2004MD17 -1- LUBRI CATI NG COVPOSI TIONS This invention relates to conpositions
such as lubricating oil conpositions, nore especially to conpositions
suitable for use in piston engines, especially gasoline 5 (spark-ignited)
and di esel (conpression-ignited), crankcase |ubrication, such conpositions
bei ng rebgiangghAt 0 as crankcase |ubricanfys; to additive concentrates
therefor; and to use of additives in friction nodification. A crankcase

| ubri cati ng oil conpositi On’LL?éiR_'é'thF@@rOMPES’l"FId«é used for general 10

| ubrication in an engi ne wh bel ow t he crankshaft of
the engine and to which circulated oil returns. is well-known to |nclude
additives in ankcase ant s fQ{ several The inyenti

ncer e’ use ShRTAvERRe relles fEehets l?muthﬁscﬁlﬁﬂﬁﬂ%{&o'f Gampesiliphs, mors
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boundary addit'ives that operate by |owering friction coeffi ci ent and hence
i mpr ofe {sparkigritediy andhedigsel ofcogmre@sn@m igritedb s t easkeaser r {ubricatiompdsudher s

U A 6STRESIBES befnd JBerild to LY, cKBsE Jublicdm o vo" B concentrates, . o
docunent shdrefdrcariceid i ofvduitditives infilictionrmeddificatibnt o as gl ycerol nono- ol eat e,

inits comrercially available form is a mxture that includes the diester
and that, when glycerol is esterified vvithafatty acid, nmono-, di- and

triesters fopmafkSfse %Flkgfl@e I Xﬁ'ﬁ)o@.ﬁfﬁﬁeo gfj%‘é'ﬁeéﬂ Esé@?&hgéﬂﬁéi the

proportion of nonoester in t reis EP- A- O 092 946 t eaches
the u8e dfbricatiemin ahlepgitd whee ther issar oil |surrm1b@iewdhecmamimineﬁtof the engine

WO A- 01/ 72 referred,t bove and US-B-6.723, 68 escrl b he use
of & gi yeends waBLETERaeT ol PR B AT RN o BB AR b gokcte
I ubri cat ijuMicapts fof S8WRal piurpBsSes.But WO A- 01/ 72933 requires the rmnoest er

content of the ester 30 additive to be at least 75 nole percent and, in a
conparative exanple, refers to use of

The invention concerns use of organic friction modifiers in crankcase lubrication.
15  Friction modifiers, also referred to as friction-reducing agents, may be boundary
additives that operate by lowering friction coefficient and hence improve fuel economy.

The use of glycerol monoesters as friction modifiers has been described in the
art, for example in US-A-4,495,088; US-A-4,683,069; EP-A-0 092 946; and WO-A-
20 01/72933. One or more of these documents indicate that what is often referred to as
glycerol mono-oleate, in its commercially available form, is a mixture that includes the
diester and that, when glycerol is esterified with a fatty acid, mono-, di- and triesters
“ form. Also, certain of the above listed documents teach that the proportion of
monoester in the mixture is high and EP-A-0 092 946 teaches the use of essentially all

25 monoester in an ester component.

WO-A-01/72933 (referred to above) and US-B-6,723,685 each describe the Jse
of a glycerol ester additive in combination with a molybdenum compound in lubricating
oil compositions. But WO-A-01/72933 requires the monoester content of the ester

30 additive to be at least 75 mole percent and, in a comparative example, refers to use of
68 mole percent of monoester in combination with a molybdenum compound and US-
B-6,723,685 makes no reference to the monoester content.



68 nol e percent of nonoester in conbination with a nol ybdenum conpound and
US- B-6, 723,685 makes no reference to the nonoester content. 2004MD17 -2
EP- A-O 743 354 discloses a lubricating oil providing inproved wear
protection conprising an al kyl am ne phosphate and at | east one additive
sel ect ed2fpamo1tzhe group conpri si ng oxypol ybdenum sul phi de dit hi ocar bamat e,
oxynol ybdenum sul phi de organophosphorosi t hi oat e, fatty ester and organic

am des, The expiRIepPbskRydofecs Ao ifiprovetifléatr fidk&tion

conpri sing 50% nonoester. WO A-96/ 3 | sc ose I ng ol
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engi nes € present 1 nvention provides, 'sur as evi enced by
data i n phessuspageritiof specific famulapriareimethe nmetal maqtheanolybdemmmairltmgsmn 15

hi gher te rat ur, b | oyi n I n_ conhinati on with nol ybdenu co ounds,
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conprising: 20 (A) an oil l'ubriCating Vviscosity; as an ester additive
conpddenaridaséeroandexampia %ruges)a fgttx/aeldcﬂsteimmrlscww yinppoeste cont ai ni ng

12 to 30 carbon atons and O to 3 carbon- carbon doubl e bonds wherein | ess
tthan 50% by mass of the conponent 25 is one or nore nonoesters; and (C) as

a further additproblendTacsE by, foanukatdrs sofl lublican®liy el eatuee e anisiint of fuel
consumed in operation of piston engines. The present invention provides, surprisingly,
as evidenced by the data in this specification, an improvement in friction modification at

15 higher temperatures by employing, in combination with molybdenum compounds,
glycerol ester additives in which the proportions of monoester thereof is controlled.

Thus, in a first aspect, this invention provides a composition comprising:
20 (A) an oil of lubricating viscosity;

(B) as an ester additive component, one or more esters of glycerol and a
carboxylic acid containing 12 to 30 carbon atoms and 0 to 3 carbon-
carbon double bonds wherein less than 50% by mass of the component

25 is one or more monoesters; and

(C) as a further additive component, an oil-soluble molybdenum compound.

In & second aspect, this invention provides a method for improving the friction
30 modification of an internal combustion engine at high temperature comprising operating
the engine and lubricating the engine with a composition according to the first aspect of

the invention.



In a second aspect, this invention provides a nmethod for inproving the
friction 30 nodification of an internal conbustion engine at high
tenperature conprising operating the engine and |lubricating the engine with
a conposition according to the first aspect of the invention. 2004MOL7 -3
In a thisghsagpect, this invention proviges the use of an additive (B) in
conbination wth an additive (C), as defined in the first aspect of the

i nvention, r i h r
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wherein [ess than 55% mass of the conponent s one or nore nonoesters;
and 1% (C) as a further additive conponent, an oil-soluble tri-nuclear

nol ybdenum l.n,a fifth as ' entlo rovi des a net hod
for '+ or oviln@ oHaN Aepet s vghlied BBNdss 4 FOmRoRHBLFRER BB St s on engine at
hi gh tenperature conprising operating 20 the engine and |ubricating the
engine with a conposition according to the fourth aspect of the invention.
In a sixth aépect anojl of lupreatindodsensdyi des the use of an additive (B) in
conbination wth an additive (C), as defined in the fourth aspect of the

I nvention, for enhancing the 25 high-tenperature friction-nodification
propéoties ofB)a | uks ianaesteg additiveocgmasorienbnone orhreord esters: af ighyceodl @ml a

|(nt ernal combusti on Eogyhc acid containing 12 to 30 carbon atoms and 0 to 3 carbon-

' carbon double bonds wherein less than 55% by mass of the component
is one or more monoesters; and

15 (C) as a further additive component, an oil-soluble tri-nuclear molybdenum

compound.

In a fifth aspect, this invention provides a method for improving the friction

maodification of an internal combustion engine at high temperature comprising operating

20 the engine and lubricating the engine with a composition according to the fourth aspect
of the invention.

In a sixth aspect, this invention provides the use of an additive (B) in combination

with an additive (C), as defined in the fourth aspect of the invention, for enhancing the

25  high-temperature friction-modification properties of a lubricating oil composition in the
lubrication of an internal combustion engine.

In this specification, the following words and expressions shall have the meanings
ascribed below:
30
“‘active ingredients” or “(a.i.)” refers to additive material that is not diluent or
solvent;



In this specification, the follow ng words and expressions shall have the
meani ngs ascri bed below. 30 "active ingredients"” or "(a.i.)" refers to
additive material that is not diluent or solvent; 2004MOL7 -4- "conprising"
or any cognate word specifies the presence of stated features, steps, or

I nt eger s2@aMmTponent s, but does not pr-gclude the presence or addition of
one or nore other features, steps, integers, conponents or groups thereof.
The_expr essi ORgmERLAYSbE ably @igriatdWord speefiRethbhrekehte o SAGIAERISS MY
be enbraced within "cOnprisées” “or cognates, wherein "consists essentially

of pernits ingtkpsi on integerh rapeoponents mbub dogs| potapregudeghe hpresence or
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conponents used, essential as well as gptinmal and custonary, may react
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The features of the invention relating, unless otherw se specified, to each

and all aspects of the invention, will now be described in nore detail as
fol lows: Addi thyjer SRiBRANEREaksh excess of 50 mass % of a composition;
10

“minor amount” means less than 50 mass % of a composition.

Also, it will be understood that various components used, essential as well as

optimal and customary, may react under conditions of formulation, storage or use and

15 that the invention also provides the product obtainable or obtained as a result of any
such reaction.

Further, it is to be understood that any upper and lower quantity, range and ratio
limits set forth herein may be independently combined.
20
The features of the invention relating, unless otherwise specified, to each and all

aspects of the invention, will now be described in more detail as follows:

Additive Component {B)

25
The carboxylic acid is preferably a saturated or unsaturated C16 to C18 fatty

acid, such as oleic acid.

Preferably, in respect of the first aspect of the invention the component contains,
30 as lower limits, 1, 5 or 10, and, as upper limits, 30, 40 or 45, mass % of one or more
monoesters, which upper and lower limits may be independently combined. Preferably,

in respect of the fourth aspect of the invention the component contains, as lower limits,



25 The carboxylic acid is preferably a saturated or unsaturated C16 to C18
fatty acid, such as oleic acid. Preferably, in respect of the first aspect
of the invention the conponent contains, 30 as lower limts, 1, 5 or 10,
and, as upper limts, 30, 40 or 45, nmass % of one or nore nonoesters, which
upper @)ﬁ@r limts may be independegtly conmbined. Preferably, in
respect o? e fourth aspect of the invention the corrponent contains, as

a
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i ndependamidhyupperianddcwet mnm@m@rﬁmmdeMdelﬁly&ﬁoh’ftﬂm% he first aspect of the

I nvention or the fourth aspect 5 of the invention, the conponent consists
of partial esters only, ie of nobno- and diesters; this enbodi nent contains

| ess than 40,5 e%oﬁarﬁé’nt'cﬁ heP &R first a§5 mv@rflticg'PSr fie fOBRR aspect

monoesters, ie or nore, suc as 60 to o mass one or nore
di est &r sof lﬂeIinvcmttdmerthehmmpomntoconsrrsisfaﬂupatrhlabraswsnemlv, W\,mfrmoone apd nore

triesters. are tese ent ey ma t|t te 60 nor e,
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whol |y of diester(s) or whol | y of tri ester(s) or whol | y of m xtures

t her eof . diEgteresters may be borated, for exanple as described in

above-nenti oned WO- A-01/72933. 20 O of Lubricating Viscosity (A The oil

of lubricating viscosity (sonetines referred to as "base stock™ or "base
10 In either the first or the fourth embodiment, where one or more triesters are

present in the component, they may constitute 60 or more, such as 60 to 85, % by
mass of the component.

In another embodiment, monoesters may be absent from the component, when
15 the component consists wholly of diester(s) or wholly of triester(s) or wholly of mixiures

thereof.

The esters may be borated, for example as described in above-mentioned WO-
A-01/72933.
20
Oil of Lubricating Viscosity (A)

The oil of lubricating viscosity (sometimes referred to as “base stock” or “base
oil") is the primary liquid constituent of a lubricant, into which additives and possibly
25 other oils are blended, for example to produce a final lubricant (or lubricant

composition).

A base oil is useful for making concentrates as well as for making lubricating oit
compositions therefrom, and may be selected from natural (vegetable, animal or
30 mineral) and synthetic lubricating oils and mixtures thereof. It may range in viscosity
from light distillate mineral oils to heavy lubricating oils such as gas engine oil, mineral
lubricating oil, motor vehicle oil and heavy duty diesel oil. Generally the viscosity of the

oil ranges from 2 to 30, especially 5 to 20, mm?s™" at 100°C.



oil") is the primary liquid constituent of a lubricant, into which additives
and possibly 25 other oils are blended, for exanple to produce a final

| ubricant (or lubricant conposition). A base oil is useful for naking
concentrates as well as for making lubricating oil conpositions therefrom
and may bgosgbected fromnatural (veget.gble, animal or 30 mneral) and
synthetic lubricating oils and m xtures thereof. It may range in viscosity
fromlight distillate mneral oils to heavy lubricating oils such as gas
engine oil, mneral lubricating oil, nmotor vehicle oil and heavy duty
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napht heni ¢ and mi xed paraffinic-naphthenic types. Gls of Tubricating

vi sco8i t jroree9al &f shalerarg Alsusefdkbage0ils. are al so useful base oils. Synthetic
| ubricating oils include hydrocarbon oils such as polynerized and

i nterpol ynerized olefins (e.g. polybutylenes, polypropyl enes,

pr opyl ene- i soByhiheiodubrcatinigy oits snclede drydredaeonp alily bsuopl aaemlym)eriged and
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al kyl at ed pol yphenol's) ated di phenyl ethers and al kyl at ed dlphenyl
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G car boxgTIDSbeReet dE-bvinERi6etR8s . polyritis. PES. bibfefiistidpRonts, i ae
and al keraudylatednp@lymhenarsy dsnd m!dyﬁit@d Aphinyphetherd andcaldylatedbdipheny Gutfides
sebasic acid, fumarjc acid acid, linoleic acid diner, malonic acid,

al kyl mal @Hﬂdh%gﬁﬂ‘éat'vgﬁk@ﬂjpgﬁrﬁpgHPB"OQQSCFE?rWt h a variety of alcohols (e.qg.
butyl al cohol, hexyl al cohol, dodecyl alcohol, 2-ethyl hexyl

15 Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g. phthalic acid, succinic acid, alkyl succinic acids and alkeny!
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic
acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic acids} with a
variety of alcohols (e.g. butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl

20 alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol). Specific
examples of these esters include dibuty! adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer,
and the complex ester formed by reacting one mole of sebacic acid with two moles of

25 tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cys
monocarboxylic acids and polyols, and polyol ethers such as neopenty! glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

30

Unrefined, refined and re-refined oils can be used in the lubricants of the
present invention. Unrefined oils are those obtained directly from a natural or synthetic
source without further purification treatment. For example, a shale oil obtained directly



20 al cohol, ethylene glycol, diethylene glycol nonoether, propylene glycol).
Specific exanples of these esters include dibutyl adipate, di(2-ethyl hexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azel ate,

di i sodecyl azelate, dioctyl phthalate, didecyl phthal ate, dieicosyl

sebacat epod4ng012- et hyl hexyl diester of Ihnoleic acid diner, and the conplex
ester fornmed by reacting one nole of sebacic acid with two noles of 25
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obtain refined oils applied to refined oils which have been already used in
service. Such re-refined oils are also known as reclainmed or reprocessed

oi | s and ofteon@éreeﬁdﬁptbs%adas@r&paﬁesgdswn%ﬁe (tETIM)i BHRSoifO e AP ba¥eloilof
spent additive and oil breakdown c:ﬁro ucts her exanpl es of base oi|l are
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15 hydrocarbons typically require further processing in order to be useful as a base oil.
For example, they may, by methods known in the art, be hydroisomerized;
hydrocracked and hydroisomerized; dewaxed; or hydroisomerized and dewaxed.

Base oil may be categorised in Groups | to V according to the API EOLCS 1509
20  definition.

The oil may be present in a concentrate-forming amount (e.g., from 30 to 70,
such as 40 to 60, mass %) so that the composition is in the form of a concentrate
containing for example 1 to 90, such as 10 to 80, preferably 20 to 80, more preferably

25 20 to 70, mass % active ingredient of an additive or additives, being components (B)
and (C) above, or a combination of components (B) and (C) and one or more co-
additives.

The oil of lubricating viscosity used in a concentrate is a suitable oleaginous,
30 typically hydrocarbon, carrier fluid, e.g. mineral |ubricating oil, or other suitable solvent.
Oils of lubricating viscosity such as described herein, as well as aliphatic, naphthenic,

and aromatic hydrocarbons are examples of suitable carrier fluids for concentrates.



synt hesi s gas containing H2 and CO using a Fischer-Tropsch catal yst. These
15 hydrocarbons typically require further processing in order to be useful
as a base oil. For exanple, they nmay, by methods known in the art, be

hydr oi sonmeri zed; hydrocracked and hydroi soneri zed; dewaxed; or
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means of handling additives before their use, as well as facilitating
solution or dispersion of additive in lubricating oil conpositions. \Wen

preparing a | gl gt b?guﬁ’r'léc?tﬂgWgébélgorﬂné*‘/g&ecgﬂﬂméﬁs|rimé %%ﬁ g[]ﬁt tiyppe of
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conponentaddiBg taﬁ@dggwg@@ﬁ,{ly tcihea@itior by adding it in the form of a concentrate thereof
to disperse or dissolve the additive. Additives may be added to the oil by any method

15 known to those skilled in the art, either prior to, contemporaneously with, or

subsequent to addition of other additives.

Additive Component (C)

20 in respect of the first aspect of the invention, any suitable oil-soluble organo-
molybdenum compound having friction modifying and/or anti-wear properties in
lubricating oil compositions may be employed. As an example of such oil-soluble
organo-molybdenum compounds, there may be mentioned the dithiocarbamates,
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like,

25 and mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

The molybdenum compound may be mono, di-, tri- or tetra-nuclear. Dinuclear
and trinuclear molybdenum compounds are preferred.
30
Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.



necessary, a mnor anount of one or nore co-additives such as descri bed
hereinafter, constituting a lubricating oil conposition. This preparation
may be acconplished by adding the additive directly to the oil or by adding
it inthe formof a concentrate thereof to disperse or dissolve the
additivegoﬁﬁﬂbffves may be added to thegoil by any nethod 15 known to those
skilled in e art, either prior to, contenporaneously wth, or subsequent
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15 wherein R is an organoc group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
dialkyldithiocarbamates of molybdenum.

20 In respect of the fourth aspect of the invention, any suitable tri-nuclear oil-
soluble organo-molybdenum compound having friction modifying and/or anti-wear
properties in lubricating oil compositions may be employed. As an example of such oil-
soluble organo-molybdenum compounds, there may be mentioned the
dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates, thioxanthates,

25 sulfides, and the like, and mixtures thereof. Particularly preferred are molybdenum
dithiocarbamates, dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

The tri-nuclear molybdenum compound of the fourth aspect of the invention may
comprise tetra-nuclear molybdenum compound. Preferably, the tri-nuclear
molybdenum compound comprises at least 90%, preferably at least 95% and more

30 preferably substantially 100% tri-nuclear molybdenum compound.

One class of preferred organo-molybdenum compounds useful in all aspects of
the present invention are ftri-nuclear molybdenum compounds of the formula



ni trogen conpounds as describes, for exanple, in US Patent Nos. 4, 263, 152;
4,285, 822; 4,283,295; 4,272,387; 4,265,773; 4,261, 843; 4,259,195 and
4,259,194; and WD 94/06897. 10 Anpng the nol ybdenum conpounds useful in the
conpositions of this invention are organo-nolybdenum conmpounds of the

for mul aegoMA(AGCS2) 4 and M (RSCS2)4 1f.wherein R is an organo group
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however, that they are, for instance, soluble or stably dispersibie in oil to an extent

sufficient to exert their intended effect in the environment in which the oil is employed.

Moreover, the additional incorporation of other additives may also permit incorporation
15 of higher levels of a particular additive, if desired.

The lubricating oil compositions may be used to lubricate mechanical engine
components, particularly in internal combustion engines, e.g. spark-ignited,
compression-ignited two or four stroke reciprocating engines, by adding the

20  composition thereto.

The lubricating oil compositions and concentrates comprise defined compeonents
that may or may not remain the same chemically before and after mixing with an
oleaginous carrier. This invention encompasses compositions and concentrates which

25 comprise the defined components before mixing, or after mixing, or both before and

after mixing.

When concentrates are used to make the lubricating oil compositions, they may
for example be diluted with 3 to 100, e.g. 5 to 40, parts by weight of oil of lubricating
30  viscosity per part of the concentrate.



organo groups with a sufficient nunber of carbon atons to render the
conpounds soluble or dispersible inthe oil, nis fromlto 4, k varies
from4 through to 7, Qis selected fromthe group of neutral electron
donati ng conmpounds such as water, am nes, 5 al cohols, phosphines, and

et hers, apshMorzanges fromO to 5 and ingj-udes non- stoichionetric values. At
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componen i or both before and after m xing.
\then coni)z rng{ u&ggg& eg?é{éﬁén ghg pBﬂ-bl‘l cating oil conpositions, they
may for exanple be diluted with 3 to 100, e.g. 5 to 40, parts by weight of

oil of lubricating 30 viscosity per part of the concentrate. 2004MD17 -11
Other™ co-additives, with representative effective amounts in lubricating oil

compositions are listed below. Ali the values listed are stated as mass percent active
15  ingredient.

ADDITIVE MASS % MASS %
{Broad) (Preferred)

Ashless Dispersant 0.1-20 1-8

20 Metal Detergents 0.1-6 02-4
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarby! Dithiophosphate 0.1 - 10 02-4

( Anti-Oxidants 0-5 0.01-1.5

Pour Point Depressant 0.01-5 0.01-15

25 Anti-Foaming Agent 0-5 0.001 - 0.15
Supplemental Anti-Wear Agents 0-05 0-02
Viscosity Modifier (1) 0.01-6 0-4
Mineral or Synthetic Base Oil Balance Balance

30 (1) Viscosity modifiers are used only in multi-graded oils.



In lubricating oil conpositions of this invention, representative effective
anopunts of additive conponent (B), as an organic friction nodifier, are
from0.05 to 5, such as 0.05to 0.3 or to 0.6 or to 1.5, mass % 5 The

| ubricating oil conpositions of the present invention may contain the

mol ybdenygagggpound, (C), in an anmount _providing the conposition with at

| east 10, such as 50 to 2000 ppm of nol ybdenum Preferably, the nol ybdenum

oo such o01® Bt HCERR5GRribeRlch: GRlcal) Oy Mindia Herh cslnbiihg, 100
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applicati t he denum.i resent .| amount .of greater than 500
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| ubricating oil corrp05|tions are listed below All the values listed are
stated as nmass percent active 15 ingredient. ADDI Tl VE MASS % MASS %
(Broafl) QerAdditivesl) Ashless Dispersant 0.1 - 20 1-8 20 Metal Detergents 0.1
- 6 0.2 - 4 Corrosion Inhibitor 0-5 0 - 1.5 Metal D hydrocarbyl

Di t hi ophosphate 0.1 - 10 0.2 - 4 Anti-Oxidants 0-5 0.01-1.5 Pour Point

Depressant 0. Qhe -above .réntionedZo- m.tw@am' dlgcnﬁg;@dtln Quihér. détail QstBHows as
Suppl enmental Anti-War Agents 0 - 2 Viscosit I er i,a 0.01 -

6 0-4 MKMW tythgyatt, w‘@meta@awe@an Braavmc% MadliRlicde %9*@%‘3 105 £53MP
modi i er §Rifadfifvk MayYadt 3s BHikper8aACHH 84 A oxidation inhibitor.
10
A dispersant is an additive whose primary function is to hold solid and liquid
contaminations in suspension, thereby passivating them and reducing engine deposits
at the same time as reducing sludge depositions. Thus, for example, a dispersant
maintains in suspension oil-insoluble substances that result from oxidation during use
15 of the lubricant, thus preventing sludge flocculation and precipitation or deposition on
metal parts of the engine.

Dispersants are usually “ashless’, as mentioned above, being non-metallic

organic materials that form substantially no ash on combustion, in contrast to metal-

20 containing, and hence ash-forming materials. They comprise a long chain of

hydrocarbon with a polar head, the polarity being derived from inclusion of e.g. an O, P,

or N atom. The hydrocarbon is an oleophilic group that confers oil-solubility, having,

for example 40 to 500 carbon atoms. Thus, ashless dispersants may comprise an oil-
soluble polymeric backbone.

25
A preferred class of olefin polymers is polybutenes, specifically polyiscbutenes
(PIB) or poly-n-butenes, such as may be prepared by polymerization of a C4 refinery
stream.
30 Dispersants include, for example, derivatives of long chain hydrocarbon-

substituted carboxylic acids, examples being derivatives of high molecular weight
hydrocarbyl-substituted succinic acid. A noteworthy group of dispersants are
hydrocarbon-substituted succinimides, made, for example, by reacting the above acids



2004MD17 -12 The final lubricating oil conposition, typically nade by

bl ending the or each additive into the base oil, may contain from5 to 25,
preferably 5 to 18, typically 7 to 15, mass % of the concentrate, the

remai nder being oil of lubricating viscosity. 5 Co-Additives The above

ment i onedogeddi tives are discussed injfwurther detail as follows; as 1is
known in the art, sonme additives can provide a multiplicity of effects - for
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pol yBat enes, speC| fically polyisobutenes (PIB) or poly-n-butenes, such as

rr{ay be preparg\ qurg%nk 1S'5h aé&&wé? Iit'haﬁfreguc%dé. fro%ép 5 &f plg eﬁéBOSItS for example

high-temperature varnish and lacquer deposits, in engines; it normally has acid-

neutralising properties and is capable of keeping finely divided solids in suspension.

Most detergents are based on metal “soaps”, that is metal salts of acidic organic
15 compounds.

Detergents generally comprise a polar head with a long hydrophobic tail, the
polar head comprising a metal salt of an acidic organic compound. The salts may
contain a substantially stoichiometric amount of the metal in which case they are

20 usually described as normal or neutral saits, and would typically have a total base
number or TBN (as may be measured by ASTM D2896) of from O to 80. Large
amounts of a metal base can be included by reacting an excess of a metal compound,
such as an oxide or hydroxide, with an acidic gas such as carbon dioxide. The
resulting overbased detergent comprises neutralised detergent as an outer layer of a

25 metal base (e.g. carbonate) micelle. Such overbased detergents may have a TBN of

150 or greater, and typically of from 250 to 500 or more.

Detergents that may be used include oil-soluble neutral and overbased

sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and

30 naphthenates and other ocil-soluble carboxylates of a metal, particularly the aikali or
alkaline earth metals, e.g. sodium, potassium, lithium, calcium and magnesium. The
most commonly used metals are calcium and magnesium, which may both be present

in detergents used in a lubricant, and mixtures of caicium and/or magnesium with



30 Dispersants include, for exanple, derivatives of |ong chain hydrocarbon-
substituted carboxylic acids, exanples being derivatives of high nol ecul ar
wei ght  hydrocar byl -substituted succinic acid. A noteworthy group of
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organi ¢ 15 conpounds. Detergents gener aIIy conprise a polar head with a
| ong hydrophobic tail, the polar head conprising a netal salt of an acidic
or ganc conpolihey nebe glassifiedyas tashcalisscavengers (agt stelricallys hinidersdphendls,
anount of the, neta t hey are 20 aII descr.i, be nor mal or
et r i saporar dtomalle BihEec ane, oREe taPed stin b RERHIS SROBRBEES oy
be rreasur(@g BbgaﬁSTé‘(llpE?ﬂ.&%i)d @fgdnbpnbébﬁdauﬁaddmégeanarmwﬂﬂmcﬂbnﬂsrw@alzmlaase
can be included reacting an excess of a netal conpound
dthydrocarbyl dithiophosphates, which may also function as anti-wear additives, and
organo-molybdenum compounds, which may also function as friction modifiers and

15 anti-wear additives).

Examples of suitable antioxidants are selected from copper-containing
antioxidants, sulphur-containing antioxidants, aromatic amine-containing antioxidants,
hindered phenolic antioxidants, dithiophosphates derivatives, metal thiocarbamates,

20 and molybdenum-containing compounds.

Dihydrocarby! dithiophosphate metals salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminium,
lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most

25 commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt %,
based upon the total weight of the lubricating oil compositions. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl dithiophosphoric
acid (DDPA), usually by reaction of one or more alcohols or a phenol with P,Ss and
then neutralising the formed DDPA with a zinc compound. For example, a

30 dithiophosphoric acid may be made by reacting mixtures of primary and secondary
alcohols. Alternatively, multiple dithiophosphoric acids can be prepared where the
hydrocarbyl groups on one are entirely secondary in character and the hydrocarbyl
groups on the others are entirely primary in character. To make the zinc salt, any basic



such as an oxi de or hydroxide, with an acidic gas such as carbon di oxi de.
The resulting overbased detergent conprises neutralised detergent as an
outer layer of a 25 metal base (e.g. carbonate) mcelle. Such overbased
detergents may have a TBN of 150 or greater, and typically of from250 to
500 or ngb@ﬂwﬁfgergents that may be usefgk.include oil-soluble neutral and
over base sul fonat es, phenates, sulfurized phenates, thiophosphonates,
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of suitable anti oXi ant s ar ect ed Trom copper-contal ning antioxidants,
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Rust and corrosion inhibitors serve to protect surfaces against rust and/or

15 corrosion.

As rust inhibitors there may be mentioned non-ionic polyoxyalkylene polyols and
esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids.

20 Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives are
well known. Typical of those additive which improve the low temperature fluidity of the
fluid are Cg to C4g dialkyl fumerate/vinyl acetate copolymers and polyalkylmethacrylates.

25 Additives of the polysiloxane type, for example silicone oil or polydimethyl
siloxane can provide foam control.

A small amount of a demulsifying component may be used. A preferred
demulsifying component is described in EP-A-330,522. It is obtained by reacting an

30 alkylene oxide with an adduct obtained by reacting a bis-epoxide with polyhydric
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.



hi ndered phenolic antioxidants, dithiophosphates derivatives, netal
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char acter, YA O6AL i y in
character" ‘fjnérh%ch e Zl r{g)gggygﬁ@%ﬁéh@gsaﬁ%%}%ﬁ)gﬁ)ﬁa}i’%&ﬁ@ﬁ {Rgtlﬁ%(?'mpleg%hc
conpound atmhbbortamimeed but t he oxi des, hydroxi des and carbonates are nost
general ly enpl oyed. Commercial additives frequently contain an excess of
zinc due to use of an excess of the basic zinc conpound in the

neutralisati O'Tfhée@%hbé’rﬁt ey \He fypRilateaeRith bﬁ%ﬂ'fbuftra Cédrﬂ/@nﬁﬂﬁhle%ﬁﬁéés‘il ve
wear and are usually based ‘'on conpounds_ containin hur or phosphorous

or bdfh, mastifienandwehtafavithow a:dmarS@nbfwsca@poqulf?ﬁ p‘émlm tpawotngsrforon

t he surf i I es,

quch as DRE 25 TRCXafSitnodRe Siste chincRarh. il HORKHBP fRidHt nyaltodhalr BERAAS

anti - oxi Gregiding mly@sml eQil-sblubie vissssityninodifiag mﬂﬁnérs gendralhe have welght

enr s aNEree e BeRPE agES 9f o 6.9B8 16 1005008 ”;lr];?grégl?qzot(%c} % 866,600,
which may be determmed by gel permeation chromatography or by light scattering.

15
EXAMPLES
The invention will now be particularly described in the following non-limiting
examples.
20
Example 1

Four additive components were prepared consisting of various proportions of a
monoester (glycerol mono-oleate) and a diester (glycerol dicleate). The proportions,
25 by mass %, of the mono and diester are indicated in Table 1 below for each additive

component.



Rust and corrosion inhibitors serve to protect surfaces against rust and/or
15 corrosion. As rust inhibitors there nay be nentioned non-ionic

pol yoxyal kyl ene pol yols and esters thereof, polyoxyal kyl ene phenols, and
ani oni ¢ al kyl sulfonic acids. 20 Pour point depressants, otherw se known as
| ube oil »fdmypi7Provers, lower the mpjzrumtenperature at which the fluid
will flow or can be poured. Such additives are well known. Typical of those
additive which inprove the low tenperature fluidity of the fluid are C8 to
C18 di al kyl funerate/vinyl acetate copol yners and pol yal kyl met hacryl ates. 25

Addi tives of Thsleplol ysil oxane type, for exanple sil i cone oi | or polydi et hyl
si | oxane can pr ovi—-de—f oam-control A—srmall —apount sy ng

\.‘\.allul C=2 I | _y

conponent may be¢ used. A preferred deéﬂuﬁté‘fefgpﬁ@%ﬁ%onent is dgscribed in
EP- A- 330, 522. It 15 obtaingd by reagting an [30 al Kyl'ene oxi de W th an
adduct obtai nediby reacting a Qi s-epoxi wi tth pojyhydric cohagl . The

denul sifier should be used|at a | evel n exgeeding 0.1 mass % gctive
ingredient. Atreat rate of 0.001 tp 0.05 nags % active ingredignt is
conveni ent . 2004 Mitbhoesdter V] scogi ty hodi gers |(or gp scosityjggndex i nprovers)
inmpart high and|low tenpefrature aoperability({to a lubrjcating aifl. Viscosity
nodi fiers that also functipn as dispersants |are al so known and [may be
prepared as des¢ri Iéestabove fdi00ashl ess67di spersd@&s. | n geherall, these

di sper sant vi scos+ty—mwedifters—are—tunetionatised5poelyrers—{eg.
interpolyners of ethyl ene-propylene post grafted with an active nonomer
such as mal ei @oﬁ’fﬂ&ﬁ‘éhtéj?)anﬂ’@ WereMfop ugsweﬁﬁhpéstdfw@m%hhon hAd c@ﬁ%ﬂbﬁts an
al cohol or am ne.” The lubricant nay be formulated with or w thout

qonveht i énand Biweredon refereocerpurfases. and with or without a disper sant
viscosity nodifier. Suitable conpounds for wuse as viscosity nodifiers are
general |y hi gh nol ecul ar wei ght hydrocarbon pol yners,

Each component was blended into a lubricating oil composition, by methods

known in the art, to provide a fully formulated oil composition containing 0.3 mass % of
the component as active ingredient and a molybdenum additive providing 200 ppm by
10 mass of molybdenum, and identical customary amounts of an ashless dispersant, a
metal detergent, an anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam.

A high frequency reciprocating rig (HFRR) was used to evaluate the coefficient
of friction characteristics of oils 1, 2, A and B. The instrument is called the AUTOHRF
15 and is manufactured by PCS Instruments. The test protocol is shown in Table 2 below.
A stepped ramp temperature profile was followed, whereby each 300 seconds the
temperature was raised by a step of 20 °C and held constant for 300 seconds until the

next successive 20 °C ramp.



I ncl udi ng polyesters. Gl -soluble viscosity nodifying polyners generally
have wei ght average nol ecul ar wei ghts of from 10,000 to 1, 000, 000,
preferably 20,000 to 500,000, which may be determ ned by gel perneation
chromat ography or by light scattering. 15 EXAMPLES The invention will now
be parti cpbawmby7 described in the followigg non-limting exanples. 20
Exanpl e 1 Four additive conponents were prepared consisting of various
proportions of a nonoester (glycqigle FOMNFRR PRbBIoANd a diester (glycerol
di ol eate). The proportions, 25 by SS % O e nono and diester are
indicated in Table 1 beI ow for each additive corrponent 2004MD17 -17- Table
1 Additive Gegpoprept—1—2A B —hbnoester—673367 0 33 0
Conmponents 1 gﬁ"g were for use in exanpl es of tﬁmﬁmlﬁ%h g'?m[z'%?’rponents
S A and B wergdN r€f erence purposes. Eafh conponent was bl ended3gto a

| ubricating loil conposition, by nmethods._known in the art to provideé a
fully fornul a$t§@ka)l.$ngibnm0$|t|on cont al ning 0.3 mRss % of the corrpbwent as
active ingre Fent—and—a-—ot yudcuuul addt-tive Pt ovich frg—200—ppm Uy i mass of
mol ybdenum [@n@AM88® il customary anounts of an ashl ess di spersaq a

nmet al detergmmp@m@-@tmngélmnt a zinc {ihydrocarbyl dithi ophygepegt e, and
an antifoam

Temperature step, °C 20
Time between temperature steps, 300
seconds

Results are expressed as average friction coefficient as a function of
5 temperature and are summarised in Table 3 below, where the compositions tested are
referred to as 1, 2, A and B in accordance with which additive component they contain.

Table 3 Composition
Temperature
Stage (°C) 1 2 A B
40 0.124 0.127 0.124 0.125
60 0.121 0.122 0.113 0.110
80 0.111 0.110 0.106 0.103
( 100 0.083 0.099 0.098 0.095
120 0.065 0.073 0.075 0.089
140 0.056 0.065 0.060 0.078

10
Table 3 shows that at lower temperature, Reference Examples A and B, are
generally superior to Examples 1 and 2 in that they exhibit lower friction coefficients.
At higher temperatures, between 80 °C and 100 °C, they hecome comparable. As
temperature increases further, between 120 °C and 140 °C the results for Examples 1

15 and 2 are generally superior to those of Reference Examples A and B.



A high frequency reciprocating rig (HFRR) was used to evaluate the
coefficient of friction characteristics of oils 1, 2, A and B. The
instrument is called the AUTOHRF 15 and is nmanufactured by PCS Instrunents.
The test protocol is shown in Table 2 below. A stepped ranmp tenperature
profile vwagM@l# owed, whereby each 300_grconds the tenperature was raised
by a step of 20 C and held constant for 300 seconds until the next
successi%@ram. 2004MO17 -18- Table 2 - HFRR Protocol Contact 6 nmm
Bal | on sc Load, N 3.9 Stroke Length, mm1 Frequency, Hz. 20
Tenperature range, C 40-140 Tenperature step, C 20 Tine between

tenperature steps, .300 seconds Results are expressed as, average . friction
conttiai ent aShaddiive COMAINENE Wairh BISRAIFS CANBSHNG OLVAHALS FEARRTONS Gl 8 3

bel ow,  whey IrhbRILeN L5l 8 dlestElQVEsdl RIcte) TA g&% Rsin
accordance ﬁe%{%?\ﬁﬁﬁgﬁfbgﬁ?WVgag%nponeme? hegﬁgont ain. 1):}1bl eeéﬁ0 8§i't I on
Tenpef at byenast Ugeof tily moro ang diesdenarezindgatezlzinoTalle Hbew fof @agh jaditve1 22
0.113 0.110 .80 0.111 0.110 0.106 0.103 100 0.083 0.099 0.098 0.095

component.
Table 4
Additive Component
3 4 5 6 7 C
( Monoester 0 10 20 30 45 50
Diester 100 90 80 70 55 50

10
Each component was blended into a lubricating oil composition, by methods
known in the art, to provide a fully formulated oil composition containing 0.3 mass % of
the component as active ingredient and a molybdenum additive providing 200 ppm by
mass of molybdenum, and identical customary amounts of an ashless dispersant, a
15 metal detergent, an anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam.

The high frequency reciprocating rig (HFRR) used in Example 1 was used to
evaluate the coefficient of friction characteristics of Qils 3, 4, 5, 6, 7 and C. The test
protocol used differed from that of Example 1, and is shown in Table 5 below. In

20 Example 2, a stepped ramp temperature profile was followed, whereby each 600
seconds the temperature was raised by a step of 20 °C and held constant for 600
seconds until the next successive 20 °C ramp.
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600

Results are expressed as average friction coefficient as a function of

5 temperature and are summarised in Table 6 below, where the compositions tested are
referred to as 3, 4, 5, 6, 7 and C in accordance with which additive component they
contain. Each value is the average of two repeat tests.

Table 6
Temperature Composition
Stage (°C) 3 4 5 6 7 C
40 0.129 0.127 0.129 0.129 0.128 0.127
60 0.127 0.125 0.126 0.126 0.123 0.121
( 80 0.123 0.120 0.121 0.120 0.116 0.116
100 0.109 0.112 0.108 0.114 0.110 0.109
120 0.077 0.084 0.084 0.092 0.097 0.099
140 0.065 0.063 0.067 0.070 0.085 0.086
10
Table 6 shows that at lower temperature the friction coefficient decreases as the
proportion of mono ester increases. Whereas, at higher temperatures, around 80 °C to
100 °C the Compositions 3 to 7 become comparable to Composition C. As
15 temperature increases further, between 120 °C and 140 °C the results for

Compositions 3 to 7 are superior to those of Reference Composition C.



eval uate the coefficient of friction characteristics of Ols 3, 4, 5, 6, 7
and C. The test protocol used differed fromthat of Exanple 1, and is shown
in Table 5 below. In 20 Exanple 2, a stepped ranp tenperature profile was
fol |l onwed, whereby each 600 seconds the tenperature was raised by a step of
20 C and pgiMdoppnstant for 600 secondsyyntil the next successive 20 C ranp.
2004M017 -20- Table 5- HFRR Protocol Contact 6 nm Ball on 10 mm D sc Load,
N 3.9 Stroke Length, nm1 Frequency, Hz. 20 Tenperature range, C 40-140
Tenperature step, C 20 Tine between tenperature steps, 600 seconds Results
are expr gxaemhleg average friction coefficient as a function of 5
tenperature and are summari sed in Table 6 bel ow, where the conpositions
tested are referred to as 3, 4, 5 6, 7 and Cin accordance w th which

addi tive compagy LR Gl ed is LAGSorY e$tAP ahgREAL
tests. Table 6 ?(@l}?’n%eratFt)JOrre@P'('ﬂ,orrpossip{r:]@f(’;’c*rﬂlf ?t"gff’é ?‘8;5'%@%/@ 7 @ 4%498 129
0. 12750. beasste Tikéster. 12Gompoagnt 80wes 1endedl hHoOa labricatihgeoih . cokgpasitioh] bys0
0.123 0.12Q,0., 1%1 0.120,0.116, 0. 116, 100 O. 3(09 .1%2 0,108 0.114 0.110.0.109
methods known'in the' art, to provide Composition 8 ‘and Reference composition D.
Compositions 8 and D each contained 0.3 mass % of Component 8 as active
ingredient and identical customary amounts of an ashless dispersant, a metal
detergent, an anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam.
10 Composition 8 and Composition D differed in that Composition 8 comprised a tri-

nuclear molybdenum additive providing 200 ppm by mass of molybdenum and

——

Composition D comprised a di-nuclear molybdenum additive providing 200 ppm by
mass of molybdenum

15 The high frequency reciprocating rig (HFRR) used in Example 1 was used to
evaluate the coefficient of friction characteristics of Qils 8 and D. The test protocol
used was the same as that used in Example 2, and as set out in Table 5 above.

Results are expressed as average friction coefficient as a function of
20 temperature and are summarised in Table 7 below. Each value is the average of two
repeat tests.

' Table 7 Composition
i Temperature
Stage (°C) 8 D

40 0.127 0.130
60 0.121 0.126
80 0.116 0.119
100 0.108 0.112
120 0.101 0.105
140 0.080 0.100




120 0.077 0.084 0.084 0.092 0.097 0.099 140 0.065 0.063 0.067 0.070 0.085
0.086 10 Table 6 shows that at |ower tenperature the friction coefficient
decreases as the proportion of nobno ester increases. \Wereas, at higher
tenperatures, around 80 Cto 100 C the Conpositions 3 to 7 becone
conpar abhgodgfonposition C. As 15 tempgsature increases further, between
120 C and 140 C the results for Conpositions 3 to 7 are superior to those

of Reference npQsi { i 4 -21- . .t 8 was
ot epar ed- conplt @ serthiat kiR 4 et aretR Sl ot Bri R ARET o 15
was bl enggeduclebpmalybdenufpédurge eignificanthy riduces théftictionicaefficidnt eompared foe

art, to provide Conposition 8 and Reference conposition D. Conpositions 8
and D ea@R YBHMaIRMH £QMPOSItPRCONRING B HBHE/REM BONDASRUM IPUrEqr edi ent and

i dentical customary anounts of an ashless dispersant, a netal detergent, an
anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam 10
ConpoSi t iExan®leaAd Conposition D differed in that Conposition 8 conprised a
tri- nucl ear nol ybdenum additive providing 200 ppm by nmass of nol ybdenum and
Conposition D conprised a di-nucl ear nol ybdenum additi ve providing 200 ppm
by mass of nglwoggditive $6mpbRehtsOlere’ Breparelycaristinigosiaiarivus! propotioR&)of wsed

in Exanple 1 was used to evaluate the coefficient of frictiaon
char act emetgesterdglyceral reonmaleate)Tadiestst (dyearelcdipleatp)candadriester iglveeraks

t hat useq.i a Qut .4 . .
expr ess egn a{ga@e @é}rﬁ??@p H%Fﬁ: %%%fc’ [ )éli %fn egﬁg’i&fdﬁ%%? ?éﬁd ct)lf%ﬁg%é%e@%%?g%du re
and age snablei Eeelowforl abtleadditied oompbaeiit. val ue i s the average of two

repeat tests.
(

Table 8
Additive Component
10
Monoester 0 0
Diester 50 0
Triester 50 100

Each component was blended into a lubricating oil composition, by methods

15 known in the art, to provide a fully formulated oil composition containing 0.3 mass % of
the component as active ingredient and a molybdenum additive providing 200 ppm by
mass of molybdenum, and identical customary amounts of an ashless dispersant, a
metal detergent, an anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam.

20 The high frequency reciprocating rig (HFRR) of Example 1 was used to evaluate
the coefficient of friction characteristics of Oils 9 and 10. The test protocol is the same
as that used in Examples 2 and 3 and as shown in Table 5 above.

Results are expressed as average friction coefficient as a function of
25 temperature and are summarised in Table 9 below, where the compositions tested are
referred to as 9 and 10 in accordance with which additive component they contain.



Tabl e 7 Conposition Tenperature Stage (C) 8 D 40 0.127 0.130 60 0.121
0.126 80 0.116 0.119 100 0.108 0.112 120 0.101 0.105 140 0.080 0.100
2004MD17 -22 It can be seen from Table 7 that at equival ent nol ybdenum
content, the use of a tri-nuclear nolybdenum source significantly reduces
the fricpopemeefficient conpared to apg-equi val ent conposition conprising a
di - nucl ear nol ybdenum source. 5 Exanple 4 Two additive conponents were
prepared consisting,Qf gzari ous proportions @Jm@osii oester (glycerol

nono-ol eate), a diester (glycerol dioleate) and a triester (glycerol
trioleate). The propoTempesatubey| mass % of tjhe nono, dieqter and triester
are indicated 10 in T%Plile@bé ge ow for, each jadditiye congonent. Table 8
Addi ti ve Conmponent 9}189'4@ G ster O Di ester 50 Trilester 50 100 Each
conponent was bl ende@ TTfitgga TUPTi Cay 4org Oi It COMpopdd i on,| by nethods 15
known in the art, to|provide a fully formil ated oil co pgsi ti on contai ni ng

0.3 mass % of 60 0.127 0.141
80 0.123 0.134
100 0.101 0.074
120 0.072 0.070

( Table 9 shows that at higher temperatures, the composition comprising a
| 5 greater proportion of triester is generally superior to the composition comprising a
lower proportion of triester.



t he conponent as active ingredient and a nol ybdenum additive providing 200
ppm by rmass of nolybdenum and identical customary anounts of an ashl ess
di spersant, a netal detergent, an anti-oxidant, a zinc dihydrocarbyl

di t hi ophosphate, and an antifoam 20 The hi gh frequency reciprocating rig
(HFRR) of Exanmple | was used to evaluate the coefficient of friction
characteristics of Qls 9 and 10. The,test protocol is the sane as that
used in Exanples 2 and 3 and as shown in Table 5 above. Results are
expressed as average friction coefficient as a function of 25 tenperature
and are summarised in Table 9 bel ow, where the conpositions tested are
referred to as 9 and 10 in accordance with which additive conponent they
contai n. AA0OMEON7 -23- Table 9 Conposition Tenperature Stage (C) 9 10 40
0.127 0.133 60 0.127 0.141 80 0.123 0.134 100 0.101 0.074 120 0.072
0.070 Table 9 shows that at higher tenperatures, the conposition conprising

a b5 greqter|yg&ﬁﬁﬁh@HcQEAﬁgh§ster is generally superior to the conposition
conprising a | ower proporplon of triester. 24 CLAIMS: 1. A conposition

conprising: (A an 0|I of Iubrlcatlng viscosity; (B) as an ester additive
conponent, On?A?r an01 O?Fu rlca mgv1s% gl{:(?r ol and a

(B) as an ester additive component, one or more esters of glycerol and a
carboxylic acid containing 12 to 30 carbon atoms and 0 to 3 carboncarbon
double bonds wherein 1-30% by mass of the component is one or more

monoesters; and
(C) as a further additive component, an oil-soluble molybdenum compound.
2. A composition as claimed in Claim 1 wherein the carboxylic acid is a saturated or
unsaturated C16 to C18 fatty acid.
3. A composition as claimed in Claim 2, wherein the carboxylic acid is oleic acid.

4. A composition as claimed in Claim 1, 2 or 3, wherein the oil-soluble molybdenum

compound is a trinuclear molybdenum compound.

5. A composition as claimed in any one of Claims 1 to 4, further comprising one or
more co-additives, different from (B) and (C), selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates, antioxidants, pour

point depressants, additional friction modifiers, antifoam agents and viscosity modifiers.

6. The composition as claimed in any one of the claims ! to 4, in the form of a

concentrate.



carboxylic acid containing 12 to 30 carbon atons and O to 3 carboncarbon
doubl e bonds wherein 1-30% by nmass of the conponent is one or nore
nonoesters; and (C) as a further additive conponent, an oil-sol uble

nmol ybdenum conpound. 2. A conposition as clainmed in Claim1 wherein the
carboxylic acid is a saturated or wunsaturated C 6 to Cl8 fatty acid. 3. A
conposition as clainmed in Claim2, V\Ir%rein the carboxylic acid is oleic
acid. 4. A conposition as clained in aim1l1l, 2 or 3, wherein the

oi | -sol ubl e nol ybdenum conpound is a trinuclear nolybdenum conpound. 5. A
conposition as clainmed in any one of Clains 1 to 4, further conprising one
or nore co-additives, different from(B) and (C), selected from ashless

di spersants, Rejoabentdet & Q&ifled in C4IMOS, WRerkiA thd bll WfJubritiag viebyrgiiocar byl

di thi ophosphat es, antioxidants, pour point depressants, additional friction
modi f i er Blesemhin angamauag ehirem 36 do \7/5)5@5.)93/“ y nodifiers. 6. The conposition as
claimed in any one of the clains 1 to 4, in the formof a concentrate. 25
7. A concentrate as clainmed in Claim@®6, wherein the oil of lubricating

Vi scositg. i s Apmethedtfor imarovingothet friofiod moodif3dtibe of Oanmisteiial 80m5’ustr&ﬂi hod for

inmproving the friction nodificatjion of ternal conbustlon ine at an
oper at i nFERNHALPRFHUINE{EBREAVES Bf SX5HE, O cgc%gr F%W&‘%@P%?W%t f’ﬁ‘@gl figi ne and

| ubri cat of dains 1
to 5 . APbRERRGHIAH It GRITRSRIR L0 o BB A R e (O "as

defined in any of Claims 1 to 4, for enhanci ng the friction-nodification
properti Iubr cat |

S itiop in n_of an
DL Ope 52 oL MR P FRTAGb Mo 3 by 30
of Claims 1 to 4, for enhancing the friction-modification properties of a lubricating oil
composition in the lubrication of an internal combustion engine at operating

temperatures in excess of 90°C.



