LUBRICATING OIL COMPOSITIONS BACKGROUND OF THE INVENTION |I. Technical Field
[0001]The present invention generally relates to lubricating oil compositions. 2. Description of the .
Related Art [0002]Exhaust after-treatment devices, equipped onal combustion engines to comply with
emission regulations, have proven to be sensitive to the combustion by products of the fuel and
lubricant used in the engine. In addition, certain types of devices are sensitive to one or more of the
following: (1) phosphorus comingtftiBR e Tulsikicamnt, (2)Nelhsicamisg from both fuel and lubricant, and
(3) sulfated ash resulting from the combustion of fuel and lubricant. In order to ensure the durability of
the different types of after treatment deV|ces special lubricants are being developed that feature
relatively lowHe\iel N ' pH6Rphorus, and sulfated ash. [0003]U.S. Patent
Application Publication No 20050043191 ("the '191 application™) discloses a lubricating oll
composition Raviaghued fiald 2000 ppm sulfur and free of zinc and phosphorus. The '191 application
further discloses that the Lubricating oil composition has a minimum of 120 ppm of boron and a
minimum of 8498 of moIsHRRERAL IR oF gsacesbnipRIssSRIWRIRUNaNE 9081 application
disclose an ash content of 0,96, O. 99 and 1.05 for Qils 1, 2, and 3, respectively. [00041U.S. Patent No.
6,777,378 ("tIQIe At bricating oil composition containing (a) a base oil; (b) a

mol num [fur-containin . . . .
olybdenu {(}%ﬂglsu ! C}gxggust %fter—tzeatmem devices, equipped on internal combustion
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engines to comply with emission regulations, have proven to be sensitive to the
combustion by products of the fuel and lubricant used in the engine. In addition,
certain types of devices .are sensitive to one or more of the following; (1) phosphorus
coming from the lubricant, (2) sulfur coming from both fuel and lubricant, and (3)
sulfated ash resulting from the combustion of fuel and lubricant. In order to ensure
the durability of the different types of after-treatment devices, special lubricants are
being developed that feature relatively low levels of, for example, suifur, phosphorus,
and sulfated ash.

[6003] U.S. Patent Application Publication No. 20050043191 (“the ‘191

b 22N

application™) discloses a lubricating oil composition having less than 2000 ppm sulfur
and free of zinc and phosphorus. The ‘191 application further discloses that the
lubricating o1l composition has a mimmum of 120 ppm of boron and a minimum of
80 ppm of molybdenum. Each of the examples shown in Table 1 of the ‘191
application disclose an ash content of 0.96, 0.99 and 1.05 for OQils I, 2, and 3,
respectively.

[0004] U.8. Patent No. 6,777,378 (“the 378 patent”™) discloses a [ubricating

oif composition containing (a) a base oil; (b) a molybdenum- and sulfur-containing

composition derived from a basic nitrogen-containing compound, a molybdenum



composition derived from a basic nitrogen-containing compound, a molybdenum compound and
carbon disulfide; (c) a borate ester; and (d) optionally a phosphorus-containing compound provided
that the phosphorus content of the composition does not exceed about 0.10 wt.%. The '378 patent
further discloses that the lubricating oil composition has a boron content of about 30 ppm to about 600
ppm and a molybdenum content of about 25 ppm to about 800 ppm. 100051U.S. Patent No. 7,026,273
("the '273 patesii)disclose st deating: ot arpasiian-comaineiomjer amdphateil of lubricating
viscosity, and a minor amount of a boron-containing additive, a detergent additive composition and
one or more comaditiyesnifoe2 1dqadedtiurthe rpiiscihees thatdhediibricaiingositicomg@asition has a
boron content of greater than 150 ppm, a molybdenum content of at most 1000 ppm and less than
4000 ppm by mass efdseiifurt. 1.0006 Pz P10 377F 3ai(tither85 dipghseatidnt)ttisclmsesiazlabricant
composition produced by blending (a) a Mo-containing friction conditioner; and (b) a B-containing
compound witraneitieanmasage toifor e mss: apiplibatiors furher disclbees that tenlumdcating oil
composition has a boron content of greater than 0.015 wt. % (150 pprn) and a molybdenum content of
100 ppm to 200GYBRFRUTOOOTEN 1 Bl ERE dedIehSRfgtBed lubricating oil compositions which
exhibit improved wear inh.ibition when used in an internal combustion engine. SUMMARY OF THE

INVENTION 104581in acdordah#emhitt ofidEimbddirientd? thel presdiiciiventidnbrpating

oil composition containing a major amount of oil of lubricating viscosity, and a minor
amount of a boron-containing additive, a detergent additive composition and one or
more co-additives. The ‘273 patent further discloses that the lubricating oil
composition has a boron content of greater than 150 ppm, a molybdenum content of at
most 1000 ppm and less than 4000 ppm by mass of sulfur,

{0006] EP 0 737 735 (Ythe 735 application™) discloses a lubricant composition
produced by blending (a) a Mo-containing friction conditioner; and (b) a B-containing
compound with a lubricant base oil. The 735 application further discloses that the
lubricating oil composition has a boron content of greater than 0.015 wt. % (150 ppm)
and a molybdenum content of 100 ppm to 2000 ppm.

[6607] It is desirable to develop improved lubricating oil compositions which

exhibit improved wear inhibition when used in an internal combustion engine.

SUMMARY OF THE INVENTION

[6008] In accordance with one embodiment of the present invention, a
tubricating oil composition having a sulfur content of up to about 0.4 wt. % and a
sulfated ash content of wp to about 0.5 wt. % as determined by ASTM D874 is
provided which comprises (a) a major amount of an o1l of lubricating viscosity; (b) at

least one oil-solubie or dispersed oil-stable boron-containing compound having no



lubricating oil composition having a sulfur content of up to about 0.4 wt. 71, and a sulfated ash content
of up to about 0.5 wt. % as determined by ASTM D874 is provided which comprises (a) a major
amount of an oil of lubricating viscosity; (1)) at least one oil-soluble or dispersed oil-stable
boron-containing compound having no more than about 600 ppm of boron, based upon the total mass
of the composition; and (c) at least one oil-soluble or dispersed oil-stable molybdenum-containing
compound having thenmbwet thieihpaboof BOOm paswf upalythdestahmasaséchtpomphetiotalmbss of the
composition; wherein the lubricating oil composition has a ratio of sulfur to molybdenum of about 5:1 to
about 500:1. (0R0%EM erTordsateelsvithdassesethdibatibddimeyidhthe-presentinsenpomdhere is
provided a method of operating an intemal combustion engine which comprises operating the internal
combustion elyifie witmersubricabivly 8ilbepmpesitioitaving dasafupenmientel mpstordBsut 0.4 wt. %
and a sulfated ash content of up to about 0.5 wt. % as determined by ASTM D874 and comprising (a)
a major amoRPararieH ot iskriathy HBEEEHE (8} atteussding ohegofusitior disparsedil-stable
boron-containin%fcli:)ompound having no more than about 600 ppm of boron, based upon the total mass

of the compoZHERdshEef 4Pruhst iRt oithle or dispersed oil-stable molybdenum-containing

compound hayi o more than about 800 ppm of molybdepum, based upon the total mass of the
composition;abéﬁ@ in the IUbrACANGSf %Pﬁp%éﬁﬁ?ﬁ DR Ut %aﬁl 7 RIS BYERtRof about 5:1 to

about 500:1. 00101In %8%9&'96?”% ‘é‘!{}'{h A {t)tgird gmbodiénep&tgf téi}e Cg;{eig%gltoinv&ngigen, Jhere is provided
an internal combustioh engine fubricated witPa ?ulgﬁca?‘lng oﬁlcompo& IoR havifg a sulfur content of up

fo about 0.4 o 304 & SHIRIEHSNSRNENL BLURIARRLL OGP W85 Sl INe By ASTM DB74

major a of an ol ricating viscosity; at feast one oll-soluble or

dispersed oil stahle borag:CoRIRRIBY GPIHRBIAGNAUNG NG MOTE thialy 2bRULGAR: RpR,af boron, based

upon the total mass of the composition; and (c) at least one oil-soluble or dispersed oll-stable

molybdenum-gontajning cgmpayadhhaving RS Merssdnamakert- 808 pam ofmalvdsnypr based upon
the total mass of the composition; wherein the lubricating oil composition has a ratio of sulfur to

molybdenum gf ahogtt RibriahouiLekl; 10011 1dke daw @shduldicatingQilcampasitions of the
present invention advantageously provide high wear inhibition when used in an internal combustion

engine while senpleyingiretativetyplawdeialim gflaormsrardmabyhdeoamdn additam, theskigh wear
inhibition can be achieved with the low ash lubricating oil compositions of the present invention while

also employingeeldteveinlomde vwélthéorsustdntiakydree pofasy qraasphdidandizpaedntent.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
oil-stable molybdenum-containing compound having no more than about 800 ppm of
molybdenum, based upon the total mass of the composition; wherein the lubricating
oil composition has a ratio of sulfur to molybdenum of about 5:1 to about 500:1.
[0010] In accordance with a third embodiment of the present invention, there
1s provided an internal combustion engine lubricated with a lubricating oil
composition having a sulfur content of up to about 0.4 wt. % and a sulfated ash
content of up to about 0.5 wt. % as determined by ASTM D874 and comprising (a) a
major amount of an oil of lubricating viscosity; (b) at least one oil-soluble or
dispersed oil-stable boron-containing compound having no more than about 600 ppm
of boron, based upon the total mass of the composition; and (¢) at least one oil-soluble

or dispersed oil-stable molybdenum-containing compound having no more than about

800 ppm of molybdenum, based upon the total mass of the composition; wherein the



100121The present invention is directed to a lubricating oil composition having a sulfur content of up to
about 0.4 wt. % and a sulfated ash content of up to about 0.5 wt. % as determined by ASTM D874 and
containing at least (a) a major amount of an oil of lubricating viscosity; and (b) at least one oil-soluble
or dispersed oil-stable boron-containing compound having no more than about 600 ppm of boron,
based upon the total mass of the composition; and (c) at least one oil-soluble or dispersed oil-stable
molybdenum-corntatinip @it eonpersiitbh aving momed retia o abely b 860uppsh Aomdybdertisin, based upon
the total mass of the composition wherein the lubricating oil composition has a ratio of sulfur to
molybdenum &¥&bout 5:1 to about 500:1 In one embodiment, the lubricating oil composition of the
present invention has a sulfur content of up to about 0.3 wt. %, and/or a sulfated ash content of up to
about 0.4 wt. &L deteonitfesd by ASITNEDIB 24T el appmpasipsulfr thororsenolyivderherm or
phosphorus in the lubricating oil composition of the present invention is measured according to ASTM
D4951. [0013FFRBHIFSRIbPeNt g e &ty fBRGEDT WhenuledainanoinEarsb68rbIYION this invention,
also referred to as a base oil, is typically present in a major amount, e.g., an amount of greater than 50
Wt. %, preferdBR 8%k ‘?ﬁ‘é’tlf’ﬁﬁ&}@?@\?ﬁy%Wﬁ%ﬁsﬁgmﬁlﬁlﬁdﬂ?ﬁbéﬁﬁ% 15981142995 wt. % and
most preferabg/ gom about 8@10 about 98 wt. %, based on the total weight of the composition. The

e e S B/ SRS TBE U TG 00 e oL AE SYLERTEFBIERRof base

expression "b
stocks which is a lubricant.component.that is produced Si an ture{lto the same

b agfe N factur
specificationso?i rﬁb de eB}éersi(a]g nt ‘6%%%% “s%h?cégsg rgﬁgﬂogfggta%ﬁg fipcaf% n?";‘/#iqa@rzh & %t%ﬁ%agé{me
manufacturer, ification;.and t iS | ified by a unique formula, product identification number
PSSR, ha A6 by q P ’
or both. The befsz oi;‘égf};uggpﬁé}rlésm c%ﬁl%%ggﬁ%%rﬂesently known or later-discovered oil of lubricating
viscosity used in formulating lubricating oil compositions for any and all such applications, e.g., engine
oils, marine cylinder oils, functional fluids such as hydraulic oils, gear oils, transmission fluids, etc. For

example, the hpse pilsreaERenpaddnioimulatipg fupRcating:iieRmesitipgs for any and all such
applications such as passenger car engine oils, heavy duty diesel motor oils and natural gas engine

oils. Additionatiy1 tie baseils fEwse heaibaan eRFRRAIYLLANIAH VISERSEY iRgRRIMsRVers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene copolymer or a
styrene-butadievieccopoliuneshand dhey-isebnd mixtwres thereal feRi4dsonr akifag in the art would
readily appreciate, the viscosity of the base oil is dependent upon the application. Accordingly, the
viscosity of adrase @b for. UseahdrsinminkdiginafilM ddgja fani @beuti2gdaahest @QA0nesatistokes (cSt)
at 100 Centigrade (C). Generally, individually the base oils used as engine oils will have a kinematic
viscosity rangengri00GobaldtiZicSine vboit8008 i ipreftebiyna vobsdubSt ¢o dibpusds cSt, and
most preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on the desired
end use and SibsAitRRES I tHEfRShETo B vE it g eaisdisrnaecnt effimanoif eogena lubricating
oil composition having an SAE Viscosity Grade of OW, OW-20, OW-30, OW-40, OW-50, OW-60, 5W,
5W-20, 5W-3825(vunen 509- B85 TAB001 S\, coBRRs o ovd () FoVPash oo Wilse utsner 5wW-20,
15W-30 or 15W-40. Qils used as gear oils can have viscosities ranging from about 2 cSt to about 2000
cSt at 100C. [OFF5 égléséi% OO ARSI R tPEEIAG . VAHEE B diPsTdhEhBk¥Sses including,
but not limited to, distillation, solvent refinjng, hygr%o en processing, oligomerization, esterification, and
rerefining. R§é iﬁ’@ﬁ‘&%&?@ﬁaﬁ%@ Sé%‘;setéﬁ%gﬂy} e‘gt??éﬁ?%sféﬁ%@mf%%%d” PS5ty anufacturing,
contamination, ,or previous use, The hase oil. of the lubricating oil compa@sitions af thig invention may be
any natural o}ﬁé{%%glﬁc 1U6ﬁré1£t(l)l§11§ n:g%ésgillfa ai?gﬁéﬁ%gjr&%%éﬁ%%%?eﬂ)@ gfﬁn@& 81,1\€3Ut are not

imited to, ollsprepaiga, feh A ARSI DY 8 %@%gg*o%g Masrizatpgf 1-olefins to

provide polymers such as polyalphaolefm or PAO dils, or from rocarbon synthesis procedures

using carbon (oRQxide ARLIY PGSR ARES §4ONAG, N AFISENRIEIEAPREN BIRGRSS: &PEexample, a

suitable base oil is one that comprises little, if any, heavy fraction; e.qg., little, if any, lube oil fraction of

visccr)]sit_y 20 cshhat bigher. at, 100G0RLGLThe haseribmay beledyrdfrasm faturakiybricating oils,
synthetic

molybdenum or phosphorus 1n the lubricating oil composition of the present invention

is measured according to ASTM D4951.



lubricating oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocracked base stocks produced by hydrocracking (rather
than solvent extracting) the aromatic and polar components of the crude. Suitable base oils include
those in all API categories I, II, Ill, IV and V as defined in API Publication 1509, 14th Edition,
Addendum I, Dec. 1998. Group IV base oils are polyalphaolefins (PAO). Group V base oils include all
other base oilgéid}includetdlin Groug | [éhridatord \viddthoughoGraup Ih Ithand:brvidagise oild are preferred
for use in this invention, these base oils may be prepared by combining one or more of Group |, 11, 111,
IV and V basestpokiionhashiolsy a0y dlsdsefighrdttorab gilsairohild es himerdlyl wbricatingaoils such as,
for example, liquid petroleum oils, solvent-treated oracid-treated mineral lubricating oils of the
paraffinic, napiios siswonmied paaffimt o sserise fienyPest. dismeritadyhoatteodiaordhale, animal oils,
vegetable oils ée.g., rapeseed oils, castor oils and lard oil), and the like. [0018]Useful synthetic
lubricating oilé4n¥fude, BatapEfsthimteatsbaydrE darpbribie antt halovadiaatursef#pBtocarbon oils
such as polymerized and interpolymerized olefins, e.g., polybutylenes, polypropylenes

propylene-isob R R A SR ?%Iﬂ’&rfﬁa@c‘ieﬂdﬁ}t}%fy%ﬁﬁ&%ﬁl(’f-ﬂ]@m?%w&i%tenes),

poly(1- decenes), and the like and mixtures thereof; alkylbenzenes such as dodecylbenzenes,
FotaciecyIberSuNEER S FeEE, o B Bk TR B At SR oMt such as

biphenyts, tephegyls, alaied eolpheie, apd el plyltsd dphienyt sihers spgallytated

diphenyl sulfides and the derivative, analogs an gs thereof an ther useful

synthetic '“b%%ﬁ%%c?ﬁ'ﬁ%ﬁ@S'%ﬁ%%m%%%%@iﬁ@}g@étgﬂé e%ié%bdp&d%e%ysgﬁ’JX%?%%19&%@&;0“ less than 5

carbon atoms such as ethylene, propylene, butylenes, isobutene, pentene, and mixtures thereof,

Methods of picparing shichRElYMELANS almwel newn,RiiassSkillgdhin heeh40020l4dditional

useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the proper viscosity.
Especialy usefshynslic:LAThoR BB ASR M BdaRRRteHd g oBHaLR BRI C12 alpha

olefins such as, for example, 1-decene trimer.

can be any presently known or later-discovered oil of lubricating viscosity used in
formulating lubricating oil compositions for any and all such applications, ¢.g., engine
oils, marine cylinder oils, functionai fluids such as hydraulic oils, gear oils,
transmission fluids, etc. For example, the base oils can be used in formulating
lubricating oil compositions for any and all such applications such as passenger car
engine oils, heavy duty diesel motor oils and natural gas engine oils, Additionally,
the base oils for use herein can optionally contain viscosity index mmprovers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an cthylene-propylene
copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof,

[0014] As one skilled in the art would readily appreciate, the viscosity of the
base oil is dependent upon the application. Accordingly, the viscosity of a base oil for
use heremn will ordinarily range from about 2 to about 2000 centistokes (¢St) at 100°
Centigrade (C). Generally, individually the base oils used as enging oils will have a

kinematic viscosity range at 100°C of about 2 ¢St to about 30 ¢St, preferably about 3

¢St to about 16 ¢St, and most preferably about 4 ¢St to about 12 ¢St and will be



100211Another class of useful synthetic lubricating oils include, but are not limited to, alkylene oxide
polymers, i.e., homopolymers, interpolymers, and derivatives thereof where the terminal hydroxyl
groups have been modified by, for example, esterification or ctherification. These oils are exemplified
by the oils prepared through polymerization of ethylene oxide or propylene oxide, the alkyl and phenyl
ethers of these polyoxyalkylene polymers (e.g., methyl poly propylene glycol ether having an average
molecular wesghtetil0Bndephiepyb dthesofpalyeathyleneugtyoal hadaditymaledisl @nisiight of
500-1000, diethy! ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and peiycarbexylic dsiers ghekeof sumheas!. fog exdwhplaytitheodcsticpesters, imixeda€3-05 fatty
acid esters, or the C130x0 acid diester of tetraethylene glycol. [0022]Yet another class of useful
synthetic lubrigdtingisisiniclerdds ofit0a¥e Pot-TifhitSH 1), thY ebtebSof dlidakbhy idVaditeg., phthalic
acid, succinic acid, alkyl succinic acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid,
sebacic acid, FinHticatitd adiié GeidV tifbléftYacitP Hmér, Hiliotlic HEd<OalkiMmallonitVacids, alkenyl
malonic acids, etc., with a variety of alcohaols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhcxyl a@lé%‘%&é%?’lé@e%lﬁ}c@ﬁ&ie%éﬁ% ESPMBAGEIHEMOTSpYIEIS BIRea8 BRMSpecific
examples of these esters includeéiibut | adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dioctyl
sebacate, dii 8&}1‘%&@5&?‘5@ dé Ia&g@l . dioctyl phthalate, didecyl phthalate, dicicosy!
sebacatc, the 2-ethylhexyl diester of linoleic acid dimer, the complex ester formed by reacting one
role of sebad DTk with (R IR ST A i S oDl 67 Ay HEanole acd,
and the like. [0023|Esters useful as synthetic ails also include, but are not Limited to, those made from
carborylc acus P oLt T A S B e e,

etc., polyols g &R.Bf&'a%ﬂh?r&éﬁﬁ&a@ﬁnﬂaﬁﬁeﬁ%hﬁﬁﬂgﬂﬁ’é%fﬁ{%%& peRiagn gl gipentaerythritol,

tripentaerythritol, and the like. [0024iSilicon-based oils such as, for example, polyalkyl-, polyaryl-,
polyalkoxy- orpolyap/loxy-siaxang iz anthilichie.QilsrcAmpESeARRIhaiae Rl plasr.ef synthetic

lubricating oils. Specific examples of these include, but are not limited to, tetraethyl silicate,

tetra-isopropy|silicate, gelsas(Roethidhepybasilicate cietias(drmettyiedisilicat®ay be any
tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2- pentoxy)disiloxane, poly(methyDsiloxanes,

poly(methylphaayhsioxanas: antiherikebStlbjlet aitheasiysefubsybtheatiedbkiicatingeilsdnclude, but
are not limited to, liquid esters of phosphorus containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, digihytesteriiofidecane: phasphiahiteacitecaicly petismancdaettahisdcoduiams, @ad the like.
[00251The lubricating oil may be derived from unrefined, refined and

polymerization of 1-olefins to provide polymers such as polyalphaolefin or PAO oils,

or from hydrocarbon synthesis procedures using carbon monoxide and hydrogen

gases such as in a Fischer-Tropsch process. For example, a suitable base oil is one

that compnses little, if any, heavy fraction; e.g., little, if any, lube oil fraction of

viscosity 20 ¢St or higher at 100°C.

[6616] The base oil may be derived from natural tubricating oils, synthetic

lubricating oils or mixtures thereof. Suitabic base oil includes base stocks obtained by

isomerization of synthetic wax and slack wax, as well as hydrocracked base stocks

produced by hydrocracking (rather than solvent ¢xtracting) the aromatic and polar

components of the crude. Suitable base oils include those in all API categories 1, 11,

III, IV and V as defined in API Publication 1509, 14th Edition, Addendum I, Dec.

1998. Group IV basc oils are polyalphaolefing (PAO). Group V base oils include all



rerefined oils, either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source (e.g., coal,
shale, or tar sands bitumen) without further purification or treatment. Examples of unrefined oils
include, but are not limited to, a shale oil obtained directly from retorting operations, a petroleum oil
obtained directly from distillation or an ester oil obtained directly from an esterification process, each of
which is thenatsadbaithoin fartimeludehimemuRéfidetloils Bre gittlitarctothennriefhheddolle except they
have been further treated in one or more purification steps to improve one or more properties. These
purification tek#iiqilegrarariisonmh for trsse Siskilvimtes. dheandasrchibiantor xarepiecdsbivent
extractions, secondary distillation, acid or base extraction, filtration, percolation, hydrotreating,
dewaxing, et¢ORERSIBEEGTIHNE obtamed by teatingndsé dastsichiotdasesilimilar to those used to
obtain refined oils. Such rerefined oils are alsp known as reclaim. .ed or reprocessed oils and often are

additionally pH%E8sed by feéthiqiadralrette 16 emovarET s PRCAIREIES andhoifbrdfkdown

products. [0026]Lubricating oil base stocks derived frgm the hydroisomerizalgon of wax may also be
Coed either AR HRUGTHORBH R T S EEA10 Pt SO P Bl M BEEKe. Sueh wax
isomerate oiI(i& %%odglp?gnl?(}/ tgehftl dnoisomeri%iati,ofgfﬁ{1 {?;?ﬁ%rglk?e% sy the‘ti%i Saal%%sv or frrrlci)>1r<rtlures thereof
over a hydroisomer?za [o]g) caflaﬁ/s .efaﬁf?f%?ur% waxes are %yplca the stk Wakes Tecovered by

the solvent d ip 1%[ m;'i %%1 ﬂ ' S tth 1t'ch are ically t e Jax o %g e }ithe
Fischer-Trop?élia?)éro%les%. '?flwe @) éo u r%eagé Sis%ﬁge’d[ 8%%%%%’§o?gn%§ntaﬁn% %o)r’npound
100281Repreggniatiye.examples of at least one oil-soluble or dispersed oil- stable boron-containing
compound for use in the lubricating oil compositions of the present invention include a borated
dispersant; a fagigied f”Ct'%éﬁf?d&E}ﬁ{héiQ'%?@ﬁ%%’n@'kﬁl‘s"lﬁ&%&& ab[ﬁ'xﬁ-_g alkali;metal @, an alkaline
earth metal borate, a borated epoxide, a borate ester,a borated fatty amine, a borated amide, a

borated sulfoRaiies @ebinelikenanshpixivsamtbesalJOPBSIEXAMRIas of heraiedidigpesgants include,
but are not limited to, boratcd ashless dispersants such as the borated polyalkenyl succinic
anhydrides; biataigs s ait egeincontal Hisyiserivatyes bippopelyadkyleapysircisicaniydride; a
borated basic nitrogen compound selected from the group consisting of succinimides, carboxylic acid
amides, hydroopshyhangnoanrinesdhydidoaybyrepolpaininesx ddennipbipdsasspisaspobida 'des,
thiophosphonamides and phosphoramides, thiazoles, e.g., 2,5-

decenes), and the like and mixtures thereof, alkylbenzenes such as dodecylbenzenes,

tetradecylbenzenes, dinonylbenzenes, di(Z-cthylhexyi)-benzenes, and the like,
polyphenyls such as biphenyls, terphenyls, alkylated poiyphenyls, and the like,
alkylated diphenyl ethers and alkylated dipheny! sulfides and the derivative, analogs
and homologs thereof and the like.

[0019] Other useful synthetic tubricating oils include, but are not limited to,
oils made by polymerizing olefins of less than 5 carbon atoms such as ethylene,
propylene, butvlenes, isobutene, pentene, and mixtures thereof. Methods of preparing
such polymer oils are well known to those skilled in the art.

[6020] Additional useful synthetic hydrocarbon oils include liquid polymers
of alpha olefins having the proper viscosity. Especially useful synthetic hydrocarbon
oils are the hydrogenated liquid oligomers of Cs to C); alpha olefing such as, for

example, 1-decene trimer.



dimercapto-1,3,4-thiad azoles, mercaptobenzothiazoles and derivatives thereof, triazoles, e.g.,
alkyltriazoles and benzotriazoles, copolymers which contain a carboxylate ester with one or more
additional polar function, including amine, amide, ine, imide, hydroxyl, carboxyl, and the like, e.qg.,
products prepared by copolymer zation of long chain alkyl acrylates or methacrylates with monomers
of the above function; and the like and mixtures thereof. A preferred berated dispersant is a succ n
mide derivatij80ai pboron suclvasr ideaxaimpiéylashettated ipblyisohyienylriwdinimides 10030]Examples
of borated friction modifiers include, but are not limited to, berated fatty cpoxi des, berated alkoxylated
fatty amines, boratédtgly eéroleestarsidéndptienike. and. mixturesotheresf (003 pilhechydratéd particulate
alkali metal borates are well known in the art and are available commercially. Representative
examples of Wydiatedpiticafard ankalionterainsdlatdn aridenethotky o orsanufalciise inclivde those
disclosed in, e.g., U.S. Patent Nos. 3,313,727, 3,819,521, 3,853,772; 3,907,601, 3,997,454,
4,089,790; 6,757E7 sHgrdisgionsy, secdbaEnts of Wk rrHiedricsrsariEachbreiivyréference. The
hydrated alkali metal borates can be represented by the following Folumlit: M20mB203.nH20 where M
is an alkali metaPgf t@ﬁﬁ‘i‘&gHLﬂ’i’ﬂﬁg}eWﬂgéqé’ﬁ@@lﬂlﬁ%%tdflefc?&wﬁ“fg?%@@a,tg%alﬁ}‘ﬁ 4l potassium;

4
m is a number from %Eoutoi.%to ab?ut 4.5 (both whole and fractiopal); and n is a number from about
r

1.0 to about 48 BYEREIFEY L D he A LSRR R BFAES PR U RS I BREIE s &HERs generally

have a mean particle size of less than about 1 micron. [0032]Examples of barated eppxides include
berated epoxfg@%ro tairred ffom at%eenrlé)g:&?oaﬁ Eﬁ%’g%tcf) gfgbaozﬁoglﬁgc??g lo?tﬁ% Po 8??’%‘02]%%%(15 with at

't?g)s(f doerje ePoxide: RAKAD'S BRSO, GONRAHNGE 466!Y660 290, PUHS: BPIIR SXING Sydratg; boron

having a ‘mc)lecular weight of 1,000-1,500, efc.) or mono- and polycarboxylic esters
thereof such as, for example, the acetic esters, mixed C3-Cy fatty acid csters, or the
Ciz 0x0 acid diester of tetraethylene glycol.
[6022] Yet another class of usefu! synthetic lubricating oils include, but are
not limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl
succinic acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic
acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acids, alky! malonic acids,
alkenyl malonic acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl
alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol
monoether, propylene glycol, etc. Specific examples of these esters include dibutyl
adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl
azelate, ditsodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the
2-ethylhexyl diester of linoleic acid dimer, the complex ester formed by reacting one
mole of sebacic acid with two moles of tetracthylene glycol and two moles of 2-
ethylhexanoic acid, and the like.

[6023] Esters useful as synthetic oils also include, but are not limited to, those

made from carboxylic acids having from about 5 to about 12 carbon atoms with



boron trifluoride, boron ttibromide, boron trichloride, boron acids such as boronic acid, boric acid,
tetraboric acid and metaboric acid, boron amides and various esters of boron acids. The epoxide is
generally an aliphatic epoxide having from about 8 to about 30 carbon atoms and preferably from
about 10 to about 24 carbon atoms and more preferably from about 12 to about 20 carbon atoms.
Suitable aliphatic epoxides include dodecene oxide, hexadecene oxide and the like and mixtures
thereof Mixturésloflepogidestirayalsthwiustd, folsiknosl quryvettiatmisdures sbppuyides having
from about 14 to about 16 carbon atoms or from about 14 to about 18 carbon atoms. The borated
epoxides aredessdraliRoloh Bienaeseabaer it edmepherinstoR diarme A58y, 148,
[00331Examples of borate esters include those borate esters obtained by reacting one or more of the
boron compotifid&siisclosed above with one or more alcohols of suitable oleophilicity. Typically, the
alcohols will contain from 6 to about 30 carbons and preferably from 8 to about 24 carbon atoms. The

methods of My such botiRndessd Qs waithndim i therdrPiehensorile estdfd @k also be

borated phos(gé]rg{)tl%gds_. Rerprelsent_%tive %xamgle%od%)(ggggg%%sfeéi in_clud? f[hé)nsethhlavin tpe structures

set forth in FEAHAE™ IR RO LIS RG o BT BOBRIE AT Uuse
class of synthetic lubricating oils. Specific examples of these mclude, but are not
limited to, tetracthyl silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate,
tetra-(4-methyl-hexyl)silicate, tetra-(p-tert-butyiphenyljsilicate, hexyl-(4-methyl-2-
pentoxy)disiloxane, poly(methylisiloxanes, poly(methylphenyl)siloxanes, and the
like. Still yet other useful synthetic lubricating oils include, but are not limited to,
liquid esters of phosphorus containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decane phosphionic acid, etc., polymeric tetrahydrofurans,
and the hike.
[6025] The lubricating oil may be derived from unrefined, refined and
rerefined oils, either natural, synthetic or mixtures of two or more of any of these of
the type disclosed hercinabove. Unrefined oils are those obtained directly from a
natural or synthetic source (e.g., coal, shale, or tar sands bitumen) without further
purification or treatment. Examples of unrefined oils include, but are not limited to, a
shale oil obtained directly from retorting operations, a petroleum o1l obtained directly
from distillation or an ester oil obtained directly from an esterification process, cach
of which is then used without further treatment. Refined oils are similar to the
unrefined oils except they have been further treated in one or more purification steps
to improve one or more properties. These purification techniques are known to those
of skill in the art and include, for example, solvent extractions, secondary distillation,

acid or base extraction, filtration, percolation, hydrotreating, dewaxing, etc.



00 RO- BB- OR(lll) o/ wherein each R is independently a C,-C12 straight or branched alkyl group and
RI is hydrogen or a CI-CI 2 straight or branched alkyl group. [0034]Examples of borated fatty amines
include borated fatty amines obtained by reacting one or more of the boron compounds disclosed
above with one or more of fatty amines, e.g., an amine having from about fourteen to about eighteen.
carbon atoms. The borated fatty amines may be prepared by reacting the amine with the boron
compound atRx:tefinpéraiisi tedn thenange tedaiogmakboil 56 torehesis 30T ras diprefasably from about
100 to about 250C, and at a ratio from about 3:1 to about 1:3 equivalents of amine to equivalents of
boron compoulndin] 0SB xdsn pleslotdbefatelicaimice slkcluderbarated amrides optatoeddrom the
reaction product of a linear or branched, saturated or unsaturated monovalent aliphatic acid having 8
to about 22 catbsondtdias aoredddnd@dolyatiogend polyenmingwithadotlie acidosegopadt and the like
and mixtures thereof. [0036]Examples of borated sulfonates include borated alkaline earth metal
sulfonates obtéafieer by itdaetiny i thiediesence of a hydrocarbon solvent (i) at least one of an
oil-soluble sulfonic acid or alkaline earth sulfonate salt or mixtures thereof; (ii) at least one source of an
alkaline earth[#&84; (iii) ateitadne sduRsscorBekeiemEdiViarartho fy IBRSIHEHZEEMAE percent,
relative to the source of boron, of an overbasing acid, other than the source of boron; and (b) heating

the reaction P38 P ErEAINE ShBYEORBHERRALER femisratii aBr HaMaFocarbon

solvent . . [ . o
synthetic base stocks. Such wax 1somerate oil is produced by the hydroisomerization

of natural or synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
[6027] Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes arc typically the wax produced by the

Fischer-Tropsch process,

The Gil-Soluble or Dispersed O1l-Stable Boron-Containing Compound

[6028] Representative examples of at least one oil-soluble or dispersed oil-
stable boron-containing compound for use in the lubricating oil compositions of the
present invention mclude a borated dispersant; a borated friction modifier; a dispersed
alkali metal or a mixed alkali metal or an alkaline earth metal borate, a borated
epoxide, a borate ester, a borated fatty amine, a borated amide, a borated sulfonate,
and the like, and mixtures thereof.

[0029] Examples of borated dispersants include, but are not limited to, borated
ashless dispersants such as the borated polyalkenyl succinic anhydrides, borated non-
nitrogen containing dervatives of a polyalkylene succinic anhydride; a borated basic
nitrogen compound selected from the group consisting of succinimides, carboxylic
acid amides, hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases,

phosphonoamides, thiophosphonamides and phosphoramides, thiazoles, e.g., 2,5-
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to distill the hydrocarbon solvent and water from the reaction. Suitable borated alkaline earth metal
sutfonatcs include those disclosed in, for example, U.S. Patent Application Publication No.
20070123437, the contents of which are incorporated by reference herein. [00371The lubricating oil
compositions of the present invention will contain no more than about 600 ppm of boron, based upon
the total mass of the composition, provided from the one or more oil-soluble or dispersed oil-stable
boron-containiingecampdihdshinionel e bodimentbtheothbricktingiod cdenpasitionsiafithé present
invention will contain no more than about 500 ppm of boron, based upon the total mass of the
composition, {rowided from theybnezolemorsl obsehibledr disparsydoil-stabld bovotaigortaining
compounds. In another embodiment, the lubricating oil compositions of the present invention will
contain no mereenzivalssisr 20t speodhiacrs dzed njonthelivtalneladnghivasempissition, provided
from the one or more oil-soluble or dispersed oil-stable boron-containing compounds. In yet another
embodiment, TH8ubtiridtinhBiresrhpsshsiziof the phssditcinvestioRIHIEOnRAfRFEAmBYe than about
200 ppm of boron, based upon the total mass of the composition, provided from the gne or more

oil-soluble or HRPEFAEFEioR b ENSST NI A RRPES AR RRS IR SR INTaARARSFh BSdiment, the
lubricating oil compositions of the present invention will be substantially free of any boron content. In
thor S E et o RS BBt BHE Ce N BH TG AT S8 A trom about
40 ppm to no mare. thgg 3bout 600 O@p% of bor%n,aksqa§erd upon |the tqgal m sso?f.th%u(%(e)mposition,

u

Cinimi erivativ, 101 s(ij ¢, a4 borate )

provided from the one ormore oil-soluble or ISperse oll-Stable boron-cont}élrﬁ)hsé} comﬁounds. The

Oil-Soluble or Di?f?%ﬁfc?d Oil-Stable Molybdenum-Containing Compound [0038]Representative
SU(fC 1 C. . i . -
examples of at least one oil-soluble or dispersed oil- stable molybdenum-containing compound for use

in the lubricatipggjl compasitions.ofine Riesentinvenianinelude molyhdenym dithigearbamates;

molybdenum dithiophosphates; dispersed hydrated molybdenum compounds; acidic molybdenum

compounds aj3aita @it@q%&m@yggﬁm&e@mw% pRdepumLoniaigino.cRmRlGKes and the

like and mixtures thereof [0039]Examples of dispersed hydrated molybdenum compounds include
dispersed hydiatag: peiyinlykdatessgdispersed hydrated alkali metal polymolybdates and the like and
mixtures thereof Suitable dispersed hydrated polymotybdates include those disclosed in, for example,
U.S. Patent Application Putdicatiomnbibp 2000RA7ARAS nbal conientarofhichoare ineorperated by

reference herein. 10040ISuitable molybdenum dithiocarbamates include any molybdenum
dithiocarbamate whichy gidablbecosedeas Aly adiliprestotatilaricasinglcils:f Onérelas paftimddybdenum
dithiocarbamates for use herein is represented by Formula IV:
alkali metal borates and methods of manufacture include those disclosed in, e.g., U.S.
Patent Nos. 3,313,727, 3,819,521; 3,853,772; 3,907.601; 3,997.454; 4,089,790,
6,737,387 and 6,534,450, the contents of which are incorporated herein by reference.
The hydrated alkali metal boraies can be represented by the following Formula:
M,;0'mB;0:nH,0 where M is an alkali metal of atomic number in the range of about
11 to about 19, e.g., sodium and potassmm; m 1s @ number from about 2.5 to about 4.5
(both whole and fractional); and n is a number from about 1.0 to about 4.8. Preferred
are the hydrated sodium borates. The hydrated borate particles generally have a mean
particle size of less than about 1 micron.
[6032] Exampies of borated epoxides include borated epoxides obtained from

the reaction product of one or more of the boron compounds with at least one epoxide.

Suitable boron compounds include boron oxide, boron oxide hydrate, boron trioxide,

I



Sx3x4 R2N% I[IXINN 1lllz R4 N-C- S - Mo Mo - S -C- N X-N R5 R3 (IV) wherein R2, R3, R4, and R5
are each independently hydrogen or a hydrocarbon group including, by way of example, alkyl groups,
alkenyl groups, aryl groups, cycloalkyl groups and cycloalkenyl groups, and X', X2, X3 and X4 are
each independently sulfur or oxygen. 100411Suitable alkyl groups include, but are not limited to,
methyl, ethyl propyl, isopropyl, butyl, isobutyl, secondary butyl, tertiary butyl, pentyl, isopentyl,

boron trifiuoride, boron tribromide, boron trichloride, boron acids such as boronic

acid, boric acid, tetraboric acid and metaboric acid, boron amides and various esters
of boron acids. The epoxide is generally an aliphatic epoxide having from about § to
about 30 carbon atoms and preferably from about 10 to about 24 carbon atoms and
more preferably from about 12 to about 20 carbon atoms. Suitable aliphatic epoxides
inciude dodecene oxide, hexadecene oxide and the like and mixtures thereof,
Mixtures of epoxides may also be used, for instance commercial mixtures of epoxides
having from about 14 to about 16 carbon atoms or from about 14 to about I8 carbon
atomns. The borated epoxides are generally known and described in, for example, U.S.
Patent No. 4,584,115,

[0033] Examples of borate esters include those borate esters obtained by
reacting one or more of the boron compounds disclosed above with one or more
alcohols of suitable oleophilicity. Typically, the alcohols will contain from 6 to about
30 carbons and preferably from 8 to about 24 carbon atoms. The methods of making
such borate esters are well known in the art. The borate esters can also be borated
phospholipids. Representative examples of borate esters include those having the

struciures set forth in Formutae [-111:

7
RO—]IB O
RO . or
Rilj OR
RO~ B~ = B— OR (. .
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secondary pentyl, neopentyl, tertiary pentyl, hexyl, secondary hcxyl, heptyl, secondary heptyl, octyl,
2-ethylhexyl, secondary octyl, nonyl, secondary nonyl, decyl, secondary decyl, undecyl, secondary
undecyl, dodecyl, secondary dodecyl, tridecyl, isotridecyl, secondary tridecyl, tetradecyl, secondary
tetradecyl, hexadecyl, secondary hexadecyl, stearyl, icosyl, docosyl, tetracosyl, triacontyt, 2-butyloctyl,
2-butyldecyl, 2-hexyloctyl, 2-hcxyldecyl, 2-octyldecyl, 2-hexylnodecyl, 2-oetyldodecyl, 2-
decylietradecyl, 2-dodecythexadecyl, 2-hexadesryloctadecyl, 2-tetradecyloctadecyl, monomethyl
branched-isostearyl and the like [0042]SuitabI|e alkenyl groups include, but are not limited to, vinyl,
ally!, propenyl, butenyl, isobutenyl, pentenyl, iBopentenyl, hexenyl, heptenyl, octenyl, nonenyl, deccnyl,

undecenyl, dodecenyl, tetradecenyl, ()ley’ a‘ﬁ like. [0043]Suitable aryl groups include, but are not
limited to, phenyl, tolyl, xylyl, cumenyl mesityl, ban zyI phenethyl, styryl, cinnamyl, benzhydryl, miry’,
ethylphenyl, propylphenyl, butylph tylphepyl, yIphe heptylphenyt oetylphenyl,

nonylphenyl, decylphenyl, undecylp enyl d{)de/zylph nyl, blph benzylphenyl styrenatcd phenyl,
p-cumylphenyl, alpha-naplithyl, beta-naphthyDgroups and the Ilke [0044]SU|tabIe cycloalkyl groups
and cycloalkenyl groups include, but are not limited to, cyclopentyl, cyclohexyl, cycloheptyl,

methylcyclopemybimeethy[&ys[nhemﬂdemﬂﬁw(éyé]thptght@ydiﬂmhéémj&,ybgﬁimbenériyl,i&ycloheptenyl,
methylcyclopentenyl, methylcyclohexenyl, methylcycloheptenyl groups and the like. [0045]Of these
groups, the alkydrgesaps of alkerjtagbupsbarechedfdinddrasiR2 to R5 in Formula IV. Preferably, the R
groups in Formula 1V are identical groups. [00461In Founula IV, Xl to X4 are independently selected
from sulfur or[0634] Examples of borated fatty amines include borated fatty amines

obtained by reacting one or more of the boron compounds disclosed above with one

or more of fatty amines, ¢.g., an amine having from about fourteen to about eighteen

carbon atoms. The borated fatty amines may be prepared by reacting the amine with

the boron compound at a temperature in the range of from about 50 to about 300°C,

and preferably from about 100 to about 250°C, and at a ratio from about 3:1 to about

1:3 equivalents of amine to equivalents of boron compound.

[0035] Examples of borated amides include borated amides obtained from the

reaction product of a linear or branched, saturated or unsaturated monovalent aliphatic

acid having 8 to about 22 carbon atoms, urea, and polyalkyienepolyamine with a boric

acid compound and the like and mixtures thereof.

{0036] Examples of borated sulfonates include borated alkaline earth metal

sulfonates obtained by (a) reacting in the presence of a hydrocarbon solvent (i) at least

one of an oil-soluble suifonic acid or alkaline earth sulfonate salt or mixtures thereof;

(11) at least one source of an alkaline earth metal; (iii) at least one source of boron, and

(1v) from 0 to less than 10 mole percent, relative to the source of boron, of an

overbasing acid, other than the source of boron; and (b) heating the reaction product

of (a) to a temperature above the distillation temperature of the hydrocarbon solvent
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oxygen atom, and all of X' to X4 may be a sulfur atom or an oxygen atom, or a mixture of sulfur atoms
and oxygen atoms. In consideration of balance between friction reducing effect and corrosivity, the
molar ratio (ratio of numbers) of sulfur atom(s)/oxygen atom(s) should particularly preferably be in the
range from about 1/3 to about 3/1. 100471Some of the oil-soluble or dispersed oil-stable molybdenum
compounds of Formula IV are commercially available. For example, products where X3 and X2 are 0,
X3 and X4 are Sligiitl tvh érelfiR2atbdr SsalneiE 1:31d1 24 taliPioadi chy deacarhy| §ubupr dndawtbere the
molybdenum is in oxidation state V are sold under the trademarks Molyvan 807 and Molyvan 822 as
antioxidants aficifimetionthedutiheuidulitises PydR. ThovaddehutdConfpaayampigNofwdlikie@onn. USA).
These molybdenum compounds may be prepared by the methods described in U.S. Pat. No.
3,356,702 whereliciood iblcertivarisel RISEN B Mothbdereciy dissbiving draiaiprsietabhydroxide
solution, neutralized by the addition of acid followed by the addition of a secondary amine and carbon
disulfide. In afféeF@ca ®: the molybdenum compounds of Formula 1 wherein X'to X4 are O or S
may be prepared by a number of methods known in the art such as, for example, U.S. Patent No.

4,008,705 aniB3EB1,213. 1B AdesaHRrMy, comnSifintef g RetpHdaNeRHMHOLSPBE Rates
represented by Formula IV, can repared by reactjng molybdenum trioxide or a molybdate with an
aikal sulfe 8P ATPH TS BB R G ot EAMBE Bl G B Becondary
amine to the r%g%té(% @é)%u#%%q% roera]%t(i}?(? tﬂ_eS 5?u§)lfletant Jlnixtur aggaqa%ﬂegulatg terrg erature. To
prepare the a%ymme ric’sulturized 6xymo y(bdenum dithfodarBamates. the Use o Oéislenég%dary amine
having different hydr ‘,arb]on ro .the use of two or ore different secondary amines.in the above
process s s e B R o MR SR TR, e

prepared in asimgjiasmannerRuh WitBR 4se Afanbsa0%sECOPdaRLAmING [R04EXAmPles of

suitable molybdenum dithiocarbamate compounds include, but are not limited to, sulfurized

molybdenum diethyldiibiaaapaamate,shiuiizeshredadenum disrepyilithiccathamatsy sul furi zed

molybdenum dibutyldithiocarbamate, sulfurized molybdenum dipentyldithiocarbamate, sulfurized

molybdenum gdibexylgithieeathamatessydinized malybdenumudigstividitiecahamate, sylfurized

molybdenum didecyldithiocarbamate, sulfurized molybdenum didodecyldithiocarbamate, sulfurized
molybdenum gitfislecydaithio cae bamaie istdhtiizes modyiade menmdid tiyiphieid) dithipsarbamate,
sulfurized molybdenum di(nonylphenyl)dithiocarbamate, sulfurized oxymolybdenum
diethyldithiocarbamaisedubuniziee tosey malyhdehe rodiprapyldithiocds b droat € sulfeizetbre
oxymolybdenurn dibutyldithiocarbamate, sulfurized oxymolybdenum dipentyldithiocarbamate,
sulfurized oxyrieiyivlnom dipessypitlithlesdalrisa e, sulfurzen oxynolybdenanydiontyitiithiocarbamate,
sulfurizcd oxymolybdenum didecyldithiocarbamate, sulfurized oxymolybdenum
didodecyldithisebeBarsatethsdibirictms Rimomnypricirnn dithie essienthiveasisamatbcaufrped
oxyrnolybdenum di(butylphenyOdithiocarbamate, sulfurized oxymolybdenum N
di(nonylphenyPithi P@ﬁ%a‘)t‘/é‘? ANBIAITRI I &3 FEPEUNS ARy BestRfight-epaRPEtiBRanched, and

the like and mixtures thereof. . ) _ .
provided from the one or more oil-soluble or dispersed oil-stable boron-containing

compounds. In still yet another embodiment, the lubricating oil compositions of the
present invention will be substantially free of any boron content. In another
embodiment, the ubricating oil compositions of the present invention will contain
from about 40 ppm to no more than about 600 ppm of boron, based upon the fotal
mass of the composition, provided from the one or more oil-soluble or dispersed oil-

stable boron-containing compounds.
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100501 Suitable molybdenum d thiophosphates include any molybdenum dithiophosphate which can
be used as an additive for lubricating oils. Examples of suitable molybdenum dithiophosphates include
molybdenum dialkyl or diaryl dithiophosphate such as molybdenum diisopropyldithiophosphate,
molybdenum di-(2- ethylhexyl) dithiophosphate, molybdenum di-(nonylphenyl) dithiophosphate and
the like and mixtures thereof [00511The molybdenum-containing complexes may be generally
characterizedlas Cinfainislg & MishdstenDiSwbialybigbitmisiutdampExnafcaknsic nitrogen
compound. The molybdenum/nitrogen-containing complexes employed herein are well known in the
art and are cdff3Rixes of Moelybslictacid andharieeibsalulbiabasicolitsolybhcontaimingcompound.
Generally, the molybdenum/nitrogencontaining complex can be made with an organic solvent
comprising a oty prarbormutueiryeasgnepleratich otepaid thedobdresdfor prepperigossch complexes
are described, for example, in U.S. Patent Nos. 4,259,194; 4,259,195;

of the present invention include molybdenum dithiocarbamates; molybdenum

dithiophosphates; dispersed hydrated molybdenum compounds; acidic molybdenum
compounds or salts of acidic molybdenum compounds; molybdenum-containing
complexes and the like and mixtures thereof,

10039] Examples of dispersed hydrated molybdenum compounds include
dispersed hydrated polymolybdates, dispersed hydrated alkali metal polymolybdates
and the like and mixtures thereof. Suitable dispersed hydrated polymolybdates
include those disclosed in, for example, U.S. Patent Application Publication No.
20050070445, the contents of which are incorporated by reference herein,

[0048] Suitable molybdenum dithiocarbamates include any molybdenum
dithiocarbamate which can be used as an additive for lubricating oils. One class of

molybdenum dithiocarbamates for use herein is represented by Formula IV:

S x? x4 S
R 1 R4
~ | | X |
N—C—§ & \JLO_SMQMN/
R3 \\ X:’./ \ RS

(V)
wherein R*, R, R*, and R” are cach independently hydrogen or a hydrocarbon group
mcluding, by way of example, alkyl groups, alkenyl groups, ary! groups, cycloalkyl
groups and cycloalkenyl groups, and X', X*, X* and X" are each independently sulfur
or oXygen.

[6041] Suitable alkyl groups include, but are not limited to, methyl, ethyl,

propyl, isopropyl, butyl, 1sobutyl, secondary butyl, tertiary butyl, pentyl, isopentyl,
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4,261,843; 4,263,152;4,265,773,4,283,295,4,285,822; 4,369,119; 4,370,246; 4,394,279; 4,402,840
and 6,962,896 and U.S. Patent Application Publication No. 2005/0209111. As shown these
references, the molybdenum/nitrogen-containing complex can further be sulfurized. [0052]In another
embodiment, a molybdated succinirnide complex can be prepared by a process which involves at least
(a) reacting an alkyl or alkenyl succm mide of a polyamine of Formula V: (V)

secondary pentyl, neopentyl, tertiary pentyl, hexyl, sccondary hexyl, heptyl,

secondary heptyl, octyl, 2-ethythexyl, secondary octyl, nonyl, secondary nonyl, decyl,

secondary decyl, undecyl, secondary undecyl, dodecyl, secondary dodecyl, tridecyl,

isotridecyl, secondary tridecyl, tetradecyl, secondary tetradecyl, hexadecyl, secondary

hexadecyl, stearyl, icosyl, docosyl, tetracosyl, triacontyl, 2-butyloctyl, 2-butyldecyl,

2-hexyloctyl, 2-hexyldecyl, 2-octyldecyl, 2-hexyldodecyl, 2-octyldodecyi, 2-

deeyltetradecyl, 2-dodecylhexadecyl, 2-hexadecyloctadecyl, 2-tetradecyloctadecyl,

monomethyl branched-isostearyl and the like.

[0042] Suitable alkenyl groups include, but are not limited to, vinyl, allyl,

propenyl, butenyl, isobutenyl, pentenyl, isopentenyl, hexenyl, heptenyl, octenyl,

nonenyl, decenyl, undecenyl, dodecenyl, tetradecenyl, oleyl and the like.

[0043] Suitable aryl groups include, but are not limited to, phenyl, tolyl, xylyl,

cumenyl, mesityl, benzyl, phenethyl, styryl, cinnamyl, benzhydryl, trityl, ethylphenyl,

propylphenyl, butylphenyl, pentviphenyl, hexylphenyl, heptylphenyl, octylphenyl,

nonylphenyl, decylphenyl, undecylphenyl, dodecylphenyl, biphenyl, benzylphenyl,

styrenated phenyl, p-cumylphenyl, alpha-naphthyl, beta-naphthyl groups and the like.

[6044] Suitable cycloalkyl groups and cycloalkenyl groups mnclude, but are

not limited to, cyclopentyl, cyclohexyl, cycloheptyl, methylcyclopentyl,

methylcyciohexyl, methylcycloheptyl, cyclopentenyl, cyclohexenyl, cycloheptenyl,

methyleyclopentenyl, methyleyclohexenyl, methyleycloheptenyl groups and the fike.

[0045] Of these groups, the alkyl groups or alkenyl groups are preferred as R’

to R’ in Formula IV. Preferably, the R groups in Formula I'V are identical groups.

[0046] In Formula IV, X' to X* are independently selected from sulfur or

oxygen atom, and all of X' to X may be a sulfur atom or an oxygen atom, or a

mixture of sulfur atoms and oxygen atoms. In consideration of balance between
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wherein R6 is an about C12 to about C30 alkyl or alkenyl group; a and b are independently 2 or 3, and
x is 0 to 10, preferably 1 to 6 and more preferably 2 to 5; with an ethylenically unsaturated carboxylic
acid and/or anhydride thereof; and (b) reacting the succinimide product of step (a) with an acidic
molybdenum compound, e.g., as disclosed in U.S. Patent Application Serial No. 12/215,723, filed on
June 30, 2008, the contents of which are incorporated by reference herein. In one embodiment, the R6
substituent hdscanumbeariayefége moleattaiwreight rasigingfikoinabaiftikmbtosald st FlO and
preferably from about 223 to about 279. In another embodiment, R6 is an about C12 to about C24
alkyl or alkenglogrGujoxagandibraie dasHPpandiay 2tofSaf0058]im btepu(ay, feosuebininitie of Formula
V: (V) wherein R6, a, b and x have the aforestated meanings, is reacted with an ethylen catty
unsaturated ¢addwxyliclacid. The starting succ n mide of Formula V can be obtained by reacting an
anhydride of Formula VI: gVI) _
[06047] ome of the oil-soluble or dispersed oil-stable molybdenum
compounds of Formula IV are commercially available. For example, products where
X' and X* are O, X and X' are g, and where R” to R® are Cy3Hy, aliphatic
hydrocarbyl groups and where the molybdenum is in oxidation state V are sold under
the trademarks Molyvan 807 and Molyvan 822 as antioxidants and friction reducing
additives by R.T. Vanderbilt Company Inc. (Norwalk, Conn. USA).  These
molybdenum compounds may be prepared by the methods described in U.S. Pat. No.
3,356,702 wherem MoOs 1s converted to soluble molybdate by dissolving in alkali
metal hydroxide solution, neutralized by the addition of acid followed by the addition
of a secondary amine and carbon disulfide. In another aspect, the molybdenum
compounds of Formula I wherein X' to X* are O or S may be prepared by a number of
methods known in the art such as, for example, U.S. Patent No. 4,098,705 and
5,631,213,
[0048] Generally, the sulfurized oxymolybdenum  dithiocarbamates
represented by Formula 1V can be prepared by reacting molybdenum trioxide or a
molybdate with an alkali sulfide or an alkali hydrosulfide, and subsequently adding
carbon disulfide and a secondary amine to the reaction mixture and reacting the
resultant mixture at an adequate temperature. To preparc the asymmetric sulfurized
oxymolybdenum dithiocarbamates, the use of a secondary amine having different

hydrocarbon groups or the use of two or more different secondary amines in the above

process 18 sufficient. The symmetric sulfurized oxymolybdenum dithiocarbamates
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wherein R6 has the aforestated meaning with a polyamine. The anhydride of Foontda VI is either
commercially available from such sources as, for example, Sigma Aldrich Corporation (St. Louis, Mo.,
U.S.A)), or can be prepared by any method well known in the art. [0054]Suitable polyamines for use in
preparing the succinimide of Formula V are polyalkylene polyamines, including polyalkylene diamines.
Such polyalkylene polyamines will typically contain about 2 to about 12 nitrogen atoms and about 2 to
24 carbon ataemis zBaricyhadyrstlitablesipoilyalodene, polyaminds: are thb sahadagdhafpymula:
H2N-(127NH)0-H wherein R7 is a straight- or branched-chain alkylene group having 2 or 3 carbon
atoms and c istirto 9. Representative examples of suitable polyalkyl en e po lyamines include
ethylenediamine, diethylenetriamine, rriethylenetetraamine, tetraethylenepentarnine, and mixtures
thereof. Mostiffdfdrably, theqsoiaikydéneupablaming ibdetraethiilbnepdrataatinecj@psGiMany of the
polyamines suitable for use in the present invention are commercially available and others may be
prepared by riethdristvhiale apetwimiterb in.tHelariEdraghvpisumeiired dohiprefarrgcamines and
their reactions are detailed in Sidgewick's "The Organic Chemistry of Nitrogen", Clarendon Press,
Oxford, 19665NBHERE "CHEMRIRTEPOrgimiencigibtmbrmatss undevaripeiad siphibdowerEd., 1957;
and Kirk-Othmer's "Encyclopedia of Chemical Technology”, 2nd Ed., especially Volume 2, pp. 99-116,
[0056]Generly THE Hrbf7aPHBASH FYHITIRE Y/ ME YBLTRuEr IR PRSI RIE & a telipi&Rdture of about
130C to about 2 % and prefera(%;}; fr%gnt out 145C to about %lS_C. The reactiqnl}can be carried out
under an inerPSHSSPHEre, suchHESHHFSGETBPURESN. The affOUREST anhydr@ B8 ula Vi

STl AL AL R A e S gl whow 0
molybdenum didodecyldithiocarbamate, sulfurized molybdenum
ditridecyldithiocarbamate, sulfurized molybdenum di(butylphenyldithiocarbamate,
sulfurized molybdenum di(nonylphenyhdithiocarbamate, sulfurized oxymolyvbdenum
diethyldithiocarbamate,  sulfurized oxymolybdenum  dipropyldithiocarbamate,
sulfurized oxymolybdenum dibutyldithiocarbamate, sulfurized oxymolybdenum
dipentyldithiocarbamate,  sulfurized oxymolybdenum  dihexyldithiocarbamate,
sulfurized oxymolybdenum dioctyldithiocarbamate, sulfurized oxymolybdenum
didecyldithiocarbamate, sulfurized  oxymolybdenum  didodecyldithiocarbamate,
sulfurized oxymolybdenum ditridecyldithiocarbamate, sulfurized oxymolybdenum
di(butylphenyl)dithiocarbamate, sulfurized oxymolybdenum
di(nonylphenyl)dithiocarbamate, all of which the alkyl groups may be straight-chain
or branched, and the like and mixtures thercof.

[0050] Suitable molybdenum dithiophosphates include any molybdenum
dithiophosphate which can be used as an additive for lubricating oils. Examples of

suitable molybdenum dithiophosphates include molybdenum dialkyl or diaryl

dithiophosphate such as molybdenum diisopropyldithiophosphate, molybdenum di-(2-

18



[00571Suitable ethylenically unsaturated carboxylic acids or their anhydrides include ethylenically
unsaturated monocarboxylic acids or their anhydrides, ethylenically unsaturated dicarboxylic acids or
their anhydrides and the like and mixtures thereof Useful monocarboxylic acids or their anhydrides
include, but are not limited to, acrylic acid, methacrylic acid, and the like and mixtures thereof Useful
ethylenically unsaturated dicarboxylic acids or their anhydrides include, but are not limited to, fumaric
acid, maleic amniydeide) digsasianishaeidyolyadanit atiithsitipaomt) anhyshideyitacnic teid, itaconic
anhydride, and the like and mixtures thereof A preferred ethylenically unsaturated carboxylic acid or
anhydride théikohisl majeicatieywdride or a derivative thereof. This and similar anhydrides bond onto
the succinirnide starting compound to provide a carboxylic acid functionality. The treatment of the
succinimide difdkula V With thedithdenivatiynimsatgratatnedsbexylimacid be angyeiradbs thereof
advantageously allows for a sufficient amount of the molybdenum compound to be incorporated into
the complex. {DUBSTENE IR E I plawbaip s afrsietdaroRyliineitplckohnalpsidde is heated
to a molten condition at a temperature in the range of from about 50C to about 100C and is thereafter
mixed with thB SR8 nRAFEROBEEorrhiifa WOIThECRIBIF RS oF BRI CAmy RIS B UPERIE S Erboxylic acid
or anhydride to succimmide of Formula V will vary widely, e.g., a range of from about 0.1:1 to about
2:1. In one emBGtHmMENt tHe BRAPy & Rt TARS SFedmeifsaty imokidifetrth i deid or s
anhydride to su]c%ilnir}?ide oftForrrluIat\/.WiII ranrﬁg of Iiro aboi{ 0.9:1 to abqut 1.05:1. [0059]The
molybdenum EorRpotnas HE8ETE Preparea 8 SN Bt atdd Sl din it dROCOIMPIBR 81 & Bresent

invention are acigic.molc%bdcfnum mrgo&mdﬁ or salts of acidic molybdenum ¢ ounds. Generally,
COINEIIT a 1

m
these molybdenum ¢ mp%lﬁr?és%é%e ?1exa\?alfe%t?Ih%rgﬁéléceﬁgt?\l}tecé)@ﬁ%ﬁe%‘L %%’ft B%l%eélybdenum

compounds cgiy e 4"\ Ae.ard el bienumaaTROY dischssed abovs, Barlculady preferred i

molybdenum trioxide. 100601In step ( ture of the suecihimide product of step ng) and acidic

molybdenum gampeundiis RiaRaRd with of withomt gliuanisédiluentisysad, if ngcessary, to provide
a suitable viscosity for stirring. Suitable diluents are lubricating o

4,263,152; 4,265,773, 4,283,295; 4,285822; 4.369,119; 4,370,246, 4,394,279,

4,402,840; and 6,962,896 and U.S. Patent Application Publication No. 2005/0209111.

As shown in these references, the molybdenum/nitrogen-containing complex can

further be sulfurized.

[0052] In another embodiment, a molybdated succinimide complex can be

prepared by a process which involves at least (a) reacting an alkyl or alkenyl

succinimide of a polyamine of Formula V:

O

RS _-(CHy), _—~(CHy)y
N N NH,

0 H

. (V)
wherein R® is an about Ci, to about Ciyo alkyl or alkenyl group; a and b are
independently 2 or 3, and x is O to 10, preferably 1 to 6 and more preferably 2 to 3;

with an ethylenically unsaturated carboxylic acid and/or anhydride thereof; and (b)
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oils and liquid compounds containing only carbon and hydrogen. If desired, ammonium hydroxide may
also be added to the reaction mixture to provide a solution of ammonium molybdate. [0061]Generally,
the reaction mixture is heated at a temperature less than or equal to about 100C and preferably from
about 80C to about 100C until the molybdenum is sufficiently reacted. The reaction time for this step is
typically in the range of about 15 minutes to about 5 hours and preferably about 1 to about 2 hours.
The molar raticacfithelmeldbdenitn podpowidite the subcinimide prodictcohistepitapisidbout 0.1:1 to
about 2:1, preferably from about 0.5:1 to about 1.5:1 and most preferably about 1:1. Any water present
following the eemctindisfichal molyiSd&agm éomipating Seraisbiocininide/Broduet ofi stas (@) can be
removed by heating the reaction mixture to a temperature greater than about 100C, and preferably
from about 120€8tdharentersot Yoo 21dAnsptiecdrhb sdiimaat, insipbdatetr sodsdimige complex can
be prepared by a process which involves at least (a) reacting a succinim dc of a polyaminc of Foimula
VII: (VII) wheFBiRR SURSHIRH lersat B PSE RIST e TRE) e HenThaeivapaie diete iRt Weight of about 500
to about 5,000, preferably a number average molecular weight of about 700 to about 2,500 and more
preferably a iARIBET 2VBFSRE FUIBCRIP HRRYhE ot bt 18t BEBRE B A HReh BrdSindependently

2 or 3; and x is 0 to 1Q, preferably Ito 6 and more preferably 2 to 5, with an ethylenically unsaturated
catbosyic ackT SP Rty AR B SOLRLRER HETPA A SHher Ry HiicBraced carbonyiic

acid or anhyd@q 3 ereof tPnth s%fcirg;irgigei&{ E%I%b ¥1|a| 9,{ about 0.9:1 to about 1.05:1; and (b)
reacting the succinimide proaugt 'S é% fa[} Wlﬂ“l Sn'acidic molybdenum compound, e.g., as disclosed
in U.S. Patent Application Serial No. 12/215,739, filed on Jupe 30, 2008, the contents of which are
incorporated by reference herein{JIn one embodiment, Rs is &n alkyl or alkenyl group. In another

embodiment, R8 is a pol_y fieny rogg(&gggf : edyy@u&% | group is a po | y isob utcny 1 group.
[0063]In step (a), a succinimid§ of Fermula VII:{ "N

1
5 H

* (V)

wherein R, a, b and x have the aforestated meanings, is reacted with an cthylenically
unsaturated carboxylic acid. The starting succinimide of Formula V can be obtamned
by reacting an anhydride of Formula VI:

0
O
© (VD)
wherein R® has the aforestated meaning with a polyamine. The anhydride of Formula
V1 is either commercially available from éuch sources as, for example, Sigma Aldrich
Corporation (St. Louis, Mo., U.S.A.), or can be prepared by any method well known
in the art.
[0054] Suitable polyamines for use in preparing the succinimide of Formula V
are polyalkylene polyamines, including polyalkylene diamines. Such polyalkylene

polyamines will typically contain about 2 to about 12 nitrogen atoms and about 2 to
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NH2 (VII) wherein le, a, b and x have the aforestated meanings, is reacted with an cthylenically
unsaturated carboxylic acid in a charge mole ratio of the ethylenically unsaturated carboxylic acid or
anhydride thereof to the succinimide of Foilitula 1 of about 0.9:1 to about 1.05:1 The starting
succinimide of Formula VII can be obtained by reacting an anhydride of Fonnula VIII: (VIII) wherein
12.8 has the aforestated meaning wi.th a polyamine. The anhydride of Formula VIIl is either
commercially avaitdble fxom. siehisnbrbes:ash fopexatnglaSighnaniAddrieh espprationsSt. Louis, Mo.,
U.S.A.), or can be prepared by any method well known in the art. [0064]Suitable polyamines for use in
preparing theRuctihintigs-6R Fdfinuawikreanfiesanytoighe polyamindschiselosgtteseinmbove for
making the succinimide of Fofti ula V. Preferably, the polyalkylene polyamine is
tetraethylenepevitzgrine:. 3100681Gemsallyd thesahhydid® afBemtatitee \h kispleacteshitatiithe polyamine
at a temperature of about 130C to about 220C and preferably from about 145C to about 175C. The
reaction can peltafidenreut upRlsrEdhert atdledpherethsidismingendirtbrigsatiPiargmount of
anhydride of Formula VIII employed in the reaction can range from about 30 to about 95 wt. % and

preferably frofiSABOER A RS AESutEENRY SChesantsh fHe tstalurisi g etitnMpsartidiablixiure.

the polyalkylene polyamine is tetracthylenepentamine.

[0655] Many of the polyamines suitable for use in the present invention are
commercially avatlable and others may be prepared by methods which are well
known in the art. For example, methods for preparing amines and their reactions are
detailed in Sidgewick's "The Organic Chemistry of Nitrogen", Clarendon Press,
Oxford, 1966; Noller's "Chemistry of Organic Compounds", Saunders, Philadelphia,
2nd Ed., 1957; and Kirk-Othmer's "Encyclopedia of Chemical Technology", 2nd Ed.,
especially Volume 2, pp. 99-116.

10456] Generally, the anhydride of Formula VI is reacted with the polyamine
at a temperature of about 130°C to about 220°C and preferably from about 145°C to
about 175°C. The reaction can be carried out under an inert atmosphere, such as
nitrogen or argon. The amount of anhydride of Formuia VI employed in the reaction
can range from about 30 1o about 95 wt. % and preferably from about 40 to about 60
wt. %, based on the total weight of the reaction mixture.

[0057] Suitable ethylenically unsaturated carboxylic acids or their anhydrides
include ethylenically unsaturated monocarboxylic acids or their anhydrides,
ethylenically unsaturated dicarboxylic acids or their anhydrides and the like and
mixtures thereof. Useful monocarboxylic acids or their anhydrides include, but are
not limited to, acrylic acid, methacrylic acid, and the like and mixtures thereof

Useful ethyienically unsaturated dicarboxylic acids or their anhydrides include, but
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[0066]Suitable ethylenically unsaturated carboxylic acids or their anhydrides can be any of the
ethylenically unsaturated carboxylic acids or their anhydrides disclosed hereinabove for making the
molybdated succint ide complex employing the succinimide of Formula V. A preferred ethylenically
unsaturated carboxylic acid or anhydride thereof is maleic anhydride or a derivative thereof
100671Generally, the ethylenically unsaturated carboxylic acid or anhydride thereof is heated to a
molten conditionmaitditeieperatiine-dridhel damgacdd framdaldehzO{cdniaboidt tRRCoanddsdhereafter
mixed with the succinimide of Formula VII. [00681The molybdenum compounds used to prepare the
molybdated sutreimimidenbpdndlaxicaonie @amny; ofdveinehibdedanred mipolikdsudisalogedtherein above
for making the molybdated succinimide complex employing the succinimide of Formula V. Particularly
preferred is niatydsdeduimaioxidethide693iy steqithpted wixtorelof 4hid sueshidnide theowdat of step (a)
and acidic molybdenum compound is prepared with or without a diluent. A diluent is used, if
necessary, tdprsifidelydidapied dsessityerdicaly dihingdsuninadieises daadpredbag oils and
liquid compounds containing only carbon and hydrogen. If desired, ammonium hydroxide may also be
added to the FRERHBRARIIGFEYS PPBRBIERE LBIMBH G AntAibRATUHS mMeldpiatipoatroiGeltrally, the
reaction mixture is heated E?r% a temperature less than or equal to about 100C and preferably from

t

about 80C to BHGHET0GE Mt E R ELticidtRy fBactdl s i atfstifedtor this step is

typically in th(cear%n eh.cc)faab ut 1q1né|n testo a oHtS hourssfimgil1 refefrablya ut | to about 2 hours.

The molar rafio of the mgﬁyﬁéeelﬁu%%o%pc?ﬁ%c S e S i %Wﬁro%ru%tq% 1sctlgﬁf(‘aalf“?él%fbout0.1:1to

about 2:1, pr%ﬁ%%prll){o%%% Ig%l?g% %56 %nté)tg glilxtlclo.S: 013l nd.most 6pégferf;lg){ly about 1:1. Any water present

following the reaction enum compound and succmlm%%epr'oduct of step (a) can be

removed b g the react] i t r t C referabl
o ‘;boutyl %@é‘ﬂgabout ?%%Qéf%ﬂ?!XtH{@ QiR ISMRRIAIE ABRET than,abeut 299C,andip y

anhydride is heated to a molten condition at a temperature in the range of from about
50°C to about 100°C and is thereafter mixed with the succinimide of Formula V. The
molar ratio of ethylenically unsaturated carboxylic acid or its anhydride to
succinimide of Formula V will vary widely, e.g., a range of from about 0.1:1 to about
2:1. In one embodiment, the charge molar ratio of ethylenically unsaturated
carboxylic acid or its anhydride to succinimide of Formula V will range of from about
0.9:1 to about 1.05:1.

[0059] The molybdenum compounds used to prepare the molybdated
succinimide complex of the present invention are acidic molybdenum compounds or
salts of acidic molybdenum compounds. Generally, these molybdenum compounds
are hexavalent. Representative examples of suitable molybdenum compounds can be
any of the acid molybdenum compounds discussed above. Particularly preferred is
molybdenum trioxide.

{0060] In step (b), a mixture of the succinimide product of step (a) and acidic
molybdenum compound 1s prepared with or without a diluent. A diluent is used, if

necessary, to provide a suitable viscosity for stirring. Suitable diluents are lubricating
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[0071]The lubricating oil compositions of the present invention will contain no more than about 800
ppm of molybdenum, based upon the total mass of the composition, provided from the one or more
oil-soluble or dispersed oil-stable molybdenum-containing compounds. In one embodiment, the
lubricating oil compositions of the present invention will contain no more than about 500 ppm of
molybdenum, based upon the total mass of the composition, provided from the one or more oil-soluble
or dispersed oilstahlelimolybaenponeentaininggoropeunsibon andthesephodintentsthe, lubricating oil
compositions of the present invention will contain no more than about 300 ppm of molybdenum, based
upon the totakmassiofithgdronxositionlsptevideeifiomdheronemanirioretoipsciidble @idispersed
oil-stable molybdenum-containing compounds. In yet another embodiment, the lubricating oil
compositions@famepresemabtbstation will contain no more than about 150 ppm of molybdenum, based
upon the total mass of the composition, provided from the one or more oil-soluble or dispersed
oil-stable mollffdhum-corttansingcdhipsediten mostlieyisthmatather etbpdinteistlatethabricating oil
compositions of the present invention will contain no more than about 100 ppm of molybdenum, based
upon the totaPas<orheEtcbMpostidnpisterabiedifrsmAprIb 88 6r Horoyl-48Riblestildispersed
oil-stable mol b(ﬂ)gnum-cqntaining compounds, In another embodiment, the lubricating oil compositions
of the presengm SHBPWH TORESR IR Hisbut 48 T5pHA FB iR halv P s pBriPef

molybdenum, basedfléggn l%e total mass, of P%e composition %(r?ovided from t%e one or more oil-soluble
Blybdd §

or dispersed Off-&tablé TR h%‘r%c%n%%ﬁmg%’&ﬁg RISEE 1M biosHionie SPli&persed

oil-stable molybdenym-contajning compound will be present in the lubricating oil composition of the
present inven%%%rgﬂlfgﬁ ]ﬁ%% ﬂwﬂhﬂ%ﬁ%ﬁ@% it &3 Oosﬁ]ict)% ﬁgss e %“éf} §t§%%rcfto°§1%?%%inum of about
5:1 to about qgo:}}odp@pqt%‘r %m}?@im icat] il\compositio 5.a ratio of sulfur to
molybdenum of about 15:1 to about 240? %tfiaga g%?%?eér%%gdl?m%?%tﬁeqﬁr)t)tril?:s;%inad}%ip}:ograposition has

a rati of sy mal/AUEUM of AROULA:S 10 AR HOBE3AED Wb ipgygi gpmpositons of

the present invention will have a sulfur content of up to about 0.4 wt. % and preférably up to about 0.3

wt. %. The sulrsante canbaiteivaddiem elemental sulfutara sylfueaaniaining Geppound. The
sulfur or sulfur-containing compound may be intentionally added to the lubricating oil composition, or it
may be presentifuthe bogenpiroiin pre@rmareehtherddiivesfaethelukricatipg a@e@mposition. In
one embodiment, a major amount of the sulfur in the lubricating oil composition is derived from an
active sulfur zoshpourtdCe., an amount greater than 50%. By "active sulfur" is meant a sulfur
compound which is antiwear active and preferably anticorrosive. The sulfur-containing compound may
be an inorgariié2ifur comppoumster ambedamiotsdfurcdtpniped nekcdinemsdiferopidainingtleompound may
be a compound containing one or more of the groups: sulfamoyl, sulfenamoyl, stiffen, sulfido,
sulfinamoyl, SuFRaecsEfinytpsetrsssutiosioimsiafory lts idtehyioxgcudfatesubioythidcarbamoyt,
thiocarbonyl, thiocarbonylamino, thiocarboxy, thiocyanato, thiofoi uiyl, thioxo, thioketone, thioaldehyde,
thioester, andPBhEHiKES ¥ Bostiei Wik also be present in a hetero group or compound which contains
carbon atoms and sulfur atoms (and, optionally, other hetero atoms such as oxygen or nitrogen) in a
chain or ring. Preferred sulfur-cogtaining compoginds includ& dihydrocarbyl sulfides and polysulfides
such as alkyl or alkenyl s%fgides nd pol@ygﬁd , Sulfuri tty acids or esters thereof, ashless
dithiophosphates, cyclic orgaro-s contpbues-polyiséBiu igthione compounds, ashlcss

eof. [0074]{Examples of the dihyc r%carbyl sulfides or polysulfides
rmula VI:1R9-Sb-R1(YIII)

dithiocarbamates and mixture
include compounds represented by

* (vin)

wherein R® is a hydrocarbon radical having a number average molecular weight of
about 500 to about 5,000, preferably a number average molecular weight of about 700
to about 2,500 and more preferably a number average molecular weight of about 710

to about 1,100; a and b are independently 2 or 3; and x is 0 to 10, preferably 1 to 6
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wherein R9 and RH) are the same or different and represent a Ci to C20 alkyl group, alkenyl group or
a cyclic alkyl group, a C6 to C20 aryl group, a C7 to C20 alkyl aryl group, or a C7 to C20 aryl alkyl
group; and b is an integer of Ito 7. When each of R9 and Rth is an alkyl group, the compound is called
an alkyl sulfide. Examples of the group represented by R9 and RI in Formula VIII include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl groups, hexyl groups, heptyl groups,
octyl groups, agnyl@eops;rdegy Pgroulswitbdecytigrieniesiicyclohexykphempk-naphihylotolyt, xylyl,
benzyl, and phenethyl. condensation of a chlorinated hydrocarbon with an inorganic sulfide whereby
the chlorine atompdndmteachipitwamale cubds igidisflibeed) gadithdyfresaratendefromydach molecule is
joined to a divalent sulfur atom. Generally, the reaction is conducted in the presence of elemental
sulfur. [0076]®dwpiebysiaikdrmytelifidbs arecuasatibet fomelamblef rpwiS). Patentiidot 2,446,072.
These sulfides can be prepared by interacting an olefinic hydrocarbon containing from 3 to 12 carbon
atoms with elefffehtatRbIfh irfepriipee e ceresiimider Brefutlaometed generdtly imnthecfdim of an acid
salt. Representative examples of alkenyl sulfides include 6,6'-dithiobis(5-methyl-4-nonene), 2-butenyl
monosulfide SHIVERHIRTe CPNPRIAGL Debute AR StIfde aRatens e stanhetiRk NOo771The
sulfurized fatty acid or ester thereof can be prepared by reacting, for example, sulfur, sulfur

monochloride! &nt/gr SuflrdiehidHBE dHthAHtunBs0srEaat 2bEbrEstEtReEsidfer elevated

temperatures. Suitable fatty acids include Cg to C24 unsaturated Er%tt cids sucgh as, g)r example,
palmitoleic agfasf::%féﬁ%%%ﬁ ,I\{ric(lﬁﬁo B R RS Iiﬁfcdgcﬁﬂ?ﬁa%rc %X @ﬁ?ﬁﬂoé“c‘"‘&&f inolenic acid,
oleostearic acid, licanic agid, paranatric acid, tariric acid, gadpleic,acid, arachidonic acid, cetoleic acid
and the like. B\?%%Oglsné ﬂ}’aqrie mslxéadpl?%%%%%egr P&@y a%‘d%’gﬁ%fq% Oq %e e?r/t]ls and IQ/eléelflable oils, e.g.,
tall oll, Iinseego?}hsggg%gjggﬁ or oil, peanut oil, rape oil, fish oil, sperm oil, and the like. Suitable fatty
acid esters include C1t 0 alkyl esters of the foregoing fatty acids. Exemplary fatty esters include
lauryl tallatc, fgghy! oleatg,etbyl oleatg latin Qlgaieraalyhwigate, cetyl linoleate, lauryl ric noleate,

olcyl linolcate, leyl stearate, alkyl glycerides and the like. [007810ne class of suitable ashless
dithiophosphates for use herein igclude those of the Fontulg 1X: CH, - COORI |

RE _ACHy), N _—{(CHyy
N .

O H

NH,

x (VI
wherein R®, a, b and x have the aforestated meanings, is reacted with an ethylenically
unsaturated carboxylic acid in a charge mole ratio of the ethylenically unsaturated
carboxylic acid or anhydride thereof to the succinimide of Formula { of about 0.9:1 to
about 1.05:1. The starting succinimide of Formula VII can be obtained by reacting an

anhydride of Formula VIII:

O
0 (VIID)
wherein R® has the aforestated meaning with a polyamine. The anhydride of Formula

VII is either commercially available from such sources as, for example, Sigma
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(R --0)2 P- S - CH - COORI I(IX) wherein Rn and R12 are independently an alkyl group having 3 to 8
carbon atoms (commercially available as VANLUBE(r) 761 TM, from RT. Vanderbilt Co., Inc.).
10079]Another class of suitable ashless dithiophosphates for use herein include dithiophosphoric acid
esters of carboxylic acid such as those commercially available as IRGALUBE(r) 63 from Ciba Geigy
Corp. (00801Yet another class of suitable ashless dithiophosphates for use herein include
triphenylphosphiicilionatesisu ch ascfioseiep M ergj alhy:avaiabie asd Rk WREE)] HRPT from Ciba
Geigy Corp. [0081]Suitable poly sobutyl thiothione compounds include those compounds represented
by Foilmla X:R&81(X) tvherein RI3 is hydrogen or methyl; X is sulfur or oxygen; m is an integer from |
to 9; and nis 0 or 1, and when n is 0 then R13 is methyl, and when n is 1 then R13 is hydrogen.
Examples of {#86&] polyisobuitiygbth pthierencofopounds mrepdisgobedingifomakaniflertils. Patent
Application Publication No. 20050153850, the contents of which are incorporated by reference herein.
[0082]In a prefélrad benbodineaty e sutnecdisbeied diforinsbdretfies making the succinimide

of Formula V. Preferably, the polyalkylene polyamine is tetracthylenepentamine.
[0065] Generally, the anhydride of Formula VIII is reacted with the
polyamine at a temperature of about 130°C to about 220°C and preferably from about
145°C to about 175°C. The reaction can be carried out under an inert atmosphere,
such as nitrogen or argon. The amount of anhydride of Formula VIII employed in the
reaction can range from about 30 to about 95 wt. % and preferably from about 40 to
about 60 wt. %, based on the total weight of the reaction mixture.

[0666] Suitable ethylenically unsaturated carboxylic acids or their anhydrides
can be any of the cthylenically unsaturated carboxylic acids or their anhydrides
disclosed hereinabove for making the molybdated succinimide complex empioying
the succinimide of Formula V. A preferred ethylenically unsaturated carboxylic acid
or anhydride thereof is maleic anhydride or a derivative thereof,

[0067] Generally, the ethylenically unsaturated carboxylic acid or anhydride
thereof is heated to a molten condition at a temperature in the range of from about
50°C to about 100°C and is thereafter mixed with the succinimide of Formula VILI.
[6068] The molybdenum compounds used to prepare the molybdated
succinimide complex can be any of the molybdenum compounds disclosed herein
above for making the molybdated succinimide complex empioying the succinimide of
Formula V. Particularly preferred is molybdenum trioxide.

[06069] In step (b), a mixture of the succinimide product of step (a) and acidic

molybdenum compound is prepared with or without a diluent, A diluent is used, if
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lubricating oil composition of the present invention is a bisdithiocarbamate compound of Formula XI:
(XI) wherein RE', RI4, Ic-15, and 12'6 are the same or different and are aliphatic hydrocarbyl
groups having 1 to 13 carbon atoms and R17 is an alkylene group having 1 to 8 carbon atoms. The
bisdithiocarbamates of Formula XI are known compounds and described in U.S. Patent No. 4,648,985,
incorporated herein by reference. The aliphatic hydrocarbyl groups having 1 to 13 carbon atoms can
be branched a#cstraightchauviakkyd guiapis hasdogt} forlacarbenmatonisuleddreds are
bisdithiocarbarnatc compound for use herein is methylenebis(dibutyldithiocarbamate) available
commerciallyiuintteritize difadenh drkithwepor@s8 (RitdinManadgrbie®on kel ) hid0881 THE lubricating oil
compositions of the present invention can be substantially free of any phosphorus content. In one
embodiment, d¢sér¢dbrivatimdpoiltoshvpabitions dfafe présbin thwarwoarareduisstantialigaeee of any zinc
dialkyl dithiophosphate. [0084]The lubricating oil compositions of the present invention may also
contain other%%%ﬁf%ﬂﬂ%mglﬁ@dﬁﬁparting auxiliary functions to give a finished lubricating oll
composition in which these additives are dispersed or dissolved. For example, the |ubricating oil

compositions!8&Hhe blend&EHHY alFos-IAIE PRk daPsilethfd dSTRPGEHECd5Eh Ad ktal

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

modifiers, pofidift &EB?Egé)Qn%,a%‘fii?éﬁéﬁﬁ?éyaﬁ%ms?ggdgs%ﬁ/éh@, 6&1‘& a@%tégn‘l’ﬁg{ Bgﬁ’sers,

corrosion-inhibitf)rbs ashless giggeerg ants,ct((ji)éesr extrergg press Jletgqq;nts,iﬁa%j%itgj like .and mixtures
' [ hese

thereof. A vaﬁ}echy orthe additivesTare kiown angecrg?ncmercﬁlgﬁy avalll“abﬁg? dz;iéf(jlll%i\t/l%aes, or their
analogous com e emp

Invention by {ﬁeg‘égoggﬁ%&%?n? il é&éﬁ%&% G RreRAoR AL GIURIFIERE QI sqmpgsitions of the
The molar ratio of the molybdenum compound to the succinimide product of step (a)
is about 0.1:1 to about 2:1, preferably from about 0.5:1 to about 1.5:1 and most
preferably about 1:1. Any water present following the reaction of the molybdenum
compound and succinimide product of step (a) can be removed by heating the reaction
mixture to a temperature greater than about 100°C, and preferably from about 120°C
to about 160°C.

[8071] The tubricating oil compositions of the present invention will contain
no more than about 800 ppm of molybdenum, based upon the total mass of the
composition, provided from the one or more oil-soluble or dispersed oil-stable
molybdenum-containing compounds. In one embodiment, the lubricating oil
compositions of the present invention will contain no more than about 500 ppm of
molybdenum, based upon the total mass of the composition, provided from the onc or
more oil-soluble or dispersed oil-stable molybdenum-containing compounds. In
another cmbodiment, the [ubricating oil compositions of the present invention will
contain no more than about 300 ppm of molybdenum, based upon the total mass of

the composition, provided from the one or more oil-soluble or dispersed oil-stable

molybdenum-containing compounds. In yet another embodiment, the lubricating oil
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[00851Examples of antioxidants include, but are not limited to, aminic types, e.g., diphenylamine,
phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and alkylated phenylene-diamines; phenolics
such as, for example, BHT, stericaiiy hindered alkyl phenols such as 2,6-di-tert-butylphenol,
2,6-di-tert-butyl-p-cresol, and 2,6-di-tert-butyl-4-(2-octy1-3-propanoic) phenol; and mixtures thereof.
[0086]Examples of ashless dispersants include, but are not limited to, polyalkylene succinic
anhydrides; nempiisp@en cdriiaipiagderivaiives ofla aolyalkylengsutaini-anhysirigeiadiasic nitrogen
compound selected from the group consisting of succinimides, carboxylic acid amides, hydrocarbyl
monoamines pigbdeauby lbpsidamindbs Mahniekshdses cphpsphongamidied, fand {hhesphoramides;
triazoles, e.g., alkyltriazoles and benzotriazoles; copolymers which contain a carboxylate ester with
one or more aaiditioHaiopdikr dudoersciholiding carmihddamidesdantimeng ictenpywhdxy Incaitboxyl, and the
like, e.g., products prepared by copolymerization of long chain alkyl acrylates or methacrylates with
monomers of e adiboecfubrdisinarbcthiriRetias @iipes thesed thODBTIE aeipies viltust inhibitors
include, but are not limited to, nonionic polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether,
polyoxyethytei8thiyRer BRis Ak abert oY dore ¢f TedlstsAypn s atprt, the s@atyIehe octylphenyl
ether, polyoxyethylene octyl stearyt ether, polyoxyethylene o¢leyl ether, polyoxyethylene sorbitot
monostearaté?f)WQQ&PRHEH@%%@PH&HS&B&B? IR GRABSTHO RI0IBAIE: stearic acid

and other fatty acids; dicarboxylic acids; metal sqaps; fatty acid gmine salts; metal salts, of heavy
sulfonic ac:id;Xplg1 %f%%%&??m%%ﬁj S B Boly 90%1?%[%0%1‘? '1515%0%8 é’gg’&fseft’f%@ -chain)

alkenyl succinic acidghggr%esters %hlﬁreo .and 'T}itcro en- ontaﬁg}in 4(%eriva ives there%f; synthetic
neta e

alkarylsulfonaﬁ%fg?g%lg., metal di rgﬁfﬁnaﬁlﬁ{ha ene su o%lgtéﬁg?na%d) theliRR AN hiXtlFes thereof

00EELExemples, et MgdHiss e 15 ek ies 1 AP i ppnes: fany

phosphites, fatty epoxides, fatty aniines, metal salts of fatty aci s, glyCerol esters,

and fatty imidgﬁi@&ﬁ geHisclogad I UnSrePatienhiNg. %éa?sﬁée&*}ﬁl_%%&nmmmﬁnn@re

incorporated eference herein; friction modifiers obtained from a reaction product of a C4 to C75,
preferably a Q@rﬁgﬁggc@i@gmt preferably a C6 to C20, fatty acid ester and a nitrogen-containing
compound selected from the group consisting of ammonia, and an alkanolamine, and the like and

mixtures therWyﬁ@089lEmmplﬁam@ﬂgjfoafniagﬁ@@ﬂts ckudes b%@y@mﬁﬁ%@g@ﬁgngolymers of

alkyl methacrylate; polymers of dimethylsilicone, and the like and mixtures thereof
compound will be present in the lubricating oil composition of the present invention
such that the lubricating oil composition has a ratio of sulfur to molybdenum of about
5:1 to about 500:1. In another embodiment, the lubricating oil composition has a ratio
of sulfur to molybdenum of about 15:1 to about 240:1. In another embodiment, the
lubricating oil composition has a ratio of sulfur to molybdenum of about 20:1 to about
100:1.
[0073] The lubricating oil compositions of the present invention will have a
sulfur content of up to about 0.4 wt. % and preferably up to about 0.3 wt. %. The
sulfur content can be derived from elemental sulfur or a sulfur-containing compound.
The sulfur or sulfur-containing compound may be intentionally added to the
lubricating oil composition, or it may be present in the base oil or in one or more of

the additives for the lubricating oil composition. In one embodiment, a major amount

of the sulfur in the lubricating oil composition is derived from an active sulfur
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[00901Each of the foregoing additives, when used, is used at a functionally effective amount to impart
the desired properties to the lubricant. Thus, for example, if an additive is a friction modifier, a
functionally effective amount of this friction modifier would be an amount sufficient to impart the
desired friction modifying characteristics to the lubricant. Generally, the concentration of each of these
additives, when used, ranges from about 0.001% to about 20% by weight, and in one embodiment
about 0.01% torapowid @%, by weighit Rasad-ahdhe 1vial Beigltiof thefibricatingoll egmposition.
[0091]The final application of the Lubricating oil compositions of this invention may be, for example, in
marine cylindesthplonicdntehinicrosshgadadiesslengingss rabkcase dobodants iflautariiobiles and
railroads and the like, lubricants for heavy machinery such as steel mills and the like, or as greases for
bearings and thetdikerd reoneoembodimbntathedagricatintioil compesitionsoftgsinvedfion are used to
lubricate a compression ignited diesel engine such as a heavy duty diesel engine or a compression
ignited diesel @HiiAREqUEBpSHLNItsoatdENRE sABBTEN &Xd1absE Fasrecie HeliGIEGRY system; a
catalytic converter; and a particulate trap. [0092]Whether the lubricating oil composition is fluid or solid
will ordinarily B8feAl bR WReMerdmorentHageryis préseheaifidrattiisraaryg 9d@is include

polyurea acetates, lithium stearate, and the like. [OOQBI]The following non-limiting examples are

illustrative of e Bresett finveHtiSREXANRBYE sulionyldioxy, sulfaic, thio, - thiocarbamoyl,

thiocarbonyl, thiocarbonylamino, thiocarboxy, thiocyanato, thioformyl, thioxo,
thioketone, thioaldehyde, thioester, and the like. The sulfur may also be present in a
hetero group or compound which contains carbon atoms and sulfur atoms (and,
optionally, other hetero atoms such as oxygen or nitrogen) in a chain or ring.
Preferred  sulfur-containing compounds include dihydrocarbyl sulfides and
polysulfides such as alkyl or alkeny! sulfides and polysulfides, sulfurized fatty acids
or esters thercof, ashless dithiophosphates, cyclic organo-sulfur compounds,
polyisobuty! thiothione compounds, ashiess dithiocarbamates$ and mixtures thereof.
[6074) Examples of the dihydrocarbyl sulfides or polysulfides include
compounds represented by Formula VI
R-S,-RY (VI

wherein R” and R'® arc the same or different and represent a C; to Cyq alkyl group,
alkenyl group or a cyclic alkyl group, a Cs to Cyo aryl group, a C; to Cy alkyl aryl
group, or a Cy to Cy aryl alkyl group; and b is an integer of 1 to 7. When each of R’
and R'’ is an alky! group, the compound is called an alkyl sulfide. Examples of the
group represented by R” and R™ in Formula VII include methyl, ethyl, n-propyl,
1sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, penty! groups, hexyl groups, heptyl
groups, octyl groups, nonyl groups, decyl groups, dodecyl groups, cyclohexyl, phenyl,

naphthyl, tolyl, xylyl, benzyl, and phenethyl.
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[0094]A lubricating oil composition was prepared by blending together the following components to
obtain a SAE 15W-40 viscosity grade folmutation: [0095] (1) 2300 ppm, in terms of sulfur content, of a
combination of a methylene Ms di-n-butyl dithiocarbamate (0.7 wt. % in the finished oil) and one or
more detergents, wherein 1900 ppm of sulfur is derived from active sun (i.e., methylene bis di-n-butyl
dithiocarbamate) and 400 ppm of sulfur is derived from nonactivc sulfur compound (i.e., the detergent).

[0096](2) 400;¢pray in termS:af hetiard edrient: bicaieo mbinatiomefadoraladedispaigantid.2 wt. % in
the finished oil), and a borated calcium sulfonate (3 mmol/kg Ca basis in the finished oil) having a TBN
- of 160 [0097]¢3)&H.pypion, o teltislofimelyidenmrisantent, of dmmaididenifidesudeinringideccomplex.
[00981(4) 2.6 wt. % of a dispersant. 100991(5) 1 wt. % of a diphenylam ne antioxidant. [00100](6) 1

wt. % of a hindéeedgphenolfanticxidasf.two molecules is displaced, and the free valence from

each molecule is joined to a divalent sulfur atom. Generally, the reaction is conducted

in the presence of elemental sulfur.

[6076} Examples of alkenyl sulfides are described, for example, in U8, Patent

No. 2,446,072, These sulfides can be prepared by interacting an olefinic hydrocarbon

contaming from 3 to 12 carbon atoms with elemental sulfur in the presence of zinc or

a similar metal generally in the form of an acid salt. Representative examples of

alkenyl sulfides include 6,6'-dithiobis(5-methyl-4-nonene), 2-butenyl monosulfide

and disulfide, 2-methyl-2-butenyl monosulfide and disulfide and the like.

{077 The sulfurized fatty acid or ester thereof can be prepared by reacting,

for example, sulfur, sulfur monochloride, and/or sulfur dichloride with an unsaturated

fatty acid or ester thereof under elevated temperatures. Suitable fatty acids include Cs

to Cyy unsaturated fatty acids such as, for example, palmitoleic acid, oleic acid,

ricinoleic acid, petroselinic acid, vaccenic acid, linoleic acid, linolenic acid,

oleostearic acid, licanic acid, paranaric acid, tariric acid, gadoleic acid, arachidonic

acid, cetoleic acid and the like. Also useful are mixed unsaturated fatty acid, such as

animal fats and vegetable oi1ls, e.g., tall o1l, linseed oil, olive oil, castor oil, peanut oil,

rape oil, fish o1l, sperm oil, and the like. Suitable fatty acid esters include C,; to Cyp

alkyl esters of the foregoing fatty acids. Exemplary fatty esters include lauryl tallate,

methyl oleate, ¢thyl oleate, lauryl oleate, cetyl oleate, cetyl linoleate, lauryl

ricinoleate, oieyl linoleate, oleyl stearate, alkyl glycerides and the like.

[0678] One class of suitable ashless dithiophosphates for use herein include

those of the Formula 1X;
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[001011(7) 0.5 wt. % of a pour point depressant. [00102](8) 4.5 wt. % of a dispersant viscosity index
improver. [00103](9) 10 ppm, in terms of silicon content, of a foam inhibitor. [00104](10) The remainder
was diluent oil composed of approximately 56 wt. % of a Group Il base oil and approximately 44 wt. %
of a Group Il base oil. [00105]The resulting lubricating oil composition had a sulfated ash content of
0.2 wt. % as deteimined by ASTM D874. COMPARATIVE EXAMPLE A [00106]A lubricating oil
composition was prepared by blending together the;fallovipg,gomponents to obtain a SAE 15W-40
viscosity grade formulation: [001071(1ﬁ400 ppm,lin terms of sulfur content, of a nonactive sulfur

(R1?-0), —— P——§ — CH—COOR!! (1X)
wherein R'" and R are independently an alkyl group having 3 to 8 carbon atoms
(commercially available as VANLUBE® 7611M, from R.T. Vanderbilt Co., Inc.).
[0079] Another class of suitable ashless dithiophosphates for use herein
mclude dithiophosphoric acid esters of carboxylic acid such as those commercially
available as IRGALUBE® 63 from Ciba Geigy Corp.

[0080] Yet another class of suitable ashless dithiophosphates for use herein
include triphenylphosphorothionates such as those commercially availabie as
IRGALUBE® TPPT from Ciba Geigy Corp.

[0081] Suitable polyisobutyl thiothione compounds include those compounds

represented by Formula X:

S X

wherein R is hydrogen or methyl; X is sulfur or oxygen; m is an integer from 1 to 9;
and n is 0 or I, and when n is 0 then R is methyl, and when n is I then RY is
hydrogen. Examples of these polyisobutyl thiothione compounds are disclosed in, for
example, U.S. Patent Application Publication No. 20050153850, the contents of
which are incorporated by reference herein.

[0082] In a preferred embodiment, a sulfur compound for use in the
lubricating o1l composition of the present invention is a bisdithiocarbamate compound

of Formula XI:
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compound (i.e., a deteregent). [00108](2) 400 ppm, in terms of boron content, of a combination of a
borated dispersant (5.2 wt. % in the finished oil) and borated sulfonate (3 mmol/kg in the finished oil)
having a total base number (TBN) of 160. [001091(3) 90 ppm, in terms of molybdenum content, of a
molybdenum suceinimide complex. [001101(4) 2.6 wt. % of a dispersant [001111(5) 1 wt. A of a
diphenylamine antioxidant. [00112](6) 1 wt. % of a hindered phenol antioxidant. [00113](7) 0.3 wt. % of
a pour point depressant. [00114}8) 6.6 wt. % of a dispersam Viscosity index improver.

Lo e
Rﬁ/ \”/ \Rw‘/ T \R?G
s s

wherein R™, R*, R, and R'® are the same or different and are aliphatic hydrocarbyl

(XD

groups having I to 13 carbon atoms and R" is an alkylene group having 1 to 8 carbon
atoms. The bisdithiocarbamates of Formula X1 are known compounds and described
in U.S., Patent No. 4,648,985, incorporated herein by reference. The aliphatic
hydrocarbyl groups having 1 to 13 carbon atoms can be branched or straight chain
alkyl groups having 1 to 13 carbon atoms. A preferred bisdithiocarbamate compound
for use herein is methylenebis(dibutyldithiocarbamate) available commercially under
the trademark Vantube® 7723 (R. T. Vanderbilt Co., Inc.).

[G083] The lubricating oil compositions of the present invention can be
substantially free of any phosphorus content. In one embodiment, the lubricating oil
compositions of the present invention are substantially free of any zinc dialkyl
dithiophosphate.

[0084] The lubricating o1l compositions of the present invention may also
contain other conventional additives for imparting auxiliary functions to give a
finished lubricating oil composition in which these additives are dispersed or
dissolved. For example, the lubricating oil compositions can be blended with
antioxidants, anti-wear agents, detergents such as metal detergents, rust inhibitors,
dehazing agents, demulsifying agents, metal deactivating agents, friction modifiers,
pour point depressants, antifoaming agents, co-solvents, package compatibilisers,

corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents, and the like
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[00115](9) 10 ppm, in terms of silicon content, of a foam inhibitor. [00116](10) The remainder was
diluent oil composed of approximately 82 wt. % of a CHEVRON 220N Group Il base oil and
approximately 18 wt. % of a CHEVRON 600N Group Il base oil. [001171The resulting lubricating olil
composition had a sulfated ash content of 0.2 wt. % as detennined by ASTM D874. COMPARATIVE
EXAMPLE B 1001181A lubricating oil composition was prepared by blending together the following
components tadotdmmes S Alerd&V-40 viscosity gited e dditi tedatien k{o6hl a}(d ) 460vpprialin terms of
sulfur content, of a nonactive sulfur compound (i.e., a deteregent). [00120](2) 750 ppm, in terms of
boron contentysiablconibitrativldidivasbordbed analogous compounds, can be employed for the

preparation of the lubricating oil compositions of the invention by the usual biending

procedures,

[6085] Examples of antioxidants include, but are not limited to, aminic types,

e.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and

alkylated phenylene-diamines; phenolics such as, for example, BHT, sterically

hindered alkyl phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol, and

2,6-di-tert-butyl-4-(2-octyl-3-propanoic) phenol; and mixtures thereof.

[0086] Examples of ashiess dispersants include, but arc not limited fto,

polyalkylene succinic anhydrides, non-nitrogen containing derivatives of a

polyalkylene succinic anhydride; a basic nitrogen compound selected from the group

consisting of succmimides, carboxylic acid amides, hydrocarbyl monoamines,

hydrocarbyl polyamines, Mannich bases, phosphonoamides, and phosphoramides;

triazoies, e.g., alkyliriazoles and benzotriazoles; copolymers which contain a

carboxylate ester with one or more additional polar function, including amine, amide,

imine, 1mide, hydroxyi, carboxyl, and the like, e.g., products prepared by

copolymerization of long chain alkyl acrylates or methacrylates with monomers of the

above fonction, and the like and mixtures thereof.

[6087] Examples of rust inhibitors include, but are not himited to, nonionic

polyoxyalkylene agents, e.g., polyoxyethylene laury!l ether, polyoxyethylene higher

alcohol ether, polyoxyethyiene nonylphenyl ether, polyoxyethylene octylphenyl ether,

polyoxyethylene octyl steary! ether, polyoxyethylene oleyl ether, polyoxyethylene

sorbitol monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol

monooleate; stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty
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dispersant (5.2 wt. % in the finished oil), borated calcium sulfonate (3 mmol/kg Ca basis in the finished
oil) having a TBN of 160, and a dispersed hydrated sodium borate (0.5 wt. % in the finished oil).
100121](3) 90 ppm, in terms of molybdenum content, of a molybdenum suceinimide complex.
[00122](4) 2.6 wt. % of a dispersant. [001231(5) 1 wt. % of a diphenylamine antioxidant. [00124](6) 1
wt. % of a hindered phenol antioxidant. [00125](7) 0.5 wt. % of a pour point depressant. [00126](8) 4.1
wt. % of a dispétsanihvisebsitydrdexlinpf dvery]COTRUH 930 pphal icatbinydiofsiticasecoifitent, of a
foam inhibitor. [001281(10) The remainder was diluent oil composed of approximately 55 wt.

polyhydric alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial

esters thereof and nitrogen-containing derivatives thereof, synthetic alkarylsulfonates,

e.g., metal dinonyinaphthalene sulfonates; and the like and mixtures thereof.

[6088] Examples of fricion modifiers include, but are not limited to,

alkoxylated fatty amines; fatty phosphites, fatty epoxides, fatty amines, metal salts of

fatty acids, fatty acid amides, giycerol esters, and fatty imidazolines as disclosed in

U.S. Patent No. 6,372,696, the contents of which are incorporated by reference herein,

friction modifiers obtained from a reaction product of a C4 to Css, preferably a Cs to

Cy4, and most preferably a Cs to Cy, fatty acid cster and a nitrogen-containing

compound selected from the group consisting of ammonia, and an alkanolamine, and

the like and mixtures thereof,

{0089] Examples of antifoaming agents include, but are not limited to,

polymers of alkyl methacrylate; polymers of dimethylsilicone, and the like and

mixtures thereof.

[60906] Each of the foregoing additives, when used, is used at a functionally

effective amount to impart the desired properties to the lubricant. Thus, for example,

if an additive is a friction modifier, a functionally effective amount of this friction

modifier would be an amount sufficient to impart the desired friction modifying

characteristics to the Iubricant. Generally, the concentration of cach of these

additives, when used, ranges from about 0.001% to about 20% by weight, and in one

embodiment about 0.01% to about 10% by weight based on the total weight of the

lubricating o1l composition.

{6091} The final application of the lubricating oil compositions of this

invention may be, for example, in marine cviinder lubricants in crosshead diesel
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% of a Group IIl base oil and approximately 45 wt. % of a Group li base oil. [00129]The resulting
lubricating oil composition had a sulfated ash content of 0.6 wt. % as detennined by ASTM D874.
COMPARATIVE EXAMPLE C 1001301A lubricating oil composition was prepared by blending
together the following components to obtain a SAE I5W-40 viscosity grade formulation: [00131](1)
2300 ppm, in terms of sulfur content, of a combination of a methylene bis di-n-butyl dithiocarbamate
(0.7 wt. % in theifinishediailsandonmerimaedebdrgentSralherinione poemiobstifis fsrderived from
active sulfur (i.e., methylene bis di-n-butyl dithiocarbamate) and 400 ppm of sulfur is derived from
nonactive sulfurcpmpdundyisechihe stettregrnihd@G1BR2](2) 25 ppms ibtdiasms karbtheontent, of a
combination of a borated dispersant (5.2 wt. % in the finished oil), borated calcium sulfonate (3
mmol/kg Ca Hisis lim ahedirodadenil)thatihygcating Niofog®santhacdigpesen tydaatededodium borate
(0.5 wt. % in the finished oil). [00133](3) 90 ppm, in teiuis of molybdenum content, of a molybdenum
lybricate a compression ignited diesel engine such as a heavy duty diesel engine or a

compression ignited diesel eﬁgine equipped with at least one of an exhaust gas
recirculation (EGR) system; a catalytic converter; and a particulate trap.

[0092] Whether the lubricating oil composition s fluid or solid will ordinarily
depend on whether a thickening agent 1s present. Typical thickening agents include

polyurea acetates, lithium stearate, and the like.

[0693] The following non-limiting examples are illustrative of the present
invention.

EXAMPLE 1
[6054] A lubricating oil composition was prepared by blending together the

following components to obtain a SAE 15W-40 viscosity grade formulation:

[06095] (1) 2300 ppm, in terms of sulfur content, of a combination of a
methyiene bis di-n-butyl dithiocarbamate (0.7 wt. % in the finished oil) and one or
more detergents, wherein 1900 ppm of sulfur is derived from active sulfur (ie.,
methylene bis di-n-butyl dithiocarbamate) and 400 ppm of sulfur is derived from
nonactive sulfur compound (i.e., the detergent).

[6096] (2) 400 ppm, in terms of boron content, of a combination of a borated
dispersant (5.2 wt. % in the finished oil), and a borated calcium sulfonate (3 mmol/kg
Ca basis in the finished oil) having a TBN of 160

[6097] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.
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succinimide complex. [00134](4) 2.6 wt. % of a dispersant. 1001351(5) | wt. % of a diphenylamine
antioxidant. [00136](6) 1 wt. % of a hindered phenol antioxidant. [001371(7) 0.5 wt. % of a pour point
depressant. [00138](8) 6.7 wt. % of a dispersant viscosity index improver. [00139](9) 10 ppm, in terms
of silicon content, of a foam inhibitor. [00140j(10) The remainder was diluent oil composed of
approximately 72 wt. % of a CHEVRON 220N Group Il base oil and approximately 28 wt. % of a
CHEVRON 60ssgBroup Il aage oit. 108443k ikearesulting lubricating oil composition had a sulfated
ash content of 0.4 wt. % as determined by ASTM D874.

10099

[00100]
[00101]
[60102]
[00103]

(00104}

(5) 1 wt. % of a diphenylamine antioxidant.

(6) 1 wt. % of a hindered phenoil antioxidant.

{7 0.5 wt. % of a pour point depressant.

(8) 4.5 wt. % of a dispersant viscosity index improver.

(9} 10 ppm, in terms of silicon content, of a foam inhibitor.

(10) The remainder was diluent oil composed of approximately 56 wt.

% of a Group III base o1l and approximately 44 wt. % of a Group II base oil.

[60105]

The resulting lubricating oil composition had a sulfated ash content of

(0.2 wt. % as determined by ASTM D874,

[00106]

COMPARATIVE EXAMPLE A

A lubricating oil composition was preparcd by blending together the

following components to obtain a SAE 15W-40 viscosity grade formulation:

[00:07]

(1) 400 ppm, in terms of sulfur content, of a nonactive sulfur

compound (i.c., a deteregent).

[00108]

(2) 400 ppm, in terms of boron content, of a combination of a borated

dispersant (5.2 wt. % in the finished oil) and borated sulfonate (3 mmolkg in the

finished oil) having a total base number (TBN) of 160.

[00109]

(3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00110]
[00111]
[60112]

[00113]

(4) 2.6 wt. % of a dispersant.
{5) 1 wt. % of a diphenylamine antioxidant.
(6 I wt. % of a hindered phenol antioxidant.

(7) 0.3 wt. % of a pour point depressant.
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[00142]TESTING 1001431API CJ-4 Cummins ISM Test [00144[The lubricating oil compositions of
Example 1 and Comparative Examples A-C were evaluated for their wear performance. A scr enci
version of the CJ-4 Cummins engine test was used to determine heavy duty diesel valve train wear
performance by measuring the injector adjusting screw weight loss (IASWL). The CJ-4 Cummins Test
is a Cummins ISM engine equipped with EGR. The engine test duration is 100 hours, The results for

this test are sgigiprilp belowdnélakie d.oFABLsBedsabA SMbsEXampiahpfolsomp. Ex. A 22.3

[66115] (9) 10 ppm, in terms of silicon content, of a foam inhibitor.

[06116] (10) The remainder was diluent o1l composed of approximately 82 wt.
% of a CHEVRON 220N Group II base oil and approximately 18 wt. % of a
CHEVRON 600N Group II base oil.

[00117] The resuiting lubricating o1l composition had a suifated ash content of

0.2 wt. % as determined by ASTM D874,

COMPARATIVE EXAMPLE B
[00118) A lubricating oil composition was preparcd by blending together the
following components to obtain a SAE 15W-40 viscosity grade formulation:
[66119] (1) 400 ppm, in terms of sulfur content, of a nonactive sulfur
compound (i.c., a deteregent),
[66129] (2) 750 ppm, in terms of boron content, of a combination of a borated
dispersant (5.2 wt. % in the finished oil), borated calcium sulfonate (3 mmol/kg Ca
basis in the finished oil) having a TBN of 160, and a dispersed hydrated sodium
borate (0.5 wt. % in the finished oil).
[G6121] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[06122] (4) 2.6 wt. % of a dispersant.

[60123] (5) 1 wt. % of a diphenylamine antioxidant.

106124] (6) 1 wt. % of a hindered phenol antioxidant.

[60125] (7 0.5 wt. % of a pour point depressant.

[06126] (8) 4.1 wt. % of a dispersant viscosity mdex improver.
{60127] (9) 10 ppm, in terms of silicon content, of a foam inhibitor.
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Comp. Ex. B 31.2 Comp. Ex. C 38.6 As the data show, the lubricating oil composition of Example 1
significantly reduced the injector screw wear as compared to the lubricating oil compositions of
Comparative Examples A-C. Thus, it is believed that the lubricating oil composition of the present
invention is capable of providing a surface film on the injector screw that will be sufficient to provide
improved wear benefits, [001451It will be understood that various modifications may be made to the

embodimentgghsgised heneinT fhereiaie-the spnedescrmtipnshonlhpokbecanstsued as limiting,

but merely as exemplifications of preferred embodiments. For example, the functions described above

and implemented a&thephdsianodeadar gpesatingdheipresentofivEntigniitedovillustration purposes

only. Other arrangements and methods may be implemented by those skilled in the art without

departing fron®éhz9%cope diid spiritiof thisiraiention chvgreouen, lthd sewikilled dshthengmttwifl envision

other modifications within the scope and spirit of the claims appended hereto. WHAT IS CLAIMED IS
0.6 wt. % as determined by ASTM Dg74.

COMPARATIVE EXAMPLE C
(06130} A lubricating o1l composition was prepared by blending together the
following components to obtain a SAE 15W-40 viscosity grade formulation:
[06131] (1y 2300 ppm, in terms of sulfur content, of a combination of a
methylene bis di-n-butyl dithiocarbamate (0.7 wt. % in the finished oil) and one or
more detergents, wherein 1900 ppm of sulfur is derived from active sulfur (ie.,
methylene bis di-n-butyl dithiocarbamate) and 400 ppm of sulfur is derived from
nonactive sulfur compound (1.¢., the deteregent).
[60132] (2} 750 ppm, in terms of boron content, of a combination of a borated
dispersant (5.2 wt. % in the finished oil}), borated calctum sulfonate (3 mmol’kg Ca
basis in the finished oil) having a TBN of 160, and a dispersed hydrated sodium
borate (0.5 wt. % in the finished o1l).
[60133] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00134] {4 2.6 wt. % of a dispersant.

[60135] (5) ¥ wt. % of a diphenylamine antioxidant,

[06136] (6) 1 wt. % of a hindered pheno! antioxidant.

[60137] (71 0.5 wi. % of a pour point depressant.

[60138] (8) 6.7 wt. % of a dispersant viscosity index improver.
(60139 (9) 10 ppm, in terms of silicon content, of a foam inhibitor.
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- L A lubricating oil composition having a sulfur content of up to about 0.4 wt. % and a sulfated ash
content of up to about 0.5 wt. % as determined by ASTM D874 and comprising (a) a major amount of
an oil of lubricating viscosity; (b) at feast one oil-soluble or dispersed oil-stable boron-containing
compound having no more than about 600 ppm of boron, based upon the total mass of the
composition; and (c) at least one oil-soluble or dispersed oil-stable molybdenum-containing compound
having no maggiizan about BO0rppmwmdiindetyheeiuenbasesnnesdle iptabmass9f thevgomposition;
wherein the lubricating oil composition has a ratio of sulfur to molybdenum of about 5:1 to about 500:1.
2. The lubricatingfodl cHipasRion260E ldinnd, \ithessindheand aphibricatiely \i8casitydsofomprised of a
mineral base oil. 3. The lubricating oil composition of Claims 1 or 2, having no more than about
500 ppm of b6kdRYROM 6Fbis (uloripdtibgsoilitomposition Claims 1-3, having no more than about 500
ppm of molybdenum. 5. The lubricating oil composition of Claims 1-3, having no more than about
100 ppm of mékiddénum. The gesphaubbioatines ol comiposition kel Glamfatedreshingntenhwire than about
400 ppm of boron and no more than about 100 ppm of molybdenum. 7. The lubricating oil
composition SFCHIMsaiFiepea e MR to molybdenum of about 15:1 to about 240:1. 8.
The Iubricatin[% oil composition of Claims 1-7, having a ratio of sulfur to molybdenum of about 20:1 to
about 100:1. W014€1The Iugﬁém&oil composition of Claims 1-8, wherein the oil-soluble or dispersed
oil-stable molybdenum compound, is selected from the group consisting of a sulfurized or
non-sulfurizegﬂﬂ%l%denuW&@féo%mfﬁg&iﬁ?ﬁﬁide complex, molybdenum dithiocarbamate,
dispersed hydiateg molybdgurm sompoung asidic mobdsnim somreund @ sallfgreof and

Examples A-C were evaluated for their wear performance. A screener version of the
CJ-4 Cummins engine test was used to determine heavy duty diesel valve train wear
performance by measuring the injector adjusting screw weight loss (IASWL). The
CJ-4 Cummins Test 15 a Cummins ISM engine equipped with EGR. The engine test

duration is 100 hours, The results for this test are set forth below in Table 1.

TABLE 1

TASWL

Example | 7.1

Comp. Ex. A | 223
Comp. Ex. B {312
Comp. Ex. C | 386

As the data show, the lubricating oil composition of Example 1 significantly reduced
the injector screw wear as compared to the lubricating oil compositions of
Comparative Examples A-C. Thus, it is believed that the lubricating oil composition
of the present invention is capable of providing a surface film on the injector screw

that will be sufficient to provide improved wear benefits,
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10. The lubricating oil composition of Claims 1-9, wherein a major amount of the sulfur is derived from
a bisdithiocarbamate compound of the Formula: R14Ris wherein RI3, RI4, RI5, and R16 are the
same or different and are aliphatic hydrocarbyl groups having Ito 13 carbon atoms and R17 is an

allcylene group having 1 to 8 carbon atoms. 11. The lubricating oil composition of Claims 1-10,
having a sulfated ash content of up to about 0.3 wt. % as determined by ASTM D874. 12. The
lubricating oil composition of Claims 1-11, which is substantially free of phosphorus. 13. The

lubricating oil composition of Claims 1-12, which is substantially free of zinc d alkyl dithiophosphate.
14. The lubridéfigbil comipogitlor: afiCiaimed 143, it rroodnfirisings abdedst ondaddifice selected
from the group consisting of metallic detergents, ashless dispersants, friction modifiers, extreme
pressure agesngodsuogitydrdmgdai broviers aridisbue pbintadepredsamiption shidid\ neéthod of operating
an internal combustion engine comprising the step of operating the internal combustion engine with
the Iubricating(@ﬁt&mﬁééjm@‘iﬁn@f mihamesgly as exemplifications of preferred embodiments. For

cxample, the functions described above and implemented as the best mode for
operating the present invention are for illustration purposes only. Other arrangements
and methods may be implemented by those skilled in the art without departing from
the scope and spirit of this invention. Moreover, those skilled in the art will envision

other modifications within the scope and spirit of the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A lubricating oil composition having a sulfur content of up to about 0.4 wt.
% and a sulfated ash content of up 1o about 0.5 wt. % as determined by ASTM D&74
and comprising (a) a major amount of an oil of lubricating viscosity; (b) at least one
oil-soluble or dispersed oii-stable boron-containing compound having no more than
about 600 ppm of boron, based upon the total mass of the composition; and (¢} at {east
one oil-soluble or dispersed oil-stable molybdenum-containing compound having no
more than about 800 ppm of molybdenum, based upon the total mass of the
composition; wherein the lubricating oil composition has a ratioc of sulfur fo

molybdenum of about 5:1 to about 500:1.

2. The lubricating o1l composition of Claim 1, wherein the oil of lubricating

viscosity is comprised of a mineral base oil.

3. The lubricating oil composition of Claims [ or 2, having no more than

about 500 ppm of boron.

4. The lubricating oil composition of Claims 1-3, having no more than about

500 ppm of molybdenum.

5. The lubricating oil composition of Claims 1-3, having no more than about

100 ppm of molybdenum.

6. The lubricating oil composition of Claim 1, having no more than about 400

ppm of boron and no more than about 100 ppm of molybdenum.
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7. The lubricating oil composttion of Claims 1-6, having a ratio of sulfur to

molybdenum of about 15:1 to about 240:1.

8. The lubricating oil composition of Claims 1-7, having a ratio of sulfur to

molybdenum of about 20:1 to about 100:1.

9. The lubricating oil composition of Claims 1-8, wherein the oil-soluble or
dispersed oil-stable molybdenum compound is selected from the group consisting of a
sulfurized or non-sulfurized molybdenum polyisobutenyl succinimide complex,
molybdenum dithiocarbamate, dispersed hydrated molybdenum compound, acidic

molybdenum compound or a salt thereof and mixtures thereof,

10. The lubricating oil composition of Claims 1-9, whercin a major amount of

the sulfur is derived from a bisdithiocarbamate compound of the Formula:

R14 R15

N S S N
R13/ T . Rﬁ T \Rm
S S

wherein R, R™ R”, and R'® are the same or different and are aliphatic hydrocarbyl
groups having 1 to 13 carbon atoms and R is an alkylene group having 1 to & carbon

atoms.
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i1, The lubricating oil composition of Claims 1-10, having a sulfated ash

content of up to about 0.3 wt. % as determined by ASTM D874,

12. The lubricating oil composition of Claims 1-11, which is substantially free

of phosphorus.

13. The lubricating oil composition of Claims 1-12, which is substantially free

of zinc dialkyl dithiophosphate.

14. The lubricating oil composition of Claims 1-13, further comprising at
least one additive selected from the group consisting of metallic detergents, ashless
dispersants, friction modifiers, extreme pressure agents, viscosity index improvers and

pour point depressants,

15. A method of operating an internal combustion engine comprising the step

of operating the internal combustion engine with the Iubricating oil composition of

Claims 1-14.
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