
WO 2010/002865PCT/U52009/049217 .RICATING OIL ADDITIVE AND LUBRICATING OIL
COMPOSITION CONY     on contair$.ng .a  10002j era organ pounds are knowii to improve the
lalybdenurn dithioca  typically employed for the redu however;sulfur andduce friction.. Mess a is
Pr's:Atothe.e example of plexes whidh are late wear, reduand/or eontmiexitatIcn. SUS, Paten Nos. 4;
4265.773; 4,283295; 4,285,822; arid 6,96U.S. Patent Application  No. 2005/0209111. oil are eorrosiqn
problems, 



[00031 alkenyi sue is prepared by react  'owed by treatment with a molybdic add Sol  Russian Patent
No.22.01433 discloses a rncdybdateJ suce thydtide asadditiveoils: or discloses that the additMtg are
reacting. an alken the presence:ofa produet with max anhytiride takenof 01 to Ie of alkOyi su
polyethylenedisbibsed. in Rusthan2201431 high mol;cul.ar wciht.polyisot any' (950 M.W.) sAI
npexhibit improved friction re uction, and n .inhiition SUMMARY OF THE DISCLOSURE 100061In
accordance with one embodiment of the present disclosure, there is proviladateci sx nrenared by a
rbes whiCh.cc reacting.anTY! suedhilmideuk 



compound.    'de thereof; and (b)g the spro 'with an acidic malybdenmn compound. 10008]In
accordance with a third embodiment of the present disclosure, a lubricating oiprovided which compajar
art10 of tubricating vismsity; and (b)mr amount of a molybd ted succmplex prepared by a process
which comprises (i) reactnocithmide of a polyamine of'formula  NH-, (I)  whereihave theneaning, with
an ethylehically: carboxylic acid or anhydride thereof. and (ii) with an acidicound. 10009)In accordance
with a fourth embodiment of the present disclosure, there is ISa methodinternal combustion engine
which domprises operating 



internat cthbtidn dngite with lubricatingcomposition comprising (a) amajor. amohnt Of a baseand (b.M
amount bf a molybdatt%i         de H corripIcit prepared by procc.s which comprises. (i) reacting an alkyl
or StlYi ,SUCtilliiipi as of a poIyamin of for 4 :mcarngsj witunsaturatedlethcally  carvdride therc product
of p (i) acidic moiyh enum compound, 10010]In accordance with a fifth embodiment of the present
disclosure, an additive package composi1icn or concentr e.is provided comprising (a)to about weight
percent ofinert organic diluent and (b) one or morea nip Mated inch co alkenyl succinimide of a pcilyai
wherein R, a, b and x have the afore.stated methylenically unsaturated carboxylic acid or anhydride
thereof; and (10 reac1mg the suede with an acidic molybdenum compound. [0011] ..The molybdated
succinimide complex of the present disclosure advantageously provides high friction reduction, and
wear and oxidation-corrosion inhibition when incorporated into a lubricating, oil composition and used
in an combustion engine. DETAILEDFTION OF TI-IF PREFE= ENBOI 00121yhdated succinimide
complex of the present invention prepared by a process which involves at least (a) reacting an alkyl or
alkenyl succinimicie of a po/yamine of formula I:  wherein R is an aboabout 030up; a and b are
independe. t 



or 3, and. x is 0 to. 10, preferably I to 6 and more preferably 2 to 5; with an ethylenic  WO
2010/002865PCT/US20091049217  rilybdenunt ituent has a mnnber average molecular we and
mai223 to about 279. In anmher about C24 fca and h are each 2; and Intelide of formula I:   (1)     0  tin
R has theing with a nome, either (1orporatprepared art 



'41Suitable polyamines for use in prepanng ,alkylene polyamines. including polyalkylene polyamtheit
will typically .contain about 2 to about 12 nitrogen atoms and about24  WO
2010/002865PCT/US2009/049217 IiI2NONti)c-13 vvh carbon atoms and c is I d-chain aikylene group
hay examples of suflable polyaikyIene  polyamines include ethylcuediamine. diet ylenepentamine and
mixtf.Most prpolyalkylen inc is tctraethytenepesita 10015Many of the ,polyamines suitable for use in
the presto counnarca, Ily available and others may be prepared by methods which are well Inc    /rt.
For example, methods for prepand their reactions are detailed in Sidgewick's "The Organic Chemistry
of Nitrogen", Clarendon Pres.s, Oxford, 1966;  Noll'Chemistry of Organic Compo Kirk-Cincyclopedia of
Chemica pp. 99 116. 100161Generally, the anhvdnde o  " Saunders, Philadelphia, 2nd Ed., 1957; and
Technolok is react/nit the poiyarnine at a 



temperature of about 130C to about 220C and preferably from about 145C to ab ut    Yeight
ofactionxture. 00171ethylenically unsaturated carboxylic acids or their anhydrides include ethykinicaily
unsaturated monocarboxylie acids or their arthydrides, ethyleni  unsaturated dicarboxylie acids orand
the like and Useful monocarboxylic aor their antte, but are not acid, methacrylic acid, and the like and
mixtures7 Useful ethyl=  twos thereof. ed to, acrylic unsaturated  WO
2010/002865PCT/US2009/049217  dicarboxylic at" anhydride, mesat anhydride, and the like a
carboxylic acid or anhydride thereof is maleic iniHar anhydrides bond onto the succa 



ality. The. reat arbocvFc                                   unsaturated ydride or a derivative f.ereoi, This and rung
compound. to rovide a carboxylic -if de of formula 1 with the ethylenically sl  amount ofid to be
i.ncorpotated into the compkx.t; acid or its anhydride is aat a temperatuS in the range of from aboutC..
to about 100t and ismixed with the sueeinimid.e of tormala f. The molar ratio of carboxylic acid or ts
anbydride to succinimide of fonnola I will vary stiemboant, the cha ge rriolar ratio of ethydrideto
succMinaide of xorm.uh t will [00191Thehe molybdatednide, complex of the ppounds or salts of acidic
rnolylxierium compounds Genybdompounds are hexa.yalent. Representative ex pies of subds include,
hut a to aoxide, molybdenur.rnoly assium nolyhdate andlactates and snolybdentus hydrogen-;
.dtogieniolybdate, Nito0C14, MoGiBbi, Mo2Ot6, orOiPreferred acidic  



WO 2010/002865PCT/US2009/049217  nolybdenum trioxide moiyhdi.o          inn].ariy preferred is
molybdet thu tri.oxide, em.tnude product of step (a) and acid without at diluent. A diluent    ion
mixturea    (a) can be remove, sic atabout 100C, and prefe. ((14)221Another embodiment oft ontai n
unount of the ntolvbdated useful as a lubricating oil additive.   a) is about 0 .5:1 and most preferably
about0 10:damnnd and sue a tern C to about 160C. 



ion is directed to a lubricating oil amotabase oil of iubriearing viscosity; of this invention, which is  byal
technicopriat of the lubricating  WO 2010/002865PCT/US2009/049217 partuuiar base oil depends on
the cooterupieted apf the lubricant and the                  The bast, oil of composmons of this 'in greater
than 50 t. '14, prebly greater 80 to shout total weight of unders that isd source or lb for usehe any
presently viscosity0  y for ustlubricati aboutably from 



from aboutabouted on 'base oil" as used th is a lubricant component fty (independent of feed d er, Or
both. the base. ter-discovered base oil of lubricating 011 compositions for any and all such  eachIs as
hydraulic Gear oils,AdtheTein an optionally contain viseimprovers.iiolefinie --propylene poi-hutadie the
like and mix tums thereof no skilled "predate f the base  WO 2010/002865PCT/US2009/049217 herein
will dinarily range from Centigrade (C).oils WI to a blend go at 100'C of about 2 eSt to about 30 cSt,
pretbrably abo 



mi. 4 cSt to about12 cSt and. will be selected on the desired end use and the additives in the finished
oil to give tl           grade. of :engine oil,- Grade of OW, 0W-20; b 501; 5VA6O, lOW 10W-20, 40.: Oils
used  at 100"C:  och.)l may be irtanula Ted usinf3t rllimited to; ditl.lb'ragssing, fleation,Re v'    as
thereof Suitable base r.  Ileneslack wax, as well atd base produced E poneude, Sala :tlon 1509, 14th
EditIon, Addendmr nse oils are'polyaO). Group V base oils include al /pAlthoiPs 



base oils nud by comb/ ase stocks or base oils. 106271Useful natural oils include mineralrigS sue,
pavan            Useful synth hydrocarbonand halo-so                  olefins, e.g., pci chlorinated decenes),
and the like and mixtures ecylbenzenes, dino .rphenyls,   derived frot cccl oils, castor oils d lard tIttr/2:
011.5 Include., but. areited hydrocarbonsuch as v res propyl a -xyl)-benzenes, and the El and the like:
ethera atkyladiphenyl sulfides and the derivative, analogs and horn(  WO
2010/002865PCT/US2009/049217 



ethodsprep:atC -d in the art, theilc alpha olefins having the gropelisp-ethettehon oils are the
hydrogenated liquid oligomer- of C to Cflalpha oleflfor cm, decene &liner. IsOf/0- I,11011"'thereof such
a '.dthcidEdicatIn e 2Yet aclass of useftd synthetic lubricating c esters of dicarboxylie \c id, fumari cid,
linoleic acidalkyl trialorne with a variety of alcohols, e.doclecy) alcohol, xyl &collo  WO
2010/002865PCT/US2009/049217 include lbws, adipate,  dioctyl sett. diisoont 1 azetat osyl sebaoate
the 2-ethyLh formed. by reacting one mol.e 



ol andethy ihextmoic acid  o'but are n 11111 esboxylt!Mg from aboutabout I carhoi. )cohoist lubri pane,
pent rythrih, Silisc -based ei -siloxane -opro nitaerythritol, comprise another useful  inch de hit. are not
limiled exyl) silicate.ethyl-   glycol, like, yalkoxv     polymeric d ITOM unrefined, refi synth- tCsore ntype
disclosedC.1ri fined tt tar a,men) w.i thout further pan 



e,unrefined cihut are tic  WO 2010/002865PCT/US2009/049217 i)perauons, a ptatriirectl.y from
distillation or  t led directly from. an estefieation pro further treatment, Refined oils    punbcatinn steps
to improve gm or n known to thosc ctkms secondary ing, tie sung, etc. Rem o those used to obtain
d.oils and 0  directed toeakdown products. toaisomerit also be usetainT and/or 0'on of a hy, -onsarr d
hop sob ositiso wain iliary functions to emu t finished". in 



lubricating                 dispersed or di is can be>id with ants_   terge rts. dehazin   pour point
depressants  WO 2010/002865PCT/1152009/049217 sal vents, package conipatThilisers,
corrosion_inhibitors, ashless dispersants, dyes, and the like and in\tacietvawnves are own onipounds,
can be empltposieinvention by the 1g procedures. amples of antioxithinked to am diphenyamine,
phenybaphanapthyI-ammne,N,N alkyky a .i.nes; phenolics such as. balkyl phenols such as-htosol and
2,6-di-teri7b4- (2-octyl-Iopropanophenol.; and mix 



[0044Exampea of aahks Iysdkylenee anhydrides; n cinichnitrogen -    s,a dispbowed dispersants smd
succinimDC  WO 2010/002865PCT/US2009/049217 alcohol ether, poiyoxyethylene nnlph.enyi ether,
polyoxyethykne octyiphenyl ether, pnyn'svJk ne ut1 --cdii nok oxyethylene clear!serbliol nOnOS Larait.
nOlVOV,cth)late, , tgyco monooktL, stearieand otherolds; die, i-ids; 01acid salts of Ileav' ultoan. auo;
>stial carhex1ie acid ettr of pelyit.,,drie acids; partial ester0 I Csetie
alkarylsuWonates,metalaphthalene  ifenatt.s and the [0047)Examples o fatty amines; berated fatty
epoxides; fatty phosp -d fatty amm 



berated tdyc product of a C4 to C. preferably  consis 'ilkanolaminc 004:31age alkyl methacryiate;
polymers of di 100441  to, alkoxyla       s, glycerol esters, IS.. Patent No. 6,372,696, friction modifiersci
most pre/ b compound selected, from the group like arid mixtures' thereof ide. but are not limbed, to,
polymers ci the like and mixture.s thereof.             riount to impart the desire additivea friction modifier,
a in w.a amount sufficient tesired frietio ubncant. Generally, the concentration of achof these additi
WO 2010/002865PCT/US2009/049217 from about 0a total weight of the lubricating oil eox The final
may be, for exampk,. 



bcompositionsis invent in it.roshead.:d  d ra bearings and the like. oil compositiona thickening agent is
present, vpca Dr, 100461In aT embodiment of the invention, the lubricathe present invettionbe
provided as an additive package additive, is-4 .mto a.suhsumtially inert, normaLly liquid organic dituent
such as, for examnaphtha, benzene, t.oluene or x.yiene to form an additive concentr ,K. I icsc wceittak
usuilk contain from                                   ming a viscosity of about4 to about 8.5 eSt at I 00'LI at I0(tC
will be used as the diluent, though dds which are eompatible with the additives an ished.tlaO be used,
The additive package ed to atho  EXA round bottom flask equipped.ead Stark trap, cmper d
thermocouple was added 245  



anhydride (f.,.7a' b    .5( neutra o1 Con  , Aldrich Corpontion, St, Louis,. Me.,         s of foam inhibitor
(200 to 350 eS;;t ?flfltutL VStIS heated to 100T and 132.64 g    addition funnel w  FTC bet
drop-wisethen added  A het ai ide from soliditing duri as used or     tiet the male torn flask, '' this
temperatu  ooled toC and then250 rub 3-neckago 



WO 2010/002865PCT/US2009/049217    f g of distil ore was stifred. and boa  nve. - 5,88 vs 4,5 mg
KOlila A lubricatingwas tormecof the brioatiwsoil addit COMPARAflVE EX.  lance 7)ion  WO
2010/002865PCT/US2009/049217    



PCS instrumentry ball bearing. aisq of 5210" place of a pin" Theted atminutes at 7 Oil Newtons and a
sliding speed manually on an optical data from 4 test runs. The MIM wear oilbra' k-in period of , sears
on the balls are-ed data are presented I   data show,lubricatid with the d similarat A treated nc
hicipbesi A rnoiyhdated sucein ide complex was prepared using thet general procedure and
com.porents outlined in Example I except thatdeiTEPA  suceinirnide complex had 4
[00611inolybdaied succinimidep x was pre.1: 



proceduromponents outlined The rnolybsuccmmiidc complex:had a molybden content PARATIY- EXi
100621Into a 100 nquipped withstirrer. wat conven Ii-Stark Pacount dded 25]Commercially available
olybde  Lie mole emixtureto yield a    mec uple 'ad monosueeinimi4e M and a pa        olybdenum and
polyaabout t was stirred outs)  from p bout five amune groups per The charge mole treated triono-sttt 



COMPARATIVE EX  WO 2010/002865PCT/US2009/049217 RATIVE EXA    mimed into this baseline
lubricatingnatation at I weight percent.  A base is molybdenum di formulated thto the form/fat was (
COMP lubricating oil at rate as in Comp; 'ye ailable fro ppm:  untng e D. A cominere 



as Sakura Lithe! 505) e total Mo  C01141 RATE NAN 100671A baseline6 oil tormulauonwas fonned
containing: n Co0ihible molybdcraini dithio osphat1 hie from Adeka as Sakura 1 uhc! 406 Iiag oil
fornivation at I %It COMPARATIVE EXAMPLE H 100681ibricating oil formulationaining he ate as in
Comparative Example a A conaIiy available molybdenum thtlil(available from Adeka as Sakura400)
was  WO 2010/002865PCT/US2009/049217 to this baseline labri:udab.on such that the total Mo come
"onnuiation was 500 ppm. , 100691A baselineg oinulation wased s. base oil and treat rate asative
Example D, A cRabic molybdenuccinimide complex derived from a poiyisobuteny tbricatinoweight
percent, 'XAMPLI  



ARA:E K i-ating oil forintthe - additive additive of-Pis baselir formgm percent.  WO
2010/002865PCT/US2009/049217 fPARATIVI A ba,.eline lubrier i g oil formulatini axe oil and t lion
such that tI  'AA  g oil formulation was formed containing the same E in Comparative ) The lubricating
oil C was fonnulated into thL nasehue lubricating oil  form CO.MPARVflVE E 74Inc Lthddati additives,.
base oil and treat of Comparative E 



ion h di  EXAMI  WO 2010/002865PCT/US2009/049217 A. baseilfonnulation was formed containing
base )irittiv additive or Exan that the totappr Aoilwas formed containing t. additive1 Comp additive of
IIlubricating EXAMPLE 9 A baseline lubricatingfor 1 ase oil and treat 'the lubricating oil 'addExample 4
was formulatedicating oil formu Ia.tion was formerit a, base oiltreat rate as In Lot formulateg oil forint
WO 20101002865 (B) Hi, 



compositions t anti the lubrica ices of Examplesat-d and et Ti mparative Examples N ninitig the valve
train wear perfon uses an electromagnetic viseilht tail amplitudest a fixed specimen    and then ho
measured corresponds to a     rded. at d modifier. or mafler wea  perfomitt  WO
2010/002865PCT/US2009/049217 Compa Compar  



0.134 ppin Mo  Comparative- Exa Comparative Ex svt, 'Ye t TT 0.127 0.124  and, COMPARATFYB
100821A haselthe. lubricating oil formulation was lbrmed coTnauung 1 4 horatedcmumCc Jtspant,
2,75 virt, % succrnmudo dispersant,b d calcium pbenate,mM kgt vvtimc dith phosphatelinidored
phenoL  WO 2010/002865PCT/US2009/049217 I., 03 wt, pour pci4 Group 1.1 COME' 0iii formulation,
wasoWI. ide dispersant. 2,75dispersant, . 55 na M phed phenol 



idant, 0.3 wt e pour pointd 4 wtcopoiyiner viscosity index base oil. 100841A baseiithe
additives,tea:P'The additiveted into this taseline Mbricati (C) Sinai Theopern 0    test ailetcad.  WO
2010/002865PCT/US2009/049217  red ly 'l'he load.on the v-   et of dual sprin.g and tappets. liner, er,r
indicated abnormal and a specitoad. -imaicly one hour was conducted aoadi ride ni profiles before a 



dified tot factory valve sprit go with  rankshafi cylinder Prior to any   peed of 3,000 tpnI d aa period of h
trial Camshaft wear was Tneai      The data showinhibitin,f lubricating oil.mpositiotreatedlooting oil
additive. Exampi' las compared to the'"ahag ciPc bricatiIt. pal  WO 2010/002865PCT/US2009/049217



ibiting properties of the ubrica ncompostttotor low levels and sulfurlubricating oil comp
COMPARATIVE EXAMPLE Q tbncating oil tbrmulation was fonned cot EXAM? A hawas forme base
oil additive tnulated into this haion such that the lot  WO 2010/002865PCT/US2009/049217  .0 The rtg
the 1111x-hug effecton on the base lit bench test as described by E. S. Y 895-901 (1999), weiht of oil
at 170C time corres.tive presented in Ta  g oil 



ample Q lk oil o 4 Ice at constant pressure by a d. The time requiredperiod of rapid h test ion t, The
oxidatioat    4 end- TertResuits  CotIndite:non The data show'datiolance of oil n" sd. with the.2 oil
additive o  WO 2010/002865PCT/US2009/049217 additive>Oeit.sS a1/4; perforrnanfor lowof zinc, 'A 



100921 mechanical controller, lie,: anhydride IOI  sec vs           from Sigma Aldrie n 150 neutral oil
an1/4   n-Siark trap.perature of ocradecenyl succinie  s char, charge was increased to I '00st an 17 g
of distilled water,g of  WO 2010/002865PCT/US2009/049217 MPARA 11 YE EXA PEES [00941into a
5003-heck roanEkiriped wit  mic&.stirrer, water cline and IieanStark. trap, tr ilLer heating manfleed
60.6 2. 1 ) suecinic anhdn&203 



heg of tetwethylenepentimine 0, d. After the TEPA was .harged, the temperature 60 min acts and hen
"lel it I60C for o LOON oil was adde The materialheated to about 90C andf faro, a so  and 83 g of The
product was a viscous brown o lice the e prc anh filter aid wi  toluene and  were removed over tabout.
4 hours.          g of toluene was added and the mixture cosity fortion. Severald to d 04 filter pwer \tter
rLpeated diIuticn ot the prod  react the pr 00961dentnay h n. Therefore the exerup liii cat ionsCc 



WO 2010/002865PCT/US2009/049217   ing from th cover. those skilled in the art will en.vnon.otnc,
eto   operating d methods may be te and spirit of this  WHAT IS CLAIMED IS:      1. A molybdated
succinimide complex prepared by a process which comprises (a) reacting an alkyl or alkenyl
succinimide of a polyamine of formula I ,AcH2)a  NH2 (I)  wherein R is a C12 to C30 alkyl or alkenyl
group, a and b are independently 2 or 3, and x is 0 to 10, with an ethylenically unsaturated carboxylic
acid or anhydride thereof and (b) reacting the succinimide product of step (a) with an acidic
molybdenum compound       2. The molybdated succinim de complex of Claim 1, wherein R is C12 to
C24 alkyl or alkenyl group, a and b are each 2, and x is 2 to 5.       3. The molybdated succinimide
complex according to Claims 1 or 2, wherein the ethylenically unsaturated carboxylic acid or anhydride
is an ethylenically unsaturated monocarboxylic acid or anhydride thereof.       4. The molybdated
succin. ide complex according to Claims 1 or 2, wherein the ethylenically unsaturated carboxylic acid
or anhydride is an ethylenically unsaturated dicarboxylic acid or anhydride thereof 



5. The molybdated succinimide complex according to Claims I or 2, wherein the ethylenically
unsaturated carboxylic acid or anhydride is maleic anhydride and the acidic molybdenum compound is
molybdenum trioxide.          6. The molybdated succinimide complex according to any of Claims 1-5,
wherein the molar ratio of the ethylenically unsaturated carboxylic acid or anhydride thereof to the
succinimide of formula I is 0.9:1 to 1.05:1.        7. The molybdated succinimide complex according to
any of Claims 1-6, wherein the molar ratio of the molybdenum compound to the succi imide product of
step (a) is 0.5:1 to 1.5:1.        8. A process for preparing a molybdated succinim de complex, the
process comprising (a) reacting an alkyl or alkenyl succinimide of a polyamine of formula I  NH2 (I)
wherein R is an C12 to C30 alkyl or alkenyl group; a and b are independently 2 or 3, and x is 0 to 10,
with an ethylenically unsaturated carboxylic acid or anhydride thereof; and (b) reacting the product of
step (a) with an acidic molybdenum compound.       9. The process of Claim 8, wherein R is C12 to
C24 alkyl or alkenyl group, a and b are each 2, and x is 2 to 5.       10. The process according to
Claims 8 or 9, wherein the ethylenically unsaturated carboxylic acid or anhydride is an ethylenically
unsaturated monocarboxylic acid or anhydride thereof          11. The process according to Claims 8 or
9, wherein the ethylenically unsaturated carboxylic acid or anhydride is an ethylenically unsaturated
dicarboxylic acid or anhydride thereof.       12. The process according to Claims 8 or 9, wherein the
ethylenically unsaturated carboxylic acid or anhydride is maleic anhydride and the acidic molybdenum
compound is molybdenum trioxide.       13. The process according to any of Claims 8-12, wherein the
molar ratio of the ethylenically unsaturated carboxylic acid or anhydride thereof to the succinim de of
formula I is 0.1:1 to 2:1, and the molar ratio of the molybdenum compound to the succinimide product
of step (a) is 0.1:1 to 2:1.       14. A lubricating oil composition comprising (a) a major amount of a base
oil of lubricating viscosity; and (b) a minor amount of the molybdated succinimide complex according to
any of Claims 1-7.       15. A method of operating an internal combustion engine comprising the step of
operating the internal combustion engine with the lubricating oil composition of Claim 14. 




