LUBRI CATI NG O L COWPCSI TI ONS BACKGROUND OF THE | NVENTION 1. Technical Field
[ 0001] The present invention generally relates to lubricating oi

conposi t iwo10d77Bescri ption of the Related Art [0002] Bxina$3409/067433
after-treatnment devices, equipped on internal conbustion engines to conply
wi th em ssion regul ati ons, have proven to be sensitive to the conbustion by
products of the fuel andIﬂﬂﬁﬂﬁ%ﬁﬁ?“h&%ﬁ(Kﬂw?ﬁgr@ﬁﬁﬁ%e. In addition, certain
types of devices are sensitive to one or nore of the follow ng: (1)
phosphorus comng fromthe lubricant, (2) sulfur comng fromboth fuel and
| ubri cant BAAHKIGROUNDIGTATHE INMENBHON t i ng from t he conbustion of fuel and

| ubricant. In order to ensure the durability of the different types of

af ter-treat megini€d¥icd®es, special lubricants are being devel oped that
feature relatively low levels of, for exanple, sulfur, phosphorus, and

| fat ed 11 [ 0003 i ' | Gk 043191
sul fate ﬁ«ﬁigu[ ll"h%pl)%setﬁ%\%m oﬁ@&le&é&@iﬂe&%s%’ﬁiﬂr%?ﬁﬂg"&l DnpRRHIRY!

("the "19 pplicatio di scl oses™a | icating oil conposition having

| ess than229)0(s)clr m S h& <ﬂ%n9 free of zinc and phosphorus. The '191
applicatioh—ﬁurﬁﬁ@r—drsgiosgsﬁg%at the lubricating oil conposition has a
m ni mum of 0 ppm of boron and a m nj num of 80 ppm of nolybdenum Each of
t he exarrp[@i&]shovm FrhapithIad e TgHMeRb de‘_{@is’affbllllm?ét PBningradl gBbuHonsh

content of 0.96, 0.99 and 1.05 for Gls 1, 2, and 3, respectively. [0004]
U.S. Pat emging. tog cqmply3wgh (erpihsion 37@ilgamenhave tioyen dees senbitie i teathe ng

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, sulfur, phosphorus,
and sulfated ash.

[0003] U.S. Patent Application Publication No. 20050043191 (“the ‘191
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 oil composition has a minimum 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 Oils 1, 2, and 3,
respectively.

[0004] U.S. Patent No. 6,777,378 (“the ‘378 patent”) discloses a lubricating
oil composition containing (a) a base oil; (b) a molybdenum- and sulfur-containing

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



oi | conposition containing (a) a base oil; (b) a nolybdenum and

sul fur-containing conposition derived froma basic nitrogen-contai ni ng
conpound,we 20wloybsenunconpound and carbon di sul fide; (cPpca/usesaer4dst er;
and (d) optionally a phosphoruscontai ni ng conpound provi ded that the

phosphorus content of the,c osi tion does not ceed out 0.10 wt.% The
'378 pat eFMPRHAHAA @y a0l o RS GHeF oad ﬁﬁgomna HAPISIRIOBH- has a

boron content of about 30 ppmto about 600 ppm and a nol ybdenum cont ent of
about 25 pyHiinggatssuousdOrepdad theods phosphorpagaatant K6 thezcam@sitips qocshe ' 273
patent”) discloses a lubricating oil conposition containing a nmajor anount
of oil of nbtubkceabibiongO D sadsi The  FHikdpacntifimther @ivolosts thht the drmaticpoil ai ni ng

additive, a detergent additive conposition and one or nore co-additives.

The ' 273 pahpstitidnumboer veicaclosest bhatbhotihsol | fAtabt@ 600 ppeip@di hi on has
a boron content of greater than 150 ppm a nol ybdenum content of at nost

1000 ppn1ﬂﬁ)lﬁﬁﬁanEgﬁgvﬂggggpggg?%%ggﬂ%up§0 Sur. [0006] EP O 737 735

("the 735 application | ubri cant” conposition produced by
bl endi ng Mo- ¢ ining.frdgcti qndi-tioner:..and, (b B- cant ai ni ng
conpound &ﬁ@ﬁﬁa | ubri §%¥mﬁg¥% oﬁ%ifghéaﬁééhgﬁﬁg?£3fﬂ%ﬁ&?%ﬁﬁﬁgwm§P%cIoses
that the lubricating oil conposition has a boron content of greater than
0. 015 wt . OYEPTBOSIOThYONHBING AR HUBAUFOE 8H 08 b SRINDHISeRsHY + BA20DTH pm
[0007] It is desirable to devel op inproved |ubricating oil conpositions
whi ch exhaiunti ofpr bared-cpe@ming hddbiivd, andarreentuslddivie reompobitibeandlone @rbust i on
engi ne. SUMVARY OF THE | NVENTI ON [ 0008] In accordance with one enbodi nent
of the preapentcodid@inics.on,Tha (270 pataht Mgt | disclogaQsttat ahe Navtici@ing sl f ur
content of up to about 0.4 wt. % and a

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 (“the 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.

[0007] 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

[0008] In accordance with one embodiment of the present invention, 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 is
provided which comprises (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



sul fated ash content of up to about 0.5 w. % as determ ned by ASTM D874 is
provi ded which conprises (a) a nmajor anmount of an oil of lubricating
vi scosi t ywo(@2bdo/|ar7skeast one oil -sol ubl e or di spersed oi PCTUs#09/067433
bor on- cont ai ni ng conpound havi ng nonore than about 600 ppm of boron, based

upon the total mass of the cqnposition; and (c) at |east one .Qil-soluble or
di sper sed™oF§ thap 2Bpwt 648 u)p@o%fﬁayﬁ% éﬁ%@émpﬂgh%@%mfﬁwﬁﬁe CAGPRitioRs A8 t han
about 800 ppm of nol ybdenum based upon the total nass of the conposition;
wher ei n t (@ af ldspt enst dihepleble oe difpersed pidmntaklesmglybderuan-epntaininagomneupd| ybdenum
of about 5:1 to about 500: 1. [0009] In accordance with a second enbodi nent
of the prbaseng no moecithannboutls®n episofinaolybdadng barthpdn dic ot naks ofthan

i nternal conbustion engi ne which conprises operating the internal

combust i oBoBpEkitih; Wvhérem kbMiiahting &1 lcofPaRash t hanahayvibnef aufut froir
content of up to about 0.4 wt. % and a sulfated ash content of up to about

0.5 w. q%ﬁﬁﬁﬁﬁﬁﬁﬁ%kQ&ﬂu@%wﬁ%ﬁ%h@ﬁ%ﬁ,a”d conprising (a) a major anount of
of : 71 0" .

an oi l ricating viscosity; (b) at |east one oil-soluble or dispersed
oi | - st abl on-cont ai ni ng conpound havi ng no r han about 600 ppm of
bor on. - bali8lipon  Hb 3 St ek At §r<cenaY sBpBGr of. he He-FR) TheThor one
oi | -sol ubl e or dispersed oil-stable npol ybdenum cont ai ni ng conpound havi ng
no more t HEFF abduevideb appiethed pblopstEREnn Baiseal eBRuStRY CBLIAE WRISR of the
conposition; wherein the lubricating oil conposition has a ratio of sulfur
t o nol ybdesmprissh opreting frelintemahbaubusso engine b r0ibiicating odradenpositiont h a
third enbodi mnent of the present invention, there is provided an internal
conbust i ohaeng b elfliubsnteatofdpvib tabod 0.4kwti Laindg seifdted adip@sitdnit ofi upavi ng a

sul fur content of up to about 0.4 w. % and a sulfated ash content of up to

about 0. 5,¥ut 0% W6 248! 84BINNREH BY ARFTIMDIREL 4n@BEMFRYRE (S1aNHajbAdm&unt 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 (c) 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 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
is 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 (c) 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



maj or anount of an oil of lubricating viscosity; (b) at |east one

oi |l -sol ubl e or dispersed oil-stabl e boron-containing conpound having no
nor e t harwakowro76G6 ppm of boron, based upon the total maFaISEH00HEI3
conposi tion; and (c) at |east one oil-soluble or dispersed oil-stable

nol ybdenu contaln ng cor nd havi n nor e than ab m of

ol ybdenum iSO BIRDLH nf%ﬂ%ﬁﬂ%@&@?ﬁﬂﬂéﬂ%%&%@ﬂ St REpout
thelubricating oil conposition has a ratio of sulfur to nolybdenun1of about
5:1 to abé¥?:1500: 1. [0011] The low ash lubricating oil conpositions of the
present invention advantageously provide high wear inhibition when used in
an i nternfi0ldpnbust Tha lewgashe lubhichténge nidl aynpugitioak atfi thel presocnw ihesnébs of
boron and nol ybdenum In addition, the high wear inhibition can be achieved

with the h@wnasbolsUppidadd H@h%éarqmﬁﬁbﬁﬁint WRAS ufdd fnhgh PitESeNEorhhkEBAT ON
while also enploying relatively low levels (or substantially free) of any

phosphor u FQ%E?%{}%%@IE@%I% §%H&eﬁ%‘r§ﬁ LENLGE bﬁéﬁn‘i’RﬁE

EMBCODI ME ent fnventionis directed ricatrng oi

conpositign.h V|n | fur content up to a % an a sul f at ed
aon” cont eftt B 1 BnRifisnon B8 BHEC i ooy o AR lbriy ety
contalnlng at Ieast (a) .a mpj or anount of an_oil of Iubrlcatlng V|sc05|ty
and (b) af ﬂ@a&r‘eseahél%nmo%wug|ab80cﬁ1m&ﬁ>>§ﬁglr%lé&aveéy lavg deastse(op sHRYANEBHY ai ni ng
conpound havi ng no nore than about 600 ppm of boron, based upon the total
mass of t Frec)admppphodipborusand zineconteni. east one oi I -sol ubl e or di sper sed

oi | -stabl e nol ybdenum cont ai ni ng conpound havi ng no nore than about 800 ppm
of nol ybdenum based upon the total nass of the conposition; wherein the

| ubricating oil conposition has a ratio of sulfur to nolybdenum of about

5:1 to ab@yTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The 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-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. 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. % as determined by ASTM D874. The amount of sulfur, boron,
molybdenum or phosphorus in the lubricating oil composition of the present invention

is measured according to ASTM D4951.



500:1. In one enbodiment, the lubricating oil conposition of the present

i nvention has a sulfur content of up to about 0.3 wt. % and/or a sulfated
ash cont ew0 20f0/aIp7560 about 0.4 wt. % as determ ned by ABTWIUSSN/067HRE anount
of sulfur, boron, nolybdenum or phosphorus in the lubricating oi

conpositi t he esent inventi.on i s nmeasyred accordi t o ,ASTM D495
1.[0013] a3 1 "or Theost cat ﬁh@l%&%o&w@o Or 48 1 dife HORA B Phg oi |
conpositions of this invention, also referred to as a base oil, is

typi cal | ycpmpesétinnsiod tihis pgycoromrdintefereedgo as arbageroiinis tppicybepresant ithan 50 wt .
% preferably greater than about 70 wt. % nore preferably fromabout 80 to
about 99. maydr.anfiatd.grostanpruat ef giehtgr fhaorfOakiotit, pBetablyalyeater t88n wbaut % based
on the total weight of the conposition. The expression "base oil" as used

her ei n sha kytbe,, unslerprtRABL BofEMbUA 8DAs &bSEIOBKS &t. B enfinkt PRsealsy ocks
which is a lubricant conmponent that is produced by a single manufacturer to

the same gBECIHLERS kP RSouk DRIGPENGENLY G thfe%‘tQIS @gig&g?#f’?}%c g&a&wﬁﬁﬁ -

| ocation); that neets the sane ranufacturer I catl and t

base of | rorous etk Sach Beaty PRl B kbR bR S peBludred i1

of lubricating viscosity used in fornmulating |lubrjcating oil conpagsitions
for any aPlbl bapg staskp Whishi Eati lphacans gpmpangil featois| Broduesdi f% 2y¥inglger oil s,
functional fluids such as hydraulic oils, gear oils, transm ssion fluids,
etc. For uwanfebwrerthéhelrame spedicatimns bedapsedent nf faod wolirat bngahwfbetusasi ng oi |
conpositions for any and all such applications such as passenger car engi ne

oi I's, heaiycation)ythdi @seth tiwdapic MahFaanedr' o siddifilatigdaingnigitieidentiBed by a
Additionally, the base oils for use herein can optionally contain viscosity

i ndex i MPLAYBE FornRild prodiRt YIBRifiGatRhKyiRE NGBt atreis ba@! & iftH GscQRRGhYTET 'S,

e.g., an ethyl ene-propyl ene
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, functional 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 improvers, ¢.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ecthylene-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 herein will ordinarily range from about 2 to about 2000 centistokes (cSt) at 100°
Centigrade (C). Generally, individually the base oils used as engine oils will have a

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

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



copol ymer or a styrene-butadi ene copolyner; and the |ike and m xtures
thereof. [0014] As one skilled in the art would readily appreciate, the

vi scosi t ywof2oting7tsase oil i s dependent upon the appli caPCons20000014d3 ngl y,
the viscosity of a base oil for use herein will ordinarily range from about

2 to about 2000 centjstokes . (cSt) at 100 ntigrade (C). Generally,

i ndi vi duanl?/Ct?‘ﬁ%r e AR S e ke dt@ﬁl@%%l%ﬁrsr: R Rierachiftbies e bR
viscosity range at 1000C of about 2 cSt to about 30 cSt, preferably about 3
cSt to abeito gige dsr deshpdigizes of greanagihislyy, slvbueatpgedicomposibonhavipg est and

wi || besel ected or bl ended depending on the desired end use and the

addi ti vesSAE ViveoditynGedde bfdiW, 0W-20,VBVi3te 08edDr W -50,008-6E 58ngi We2oi | ,

e.g., a lubricating oil conposition having an SAE Viscosity G ade of OW

OM 20, O @030 WA, SIWESH, 520690 W WO VE02Q0WaRe, 30w, 4@ -31¢ 39w, SW 60,
10N 10W 20, 10WM30, 10N 40, 10M50, 15W 15W20, 15W30 or 15W40. Qs

used as 9‘?%7-%6 | %W:?g 8?{??’@#6568&&&2@ ﬁé%'b%"g U Béx%@i&%@ft‘iﬁas ﬁaggﬁ% fh§n @bout

2000 cSt at 100 Base st oc manuf act ure a variety

of different  pr sses, 1 ncl udi ng...hut not limted to, distillation, solvent
refining,g%?ﬁ?éggﬁ”%?BE%g@ﬁﬁg?tgﬁ%gonerization, esterification, and
rerefmng. Rerefnmed stock shall be substantially free frammaterials

i nt r oducePMAl ough RaFUTAES MayRs, MEBRCArEAHP NS A Vagety of dUfed PiR®SSCYhe base
oil of the lubricating oil conpositions of this invention may be any

nat ur al omcidmgdi et cndtubmitedtto.ndisbHsteongisolvesuirefabhg hydipgaaphsnsssnygat het i ¢
oils include, but are not limted to, oils prepared fromthe polynerization
of et hyl eskg@ricrizaton, tRerifiohtyore khd adretmin@f Rerefirellisekts@alp boubkearpially mer s
such as pol yal phaol efin or PAO oils, or from hydrocarbon synthesis

procedur egcSidig RALRAN iFRRRKEA enBith RtALRYRRInGa8ERasHahoRSor Prefious
Fi scher-Tropsch process. For exanple, a suitable base oil is one

use. The base oil of the lubricating oil compositions of this invention may be any
natural or synthetic lubricating base oil. Suitable hydrocarbon synthetic oils include,
but are not limited to, oils prepared from the polymerization of ethylene or from the
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 comprises little, if any, heavy fraction; e.g., little, if any, lube oil fraction of
viscosity 20 ¢St or higher at 100°C.

[0016] The base oil may be derived from natural lubricating oils, synthetic
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 1, 1I,
III, 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



that conprises little, if any, heavy fraction; e.g., little, if any, |ube
oil fraction of viscosity 20 cSt or higher at 1000C. [0016] The base oi

may be dewOwed/d7rmm natural |ubricating oils, syntheticPCuhSezaansTgs oils or
m xtures thereof. Suitable base oil includes base stocks obtai ned by

i sonerizatjon of syntheti nd sl wax, wel | d ed base
st ocks prB@aﬁeﬁewfyﬁ%% £k oyR ﬁtlﬂﬁh phL: Sliboush Gé%tprhﬁ {Ifﬁ@cf fYk
aromatic and pol ar conponents of the crude. Suitable base oils |nclude

t hose in Bisc oAp|are gradeferd &3 use in this [pvientieny thesd besaeilyaty hedrprrabby
Publ i cati on 1509, 14th Edition, Addendum |, Dec. 1998. G oup |V base oils
ar e pol yat@hbiaingfoe of RAG ofGrmlppI, N, BR4¥ anﬂl\ébésncstaaldsaoﬁ]bdsebher base oils not

included in Goup I, Il, IIl, or IV. Although Goup Il, Ill and IV base
oil's are pjafiprred REfuliSRirl bl SinbRMe iRl tuibﬁwlr@a%ﬁs oduch #Yyfobe
prepared by conbi ning one or nore of Goup I, IIl, IlIl, IV and V base stocks

or base oLl gy LAY ééfoﬁrqw natyiah-Qidisy w&wq A0 R hightisating ofl's

such as, petro eum ol vent-treate

acid-treat | u rlcatln t he raffinic ic or

i wed par 8F TR PRRNCASSR ERiRgime alr GoRRE RS b ap D PR SRE o rm
oils, vegetable oils (e.qg., rapeseed oils, castor oils and lard ojl), and
the |ike. Qo1 gheltswimpl @bﬂnw&eﬁbée Pilibic & aiePageoPIlS Gerter atieandolard g’ not
limted to, hydrocarbon oils and hal o-substituted hydrocarbon oils such as
polyneriz@df@n&kbnterpolynerized olefins, e.g., polybutylenes,

pol ypropyl enes, propyl ene-isobutyl ene copol yners, chlorinated

pol ybut yl g0od8] pol y(Usefaexgntsdic Ipbtigutingosilengdhde, palty ddedasemgsed and t he
i ke and m xtures thereof, al kyl benzenes such as dodecyl benzenes,

tetr: adecy L pEBZEBES oildi MANMAILINEERRSI HtikRa®bRYdiReXh) aDBORARESed and t he

interpolymerized olefins, e.g., polybutylenes, polypropylenes, propylene-isobutylene
copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-
decenes), and the like and mixtures thereof, alkylbenzenes such as dodecylbenzenes,
tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like,
polyphenyls such as biphenyls, terphenyls, alkylated polyphenyls, and the like,
alkylated diphenyl ethers and alkylated diphenyl sulfides and the derivative, analogs
and homologs thereof and the like.

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

[0020] 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 olefins such as, for

example, 1-decene trimer.



pol yphenyl s such as bi phenyl s, terphenyls, alkylated pol yphenyls, and the
| i ke, al kyl ated di phenyl ethers and al kyl at ed di phenyl sul fides and the
deri vat i WweQ 2arv701¢ and honol ogs thereof and the |ike. [POOASRObEB3 usef ul
synthetic lubricating oils include, but are not Iinited to, oils nmade by

polyner|z lefin S an car.ban ONR su t hyl ene,
propylene(ﬂ%&fylenezmoﬂ@68G¥%ﬂ u“%@ﬁﬂ@ﬂﬁncéﬂﬁuﬁ?§$8F ‘%HE gg?meNEFhods of

preparing such polynmer oils are well known to those skilled in the art.
[0020] Admitednty, akglcns eyide hpelymery drdcdrasepobinass, mekpebmirguiadd pol yrer s
of al pha ol efins having the proper viscosity. Especially useful synthetic
hydr ocar bderivaitives ghreecoff vehelhy dreotganatebydroxyli glowps lgoreresn afiodibed by,do2 al pha

ol efins such as, for exanple, 1-decene trimer.[0021] Another class of

usef ul syptdriié, Ceﬂtéﬁﬁdaﬁ@ﬁ|d}getﬁéﬂ1f$ca|t16ﬁ| UliRescbils arcecti@iplifiedi byedhd @ilsal kyl ene
oxi de polyners, i.e., honopol yners, interpolyners, J)derlvatlves thereof

esteri 11 cRpanarouth EPORC R e ALE: SRS Q?%E‘xegﬁﬁ’??ﬁﬁ 8%@"% & oils

Byt anaP RSB PP “Oé‘%"fs?etpa yaonace pREFERETE Sty | "

poly propylene glycol ether having an average nol ecul ar wei ht of 1, 000,
di phenyl 8hReh2BRE 3B|12y8REY M@%ﬂry{é%ghth%fvl H@O Aiphangt gihsy O@VBP]QﬁtthYB"Pe

500- 1000, diethyl ether of polypropylene glycol having a nol ecul ar wei ght
of 1, 000- glySolOhaveteca nobaculm naighand SPG1198&rdicsthyll dtheradipehpremdmedlyelch as,
for exanple, the acetic esters, mxed C-Cs fatty acid esters, or the Cl3
oxo aci d Hidsg armeltcdlat waighhyf €£060-9153000¢ttc.) [DQ2ctHo- ¥ald pahetibekyléd asas of

useful synthetic lubricating oils include, but are

thereof such as, for example, the acetic esters, mixed C;-Cs fatty acid esters, or the
Ci3 0xo0 acid diester of tetracthylene glycol.

[0022] Yet another class of useful 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, alkyl malonic acids,
alkenyl malonic acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl
alcohol, dodecyl alcohol, 2-cthylhexyl alcohol, ethylene glycol, diethylene glycol
monoether, propylene glycol, etc. Specific examples of these esters include dibutyl
adipate, di(2-cthylhexyl)sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl
azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the
2-ethylhexyl diester of linoleic acid dimer, 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.

[0023] 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



not limted to, the esters of dicarboxylic acids e.g., phthalic acid,
succinic acid, alkyl succinic acids, alkenyl succinic acids, nmaleic acid,
azel ai c awpap18Ib6i ¢ aci d, sebacic acid, fumaric acid, padiyse@9mci4d;
|l inoleic acid dinmer, malonic acids, alkyl malonic acids, alkenyl mal oni ¢

acids, etc. th av r|e y Icohols al ¢ hex

al cohol , alaﬁv'w%r no fﬂ&nﬂﬁmﬁ%xwlya @@ﬂd?olwﬁt%@qr%ﬁgc P%Eﬂ'penéf et hyl ene
gl ycol nonoet her, propylene gl ycol, etc. Specific exanples of these esters
i ncl ude delbygely Itrimeihylel @ropsing.opantasyythise)l Jineragrthitol diripsntaesyifiritolumad at e,

di octyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

pht hal at ethedikdecyl pht hal ate, di ei cosyl sebacate, the 2-ethyl hexyl diester
of linoleic acid dinmer, the conplex ester formed by reacting one nole of

sebaci c apjod4pi th t w0icBRIbRSedOfoils kALt fy | e cgdnisie] Riehiko polyas1of 2-
et hyl hexanoi c aC|d and the like. [0023] Esters useful as synthetic oils

ﬁLZ?n'gr? B & o 9{‘{”" r%’?car %Sng‘gb?gﬁnéﬂv@ﬁ?‘ﬁa%ﬁhﬁ%rQf”éyéé'lf“ﬁ“‘é't hanol
i met hy! GrSopBaMETerRRGuRR o  S1eti saitierSh ERE Gt Bu 680 wo

tripentaerythritol, and the I|ike. 0024 S|I|con based 0|Is such as, for
exanpl e, PBIG@l Ry [tetracyl yRiGpte. teisw@arqwkysﬂlc@lée geiryr&a-gthyihgxd) | Bicate oi | s
and silicate oils, conprise another useful class of synthetic |ubricating
oil s. Spetﬁitrfa'r(é-m%hyﬂ'dleesl)siﬁcatthestetrfi-(mtem‘d@}tyltph@nyé)stlica@t héxyil{ e thethy]-2-
tetraethyl silicate, tetra-isopropyl silicate, tetra-(2-ethyl hexyl)

si l'i cat e, p¢btyddisdoxsht hyotfigxitly) sildxagad, epoly(methylphenyl)siloxanes, and the
tetra-(p-tert-butyl phenyl)silicate, hexyl-(4-methyl-2- pentoxy)disil oxane,

pol y(met hykg siskifxangsher ROLM( SRt cgn@lqydtmgldmﬁaﬁée RRdrd A8 lickt& oStil 1 yet
ot her useful synthetic lubricating oils iAclude, but are not limtéd to,

liquid esters of phosphorus containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, dicthyl ester of decane phosphionic acid, etc., polymeric tetrahydrofurans,
and the like.

[0025] 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 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 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.



| iquid esters of phosphorus containing acids, e.g., tricresyl phosphate,
trioctyl phosphate, diethyl ester of decane phosphionic acid, etc.,

pol yrer i cwoebreahiyseof ur ans, and the |ike. [0025] The | ulpcrastemmensds my be
derived fromunrefined, refined and rerefned oils, either natural,
synthetic_or .m xtyres qf .t or nore of any of these of the type disclosed
her ei naboBErehBFd gils AR BY Hetisscs Bﬁé%@@ceﬁ%ﬁmﬂﬁr i BAraldter al or
synt hetic source (e.q., coal, shale, or tar sands bitunmen) w thout further
puri fi cat Pbinorefined atlsre fch Brefmsidedilsofre givodfmonadasoicklgimescpiuggprocessed ar e not
limted to, a shale oil obtained directly fromretorting operations, a

pet r ol eunois hndbften meddditiomally prdoeosed diystbeHnliqtes a@irected am rasdved obispenobt ai ned
directly froman esterification process, each of which is then used w thout

further tp@BtivENhd oRerédradwRipksdudise simlar to the unrefined oils except
t hey have been further treated in one or nore purification steps to inprove

one or no opert i e I LLgat ) i . t hose of
skill in pﬁgggrt an%ﬁlﬁ?ﬁﬁgzslpg% %&gﬁb¥§gwgg?@gﬁﬁge F?g§¥ﬁ%%%?0%g€ondary
distillation, acid.or base,extracti.on iltrati rcol.atjon,

nyar ot r eal A AR et b HaREh R Bambinetion idhs BRRSG BV ant Ry used
oils in processes simlar to those used to obtain refined oils. Such

r er ef i nedS¥ithatichage speks. Iqistny axdiseraerptei el nepduced by drsslselioisemerizian of t en
are additionally processed by techniques directed to renoval of spent

addi t i vesotmdumgl or dynthekid swuncgerodiratres thp@opPejer ladtydiccsmianigatodr cdtelgss. st ocks
derived fromthe hydroi sonerization of wax nay al so be used, either al one
or in conmoaii on WNaturilheaxat arespiciinahasiatk angdéorecsyonthpy itiee sentst ocks.
Such wax isonerate oil is produced by the hydroi sonerization of natural or

synt het i ¢ Rx88s OF MinXalLaS, §iEel wakSrard dMENIRI BRRLE 234l G3t@bYySt .

Fischer-Tropsch process.

The Oil-Soluble or Dispersed Qil-Stable Boron-Containing Compound

[0028] 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 include 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 derivatives 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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[0027] Natural waxes are typically the slack waxes recovered by the sol vent
dewaxi ng of mneral oils; synthetic waxes are typically the wax produced by
t he Fi schwo-20t00p3sh process. The O | - Sol ubl e or Di sper s@dT@skeoSetaBe

Bor on- Cont ai ni ng Conpound [0028] Representative exanpl es of at Ieast one

oi | -sol ubl.e or di ed .oi | stabl e boron-cant n|n conpound f e in the
| ubricat i H@lﬁ‘aﬁpt%iﬁp%ﬁvatqleﬁ Sof MEFEPIPERAHHaZ0 erfRoriiral Vie Be8k at ed

di spersant; a borated friction nDdlfler a dispersed alkali netal or a

m xed al kilazolsat sig.orallafiriardey iand anzotiavelesl depplymsrs avibeh atasdkivpaxi de, a
borate ester, a borated fatty am ne, a borated am de, a borated sul fonate,
and t he Ib&boxﬁmmthxWﬁh@&ebheﬂm@amﬁﬁ@ﬁmQbMEﬁﬁmﬁbmsndﬁ&hgmamﬁdadﬁ&persants
i nclude, but are not limted to, borated ashless dispersants such as the

borated pahial Kenyd, sYEGkNL Ccabdiidlr iadesthcdbalkal edg NoplaliLdt9IpRp&eAt 8Y Ni Ng
derivatives of a polyalky ene succinic anhydrlde a borated Ba5|c nitrogen

compound g(gd ﬁ’ﬁ%@#‘za‘h&?%{/f&ﬁgﬁ&%& &%zha%é&'d?gnéﬁgacfﬁ&t% Qi i me ﬁﬁ&bﬂléy' I C

acid am d rocar noam rocar po yam nes, nni ch bases

2.5 i nor AABEQUCUS 015’43%%%31?%%%3%%@3@%8%0 R AL 20

thereof, triazoles, e.g., alkyltriazol es and benzotri azaol es,. copol yners
whi ch conﬁ%ﬁcﬁn%}ld@al’fi?fb Vatd E%r@erSWt% dte cxmphsr @ berated; eplxisoytieny;
function, including am ne, amde, imne, imde, hydroxyl, carboxyl, and the
li ke, e.gsyccpnmilgcts prepared by copol ynerizati on of |ong chain al kyl
acrylates or nethacrylates with nononers of the above function; and the
| i ke and [0080pr es t Aefiraplts oAbpracidefiicach hodiiedindhwipehgant noisliritsdiegi ni m de
derivative of boron such as, for exanple, a borated polyi sobutenyl

borated fatty epoxides, borated alkoxylated fatty amines, borated glycerol esters and

the like and mixtures thereof.

[0031] The hydrated particulate alkali metal borates are well known in the art

and are available commercially. Representative examples of hydrated particulate

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 borates 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 potassium; m is a 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.

[0032] Examples 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,
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succi nim de. [0030] Exanples of borated friction nodifiers include, but are
not limted to, borated fatty epoxi des, borated al koxylated fatty am nes,
bor at ed gWoceroal77sst ers and the |i ke and m xtures ther e@CT/(SO@30$743he
hydrated particul ate al kali netal borates are well known in the art and are
avai l abl e, commercially. Representative ex | es. of hydrated particul ate

T Kal § o PO 6 Apade. oSt OB o PO AETIIF o DPRE I FERS YNBSS EFRF osed | n,
e.g., US. Patent Nos. 3,313,727, 3,819,521; 3,853,772; 3,907, 601;

3, 997, 4544cid, B8, 9d; tetgabpgy agBl7anshacebeadacddoborph emidnsta@Atvarions ereh ar e

i ncorporated herein by reference. The hydrated al kali nmetal borates can be
r epr esent efibdoygn tabids f dht opexide Barenedaly alMaiphatic BROXMdHh2onytieneabddut 8 tan al kal i
nmetal of atom c nunber in the range of about 11 to about 19, e.g., sodium

and pot asghdi30MatSondatomEgd phéferabBLRGth abott 1® tbdik 24- Ar{daoitbmhal e and
fractional); and n is a nunber fromabout 1.0 to about 4.8. Preferred are

the hydra i i y have a
mean part%% eﬁggﬁéﬁ%gﬁﬁg§§ﬁ¥%gﬁ§g@%ﬂ?e%%%nggﬁﬂf[%gégkggigﬁgﬁgg&gkkborated
epoxi des i ncl ud or at ed. epgxi des obtaiped from¢the reaction product of one
o %o o ottt HaRBRA S h i SRR st feind "BRuEs ahf 38 &H PAEREC bor on
conpounds_i.ncl ude borgn oxi de, boron oxi de hydrate, boron trjoxide, boron
trifluori HEXUERSESPO¥IAGT BAY also bpypush faringpcs crade gial Biktyes akenontdss as
boronic acid, boric acid, tetraboric acid and netaboric acid, boron amn des
and var i obsvieg fremsatwiut bét@abaxt il sarbbhetaposi ffemi abogehktoadtiopt 4% cabbphat i ¢
epoxi de having from about 8 to about 30 carbon atons and preferably from
about 10 h@nabdht bdtkt&béfoaticahen&nanily kbswen piclecabdd/inf foorkahpi UK to

about 20 carbon atons. Suitable aliphatic epoxides
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

structures set forth in Formulae I-I11;

il
RO —1|3 D
RO or
R(l) OR
RO— B—O—B—OR . o
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i ncl ude dodecene oxi de, hexadecene oxide and the |ike and m xtures thereof.
M xtures of epoxides nay al so be used, for instance conmmercial m xtures of
epoxi des waworg7fT56m about 14 to about 16 carbon atons @cTfuseomabma: 14 to
about 18 carbon atons. The borated epoxi des are generally known and
described in, for exanmple, U S. Patent No. 4,584,1 15. [0033] Exanpl es of
borate esters include those borat€ORsters obtained by reacting one or nore
of the boron conpounds discl osed above with one or nore al cohol s of

suitabl e ol eophilicity. Typically,Bthe alcohols will contain from6 to
about 30 carbons and preferably /roN 8 to about 24 carbon atons. The

nmet hods of maki ng such borate tersre well known in the art. The borate
esters can al so be borated phoslphol i di ds. Representative exanples of borate
esters include those havi nRgOrtreBstruddor&R set {BHth in Fornmulae I-111: RO
RO-B (1) RO ; orORlL RO wherei AN h Ris independently a Cl-Cl2 straight
or branched al kyl group and Rl ishydrogen or a Cl-Cl2 straight or branched
al kyl group. [0034] Exanples of borated fatty am nes include borated fatty
ami nes obtvaerededsh R isandepagrcotie adi-Groseaight driveartvbedalkgogrpop matsRtisscl osed
above with one or nore of fatty am nes, e.g., an am ne having from about
fourteen hadrapaudr 0 QU1 .aenRighabbandicaityl ghepborated fatty am nes may be

prepared by reacting the amne with

[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, ¢.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 polyalkylenepolyamine 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 sulfonic acid or alkaline carth sulfonate salt or mixtures thereof;,
(i1) at least one source of an alkaline earth metal; (iii) at least one source of boron, and
(iv) 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

13



t he boron conpound at a tenperature in the range of from about 50 to about
3000C, and preferably from about 100 to about 2500C, and at a ratio from
about 3: Iwocosowntseél: 3 equi val ents of ami ne to equi val emC3/uskodoosA3
conpound. [0035] Exanpl es of borated am des include borated am des obtai ned

fromthe regactjo roduct, of | i near or hranched, satur aturated
nmonoval ent® }SPBHQ& dg&ﬁaﬂv()ﬁamilw@t gn oW%t%Erpnzﬂlecgﬁaaw a@w@ﬁeu@%&e and

pol yal kyl enepol yam ne with a boric acid conmpound and the |ike and m xtures
t her eof . plbaiEs] cahamstadsuldpnatesriaclade shase gsed jimclon gsarppleatled Batdaal i ne
earth netal sulfonates obtained by (a) reacting in the presence of a

hydr ocar bappkaitieePublicdtioatNd. @A870 1343 hfthanomedts sHivhiahears idcbgrirgeddby d or

al kaline earth sulfonate salt or m xtures thereof; (ii) at |east one source
of an al kedfegcardih, netal; (iii) at |east one source of boron, and (iv)
fromO to | ess than 10 nol e percent, relative to the source of boron, of an

over basi ngygag) d, élﬁﬂ?f'%ﬁnﬁ%‘&l BH! 8§1t18ﬁs %‘%’h @mgm%ﬁt Pex@ﬂl' Qfhidife

reaction product of a) to a tenper ture above StilTati on tenperature
of the hydrocarho Y tto d%Etlll th& gdﬁpﬁg?gon s ent anq:mater from
the react MOMOTSUIY P‘é rma PRh1 e wrdt nag gt ?18?1880%1 K ude

t hose disclosed in, for exanp S.. Patent Application Publication No.
200701234BPVideH e ihe ng 06frn%ﬁ|0élh80élﬂée ioh chpgtsrdodptaie barosr@mEdningr ej n.

[ 0037] The lubricating oil conpositions of the present invention wll

cont ai n neompeunds.halm eioambedideppnthoflubricating dibsewpogyoenst dfe theopiabentass  of
the conposition, provided fromthe one or nore oil-soluble or dispersed

oi | - st abl evhati@nwildob@bhini MY meefRudsut 500 ppe eMiuedhn,RREd upbie tHeudotdl cat i ng
oi | conpositions of the present invention wll contain no nore than about

500 ppm ofna0060Mme BRPEE MR PTG EBIthe one or more oil-soluble or dispersed oil-
stable boron-containing compounds. In another embodiment, the lubricating oil
compositions of the present invention will contain no more than about 400 ppm of
boron, based upon the total mass of the composition, provided from the one or more
oil-soluble or dispersed oil-stable boron-containing compounds. In yet another
embodiment, the lubricating oil compositions of the present invention will contain no
more than about 200 ppm of boron, based upon the total mass of the composition,
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 lubricating oil compositions of the present invention will contain
from about 40 ppm to 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-containing compounds.
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mass of the conposition, provided fromthe one or nore oil-soluble or

di spersed oi |l stabl e boron-cont ai ni ng conpounds. |n another enbodi nent, the
| ubri cat iwgQ 20i0/07¢maposi ti ons of the present invention wPCI/USeWASTI3NO NOr e
than about 400 ppm of boron, based upon the total mass of the conposition,

provided from. ) persedC0|I-stabIe
bor on- cont-d&HLR 5 4AY RIS AGP I - SAEIE LOMBOUNdhr j cat i ng oi
conposi tions of the present |nvent|on will contain no nore than about 200

ppm of bof®38] basedRapspentdie et axamplayedfsatdpast lpac cohypdshle iosispsrsediodled from
the one or nore oil-soluble or dispersed oil-stable boron-containing
conpoundsstable mwaéliybdenyst-cantohingrcompbond frentse it e lubbcatmgtdihgpnopdsitions
conpositions of the present invention will be substantially free of any
boron conpenhe pRs@OlRBAti@NMIALIR NholybB& Y bditiGedahlenAéd, SRREPHASHIhons of
t he present |nvent|on will contain fromabout 40 ppmto no nore than about

600 ppm o 0 vi ded
fromthe gﬁgggﬂﬁ Ror e 0|%%§%?1%?§H%fﬁ§|sperse PE?%bEEBEB ﬁ%dgﬂ%glnlng
conmpounds. The Q- Sol ypl e.or d al Stab enun} nt.ai ni ng
Conpound f%%‘éjnd?ze?fr als{gn{)gta]ctﬂéc ‘ﬁﬁ% e&&%?"%?‘“l"%ﬁstm eJ%}“i]“ %"g?aﬁ‘ﬂfl% or

di spersed oil stabl e nol ybdenum cont ai ni.ng conpound for use in the
Iubrlcatlﬁ@ﬂBkFQ%%ﬁﬁ@%hkq%H@ﬂﬁﬁﬂ?%@w$P§sent i nvention include nol ybdenum
di t hi ocar bamat es; nol ybdenum di t hi ophosphat es; di spersed hydrat ed
nDIybdenuﬁﬂB@hpoundEzmawhdhﬁ'dbpvbdbmwﬁmﬁmhmmﬂﬂdbnmm,sahp@mm$ iaclude c

nol ybdenum conpounds; nol ybdenum cont ai ni ng conpl exes and the |i ke and

m xt ures tRkpereaf hydr@d b lyranilaes, dfspetsaprydedd hyidiiatend! pollyyHotidaurs

conpounds i ncl ude di spersed hydrated pol ynol ybdates, di spersed hydrated
al kali mep@d tROIXECINDHAL®R S 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.
[0040] 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 I'V:

X3 x4 S
RO I xt R?
N |
N—C—S—Mo/ \Mo—S—g—N/
R3 \ Xz/ R5

Iv)
wherein R?, R?, R”, and R’ 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', X*, X° and X" are each independently sulfur
or oxygen.

[0041] Suitable alkyl groups include, but are not limited to, methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, secondary butyl, tertiary butyl, pentyl, isopentyl,
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and the |like and m xtures thereof. Suitable dispersed hydrated

pol ynol ybdat es i ncl ude those disclosed in, for exanple, U S. Patent
Appl i cat iwo 2Pwl7rsat i on No. 20050070445, the contents ofPCRiUSeHIALT33
i ncorporated by reference herein. [0040] Suitable nol ybdenum

di t hi ocar bamat es i ncl ude an | ybdenum di t hi ocar bamat e iC an pe used
as an addbPd fYoPel}%lbrPi%PF%/‘iéng LY aRRy |£§§ﬁofsem<{%sa\$€?&afﬂ Repyl

di t hi ocarbamates for use herein is represented by Formula IV: wherein R2,
R3, R4, aprfomrdaryheptshehtyl.Pdethelheent sopondady o¢iuh nonylasdegertasy apmdndagybup

i ncludi ng, by way of exanple, alkyl groups, alkenyl groups, aryl groups,

cycl oal kykecgndarpsicayld undecl h abbeadyty grideoys dodkugt], Xtconddry d@leayld todecal, e each
i ndependently sul fur or oxygen. [0041] Suitable al kyl groups include, but

are not | isgirideeylt Socol®iriYiidect, Rattadedl ORYdndasRREGRY], heRatle¥Yl, séc@@n{w%yl ,
ntyl,

secondary butyl, tertiary butyl, pentyl, isopentyl,secondary pe

neopent yl ha , dar % | 5_ ry
neptyl,  olfy Lo PR BRI R RGRIE HigeoRREVL pudRRLY 2 08GRATEE T
decyl, segcaondar e decyl,, ondary.undecyl ,. dqdecyl., secondary
dodecyl , ?%%@?%’,EI %%%y?%& 71 ,2'%035%?‘&3' ryy'P?’ngg%%}F?h t gt'orcﬁjg% ?e'l’sg(:ondary
t et radecyl , hexadeggl secondan§€hexadecyl, stearyl, icosyl, docosyl,

t et r acosyAScviteiradesnl yi-dogeoylheyrdseyly | 2-hoxadgexlpefadapyl,  2-teieadoeestydecyl,

2- hexyl decyl, 2-octyldecyl, 2-hexyl dodecyl, 2-octyl dodecyl, 2-

decyl t et r aeepkthyPbrdodedyibdsesaadeoy the likechexadecyl oct adecyl

2-tetradecyl octadecyl, nononethyl branched-iso stearyl and the |like. [0042]
Sui t abl e godeny! gr Suiksbld atkdctugiegronpd il@lcn®ut hidrhételmited toi viydl, adihl yl ,
propenyl, butenyl, isobutenyl, pentenyl, isopentenyl, hexenyl, heptenyl,

octenyl . pRREAY! bulegEMKbbuRdCTeRthyl, dRBREAN! nckElyIAdESER! ocRhgy! and
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, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl,
nonylphenyl, decylphenyl, undecylphenyl, dodecylphenyl, biphenyl, benzylphenyl,
styrenated phenyl, p-cumylphenyl, alpha-naphthyl, beta-naphthyl groups and the like.
[0044] Suitable cycloalkyl groups and cycloalkenyl groups include, but are
not limited to, cyclopentyl, cyclohexyl, cycloheptyl, methylcyclopentyl,
methylcyclohexyl, methylcycloheptyl, cyclopentenyl, cyclohexenyl, cycloheptenyl,
methylcyclopentenyl, methylcyclohexenyl, methylcycloheptenyl groups and the like.
[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 IV 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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[0043] Suitable aryl groups include, but are not limted to, phenyl, tolyl,
xylyl, cunmenyl, nesityl, benzyl, phenethyl, styryl, cinnanyl, benzhydryl,
trityl, ewbybphwemyk, propyl phenyl, butyl phenyl, pentyl pirempus2ooaesmBphenyl ,
hept yl phenyl , octylphenyl nonylphenyl decylphenyl, undecyl phenyl

dodecyl ph heny z renate henyl , . p-cunyl phenyl ,

al pha- napﬁi%fl g ﬁﬁ(iﬂ% c%ag 5§ 5 1hfera|tw(gatP0[ @fgﬂ%?b%a Rt

cycl oal kyl groups and cycl oal kenyl groups include, but are not limted to,
cycl opent glom(eYaxlystresipm(s)shenldmagioplariynmsefoyably bt spthatrynge fiem ppetydd ohexy! |
met hyl cycl oheptyl, cycl opentenyl, cycl ohexenyl, cycl oheptenyl,
nethylcyckaﬂ@ntbhyl, nethylcyclohexenyl, nethylcycloheptenyl groups and the
i ke. [0045] O these groups, the al kyl groups or al kenyl groups are

preferredjgd7R2 to Bémkn ofokial Gil-kMublRr efrerdadpedsed t BA-SRLB ORSybidBnfrRr Nul a 1V
are identical groups. [0046] In Fornmula IV, X1 to X4 are independently

sel ect ed E&Hﬁ&ﬁfdk by FoHﬁulQ’fWi%‘c@Hn&'%}cwﬁ v%+ %blé’f Féodathpl piBdcREw RS Ul T ur

atom or an oxygen atom or a mxture o ur atons dand oxygen atons. In
consi der atjion .0f .bal ancesbet nfri t|o rreducj:n fect d corrosivity,
the ol ar ¥ ati% raﬁ?a@ §<f r &Y I“flﬁfe 2{ %( 27 f‘%ﬁhﬁﬁ? shoul d
particularly preferably be in the range from about 1/3 to about 3/1. [0047]
Some of th repa}rbﬁ(ﬁraﬁweanérwl%ﬁr% B’é‘fr@‘é‘élb%ﬁnllm‘sltse\% Paidaten, salen AiccoMbBifsds of
Formula 1V are commercially avail abl e. For exanple, products where X1 and
X2 are O thx3ragethais Mpbve) 88hdndivolgvar28320asREtiareladis 3iHd Triglidrptedticiog

hydr ocar byl groups and where the nol ybdenumis in oxidation state V are
sol d undendditigest badaimar Kainibiiv alordghhyamst. MNgtwartk, 8€3nds Usat)i oxTiiaat s and
friction reducing additives by R T. Vanderbilt Conmpany Inc. (Norwalk, Conn.
USA) . Thegglybdenum compounds may be prepared by the methods described in U.S. Pat. No.

3,356,702 wherein MoQs is 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 IV 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 prepare 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 is sufficient. The symmetric sulfurized oxymolybdenum dithiocarbamates
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nol ybdenum conpounds may be prepared by the nethods described in U S. Pat.
No. 3, 356,702 wherein MbOis converted to sol uble nolybdate by dissolving

i n al kal iwoebwlo7imsdr oxi de sol ution, neutralized by the a&adaiuseem/oef43nci d
foll owed by the addition of a secondary ami ne and carbon disulfide. In

anot her aspect, .the nnl%bdenunlconpound of.go&nula # erein X1 to X4 are
O or S mafihBISpOERIFRHChHYR 4 WIHHMABRnBYhYHE R dNn Of AMPhIIIEORHER as, for
example, U S. Patent No. 4,098,705 and 5,631, 213. [0048] Generally, the

sul furi zedmgynol ybdenum di t hi ocar banat es represented by Fornula |V can be
prepared by reacting nol ybdenumtrioxide or a nolybdate with an al kal
sul fi de of00d8] al kal Eximyipless uf f sudableandolybidswagueditiiycaalskahatg campamddi sul fi de
and a secondary amne to the reaction mxture and reacting the resultant

m xture ainchflc2dRe Uit endt CARREAL B! QuifilifzcAr SRAIRIchIG ARAERLdGrbaratdlr i zed
oxynol ybdenum di t hi ocar bamates, the use of a secondary am ne havi ng

di 11 er ent ygragar DRl EIALAS pbhAdRBeabablS, Of wiBEEA! | fRffAtnagcoNdary

anmnes int apove process 1S clent. symmetric s uril z
oxynol ybdenu i,t.hi gcar bamat escan al so, be pr.epar in sim | manner, but
W ih the. GRSt Rl SRLEREST y R B ey FrPadey BlrPRA <
nol ybdenum di t hi ocar bamat e conrounds include, but are not limted to,
sul furi zeBokhdgpEBnUmM di BhgyldihiesedeaRFanat e, EERd zed nBEPEdEHEM
di propyl di t hi ocar bamate, sul furized nol ybdenum di butyl dit hi ocar bamat e,
sul f uri zedioatylldithdenachanditg evvl furidéd mapkdebanmatslccd ditfiaedrbavaten bylbaendm
di hexyl di t hi ocar bamat e, sul furi zed nol ybdenum di octyl di t hi ocar bamat e,
sul furi zeshotdggienum dididiedydytdithivacandatsyat e, swfifrdzed zed molybdenum
ditridecyldithiocarbamate, sulfurized molybdenum di(butylphenyl)dithiocarbamate,
sulfurized molybdenum di(nonylphenyl)dithiocarbamate, sulfurized oxymolybdenum
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 thereof.
[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-
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nmol ybdenum di dodecyl di t hi ocar bamat e, sul furized nol ybdenum

ditridecyl dithiocarbamate, sulfurized nol ybdenum

di (but yl pNerzgioyaditshi ocar bamat e, sul furi zed nol ybdenum PCT/US2009/067433
di(nonylphenyl)dithiocarbanate, sul furized oxynnlybdenum

dlethyldlt C | furi 0X bd i propyl di t hi ocar bamat e,
sul furi ze8hy ﬁ? E@Hg hWWBWBu?VﬁE%@W% é%(%gﬁﬁi GhaPhowaats 9bdenum
dlpentyldlthlocarbanate sul furized oxynolybdenun1d|hexyldlthlocarbanate
sul f uri zelikosythwixpygetheraodi oct yI di t hi ocar bamat e, sul furized oxymol ybdenum
di decyl di t hi ocarbamate, sul furized oxynol ybdenum di dodecyl di t hi ocar banat e,
sul furi zef0stynol ybdeaunmdlybderdecgbthiniigoc aphphate, may f ubd zeagnerally

oxynol ybdenum di (but yl phenyl ) di t hi ocarbamate, sul furized oxynol ybdenum

di (nonyl phigiydtdict i @6t @B tholden@h oMdbdei8mAlME cOhPURST ABYsibe

straight - chaln or branched, and the |i ke and m xtures thereof. [0050]

Sui t abl e hi hosphat e

whi ch can be usg@ﬂg@ﬂg% a |t|v§B? HV&%%g%g??ﬁéno Isgﬂﬁg %%gg%n%?ESU|table

nDbedenu dithio hat es nclud nun1 |aIk

't i opho Bisfar 2 cBEh RBORh R phE SRR R BB i o b & Xlﬂnﬂﬂybdenum
-(2- ethylhex | ). di.t hi ophosphat e, ybdenum di - &nonylphen

d| t hi ophodIAR) f:évaalﬁdnftr%@nrqow@naﬁa Cﬁim?t)ﬂﬁdas Gepgplnf the mydpadenymdnitrogen-

nol ybdenum cont ai ni ng conpl exes may be generally characterized as

cont ai ni ngomainmigydodehaxeaorbermd debrignumprganic ol ventngeingxisofz sapdiarsiromaier r ogen

conpound. The nol ybdenuni ni trogen-cont ai ni ng conpl exes enpl oyed herein are

wel | knowduiin taheomplexatitch &t amdrexelaredf foropiebaiig aatld cdntlexis cirk sol ubl e

basi ¢ nitrogen-containing conpound. Cenerally, the

ol ybdenugld}ibELIRRCOMNGIAI NP U.S. Patent Nos. 4,259,194; 4,259,195; 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 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
g ACH) ] ACHY;
N

O H

* V)
wherein R® is an about Cj, to about Cio 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)
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conpl ex can be made with an organi c solvent conprising a polar pronoter
during a conplexation step and procedures for preparing such conpl exes are
descri bedvoforoesmapl e, in U S. Patent Nos. 4,259,194; 2C2AS2009557433

4,261, 843; 4,263, 152; 4,265,773; 4,283, 295; 4,285,822; 4,369,1 19;

4,370, 246; 4,394, 279;. 4,402,840; and 6,962 896 and U S. Patent App]ication
Publ i cat i BCHRE E0HSHB8Y ipioﬂuchgp%tﬁhgﬂ Wﬁ‘ Pﬁé‘%@lcr @Pb’i ﬂ‘%%%,co?lﬁguﬂ

nmol ybdenum ni tr ogen- cont ai ni ng conpl ex can further be sul furized. [0052] In
anot her eﬁﬁo@ﬁﬁ#ﬁkﬁeéﬂhﬂﬁ&Eﬂﬁmbd@ggﬁﬁmﬁﬁﬁﬂﬂbN@oﬁﬁﬂ5&7%hﬁﬂ%bmpﬁéﬁéﬂbd by a
process which involves at least (a) reacting an al kyl or al kenyl

succi ni m ge0&theacoptnysaofiwiaclofire koromdratel by whfercacehd®6ini dn anc abedimént,t 0 about
C30 al kyl or al kenyl group; a and b are independently 2 or 3, and x is 0 to

10, pref et} YsubstitQerft RBE fiibRr V@AY @bloyuldr #8ight rankin fdn abbutl 1gniteal |y
unsat urated carboxylic acid and/ or anhydride thereof; and (b)reacting the

succi ni m I e.g.,
2o di ol oaky 80 U pREFUEcTindth 22 RaEh S0 e MHELOSIRCAT 4.0
June 30, 2008 e _contents, o [ ch.are incorporated,.by reference herein.
T one entoti i orar i eligL et Hlse Bede! BER AR 02 g et Bt ar el ght
rangi ng from about 167 to about. 419 and preferably from about 223 to about
279. I'n aH¥SBkr enbbyitaRRY: 2 Wecininids ohbemule)> t o about C al kyl or al keny
group; a and b are each 2; and x is 2 to 5. [0053] In step (a), a
succinimde of Formula V,, wherein R/ a, b and x have the aforestated

meani ngs, iIs reacted witl an ethylenically unsaturated carboxylic acid. The
starting succini m d®%of r mH@HV. san_be-6Bhaihed by reacting an anhydride
of Formula VI : N Il\I NH,

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

0]
0]
© (VD)
wherein R® has the aforestated meaning with a polyamine. The anhydride of Formula
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
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wherein R6 has the aforestated neaning with a pol yam ne. The anhydri de of
Formula VI is either coomercially available fromsuch sources as, for
exanpl e, 80w/ 6i ch Cor poration (St. Louis, M., U SPAT)US2am9/06HAB3 be

pr epar ed by any met hod well known in the art. [0054] Sui t abl e pol yam nes

for usel parin e.s |n| e of rmulg V are al k len
pol yani ne r?fe’fll?rtﬂ“%g ‘%61 ?}ﬁi‘ 39{41&%%&03}#&5% EHIBET § It éﬁ tﬁ?am nes
will typi cal | y cont al{l about bout 12 nitrogen atons and about 2 to24

car bon at benulpgdN-€ N )H S\ihlﬁteabRe ispbbtyasity Pebranghsidycheinrdkylenegionps e
having the Fornmula: H N-(R7NH)CGH wherein R7 is a straight- or

br anched- bimang 2adiky lcervengrtomp ahdvi 3gl 20 Or Bemasdnamivateaamprrdfsuitsbld to 9.
Representative exanples of suitable polyal kyl ene pol yam nes include

et hyl enedF@lgram?Lenéh ety amaty | anhdigde t I icaiyioneanatiel, r aa&ibﬂh?lenetnamme
tetraet hyl enepentam ne, and m xtures thereof. Mst preferabl y, t he

polyal kyl gign pr%}{a%%?lglel ?etﬁa@&lgl%ﬁ%ma%ﬂﬁ@%%%ﬁk&?es hQ%PIMmR Fab&hl y

pol yam nes s r-use i present invention are co rci

avai |l abl e and. o repar.e t hods which are well known in the
art. For gB?aB%Ya ?P&H%?“P%Btﬁ S?‘W\é Tge?ﬁlﬁlgs and their reactions are
detailed in _Sidgewick's "The O ganic Chenmstry of Nitrogen", C arendon
Press, odM®5dl 1966Many|qfdhe golvamings suHgbleforissaini the OampBiURYEMIONg Ender s,
Phi | adel phia, 2nd Ed., 1957; and Kirk-Q hmer's "Encycl opedi a of Chem cal
Technol ogydmmzmlalh‘zd ayaﬂ@bbe@tichloﬂgersvmawnhe 2repoped bg-nmethéds pbOH6ireGankkral |y,
the anhydride of Fornula VI is reacted with the polyam ne at a tenperature
of about ES®HXCid theapo Uor 2208 flcandthode farmabpayink raprimabandt thdid déactionsadrout 175C.

The reaction can be carried out under an inert atnosphere, such as
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.

[0056] 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 Formula VI 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.

[0057] Suitable ethylenically unsaturated carboxylic acids or their anhydrides
include ethylenically unsaturated monocarboxylic acids or their anhydrides,
cthylenically 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
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nitrogen or argon. The anopunt of anhydride of Formula VI enployed in the
reaction can range from about 30 to about 95 wt. % and preferably from
about 40 wo 2atya1r7560 Wt . % based on the total wei ght ofPCrhis2000a6143Hn

m xture. [0057] Suitable ethylenically unsaturated carboxylic acids or

t heir anhydrides include ethyl.enically unsaturated .nonpcarboxylic. acids or
their anhdirididuniiey mﬁ@fﬁﬂ%ﬁ?@ TR HBEe dEsSCBRIR eI CHERABe GEid hei 1
anhydrides and the |ike and m xtures thereof. Useful nonocarboxylic acids
or their sittageni¢ dabydriel dl@eonipyeidaritacorue anhydridsd and thediky| and meitares

met hacrylic acid, and the |ike and m xtures thereof. Useful ethylenically

unsat ur at éarahif.c A fofyted etladdndsallgrunkdtetaredarabtyockylicl esidion @hhudizide bhdresfas not
limted to, fumaric acid, naleic anhydride, nesaconic acid, citraconic

acid, cithraedhshyanaydF bdRrivithacBiiest. athid antl kARIRR hpdHied bofl€ on@nde t he | ke
and m xtures thereof. A preferred ethylenically unsaturated carboxylic acid

o anhydr e hhereahing BBhAGARNYAR e 0k R BE 4R Idohancof andhi s, and

simlar an ont succi nim arting conpound to provide a

car boxyl i cid functionality. The treatpgent. . of, th uccini m de of .Formul a
Vot on e oD ah 5 RSl he il Sopyi by SR, TPRagsd e eor
advant ageously allows faor a sufficient anount of the nol yhdenum conpound to
be i ncor p&theEdic a5idhot prhydpap Brreof aderaceaydy allows farsesidtisigntcameut| v

unsat urated carboxylic acid or its anhydride is heated to a nolten

condi t i onofthe andlgbrdsenmtaermpoind tohze inegrgeratsid ifitoshe edyoplex.500C t o about 1000C
and is thereafter mxed with the succinimde of Fornmula V. The nolar ratio
of ethyl e(0058]| | y uneaheraiy,edhe asthpxyicalty agisdtugdted t arboXyyidr iacid tod its
succinimde of Formula V will vary widely, e.g., a range of from about

0.1:1 to ahpMtideislhcatdd BREMERROH AR at bNEMFOBASEINME Ande@IrifRnPhbout
et hyl eni cal I'y unsat ur at ed
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 is 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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carboxylic acid or its anhydride to succinimde of Fornula V will range of
fromabout 0.9:1 to about 1.05:1. [0059] The nol ybdenum conpounds used to
prepare tWe 2nwlosbtsat ed succi ni mi de conpl ex of the preseRCTiuse@sR3 ar e
aci di ¢ nol ybdenum conmpounds or salts of acidic nolybdenum conpounds.

General ly, ..t hese,.mal ybdenum conpounds are h aval Repre atrve

exanpl es” BilS deifle i FRIPRASEER LN EIHPS S @ERpipan ﬂvd&rgeghe?g §T5fbl ybdenum
conpounds di scussed above. Particularly preferred i s nol ybdenum tri oxi de.
[0060] | nammepiynp jydraxidi aayradscolte added subeirpotipa anigfueriiocnrovific gtseltion) and
aci di ¢ nol ybdenum conmpound is prepared with or without a diluent. A diluent
i s used, bfammosmsamglybtlatepr ovi de a suitable viscosity for stirring.
Suitabl e diluents are lubricatingoils and |iquid conpounds containing only

carbon anghosyfir ogenGehdraltfesthé ehetiGimuEEs Meaic@%t dechipdtadlSRsPMandded to
the reaction mxture to provide a solution of annDnrunrnDbedate [ 0061]

Ge |1

e SR M R e i L O el

th | ybd ff Th t f t hi t

typi oal 1y o ek S S E  C5 The e BT P%leeiﬁa’r?? ”%efh%ﬁrgl%ér%l P& or hbl
about 1 to about 2 hours. The nolar ratio of th ybdenum conpound to the

succi ni ni EEERebahRUt 15fmEwiss tp aPoytsd heyssend pfr‘»fqra'@lar aé?%h% tepabout grhougs apl y
fromabout 0.5:1 to about 1.5:1 and nost preferably about 1:1. Any water

present fdh¢ owlargatidef theavelybdenom ¢dnepawnt yé thernuerioomdo prdiuanel gercei ni mi de
product of step (a) can be renoved by heating the reaction mxture to a
t enper at ufsealgiued et tb hboualautprdO0y, framdalyuefes.abbyatbuomsabaul Md0C
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.
[0062] In another embodiment, a molybdated succinimide complex can be

prepared by a process which involves at least (a) reacting a succinimide of a

polyamine of Formula VII:

O
RS /(CHz)a N _—~(CHy)y

X (VII)
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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to about 1600C. [0062] In another enbodi nent, a nol ybdated succi ni m de
conpl ex can be prepared by a process which involves at | east (a) reacting a
succi ni mwe 20fo/|g716l yam ne of Formula VII: wherein R8 i #Ca/usgawncashon

radi cal having a nunber average nol ecul ar wei ght of about 500 to about
5,000, preferably n r average nol ecul af wei ght of apout. 700, t o about
2,500 and? Pé’ri)rpéi?fé‘i"gg;og 9 iuwﬁgranam/%@@a et B st b ot 710 ¢ o
about 1,100; a and b are independently 2 or 3; and x is O to 10, preferably
1 to 6andamhyidadpthdreafaisl  crarge nBle wtiohpfahe sthiy{anegaili ainbatuigipslaganhaxede
carboxylic acid or anhydride thereof, in a charge nole ratio of the

et hyl eni caditl yr unkgdrideahadoCtarthoxytditmadd of Bornand ydl oflgbduh @rfebto tleout he
succinim de of Formula VII of about 0.9:1 to about 1.05:1; and (b) reacting

the succi migglideadd qeHGEac@ing SHRP st@Iniiiidd prdtiRe i ¢ EteFD{a)jbdfﬂHUBﬂ caefi@eund,
e.g., as disclosed in U S. Patent Application Serial No. 12/215,739, filed

erein. | HobG aup R g, & iR B €S PRI ARG (RN rer
pol i sobut BAt ool phausy i 208 e, SoRa e FRich: ik “promomidl 7% 1 ° °

wherein R8, a, b and x have the aforestated neanings, is reacted with an
et hyl eni cEfefpnembely aleenecambriipente Radp @niatkd & rpdregel giove. rlataether ¢ he
et hyl eni cal | y unsaturated carboxylic acid or anhydride thereof to the
succi ni ni debedinfot, R ds 12 pblyabonyl @reupl t4A pisbuted1poiSalkenyl Tiwupt@r &i ng
succinimde of Fornmula VII can be obtained by reacting an anhydri de of
For mul a Vpbllyisobutenyl group.

[0063] In step (a), a succinimide of Formula VII:
O
R® /(CHz)a _—~(CHy)y
N ?’ NH,
O H
x (VII)

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 I 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

VIII is either commercially available from such sources as, for example, Sigma
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wherein R8 has the aforestated neaning with a pol yam ne. The anhydri de of
Formula VIl is either comercially available from such sources as, for
exanpl e, 8ogowAl7Tarsech Corporation (St. Louis, M., U S RCY/USeN09DeTs3He
prepared by any nethod well known in the art. [0064] Suitable polyam nes

for use i reparing .the succinjm of Fornu]a VI I n be any of the
pol yam neg\lﬁ@ﬁe}g tlﬂ%f%ti o »iﬁ?-%p@fﬁ@n %regaféﬁimww%qdow mil a V.

Pr ef er abl i t he pol yal kyl ene pol yam ne is tetraethyl enepentam ne. [0065]
CGener al | ykneweinghpydri de of Fornula VII1 is reacted with the pol yanmine at a
tenperature of about 1300C to about 2200C and preferably from about 145C to
about 175{@064he r ealtitabbe palyatnines dor nedinoptparingethe ancdimeride af Fospler e, such
as nitrogen or argon. The anopunt of anhydride of Formula VIII enployed in

the react MpNcHe éngrmhé pORhARRY [is3DstPhabRUibo?® fM makm @it fcahphiabl y from
about 40 to about 60 w. % based on the total weight of the reaction

m xture. i tP?%‘s | end . t LC.acids or
their anh%/gfl e‘%ﬁé’an e&gﬁi’llﬂ%@f t1 aelg}lé%%)}l éSnI c%% stgﬁ%eg@{%%ﬁ%gﬁ g%f boxylic
aci ds or i.f anhydrides discl osed.herei nabove maki ng t he. ,nol ybdat ed
succi ni ni L@%{S,erpl ex gﬂ‘ffﬁ@‘{ﬁ il t%ﬁy‘grb{ecioﬁi EP%“ 8f§@gr P‘Fulrg\ac\gfd A e'1lhgr r ed
ethylenically unsaturated carboxylic acid or cgeP(dri de thereof is maleic

an
anhydr i deP@yamIngey piappsyauineabsnt 1303669 pbew 7P pyd profaally Aiane abau) | y

unsat urated carboxylic acid or anhydride thereof is heated to a nolten
condi ti onl4%°CGata @roped 29 e The redegon gay be shrrfadomt aipdert arb0BC atmosihote, 1000C
and is thereafter mxed with the succinimde of Fornmula VII. [0068] The

mol ybdenugachoirpousda oda8Gnt Thphapaneof dhdy didd/dfiairad ST emplsyeeincthapl ex can

be any of the nol ybdenum conpounds di scl osed herein
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.
[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 succinimide complex employing
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 VII.
[0068] 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 employing the succinimide of
Formula V. Particularly preferred is molybdenum trioxide.

[0069] 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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above for making the nol ybdated succi ni m de conpl ex enpl oyi ng the
succinimde of Fornmula V. Particularly preferred is nol ybdenum tri oxi de.

[ 0069] | rwetzep/(7b)ss a m xture of the succinimde producPCofUsgtepse’4d) and
aci di ¢ nmol ybdenum corrpound is prepared with or without a dil uent A di | uent
is used, I fnecessar rovi e a sui tgql?il e vi s.cosi téb‘f or. e stirring.

Suitabl e BFICHEREs! r8V1d8 Sw}m QYISEPHY Ay gL ompdaaL msaﬁrﬁ. ng only

carbon and hydrogen | f desired, ammoni um hydroxi de nmay al so be added to

t he react lubricating aile ané lm«kyi/wd@pau@isl cantapingf odyrrsronnieb hydgge [16070]
Generally, the reaction mxture is heated at a tenperature |ess than or
equal to désiet, d@otivanidydosallemalblalsoftrecidabmuthe 880Gt midtbhoub ptOGOCaunt i |

t he nol ybdenumis sufficiently reacted. The reaction tinme for this step is

t ypi cal | ygdintidhes dnanggiuf meleddte 15 m nutes to about 5 hours and preferably
about 1 to about 2 hours. The nolar ratio of the nol ybdenum conpound to the

succt i m FRGALOSUCt Rl e Rl AR Q1o p 300K i Plgh 8 20!

from abou out 1 and nost pre era y wat er

P eaont ofu dh "Boi Tl eEghg @E%@@aybﬁ%aﬁ?ﬁ%?eg%gﬁ%ﬁ e il

terrperature reater than about 1000C, and preferably from about. 1200C to
about 1600Clyydgum is stHlcicnthy reagier nd hersactipmipsi foy ﬁlh%st@i? istpicphedcthe
invention will contain no nore than about 800 ppm of nol ybdenum based upon
t he t ot al rangs ©f ebouthld mompsgo tabout, 5 hewy iadeé dreferablytabeuiohéo avoutrdriwurs.

oi |l -sol ubl e or dispersed oil-stabl e nol ybdenum cont ai ni ng conpounds. | n one
enbodi menThe bivgarl rifds bE e Mgty Bddnugoemesiuht a6 $hedfuctinBnide pERIkt dfvtgnta)yon wi | |

contain no nore than about 500 ppm of

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.

[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 oil-stable molybdenum-containing compounds. In
another embodiment, the lubricating 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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nol ybdenum based upon the total nass of the conposition, provided fromthe
one or nore oil-soluble or dispersed oil-stable nol ybdenum cont ai ni ng
conmpoundswolznieaniotsher enbodi ment, the lubricating oil cecpaseeoss3df the
present invention will contain no nore than about 300 ppm of nol ybdenum
based upon the.total ss of the conpositiaqn, provided fromthe one or nore
oi | -sol ubF%mB‘?Sltbqnéﬁ’évrtgg@r%i?@t-%‘t’%’loé‘% GOGER B ROt Plhiaf%@ltc]éﬂpﬂﬁﬁc? . I'n yet
anot her enbodi ment, the lubricating oil conpositions of the present

i nvent i onm@lybiderwni ksed nepmide dotelhapss b dhg corg®spiom piovidst fisaehgmncioased upon
the total mass of the conposition, provided fromthe one or nore

0i | - sol ubherooildospkr eedlsperded stilathide mall yHudemumoaintiag nompowaspdundd. | n
still yet another enbodinment, the lubricating oil conpositions of the

present i pmanbiRNeMbddiment) i 10bReutiAB 8 dohposiBbAST thd Brginiffentibh Waglenum
based upon the total mass of the conposition, provided fromthe one or nore

oi | -sol Ubh@g%ﬁ ) SBRY %‘E'la {))dtil%a;%n‘? ogﬁo\f?&i%ﬁﬁkﬁ,* G034 %bg# %&W&é@%- In

anot her e Iment, the |ubricating conpositions e present

invention wll contain fr bo 45 ppmto n r.e than abqut. ppm of
ol ybdenuilt SERHSBoRHES B3 reBe RBpR M CutTERE o KirheRE SUdade F Fom t he
one or nore Qqil-soluble or dispersed oil-stable nolybdenuntontaini ng
conpounds Moixigypym-rRatagiing semppydsor Iyja8ples embgdint.afeelubricating oil

nol ybdenum cont ai ni ng conpound will be present in the lubricating oil
conposi t i cempdsitidne of theswatent myentidnowillsapotain fram ablet 4 t¢ane nygroihan
conposition has a ratio of sulfur to nol ybdenum of about 5:1 to about 500:
1. I'n anothwit S90bpstnehmolitdenhipbhsdt ipos el totdnpasi of diz baspesitial i 0 of

sul fur to nol ybdenum of about 15:1 to about 240:1. In another enbodi nent,

the I ubr ' gﬁ)tv'icféﬁ Rbin ARBRS b 1RGe&GE s@ubRT b0 dRperSst bHLstdtde HAIybAaHMM Of
about 20:1 to about
containing compounds.
[0072] The oil-soluble or dispersed oil-stable molybdenum-containing
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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100: 1. [0073] The lubricating oil conpositions of the present invention

w Il have a sulfur content of up to about 0.4 wt. % and preferably up to
about 0. 3wet201047778he sul fur content can be derived fromperarseomab74sul f ur or
a sul fur-containing compound. The sul fur or sulfur containing conmpound may

be intentional |y added to the |ubrjcating " tion, or it y be
present i FOPPRINasE G |EMAUN} Rrgits thyn %@2 1§¥ il wfi Pebeaa yulr
lubricating oil conposition. In one enbodiment, a najor anmount of the
sul fur i ncempoundnmihecht ishgnBivearc aehss Brd dnefiesbiie rantieqirdsivem ahheastlfive
sulfurconpound i.e., an amount greater than 50% By "active sulfur" is
nmeant a suobrftainingocgopouddwhay bei s aotgaveasulfiot ¢ongpoand qor af ergabicysulfur
anticorrosive. The sul furcontaining conpound may be an inorganic sulfur

conmpound @mpéundl JBHY $ul fklebrthinGRNRRAMind T 15Uk tompe@iit éinfdifilg Gappeund may
be a conmpound contalnlng one or nore of the groups: sul fanoyl, sulfenanoyl,

sulfeno, L oﬁ'?h g@%ﬁtﬁhoyﬁ Léhoféc‘rgarr%o;h‘, 1{1@}{5  suthld, Osulfﬁ’féh{o%' Qi Tonyl,

sul f onyl di oxy, t hi t’hi ocarbon
t hi ocar bon arbo EIOC t hi for | hi 0x0
thi oket onSHTCHY o oéﬂl%reh By hnﬁ@w AR B ETos R s be
present in.a hetero gr ou conpound whi ch contalns carbon ataons and
sul fur at Brecarbonyl. &yesas w yming; HAIOCHDEEY-0 thioEYANaty c Higierxly g BYioxs:
nitrogen) in a chayn or ring. Preferred sulfur-containing conpounds include
di hydr ocathightetangl fhickddeharel thiokstsuland theslileuchheasilfalk kyly abyo td presaptt isal f i des
and pol ysul fides, sulfurized fatty acids or esters thereof, ashless
di t hi ophosghat gfoupcyic borap@mdanaichutdntding @pgdoh ndsms pal ydusfab ultyths (dot hi one
conmpounds, ashl ess dithiocarbamates and m xtures thereof. [0074] Exanples
of the di ByslRARr Biler Heldrd dRSMOTsulP ¥ SelyobAet hiebatfein a chain or ring.
Preferred sulfur-containing compounds include dihydrocarbyl sulfides and
polysulfides such as alkyl or alkenyl sulfides and polysulfides, sulfurized fatty acids
or esters thereof, ashless dithiophosphates, cyclic organo-sulfur compounds,
polyisobutyl thiothione compounds, ashless dithiocarbamates and mixtures thereof.
[0074] Examples of the dihydrocarbyl sulfides or polysulfides include
compounds represented by Formula VIII:
R°-S,-R' (VIID)
wherein R? and R' are the same or different and represent a C, to Cy alkyl group,
alkenyl group or a cyclic alkyl group, a Cs to Cyg aryl group, a C; to Cy alkyl aryl
group, or a C; to Cyg aryl alkyl group; and b is an integer of 1 to 7. When each of R’
and R'" is an alkyl group, the compound is called an alkyl sulfide. Examples of the
group represented by R’ and R' in Formula VIII include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl 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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conpounds represented by Formula VI11: R9-Sb-R10 (VII1) wherein RO and R10
are the sane or different and represent a G to C2o al kyl group, alkenyl

group or wocyulire7sal kyl group, a Cto C20 aryl group, aPCTius2@@o6aBkyl aryl
group, or a C7 to C20 aryl alkyl group; and b is an integer of 1 to 7. \Wen

each of R10 is an t he conpou i s | ed an kyl

sul fi de. REB@E& es oPnf ﬁ%e@q%ﬁém%@m R EmE R el B neBends v 1

i ncl ude neth ethyl, n- propyl |sopropyl n-butyl, isobutyl, sec-butyl,
tert-but ypon%@mtlyn r daplorinpiest yiydepcathes, Witk pnyinorgepispslfide werehy dfips, nony!
groups, decyl groups, dodecyl groups, cyclohexyl, phenyl, naphthyl, tolyl,
xylyl, benzgtine atoth fifoeneidhydf (Va0 Eb]cchles imelislpiyded)fan[drtﬁpérden@lasﬂ@e fmmnat iC
and al kyl sulfides includes the condensation of a chlorinated hydrocarbon

with an i hdaeeuls il jbinde o enaRyit §ulr &lon0r GaRralyQ Mcf e atiofas torliceo
nol ecul es is displaced, and the free valence fromeach nol ecule is joined

to a dival sl fddrorald ally, the reaction is conducted in the
presence éfﬂkpé%%ﬁgg 2 076] Exanpl es of al kenyl sulfides are

orepar ed. BY7Eh 2?32@?%3101%0*3?@?%18“@98%%{8&?%@4@&0 { Gl IR LSS 57 P

carbon atons with elenental sulfur in the presence of zinc or a S|mlzu
metal gen®PaPo.0A2-t haese sphidss C?’dhbealé}"ﬁﬁar%bi’ Interaefingsanelahinig dydsospbres of

al kenyl sulfides include 6,6'-dithiobis(5-nethyl-4-nonene), 2-butenyl
monosul f dsuan@gdhsuBﬂbdépm@on@mny$wahbhm@myﬂsnﬁmdsuhdp@sﬂandfdms@kfide and
the like. [0077] The sulfurized fatty acid or ester thereof can be prepared
by reacti agimflar mewagpheallysid ther formudff anr asi@naithl Reprel@ntading/c@implak foflr

dichloride with an unsaturated

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.

[0077] 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 Cg
to C,4 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 oils, e.g., tall oil, linseed oil, olive oil, castor oil, peanut oil,
rape oil, fish oil, sperm oil, and the like. Suitable fatty acid esters include C; to Cyg
alkyl esters of the foregoing fatty acids. Exemplary fatty esters include lauryl tallate,
methyl oleate, ethyl oleate, lauryl oleate, cetyl oleate, cetyl linoleate, lauryl
ricinoleate, oleyl linoleate, oleyl stearate, alkyl glycerides and the like.

[0078] One class of suitable ashless dithiophosphates for use herein include

those of the Formula IX;
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fatty acid or ester thereof under elevated tenperatures. Suitable fatty
acids include Cg to C24 unsaturated fatty acids such as, for exanple,

pal m t ol ewo 2anvad77561 ei ¢ acid, ricinoleic acid, petroseliParwSa@od¢748mcceni C
acid, linoleic acid, linolenic acid, oleostearic acid, licanic acid,
paranaric acid, tariric acid, gadoleic acid, ar%phidonic acid, cetoleic
acid and the like. Also usef are niGtedm<d®Brated fatty acid, such as
animal fats and vegetable oills, e.g. | tall oil, linseed oil, olive oil,
castor oil, peanut @RI*::O).ape Rit+S-H€h-6HCOORErmoil, gnd the Iike.
Suitable fatty acid esters include G to C20 al kyl esters of the foregoing
fatty acids. Exempplary,fatty esters include |lauryl. tallate, nethyl ol eate,
ethyl ol edgren B i By caipdhdgngngamtly) g ! %f@flmhamnﬁg% &%é{aﬂroau%t s
ricinoleate, oleyl linoleate, oleyl stearate, al k\é/lfmg%peri des and the

like. [OOf®mngyeially axalable as )V ANBUBERSHIIANE fwm RiT dt €e.. Insr). use herein
i nclude those of the Formula I X:s CH2 COOR11 (R12-O)2 P- S CH COORL Ic
wher ei n RI00T9And Rl1Anather ichade pefndeirdbley aslicsal Hithiophappatbavfonasd teeciB car bon
atonms (commercially available as VANLUBE(r) 761 IM from R T. Vanderbilt

Co., Inc. ncldR@UiRlophogiHoeic fldsser@forditorblie agighlues s dhdsbi @rhRsBRRyes for
use herein include dithi ophosphoric acid esters of carboxylic acid such as

h -cial i | 63 from G ba Geigy Corp. [0080
those CO”’Q%BCIDI%aﬁR@@U@@@%%@%ﬁg rom G ba Geigy Corp. [ ]

Yet anot her ass of suitable a phosphates for use herein

i nclude trj nyl ph hor pt hi.onat es .such t e COo rci.al |y ,avai |l abl e as
| RGAL UBE( H&EP% ]P ; gsﬁf hgf erc%lflsdyo%wtﬂgle hshless Bﬁﬁlophosgﬂeﬁes of ust herein

include triphenylphosphorothionates such as those commercially available as
IRGALUBE® TPPT from Ciba Geigy Corp.
[0081] Suitable polyisobutyl thiothione compounds include those compounds

represented by Formula X:

> 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 1, and when n is 0 then R" is methyl, and when n is 1 then R" 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 oil composition of the present invention is a bisdithiocarbamate compound

of Formula XI;
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[ 0081] Suitable polyisobutyl thiothione conpounds include those conpounds
represented by Fornula X: wherein RL3 is hydrogen or nmethyl; X is sulfur or
oxygen; mwo0ewm77Tsseger from1l to 9; and nis 0 or 1, amdTWiseen9067433 0 t hen
R13 is nethyl, and when n is 1 then R13 is hydrogen. Exanples of these

pol yi sobutyl thiothione conmpounds are discloseqsin, for exanmple, U S

Pat ent Application PublR¥ation No. 2005015385 the contents of which are

i ncor porat ed by referenre herein. [0082] In aT;referred enbodi ment, a

sul fur conmpound for uselin the lubricating oill conposition of the present
invention is a bisdithiNcarb e coppdwqd NFQLpuIa Xl :wherein R13 , Rl14
, R15 , and R16 &1 he sayg or diR'ferent Jand aré @lé phatic hydrocar byl
groups having 1 to 13 carb atons and R1{|is an al kyl ene group having 1 to
8 carbon atonms. The bisditlyd ocarbamates ofg Fornula Xl are kpomn conmpounds
and described in U S. Patent No. 4,648, 985, incorporated(ﬁ% ei n by
reference. The a#iﬁpgthg hydrocar byl groups having 1 to 13 carbon atoms can
be branchedcisin Biy B gt~ @hdiRn’ ackld samoerpdifiaepnt pryl arctabphdicdenartsl ons. A
preferred bisdithi ocarbamate conpound for use herein is

met hyl enepiampsihiningy I do 1 hicaben bamataa)l RV ai dnadiitydereomoey bivahd ¥ tauddabon he
trademark Vanl ube(r) 7723 (R T. Vanderbilt Co., Inc.). [0083] The

| ubri cati p@nfRl ITHURRRIdchAmark of Ferhie SeMNre kKRYRRTbAPoGRI A8 dssbmbantial |y
free of any phosphorus content. In one enbodi nent, the lubricating oi

Fany ph nt. In ent, the [ubricating o
G arkyl LN GphesEha S PO B huReF PR, PO e Renso e, BiAlY The”

present | Hgll rgga{r%q gq%%{psailasv(%ng 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 Vanlube® 7723 (R. T. Vanderbilt Co., Inc.).

[0083] 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 oil 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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contain other conventional additives for inparting auxiliary functions to
give a finished lubricating oil conposition in which these additives are
di sper sedwonotvwsmbved. For exanpl e, the l|ubricating oi PCTarsp@siosi4sdhs can
be bl ended with antioxidants, anti-wear agents, detergents such as net al

detergents, rust in b|tor dehazi a denuIS|fy| ents, netal
deactlvatﬁﬁbn%égﬁ?%t fet Hmﬁﬁﬁﬂﬁn%F gﬁg‘ﬁﬁ H6i oY pre < ﬁﬁ?§cwﬂy

anti f oam ng agents co- solvents package conpatlblllsers

cor r osi on2yailablsi t Brose addikivess or dhoipenakensus conpewndsesan bavemplozsd forethagent s,
and the |ikeand m xtures thereof. A variety of the additives are known and
conmer ci aptepaatian bAkedubridatiag odddintpovieiens of tht hevantiam &l olgousiatblepdingds, can
be enpl oyed for the preparation of the lubricating oil conpositions of the
i nvent i onpRyeddies. usual bl endi ng procedures. [0085] Exanples of antioxidants
i ncl ude, But are not limted to, amnic types, e.g., diphenylanm ne,

phenyl apt hy I h n ed
phenyleneﬂﬁﬁsﬂlnes Exﬁﬁwﬁfpggngﬁgﬁﬁ%1E¥?8qugg%b hﬂgﬁ?tgs%g@f#§k€§

hi ndered al ky enol.s s tert- h

D Bedt <t er £ PGS fRiPes enyfi%agdzn@%xl e SV pRaio oendh gmisesh e8dano o)
phenol and m xtures thereof. [0086 nfles of ashl ess_di spersants

i ncl ude, Blsylaigde Ph@tylffqerﬁlﬁ@ﬂleﬁooph?}& i Wl ette UCTRAPE. dRHYdritdslly

non-ni trogen containing derivatives of a polyal kyl ene succinic anhydride; a
basi ¢ ni t hindered adimd pherbls sl abotsekio-Kr-tom- butEpommlupZ,édmrebilthp@feseh@od ni ni des,

carboxylic acid am des, hydrocarbyl nonoam nes, hydrocarbyl polyam nes,

Manni ch ba,ﬁaartermlba@mho(ammyldaepmpmam%@hMcaﬂﬂrbdﬁss tHerdoizol es, e.g.,
al kyl triazol es and benzotriazol es; copolymers which contain a carboxylate

ester wit[pgggp Of MRkEmAEMi 4 NAkssPEARIsIMNGAIAN, BRChdhag ALt ani de,

polyalkylene succinic anhydrides; non-nitrogen containing derivatives of a
polyalkylene succinic anhydride; a basic nitrogen compound selected from the group
consisting of succinimides, carboxylic acid amides, hydrocarbyl monoamines,
hydrocarbyl polyamines, Mannich bases, phosphonoamides, and phosphoramides;
triazoles, e.g., alkyltriazoles and benzotriazoles; copolymers which contain a
carboxylate ester with one or more additional polar function, including amine, amide,
imine, imide, hydroxyl, carboxyl, and the like, e.g., products prepared by
copolymerization of long chain alkyl acrylates or methacrylates with monomers of the
above function, and the like and mixtures thereof.

[0087] Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, ¢.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl 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

32



imne, imde, hydroxyl, carboxyl, and the |ike, e.g., products prepared by
copol yneri zation of long chain al kyl acrylates or nethacrylates with
nononer s WO 20tw7atseve function, and the |i ke and m xt ur @TiUsSe000067433 0087]
Exanpl es of rust inhibitors include, but are not limted to, nonionic

P ghor  al EEhamas AR Hseiy ey el At anst Ry B har e erhyl one

octyl phenyl ether, pol yoxyethylene octyl stearyl ether, polyoxyethylene

ol eyl et heelyhydsiq aikgkalhphesphore ebicrso | (Shashehaimarlkens] syetipisxyidshynogin

sorbitol nonool eate, and pol yet hyl ene gl ycol nonool eate; stearic acid and
ot her f at tgterachatsgf adid adrdyexydontairacg derjvanetsatheofi pgnthtiad dlayisdlfanatese sal ts;
nmetal salts of heavy sulfonic acid; partial carboxylic acid ester of

pol yhydri g ga In%@mllnon@tiﬁﬁﬁdﬁ@teh@ siBfdn@fes; and3hOnike sfdahiXiurad Heryk succinic
acids; partial esters thereof and nltrogen cont ai ni ng derivatives thereof;

synt het'CLﬁgtﬁ{y'sut&aﬂﬁt&sof Rl g&@e@' pemMbnapht el fiesilhopat es: and

the |ike xtures ther eof es of rlctlon iers

i ncl ude, 0 ted f ani nes a

hosnn ceordbgs Mlosmiss S ShoPhiin it N g R T S,
aci d antdes gl ycerol esters, and fatty |n1dazollnes as disclosed . in U S

Pat ent Nofally, &7ds, &y acidhamidsie shyearobestomi el Bty imidegpliessaseisalgseddier ence

her ei n; frlctlon nodi fiers obtained froma reaction product of a Cto C75,
prefer abl V.S Ratend NG. 60,3709kt cqntefteoiabhigh areGneap@2a®d byatfeyenae hereast er and
a nitrogen-contai ning conpound selected fromthe group consisting of

ammoni a, &idiodmaediKén @baiihddefrora mtrchdionl pré@ucdivd ard xb WT-¢Spréfecibyoh Cs[t6089]

Exanpl es of antifoam ng agents include, but are not limted to, polyners of

al kyl net pacrapliafgst PREFI®YSa @ & 0Bt ByShdil cQRg: ardnd dif6ednldeRit-ARdg
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.
[0090] 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 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% to about 10% by weight based on the total weight of the
lubricating oil composition.

[0091] The final application of the lubricating oil compositions of this

invention may be, for example, in marine cylinder lubricants in crosshead diesel
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m xtures thereof. [0090] Each of the foregoing additives, when used, is
used at a functionally effective anount to inpart the desired properties to
t he | ubriwenoio/ormss, for exanple, if an additive is a fPCEWUSVIMOEIBS i er, a
functionally effective anount of this friction nodifier would be an anount

sufficient to inpart t desired friction nodifying characteristics to the
| ubri cant ?n@%e?%nhﬂ,se hRCND AR TN G AR LT At (e T when
used, ranges from about 0.001%to about 20% by wei ght, and in one
enmbodi mentcayonichimany spchoasagedttmiloomng yhokg o assseadeoforibisaringst and thei ght  of
the lubricating oil conposition. [0091] The final application of the
| ubri cat i hie.olnl onc@mbodiméndthe bibrichtig éihvenpdsaivonsay thieinvémionexangeldao i n
marine cylinder lubricants in crosshead di esel engi nes, crankcase |ubricants
i n aut onoRjbkiste ANGREdsToRagSitNd edeh Bndih& Suchl A3k h@@ptdstyf @Bschemyide BRghI nery
such as steel mlls and the like, or as greases for bearings and the |iKke.
In one e i . I J .. 0i: o} ST f IS,k Lon are
”P@ﬁ#ﬂ%?ﬁ&n ibfiedl bt .Ce%%ln% e 1@?‘& RS QR ST of § Sexhws?%gvy duty

used to lu cate a conpressiof ignit di esel engine such as a
di esel engine or. a ression jgnited djesel, engine equipped with at | east
one of anteRRuieT GXERFRERRL dltak il PR UGBV ¢ convert er
and a particulate trap. [0092] Wiether the |ubricating Qil conposition is
fluid or HO92H wil | VBicthenshs llul?ﬂ%{aélﬁ‘ér?dl @nAREioRdy flaidiagisekd willhgravty | s
present. Typical thickening agents include polyurea acetates, |ithium
st ear at e, depedd tonewhdther. a {hikesing Hgentf is Iprevanth gl yroee! Ithickening agsatsnpllide ar e
illustrative of the present invention. EXAMPLE 1

polyurea acetates, lithium stearate, and the like.

[0093] The following non-limiting examples are illustrative of the present
invention.

EXAMPLE 1
[0094] A lubricating oil composition was prepared by blending together the

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

[0095] (1) 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 (i.e.,
methylene bis di-n-butyl dithiocarbamate) and 400 ppm of sulfur is derived from
nonactive sulfur compound (i.e., the detergent).

[0096] (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

[0097] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.
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[0094] A lubricating oil conposition was prepared by bl ending together the
foll ow ng conponents to obtain a SAE 15W40 viscosity grade fornul ati on:

[ 0095] (Iwo28007psy in ternms of sulfur content, of a cechiusawoOn74es a
nmet hyl ene bis di-n-butyl dithi ocarbarrate (0.7 wt. %in the finished oil)
and one o e det ts, erein 1900 ppmof sulfur is derived from
active su[(}q% a’)%e‘{] (Vémg SISQGYS‘?ntn butyl dithiocar bamat e) and 400 ppm
of sulfur is derlved from nonacti ve sul fur conpound (i.e., the detergent).
[0096] (2)0088b ppm (DA welnef ddiphemdrminesnigenidandf a conbi nation of a
borated dispersant (5.2 wt. %in the finished oil), and a borated cal ci um
sul f onat e[q03064ol / k¢p)Tawbh &6 oa hindtke phenol siwdekidink.) havi ng a TBN of 160
[0097] (3) 90 ppm in ternms of nolybdenum content, of a nol ybdenum

succi ni m ﬁmompl ex(T)QOLRL. %Magoﬁoly&mt dpfesaundli spersant. [0099] (5) 1 wt.
%f a di phenyl am ne anti oxi dant 0100] (6) 1 w. % f a hindered phenol

anti oxi da @(}1@]{)0101; (47§w9 92 ofh dis @tfsarg viRHSit Bhgzln%mg&e‘i.ssam . [00102] (8)

4.5 w . a di spe ant viscosit ex | nprover 03] (9) 10 ppm in

ternms of n co foa nh| bi The remai nder
wns i | ueRBFP"c n@c}?—@&pm in Sl f%‘[‘if’“%%“%&f[a ARGl 0P | e nder,
and appr oxi mat el y w. %of a Gou base oil 00105] The resulting

| ubri cat i HP18#} cor‘rﬂ&é iTihe gpmpiaderay 1%15%@1 SRMPRSAE #PPIGKINORLEY WO, W4 as

determ ned by ASTM D874. COVPARATI VE EXAMPLE A
% ot a Group III base oil and approximately 44 wt. % of a Group II base oil.

[00105] The resulting lubricating oil composition had a sulfated ash content of

0.2 wt. % as determined by ASTM D874,

COMPARATIVE EXAMPLE A
[00106] A lubricating oil composition was prepared by blending together the
following components to obtain a SAE 15W-40 viscosity grade formulation:
[00107] (1) 400 ppm, in terms of sulfur content, of a nonactive sulfur
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.
[00109] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00110] (4) 2.6 wt. % of a dispersant.

[00111] (5) 1 wt. % of a diphenylamine antioxidant.
[00112] (6) 1 wt. % of a hindered phenol antioxidant.
[00113] (7) 0.3 wt. % of a pour point depressant.

35



[ 00106] A lubricating oil composition was prepared by bl ending together the
foll ow ng conponents to obtain a SAE 15W40 viscosity grade fornul ati on:
[00107] (VD 24007p3y in ternms of sulfur content, of a neoaAS2e00/0614B3 ur
conmpound (i.e., a deteregent). [00108] (2) 400 ppm in terns of boron
content, conbi nati on qf orated dispersant. (5.2 wt. % in the

fini shed ql)éil‘”and bDA Yt Sart 6%&9@5% VK58 lﬁykﬁg%mmﬁgwrfi ni shed oil) having
a total base nunber %TBN) of 160. [00109] (3) 90 ppm in terns of

mol ybdenutfi0ddk ent , (Dfl0ppabiiy isaapa 1§m¢qm|t%t,d>éacfgwplnéxbltc[roonm (4) 2.6
w. %f a dispersant. [00111] (5) 1 wt. %of a di phenyl am ne anti oxi dant.
[00112] (@)0116 . %6If0)ahkirademnde wisediblenaod coxpokadtof apfdxikddtely B2 Wt. 3 Wt .
%f a pour point depressant.[00114] (8) 6.6 w. %of a dispersant viscosity

i ndex i nprpvera AHIOMRON 090N 1GroRpMI bade LT BRd Qppfxih&eR ¢ORKENS, ofoh a foam
inhibitor. [00116] (210) The remai nder was diluent oil conposed of

appr oxi ma % 220N G oup Il base oil and
appr oxi mFﬂ%V%NWQNgE%%@%?« ON 600N Group |l base oil. [00117] The

resul ting j cati oi | ..conposi tion.had a sulfated h,content of. 0.2 wt.
oh s det oHTEL Dy R R TERnRRn OE B inprat &opB8ed BT B cat 1 no
oil conposition was prepared by bl endi ng together the foll ow ng conponents

to obt ai n0g vgak assigtrmingddyodS Y B 4He f or mul ati on:

COMPARATIVE EXAMPLE B
[00118] A lubricating oil composition was prepared by blending together the
following components to obtain a SAE 15W-40 viscosity grade formulation:
[00119] (1) 400 ppm, in terms of sulfur content, of a nonactive sulfur
compound (i.e., a deteregent).
[00120] (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).
[00121] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00122] (4) 2.6 wt. % of a dispersant.

[00123] (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 dispersant viscosity index improver.
[00127] (9) 10 ppm, in terms of silicon content, of a foam inhibitor.
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[00119] (1) 400 ppm in ternms of sulfur content, of a nonactive sulfur
conpound (i.e., a deteregent). [00120] (2) 750 ppm in terns of boron
content, WD a1000nts6nati on of a borated dispersant (5.2 WCI/UXR600/061383
finished oil), borated cal ciumsulfonate (3 mml/kg Ca basis in the

finished gjl avin BN of a dIS erse ydrat ed sodi_um borate
(0.5 wt. E@qlﬁsfhe f%rﬂglér;g@delﬁ?ﬂn or wo@gﬂ' ?léf LY rﬂQaPWOf‘EP Wol ybdenum
content, of a nolybdenun1su00|n|nyde co | ex. I(‘2&00122]]&@4)5 2.6 mﬂ Y%of a

di sper sante off pGup|ll(iwye ail gpd ammmalatﬁlqo wy ‘et a&orane {ldxsdaiht . [ 00124] (6)
1 wt. %f a hindered phenol antioxidant. [00125] (7) 0.5 wt. %of a pour
poi nt depifd29nt . [ 004 28]hit(hg)lubdrichting oil%pMpasitibs hed 8 antfated agosirtgntiofidex

i nprover. [00127] (9) 10 ppm in ternms of silicon content, of a foam

i nhi bi t or o[6QRL 2815 detéhiddiey £9EMIET4. Was di | uent oi | corrposed of
approximately 55 wt. % of a Goup Ill base oil and approximately 45 wt. %

of a Goup Il base oil. [00129] The resulting lubricating oil conposition
had a sul fated ash content of 0.6 wt. % as determ ned by ASTM D874.

COMPARATI VE EXAMPLE C [ 0013 i catli Il conposition was prepared by
bl endi ng toget her the foIIog*ﬁépéggggggﬁ?ggygﬁéﬁgain a SAE 15W 40 viscosity
grade fornul ation: [00131]. (1). 2300 ppm in terns of sulfur content, of a

conbi nat i §W189] a nethipbesing &l apma%feﬁrywaa|pfqﬂaff@a1?>bh¥?ﬁfi@g(tegeﬁhwthe%| n the

finished oil) and one or
following components to obtain a SAE 15W-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 the finished oil) and one or
more detergents, wherein 1900 ppm of sulfur is derived from active sulfur (i.e.,
methylene bis di-n-butyl dithiocarbamate) and 400 ppm of sulfur is derived from
nonactive sulfur compound (i.e., the deteregent).

[00132] (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).

[00133] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00134] (4) 2.6 wt. % of a dispersant.

[00135] (5) 1 wt. % of a diphenylamine antioxidant.

[00136] (6) 1 wt. % of a hindered phenol antioxidant.

[00137] (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.
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nore detergents, wherein 1900 ppmof sulfur is derived fromactive sul fur
(i.e., methylene bis di-n-butyl dithiocarbanmate) and 400 ppm of sulfur is
derived fworeoramarssi ve sul fur conpound (i.e., the deter @geniSpoovjoezs2] (2)
750 ppm in ternms of boron content, of a conbination of a borated

di spersan w. %in the finished oil), borated _calciumsulfonate (3
ol / kg coodef’ s nibateiviened s ﬂ%ab%%%pq%aocﬁfapar@é}m%la Z W sper sed
hydrat ed sodi um borate (0.5 wt. %in the finished o0il). n‘£00133] (3) 90 ppm
in terns &f ofi SHEYIRANC 824N proupf Il gbase | gib ded trpeuanitaiyn2 ¥ evie dhpdiek .
[00134] (4) 2.6 wt. %f a dispersant. [00135] (5) 1 w. %of a di phenyl am ne
ant i oxi dafHE{RONI®BPN(Glouph [Ibase 4gif a hi ndered phenol antioxidant. [00137]
(7) 0.5 wt. %f a pour point depressant. [00138] (8) 6.7 w. %f a

di sper sanfoMiscosi t Yhé Re@MingMRbR4Ehg of| QQHPIbitioD had @ sBFARed lakh E&TtéE of
silicon content, of a foaminhibitor.[00140] (10) The renmai nder was dil uent

oi |l conpo b I Irait % of a CHEVRON 220N Group |1 base oil
and approﬁgqng?éf %p%&ﬁl@(%@o%@g&%m 600N Group Il base oil. [00141] The

resul ting ‘hﬂﬁ j cati Mcomosi tion had a sulfated ash content of 0.4 wt.
% as det el by 74. [00142] TESTING [00143] APl CJ-4 Cummins | SM

Test [00144] The lubricating oil conpositions of Example 1 and Conparative
[ [00]143] APICJ-4 Cgrnrnins ISMn:[l)"est P P

[00144] The lubricating oil compositions of Example 1 and Comparative
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 is a Cummins ISM engine equipped with EGR. The engine test

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

TABLE 1

TASWL

Example 1 7.1

Comp. Ex. A | 223
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.
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Exanpl es A-C were evaluated for their wear performance. A screener version
of the CJ-4 Cunm ns engine test was used to determ ne heavy duty diesel

val ve trawo 20177136r f or mance by neasuring the injector aATASLINY6HBIGF ew

wei ght loss (IASW). The CJ-4 Cummins Test is a Cunm ns | SM engi ne equi pped
with EGR The engine test duration is 100 hours. The results for this test
are set forth belowin Table 1. TABLE 1 | ASW. Exanple 1 7.1 Conp. Ex. A 22
3 Comp. Ex. B3 1 2 Cbnp. Ex. C 38 6 As the data show, the lubricating oi
conposi t i 91451 Exanpl willbgugddrstoedphat yariewyusedifichgonsnay bermadter tevihqear as
conpared to the lubricating oil conpositions of Conparative Exanples A-C
Thus, it embbdihicetsedistlosid hbein. ubFhareforan ghooiabowordpasiptiownshofildt het peesent
invention is capable of providing a surface filmon the injector screw that

will be suddstrab®ad lif@ind! BYi SSrely TRy @&ﬂﬁ)lﬁ?@@tﬁo&%f?fréfbﬁed ORBddimchis. Wok| be

understood that various nodifications may be made to the enbodi nents
di scl osed LNy Ther r 1Pl cpnst rued
e L S M R R L R R e
exanpl e, the functions described abagye and inplenented,as the best node for
oper at | ngoPHE s aRrerGETHoB A PE SR LiPer s PFLEDegRRYs " her
arrangenents and net haods, nay be |nplenented by those skilled in the art
wi t hout daphmethegs Mmagrhc mwlaegped indhaspiskilled g theprs withgwrdeparing iteover
those skilled in the art will envision

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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other nodifications within the scope and spirit of the clains appended
hereto. WHAT IS CLAIMED IS: 1. A lubricating oil conposition having a sulfur
content ovoupirovw7mbout 0.4 wt. % and a sul fated ash conPemtusedosOp748®d about
0.5 wt. %as determ ned by ASTM D874 and conprising (a) a major anount of
an oil of i i '% osity; (b) at |east one oil-soluble or dispersed
oi | - st abl FAg conpound havi ng no nore than about 600 ppm of
boron, based upon the total mass of the conposition; and (c) at |east one
oi | - sol ubl e or 1difshbrisdmediil cospatsitionhel g denli evvierdiofipée ey 8dndt. havi ng
no nore than about 800 ppm of nol ybdenum based upon the total mass of the
conposi t i Bhanddeuléited dshecohteht oit@t tongpoat 0.5caposd ddtemitaisbyaASaM D8G4 sul f ur
to nmol ybdenum of about 5:1 to about 500: 1. 2. The lubricating oil

conmposi ti gy edmpAidhdad.a MABF @BultlT i dil Of [ubbatingakiiddgityi (BF OSlchf ohs

conprised of a mneral base oil. 3. The lubricating oil conposition of
Clainms 1 Qi i : ) : ol
ubr i cat i o Gl ARl bR R0 oD ARG R ol maan 500

ppm of nolyb m_5...The | ubricatjng ojl co sition.of C aj 1- 3, having
o Tor o LT B0 AP ES S R PP BT bdniEhinad ST I B poeglcB Ry st
conposition of Claim1, having no nore than about 400 ppm of boron and no
mor e t hano&bhethsolbly QpirsrschutyHakls melybderhe-qanstining cPRgowd hadrhBei ti on of
Clains 1-6, having a ratio of sulfur to nol ybdenum of about 15:1 to about
240 :1. 8mothdhdrubbowaBthgpoi lof conlybdétunonbased Giminntheltotal trasd of therati o of
sulfur to

composition; wherein the lubricating oil composition has a ratio of sulfur to

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

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

viscosity is comprised of a mineral base oil.

3. The lubricating oil composition of Claims 1 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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nmol ybdenum of about 20: 1 to about 100: 1. 9. The lubricating oi
conposition of Clains 1-8, wherein the oil-soluble or dispersed oil-stable
nol ybdenuwwocormpoarsd i s sel ected fromthe group consi sti rgTAS2@09961483r 1 zed
or non-sul furized nol ybdenum pol yi sobut enyl succini m de conpl ex, nol ybdenum
di t hi ocarbamat e, dispersed hydrated nol ybdenum conpound, acidic nol ybdenum
conpound or a salt thereof and m xtures thereof. 10. The lubricating oi
conposition of Clainms 1-9, wherein a major anmount of the sulfur is derived
from a bi sdi t h7 ocldedabritating edfpmndsontHClEorsnibahavikep sptip Rigilfurga4 | R15

, and R16 are the sane or different and are aliphatic hydrocarbyl groups
havi ng 1 tolyhdemanbfabaitt d6d tambolRPAOils an al kyl ene group having 1 to 8
carbon atons.11. The lubricating oil conposition of Cains 1-10, having a
sul fated ash content of up to about 0.3 w. % as determ ned by ASTM D874.
12. The lubricating oil conposition of Clainms 1-1 1, which is substantially
free of phosphgrus, e - i i bl COTRORA J 1 i -12,
which is substghﬂﬁgﬂﬁgh?ggg(%$&%%%§ﬁ%?gﬁﬁyhm%%?ﬁig%ﬁ%%gﬁg%és}%ﬂﬁﬁf%e

| ubricatin il co ition of . G aipg 1-13, further conprising at | east one
addi tive ggﬁﬁ%?@ﬂngfgﬁp?h@ﬁépghﬂﬂggﬁgisting of metallic detergents, ashless
di spersants, friction nodifiers, extrene pressure agents, viscosity index

i nprovers and pour point depressants. 15. A nmethod of operating an internal
conbusti on engi ne conprising the step of operating the internal conbustion
engi ne with th8. IThsrlubmag¢dting ooli ¢onemwposi afi @aingf 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, wherein a major amount of

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

R14 R15

N S S N
S R
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 8 carbon

atoms.
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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 D&74.

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 lubricating oil composition of

Claims 1-14.
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