LUBRICATING OIL COMPOSITIONS COMPRISING A MOLYBDENUM
COMPOUND AND A ZINC DIALKYLDITHIOPHOSPHATE FIELD [00011
Provided herein are lubricating oil compositions comprising a base oil, an
oil soluble molybdenum compound and a zinc dithiophosphate
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lubricating viscosity, or a mixture of such oils, and additives used to
improve the performance characterigtigs; gf the oil. For example, additives
are used to improve detergency, to reduce engine wear, to provide
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have an adverse effect on other characteristics. Thus, to provide
lubricating oil having optimal overall performance, it is necessary to
characterize and understand alftfé- e various additives
jlable, and carefully balance the additive content of the lubricant. )
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[0063] It has been proposed in many patents and articles (for example, U.S. Pét.
Nos. 4,164,473, 4,176,073, 4,176,074, 4,192,757, 4,248 720: 4,201,683; 4,289,635, and
4,479,883} that oil-soluble molybdenum compounds are useful as é.ubriéazut additives. In
particular, the addition of molybdenum compounds to oil, particularly molvbdemum
dithiocarbamate compounds, provides the oil with improved boundary friction
characteristics and bench tests demonstrate that the coefficient of friction of oil containing
such molybdenum compounds is generally lower than that of oil containing organic
friction'modifiers. This reduction in coefficient of friction results iﬁ improved anfiwear
properties and may coniribute to enhanced fuel economy in gasoline or diesel fired
engines, including both short- and fong-term fuel economy properties (i.e., fuel economy

“retention properties). To provide antiwear effects, molybdenum compounds are generally

added in amounts introducing from about 350 ppm up to 2,000 ppm of molvbdenum into
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-1 fuel economy benefits, such molybdenum compounds are expensive
relative to more conventional, metal-free (ashless) organic friction
modifiers [0004] Therefore, it is desirable to find a lubricating oll
composition that provides improved fuel economy benefit; demonstrates

excellent wear.protection characteristics, is relatively | 'r} _
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comprising i) a major amount of a base oil, ii) at least one oil-soluble
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zinc dialkyldithiophosphate compound is about 200 to 500 ppm based on

the total weight of the lubricating oil comgﬁition. [0006] In certain
aspects, the base oil is present MMABL t greater than about 40%,

50%, 60% or about 70% by weight of the, lubricating oil compositions.
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[0006] In certain aspects, the base oil is present in an amount greater than about

40%, 50%, 60% or about 70% by weight of the lubricating oil compositions.

[0007) In certain embodiments, the lubricating oil composition disclosed herein
further comprises at least one additive selected from the group consisting of antioxidants,
antiwear agents, detergents, rust inhibitors, demulsifiers, friction modifiers, multi-
functional additives, viscosity index improvers, pour point depressants, foam inhibitors,
metal deactivators, dispersants, corrosion inhibitors, lubricity improvers, thermal stability

improvers, anti-haze additives , dyes, markers, and combinations thereof.

[0008] Also provided herein are methods of making lubricating oil compositions.
In one aspect, the methods comprise the step of mixing

1) a major amount of a base oil,

ii) at least one oil-soluble molybdenum compound and

iii) a zinc dialkyldithiophosphate compound,
wherein the molybdenum content derived from the molybdenum compound 1s at least

about 10 ppm based on the total weight of the lubricating oil composition and the
2D



about 10 ppm based on the total weight of the lubricating oil composition
and the -2 phosphorus content derived from the zinc
dialkyldithiophosphate compound is about 200 to 500 ppm based on the
total weight of the lubricating oil composition. In certain embodiments, the
mqlybdenum compound and the zinc di ithiophosphate compound
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apparen arrd i part pointed out hereinafter. DESCRIPTION OF THE
DRAWINGS [0011] Figure 1 depicts a plot of friction by High Frequency
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understanding of the subject matter disclosed herein, a number of terms,
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[orginary Mmeaningniisei-vha skiled a1 isanspREMRIansaH BRI
submission of this application. [0013] "A major amount” of a base oil refers
hexgjrBCaEmount of the base oil is at least 40 wt.% of the lubricating oil
composition. In some embodiments, "a major amount" of a base oil refers

to an amount of thelbRS€ RIFTOEN IGIN BAWIIRANOI™ ¢®n 60 wt.%,
more than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the

[00abbticating dilgwenh plegitiom 0014 {iBtilfated Hethdomtprtioefrsipootheng Rig
f metal-containing additive 9., calcium, magnesium, . o
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according to ASTM D874, which is incorporated herein by reference.
[0015] A coRgdBuiiemsthat is "substantially free" of a compound refers to a
composition which contains less than 20 wt.%, less than 10 wt.%, less

[08an 5 Wt.%pdessilitate 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.

[6013] “A major amount” of a base oil refers to the amount of the base oil 1s at
least 40 wt.% of the lubricating oil composition. In some embodiments, “a major
amount”™ of a base oil refers to an amount of the base oil more than 50 wt.%, more than 60
wt.%, more than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the lubricating otl

COMPpOsition.

[0014] “Sulfated ash content” refers to the amount of metal-containing additives
(e.g., calcium, magnestum, molybdenum, zine, efc.} in a lubricating oil and is typically

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

[0015] 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

-3



-3 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. [0016] A
composition that is "free” of a compound refers to a composition which

contains from 0.001 wt % to 0 wt.% of the, compound, bhased on the total
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"abou,}l' or "approximate" is used in connection therewith. They may vary
COBI)PTSbéOr%'ent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent.
Whenever a numerical range with a lower limit, RL, and an upper limit,
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specifically disclosed: R=RL+k* Is a variable ranging
cofigpsitipercent to 100 percent with a 1 percent increment, i.e., kis 1
percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51
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percent, or 100 percent. Moreover, any numerical range defined by two R
valiphpees il Hetnedsh hrevaBdveis wiser ‘reemeaRididesadn connection
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lubricating oil compositions comprising: i) a major amount of a base oil, i
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derived from the molybdenum compound is at least about 10 ppm,based
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500 ppm based gn the total weight of ubricating oil composition.
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of the composition is about 250 to 400 ppm, about 300 to 400 ppm. In
Wé?%iﬁe?ﬂ%gmé rﬂxi@esqgéned by two R numbers as defined m the above is also

specifically disclosed.

DESCRIPTION OF EMBODIMENTS

[0018] Provided herein are lubricating oil compositions comprising:

t) a major amount of a base oil,

i1} at least one oil-soluble molybdenum compound and

i) a zinc dialkyldithiophosphate compound,
wherein the molybdenum content derived from the molybdenum compound is at least
about 10 ppm based on the total weight of the lubricating oil composition and the
phosphorus content derived from the zinc dialkyldithiophosphate compound is 200 to 500

ppm based on the total weight of the lubricating oil composition.

{0019} In certain embodiments, the phosphorus content of the composition is
about 200 to 500 ppm. In other embodiments, the phosphorus content of the composition
1s about 250 to 400 ppm, about 300 to 400 ppm. In certain embodiments, the SAE

viscosity of the composition is SW-20.



viscosity of the composition is 5W-20. -4 i). The Base Oil of Lubricating
Viscosity [00201 The lubricating oil 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
disclgs ein. eo ls syitable for preparing the lubricating oll
com ogﬁ%rﬁé avoe‘3 een erslg L&} Sﬁ'orf?ér et al., "Chemistry and

hnolog tign, 1.0 ringer Cha ers 1 and
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85% or about 90/o by total weight of the composition. [00211 In certain
bagedsedibadnid, weeehbebtbd Tstoicabnmrisesrangstatordnoiomyrithétidiments, the
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include olls, such as polyalphaolefins or PAOs, prepared from the
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gases, such as the Fisher-Tropsch process. In certain embodiments, the
bappstl 51 b NbHSaR: RESIMDPHEBNE POVIed bersiteinrbavtd Head)%. 52%, 54%,

SHRCHPNS cbasedRndns, e WaigNtehine paseml. &sheavyiiiaried, ﬁ%‘f%%al
to a lube oil fraction having a viscosity of at least about 20 ¢St at 100°T. In

weightid BinBYERAEHE-the heavy fraction has a viscosity of at least about
25 cSt or at least about 30 cSt at 100 T. In further embodiments, the

[oapipunt of the @reiarembrdineavy, HRAIQASIDING baseikisalgsstban or

ahout 10 wt.%, less thap about 5 wt.%, less than about 2.5 wt %, less
g Bhrtwatmg base o1l fraction. Some non-limiting examples of synthetic oils

include oils, such as polyalphaolefins or PAOs, prepared from the polymerization of at

least one alpha-olefin, such as ethylene, or from hydrocarbon synthesis procedures using
carbon monoxide and hydrogen gases, such as the Fisher-Tropsch process. In certain
embodiments, the base oil comprises less than about 10 wt.% of one or more heavy
fractions, based on the total weight of the base oil. A heavy fraction refers to a lube oil
fraction having a viscosity of at least about 20 ¢St at 100 °C. In certain embodiments, the
heavy fraction has a viscosity of at least about 25 ¢St or at least about 30 ¢St at 100 °C.
In further embodiments, the amount of the one or more heavy fractions in the base oil is
less than about 10 wt.%, less than about 5 wt.%, less than about 2.5 wt.%, less than about
1 wt.%, or less than about 0.1 wt.%, based on the total weight of the base oil. In still

turther embodiments, the base oil comprises no heavy fraction.

[6022] In certain embodiments, the lubricating oil compositions comprise a major

amount of a base o1l of lubricating viscosity. In some embodiments, the base oil has a



1 wrt %, or less than about 0.1 wt.%, based on the total weight of the base
oil. In still further embodiments, the base oil comprises no heavy fraction.
[00221 In certain embodiments, the lubricating oil compositions comprise
a major amount of a base oil of lubricating viscosity. In some

. embodiments, the il has.a -%kinema ic visgasity at 100 C fro
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comprises a base stock or blend of base stocks. In further embodiments,
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including, but not limited to, disfillation, solvent refining, hydrogen
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the base stocks in one or more of Groups I-V as specified in the
besrbsHews Delicsi duam rstruieds pairn) gl ibsmesh 1509 FyurieecBeftipmation, or
png&gﬁgg_r 1996 (i.e., API Base Oil Interchangeability Guidelines for
Passenger Car Motor Oils and Diesel Engine Oils), which is incorporated
herein by reference. The API %Jideline defines a base stock as a
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00251 The saturates levels, sulfur leyels and viscosity indices for Group I,
e [0 9 B bR SRS MBI EIBN S T otk s

lubricant component that may be manufactured using a variety of different processes.
Groups L, IT and 111 base stocks are mineral oils, each with specific ranges of the amount
of saturates, sulfur content and viscosity index. Group IV base stocks are
polyalphaolefins (PAO). Group V base stocks include all otﬁer base stocks not included
in Group 1, I1, I, or IV.

[6025] The saturates levels, sulfur levels and viscosity indices for Group 1, II, TII,

IV and V base stocks are listed in Table 1 below.



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) | Less than 90% saturates.
Greater than or Greater than or equal to 80 and equal to 0.03% less than
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[0026]
[0627} In some embodiments, the base oil comprises one or more of the base

stocks in Group 1, I, IT[, IV, V or a combination thereof. In other embodiments, the base

oil comprises one or more of the base stocks in Group IL, 111, IV or a combination thereof.

In further embodiments, the base oil comprises one or more of the base stocks in Group

11, 1l IV or a combination thereof wherein the base oil has a kinematic viscosity from

about 2.5 centistokes {cSt) to about 20 ¢St, from about 4 ¢St to about 20 ¢St, or from
about 5 ¢St to about 16 ¢St at 100 °C.

[0028)

The base oil may be selected from the group consisting of natural oils of

lubricating viscosity, synthetic oils of lubricating viscosity and mixtures thereof. In some

embodiments, the base oil includes base stocks obtained by isomerization of synthetic

wax and slack wax, as well as hydrocrackate base stocks produced by hydrocracking

(rather than solvent extracting) the aromatic and polar components of the crude. In other

embodiments, the base oil of lubricating viscosity includes natural oils, such as animal

oils, vegetable oils, mineral oils (e.g., liquid petroleum oils and solvent treated or acid-

treated mineral oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types),

oils derived from coal or shale, and combinations thereof. Some non-limiting examples
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treated mineral oils of the paraffinic, naphthenic or mixed
paraffinic-naphthenic types), oils derived from coal or shale, and
combinations thereof. Some non-limiting examples -7 of animal oils
include bone oil, lanolin, fish olil, lard oil, dolphin oil, seal oil, shark olil,

tallow.oil, and whale oil. Some, non:-limiting exampjes af vegetable. oils )
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talbottansead ethakoythe Snmd nauhittoities elasafloweraikthigmpiiiningRadstor

.0il, tong.oil, oiticica oil, jojoha Qil, and .meadow foam oil. Such oils may be,
oS B b R A G50 I CEHTE ST BRASHL Sl evbein o,
susiiothetici bidsffibhvbrichtingny sih dinséadlodet dnpdsicanbanaails fejdba oil, and
méﬁa 8{;?%'(?&?}3%9 h Igiro arboqjoils 3uﬂ1 as P(ﬂ me ized an inter-

po ymerlze(ﬁ) 'ole illlws, 2 Sy%%’nz%ﬁ%sl,apgl%h‘én}élsyaﬁ%?&ae diphenyl

ethers, alkylated diphenyl sulfides, as well as their derivatives, analogues
[082% homololusesrih erelidiarathdhdilkentheothe enfbivrsintg vibeosity include

hﬂ%@%&% U i&fd%?o%ﬁ%é%ﬂﬁe%ﬁ%r%%f%{%ﬁ %’E?Jﬁ gg%?%e&%@%g@a%%ep

and derivatives thereof wherein the terminal hydroxy S can
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cagtibig st Ry sptratEc0oB0ithesBame embed thrckils; thefeyhenstithoilinatts, the

syltREGatng viscRRitkdnclude silicaRRaned.oils (HEh a3.1bS RRIYAKYs. 1n certain

polyaryl-, polyalkoxy-, polyaryloxy-siloxane oils and silicate oils). In other =
crghrBBBRMErie pathsitslicwsiladacties masd Bsrarsdp Crz monocarboxylic acids

ahRsIPhR MRt INipR.ACIES R RAMERCIEHRARYI@IEBASetic oils include tri-alkyl
polyalphaolefins, and the like. 100311 Base oil derivéd from the

PIHYBASISGiTiTO RSB 36 5-nhyt sl b o bl qndithasaaloieg shasphate.
combination with the aforesaid natural and/or synthetic base oil. Such

[00@0] isomeraiesGihiscpBsiUGRE BY s T Eeisomesiz afiorR Afipakiial @ include
_synthetic yaxes or mixtures thereof over a hydroisomerization catalyst.

SRR AT G Eh BB e BALE o CETHIGES & PO BB e

0i(PAQ)iHcagenityal Ithe e bnralphianelelinadiayibesderivad e @fuid esters of

alpha-olefin having from about 2 to about 30, from about 4 to about 20, or

plfpg ST B R 9 s RAPEBR s &al Nﬂaﬁfurans, polyalphaolefins, and the like.

[0031] Base o1l derived from the hydroisomerization of wax may also be used,

either alone or in combination with the aforesaid natural and/or synthetic base oil. Such

wax isomerate oil is produced by the hydroisomerization of natural or synthetic waxes or

mixtures thereof over a hydroisomerization catalyst.

{0032] In further embodiments, the base oil comprises a poly-alpha-olefin (PAO).
In general, the poly-alpha-olefins may be derived from an alpha-olefin having from about
2 to about 30, from about 4 to about 20, or from about 6 to about 16 carbon atoms. Non-
lIimiting exampies of suitable poly-aipha-olefins include those derived from octene,
decene, mixtures thereof, and the like. These poly-alpha-olefins may have a viscosity

from about 2 to about 15, from about 3 to about 12, or from about 4 to about 8§ centistokes

-8-



limiting examples of suitable poly-alpha-olefins include those derived from
octene, decene, mixtures thereof, and the like. These poly-alpha-olefins

may have a viscosity from about 2 to about 15, from about 3 to about 12,
or from about 4 to about 8 centistokes -8 at 100 T. In some instances, the

ly-alpha-olefins may b er with oth bas 0|Is uch
at {hral BiE ORI I ek A TRBRREE Bapraioter base
oilpalyalkylene glyes.or a polyalkylene glycol derivative, where the terminal
hydroxyl groups of the polyalkylene glycol may be modified by

oiEreaton, edioaton, AR iatan an s e Non (e g color

mples of suita i po cols’include polye
pomlwmﬁ}y@m Q&Emamywb@mw mgiybbmndycb@mbmfdhs Mé@ﬁ’feﬂe

gly ”m'ar{}‘ D f n@ gses%enh”t b(l)% pe fﬁﬂﬁl 9!&4 {21 %}Y A BRNELAGon
thers% ene “glyco S ér of polyisopropylene
llﬁgtm’g)hmrpbms)dfesmmbdﬁ ]mzibyéldwwnglglyimipdiedhm@m&)@m glycol,

po a/glly % Ie e?%llyco ’yiest(%))r ?gne goPoa}ﬁ% é}ﬁ %1%3&%5561%01’ NOR limiting

S,an inati I'IS thereof. In some instances, t

ex@nblakg'f@néa@@pol}@ﬂlpdml gi,&enbdgtywﬁv:@nvatu@ wibgrbeiusdrhtiogeter

ith, oth b
o o ang LI AR RIeE SR iR
ghdichidiothylic:tisicst (lmgfpm}mﬂ@ahc @l&rd)lsercc)nmmdamilmlw@ﬂm@h@mers of
po ch(y e|r§eu 'Q{') S, %%9%0 &ég}a g’iesilﬂlg ﬂge%qge(?gqgﬁ&lene

acid, adeIC aCI O elc aCI mer ma onic acl

glm@lonmﬂa’lah@ywhdmﬂ@tw@ymb@qﬁﬁ m@)ﬂwnh\félvaﬁi@tﬁ)@#e oils such as

poyceﬁﬁ Jil Slghl lIJn EH%ﬂpexyl alcohol, dodecyl alcohol, 2- ethylhexyl
ylene glycol, dlethylene glycol monoether, propylene glycol,

and the Ilke) Non-limiting examples of these esters include dibutyl
[083tbate, di(ociResposipsridbabrhel oAt dist st ale,

didiisersnd azakategdi ryhagelaeintioety, Riitbplate; didacyk philaiatesccinic

dieicosyl sebacate, the 2-eth Ihexyl diester of linoleic acid dimer, and the

aciiie OIS HHITGHMBICAHB ORI Khe T8I G b IR LSS5 ly R ERR ASiSh
liigRaad Biynthe iReherlioRES REAGEs Scldie dTigshemhIonsch iAk0a8SShe

prepares hydrocarbons from gases contammg h dro%en and carbon

likpowiRiaediahgea Hrstndt ppBER taleapst: fredglcohol, dodecyl alcohol, 2-

ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, and
the like). Non-limiting examples of these esters include dibuty! adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,

dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic

acid dimer, and the like.

[0035] In further embodiments, the base oil comprises a hydrocarbon prepared by
the Fischer-Tropsch process. The Fischer-Tropsch process prepares hydrocarbons from
gases containing hydrogen and carbon monoxide using a Fischer-Tropsch catalyst. These
hydrocarbons may require further processing in order to be useful as base oils. For
example, the hydrocarbons may be dewaxed, hydroisomerized, and/or hydrocracked

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

[0036] In further embodiments, the base oil comprises an unrefined oil, a refined

oil, a rerefined oil, or a mixture thereof. Unrefined oils are those obtained directly from a
-9



hydrocarbons may require further processing in order to be useful as base
oils. For example, the hydrocarbons may be dewaxed, hydroisomerized,
and/or hydrocracked using processes known to a person of ordinary skill
in the art. [0036] In further embodiments, the base oil comprises an
nr?fined %I,ta refined oiFIL, ar regined C{g‘, or.a mixture thereof. Unrefined
PGS are tROSE B BLATTE S dPStt B BILY FtGFa Y S B ith e Giipe cxamples
of withfint-Asikenpludé chtinroiie atménid Noectinifiogh example o pefaiasfipegbleum
-0ils jnclude. shale oils obtained directly from.retorting operatiqns,
o St et G iy S e G AP s ebigom an
esehitadasohdirectly trndnuasd esterifidatiborprecessnantt ¢Bedi withard furihero the
e R B B e IO o

ave been further trea y‘one or more p
primgssoy eoanpE@vnate @ropettiespbtaay Mehypsurdicption@IOeessRsaEe are

known to those skilled in the art such as solyent.extraction, se .onﬁar .
B g AL 0 B PRl o BV CorefBF e i g, acid o

baRerefinathnj|f larei abtained diprapplyihg likee e divile pitcassessimilay to
those used.to obtain refined ails., Sych, rerefined oils are also known_as

L O b e RLRan e P RN S Ry By S

reppiocesses aliretie dtowenmonel dfispdentrapditives dintsaihbrefakdawadditionally

oducts, ii). Qil Solubl olybdenum Com ds L?Og’%?. or th

e B e BT e AP procucts
molybdenum compound can be employed. Exemplary of such oil-soluble
molybdenui)cébbringdeibnlied ¢ aroplimindsl to dithiocarbamates,

dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides,

{068 the likeFangheMIKHERMISIRV L SBIANRHRRARGRIS, 188 suitable oil-
moJybdenum compounds are molybdenum dithiocarbamates,

Sowslg(m{ﬁ?&ﬁﬂwgp%@g}*a&w&&ﬁmfégygﬁd BirgRRlsRantivarliowhgle

mdlpBdnalubesnpsucampaund may:besnanttedin Hittsdatanuelear. In
d'ﬁ?rt in egmodim nts, the compound is a dinuclear or trinuclear
s

BHEIE OO PR HrB L KRR isRySEk Il and the like, and
mbOMEOURELIT. alh QEgRROFBLMARRUNICOMPIGUREhIA anARReMPOdIRgHenum
BRI b R ST F Y] F B b G Rbpaes

molybdenum dithiophosphinates, molybdenum xanthates, molybdenum
{0fFdkanthatéSye molybdenum compound may be mono-, di-, tri- or tetra-nuclear. In
certain embodiments, the compound is a dinuclear or trinuclear molybdenum compound.
In one embodiment, the molybdenum compound is an organo-molybdenum compound.
In another embodiment, the molybdenum compound is selected from the group consisting
of molybdenum dithiocarbamates (MoDTC), molybdenum dithiophosphates,
molybdenum dithiophosphinates, molybdenum xanthates, molybdenum thioxanthates,
molybdenum sulfides and mixtures thereof. In another embodiment, the molybdenum
compound is present as a molybdenum dithiocarbamate or a trinuclear organo-
molybdenum compound. In one embodiment, the oil-soluble molybdenum compound is
selected from molybdenum dithiocarbamate, molybdenum-succinimide complex and a

mixture thereof.

10039] In certain aspects, the molybdenum compound may be an acidic

molybdenum compound. These compounds will react with a basic nitrogen compound as
-10-



molybdenum sulfides and mixtures thereof. In another embodiment, the
molybdenum compound is present as a molybdenum dithiocarbamate or
a trinuclear organo- molybdenum compound. In one embodiment, the
oil-soluble molybdenum compound is selected from molybdenum

dithiocarb t q{{ num- injmide complex and,a mixtur
SO R et B R BEGR D e Y e an
hexanigliertmBlydeaieior ot eathpouneuhiesecdm peilpddiiltitc agimdiianbasigbdate,
itroge pound as -10 sured STM test D-664 or, D-2896 _
so R R s T e, S e B R e ot
motpdpoumndslinciug ehydlybeicabidnaniybd it MoelGHardpGoBiyMo, O3 Cls,
lybdate, .potassium molybdate, and other alkaline metal molybdates
S e B M e
coe@Gddl Mao@PcBr)iMo e 63 idkenumalyide numplikioxide basinmilasgeidic
mol b%enumc nds. Alternatiyely, the .compqgsili _ge i mpr| )
co R R e T A Db Mo Tampb ndeoRe a2 28 205
4, Xestiibed, d6s78Rampie, 841452 Pat 9 Nals2 392881 1ha;(45B8 562 2ind WO
94@@295; 4,272,387, 4,265,773; 4,261,843; 4,259,195; 4,259,194 and
,062,765; and WO 94/06897. [0040] The basic nitrogen compound used
to prepare the oxymolybdenum compounds for use herein have at least

[0%H8 basic nlthedenianiragsnieosereaind srddipmers; dis-solubdy idgioal
coRMHRIERPLSUER EAMROS RS AL SHEGINIMIdEE, SRTRXMICAGIEAmides,

hydrocarbyl monoamines, hydrocarbon polyamines, Mannich bases,

cpbiedsppifafildedubiophaspHoramibles o5 Hashkermeitmnsdisparesintmides,
caSCORINAIRASK JTPIRYEER a ARA K BAS S REIRRE AL Af Hfyamines, Mannich

nitrogen-containing compositions may be after-treated with, e.g., boron,
bagesiR prRREEUHES wEl i amedsst Bbogipaamkdescivsesiibriscosity index
impostingete ﬁgsaﬁaiesaﬁag&!t@g%%fm%%@é@{:&@ﬁamﬁ@%&%&% CUIRRY be

applicable to succinimides and Mannich base compositions. [0041] The

afigforrsiad pBlsacbAIRTdeERA R e wELYEl e prapartest padRIsHRSTM
coRPORIRNRSIRSCHORABBISINAE IREINRRT THRUMSIQUSSBIRERACES ARHcularly

are well known in the art. Certain exemplary succinimides and the related
applisedrale avecinisidivetdnMgti Pabarigarptiess; 3,172,892; and
3,272,746, the disclosures of which
[0041] ‘The mono and polysuccinimides that can be used to prepare the

molybdenum complexes described ‘herein are disclosed in numerous references and are
well known in the art. Certain exemplary succinimides and the related materials are
described in U.S. Pat. Nos. 3,219,666, 3,172,892; and 3,272,746, the disclosures of which
are hereby incorporated by reference. The term "succinimide” is understood in the art to
include many of the amide, imide, and amidine species which may also be formed. The
predominant product however is a succinimide and this term has been generally accepted
as meaning the product of a reaction of an alkenyl substituted succinic acid or anhydride
with a nifrogen-containing compound. In certain embodiments, succinimides for use
herein are commercial available succinimides, such as those prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about 350
carbon atoms, and an ethylene amine, said ethylene amines being characterized by
ethylene diamine, diethylene triamine, triethylene tetramine, and tetraethylene pentamine.

In one embodiment, the succinimides include succinimides prepared from polyisobutenyl
-1l -



are hereby incorporated by reference. The term "succinimide" is
understood in the art to include many of the amide, imide, and amidine
species which may also be formed. The predominant product however is
a succinimide and this term has been generally accepted as meaning the

sucBlpd %%?Elg(f@ 8490 AN alke vk sHRstity et RHESIDIC BEiL5APRYHEdE lene

with a nitrogen-containing compound. In certain embodiments,
tetrgggonimidieduiigs tseedierein are commercial available succinimides, such

as those prepared from a hydrocarbyl succinic anhydride, wherein the

[ooygirocarbyh gropp caniains rom ahewiids 4R Ao AR R &R eNapildssarby
and an ethylene amine, said ethylene amines being characterized by

sucsiRifénis| QrARNEr iR A SRt AR RIS RS ROTER A, Igpt) one tertiary
amtBU 3RIRYIENE ReNtAMineN RISRMBEsINER . IR S UESIINIHes:tRgkIde

succinimides prepared from polyisobutenyl -11 succinic anhydride of 70 to

embodipsAbrEtEMRS STECIEPARRAICHE BENARATEBY BN IBHE iR ey
50.misture S tRerepbdi042] thisa inahuechin thepsuaairinite snade: thenpositions
cooligomers of a hydrocarbyl succinic acid or anhydride and a poly
he@é@:w&aﬁré%mé%ﬁ%rﬁﬁg’%@ﬁ%?ﬂﬁé‘%ﬁﬁrmﬁ? AftfogaR e
difAslditigReto two or more secondary amino groups. In certain embodiments,
the cooligomers have an average molecular weight between 1,500 and

05 000. In gne embodir,ge t, th% mokl)ybdfanum om o%nglforsﬂﬁj%grgu@%m
108tHhpositiond CREFEH T T AP a0 By raa ity 1o oD eaHyT SU R
suidathy drigkénandaaitiyleier shigiparazihe o}t dlyinleartaicembadimert] herein.
carboxylic acid amide compositigns.are alsQ, suitable, starti terials for
e s R L SR SO N B
of edifthdu hdsbyartbmperdisdlbgediincbcS. PatsiNaBpbeB;o6lsthéddigelnseddy
of which is hereby incorporated,by reference. These compositi can
oA B U EAR S B o SR O QUGPSR o350
alibhying ableastoh o deoptiR5paladlpitatic chaboardtai:iredehpringipafiicient
aliphatic chain and, iE desired,.having sufficient, pendant aliphatic groups
Siteindtd ee Gl St he RS g
hydodyarhineobuchizs ankthylenthatmirgjnongivie ginecnoarpotycaybastyiiylic acid
acid amide. In one embodiment, the amides are prepared from (1
oo e R e e e AR A S A of e
fornixta®’ OIS, adidrwvith ia Polyisdkyitenglmixture of this acid with a polyisobutenyl
carboxylic acid in which the polyisobuteny! group contains from 72 to 128 carbon atoms
and (2) an ethylene amine, especially triethylene tetramine or tetraethylene pentamine or

mixtures thereot.

[0044] Another class of compounds which can be used to prepare molybdenum
compounds are hydrocarbyl monoamines and hydrocarbyl polyamines, such as those
disclosed in U.S. Pat. No. 3,574,576, the disclosure of which is hereby incorporated by
reference. The hydrocarbyl group, for example alkyl, or olefinic having one or two sites
of unsaturation, usually contains from 9 to 350, preferably from 20 to 200 carbon atoms.
Exemplary of such hydrocarbyl polyamines are those which are derived, e.g., by reacting
polyisobutenyl chloride and a polyalkylene polyamine, such as an ethylene amine, e.g.,
ethylene diamine, diethylene triamine, tetracthylene pentamine, 2-aminoethylpiperazine,

1,3-propylene diamine, 1,2-propylenediamine, and the like.

12 -



carboxylic acid in which the polyisobutenyl group contains from 72 to 128
carbon atoms and (2) an ethylene amine, especially triethylene tetramine
or tetraethylene pentamine or mixtures thereof. [0044] Another class of
compounds which can be used to prepare molybdenum compounds are
[0 érocarbyl monoamines fand hydrocarby| Folyamines, such as_those
|

losed i YBIPB &N S TEEPERRES e HiSObSRRIB R RRAG L HaRspyre the

Mﬁﬁ?&p@?ﬁe.@o%dﬂw@CBhaéB%@?ﬁﬁf@ﬁﬁfﬁyhﬂigb@)aﬁﬁ?%m@.@l@#@ﬂo%cg_m
0 nic having one_or two sites of unsaturation, usua ycontalns rom 9 to
al’f’ks%l,’?ﬁ%lr’e%‘éﬁ?ﬁ%ﬁﬁvz%’? S0 BTl § DfeSHET such as

paRydracadoll polyadninesnne ébageuiic e tei/edy®ga B F8astRlyamine

olyisobutenyl chloride and a pqlyalkylene polyamine, such as an .
anf b%icgm }té‘?ﬂ?’,”&m@ﬁ%%éﬁﬁhaé} HTAAe Fﬁﬁﬁ%wﬁ%é??é’%h’é@%ﬁ%ﬁreaﬂ

etipgBiRmingc 2sadningethyipipesazingind, SrRoR¥anRiatin@nine, and the like.
1,2-propylenediamine, and the like. -12 [0045] Another class of
T SERIFTSY S BB A gaN ars SReeRTHARN Bagd o
alegifiposiliongifilesa:eoohiestionsiake piepaied Hendadheaahar SP20MNos.
enql hyd  as formaldehyde or formaldehyde.
e IAP A L Gmsed ey o Sty L KBisb N e hereby
inashhoeated s beiero or polyamine and typical compositions are
prepared from an alkylamine, such as methylamine or an ethylene amine,

as, diethylene triami r tetraethyl entamine, and the like.
O o e Bl A e equm
compreB 80 a0to ik yiptheriohriypicabNl ammisrshase pwhidadcherdie arsebeare

' N U, t 4 157,309 649,229; 3 972, and
P e IRt R S SR T U S o
arfd 84818AIGtHbe disgswircontpdsitioarabefelfonpregparnied thereference. These

' icati ih composition
e R b RE B e one -
Nihesé diselosetitinuesaPat fNes28190001306mE HBEPGT; theychloride with a
hﬂﬁ?&%ﬂﬁ&&fﬁi" fchRieerepy M%&Bfﬁ‘é‘%ﬂ t‘%y {g%?{l% ?%0%’1?&%3 doxychioride
compoun

compositions may be prepared by forming a phiosphor
WHAW e areert saeopdayyanice They caenbdpretparediniore xampdokyhoramides

APBCIRG RRASRNRHH QXYRNIRUAEIR B AV OCA YL IGLIY S AARRY 56m 2 1o
of a monoamine or by reacting phosphorus oxychloride

450 or more carbon atoms, such as polyethylene, polyisobutylene, polypropylene,

ethylene, I-hexene, 1,3-hexadiene, isobutylene, 4-methyl-1-pentene, and the like, with

phosphorus pentasulfide and a nitrogen-containing compound as defined above,

particularly an alkylamine, alkyldiamine, atkylpolyamine, or an alkyleneamine, such as

ethylene diamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, and
the like.

[0647] Further molybdenum compounds useful in the compositions provided

herein are organo-molybdenum compounds of the formulae

MorROCSE,), and
MolRSCR.,

[0048] wherein R is an organic group selected from the group consisting of alkyl,

aryl, aralkyl and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and in one
13-



with a difunctional secondary amine and a mono-functional amine.
Thiophosphoramides can be prepared by reacting an unsaturated
hydrocarbon compound containing from 2 to 450 or more carbon atoms,
such as polyethylene, polyisobutylene, polypropylene, ethylene,

emba SRR b Agxadiene isohutviene ¢ metnyl. Lipentens. and hiellke,
wit peho’sp orus pen?asu(fflldae and a nlflrogen-con aining compound as
carbefimgelrabove, particularly an alkylamine, alkyldiamine, alkylpolyamine,

or an alkyleneamine, such as ethylene diamine, diethylenetriamine,

[odékg]lthy'enetﬁ{f&{p IngniRiraetiMenaReMABING bRk BAGEESHRD s of

ybdenum compounds useful in the compositions provided herein are
may§asmeipbeiehinh othpsuntdaf the formulae N1+)(RO(:S )4 and

Mo(P-SCS1), [0048] wherein R is an organic group selected from the
group consisting of alkyl, aryl, aralkyl and alkoxyalkyl, generally of from 1
to 30 carbon atoms, ang in one -43%m ) Hinent, fromg2 to 12 carbon
atoms and in another emfadip@nttitky M2 W12 ¢arbon atoms. [0049]
In one embodiment, thgfolybdeptimggmpeghds are gdithiocarbamates of
molybdenum represented by the formula: R1 X1 X4 Is R3 N-C, o Y++la
~C--N ItS/ X * Sf 1t4 [0050] wherein, R1, R2, R3 and R4 ar€ each
independently a straight-chain or branched-chain alkyl group or a

[0@3fHight-chairhereimsdhe Fed ferid Bikaisytagfotpslensndr) o arstoeightbam or
br&ﬁr@é&!aagﬂ%&,t%&ﬁ angl A4 9,83G NASPRNABNIY AR IEH AR ing

or a sulfur atom, the ratio between the number of the oxygen atom or
Tout v e areee bnh anslur Storts @ﬁ@%ﬂﬁ%ﬁﬂﬁh@@é@@ﬂf??%@t@ﬁ&}gﬁe}wmm

or ReiNGuL 348 3 IR BNREBRPHNERLHRARRe B3yaBH fshy JERACH Al hat of

In one embodiment, the alkyl is butyl, 2- ethylhexyl, isotridecyl or stearyl.
therpd frejatmp qratemd Rithgrsipd 19 ndlrigbdemsinedithivetroah e may
enfoIABRNEa WiR) ardifferent feam-aaeky PRI o FUEHIBS AWENer (IO 1 is butyl, 2-

ethylhexyl, isotridecyl or stearyl. The Ry, Rz, R3 and R4 groups in one molybdenum
dithiocarbamate may be identical with or different from each other. Further, two or more

molybdenum dithiocarbamates having different R, Ry, R; and R4 groups may be used in

a mixed state.

[0051] In one embodiment, organo-molybdenum compounds useful in the
lubricating compositions herein are trinuclear molybdenum compounds, including those
of the formula Mos Sy L, Q, and mixtures thereof, wherein L are independently selected
ligands having organic groups with a sufficient number of carbon atoms to render the
compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4 through 7, Q
is selected from the group of neutral electron denating compounds such as water, amines,
alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes non-
stoichiometric values. In certain embodiments, at least 21 total carbon atoms are present

among all the ligands’ organic groups, such as at least 25, at least 30, or at least 35 carbon

atoms.

{0052} The ligands are independently selected from the group of:
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molybdenum dithiocarbamates having different R1, R2, R3 and R4 groups
may be used in a mixed state. [0051] In one embodiment,
organo-molybdenum compounds useful in the lubricating compositions
herein are trinuclear molybdenum compounds, including those of the
formula Mo3 Sig L" Q, and mixtures thereof, wherein L are independently
selected ligands having orgaris-greuqas with a sufficient number of carbon
atoms to render the compound soluble or dispersible in the oil, nis from 1
to 4, k varies from 4 through 7”(% is selected from the group of neutral
electron donating compounds-%_k water, amines, alcohols,

phosphines, and ethers, and z #dnges from 0 to 5 and includes non-
stoichiometric values. In certaifembodiments, at least 21 total carbon
atoms are present among all the ligandg' organic groups, such as at least

25, at least 30, or at least 35 ¢ 1t;gon agoms. [0052] The ligands are
E N)\

independently selected from the} gioup of:: -14 x,. )Y C-R, x~x,r R V-Y
X, X, t, C-'Nand K2 R2 X104, J\ X2 O-.-.R! [0053] and mixtures
thereof, wherein X, XI, X2, and Y are independently selected from the
group of oxygen and sulfur, angtwhereineR1, R2, and R are each
independently selected from hydrogen/and organic groups that may be
the same or different. In one er %HTrﬁant,Tﬂ‘ organic groups are
hydrocarbyl groups such as alkyt (e.g., irawhich the

X 1 DWR i
Y4
/AN ’
Ho O Re
{0053} and mixtures thereof, wherein X, X, X, and Y are independently sclected

from the group of oxygen and sulfur, and wherein Ry, R,, and R are each independently
selected from hydrogen and organic groups that may be the same or different. In one
embodiment, the organic groups are hydrocarbyl groups such as alkyl (e.g., in which the
carbon atom attached to the remainder of the ligand is primary or secondary), aryl,
substituted aryl and ether groups. In one embodiment, each ligand has the same

hydrocarby! group.

[16054] The term "hydrocarbyl” denotes a substituent having carbon atoms directly
attached to the remainder of the ligand and is predominantly hydrocarbyl in character,

exemplary substituents include the following:

[6055] 1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or
alkenyl), alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-,
aliphatic- and alicyclic-substituted aromatic nuclei and the like, as well as eyelic
substituents wherein the ring is completed through another portion of the ligand (that is,

any two indicated substituents may together form an alicyclic group).
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carbon atom attached to the remainder of the ligand is primary or
secondary), aryl, substituted aryl and ether groups. In one embodiment,
each ligand has the same hydrocarbyl group. [0054] The term
"hydrocarbyl" denotes a substituent having carbon atoms directly
ched to,the remainder qf the ligand and is predominantly hydrocarbyl
(0 T haracte?: XA LB A THE e FETOWIHG OR8] e on-
hydfvdﬁffﬁa{@mwhﬂi%ﬂiﬁﬁﬁsldﬁlftlésﬂadipmmu(ﬂ‘l ' @eﬁrﬂmg@@ieoa%yh Qhaglkeny).the
icyclic (fqr exa cycloalkyl or cycloalkenyl) substituents, aromatic-,,
s TR S BRGS0 S BH At I BRI o aRi 1
chiyolimdsabstiyenisoyhiietglthesringis, atimpletedityaugh, anetber RUION and
theo{.géi ligand (that is, any two indicated substituents may together form an
allcyelic group). - 15 [0056] 2. Substituted hydrocarbon substituents, that
is, those containing non- hydrocarbon groups which do not alter the
[0§F2HominartyHeycmosdrsytuchti dbier ok tihetisupstitvkich, THokepsiditedriantly
iSRS, BRSO SULRRIE GHaHRS e 0n hRlo.Sspecially ghiotoand 1,
uoro, amino, al oxyl, mercapto, alkylmercapto, nitro, nitroso, sueﬁoxy, and
othhenikeyofops% iR Hetboo swibstituents, that is, substituents which, while
predominantly hydrocarbon in character, contain atoms other than carbon

[o@ggpent in q&%@&arémcﬁm&fwj%ﬁe%@§%%a[)§@mﬁ@ 1S RSBl Ricient

certain embodiments, the organic groups of the ligands have a sufficient

NURRFDRY GreeReEEREMTS Ec S ha spmROBBMYUPIE sbiibretaibtidpahsipib iRor

ol Fon sxampladhenumberol carban.tomsinean %?%%\4{% bout 1
exg?fr?eri}gerange betwgen about 1 to abgut 1%0, from abo%t 1o abouete:I%lOa out

to ShpjeinhlbAraBoiitostd b GOIATRSHART DS UEHE lidapersin
entBslude slialipddithionhesRhrteialkyinanthaia,and, sirlyidithipcarkamate.

In one embodiment, the ligand is dialkyldithiocarbamate. Organic ligands

diglsstdithing b et Brtre kpsBeiribaduamsts ekyidguerpebarate.
OlgANIs v RIING KHORR ObMEsR-IthR 6oses. Fhasmskilladin the,attwills

_realize that formation of the compounds provided herein requires _
liggadeho R B IR RR iR thet Hisreishatbicaddliet vads et e dspdize that

fofRAH@8.of the compounds provided herein requires selection of ligands having the

appropriate charge to balance the core's charge.

[0059] - Compounds having the formula Mos Sy L, Qz to have cationic cores

surrounded by anionic ligands and are represented by structures such as

SP"" 3’,&10“‘&3

B,

Mo¥ Mo

and

VAN
\4

[0060]
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[0059] - Compounds having the formula Mo3 Sk L" Qz to have cationic
cores surrounded by anionic ligands and are represented by structures
such as and "s f SIKA Mo N10 V [0060] -16 [0061] and have net charges
of +4. Consequently, in order to solubilize these cores the total charge

ong all the |igands must be -4, In gne embodiment, four monoanionic
00F T s ar I CEE R R BAT g 8 B BTy Sy R DI s
corbelievedithahtwwonoromprd! ttinlgieatscores may . b boardbediment, four

interconnected by means of or more ligands,and the ligands may be
OB e e L b D e Ry
beliewdtiphatoonnactions tonadiagleooorendy issthelievko: tivatroxygerdbytoeans of
onSS ST may be. subetiuted for.sulfur n dhe-pare (6} (DRI lsolulble o1
|sperS|bf rinuclear mo%y enu compoun%s can be prepared by
mutedeting: igtiel Apphapriatki fiuidisisobverit(s) angelybaedum soigncel surth
as_(NH4H2 Mo3 S13.n(K2 0). where n varies between 0.and 2 and
o S b et B e such s
a tetralkylthiuram disulfide. Other oil- soluble or dispersible trinuelear

[00dlybdenuil cesvimbbupiidisrmsHd dérmededu Amd v JeasticioripeHeds can be

TE I iaf | i ; ) _
L e
(NHigtietithiosarbdmardicse mHiakgidigiivpHoe grate 2aa dnslsderncbsvkdipgetic
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Alternatively, a trinuclear molybdenum-sulfur halide salt such as [M']2

solpalssdisme ) bihEisuvicrs b B ArROATE S L HERSJERNat AUagE, reaction
in b éyplvog@aé REIVERRISS MIth A HARASQUIGRSHRN @8 &F (NHL), Mos Sia.n(th 0),

dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate
a liggaibia)ssIverh(ay terkn Birsinsdispiadsr dndpaitblecaihamiasr or
didMOVRHL AR SRMPHAY. shiTerapRIeR I atelaHid/sa et maYRen {0kulfite ions,

example, aqueous or organic, [0063] A compound's oil solubility or

or @ﬁ@é@]}gﬁ% W‘hﬁ@@’%lfﬁlﬁ%ﬂ@éﬁeb& grgnuclear molybdenum-sulfur halide salt such
as [M']2 [Mos S; A6 ], where M' is a counter ion, and A is a halogen such as C1, Br, or |,

may be reacted with a ligand source such as a dialkyldithiocarbamate or
dialkyldithiophosphate in the appropriate liquid(s)/solvent(s) to form an oil-soluble or
dispersible trinuclear molybdenum compound. The appropriate liquid/solvent may be, for

example, agueous or organic.

[0063] A compound's oil solubility or dispersibility may be influenced by the
number of carbon atoms in the ligand's organic groups. In the compounds herein, at least
21 total carbon atoms should be present among all the ligands' organic groups. In certain
embodiments, the ligand source chosen has a sufficient number of carbon atoms in its
organic groups to render the compound soluble or dispersible in the lubricating

composition.

[0064] The terms "oil-soluble” or "dispersible” used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible, or capable of
being suspended in the oil in all proportions. These do mean, however, that they are, for

instance, soluble or stably dispersible in oil to an extent sufficient to exert their intended
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number of carbon atoms in the ligand's organic groups. In the compounds
herein, at least 21 total carbon atoms should be present among all the
ligands' organic groups. In certain embodiments, the ligand source
chosen has a sufficient number of carbon atoms in its organic groups to

ender the compound soluble or dispersible in.the lubricating c osition.
AT 8 B e s G B oS o A Apora
incogeessanlyl inbkcatbittiatdhesgaiepeunds arcaditivesnaslsghebleyels of a
issolvaple, misciple, or capable of being suspended in the oil in all
parglrc(% rr%%{v‘?h%cs%%%%rhean, however, that they are, for instance, soluble
or stably dispersible in oil to an extent sufficient to exert their intended -17
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pp&o{&czﬁﬂ)ﬁﬁ?tf@[%@é %}8 g5t aRaUs AR DORY AR IE NSRSl RASHTL AR S nts, the

In certain embodiments, the molybdenum compound Is at a concentration
mdfplrdeaiioucIOPPI 16 DbIWELDDTY Hiom #batnd8 6f MOYbdenanteoritedt. to

124 88110 RO MENIR.AE-IBNOE B LomaRRT At & faRTEINALAR
rom about 50 to 1500 ppm, or about 250 to 1200 ppm in terms of

comphibdénain comerraipoee dmotiment, HermolybBamum2edmpouktdispm.
75%%%{89810?%%8&% MthQQJHP@&n&Q ppm, 250 ppm, 500

750 ppm, or 1000 ppm in terms of molybdenum content. [0066] The
amount of molybdenum may be determined by Inductively Couple

d
[0%8kma (ICPMermSSiBHssRABLeRyy Tamg Hisristsd Bk despaer sy Coupled
PIASEM @5 188istidnZing diskopdithiorhasphate sompaund s ARG The 85.

lubricating oil compositions provided herein additionally contain a zinc

dialkyldithio, ﬁo hate. ound. The alkyl group in the zinc
dialkyldithioig b?éﬁgt‘%%‘%ﬁ@a%ﬁ“ %‘?%8’?%%?%‘618, BRKched or
non-branched alkyl containing 3 to 30 carbon atoms. In another

[eemibodiment hthbibilioptigop tras@ssignsarbenetdersiExdhipled lfcalkpin a
i %&h‘?ﬁ;)f&?ﬁﬁ%%}?o%@&%%ﬁﬁ%h‘Fﬂee&&XJl QF&E%/ b BltyhRentyl

methylpentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
dialkyldithiophosphate compound is, for example, branched or non-branched alkyl
containing 3 to 30 carbon atoms, In another embodiment, the alkyl group has 3 to 8
carbon atoms. Examples of alkyl groups include a straight or branched ethyl, propyl,
butyl, pentyl, methylpentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and octadecyl groups.

[0068] These zinc dialkyldithiophosphate salts can be prepared in accordance
with known techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA),
usually by reaction of one or more alcohol or a phenol with P;Ss and then neutralizing the
formed DDPA with a zinc compound. For example, a dithiophosphoric acid may be
made by reacting mixtures of primary and secondary alcohols. Alternatively, multiple
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are entirely
secondary in character and the hydrocarbyl groups on the others are entirely primary in
character. To make the zinc salt, any basic or neutral zinc compound could be used but

the oxides, hydroxides and carbonates are most often employed. Commercial additives
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tetradecyl, pentadecyl, hexadecyl, heptadecyl, and octadecyl groups.
[0068] These zinc dialkyldithiophosphate salts can be prepared in
accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol

regARrEaLIT BRSSaNd tennsHaliEna e fomed ARRANIY A Zin

omp un ample, a ithio osphorlc acid may be made
correm;dgmﬁwtuﬁes”@fmumaryaahdrsecondary alcohols. Alternatively,
multiple dithiophosphoric acids can be prepared where the hydrocarbyl
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groups on the others are entlrely primary in_character. To make the zinc
proshseed Appedidlsrdditaephes Rintipaaidd dolilbod Seifbtise oxides,

hydroxides and carbonates are most often employed. Commercial
additives -18 frequently contain gan excess of zinc due to the use of an
excess of the basic zinc compouer\Ln e neutralization reaction. [00691
In one embodiment, the oil soluble z Malkyldlthlophosphates may be
produced from dlalkykyldlthlophogg oric aC|ds (DDPA) of the formula S

e SH 00 drox |al I ds frgm
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th Ikyldithi ric,agi # fro
s e e e
gr@mmore of the foregomg. In one embodiment, the zinc
dialkyldithiophosphate is derived

[0071] In certain embodiments, the dialkyldithiophosphoric acids are prepared
from mono-, di-, tri-, tetra-, and other polyhydroxy alkyl compounds, or mixtures of two
or more of the foregoing. In one embodiment, the zinc dialkyldithiophosphate 1s derived
from a single primary alcohol. In one embodiment, the single primary alcohol is 2-
ethylhexanol. In one embodiment, the zinc dialkyldithiophosphate is derived from one or
more secondary alkyl alcohols. In one embodiment, the mixture of secondary alcohols is

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

[0072] The zinc salts can be prepare from the dihydrocarbyl dithiophosphoric
acids by reacting with a zinc compound. In some embodiments, a basic or a neutral zinc

compound is used. In other embodiments, an oxide, hydroxide or carbonate of zinc is

used.

[0073] The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric
acid formation step may contain certain amounts of one or more of P»S3, P4Ss, P45, or
P4Se. Compositions as such may also contain minor amounts of free sulfur. In certain

embodiments, the phosphorus pentasuifide reactant is substantially free of any of P»Ss,
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from a single primary alcohol. In one embodiment, the single primary
alcohol is 2- ethylhexanol. In one embodiment, the zinc
dialkyldithiophosphate is derived from one or more secondary alkyl
alcohols. In one embodiment, the mixture of secondary alcohols is a
mixture of 2-butanol and. 4-methyl-2-pentanol. 100721 The zir];é salts can |

Pae breinard from tHecaABOERA I IFiohRdnTBhe s daeisyHede frg s

subkZineatgmpeuntensgtme embodiments, a basic or a neutral zinc
compound is used. In other embodiments, an oxide, hydroxide or

onate of,zin¢ is_used. [0073] The sphqrus.pentasulfide .reactant
O e W AR S o b Euvga e
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embodiments Iae hasphorus pentas fi(i .reactant is substantially free
P B P T R A B 1850 200,
256idkgldittiopHogphatélgympdonddsabodirid@d, tpHeethppm dased dertieel from
tatal weight of the lubricating oil compositio certain embodiments, the
T TR0 Bl opospnae
compound is about 200 to 400 ppm. In one embodiment, the phosphorus

[088Htent deriliriffridenving sddiiaRafieTHemRPhosp B Rismhpoterisidbeut
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content derived from the zinc dialkyldithiophosphate compound is about
addBoy gipfe [oOVIpd HeHBIRb@WIRGadumcRt dorapbpbatdheesismptdatended to limit
i:some of the components that can be favorably employed in the present

invention. These examples of additives are provided to illustrate the

present inventjon, but they are not intended to limit it: 1) Metal Detergents

[0076] In soM& SHbBEIMERE the Iubricating oil composition provided

herein comprises at least a neutral or overbased metal detergent as an
[0adejtive, or hdshtiveciobmporetisthinl centainrencbiodmenisothprovedall herein

deter eng in%ubric%tg%g oil

cOIprises at’least a neutr overbased metal detergent as an additive, or additive
components. In certain embodiments, the metal detergents in lubricationg oil
compositions acts as a neutralizer of acidic products within the oil. In certain
embodiments, the metal detergent prevents the formation of deposits on the surface of an
engine. Depending on the nature of the acid used, the detergent may have additional
functions, for example, antioxidant properties. In certain aspects, lubricating oil
compositions contain metal detergents comprising either overbased detergents or
mixtures of neutral and overbased detergents. The term "overbased" is intended to define
additives which contain a metal content in excess of that required by the stoichiometry of
the particular metal and the particular organic acid used. The excess metal exists in the
form of particles of inorganic base, e.g. a hydroxide or carbonate, surrounded by a sheath
of metal salt. The sheath serves to maintain the particles in dispersion in a liquid
oleaginous vehicle. The amount of excess metal 1s commonly expressed as the ratio of

total equivalence of excess metal to equivalence of organic acid and is typically 0.1 to 30.
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compositions acts as a neutralizer of acidic products within the oil. In
certain embodiments, the metal detergent prevents the formation of
deposits on the surface of an engine. Depending on the nature of the acid
used, the detergent may have additional functions, for example,
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transition metals. In some embodiments, the metal is Ca, , Ba, K, Na,
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[00781 Generally, the amount of the metal detergent additive can be less
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lubRMikasad-on ibatatalsusig bt RitReUbrCANG O GOMRRSHNIRRA I 395 8er o1
embodlments e amount of the metal deter%ent is from about 0.001

%fi@%@fw WA IGHORY Aloliéras' it 3p4d diu London, Springer, Chapter
3, pages 75-85 (1996); and Leslie R. Rudnick, “Lubricant Additives. Chemistry and

Applications,” New York, Marcel Dekker, Chapter 4, pages 113-136 (2003), both of

which are incorporated herein by reference.
2) Antt Wear and/or Extreme Pressure Agents

[0079] In certain embodiments, the lubricating oil compositions disclosed herein
can cadditionally comprise anti wear or extreme pressure agents. Wear occurs in all
equipment that has moving parts in contact. Specifically, three conditions commonly lead
to wear i engines: (1) surface-to-surface contact; (2) surface contact with foreign matter;
and (3) erosion due to corrosive materials. Wear resulting from surface-to-surface
contact is friction or adhesive wear, from contact with foreign matter is abrasive wear,

and from contact with corrosive materials is corrosive wear. Fatigue wear is an additional
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3 wt.%, or from about 0.1 wt.% to about 1 wt.%, based on the total weight
of the lubricating oil composition. Some suitable detergents have been
described in Mortier et al., "Chemistry and Technology of Lubricants," 2nd
Edition, London, Springer, Chapter 3, pages 75-85 (1996); and Leslie R.
Rugnick, "Lubricant Additives; Chemistry and Applications,” New York,
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equipme ould be egr%ctlvely separated by a lubricant film. Increasing
actoadionteneasihgcspaddoad Bieanisscdedibdinycfrom such optimal
conditions promote metal-to- metal contact. This contact typically causes
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turn leads to the loss of lubricant viscosity and hence its_film-forming
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require higher activation temperatures and load than antiwear additives.
SupSs PERRIHBLEBEIAY HBLH T 6 G pamticenarsbPeTehy Bediusag tgion and
pré‘ﬂt%%%rwelding and surface wear.

[0082] Most antiwear and extreme pressure agents contain sulfur, chlorine,
phosphorus, boron, or combinations thereof. The classes of compounds that inhibit
adhesive wear include, for example, alkyl and aryl disulfides and polysuifides;
dithiocarbamates; chlorinated hydrocarbons; and phosphorus compounds such as alkyl

phosphites, phosphates, dithiophosphates, and alkenylphosphonates.

[0083] Exemplary antiwear agents that can be included in the lubricant oil
compositions provided herein include metal (e.g., Pb, Sb, and the like) salts of
dithiophosphate, metal (e.g., Pb, Sb, and the like) salts of dithiocarbamate, metal (e.g., Pb,
Sb and the like) salts of fatty acids, boron compounds, phosphate esters, phosphite esters,
amine salts of phosphoric acid esters or thiophosphoric acid esters, reaction products of
dicyclopentadiene and thiophosphoric acids and combinations thereof. The amount of the

anti-wear agent may vary from about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to
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and/or EP additives function by thermal decomposition and by forming
products that react with the metal surface to form a solid protective layer.
This solid metal film fills the surface asperities and facilitates effective film
formation, thereby reducing friction and preventing welding and surface
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than 2 wt.%, or less than 1 wt.%, as measured according to ASTM D874.
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acavetknowiiie, thelads Heyexamples. polysulfides are synthesized from

olefins either by reacting with sulfur or sulfur halides, followed by

[0086] In certain embodiments, the lubricating oil compositions comprise one or
more EP agents. In one embodiment, use of more that one EP agent leads to synergism.
For example, synergism may be observed between sulfur and chlorine-containing EP
agents. An exemplary lubricating o1l composition provided herein includes one or more
EP agents selected from: zine dialkyldithiophosphate (primary alkyl type & secondary
alkyl type), sulfurized oils, diphenyl sulfide, methyl trichlorostearate, chlorinated

naphthaliene, fluoroalkylpolysiloxane, and lead naphthenate.
3. Rust Inhibitors (Anti Rust Agents)

[0687] Protection against rust is an important consideration in formulating
lubricants. Without protection, rust ultimately causes a loss of metal, thereby lowering
the integrity of the equipment, and resulting in engine mal-function. In addition,
corrosion exposes fresh metal that can wear at an accelerated rate, perpetuated by the

metal ions that might be released into the fluid and act as oxidation promoters.

223 .



dehydrohalogenation. Dialkydithiocarbamates are prepared either by
neutralizing dithiocarbamic acid (which can be prepared by reacting a
diakylamine and carbon disulfide at low temperature) with bases, such as
antimony oxided, or by its addition to activated olefins such as alkyl

acrylates. In certaln embodiments, the lubric oil com sitions .
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havmg a molecu}ar weight in the range of 600 to 3000 daitons and combinations thereof.

Further examples of rust agents include metal soaps, fatty acid amine salts, metal salts of "

heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric

ester.
4. Demulsifiers

{0089} The lubricating oil composition disclosed herein can optionally comprise a
demulsifier that can promote oil-water separation in hubricating oil compositions that are
exposed to water or steam. Any demulsifier known by a person of ordinary skill in the art
may be used in the lubricating oil composition. Non-limiting examples of suitable
demulsifiers include anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkylphenol resins, polymers of alkylene
oxides (e.g., polyethylene oxide, polypropylene oxide, block copolymers of ethylene

oxide, propylene oxide and the like), esters of oil soluble acids, polyoxyethylene sorbitan
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inhibitors may further include other compounds such as, for example,
monocarboxylic acids (e.g., 2-ethylhexanoic acid, laurie acid, myristic
acid, palmitic acid, oleic acid, linoleie acid, linolenic acid, behenic acid,
cerotic acid and the like), oil-soluble polycarboxylic acids (e.g., those
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glycerol, phénol, farfisaiere Mertifiesins, soloxanes, polyamines, and
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the metal surface or chemically react with it, while the hydrocarbon chain extend into the

lubricant. The chains associated with one another and the lubricant to form a strong

lubricant fiim.

[0091] 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; mono-, 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.

[0092] In one embodiment, the friction modifier is a saturated fatty acid
containing a 13 to 18 carbon chains. The amount of the friction modifier may vary from

about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or from about
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to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the
total weight of the lubricating oil composition. Some suitable demulsifiers
have been described in Mortier et al., "Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193

1996), which js ingorporated herei referepce. . 5. Friction Modifiers..
0. 001 e B R G e R Bl o
Sogemptidtedrititiomadififiehdhabeandeswabidea fridiernebetwe et ihovisgy and

_parts. Any, fricti difier . kp 1 of ord| illin th
R B S

ng oll’ composition
(19969 :eldaiir Mo RCcRiemwkh d gotarentigioun a0teaninen polthd finBertions,” New

hain., Th [ icall b ont
YorRe VRGGAl CSHAe o SHE AT feSLERE . A2 By hBe i

mcenierukihiedtie Hubeitantcd he chains associated with one another and the
lubricant to form a strong lubricant film. [0091] Non-limiting examples of
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chains. The amount of the friction modifier may vary from about 0.01
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e e e Ml
coBdienipRApOrated - hartin phereferen@ensaids ouh RpIpHRLRIGSSAIIS with
naphthalene, alkylated naphthalenes, styrene esters, oligomerized alkyl phenols, phthalic
acid esters, ethylene-vinyl acetate copolymers and combinations thereof. In one
embodiment, the pour point depressant is selected from tetra (long-chain) alkyl silicates,
phenyltrstearyloxysilane, and pentaerythritol tetrastearate. In some embodiments, 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 0.05 wt.%
to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the total weight of the
lubricating oil composition. Some suitable pour point depressants have been described 1n
Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer,
Chapter 0, 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.

7. Foam Inhibitors
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[0093] The lubricating oil composition disclosed herein can optionally
comprise a pour point depressant that can lower the pour point of the
lubricating oil composition. Any pour point depressant known by a person
of ordinary skiII in the art may be used in the lubricating oil composition.
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and Applications,"” New York,

"LubrlcantA |
(I%léi C%ﬁapt%%%f?%gggs %%&4 (2003), both of which are

mcorporated hereln by reference. 7. Foam Inhibitors -26 100941 The
lubricating &l compsridieaidsidosy herein can optionally comprise a
foam inhibitor or an anti-foam that can break up foams in oils. Any foam

[ogBRIpitor or @nfintearmbkpeneky, aheenseRaferdinasnskildatheaprmaubeast a
used in the lubricating oil . composition. Non-limiting examples of suitabl

MR ARSI RIEPSIROBRETHHE 6 FXFBI Hin ARG s fRfstbais ireude
diikeyiriedhaliphaticiasialse pelxatheds{@agves, thiadiazole derivatives, and

mercaptobenzimidazoles.
9. Dispersants

10096} The lubricating o1l composition disclosed herein can optionally comprise a
dispersant that can prevent sludge, varnish, and other deposits by keeping particles
suspended in a colloidal state. In certain embodiments, dispersants perform these
functions via one or more means selected from: (1) solubilizing polar contaminants in
their micelles; (2) stabilizing colloidal dispersions in order to prevent aggregation of their
particles and their separation out of oil; (3) suspending such products, if they form, in the
bulk lubricant; (4) medifying soot to minimize its aggregation and oil thickening; and (5)
lowering surface/interfacial energy of undesirable materials to decrease their tendency to
adhere to surfaces. The undesirable materials are typically formed as a result of oxidative

degradation of the lubricant, the reaction of chemically reactive species such as
-7 -



polyethylene glycols), branched polyvinyl ethers, alkyl acrylate polymers,

alkyl methacrylate polymers, polyalkoxyamines and combinations thereof.

In some embodiments, the anti-foam comprises glycerol monostearate,

polyglycol palmitate, a trialkyl monothiophosphate, an ester of sulfonated

ricinpleic .gcid, zoylacetone, methyl salicylate, glycerol monoole or
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example, extreme pressure agents. [0097] In certain aspects, a dispersant

diq@@ﬂ@ggﬁgmmgqﬁ}g@r&w%u&mg]ewderived dispersants are also called

nitrogen- or amine-dispersants, while those derived from alcohol are also called oxygen
or ester dispersants. Oxygen-based dispersants are typically neutral while the amine-

based dispersants are typicaily basic.

{0098} Non-limiting examples of suitable dispersants include alkenyl
succinimides, alkenyl succinimides modified with other organic compounds, alkenyl
succinimides modified by post-treatment with ethylene carbonate or boric acid,
succiamides, succinate esters, succinate ester-amides, pentaerythritols, phenate-salicylates
and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth metal
borates, dispersions of hydrated alkali metal borates, dispersions of alkaline-earth metal
borates, polyamide ashless dispersants, benzylamines, Mannich type dispersants,
phosphorus-containing dispersants, and combinations thereof. The amount of the
dispersant may vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to
about 7 wt.%, or from about 0.1 wt.% to about 4 wt.%, based on the total weight of the

lubricating oil composition. Some suitable digpersants have been described in Mortier ef
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features: (1) a hydrocarbyl group; (2) a polar group; and (3) a connecting
group or a link. In certain embodiments, the hydrocarbyl group is
polymeric in nature, and has a molecular weight of at or above about
2000 Daltons, in one embodiment, at or above about 3000 Daltons, in

another embodiment, at or ahove about, 5000 Daltons, and in_yet another
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2000 Daltons. In certain embodiments, the polar group in the dispersant
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i oHors IHcTicle, DU act ot B to sl ied (phehy Hmine, phens] alpha
naphthylamine, and alkylated alpha naphthylamine, sulfur-based antioxidants (e.g.,
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.. Other types of oxidation inhibitors
include metal dithiocarbamate (e.g., zinc dithiocarbamate), and 15
methylenebis(dibutyldithiocarbamate). 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 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 is incorporated herein by reference.
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al., "Chemistry and Technology of Lubricants," 2nd Edition, London,
Springer, Chapter 3, pages 86-90 (1996); and Leslie R. Rudnick,
“Lubricant Additives: Chemistry and Applications," New York, Marcel
Dekker, Chapter 5, pages 137-170 (2003), both of which are incorporated

herein by reference, 10, Anti-Oxidants. [0099] Optionally, the lubricating oil
compositiont Eisclc%%‘i“ﬁ%%ﬂ%%%@?s comprise an additional
antioxidant that can reduce or prevent the oxidation of the base oil. Any
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exaxipletionirtiibidbig) suohyas:tad' a thetieydenieabisl] ditartidatilpigmbijor.

e R TR by it PR AT e
adtﬁ%&MmhMﬁ%mr immlmwg(%@plmmmmwwmme,
R G e S S I
mosrgbytytidegisiyiphehdiia)snal cterpbutyompthybhed ol 214 dinteithpk6
m%ﬁ%\%ﬁh{)@&{fﬁi&&ﬂéﬁ%#imethylamino p cresol, 2,6 di tert 4

methylaminom enol), 4,4' thiobis(2 methyl 6 tert
butylphenol), 2,2'- thiobis(4 methyl 6 tert butylphenol), bis(3 methyl 4
hydroxy 5 tert-10 bYi§BeRziteuliEossid bis(3,5 di tert butyl 4
hydroxybenzyl). Diphenylamine type oxidation inhibitors include, but are

[coooiimited ton aindatech Bidhasyianiseuiphemdaithamaphtylacigeisandt least
alkylated alpha naphthylamine, sulfur-pbased aniioxi antzsﬂﬁ.%., S ind
2 YO AN ShiBERBY S Pion gt Eﬁﬁﬂﬁ%ﬁ‘%ﬁéﬁ%ﬁ CARtCRIB TS BifOsthe ndex
inlike)cpiospldonssisshanect datioxiaptsyiags, phgsphitpopndibedika)aing
dithiophosphate, qil- soluble cogr{i)etr compounds and combinations
Sk S o R
an(@ djspeinendithpocasbamaiajicanthjmvers.
methylenebis(dibutyldithiocarbamate). 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

weight of the [WREGaLIRG PI.GAMPRTIRicARMOTHENG ARigyldants have

been described in Leslie R.'Rudnick, "Lubricant Additives: Chemistry and

[ofPeYicationsy N ewyatn MarcshiekkenhsEnamies dn R8s be prepared by any
method known to a person of ordinary skill in the art for making lubricating oils. In some
embodiments, the base oil is blended or mixed with an oil-soluble molybdenum
compound; a zinc dialkyldithiophosphate and optionally an additive. In certain
embodiments, the oil-soluble molybdenum compound; a zine dialkyldithiophosphate are
premixed followed by addition of the base oil. In other embodiments, the oil-soluble
molybdenum compound and zinc dialkyldithiophosphate can be added to the base oil
individually or simultaneously. In some embodiments, the oil-soluble molybdenum
compound, zinc diatkyldithiophosphate and the optional additives are added to the base
o1l individually in one or more additions and the additions may be in any order. In other
embodiments, the ester base stocks and the additives are added to the base oil

simultaneously. In some embodiments, the oil-soluble molybdenum compound, zinc
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28 (2003), which is incorporated herein by reference. -29 11.
Multifunctional Additives [001001 Various additives mentioned or not
mentioned herein can provide a multiplicity of effects to the lubricant oil
composition provided herein. Thus, for example, a single additive may act

. as.a.dispersant as well as an oxjdative inhibitor. Multi-functional additiv
i RO 1 A PP LB R REHBSH AP SR E R Ry e
the iRGiu 48, dongxaimpley Sutftitizedexiimoetygdenum dithiocarbamate,
sulfurized oxymolybdenum organo pohosphoro dithioate, oxymolybdenum

{oog’gﬁog'yceﬂ% o 5?0@"5%%3&35% gﬂ@h%&% g&%‘geﬁﬁﬁ of ordinary skill in

r-containing m x compounds. 12. Viscosity Index
the leriprowebs [90d Gartblandéreaimisinbodimbriidizing ibrivatidir it cdinpblsitidng.
mlﬁgg'glr I?oqﬁba &Gfxg gyvtl)%cc%ﬂ%d% ?)\Svﬁ[iﬂqugr{dg%%{eacg\?ﬁémt@ erser, a mixer
examples of suitable’viscosity index improvers include polymethacrylate

(e gypdapolymensiatyidrie priopylancopoiymes s hetyperridsofrendaulin
hmﬁ?gp&lﬁ@%r%n@%%%%8%%38{&%9 reNGiAARYY SIS LR ISBRYINRNG:q 3%k

ersant type viscosity index improvers. Processes of Preparing
millubrratindr @ inCongposiiipess {09 ta2ipTvet kbdeativgeilasbmpositions
disclosed herein can be prepared by any method known to a person of

ordinary skill {n ie:RiJQF MeKiRg KRAGHIIQSHlfdias embodiments,
the base oil is blended or mixed with an oil-soluble molybdenum

[o0@ayPound;ia Zinaidiakyiditniaphasphate ith @Btidalyoani agdpeeided herein is
certain embodiments, the oil-soluble molybdenum compound; a zinc

suifiBlR Rt BB At Bt R o Vet By SRIGiASR o e Belaor diesel

engih@ther embodiments, the oil-soluble molybdenum compound and zinc
dialkyldithiophosphate can be added to the base oil individually or

imultaneously. In somg em iments, the oil-soluble. molybdenu ..
O e D e R en B G S (PR YRR herein
usabidecbtd thednase ptindistgubdengiondrer ofarstadditiopssanditidescal the rings

nf8jlions may be many.ordor, 1o other. emodiments, 116 SQLBASE 1 vices o

SIOCKS A the a%ktﬁﬁves are added f6 the base off simulta ousﬂ/. fnmp
basooke eirdedahieentdy i enoik soluiplembiyiddenumdcaypditimd phisphate.
Optionally, the motor oil composition may further comprises one or more other additives.
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.

[00106] The following examples are presented to exemplify embodiments of the
tubricant oil compositions provided herein but are not intended to limit the subject matter
to the specific embodiments set forth. Unless indicated to the contrary, all parts and
percentages are by weight. All numerical values are approximate. When numerical
ranges are given, it should be understood that embodiments outside the stated ranges may
still fall within the scope of the claimed subject matter. Specific details described in each

example should not be construed as necessary features of the claimed subject matter.
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-30 dialkyldithiophosphate and the optional additives are premixed and the
premix is added to the base oil along with a viscosity index improver.
[00103] 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, mixin% or. silrﬂ ilizing may be carried out with a
blender, an agitator, a disperser, | .g., planetary mixers and
double planetary mixers), a hom(ﬁ({enizelr (e.g., Gaulin homogenizers and
Rannie homogenizers), a mill (e.g., L8R mill, ball mill and sand mill) or
any other mixing or dispersing equipment known in the art. Applications of
the Lubricating Oil Compositions [00104] In certain embodiments, the
[00@BTicating dillobrpbsigion s provisied hersipispasitablé ferdbe asavmbgr

1l [ gle]| ils.or k IIs), In a gasoline qr diesel engi
b e R e e R S W et
(AREMIP i§0T8Rd T cool protmginetpaxd skoethenenging drbasobilst hibdicating
. it [ nd valy ipst f combpustion
v e SR Y By
molybdenum compound and a zinc dialkyldithiophosphate. Optionally, the

motdd bil KbRRpOSIIGHTH &) TirtHxlcas M sasEbmd dmploisletHer dtbrpasiamate

In _30("2*591%}3%b)@%ﬂ‘@%téh%@@&@&ﬁih%@@@ﬁ@}@muFther Comprise_s a pour
point depressant, a detergent, a dispersant, an anti-wear, an antioxidant,

a friddort Wbefifdramctdensripibonase posbifeatstivn-tHesEBmid0106] The
folloying exxamplesaresRiesgaiad o .gxamptilyierbediments QhiRRate detergent

lubricant oil compositions provided herein but are not intended to limit the

subjéet Aateir s hsEpeelielsHBonieHOs e iR Bdhreld uruiekitadpie

the centrary o2l partgiNG-ReneaRaRsiAke by weight. All numerical
values are approximate. When numerical ranges are given, it should be

underéi8outhat ehBBdFRe RS BRkside the stated ranges may still fall
withipgtheseape of thpeldmadispeigshimatter. Specific details described

in each example should not be construed as necessary features of the

claimf@as8 B]’écf) itBen-8ipnessan iR Pene-propylene copolymer concentrate

(10} 5 ppm in terms of Silicon content, of a foam inhibitor
(11) The remainder was diluent oil. Diluent oil can be a Gp 1 or Gp 2 base oil.
However, any diluent oil known to one of skill in the art could be used.
Example 2
[00108] A lubricating oil was prepared in accordance with the formulation of
Example T except that 250 ppm in terms of phosphorus content of a zinc
dialkyldithiophosphate was added. The composition contained 250 ppm phosphorus

based on the total weight of the lubricating oil composition.

[00109] The zine dialkyldithiophosphate is synthesized using a mixture of C4 and
C6 secondary alcohols. The resulting zinc dialkyldithiophosphate is a zinc bis(0,0’-di-
(2-butyl/4-methyl-2-pentyl) dithiophosphate.

Example 3
(00110} A lubricating oil was prepared in accordance with the formulation of

Example 1 except that 500 ppm in terms of phosphorus content of the zinc

~32.



Example 1 [00107] A lubricating oil composition was prepared and used
for assessing boundary lubrication properties in the High Frequency
Reciprocating Rig (HFRR) test (ASTM D 6079). The composition
contained a major amount of a base oil of lubricating viscosity and the

. follQwi dditives, t i n SAE 5W:20 finished ojl; (1) 700 ppm in
e KA ol A S A o S
ba%ﬁmtb@faﬁﬂmm@mmaﬁ@ﬁ@gfﬁaﬁﬁ@ﬁi%% of an ethylene

carbonate post-treated bis-succinimide (4) 164 ppm in terms of calcium

content, of a 17 TBN calcium sulfgpatme1 qetgrgent (5) 2220 ppm in terms

of calcium content, of a 148 TBN cgﬁ:lu%esalicylate (6) 1 wt % of an
[0kylated diphlebyieatineoil Ay 6. prepdsdirinderdehphentdl ¢8) 2wiationha
i 4, v, non-dispersant.ethylene-propylene
R MR o
dighhiblidn ¢physphetecmaindimdwhise ditlwapisiiloDiloemimwitl G0 bpra Gpsplarus

e e o o BT BB B propared i

accordance with the formulation of Example 1 except that 250 ppm in
terms of phosphorus content of a ¥¥mg#gIRyldithiophosphate was added.

[od fﬁﬁompoﬂtﬁﬁﬁmﬁ?gﬁﬂ%opmﬁ‘ﬁ%&%ﬁn%% e tRedRilion of
weight of the lubricating oil composition. [00109] The zinc

ExpamindigiepHsiphHiedoryrimEsize aliahagrhoniicrstenicf Bagice

diseeRNdaspRisphalswihedasuting @dﬂ?géﬁk‘&l%h@%‘asfdw%ﬁﬁ)ﬁ&ﬁhom
bis(O,0'-di- (2-butyl/4-methyl-2-pentyl) dithiophosphate. Example 3
bagsd LIOPA Risliestiely of Walbrepirepihcasepreitivge with the formulation

of Example 1 except that 500 ppm in terms of phosphorus content of the
zinc -32 dialkyldithiophosphate wasxaggjstd 6The composition contained

m ph aru . . . .
[08993?p P gslggncatsmg oil was prepared in accordance with the formulation of
Example 1 except that 700 ppm interms of molybdenum content of an oxymolybdenum-

succinimide complex was used in place of the molybdenum dithiocarbamate.

Example 7
[00114] A lubricating oil was prepared in accordance with the formulation of
Example 6 except that 250 ppm in terms of phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 250 ppm phosphorus

based on the total weight of the lubricating oil composition.

Example 8
[00115] A lubricating oil was prepared in accordance with the formulation of
Example 6 except that 500 ppm in terms of phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 500 ppm phosphorus

based on the total weight of the lubricating oil composition.

Examplie 9
[00116] A lubricating oil was prepared in accordance with the formulation of

Example 6 except that 750 ppm in terms of phosphorus content of the zinc
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based on the total weight of the lubricating oil composition. Example 4
[00111] A lubricating oil was prepared in accordance with the formulation
of Example 1 except that 750 ppm in terms of phosphorus content of the
zinc dialkyldithiophosphate was added. The composition contained 750
. ppm.phosphorus based qn the total weight of the lubricating oil
Ao DR SEBmpRS B%eh 127 AIBREHY SR RRS Dredatet prosphorus
bagecondeneaAVitRite anmulaten.ahExasapipdsexsept that 1000 ppm in
terms of phosphorus content of the zinc dialkyldithiophosphate was

added. The composition contain X%%O phosphorus based on the

total weight of the lubricating oil compé’sietion. Example 6 [00113] A
[0dabYicating aillviascpriepganddvis acgoirrdd icewrihitne feritutat dorofilation of
- Example 1 e t 700 ppm interms of molybdenum cantent of an
S LB < L R B e R e
diatiglyintenduos phthtiosadmaihat e T Exernplesiti@d dddhkdd Hricatingrophwgshorus
baJIFRRIRE inaccardanceqiin e oumylation, of; Example 6 except that

ppm In terms=ot phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 250 ppm
phosphorus based on the total wesgmplethe lubricating oil composition.

[ofPRple 8 I@%ﬁiaﬁdg RECRHDT, Ol WA PrRRAFRShIN 3GeRtHARGEWIR RS

formulation of Example 6 except that 500 ppm in terms of phosphorus
Exggritlent efepiet gt theialepentrio mﬂéﬁb@mmégfa@maa{nh@ eompsesitishio 150
ppfiPHaed SOARPBIANASRIRIYR, RasS 9L iNE QLW S BN AfG um content of

Iubricating oil composition. Example 9 [00116] A lubricating oil was
thapepardybAcassbrasreain shapbmmvitisidef Example 6 except that
750 ppm in terms of phosphorus content of the zinc -33

dialkyldithiophosphate was addeg;skiaggomposition contained 750 ppm

hosphorus . . . .
[0 119]p A lubricating o1l was prepared in accordance with the formulation of

Example 11 except that 250 ppm in terms of phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 250 ppm phosphorus

based on the total weight of the lubricating oil composition.

_ Example 13
001204 A lubricating oil was prepared in accordance with the formulation of
Example 11 except that 500 ppm in terms of phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 500 ppm phosphorus

based on the total weight of the lubricating oil composition.

Example 14
[00121] A lubricating oil was prepared in accordance with the formulation of
Example 11 except that 750 ppm in terms of phosphorus content of the zinc
dialkyldithiophosphate was added. The composition contained 750 ppm phosphorus

based on the total weight of the lubricating oil composition.

Example 15
[06122] A lubricating oil was prepared in accordance with the formulation of

Example 10 except that 1000 ppm in terms of phosphorus content of the zinc
-34 -



based on the total weight of the lubricating oil composition. Example 10
[00117] A lubricating oil was prepared in accordance with the formulation
of Example 6 except that 1000 ppm in terms of phosphorus content of the
zinc dialkyldithiophosphate was added. The composition contained 1000
di m phosphorus based on the total weight of the lubricating oil
%EM%@%WSE Salmprs 1debitscanastiiantrBirines Hreparsa phosphorus
baBGEBraBEeY N e tarmuiatlige.efhExampiesbsexsent that the amount of
molybdenum dithiocarbamate was reduced to 150 ppm in terms of
molybdenum content, and 550 ppm in terms of molybdenum content of
the oxymolybdenum-succinimide complex was added. Example 12
[00119] A lubricating oil was praﬁtat&&haaﬁmdance with the formulation

The @n‘}g/%ll?lﬁlex%g g8 thafte \ll\rllgs aéd ) Ofﬁgﬁggﬁﬁ]}é §%$%P§nm to

evphmtpbesphoyusbhasechomdhertiatal Wﬂghtméﬂﬂﬁil@ﬁﬁﬁﬂr@rﬁﬂlc is placed in the

eSom e?VS(I)'[iIrOI’(l}fEX 13 0 Sgt%E brlcatln was are%gb e sampl
dccordance with the Tormutafioh of xamﬁ% ? Sh pic
tcm@smﬁmmwspfmdm&icarﬁﬁmitof ﬁvmﬁnﬁn@@&i&ﬂ:@hﬁm&@h@&@hﬂtﬁaﬂ!}laﬂowercd until

com osmon co tal d 500 ho on the
it tco aa\?\/félah of?ﬁ%lu% E’aﬁm c%]reﬁ osj121 %x%fﬁ? fe 1 i ﬁ\aused to rub

aghibsicdtinigshil was prepared in accordance with the formulatlon of

Example 11 except that 750 ppm in terms of phosphorus content of the

zinc dialkyldithiophosphate was added. The composition contained 750
[0pp23 JphospHdrusoiaseiti @rs thfd-totalpiesidhit ofvibre teisdating aill 20°C oil

composition. xamp 150 1221 ub in 0|I W, ared in
R A A e 1 S e R R Rty oo
agiensiglof cﬂlhbspﬁmdsmumefnk@hthefmmﬁﬁ of 20 Hz for 60 min.

[00124] This test was run using samples from Examples 1 — 15 and the results are

shown in Table 2. A graphic description of these results is found in Figure 1.

TABLE 2
p? Overall Last 10 Min
content Average - Average

Example Mo Source {ppm)  Friction Coefficient Friction Coefficient

1 MoDTC! 0 0.10 0.068

2 MoDTC! 250 0.079 0.053

3 MoDTC! 500 0.083 0.069

4 MoDTC' 750 0.077 0.071

5 MoDTC! 1000 0.078 0.076

6 Mo-succ? 0 0.16 0.16

7 Mo-suce? 250 0.065 0.050

8 Mo-succ? 500 0.080 0.058

9 Mo-succ? 750 0.080 0.064

10 Mo-succ” 1000 0.086 0.073

11 Mixed® 0 0.17 0.16
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dialkyldithiophosphate was added. The composition contained 1000 ppm
phosphorus based on the total weight of the lubricating oil composition.
Test Procedure The High Frequency Reciprocating Rig (HFRR) test
(ASTM D 6079) is designed to evaluate boundary lubrication properties.
In this method, a 2 mL sample is placed in the test reservoir of an HFRR
and adjusted to a st4i§ard tempéfture. When $H&3ample temperaiefte2
has stabijized, a viyaterarm holding a non-rotatipgzsteel ball is loweyggs
until it contacts a test disk completely submerged in the sample. The ball

is caused o nib ad\éii‘r’%flthe disk?ﬁﬂblZfﬂ] The &Qﬂﬂositions of Exarﬁpﬂé@

1-15 werestested ugifigea*120C ojlpgeservoir tenppergture and were  pga
subjected 10.2.1000 g.load. The ballwas caused.to ry qainst i K
withJ L ubrifsénmri camarpetioancyidf ol eus0diting (et ERHtT hisl testtal
meledamymgipgadmbidd om. Examples 1 - 15 and the results are shown
in TaBretzicalgemphicompssiipinvottieeky bdsoitsistenniiFigorelax had a total
malpBlempr @il JAStDIMin  content Average Average Example Mo
Sourceuppr) e iclicaraysitioie ppEAbtdh Costitiert S MudTEIO & MpDTC and
of¢.568r2 Mot @bEBieno7osuEHBIE M eDTIEs00!8. 088102069 ol Momheition
haggtga 7rodybdansvenTie of 060 oror 8160pemeMadisue2addd ¢ 6uel 56 0ppm
MmBaspdde-2900i089<0:080! 8 Mo-succ2 500 0.080 0.058 9 Mo-succ2 750

0.080hosho19 M RsRigeE 2 PR0D G BBz o Bkl difixepB@thate engoyes in
Examples 1 — 15,

[00125] In addition to measurement of the overall average friction coefficient, the
last 10 minute average friction coefficient was determined. This coefficient is useful
because it takes approximately 15 minutes from the start of the test until there is a low
friction film on the metal surface. Both sets of data show friction coefficient minima at

phosphorus levels of 250 ppm.

[00126] While the lubricant oil compositions provided herein have been described
with respect to a limited number of embodiments, the specific features of one
embodiment should not be attributed to other embodiments of the subject matter claimed
herein. No single embodiment is representative of all aspects of the claimed subject
matter. In some embodiments, the methods may include numerous steps not mentioned
herein. In other embodiments, the methods do not include, or are substantially free of,
steps not enumerated herein. Variations and modifications from the described
embodiments exist. It is noted that the methods for producing the compositions disclosed
herein are described with reference to a number of steps. These steps can be practiced in
any sequence. One or more steps may be omitted or combined but still achieve
substantially the same results. The appended claims intend to cover all such variations

and modifications as falling within the scope of the claims.

[00127] All publications and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication or
-36 -



12 Mixed3 250 0.052 0.052 13 Mixed3 500 0.083 0.065 14 Mixed3 750
0.074 0.060 15 Mixed3 1000 0.076 0.066 1Lubricating oil compositions
with molybdenum dithiocarbamate had a total molybdenum content of
700 ppm. 2Lubricating oil compositions with molybdenum-succinimide
complex had a total molybdenum content of 700 ppm. 3Lubricating oil

PaggniaditidieeotairReg Aorintand S1ED ik MdieT oD T eiaPoragsbby
re PO OB ORIPHE T SHECINIEE CRAPIBXd TS MBNCRIING O ay of

composition had a total molybdenum content of 700 ppm (15 pm Mo

IRgrRtoR BT ERRPES O TRIFPINRS fbANY-l sertrmided smipesd), ke readily
apPRCEPRANIS 6BtaRkYY PR Afiheine diakyldithieRRasRL AL LMRIRYEHain

in Examples 1-15. 1001251 In addition to measurement of the overall
Cha%}é?éﬁﬁ RAGH SRR thaadethodinmidatderetme furcoerieiaher

eterspineded hisigrefficient is useful because it takes approximately

minutes from the start of the test until there is a low friction film on the
metal surface. Both sets of data show friction coefficient minima at
phosphorus levels of 250 ppm. [001261 While the lubricant oil
compositions provided herein have been described with respect to a
limited number of embodiments, the specific features of one embodiment
should not be attributed to other embodiments of the subject matter
claimed herein. No single embodiment is representative of all aspects of
the claimed subject matter. In some embodiments, the methods may
include numerous steps not mentioned herein. In other embodiments, the
methods do not include, or are substantially free of, steps not enumerated
herein. Variations and modifications from the described embodiments
exist. It is noted that the methods for producing the compositions
disclosed herein are described with reference to a number of steps.
These steps can be practiced in any sequence. One or more steps may
be omitted or combined but still achieve substantially the same results.
The appended claims intend to cover all such variations
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and modifications as falling within the scope of the claims. [001271 All
publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual
publication or -36 patent application was specifically and individually
indicated to be incorporated by rétbrade Although the foregoing has
been described in some detail by way of illustration and example for
Wwipiipokaseaf glarity of understanding, it will be readily apparent to those of
ordinary skill in the art in light of the teachings herein that certain changes

and modifi%tlwcg%% g$ E%ﬁﬂ)% R%SE%%@_%%departing from the spirit or |

scope of the appended claims. -3/ CLAl at is claimed is: 1. A
lubricating Dikcoapusitivmicomidsingtl. i) a major amount of a base oil, i)
at least ong.oil- ) '

dialkyldithiof h%i%#gg)gl%:%%p%%%]dg ERRL r"r?’&%gle‘%ﬂf content

derived froﬁiiif@@m@@ibﬂ@ﬂﬂithiephmghmg @@pm Y@wm Wopbbiddgnym
co %ﬁ?gﬁﬁ%ﬂﬂ'ﬁéf?}%é"{ﬁ@%@nﬁ% Mg@ﬁﬁ@?ﬂﬁ%@?ﬁ?%ﬁm @ﬂﬁ#ﬁ‘?enum based
p osphate

osphorus content derived from thé zinc dialkyldithio

ongbmiptaincighisd il bbperting Gdoopppasiaceansihthpirsplionei ghntniderived

trdHPHESRD Al comBASIRN, fod bdrisatodilL comRgSRn B YAiMhsed on

wherein the oil-soluble molybdenum compound is se
therielgberaltrdildebrisainatel pompRidiein dithiophosphate,

molybdenum dithiophosphinate, molybdenum xanthate, molybdenum

thioxanthate, molybdenum sulfide and a mixture thereof. 3. The lubricating

oil compositlds BibaisptEeod pBpREseaing SRS, Wisersiththebicsdiiole
mIMPNRIEABCHR UG is-ael et IbaRalRdRmtBaAithincahamatéum

_molybdenum-succinimide complex and a mixture thereof. 4. The
dithisubatpitsy BeRbaeTieh BhirRPesd BriEe Bty Tt svmeisilenum
thibemeirbdapymueamietdadved framthe meikbdenum compound is from

3 The lubricating oil composition of any one of the preceding claims,
wherein the oil-soluble molybdenum compound is selected from molybdenum

dithiocarbamate, molybdenum-succinimide complex and a mixture thereof.

4. The lubricating oil composition of any one of the preceding claims,
wherein the molybdenum content derived from the molybdenum compound is from
about 10 to 10,000 ppm molybdenum based on the total weight of the lubricating

o1l composition.

5. The lubricating oil composition of any one of the preceding claims,
wherein the molybdenum content derived from the molybdenum compound is from
about 50 to 1500 ppm molybdenum based on the total weight of the lubricating o1l

composition.

6. The lubricating oil composition of any one of the preceding claims,
wherein the molybdenum content derived from the molybdenum compound is from
about 250 to 1200 ppm molybdenum based on the total weight of the lubricating oil

composition.



about 10 to 10,000 ppm molybdenum based on the total weight of the
lubricating oil composition. 5. The lubricating oil composition of any one of
the preceding claims, wherein the molybdenum content derived from the
molybdenum compound is from about 50 to 1500 ppm molybdenum
baséd on tHdedtdirwaiigiatof thexhsiteatingaol compdsitiorcélifhelaims,
luhricati o iti 0 f.the pr i laims, wherein
N L G T R
haybp it 250 w20 P molybdenum based on the total weight of the
lubricating oil composition, -3g 7. The lubricating oil composition of any

one of the preCRUNEEIAIME cMRSIGILINEIZIRG slir kyldithinprhesNatgms,

comprises a straight or branched alkyl group having 3 to 30 carbon

whersiRdbazipralipibidithignbe el csor s amAEne wieredfaradingl. propyl.

buslRipRstyWRRIAN S ainedial kvt ephosshateieompriizes,anislody 1, ridecyl,
selected from ethyl, propyl, butyl, pentyl, methylpentyl, hexyl, heptyl,

teUgegAY hORYRH, SR dsHEEsC Yhdadyrcidatecyl, pentadecyl,
hexadecyl, heptadecyl, and octadecyl. 9. The lubricating oil composition of
any Bne of The prededing clbomspostierenvt the phesilicrysecoditentdarived

from the zinc dialkyldithiophosphate compound is . about.200 ,250, 300, .
S b S B A S S e shias gpouna i
abearapo sition 300, 3te 400riEHiing W0 cpmpesitib nothanytainecodlihef the

1 i laim k.whgrein the phosphorus content derived from the zinc
Ubgu{gq%%ggﬁg’s%é %Q[% compound is about 250 ppm based on the total

weight of the lubricating oil composition. 11. The lubricating oil
compsition b dwlyrisaensf el e prawsiting efaimsoi thiehcprpdsige hiteast
: the: ISk ntiwear
A ap P R houn
is phowti gA 8 Inaaa tired, aisbe dplimaeghinep ibodrdrisetinpoiht daprsiséants,
foam inhibitors, metal deactivators, dispersants, corrosion inhibitors,
lubricity impravessa@ding oil composition of any one of the preceding claims further

comprising at least one additive selected from the group consisting of antioxidants,
antiwear agents, detergents, rust inhibitors, demulsifiers, friction modifiers, multi-
functional additives, viscosity index improvers, pour point depressants, foam inhibitors,
metal deactivators, dispersants, corrosion inhibitors, labricity improvers and

combinations thereof.

12, A method of making a lubricating oil composition comprising the step of
mixing:
1) a major amount of a base oil,
1i) at least one oil-soluble molybdenum compound and
ii1) a zinc dialkyldithiophosphate compound, wherein the molybdenum
content derived from the molybdenum compound is at least 10 ppm based on the total
weight of the lubricating oil composition and the phosphorus content derived from the
zine dialkyldithiophosphate compound is about 200 to 500 ppm based on the total weight
of the lubricating o1l composition.
13. A method of lubricating a motor engine comprising the step of operating
the engine with the lubricating oil composition of any one of claims 1 to 11.
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combinations thereof. 12. A method of making a lubricating oll

composition comprising the step of mixing: i) a major amount of a base

oil, ii) at least one oil-soluble molybdenum compound and iii) a zinc
dialkyldithiophosphate compound, wherein the molybdenum content
deriviéd froifhthaathoky bd elaiim 1o mpaeindiis abdégsichppontasddrprdifeom

tot ight of the lubricating oil co ition and the S rus cont
e B B R T e R T he

lubBi@exmgmibesegdmrtitite total weight of the lubricating oil composition. 13.
A method of lubricating a motor engine comprising the step of operating

the qrgine yyih ifg.ip r(l)@aiﬁ?yg (H{ECan(Bgﬁﬁgﬂ 0% agy n %fepéﬁl@ﬁelﬂﬁogﬂhoms

-39 1.4. The method of claim 12, wherein the molybdenum content
corephydey e eme o Kb ki datvppleisoipnpted 6B EpHtbaséd 300.
350 Boc49lvweiobhef the.dhriraund Qll s omBesiiaty kta e el Glion.

any one of claims 12 and 14, wherein the phosphorus content derived

from the zine dialkyldjthiophosphate compound is about 200,250, 300,

350,900, 4525 GF A0 AL g SPPEdR RS %f“fkf@%ﬁﬁc%ﬁﬁ’&%ﬁmm the

zincatifiogitianogloshhermeihpduticlaibold 28M efpinthe PP astas ReRIBNGS the
| o_Ie(ivegI frgm the zinc dialkyldithiophosphate compound is about 250 ppm
“‘%‘&%88:90‘?% ﬁ%l?gf’agllw&ght of the lubricating oil composition. -40
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