5 ¢St to about 16 ¢St The kinematic
viscosity of the base oils or the lubricating oil compositions disclosed herein can be

measured according to ASTM D 445, which is incorporated herein by reference.

[6026] In other embodiments, the base oil is or comprises a base stock or blend of
base stocks. In further embodiments, the base stocks are manufactured using a variety of
different processes including, but not limited to, distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rerefining. In some embodiments, the base

stocks comprise a rerefined stock. In further embodiments, the rerefined stock shall be
7



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, Il and Il base stocks are mineral oils, each
subswiiifi:spesHicirangastef ihearauad i sativinits Fubitn eententaAthation, or

viscosity index. Group 1V base stocks are polyalphaolefins (PAO). Group
PIERPHa¥ stocks include all other base stocks not included in Group |, II, il

or IV. [0028] The saturates levels, sulfur levels and viscosity indices for
1002Group |, liapdill chaseistoctss meel:iéshedlinomwse:k betaw niablef thGrmgptocks

Saturates etermipned Sulf Slt Index rmine
i o A S TR ey i AL S e KT 225ty
Pubd@@iooi ﬂ(@TM@(@&QBﬁmlbasBmmm%§ét@raLeﬁPGBem@ 1ﬂ1ammﬁlangeab1hty
. Greate, n or eq e % Ie sulfur.
Gl e G P LS B R e
hereanbly 8g%tesaturdtesAtt 0u0ddbrsulitfintessttranst®2 aH h@xbiad:enfthammnent that
ma eo%ua to /tLe S than or eq ual Grefa&%gftréan ore uglt Eqﬁ sgt% tgssé stocks
"t Sulr, ‘[\fﬁe‘i‘m d :fS po yafpﬁa%ﬁe? (]ebA 1l ase
are Ismct@ o, it dedchisp@rdigpsrgddof Iﬂlh@mhb@ﬁ)ﬂ@%dtum,esekfm@dmmmd
il S0 mo e rou Il
vise A RS Pl I hib SRR, BIBURY basdsots
inchabmaprigbsr dnecotoniore@fithb:bat endiookp InIGﬁdmhpﬂ MU, IV or a
combination thereof. In further embodiments, the base oil comprises one
(0028 more ofifehiase NRSKIIMGFAUR b Ind QL AiEPMAIRATRR BIBIGP, 11 and 11
erein the base oil has a kinematic viscosity from about 2.5 8
basecepgistoke dfedind @bobtetPest, from about 4 ¢St to about 20 cSt, or
from about 5 cSt to

Table 1.
Group | Saturates (As determined | Sulfur (As Viscosity Index (As determined
by ASTM D 2007) determined by by ASTM D 4294, ASTM D
ASTM D 2270) 4297 or ASTM D 3120)
I Less than 90% saturates. | Greater than or Greater than or equal to 80 and
equal to 0.03% less than 120.
sulfur.
i1 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.
[T | Greater than or equal to Less than or equal | Greater than or equal to 120.
90% saturates. to 0.03% sulfur.
IV Defined as
polyalphaolefing (PAO)
\Y% All other base stocks not
inchuded in Groups 1, 1T,
Hlor IV
[0029] In some embodiments, the base oil comprises one or more of the base stocks

in Group L IL IIL, IV, V or a combination thereof. In other embodiments, the base oil
comprises one or more of the base stocks in Group II, IIL, IV or a combination thereof. In
further embodiments, the base oil comprises one or more of the base stocks in Group I, I,

IV or a combination thereof wherein the base oil has a kinematic viscosity from about 2.5
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about 16 cSt at 100 C. [00301 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
centBASEFER VaRmEl 88 Mietaakats basehstaoksRIosUESHh R¥out 5 ¢St to
hydrocrackin Ogather than solvent extracting) the aromatic and polar
abo%&ﬁ]ﬁ%h@rﬂtg(gf he crude. In other embodiments, the base oil of
lubricating viscosity includes natural oils, such as animal oils, vegetable
[0036ils, min€Tat bidse eipmiigbidspeireie tivnotiseandigolvasistieatdthatural oils of
gl reaied mineral ol of the paraffie, naptibenie oLmXedcrcor. tn some
SRR RAPHTAHIE tpas) CoNTHSAURE HEm ol anHfs s Angrect: Tns
embodimbinatibndike rébinGedaehaoa dintitinghexample d ohamimabails ineltaeic wax
and 208 %I’li %%UOL@’J:{%%’%&JPFE il dolphin, Oé'prsf?a%!c%ﬂ'bs §!§ﬁ8&at€}'<'f’w lher than
and whate 0il. Some- hon-limiting eXxamples or vegetable oils inc tid
solveastatradt oliveho Hrq@eanuial prdgpeseepbaintcofittallcisdsameodiler embodiments,
cottonseed.oil, soybean oil, sunflower oil, safflower, oil, hemp, oil, linse .
the R S S T 0L0 A TR i RSl o
mingrattigliy( o fullyuhy geogdnateci1 {003 kblrisdmeetenbaditientsedhaineral oils of
synthetic oils of lubricating viscosjty.include hydrocarbon oils an
the R R e R T R R 8 rom coal o
shalpalydherzbohaiefin shatiofb8nzenes)-polyjpieeyvisyslsddtedipbdayhclude bone
.. ethers, alkylated diphenyl,sulfides, as.well as their derivatives, analogye
o, A P SO bR P S R SO B S ome
non-4ymitied excitsphs ol ecaityldnoibxidd i yaseos ciintérpohyingesncopdlymessed o,
and derivatives thereof wherein the terminal:hydroxyl groups _can.be .
o ey e ARl W ESERSE SRR R o,
linsechbddinmerig, thecisynihgtigbilihclud enthsd @stersnobdicavobxylicragids:
art?’a\)ﬂfh 2 \fgﬂie 8;0alcga?8és. In certain embodiments, the synthetic oils
PatRclude esters made from C5 to C12 monocarboxylic acids and polyols
and polyol ethers. In further embodiments, the synthetic oils include
003t alkyl phospratendstdieiiys sheraahets-pui Jabsptiée siseosity include

hyd{btR0cRUNL RRATRIAEHIRRRS 1 GoREHRMBAdIMENS. JOS R¥ATat Qi of
Iubrlcatln? viscosity include silicon-based oils (such as the pmyal;ﬁ&{h@ﬁ
3

polypetyiasd-olsBiya REXJRCHEIR MOXYRBREY R al b1 tethdiraale Birsy.
dipfemhedimentssthepyoipetiaoisdncludentiontid §steis8hologues thereof, and the
_ phosphorus-containing acids, polymeric tetrahydrofurans,
likep dyipizonendéngn the fikathgtic oils include alkylene oxide polymers,
interpolymers, copolymers and derivatives thereof wherein the terminal hydroxyl groups
can be modified by esterification, etherification, and the like. In further embodiments, the
synthetic oils include the esters of dicarboxylic acids with a vartety of alcohols. In certain
embodiments, the synthetic oils include esters made from Cs to C;; monocarboxylic acids

and polyols and polyol ethers. In further embodiments, the synthetic oils include tri-atkyl

phosphate ester oils, such as tri-n-butyl phosphate and tri-iso-butyl phosphate.

[(0032] In some embodiments, the synthetic oils of lubricating viscosity include
silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, polyaryloxy-siloxane oils
and silicate oils). In other embodiments, the synthetic oils include liquid esters of

phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaolefins, and the like.



100331 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

[0033] hydroismr%aﬂﬁﬂﬁat%@t%@@%}dﬁéw&ﬁa@hmm | ﬁ{iﬁyhﬁlﬁa?%a%&ﬂ

.. comprises a poly-alpha-olefin (PAO). In general, the poly-alpha-olefins
either AlONSOHEH G ia?ﬁ%%%ﬁa@&@{ﬁSﬁW%ml issabesa et %0, Such
wax KoM aleWikiipalndt 2By ahdIofaralRem-p te Rt HktuearbOs), AIRFIS INRBS or

. limiting examples of sujtable poly-alpha-olefins include those derived from
mixUgEGs HETHRICRTRE 2 IR SR I like. These poly-alpha-olefins

may have a viscosity from about 2 to about 15, from about 3 to about 12,
0634} from aliodivdlio ainbot Breatt stekescatil 00nTprine sopeirdthnedsfith€ AO).

oly-alpha-glefins m e used together with other base gils, such as
e e A Lt A DBl o bt 2
to atpaly#kyleneabtydct ar @bquoBalkylens: glyedl @eristativel, vaerenthim tesmhal-

.. hyd I _ lyalkyl lycol b difi
limit ﬁé% et%%%gﬁé%%t%[aﬁg ﬁ%ﬁ%@%@%ﬁ%ﬁ&é@ﬁ%ﬁfg@ rfvlg 1113 m octene, decene,

é ‘ on, etner e 10N an on- iimiting
mixexartiples HisdithblbkpolFatisglenky glphalshsdeaydiyetnylés@slydbbhm about 2

olypropylene glycal, pplyisopropylene glycal, and combinations th fo
o s S S S B SRR IR .
somethgmofspolyaldienphgipbdiss @ay. bmethy teghteofpdlyiteptopyleriesuch as
min E(glg}ﬁcocﬂgdiphenyl ether of polyethylene glycol, diethyl ether of

ypropylene glycol, etc.), mono- and polyearboxylie esters of
polyalkylene glycols, and combinations thereof. In some instances, the

[0038blyalkylehelgithss | cmbpdipamyidhe scoll omminges mizghiekyiae @yether a
poly%'ﬁ 1other Raga s sueh.as-Rol: alphaa'sins apd.minsrat allsp IR0 ithe

rther embodiments, the base oil comprises any of the esters of
glycaleappdigmoatiad b estosipaiinastboslietie. asrdylaign snddimidikeidyon-
ulniéJige&Qlﬁﬂfégiel{‘s&&Jg@ﬂ@@Jﬁigy?&ig F?ﬁ@@iﬁl@ﬁlge SReAic,AGld seRacic
acid, fumari.c acid, adipic acid, linoleic acid dimer, malonic acid, alkyl
rolyprapiteagiasohReliicpriRIa Gls chadromea iR hoteénNsm- limiting
exarAAROOIS (R PINLAGRNR! LNRXYIRICANRl daReH BIRORAI RotiAMBRIY lycols

alcohol, ethylenelglycol, diethylene glycol monoether, propylene glycol,

(e.gametnd fikesy NowliimmepBsamaiesorinbeaybstbes ohorigetimbergietycol,
dieug_qi@% digsiihaxyb asbacaie, disbdiexyd bimamirxdipctylsehacate,
|

isooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
polyalkylene glycols, and combinations thereof. In some instances, the polyalkylene glycol
or polyalkylene glycol derivative may be used together with other base o0ils such as poly-

alpha-olefins and mineral otls.

[0036] In further embodiments, the base oil comprises any of the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids, alkenyl succinic
acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic
acid dimer, malonic acid, alkyl malonic acids, alkenyl malonic acids, and the like) witha
variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol,
ethylene glycol, diethylene glycol monoether, propylene glycol, and the like). Non-limiting
examples of these esters include dibutyl adipate, di{2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl

phthalate, dieicosyl sebacate, the 2-ethythexyl diester of linoleic acid dimer, and the like.
10



phthalate, di.eicosyl sebacate, the 2-ethylhexyl diester of linoleic acid
dimer, and the like. 10 100371 In further embodiments, the base oil
comprises a hydrocarbon prepared by the Fischer-Tropsch process. The
Fischer-Tropsch process prepares hydrocarbons from gases containing

[003hydrogeniafdrtRibanbndnexidetisingeotischgirkopdohicatalysh. prbesed by
l-h rocarbons ma reqL# e%{ét%%r ﬂroceslsing in order to bEu eful as base

the P E T RGP e &8 SPEBNLIE BEOSERN AKXy AYSTOSARZE O™

gaseR OGO Mygdrbedackatudiogbprocessaidkngmg tofasplersaiopaidualysskilhese
in the art. 100381, In further embodiments, the base oil comprises a

hy R BOH TSSO TATEFSREATGICET & e 8 BF OBl

exargpls.ate thasecabiailenaditecibyfiged arydativaherisydthetiiGshudescviithatitising
further purification treatment. Non-limiting examples of unrefined oils

PIOCRSS 1%‘1%3%’&%6558%&?;0 ﬂ‘éré’tﬁ}(?ﬂ;]ﬁ]t t8ﬂing operations, petroleum

oils obtained directly from primary distillation, and ester oils obtained
[0038irectly frémianhestebidationtprbedssand usedrwithauufueterdehtmrefined oil,

a rer%?ﬁgae&?% S‘d(%)%!{ﬂl! dpfpe Iﬂﬁéﬁmﬁ%l U3 @1E50! e Rtme-Danedse

rther treate Yy one or more purli ication processes to Improve one or
naturalove pyrspetitisouMamitboehipuhificatidncptivregseisnant. KNowsintgitiioseamples of
o L S O ST R A AR
obtapigthihes thy lapplyimgany defilbdioilsaplortgsedssifiiarcd dhogdydse to
et i e AR 15, BB ER o e
unrefinedrndy akofpipbafemaitihescart oifubieaakduiad proots. BoBipdidsalion

f ; ricati ' ADOSIt] iscl nere; rall
PR B B LA S A AL Y kown
to theppekidedinlibsairesushesinatsenirexitacspfioper cadnhedisidthiienehsidSomese

Jirai | diesel fuel . ; '
o S RS AR SR MBS Y e
refiedy @ﬁbmr@e@@eﬁ')pﬂﬁﬁi&ht@mm tév@aheréﬁhlwqéﬁe renderqedue] ipils are
also SAMGFI PRGNS, e BIQAIE 5 &) [l SURRISES Q08 8R MO L RO B; AN L esses

esters of long chain fatty acids derived from a natural oil suich as
diregigd évaisiamitd oF ssrhaddisines ansthdrteeabdeimanesiugie biodiesel fuel

comprises one or more of methyl esters of long chain fatty acids. In.
B. Bysthetgmipdiments, the number of carbon atoms in the long

{06039} The lubricating o1l compositions disclosed herein generally comprise at least
one biodiesel fuel. Any biodiesel fuel which can be used to power a diesel-engine in its
unaltered form can be used herein. Some non-limiting examples of biodiesel fuels are
disclosed in the book by Gerhard Knothe and Jon Van Gerpen, “The Biodiesel Handbook,”
AOCS Publishing, (2005), which is incorporated herein by reference.

[0040] In some embodiments, the biodiesel fuel comprises one or more mono-alkyl
esters of long chain fatty acids derived from a natural oil such as vegetable oils or animal
fats. In other embodiments, the biodiesel fuel comprises one or more of methyl esters of
long chain fatty acids. In further 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 palmitic acid
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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 palmitic acid 11 (C16), oleic acid (C18:1), linoleic acid
(C18:2) and other acids. In still further embodiments, the biodiesel fuel is
(ClejeslvrchfiamCastesificasior @&ihta(aseszgeaﬁd@tﬂm at@ernnailiicagkiew oil oat
oil, lupine oil, kenaf alendula oil, cotton, I hemp oil, soybean
e i ISR HE BIAER 1 S ST S Bfanon of corn
oil, caskiBnadr ok, cmusxp;rﬁie sierkaill cimelalay, (ﬁe&wmcuu daffigveel; miyhsm oil,

oil, oil, synflower oil,.coco pecan nu ojoha oil, anu. oil
o R 1 AR ST T HUBPHEAR A bR Psar
seed mdcadasiia oll mhan@zil mafﬁmimveﬁaﬁmﬁ caegl eiinflalmraill, cocoa oil,

Chinese. tallow ail, raI ae t|II further emgodlm nts the b|o iesel

peangi gl soé’ﬁ‘é%%%ﬁRM r?%"cf éYu.%% GRS TF PERB YL AE RY Sl o1l

jatrophothie mdcgiakiamassil LEEQl(USﬂ@ﬂQQ@MBG(Ddﬁ)I bbSW otnieipalsDIThinese
waste or from el sto 041.1.Ince aln odi ents

tallog S SR e HEH AL BB AT DBING

convefbd 4204 standasils whispeis ¢dcosparptiecphereinthyrrefeiarndemdssothed (used-

the biodi es | fuels disclosed herei t. some of the EN

cook g R SR b oS S s dHS omis Lower
Limit Upper Limit Test-Method Ester content % 96.5 EN 14103d EN ISO

[6043575 or men@jwhaﬁm@in@mi@@(biENd@tﬁl@x@@los&sl,&@sﬂipa@ml@es a

bxod@@@f&c?tﬁ} ke RS RSARY ﬁlﬁégt%% i Ob PCQI]}QQIQC! Qregt:é% ﬁ@z%?r?bgwi‘éfence

content mg 5 0 Tar remnant istillation % - - EN IS
In othermerabeyliments, the biodiesel fuels disclosed herein meet some of the EN 14214

specifications as shown in Table 2.

Table 2.

Property Units Lower Limit Upper Limit Test-Method

Ester content %o 96.5 EN 14103d
. EN ISO 3675 or
o] 3

Density at 15 °C kg/m 860 EN ISO 12185,
scosttyat 40 mm?/s 35 i EN ISO 3104
Flash point °C > 101 900 ISO CD 3679
Sulfur content mg/kg - 5.0 -
Tar remnant (at
10% distillation % - - ENISO 10370
remnant)
Cetane number - 51.0 10 ENISO 5165
Sulfated ash o, ) 0.3 190 3987
content
[0042] 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
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Cetane number - 51.0 10 EN ISO 5165 Sulfated ash % - 0.3 ISO 3987
content [0042] Generally, a pure biodiesel fuel that meets the ASTM D
6751-03 specifications has a B1.00 designation. The ASTM D 6751-03 is
incorporated herein by reference. In some embodiments, a B 100
perféniadirsel Thehoadidael mikatntdinhaspel isidrt die sehiuelaeforinka refers to the

___ biodiesel blend which may reduce emissions and improve engine 12
O B PR T i LS e S O PE ol el
For epafigfess Bothe fagpunbioiiibe: Boko@ bibdiesehiprisel %ovbesed dn:the(otal
. volume of the biodigsel blend. For example, "B6" refers to a biodiesel
bmdlﬁ%%ﬁ”\ﬂh?@f?%f r/§e°s% g@@ﬁ%%é@%&%‘iodiesel fuel and 94 vol.% of
the petroleum diesel fuel. [00431 In some embodiments, the biodiesel fuel
[0048isclosedlherent b 81i00BIbe BONHB85;B8BcB?E] BR01B635, BB, B35,

. , , 20,81 ) ,

L i R R e s eI
BS, BlerRfe®Wifiioha or BibkiadiinetdlidiedelsivherehodhseatouRl6nthiedicsel fucl
: 00 biodiesel fuel. i 1.9 6.¥0l.% 0 o,
G e R R R S R
is abool 5oy biouRAOIVONS, Abaitut3 Gokidsatimut 56 Vol,%6, ahboLRGSolBhoabout 23

b | 9, % 1.9 a
vol BB TR 53 Y8 U A L ety (B KB L
aboub A NIimebontie Wibliesb 6. fOb44iiont BBme Bmibodints] fheabout 80
vol FIOBESEH LG5 U561 BOWeY COPYEIaRal iesSl-enaincs SRSIIReiRe o e

bé powered by petroleum dieséel fuels. In other embodiments, the

biodptedibkaiduel is used to power modified diesel engines designed to be
powered by natural oils or other biofuels. [0045] The amount of the

[oodaipdiesel fyelyndhs IRHCAINY Gt GAMRASIYAL CaRs0E 15 gaﬂz}ém&w}tﬁonal

suitable to obtain desirable properties such as biode@gra ability and
fo

diesghsagings fssighrsel e RioRivrieAtsy PRI alpsaItisriHaPiodie SEIFLBMPOdments,
the BHRIERITEP Ik cRRIPGS IR IS RIIgastiRROUL DB Wik I8 &t 1838t RRAED by

wt.%, at least about 2 wt.%, at least about 3 wt.%, at least about 4 wt.%,
nat“&@l@é%?éﬁgﬁ’f Bigkushs-at least about 10 wt.%, at least about 15 wt.%, at
least about 20 wt.%, at least about 25 wt.%, at least about 30 wt.%, at

[0048hst aboulidbamiblat of the biodiesel fuel in the lubricating oil composition can be in
any amount suitable to obtain desirable properties such as biodegradability and viscosity. In
some embodiments, the amount of the biodiesel fuel in the lubricating oil composition is at
least about 0.3 wt.%, is at least about 1 wt.%, at least about 2 wt.%, at least about 3 wt.%, at
least about 4 wt.%, at least about 5 wt.%, at least about 10 wt.%, at least about 15 wt.%, at
feast about 20 wt.%, at least about 25 wt.%, at least about 30 wt.%, at least about 35 wt.%,
at least about 40 wt.%, at least about 45 wt.%, or at least about 30 wt. %, based on the total

weight of the hubricating oil composttion.
C. Lubricating (il Additives

[0646} The hubricating o1l compositions disclosed herein generally comprise at least
a metal phenate. Any metal phenate that reduces or slows the build up of engine deposits
can be used herein. In some embodiments, the metal phenate includes salts of alkylphenols,

alkylphenol sulfides, and the alkylphenol-aldehyde condensation products. In other



at least about 40 wt.%, at least about 45 wt.%, or at least about 50 wt.%,
based on the total weight of the lubricating oil composition. C. Lubricating
Oil Additives 100461 The lubricating oil compositions disclosed herein
generally comprise at least a metal phenate. Any metal phenate that

embdBRHERS, ThStANE hefuidsuabangingdepasitssueande tsed rteitidior a
some embodiments, the metal hena%j: includes.salts of aFIE[éyélliEhenols,
FE@ :

metal gl e ot SAHYER P RAT L Sa R FRASRALR RS O PR AT SRTPER s,

bivalthotheklshembodinenBrihgNMetaiphamateris avathastsh wtheatbase
such as a metal hydroxide or a metal oxide. In certain embodiments, the
metal phenate disclosed herein comprises a bivalent metal. phenate
having formula (1), (1), (1ll) or a CC@&I‘B@OI‘H ereof: 1 MR1R2 zR3rll
Snll1R4(Tl), or M3 ~Q== 51Cz-RpwW
R4, R'and R6 is indep%ﬁmegtl H, alkyl, aralky gikylaryl; each of M',
M2 and M3 is independently an alkaline metal? and n idhn integer from 1
to 3. [00471 In some embodiments, the alkaline metal is beryllium,
magnesium, calcium, strontium, barium or radium. In other embodiments,
the alkaline metal is calcium or ma¥aesium. In further embodiments, the
alkaline metal is calcium, e;mny depends on the
particular metal involi?éd?\[g 8 bgdiRients, each of R', R2,
R3, R4, R5 and R6 is indépéndently an a%up.ﬂli)omer
embodiments, the alkyl group comprises at least eight carbon atoms. In
other embodiments, the alkyl group comprises from about 9 to about 22
carbon atoms. In further embodim,eld&,éhe alkyl group is a straight alkyl

roup. In still further embPﬂ!nwrn@,
group s I gz Y\_Re

reig each of R', R2, R3,

-

wherein each of R, R, R?, R*, R’ and R® is independently H, alkyl, aralkyl or alkylaryl;

each of M, M” and M? is independently an alkaline metal; and n is an integer from 1 to 3.

{00471 In some embodiments, the alkaline metal is beryllium, magnesium, calctum,
strontium, barium or radium. In other embodiments, the alkaline metal is calcium or
magnesium. In further embodiments, the alkaline metal is calcium. The value of n

generally depends on the particular metal involved.

[0048] In some embodiments, each of R', R, R®, R*, R® and RS is independently an
alkyl group. In other embodiments, the alky! group comprises at least eight carbon atoms.
In other embodiments, the alkyl group comprises from about 9 to about 22 carbon atoms. In
further embodiments, the alkyl group is a straight alkyl group. In still further embodiments,
the alkyl group is a branched alkyl group. In some embodiments, one or more of the phenyl
rings of formula (1), (I1) or (IIT) can be substituted with one or more polyaromatic rings such

as a naphthyl ring, an anthracenyl ring or a phenanthrenyl ring.

10049} In some embodiments, the metal phenates are prepared by reacting one or

more phenolic compounds with a metal base in a low viscosity mineral oil at a temperature
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the alkyl group is a branched alkyl group. In some embodiments, one or
more of the phenyl rings of formula (1), (11) or (Ill) can be substituted with
one or more polyaromatic rings such as a naphthyl ring, an antbracenyl
ring or a phenanthrenyl ring. [00491 In some embodiments, the metal

fromPhRNaEs are RIeRAESD BY regsiiGnens the RALE ANREHOlie ORI Gl4Bels Bitdme
a metal base |n a low viscosity mineral oil at a te rature 14 from about
emb kTR RS0 HENEHEMG BTG %%aféﬁwey[%?& : metal base. In
some embodiments, the phenolic compound can have the formula (1V):
OH ORY7 (IV) where R7 is H, alk@}aralkyl or alkylaryl. In some
embodiments, the phenyl ring of farmula (IV) can be substituted with a
polyaromatic ring such as naphithyl nh R;anthracenyl ring or
phenanthrenyl ring. [00501 In cexai# embgodiments, the metal phenates
are prepared by reacting one or more phenolic compounds with an.
alkaline metal base such as calcium hydroxide. In other embodiments,

wherg RrifetticakrhctelbHerrabalond., Rrsams Retsiiorntiaten ehenteisgmeformula
(IV)?%} god Réafdor éﬁ%ﬁ%lﬂﬁi@%éﬂh&g ﬁé}%ﬁ% %ﬂl@@fi‘fﬂ?&&%ﬁﬁ?ﬁlg or

he same) are prepared by reacting one phenolic compounds with an
phergmdipieyhigtal base. In further embodiments, unsymmetrical metal
phenates (e.g., R' and R2 of formula (1) are different; R3 and R4 of

joosrmula (1 akediffersntdendttanteRe-af fsHenalas (A prapsiflemnidaimg one or

prepared by reacting two or more phenolic compounds with an alkaline

morpRhenalisermpemdttHErR Ak imBRt! st bR iBld pRéNdnexide. In other
emb6aRRAUNdsHaRcHsSIMuianeausiyewithdhe blkaliReo Metalash 42 8l same; R’

further embodiments, the two or moreggenolic comﬁ)ounds react

and Be gf Eorialy Withat dhs kamise thBtatish&e Of BT A Lok im ReriBBiHihAER R epared
by r@RehObierphaagit hothpot Haow AN hisalindprandentysturthetatbstitbodiments,

with one or more substituents selected from hydroxyl, a_thiol, carhoxyl, ,
unsyRsE  fk e takpReRaiis Moy, Sy RURLHIMRGALPa i yFdsthrand R of

fornIRi @D, HrGrRYan; sHitonAERPBOSHAAIR: PITYsRhemRienheter payshtddy
aryl. [0052] The phenglic compound of form Iaﬁ(IV) can be obtaine

reac BB Gl R GBS ARS Tt BhEMBIE B pbLhits Hodt DL

embediatiratethoaraiingm e aleeldls compounds react simultaneously with the alkaline
metal base. In still further embodiments, the two or more phenolic compounds react

sequentially with the alkaline metal base.

00511 In certain embodiments, each of formulae (I), (II), (IIT) or IV) is
independently further substituted with one or more substituents selected from hydroxyl, a
thiol, carboxyl, amino, halo, alkyl, acyl, alkoxy, alkvisulfanyl, alkenyl, alkynyl, ester,

amido, nitro, cyano, sulfonate, phosphate, phosphonate, heterocyclyl, or aryl.

[0052] The phenolic compound of formula (IV) can be obtained commercially or
prepared by alkylating phenolic compounds with olefins, chlorinated paraffins, or alcchols
using catalysts such as H,SOs4 and AlCl;. In some embodiments, the catalyst is AICl; for
alkylating the phenolic compound with a chlorinated paraffin in a typical Friedel-Crafts
type of alkylation. In some embodiments, overbased sulfurized alkylphenates are prepared
by a overbasing process comprising the steps of (1) neutralizing a sulfurized alkylphenol

with an alkaline earth base, such as calcium hydroxide or oxide, in the presence of a mixture
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using catalysts such as H2S0O4 and A1C13. In some embodiments, the
catalyst is AIC13 for alkylating the phenolic compound with a chlorinated
paraffin in a typical Friedel-Crafts type of alkylation. In some
embodiments, overbased sulfurized alkylphenates are prepared by a

of a OVerbasiNgpratescIohvdrsi agshel stapk of éﬂk)ymmwzm gvhishifuiizethixture
enol with an alkaline rtP ase, s calcium hydI’OXId

w3l spehascalcium
with giggholwaiet ad sedimept i bl wopy: nf:ﬁr ﬂ%‘i‘%n%ﬁl%yf‘%b‘i%&% Hre wi
CO; dlcohahsutbead biidenaglycol Suhiahds ihgamxmr glywithvedeah @hd/\safemcnt.

nd sediment, and halid car onatln react|on mixture wit
The SRR HLS B MR R ITer e O S B HaL oG g ine
proc¥vatei{lantbsgdimantarbhey htkytihenaleacanhéctreaieshritheddefareslt thereof.
during, or subsequent to the overbasing process with a long-chain

[oosﬁfrbo"y“‘i Al SUSh AR RISAIGAG 5‘@9{ %Iaog?étr%? &%&h&@r@ﬁ?ﬁ&i

some emlsao Iments, an excess o e metal base ove eoretical

amoBmoNts isrrdduifedrtehfoner v pnhﬁmQEISpHe rrapessiltlistp desiblibetecferiiethbasic
alkals %E%%tgésﬁasaékﬁ%gﬁ&%&ﬁegﬁa %Qﬂﬁﬁgﬁ@%@ﬂ@%@&%es the

con amlng two and ree times the st0|e lometric quantity of metal can be
stoighrepatad acuuiting ek oambiteranrredrethodsg K0OBHIHdeHiee svthods.
important function of the alkaline-earth metal phenate is acid

[oosAgutralization, e nGamoralianREsxSh LR INMas B EHAGE@ Y id
provide a distinct advantage over the metal-free phenates. In some

neutgipEiim ddneRie piahekesoah Rt 1B thesparatridnTine PREHE 2 distinct
advﬁhl& @vel fiS %I@E@éh@ﬂ%t@@”ﬁf'&%@é acidneuicalizaion MARARIDCER also be

henol sulfides. [00551 Generally, overbased alkaline-earth metal

prepg o5 (s phnalerinadesy Thes mmbURpdt babesditigasidarsdarzation

capaiRducindnratpesempadiments, a detergent can be labeled by its TBN
(total base number), e.g., a 300 TBN synthetlc sulfonate. The TBN of a

sample can be determined STM D- ch IS incorporat e
0053 etorer AE S g e A L B D BGIe AR KLCES he
amodefioeehinl eritstot theasgdiialbsipmal) nl@ﬁm@s&b&ﬂﬁwﬂm;«i&tergem can be
ine terial. For xample aIC|u sulfon
el RIS Db ST EETA00 PN e BRI v ice gy TE of
sam@labu0be MOrerBHEPlY Ammg)mﬁggwﬁehéﬂaﬂyofb&“ﬁe@ tegeddf by reference, or
overbasm ends on oil, solubility and filter, |I| 100561 e amou
oy G R A o R SPLEEE P TR SR St ent
amoe@nIasitiesiisiypidaliydtdeasiaidautthOatppial, dicatieaspiaboGOOTUEN calcium
sulfggatme gorn?éllles Sz}%e equivalent to 300 milligrams of potassium hydroxide per gram or,
more simply, 300 mg KOH/g. Generally, the degree of overbasing depends on oil
solubility and filterability.

|00G56] The amount of metal from the metal phenate present in the instant lubricating
oil composition is typically at least about 1000 ppm, or at least about 1500 ppm, or at least
about 2000 ppm. Generally the present lubricating oil composition will contain up to 5000

ppm of metal from the metal phenate.

[0657] The alkaline-earth metal phenates useful in the present invention should have
TBN's of from about 40 to about 400, from about 200 to about 400, from about 100 to about

300 being, or from about 140 to about 250. Some non-limiting examples of suitable
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about 2000 ppm. Generally the present lubricating oil composition will
contain up to 5000 ppm of metal from the metal phenate. [00571 The
alkaline-earth metal phenates useful in the present invention should have
TBN's of from about 40 to about 400, from about 200 to about 400, from
com@RRWIEOR Q1A Wh 3D BIRG O h AN BRAQHE AL La1SRAUPRRRRINE the

non-limiting examples of suitable 16 commercially available phenates

follopdteny R BRGNP attsamitsHe hetem e Gemswmid-blopertidgmon,

Califngavalphlefamieahavian QromtenGampany daldurSaUPRAmRG, 147
California(5,25% calcium, 3.4% sulfur, 145 TBN); (5.25% calcium, 2.4%

TBNG, £ 75 92 ¢ Ry, 19 mtt (S it BIRS 5 Har 256 1418 2ot Lttt 320 TBN).
Othegalsilm Bidd e salidleSeOstiRN)e (fheenoniiniting xamaies ehawttablaciude

Lcommercially ayailable calcium phenates include LUBRIZOL 6499 9.%%
LUBRI{dO 97289 suifatcs8b TENY, TUBREZ26 L B50ol(7 28440tk & 6%
calcisfur 620QuTiBN poor tRIBRI OUBROAWNE. 8%0 Tadcs9galedth sulfus,s480r, 190

. ITBN). All of these phenates are available from the Lubrizol Corporation of
IBNyi¢ufied .th@fﬁiahf@e%é]a&ﬂv&ﬂah% ?Fféﬂ&%?i&é@?ﬁ%i%?ﬁ’ﬁ&?ﬁoﬁ aglifte.
Ohidurther comprise at least an additive or a modifier (hereinafter designated

as "additive") that can impart or improve any desirable property of the

bricating.0il. composition. Any additive known to a person of ordinary
0 e S e o e B SRR st an
additiereina :Sodnes (itadsle ddditive grasead Eeddieseiinba tnMarfiar et ahprove any

"Chemistry angd..Technology of, Lubricants,” 2nd Ede ion, London, :
e e RS St RS R aRiagP o
ordigary #piblivdbions, ke e Yok, ividicbiiDekkep (A003hosthcokwihsidhsat @erein.
Somy %&Eﬁﬁ@&%ﬂ@%‘%‘ 0y 5%2%@%%%13'{‘&?8 ’Q%ﬁ?e‘rb%d'?‘e‘@ﬁé ine AddIive Sl iogy
e selecte rom the group consistng or antioxi ants, antiwear agents,
of Lafetergents] rddidithibjtorsdae Spisifiers, Pitionmiddifler & Rultinicndtiodaicant
Addﬁ%}g'?‘t@ﬁ“e;%}?ﬁ%% %ﬁﬁ@%%“%&?f“%%&%&%%{%d Both of which
inhibitors, metal deactivators, dispersants, corrosion inhibitors, ‘fubricity
are limpnoviets] treeemdhstafsititpcien prosens, ambedazenad dittvakliichagantib iaissted
dyes rkers, staticdissipaters, biocides and combinations thereof. In
o R R, M A TR
demebmisosifiortj whendiSed, malyiramgt dnehaddbous0v08:b s dbdexalbqurb t€rs, pour
- Wt.%, from %qh%]&)w.%g) b .WL.%0, Of: 0 1 wt.% to
pom\gée I'tegbé%vs?%g ase oélr%hllé %%ta%{gvéé%(é% ﬂ%{éqju r??g%ir?g}) rg ol H{ﬁlgltors’
lubrpainpositioers, thermal stability improvers, anti-haze additives, icing inhibitors, dyes,
markers, static dissipaters, biocides and combinations thereof. In general, the concentration
of each of the additives in the lubricating oil composition, when used, may range from
about 0.001 wt.% to about 10 wt.%, from about 0.01 wt.% to about 5 wt.%, or from about
0.1 wt.% to about 2.5 wt.%, based on the total weight of the lubricating oil composition.
Further, the total amount of the additives in the lubricating oil composition may range from
about 0.001 wt.% to about 20 wt.%, from about 0.01 wt.% to about 10 wt.%, or from about

0.1 wt.% to about 5 wt.%, based on the total weight of the lubricating oil composition.

[6059] The lubricating oil composition disclosed herein can optionally 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 zinc dithiophosphate, metal (e.g., Pb,
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Further, the total amount of the additives in the lubricating oil composition
may range from about 0.001 wt.% to about 20 wt.%, from about 0.01
wt.% to about 10 wt.%, or from about 0.1 wt.% to about 5 wt.%, based on
the total weight of the lubricating oil composition. [0059] The lubricating

Sb, M1 aampesitiensdisciasathngrRithaR, optianally. compisg RNviBnti@allike) salts
agent that can reduce friction and excessive wear. An%%anti-wear agent

of dighigembairatepREsh(@Rordihdry sk the e hsalir! talbtagidheoron

compRraatinggiheRrepesiligRoNRA: HRIHNGXRMRIRLOHRBIARIA ARIdNERES or
agents include zinc dithiophosphate, metal (e.g., Pb, 17 Sb, Mo and the

thioniRaspRAHHS Bt dirfisphEsHaePiotiais @t dicyropgiadiontghthiphargoric acids
and &lsi Rt ditbigcasbamale «maial (8 Ge A-RRaShanddheike)malissdiatyi

, acids, boron gompounds, phosph%te esters, ho%phite esters, amine szglts
WL RIS ROt "Ac RIS ARARIEP-tRiBHHBIP ABPRL Achd-aetaF ST oRLERR Prbdtctsto
aboudfl digyelongetasliane wad {inpResERONG Asids canreambinalionsdheraafable
. The amount of the anti-wear agent may vary from about 0.01 wt.% to
anti-ySaT PECIE 5 R AP RBBIRTD e 951D BB aicht. o ubr et 4aBlrs.1
Cheisfa, on gt o le, DR sadvRIcherdatal maigbt afithadrRrisatin® od-258 (2003),
. composition. Some suitable anti-wear agents have been described in
WhiqhdS|BGRIRREAIFHCAC AR BY A& S Bitives: Chemistry and Applications,”
New York, Marcel Dekker, Chapter 8, pages 223-258 (2003), which is
[006Rcorporaled:trereiribpodimcainc ehd CDGEOW barcartain eonbodipants; dileydrocarbyl
... .anfi-wear agent is gr comprises a.di qcarbyl dithiophosphate metal
it S S o S B HEPRIRE of Tgpera of
the dityyvoedrndydithibidphpbphatemniatdl salt braynhdlah atkdlizomalkatiheneaiithor
metal,.or .ajJumin ead, tin, molybdenum, manganese, nickel or.capper, .
S el R A RS MO s R
metgrounof therdiby dudeaiinytdithiophiaspbatep mcdad daly tas frioyh ditidopidsphate
bout 22 carbon atoms, from.apout 3 to about 18 carbon .atoms, from
e T o A a0 T bt & Bah g oroon
atonatdmes) Fboftrihier sbaidddirrehis, dtveral kol igrow pbisdirie@r abobr &neineeh atoms. In
-[0061] The amount of the dihydracarbyl dithiophosphate metal salt
S RS N R S i ——
composition disclosed herein is measured by its phosphosphorus

[006ddntent. I 8o areceisddinditsdipeapnd dihoapionisticosehsadt teduding the
zincHRACATINEQIL PRSI IR disElosad ks NI U&%)@QQHB O QLML is

about 0.12 wt.%, from about 0.01 wt.% to about 0.10 wt.%, or from about
meaguez Ry, O fehaissplogus content. In some embodiments, the phosphosphorus

content of the lubricating oil composition disclosed herein is from about 0.01 wt.% to about
0.12 wt.%, from about (.01 wt.% to about 0.10 wt.%, or from about 0.02 wt.% to about 0.08

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

[0062] In one embodiment, the phosphorous content of the lubricating oil
composition herein 1s from about 0.01 to 0.08wt% based on the total weight of the
lubricating 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 01l composition.

[0063] The dihydrocarbyl dithiophosphate metal salt may be prepared in accordance
with known techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA),
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wt.%, based on the total weight of the lubricating oil composition. [0062] In
one embodiment, the phosphorous content of the lubricating oil
composition herein is from about 0.01 to 0.08wt% based on the total
weight of the lubricating oil composition. In another embodiment, the

usuaPROSRBAFEHS m@emﬁ@fit)bemlgtb{miﬁﬂ@ @Fmﬁ%ﬁ?‘mﬁﬁmﬁﬂmmﬁ then
about 0.05 to 0.1 % based on the t t of the lubricating oi
n@ﬂf@&ﬂﬁ%&ﬁo@% wa&%wé ﬁ%ﬁ Bgtahﬂécma@aﬁﬁ%%@m
or cappepakest ihaaceid anpa)methnktsmmetmhm iguasAbndir Yefatmdinbyacacting
. dih drocarbyl dithiophosphor Cld all acting one or
iy o RO AR BB URS o 968 SRHRCRR, (40 oF more

dihyﬂmmlﬂ%ﬁbpﬁsgmﬁﬁ&aﬂéwﬁm@memwm the mpefatadytlarasm@on one
oxide, hydroxide, or,carbonate he etal. me emtglodlments a . |
are RSB T LB HIBAE G B AT E oY Ty S B FR il

primalgdheisavidteR 28 hotaas emtiedinpats Mrammﬁg/dﬂdwdmparbyl
dit |o ospharic acids can be re ared where th ocar L
it GOy BS MLy T CrorREnEP ARG MV ORR )P ot Dese o
a nethelotinersargoant ﬁehlseﬂﬂnﬂﬂ&h@r@h&ﬁ&@i@bﬂ[ﬂeﬂm@@t@mlﬁe or carbonate
¢ % Lgare from the dihydrocarbyl dithiophosphoric acids by reacting with a
OL ZInE O pound. In some embodiments, a basic or a neutral zinc

compound is used. In other embodiments, an oxide, hydroxide or
[006ddrbonatdnsbrincistuséaci00 4] dolsome mnbdiirhénbsodibsphabie micbe

[ a r I ithigphosphoric

pmdgcgs)ﬁré%gggagﬂ §g115% @% d%a%%%é gg%é@%%g%%ﬁg @l’n each of

R8 and R9 is independently linear or branched alkyl or linear or branched

substituted alkyl. In some enfb&diment&Rthe alkyl group has from about 3

to about 30 carbon atoms or from gbout 3 to about 8 carbon atoms.

[0065] The dlalkyldlthlophosphor)z’ s of formula (1) can be prepared by

reacting alcohols R8OH and RSOH witk P2$Hwhere R8 and. R9 are as

defined above. In some embodiments, R8 and R9 are the same. In other

embodlments R8 and R9 are different. In further embodiments, RS8OH
wheggid RIOH RéacdRtH PaéHendrithnéowslyr ranihet et enbivotimebrs;ched

subs%ﬁl%d ﬁﬂﬂRI%QSHg %ﬁ{b\ggnnpgt%,sﬂ’?@ 91'1%?[‘&94% has from about 3 to about 30

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

[0065] The dialkyldithiophosphoric acids of formula (II} can be prepared by
reacting alcohols R*OH and R°OH with P>Ss where R*® and R? are as defined above. In
some embodiments, R® and R? are the same. In other embodiments, R® and R’ are
different. In further embodiments, R*OH and R’OH react with P»Ss simultaneously. In still
further embodiments, R¥0OH and R°OH react with P,Ss sequentially.

[0066] Mixtures of hydroxyl alkyl compounds may also be used. These hydroxyl
alkyl compounds need not be monohydroxy alkyl compounds. In some embodiments, the
dialkyidithiophosphoric 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 alky] 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
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[0066] Mixtures of hydroxyl 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

only RHXSAERSOfIRYPRETROIES Of thaHereanipginBrethenenbasimerisotierzificohols
dialkyldithiophosphate derived from only primary alkyl alcohols is derived

is @ BT QY RN BB I i Y mbodiments, that single primary

alcohol is 2-ethylhexanol. In certain embodiments, the zinc
1006GjalkylditHibp pbeppiaiend ervedirode kA oaly sedondbeydallytldltebplesihoric
aci df}orthe{i em| é)dlirrée%ts ttr;atcgn&xt%re ofs COfdael‘yO 1gsllcgrréo@ 'ssa Epi tu e]SOf or P.S
&R 2-%e?ﬁy?—§-per?t‘ano .ng% e phospRordshetasutiae™ * +>*
Conngadtant asedcinitiag disalkylditinopinospheniotacidriersolifion Istepranay
contain certain amounts of one or more of P2S3, PAS3, PAS7,.0r P4S9.
embgdiments. 1c PHosp 01Hsngema ultide reactant.is substanti Sy e of any o r9183, P4Sa,
OMpaositions as'such may also contain minor amounts’ of free suffur.
P4S-centhih Senibadiments)ithdiphosp iorpbeehtassificeasadiofant istant is
Su stﬁmyaléyy e of any of P2S3, P4S3, P4S7, and P4S9. In certain
subsiantially fre ee&h . . . .
embodiments, the phosphorus pentasulfide reactant is substantially free
of free sulfur. [00681 In the present invention, the sulfated ash content of

[006@e total [Ubieabrrgeni levenpositiba jelited ashabaiens aiths teiehiveteaimg ol

comf’fo\éﬁ'ﬁ%?] RLMAstaRW: 3 W94, eﬁ%@‘?&b@ﬁp&'t&%%t'%’n%s%ﬁa%g Rt & most
Wt.%, as measured according to ASTM D874. 100691 Optionally, the

aboytBridetingrail Bmipboiioh istlosatdaseiq eegridinBde Aomyridd n
additional detergent. Any compound or a mixture of compounds that can

[oog®duce or siawihebuild iprRhengine deRRsis Al e MSER:AS Bcan further

detergent. Some non- limiting examples of suitable detergents include
compBBFAB MY EHIRERN RIS SERi M RSB M iR IEEE SF SEIpRRNRRS g can

redulISERRESAPOY inahLty e sts e iRdRices @nh pelviselistylener@mingome non-
succinamides, aliphatic amines, Mannich bases or amines and polyal.efin

limiog exaipled BLEIEHES ARisse U AN RO BIRENHEHIV S Surtiguddes or

succieiflidents poeyapsee)gelimsBh30 00 HaRAdk/A40iHRRE8 3258l yisobutylene
'EP0613938, EP0557561 and WO 98/42808, all of ‘whichéare in Oﬁ}og?rated

AR BTRMt B AN BIRE S GBI T RESCHHE BBy SR R Petblérh
polyssistitutas) shoeiainrpiRisidel. asoplyisebdand sHcendRideeMoue described in

cofime SR alee e e o
whidhl 8Q0n(yadaidg fleeiQstetCameratiofyme embodiments, the detergent is a
polvolefin substituted succinimide such as polyisobutylene succinimide. Some non-limiting
examples of commercially available detergent additives include F7661 and I'7685 (available
from Infineum, Linden, NJ} and OMA 4130D (available from Octel Corporation,
Manchester, UK.

[0070] Some non-limiting examples of suitable metal detergent include sulfurized or
unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic sulfonates, borated
sulfonates, sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic
compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl
or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or alkenyl
multiacid, and chemical and physical mixtures thereof. Other non-limiting examples of

suitable metal detergents include metal sulfonates, salicylates, phosphonates,
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Manchester, UK). [0070] Some non-limiting examples of suitable metal
detergent include sulfurized or unsulfurized alkyl or alkenyl phenates,
alkyl or alkenyl aromatic sulfonates, borated sulfonates, sulfurized or
unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic

thioiERRIBAGS, alkybalbalkaoyk ysaxy Tremriis suifonaiesnruiizedlertor
unsulfyrized alkyl or alkenyl naphthenates, metal salts.of alkanoic acids, .

makipe ﬁ%@%f%‘ﬁ&ﬁ&%ﬁﬁé}%ﬂﬂ%ﬁ%@&%ﬁﬁ% I BHpLSRAY Suitabl

metdRixivres thestioh Qe hantmibng axamphesioh siitableimsiak embodiments,
detergents. include, al sulfonates, salicylates, phosphonates, 20

the g ffo@ﬁ’h@ga%éas ggg%oihﬂﬁwtgﬁcﬁ%ethereof. The metal can be any metal
suitable for making sulfonate, salicylate or phosphonate detergents.

[0667Mpn-limitidigrexaliyplbs ahsuithbfehendtalgénthsderalkdiowm Stals, aikElieabout 5

tals and.t iti etals..In some emhodiments,, the;metal is ( :
i BB D S SRR o R R R Pt
baseft om thb oett Dvadghiv Otito athout 5 2wil %o romibeu 0106 switdbltodatsogrBs have

W%, .or from about 0.1,wt.% to about | wt.%. based gn the total.weight. of
b b e et RS NN R, APB o,
Londies ez, Mortier 8t phgdCHeRRSHIOmTe Elmblogy Rifdriti ¢t fcand

itjo pringer,. o] , es /5- 96)-and.Leslie R, )
SO IR PO RS AR 1
136 MéfGe] Brekid ryiGhiaptenntoppgessd herci®6y(2008)ndwth of which are

incorporated herein by reference. [0072] In certain embodiments, the

[ooApricating,pil.comrasitiondisclosed ipieinn SARRHRER @R A iidant tbakn

can reduce or prevent the oxidation of the base oil. Any antioxidant
COMRRSHITBYTHIpEL BAoraTEARSKIN iR ey deiosed thethese oil. Any
antiGHRIGRIAGRH W%ﬂ%@%ﬂﬂﬂﬁﬂgﬁ%{%@f@m SAREAARA g oil

include amine-based antioxidants (e.g., alkyl diphenylamines, phenyl-a-
COMPEHHATYI AMHTEIEIE SEarRIe| Oanméatmi%Malﬁawﬁﬂqwr@sed

- _ Aral M, Wy
e oy fﬁﬁﬁ%@ﬁ%@%@ﬁ%ﬁ‘?ﬁﬁ%ﬁw’W A
subsiaiRgIPPBL R sHERB! 2Bk Teld Rerhasutphdidgtines, tetramethyl-

dian%a%@fp@ﬁ}%&%ﬁ?%ﬁf@%’églﬁ@)}%@héﬁ&f@%@i@%ﬁ_(e. g.. 2-tert-butylphenol, 4~
4,4'-methylenebis-(2,6-di-tert-butylphenol), 4.4'-thiobis(6-di-tert-butyl-o- _
metpréefydirgrithuimeleaaird-baded ahhylitriinRoley0-di-tert-butyl-p-cresol, 2.6-di-

tert-BlaHpHeA0 -Aiodipnonionste. sslivizec RhENQliG BNIPIgANS AN IS -butyl-o-
cresglf)ee)u’}g ?f?esﬁlzlﬁ?)[%glsf:utfbszggdagrttlt?égfaﬁz. 5359, 'dilauryl-3,3'-thiodipropionate,
sulfurized phenolic antioxidants and the like), phosphorous-based antioxidants (e.g.,
phosphites and the like), zine dithiophosphate, oil-soluble copper compounds and
combinations thereof. The amount of the antioxidant 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 fotal weight of the lubricating oil composition. Some suitable
antioxidants have been described in Leslie R. Rudnick, “Lubricant Additives: Chemistry
and Applications,” New York, Marcel Dekker, Chapter 1, pages 1-28 (2003), which 1s

incorporated herein by reference.

[0073] In some embodiments, the antioxidant is or comprises a diarylamine. Some
non-limiting examples of suitable diarylamine compound include diphenylamine, phenyl-o-

naphthylamine, alkylated diarylamines such as alkylated diphenylamines and alkylated
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phosphites and the like), zinc dithiophosphate, oil-soluble copper
compounds and combinations thereof. The amount of the antioxidant 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

phengbleégﬁﬁlﬂft%l%hfé@aﬁﬂlg(ﬁﬂélﬁmﬁﬁﬁd Ei@ﬁsﬁtﬁm@i@yi%ﬁiﬁe antigvgan P glants ;ﬁnavg
een described.in Leslie R. Rudnick, "Lubricant Additives: Chemistry and .
alkylﬂﬁﬂl%‘ﬂ%?ﬁmﬂa% \ﬁﬂélﬁﬁm‘é‘ﬂlﬁe‘m@i’? prer 16 B ‘flﬁgr(%b%%‘j‘,gmam“
with\wiiehlisribeoipeiatedifiecimbydaferanced (9 Tahinsemerimpodiments,
the antioxidant is or comprises a diarylamine. Some non-limiting
amples; of suitahle diarylamine.compound include diphenylamine
007 ey O e DT A R e R Remtca by
formaiip{Enylamines and alkylated 21 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 additw&s-ncludintg~qthereiggdamine compounds.
[0074] In one embodi : i
represented by(ROw
R2 is independently hydrogensr an aralkyk.group4raving from about 7 to
about 20 or from about 7 t&about 10 carbons a&foms; or a lifear or
branched alkyl group having from about 1 to about 24 carbon atoms; and
each of x and y is independently O, 1, 2, or 3, provided that at least one
aromatic ring contains an aralkyl group or a linear or branched alkyl

whe 2R HLSRNeEMBodinRptndeaah Bf &Rt RRAISINUOPERARTIN AR &l about

groug containing from about 4 to about 20, from about 4 to 16, from about

7 to heyb B G frore dhogh At AR U SRS LAt A lsE s nssh alkyl group

havilQOF 6l aeme s mRadimenisdineslkylaleredipheny lamine incltidesc by is, 1, 2,
not limited to, bis-nonylated diphenylamine, bis-octylated diphenylamine,

or 3.8V it IR GO GRFTRET HRSHEHR RS AR RS AR AR STRTENRE aHaear or

brandlied ARG dRRSNVIREINE carBRTises:a Hish cIMPand® Ofsforepiadthwheselkyl
each of R"and R2 is independental ?ctyl;
group containing from about 4 to about 20, from about 4 to 16, from about 4 to about 12

carbon atoms, or from about 4 to about 8 carbon atoms.

[00675] In some embodiments, the alkylated diphenylamine includes, but is not
limited to, bis-nonylated diphenylamine, bis-octylated diphenylamine, and
octylated/butyiated diphenylamine. In other embodiments, the alkylated diphenylamine
comprises a first compound of formula (1) where each of R' and R? is independently octyl;
and each of x and y is 1. In further embodiments, the alkylated diphenylamine comprises a
second compound of formula (I) where each of R' and R? is independently butyl; and each
of x and y 1s 1. In still further embodiments, the alkylated diphenylamine comprises a third
compound of formula (I) where R' is octyl and R? is butyl; and each of x and y is 1. In still
further embodiments, the alkylated diphenylamine comprises a fourth compound of formula
() where R is octyl; x is 2 and v is 0. In still further embodiments, the alkylated
diphenylamine comprises a fifth compound of formula (I) where R' is butyl; x is 2 and y is
0. In certain embodiments, the alkylated diphenylamine comprises the first compound,
second compound, third compound, fourth compound, fifth compound or a combination

thereof.
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and each of x and y is 1. In further embodiments, the alkylated

diphenylamine comprises a second compound of formula (I) where each

of R" and R2 is independently butyl; and each of x and y is 1.. In still

further embodiments, the alkylated diphenylamine comprises a third
[0676pmpounthekfeinulatdtirhere, Bxel%m@t}ﬂtaﬁdﬂﬁ Ziﬂajaum{namdlﬁp@mdf such as
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compound or a combination thereof. 22 [0076] In certain embodiments,
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dispersants, and combinations thereof. The amount of the dispersant may

compgpitiffomSabuusotailswispersaabout Edrernodesesibeabo M08 Wi (8- hemistry
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(199%eetnddsutibdd RuNelier BrHicrOhéaidirgs ahGeTeernsistypplications,” New
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herein by reference.

[6G78] The hubricating oil composition disclosed herein can optionally comprise a
friction modifier that can lower the friction between moving parts. Any friction modifier
known by a person of ordinary skill in the art may be used in the lubricating oil
composition, Non-limiting examples of suitable friction modifiers include fatty carboxylic
acids; derivatives (e.g., alcohol, esters, borated esters, amides, metal salts and the like) of
fatty carboxylic acid; mone-, di- or tri-alkyl substituted phosphoric acids or phosphonic
acids; derivatives (e.g., esters, amides, metal salts and the like) of mono-, di- or tri-alkyl
substituted phosphoric acids or phosphonic acids; mono-, di- or tri-alkyl substituted amines;

mono- or di-alkyl substituted amides and combinations thereof. In some embodiments, the
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(1996); and Leslie R. Rudnick, "Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 5, pages 137-170
(2003), both of which are incorporated herein by reference. [0078] The
lubricating oil composition disclosed herein can optionally comprise a
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PoeSh o o R WEONG ABE SRR BALHGIRE TG EIGA of the
lubricating oil composition. Some suitable friction modifiers have been
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composition disclosed herein can optionally comprise I poin
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may be used in the lubricating oil composition. Non-limiting examples o
paragiitapié pephthdiencdupressdingtions thereof. In some emboediments, the pour point

depressant comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated
paraffin and phenol, polyalkyl styrene or the like. The amount of the pour point depressant
may vary from about 0.01 wt.% to about 10 wt.%, from about .05 wt.% to about 5 wt.%, or
from about 0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil
composition. Some suitable pour point depressants have been described in Mortier ef al.,
“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6,
pages 187-189 (1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 11, pages 329-354 (2003), both of which

are incorporated herein by reference.

[6080] The lubricating oil composition disclosed herein can optionally comprise a

demulsifier that can promote oil-water separation in lIubricating oil compositions that are
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include polymethacrylates, alkyl acrylate polymers, alkyl methacrylate
polymers, di(tetra- paraffin phenol)phthalate, condensates of tetra-paraffin
phenol, condensates of a chlorinated paraffin with naphthalene and
combinations thereof. In some embodiments, the pour point depressant

expoS@MBPREAS T athvensnvidhageiae iIcapalyiel parsaneeoshia®fskill in the art
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polyethylene oxide, polypropylene oxide, block copolymers of ethylene
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triallsyitifonetls dhbhspbatilicomstel ool fonated ricinoleic acid, benzoylacetone, methyl
salicylate, glyeerol monooleate, or glycerol dioleate. The amount of the anti-foam may vary
from about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to about 3 wt.%, or from
about (.1 wt.% to about 1 wt.%, based on the total weight of the lubricating oil
composition. Some suitable anti-foams have been described in Mortier et al., “Chemistry
and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193

(1996), which is incorporated herein by reference.

[0082] The lubricating oil composition disclosed herein can optionally comprise a
corrosion inhibitor that can reduce corrosion. Any corrosion inhibitor known by a person of
ordinary skill in the art may be used in the lubricating oil composition. Non-limiting
examples of suitable corrosion inhibitor include half esters or amides of dodecylsuccinic

acid, phosphate esters, thiophosphates, alkyl imidazolines, sarcosines and combinations
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polydimethylsiloxanes, fluorosilicones, alkoxylated aliphatic acids,

polyethers (e.g., polyethylene glycols), branched polyvinyl ethers, alkyl
acrylate polymers, alkyl methacrylate polymers, polyalkoxyamines and
combinations thereof. In some embodiments, the anti-foam comprises
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compound that can combine chemically with a metal to form a surface
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agents include sulfurized animal or vegetable fats or oils, sulfurized

polyawhfisisl D e geedprésiauminmialtseé BiRRooe pardafiers or thiophosphoric acid

esters and combinations thereof. The amount of the extreme pressure agent may vary from
about 0.01 wt.% to about 5 wt.%, from about 0.05 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 extreme pressure agents have been described in Leslie R, Rudnick, “Lubricant
Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 8, pages 223-

258 {2003}, which 1s incorporated herein by reference.

[0084] The lubricating oil composition disclosed herein can optionally comprise a
rust inhibitor that can inhibit the corrosion of ferrous metal surfaces. Any rust inhibitor
known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable rust inhibitors include oil-soluble

monocarboxylic acids (e.g., 2-ethylhexanoic acid, lauric acid, myristic acid, palmitic acid,

26



esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized

olefins, dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts,

sulfurized dicyclopentadiene, sulfurized or co-sulfurized mixtures of fatty

acid esters and monounsaturated olefins, co- sulfurized blends of fatty
oleicacid, fattjeicididstarcderdadphitalbdin ¢ faridtionaliy-scidstitd i like), oil-soluble

dihydracarby] polysulfides, thja-aldghydes, thia-ketones, epithio. . .. ., . .
poly S A TR e O e SRS TR g e
and tlerfikne dRehabychitnidefiids andhjadlyise Hikenglefiorodoeissdihinensaksabon

pféo%p?oric acid esters.or thiophosphoric gcid esters.and combinations . _ .
s o et MO o B g st o RIS acic
and BeOlkat, Uorto-citadm b Bl St cfronti avbort 1i020d YbhaamboutBantios, vari flomm the

ab 1 .wit.%,to about .1 wt.% ased[gont tal weight of the . ...
raﬂ“?u%ﬁlgc% itr?g:;\g Oé%m%’%%i |odnl.C otr)ﬁféa SUita %egﬁrﬁln%aﬁgéqu?gtéaﬁ g; al\?eﬁOr
may egnfdescitibediin Leslié R. dRodnlckwt Labiicantbddities:t Chenaistny amd.%, or

Applications,, New Yark, Marcel Dekker, Chapter S‘?blrz .
from S Ao Sl et S A S RORRS St o
compdksgamposition disclosed herein can optionally comprise a rust inhibitor
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organophosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum diethylate
amide, amine-molybdenum complex compound, and sulfur-containing molybdenum

complex compound.

{6087] In certain embodiments, the lubricating oil composition comprises at least a
viscosity index improver. Some non-limiting examples of suitable viscosity index
improvers include polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers, polyisobutylene, and

dispersant type viscosity index improvers.

{0088] In some embodiments, the lubricating oil composition comprises at least a

metal deactivator. Some non-limiting examples of suitable metal deactivators include
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oetyl phenyl 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
disalotfieddadtyrapideneticandoxyiaadisideinatalesoapsiitaticakidamias salts,

metal salts. qf heavy sulfonic acid, partial carboxylic acid ester of
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the lubricating oil composition comprises at least a multifunctional
[0088Hditive. Sbmaldivihvdindtinty exbimpleswésbitabbaioitifidctiondlifdditivesntrate

havizil%d gr% %Jlﬁuégeegdaﬁ}/\;gp Lﬁgg %ﬁ(ﬁlﬁ?v i%}}g&%@ﬁgﬂ%&gﬁ c%%lr]: Hgg 9 suitable diluent,
oxymolybdenum organophosphorodithioate, oxymolybdenum

suchrapabgrosrdepmiy niclylvddaumcdsigihylatd ditnide caminedivolyddemuthe group
consfiih 'c?f‘n%?&{bg%\%e[%f‘%?Hé‘i’éﬁ'f%%%ﬁ?ﬁﬁ%ﬁkoi%?%%ﬁ%‘mﬁ U8 thereof, Some

compoun certain em ents, t u rlcatlng Ol composmon
non-tonprisesaatibasti shvistosity dnldexcimpr ovs{iBoraeed ol dimiphthenic-based oils,

asphgﬁ?cmlﬁ%ﬁ 8[1?‘&1&@*%'(?%%&9&&%i&%?%%ﬂ”ﬁ’c!&‘é%&ﬂ%ﬂﬁé’&%ﬁ% RAGFYIRS nihetic
type po h e

ymers, ethylene-propylene copolymers, styreng-isopren
basegopalyehets phiparafodosty fesreisthrdndrogpuiyri elshpolyiololigtames antkylated
ispe ISCOSItY. | A ers. imants,
s T e S LA s
oils)Sotheondnnkiiitia ghescanplesons gitaisidimet, deadtvenbrs dlathtbyyocarbon
i nediami 70l at o -
o e TR s frop g 1
centisérlstn inahdue 34 asotisiokesfaadBdditive concentrate having more than
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selected from the group consisting of natural oils (e.g., mineral oils),

nthetic giJs and.combinations thereof. Some npn-limiting examples of
1005 r 1 SRR G ST ST TS ARRFHD S BAERred B any

metlagphadtieshasgstails anddambisatiohsttheredbr Samtenanditatingoils. In some
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some embodiments, the metal phenate and the optional additives are added to the base oil
individually in one or more additions and the additions may be in any order. In other
embodiments, the metal phenate and the additives are added to the base oil simultangously,
optionally in the form of an additive concentrate. In some embodiments, the solubilizing of
the metal phenate or any solid additives in the base o1l may be asststed by heating the
mixture to a temperature from about 25 °C to about 200 °C, from about 50 °C to about 150

°C or from about 75 °C to about 125 °C.

[6091] Any mixing or dispersing equipment known to a person of ordinary skill in
the art may be used for blending, mixing or solubilizing the ingredients. The blending,
mixing or solubilizing may be carried out with a blender, an agitator, a disperser, a mixer

(e.g., planetary mixers and double planetary mixers), a homogenizer (e.g., Gaulin



oil, both natural or synthetic. Generally, the diluent oil can have a viscosity

from about 13 centistokes to about 35 centistokes at 40 C. D. Processes

of Preparing Lubricating Oil Compositions [0090] The lubricating olil

compositions disclosed herein can be prepared by any method known to
homagpalsas aiordindeyhskilb grithem)t faninaking dubochtiig, oul. dilbandesand mill)
odiments, thglibase oil can be blended or r_Eixed with a metal phenate.

or oy NSNS SN B B BT to the metal Dhenate

can be added. The metal phenate and the optional additives may be
E. /fguplécht®thef bhsé. olirid g Ol Gemsipositamsously. In some
embodiments, the metal phenate and the optional additives are added to

[(}09%]6_ base qif, Jnciyiduallydn oG RMofeAddIiaNsA0d e AT IT8Y use as

e in any order. In other embodiments, the metal phenate and the

motgidulivibite SH88E pol19E aBECSHcHRtIthR GiRsgL coisnBRRfi M fa dipse]

engiff ARRAIIVE GORGRRTRLE. 4 Bisams& epAodiments, the solubilizing of the
metal phenate or any solid additives in the base oil may be assisted by

heating the mixture fo a temperature from about 25, C to about 200 C

[9098bm about B0l ABS R STIROSNRBA BoRt7EE R RHGR 3 g0 be used o

cool[A0OH Ayparixing & dispessingred vinmenhEnRpesie, aRtreanief Orgnan valves
_skill in the e%rt may be used for hlending, mixing or solubilizing the, .
agaifish (ARt RRE BHSHAh GRS Fixirlty SrUBT A ICSRP AT BEPEX FRIBRSISE it g 1% 2
bioddesdREl am@gitadel sheispeisaioscmixesid e Opthlangiatyemisess @ntbmposition

ouble planetary mixers), a homogenizer (e.g., Gaulin 28 homaqgenizers
may}ﬁ&%ﬁ%@ﬁéﬁ%&&&ﬁ&@%ﬁ% gt?ﬁﬁl%%’.&}’%ﬂb?di‘?ﬁ‘ﬂﬂ%tgllﬁ‘iiﬁlﬁ il
comPbh@ny, atheynmaixigodtHisRe IHin enettpineh soavithi futiecatbriprises a pour
. Application of the Lubricating Oil Compositions [0092] The lubricating oil . .
poin e CLTOEBE: ST 08 GBI TR S AR B S Qi

a rudsigigine, o b erankaasehels)f.in a diesel engine, particularly a diesel
engine fueled at least in part with a biodiesel fuel. [0093] The lubricating

{ooﬂl composiion of the é%%%“ﬁé?‘é%‘éi?&é“ﬁ%‘é’ &%é%%%e% HEed, t%oﬁ???%%ﬁ‘t%tofme
engine parts, keep the engire frée of rust and deposits, and seal the rings
inveatidw/ahtese againshitakadenf tenirsstion gadessprhdimotdodiments set forth.
compesitio comprise a base ail, a_biodiesel fuel, an m .
U O SR e e MR SC Ryl
valuiesrtie eppropnses. onduor more ioth eararditivegiisradtiionitobhendmstdod that

emb%gaerplgﬁ% outside the stated ranges may still fall within the scope of the invention.

Specific details described in each example should not be construed as necessary features of

the invention.
EXAMPLES

[0¢95] The following examples are intended for illustrative purposes only and do

not limit in any way the scope of the present invention.

160G96] Lubricating oil composition of the following Examples were adjusted by the
addition of viscosity index improver to simulate a 15W40 o1l (SAE viscosity grade).
Examples 1 and Comparative Examples 1-5 were top-treated with 6 wt.% B100 biodiesel

fuel to simulate the effects of fuel dilution in biodiesel-fueled engines. Comparative

29



compound. In some embodiments, the motor oil composition further
comprises a pour point depressant, a detergent, a dispersant, an
anti-wear, an antioxidant, a friction modifier, a rust inhibitor, or a
combination thereof. [0094] The following examples are presented to

Exargpensplify eyphedimenishaf theouentiatbbalt degehaidntenged do; Ifnifith€uel or
invention to the specific embodiments set forth, Unless indicated to the

UL B R L B BB BE B VA A AIES
are approximate. When numerical ranges are given, it should be

understood that embodimehisdinsiterthalsiiwad ranges may still fall
within the scope of the invention. Specific details described in each

[oosgxample shauld pot e cansitiada$RearEaN [RalUSS.Ydhadaxention.
AMPLES [0095] The following examples are intended for illustrative

perfosgipnseel sryoun ddersstsimibmhagly Wapardise spawiendpidsisst: The base-
line {OMB0HRRH OR8] Hldbricating 9&%@@9&%@&%&9%&%&%@9&%%&%@3

were adjusted by the addition of viscosity index improver to simulate a
polyiss by pispsaEgiskostpibadyone hsipres Qrapige Compaisithviels Rampregon.
cAyLSwWerS, prieated withd Wi 480 Qiedigse! fiug! casiRulaR i Company,

effects of fuel dilution in biodiesel- fueled engines. Comparative 29
LLCEafiple s anascopt ¢ digh dnpies Ban o S8 medritissdioisisdendiafintieorow
Chewdifun GHRL 0o b2F) 19 8imuiiaisdhs, effects of fusldiutionsin canYeRtiQh&nate

diesel-fueled engines. Baseline Formulation [00971 A base-line

detergR d RbiT W o Feiphreaaatabie froor GhsurigrandeSermopaiantd of. 1.1 wt.%
actiNATHPUS, ARIRIGRNIS; IR MR e AR sTatit e e ORIAR RED RSt oFfany, LLC),

base- line formulation contained 1.1 wt.% actives of an ethylene )
0.3 whiehmitebskieedi pinasmniayidue smrradaadanapigsighipheny lamine
avaifaPRVERM QBRI CAUMPaAMN G SR TRAMANK TA) B, D W AGHYES Rk fed

borated succinimide (available from Chevron Oronite Company, LLC), 1.8
phengt aptipridart 6t SRR lectiaPwasgrd gBrySGelsHsirtidd Tavdirslehibm-

h dx@k?eﬁﬂ GBRIHIBHEOIBHRARY Thbfe ) Onl 8 Wh ¥pRive S Bk iENs AVEHAAREDX™ 1 -
’ ca ciu%ﬂgu f?riliatg dete;ger%t TBIizl? mg %%H/Y?available ?rqm Chevron

135 onie cioih pary MO ef a4l it sonsiiRs S e s RigsaREktmwlex
(ava(RYA 8RR TORVIARYFON OISR MPEMD. b le)y, B3 WélpRhamalyiatasing
diphenylamine antioxidant (an octylated/butylated diphenylamine
depressant (available from Rohmax, Horsham, CA),”S ppm Si’ of a foam inhibitor and a 6.5
wt.% non-dispersant type ethylene-propylene copolymer viscosity index improver
(available from Chevron Oronite Company, LLC) in a base oil which was a mixture of a
hydroprocessed 600 neutral base oil (14 wt.% of Chevron Neutral Oil 600N, available from
Chevron Oronite Company, LLC) and a Group 11 base oil (86 wt.% of Chevron Neutral Oil
220N, available from Chevron Oronite Company, LLC). The composition had a

phosphorus content of 0.109 wt.%.
Example 1

[0098] A lubricating o1l composition was prepared consisting of the baseline
formulation above with the addition of 1.45 wt.% actives, 2100 ppm Ca, of an overbased

calcium phenate.
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available from Ciba Specialty Chemicals as IRGANOX(r) L-57), 0.5 wt% of
a hindered phenol antioxidant (a mixture of C7-C9 branched alkyl esters
of 3-(3,5-di-tort-butyl-4- hydroxyphenyl)propionic acid available from Ciba
Specialty Chemicals as IRGANOX(r) L- 135), 0.2 wt% (90 ppm Mo) of a
sulfur-containing oxymolyieempumatheciimigdecdmplex (available from
Chevron Oronite Company LLC), 0.3 wt.% of a polyacrylate pour point

[009 pressaﬂ‘i(?o‘fg%?ﬁgJ{P&ﬁ%}%ﬁ’c‘a‘fﬁﬂ%@o A RRAM RiQ AH0aMAith the

Inhibitor and a .% non-dispersant type ethylene-propylene
additempofythfer wisdositivind8XSipproler ofaraiiatrieaseshsaBievrphedrgniie 7 wt.%

SR b 30300 QUM BITLRR AR08 IVAURRIOR s M
acuvg%o ne g%%%’se'oi%ﬁ% Wt.06 of Chevron Neutral Oil 600N, available from &
of anGivevirasc Ommgite Compdiopatel. C) and a Group Il base oil (86 wt.% of

Chevron Neutral Oil 220N, available from Chevron Oronite Company,

LLC). The composition hag@nphpsiorisaanest of 0.109 wt.%.
Example 1 [00981 A lubricating oil composition was prepared consisting of

the baseline formuylation above with the addition of 1.45 wt.% actives,
1001860 o QORI G2 GBS ARG BEHES 30 el

formm¥aimpieih PRWLiAdbricating wikeompositivrpeansistint: ththe-baskhne
formulation with the addition of 0.63 wt.% actives, 915 ppm Ca, of an

Smfoé\?éef'based calcium phenate, 0.27 wt.% actives, 405 ppm Ca, of a berated
calcium sulfonate, and 0.23 wt.% actives, 390 ppm Mg, of an overbased
magnesium sulfonate. CofiparpéinaiEx@pieri2¢[601001 A lubricating oil
composition was prepared consisting of the baseline formulation with the

{00123 fition 0)%31lfbw&?{ﬁagQHYS&n%éQ%P%Q@\egaﬁé@%ﬁk?ﬁiﬁgl&‘mﬁé baseline

onate. Comparative Example 3 [001011 A lubricating oil composition
formpykesi prapiababiccattitiomgict tRabasaise ol amen Manodr ayarherr o

mangZiZn‘P{tsOt{?fQﬁéiﬁé‘?s’ 1300 ppm Mg, of an overbased magnesium sulfonate.
Comparative Example 4

Comparative Example 4

[006102] A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 0.83 wt.% actives, 2100 ppm Ca, of an overbased calcium

sulfonate (TBN=410 mg KOH/g; available from Chevron Oronite Company, LLC).
Comparative Example 5

[00103] A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 2.1 wt.% actives, 2100 ppm Ca, of an overbased calcium

salicylate (TBN=168 mg KOH/g; available from OSCA Chemical Co., Ltd. as OSCA 463 .
Comparative Examplie 6

{60104} A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 1.45 wt.% actives, 2100 ppm Ca, of an overbased caicium
phenate. This formulation was top-treated with 6 wt.% of a conventional diesel fuel

(ULSE).
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[001021 A lubricating oil composition was prepared consisting of the

baseline formulation with the addition of 0.83 wt.% actives, 2100 ppm Ca,

of an overbased calcium sulfonate (TBN=410 mg KOH/g; available from

Chevron Oronite Company, LLC). Comparative Example 5 [001031 A
Corrbiicabng @il EarApesiiemnweas PrapakedRansisting @ tashaseline

formulation with the addition of 2.1 wt.% actives, 2100 ppm Ca, of an

rbasegd, calcium salicylate (TBN=168 mg KOH/g: available.fr SC

o0t P R R R P e S el
for elubvigatingfeibcosnposition diasepregare dicansistitg. oflihe basekitied was used to
test ?ers%fé%ﬁzo rcl, \(I)Vlilltsh i5h§e9 gr%i}honchc}t 11'64 %gvr}c%‘{ a%t{%%%,@Zvla?p 19 me %’ of ana iays of

overbased calgium peﬁena e. This Tormalation was top-?rearPe witfi%’w%.‘a)é
lead afhd copee ntiomadulie se¢duielc{ul{BIK) w8 is @adrbsiongSordiwot: ihiigh specimens of
copptE TRETRIIEERTESIRN Renon Teat (HT.CRT) 100105LHIGn JSmBeratrEn. oi
PRCGrrosion Bench test ac'corcﬁﬁg IS & standard test method: for evaluation of -
The coginsivibre ss efdligsd|temginetoit avA8blGyIT hisltest foctmdiwhefused t8hen

e ine.oil romne their tendency (o gorrode varioy

the B A BT 1 et
corrgnichizedriegsskaupmrbiets spepieiendyof copper, lead, tin, and phosphor

bronze were immersed in a measured amount of engine oil. The engine
[001@@[]1 at an gleyaiadsiemperaiie AS Rlown with gkiora patad AhilmEni o

When the test was completed, the copper specimen and the stressed oil

temRGENEIS CARRISEN focaehdest asrrpdinn BrSdovEde brobistes Feegreetniefyherein

by r&?a@éﬂ@l Ermplesd ‘%‘f&ﬂéﬁﬂm{?ﬁ{@ib’ %ﬁé@ﬁ@lﬁ&[ﬁf&%ﬁf? isid %'P?@ﬁzi%@@()
high temperature corrosion bench test according to ASTM D6594, which

PP REBYYSratb APy rersianBel rhd hadesrgsstinaard nimitdnd #hkset below.

The B8 FEAHIEEMEAIR QARG A@RQiRRMME IR LU R IR PR Yetergent

. maximum Pb. The test results are shown. in Table 3 below. The test )
displygdiEmnsaien e st e NCEsHRIRRSy SrPBlstsHYe el plhistaeentains

less detergpntfisRiryed sUpear-AaN BRIgREARBALEREpImANs & CRAMRRTALIE:

example ' which contains less than 1000 ppm of overbased calcium )
aboYSHBR AL WO WS BEPP eiibrMdeIsAvEstiRgrRip s sanBlo6 phyed that this

bendREXIRWEY HRiMOgRYEh Gempatatlivakxample SreheuwedLattRisULSE)
benefit was not obtained when the test was run with a conventional diesel

instq%pf@}_(@'g)gel.

Table 3.
Sample Overbased Detergent Blend HTCBT
Borated Mg Ca Phenate Ca Ca Cu Pb
Calcium Sulfonate {ppm Ca) suifonate | Salicylate {(ppm) | (ppm)
Sulfonate (ppm Mg) {ppm Ca} | (ppm Ca)
(ppm Ca)
Ex. 1 - - 2100 - - 12 53
Comp. 405 390 915 ~ - 22 86
Ex, 1
Comp. 2100 - - - - 41 50
Ex. 2
Comp. - 1300 - - - 46 91
Ex. 3
Comp. - - - 2100 - 59 59
Ex. 4
Comp. - - - - 2100 102 524
Ex.5




instead of biodiesel. Table 3. Sample Overbased Detergent Blend HTCBT
Borated Mg Ca Phenate Ca Ca Cu Pb Calcium Sulfonate (ppm Ca)
sulfonate Salicylate (ppm) (ppm) (ppm Mg) (ppm Ca) (ppm Ca) Sulfonate
(pm Ca!Ex.1--2100--1253 Comp. 405390915--2286 Ex.1

Conkpornp. 2460 - 1- - 4150 Ex. 2 Comp. |- 1300 - -|- 46 91 EX. 3@pMp]546
Ex.2100 - 59 59 Ex. 4 Comp] 2100 102 54 Ex. 5 32 Comp. 2100 -.- - 1109

1540 Ex. 6 1001071 While the invention has been described with respect
to a limited number of embodiments, the specific features of one
[ﬂﬂléﬁ]lbodim@'iﬁi%dmldmveﬁtﬁ)@}&tﬁlsilhﬂwdjﬁswibm varhheshare s Oiitlived number of

vention..No SI mbod| nt is r f all s of the
SR bt e e e S e
embsdhpsmmbfnhmmrm oherdin sﬁﬁgtﬂh&fmmb@dmmmeﬂeatmﬁmﬂﬁld&mts of the

inc Ud or are s%b(?tant@ yt ree o S not umerate

I
e T RSB P e e R I]Bmgfr%%sn%se i mpgioned

hereap rienxdhad ctabrodimeend ﬁorcnwéméd;l dzmnbt\tacnatlem am:ismwhuaﬂpnf&asf steps

not el%ll“n% *I‘l the S‘?&Ipe of the ;(901 Igl']flAk” R eggg%tlg cm 0 iments exist.
app ca IOﬂS men |one IS speC| IC&'[IOI‘]

The appended claims intend to cover aﬂ suc,h variations and m0d1ﬁcations as falling within

the scope of the invention.

[00108] All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by
reference. Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent
to those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or scope

of the appended claims.

tad
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herein incorporated by reference to the same extent as if each individual

publication or patent application was specifically and individually indicated

to be incorporated by reference. Although the foregoing invention has

been described in some detail by way of illustration and example for

purposes of clarity of understandigg. Afngdl be readily apparent to those of

ordinary skill in the art in light of the teachings of this invention that certain
Wha E]Sa& fese%qg_ modifications may be made thereto without departing from

he splrrrﬁ or scope of the appended claims. fin CLAIMS What is claimed

is: 1. A lubricating oil composition contaminated with at least about 0.3

wtds of a bibdidesitaest brardessmpositiominaierlivt th et derstabong b o of a
biod Q8 METIPL M OREAI0 AL EaIBRARHAR FORRUIAG () b ORI

amount of a base oll of lubricating viscosity; and (b) a metal phenate
lubrigisreinlthenmpstinlofaR®nIaial from the metal phenate present in the

lubricating oil composition is at least about 1000 ppm. 2. The lubricating

oil compkitichBRieARAuR ek aresrikiefighataug viseodBditve selected

from theigroup RAFistRG.Rf antioxidants, antiwear agents, detergents,

rust inhibitors, demulsifiers, friction modifiers, multi-functional additives,
wheMBOgIBatnaaX INPEOYRES] BOH MeifiaepIRssAR e iean ainIBrRahetail

deactivators, dispersants, corrosion inhibitors, lubricity improvers, thermal
compesiing imableRE bk ML B Rditives, icing inhibitors, dyes, markers,

static dissipaters, biocides and combinations thereof. 3. The lubricating oil

corhpositidhcofublatainguithengmriposiofcileasfiotier antiweainage itast.one
e LS T b RS oapbn i cagems st
inhifitvedubnicaltiift: ol Gonipo sittdifief < lainitidfunbesein thdiphespharatysindex
im rcontent deriv.e% }Irom the tzi%c diajkbg/lgi%hioph%)?aﬁz gtgtcvor;[%%(?%\d i§ gnotgn

PREGUE B0 LW oIS ABOUE” 05 WY, basad Gr the total Weigntof the

corrbybnicaiifig tois chrimpasitiony6ydetheometitaly iy comppositioarof-bleimadditives,

icmé"’iﬁﬁ{ﬁf{%}sﬁ% &?%&Qﬁg?sesstggg t(%g;[;ipaters, biocides and combinations thereof.

3. The lubricating 01l composition of claim 1 further comprising at least 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.

0. 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

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

7. The lubricating oil composition of claim 6, wherein the phosphorous content
derived from the zinc dialkyldithiophosphate compound is from about 0.01 wt.% to about

0.08 wt.%, based on the total weight of the lubricating oil composition.
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derived from the zinc dialkyldithiophosphate compound is from about 0.01
wt.% to about 0.12 wt.%, based on the total weight of the lubricating oil
composition. 7. The lubricating oil composition of claim 6, wherein the
phosphorous content derived from the zinc dialkyldithiophosphate
COWIPOU n%‘ e E[iﬁﬁiblaﬂﬁ@%b ( ip&%lj?ﬁé}ﬁéﬁ @bﬂuino@&fh\grh%ll bé%%ﬁd)qmﬂﬂ&ls content
. total weight of the lubricating, oil composition. 34 8, The lubricating oi
derigog LR TBF AR Rch%tepﬁf&gsﬂa?gag%msh?ua@iiﬁe Faig about
0.12the Zinsadiallyldithisphesphaterchepetibatisdlie ahpedifdd wt.% to
about 0.12 wt.%, based on the total weight of the lubricating oil
compositi . Lhe lubricating oil compagsition of apy one of the preceding . .
cindne, wh e B R i B P P e
the sslfated@ash aboien20d the. Yehbbasad o thenpotativeight ofotietbobticdtiwg%oilbased
“on tfRRPRINOR: 40, e MBLICAINg ol composition of any one of the
preceding<claims, Wherem the blodiesel tuel comprises an alkyl ester of a
long chain fatty acid. 11. The lubricating oil composition of claim 10,
whéfein tHddubritasinefathyomme commm ey fPomoAlisupreecdinb sirinsnsherein
the HRAROU!EA carhanalomsnd 2 JibeJHRTiGAlRg.All RMRqgition of any one
of the preceding claims, wherein the amount of the biodiesel fuel or
decomposition products thereof is present in the lubricating oll )
corhpositidRat BRI HoH emaﬂ%l?@ng@e@olanw)@?ﬁé%é%eé%%faﬁaﬁy
acid Weigh Qistheduisicating-eibeampasiionbds: Ihealubrcating. oil
composition of any one of the preceding claims, wherein the base oil has
a kﬁr.)le.matlfhwﬁ%%%.g 9 omﬁacb?rlljto‘éi 1%12 tOII aak%lo u{'gn%O%% %{eatr%ggdgl' :Lcdlfé,i-lrglrg?wherein
lubricating Sif compaosition O ar?y one of the Brece ing-claims, wWherem
the dheumetd] thb ehatieds! dnchtcaliveeartitine tagphenaterdd. i bestabricating
oil comppsition of claim 14, whereip the alkaline metal ate is a
e AU T R HAIG B ek g gndnso!
weighaisfishetnidcanhergincthepaxietal. phenate has formula (1), (11), (Ill) or a
combination thereof: 1 R1\)--,2 35

13.  The tubricating 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 metal phenate is an alkaline earth metal phenate.

15.  The lubricating oil composition of claim 14, wherein the alkaline metal

phenate is a calcium metal phenate.

16. The lubricating oil composition of any one of claims 1 to 14, wherein the

metal phenate has formuda (I), (II), (III) or a combination thereof:

1
/M\
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2R3 _ell-Ra \Stl/(11), or M3 OO Rs ~~2 Rs J (11J), wherein each of
R1, R2, R3, R", Rs and R6 is independently H, alkyl, aralkyl or allcylaryl;
each of M', M2 and M3 is independently an alkaline earth metal; and n is
an integer from 1 to 3. 17. The lubricating oil composition of claim 16,
wherein each of R, R2, R3, R", Rjnd R6 is independently alkyl and
each of M', M2 and M3 is galciuti’ 18°@.m d of lubricating a diesel
engine fueled at leaskm!part With 8 biodigisel filelwhich comprises
operating the engine Wit}%a,lérbricati‘ng oil léc.l[acu{t}ositiom)cgptaminated 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,
wherein the lubricating oil compositjon comprises: (a) a major amount of
a base oil of lubricating viscasity;hd b) a metal phenate wherein the
amount of the metal fr@gMphenmﬁg in the lubricating oll
composition is at least aﬁc@/}ooo Ppm. 19@9‘ met of claim 18,
wherein the lubricating oil composition further comprises’at least one
ntiwear nt, 2Q,:The ot clai rgi t 1
Whe%ﬁ%iga(gzirogggﬁ}zcb%nﬁ)rf'iis’eggamzalg% g?é&%(%%%\é) ogbrha e%%rﬁ%glu(%gﬁ%?yl’
cachTHevthevhothdPdinis ordemdiaiths aatledie wirtheiretesahoineoftkeger from 1
metal phenate is at least about 2 wt.%, based on the total weight of the
lubricating oil composition. 36 22. The method of any one of claims 18 to

21, wherein the amount of the metal ] _ L2 w3 a4
17. The lubricating oil composition of claim 16, wherein each of R*, R", R, R’,

R’ and R%is independently alkyl and each of M, M? and M is calcium,

18. A method of lubricating a diesel engine fueled at least in part with a
biodiese! fuel which comprises operating the engine with 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 hubricating oil composition, wherein the lubricating

o1l composition comprises:
(a) a major amount of a base oil of lubricating viscosity; and

(b) a metal phenate

wherein the amount of the metal from the metal phenate present in the lubricating oil

composition is at least about 1000 ppm.

19.  The method of claim 18, wherein the lubricating oil composition further

comprises at least one antiwear agent.

20.  The method of claim 19, wherein the at least one antiwear agent comprises a

zine dialkyl dithiophosphate compound.

21.  The method of any one of claims 18 to 20, wherein the amount of the metal
phenate is at least about 2 wt.%, based on the total weight of the lubricating oil

composition.
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from the metal phonate present in the lubricating oil composition is at least
about 1500 ppm. 23. The method of any one of claims 18 to 22, wherein

the metal phenate is an alkaline earth metal phenate. 24. The method of
claim 23, wherein the alkaline earth metal phenate is a calcium phenate.
3722.  The method of any one of claims 18 to 21, wherein the amount of the metal

from the metal phenate present in the lubricating oil composition is at least about 1500 ppm.

23.  The method of any one of claims 18 to 22, wherein the metal phenate is an

alkaline earth metal phenate.

24.  The method of claim 23, wherein the alkaline earth metal phenate is a

calcium phenate.
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