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 iwax01077B8scri ption of the Related Art [0002] EXmAI$2409/067429
after-treatnment devices, equipped on internal conbustion engines to conply
W th em ssion regul ati ons, have proven to be sensitive to the conbustion by
products of the fuel andJUBRIGNN@OED GOMPOSIEHIONSe. | n addition, certain
types of devices are sensitive to one or nore of the follow ng: (1)
phosphorus com ng fromthe Iubricant, (2) sulfur coming fromboth fuel and

| ubricant g %ﬁgGﬁ, kﬁﬁfﬁﬁl ting fromthe conbustion of fuel and
Iubrlcant er ensur e e urability of the different types of
after- trez t d ﬁi , special lubricants are being devel oped t hat
feature r 12%&@%%@—%@§/Ievels of, for exanple, sulfur, phosphorus, and

sulfated ash. [0003] U.S. Patent Application Publi catlon No. 20050043191
("the ' 1910048h i cat }Faﬁpljesmtweag@% geperallyressit %aib&cwr&ﬁ%b%mqsawnﬁa\n ng

| ess than 2000 ppn1su|fur and free of zinc and phosphorus. The ' 191

appl i cat i énDiesgription of il sleg Arhat the lubricating oil conposition has a
m ni rum of 120 ppm of boron and a m ni mum of 80 ppm of nol ybdenum Each of
t he exanp[®@®2phown ERrhaablagtei-trodtniche dedids, applippedt benintirsd| ogeb@doash
content of 0.96, 0.99 and 1.05 for Ols 1, 2, and 3, respectively. [0004]

U.S. Pat epligiNg: 1o cdhfly3wath (crhiB§on 3&iRAmENhave Ploveh 388 FenkilEi168tht 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 amlorbsenunconpound and carbon di sul fide; (cPpcausesanersest er;
and (d) optionally a phosphoruscontai ni ng conpound provi ded that the
phosphorus content of the conposition does not exceed about 0.10 w.% The
' 378 pat esdmpounidnaid dilsml disefidé;@) atboeatd vhed; aad i(@gomidnalty apdssghoaus- has a
boron content of about 30 ppmto about 600 ppm and a nol ybdenum cont ent of

about 25 ppmihfgalReouf®PriRdRd ﬁl@p&?]phgs&onﬁaé&l%nt VP the eddtosBion dockhe ' 273

patent”) discloses a lubricating oil conposition containing a najor anount

acdi i vo, "3 GErERNPOXNIRPR, e el oher SRHAL: B e AL RBLEEDN ™, oc

addi tive, t'ive co I'on ah

The ' 273 patent .further discloses that the lubricatjn il conposition has
2 bor om_cBRTEMUIE bt dabaion RARCTs0! gR S0nBRpbitetbArca dR BRlat mosi
1000 ppm and | ess than 4000 ppm by mass of sulfur. [0006] EP 0 737 735
("t he 735mghideesnicontent afiabeitasapnatd abept ¢¥hrPreonposi ti on produced by

bl ending (a) a Mb-containing friction conditioner; and (b) a B-containing

conpound YA00K] a | ubti.&dMtertvadde 7H026,27Bh€'the327a pptdncatdiswtostuntihlnicatingcl oses
that the lubricating oil conposition has a boron content of greater than

0.015 wt. of{méﬂqﬁgs_m&ﬁlo@ﬂdmg armbjysbstﬁawmo@@ntoemxbrfztma%wismny,t £hd20@thoppm
[0007] It is desirable to develop inproved | ow ash Tubricating oi

conposi t i gas, Wi GSRicBhibidifPLAUEk, JeRRShint QIHEE Bhpodfiohl oA gpear and
Fna comb §

oxi dation inhibition when used in an inte I ustron engi ne. SUMVARY OF
THE | WVENTI N 00081, oL 3580 7375t WhaRea B FRP 1 bRERLSSF™

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 low ash lubricating oil

compositions which exhibit improved deposit reduction, as well as wear and oxidation

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



| ubricating oil conposition having a sulfur content of up to about 0.4 w.
% and a sulfated ash content of up to about 0.5 w. % as determ ned by ASTM
D874 i sprwoi2dmd7ntssch conprises (a) a major anount of amCeiusS2eb/obuke i cati ng
viscosity; (b) at |east one oil-soluble or dispersed oil-stable

bor on- cont ai ni ng conpound havi ng greater than 400 ppm of boron, based upon
t he tot al praskdofhitineorapriiqe$a)td major amduifta)f aatoil efdabricunag discostl (W)lae or

di spersed oil -stabl e nol ybdenum cont ai ni ng conpound havi ng at | east about
1100 ppm Rhstmehy RARHIBIC RS ApHRAN dilDRaBIOt R rofBSRaiAing! BEMBORIORLThEON:
wherein the lubricating oil conposition has a ratio of sulfur to nbl ybdenum
of less t I ; o) a 1t h. ond
erbod: ment e A #BarhPoPRRUh, Hisdt ui e o I BSERBAR M, b
operating an internal ustion engine iC rises.operatin he
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sul fur content of up to about 0.4 wt. % and a sulfated ash content of up to
about 0. 5hafing @4 feastgehost hil e apmyofagpivbdeum.abised gnpr ithd gl (agsspflf or

anount of an oil of lubricating viscosity; (b) at |east one oil-soluble or
di sper sedcanpesiticab| whéyemo the duliratanng it eoppositdonaidsng grtieabErsutfluario 400 ppm
of boron, based upon the total nass of the conposition; and (c) at | east

one oi | - salolftden@h oficsPes od cqidl tesitiat £:1mol ybdenum cont ai ni ng conpound
having at | east about 1100 ppm of nol ybdenum based upon the total mass of

t he COWOFMDPP”; whey %l?&)r&eﬁ'l%e | AR 1aCQICHAD cRIbbdiHUMP OF the PResBAS iR chi@d, © Of
sul fur to nol ybdenum of |ess than or equal to about 4:1. [0010] In
accordancg1 ¥\/| th a \;iPé({% ent&i)ogii r’anot 1pafi thae pﬁtesggt Oim%vetgloti Qn,. the%i% is
provi ded S5 it dFAAEMCE SnBlriiodoRT SRgTanae | b /i ERE FOmoPRR FURPY cXbithg oi |
conposition having a.sulfur content of up to about Q.4 w. % and a sul fated
ash comprises operating the mternal combustion engine with a lubricating o1l 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 greater than 400 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 at least about 1100 ppm of molybdenum,

based upon the total mass of the composition; wherein the lubricating oil composition

has a ratio of sulfur to molybdenum of less than or equal to about 4:1.

[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 greater than 400 ppm of



content of up to about 0.5 wt. % as determ ned by ASTM D874 and conpri si ng
(a) a major anount of an oil of lubricating viscosity; (b) at |east one

oi | - sol ubwe 20ro/disper sed oi | - st abl e bor on- cont ai ni ng corpoarsdotayiing
greater than 400 ppm of boron, based upon the total mass of the conposition;
and (c) at |east one oil-soluble or dispersed oil-stable

nol ybdenubeoanbaedupeh tho tgaelungks od vie@nglositieasindgbpatticdsl 6k @ipsolable or

nol ybdenum based upon the total mass of the conposition; wherein the

| ubri cati pgpQidd 6QROK hio%d@ﬁﬁn%oﬁﬁiﬂl%@I)mﬁbﬁtfduﬁa\llﬁ’g APlaabdsryam1abol ess
t han or equal to about 4:T. [0011] Th oron and nol ybdenum cont ai ni ng

Iubr!catlpgﬁqgepo r%u EdQ%o£QEe@&§§ﬁﬂ&s PYENLLR gsﬁﬂyaﬂkﬁggﬁqﬁltlon

provi de h |on and oxi dation-Corrosron in

when used, i n. in ernal ust| ne whi | ing.relatively | ow
ovel s° ot MeTiefie SRRy SO OB SORED o RO RERTERO, e B R g pis ¢
reduction, wear and oxidation-corrosion inhibition can be achieved wth the
bor on and“h@ﬁvbﬁénun}contalnlng | ubricating oil conpositions of the present
invention while also enploying relatively low levels (or substantially
free) of HW1phosphdhebomndnd inmdylmentmrtontaDETANUDECaDESGREGNHENIADS of HE
PREFERRED EMBODI MENTS [0012] The present invention is directed to a
lubricatiag pidefionesidn afvdneitetgsly Iﬁbl‘lflfiblrhlglﬁ)rﬁegﬂilt QéduHoh,0walouhd 0. 4 Wt .

% and a sul fated ash content of up to about % as det er mi ned by ASTM

D874 and g ?E@dm&d}ﬁbs?&n i @sition %)heﬂ %P% m&hapﬁoﬁﬂu&ﬂoh §n{eu%ilgat' ng

viscosity; (b) at |east one oll-sol e or dispersed oll sta
bor on-cont ai ni n u d h Vi at er t f # sed upon
he ot al  maRe M ROTRelRmoRY P 31 S St AR S PRERE 4P REBPrfE or
di spersed. oil stahl e
'SP hlglh dsépos?t reduction, wear and oxidation-corrosion inhibition can be achieved with
the boron and molybdenum-containing lubricating oil compositions of the present

invention while also employing relatively low levels (or substantially free) of any

phosphorus and zinc content.

DETAILED 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; (b) at least one oil-soluble or dispersed oil-
stable boron-containing compound having greater than 400 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 at least about 1100 ppm of
molybdenum, based upon the total mass of the composition; wherein the lubricating

oil composition has a ratio of sulfur to molybdenum of less than or equal to about 4:1.



nol ybdenum cont ai ni ng conpound having at | east about 1100 ppm of

nol ybdenum based upon the total nass of the conposition; wherein the

| ubri cat iwgQ 20i0/07¢maposi tion has a ratio of sulfur to nolPgbdSaenioefs2¢ ess
than or equal to about 4:1.1n one enbodinent, the lubricating oi
conposition has a sulfur content of up to about 0.3 wt. % and/or sulfated
ash cont et of el diec@tbthigtiutitichting oil Yodpodedrehas awtiubyorA&E M P 7d abotihe anount
of sul fur, boron, nolybdenum or phosphorus in the lubricating oi

conposi tign @f %hendbesfitcd MHERINQR Jf upRASIHE D, £GE 0%ANGethPnifl M, DA951.
[0013] The oil of lubricating viscosity for use in the lubricating oi

conposi ti f IS hnv, [ r Bl
typicalIyggﬁégé%éi%W1ngﬁgﬁ%?ggﬁﬁﬁﬁﬁg %&éﬁihﬁ%ﬂgﬁ%ﬁﬁt&bpﬁgﬁgﬁ?%fnﬁﬁgn 50 wt.
% preferably greater than about 70 wt. % . mre preferably fro ut 80 to
abobt 96, Bty ShEombST T ot BF ABRGTE PRI BTG ADEIEE B AR M v based
on the total weight of the conposition. The expression "base oil" as used
herei n shB¥P5be understood to nmean a base stock or bl end of base stocks
which is a lubricant conmponent that is produced by a single manufacturer to
t he sanme §)¥d38] fi cat Tbasoil i ofddpemaeng wiscdsggd faouse einothardnbfi@tingr el ' s

| ocation); that neets the sanme manufacturer's specification; and that is

i dent i fi egoipositidmRioquleis fideitib@, alqy REHEL tb deRthaké 6af isqg»]];iemyo@re_sen@ﬁn poth. The
base oil for use herein can be any presently known or |ater-di scovered oi

of 1 ubri caLiRAmduRE RS, tah At bﬁgﬁegtreeméﬂaﬁtsb% b/é;”ﬂ?éf%g%f-y%e&ér] thGPARASi tions

for any and all such application ., englne ol rine cylinder oils,
unet onao SRS PRl S0 e Tl SFRRR RS
ComPOST L1 aB2, ivdut B0Yo Aot D wi B badlPon (i oial wreight of he Daposiian The”
expression “base oil” as used herein shall be understood to mean a base stock or blend
of base stocks which is a lubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or manufacturer's
location); that meets the same manufacturer's specification; and that is identified by a
unique formula, product identification number, or both. The base oil for use herein
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.



engine oils, heavy duty diesel nmotor oils and natural gas engine oils.
Additionally, the base oils for use herein can optionally contain viscosity
i ndex i npwvowverw7755g., pol yneric al kyl net hacryl ates; ol eCiraiseooonpmakymer s,
e.g., an ethyl ene-propyl ene copol yner or a styrene-butadi ene copol yner; and
the like and m xtures thereof.[0014] As one skilled in the art would

readi |y apidpi at e, Asloac\skidledsn the ot wobRl kadiey appredisic dbpeindesity efixha t he
application. Accordingly, the viscosity of a base oil for use herein wll

ordinari| uasregmg@ géﬁe%bllﬁll%@uﬁ R dRIahRH RO0RIAEAUHSL RSy @g Shhscil 90

Centi grade ( nerally, individually the base oils used as engine oils

will have i i C VI SCOS| bout 30
cSt, pref gér%a rgﬁar@lgu#d%ld@%tab%y%%ﬂ% %Egé (té?@ O%g%gb?rg%ﬁg%or ot gcr%tta)t)%t;./l Ogbout 4
cSt to abpout .12 c d wi ]l .be .selected or .bl endqed dependin n the

osi r ad ohEMEEISH. ekl i udH R PREeR tifuRed Soere 60§? PP esi r ed
grade of engine oil, e.g., a lubricating oil conposition having an SAE

Vi scosi t ykigemghc gfscoiy ranged, 100 sbabaoiv 40! taoyosit 30 ob pocfesiy %’WI‘Q@), 5W 30,
5W 40, 5W50, 5w60, 10w 10w 20, 10wW30, 10W 40, 10W50, 15W 15W 20,

15W 30 or c35i dput 06l Stusedmast predraldy laboutah chawe abowg cldsclti @sl wadhgeng from
about 2 cSt to about 2000 cSt at 1000C. [0015] Base stocks may be

manuf act us@ectebbmigle@cddep&idingddn thefdesiF@Ndndnlse @88 BRSaddibleli e Mg finkied not
limted to, distillation, solvent refining, hydrogen processing,

ol i goneri gakd Oite tﬁé(;e@fr&& '%Iga& bPtheifel, &S ea‘cl%ﬁ&ﬁingﬁglﬁcfo@%si -Bﬁﬁgviﬁggh' be

substantially“free fromfaterials 1 nt'roduced thr ufacturi

ES%??& ??%%%”X%S‘ifﬁ%ﬁééfﬁgéﬁﬁjiﬁow%‘fE@@ﬁ)ﬁ%ﬁﬁi %?f%%'@?ibﬁém%dri cat i ng
Lo, o5 BREpb Sl AhoVeHe SBrgmap Mk Br0or D8t LAk Towdispenaw. '™ ¢

15W-20, 15W-30 or 15W-40. Oils used as gear oils can have viscosities ranging from
about 2 ¢St to about 2000 ¢St at 100°C.

[0015] Base stocks may be manufactured using a variety of different processes
including, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined stock shall be substantially
free from materials introduced through manufacturing, contamination, or previous
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; ¢.g., little, if any, lube oil fraction of

viscosity 20 ¢St or higher at 100°C.



pol ynmeri zation of 1l-olefins to provide polyners such as pol yal phaol ef m or
PAO oils, or from hydrocarbon synthesis procedures using carbon nonoxide
and hydr oyerrogasesssuch as in a Fischer-Tropsch processPCFRarS2enanmke, a
suitabl e base oil is one that conprises little, if any, heavy fraction;
e.g., little, if any, lube oil fraction of viscosity 20 cSt or higher at
1000C. [ OOfomi6[The baFac date siynbebeetiveld fibmonatmal utalcatitb bils, adyintigtioi | s,
synthetic lubricating oils or mxtures thereof. Suitable base oil includes

base st ockwrieifl ARG BYixhSQRELSRAISALRbaSYSM DRIUdCs WRY sRRRs Shiatkd BaXx, as
wel | as hydrocracked base stocks produced by hydrocracking (rather t han

Sui tabl o DRERAEH R of SR AL TRh P Py O A Bl oSy PV and v

as defined in AP licatli 09, 14th Edition,

Goup IV Biesodd b 5@0&9‘& %ﬁﬁ | Offrso Vﬁ%o?xtra@la@p% asa@a%ﬁv@%?wa ude al |
ot her base oils not included in Goup I, 11, or I'V. Although Goup Il
111 and | wBeEnts afshe eridgy @éablé@awo@ﬂsu@éluﬂwltqﬁ@@ alwé’ritcmgorwa%we base
oils may be prepared by conbining one or nore of Goup I, IIl, IIl, IV and V
base st ocks$, bf abhddeaoi¢fmed[i00AN] Pildehtion hodYrladth Editen] Acdtiudienni,riéescal

| ubricating oils such as, for exanple, liquid petroleumoils,

sol vent - t neg8. edrduh 1¥Chade bﬂﬁaﬂeq@l}ralmb&hnh A OF. aGtcn@ Vibhse @ifs ihbladpan af f i ni c,
napht heni ¢ or m xed paraffm c-naphthenic types, oils derived fromcoal or

shal e, anjR} pQk!oits n)()?%hfﬂléh‘?n Q}rlagp { QI a1, of We%‘?{%u GRou ﬁSfIPEncPIVS and
lard oil), and the |ike 0018 ef synthetlc ricating oils 1nclude,
but are nBt . 'ted e %PY rocar hon. o %P’ bﬁﬁjﬁyt%dzp%géocarbon
oil's such %SSQp | FEFZEY BAdSE A rli)bl}vﬁ Ja5re diegs Pils ey 9. Doty But yiI enes,

ol ypropyl enes, propyl ene-jsobutyl| ene
polyp pycombmmgpone%¥ more otL 8roup IyII HI IV and V base stocks or base oils.

[0017] Useful natural oils include mineral lubricating oils such as, for
example, liquid petroleum oils, solvent-treated or acid-treated mineral lubricating oils
of the paraffinic, naphthenic or mixed paraffinic-naphthenic types, oils derived from
coal or shale, animal oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil),
and the like.

[0018] Useful synthetic lubricating oils include, but are not limited to,
hydrocarbon oils and halo-substituted hydrocarbon oils such as polymerized and
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.



copol ynmers, chlorinated pol ybutyl enes, poly(l-hexenes), poly(l-octenes),
pol y(l decenes), and the |Iike and m xtures thereof, al kyl benzenes such as
dodecyl bewoens# 77158t r adecyl benzenes, di nonyl benzenes,  PCT/US2009/067429

di (2- et hyl hexyl)-benzenes, and the like, polyphenyls such as biphenyls,
terphenyl s, al kyl ated pol yphenyls, and the |ike, alkylated di phenyl ethers
and al kyl go0dd] di pheoyhersustful dashairdiublieatih@rdilsane s, mmnaltogst lantdehayol ogs
thereof and the like.[0019] Qher useful synthetic lubricating oils

include, B n@ide B)Pholyhidtitig J186inObf FesiRES BYcaPRInY MBHisZdutl Q! &hyiBg, of | ess
than 5 carbon atons such as ethylene, propylene, butylenes, iscbuteéne,

pent ene, t h d Q¢ | s are
wel | knomﬁgggﬁ%ﬁgggﬁgf% %B@ﬁ%ne egg??ngéﬁﬁg%$%%#gﬂilona(ﬁ(Jé%%%nggnthetic
hydrocarbon oi i ncl ude I UId ol efins having the proper
vi scosi tyS¥ §V¥§aﬁ§%? @V%Eﬁ%¥¥6*ﬁ§%ﬂﬁgﬁgﬁgn oils are the
hydrogenated | iquid oligoners of Cto Cl2 al pha ol efins such as, for

exanpl e, 10038kene t Addwional woful|syptietindydiocaden ofls jadedd ligyid mebmers

| ubricating oils include, but are not limted to, alkylene oxide polyners,

i . e., honopabharelesins hm&tieg fel proparsiiscasity . despeviatly Mﬁﬂful $hyatletft hytiecabbhe

term nal hydroxyl groups have been nodified by, for exanple, esterification

or etheri bilgatd @8- hy h‘%ﬁzﬂat@dﬂ Ruddl eligoeploffdeed by, dlbRa oldfins puepasefrt hr ough
pol yneri zati on of ethylene oxide or propyl ene oxide, the alkyl and phenyl

et hers ofegﬂﬁﬁg]p&&¥ggﬁﬁﬁ&ylene polyners (e.g., nethyl poly propyl ene
gl ycol eth avi ng an average nol ecul ar wei ght of 1, 000 di phenyl ether of
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rono- andhrpr)l?tleg °®. bofl((yJelng g)?ltdee ' Solymers i.e., homopolymers, 1nterpolyrners, and
derivatives thercof where the terminal hydroxyl groups have been modified by, for
example, esterification or etherification. These oils are exemplified by the oils
prepared through polymerization of ethylene oxide or propylene oxide, the alkyl and
phenyl ethers of these polyoxyalkylene polymers (e.g., methyl poly propylene glycol
ether having an average molecular weight of 1,000, diphenyl ether of polyethylene
glycol having a molecular weight of 500-1000, diethyl ether of polypropylene glycol
having a molecular weight of 1,000-1,500, etc.) or mono- and polycarboxylic esters
thereof such as, for example, the acetic esters, mixed C;-Cs fatty acid esters, or the
Cizoxo 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



t hereof such as, for exanple, the acetic esters, mxed C-Cs fatty acid
esters, or the Cl3 oxo acid diester of tetraethylene glycol. [0022] Yet
anot her cwvasselaf7715sef ul synthetic |ubricating oils incl ede/ushemw/oarses not
limted to, the esters of dicarboxylic acids e.g., phthalic acid, succinic
acid, alkyl succinic acids, alkenyl succinic acids, maleic acid, azelaic
aci d, subelcobleoladbdscys ahdbole 2acthdlhetydnalcdiol,acthdlenadiiypiot, diethgtlent igipdodi ¢ aci d
di mer, malonic acids, alkyl malonic acids, al kenyl nalonic acids, etc.

with a Vaﬁioﬁbé’thé}f pfd el co“f’ de.» SB&'&MJ: e@z!trﬁﬁl@@bf tﬂé@é(féét@ﬂsq{%lﬁdie df@%@cyl

al cohol , ethylﬁexy al cohol, ethylene glycol, diethylene glycol
th f | ud
ﬁ%%%wwwﬁ%mwww%m%wm

o oot bl AR eodn EREUES Pioly R RERY B! Sifyrdei o SRR E ot ei

acid dinmer, the conplex ester fornmed by reactlng one nDIe of sebacic acid
with two Asthdhesyl ﬂ’é’ét@a@f haleig acy dimer. thgeompex geredrgrd by reacipR 98Ranoi ¢

acid, and the like. [0023] Esters useful as synthetic oils also include,
but are notold bfristtadict aid twiths bvaraddest oD mtrathplery Iglycohendiswhauolag of 2em about
5 to about 12 carbon atons with al cohols, e.g., nethanol, ethanol, etc.,

pol yol s apglypekyic aiidiend tisligk. as neopentyl gl ycol, trinmethylol propane,
pentaerythrltol dlpentaerythrltol trlpentaerythrltol and the |iKke.

[ 0024] Si fgga8)- baseﬁst@fs't%eﬁﬂ'ﬁ hetICQ)rll %ﬁﬁrﬂ?élﬁde B! éi@InBV ilrmtedeH Yiefs¥! -

pol yal koxy- or polyaryl oxy- SI? xane ol s and silicate oils, conprise

o 5 S0 06 60 S8 PR S,

stlicate, altcgltlorléle e( é %Eetc]ﬁlallnglexe¥llle1)nofleltcl Cgélgols and polyol ethers such as neopentyl
glycol, trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and
the like.
[0024] Silicon-based oils such as, for example, polyalkyl-, polyaryl-,
polyalkoxy- or polyaryloxy-siloxane oils and silicate oils, comprise another useful
class of synthetic lubricating oils. Specific examples of these include, but are not
limited to, tetracthyl silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate,
tetra-(4-methyl-hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-
pentoxy)disiloxane, poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the
like. Still yet other useful synthetic lubricating oils include, but are not limited to,
liquid esters of phosphorus containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, 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



tetra-(4-nethyl-hexyl)silicate, tetra-(p-tert-butyl phenyl)silicate,

hexyl - (4- met hyl - 2- pent oxy) di si | oxane, pol y(nethyl)sil oxanes,

pol y( met wbphmsyt)ssi | oxanes, and the like. Still yet otirer/uss@bob74eynt hetic
| ubricating oils include, but are not Iimted to, liquid esters of
phosphorus containing acids, e.g., tricresyl phosphate, trioctyl phosphate,
di et hyl edicetypofdisdesah defhadpi. oirtefaciddilsedre . thogeodhtamed direatyr abyda of ur ans,
and the |like. [0025] The lubricating oil may be derived from unrefined,

refined apgyfgrloefsN@BEHOkbice %égh%al”@-ﬁélé abr: tad YIS itun@h Withoub Tgshepf two or
nore of any of these ofthe type di scl osed herei nabove. Unrefined oils are

t hose Obt ﬂ"ﬁé&uﬁhr g&%&%ﬂwue%o@a%l{lﬁst off eg%\ﬂgﬁ&%df CHTOUE ﬁgtlrﬁrtt&i to an'

shal e, san Ur1FT Catl on or treat e
Exanples unrefine ncl ude, but are not limte . al e 0|I
obt al ned @?aﬂf‘e@ﬂp taitigieefo i copg Shrgis Sho i e Bin Bt feq
directly fromdistillation or an ester oil obtained directly from an
esteri fi cHemodisipllasionss anegter ogfobfnechdirestly feqm 98 egterifieaing Prpeqss.rraech

treatment. Refined oils are simlar to the unrefined oils except they have
been furt b&whiclheat daniusedneitlont fortieerpueatrhewat Rofingt efs ato sinmpr cvethone or
nore properties. These purification techniques are known to those of skil

in the artin@fifled 6i¢d @d@% t they heveabaeh Furtb tatdd i86he d€ hidRO puriSeLiORdashy
distillation, acid or base extraction, filtration, percolation,

hydr ot r eatd fhroHe¥R S WoreGhrGperfi& efﬂe@@ ur‘?ﬁéa%loﬁ'i&hﬁ?ﬁl?é Q%%ng‘l)(zlnttﬁ ?lfbtsé ng used

oils in processes S|n1Iar to those use btain re

rerefined .a rocessed oi,l nd often
e add s PO ¥ b5 L AR LR P el TR iR SRR B e
additives and o br eakdown q;oducts [ 0026] %nglcatln oi | base stocks
deri ved f?‘BEn Phe Wd?ﬁﬁr%ﬁﬁf Jiration Bprcolatlon rotreating, - dewaxing, etc.

Rerefined oils are obtained by treating used oils in processes similar to those used to
obtain refined oils. Such rerefined oils are also known as reclaimed or reprocessed
oils and often are additionally processed by techniques directed to removal of spent
additives and oil breakdown products.

[0026] Lubricating oil base stocks derived from the hydroisomerization of
wax may also be used, either alone or in combination with the aforesaid natural and/or
synthetic base stocks. Such wax isomerate oil is produced by the hydroisomerization
of natural or synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
[0027] Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes are typically the wax produced by the
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
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wax nmay al so be used, either alone or in conbination wth the aforesaid

nat ural and/or synthetic base stocks. Such wax isonerate oil is produced by
t he hydr oveansvi7zesi on of natural or synthetic waxes or PRirAtSaees614ber eof
over a hydroi sonerization catalyst. [0027] Natural waxes are typically the
sl ack waxes recovered by the solvent dewaxing of mneral oils; synthetic
waxes ar epieg@itdmtehyion elutidx Hotaed deperbyntt diorkicd dHigionhodisieh aplispesss. The

Q| -Soluble or Dispersed G| -Stabl e Boron-Containing Conpound [ 0028]

Repr esent gikhN en@¥eBPhesixRl Akall 8R% AN QUkarisOlidh ekl SaRehSKHatRl | st abl e
bor on- cont ai ni ng conpound for use in the lubricating oil conpositions of

t hepr ?Sené%dxgd €U gﬁ%k‘ﬁdﬁo ?Of%f?;‘} ?1911&' AR5 e?t&?&lmﬂc?e Qor{o?%t&@' sIllrfén%Tte{ on

nodi fi er erse ﬁlxe an alkal i ne

earth netal gﬁr da boratgr EEOXIde, a borate ester, a borated fatty
am ne, & edﬁﬁd%mugaﬁipﬁP d sulfonate, and the like, and m xtures

thereof. h}029] Exanpl es of borated di spersants include, but are not
linmted t028br at edEa@rnpléggf brraisd dsmatsants inchidgs bytiiee pesriwmiéad tadbayatett eny |
succi ni ¢ anhydrides; borated nonnitrogen containing derivatives of a

pol yal kyl eshéess dospemsamts andhyabrthel boratedoml ylleohybagicminarthydg des; borapmlumd- sel ect ed
fromthe group consisting of succinimdes, carboxylic acid am des,

hydr ocar byitrogem oawthing sy, ddrvaiiesatypolpak aig aR8iniMaihyideic; kAls@sted basic
phosphonoam des, thi ophosphonam des and phosphoram des, thiazol es

2,5 di ”ehfﬁ%g%r? cbl’n%oﬁln(f E‘él@c‘i’%(ﬁﬁ%hﬁﬁre %%{qg%ﬁs% O DlceAdhRRs aé!ﬁjbd;@hbv;?‘t | Ves

thereof triazoles, yltriaz and bénzotri azol es Iyners
< o g e RS b R PG B s (e
ke, e. gpl’losp{lgr(ljo%%}lgesprtﬁl%%ﬂosphonamldes and phosphoramides, thiazoles, e.g., 2,5-
dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and derivatives thereof,
triazoles, e.g., alkyltriazoles and benzotriazoles, copolymers which contain a
carboxylate ester with one or more additional polar function, including amine, amide,
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. A preferred borated dispersant is a
succinimide derivative of boron such as, for example, a borated polyisobutenyl
succinimide.

[0030] Examples of borated friction modifiers include, but are not limited to,
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.
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copol yneri zation of long chain al kyl acrylates or nethacrylates with
nmononers of the above function; and the |ike and m xtures thereof. A

pr ef er r edwbanwwedsdi spersant i s a succini m de deri vati vecofusbawon74duch as,
for exanple, a borated polyisobutenyl succinimde. [0030] Exanpl es of
borated friction nodifiers include, but are not limted to, borated fatty
epoxi des, Phonitathad. &, Ki®gA7at B819,521t; y3 863.A2%, 3/907s0ed 3g0o7crol 4,681 205 and t he
| i ke and m xtures thereof. [0031] The hydrated particul ate al kali netal

borates agg3neky aﬁc’.ﬂ@‘@@4'4'30tﬂﬂ€ c@ﬁt%nt@%@ wHiéh #¥3hdoRRdrEred REFERI %, 6y &dtb¥nce.
Representative exanpl es’ of hydrated particulate alkali netal borates and

5. 31, 7275 HHGTEL Yy *ﬁﬁ%f’%%w’é%o?é 3RS %W&é SBHE0, 737, se7

and 6,534 nt s are i orpora ed reln b reference
The nyar abet taedr PR oM el e el R a2 iy e g p
Formul a: M2O nB2q 3 nH20 where Mis an al kali netal of atom c nunber in the

range of abéutbony19.¢.abwdtum and potassiunggriiygnarberferagbouwiS mabsud-dunber
fromabout 2.5 to about 4.5 (both whole and fractional); and n is a nunber
fron1abouﬂxﬂn@hbbzmhdhmﬁdmﬁxaﬁdeﬁeamedman&omh@omWHﬁaIdﬁm$é$idhehnﬁétes. The
hydrat ed borate particles generally have a nean particle size of |ess than

about 1 maertbdhydr@R3d2bdibmasmpites Dic BRirateBoRRYuEEss ddhetallgtabos alcad
epoxi des obtalned fromthe reaction product of one or nore of the boron

conpounds MMEE ﬁﬁ(kegggﬂﬁggoﬁppﬁmggh Sui tabl e boron conpounds include boron
oxi de, on oxl de hydrate oron trioxide, boron trifluoride, boron

1o S o LAy S0 S B R L
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,
boron trifluoride, boron tribromide, boron trichloride, boron acids such as boronic
acid, boric acid, tetraboric acid and metaboric acid, boron amides and various esters
of boron acids. The epoxide is generally an aliphatic epoxide having from about § to
about 30 carbon atoms and preferably from about 10 to about 24 carbon atoms and
more preferably from about 12 to about 20 carbon atoms. Suitable aliphatic epoxides
include dodecene oxide, hexadecene oxide and the like and mixtures thercof.
Mixtures of epoxides may also be used, for instance commercial mixtures of epoxides
having from about 14 to about 16 carbon atoms or from about 14 to about 18 carbon
atoms. The borated epoxides are generally known and described in, for example, U.S.
Patent No. 4,584,115.

[0033] Examples of borate esters include those borate esters obtained by
reacting one or more of the boron compounds disclosed above with one or more

alcohols of suitable oleophilicity. Typically, the alcohols will contain from 6 to about
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of boron acids. The epoxide is generally an aliphatic epoxide having from
about 8 to about 30 carbon atons and preferably from about 10 to about 24
carbon atworosmd7Ts6r e preferably from about 12 to about PRO/US2000067422 ONE.
Sui tabl e aliphatic epoxides include dodecene oxi de, hexadecene oxide and
the like and m xtures thereof. M xtures of epoxides may al so be used, for
i nstance gowrambad ald prcfrabie sroaf 8 epabdudesd chideh agniy. ohhcadaetibdsldf mekiagpout 16
carbon atonms or from about 14 to about 18 carbon atons. The borated

epoxi des i@ WRNEIRlctyak PN KkAAch dedfrdrbednd 'Boraﬁ&ést@é%%’h%o dd Boratt@t ent  No.
4,584,1 15. [0033] Exanples of borate esters |nc ude those borate esters

\‘;’ﬂ ﬁ' gﬁg gyoshvgi e&h%“ éﬁe@f o8l %gqlésh B&ra pitet tﬂéi{}éfé t}%séﬁa%&dtﬁé‘bo‘m

al cohols will cont m 6 t out 30 car bons and pr ef er ably from8 to
about 24 EFIHYRS %\ettg‘?‘}g1 ﬂ&ﬁg of making such borate esters are well
known in the art. The borate esters can al so be borated phospholi pi ds.
Representative exanpl es of borate BSters include those having the
structures set forth in Fornulae I-1l1: RORO B (I) RROORRO B- O B-
OR (11) ,. or ORL O RO B B- OIRQH-llB) @

RO or
RO OR

RO— B—O— B—OR D). o

OR!
2N
(l) O

RO—B B— OR (11T
AN

/

O

wherein each R is independently a C;-C ), straight or branched alkyl group and R' is
hydrogen or a C;-C;; straight or branched alkyl group.

[0034] Examples of borated fatty amines include borated fatty amines
obtained by reacting one or more of the boron compounds disclosed above with one
or more of fatty amines, ¢.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.
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O wherein each R is independently a Cl-Cl2 straight or branched al kyl group
and R1 is hydrogen or a Cl-Cl2 straight or branched al kyl group. [0034]
Exanpl es wO 2boviarsd fatty am nes include borated fatty agirrusgooobsazned by
reacting one or nore of the boron conpounds discl osed above with one or
nore of fatty amnes, e.g., an am ne having from about fourteen to about

ei ght een pE35pn at oERamplee obbsratedhnfiddst iyiclatdt bexatadeynibes ¢htaipad &dmbiie r eact i ng
the amine with the boron conmpound at a tenperature in the range of from

about 50 Fe@cﬁ’&?ﬁ%d@&%@@lln@ﬂ%r%ﬁfcﬁé@ghﬁra&ém &Q%ﬁaté@@oﬁ&a%@h‘ﬁ 800C, and

at a ratio fromabout 3:1 to about 1:3 equivalents of amne to eqw val ents

of boron [ r am des
obt ai ned ?@gﬁgﬁﬁggﬁgg€§#§§%%ﬁ% %CrgIPR%/%&ﬁ@ﬂgﬂ%ﬂg%?aﬁ%hl TWRR Eﬁgged or
unsat ur at ed nonoval ent i d havi.ng 8 to about 22 carbon atons,

ur ea, anda?iSIC?%‘PR'ﬁﬂdgar?Qﬁﬁ?bg Tﬁfemwlfr SHCESEi ¢ acid conpound and the |ike and
m xtures thereof. [0036] Exanples of borated sul fonates include borated

al kal i ne H¥Boh netaEX§BP$®ﬁﬁﬂ@§ﬂ%b§@ﬁﬁ@ﬁmbyd9é3bpﬁﬁﬁkﬂh@ﬂﬁheﬂﬂbnﬁﬁésence of
a hydrocarbon solvent (i) at |east one of an oil-soluble sulfonic acid or
al kal i ne edfdnhtes obfagredtby (sptetctong imithet presence b bydrpcdrbon) sodtenkt Gastleame source
of an alkaline earth netal; (iii) at |east one source of boron, and (iv)

from O toohessar bidBolkBlcrsulfenipatidesttalkaliat akdtty sulfdatchalt o uiicRrafth&eson, of an
over basi ng acid, other than the source of boron; and (b) heating the

reaction g'[ Gk e SBF%/ cbp a@aﬁq@ﬁﬂ?&éa"f‘tth% alaﬁﬂya 1%55‘% offt §&dr+é Gilo?eh, Lagper at ure

of the hydrocarbon solvent to distil ydrocar bon sol vent and wat er

fromt h_e eg%é%ﬁ):bntosr | erlrg r%oaltea)deécaelngaﬁegﬁltvee[ tLQ sroTE}c% ofsﬁlolrfor(ljno% & 1nclude

t hose di s

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
to distill the hydrocarbon solvent and water from the reaction. Suitable borated
alkaline earth metal sulfonates include those disclosed in, for example, U.S. Patent
Application Publication No. 20070123437, the contents of which are incorporated by
reference herein.

[0037] The lubricating oil compositions of the present invention will contain
greater 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 one embodiment, the lubricating oil compositions of the present
invention will contain at least about 500 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 another embodiment, the lubricating oil
compositions of the present invention will contain at least about 600 ppm of boron,

based upon the total mass of the composition, provided from the one or more oil-
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Application Publication No. 20070123437, the contents of which are

i ncorporated by reference herein. [0037] The lubricating oil conpositions
of the prweento/armxsénti on will contain greater than abourCZAB2@pmvaR9 bor on,
based upon the total mass of the conposition, provided fromthe one or nore
oi | -sol ubl e or dispersed oil -stable boron-containing conpounds. |In one
enbodi menkglublbeot udispeeti BY-stible dIPOSoritaiaing @bmpbenddr eskntyct nat@titcron Wi | |
contain at |east about 500 ppm of boron, based upon the total mass of the

conposi ti gRbodARYI, #edIubFHEMANS] SRBPARLLIIBIOE R prost HRlBHA will shRkRed
oi | - st abl e boron-contai ni ng conpounds. In anot her enbodi nent, t

he
| ubri cati I |1} r I o) U o]o) jnjat | east
about 500 iavart HERARh LSt Yastd Spdtl iR ), AR bnlhoulich BBl
provi ded %ro the one or . re Pilsolublﬁ ﬁr@gk ersed oil-stable

bor on- cont@MiPAG"E BRI, SOIFRIC\PE AISRRSE 8- SERSOM AERPIEINHE FOTHIONESY i ng o |
conpositions of the present invention will contain at |east about 700 ppm
of bor on, Ibgrpsker gpdhedirpent.s the dybricaieg o compoddeRsaxithe pieserhivientied Wikl om t he
one or nore oil-soluble or dispersed oil-stable boron-containing conpounds.
| n anot heromahddimehoyt 408eppnu by he atare chaoi dbosoPdsprint oh bowh, bimed ppes ent
invention wll contain fromabout 400 ppmto no nore than about 2000 ppm of
boron, bagrdiotaRadsher thet @mpmiRnOrdvidedC ABROTIct driNor BHRY icllegdLibl@wrt he one
or nore oil-soluble or dispersed oil-stable boron-containing compounds. The
Q| - Sol ubligoGled BieREHR Brdd-Lontlifdilk BofBbiRAenum Cont al ning Conpound [ 0038]
Representathe exanpl es of at |eaSt one oil-soluble or dispersed oilstable
nmol ybdenum cont ai ni ng conpound for use in the lubricating oil conpositions
of the present invention include nolybdenum dithi ocarbamates; nol ybdenum

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

[0038] Representative examples of at least one oil-soluble or dispersed oil-
stable molybdenum-containing compound for use in the lubricating oil compositions
of the present invention include molybdenum dithiocarbamates; molybdenum
dithiophosphates; dispersed hydrated molybdenum compounds; acidic molybdenum
compounds or salts of acidic molybdenum compounds; molybdenum-containing
complexes and the like and mixtures thereof.

[0039] Examples of dispersed hydrated molybdenum compounds include
dispersed hydrated polymolybdates, dispersed hydrated alkali metal polymolybdates
and the like and mixtures thercof. 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:
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di t hi ophosphat es; di spersed hydrat ed nol ybdenum conpounds; acidic

nol ybdenum conpounds or salts of acidic nol ybdenum conpounds;

nol ybdenuwwocorw@irmsng conpl exes and the |i ke and m xt ur @€TiUse00006742¢ 0039]
Exanpl es of dispersed hydrated nol ybdenum conpounds i ncl ude di spersed
hydr at ed pol ynol ybdat es, di spersed hydrated al kali netal pol ynol ybdates and
the Ii ke and m xtures shereof )@UltabIXAdlsper d hydrat ed pol ynol ybdat es

i ncl ude those dR,cIose |n exgﬁpl , U. S t ent bl i cation
Publ i cati on No. con ts o ch e i ncorporated by
reference hereln,/ 004 Surta denum di't A Osar bamat es i ncl ude any

nmol ybdenum di t IR3ocar bamat e whi ch caﬁ be used as an a dr%lveI&S | ubricating
oils. One class of nol ybdenum dithi ocarbamates for use here is
represented by Fprmul IV.S X3 x 4VRNCI|] SMf cMSICN/ R(IV)
wher ei n R¥herg RRR™, Bndaqf&sR a’e eé‘édePPﬁi’éB@Hd%YﬁfP%ﬁnh%Pr bybpcasboragiyar ocar bon
group including, by way of exanple, alkyl groups, al kenyl groups, aryl
groups, cycholagply 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,
secondary pentyl, neopentyl, tertiary pentyl, hexyl, secondary hexyl, heptyl,
secondary heptyl, octyl, 2-ethylhexyl, secondary octyl, nonyl, secondary nonyl, decyl,
secondary decyl, undecyl, secondary undecyl, dodecyl, secondary dodecyl, tridecyl,
isotridecyl, secondary tridecyl, tetradecyl, secondary tetradecyl, hexadecyl, secondary
hexadecyl, stearyl, icosyl, docosyl, tetracosyl, triacontyl, 2-butyloctyl, 2-butyldecyl,
2-hexyloctyl, 2-hexyldecyl, 2-octyldecyl, 2-hexyldodecyl, 2-octyldodecyl, 2-
decyltetradecyl, 2-dodecylhexadecyl, 2-hexadecyloctadecyl, 2-tetradecyloctadecyl,
monomethyl branched-isostearyl and the like.

[0042] Suitable alkenyl groups include, but are not limited to, vinyl, allyl,
propenyl, butenyl, isobutenyl, pentenyl, isopentenyl, hexenyl, heptenyl, octenyl,
nonenyl, decenyl, undecenyl, dodecenyl, tetradecenyl, oleyl and the like.

[0043] Suitable aryl groups include, but are not limited to, phenyl, tolyl, xylyl,
cumenyl, mesityl, benzyl, phenethyl, styryl, cinnamyl, benzhydryl, trityl, ethylphenyl,

propylphenyl, butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl,
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groups and cycl oal kenyl groups, and X1, X2, X3 and X4 are each

i ndependently sul fur or oxygen. [0041] Suitable al kyl groups include, but
are not |Iwo20ed7t55 et hyl, ethyl, propyl, isopropyl, beCyluS20090b142Y1 ,
secondary butyl, tertiary butyl, pentyl, isopentyl, secondary pentyl,
neopentyl, tertiary pentyl, hexyl, secondary hexyl, heptyl, secondary

heptyl , oabénsllphcdybtdegliphanyll, usdeoptaiy, dodacllphsoyly biphsagpbdarpphrany| ,
decyl, secondary decyl, undecyl, secondary undecyl, dodecyl, secondary

dodecyl , tisi8eHIpheyd Q-bhdeB¥bnyl SEAROGRII TeBERMphthyl Blouadgyihe RgCONdar y

tetradecyl hexadecyl , secondary hexadecyl’,” stearyl, rcosyl, docosyl,

7 ona 5o DI g SO B e

2- hexyl de 2- oct
dec Itetradec dodec X yl he adec Ioct
EPPAIA T By oot e S i e Fylmﬁﬂléflctyﬁ]@pPIFtWe [00e2

Sui t abl e al kenyl %roups i ncl ude, but are not Ilnlted to, vinyl, al

pr openy! , mMsthyégyglo e¥§oEﬁﬁﬁﬂyyﬂdﬁﬁﬁ@eﬁyﬂmmwgmﬁbHﬁ@kﬁﬁXﬂhéx@ﬁyﬂwpﬁﬁﬁkenyI
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tetradecenyl, ol eyl and
the li ke. H{eﬂ@ﬂ@kl&ﬁﬁiﬁbﬂlﬁl me‘dw;dyckgh@w}nyl, hmhﬂdalolieptenﬁlrgommtanﬂitlm bled to,
phenyl, tolyl, xylyl, cunmenyl, nesityl, benzyl, phenethyl, styryl,

ci nnanyl , [(i!ﬂB]Z hydr yOF idsé tgwups &h@ﬂk@hgﬂ@ﬁbs orpéllaélwl pheipy bre ﬂi‘blffeytje@ heRy! .
pentylphenyl hexyl phenyl, heptyl phenyl, octyl phenyl, nonyl phenyl ,

decyl pheny Nes ﬁb&h I
styrenatedJ%hghy Mﬁﬂﬁﬁgﬁk%ren quk’ -ﬁ%g th nggg?ggﬁgﬁhg%ﬁﬂygroups and

e L L S BRI °>‘3“' % PG EReBY CuBRlst Ty FIRERE 1

met hyl cycl opentyl , Icyc ohegyl nethylﬁlcloheptyl cycl opent enyl ,
cycl 0hexeﬂ§¥genca§‘?_:moﬁ @ﬁ to X' “may be a Sulfur atom or an oxygen afom, or a

mixture of sulfur atoms and oxygen atoms. In consideration of balance between
friction reducing effect and corrosivity, the molar ratio (ratio of numbers) of sulfur
atom(s)/oxygen atom(s) should particularly preferably be in the range from about 1/3
to about 3/1.

[0047] Some of the oil-soluble or dispersed oil-stable molybdenum
compounds of Formula IV are commercially available. For example, products where
X! and X* are O, X° and X are S, and where R* to R’ are Cp3Hys aliphatic
hydrocarbyl groups and where the molybdenum is in oxidation state V are sold under
the trademarks Molyvan 807 and Molyvan 822 as antioxidants and friction reducing
additives by R.T. Vanderbilt Company Inc. (Norwalk, Conn. USA). These
molybdenum compounds may be prepared by the methods described in U.S. Pat. No.
3,356,702 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
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met hyl cycl opent enyl , net hyl cycl ohexenyl, met hyl cycl ohept enyl groups and the
like. [0045] O these groups, the al kyl groups or al kenyl groups are
preferredwax0RA7BSR5 in Forrmula IV. Preferably, the R gcoassommneHey mul a |V
are identical groups. [0046] In Formula IV, X1 to X4 are independently
selected fromsulfur or oxygen atom and all of X1 to X4 may be a sul fur

at om or atorpyEEs oAFemMulOT waerixX ltoeX bire Qubif $imagtho Pecpard wxygaenbatodns. | n
consi deration of bal ance between friction reducing effect and corrosivity,

the mol ar nfe@old® nbdhi & B MYTEREK 2, &r SWhipls, BIOMasdt WY 9L09RYeLAy shoul d
particularly preferably be in the range from about 1/3 to about 3/1. [0047]

Sonme of t %3?' 3sol ubl e or dispersed oil-stable nol ybdenum conpounds of
Formula I'Vare commercially avail abl e. For exanple, products where X1 and

X2 are O nd X4 are S, and where R2 to R5 are C 3H27.aliphatic
hydr ocar byfﬁafoups QBeTaier e e Wﬁ?ﬁ?ﬂenu?ﬁy@%weﬁ&mdatd?tgwc APBY ar e
sol d under the trademarks Ml yvan 807 and Ml yvan 822 as anti oxi dants and

friction Fisentag bydderaiwealbV won Remrerspd by hradtinggnelahgenuat triqxpgsr af k, Conn.
USA) . These nol ybdenum conpounds nay be prepared by the nethods descri bed

in U S Patolybdate 8itl3%6,a7102 sihfddeeomarvbi®ali iydamvidide cahd subsajuebile addihgbdat e by
dissolving in alkali netal hydroxide solution, neutralized by the addition

of acid felrbeweiudidd el adgicbndany amige $€ e dakiomiRRrandd Gaidmp Wesul fide.
I n anot her aspect, the nol ybdenunconpounds of Fornmula |I wherein X1 to X4

are O or f R such as,
for exarrpléggﬁ%l.t%ﬁx%giggﬂéﬁ%%%ieﬁgg%{é“gng% 3%&21{1%2& W[ﬁ(r)%e?l%ﬁ Ql%gﬁ{aztregl ly, the

I Zegxfn)%l%(liéﬁ%gle Hﬂﬂ?ogér%aﬁ‘ﬁlgt%& rtgg‘r{%te &F 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
can also be prepared in a similar manner, but with the use of only one secondary
amine.

[0049] Examples of suitable molybdenum dithiocarbamate compounds
include, but are not limited to, sulfurized molybdenum diethyldithiocarbamate,
sulfurized  molybdenum  dipropyldithiocarbamate, sulfurized  molybdenum
dibutyldithiocarbamate, sulfurized molybdenum dipentyldithiocarbamate, sulfurized
molybdenum dihexyldithiocarbamate, sulfurized molybdenum
dioctyldithiocarbamate, sulfurized molybdenum didecyldithiocarbamate, sulfurized
molybdenum didodecyldithiocarbamate, sulfurized molybdenum
ditridecyldithiocarbamate, sulfurized molybdenum di(butylphenyl)dithiocarbamate,
sulfurized molybdenum di(nonylphenyl)dithiocarbamate, sulfurized oxymolybdenum
diethyldithiocarbamate,  sulfurized oxymolybdenum dipropyldithiocarbamate,

sulfurized oxymolybdenum dibutyldithiocarbamate, sulfurized oxymolybdenum
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represented by Fornula IV can be prepared by reacting nol ybdenum tri oxi de
or a nolybdate with an alkali sulfide or an alkali hydrosulfide, and
subsequernwbyorddiTs§ car bon di sul fi de and a secondary aniPa@/useomwlerseeact i on
m xture and reacting the resultant m xture at an adequate tenperature. To
prepare the asymmetric sul furized oxynol ybdenum dit hi ocarbamates, the use
of a secodpentyldtiidrertamatalg slilfureeént oxymslobdonbon gliekysditiochitamase of two
or nore different secondary am nes in the above process is sufficient. The

symret ri cq@flfAli wﬁnemaahﬁabd@ﬂwmcﬂthﬁ&aﬁﬁa{awr@a@m%an o%&ﬁfal;%emrﬁpar ed in
a simlar manner, but with the usé of only one secondary am ne. [0049]

Exanpl es bd th C but are
not Ilnltg%bgﬂgﬁsu%ﬁgﬁﬁééd gﬂﬁﬂLg%nd%1 ?ﬁﬁﬁgﬁthﬁggg&%' hknﬁhﬁgﬁqurlzed
nmol ybdenum di pr opyl di car banat e, lfurlz

0 butyl di PHIEES éﬁﬁ%@@yhbcﬁav%ﬁwé%wﬁﬁ%a (e UG RO oA e o

sul furized nol ybdenum di hexyl di t hi ocarbamate, sul furized nol ybdenum

di oct yl di ﬂﬁbwéhwﬂﬁiﬂ@locgﬁbpmm zed nol ybadURdi decy! di mvm@ﬁfbéamme,

sul furi zed nol ybdenum di dodecyl di t hi ocar bamate, sul furized nol ybdenum

di t ri decytdndrtylgeaybatao@rbasdté, walli cfeshiab it aléplugioups may be straight-chain

di (butyl phenyl ) dithi ocarbamate, sulfurized nol ybdenum

di (nonyl pbekwhgidd! ddatarikasmt @ixteidh fierdored oxymol ybdenum
di et hyl di t hi ocarbamate, sulfurized oxynol ybdenum di propyl di t hi ocar banat e,

sul furi zegyozyy ol ybgﬁ%ﬁgggﬁ%ﬁ% Zdlﬁﬁ%{h%?#ﬁrté% 1I§Cl1ﬂ(feurah fholybdenum

oxynnlybdenundlpenty zed oxynn ybdenum

U T A R T

di dodecy!| gdl%a%ieocn?élggdenum dithiophosphates include molybdenum dialkyl or diaryl
dithiophosphate such as molybdenum diisopropyldithiophosphate, molybdenum di-(2-
ethylhexyl) dithiophosphate, molybdenum di-(nonylphenyl) dithiophosphate and the
like and mixtures thereof.
[0051] The molybdenum-containing complexes may be generally
characterized as containing a molybdenum or molybdenum/sulfur complex of a basic
nitrogen compound. The molybdenum/nitrogen-containing complexes employed
herein are well known in the art and are complexes of molybdic acid and an oil-
soluble basic nitrogen-containing compound. Generally, the molybdenum/nitrogen-
containing complex can be made with an organic solvent comprising a polar promoter
during a complexation step and procedures for preparing such complexes are
described, for example, in 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.
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sul furized oxynol ybdenum di tri decyl di t hi ocarbamate, sulfurized

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

di (nonyl pwerzgloyditshi ocar bamat e, all of which the al kyl @coasgoommy74be
straight-chain or branched, and the |ike and m xtures thereof. [0050]
Sui t abl e nol ybdenum di t hi ophosphat es i ncl ude any nol ybdenum di t hi ophosphat e
whi ch canAbeshges@dinashead rafdebntcesy ehé atolybdsnuadtitrogeroédndaining acgphisx @hnsui t abl e
nol ybdenum di t hi ophosphat es i ncl ude nol ybdenum di al kyl or diaryl

di t hi ophogphat Be SHUERiz&$ ol ybdenum di i sopropyl di t hi ophosphat e, nol ybdenum
di - (2- ethyl hexyl) dithiophosphate, nolybdenum di-(nonyl phenyl)

di t i ophoraaf e andy o hbk gy BRMThY W hERUdIRACOLeink 085 HomM: can be

nol ybdenum ¢onht ai ni ng conpl eéxes may "be generally characterirzed “4s

contai ning a nmgl ybdenum or ybdenunt sul fur, conpl ex of asi ¢, nitrogen
compound. TFRESO BBiGen RS o BEne: Ftg L S B o8 el 65 ethribf e - ar o
well known in the art and are_ conpl exes of nolybdic acid and an oil sol ubl e
basi ¢ ni t PusgERmEdsHf dinelysgnieopplotindla ¥eneral 1y, "t he

nol ybdenuni ni t rogencont ai ni ng conpl ex can be made with an organi ¢ sol vent
conprising a polar pronog.er during a/conpl exation step and procedures for
preparing such conpl exesjjare descrilfed, for eXdanple, in U S. Patent Nos.
4,259, 194; 4,259, 198’ 4 1, 84GH))4-263, 15@HA~R65, 773; 4, 283, 295;
4,285,822; 4,369,1 19; \4, 3X0, 246; 4} 394, 279; 4140Z2,840; and 6, 962,896 and
U S. Patent Application | i cation 2005/ 02091 11. As shown in these
references, the nol ybdenum'oitrogen cgntaining conpl ex can further be

sul furized. [0052] In another enbodi | ybdat ed succi ni m de conpl ex
can be X (V)

wherein R® is an about Ci, 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)
reacting the succinimide product of step (a) with an acidic molybdenum compound,
e.g., as disclosed in U.S. Patent Application Serial No. 12/215,723, filed on June 30,
2008, the contents of which are incorporated by reference herein. In one embodiment,
the R® substituent has a number average molecular weight ranging from about 167 to
about 419 and preferably from about 223 to about 279. In another embodiment, R° is

an about C;, to about Cy4 alkyl or alkenyl group; a and b are each 2; and x is 2 to 5.

[0053] In step (a), a succinimide of Formula V:
O
8 _A(CHy), _~(CHy)y
N ?’ NH,
O H
* V)
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prepared by a process which involves at |east (a) reacting an al kyl or

al kenyl succinimde of a polyam ne of Fornula V: wherein R6 is an about Cl12
t o about wWBQosNytssor al kenyl group; a and b are i ndepemdentskgoderry 3, and
Xx is 0 to 10, preferably 1 to 6 and nore preferably 2 to 5; with an
ethylenically unsaturated carboxylic acid and/or anhydride thereof; and (b)
reacting thercauRGianbrinde Harveductfoebtagidapeandygs\is tréacasd wich di ethylinjdatignum
conmpound, e.g., as disclosed in U S. Patent Application Serial No.

12/ 215, 723psahiirh@d cQBodHRCa3P: TROrtinkghRicEAMiIAR LT FRfmYANC BarPh&obtafmed por at ed
by reference herein. I'n one enbodinent, the R6 substituent has a nunber

aver age . i : ' ym about 167 to about 419 and preferably
fron1abogp&%%ghﬁémﬁﬁgggﬁgégﬂﬁ%ﬂﬂ%%g'her enbodi nent, R6 is an about Cl2 to
about C24 al kyl or al kenyl group; and b are each 2; and x is 2 to 5.
[0053] In step (a), a succinimde gf Formula V:wherein R6, a, b and x have
the aforestated neanings, is with an ethylenically unsaturated
carboxylic acid. The starting su§ci nDm de of Forrmula V can be obtai ned by
reacting an anhydri de of Formul a Wherein R6 has the aforestated neaning
wi th a polyam ne. The anhydri de of Foonula.\ng)s either commercially
avai l abl e from such sources as, for exanple,  Sfgma Al drich Corporation (St.
Louis, M., U. ,.,.or .can be prepared by any. nethod well, known in the
et oosHhesin RaB S o S HEaRFERE hEE +RpIElatr ThG eHErdsEEPRMHe of
Formul a V_are pol yal kyl ene pol yam nes, including pol yal kyl ene dj an nes.
Such pol ydi k%/‘FlgﬁéC%W%lWe%’aWtrlP frogpiuchispyrcesors Eirexamplet SmaAldpslit 12
nitrogen atons and about 2 to 24 carbon atons. Particularly suitable

pol yal kyl €Enspopaiondit. 1asiisaiMo.t HdsA.)haveamngba prepared by any method well known

in the art.

[0054] Suitable polyamines for use in preparing the succinimide of Formula V
are polyalkylene polyamines, including polyalkylene diamines. Such polyalkylene
polyamines will typically contain about 2 to about 12 nitrogen atoms and about 2 to
24 carbon atoms. Particularly suitable polyalkylene polyamines are those having the
Formula: H,N-(R"NH).-H wherein R’ is a straight- or branched-chain alkylene group
having 2 or 3 carbon atoms and ¢ is 1 to 9. Representative examples of suitable
polyalkylene polyamines include cthylenediamine, diethylenetriamine,
triethylenetetraamine, tetracthylenepentamine, and mixtures thereof. Most preferably,
the polyalkylene polyamine is tetracthylenepentamine.

[0055] Many of the polyamines suitable for use in the present invention are
commercially available and others may be prepared by methods which are well
known in the art. For example, methods for preparing amines and their reactions are
detailed in Sidgewick's "The Organic Chemistry of Nitrogen", Clarendon Press,

Oxford, 1966; Noller's "Chemistry of Organic Compounds”, Saunders, Philadelphia,
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Formula: H N-(R7NH)C-H wherein R7 is a straight- or branched-chain al kyl ene
group having 2 or 3 carbon atons and c is 1 to 9. Representative exanpl es
of suitabwe 2pwloyaiskyl ene pol yam nes i ncl ude et hyl enedi aRrCmaIS2009/067429

di et hyl enetriam ne, triethyl enetetraam ne, tetraethyl enepentam ne, and

m xtures thereof. Mst preferably, the polyal kyl ene polyamne is

t et r aet hyRedE&pendsmiane KiflB0boherVH Ry cpdlofiddén @l lysmmtdlekechuolb@pl, énd 8d., use in
the present invention are conmercially available and others may be prepared

by met hodgspabiag valgnd'eldp. boqwp, in the art. For exanple, methods for
preparing amnes and their reactions are detailed in Sidgew ck's "The

Organi ¢ kstry o 1 " S rd. 66; er's
"Chenistry o*chgan?%ﬁ%%ﬁggﬁﬁég%ghé&ﬁ%@ﬁ%@ggﬁfféggF%H?%?g%ﬁgﬁﬁﬁg%%gs7; and
Kirk-Q hmer's "Encycl qpedi em ¢ chnol ' 2nd Ed. ecially
Vol e 5. S T APOGRET e aPart 30" Ed SR AP BB bR KT a1 i s
reacted wth the polyamne at a tenperature of about 1300C to about 2200C
and pr ef epkMit I 76 om Hisosectimsan be aioige opy maderme inceagtmosphegarsuple agar ri ed
out under an inert atnosphere, such as nitrogen or argon. The anount of
anhydr i denwfogfiopmnurigan.VIThe aplooytedt anhydinde ofdasmiubnVEamplogedyen the oeacabout 30 to
about 95 wt. % and preferably from about 40 to about 60 wt. % based on the

total wei g4 ra@be Fom FRACLO @aBBuXDEIRE. % HASIEfeRIblY Abheatuhyd enitvat by
unsaturated carboxylic acids or their anhydrides include ethylenically

unsaturatggﬁﬂ?ggg BPQ%MB&Pg?ﬁmgéﬂﬁér&ﬁﬁ%ﬂnﬁﬂﬂ%grideS, ethylenically

unsat ur at ed rboxylic a s or their anhydrides and the |ike and

s, WARGFS! S5 BORSRERDFHL bR LR RSP hIFRRR L

m xtures }nrg:(laurd%Ofe'thylenically 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
are not limited to, fumaric acid, maleic anhydride, mesaconic acid, citraconic acid,
citraconic anhydride, itaconic acid, itaconic anhydride, and the like and mixtures
thereof. A preferred ethylenically unsaturated carboxylic acid or anhydride thereof is
maleic anhydride or a derivative therecof. This and similar anhydrides bond onto the
succinimide starting compound to provide a carboxylic acid functionality. The
treatment of the succinimide of Formula V with the ethylenically unsaturated
carboxylic acid or anhydrides thercof advantageously allows for a sufficient amount
of the molybdenum compound to be incorporated into the complex.

[0058] Generally, the ethylenically unsaturated carboxylic acid or its

anhydride is heated to a molten condition at a temperature in the range of from about
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Useful ethylenically unsaturated di carboxylic acids or their anhydrides

i nclude, but are not limted to, fumaric acid, naleic anhydride, nesaconic
aci d, citwaconw7®sei d, citraconic anhydride, itaconic a®cu/uskeaoenre
anhydride, and the like and m xtures thereof. A preferred ethylenically
unsat urated carboxylic acid or anhydride thereof is nmaleic anhydride or a
deri vati veottheraoht 100NCundngdthstdaftbamixed kyidr thd escdamidcosttforine $udbe ni m de
starting conpound to provide a carboxylic acid functionality. The treatnent

of the sugpidi Mide o?f cfmQlchlthBy VuNdatRatbdhecobiylignh&al by Wsa%h%uﬁdeec{o
carboxylic acid or anhydrides” thereof advantageously allows tor a

ff f th
o) & AT PR RN A LA
it hydri d heat | t djt t t t h
oranhydgide o hec o 0.8 TBUGE cORU L on o o L pralc i jhe e

succinimde of Fornmula V. The nolar ratio of et hyI eni cal |y unsat urated

car boxyl i earbexydicaeciq Qigtsanhydiidede spesigigids of Faraaloy vl rageofrom phousar y
widely, e.g., a range of fromabout 0.1:1 to about 2:1. In one enbodi nent,
t he char g@.9nbloabontat.Vlof et hyl enically unsaturated carboxylic acid or its
anhydride to succinimde of Formula Vwill range of fromabout 0.9:1 to

about 1. 0fp059] [ 00597hd hgrolldyRde NesMBAHISUNSE US e @rdparePrthd amelybhged
nol ybdat ed succi ni m de conpl ex of the present invention are acidic

ol ybdenu ﬁf"ﬂﬁfﬂé% np[ﬂ’éx SRnk r&fentafﬁ'vgﬂtf‘on”&% lé?ﬂﬁ;”ﬁiﬂlg%‘ét&ﬁﬁ&' @6’1% o&ﬁ?%&a' Ly,

t hese nol y enum conpounds a hexaval ent . Repr esentative ex r’rp es of

s ol e A TS DB, 2B By TR R gmounes
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
oils and liquid compounds containing only carbon and hydrogen. If desired,
ammonium hydroxide may also be added to the reaction mixture to provide a solution
of ammonium molybdate.
[0061] Generally, the reaction mixture is heated at a temperature less than or
equal to about 100°C and preferably from about 80°C to about 100°C until the
molybdenum is sufficiently reacted. The reaction time for this step is typically in the
range of about 15 minutes to about 5 hours and preferably about 1 to about 2 hours.
The molar ratio of the molybdenum compound to the succinimide product of step (a)

is about 0.1:1 to about 2:1, preferably from about 0.5:1 to about 1.5:1 and most
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[0060] In step (b), a mxture of the succinimde product of step (a) and
aci di ¢ nol ybdenum conpound is prepared with or without a diluent. A diluent
is used, WO2nmoEes®sary, to provide a suitable viscosity POT/US200006TIQY
Suitable diluents are lubricating oils and |iquid conmpounds containing only
carbon and hydrogen. If desired, ammoni um hydroxi de may al so be added to

t he react paficrablytaboet 1:0. pXoyivder praohtufollowingf tharvaveb of mid glotiddenurh 0061]
Generally, the reaction mxture is heated at a tenperature | ess than or

equal to ahapduniORESuatnRiEHBEARIOY step @M ARBHLRORE tythcalRRiihe HORAEn UNt i |

the nol ybdenumis sufficiently reacted. The reaction’tinme tor this step is
typically_j. r ] seferably
about 1 1 3Apls B £RRBEARlre Bk bt ol A By TR B o the
succi ni m de roﬂg& of step (a) is about 0.1:1 to about 2:1, preferably

fr om about® 38! “about 1.5:1 and nostpreferably about 1:1. Any water
present follow ng the reaction of the nol ybdenum conpound and succi ni m de
product of0082kp (a) Itarother ewhediBgnby HOAtbdagdt wecinBrde i COMPI* €4 8BSt 0 a
tenperature greater than about 1000C, and preferably from about 1200C to
about 1600Cpafe@0BR]a brocassotvherh evbbds natnkeasta(ayolkydiohat @ susciomnide nofde conpl ex
can be prepared by a process which involves at |east (a) reacting a
succinini@@yghh@cﬂ@bﬁﬁmhnqkof Formula VI1: wherein R8 is a hydrocarbon

radi cal having a nunber average nol ecul ar wei ght of about 500 to about

5,000, preferably a nunber average | ecul ar \wei ght of about 700 to about

2,500 and nore preferabl§ a number gverage no)ecul ar wei ght of about 710 to

ib?gt61,100; a and ¢ ar |n9§R§ggen Ix/g4eﬁﬁb' and x is 0 to 10, preferably
X

N F’ NH,
) H

(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
and more preferably 2 to 5, with an ethylenically unsaturated carboxylic acid or
anhydride thereof, in a charge mole ratio of the ethylenically unsaturated carboxylic
acid or anhydride thereof to the succinimide of Formula VII of about 0.9:1 to about
1.05:1; and (b) reacting the succinimide product of step (a) with an acidic
molybdenum compound, e.g., as disclosed in U.S. Patent Application Serial No.
12/215,739, filed on June 30, 2008, the contents of which are incorporated by
reference herein. In one embodiment, R® is an alkyl or alkenyl group. In another
embodiment, R® is a polyalkenyl group. A preferred polyalkenyl group is a

polyisobutenyl group.
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and nore preferably 2 to 5, with an ethylenically unsaturated carboxylic
acid or anhydride thereof, in a charge nole ratio of the ethylenically
unsat ur atwo 20ewdIo3s§l i ¢ aci d or anhydri de thereof to thePshaszomnsHe9 of
Formula VI1 of about 0.9:1 to about 1.05:1; and (b) reacting the

succi nim de product of step (a) with an acidic nol ybdenum conpound, e.g.,
as di scl opd3] n U. SIn Rai @)ta Aophimiat io6Rodeula MM1:No. 12/ 215, 739, filed on
June 30, 2008, the contents of which are incorporated by reference herein.
In one enbodi nent, R8 is an al kyl or,al kenyl \group. 1n another enbodi nent,
R8 is a polyal kenyl gro A preferyed pol yal kenyl group is a

pol yi sobut enyl groug. [ 00Q3] |ﬁj§% cinimde of Forrmula VII:
wherein R8, a, b and hawe/f e af ™g$s, IS reacted with an
et hyl eni cal | y unsat ur al\ed Jcar boxyl ilc Jacid in chargé nole ratio of the

et hyl eni cal | y unsat ur at ed rboxyl i\c Haci d or gnhydride thereof to the
succinimde of Fornmula | of about 0\9:1 to abput 1.05 :1. The starting
succinimde of Formula VII can be obXained b ;{eactinap?ﬁ)anhydride of

Formula VII11: wherein R8 has the aforestated neaning a pol yam ne. The
anhydride of Forpula VIII is either comrercially avajlable fromsuch
sour ces agf?le%} Reﬁagﬁpé x hgyve the Aprsptiated ressnpws aisireRstadayith py gihylenpglly

U S A), or can be prepared by any nethod well known in the art. [0064]
Sui t abl e podapmatcd@srbosylivgeidiin pelepae imvde réte elithei sthylcuicalhf umaturated VI 1 can
be any of the pol yam nes di scl osed herein above for making the succini mde
of For mul aarboxyPicedctl @injiydiideethpebf @l thy kestenimidey@Hom@ulasl of about 0.9:1 to

t etraet hyl enepent am ne. [0065] Cenerally, the anhydride of Formula VIII is
reacted Watduttf8:1. The starting succinimide of Formula VII can be obtained by reacting an

anhydride of Formula VIII:

O

o (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
Aldrich Corporation (St. Louis, Mo., U.S.A.), or can be prepared by any method well
known in the art.

[0064] Suitable polyamines for use in preparing the succinimide of Formula
VII can be any of the polyamines disclosed herein above for making the succinimide
of Formula V. Preferably, the polyalkylene polyamine is tetracthylenepentamine.
[0065] Generally, the anhydride of Formula VIII is reacted with the
polyamine at a temperature of about 130°C to about 220°C and preferably from about
145°C to about 175°C. The reaction can be carried out under an inert atmosphere,

such as nitrogen or argon. The amount of anhydride of Formula VIII employed in the
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pol yam ne at a tenperature of about 1300C to about 2200C and preferably
from about 145C to about 175C. The reaction can be carried out under an

i nert at mwephmyE7758uch as nitrogen or argon. The anount Pofi/tsndvgasisde of
Formula VI1I1 enployed in thereaction can range from about 30 to about 95
w. % and preferably from about 40 to about 60 wt. % based on the total
wei ght of rdabigorr eacitan @ froimxdbione 30 fOaE ISuitt &bhed plcfyrdtdnifioad hyoutddad ur at ed
carboxylic acids or their anhydrides can be any of the ethylenically

unsat ur at gghie a0 Raxy| bascaeh ds ©Fal WG oﬁﬂEEYéHchgﬁﬁngth?eCl osed herei nabove for
maki ng the nol ybdated succi ni m de conpl ex enpl oyi ng the succi ni ni de of

For mul a V[({aﬁsfr efer Eﬁ‘l’a i Qt%&?eﬂkﬁ@ hgsa‘dﬂﬁf%ﬁ Léél%toggl {5‘&8&0 Vi o ?'%%%7]

anhydri de eof is na erc’an eri Ive ereo

General ly, e eth i C u satura car bo ic,acid ar a i de
Choreof | b BaeEl Vot oy iebisilE b e aor i heds oF dhfh REidhge of
fron1about 500C to about 1000C and is thereafter m xed with the succinimde
of For nul dis¢ipsed hgoeghovenier radkyg &reumebbdped nascitigude comples papmoying

nol ybdat ed succi ni m de conpl ex can be any of the nol ybdenum conpounds

di scl osedthveuetininabové Fommuladki Agrefeecdothylbdatbd ussatwonted whdexglonpdidx

enpl oying the succinimde of Fornmula V. Particularly preferred is

nol ybdenust §hiyaXiléitherdo® B68]IcicrinByd@ie(d? e dediviivettiEeo0f the succi nimi de
product of step (a) and acidic nol ybdenum conpound is prepared wth or

Wi thout arggehpent. Hedihienhe étﬁ?zl‘éﬁféglly hﬁsaﬂfr‘&t@& %@rwxylfc%cﬂf QnfdfycSui t abl e

viscosity for easy stirrimg. Su l'uents are lubricating olls and
3, SO S SR B AT o
of -ammoni umCrrt%I a out lOO°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
necessary, to provide a suitable viscosity for easy stirring. Suitable diluents are
lubricating oils and liquid compounds containing only carbon and hydrogen. If
desired, ammonium hydroxide may also be added to the reaction mixture to provide a
solution of ammonium molybdate
[0070] Generally, the reaction mixture is heated at a temperature less than or
equal to about 100°C and preferably from about 80°C to about 100°C until the

molybdenum is sufficiently reacted. The reaction time for this step is typically in the

range of about 15 minutes to about 5 hours and preferably about 1 to about 2 hours.
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[0070] Cenerally, the reaction mxture is heated at a tenperature | ess than
or equal to about 1000C and preferably from about 800C to about 1000C until
t he nol ybalerrarnvi7g7ssuf ficiently reacted. The reaction ti meTfUsRoWbBI2Et ep | S
typically in the range of about 15 mnutes to about 5 hours and preferably
about 1 to about 2 hours.The nolar ratio of the nol ybdenum conmpound to the
succi ni m dae piodduatio of thetregybhdnuhscalguind Go IHelsutconabidepratutt ofsigf @)abl y
fromabout 0.5:1 to about 1.5:1 and nost preferably about 1:1. Any water

present fol iy m01:1 he dbeactilopatrablertR! YRR s cenRuNd ANdng Uasd ni m de
product of step (a) can be renoved By heating the reaction mxture to a

t enperatu t n efer v f 0OCto
about 160’%§9F§8f%?u 'Z'ﬁ%@?#@g%%%%ggﬂﬁﬂggﬁ%gégg%%hén8 %%%ngﬁégen
invention will contain.at .l east abqut 00 m of | ybdenu based upon
ot ot ol SRR Rk BinitSeo ] O Sn 10 an DE TSR RO IR Misaion

oi |l -sol ubl e or dispersed oil-stabl e nol ybdenum cont ai ni ng conpounds. |In one
enbodi nenflixtufgeto] a,iMpekyra gregtar thasngheyt X@Qﬁ’ﬁ“s apd proherably fsam ebeHEAtE on wi | |
contain about 1100 ppmto about 2000 ppm of nol ybdenum based upon the

total mas® adfout ke°Conposition, provided fromthe one or nore oil-soluble or
di spersed oil -stabl e nol ybdenum cont ai ni ng conpounds. [0072] In one

enbodi mentoo7upe oil Tﬁ@hﬁ&i_c@ti%oiﬂicsmbﬁﬁﬂnmﬂ ths tpadikeft MDENtREASRMUINEG@4A ai ni ng
conmpound will be present in the lubricating oil conposition of the present

I nventi on,Sycfy talB?ﬁt tlmg%mi&a&ﬂdmﬁm@hﬁmcmﬁwwhg%tﬁ h@ld QfQhesul fur

to nol ybdenum of | ess r equal to about 4 I n anot her enbodi nent,
(e 011 RO PRSP P o Bt HE RSB | oo
has a rat i’n%l}%degllljl’llfcglqta}n?ng compounds. In one embodiment, the Ilubricating oil
compositions of the present invention will contain about 1100 ppm to about 2000 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.
[0072] In one embodiment, 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 less than or equal to about 4:1. In another embodiment, the
lubricating oil composition has a ratio of sulfur to molybdenum of less than about 3:1.
In yet another embodiment, the lubricating oil composition has a ratio of sulfur to
molybdenum of about 0.5:1 to about 4:1. In another embodiment, the lubricating oil
composition has a ratio of sulfur to molybdenum of about 1:1 to about 4:1. In still

another embodiment, the lubricating oil composition has a ratio of sulfur to

molybdenum of about 1:1 to about 3:1. In still yet another embodiment, the
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nmol ybdenum of about 0.5:1 to about 4:1. In another enbodi nent, the

| ubricating oil conposition has a ratio of sulfur to nol ybdenum of about
1:1 to abwotzowya77sbn still anot her enbodi ment, the | ubriPCRIUSAEIOH1429
conposition has a ratio of sulfur to nolybdenum of about 1:1 to about 3:1.
In still yet another enbodi nent, thelubricating oil conposition has a ratio
of sul f ur lubsicamlgydit esupositionalize ut rafio df bdfimhouiol?bdrhidm dfABFW] 1: Theabaudr i cat i ng
oi | conpositions of the present invention will have a sul fur content of up
to about 8.4 Wt. % and preferably up to about 0.3 wt. % The sul fur content
can be derlved fromelenental sulfur or a sulfur-containing conpound. The

sul fur Hﬁi’?kf ur- CO‘Thé'llgﬂr{lgu&%[m%‘dﬁ%ﬁﬁﬁém%f t ?§eilnﬁnﬁJﬁ£t¥ @%?‘ﬂa%o the

| ubri cati COI’TpOSI 1 on res ase Ol in one

or nore of the addlt rt r| mRos|

orbod: mentulhd el obeimebu Chato +f PERTHRS wyBA6sk § Agvort " dBposi ti on
is derived fron1an active sul fur conpound i.e., an anDunt greater t han
50% By " adfurgentsnt ¢aprbe desivee Aiem elemantelyullus opasndunganinning camppyidar acti ve
and preferably anticorrosive. The sul furcontaining conpound nmay be an

i nor gani ¢ Thel fulflur conpolfurecontai@ng ocapapiund s mlaf ube ciotvpoomdly Ftded to the

sul fur-contai ning conpound may be a conpound containi ng one or nore of the

groups: suibki@amy oil SothpeIEsm Wk it By bePresefUh fthdlBase will ¢ iRm0 md&E¥lof no,
sul fnyl, sulfo, sulfonio, sulfonyl, sulfonyldioxy, sulfate, thio,

t hi ocar bagmy a anato
th|oforny?BEﬁﬁﬁﬁg%ﬁﬁﬁﬁ?gﬁg%%nghhp &gﬁgéhyg%ﬂﬁ%ﬁ@%%%?%&?%%ﬂdo%%% The

| f h
carbon at Shoantr Gt R Hbeli, . SorRH i orSETRR R AR, § th‘LQﬁ as

oxygen or n|tro en) in a chain or ﬂ g -
compound, 1.¢., an amount greater than 50%. By "active sulfur" is meant a sulfur

compound which is antiwear active and preferably anticorrosive. The sulfur-
containing compound may be an inorganic sulfur compound or an organic sulfur
compound. The sulfur-containing compound may be a compound containing one or
more of the groups: sulfamoyl, sulfenamoyl, sulfeno, sulfido, sulfinamoyl, sulfino,
sulfinyl, sulfo, sulfonio, sulfonyl, sulfonyldioxy, sulfate, thio, thiocarbamoyl,
thiocarbonyl, thiocarbonylamino, thiocarboxy, thiocyanato, thioformyl, thioxo,
thioketone, thioaldehyde, thioester, and the like. The sulfur may also be present in a
hetero group or compound which contains carbon atoms and sulfur atoms (and,
optionally, other hetero atoms such as oxygen or nitrogen) in a chain or ring.
Preferred sulfur-containing compounds include dihydrocarbyl sulfides and
polysulfides such as alkyl or alkenyl sulfides and polysulfides, sulfurized fatty acids
or esters thereof, ashless dithiophosphates, cyclic organo-sulfur compounds,

polyisobutyl thiothione compounds, ashless dithiocarbamates and mixtures thereof.
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Preferred sul fur-containing conmpounds include di hydrocarbyl sulfides and
pol ysul f des such as al kyl or al kenyl sulfides and pol ysulf des, sulfurized
fatty aciwe 20r0/53156rs t hereof, ashless dithi ophosphat esPCEJSR#09/067429

or gano- sul fur conpounds, polyisobutyl thiothione conpounds, ashless

di t hi ocarbamates and m xtures thereof.[0074] Exanples of the di hydrocarbyl
sul fides @07@pl ysul Exaleplcs nefl uble dibpgrocurtigl rselbides emt eodlyByiffdes munkhdy! | |
R9-Sb-R10 (VII1) wherein RO and R10 are the sane or different and represent

a G to COmpddaal rarQeRied Bl KRRWLIaO/@UP or a cyclic alkyl group, a Cto C20
aryl group, a Cto C20 al kyl aryl group, or a C7 to C20 aryl al kyl group;

and b is an integer of 1 to 7. Mﬁgq each é@lﬁg and R10 is an al kyl group,
t he conpound is called an al kyl suFPide. anpl es of the group represented

by RO and R10.ipoFormyta VII1 incl net hyl , et hyl, n-propyl, isopropyl,

Y butyt ot B B s speor SHERDT SRR e A SR Shpe.
heptyl groups, octyl groups, nonyl groups, decyl groups, dodecyl groups,
cycl ohexyplkemtegigup ohashelsyalkyk goyp. a Gyltg/ Coo xhgiaup, akd Penatylrryl[ 0075]
One nethod of preparing the aromatic and al kyl sul fides includes the
condensat geapodr aCe il Ol angtadidy] lpyalro ead bonamirttdgeant i no 7 gavihan suhbf 88 wher eby
the chlorine atomfromeach of two nol ecules is displaced, and the free

val ence f p@iR&Eaig hinmnkye Qub i, itise fhRRAdLS calledi anadIRAtsusfitlef UExaiden ofGaper al 1y,
the reaction is conducted in the presence of elenental sulfur. [0076]

Exanpl es I ides, an @ i ALl ;o } tent No.
2, 446, 0728;0%&%@%%?%3%? i %?2‘%%%%@@69 PLhAE 2‘2‘%*%132@ ol 4 é?orpr?g

hydr ocar ban €301 ST HLEA Tel Bud? SRERRR, ALRTRAA LIRS neBlh T 17
groups, octyl groups, nonyl groups, decyl groups, dodecyl groups, cyclohexyl, phenyl,
naphthyl, tolyl, xylyl, benzyl, and phenethyl.

[0075] One method of preparing the aromatic and alkyl sulfides includes the
condensation of a chlorinated hydrocarbon with an inorganic sulfide whereby the
chlorine atom from each of two molecules is displaced, and the free valence from
cach molecule is joined to a divalent sulfur atom. Generally, the reaction is conducted
in the presence of elemental sulfur.

[0076] Examples of alkenyl sulfides are described, for example, in U.S. Patent
No. 2,446,072. These sulfides can be prepared by interacting an olefinic hydrocarbon
containing from 3 to 12 carbon atoms with elemental sulfur in the presence of zinc or
a similar metal generally in the form of an acid salt. Representative examples of
alkenyl sulfides include 6,6'-dithiobis(5-methyl-4-nonene), 2-butenyl monosulfide
and disulfide, 2-methyl-2-butenyl monosulfide and disulfide and the like.

[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
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a simlar netal generally in the formof an acid salt. Representative
exanpl es of al kenyl sulfides include 6,6"-dithiobis(5-nethyl-4-nonene),
2- but enylwoonmguarfssde and di sul fide, 2-methyl-2-butenyl pedrusseamieded and
disulfide and the like. [0077] The sulfurized fatty acid or ester thereof
can be prepared by reacting, for exanple, sulfur, sulfur nonochloride,
and/ or sufdttyractli @dsar titbecosiuhBeradicvarsglat mpateaésatIuytableifaktyoiciésihelnde gr eof
under el evated tenperatures. Suitable fatty acids include Cto C24

unsat ur at gd f, alyhyat@aicd Sfagy CRiASsuchOks, G52 BRABplc PRhIMi{oNi€iacidGIde RIgi ¢ aci d,
ricinoleic acid, petroselinic acid, vaccenic acid, linoleic acid, l'inolenic

aci d, ol epgi gf%ﬁé Cac?cﬁ: getrds%ﬁrﬁm gci&,‘:iv‘é{ccieﬂ?cr A | ﬁncﬁféjiicdﬁceiﬁf{lk{eoie%ﬁacéci’d

gadol ei ¢ aci arac oni ¢ aci cetolelc acrd and t sO usefu

are m xed unsaturated.fatty.acid, such.as aninal fats.and veget.abl.e oils,
oo v al PIEBRR fridlictis foid e aed duftoris: pRoRGAGE. SRFNpe of |
fish oil, spermoil, and the like. Suitable fatty acid esters include G to

C20 al ky| 2@dt @talcigfacdrmditbe ljoi Adporuset) agcmirsd upkawigiod fptty agidysushasr s
include lauryl tallate, methyl oleate, ethyl oleate, l|auryl ol eate, cetyl
ol eat e, cetiylal Fithaldewatgetableanilsy¢.gr, tadl oibllimated, oiploByé oil, aastoeatl gycanihtenl,
stearate, alkyl glycerides and the |like. [0078] One class of suitable

ashl ess didpBicap s BhasRemfdl, aHg ehdigtcei Suitabld fael§ atfloseroinctdie doora,a | X s
CH2 COOR11 (R12-O)2 P- S CH COOR11 ic wherein RL 1 and R12 are

I ndependepfily.ans 8F KXl foio0HR Bdy LAds. 3EXGn RORBLANTudE RURR kAo, | Y

avai | abl e a$ VANLUBE(r) SRR e from R T.Iﬁ%/@?]%efblsl £ Cor | Eﬁﬁ): T0079]

Another ¢l ag Ofjesd! (AR CoS! iy H H0kOPRATPIALES £AU1 YRSIAR! Sallyl
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;

S CH, — COOR!
I

(R'?-0), — P— S — CH— COOR!!

(IX)

wherein R'' and R" are independently an alkyl group having 3 to 8 carbon atoms
(commercially available as VANLUBE® 7611M, from R.T. Vanderbilt Co., Inc.).
[0079] Another class of suitable ashless dithiophosphates for use herein
include dithiophosphoric acid esters of carboxylic acid such as those commercially
available as IRGALUBE® 63 from Ciba Geigy Corp.

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

[0081] Suitable polyisobutyl thiothione compounds include those compounds

represented by Formula X:
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i ncl ude dithi ophosphoric acid esters of carboxylic acid such as those
comercially avail able as | RGALUBE(r) 63 from C ba Geigy Corp. [0080] Yet
anot her cweae100f7758i t abl e ashl ess dit hi ophosphat es for ®&s&/usesmiosr42ncl ude
tri phenyl phosphor ot hi onates such as those commercially avail abl e as

| RGALUBE(r) TPPT from G ba CGeigy Corp. [0081] Suitable polyisobutyl

t hi ot hi one conpounds i nclude those conpounds g®8presented by Fornul a
X:wherein R, 13 is hydrogen or methyl; X is gulfur or oxygen; mis an
integer froml1lto 9; and n i 0 ennis O0then R 13 is nethyl,
and when n is 1 then R 13¥T[s rog anypl es of these polyisobutyl

t hi ot hi one conpounds are di sclos g»i%: ?ﬁhnple, U. S. Patent Application
Publ i cati on No. 20050153850, the contents™8 mhic?X?re i ncor porated by
reference herein. [0082] In a preferred enbodi nent’,”a sul fur conpound for
use in the lubrjigating oil conposition of the present Jinvention is a

bi scl t hi oSAFBERL a BORBRTHe BT TP PHLIS o TSR FepaniCERion [H9®: * ang
R16 are the same or different and are aliphatic hydrocarbyl groups having 1
to 13 car Bethnds dher nthdrwvhen & g HieryR ere mptlsdpanthwibagy n1ist btencRrbsn at ons.
The bi sdi t hi ocarbamates of Fornula Xl are known conpounds and described in
U. S. Pat ehydrbdigen. 4564 &85, thesa pohypswbatyd chibthrosic molmponefserediceoscthe, ki phati c
hydr ocar byl groups having 1 to 13 carbon atons can be branched or straight

chai n al kytang¥loUPSS. hpatbitgApplicatidd BiblideibnaNeT0000 13385 fikdcontents of
bi sdi t hi ocar bamat e conpound for use herein is

nethylenegmﬁgq5€ g#%h&&jgfﬁﬁggﬁggﬁgdﬁyaiIable comercially under the
trademark Vanlu g%r 7723 (R T. Vanderbilt Co., Inc.).[0083] The
lubricati ﬂﬂ)SQi | CoMpess tp'rgflgrsre&) f er}ltr)]oedh%&%,s eantsulﬂql%/ ec%tnllp%ﬂn&’ Ay bl?SG in the

lubricating oil composition of the present invention is a bisdithiocarbamate compound

of Formula XI;

R14 R15

(XI)

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. The bisdithiocarbamates of Formula XI are known compounds and described
in U.S. Patent No. 4,648,985, incorporated herein by reference. The aliphatic
hydrocarbyl groups having 1 to 13 carbon atoms can be branched 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.).
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substantially free of any phosphorus content. In one enbodi nent, the

| ubricating oil conpositions of the present invention are substantially
free of awg2mimo7sal kyl dithi ophosphate. [0084] The | ulpcirastéoagemzd
conpositions of the present invention nmay al so contain other conventional
additives for inparting auxiliary functions to give a finished |ubricating
oi | conpof083pn i n Whe dbbitikkeing @itldiohipesisions &fdihs p@esdd iavendiossednveéd. For
exanple, the lubricating oil conpositions can be bl ended with antioxidants,

anti - wear gagentisily et 8f §8NpRospHGHs @ntBR!t ah HELaBaM, the! SlbricBihdbi Or S,
dehazi ng agents, ‘denul sifying agents, netal deactivating agents, friction

modi 11 er S0 Bons il o fleplesRant SyidAnhl! QAL ADSAESer G0 SRl ARGy Package
conpati bi 'i'sers, corrosi on-inhibrtors, ashl ess di spersant’s, é&es, extreme
pressure ggﬁnts, gﬁd the Iike and m xtures thereof. A variety of the
addi ti ves IEMEPRGTBY#HC-and commercial Iy available. These additives, or their
anal ogous conpounds, can be enployed for the preparation of the |ubricating
oi | conpol®8itbns of Thadubrifating iobincaHypasiions sefathe resedt Ay pHR deryr also [ 0085]
Exanpl es of antioxidants include, but are not limted to, amnic types,
e.g., di pbanyhaothoe copteanyhal addolitaenafor hyipasimigneyxilrix- tin¢adrsytoplgeryh )

am nes; and al kyl ated phenyl ene-di am nes; phenolics such as, for exanple,

BHT, st er figahéd/ 1hbrivdeing doil doypoRifien olnS wiiehh tiasse 2adititiiest @t didpdryddolenol ,
2,6-di-tert-butyl-p-cresol, and 2,6-di-tert-butyl-4-(2-octyl-3-propanoi c)

Pheron, SR e LRl RSB R IT ralas oS, Haesanis

non-ni t rOgt?t{]ox(i:(?arﬁ%s?‘iaﬂlipvgeag%[gieﬁ‘[g‘,t ciie\{gr%erﬁg sfich 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
and mixtures thereof. A variety of the additives are known and commercially
available. These additives, or their analogous compounds, can be employed for the
preparation of the lubricating oil compositions of the invention by the usual blending
procedures.
[0085] Examples of antioxidants include, but are not limited to, aminic types,
e.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and
alkylated phenylene-diamines; phenolics such as, for example, BHT, sterically
hindered alkyl phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol, and
2,6-di-tert-butyl-4-(2-octyl-3-propanoic) phenol; and mixtures thereof.
[0086] Examples of ashless dispersants include, but are not limited to,

polyalkylene succinic anhydrides; non-nitrogen containing derivatives of a

polyalkylene succinic anhydride; a basic nitrogen compound selected from the group
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pol yal kyl ene succi nic anhydride; a basic nitrogen conpound sel ected from
t he groupconsi sting of succinimdes, carboxylic acid am des, hydrocar byl
nonoam newQ 2hydr7owsar byl pol yam nes, Manni ch bases, phosphorusamodes?9 and
phosphoram des; triazoles, e.g., alkyltriazoles and benzotri azol es;

copol ymers which contain a carboxylate ester with one or nore additional
pol ar funecérsisingi of | sudeingnides, nearbenyilide acidmatédes] Mydencaltytir @sybamiaay;, boxyl ,
and the like, e.g., products prepared by copol yneri zati on of |ong chain

al kyl “acr y{@begbr poohnARSsY MahRRh VdsBs, HISPRINDaR{dek NenApAY G nbrAGHEQN, and
the like and m xtureS thereof. [0087] anples of rust inhibitors include,

but are n imt t LN C 4P le .. g -
ponoxyetﬁ%?é%glFgﬂrfﬁqggﬁgpgp6%Fy§§%§%%%%§%b(%ﬁaﬁggﬂgﬁgg ola%tlgr?

pol yoxyet hyl ene nonyl phenyl ether, pol yoxyethyl ene .octyl phenyl ether,

ol Yoyt FPERdaBert aRate of marnishoty juiky Binsire el e, amids

pol yoxyet hyl ene sorbitol nonostearate, polyoxyethylene sorbitol nonool eate,
and pol yethiPerigidfl y bpdronpnooireayd; asde#i diksei dg-anprogudier Picasred HEi ds;

di carboxylic acids; metal soaps; fatty acid amne salts; netal salts of
heavy sul tguilymatiatpn palangahaioatlydxyiylatesar intttiestgatep vithahoroydrs of the cohol ;
phosphoric esters; (short-chain) al kenyl succinic acids; partial esters

t her eof agbveifii@BANaRIOAE kO hMOmOneY eetavgs t hereof ; synthetic
al karyl sul fonates, e.g., netal dinonyl naphthal ene sul fonates; and the |ike

and m xt ufggsj her eotgill{l@g§%k rit 3R RS Ghellii, e Qe 'i‘IB{j'!hiHit% %o, H&lidg#gﬁ but

; It
are not limted to, koxyl ated fatty amnes; fatty phosphites, tty

epoxi des, fatty.amgines tal salts of fatt cj,ds, fatty.acid,an des,
gl ycer ol BAPRFEIRA Fucplty ity BludRieilens St CEltsg g ot Benp it N,
6,372,696, the contents of ich are incorporated by reference herein;
friction Alehqlicis W&Wﬁ@a@? aﬂmapbeélag?tgﬁrn palyayRthYlge etdphenybetger,

preferably a Cto
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
acid amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of
polyhydric alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial
esters thereof and nitrogen-containing derivatives thereof; synthetic alkarylsulfonates,
¢.g., metal dinonylnaphthalene sulfonates; and the like and mixtures thereof.

[0088] Examples of friction modifiers include, but are not limited to,
alkoxylated fatty amines; fatty phosphites, fatty epoxides, fatty amines, metal salts of
fatty acids, fatty acid amides, glycerol esters, and fatty imidazolines as disclosed in
U.S. Patent No. 6,372,696, the contents of which are incorporated by reference herein;
friction modifiers obtained from a reaction product of a C4 to Css, preferably a Cg to

Cys, and most preferably a Cs to Cy, fatty acid ester and a nitrogen-containing
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C, and nost preferably a Cto C20, fatty acid ester and a

ni trogen- cont ai ni ngconpound sel ected fromthe group consisting of ammoni a,
and an alwerolentiTsé, and the |ike and m xtures thereof. PCOABAJ0vExARP| es of
antifoam ng agents include, but are not limted to, polynmers of alkyl

met hacryl ate; polynmers of dinethylsilicone, and the Iike and m xtures

t hereof . E&Op@IndEakbtedffrdnhehd @oey obmistiad dif taimnshia, wiéanudledolantngaed at a
functionally effective anmount to inpart the desired properties to the

| ubri cant {helNdSind Qkiuexankkss 1f an additive is a friction nodifier, a
functionally effective anount of this friction nodifier would be an anount

suf 11 ci enfoqg) | mpar txwﬁege&f* LStobhhe! L0 ragl 4L pg%tcgr%r 5L iRt 5 o the

| ubri cant. concentrat IFon eac hese ad Ives,

used, ranges fro t O 001@6to bout %b d.in.one
enbodi menPORBISEY Ob 680 PEhATILHC 1 Wsm%ﬁo ehelSEH, PAcHEOlST Sadi ght of

the lubricating 0|I conp05|t|on [ 0091] The final application of the

| ubri cat i AYxtIS thaserfosi tions of this invention may be, for exanple, in
mari ne cylinder lubricants in crosshead di esel engines, crankcase

| ubri cant §0096] aut onbhil efthenfdragairlgr aldsveaneth¢rhesddi kseysel ubri foactiamallpr heavy
machi nery such as steel mlls and the like, or as greases for bearings and

the |ike. cffectivpaniibo@i ifpakt.thé Beidet prdeaidsng ti lub&eMPOThid, GRiScx@fpld)i s
invention are used to |ubricate a conpression ignited di esel englne such as

a heavy dyty, &SR | fsea[‘ﬁhéi{%n%o&’iﬁgp@ﬁﬁ%ﬁé&ﬂ | RG] aﬂb?&e&f @RI RFoRIUl pped

with at | east one of an exhaust gas recircu atlon system a catalytic

conver ter . ANt A, BAAULCUL Sl S 09T et e 8 WA
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
engines, crankcase lubricants in automobiles and railroads and the like, lubricants for
heavy machinery such as steel mills and the like, or as greases for bearings and the
like. In one embodiment, the lubricating oil compositions of this invention are used to
lubricate a compression ignited diesel engine such as a heavy duty diesel engine or a
compression ignited diesel engine equipped with at least one of an exhaust gas
recirculation (EGR) system; a catalytic converter; and a particulate trap.
[0092] Whether the lubricating oil composition is fluid or solid will ordinarily

depend on whether a thickening agent is present. Typical thickening agents include

polyurea acetates, lithium stearate, and the like.
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depend on whether a thickening agent is present. Typical thickening agents
i ncl ude pol yurea acetates, lithiumstearate, and the |ike.[0093] The

f ol | owi ngwoantid7missi ng exanpl es are illustrative of thePprasesw/osmeenti on.
EXAMPLE 1 [0094] A | ow phosphorus lubricating oil conposition was prepared
by bl endi ng together the foll owi ng conponents to obtain a SAE 15W 40

vi scosi t y[@@93pe f or Whé dbilening[ Q38Bhitnk) cxAntplgpaie illustraivesodthebpiessnt cont ent ,
of a conbi nation of a borated dispersant (8.4 wt. %in the finished oil), a
bor at ed glegti®., nonooleate (0.9 wt. % in the finished oil) and a borated
sul fonate (3 mmol/kg in the finished oil) having a total base nunber (TBN)
of 160. The term "Total Base Nunmber" or "TBN' refers to the anmount of base
equivalent to mlligranms of KOH in 1 gramof sanple. Thus, higher TBN
nunbers reflect nore al kaline pro%}ﬁ%@r@% therefore a greater alkalinity
reserve. For the purposes of this ion, TBN is determ ned by ASTM Test
No. D2896. 0&0096] (2) 1200 ppm in terns of nolybdenum content, of a

nol ybdenuf0®dtci ni niAdéowonksghorup olybrgating) ol gompositignofvay aToPpesHs Ant .

[0098] (4) 12 mmol/kg total of one or nore detergents. [0099] (5) 1 wt. %of
an al kyl ableddidg péwstlydr dimd fodlosvmg congbaants t 000 SAE) 1 5W 0. vis@hitaghadader ed
phenol antioxidant. [00101] (7) 0.9 w %of sulfurized olefin. [00102] (8)
0.5 wt. %frmaldiedr poi nt depressant.

[0095] (1) 750 ppm, in terms of boron content, of a combination of a borated
dispersant (8.4 wt. % in the finished oil), a borated glycerol monooleate (0.9 wt. % in
the finished oil) and a borated sulfonate (3 mmol/kg in the finished oil) having a total
base number (TBN) of 160. The term "Total Base Number" or "TBN" refers to the
amount of base equivalent to milligrams of KOH in 1 gram of sample. Thus, higher
TBN numbers reflect more alkaline products and therefore a greater alkalinity reserve.
For the purposes of this invention, TBN is determined by ASTM Test No. D2896.

[0096] (2) 1200 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[0097] (3) 2.6 wt. % of a dispersant.

[0098] (4) 12 mmol/kg total of one or more detergents.

[0099] (5) 1 wt. % of an alkylated diphenylamine antioxidant.
[00100] (6) 1 wt. % of a hindered phenol antioxidant.

[00101] (7) 0.9 wt % of sulfurized olefin.

[00102] (8) 0.5 wt. % of a pour point depressant.

[00103] (9) 2.8 wt. % of a dispersant viscosity index improver.
[00104] (10) 10 ppm, in terms of silicon content, of a foam inhibitor.
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[00103] (9) 2.8 wt. %f a dispersant viscosity index inprover. [00104] (10)
10 ppm in ternms of silicon content, of a foaminhibitor.[00105] ( 11) The
r emai nderwoasiodi7rsént oil conposed of approximately 70 RCT/UXe@b/06748 oup |11
base oil and approximately 30 wt. % of a Goup Il base oil. COVARATI VE
EXAMPLE A [00106] A conposition was prepared by bl ending together the

f ol | ow ng[owanPnent ¢l 1 Thebtmhinder AW &i0 cyinpeediof wpploateatélgrigukat i on:
[00107] (1) 1100 ppm in ternms of phosphorus content, of zinc

di al kyl di thopGRMPNALRSASN bNEEh 6 AMatelyB & Wir g o?h 8P NdALYoidl cohol s.

[00108] (2) 340 ppm in terns of boron content, of a conbination of a
borated dispersant (5.2 wt. %in the finished oil) and a 160 TBN bor at ed
sul fonate (3 mml/kg in the finished oil). [00109] (3) 90 ppm in terns of
nol ybdenum content, of a noly succi njimo | ex. [00110] (4) 2.6
w. %f a dispersant. [00111] wmqﬁ}lﬁﬁm&?%f one or nore

det ergents. &00112] (6) 0.6 wt. % f a al kyl at ed di phenyl am ne anti oxi dant.
[00113] (100106}t . of camppyitie e‘MaSpmﬁ@@Iedaﬁyi@ﬁn@a&tt.ogftémilw] felpywipg 5 wt .
%f a pour point depressant. [00115] (9) 6.2 w. %of a dispersant viscosity
i ndex i npravponenfsG0obhGjn { $AE 1BOV-@pmiscosityt grdsfoofaubikibncon content, of a foam
inhibitor. [00117] ( 11) The renai nder was diluent oil conposed of

appr oxi maje197)75 W (1)% pfooa #FmeUPinl | ferlas &f OiphoShdrap PédwdntBt &f yzidd W . %
of a Goup Il base oil.COVWARATI VE EXAMPLE B

dialkyldithiophosphate derived from a mixture of secondary alcohols.

[00108] (2) 340 ppm, in terms of boron content, of a combination of a borated
dispersant (5.2 wt. % in the finished oil) and a 160 TBN borated sulfonate (3 mmol/kg
in the finished oil).

[00109] (3) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

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

[00111] (5) 12 mmol/kg total of one or more detergents.

[00112] (6) 0.6 wt. % of a alkylated diphenylamine antioxidant.

[00113] (7) 1 wt. % of a hindered phenol antioxidant.

[00114] (8) 0.5 wt. % of a pour point depressant.

[00115] (9) 6.2 wt. % of a dispersant viscosity index improver.

[00116] (10) 10 ppm, in terms of silicon content, of a foam inhibitor.

[00117] (11) The remainder was diluent oil composed of approximately 75 wt.

% of a Group III base oil and approximately 25 wt. % of a Group II base oil.
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[00118] A lubricating oil conposition was prepared using the sanme general
procedure and conponents outlined in Conparative Exanple A except that no
zi nc di alwgl20dvarhisephosphat e was added to this conpositiPOmUSp@IDERPRI TESTI NG
[ 00120] Sequence 111G Test [00121] The lubricating oil conpositions of
Exanmpl e 1 and Conparative Exanples A and B were evaluated for their wear,
oxi dation and deposit contr GOMPARAMVEEXAMPIE Bequence |11 G Test. The

Sequence |11G Test is a test which neasures oil thickening and piston
deposits ypdes) hi ghat RiFBRARIULE GRIHALLRNPasPHdpREOUisHRSthk NalcMBdncRN about
valve train wear. The Sequence IlIl1Gtest is conducted with 1996/1997 231
Cl.D (3 i . P -{nke I Usi ng
unl eaded BASSIraant cfrahere BRAL MEREBackcbe Epl ARAGE (A Fng
procedure fql d b 150-m nute slow ranp up to speed and | oad

ona o 1 ondiaflyd ERERTspRHE Pas SdedsS 4 R SREY T o and 1500C of
tenperature for 100 hours, interrupted at 20-hour intervals for oil |evel

checks. At the end of the test, all six pistons are inspected for deposits
and varni sh, the cam|obes and lifters are neasured for wear, the kinematic
vi scosi ty[00dPease TEATINGns of percent increase) at 400C is conpared to
the new oil baseline every 20 hours and wear netals (copper, |lead and iron)
are eval upgoado] The g {aillG qeigtt eria for the Sequence 111G Test are
presented in Table 1 based on the ILSAC G--4 engine oil specification. TABLE

1 Paranet ﬁfﬂlEﬁFs Li it lybﬁ@a‘?iﬁ-gt éfilid&?x{&éﬁﬁn&%‘“ /?Exarnple 1 and Comparative
Examples A and B were evaluated for their wear, oxidation and deposit control
properties in the Sequence IIIG Test. The Sequence IIIG Test is a test which
measures oil thickening and piston deposits under high temperature conditions and
provides information about valve train wear. The Sequence IIIG test is conducted
with 1996/1997 231 C.I.D. (3800CC) Series II General Motors V-6 fuel-injected
engine. Using unleaded gasoline, the engine runs a 10-minute initial oil leveling
procedure followed by a 150-minute slow ramp up to speed and load conditions. It
then operates at 125 bhp, 3600 rpm, and 150°C oil temperature for 100 hours,
interrupted at 20-hour intervals for oil level checks. At the end of the test, all six
pistons are inspected for deposits and varnish, the cam lobes and lifters are measured
for wear, the kinematic viscosity increase (in terms of percent increase) at 40°C is
compared to the new oil baseline every 20 hours and wear metals (copper, lead and

iron) are evaluated. The pass/fail criteria for the Sequence IIIG Test are presented in

Table 1 based on the ILSAC GF-4 engine oil specification.
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Wi ght ed piston deposits 3.5 mnimum Average camplus-lifter wear 60 mm
maxi mum St uck rings None Hot oil consunption interpretability 4.65 L
maxi nrum [WORAaRjo7ASsummary of the performance data of thecruseecomatisy oi l
conpositions of Exanple 1 and Conparative Exanples A and B is provided
below in Tabl e 2. TABLE 2 Conparative Conparative Exanple 1 Exanple A
Exanple B B (ppm) 750 340 340 Mo (ppnTABI00190 90 P (ppnm <5 1100 <5 S
(ppm 2400 2500 270 Sulfated Ash (wt. % 0.36 0.64 0.26 Sequence II11G
Results 1 % Vi scosiTy Tncrea T. : ifter wear (mm
35.4 21.6 796 Wi ght=e ' PR Y. . . . mil consunpti on
(L) 2.73 2.71 3.55 SEHPEHEECIIPG Pass/ Fail Pass Pa¥s° Fail Conparative
Exanpl e B t er ni nat edVeighted pkéiy depgbits was unabl 8- 3 BINE®HP| ete the ful | 100
hours for the test Averagecam-plus-lifter wear 60 wm maximum

Stuck rings None

Hot oil consumption interpretability 4.65 L maximum

[00122] A summary of the performance data of the lubricating oil compositions

of Example 1 and Comparative Examples A and B is provided below in Table 2.

TABLE 2

Comparative Comparative
Example 1 Example A Example B

B (ppm) 750 340 340
Mo (ppm) 1200 90 90
P (ppm) <5 1100 <5
S (ppm) 2400 2500 270
Sulfated Ash (wt. %) 0.36 0.64 0.26
Sequence ITIG Results'

% Viscosity increase 50 91.5 972.3
Average cam+lifter wear (um) 354 21.6 796
Weighted piston deposits 7.85 6.23 5.8
Hot oil consumption (L) 2.73 2.71 3.55
Sequence 111G Pass/Fail Pass Pass Fail

'Comparative Example B terminated at 75 hours and was unable to complete the full 100
hours for the test

[00123] As the above data show, the lubricating oil composition of Example 1
having a low phosphorus formulation and ash content of less than 0.4 wt. % provided
a strong pass in the Sequence IIIG Test by containing high levels of both boron and
molybdenum, and where the sulfur to molybdenum ratio was about 2:1. Comparative
Example A, which contains 1100 ppm of phosphorus, is a reference oil known to pass

the Sequence IIIG Test. Comparative Example B, a formulation identical to that of

38



[00123] As the above data show, the lubricating oil conposition of Exanple
1 having a | ow phosphorus formul ation and ash content of |less than 0.4 w.
% pr ovi dewoa208Xa7015§ pass in the Sequence |11 G Test by cenraiSaem@etargh

| evel s of both boron and nol ybdenum and where the sul fur to nol ybdenum
rati o was about 2:1. Conparative Exanple A which contains 1100 ppm of
phosphor u€pmiparasive e angie e\ aixtept nbuwn césontidlss all g Begpierplorhis IHas Tesh .
Conparative Exanple B, a forrnulation identical to that of Conparative

Exanpl e Ar@x5RR! fallb@the &2gedHct MGYTRl.! of the phosphorus has been renoved,
failed the Sequence 111G Test. EXAVMPLE 2 [00124] A lubricating oil
conposition was prepared by bl ending together the follow ng conponents to
obtain a SAE 15W40 viscosity grade forrmulation: [00125] (1) 750 ppm in
terns of boron content, of a conbi ' EF%‘I a borated dispersant (5.2 wt. %
in the finished oil), borated sul mmol / kg in the finished oil)
havi ng a TBN of 160 and a di spersed hydrated sodi um borate (0.5 wt. %in
the fini sHEH24k ). pPolrboedting29il somposiien wah Prederes bf blepfipsdestihscbat ent , of
a nol ybdenum succi ni m de conpl ex. [00127] (3) 2.6 w. %of a dispersant.
[00128] (#llod@ngroahpdagntsado abtaofa BAE 10W-Ab vescdetyegrgémfosmulaG0i29] (5) 1 wt.
%f a di phenylam ne antioxidant. [00130] (6) 1 w. %of a hindered phenol
ant i oxi da[ge125P013111)(78D @nh itMternm¥@if bard0¢ontd| dTta chRFViRaRANS.a §RE32] (8)
0.7 wt. %f a nethylene bis(di-n-butyl dithiocarbamate).

dispersant (5.2 wt. % in the finished oil), borated sulfonate (3 mmol/kg in the finished
oil) having a TBN of 160 and a dispersed hydrated sodium borate (0.5 wt. % in the
finished oil).

[00126] (2) 1200 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00127] (3) 2.6 wt. % of a dispersant.

[00128] (4) 12 mmol/kg total of one or more detergents.

[00129] (5) 1 wt. % of a diphenylamine antioxidant.

[00130] (6) 1 wt. % of a hindered phenol antioxidant.

[00131] (7) 0.5 wt. % of a pour point depressant.

[00132] (8) 0.7 wt. % of a methylene bis(di-n-butyl dithiocarbamate).

[00133] (9) 3.7 wt. % of a dispersant viscosity index improver.

[00134] (10) 10 ppm, in terms of silicon content, of a foam inhibitor.

[00135] (11) The remainder was diluent oil composed of approximately 63 wt.

% of a Group III base oil and approximately 37 wt. % of a Group II base oil.
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[00133] (9) 3.7 wt. %f a dispersant viscosity index inprover. [00134] (10)
10 ppm in ternms of silicon content, of a foaminhibitor. [00135] ( 11) The
r emai nderwoasiodi7rsént oi |l conposed of approximately 63 RCT/UXR@b/06748 oup |11
base oil and approxinmately 37 wt. % of a Goup Il base oil.COVPARATI VE
EXAMPLE C [00136] A lubricating oil conposition was prepared by bl endi ng
toget her the foll ow ng conpooamit ARATTUBIENAMRPLEAE 15W 40 vi scosity grade
formul ation: [00137] (1) 400 ppm in ternms of boron content, of a

conbi nat i gjy19%] a bOAaIu%ﬁchn%p&[ $aRbodiBor? wik gre{ma by 8ichiimbsbedn@i hy and

bor at ed sulfonate (3 mol / in the finishe Having a total base

nunmber (T num cont ent, of
a nol ybdewowﬁé%O&g%%%gttaﬁ Sg?&%%? V%:Sg)ﬁé;%a({?éfop@l%ggﬁdl spersant.
[00140] (4 mol / kg, total .of one nore d t gent s 00 5) 0.6 wt.
%f an di b@éﬂﬂi} ani anSa‘W 1 RS S GRS Copi: OGN e phenol
antioxidant. [00143] 0) 0.3 wt. %f a pour point depressant [00144] (8)
6.2 wt. cyérsp%rswts(ée?r% lmtheé“elil&hydmﬂesadlh?p%t@i/émlfor{aeo@eljmq@)% ingthppm i n
terms of silicon content, of a foaminhibitor. [00146] (10) The remai nder
was di | uefinisbed oid:)dmph@edomﬂ bappumben@ BN yof7/0wt . % of a CHEVRON 220N G oup
Il base oil and approximately 28 w. % of a CHEVRON 600N Group Il base oil.
[00147] THOIBG (2) 90 ppm, in terms of molybdenum content, of a molybdenum

succinimide complex.

[00139] (3) 2.6 wt. % of a dispersant.

[00140] (4) 12 mmol/kg total of one or more detergents.

[00141] (5) 0.6 wt. % of an diphenylamine antioxidant.

[00142] (6) 1 wt. % of a hindered phenol antioxidant.

[00143] (7) 0.3 wt. % of a pour point depressant.

[00144] (8) 6.2 wt. % of a dispersant viscosity index improver.

[00145] (9) 10 ppm, in terms of silicon content, of a foam inhibitor.

[00146] (10) The remainder was diluent oil composed of approximately 72 wt.

% of a CHEVRON 220N Group II base oil and approximately 28 wt. % of a

CHEVRON 600N Group II base oil.

[00147] TESTING
[00148] A. Sequence IIIG Test
[00149] The lubricating oil compositions of Example 2 and Comparative

Example C were evaluated for their wear, oxidation and deposit control properties in
the Sequence 111G Test as described above. The pass/fail criteria for the Sequence

IIIG Test are presented in Table 1 above. A summary of the performance data of the
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[00148] A. Sequence I11G Test [00149] The lubricating oil conpositions of
Exanpl e 2 and Conparative Exanple C were evaluated for their wear,

oxi dat i orwarrdiodepmssi t control properties in the Sequenc@Crius®o9®s142as
descri bed above. The pass/fail criteria for the Sequence 111G Test are
presented in Table 1 above. A summary of the perfornmance data of

t hel ubri caibriogrirg bil compesiidnsostSEaimfix angadeCa@nparativoRpangsit iV & fosidplie C i s
provi ded below in Table 3. TABLE 3 Conparative Exanple 2 Exanple C B (ppm
750 400 MpelbRAMT2BRE 90 P (ppm 5 5 S (ppm 2500 470 Sul fated Ash (wm. %
0.26 0.39 Sequence I11G Results 1 % Viscosity increase 25 972.3 Average
camHlifter wear (mm 34.4 796 Wei ghted piston deposits 8.33 5.8 Hot oil
consunption (L) 2.13 3.55 Sequence |11G Pass/Fail Pass Fail [00150] As the
above data show, the lubricating oi%ﬁgﬂgosi tion of Exanmple 2 having a | ow
phosphorus fornul ation and an ash c of less than 0.4 wt. %

Comparative
Example 2 Example C
B (ppm) 750 400
Mo (ppm) 1200 90
P (ppm) 5 5
S (ppm) 2500 470
Sulfated Ash (wt. %) 0.26 0.39
Sequence I11G Results'
% Viscosity increase 25 972.3
Average cam-lifter wear (um) 34.4 796
Weighted piston deposits 8.33 5.8
Hot oil consumption (L) 2.13 3.55
Sequence 111G Pass/Fail Pass Fail
[00150] As the above data show, the lubricating oil composition of Example 2

having a low phosphorus formulation and an ash content of less than 0.4 wt. %
provided a strong pass in the Sequence IIIG Test by containing high levels of both
boron and molybdenum as compared to the lubricating oil composition of
Comparative Example C.

[00151] B. API CJ-4 Cummins ISM Test

[00152] The lubricating oil compositions of Example 2 and Comparative
Example C were evaluated for their wear performance. A version of the CJ-4
Cummins engine test is used to determine heavy duty diesel valve train wear
performance. The CJ-4 Cummins Test is a Cummins ISM engine equipped with
EGR. The engine test duration is 200 hours. The pass/fail criteria for the API CJ-4

Cummins Test are presented in Table 4.
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provi ded a strong pass in the Sequence |I11G Test by containing high |evels
of both boron and nol ybdenum as conpared to the lubricating oil conposition
of ConparwOizom/Exsapl e C. [00151] B. APl CJ-4 Cummi ns | 8MT/ES2409/060252] The
| ubricating oil conpositions of Exanple 2 and Conparative Exanple C were
eval uated for their wear performance. A version of the CJ-4 Cunm ns engi ne
test is used to determ ne heavy duty diesel valve train wear performance.
The CJ-4 Cummins Test is a Curmins | SM engi ne equi pped with EGR The engine
test duration is 200 hours. The pasgifipily criteria for the APl CJ-4 Cumm ns
Test are presented in TabI e 4. TABLE 4 Par arreter Pass Limt X-head,
Normal i zed Avg. 7.1 s or Adj, screw,
Normal i zed Avg. 49 Odl E-'fer 19 Sludge Avg.
Rating * 8.7 Cunmins Nehdad, N@m@lmdAwg i s based on7d scale of 1to 10 with
10 bei ng the best rat TogRifdWEEB} Loasssomgrary of thel@kerformance data of the
| ubricating oil conpohij¢dt@nsdjpcréxaNpinelizednsgConpalati ve Exanple Cis
provi ded bel ow i n TabbOg MiterTAeHaBPrassGRIRAS @ HOMB 19

Sludge, Avg. Rating” 8.7

Cummins Merit 1000

’ Rating is based on a scale of 1 to 10 with 10 being the best rating.
[00153] A summary of the performance data of the lubricating oil compositions

of Example 2 and Comparative Example C is provided below in Table 5.

TABLE 5
Comparative
Example 2 Example C

X-head, Normalized Avg. 4.9 7.9
TRWL, mg 11.5 38.6
Injector Adj, screw, Normalized Avg. 20.8 1654
OFDP@150 Hours 9 3
Sludge, Avg. Rating’ 9.3 9.1
Cummins Merit 1647 -1552

) Rating is based on a scale of 1 to 10 with 10 being the best rating.
[00154] As the above data show, the lubricating oil composition of Example 2
having a low phosphorus formulation and an ash content of less than 0.4 wt. %
provided a significantly higher Cummins Merit as compared to the lubricating oil
composition of Comparative Example C. In addition, the lubricating oil composition
of Example 2 significantly reduced the injector screw wear as compared to the
lubricating oil composition of Comparative Example 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 sufficient to provide improved wear benefits.
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Exanpl e 2 Exanple C X-head, Normalized Avg. 4.9 7.9 TRA,, ng 11.5 38.6

I njector Adj, screw, Nornmalized Avg. 20.8 165.4 OFDP@50 Hours 9 3 Sl udge,
Avg. Ratiw@Q20102073759. 1 Cummins Merit 1647 -1552 Rating i eChasea9on’429 scal e
of 1to 10 with 10 being the best rating. [00154] As the above data show,
the lubricating oil conposition of Exanple 2 having a | ow phosphorus
fornul ati ppo18fd an @stScqoericemVAdfest ess than 0.4 w. % provided a
significantly higher Cunmins Merit as conpared to the |ubricating oi

conposi ti pn186] CoMpFhatiptRatRAIPEmpositiéh 8CHkdhAB 2 WieeJatfddcRt vage ol |
conposition of Exanple 2 significantly reduced the injector screw wear as

conpared tQ. t l.ubricati 0l l L AA f rat.i.v C. Thus,
T s bl U FaF el AR SRRERETY A AR RS BT
invention is.capable of providin swface filmon the.injector screw

Suf 11 ci enPORUOTHHUAERe Ao 86 A Wa ARG Y €] 00 D38p Maxinaiy IS F0A Test

[ 00156] The |ubricating oil conposition of Exanple 2 was eval uated for

val ve trarssulpdeirthe bgiceinesil epanposiioneof Esagplenway &207.ASTM D 6891, Aver age
cam wear (7 position average, mm). The passing limt for this test is 90 mMm
maxi mum [0d5Rear r #swilk bé anddrkteod ot iveebisnodificatamspogy b onadef toBkanpl e 2
was 65.67. [00157] It will be understood that various nodifications may be

made to tb@bedibRdisTeREISsdi H6leas edThesfid theT AB6 RS degriphien aovid deseei ption
shoul d not be
construed as limiting, but merely as exemplifications of preferred embodiments. For
example, the functions described above and implemented as the best mode for
operating the present invention are for illustration purposes only. Other arrangements
and methods may be implemented by those skilled in the art without departing from

the scope and spirit of this invention. Moreover, those skilled in the art will envision

other modifications within the scope and spirit of the claims appended hereto.
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construed as limting, but nmerely as exenplifications of preferred

enbodi nents. For exanple, the functions descri bed above and i npl enented as
t he best wodelwr7seéperati ng the present invention are f®CTiUSkewsaRe oNn

pur poses only. O her arrangenents and net hods may be inpl enented by those
skilled in the art without departing fromthe scope and spirit of this

i nventi onWHATASVEIAIMBIOIS: skilled in the art will envision other

nodi fications within the scope and spirit of the clains appended

her et o. WHAT | S; CIAAWER)tIng: oilleorthds b i Hadtnis R%ufut cGREMQS Lp k@ RbdI@Yigngt @ sul fur
content of up to about 0.4 wt. % and a sulfated ash content of up to about

0.5 wt. W@ﬂérbc???ﬁlﬁfa%d‘é‘sﬂ. %Xteﬁ?if%@?%a;’bog{‘ﬁ.ls%@% Lssaéa&n@sd()@ugggﬂgp%wunt of

an oil of ‘{ubricdating Viscosi east one ol di sper sed

oi | -stabl e boron-cont ai ni ng conpou hayi reater. than 400 ppm of boron,
based. upofit HETP HacBay SrBncirasl ot DRty Viep Rt PLapRlkee

oi |l -sol ubl e or dispersed oil-stable nol ybdenum cont ai ni ng conpound havi ng
at | east abvolublelgodispersest oitwtapl beigrycoptisng wpomornk hpwngaleremdsther t he
conposition; wherein the lubricating oil conposition has a ratio of sulfur
to nol ybdéduppofoflbess, bhsed upon ¢lgumtal inmsalbbtite condposiion Tarel (chbt cgsitonng oi |
conposition of Claiml1, wherein the oil of lubricating viscosity is

conpr i sedofsombld dediglerddssl-Qible nblyddR@uintddhtidhs BEmPblncCRVRQShtlegd Of
Claims 1 or 2, having at |east about 700 ppm of boron. 4. The | ubricating
oi I compogi it N 08 pfrh Aol bdenu aSed ubbif 1R kotSOhUQ 6r te doRpsicad =

oi | -stabl e boron-contai ning conpound Is selected fromthe group consisting
(r)rfe t g?r g? egzh%]%e)is(rfe)%resl%&icmﬁg bo(%lr 9§n?lgjos{t1ro|11 ta's Aralfl dolffsluﬁ{lf toamgiy%agl{u‘?ﬁ'\%f (f‘elsiéal :

than or equal to about 4:1.

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 at least about 700

ppm of boron.

4. The lubricating oil composition of Claims 1-3, wherein the oil-soluble or
dispersed oil-stable boron-containing compound is selected from the group consisting
of 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 amide, a borated sulfonate, and mixtures thereof.
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al kali metal or an alkaline earth netal borate, a borated epoxide, a borate
ester, a borated am de, a borated sulfonate, and m xtures thereof.5. The

| ubri cat iwgQ 20i0/07¢maposi ti on of Clains 1-4, having a ratiPOTafS26091067429 t O

nol ybdenum of | ess than about 3:1. 6. The lubricating oil conposition of
Clains 1-4, having a ratio of sulfur to nolybdenum of about 0.5:1 to about
4:1. 7. The | ubriThatlubgcading otlosopgmisitioarofdflaiisal -Aphdvidg ahratw ofyswdfuradi o of

sul fur to nol ybdenum of about 1:1 to about 2.5:1. 8. The lubricating oi

conposi ti gHdeiioMcs thavbod 3af. | east about 700 ppm of boron and a ratio
of sulfur to nol ybdenum of about 1:1 to about 2.5 :1. 9. The lubricating

oil conposition of Clains 1-8, wherein the oil-soluble or dispersed
oi | - st abl e nol ybdenum conpound is selected fromthe group consisting of a

sul furized or non-sul furi.zed.nol ybdenum pql yi soQut enyl succi pi n.de conpl ex,
ol ybdenum di t B QUBr BRHEBE i QLSRR A AVl ol S ARG BhBOLRS ac, i o
nol ybdenum conpound or a salt thereof and m xtures thereof. 10. The

| ubri cat i AglBdidenesepakant Oonl tfaborbdds 1-9, wherein the oil-sol uble or

di spersed oil -stabl e boron-containing conpound is a dispersed hydrated

al kali-metal borate, the oil-soluble or dispersed oil-stable nol ybdenum
conpound is a sulfurized or non-sul furized nol ybdenum pol yi sobut enyl

succi ni m de COHDHEhé,lu&m@tihg%_ilséﬂnipﬂsitioﬁ oferihivied] 41 Hzi’ﬂiﬂ?a&étﬁ't} 86 sulfur to _
di t hi ocarbamate. 11. The lubricating oil conmposition of Cains 1-10, having

a sul f at ed,;a3fy LMo U AbQuePeyt 0.4 wt. % as determ ned by ASTM D874.
12. The |U8FIC§@?§Q g%? cbnpé%?%idh of Clains 1-1 1, which is substantially

free of zinc dial kyl dithiophosphate.

8. The lubricating oil composition of Claim 1, having at least about 700 ppm

of boron and a ratio of sulfur to molybdenum of about 1:1 to about 2.5:1.

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

molybdenum compound or a salt thercof and mixtures thereof.

10. The lubricating oil composition of Claims 1-9, wherein the oil-soluble or
dispersed oil-stable boron-containing compound is a dispersed hydrated alkali-metal
borate, the oil-soluble or dispersed oil-stable molybdenum compound is a sulfurized
or non-sulfurized molybdenum polyisobutenyl succinimide complex, and the sulfur is

derived from an ashless dithiocarbamate.
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13. The lubricating oil conposition of Clainms 1-12, further conprising at

| east one additive selected fromthe group consisting of netallic

det er gentwQ 20ell7e¢8 di spersants, friction nodifiers, exPCEMS2OOETRY e
agents, viscosity index inprovers and pour point depressants. 14. A nethod
of operating an internal conbustion engine conprising the step of operating
the internal conbuRiec labriengigngl woipoditien billinaiaat i-n@, Kdving argoifatictiagh of
Clains 1-13. 15. The nmethod of O aim 14, wherein the internal conbustion

engi ne i schiélit@3eh t¢MWRB.4 wt. % as determined by ASTM D874,

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

of zinc dialkyl dithiophosphate.

13. The lubricating oil composition of Claims 1-12, 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.
14. A method of operating an internal combustion engine comprising the step
of operating the internal combustion engine with the lubricating oil composition of

Claims 1-13.

15. The method of Claim 14, wherein the internal combustion engine is a

diesel engine.
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