2004MO 17 -1 LUBRI CATI NG COWPCSI 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 being
referreq¥k85@ﬁ crankcase | ubricants; toladditive concentrates therefor; and
to use of a 'glves in friction nDdlflcatlon A crankcase | ubricating oi
conposition, or |ubricant, Lﬁﬁﬁﬂsgb@ﬂéﬁﬁﬁﬂ&géiﬁiﬁgﬁgl 10 lubrication in an
engi ne where there is an oi ft of the engine and to
which circulated oil returns. It is well-known to include additives in

crankcase lubricants for several purposes. The invention concerns use of
organi c frictilininvsatien eslatesio compeasiions sush s dubrisating o5 GomMRASTONSHBWIe i er s,

alsor ef%{ﬁeﬁ%\,\gotoaﬁo%ﬁmbgﬁlbﬂg §\fft‘3PE en%’@%splﬁw ehg indQuRAa ¥laﬁ“§j§ 'o}fﬁ‘é. t hat

operate ctron coe and”hence Fnprove ono
use of glspasrighitedinoarsd erdesed fcmmpresmormagnrlteda)rscrmrkcheen Idiersaatiobe d suchthe

art, for_exanple in US-A-4 5, 088; U 3, 069 092 946; nd WO A
20 01) 7 APHORTSOPelRG: EEHoF oS 85 (IBTHERES WRERAat e 0 rAINYREOTCTUATEn
referredthbﬁef@ﬁangltdgeé@lf al8ifioeP|IrEftRon mddificati@mmer ci al 'y avai | abl e form i's
a mixture that includes the di ester and that, when glycerol is esterified

with a fatty acid, nono-, _and triesters form AI so certain of the above
li sted docung f

hi gh and EP- ﬁ&?ﬁ&%ﬁ%&éﬁlﬁ}@a&ha%n %&Rﬁéém ogslg%n |aI P"rhsg éégr{aer in
an et erlubmfamnentan M@lﬁe We?@%h?e(lsehenlradnp behvwtie) crandshﬂ%Bf&e?é&ﬂgnﬁ@S each
descri be u ycer est er tive in conbi ion.with a

o1 ybderit EoMpAIa Rt e ag I 51 FELHRNE e Msldoe Bditues 0 siankease

requi r esbiarfi®RNeelefal pAJRRE. of the ester 30 additive to be at least 75

nol e percent and, in a conparative exanple, refers to use of 68 nole percent

of nonoester in conbination with a mol ybdenum conpound and US- B-6, 723, 685

makes no ref efenGEe hih MshdBPRPESS 5 orgBRlHNttion 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-4,405,088; US-A-4,683,069; EP-A-C 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 use
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.



2004MD17 -2 EP-A-0 743 354 discloses a lubricating oil providing inproved
wear protection conprising an al kyl am ne phosphate and at | east one additive
sel ected fromthe group conprising oxymolybdenum sul phi de dithi ocarbanate,
oxynol ybdenum sul phi de organophosphorosithioate, fatty ester and organic

am des. anpl es of EP-A-0 5 743 354 include use of a fatty ester

conpri si ng /o nonoest er. V\DA— 96/ 37581 discloses a |ubricating oil

conposi tion r g dlthloca trenme ressure agept of

speci fic formb%@ 354, g @%t%l‘“q{’éﬁ "ﬂoqr%ﬁmumweﬁw AOECA ch i s

said to ghb I@lﬁq aN Gty ine Sds phafe 5ﬁ@at:|%asteesﬁé ab8itiPE asfete fromrtheidgryugnd | ow

coefficient of Trictiion. The lubricatin | b S|t|on may additionally
awy#ﬁ @“@

conpri secampriging oxonelybderynesulpiide o s oxymaivbglenuny ssdpfude
conpr! s aﬁ%%d&@%f‘o%ﬁtﬁfqaté ﬂgﬁgﬁéﬁgé(]‘ é:?oc‘aggeér% BR{. aWESeHm;SIHQ dfq?ﬁ‘ﬁh]o 's to

reduce t In o pi ston engr nes
present T4%/864i |onluﬂec1!sedeﬁ a fsaltypester rmgmprlsw@sS@%l dmnmedtelny W@-Ad%/é?ﬁm this

specific t|on rove in friction.nmodif 5 hi,gher

¢ Brer ardpesdsy SclbrBsne ST sortamra P BRI 1 10F G duh s R G ereme

gl ycerol @5&% a@@@lt bf é!;%%lﬂdfo%méhmm%ﬁelﬁ'ﬂ@ﬁfe‘tél%‘éy Bé mMBWBRRSHURH of idigekn, i S
controlled in a first aspect, this invention provides a conposition

conpri siwaich 2@ sem) toapxhibit excellartiwesitreaigtancec sxireme-pressuy Iubricity ard dgw

cont ai ni S TEE o Bhe T Eafiq 8l Goftipodibfi ey a808i0anf GofRe BafE'
wher B n acid estehaandc@arhyle rPassesod fatlyeadidegten eoinprising @086 enonvesternonoest er s;

and (C) as a further additive conponent, an oil-sol uble nol ybdenum conpound.
In a second aspect, this invention provides a nmethod for inproving the

friction 30 Agbhiematdcel B férhdiatbly BRluFRERWSK! @Nredfidk NeddmbBisthof fuel
tenperature conprising operating the engine and |ubricating the engine with a

conposi t¢ansuaedlon gipgfation efristpnenginespldie pesentiaventicanpriogiges, 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 propertions of monoester thereof is controlled.
Thus, in a first aspect, this invention provides a composition comprising:
20 (A) an oil of lubricating viscosity;

(8) as an ester additive component, one or more esters of glycerol and a
carboxylic acid containing 12 to 30 carbon atecms and 0 to 3 carbon-
carben 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 a 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.



2004MOL7 -3 In a third aspect, this invention provides the use of an additive
(B) in conmbination wth an additive (C), as defined in the first aspect of
the invention, for enhancing the high-tenperature friction-nodification
properties of a lubricating oil conposition in the |lubrication of an

i nt er nal (ﬁ)gmlﬁti on engine. 5 1n a four_§_h aspect, this invention provides a
corrposit%on conprising: (A an oil of lubricating viscosity; 10 (B) as an
ester additive ¢ onent, aqne qr nore esters of glyceragl d. a carboxylic
acid cont aiﬁm?ﬁa"‘ggjspﬁc%éh'ﬁd? log RJAYIdES 4N USB ﬁ%d%?‘g‘?iﬁ‘-’e Zé)r WOHOIHSWB 12" bonds
wher ei n @ ant dHitived Pl P s Mstmedlintthe fRANRRRNLS theSinYBAtON, fPRhAREIAGIRET S;
and 15 (C) as a further additive conponent, an oil-soluble tri-nuclear

nol ybdenhigh-teropp@ture. frictionrniqdifigatias psepertiesof aj lnbeeatingnoib coripgsition iRdhdiod f or

i mprovi nlgbﬁ@aeiiofnrdf.cawiR@rnﬁ%%Hﬂtfé%é%ﬂg f, an internal combustion engine at high

tenperature conpri sing operating € engine and lubricating the engine
Wi th sa conposition according to the fourth aspect of the invention. In a

si xth aspect, .this inv i an pr.ovides. the use of.an additive (B) in

conbi nat | off 4P 2xpesudiis DUETON Pravides i SREPIHROTRRAES: aspect of t he

i nvention, for enhancing the 25 high-tenperature friction-nodification
properties of a lubricating oil conposition in the |ubrication of an

i nternal corBlst i 8n cdrfilykeicaling visicesiteci fi cation, the foll owing words and
expressions shall have the neanings ascribed below. 30 "active ingredients”
or "(a.i.)" refers to additive material that is not diluent or solvent;
2004NO 17 -4B) 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 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
modification 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;



"conprising” or any cognate word specifies the presence of stated features,
steps, or integers or conponents, but does not preclude the presence or
addition of one or nore other features, steps, integers, conmponents or groups
t hereof . The expressions "consists of or "consists essentially of or cognates
5 may beﬂ@qpﬂﬁged W thin "conprises" orgcognates, wherein "consists
essentially of' pernits i ncl usi on of substances not nmaterially affecting the

characteristic itl.an j ' | es. means
- excess of Sompisiideqr Y EhaR vbR $BeGesind Mo of Helby PRURS, 175
mass % of a man:rgsmt umtageu%l 90, cdnponignits, beutuddes siaiopreichale teg i prasermaponent s

used, essential,.as grpti Hal qd cus{eRma may react under conditions
of fornul ati d't?t”o?aﬁrée (5’|r MRE AthE" BRtTRS: SIERS. MRS S?ImQPE%HIﬁr WGHBS t he

product obt aitRafloe %eoéipﬁbgﬁgnésc&\srs%%'f"toro‘fcoﬁghéts SESEhtIAR G 8Ncodnbtéder, it
is to be understood that any upper and |ower quantity, range and ratio

limts set fdnenbRerepracadyvitin [orfepssese ot F9oRBRSI Weereipironsists easentigly of t he
| | f
the' i nvent | ot bt BefERroONGIbAEeSRF natEany ArEthd AP thlldcefiREst S ©

Component ( B)th@gomipesitiankhoxHi¢tcit applies;s preferably a saturated or unsatur ated
Cl6 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,nRfortR8iint! h{éatn§ in 3%etthfH0 Mass TRsfa %ﬁ’ﬁ)ogmﬁnor mor e
nmonoest ers, whi ch upper and lower Timts may be i ndependently conbi ned.

Prefdrably, in respect of the fourth aspect of the invention the conponent

contains, as NGl h bl freanl16Indh s0%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,



1, 5 or 10, and, as upper limts, 30, 40, 45 or 50, mass % of one or nore

nonoesters, which upper and lower Iimts nmay be independently conbined. In

one enbodi nent of either the first aspect of the invention or the fourth

aspect 5 of the invention, the conponent consists of partial esters only, ie

of nono- A q esters; this embodi nent §ontalns | ess than 40, such as 5 to
2?10

| ess tha o by mass of one or nore nonoesters, ie 60 or nore, such as 60

to 95, %b one e di her the first or the
fourth e E]{Tﬁéin"t‘”‘J ﬁ?e‘r'%oeér{'én'{ﬁ' 390?@ %ﬁ%é?e?@séré tfﬁpﬁﬁdf'orenm{’ﬂge%‘aﬁ'?ponent
they maywkiefRppetafd ﬁﬂvé?rllnmrrﬁa¥EEQﬁUé}ﬁen@@nﬂPc&ﬁbm"édby mass of the
conponent. in another enbodi nen nonoesters may be absent fromthe

conponent, when 15 the conponent consists wholly of diester(s) or wholly of
triester(s T ot for
exanpl e gs) dgéco‘ﬁégérhy?ﬁﬁe@‘t étgﬁ@étthgﬁﬁ%%d %???@‘Féﬁmﬁe‘ﬁ t%@f&ﬂfl‘?’é r| cating
Vi scasi tqf (h@) inveation| thef cdouipaneat icogsistss obparijal( esters iomiys ieebEmatb-t andis
"base st "base .. 0il i | i ui nst it uen

| ubri can?! IeFﬁ 6“%@?9%’88!‘& %%e'"égﬁssg%@g%{ﬂyﬁ“ 3 %nté’ 8? fgarh?(é, %I%’n’&@ﬁs f or
exanpl e §orY GIHER MohbEAbrd, WDBD R Rtoré %udhtﬂ%fﬁcﬁfmgs %Paass bPdle ofmdpse Oi |
is useful for making concentrates as well as for making |ubricating oil

conposi tdiesers. heref rom and may be sel ect ed fromnatural (vegetable, aninal
or 30 mneral) and synthetic lubricating oils and m xtures thereof. It may
range in viscosity fromlight distillate mneral oils to heavy |ubricating
oi | sisuch as lgasithendghadirst br the faurtd embodimerstt wihgreidne anhwrevteila‘shere ae | and

T Sk che htp ST bbbt St o ke BET8Ts 142 °°

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 mixtures

thereof,

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

The oil of lubricating viscosity (sometimes referred to as "base stock” or “base
o0il") 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 oil
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
tubricating 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.



Natural oils include animal and vegetable oils (e.g. castor and lard oil)
liquid petroleumoils and hydrorefined, solvent-treated mneral |ubricating
oils of the paraffinic, naphthenic and m xed paraffinic-naphthenic types.

QO ls of lubricating viscosity derived 5 fromcoal or shale are al so useful
base oi |l goaShpyhetic lubricating oils ignclude hydrocarbon oils such as
polynerizeé and interpolynerized olefins (e.g. polybutyl enes,

pol ypr opyl enes, propyl ene-i sobutyl ene copolynmers, chlorinated pol ybutyl enes,
poly (1-hexenes), poly (1l-octenes), poly (1 10 decenes)); al kyl benzenes (e.g.
dodecyl benzengsturdl adilsaifieitde barimanand vedjetably | dilen@anesastor and lard oil) liquid

di (2-et hyl h | )b X | h I .g. . bi s, t |'s, .
2l ky! ot PR YB oA NGy dhoralBed olet Tap e nine B e g 5 BN PR S heny
sul T desnaghfr Bind Sibtd el inioidh i e OB SIub RS AR viscHRi s

suitable class of synthetic lubricating oils conprises the esters o

di carhoxiygomeoatoashalearg alghtusaful basgods. succi ni ¢ acid, al kyl succinic acids
and al kenyl succinic acids, nmaleic acid, azelaic acid, suberic acid, sebasic
acid, fumaric acid, adipic acid, linoleic acid dinmer, malonic acid,

al kyl mal oni c Symitlestic albtieating ralksoniclidechyirpeavbbh ails wach edsy pofynadrizetloasd (e. g.
butyl al cohol, hexyl alf;_:ohol , dodecyl al cohoJ , 2-ethyl hexgl 20 .al cohol ,

et hyl endniirpeiymenzeddlging, de @ yrAYPHYRBES hePlY PRRYIRNESH PIPYIEBR SObEHARNE | ¢
exanpl esgdy| € chRfrifafed PBNBQE/IQieQUtMIy #flnBRERes) dipoR; B1-B¥iehRYY | poigghacat e,
di - n- hexyl umar ate, dioctyl” sebacate, diisooctyl azel ate, diisodecyl

azel Ht e, datiepes))! phealkdbanzenesdi deeyd. phtdedeeyibenziingisc osytetragisayberzensse

2-ethyl h | | i ' ' . t r rmed by
Feact o iR ERPERED. BlzuihEhyR ket B e 8%, PR SRl TenkRL Vcol
and two amRylgrdopolyptairityd)haxdndkyatedi diph&s)l estisers said! blkgatey digreinyL salfiiés al so

I ncl ude those made fromC5 to C12 nonocarboxylic acids and polyols, and

pol yol edfethe danivativas: aeaieenand nyelegs theredfnet hyl ol propane, pentaerythritol,
di pentaerythritol and tripentaerythritol. 30 Unrefined, refined and
re-refined oils can be used in the lubricants of the present invention.

Unr efd ned oi |Anddher shidstde otiass refdsyfithetit lubricating spilsatomarises tbg nedtetsi of

dicarboxylic acids (e.g. phthalic acid, succinic acid, alkyl succinic acids and alkenyl
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 glycel). Specific
examples of these esters include dibutyl 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-ethylhexancic acid.

Esters useful as synthetic oils also include those made from Cs to Cji;
monocarboxylic acids and polyols, and polyol ethers such as neopentyl 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



source without further purification treatnent. For exanple, a shale oil
obtained directly 2004MO 17 -7 fromretorting operations, a petroleumoil
obtained directly fromdistillation or ester oil obtained directly from an
esterification process and used without further treatnment would be unrefined
oi . Refipaghqyls are simlar to the unjefined oils except they have been
further Treated in one or nore purification steps to inprove one or nmore 5

properti urlflca nte hni h, as iJlatio | vent
extract |fe r‘l\a/g’é?{'lg gpe 885e§<tpre 8 ugp]o Iqteﬂ id!fﬁ‘:%&%a@ﬁf‘ o &% eﬂgr Rﬁown to
t hose Skmbthﬁdd'dlrédﬂ? 6. an Restéwfidatienl mbbéssaéﬁdqmem WGt oY furtiereissatment mi | ar
to those used to obtain refined oils applied to refined oils which have been

al r eady Wewd henurigfined gil. ﬁﬁfweﬂeo"se@rﬁrfé@”%r losthegpruetinad, oils, 6%reRihev BRYE ned or
reproces % rjtﬁeraﬂgafé‘:dt ) GHe o"f‘dﬁ#btér gig.ﬁ’ldgé’ﬁd?mc 5’ymgrﬁ vé EGRNIdHURRrd O

approval of spent additive and oil wn products er exanpl es of base
oi | d&re prapetties! ifany s(EiGputificaiametechhigues, esucheaddistillatidn, soiwenbextaactioin]

gas cont 3% Ph5oRE AL JUr AP B ieratel S dHona: T Jees skiBdn T4 an"°" ©

hydr oc arF‘Q@Jﬁéﬂﬁédpbleabr‘e’olbl%ﬂin 5y fp%dé%@és RIAIA 61 thesé ised derobltainhefiksebd as a
base oil. For exanple, th by methods known in the art, be

hydr oi sc#riied darefingdipiiz M&k‘ﬁ!‘éba‘éﬁléeﬁ?&'@?@bh‘é?ﬁj IR gentetra uigh rerrefined oils
hyd \Y/
o Cor d rE ST RGN o P fed BERPrHeosBbIR BnaBEAUTL MR DRKBS e By

concknt rtatknifoesifan@panauah bf :s;mrg.a,ddftweranﬁmlitmeilﬁ)dowrspcddua!s.40 to 60, nmass %

so that the conposition is in the formof a concentrate containing for
exanple 1 to 90, such as 10 to 80, preferably 20 to 80, nore preferably 25 20

to 70, mass ‘et iexBmphd 80b8se offarayaaddiliguie (‘aTLaddhsé S, iePhlengageosiponent s
(B) and (C) above, or a conbination_ of corrponents (B) and (C) and one or

mor e co-Mandia Adeail defiwedifrortFisehari TapsHy Synthesised yhygseearbans reate &9 at e i s

a suita Qo t I ar e- ner al
| ubri ca?él@grpéoﬁ‘?l% reg?tﬁérﬁp%uqfaa@?ebpo%ﬂ{g 8 l??&heFff'féds%h E&t‘é’lﬂt Thesd"
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 hydrocisomerized,

hydrocracked and hydroisomerized; dewaxed; or hydroisomerized and dewaxed.

Base oil may be categorised in Groups | to V according to the APl 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 lubricating 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.



Qls of lubricating viscosity such as described herein, as well as aliphatic,
napht henic, and aromatic hydrocarbons are exanples of suitable carrier
fluids for concentrates. 2004MOL7 -8 Concentrates constitute a conveni ent
means of handling additives before their use, as well as facilitating
solutionmﬂﬂhﬁj§per5|on of additive in |lgbricating oil conpositions. Wen
preparing a ubrlcatlng oil conposition that contains nore than one type of
additive (so

be i ncor por at@t & rf%ﬁ g?rfq'tm@a%ﬁo?ﬁéj'ﬁﬂ'g ERHT OF nﬁﬁwﬂ;éﬂﬁﬁg% b%ﬂﬁi #h%@ >

l nst ancegse, hasvewgn astfdcmtalmgV@@lLﬂi@h P @lépénsdﬁt afsadgitilé emh aglstidativig oil
" package” (also referred to as an "ad conprising two Qr nore additives

in a si n@qrép%tﬂﬂf@nt V¥hen preparipg|a bfbrical 9 @thoﬁ'@PQﬁ't&S’omaﬁ foﬁﬁymbé"%?dbi’“aed in
a mayj or @ﬁ@gbte' of Qddl?lg ooLARk! Rferfdd lfb%smaﬂeﬁwé%or@cntﬁg e co @ and

conmponent ( cessary, a mnor anmount of on |t|ves
such ‘s miagche bacbrperaéemaa‘aparatelyceneawh um i thg ﬁ:rﬂnubf & aonogntoate. cdmrpnanyi on.

This pre, at|onhrra be.acco Ilshj ddi n ead tive dlkrectl to the
ot Sor " oPRGREPRon Tt i PR do dnuBcd BB AR altva, Sodtikaes (s
di ssol verefdrfechdcid arv&adp%dv)tdomusr@/tm)eoﬁdd@admt|¢éseunca sinfle comeneateod 15
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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.



30 Additionally, the nol ybdenum conpound may be an aci di ¢ nol ybdenum
conpound. These conpounds will react with a basic nitrogen conpound as
measured by ASTMtest D-664 or D-2896 titration procedure and are typically
hexaval ent. 2004MO 17 -9 Included are nol ybdi c acid, amoni um nol ybdat e,

sodi um mMRdate, potassi um nol ybdate,g.and other al kaline nmetal nolybdates
and ot her m) ybdenum salts, egq, hydrogen sodi um nol ybdat es, MOOCI 4, MoQO2Br 2,

2L g LB SR ML 4, Sy oSSR R8BI e

wi th nol mbﬁy@aum hdrethdy dsiralies whdtar niodyidatess andf ofhesirolybdémagesalisprggounds
as describes, for exanple, in US Patent Nos. 4,263,6152; 4,285, 822;

4, 283, 29ydragery sodym mplyerntesysMoP g 1Me@aBrag Mapt):Ehs mghypdensigh trigyide g wio
94/ 0689 7gimiQr AFRRIMbRBIERLM R PRt ftH% eﬁd%ﬁlo%rﬁf%ébbé&b%t of
this inventron are organo- nol enum corrpo fornmul ae ROCS?2) 4
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consistin of al yl_, koxyal k lto
30 car boh"g 9%%00%#%“ eiaér gﬁ?{:/k%esr O%QZe)gAE{P@Sh h p(?rrsﬂ%ﬁﬁtr %@/ &nge"?j?b

al kyl of4 28682224 286/295; a{anPs387Esip2RE, 773, 4, p6 £ 843 £d59r1@5tdme 4,259,194; and

di al kyl di t hi ocar bamat es of nol ybdenum 20 I'n respect of the fourth aspect of
the i nvefMQ & ,065%1' suitable tri-nuclear oil- soluble organo-nol ybdenum
conpound having friction nodifying and/or anti-wear properties in

| ubricating oil conpositions may be enpl oyed. As an exanple of such oil -

sol uldl e or gansmong Vel solybdeonpocerdpoundsecusefuldn the composidinss of s invention

di t hi ocar bamat es hosphat e ophosphi nates, xant hates,
t hi oxant Hgt¥gancsalyh i %“&B“sm@ﬁa“ﬁ? °qu’§2 rnﬁﬂ%e ni xtures thereof. Particularly
preferred ar evomrob8sepumd dit hi ocar banat es, di al kyl di t hi ophosphat es, al kyl

xant hat es and al kyl t hi oxant hat es.
MO(R C 2)4

15 wherein R is an organo 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 meodifying 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 tri-nuclear molybdenum compounds of the formula



The tri-nucl ear nol ybdenum conmpound of the fourth aspect of the invention may
conpri se tetra-nucl ear nol ybdenum conpound. Preferably, the tri-nuclear

nol ybdenum conpound conprises at | east 90% preferably at |east 95% and nore
30 preferably substantially 100% tri-nucl ear nol ybdenum conpound. One cl ass
of pref ez{dgl@lo%gano nol ybdenum conpou gg useful in all aspects of the

pr esent Qventl on are tri-nuclear nolybdenum conpounds of the formla

2004MOL7 and m xt ures thereof erein L are ipdependentl
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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 components
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.



25 conprise the defined conmponents before m xing, or after m xing, or both
before and after m xing. When concentrates are used to nmake the lubricating
oi |l conpositions, they nmay for exanple be diluted with 3 to 100, e.g. 5to
40, parts by weight of oil of lubricating 30 viscosity per part of the
concent rafp@nod904MOL7 I n lubricating ojh_conpositions of this invention,
representative effective anounts of additive conponent (B) as an organi C
friction nodifier, are 6.0r to
15 imes 5 SRR LS ReS ote e dns bt BRs Bt e AR SN oy
cont ai n gfheiditrel advﬂ@@wntc(lyrmwani orddnic friidlioAmadmentarg fw .08 td beswan@osi tion
wth at |east 10 as 50 to 2000 ppm of nolybdenum Preferably, the

ol ybderﬁjﬁﬂ‘?gﬁ@.rﬁ@Oﬂﬁfiﬁbaénmﬂséoﬁpound is present in an anmount of from 10
ppmto 1500 ppm such as 20 ppmto 1000 ppm nore preferably from 30 ppmto
750 ppm based on the total 10 weight of the lubricating oil conposition. For
sone Sappl i cat'lirmmbr'tdaénminmnsﬂims pf dbenpresantamvemtiont mafy gomia'tnerthe han
500 ppm co-additive sent.ati Vi effective a
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D spersant (Broad) (Preferred) 0.1 -201-8 Metal Detergents0.1 -60. 2-

Cor r osi JROWRASMIM seOPRRING ig F’Ri%a‘?teéf'lt 'W%?&%&PBVPWQ HP%@O@%@@U &UCiU%ﬁ 2-4

20 ppm to 1000 ppm, more preferably from 30 ppm to 750 ppm, based on the total
10 weight of the lubricating oil composition. For some applications, the molybdenum is

present in an amount of greater than 500 ppm.

Other co-additives, with representative effective amounts in lubricating oil
compositions are listed below. All 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 01-6 02-4
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate 0.1 — 10 0.2-4
Anti-Oxidants 0-5 0.01-15
Pour Point Depressant 0.01-5 0.01-1.5

25  Anti-Foaming Agent 0-5 0.001 -0.15
Supplemental Anti-Wear Agents 0-05 0-0.2
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.



Anti - Oxi dant sO-50. 01-1.5 Pour Point Depressant0.01-50.01-1.5 Anti-Foam ng
Agent 0- 50. 001 -0. 15 Suppl enental Anti-War Agents0-0.50-0.2 Viscosity

Modi fier (1)0.01-60-4 Mneral or Synthetic Base QO Bal anceBal ance 30 (1)
Viscosity nodifiers are used only in nulti-graded oils. 2004M)17 -12 The
final Iuﬁmf;@t‘x]ng oi | conposition, typi Eal | y made by bl ending the or each
additive iInto the base oil, may contaln fromb5 to 25, preferably 5 to 18

t [ %. of th t d b

bt ant ! e abupitatng ShCombpS TR AR DEYE thNEFORaANS Br S drolie or o
di scusseitd thefbask R nﬁ%tcﬁljnltalﬁrofn%'t@% prferably XRP1® typichiNe7 36 15, FABE %
addi ti ves can prowde multiplicity oi‘ effects - for exanple, a single

addi t i veofriag cargeniate, the spmpisler baing Qllsofduprisatinaviseasithhi bi tor. 10 A

di spersant is an additive whose primary function is to hold solid and liquid
contam nations in suspension, thereby passivating them and reduci ng engi ne
deposi t sCo-#tdditivessane tinme as reduci ng sl udge depositions. Thus, for exanple,
a dispersant nmintains in suspension oil-insoluble substances that result
from oxidation during use 15 of the lubricant, thus preventing sl udge
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chai n of ocarb hea ari ng derived from
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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 polyisobutenes
(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



sol ubl e pol yneric backbone. 25 A preferred class of olefin polyners is

pol ybut enes, specifically polyisobutenes (PIB) or poly-n-butenes, such as
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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 norma!l or neutral salts, and would typically have a total base
number or TBN (as may be measured by ASTM D2896) of from 0 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 oil-soluble carboxylates of a metal, particularly the alkali 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 calcium and/or magnesium with



20 usual ly described as normal or neutral salts, and would typically have a
total base nunber or TBN (as may be neasured by ASTM D2896) of from O to 80.
Large amounts of a netal base can be included by reacting an excess of a
met al compound, such as an oxide or hydroxide, with an acidic gas such as
carbon djgxiM¢7 The resulting overbasgd detergent conprises neutralised
detergent as an outer |ayer of a 25 netal base (e.g. carbonate) mcelle. Such
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deconposi ng peroxi des, or by rendering an oxidation catalyst inert.
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var ni0sh- | i ke Thegoeay beciasdifiedras aadisalrScavesgerar(d.go\stericatip hindergd @hehols10 They

et ondar ARG, #EMAHEnBE i3 0 GRRDOLOBBBL 2Tk 4y EReRRIPEHR oS
deconposglgs oré@ncgsulph@aﬂﬁd @#@mﬂhoaﬁﬁomémﬁmgﬁ RIRI thSltAgbtohdBS(k; g. ik

mul tifunctionals (e.g. zinc dihydrocarbyl dithiophosphates, which may al so

functi oml%@rawrbywmlomma% Whiefy may glsadLRBiigb @s rant-weabadaitives vaich my
al so fung Qér%‘rr?cﬁy denth €8 ﬁ@ egﬁ cﬂ”ﬁha %séﬁhhctv&%safﬁghéd Wesdifiers* P! es of

sui tabl e anti oxidants are 'om opper cont ar ni
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.

Dihydrocarbyl 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.S5 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, muitiple 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 sait, any basic
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excessi are usually based on conpounds contai ning sul phur or
phogphorous or both, for exanple that are capabl e of deposi ting pol ysul fide

films on the surf ce3|n Ived Notevvorthyaeth rbyl .
di t hi ophosphgtxég"p éetsﬁea'ktl -YeauRgeRipl Ing “F’ﬁl bgrﬁﬁﬁ%& %Fﬂé@ﬁaé‘?'es
di scussqhiafRZ6Eles, s@ﬁu@@&i fat®rhéla sters Jdh iRt ABabteP8diRtRegnt | - wear agents

include 1,2,3-triazoles, benzotriazoles, thiadiazoles, sulfurised fatty acid
esters, and dithi ocar barrat e derivatives. Rust and corrosion inhibitors serve

to protect Slf-'{ufsi71 %8%03%?1 |nlr'1§t}|to?sn e?ve 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 Cs to C4s 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.



15 corrosion. As rust inhibitors there may be nentioned non-ionic

pol yoxyal kyl ene polyols and esters thereof, polyoxyal kyl ene phenols, and
ani oni ¢ al kyl sulfonic acids. 20 Pour point depressants, otherw se known as
| ube oil flow inprovers, lower the mninmmtenperature at which the fluid
w | fl owpeko¢an be poured. Such additijyes are well known. Typical of those
additive which inprove the |ow tenperature fluidity of the fluid are C8 to
C18 di al kyl el ol YfBr I y a s
Addi tives of #g&gﬂgl 9\4‘%‘{@3 g&t a‘}'gcogﬁgrliexangﬁng %con 0|I %ﬂ? %@ y R'\(Fmst hyl
si | oxanetemaramm/oﬂerabdmm@sanhxbubatlrig srral\hseumnynhodiﬂeas dmnélsm ffymmgmcamponent
may be used. A preferre denul si f conpo i,s d CI’I

25 A SadiaES AN 376 B0 el B0 BEK (e GrehTe0 B KEPE,2B0E WPk ASHASSdduct
obt ai nedyi§persgnst i N aehér%n en@@ed%syewhrﬁowbdﬁw %o@ﬁé‘{@hme flhtidghansadi fier
shoul d be used at a | evel not exceeding 0.1 nmass % active ingredient. A
treatd r fcymerso(egl interpolgmenssel wtbdena-prapyifnedingst graftednwet |é‘ﬁt acthlvol?
-16 Vis gl a | ow

t enper aﬁﬁ?@érﬁgﬁ?@%ﬁ? 'ﬁaléo aﬁﬂyﬁggéjc%fcﬁgﬂgﬁpbﬁ%{ g'\((:' {'SS q %Uf iBPE al so
functi oralaﬁ\oldranmesants are al so known and may be pr epar ed as descrl bed
above for ashless dispersants. In general, these dispersant viscosity

nodi fiers are functionalised 5 polyners (e.g. interpolyners of

et hyl ene- propyleeNforRant MaRTBE doMhliated mﬂﬂht oY ewitRBUO BB oG tions) Wc@bl@y
anhydride) which are then derivatised with, for exanple, an alcohol or

am nd. Tnedifiehand avith emyitbeut @ disfessant Wsaosity maditieroubuiakle rpsrnaunds| for

vi scosi t t fier.
Sur ¢ bl SeepyiREoaREts e Herally b fnofbelar RRGRydtboaBEh RbnFRERS

nmol ecul anclu@mgmolmeﬂemcat)hmmlumé wigzosity moutfyindi poympers geheratly Have- walghbl e

o1 °1 T om SISOl ETB0 of ek DA, 5oh 0RO oPist aBloss. ORI FORDPObe

det er m ngdlcihhate BSEMRMUY §dHRARESS PR NRitodtphy 8P by SGRL SBftteRAg.

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 dioleate). The proportions,
25 by mass %, of the mono and diester are indicated in Table 1 below for each additive

component.



15 EXAMPLES The invention will now be particularly described in the foll ow ng
non-limting exanples. 20 Exanple 1 Four additive conponents were prepared
consi sting of various proportions of a nonoester (glycerol nono-ol eate) and
a diester (glycerol dioleate). The proportions, 25 by nmass % of the nono and
di ester %ﬁﬂﬂgqi cated in Table 1 bel ow tor each additive conponent. 2004MO
17 Table™ 1 - Addi ti ve Conponent 12AB Mbnoester 03367100 Di ester 10067330
Conmponents 1 and 2 were for use in exanples of the invention and conponents

5 A and B were for reference purposes. Each conponent was bl ended into a

| ubri cating ordpieqnposition, by methods known in the art, to provide a fully
formul ated oi l onposition containing 0.3 mass % of the conponent as active
i ngredi ent and a ol ybdenum addi tive gdgitiveiGampomeiipm by 10 mags of

nol ybdenum andtdentitcatcustomaryranounts pf—an ashijess dirsper sant, a

metal detergent|, an anti-qgxidapt, a zing dihydrocarbyl ditgi ophosphate, and
an anti foam A high frequgncy reciprocating fig FRR)| was “used|to eval uate
the coefficient[ of Trictilon characteristics|{of oils 1, 2, A and B. The
instrument is cplphggbd AUTOHRF 15 andgq s npnuf getured bygBCS [ nstrunents.

The test protocpl 1Is sho in_Tableg 2 below. | A steppad ranp tenmperature
profile was fol] owed, wherieby each |300 seconfs the
Diester 100 67 33 0

Components 1 and 2 were for use in examples of the invention and components

5 A and B were for reference purposes.

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.



tenperature was raised by a step of 20 C and held constant for 300 seconds
until the next successive 20 C ranp. 2004MO 17 -18 Table 2 - HFRR Protocol
Contact6 mm Ball on 10 mm Di sc Load, N3.9 Stroke Length, mml Frequency,
Hz. 20 Tenperature range, C40-140 Tenperature step, C20 Tine between

t enper at s@pRf6Ps, 300 seconds Results_ jgre expressed as average friction
coefficient as a function of 5 tenperature and are sumarised in Table 3
bel ow, where the conpositions te r oas 1, 2, Aand Bin
accordance with which additive Cs.[, _q#ﬁﬁeﬁrr #ai n. Table 3 Conposi tion
Tenperature 12AB Stage (C) 400.1240.1270.1240. 125 600. 1210. 1220. 1130. 110

800. 1110. 1109-1060.103-1000.-0830--0990. 0980095 J%OO—O@%%LOJ%O—OJ%Q—@* . . . —089

1400. 0560. 0650NG0. 078 6 mm. Ball on 10 mm Disc
Load, N 3.9
Stroke Length, mm 1
Frequency, Hz. 20
Temperature range, °C 40-140
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 become comparable. As
temperature increases further, between 120 °C and 140 °C the results for Examples 1
1S and 2 are generally superior to those of Reference Examples A and B.



10 Table 3 shows that at |ower tenperature, Reference Exanples A and B, are
generally superior to Exanples 1 and 2 in that they exhibit lower friction
coeffi ci ents At higher tenperatures, between 80 C and 100 C, they becone
conpar abl e. tenperature increases further, between 120 C and 140 C the
results 5@'“@39@ es 1 15 and 2 are ggggrally superior to those of Reference
Exanpl es B. 2004MOL7 -19 Exanpl e Si x additive conponents were

pr epar ed consi ing of various proportions of a nonoester (glycerol

nmono- ol es-i‘-%[}l"—g% a diester (glycerol dioleate). The proportions, 5 by mass %
of the nmono and diester are indicated in Table 4 below for each additive
conponent. Table 4 Additive Conponent 34567C I\/bnoester01020304550

Di est er 100908‘@1@@10/6190@3@%@5%@@@% sonsiglitg phvarieus prpostiansnef ai |
conposi t C i ul £d oil
conposi tﬂlngﬂ %%% %ﬁgpﬂ‘@g?@a’g"‘sﬂ% oPea ?L ter @I}R%%tdjglseageftlt%e P%djraﬁdﬁht and
a nolsbdenorasaddi of the moowei atichdie3&0 qmprimd:gatedasél’a@le ddieloml o anactaadditident i cal
cust onar am)untts of an ashl ess dispersant, a 15 netal detergent, an

anti - oxi PONEZi ne di hydrocar byl dithi ophosphate, and an antifoam The high
frequency reciprocating rig (HFRR) used in Exanmple 1 was used to evaluate
the coefficient of friction characteristics of Qls 3, 4, 5, 6, 7 and C. The
t est prB@U@&I used differed fromthat of Exanple 1, and is shown in Table 5

bel ow. [m20Exanpte 2, a steppedTa S profite was fottowed]
wher eby| each 600 seconds t he tenper g%au&r'e waéﬁpghgrétd by a step of 20 C '1nd

hel d constant for 60( 4 5 7 C
Monoester 0 10 20 30 45 50
Diester 100 a0 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 Oils 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.



seconds until the next successive 20 C ranp. 2004MO 17 -20 Table 5- HFRR
Protocol Contact6 mm Ball on 10 nm D sc Load, N3.9 Stroke Length, mml
Frequency, Hz.20 Tenperature range, C40-140 Tenperature step, C20 Tine

bet ween tenperature steps, 600 seconds Results are expressed as average
fri ction%mg/fd‘lyci ent as a function of 3 tenperature and are summarised in

Tabl e 6 bel ow, where the conpositions tested are referred to as 3, 4, 5, 6, 7
and C in accordance with which ad iBi v, ent they contain. Each val ue
is the average of two repeat test a 5 t ureConposi tion Stage

(C) 34567C 400. 1290. 1270. 1290. 1290. 1280. 127 600. 1270. 1250. 1260. 1260. 1230. 121
800. 1230. 1200.1210.1200.1160. 116 1000.1090..1120.1080.1140.1100. 109

1200. 0770. 084@NtA40. 0920. 0970. 099 1400. 0650. 06308 O¥NOBEIT90.169BM Bis6 {10 Tabl e
6 shows t hatf L8£d,i igueT tenperature the frifctionToefficirent—dect eaggy as t he
Stroke Length, mm 1
Frequency, Hz. 20
Temperature range, °C 40-140
Temperature step, °C 20
Time between temperature steps, 600
seconds

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.



proportion of nono ester increases. \Wereas, at higher tenperatures, around
80 Cto 100 C the Conpositions 3 to 7 becone conparable to Conposition C. As
15 tenperature increases further, between 120 C and 140 C the results for
Conpositions 3 to 7 are superior to those of Reference Conmposition C
2004N{n7mﬂ§&ﬁ§¥anple 3 Additive conmpongpt 8 was prepared conprising 53 mass%
nono ester and 47 5 nmass% di ester. Conponent 8 was blended into a

| ubricating oil conposition, by methods known in the art, to provide
Conmposition 8 and Reference conposition D. Conpositions 8 and D each

cont ai negdxdmglemss % of Conponent 8 as active ingredient and identica
customary anounts of an ashl ess dispersant, a netal detergent, an
anti-oxidant, a zinc dihydrocarbyl dithiophosphate, and an antifoam 10

Conposi tion Pt i LNk it i 3#d a
tri- nucl ear 8Arr€q] %gggmag%@fw@gd%@gg{ .%%’ﬂ%’%%ﬁ%gm ygﬁs@eg?%ﬁo@%{é’ ﬁﬁm and
Conpdsi tiass®® diesferi sEdnmpatienh e mexsr blendgd detoum udbdicating qilr ceingositio2,00y ppm by
mass of no|.ybdenum 15 The high frequency reciprocati rig (HERR) .used in
ol e TeE8S SN B Tk, gt db erovide Coiposiian B 6 Hifteidrtn PRt Bt s
of G ls Gompdsitond '@ drRSD aRhOeehtaineded Iasadd @, SGMEcrspdrtt 8s&fl dofivéxanpl e
2, and as set out in Table 5 above. Results are expressed as average friction

coef f i ci igtedignt aang nidentiealocustemary nprapdntsr of sz aghdessudigparsant. ih maldle 7

bel ow. UL i Syl er : eat: Ltion

Torper aﬁt&{tgrg&@t, S?% ga;htﬁ %?d%rgo_%‘%%%%%ca'fm hidhsPhatt2 Uit anCaRMBS
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
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




600. 1210. 126 800.1160. 119 1000. 1080.112 1200.1010. 105 1400. 0800. 100 2004M17
-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 friction
coefficient conpared to an equivalent conposition conprising a di-nuclear
ol ybdemypy rce. 5 Exanple 4 Two addi;hi ve conmponents were prepared

consi sting of various proportions of a nonoester (glycerol nono-ol eate), a

di ester (gly rol dioleate tr| st er iol.eate). The
ot opor 1 ons. TEGRES3es T 1ABi, Birst fBhEbaleAL bR eoutlinpR Manedfia 10
i n Tabl etrighedapmndlghdaramh saddjetmgmﬂ@mmcmeﬂms thalitietich dsiffitientecdroparedent 910
Monoest er 00 Di ester500 Tri ester50100 Each co%nent was bl ended into a

| ubri cat?hgayva eEb?ﬁiBB??'t'%’hco'BP”ﬁ'ﬁg Juciesn WPASNVIM §RUEL: | to provide a
fully formulated oil conposition containing 0.3 mass % of the conponent as
active ingredient and a nol ybdenum additi ve providing 200 ppm by nass of

nmol ylbdeniopxampledt i denti cal customary anmounts of an ashl ess di spersant, a
netal detergent, an anti-oxidant, a zinc di hydrocarbyl dithiophosphate, and
an antifoam 20 The high frequency reciprocating rig (HFRR) of Exanple 1 was
used to eval Upi@ adtlive d@igdrein®vefd pfeparéd @BnsiBEAGCF BliSld pPopditidds 6f & and

10. The test protocol is the sane as that used in Exanples 2 and 3 and as
shown i nmPageHes(dyrsrel mono-oleate), a diester (glycerol dioleate) and a triester (glycerol

trioleate). The proportions, by mass %, of the mono, diester and triester are indicated

10 in Table 8 below for each additive component.

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 Qils 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.



Results are expressed as average friction coefficient as a function of 25
tenperature and are summari sed in Table 9 bel ow, where the conpositions
tested are referred to as 9 and 10 in accordance with which additive
conponent they contain. 2004MOL7 -23 Table 9 Conposition Tenperature 910
Stage (GoARfh12270. 133 600. 1270. 141 80(31230. 134 1000. 1010. 074 1200. 0720. 070
Tabl e 9 shows that at higher tenperatures, the conposition conprising a b5
greater proportio riester is generall jaor to the conposition
conprising a Iomgﬁﬂ%?%portion of triester&ogﬂgﬁkkﬁl7 -24 CLAIMS: 1. A
conposi tion conpri sinpempefafirean oi |l of |ubrnicating viscesity; 10 (B) as an
ester additive conponent, Q or nore_esters of glycerol|and a carboxylic
acid containing 12 tofgﬁgeégﬁbn atons?and 0[to 3 &8rbon-|carbon doubl e bonds
wherein I ess than 50% by 4jpsS Of Thg gnhponent  (§38N€ Of nore nonoesters;

and (C) as a further| additive conponent, an|oil-soluble polybdenum conpound.
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.



2. A conposition as clainmed in Caim1, wherein 45 or |less than, preferably
40 or 15 less, such as 30 or less, %by nass of the ester additive conponent
is one or nore nonoesters. 3. A conposition as claimed in Caiml or Caim
2, wherein the carboxylic acid is a saturated or unsaturated Cl6 to C18
fatty aC'b(?bw?di‘%h as oleic acid. 20 4. 54(_:orrpositi on as clained in daiml, 2
or 3, wherein the oil-soluble nolybdenum conpound is a trinuclear nolybdenum
conmpound A conposition as clained in any one of Clains 1 to 4, further
conprisigbilﬂﬂﬁ-or 25 nore co-additives, different from (B) and (C), selected
from ashl ess dispersants, netal detergents, corrosion inhibitors, netal

di hydrocar byl dithiophosphates, antioxidants, pour point depressants,

addi ti ondl frA&empasiieaicomarisingnt i f oam agents and viscosity nodifiers. 30
6. Alubricating oil concentrate conprising: (A) an oil of lubricating
viscosity; 2004MO 17 -25 5 (B) as an ester additive conponent, one or nore
esters of gl y@@r olanagidofdubricatingxyddositgci d contai ning 12 to 30 carbon atons
and 0 to 3 carbon- carbon doubl e bonds wherein | ess than 50% by mass of the
conponent is one or nore nonoesters; and (C) as a further additive

conponent, angyi | -#0hHMReMBHYIAGE HMPOPBRE WHE of mdteCEERNDT glyRerRS dhdahned in
Caim6, wherein the oil of lubricating viscosity is present in an anmnount of

from30 to 70 massSarbaxylig. acid mentaidingot2 terpitocaibgnt alenis apdi ® o b@afamat i on
‘ . | . . oo ) :
ShAN Lnternan conaid ABupRddifs Fhedth RRSIALA BBvd BURGLAL Uf il Eorfi¥Gitat ©

90C, conprising opéera he engi ne and i catl
conpbsi tion as cl &dswad drmeaeymomeestérsChd ns 1 to 5.

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

2. A composition as claimed in Claim 1, wherein 45 or less than, preferably 40 or
15 less, such as 30 or less, % by mass of the ester additive component is one or more

monoesters.

3. A composition as claimed in Claim 1 or Claim 2, wherein the carboxylic acid is a
saturated or unsaturated C16 to C18 fatty acid, such as oleic acid.

20
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
25  more co-additives, different from (B) and (C), selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarby! dithiophosphates, antioxidants,
pour point depressants, additional friction modifiers, antifoam agents and viscosity

modifiers.
30 6. A lubricating oil concentrate comprising:

(A)Y an oil of lubricating viscosity;



15 9. The use of an additive (B) in conbination with an additive (C) as
defined in any of Clains 1 to 4, for enhancing the friction-nodification
properties of a lubricating oil conposition in the lubrication of an

i nternal conbustion engine at operating tenperatures in excess of 90C 20
10. A cosgpsidiron conprising: 25 (A) amsoil of lubricating viscosity;, (B) as
an ester additive conponent, one or nDre esters of glycerol and a carboxylic

aci d contal ni g 124 g 30 GALRANYE SRR brlkOoP rfAEEErs"Bf BRRARRles DOnds

wherein | ess € 'Cco Onen i'S Oné or nnnoesters
and (C) as a furt hmrb@@tﬂctaox@ cootgningnt2 tarBlocarbeal atohes &and-hucl @arbon-
nol ybdenum 30 co 2004MO i on as ned in . Caim

10, wherein 50 or?og‘é}gf’ﬂﬁwe e‘?’g‘%rlgipl%% A" g@f“’éﬂ%ﬁ? 9%81' a'%PP?'begE or 30

or less, % by nasqs%etdp%ﬁgtrﬁén@égﬂé,tslyﬁdcorrponent is one or nore
nonoesters. 5 12. A conposition as clainmed in Claim10 or daim1ll, wherein

t he Ciirboxyllc acid |s a saturated or unsaturated Cl6 to C18 fatty aci d,

such as ol ef el d olind GO0 EOLRBNAR, Sh BB ribezhy y Lo 12,

wherelntheo BT |ng VI'SCOSTTY IS "presen conce P2 e-form ng
anount. 10 14. A conposition as cl ai rred in Caiml13, wherein the
concentr te for m n anmount 1S frAr(IJIaI 0 nass% Qr 03| tion as

(0]
cl ai med tiatRas; glajraed ORISR A (P HBT AR s ot 1S

co- addi tbpégém ,Q|afnféﬁﬁg@,tt SFrFRIM gg)toqoqngg% sel ected from ashl ess di spersants,
metal 15 detergents, corrosion inhibitors, nmetal dihydrocarbyl

di thl(_bphosphat es, antioxidants, pour point depressants, additional friction
modi f i erg. anA 'n];e(tﬁg& ?&?th?oméjthvé fricisn %dlﬁzgﬂbrﬁ bP54R internal combustion engine

at an operating temperature in excess of 90°C, comprising operating the engine and

lubricating the engine with a composition as claimed in any one of Claims 1 to 5.

Is 9. The use of an additive (B) in combination with an additive (C) as defined in any
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.
20 10. A composition comprising:
(A) an oil of lubricating viscosity;
(B) as an ester additive component, one or more esters of glycerol and a
25 carboxylic 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

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

30 compound.



16, A method for inproving the friction nodification of an internal
conbustion engine 20 at high tenperature conprising operating the engi ne and
| ubricating the engine with a conposition as claimed in any of Cains 10,

11, 12, and 15. 17. A method as clainmed in Caim 16, wherein the high
terrperatngO'sI in excess of 90C. 25 18, The use of an additive (B) in

conbi natlon vmth an additive (C) as defined in any of Cains 10 or 12 for

enhanci n the hi gh-t erature tio ifi.c roperti f
by 1 cat Thy oh PoRBRBBERESHEMTEd R0 RAEEI o et Hem areieehblss o6n
engl ne. Iess, such as 40 or less or 30 or less, % by mass of the ester additive component is

one or more monoesters.

5 12. A composition as claimed in Claim 10 or Claim 11, wherein the carboxylic acid is

a saturated or unsaturated C16 to C18 fatty acid, such as oleic acid.

13. A composition as claimed in any of Claims 10 to 12, wherein the oil of lubricating
viscosity is present in a concentrate-forming amount.
10 14, A composition as claimed in Claim 13, wherein the concentrate-forming amount

is from 30 to 70 mass%.

15. A composition as claimed in any of Claims 10 to 14, further comprising one or
more co-additives, different from (B) and (C), selected from ashless dispersants, metal
15 detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates, antioxidants,
pour point depressants, additional friction modifiers, antifoam agents and viscosity

modifiers.

16. A method for improving the friction modification of an internal combustion engine
20  at high temperature comprising operating the engine and lubricating the engine with a
composition as claimed in any of Claims 10, 11, 12, and 15.

17. A method as claimed in Claim 16, wherein the high temperature is in excess of
90°C.

25
18. The use of an additive (B) in combination with an additive (C) as defined in any
of Claims 10 or 12 for enhancing the high-temperature friction-modification properties

of a lubricating oil composition in the lubrication of an internal combustion engine.



