1 A LUBRI CATING O L COVMPCSI TI ON FI ELD OF THE | NVENTI ON The
present invention relates to autonotive |ubricating oil conpositions,
nore especially to autonotive |ubricating oil conpositions for use in
pi ston engi nes, especially gasoline (spark-ignited) and diesel
(conpression-ignited) crAafREBREATENGJAAL 6OMBOSITEONposi ti ons bei ng
referred to as crankcase lubricants. In particular, although not
exclusively, the present invention relates to use of additives with
frictiopipmodidhyqaik PRVRNCRENi es in autonotive |ubricating oi

conposi T1ons. BACKGROUND OF THE | NVENTI ON A crankcase | ubri cant
is an oil used for general lubrication in an internal conbustion
engi ne where-an oil suy .S S| ted ner.al | y . bel ow the crankshaft

of “the engi nbraree® ViTatBa e ki FE UG Rl RE Y SHS oGP R gmore
t o i ncl egeciagdiié lav@sndtive QuBidetiag oil thfip &SRS HOhses @y gistin PriRSS especially
Friction nodifiers, also referred to as friction-reduci ng agents, may
be boungapyngd@ptikvaritadhafind pdipsl e(WBYPrewepiEyted) i ernlise o@gflf:%él@m such

and hen i mpr.ove.f.uel ony; .t descir.i bes e..of; ycC

ronocet ARG o HE eBEQIPT o' RanRldse JRBALARES (8 DRl flilen not
US- A- 4, 630Gy, BP- fre@nDIdvarion abes\Wo- As® bf 7283 8/es Griyle erioliommnabitaion
friction nodifiers haye been and _are used conmercially.

Lubr i caPPOPEes IFLanPdrlubrietiBa O FPHEOHBP®: exact i ng. For exanpl e,
passenger car notor oil (PCMO) specifications have or will require
nore stringent fuel econony performance, such as in respect of

i npr oveBAGIEGREHINDD F rTEHE ANVENTIKMNWN friction nodifiers such as

gl ycerol nonoesters may not be able to neet those requirenents at
noderate treat rates. 2 The art describes chem stries other
than gl ycer ol ¢eieest RbScas i@y bilGsdd foetdefdramdiitdiatin QR iREARE tbinBsstion
For exanple, US-A-5,840,662 ( 662) describes, as a friction nodifier,
a succi eigneantyr irelltvam isssifgie-ssuerstly thelas th ernlsshgBmicthe gngigetand to
C30 iso ' ke up,: [ : t LT -

“o02 ; s mehan B8l eudh Ri BeliahOyb b SRR HERNEG AL i ST BBy for
al I udessdveratppipbeabi ity to "a wide variety of lubricating oils (e.qg.

, crankcase engine oils, etc.)". '662 nmakes no nention of fuel

econony retention. SUMVARY OF THE | NVENTI ON The present

i nvention neets;:th oM &H cr

| ubri cant fr?%?F%hﬁﬁ%ﬁ?%ﬁe@%?p%§$%£¥%Q%rggﬁFgg%¥?§ga#%@§$?§§gbelxmnmny
car ryi ngddaivgshadti apemie bpdawbiyig Grooupsoeffiieccoatd hatcetimptdve fanhganogigs the

of '662, the hydrocarbyl grqups are linear (i.e. unbranched). The

Gata | ni HSOaCI ChiglB e MORGTSTt doe BISHPN o oG R aof darifiplenn US-A-
probl emy 4ds hhe DKL ABloANEPEAANSE D48 hAPWBLLS10DISOMOYRAS] WonBester
| i near substituent groups as opposed to branched substituent groups.

| n accofrisineenadifidrs Aate esn and preorsed cdrampragdlynt i nvention provi des a
crankcase lubricating oil conposition conprising or made by adm xi ng
(A) an oil of lubricating viscosity; and (B) as an additive

conponent, ONgb@fanMBpeifMatiofOhrebboMigBMcte 2GAdingN 6l éxtd@gle,t fi@scdiker car
each anhydride carrying at | east one |inear unbranched aliphatic

hydr ocafigifr §hol(f-M&Ni rpcifratignsadaves fehwald reguiry mare sEgeH Agcdpeconomy
Aceor di pgdfhafted CERRdARP Sebecrt BE iRPESER bV ERLEAN REMISSC RWIPHAR:
of enabling a passenger car notor ofl conposition-‘to achieve a

r educedmbdifregkaryctf nk aily@nolc awhbdstare maywnen bk hebloitd meetf thesh rapdretnents at
retain that boundary friction performnce under oxidative conditions,
whi ch nﬁPH@BWGHWbPFé%S provi di ng the conposition with nminor anounts

of one or nore additives (B) as defined in the first aspect of the
invention. The oil may neet the viscosity-dependent fuel econony
specifications of G--4 as neasured on the sequence VIB engi ne test.
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(i) providing, in a mnor anount, one or nore additives (B) as
defined in the first aspect of the invention in a major amunt of an
oil of lubricating viscosity to nmake a lubricant, to inprove the
friction nodifying properties of the lubricant; (ii) providing the

| ubri cant toThderCuakieas @hehistie biktetmnal BBt ShbRseRIuNGiav{rg Frlction
provi di ng a hydrocarbon fuel in the conbustion chanber of the engine;

a ny . X . gLr
and (i vinodidiepiien ipseperties. f U&r ¢ximme Pomist40462c habedescribes, ay g {ijtign
speci fi ion, . £ 0 L: I 4 EONS;. | d, Whe
St R e e S By Ui AR AL S
refers tl@emddirbipeorndd éiliyabathasdd alRylnadalel.| Ul iomadd) wentgmed with power
“conprising . or any cognate word specifies the presence . of staEed , :
f eat ur e§ansaise, s PRt Bdehs algpdeg ShrBBRKAPU Bt 2 dods VADELY phleluPlicingrls
presence. or cAREdsk ORoiRE o ROQIOP . PRIEMALRGE MERLH S el SRy LhAGRT S,
conponents or groups thereof.” The expressions "consists of' or
“consists essentially of' or cognates may be enbraced within

"conpri " ar [ "consists essentially of' permts
inclusigﬁigﬂggﬁgg uﬂ%ﬁinﬂgg ?g.u.iall affecting the characteristics
y g

of the conposition to which it applies; "hydrocarbyl" neans a
chem cal group of a conpound that contains only hydrogen and carbon,
atons and t h&he pesporideativo méees the Pyl probim birevapgurrdcankeet lypricant

via a carbon at "0i ]l -sol ubl e".or."olk-di spersihle" 3

Verms, el eeof i Sl iy i TR B H s bl Gy o
addi ti vesntRgetosak uhhgiridds 8 od6rallechydid@ghlceouRraratifet ghabindraichédi nthe
suspended in the oil in all proportions. These do nean, however, that

t hey ar data fipthis saemifieatios glegomatiae selubipn wf dhes fpehaicy| rroplamoin) the @righ art and
ext ent f11.ci e : I j

- aii cRpEtfthor AaBEt boriil W ARG i Bube S FRMSLA TR hched
i ncor posdtsiimeniofrooisher addi tives may al so permt incorporation of

hi gher levels of a particular additive, if desired; "mjor anmount”
means in excess of 50 mass % of a conposition; "mnor anopunt” neans

| ess than SOBfma%éor%Iﬁfce ik AP AR tdsBor, tHBNred®RANGvdBbA! pRIRRs N8 kcase
as neasured by ASTM D2896; "phosphorus content” is measured by ASTM
D5185; fubukdting @benngpsitidnscompaisinged niade ASTNMDAG22; and "sul f at ed ash
content” is nmeasured by ASTM D874. Also, it wll be understood

t hat various conponents used, essential as well as optinmal and
custonary, n@g)rea&bugpﬂgﬁmggﬂgﬁyk@mﬁg@ﬂ formul ati on, storage or use
and that the invention also provides the product obtainable or
obtained as a result of any such reaction.

(B)  as an additive component, one or more oil-soluble organic acid anhydrides, the
or each anhydride carrying at least one linear unbranched aliphatic hydrocarbyl

group having 12 to 36, such as 12 to 24, carbon atoms.

According to a second aspect, the present invention provides a method of enabling a
passenger car motor oil composition to achieve a reduced boundary friction coefficient when
the oil is fresh and to retain that boundary friction performance under oxidative conditions,
which method comprises providing the composition with minor amounts of one or more
additives (B) as defined in the first aspect of the invention. The oil may meet the viscosity-

dependent fuel economy specifications of GF-4 as measured on the sequence VIB engine test.

According to a third aspect, the present invention provides a method of lubricating

surfaces of an internal combustion engine during its operation comprising:



Further, it is understood that any upper and | ower quantity, range
and ratio limts set forth herein may be independently conbi ned.
Furthernore, the constituents of this Tnvention nay be isolated or be
present within a mxture and renmain within the scope of the

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The features

of the invention relating, where appropriate, to each and all aspects
of the inveni) on,providingnowe benaesoninhedeion nuwe addiét/ai {B) as dkhddomshe first
O L OF LUBRI CATI NG VIS ITY'éA 5 bl ended, fo exa i roduce a
Flnal 1 ubr i cant (PO BTG e b PRRBTOuR Shan & BRADrisRiing Gcosty T
useful for makingngRNERBEER:ES 1ﬁgrdw|tl|1e ﬁﬁ:tlf)ﬁ’End@iﬁ?id@@bré;&é@tﬁés‘lﬁnﬁélubncant
therefrom A base oil may be selected from natural (vegetable,
ani mal or mineral) and synthetic Iubrlcatlng oils and m xtures

thereof It r@' ran v1d1n t%e ?uflj‘y t){o tl{eocrrndllkc OchlEi mtemaq UQ50r61?t‘!Ilggl : ?\

to heavy | ub cath” g o1 gas eng Mneral g
oil, notor vehicle oil and heavy duty dlesel oil. Generally the
VISCOSIty of the oil ranges from2 to 30, especially 5 to 20, mms at
100C. ({ak urRPvisings hyssocaeonsdeliathesnminsgen sisinges pf he eagge; and
castor and lard oil), liquid petroleumoils and hydrorefined,

solvent-treated mneral lubricating oils of the paraffinic,

napht heni c aiirdd m ctesbpanafieifmdlda deplitbestiian ¢thppewsr. G |'s of | ubricating
viscosity derived fromcoal or shale are also useful base oils.
Synthetic lubricating oils include hydrocarbon oils such as

pol ymeri zed @ngjl S?E&ﬁ@eﬁ oﬁnﬁfe'%ﬁ&vfﬂhgffrdrﬁ§ aﬁ@eﬂnes@@nﬁ’qgﬁﬂd GReR used have the
pol ypropyl enes, propyl enelisobutyl éne copol ymers, chlorinated

pol ybut mtemess, aspobeyg(tkidvexenes), pol y(1-octenes), poly(1l-decenes));

al kyl benzenes (e.g. dodecyl benzenes, tetradecyl benzenes,

di nonyl benzenes, di (2- ethyl hexyl)benzenes); pol yphenols (e.g.

bi phenyl's, terphemyt&licn®! dyh@t pteRed doRiiaRRe aterd) thad idnd: At1aeht Gk phiea!
ethers and al kyl at €d di phenyl sul fides and the derivatives, anal ogues
and honDIogues t her eof . Anot her suitable class of synthetlc
lubricating oils conmpri &3k i rb g

pht hal i ¢ aci acon?ﬂlélclzl nloé ag i éé] Fd’ gplfgéf}egltgea reg S anééi? cﬁ%a&"ﬁes steps, or
succi ni ¢ aci @segeRadr@ofmpands, batz@cbealmt p&bmdesheb@tmc@cr ﬁﬂdl&ﬁb@&bt@ or more
acid, fumaric acid, adipic acid, linoleic acid diner, malonic acid,

al kyl mal oni cOthgi detiuiss.kEPRE IRERER CORMPPRRNSS Wit BOHPS, Absrealy ofheaprRRsiass
(e.g. butyl | o hEX Yo yl ..a , hy),

al cohol , eth?%gﬁggg @cg EdﬁhﬁﬁQ%%H%Q $%b(n &%ﬁ%gﬁln;yg%o%fﬁgﬁga within
gl ycol). Specmﬁumme%anpkmgnﬂ&stWhaeme§MBmsm|naku@ﬂhdnﬁhtwhnmﬂnmauﬂoncﬁ

di (2-ethylh I bacat t bacat
i | sooctyl  SHPIRRGS T regsiy) Seseradns, e epH e o B aderhich i

pht hal at e, dgﬁﬂﬁgsyl sebacate, the 2-ethyl hexyl diester of linoleic
acid dinmer, d the conpl ex ester fornmed by reacting one nole of

sebaci c aC|d with two noles of tetraethylene glycol and two noles of

2- et hyl hexangi ¢ _aci,d... 6 S _us

Frcl bt nos AT omReas ¢ s RRNBAT bin R BN GaE b PoRfoeen
and pol yol eifiedsbEtabma snd &P enbtded iy 8@l rendalideBbhitk @bRipepaAD Birectly via a
pentaerythritol, dipentaerythritol and tripentaerythritol.

Unr ef i ned, reFbenetiomnd re-refined oil's can be used in the

conpositions of the present invention. Unrefined oils are those
obtained directly froma natural or synthetic source w thout further
purificationdiredibtEnor “bidrdigpraindt’e,oracoghat ecohd, bt akread ddi ;fceotebyssarily
fromretorting operations, a petroleuym oil obt aj ned directly fro

di stillationngicaigsthar thi ForppRuRinhof adiiives [2je FelghieaAissalyahie tﬂ&&t%n@f are

process and y; gs&ewfbmgfsutdeﬁtéa% thd &RITRDE opﬂﬁtoqs beLUBB 1ﬁ&%dh&béver that

. . T
Refined oils are simlar to the unrefined of s except they have been
they are, for example, soluble or stably dispersible in oil to an extent sufficient to exert

their intended effect in the environment in which the oil is employed. Moreover, the



7 (B) above, optionally with one or nore co-additives. The oil of

| ubricating viscosity used in a concen%rate is a suitabl e ol eagi nous,
typically hydrocarbon, carrier fluid, €.g. mneral lubricating oil,

or other suitable solvent. Qls of lubricating viscosity such as
described hefg&jifondSndtepdrain, & bm@fuaii&tivéka&lﬁ& W& GernANtheBiBRRbhCof higher
hydr ocar bons, are exanples of suitable carriéer fluids for

concent r at eslevels of a p@dgclentddities ifcdensed;t ut e a conveni ent nmeans of
handl ing additives before their use, as well as facilitating solution
or dispersion of additives in lubricants. Wen preparing a |ubricant
t hat cont ai NsyERE BmbhAN Ak V8 Riof et Yeof(SQmidsint eferred to as
"additive conponents"), each additive may be incorporated separately,
each in the formof a concentrate. In many instances, however, it is
conveni ent t o, provi.de.@ 50ncaLl fd, 3001 LL Yeor pagkaasio (al so referred
to as an "adpac conprising one or nor ¢a-add I'ves, such as
descri bed hereinafter, in a single concentrate. To obtain a
crankcase lubricant, the oil of |ubricating viscosity nmay be provided
in a major anbBNt MmeaRs BHHBAIFAUTERET #F AR Wbﬁsaﬁ%ﬁﬁgmﬁf additive
conponent (B) as defined herein and, if necessary, one or nore
co-additives, such as described hereinafter. This nmay be done by

addi ng t he atglidsph@usconeatt’ is rhanstiled beiASTVM DiSaddi ng it in the form
of a concentrate thereof to disperse or dissolve the additive.

Addi tives may be added to the oil by any nethod known to those
skilled in thg@fton®htt Nehe8fAR AGTMIDE D2 R L1 M as, or after
addition of other additives. Preferably, the oil of lubricating
viscosity is present in the lubricant in an anount of greater than 55
mass % nore. preferabl reater th 6 % even nore preferably
greater than %%f%‘@s%g&qm%?isésdn%%uf%e%yt‘%%mpfs% of the |ubricant.
Preferably, the oil of lubricating viscosity is present in an anount
of less than 98 mass % nore preferably |less than 95 mass % even
nore pref er aBllsp, itexil hengnlestposebal wyiopd seEpYsnistised,craintiphasswell s ptimal
| ubrica Th "ol -s0ol.ubl e” "l - di si.pl e, qr
cognat o b HLOmERad e ath 48t PRI RsC oL Myl SERGIe RSy gt the
conpouniisemtorpgleh pioveis diepredicubbiainable 93 obiaklias amsattidilhey seh raf@ion.
capabl e of being suspended in the oil in all proportions. These do
nmean, however, that they are, for exanple, soluble or stably

i spersibl e kAl ARl Y LS AT 100/SKER kst HAE B SRR s

effect in the environnent I n e ol Is oyéd. “Mor eover, the
addi t i oftath heSeih megripanddpeodenty cotrtbhéredaddi ti ves may al so permit

i ncorporation of higher levels of a particular additive, if desired.
The lubricants of the invention nay be used to | ubricate nechani cal
engi ne conpopgAtEmoPalilid &dHsBlublision thidt®eABbn GRAFIHASEIIAR @NBE PeSent®yBhin a
spark-ignited or conpression-ignited two- or four-stroke

reci pr ogaxtbreangnginamsyitloy thedigppryot the invgbtiorsant t her et o. The

| ubricating oil conpositions of the invention conprise defined
conponents that nmay or nmay not remain the sanme chem cally before and
after NDETIIVED DESCRIFEBHN OB TEH INEENTION | nvention enconpasses
conpositions wnich conprise the defined conponents before m xing, or
after m xing, or both before and after m xing. When

concentrates . . ri

i1 ut od wi ¢ n g Lot Be SREGuTRIAHAL AR BoroblEY, Bbhch Ry BYATRLE P
| ubr i catnvagtion, sdbsiotwhepkscribat tin by ravég sl af follbesconcent r at e. The

| ubricants of the present invention may contain | ow | evel s of
phosphorus, nanely not greater than 0.09 mass % preferably up to

0. 08 magyr ‘OF TATSRACKRTENEV W edsiPyfaP6 mass % of phosphorus,

expressed as atons of phosphorus, based on the total mass of the

The oil of lubricating viscosity (sometimes referred to as “base stock™ or “base 01l”) is

the primary liquid constituent of a lubricant, into which additives and possibly other oils are



In (B), the organic acid anhydrides are anhydri des of carboxylic
acids and may be cyclic or linear. The_cyclic anhydrides may be
al i phatic such as anhydri des of dicarngylic acids, for exanple
havi ng a two-carbon atom chai n separating the carboxyl groups,

particu | fot i . bei i N ! i .
oo < U AR LM PV AR 0O YB3 o
exanpl eispbéfaaldr enakidyycincergratekhe wellne dor raakiyg hitdesntatherdisonsymet ri cal

anhydri des of nonocarboxylic acids or m xed anhydrides of different
nmonocar boxyl i ¢ aci ds. Wthout wishing to be bound by any

theory, it ig belbavgd, EJ‘?éle&&?fr@ﬂ%rhgg@%@thﬂepﬂﬁﬁﬁi 6ORirefal) and synthetic

| ubricants and to achi‘eve the performance benefits described her€in,
ar e conkbritathigenitsoancambowygs ihereadi dsmaamangenig ascobign onmohghtghstdlate mineral

al i phatic hydrocarbyl .substituent group. .. . h _anhydride, as. :

St at od, O 140 O RAR el A e R g TR ¢ moor ficte o

hydrocaﬁ&yﬁeagggu@ &3340 BY. BenkRlPthe WEERItAST ' diPraddss f&@h 20D 38t dPecially 5

For exanpl e, hydr ocar byl group may be saturated, i.e. be an al ky
deutd

group, r2lpewys (BChond unsat urat ed hydrocarbyl group having one

or nore sources of unsaturation, preferably an al kenyl group.
Preferably, the or each anhydride is nono-substituted with an

al i phatic hydeeearbyd igedep aniiierindi vaushsld toils e@,g. tdastos udt jatdienl), liquid
groups are i ndependent. i Preferably, (B) is . a succinic .
anhydr i Beole oals and bxdsersfisedsopvant-treaied aniperp! BOTGRHRG eihegf dhe paraffinic,
substi t cclqni ] - Q! 1 | 4

Cunbr ant o oA AEEAETaRhpE oL R of 1R En s Sty gE e from
at ons. taul ar graéf @e nsd wxtahpdse pils.he hydrocar byl substituent or Ris

n- oct adecyl. 10 Suitably, the additive conponent (B) is

present in an anmount of 0.1 to 10, preferably 0.1 to 5, nore

preferably QS}ntE@[i@’luﬂﬁé“aﬁn%O 8fis tineubidbEdr8diborPasiRd s@h tlhe pbighrtize@Smd
of the lubricant. CO ADDI TTVES Co-additives, with ]

r epr esemtapplymedtédcolefies arfognt solyhulylgpes.c aprlgpropHanespaprapyisgeigobutylene
pr esent i

different fr additive conmponent (B), are |isted | Ow. .

Phe-val by gt eanbaf] R0huSed BT Rt Lo YE g P tecdiesy
Addi ti vekMasszeHedbsE. 0% {RiceabinkRisel eetigdbcybehiass Dibpeyisaienes, di(2-
ethylhexyl)benzenes); polyphenols (e.g. biphenyls, terphenyls, alkylated polyphenols); and

alkylated diphenyl ethers and alkylated diphenyl sulfides and the derivatives, analogues and

homologues thereof.

Another suitable class of synthetic lubricating oils comprises the esters 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-ethythexyl alcohol, ethylene glycol, diethylene
glycol monoether, propylene glycol). Specific examples of these esters include dibutyl
adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate,
diisodecy! azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the Z-ethylhexyl
diester of linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

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



0.1 -201 -8 Metal Detergents 0.1 - 15 0.2 - 9 Friction nodifier O -
5 0- 1.5 Corrosion Inhibitor 0 - 5 0- 4.5 Metal Di hydrocar byl
Di t hi ophosphate 0- 10 0 - 4 Anti-Oxidants 0 - 5 0.01 -3 Pour Point
Depressant 0.01 - 5
Esters useful as synthetic oils also include those made from Cs to C2 monocarboxylic

acids and polyols, and polyol ethers such as neopentyl glycol, trimethylolpropane,

pentaerythritol, dipentaerythritol and tripentaerythritol.

Unrefined, refined and re-refined oils can be used in the compositions 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 from
retorting operations, a petroleum oil obtained directly from distillation or ester oil obtained
directly from an esterification process and used without further treatment would be unrefined
oil. Refined oils are similar to the unrefined oils except they have been further treated in one
or more purification steps to improve one or more properties. Many such purification
techniques, such as distillation, solvent extraction, acid or base extraction, filtration and
percolation are known to those skilled in the art. Re-refined oils are obtained by processes
similar to those used to obtain refined oils applied to refined oils which have been already
used in service. Such re-refined oils are also known as reclaimed or reprocessed oils and
often are additionally processed by techniques for removing spent additive and oil breakdown

products.

Other examples of base oil are gas-to-liquid (“GTL”) base oils, i.e. the base o1l may be
an oil derived from Fischer-Tropsch synthesised hydrocarbons made from synthesis gas
containing H, and CO using a Fischer-Tropsch catalyst. These hydrocarbons typically require
turther 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 0il may be categorised in Groups I to V according to the American Petroleum
Institute (API) publication “Engine Oil Licensing and Certification System”, Industry
Services Department, Fourtenth Edition, December 1996, Addendum 1, December 1998;
1509 definition.

When the oil of lubricating viscosity is used to make a concentrate, it is present in a
concentrate-forming amount (e.g., from 30 to 70, such as 40 to 60, mass %) to give a
concentrate containing for example 1 to 90, such as 10 to 80, preferably 20 to 80, more

preferably 20 to 70, mass % active ingredient of an additive or additives, being component



0.01 - 1.5 Anti-Foamng Agent 0 - 5 0.0Q001 -0.15 Suppl emrent Anti-Wear
Agents O - 50 - 2 Viscosity Mdifier (1) O - 6 0.01 -4 Mneral or
Synthetic Base O Balance Bal ance (1) Viscosity nodifiers are used

only i n%ﬁ‘)ru{l])to\/e %ﬁg 1 one or B ol zﬁiﬂitb el b’ﬁ"i}@?ﬁ'%f 1dbYi 9&&%' Jideo ir O?ﬂsz@ﬁn a

bl endi n e Or eac tlve Into t ase ol ain

to 25, eterabliy b %ﬁaﬁlB olbg/g)nma;l Ityplzallyo hyBrocames, %xnfer aﬂi&ddi iev@smineral
i.e. and an co-a d|t|v heing oil of bric
V|SCOS|%V”CM”WT & Ah8 %ibﬁ%ﬁe@3 BﬂgiWBQC%F% YPLS¥ S é iR ‘ﬂmﬂ%d

further hé}@l{natli w@ﬁ ab QlihIONe; n?gﬁhtﬂe‘ilé( QQH"Qrohﬁhtlhhﬁ'dﬁfchrbo%Qrﬁ?e add 1y essiG@ble
provide a multiplicity of effects, for exanple, a single additive may

act as eardesiedstmtcordediraies.an oxi dation inhibitor. 11

Concentrates constitute a convenient means of handling additives before their use, as
well as facilitating solution or dispersion of additives in lubricants. When preparing a
lubricant that contains more than one type of additive (sometime referred to as “additive
components”™), each additive may be incorporated secparately, each in the form of a
concentrate. In many instances, however, it is convenient to provide a so-called additive
“package” (also referred to as an “adpack™) comprising one or more co-additives, such as

described hereinafter, in a single concentrate.

To obtain a crankcase lubricant, the oil of lubricating viscosity may be provided in a
major amount, in combination with a minor amount of additive component (B) as defined
herein and, if necessary, one or more co-additives, such as described hereinafter. This may be
done by adding the additive directly to the oil or by adding it in the form of a concentrate
thereof to disperse or dissolve the additive. Additives may be added to the o1l by any method
known to those skilled in the art, either before, at the same time as, or after addition of other

additives.

Preferably, the oil of lubricating viscosity is present in the lubricant in an amount of
greater than 55 mass %, more preferably greater than 60 mass %, even more preferably
greater than 65 mass %, based on the total mass of the lubricant. Preferably, the oil of
lubricating viscosity is present in an amount of less than 98 mass %, more preferably less than
95 mass %, even more preferably less than 90 mass %, based on the total mass of the

lubricant,

The terms “oil-soluble” or “oil-dispersible”, or cognate terms, used herein do not
necessarily indicate that the compounds or additives are soluble, dissolvable, miscible, or are
capable of being suspended in the oil in all proportions. These do mean, however, that they
are, for example, soluble or stably dispersible in oil to an extent sufficient to exert their

intended effect in the environment in which the oil is employed. Moreover, the additional
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Acid anhydrides useful in the present invention may be commercially available or may

be made by methods known to those skilled in the art.
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100 (Broad) (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 0.2-9
Friction modifier 0-5 0-15
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate 0-10 0-4
Anti-Oxidants 0-5 0.01-3
Pour Point Depressant 0.01-5 0.01-15
Anti-Foaming Agent 0-5 0.001 - 0.15
Supplement Anti-Wear Agents 0-5 0-2
Viscosity Modifier (1) 0-6 0.01-4
Mineral or Synthetic Base Oil Balance Balance

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

The final lubricant, typically made by blending the or each additive into the base oil, may
contain from 5 to 23, preferably 5 to 18, typically 7 to 15, mass % of additives, i.e. (B) and

any co-additives, the remainder being oil of Tubricating viscosity.

The above mentioned co-additives are discussed in further detail as follows; as is known
in the art, some additives can provide a multiplicity of effects, for example, a single additive

may act as a dispersant and as an oxidation inhibitor.
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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. For example, a dispersant maintains in suspension
oil-insoluble substances that result from oxidation during use 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-containing, and
hence ash-forming materials. They comprise a long hydrocarbon chain 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.

A preferred class of olefin polymers is constituted by polybutenes, specifically
polyisobutenes (PIB) or poly-n-butenes, such as may be prepared by polymerization of a Cy

refinery stream.

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 is constituted by hydrocarbon-
substituted succinimides, made, for example, by reacting the above acids (or derivatives) with
a nitrogen-containing compound, advantageously a polyalkylene polyamine, such as a
polyethylene polyamine. Particularly preferred are the reaction products of polyalkylene
polyamines with alkenyl succinic anhydrides, such as described in US-A-3,202,678; -
3,154,560; -3,172,892; -3,024,195; -3,024,237, -3,219,666; and -3,216,936, that may be post-
treated to improve their properties, such as borated (as described in US-A-3,087,936 and -
3,254,0253) fluorinated and oxylated. For example, boration may be accomplished by treating
an acyl nitrogen-containing dispersant with a boron compound selected from boron oxide,

boron halides, boron acids and esters of boron acids.

A detergent is an additive that reduces formation of piston deposits, for example high-
temperature varnish and lacquer deposits, in engines; it normally has acid-neulralising
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 compounds.
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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 when they are usually described as normal 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 reaction of 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 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 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 sodium.

Particularly preferred metal detergents are neutral and overbased alkali or alkaline carth
metal salicylates having a TBN of from 50 to 450, preferably a TBN of 50 to 250. Highly
preferred salicylate detergents include alkaline earth metal salicylates, particularly magnesium

and calcium, especially, calcium salicylates.

Friction modifiers include glyceryl monoesters of higher fatty acids, for example, glyceryl

mono-oleate; esters of long chain polycarboxylic acids with diols, for example, the butane
diol ester of a dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated tallow

amine and ethoxylated tallow ether amine.

Other known friction modifiers comprise oil-soluble organo-molybdenum compounds.
Such organo-molybdenum friction modifiers also provide antioxidant and antiwear credits to
a lubricating oil composition. Suitable oil-soluble organo-molybdenum compounds have a
molybdenum-sulfur core.  As examples there may be mentioned dithiocarbamates,

dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and mixtures thereof.
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invention is tri-nuclear molybdenum compounds of the formula Mo3;S,L,Q, and mixtures thereof
wherein L are independently selected ligands having organo groups with a sufficient number of
carbon atoms to render the compounds soluble or dispersible in the oil, n is from 1 to 4, k varies
from 4 through to 7, Q is selected from the group of neutral electron donating compounds such
as water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes non-
stoichiometric values. At least 21 total carbon atoms should be present among all the ligands’

organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

The molybdenum compounds may be present in a lubricating oil composition at a
concentration in the range 0.1 to 2 mass %, or providing at least 10 such as 50 to 2,000 ppm by

mass of molybdenum atoms.

Preferably, the molybdenum from the molybdenum compound is present in an amount of
from 10 to 1500, such as 20 to 1000, more preferably 30 to 750, ppm based on the total weight of
the lubricant. For some applications, the molybdenum is present in an amount of greater than

500 ppm.

Anti-oxidants are sometimes referred to as oxidation inhibitors; they increase the
resistance of the lubricant to oxidation and may work by combining with and modifying
peroxides to render them harmless, by decomposing peroxides, or by rendering an oxidation
catalyst inert. Oxidative deterioration can be evidenced by sludge in the lubricant, varnish-

like deposits on the metal surfaces, and by viscosity growth.

They may be classified as radical scavengers (e.g. sterically-hindered phenols, secondary
aromatic amines, and organo-copper salts); hydroperoxide decomposers (e.g., organosulfur
and organophosphorus additives); and multifunctionals (e.g. =zinc dihydrocarbyl
dithiophosphates, which may also function as anti-wear additives, and organo-molybdenum

compounds, which may also function as friction modifiers and anti-wear additives).
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Examples of suitable antioxidants are selected from copper-containing antioxidants,
sulfur-containing antioxidants, aromatic amine-containing antioxidants, hindered phenolic
antioxidants, dithiophosphates derivatives, metal thiocarbamates, 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, zinc molybdenum, manganese, nickel or copper. Zinc salts are most commonly used in
lubricants such as in amounts of 0.1 to 10, preferably 0.2 to 2, mass %, based upon the total
mass of the lubricant. 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 dithiophosphoric acid may be made by reaction with mixtures of
primary and secondary alcohols. Alternatively, multiple dithiophosphoric acids can be
prepared where the hydrocarbyl groups on one acid are entirely secondary in character and the
hydrocarbyl groups on the other acids are entirely primary in character. To make the zinc
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently conlain an excess

of zinc due to use of an excess of the basic zinc compound in the neutralisation reaction.

Anti-wear agents reduce friction and excessive wear and are usually based on compounds

containing sulfur or phosphorous or both, for example that are capable of depositing
polysulfide films on the surfaces involved. Noteworthy are the dihydrocarbyl

dithiophosphates, such as the zinc dialkyl dithiophosphates (ZDDP’s} discussed herein.

Examples of ashless anti-wear agents include 1,2,3-triazoles, benzotriazoles, thiadiazoles,

sulfurised fatty acid esters, and dithiocarbamate derivatives.
Rust and corrosion inhibitors serve to protect surfaces against rust and/or corrosion. As
rust inhibitors there may be mentioned non-ionic polyoxyalkylene polyols and esters thereof,

polyoxyalkylene phenols, and anionic alkyl sulfonic acids.

Pour point depressants, otherwise known as lube oil flow improvers, lower the minimum

temperature at which the oil will flow or can be poured. Such additives are well known.
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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 alkylene oxide with an
adduct obtained by reaction of a bis-epoxide with a 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.

Viscosity modifiers (or viscosity index improvers) impart high and low temperature

operability to a lubricant. Viscosity modifiers that also function as dispersants are also known
and may be prepared as described above for ashless dispersants. In general, these dispersant
viscosity modifiers are functionalised polymers (e.g. interpolymers of ethylene-propylene post
grafted with an active monomer such as maleic anhydride) which are then derivatised with,

for example, an alcohol or amine.

The lubricant may be formulated with or without a conventional viscosity modifier and
with or without a dispersant viscosity modifier. Suitable compounds for use as viscosity
modifiers are generally high molecular weight hydrocarbon polymers, including polyesters.
Oil-soluble viscosity modifying polymers generally have weight average molecular weights
of from 10,000 to 1,000,000, preferably 20,000 to 500,000, which may be determined by gel

permeation chromatography or by light scattering.

EXAMPLES

The invention will now be particularly described in the following examples which are

not intended to limit the scope of the claims hereof.

The following friction modifiers were tested:-

n-octadecen-2-yl succinic anhydride (“nODSA™),



Aged G| Testing Certain of the above |ubricants were aged
using the CEC L-48-B test procedure ruéning at 150C for 50 hours.
Aliquots were sanpled fromthe CEC L-48-B test apparatus after 8, 24,
30 and 50 hours of running tinme, and then tested on the HFRR as
descri bed above for boundary friction performance. Table 3 bel ow

summari ses cpefhicielccRic {dhyatidoryeiopsatier eby attained for each
| ubricant at 140C over the ddration of the CEC L-48-B ageing

procedure (treat rates are 0.5 w % . TABLE 3 Ageing Tinme (hours) 0 8

24 30 50 G ln—1Aé0—107(:%ad]é?e7n-%-?z?sulc§:15nicl%rglh;drgel(“i'sAS-ODSA”),

polyisobutene succinic anhydride (Cy7 straight chain) (“PIBSA™),

Each of the nODSA, 2H-nODSA and isoODSA were commercially available

materials. PIBSA was made by known methods.

Each of the above friction modifiers was blended separately into a lubricating oil
composition (Oil A) at a treat rate of 0.5 wt % to give a set of test lubricants. Apart from the
identity of the friction modifier, each lubricant was the same and comprised an adpack
consisting of detergents, antifoam, dispersants, antioxidant and diluent blended with a

viscosity modifier, pour point depressant, base stock and the friction modifier.
TESTING AND RESULTS

Fresh Oil HFRR Testing

A high frequency reciprocating rig (“HFRR™) was used to evaluate the coefficient of
friction of certain of the above lubricants. Experimentation was carried out using a step ramp
profile: coefficient of friction was measured for 5 minutes at each temperature as the
temperature was increased from 40°C to 140° at 20°C intervals. A 4 N load was applied via a

400 g weight and the upper specimen reciprocated over a distance of 1 mm at a frequency of
40 Hz.

Table 1 below sets out results of a first set of experiments. It gives a representative

average coefficient of friction value at each temperature.



103 95 97 96 148 2H nCODSA * Al Ald}

TABLE 1

Temp (°C):- [ 40 160 | 80 | 100 | 120 | 140
Oil A 142 | 144 | 148 | 159 | 166 | 163
*0il A+

2H-nODSA 118 | 113 [ 110 105 |97 | 89
(0.5 wt %)

Oil A+

isoODSA 136 | 135 130 | 126 | 119 | 110
(0.5 wt %)

Values given are friction coefficient (x 10%), lower values indicating better

performance.

The values demonstrate that the 2H-nODSA-containing lubricant (of the invention and
indicated by an asterisk) is better than the iSoODSA-containing lubricant (a comparison,

representative of the prior art), both at the same treat rate.

Table 2 below sets out results of a second set of experiments in the same way as in

Table 1 (treat rates are 0.5 wt %).

TABLE 2

Temp (°C):- |40 |60 |80 | 100 | 120 | 140
Oil A

142 | 144 | 145 | 163 1 173 | 171
* 01l A+

117 | 115 1 112 | 107 | 106 | 103
2H-nODSA
* Oil A+

120 1 125 | 119 | 113 | 105 | 95
nQODSA
0il A+

139 | 148 | 143 | 139 | 140 | 140
PIBSA




NODSA 95 131 153 154 150 G| A+ 140 161 157 157 155
18

The values demonstrate that both of the 2H-nODSA- and nODSA-containing
lubricants (of the invention and indicated by asterisks) are better than Qil A alone and Oil A
and PIBSA, thereby demonstrating the friction modifying properties of the additives of the

invention.

Aged Oil Testing

Certain of the above lubricants were aged using the CEC L-48-B test procedure
running at 150°C for 50 hours. Aliquots were sampled from the CEC L-48-B test apparatus
after 8, 24, 30 and 50 hours of running time, and then tested on the HFRR as described above
for boundary friction performance. Table 3 below summarises coefficient of {riction values
thereby attained for each lubricant at 140°C over the duration of the CEC L-48-B ageing

procedure (treat rates are 0.5 wt %).

TABLE 3

Ageing Time | 0 8 24 (30 |50
(hours)
0il A 171 | 167 | 157 | 165 | 159
* Oil A+

103 195 |97 196 | 148
2H-nODSA
* Ol A+

95 | 131|153 | 154 | 150
nODSA
Oil A+

140 | 161 157 | 157 | 155
PIBSA

The figures show that 2H-nODSA gives rise to saperior boundary friction reducing
durability in comparison with the control in the HFRR when subjected to oxidative
conditions. Also, they show that the 2H-nODSA-containing lubricant retains f{riction
modifying efficiency over the initial 30 hours of the test. This is a clear demonstration that the
2H-nODSA-containing lubricant retains friction modifier efficiency under oxidative

conditions.
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1. A crapkcasg l.UREl ' 0k b & bSi ; by

2 xi g (&) <rr LR oL ORpOd G A FO R b e R i ve

conponent, one or nore oil-soluble organic acid anhydride, the or

each anhydri@§ carrégnflﬁt | east one |inear unbranched aliphatic

hydr ocar byl bst ¥ YRt MREGAHG VIPE° 98¢ such as 12 to 24, carbon

atons. 2. A conposition as clainmed in claim1l where the or each

hydrocar byl substituent is a saturated or doubl e-bond unsaturated

hydr ocar byl @Houpas @1 Aldidiepessinoneni, ere el moreeil-seluble srganc yhépahydiie, the

hydr ocar byl substjtuent s, an al k 4 i ti.0: i

T any of ol ai me. o e 4 iReRE ey Pl R B PRAG e FRn A A0
substituent having 12 to 36, such as 12 to 24, carbon atoms.

2. A composition as claimed in claim 1 where the or each hydrocarbyl substituent is a

saturated or double-bond unsaturated hydrocarbyl group.

3. A composition as claimed in claim 2 where the hydrocarbyl substituent is an alkyl
group.
4. A composition as claimed in any of claims 1 to 3 where the acid anhydride is succinic
anhydride.
3. A composition as claimed in claim 4 where the succinic anhydride has the formula:
R\%O
<)
)

where R is a linear unbranched aliphatic hydrocarbyl substituent having 12 to 36

carbon atoms.

6. A composition as claimed in claim 5 wherein R is an alkyl group.

7. A composition as claimed in any of claims 1 to 6 where the or each aliphalic

hydrocarbyl group is n-octadecyl.



anhydride. 5. A conposition as clained~,n claim4 where the succinic
anhydride has the formula: where Ris a |linear unbranched aliphatic
hydr ocar byl substituent having 12 to 36 carbon atons. 6. A
conposition as clained in claim5 wherein Ris an alkyl group. 7. A
conposition as claimed in any of clainms 1 to 6 where the or each

al i phat$.c hydirceawepiipn g elaimddsingnp ef ﬁléiéﬁsyl to 7 peg. thanod eipibhsicajinghvigeosity
clainmed in an of _c oil of lubricating

Vi scosity is" éF@ggJPq(%E%%g%%g%ﬁﬁﬂg %gfnlng anount. 9. A
conposition as clainmed in claim@8 further including one or nore other

additive conmponents, different from (B). 10. A conposition as cl ai ned
in any Of clAiGnpestionzesi daimed g arihgh nclidiie GRfePe T OB ¢ ‘SHE itive
| ubri cating é/dnwgh&ydlﬁgreg{ﬁgﬁr‘(h in a mjor anount and (B), and any

ot her additive conponhents, are p?esent in respective mnor anounts.

11. A conposition as clainmed in claim10 where the other additives,

differe from are selected fr one .or m S, , .

di sper siﬁ]t s, é’la{{os‘&@flé? gl mc"’d’lyr(g?rladws iR b‘lnttgergj %ﬁ yhriga dere the
pour poi nt d&Pro@slﬁﬁﬁéa?mgaﬂgdo‘é@ﬁﬁs 39QBAS in &I ol AhoWRdhAd B3, and any other
denmul sifiers, antifoamand viscosity nodifiers. 12. A nethod of
enabling a pak@tekrﬁgemmﬁntm@premﬂt lmt@ﬁmwmwftf@@é}@m eve a reduced
boundary friction coefficient when the oil is fresh and to retain

that boundary friction performance under oxidative conditions, which
et hod £pNPr AS@Sn kRGN s Rhitnbe i€ eRRAsIOt Wwhre whd brhei maxrmeagpuﬁfesemffrmela)

or nore addltlves(B as defined in any of clains 1 to 13. A

met hod of | ubei sededtery T fagesr c;noranas Sér@i&?ef%‘éﬁbu’%?t?]oﬁe@f‘&jinﬁe corrosion
during its ops | | r i
one or nore aﬁé}"ﬁ{o&‘so rﬁnﬁ?fﬁ?ﬁﬂ@ &ﬁ?éé%ﬁit%%ngkg?ﬁ%@f%? grlgﬂ@ﬁ%éydi iers,

maj or anount devhulgifies, hntifbarh wbd wfsamsmygn@diﬁemsi ty to make a | ubricant,
to inprove the friction nodifying properties of the lubricant; (ii)
providing the lubricant to the crankcase of the internal conbustion

engine; (4iii ) 191591\65 %f%a@hr&%ggﬂ%flpé}ncafr ‘i‘%tof Bllt&-ﬁ}p%g’iﬁgﬂ%'aQHmQ@%nrJ‘E@ﬁced

of the engine; in the conbustion

chanber . bounddry fl‘lCthIl coefficient when the 011 zs fresh and to retain that boundary friction
performance under oxidative conditions, which method comprises providing the
composition with minor amounts of one or more additives (B) as defined in any of

claims 1 to 7.

13. A method of Iubricating surfaces of an internal combustion engine during its operation

comprising:

(i) providing, in a minor amount, one or more additives (B} as defined in any of
claims 1 to 7 in a major amount of an oil of lubricating viscosity to make a
lubricant, to improve the friction modifying properties of the lubricant;

(ii) providing the lubricant to the crankcase of the internal combustion engine;

(iii)  providing a hydrocarbon fuel in the combustion chamber of the engine; and

(iv)  combusting the fuel in the combustion chamber.



