WO 41/ 30948 PC17EP00/ 10152 LUBRI CATI NG O L COVPGCSI TI ON CONTAI NI NG TWO
MOLYBDENUM ADDI TIVES 5 The present invention relates to |ubricating oil
conposi t YEHe308r e particularly, the present inventi oPUTERNEES o

| ubricating oil conpositions, which exhibit inprovenents in fuel econony -
properties and excel | eRUBRICATING Ol COMPDSITION CONTAININGE When used 'as a
10 universal oil. BACKGROUNOWD MoityBDEMDN ADBITIVESas been proposed in many
patents and articles.(for exanple, U S. Patent Nos. 15 4,164, 473;
4,176,073; 4,176,074; 4,192,757; 4,248,720; 4,201, 683; 4,289, 635; and
4,479, 883) that oil soluble nolybdenumis useful as a lubricant additive.
In particular, nolybdenum provides enhanced fuel econony in gasoline or
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fri Ctl@i"l m)dlflg @ and the like. The present inventors have found that
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fuel ies can be inproved wusing two different types of
mol ybdenum add| tives in conmbination with an organic friction 25 nodifier,

a cal cium gg Lum overbased detergent and a zinc di hydrocar byl

di thi ophosﬁgmmwﬂ%ENﬂ ON 30 The present invention concerns
a lubricating oil conposition which exhibits inproved fuel econony and
fuel econony r tentlon properties, the . conposition Ising: (a) an
oi | of |ubri cat § h3§ heer papossd m("'ﬂﬁnyzi’?teﬂ%ﬁ adwl@%f@éem%&ﬁm Nesor

cal ci urd des, e8406m3t 14, {78,0780 NITV4E Djd2, ml utmm ”EQDPS&@ xbd@aagn gRgrpound

present in munts so as to provide up to about' ppm(WEI ght) M
from sai d Hf 7}:@%%&%3?3 °8c§ﬁb‘6|9rf6°'¥‘?ﬁ°!’w§ '%(S'ﬁ?félsﬁ‘st? M"%Pd@ﬁ"%r Haparticular|
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provide up_to.about fromsaid  trinuclear conpound i

conposi t i dAciuding bath s'l‘%%‘{)cp@%teﬁf‘&éﬁ‘i Peonopy dke-Juel r?ﬁ‘éﬂq'ﬂYé’Ptenﬂ?mp'PWmm
01130948 PrEBHrCOpropEEERAypically use molybdenum at levels greater than 350 ppm up to 2,000

20 ppm in the oils, which contain one or more detergents, anti-wear agents, dispersants,
friction modifiers, and the like.

The present inventors have found that fuel economy properties can be improved

using two different types of molybdenum additives in combination with an organic friction

25 modifier, a calcium or magnesium overbased detergent and a zinc dihydrocarbyt
dithiophosphate.

SUMMARY OF THE INVENTION

30 The present lnventlon concerns a- lubricating oil compositnon which -exhibits
improved fuel economy and fuel eoonomy ‘retention properties, the composition
comprising: (a) an oil of lubricating viscosity; (b) at least one overbased magnesium or
calcium detergent; (c) an organic oil soluble dimeric molybdenum compound present in
such amounts so as to provide up to about 2,000 ppm (weight) Mo from said dimeric

35 compound in the composition; (d) an organic oil soluble trinuclear molybdenum
compound present in such amounts so as to provide up to about 350 ppm Mo from said
trinuclear compound in the composition; (e) at least one organic friction modifier; and [43)



at | east one zinc di hydrocarbyl dit hi ophosphat e conpound. The conposition
has a gt i.lity of about 15 wt.%or less, and h}%gzn‘wmg t otal base
nunber) of at 'east about 3.6 attributable to the presen 0 e cal cium
or magnesium fromthe overbased calcium or magnesi um detergent, and

cont ai ns phosphorus in an amount up to-@gout 0.1 5 wt.%fromthe

zi nc' di hydrocar byl di t hi ophosphate. The conposition may be prepared by the
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oil s, syntHexantiosi|s, or mixtures thereof. Exanples of suitable base
stocks may be found in one or nore of the base stock groups, or m xtures of
said base stock groups, set forth in the Anerican PetroleumlInstitute

(APl) publicat i dmadeitieri, dike Prelsentlinesmtisn egcamphsesr miethods fordmpBying ¢hé fuel
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or equal t ovich pakedbem useftlasatniversaholis. | ess than or equal to 0.03 percent
sul fur and have a viscosity index greater than or equal to 80 and | ess
than 120 using the test nmethods specified in Table A below. WO 01/30948
PCT/ EPAS 1(BESCRIPEION OFTHE PREFERREDR EMBQINM Bt ai n greater than or equal
to 90 percent saturates and |ess than or equal to 0.03 percent sulfur and
have a viscosity index greater than or equal to 120 using the test nethods

specified in Table A bel ow. Ol of Lubricating Viscosity

The oil of lubricating viscosity may be selected from a wide variety of base stocks
20  including natural oils, synthetic oils, or mixtures thereof. Examples of suitable base
stocks may be found in one or more of the base stock groups, or mixtures of said base
stock groups, set forth in the American Petroleum Institute (API) publication “Engine Oil
Licensing and Certification System”, Industry Services Department, Fourteenth Edition,
December 1996, Addendum 1, December 1998.
25
{(a) Group | base stocks contain less than 90 percent saturates and/or greater than
0.03 percent sulfur and have a viscosity index greater than or equal to 80 and less
than 120 using the test methods specified in Table A below.

30 b) Group II base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulfur and have a viscosity index greater than or
equal to 80 and less than 120 using the test methods specified in Table A below.



5 d) Goup |V base stocks are pol yal phaol efins (PAO, a synthetic base
stock. §obisas V base stocks include all other base stpegieresrfiisa ncl uded in
Goups I, 11, Ill, or IV. 10 Table A - Analytical Mthods for Testing Basge

Stocks Prone Test Method Saturates A3STM D2007 Vi scosity Index ASTM D2270

Sul fur ASTM D2622, D4292, 15 D4927, of D3120 The oil of l|ubricating
viscosity used_in Ls invention preferaply shou ve a . viscosity index
of b1 20t ocrop U b, Pk cqriait prestss st of epblp 8F percanserisionand o |
l(alb)encci;rs of IGlr ?uészdoth%n bﬁécﬁuastbcmo@k pem%érh sgffl.@upd hawuivihaimy)_iddé)érbﬁﬁtér Filalnca;s, or
oup st ogks or ends o r one G oup ase
stock. Nat ur al®%#| tgqiﬁé‘ﬁ'ﬂg edtﬁ?trfﬁ?thﬁ‘% ?eghﬁf@deaﬁ}%b‘ﬁi s (e.g., castor
oil, lard oil) as well as mneral lubricating oils such as liquid
petrol eumoils_and | vent-treated . or i d-1reat ed ) neral . | ubricating
oi 15 ot tHe paPiampiViPese storis arepoivaiisolaine (PACY a FYnthelic SR RERENi ¢ types, 25
O ls of lubricating viscosity derived fromcoal or shale are also useful.
Synthetic  lubricatjng oils in¢lud drocarbagn oil s, and. hal osubst it uted
Py ocar B o $0B Y-hese tocks indhisk o affea hass F100R 6k yiuded inBvet L s o o
pol ybut yl enes, offtg! ypr opyl enes, propyl enei sobutyl ene copol yners,

chl orinated pol ybutyl enes, etc.); poly(1l-hexenes), poly(1l-octenes),
pol y(1-decenes), etc. and m xtures thereof; alkylbenzenes (e.g., 30

d_odecm benzenes, tet rmgl-mammtwdamﬂgm,ﬁmk_s

di - (2- et hyl hexyl - ben gnes etc.); polyph$nélﬁtge{g., bi phenyl s,

terphenyl s, al kyl at eczf—m phenyls, etc.); = d diphenyl ethers and

al kyl at ed di phenyl sgatirdes and t he deri vasTMaso0#nal ogs and honol ogs

t hereof and the Iike. VO | 0948 PCT/ EP -4 Al kyl ene oxi de

pol yners and int erpol‘{’?ﬁ??'gyl{‘a’a%?‘ derivati v%ﬂﬁﬁégp where the terninal

hydr oxyl groups have sigfan nodi fi ed by est ASTM D26220D4292t herification, etc.,

constijute another class of known synthet Dag2alor D8#20 ng oils that can be
used. These are exenplified by the oils prepared through pol ynerization of

et hyl ene oxi de..or pr | ene 5 oxide the alkyl and aryl ether f these

pol yoxyal kyl enzhep 8[?;9&8%&‘:? @ggyl§ws1 usecp in @us %werﬁlon pref\érab?y Qhou?d ave a
viscosity index of at least 95, preferably at least 100. Preferred oils are (a) base oil
blends of Group il base stocks with Group | and Group Il base stocks, or (b) Group Il

20  base stocks or blends of more than one Group 1li base stock.

Natural oils include animal oils and vegetable oils (e.g., castor oil, iard oil) as well
as mineral lubricating oils such as liquid petroleum oils and solvent-treated or acid-treated
mineral lubricating oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types,

25 Oils of lubricating viscosity derived from coal or shale are also useful. Synthetic
lubricating oils include .hydrocarbon oils and halosubstituted hydrocarbon oils such as
polymerized and interpolymerized olefins (e.g., polybutylenes, polypropylenes,
propyleneisobutylene copolymers, chlorinated polybutylenes, etc.); poly(1-hexenes),
poly(1-octenes), poly(1-decenes), etc. and mixtures thereof, alkylbenzenes (e.g.,

30 dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl-benzenes,
etc.); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls, etc.); alkylated
diphenyl ethers and alkylated diphenyl sulfides and the derivatives, analogs and
homologs thereof and the like.
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met hyl pol yi sopropyl ene gl ycol ether having an average nol ecul ar wei ght of
about 1000, diphegy et her of polyethylene glycol having a nol ecul ar

wei ght of W@aBe9E800- 1000, diethyl ether of pol ypropyl erRCEERHIMNSHhavi ng a
nol ecul ar wei ght of about 10600-1500, etc.) or nono- and pol ycarboxylic
esters thereof, for exanple, the acetic-.gacid esters, mxed C3_ 10 8 fatty
acid esters, or the C13 Oxo acid diester of tetraethylene gl ycol . Anot her
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as neopentyl glycol, trimethylol propane, pentaerythritol,

di pentaerythritot, tripentaerythritol, etc. Silicon-based oils such as the
pol yal kyl pol yar yﬁnoth?)’(ﬂugt%{?'«@'ﬁ& of Sdhthpfdﬂ lybrioatinggils that/co he aised camprisds el | cat e

oil's conpri é@teérlﬁfdf&ﬁfb i@fddidsgég Eht%llcsééﬂf L&l édﬂ:prkk Eﬁmf:?acn s, ke% |

tetraethyl silicate, rai so cate, tetra i cat e,

t et r a- (4- meE¥EFINIHRSs, )‘!ﬁ'un g@[@,eaze acid, (spberisracid, selacisrasid |fqrearlc| as:a:t.@dlplc
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i ncI ude | i qutU aé@f‘%‘lf §'f 6?0%@91&% ﬁ&éhﬂahﬁw cahol. deE{CG!I gjcohot, 2radhydeyy
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complex ester formed by reacting one mole of sebacic acid with two moles of
tetraethylene glycol and two moles of 2-ethyihexanoic acid and the like.

Esters useful as synthetic oils also include those made from C5 to C12
25  monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritot, tripentaerythritol, etc.

Silicon-based oils such as the polyalkylpolyaryl-, polyalkoxy-, or polyaryloxy-

siloxane oils and silicate oils comprise another useful class of synthetic lubricants {e.g.,

30 tetrasthyl silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy) disiloxane,
poly(methyl)siloxanes, poly(methyl-phenyl)siloxanes, etc.). Other synthetic lubricating

oils include liquid esters of phosphorus-containing acids (e.9., tricresyl phosphate, trioctyl



a natural or synthetic source without further purification treat rrent For

exanpl e, oil obtained. directly fromretorting

petr ol eulh 8?’?‘9"& ained directly from primary distillat F%ﬁﬁg‘@ lh’%? 0| I
obtained directly froman esterification process and used 10 wt hout
further treatment woul d be an unrefinedfoil. Refined oils are simlar to
the unrefined oils except they have been further treated in one or nore
puri fi cat iPbasphatepdiethyl esternf deeansrahosphonisrasid, etsjepalyraeric thiratydeafiarans and
purificat iyguydeechni ques are known to those skilled in the art such as

sol vent extraction, secondary distillation, acid or base extraction,
filtration, percolation, etc.. Rerefined oils are obtained by process;as
sinmlar to tho t al fimped ol S
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It is the excess netal from overbasing that he effect of neutralizing
aci ds whi (,qqdwﬁ@allbmrpgpss% by techniques directed to removal of spent additives and oil

breakdown products.

~ Calcium or Magnesium Overbased Detergent

20
The present invention requires the presence of at least one overbased
magnesium or caicium detergent. Detergents aid in reducing deposits that build up in an
engine and act as an acid neutralizer or rust inhibitor. This in turn reduces engine wear

. and corrosion.

25
The calcium or magnesium overbased detergent' used in this invention may be
derived from phenates, salicylates, sulfonates, or mixtures thereof, with calcium and
magnesium sulfonates being particularly preferred. Preferably, the detergent will be
overbased, that is the Total Base Number (TBN) will be at least 100 but usually between
30 100 and 500, more preferably between 150 and 450. The most preferred detergents for
use in this invention is an overbased calcium or magnesium sulfonate having a TBN from

250 to 450, especially a calcium sulfonate.




5 1n the present I nvention, overbased cal ci um or magnesi um sul f onat e
detergents be deri ved fromthe salt of an oil sol ul}J @UM ?&I c acid,
where a nWQt“é’P f ‘an oil soluble sulfonate or al karyl onic acid is
conmbi ned with cal cium and heated to neutralize the sul fon| c acid that is
present. This forns a di spersed carbonatée conpl ex by 10 reacting the excess
calciumw th carbon dioxide. The sulfonic acids typically are obtained by
t he sul fonati on The md;deyk oSothbésingtaanhetal detatgiem mqahsdbatra)sinbhigmetﬁic%c@ﬂsose

obt ai ned fr th cti nat| f I [

aromatic hy‘g%%me a}eﬁg sn'@ﬁﬁ'?fg %%gféﬂo Bt 5 &ﬁ’?thg E‘E Rl‘g f?xfe
benzene, t Oémmmetayframmverhaphg hisdtchae thel effidok of hewlraliziog eclds malcbgmv buuld
derivatives such as chl orobenzene, chlorotol uene, and chl oronapht hal ene. 15
The al kyl at¥®n may be carried out in the presence of a catalyst with

al kyl atis;ng agents having from3 to nore than 30 carbon atoms For exanpl e,
hal oparaffins

, olefi ht ai ped by . dehyd
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the over bagg}?"’ °8fg‘8§ﬁ‘f"§ \éﬁ?osur‘f tasf%m%é?{‘ Wﬁ}\% ?Miai ﬁ&%ﬁ%gﬁ %ct
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prepared usi o%yl%nr\-z/ g\[e all Q’uﬁgble m.ﬁ‘ ﬂ(%ry\‘\gtljl}ongtgg WQUAIIQ c%ﬂginaﬂ;otm about 9 to about

70 or more carbon atoms, preferably from about 16 to about 50 carbon atoms per alkyl

20 substituted aromatic moiety.

The oil soluble sulfonates are neutralized with a calcium or magnesium
compound. The amount of calcium or magnesium that is used to neutralize the oil
soluble sulfonate is carefully chosen with regard to the desired total base number (TBN)

25  of the final product.

In the present invention, the amount of overbased calcium or magnesium
detergents used can vary broadly, but typically will be from about 0.5 to about 5 wt.%,
based on the total weight of the composition. These detergents are used in such

30 amounts so as to provide the finished lubricating oil compositions with a TBN of at least
3.6 attributable to the overbased detergents and not from other additives which may
affect TBN. For example, if 1.2 wt.% of a calcium sulfonate detergent of TBN 300 is
used, the finished oil will have a TBN of 3.6 (i.e. 1.2% of 300) attributable to the
overbased detergent.



5 Mol ybdenum Conpounds For the lubricating oil conpositions of this

i nventiogn, both dineric and trinmeric oil soluble noly 1 ounds are
used. Empg%“of such oil sol ubl e organo- nol ybdenum ?gﬁﬁ%%g;pare t he

di al kyl di t hi ocar bamat es,’ di al kyl di t hi o- phosphat es, 10

di al kyl di t hi ophosphi nates, xanthat es,*1hi oxant hates, carboxyl ates and the
li ke, and m xtures thereof. Particularly preferred are nol ybdenum ,
di al kyl -di t hi ocar bamat es. . The nol ybdenum di al kyl di t hi ocarbamate dimer to be

used as an addghfil: ' acilE | Ny el [ sged by
the fol | ow ngct?éc')‘lf")r{r’uﬁ| o "&%ﬁﬁf'%sa% %;4%”%‘9 é"%’igg}gﬁ%{%e@x &{;YR,E? S X3S
R4 R, t hrrrepgredRysing dypeetylohmethodewelt knawndn theiatht chai n, branched chain or
aromatic hydrocarbyl group having 1 to 24 carbon atons; and X, through X4
i ndependent|ly denote an oxygen atomor a sulfur atom The four hydrocarbyl
groups, R through R4, may beMolybdenum Compourdsii fferent from one anot her.
The di nmeric organo nol ybdenum additive is used in an anobunt so that it
provides up to 2,000 ppm M in the lubricating oil conposition, preferably
400 ppm to 2, (Ffxw thep hwpricating loil sompbsitians zg dhis inveaiipnp both dimericcand Frimedboilt 800
PP . 25, Bl Wyl Sim R0 g sk BUGEUTRE W of Ehitthe ! oddte

I ons I S I Meric)

| ubricating conposi I nvention are trinuclear r

nmol ybdenumolybdesnuom dsompoungse cdral the tdialigiditbiocarhamptes mdialkyiditb Rrkphogphates:

m Xt u{@es Lhehsah | h ' e o | d avi ng
or gang?g r (t'cl)'g'g)g&?v{l ‘ﬁf‘egﬁ@u slt c’i?aen a%hsﬁ n!g Eédr;'t g@ﬁ &(%%r l%%)'lnb%é%ﬁg% oérFE':iOI ttljé)é grg%’d %P Qt he
conpound ®mbdures theraof.t Particiliarly prefeged atgermalyhdenym dialkyhdithiecathamates. t hr ough WO
01/ 30948 PCT/ EPOO/ 10152 -8 7, Qis selected fromthe group of neutral

el ectron donating conpounds such as water, amnes, alcohols, phosphines,
and et hers, anthezmplyhdenunt digliryidithiecagbamate iditaerntacie vsed- assam additiveniot the c

val ues. Sy i9h oTeTeh Yhid mRgnt anong all the

ti gangss' A%rr?sgﬁo Sra%olfplg ﬂs’ﬁ‘@ﬁu as gfésﬁg%gﬂﬁ%& at fgast 30, or at l|east 35
car bok at ons. :
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R, through R, independently denote a straight chain, branched chain or aromatic

hydrocarby! group having 1 to 24 carbon atorhs; and X, through X, independently denote

an oxygen atom or a sulfur atom. The four hydrocarbyl groups, R, through R,, may be
20 identical or different from one another.

The dimeric organo molybdenum additive is used in an amount so that it provides
up to 2,000 ppm Mo in the lubricating oil composition, preferably 400 ppm to 2,000 ppm,
such as about 700 to 900 ppm, especially about 800 ppm.

25

The other group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear (trimeric) molybdenum compounds,
especially those of the formula MosS,L,Q, and mixtures thereof wherein the L are
independently selected ligands having organo groups with a sufficient number of carbon

30 atoms to render the compoLmd soluble in the oil, n is from 1 to 4, k varies from 4 through




5 The ligands are selected fromthe group consisting of Xs X1 R -X-R 1,

2, Xz 3, %0@3 %--- At Xs!l R2 4, X2 -R2 5, 10 an t her eof ,
wherein X 9% ‘and Y are selected fromthe group co% é“%i’}’%‘ﬁ oxygen
and sul fur, and wher ein R, R2, and R are selected from hydrogen and organo
groups that may be the sane or differem8- Preferably, the organo groups are

hydr ocar byl n(groups such as alkyl (e.g., in which the carbon atom attached
to the remnal.rfdés selgctedornihe grpupdf neutral elmtrgn donajing cordpounps sacly bs water,

substitute t [ C s the
sane hydrog?a"ra1 % aSérbggE Hﬁ?@% Qy%dh%f%c%ﬁ%ﬁ% e*o eogéaé]gk%&%ni%ﬁ%ﬁf’"haw ng
car bon at on#oighipraetric valugs.t A¢ Irsst b tatdl ecarbomeatorde shaild ba grdseghadongdl te

Fol Lo ng: "By eRREpMles. siof AF eelEsef2s, ot fitetH br SRR a6 MEHTwbs i

al kyl or alkenyl) allcycllc (for exanple cycloal kyl or cycl oal kenyl)

substituents, ﬁﬁﬁ' , | LC- .an | | &~ substituted aromatic
nucl ei and the | Bbrgdssav\'g%lgagé ngﬂ%%tﬁé%q%iéﬁ@ﬁfs wherein the 25 ring is
conpl eted t hrough anot her POI"[IOI’I of the; igand (that is, any two indicated
substituents may together m an alicycl"\g group). 2. Substituted

hydr ocar bon substituents, <t hg =, those-c¢htai¥ni ng non- hydrocarbon groups
whi ch do noix.gl tef the predgm nanﬁly hyd ar byl chgracter of the WD

01/ 30948 . PCTI EPO0O/ 10152 -9 substituent. Those skilled in the art will be
aware of suitable groups (e.g., halo, especially <chloro and fluoro, am no,
al koxyl , nercapto, al kylnercapto, nitro, nitroso, sulfoxy, etc.).

| nportant|y,%it he ordghno groups &§ t -I—i!gands have a sufficient nunber of

carbon 5 atanggtowrender the camppufid soluble in the oil. For exanple, the
nunber of cagdon at I n each Bq |1 generally range between about |
to about 100, prefer b1‘sy from abbut t @bout 30, and nore preferably

bet weeny@bout 4 to about 20. Preferred |igands include

and mixtures thereof, wherein X, X,, X,, and Y are selected from the group consisting of
oxygen and sulfur, and wherein R,, R,, and R are selected from hydrogen and organo
groups that may be the same or different. Preferably, the organo groups are hydrocarby!
groups such as alkyl (e.g., in which the carbon atom attached to the remainder of the

15 ligand is primary or secondary), aryl, substituted aryl and ether groups. More preferably,
each ligand has the same hydrocarbyl group.

The term *hydrocarbyl” denotes a substituent having carbon atoms directly
attached to the remainder of the ligand and is predominantly hydrocarbyl in character.
20  Such substituents include the following:

1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or alkenyl),
alicyctic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-, aliphatic- and
alicyclic-substituted aromatic nuclei and the like, as well as cyclic substituents wherein the

25 ring is completed through another portion of the ligand (that is, any two indicated
substituents may together form an alicyclic group).

2. Substituted hydrocarbon substituents, that is, those containing non-
hydrocarbon groups which do not alter the predominantly hydrocarbyl character of the



di al kyl di t hi ophosphat e, al kyl xant hate, carboxyl ates, dial kyl di t hi ocarbamate
("dtc), lxtures thereof. Mst preferred are the:-

di al kyl ﬁ&@%bamt es. Those skilled in the art 10 w FQIERONMSL t hat
formati on of the conpounds of the present invention requires selection of

| i gands havi ng the appropriate charge'?d bal ance the core's charge (as

di scussed bel ow). Conpounds having the formul a M3SkLf QZ have cationic
cores sursubstident. Jyose sidlieddn theyarhwill beaware phsuitable geups (e.g., belpeespacielly
represent h Tne whi ch
have net c %{rmgégé ﬁ#ﬁ %‘ﬁ%oaﬁégg uentc?até éer ﬁaré ?‘?@8‘#’%" PI ze”’ ese cor es
the total charge anong all the Ilgands must be -4. Four m)noanl oni c

l'i gands are pr 0o HE&

bel i eved t hat ﬁ F.é'ﬁ)‘@.frlt)'}?ee @!ﬁ&‘g&%&g@ﬁ@g aﬁ& ﬂ%.%eléo u&% or m%‘ﬁr connect ed
by neahs stomsierapderthe compapmdsolubladn thaeill Fgaaxamphat}ne nbmben gficaboniatoms, i . e.

h { | | {
P21 0 U YA e S oA 5854 0 b ORI
O | - sol ubgkout 30nard gwre mﬂfqrwmbamenmpwnﬂp abowt 20. [freferred digandsrinclede ng i n-
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tetra I / 30948
PCT/ Elll’g &@fééﬁ@t%%ﬂ"{dﬂg@enum anr?glc'){'Jd;\s S cahggé ft 'Mﬁ{l L"rér? s@a‘:’c}r{ge?'agi;ll on i n
t he appr opgarus baving the nppmpnate chaigenol b;boeemthmogm;rqbergeumlawssed below).

(NH4) 2Mb3S13n(H20), a Il gand source such as tetral kylthiuram disulfide,

di al kyl di t hi ocar bamat e, or dial kyl di t hi ophosphate, and a sul fur

abstracting agGampeunsis bavingy thei foenilaido,SduRf have rafiesic eares sheounded diy
phosphi ”eanﬁogif%%%”ﬁfé%ﬁ'té{e cétio k'oBfé%'a‘?@FepFE&EMtQﬂ% Q{Fhéth 5%»@4 | de sal t

such as | wher e I's a counter hal ogen such
as C 15Br, or |, may be reacted with a |igand source such as a
dlalkyldlthlocarbanate or di al kyl di t hi ophosphate in the appropriate

l'i qui d(s)/sol to forman oil-sol uble tr|n nol ybdenum conpound:
The i

g Y
A

which have net charges of +4. Consequently, in order to solubilize these cores the total
charge among all the ligands must be ~4. Four monoanionic ligands are preferred.

20  Without wishing to be bound by any theory, it is believed that two or more trinuclear cores
may be bound or interconnected by means of one or more ligands and the ligands may
be multidentate, i.e., having multiple connections to one or more cores. It is believed that
oxygen and/or selenium may be substituted for sulfur in the core(s).

25 Oil-soluble trinuclear molybdenum compounds can be prepared by reacting in the
appropriate liquid(s)/solvent(s) a molybdenum source such as (NH,),M0,S,3-n(H,0),
where n varies between 0 and 2 and includes non-stoichiometric values, with a suitable
ligand souwrce such as a tetralkylthiuram disulfide. Other oil-soluble trinuclear




appropriate |iquid/solvent may be, for exanple, aqueous or organic. 10 The
I i gand chosen nust have a sufficient nunber of carbon atonms to render the
conpound ¥QtUIBPM8i n the | ubricating conmposition. The terBGIERINKES ubl e" as
used herein does not necedsarily indicate that -the conpounds or additives
are soluble in the oil in all proportigms. It does nean that they are
soluble in use, transportation, and storage. 15 Preferred trinucl ear

nol ybdenum gt i é&ﬂoﬁ f re
t hose of the tormul aOWU%%Fggﬁé}?g?ﬁﬁémﬁzé ﬁth%%p%%as ﬁﬁ;oéu?%&to 18

carbon atorfs 'Hﬂ&bqeﬁlémalsRWe b@m“’ﬁg a1 (Yo MoeSraa(H:@bca" "@ﬁﬂ@ylsoktfﬁal puchhiagh is a
mxture of teGAIRjufiRrd diamisd 44, R @fhiceabaraR, of dFaE&Pm otoRfRatd, [ 4HA & Xmgal 1y 2
eri

C8 to C18 altﬁé mai n Cl2 and Cl4 a from coconut
oil. The tr? %‘Ft'éﬁragﬁ"éaw@hrrﬁ Wa@ﬁ%rﬂpaﬁdwlfteemns. @5 esyibpiiuted cphashbines.s so

that it 5 praphi@sen i tHeucke? nwwsuemnegm é@hsuee itEGéﬂléﬂnﬁgﬁo%ﬁl]“@h%&BM -he

| ubricating oil conposition, 'such a out

sul furi zed 1#dI SPyBleniom avshAds @ihalpoensyes pe ﬁd)rBl’pﬂlébMCbeolFaﬁtﬁy witbzcligang an
aci di o ol YeRaUIIc o 3 A iHiRaRARlafe B AGRIMBATRENIC it the o bgggi.étgm the

gr oup con5|st| of succinim a carboxylrc aci
nonoani ne, liguid fﬁ)/g%'}!#lﬁﬁshrfp dferm aan Hoilseehublen tinuglenr enolybdreumii @qmnmeda The

i Sper Sant ApRipAe uBRAGn by EPEPYimpiElagfedlth biggnher of 11 the

presence of 'a polar pronoter, 'to forma enu onplex (ii) reacting
t he rmll)podenum conplex with a sulfur containing conpound, to thereby form

a sul fur and moiyBGgamRACa0 Hull Rbve SPURAS: hifobsortafo atdrls 1d Rfiadihg Of

either a dimeric or trlnuc ear Mb compoun
i nventi on. compeurd,sqlukle remedwwmmmmmorau Fﬁhﬂ@rmombwm'e oaasusedwelwn

general |y cdyasaet l?e"cbéé’aﬂlyarﬁdlé}até/\q?pﬂ'{e %%uﬁgér@a%éoélrg %ollglgléjfn the oil lli;' all

nol ybdenunt sul fur co ex o asic nitrogen co

bel i eved tWW‘%nﬁ%ﬁﬂ%’%Whﬁhﬁh@Ylamﬁ%&lﬁuw. thanepodatio, Gm:etgraaee sat i sf i ed
with atgms of oxygen or sulfur, is either conplexed by, or the salt of one
or. nore nitrogen atons of the basic nitrogen atons of the basic nitrogen
cont ai ni ng conpdiefarred tinuclear: melyhdeapmrepmporndssfon fise inctbe comppsititngof this

invention are those of the formula Mo,S;({alkyl).dtc), where the alkyl has about 8 to 18

carbon atoms and the alkyl being preferably a “coco” alkyl chain which is a mixture of

chains of varying even numbers of carbon atoms from typically a C, to C,, alkyl, mainly
20  Cy, Cyy and C,, alkyls derived from coconut oil.

The trinuclear organo molybdenum additive is used in such amounts so that it
provides up to 350 ppm, preferably 10 ppm to 350 ppm Mo in the lubricating oil
composition, such as about 75 to 150 ppm Mo.

25 '

A sulfurized molybdenum containing composition prepared by (i) reacting an
acidic molybdenum compound and a basic nitrogen compound selected from the group
consisting of succinimide, a carboxylic acid amide, a hydrocarbyl monoamine, a
phosphoramide, a thiophosphoramide, a Mannich base, a dispersant viscosity index

30 improver, or a mixture thereof, in the presence of a polar promoter, to form a
molybdenum complex (i) reacting the molybdenum complex with a suifur containing
compound, to thereby form a sulfur and molybdenum containing composition is useful in
the form of either a dimeric or trinuclear Mo compound within the context of this invention.
The sulfurized molybdenum containing compositions may be generally characterized as a



Friction Modifiers At | east one organic oil soluble friction nodifier nust.

be i nCoRPs; E’fﬂ in the 10 lubricating oil conposition.pchveeadiky. the
friction noditier nmakes up about 0.02 to 2.0 wt.%of the lubricating oil

conposition. Preferably, fromO0.05 to 1.0, nore preferably from 0.1 to 0.5
w.%of the friction nodifier is used. 'Friction nodifiers include such
conpounds as aliphatic am nes_or ethoxylated 15 aliphatic am nes

al i phat i cmpibdenpuaVsyifup rermEiex ofa basie Ntrooen COMROYND. Howeyer. they e helieved

car boxyl i @ p&ThbMpsuritfs IROWMER ThoRbabnids, Whoseeiaiénces taé Safidfiel alithy alfisdsf as
exenplified by glycerol oleate, aliphatic carboxylic ester-amde

al i phat i cO¥E8S BheHf.ds eitharicamplexed %%5 Hesaltof oge PE FQFe Ritrogen %ﬁ%&@ﬁﬂ@nm es,
al i phat i cpddid ﬂﬂb%éi-paaﬁ%f RS Basic Nir6geH dontdfingl boRPAINdUsBd MitheYsieigdration
(0]

cont ai ns above about ei ght carbon atonms so as to render the conpound

sui tabty efithesecamposiipRs. Al so suitable are aliphatic substituted
succinimdes fornmed by reacting one or nore aliphatic succinic acids or
anhydrides with ammoni a. Representative exanples of suitable friction
nodi fiers are found in U.S. PatekfictiopMogifiers 559 which discloses fatty
acid esters and am des; U S. Patent No. 4,176,074 25 which descri bes

nol ybdenum c&gRl exes of polyisobutenyl 'succinjc anhydride-ani no al kanol s;

U S. Patent t least ong oroadic O %l“?@l_ Bistien @TW@F dnust becingorgpratad. ity the. g _
fattyjoacjifcating il doMpditioho -Tgﬁicgllé@ e Rictidi ModilesMaRsEap ablrNEoP kP 2honi ¢
acid salts; S I;at ent No. 3,778,375 whjch discloses reaction products of

U S.
a phosphoWh¥ohthe lbreating jod sempesition. Erefecably,fromd.0580d:0, mase Pvafﬁrewe PR oses

S- car boxy aliky logwt )t krecretian modifies isased] m de, S-car boxyal kyl ene hydr ocar byl
succi nim de acid and m xtures thereof; U S. Patent No. 3,879, 306 which

di scl oses N(hydroxyal kyl) al kenyl - succinim c acids or succinimdes; US
Patent No. 3, 9BRetidA0mBbIiSE iRdisdel SSERSconfFiint® s PdliRHAtR! Sminks Mir -dthaxpRited al Kyl )
phosphi_t es _and epoxi des; and U. S, P%t ent No, 4,028, 258 whj ch.di scl oses the
Bl'kyl die glialic ass: lphats iatrrA amiles, Sietetio carRpaYis aride P hatiogergpiic
succi ni M @gers dipolyMa SlichH3YhiteFICE4teiS06H Al alds asl exednsifiedd byl iyserof olédte, above
references_are herein. incorporated by reference. anmples of. other. :
fricti on: Al eRboxyls <Bleterise. bl EosBhTHics, PR pRosrBpies  aibfatc
hydr ocar bytioptspbisdnates) eipitatic cthiopltosphates, etc., awtieyeini ttie saliphatict trioapi wsuallykanot s
such as d%%r?tgingegaolvg ag'oa' eigﬁact;aerggn %msllso?’%é ’t§ ?‘ér\de?2 the compound suitably oil

20 soluble. Also suitable are aliphatic substituted succinimides formed by reacting one or

more aliphatic succinic acids or anhydrides with ammonia.

Representative examples of suitable friction modifiers ére found in U.S. Patent

No. 3,033,659 which discloses fatty acid esters and amides; U.S. Patent No. 4,176,074

25 which describes molybdenum complexes of polyisobutenyl succinic anhydride-amino
alkanols; U.S. Patent No. 4,105,571 which discloses glycerol esters of dimerized fatty
acids; U.S. Patent No. 3.779,928 which discloses alkane phosphonic acid salts; U.S.
Patent No. 3,778,375 which discloses reaction products of a phosphonate with an
oleamide; U.S. Patent No. 3,852,205 which discloses S-carbo_xyalkylene hydrocarbyl

30 succinimide, S-carboxyalkylene hydroéarbyl succinimide acid and mixtures thereof; U.S.
Patent No. 3,879,306 which discloses N(hydroxyalkyl)alkenyl-succinimic acids or
succinimides; U.S. Patent No. 3,832,290 which discloses reaction products of di-(lower
alkyl) phosphites and epoxides; and U.S. Patent No. 4,028,258 which discloses the
alkylene oxide adduct of phosphosulfurized N-(hydroxyalkyl)alkeny! succinimides. The




Exanpl es of nitrogen containing friction nodifiers, which are a preferred
category, include, but are not limted to, imdazolineg anj,d am nes,
succi ni mW@§113Q?1‘§<oxyl ated amines, al koxyl ated ether a HLE ngﬁfsﬁe oxi des,
am doam nes, nitriles, betaines, quaternary am nes, imnes, amne salts,
am no guanadi ne, al kanol ani des, and the2-ike. 10 Such friction nodifiers
can contai n hydrocarbyl groups that can be selected from straight chain,

br ang hed c klisb\bsuges of heedboge l‘efdgmardgy he:grmumpmateacbmrmwnea Ekampleé l,of and
may be satu or un turate roca u e ant
conposed of he[:i??%’ﬂ ?ﬁ(ﬂ%gﬂﬁ E%/}? ‘?‘FE?’ §?1t"%tﬂ %ailgaté?reﬁ% SOWS? yl;lltoms
such as sulstibstituted duzcinicyapids. orRirhidrides énd thiolws-alkindis suohugssdasarised hrids 12 to
25 car bon ?,tfmg ‘ﬂ be saturated or unsaturated. Mrre preferred are

t hose wi t h FRFSRENP- arbyl groups. Preferred friction nodifiers include
am des @&f pol yam nes. Such conmpounds can have hydrocarbyl groups that are

i , eith t t . t of
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that are | igogefanearhings, ikl adiitdsaity rﬁﬂwg@ngdinsramnammtdewﬁdhﬁé mef . They

cont ai 3.0 12 to 25 carbon atons and nmay contain one or nore hetero atons in
(0}

the hy carbyl chain. Ethoxylated am nes and ethoxyl ated ether amines are
especially pref 8uteflictiorRodifiérs @8n atrdlain Myarobarby ardups Wit dan e Selebtedfronh t he

formof an 30 reaction prod a boron, compound such as a
bor 1 ¢ ox; ETSGE AR bR ched hai AR araabe RN gHS BF SIS heras. St
tri-alkyl W Esaturattd doi Ungalurasy. by dtbédmbyd ghoups aed ﬁreeermamdcdmaoeéd 39948
PCT/ EPOO/ 101 tﬁ’é?,'&é | eg?tt one zinc di Egldroc d| t hi %@hﬁsgha e nmust be
added to tf@™M] NARY Mo AYBRT 1B BPiEr v a sulfur or
di al kyl1shi eRigsmp ha'lbfégbﬁ hy@rodarbyiniroupier raigeleom ant to @6i céw&n amds aagwawwr
properties to t ubri cat MROSi ma are in
accor dance $ Wﬂﬁ%&%‘“@%ﬂﬁ%&é ‘#?’?gps?ﬁ’r‘tﬁi '?ﬁf¥5 BWHBT)horl ¢ acid,
usually by reaction of an 5 al cohol or a phenol wi th P2S5 and then
neutralizing th i thj ophospharic.aci.d wi i tabl nc_conpound.
Vixtur e of al c BT ERARRReS FbpE arise o polPuets Syft Ripsrines cah

have hydrocarbyl groups that are linear, either saturated or unsaturated or a mixture

20  thereof and contain 12 to 25 carbon atoms.

Particularly preferred friction modifiers are alkoxylated amines and alkoxylated
ether amines, with alkoxylated amines containing about two moles of alkylene oxide per
mole of nitrogen being the most preferred. Such compounds can have hydrocarbyl

25  groups that are linear, either saturated, unsaturated or a mixture thereof. They contain
12 to 25 carbon atoms and may contain one or more hetero atoms in the hydrocarbyl
chain. Ethoxylated amines and ethoxylated ether amines are especially preferred.

The amines and amides may be used as such or in the form of an adduct or
30 reaction product with a boron compound such as a boric oxide, boron halide, metaborate,

boric acid or a mono-, di- or tri-alky! borate.

Zinc Dihydrocarbyldithiophosphate Compound




and secondary al cohol s. Exanpl es of such al cohols include, but are not
restricted he following list: iso-propanol, is-octAgpefoistanol,

nmet hyl |so%uty carbonol (4-nethyl-1 - pentane-2-ol), 1-pentanol, 2-nethyl,
but anol, and 2-net hyl - 1- propanol . The | east one 10 zinc
dihydrocarbyldithiophosphate conpound” tan be a prinmary zinc, secondary
zinc, or mxtures thereof. That is, the zinc conpound contains E{lnar
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pCT/ 1360/ Mﬂ@camxuﬂh@@epmpqmwrm\ss % MASS % (Broad) (Preferred)
Ashl ess Dispersant 0.1 - 20 1 -10 Oher Metal Detergents 0.1 -15 0.2 - 9

In addition, the lubricating oil composition must have a low phosphorus content,
that is the phosphorus from the zinc dihydrocarbyidithiophosphate compound should be
present in an amount up to about 0.1 wt.%. Preferably, the phosphorus content from the

20 zinc dihydrocarbyldithiophosphate should be from about 0.025 wt.% to about 0.1 wt.%.

It is also necessary that the volatility of the lubricating oil composition, as
measured using the NOACK Volatility Test, be about 15 wt.% or less, such as in the
range of 4 to 15 wt.%, preferably in the range of 8 to 15 wt.%. The NOACK Volatility Test

25 is used to measure the evaporative loss of an il after 1 hour at 250°C according to the

procedure of ASTM D5800. The evaporative loss is reported in mass percent.

The compositions can be used in the formulation of crankcase lubricating oils (i.e.,

passenger car motor oils, heavy duty diesel motor oils, and passenger car diesel oils) for

30 spark-ignited and compression-ignited engines. The additives listed below are typically

used in such amounts so as to provide their normal attendant functions. Typical amounts

for individual components are also set forth below. All the values listed are stated as
mass percent active ingredient.
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80, but neytQther MeteiRatergemtay have a TBN Lp t 0.1 -dBout {155.0.269Such ot her
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Pour Point Depressant 0.01-5 001-15

Anti-foaming Agent 0-5 0.001 -0.15

Supplemental Anti-wear Agents 0-05 0-0.2

Other Friction Modifiers 0-5 0-15

Viscosity Modifier 0.01-20 0-15

Synthetic and/or Mineral Base Stock Balance Balance

The ashless dispersant comprises an oil soluble polymeric hydrocarbon backbone

having functional groups that are capable of associating with particles to be dispersed.

Typically, the dispersants comprise amine, alcohol, amide, or ester polar moieties

15

attached to the polymer backbone often via a bridging group. The ashless dispersant

may be, for example, selected from oil soluble salts, esters, amino-esters, amides,

imides, and oxazolines of long chain hydrocarbon substituted mono and dicarboxylic

acids or their anhydrides; thiocarboxylate derivatives of long chain hydrocarbons; long

chain aliphatic hydrocarbons having a polyamine attached directly thereto; and Mannich
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20 Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids may
be used.

Copper and lead bearing corrosion inhibitors may be used, but are typically not

25  required with the formulation of the present invention. Typically such compounds are the

thiadiazole polysulfides containing from 5§ to 50 carbon atoms, their derivatives and

polymers thereof. Derivatives of 1,3,4 thiadiazoles such as those described in U.S.

Patent Nos. 2,719,125; 2,719,126, and 3,087,932; are typical. Other similar materials are

described in U.S. Patent Nos. 3,821,236; 3,904,537; 4,097,387, 4,107,059; 4,136,043;

30 4,188,299; and 4,193,882. Other additives are the thio and polythio sulfenamides of

thiadiazoles such as those described in UK Patent Specification No. 1,560,830.

Benzotriazoles derivatives also fall within this class of additives. When these compounds

are included in the lubricating composition, they are preferably present in an amount not
exceeding 0.2 wt.% active ingredient.

RN et et Gy
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Foam control can be provided by many compounds including an antifoamant of
20  the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

A small amount of a demulsifying component may be used. A particularly suitable
demulsifying component is described in EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric

25 alcohol. The demuisifier should be used at a level not exceeding 0.1 mass % active
ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

The viscosity modifier (VM) functions to impart high and low temperature

operability to a lubricating oil. The VM used may have that sole function, or may be
30  multifunctional.

Multifunctional viscosity modifiers that also function as dispersants are also
known. Suitable viscosity modifiers are polyisobutylene, copolymers of ethylene and
propylene and higher aipha-olefins, polymethacrylates, polyalkylmethacrylates,
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Preferably, all the additives éxcept for the viscosity modifier and the pour point
depressant are blended into a concentrate or additive package described herein as the
additive package, that is subsequently blended into base stock to make the finished

20 lubricant. The concentrate will typically be formulated to contain the additive(s) in proper -
amounts to provide the desired concentration in the final formulation when the

concentrate is combined with a predetermined amount of a base lubricant.

The concentrate of the present invention is used for blending with an oil of

25 lubricating viscosity, the concentrate comprising: (a) at least one calcium or magnesium

overbased detergent; (b) an oil soluble dimeric molybdenum compound; (c) an oil soluble

organo trinuclear molybdenum compound; (d) at least one organic friction modifier; and

(e) at least one zinc dihydrocarbyldithiophosphate compound, to provide a lubricating oil

composition haVing a TBN of at least 3.6, a NOACK volatility of about 15 wt.% or less,

30 molybdenum in an amount up to 2,000 ppm from the dimeric Mo compound and an

amount up to about 350 ppm from the ftrinuclear molybdenum compound, and

phosphorus in an amount up to about 0.1 wt.% from a zinc dihydrocarbyldithiophosphate
compound.
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NCD- NN detergents that is pre-blended at a temperature of at least about 100°C. Thereafter, the
pre-mix is cooled to at least 85°C and the additional components are added.

The final crankcase lubricating oil formulation may employ from 2 to 20 mass %,
preferably 4 to 18 mass %, and most preferably about 5 to 17 mass % of the concentrate

or additive package, with the remainder being base stock.

10 The eight oils shown in Table 1 were evaluated for coefficient of friction properties.
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U) LM-- > cvi UcomuaQE"*"00Q a .0.QClie5x mgast-o
CD F- aN»}F\IECQ 00. , col4 N>0M"0 00 z<a. NCL Q. mj>E ~LL H 0~
a0 M f YO, ‘W5 01/30948 PCT/ EPOO 10152 -20 Not eFHERINSL | (q)
The dispersant is a 54% act¥ve nineral® oil sol ut#on of borated

pol yi sobut enyl succi ni m de di spersant ~28-(b) The overbased My sul fonate
had a TBN of 400; a 57% by weight solution in mneral oil was used. (c)
The overbased Ca sul fonate had a ThitesffoStibie i 55% by wei ght solution in
mneral oil was used. (f) "PIBSA" refers to polyisobutenyl succinic
anhydride; a 72% by wei ght solution in 14 mneral oil was used. (g) "M
trimer” is (ab3S7The(dishersantds @) 84%hamtivanhigérali sil aolotionoafl kigratedhpolyisdbeisngl a

m xture of CB- 2l kyl en nunbered carbons, mainly C o, Cl2 and Cl4
al kyls from co%ﬁﬂ@h@ﬁég’%&aﬁgtc" represents dithiocarbamate. (h) "M

dinmer" i% "@bl yvihe @@&pased My islifonateuldd:a BN btidodina 87%! by wellht Bblot@y hamat e

15 avail abl e frqm 11t .Chemcal (the exact |ength of the al kyl groups
is propriet ary%ggﬂé%nﬁegtt urer). (i) "ZDDP" is a 50% 50% wt. m xture
of zinc di alckyl ditehowspbesegCa sulfvhbte i WMTEN ofB0MNIEs% by Welghtselutism and 15

W . %primry al Wi'nelgh?l}{ﬁ%us%ad zinc
® “PIBSA” refers to polyisobutenyl succinic anhydride; a 72% by weight solution in
10 mineral oil was used.

(9) ‘Mo trimer” is MosS; ((alkyl).dtc), when alkyl is a cocoalkyl chain being a mixture
of C,-Cys alkyls of even numbered carbons, mainly C,, C,, and C,, alkyls from
coconut oil and “dic” represents dithiocarbamate.

(h) ‘Mo dimer” is "Molyvan 822", an oil soluble molybdenum dialkyl dithiocarbamate

15 available from Vanderbilt Chemical (the exact length of the alkyl groups is
proprietary to the manufacturer).

(i} "ZDDP” is a 50%/50% wt. mixture of zinc dialkyldithiophosphate with 85 wt.%
secondary alkyl groups and 15 wt% primary alkyl groups, and zinc
dialkyldithiophosphate with 100% primary alkyl groups.

20 (j) and (k) are friction modifiers (FM).

(m)  “LOFI" is a lube oil flow improver, a 48% solution of a dialkylfumarate-vinyl acetate
copolymer.

(n) “OCP" is an olefin copolymer viscosity modifier commercially available as
“Paratone 8011".

25



di al kyl di t hi ophosphate with 100% primary al kyl groups. 20 (j) and (k) are

fricti oRy@piHcbisers (FM. (m "LOFT" is a lube oil flow pampEmescs2za 48%
sol ution of a dial kyl furmarate-vinyl acetate copolynmer. (n) "OCP" is an

ol efin copol yner viscosity nodifier cogpercially available as "Paratone
8011". 25 WD 01/30948 PCT/ EPOQ 10152 -21 Friction nmeasurenments were nade

The. di sice wer o ut" pastBabhsTuds s g Shthe it b GRLa Mepiaduenly™
r oughnessrecipraating fig (HERB). Ghesdiskssvare G50sidnAISE 62100nsteel; paliished 16 H05

t enper at ures 120C) using a new disc and ball for every run.
Setti ngs:m'q[%{iégmgg?ﬁs' Frequency 20Hz; 1 mmstroke length 10 Start

tenperature 80 (100, 120) C. Tenperature step 0OC No. of steps 1
DUt 18752 " Pl bt S s RlelS AP B Bt B, 205
w th an ¢20°Chasing atewdiscranddiat fayenery i) Séttixd¥948 PCT/ EPO0/ 10152 -22 a It
0000 UL Lo U
¢ Load 400 gm
¢ Frequency 20Hz; 1mm stroke length
10 s Start temperature 80 (100, 120) °C.
e Temperature step 0°C
¢ No. of steps 1
e Duration 30 mins.
¢ Strokelength 100um
15 e Sampling interval 5 sec.

The results are in Tables 2 and 3; Table 3 shows a slight advantage for oils with
an overbased calcium detergent.
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c Ew 0000 00 Og o NtONtD1- Nor r Vo G00) VCOrr V. rrr qrrr

r O U GyoQeRede0 a_, 0 wNC) NCOI- to Lw LPL C) r= rrperyEebidoeis20 O O U E

"N0) VLOAD r-- 00 NMV 0 z WO 0130948 PCTJEPOO/ 10152 - 23 Table 4 O
1 Gl 20l 3Gl 4 Overbased Ca Ca Ca Ca Detergent Moly trinmer 100 ppm
100 ppm 100 ppm 100 ppm Mly diner © §)me ppm 800 ppm 800 ppm Organic FM
0.4 00.40 Speed (nms) 0.01 0.062 0.08 0.06 0.091 0.01 0.07 0.093 0.07
0.106 0.02 0.082 0.11 0.083 0.125 Table3t 0.088 0.122 0.089 0.134 0.04

0.089 0.124 0.089 0.136 0.05 0.09 0.124 0.09 0.136 0.06 0.091 0.125 0.091

0. 137
Qil 1 Oil 2 Qil 3 Qil 4
Overbased Ca Ca Ca Ca
Detergent
Moly trimer 100 ppm 100 ppm 100 ppm 100 ppm
Moly dimer 0 ppm 0 ppm 800 ppm 800 ppm
Organic FM 0.4 0 0.4 0
Speed (m/s)
0.01 0.062 0.08 0.06 0.091
0.01 0.07 0.093 0.07 0.106
0.02 0.082 0.11 0.083 0.125
0.03 0.088 0.122 0.089 0.134
0.04 0.089 0.124 0.089 0.136
0.05 0.09 0.124 0.09 0.136
0.06 0.091 0.125 0.091 0.137
0.07 0.093 0.127 0.093 0.139
0.08 0.095 0.128 0.095 0.14
0.09 0.096 0.129 0.096: 0.141
0.1 0.097 0.13 0.008 0.142
0.15 0.102 0.132 0.102 0.144
0.2 0.105 0.133 0.105 '0.145
0.25 0.108 0.133 0.107 0.145
0.3 0.11 0.134 0.109 0.145
0.4 0.113 0.134 0.112 0.145
0.5 0.115 0.134 0.114 0.144
0.6 0.118 0.133 0.116 0.143
0.7 0.117 0.133 0.117 0.142
0.8 0.118 0.132 0.118 0.14
0.9 0.119 0.131 0.119 0.139
1 0.12 0.13 0.119 0.138

These data show the consequently superior results for Oil 3 which contained both

5  the molybdenum trimeric and dimeric compound as well as the friction modifier. The data
shows coefficient of friction versus sliding speed using “SD 1777" (Borg-Warner, paper
friction material) clutch plate material. This data shows that the oils of this invention have
superior wet clutch friction performance when used as a universal lubricating oil, such as

a universal tractor fluid. .



0.07 0.093 0.127 0.093 0.139 0.08 0.095 0.128 0.095 0.14 0.09 0.096 0.129
0.096: 0.141 0.1 0.097 0.13 0.098 0.142 0.15 0.102 O. %%’59’8‘9’8’%%0 144
.0.2 0.10%W0#139%48 o 105 0.145 0.25 0.108.0.133 0.107 O. 11 0.134
0
0

0.109 0.145 0.4 0.113 0.4 0.112 0.145 0.5 0.%45 0.134 0.114 0.144 0.6
0.116 0.133 0.116 0.143 0.7 0.117 0.128-0.117 0.142 0.8 0.118 0.132 0.118
0.14 0.9 0.119 0.131 0.119 0.139 1 0.12 0.13 0.119 0.138 These data show

t he consequent IAadﬁidnsarrheésuFﬁﬁéﬂté of fri@ﬁonQdeff%iéM‘ u/eﬂaué: Qlﬂﬁriéj wdbﬁ;rb rPadehe

mol ybdenum trinmeric and dinmeric conpound friction rmdlfler

The data YSingsLewNelppity %I%‘OMPHW%!% (Wﬁ%e& t&%c iqruca!sﬁgzs?pélw gkTable t.s
1777 (Bor fyd\dRRique R BEScribbd 'lrFBétQﬂ ﬂr?éf&"eh@és) s&huésc hritish f r'ﬁér%ﬁhs%ton Th' S

Pé
data shows that the oils IS I nventl on have erior wet clutch

friction pekichrMalqdals \Mﬁeﬁﬁmbhfllﬂﬁsumdﬁ’é\’%ﬁnﬁ l%iqa oit'i Rgdenrs, J.slicidas a
uni ver sal Héﬁﬁ@@rmﬁ. Usgczetgl)oé Warittive éﬁegrggaFEerN %ﬁ gnd “Pracibf & onal

measur ements of friction ICI ent versus 's were nmade usi ng

a Low Vel okaw $peed ehtcbrsfmsgerrratquwmnsmrssms@qrwrthamy Melocity Fgclighd 4 of
Table 1. ?éa?ar th&C WUEUR, iS5 eSﬁ.Ré#Peﬁ ey bué Bind eawnﬁ'&&smnsdﬁoﬁs

"Friction ansm ssi on terials as Affected by F
Addi tives MawelRekkar New Yorkx39g2y %32, both of whigfijare ingeiraratedihergin bly ff,efesa§¢ ety of
Aut onoti ve Engi neers paper 194A, 1960 and "Prediction of Low Speed C utch
Shudder in Automatic Transm ssions Using the Low Velocity Friction
Appar alQs", WatThe follkwirg pragreurd was ysed o previde thegesidts ceposted infTakir 4not i ve
Lubrication, Marcel Dekker, New York (1992) 732, both of which are
|ncorporated her ei n by r ef er ence.

1) 40°C Break in - The unit is run at steady state conditions-velocity ramps

and low speed breakaway measurements are also made. (Throughout the
test, the machine maintains 10kg/cm? unit pressure on the friction material.
15 Rotational speeds targets are: steady state at 2.8 m/s, speed ramps (0-
2/8-0 m/s} and low speed {(.0016 m/s) breakaways.) Measurements are
made of speed, load, torque and temperature throughout the test.
2) 100°C Heating - operation, speeds and load as before, but with fluid

temperature is increase.

20 3) 150°C Heating - same as above but at higher temperature.
4) 150°C Aging - extended (one hour) operation at steady state only.
5) 150°C Cooling - ramp and low speed breakaway measurements made
after the Aging portion of the test.
6) 100°C Cooling - steady state operation, ramps and low speed operation.

25 7 40°C Cooling - steady state operation, ramps and low speed operation,



10 The foll ow ng procedure was used to provide the results reported in

Tabl e 4:wdh1/4ds4s Break in - The unit is run at steady St@d@epoos1o1s2
conditions-velocity ranps and | ow speed breakaway neasurenents are al so

made. (Throughout the test, the nmachj#fe_naintains 10kg/cn? unit pressure
on the friction material. 15 Rotational speeds targets are: steady state at

2.8 nl's, %ﬁléémﬁnégig:ﬂ 8-0 nms) and | ow speed (.0016 m's) breakaways.) .

Measur ene . speed, | oad, torque and tenperature throughout
the test. 2) 100C Heating - operation, speeds and |oad as before, but with

hi gher t enper atdoaesig AEGRRnt ich oloibls ISRerel Yol sromnEPalrR A <. caay

state only. 5) frit@Cproperties) gaid comppsitioricdnprisingeed br eakaway neasur enment s
made after the Aging portion of the test. 6) 100C Cooling - steady state
operation, ranps and | ow speed operation. 25 7).40C Cooling - steady state
operation, ranps anan bibof lelrizatingopsoosity; on. WO 01/ 30948 PCT/ EPO0/ 10152 - 25-
WHAT IS CLAIMER | St oo dft

rigcati, ] _conposition which exhibits

i nproved fuel etonofy anBL%Yérg Sggﬂlc&h?r&? SBNARSO98s sai d conposition
conpri sing: a)chn oan oibsolubib rdinerici molybdenamsédmpouln) prisehtsAsuclaRommtasdbased
cal ci um or nmagnesi u .gent . n ojl .spl uble dinmeric nol ybdenum
conpound present i ng%%ﬁg‘é%o%iog%ma%?@ M? "ﬂ)ﬁ'&\ﬁ%‘?"ﬁ' °Fo 2,000 ppm M in the
conposi tion; d¥) an an bil sakihkdtrinutiearmulyteiznumebmpdetipresentmsubl apoastasl | N
such amount so as L de Ln.the conposition; e) at
| east one organic o%%)“g%%%?g”@ﬁs@?ﬂpﬁhs‘aﬁw?%%?‘!”%‘f?&-f) at | east one zinc
di hydr ocar byl de} hi ogatHeasboaé erganinpid soldble frivtiore modifier; dnd onposi ti on has a TBN
of at least 3.§ attri . Sal al ciumor magnesi um
detergent, a N@)ACK %/tlc;%gt?% ?'9£§P§%B%J€%‘%@%%ﬁg%)hgfe Teapeu ‘ﬂd phosphorus in
an anmount up t whelsisaidcampasitioh has enTENeofzt feast 3.5 ajtdbutalile ko saki bverbadeds phat e
conpound. calcium or magnesium detergent, a NOACK volatility of about 15 wt.% or less and

phosphorus in an amount up to about 0.1 wt% from the zinc

dihydrocarbyldithiophosphate compound.

2. The composition according to claim 1 wherein said overbased calcium or
magnesium detergent is selected from the group consisting of calcium and
magnesium phenates, salicylates, sulfonates and mixtures thereof.

3. The composition according to claim 1 wherein said overbased detergent is an
overbased calcium or magnesium sulfonate.

4, The composition according to claim 3 wherein said overbased detergent is a
calcium sulfonate which has a total base number of from 250 to 450.

5. The composition according to claim 1 wherein said molybdenum from the
trinuclear molybdenum compound is present in an amount of about 10 ppm to 350
ppm.

6. The composition according to claim 5 wherein said molybdenum from the dimeric
molybdenum compound is present in an amount of about 400 ppm to 2,000 ppm.
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2. The conposition according to claim1 wherein said overbased cal ci um or
magnesi um detergent is selected fromthe group consisti ng of cal ci um and
magnesi urV@REMM&Es; salicyl ates, sul fonates and ni xtur eBCTEEYESES2 3. The
conposition according to claim 1l wherein said overbased detergent is an
over based cal ci um or nmagnesi um sul fonat®- 4. The conposition according to
claim3 wherein said overbased detergent is a calciumsulfonate which has
a total base nunber of from 250 to 450. 5. The conposition according to

claim1 wherein_said nol ybdenum fromthe trjnuclea bdenum conpound is
L asont | el D18 conhosiiol SESOrng i Samas HhaHI S MANSIBUR CIMSORY

according to cl &irﬂbléaweaﬁﬁmdsalsaeaebxfw% 0O FoidRting i OFETd enolyFabptislenum

conmpound is presepnt in an anpunt of about

JIPTiTTErn 111 hAjefkyldithipcarhamalgy o fepidhegnyeT) g t!ig'ﬁ‘irgﬁg‘?gph%% 7"‘%@8’\“‘*\

conposi tion aCCGfa%ﬂﬂhubﬁhc@biﬂhéfé Imdkysddhiumh faithtaOhyIpsIRAUM HidXBRthateObnd
trinucl ear conpound is selected fromthe group consisting of a nol ybdenum

di al kyl di t hi ocafbsvge &hersgd) ybdenum di al kyl di t hi ophosphat e, ol ybdenum
di al kyl di t hi ophosphi nate, nol ybdenum xant hate, nol ybdenum t hi oxant hate, and

m xtures thereof. 8. The conposition according to claim7 wherein said
mol ybdenum®&di medhe WPOF'F'?’P]@EFQSQF'Q d8ngiRiting wherpip csaich imolybdapyny imedismor

di al kyl di t hi Ocairﬁﬁﬂﬁbr@con&muﬂ'&‘@p?é%@ﬁ%ﬁbl%eﬁ%%ﬂyﬂﬁhrb@arﬁérﬁét&‘ | wherein
sai d nol ybdenum dinmeric or trinuclear conmpound is a nolybdenunt sul fur

conpl ex of a basic nitrogen conpound. 10. The conposition according to

claim 1 whes el nTha! cbrolion Bobiréihg 18" ditind i L DAGBR BRI M LABHTR WifledOBPY | Ses

zinc froma prinmary alkyl group, secondary al kyl group, or m xtures
thereof. 11. Th&MBRE0SPIPEWNM I & dnaiypdepuraiulfum QR ahi 3 bagic nifiogen

di hydr ocar byi di thnpaiHesphat e conpound conprises at |east about 50 nole %
primary zinc froma dihydrocarbyidithi ophosphate conpound. 12. The
conposition according to claim1l wherein said the friction nodifier is an

10. The composition according to claim 1  wherein said zinc
dihydrocarbyldithiophosphate compotind comprises zinc from a primary alkyl
group, secondary atkyl group, or mixtures thereof.

11. The composition according to «claim 10 wherein said 2zinc
dihydrocarbyldithiophosphate compound comprises at least about §0 mole %
primary zinc from a dihydrocarbyldithiophosphate compound.

12. The composition according to claim 1 wherein said the friction modifier is an
ethoxylated amine.

13.  The composition according to claim 1 wherein said phosphorus content is about
0.025 wt.% to 0.1 wt.%.

14. A method for improving the fuel economy properties of an internal combustion
engine, which comprises: (1) adding to said engine the lubricating oil composition

of claim 1; and (2) operating said engine.

15. A concentrate for blending with an oil of lubricating viscosity, said concentrate
comprising:

R



et hoxyl ated am ne. 13. The conposition according to claiml| wherein said

phosphorus content is about 0.025 wt.%to 0.1 w.% 14, for
i mpr ovi MYPOHI& el econony properties of an internal CWMQ engi ne, .

whi ch conprises: (1) adding to said engine the lubricating oil conposition
of claim1; and (2) operating said engéhe. 15. A concentrate for bl ending
with an oil of lubricating viscosity, said concentrate conprising: WO

01/ 30948 PCTI EP0O0/ 10152 -27 a) at |east one overbased cal ci um or nmagnesi um

detergent; b) oi ] i 2 .and an oil soluble
organo trinucl’ear #ﬂ?é%ggénﬁvrﬁ.q%%%n%gglﬁgm %w%ﬁggﬂég'g{ge%ﬁéﬂbr ganic oil sol uble
friction nodifber; amdil sdublatdimerics molybdenum hgwiparerang ah oihisolpble grdarioe
conpound, to providg i i j GRPP osition having a TBN of at | east
3.6 attributable tgﬁmg%{lé%%%?%g@gﬁ@g?m 0m or magnesi um a NOACK
volatility of ebout atigashonégerganiclod selublefridlide medifieraath anount up to 2000 ppm

350 ppm 1 rom t b 1 TEe 2E UGB kR ddind  or U i nan
anount up to ateoprovide & lubiricétingraiimontplosition having & YBN@f at leastd.6 hitripitaidetoat e
compound. 11 ~1 Lah-oubrbBsdd bdicium or magnesium, a NOACK volatility of about 15 wt.% or
less molybdenum in an amount up to 2000 ppm from the dimeric molybdenum
'compound, molybdenum in an amount up to about 350 ppm from the trinuclear
molybdenum compound, and phosphorus in an amount up to about 0.1 wt.% from

the zinc dihydrocarbyldithiophosphate compound.
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