; 5678e3e h™ "a\cLcgbgT h} MOLYBDENUM CONTAI NI NG LUBRI CANT Al \mm
COVPCSI TI ONS, AND PROCESSES FOR MAKI NG AND USI NG SAME TECHNI l ‘lmm The
present invention relates to organonol ybdenum conpositions havi ng hi.gh

nol ybdenum content, which are useful as lubricant additives. The
or ganonol ybdenum conposi tions of the present invention are the reaction

Pregg'ltj fgﬁ“ﬁL@bﬁ@\ﬂf‘H’%ﬁ l@&%ﬂl@ﬂ#@ﬁ%ﬁbﬁﬁ%%gﬁw formthe

or ganonol ybdenum pr opROICESSESEOR MAKINGAND USINGSAMECess does not
require a to volatile organic solvent to pronote and achi eve high

nmol ybdenum i ncor poration in the additive product, nor does it require

sul fur-containing or phosphor UpEe@INIIATLL FEEIBact ants nor post reaction
Mo

filtration removal for unreact ybdenum sour ce reactant. BACKGROUND OF
THE BNVENTI Olhe iseseetatinvention relatas e prgangmolyhdemym gompepitionst having fighhes of
aut onobil es or trucks are 15 subjected to a demandi ng environnent during
use. Anvilybdemior coutent; swhich fase tuseful @b dubtiant eddidyes. dan ¢reanemolybdsaunat i ve
degradation of the oil. This oxidation of the oil is catalyzed by the

pr esenc eompositinns af thej prpsent invension are the redckion pradhctsiof arfafty cibmgactadoidth aThi s
oxidation also is pronoted by the el evated tenperatures to which the oil is
subj ect alihmiog, ifollpwed dy furllive reagtichadfi threaflting dotermediate withial rsolgodenwrg sowee i s
usually controlled in part by the use of antioxidant additives, 20 which
may ext emébriithe orgadomolytidtxmne protline compositjpms,tin swhichrthe/priogess dehsaotugquire a

i nhi biting unacceptable increases in the viscosity of the oil. Various

ol yiod e volatileagaicsdiveitay prdneesandaehie e it glpmolybdentinciacqpporitionin teaddidianci ng
additives for Lubricant conpositions. For instance, there are numerous
exanpl esraduct, Mér A6dsein treduirt eubdoftanting br ghesphoriscdnbinib teadfan®ioy pdgnum
additives variously as antioxidants, 25 deposit control additives,

ant i - weaéactioififiltrat@fremoval for viitdatted AOFbddmimSsonicardataliitl cant conposi tions. A
partial list of such patent references includes) for exanple, U S. Pat.

Nos. 4,164,473, 1 *Q000RACKGROUNDOGE TIE IRSENTIONS, 174, 842, and U. S

Rei ssued Pat. No. RE37,363 E, anong others. The preparation of

or ganonol ybdegiukitadhiElbits wéedindRdMtealal Yonitt@tion égineOoMtonbRek dr@aclisiagn st eps
that add considerable cost to the manufacturing of these additives.

Exanil esukjéctéDoR deRahdivg divac@niit iR, '&&Jm@ adRsReskctaligs as fol lows: 5
1. The use of volatile organic conpound ("VOC') solvents, such as tol uene,

Xyl enes envirdiinfeREda lead a6 OxiGative dbrhdaBibNBIME 6il. 0%k cxRAGOLA6f BObieisealyzdd0 t he
pr.oduction of organonol ybdenum conpounds. 2. Low | evels of nolybdenum

I ncor pon@tmeyedefdebrichain HSulitiad¥h dRAS, bickQs irbi® Sdnhpoahds. TRP bAMAEh aBiic h

i ncreases cost because higher concentrations of the resulting

Or ganoMyrotRSHEd Y ihd BlePAtPidmbératifts td WhRicHHRloild€ subfeRd dBridd\Re Oftle okfla@i&l | ver the

required | evel ‘of nolybdenumto the crankcase package or finished oil.

| deal | Y,of idbritRioh Gild Gurfl s ﬁlﬁlk@atl)ﬁdy QomFdILY ifpart By She e SARMIRIMRIQMHHS,

product s/ addi tives having nol ybdenum cont'ents above 8 percent
20  which may extend the useful life of the oil, particularly by reducing or inhibiting unacceptable

increases in the viscosity of the oil.

Various molybdenum compounds have been used and proposed as performance-
enhancing additives for lubricant compositions. For instance, there are numerous examples in
the patent literature which describe the use of molybdenum additives variously as antioxidants,

25  deposit control additives, anti-wear additives and friction modifiers, in lubricant compositions.

A partial list of such patent references includes, for example, U.S. Pat. Nos. 4,164,473,
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by wei ght, and preferably above 10 percent by weight. 3. Filtration is
~ generally required to renove unreacted inorgani c nol ybdenum Unreacted 15
nol ybdenum adds consi derabl e cost to the production of organonol ybdenurn
conpounds because inorganic nol ybdenumis an expensive raw material. 4.
O her costly processing steps associ at ed with prior schenes for producing

e or SHAETRER7R 337A e o S el P%% R0 R "o oot e .

and wat er waghes. 20 .Exanples of Su‘f’«‘gﬁ rocesa S for maki ”ﬁ

or ganonol ybd R HrR3HRYSR §"59P°‘P?})S‘P B EPH t jepheally, gequirps, complicafed,
exanple, in the paten |ter ture follows; EP 1 136, 496 di scl 0oses a

pr oduct TRRSHERIEPS fd?"éﬁﬁﬂﬂ“ ﬁ%%‘g? mapfacturing of diepe,addisives. . Exapples ofyni ch
shows limted solubi]ity in 0|I whi | e products containing 6 or nore

car bons SPHe £95E YRT(IS?SSWES%B ’@W’éWSPﬁSF%G%g’UW%ontent (less than or equal to
8% undi | ut ed)cm 25 EP 1 136 497 discl oses nol ybdenum conpounds derived from
car béxylli c adheiyseqefavolatile gnzgnie eorapapnd (HY QR splvents [sheh asctplpers, prlandsye. U. S.
Pat ent 4, 889, 647 di scl oses nol ybdenum products that have relatively | ow
nol ybdenum ccmelml,s)and ofimethaiferimanddep add eermsiderable: gpist to othe| praduction), &  Pat ent
6, 103, 674 di scl oses nol ybdenum products that have | ow nol ybdenum 5
contents, forrgaremglylsiendngempamtis.oy wei ght or | ower, and which contain

sul fur. Sulfur can be an undesirable conponent in engine oils. At high

t enper at2ur es Lawdevelscd malyphdenen ingoghotatiomnto the abricdune additive imelf are schievedf or ns  of
sul fur can cause corrosion, and in sone cases el astoneric seal

i nconpat i bi | whichénqgeasesraobidecavsahighericonpentrtidesdf] the resiidngdrganemolybstode num
conmpounds intended for use in |ubricant engine oils should have m ni nal

sul fuor cont eptadudtiadditife midatibenisedlinGR2oiPalelives theasqrred lqvelsfasdytidenunteki Nng an
or ganonol ybdenurn conpound that requires neutralization steps and water
separations i @irkedsetpackage lof Fiftishddcoih Mo Wwptild e Laesieablepw ichucd ke wat er
is used as a pronoter, as in U S. Patent 4,692,256, a filtration is

required to obfiaRotRolyibeawa tRedueR M it adUiivink nfolytdaineh toftentS dbdvd & sbremt 0Ses a
sul fur and phosphorous-free organonol ybdenum 15 conpl ex of organic am de,

such as nol ybderiph, aadprRfcribibatooeP@pectht By wEgited from the reaction of fatty
derivatives of 2-(2-am noethyl) am noethanol with a nol ybdenum source, in
whi ch ti3e re®itativn it geietiligirefuired 8 reAR VA Gnrbicld iAG gakBdfnolybidumo Usregotedrpl €
provided therein has a reaction tenperature ranging from 130C to 140C, and

a fitstrati onnickybdasunt €sdeUtensideAblsOcost h®d IRA Grddattidr @ Usigariomdlybdémined,
whi ch adds an additional processing step. 20 U S. Patent 4, 765 918

di scl 0ses MDlyAPGHAHbE:RNHe 3hdbdbit: HOTHRRbIRiOaSex sivéedy faemif atty oil s,
am nes, and a sulfur source. U S. Patent 5,412,130 discloses nol ybdenum

pr oduct s, derioged ot pR{Esshly Ysteph Cadsb@@b&Dwith prior schemes for producing

organomolybdenum components or lubricant additives include the need for acid or base
neutralizations, the use of expensive catalysts or promoters, and water washes.
20 Examples of such prior processes for making organomolybdenum components or
lubricant additives are reported, for example, in the patent literature as follows:
EP 1 136 496 discloses a product derived from methylaminopropylamine (R contains 1
carbon), which shows limited solubility in oil, while products containing 6 or more carbons in
the R group have low molybdenum content (less than or equal to 8% undiluted).

25 EP 1 136 497 discloses molybdenum compounds derived from carboxylic acids and



fatty oils, e.g., treated by epoxidation followed by al kylation, that are
reacted with nol ybdenum using a very specific fatty oil-derived catal yst.
This special pre-treatnment of the fatty oil adds 25 consi derable cost to
the resulting product, making it inpractical for use in lubricants. 3 The
above probl ens suggest a previously unfulfilled need in the |ubricant
additive ,and,conposi ti (in,i dustry and rel ated technol ogies for oil soluble)
sul f ur - FEI¥RETHRS gﬁ‘ﬂéﬁrﬁﬁ? %HYBBW‘ fravi ng hi gh nol ybdenum content and | ow
tendency to discolor finished oils w thout the need to use volatile

sol vent's and?'t?/i bt 4958.042 cdiscloses anlvhdenyn, - pradictse dhatphays geshatively) 1o has
unexpectedl y been found that the nol %bde,num additives of the present

i nventi dﬁowgwpﬂéoﬁtﬁ@svég@#@nﬂéﬁ@ﬁfﬁ% Y ¥eighbo Py lO¥es ng conposi ti ons wit hout

t he attendant problens. SUMMARY OF THE | NVENTI ON The present invention is
directed t o U8 aentopd8heiforipdessh unalitslanim irrodusts, thahhave lowe molyhdenum | y
useful as lubricant additives. To formthe organonmol ybdenum 10 conpositions
of tH s g¢onteaist fooerample; 8 pergend by yeightdir dawencind mitich comthipisulerum source are
conmbined in the absence of a volatile organic solvent yet effective to form
a hi gh or ganSulfuptandstemumiesimble oomponenttin engiyer @iliu At highttemperataesiand updeoduct
obt ai ned al so does not have to be filtered to renove unreacted nol ybdenum
sour ce neveeicahditidm, eventhieclessaappiessiNeafiormas pfesulfjir tdnecapsecoemotion,nandrihisome i s
directed to an organonol ybdenum 15 conposition conprising the reaction
product ebeseldswiveyic adal incempitibility\etdy rabbeaharfendrig). ddelillymhaejoré, ahdlybdenhnhy
further reaction of the resulting internedi ate reaction product with a

mol ybdencomppondsistendad forasaindebiiesnt ehgiwodiBishdudd hivg anihitabailfoe 8dntead Wi t hout
need for post-reaction filtering. In one preferred aspect, the first
process step W.s. Padk 2J60EY5 G @atlosesprbéesd for iaking B exgainddidd@RIeHurh t&dpcung nal |
anount of water, but no volatile organic solvent is introduced or present
during tingt 2QquikkyRe\RANMLONC SO @idi Olatér depardtidons Sif fér@érenb fidMatd hte

nol ybdenum source ingredient to go into solution such that reaction still

pr oceedsorgiidmolybdee chpdid@l FARACHated Reusbdasl ReproMaet, ot il RSl Plerit
nonsubstituted am ne having hi gh hydrocarbon character, such as represented

by the fabd»z;zs'enﬂﬁm%@mkquﬁémwﬁ@qe vaRadted mBlyblidatial CH2] x- NH2 H where x is 1
or 2, and Ris a hydrocarbon-containing group containing at |east about 6
carbon at omgys.| PaeiesPEEELT URElos PEGhlfurl ARl PhepRdBusfréO offaRbmélySdetuygen)
such as where R represents 5 an al kyl oxyal kyl ene group. I'n anot her aspect,

t hi s13 NVEMPISNoPERMhiE Afnide, |seil &%Bly@déﬂﬁﬁ%nﬁﬁ‘m@é&ﬂ%&h&@pﬁ?&%&' fronPlf
phosphor us-free organonol ybdenum conpositions wth high nol ybdenum content.

In one agpaRh.of e RgkivaP by BYLRIRERNS BRincBhadd itheARblyBRrREAMEE Sinof  t he

process of the invention conprises fromabout 8 wt% to about 15 wt%

mol y bdenyfick @ikl @ittioh Miperdtite 28HE hOMeh b 86cPe. PItRGER SexhiiPle PYSHEAL Herdinhi eved
do not require the use and presence of a volatile organic solvent to

achi eve fiisaeltigh téiielatfe hAERRARARIAEE 19140%] MRAPAIGI s difieli SAE | ARG,

product, and the resulting ction product also does not require

ol yben T o e e BB a1 ves of the
presgit | nVEY pRidned, f657913Uiskfossk Bl EERINSoRRinfY ol b AN HISR k!
oils, amines, and a sulfur source.
U.S. Patent 5,412,130 discloses molybdenum products derived from specially pre-treated
fatty oils, e.g., treated by epoxidation followed by alkylation, that are reacted with molybdenum

using a very specific fatty oil-derived catalyst. This special pre-treatment of the fatty oil adds

25 considerable cost to the resulting product, making it impractical for use in lubricants.



15 control additives in crankcase oils. Also, it has unexpectedly been
found that preparation of the organonol ybdenum conpositions at reduced
reaction tenperatures according to another aspect of the present invention
results in an inprovenent in the deposit control perfornmance of the-
reacti on product when used as an additive in engine oils. The .
nol ybdenum cgnt ai ni ng_| ubri cant additives he present.invention also are
li ght col or edh¢8bAYe ERablems sgeest &pRoushy Uffél%&?}{ pesddn 3@3\“812&% %“é"v@ﬁ‘ when
used at high _concentrations in crankcase_oils. DETAI LED DESCRI PTI ON OF THE
| NVENT| onmpesition ndseen eadhcrelsted; tpehnelagiss nfor j qil, splpblen sulfyrdreee melybdenume he e
used to prepare the nolybdenum additives includes a two step process. The
first imadditerschaxing bighrmelyhdssump cessentiandlow gndesey; tordiscolor finishedcoiltpyithonld of an
am noam de/ gl ycerol carboxylate m xture. This mixture is prepared by

combi ni by neeil X6 ngg, vobasite sedventsgind avithowthe ineed to egmaye nge-raacied molyhdgum it e oi |,
triglyceride or other glycerol ester of a higher fatty acid with (b) a
nono-$suliss nmaxpentedyt Weehdomnddhatrthermobbdanmeddditizeseof the ppesntinventioni provideeat i ng.
The second step involves carrying out the nol ybdenum 5 incorporation. Fatty
O | s Exampdbese bénefits @6 mbrieating adrhpositions/eijematht ettandhig ptddlimsnay be used in the

process of the present invention include groundnut oil, coconut oil)

|l i nseed oil, pal mkernel GUMMARYORTHE INVENKIONd oil, grapeseed oil,
corn oil, canola oil, palmoil) peanut oil) safflower seed oil, to sesane
seed oil, caghepresdnk invEitidhsedittcRt ko iy obfanbaifbdhimdicomp6ditiths, Soyabean
oil, sunflower oil, herring oil, sardine oil, lard) nenhaden oil, hazel nut

oi |, walwhi¢h Qird ,espetshllyahtel. adabridait dddifivdshere dbem Rh@%ﬁﬁé@i@”bﬁénmg?t abl e
oils can include those conpounds generally known as triglycerides, which

havejot heofipbgticts of (it fivEktR NS fa¥ly @i¥Na BRI anPa 1dolfddehii s¥hie freBombinednd R’

i ndependently represent saturated or unsaturated aliphatic hydrocarbon

groups haebsddce OF aRelatilerihic@RMht Yet effectie o AdrA Bhigh BfkaR6 &loBbablum ar e
hydr ocar bon chai ns havi ng about 12 to about 22 carbon atons. Mono- and

di gl ycerdof@s refdtiod ProdteP ahit hofioR 'i)rédﬁcmﬁééihgdea‘lsd"ﬁéeh‘ nB8{kave to BB fikered to
triglycerides) are also useful as fatty or vegetable oils in the present 20

i nvent i @fmobeunidcteld nidifodBnudRsour®d mhterigll OUPS present have the same above
meani ng. 6 The dtammne In order to inprove solubility of the

or ganonol ybdepymdes ?&H&hari dplATR é}béeﬁt inRGheibh B @R8Ed &) drSorghdoniclytdeRas t ant
for the nono-substituted diam ne to have a hi gh hydrocar gon character. For

exangl e di am . t 1 uct ure:
e e o

hydr ocargRsdaayt fithkr 2hHELHPHhE R3hBhE in%}lg@digﬂ:a TR et ?Bd&?%h aGnQAdRdn at os.
t R, Tn addition to

R can be aliphatic or aromatic. R, Tn he m ni mum of about 6

carbon b R KBhbrORR! ReIORRn Bl bR RLARk ol ARk 1] LTS

i
sul fur or adoﬂtlon nitrogen. I'sS preferre contains a ni mum of

10 carbgpe BEe?éT-FediagpeBE ﬁf‘erﬁlr%]tgar&%st is #a%gd'rngng& ﬁééﬁ W #P1hd F00R L/)}’oQ@L@ Qidpn, pr oduct

solubility 1 n base orl. nost contai ns an oxygen in addition

to the o] e ' I 3 R

repr oseafial ok U Wals, Wolov IS o, SHERUMIEREERRUR: AN B o,
- Xt - I IS al kvl ene..of r rbons er y is

o ori oo hiin oot diin Bt Slinfonsito e RobBoGRIINR, A ol
atons, no referably.an .al kyl iety having 7 to 20 carbon 15 atons, and
wher e Xfoglgﬂgﬁ‘g’@h@ﬁaé?wﬂﬂ%ﬁ?gﬁ” ed, saturated or partially unsaturated
hydr ocar bon c¢hai n n diamnes in which Rjs represented by such a

al ky | oxyal Ky BAR HrOTISPELF dhe FALem 98 P BRI TE) Badt I eigh

greater that 8.0 wt. % nol ybdenum i ncorpaorati.on, in to conplexed product, as
wel | as lﬁa@ﬁﬂgt”éc‘@?q@%’oﬁ“ﬂb?ﬁrPI"?”&?cg ejfolloyying gengral $raCREE’r eact i on product .
The use of a diamne including an R group represented by X1-O X2 as defi ned
herein 20 in the reaction process makes it possible to maxim ze the |evel
of nol ybdenum i ncorporation levels in the oil soluble reaction product

whi @ performing the process without the use of volatile organic processing

sol vents. Exanples of sonme nono-substituted diam nes that nmay be used
i nclude 7 phenyl am nopr opyl am ne, octyl am nopropyl am ne,




dodecyl am noet hyl am ne, octadecyl am nopropyl am ne, hexyl am nopropyl am ne,
oct yl am noet hyl am ne, hexadecyl am nopr opyl am ne, octadecyl am noet hyl am ne,
benzyl am nopropyl am ne, dodecyl am nopr opyl am ne, hexadecyl am noet hyl am ne)
i sopropyl oxypropyl-1,3 5 di am nopropane, octyl oxypropyl -1, 3-di am nopr opane,
decyl oxypropyl -1, 3-di anunopr opane, isodecyl oxypropyl -1, 3-di am nopr opane,

t et radecyl oxypropyl - 1, 3-di am nopr opane, 10

" dodecyl oxypropyl -1, 3- di ani nopRopane, isodecyl oxypropyl -1, 3-di ani nopr opane,
i sododecyl oxypropyl - 1, 3-di am no CH;%-NH

i sotridecyl oxypropyl -1, 3-di am  opr opafie. nosubstituted dianines derived
fromfatty acids nay al so be ed. Exanpl es include N-coco

al kyl -1, 3- propanedi am ne (Duoneen C), N-tallow al kyl -1, 3- propanedi am ne
(Duoneen T), and N-ol eyl -1, 3- propanedi am ne (Duonmeen O, all obtained from
Akzo Nobel. In order to produce an additive reaction product with a high
nol ybdenum content, it is preferred to use a nolar ratio of diamne to

oL, Dbl 1 i W RSB SEH MpSRA sl dSeyl #

reaction between the fatt I | ,and no-substituted diamneds carried out
hocor df AP IS Restemei ke s REMRRR can e ot AORHRE R ERal ot
1S0C by co 'niﬂqut he two materials and heating with m xi ng and under a
ni trggeﬁnémﬂf’é‘iﬂ EC B preferred reaction tenperature is between 110 and
130C. Reactiogn tinmes may vary from1l hour to 6 hours. A reaction sqlvent,
such as an ofyApther pspsel ﬁl‘ﬁdn‘\éﬂp%wp,‘"di:%a {‘?B’tcoFtéﬁ?ﬁeF%é’.r pepgucie sHidH- 49f e d
supra, the second included step of the process of the present_invention
i nvol ve§h8%H?‘PS}‘F1§¥j° SternemlybisnyB gemaesitions gith etk melbdeppm ggniert ey  bed i n
nore detail belqQw. NMblybdenum source A preferred nol ybdenum source is
nol ybdefSRechH ﬂ?edswlnr@9ly‘n¥1f@uw5¢@n6m ofthesersian RTodpets of the prasessiof thejipveptionuct j ve
nol ybdenum i ncorporation into the organic |igand nade by the 25
af or enefOMBHES fromy ahoup? wila dxaboptls wighmolybdenuaneangent QWP)eiPqub‘?P“n@ﬁs by the
conpletion of the 8 , L _second step that does not require filtration if
t he Yeadrss improyemenss ptievse 9p apy roquireths wresnd prsseige abmrdatde g182M6d her ei n.
Any purit%‘egrade.of mol ybdenum tri oxi de may be used but high purity
nol ybdesalrerttp ashieye highly ¢ffagtra inperperationeefimolykdepymn i the repcenprodyctiamdt does
not require filtration. 5 Mol ybdenum I ncorporation

the resulting reaction product also does not require filtration to remove unreacted

molybdenum source material such as molybdenum trioxide. The molybdenum-containing

lubricant additives of the present invention are also very effective as antioxidants and deposit
15  control additives in crankcase oils. Also, it has unexpectedly been found that preparation of

the organomolybdenum compositions at reduced reaction temperatures according to another

aspect of the present invention results in an improvement in the deposit control performance

of the reaction product when used as an additive in engine oils. The molybdenum-containing

lubricant additives of the present invention also are light colored complexes that are not prone
20  to discoloration even when used at high concentrations in crankcase oils.

DETAILED DESCRIPTION OF THE INVENTION
In an embodiment of the present invention, the reaction scheme used to prepare the

molybdenum additives includes a two step process. The first included step involves preparing



A nol ybdenum source, such as nol ybdenum tri oxi de, and water are added to an
am noam de/ gl ycerol carboxylate reaction mass obtained fromthe first
process step and mai ntai ned at approxi mately 80C. The nolar ratio of

nol ybdenum tri oxi de to diam ne can vary fromabout 1:1.25 to about 1.25:1,
and is preferably between 1:1.25 and 1:1 in order to to maxi m ze nol ybdenum
content and at the same tinme reduce or elimnate the presence of unreacted
nol ybderftrarganicdigand comprised of aniamineamide/slyesrolcpiberylate anixturee Hivmixtee is
filtration. The anpunt of water used in this second step should be an
anmount duepRred by sombiningnmininm centasting, (o reaetingdahafaidneinvegetabld @b trighyceridehe

arni noam de internediate and is generally equivalent to the anount of

mol ybderanether glyserelesteseft higher fityweid withdbha mheg-substiteled alkflenmdiaminemyabe used.
After 15 addition of the nolybdenumtrioxide and water the reaction
conponerdevatad derspepatirg Widnbeting. o Thef¢oond steprireobes carying outghadwdbdemmoval  of
wat er. Water may be renoved by vacuumdistillation. The reaction may be

car rised ioedrpariticnenper at ures rangi ng from 100C to 150C, however, it has been
found that tenperatures bel ow 140C are preferred for producing a nol ybdenum
conpoundrdttya®dils s hi ghly effective as a deposit control additive. The nost
20 preferred reaction tenperature is below 130C. The reaction generally

requires 1 t@xifpleoof prefedred EAIN 6r Agbtabld ®il¥aiainaft e sbd 1 thie PRodsks of Her y
depending on the reaction tenperature selected and the | evel of vacuum

appl i ed.prédefitl MGeritiBh MEMdR! gro@iMaNRbil, Tobbrut 81 lin¥Bed &I patlA €D ofl Sl il he
viscosity of the final product. However) a diluent is not required for the

ol y bde rdebbnhsBEdP bl Oradelsa. oil, RFE b1, echn6la| SHE Phitn bICHAMR AR RaffRWaE kde@ o, | uent s
such as aromatic, paraffinic, and 25 napﬁ heni ¢ process oils and base oils

as wgj | @W@&J\&t,icsst&idu,slm@@sféfd)eih U%%ﬁ&h%ﬁcﬁsﬁwid@, E@yﬁnea% oil, funfloREV@Mt age of

this process is that a volatile organic solvent, such as tol uene or

Xyl enes, hebrngéil, sar8 ol Sfrd, thehhifler 8 HRFe1Shaf Bil, Wi BE, Niﬁ?tﬂio&,%&\rﬁg*m& ocedure

or otherw se, nor are such organic solvents even used in the p erred

erboD, MRilfreo™ ThOE RRP oPlvel il 8AE LhTAE! ik dfipalildt! #hBlly 500k 3¢ N

may be filtered to renove any unreacte um trToxi eover, if
the I eackiphBerldis, WAyHaYe MBebiblal brtdulrBhd MBwh BeiBR! required, as tangibl e
amounts of “unreacted nol ybdenum tri oxi de W T not be present. That is, the
reaction step of nol ybdenum i ncorporation goes essentially to 100%
conpletion. It is preferred to produce a reaction mass with conplete

nol ybdenum i ncor porati on so that no postreaction filtration is required to
- renpve any unreacted nnlybdenun1source?nateriaI such as 1o nol ybdenum
trioxide. The product prepared byc%%i rocess is a dark, anber wax or
viscous |iquid. Further, when the | yadenum i ncorporation is perforned at
or bel ow 130C, inproved deposit cintro! in engine oils is achieved using
the resulting additive product of vocess of the invention. 15 The
preferred conmbinati on of nono-subgtituQed diamne, triglyceride, fatty oi

or vegetable oil, and nol ybdenum rioxldg, is that which produces a

nmol ybdenum content) undiluted wt T@éRgreater than 8 wt.% and preferably
betwpen 10 wt. % and 15 wt.% It is also an unexpected discovery that
carrying out the nolybdenum incorporation reactions at reduced tenperatures

or odused”hoth s 1 454 B oRBEenfly MEEhE Buued B vt LA NU B
o gy G sHES R 24 R BLT B RY BB BRabR o
B L ABROIE YRS i RS bt A B R AR
erieC}[ :.]grlaé{?tg%o ‘gl:ﬂ']: (IP :aor}gpcgé g@}r’c}fiéggs, grfe alsg ?xgéfgl%rs] tfatt(gli clr Sv)ege%a%?e cl)i.lsklrel mrgal}rgsgltal S

20 invention, in which the R, R', or R" groups present have the same above meaning,



nol ybdenum conpounds general ly renoves the need for supplenentary deposit
control or antioxidants, antiwear additives and the |ike. However, a
suppl ementary deposit control, antioxidant) and/or antiwear additive nay be
included in the finished oils including the nolybdenum additives of the
present invention that are |l ess oxidatively stable or in oils that are 5
subjected to unusually severe conditions. The treat rates of the nol ybdenum
addi tive %@#ﬁﬁﬂf upon the desired finished |ubricant properties, however,
typically the additives are present in an ampunt so as to provide at |east
about 50, andnpArdsrepimpove rseﬁabalsb af thsoorganomelyldeninn prodist, in drasereils/ BRtbnum t o
the finished product. The concentration of nolybdenumin the |ubricants
accor di nfinishedtails, it iy émparent fonshemopersubstituted diantipefo havei @ high dwdtesarborf or
econom ¢ reasons a 10 maxi mum | evel of about 1000 ppmis generally
pr ef er r echagdeteh oy lexample, thegliamiselcanAws representerbbyt the follawngenesél stthetuner esent
i nvention, a process far naking an organonol ybdenum addi ti ve has been
di scovered which can be perforgred in the absence of volatile organic
sol vent wi thout sacrificing t | evel of nol ybdenum i ncorporation or oi
solubility of the reaction prodt=CHh[GHplxodeHs t hus avoi ds the production
and handling costs 15 that otlgrw se would be associated wi th using such
additional chemicals in performng the process. The | anguage "absence of
vol at¥l e organi c solvent" nmeans no volatile organic solvent is
intentionally introduced or otherwise permtted to be present with the
di am ne) where tyis diok 2pand R ist achiydestathoe-comtaining group conftiving duniningun beatpubGess of
the present invention in anounts that m ght exceed trace anmounts, that is,
t he anpucdrbarfatamd. Rt dah be olihatic ar sahatien R, praidition Jo thé mimiypnmdefrabong 6tcarboR O
process is less than 3.0 wt. % of the total reactor contents. Promthis
st andpoi aibms,t iney pisocamtinoxggdes, puteprefetablynReddes oot dorksdessudfue o eadditiendl y of
the reaction product of fatty oil, diamne) and nol ybdenum source. In
addi t i onnittbgen. odigia poeferkedodiatricpitain @ mibimunsofof0 tankpnpaterseint ondenvierfustien can be
prepared w thout introducing sulfur or phosphorus. The organonol ybdenum
conphex ingacte theofgangmiabyhdeiian product wblabititytin dhde\oils UlHe unest preferred Rt doataiense
that the reaction itself introduces no sulfur 11 into the reaction
pr oduct , ambiygenphadgivior towhg carhold| such aawhert RVie his alkflosyalkyleome \wrouph Wiiege Rot  part
of the nol ybdenum product itself m ght be present due to inpurities or
cat al yst feptegérits iedlkyiokyhlkglené BupER uirbled tepriestgited by GRS struclitee £ X-OK Yy whéBe
anount of any sulfur in the organonol ybdenumreaction product is |ess than
0. 05 wt . Kpis an afitylehelof Z; 3ror 4 3bkH6nsCadl pfeSdrably Riptopylens bostyléne, aidXJib gn Akl
conpati bility-hardeni ng probl ens, anong ot her things) while phosphorus can
reduce aiofephdvig T &f 30 yabonCA6MS trhdie picfaratdy am alkgl mbiey hasig 7 1o 2 @rboaase oi |
formul ati ons. The or ganonol ybdenum conpositions of the present invention
can he faon®dahd StheRRS Xatcanebsta atimt ant braddhyd,f fabrated of Waktislly asdatifae@phor us
because no reactants including such materials are needed, nor used in the
pr ef er r eHydkodartmitasth Rifmindia WHidl R Bpreéknied by sach Mkﬁ@tyajk?leﬁé broup,he
or ganonol ybdenum addi ti ves of the present invention optionally can be used
i n conbi pathhiph ihdfioRition O idlyBB&uER, e 8D bratef MRS GHE%! hyIPichal intdipothtibh oS €
typically used in lubrication oils. Typical additives used in lubrication
oi I's, Wil QEplBR btoduGials REN 4S ﬁ&q!uae itisSubiBBPRE Welll iiphitdiiodfd RabRA! S)
corrosion inhibrtors, rust 15 inhibitors, addr'tional antioxidants,
di sper sa ¢ L i i o . s anl

Blofuct! ARk Blallcincfi b R .%fr‘lp!‘P A URed p%ﬁ?’% Hy o Ykl Bk

friction nodifiers, sifrers, poi nt depressants,

A e
. 2 i i n j i . 2
N5 SR REB S R RSPAER Ff AE B i, BE S 1 22,

t he sense .t hat the¥ are, oi |l -sol ubl e or capabl e of being solubilized under
nor mal bl SAHF REEABF PERSessing salveMyns into a |ubrication oil or diluent for the
concentrate. The qveragll conposition of a_ lubricating oil includi t he

or ganonol ybdeH¥AR i A1 vemey apongesubieERd LURTITES ot o yvb?yuqugrfpaﬁ@anuy
based on the custoner and specific application. 25 The additive of this

i nvention can be enployed in a variety of lubricating oil base stocks, such
12 as derived fromnatural lubricating oils, synthetic lubricating oils
or mxtures thereof. These oils includé typical crankcase |ubrication oils
for spark-ignited and conpression-ignited internal conbustion engines, for
exanpl e natural gas engi nes, autonobile and truck engi nes, marine) and
railroad diesel engines. 5 These oil base stocks can include, for exanple,
hydr ocracked base oils; mneral oils such as paraffinic, naphthenic or

S " Y T o o I 1




The organonol ybdenum additi ves of the present invention can be used in

| ubricating oils such as crankcase oils for internal conbustion engines, as
wel | as gear l|ubricants, hydraulic fluids) automatic transm ssion fluids,
turbine lubricants, engine fuels, conpressor oils, lubricating greases, and
so forth. The lubricating oil conpositions of this invention can be 5 nmade

by 29 Bl AIERE! OB iepr R SUEPhERAHopRgnes, (0
St S BHEC. | Vel el Sy EN.™ COTRRR AN BlRRRY " o

The foll pwi ng exa es further jill.ustrate,aspects of th (e t jnvention
but do n‘g%%‘fy?’)ﬁ?]f‘oetwﬁimb‘f‘%sent & 4?8’(4%’%‘8?“&#%%‘“‘5& ac h}geé a‘%“fglﬁg‘f nggt%g%%ﬁ‘ﬁ’st rate

t hat organonol yhdenum addi tives wi.t h undi] ut ed nol ybdenum.cont ent s bet ween
b3 ot o e GRS e L e Btslatpetn ool ot & BOBEBUGORIBI B peng ve

~

triglycerides as the fatty or etable oil reactant tarting naterial .
1 P S ibimGpe, oo OURTBY b} SOBETIOPHRD SO YRRl SR SROBI g ant ne
and vegetable oil) for exanple, to produce organonol ybdenym additives with
undi | ut e8CKBYIPHREIRY I S HAMIRYRIORIERS hi gh as 15dqﬂ£%°xm8¥>éxlawa@§ma@gm bed
herei n al so, show t hat nol ybdenum i ncor porati ons perfornmed at reduced

t enper at GRS IREPY b HiPRIOPIERi t i ves wilioHeSYIRYBRORY- Li-AiaRinopropfey ol
properties. 20 It has al so been found that nost of the organonol ybdenum

c onpoundi§odedesyipzspropyl- b diaminenopane, dotideshepiopylel. drdisminapepance o dMone-
filtration to renmove unreacted nol ybdenum trioxide. Examnation of filters
aft er t hwbstitpted diamines degvesds fom Hathe acidsomay, plge e asesk  Examplest ingludn Necoee ed

nol ybdenum tri oxi de or insolubles of any type in any appreciable

quant® t | dkyl-Iyhpropdretiamine; Gmomsen ()i Nathllgw mﬁwl-ilémpae@iamn@ KBugmeent Tke of
the additive nmaki ng process of the present invention. 25 The oil-soluble
nmol ybderandiN-oleylal , Briprapanediimine/@mompen Ok alh pbsainert from idmo Nobelnay be used 14

as antioxidants) deposit control additives, anti-wear additives) and/or
friction nodilhiogdes to fithduceabladdilied waction proadnétadth 4 highmolybdemmucmteat diis i ve
conbi nations for the various applications: Table 1

Appl i cat prefeRed truve A dediPeaticcof rliandae Bdaitt dihig thedist preessGitdp VAyyirgTireraabdan

aAnt i oxi dant 75- 250D phenyl am nes (0.05 -1.0% Passenger Car andppm MoSul fur
Cont ai ni hg0:Ati3:1i hasoré Preferred riA)idrdin abouEpd6d Sub kit 26d.CPhenat e Det er gent s
(0.3 - 3.0%9Diesel GlszDDP (0.5 -1.2%Anti - wear 50- 100ZDDPPassenger Car
andppin MoSul fThe factioni betwgenAdid fattyesiHaad ymono-spbBiteed | dBinhige is carried out

. Deposi t ?5- 250D phenyl am nes (0.05 -1.0% Heavy Duty Di esel Control ppm

MoSul f ur aczedinghienardee eldbédimeptngtsa (duperaturs. lBbgean chbbiatt 100akndGabdan 150%C by

QO | sFriction250-1000Anti oxi dants (0. 1-1.0% Passenger Car Q| sMdifierm

Mo Or gani eontbining itertwhbhokitériaby and(H2atthg wittDfdixing dndanmpeea dittepapamatphere. Gfhe

Sul fur-Free O ganonol vbdenum Additive (Sanple No. |I) A Preparation of

Am de O grefeired kdaghditteinpemtuie i trtveceRaa0 tahd 130°Co Rk tidiBlinésaunay &ard fron{ 2S0. 0 g, .
0.277 nol) was added to a 500 nL resin kettle equipped with a refl ux
condens eliour &6 Rélals. t A edachion voblent, Such BEa@paRiicieaction 6810dh8 18 Sdleqired.r er, and a
to heating mantle. Dry nitrogen was passed into the reactor through the

addi 2o on f unngs jnefitiche@ Yiiprlf thé b&ofi® ffuvded &by OL/@B pidtess’ sffthe yrescppiiesivh. The
Canola G| was heated to 80C and i sodecyl oxypropyl -1, 3-di am nopr opane

(135. 0 GinvelvéSRrrimk but' s nRABEshudl inEMpERidAY Rhick & debonbbeRm mdb HétAUbdARE. am ne
addition the reaction tenperature was held at 80C. The reaction m xture was
then heajfipaendmbueed hel d at that tenperature, under nitrogen and with
15 sufficient agitation, for 5 1/2 hours. The reaction was cool ed
overnight. 15 I (o} i - rad

Or ganonol ybde%&%gg%%ﬂ% \?e @)rsr%ﬁ %(R#?%B%uwhggﬁa@ Bie o8 &mebedenum

_ _ amde mxture rnter msdihat e
oty bonOEs ki B BREAEE oS HERER RBHRRGH So 405 ol Hal OmigHl IR 12

adde The reacti i xture rapidly rose to 95C The reaction. m xture was
FhenZheat giERtotsh iy AihEre Tl paRS ) sathn pik ot BGonRRkP b Y, o
was collected to a reaction tenperature of 130C. Shell E-C 100 N process
oil (96.6 g) was then added. Vacuum was applied and the renai ni ng water was
renoved at 130C over a 5 hour period. The resulting product was cooled to
100C and filtered using a pressure filtration apparatus. The product 1o was
i sol ated as an anber viscous oil. Weight of Product Collected = 520 g. The
physi cal and chem cal properties of the organonol ybdenum product are as
follows: Viscosity @I 00C = 71.93 cSt, Nitrogen Content = 2.611 W%

Mol ybdenum Content = 8.298 wt % Cal cul ated Mol ybdenum Undi luted = 10.1 w %
TBN (ASTM D 2896) = 32.3 ng KOH g, | R Carbonyl Stretches = 1738 cm[err]

A NN N o A ~. g = o ~
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Addi tional sanples of sulfur- and phosphorus-free organonol ybdenum 1
additives were prepared in a manner anal ogous to that described above, wth
nodi fications) reagents, reaction conditions, and properties as defined in
the table below 16 Table 2 Additive Sam al e No.23456789Canol a

G | 225. 0270. 0225. 0225. 0300. 0250. 0337. 5Coconut

C0- 040 PR3 e dOkadine fthetie BRARGRIr e feAGRA 7 PhifHuBE phoblity Hdobftich 1000
& 1y R BV 1. Ay DR ROR Ay btenum srogdde may B,
TerBs, oBh9g ageAng Hnd ol HobaRnsrd BRAY o Mol h bt H3PGoel Boredlie @ 20°C

W 96. 61(‘% %8 398. 288. 1 38. 348. 068. 24. Cal ¢ Mo Undi | ut ed
%B 87 %%a 1%0. 48 111.011. 410. 6Ni trogen w %2. 402. 443. 402. 662. 652. 382. 64TBN
ﬁl 7 439. 636. 028. 330. 834. 2I R carbonyl (cm1)1739, 16391739)
1640f73 oly PCOrpOEAioN3g 16391739, 16391738) 16381738, 1638 1 -
| sodecyl oxypr.0 3-di am nopr,opane 2 - N-coco-1, 3-di anunopr.opane
Pr epar ati on éf%yﬁé Fb 9MBFe SiFR ﬁ&jmoé)fW‘é““ShrﬁﬂxéieNG“‘!LO"aﬁé g, addrd; 0 Whal
addi tive sanpl e which was prepared, sanple no.
am noet AIRAHTIAS alyoREoh sarbpmKate reaciion IB%Séch&’é“qdh@O‘Bl 'QFn & PEOSESE AP, 2or t hi s
addi tional study, Step A_the preparation of the anide organic |igand was
conduct @@Pmtﬁn%%t apRrAxImALein 8°Cy s Theymalag &qouédn@ﬂw@@@mwe torfligmipg Say
(0.25 nol) of canola oil was used as the fatty o reactant, and 47.7 ¢
(0. 458 rvary)from aboyt 112 tecbowy ] 281 syl de nr&fﬁmblx/\ge;wa@ehl 28 andh&:1cip grden o
reactant. In step (% t he nol ybdenum i ncor poration step, the am de m xture
i nt etOnediaxinize aealytidernmy confertt andint fhe) same time) redusgp ox alimingie sheepresencesof C and
t he nol ybdenumtri oxide (65.0 g, 0.45 nol) and water (35.0 g, 1.94 nol) are
added. ma¢tefbmdybdemmxiée,r\dp¢ldﬂxys reduees top eldmingles taameddsfor idtrationnThd xt ur e
was heated to reflux tenperature to renove water. Excessive foam ng was
obser vedmoyntgf cwater axsed| D Als s¢dond stap shoabl beoant domuetisufificient heintoperategplithe
observed to get considerably worse. Two drops of Dow Corning Fluid 20% was
added t analylslenwn dtioxide into she diiinoamide dntetmedinte emilitsegenbmally cgwivalent thidhe
reduction in foam ng was observed. At this point the foam ng was to the
ext ent tansuntdienalyslenun rioxils sisal buttlewdertand bigherilevelstof ofater may be astdoAftent whi ch
point the heating procedure was term nated. The heating mantl e was renoved
whi | 8 t hdditiemof thenndlgbtesum tinxideward vadtérl the mbction chfiPpthenSoms sldehaliaed tmam was
observed in the reaction
reflux temperature with gradual removal of water. Water may be removed by vacuum

distillation. The reaction may be carried out at temperatures ranging from 100°C to 150°C,
however, it has been found that temperatures below 140°C are preferred for producing a
molybdenum compound that is highly effective as a deposit control additive. The most
20  preferred reaction temperature is below 130°C. The reaction generally requires 1 to 10 hours to
remove all the water and this time will vary depending on the reaction temperature selected and
the level of vacuum applied. During the water removal a diluent may be added to reduce the
viscosity of the final product. However, a diluent is not required for the molybdenum
incorporation. Preferred diluents include non-volatile diluents such as aromatic, paraffinic, and

25  naphthenic process oils and base oils as well as synthetic oils and polyalphaolefins. A main



5 product mass. Thus, the additive sanples 1-9, which were perforned ‘
W t hout an organic 10 reaction solvent and did not require any ext r aneou
antifoam ng agents, are preferable over additive sanple 10. Exanple 2
Eval uati on of Organonol ybdenum Additives in The Caterpillar M cro-Oxidation
Test Organorml ybdenum conpl exed product sanples 1-9, as prepared in Exanple

M cr o oo ks ﬁfﬁﬁ&r@dﬁeﬁ?ﬁ%‘a@%ﬁg% el oL et tﬁ?ﬁﬂ?%éiﬁ%l e

anount of Y%A?O {l} for ated crankcase 0|I cgal ni ng

2por oxi AT ndhd ﬁfsﬁ o syﬁﬁamova PRSI BT ROH AT A8 SR 06 of
an al kyl gted di dant This provided test Gls 1-9. A
Conpar i g@ﬁem@qve @81”? 8 iiRtch the crankcase oi | contai ned no

nol ybdenum addi t i ve The particul ar organqno enum conpl exed product
among sanpl e&t hegnd of the repction pexiod, the miktareds cwi%d@néumay @?W%‘ﬁt‘@@‘ien Tabl e
3. The additive treat |evels were such that approxi matelly 160 to 170 ppm of
nol yBdeduninieasted anqlyhdenmm tripxidse Moseayers ifitheseaqtion isyagoptimally; filkratigngs nefddi t i ves
in the 8% nol ybdenum content range) this corresponds to 0.20 w % of

addi t i vé&eaiferb @s tapgiblecampaypisi of anfeagechmplybdaniim toxide, willagt bgugsenty ddhajis, t he

6. 5% content range, this corresponds to 0.25 w % of additive content in the
| ubri cathentgagion stepr pllimalybdspump peatperation: geesOssantiallyote 1¥% complgtionririnl y used
techni que for evaluating the deposit form ng tendencies of a wide variety
of passe@rajareddaproduet ateantion massowitlceompdetaimolybii¢nuasinedrparatidn sartbht 99 pestet i ¢
basest ocks. The test neasures the oxidative stability and deposit form ng
18 t emechetiani SKratdn isubquirdno semoveeny hinggacted mpdybdenmne saunéenmatetiah sosli ekt i on
conditions. The ability to easily vary test conditions and the flexibility
of pioes amdlydgnine sioxidesThed prodwdt peepated by \thik pedekss is e slerky ainbérowdx drovisceuy eeni ng
a wde variety of lubricant products. In this test, a thin-filmof finished
oil is d&aqoidrately weighed onto an indented | ow carbon steel sanple hol der
sitting in a 5 glass inpinger tube. The sanpl e, coupon and inpinger tube
assenbly is Fiier, wied Sk molytletirg hint@pgaaticut is @edbaided 40 yr delow $3¢3@ssed, at
a specific rate, through the inpinger tube) over the oil sanple, and out of
t he i npiimpered deposit contrbein@ngins pileisachibtedapingithd wsiltimgpadditive rpradust éfiibe car bon
steel sanple holders are renoved fromthe high tenperature bath, rinsed

W t h solpwesds of theligveate. any remai ning oil, and oven dried. The sol vent
washes are filtered to collect any to deposits that dislodge fromthe
carbin st eel Thelpieesed Ehinbisaival 6f Ahasilstfitd Gamirs egyaaaqsfaty «r er wei ghed
to determ ne the anount of deposit fornmed at the sanpling interval. Results
are repaegssblasill Ml RRHABIunD friddide, St ewlich Prodgcedep sdlybdahurd @pea fi c
time interval. The induction tinme to deposit formation can al so be

det er m R@dind®d with 6l lgtdaten thah B &vtio)afd pRASabIEbRE 10RA. %P asEl s wewl or med where
m ni mal deposits are seen, and the sl ope formed where a 15 rapid rise in

deposi t for matisQilso n ﬁ%ﬁecté@dﬁngeﬂyntﬂbkcédrﬁﬂlgt oufBRe efVlybASHEAN hcofpotatibr OV ed
deposit control. Another paraneter of value in this test is the Perfornmance

| ndex ( Péaktions e rRRESOERBEERres HB0 vELIRE %s;%a& Lohths pidpeities bPthe infbl AR t

formation of the additized finished oil over the entire sanpling range of

t estdong prsfussrolited Daffkd weexﬁdda&ft&?% aie xfa}ﬂgrestﬂ?@w&anweraaﬁmumef&&ge The

forrrula for calculating Pl is as tol area of baseline

oi | ﬁﬂd 0 'oﬁ@% ghél t)den&m)mai) Pzﬁlo}i; rea%ubﬁsr&% gegof AHd"BI0%E J},(%}gex (PI)

COI‘I‘ESp S to inprove pOSIt contro he test condi tions use

eval uat féf@f?bl%gé&w?ﬁ iﬁ)a}ﬂig@? as follows: gas dry air, flow = 20
, Le

cc/ m nut'e erature = sanpl i ng |nterval 50, 60, 70, 80, 90, 100,
110, 120 25 .ES, , = L tel
110, 12025 U5 ma b i, MBI SPpBASRLo LS
e b 5 0 SR AP, T e

25 modifiying properties of lubricant oils, and like materials. The inclusion of the present

10



Percent Deposits (w.%dep's) as a Function of Tinme Test Gl Conp. G| 10|
101 201 301 401 sGlI eAl 7Q1 801 9Additive Sanmple No.No M o
Addi ti ve2314S6789Ti ne ~nwt . % dep' swt. % dep' sw . % dep’ swt. % dep’' sw . %

dep' swt. % dep’' swt . % dep' swt. % dep' sw . % dep' swt. %

dep' sSO4. 41.41.91. 12. 14. 22. 02. 61. 33. 2, 3.160S. 42.22.04.64.24.22.13. S1. 43. 4,
©3.2701S. 32. 32.46.24.74. 32.23. S1.93. 4 3.48016. 42. 82. 66. 34. 84. 32. 63. 92. 13. 7)
4. 19019. 8lybd:ngd. @mreund cgeneralls ren®ves the need for supplementary deposit control or
8.310021. 42. 910. 89. 04. 810. 311. 017. 18. 818. 2,

19. S1103antigsidais, . dtive@4adiBived nd the 1k HoMever, a supplementary deposit control,

16. 112028. 86. 211. 020. 014. 78. 819. 11S. 720. S22. S, 1S.60nset to Deposit

For mat i oartlori8ait0 daBorOgrtivkad d@Btve8 &3¢ )be Siiélededoinntha cinished dilsaindladihlp thd / ar ea
plus Mo -1 x 100 ]~PI T421 210 109216 170119 114 1S8 67,94 Thus, the

mol ybdenmplybdstiumi additigescod thrqaésentdngentidn thitargles seidativehveatle arin didmbatdre ate 5 a
clear trend toward inprovenent in deposit control in an engine. A so shown
i's a si gsibjdcednd uhRillyisetie tenddRAN SThe Ireii@iBs sfhthe folybichansddaiie: Gépead are
prepared at | ower reaction tenperatures. Exanple 3 Eval uation of

O ganonmlipydadR ekt &Gt idted Ribribak pneﬁérﬁ&@h&v&éﬂ, §ichify e a@liMVes aRGrasestiR hn
solubility were determ ned for the nol ybdenum conpl exed conpounds of sanple

Nos. 1- 8amat S€&CHIpR{AHe 3 1at BB S0 land PodfElAbIR frBA Bt 50116 bt $66tSppai, lof di | uent
(PO#S) . ElI'nﬁe col or net hocd was ASTM bnl?géo. C’ﬁl or resultsaare rep(ﬁﬁ% gd to the

near est [RfLAGUN Wink RS dﬂ&h&b%@ c_%nc%%’adb‘ﬁ'&rm&?&ieﬁumﬁhethé N@Hcantg Vel S

were 1 wt. % far each tested sanple, in which the freat level is based upon

the amufloofiifl @the RfVRESH ﬂasgrgo %ﬁ@%ﬁeﬁg&rymmeg&m%gnﬁﬁg Geasbs hhe

process oil, not the anount m delivered to the process oil. An
addi tj ongl._.sal inasimlar 20
manng? fg’% soiﬁ%ﬁl Pf@dggln@ogg %lﬁéger?@@\m@%ﬁt eaglrog no%%ﬁ%énum conpl exed

product used As an important aspect of the present invention, a process for making an

organomolybdenum additive has been discovered which can be performed in the absence of

volatile organic solvent without sacrificing the level of molybdenum incorporation or oil

solubility of the reaction product. This process thus avoids the production and handling costs

15  that otherwise would be associated with using such additional chemicals in performing the

process. The language "absence of volatile organic solvent” means no volatile organic solvent

is intentionally introduced or otherwise permitted to be present with the diamine, fatty oil and

intermediate reaction product during the process of the present invention in amounts that might

exceed trace amounts, that is, the amount of volatile organic solvent present, if any, during the

20  process is less than 3.0 wt.% of the total reactor contents. From this standpoint, the process of

the present invention consists essentially of the reaction product of fatty oil, diamine, and
molybdenum source.

In addition, the organomolybdenum compositions of the present invention can be

prepared without introducing sulfur or phosphorus. The organomolybdenum complex reaction

25  products are substantially sulfur-free in the sense that the reaction itself introduces no sulfur

11



was prepared in the manner described for additive Sanple M6 as described in
. Eur opean published patent application EP 1 136 496 Al. The M5 additive

i nvol ves the reaction product of 2-(2-arninoethylam no) ethanol and canol a
oil in which an organic reaction solvent is used 5 during nol ybdenum

i ncorporation. The color and oil solubility results observed for these
tests are summari zed below in Table 4. The hi gher the D1500 col or val ue

r epor t ediptot theregetoatpeodutt) al thbaglk somenmp ghigible mceplevaieefssutfit which arehng parcofur r ed on
account of the addition of the organonol ybdenum additive. Table 4 Additive
Sanpl e Nhe kdBABénah]gkBhkOlsklfmight Tbe(plestrt.dud thithphifitiedr Ditallysts left e Sohibi | ity
i nyesyesyesyesyesyesyesnoyesPO#5 1o From an exam nation of the results in

Tabl e 4, thé tmdnGfadiRy protess. PbfetdbBY tHehandmtl ¥paSNHIuE MMERUGEorREBIMuIh

di am ne reactant in which the R group substituent, with reference to the

di am ne eh@ich pRldudt iy IBGitkin®,.c58s%] bed above herein) was an al kyl oxyal kyl ene
group, such as in sanples 1-7, had the optinmal color properties. It also is

appargnt t hatsyifje daR! sRgeRBIBSAMRA dsidide Kidid &anebApAivity-aaetang (i.e.,
in which the RR R and R' hydrocarbon chains 15 therein are 1n the range of

above: hel oy oy g oAl Ml Mol ol od G RMORhC LR MaRpdtBfy | 2o
Const deriry S i opnicrdReBPBEF Fihialihg’ THE GraRbiich Wil KASR@itont SR .| o
ecerpl arkyoish s VEBREES of el Moo ALl AR P SRS SR pnadi ™ o 2
tor egol rohanohsrRsad RE LR, pakehS 48 BRI IBE NhAR Yy 08 R 27

exenpy ar&n%g?e%%%ﬁl anatory only and are intended to provide further _
expl anation o e 21 present invention, as clainmed. This invention is

SusCept T, oS Eh A e A BhkAR BB B R B ™

h i o . Rat h t hi i ti S, Wihi.n t, irit f th

e A e

law. 5 Th t ent d | t 0,.dedi cat di scl d enbodi t

22 TR R el L b S B S SRERRBLTI
t 1.t dy.fall within th . gf ,t i t.h . id d

Y O LA B o SRR R ol B 08’ i

is c{

sa i nienl(lixblitgr;s, additional antioxidants, dispersants, foam inhibitors, additional antiwear agents,
additional friction modifiers, demulsifiers, VI improvers, pour point depressants, zinc
dialkyldithiophopshates (ZDDP), and so forth. Examples of such optional supplemental
additives are described, for example, in U.S. Pat. No. 5,840,672, which teachings are
incorporated herein by reference.
20 The organomolybdenum compositions of the present invention are "oil soluble” in the
sense that they are oil-soluble or capable of being solubilized under normal blending or use
conditions into a lubrication oil or diluent for the concentrate.
The overall composition of a lubricating oil including the organomolybdenum additive
such as described herein can vary significantly based on the customer and specific application.

25 The additive of this invention can be employed in a variety of lubricating oil base stocks, such
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1. A conposition conprising the reaction product of a fatty oil, a diam ne)
and a nol ybdenum source in which the reaction product is fornmed in the
absence of volatile 5 organic solvent. 2. The conposition according to
claim 1) wherein nol ybdenum source is .nolybdeumtrioxide. 3. The
conposition according to claim 1, wherein the fatty oil is selected froma
Vegetable oi|l and a triglyceride, or a mxture thereof. 10 4. The

conposi t dsoderisest frowinatyral dulricating ¢ils, symdetic dubrinaing ils \pr grixtures thaseabcThese f r om
groundnut oil, coconut oil, linseed oil, palmkernel oil) olive oil

cot t onsealé piclude gmiqmésturmtcaﬂel lubriation aiill , for apask-dgnited ,anplad;qmmssipnMﬁilt oi l,
saffl ower seed oil, sesane seed oil, caster oil, rapeseed oil, soyabean

oi |, sunihteonab combustiohenginesgfoo examplanatimkbgasienginésa automobitehadatmickienginégsazel nut
oil, walnut oil, and tallow, and m xtures thereof. ~s 5. The conposition
accor di ngafise, andanhilrodd diedebergines.t he fatty oil is a triglyceride having the
formula: 20 25 23 wherein R, R, and R' each independently represents a

saturated or Tiesabill badeastbcky di ekt Todexiliple) hgdrodticked badoiRb trilera dile about
22 carbon atonms. 6. The conposition according to claim1, wherein the

veget abl gicRiab paraffic, ffhtRARYr IniRthtes thereof, R g SHIP 6l pr@élctﬂﬂ oll, @ilf'gerivedcl ai m
1, wherein the diamne is selected from phenyl am nopropyl am ne)

hexyl am &R RRY siAk; Bfito B8y b HARRIKRMIAMYdfocarBEt Yl13 NesBRAPHOBABHIYE)
octyl am noet hyl am ne, dodecyl am nopropyl am ne, 1o dodecyl am noet hyl am ne)

hexadecyladd QAR MIUbIRTWAL isdhe¥Ad MY, FAYANAbIRHAS Thil Snixtures thereof. In one
oct adecyl am nopr opyl am ne, oct adecyl am noet hyl am ne,

| sopr opy}eieyed Ao limiking CRBBiRRR, HRAAS oid Wb iR forRfikPnk hibn%atﬂi gthpeRi@Rane,

decyl oxypropyl - 1, 3-di am nopropana, dodecyl oxypropyl -1, 3-di am nopropane,
tetr gglecyd g rQ§eﬂPiY1'venjao§ afll AL SORAR B?ﬁfc 'presence of a high level of saturates and a very
i sodecyl oxypt opyl - di am nopr opang)

I sododecilyopydp BPSRIYflUT %ﬁ@gt@fgﬂﬁg ofld ARADE o i ﬁme e petroloum additive industry as Group .

i sotridecyl oxypropy I am nopr opane, stitute

fromfat g¥mr nd Gird m'\tf SOGR. Méé dh}iﬁﬁ & @?ﬁg&g'oﬁ%@%e cHBécf‘h%r% le, in U.S.

alhkyl f etilamne Copaned: ari Re m xtur esh
(hereot ¥ caVI§%%$§ﬁ*%%Qé%zeﬁﬁé‘s%?%%aﬁ%ﬁﬂ%em g ek b Softhilpa?, oS
ool ai iy Glop S RN 1ol B o S am%‘??? FRaley B8 et 2%

‘;‘ﬁlc]?lﬁjérj' g&dltapto(d s \Déxgl)t ﬁ(f&@:ﬁﬁhﬂuﬁnﬁ Hg\l}ckbe\;lsc%ﬁ ﬁh of aﬁ%ij eéé\ﬁl fepgid of

nitrogen oslIt1on accor wherenR

di t
Cenr sk 30 ) AL 0 B erd o e %@@8@6&%‘ g thefer 1
is an al kyl eng ¢

b |k 3
30 carbon atons neé‘ﬁa'h\%e:gee %%Q’E%egbgf%%fnlscﬁgrglg?r\éué% J XO vg{égd oio
tiall t b h T t
Pl m 1. B RF 78 b oy et R el ofo“'?agft %ﬂuﬁvceﬂvé‘ﬁf#éf S
1.5:1 t t t di
the ol Mg% Q0.3 wm%m%%c‘)a o RSP RRRaRS bR 15 B 15 WG "

1.25:.1. e C Si tion accordin laim 1 cont ai essthanOOS
wet ol o2 iniighAl A ve petRagsand Hipisa0y & SURCBRASIENTY T8 Mﬂv%camﬂ%fong o

| ybd tent of f bt81 (tht15
oLy empjrrcr)]w%g nateigast oaboutr g(r)n p%n? %f molybtyc\aﬂnux% t% % oi"lmished Iu ncant The optional

supplemental additives, for example, could be a supplemental detergent/inhibitor additive
package and/or viscosity index improver. The present invention also encompasses the improved
lubricating oil compositions, which contain the organomolybdenum additives of the present

25 invention.
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. 20 17. The conposition according to claim21 having a nol ybdenum cont ent
-of from10.0 wt%to 15.0 wt% 25 18. An oil sol uble conposition
conprising the reaction product of a fatty oil; a diamne, and a nol ybdenum
source, wherein the diam ne has the chem cal structure: RN -C H[C H2] x-N
HZ H5 wherein x is 1 or 2, and R is an al kyl oxyal kyl ene group represented
by X1-0 X2, wherein X1 is an al kylene of 2) 3 or 4 carbons, and X2 is an

al kyl noi et y Thaoreappmplybdenon edditives of thenreseahinvetion 6am be peedrip dybyicgfing
conprises a triglyceride having fatty acid noieties, and said fatty acid
noi et i eils siehas erankease ails faimemglhombustion anginesi asvelling gear fubrigants, bmralﬂ%ée
conposition according to claim 18, wherein the nol ybdenum source 1o

conpr i sdhidsplaytotatic rtransmissionl luids) . turbing ibficants| ebgine clvplso somprsssoniler di ng t o
claim 18, wherein x is 2, X1 is 2, 3 or 4, and X2 is an al kyl group having
3 to 20 ldaichting @toes .an@ to fdikle Thd lubdtating eilccwmpositiotiscof this dovedtiongcandbec| ai m
18, wherein the nolar ratio of diamne to fatty oil is fromabout 1.5:1 to
abouts 3:MadeMy adding hecmalpbdantinconpositomd) agl 4ng sappénmental additicesctonmosil 6ff on
diluted with a process) mneral or synthetic.oil. 23. A lubricating oil
conposi tlitsHeatsyRisdosityd Theimethiod or arderidicofifpont Miditionfis hottritica! Algnativelgosi ty,
and a m nor anount of a conposition according to claim1l present in an
amount  ghd inblyb&timicOmposiidnd Caléilg Wil aBditiGRMAdivER lciibbeaudsd tothé bikas a

| ubricating oil conposition. 20 24. A conposition according to claim 18,

sai d corgefsdntraten diluted with a process, mneral or synthetic oil. 26 25.
A process for preparing a nol ybdenum containing conposition, conprising
reacting a fatty oil, a diamne, aggampf®l ybdenum source, in the absence of
vol atil e organic solvent. 26. The process according to claim25, which
conpjg ses: ( 2phe rf@lﬁﬁ&iigj@@xa@nﬂlétﬁxﬁh&'iilus‘ﬁ'aierhs £5l GHthé prebeht Ve Mici but b §bredi at e
reaction mxture, and 5 (b) adding a nol ybdenum source to thus obtained

i nt er redigit tepRAGH iRRnddn<t Ure) wherein (a) and (b) are perforned w thout

i ntroducing volatile organic solvent. 27. The process according to claim
26, wherein tig ahRhed EReisCichRAkid Mol TbrkhithfolbARI SRAGRS with undiluted

am noam del gl ycerol carboxylate m xture prepared by conbining a glycerol

ester ofp@vidRhin cafbdls BaWEGE ﬁﬁj vitGOda 1T Pl Rl éasil)gﬁggl{;:@@ |u§n€ tis process

triglyceride) or a mxture thereof) 10 wth a noro-substituted al kyl ene

di ani ne.anaﬁnexiljé]ﬁivg[g@dgﬁc&ﬁd@sc&%&'hw_o} Qeéé@é%@%ac&ﬂr&ﬁﬁ&&@@{téﬂ.gg is

i ncor porating noly minto the'inte ate reaction mxture

mbini it s i de b t
it oy . PSRRI B3R TaR  iht SEmPiRRARODE Uiy R DtpckBle B! ©

Tbi ni . . . t .
mon0- SUBSFRPt Sl oot SRR MG RISk M hndhulel sholy e k'S

bout 1 [ i
ccor di e SPLFER: "3h! danbiac aBipbia teodly SEERANT ehPinBlylnui ok w5
tri id 1) i ¥ hakm.2 jan .1 | I
sour ce. daonmede e pRAGTRRRAERR BHddled Bl saalthE) Sl B NSETIT,
m xture cfog{rol r%ﬂemaesand at a tenperature sufficient to produce a _
nol ybdenun¥ cant*fai ning reaction product. 32. The process according to claim

31, i t ti i f 1t t 10 d the .t t i
e Bk S o8 b a5 Sebed SR e 12
rocess..of . claim?26. 27 sition

CPTR Sl el AP et A oB R ARG s hetr ROty bR PR { L

35. The conposjti of c¢laim33, wherein the conposition ¢o ises from
10.0 wt Oﬁ’i nation o? rflllters er the ﬁ%lration process showed no evidence of coﬁecr;g)({ unreacted

molybdenum trioxide or insolubles of any type in any appreciable quantities. Thus filtration is

typically not required in the practice of the additive making process of the present invention.

25 The oil-soluble molybdenum-containing additives of the present invention may be used
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15.0 wt % nol ybdenum 5 36. The conposition of claim 33, wherein the
conposition conprises between 8.1 wt% and 11.4 wt % nol ybdenum 37. A

process of

claiml to a crankcase.

al . AY. A3s. Aas.

AuA
P DsG i

.Au. A. As. Au. A

| ubricating a crankcase conprising adding the conposition of

38. A crankcase lubricated with a conposition of
cIaiml 10 28 A[3%AANAAAaA3 Aas. A A A u,
A @ A3NY. AYF. A. A5. A[<

2{ vql gb]aX]aé@qxe@p@aqlqparb@qn@a] addjtives, @awa@] véié]twa‘} eeq/eratjr'ea?lw]oatflp@a]%] calcalc

a U c"a] ca] ca] ca]cal ca U c”aU]ca

4ahliclow sumbinges gat rdtes apd d@:ta? combination} for fheapdeysapplicaliens] ca] ca) ca] ca

2[ B4% (

cal cTa
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with a reflux con enser, an add1t10n funnel, a thermometer, a mechanical stirrer, and a

10

heating mantle. Dry nitrogen was passed into the reactor through the addition funnel, and

out of the reactor through the reflux condenser. The Canola Oil was heated to 80°C and

isodecyloxypropyl-1,3-diaminopropane (135.0 g, 0.458 mol) was added dropwise over 45

minutes. During the amine addition the reaction temperature was held at 80°C. The reaction

mixture was then heated to 125°C and held at that temperature, under nitrogen and with

15

sufficient agitation, for 5 1/2 hours. The reaction was cooled overnight.

15
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a&dYNc#lot(%)@ Qarj}@& rr%tygegn@ té %eaqlf)@pi &fn%eyqr Ssdrlbedt llcn)ove, b

; 100%‘&:( a RS ) 10%&'0& . C# R and wator (35.0 g, 1.94 mol)
10% u& 3 LPL )53&&“ i B nalpand reatgn
10% u&: () Yi dEYNC#10%@

| 10%°ug& 89 addegyo /m&emm# mww&aw)ﬂw&&m ARG )Thi RAFtion mixturg Bigs then bsat?da
*1 [ 1 dEYNCHL0%@ / F10% ug&!’ g) --&$10% u& ()- % "10% u& () - ##10% Uu& {)
10% ug& ('p refgdgrppergtyrerand held at 11 'lx%lc#%m@zs Waprwes collagied to pgesetion

10- uL<" 10% u& ()-F710% u EQ 9310% u& (

110% ué& teyperatogss30°: dibe 6;$Q@N@ma' c(ﬂ)(%mb/am thpn addedoVacuym v9s. #109B8& ()

-1 #10%0%8& () -!#10%b& ()-'3(Y() )))**rP/ #10%& ()-3! #10%00&' () -3 10bb

10bb_10tppliedipdishereqmpining! viaen asrangvyed ay B00C@verp-Shour peripd. ke replting

1(."$10% O O% ()-:,,10%0& ()-! SHYLO9®?& ()-! SHYL0UCCE () -! #10%00%' () - 3! #10%
product was cooled to 100°C and filtered using a pressure filtration apparatus. The product

10  was isolated as an amber viscous oil. Weight of Product Collected = 520 g. The physical and
chemical properties of the organomolybdenum product are as follows: Viscosity @ 100°C =
71.93 cSt, Nitrogen Content = 2.611 wt%, Molybdenum Content = 8.298 wt%, Calculated
Molybdenum Undiluted = 10.1 wt%, TBN (ASTM D 2896) = 32.3 mg KOH/g, IR Carbonyl
Stretches = 1738 cm™, 1639 cm™.

15 Preparation of Organomolybdenum Additive Sample Nos. 2-9

Additional samples of sulfur- and phosphorus-free organomolybdenum additives were
prepared in a manner analogous to that described above, with modifications, reagents,

reaction conditions, and properties as defined in the table below:
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| #1096 H*Cafola)OikE) D& () -| 225009685008 [(258 [2250 [300.0 |250.0 |- 337.5
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. $10% 4§ Hihmide (T 0%BDBD&|() - & 135.0 |135.0 123.3 1350 |135.0 [202.5

$$10% & HihmineXgP 78D D& ()lﬁa;—d@qu) -IEFFFGEH gH

10b! 10%Nf80] dg) 53T #1076 U 5p)y | 4 tg%u &0~ [651070 Jyg_rgﬁ () :715( 10 ‘%’6?@ ()-;gg_dub
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10% u& [z A ‘7'& 4{;7"@2\'\“9& o 0_: | None , | 140. 156.6 75

10b I 1G ! =y LU70 UX 7 492[10( ?7‘7 oL U L 4562[ ERt 5‘3 . -
MKMW

) emp. Range | 80-120 |80-120 | 80-120 | 80-125 | 80-130 | 80-140 | 80-140 | 80-140
&)

Visc. @ 100°C (cSt) 550 663 1004 [789 1032 |538 |551 675
Molybdenum (wt%) 6.61 6.62 8.39 8.28 8.13 8.34 8.06 8.24
Calc Mo Undiluted | 8.8 7.8 8.4 104 |81 11.0 [114 ]10.6

(wt%)

Nitrogen (wt%) 240 244 [3.40 (266 [2.65 238 264 |-
TBN (mg KOH/g) 43.1 399 [474 [39.6 [360 283 [30.8 |34.2
IR carbonyl (cm-1) 1739, {1739, [1738, [1739, [1739, |1739, |1738, |1738,

1639 1640 1639 1640 1639 1639 1638 1638
1 - Isodecyloxypropyl-1,3-diaminopropane

5 2 N-coco-1,3-diaminopropane
Preparation of Organomolybdenum Additive Sample No. 10

As an additional additive sample which was prepared, sample no. 10, 2-(2-

aminoethylamino)ethanol was instead used as the diamine reactant. For this additional study,
Step A, the preparation of the amide organic ligand was conducted in the same manner as

10 described above except that 225.0 g (0.25 mol) of canola oil was used as the fatty oil reactant,
and 47.7 g (0.458 mol) of 2-(2-aminoethylamino)ethanol was used as the diamine reactant.
In step B, the molybdenum incorporation step, the amide mixture intermediate reaction
product obtained from step A was heated to 80°C and the molybdenum trioxide (65.0 g, 0.45
mol) and water (35.0 g, 1.94 mol) are added. The reaction mixture rapidly rose to 91°C. The

15  reaction mixture was heated to reflux temperature to remove water. Excessive foaming was
observed to occur at 102°C. Heating was continued and the foaming was observed to get

considerably worse. Two drops of Dow Corning Fluid 20% was added to the reaction in an
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5 product mass. Thus, the additive samples 1-9, which were performed without an organic
reaction solvent and did not require any extraneous antifoaming agents, are preferable over
additive sample 10.

Example 2
10

Evaluation of Organomolybdenum Additives in The Caterpillar Micro-Oxidation Test

Organomolybdenum complexed product samples 1-9, as prepared in Example 1, were
evaluated as additives in a modified version of the Caterpillar Micro-Oxidation Test
15 (CMOT). Each additive was added to a separate amount of SAE grade 15W-40 fully
‘formulated crankcase oil containing approximately 1000 ppm of phosphorus derived from
ZDDP and 0.5 weight % of an alkylated diphenylamine antioxidant. This provided test Oils
1-9. A Comparison Oil was also tested in which the crankcase oil contained no molybdenum
additive. The particular organomolybdenum complexed product among samples 1-9 used in
20 each sample of base oil is indicated in Table 3. The additive treat levels were such that
approximately 160 to 170 ppm of molybdenum was delivered to the respective finished Oils
1-9. For additives in the 8% molybdenum content range, this corresponds to 0.20 wt% of
additive added to the lubricating oil formulation. For additives in the 6.5% content range,
this corresponds to 0.25 wt% of additive content in the lubricating oil formulation.
25 The Micro-Oxidation Test is a commonly used technique for evaluating the deposit
forming tendencies of a wide variety of passenger car and diesel lubricants as well as mineral

and synthetic basestocks. The test measures the oxidative stability and deposit forming
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10 deposits that dislodge from the carbon steel holders. The sample holders and collected

deposits are weighed to determine the amount of deposit formed at the sampling interval.
Results are reported as the percent of oil sample forming deposit at a specific time interval.
The induction time to deposit formation can also be determined by calculating the intercept
between the baseline formed where minimal deposits are seen, and the slope formed where a

15  rapid rise in deposit formation is seen. Longer induction times correspond to improved
deposit control. Another parameter of value in this test is the Performance Index (PI). The
Performance Index represents the reduction in deposit formation of the additized finished oil
over the entire sampling range of testing versus the baseline finished oil over the same

sampling range. The formula for calculating P1 is as follows:

20
PI =[ ( ( area of baseline oil / area of additized oil ) — 1) x 100 ].
A larger Performance Index (PI) corresponds to improved deposit control.

The test conditions used to evaluate the test oils 1-9 are as follows: gas = dry air, flow
= 20 cc/minute, temperature = 230°C, sampling interval = 50, 60, 70, 80, 90, 100, 110, 120
25  minutes, sample size = approximately 20 microL accurately weighed.

The deposit control results, as reported in percent deposits (wt%), for the tested
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Percent Deposits (wt.% dep's) as a Function of Time
Test OQil | Comp. Oill |0il2 |Oil3 |0il4 |Oil5 |Oilé |0il7 [Oil8 | Oil9

Oil 1
Additive | No Mo 2 3 1 4 5 6 7 8 9
Sample | Additive

No.
Time wt.% wt% | wt% |wt% |wt% |wt% |[wt% |wt% | wt.% | wt%
(min) dep's dep's | dep's | dep's |dep's | dep's |dep's |dep's |dep's |dep's

50 44 1.4 19 |11 |21 |42 2.0 26 |13 132,31
60 54 22 120 |46 |42 (4.2 2.1 35 14 [34,32
70 15.3 23 |24 |62 |47 |43 2.2 35 |19 134,34
80 16.4 28 126 |63 (48 |43 2.6 39 |21 3.7,4.1
90 199 29 139 (66 (48 |78 6.1 44 164 (89,83
100 214 29 ]10.8 9.0 148 (103 |11.0 {17.1 |88 18.2, 19.5
110 30.5 6.6 112 |14.2 |48 |8.8 199 115.7 [12.7 |21.6,16.1
120 28.8 6.2 |11.0 [20.0 |14.7 |8.8 19.1 | 15.7 ]20.5 |225,15.6
Onset to Deposit Formation

Min |53 [101 |89 96 [111 |80 [82 {90 |82 [81,80

Performance Index (PI) = [ ( (area No Mo / area plus Mo) -1 ) x 100 ]

PI ] {421 210 {109 J216 [170 (119 |114 [158 |67,94
Thus, the molybdenum-containing compositions of the present invention demonstrate

5 aclear trend toward improvement in deposit control in an engine. Also shown is a significant
reduction in deposits when the molybdenum additives are prepared at lower reaction
temperatures.

Example 3

Evaluation of Organomolybdenum Additives for Oil Coloration
10 A color and visual solubility were determined for the molybdenum complexed

compounds of sample nos. 1-8, as described in Example 1, using a paraffinic process oil
diluent (PO#5). The color method was ASTM D 1500. Color results are reported to the
nearest one-half unit match on the D1500 color scale. The treat levels were 1 wt.% for each
tested sample, in which the treat level is based upon the amount (weight percent) of the
15 molybdenum compound added to the process oil, not the amount of molybdenum delivered to

the process oil. An additional sample, sample no. 11, was prepared and tested in a similar

20
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was prepared in the manner described for additive Sample M6 as described in European
published patent application EP 1 136 496 A1. The M6 additive involves the reaction product
of 2-(2-aminoethylamino) ethanol and canola oil in which an organic reaction solvent is used

5  during molybdenum incorporation.
The color and oil solubility results observed for these tests are summarized below in
Table 4. The higher the D1500 color value reported, the greater the darkening of the process

oil that has occurred on account of the addition of the organomolybdenum additive.

Table 4
Additive 1 12 33 4 5 6 7 8 11
Sample No.
D1500 15{10§10 |15 {15 |15 |25 ([N/A |35
Color
in PO#tS
Solubility in [ yes | yes | yes |yes |[yes [yes |yes |mo yes
PO#5
10 From an examination of the results in Table 4, it is apparent that that the molybdenum

compounds made with diamine reactant in which the R group substituent, with reference to
the diamine chemical structure described above herein, was an alkyloxyalkylene group, such
as in samples 1-7, had the optimal color properties. It also is apparent that the molybdenum
compounds made with canola oil reactant (i.e., in which the R, R' and R" hydrocarbon chains

15 therein are in the range of Cj2 to Cy, with reference to the fatty oil chemical structure
described above herein) had excellent oil solubility.

Other embodiments of the present invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true

20 scope and spirit of the invention being indicated by the following claims. It is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are intended to provide further explanation of the
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practice. Accordingly, this invention is not limited to the specific exemplifications set forth
hereinabove. Rather, this invention is within the spirit and scope of the appended claims,
including the equivalents thereof available as a matter of law.

5 The patentee does not intend to dedica;e any disclosed embodiments to the public, and
to the extent any disclosed modifications or alterations may not literally fall within the scope
of the claims, they are considered to be part of the invention under the doctrine of

equivalents,

10
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1. A composition comprising the reaction product of a fatty oil, a diamine, and a
molybdenum source in which the reaction product is formed in the absence of volatile

5  organic solvent.

2. The composition according to claim 1, wherein molybdenum source is molybdeum
trioxide.
3. The composition according to claim 1, wherein the fatty oil is selected from a

vegetable oil and a triglyceride, or a mixture thereof.

10 4. The composition according to claim 1, wherein the fatty oil is selected from
groundnut oil, coconut oil, linseed oil, palm kernel oil, olive oil, cottonseed oil, grapeseed oil,
corn oil, canola oil, palm oil, peanut oil, safflower seed oil, sesame seed oil, caster oil,
rapeseed oil, soyabean oil, sunflower oil, herring oil, sardine oil, lard, menhaden oil, hazel

nut oil, walnut oil, and tallow, and mixtures thereof.

15 S. The composition according to claim 1, wherein the fatty oil is a triglyceride having
the formula:

20
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wherein R, R', and R" each independently represents a saturated or unsaturated hydrocarbon
5  chain group having about 8 to about 22 carbon atoms.

6. The composition according to claim 1, wherein the vegetable oil comprises canola oil.

7. The composition according to claim 1, wherein the diamine is selected from

phenylaminopropylamine, hexylaminopropylamine, benzylaminopropylamine, ;

octylaminopropylamine, octylaminoethylamine, dodecylaminopropylamine,

10  dodecylaminoethylamine, hexadecylaminopropylamine, hexadecylaminoethylamine,
octadecylaminopropylamine, octadecylaminoethylamine, isopropyloxypropyl-1,3-
diaminopropane, octyloxypropyl-1,3-diaminopropane, decyloxypropyl-1,3-diaminopropane,
dodecyloxypropyl-1,3-diaminopropane, tetradecyloxypropyl-1,3-diaminopropane,
isodecyloxypropyl-1,3-diaminopropane, isododecyloxypropyl-1,3-diaminopropane,

15  isotridecyloxypropyl-1,3-diaminopropane, mono-substituted diamines derived from fatty
acids, N-coco alkyl-1,3-propanediamine, N-tallow alkyl-1,3-propanediamine, and N-oleyl-
1,3-propanediamine, and mixtures thereof,

8. The composition according to claim 1, wherein the diamine has the chemical structure

20
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S J. W UYaX HDMES, wher&a Xl @9atdlKylenSaf 203684 ¢arbony, and X, is an alkyl moiety having 3

to 30 carbon atoins, and where X3 can be a straight or branched, saturated or partially
unsaturated hydrocarbon chain.
13.  The composition according to claim 1, wherein the molar ratio of diamine to fatty oil
is from about 1.5:1 to about 3:1.

15 14.  The composition according to claim 1, wherein the molar ratio of molybdenum to
diamine is from about 1:1.25 to about 1.25:1.
15.  The composition according to claim 1 containing less than 0.05 weight percent sulfur.
16.  The composition according to claim 1 having a molybdenum content of from about
8.1 wt% to about 15 wt%.

20 17.  The composition according to claim 1 having a molybdenum content of from 10.0

wt% to 15.0 wt%.
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and wherein the fatty oil comprises a triglyceride having fatty acid moieties, and said fatty
acid moieties comprise Ci, to Cx; hydrocarbon chains.
19.  The oil soluble composition according to claim 18, wherein the molybdenum source
10  comprises molybdenum trioxide.
20. The oil soluble composition according to claim 18, wherein x is 2, X is 2, 3 or 4, and
X3 is an alkyl group having 3 to 20 carbon atoms.
21. The oil soluble composition according to claim 18, wherein the molar ratio of diamine
to fatty oil is from about 1.5:1 to about 3:1.
15 22. A composition according to claim 1, said composition diluted with a process, mineral
or synthetic oil.
23. A lubricating oil composition comprising a major amount of an oil of lubricating
viscosity, and a minor amount of a composition according to claim 1 present in an amount
sufficient to provide at least 50 ppm of molybdenum in the lubricating oil composition.
20 24. A composition according to claim 18, said composition diluted with a process,

mineral or synthetic oil.
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(go_mbined with the aminoamide/glycerol carboxylate mixture for a time and at a temperature
sufficient to produce a molybdenum-containing reaction product.
32. The process according to claim 31, wherein the time is from 1 to about 10 hours and
the temperature is from about 100 degrees Celsius to about 150 degrees Celsit.ls.

33. A composition produced by the process of claim 26.
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a crankcase.

38. A crankcase lubricated with a composition of claim 1.
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