O L COWCOSI TI ONS HAVI NG | MPROVED FUEL ECONOMY EMPLOYI NG SYNERQ STIC
ORGANOVIOLYBDENUM COMPONENTS AND METHODS FOR THEIR USE FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to inproved |low friction oil
conpositions using lubrication additives and to methods for inproving
friction reduction in enploying lubricating oils prepared therefrom Mre
specifically, the invention relates to a friction nodifier additive

- containing a conbination of organonol ybdenum conpounds whi ch denonstrate a
- syner gi st i OHo@RIMROSATIONSHAMING IMPROVED FUEL HCONOMY EMMIOYING

BACKGROUND , I [ ' tuyre ought
‘to inprove g&@{% ww&‘gﬁ&%ﬁg%ﬁ@%‘ﬁw&@ﬁﬁ%ﬁﬁmﬁim ng
engi nes which take advantage of ngwrAgIF@ oRECE 0ils which have better
fuel efficiency, oxidative stability, volatility, and inproved viscosity

i ndex to nanme a few characteristics over conventional formulations. Engine
oil's have. played an inport fuel econony and resulting
| mproved em ssion character?@%%fghﬁgﬁh6$gﬁi@§9$gl due to their |OM/COSt
per unit if00buel THefprédepniayeritidonGorRE ﬁlm?owdtlbweﬁigtlaeoh@bﬂlw@orcshaﬂ@es
reduce friction and jinprove fuel efficiency, there has been a drive to use

| ower vi schbrgsfioapdiiiives pndto metheds fof trmrovmgwtr@sreﬂmnoadwmwlﬁac kage

for mat At} PRbrict-BfbiQRebifed haknth, NG HETROS, hRintBESR rRld PRBLAL o
engi ne oi | speC| ications are ose enpfoyrn I'C rers in

| ubri cat i ngodifier sdiifhesédnitaning la&oh‘fbhr&h@ﬁbﬁorghﬁlﬁn@l@ﬁdénmec&;&pﬁtﬂlﬂs d/émhgn | s
the crucial factor playing close attentjon to il tl\ze/a, ditive and
additi ve/ bSEROTsiafe @ SYRFISHHE CPH glatml{le\‘o@ ctipn g ?Wll CaURKOLS. | ypri cant
bet ween novi ng engine parts at various conditions of |oad, speed and
tenperature. Hence, the various engine conponents experience different.
conbi nati ons of boundarﬁﬂ(ﬁ&@ROtﬁiﬂ@FﬁiﬂWl@N hydr odynam ¢ regi nes of

| ub t t | t | i ' i
nrerface DR oAy RidE apytichine Bave sofEia hre Nl oo oo | ho®
energy | osg@m déﬁ%ntbmm@w{rb (fgs@nﬂ?g g} e WhidhAhkSaddltadop oPR&¥ENt- engi ne

wear , addltlves are incorpo I nto e engine oil such as friction
modi fi ers , Peaformangsanilsaddeh bavmttmﬁlneb@tﬁw@pcsd pspletlg@sttablhty, volatility, and

improved viscosity index to name a few characteristics over conventional formulations.

Engine oils have played an important role in improving fuel econoniy and resulting
improved emission characteristics of motor vehicles, due to their low cost per unit in fuel
“efficiency in comparison with engine hardware changes. To reduce friction and improve
fuel efficiency, there has been a drive to use lower viscosity engine oils, which often
requires new additive package formulations. High on the list of requirements for these
new formulated engine oil specifications are those employing friction modifiers in the
lubricating oil composition. In this case, the additive system design is the crucial factor
playing close attention to the additive/additive and additive/base fluid interactions.
[00603] Engine oil acts as a lubricant between moving engine parts at various
conditions of load, speed and temperature. Hence, the various engine components
' experience different combinations of boundary layer, mixed and (elasto) hydrodynamic
regimes of lubrication; with the largest frictional losses at piston liner/piston ring
interface and a smaller part by the bearing and valve train. To reduce the energy losses
- due to friction of the various parts and to prevent engine wear, additives are incorporated

into the engine oil such as friction modifiers, anti-wear agents, antioxidants, dispersants,
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detergents, etc. Also to reduce the hydrodynamic friction in the

pi ston/cylinder the viscosity of engine oils has been | owered which has

i ncreased the dependence of friction nodifiers to offset the new boundary
| ayer reginme. [0004] Friction nodifiers have been around for several years
for application in limted slip gear oils, automatic transm ssion fluids,
slideway lubricants and nultipurpose tractor fluids. Wth the desire for -

i ncreased fuel econo frictio di,fi er.s .have .been .added.t ut onoti ve
crankcase SHEFRIS S né}?&l _t% 5‘?9_8?%1‘?‘3 Q?&OQ C if‘ﬁ&‘cinﬁg ﬁ!frl%‘? Oﬁﬂfn‘%ﬁg}ﬁn friction
modi fiers Gamsi§ ofbasad bilShsivRbPloWetddSIEEA haY igkiRescl @Addencé befriction

function. Mechanhically working friction nodifiers are generally used in
solid | ubmddiersig offsettbencw boendgry lagéryogisreum di sul fi de, graphite, PTFE,

| vani de: e ot et .t . -
e o, - WOGREE 1 HricfSn nibiior By oleh ol of odbRe ven i PRt G,
al cohol s, Bm@ed Slife¥éar 8115, AnRmatie HafEBissiBA ORI, sliEleivhy MdricadtSand Friction

polymer forming frrction nodifiers are generally ethoxylated di carboxyclic
aci‘d - par tmgltipumase sractar Buidg Witk the fesigdpuingpsadduel pgoiomey. Jighars .
unsaturate t i Lol G ' BSi

or ganonet AP Beb R iR il Ao bR MBS S S B e ko P in
conpounds 8 drtmW b Becwafriceion awdiiers cabeadassifiedlinte niifferemti gronpspbgesdingt es,

nmol ybdenum dj t hi ocar bamat es. [ 0005] Friction nodifiers generally. operate at

boundary |#hg&funcsen Meshamgally wakpg Heiereaofifiersere seneraly e HYS B 1 eme
o St A . S
PSS gl )b it e e i, i S

"l ayers of p ar ol e product’'s "or reaction
1 ayer s whiaisompioh hayer forsiiggnitictiomntodifidroineludéy foc example digher Edtytagidsypical

and i ' m e SF RIS Aok BEhg ALSL ¢ B e oM Py oURE TS th an

anti-vear g4 BHADE HiSiAdRMifierk e SRRl UMBRY1aledRBedrBoxcht B&id
di t hi ophosph‘i'gt%%ltﬂ(o anl'rP) orgzi nc dith?ocar amat & (ZnDTC). [ooo%i However ,

when fri ctpastialresttis, disdlsyl phtaliadoiddsterss methaprylatgso hesatugafed fattyasidanandihe a) so
have an affinity to net surfaces such.as anti-wear, e ressure,
Bt~ Cor rEumuie hse rtmahla SEsanp Ty sriupdERbtosEid BY Forlef o
modi fier CayntGRBR Ak anidéorfttindf&id Iﬂelysa@nﬁlap@xﬁﬂ,zdlﬁd@guchrah efod¢deniun each
ot her. For exanple, anti-wear agents such as nDTP and ZnDTC pr ot ect

cl osel y apjthiepitosplptese melybsanya dabiorarbemateperities from

{0005} Friction modifiers generally operate at boundary layer conditions at

temperatures where anti-wear and extreme pressure additives are not yet reactive by
forming a thin mono-molecular layers of physically adsorbed polar oil-soluble products
or reaction layers which exhibit a significantly lower friction compared to typical anti-
wear or extreme pressure agents. However, under more severe condition and in mixed
lubrication regime these friction modifiers are added with an anti-wear or extreme
pressure agent. The most common type is a zinc dithiophosphate (ZnDTP) or zinc

- dithiocarbamate (ZnDTC).
[6006] However, when friction modifiers are added with other polar additives which
also have an affinity to metal surfaces such as anti-wear, extreme pressure, anti-
corrosion as well as detergents and dispersants, the friction modifier can compete for the
active surface site or interact with each other. For example, anti-wear agents such as

© ZnDTP and ZnDTC protect closely approaching metal surfaces from asperities from
damaging the opposite surface. These films are semi-plastic which are difficult to shear

-2-



damagi-ng the opposite surface. These filns are sem -plastic which are
difficult to shear 2 off so that under shearing conditions, their
coefficient of friction is generally high. Conversely, a friction nodifier
general ly operates by building an orderly and closely packed arrays of

mul ti-nol ecule [ ayers which are attracted to the netal surface via their
pol ar heads and aligned to each other via Van der Waal forces. Therefore,
when surface active agents such as anti-wear agents ZnDTP, a friction

nmodi fi er ooffsodedtendersheaing coadidiens, teincdeffinient af fimgioniis generalyddglor pti on of

the anti - r agent Ls.redu by t cO titive adsorption, of the other
agents. A\é\?’g’m‘?r%ay’ﬁ ﬂgngl?ﬁg%f E%‘}FHQFY% nl?‘glql%adl ?rﬂ?r& a9 ﬁa%e bet ween
- themis of pARde@hra A EAANMtIAREIEMNE BiyBEsSINich hBtaBFRE 18 At MER] Sitace QiaREE ed or
possi ble to anticipate. Thusd%nergl es when di scovered, especially when

found at conleeheadarandakignstl te gathtothes yianban derplagidarces. Thesefore, wdyen shdgce

purpose in_the art further the aq%/ d..new r i

Por hut at | ngehE RG0S sucissaRn i e BUTEH, SRyRRMOR S TRl e o 1
the art toaddedusafttbricatingsil) 8% adbdfiton of tlid fti-wearrgehtlis Bidacaltsy the provi de
anti-wear and extrene pressure resistance properties_in lubricating oils.
For exanpl €ompgiugjadsprptiorpaf the piier agentsp speonhngly, theselanion of fermponis 843

di sclose agh] gwd-daidhs pa@ibh %ﬁis%?@ai&%ﬁhf@%%@s etgi&dﬁf)te cfoh¢ SBALEd by
conbi ning a polar pronoter, an acidi nol ybdenum conpound, and certain
basi ¢ ni t r expeoted @mpossitsls td anticipata. a'hw syrixdginuwher dist@ienddn gspeoiaipsilienon.

0009] U.S_ Pat, No. 4,265, 773 discl i oxi dant addi t i

| or | Cat i nipUBR et SHRERITIOBS Bf B B SERIRB s A o1 O AR Pt

, Gy S | . . e o
eonpoun ?ﬂth‘éf %g?ﬁ%fé%ﬁﬁlgﬂiém regﬂir&ﬁ&ﬂ? PorGOPRAMMh ndnGil Eahpodtichssul fide to

forma sul fur- containing conposition. [0010] U.S. Pat.
No.'s 4, 26[0003p arfdolp@atindssinphivads asdnowntin the aftiotbeaddiul as/adioketants, -

compound, s aodtiee b BB BHG Bt oS Sterhs oG R HPeRIPRRUELY or m a

3283, 205 e i {1 ves. for | ubricating oil that are

of epar ed b00BBDI ri7AgPat. Nol sh269, 0054239, ko 461,843 dissiosmuitigbitibt, and a

basi ¢ additives for lubricating oil that are prepared by combining a polar promoter, an ac%diq
molybdenum compound, and certain basic nitrogen compounds to form a molybdenum-
containing composition.

~[0009] - U.S. Pat. No. 4,265,773 discloses antioxidant additives for lubricating oil that
are prepared by combining an acidic molybdenum compound, an oil-soluble basic
nitrogen compound, and carbon disulfide to form a sulfur- and molybdenum-containing
composition.
[0010] U.S. Pat. No.’s 4,263,152 and 4,272,387 discloses antioxidant additives for
--lubricziting oil that are prepared by combining an acidic molybdenum compound, a basic
nitrogen compound complex, and a sulfur source to form a sulfur- and molybdenum-
containing composition.

- [0011] U.S. Pat. No. 4,283,295 discloses antioxidant additives for lubricating oil that
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

-3



ni trogen conpound conplex to forma sulfur- and nol ybdenum cont ai ni ng
conposition. [0012] U S. Pat. No. 4,285,822 discloses anti oxi dant
additives for lubricating oil that are prepared by (1) conbining a polar
sol vent, an acidic nol ybdenum conpound, and an -3 oil-soluble basic

ni trogen conpound to form a nol ybdenum cont ai ni ng conpl ex and (2)
contacting said conplex with carbon disulfide to forma sulfur- and

nmol ybdenum _ cont ai ni .ng. conposition, [0013 .S Pat. No.. 4,315 826

di scl oses %15?#%@#@8&@1%5? Frapeunddq;fprny a Q?Y@Fﬂ%éonﬁf‘é’b%ﬁ%‘&?'ﬁii P&t i on

of carbon 'rﬁ&&ﬁlggﬁd%ﬁﬁal&%ﬂf%y&%&ﬂﬁw% fo¥lal S&8r-Ghd molybdenum-

pol yal kenyl succi es " having basic nitrogen functions. It is said that
t he subj ectont@disigtcompssifiemct i on as di spersants possessi ng excel | ent

antifricti op i nd, J t.. anti-wear and.gntioxidant properties to
a lubri canﬁ)ﬁl%mﬁ'gt}?%ﬁ?’gﬁﬁwé ‘11502 S llﬂﬁr%%s%@)&caﬁﬁat‘ﬁb ‘.""ag*?ﬁe Yddi ti ves
for 1 ubri calehfed 8 kedchdd of AERIRIIANANE it NhiefBBibAkMEN daivaivesibf ur - cont ai ni ng
nol ybdenum conpound prepared by reacting an acidi c nol ybdenum conpound, a

basi ¢ ni t r pejEaikemydgpocinimidesirivingshasiomitrogamipoctives. Fistsaid that tha subigedni ¢ sul fur

comound. LORAEL oy Pty Bt R R LS| ARRGRBLAOH R ity o,
g g

nol ybdenunambweaiind apfieada grdpyrticseaatubigaad aci di ¢ nol ybdenum conpound, a
basi c nitrogen conpound, and carbon disulfide, with (b) an organic_ sul fur
conpound. [00d4kb] EPS} Pabho. 469,14 Isbiscleses apficyadant additivesifas ubErptinell thal es
for lubricgll 4l . r ed : LR ( I ai ni ng
ol ybdenurtt S Srpara s vinifh By BIsBREE EonRbirk AN AU Rl Gyl o en Y
conpound, mactig asidic molybdeiin compont] a basit hitrogby campangaanda suilifrur
compound. [0017] U. S Pat. No, 4,474,673 djscloses antifiiction additives

for |ubri C%F‘Hfﬁ‘“éiwlt@ﬂﬁtanoéﬁaéicp?“é%‘éP%P%“‘# eacting a sulfurized organic
conpound ' a ' . : b ; [ Lth a
mp msg i de@.?.g%d{.\g]@o.B?’%s?%?t%%ﬁ%gcg%ﬁé%@gbd&&% ALTBYEERRCS] Wt |

nmol ybdenu 4,479,883 discloses a |ubricating
0i | conposirt ipoapatddaty dombsrangl(«) @ sulfaw eorpainingaudlsbdepunmenpoadd prépataddry

D e O oISt Ol OGR4 1
disulfide, with (b) an organic sulfur compound.
[0016} U.S. Pat. No. 4,402,840 discloses antioxidant additives for lubricating oil that
are prepared by combining (a) a sulfur containing molybdenum compound prepared by
reacting an ammonium thiomolybdate compound, and a basic nitrogen compound, with
(b) an organic sulfur compound.
[0017]  U.S. Pat. No. 4,474,673 discloses antifriction additives for lubricating oil that
are prepared by reacting a sulfurized organic compound having an active hydrogen or
potentially active hydrogen with a molybdenum halide. 7
[0018] U.S. Pat. No. 4,479,883 discloses a lubricating oil composition that is said to
have particularly improved friction reducing properties that comprises an ester of a
polycarboxylic acid with a glycol or glycerol and a selected metal dithiocarbamate and
that contains a relatively low level of phosphorus.
[0019] U.S. Pat. No. 4,501,678 discloses a lubricant containing molybdenum
dialkyldithiocarbamates that is said to be useful for improving the fatigue life of gears.
[0020]  Itis well known in the art that formulating enginé oils there is a competitive

adsorption between friction modifiers and other surface active agents. U.S. Pat. No.’s
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that contains a relatively |ow | evel of phosphorus. [0019] U S. Pat. No.
4,501, 678 di scloses a lubricant 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 fornul ating engine
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 with organonol ybdenum

conpounds f og ghheHnEg 3l §M\% O b NY 0021], Di scl osed
is the unexpe’ctj(’gﬁ sy‘?\g’rsgfsj%i\cg&roggu I ng@( 03&%%%‘{‘}%%%@%6 in
| ubri cati ng @gmoosiybdens congoaids forthamen) aifacsrount of an oil of |ubricating

viscosity and at |east 450 parts per mllion of nolybdenum based upon the
total mass of the conposition of a friction nodifier containing an

unsul fixrized and/ or sul fi arSERNMARYOOTIYRGSVENT N r 0gen di spersant conpl ex
and a sul ft:ibééalﬁ oxyml ybdenum dit hi ocarbamate enpl oyed at a | ow
s 0]

concentrat i o igglosed isthe prexpeciedemergy anrbresulting lowdkirimcroafficiebt incat i ng

0i | conposi t],BtafRE Rk Eﬁjiﬁ ' f .| ubri.cating

Vi scosity anagﬂaéll Iez%lﬁ)ﬁlg% pprlrl1 no %%ﬁ{éﬁgrgn}ngl%%gggnﬁ%)%%lg?rﬁcél%%f’lg%s%ss of the
conposi t i on agfl ablefst #2Q pasts peodillionssf noalphplesim based mpod thietotalgnass ajthan oi |

sol ubl e oxyr&%ggga%’@‘ | ex epared.from (s cting,, in the presence of a
pol ar pronoter,  an aciagﬁ% %P?@ggﬁcﬂpﬁw&ﬁ&%%ﬂ{gisﬂlsz?ogen

conpound  seloxymelybliénmm filtegerdispprsaR RS mplek Aad 8 SulfurBMESlyRidHeaurd Ccar boxyl i c

acid am de, . hydr ocar byl noam ne, a hydrocarbyl polyam ne, a Manni eh
base, a phos‘%ﬁ’@é & engploy %B%@Wﬂ’é, a phosphonamni de, a di spersant

Torearn | 0gHe] TPRQRt asROL!Heliis ot UiGHAGh Y G aApRUIAT R Rlndl a1

wher ei n. R, THHOr aRB)uateraRQil oéhbd@gpismimmg@e;t@aktebﬂip]gmfmm:lyhchnmdbm?r bon
X . t .

Shor Xl Srodtheill i SRRDESHoaioh B SRl o0 Be Prin it ST Tt or s

of ‘er | ybdenum co n&s ntr gttl ot gblugﬁsso%%molybdenmn complex prepared from reacting, in the

presence of a polar promoter, an acidic molybdenum compound and a basic nitrogen
compound selected fiom the group cénsiéﬁng 6f a succinimide, a carboxylic acid amide, a
hydrocarbyl monoamine, a hydrocarbyl polyamine, a Mannich base, a phosphoramide, a
“ thiophosphoramide, a phosphonamide, a dispersant visoosi't\y‘ index improver; and
(b) a molybdenum dithiocarbamate of the formula I | '

t s X 10X S 3
R‘N C-s=ih /X\lu S g'N’RH
—~C~S—Mo_ . , Mo—S—C—N_
RT \x/ R

wherein R', R? R? and R%, are independently selected from a hydrocarbon group; X! to
X* are independently selected from sulfur or oxygen atOI;l;' wherein said- molybdenum
dithiocarbamate is present below 175 ppm ia terms of molybdenum concentration, baséd -

uipon the total mass of the composition.




upon the total mass of the conposition. -5 [0022] The unsul furized or

sul furi zed oxynol ybdenum cont ai ni ng conposition can be prepared by (i)
reacting an acidi ¢ nol ybdenum conpound and a basic nitrogen conpound
selected fromthe di spersant group consisting of succinimde, a carboxylic
acid am de, a hydrocarbyl nonoam ne, a phosphoram de, a thiophosphorani de,
a Mannich base, a dispersant viscosity index inprover, or a mxture
thereof in the presence of a polar pronoter, to forman oxynol ybdenum
conpl ex. This oxynol ybdenum conpl ex can be reacted with a sul fur

cont ai ni ng cd nd  The onsublerizddyor fadfimized syinidlytidemdn contyinig ybsipssitvneant ai ni ng
conposition, i,t-hin the context this disclosure. Preferably the
di sper sant cé’%i’gﬂ%’ggd‘é&k@ﬁgﬁ%a@ﬁﬁﬁw %‘Xﬁ&ﬁlﬂ‘iﬂ&e@?‘ﬂ’éa& P3G BUSEM or

sul fiui zed oxympbydddeloctad Gomtthd &zp%aﬁtmwgi oTBYCccREmBRNEEAdxYlic
en

characterized as a Slﬁg ur/mil ybdenum conpl ex of a basic nitrogen

di sper sant c&ﬁ%&%@?’ﬁ rcaspyl ynofpaing, a phosphorantide, adhigphwephommide.ght rati o of
about (0.01 tManhid)badeOa dispdrshnPRE ; I g}m%?g . ) to 1l
and a nitrogen to nol yabdlggéam mi%ﬁgﬁgﬁlﬁ%%ggu t{{l)er%%)ngﬁlgbpefgﬂggd nor e
preferably fobapelar prematyr, toform aTheymolgsiesen vohplex| Biis dxynmiybderdn t hese

oxynol ybdenu jiJ known W th certaint wever, .they are
believed to @&%%o%énﬁg?ﬁ%?%ﬁnmn %prgg%ﬁ?%qbé’?o aaﬂ@né%‘u sfied
wi th atons obxymelygdenumrcoatalning comipssitior, bestuloamnt @ echtt of Bis HidGogad t of one
or nore nitr n atgns..of the gasic nitrog?n atons of the basic nitrogen
cont ai ni ng cg%ggﬁlﬂﬁ%l?s‘gﬂ’e{sﬁmtoﬁ’é B Bplsabyteny. suspinimigs el hesvymelyblena orThe
oxymol ybdenusulfieied e¥milybdesuR t&RAnRE c@ﬂap@siﬁoﬁéﬁfamagge a&%eaaﬁgr Al so

bel ow 120 degrees centigrade and if optionally s raritzed, 1t can
be reacted afWBimedybdanum gomplgy efasbasismitragen disper@ut éomapaund pedsahly eiths a

condi t1 ons. at L ua PR ERRRAEES & Bud B AR R W phe ORIy BBy baenum
ni t rogen conelgub(04@P Wi0sy)¢o § and a niteger to hedytalenma widhe ratio D¢ LR (1t0a PO
includes a s T%Jl& mte] plf'Qttera%{y @orﬂ?i t}(l)bSC} %' P.nfhe%irécglsie ?I(I:O éc?x?a??grgmg ofttl?eese formial 4
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 prepatation
of these compositions. The oxymolybdenum complex can be prepared at a reaction

temperature at or below 120 degrees centigrade and if optionally sulfurized, it can
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1.SX31X.S3 RR I111iX~"I 1 11 yNGSMM2 M>SSCN4 RXR
wherein R, R2, R3 and R4, are independently selected froma hydrocarbon
group; X to X4 are independently selected fromsulfur or oxygen atom
wherein said nol ybdenum dithi ocarbamate is present below 175 ppmin terns
of nol ybdenum concentration, based upon the total mass of the |ubricant
conposition. The discl osed nol ybdenum dit hi ocarbanmate can be present from
10 to 175, nore preferably 25 to 150, al so preferred bel ow 100 and from 50
to 90, all _in terns of ppm of nolybdenum concentration of the nolybdenum
di t hi ocar basabereagied agorhsdor d AR degsees| centigredey Sughha prasessadélds ahghtfrn024]
Lubricatin i LSy P ﬂ%lé% af j | ubricating

Vi scosity %1?%{312?&%%@%?%@% errli ogen g%a%pgl?%&nﬁig{o&sg%ersant and b) a
ol ybdenuneqhivdknbpeespaemt e can be enployed at a ratio of a) to b) from2:1
to 20:1 a ef efa .from5:1 t 0:1. Additionally,..such conpositions
can furt her% zgj;)rrprinsge)ddgm&et?giego O?YE)’ &t Qﬁoﬁe%cmlnérﬂﬁ?ﬁ@fﬁte and/ or an

ashl ess  didshiipdiaaboacrahadisd @020 ihtludessaaRNdndaResta mblBd&wins provi ded a
| ubricating_.Qil .conposjitiqgn onprising a nmajor anmount of an oil of

| ubri cati n%@?‘?ﬁt@ﬁ? O}a‘hﬂ?%(ﬁ'b‘fﬁl 0.1 to 10.0 percent by weight of a
friction nodifier conposition containing, 6 (a) an oil soluble sulfur
cont-ai ni ng oxynol ybdenum cogpl exxpr red from reﬂ:cti ng, in the presence

of a polar pronoter, affacildli ¢ nibl lﬁm___cgm:ég_u_&d, and a basic nitrogen
" succi ni ni de conpound or M &TReMeherpdfoand op _ixlgﬂal ly reacting the
resul ting conpl ex withRa sul fur-cont’ini ng compoun®; (b) a nol ybdenum

di thi ocarbamate of the formula,l R S X3 -X XS Rs -
) wherein R', R°, R” and R, are independently selected from a hydrocarbo;

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 lubricant
composition. The disclosed molybdenum dithiocarbamate can be present from 10
to 175, more preferably 25 to 150, also preferred below 100 and from 50 to 90, all
in terms of ppm of molybdenum concentration of the molybdenum
dithiocarbamate, based upon the total mass of the composition. _
[0024]  Lubricating oils comprising a major amount of an oil of lubﬁcaﬁng
viscosity with a) an oxymolybdenum nitrogen containing dispersant and b) a
molybdenum dithiocarbamate can be employed at a ratio of a) to b) from 2:1 to
20:1 and preferably from 5:1 to 10:1. Additionally, such compositions can further
comprise a'detergent,'preferably a calctum phenate and/or an ashless
dithiqcarbamate.
- [0024a]  In asecond aspect, there is provided a lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and about 0.1 to 10.0

percent by weight of a friction modifier composition containing:




11 11 RNGS M ~ X JM-S-Cl1l -NR4 wherein R, R2, R3 and R4, are

I ndependently selected froma hydrocarbon group; Xl to X4 are

i ndependent|ly selected fromsul fur or oxygen atom wherein said nolybdenum
di t hi ocarbamate is present below 125 ppmin terns of nol ybdenum
concentration, based upon the total mass of the conposition; (c) a calcium
phenat e detergent; and (d) an ashless dithiocarbamate. [0025] The
conpositions "exhibit a synergistic reduction in the nmeasured friction
coefficient and, accordingly are useful for reducing the friction
characteristics %enanéﬂ'ﬁp techulfor contaiing eayinolybdedum [ORFca prapara fidrir d

aspect, t hod for v friction eduction
performant:he%‘rl “.Ethdgz rf)fhg:ﬂr g‘i"eﬁogﬂeq? @6%?@3% ﬁiﬁ\q’r‘?b%%@“c‘ﬂéom?}ﬂ ¢ Ag oil
an ef f ect i basicanibopdn sarccinirhids @biPbwnddr HixGRES fioRb® shioplibiMlyTRstthizhe
corrp05|t|o cont arpglﬁfmp (a) .an oi|_soluble sul fur containi-ng oxymol ybdenum

conpl ex p %iqf\’@comhm%w te of a polar pronoter, an
aci di ¢ nol ybde z}q)q‘ [ ound sel ected fromthe
o ccinim @uopﬁéé{ﬁa@bg%% oﬁmg r}p

group consi sting of as car am de, a hydrocar byl
- monoar ni ne, a hydrocarbyl p Iyar}g ni ch base a phosphoram de, a
y( Tdi

~ t'hi ophosphor ani de, a pRosph nam persa gfosity index inprover,
or a mxture thereof; anﬂ—qpt-t esultl ng conplex with a
sul fur-containing co nd; and (b)\ /rfDI ybdenum dl\ i ocar bamat e of the
formulal -6a 1l 3 4 S X111 " ft N- CS- Mo M-S-CNM 4 RR

wherein R!, R%, R® and RY, 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 terrns of molybdenum
eoncentration, based upon the total mass of the composition;
(© a calcium phenate detergent; and |

(d)  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 lubriceting oil.

[0025a]  Ina third aspect, there is provided a method for improving the friction
reduction performance in a lubricating oil comprising adding to the lubricating eil
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 monoarnine, 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) a molybdenum dithiocarbamate of the formula I
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wherein R, R2, R3 and R4, are independently selected froma hydrocarbon
group; X1 to X4 are independently selected fromsulfur or oxygen atom
wherein said nol ybdenum dithiocarbamate is present below 175 ppmin terns
of nol ybdenum concentrati on, based upon the total mass of the conposition.
[ 0025b] Therefore, disclosed are uses and nethods for inproving the
friction reduction performance in lubricating oil by adding an effective
anount of an oil soluble or dispersible amount to the friction nodifier
conposition described herein. BRI EF DI SCRI PTI ON OF THE DRAW NG [ 0026] FI G
1 is a graph of the ginensionlqss frigtion coefficient as function of tine
for the IubricatingRQiI’ or mu tigps npl oyedl i nExanples 1-5. -6b DETAI LED
DESCRI PTI ON [ 0027] Thg-l %4; co ‘311$9_1_ ' this invention include a
maj or anount of bang oil o ubL, Ag VistoSikiy. Base Ol as used herein
is defined as a base stock or ble of base stobfks.which is a |ubricant
conponent that is produced by a single nmanufacturer to the sane

speci ficaty - (hingde d of feed source or nmanufacturer's |ocation):
t hat mset‘LsA2 %‘%agep‘gﬂﬁfr%"eﬁ{% ependently; sefested ifeomn a hyrdrachebon;group Kt f i ed

by a uni qu¢* dreimdepandenly 96lEHed i1fdr o2k ) bot h.  Base st ocks
may be manyfactured usi frqgéia v_alﬁag{%/dlﬁ%% iléﬁ)# 3% E@%’F%%@%%&i@k@?ﬁwg but .
not ‘I i mi t &dhiesarhamaty is prosent balow 125 ppreihitennef hybagain cPiRBeaEHH based

ol i gomeri j rifieation, .and rerefining. Rerefined stock shall be
‘subst ant i gﬁ%%tggkﬂ%én?' 8?5“8?‘1‘8?% roduced t hrough manufacturing,

contam nation, or previous use. The base oil of this irnvention nay be any -
nat ural of0835b] heTherefarbyrdisidsed gre s endinkthibidfek iproPRpih&fcabh Y t hose
havirng a K%Pegatic viscosiiéwﬁt,loq degrees Centigrade (C and about 5
centi st ok SECRSY perfermanes jp lehwicating oihby addingn ctigstivie amowgofiag cilabout 16 cSt,
mor e pr ef gsiablelor@ppusitile &Rburt®o ﬂ'f?:%‘:ti&?mf?ﬁ;ﬁer E%ﬂﬁ&?t?&rﬁ?éﬁcﬁ%@ﬂ%?éihc oils

may include, for exanple, oils prepared fromthe polynerization of

et hylene, i.e., polyal phaolefin or PAO, or from hydrocarbon synthesis

procedures using carbo ide vdr.og such as in a

Fi sher - Tropsch procgssERﬂﬁgﬂﬁﬁgguggeﬁ%gﬁ "?ﬂpga@ﬁgithat conpri ses little,
i f any, hp2g] f r ®Gi Dis a @aph of thé ivhésioniesgMibtioh YBEHiBicht dsrAfdtoof
V|sQOS|ty.20 c%%e?r hi gher_at 100 degrees C.

.~ time for ubricating oil formulations employed in EXamples 1-5.
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[ 0028] " The base oil may be derived fromnatural lubricating oils, synthetic
| ubricating oils or mxtures thereof Suitable base oil includes base stocks
obtained by isonerization of synthetic wax and slack wax, as well as
hydr ocr ackat e base stocks produced by hydrocracking (rather than sol vent
extracting) the aromatic and polar conponents of the crude. Suitable base

oils include those in all APl categories I, Il, Il1l, 1V and V as defined
in APl Publication 1509, 14th Edition, Addendum |, Decenber 1998.
Saturates |evels and viscosity indices for Goup I, Il and |IIl base oils

~are listed in Table 1. Go pol yal phaol efi ns (PAO).

G oup V base oils include aﬁﬁE’k‘X{Iﬁ@mﬁ@nop included in Goup I, I,
11, or 1 V.{0637 houghe Kbeednt bbmpdsidor At tidinh@ston ibule REGIREIGRE Shd0r USe
in this Invel?él n, these preferred base oils may be prepére by conbi ni ng
one or mor QUAfl g visqosity. Bpse Qi agngpdVietrin s definekss pbaseatwekair biend of

 TABLEI S f. ity Jndex qf 1. 11 and |11 B
 Stocks G obiiddiks vtk ibh 0l RN RIS Hrofuce A ge ReTHRBIIBUR) ( As
- det er mi ned tinsanBuspéaificalichMiRiepAdent S5 BourlL6r HBHFaTIREY 184S MdP 2270)

4297 or ASTM gﬁglzagi?l Less than 90 % saturates and/or Geater Geater than
or equal t GctHBGsants magaciyrey s spacifsationand dhat is idantifi@ibyld wgneafemutahan or

equal to 9 m%l&qawtgﬁrc%mg? t tqtggg | t ss than or equal to
0.03 %sul fur 80 and |ess t %’e‘%}%&}f tgéﬁsgﬁ%ealﬁg%@a%aﬁglusf“&%ﬁn@g
sat urates ahdiffereatprecess¢sancloding uahottlimiledQo distigistior) 361ves refkink, hRirébA3%

| ubricating_.oils may include aninmal oils, 'vegetable

sul fur [0031%L3§Natural |
0ils (e. g POFEsRE U pomszation, syerificatiopsangderefiging. Hergfinedstackishalhbei | s,
mi neral oi $ubstadafdllyFideSiaif hiay, | -003 Syi”t hetic oils
may i ncl ude h_ydrogg?bon oi I_s@rfatilrllgttzll Eai %‘gga%[g{lﬂﬁﬁg@ﬁdﬁc#ﬁggéz%% A & such as
pol yrmer i zeRfCHAES 36t dihe basoyarbef thisdnudneibh msay bel oy Inamirl @n e guthetiohBFbARY S,

al kyl at ed Iga'sg Qﬁ %Ltioer} pha?'{i(?lﬂar?)lf &Lcaﬁa%?ngdzll El‘rl]lgfrlll%flic ?ﬂgclzgsllt()jr%ts 106’jl cslegvr\glssl as their

Centigrade (C) and about 5 centistokes (cSt)r to about 20 cSt, preferably about 7 ¢St to

about 16 cSt, more preferably about 9 ¢St to about 15 cSt. Hydrocarbon synthetic oils
may include, for example, oils prepared from the polymerization of ethylene,

i.e., polyalphaolefin or PAQ, or from hydrocarbon synthesis procedures using carbon
‘monoxide and hydrogen gases such as in a Fisher-Tropsch process. A preferred base oil
is one that comprises little, if any, heavy fraction; e.g., little, if any, lube oil fraction of

viscosity 20 ¢St or higher at 100 degrees C.
[0028] The base oil may be derived from natural lubricating oils, synthetic
lubricating oils-or mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocrackate base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic and polar
components of the crude. Suitable base oils include those in all APT categories I, II, ITI,
IV and V as defined in API Publication 1509, 14th Edition, Addendum I, December
1998. Saturates levels and viscosity indices for Group I, Il and ITI base oils are listed in
Table 1. Group IV base oils are polyalphaolefins (PAO). Group V base oils include all
other base oils not included in Group I, II, 111, or IV. Although Group II, IIT and IV base
oils are preferred for use in this invention, these preferred base oils may be prepared by

combining one or more of Group I, I, TII, IV and V base stocks or base oils.
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~except th

derivatives, anal ogues and honol ogues thereof, and the like. Synthetic

| ubricating oils also include al kyl ene oxi de pol yners, interpolyners,
copol ymers and derivatives thereof wherein the term nal hydroxyl groups
have been nodified by esterification, etherification, etc. Another
suitabl e class of synthetic lubricating oils conprises the esters of

di carboxylic acids with a variety of alcohols. Esters useful as synthetic
oils also include those nade fromC5 to Cl2 nonocarboxylic acids and

pol yol s and polyol ethers. Tri-alkyl phosphate ester oils such as those
exenplified by tri-n-butyl phospha§§? Eé tri- iso-butyl phosphate are al so
suitable for use as base oils. .[O F i licon-based oils (such as the
pol yakyl -, polSptaratés, Sulfimt and| Wisoopity Tatex of Giryngy I [Hoatd-18i By Sekoi | s and

si li cat efgid—s) CORprise anether—usef-ul—class pfsyntheti.c... lubricgting
oils. O h%ougynt‘ﬁg.r?tesl ubricating oils includeVisceutydndet ers of pHosphor us-
cont ai nijng aci c%ﬁ%ﬁéyfﬁﬁt@m(wi r r ans} (4oeodejamiprsidiyef i ns, dnd t he
like. -8 [0032] base oil may be derived f|ART¥hDeR204c8STMEDI nqd,
rerefindd oils,| (46 detetmringd by ASTM Eb2270Mnr ef i Np4RYTi drASTEM B120)ned [direct |y
froma ndtural |dessthen 60 % yniraet aad/ofGrdaee ( €| Greates @al.orefadi€e oOr [tar sand

bi t umen)] wi t hoytthanuto OM0SrY%Rulfid | cation or treal gepd lessEhaiPr®@s of ynrefined
oi I's inqglude alshale oil obtained directly froma retorting opergtion, a

pet T o YT Ol T “$haitdHafbr &hl ©§ 90 AThBEAFE ol GRier Hlan A GERATRY ©Tf| 0D ai ned
directly f , h o n be used
THE R e T

d—oejt-s—have-been treated iln one or nore purifigdati on

A" B B4 LILE = Wk =3

Araualdp Sk satuerics gl |dBreater thar iof peual foR2 ¢chni ques

at ot
U T CYT T

steps td¢ Mnpr ol ST

“includeldistil | %8s ®an ongauabia @BXYersylfunydr ot r dat i ng, dewaxi ng, solvent

extractitan,...acid or base extraction, filtratifjon, and percol ation, |all of
which are known to those skilled in the art. Rerefined oils are obtained
rrocesses simlar to those used to obtain the

by treati dgils.in . tot .
r )éfi ng Ioﬂﬁ%ﬂﬁ $he‘gj@“‘$@h@qﬁe}%€8’i may includeagimal pilssvegatable olilgi(eres el rapeseed

oo oo s el T, il bOSRURPUIE SPGB SEILOLES |

derived f rsbaiﬁ.t he hydroi soneri zat i_ on of wax may al so be used, either alone

Such e N EBher Apdtehc o1 spgacEguRu et gl B SseRbEasSh of natural or

synt het i chy@sesb&X oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their
derivatives, analogues and homologues thereof, and the like. Synthetic lubricating oils
also include alkylene oxide polymers, interpolymers, copolymers and derivatives thereof
wherein the terminal hydroxyl groups have been modified by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils comprises the
esters of dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also
include those made from Cs to C;3 monocarboxylic acids and polyols and polyol ethers.
Tri-alkyl phosphate ester oils such as those exemplified by tri-n-butyl phosphate and tri-
iso-butyl phosphate are also suitable for use as base oils.

- [0031]  Silicon-based oils (such as the polyakyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
lubricating oils. Other synthetic lubricating oils include liquid esters of phosphorus-
containing acids, polymeric tetrahydrofurans, polyalphaolefins, and the like.
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m xtures thereof over a hydroi sonerization catalyst. [0034] It is preferred
to use a major amount of base oil in the lubricating oil of this

i nvention. A nmajor anount of base oil as defined herein conprises 40 wt. %
or nore. Preferred anounts of base oil conprise about 40 wt. % to about 97
w. %of at |least one of Goup Il, Ill and IV base oil or preferably
greater than about 50 wt. %to about 97 wt. % of at |east one of Goup II,
1l and 1V base oil or nore preferably about 60 w. %to about 97 wt. % of

at | east orl@0¥ G Bhpbase oil thiy baderivéd BRsewRbfined Y¥mitd\Weretifel i18Rd  herei n,
it is referri H%%Sﬁtglwt éofootltl the lubricating oil unless otherw se

speci fied. ™& erepf Lnzetined adlspespbianed drectlyifom avawri sounayr ssotipticse an
amount of RkasRe bk, bdshaleOGHAL ~ % to about 95 wt. 9%of the
Fubricating orr éb%%%b%ﬁﬁﬁ%m@%ﬂg@é% fﬂ%%“&’ﬁ‘é‘ﬁ?#i"&i of gratgpent.

sul furi zed%ﬂ‘)@mﬁﬂswﬁm@méoﬁhmbhﬂagshajapnsbtaim dieoy ek tdoriilge present

I nvention ‘generally .characterized as a oxynol ybdenum_9 conpl ex of a
basic nit rggérﬁﬁ‘g%%ﬁ%&ﬁg"."ﬂéﬂﬁﬂ tw@gﬂﬁﬁu&%ﬂfﬁwa RSt 8% 69ergibo in the
art and ar dirdaBChomed esfeflficAIAPRbEss, 'egc%f%vhigﬁ‘}nagjt}!ggl ﬁegs%ﬁmllé%u{ RirLng et

al., the disclosure of which i's hereby I ncorpor y reference. FbOSG]
The st ruct ifr¥ment. Refingd pijhate similae dorthesintdfined ofimpkaspe that fefinbil 8ils hmerHeb@n

are not kn | rtal ~ howeyer, they are believed tqQ be cqonpounds in

which ol %\A(}g%\qt#néh e\?ﬂ?éﬁs%e@}éﬁgﬁ%é)g S}[%P@t%lé‘mr YS SRF O PAreATeRaEest Suamien or

sul fur, i spwifidation tezhiighexiaciuy disﬁﬂaﬂdﬁ?hﬁg—b&agﬁin&o&tﬁﬁ&fea %ﬁieWa&fn gen at ons
n"the pre

of the basic nitrogen containing conpound used arati of’ of these
~conposi t i otfsYenf s¥Erfionacidien Base exirastion flretiets and edrcbiationepibofovlibie are

oxynol ybdepiemAl Xﬂ?.!d sulf ur conpl exes | oyed in this

i nvention are aciq‘é?sg)grm y%@g%{}?hﬁhgf)eﬁﬁg‘ﬁjﬂﬁ%%ﬁ?f’taé‘&?dgl%tr?%m&é‘ﬁ?ﬂ°1 $2t the

ol ybdenurprocaspesisimddantiolthose @sed towdbldin theltBfhdd oill. The@SRreHARPOLNste Ao TEASUr ed
by ASTM t D 2896 titration procedure. Typically these

st D664 or . »
ol ybdenuﬁ?’@&’ﬁﬁéﬁ?ﬁ]@‘n&ﬂé’fﬁ@@%F@rﬁﬂsdﬁé ofice arcegsidéigmally grdvgssetiby f ol | owi ng

conposi t i. aB&hnidiRk YRFemods TRk - | ypdat.e. sodi ym nol ybdat e,
pot assi um nol cg%at e an_ga%ltcﬂg? a: Egaiu?%geﬁ@e@{g?m%q%?ggaﬁnd ot her
mo|o>(/:1 bdenurtP8¥]t s Bssetil deriveddrang dre lydidisom@iz@tion bY VaR ey SeMicimeanlikbdat e,
Mo 4i Br2. . .
! M?i%zne or'in combination with the aforesaid natural and/or synthetic base oil. Such wax

-isomerate oil is produced by the hydroisomerization of natural or synthetic waxes or
mixtures thereof over a hydroisomerization catalyst.

- [0034] It is preferred to use a major amount of base oil in the Iubricating oil of this
-invention. A major amount of base oil as defined herein comprises 40 wt. % or more.
Preferred amounts of base oil comprise about 40 wt. % to about 97 wt. % of at least one
of Group II, IIT and IV base oil or preferably greater than about 50 wt. % to about 97 wt.
% of at least one of Group II, I and IV base oil or more preferably about 60 wt. % to
about 97 wt. % of at least one of Group II, III and IV base oil. {(When wt. % is used

- herein, it is referring to wt. % of the lubricating oil unless otherwise specified.) A more

preferred embodiment of this invention may comprise an amount of base oil that

comprises about 85 wt. % to about 95 wt. % of the lubricating oil.

OXYMOLYBDENUM COMPLEX
[0035] The unsulfurized or sulfurized oxymolybdenum-containing composition

- employed in the present invention may be generally characterized as a oxymolybdenum

.9.




ﬂ_generally accepted as neaning the p
subst i t ut eemneusdn By asslicisancaahthytithic aeolybdenum conipoandswidbrebeti witing basic

Mb2O3C16, nol ybdenumtrioxide or simlar acidic nolybdenum conpounds.
Preferred acidic nolybdenum conpounds are nol ybdic acid, amoni um

nol ybdate, and alkali netal nolybdates. Particularly preferred are

nol ybdi ¢ aci d and amoni um nol ybdate. [0038] The basic nitrogen conpound
used to prepare the oxynol ybdenum conpl exes have at | east one basic
nitrogen and are preferably oil-soluble. Typical exanples of such

iti i.ni i d baxyl i ' i des, hyd byl
oo o EomBles P BER hiBER ot A o B b e e OBl s Heenown
t hi ophosphar theiattemd aph S EHKHARr esmple] FINESSPA N¥i 88651 V0l Kid§ %6t hITRROVET S,

and m xtures thereof. Ang of the nitrogen-containing conpositions may be
af t er - t r eaflisglofire f whichgs hergloy mqorpasatedybyraferentes es wel | known in the art so

| ong as t hgygaRIMP oSt O t.0_contain.basic nitrogen. .These
after-trea rren{ns) gl;ﬁee sg{algttu?ecét}lttg?#l;% 1%’6‘8?‘.“8381“8"%‘50“55"1%1’3?%%‘1&33‘8& "évr?aa%nni ch
base conposietiocoksown @B 2prtaihiy; howeveattepalebeliewddts bt dampdliak i€ ¥hidke used to
prepare the g&)l ybdenum conpl exes described herein are disclosed in

nuner ous rBPSPLRRLL, e yalencgs are satslied wih atomes efroxyeengrisyifur, fisiaidharent al

of art " sue el 137 r 8RS BE ohCbEhBAREN Aefhe of the TG TRERAT R o

and 3, 272, congpoundaised] inchopuepastiaf ofthescommsitengby i ncor por at ed by

reference. e term"succinimde" is understood in the art to include many
of the amfgg,gﬂi mﬁi‘?“&iﬁ’d%%‘fl&mé’c’ s&< tprepare thgoxymalyidenyg andyd.  The

PGy
pr edomi nargxyo?ebihuil MRS ontplexds et éﬁﬁHgﬂ?gﬂ@ﬁi&nmré aéiﬁfc%ﬁl%ﬁ%%%ﬁp

oduct reacti1 on of kKeny|

d. _E d I nim deg, f_thei ci al ilability,
r et hose Mgk defilholE & Paubehy RS TRLER Srogear b7 S SR drostipin e,
wher ei n t ieyphoatlyakae wlyb@ﬁﬁﬁ@oﬁl@gﬁ@dme heQParhPMd azélrép%s@matbgﬁg?l carbon

atonms, and an ethylene am ne, said_ ethylene amnes being espe y
char act er i©olQWing ceppysitiprs: dodyhdiescidi asmmyhismemplybdate,sodiunt mobttidteene

B e
carbon  atochsasliydindghrsaled, By, ei8rdpen sadiutmelyblit BHCEN #1d@HraM ne or
m xtures thereof. [00401 Al'so included within the term "succinimde" are
t he cool i é@q»ggbg?lﬁ@moybdenum trioxide or similar acidic molybdenum compounds. Preferred
acidic molybdenum compounds are molybdic acid, ammonium molybdate, and alkali
metat molybdates. Particularly preferred are molybdic acid and ammonium molybdate.
[0038]  The basic nitrogen compound used to prepare the oxymolybdenum
complexes have at least one basic nitrogen and are preferably oil-soluble. Typical
examplés 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,
€.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 lmoWn in

the art. Certain fundamental types of succinimides and the related materials
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hydr ocar byl succinic acid or anhydride and a poly secondary am ne
containing at least one tertiary amno nitrogen in addition to two or nore
secondary am no groups. Odinarily this conposition has between 1,500 and
50, 000. average nol ecul ar weight. A typical conmpound woul d be that prepared
by reacting pol yi sobutenyl succinic anhydride and ethyl ene dipiperazine.

[ 00411 Carboxylic acid am de conpositions are also suitable starting
materials for preparing the oxynol ybdenum conpl exes enployed in this

i nvent i on. endypipasied b tsuetm of anpaicoiiémidetalchaspht t IF. paeliorn3W18,668at . No.
3, 405, 064’3@9?8%“' 3?&“37 gf which is hereby i ncorporated by reference.
These conpdisi trond e /gr/dPnike disglosyrenaf which gre heselst inpryperatedrtyodarenseaci d
or anhydr i Tke Rfmesi@nimhprRr ' 350 . i phatic
carbon atons_in thet_ﬁpri nci gndg{g?dgﬁggf%%@ﬁ&g%@% gﬁ@%%@%’ lrﬁgd\% %rga

suf fi ci entamigéredhpaticnwhich adycilsrteufpsmed The peeiontiivmt prodecthieveviet issol ubl e

wth an am . drocarb ol yam.ne, such as an ethylene amne, to
give a norr?(%{a gipﬂ%lg %@ﬁ’b%%ﬂlih_@g{’%?g’ﬁfxﬁﬁ%ﬁé?w 8 megping the %/fﬁ'é’é“é o4& des
prepared freastiohlof a8 ali@hPAuBitGed Shbift abiir aﬁrgrdp% i@vg@gﬁggﬁm@ﬁ%@gg ;I -

C12_20 alkyl or a mxture of this acid with a™po

aci d i n wficgiPoraé Hiefieyred sungindmyides gresaysc of ftedri qosarheroial Z@ilability 8rethodron at ons

-11 and ( : ] ne ecially.triethylene tetranjne or

R e S P S R A R

conpounds grtipctonsins fusafabbutiza th Absuti IFVRBH0A Ao and‘ﬂl@'étﬁ?l%ﬁ@ﬂnir@ @m nes

and hydroc%@ﬁl pal yam nes, preferably of the type disclosed in US. Pat.

© No. 3, 574 °80Enedune emerspedall chapactdized by ethatope idinseinpaliethpldndriamifier ence.

- The hydr oggdthvik : ' | I | . Kyl r.olefinic_ having one or
two sites of Wu%%%%ﬁe%(fggé%%ﬂfﬁé ﬁ%“%‘?‘%%“ ?#%W& ?rg%%,a%fhgf%r ably from

20 to 200secsiiondestpoepmred fRan obyidobuteyylsueéiaicr et ydydl srcar MR g RatbyaM nes are
reacting polyi sobutenyl chloride and a

t hose whi c{‘} are deri ﬁ@? e.g., .by ge and
pol yal ky| &F&¢ lrrcHyleng Reptagingor tgiethylenp fetraming er mixtytes therenfl ene di ami ne,
di et hyl enggqoy am ; . L ne. - ] nogt hyl pi nerazi ne,

1, 3-pr opyFﬂene] di aﬁggg&%qeg%%y eﬁlg'g?%%%gﬁldgnﬁmtqﬁée%oﬁ‘%g}.ﬁeps[%43] Anot her
cl ass of Byipeuwhdsuosnicucid aranhydnideyindg pods beconddry agaie Gngibiag at Magni ch

base co iti,ons. These conposi.tions are prepared froma phenol or C9aoo
PG lIertlary amino nitrogen in addition to two or rrl)lorepsecondary amino ge‘oups.

Ordinarily this composition has between 1,500 and 50,000 average molecular weight. A
typical compound would be that prepared by reacting polyisobutenyl succinic anhydride
and ethylene dipiperazine.

[0041] Carboxylic acid amide compositions are also suitable starting materials for
preparing the oxymolybdenum complexes employed in this invention. Typical of such
compounds are those disclosed in U.S. Pat. No. 3,405,064, the disclosure of which is
hereby incorporated by reference. These compositions are ordinarily prepared by

-reacting a carboxylic acid or anhydride or ester thereof, having at least 12 to about 350

aliphatic carbon atoms in the principal aliphatic chain and, if desired, having sufficieﬁt
pendant aliphatic groups to render the molecule oil soluble with an amine or a
hydrocarbyl polyamine, such as an ethylene amine, to give a mono or polycarboxylic
acid amide. Preferred are those amides prepared from (1) a carboxylic acid of the
formula RCOOH, where R is Ci2.20 alkyl or a mixture of this acid with a polyisobutenyl

! carboxylic acid in which the polyisobutenyi group contains from 72 to 128 carbon atoms
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al kyl phenol , an al dehyde, such as fornmal dehyde or fornmal dehyde precursor
such as parafonnal dehyde, and an am ne conpound. The am ne may be a nono
or polyam ne and typical conpositions are prepared from an al kyl am ne,
such as nethylam ne or an ethylene am ne, such as, diethylene triam ne, or
tetraethyl ene pentam ne, and the like. The phenolic material may be

sul furized and preferably is dodecyl phenol or a Cso-ioo alkyl phenol.

Typi cal Mapnj b whi ch can .bg used. in this inventi are disclosed in
U.S. Pat. %bds&? i ?‘%5?1% ?)@‘nﬁ‘ﬁdesg?‘éﬁ’g!’ g’é’g}yl%l,eé%‘éﬁ@?? or ‘éfﬁaetg%%!’%%‘}m’te%
di scl osur emistiires Mol are hereby incorporated by reference. The | ast

referenced patent discloses Mnnich bases prepa_red by reacting an
al kyl phenol00A2li nd\nather elasy ofsompanhdrwhich aes useipt ixf thisdbyantioa are 200 - car bon

Sntur at ed SR HHE S AR R e o BRI, BB a2l Blhtvediibee 1510
and wher e inH&ScRadea.sBS 145V 6D Tedlisdosafe sfalikcialskytedyen HIbS rBRYerbS

further reacted with urea or thiourea. The utility of these Mannich bases
as starti n’@‘e Inrdresarbyl grong, which peprefrgably pikyk at ple§nisiiaviagdineioy éwo sites off t en be

significa L - ' t I,¢h usy onvent i onal

t echni queﬁsﬁtu#drﬁpé’%gggb Yol rt%{l]Selﬁ‘Ir)]]{rlorwttorligﬁ’ %%%g%@ Frlg%n% tf?(?@%fﬂ Xr%’?%‘?’ cl ass

of conposiRaraeularbefreferrtd hy@oepbyl pdydohineDacy tsy bithure dadvad exgdyenpl oyed
horam des and phosphonam des such -12 as

i t hi i ti th h
It Rose? Zi !s3%’/%3‘&'&%Bﬁ%ggwgﬂpﬂo%@d&@bgﬂﬂi@emb’ami%8‘,19!1535,aﬂt?ﬁbﬁ_d@ﬂﬂscl osur es
of which agfige, Q%(,%'&i&léﬂ%‘%f?ﬁxﬂ%ﬁa&i% e 9%&eth§i‘f§r@‘ﬁe§%§98§'i—' ons rmaybe

-prepared by formng a phosphorus-conpound havin [ O0ne P-N bond.

" "They can lmipsespdpiperazinerl, peopylene didnyine,cdg piopylenbdiamhes usd teylikel or i de wi t h

a hydrocar, diol in the presence of noam ne or by reacting phosphorus
oxychl ori (ﬁ@ it h émg}ﬁ?r ??FPSH%‘PP‘%‘EE% : Oéﬁ‘fl’rﬁ’@“n%ﬁﬂﬁl‘“am%ﬂﬁ‘l i onal
am ne. ThiMAHHISE AsthstRRiERANTIRG e R5EPE4i§chshY ' ed
hydr ocar bon conpound c](s)lﬁt :’;Ii ni ng ?r omBZIt 0845%15%&&%?%@?%%2%%&% such
ﬁs pg! yet Hllﬂl@bgf,mp@l t}ld@t)’da,t%llldﬁ@l&ﬁfrpml@bydmgﬂ fenndalddtyldh lylpeafka so_isdlrémhne, hl, 3-

exadi ene, Qbut vyl ene, 4-net -1 -pentepne, and t i ke, wt osphor us
pont asul 1 PRATBHI RS and s BinE coming, T35 apitiviredbe At Tined Rabeune
par ti cul aehd typivabbdipRMONS are Frtpatd B Afalk@hiiHePAlcH AT RS y1ifibr an
al kyl eneam ne, such as ethyl ene di am ne,

ethylene amine, such as, diethylene triamine, or tetracthylene pentamine, and the like.

The phenolic material may be sulfurized and preferably is dodecylphenol or a Cgg.100

- alkylphenol. Typical Mannich bases which can be used in this 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 haviﬂg 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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di ethyl enetriam ne, triethylenetetram ne, tetraethyl enepentam ne, and the

| irke. [0045] Another class of nitrogen-containing conpositions useful in
preparing the nolybdenum conpl exes enployed in this invention includes the
so-cal | ed dispersant viscosity index inprovers (VI inprovers). These VI

| nprovers are commonly prepared by flinctionalizing a hydrocarbon pol yner,
especially a polyner derived fromethylene and/or propylene, optionally
containing additional units derived fromone or nore co- nononers such as
alicyclic o tizdse disalosed inl (@8i Pt Wos. 3{90b&B0agd 3,066, 167 hé dkcleburzasf whichmy be

carried out b vari ety of prqcesses which introduce a reactjive site or
sites whi cf™ sty &nﬁorwaétf‘é‘tl?}{) f@geﬁncs_rﬁw&%wsa@%w QWG%%%E{W}%&
pol ymer i s phbgihoRRtbApoRl Mvitl atBeddt dics ‘%ﬂﬂgﬂ%f‘éﬁ%e@gﬁaﬁéﬁ, & ééogltrnr pduce

ni trogen-contai ning functional™ groups on t ol'ynmer one. nly
- used ni t r of¥rieasting phesphomis edpchionidebrish & hydrocaygindioldo thoprestnespfai al |y t hose

i1 ogen <R oG TRRE BnaaGe SREen Vst R badioanl sclides e o

am nes, andnd/aninefuh@fosl ath4fiofHos ﬁr&ﬁﬂe@@ﬁi&ﬂeﬁ&@&ﬁ?r&@ﬁﬂ@h&?ds for
use in this invention are succinimdes, carboxylic acid am des, and-

Manni ch badBsatuisd ydiostaben eempeund contauiing frone tordhdi angnaxe carben atpmspol ecul ar

wei ght of r r mxiures, th of ch_succj ni m des can
e post t r oot HotseiSBer pdi g8 ACnd RN onit S %he. THERAR Tkhe art. - 13
[ 00471 Thehenadivak,yibstriylone; armétaies paiterd) bid 1haRB] Witk pEsphatus Pem@sulfide

~sul furized. ,Representatjive sulfur sources for preparing the

oxyrol ybdefRfhd Bifiogen-cenaigingcompeyadias defined aboyen particwlarly an elkylaotine,, hydr ogen

sul fide, s an¥R Lde.. .sul ' i - us._pent asul fi de,
R72Sx V\herhe!.k%gil S ﬂ%@é@%&%ﬁﬂm’ (%raiel ekgﬁ%i% %{f’ ggdhaqsl%g}%&g%ﬁ nig’s at | east
2, - i nor gandicthyldntirdesneg tdethyibysettdnmite tetedediyiarepéitbhie2Hyd theflikee y is at

| east 1, @hﬁﬂcet am de, . thi ourea, and nercaptans of the formula R SH where
RRis as d@¥itied Anpthes class eigniyegsmotoniainiag comppsifings usgit inprsprring thei t i onal
sul fur - congaiybiBthn? B sk Eant 18 SR ' [ : | des,

sul furi zed _olytlab]c i ns, eéﬁl}ﬁl%égrl ze@"%@?ﬁ@%@ﬁ c a%%ﬂu!é:fslﬂ[dgfgm%g%gﬁ%ﬁlsﬁérr%d?gd

eg t0 i g - o[l_ﬁf Vlﬁ@l,sllctﬁ miles ngrdszc{Vi @iﬂ;yﬂopbm)) dthsseavil imﬂsmwlghaal coﬁﬁ‘hbtﬂy'pk‘@ﬁﬂfi; :

[sul f u]r ebys Hmcticgnafigmg aal'}g}d}/ocgr%on p% ;xxserr,s es?)g(gal%; E g&ryremr Bgm;e% C(;[Hll gglyfelljle ur

and/or propylene, optionally containing additional units derived from one or more co-
monomers such as alicyclic or aliphatic olefins or diolefins. The functionalization may
be carried out by a variety of processes which introduce a reactive site or sites whiéh
usually has at least one oxygen atom on the polymer. The polymer is then contacted with
a nitrogen-containing source to introduce nitrogen-containing functional groups on the
‘polymer backbone. Commonly used nitrogen sources include any basic nitrogen
compound especially those nitrogen-containing compounds and compositions described
herein. Preferred nitrogen sources are alkylene amines, such as ethylene amines, alkyl
amines,' and Mannich bases.

[0046]  Preferred basic nitrogen compounds for use in this invention are
succinimides, carboxylic acid amides, and Mannich bases. More preferred are
succinimides having an average molecular weight of 1000 or 1300 or 2300 and mixtures

 thereof. Such succinimides can be post treated with boron or ethylene carbonate as

known in the art.
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nonochl ori de, and/or sulfur dichloride with an unsaturated fatty ester
under el evated tenperatures. Typical esters include Cl-C20 al kyl esters of
C8-C24 unsaturated fatty acids, such as palmtoleic, oleic, ricinoleic,
petroselinic, vaccenic, linoleic, linolenic, oleostearic, licanic,
paranaric, tariric, gadoleic, arachidonic, cetoleic, etc. Particularly
good results have been obtai ned mﬁth m xed unsat ur at ed fatty acid esters,

such as ar bt ai,ned fro ni mal ts a vegetable ojls, s ch s tall
oi I, Ii e e84 PPW“BBM %‘&%‘E%?P C’Eﬁslf’?qﬁ FAtiqg; gan 45838 spltyrized; g o | |
sper m oi | R&ﬁ@seﬁ&t&@&ﬁlﬁmkgﬁ‘é&] foFga i tﬁeBﬂ%&lyﬁ&én%ﬁﬁsdlfﬁ? E&ﬁﬁlek@é&&ééh

tallate, nmethyl ol eate, ethyl lauryl Ol eate, cetyl ol eate, cetyl
fi nol eat e, njthig mwenumam(suhc@m bydrog@ydulﬁdensulﬁmnmnodhleyde, suﬁa‘r(hﬂmmdand al kyl

| d 50 f d, est | d
o Xt ur e o HOTORAP RIS R ufh WERER: 5 oty drere3boe ash g K 2ot as
and G o- C2fe leabkylin®parit kfidés ﬁld%'[s%hlfﬁdes mﬁrasgmmggsyf (vhkley B@t Rastnd/ or the

al cohol is unsaturated nmay al so used. i xri zed ol efins are

prepar ed BYiogerdamidgcthioyrespfnd na@rcaatmgaofdh@ ia R SHowhered éscasi defingi ght -

pol yol ef i [ ref co as

sul fur, %P ¢ Mn%%%%ﬁﬁgrg f@gm%%ﬁwég% iijc{rm%a@%‘%#fggt.ﬁ p%g{bq{ﬁ sgghusef ul
are the arsoccims wa:amﬂﬁdéskmﬂ polyistifides sulfitided afefits patfireddaioxgtic andlestarsy |

sul fi de, .suylfide, diparaffin wax sulfide and polysul fide, cracked

wax- ol ef ml egtrriolegng. gpd gulforized aﬁ%(lphs@olﬁa@bﬁlﬁwtwalﬁ@s{@ﬁg t he

Subfur ”?mrr'?‘&‘%? l)?l R R e S R DA A e

- the par af hiomovkirriddiandfer sulfirsiichildridd vith 4 &saﬁﬁted faMg estér dekler #keFatefl 0053]

Sul finize nol s and .t alts thereaof include conpositions
such as sg?“i' %/tﬂ@ghﬁﬂﬁfé’iﬁtﬁlﬁéﬂg?de@:ﬁﬂé &F@ﬁﬂ%ﬁgﬁ% @@ﬂg?%% trtTﬁ‘l“l’é}‘iﬁal kyl
group or Qlidliae[s &E%l@& ﬁéi%ieﬁ: ﬁ&%s@ﬁh@%c%%@noﬁ@lﬂ&%ﬁb salt may be

pref erably, Goup IT salt, especially sodium calcium
magnesi unplegﬂem immc,[mcﬁamﬁergaémielsummdmmebmam Patticutaglyhydr ogen

o cf or abl teely ive Freh Gamen i e qushigad fud skt e ahel B e R

- Cl--Clo al bpthinel RnDannG] £ ddddRge@mE oRs) s\i@h’hg 1afl@9; linseed oil, olive oil, caster

oil, peanut oil, rape oil, fish oil, sperm oil, and so forth.

[0049] Exemplary fatty esters include lauryl tallate, methyl oleate, ethyl oleate,
lauryl oleate, cetyl oleate, cety! linoleate, lauryl ricinoleate, oleyl linoleate, oleyl stearate,
and alkyl glycerides.

[0050] Cross-sulfurized ester olefins, such as a sulfurized mixture of C1¢~Cys olefins
with fatty acid esters of Cyo-Cjs fatty acids and Cyo-Cys alkyl or alkenyl alcohols,
wherein the fatty acid and/or the alcohol is unsaturated may also be used.

[0051] Sulfurized olefins are prepared by the reaction of the C3-Cg olefin or a low-
molecular-weight polyolefin derived therefrom with a sulfur-containing compound such
as sulfur, sulfur monochloride, and/or sulfur dichloride.

[0052] Also useful are the aromatic and alkyl sulfides, such as dibenzyl sulfide,
dixylyl sulfide, dicetyl sulfide, diparaffin wax sulfide and polysulfide, cracked wax-
olefin sulfides and so forth. They can be prepared by treating the starting material, e.g.,
olefinically unsaturated compounds, with sulfur, sulfur monochloride, and sulfur
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t hi oacetam de, and thiourea. Mdst preferred sul fur sources are sul fur
hydr ogen sul fide, phosphorus pentasul fide, and inorganic sulfides and
pol ysul fi des. [0055] The pol ar pronoter used in the preparation of the
nmol ybdenum conpl exes enployed in this invention is one which facilitates
the interaction between the acidic nolybdenum conpound and the basic

ni trogen conpound. A wide variety of such pronoters are well known to
those skilled in the art. Typical pronoters are 1, 3- propanediol,

1, 4- but anednbhlmh,demmmmgemme thb phakfire Gk GHEOMYR . debdribed i€ UES. @aycol ,
1, 4- butyI gr %@Ol met hyl carbitol, et hanol am ne, di et hanol am ne,
N- et hyl - 4 am ne, di net hyl for mam de, N-nethyl acetam de, dinethyl

- acetam de an yl
phosphor amdciijggpt eﬁmﬁ%&;gﬁ@}%@%%ﬂ &Ellﬁﬁ‘% err eg?ﬁ(c lﬂfec Eth?réggﬁhpet hyl ene

gl ycol . Pasuchas lsalnﬁhyzenrdeﬁeuytlﬂﬂmimﬂahﬂsalm{lﬁ%ﬁ& théfdoff eTHer iyl Rdupy the pol ar

pronoter is separatel dded égg the reactjon mxture, it nmay alsg

present, p%ﬁdfl}”g@( ‘é‘f‘“r% ﬁo b gy atqms cFhe metabsaltgnpobrpret ‘F’blﬁtﬁGm“P

anhydr ous BérGidupdr S %ﬂe@ﬂaﬁyﬁﬁdlﬁﬁ %%ﬁ%&y@éa&wﬂmﬂ the acidic

nol ybdenum conpound, such as ter may al so be added as
amoni um §084loxi d’eefetredbﬁfll]hrsommsrmdstﬁlﬁlr pydrpgen su@ﬁdehphm’sphmlsybdenum

| £t di
o bl RS, whei it RaspSachh BrFERNG G-Gaall ha 2s el EeB it o o ng
conpound WhélbalﬁénWhéi@MtR s loyeny, alk}h?nor é‘@lﬂﬁdbssadd ‘iai;{sulffdegecessary, to

provide a suitable viscosity for easy stirring. Typic di l'uents are

1 ubri cat i fiogretamids, Mdj@@@o?ﬁ?@tmﬂ&mdmﬂ@mqmg:eeatqsu&ﬁu thydragaed shifideogen.

I'f desire OX .a be added the reaction m xture to
provi de aqj %g silo%je[nhgﬁﬂ{gf gﬁﬁ%?ﬁg%% %%I?ﬁ %ﬁ’t’itlgd‘?seaction is carried out
at a vari q0§ss5)f Uhepekppronfiter &V@irptﬁbbképﬁiau@ﬁ obmeqmmeeﬂm{ &d mi nt of
the mxture to reflux tenperature. It is ordinarily carried ou

at nospher |°81P6‘Pl€‘§'sl this ivenqrgis one yhioh Beilitasescthe fnterseiiomdaetivagibibe as@cp i f

cour co. as "ORTSESE o b itk BRI P Zoinbeti, £ PRI eRen e

sul fur spuoometetsare muqmwhho tHoge alquécﬂ mﬂfehmb'ﬂmu@pmdodams 1[8-t rogen.
conpounds. In ases, renpval of ter fromthe reaction mxture may
be desi raHF‘&’aBF‘ﬁgF It%b%%ﬁ@{, idigthylene glycol butyl cellosolve, propylene glycol, 1,4-

butyleneglycol, methyl carbitol, ethanolamine, diethanolamine, N-methyl-diethanol-

amine, dimethy} formaride, N-methyl acetamide, dimethyl acetamide, methanol,
ethylene glycol, dimethyl sulfoxide, hexamethyl phosphoramide, tetrahydrofuran and
water. Preferred are water and ethylene glycol. Particularly preferred is water.

[0056] While ordinarily the polar promoter is separately added to the reaction
“mixture, it may also be present, particularly in the case of water, as a component of noen-
anhydrous starting materials or as waters of hydration in the acidic molybdenum
compound, such as (NH4)¢Mo70,4-H,0. Water may also be added as ammonium
hydroxide. |

[0057] A method for preparing the oxymolybdenum complexes used in this
invention'is to prepare a solution of the acidic molybdenum precursor and a polar
promoter with a basic nitrogen-containing compound with or without diluent. The
diluent is used, if necessary, to provide a suitable viscosity for easy stirring. Typical
diluents are lubricating oil and liquid compounds containing only carbon and hydrogen.

If desired, ammonium hydroxide may also be added to the reaction mixture to provide a
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of reaction with the sulfur source. [0058] In a preferred and inproved

net hod for preparing the oxynol ybdenum conpl exes, the reactor is agitated
and heated at a tenperature |less than or equal to about 120 degrees

Cel sius, preferably fromabout 70 degrees Celsius to about 90 degrees

Cel sius. Mol ybdi c oxide or other suitable nolybdenum source is then charged
to the reactor and the tenperature is maintained at a tenperature |ess
than or equal to about 120 degrees Celsius, preferably at about 70 degrees

Cel si us t gobtisnof ypmgaiyremelybdpis; This reaation is carriedravt gtaeariaty PE suf ficient!y

react ed. %.gm m n Renoval

nmet hods i %ﬁ e ut@g £t Oq}%:éﬁq'fIhg(%?elﬁn\é%dﬁ%cftc}hg?mftfneﬁ%gﬁﬁor nitrogen

stri ppi ng tehpdraturenltrit atdinandy t4eicd enpe hahespherdf prefvares danugh hipheportloWwper at ur e
| ess than or equal to ahout 120 degrees Cel sius, preferably between about

70 degr eedTEHIET Y bpUsedibesingd. Hag Fesgonmpdyigdnayoptionaliy be Gealed Witha ng t he
SUITPPI NG SIFRCRARe oS dBEIA Bbydlat KRG C%fﬁ&é&ﬁ&z'aﬁ&?erﬁﬂ%ﬁhx%rfoﬁﬁfé%lfﬁlo about 120

degrees Celsius to maintain 't I ntensit
nmol ybdenusewontoaienit Ngﬂdherpmdlctmolgrbddmm mddradlcnmmgeyl contpouads. fusonat

atnDspherlc ressure.alth h her or, | ower s may be used. The
stri ppi ng® ? asgp.dpmpyalef aﬁeé%io%‘ E’&r‘ ?CQBDHHFHLF%W%BBEP ‘@é ed?““élﬁ%ﬁ?mBI%QOIi‘o about

5 hours. bPRa&on KitklARIsuBGr sduldeS Product can be sul b ized by treating this
reaction m xture with a sulfur source as defined above at a suitable

pressure HH0§8} enﬂaraalrcfﬁm;dmdimwomahodﬁhqmcpmgmmmms for the
| t th.th bd d.b t
 compounds sk &, i Fidesstis StaLia e oufg B n iAo AP Attt o @ BB od of

. /from abou20déréca CoRLY, pRf&HaBI %@ﬂdb&ftab%g{l%yc&mm@m 90 dBgrees about 2

hours. In _sonme cases, renoval of the polar pronoter éh ter) fromthe
8

reaction frkitugr Mfﬂﬁ%ﬂl‘b@?ﬂdégt othpr %utableumlyb@numumeu@ ﬁhﬂ@&éﬁq %8 with the

1R bd d d I I
;;Jod 3 (r: 630 )3}&?5 ?ﬁ%{%:%térel 1? gr%tgl%e a X ﬁegsr%@{a‘m?{)é €ss 1 o@‘%ﬁﬁﬁﬁg 8.{: 1&8 plex

conpl exesd¢preRalebsiusy roférgblgrat hissiR 70 Aepiices Celhtls ¢ atitik B0 AegricBICEIERE, ntie!
econony, excellent oxidation inhibition, and anti-wear performance
qual i ti estheaeplypdenpm is puticiently senstede Bxcess Wwaterds yamqued yirom thegeectigiant i f i abl y

oL .2 MRS R LB b3 R BRI i
vi si bl e ssisipping while eadinthisiaiptie canprpstutd ofitbe Rfactdr at a temperature less than or
equal to about 120 degrees Celsius, preferably between about 70 degrees Celsius to
about 90 degrees Celsius. The temperature during the stripping process is held at a
temperature less than or equal to about 120 degrees Celsius to maintain the low color
intensity of the molybdenum-containing composition. It is ordinarily carried out at
atmbspheric pressure although higher or lower pressures may be used. The stripping
step is typically carried out for a period of about 0.5 to about 5 hours.
[0059]  If desired, this product can be sulfurized by treating this reaction mixture with
a sulfur source as defined above at a suitable pressure and temperature, not to exceed
about 120 degrees Celsius for the sulfur source to react with the acidic molybdenum and
basic nitrogen compounds. The sulfurization step is typically carried out for a period of
from about 0.5 to about 5 hours and preferably from about 0.5 to about 2 hours. In some
“cases, removal of the polar promoter (water) from the reaction mixture may be desirable
prior to completion of reaction with the sulfur source. The oxymolybdenum complex

and oxymolybdenum/sulfur complex produced by such method is lighter in color (when
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constant concentration in an isooctane. solvent. The spectra represent the
absorbance intensity plotted versus the wavel ength in nanoneters. The
spectra extend fromthe visible region into the near infrared regi on of
the el ectromagnetic radiation (350 nanoneters to 900 nanoneters). In this
test, the highly col ored sanpl es showed increasingly higher absorbance at

I ncreasi ngly higher wavel engths at a constant nol ybdenum concentrati on.
The preparation of the sanple for col or nmeasurenment conprises diluting the

mol ybdenunsoapaiedits icagpmem@%érb@& HigteR tdnSReALARELwhTe A ANRLFoof ARRET aNt
mol ybdenum concentration of 0.00025 g nol'ybdenum per gram 01g t he
nol ybdenurfFeramnickealgnteridaion inkihition panst aatievenr perfornanee iqualitics. €atoplie

o _ . f b . .
T e G lstiag? BRESS BBRAHERE) & imdrd oh i R Eie Y TVGR et fstastts o
obt ai ned ws¢hay aPakin-Elerk Lasibds 19 AL Vi DbubRUBELR sg@i&oRﬁ%ﬁé&r.ans air

ref erence. 'I;ﬂéa S, e(fltra are offset corrected by setting the 867 nanoneter
absor banc &5t enthisiayd feqordedthe Yisipmenscist of melybdemime comperiiensiat aed at 350

nanomet er go U : I; |+ St W
oxynol ybde%un{ s!ﬁ?’?%%ﬁ%%‘{n'g@ ggégogg%ggﬁﬁésdél ggggp?%%raﬁ.?@%eﬁg@e akﬁoﬁP@CEer I al No.
10/ 159, 44&i¢nsity plaey vedsps BRORgvetanpiht ih @enorREECHRe GpEdER extend from the

MOL YBDENU Al NI.NG | Tl AND. A T OF MAKI NG, SAME, i ncor por at ed
her ei n by%@%’fe&w&éq" PP%aféﬂgf\lfFéwagEafq%D@m@eﬁea@eaw GP%ture, the
rati o of AXHoWRASH VPR 0 | bl i critical;
however, as 0t he atrgo_?mt of9 %r?bégﬁﬁ%&ﬁ %hl% Iﬁ%gggggpﬁgg@g?scﬁoﬂ?%rogen

i ncr easesincrepgingly higher absorbdnce hinpreasivgly higheowasclomgths afi o donstaht . Si nce t he

‘ol ybden ﬁgonent 2ro ably.pligonerizes, it is advantageous to add as
much mﬁ%ﬁ”e& UM R SO | SRR & sFRplerer ORABEEERZIN Usual | v,
the reactdonprises diﬂutir%tn@hiolflﬂiéﬁmﬁ%h&ﬁﬂn% Sothpositid Witk Ebob@nioYnRlogs of

mol ybdenum per basic nitrogen atom Preferably from0.3 to 1.0, and nost
pr ef er abl §PPFiaBhnglyhdenynpcaueentrasinn af0.00085 ghuldpodanper pextgpam of theasi ¢ ni t r ogen

B e A T T
char act erthe sgbcasphivtombiet s refiratede By R mATHR v Pfusdid AHCUVNidibIR IS trum.
di spers _a ni%on(i %gg ggx?oqnggresftg 588 In%a/novx\:fu;[ters ?s c?blifl;lizlg& u;iz?g leng Bgnetiyertnerm;;eallﬂgle;g&at oo
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.
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about 1 (0.01 to 1.0) to I and nore preferably from about (0.05 to 0.5) to |
and a nitrogen to nolybdenum weight ratio of about (1 to 10) to | and nore
preferably from(2 to 5) to 1. For extrenely | ow sul fur incorporation the
sul fur to nol ybdenum wei ght ratio can be .from (0.01 to 0.08) to 1. [0063]
The sul furized and unsul furized oxynol ybdenum conpl exes of this invention
are typically enployed in a lubricating oil in an anmount of 0.01 to 10 %
nore preferably from0.04 to 1 w % SULFURI ZED OXYMOLYBDENUM

DI THI OCARBMMRTE [ BO61 pptitnally shifunizedetic oxlfided s pnotybdedin omatnﬂnmmt e

enpl oyed | ubricatin ositionis re ted b formul a (1
3" R s bRl e ke SRR e DR S Pl E Pl o
(1), R tmﬁ%eardﬁpmﬁhﬁmeﬂ@aﬁﬁd PrefeRdide vl o Bl @ HYNHeGRIPRRIg thaQiHR)for can
be the sane hydrocarb roup of suitable length t0 provide 0|I solubility.

Hydr ocar b8PPu{B84hdo Mitmg@nd xlmre reeferablic ﬁ'Dmmbi)@tc(lot%ltE&LﬂNO 1gndapstrogenkeny |
0066
2ot es. of moBagkis weXE AR ceibod RO ST GR prERERLHES 0 el

butyl, i $obot gttrensety tovelsulfurtindoyporaticas the aﬂﬁub@hwlybdéﬁwmgm&@@@%We

secondary I eo entyl tertiary pentyl, hexyl, secondary hexyl,
hept yl , QgBH@V WHBS -octyl 2- ethylhexyl secondary octyl, nonyl

secondary(nﬁg I rﬁﬁﬁM : decyl

dodecyl , seco%dar Jhni%fQQ?IJ%ly ? 3ﬁﬂﬂﬁg§@Pn%§g@ﬂg%ary |decyl
tetradecyhm@nmmnﬂﬂdﬂﬂqﬂ@ﬂhﬁﬂdﬂﬁyhahﬂﬁmﬂﬂﬁg&ﬂulﬁﬁﬂﬂ@ﬂﬂhﬁOhﬂﬁﬁdG@&hnm&teary|,
I cosyl, docosyl tetracosyl, triacontyl, 2-butyloctyl, 2-butyldecyl,

2- hexyloc?§£r%§yﬁ@§§§8§§§f¥nf@ octyl decyl, 2-hexyl dodecyl, 2-octyl dodecyl,
-2-decyl tetradecyl, 2-dodecyl hexadecyl, 2- -18 hexadecyl oct adecyl,

2-tetradecyl oct adecyl , nononet hyl branched-isostearyl and the |[|ike. [0067]
The al kerﬁX}L QXY MAH, YBDENM IGHIDICARBAMATE vi nyl , al lyl, propenyl,

|
but enyl, @@g nyl | ml¥1|e suﬂurrlltcﬁ%yfnoﬁﬁ)%gent &Qﬁocarg%gtg employe% %/el Iubgggn%%yl

nonenyl ,
composition is represented by the formula (1).

[0065) In the formula (1), R! to R* are independently selected from a hydrécarbbn
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, néopentyl,
tertiary pentyl, hexyl, secondary hexyl, heptyl, secondary heptyl, octyl, 2-ethylhexyl,
secondary octyl, nonyl, secondary nonyl, decyl, secondary decyl, undecyl, secondary
imdecyl, dodecyl, secondary dodecyl, tridecyl, isotridecyl, secondary tridecyl, tetradecyl,
secondary tetradecyl, hexadecyl, secondary hexadecyl, stearyl, icosyl, docosyl,
t_etracosyl, triacontyl, 2-butyloctyl, 2-butyldecyl, 2-hexyloctyl, 2-hexyldecyl, 2-
octyldecyl, 2-hexyldodecyl, 2-octyldodecyl, 2-decyltetradecyl, 2-dodecylhexadecyl, 2- -
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undecenyl , dodecenyl, tetradecenyl, oleyl and the like. [0068] As the aryl
groups, there may be nentioned, for instance, phenyl, toluyl, xylyl,
cunenyl, mesityl, benzyl, phenethyl, styryl, cinnanyl, benzhydryl, trityl,
etyl phenyl, propyl phenyl, butyl phenyl, pentyl phenyl, hexyl phenyl,

heptyl phenyl, octyl phenyl, nonyl phenyl, decyl phenyl, undecyl phenyl,
dodecyl phenyl , phenyl phenyl, benzyl phenyl, styrenated phenyl,

p- cunyl phenyl, al pha-napht hyl, beta-naphthyl groups and the |ike. [0069]
The cycl oahme@immcgpmtmé@a&dfmyyl goauRsthynblatelfed-ibisteatylanddic | i m ted
to, cyclopﬁﬂ% cycl ohexyl, cycl oheptyl, nethylcycl opentyl,

nmet hyl cycl xyI nethylcyC|oheptyI cyclopentenyl cyclohexenyl

cycl ohe t efpgly) et I ,
rrét hyl C5C| ohe7]t eny S%S’ggé}g‘%qﬁ@éd? & m@ﬁﬁﬁ?‘%&m anér’gm enyf he al kyl
groups or laltklgdylbolgltmym)eaieﬁylprseﬁaﬂergm Meﬂl heptdﬁﬂrl oclehylengrienlyk destdyhr e

al kyl groups hav ng.4 to 18 arbon erably a branched al kyl
group havi hrd%ge?&% f&sv&% he R groups are identical

groups. [l@%ﬂﬂ |'As%ﬂ9£1’}? g@%éreﬁiaytngﬁéhtﬁhéd,'fﬂﬁﬂ&ﬁﬁ%e Phdn¥1,56gEt €d

hydr ocar bon groups, préféera RZ are the same hydrocar bon but

di f ferent xﬂﬂncmemmmmﬁmm méagnethyl, sthwlsammmmmhyduﬂn&gybup Nor e

preferably al.k hav. to bon at ons,
and R3 anaeﬂﬁgp lé%é’?é’éw? nglla ﬁwﬁ%‘? g%glpﬁ%‘{)if‘ef%fpg%‘ﬁ’clypgi&e ns, and
nost pref efoqhbyenanoaﬁgh 1,84eByIRGIYI, c'tmaééyrﬁih%gh @bﬁé@yl;ﬂt@@}lppﬁbi\l‘!/lﬂhgnﬁ to 10
car bon at qns, 4 are each a branchéed oup havi ng 11. to
18 carbo rbe&«?)dﬁhen)/[ @mg}atwphehﬂ, penmyipheny)) alpka-llapiltgw g‘?té-nfdpkfb olenst | y
sel ected faE HILJ ur or oxygen atom and all of X to X4 maybe a sul fur
atom or an oxygen atom or a mxture of a sulfur atons and oxygen atons.

I n consi dgé@sdjon The bpllcdiky goRipsRand cielbslkidN gi@dl tholite, Bitf#€ hotdhflited

corrosivity, the nolar ratio (ratio of nunbers) of sulfuric aton(s)/oxygen
aton(s) stenavalopsntyl, eyclahexyl, syelpbenivl pethyicyelapgatyl.angibyleydohexys to 3/ 1.

avai 1 abl o UICIIGRENT, Selpeea i UR GBI G eple Mol Rl BT . e Y
S, and vth@hﬁcydl@lw&eﬁﬂﬁm@lh@lcbﬂ%hqﬁémﬁ leaduips ay dicoldler byl groups and where
the mol yb?‘%%? | SOif egf):( :grcci)%i[)sl One zflfc%tgero%saorreaﬂ?eﬂy?gmups are preferred as R'to R*.

More preferred are alkyl groups having 4 to 18 carbon atoms, preferably a branched

alkyl group having 6 to 13 carbon atoms. Preferably the R groups are identical groups.

[0071]  Inanother aspect R' to R are independently selected hydrocarbon groups,

preferabiy 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 alkyl 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 a]kyl group having 6

1o 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 2

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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under the trademarks Ml yvan 807 and Ml yvan 822 as anti oxi dants and
friction reducing additives by R T. Vanderbilt Conpany Inc. Norwal k Conn.
USA. These nol ybdenum conpounds nay be prepared by the nethods descri bed
in US. Pat. No. 3,356,702 wherein MoO3 is converted to sol ubl e nol ybdate
by dissolving in alkali metal hydroxide solution, neutralized by the
addition of acid followed by the addition of a secondary am ne and carbon
di sul fide. In another aspect, the nolybdenum conpounds of general

st ruct ur e produverehere X' ahdXXdread £XDamt XSam8y abwinre RAteR* bye G izpber  of

met hods kn ln the art, for exapple US Pat. No. .4,6098, 705 agd 5, 631, 213.
JP 51osoé%ﬂ?tl&gwwcﬁawi&%%@%{wg%e)mﬂpwg@? ‘a“h‘é’_fla%owg{j fre %‘és,
secondary unﬁ@i‘tﬂ@hﬁ&'éin&ﬁ?h/ﬁ[ﬁaﬁ%@?%ﬁ@h&&%&h@ﬁaé&tﬁa&idaﬁ%@nd%@ﬁéﬁ c sol vent.
Bull. Jap. Petrol. Inst. 1971, 13(2), 243-9 discloses a nethod wherein

sul f ur i zededusingndditives by Rl KW anddibil Covpaigainet NervealleCone dI84. Thesxy| ene

| ut i i t.h, P2 S5 with ting foll by the . di |.vi ' f th
Fesul 1 ng ThgidedcBpRteting gt ity PrarPed b7 thy ehdB T S A e nam
conpl ex COEsE, 709 vwitEn MOOIER cahvifed toTBulEH1P iiyidak by diftelviad intalldli mél i1 s

2.0/2.0in X to X4 and R to R4 is ethylhexyl group or R and Rz are
2- et hyl hekyfroxide spintionneutralizeddyi the addidercyf acid obowpd Fytheadditinnof@f t he

sul furize AVAeTo Qlﬂ{@ It hi. aﬂ’?‘E ' r to

her ei n ang I'S ?eoar |ag$u%adrl§'§ﬁﬁ$m egfhe%sp?ﬁéthgml%({s&gpe&@ég%si vel y

snmal |, t hef feregdlisatctuedudicign of'fte 0t* irs G srBubhhy 6¢ prparcdbytahamttbfary, if

they are excessively |ar ef sludge or _corrosion is |liable to occur.
@ﬁmaﬂdolf

Sul furi ze® O & sxaapled dnBatelNo Q98,15 and| 5.e el X JFexhi bi t

“abr asi on ' EE1E t | : u

conpar ati\glg@y ?g&/ |.fe)fegga%8%éy %%2% El;(l)ge\%:dl%ﬁ {%%)ljg%rg .Pf%%@‘@éﬁ’ of

mol ybdenuamime atliC arorehdted together af amipeit ag@nicAslveatuBhil. Jap. Paeolalist. f or

ef fective i¢tion . reducing effect they are enplo at concentration in
excess of l%fleigbﬁb%ﬁ%%gﬁﬂpsqsmﬁﬁaﬁmhﬁ&r%%f@ﬂa%g)%%%s@@}élarl Y wei ght
(2000 PPmyfitbYRORRHE are HRGRA in CABROSILEANFIPEIS Dty ﬁédtﬁi?hﬁlﬂo&r@@ggﬂﬁg_ ef f ect
when the anounts are conparatively large i.€. greater an 1% wei ght in
ternms of dissoliiaemuMIedEihe vesulting precipitate with dlirttidn deatingh Mreferdbigthsase;
however di m

idshed econom c, ef fect of thai frictionre cthi on. ﬁi}%/ .
gener at i ofOBPIERIT FRMEICE GGRIARFOTPGFHYER Apme- UL PESHARM PEIR YPH ¢ this
appl i cati20/2.0 irPR" 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 corros‘;ion 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 R
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
Iubricating 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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The present invention discloses a synergist coupling of a sulfu ized

oxynol ybdenum nitrogen di spersant and bel ow 175 ppm of a sul furized

oxynol ybdenum dithi ocarbamate, the total proportion of the sulfurized
oxynol ybdenum di t hi ocarbanate is enployed at concentrations bel ow 125 ppm
and nore preferably at or betow 100 ppm (about 0.01% and even nore
preferably at or bel ow 80 ppmor 0.008% (by weight in terns of nolybdenum
fromthe dithiocarbamate relative to the weight of the lubricating base),

there is notTiexRewherhveMidipdis1GRY a e¥epgitt ddabRig 402 Rilftrizbd 0XvholYhdenum
sul furized ox_érml ybdenum di t hi ocar bamat es represented by the formula (1)

can be prepdiBagandispsszant syl bebow bdeprmnof giseliirdeedxymohdidgBdEt e with an
| kal i | fi. ' | £l '
G sui 11 do- ariiffociballu ot Db AR o BRTEBERE ST AR AREALOD

resul tant mixemphyad abcomeagaiiahebeldePs ppinknd mdie ppefembiyeattdnbelasy Hideatpmi c
sulfirrized oxyml ybdenum dit hi ocar bamates, _the use of &)% onda{gﬁ am ne
navi ng i 11 AARTH O e) oA aeRIGFTBTAY s bela B PRI WrEf et

secondary TS tofoly D RPN S REORARS el arBlE FI1% NIEERYAITRS libfiaring

sul fiuized ocar bamates can a be prepared in a simlar
manner, butbayd)} thetelie notexpeftedtd have ary effexd bekwy 1Gppme. DETERGENT [ 0075]

deter gont . AT uoeThy Suubinsdpianalybdssut viticherpy e st o s toresly
cal ci um phegafgnipd &)r%%.g%ie%h&ﬂl \gﬁ&?b&éambkid&i&%%awmemmmm

conpounds descri be | ead urther synergy and inproved reduction
in the fricsilfide oved fikeli bydrosuifidgradi syispquently addmigedrhoardiswfide #1ds2 | nvent i on

o carmgPuBREEe b berRaeh Bl BRI PP Bl e o,
sul uri zed qusElodaienshariid i a6y HaITB L AQEIMAAShotbdeUaNGRBIRARIsEN and

a detergent (preferably a HOB:cal cium phenate). There are a nunber of
material's t thetusaofa seaontlasyl asnings hayengdifferans hydrocarhen graups sethsruse pf gvo or

i nvention. Thes terialg incl.ude phenates hi.gh [ | ow
over based LBSJ® ‘%ﬁfgg??%fi%@%é’ﬂmbﬁéﬂ eeabgyggrlgog%%ssl’gQu@égerqgﬁg}%%g’ szglq (lg cyl ates,
phosphonat egylfilrie8 BRABBIBAGHSS dBcatbrhABAEDSal 6k Picjsired @S a sintibar ewhmer,
Preferably, phenates” are enpl oyed, nore preferably HOB cal ci um or

~ magnesi um pbnitlethe 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
Y | ﬁr&er 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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-21 [0076] As used herein and in the clains the term"phbnate" means the
broad class of netal phenates including salts of al kyl phenols, alkyl phenol
sul fides, and the al kyl phenol -al dehyde condensati on products. Detergents
formed fromthe polar phenate substrate nay be overbased. Normal phenate

has the structural formula: OM OR6 | and phenate sulfide has the
formula: O-M2 -0 RB SZ Wnereas nmet hyl ene coupl ed phenate has the
structural fornul a: O M OCHZ wherein R5 through R10 nmay be the

same or dil§47%}e nt%\‘ﬁ?@'ﬁ@%ﬁ&%%@@ﬂ@ﬁd@ﬁ tar "phenate’taepns tnbrond glasgaf or

branched r ns and nore
pr ef er abl 3&&%@%ﬁ%gﬁap@ﬁgEaﬁdf%@%h%g%@g I r?gsel(ggﬁoséa? y and al kal i ne
earth neaﬂclylmlpmcd#adﬂ@ly&chiﬂlﬁnﬁaon biductasetzrgents forangiefrénalie polhptizngtependi ng
on the par ul ar et al ved, The |CI um and gnesi um phenates are
pref-erredSt 'ﬁé‘éaytf?‘i‘ﬁébas ?}Fﬁ?étﬁ %ﬂl.esmwtpr EB FBW&nat e rings may
al so be formed as opposed to the discrete formlas above. [0077] The
materials are general Iy prepared by carrying out the reaction in a |ow
viscosity mneral oilRat t enpRrp u(;)es ragging up to 260 degree Celsius
dependi ng on the -22 peag Itylof\the{retal | i c base. The al kyl phenol

i ntermedi ates can be p ed by al \ i ng phenol with ol efins,

chl ori nated paraffins, Al cohol s uS catal ysts such as H2SO4 and
Al1Cl13, with the latter b®& ng enpl oyed th the chlorinated paraffin in a
typical Friedel-Crafts type of alkylation. A preferred high overbased

sul fixriz I te ared by neutralizing a sulfixrized
~al kyl phen %%%%P%tg 'ﬁ%gfaﬁﬁﬂhﬁg %ﬂ'ﬁgh base (preferably calcium in the

‘presence of a dilution oil, an al kyl polyhydric al cohol

OMO R®

- whereas methylene coupled phenate has the structural formula:

L]
R \om—o

wherein R® through R'° may be the same or different and are each independently

selected from straight or branched alkyl groups preferably of eight or more carbon atoms
and more preferably Cy to Cp; alkyl; M), M and M3 are independently and é,lkaline earth
metal (preferably Ca, Ba, Mg), and z can range from 1 to 3 depending on the particular
metal involved. The calcium and magnesium phenates are preferred for use in the
present invention. Muttiple phenate rings may also be formed as opposed to the discrete
formulas above.

[0077)  The materials are generally prepared by carrying out the reaction in a low

viscosity mineral oil at temperatures ranging up to 260 degree Celsius depending on the

-22 -



(preferably ethylene glycol) and halide ions, the glycol being present in
the formof a nixture with alcohol, glycol, water and sedi nent,
carbonating the reaction nediumwith COQ2 in the presence of halide ions
and agai n renovi ng al cohol, glycol water, and sedinent. The al kyl phenate
can be treated either before, during, or subsequent to overbasing with a
| ong-chain carboxylic acid (preferably stearic acid), anhydride or salt
thereof. [0078] By use of an excess of the netal base over the theoretical

anount s r eeastivRy of the thakllic bhe. The kY 1pREeN Altesnedidtes Gnbepeepakai by form the
so-cal l ed basi ¢ al kaline phenates. Basic al kaline-earth phenates

cont ai ni n@lexkgingrhenelvsigh elefins; chigenated pamafiiweor ﬂ@@%ﬂ& ‘iﬂtallﬁts b have
b t f t
been, ©eDO 8y 0L PO SRR ok 04 SRR DY 1 uncton
| ncor por attyital HriedxleCetts lomeaf alkylatiohe Mm&tﬁﬂlmglsomrbmecﬂaﬂﬁmzdd stinct

advant age r. the .netal - f ree phenates asi henpa an 0 be prepared
fromt hg a@ﬁ’ atgis pregarsd b THF‘EUq 'ﬁﬁ‘&racséﬂgﬁ'% ‘f)%‘ﬁlélp Y W%a?&agkaﬁ’é’ﬁt Fﬁﬁl zgt i on
capaci ty  tQsd ¢ eefg alci bfdﬁ?ﬁres %@L dfMB5PET oR aﬁlﬂ?bly’ﬁ?dﬁ@ékbhdlet al

phenates have asua by the anount of total basicity
cont ai ned (prefarhlely pthytenetglycot) and halideions tlm)gigrb@lrbemg predoat inghe oteplgent by

ts TBN (t 30 t het | f
nunber | s TS So oD} syl Wt ot Srmpihetiate i S SOBt AP oxi e
cont ai ned COJinlth€prEBdmeE bRhalidERsts: anhlagﬁiﬁrreﬁBNn@tﬂHaﬁéls g %ﬁ“ wakr,ARde al kal i ne

products, and therefore a greater kal i ne reserve e TBN of a sanple
can be detsedimentdTisyallgphermtesian kio treamgsber&ef@mwwmr suheavantdat

TV o B0 AU AR P HRIE, S G 0 S58% o R HORL ol ACED,

Two facto&}serbd.ﬂnt the degree of overbasing: oil sol ubili ty and

filterabi I ity. -23 [00811 The al kaline-earth netal phenates usef ul Aan t he
present i i onByweeptamessess of temetl bassevanbe thearstical Wmtﬁﬁeawé?

200- 400,

preferred. lﬁgggeg%é%?gqﬁ%%@%#ﬁ?hgssﬁﬁmé@m Cal}x?é'&g%lge?l%a%?gu%ﬁhﬁﬁh phenat es

whi ch - ar e Bisiefdlkaline-dahik phérss Rbntainigntvroamd thﬁdeudmes t&@éucmb&&u(ies qeidity

calcium 3.4% sul fur, 145 TBN); 218A ES 25% cal CI um 2.4% sul fur, 147 TBN);
219 of metal have béen reported in the pafent literature. -

..J

[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 deﬁncd by the
amount of total basicity contained in the product. Tt has become popular to label a
detergent by its TBN (total base number), i.. a 300 TBN synthetic sulfonate. Base

_ numbér 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 pef gram or, more simply, 300 mg
KOH/g. Two factors limit the degree of overbasing: oil solubility and filterability.
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(9.25% cal cium 3.3% sul fur, 250 TBN); or 247E (12.5% cal cium 2.4% sul fur,
320 TBN). All of these cal cium phenates are available fromthe Chevron
Oonite LLC, Houston Texas. Qther representative commercially avail able
cal ci um phenates include LUBRI ZOL 6499 (9.2% cal cium 3.25% sul fur, 250
TBN); 6500 (7.2%calcium 2.6% sulfur, 200 TBN); or 6501 (6.8% cal cium
2.3% sul fur, 190 TBN). Al of these phenates are available fromthe

Lubri zol Corsoorat ion of Wckliffe, Chio. TBN.s may be . determ ned using
ASTM D 284980811 oogbhe alkplmserarthimealphenstpnusely in theppgsant igentionshoplddaye |

the pr ese%ﬂ!‘ﬂ&?ﬂﬁ&%oﬁ@d to 400! ei‘ég&lg%(%héé, vﬁh@ﬁﬁ)-%&) Bt oYErekdRUn as.
detergents, the phenates as related to the ’'maxinum di scovered synergy with
t he ogr anandib#§-24e being cerypoefas:daR epresdntativa bé thelvamgreabib By avdilablet High

det er gent . .e. sulfonates, Lt det ergents havin € TBN,
ol ecal ar TR phtnaleettigh s vbebindbe mese e entipn eRar bR PG ent
per { of TaNegie e ALAIKS1ACTEN]. 311 B89 ChIchAY 2761 Syl PRFZENe o

. sul fonate detergent is enploye it I's an alkali or al'kaline
earth net §.28%l dalayim 3. BYchubfon 250 TRN); boM1E d2i5% taicinmg 2f4% sulfs, 820 200

car bons. er.abl the term "sul fonate" .enconpasses t sal f sul fonic
26l d der i VT PARESEEP STIEUH PRaptfa crosvadehin B30) HE CEPEOHRIOORGHE | n t he
art. They HoabtoRTeRlN. D& deft¥scntaidrt cBRmeRRAIPIVAHARIE EAdhiet Shoatds isdsthdeur i C
acid or sulfur trioxide. The acids thus obtained are known as petrol eum

sul f oni ¢ ASTRRIZEHAC4NLOI94b calcim, BN Setim 230 TBNKO560 (B caltiumn2 6%
trol d i , e oo NS
Fyor ocar poRrt O BV, G SORIR AR Gt A nESR A0 TR0, Al ol MDD

-’s alts of are dvallhiile Gohtihe QubrisdlTdipératioRbR Wickdiffe| OhRITBMNEIMay Deese aci ds
al so are prepared by treating an al kyl aryl conpound with sulfuric acid or

sul fur trAeigaacd peing ASIM EWESKL ky| substituent of the aryl ring is an

oi | - sol ubiddezi Ng ng ' gg@& 1E..AG: t M2k ﬁ]&\df re
known as t%qsa/l a}rqg;ﬁ Itﬁeg%lg%ﬁ%m sqggtgp Iemtsa egﬁélgﬁlglé}g%ngr yl su gnat es.
The sul f oiab €8 generabclagshef adliitives ksoweh aadgépentfahaplmneatet he related tkthewn | i near

al kylaryl sul fonates. -24 [0084] The acids tai ned by su] fonation are
converted%“?ﬁ@qﬁ%?&?m‘imA th the egranq-pp 3“%‘%0 %%Ps‘}%lé LUt i ng al kal |

or al kal i Rfe@Rkilddalletwith RAGRRIILEND 1 X! SARNIBE o i PURelzells HA R danfeRt a1
. y, the aci are neutralized wth™an al kal

TBN, molecular weight, metal ratio and the like, will have widely different performance
characteristics in the present invention. ' '
[0083] When 2 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 straighf-chain are the well-known linear alkylaryl sulfonates.
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metal base. Alkaline earth netal salts are obtained fromthe al kali netal
salt by netathesis. Alternatively, the sulfonic acids can be neutralized
directly with an alkaline earth nmetal base. The sul fonates can then be
over based, al though, for purposes of this invention, overbasing is not
necessary. Overbased materials and nethods of preparing such materials are
well known to those skilled in the art. See, for exanple, LeSuer U S. Pat.
No. 3,496, 105. [0085] Particularly preferred, however, because of their '
w de aval ' gidsh] Y. amhe a3k bbrairdll blBAIMARHDRLRUBHIILOR e Al SaltstR! 1 Cul arly
t he petrol eumsul fonic acids Ich are obtained by sulfonating various
hydr ocar boneutralicing ovith shshc resctingikatiat-iabiglioe tarflrmetal corspowddo gield thet s ri ch

in aromati ¢s i ch,are_obtajn b tracti a, hydrocarbon aj,l w.th. a
col aciive Chrpr Orh Bimedl REEpats Grnbail B st eheSarp antneikal o
sul f onat i OmheRY baseCAKaliND edrtEib ddfts AledbitdiRe o thy Alkaln hkdl dagbPy means of
an al kyl ation catal yst; organic polysulfonic acids such as benzene

di sul f oni cmgtsthesighdbematinelyn thevsujfonistacists can kg neatedized divectbteith pik alkaling0 86)

The prefery L{s | use. in the . present .inveniion,are th | kyl at ed
aromatic s%%&'olﬁ?t%f%aé?‘gl;heis Ff\?\ﬂj%ﬁwcapﬁgengqq&ﬁerbraﬁ%fgg*mw r%oard)ltug%%gs ‘gf;n ain at

| east abouinvEntionl bebRIMY S nof MiceuBNPiverbhicdthabealb ald hethdds oaplephrig Ons.
Anot her preferredriﬁ?roup of sulfonate starting materials are the

al i phat i c- Sishanateriplegre &edl knewayjp thase skilied msthe artypecs Forisrample, badier U-S.
substituenﬁa RF’ $YQSids uents contain a total of at least 12 carbon atons,
such as the alkyl aryl sulfonic acids, alkyl cycloaliphatic sulfonic

aci ds, the[08B&ly| hePernwakellyiptefesed, howeeerplbdcassearfdhait wideadviailatslityf amiseltsaci ds
i'n which the aliphatic radical or radicals contair] a_tot_gl *%f& at least 12
carbon at .eeﬁé]wméﬂ@vaw% pafticligy dhegpqtoleim, B i aidsRIch 485 ds

i ncl ude pe, ' | | ' | iofgdd

pol y- wax- s%gbt%%l ?c%lﬂ%’ éﬂkﬁgg%§ﬁ%ﬁe%gy%ﬁ:§@h??dﬁﬁgﬁ&gtsglgtﬁﬁ%%tﬁlg 1suI ;‘hgni c

aci ds, sucindastraets yich ilhanmeties whichard abtaivedisy extercying phyrdydcadohfodrwith aci ds,
and the like, .aliphatic, sul fonic aci, .Ssych as . paraffin x sul fonic

et ds.*hy i et HhiEh cfe e, dseist oo AiEd Pere soffiafion of

cycloal i ph%hétﬁlg%érﬁQﬁuﬁqi@ﬁqhsd&,auaﬁTchrahamwﬁxemmlaﬁ&;ﬂcﬁwén%taqy(s@,%rgﬁﬁc cetyl
cyclopentyl sulfonic_ acid, nono-" and pol y-wax-substituted cycl ohexyl

sul foni ¢ apalpsifonicagidasuch ssbanizéns. dishdnicacid whish medyeermayundidsiatkydatbdis” i s

I ntended tQ v all sulfonic acids that are derived directly from
petrol eumaﬁ'ldoctﬁfug{(%.

[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 tn which

P’

the aliphatic substituents or substituents contain a total of at least 12 carbon atoms, such
as the alkyl aryl sulfonic acids, alky! 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,
étc., cycloaliphatic sulfonic acids, petroleum naphthalene sulfonic acids, cetyl

cyclopentyl sulfonic acid, mono- and poly-wax-substituted cyclohexyl sulfonic acids,

-25-



[0087] Typical Goup Il netal sulfonates suitable for use in this
conposition include the netal sulfonates exenplified as follows: cal cium
white oil benzene sulfonate, bariumwhite oil benzene sul fonate, nagnesium
white oil benzene sul fonate, cal cium dipol ypropene benzene sul fonate,

bari um di pol ypropene benzene sul fonate, nagnesium di pol ypropene benzene

sul fonate, cal ci um nahogany petrol eum sul fonate, barium mahogany petrol eum
sul f onat e, magnesi um nahogany petrol eum sul fonate, calcium triacontyl

sul f onat e andrtigridei The terindpetndlyphm sulfémo atids" is aitaidedid covey hil sulfdmaatids bari um
| auryl sul f?natsde,. nggnes' u Iaur%q‘Ef sul fonate, etc. OTHER ADDI Tl VES [ 0088]

a her addifat gEderixRd frecty o SEUPiuppodicls ent i nventi on whi ch i ncl ude

ashl ess di{_gdyfﬂ)car bapgiies Grbﬁ’ﬁ N3h&aluBbeiéuitaiie kaHlse id thid &ﬁnﬁd&ﬁf&ncat ion oil
package. The "term ashless refers to conpounds that are essentially netal

free. Exafisiheds the metih seidonatesiexbinplifiedzafatiews: cchlstunmwiity eilbsazene salfordts, but

are not |im.ted,t.o, .nethyl enebi s(di al kyl di thi ocar bamat e .
ot hyl oneb PRCHT VG Terrnech Rt epSbniiym wlsog pABeRs Sltonate, aletum
di sul fi dedhobypréicne Seadday saliféris) Garnia WioPypropdne bendche salfdaske, HapHasuRf t he

di al kyl di t hi ocarbamate can preferably have from1l to 16 carbons. Exanpl es
of pref er diRglypranane bsnzane Frldensis, spletuasmahesany peyelea spdonate, barium

' sobuty1  ebRRRAGRAR s Rt BACR by pAIRAGRIRE Bl 10 |
as may betrtdmg] fudfonhe, fmapheshnh athcohlyl fafokagecaldiumingyl swnbiepbarkimch as

t hose descri hed herein abaove to prepare the oxynol ybdenum conpl ex. These
. addi ti vesfauéﬁﬁug?%e’i%ﬁéﬂlﬁ%ﬁ%‘ﬁg’?ﬂ%ﬁ%x i mprovers including conj ugat ed

"~ diolefin block copolynmers and | ow nol ecul ar wei ght methacryl ate pol yners,

di spersants (of the ash and/or ashless type as descri bed herein above),
pour poi nOTHEHR ADATIYESuch as acrylate and nethacryl ate pol yners,

anti oxi da nmet al passi.vators, anti-foam agents (such as . al kyl
ot hacr yi MOB8hor yaeESGRENGS Al b gRblaved Boe PRSPy FY-Eyon sieEReE or r osi on
agents.  héhi&kgAtihRdarbhiared diak h&'])r&férdbﬂﬁso‘?&lﬁéﬁﬂhe WA alRGAG Packagsl thev €s, t he

| ubricating conposition wmay Include other compounds having a Toad-bearing
action subtimashless reéwe tprosepuends thaten esselitEflyageat ige. Examples of ashless :

m xtur s PRUPBBPFRAg: BetPakPE elinrlitepE F o BRIFREY 2t “Yoncentrati one.

| ess methylenebis(diatkyldithiocarbamate), 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 extreme pressure

agents (EP agents): zinc dialkyldithiophosphate (primary atkyl type & secondary alkyl
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than 0.5 w % phosphorous based upon the |ubricating conposition nore
preferably enployed at | ow concentrations of 0.07 w % phosphorous and
nore preferably at or below 0.05 w % phosphorous based upon the

| ubricating conposition. Phosphorous is known in the art to poison

catal ysts therefore | ow total phosphorous containing |ubricants are
preferred wherein the total phosphorous in the lubricating conposition is
bel ow about 0.07 wt % phosphorous and nore preferably at or below 0.05 wt %

. phosphor ousypeas esixtupehérbe), préfeiab Bl §ebehdapBQs] dnhplByedi chitch#SbiRiless,
di phenyl suylfide, nethyl trichlorostearate, chlorinated naphthal ene, and

f1 uor oal kyﬂ}?&l%w xehnsPharpusasedsndle bricggaionmosiieninee prfeBbbor s

i ncl ude:

(2,6-di-t er t Jt Vi eno?’l?&&i‘ilaguﬁcgy @2%&“‘0? ({1‘01%93 :n@ﬂ‘uﬁr@ﬁn? aﬁly ator
,444 ?Ih sl( ZbdtBWH%/OS ﬁit %apltogpﬂtm?l;d Inbﬁmqioél t?é lll%émﬂtﬁ‘tgl}dnmg&tions Phosphorous is
' ETEE E§| y ?\3{53} ‘glgﬁ.ﬁ 1)1%81? czztalysts therefclJJre ov.lv tgtgleplrllossplgorous containing

4,4 -is opr RibYichsis Bl%tijr&(e%c@“ﬂéreﬁﬂh& t{?ﬁ%’:)%’i’&ls)m lfe I8bricating composition is

nethylenebls(4 met hyl - 6- nonyl phenol
2, 2' - i sobubslbivadbout B0 Wi Y6phtispleirond guidenare prefrably atwe belpveh@Hws %

4- et hyl | oh h tert:but 4- I , 6-di -
i v T A RS T T T Kb
N. N di net ﬂ@mrm,m}

gz nmet Ih;/rF %%t ert but g$ﬁgﬁghgﬁan§teg rﬂpl%%lﬁlgg??(ﬁ 91 ﬂr]%gm >1}{y-1P01¥Sé1P ?tﬁ-ut)eu(':ta;/llbphenol ),

his (3-net#yplogyed ydroxy 5 tert butyI benzyl)- sulfide, and his

. (3,5-di-te tyl W i 0

- |( nhi bi t or : {Ohﬁ% )alttoe ‘m‘)d& Hﬁ‘%ﬁﬁ%ﬁ |°§Hﬁ‘ﬁ8“ ﬁﬁ’@"%m’q%‘m%ﬂm
phenyl - al ﬂina{n&pﬂttéwbmylﬁhenol),mls& BJd@t&t-baMﬂknam 9 Qﬁ’d@-’fm&lﬁylad teyl- phenol
and et hyl eneoxi de, pol oxyet hyl ene al kyl et her, d oxyet hyl ene

sorbitan c¥iphengihgd W@é@@lbtiﬁf(“rfﬁ%ﬂ 61&%‘@\%’1‘9‘1@1&9 de};bu‘ﬁbﬂ";n?btsk@cr yl ate
type poly &'ﬂ& . copol yners,
hydr ogena@gﬁl& 9?%%?‘1 | sc'%mr;lzlr%‘!l %S’ ‘ﬁ‘@% %%E%gi o (ﬁt%%ﬁpgﬂée%ﬁgﬁ di sper sant
tly}oe Vi scageﬂxylenﬁhﬁe%d-memyb@-aonylpll@ﬁélyPLESsobt&QEddneIBM4Jérdigﬂothqu(angl)fl%'t her
illustrate t he ng exanpl es re not  to be consjder as
limitati ve‘n‘6‘?‘¥’lep§b‘§ &‘g thy$- qye@g%yln*r?@oep% ﬁdﬁé?¢3b“§’én4flﬁ?th2‘eﬁhe§Qb st $bdenum
nitrogen C%ﬁﬂﬁftﬁ%@th?fﬂﬁm&,xl@fdlmethyi—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-hydfoxy—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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this invention was neasured for absorbance intensity at a wavel ength of 350
nanoneters in a one centineter path-length quartz cell in a U/-Visible
spectrophotoneter by diluting the nol ybdenum contai ni ng conposition with

| sooctane to a constant nol ybdenum concentration of 0.00025 gramns of

nol ybdenum per gram of the diluted nolybdenum containing conposition.

Li ght col or of the conponent was determ ned for absorbance intensity of

| ess than 0.07. [0093] The follow ng exanples A and B illustrate the
process of{00gR]i NgThe ORtidnaNkhlYurized lokifolybeehui it pabek ehmbRX ofias
carried out, at a _high tenperature (greater than 20 during the

nol ybdat i dhis ivsationiyas Bepsused fog abspshance infesity pbawpeiengts pk 35er@mq§nr@>c edure

foll t t U Bot h
onrl's wIEaShBEERmAGSRIMIAGH Qalf o b By RIGEInMopuBBlet T, P01,
fitted w tdiluting ﬂmaimﬂybdmtursddntmng cempedgitibmgithisabtiane foeg@isahtir e probe f or

controllin nd measurin erature, and water-cool ed. condenser,
Cor'e Char GRS Bieum GncIaten O GRBOL EEmHIOL AL MERE PErany obe TS oros Ny
25.2 gra Vron
Zoon hp ndtdipliSnGidl, Compdstic, in (ol coffonént il MmO

reaction mbmrmeMmm@f&#szlﬁhO%tl rr| ng at reflux (about 100C) for 2

h tted t { k d t t
s heat od0083TS 7 oHER oy o e th SRR alioht Plhs oo A aptctae 1 ©
product \Naﬁlﬁu{zehto@mely@u@ﬂun%bmf@xa&as%ﬂ% ohPRG highntjRtdtute\@rdatdr talt € Was

stripped at 170C under house vacuumto renove thé solvent for about 1.5

hours. AnaRYSCxduinsfbe melyhdstign thantion, @mnpmmﬁforsulﬁmz@yomtegmm sul fur

“‘content o s attributed to...sulf t il nd a col or
o0 CopoPredie Mk shE piiceld b Hine S kiR T SRt ALY mafil D S
greater tEaBmpledA ahd B enileyeangl-, tHrec3hetkod roMRl-Bstom %]ﬂaﬁmaﬁ&&dam&

Sul fiuization: To the second half of the filtrate of npl e ‘A was added

el enent al a&achapical stires, éumm&@%lw@@wmowgcm%ng WBQSSFWB) of
2. Aftepd t@&géﬂaﬂﬂe %hd %{aﬁ’% Jo%fed} é-i{sér welEciif aée\ﬁl%b 3‘(’)%%@%&”' pped at 170C

under house cuum gave num content of 6.0%
by wei ght moaosmbélmlmxdedmpﬁﬁintcé%(ﬂb@% 2197%09952gmrﬂ§ oaalvbdiztoxide, of 1. 9% by

“weight, a acol r of 4,
g 29 grams o water, and ?35 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 0f 4.5 DDD
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usi ng ASTM D1500 havi ng an absorbance intensity of greater than 1.5 at a
wavel ength of 350 nanoneters. Exanples C through H were undertaken while
mai ntai ning reaction tenperatures at |ow tenperatures (at or below 120 O
during the nolybdation reaction, stripping and/or sulfurization steps.

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

pol yi sobutenyl (1000 M W) succinic anhydride (PIBSA) and a m xture of

pol yet hyl ene pol yanmi ne oligoners avail able as E-100 pol yet hyl eneanmi ne from
Hunt sman Giewg A8TMDIPEavitig arfab¥Bribaice ialensityodf greatacthud 1 BlaBSAvavtleligih to 1,
and 162.5 grans of neutral oil were charged to a glass reactor equipped
with a terfedS8mapemesi rol | er, nechanical stirrer, and water cool ed
condenser. The m xture was heated to a nol ybdation reaction tenperature of
70C. Wiile at reaction tenperature, 26.6 grans of nol ybdenum oxi de and 45.8
.granms of REmingile€tlzongtatogede uaddrtaken waile anintdihmgrreactionrtemperatubesrat ket d at

a. reaction tenperature .of 7 for.28 hours.., Upon conpl etion of, the
nol ybdat i JMP F’b&‘?t o haley lﬁﬁsgc} g%lﬂetﬁe “E&’/MFE&F an&tt“ir’rrgﬁ“"cpr?éﬂg PWorcarried
out at tem&m&@%& and a pressure of 25 millinmeters of nmercury

(absolute) or less T approxi mately 30 minutes. The product contained 4.01
% by wei ghfi0086] nolBrbapheuth 25@ ghnB8¥abyssueinjinide prepareddiun agolyisabutedsbr bance

intensity 0.495 a . ngt h, of .350 n ters. Exanpl e
o 564 4" SIopEREW ) Rictinde At RIS AT b R ikl SR pd PR, AP S
of neutralolRloimepesivailahahs gdi cih 6th HfRReChathichl @orhpange at ur e
controll er(? %r(r)echani (l:al sti rrogr}),@%n wat er cool ed condenser. The ni xture was

heat ed t o amolaypatistaf@mine tckIBSA ofehdta htandd 625 @ramp pf reuigal pid erg ehprged
t:enper ature, 40.9 ans of .o den ' n . wer e
char ged totot asfé%ag‘i%regu’m%d Wétééﬁgq,lp rﬁn%gé%%grﬁﬁﬁlgﬂd& %%m%%%c Frgfraln err%ér ature
70C for 1&cotdréondéien Ty M@t &as bbatede a iolyplgiidr @actieaempenturaaf er was
renoved by distillation that was carried out at tenperature 99C and a
pressure of0°85 Whil¢ atrreacsion tenperetuee, 2§-6(@apnepimelybdenyng exide gpd 43, 1HR$ mat el y

30 mnutes.. A, _a later ti an 18. ram sanpl.e 1S G B
char ged to°f§” zg%row cﬁ%ﬁ%%@?f@l’%’& iné“f?%B.‘”ggL}“e ?Iée#és&oafregﬁ% H’gﬁlt'/)ver e %I SO
charged t quf#oRe th# BSkKourd. hgpéﬁa&&g@ﬂoﬂrbMQ R lYEERLbR eachien vedertwasaemoved
sul furization tenperature of 80C. The sulfurization reaction was carried

out for 0.4y distillgion The waseduitd onbaitteinperdtu@e 9P 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 weighf"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 weré 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
fhe 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%
.20



. 34.3 grans

29 by weight of nitrogen and 3..83% by wei ght of nol ybdenum and an
absorbance intensity of about 0.644 at a wavel ength of 350 nanoneters.

' [00981 Exanple E: 299.0 granms of a nonosuccinimde, prepared froma

pol yi sobut enyl (1000 M W) succinic anhydride (PIBSA) and a m xture of

di ethylene triamne (DETA) and E-100 pol yet hyl eneam ne at a nolar ratio of
amne to PIBSA of 0.65 to 1, and 232.1 grans of neutral oil were charged
to a glass reactor_  equipped with a tenperature controller, mechanical

stirrer, AWdveight! niRaca@nd driddnby weighhel mplybderamyand apabspmaneeyngensity
nol ybdat [ %a?&ﬂcdé t GEPRRLA g{.ﬁ g{) éx?ognetw&' | e at reaction tenperature,
o) e an §

m)ly enum oxl grans of water were charged to the
react or. [WQSIreaEkmplm@ 29$e(ﬂ1gdanisabfaﬁndmamdclmm1deepmmﬂtﬂfom ZOC for 21

st 1 at PO 800 Rivd S g ﬁ%é@%éb'eﬁ%g@%ﬁég”% G e of 35
m”'”EtertﬁalﬁIne_ mﬁ@%@g&gﬂmﬂ fie 4O moRPPAIPHFIRIR & FBSK dput es.

The product contai ne 1.92% b nitrogen an 4, 08A) by wel ght
mol ybdenud.Ghnid laandB3di igeaneeod nw&anlsnhyemfchaxtgedlto Pglasbreattomequigepedivatie h of

or epar o THIBSEAIST PFolm] tganica tine: 81 AT pehle RIMatiet LREFGOH S,

gl ass reagbfted &5lH hidPRMaNbA FeaBtidCRRPEAIIE BF 79«@%113 ‘ﬁf neaé’fﬁﬁﬂ@ﬁb&%{urét irrer,
and water cool ed condenser. The m xture was heated nmol ybdat i on reaction

t enper at uidé. mﬁnmﬁm@ymimmamdecmd&r?@ms of wateﬁwjeﬂ: cgram tothe newdtgrodenum
oxi de and er were char acto The reactor was
R enC ol a The reastiraT s herhiad fLiehsond s raire /iosetoe 21 DA LisRBemPBase,  t ho
‘ol ybdat i | rried
out at t8?}3%?2?%?%8%@%‘%{3%@%?&32%“’0Pﬁ b8 dfsh!%“?%%‘%h%ﬁgﬁ%%*ﬂmmr e

(absol ut e):empserhtasas%”drandam&emrdﬁt%lmﬂl&ﬁeﬂmmftr@&eurﬂﬂmnhﬁe:)tur@as forxt ur e was

then adjusted to the sulfurization rTPerature0 90C. .0. 17%ggoams of sul fur
ver e char GBRFOEBNAtElY 30duinutss. T‘]‘lﬁér%jHth anad; 92 % by gy of wisogenard ed out

8o o o SRR AT bl oG s S0
granms of mvebnglhquﬁﬁﬂaienmetprsepar ed in Exanpl e E and 304 4 granms of
neutral Oljoglf e ERANHEE: 5913 i or hoseustininds B sopated th BxanglB S 2| @
51.0 grams of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenéer. The mixture was heated to
E 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 fo 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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control l er, nmechanical stirrer, and water cool ed condenser. The m xture was
heated to nolybdation reaction tenperature 80C. Wiile at reaction
tenperature, 88.2 grans of -30 nolybdenum oxide and 75.8 grans of water
were charged to the reactor. The reactor was then held at reaction
tenperature 80C for 22 hours. Upon conpletion of the nolybdation reaction,
wat er was renoved by distillation that was carried out at tenperature 99C
and a pressure of 25 mllinmeters of nercury (absolute) or less for

appr oxi matighyhdhui Hxili&snd 798 gi%&dﬂfv&at&%@icﬁs'fge&to&@%&)étoweiragkeaefog r ggen

and 7.55% wei ght nol ybdenum and an absorbance™intensity of about 0.203 at

a wavel engrvds tbén BEA at rractonettmperatur® 80T for 22 droptse Uhonk@ntpetiod ofitlens  of
nonosucci ni ni as prepared in Exanple, 3. and . 5292. 0 grans, of neutral oil
were char d@@lygﬁa@n_srg%ﬁ_“ﬁpe‘_é’%te%‘tv%‘iem%g’ﬁ‘iPB fhsé@aﬁl?}b t‘O(Hg‘FF‘“éed PAber at ure
controll ertcmpgr‘éggtgﬁ)% amd 4 prleSure S5 Mﬁhﬁ(a&%@%ﬁ%&ﬁ@ﬁéﬁ&&) or 1B& g1 Xt ure was

heated to no ion reaction tenperature at r'eaction
t enper at urapprok@fately 3 mimitesf Tho pydiitenemmtaned . 86Vtbyo8&ight mtragm 2l AEi%er wer e

charged to the reactor. The reactor :was .then hel reaction te rature
S0C Tor 7Yl %ﬂb‘ﬁ‘ m@cﬂmbéqrﬁwedﬁtepﬁs/ 'x?%‘g%?iﬁt AT oAddler vas
renmoved byhadbgbleld. ation that was .carried out at tenperature 99C and a

pressure of 25 mllinmeters of mercury (absolute) or |less for approxinately
30 mi nut ed001H¢ r Exampledd:n &B86#.@ greass efleonasdpaisingde aprepared suxample 3t i on

t enperat ure 5.3 grans. of .sul fur were charged to,the reactor,. .The

sul Tur | zachd VR QdBR oL aReL ] Ve SatEonan Sarutngsieg! el SRBRENENR ai ned
1.59% by  tsap&rhturdEditRUer) meehA2041 Birr¥e bl vaftp Cyb16® BotiBenstn d THe afttfuRywiei ght
~sul fur and an absorbance intensity of about 0.242 at a wavel engt h of 350

nanonet er $icatpd t¢ molwbdetiorbEscactiindsmpOeaee 80°he Wik at rdantiorf smpataiteon enpl oyed
formul ate i1, enpl oyin | ubri.cat i il and.additives in.their typical
amounts f gPB%grgfr?qgﬁPg 081‘}3 ?x‘ﬁﬁﬁggg%%ﬁﬁa”éﬂs of ¥ %weqelciaxgggio @iel of a
vi scosi ty rgicasle 19 redbf} wad-tHenfel d %ﬂ{ea&io%%@ﬁp%hﬁ@ HORE MG DiurP O8port I eat ed
et hyl ene carbonate bissuccinimde dispersant, 0.07 wt % of a | ow overbase
TBN 17 cabmiplaticaulftlnmblybd@ioh redctitmptvatar iag rerowed haskstiBhoR 86t was ci um
phenate, 0. 6,e¥¥t % of a secondoaé y al cohol ZnDIP, and a yi scosi E ¥, i_.ndex
i npr over . catried out at temperature 99°C and a pressure of 25 miliimeters 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 11
base oil of a viscosity grade of 5W20, 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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-31 Exanples 1-4 [00103] Friction neasurenents were nmade using a

M ni - Traction Machi ne manufactured by PCS I nstrunments. Friction
coefficients were neasured with the Mni- Traction Machi ne using the pin-on
di sk attachnment. The pin specinmen is secured and be | oaded against 46 nm
di aneter disc. The tests were run at a load of 25 N, a speed of 500 nm's
and a tenperature of 150 C test tine and resulting friction coefficient
are illusgtrated.ip FIG 1. [00104] Exanple 1, tested the friction
coeffici eht®™BIS(lat hase Iine fornulation alone used as a control

formul ati geu1080d EX@ivRlReaduréBnRedre niHaed uding R NIME Tetibh QMachiy mul ati on and
a) 500 ppmon the basis of nol ybdenum of oil sol uble sul fur containjng

oxynol ybdamnrfasbigd ex PO dnrusernis: diriction epelfigienisvare mepsured wath the Minino| ar
pronot er, . agirdi , num col i '

Pol'yi sobaRgR b T iaE BEMERER UNRAE T pfoglbh FRPumgg angbs o 1,
repr esent dddded agfAnNAGMetE dedreetedive) The testy as 08 afa ad dB25Addi dpeediaf | v,
Exanple 3 tested the control formilation with the %_(ildition f. b) 80 ppm on
the basi s 589 mpisypd atempartue ofohSPoershiimes apbirsutie nstgnroetfiqieniisss i n X
and X2 ar : are Sand R to R4 are a m xture of alkyl C8 and
C13. Exang?]%uzétﬁég?g%)ﬁhe control fornmulation with the addition of 420 ppm
of the c@ifiddent Exdmite dngested thevfirichiorexaatfitientor the dasedind fosmalabios alwnn i n

FIG 1 and i Tabl e shown for. the end of test t.i ver age, from 2400
seconds. t 85%hick CBLBHREMBRUOR ATIALETIN 285 RGO EARIE BOSRANG) e Sul fur i zed
oxynol ybdenuim R ad 'Xg%@%%}n% tHé Bsid SSHOIBdedit ofHil d0hEI8 sﬁiﬁ&%ﬁ%ﬂh%

00- 30 M1 -- -- 0.137 2 500 --

- conplex (b) ppm (t24 average) (a) ppm M
0.116 3 oxpdolybdémim domplex PlepdreddBm Bcting, in the presence of a polar promoter,

an acidic molybdenum compound and a basic nitrogen polyisobutenyl succinimide made - -

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 éompound of
formula T wherein X' and X2 are O, X and X* are S and R' to R* are a mixture of alkyl
Cs and C;3. Example 4 tested the control formulation with the addition of 420 ppm of
the component of Example 2 with E;(arhple 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 average:

TABLE 2
Example | Sulfurized oxymolybdénu'm 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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[00105] These results clearly show the synergistic friction nodification of
conbining a sulfa ized oxynol ybdenum nitrogen di spersant and a sul furized
oxynol ybdenum dithi ocarbamate. As seen fromthe table and the figure,
there is a dramatic inprovenent 1in the two conponent m xture over the

I ndi vi dual conponents. Mreover while nolybdenumis deened to be the
active agent in the sulfurized oxynol ybdenum nitrogen dispersant for
friction nodification a reduction in the nol ybdenum concentration in the
two conponotosy X tiheSe &bultsl cléLREhbR théfﬁ&féi?ﬁicriﬁ&ﬁ'éﬁ fodificafi¥n 60EEERAILAL | ONS.
If these results were additive, the calculated friction coefficient for a
two conponefitlfiisized exymelyhdenym nirogsmdigpassant and 2 99 fivized oxumelyhdensat onds
woul d be 0%l y lCl ] lL.cient .08 . L
friction 2@2? ?%%@%ﬁéeéggéce{n I?én&l%%&? i%Ln%h*er ag%e’\(;ﬁ/aesfg 5 e@rg%n %ﬂgéﬁgﬁv %Ilpng he
basel i ne bin thakiagorhpementinixtink wveoihe @idi WAt GompdnéntyveMphdordr whileit ri but i on

of the sulfu iéed oxypnol yhdenum conplex (i.e. 0,137 - 0.105 - i
420/ 500* 0. T?EP efrlmwggl}wgéo b asEveacsat inthnidBmzad PrymelBdemBIToREs Ul t s
of  Exanpl &sgkrlY &l fg&i(ﬁi 1519&?%%?%9?1?’1%9&&16%‘]iﬁ?ﬁbcrﬁ?lﬁzﬁﬁéﬂtﬁ’fﬂ):oﬂ&e{at?atﬁ?ﬁqmees %

and 3 the unexpecteéd synergy ads to a | ower Iction coefficient than
woul d be ewemingeneifit ixéure sl ldat o iaprevedresilis a tolv tonentrixanyp iBthede 17

'[00106] Frjcti t made usj hi gh f
Feci pr bcal TR T SR CUSFY SRR SORE AR AT B oveFm 11

Spi kes, WgnilaMQ| Exhinble At t00 308 avere2 2o dSRouldig 2 %ﬁi&.@t@%’?ﬁﬁ'ﬁ%ﬂi n Exanpl es
5-9 were 120 degree oi | terrperatehre, 1000 gram | oad, 20 Hz stroke

frequency cestficieniof 0987 ollbe hddigvhiiiction 60efiicicut effegtiinathisotime fiameM¥asnpl es

q y nmp
- 10-17 the gjl temperature was 105 degree C.in. a Laut e .t est .duration,
the ot her P RES Wt TR v RPE B onilioR ol sl g » a6 5100
steel , poldoatritaitioh of theQRifHH LK yRRIFHAAIMRSfpld (P4 W 1 3 RepUlgss. f or Exanpl es
5 through 17 are illustrated in Table 3. The displ aéed HFRR results are

t he aver ade20670030.11@) Elowenerzas demonsirated tfiom comparmgdbe aetnalrpsdts ofised t he
f | at ' a |
Gt i ooar 2anlP (SRS BT WA SIS SodhealO IR ERAIBIS R AT i

conpl ex asmexpespddesyderghiedds kes [dvek Grictitedediiviért fiRar wbuld de @xpendd/ifdenum

_conmplex prepared in accgr_o_lance wi th Exanples C through H Particularly,
Exanpl e 9 IEfpiSoyagmerely additive.

Examples 5-17
[00106] TFriction measurements were made using a high frequency reciprocating rig
(HFRR) test which has been described by D. Wei, H. Spikes, Wear, Vol.111, No. 2, p.
217,1986. The HFRR parameters in Examples 5-9 were 120 degree C oil temperature,
1000 gram load, 20 Hz stroke frequency and 1 mm stroke length for 60 minute duration. .
In Examples 10-17 the oil temperature was 105 degree C in a 30 minute test duration, the N
other parameters being similar. The disks were 650 Hv, AISI 52100 steel, polished to
0.05 micron Ra roughness.
[00107] Results for Examples 5 through 17 are illustrated in Table 3. The displayed
HFRR results are the average of at least three full length runs. These examples used the
~ formulated oil package as above (Example 1) and the same molybdenum

dithiocarbamate as Ekample 2. Examples 7-8 employed the same oxymolybdenum

| complex as Example 3. Examples 9-16 used low temperature oxymolybdenum complex

prepared in accordance with Examples C through H. Particularly, Example 9 employed
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-33 the nonsul furized oxynol ybdenum conpl ex prepared in accordance with
Exanpl e E and Exanples 10-17 enpl oyed the sulfurized oxynol ybdenum conpl ex
prepared in accordance with Exanple F. [001081 The Exanples so indicated
additionally enployed c) an ashless dithiocarbamte, a nethyl enebis

(di butyl dithiocarbamate). TABLE 3 Exanpl e Oxynol ybdenum MoDTC Ashl ess DTC
HFRR results No. nitrogen di spersant (b) (ppm Md) (c) W % (avg.) conplex
(ppm Mo) - - 140 -- 80 -- 122 7 500 80 --
0 065 o Hisgronsulfirizsd gFimoNgFmpRpoTRISY PISRA%E AR acordon b ExampleyE £

400 80 - - ERakhfRs 104748 10yedqnd G Arikdd 08erth & aed it 800 -- --
0,101 15 nuneite 194758 bosed e il gu ol it Shefpled piiared 14 500
*COncentr&umﬁkmpﬁWWbﬁ@hnn@@Fcent the lubricating oil conp05|t|on fromthe

conmponent i ur (004 enu n_di.s I ant _.conpl ex at 400 ppm
Me is equ[voépgn 3 xf“&é 15}‘9 glﬁ?&‘éﬁ??q]%pcr‘ﬁq%‘%% @5‘7 Sent to 2.00 wt
% MDTC githiBCarbatiatha mSthyRsidbi¥ #i0RHy1diMIdcafdadaté). - 34 [00109] As seen from
Tabl e 2 conpositions enploying an additive contalnlng a

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
I8 420 80 = 0.068
19 500 -- -- 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
i4 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 lubricating 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 {00.20 wt%. '
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conbi nati on of organonol ybdenum conpounds, ie. a sulfurized or unsul furized
oxynol ybdenum ni trogen di spersant in addition to a nol ybdenum

di t hi ocarbamate wherein the composition contains over 450 ppm Mo provide
superior friction coefficients over each of the compounds individually.
Exanpl es 18-19 [00110] These exanpl es expl ored the dependence of detergent
to the overall frictional coefficient. An experinental design on two
formul ati on vari abl es was perforned. The variables were the presence of

t he oxynol m magg] i It Dy te and
‘either cal @Pgmhé‘?\ﬁ%ﬁg{éﬂ asligkélgi)gég‘gl}\stéﬁ?@éﬁﬁga# ?P%ggd/g#é\}ﬁ@xhg%p es 1-5)
or a over basainat@dcofiorgmonfobytaleeud t3mpbindsalec i wibfurized DYamsulfutised 320 TBN)
whi ch was enpl in equal TBN to the cal cium phenate tergent it

repl aced. . ?ﬂggﬂ@ﬁ@%namfe ﬁ%#l%ﬁ%ﬂl&%@%@%@ﬁﬁ@%ﬂﬁé@a&% 8 are

present al QR&reinhk h,o%@dm&z@éon%ﬁnmr 480 ?mﬁﬁﬁga‘? Vide 5@%& ficksampl e

Oxynol ybdenum MoDTC Det ergent BFRR results . nitrogen dispersant (b)

(ppm M) Topgéfigients oyer eacinpf & coppourds)individually. phenate 0.140 8 420 80
phenate 0.068 18 -- -- sulfonate 0.119 19 420 80 sul fonate 0.106 [00111]

As seen fromconparing the results in Table 3, the degree of reduction in
the frictEgmgieeidigi ent is strongly dependent upon detergent type

enpl oyed and by the addition of the nolybdenum conplex. -35 CLAIMS: 1. A
| ubri cat i 0191 cdhsessxamplescsploredsthn gependapesrofsletsrgant tsf tha gveriall fgetional

s of  RCHNHEEe A iRl JSRER oIS BRM A BTG PRTRIRRL 1 °( )
_an oi | solvabiables xguneihy paasnia cfelipdemdlybdaustodnigles neadeblfiitredi n t he

B 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 HERR results
No. nitrogen dispersant (b) (ppm Mo) Type (avg.)
complex {(ppm Mo)

5 e - phenate 0.140

8 420 80 phenate ~ 0.068

8 - - " |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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presence of a polar pronoter, an acidic nol ybdenum conpound and a basic
nitrogen conpound selected fromthe group consisting of a succinimde, a
carboxylic acid am de, a. hydrocarbyl nonoam ne, a hydrocarbyl polyam ne, a
Manni ch base, a phosphoram de, a thiophosphoram de, a phosphonam de, a

di spersant viscosity index inprover; and (b) a nol ybdenum dit hi ocar bamat e

of the formulal s R3 RS X3 ~X~ XNGCGS M M-SCNR2 \RX wherein. R&
R2, R3 and R4, are independently selected froma hydrocarbon group; X1 to X
are independently selected fromsul fur or oxygen atom wherein said - A
nmol ybdenum - di t hi ocarbamate is present below 175 ppmin terns of nol ybdenum
concentraFPéﬁMSbased ‘upon the total nmass of the conposition. 2. The

| ubricating oil conposition of Claiml further conprising a calcium phenate
detergent. 3. The lubricating oil conposition of Claim2 wherein the

cal ci um ghehiibsicaéagoiljeoripoditanm enifBiving a @8fdr amodit@f ad oilIfdubridatingat i ng oi |

conposition of Claiml rther cqnprising an ashl es di t hi ocar bamate. -36
5. The | JFPP%‘&% ﬂ@ﬂ%‘ﬂ“ %@rﬂ?&m"? R g0 Shrptel raghat the Gpwpesitien

i ocar banmgfra ﬁi&iomgmgg&ﬁ@@it{dﬁi&ﬁw&gg hi ocarbamate). 6. The |ubricating
oil conposition of . daiml wherein the oil soluble oxynolybdenum conpl ex

is reacted w ® a 2wloilsolubbmexginmiybdcoompmanpdex mepavedframoietictingpinhke sul f ur

cont ai ni ‘ ' { | €Xoy. 7. T | ubri cati i I, conposition of
oal o BAsGRT af B SR R S i o LR i baS e MRSz
conpl ex tompowidehetddardni thetproulh Eotisisting OPh YRAMMAMNE cabbxylicddi®amidh
0.05-0.5;1 and a nitrogen to nol ybdenum weight ratio from2-5:1. 8. The
| ubri cat P¥oeathylmapRRsEINg, ¢rhydrocarbyl polyamns; @ Mannich bess, alphosphonidena

Conpoct + PadeBlorkhfe e REDh AL S AR AR Ry ooV ' 021 o
®)

a molybdenum dithiocarbamate of the formula I

R ] X o1 3
N 2 N | 1R

N—C—S—Mo__, “Mo—S=C—N__,
R X R

wherein R', R%, R? and R”, are independently selected from a hydrocarbon group; X! to
X are independently selected from sulfur or oxygen atoﬁl;- wherein said molybdenum
diﬂliocarbgmate is present below 175 ppm in terms of molybdenum concentration, based -

upon the total mass of the coinposition.

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 oil composition of Claim 1 further comprising an ashl_des
_ dithiocarbamate. | |
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(b) is from2:1 to 20:1. '10. The lubricating oil conposition of Claim9
wherein the ratio of conmponent (a) to (b) is from5:1 to 10:1. , ., It.

The lubricating oil conposition of daim1l wherein the oil soluble .

oxynol ybdenum conplex is prepared at a reaction tenperature at or bel ow
about 120C to provide a product having a absorbance intensity of |ess than
0.7 at a wavel ength of 350 nanoneters as neasured in a one centineter path
|l ength quartz cell in a UV-Visible  spectrophotoneter after diluting the
oxynol ybdenum conpl ex with i sooctane to a reference nol ybdenum i
concent r aty-on ofFheduDi@@Eg gilanmpositiond fGlkdan drwhpeein gheashizks diddocalbimite i

oxynol ybden onpl ex. praduct .. 12. The lubricating oil conposition of Claim
1 or 11 VWE%{E]%\%H&{‘)% HIPOBHBHIHP- conpl ex is reacted at a reaction
tenperature at or bel ow about 120C with a sul fur containing conpound to
forma oil_ soluble sulfur containing oxynol ybdenum conpl ex. -37 13. The

| ubricati g oi |Thednsingting oil compaiitivmefiClain & redicnein e @il solsbleubl e sul f ur

cont ai ni ng, I num.; lex ks.pre ed having.a sulfur.to | ybdenum
ver gt | 1 S EERRT BRSPS SR o B o BeRi B AT X o
from 2- 5: Folublk sulfuecdndining dxiyelydténeosnasleki on of Caim 13 wherein the.
reaction tenmperature is from about 70C to- about 90C and the sulfur to

nol ybdenum wei ght ratio is 0:4:1 or less. 15. The lubricating oil

ri ¢ . : : ‘ PO ng - !
ctcerni m ga. 1M el Eollod Mo TG b LARACAUPN MU, | e
pol ar pr onurteinirigsoxyatobybdendnd corhpexlisiprecparet ihaging alsulforpassolybdehvaceeighit ng t o

Caim1l wherein | ybdenu di thi gcarbamate i s _present at_or bel ow 100 ppm
“in terns 81%0%?[950&@#%3@8?@%??%%!{;01%&%Wr@%ﬁm%@lmss of the
conposition. 18. The lubricating oil conposition according to Jdaim1l or 17
wher ei n nol ybdenum dithi ocarbamate is present from50 to 90 ppmin terns

of ol ybd&num Tbebbnicatatg eihcompasition afiHiaint hehecdmthertatabmolybilbenm onposi ti on. |

19. The lubricatin i | conposi t.i of aiml wherein R to R4 is
independeﬁ?l}cﬁngwng)é %%‘%B%WO-wQW%avi ng 6 to 13 carbon atoms and
Xl to X4 has a ratio of SIO ' :

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 wher¢in the ratio of comp‘,oneﬁt (@) to

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

Aty - 11, The lubricating oil composition of Claim I wherein the oil soluble

7' 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 moiybdenu—m per gram of the
diluted oxymolybdenum complex product. .

12. The lubricating oil composition of Claim 1 'or 11 wherein the 6ﬁiyihoiybdenum '
- 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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of 2.0/2.0. .20. The lubricating pit conposition of daim1l or 19 wherein
R to R4 are 12 or 13 carbon atons. 21. The lubricating oil conposition of
Claim|1 further conprising at |east one phosphorous conpound enpl oyed at a
concentration of total phosphorous bel ow 0.05 weight percent phosphorous
based upon the total mass of the conposition. 38 22. A lubricating oi
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 containing oxynol ybdenum conpl ex
prepared from -reacting, in the presence of a polar pronoter, an acidic

mol ybdenurs.conpRsingricafith cﬁlc&iﬁﬁisﬁloﬂ'&f@ﬁﬁﬁlﬁwﬁ&biﬂtﬁkGﬁsﬁlﬁﬁi&%ﬂﬁgr or mixtures |

t hereof; and optionally reacting the resulting conplex wt
sul fur- co‘PFtDé?lmﬂﬁg’X praim Complex noprgpatedbaniog & kuliodo bmiﬂicbnmhwmghtf ormul a

:?4 3afeR}l\n ependerqg ?3@&“&5"5"68 NP}ﬂ?y%?‘B’&g’P e %iﬂ%’(ﬁ toR)Z(4 E?eand -

i ndependent |y sel ect ed fromsulfur or oxygen atom wherein said nolybdenum

di t hi ocarbamate is_present below 125 ppmin terns of nol ybdenum

concent r at4-on, T%@BGC%%WI Wnogmnoﬁéfg@mdf?’ Wh@emdh@tﬁ@pﬂlortmmpé@)mala:al ci um
phenate rbama 3. ? t hod for

i mprovi ngﬁ% |7g€¢8”;al?éeugégﬁ]%nﬁls%‘ér®ﬁ“ga ﬁmémlv[l téﬂllﬁ ‘gff’ fess.

conpri sing addl ng to the lubricating oil an effectl ve anount an oil sol uble
or disper fPQtI on nodifier cog&om tion containing: (a) an oil

sol ubl e I'f ur hedrbagating gilsemperiione e dnghasinghe pasictpearrompaad ng, in
.the presgpgeuQnifmid0! ar pronoter, an acidic nol ybdenum conpound and a

" basic ni trogen conpound sel ected fromthe group consisting of a

succi ni m de, a

16. ~ The lubricating 0il composition of Claim 1 wherein the polar promoter is water.

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

based upon the total mass of the composmon.

18. The lubricating oil composition according to Claim 1 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 alkyl group having 6 to 13 carbon afoms and X' to X* has a ratio of S/O
0f 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: cmployed at a concentration of fotal phosphorous below 0.05
weight percent phosphorous based upon the total mass of the composition.
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carboxylic acid am de, a hydrocarbyl nonoam ne, a hydrocarbyl polyanm ne, a
Manni ch. base, a phosphoram de, a thi ophosphoram de, a phosphonam de, a

di spersant viscosity index inprover, or a mxture thereof; and optionally
reacting the resulting conplex with a sulfur-containing conmpound; and (b)
a nol ybdenum di t hi ocarbamate of the formulal -39 34 '\ S X 1S F23 11
NCS-M nb-S-CGN4 R X Rwierein R, R2, R3 and R4, are independently -
sel ected froma hydrocarbon group; X1 to X4 are independently sel ected
fromsul fur or oxygen atom wherein said nolybdenum dithiocarbamate is
present bel ow 175 ppn1|n ternms of nDbedenun1concentrat|on based upon the

total nmass, of . t|o et ho r,ein sald
friction %Ddl f%@rﬁm&ib rlT]-OSI £ %lﬁo?ﬁ?nt %oé?pnsé%?)ﬂa%"égmg qrpépﬁfh\/%ﬁ Ofigefing

det er gent vis@fsity hé abait 001ckoaD.0Pepdei BB wolpat 6f N friefibA nfddiftdr icompotbi i er

conposi tion further conprises an ashless dithiocarbanate. 26. The method

of C ai m&W ei n said nol ybdenum di t hi ocarbamate is present at or bel ow

100 ppmin ter of aﬂ@b mass of
t he conpositi o@ 27. g&%ﬁ?%ﬁgpﬁ%}ﬁﬁ%%ﬂd@%%& Textﬂ}g %8& ﬁ-})mbdenum
di t hi ocarnsaetigeir the prassemstof apolaf promdié, Maaﬂlcpmlyhdbnnﬁ:rdasmmﬁnm;mdenum

concentration,. based upon.the total ss of the composition -40
' Pasid Hitrogen sucmpumlde compoung or rr]npaixtures thereof; and (gg)ptlonally reacting the

)

resulting complex with a sulfur-containing compound,

(b)  amolybdenum dithiocarbamate of the formula I

3 4

X S 3
R i /X\Jl 1 R
o ' Mo—"S C'—N 4
R X R

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 oxymotybdenum 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) a molybdenum dithiocarbamate of the formula I
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3 4

] S X S 3
R Il /X\ I 1 R

2/N—'C“—S—-Mo , Mo—S—C—N_ 4
R 7 R

wherein R', R% R? and R, are independently selected from a hydrocafb'on group; X! to
X* are independently selected from sulfur or oxygen atom; wherein sald 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 farther

comprises a calcium phenate detergent.

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

comprises an ashless dithiocarbamate.

26.  Themethod 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 dlthlocarbamate 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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