2003MD01 -1 METHOD FOR LUBRI CATI NG DI AMOND- LI KE CARBON COATED SURFACES
This 'invention relates to lubricating oil conpositions (al so known as 5
| ubricants) particularly useful for lubricating surfaces coated with

di anond-1i ke carbon (DLC) filnms or coatings. D anond-1ike carbon

her ei naft er g{) I's a known anorphous carbon material usually provided
in the form &3 Of"ﬂmor coating, and so-nanmed because its 10 properties
resenbl e, but do not duplicate, those of -#i anond. Some of these properties
are high hardness (about 3 to about 22 GPa), a Iow fr| ctlon coefficient
(approxi mately 0.1) arMEIBODFEOR] INAy DAAL B-LIK

el ectromagnetic spectrum At m F téi‘?kj atom; in DLC are
bonded in chem cal structures O nond, but w t hout

| ong-range crystal order. The term DLC enbraces not only 15 pure carbon
material, but also extends to anorphous, hard carbon materials containing
up to 50 atonic p&ihiﬂerinvanﬁohy(hlal@rto El]ncilaatﬁqgjraibeuomponﬂtiahni(mgoDkﬁ‘owntmi al s
are also_reterred to varjousl r phous hydr ogenat ed .car bon"

"hydr ogenat eh‘%"ﬁ% PATGuaElyc H%/"(f@n fory ﬁncaﬁl%éﬁafmrqs keoatgsh Mty dimsmend-like hout
wi shing to bg , the structure of these

hydr ogen- contgfaﬁ#&ﬁ%?ﬁgﬁ% ébCBﬁR aterials may 20 be described as a random
coval ent network of graphitic-type structures interconnected by spa

| i nkages, al though such a structure has yet to be universally accepted. In
addi tion DLC ray Biamensklikecarbost hereinafterdMle)oris cbriomar ABWEphons etaghamt s.

The additio , Si el u [ OVi e or
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har dness0 st pspertied iébefible] dhi @netRiuphieits  tBoef didiforiderIBmd biGheRprofedties N
this speC|f|cat|on i ncl udes anor phous non- hydrogenated hard carbon

material s, aﬁ@rlp&lbh@‘dhqﬁd r(@tgmhétte r2(3 Qﬁa)mbmﬁlcémnapsﬁicmd(mmmtely
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deposi tion, g¢etaé of e QPEGR AIBRISH IDIAN areBdded in chcrmcal structures similar to those

of diamond, but without long-range crystal order. The term DLC embraces not only

15 pure carbon material, but also extends to amorphous, hard carbon materials containing
up to 50 atomic percent of hydrogen. Such hydrogen-containing DLC materials are
also referred to variously as “amorphous hydrogenated carbon”, “hydrogenated
diamond-like carbon” and “diamond-like hydrocarbon”. Without wishing to be bound
by any theory, the structure of these hydrogen-containing hard carbon materials may

20  be described as a random covalent network of graphitic-type structures interconnected
by sp’ linkages, although such a structure has yet to be universally accepted. In
addition DLC may be doped with other elements or combinations of elements. The
addition of such elements, e.g. silicon and germanium, can provide or enhance useful
material properties such as wear resistance, adhesion, hardness, stress, and oxidation

25  resistance. The term “DLC” as used in this specification, includes amorphous non-
hydrogenated hard carbon materials, amorphous hydrogenated hard carbon materials

and doped modifications thereof.

Many methods for directly depositing DLC films or coatings are known in the
30 art, including (i) direct ion beam deposition, dual ion beam deposition, glow

discharge, radio frequency (RF) plasms, direct current (DC) plasma or microwave



di scharge, radio frequency (RF) plasns, direct current (DC) plasma or

m crowave 2003MD01 -2- plasna deposition froma carbon-containing gas or
vapour which can also be mxed wth hydrogen and/or inert gas and/or other
gases contai ning doping elenents, (ii) electron beam evaporation,

| on- assi stedzgﬁwration, magnetron sputtering, ion beam sputtering, or

| on- assi sted r deposition froma solid carbon or doped carbon 5
target material, or (iii) conbinations ofzii) and (ii). The use of such DLC
films in coating the conpaonents of internal conmbustion engines is

descri bed, f 8lasBRAleppsition from & cathgn<pntaning gagorvappHe Whicksean alsmbe mikedh i s

based on the_dis faces.;, such as those of engi.ne conponents,
coated wi th 1 tESieh b, itk PSSRk ety BB Gune) BehiBY LRBR
accor dance WelebtréiBedth @9atratidhy et bR tdd BaBofABion, NAGEhetbR SPNRIRT, forBilafpd
of lubricating a surface coated with a di anond-|ike carbon filmor coating

whi ch conpr spateriggppt yomapsistedssputtes depastteonafromba isokid icathoni ér dopedosdrbomn
conprising an oil_ of .15 |uhricating viscosity, preferably in a major
anount, and ?ﬁgeéﬁ%%‘?q}v@(f‘BiCBN%HWUSEﬂﬁﬁéWd (épmunt of an oil-sol uble

or gano- nol ybdenum conpound. It has been found that the organo-nol ybdenum
additive will substantially reduce friction on the DLC surfaces to an
extent not observ@&te ose of axh BLE ffAmedn c@finpythé cainbyneas off ipeinal ohbostesium
additive is used so as to_provide 25 to 1000 m (parts per mllian, by
wei ght), pr eFREEBES iy doswsaibed, forexagmle. ifU-& Batenhl 1. t y BB RLesent inyention is

| ubrt cating Bhded SRITROBisEAVAP P Surfihe BN ERnBY &%E%@%ﬁg,bg%@%gg&%g 2

of this invention i s an erna | On "engl né~havin nor e

conponent( paDLE filoas @rcdowings can B affedtively Mbricaaédon fil mor coating, and,
contained in a reservoir in the engine, a lubricating oil conposition for
| ubricating said parts conprising an oil of l|ubricating viscosity,

preferably in a ' : n_.e tive friction reduci a t of
an oil-soluble o?g‘{a%%? %%h’é%ﬁ‘&g pé%w&h;@%%h@erf J‘?gb%'} P‘W%"?‘Hﬂ?@ﬁﬁﬁg
nmaybe a cranktagricating ai surfa6elicostbd AHith dUigmMehd BRe chfbd MIRELE cohtidgs which
di stributed around the engine for lubrication. The invention
comprises supplying to said surface a lubricating oil composition comprising an oil of
15  lubricating viscosity, preferably in a major amount, and an effective friction reducing
amount of an oil-soluble organo-molybdenum compound. It has been found that the
organo-molybdenum additive will substantially reduce friction on the DLC surfaces to

an extent not observed on steel surfaces.

20 Typically an organo-molybdenum additive is used so as to provide 25 to 1000
ppm (parts per million, by weight), preferably 200 to 750 ppm, of elemental
molybdenum in the lubricating oil compositions (as determined by ASTM D5185).

Another aspect of this invention is an internal combustion engine having one

25  or more component parts coated with a diamond-like carbon film or coating, and,
contained in a reservoir in the engine, a lubricating oil composition for lubricating

said parts comprising an oil of lubricating viscosity, preferably in a major amount, and

an effective friction reducing amount of an oil-soluble organo-molybdenum
compound. The reservoir in the engine maybe a crankcase sump in four-stroke

30 engines, from where it is distributed around the engine for lubrication. The invention



2003MD0O1 -3 is applicable to twd-stroke and four-stroke spark-ignited and

conpression-ignited engines. A further aspect of the invention relates to

the use of a lubricating oil 5 conposition conprising an oil of

| ubricating viscosity and an effective friction reduci ng anount of an

oi | -sol ubl e - ol ybdenum conpound to lubricate a surface coated with
GRS,

a di anond- i on filmor coating. Thg I nvention al so provides the use
of an oil-sol ubl e organo-nol ybdenum 10 céhpound in a lubricating oil
conposition to reduce the friction between surfaces, at |east one of which,
preferably edtRpRlfablecle tva-suaks apd founhstroke; spagkrignited caandasqBpressionrignied
coati ng. TheeHEﬁlg%d of this invention is especially applicable to the

| ubrication o spark-ignited or conpression-ignited two-stroke or
four-stroke internal conmbustion engines which have parts or conponents wth
DLC filns or coatings. Exanples of such conponents include the cam shaft,
especi al | y the car |fusher; aspestt ofishe dnyantion| telatest he the sisorofskilnbricating i eitler

liners; apd valves,. 20 As | h .0i | -sol ubl - ol ybds
compoundes.  ROPBORAA SSMBRRIE Bhal B ROLPBAYSRELY BLH SHROSRnATLen

di t hi ophosphi , h » oilEd ag,tglgﬁé_ | £4 f - m
and m xtures n{tﬁ{g?% ?fﬁégxtgdlé{ i%(ﬁﬁn(z}ill1 Ig(gll!lgl;éhe nol g%lenu%ﬁgo%po ncltllg tr?anybﬁlgﬁgg%di C
nol ybdenum 2&faempeted dwth atiemend-dikp canbda fikinldr costat Wi th a basi c nitrogen
conpound as neasured by ASTMtest D664 or D-2896 titration procedure and
are typically hexavalent. Included are nolybdic acid, anmoni um nol ybdat e,

sodi um nol ybdat e, 1RO, A I e r..a | t at es
and ot her nol ybdenum sa t°s@g§)é’¥mﬂ‘§f'd*rh§3£% %gﬁfﬁﬁm%gﬁ%@ 1‘@%1&%@1?69{1
MoO2Br 2, 10b2CBfpoundrinl i hutheioating &ADcémpesiticietootedadenthe driction sitwesmDdurfadesyam
conpounds. 2003MDO1 -4 ) ) ) .

least one of which, preferably each surface, is coated with a diamond-like carbon film

or coating.

The method of this invention is especially applicable to the lubrication of

15 spark-ignited or compression-ignited two-stroke or four-stroke internal combustion
engines which have parts or components with DLC films or coatings. Examples of

such components include the cam shaft, especially the cam lobes; pistons, especially

the piston skirt; cylinder liners; and valves.

20 As examples of such oil-soluble organo-molybdenum compounds, there may be
mentioned  dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates,

thioxanthates and sulfides of molybdenum and mixtures thereof.

Additionally, the molybdenum compounds may be acidic molybdenum

25 compounds. These compounds will react with a basic nitrogen compound as
measured by ASTM test D-664 or D-2896 titration procedure and are typically
hexavalent. Included are molybdic acid, ammonium molybdate, sodium molybdate,
potassium molybdate, and other alkaline metal molybdates and other molybdenum
salts, e.g., hydrogen sodium molybdate, MoOCly, MoO,Br;, M0,0,Cls, molybdenum

30 trioxide or similar acidic molybdenum compounds.



Anong the nol ybdenum conpounds useful in the conpositions of this

I nvention are organ-nol ybdenum conpounds of the fornulae Mo(ROCS2)4 and
Mo(RSCS2)4 5 wherein Ris an organo group selected fromthe group
consisting of alkyl, aryl, aral kyl and al koxyal kyl, generally of from1l to
30 carbon at egmmognd preferably 2 to 12 carbon atonms and nost preferably
al kyl of 2 to 12 carbon atoms. Especiallyypreferred are

di al kyl di t hi ocar bamat es of nol ybdenum 10 A further class of

or gano- nol ybdenum ' e y . Rl X4 S
RN b WD G N A s TubighdeiRin” SORbGI i i 3 SchedShom o g
strai ght chaiiventiérdre bagne hedlbdenuarcompbins ofirfogmily| group having 1 to
24 carbon atons; and X1 to X4 independently denote an 15 oxygen atomor a
sul fur atom The four hydrocarbyMeR&dpR)ad to R4, may be identical or
different from one anot her. Anot&ﬁr@w of organo-nol ybdenum conpounds
useful in the lubricating conpo P4 28f this invention are trinuclear

mol ybdenus CQUHRRINRSIs a_ﬁ%egﬁbag{&ﬂp $ReA 18 e S08p E&Es‘i‘ﬂﬂn? oYRASK LI arafkdh

m xtures thereof wherein the L are independently selected |igands havi ng
or gano gr oupsndvalkbxyallgilf geneiainof frombkto 3 carberbanmat andepreferablyeh thel2 ¢drbon
conpound sol ubl e or, dispersihle n t oiL2 nis froml to., 4 Kk varies from
4 through 7208 %“dsE!"é'gP’@%‘?q%ﬁ"‘tthPér@u GRTbAR Gfemy %H?'é!ri’faf&éﬁﬁ‘# i?ffy
conpounds sugmgg 'tmﬁgﬂ{amaﬁ:@i ﬁﬁ’?%ﬁg ol s, phosphi nes, and ethers, and z
ranges fromoO t % and 1 nclu gs nlg%?'stoichi onetric values. In the
instance nis 3, 2 or 1, appropriately charged ionic species is required
to confer _electrical neutrality to the trinuclear npolybdenum_ conpound. The
i oni ¢ spd@i es nay Aplirtder class of aizapp-molybdenuan soppundsisTentgpeitd B the 003 MOOL

formula:

X
R;3

X X4 S
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Mo C——N
/ AN
X, \s/ Ry

where R; to R, independently denote a straight chain, branched chain or arbmatic
hydrocarbyl group having 1 to 24 carbon atoms; and X, to X, independently denote an
15 oxygen atom or a sulfur atom. The four hydrocarbyl groups, R; to R4, may be

identical or different from one another.

Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those

20 of the formula MosSiL,Q; and mixtures thereof wherein the L are independently
selected ligands having organo groups with a sufficient number of carbon atoms to
render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4
through 7, Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes

25  non-stoichiometric values. In the instance n is 3, 2 or 1, appropriately charged ionic
species is required to confer electrical neutrality to the trinuclear molybdenum

compound. The ionic species may be of any valence, for example, monovalent or




-5 divalent. Further the ionic species may be negatively charged, i.e. an
anioni c species, or may be positively charged, i.e. a cationic species or
a conbination of an anion and a cation. Such ternms are known to a skilled
person in the art. The ionic species may be present in the conpound

t hrough coval ent bonding, i.e. coordinated to one or nore 5 nol ybdenum
atons in the28HM0L t hrough el ectrostatic bonding or interaction as in
the case of a counter-ion or through a f-8rm of bonding internediate
between coval ent and electrostatic bonding. Exanples of anionic species

i ncl ude di suldivalpat. Rymthes iedenic species] apbenregativelnehagedahe an antvniscspecies, or or
derivate thereof,:. prefera the anionic species is.disulfi.de ion.

Exanpl es of E%Yi %"ni?%sﬁé"ﬁ@c& qdnfrf'u?jgat%?ﬁ"ca’f&ﬂﬁ? OhficSmbIaton ofap gnioppandyg,
such as an allgn SRhabmstdrk &hé (A% N SFHel i GE%F% '
preferably an anmoni um i on, ﬁggxgﬁt(gg SI[QHM +’§$\A%g{rtgelgﬁi ?ﬁcﬁggﬁe erftrPil)PHHe or
al kyl group, preserd inpthe fcompbhnd BirpgghiHcovaleat bpidirg,. i eAtcobelasted?tb bist et moee bon

atons should b esent anpn all the |jgands' organo groqups, .such as at
least 25,3t TRUHEERTD o5 e 6 0B BSRIoNAS oM b e U Ak dhe
i ndependent | Wﬁf%&%ﬁ'—i@ﬁ%@%u@gﬂfof Kofflitg infrmediatd béaweedCovitent dnd? 3

Xi\ /R ---
electrostatic bonding. Examples of anionic species include disulfide, hydroxide, an

alkoxide, an amide and a thiocyanate or derivate thereof; preferably the anionic species
is disulfide ion. Examples of cationic species include an ammonium ion and a metal
10 ion, such as an alkali metal, alkaline earth metal or transition metal, ion, preferably an
ammonium jon, such as [NR4]" where R is independently H or alkyl group, more
preferably R is H, i.e. [NH,]". At least 21 total carbon atoms should be present among
all the ligands’ organo groups, such as at least 25, at least 30, or at least 35 carbon
atoms.
15
The ligands are independently selected from the group of
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and X, ,p R X2\ , OR2 5, and m xtures thereof, wherein X X1, X2, and Y
are independently selected fromthe group of oxygen and sul fur, and
wherein Rl, R2, and R are independently selected from5 hydrogen and organo
groups that nmay be the sane or different. Preferably, the organo groups
are hydrocarg%ﬁyﬁﬁpups such as alkyl (e.g., in which the carbon atom
attached to e remai nder of the ligand s primary or secondary), aryl,
substituted aryl and ether groups. Nbre'é?eferably, each ligand has the
sanme hydrocarbyl group. 10 The term "hydrocarbyl" denotes a substituent
havi ng carborf®toms directly attached to the remainder of the |igand and

I s predom nantly hydrocarbyl in character wthin the context of this

i nvention. Such substitqu{E i po-teR,t he foll owing: 1. Hydrocarbon
substituents, that is, ali Ic (for exanple alkyl or 15 al kenyl),
alicyclic (for exanple cycl kyl or cycl 8al kenyl) substituents, aromatic-,
al i phatic- and alicyclicySdbstwtuted aromatic nuclei and the |like, as well
as cyclic substituents erein‘the™ing is conpleted through anot her
portion of the ligand (that is, any two indicated substituents may
together forman alicyclic group). 20 2. Substituted hydrocarbon

substi t uent s and gk, therRES SvifeRA 3, KK NARG YN¥EI iA8IRAMIY! B1BRd Witk fihe | N
the context of this invention, do not alter the predom nantly hydrocarbyl

char act er of grovwg of wasgedn andrsulfurTlhod wheteid Re®R2i md R ercaintdependdntly selected fromp f
suitable gro e.g., halo, especially chloro angd_fluoro, .am no, al koxyl,
ot Cant o, ol By ke i orelhe oBoe At Mok be Tt AT o g s ERND S Srpath
Het er o substi , 3HF&Er ' j i ch, | I aiddh

hydr ocar bon g?ldh?ﬁgr%ahct er vgyfﬁlﬁgpfﬂdghgghmt%&moﬁht%m@ ?ﬁf?rltﬁﬁgﬁﬂcont gﬁl It’lo

at onms ot her thearemainder of the ligand is primary or secondary), aryl, substituted aryl and ether

groups. More preferably, each ligand has the same hydrocarbyl group.

10 The term “hydrocarby]” denotes a substituent having carbon atoms directly
attached to the remainder of the ligand and is predominantly hydrocarbyl in character

within the context of this invention. Such substituents include the following:

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

20 2. Substituted hydrocarbon substituents, that is, those containing non-
hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbyl character of the substituent. Those skilled in the art will be
aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl,
mercapto, alkylmercapto, nitro, nitroso and sulfoxy).

25



carbon present in a chain or ring otherw se conposed of carbon atons. 5

| nportantly, the organo groups of the |igands have a sufficient nunber of
carbon atons to render the conpound soluble or dispersible in the oil. For
exanple, the nunber of carbon atons in each group will generally range
between | to_100 freferably from1l to 30, and nore preferably between 4

to 20. Pref eFP(@MOP gands i nclude dialkyldithiophosphate, alkyl xant hat e,
and di al kyl di t hi ocarbamate, and of these 10 di al kyl di t hi ocarbamate is nore
preferred. Organic ligands containing two or nore of the above

functionalities ade al $¥terapubptituerts, shal it gubstitientsawhicha rwhilsi peteminaatione
or nore of the cores. Those skilled in the. art. wll reali.ze that.formation
of the compodAiGEaen inehareis i i ciafiebhor Biinvenionk AR Gy operghiits
having the apRbeR preddif it DAl of Gng SR oPRs&VIRatbofi Afingie. 15 Conpounds
havi ng the fornula Mo3SKLQZ have cationic cores surrounded by anionic

| i gands and are represented by structures such as and 20 2003M)01 -8 and
have net gharges qof +4. Consequently, ip order.,to soluhi|ize these cores
the total char ge AR tie Preanp erpithe of the digands haxe a sificienfpimber ohearbon

| i gands are e 'tgﬁ#;o i SR y s j thd S
bel i eved thata{%%{\fo{og&%dn%rrg’etrl u%%rgiug%o?gggﬁgegﬁﬂbg%n?ﬂorﬁq}ﬁ%}ea}fﬁg%)elh%%éct ed
by nmeans of aonmberoffarbenlatagenit zacingrotp evilll gerrepally rangeshetoeenniulot i00gmefetably Such
structures fall within the scope of this invention., This inc¢ludes the case

of a nultidefiom d 9 gonand Jupregprefarably betwesandctoi dhs Pfered; hgands dpglade | ¢
i s believed ' ' f fur |
the cor e( ). STpIBHIGERARR, CluoRafli AR SpBiAbEte Sttt Heed U\

can be 10 pdemeidithidarbagatd isNforepréfeGed PDreddid Hpshds icatiafiing tvanerf More of

sol vent (s) a nol ybdenum source such as (N H4} 2Mb3S13n(H2O), where n varies
bet ween 0 anéhe2abonel funetipnalities apnalse cenablei ofserving ay digansds, andj hindiag dpneadl e

ligand sour Cer"nosra:l:Jg}1 th‘;%‘%:oraes.t as%l slf(}ﬂchrﬁll tHePint \gillsr%lalfizlcq.ﬁat formation of the compounds

of the present invention requires selection of ligands having the appropriate charge to
balance the core’s charge.
15

Compounds having the formula Mo;SiL,Q, have cationic cores surrounded by

anionic ligands and are represented by structures such as

s-—’T\s

20



O her, oil -soluble or oil-dispersible trinuclear nolybdenum conpounds can be
formed during a reaction in the appropriate solvent(s) of a nol ybdenum
source such as of 15 (NHa) 2Mb3S13-n(H20), a ligand source such as

tetral kyl thiuram di sul fide, dialkyldithiocarbanmate, or

di al kyl di t hi 0&8 0ghate and a sul fur-abstracting agent such cyanide ions,

sulfite ions MR hstit ut ed phosphines. Alternatively, a trinuclear
nol ybdenum sul fur halide salt such as [M?Q[l\/bSS?AG] where Ms a counter
ion, and A |s a hal ogen such as G, Br, or |, may be reacted with a Iigand

source such #8d aveonejichprges af thi Mﬁ%ﬁﬁb{e "@.)Prdﬂéfr quubmsz@mne@phmeemﬁah t he

appropriate | I forman oi.l bl e or

oi | - di spersi Bbﬁg‘% %I{n?])}l} ?a‘rlgfaj{rhgr’rlﬁaﬁrgsjd}e{ﬁlun§e Sﬁr monmoﬁﬁpﬁ%ﬁﬂ%pfe’fmﬁid
and/ or sol venyitkgty wishing wb@mmal B arf\HeSYSitQs belicdad tlat tho ©F TRAE Bshuledt |
solubility or dispersibility may be influénced by the number 25 of carbon

atons in thecplegmny'bs h@ﬂg@non@r@mgcted hy nitancefinmeonadeore higarulsedd ithe llgaads
present ipventi ast 1 t ot al I to shoul resent ng
all the Ti gmo@ 81”5‘547 th SW%‘F’B? 5"8?3‘?’1&{ g%l Rl ﬁﬁr’&?n&‘ﬂ'bs khas a
sufficient nyEhgfes def ca§@6p9 %Lﬂﬁd?:ﬂ&té f'%dnﬁ%a@irng ﬁl&%ﬂﬂ&chensr ﬁ”ﬂﬁﬁg},% Bére.
conpound sol ubl e or dispersible in e lubricatihg conposition

2003MD01 -9 TiebeliEved thahoxpgen apliomsdlentinpmay be aldistitused for gpafuo imihke yodaium

conpound. Moreover, the nolybdenum conpound is preferably selected from
the group consisting of a nol ybdenum di t hi ocar bamat e (MoDTC), nol ybdenum

di t hi ophosphat e, cylt_(m s P RAtE u t
nol ybdenum t hi oxaﬂat e an mlxt Jr%ie{at heregl;e n’ﬁak’y‘%@?’e?g@@?@hg” e
nol ybdeni@n prppediby reatipg é5ha tappropriae Yiquid(s) emdfot sl ene(s pamoalyddentine source
nmol ybdenum conpound _ i s pref g@_?& trinucl ear nol ybdenum compound, such
as a trinucl Mﬁ DoWhetsapaedes bepwea & and @i and inghxdgs ngR- t he
oi | of lubrigat MiSeasid W tion
i ncl ude ani maal% C‘hjzﬁgge and vest etngﬂ %ﬂgﬁP(ﬁ\é’%’ﬁmca@@g @stmﬁg'
Other oil-soluble or oxl-dlspers1ble trinuclear molybdenum compounds can be formed
during a reaction in the appropriate solvent(s) of a molybdenum source such as of
15  (NHi):MosSi3n(H20), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur-abstracting agent such
cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear
molybdenum-sulfur halide salt such as [M),[M0;S7A6], where M' is a counter ion, and
A is a halogen such as CI, Br, or I, may be reacted with a ligand source such as a
20 dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate liquid(s) and/or
solvent(s) to form an oil-soluble or oil-dispersible trinuclear molybdenum compound.

The appropriate liquid and/or solvent may be, for example, aqueous or organic.

A compound's oil solubility or dispersibility may be influenced by the number
25  of carbon atoms in the ligand’s organo groups. In the compounds employed in the
present invention, at least 21 total carbon atoms should be present among all the
ligand’s organo groups. Preferably, the ligand source chosen has a sufficient number
of carbon atorns in its organo groups to render the compound soluble or dispersible in

the lubricating composition.
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oil) {iquid petroleumoils and hydrorefined, solvent-treated or
acid-treated mneral lubricating oils of the paraffinic, naphthenic and

m xed paraffinic-naphthenic types. G ls of lubricating viscosity derived
fromcoal or shale are al so useful base oils. 15 Al kyl ene oxi de polyners
and i nterpol ygRipoand derivatives thereof where the termnal hydroxyl
groups have been nodified by esterificatign or etherification constitute a
cl ass of known synthetic lubricating oils useful as basestocks in this

i nvention. These L by 20
pol ymeri zati on of qg]te ng?‘lgﬁ%gng% ‘g’g"@ﬁ"g?%ﬁﬁf%%@ %h%?dgmgﬁhéﬂgﬁ%# gﬁgﬁ‘g&% d
ethers of thdfereoves) \the ymblyhi@en panypond (se pieferablyh yeletad Y frofo phe Ptbgne

gl ycol ether having an_ average nol ecul ar wei ght of 1000, di phenél et her of
pol y- et hyl en&ORAiSiNg| phvi Ag EOlYbdpman| adithieryhamae 50MoPIED, opelyhjenua her

of pol ypropyl hayj n | ecyl. ar | of _1000- 1500) ; d._nono-
and pol ycar bgﬁ%%PgJ’%’g‘?J&rs %%??’H?or(ﬁgggpgggf ilzg%’ th'@og'ggﬂu aci® a@%Eeers,
n xed C3-§£8 hitfljhdendinGtheidafihateadid fabdureX hdt6dfd MioSSpRferatily, RtmaKbMHuENE
gl ycol. Another suitable class of synthetic lubricating oils useful in this

i nvention ceappowEkistireseat e molybdenim slitbinegibamatec | Dhe molylpdemim leatripound i d,
succinic acid, alkwyl. 30 succinic I ds and al kenyl, succi.ni ¢ aci mal ei c
2ord. asel af & BEFHON dpsbEeatmglyBiiiin 2P odun Sieh, AR Hinigledt MABPATINLf o
| 'i nol ei ¢ aci ditRiotRbamae! oni ¢ aci d, al kyl mal oni c 2003MOOL - 10 aci ds, al kenyl
mal onic acids) with a variety of alcohols (i-butyl alcohol, hexyl alcohol,
dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol, diethylene glycol

nonoet he propylene glycol). Specific.ex | es .of these esters include
G butyl Wi poc o afapirat’ sty et Bs e G oo TSRS oS, SaoHT 0B y)
sebacat e, di bsQeeEN) iA%Risahfentisn hISAISEHal BASLAT FegetibS bl (&?.t SRR fard
di decyl phthalate, dieicosyl sebacate, the 2- et hyl%exyl di ester of

| i nol ei ¢ aci diljiliqerd, petmieurhavilscandl kxdresfieed, f wiventtrbated @ackidigeated eninedak of
i i it h I f I I I I f 2-
Zte Esflhgxgﬁloidy.l : p@;gwgilg?)f e gar Elgcr %%%Q%enelg %nd mixed pgrn 1$i\gglap?thg§ic (%ypes.

Oils of lubricating viscosity derived from coal or shale are also useful base oils.

15
Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification or etherification
constitute a class of known synthetic lubricating oils useful as basestocks in this
invention. These are exemplified by polyoxyalkylene polymers prepared by
20  polymerization of ethylene oxide or propylene oxide, the alkyl and aryl ethers of these
polyoxyalkylene polymers (e.g. methyl-poly isopropylene glycol ether having an
average molecular weight of 1000, dipheny! ether of poly-ethylene glycoi having a
molecular weight of 500-1000, diethyl! ether of polypropylene glycol having a
molecular weight of 1000-1500); and mono- and polycarboxylic esters thereof, for
25  example, the acetic acid esters, mixed C;-Cy fatty acid esters and C;3 Oxo acid diester

of tetracthylene glycol.

Another suitable class of synthetic lubricating oils useful in this invention
comprises the esters of dicarboxylic acids (e.g. phthalic acid, succinic acid, alkyl

30 succinic acids and alkenyl succinic acids, maleic acid, azelaic acid, suberic acid,

sebasic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic




10 Esters useful as synthetic oils also include those made fromC5 to C12
nonocar boxyl i ¢ aci ds and pol yol s and pol yol ethers such as neopentyl
glycol, trinethylol propane, pentaerythritol, dipentaerythritol and
tripentaerythritol. Silicon-based oils such as the polyal kyl -, polyaryl-,
polyalkoxy-,zﬁhhwgp pol yaryl oxysi |l oxane oils and silicate oils conprise

c

anot her usefu ass of synthetic lubricapts; they include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl) silicate,

ot R A0 S ot SRR =
pol y( et hyl plagasdy) alcehbloRaMBFhex N AROHSYY @Eﬁyﬁnk?slidg)g,rcgétﬁ?ieﬂﬁ gRicbP mion6dthéte

| i quid esters of phosphorus 20 ¢ontai ni ng~aci ri cresyl phosphate,
trioctyl phoppimiene glyenihy Spesifie examples exfytheseosspdte madudecdibptyhadippts), i@ i c

t et r ahydr of ur ans,. refined, refine nd rerefined ails cap be used in the
| ubri cati ng Sﬁyﬁwc‘,gﬂpﬁ'%qaf?%né{lﬂfhwg %F@é‘gﬁt di‘%ﬁnlsgt@ﬁ'f‘teufﬂ@f’?ﬁ LI ar e
t hose obt §i nggsslierAChteratt r t iqei ik N .
further purifi gateif:%n traetat rer{:g;’cni‘?y5 ‘%’é@’gg’aﬁﬁ@ gMHésJE%I gfeé‘i:cdlgyl(r)%%é}ie%%’d i quct |y

from retorti ethylpeyhdicstas of Hinpleicr alid dimer, land e coreplesliestec fbynedf by macting
distillation or I 1. obtaipned directl fromﬂan esterification process

este .
and used Wi PHBEROﬁ? Bff iciacihWHR Ao ViRRIFtiohErasthyiRRe ghyrRlfng; o TReles REd- oi | s

are simlar tg il{éﬁandi@ﬁ&ﬁ.i ned oils except they have been further treated in
one or nore DUIyI Ication steps 30 to inproved one or nore properties. Mny
such purification techni ques, such as distillation, solvent extraction,

acid or base extraction, filtration and percol ation are 2003M001 -11 known

to thoselQkilled msterhaseit as ymihetifettivplse Heldgpthass deedsyirgmo Lesioe b2

simlar to tnm@@ . 1 Q..qbt.ain i.n | L€ 0,.J el 0] whi ch
have been alrea yalﬁééglc ?ﬁage@\c/li Béﬁggu%ﬂj ?3‘%’2’? ?‘ﬁg‘lﬂ% oslq\cé %Sr g@%@gﬂ k%lggmd' as
recl ai med or trimpthelofirepsheppdrtactyttiritodf dipentaighAnlizhd oipehlayryiiritclessed by
techni ques for renoval of spent additives and oil 5 breakdown products.

Mol ybdenum cont ai ning lubricating oil conpositions for use in the present
I(imrﬁglntlljioﬂgmy al sQif Nt 2s uchNEs CHHRY Gy, BFRAlyIY CBolyhikbRy!, P& OW
15  polyaryloxysiloxane oils and silicate oils comprise another useful class of synthetic
lubricants; they include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-(4-methyl-2-ethylhexyl) silicate, tetra-(p-tertbutylphenyl) silicate, hexa-
(4-methyl-2-pentoxy) disiloxane, poly(methyl) siloxanes and poly(methylphenyl)
siloxanes. Other synthetic lubricating oils include liquid esters of phosphorus-

20 containing acids (e.g. tricresyl phosphate, trioctyl phosphate, diethyl ester of
decylphosphonic acid) and polymeric tetrahydrofurans.

Unrefined, refined and rerefined oils can be used in the lubricating oil
compositions of the present invention. Unrefined oils are those obtained directly from

25 a natural or synthetic source without further purification treatment. For example, a
shale oil obtained directly from retorting operations, a petroleum oil obtained directly

from distillation or ester oil obtained directly from an esterification process and used
without further treatment would be an unrefined oil. Refined oils are similar to the
unrefined oils except they have been further treated in one or more purification steps

30 to improved one or more properties. Many such purification techniques, such as

distillation, solvent extraction, acid or base extraction, filtration and percolation are



any additional friction nodifiers) which are typically used in a m nor
anopunt, e.g. 10 such an anpbunt so as to provide their normal attendant
functions. Typical anmounts for individual conponents are also set forth
below. Al the values listed are stated as mnass percent active ingredient
in the total iOHmd%O ating oil conposition. ADD Tl VEMASS % MASS %

(Broad) (Preferre Ashl ess Dispersant0.1 - 201-8 Metal DetergentsO.1 -
150.2 - 9 Corrosion Inhibitors0-50 - 1.5 Mstal Di hydr ocar byl

Di t hi ophosphgte0.1 - 60.1. - 4 Anti-oxidantQ-50.01 - 3 Pour Point
Depr essant 0. 8‘:{“’3’" =8, tb‘is-els’iiﬁ]eﬂrw ﬁ?? hnisEringd stls aspolyained by praigpsss simitar 40

Anti-wear Ag : It} . LfierQ-50 - 1.5 Viscosit
Bdi 1 or 0- 60. -5 1oAY ERRIEL Apl O r el i bivs s AUERR o o
basest ock i n inngrvionSehi rerdfinedils Bidislso kA6WN s rbIBIMSATRORBRIEssEABiIPEn@dded

directly to the basestock by dispersing or dissolving it In the basestock
at the desi r edtepapepdditionably qupgessad bintechisgads for eamiovag ofrspent additivest arhdil ent

t enper at uie ted tenperature. 2003MD01 -12 Preferably, all the
addi ti ves%ex%rer%aﬁ(h?%ﬁ Pf%ﬁ’%gr scosity nodifier and the pour point depressant
are blended into a concentrate (or additive package) that is subsequently
bl ended into basestock to make a finished lubricating oil conposition. Use
of such concent r atMelybdensoneentainimgalubridhimgcaib contpositions\fdr useyini thal prigsehe 5
formul ated to_contain tqtje additive(s), in proper_anpunts to provide the

desired cond®YRIHER MAY lsp eeniainagy of ithe,convertional additivesniisied below Guedudingie

concentrate lafy additional friction modifiers) which are typically used in a minor amount, e.g.
10 such an amount 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 in the total lubricating oil composition.

ADDITIVE MASS % MASS %
{Broad) (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 02-9
Corrosion Inhibitors 0-5 0-15
Metal Dihydrocarby! Dithiophosphate 01-6 01-4
Anti-oxidant 0-5 0.01-3
Pour Point Depressant 001-5 0.01-15
Anti-foaming Agent 0-5 0.001 - 0.15
Supplemental Anti-wear Agents 0-5 0-2
Additional Friction Modifier 0-5 0-15
Viscosity Modifier 0-6 001-4
15 The individual additives may be incorporated into a basestock in any

convenient way. Thus, each of the components can be added directly to the basestock
by dispersing or dissolving it in the basestock at the desired level of concentration.

Such blending may occur at ambient temperature or at an elevated temperature.



conbined with a predeterm ned anount of base oil. The concentrate is
conveniently nmade in accordance with the nethod 10 described in U S.
4,938, 880. That patent describes making a pre-m x of ashless dispersant and
nmetal detergents that is pre-blended at a tenperature of at |east about
200C. Ther eaf M Ehe pre-mx is cooled to at | east 85C and the additional
conponents are aaoged. 15 The final crankcgse lubricating oil conposition
may enploy from2 to 20 mass and preferamty 4 to 15 mass % of the

concentrate (or additi package),. .the rengminder being base oil. Ashless
di spersants nai nt g‘%ﬁftefi’\r{i’?%tfg.bgﬁs? 78| ChRoton PR VAsePSIBL ATt andgthe ROV 20
oxi dati on of ' | WHded i ' They .akh: ' a .
advant ageous ;fco('i)}fi g#ﬂerségﬁléti % preglf:%i ltng(%)ir?(;#&té#éagﬁtgd e gﬁ%ﬁ?g%ﬁ%ﬁ g{;ﬁ' "
varni sh, par tsubseiqaertly blendegaingl bavestecigic fitake Asfivlisied ldbsaingadil Sompesmidise an

oi | -sol ubl e R&Iﬁyrreri c. hydrocar bon backbone 25 bearing one or nore
functional griégpef tivgh Eaneentmiesolie conveniopal at They caneentysta twidll éypieadlypbe

di sperseds Typi ek I one .is functionalized. by am ne

al cohol , an ?I'le",%ﬁ%#xets?t g‘?"‘%& érgeér%(ﬁ?e'ﬂ@s% (?f‘?peeﬁ et g i FFgYidS @Pg{ifﬁ!réq‘he
ashl ess di speba@dtrai®y inbthe Fighl exRHMRliRy GPIcORipBSiHbA OWhaN | thé Adonpbdiratdlil S,
esters, am no-esters, am des, imdes, and oxazolines of |ong chain

hydr ocar bon somwinedwithia predeteemided pmaniimfpasecoibci ds or 30 their anhydri des;
t hi ocar boxyl ate derivatives of |ong chain hydrocarbons; |ong chain

al i phatic hydrocarbons having a pol yam ne attached directly thereto; and

Manni ch 2003MOOL A2 ¢oRdanpset iRoRvasielS nfaak MR a]%or]?i%b?egﬁihngli@ th@RGd

chain substituted phenol wth fornmal dehyde and polya ene polyam ne. The
oi | - sol ublDe poscrivediin UyBdrd@3R 3800 Mhak paast désctibess mallingpe peeqniis dfsashless

typically derjived f |.ef i | yn I , i al | I

conpr i si ng a YARFBATBICLReiahdtiFect B i pE-PleRdadai brnetrweRf dbicas pui o

Cl S ol efi o €t . .S Qbglts ,

Stenee st B0BC ot ieERer B HLARGS Do B0 1eBRORSE GRE B il
components are added.

15 The final crankcase lubricating oil composition may employ from 2 to 20 mass
% and preferably 4 to 15 mass % of the concentrate (or additive package), the

remainder being base oil.

Ashless dispersants maintain in suspension oil-insoluble matter resulting from
20 oxidation of the oil during wear or combustion. They are particularly advantageous
for preventing precipitation of sludge and formation of varnish, particularly in

gasoline engines.

Ashless dispersants comprise an oil-soluble polymeric hydrocarbon backbone

25  bearing one or more functional groups that are capable of associating with particles to
be dispersed. Typically, the polymer backbone is functionalized by amine, alcohol,
amide, or ester polar moteties, 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

30  their anhydrides; thiocarboxylate derivatives of long chain hydrocarbons; long chain

aliphatic hydrocarbons having a polyamine attached directly thereto; and Mannich



plefin. The oil-sol uble polyneric hydrocarbon backbone may be a honopol yner
(e.g. polypropylene or polyisobutylene) or a copolyner of two or nore of
such olefins (e.g. 10 copolynmers of ethylene and an al pha-ol efin such as
propyl ene or butylene, or copolynmers of two different al pha-olefins).

Q her copol ygphsehncl ude those in which a mnor nolar amount of the

copol yner nononers, for exanple, 1 to 10,gole % is an a,co-diene, such as
a C3 to C22 non-conjugated diolefin (for "‘éxanple, a copol yner of

I sobut yl ene and, but adi en or. a ol r .of ethylene, nropylene and.l. 4 15
hexadi ene. or CEMETRyPRURALeH formisdnh &Y aenrige & 128 Gre pieg e bRy it
400- 2500, prshiiealde AlsdyAR efysaidmine de di spersants. The viscosity

nodi fier (VM funct ocns to |rrpafr:t hijéh and | ow tenperature operability to

a lubricating oil composition. The VM used nay have that sole 20 function,

or may be nultifupctiopal. Miltifunctjopal viscosity nodifiers that also
function as di speg'g‘ﬁn‘?‘ks%wblea?‘%'dme?ﬁo roegrhan, 9p 'R?%%c?fsmeﬁe n‘ﬁﬁl?el“ra&ss are

| yi sobug yl f i .
P b oo el 880 s S bl OB 06, BBl eping o,
copol yners, anpalmoRr smointape Uteaéiuthai 60 neble )adnyC] © @giotefng. @ etliylenk,

conpound, inter polynmers of styrene and acrylic ester, and partiall
hydr ogenat edPropyisae.msylens fisabuiprlense perienss eptenc-4+ sfyispe) pud Bipicaly 2 Gni@ Cs

S0P ee! Dt et e B BE b A dRUEHERAE SRRy e ©
Met al - cont ai BbRPropilens br ﬁ&g%ﬁﬂyﬁﬁ?%rgﬁwp‘élw oD 6w ® bLARKS ofdueh oRgHS (e. 2.

function both as detergen to reduce or renove deposits and as acid
neutral i ¥&r scegolymers of eHiylineoard anhalpbiyplefiad sedbngs visepylened of dputplenenorand

extendi ng engine life. Detergent general |y, conprise a. ppl.ar, head wi.th a
long hydr ophg‘fﬁo ypefs of t‘f’ﬂé‘%@?&rﬁ%‘géﬁns D%P‘?rrsﬁrgﬁaiygmﬁse‘(ngﬁldgﬁqsfd w ‘fhaci d
organi ¢ conpauyfitor Haar dunit BRIeC@RbRRr fnondHzsd, F6tt dxahlple, St @ Fieredy, i
anount of the netal in which they aré usually describe

an o,w-diene, such as a C3 to Cy; non-conjugated diolefin (for example, a copolymer

of isobutylene and butadiene, or a copolymer of ethylene, propylene and 1,4-
15 hexadiene or 5-ethylidene-2-norbornene). Preferred are polyisobutenyl (Mn 400-
2500, preferably 950-2200) succinimide dispersants.

The viscosity modifier (VM) functions to impart high and low temperature
operability to a lubricating oil composition. The VM used may have that sole

20  function, or may be multifunctional.

Multifunctional viscosity modifiers that also function as dispersants are also
known. Suitable viscosity modifiers are polyisobutylene, copolymers of ethylene and
propylene and higher alpha-olefins, polymethacrylates, polyalkylmethacrylates,

25  methacrylate copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl
compound, inter polymers of styrene and acrylic ester, and partially hydrogenated
copolymers of styrene/isoprene, styrene/butadiene, and isoprene/butadiene, as well as
the partially hydrogenated homopolymers of butadiene and isoprene and
isoprene/divinylbenzene.

30



as normal or neutral salts, and would typically have a total base nunber
(TBN), as may be neasured by ASTM D-2896 of fromO to 80. It is possible
to include large anounts of a nmetal base by reacting an excess of a netal
conmpound such as an oxi de 10 or hydroxide with an acid gas such as carbon
di oxi de. The %’oﬁ‘ﬁrﬂoﬁi ng overbased detergent conprises neutralized detergent
as the outer Tayer of a netal base (e.g. arbonate) mcelle. Such

over based detergents may have a TBN of 1507or greater, and typically from

250 to 450 . t ts th di | ud i | -sol ubl
et ral - and over bale AL Bz S gpEke SISt A oereps g Bsse function
t hi ophosphonajoft$ as Jcéte?gédtscl'é Hfire &nfémgh&@ﬁ%gsf Iﬁﬁd gﬁ'gicﬂis E&gﬁlitrzﬁizltfss ) yhke

carboxyl ates of a nmetal, particularly the um potassium

l'i thium and reighigeistiereBy eddecingdvear end nembsian amat exstelimpargineciidec iDetergéeds
magnesi um phenat es and sul fonates, especially calcium 20 Oher friction

nmodi fi ers i n&ChTa! b qompsIse »# i head wath; gelong; hydgephobicdail. thsnpelar deadies,
doam nes. ot iri ! _ . A o
ol yoh oo oy BirpFisinEa AROM Bl SRid SISV LARGRLAT 162 AE by Ebneai"h MO

di t hi ophosphatsstasially seattiometiie dnicayentheymeceth aichnthiy WRAksualg deséibed
anti oxi dant agents. The netal may be an al kali or alkaline earth netal, or

al uni num | ed8 nofmal orpguial slisnandryoylh bicallnihaxe iz total dagspeumberHd@BNyags be

prepared in ' ] hpikgues . bysfiyst _formn

di hydr ocar bylnﬁfﬁﬂg%ﬁﬁmﬁwg?gﬁfﬁgﬁﬁﬁ ttJ )égﬂ Ilgl’sb@?s?légctto%ﬁuﬁ 13588 or
nor e al cohol agfouatspifenaétalbish by2&tiapAn ckb& of 8 Whetall dofpetind BecH &7 FEskiGDPA
with a zinc conpound. For exanple, a 30 dithiophosphoric acid may be made

by reactilflg @ tydraxideowithy amaeid sasdsusbcameatbon divxddhol Bhe mistlting xvierkaissd
mul tiple dithi ri.c aci .can ;be prepar.ed ere the 2003M001 - 15
hydr ocar byl 3‘ F%p g? gﬁﬁghgesaﬁ%l%??$g?§r§g%§%% 9'\9?‘5 1%592& g}%ﬁ@s? HEs:
hydrocar byl  cgibotie) BitelfeSail Weshaaé®dREigktS ayHalERTBN bf PRPSEA&L RS, arld
make the zinc salt, an)zl basi c or neutral zinc conmpound may be used but
oxi des, hydr &¥nierdly feara 28 rbdiearanorear Datergenty gt madyl Be used| iglade ollsotnbleci al
addi tives f r%gﬁ{(raﬁtgﬁﬁ SEHALE s%{}or?ﬁ%gs?sp%ega{tes, suifurized phenates, thiophosphonates,
15  salicylates, and naphthenates and other oil-soluble carboxylates of a metal,
particularly the alkali, e.g. sodium, potassium, lithium and magnesium. Preferred are
neutral or overbased calcium and magnesium phenates and sulfonates, especially

calcium.

20 Other friction modifiers include oil-soluble amines, amides, imidazolines,
amine oxides, amidoamines, nitriles, alkanolamides, alkoxylated amines and ether

amines; polyol esters; and esters of polycarboxylic acids.

Dihydrocarbyl dithiophosphate metal salts are frequently used as anti-wear and

25  antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
lead, tin, molybdenum, manganese, nickel or copper. They may be prepared in
accordance with known techniques by first forming a dihydrocarbyl dithiophosphoric

acid (DDPA), usually by reaction of one or more alcohol or a phenol with P,Ss and

then neutralizing the formed DDPA with a zinc compound. For example, a

30  dithiophospheric acid may be made by reacting mixtures of primary and secondary

alcohols. Alternatively, multiple dithiophosphoric acids can be prepared where the



5 zinc due to use of an excess of the basic zinc conmpound in the
neutralization reaction. ZDDP provi des excellent wear protection at a
conparatively |ow cost and also functions as an antioxi dant. However,
there is some evidence that phosphorus in [lubricant can shorten the
effective |IB§?ﬁ%g?ut0nDtlve em ssion catalysts. Accordingly, 10 the

| ubricating o hpositions of the invention preferably contain no nore
than 0.8 wt % such as from50 ppmto 0. wt % of phosphorus.

| ndependent | f the anmount of phosphqrus, the Julricatin i 1. conpqsition
pref or bl y. na3rsaH TR Greckiic Tl SaianaB! I S SOTEp e PR o
of sulfur, thedouning GhersYrd Uﬁﬁégg?r?%%r}fﬁﬁl &S P& ke BESHES, Bny

accordance with ASTM D5185. 15 OXi Itors or antioxidants reduce
t he t endency baficlmagestraiciisc tampalatdemayp batised butsexides; ydidxidel atidtoarboaates i on
can be evidenced by the produycts of oxidation such as sludge and

var ni sh- 1 i ke 3Pl ghepilyamplosda Cammerdd addiiyes freqysnslyanfain gn swugess oSuch
oxi dati ongi nhi bi {.ars . i ' ' 1. .

ol e of 31 At L5 okt ol e ORI mpciinidhn ke fuiof rJHliGh
chains, cal ci um nonyl phenol sulfide, ashless oil-soluble phenates and

sul furized phenates phosphosul furized or sul furized hydrocarbons,
phosphor ous est er ZDIAR peavidesiexerdiepb weai rretection atsugampasatishplow eashprsLdep as

i b tors. odiontof 6 Sitkeidpt, HEROXEE SPMES SOk, Cidkhel R R Bhorhe e’

pol yol s and asbrfiafit daieshe@én thip @FfEenyealfe Of @@ nidliied ehissici ¢hta O NAEcoMiik )y,
sul fonic acids may be used. 30 Copper- and | ead-bearing corrosion
i nhi bi t 0@ milje lbrigaing, oibepmpgsitiangsif dhe inyention prefagably santain rhmorethan@af i ng

0y oS! 1, S 4 S5l G WP ARG 60
atoms, thei andahné ¥Rphosphoras dthe Alivridting ol RRpositled préfirabl ha®ho more than
1, 3, 4-t hi adi azol es, such as
0.5 wt %, preferably from 50 ppm to 0.3 wt %, of sulfur, the amounts of suifur and of
phosphorus being measured in accordance with ASTM D5185.
15
Oxidation inhibitors or antioxidants reduce the tendency of basestocks to
deteriorate in service, which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits on the metal surfaces and by
viscosity growth. Such oxidation inhibitors include hindered phenols, alkaline earth
20  metal salts of alkylphenoithioesters having preferably Cs to C;» alkyl side chains,
calcium nonylphenol sulfide, ashless oil-soluble phenates and sulfurized phenates,
phosphosulfurized or sulfurized hydrocarbons, phosphorous esters, metal

thiocarbamates, oil-soluble copper compound as described in U.S. 4,867,890, and

molybdenum-containing compounds.

25
Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfenic acids
may be used.
30 Copper- and lead-bearing corrosion inhibitors may be used, but are typically

not required in the lubricating oil compositions of the present invention. Typically



those described in U S Patent Nos. 2,719,125; 2,719,126; and 3,087, 932,
are typical. Qher simlar material are described in U S. Patent Nos.
3,821, 236; 3,904,537; 5 4,097,387, 4,107,059; 4,136,043; 4,188,299; and
4,193,882. O her additives are thio and pol ythio sul fenam des of

t hi adi azol es, M@?@s t hose described in GB-A-1,560,830. Benzotriazoles
derivatives a all within this class qgf addl tive. Wien these conpounds
are included i n the lubricating oil conpositi onS they are preferabl y

present in a EotibodAdt a?é&]?ae‘a‘?éz?;?e {r?mgs ‘i‘ﬁd% xﬁﬁ% 34} Bdh Ao

amount of a yi ng “conponen referre emul STTyi ng

conponent is uﬁesaémmmg AndEFpofymietd tﬁe?raof. I Ddrﬁa@@s&bm@ bmlardemldsngu@ﬂas
al kyl ene oxi de with an adduct obtaine reacti ngzﬁa bi s-epoxide with a

b
pol yhydric &hosedescribye én wamm gﬂéﬁuas;wws and 3,086\932, argttypical.

di ng 0. % act t 0
e not v DU Siofed heceBel 3%, URRERES ROy Bt wos: 2e2lade Sockdnl o
known as $uba (9'7'38'7”1%97@59 4,1 59)843; UNRR, JWon bR ) 158 KRN thHéread@'inéfﬁ“aﬁahthiche

fluid will flow or can be poured. Such additives are well-known. Typical
of those addand pelsytmmlﬁ&manm@smmladlezdlmucb apthose deseriBa inl GBeA-t1\566{830he
fluid, are and .G d| alk fu /VI ace ate co ner §,.and

pol yaI kyl met 3&?‘3’1"%&‘@ VE% [}Hé o ¢ %%&fbﬁgcﬁ’d?‘/& @fﬂ? uthgee

i ncl udi ng anc@tﬂ?{%}flﬁ”ﬁ@t mcﬂlﬁeci 2@ tHQllifﬁl’]éaﬁﬁg N§1 k¥RBositiGhs eﬁ'ng € rﬁréfe}dbffne

0|I or polydlne si | oxane. I's specification,

"conpri sing' pﬁmmndngnanmmnemmbxasdhgdﬁpw:Qﬁaﬁﬁmlm;ahmuthe presence of
stated features, integers, steps or conponents, but does not preclude the
presencelgr addition of one or nore other features, integers, steps,

conponents or groﬁfﬁpﬁn%ﬁ&{m dff 4Bl ﬁgmﬁtr?d?weg\jf Bﬁ%aﬂéhﬁg% F&%né i s

used herein, 30t rm conS|s I'ng es nd 1ts cogna
within its sdemalsifipihgi contporOftIddestribed ipER{B60 220 iobeaited Inoreactingent | y
the term"consisting . of (and its caognates) is
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric
alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active

15 ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

Pour point depressants, otherwise known as lube oil improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives
are well-known. Typical of those additives, which improve the low temperature

20 fluidity of the fluid, are Cg and C;s dialkyl fumarate/vinyl acetate copolymers and
polyalkylmethacrylates.

Foam control can be provided by many compounds including an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.
25
In this specification, the term “comprising” (or cognates such as “comprises”)
means 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. If the term “comprising” (or cognates) is used herein,

30 the term “consisting essentially of”’ (and its cognates) is within its scope and is a



within the scope of "consisting essentially of and is a preferred

enbodi nent thereof. The terns "oil-soluble” or "oil-dispersible" do not

mean that the conpounds 5 are soluble, dissolvable, mscible or capable of

bei ng suspended in the oil in all proportions. They do nmean, however, that

t he conpound for instance, sol ubl e or stably dispersible in the oil
i

to an extent lent to exert their nléended effect in the environnent

in which the conposition is enployed. Mteover, the additional

incorporation of other additives such as those descrl bed above tqé af f ect
aigkajsor

the 10 sol ubiPrefegedsmbrdiments conpseeaptiythe teem ceonsitingof (prd its eppn
amount” ”Ean%mfh&?éfsggge (gf“cc”h?s,l {é’nﬁ&l e}QPaSSWP k&é%ﬂi@ﬁ@ﬁt% SULICH

anmount” neans [ess 05| PRAVENton is
further illustrated by the follomnng exanples which are not to be
considered as |imtative of its scope. Al percentages are by weight active
i ngredi ent content of an additive wi thout regard for carrier or diluent

oi . 20 EXAWPLES Tihe teraut pilsohbie’ asf ofldispersd e’fmn@trmearubatitbawmnomdsm eel

t eel f d d th th f f f
Protron For s EhlE diolURRR hEHAe GBMIE LT Boifl ipfiled e alidl °1he bLc
coating is s?k oftfons DIRBNdb tneah Ndvidvad e ie Jo%po%ﬁa@arleyﬁf AI0Ra, %ehﬁﬁar&on

coating supplied by Teer Coatings Ltd. Both types of surfaces were
| ubri cat ed wistahty dlspcs&lldasletlmdll thawemg:nasufﬁslcosuowemhdr imtepded effitct HOOE, 2. a

t t | nd,5 of bd
r1 hucl ear. merybaERaY P disastbrsicn i e BRIy the B oo ¢ | on
contal ning t li‘r?cotﬁﬁﬁld?l' df d?lfler(aaahtﬁgéjs&h%s Yﬁose/ B&criBky f55velm ct peeate (GVO),

a conventional friction reducing agent used I n engine crankcase
| ubri cant@. Solubidity esdikpessibility sfthe tompburids. Tabl es 1 and 2 bel ow and were
obt ai ned using a

The term “major amount” means in excess of 50 mass % of the composition.

The term “minor amount” means less than 50 mass % of the composition.

15
The invention is further illustrated by the following examples which are not to
be considered as limitative of its scope. All percentages are by weight active
ingredient content of an additive without regard for carrier or diluent oil.
20 EXAMPLES

The coefficients of friction for the lubrication of steel on steel surfaces were
measured and compared with the coefficients of friction for DLC coated steel surfaces
using the same lubricants. The DLC coating is sold as “Dymon-iC” the trademark for

25 a hydrogenated carbon coating supplied by Teer Coatings L.td. Both types of surfaces
were lubricated with:
1. abase oil having a viscosity of 4 mm’s™' at 100°C;
2. a composition containing the base oil of (1) and 550 ppm of molybdenum as

trinuclear molybdenum dithiocarbamate; and



Canmeron Plint reciprocating pin on plate tribonmeter, using the foll ow ng
fest protocol: Test duration8 hours Load (N) 185 Stroke | ength (nm 10
Frequency (Hz)1 Tenperature CL00 10 Table 1 - Steel on Steel Lubrication -
Co-efficients of Friction Time (m n)Baseoil Baseoil + 550 ppm MoBaseoil +

0. 3%VO 00. 1540. 1300. 134 300. 1230. 0890. 119 600. 1300. 0910. 118

900. 1370. 092(3%BMPOL 200. 1460. 0950. 119 1500. 1610. 0980. 120 1800. 1490. 0990. 122
2100. 1570. 0990. 123 2400. 1590. 1010. 124 276i#-1560. 1010. 125 3000. 1640. 0990. 126
3300. 1640. 1010. 127 3600. 1720. 1010. 128 3900. 1660. 1010. 128 4200. 1640. 0990. 129
4500. 1720. 1000. 1.36 cBg®sitivdCobGRing Bie B0 INDGLL( 1) 1od Thb .72 of ghic&obmdibC

Lubrication - Co-efficj of Friction. . . . .
oleate ((.?ﬂb% a conventlona? rf]rlctnon reducing agent used in engine crankcase

lubricants.

5 The results are set forth in Tables 1 and 2 below and were obtained using a

Cameron Plint reciprocating pin on plate tribometer, using the following test protocol:

Test duration 8 hours
Load (N) 185
Stroke length (mm) 10
Frequency (Hz) 1
Temperature (°C) 100

Table 1 - Steel on Steel Lubrication — Co-efficients of Friction

10
Time (min) | Baseoil | Baseoil + 550 ppm Mo | Baseoil + 0.3%GMO

0 0.154 0.130 0.134
30 0.123 0.089 0.119
60 0.130 0.091 0.118
90 0.137 0.092 0.118
120 0.146 0.095 0.119
150 0.161 0.098 0.120
180 0.149 0.099 0.122
210 0.157 0.099 0.123
240 0.159 0.101 0.124
270 0.156 0.101 0.125
300 0.164 0.099 0.126
330 0.164 0.101 0.127
360 0.172 0.101 0.128
390 0.166 0.101 0.128
420 0.164 0.099 0.129
450 0.172 0.100 0.130
480 0.175 0.102 0.131




Time (m n)Baseoil Baseoil + 550 m MbBaseoil + 0.3%3VO 00.1110.1130.111

300. 1180. 0800. 115 600. 1190. 0760. 109 900. 1200. 0730. 108 1200. 1200. 0710. 109
1500. 1200. 0690. 109 1800. 1190. 0680. 109 2100. 1190. 0680. 109 2400. 1190. 0670. 109
2700. 1200. 0660. 109 3000. 1200. 0660. 110 3300. 1200. 0660. 111 3600. 1210. 0670. 112
3900. 1200. 0670. 113 4200. 1210. 0670. 114 4500. 1210. 0660. 114 4800. 1210. 0670. 112
Table 2 indi o3P0t hat, in the lubrication of contacting DLC surfaces, the
5 nol ybdenum contai ning lubricating oil €&position is substantially better
at increasing friction reduction than the conposition containing a
convent i onal Table? i Bi.C pp DI abairetion —(To-efficintsofBridliamt e. 2003M)01 - 20-
CLAIMS: 1. A nethod of lubricating a surface coated with a di anond-1|ike
carbon filmor coating which conprises supplying to said surface a

et oot e T Ry o] Hschl Y S50 s B, | R o BT s bt

conpound. 0 0.111 0.113 0.111
30 0.118 0.080 0.115
60 0.119 0.076 0.109
50 0.120 0.073 0.108
120 0.120 0.071 0.109
150 0.120 0.069 0.109
180 0.119 0.068 0.109
210 0.119 0.068 0.109
240 0.119 0.067 0.109
270 0.120 0.066 0.109
300 0.120 0.066 0.110
330 0.120 0.066 0.111
360 0.121 0.067 0.112
390 0.120 0.067 0.113
420 0.121 0.067 0.114
450 0.121 0.066 0.114
480 0.121 0.067 0.112

Table 2 indicates that, in the lubrication of contacting DLC surfaces, the
5 molybdenum-containing lubricating oil composition is substantially better at
increasing friction reduction than the composition containing a conventional friction

reducing agent, glycerol mono-oleate.



2. The nethod of claim 1 wherein the organo-nol ybdenum conmpound is present
in the lubricating oil conposition in an anpbunt of 25 to 1000 ppm of

el enental nol ybdenum based on the mass of the lubricating oil conposition.
3. The met hodowMoel ai m 1 or claim2 wherein the nol ybdenum conpound is a
nol ybdenum di t hi ocar bamate. 4. The net hoggpof any of clains 1 to 3 wherein

t he nol ybdenum conpound is a trinuclear nolybdenum conpound. 5. The net hod
of any of cl g@pMsto 4 wherein the lubricating oil conposition further
conprises on& or nore additional additives selected fromthe group

consi sting of ashless dispersants, netal detergents, corrosion inhibitors,

metal di hydrocarhyl dithi gphosphates, antigxi dants, .gour,. point._.

depr essant s, anti-qf oamﬁé“ct}gge?fﬁé‘g“%@igt% cechPtEai"Gﬁ" endrlike carperye oy
agents and Vvigs6oSit | {hE%hS cofdprised€ ﬁ% f Vi | ai 1oatife Soi
wherein the (lt:-%gt é%l %oﬂgpgceh% F%apngof s%@ o%er?tgfapgfr?{fa%f aa%rg\cta{ér%a?l]
conbusti on ewogmpesitiom coldpeisingban axdl iofidubti¢atingovipasity i and as effeefive efeiction t he
engine. 7. An internal copbustion engine having one or npre conponent parts
coated with Zeducingsyrpunt Rbaeil-pelubleiorgangrmelyhdanym comppundont aj ned in a
resevior of the engine, a lubricating oil conposition for lubricating said
parts conprising an oil of lubricating viscosity and an effective
friction-reduci ng2andurtheGhethsd 6f ttafi@ 1 UbheeinQh€ BFANSRA PSHRAUM conifoard ds
2003M)01 -21 8. The engine of claim7 which is argsagar K-1 gni ted or

conpr essi on- prpsentetn theadpbsicating: odr coropesitéary ok ani ameyiadf ¢dnoutdbppengf ne.
9. The engine, of either. claim7 or c¢laim8 rei.n .t he.organo-. nol ybdenum
compound 1's. Siegea mydtntintheted e el br Y TbB B SRR T8Ny of | 25
to 1000 ppm of el enental nolybdenum based on the nass of the lubricating

oil composition. 10. The engine of any of clains 7 to 9 wherein the
or gano- nol ybdenum3. The method of claim 1 or claim 2 wherein the molybdenum compound

is a molybdenum dithiocarbamate.

4. The method of any of claims 1 to 3 wherein the molybdenum

compound is a trinuclear molybdenum compound.

5. The method of any of claims 1 to 4 wherein the lubricating oil
composition further comprises one or more additional additives selected from the
group consisting of ashless dispersants, metal detergents, corrosion inhibitors, metal
dihydrocarbyl dithiophosphates, antioxidants, pour point depressants, anti-foaming

agents, additional friction modifiers, antiwear agents and viscosity modifiers.

6. The method of any of claims 1 to 5 wherein the coated surface is that
of a component part of an internal combustion engine, and the lubricating oil

composition is supplied to the engine.

7. An internal combustion engine having one or more component parts
coated with a diamond-like carbon film or coating, and, contained in a resevior of the
engine, a lubricating oil composition for lubricating said parts comprising an oil of
lubricating viscosity and an effective friction-reducing amount of an oil-soluble

organo-molybdenum compound.



conpound is a nol ybdenum dithiocarbamate. 11. The engine of any of clains 7
to 10 wherein the organo-nol ybdenum conpound is a trinuclear nolybdenum
conpound. 12. The engine of any of clainms 7 to 9 wherein the lubricating
oil composition further conprises on or nore additional additives sel ected
fromthe gr&ﬁBN@Bhsisting of ashl ess dispersants, netal detergents,
corrosion inhibitors, netal dihydrocarb 1’dithiophosphates, ant i oxi dants,
pour point depressants, anti-foam ng agents, additional friction

nodi fiers, antiwear agents and viscosity nodifiers. 13. The use of a

P 190ty A OS i SR AP WAk s Phicletfitd SALR UL R e and

an effective fri ptfon-regﬁe%fg' amount” of an o or enum
conpound to kwbisiroked 6r ubbirdlRGatetdtedbudtion eagieanond- | i ke carbon film or
coating. 14. The use of an oil-sol ubl e organo-nol ybdenum conpound in a
lubricating oil conposition to reduce the friction between surfaces, at
east one of whigh i'soated i i ondl ABAYY ok iR B WAGLT e SORLNY:
molybdenum compound is present in the lubricating oil composition in an amount of
25 to 1000 ppm of elemental molybdenum, based on the mass of the lubricating oil

composition.

10.  The engine of any of claims 7 to 9 wherein the organo-molybdenum

compound is a molybdenum dithiocarbamate.

11.  The engine of any of claims 7 to 10 wherein the organo-molybdenum

compound is a trinuclear molybdenum compound.

12.  The engine of any of claims 7 to 9 wherein the lubricating oil
composition further comprises on or more additional additives selected from the
group consisting of ashless dispersants, metal detergents, corrosion inhibitors, metal
dihydrocarbyl dithiophosphates, antioxidants, pour point depressants, anti-foaming

agents, additional friction modifiers, antiwear agents and viscosity modifiers.

13. The use of a lubricating oil composition comprising an oil of
lubricating viscosity and an effective friction-reducing amount of an oil-soluble
organo-molybdenum compound to lubricate a surface coated with a diamond-like

carbon film or coating.

14. The use of an oil-soluble organo-molybdenum compound in a
lubricating oil composition to reduce the friction between surfaces, at least one of

which is coated with a diamond-like carbon film or coating.



