; =>?@3eRyOrrsv4Pv>x6xTy . O L COVPCSI TI ONS HAVI NG | MPROVED FUEL ECONOMY
‘EI\/PLOYI NG SYNERG STI C ORGANOMOLYBDENUM COVPONENTS AND METHODS FOR THEI R USE
* FIELD OF THE | NVENTI ON [0001] The present invention relates to inproved |ow
friction oil conpositions using lubrication additives an ‘mﬁm\f or
inmproving friction reduction in enploying lubricating oil “m‘w
therefrom More specifically, the invention relates to a f| -1 Glison nodi fier
addi tive containing a conbination of organonol ybdenum conpounds whi ch
denonst r at eQ#L, HORPOSTTIONPAAVING IMPROVEDTUEL BTCONONIYEEMPLOVIRGCat i ng
oi I s. BACKGROUND OF THE | NVENTI ON [ 0002] Mbdtor vehicle manufacturers have
sought to i MMIRGISEIC QRGANOMGHYBR HeONBEOYENAN AND YERHOR
desi gni ng engi nes whi ch take advar}]; }ﬁ: Eoerformance oi I s whi ch have
better fuel efficiency, oxidative abl {y, volatility, and inproved
viscosity index to nane a few char act eristics over conventi onal
formul ati ons. Engine oils have played an inportant role in inproving fuel
econony and resulting i nprof@@”glﬁ EHEN!E{%H@E‘EH stics of motor vehicles,
due to thei w I Y, engi ne
har dwar e c gondélz O‘?%[I?rgﬁﬁlég&?étfdg&e%ﬁé%ﬁﬁéﬂﬁgé@\@g FCH?IQBQP gﬂggﬂglfsﬁ]gr e has
been a dri \hﬁ)rtcatmsaidummrandk@membﬂs/foemgpmemcglﬂqsuorvmmd’uomﬁhemplcgmg res new

additive package fo mJIatl Hi gh on the_list of uirements for. these
new f or nul i@wg%?l TSPQTe‘gngE‘ﬁ QY‘PWC%{%&] MaB?é“\é??E‘PBﬁ?lﬁ‘ﬁs {93 EI‘F‘BH

modi fiers infhdiflG aidiakb E@ﬁthlrﬁﬂlg?d SonRRRRAIJF b%nor‘rﬁlyﬁh&rﬁm?@&ﬁpodnﬁ@vﬁﬂﬁlﬂ tive
system design i1s the crucial ctor playing closé attention to the

addi t i e/ addemonsiraggalsyadclistiommhibasgion lasik dridtivnenatifierandubricatagdilEngi ne oi |
acts as a lubricant between noving engine parts at various conditions of
| oad, speed and tenperature. Hence, the various engine conponents

experience different conbiORGROGNDIORPIHEINYENRNRY, M xed and (el asto)
hydrodynani ¢ regimes of lubrication; with the largest frictional |osses at

pi ston |ind9¥003] st ohvﬁotqrrvghucmremﬂlé@elramdha‘ae mhﬂtenmpwfw ecoronetrough and
val ve train. .To,reduc h | osses . due ,t of .the vari ous
barts and CoRR bERL ST Al TuRREL it Fbs b e EsBRabotrRe ot ne
engi ne oi | psieimamse bild GhicBmat®bbtlcl fct effRihty, WalatidgSiabisity, 38tatitiy), dadt s,

di spersants detergents, etc. Also to reduce the hydrodynam c friction
in the pi sﬂ’@ﬁ?%’?‘ll ViSERSILY ARAEXID 82198 PGV Gharagigfisiies evqrs:ona@tlseerfom%m% whi ch

h
poundary | Sy ereag e GG ol ik WA eI bl ARLeebIf PO

several yeamproved eidisplohchtiaotristivs lof ot debiclep, dyeas tiwid 6w cast femahit én fuel
transm ssion_fluids, slideway |ubricants and multi purpose tractor fl uids.

Wth the dESIGECH & CGARATISER @et hengine daghigrg chapges; g r@ﬁuce frgtion prdh anpiaFe been
added to alﬁ%é?%ﬁﬂdxéﬂ% % RKGEBEen Mde%ﬂ%élo% vﬁ@ééﬁ% @E% 1EONBL bfled he art.
Vel |l known frictlion’ no f| ers can assi er ent groups
regardi ng tdwiines ﬁmad:ldmme pmagmfmnnallatlyna/\dhgh ng tHerllsrtbf mqunmdcrits forshezee

|1 | ub t bd d | fid
raphite PRy pieine o sEEiaRuR R IR fopifi s FRPROH AT ers
i ncl ude, f%r@éﬁ{'@&ﬁeo SHen. f[ﬁtt}hyc%ﬁ'tﬂ§ add@titk syRlcBl Geshifi i tRNGuShIEREbE aci d;

hi gher al cohol s, e.g. eyl alcohol; esters; anmines; sulfide oils. Friction
pol ymer f opHYE ¢1¢Sﬁlaﬁf>liltm11 tedle #ddetr\@/adriéwgenéﬁ@dlll\)e/b%héw}d mteectgngar boxycl i c

cnsat br ot D487y e Kb BHERu PR e oSl R AP HLAMER: oo

or ganonet abbﬁditl@lﬁrﬁf%ﬁﬂd§pdeﬂﬂﬁ@ﬁeﬁfﬁeﬁﬁmﬁy Heagy) eie vaeibhiabntiNgeaighaehie conpounds
and nol ybdenum corr(?ounds such as mol ybdenum di t hi ophosphat es, nol ybdenum

di t hi ocar b&RRarissce §iflorst copbinptions ofbenIdpBr3ygeniediang (Jpdeldvdredympdisndar y
| ayer cond r r ssure
adei 11 ves. v B e o e B R Ve s of
physi cal | y irdas@rehed apolader @il bystht bbdrmgpnd dalve sraor. Teeadticcothe kagrey $osvdsi ch

exhibit a ng}%}] cant{ | ower fri c"gﬁ]on conpared to t%/(giﬁcal ant i wear %r
extrenme pré§ CH@%H © VRSQRS\REF'S apd, IPRreYroT ENsdRR ¥PY- AAHY S i ABn SN @i 4t i xed
lubricati Oﬂltéﬁgﬂéﬁﬁlﬁehﬂsﬁcﬁ hé flctieR niFRttidd, @he- vl La @A te dntMxidind) dRPérsanigar or

extrenme pressure agent. The npst common type is a zinc dithi ophosphat e

{ZnDTP) or zinc dithiocarbamate (ZnDTIC) [ 0006] However, when friction

nmodi fiers are added with other polar additives which also h ty
to netal surfaces such as anti-wear, extrene pressure, ant| Em‘m% m‘{m‘m%
wel | as detergents and di spersants, the friction nodifi

the active surface site or interact with each other. For exarrpl é&° Oéﬁ‘ltl - wear

agents such as ZnDTP and zZnDTC protect closely approaching netal surfaces
from asperl t| es from darr!agl ng the opp05| te surface These filnms are

. = v o



of f so,that under shearing conditions, their coefficient of friction is
.general ly high. Conversely, a friction nodifier generally operates by

* buil ding an orderly and cl osely packed arrays of nulti-nolecule |ayers
which are attracted to the netal surface via their polar heads and aligned
to each other via Van der Waal forces. Therefore, when surface active
agents such as anti-wear agents ZnDTP, a friction nodifier or a detergent
are added to a lubricating oii, the adsorption of the anti-wear agent is
reduced by (ﬁéﬂ@'r GREREL 1 Als¥ &0 ﬁ‘aﬁ&r tRE h?d}o@irnahh@fr%nfaﬁ'in %%’iﬁt&ﬂcﬁﬁﬂ@f gengly, the
sel ection of corrponents and interactions between themis of” nmajor concern
and syner gigsdosity nf enrgaeg dibriws heen Invered wjadt e imregsod Qlebieaertcbn@m@fi feicpert e.

Thus synergi e vere C aII when found at concentrations of
additives %Bf)ééiﬁfﬂet&?g%etg ﬁ%%gﬂlfn%?@'elaﬁ{é? 'Plirpose in the art, further the
advances an@o0gW I euidiiseimatrs e bednmtbald 8 sdveml Qbdrs ﬁ@ﬁp@lsdahbﬁm [ 0007]

Mol ybdenum conpounds are known in the art to be useful as antioxidants,
friction noldmitedslp gaators aptogatieltramgmipsigieBridastideya lubmcaptseidur e resi st ance

e Loa: iRl RhLBt gl iy Hhe SRIRY ShorkRBO Rl ooy Shricdd S0

| ubri cat i ngmeiifietstaive Be fidePar ftordtiveikohsrJuistidants ahd péverdbs knowh idci di ¢
nmol ybdenum corrpound and certain basic nitrogen_conmpounds to forma

mol ybdenunciei iy Abketpbistion siedifespgabeglassifipdnto fifferent gumpy regarding | oses
ant i oxi dant S I 6 ining an
aci di ¢ nol tggle%ﬁn%lt légrr%éegpﬂh&gﬁ ol 1&189?9%{ I{]%ggflg ni Elglggg%g%&r)r%ggﬁ , and

car bon di sdlubndﬂmtgcmoﬁmnnma s.gl tholybdaneh drmllﬂbd%mpﬁnte,dﬁtfﬁi polygmédeyposi ti on.
[0010] U.S. N? s 4,263,152 ang 4,272, §$7 di scI s ant i oxi dant

hddi t1 ves 1somiig Tt forgging frictommodificsipelids. er wne nBiER g R ACid i ¢

mol ybdenum Qepnelingg g?eahgagg RhérA88RoR AR A 1ROAR &ers; aaﬂﬂn@s], sullifipjgour ce
to forma sulfur- an endntont al ni N mposi tion.

No. 4, 283, thmqmﬂm@sfommhgcﬁxatnbammochﬂds tme\@serbﬂy etlhumlatedthcag)oowd:hctdwd are

prepared by co | nin r not er jumtetr onol.ybda and a
basi ¢ nit rdlj’étﬁ aﬁﬁ(ﬁaﬁﬁ ‘%EC ESLeTSrIf ga% afeﬁ’runs%mﬁ‘? PR ad %ﬁpag?ﬁ ai ni ng
conposi ti omeniaﬁﬁag?haéé iSrefEi@dd toMQorg%ngﬁaaﬁ%%ompaﬁﬁ&%&%e@medw &ppér addi tives
for lubricating oil that are prepared 3/ nmbi ni'ng a polar sol vent, an
aci di ¢ nol ytsaémuing ogapetipoands and m@ybdepinn cgmpgbmd@ shefsisomelybdawen corrpound
to forma m; cont and {2) contacting said conpl ex
with car bor@hﬁ%}ﬂ] est%“’f@ﬁ uin@@ﬁ’w MR ol ybdenuntont ai ni ng

conposi t i on00p$013[Frikkiéh mBaifierN@nerdilP bperdidtt Hoshgseger Bohditipnly p0se

| ubricant additives that are prepared by reactign of carbon disulfide with

t hi onol ybdeRWPEREEES WRGTo @BtigfeanyldaRBSPreste RAdiHY eese RAMChEFABE RY ni t r ogen
functions. nts
possessi ng ‘Srmirfy AR bRkl dfloF WS TE pRHaL K8 rbalE: R Bhufl RALES

ant i oxi dantorprapientayess which ekhibit a spntficafitldolbdler Wiction Patparid to tﬁ}/pBﬁDariltﬂ:9

di scl oses anti oxi dant additives f lubricating oil that. are ared by
conbi ni ng (H§2TLT SHIFHT P’@W%ﬁ%ﬁ“ﬁg%W%@ﬂ&h"ﬁﬁﬁ%ﬁ&%ﬁ’é‘ﬁ&@é g“l’f-f'é‘acu ng
an acidic r‘i'abbfé’ﬂr%ﬂ%@xﬁl%%’é%@@n%noﬂ nl?&ﬁﬁ&s Qietardﬁ&?@xtﬁ%f&ﬁwmar @H’léin%m%u' fur
conpound, with (b) an organic sulfur conpound. [0015] U. S. Pat. .

4, 395, 343 oprssshms@ntarilfheomsﬂamnmaddmells'esmbdnthiombwapbat:l(ﬁgPBP) 01t2hm are

prepared by ﬁﬁﬂbl ni nag %{R??qul fur containing nol ybdenum conpound prepared
by reacti n enum conpound, a basic nitrogen conpound, and

carbon di sulobogle, WMowWevemivhen fdtdaMddi St hreradeQIWAN Bther pAKLIditHcSwhiE . No.
4,402, 840 di scloses antioxidant additives for lubricating oil that are
prepared byd wmﬂder&nrﬁ@ﬁr(lbotoan@@llsmfaceéemhaasranhgvmleybemﬂmﬁswmund pr epar ed

by reactin t.h c . ni

compound. | TR EE e sl BB STE e 5 hoftrgP B b g e
4,474,673 dictiot omEReadnt bf intdrmmuh cacldbthewy efor boamplemtionadar agerds suchhat are
prepared by reacth?g a sul furized organi c conpound haying an, active

hydr ogen orHétRard anPyCauetectelosslyrapgmiching meip! syfapstiBpGAsPEIiticddion ool 8]

U 'S Pat. '\'fbma%u 7t%e§§%sﬂls§&ﬂfé%%e% Bse HRNG nfePdehIP1REi¢ WhRIRPS bitehi Qi %%ﬂ&ar' S
said to have particularly |nprove friction reducing properties t

conprises an ester of a polycarboxyllg acid with a glycol or glycerol and a
sel ected netal dithiocarbanmate and th&t contains a relatively |ow | evel of
phosphor us.



[0019] U.S. Pat. No. 4,501,678 discloses a |ubricant containing nol ybdenum
di al kyl di t hi ocarbamates that is said to be useful for inproving the fatigue
"life of gears. [0020] It is well known in the art that fornulating engi ne
oils there is a conpetitive adsorption between friction nodifiers and ot her
surface active agents. U S. Pat. No.'s -4 5,672,572 and 5, 814, 587

di scl ose that anti-wear agents such as ZDDP conpete w th organonoi ybdenum
conpounds for the nmetal surface. SUMMARY OF THE | NVENTION [0021 ] This

i nvention i&ffeb thacheddr tleeating combi@actheid cssffiefeayofahidtisieswehérally highv. fri cti on
coefficient in lubricating canpositiogns containing a major anmgunt of an oil
of | ubri cateRyeiscte a@%tjpnamafﬂ&ﬁr geasifly aperaiss py @uﬂgpg A Prdesky a8 ckselybdenum
based upon : i g | ik Gl “Mi -1 B

cont ai ni ng %Jralﬁ%&nés}{rﬁjfg LCI)I‘I zeéi%aorll%%gerlﬁgﬁmc?lzagﬂatgé??rdo}dy%ggéléaér}n@n| tr o‘{:ljéeﬁlelr

di sper sant modagiceds anlchlignsdilof aach aiher ox WmldgbB&alforchst Aheeforbavienesusiag oyed
at a low concentration g0022 The u | furized or | furi zed oxynol ybdenum
cont ai ni ng KUNEETYT B a5 AN E ear 125a LB b iosdaedifle Sirh dRETBH Aol 3 bdenum
conpound anghaq Ras jubriBhtigREE hCRRRPHA SRE 8Ri-Saf £ shedjbgBeiRANt group
consi sting of succinimde, a carboxylic acid am de, a hydrocar byl

nmonoamni ne, @npietisphedsamtive of tha dthapgogphdraniidely, thealkeoiiahobagmonents

di spersant vi,scosity i,ndex inmprover, .or a mxtyre thereof in.the presence
of 8 pol ar Pghigtishtns Gy Eenln TGU nabl efbeRmint vsraRie Aieradises A denum
conpl ex cancpecte®3EpREivN tohnbeipite! ThuLHRER RIVHEnGEBOsBE cspRidIRayIRRY form a
sul furized oxynol ybdenum cont ai ni ng conposition, useful within’the context

of this inviened afrconpendfadipamiijaddiesingsapdaned or ysefuller thatpirpessrip|the art,

succi ni m de, _The. oxymol ybdenum ar .sul furd zed oxynol ybdenum cont ai ni ng
conpositi on%un}r%%rﬁhggg\bagﬁ%sra In;%wcr ATECtEr fl?reﬁfnggi%m% 3¥€3$/C%p§5138ﬂ%m conpl ex
of a basi c [00TI0geMdlyisdeanmaninpoeiRaidkindweinaha bt Yo bé hdefiel a8 uhfidkiddngs,

nmol ybdenum wei ght ratio of about (0.01 to 1.0) to 1 and nore preferably
from about figtigsmogdifprsgndite providepnii-Yiearepg Exirerae piSPSIBRIENISINGRPIGRErESIN o of
about (1 t%ﬁﬁéﬁﬁkgoﬁs.aﬁ&%@e‘?r eferably from (2 to 5) to 1. The precise
nol ecul ar fornmula“of these oxynol ybdenum conpositions are not known with
certainty. [do0&ver U.S.Hey No.& H239, ded, 269 1% a0 #1350 (84S diselosh agtivxiddny bdenum
whose val ences. are satisfied with atons of oxygen or sulfur, is either
conpl exed bAfdIEes fordt afing pil Hipd argPreRared by QAURRE ARIMAE PETMelRR 2p ASiic

ni trogen atﬂg@bg’{]nuhhé‘on%hﬁ, detcreHQiﬂ'BaﬁE’H}tl%Fgg% g%ﬁ&{?ﬁ@%%dﬁsf@lgf Badrii-

preparation ese conpositions. In one e oxXyno enum conpl ex
i S prepar eccoataii@ng easaposimort. enper at ure at or bel ow 120 degrees centi grade

and if opti |y furized, it .LsS.- al.so. reacted at. qr, bel.ow | 20
degr ees cen@p@]adeifétfp@ﬁ I‘i"%ﬂcﬁéﬂ é dﬁcgﬂsﬁssanéloﬁdﬁﬂttaélplt&?f ELW?WBH% O\l!vﬁ@h
conpar ed t oy bbapeled bGEBRILA NG B AGHE ioMbdeRit ichinBBindn 8ALOUBIEHHsicPr essur e.
[0023] In addition t0 the oxynol ybdenum nitrogen containing di spersant

descri bed abogen qomwopnégsedcaibay disuifigle to fremueisdiue adanolybdanunt-captaiging
nol ybdenum g)ln@ly Qﬁgrbamate of the formulal 34 S X1 XS 3 RANGC S M~X
j M-S C N~F X Raher ei n R, Rz, R3 and R4, are independently sel ected

from a hydreosglbon (s qup;Nos 4,263 2aine 4|27d38¢ dike isby/ars ok Riahediditivestgul f ur
or oxygen atom wherein said nolybdenum dithi ocarbamate is present_ bel ow
| 75 ppm i n lpkisating il it pidispReE By exRbInig @ rcidipmelybdpin corareiidat basiss of

the | ubricapt, Iolih® R r.af, ASHE I g?gmu 3
di t hi ocar bana?%eqﬁrgsa‘)@rogseﬁ?mﬁ )é’%ng(slest g’ﬁl{s?)gr ?rgr(g{npzrlge glrrg%*(yyrhgg oL SO, al so
preferred bentaidfOompesiicrom SO to 90, all in terms of ppm of nolybdenum
concent 2t b1\ 0P TRl XRSSYT 5 UL RS DT A3RRL: KRS S e ™0
are prepared by combining a polar promoter, ammonium tetrathiomolybdate, and a basic
nitrogen compound complex to form a sulfur- and molybdenum-containing composition.
{0012] U.S. Pat. No. 4,285,822 discloses antioxidant additives for lubricating oil that

are prepared by (1) combining a polar solvent, an acidic molybdenum compound, and an
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[ 0024] Lubricating oils conprising a nmajor anount of an oil of lubricating
viscosity wth a) an oxynol ybdenum nitrogen contai ning di spersant and b) a
- ol ybdenum di t hi ocar bamate can be enployed at a ratio of a) to b) fiom2:1
to 20:1 and preferably fromS:1 to 10:1. Additionally, such conpositions
can further conprise a detergent, preferably a cal cium phenate and/or an
ashl ess dithiocarbamate. [0025] The conpositions exhibit a synergistic
reduction in the measured friction coefficient and accordingly are useful
for reduci ngl-§18blt bagid hidBg&NeasouR its tdrsa MORBJEMRI-8MR&nIng cBmpWRrindqty ng
oil. Therefore, another aspect is directed to uses and to nethods for

i nprovi ng taegtapiing said enmplexiwathi cerbopeatifublideetnderm asulfr insanplybdeium-by addi ng
an effectiv 20} n._oil soluble or dispersible amount to the
fi-iction r?%&uaf‘?‘ﬁga%%%‘s?“ﬂ on described herein. BRI EF DI SCRI PTION OF THE
DRAW NG [ 0Q8bi3]FI GU.S. Pag No. 93dp[826didchBeinERGiposd REEcAnt hddiliwdd thaetd | ci ent
as function of tine for the lubricating oil fornulations enplayed in

Exanpl es 1-Bgepargi by ropqtn ¢ maryondruifideokith thoopolypdenpiggderizatiies ©6nposi t i ons of
this inventj ' a R ar . : -0l : i gatdd vi scosi ty.
Base G| a Cﬂggg%ﬁkygﬁwﬁy@ﬁgggfﬁgﬁggéﬂgkgg?%ﬁg?%%Eqéyhﬁpgkgégkﬂ%gée st ocks
whi ch i s a dddbivies fmicticroapd sendantshaksdssing exudil e dntifrictios progeeiesand ingedrtur er t o
t he same specificationiﬁékgge endent o[ f.eed source or nmanufacturer's

| ocati on): AHavedreRd any PREGSINTRFEts specification; and that is
i dentified gy U”W@ai.%d?ﬂ!%&l%%?s‘dfotseé %B&i'dfaﬁt%?ﬁft'@?sf RYTecatif oiP@ab-
Base stocks may be manufactured using a variety o di fterent processes

i ncl udi ng ¢ preparetl byebmbining G 8 sulfiratonGming alohyddenume tompaimd prgmhralisn
processing, ol]j gorrerj zati OB, esterification, and rerefi Elléfgg Rer ef i ned
stock shal IT#EINEGA2FIGH AP YermLeomR Rl A bastq mirasen fompauRt: dnd A SBih

manuf act uridaghnofRMLAM B3 hh BfbanRisull€ddnPbingse. The base oil of this
i nvention may be any natural or synthetic l[ubricating base oil fraction

par ti cul ar [§0tHos e Uih\HahgNaa 41396 Sra wisclogessantiokidgntaudditioes fhe rbeieatingeeit thgt ade
(C and about 5 centistokes t) t.0 about. 20 t referabl.y about, 7 cSt
Lo about - 16Teestpagpy hPEFER 7Y bult G tieg mebaisuf b8 brdBARL, bon
synthetic GeddtingRy atidfd Hellgbddrim eradtiung, a @islc&n@d_s@ﬂ%ﬁ%oﬁﬁ@ Ahd B&bon

pol yneri zation of et h{l ene, i.e., polyal phaolefin or PAO or from

hydr ocar borfligyfidt dthdbpanersanie sulfirsiontposadbon monoxi de and hydrogen gases
such as in [ﬁgfq]sheirsT.r#%P%?%Wo%,%gﬁ%i cfdsbd ShiSLiagd aﬁﬁ'?i%eso o Jubicri; &Ef%fat.
conprises |1 e, 1T rany, Qneavy I’aCStIOI’], e.g., i ltle, it any, § Ube i |
fraction ofarypepasiby c@@bihbig @) a bhlgiieonAinih@MobedéRescdmpdudd p8dpadddehybase

oil may be derjved fromnatural |ubricating oils, synthetic l[ubricating

oi |'s or ni XEAftEE ap pEIRIFUM Gpmghybdats sewpaind, pit rsesnipasd wmpokad.obitai ned
by isomeri j . i x and sl ack wax, as well as hydrocrackate
base stocké(g%%rggrﬁg%cci%l?ﬁﬁh{tpgg}r{%cki ng (rather than solvent extracting) the
aromati ¢ arf@0pgl ar UcHHabMentigt745678 escosesdmtififtion abdievésaee lubric singmal thde
those in all API cgkeﬁorbes l’ﬁll’ I11,.1V and V, as defined i‘? AP|

Publ i cat i orf"f B§Bred By Reaetipg f SWIUTKEH QRRfNG SOmPOBRG RS 1THAr8 Ve BYITQE ¥s | evel s
and vi scosigoYentiafl} 8@ e HlrdgeR Withla mblyb@éHhnl hdiigbase oils are listed in Table
1. Goup IV base oils afe polyal phaolefins (PAO. Goup V base oils include
al | other WHA88]oi | ¥.hdlat.iNe Bi4d8@E8B disClosennr lubriating loilicomppsitish thal istseidgh G oup
[1, I'l'l and |V bas ils are preferred. for use in this.invention, these

br e er red DS PETRGaRk TR E) BIROS i Aine ot R s s S Bt RIR S5 oup T

N A HéxhiaG £cis b1 @dol BRgKc&b] nd a selbbBd mectal IRthivcabamatemif ur and
Viscosity Index of Goup I, Il and Ill Base Stocks G oupSaturatesViscosity
| ndex{ As ddh¥rceniaag atiylaﬁ@lbmlcw byotrgfiphespheres: mi ned bySul f ur ASTM D 4294, ASTM

D{ As det er by . T . %

sat urates gplg?}jr Gﬁ%’@%ﬁ%@%ﬁg ﬁéﬁggfégaqlt%ﬁ%at%ﬁ%ﬁhﬁg%Eﬁlggﬂ%%guI fur80 and
| ess than IizflkylGitkiatabarhitanthatisesidad be ascdil e sgiroviag é¢s fammglElFavepeardhan or
equal tole an gor. e | to0.0.03 % syl fur80 and less than |2011] G eater
than or eqjﬁpi(ﬂo ol o el Koy &thaﬁeréaég?@?ulet%ﬁnswe@daéherft16afﬁmpéggvet han or
equal t0 0. Q3888 btiveen friction modifiers and other surface active agents. U.S. Pat. No.’s

_4-



[ 0029]. Natural lubricating oils may include animal oils, vegetable oils
(e.g., rapeseed oils, castor oils and lard oil), petroleumoils, mneral
-oils, and oils derived fromcoal or shale. [0030] Synthetic oils may

i ncl ude hydrocarbon oils and hal o-substituted hydrocarbon oils such as
pol yneri zed and inter-polynerized ol efins, alkyl benzenes, pol yphenyl s,
ai kyl ated di phenyl ethers, alkylated di phenyl sulfides, as well as their
derivatives, anal ogues and honol ogues thereof, and the like. Synthetic

| ubri cati ng @lsy2ahsq,918580descRIsK YHa€ Bifi-RehidReRRsHERASZDDR 8PS WE S,

copol ynmers and derivatives thereof wherein the term nal hydroxyl groups
have been w@mgfinpinetybdynuss cempeindstfoidhe mstahawifacecati on, etc. Anot her suitable
cl ass of synthetic lubricating oils conprises the esters of dicarboxylic
acids with a variety of alcohols. Esters useful as synthetic oils also

I ncl ude those made from CSUMMERY ORTIEBINYENTIONaCI ds and pol yol s and
pol yol ethers. Tri-alkyl phosphate ester oils such as those exenplified by
tri-n-but yll0@Hbs phhkie ityegtion is disgsted (q (e upprepspisd sEncagrand isul§pg iovhl e for use

R O e N

anot her us aihﬂcaﬁlh@SiSchityaylﬂhhleﬁdt@,50 parts per million of molybdenum based upon the
total mass of the composition of a friction modifier containing an unsulfurized and/or
sulfurized oxymolybdenum nitrogen dispersant complex and a sulfurized
oxymolybdenum dithiocarbamate employed at a low concentration.
[0022] The unsulfurized or sulfurized oxymolybdenum containing composition can
be prepared by (1) reacting an acidic molybdenum compound and a basic nitrogen
compound selected from the dispersant group consisting of succinimide, a carboxylic
acid amide, a hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a
Mannich base, a dispersant viscosity index improver, or a mixture thereof in the presence
of a polar promoter, to form an oxymolybdenum complex. This oxymolybdenum
complex can be reacted with a sulfur containing compound, to thereby form a sulfurized
oxymolybdenum containing composition, useful within the context of this invention.
Preferably the dispersant is a polyisobutenyl succinimide. The oxymolybdenum or
sulfurized oxymolybdenum containing compositions may be generally characterized as a
sulfur/molybdenum complex of a basic nitrogen dispersant compound preferably with a
sulfur to molybdenum weight ratio of about (0.01 to 1.0) to 1 and more preferably from
about (0.05 to 0.5) to 1 and a nitrogen to molybdenum weight ratio of about (1 to 10) to
1 and more preferably from (2 to 5) to 1. The precise molecular formula of these
oxymolybdenum compositions are not known with certainty. However, they are believed
to be compounds in which molybdenum, whose valences are satisfied with atoms of
oxygen or sulfur, is either complexed by, or the salt of one or more nitrogen atoms of the
basic nitrogen atoms of the basic nitrogen containing compound used in the preparation
of these compositions. In one aspect, the oxymolybdenum complex is prepared at a

reaction temperature at or below 120 degrees centigrade and if optionally sulfurized, it is



| ubricating oils. Qher synthetic lubricating oils include Iiquid esters of
phosphorus contai ning acids, polyneric tetrahydrofurans, polyal phaol efins,
~and the like. _g_ [ 0032] The base oil may be derived from unrefined,
refined, rerefined oils, or mxtures thereof. Unrefined oils are obtained
directly froma natural source or synthetic source (e.g., coal, shale, or
tar sand bitunmen) wi thout further purification or treatnent. Exanples of
unrefined oils include a shale oil obtained directly froma retorting
operation, agsofeidtél £eibelbl 1PbtREREdctizREE] Sulll PProdéstyidldad lighter @lordn ester
oil obtained directly froman esterification process, each of which may
then be us®dodict wben campareibto higheatemneratuRaeachien cenditonsrat cquinilearpressuiche
unrefined gj exce - refi ' i ' . re
pur 11 cati QB epe  Fhuddihn T B ANE IR R ARALLARESH BB RELY, o1
t echni ques abowd, dtbepredest invér@iidndncludesdrsatillagkdungof Hndhyddeemt dhkiocdbmaxsng,

sol vent extraction, acid or base extraction, filtration, and percolation,
all of whi Ghtherferiwadn to those skilled in the art. Rerefined oils are
obtained by treating used oils in processes simlar to those used to obtain
the refined oils. Thesei rergefineg oihs)ére algo kngwn as reclai ned or
reprocessed oils and oRt en lar e addk%kqnall phoceﬁ%ed by techni ques for
renoval of spent additiy@§*§ﬁ§"ﬂmq\pqgékﬁﬁéﬁ‘ﬁrﬁﬁuats. [ 0033] Base oi
derived fromthe hydroRsonerizationXf wax may al 0 be used, either al one
or in conbinatiQRertintR!, RARahamesat thdepénteally 816U reMAtAtdcaridastow;! -
Such wax isgnergte oil is produced by the hydroisomerization of natural or
synt heti ¢ waxesX gre widgpandeni seloctedfirany eyl fug o pyygenstarerwhareingaidcat al yst .

[0034] It is preferred.to,use a nmyjor aou of bhase oi} in.the |ubricating
oi | of thi é“‘?lﬁt\’/‘lgeﬁ‘??’o‘ﬁt%mﬁa%’ﬁ%%e "ARBEY tngD“bgise"%‘? i'“??‘%“%%‘t MNP REY i
conprises 40nd¥ntraffor)bagedrgon BicabRl mask GMBNbEcAft cORpesivddl. MmAPrEfesred about 40
w. %to about 97 wt. % of at |east one of Goup II, [Il and IV base oil or
pr ef er abl y agpeshiles mplyhderappdithiggrbgmatedsinsesspbofiiemd  tol 75,anotgpreferably Zne of

G I, |1 I i I t 97
Group 1+ b AsaasolRARE gl 1 AR SELPARLREh 1 BRAULY A, M mlfpiyabout o7
herein, it cbscehehsmefrhé molbdeonotithioearbarhite Calsédigpani the totdiasass of ther Wi se

specified.) A nore preferred enbodi nent of this invention nay conprise an
amount of S98@OYHPNt hat conprises about 85 wt. %to about 95 wt. % of the

| ubri cat i ngogid N%W%M@%@%oﬂh@f éﬂ%%fﬁ%ﬁ@aﬁﬂg@kcosi‘g]m

sul furi zed oxynol ybdenumtont al ni ng ition enployed Int pres
i nventi on mdth Hengameobbiynunh ait@gtecitadingslispesaytant phdemiybdeBum conpl ex of

2,021 ¢ T Uegaen sompount, . SUEh el YTy SULIAL, SOTRUBNCR S g 10
et al., thedh saltesorne AfditdHagh sush BEhSENIdnRCRE RRRE 8SinfiserfeRir gt e
preferably a calcium phenate and/or an ashless dithiocarbamate.
[0025] The compositions exhibit a synergistic reduction in the measured friction
coefficient and accordingly are useful for reducing the friction characteristics when
employed in a lubricating oil. Therefore, another aspect is directed to uses and to
methods for improving the friction reduction performance in lubricating oil by adding an
effective amount of an oil soluble or dispersible amount to the friction modifier

composition described herein.

BRIEF DISCRIPTION OF THE DRAWING
[0026] FIG. 1 is a graph of the dimensionless friction coefficient as function of time

for the lubricating oil formulations employed in Examples 1-5.
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[ 0036] The structure of the nol ybdenum conpositions enployed in this

i nvention are not known with certainty; however, they are believed to be

- conmpounds in which nol ybdenum whose val ences are satisfied with atons of
oxygen or sulfur, is either conplexed by, or the salt of, one or nore
nitrogen atons of the basic nitrogen containing conpound used in the
preparation of these conpositions. [0037] The nol ybdenum conpounds used to
prepare the oxynol ybdenum and oxynol ybdenut n/ sul fur conpl exes enpl oyed in
this invention are acidic nol ybdenum conpounds. By acidic is neant that the
nmol ybdenum conpounds will react with a basic nitrogen conpound as mneasured
by ASTM test D 664 or D 2896DETAHAD MEJIRICEHONe. Typically these

nol ybdenum oun e hexaval ent and .are represented by the follow ng
Comos: 1 o002 Hol'y b BbSerts coRrs iims sty yHabta! HEBAF & o it 8 o

pot assi um gl SERH QAL isedshgr BakKellial BsdiBieadin darRe@hes baRdiRk®blend of

mol ybdenum sal ts such as hydrogen salts, e.g., hydrogen sodi um nol ybdat e,
MoOCl 4, MoG2By gtockstyd0dOs-3, lubmdapberamarentthes gewdgeedshyg singleagdngfastuien tbdenum
compounds. Preferred.acidic. nol yhden onpounds _ar | yhdi c. ac

amoni um g B eeoih S Pt B Rsri oSy Bl heBlBr TR ISR 1 e are
mol ybdi ¢ aghébtathe saiehRnhufatirsgadiBeatio@ 03] thdtne ideasiied By & hRGes feranpound
used to prepare the oxynol ybdenum conpl exes have at |east one basic.

ni trogen aridodiickidspidfieatign nymer, osmtbﬁﬁe stpgles way be wpnpfasiires usinghvariety
conpositio |.nL.m . L ci.d..am de I

ronoam nes. o e R asRel itfRn g Al e RO BB R Y AR, B¥drogen

t hi ophosphgirestssirg oligb@spbmivaesteisicatiirg ped faelining SRasiihsd stockeshallspr over s,
and m xtures, thereof. Any of the nitrogen-containing conmpositijions may be

af t er - t r eatssbstgitialy fice grom pgfesials lw%ﬁedpﬁhmlwwf%gmn& ROMAMIMUPMOT 3t sO

long as th Lt At . 2 j i : :

aftor v cationrs e OB AHE iSnflha) e REPhufH bf Qafhtc INERRne, o1,
base conpodiaté aihfactjonqBefculdrly tirosechasing adohgrsatcctistonitylatsl O0Rdepreesin be used to
prepare the nol ybdepum c | exes. descrihed herein_are disclosed i nunerous
ref erences %ﬁ’i‘&g%fi%?ébe‘l“}d qg’ﬁ&/\ic‘?%‘sﬁoﬁ? @Bto et §P 55t BFdeh tagP“&/bﬂéo of

succi ni m deg,ane éﬁ,%&ﬁgﬁéf%&b%b%ﬁé @b to abflit 15 c@ﬂ@?ﬁ?@&?&gx ngthEh@oitlser m of
art "succinimde" are taught i'n U.S. Pat. No's. 3,219, 666; 3,172,892; and
3, 272, 746, mikindiude, fosenapplgoilphiephred fimnhibe polynarzetipoeateyledsy ref er ence.
The term "succihimde".is ynderstood i.n the art.to incluyde man f the

A de. i ae PR tahr LALEPEkSHhvbohbgn SriheSepPEriER keaBindon nant
product howgMRkideand h%ﬂl‘%)?bﬁ‘ biesisucAnd it AFRhéeTIvpbasSprbess. A ?mfé@édl Bas@sigept ed
as neani ng the product of a reaction of an al kenyl substituted succinic

aci d or anli§enrs dat compisas hither i6 gen hev Faaionge. olittlsuri @ny.pried eif fragfion of
succinimd . j I cial availability, are those
succininid3@“69@%%?%%‘?%8%@§hﬁ€§%g%§% 91 succi ni ¢ anhydri de, wherein the

hydr ocar byl{0o28)up Thabae sl thayohs ddiesd frdh taburablabiicading oflardyathetit ons, and an
et hyl ene am ne, said ethyl ene_am nes bein speci ally characterized by

{ g es
et hyl ene dilaPRGHENE QileeHyixdpes thefeqfiSgable .ba%etqaﬁllnéwse% Rase sterkseobtajpgd by
tetraet hyl : A1) j fer i i des
prepared f ﬁgﬁnn%g%@g% t teﬂr?ng wsa Sg{é?ﬁ:aég( grr‘ilﬁyagr |e§lgasg§8§8ﬁ?gaf§g&?é®§g1 n atons
and t et r aetphydwendbpbpdraciatieng (rather tihhybleare ckrbotmg) the aoomaticdndriedart her eof .

[ 0040J Al'so included.wthin the rm".succinimde’ ar he cool | rs of a
hydr ocar by ICOBRGRSH ef e Prdey S ihlrdrs teTshe e fors inalLARteHisoats hd 1T
cont ai ni ng [§tark@As dTiRa HEAPE RLMGTLAPSE, LEMLSHIHN ARALIOR ek Of mor e

secondary am no groups. Odinarily this conposition has between 1,500 and
50, 000 averld§8. Reoteadasl lavelswidgtiscosity ingisies &ir Growpbuhandidlbage lods atedistedriepar ed

Dy L R SRR LS SN 208 SRR RIS

mat eri al s fodlier pagslsindg inchele® Xy GRJupIdE NI oe DVp AdtheseeGRIu@ME dI i and THibase

i nvention. Typical of such conpounds. are those disclosed in U S. Pat. No.

3, 405, 064, l§arcretersd foraisen s mpentionyhesegyeicred bpwsrolls sepyilie nrepasediite.
These conpqQsi it [ ' [ choxylic acid or
anhydri de o o B Bl B O BB P
carbon atons in the principal aliphatic chain and, if desired, having
sufficient pendant aliphatic groups tb render the nolecule oil soluble with
an am ne or a hydrocarbyl polyam ne, such as an ethylene anmine, to give a
nono or pol ycarboxylic acid am de. Preferred are those am des prepared from
(1) a carboxylic acid of the formula RCOOH, where Ris C~2_ZO al kyl or a

m xture of this acid with a polyisobutenyl carboxylic acid in which the

pol yi sobut enyl group contains from72 to 128 carbon atons -11 and {2) an

o . -, o v - Y xa o L



as those disclosed in U S. Pat. Nos. 3,909,430 and 3, 968, 157, the

di scl osures of which are hereby incorporated by reference. These

- conpositions may be prepared by form ng a phosphorus conpound havi ng at

| east one P-N bond. They can be prepared, for exanple, by reacting
phosphorus oxychloride with a hydrocarbyl diol in the presence of a
nonoam ne or by reacting phosphorus oxychloride with a difunctional
secondary am ne and a nono-functional am ne. Thi ophosphorani des can be
prepared by reacting an unsaturated hydrocarbon conpound containing from?2
to 450 or nore carbon atons, such as poliethylene, pol yi sobut yl ene,

pol ypropyl ene, ethyl ene, 1- hexene adi ene, isobutyl ene,

4- et hyl - 1- pe fi,de and a

ni t rogen- cont gglaﬁlﬂ%fges gsgﬁﬁ& {']lsggsd mﬁ%ﬁ@ Ip% ?Seﬁmékgn al kyl am ne,
al kyl di amGigup a gmhﬂmkyanlne or an aIkerneannnﬁmm@pﬁmeﬂs et hyl eng
di am ne, {di ethy ddrBfhdity ASTREDYOENEt et r am Re detbtinaebiy| enepent am ne,
and the llike. [D ﬁﬁ] Another class of ni trogemn-y %fﬁhﬁjﬂﬁﬂg gRpesi t) ons
P

useful in prepar Iexes e FHSTﬂlﬁ ﬁ? jnvention
Apr overs).

i ncl udes ne—So arrcu HL VI SCOSTHT eX— 1t
These VI |inprove ?“é?%‘ é%gg%? ?5%§Y§8MB§ fl cat ﬁﬁ?l?ﬁﬁgﬂtohydrocarbon
pol yner, |especi a Bg I'derived from et hyPéRdleshiiiep, Bropylene,
optional |y contalnlnd add|t|onal units derived fromaone or nore nomner s
such as alli cycl | Grester ghanphagia toPe s saturates dib| &reater. thaher daualdpi onal i zat i on
may be carried plgss thyn ar spral w0V ifocesses WBDahd ient thadu2e a reacti ve
site or iites Which usual ly has at | east one ¢xygen atom on the po|] ymner.

The pol yimen TS T GRfid MinAfre§GalWd OB 9Rsdhirblcd 46l Q}?Eﬁté}*tﬂém& e'iﬂh'l%elzbo
i ntroduce nltrogggsggggpaﬂhp (fgp%ghgga groups on the polyner backbone.
ces I nclude an

Commonl y |used n rogen sour y bagic nitrogen conpound
especially*thuoe A-trogen= uuutalulug buupuuuuo‘and COﬁpOSiLIUHD gescri bed
herein. Preferred nitrogen sources are al kyl ene am nes, such as ethyl ene
am nes, al Kgb2@m NREuraMhr¥amm &l AapRSudb ARt off %gertmdo@@@ &£ Mpdseqpen
conpounds for Use in this invention are succinimdes, carboxylic acid

am des, andileeesios pilpandderd aibr retislaumepilse thirvaral odlgcandrsiilsider edhfsam sgalan

aver age nnlﬁgglar wei ght of 1000 or 1300 or 2300 and m xtures thereof. Such
succi ni m dés*Can be post treated with boron or ethylene carbonate as known

in the art.[00303  §A0Hatlc oiRenX)cmiy Ryt HIRIa8% @sloaubithutedi nventi on can
al so be sulfurized. Representative sul fur sources for preParlng t he

oxynol ybderﬁWﬁi@@ﬂbﬂﬁPﬂ%@WBWé?@b’T‘l@édﬂ il inter-polymesided olafing alkyihenggneshnydr ogen

sul f de, ul fide,

R~~ZSx Wne e %@eﬁyﬁgﬁ%ﬁdﬁgh&fmpr glrfer a)zlP i Q?)QEP %gg )%lllgdgg%&lseast 2,
i nor gani ¢ sigtivatdes, aankdgpasl @nﬂthlofnodi@eslhehoﬁ,smd Nltdél)kZSSryntWMerlebljcatieg alls | east
|, thioacetam.d urea,..and nercaptans of the fornul ~SH ere.R ~
AR TR S AR MU R e M A B SR R A o8

sul fur- Contvﬂie%lﬂ%e%ﬁm%l'rﬁﬁfﬁ gl glét l?aize%é’n &Bhfﬁ'eQ%? c@BeneRloysul fides,

sul furized ol efi ns, furized Garboxylic and estefs and sul furized
est er - ol ef ietherifigatibrs lﬂCf Anothersuathidy bbﬁemysthahdlubheatmtoalls cemptisestther eof

LTl e st atiaidRton s ot a SR ior Al FRRS ot a8 S Eh R iR A

ester undeﬁn@h@aﬂbednawméiﬁ@swds €5, mdndambakylesiceisant @alydden@po%oemeiﬁyl
esters of %g C24 unsaturated fatty acids, such as palmtoleic, oleic,
2

ri ci nol ei ¢ TThatkyloahesphieestss Hile spthoas thoss skemplifiqdihygranbety! phosphateard -

licanic, p cetoleic, etc.
Partlcularﬁ§ goghﬁ$eéﬁﬁ%&%%gsgggégﬁh%g alﬂ%%ég&¥h m xed unsat ur at ed fatty
aci d ester490XHjch Siticau- easebtoas (smch hd the poBakyiglpofyatyd-, polJalkeget abl e oi | s,

such as tall oil, Ilnseed ollve oil, caster oil eanut_oil, rape oi
fish oi |, Psbemlen:siloape e %ndrSt wate[%bhgam@ééﬁﬁ?taﬁrwsf?%\f elpssefiypiietieic| ude
lauryl tal |1ﬁ’5rﬁ>atd?§61@’btﬁér%%tﬁetl@lﬁbmatﬂtﬁ%ﬁ& ﬁxcldd@%qiﬂd éé{e‘?sad ho§;?{o\‘lhs-0| eat e,
cetyl linoleate auryl ricinol eate eyl linoleate, ol eyl earate, and
al kyl gl ycepnidisng e[om}:SQc}lyﬁjlenssetwbydrufurmdpnﬂsalphaodﬂfmfs,lamsl,theshﬂcm as a

sul furized mxture of Clo-C25 olefins with fatty acid esters of C o-CZS
fatty acids and C, 0o-C25 al kyl or aIkerI al cohol s, wherein the fatty acid
and/ or the al cohol is unsaturated may” al so be used [ 0051] Sul furized
olefins are prepared by the reaction of the C3-C6 olefin or a

| ownol ecul ar -wei ght pol yolefin derived therefromw th a sul fur-containing
conmpound such as sul fur, sulfur nonochloride, and/or sulfur dichloride.

[ 0052] Al so useful are the aromatic and al kyl sulfides, such as di benzyl
sul fide, dixylyl sulfide, dicetyl sulfide dlparaffln wax sulflde and

Y T N N 1




dichloride. Particularly preferred are the paraffin wax thioners descri bed
in US Pat. No. 2,346,156. [0053] Sulfurized al kyl phenols and the netal

- salts thereof include conpositions such as sulfurized dodecyl phenol and the
calciumsalts thereof. The al kyl group ordinarily contains from 9-300
carbon atons. The nmetal salt may be preferably, a Goup | or Goup Il salt,
especially sodium calcium magnesium or bariurr~. [0054] Preferred sul fur
sources are sul fur, hydrogen sulfide, phosphorus pentasul fide, R~-~zSZ where
R~~ is hydr byl ; f.er - d ' fi s 3

mer capt ans [v\ﬁﬁ el nTFQQE&ie?H%%%% eéﬁgﬁ@@hﬁ%?%%gi {:eﬁg E?’fr %éls}&g?llds d

pol ysul f i desixnirés thacef. Amrefinedaild atehibtaineladirdbtig fropr 2hanragsowscd drmyndetic ces
are sul fur, hydrogen sulfjde, phosphorus pentasulfide,_.and inorganic

sul fi des AU Bu ol cbale. piebend pHEmER Ko M&é?ﬂ%@@a‘?mrvﬁ_ ment.

pr epar at i o, fidi& riRkREE BUMMERIPL SXAS of BHaMLAUire 1y Bb d fRMRAL4 ON i s one
whi ch facili tatpes the interaction between the acidic nol ybdenum conpound
and t he basiperatiohyogprolaonpid obedineAdisedly fvam destillatodn, sueh cgperonbetdaisedr e wel |

k to t illed in th t. Typi t 3 di ol ,
o e Sy S e BB B S PO,
1, 4but yl engglMeHt, RTRIcA Vs G2 hilf to R BREM A 18 8x et BahRRAL@BIIfBave been

N-net hyl - di et hanol am ne, dinethyl formam de, N-nethyl acetam de, dinethyl
acet am de, trestedanohs oemhid pwdicgligrestéps tolimproky bneen rhotei rdepertiesx &rsatis |

phosphor am de, tetral“ﬁlrofur n, apnd..water. Preferred are ter and et hyl ene
gl ycol . PafidgHE g %‘feéﬁcz'bdci Sq\»ﬁmﬁ%q" hydiggeagkin e]?sfdgo%efag%%’a MY ¥he pol ar
pronot er i SoRRREEAEiN, acided bhg dxiectiodafiltia@tn, Hnd tpdfodlatioh, ATBYf Wwhish ake

present, particularly in the case of water, as a conponent of ngnanhydrous

starting netnemindp shose skitleduin the srtoRerpijrpdpils ore ohtainedbyipafing used gByEnum
conpound, s ~ ~H ) ni um
hydr oxi de. p%%g%? S%”@%ﬁﬁ% S?(a)édﬁ%g%%%ﬁﬁhgi:ctfﬁgag%iﬁl?ﬁegegﬁgegﬁlgﬂggﬁﬁ erg;ge%s used
in this i Ny@BvnQ8 rédaifred PF fpadRsed 9ilb biid GfenGire hditiawdllgiptodedediidenum
precursor and a polar pronoter with a basic¢ nitrogen-containing conpound
with or wi tiehwiques farapmovakiod spanf additives and eid dreakdopprodielsy, to provide a
sui tabl e vi ity . irrd i i i 1 oi |
and 11 qui d EeounBatoif kel ok o Bk Azathn fSPhcndl frq bELeARLRP
amoni um hyasrexirde compinalicowhk tleddedsdidndthel aedat Syathetit ksaereel. Soclpwavi de a

-1S solution of ammoni um nol ybdate, Thi.s reaction.is carried out at a
variety of lf%ﬂ?{éﬁeﬂa]dF grodu %r‘?ycéfﬂﬂyératm@?%aé1°8\ﬁ PARraker ?Wa'@"t‘ﬁo"i’ﬂ‘tes 8F the
m xture to n“1&Hrb’@‘th%&ﬁ?&?e’i‘ta‘{{y@roiéofmeiri%atﬂ{ncﬂath’:&sjﬂ y carried out at atnospheric

pressure although higher or "l ower pressures nmay be used if desired. This
reaction mijR03dle nitys prefircadad uge bmajor empwnt ofibase il wuihé wbrisatingei! efthigef i ned

above at a .suit.abl ressure apd tenperature for the.sulfur source to react
M h the adrintRuR g o st PR PG e B eBR SO Mt ZHe s,
removal of mefestd hieints BEbARELdoRPrint Xout 80 WRYLRE abkif o7 3Rl B dirat Wastidhe
conpletion of reaction with the sulfur source. [0058% In a preferred and

i mproved nmefikeaup By [IprrdpBY barg oilne peslrably\eerbertharcahopt Sk ws “%otmabqubJEéM6r i s
agitated an t rat I . r 0

degr ees Oelgiogg?]e%?gﬁ Eé?a%foy fr’c}ﬁnaggg\tﬂtb OOIEI%S}B%% r%@%ﬂyu&sb%tu gggg%u%’%go
degrees Celabouitsd7 Whioy bflitdesx bteofatiroop HEIII and Nabise oito(Whetenwtrtio sousede i s t hen
charged to the reactor and the tenperature i s maintained at tenperature

| ess than dieraeubis relsmmagdaivts porldigbacatiog od;ypess aﬂ@r%lﬁweylf%d-)aﬁd{ﬁ%
degrees Cel. 5] I : i mis
sufficient I@éﬁégg%tg %lgsagffgggfstqr\%gé‘geﬁﬁ?%ﬁrazIﬁglégla%oénq] %LEIS O?Eéa%'?) ?@E&n‘i xture.
Renoval netdoogsisesabiouti®S it & gbowo®S Wit. ¥ E thetlobrkatngmldi sti |l | ati on or
nitrogen stripping while maintaining the tenperature of the reactor at a
tenperature | ess than or equal to about 120 degrees Cel sius, preferably

bet ween abqukyrfopesrmosutetoms o about 90 degrees Cel sius. The
tenperature during the stripping process is held at a tenperature |ess than
or equal td08¥dut Thouvawdfugeed ww&u@dthymmﬂamumm@tanm QUBRSItioNt ensi ty
of the nol ybdenum.cont ai ni osition. |t i rdinari|l Li.e t at
at rospher | Anauif O Rl O ERTBE b Bngtaby B @b Ry SRl
stripping step is typically carried out for a period of about 0.5 to about
5 hours. [0059] If desired, this proddct can be sulfurized by treating this
reaction m xture with a sulfur source as defined above at a suitable
pressure and tenperature, not to exceed about |20 degrees Celsius for the
sul fur source to react with the acidic nol ybdenum and basic nitrogen
conpounds. The sulfurization step is typically carried out for a period of
fromabout 0.5 to about 5 hours and preferably fromabout 0.5 to about 2

o o . Y " - o, o, o




[ 0060] Characteristics of these new oxynol ybdenunt sul fur conpl exes are
disclosed in U S. Pat. Appl. Serial No. 10/159,446 filed May 31, 2002,
~entitled REDUCED COLOR MOLYBDENUM CONTAI NIl NG COVPI TI ON AND A METHOD OF
MAKI NG SAME, incorporated herein by reference inits entirety. [0061] In
the reaction mxture, the ratio of nol ybdenum conpound to basic nitrogen
conpound is not critical; however, as the anount of nolybdenum w th respect
to basic nitrogen increases, the filtration of the product becones nore

difficult. .8 ?fe& dffaaie htRshen b p S0 BeEH mBryeBeiny suul 9eBlek&Lsfre khéwih S
advant ageous to add as nuch nol ybdenum as can ea5|5%3be mai ntai ned in the

conposi t i onn thesutandyare deseribesh &riegamplex gy &. Rpth Nohs3, ERalpdens ebali, thef r om
0.01 to 2.00. ato . 70! . er j jtrogen atom Preferably from
%1Sézﬁ)&u1[£s of%hléﬁol %Q%%P;&[’E}o?pooratg&ﬁy feggps}n{ﬁ 9 y

0.3 to 1.0, nost prefer m atons of nol ybdenum per
atom of bag0@3epi t r SResinictiradfitd mdytdeauneagipbsitions oniplowed in s inveR@&R] When
optionally sulfurized, the sulfurized_ oxyml ybdenum contai ning conpositions
may be gendfaltknewa My @HirpbY hqwerersihey ave/hedevadde e aomBayIds it which pasi ¢

ni trogen dir&cﬁ?ﬁc%g%llﬁ/ﬂg&%_ cps{ agé %&%ﬁ ¥ vithtafords @Xgﬁn S:%ufl, yodapum wei ght

rati o of abou to | nore pre y from’about (0.05 to
0.5) to 1 abpmhpiexedbyageir dad afpénelatemraniteiggin htonstof thedfasamitudgef chntamidd) t o
1 and nore prefer ,té)s{ﬁ%i_from (2 to 5). to 1. For. extremely |ow sulfur

)
i ncor por at 8PP i the PEeRANPB OE FE GETRASII9St i 0 can be from (0.01 to
0.08) to 1. 63 i i conmpl exes
) Jodﬁf ]Tﬂ-@ﬁo@’gh‘grﬂfn?g&{g Sds u&a%wp%gg? B! ngy%?lﬁﬂ%’d npl ex

of this invention are typical | oyed in a I n an anount
of 0.01 t o okpmejybdenen/puléfrepniplexes eroploPedid thip iventiodsre StidicURD FBiENUM

OXYMOLYBDENUM DI THI RBANATE [ 0064] Th | i d ol ybd X
R A b AU R S N RS R e PR T
the for mul ditdan cnpoShdtsmatfiod IALIMTDLb6d s AL bAIE: C e

[0065] In the Tornu , 4 are independently selected froma
hydr ocar boygicallp these matybdenunh eorspernds weirhss arabyit angt arapepésesigdtbathe | engt h

to provide .oil solubility. racar bon groups _inglude, but ar t limted
o, Palkyl  doanyBR el YRR ieRO Pt SHEE molahSiodhit g, ne

cycl oal kenybtagsiomifiolybHSH]d SkemkAime detdl ool dalds aBd OBBSmMoBUEIEn BREshy! |
ethyl, propyl, isopropyl, butyl, isobutyl, secondary butyl, tertiary butyl,
pentyl, i sép@h@%)ﬁdf%@@ﬁéﬁaﬁ-ﬁ-,%\éﬁwm sqsisp el yhdate, MoQGmMeeyl | hexyl
secondary h I VARETRe) -e I ndary
octyl, noneﬁéxgg%%ﬁﬁé%gmﬁgﬁgﬁgﬂ%&%fpﬁﬁ%é%%%ﬁgéﬁk8%%?1%ﬂ%%£§§§ﬁ?d§§%gndary
undecyl , daddiyhoelybéemndesypandeaimolybidicecy) ammenitimiraelgydate, 2ad alkdir y
tridecyl, tetradecyl, secondary tetradecyl, hexadecyl, secondary hexadecyl,

stearyl , i dRgimolygasesy Partipwlariyprsdsrred are mabbhicacid sndgipmpmpmynolybdate.

R L L T el
complexes have at least one basic nitrogen and are preferably oil-soluble. Typical
examples of such compositions are succinimides, carboxylic acid amides, hydrocarbyl
monoamines, hydrocarbon polyamines, Mannich bases, phosphoramides,
thiophosphoramides, phosphonamides, dispersant viscosity index improvers, and
mixtures thereof. Any of the nitrogen-containing compositions may be after-treated with,
e.g., boron, using procedures well known in the art so long as the compositions continue
to contain basic nitrogen. These after-treatments are particularly applicable to
succinimides and Mannich base compositions,
[0039] The mono and polysuccinimides that can be used to prepare the molybdenum

complexes described herein are disclosed in numerous references and are well known in

the art. Certain fundamental types of succinimides and the related materials
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hexadecyl oct adecyl, 2-tetradecyl octadecyl, nononethyl branched-i sostearyl
and the |like. [0067] The al kenyl groups include, but axe not limted to,
vinyl, allyl, propenyl, butenyl, isobutenyl, pentenyl, isopentenyl,
hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl,
tetradecenyl, oleyl and the |like. [0068] As the aryl groups, there nmay be
mentioned, for instance, phenyl, toluyl, xylyl, cunenyl, nesityl, benzyl,
phenet hyl , styryl, cinnanyl, benzhydryl, trityl, ethyl phenyl, propyl phenyl,
butyl pheny|enc&ﬁ;5ﬁs¥édlﬂﬁﬂmé ternhepad TROGMimiddaRs thﬂmﬂyj S. PEINGB! hzezlw 666;
nonyl phenyl , decyl phen undecyl phenyl, dodecyl phenyl, pheggb henyl

Y

benzyl phen)ﬁl,1729&9}r @rnhi ﬁaz [ rﬁlgq disglosugnyaf pﬂecﬁyare hateph nosepshat reference.

bet a- napht hyl 0 h |

cycl oal ken{jllsfl eé%nugsgé?lﬁ%d% E %gtgf‘)'%?n t%? laft H}C ﬁ%y@{p& %%@H? ’ylfmgle and

cycl ohexyl anfigigk @ﬂ?@kﬁsyﬁhlcmfahﬁlsﬁ)b@fmt Yhe plﬁ'&@lhﬁiaﬁly}ﬁb@tﬁtﬁhwvever isa

nmet hyl cycl oheptyl , cyclopentenyl cyclohexeny cycloheftenyl

met hyl cycl GperiBngs andihisHoma hes ksisagensrplly anseitisd ay@reHepthemypdugt 8lims and t he
i ke. [007 . L

preferred géacgm %gﬁ%glk g’m&@s&rﬂe@ e?@egxa?cg&g ﬁ%g%?%ﬁgg gﬁlg\rl eg%gﬁttagﬁ%é

car bon at oremppued. @retbiryd suchininiies beadusy bf e epminareinlgavailiility3arealidson

t Pr ef bly the R t | [,0071]. | t h
aspoct R EGRTES HrrmenLAHOm N el BL i AR MBS BRaRE! abi y
Rl and Rz rg&ﬁjﬁj ] “r‘lta?ﬁs”f?orﬁﬁ%ﬁcﬁrtg%oﬁ%o%Jfbf)ﬁch‘)%RBﬁlgﬂl %&@Warﬁ%e"%i&h nmay

be the sa ocarbon group. Mire prefera are each an al kyl
group havi rwglyﬂiertecanﬂlﬁesdmﬂgmpattlaiﬂnsc;hamubrﬁed bpn dthl;%naldmnaac; hli ey leshektyilamggrep u p

having 11 .ato nd nost refer e each a
brancﬁed aﬁ??ﬁgﬁ ﬁ%fgt gﬂi@n%ﬁ n&t &ﬂg§é3ﬁgﬂgﬂ&r Oﬁ?e each a
branched a|s{5cYélmﬁﬁ@é&ﬁar&?&‘{émﬂorﬂpoﬁﬁso%ﬁteﬁﬁ ﬁ@&nf&t drided 780 1198 EftBofk OF Mul a

(1), X to X4 are independently 'sel ected fromsulfur or oxygen atom and
all of X tammmandetytrmh)dememmmac ontrigthytene dotsagene ot mintures therasi.xt ure of a

R N T L

sul furic a‘h?ﬂi(o‘éiz/bm(é{@@im@édﬂcﬂ&)arﬁlﬁ Slarfdled §dl héc@ﬁb&g@ﬁﬁﬁ@doﬁmmﬁn@@t leistt he
range from1l/3 to 3/1. Sone of the 0|Isolub denum conpounds of

Formul a | &he tedaryeminanitpgen 8 addiica to bee oremarﬁpﬂeéond@w ampPOGEss where X
and Xz are | . ghatic
hydr ocar byIdPSIrnf)(alﬁs an %ﬁj\ﬁ% Iél{i}m?th ﬁéﬁ&w}ggbég%%%%b (lg%flo %{??a g’éh? Ot%ér;l%é ra’f eﬁ{gl are

sol d under tj‘qhealchﬁlﬁsﬁmfWGulWeyh{aﬁIpréiﬁ?edaﬂde&dﬂhg‘paryl&iiteﬁi}l sabdihi@andpdiide and
friction redu0|ng@add|t|ves by R T. Vanderbilt Conpany Inc. Norwal k Conn.
USA. TheseaﬁﬁF Vytea dmiRGBAPBUNds may be prepared by the nethods described in
U-S. Pal. a1 HRRy IR L RidMRAR b 156 Suit ISR Widate by
di ssolving in il ar g¥a| E %HBX|ge solﬁ?ﬂ%ﬁﬁ ﬁeJtr |ze§£§1ﬂ9ﬁé addi tion
of acid folpmmsdgthecndymodwnﬂlenmmmomplawenpinylaﬁyl thigiimentioml "Ewrdabmf stckul fi de.

X' Lo xa R gisar e EutTP AR LES T A e 3 i Bt e i T e
art, for e%@féﬁk%éé?da Patkd b)NPeferbnOd ThéQotpdsifioRPdre didnardlf prchaR@a4S (Asahi

Denka Kogyo K scl oses a nethod wherein MoS3, secondary am ne and CSZ
are react edef{cbg&ﬂ lsarbok yicaaeid ﬂléc"rrﬁl)’é!ﬂw astes memﬁ,thavmgl at leagak? topbpwtdS0 | nst .
1971, 13{2) 0se n sul.f.ur.i zed .nol

di al kyl dt ¢ KBRS A Ss £ f elban PRs Shan it Heshel R ER I
heating f olpeadwealiphatib@ratips &Otenlétghé ﬂlo[awle@ﬁl soh1¢ RiHlah afgndyraci pitate with
further heating. Preferably the nnlybdenun1conplex contai ns sone oxygen
atons, nor 8Yiostbybplyaning, sush pvamethgers aging, to/2var MAnXor pysebaylicR to R4
is ethylhe | Aare

i sotri decyi&( d[%gg@r%g%ﬁgﬂ?ﬁnﬁﬁﬁée@h %‘?lﬁgyda %%g@caglgr?u?hh

di t hi ocar bdomius REIO@H, wheretR 16, heflleyl ved niigtuhes fthis aaﬁi WANDT ﬁolylsebutenyl
particul arl ted unts ar excessi vel friction
reduci ng efgg@ F%m¥$§UW?mE%5Hi @BHPF%F?HS P“{ V’%?émgweé@§?%ely

| arge, sludge or corrosion is Ilable to occur. Sulfurized oxynol ybdenum

di t hi ocarbamates are not believed to exhibit abrasion resistance effects,
by thensel ves, when the anounts are 3ﬂrparat|vely low, i.e., about 0.03% by
wei ght (300ppm in terns of nolybdenumTrelative to the lubricating base. As
taught in the art, for effective fi-iction reducing effect they are

enpl oyed at concentration in excess of 0.07 % by weight (700 ppm

nmol ybdenun) up to 0.2 % by wei ght {2000 ppm nol ybdenun). These conpositions
exhibit friction reducing effect when the anounts are conparatively |arge
i.e. ~greater than 1 %by weight in terns of nDbedenun1reIat|ve to the

e Y b1 I e o . Y e Y M



[0074] The sul furized oxynol ybdenum dit hi ocar bamates represented by the
formula { 1 } can be prepared by reacting nol ybdenumtri oxi de or a

nol ybdate with an al kali sulfide or an al kali hydrosul ftde, and
subsequent |y addi ng carbon disulfide and a secondary am ne to the reaction
m xture and reacting the resultant m xture at an adequate tenperature. To
prepare the asymmetric sul furized oxynol ybdenum dit hi ocarbamates, t the use
of a secondary am ne having different hydrocarbon groups or the use of two

or nore di fahg(BNin Segandaiive aFhdresly tlethPRnakovmily @eessttderfehigiignés The
symretric sul furized oxynol ybdenum dit hi ocar bamat es can al so be prepared in

a simlar reigteestheigef.wi th the use of only one secondary ami ne. DETERGENT

0075] The 1ggiosi b gais: Ol PE RESEN L AVRELLON {1k ARKLANPLLY contain a

det ergent. e‘use 0 ergen specifica ‘°y a hig ver based (HOB)

cal ci um pheRdiaiby] eendiniatd 4 Mididtaibyepsiyhrhines, 2eeleabiestandiyypb d&olaged
conpounds descri bed _above | ead to further scér}grgy and i nproved reduction in
the frictidnlbddita NQ.8nt74,.586clbe disalpsyre ob mddnp Berchp mcopprated by Teitrents on i s

an additiv | bCh 0 L& 1 j | Leating
V'scosi ty, RIGFREREYEhrob R LR KLl Pl o BRSLE R Ae Bht o #REEC,
oxynol ybdenmeatdiatibn,asasl hasvat ensefigah Gyte d Satpréfombbofiaa2Ontad@varbod a@ndet er gent
(preferably. a. cal cium phenate). There are a n er of materials that
are sui tabl%’éméfélH%B’tIEF gﬁ%ﬁ%?ﬂf@ﬂéﬂ%ﬂﬂe%%ﬁwﬁwwﬁ(ﬁe TVGth. B e
materials i : | I E O, ), high
over based 6%5?1%? gogfgggﬁtgﬁgsc?lmpg%gﬁg gtp ggﬁﬁ%}aellﬁlgﬁg alglilalgé,’ S%ﬁ%%ﬁ%n tlééngB

t hi ophosphandtes. gthdelcf bmainesdiathslent wiamies, téthrethotdne pentefmenea Bt y, phenat es

are enpl oyed,. prefer cal. ci.um.or magpesi.um phenat e -21
00761 ne” GENBOTATRBHERG T PEORS 0 SRR ed PRI ERME O BEREC: ha br oad
class of mypad3jphenabsr d1aGlordbmgo stu§ef9ffoﬁkﬂ%hﬁﬂ@ﬁ&k@xﬂitr@%&y&r@ﬂ%o'

sul fides, and the al kyl phenol -al dehyde condensat’i on products. Detergents

formed fr ofvianmichphse comphenitaans. Biudss compesitiens apxeprepared dowck pidopherl Coahenat e
has the structural, formula; 5 O, M- f /.[ an henate sul fide has the
o ol . Sttt 50 i, e Rei it ot fomafl i BE SRSt tiches  oa ™ e
struct ural papifemadeni8e, Rn® aPaiMhcQomipduhd iRRGIiRe MPy bOk awsld oRpolyamike t he

same or different and are each independently selected fromstraight or
branched alak§ityniead apapesiesnsraabpigpared Soghan dkylaping, wieh B8 methydaming RE akor e

preferably X . | 3 al i ne
earth metal® 6%n§fagﬁ g%%lﬁ% d%&yl%)@ﬂgwy oZrQ%tgaﬁ kk&geﬁlgg‘@ﬁtggﬁe\l/ a?%ﬂ]ﬁq{%bendi ng
on the par tTheyhasiolivahakrial iyl eeshlfutibel amdl peeferibpnd dodgpphenshophehales are

preferred for use in the present invention, Miltiple phenate rj nlgs may al so
be formed &K¥plsaskd ypigakManielsbases which cap Pauscddpitus invention are disclosed in

U.S. Pat. Nos. 4,157,309 and 3,649,229; 3,368,972; and 3,539,663, the disclosures of
which are hereby incorporated by reference. The last referenced patent discloses
Mannich bases prepared by reacting an alkylphenol having at least 50 carbon atoms,
preferably 50 to 200 carbon atoms with formaldehyde and an alkylene polyamine
HN(ANH),H where A is a saturated divalent alkyl hydrocarbon of 2 to 6 carbon atoms
and n is 1-10 and where the condensation product of said alkylene polyamine may be
further reacted with urea or thiourea. The utility of these Mannich bases as starting
materials for preparing lubricating oil additives can often be significantly improved by
treating the Mannich base using conventional techniques to introduce boron into the
composition.

[0044] Another class of composition useful for preparing the oxymolybdenum

complexes employed in this invention are the phosphoramides and phosphonamides such
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[0077] The materials are generally prepared by carrying out the reaction in
a low viscosity mneral oil at tenperatures ranging up to 2b0 degree
Cel si us depending on the - 22 reactivity of the netallic base. The

al kyl phenol internedi ates can be prepared by al kyl ating phenol with

ol efins, chlorinated paraffins, or alcohols using catalysts such as HzZS04
and A1Cl13, with the latter being enployed with the chlorinated paraffin in
a typical Friedel-Crafts type of alkylation. A preferred high overbased

sul furi zed g@ltkydeRiRIREE®IH T.SPPEAPN6E S, I0Y, 430 UnA 3L 968|115, the Jibclodiide 80which

al kyl phenyl with an al kaline earth base (preferably calciunm) in the
presence ofargherebyitncerpomted byretarpnogl Thase pomaesicons raanbs prepared By fymyng a

xtur o S HrRO e R RCR ol EnG X THOP B 3R ark ) REPELE, Ton”

medi um wi t hbyG@acting phbgphoresexycidonde Wih adigdicomdyhdidl mghe presenoviag al cohol ,
glycol water, and sedi nent, The al kyl phenat. cag be treat Ed eiéher bef ore,
during, or BOBAEYDRAR DY Gaghnembasthgis gy phiarife i arhiurctionabisegpdacy awing
(preferably, st o] i), i : e of an
excess of t%“? aqrrgstsg ﬁ%gg%)aé\%@?{}{ ﬁfélbpﬁoggﬁ%%ﬁ%gstcgﬁnggﬁ{egmgeg%g?%aecﬁ}{%gﬁform t he
nor mal phenatsetaratéd hydsoqadsmi dohmpotuad damtainihp €romo2 catt®dr hasi cartehletdmane

phenates. Basj c al kaline-earth phenates containing, two, and three tines the
B r o1 ohi ot ek PN §o PO AT e DU AP Bifo UG P -PHE Bk St
literature. hJQ@4, isablSfend -k 3RhichtNelimNRS Wik mbitRdrneaile et al

phenate is acid neutralization, "the incorporation of 'excess base into these
mat eri al s pandwi rdesgea-aintaining tompawmdias definadeabovtiganteuiarhyf angdk ylreinat es. Basi ¢

henat ,s0.b d f t henol sulfides. This.i ts th
beneri ts of Tafmmaa KRRt oL A ARV T e b ent SRR | og0]
Over based 3diKtﬁ}riefg&ﬁ%[debtrféﬁ{ﬁéne@ﬂﬁﬂﬁie?fetﬂﬂé‘tﬁ?lehéi%ﬂta‘ﬁﬂﬁéﬁ%hﬂYhéjlﬂiei. ned by the

anmount of total basicity contained in the product. It has becone popular to
| abel a detl@P¢Ent Byothes clagnofnitoaggn-coateming ervepositions gsefal iBEOPEBRE thent het i ¢
sul fonat e. Bafg nunber ;s defined in.terns of irtwt}e S voa_tlaggh amount, of

pot assi um h?}ay (Akfn&ilgl oM ST REPT W iih“e Helf eyl er. Pﬁas, fY g?’n ‘fl Rufrber s
reflect norasakkplndseinpoders (¥1 indfievdrd)eThiseVd ilped@al £6 c@hkkdhiy@epperr ve.
The TBN of a sanpl e _can be determ ned by ASTM Test No. D2869 or any ot her
equi val ent Bt iaeinpalizingabydrormRor Belymgmespaciadiyarolpaerderived Fageetisdency al ent

to 300 nmill} j 0xi e 300
KoH o Tvo U BRorerB U RRAUMTRINAR Y LEABR S Ron (ERE BrobiTRosg 1O 10

filterabil ihynomer28uch as[alOR:1lL of higplatik alefine oediotdfingETtal fupdtemalizsionsedyul i n
the present inventi 08 shoul d have TBN Ecﬁf from about. 40 to 400, fD{lef erably
200- 400, wiRSFATERS-AOBY BERHEY b PEPCHISET WhicB dntsafice A seastve sils Hgitrpyhic
preferred. \RAPIEERM Rlabifie kytdhtsrR BHRICH A Y. %@bb%ﬁjﬂe‘? idthed o iRheRt es
which are useful in the present invention i1nclude: OA 216S (S. 25%

cal ci um 3.8idregént-contaihiag sqBhy fo AEGAICE BitREYn cahinimg fubctdnsad giotps on he7 TBN) ;
219 (9.25% cal cium..3.3%,sul fu 250. TBN) ; or 247E,(12.S% cal cium 2.4%

sul fur - 320°0FaRg" Daagong C Smet P ERimenh it i a9 Atk o ¢ e
Chevron O afdiniduhdEspekial$ tdRe ivogen-cdatd1BingcBRIpBERIN Al Ic¥MpeSITHRY des@itelt

avai | abl e cal ci um phenates i nclude LUBRI Zé_ _G£99 (9.2%cal cium 3.25%

sul fur, 250cheraN)Prefersdoitiopen sgweds@rudkyleneamngs.isueh apghylpsngmings, alksb1 (6. 8%
calcium 2. %% ésuhltldJﬂ/I[an&i%Rb N). All of these phenates are available from

the Lubrizdl rporation o ckliffe, OChio. TBN s may be determ ned using
ASTM D 289G0046)082Preftridiciigit dithspealckmpomeisdar dide intiialnvpitesiaires useful in
the present invention fall into the general. class of additives known as

det er gent s, SUEHBIYAR, §T8exic ackd anpides, avl Maanich bAsasmMATe BRfeTE P8 yner gy with

t he ograno- . 3#?*ﬁ§¥ﬁ i hﬁﬁgﬁq

detergents,£¥§§gﬂgu on e§&@§§6?53§ﬂgéﬁgggﬁﬁfs aviﬁggfﬁ%ﬁ@%%%mgg&ww

nmol ecul ar weemgbf ,Suchsadciniatides camble pdre treatke withibokorhaneth ylerdbedaybatinfefasr ent
performance char.acterjstics in the present invention. [0083] Wen a

sul fonat e angde e?ﬁ enpl oyed preferably it is an alkali or alkaline
earth netal salt of a hydrocarbyl sulfonic acid having from 15 to 200
carbons. Preferably the term "sul fonate" enconpasses the salts of sulfonic
acid derived frompetroleumproducts_.1 Such acids are well known in the art.
They can be obtained by treating petrgréunlproducts with sulfuric acid or
sul fur trioxide. The acids thus obtained are known as petrol eum sul fonic
acids and the salts as petrol eum sul fonates. Mst of the petrol eum products
whi ch becone sul fonated contain an oil-solubilizing hydrocarbon group. Al so
included within the nmeaning of "sulfonate" are the salts of sulfonic acids
of synthetic al kyl aryl conpounds. These acids al so are prepared by

. o o A2



[ 0084] The aci ds obtained by sulfonation are converted to the netal salts
by neutralizing with a basic reacting alkali or al kaline earth netal

- conmpound to yield the Goup | or Goup Il netal suifonates. Generally, the
acids are neutralized with an alkali nmetal base. Al kaline earth netal salts
are obtained fromthe alkali netal salt by netathesis. Alternatively, the
sul fonic acids can be neutralized directly with an al kaline earth netal
base. The sul fonates can then be overbased, although, for purposes of this
i nvention, (o4 basTHGoxdytdNdeNGR @8 fPlekes SMBIshaRAHoMBIRIiAbSs1dfidize®t hods of
preparing such materials are well known to those skilled in the art. See,
for exanpl &epresguaivelguliur atces ke prepangs theosynjodybgspunrspliyrgmplexgs pask er r ed,
however, because : ' ' val. |l abi.l i I ol eum
cul foni o adi AL il it BaReBheRBke RS, Glat ARaRFES
obt ai ned byhssphbaraehtagifidy, RO1SS wheey RGahpdrocdbaspretensbls Q¢ b Alsyl) anldrd isat i ng
oil fractions and extracts_ rich in aromatics which are obtained b

ext ract i ng 2bleasids BergaBKrsulides apd polysulbdessuches @8TakSntWhermhy dhatdsast éct s may,
if desir ed’t iggce%%x%%iggrepejna?ﬁerﬁﬂt%ﬁ%?Iﬂe%rrﬁ)’laR SATeN IUH@% Wefideqol ef i ns
or al kyl ch}Iorl es By neans of an al kylation catalyst; organic polysulfonic
aci ds such absveb@isoanefutlassulfuaning agentslanshiaditionalysutinr-oayainiog dngoakiknts at ed;

27 Lhese SrobRRy I ADhRY SO Sk Sl AP 8 RS R cor
or radi cal §,§0NkAlBa @sttelj-ﬁ@ﬁﬁs %bcgwlfu%z&%ﬂegx héHoR M thOhefX MRl iRerbsOM about 8
to 22 carbon atons. Another preferred gro g of sulfonate starting nmaterials
are the al {8 i c-Ehemifntizedefdtty yolliestesuard preparediby dectimg subfucsutfhe al i phati c
SRRy SR 5 SRTL o B Syl P ARG SRR 21O
the al kyl heheraaws! TypicUbdtavitcl @i CisCARkydbiifb 8f CeCHdsafkfe Pt acids, which
the aliphatic radical” or radicals contain"a total of at |east 12 carbon

at ons. Spesudhi as pakmitqitiesoloit, ri¢ineleicopdtrosdinib vacesuics brdleicadiiodeni¢,ncl ude

D o B S RS R e S RS e B

aci ds, SUCEO@&re@@ﬁs&’HanB%ﬁ&ﬁaiﬁéﬂ WARnfix@CidsurAat fity Big_ytbrsssllchapge aci ds,
and the like, aliphatic sulfonic acid, such as paraffin wax sulfonic acids,

hydr oxy- subbteinedtiom pamak fafsrandaesetalle ols, sugtasdall oidtlinseedgib [obixe pRreastee

sul foni ¢ agj et : fonl g acids, cetyl cyclopentyl

sul fonic agil ’earrlrgtnotéf,9%%3)%@%5&3&%@%@&%# Sggddﬁléycl ohexyl sulfonic acids, -
25 and {0049 i keExehtpary €4t éspesd inolude hausyl ltdlting, medioil dicate, sthiyhdlestded t o
cover all sulfonic acids that are derived directly frqom petro] eum products.
[0087] Typtaar! olgadety) olppieHetd linplsaias lawrvk isipglspte 9lgyl I%EHI%OFMI glearate,
conposi tiog,d Q&k@&&l&g& metal sulfonates exenplified as follows: calcium
white oil benzehe sul fonate, bariumwhite oil benzene sul fonate, nmagnesi um
white oil BHSHEne Gobs-ondwized esdrailefinsgdiuob lay pswfmized bexmene GiHG:oo0lafing

cul Fonat e, LA CENOO AN HE B AR O et Y B REHBURy et 1 of cum

sul fonat e, wWiRENEH WARYRIPERIAY: (REhICOh WHut ARBHSy als@bs usean t ri acont yl _
sul fonate, magnesium’triacontyl sulfonate, calciumlauryl sulfonate, barium

| auryl sul {¥¥%dl e, Srdipnieed elefinsare prepstadibyribe wactioncof IGTEIERs ARBNOrYESY{ 0088]

ashiese. i PR SRLT LT pEOBICRN Erk ey aRSBLERGF A AN oA REAT Cr o1

package. Thesilfieuifahnesschi@id) snd/er saifupdividtdd hat are essential |y metal
free. Exanpl es of ashless dithiocarbamates that may be used .incl ude, but

are not |i #9405l t o}Msoraalih ase Bisiasqrantio aogialii Rl6ees Bishes djbenzyl sulfide,
i

et hyl enebi I i &:hi ; j I )

di sul fi de- g"%ﬂ B@g g’i &é{%ﬁg@ﬁ?%g‘%“?a’fr‘%‘e%‘?ﬁgﬁéﬁé’og’ﬁglﬁé]lek@rfd‘gefioﬁaﬁs of the
di al kyl di t blefinsnfaientel swaforthr Eliegrcabby prepwedfhiyorerting the $Grtoay hetesal, Eganpl es
of preferred _ash|ess dithiocarbanates arg me | enebi s.

(i butyt o IOEANE Anrisseod ESRDRERBOVE: U Ry P ORR Ao BT and

i sobutyl disulfide-2,2"-bis(dibutyldithiocarbamate). OQther additives such
as may be added to the fornulated oil package of this invention such as

t hose descri bed herein above to prepage t he oxynol ybdenum conpl ex. These
additives can al so include viscosity-index inprovers including conjugated
di ol efin block copolyners and | ow nol ecul ar wei ght net hacryl ate pol yners,
di spersants (of the ash and/or ashless type as described herein above),
pour point depressants such as acrylate and nethacryl ate pol yners,

antioxi dants, metal passivators, anti-foam agents (such as al kyl

nmet hacryl ate polymers and dinmethyl silicone polynmers), and anti-corrosion

e Y oy




[ 0089] Oxidation inhibitors include: phenol type oxidation inhibitors:
4,4 -methyl ene bis (2,6-di-tert-butyl phenol),

4,4 -bis(2,6-di-tert-butyl phenol), 4,4'-bis(2-nmethyl-6-tertbutyl phenol),
2,2 -nmethylene bis {4-nmethyl -6-tert-butyl-phenol), 4,4 -butylidenebis
{3met hyl -6-tert-butyl phenol),

4,4" -isopropylidenebis(2,6-di-tert-butyl phenol),

2, 2' met hyl enebi s{4- net hyl - 6- nonyl phenol ),

2, 2' - i sobutjthiciseprisd14r Pptfdrrtiyd BB pmakin wax thisméliksmdbd & U.S. Pat.

{4- met hyl - 6- cycl ohexyl phenol }, 2,6-di-tert-butyl -4-nethyl - phenol,
2,6-diterth@u¥§F6A5@thylphenol, 2, 4-di met hyl - 6-tert-butyl - phenol ,

2,6-di -t . N di j 4..4' - i i ..
oyt 0l N SRy b1 ARGE D BRSAGsaird ot (o tomposiions. 1
bi s {3- net bydh-a-shirohicedytoded y@phenbludngd |l thecutoilihsultd thdeof. amd alkyd group

(3,5-di-tert-butyl-4-hydroxybenzyl). D phenylanine type oxidation
i nhi bi t or : Ctdinasl g ceRfaigs fﬂ‘?ghgfﬁQ(PTF%{EO%?tOWé-p?hWFtélrﬁaHén%}’n‘?P preferably, a Group

phenyl - al pha- t LNe: i £l : it ct of al kyl phenol
and et hyl eggrogl ,IT%%F}?X;S}S% H??gé\ig&éwﬂﬁé?ﬁg‘%sméﬁgﬁ% %kyet hyl ene sorbitan
ester. [009@I54Vi scRrsferned isndiensoirps are eulfun hydroghn: supfaley pdsphamy| at e t ype

pol ymers, ethyl - pQpyl.ene_copol.ymers, styrene:i soprene copol yners,

hydr ogenat B@ltéstuﬁ%’l& 2@&@%%63@?%@5% pff‘é‘%/r bly (?b[ﬁ?'y!aé?(g ,an_éﬁds jﬁ‘%llgaﬁé?’s ant
type vi 5C0ﬁieﬁ‘éﬁpla‘ﬁg%eferi'iPRstedfﬁC.gWﬁﬁaﬂiQ%ﬁhesﬁHﬁ golbyitidegn 1S further

illustrated by the foll owm ng exanples Ich are not to be considered as
| i mtativetlibacetamide apé thie@2a. Mo pE2grrethomlfopsauocealateysudlnt, faydiagen sulfide,

| ybd it i t f this.j ti d
or "abeor patEEtps B EIE ShT Rbben s P bl ittifer er o i h o one ¢
centinmeter Hmtsh- | ey b1 8YRbISteE Bleld ih hedréphraioni oPhiR ROBBEGRRNESANBERN by

diluting the nol ybdenum contai ni ng conposition with isooctane to a constant
mol ybdenunc@pioyedin i iprerdionds QE02i8ch fagiiates thevitgtadiesrubatyeen Geaedsf t he

di l uted nol num cont ai ni n oppesition. Light,cpl of . t he onent was
et or m e PRua U ERRBLA ARAE PRIl Plucomismihe R b3k Fisishit SRL™F o1 | owt ng
exanpl es Apamgbt&siatd well kiden 1o RIIRESn Bc AR pigalprombieayat 1)3-sul furi zed
oxynol ybdenum conpl ex was carried out at a_ hi t enper at ure (Bﬂr eater than

120 C) dur Prejansdolnbiyidrncrdiol, diskyione glycel putypealigselier/nsepxdenctgiysodal#-on

steps. Thi e, fol < 1h i e Kiing, 1; Pat ent
o. "4, 263, DS ARETHOIE R i M RloRARES SARRIENe, Palthiaichi

round- bot t amett, gingskylffbasdmidé, N-hethyMat diaraidepdihathyt adetshide rieethalheat i ng
mantl e, tenperature probe for controlling and neasuring the tenperature,
and wat er - E6¥l°e8 ebisaieiedhy S«H@@d%Hﬁﬁﬁ@ﬁgﬁa@pgﬂf@rmedﬁfrﬁlﬁyﬂ&q@@e@Pﬂi m de
di sper sant /o8 Gorihred a0 andBo @il GarkBANREreREl vt grans of
water, and 135 granms of Chevron 350H Tthinner, whi'ch is a hydrocarbon

thi nner. [(084] ExWhpk erddnaritiéherpebear praomoten is sepagatelasidfieshtiodbe whactien stirring
at reflux (about.1000), for 2 hours. The.fl ask fitted with a an- St ark
rap and  FEPEA DA B BiFEpaer s a5 e VP 35 RGUPRoheRLEtR | ng
about 40 ghARRIr&s sY@ﬁﬁ% mateRalsRE @8Walersdhylitatibg iethe Q¥RIC EBlybi&mat about

I 50C, and half the filtrate was stripped at 170C under house vacuumto
remove t hecempaundg; sychras §blalsMp; GosHbG Vatariaryababadsigd @s ammensgenum
content of ﬁdrg%’dgy wei ght, a sulfur content of 0.7%which is attributed to
sul fur in P € base oil, and a col or of 3.0DDD usi ng ASTM D 1500. This
product hafbsn] absanhainsefor plepidig e 0kyrasiobdmnnt dvaipldxes usdd ia th@vel engt h of
350 nanoneters. [0095] Exanple B: Sulfurization: To the second half of the
filtrate offVERUGRISO PIRAK 9iRign&f Eivesidie melybdepum pieevrses a2 RAAgi ve a
Charge Ml g Rati MRS ) e i 4 hours,
t he sol ven g wasélls)‘ﬁl ppzésdé %t%?%%&n&%ﬁéﬁ cﬁfg&?&nc{/ﬁ@ﬁh%@? ggﬁtldjr %gﬁi f.rH‘TIAnaI ysi s
gave a nol didanisasedsif eedesaty, Go Pt hly aweitghie viscasity dbif easy stirmingnTypéal 2. 6% by

ight, nit tent. of. 1.9%b i ght, and f 4. -28
e g, ASTMEBAE0E Shrig g o b e g Be Grecaron din By
wavel engt hiffesB&) RN 85 8rox f63H £ e ddabPHURe 885 EmBNERID kadani | e

mai ntai ning reaction tenperatures at |ow tenperatures {at or below 120 O
during the nol ybdation reaction, st [i199i ng and/or sul fui-ization steps.



[ 0096] Exanple C. 250 granms of a bissuccinimde, prepared froma

pol yi sobut enyl {1000 M W) succini c anhydride {PIBSA) and a m xture of

pol yet hyl ene pol yam ne oligonmers avail abl e as E-100 pol yet hyl eneami ne from
Hunt sman Chemi cal Conpany at a nolar ratio of amne to PIBSA of 0.5 to 1,
and 162.5 grans of neutral oil were charged to a glass reactor equi pped
wth a tenperature controller, nmechanical stirrer, and water cool ed
condenser. The m xture was heated to a nol ybdation reaction tenperature of
70C. Wi | e salutibrathmmontvenmelybidete £Thi? Geabtign BrBrriet onpdtyebdeisywfoxi de and 45. 8

gans of water were char d to.the rea The reactor was fhen held at a
reaction t éfPRFAIIRSE!YB VB CF&’FPOZ‘B‘hﬁ&Fﬁ%“g R @&ﬁﬁwrpéﬁrqﬂuxt he

mol ybdat i oferhgaghtOM ls%ﬁmy@éﬂé@mva%qtn%s ﬂér&tﬂréés%'aﬂﬁoﬁ rwéri ed
out at tenperature 99C and a pressure of 2g 1 neters rcury
(absol ut e} pogssiresmafy be usqsipf desireet Biiy red@Ction Immtms mavhmtlpnajumﬁtre:amit\amlned 4.01

% by wei ght nd 1.98% ht of nitr absor bance
it ety GRS 84 SR A LR RSP 88 (eRHETEfa IhF 5087 Bxanpl o
D 384.4 grai®e &f reRbtSeurtik Abidl ARoBBdNuEPAIaA sk RitFepRTRbBpSuRRIAInZdthe0 grans

of neutral oil were charged to a gl ass reactor equi pped W|th a tenperature

controller camahmw@laif vetérriramm theapattina ek tuconkebe domdelaeior toldvenpietianur e was
heated to mi)l atl &%lﬁgn terrperature 70C. Wiile at reaction
tenperaturé, %na} Y Benum oxi de and 70.4 granms of water were
charged 10 [0#B3] I eaBiDprefchied ah@aHHBYcdRShbl &St ﬂaﬁjaﬂngthd@@mdlmeh@ﬂper ature
70C for 18 hours. Upon conpletion of the nol ation reaction, water was
renoved by CEMPIERES, élﬂq sActos egipted enskhiratedgtip t%@D%Wé@%ﬁW@T%@léﬂéb@t
pressure of S e oxi mately
B0 o nUtes 12§%e %; dgéi?hg ?efglfabgp(i%ﬂ?x%ét?ﬁ] cfég.%kﬁ%el? % Ebsou 80 8%?&

charged t o Gels2) Mblyb@;urmdrdmirtomshlfab&&holysd&% @S mfsnaué_r’gedtovme al so
charged to the flask. The reaction mixture was then heated t

sul furi zat reastarape dicdemperaire Boraintried gt feniesaaite dss fanor P@Wlméb%léﬂ(? ed

out for O. t ogen
and 3. 3% P CHparanFh AR Gkl ORI 1 thout DY affk A eihs Shk(

0. 644 at athmmelybdgtdm mfsuﬂ&iﬂemlazneamer&ces[sma]lsﬁnawpﬁﬁoﬁ th29&cliogr ans of a
nonosucci ni m de, 1Qre ar ed from [ sobuf:5 ng{% {1000 S\é\é} .succi.ni c
anhydri de {TF‘FESSA) SfRevah methads ine %rteﬁ‘i? Heq oAy HAGT QR ireeeroo

pol yet hyl e@ﬁﬁ#ﬂ d¥Ewhile Iﬂalmlﬁﬁ Hf@:ttbxﬁ &Etu?e%ﬂﬁe tectbt §%eﬂbelgnﬁélé9thjan ornd
232.1 grans neut r al Were ch arge to a glass reactor equipped with a
t enper at ur eqeale alput é20 dmcetsaﬁnlmas pstiemablyrbetveacd abauttdp depsketelsondenser. The

m Xt ure was, he on reacti.on  tenperature o Wil e at
Aottt e eteds CofiY AR ISR b RR meS TR BihGestls B, of
wat er wer e tghraaet ke th&%ﬁ@@@mrabo&hao HegetOCelvias o intanethd 18k copact i on

tenperature 70C for 21 hours. Upon conpletion of the nolybdation reaction,
wat er was netapiediihe mplybil¢nua-ronainingcomassivelt. né i wdinanly cagigseswetr e 99C

and a pres

oopr ox ot eSSt praluld AFRhEN Biahlr JFIOE e eE RlahEhsdl BERMREe |\ ogen
and 4.08% bgepwtygw:allymhxylbdeﬂumap&@ﬂofaibsmr(bamﬂ)ouﬂs apgkty of about 0.31 S
at a mavelen th of 350 nanoneters. [0099 nple F. 321.4 grans of

nmonosucci nil¥§7é aslfgesifsdy & wrﬂdﬁaﬁb%mé &ﬁ%fi 1@/ ﬁreat'@ggblaﬁ%cmn Rexfrrearithyi |
wer e char ggd, i &uﬂée%%?eﬁﬁéﬁ%%e Etfa%axﬁ’c%‘lg Yskilte %n&rﬁ%%fa%ﬁl%rr%t‘%&gi&%' er,
mechani cal stirrer wat er coo condenser m xture was heated to
nol ybdat i onbowed@didegretebeinatarrtie Q0 sttircd © radct methehé andit emperdenumend24. 0

rans of | ybdenum oxi de ans of .water_were charged to
Seator Thadie BEmEeh SmeSeoisnfudiAis sepitap eam Eraed pa B5trtted & hour s.
Upon conpl onPibdit 01516 abBil $hiatd 41 préefablyifom WedR 0. 38 SbbBMPN&ARs. 0% some

distillation that was carried out at tenperature 99C and a pressure of 25
m | | i met er sasss, mwmogdrof ﬂ{fabémmor@yteofwaterﬁromhe spphiexinigues rpay3ee dashiehles. The

Bt o0 TS B5R BLTR AP A BB °°

reacti on wasd eRyrhol®8daun/sudfur Goxﬁplleﬁpfcﬁiuc%@ fuch ehetiioddo ngﬂbﬂmobo&rl&%lby

wei ght nitrogen, 4.06% by wei ght nol ybdenum and 0.21% by wei ght sul fur.
[00100] Exanple G 390.0 grans of noR ﬁsucci nimde as prepared in Exanple E
and 304.4 grans of neutral oil were charged to a glass reactor equi pped
with a tenperature controller, nechanical stirrer, and water cool ed
condenser. The m xture was heated to nol ybdati on reaction tenperature 80C
While at reaction tenperature, 88.2 grans of -30 nol ybdenum oxi de and
75.8 grans of water were charged to the reactor. The reactor was then held
at reactl on terrperature 80C for 22 hours Upon conpl etion of the

. . Y 1 o,



-31 Exanpl es 1-4 [00103] Friction nmeasurenents were nade using a

M ni - Tracti on Machi ne manufactured by PCS Instrunents. Friction
coefficients were nmeasured with the Mni Traction Machi ne using the pin-on
di sk attachnment. The pin specinen is secured and be | oaded agai nst 46 mm
di aneter disc. The tests were run at a load of 25 N, a speed of 500 mmi's
and a tenperature of 150 C, test tine and-resulting friction coefficient
are illustrated in FIG 1. [00104] Exanple 1, tested the friction

coef fici entohPired ﬂﬁco%gpﬁ@xe's ipPéi‘)aPéaga'??HgﬁEﬂ @RpRlafREs) AR ASn@irhPEdR! fuel

formul ation, and Exanple 2 was perfornmed with the control formulation and
a) 500 ppneamomyeeiraent oafdatioh yihdkehomaod anfiiwesoperfirmased quatitien ffdomninng

o oot or T BB AR BN Bty herd WY EPJeRnOms S out eny

succi ni m dg,drade HerkiaFReABRRBIN § BVUBisitAd BohbIRBeath GR3udsidioRAEC RNt ati ve

conpounds are shown in
used herein, this test recorded the visible spectra of molybdenum compositions at a
constant concentration in an isooctane solvent. The spectra represent the absorbance
intensity plotted versus the wavelength in nanometers. The spectra extend from the
visible region into the near infrared region of the electromagnetic radiation (350
nanometers to 900 nanometers). In this test, the highly colored samples showed
increasingly higher absorbance at increasingly higher wavelengths at a constant
molybdenum concentration. The preparation of the sample for color measurement
comprises diluting the molybdenum-containing composition with isooctane to achieve a
constant molybdenum concentration of 0.00025 g molybdenum per gram of the
molybdenum-containing composition/isooctane mixture. Prior to sample measurement
the spectrophotometer is referenced by scanning air versus atr. The UV visible spectrum
from 350 nanometers to 900 nanometers is obtained using a one centimeter path-length
quartz cell versus an air reference. The spectra are offset corrected by setting the 867
nanometer absorbance to zero. Then the absorbance of the sample is determined at 350
nanometers wavelength.
[0060] Characteristics of these new oxymolybdenum/sulfur complexes are
disclosed in U.S. Pat. Appl. Serial No. 10/159,446 filed May 31, 2002, entitled
REDUCED COLOR MOLYBDENUM-CONTAINING COMPITION AND A
METHOD OF MAKING SAME, incorporated herein by reference in its entirety.
[0061] In the reaction mixture, the ratio of molybdenum compound to basic nitrogen
compound is not critical; however, as the amount of molybdenum with respect to basic
nitrogen increases, the filtration of the product becomes more difficult. Since the
molybdenum component probably oligomerizes, it is advantageous to add as much
molybdenum as can easily be maintained in the composition. Usually, the reaction
mixture will have charged to it from 0.01 to 2.00 atoms of molybdenum per basic
nitrogen atom. Preferably from 0.3 to 1.0, and most preferably from 0.4 to 0.7, atoms of

molybdenum per atom of basic nitrogen is added to the reaction mixture.

-17 -



Ekanples A and B. Additionally, Exanple 3 tested the control fornulation
with the addition of b) 80 ppmon the basis of nol ybdenum of a nol ybdenum

conmpound o
are a m xt

f formula | wherein X and X2 are O X3 and X4 are S and R
ure of alkyl Cg and C~3. Exanple 4 tested the control formnul

to R4
ation

with the addition of 420 ppm of the conponent of Exanple 2 with Exanple 3.
The results are shown in FIG 1 and in Table 2 shown for the end of test
time average from 2400 seconds to 3000 seconds or t2400-3000 averagc TABLE

Moo f uwhedosonan), yiida ) the bulegesd 8k aReysdmuncamplifing{ a) ppm

2 Exanpl e

MoMbDTC ( b)

aver age) 1-

ppm MoMIM pin on disc results (t2400-3000 )
compositsors ey bepgenepdly sbwraqtonzd 2g 3Golfgggolygdenum complex of a basic

nitrogen dispersant compound preferably with a sulfur to molybdenum weight ratio of
about (0.01 to 1.0) to 1 and more preferably from about (0.05 to 0.5) to 1 and a nitrogen
to molybdenum weight ratio of about (1 to 10) to 1 and more preferably from (2 to 5) to
1. For extremely low sulfur incorporation the sulfur to molybdenum weight ratio can be
from (0.01 to 0.08) to 1.

[0063] The sulfurized and unsulfurized oxymolybdenum complexes of this
invention are typically employed in a lubricating oil in an amount of 0.01 to 10 %, more

preferably from 0.04 to 1 wt %.

SULFURIZED OXYMOLYBDENUM DITHIOCARBAMATE
[0064] The sulfurized oxymolybdenum dithiocarbamate employed in the lubricating

composition is represented by the formula (1).

3 4

1S X 1 X S 3
R\N g 5 I /X\IUI < g N,R

—LToTNO 2 (U < 4
R v R

[0065] In the formula (1), R' to R* are independently selected from a hydrocarbon
group or can be the same hydrocarbyl group of suitable length to provide oil solubility.
Hydrocarbon groups include, but are not limited to, alkyl groups, alkenyl groups, aryl
groups, cycloalkyl groups and cycloalkenyl groups.

[0066] Examples of the alkyl groups include 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-decyitetradecyl, 2-dodecylhexadecyl, 2-

-18 -



[ 00105] These results clearly show the synergistic friction nodification of
conbi ning a sul furized oxynol ybdenum ni trogen di spersant and a sul furized

- oxynol ybdenum di t hi ocarbanate. As seen fromthe table and the figure, there
is a dramatic inprovenent in the two conponent m xture over the individual
conponents. Mreover while nolybdenumis deenmed to be the active agent in
the sul furized oxynol ybdenum nitrogen di spersant for friction nodification
a reduction in the nol ybdenum concentration in the hvo conponent m xture

still |ead hE)@adeEfiflE)&H(%“e'yr, Q&Hﬂré&pﬁbctb&éﬂypﬁﬂﬁ%ﬂﬁ bRMshed-fsodt@PlanteR tS were
additive, the calculated friction coefficient for a two conponent system

simlar tolikganple 4 at tZaoo-3000 average seconds woul d be approximately a

Fiiot] Pl t 0087 T qditive friction 4l ‘t .
this time 00 wababephenes it ieant L rmitand, FuiP Al et he | but i on
of MDTC amdtefyMopikeed, sandnyl, Mopeitbn@f hdxbRylshdptatiyl, 22 bn9k YioRdryh dRBH,

conplex (i.e. 0.137 - 0.105 420/500*0. 1162. However, as denonstrated from
conparing HRdecgeyludedeeensil tetsadseenyl. pigyl andithediken at a | ower nol ybdenum

concentrati Wi t I to a
| ower fi-i émh cogf E{%@rﬁ? éﬂpﬁﬁﬁ%ﬁ)}dﬂ%ﬁg&g%ggﬁéggﬁsé}é?ﬁ@gér{@sl’ﬁt?@?’v\er e
mer el y addixyiy,euntxglypiesisyl JoehZyl] pehethlyl, styir gl tinnamplabetizhngmt, sriwgr e made
using a high frequency reciprocating rig fHFRR) test whi ch has been

descri bed Bipyipheyg; propyiphenykdwtylpeayl, poafyiphenyl, hayylphsnylghepsylphenygs  The

ar am | oad, 05 eh, FARHAT, Secpeh, MR ARILBE Aoyl AOp Bhabinys '
duration. bmApkdnpylestyfdated phére/l,qi-turh dpiv@ryatalphe-naphthiyl) bethagpbthyCeionpsa 30

m nut e test Slglrﬂti on, the other paranmeters being simlar. The disks were
650 Hv, Al &} B6- steel, polished to 0.05 micron Ra roughness. [00107]

Resul ts T 0oggsp Pl P SycldAIg ghoudd af Goldalieaby @bsk ihedabheard ol hiisd Spl ayed

HFRR resul ts are the average o east three fu ength runs. These
exanpl es ussaytloperftyly oydicttesy, oydlohpatkagethpsydbpanty](Brtyslyelohyxydnd t he sane

| ybd di.t hi bamat Exanpl e, 2. | es 7- | oyed t
oyl ybae A BHTER D Ly Ee R o cieh syt SV eh R e Ul o
oxynol ybdeMﬁwﬁm@xer@mﬁaﬁﬁdydwheggeﬁ9rgaﬁmth@ni%eéanpl es C through H

Particul arly, Exangl e enpl oyed - the nonsul furized oxynol épden‘fjm
conpl ex pr é4E0kd i Qf hesogranpse Browlkyh sPuaspt dkenyd sebups arpiresredag R enBl oyed

S T
di t hi ocar barkgt group hawihpyliendbarbof giohis! PrebiabiyahaRbaomisere idEARIE gibubxanpl e
No. Ocyrol yl[)(()jO%T]Jm In another aspect R' to R* are independently selected hydrocarbon groups,

preferably R' and R? are the same hydrocarbon but different than R? and R* which may

be the same hydrocarbon group. More preferably, R' and R? are each an alky! group

having 6 to 10 carbon atoms, and R? and R* are each an alkyl group having 11 to 18

carbon atoms, and most preferably, R' and R? are each a branched alkyl group having 6

to 10 carbon atoms, and R? and R* are each a branched alkyl group having 11 to 18

carbon atoms.

[0072] In the formula (1), X' to X* are independently selected from sulfur or oxygen

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

sulfur atoms and oxygen atoms. In consideration of balance between friction reducing

effect and corrosivity, the molar ratio (ratio of numbers) of sulfuric atom(s)/oxygen

atom(s) should particularly preferably be in the range from 1/3 to 3/1. Some of the oil-

soluble molybdenum compounds of Formula I are commercially available. For example
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ni trogen d~spersant conplex (ppm M) MDTC (b) (ppm M) Ashl ess DIC (c) W
%IFRR resul ts

(avg.)5------ 0.1406--80--0.1227S00- ---0. 086842080- - 0. 0689500- - - - 0. 074New
HFRR t est paraneters10400----0.1201 140080--0.

1 0812400--0. 400. 11713400800. 400. 10314800----0. 1011580080- - 0. 0641 6800- - 0. 400
. 0817800800. 400. 066 *Concentration in wei ght percent the lubricating oil
conposition fromthe conponent: sul furized oxynol ybdenum nitrogen

di sper sant lce gp,at 800 m
M is eqw &eﬂrﬁtse\?}é&%)gggd &95}4\%}&%&@{ %‘88 Hd wer%é{@g%]w vaé{é11 At f 00. 20 \I?vlto%
-34 [ 00 1091th Ipelescatryd g‘roﬁ@bhmi @hfm mrpmsolybdxrm;menpﬂl oyidatjorasiata dtart isvld
containing a conbln tio enu onpounds, ie. sul furized or
unsul furi zed! 8&5?&8@? Eﬁﬁ{ 8%@2 %Mg%gausﬁmwﬁﬁnf & fGetothp| ybdenum
di t hi ocar bapatgn MiHiBied bl RET CPARRk (CBMpEAPIRI RSrANECoARUSRMAR. PrOVi de

superl or friction
molybdenum compounds may be prepared by the methods described in U.S. Pat. No.

3,356,702 wherein MoQj is converted to soluble molybdate by dissolving in alkali metal
hydroxide solution, neutralized by the addition of acid followed by the addition of a
secondary amine and carbon disulfide. In another aspect, the molybdenum compounds
of general structure I wherein X' to X* are O or S may be prepared by a number of
methods known in the art, for example US Pat. No. 4,098,705 and 5,631,213. JP
51080825 (Asahi Denka Kogyo K.K.) discloses a method wherein MoSs, secondary
amine and CS; are reacted together in an inert organic solvent. Bull. Jap. Petrol. Inst.
1971, 13(2), 243-9 discloses a method wherein sulfurized molybdenum dialkyl-
dithiocarbamates are treated in xylene solution with P, S5 with heating followed by the
dissolving in DMF of the resulting precipitate with further heating. Preferably the
molybdenum complex contains some oxygen atoms, more preferably the ratio of S/O is
2.0/2.0in X' to X* and R’ to R* is ethylhexyl group or R' and R? are 2-ethylhexyl and R
and R? are isotridecyl.

[0073] The amounts of the sulfurized oxymolybdenum dithiocarbamate, or as
sometimes referred to herein as MoDTC, is particularly limited, if the amounts are
excessively small, the friction reducing effect is insufficient, on the contrary, if they are
excessively large, sludge or corrosion is liable to occur. Sulfurized oxymolybdenum
dithiocarbamates are not believed to exhibit abrasion resistance effects, by themselves,
when the amounts are comparatively low, i.e., about 0.03% by weight (300ppm) in terms
of molybdenum relative to the lubricating base. As taught in the art, for effective friction
reducing effect they are employed at concentration in excess of 0.07 % by weight (700
ppm molybdenum) up to 0.2 % by weight (2000 ppm molybdenum). These
compositions exhibit friction reducing effect when the amounts are comparatively large
i.e. greater than 1% by weight in terms of molybdenum relative to the weight of the
lubricating base; however diminished economic effect of the friction reduction and

generation of engine sludge and varnish at these concentrations limit this application.
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coefficients over each of the conpounds individually. Exanples 18-19

[ 00110] These exanpl es expl ored the dependence of detergent to the overall
~frictional coefficient. An experinental design on two fornulation variabl es
was performed. The variables were the presence of the oxynol ybdenum conpl ex
and sul furized nol ybdenum di t hi ocar bamate and either cal ci um phenate

over based detergent (as outlined in Exanples 1-5) or a overbased cal ci um
sul fonate {12. 7S% cal cium 1.95% sul fur, 320 TBN) whi ch was enpl oyed in

equal TBN fRe blegert dhventioh BREB:Q s§8érelsgedtpling of £PhlAGREd okphoEBaauaT
conmparison, the results from Exanples 5 and are present along with

Exanpl es 1Bitggen dispersant gad belgw IFABPR of amsuiiiyired RomobyhdsnyiBdenum ni t r ogen

di sper sant dﬁ]‘ﬁgptlrggﬁnegtgﬁﬂ% WQI%Q(%% i((rpc))f tﬁg m%%;%gﬁ%enum dithiocarbamate

is employed at concentrations below 125 ppm and more preferably at or below 100 ppm
(about 0.01%) and even more preferably at or below 80 ppm or 0.08% (by weight in
terms of molybdenum from the dithiocarbamate relative to the weight of the lubricating
base), there is not expected to have any effect below 10 ppm.

[0074] The sulfurized oxymolybdenum dithiocarbamates represented by the formula
(1) can be prepared by reacting molybdenum trioxide or a molybdate with an alkali
sulfide or an alkali hydrosulfide, and subsequently adding carbon disulfide and a
secondary amine to the reaction mixture and reacting the resultant mixture at an adequate
temperature. To prepare the asymmetric sulfurized oxymolybdenum dithiocarbamates,
the use of a secondary amine: having different hydrocarbon groups or the use of two or
more different secondary amines in the above process is sufficient. The symmetric
sulfurized oxymolybdenum dithiocarbamates can also be prepared in a similar manner,

but with the use of only one secondary amine.

DETERGENT
[0075] The compositions of the present invention may optionally contain a detergent.
The use of a detergent, specifically a high overbased (HOB) calcium phenate in
combination with the sulfurized organomolybdenum compounds described above lead to
further synergy and improved reduction in the friction coefficient. Accordingly, one
embodiment of this invention is an additive package for reducing friction comprising an
oil of lubricating viscosity, a sulfurized oxymolybdenum nitrogen dispersant, a
sulfurized oxymolybdenum dithiocarbamate employed at low concentration and a
detergent (preferably a HOB calcium phenate). There are a number of materials that are
suitable as detergents for the purpose of this invention. These materials include phenates
(high overbased HOB or low overbased LOB), high overbased phenate stearates,
phenolates, salicylates, phosphonates, thiophosphonates and sulfonates and mixtures
thereof. Preferably, phenates are employed, more preferably HOB calcium or

magnesium phenates.
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TypeHFRR results
(avg. ) 5----phenat e0. 140842080phenat e0. 06818- - - - sul f onat €0. 1191942080sul f ona

te0.106 [00111] As seen fromconparing the results in Table 3, the degree
of reduction in the friction coefficient is strongly dependent upon
detergent type enployed and by the addition of the nolybdenum conpl ex. -35

CLAIM5;, 1. A Lubricating oil conposition conprising a major anount of an
y and at | east 454 ppm nol ybdenum based upon the

oi I of lubricpaigygp viggcosi 5’1 _
total mass of the corrpo'%siefi' Bifitoinddn i daih@mhdRg), fer  cpmposi tion
cont ai ni ng: {@Ftahmmieszmﬁisa?tX¥g01 ybdenum co @Qatﬁr Bisasetie braathelass of
reacting, in g@aa}gresence of & poraf b@mﬂ%a&ymem%ﬁtme%% denum
gr

conmpound and a ‘?”@I‘ﬁid?h)a@enn@@mmﬁ Oéﬂse ted fromthe ®consi sting
€,

of a succi ni FuBGrad oxylic acid am “ieasnt damiad from mieasd]
hydr ocar byl pol yam %’gﬁg"xﬁh A8 18 pheRate

eeINyase phanarhas pia i de, a
t hi ophosphoram de, a phosphonam de, a di spersan%grgl @g&wlqindex i nprover;
and (b} a nol ybdenum di thy' ocarbamate of the formula | 3 4 1

O‘MrO R

and phenate sulfide has the formula:

1§
wherein R through R0 may be the same

or different :
selected from Straight or branched aj) and are each independently

yl gr oups preferab i
and more preferably Cy to Coz alkyl; M, P ably of eight or more car

metal (preferably Ca, Ba, Mg), and z can

’ | bon atoms
2 and My are 1ndependently and alkaline earth

range from 1 to 3 depending on the particular

present inventjon, Multiple phenate rings
formulas above,
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R-NCGS M X~ ~ -SCNR3 ~X~Mb wherein R, R2, R3 and R4, are independently
sel ected froma hydrocarbon group; Xl to X4 are independently selected from
~sul fur or oxygen atom wherein said nol ybdenum dithiocarbanate i s present
bel ow 175 ppmin ternms of nol ybdenum concentration, based upon the total
mass of the conposition. 2. The lubricating oil conmposition of Claim1l
further conprising a cal cium phenate detergent. 3. The lubricating oil
conposition of Claim2 wherein the cal cium phenate detergent has a TBN of

200 t o 400readtivilihef the bictatiid bazg. The alio@pinmsl inkdmedihteClcan Be prepavet ber
conprising an ashl ess dithi ocarbamate. -3fi 5. The lubricating oil

conposi t i oAlkytatiog pherol wWithetlehing, eidernated rasafifigp.tanialsohels apae catalysissbel denebi s
di but vl di thi L ). e e ‘. m 1

wner o o ¢ heospy A AICH S¥its B IHUPLEHPERBRNK IR Blihe SATRATL LOMAINE 2 T

cont ai ni ngtypixad Griadel {afiotype af gkylasal. uliipectstred high coabasedisofudzednol ybdenum

conpl ex. 7. | ubricating oil cgrrposition of Caiml or &gerein t he oil

T or 6
sol ubl e s UPMH)%E%? 5 MPRGebRy R ieaa &t Cerasdakirhepy byidh ay alkalinegrh sul f ur
to mol ybdegyn BRirg 1y calcium) in the presence of a dilution oil, an alkyl polyhydric alcohol

(preferably ethylene glycol) and halide ions, the glycol being present in the form of a
mixture with alcohol, glycol, water and sediment, carbonating the reaction medium with
CO; in the presence of halide ions and again removing alcohol, glycol water, and
sediment. The alkylphenate can be treated either before, during, or subsequent to
overbasing with a long-chain carboxylic acid (preferably stearic acid), anhydride or salt
thereof.

[0078] By use of an excess of the metal base over the theoretical amounts required to
form the normal phenates, it is possible to form the so-called basic alkaline phenates.
Basic alkaline-earth phenates containing two and three times the stoichiometric quantity
of metal have been reported in the patent literature.

[0079] Since an important function of the alkaline-earth metal phenate is acid
neutralization, the incorporation of excess base into these materials provides a distinct
advantage over the metal-free phenates. Basic phenates can also be prepared from the
phenol sulfides. This imparts the benefits of acid neutralization capacity to the phenol
sulfides.

[0080] Overbased alkaline-earth metal phenates have been casually defined by the
amount of total basicity contained in the product. It has become popular to label a
detergent by its TBN (total base number), i.e. a 300 TBN synthetic sulfonate. Base
number is defined in terms of the equivalent amount of potassium hydroxide contained
in the material. Thus, higher TBN numbers reflect more alkaline products, and therefore
a greater alkaline reserve. The TBN of a sample can be determined by ASTM Test No.
D2869 or any other equivalent procedure. A 300 TBN calcium sulfonate contains base
equivalent to 300 milligrams of potassium hydroxide per gram or, more simply, 300 mg

KOH/g. Two factors limit the degree of overbasing: oil solubility and filterability.
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ratio firomO0.05-0.5:1 and a nitrogen to nol ybdenum wei ght ratio from
2-5:1. 8. The lubricating oil conposition of Caim1l wherein the total

nol ybdenum concentrati on of the conposition is 500 to 2000 ppm 9. The

| ubricating oil conposition of Claiml1l wherein the ratio of conponent {a}
to (b} is from2: i to 20:1. 10. The lubricating oil conposition of Claim9
wherein the ratio of conmponent (a} to {b) is fromb5:1 to i0:1. 1 1. The

| ubricating oil conposition of daim1l1 wherein the oil sol uble

oxynoi ybde0o81§ onpliexalkdingrearhhedal phedatésaneful Orthé prepeatt adwsheo@bhovld heleow
about 120C_to_provide a prodgﬁ@y havi ng a absorbance intensity of |ess than

0.7 at a wlPelhigremapoyss tn rmf@fa@%a%o%%m dOPr30q bstg reasireferet
pat h-1 engt Y520 6&he ol frekdiell! RUDLLNBRGELS BP &%&%Fcﬁzﬁ%%ﬂ lo flght!t | NG

t he oxynol ybdenum conpl ex th isooctane to a reference enu
concent r at TGN piendted OORS aye asafulah tinppresedemuentparingndenGIfOA RE68(5.25%d

LU 1 GBI ER: Syl b0 A rLS ot bt ety a7

tenper at ur g 84, QhicRfh, Vs RRAkHr, 230 FBN)L & ﬁt?lﬁl{lli.'s‘% GRMA] NhRGubarBeynd to

forma oil sol uble sulfur containing oxynolybdenum conpl ex. =37 3. The
| ubri cat i ngBd)l Abeipese talommopheGhias anciaRavbdy Eom thchEheirén Oodnitel Id.Gul f ur

CO 1 0 YRS SOUBL el 2 SR 30 DS BB 0, BT
2-5:1. 14. LUBRIZOY 688t (012G, LAltiugOBIRES) dilRR 280 T8N 5303 V8 Llciint, P&k eact i on
temperat ur (saulli’Li, 200 TBN); or 6501 (6.8% calcium, 2.3% suifur, 190 TBN). All of these phenates
are available from the Lubrizol Corporation of Wickliffe, Ohio. TBN's may be
determined using ASTM D 2896.

[0082] Although the alkaline-earth metal phenates useful in the present invention fall
into the general class of additives known as detergents, the phenates as related to the
maximum discovered synergy with the ograno-molybdenum compounds are not
interchangeable with other detergents, i.e. sulfonates, as two detergents having the same
TBN, molecular weight, metal ratio and the like, will have widely different performance
characteristics in the present invention.

[0083] When a sulfonate detergent is employed preferably it is an alkali or alkaline
earth metal salt of a hydrocarbyl sulfonic acid having from 15 to 200 carbons. Preferably
the term "sulfonate" encompasses the salts of sulfonic acid derived from petroleum
products. Such acids are well known in the art. They can be obtained by treating
petroleum products with sulfuric acid or sulfur trioxide. The acids thus obtained are
known as petroleum sulfonic acids and the salts as petroleum sulfonates. Most of the
petroleum products which become sulfonated contain an oil-solubilizing hydrocarbon
group. Also included within the meaning of "sulfonate" are the salts of sulfonic acids of
synthetic alkyl aryl compounds. These acids also are prepared by treating an alkyl aryl
compound with sulfuric acid or sulfur trioxide. At least one alkyl substituent of the aryl
ring is an oil-solubilizing group, as discussed above. The acids thus obtained are known
as alkyl aryl sulfonic acids and the salts as alkyl aryl sulfonates. The sulfonates where

the alkyl is straight-chain are the well-known linear alkylaryl sulfonates.
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from about 70C to about 90C and the sul fur to nol ybdenum vsreight ratio is
0.4:1 or less. 15. The lubricating oil conposition of Claim1 wherein the
basi c nitrogen conpound is a succinimde. 16. The lubricating oi
conposition of Claim1l wherein the polar pronoter is water. 17. The

| ubricating oil conposition according to Caim1 wherein nol ybdenum

di thi ocarbamate is present at or below |00 ppmin terns of nolybdenum
concentration, based upon the total nass of the conposition. 18. The

| ubri catingoggd] ConmppRd iRbLRGRAN ) MBfohidd #é BorveREd b/thihei iR W) ybdenum
di t hi ocarbamate is present from50 to 90 ppmin terns of nolybderium

concent r at ingwniraliyasgdithyp dasic reacting alkalhersaikalne teagh owigd oginpownl, to péeld tee

| ubri cating. il . coapositiaop,of..Claiml rein R~ to R4 i.s indepe ntly
sel ected fromMRhoa (vwlng Sw§§?%@qgﬂF§ﬁ§%ﬁ%5P 8ﬁ"§F3HEhﬁﬁﬁwﬁlgf§g§h has a
ratio of Shiififbade. MiRalthe cdfh mbd shitkiré 6thinBd fiohd the ANANSHItAIGAIt®, Claim 1 or
19 wherein R to R4 are 12 or 13 carbon atons. 21. The lubricating oil

conposi t i omedthesinAftematiyelyhibe seléeme pgdsrande neatiglized deregthowpher elkglisvnpound

enpl oyed Aleafdh GRS BRL q‘]‘xé aﬁfOQlfdteE gﬁrﬁtlhelp 99 89&8&93',%1@18{1&0’ & &époses of this
invention, overbasing is not necessary. Overbased materials and methods of preparing
such materials are well known to those skilled in the art. See, for example, LeSuer U.S.
Pat. No. 3,496,105.
[0085] Particularly preferred, however, because of their wide availability, are salts
of the petroleum sulfonic acids, particularly the petroleum sulfonic acids which are
obtained by sulfonating various hydrocarbon fractions such as lubricating oil fractions
and extracts rich in aromatics which are obtained by extracting a hydrocarbon oil with a
selective solvent, which extracts may, if desired, be alkylated before sulfonation by
reacting them with olefins or alkyl chlorides by means of an alkylation catalyst; organic
polysulfonic acids such as benzene disulfonic acid which may or may not be alkylated,
and the like.
[0086] The preferred salts for use in the present invention are those of alkylated
aromatic sulfonic acids in which the alkyl radical or radicals contain at least about
8 carbon atoms, for example from about 8 to 22 carbon atoms. Another preferred group
of sulfonate starting materials are the aliphatic-substituted cyclic sulfonic acids in which
the aliphatic substituents or substituents contain a total of at least 12 carbon atoms, such
as the alkyl aryl sulfonic acids, alkyl cycloaliphatic sulfonic acids, the alkyl heterocyclic
sulfonic acids and aliphatic sulfonic acids in which the aliphatic radical or radicals
contain a total of at least 12 carbon atoms. Specific examples of these oil-soluble
sulfonic acids include petroleum sulfonic acid, petrolatum sulfonic acids, mono- and
poly-wax-substituted naphthalene sulfonic acids, substituted sulfonic acids, such as cetyl
benzene sulfonic acids, cetyl phenyl sulfonic acids, and the like, aliphatic sulfonic acid,
such as paraffin wax sulfonic acids, hydroxy-substituted paraffin wax sulfonic acids,
etc., cycloaliphatic sulfonic acids, petroleum naphthalene sulfonic acids, cetyl

cyclopentyl sulfonic acid, mono- and poly-wax-substituted cyclohexyl suifonic acids,
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wei ght percent phosphorous based upon the total nass of the conposition.

- 38 22. A lubricating oil conposition conprising a major anount of an oil
of lubricating viscosity and about 0.1 to 10.0 percent by weight of a
friction nodifier conposition containing: (a) an oil soluble sulfur
cont ai ni ng oxynol ybdenum conpl ex prepared fromreacting, in the presence of
a pol ar pronoter, an acidic nol ybdenum conpound, and a basic nitrogen
succi ni m de conpound or m xtures thereof; and optionally reacting the

resul ting @ameqmev\nrh@teangpétwémﬁ@M@n@am@"@@muaﬂfo dovpr A1 smfonkoRMsm
dithi ocarbamate of the fornulal 34 S X~ XS RANCS-M X~-M-S-CGN-R 4 R

X R wher ei ihagiare @mveqi?glf@m]d frm pefrdenngepsadent | y sel ected from a
hyd b ' t d
ydrocar Oml%vﬁgr i é)al o ;]@ géeﬁ%%ﬁﬁ?r?%g Os‘éf’aflz%bneel“o?%gg}n tfh{soépﬁ li') Itléﬁ or

oxygen ato P el ow | 25

ppm i n ter ikclgde thehishd enltinace rR&NDIfdd aaﬁolldwmedcmmhﬁél&lb@mhe pHEfmarf the
conposition; (c) a calcium phenate detergent; and (d) an ashl ess
di t hi ocar bdaEE Wints oilbargenssyl P@f-rte,|rmﬂn6w1ﬁgvftlwé>ﬂrhqné%qe§ﬁlfpwwalcaﬁn

f b I
B et oot cdyRondiebeitht St SRR YNGR, tpbfe LR ontt bRERELED ©
conpositi omhpmmrapamlerbgnzeﬁa);ulﬁ:mam bal&uhubhl&)gsmy ]f)e]rolmmmmafonategbmmml ybdenum

conpl ex prepared fro eac in the presence of ter an
aci dic nol AR R %H%edn%‘f?‘&wgi%@@hp%aﬁ%‘g @é}mf romt he

group cons 'tﬁ&doﬂgrl %lfc%a{%uﬁx%gﬁ!ésmnﬁj %xac@nt??sru%iﬁé’tb | Glh ‘i‘alfi‘g‘ s‘i’:‘f’fonéte mé%ﬁxc ar byl

monoami ne, a hydrocar byl pdl yam ne, Manni ch base, osphoram e, a
t hi ophosphdalayrhmlda”pnae phzglphomdmtdbsulﬁmdﬁsqb@rsant viscosity index inprover,
or a mxture thereof; and optionally reacting the resulting conplex with a
sul fur-cont ai ni ng conmpound; and (b) a nol ybdenum dit hi ocarbamate of the

formula I QTHER ADDITIVES
[0088] Other additives can be employed in the present invention which include
ashless dithiocarbamates that are preferably soluble in the lubrication oil package. The
term ashless refers to compounds that are essentially metal free. Examples of ashless
dithiocarbamates that may be used include, but are not limited to,
methylenebis(dialkyldithiocarbamate), ethylenebis(dialkyldithiocarbamate), and isobutyl
disulfide-2,2'-bis(dialkyldithiocarbamate), where the alkyl groups of the
dialkyldithiocarbamate can preferably have from 1 to 16 carbons. Examples of preferred
ashless dithiocarbamates are methylenebis (dibutyldithiocarbamate), ethylenebis
(dibutyldithiocarbamate), and isobutyl disulfide-2,2'-bis(dibutyldithiocarbamate). Other
additives such as may be added to the formulated oil package of this invention such as
those described herein above to prepare the oxymolybdenum complex. These additives
can also include viscosity-index improvers including conjugated diolefin block
copolymers and low molecular weight methacrylate polymers, dispersants (of the ash
and/or ashless type as described herein above), pour point depressants such as acrylate
and methacrylate polymers, antioxidants, metal passivators, anti-foam agents (such as
alkyl methacrylate polymers and dimethyl silicone polymers), and anti-corrosion agents.
If desired, in addition to the present load-bearing additives, the lubricating composition
may include other compounds having a load-bearing action such as exireme pressure

agents (EP agents): zinc dialkyldithiophosphate (primary alkyl type & secondary alky!
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-39 S X3 ~XSRANGS- M X2 Mb-SSCGN-R4 R ~X~ Rwherein R, R2, R3 and
R4, are independently selected froma hydrocarbon group; X~ to X4 are

- independently selected fromsul fur or oxygen atom wherein said nol ybdenum
di t hi ocarbamate is present below I 75 ppmin terns of nol ybdenum
concentration, based upon the total nass of the conposition. 24. The net hod
of Claim23 wherein said fi-iction nodifier conposition further conprises a
cal cium phenate detergent. 25. The method of C aim 23 wherein said friction
nodi fi er caoypomirhixtned thedehfy prefengily sseondany agle] @splogéd ticonambratimtsdess2f i . The

Dol ow 100 PR 05 1 RECSGROTRSH PERLARR CEREISEIEE PO o BRSO BEHOERE ot al
ol ybaenum a L S b e oL P PRl e o R R
nmol ybdenumbebric@At mdt% phgsphersesibaspd nparhide flurihtimgesmpdsittdne Phosghosiusiion - 40
G Ay AS KRN B4 R RV hoRR G A0k PERGPICTORBRINRE. A S. An. A@ A
{ % A% A{S. AbritantsA%e pi&effed Avhefiiithe total phosphorous in the Iubricating composition is
below about 0.07 wt % phosphorous and more preferably at or below 0.05 wt %
phosphorous based upon the lubricating composition. Sulfurized oils, diphenyl sulfide,
methyl trichlorostearate, chlorinated naphthalene, and fluoroalkylpolysiloxane can be
employed.
[0089] Oxidation inhibitors include: phenol type oxidation inhibitors: 4,4'-methylene
bis (2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butylphenol), 2,2'-methylene bis (4-methyl-6-tert-butyl-phenol), 4,4'-butylidenebis (3-
methyl-6-tert-butylphenol), 4,4'-isopropylidenebis(2,6-di-tert-butylphenol), 2,2'-
methylenebis(4-methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol), 2,2'-
methylenebis (4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methyl-phenol, 2,6-di-
tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-4-
(N.N'dimethylaminomethylphenol), 4,4'-thiobis (2-methyl-6-tert-butylphenol), 2,2'-
thiobis(4-methyl-6-tert-butylphenol), bis (3-methyl-4-hydroxy-5-tert-butylbenzyl)-
sulfide, and bis (3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine type oxidation
inhibitor: alkylated diphenylamine or naphthylamine and phenyl-alpha-naphthylamine.
Demulsifiers: addition product of alkylphenol and ethyleneoxide, poloxyethylene alkyl
ether, and polyoxyethylene sorbitan ester.
[0090] Viscosity index improvers include: polymethacrylate type polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers, hydrogenated styrene-

isoprene copolymers, polyisobutylene, and dispersant type viscosity index improvers.
EXAMPLES

{0091] The invention is further illustrated by the following examples which are not

to be considered as limitative of its scope.
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120 °C) during the molybdation reaction, stripping and/or sulfurization steps. This

)

procedure follows the process according to King, U.S. Patent No. 4,263,152. Both
Example A and B employed a 1-L, three-necked, round-bottomed glass flask, fitted with
a mechanical stirrer, a heating mantle, temperature probe for controlling and measuring
the temperature, and water-cooled condenser, were charged 269.3 grams of
mono-succinimide dispersant (950 MW, 2.07% N), 25.2 grams of molybdic oxide,

43 grams of water, and 135 grams of Chevron 350H thinner, which is a hydrocarbon
thinner.

[0094] Example A: The reaction mixture was heated while stirring at reflux (about
100°C) for 2 hours. The flask was fitted with a Dean-Stark trap and the reaction mixture
was heated to 170°C for 2 hours, recovering about 40 grams of water. The product was
filtered over Celite at about 150°C, and half the filtrate was stripped at 170°C under
house vacuum to remove the solvent for about 1.5 hours. Analysis showed a
molybdenum content of 6.0% by weight, a sulfur content of 0.7% which is attributed to
sulfur in the base oil, and a color of 3.0DDD using ASTM D1500. This product had an
absorbance intensity of greater than 1.5 at a wavelength of 350 nanometers.

[0095] Example B: Sulfurization: To the second half of the filtrate of Example A
was added elemental sulfur, sufficient to give a Charge Mole Ratio (CMR) (S/Mo) of
1/2. After reacting at 170°C for 4 hours, the solvent was stripped at 170°C under house
vacuum for 1 hour. Analysis gave a molybdenum content of 6.0% by weight , a sulfur

content of 2.6% by weight, nitrogen content of 1.9% by weight, and a color of 4.5 DDD
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using ASTM D1500 having an absorbance intensity of greater than 1.5 at a wavelength

of 350 nanometers.

Examples C through H were undertaken while maintaining reaction temperatures at low
temperatures (at or below 120 °C) during the molybdation reaction, stripping and/or
sulfurizatton steps.

[0096] Example C: 250 grams of a bissuccinimide, prepared from a polyisobutenyl
(1000 M.W.) succinic anhydride (PIBSA) and a mixture of polyethylene polyamine
oligomers available as E~-100 polyethyleneamine from Huntsman Chemical Company at
a molar ratio of amine to PIBSA of 0.5 to 1, and 162.5 grams of neutral oil were charged
to a glass reactor equipped with a temperature controller, mechanical stirrer, and water
cooled condenser. The mixture was heated to a molybdation reaction temperature of
70°C. While at reaction temperature, 26.6 grams of molybdenum oxide and 45.8 grams
of water were charged to the reactor. The reactor was then held at a reaction temperature
of 70°C for 28 hours. Upon completion of the molybdation reaction, water was removed
by distillation that was carried out at temperature 99°C and a pressure of 25 millimeters
of mercury (absolute) or less for approximately 30 minutes. The product contained
4.01% by weight of molybdenum and 1.98% by weight of nitrogen and an absorbance
intensity of about 0.495 at a wavelength of 350 nanometers.

[0097] Example D: 384.4 grams of bissuccinimide as prepared in Example C and
249.0 grams of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenser. The mixture was heated to
molybdation reaction temperature 70°C. While at reaction temperature, 40.9 grams of
molybdenum oxide and 70.4 grams of water were charged to the reactor. The reactor
was then held at reaction temperature 70°C for 18 hours. Upon completion of the
molybdation reaction, water was removed by distillation that was carried out at
temperature 99°C and a pressure of 25 millimeters of mercury (absolute) or less for
approximately 30 minutes. At a later time, an 18.7 gram sample of this product was
charged to a 250 ml round-bottomed flask. 0.007 grams of sulfur were also charged to
the flask. The reaction mixture was then heated to a sulfurization temperature of 80°C.

The sulfurization reaction was carried out for 0.5 hours. The product contained 2.03%
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by weight of nitrogen and 3.83% by weight of molybdenum and an absorbance intensity
of about 0.644 at a wavelength of 350 nanometers.

[0098] Example E: 299.0 grams of a monosuccinimide, prepared from a
polyisobutenyl (1000 M.W.) succinic anhydride (PIBSA) and a mixture of diethylene
triamine (DETA) and E-100 polyethyleneamine at a molar ratio of amine to PIBSA of
0.65 to 1, and 232.1 grams of neutral oil were charged to a glass reactor equipped with a
temperature controller, mechanical stirrer, and water cooled condenser. The mixture was
heated to a molybdation reaction temperature of 70°C. While at reaction temperature,
34.3 grams of molybdenum oxide and 58.9 grams of water were charged to the reactor.
The reactor was then held at reaction temperature 70°C for 21 hours. Upon completion
of the molybdation reaction, water was removed by distillation that was carried out at
temperature 99°C and a pressure of 25 millimeters of mercury (absolute} or less for
approximately 30 minutes. The product contained 1.92% by weight of nitrogen and
4.08% by weight molybdenum and an absorbance intensity of about 0.315 at a
wavelength of 350 nanometers.

[0099] Example F: 321.4 grams of monosuccinimide as prepared in Example 3 and
51.0 grams of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenser. The mixture was heated to
molybdation reaction temperature 90°C. While at reaction temperature, 24.0 grams of
molybdenum oxide and 41.2 grams of water were charged to the reactor. The reactor
was then held at reaction temperature 90°C for 7 hours. Upon completion of the
molybdation reaction, water was removed by distillation that was carried out at
temperature 99°C and a pressure of 25 millimeters of mercury (absolute) or less for
approximately 30 minutes. The reaction mixture was then adjusted to the sulfurization
temperature 90°C. 0.17 grams of sulfur were charged to the reactor. The sulfurization
reaction was carried out for 0.5 hours, The product contained 3.15% by weight nitrogen,
4.06% by weight molybdenum, and 0.21% by weight sulfur.

[00100] Example G: 390.0 grams of monosuccinimide as prepared in Example E and
304.4 grams of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenser. The mixture was heated to

molybdation reaction temperature 80°C. While at reaction temperature, 88.2 grams of
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molybdenum oxide and 75.8 grams of water were charged to the reactor. The reactor
was then held at reaction temperature 80°C for 22 hours. Upon completion of the
molybdation reaction, water was removed by distillation that was carried out at
temperature 99°C and a pressure of 25 millimeters of mercury (absolute) or less for
approximately 30 minutes. The product contained 1.80% by weight nitrogen and 7.55%
weight molybdenum and an absorbance intensity of about 0.203 at a wavelength of 350
nanometers.

[00101] Example H: 10,864.0 grams of monosuccinimide as prepared in Example 3
and 5292.0 grams of neutral oil were charged to a stainless steel reactor equipped with a
temperature controller, mechanical stirrer, and water cooled condenser. The mixture was
heated to molybdation reaction temperature 80°C. While at reaction temperature,

1602.0 grams of molybdenum oxide and 689.0 grams of water were charged to the
reactor. The reactor was then held at reaction temperature 80°C for 7.8 hours. Upon
completion of the molybdation reaction, water was removed by distillation that was
carried out at temperature 99°C and a pressure of 25 millimeters of mercury (absolute) or
less for approximately 30 minutes. The reaction mixture was then adjusted to the
sulfurization temperature 80°C. 5.3 grams of sulfur were charged to the reactor. The
sulfurization reaction was carried out for 0.5 hours. The product contained 1.59% by
weight nitrogen, 5.73% by weight molybdenum, and 0.29% by weight sulfur and an

absorbance intensity of about 0.242 at a wavelength of 350 nanometers.

Performance Examples

[00102] The base line formulation employed formulated oil employing a lubricating
oil and additives in their typical amounts for particular purpose; this included a Group II
base oil of a viscosity grade of SW20, 3.4 wt % of a 2300 molecular weight post treated
ethylene carbonate bissuccinimide dispersant, 0.07 wt % of a low overbase TBN 17
calcium sulfonate, 2.4 wt % of a high overbase TBN 250 calcium phenate, 0.6 wt% of a

secondary alcohol ZnDTP, and a viscosity index improver.
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in accordance with US Patent No. 4,263,152 representative compounds are shown in
Examples A and B. Additionally, Example 3 tested the control formulation with the
addition of b) 80 ppm on the basis of molybdenum of a molybdenum compound of
formula I wherein X' and X* are O, X° and X" are S and R' to R* are a mixture of alkyl
Cg and Cy3. Example 4 tested the control formulation with the addition of 420 ppm of
the component of Example 2 with Example 3. The results are shown in FIG. 1 and in
Table 2 shown for the end of test time average from 2400 seconds to 3000 seconds or

£2400-3000 average

TABLE 2
Example | Sulfurized oxymolybdenum MoDTC MTM pin on disc results
No. nitrogen dispersant complex (b) ppm (t2400-3000 average)
(a) ppm Mo Mo

1 - -- 0.137

2 500 -- 0.116

3 - 80 0.105

4 420 80 0.063
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the nonsulfurized oxymolybdenum complex prepared in accordance with Example E and
Examples 10-17 employed the sulfurized oxymolybdenum complex prepared in
accordance with Example F.

[00108] The Examples so indicated additionally employed c) an ashless

dithiocarbamate, a methylenebis (dibutyldithiocarbamate).

TABLE 3

Example | Oxymolybdenum MoDTC Ashless DTC | HFRR results
No. nitrogen dispersant (b) (ppm Mo) (c) Wt % (avg.)

complex (ppm Mo)
5 -- -- -- 0.140
6 -- 80 - 0.122
7 500 -- -- 0.086
8 420 80 -- 0.068
9 500 -- -- 0.074
New HFRR test parameters
10 400 -- -- 0.120
11 400 80 -- 0.108
12 400 - 0.40 0.117
13 400 80 0.40 0.103
14 800 -- - 0.101
15 800 80 -- 0.064
16 800 -- 0.40 0.08
17 800 80 0.40 0.066

*Concentration in weight percent the Iubricating oil composition from the component:
sulfurized oxymolybdenum nitrogen dispersant complex at 400 ppm Mo is equivalent to
1.00 wt % and at 800 ppm Mo is equivalent to 2.00 wt %; MoDTC at 80 ppm Mo is
equivalent t00.20 wi%.

-34-



x! & ()- Y& 10% x! & ()-S y/110%x! & ()-g *!10%x! & ()- “'10%x! & ()-
08 10% x! & ()-:::t;:<<<<bA410 x!  @10%x! & ()- 310%

[00109] As seen from Table 2 compositions employing an additive containing a
combination of organomolybdenum compounds, ie. a sulfurized or unsulfurized
oxymolybdenum nitrogen dispersant in addition to a molybdenum dithiocarbamate
wherein the composition contains over 450 ppm Mo provide superior friction

coefficients over each of the compounds individually.

Examples 18-19

[00110] These examples explored the dependence of detergent to the overall frictional
coefficient. An experimental design on two formulation variables was performed. The
variables were the presence of the oxymolybdenum complex and sulfurized
molybdenum dithiocarbamate and either calcium phenate overbased detergent (as
outlined in Examples 1-5) or a overbased calcium sulfonate (12.75% calcium, 1.95%
sulfur, 320 TBN) which was employed in equal TBN to the calcium phenate detergent it
replaced. For ease of comparison, the results from Examples 5 and 8 are present along

with Examples 18 and 19 in Table 4.

TABLE 4
Example | Oxymolybdenum MoDTC Detergent HFRR results
No. nitrogen dispersant (b) (ppm Mo) Type (avg.)
complex (ppm Mo)
5 -- -- phenate 0.140
8 420 80 phenate 0.068
18 -- -~ sulfonate 0.119
19 420 80 sulfonate 0.106

[00111]  As seen from comparing the results in Table 3, the degree of reduction in the
friction coefficient is strongly dependent upon detergent type employed and by the

addition of the molybdenum complex.
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CLAIMS:

1. A lubricating oil composition comprising a major amount of an oil of lubricating
viscosity and at least 450 ppm molybdenum based upon the total mass of the composition
of a friction modifier composition containing:

(a) an oil soluble oxymoltybdenum complex prepared from reacting, in the
presence of a polar promoter, an acidic molybdenum compound and a basic nitrogen
compound selected from the group consisting of a succinimide, a carboxylic acid amide, a
hydrocarbyl monoamine, a hydrocarbyl polyamine, a Mannich base, a phosphoramide, a
thiophosphoramide, a phosphonamide, a dispersant viscosity index improver; and

(b) a molybdenum dithiocarbamate of the formula I

4

3
1 S X 1 X S 3
R‘N E—s rUl/X\;Uy s—C N’R
—LUToTMO -, MOTOTUTIN 4
R v R

wherein R', R%, R? and R4, are independently selected from a hydrocarbon group; X! to
X* are independently selected from sulfir or oxygen atom; wherein said molybdenum
dithiocarbamate is present below 175 ppm in terms of molybdenum concentration, based

upon the total mass of the composition.

2. The lubricating oil composition of Claim 1 further comprising a calcium phenate
detergent.
3. The lubricating oil composition of Claim 2 wherein the calcium phenate detergent

has a TBN of 200 to 400.

4. The lubricating o1l composition of Claim 1 further comprising an ashless

dithiocarbamate.
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5. The lubricating oil composition of Claim 4 wherein the ashless dithiocarbamate is

methylenebis (dibutyldithiocarbamate).

6. The lubricating oil composition of Claim 1 wherein the oil soluble
oxymolybdenum complex is reacted with a sulfur containing compound to form a oil

soluble sulfur containing oxymolybdenum complex.

7. The lubricating oil composition of Claim ! or 6 wherein the oil soluble sulfur
containing oxymolybdenum complex is prepared having a sulfur to molybdenum weight

ratio from 0.05-0.5:1 and a nitrogen to molybdenum weight ratio from 2-5:1.

8. The lubricating oil composition of Claim 1 wherein the total molybdenum

concentration of the composition is 500 to 2000 ppm.

9. The lubricating oil composition of Claim 1 wherein the ratio of component (a} to

(b) is from 2:1 to 20:1.

10.  The lubricating oil composition of Claim 9 wherein the ratio of component (a) to

(b) is from 5:1 to 10:1.

11.  The lubricating oil composition of Claim 1 wherein the o0il soluble
oxymolybdenum complex is prepared at a reaction temperature at or below about 120°C
to provide a product having a absorbance intensity of less than 0.7 at a wavelength of 350
nanometers as measured in a one centimeter path-length quartz cell in a UV-Visible
spectrophotometer after diluting the oxymolybdenum complex with isooctane to a
reference molybdenum concentration of 0.00025 grams of molybdenum per gram of the

diluted oxymolybdenum complex product.

12.  The lubricating oil composition of Claim 1 or 11 wherein the oxymolybdenum
complex is reacted at a reaction temperature at or below about 120°C with a sulfur

containing compound to form a oil soluble sulfur containing oxymolybdenum complex.
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13.  The lubricating oil composition of Claim 12 wherein the oil soluble sulfur
containing oxymolybdenum complex is prepared having a sulfur to molybdenum weight

ratio from 0.05-0.5:1 and a nitrogen to molybdenum weight ratio from 2-5:1.

14.  The lubricating oil composition of Claim 13 wherein the reaction temperature is

from about 70°C to about 90°C and the sulfur to molybdenum weight ratio is 0.4:1 or less.

15.  The lubricating oil composition of Claim 1 wherein the basic nitrogen compound

is a succinimide.
16.  The lubricating oil composition of Claim 1 wherein the polar promoter is water.

17.  The lubricating oil composition according to Claim 1 wherein molybdenum
dithiocarbamate 1s present at or below 100 ppm in terms of molybdenum concentration,

based upon the total mass of the composition.

18.  The lubricating oil composition according to Claim ! or 17 wherein molybdenum
dithiocarbamate is present from 50 to 90 ppm in terms of molybdenum concentration,

based upon the total mass of the composition,

19.  The lubricating oil composition of Claim 1 wherein R! to R* is independently
selected from an atkyl group having 6 to 13 carbon atoms and X' to X* has a ratio of S/O
of 2.0/2.0.

20.  The lubricating oil composition of Claim 1 or 19 wherein R' to R* are 12 or 13 carbon

atoms.

21.  The lubricating oil composition of Claim 1 further comprising at least one
phosphorous compound employed at a concentration of total phosphorous below 0.05

weight percent phosphorous based upon the total mass of the composition.
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wherein R, R?, R® and R?, are independently selected from a hydrocarbon group;
X' to X* are independently selected from sulfur or oxygen atom; wherein said
molybdenum dithiocarbamate is present below 125 ppm in terms of molybdenum
concentration, based upon the total mass of the composition;

(c) a calcium phenate detergent; and

(d) an ashless dithiocarbamate.

23. A method for improving the friction reduction performance in a lubricating oil
comprising adding to the lubricating oil an effective amount an oil soluble or dispersible
friction modifier composition containing:

(a) an oil soluble sulfur containing oxymolybdenum complex prepared from
reacting, in the presence of a polar promoter, an acidic molybdenum compound and a
basic nitrogen compound selected from the group consisting of a succinimide, a
carboxylic acid amide, a hydrocarbyl monoamine, a hydrocarbyl polyamine, a Mannich
base, a phosphoramide, a thiophosphoramide, a phosphonamide, a dispersant viscosity
index improver, or a mixture thereof; and optionally reacting the resulting complex with a
sulfur-containing compound; and

(b)  amolybdenum dithiocarbamate of the formula I
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wherein R', R%, R and R?, are independently selected from a hydrocarbon group; X' to
X* are independently selected from sulfur or oxygen atom; wherein said molybdenum
dithiocarbamate is present below 175 ppm in terms of molybdenum concentration, based

upon the total mass of the composition.

24.  The method of Claim 23 wherein said friction modifier composition further

comprises a calcium phenate detergent.

25.  The method of Claim 23 wherein said friction modifier composition further

comprises an ashless dithiocarbamate.

26.  The method of Claim 23 wherein said molybdenum dithiocarbamate is present at
or below 100 ppm in terms of molybdenum concentration, based upon the total mass of

the composition.
27.  The method of Claim 23 or 26 wherein said molybdenum dithiocarbamate is present at

from 50 to 90 ppm in terms of molybdenum concentration, based upon the total mass of

the composition
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