-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 nternal- conbusti on 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 enli ne conponents. 15 I n accordance
with a first aspect of the present invention there is provided a nethod of

| ubricatigg an al um num aMEVHOD FORCL UBRICA TING SURFFAECESPl yi ng 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 ybdenum¢OE t fioung. - NI r
or gano- nol ybdenungg‘(’glmpi%\&/i{e}gnwrﬁﬁwgstall;'l?tétgﬁ?‘fgf ll%&&ggﬁj{ﬁ??@f itl{(i)r&gtﬁééﬁ%lﬂt? ace
wear on the ghdthddWwhleitathgiuifacad indiiterlichrab@sion@ngineext ent not observed

wi t h di nucl ear - organo- nol ybdenum conpounds. 25 The al umi num al |l oy suitably
conprises an alum numsilicon alloy, which may additionally contain a

proporti of copper and/or smagnesium Sui.tably the  al um nu | o S a
R tness 1t 100 Ao elPshly By o vEveRi D4 Enatiesearent hat Cia e Bbou
120 Hv. Sult Rk, vl Ao Uk hRY ihBafurta0R) bY (R el SedhnpefisS: In
preferably, 2.4-2.8 gcm 3, and nore preferably, about 276 gcm%. 30
Typi cal | y t hepatticutan chlesinwn gallnys naley bdesasinglyd beingv eseds taisesmdactars engipe ovi de
25 to 1000 ppmp_&garts per mllion, by weight), preferably 200 to 750 ppm
nore pref er &8MPOBHYS -t 0 600 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
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)
produced froma prinmary al cohol, herein after referred to as primry ZDDP.
Suitably, primary ZDDP conprises at |east 50% preferably at |east 75%
nore preferably at | east 90% and advantageously conprises substantially
100% ZDDP produced from primary. 10 The I|-&bricating oil conposition suitably
conprises 0.2 to 1.0 nass % preferably 0.4 to 0.8 nass % and nore
preferabl § 0.6 ro TheZabnating %!pompasijiod DDMe firfhasprestdidhe mventiati mgy frthef i r st

E‘Zfﬁéfen"ént Qﬁg{wﬁ%ﬁﬁ%ﬁﬁﬁﬂbﬁ?ggﬁ@ﬁ%@ﬁiaﬁb%ﬁ%ﬁgﬁzﬁ@*)ﬁ%% EMfch as
a rerrous sur

a ferrous Suihgey afcBhole K&RR &ter%ﬁ%emgaéﬁgﬁﬁ}y gbpp §uikdBYﬁ’Hﬂrﬂrfg§'ﬁ)lﬁlﬂ

ustion engi ne having one r re ‘conmponent parts e froman
al um num al | epmpsiges axoeisaiSeEs prefeeblyeseleasi 75% 2fotenpiefezaldngit ieast 80%, and

| ubricating oil conposition for Jubricating said parts conprising an oil of

| ubri cati ng wivawagepysly gerapdsesspbstantially H G ZIdRE preduced frognpmpys ol ubl e,
trinucl egp or gano- nol ybdenum conpound. The reservoir in the engine may be a
crankcase  sunp in four-stroke engines, fromwhere it is distributed around

the engine for | aihel fibicRing DHE compedtid® BuitdblgPEdrhsiddek €0.20td WD Shiseke®, and
four-stroke spark-ignited 25 and conpression-ignited engines. Athird
aspect of t herefasablnQ.dio 9.8imase $o.rand mase prederably 4.6 1oV & avasn § primaryd@pBsi ti 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 aspect of tihe hRuRAt AQBrdHEthélSfstt Mpelts 8f the ARvedkibn SRfitdBlyCinvolves
trinucl ear organo-nol ybdenum conpound in a lubricating oil conposition to

reduce th8& f provisiomof hibricetem twéacaszlumimnoillayhsucface amba neti-alpranumlalioy num
alloy. 35 In accordanceﬁgjth a f'ftg as ec& of the present invention there
has been di SEG%S, SFNAS REFOW STaph- 0% W2AW!S-ubr i cati on bet ween 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 allloy conforming to British Standard BS EN1452, which nethod conprises
supplying to said surface a lubricating oil conposition conprising an oi

of lubricating viscosity, preferably in a major anobunt, and an oil-sol uble
trinucl ear organo-nol ybdenum 10 conpound3‘|t has been found that the
trinucl ear organo-nol ybdenum additjive will substantially reduce friction
and surfate MBS SHTRGRS qoEMRTSING & GhroRde® qoptaiping trosrmllon sonfasming weBritish h

di nucl ear - or g%ﬁéﬁogébmmaﬁ&miﬂ@g&ﬂ& febroud VIRt }éoﬁwggsg{sgkg%{ﬁ%%mﬂ(l%r ‘s

or gano- nol ybdenum a Ve I's used sO as to provide

per mllion, chyforRinghto) BrifgteSnadiiysS BN 1432 7 6fichPitthe® 'cemppik&f QippBling 400 to
600 ppm and advat ant ageously 500 ppm of el emental nolybdenum in’the

| ubri cating editl sudagosilubrivating atl aderpesition ednipyisingTau @b 08 B)bricatng miscosity,

| ubricating oil. caonposition of the fifth pect, of .the inventio further
conpri se an quferg@prum é, mfl%afa‘?‘ﬁsﬁﬁ% éﬁ“b&ﬁ'sﬂli“b]r‘?i HHWG@%&'E@“@ZH%I?’EE%HHE from
secondar yy al g&h@éund)er einafter referred to as secondary ZDDP. Suitably, the
secondary ZDDP tonprises at |east 55% preferably at |east 70% and nore

preferably 25 at |east 85% and may conprise subatantially 100% ZDDP nade
from secondary al cohol.. bri cahén 'gOi | conposition suitahly conprises

. The |
0.2 to 1.0 mass ¢ g cispafupdothat tt uRgds osgangrpolyRdesupy edditiye| yilb. 6 to
0. 75 mass % ng@&%ﬁ@ﬁg rediide fitkdlon MdVuttale GRRSEH tthfe{rgdss%frﬁgé‘s ' a8 Extéhe BBt
i nternal conbustion €ngine having a conponent par made 1rroma cnromum

cont ai ni ng f ebsepul Wwith dihucleni-ofgahd nolytidenurBicoinpsiindst andard BS EN31 adj acent
a conponent part made froman iron alloy 35 conformng with British Standard
BS EN14523 both conponent parts being contained in a reservoir in the

engine, a fubricatl 0.0 n<@IBoR A brdind SorybdBis 3hdilide $hEaR3 A0 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).
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
reservoir in the engine mybe a crankcase sunp 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 and
conpression-ignited engines. 10 A sevent W-aspect of the invention relates to
the use of a lubricating oil conposition conprising an oil of |ubricating

vi scosi t y5an combrisiag bl @] of lubnivatingaviscosity spreferabl y inde majorcampminahd an pilovi de

| ubrication between a chrom um C(I:) taining ferrqus_all oy surface conformng
with Britishsejubledripugiesr carganorielybdenum compoundy ofhe gepervair cignthsr #R§8E wi t h

o i . L Vet Q. i h
o o RGeS 1B b S i

lubricating ehd efneasilubidation. Thel sentidieisf dpplitadd to Bes-¥E6Ke and Rnetroke
containing ferrous alloy surface conformng with British 20 Standard BS EN31

and an iron apirkygritedfand somprssiPniignjtodiensingy.i ti sh Standard BS EN1452. The
met hods ?é any aspect of this invention are especially applicable to the
| ubricatiron of spark-ignited or conpression-ignited two-stroke or

four-stroke intern@lsevehth GRPRYSII BB RVEHHIAS reMitS o MR QsP I 8 19briANP RNt S
made fromthe specified nmaterials. Exanples of such conmponents incltde the

cam shaft, espmpbsitiby dohpristng an chkeof lpbstating, viespiyi al lojl-toheblpi simwleakirt ;
cylinder liners; and valves. As ex | es of SLii table oil-soluble, trjnuclear

or gano- ol yb @B HEs  compound o o pRRYIdse Ipbrigation e hetyveeni G ShEARATE S

di thi oohosmh k¢ : e HE
of ' ol ybaenup kimitl toaaP RSP RLAR mtot Bl Wik Briud S GHARIIS BNANNEM] || (e
may be ag¢hdi Groailphdafataconformpingndith BiitigsStandaP®SEN14§1.] react with a basic

nitrogen conpound as 35 neasured by ASTMtest D-664 or D-2896 titration
procedure and are typically hexaval ent. Included are nolybdic acid, anmonium

ol ybdat e, sodi uml{lpéigﬁ)tﬂaats&ct of the invention provides the use of an ocil-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-ighited 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 ocil-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
conmpounds. A group of trinuclear organo-nolybdenum conpounds useful in the

| ubricating conpositions of this invention are those of the formul a
Mb3Sk" QZ and m xtures thereof 10 wherein L represents independently

sel ected |igands having organo groups w t5 a sufficient nunber of carbon
atons to render the conpound sol uble or dispersible in the oil, nis from1l
to 4, k varigsadsiupm olybdiegind7oth&} akabfd @t dnblybdated end)loiep 6l yhdbiinal

el ectron donat | ng co ounds such as water, am nes, al cohols, phosphl nes, and
ethers, andsaltsraggawlyhdenury triexide envimilae paidie snalyhdesumi aomponads: i ¢ val ues. In
the instance n is 3, 15 2 or 1, appropriately charged ionic species is
required to confer electrical neutrality to the trinuclear nolybdenum
conpound. The 'OnACgrﬁﬁ’;ﬁﬁf BhuBRYr Higaff-mBPbdMRInE Béifipodrds usePHRthE lubiRAMEAl ent
or divalent. Further the ionic spéecies rmay be negatlvely charged, 1.6€. an
ani oni ¢ specccanposﬁmnnaﬁlﬂm%ammlmﬂlysmﬁahgfmlmulaMoasiL@eIandmmtw@aheresf or a

conbi natj on o ni on and .a,cat ch t re. known to a ski]|led
per son | 1t heigima e rePrasEnt dhopeutsat ety e detine Paih &Rk

th h t
rough covalgntie ol l%gnfbarﬁon aﬁﬁﬁrtgkéfgﬁ:le@etcf?mgaﬁn é@%?{%ﬁﬁ%@glﬁgfﬂ[ gdl oNns

in the core, or t ectrostatic 1 ng In e case

of a count er eil anisd¥orh hrtough variéofromof thesugdi T Q) isiselecteddminatie dreip\efrieuaalval ent
and el ectrostatic bondi ng. Exanpl es of anionic species include disulfide,
hydr oxi de, aflegifqto%naEng SpMAPKNYS suFtiasweler. GEiBgaglsobrls, dzhom)ane@, @51 etherseof ;

ferably t f f
Epeci es y’#na* LRUBe ol i Rl tondSetBRirio AR oI 8% Bl Py ot
al kal i neyar by qehﬁﬂ:ro @artely rcﬁﬁkgb& lidhic BRIcRb is teqlired feétif@tiocuidal ABTRMLHD | ON,

such as [ NR4]' Wnere ependently H or al kyl group, nore preferably R
is H i.e. thlemmuclmr m@labdennm eapapsiund.c dhe danig tspeaiessmay) be %@nprvelgam fetrong

all the Ilgands no rou o | east 30 25, at t .30, .or at
Teast 35 car DR aHevRE il Tn@Rerihe ERare s "Bde ket ERGIRER gr oup
of : -6- -X-Rid: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. [NH4]*. At Jeast 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:



XN\ XJ~- R2, 5x\ R \' Y/ 3 X2 X /R XzZI\) ~v 4, R and X\ /ORlL
/5 X2~\OR2 10 and m xtures thereof, wherein X, X1, X2, and Y are

i ndependently selected fromthe group of oxygen and sul fur, and wherein R,
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 the 6arbon atom attached to the

remai nder of the ligand is primary or secondary), aryl, substituted aryl and
ether 15 groups. Mre prekeraRly, each jigand 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 charactef; within the context of this invention. Such

substituents include thelfollow ng: 20 1. Hydrocarbon substituents, that is,
aliphatic (for exanple al Ryt-or ral kenyl p, alicyclic (for exanple cycloal kyl
or cycl oal kenyl) substit ts, aromatic-, -7- 5 aliphatic- and

alicyclicssubstituted aXamatic nuclei and the like, as well as cyclic
substituents wherein the ring is conpleted through another portion of the
ligand (that is, any thni\ndi cata}Rsubsti tuents may together form an

alicyclic group). S 3

X3

and

Xl O'_Rl
- \ / 5,

"\

X2 O ——R2

10 and mixtures thereof, wherein X, X, X, 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 ary! 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
L. Hydrocarbon substituents, that is, aliphatic (for example alkyl or

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



2. Substituted hydrocarbon substituents, that is, those containing non- 10
hydr ocar 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, am no, al koxyl, mercapto, alkylnercapto, nitro, nitroso and

sul foxy). 15 3. Hetero substituents, that7-is substituents which, while
predom nantly hydrocarbon in character within the context of this

i nventionf coeliphalier andrabicyslicesnbstitated aremasion npeleisemd then like.c haiwelbas roycliy

ot herwi se conposed of .carbgn atans. | rtantl t he orga roups.,of. the

|i gands haveSUPSEEIFRE Syheffin ﬁ]ﬁrﬂ?@rls B?melggaé‘?fw&‘bx‘%?ﬂzﬁmftwgrﬁafgﬁgﬁn dhabitpound
sol ubl e or dia%p@y A i i : er of carbon atons
in each group 'w I@hglgﬁg?gﬁsgﬁfgth&ayggeﬁw%oa]flcgégl,c%?%@'er ably from1l to

30, and nore preferably between 4 to 20. Preferred |igands include
di al kyl di thi ophosEhat e,. al kyl xant hate, and di al kyl di t hi ocar banate, and of

these dial kyl di t i ocarH8std$ted | hydrasabon  SUDEHIRGIHS,” thal ahi hosg GARE@WINEG PRI ni ng
t tional i L | bl i
| oands Tha Biugoabdif AAGE RS TR hie 8F Culd S8R P, for ARGy W9 20

wi I realizeptamidadtiyhidrocaryl chidacteospbe Balsstitueht. t Titbsp kRifed in the\veeikilo6e
requires selection of |1gands having the appropriate charge to bal ance the

core's char gewagofCaadlengwupsie-gg hake espramllyachNosind @uoresaminat alkakyd, cor es
surrounded b anjoni ¢ | i gapds. and. are r sented by structures such as - 8-
8~~6 'OP M egcapk,glhlgﬁa%gpoaﬁﬁr%g\ygs%gr{fsﬁtﬁ}@es of +4. Consequently, in

order to solubilize these cores the total charge anong all the |igands nust

be -4. Four nonoanionic |igands are preferred.
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, alkyixanthate, 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 Mo3SiI.Q. have cationic cores surrounded by

anionic ligands and are represented by structures such as



10 Wthout wishing to be bound by any theory, it is believed that two or
nore trinuclear cores may be bound or interconnected by neans of one or nore
| igands and the ligands may be nmultidentate. Such structures fall within
the scope of this invention. This includes the case of a nmultidentate

| i gand having nultiple connections to a single core. It is believed that
oxygen and/ or sel enium may be substituted8for sulfur in the core(s). 15

Q| -soluble or oil-dispersible trinuclear nolybdenum conmpounds can be
prepared by reacting in the appropriate [jquid(s) and/or solvent(s) a

nol ybdenum source such as (N 44)2 where n varies between 0 and
2 and includes non- stoichionetric ygaluesy withga suitable |igand source
such as a tetral kylthiuramdisul fid§. 20 il-soluble or

oi | -di spersible trinuclear nolybdendm co can be forned during a
reaction in the appropriate solven ybdenum source such as of
(NH4) 2Mb3S13n(H20O), a ligand sourc ral kyl t hi uram di sul fi de,

di al kyl di t hi ocarbamate, or dial kyldit hate, and a sul fur-abstracting
agent such cyanide ions, sulfite ions, ubstituted phosphi nes.
Alternatifely, a trinuclear 25 nol ybdenuM sul fur 6halide salt such as
[M:]2[Nb3S7A%L where M is a counter ion, and -9- 5 Ais a halogen such as
ca, Br, or I, ﬂay be reacted with a |igand source such as a

di al kyl di t hi ocarbamat e or di al kyl di t hi ophosphate in the appropriate
l'iquid(s) and/or solvent(s) to forma | S0l ubl e or oil-dispersible
trinucl ear nol ybdenum conpound. r | i quid and/ or sol vent may
be, for exanpl e, aqueous or organic 0 C ofind's oil solubility or

di spersibility may be influenced by nb of carbon atons in the

| i gand' s organ groups. In the conpo din the present invention
at least 21 total carbon atons shoMb e pre t anong all the Iligand' s
organo groups. Preferably, the ligan r chosen has a sufficient nunber
of carbon atons in its organo groups t gOer the conpound sol uble or

di spersible in 15 the lubricating conpo®ition. Fhe nol ybdenum conpound is

preferably a trinuclear nol ybdenum dithiocarbamate.
and have net charges of +4. Consequently, in order to solubilize these cores the total

charge among all the ligands must be -4. Four monoanionic ligands are preferred.
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
Qil-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)»Mo03S13n(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
(NHg)2Mo3S13n(H>0), a ligand source such as fetralkylthiuram 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']:[M03S7A¢], where M' is a counter ion, and



20 Natural oils useful as the oil of lubricating viscosity (al so known as

basestocks) in this invention'include animal oils and vegetable oils (e.qg.

castoor, lard oil) liquid petroleumoils and hydrorefined, solvent-treated

or acid-treated mneral lubricating oils of the paraffinic, naphthenic and

m xed paraffinic-naphthenic types. Qls of lubricating viscosity derived

fromcoal or shale are also useful base ofls. 25 Al kyl ene oxi de pol yners and

interpolynmers and derivatives thereof where the termnal hydroxyl groups

have beensnodi fid @chalpe@Shél b 1ABE At Dmat eefdatted a¥ithOR ligh®d Sbirkdlbechiasch ass

of known synthetic lubricating oils useful as basestocks in this invention.

These are exehgkyldithiecappanas o xdialkkiditeiaphqsphaerdn sthe rappeapsigtebiq@d(s) and/or

pol ymeri zati on, of et hyl ene_oxi d r _pr | ene,oxi de, the, al.kyl and ar

bthers of t haSleniR g dRgm dniwlunts, ph R ESBISIDIE tsiiear molybgeum SPEpGih o

gl ycol et her TTQ‘ébﬁn%Pﬁﬁte ligWRrA6Rr SRV &S WaF'beVRE BXmE, %Q&ﬁs oflbRasRy! ether of

pol y-et hyl ene gl ycol having a noleculaif weight of 500-1000, "di et hyl ether

of pol ypropyl ene glycol having a nolecular weight of 1000-1500); and nono-

and pol ycarboxylic, esters thereqf, for 35 exanple, the acetic acid esters,

mxed C348s fatty Aéompaids al ﬁablhﬁbeor@ﬁapea%w%amég beanthugncadby Hstrymnbene

glycol. -10- AR | : b %ﬁ% het i I i i fu

inthis i nveno'?i on h*ga;t%g:ﬂétggebp en(aes‘:‘?%ragg @%e%é@?%@éb‘g‘?%ﬁgg@(‘@eg%nﬁ hal i c

aci d, succi nipteseni thveatideylat 1sast Gilniocal aaitdd aonhs ashiseklybe presentniBose allthe

mal ei ¢ acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic

aci d, |inol eiligaad’s @reangegrounse| Ripferablinithe ligandysoptoe shpsenitms Acsudidciens| nuarber

mal oni ¢ aci ds it ri.et I i.+bu | goh e l.,cohol ,

dodecyl al coh() Ictgfbfgéﬁ%ﬁa nelgsy ‘g%I"c@JHgi%,]‘%e’? %éﬁrgﬁeeé%*lg@gﬁfgo@% éet %ﬁ%‘;ﬁé&%‘f%m

nonoet hers  RhORBHENgHoGREkionSpeci fic exanpl es of these esters include

di butyl adipate, di(2- ethyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl

sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

di decyl phthal ate,..diei cosyl sebacate, the 2 15 et hyl hexyl K diest of
i sy r Ebeieffy oo

linoleic acid di merie JROUYPHRRUEL nEPBROHNG: dF PHIGRABIYL? r EiliBEleRR, 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.
Qils 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
polyoxyatkylene 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 Cs-Cy faity acid esters and Cy3 Oxo acid diester

of tetracthylene glycol.



one nol e of sebacic acid with two noles of tetraethylene glycol and two
nol es of 2- ethyl hexanoic acid. Esters useful as synthetic oils also include
those nmade fromC5 to Cl2 20 nonocarboxylic acids and pol yols and pol yol
et hers such as neopentyl glycol, trinethylol propane, pentaerythritol,
di pentaerythritol and tripentaerythritol. Silicon-based oils such as the
pol yal kyl -, polyaryl -, polyal koxy-, or pedyaryl oxysiloxane oils and
silicate oils conprise another useful class of synthetic 25 |ubricants;
they inclyde tetraethyl silicate, tetrai sopropyl silicate,
tetra-(2-ethylhexyl) silicate, tetra-(4-nmethyl-2-ethyl hexyl) silicate,
tetra-(p-tertbutylphethet puitable clase of venthetiq lubrisating ofls psefubsiy )thidi isvérsioane,
pol y(net hyl) sil oxan and_po t hyl phenyl) sjloxanes. O her sypthetic
Pobi | Cat i g GTORPTSRL KR B roLh HHoBBERYLS B0y b RBIHAUE Mok AT Aol A o
tricresyl ph b iagt ] . g . .
decyl phosphogﬁ%g&g%?ggl ar?ggp%h/nﬁg(rg?%gﬁ% i/gé%%ﬁhrag?%%ﬁﬁﬁcef (lglg’ecsil:‘be}’1 gf?crl%d and
rerefined oi | ssbasnadid, fuselicianid, hdipicdeid, tiableivgaodd Himerprmploaidc dcid) alkytmailbaic
present invention. Unrefined oils are those obtained di rectt‘I@i from a

t

natural o0 syifidseptkenydnzlenicaridabyith pyprietyof lgphels fabytyinalechehthexialcahst,
| e, 35 I ' ' ' I ' i
ot r ol oum or INERREEo PR HERIUER, BRIV EOr elferBPALR et

directly fro rap%leﬁé elycbi)c aSpeoificPEamgsies 8N thess esterslihclule Wibut@uAdipate,t dieT-
treatment would be an unrefined oil. Refined oils are simlar to the
unrefined oi |ghdhexspt schagpthadienderyl fumwune: dipetyl cigbigate ndilgnociybr azelate,

purification steps ,to Jnproyv Q re properties.. Many such
U 11 cat i on GissReh ellel. @RSl PRGle, [Py D RBElG cfeichB sl kg or
base extractiQRyihéiyl ididtdrat iRl AEfOHiRek OdhdPdhe coliiiedter {dPRSE b?"rb!ldtﬁ% In
the art. Rerefined oils are obtained by processes simlar to 10 fhose used
t o obt ai n refomratoli dfschppt aad with vef moked obitétsacthiylanie gheoot atnd 6mo alalesasfy2-used
i n service. Suctl rerefined oils are also known as reclaimed or reprocessed
oils and of t2RYAFPN9KAYT onal Iy processed by techniques for removal of
spent additives and oil breakdown products. 15 Lubricating oil conpositions
for use in any aspect of the present invention may

Esters useful as synthetic oils also include those made from Cs to Cp;

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

trimethylolpropane, pentaerythritol, dipentaerythrito] 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 lubrcating 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



al so contain any of the conventional additives |isted below (including any
additional friction nodifiers) which are typically used in a m nor anount,
e.g. such an anount so as to provide their nornmal attendant functions.

Typi cal anmounts for individual conponents are also set forth below Al the
values listed are stated as nmass percent 20 active ingredient in the total

| ubricating oil conposition. ADDI Tl VE MASS19 MASS % (Broad) (Preferred)

Ashl ess Dispersant 0.1 - 20 1-8 Metal Detergents 0.1 - 15 0.2 - 9 Corrosion
| nhi bi t or &5 0- WitAout fhirtber ﬂt@tmbntma;ldrhwar wyefidid til.oRefisph atle afe dinfladidthe 4

Anti-oxidant 0-5.0.01 - 3 P Poi nt essant. 0.01 -5 0.01-1].5.
Anti - f oam ng p@gﬁ:@eq}o@ @‘Cﬁﬂtl By have @EBSE ‘gﬁ@'ﬁfeéfed,&ﬂtq“e\ﬁéé?orﬁ@é‘ﬁ 1§at€pn5stqpsz

Addi t i onal C r t ]“.M)Cq

-12- 5 The |na(§)| ﬁ@ﬁa&%‘f‘jufﬁ%ﬁ%ﬁe’%g&i I’Il\)C{O p%%gt% mlbéhgé (ﬁl goc i any
conveni ent WayistiTdion, selaei exirattien, QomipoNBaE exeractione fidgatrm ﬁdd patoblutidroatehe
basestock by dispersing or dissolvi % It in the basestock at the desired

| evel of conckmwmtd ihase skbilechinghe gei deerefinedsulsare abtamﬁuhymroeeémraﬂ@rrt@ or

at an el ey r.at 0 Pr d ex for, the
i scost ty oaprERea A oPfls sbihedofs A Bted O Phch el fihly vt
concentrate (gfsepsled.t su@h Réeffmaedilst :ﬁétaléosknoﬁﬁp&e@é%ﬂhéd’ ob kﬁﬁ@&@sddrm and
basestock to make a finished |ubricating oil conposition. "Use of such

concentrat es oftercam\additiooaldy proTessed by dehniques fori remov Jipfepbntyadditives andoilat ed

to contain the %(gltl f(-\lég in proper anounts to provide the desired 15
concentr at i onPf PIPAYES:| ubri cat i ng oil conposition when the concentrate

is conbined with a predeterm ned anount of base oil.

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 2 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 0-15
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 0-15
Viscosity Modifier 0-6 0.01-4




The concentrate is conveniently nade in accordance with the method
described in U S. 4,938,880. That patent describes nmaking a pre-m x of
ashlers = 20 dispersant and netal detergents that is pre-blended at a
tenperature of at |east about 200C. Thereafter, the pre-mx is cooled to at
| east 85C and the additional conponents are added. The final crankcase

| ubricating oil conposition may enploy frdd2 to 20 mass 25 % and
preferably 4 to 15 mass % of the concentrate (or additive package), the
remai nder %ei ng badbe oindividush| askigtives smey shatiscorporatesi mntbna shaspssock on any
oil-insoluble matter resulting fr oxi dation of t Ll duri wear Qr
Conbust i on. THeRyehieat i This. Bt StThe inagenicean e afded firesti o ik besevock
preci pi tati Onbgfdis?_lefé oPlidsol Aih HrPﬂ]eOJasé’si‘cfdit' ahh%ra@gﬁedcnebaréfycdnee @3R! | ne
engi nes. Ashl ess di spersants conprise an oil-sol uble polyneric hydrocarbon
backbone beaBi¢tgblending mayoceurfan ambieangempgravme or ahat elavated eppetaturef
associating with particles to 35 be dispersed. Typically, the pol yner
backbone is functionalized by am ne, al cohol, am de, or ester polar

noi eties, ;often vi i.dgi 104 S.di r . 13- be,
for exarrp}é;, sel ec? éegel?éfgmgjcl)iq 9%8@%%%@?? E&l gget ‘él{ryéésﬂgrﬁﬁ ﬁ@ﬁgg?é? sﬂ:kL e:‘;g(rjnérdes,
i mdes, and oxgiad|depRfisdrt drenBlefiddl ntby dr osREMOde S(ObSidditiNe PabRue) andt is

di carboxylic acids or their anhydrides; thiocarboxyl ate derivatives of |ong
chai n hydr ocasspguentlyiiendrdiinio besestivkt toompkeda ﬁ@mhbéﬂidm@aunmgﬂacommne
attached directly thereto: and Mannich ondensati on products,. for

condensi ng a ﬁ%ﬁgoéz T cohesdtrtes: By C%"@Hﬁf’m{ij tﬁﬁ‘elﬁo?cg’P%th@’ ]dté{pgﬁﬂy B

pol yal kyl ene palidfiid'9e cHfiPithe SEdHRER) Pal Hropet GridiAisO G PRAGD Ak RO
these dispersants 1s typically derived froman olefin polyner or polyene,
especi al | ¥5 potynrentsatwmmin i thé nignad  lubaipaimgnollacompoaiticn (Whea. thgr eatentrateais 50
nole %9 of a C2 to C18 olefin (e. et hyl epe, 15 propyl ene, butyl ene,

i sobutyl ene, ﬁ‘é‘ﬁ%"é‘ﬁ with & Iy -t%,gm%‘fq%r%‘ﬁ‘%gf’?g??&oﬂ'pi cally a C2 to C5 olefin.
The oil -sol ubl e pol yneric hydrocarbon backbone may be a honopol yner (e.g.
pol ypropyl ene or pol yi sobutyl ene) or a copolyner of two or nore of such
olefins (e.g. 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 varnish, 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 moietics, often via a bridging group. The ashless dispersant may



copol yners of ethylene and an al pha-olefin such as propyl ene or butylene, or
copolyners of two different al pha-olefins). Qher copolyners include those
in which 20 a m nor nolar anmount of the copol yner nonomers, for exanple, 1
to 10 nole % is an ct,wdiene, such as a C3 to C22 non-conjugated diolefin
(for exanple, a copolynmer of isobutylene and butadi ene, or a copolynmer of

et hyl ene, propyl ene and 1, 4- hexadi ene or1%=ethylidene-2-norbornene).
Preferred are polyisobutenyl (M 400- 2500, preferably 950-2200) succinim de
di spersantSs. @5fqrr@(avtpéwgféwdrfmlDileaoh(blw;alﬁsum@rsmm@ﬁ%mdw gpidghd | ow

bi ki | ubri cati il i tion, The. WM used
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Suitabl e viscosity nodifiers are” pol yi sobutyl ene, copol'yners of ethyl ene and
propyl ene andaliphgtie hydiogarkond dhving,a pollygminehattacidchtlirectly thereto; and Mannich

pol yal kyl met hacr,yl at es, t hacryl ate caopol yners, cppol rs qf an )
unsaturated cfOBdrISaE9 i%O&r%P%wad}m Prsige aBivk SR Bt Bispy EPel ith
styrene aﬂ)d ai%f-ﬁ{!ﬂ'dgl% tagapgmg?%%??@%@ydr ogenat ed 35 copol yners of

styrene/i'soprene, rene | sopr ene/ but adi ene, as well as -14-
5 the partially hydrogenated honopol yners of butadi ene and i soprene and

I soprene/ divinyl benzene. Metal -containing or ash-form 2% detergents may be
present and t hese FTih@ilwhubleopolymeri¢divdragaros packbarucd Besq B8 pidsi t s

d id trali . 10.i nhi bi t her ' d
cor t osi on and BB HATSARhm Bt poleBe. SREIAR R GRS PeGRE 470
head with a |aa@ar Wdiaomhafi ¢i.é Srdaterithdh FPMdle #63€a @Qﬂmlhﬁieﬁﬂ @ghehfensal t

of an acid organi c conpound. The salts may contain a substantially
st oi chi onk r i propytenm thutyfleneh ssohatytene, penidnecocteneel, siyrena)sand typicdidy 8 Ch.beds as

ol o neuL Rl Lol b RS BRKEofohS) B B8R REle g Y
'ngnlo (‘jﬂﬁ d' ngﬁpoézﬂfgﬁ)ﬂg% @fe pAlyidBE R eI R aRbpbISRRE bV ARG RERSTSul oRARELAL.
) 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,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-
hexadiene or 5-ethylidene-2-norbomene). 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



or hydroxide wth an acid gas such as carbon di oxide. The resulting
overbased detergent conprises neutralized detergent as the outer |ayer of a
nmetal base (e.g. carbonate) mcelle. Such overbased detergents may have a
TBN of 150 or greater, and 20 typically from 250 to 450 or nore. Detergents
that may be used include oil-soluble neutral and overbased sul fonat es,
phenat es, sul furized phenates, thiophosphbhates, salicylates, and

napht henat es and ot her oil-sol ubl e carboxylates of a netal, particularly
the al kal i5 ethg. paathllym hydesgeasted mhotopblynrsandf nmhgadishel mandr efoprened ande
neutral or overbased cal ci um and magnesi um phenates and sul f onat es,
especially 2isoprane/diyiRylangene- f ri cti on nodifiers include oil-sol ubl e anines,
am des, imdazolines, amne oxides, am doam nes, nitriles, alkanol am des,
al koxyl ated am nes and ether am nes; polyol esters; and esters of

pol ycarboxyli ¢ aci Neral3ent2iniyeE608RLBithingidettr £AROSRY BE BredBritaind IRdsk Fuiitidn

frequently used as anti-wear and antioxidant agents. The netal nmay be an

al kal i or al Kedthres detenghntsspateducsr oniremoveudepositeadd asi agid mshtralizeny ot rust
manganese, ni ckel or copper. They may be prepared in.. accardance w th known
i queld bynbibitgr. AR TEueits Hoth e SPBPrIon AL FHERULBAOPNE 145 DEFePBOPA)
usual |y by reag] & 9" pOIRf Sedd GRRP!a Wng® HABBROLIY tafl, RSP0 thealinen
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di t hi ophospho¢dmpristngl anmytabaalradeanbycid eagiria gonmipotnd. e SThef sqisi may \coanih a
secondary al cohols. Alternatively, mult] ﬁl e di t hi ophosphoric acids can be
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prepar ed wher @ibstaatially sipishiomainc amguofdhe srdaldp aviaeh they aye ganadlyispsribed
o q | e . .
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Comrercial additives frequentlé}ﬁcont ain an excess of zinc due to use of an

excess of t hearhewits of & metd hapobintearting dreexvess ofa ingtal compewndcivchas an 2ROP
otect.ion at ,a conparat.i vel w cost and
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In 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



15 lubricant can shorten the effective life of autonotive em ssion
catal ysts. Accordingly, the lubricating oil conpositions of the invention
preferably contain no nore than 0.8 w % such as from50 ppmto 0.06 wt %
of phosphorus. |ndependently of the anmount of phosphorus, the |ubricating
oi | conposition preferably has no nore than 0.5 w % preferably from 50
ppmto 0.3 wt % of sulfur, the amounts ol3-sul fur and of 20 phosphorus
bei ng nmeasured in accordance with ASTM D5185. Oxidation inhibitors or
ant i oxi darft s dithdlephespharict a0idi arayybeomaga by seanting mixturde of priotany end secvodaryce,
whi ch deterioration n_b vi denced . the products of . oxidation such as
sl udge and vaql?ﬁ@%-‘l ?‘E@Wﬁﬁ%gi f"é’ﬂgﬁe Fﬁﬁloﬁg? O’é‘ﬁ;af"éléé:é“é’ﬁd’rﬁgﬁr% EcoSity
growt h. Such 1 i hibdai b i reﬁes 'ﬁt@?{; i rth
netal salts o@ﬂé(?%}ﬁ)g%% It(ﬁii ggi?reérgﬁlhavi r?gbpre gg;ﬁﬁ&@éﬁ?%ﬁég}dg?%ﬁﬂsi de
chains, cal cgronpsnomyhepbehersl ars wintirede priasiny &s shahdtes oTohhakepthendne salgnay
sul furized phenates, phosphosul furized or sulfuri zed@fz%ldrocar bons,
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inhibitors s rom group consisting o onic po ylene

pol yol s and eghehge fohRe @0fin exrebysbeiiebhsit LR coMmpo@idin thd flewialigition Bhdtich.
sul fonic acids nay be used. 35 -16- 5 Copper- and | ead-bearing corrosion
i nhibitors may be used, but are typically not required in the |ubricating

il iti . i ion. Typicall d
Chi adi avot e pol ysuAPPHCBLERS Blesihi SHah RtueclitRish A it iehy TV oS! aRo°
derivatives afd @MsYALiS ahfl3Geat- 1Rewevert iheRSiOfore Bvidiehdy At @ﬁ@dggém%ch as

those described in U S. Patent Nos. 2,719, 125; 2,719, 126; and 3, 087,932, are
typi cal . 150 Gubscanscan Startenvhecffativaiite ofesrombtid émistiocatblystsntAchioslingly,

3,821, 236; 3,904,537;, 4,097,387, 4,107,059; 4,136,043, 4,188, 299; an
4,193, 882. Q'%Ej“téﬂf&f"f‘g \98§°8}PQSIPHF%°‘1'3’ﬁdn¥f6'1U§>P mf?fe@glyr RN gedneye than 58
t hi adi azol es gy t RogEmIES ShinP&doioB B dp ﬁ&gﬁ ) bR
derivatives a?sg/ﬂf%‘%l‘ %/g\n tﬁllnn t%Ps cl ass ‘ga aid%i @?)\Q/B 'enﬁf?%ge thly & e
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 D5185.

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

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



conpounds are included in the lubricating oil conpositionS, they are
preferably 15 present in an anmount not exceeding 0.2 w.% active
ingredient. A small anmount of a demul sifying conponent nay be used. A
preferred demulsifying conponent is described in EP-A-330 522. It is
obtained by reacting an al kylene oxide with an adduct obtained by reacting
a bi s-epoxide with a polyhydric 20 al coholé- The denul sifier should be used
at a level not exceeding 0.1 mass % active ingredient. A treat rate of
0.001 to @.05 nassCoppget ndelepdreastiigegprrasipncighipearsemay bpaiged, Juit are typically

depressants, otherw se 0 as..l ube oil i.nmrovers, | L. .th m-ni N
onperat ur o dBLFEAREPT 1 iind PR ampes PR i ¥ metEor edhen MhaRE o

25 are wel | - kneyRompyiidsare HiadiBnNe pegdalhuasegonmfiingrfmm VS0 ti8oh QWms,
tenmperature flurdity of the fluid, aré Cg and Clg di al kyl fumarate/vinyl
acet at e copoltheierderiaatives pidy pdliaykrsetinmof.y | ¢reativén afnldohthiadiazdes, secipasvi ded

by many conpounds_ i n¢l udi ap antifo t .3 e pol ysj| oxane type, for

exanpl e, sil itﬁ%ﬁ?éieé?qbegrmggﬁyﬁi’tﬁ’éttrﬂ% %ﬁ{;&éng’ﬁ{)ﬂ&&ﬁ“g %%@ch%@%ﬁtim%?l't he

term " conpri Shig, g, C "0 [ . t4e. of

stated gt urQhr sl AR e g i The PRI N 3 290, MR e

presence or afjoli738m 400070050; 4/1361048; 41 8% 29Y;eaat uk, 13, 882nt@her addisveapse thi®

conponents or groups thereof. If the term "conprising” (or cognaltﬁe(z} i s used
) ¥ 3

herein, the amemelyteignylfenamigesaisbiadiagpley suph as thosg descsibed iineiBed &0 hi n

its scope and,is a. -17- preferr Lnent.. conseguently t term
“consi sting %enzg%&lﬁ sdéggaﬁ%ﬁe 1§9it§nem9v§h}nnrﬁilﬁeﬁ%s(§0§§ agaﬁwg‘onls%?}%etni Hgse
essential ly Qlompdifldd are? ifRfeAr e thee MiPAATRN bil t dARRItionS T iRyt SleNPreferably

"oi |l -soluble” or "oil-dispersible” do not mean that the conpounds are

sol ubl e, 14i sgweseabingn amaot botexoeedimgdBIve. D hctivs ingredigspended in the oil in
all 10 proportions. They do nean, however, that the conpounds are, for
instance, soluble or stably dispersible in the oil to an extent sufficient
to exert their intendes ahbsslof B ddifulsifyiyd ORPBRnt o) BL Gled NeA GRERASA L | ON
i s enpl oyed. Moreover, the additional i'ncorporation of other additives such
as those desdenusifyaipoenpenenaisfdestriicdan BPoA30| S22y Iois abtaiped by Idaciitgawf t he
conmpounds.

alkylene oxide with an adduct obtained by reacting a bis-epoxide with 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;z 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



15 The term "nmmj or anmount” mneans in excess of 50 mass % of the conposition.
The term "m nor anpunt” neans |ess than 50 mass % of the conposition. 20 The
invention is further illustrated by the foll owi ng exanples which are not to
be considered as limtative of its scope. Al percentages are by wei ght
active ingredient content of an additive without regard for carrier or
diluent oil. EXAMPLES 25 All of the fol I-bli ng experiments were carried out
usi ng were obtained using a Caneron Plint reciprocating pin on plate

tri bomet e, ustfegred embbdinhendi qogsaquesntiypthe taymo fconsiFtaxg ofd (analt itsarogBaths)is s Load

(N) 185 Stroke |epgth . 10. Frequen Hz). .1 Tenperatuyr C) ,100.30 The
surface mat er Vg tﬁ% %‘i?f’ggg) cAnsISHpg 6%?“‘5’@&& mzdllé-a %Cfgﬁ?%ﬁ@sg‘%ﬂgﬁéwvd BS
EN31 OSi & f Mh Fe (Hv) (g/cnmB) W%O0.64 0.55 1.57 0.49 96.75~ 185 7.75
Al-Si Alloy 0 Si Cu Al MW%4.44 2.29 22.62 1.12 68.25 1.27 120 2.62 BS
1452 CO Si Mo Mh Fe W% 9.32 1.91 2.74 0.44 0.71 4.88 150 7.01 The
coefficients of frTldieans doitisoleble” opdiil-disparsibk”fdomot mean that theabmpounds

various 10 surface conbinations wth a %ach of the follow ng.lubricant
conposi t i ons, argeplablepdigsolyable, miscibleqr sapable of bsingsuspandadin thg of iralenmat i ¢

viscosit Hot &98&11%#%1%%&&%@&, Ihowgvg@r,) that the compounds are, for instance, soluble or
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:



15 2. a conposition containing the base oil of conposition 1 and 500 ppm of
nol ybdenum as trinucl ear nol ybdenum dit hi ocarbamate, having a structural
formul a -as shown belowy, R~ RO M M R, \T V-  RIZSSRR 20 3. a
conposition containing the base oil of conposition 1 and 500 ppm of

nol ybdenum as di nucl ear nol ybdenum di t hi 0 S?r bamat e, having a structural
formula as shown below, -19- 5 R M/ - 1RSSR S X=0aS 4. a
conposition according to conposition 2 addl tionally conprising a m nor
anount of 5a secondary ZDDP additive, and 10 5. a conposition according to
conposition 2 additionally conprising a nmnor amount ofHardpessreDgnsityDP.
Exanpl e 1 BS Ejg4nNsPiin gn A Si jalgioy] pLat ¢ Mn A cpgpctrl qAv) of {gfemP) On
coefficient for GRapogians L. 2 g8 P 147 $25.48Uf o hs | Tab{gy 1 ang sgraph 1.
A conmparison of wear cOerfrcrent tor conposttions I, Z and is set out in
Gaph 2. It canﬁlje sea t hat Conposition 2,
20 contai ni ng Al Alloy, , exhibits a

significantly Wit% 120 2,62
BS1452 | C | O | si | Mo | Mn | Fe
Wt% 932 1 191 | 274 | 044 { 0.71 | 84.88 150 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 Il base oil having a kinematic viscosity at 100°C of 4.2 umzs'1 (CSv);

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,

R:f ‘] o

|
n Vé}\ \i

R R

e

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,



| ower friction coefficient than Conposition 1 or 3. Furthernore, the
coefficient of friction for Conposition 2 continues to reduce as the test
proceeds, unlike Conposition 1 or 3, for which the friction coefficient

i ncreases as the test proceeds. 25 A conparison of the percentage

I mprovenent in friction coefficient of Cﬁ¥position 2 conpared to
Conposition 1 at equivalent points in thé fTest also illustrates the
generally increasing reduction of friction coefficient of Conposition 2
conpar ed fo Conposition 1. In addition, Table 1 illustrates that Conposition

2 perforns significantl regeffectjvely_at reducing the coefficient of
friction than 30 RZO- Cgo og\t}'fg B, \/\@Rch generally perforns | ess well
t han Conposition 1 egative prefix). Gaph 1 0.16 10
0.14 0.12 0 C s/0.1%¢ 1? 0,06 &6 00 120 160 240 300 360 420 480
Time (min) [+ Omnpdswwor® 1 -*- Sonposl¥ m 2 npceitlan 3 20 Table 1
(Friction Coefficient) Timeggr&)msl Conp. 2 Conp. 3 Conp.2 Conmp.3 (mn) %

| mprovenent % I nprovenent

o b

4. a composition according 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

armount 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 3. 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 generally 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



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 28.77 -3.13 210 0.1300 0.0896 0.1463 31.08 -12.54
240 0. 1406 0.0892 0.1481 36.56 -533 270 0.1509 0.0871 0.1535 42.28 -1.72
300 0, 1406 0.0868 0.1494 38.26 -6,26 3302@. 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. 08dpoditidd 33whith4génerdlly $8rforhillets WdlB &han O&Epoditidib 0 GagimditAted’. 93
480 0.1595 0.0777 0.1610 51.29 -0.94 Note: % I nprovenent is neasured

rel ative to cewmipesesdtig prefids- 5 From Graph 2 below, it can be seen that the
alumna plate suffers significantly | ower wear when lubricated with

Conmposition 2,

containing the trinucl ear organo- nol ybdenum conpound, than

when | ubri cat@phpwqth | ubricating Conposition 1 or 3. Gaph 2 10 E3 Wear

Coot (K) ™ Average Nd 10 3 00F-04 0.16 Wr
018
10
- 0.14]
3
§ mﬁ
E
3 o
'8
15 0.08 * * ﬁ'\a\‘
0.08 — -+ r . T r — -
0 60 120 180 240 300 360 420 480
Time {min)
[_-5— Composition + == Composlion 2 —O—Composiuonsl
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 2931 0.32
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 4228 -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 3534 -20.26
420 0.1448 0.0833 0.1558 4247 -20.49
450 0.1488 0.0805 0.1606 4590 -7.93
480 0.1595 0.0777 0.1610 51.29 -0.94

Note: % Improvement is measured relative to Composition 1



Y 2.50E-04 0.14 C0.12 O 0 2.00E-04 0.10 n 1.50E-04 0.08 1.00E-04 0.06 on
15" 0.04 5.00E-05 0.02 O0.00E+00 » 0.0O0O MM CNcn O~v 00 OI 200
00 UUUAconparison 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 t hough, addition of ZDDP to the trinucl®d organo- nolybdenum cont ai ni ng
conposition, Conposition 2, has a negative inpact on the friction reduction
associ at eds wi t h t hBrdm iGraph 2 belowp tydan éa seercthapiha athminh elaaufters gigaifinarlyows

that the prinmary ZDDP of Conposition E has a | ess detrinental e{fect on 30
the friction KWeEriwear shren Whrcaled gyt -9mpepison 2, CoRHENG the,tnpucless organey 4
3 0.18 0.16

molybdenum compound, than when lubricated with lubricating Composition 1 or 3.

Graph 2
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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.



y~1 0.14 0.12 0.1 uUd 0 0.08 0.06 15 0 60 120 180 240 300 360 420 480
Time (mn) -Ar-ConVmtion (2) ~ Congosition (4) -0-Conposltlon (5) Table 2
(Friction Coefficient) Tine Conp. 2 Conp. 4 Conp.S (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 0.1348 180 0.0926

0, 1455 0. 1344 210 0.0896 0.1501 0.1395 -220 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 0.084% 0.GHDK 30. 1388 390 0.0836 0.1568 0.1389 420 0.0833 0.1604 0.1391
450 0.0805 0.1607 0.1387

0.18
0.16
0.14
g) 0.12
2
=
8 0.1
&
=
= 0.08
-
=
=
h 0-06 T —r il T T — 1 T T T
15 0 60 120 180 240 300 360 420 480
Time (min)
[ ——Composition (2) ——Compostiion (4) —0—Composition (5) ]
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 D.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 .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




480 0.0777 0.1603 0.1396 -23- 5 Exanple 2 BS EN1452 pin on a BS EN31 plate A
conparison of friction coefficient for Conpositions 1, 2 and 3 is set out in
Tabl e 3 and Graph 4. A conparison of wear coefficient for Conmpositions 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-nolybdenum
conpound, results in significantly |ower28+riction coefficient than
| ubri cant Conpositions 1 or 3. The percentage inprovenent figures in Table
3 illustrad e ERahple@pOoBSIENIS2 it OF b BSSENB] p’ lagd easingly 15 better friction
per formance when conpared wth either Conposition 1 or 3, as the test
proceeds. Graph 4 and Table 3 also illustrates that Corrposition 3,
conprising dinuclear m)l.bde mactu ibits coeffl of friction
Chat are i gher -t harorsat B RS SRirclenf KSY ComBERTI L § i e bt 4
0.22 0.2 0.%6le8 2@ Gﬁpm 2 chibphiisc. o wéke QeffiGieRbror @ osﬁlo%@llzgna,@o 240
300 360 420 480 Tine (mn) COmpmign (1) ~ Con,ponltlon (2) CaanS|I|on (3)
is set out in Graph 3.

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

0.22
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0 60 120 180 240 300 360 420 480
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-24- 5 Table 3 (Friction Coeficient) Tinme Conp. | Conp.2 Conp.3 Conp. 2

Conp.

3 (mn) %Inprovenent % | nprovenent 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 24%+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 0.164F 0.TaHO3 (Frizss G&fgknt)7. 13 360 0.1715 0. 1015 0, 2115 40. 82 -23. 32
390 0.1664 0108602442 394~ 28.73—426—0-1635—0-0995-6:2407-39-44—34 37
450 0.1717 0 1803 [§°%t8a 21 B8 257 56" 4s0 0. ;ﬁ@'g 1019 0,2183° 41.84 -24. 60
Note: % | nmprid@#hent is measured rellative to COFIBRPEPSh 1 FAJAPEFESh 5
below, it can e Jeem.itdiat t hes®S EN31opisat e éxhibids sigpificaatily Tegs
wear when | %I B atedowh Lzt runmﬂ tTromgTiam Y T ghkdTer —t03sgrreat)i ng
Conposi ti ons-1 3—(Continued on| 25) .15 20 - 25,

60 0.1302 0.0909 0.1486 30.18 -14.13

%0 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 38.08 -13.08

180 0.1494 0.0990 0.1943 3373 -30.05

210 0.1574 0.0988 0.1935 3723 22.94

240 0.1593 0.1012 0.1981 36.47 2436

770 0.1557 0.1013 0.1832 3494 17.66

300 0.1640 0.0992 0.1954 39,51 1915

330 01641 0.1010 0.1758 38.45 713

360 01715 0.1015 0.2115 40.82 2332

350 0.1664 0.1006 02142 39.54 2873

420 0.1635 0.0995 0.2197 39.14 34.37

450 01717 0.1003 0.2184 158 27.20

480 01752 0.1019 0.2183 4184 24,60

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

10  lubricating Compositions 1 or 3.

(Continued on Page 25)
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5 G aph 5 E ~WarCuet (K) "AVeragey 6.0E-06 0.20 8 U c¢ Y 5.0E-06 0.16 CV
0.16 4.0E-06 0.14 3.0E-06 0.12 2.0E-06 0.10 1.0E-06 0.08 0.0E+00 4 -
006 CCEE~ E UUUmU A conparison of friction coefficient for
Conpositions 2, 4 and 5 is set out in Table 4 and G aph 6. 10 From Table 4
and Graph 6 below, it can be seen that lubricating Conposition 4 effects a
greater reduction in friction coefficient2¥han either of |ubricating
Compositions 2 or 5. Suprisingly, when lubricating a BS EN1452 pin on a BS
EN31 pl atte ddwdphiSon of secondary ZDDP additive (Conposition 4) to a

| ubricant containing 15 trinuclar nolybdenum i nproves the coefficient of

friction. It is noted that addition of Drimar%/ ZDDP (@nposition 5) to the
| ubricant in place of secondary W gyera rineonzgah':‘ effect of the

coefficient of friction,80E08 §
i s
+o1s 8
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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.
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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 0.0938 0.1163
150 0.0980 0.0935 0.1169
180 0.0590 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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of lubricating an alum num all oy surface, which conprises supplying to said
surface a lubricating oil composition conprising an oil of lubricating
viscosity and an oil-soluble trinuclear organo-nol ybdenum conmpound. 2. A

nmet hod according to claim1l, wherein the alumnumalloy is an

al umi numsilicon alloy, having a hardness of 100-150Hv and a density of
2.0-3.0 gcni 3. 3. A nethod according to claiml or 2, wherein the

| ubricating oil conposition further cbhprises primary ZDDP. 4. A nethod
according ERAIMS:m 1, 2 or 3, wherein the aluminumalloy surface is that of
a conponent part of an internal conbustion engine, and the |ubricating oi
conposition is supplied to the engine. 5. A nmethod of providing |ubrication
between two fertous Auméthedof luhricating ap dumianmoalloyswirfage.cebich epmpesesg a

¢hrom um C?@&;ﬂd%&gsaﬁ Suikact N GRRE O %Jﬂﬁosﬁt?onl ﬁﬂ)ﬂ;ﬁis@%n@‘ .ﬂﬁmﬁﬂriﬁﬁggml’ and
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St andar d B@isésityl 8@ ambil-sélubletiiouclcnmpgimenolybgguum conpomndsai d surfaces a

| ubricating conposition conprising an oil of lubricating viscosity,
preferably in a major anmount, an oil-soluble trinuclear organo-nol ybdenum
conmpound and a XecorilateyhadBEioEbrding tA chabh Hodhaeincthe alwgnihomailiyy ne of t he

preceding clgins, wherein the Jubrjcatin i osition fur r, conprises
e or ot Ao, A, Rpxst o hidne b ADGASERE 350 o, fracishof 28346 0k

ashl ess digpeysants, netal detergents, corrosion inhibitors, netal

di hydrocar byl dithi ophosphates, 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, an oil-soluble trinuclear organo-molybdenum

compound and a secondary ZDDP.

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



-28- anti-foam ng agents, additional friction nodifiers, antiwear agents and
viscosity nodifiers. 7. A nethod according to any one of the preceding
clainms, wherein the trinuclear organo-nol ybdenum conpound is a trinuclear
di t hi ocarbamate conpound. 8. An internal conbustion engi ne having one or
nore conponent parts nmade from an al um ng? all oy, and contained in a
reservoir in the engine, a lubricating 6rT conposition for lubricating said
part conprising.an.oil of |ulricat.i vi scosity, in.a major anmpunt, and an
D sor bl e, ATREfoRTRe ALeHie o AHORTy Bkl OB eI pgbenis, BH4,Hiscosity
conbusti on epdiyferd1aving a conponent part made froma chrom um containing
ferrous alloy conforming with British Standard BS EN31 adjacent a conponent
part nade froma cast iron alloy conformng with British Standard BS
EN1452, both conponent parts being contained in a reservoir in the engine,
a lubricating oi | 7.conpdsmethod Fespraingnio] @t Piegok Hiedprpending elaims: wherin ake oi |
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organo- noly poun

8. 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 satd part comprising an oil of lubricating viscosity, in a

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

9. 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 and a secondary ZDDP.



