-1- 5 METHOD FOR LUBRI CATI NG SURFACES This invention relates to nethods of

| ubricating surfaces, in particular, to nethods of lubricating surfaces in
i nt'ernat conbustion engines. 10 Devel opnents in autonotive vehicle and

engi ne designs has led to use of a nore varied range of materials for
manuf acture of the engine conmponents. In _ particular alumnumalloys are

i ncreasingly being used to manufacture eﬂgine conponents. 15 I n accordance
with a first aspect of the present invention there is provided a nethod of
| ubricatihg an al umi num MEAHODKORLUBRICAT DURKAHSpl ying to said
surface a lubricating oil conposition conprising an oil of lubricating
viscosity, preferably in a major anount, and an oil-soluble trinuclear

or gano- nol ybdenunThig oifpentivs. re2dled to Mshdaeest fubkiogtidghadrfices in" paruiehlaarto

or gano- nol ybdenum additive will substantially reduce friction and surface
wear on the aethednoflubteatingrsurfgcesiin oyerngl pombysidon enginesext ent not obser ved
wi t h di nucl ear - organo- nol ybdenum conpounds. 25 The al umi num all oy suitably
conprises an alum numsilicon alloy, which may additionally contain a
proportign of coppevelghéms inBGRARINEVeRidic! A ¥ndihte desirisMa3UBH 3b gy ohas a
har dness of 100-150 Hv, preferably 110-130 Hv and nore  preferably of about
120 Hv. Sui t mbtey vati¢rk rangenph umateridloyfoh amnafadems iaf ythef erire- 8oMmpougmts. 3, In

preferably, 2.4-2.8 gcm 3, apnd nore .preferably, about 2.6 gcm 3. 30 .

Tyl cai Tyt haiTidliR, oy GUR A6 y BRI B ARTS \Bed 40, BefoBbiie eging: ovi de
25 to 1000 p&g*ég@ﬁgs per mllion, by weight), preferably 200 to 750 ppm
nore prefera 400 to 600 ppm and advat ant ageously 500 ppm of el enent al
nol ybdenum in the lubricating oil conpositions (as determ ned by ASTM

D5185). 35 -2- . : . . .
15 In accordance with a first aspect of the present invention there is provided a

method of lubricating an aluminum alloy surface, which comprises supplying to said
surface a lubricating oil composition comprising an oil of lubricating viscosity,
preferably in a major amount, and an oil-soluble trinuclear organo-molybdenum
compound.
20
It has been found that the trinuclear organo-molybdenum additive will v
substantially reduce friction and surface wear on the aluminum containing alloy

surfaces to an extent not observed with dinuclear-organo-molybdenum compounds.

25 The aluminum alloy suitably comprises an aluminum-silicon alloy, which may
additionally contain a proportion of copper and/or magnesium. Suitably the
aluminum alloy has a hardness of 100-150 Hv, preferably 110-130 Hv and more
preferably of about 120 Hv. Suitably, the aluminum alloy has a density of 2.0-3.0
gem’, preferably, 2.4-2.8 gem™, and more preferably, about 2.6 gem™.

30

Typically the trinuclear organo-molybdenum additive is used so as to provide
25 to 1000 ppm (parts per million, by weight), preferably 200 to 750 ppm, more
preferably 400 to 600 ppm, and advatantageously 500 ppm of elemental molybdenum
in the lubricating oil compositions (as determined by ASTM D5185).

35



5 The lubricating oil conposition of the first aspect of the invention may
further conprise an oil soluble, zinc dihydrocarbyl dithiophosphate (ZDDP)
protiuced froma primary al cohol, herein after referred to as prinary ZDDP.
Suitably, primary ZDDP conprises at |east 50% preferably at |east 75%
nore preferably at | east 90% and advantageously conprises substantially
100% ZDDP produced fromprimary. 10 The 12c:bri cating oil conposition suitably
conprises 0.2 to 1.0 mass, % _ preferably 0.4 to 0.8 mass % and nore
pref er abl5y 0.6 rolls hpBrigating %mpﬁaktspnzmm ﬁfS‘I’h@eﬁ%‘?beél inveatipr may fambers i r st
aspect of t ’ t

P acﬁ)xﬁr#}]sg Y r%o?d‘ﬂlé %?rlcydlhgcyrgéﬁlrgﬂ e hgélﬂh%le l;’)ﬂ‘gd&feg from 2uch as

bet ween an num al'l oy surtace on-alfum*num

a ferrous susrira&,aldobbl, @M hfter BfeFRAQDGs PoiRREY ZDDR.hiSEithtlY SpHimary ZISDRN

i nternal conmbustion engine having one or nore conponent parts made from an
al um num al |@ynprr§ﬂsj at lsastaifedprcterably at daastoy 3%, a®re nrqfweblefnguln@st 99%, and
Iubrlcatlngo ition for.|lubri r|S|ng an oil of
| ubri cati ng "3‘&‘8%?%?/@ CBP@P&?SaSSPW?tF‘PI al&?@j%g;ﬁ %ﬁ uce B%aW sol ubl e,
trinuclegy organo-nol ybdenum conpound. The reserv0| r |n the engi ne may be a

crankcase sunp in four-stroke engines, fromwhere it is distributed around
t he engine for IThvrillda‘tdatmg Gi“h@omwsitioilowitiablyapwhpﬂwsl @2tmtlm-massol%a and

aspect of ¢ HRCERALY DS ORama o i TATE prReraap G Folyls oes e EDRBosi 11 on

conprising an oil of lubricating viscosity and an oil-sol uble, trinuclear
or gano- nol ybdenum conpound to |lubricate an alum numalloy surface. 30 A
fourth as pect of Thee rriettimdn'aéaomdipg ahe dirst bbpecuof thé iavemion- suitabbl énvolves

trinucl ear ano- bdenulr;n ound in a Jubricating oil composition to
reduce tRe RPEEIBRID Wb alumippm gloy,pirtaqe apta PR RREARMALRY num

alloy. 35 'rkuﬂ%c?é)rﬁ’ﬁﬁﬁea thﬂss’h a'cétfgrégﬁ%% of the present invention there
a ne [

has been discovére of prov g lubrication between two ferrous
surfaces, one of the -3-

A second aspect of this invention is an internal combustion engine having one

or more component parts made from an aluminum alloy, and contained in a reservoir

20  in the engine, a lubricating oil composition for lubricating said parts comprising an oil
of lubricating viscosity, preferably in a major amount, and an oil-soluble, trinuclear
organo-molybdenum compound. The reservoir in the engine may be a crankcase
sump in four-stroke engines, from where it is distributed around the engine for
lubrication. The invention is applicable to two-stroke and four-stroke spark-ignited

25 and compression-ignited engines.

A third aspect of the invention relates to the use of a lubricating oil
composition comprising an oil of lubricating viscosity and an oil-soluble, trinuclear

organo-molybdenum compound to lubricate an aluminum alloy surface.

30
A fourth aspect of the invention provides the use of an oil-soluble, trinuclear
organo-molybdenum compound in a lubricating oil composition to reduce the friction
between surfaces, one of which comprising an aluminum alloy.
35 In accordance with a fifth aspect of the present invention there has been

discovered a method of providing lubrication between two ferrous surfaces, one of the



5 ferrous surfaces conprising a chromumcontaining iron alloy conformng to
British'Standard BS EN31 and the other ferrous surfaces conprises a cast
iron alloy conforming to British Standard BS EN1452, which nethod conprises
supplying to said surface a lubricating_oil conposition conprising an oi

of lubricating viscosity, preferably i n3a maj or anount, and an oil-sol uble
trinucl ear organo- ml ybdenum_ 10 conpound. It has been found that the

trinucl ear OfHaRLSHHACHHALMBRHAG A remBium contaigingsiramallay ponfprpingdo Mritishi on
and surface %ﬁdaﬂ% Q@gé?finw&esufﬁggﬁﬁﬁgﬁg seﬂaé;eﬁ@}@%rg% a QBGelrys gyt h

di nucl ear - or gano- no num conpoun ypi C rinucl ear

or gano- nol yhstmforminglto Biritish iSsaridastl BSOEN$4352) wihicly intbehod?Corhyriskd QQpplpimg(tpar t s
per million, by weight), preferably 200 to 750 ppm mnmore preferably 400 to
600 ppm andsaaivwafa&maa Heasing ®boorppesitiAn eomprisiRg AN @i §fHlybrRCANE] iscoBisy,

L br | cat i ng BeterBATIRSH R abBing S B Ssolul SR rband ol Hegimp 1 ner

conpri sei0an @nhpowubl e, zinc di hydrocarbyl dithi ophosphate (ZDDP) made from
secondary al cohol, hereinafter referred to as secondary ZDDP. Suitably, the
secondary ZDDP conprises at |east 55% preferably at |east 70% and nore

preferably 25 at st . 85%. an y.conprise subatantjally 100% ZDDP .nade
from secondary al:t ?@%P?enrﬁgurr‘ﬂgﬂfﬁcmﬂi ﬁ]&'%fqm c%%é??lyﬁﬁe’ﬁ{ﬁt?ﬂﬁ@vecwi ses
0.2 to 1.0 n@®stalfiallyre8iRI@Rlidn Ond sirPact whaPBa theferdi§l sifPARs BS 8 BX@RY Not0- 6 tO
0.75 mass % secondary 30 ZDDP. A sixth aspect of this invention is an

i nt ernal condbhsetvedwithrgnurdeanawgang-raolybdempornemypauads. nade from a chroni um

cont ai ninlgg ferrous alloy conformng with British Standard BS EN31 adj acent
a conponent part made froman iron alloy 35 conformng with British Standard

e aene 2. Dot SRR th B St o REIER oyt ST ol
25 to 1000 ppm (parts per million, by weight), preferably 200 to 750 ppm, more
preferably 400 to 600 ppm, and advatantageously 500 ppm of elemental molybdenum
in the lubricating oil compositions (as determined by ASTM D5185).

20
The lubricating oil composition of the fifth aspect of the invention may further
comprise an oil soluble, zinc dihydrocarbyl dithiophosphate (ZDDP) made from
secondary alcohol, hereinafter referred to as secondary ZDDP. Suitably, the
secondary ZDDP comprises at least 55%, preferably at least 70% and more preferably
25 at least 85%, and may comprise subatantially 100% ZDDP made from secondary

alcohol.

The lubricating oil composition suitably comprises 0.2 to 1.0 mass %,
preferably 0.4 to 0.8 mass %, and more preferably 0.6 to 0.75 mass % secondary
30 ZDDP.

A sixth aspect of this invention is an internal combustion engine having a
component part made from a chromium containing ferrous alloy conforming with
British Standard BS EN31 adjacent a component part made from an iron alloy

35  conforming with British Standard BS EN1452, both component parts being contained

in a reservoir in the engine, a lubricating oil composition for lubricating said parts



-4- 5 conprising an oil of lubricating viscosity, preferably in a major
anount, and an oil soluble, trinuclear organo-nol ybdenum conpound. The
reseérvoir in the engine mybe a crankcase sunp in four-stroke engi nes, from
where it is distributed around the engine for lubrication. The invention is
applicable to two-stroke and four-stroke  spark-ignited and
conpression-ignited engines. 10 A sevenrﬁ'aspect of the invention relates to
the use of a lubricating qil  conposition caonprising an oil of |ubricating

vi scosi ty arFomprisiyg yppid of dubricating Yiscosityg BIsErAR)Y yib ASHAIRT @BIPHBL A @8 9kovi de

Lubricat _ ! ¢ | i
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use of an oil-soluble, trinuclear organo-nolybdenum conmpound in a
| ubri cati ng B¢ lengideiesubrigatiane The duveatipnds ppplicablgrio twetsiroke aad dpwroniolim

containing ferrpous..alloy sur e .con ni with British 20 Standard BS EN31
and an iron Sgﬂkélté%gﬁcﬁ%&éceo ar%%gopﬁli%ﬁlgﬁéé\/)\%qgﬁ{%ri tish Standard BS EN1452. The
met hods 1@f any aspect of this invention are especially applicable to the

| ubrication of spark-ignited or conpression-ignited two-stroke or .
four-stroke interMatevertb aspetsusft theninventioregelates dh thavesepeal aslubricatimgpoient s

de fromth cified mterials. | f. i ncl ude th
Cam shat 1 GOpuRRLo, SR G MEPERaNe VS ha) P TR Rk 1 1
cylinder li rlﬁgﬁio-ﬁﬂglbﬂé’du\fﬁsco o2 8! §Povide ShibhieRion Betwed UP! &hromidmiuc! ear

or gano- nol ybdénum conpounds, 0O there may be nentioned dithiocarbamates,
di t hi ophosphmantsningif¢touspiiloypiurface esnformiagtwitdt Bsitish [Standard BS&tEN3haod anl f i des

of mol yhdenum and mi xt ures _t her eof dj tional | | ybdenum conpounds
may be aﬂgi di‘EO“r@Fq}’ﬁHéﬂ OHE‘B'%%WHQ.BA”%ﬁhgé“BGF%%%ﬁhQEﬁ | react with a basic
nitrogen conpound as 35 neasured by ASTMtest D664 or D-2896 titration

procedure and are typically hexaval ent. Included are nolybdic acid, anmonium
nol ybdat e, sodi urAmeightidaspect of the invention provides the use of an oil-soluble, trinuclear

organo-molybdenum compound in a lubricating oil composition to reduce the friction
between a chromium containing ferrous alloy surface conforming with British

20 Standard BS EN31 and an iron alloy surface conforming with British Standard BS
EN1452.

The methods of any aspect of this invention are especially applicable to the

lubrication of spark-ignited or compression-ignited two-stroke or four-stroke internal

25 combustion engines which have parts or components made from the specified
materials. Examples of such components include the cam shaft, especially the cam

lobes; pistons, especially the piston skirt; cylinder liners; and valves.

As examples of suitable oil-soluble, trinuclear organo-molybdenum compounds,
30 there may be mentioned dithiocarbamates, dithiophosphates, dithiophosphinates,

xanthates, thioxanthates and sulfides of molybdenum and mixtures thereof.

Additionally, the molybdenum compounds may be acidic molybdenum
compounds. These compounds will react with a basic nitrogen compound as
35 measured by ASTM test D-664 or D-2896 titration procedure and are typically

hexavalent. Included are molybdic acid, ammonium molybdate, sodium molybdate,



-5- 5 potassi um nol ybdate, and ot her al kaline netal nol ybdates and ot her

nol ybdenum salts, e.g., nolybdenumtrioxide or simlar acidic nol ybdenum
conpounds. A group of trinuclear organo-nolybdenum conpounds useful in the

| ubricating conpositions of this invention are those of the formul a
Mb3SkLoQz and m xtures thereof 10 wherein L represents independently

sel ected |igands having organo groups wi®h a sufficient number of carbon
atons to render the conpound sol uble or dispersible inthe oil, nis froml
to 4, k Varipstassivonmplybdateu @hd pthed dlkalinel metiab andlybslates andgothep molybdenumal

el ectron donafing co nds such, as er,.amnes,. al cohols hosphi nes, and
ethers, and? S’F%&@B&qu%‘@ %ﬁ‘ﬁ"ﬁ%ﬁlﬁ%@%%%?&*ﬂP%ﬁn c values. In
the instance nis 3, 15 2 or 1, appropriately charged ionic species is
required to confer electrical neutrality to the trinuclear nolybdenum

conpound. The i orA @raypedfitesudieay opganoimealplydenameronepounds usefl ampheelubricatiogal ent
oniont 5 Specaopboslshy b RsiRotiot R otk BondF NSk S et o
conbi natjpon i . i t t iy ed

per son ilp t h‘gﬁcigﬂagtrp.e ﬁ%@%ﬁéﬁcgé?%@& ggwrrg%/ 1 e pr gé‘grrl\% %?%Hﬁ{) hgm?:’%%‘g{ﬂ‘ng

t hr ough covauffitiend aontbergof darten atemotodienddr elte ¢anpuad aolublercr digpesibde imuthe at ons
in the core, .or through electrostatic bonding or interaction as _in the case

of a count er@h 8rs §pm hibthdh varies dram dithnspgiy rfg 1s sekecischiemdbe eioup e8NSy al ent
and el ectr Osetl&ErPﬁ dBH%ﬂfg”&mpE’éﬂ e§1§§ ci@gvzfi'ﬁ'i Silies SHESHofsS gg&?ﬁinggedgg'e?%g I de,

hydr oxi de, an al koxi de,” an ‘am ocyanate or rrvate ereof ;

preferably tdnd zaahgesifons 0 ec b @ad ilwtes vbi-stdxhionetriExaogy, da tied instandeonisS,
species _include an ammoniumion and a netal ion, such as an alkali netal,

al kal i ndSear? & hreapgFoprigiely changad;iopis speqied is reqired ip oprfer plegtrignl newHBY P i on,
ouch, 25 LNl e Rl haehIRRGAGIE nd i G MR IR gl 20 Y
al | the |igand@plePfroadldit oF Bivalefit!CPurfier e ibhid SpecicdGnabbe Adgali®l§ thazed, Or at
| east 35 carbon atons. The ligands are independently selected fromthe group
of : -6- -X-Re an anionic species, or may be positively charged, i.e. a cationic species or a
combination of an anion and a cation. Such terms are known to a skilled person in the
20 art. The ionic species may be present in the compound through covalent bonding, i.e.
coordinated to one or more molybdenum atoms in the core, or through electrostatic
bonding or interaction as in the case of a counter-ion or through a form of bonding
intermediate between covalent and electrostatic bonding. Examples of anionic species
include disulfide, hydroxide, an alkoxide, an amide and a thiocyanate or derivate
25  thereof; preferably the anionic species is disulfide ion. Examples of cationic species
include an ammonium ion and a metal ion, such as an alkali metal, alkaline earth metal
or transition metal, ion, preferably an ammonium ion, such as [NR4]" where R is
independently H or alkyl group, more preferably R is H, i.e. [NHy]". At least 21 total
carbon atoms should be present among all the ligands’ organo groups, such as at least

30 25, at least 30, or at least 35 carbon atoms.

The ligands are independently selected from the group of:



XI\\ X)) - R2, 25R XJ~Y3 XX\ /R X2-N 4, R2 and XI\ /OR
5, X2~\O-R2 10 and m xtures thereof, wherein X, Xl, X2, and Y are
i ndependently selected fromthe group of oxygen and sul fur, and wherein RI,
R2, and R are independently selected from hydrogen and organo groups that
may be the sane or different. Preferably, the organo groups are hydrocar byl
groups such as alkyl (e.g., in which thearbon atomattached to the
remai nder of the ligand is primary or secondary), aryl, substituted aryl and
ether 15 groups. Mrepr&ferdly, eachl)igand has the sane hydrocar byl
group. The term "hydrocarbyl" denotes a substituent having carbon atons
directly attached to the remainder of the ligand and is predom nantly
hydrocarbyl in charactgn wthin the context of this invention. Such
substituents include th \ipllomjng: 20 1. Hydrocarbon substituents, that is,
aliphatic (for exanpl e—al kfl—orR al kenyl2,, alicyclic (for exanple cycl oal kyl
or cycl oal kenyl) substig{ nts, aromatic-, -7- 5 aliphatic- and
alicycli&substituted at2omatic nuclei and the like, as well as cyclic
substituents wherein th§ ring is cquleted t hrough anot her portion of the

1

ligand (that is, >\ /

__._Y 3’

and

10 and mixtures thereof, wherein X, X;, X3, and Y are independently selected from the
group of oxygen and sulfur, and wherein R;, R;, and R are independently selected from
hydrogen and organo groups that may be the same or different. Preferably, the organo
groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to
the remainder of the ligand is primary or secondary), aryl, substituted aryl and ether

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

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

20
1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or

alkenyl), alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-,



any two indicated substituents may together forman alicyclic group). 2.
Substituted hydrocarbon substituents, that is, those containing non- 10

hydr ocarf bon groups which, in the context of this invention, do not alter the
predom nantly hydrocarbyl character of the substituent. Those skilled in the
art will be aware of suitable groups (e.g., halo, especially chloro and
fluoro, amino, al koxyl, nercapto, alkylmercapto, nitro, nitroso and

sul foxy). 15 3. Hetero substituents, that is substituents which, while

pr edoni nant | 3liphagcir ek alicyslic-Aubskmes: aromagict micleitand thenliksct asovellhass cyclic

i nvention, c ' o) ot r ' [ 1N
ot horwi se coneuthiE pRERrR g ¢ @i bES Kt 556} ebof oF BB BT e

l'i gands haveard tedfifdicdt@gubBriti&is may topsthboform2d aBE@IE gisupy.ender the conpound
soluble or dispersible in the oil. For exanple, the "nunber of carbon atons

in each group will generally range between | to 100, preferably from1l to

30, and nore preferably b 4 to, 20. Preferred |igapds incl.ude

di al Kyl di t hi ophosphat e?“béﬁﬁipﬁpcﬁﬁxﬁﬁﬁ?“ SHEFe BBy tni BeS GOTHIPEE 9 of
these djgal kyyddddatoRC @fde@sBRichS iflOthe Bdrfdxe" 6 4his Oremtidh, | dQaRfsalfenir@i ni ng
two or nore of 25 the above functionalities are al so capable of serving as
| i gands and jredatingntiyohysinecathyl chepacteraff thehsibstitnerst. Thioss skiled inl thel aitrwitlibe art

will realize that .fornati on of the, conpound t he present inventio
requires sel BT A BHtablE SIAMRS (£:8)i héot fEPeq Y(fgiqr%taé‘dcﬁ‘é?raea{”b“o’t?é %¥te the

core’s char ggercaflo GIKRRERAS oMb WirbdoenbQhfddyg Mo3SkLoQ- have cationic cores
surrounded by g‘%i onic Ill%glztn’ds and are repreg'Znt ed by structures such as - 8-
p 88 _ I -%9"B8 156 and 8~
15 3. Hetero substituents, that is substituents which, while predominantly
hydrocarbon in character within the context of this invention, contain atoms other than

carbon present in a chain or ring otherwise composed of carbon atoms.

Importantly, the organo groups of the ligands have a sufficient number of carbon

20 atoms to render the compound soluble or dispersible in the oil. For example, the
number of carbon atoms in each group will generally range between 1 to 100, preferably

from 1 to 30, and more preferably between 4 to 20. Preferred ligands include
dialkyldithiophosphate, alkylxanthate, and dialkyldithiocarbamate, and of these
dialkyldithiocarbamate is more preferred. Organic ligands containing two or more of

25 the above functionalities are also capable of serving as ligands and binding to one or
more of the cores. Those skilled in the art will realize that formation of the compounds

of the present invention requires selection of ligands having the appropriate charge to

balance the core’s charge.

30 Compounds having the formula Mo3;SL.,Q have cationic cores surrounded by

anionic ligands and are represented by structures such as



7, and have net charges of +4. Consequently, in order to solubilize these
cores the total <charge anong all the |igands nust be -4. Four nopnoanionic
| igands are preferred. 10 Wthout w shing to be bound by any theory, it is
believed that two or nore trinuclear cores nmay be bound or interconnected
by neans of one or nore ligands and the |igands nay be nultidentate. Such
structures fall within the scope of this® nvention. This includes the case
of a nmultidentate Iigand having nultiple connections to a single core. It
is believed that oxygen and/or sel eni umggpy be substituted for sulfur in the
core(s). 15 G l-soluble or oil-di g e Tmgucl ear nol ybdenum conpounds
can be prepared by reacting in thy{ appr i i quid(s) and/or solvent(s)
a nol ybdenum source such as (NH4) 3Si , Where n varies between 0
and 2 and includes non- stoichionetfic with a suitable |igand source
such as a tetral kyl thiuram di sul fi oi | -sol ubl e or
oi |l -di spersible trinuclear nolybdenug conpo s can be fornmed during a
reaction in the appropriate sol vent (sN\of nol ybdenum source such as of
(NH 4) 2Mp3Si 3n(H20), a ligand source su as te%galkylthiuranldisulfide,
di al kyl di't hi ocar bamat e, or dial kyl di t hi ophosphate, and a sul fur-abstracting
agent such gyanide ions, sulfite ions, or substituted phosphines.
Alternatively, a trinuclear 25 nolybdenum sul fur halide salt such as
[M]2[ Mb3S7A6], where M is a counter ign, and -9- 5 Ais a hal ogen such as
C, Br, or I, my be reacted with ; ce such as a
di al kyl di t hi ocarbamate or dial kyl dgw#0Op SSQ e in the appropriate
liquid(s) and/or solvent(s) to fo an pil- ubl e or oil-dispersible
trinucl ear nol ybdenum conpound. TRq ap pr e liquid and/or solvent may
be, for exanpl e, aqueous or organi ound's oil solubility or
di spersibility may be influenced UP e nu of carbon atons in the
| igand's organo groups. In the conpo | oyed in the present invention,
at least 21 total carbon atons shoul d D Y#resent anong all the ligand's
organo groups. Preferably, the ligand s8urce chdsen has a sufficient nunber
o jcarbon at Qihald nbi chaffed 3P 949" CoHRSqueR, IR Uhder'tb R0 HLe S8EY BlesioR

charge among all the ligands must be -4. Four monoanionic ligands are preferred.

10  Without wishing to be bound by any theory, it is believed that two or more trinuclear
cores may be bound or interconnected by means of one or more ligands and the ligands
may be multidentate. Such structures fall within the scope of this invention. This
includes the case of a multidentate ligand having multiple connections to a single core.
It is believed that oxygen and/or selenium may be substituted for sulfur in the core(s).

15

Oil-soluble or oil-dispersible trinuclear molybdenum compounds can be
prepared by reacting in the appropriate liquid(s) and/or solvent(s) a molybdenum source
such as (NH4);Mo03S13'n(H,0), where n varies between 0 and 2 and includes non-
stoichiometric values, with a suitable ligand source such as a tetralkylthiuram disulfide.

20  Other oil-soluble or oil-dispersible trinuclear molybdenum compounds can be formed
during a reaction in the appropriate solvent(s) of a molybdenum source such as of
(NH4):M0;S13n(H,0), 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

25  molybdenum-sulfur halide salt such as [M'],[M03S;A¢], where M' is a counter ion, and



15 the lubricating conmposition. The nol ybdenum conpound is preferably a
trinuclear nolybdenum dithiocarbamate. 20 Natural oils useful as the oil of
| ubticating viscosity (al so known as basestocks) in this invention include
animal oils and vegetable oils (e.g. castor, lard oil) liquid petroleum
oils and hydrorefined, solvent-treated or acid-treated mneral |ubricating
oils of the paraffinic, naphthenic and m%ed paraffinic-naphthenic types.
Gls of lubricating viscosity derived fromcoal or shale are also useful
base oil 9 24 lm&bﬁ@m weh e PoByner b makibe mieasied owifimar ligand dotivse i sueh jay @s

t her eof wher he..termnal hydroxyl..qr have .been nodifi.ed.

ester i fi cat [ %H&X&%ﬁoﬁ%ﬁmﬁ%&g a Ilyglﬁlﬂ(y %’détﬁn&pﬁ#ﬁ)?%tcamp fhgsgppsg?pr}gﬁ%m%d%t ?H}Q{(frc
lubri cating @ilvent(8)SRf formam HiRSSIEHIE O DilldispeRiilsle thinitRAr nflybdER@HCoriBund.
exenplified by polyoxyal kyl ene pol ynmers prepared by 30 pol ynerization of

et hyl ene oxi Tee apprqpriap\liquitbansiirgelventiteayhek fdr examiplar agueaisingosganic. t hese

pol yoxyal kyl ene polynmers (e.g. nethyl-poly isopropyl ene glycol ether having
an average nol ecul ar wei ght of 1000, diphenyl ether of poly-ethylene glycol
having gq ol ecul ﬁ%oﬁ@bﬁﬂ&'s 61l solBitit deisgérﬁﬁﬁﬂ% nfaly MR infdherie@d ¥ HRPHIABE

gl ycol having a nolecular weight of 1000-1500); and nono- and

pol ycar boxy| éefccagbancatomishiertbofigaidds ofgane gaonpse, Intthe campoundsagplopst ar the mi xed
C3-C8 fatty acid esters and C13 Oxo .acid diester tetraet hyl ene gl ycol.
05 Aot HAFSGHRYBlEn o Raledst I e atogts shoufl b PEASESt ARSPEIEI R b

i nvention  coMBiSESarld rofpd, CPRfcblfl thelBant ddusceAGiodsh k& HsuffiBbRAhirfbeci d,
succinic acid; aﬁ%&? s%?cﬁiic ac%dg an&ggﬁze#fi sggg}ﬁﬁc %E?%%@ﬁﬁgﬁg?c

aci d, azel ai of cacbonh, atemb ér itcoganal groupe tvarehderahe dompaimadrsotubde bridispatsiplednaci d,
linoleic acid dinmer, malonic acid, alkylmlonic 10 acids, al kenyl nalonic
aci ds) wit h the Whricating eampasiiiol s (i-butyl al cohol, hexyl al cohol, dodecyl
al cohol, 2-ethyl hexyl al cohol, ethylene glycol, diethylene glycol nonoether,
propyl ene glycol). Specific exanples of these esters include dibutyl

adi pate, di (2- The molybdenum compound is preferably a trinuclear molybdenum
dithiocarbamate.
20 Natural oils useful as the oil of lubricating viscosity (also known as

basestocks) in this invention include animal oils and vegetable oils (e.g. castor, lard
oil) liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral
lubricating oils of the paraffinic, naphthenic and mixed paraffinic-naphthenic types.
Oils of lubricating viscosity derived from coal or shale are also useful base oils.
25
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
30 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, diphenyl ether of poly-ethylene glycol 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
35 example, the acetic acid esters, mixed C;-C; fatty acid esters and C,3 Oxo acid diester

of tetraethylene glycol.



et hyl hexyl ) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl

azel ate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate,

di ei cosyl sebacate, the 2 15 ethyl hexyl diester of linoleic acid diner, and
the conplex ester formed by reacting one nole of sebacic acid wth two

nol es of tetraethylene glycol and two noles of 2- ethyl hexanoic acid. Esters
useful as synthetic oils also include thd8e nade fromC5 to Cl2 20

nonocar boxyl i ¢ aci ds and pol yols and pol yol ethers such as neopentyl glycol,
tri met hyl®l propane, pentaerythritol, dipentaerythritol and

tripentaerythritol,. Sili -based oils.such as t.he polyalkyl-..polyaryl-,
pol yal koxy-, or 6‘8?@3? ﬁﬁ@{bxl/es Icfa§§(£ﬁesy8ﬁhfetl§"c A‘hbdwgflw é’i‘é elYSS*‘ﬁlfsmctB'r?pﬂnivg'gn ot her
usef ul cl asscathpsyptthetesters 8b dicdiiox§Re agids t(BQY phiMalitdRid, eucaifichidid shikjrcat e,
tetrai sopropyl silicate, tetra-(2-ethyl hexyl) sSilicate,

t et r a- (4- net snekinkc @cidy | dndxalkgnyd ishcaniceacidse tmaleig pacidr azelaio lapide sybgricsadidcat e,

pal (et hyl pHHeASF AES Ak Aol agirctend RBIek: e AL, Balomrghan A0 melemse

l'iquid egder g S - bR | ;o ' I e,
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t et r ahydr of udadesyl dloohefl,i 2rethylher§li alechodnethylemee glyneld dmth dereaglybe memthen, t he
| ubricating oil _ conposjtiogns, of the present invention. Unrefined oils are
t hose obt ai nB9PYERe & X°91)f r JRFCIfE F?éﬁ‘%ﬁlgﬁ Of)ﬁ’eé?/ BRI ‘i“&lugﬁLﬂ"&‘gy\/\P‘SH?}Gt d‘@rrt her
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retorting oper , a petroleumoil al ne I rect romdistrllation
or ester oil ditdodecydestelite, adiddtyl phihalac) diddogl iphthabite, odiejeooyd esebacune] thee2t - 11-
5 without_ further treatnment would be an unrefined oil. Refined oils are

d
simlar +d teeyherdrdientsr ofi linoleg aeis dimesyandathe womplex gstehtarmed byt gacting one
or [more Pl SCRhl Ot SbERE aciti it RILHBHks Y SeletliRin AR GHE 168 md@yr £1CN

purification ni ques, suc l"at'1on, xtractiron, acid or
base extract éthylhefdnboid®id.on and percol ation are known to those skilled in
the art. Rerefined oils are obtained by processes simlar to 10 those used
to obtain refined oils applied to refined oils which have been already used

in service. Such pgEel (86 ol nbfe ATCalP MWEES &S HalEhth EEREOEESSE

oils and
20 monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or
polyaryloxysiloxane oils and silicate oils comprise another useful class of synthetic
25 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-
containing acids (e.g. tricresyl phosphate, trioctyl phosphate, diethyl ester of

30 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

a natural or synthetic source without further purification treatment. For example, a

35 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



often are additionally processed by techni ques for renoval of spent
additives and oil breakdown products. 15 Lubricating oil conpositions for
use in any aspect of the present invention may also contain any of the
conventional additives listed below (including any additional friction
nodi fiers) which are typically used in a _mnor anount, e.g. such an anount
so as to provide their nornal at t endant-uncti ons. Typi cal anmounts for

i ndi vi dual conponents are also set forth below_ Al the values |isted are
stated asd masdthget tsther trogmgat pould byyprunrefined gl Refingd Qils) e, similar to gheo |

conposi tion. I 9 ( ferr | r sant
SOTPO 0 orgufigindd s %4?% t el Biafe Beep(fifRBFheds 0 () Gl Gicthore AR AR A BRSO
1.5 Metal Dihydpesad vk d2 tbieopiopeitieat eM@nyl saetd plrificationAethniquesdaish & 5
0.01 - 3 Pour Point Depressant 0.01 - 5 0.01-1.5 Anti-foam ng Agent 0-5
0.001-0. 15 SispgPatione solentgitiactienracienbasecextragtion, fitatien apdpercelation gre

Modi fi 0-5,0 - 1. Vi ity Modifier 0-6,0.01.-.4 -12- 5 The .indiyvidual
2ad ti ves rmgnEn oo SRERER ther e oRirBhae Glscied poiaige R broRrsBf Gt Brhue.
each of {he aRRPANRIYoSHEAR m&dﬂl@,(ipﬁiié&fbtﬂeﬁné&oﬂld"ﬁhi@ﬂf’rﬁ% 86¢n alRadglusder si ng
or dissolving it in the basestock at the desired | evel of concentration.

Such bl endi ntp smyice.c Such aerefingd eils ateealysekrawn es taclaamed or g¢procassad oils and
tenmperature. 10 Preferably, all t dditives except. for the viscosit

o 11 or _andoliaiscoalherorspied by dnihniguss Sorcrainet o et iRt (o
addi tive packaggdow{'glodhds. Subsequently bl ended into basestock to make a

finished lubricating oil conposition. Use of such concentrates is
conventional. The concentrate will typically be

15 Lubricating oil compositions for use in any aspect of the present invention may
also contain any of the conventional additives listed below (including any additional
friction modifiers) which are typically used in a minor amount, e.g. 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

20  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 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Anti-oxidant 0-5 001-3
Pour Point Depressant 0.01-5 001-15
Anti-foaming Agent 0-5 0.001-0.15
Supplemental Anti-wear Agents 0-5 0-2
Additional Friction Modifier 0-5 0-1.5
Viscosity Modifier 0-6 0.01-4




formul ated to contain the additive(s) in proper anounts to provide the
desired 15 concentration in the final lubricating oil conposition when the
concentrate is conbined with a predeterm ned anount of base oil. The
concentrate is conveniently made in accordance with the method described in
U S. 4,938,880. That patent descri bes mal ng a pre-mx of ashless 20

di spersant and netal detergents that is %e-bl ended at a t enperature of at

| east aboyt 200C. _Ther eaf, is cooled to at |east 85C and the
addi ti ona corrpor:rLﬁt ?%‘Pé“%d@éﬂtw hE‘ab'l & ingprRArAteds dntoy, Br passsterly 18 pny
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of the concentrate | t'ive pac remal nder ase ol

Ashl ess di spbyahmessmpbnﬂmscﬂvmg is irs flentsdsedtock at- the sdekivdal Revelof al‘ncéﬁsalidnl ng
from oxi datlon of the oil during wear or conbustion. The re particularly
advant ageous Sugbbleading maAyAeenrAg amb&it FRRErAtBNE G5t an aletﬁﬁe%?%@mm i on of
varni sh, particularly in gasoline engines. Ashless dispersants conprise an
oi | -sol ubl e pol ynmeri ¢ hydrocarbon backbone bearing one or nore functional

groups that are c®perbiablyofallamhs aridiivien @xvépt Topalid viztesityt Modidfer had dhe peused.
Typically, the polynmer backbone is functionalized by am ne, al cohol, am de,
or ester pol @apinfpdepressant et blendedh iatobai aQfcaBrae olfs. addq@vqmb@s) dh%tpé& sant

may -13- 5 be,. for ex d from0|l sol u

i no- st er s Sbseitenty Wihna G REMIRIGrHEL = SPRE oSk ling i R ion
substituted 'meooﬁ@dc}dl&)ﬂéé?@%s' fs @6h\%ﬁt16ﬁal t EHel condEnBtaled Q8 typically be
t hi ocarboxyl ate derivatives of |ong chain hydrocarbons; |ong chain

al i phati c hyderovdatedrie ¢rmidimcthe asiditive(s) nim arapec erbudisr etttnrtyVldhethetdgsnahd
Manni ch ondensation products .forned. by condensi.ng a | ong chain substituted
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pol yrmeri ¢ hydsapmed WithtaskBaaeniféd AM&RR oflbsR@isants is typ| cal ly derived
froman ol efin polyner or polyene, especially polyners conprising a major

nol ar anount (i.e. greater than 50 nole % of a C2 to Cs olefin (e.qg.

et hyl ene, . , . .
y The concentrate is conveniently made in accordance with the method

described in U.S. 4,938,880. That patent describes making a pre-mix of ashless
20 dispersant and metal detergents that is pre-blended at a temperature of at least about
200°C. Thereafter, the pre-mix is cooled to at least 85°C and the additional

components are added.

The final crankcase lubricating oil composition may employ from 2 to 20 mass
25 % 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
oxidation of the oil during wear or combustion. They are particularly advantageous
30 for preventing precipitation of sludge and formation of varmish, particularly in

gasoline engines.

Ashless dispersants comprise an oil-soluble polymeric hydrocarbon backbone
bearing one or more functional groups that are capable of associating with particles to
35 be dispersed. Typically, the polymer backbone is functionalized by amine, alcohol,

amide, or ester polar moieties, often via a bridging group. The ashless dispersant may



15 propyl ene, butyl ene, isobutylene, pentene, octene-1, styrene), and
typically a C2 to C5 olefin. The oil-soluble polyneric hydrocarbon backbone
may be a honopol ynmer (e.g. polypropyl ene or polyisobutylene) or a copol yner
of two or nore of such olefins (e.g. copolynmers of ethylene and an

al pha-ol efin such as propyl ene or butylqu, or copolyners of two different
al pha-ol efins). Qher copolyners include those in which 20 a m nor nol ar

t of _th I , f. , 1 to 10 nole %.js.
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propyl ene an exadi en et hyl'1 dene-2-norbonene). Preferred are
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25 The viscosjty nodifier. (VM functions to inpart,hiﬂg and | ow tenperature
oper abi | i ty fBPhaticUBdrecahang hevingcs Pbeminc Attached dizgetly dberpigy apd\Magmich sol e
function, or . | i]%ra i t'h%nla ks ' gt i ers
that al so fuficti ggﬁlgs [ lsilff)('le&:Z(}an sail)a}F ggrgqe%ihgka‘;]%-é ul %%%Fgﬁ%g%%nm tymc
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hi gher al pha-ol efins, polynethacryl ates, polyal kyl met hacryl ates,
nmet hacryl ate copol yners, copol yners of an unsaturated dicarboxylic acid and

i nyl dom i Nt. f st | . .
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honopol yners of but adi ene and i soprene _an | soprene/ di vinyl benzene.
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both as detergents to reduce.or renpve deposi t nd as acid.neutralizers or
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copolymers of ethylene and an alpha-olefin such as propylene or butylene, or

copolymers of two different alpha-olefins). Other copolymers include those in which

20  a minor molar amount of the copolymer monomers, for example, 1 to 10 mole %, is

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

of isobutylene and butadiene, or a copolymer of ethylene, propylene and 1,4-

hexadiene or 5-ethylidene-2-norbornene). Preferred are polyisobutenyl (Mn 400-

2500, preferably 950-2200) succinimide dispersants.

25
The viscosity modifier (VM) functions to impart high and low temperature
operability to a lubricating oil composition. The VM used may have that sole
function, or may be multifunctional.
30 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,
methacrylate copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl
compound, inter polymers of styrene and acrylic ester, and partially hydrogenated

35 copolymers of styrene/isoprene, styrene/butadiene, and isoprene/butadiene, as well as



as normal or neutral salts, and would typically have a total base nunber
(TBN), as 15 nmay 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
conpound such as an oxide or hydroxide with an acid gas such as carbon

di oxi de. The resulting overbased detergent conprises neutralized detergent
as the outer layer of a metal base (e.g.-l4carbonate) nicelle. Such overbased
detergents may have a TBN of 150 or greater, and 20 typically from250 to
450 or nofe. tivet partjelly s hydragenatgd beomepadymers| wie butddieng| Ande isepreme apndand
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salicyl ates, l%ﬂ%e"ﬁéf‘)ﬂf‘ f%°B& and ot her oil-sol ubl e carboxyl ates of a netal,
particularly the alkali, e.g. sodium potassium |ithiumand magnesi um
Preferred are neutral or overbased cal ci um and magnesi um phenates and
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netal salts are frequently used as anti-wear ant roxi-dant agents. The
met al may be gaerallk aompoise ad lpalar neeadawith adlbag , hydrophlobiti il the | palak, head,
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aci ds cahS be mpydisameasuigselye ASHM DhyReehafrem O & 8dpdt isposyibledpdnelnde lasgs,
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general ly enpl oyed. Commercial additives frequently contain an excess of
detergent comprises neutralized detergent as the outer layer of a metal base (e.g.
carbonate) micelle. Such overbased detergents may have a TBN of 150 or greater, and
20  typically from 250 to 450 or more. Detergents that may be used include oil-soluble
neutral and overbased sulfonates, phenates, sulfurized phenates, thiophosphonates,
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

25  calcium.

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.

30

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

35 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



zinc due to use of an excess of the basic zinc conmpound in the
neutralization reaction. ZDDP provides excellent wear protection at a
conparatively | ow cost and al so functions as an anti oxi dant. However, there
i s some evidence that phosphorus in 15 lubricant can shorten the effective
|ife of autonotive em ssion catal ysts. Accordingly, the lubricating oi
conposi tions of the invention preferably-ldontain no nore than 0.8 w %
such as from50 ppmto 0.06 wt % of phosphorus. |ndependently of the

anmount of 5 phdihiophesphoritacidubay batmadg k) feactinmgosxtuies rof prihay adsidyseberglann nor e

than 0.5 w % pref gr abl 0. ppmig 0.3 w % of sulfur, th t
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the nmetal surfaces and _by 25 viscasit ro . Such oxidatjon inhibitors
i ncl ude hi nd@PYE OpREWEA! LINCAFQRPeYRd may b us‘lﬁe@& oxids, Bygspxides and carbonates
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phenat es, phbspiueselifeusfianesdcess of tHefbasiczad doyrtpoandirbihe aeutpdlizapbmw reavtdorest er s,
nmetal thiocarbamates, oil-soluble copper conpound as described in U S

4,867,890, and 30 nol ybdenum contai ni ng conpounds. Rust inhibitors sel ected
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but are tgpi cally not required in the lubricating oil conpositions of the
present lhvehtbrisant capshewan the effeetiveddepb artamotive emisisipnicatadysts. phtopsdinglydes
containing from5.tq. 50.carbon. ato their derivatives .and pol yner
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simlar material are describe U. S. Patent s. 3,821, 236; 3,904, 537,
amount of phosphorus, the lubricating oil composition preferably has no more than

0.5 wt %, preferably from 50 ppm to 0.3 wt %, of sulfur, the amounts of sulfur and of
20  phosphorus being measured in accordance with ASTM D518S.

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 vamish-like deposits on the metal surfaces and by

25  viscosity growth. Such oxidation inhibitors include hindered phenols, alkaline earth
metal salts of alkylphenolthioesters 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

30  molybdenum-containing compounds.

Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids
may be used. '

35



4,097,387, 4,107,059; 4,136,043; 4,188,299; and 4, 193,882. O her additives
are thio and polythio sulfenam des of thiadiazoles such as those descri bed
in-GB-A-1,560,830. Benzotriazoles derivatives also fall within this class
of additive. Wen these conpounds are included in the lubricating oi
conpositionS, they are preferably 15 prQ%p in an anount not exceeding 0.2
wt.%active ingredient. A small anount of "a demnul sifyi ng conponent may be

d A f d . d | si.f t i 330 5 | t
s obt i hSd by r e&aBBRG B 1A R BREOTRNGR THPROR e efea’éﬁeﬁmmé%
reacting a big: aRAXEdSn Whd ﬂlbﬁc&m%’&l’%fnﬁoﬁﬁoﬁé 60! presERe ifl@AMbS | fygicaipioul d

be used at a | %qﬁ not exceeding 0.1 nass % active ingredient. A'treat rate
of 0.001 to Guéibcompsurids acd thiadiazody p@lyﬁnﬁdesscommmweg|fmm5 By caprbomatoms

depressants, otherw se known as | ube oi]| inprovers
tenperature aReIHEPRYRLVER apd LR‘EY‘W?rFIth?rFBQv Qer’é’éﬂv%eOfpég}r‘%H"adS%?é’llFSaaﬁﬁ AYes

25 are wel | - &f a i r h
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acet at e ¢opoloth&r slnaml ma@hylahieyua@hbe@rml atsesPatEﬁaNbgoat&z@JBeaBQmajaﬂpvn ded

by nmany conpounds incl g an_ antif oamant he pol ysi| oxane type, for
2

exanpl e, sil #dMS83i # 187 Oé 443647, 1%339&3%4 lpﬁ 818?11 Othereadditivea areofio t he
term * conpri fahﬁ'golly(}ﬁf) s&l?e% f% of 15 RdidoleCQTR" éﬁl%% %iesaﬁgé’ﬁ]i% ﬁeAHr%ﬁesg e of

stated features eps or corrponen 0es no & t he

presence or eséel'tdthaiblés‘ deAivatives NS fall hefthihemidchBs dMbedave. W}feBStheBéS
conmponents or groups thereof. |f the term "conprising" éor cognates) is used

herein, the co@pﬁund@oml mpludgd egstémlubmcraymsfoﬂ (camomtlgn othextase )preferapiyt hi n
its scopiﬁand i S con gquently the term

"consi st Mg QFCSfUaIHH aPPE’%B‘EﬂPEFé%?&%WVﬂ% ‘P{E METS "consi sti ng

essentially of' and is a preferred enbodi nent thereof. The terns
"oi |l -soluble” or "oil-dispersible" do not nmean that the conpounds are
sol ubl e, dissol vad smalh' anowit edfoa dcmplasﬁymgoctodmmgt mplqumdi i i phefernéd i n

all 10 proportions. 0 nea eco are for
i nst ance, Fjﬁ%‘f‘g i °§’¥'£P8P§mdf 95%5?"@?\,\% Err‘i“ Bﬁé 5g$I I‘t‘é heacting At ent
to exert t he'afkyle% QRERIwRh fRCddb& SHifined by reacting a b1s-epox1de w1th a polyhydric

20 alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active

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

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

25 are well-known. Typical of those additives, which improve the low temperature

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

30 of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

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,

35 components or groups thereof. If the term “comprising” (or cognates) is used herein,

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



environment in which the conposition is enployed. Mreover, the additional

I ncorporation of other additives such as those descri bed above nay affect
the solubility or dispersibility of the conpounds. 15 The term "nmgj or
anount” neans in excess of 50 mass % of the conposition. The term "m nor
amount” neans | ess than 50 mass % of the gonposition. 20 The invention IS
further illustrated by the foll ow ng exanplfes which are not to

consi dered as Iini ' its scop percenta &5 ane b ht active

t
i ngredi enf c é‘ﬁ? * %‘ﬁ“ﬁﬂﬂ???ﬁ?&“%ﬂtm%ttenpeﬁ%s&“ﬂs C@F‘fll“ércg%?at @ uent oil .
EXAMPLES 25 \Aliiy 9‘%{;‘:8@‘6 0! bﬁé’iﬁt SIRBENPEP RIS Brefétfdd e‘:r‘l%d?ﬁ’r}l%ﬁisth&goﬂ”er €

obt ai ned using a on Blint eC|procat|ng pin-on plate tribometer, using
the followi ng test protocol: Test duration 8 hours Load (N) 185 Stroke
length (mm) 10 Frequency (Hz) 1 Terrperature ('C 100 30 The surface
materials used are as set out bel ow, -18 Hardness Densit BS EN31 CO0 Si O
Mh Fe (Hv) (gI cn8)The\pgragsy oyl sonbley’ or “gil- @P&@l@ - gosnatgnean thaf thewcompoynds oy 1 C

0Oi Cu A % 5,C 0 S M
Vh Fo W iop St dsstiygE: Bhchicr qifarie ot peife pbetacin dibit o) o
frictioniend prspiticme ey de Mieanf kuwdves that e coaigoandire Viat irgtiice, kOlubly drace
conbi nations with a each of the follow ng |ubricant conpositions, were
stably dispersible in the oil to an extent sufficient to exert their intended effect in the
environment in which the composition is employed. Moreover, the additional

incorporation of other additives such as those described above may affect the

solubility or dispersibility of the compounds.

15
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.

20 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.

EXAMPLES

25

All of the following experiments were carried out using 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

30 The surface materials used are as set out below:



measured: 1. a Goup IIl base oil having a kinematic viscosity at 100C of
4.2 n2S" (CSt); 15 2. a conposition containing the base oil of conposition
| and 500 ppm of nol ybdenum as trinucl ear nol ybdenum dit hi ocar banat e,
having a structural fornmula as shown below, R, ,R VS M_ S\~ M RI iR
| SSSRR 20 3. a conposition contai n{hrgg the base oil of conposition |
and 500 ppm of nol ybdenum as di nucl ear I'ybdenum di t hi ocar banmat e, havi ng a
structural fornmula as shown below, -19- 5 R \ S RS X=CcrS 4. a

conposi ti dn accor di ng to conposition 2 additionally conprising a mnor
amount of a secondary_ZDDP additive, and 10 5 __a conposHardnesac®endityg to
conposi ti on 2 gglgNgiopald y|{copprj sisng|a g norMnaiowe  pf @wr i maglentPOP.
Exanple 1 BS ENg@§2 nf o [A -S| alds0Y pbatleosg | 9675| 185 7.75

Al-Si Alloy| C 0] Si Cu Al Mg
Wt% 444 | 229 12262 1.12 |168.25] 1.27 120 2.62

BS 1452 0] 0] Si Mo Mn Fe
Wt% 9.32 | 191 | 2.74 | 044 | 0.71 | 8488 150 7.01

The coefficients of friction and wear coefficients for the lubrication of various
10  surface combinations with a each of the following lubricant compositions, were

measured:
1. a Group III base oil having a kinematic viscosity at 100°C of 4.2 umzs'1 (CSt);

15 2. a composition containing the base oil of composition 1 and 500 ppm of
molybdenum as trinuclear molybdenum dithiocarbamate, having a structural

formula as shown below,

RIR T@

NS

A
< l -
S\Kf
oy 4o

R R

20
3. a composition containing the base oil of composition 1 and 500 ppm of
molybdenum as dinuclear molybdenum dithiocarbamate, having a structural

formula as shown below,



15 A conparison of friction coefficient for Conpositions 1, 2 and 3 is set
out in Table 1 and Graph 1. A conparison of wear coefficient for
Conpositions 1, 2 and 3 is set out in Gaph 2. It can be seen from T Table 1
and Graph 1 below, that Conposition 2, 20 containing the trinuclear

or gano- nol ybdenum conpound, exhibits a significantly lower friction
coefficient than Conposition 1 or 2. Furfnérnore, the coefficient of
friction for Conposition 2 continues to reduce as the test proceeds, unlike
Conp03|t|én | or 3, for which the friction coefficient increases as the test

proceeds. 25 A co arison of 1t entag}gO nprovement in friction
coefficient of 03| > cﬁg %r{%e X nposition 1 at equivalent points
in the test also 0; r],‘ y increasing reduction of friction
coefficient of Cb 03|t n 2 "d to gonposition 1. In addition, Table
| illustrates that Cbnpé%|t|0n52 perforns significantly nore effectively at
reduci ng the coefficient of sfriggggon than 30 -20- 5 Conposition 3, which

generally perforns |l ess well than Conposition 1 (as indicated by the
negative prefix). Gaph 1 0.16 10 0.14 st 0.12 CO0.1 1IL 15 0.06 0.06

0 60 120 180 248, 30&bmaedsitibOac8fling to composition 2 additionally comprising a minor
amount of a secondary ZDDP additive, and

10 5. a composition according to composition 2 additionally comprising a minor

amount of a primary ZDDP.

Example 1 BS EN1452 pin on Al-Si alloy plate

15 A comparison of friction coefficient for Compositions 1, 2 and 3 is set out in
Table 1 and Graph 1. A comparison of wear coefficient for Compositions 1, 2 and 3

is set out in Graph 2.

It can be seen from Table 1 and Graph 1 below, that Composition 2,

20 containing the trinuclear organo-molybdenum compound, exhibits a significantly
lower friction coefficient than Composition 1 or 2. Furthermore, the coefficient of
friction for Composition 2 continues to reduce as the test proceeds, unlike

Composition 1 or 3, for which the friction coefficient increases as the test proceeds.

25 A comparison of the percentage improvement in friction coefficient of
Composition 2 compared to Composition 1 at equivalent points in the test also
illustrates the genérally increasing reduction of friction coefficient of Composition 2
compared to Composition 1. In addition, Table 1 illustrates that Composition 2

performs significantly more effectively at reducing the coefficient of friction than

30



Time (mn) tConpoellbnl tCanpaeon2 -Cnnppafnn3 20 Table 1 (Friction
Coefficient) Time Conp.1 Conp. 2 Conp.3 Conp. 2 Conp. 3 (mn) %I nprovenent
% I-mprovenent 0 0.0895 0.0933 0.0920 -4.25 -2.79 30 0.0933 0.1094 0.1141
-17.26 -22.29 60 0.1077 0.1014 0.1253 5.85 -16.34 90 0.1105 0.0988 0.1249
10.59 -13.03 120 0.1164 0.0958 0.1203 17,70 -3.35 150 0.1222 0.0936 0.1218
29.31 0.32 180 0.1310 0.0926 0.1351 28.7P--3.13 210 0.1300 0.0896 0. 1463
31.08 -12.54 240 0.1406 0.0892 Q. 1481 36.56 -5.33 270 0,1509 0.0871 0.1535
42,28 -1. 52 Crowpcsitioack vehigseenenalivipesfonms dess vlbban Sampysitionol (s dadicated 1578
43.87 -5.20 .3 47 0.1606 37.77 -18.00 390 0.1293 0.0836 0. 1555
35.34 -20. 26by38509%¥%%§é588.98833 0. 1558 42.47 -20.49 450 0.1488 0.0805
0.1606 45.90 -7.93 480 0.1595 0.0777 0.1610 51.29 -0.94 Note: %

| mprovenent is neasured relative to conposition 1 -21- 5 From G aph 2 bel ow,
it can be sediraphmat the alum na plate suffers Si gnlflcantly | ower wear when

| ubricated wth Eerpesttt+on—2,—contatnitng—the—trtnuct cou or-gano=—notybdenum
conmpound, than,when | ubricat ed with |ubricati ng Conpogitd 1 or aph 2
10 10
0.14
g
s
°
&
g 0.12
[
S
B o
[
15 o.os.
0.03 T T v L T T T T
0 60 120 180 240 300 360 420 480

Tlme (min)

«=@-~ Composition1  ==fe=Composition2 === Composition 3

20 Table 1 (Friction Coefficient)

Time Comp. 1 Comp. 2 Comp.3 Comp. 2 Comp. 3
(min) % Improvement % Improvement
0 0.0895 0.0933 0.0920 -4.25 -2.79

30 0.0933 0.1094 0.1141 -17.26 -22.29
60 0.1077 0.1014 0.1253 5.85 -16.34
90 0.1105 0.0988 0.1249 10.59 -13.03
120 0.1164 0.0958 0.1203 17.70 -3.35
150 0.1222 0.0936 0.1218 29.31 032
180 0.1310 0.0926 0.1351 28.77 -3.13
210 0.1300 0.0896 0.1463 31.08 -12.54
240 0.1406 0.0892 0.1481 36.56 -5.33
270 0.1509 0.0871 0.1535 42.28 -1.72
300 0.1406 0.0868 0.1494 38.26 -6.26
330 0.1500 0.0842 0.1578 43.87 -5.20
360 0.1361 0.0847 0.1606 37.77 -18.00
390 0.1293 0.0836 0.1555 35.34 -20.26
420 0.1448 0.0833 0.1558 42.47 -20.49
450 0.1488 0.0805 0.1606 45.90 -7.93
480 0.1595 0.0777 0.1610 51.29 -0.94

Note: % Improvement is measured relative to Composition 1



M Wear Coet (K) ~ Average p a (0O 3.00E-04 0.16 r Y 2.50E-04 0.14 e 0.12 O
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0.00E+00 0.00 OO0 GOal I 20UO0 0 U A conparison of friction
coefficient for Conpositions 2, 4 and 5 is set out in Table 2 and G aph 3.
25 From Graph 3 it can be seen that Conposition 5 exhibits a lower friction
coefficient than Conposition 4. Al though;2laddition of ZDDP to the trinucl ear
organo- nol ybdenum cont ai ni ng conposition, Conposition 2, has a negative
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A comparison of friction coefficient for Compositions 2, 4 and 5 is set out in
Table 2 and Graph 3.
25 From Graph 3 it can be seen that Composition 5 exhibits a lower friction

coefficient than Composition 4. Although, addition of ZDDP to the trinuclear organo-

molybdenum containing composition, Composition 2, has a negative impact on the

friction reduction associated with the trinuclear molybdenum compound, the above

graph shows that the primary ZDDP of Composition 5 has a less detrimental effect on
30 the friction coefficient than secondary ZDDP of Composition 4.



'u0.1 0.08 0.06 15 0 60 120 180 240 300 360 420 480 Tine (mn)

- COnposinon (2) - -Concosirion (4) -COngoOltion (5) Table 2 (Friction
Coefficient) Tinme Conp. 2 Conp. 4 Conp.5 (min) O 0.0933 0.1006 0.1512 30
0.1094 0.1105 0.1218 60 0.1014 0.1279 0 1348 90 0.0988 0.1347 0.1362 120
0.0958 0.1366 0.1325 150 0.0936 0.1422 1348 180 0.0926 0. 1455 0. 1344

210 0.0896 0.1501 0.1395 240 0.0892 0. 15§h 0.1397 270 0.0871 0.1529 0.1344
300 0.0868 0.1531 0.1392 330 0.0842 0.1520 0.1400 360 0.0847 0.1557 0.1388
390 0.0836 0.G4®pi830. 1389 420 0.0833 0.1604 0.1391 450 0.0805 0.1607 0. 1387
480 0.0777 0.1603 0.1396 -23- 5 Exanple 2 BS EN1452 pin on a BS EN31 pl ate
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15 0 60 120 180 240 300 360 420 480
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Table 2 (Friction Coefficient)

Time Comp. 2 Comp. 4 Comp.5
(min)
0 0.0933 0.1006 0.1512
30 0.1094 0.1105 0.1218
60 0.1014 0.1279 0.1348
90 0.0988 0.1347 0.1362
120 0.0958 0.1366 0.1325
150 0.0936 0.1422 0.1348
180 0.0926 0.1455 0.1344
210 0.0896 0.1501 0.1395
240 0.0892 0.1524 0.1397
270 0.0871 0.1529 0.1344
300 0.0868 0.1531 0.1392
330 0.0842 0.1520 0.1400
360 0.0847 0.1557 0.1388
390 0.0836 0.1568 0.1389
420 0.0833 0.1604 0.1391
450 0.0805 0.1607 0.1387
480 0.0777 0.1603 0.1396




A conmparison of friction coefficient for Conpositions 1, 2 and 3 is set out
in Table 3 and G aph 4. A conparison of wear coefficient for Conpositions
1,.2 and 3 is set out in Gaph 5. 10 From Table 3 and Graph 4 below, it can
be seen that conposition 2, conprising the trinuclear organo-nol ybdenum
conpound, results in significantly lower_ friction coefficient than

| ubricant Conpositions 1 or 3. The perceﬁ% ge inprovenent figures in Table
3 illustrate that Conposition 2 prOV|des an increasingly 15 better friction
per f or manée \HxampihZmar il laeon 1 or 3, as the test

proceeds. Graph 4 and Table 3 al so |Ilustrates t hat Conposition 3,
conprising dinuclear nolybdenum actually exhibits coeffi cients of friction

that are hi gher thalaom Sdﬂﬂ'l@ﬂori]-coe\ﬂl&lbntr‘(@rm ioHeN a0 Adnd i3vie set2éut G aph 4
0.22- 0.2- 14 L 0.1 0.09 0.00 0.04 0 80 120 180 240

300 380 420 zﬂgtble BrandzC(ranhﬁ A&nﬂm@@omnfwyr Gc@fﬁqi‘m(ifpll‘ CQ@POWMZ ﬁl‘(d%? - 24-
5 Table 3 (Frictio ient) Tinme Conp.1 Conmp. 2 Conp.3 Conp. 2 Conp. 3
(min) %I nérd%%‘?ﬁ?ﬁpmo liaﬁ#SSovenzant w w w w w

10

From Table 3 and Graph 4 below, it can be seen that composition 2,
comprising the trinuclear organo-molybdenum compound, results in significantly
lower friction coefficient than lubricant Compositions 1 or 3. The percentage
improvement figures in Table 3 illustrate that Composition 2 provides an increasingly

15  better friction performance when compared with either Composition 1 or 3, as the test
proceeds. Graph 4 and Table 3 also illustrates that Composition 3, comprising
dinuclear molybdenum actually exhibits coefficients of friction that are higher than

Composition 1, with no molybdenum additive.

20  Graph 4

Friction Coefficient

0.06

0.04 T T T T r r r r
0 60 120 180 240 300 360 420 480
Time (min)

~=&= Composition (1) =dr= Composition (2) =&= Composition (3) J




0 0.1537 0.1303 0.1437 6.51 6.51 30 0.1228 0.0888 0.1539 27.69 -25.33 60

0. 1302 0.0909 0.1486 30.18 -14.13 90 0.1372 0.0921 0.1626 32.87 -18.51 120
0. 1463 -0. 0953 0. 1825 34.86 -24.74 150 0.1606 0.0980 0.1816 38.98 -13.08
180 0.1494 0.0990 0.1943 33.73 -30.05 210 0.1574 0.0988 0.1935 37.23 -22.94
240 0.1593 0.1012 0.1981 36.47 -24.36 270 0.1557 0.1013 0.1832 34.94 -17.66
300 0.1640 0.0992 0.1954 39.51 -19.15 330-0.1641 0.1010 0.1758 38.45 -7.13
- 360 0.1715 0.1015 0.2115 40,82 -23.32 390 0.1664 0.1006 0.2142 39.54 -28.73

420 0. 1635 0Tablss Gristigy Cosfigiand 34° 37 450 0. 1717 0.1003 0. 2184 41.58 - 27. 20
480 0. 1752 (rHdIoT BorplB3 ZA1cSap. z 24T Bfhp3NOT € eduflyr OVETENT[ EcmpliEASUT €0
relatlvetogo ogition 1 From Graph 5 below,v\%r[m(r:z%e eQe se%that the Bb
EN31 plate Albits significantl ylless wear en L ubri cat
Conposi tion[2 €hah wHB7 ei { hd13Bf | 10 4Bt i cati ng @Shpositfons B5br 3.
(Conti nued on 3age 2&)228 15[ 2@.08&25- | 5 @aph 5 d 2739Weu dosl (Ky3* Aw gge p

60 0.1302 0.0909 0.1486 30.18 -14.13

90 0.1372 0.0921 0.1626 32.87 -18.51

120 0.1463 0.0953 0.1825 34.86 -24.74

150 0.1606 0.0980 0.1816 38.98 -13.08

180 0.1494 0.0990 0.1943 33.73 -30.05

210 0.1574 0.0988 0.1935 37.23 -22.94

240 0.1593 0.1012 0.1981 36.47 -24.36

270 0.1557 0.1013 0.1832 34.94 -17.66

300 0.1640 0.0992 0.1954 39.51 -19.15

330 0.1641 0.1010 0.1758 38.45 -7.13

360 0.1715 0.1015 0.2115 40.82 -23.32

390 0.1664 0.1006 0.2142 39.54 -28.73

420 0.1635 0.0995 0.2197 39.14 -34.37

450 0.1717 0.1003 0.2184 41.58 -27.20

480 0.1752 0.1019 0.2183 41.84 -24.60

10

15

20

Note: % Improvement is measured relative to Composition 1

From Graph 5 below, it can be seen that the BS EN31 plate exhibits

significantly less wear when lubricated with Composition 2 than with either of

lubricating Compositions 1 or 3.

(Continued on Page 25)
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conpari-son of friction coefficient for Conpositions 2, 4 and 5 is set out in
Table 4 and Graph 6. 10 From Table 4 and Graph 6 below, it can be seen that
| ubricating Conposition 4 effects a greater reduction in friction
coefficient than either of lubricating Ehpositions 2 or 5. Suprisingly,
when lubricating a BS EN1452 pin on a BS EN31 plate addition of secondary
ZDDP addi t5i veGapbposition 4) to a lubricant containing 15 trinuclar

nol ybdenum i nproves the coefficient of friction. It isgnhoted that addition
of primary ZDDP (Conposition 5) to the lubricant in plgace of secondary ZDDP
has a detrinental effec‘;toE%}‘s t he=2 XS (T Ay i &

(8]
s
0.18 .=
< 5.0E-06 - §
- o
5 0.16 o
S 4.0E-06 =
2 §
8 1014 >
o <
© 3.0E-06 -
]
] + 0.12
2
2.0E-06 -
+ 0.10
1.0E-06 - 1 008
0.0E+00 + T —+ 0.06

Composition (1)
Composition (2)
Composition (2)
Composition (3)
Composition (3)

A comparison of friction coefficient for Compositions 2, 4 and 5 is set out in
Table 4 and Graph 6.
10
From Table 4 and Graph 6 below, it can be seen that lubricating Composition 4
effects a greater reduction in friction coefficient than either of lubricating
Compositions 2 or 5. Suprisingly, when lubricating a BS EN1452 pin on a BS EN31
plate addition of secondary ZDDP additive (Composition 4) to a lubricant containing
15  trinuclar molybdenum improves the coefficient of friction. It is noted that addition of
primary ZDDP (Composition 5) to the lubricant in place of secondary ZDDP has a

detrimental effect of the coefficient of friction.



5 Gaph 6 0.16- 0.14 10 0.12 0.1 0.08 IL 0.06 15 0.04 0 60 120 180 240
300 360 420 480 Time mn ..A Conposition (2) t Conposition (4) Conposition
(5 20 Table 4 (Friction Coeficient) Tine Conp.2 Conp.4 Conp.5 (min) O

0. 1303 0.1225 0.1207 30 0,0888 0.0991 0.1170 60 0.0909 0.1013 0.1140 90
0.0921 0.1016 0.1177 120 0.0953 0.0988 0.1163 150 0.0980 0.0935 0.1169

180 0.0990 0.0942 0.1189 210 0.0988 0.07267 0.1196 240 0.1012 0.0637 0.1213
270 0.1013 0.0650 0.1204 300 0.0992 0.0650 0.1208 330 0.1010 0.0656 0.1204
360 0.1015 0.(@epm860. 1206 390 0.1006 0.0682 0.1227

0.16

0.14 4

0.12

S

0.1

0.08 -

Friction Coefficient

0.06

P
W

°-°4 T T T T T T T T
0 60 120 180 240 300 360 420 480

Time (min)

—A— Composition (2) -~ Composition (4) -0~ Composition (5)

20 Table 4 (Friction Coeficient)

Time Comp. 2 Comp. 4 Comp.5
(min)

0 0.1303 0.1225 0.1207
30 0.0888 0.0991 0.1170
60 0.0909 0.1013 0.1140
90 0.0921 0.1016 0.1177
120 0.0953 0.0988 0.1163
150 0.0980 0.0935 0.1169
180 0.0990 0.0942 0.1189
210 0.0988 0.0737 0.1196
240 0.1012 0.0637 0.1213
270 0.1013 0.0650 0.1204
300 0.0992 0.0650 0.1208
330 0.1010 0.0656 0.1204
360 0.1015 0.0648 0.1206
390 0.1006 0.0682 0.1227
420 0.0995 0.0698 0.1227
450 0.1003 0.0707 0.1245
480 0.1019 0.0710 0.1267
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-27- CLAIMS: 1. A nethod of lubricating an alum num all oy surface, which
conprises supplying to said surface a lubricating oil conposition
conprising an oil of lubricating viscosity and an an oil-soluble trinuclear
or gano- nol ybdenum conmpound. 2. A net hod Zifording toclaiml1, 2 or 3,
wherein the aluminumalloy is an alum ntihtsilicon alloy, having a hardness
of 100- 150Hv q density of 2.0-3.0 gcm3. 3. A nethod according to claim
1 or 2, wher | ubricating oil conposition further conprises primary
ZDDP. 4. A nethod according to claim1, 2 or 3, wherein the alum num all oy
surface is that of a conponent part of an internal conbustion engine, and
the lubricating bil cAnmpethbdiobiubricatngph iakonihomt dilyesugiace. witich Aomptisesd of
providing lubrication between two ferrous surfaces, one of the ferrous

surfaces conPPYIngosatduskare, A UbEicatin g 9ihePrapesiongamprising A Rihpllybricating, j ¢ j sh

Standard BS E . 1 f f | S iron all oy
conf orm ng tgu%}ﬁl ?@(ﬂaryé&g?llg%?@BlgéﬁE{{ﬁ%ﬁy\ﬂ%ﬁgﬁyﬁgﬁéﬂd&c%l@?ses suppl yi ng
to said surfaces a lubricating conposition conprising an oil of lubricating
viscosity, preferably in a major anount, and an oil-soluble trinuclear

or gano- nol ybdenun?- conftdiethod gccording thelgim de & i3n vhersin thei aluminuhalles; is t he

| ubricating gj C osit L0 : .S ndar Yy met hod
accordi ng to%a%lli/lmglﬁ{em_os E%OHeaTlﬁpglﬁ;ée‘hclﬁ? %%ﬁ%arglégr?so?sl\@érr%@?ﬁ a?ﬁez}'d%ggﬁo(f:étq-ﬁfg oi |
conposition é(m‘f,her conprises on or nore additional additives selected from
the group consisting of ashless dispersants, netal detergents, corrosion

i nhibitors, netal dihydrocarbyl dithiophosphates, antioxidants, pour point
depressants, 3

A method according to claim 1 or 2, wherein the lubricating oil

composition further comprises primary ZDDP.

4, A method according to claim 1, 2 or 3, wherein the aluminum alloy
surface is that of a component part of an internal combustion engine, and the

lubricating oil composition is supplied to the engine.

5. A method of providing lubrication between two ferrous surfaces, one
of the ferrous surfaces comprising a chromium containing steel alloy conforming to
British Standard BS EN31, and the other ferrous surface comprising an iron alloy
conforming to British Standard BS EN1452, which method comprises supplying to
said surfaces a lubricating composition comprising an oil of lubricating viscosity,
preferably in a major amount, and an oil-soluble trinuclear organo-molybdenum

compound.

6. A method according to claim 5, wherein the lubricating oil

composition further comprises a secondary ZDDP.

7. A method according to any one of the preceding claims, 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,



-28- anti-foam ng agents, additional friction nodifiers, antiwear agents and
viscosity nodifiers. 8. A nethod according to any one of the preceding

cl ai ms,” wherein the trinuclear organo-nol ybdenum conpound is a trinuclear

di t hi ocarbamate conpound. 9. An internal conbustion engi ne having one or
nore conponent parts made from an alunlng€1alloy, and contained in a
reservoir in the engine, a |ubricating conposition for | ubricating said
part conprising.an.oil of Viscosi.ty, in unt, .and an
B sor bl e A ioAmi aeSts o ARLEAL Buit PSS AatoBer SRERE Ay HaposiS
conbusti on epghiRrdhavi ng a conponent part nmade froma chrom um containing
ferrous alloy conforming with British Standard BS EN31 adj acent a conponent
part nmade froma cast iron alloy conforming with British Standard BS

EN1452, both conpgnent parts being contained in res rvoir in g| ne,
a lubricating oi Igcorrp tﬁ’Bﬁjl apgﬂrgqnggp,aggtqnﬁd)fgg«? 8rege! 1pg CEEmSr WL‘FTF@ oi |

of lubricat @Qﬁcl\ééﬁd‘rg&d& ﬁﬁog’bﬁerﬂm‘?@brﬁﬁo&r&qymmn&% afthiBtdrbBhieRbfipolisid. Nuc! ear

or gano- nol ybdenum cdnpoun

9. An internal combustion engine having one or more component parts
made from an aluminum alloy, and contained in a reservoir in the engine, a lubricating
oil composition for lubricating said part comprising an oil of lubricating viscosity, in a

major amount, and an oil-soluble, trinuclear organo-molybdenum compound.

10.  An internal combustion engine having a component part made from a
chromium containing ferrous alloy conforming with British Standard BS EN31
adjacent a component part made from a cast iron alloy conforming with British
Standard BS EN1452, both component parts being contained in a reservoir in the
engine, a lubricating oil composition for lubricating said parts comprising an oil of
lubricating viscosity, in a major amount, and an oil-soluble, trinuclear organo-

molybdenum compound





