2Q00MD03- 5 LUBRI CANT COWPCSI TIONS FIELD OF THE | NVENTI ON The present
invention relates to lubricating oil conpositions and concentrateg jyhgpgf or
10 contetomiohg met al core conpounds, kpecifically pol ynucl ear nol ybdenum
core conpounds. BACKGROUND OF THE | NVENTI ON Certain oil-soluble or

oi | -di spersi ble netal core conmpounds, ie conmpounds having a 15 netal core
bonded to one or nore |igands, are known as additives (or additive

| ubricating oil conpositions (or |ubricants) for inproving
b QMBESIHOBS and performance. The ligand or |igands

confer oil-solubility on the conmpound. For exanple, certain oil-soluble
nol ybdenum and sul fur-contai ni ng conpounds have been proposed and

i nvest i PELBOBIHEIINVEMHONddi ti ves. US- A-2, 951, 040; - 3,419, 589;

- 3, 840, 463; -4,966,719; 20 4,995,996; and - 4,978,464 are representative
of patent specifications describin%D_nplybdenun}_and sul fur- contai ni ng
conpounds. Thbé ptasentinverdiopdelates to dibrigating:eil campasitions andFonFeiRteRibersi¥ed in

the art_are . orinci I ' ; ehaRfiRuhELd by
t nd %o I BBCP4ELEfp o Poii SaecRIY BOSRUTR SRR Eors cainplines

EP- A-0 960 178, based on International Patent Application No. PCT

| B9710 ' hucl ear nol ybdenum conpounds as | ubri cant
addi ti EEKG - RpLGETHERMENTION, different oxidation state (M(1V)). 30
Such di nucl ear nol ybdenum conpounds may be exenplified by the formula
Mb20xSyL2, .and. such t.rinuc CMRRN : SXERidd 4 ed by
the forml a®® w&ﬁmm?fvﬁgﬁaﬁgé@@%&gﬁﬁilagpeat |easﬂ_tg§'f%§ﬁ'?_6fﬂ reprtlasdents a
nonEAni metdl chiegpariiekido ooenf evare higandsi areswiowli 3si adgditiyes (on addityscogmenentsly on
t he conpound t ypi cal ' it his tioh’spHsSeHid/and
referre rT@r%ﬁn%ﬁcor_npgﬁﬁﬁﬁghg%gﬁ%%g%ﬁp?&ggﬁ@%ﬁ%o n glohg\e?g Mb: I?ngand
(L) nol perferaidres. dheligandiadiig@ndgs corfepeitseivbility oni the ch@pauRdeFooxamiles of M

never exs egz;g%gg&?ﬂu%ﬁ#d%uurﬁ%rgnzs@;ur—lcjarqg{ﬁg\g{'comp%dﬂﬁ? hEb'@%)%@ﬁ propBSeciard Ve

part of °§ esi'ra 0 increase |
investigated as lubricant additives. US-A-2,951,040; - 3,419,589; -3,840,463; -4,966,719, -

20 4,995,996; and - 4,978,464 are representative of patent specifications describing

molybdenum- and sulfur- containing compounds.

Molybdenum compounds for use as lubricant additives described in the art are
principally dinuciear molybdenum compounds, characterised by the oxidation state Mo(V).
25  See, for example, US-A-5,627,146. Also, EP-A-0 960 178, based on International Patent
Application No. PCT 1B97/01656, describes use of trinuclear molybdenum compounds as
lubricant additives, i.e.
characterised by a different oxidation state (Mo(IV)).

30 Such dinuclear molybdenum compounds may be exemplified by the formula
Mo,0,S,L., and such trinuclear molybdenum compounds may be exemplified by the formula
MosSiLs where x+y = 4, kis at least 4, and L represents a monoanionic ligand for conferring
oil-solubility or oil-dispersability on the compound, a typical example being a '
dithiocarbamate, frequently referred to as “dtc”.

35 _

The above-exemplified compounds have Mo: ligand (L) molar ratios of 1:1 and 3:4
respectively, ie the number of moles of Mo never exceeds the number of moles of ligand L.

Since the Mo is an active part of the compound, it would be desirable to increase its



-.8 JUL 2004 2000MDO3 2 5 proportion, relative to ligand L, in order to
reduce the raw material cost of making the conpounds. The art does n8tJUL 2004
descri be any such acconplishnment, even though it would be beneficial to do
so. Thée? ent invention solves the above probl em and provi des oil-sol uble
or 10 di spersible conpounds with pol ynucl ear Mo cores whose M. content
exceeds its solubility or dispersibility conferring |igand content.

Summary of the Invention 35 In a first aspect, the invention is a

| ubrj catin L It G |- Sd dRe rialéodt BEmaRing@he®r anount

of ah oP1°P§f"%|”uber"§1({:U§3§Héb'\?@%’c@méyﬁ%ﬁ”gem nor rglra}%.unt of , as gahadlgitive,

at | eastompeursisapthenatt doempnotdieserite g suehAceerpplishynant. Lven tg?qg%} would be
trinucl gar .rirgl ébggnum core and bonded thereto one or nore nonoani onic

| i gands PERGIHA &2 8P 5% enderi ng the conpound oi | -sol ubl e or oil -di spersibl e,
wherein the ratio of the nunber of 20 nol ybdenum atons in the core to the

nb f id |i ds i : s elai . Th
Compound may NEASGalh ren R sgvas the gpBl brebjert 46 Ryl SNSE 87 °) | [0,

pr e gr ablsperfblé @odpRindwrin pylymadsardfio thres Mitose e ewiert exsents g shibility 96 o d
on the mass _of the_conpesition 25 Preferably, the nol ybdenumcore, as a

Vb cl usdispessiilsy cgpfsring 1R ian one Mo atom is dinucl ear or

trinuclear. It may contain non-netallic atons consisting wholly or partly
of sul phur. Preferably it consists of trinuclear nolybdenum and sul phur.
The lig ofth ioly for exanple, be bidentate |igands, e.g.
bonding to the core through two sul phur atons. 30 35 The |ubricating oil

e B e R G s ok
conpat i Bh&ingWh trilajért AReurdliahioies lupsieatingvidasity and amgjneoamerrticll a3 @/br i cat i ng
(r)nlalg e(r: ?g}o ;g_sc;it}vle?gtsiegsr]tdon%%% nr?peoun[]"itl:(tzllar%pfrigi(rjla1 a ;?o?;gr{ulcpé a'fl,vs"?]'ch ARLaiS befhbElar,
molybdenum core and bonded thereto one or more monoanionic ligands capable of
rendering the compound oil-soluble or oil-dispersible, wherein the ratio of the number of
20  molybdenum atoms in the core to the number of said ligands is greater than 1:1, such as 3:2
or greater. The compound may provide at least 1, for example 1 to 2000, such as 5 to 1000,
preferably 20 to 1000, ppm by mass of the Mo, expressed as Mo atoms, based on the mass

of the composition.

25 Preferably, the molybdenum core, as a Mo cluster core comprising more than one Mo
atom, is dinuclear or trinuclear. It may contain non-metallic atoms consisting wholly or partly
of sulphur. Preferably it consists of trinuctear molybdenum and sulphur. The ligands or
ligands may, for example, be bidentate ligands, €.g. bonding to the core through two suiphur

atoms.
30
The lubricating oit composition according to the first aspect of the invention has
excellent antiwear, antioxidant, and friction-reducing properties; aiso it may be compatible
with other additives used in formulating commercial lubricating oil compositions and can be
made from readily available starting materials.
35

in a second aspect, the invention is an additive concentrate for blending with an oil of

lubricating viscosity comprising, or made by mixing, an oleaginous carrier and from 1 to
200,000, for example 50 to 150,00, such as 50 to 100,000, ppm by mass of the Mo,



In a second aspect, the invention is an additive concentrate for bl ending
with . an oil of lubricating viscosity conprising, or nade by nixing,.@n 004
‘ol eagi fggaecarrier and from1 to 260,000, for exanple 50 to 150, 00, ugﬂ
as 50 to 100, 000, ppm by mass of the Mo, 2000MDO3 3 - O JUL 7004 5
expressed as Mo atons, of an additive defined in the first aspect of the

I nvention, based on the mass of the concentrate. in a third aspect, the
invention is a nethod of lubricating an internal conbustion engi ne

Conpr i gkpi@soe b Magtohlse obagadditivandkfined in thatfirsigasipleet afipe imyemlian based on

| ubricating oil conposition |10 of the first aspect of the invention. In a
f our t htRgsEE@ss of éﬂﬁﬁﬁﬁﬁﬁ¢on is use of an additive as defined in the first
aspect of the invention for enhancing one or nore |ubricating oi

properties of a lubricating oil . conpgsition..15 In a fifth aspect, the

i nvent i on il8 adhird @RBeCtothefayantg 5 9 Wﬁﬁ‘loéjaqfi?‘ﬂﬁ'cagﬁ‘g EBF‘H}%@PE ?%ﬁb%ﬁoaﬁngme
addi U I ¢BripRfghiderbthddRERNGHenditicating theadidiid with daitieating oi tivapdsiic
aspect of 'the“invention wth an oil of lubricating viscosity or an

ol @agi whthe Grst aspact obthe|ipvaipa. speci fication: "conprising” or any cognate
word is taken to specify the presence of stated features, integers, steps
or conponents, but does not preclude the presence or addition of one. or

more ot her Ihedfourtb@speett thgdneention ispuse Fampsisitiveasaiefiged ipbefiraspect of i of
amount 'y, ME3A5y: i se fibAkatind%ilGREpaHEs bPAlubdBating dlor amount "
means Iﬂéss tﬁggﬁgéﬁégc'%gﬁgfﬂgﬁconposﬁ ﬁgorll,qﬂboth in respectr@of t he

st at ed wotpasition. and in respect of the total mass % of all of the additives
prelgent in the conposition, reckoned as active ingredient of the additive
or , additives; the invention also provides the product obtajned o

' AN 1 [,
obt ai nabl e bisa fifth aspedt, the inweptiorsis a mathedh makingee MofiRRINGR CATPOSHEN O @8
. Of .14 . t teiral . .
conmponent vy f%gnﬁ%%ﬁlh%ﬁs% lémg(;%'ﬁ?ﬁ{biﬁtfv@ ffine@ ishBlfrdtlaspsctwt ke iBFention

customary and opti mal, ert nditions of formnulation, storage or
use; with an oil of lubricating viscosity or an oleaginous carrier.
20 In this specification:

"comprising" or any cognate word is taken to specify the presence of stated features,
integers, steps or components, but does not preclude the presence or addition of one or
more other features, integers, steps, components or groups thereof;

"major amount" means in excess of 50 mass % of the composition,

25 "minor amount” means less than 50 mass % of the composition, both in respect of the
stated additive and in respect of the total mass % of all of the additives present in the

composition, reckoned as active ingredient of the additive or additives,

the invention also provides the product obtained or obtainable as a result of any
30  reaction between the various additive components of the composition or concentrates,

essential as well as customary and optimal, under the conditions of formulation, storage or
use;

“oil-soluble” or "dispersible” used herein do not necessarily indicate that the
compounds or additives are soluble, dissolvable, miscible, or capable of being suspended in

35 the oil in all proportions. These do mean, however, that they are, for instance, soluble or

stably dispersible in oil to an extent sufficient to exert their intended effect in the environment
in which the oil is employed. Moreover, the additional incorporation of other additives may
also permit incorporation of higher levels of a particular additive, if desired.



"oil-soluble" or "dispersible" used herein do not necessarily indicate that
the conpounds or additives are soluble, dissolvable, mscible, or capable
* of bel spended in 35 the oil ingall proportions. These do nean,

however a’Eat they are, for instance, soluble or stably di sper si bl ©8iJHL 3004
to an extent sufficient to exert their intended effect in the environment
in which the oil is enployed. Mreover, the additional incorporation of
ot her additives nmay also permt incorporation of higher levels of a
parsticular additive, if desired. 2000MOO3 4 5 Detailed Description of the
Inventlon e ClL CF LUBRICATING CCNPCSITICN 8 JUL 2004 10 This oil may be

Afled gl ot d t+—, mneral, or synthetic oils, The oils nmay

range in VISCOSIty fron1I|ght distillate mneral oils to heavy | ubri cating
oils such as gas engine oil, mneral lubricating oil, notor vehicle oil,
and heevQlidQFi UBRIGA TING COMROSITIQN ey be unrefined, refined, and r
e-refined. The oil may be used oil. 15 The |igands |, |ncluding ligand s L,
may be independently selected fromthe group of: -X-R %é% CY_X 3 x 2 20
X210 - R2 PTKis dil maRbe 26Boimidens vegeiable animgh aninerg}, of syntheligpils. ghe oils

may range in viscosity from light distiliate mineral oils to heavy lubricating oils such as gas
engine oil, mineral lubricating oil, motor vehicle oil, and heavy duty diesel oil. The cils may

be unrefined, refined, and re-refined. The oil may be used oil.

15 The ligands, including ligands L, may be independently selected from the group of:

—X—R
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x2/ O R2 and m xtures thereof, and perthio derivatives thereof wherein X
X1, X2 and Y are independently selected fromthe group of oxygen{ﬁﬁu

“sul fur geomids Wherein RL, R2, and R are to independently selected fr 18004
group consisting of H and organo groups that nay be the sanme or different.
Preferably the organo groups are hydrocarbyl groups such as al kyl (e.g.,

I n which the carbon atom attached to the remainder of the ligand is
primary, secondary or tertiary), aryl, substituted aryl and ether groups.
More preferg@bly, all ligands are the same 15 Inportantly, the organo groups
of the ligands have a sufficient nunber of carbon atons to render the
conpounds sol ubl e X di spersi e~ the oil. The conpounds' oil solubility
or dispersibilit né?\be Lnfruenced by the nunber of carbon atons in the

| i gands. Preferably thegrligand source chosen has a sufficient nunber of

carbon atons to rende h compound sol ubl e or dispersible in the oil. In
t he conpounds in pr esent iovenuﬁbn, the 20 total nunber of carbon atons
present anong all “Of the organo groups of the conpounds' |igands typically

will be at least 21, e.g. 21 to 800, such as at |east 25, at |east 30 or at
| east i mbairee therpbioand perthia dbeivatives teres whereineX, Xn %a@M 21| group will

general |y range, bet I I RREIPRE B h&RaEY
bet V\eed”ée%ﬁﬂﬂ’%%)' sgfegﬁ_gF}oggﬁe?ggg%g{&&ﬁéﬁghisgﬁ& %81 dlﬁt M opﬁo@phat e
(" a@p" )indegeridentig seletteti droamtheairesy consisiing pf pransipaenro gmsips that may be the
di al kyl di t hi ocar banate . (' dt.c” b Rlpk BE8Eat BRydEG. ] S
nmore pr¥ATe¢ Péé‘%m' [Déqjﬁﬁ(abﬁx}ﬁ? %E%%@gqr&%c?e%?’ggoga@%gt i P tent  havi ?1‘3 ?ar bon
at oms  dinhvasiéh headdrbemaidnt attached tethei rechaindef of the lipanmhisdPrigneryvFRSERCAY or
predom nant |y hydrocar in _c LA Migshd®bird the Same.
i nvent i'@H.‘arﬂz@Mﬁ!‘%ﬁf"%ew'sanldnegﬁ%@w%sé%%{él %\?\n{e@‘ﬁ%}) @)éSO hgldr ocar bon
substituents, that is, aliphatic (for exanple alkyl or alkenyl), alicyclic
(for exanple cycloal kyl or_cycl hidardisdvet tHUPEErick carbon
al i Phati c- S HEPatT C%FCQ’Q%'I%érPﬁ?%JF@ﬁggé%mt i nuc_| e??n as wel | as cyclic
subst i t HRMiStoWaAGE the thmpbumds seutie pptieperdibletintbrigh FhAeCABPORRES Phn” of t he
ligand (that is,_ any two indjic N b9 SLIAR in the ligara.
al i cycl é‘3'”B'ﬁ'@uﬂf)q'sﬂ%'b'w%?ﬁeu?'rggg%%gﬁégé Egﬁ‘tbgb stituents, that g|Fas, t hose
cont ai nppgerbiyEhgdndseurbe choseoumas awifiitientinumbes ot errbeR@IYPS {hfender the
i nvention, do not alter.the. I ha WREE FEReDrbsaft avaation, ued t he
substit ﬁ%’ﬁ‘??“%ﬁ%'ﬂglslarldfsggﬁﬁtﬁrié ?ﬁ@g‘aoﬁ]t rl1rliV\M{BI C(E)t';@xgvvar e of qssfui t abl e ,
20  total number of carbon atoms present among all of the organo groups of the compounds
ligands typically will be at least 21, e.g. 21 to 800, such as at least 25, at least 30 or at least
35. For example, the number of carbon atoms in each alky! group wilt generally range
between | to 100, preferably 1 to 40 and more preferably between 3 and 20. Preferred ligands
include dialkyldithiophosphate ("ddp”), xanthates, thioxanthates, dialkylphosphate,
'25 dialkyldithiocarbamate ("dtc”), and carboxylate and of these the dtc is more preferred.

The term "hydrocarbyl” denotes a substituent having carbon atoms

directly attached to the remainder of the ligand and which is predominantly hydrocarbyl in

character within the context of this invention. Such substituents inciude the following: (1)
30  hydrocarbon substituents, that is, aliphatic (for example alkyl or aikenyl), alicyclic {for

example cycloalkyl or cycloalkenyl) substituents, aromatic-, aliphatic- and alicyclic-

substituted aromatic nuclei, as well as cyclic substituents wherein the 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

35 nonhydrocarbon groups which, in the context of this invention, do not alter the predominantly



groups (e.g., halo, (especially chloro and fluoro), am no, alkoxyl,
nmercapl o, al kyl nercapto, nitro, nitroso, sulfoxy, etc.); (3) hetero
substituents, that is, substituentsséwhich, while predom nantly hydrocgrjggrmm
in character within the context of this invention, contain atons othe

than carbon present in a chain or ring otherw se corrposed of carbon atoms
1015 8 JUL 2004 The conpounds may, for exanple have the general fornula
(I') below. MaEKL,,Xb (1) wherein E represents 0, Se or Se, or a

conbi naydamatiye chakcler pbpe asbstitisento foesei shilied in the @an'dltbe lwarecdd s itabie
oil-solubliljt --dis |I|t on .t he. X, e an anion
bonded ¥RH %0‘?@03(88%% oh PR ﬂ"éqr@c?wnga? tréjeéf?'fm Eﬁkcﬁﬁ%gséohpound

a i's 2nitdo, Mitrdso, Ku!lf@«yaétd)e(@;?hetéro §1§Hshteélﬁ€ﬂhﬂ |$ mubklﬁu&fraslgm:chrwlmﬂ to 10,

such as 4 to 7, preférably Oor 7;n is an ?ﬁ}:ﬁiﬁvhat is less, than a;

and b .pge%nmmﬁﬂ@gevdrpeﬁreﬁfhmeqharaqtﬁraﬁm%Fwﬁm eR|BcEMRAPIOMSut ral ity
to the GRALAYaro8n Bredehl slcriPerhiEFahenile cRimROUdRodtbod bl 2 (1) are

t hose. where represents conbi nation thereof; and/or ais 2 or
3. 1A nore preferred enbodi mant |s a corrpound of the general formula ( I1)

bel ow. M °3§'M‘%§Fm§8{”&’?ﬁa}éfdf%xé e Hav@tik derleB)l 1éRRILPAMIGw:2 di val ent

ani on. such e subj eCt conpounds may be nmade by
reacting, in a poMsgEwskli um a reactant m)(‘l))bdenum conpound that contains a

POl ynUGl AL YDAEINILCRE By S8UHL Amindiohthk6R” 350! ybdenum core, - and

the |igand, bcar In a stoichionetric ratio,
corres pond| ng Ltrepltdsamsmﬁortolaelosmtj]gends thergnolars oil-apiubilityoraispeesibiithen theact ant
nol gbdenum corrp%l_ng JHE the ligand 1is derivatised.

X represenis an anion bonded to the core above, to confer electrical neuirslity to
ihe
compound;
a is2, 3or4:
20 k is at least 4, for example in the range from 4 1o 10, such as 4 10 7, preferably 4
or 7;
n is an integer that is less than a; and
b is an integer to confer, in combination with n, electrical neutrality to the compound.

25 Preferred embodiments of compounds of formuta (i) are those.where E represents O

or S or a combination thereof, and/or ais 2 or 3.

A more preferred embodiment is a compound of the general formuia (I1) below:
MOaSthx
30 where k is 4 or 7 2nd X (1) represents a divalent anion such as the disulfide ion.

The subject compounds may be mzde by reacling, in a polar medium, a reactant
molybdenum compound that contains a polynuclear molybdenum core, such as a trinuclear
35  molybdenum core, and the ligand, L, such as 2 dithiocarbamate, in a stoichiometric ratio,
corresponding 1o that of the subject compound, wherein neilher the reaclant molybdenum

compound nor the ligand is derivatised.



2000M)03 7 - 8 JUL 2004 5 The pol ar medium may, for exanple, conprise a

![r ﬁur d al kano![ suchhas nmet hanol , tetrahydrofuran, dinethylformam de ,

ol uene or water; the reactant m)ly enum conmpound may, for exanpl e,

cont ai A™PHE [ M03Si 3] 2- ion; and L rrbgy, for reTL)arrpI e, bg a di hydr ggar b%/#m' 1004
preferably dial kyl-, substituted dithiocarbanate. Appropriately, the
above-descrr bed reaction is conducted at elevated tenperature. 10 15 20 By
"stoichiometric ratio" above is not intended to nmean or require exact

st oiochi O”Bf]ﬁé/?o@Fﬁ%fdﬁJnﬁlgna@Ofo?eﬁﬂﬁﬁrbC@dm&m@é hq?md hikaholcsueh 2e rrawthtamﬂn to

represent eact1 on rather close enough to the storochrone of
sucg edetshysincfucare dimetbytformamide teluere apwaterdhe Feartantimpivkfenum cqmpg; i
pr oduct ) 2.t | 2
bei ng a{'nél'rb %’Egmé'ﬁp%%’ﬁ%'," m@){@ g?ic'gre]dgl'\?\nd tE ﬁﬁj‘ g?c%?g‘ir?rleet rlwre ﬁﬁ%’t@f\'ﬁ ge”g z)f
dtc ac qﬁrethralgy kﬂmlkﬂe sebpmmted mtmnmmereommmmmeoveﬂ%%d reagtion
Mb3S7( dt Cc%qzé S%% d ﬁ% ﬁsﬁt graP' COVPCSI TI ON AND CONCENTRATE The

| ubri cdFiCRBISEHEd &b il he present invention may be prepared by
addjgng to an oil of Iubrrcatrng viscosity a m xture of an effective m nor

amount of aéyls%e@s é%tﬁ)g qghoﬁlﬂﬂ![ debi téf_ﬁ%%ﬁ%ﬁrré( uif Exaet st%ﬁ:ﬁlometry

co-additive erer na re aration may
acconpl a&deeding Yo édﬁlenﬁ:al quuaimmpmlruaincher\emttdrMOtrepltemmdhe reactipy, byt gther m Xi ng

t he conpound In a ca
i sper SHEPY Prosoriine sk TR fsebhitolploh AR nEL reRg e e
Co- addi figarss LMth erodlste dmble: inble).oi | by any nethod known to those skilled

in the art, elther prior to, contenporaneously w th, or subsequent to 30
addi%ion of t he conpound. Concentrates of the corrpounds and co-additives,

i f requiredasidh éb(&ﬂplbaﬂhb&ynthb@l&@émb&(dtb)ﬁﬂﬁs)abé'!ﬁg laysibiest compounh MaYer
fluid provide a co nien

of I ubr PEEFAAN SeERFIe At e vislE Boeie ORIP oBygh SnbAfkpaiEe O1S
(NH4)2M03813 + 2Hdtc - MOaS'{(dtC)z(Sz) + 2H.8, + 2NH3

20
COMPOSITION AND CONCENTRATE

The lubricating oil compositions of the present invention may be prepared by adding
to an oil of lubricating viscosity a mixture of an effective minor amount of at least one
25 compound, and, if necessary, one or more co-additives such as described hereinafter. This
preparation may be accomplished by adding the compound directly to the oil or by first
mixing the compound in a suitable carrier fluid to achieve oil solubility or dispersibility, and
adding the mixture to the lubricating oil. Co-additives may be added to the oil by any method
known to those skilled in the art, either prior to, contemporaneously with, or subsegquent to

30  addition of the compound.

Concentrates of the compounds and co-additives, if required, in a suitable
oleagenous, typically hydrocarbon, carrier fluid provide a convenient means of handling them
before their use. Oils of lubricating viscosity, such as those described above as well as

35  aliphatic, naphthenic, and aromatic hydrocarbons, are examples of suitable carriers for
concentrates. These concentrates may contain 1 to 80 mass % of the additives based on
the weight of the concentrate; preferred is 1 to 50, more preferably 20 to 70, mass %.



35 aliphatic, naphthenic, and aromatic hydrocarbons, are exanpl es of
suitable carriers for concentrates. These concentrates may contain 1 to 90
© Mass %R %gﬁhe addi ti ves based on tRe weight of the concentrate; pretggnﬁﬁ@m
is 1to nore preferably 20 to 70, nmass % 2000MD03 8 - 8 JUL 2004

| ubricating oil conpositions made by m xing (or blending) an oil of

| ubricating viscosity containing at |east one conpound of the types and in
t he amounts descri bed herein and optional co-additives may be used to

lulricate m?’ﬁ@%rfc%'tmﬁ RYicOMPESHBRNABES by milAny i(Srulending) @ih mrnmm@anag
conbusti on engi ne suc

as a spark-i nlted or ssion-igniti I ne,
by addvipepsiticontaining 2t jesgt ene CarmRaudPfithe pgs @P%@E?&"‘H‘Fﬁggﬁ“” g herein
CO- ADDL 14 Xﬁt%r%l @Sraddﬂ%’s Gy beAGkEdlth WasTicARYmBEnaHietl eh@ihe Rbapdnsats| n t he

conpositio i nvention. These include dispersants, det er {;
e.g., Barrhlgulerlmof ﬁnx@amaép@mb@ﬁépere@sme SHSN G5 THREK-IOBBER OpEPRPTeSSINAaaIR <

Vi SCOSLL¥in S4dh 1hé""fﬂﬁ)h@é‘lLg%ttﬁerewﬁlftﬁékﬁd?ﬂ(&se hBleofvear agents, and

frlctlon re cl ng gen S se can be conbined in proportions known in the
arte For exanple, additives containing phosphorus and/or sul fur conpounds
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20 possess improved properties when used in jubricating oil compositions that are free or
substantially free of added phosphorus and/or sulfur. i.e., phosphorus and/or sulfur in
addition to (i.e., except for) any phosphorus or sulfur contained in the compounds
themselves. A lubricating oil composition that is substantially free of phosphorus and/or
sulfur is one in which the amount of phosphorus and/or sulfur is not more than is inherently

25  present in base oils of lubricating viscosity.

Particularly noteworthy is the use of anti-oxidants in combination,with the

compounds.

30 Examples of suitable antioxidants are selected from copper-containing antioxidants,
sulfur-containing antioxidants, aromatic amine-containing antioxidants and phenolic

antioxidants.

Examples of suitable copper-containing antioxidants include oil-soluble copper
35  compounds described in EP-B-24 146, EP-A-280 57 and EP-A-280 580. Thus, for
example, the copper may be blended into the oil as an oil-soluble copper salt of a synthetic
or natural carboxylic acid. Examples of carboxylic acids from which suitable copper salts
may be derived include C,to C,s carboxylic acids (e.g., acetic acid, and fatty acids such as
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the same amine nitrogen atom, are preferred, but the use of other aromatic amines is not
exciuded. The amines may contain one or more aromatic groups, for example at least two
aromatic groups. Where there are two aromatic groups, both are preferably bonded directly

25 to the same amine nitrogen. Compounds in which two aromatic groups are linked by a
covalent bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO,-or
alkylene group) may be used. Aromatic rings, which are preferably aromatic hydrocarbon
rings, may be unsubstituted or substituted by one or more substituents selected from alkyl,
cycloalkyl, alkoxy, aryloxy, acy!, acylamino, hydroxy, and nitro groups. Amines containing

30 'alkyl-substituted aromatic hydrocarbon rings are preferred, especially those containing two
alkylsubstituted phenyl groups. Preferred N-aryl amines for use in accordance with the
invention are naphthylamines and, especially, diphenylamines, including alkyl substituted
diphenylamines, wherein the alkyl group may be the same or gifferent, having 1to 28 carbon
atoms. Other nitrogen- containing antioxidants, for example, phenothiazine type

35  compounds, may also be used in this invention.

Exampies of phenolic antioxidants include (a) sterically hindered tertiary-alkylated
monohydric phenols such as those described in more detail in US-A-2,944,086; -3,043,775,
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ditertiar I'su pol yol efin polysul fide, a thiadiazole type
conpound such as bis-al kyl polysulfide thiadiazole, and sul furized phenol.

Preferable antioxidants are copper-containing antioxidants, aromatic amine-
containing compounds including diphenylamines and derivatives thereof that have an effect
25  herein comparable to diphenylamines}, and mixtures thereof. Examples of copper-
containing antioxidants include copper polyisobutyiene succinic anhydride ("copper PIBSA")
and copper oleate, and diphenylamines include ali effective derivatives of diphenylamines.

Thus, the lubricating oil compositions of the present invention may include a minor
30 amount of at ieast one antioxidant and at least one oil-soluble or oil-dispersible compound.
The composition may include a mixture of the compounds and antioxidants of the types
disclosed herein, the tubricating oil and/or other additives disclosed herein per se, and/or of
any intermediates and reaction products occurring as a result of the mixture. In combination,
the antioxidants and compounds are present in a minor effective amount to produce the
35  enhanced lubricating performance, particularly friction redupt_ion, friction reduction retention,

antioxidancy and/or antiwear properties in the oil.



Preferabl e anti oxi dants are copper-containing anti oxi dants, aronmatic am ne-
cont ai ni ng conpounds i ncl udi ng di phenyl ani nes and derivatives ther<pfit Bt
"have ane@Mobect 25 herein conparabl eito di phenyl ami nes), and m xtures

t hereof . Exanpl es of copper- containing antioxidants include copper

pol yi sobut yl ene succini c anhydride ("copper PIBSA") and copper ol eate,
and di phenyl am nes include all effective derivatives of di phenylam nes.
Thus, the lubricating oil conpositions of the present invention may include
a ns nolEXAOPERBunt of at | east one antioxidant and at |east one oil-soluble
or oil-dispersible conpound. The conposition may include a m xture of the
conpounds and antioxi dants of the types disclosed herein, the lubricating
oi | and/ or THehiaveratioh will besnate Jallyosedrstendebnrefarencreto the fyllewinsg exagipjes.

i ntermedi ates and reaction products occurring as a result of the m xture.

I n conbination, the antioxidants and conpounds are present in a mnor

ef fective crgunwble t10 Ppemmiation df Mo.SHoetwhdiel&Rb) | ubri cati ng perfornmance,
particularly friction reduction, friction reduction retention,
ant'Poxi dancy and/or antiwear properties in the oil. - 8 J UL 2004 2000MD03
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Preparat.i on of /(coco,dtc) (z S2): 20 Methanol (50 mL) , dicocoam ne
(1.00 g’,‘"°237§°9%‘2$)‘?),2é&$1d carbon disulfide (0.13 i, 2.2

Example 2, Preparation ofMo,S;(coco.dtc)s(S,):

20 Methanol (50 mL), dicocoamine (1.00 g, 2.2 mmol), and carbon disulfide (0.13 mL, 2.2
mmol) were combined in a 250 mL round bottom flask under nitrogen and allowed to stir for
2 h. {(NH,)2M0,S43 (750 mg, 1 mmol) was added to the solution. The mixture was heated
and refluxed overnight. The solution was removed from heat and the methanol decanted
from the red solid. The solid was washed with methano! and then dried. The product was

a5  dissolved in toluene and filtered. The toluene was removed via vacuum distillation to yield a

dark-red glassy solid.

Test
The product of Example 2 was subjected to the Cameron-Plint test as follows.

It was added, as an additive, to a commercial 10W30 lubricating oil to provide 500 ppm
30 by weight of elemental Mo. The mixture was heated at 80°C for 30 minutes with vigorous
stirring to disperse the additive. The untreated oil and the additive-containing oil were then
subject to the Cameron-Plint ball-on-plate test, which provides a measure of friction

modification. The conditions of the test were:



mmol ) were conbined in a 250 nL round bottom fl ask under nitrogen and
allowed to stir for 2 h. (NHq)2Mp3S13 (750 ng, 1 mmol) was added-8dit 12804
solution. The m xture was heated and refluxed overnight. The solution was
renmoved from heat and the nethanol Hecanted fromthe red solid. The solid
was washed wi th nethanol and then dried. The product was 25 dissolved in
tol'uene and filtered. The tol uene was renopved via vacuumdistillation to
yield a dark-red glassy solid. Test The product of Exanple 2 was subjected
to the Canmeron -Plint test as follows. It was added, as an additive, to a
corfrer ci al 128980 | ubri cXGMg oil to provide 500 ppm 30 by wei ght of
el emental Mo. The m xture was heated at 80C for 30 m nutes wi th vigorous
stirring taydikgperse thegadgtive. The untreated oil and the
additive-containing oil were then subject to the Caneron-Plint
ball -on-plate test, which provides a neasure of friction nodification. The
condi ti ons Tefmpereturest %06 - 8 J U L 2004 17. 5Loadl20N Stroke2.42 cm
Tenper at urel20C Rate8.3 Hz The length of the test was 30 m nutes: the final
friction c%{igi cient wag.gasured at the 10 end of the test and the
average frictron coefficient recorded as the nean of the val ues between 10
and 30 m nutes. The results obtained were as follows: Untreated O Treated
O | Final Frheclengin addied festwamB0 mintestherinat friction certfidierndiwastmeasuned 3the. 0. 04
0.04 15 It .i . t W I e 2
o g%u c&hdof iﬂi I{egggggf/ ﬁ%\%@eﬁgﬁ%ﬁa@ﬁbem fdofdaf RAHehn of theXames

between 10 and 30 minules. The results obtained were as follows:

Fing! Friction Coefficient Averaage Friction Coefficient

Untreated Qil 0.10 0.11
Treated Oil 0.04 0.04
15 It is thus seen that treatment with the product of Example 2 reduced friction by more

than half.



- BJUL 2004 13 i 5 CLAIMS 1. A lubricating oil conposition conprisin

made by m xing, a major anmount of an oil of lubricating V|sc05|ty'a&gUh2NM
m Ror anount of, as an additive, atileast one conpound 10 conprising a

pol ynucl ear, such as a di- or tri-nuclear, nolybdenum core and bonded
thereto one or nore nonoanionic |igands capable of .rendering the conpound
oil- soluble or oil-dispersible, wherein the ratio of the nunber of

nol ybdenum atonms in the core to the nunber of said ligands is greater than
1:15 such as 3:2 or greater. |5 2. The conposition of claim1l wherein the
conpound or._conpounds are represented by the general forrmula (I) bel ow

Mo. EkCLAIMSy), (I') 20 confer 25 .0 the wherein E represents O S or Se, or a
conbi nati on thereof, L represents a nonoanionic ligand that confers

oil-solublilityp - d| spersibility on the conpqund;. X represents, an
bondedlt o t He! Uﬁ@'"mlﬁ@?f“ﬁ%éﬁ”@"%ﬁv& q'@agap éb/t'?'?"eaiaﬁgi\lﬁ'ram“{‘ba’ 6"{‘]
conpound; 'ILﬁar?c hr?g)%%cé%ﬂ % o OII ﬁﬂ&ﬁnt%fl1asfaWad8?ﬁ@€F&t@eésﬁoﬁ@@orﬁ[&ﬁge from
4 to 10, suc 5 era or 7;n|san|nteertc&|sless

tham a; and dmmumszm 3 no!egleqiearoswbrers@rdl- PrTYRERH MANDRERPPICORE 2nhDgEd ¢ o
neutrality YRerfe?dBRY Bpmore monoanionic ligands capable of rendering the compound oil-

soluble or cil-dispersible, wherein the ratio of the number of molybdenum atoms in

the core 1o the number of szaid ligands is greater than 1:1, such as 3:2 or greater.

2. The composition of claim 1 wherein the compound or compounds are represented by
the general formula (1) below:
Mo, Ey Ln Xo (h

wherein E represents O,S or Se, or a combination thereof,
L represents a monoanionic ligand that confers oil-solublility or —
dispersibility on the compound;
X represenis an anion bonded to the core, other ithan L above, 10
confer
electrical neutrality to the compound,
a8 52 3or4:
k is at least 4, for example in the range from 4 1o 10, such as 4 1o 7,
preferably 4 or 7;
n is an inieger that is less than a; and
b ie 2n integer to confer, in combination withn , electrical neutrality 1o
the

compound.

3. The composition of claim 2 wherein E represeMl O or Sor a combination thereof,

andlorais 2 or 3.

4. The composition of claim 3 wherein the compound or compounds are represenied by

the generzl formulz () below:




3. The conmposition of claim2 wherein E represent 0 or S or a conbi nation
thereof, and/or ais 2 or 3. J5 4. The conposition of claim3 V\,hngg"_rmmhe
corpound or conpounds are represent¥dd by the general formula (11) "béelow
14 - 8 JUL 2004 5 Mo..SL2X wherein L is defined as inclaim2, kis 4 or
7, .and X represents a divalent anion such as the disulfide ion. 10 5. The
conposition of any preceding claimwherein said |ligand or |igands,
including L, is or are represented by fornulae X1 RL C-NR2 x2 |5 or X
X R P2 x2 XMa@SdeXand nixtures thereof, andperthic derivatives thereof
wherein X, X1, X2 and Y are independently selected fromthe group of oxygen
and sul fur, and wherein R and R2 independently represent hydrocar byl
groups. 6. Whereinhpoeelinedrasoh cleimiznk & 4vict @nd X nepresenisal divalepiamPnoiuci gands
is a dial kgg ihezdigulﬁéié {E)in(_)phosphal e or a dialkyldithiocarbamal e |Iigand.

10

5. The composition of any preceding claim whetrein said ligand or ligands, including L., is
or are represented by formulae

15
or

—_— Rl
e X—R

20 and mixiures thereof, and perthio derivalives thereof wherein X X', X? and
Y are independently selecied from the group of oxygen and sulfur, and wherein R

and R? independently represent hydrocarbyl groups.

6. The compesition of claim 5 wherein the or said ligand or ligands is a dialkyl-

[
LA

dithiophosphate or a dizlkyldithiocarbameale ligand.

~f

The composition of any of the preceding claims wherein the mass of molybdenum
from the compound is &t lezst 1, for example 1 1o 2000, such as 510 1000, preferably
20 tc 1000, ppm besed on the mass of the compesition.
30

8. The composition ¢f eny of the preceding cleims wherein the total number of carbon

zlome in &l of the licends is 2t least 27, such 25 21 1o B0O.



30 7. The conposition of any of the preceding clains wherein the mass of

nmol ybdenum fromthe conpound is at least 1, for exanple 1 to 2oq£ uf%@@ as
.5 td 1000, preferably 20 to 1000, ppm based on the mass of the™ 3
conpot®M¥R. S. The conposition of any of the preceding clainms wherein the
total nunber of carbon atons in all of the ligands is at |east 21, such as
21 to 500. 2000M)0O3 1 5t 5 9. The conposition of any of the preceding
clainms wherein the oil of lubricating viscosity 1is free of sul phur. 10.
Th% conposition of any of the preceding clains further conprising, or nade

by~ 30 mixing, at |east one antioxidant additive. 15 2 T sjtion
of anySof tbemopmssition of PAY REME R Q%é'f"gc%?fﬁ}si“é‘?‘?{a'ijB‘? °ﬁﬁﬁ'i’b89‘%ﬁ$’%£§8@ one
or nore dis ergents, pour point depressants, viscosity

i nprovers, EﬁﬁéggtgﬁP@ﬂgnd antiwear agents. 12. An additive concentrate for
bl ending with an oil of lubricating viscosity conprising, or nade by

m Xi ng,an i . LiEr A LRORRECEbRIAY, onaiagietby f or
exanpl 3050 ﬁlggwglogﬁcgﬁhgg%%r?%&lg%@ ppm by n?rﬁgssﬂybf t he nol ybdenum
of 10 an addi hiximgast 'd¢est onedchritioxidagt asidityBai ns 1 to 8, based on the mass of
the concentrate. 13. An additive concentrate of claim 12 further
conprising, or made by m xing, at |east one antioxidant additive, whereby
the comgent rieccarpesiiiorsoffanyrof the pregesting gleimsiirther epmBFing L Made Went of
addi tives based on _the - LR Dirdo

| ubri cati ng rﬁ'ﬁ‘ﬁ%?@?ﬁéf“&%%ﬁé?%ﬁ%’ gﬁgfﬁ"% rbrgrr;ixg‘iﬁn%e%é%er ating tﬂﬁg engi ne
and | ubri catiimpgovdre, sngictantsarichardiweabpgerdsi ng oi |l conposition as clainmed in
any of clains 1 to 11. 15. The use of an additive or additives as defined
inlany of claims 1 to 11, for enhancing 30 one or nore |ubri cating

proper tizes okn additie icontentrgtenior biendipg s¥ith aymoil of lubricating viscosity comprising, of

made by mixing, an oleaginous carrier and from 1 to 200,000 ppm by weight, for
example 50 to 150,000 such as 50 to 100,000, ppm by mass of the molybdenum of
an additive as defined in any of claims 1 to 8, based on the mass of the concentrate.
20 _
13. An additive concentrate of claim 12 further comprising, or made by mixing, at least
one antioxidant additive, whereby the concentrate contains from 1 to 90, such as 110

50, mass percent of additives based on the mass of the concentrate.

25 14, A method of lubricating an internal combustion engine comprising operating the
engine and lubricating the engine with a lubricating oil composition as claimed in any

of claims 1 to 11.

16. The use of an additive or additives as defined in any of claims 1 to 11, for enhancing

30 one or more lubricating properties of a lubricating oil composition.



