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| NVENTI ON The present invention relates to autonotive |ubricating oil
conpositions having low | evel s of sul phated ash and desirabl e thernal
oxi dative stability characteristics, npre especially to such
autonotive lubricating oil conpositions for use in gasoline

(spark-ignited) and die §$ i I EOMBRSS T nal conbusti on
engi nes, crankcase Iubrged' ﬁ?@ﬁ‘iﬁﬁ@h(@@ﬁrmnlsﬂ% ng referred to
as crankcase lubricants; and to the use of additives in such
conpositions for_inproving the thermal oxidative stability of the

| ubri cat | BEERD/OEdE ;EE@QTJ&% controlling/inhibiting an increase in
viscosity of the lubricating oil conposition due to the thermal

oxi dation of the lubricating oil conposition. In particular, although
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Envi ronmental concerns have led to continued efforts to reduce the
CO, hydrocarbon and nitrogen oxide (NOx) em ssions of conpression
ignited (dj |.-fue Kol Ot I e '
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after-treatnment devices. Such exhaust gas after-treatnent devices may
i ncl ude caxidhtjar of cbhenhehricents  thethby fnareasingothealongone of theplubrigatingapilon
catal ysts, NO storage catalysts, and/ reduct i | ystS. .
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present in engine exhaust gasses, particularly by exposure to
phosphor usntirddastoaghohbscamgpalesarposiitoroduced i nto the exhaust gases
by the degradati on of phosphorus-containing |ubricating oil

additives. Reduction catalysts are sensitive to sulfur and sul fur
conpounds BATKGRGUND'OFERHEUNVENTEON nt roduced by the degradati on
of both the base oil used to blend the |ubricant, and

sul fur-containing lubricating oil additives. Particulate traps can
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speci fi cat9 sfhich grculated, ol deippse fiif |Welﬁalﬁ%°mf ¢ dncTyde; 400t ygE th cmpmkgase
typically i i ur levels of 0.30 nass % maxi mum
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and nitrogen oxide (NO,) emissions of compression ignited (diesel-fuelled) and spark

ignited (gasoline-fuelled) light duty internal combustion engines. Further, there have

been continued efforts to reduce the particulate emissions of compression ignited light



agents (e.g. ZDDP), in the lubricant typically has a negative inpact
on the thermal oxidative stability of the lubricant. Hence, |ow SAPS
| ubricating oil conpositions, especially those having reduced

sul phated ash levels, in use, tend to-$e nore prone to thernal

oxi dation and nmay exhibit an unacceptably large increase in viscosity
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reduced |l evels of oil thickening due to thermal oxidation of the
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rel atively expensive ashl ess antioxidants. SUVWMARY OF THE | NVENTI ON
The present invention is based on the discovery that the thernal
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of ashl es (R0 masdants by carefully bal ancing the concentration of
magnesi umin the detergent conponent with the anmount of ashl ess
aromati c am ne antioxidant in the lubricating oil conposition for a

particul a I : i i : .
Papect . ¢ SRR ALeThE Wity AiHTow hECRALABRERS MR dichnd bl
havi ng a suhpihioadimake, cent eikd wbvide adeduatnlubribamgesofhare detkrigned
DY ASTM B 1€ S PIRER h of SR i Moty Qhd iSlosky BiE2L 40

to thermal oxidation of the lubricant, in accordance with the particular specification.

However, it has been found that reducing the amount of metal containing lubricant

additives, for example metal containing detergents and metal containing anti-wear



Sui tably, the antioxidant conponent (B) is an ashless (i.e. netal
free) antioxidant conponent. Suitably, the detergent conponent (C) is
a netal containing (i.e. ash form ng) detergent conponent. According
to a second aspect, the present inventjon provides a nethod of

| ubricating a spark-ignited or conpression-ignited internal

conmbusti on_engj ne I.Sin rating.the engine . upr i |.ng
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provides the use, in the lubrication of a spark-ignited or
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mass % based on the total mass of the lubricating oil conposition,
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the total mass of netal in the detergent conmponent, conprises

magnesi um derived fromthe overbased nagnesi um detergent. Preferably,
in the usgREGAN ok 0 ﬁ@v Pf\.fl 1@spect, the lubricating oil
conposi t i sfrpasses— Satatys dation Test (TOC-3) Procedure D55
3099 by Renault (i.e. the thermal oxidation of the lubricating oil
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aspect, the present I nvention provides a nethod of reducing an
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the sulphated ash level constant, either by increasing the amount of ashless aromatic
amine antioxidant in the lubricant or by increasing the concentration of magnesium in

the detergent component (i.e. increasing the amount of overbased magnesium



Preferably, in the method according to the fourth aspect, the

| ubricating oil conposition has a sul phated ash content of |ess than
0.6 mass % as determ ned by ASTM D874. Preferably, the nethod
according to the fourth aspect provideg a reduction and/or inhibition
of the thermal oxidation induced viscosity increase of the
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viscosity increase o bricating oil osition, the nethod
conpri si nipcteake duattd rllg;eraxal enilatien,wwithow the brsc adtielagvely| largengosurtts o
as defined,in accor. anc h |rst spect of .t he_.presen

ovent | ontSlfs GRRPARRG oY Y Pelanite JREFRG erB=ion Bf BieRciupdethe
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i nternal ustion engine conprising a crankcase containing a

| ubri cat i gricatingenhgroenasition farsa paticwedsulphatedogh demtert. wi t h t he first
aspect of the present invention. 8 In this specification, the
fol l ow ng words and expressions, if and when used, have the neanings
gi ven Dbel Dhgs, irpgdcbiantd @ik difRE8pechlthe pidsdnt )nveﬁ@cfnepﬁ)vidés adghirica®s oil
material that is not diluent or solvent; conpri si ng' ,Or any cognate
wor d specédmpasitigrehayingsesilehasid ashgorignt eidessriban 06tmaass % g dethmaiged By or
conponent presence or addition of one or
nor e othegsF Pﬁ?@?ﬁe&ﬁ%%%ﬁﬁﬁu#ﬂﬁgﬁg% conponents or groups t her eof .

The expressi on@)' COﬂSb1$bSlubf1catﬁfgv1§t©§1$yﬁlt£mejfbsembhﬂt ly of' or
cognat es may be enbraced within rises’ . or cogn es, wherein

‘consi sts essetfb)i al Flymﬁ?ox“j&éF ?ﬁrﬂﬂoqeﬁ P&t WIBYe%’LHS‘s@c WM amount,
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cont ai ns hydr ogmesemmdananmnt afmrﬂsaﬁr@d?ﬁﬂnasm % s bized dadhe totalhmass of the
remai nder of t .co oulzéio directly via a carbon atom The group may
contain one or IERAFHIODE carbon and hydrogen provided
they do not af{ Ct E*E!l%te?g%%?%ﬂngbﬁéﬁt hyOOEREDVE in&t BfBetRhe thider GRRURY,
Those skilled the art” w | e aware of suitable groups (e.g.,
hal o, especi al tompiding en aiesolyhie or oalndlsut;rmbllektmeybasedrmmgammn detergent
al kyl mercapto, nitro, nitroso. sul. fer b t he ro p
consi sts essenP} giqr“@gé h‘g}la?cﬁa% % cf%@?ﬂﬁ {@5 %S&
ot herwi se. Prefpap@dtutn, B&&dhmdrtﬁ@abﬁv|m&§%mﬂ&0M§@§%(@ﬂ a&mmdrp
hydrocarbyl gr oup. The term "h drocar byl " includes "al "al kenyl
and "al |yl aswhiekimatatss Bn: 45 an] % abahe metel] cowersast the cltareast y
a Cl to C12, grou Q d
directly via a gt OI]I‘c"n{ @;r B%Sﬁga ﬁg t(%%]l I%elgsg nég&rﬂvn\illg gfée g&ggg&f éetogl,q%)g]lgﬁtw
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| i near or branched, be cyclic, acyclic or part cyclic/acyclic.
Preferably, the alkyl group conprises an acyclic alkyl group.
Repr rerz teﬂt f&%&‘f&g{ﬁf@%ﬁﬁcﬁ{ng%ﬂ(%bmgBﬁH{S’é abéhghlﬂg &o gtcpr%?ty pRJenﬂiér{“ist gd
|so but yl gratilerate lbtiydnt. n- pentyl, iso-pentyl, 9 ’

Preferably, the lubricating oil composition has a sulphated ash content of less than
0.55, more preferably less than or equal to 0.50, mass % as determined by ASTM
D874.



neo- pentyl, hexyl, heptyl, octyl, dinmethyl hexyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

hept adecyl, octadecyl, nonadecyl, icosyl and triacontyl. Wen
specified, the alkyl group may be substituted or termi nated by one or
nore substituents as defined herein, and/or be interrupted by one or
nore oxygen atons and/or am no groups; "al kenyl" neans a C2 to C30,
preferably a C2 to Cl12, group which includes at | east one carbon to
car bon doplferablgntheanishsite nepdatd, o tHehebfiemag dletontfositioa, obileand of
directly via a single carbon atom and is otherw se defined a

"al kyl " agilgsy From@tecn@nalecazlt&oesld@b@)pwe@érra#ﬁwfan@le%lmrgyldﬁs Sypthe

whi ch inc 0..C I ]

bonded t o%@@?@%&%ﬁ%ﬁﬁ @qu %{gera%g%lpoucﬁd&é‘ ?fr)@cgt foly ’\qu %ﬁa%%gi %3?‘8* glgfl t?(r)n
at om andedual ab Ner wi $£ nohed ipneferably gahieylthan daryhd] toeEnS ta 10@veD nithrs,
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or more aPRJgrally gggrer tﬁ%ﬂ Bt GWH?%H/FO, l-agﬁwﬁﬁnéeéﬂ?sﬁéo FrstRL; Wnﬁ?‘ﬁh

i s bondedyho e Al o)} Wé j ; i ioxidag! & th
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and subst itast efimdgnedsinat proasdetortbe igtersepe corapdngnipBniy lessifidn or equal to

substi t ut derivatives thereaf; "hal " aqr "halogen" includes flyoro,
chi'or o, bbb et BEtreby 45 Do siegualae 35 4p - BT apis B stabigjess #ah
cognat e t gf ffual #SEkoherei n do not necessarily indicate that the

conpounds or additives are soluble, dissolvable, mscible, or are
capabl e of being suspended in the oil in all proportions. These do

i aper i brbtpoite wiohedl Fameenf TRLFLR St )of Herifo pigrdar

effect incéBgoyvi ronment in which the oil is enployed. Mreover, the
addi tional incorporation of other additives may al so permt
i ncorporation of higher levels of a particular additive, if desired;
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i n respecdeefgecht@nyioatd additive and in respect of the total mass of
all the additives present in the conposition, reckoned as active
ingredient of the additive or additives; "effective mnor amount” in
respect of addi ti : : It L LB

| ubricati né:e%i F’%ggt#p%g‘in{&?‘% &é’gﬂ% at&?%%V%ggg#ﬁb\ygﬂgrgglﬁt%dgs/&tlwgh%gg% ?ed
t echni cal sgdfrk-égtited" mpnicompagssiopdgditedpentemal | icambistiomasaginbasethposinghe
total mass of ,th@sl ubyi cating . oil . conposition; "rT%e%,al content" of .the
| ubri cat i ABCTBHNE WS EHBWE IEhe Hroricating e SPRATH LA EIERE 11 FEFP eREht
magnesi U%%E@J&Pect%@h%‘éﬁ&eﬁ%ﬂr&ﬁionm total netal content (i.e. the
sum of all individual tal contents), is measured by ASTM

11) 5185-09; "TBN' neans total base nunber as neasured by ASTM D2896;

phosphor Sécgr%Pntgetrc])ta third a@ﬁéac?,%g %re%gnﬁl?\-frel\éﬁ%)g ]1'3%35\}1(163 the use, in the lubrication

o,

of a spark-ignited or compression-ignited internal combustion engine, of an
antioxidant component (B), as defined in accordance with the first aspect of the
present invention, comprising an oil-soluble or oil-dispersible ashless aromatic amine
antioxidant, as an additive in a minor amount, in combination with a detergent
component (C), as defined in accordance with the first aspect of the present invention,
comprising an oil-soluble or oil-dispersible overbased magnesium detergent, as an
additive in a minor amount, in a lubricating oil composition comprising an oil of
lubricating viscosity in a major amount, to reduce and/or inhibit the thermal oxidation
of the lubricating oil composition during operation of the engine, wherein the ashless
aromatic amine antioxidant is present in an amount of at least 0.75 mass %, based on

the total mass of the lubricating oil composition, and the overbased magnesium



"sul fur content” is measured by ASTM D2622; and, "sul fated ash
content” is neasured by ASTM D874. All percentages reported are nass
% on an active ingredient basis, i.e. without regard to carrier or
diluent oil, unless otherwise stated. Also, it will be understood

t hat various conponents used, essential as well as optinml and
customary, may react, under. conditions of fornul.atio S a (0] e
and that  BHERRR, BRFIAsH F JuSBREhE 0 SoRbosiPRER boRar R dHEy e B
obt ai ned AggResiiRs,Wdsedbn AR tdalChadsedTthe Qiibricafidg bUrdoRedositioh, arsl greater
understood that any upper and |lower quantity, range and ratio linmts

set fort hthaedSi masselp Wethe merigcmvatent Py theodwiersed. coppppentED) DrseRopTtheN
OF THE | ' on.celaf |
2ppr opr | al B b oh el A it e hon nbdheRR EbARlEs Al WELES fom

descri bedthepveasddaigickivasddiabdmws: O L OF LUBRI CATI NG VI SCOSI TY (A)

The oil of lubricating viscosity (sonmetines referred to as "base
stock” or "base oil") is the primary liquid constituent of a

| ubri cant rewgg,p,ym 68 Rddikiieg Ble RASPLALY, Ghd'Rlbridhtiy 61 %Oﬁkﬁ?ﬂﬁfi

for exanple to produce a final ®lubricant (‘or | ubricant “conpos
A base 0i passss the €fatdlyst Gxidmion rigsc@E@5) Paiceduradi5e3 199y Remauttdke.rie

| ubri cati oi | conpositjons therefrom and nmay be sel.ected from.
natur al - (PEGBALBIGIOR LR rCRTHCrACY RRRUNGY i REREES QA CdRRGVER | s
and m xt uges,dBRMROECat) 8t Qséida%n TeR YT eald) Modddsa9% 3 YooUTRdmaR). &

G oup Il base stock. ase stock groups are defined i'n the
Anerican PetroleumlInstitute (API) publication "Engine Ol Licensing

and Certification Systent, I.ndustry,Servic artnment, Fourteenth
it on, | PEEE i POESE SRR e il el o BREA R oy h B Bt
base st ocks\ibhdted@h@ofitcht SIOSH thih OESHRE 8bhydérmineidby AVTRI D8BS.er abl y
4-10, nost preferably 4.5-8, m2/S (cSt) at 100C. Definitions for the

base stocks and base oils in this invention are the sane as those

a1 contittgRaR e FEPRRp Yhe DR Iapoe ariiiacs g R s SO

Depar t mengf thEelwrinesitifatiah ihiluad videesitbmtreAQ96), thAtbeiastiny dil cdepssiiey,
1998. Said publication categorizes base stocks as follows: a) Gou

| base st &K Gsrmtionefthesangingan 90 percent saturates and/or greater
than 0.03 percent sul phur and have a viscosity index greater than or
equal to 80 and |l ess than 120 using the test nethods specified in
Tabl e E- 1Actyrdigaom fdurthasmpest) deksresann timiention @advidesthartlod efgredlicihg
S T R N N TN R NN T
lubrication of a spark-ignited or compression-ignited internal combustion engine, the
method comprising: adding an ‘antioxidant component (B), as defined in accordance
with the first aspect of the present invention, comprising an oil-soluble or oil-
dispersible ashless aromatic amine antioxidant, as an additive in a minor amount, in
combination with a detergent component (C), as defined in accordance with the first
aspect of the present invention, comprising an oil-soluble or oil-dispersible overbased
magnesium detergent, as an additive in a minor amount, to a lubricating oil
composition comprising an oil of lubricating viscosity in a major amount, wherein the
ashless aromatic amine antioxidant is present in an amount of at least 0.75 mass %,
based on the total mass of the lubricating oil composition, and the overbased
magnesium detergent provides the lubricating oil composition with at least 0.05
mass % of magnesium, based on the total mass of the lubricating oil composition, and

greater than 45 mass % of the metal content of the detergent component (C), based on

the total mass of metal in the detergent component, comprises magnesium derived



12 greater than or equal to 80 and | ess than 120 using the test

met hods specified in Table E-1. c¢) Goup Il base stocks contain
greater than or equal to 90 percent saturates and |ess than or equal
to 0.03 percent sul phur and have a visgosity index greater than or
equgl to 120 using the test methods specified in Table E-1. d) Goup
|V base s

are | yal phaol ef.i ns (PAO
i ncl ude a Pmot?‘ﬁé’rve’f?g %Eeﬁ‘émhg?t erght G'H%c}u@ﬁga@lguﬁrpfera% Op?rla 1ng,§ﬁe
| V. Tabl eedzide wihdtibsindRiRed$odifbn Base Stock Property Test Met hod
Saturates ASTM D 2007 Viscosity [ndex ASTM D 2270 Sul phur ASTM D 2622

Preferably, in the method according to the fourth aspect, the lubricating oil
composition passes the Catalyst Oxidation Test (TOC-3) Procedure D55 3099 by

Renault.

Preferably, in the method according to the fourth aspect, the lubricating oil
composition has a sulphated ash content of less than 0.6 mass % as determined by
ASTM D874.

Preferably, the method according to the fourth aspect provides a reduction and/or
inhibition of the thermal oxidation induced viscosity increase of the lubricating oil

composition, during operation of the engine.

According to a fifth aspect, the present invention provides the use of a lubricating oil
composition according to a first aspect of the invention to pass the Catalyst Oxidation
Test (TOC-3) Procedure D55 3099 by Renault.

According to a sixth aspect, the present invention provides a method of reducing
and/or inhibiting oxidation of a lubricating oil composition, the method comprising
lubricating an engine with a lubricating oil composition as defined in accordance with

the first aspect of the present invention and operating the engine.

According to a seventh aspect, the present invention provides a method of reducing
and/or inhibiting thermal oxidation induced viscosity increase of a lubricating oil
composition, the method comprising lubricating an engine with a lubricating oil
composition as defined in accordance with the first aspect of the present invention and

operating the engine.

According to an eighth aspect, the present invention provides a spark-ignited or
compression ignited internal combustion engine comprising a crankcase containing a
lubricating oil composition as defined in accordance with the first aspect of the

present invention.



ASTM D 4294 ASTM D 4927 ASTM D 3120 Preferably, the oil of

| ubricating viscosity conprises greater than or equal to 10 mass %
nore preferably greater than or equal to 20 mass % even nore
preferably greater than or equal to 25 rmass % even nore preferably
greater than or equal to 30 mass % even nore preferably greater than
or equal to 40 mass % even nore preferably greater than or equal to
45 mass % of a Goup Il base stock, based on the total nass of the
oi | of | uly fneadpbBiGicHtoiC Bl followReSHoPERd BERERIOAB) i¥ and WBe®itedPhave the

| ubricating viscosity conprises greater than 50 nass % preferably
great er thaaniogs gyerabelow: 60 nmass % nore preferably greater than or
equal to 70 mass % even nore preferably greater than or equal to 80
mass % even nore preferably greater than or equal to 90 nmass % of a

Goup |11 base«gtiog kngr@asas & ENe fedirako ARESvOMmatehial i isafot diluent or
| ubricating viscosity. Mst preferably, the oil of |ubricating
vi scosity consf@dveitessentially of a Goup |11 base stock. In sone

enbodi ments the oil of lubricating viscosity consists solely of G oup
1l base stock. In the latter case it is acknowl edged that additives
i ncluded in thecontthisingétdrghyoidgnatepardi dpecifiesrte pespke oF statabfeatuees,
oil which is not a Goup Ill base stock, 13 Oher ojls of

| ubricating vi SeP%si Ty niFEeEh OREPIREneHS | bifedogsnetnareriyde itB%tRf?ﬁgnEﬁ jor
conposition ar i : u j i i d
veget abl e oil sgd(cgﬁ%fbtglget %f%%%&@éf%%?ﬁ% Eé{’?gﬁt}"%&%@{b r ol gal?fngg??{émgﬁd
hydrorefined, geteoénThe eepteibnsi‘nensidts bifbri“catsistgessedtmllyfolt ecognates
paraffinic, naphthenic and m xed, paraffini ¢-naphthenic i%lpes.“ Q |.s of
| ubricating vi 888sPfyHeReHhdVitRIBm EFRPISE sPlal QEBRIES: aPaBes e AP H8s e
oils. Synthet gsskﬁ{ﬁrll'rycﬁif’ 9k 1516k WiSuBUSIRRS U GRatBidISy SMEHinSthe
pol yneri zed and i nterpo rized olefins (e.g. polybutyl énes,

pol ypr opy! eneschapaagidtien ef the obwpysiteretocwlvich yirappkss; chl or i nat ed

pol ybut yl enes, pol y(1-hexenes), poly(1l-octenes), poly(1l- decenes));

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

di nonyl benzenesgyyddidadsy@t fehmexYhehbHeNZengsof a 8shyRhaRBAtSofiRirg-hydrogen

bi phenyl s, terphenyls,” allcylated polyphenols); and al kyl ated

di phenyl et her sndagarbah kapdms ead dhph énponded] o thesremadnden Ofdibe i spmmoyad

anal ogues and honol ogues t.hereof . ot i e f iC
| ubricating oi 1%%&?%? Fscggboflhazorg'st—[gigsgr %\g Hliingtﬁjg\%(ny?llgéc&zi%?%sméégé%
phthalic acid, thatCedrboe 2@ Hydraky | provided nhey adu dot adftbcal thie nyskentially
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic

acid, funaric Bydrecarhyi mteredi de grov| dibese skilledinyghe rhecavee of

al kyl mal oni ¢ agj.dss yi. ,ma i i,ds) Wit h \ 'txmﬁlf | s
(e.g. butyl al ééléﬂglle, %%%Ide'g[’c%%g’l %S%gf(?giyfmgl{oco oIf:MOE(-?’ et >9l ﬁajélﬁdﬁﬂ
al cohol , et hyl sgapioy alklylmealtapitd) Witnenigbyoc ahlfonn @athe Prefaablpy thengroup
gl ycol ). Specific, exanples of these esfers include dibut di pat.e,

di ( 2- et hyl hexy$9nsistyessentially gf hﬁdlﬁés‘ewné iﬁngra?temsd%ﬁsypeé}éﬁge%gwse-

di i sooctyl aze i bAGE b AMBhAR R BocathdaeXin.
pht hal ate, di elt)%tg%%l?%{el%gg’g%%ar%?%{pg%oh hexyl d bt B Recflotly
acid di mer, ant@h¢ henchydresaregt’ enclidesnalkyly, Fakotyl’hgndfellyldlas ddfined
sebacic acid V\[ht h. two nol es of tetraethylene glycol and two nol es of
2- et hyl hexanoi 8" d. Esters useful as synthetic oils also include

t hose made from C5 to Cl12 nonocar boxylic acids and pol yols, and

pol yol ethers such as neopentyl glycol, trinethylol propane,
pent aer yt hri t of‘alkyll’ pemansie Oyt Cbd, preferably tarC ploritiargurhwhich is bonded to the

remainder of the compound directly via a single carbon atom. Unless
otherwise specified, alkyl groups may, when there are a sufficient number of
carbon atoms, be linear or branched, be cyclic, acyclic or part cyclic/acyclic.
Preferably, the alkyl group comprises an acyclic alkyl group. Representative
examples of alkyl groups include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, iso-pentyl,



14 Unrefined, refined and re-refined oils can be used in the
conpositions of the present invention. Unrefined oils are those
obtained directly froma natural or synthetic source w thout further
purification treatnent. For exanpl e, shale oil obtained directly
fromretorting operations, a petroleumoil obtained directly from

distillation or ester, ail obtained directly from.,an esterification
process and us%%o'W:“? i oﬂlexygré‘?ﬂzﬁ’ tqggyzi’_c %@H?%%&Fﬁﬂbémﬂ?ﬁf” e??cﬁlédu%‘i!elcyl’
Refined oils ag&iesyINtascyl Otei@ecylll SdntatRely10iheRadR¥FIE MeplaBedyl,haMtaddRgiEN
further treated in one or nore purification steps to 1nprove one or
nore properti eBonaNgeyy). wasH gndr irfacentyl orVhescsneridigds thestlsil group may be
distillation, s@lvent, extract.i acid or [ ion,.. fi.ltration
and percol ati oh' gtrltél?elgnoor% %atf: (ﬁgg émg R PDI%éedgjul%sltefttugﬁegtg §$§ %ﬁlﬁg-hre Ieefugl’r?élg}or

oi I s are obt ai bemtdipsdISeesas rorgiokagent BorhHAstoruttito gfoupbt ai n
refined oils applied to refined oils which have been already used in
service. Such re-refined oils are al so known as recl ai mred or

reprocessed oil ) n dit i ) :hij

for approval ofagﬂé‘:iig1 gt&fg%%l%?%Zog‘ﬁpgéﬁﬁgye%gggﬁnﬁﬁ%gﬂlﬁgﬁﬁg}ﬂ%@g%
exanpl es of bakestank cartb®ngasaibonldogbledofd @id 19 bdmalsé t@tHexemninder dithe
base oil may be an oil derived from Fi scher-Tropsch synt hesi sed
hydr ocar bons nERBPEPEHESFHY NERI & SHSLe EYRPA Mg 2P 19 eéwsasqiﬁae%as
Fi scher - Tropsclyggtal yst. These hydrocarbons typically require
further processing in order to be useful as a base oil. For exanpl e,
they may, by nethods known in the art, be hydroi soneri zed;

hydr ocracked ap ydroi soreri zed; dewaxed;  or, hydroi saneri zed and
Gouied The orlsBr g Laln G WeETED fy2 iy et con: mebiss & G
I, Goup I'l, GQUpBarb¥h Qb GOMP trplbaRdShRC kS bHdeBaRetiRi tentdiiRRE D Othe
the aforenentioned base stocks. Preferably, the volatility of the oil
of lubricati ngcompuodi digectly il a lsingred cathen mécs.u e iH pihehwistidedned est
(ASTM D5880) , j‘ﬁ l.ess than or equal to 16% preferably Iess than or
equal to 13.5%a]ﬁée?f erably less than or equal to 12% nore preferably
| ess than or equal to 10% nost preferably |less than or equal to 8%

Preferably, the viscosity index (VI) of the oil of lubricating,
viscosity is ataryldameanssd Gyrlef rsamrsfergblyl Gade Ciaoaromalice gprups epaenally at

| east 120, eve f I t 2 ef | Y. 4f [
about 130 to. 1 RuRa R B o] b aalo BRCRILTARY b D, |
a maj or anount groups, ebitdhi i dbhded teitidremaltideost taoompowid dickdily visea single
conponents (B) and (C), as_defined herejn and, if necessary, one or
more co- addi t | $A880n 3ieRh Byefered AN SR s /1 PGPt BFRyPg and

| ubricating oi opRshdi Thi r -k | desigigl LY
addi ng t he add%"ﬁgves déliérrig@? IveflS ?-fgﬁoﬁ,e@%?fﬁﬂrﬁ@?ﬁgég?ﬁsgﬁ% em i r? tﬁe 8
form of a conctheteofit e t hereof to disperse or dissolve the additive.
Addi tives may be added to the oil by any nethod known to those
skilled in the art, either before, at the same tine as, or after
addi tion of ot "%ﬂo’%}d‘!hﬁloé&?’- inErAEeahlh YonldrborBinb 2af id#Pr i cating
viscosity is present in an anount of greater than 55 mass % nore
preferably greater than 60 nass % even nore preferably greater than
65 mass % basgd, on t.he tot.al ,nass..of, the |ubricating oil .

compost i on. - PrarSRUbEy, or Fa-SRPESIEN it soiry Orsedsrt yheren e
in an anount Ofede§Bfilyt PAMaRSthERER mpoRh@s B KideEaB e bsible! HigsblRHble,
mass % even nore preferably |ess than 90 mass % based on the total
mass of the | umiscdde.iongreotapable op being isespenduddn thmeil beall prgpeitions. These

[ the | uisoile ongraa srwpencian ons.
ay ot 1 ami no% e Rk i GRAD s bR s P SR SR O "

ol eagi nous car il & an ERiefit kufficirht Nex2ACIHBP AxsRkdCINROE the @asirvtrhel in

conprise the defined conponents before m xing, or after m xing, or
which the oil is employed. Moreover, the additional incorporation ©of other

additives may also permit incorporation of higher levels of a particular

additive, if desired;



Typically, the lubricating oil conposition may contain | ow | evel s of

sul fur. Preferably, the lubricating oil conposition contains sul phur

in an anount of up to 0.4, nore preferably up to 0.3, nost preferably
up to 0.2, mass % sul fur, expressed as) @t ons of sulfur, based on the

total nmass of the conposition. Suitably, the lubricating oil

conposition may have a total base nu TB?% f 4 to. 15, preferably
SOT0055 P Moo Emgut atan B angh mesom st sRoRhe BN of

the lubricating conposition ranges fromabout 4 to 12, such as 6 to
12. In a passenger car diesel engine lubricating oil conposition
(PCDO) and a pambwngaoustrmeansdessothpn PErmassSpantle ¢ampastipne agpragsed in
(PCMO), the TBN of .the.lubricati,ng conpasiti es. fr a 0
to about 12.0, regg%c}t.. C'asth{‘3 rso%e%t?gﬂ tgﬁ.ﬁ{a?gl 5%38%{% ﬁﬁ’g.%grlerﬁégrsagféfl tg Fle
| ubricating oi hddi@vga0gredn®nin ithe &ompbbition agekeidd asdediviel ingebdiunt tofiethe
visconetric descriptor SAE 20WK, SAE 15WK, SAE 1 ONK, SAE 5WK or SAE
OWNK, where X r@efsliteeonagddiiygsione of 20, 30, 40 and 50; the
characteristics of the different visconetric grades can be found in
the SAE J300 classification. In an enbodi nent of each aspect of the
i nvention, i ndéfentdenidiyorcimdune” 0f fepece ob adaddinvs meateart atoiuatadfi sugh
oil conposition is_in the form,of an SAE | ONK, SAE 5'\WK .or SAE ,
preferably in Bhaddifyeine lebrogips sWreoposin Pt The eRg e ierowde%e
represents any Q.1 A0 and 50. Preferably Xis 20 or 30.

ANTI OXI DANT C&/%%%ﬁ?h%% Sui t'abl y, the antioxidant conponent (B) is
(i.e. consists of) an ashl ess anti oxi dant conponent and all

references hergin to the antioxidant conponent (,B I ual | 0
e aohi eas. antHDK| QRS GBHD GRETL LY o9 Ba e Omihs oyefidies of GE
conponent B copplitsf AlcdhposfiRhubl e or oil-dispersible ashless (i.e.

netal free) aronmatic am ne "anti oxi dant. The ashl ess aromatic am ne
antioxidant is present in an anmount of at |east 0.75 mass % of the

| ubricating oil__coppositio sed..on the total s .of th

b cat i g of ImENEgLT Shte BREREHSE Py SOrhStfun FEEE <Brtrifromaghent

anti oxi dant i Sfdi”e%ﬁﬁhgle inAgrdtiudiresittnt0 taldfunl e@géntGbr8otal wesal redhRnt (i.c.

preferably at |least 0.9, nost preferably at least 1.0 17 mass % of
y

t he | ubri cati nthesim cf@Hipdividughmeteheaieris), ismecapyed by fed v S1518p09;

| ubricating oil conposition. Preferably, the ashless aromatic am ne
antioxidant is present in an anount of less than or equal to 2.5,

mor e pref er abl yTBaBSmédna fotal basel Hanbérasdnehsued & ABTM DP8o6er abl y | ess
than or equal to 2.3, even nore preferably |ess than or equal to 2.2,
even nore preferably less than or equal to 2.1, even nore preferably
| ess than or e I han or equal to 1.5,
mass % of the %&?@?l@?gﬂ?ﬁgé%%%%lﬁ:b ?%Mlggz%gg’on the total nass of
the lubricating oil conposition. Suitable ashless aromatic am ne
antioxi dants ipclude aropatic sulsti e i.azo| es, phenot hi azi nes,
di aryl ami nes, . %Q%tﬁﬁgﬁrﬁﬁsﬁﬁﬁﬁ's’géﬁ@é@-zh%t hyl ami nes, aryl

di am nes, and substituted derivatives thereof Preferably, the ashless
aromati c am ne antioxi dant conprises an aryl am ne, nanely an

aromati ¢ am ne“suhfated asincontels® isomeaspredringr ASBVMD8 Hr. oups at t ached
directly to one or nbre am no groups via one or nore carbon to
nitrogen single bonds. Preferred aryl am nes include. diaryl am nes
conpri si NAGRIGRAHBESrdpBAtd BHeEask Wo oﬁra.‘rﬂacﬂﬁé)lh?fed%@ Bagid, i Whivithowdregard

i ndependentl'y attached directly to a conmon (i.e. single) am no group
via a carteowrmay onidilperyei. whlpsy othaswing:stadgdyl pol yami nes, such as aryl

di am nes, conprising conpounds including a single aryl group which is
bonded directly to at |l east two or nore separate am no groups by two

or nore sapal atvdlitrnindsrsticedrhitageis Sdnginentd aiRels es@ntal 2367l aadptioig

t hereof Most preferred aryl am nes_conprise diaryl amnes. Preferred
and customary, may react under conditions of formulation, storage or use and that the

invention also provides the product obtainable or obtained as a result of any such

reaction.



(1) wherein, R and R2 are the sanme or different and each

i ndependently represent hydrogen, Cl to Cl2 alkyl, C2 to Cl12 al kenyl,
C2 to C12 allyl, and wherein the di phenyl amne is in the formof a
free base or an oil-soluble salt. Prefgrably, Rl represents Cl to Cl2
al kyl, nmore preferably C4 to Cl12 al kyl,” even nore preferably C4 to C9

al kyl, especially C8, 1t al kyl. Preferably r epr esent dr ogen
or €1 to: B it iriecc bt eainnyt e [t AREC P g s
pref er abl yor{fheréin GhydHekiMlopefdRa§icambined8 to C9 al kyl . Most
preferably, Rl and are’identical in a conpound of Fornula (1). One
such highly preferred conpound i s Naugal ube 438L avail able from
Chentura [T o [o R P Nl o [ p T s i } i.e.
bi s(4- nony Ahe n}.q,_.a_f_u Fd[rm&wgﬁ@%{)s are branched.

Anot her highly preferred commercially avail abl e conpound is |rganox
L-57 available from G ba which is believed to be an al kyl at ed

di phenyl &kt Fatwerridheinygntinn .labingyWheip apprepui@ety cagy addl asppets efthe g

aryl polyam i Lam Jtuted (e.g. alkyl
subst i t ut %?fﬁiﬁer’iva W}EC@%%erég?h??é’%&tﬁ%\ﬁ’ﬂgﬁg‘| kyl aryl dianines),
especi al ly phenyl ene di am nes and al kyl substituted derivatives
thereof (e.g. N.__N_dialkyl phenylene diamnes). H ghly preferred
phenyl eneodgmmmAE“yﬁgtﬁSﬁéﬁrﬁéM}/ati ves thereof nay be
represented by conmpounds of the general forrmula (11) R3RA RS (I1)

wherein wherein R3 and R4 are the sane or different and each o
i ndependefiht yil bf prbesatingsvissosiay kepinetiadek eefired tl dsybaserstonkt’ oalbage ogi)dsp

of up to 30 carbon, atpns, .a cycl oal kyl or cycloal kenyl oup..of to
2 carbon HEGHERBHr it SeRaeh 4 oEame it s s eren g POtk oyt
al lyl or pgt haldi¥ded! RYREaRple4P pkddudl aCRaP AbrRbA®r AAdantddnHoYition).
group, an 19 aryl group substituted by one or nore al kyl, alkenyl,

al ly! or #ebdsaldil/is geefilpfor afaking cencatiratesy bomwedlt asnior gualding orbrigafing oil

aryl -al kyl, aryl-alkenyl, aryl-all,yl qr aryl -nmethal,lyl grqup.with u
6" 30" car BURPSHISE tORrernie b oy e aflinted Yiorf Puifar, Neadhbr gl 0
and opt i ofahdril) e Sintidicaebrivatihd6ilfand mix@ires shefpfone or nore al kyl,

al kenyl, ally! or methallyl groups of up to 30 carbon atonms each; and
R5 and 126 are the sane of different and each independently

represent g, H ..@ ; : , . I u f 30
calrobon at H%,Olla&c@éh%%ﬂgtﬁ?%&gﬁ g}?@%p{&%’gfsk%?fﬁﬁ%?%l}%x%ﬁ%g t (F)r h% l%agggfggk
at onms opt gRnpk ke detiaed id the @dndrican Petroleuniinstitatek(API) piblieatydn “Exgind Oidr
met hal | yl _groups of zg to 30 carbon_atons each,, an_aryl group, an

aryl grouplcen$ing i ang: &4rtEicaaR ystamyn eNPRY  SeayiReHepatmenh eenth
nmet hal | yl p 3 a C Oraf v+ I

aryl - al keﬁg{tgﬂa?ﬂ%% y@g’r Qggﬁ%%hgﬁ y &grﬂgg% v&“ﬁjﬂ:agg J’Ehga%aléé(gg)rdtgon
atons i n wiig havd £ yiscositlypeefgtablyadfl 341 2 anoregirbiatdbiy 4416 sindsteprefiechbly 4.5-8,
optionally b(s itagré&% on the aryl noiety by one or nore alkyl,

al kenyl , Hty3e p gl'lyl groups of up to 30 carbon atons each;

and, wherein said phenylene diamne is in the formof a free base, or
an oil-soluble salt. Preferably, R3 and R4 are the sane or different
and each Defiejienséot thy baspstedesrndns! kase allkyn thiafinkeniion argl thy lsame as those
met hal I yl .grqu f up to 16 carbo t cygloal kyl or ... .
cycl oal keﬁ‘ﬁ'\naglgég?) Ac?genoca{l (]jp ego@%@ﬁﬁﬁegﬁép @@Pﬁﬁ%ﬁ*’?y%‘ﬁﬁg {4 &‘(‘%3851%
one or NoERY abkilicafink Sdtemal Indhstey SERVie& | VdpapthRHDS Folirtdentt Ediffon,
carbon atons each, an aryl radical, an aryl group substituted by one
or nore aDkg¢mbes| 1898y Addemdum 1o Degembes) 1398. gg@dn@bbﬁat@p ¢ateEPBZesaPasen
atons each, .or aré/_l -al kyl, aryl-al kenyl, aryl-allyl or

aryl - met hatioFﬁas?ﬁgﬁ‘ﬁ ‘with up to 16 carbon atonms in the al kyl,

al kenyl, allyl apGréms Dahdeyttocl@siontitn aad that DOPatdelt salnaich tand/ed gesatdrhe

aryl noiety by one or nore al kyl, alkenyl, allyl or nethallyl
than 0.03 percent sulphur and have 4 viscosity index greater than or equal to

v,

80 and less than 120 using the test methods specified in Table E-1.
b) Group II base stocks contain greater than or equal to 90 percent saturates

and less than or equal to 0.03 percent sulphur and have a viscosity index



Hi ghly preferred conmpounds of Fornula (Il) are wherein R3 and R4 are
identical. Preferably, R5 and R6 are the sane or different and each
i ndependently represents hydrogen, an al kyl, al kenyl, ally! or

methal Iyl group of up to 16 carbon atopps, a cycloal kyl or

cycl oal kenyl group of 5to 7 carbon atons optionally substituted by

car bon at o cgiene HnPoain e s el O R bl R th By i o

or nore al kyl, jar&gapll. aIIyI or nmethallyl groups of up to 16 carbon
atons each, or an aryl-alkyl, aryl-alkenyl, aryl-allyl or

aryl methal |yl g Guqupvilk basg ptqclss eentaiarpeHehaR ST Fapal m%mwm W@tﬁw

allyl or methal |l i due o,
noi ety by one %n&/lrl%’?e a Er Ieau Eeny:f)%l cle%{t ?"Hgﬁﬁ éntldhﬁ% EP 3@8 1@:21 dex
up to 16 car bOgreaieQﬂﬁn%ii@djmlMDIm m@mw@tmﬂﬁag epudlﬂaalmﬂ‘ebltemmsarre
or different and each_independently re resents drogen, a C3 to Cl12,
especi al |y c4 dbCmup IVaarg ptoghssuprolyply R érd’sed conpounds of
Formula (I1) a i i
preferred corrpE g{_ﬁ b? %ér%ﬁrr% aq?(%ﬁ}@%lﬁg hgggaéte%éscgs \Agfe)r?lgllugueélcﬁr%lﬁj IRS
and R6 is hydrHgHn «2dd. R3 and R4 are the sane or different,
preferably the sanme, and each independently represents a C3 to Cl12,
especially ¢4 to C10, al kyl group. Alternative especially preferred
compounds of for mil a fbld plINA i MELAACTA! Budtsipad 6 are
i dentical and each represents a . _especially C4 to Cab al kyl
group and R3 and R4 are th@rcspartp or d'l'"a‘se]mthod preferably the sane,
and each i ndependently represents—a to-—2—especially C4 to C10,
al kyl group. Suitable phenyf %W%F%henn‘éﬁ%%ﬁ%ggqas i ncl ude Naugal ube
410 and 420 avail able fron g <« KeTerPBbyy [ he ashless aromatic
am ne anti oxi dant conpound has ﬁ e Qon average, a nitrogen
content of from about 3 rraSalp%nto abo{ASTS @632 % preferably from
about 4.5 nmass % to about H1O-5-—rass—%—pore “fﬂie ably from about 7
mass % to about 10 mass %] Al t hough an%$B&L@éﬁ? conponent (B) may
include one or nore ashl ess mon-am N CA@&{[9%0§#Nt s as defined herein
supra, it has been found that such anfioxidants, particularly
phenolic type antioxidants|, do not appesTMD 3h2¥e|either a beneficia
or detrinental effect in teLns—ei—LheJ i on stability of the
lubricating oil corrposi tion (i.e. such antioxidants are essentially
neut r al [ [ [ S
pr et er abl JoRRED) fis, P ﬂ*ﬁléﬂ%%*in‘%iﬁlh%%ﬂh Pigfiegt RGRE! i R LofRASR) 10
mass %, more preferably greater than or equal to 20 mass %, even more preferably

greater than or equal to 25 mass %, even more preferably greater than or equal to 30
mass %, even more preferably greater than or equal to 40 mass %, even more
preferably greater than or equal to 45 mass % of a Group III base stock, based on the
total mass of the oil of lubricating viscosity. Even more preferably, the oil of
lubricating viscosity comprises greater than 50 mass %, preferably greater than or
equal to 60 mass %, more preferably greater than or equal to 70 mass %, even more
preferably greater than or equal to 80 mass %, even more preferably greater than or
equal to 90 mass % of a Group III base stock, based on the total mass of the oil of
lubricating viscosity. Most preferably, the oil of lubricating viscosity consists
essentially of a Group III base stock. In some embodiments the oil of lubricating
viscosity consists solely of Group III base stock. In the latter case it is acknowledged
that additives included in the lubricating oil composition may comprise a carrier oil

which is not a Group III base stock.



includes less than 0.5, nore preferably less than 0 3, even nore
preferably | ess than 0.2, mass % based on the total nass of the

| ubricating oil conposition, of one or nore phenolic type
anti oxi dants. Thus, according to a preferred enbodi nent of the
present invention the lubricating oil Conposition does not include
any phenolic type antioxidants. According to an even nore preferred
enbodi nent of the present invention the antioxidant conponent (B),
especi al | pkreniBshf asFicafhd Gldcdatt WhHPORS Mo icdREH SiStheSmBHtAtRlk! ¥il of
one or nore ashless aromatic am ne anti oxi dants as defined herein.
DETERGENTc@apraneENTe (etpiled aicfolpyent i s an additive that reduces
formati on of piston deposits, for exanple high-tenperature varnish
and | acquer deposits, in engines; it normally has acid-neutralising
properti esaang biss ¢apadd andal kedpidgtdblenetly (éjgvicdstdr faﬁﬂi a8l off), liquid
suspensi on. Most detergents are based on netal, K "so ", that_is netal

salts of a@rqiclénocpl&a eeretingds somptgﬁ@vé%ﬁ @@éﬁérlabw‘f%n% 9t the
pol ar head, dif. algﬁggniay&lwﬁn%a irhendfhndA®! e?ea§11§%@’ﬁﬁ$§daﬁﬁg
met al sal I'C organic c contain

subst anti aisbqsﬂytdenedfﬂ fPomtdoblcorashmle ate ajio mdaﬁJIMeadﬂswhen they are
usual |y descri bed as normal or neutral salts and would typically have
a total base nunber or TBN (as may be neasured by ASTM D2896) of from
0 to 80. i 3 Ll PRRISoGATbNP Bilk NEldndad gLl an

an excesskg?ﬂgmﬁeta cggpoungE sd%qﬁgg an SX|ée or hydr%%?%e mnth an
acidic gamtapollymsizczholuﬁms de.gx pdgbutyleaes; qmmmop}@em,eplbaﬁlenle diebawlg;aﬁt

conprises neytralised det n an o ta

(eng car B‘B?‘P 1ggrs Cﬁgppétegsg‘gﬁé‘ﬁ%}lﬁaslﬁ’gy@&e %eéing(’l O apciﬁﬂl of
150 or grgalgts)); %n&mewerfeal(ég &Hdei‘:;ﬂ@éﬂzzéé% {289 11Rhz4MRE, Qlincayi BeAdnts,

t he detergent conponent (C) .e. consists ) a net al cont ai ni ng

det er gent di¢dwepylsmnybandengds); rmlmf@n@les (Bar ebwh@@ﬂlt,hete@él@@rlgerﬁmylated

Component PeiBhRRY e Rk Saerf) FERE sl bk e Bl Ch R R e

oi | - sol ubli&ivativey, bnﬂb@&@%ﬁﬂhb@omgﬁéélﬁ&%ﬂf magnesi um det er gent
provi ding the | ubri caf | ng oil conposition with at |east 0.05 mass %

of magnesi um neasured in accordance wi th ASTM D5185-09, based on the
22 total f | ubricafi j: t epeal e
over based@é@ﬁgsﬁu&ﬁ@ e'ltd glrs %’g 91% Sggtggél%elégﬁﬁagﬁgggﬁé g%&ﬂp%gggrrp%ﬁe%?&% toft;
greater tHrarbéryliesdddgeod. pmgme&iclﬂmsudmaﬁedmdnam(bbsﬂcﬁh@d amesmd);ﬂkmgﬂ al

in the detergent conpopent great er han 4 % 0 he tota
met al conﬁl@qml@ﬁc@hema@%a@énm%ﬁwaw@ﬁp e a?lg gf‘zvaﬁaesw{n g EiCQ

derived f ot e
over bas edﬁ‘#gig n%gcli %?nggiegﬁ%ﬁa?aﬁcg?éﬁ %gg%narll(ﬁ{ng él]jlé\ﬁn);1 Pﬁl lonic
| east 150acidg)rveittpa eirmtﬁbf ylca]nolk &as tbuB @lcobele hexyd ak:obmleiﬂ@ieajdl ajccdpl, 2~

I t 300, bl y at KCH det b
ASTV D8 0By Ry RO o 6 Bl dis gy o TR E G OGP R
excess of g3R0RMBLMMEHor 'ﬂ‘&@é%&&%qgélﬁde bfbulaadhRe) dewnd ksl Macate

|ncrea5|ng the relati ve anopunt %ﬁe5|un1 i'n conpari'son’to ot
metal s, i di-phexdefugarpnt dlodmbmnate( jsobetyl azdlaw élu,ﬂoplhtartl @delaich dloctyl

| ubricatin Si n, of,. t he present e ed
amount o PAARFSKORRE BB LRy SR et ths AU e g o agiee
sul phat eda@ghiihey ahd HRf cdrilek Uil foRbd bﬂ&@dcﬁﬁ!g lo¥e in{é OF Ssbatidarcidwithal
oxi dation stability of the lubricant, ereby reducing the thernal
oxi dat i ontwatholesof (ateedyleng slyset astwognolenel 2-gtyThesanols #eidise. Thus,
preferably greater than or equal to 50, nore preferably greater than
or equal to 55, even nore preferably greater than or equal to 60,
even nor eEpeshgefbhysaitieticails tianindtdetvsd mbde F6m @M T, fioRocarboxylic

preferably greater than or equal to 75, even nore referablyf greater
acids and polyols, and polyol ethers such as neopentyl glycol, trimethylolpropane,

pentaerythritol, dipentaerythritol and tripentaerythritol.




23 greater than or equal to 60, even nore preferably greater than or
equal to 70, even nore preferably greater than or equal to 75, even
nore preferably greater than or equal to 80, even nore preferably
greater than or equal to 85, even norejpreferably greater than or
equal to 90, nost preferably greater t%an or equal to 95, %of the

TBN of thg detergent conponent,,.based pon the total TBN. of e

ot er gent CEBTbEhaR e Rl Bt O e, T pisacnd s Bynachinge ALt et
provi des fhentidr iGaMnd Sild aOMBES bbiaRied VAitdatgrieah &f nhtlal @rsyateat
to 0.06, nore preferably greater than or equal to 0.07, mass % of
magnesi unfousess ddthent further arusificatioss trettmene | Hepraxempiaag: shale oil obtained
conposi ti gn, .Preferabl t he .over ba eS| e . QM4
Che’ Pubr | Shseriro R e te GrtFar RS P PRI I S Gh A Bh A0 RomBEQLAGE
mor e pref gr edidryoil EbtEinkd Aivetlly €GHRAn tQerifickfion @ydRsy@miceuset 8ii€Hoab FittHees S

than or equal to 0.13, even nore preferably |ess than or_equal to
0.12, eveficsimeat wedddeaprafineded. Hehinedpilvagaimije to thepunrafined ojfs gxcept
magnesi u :

Conpost &1 ey RFE pth bt} Glelen e M R puichich b3l ¥ pprove ope or
conmponent mpfg prapetties) uNRdy i such herifishtidre sdchimiques, [sucto ap akistiliaton,i solwamt
anount such that total anmpunt of su ghated sh c&glributed by the

det er gent “XBHBMeAId 15 base SXTBFYQIAITaUAR 28t PERORONNE JMO¥Eh % itsRg
conponent qufil £, iR¥%-DERPEERRA ils! e bERhel 13 hrBcdibes fhfkelaRbit @dkq St
0.55, nore preferably at nost 0.50, nmass % "Preferably, the detergent
conponent offtén icfingd edempplied @mrrefmedinils ehidh Havedets almotyeugdaheecattey

0.2 to 9, Ss %. based on the total ss aof the lubricatin j |
composi t | SHTRTREPEh BITF gre Fib0 fkag™h B gerlamnet gmarachared st lsg g
the mass jQifBsHy pRddeSiedity tdhRidudd FdrG@biotal & sheMUBASE bh@Bil bAfaklden
mass of ashl ess aromatic am ne antioxi dant to the mass of nmagnesi um
cont ri but pepdbgist he over based nmagnesi um detergent for a |ubricating
oi | conposition having a fixed sul phated ash content typically
further inproves the thermally induced oxidative stability of the

| ubri cant OthEhgarRplet 6f BieYoil hfeerabBSHiqhid (TBTL.”Y BiseQils] Te. (th€base oil may
| ubricating oil conposition, of the mass of ashless aromatic am ne

anti oxi dab¢ aoBpilt detived depse Bischerdrenscl nsypihsviserb dydyocarhony emadey dram
t ' : 1o 8t
Chan or " ctuiestso o BAEMiAL 3B A OURoihd o FindeTRRERS SR, O PREE!

10. ? t obllhycﬁu?ﬁbmrtgpipalgf aiqaht )fuy@meeqfr@cresiﬂi@lin gfdeeqybé utafullléh 4 bast.oil.
Prefera , the mass to mass ratiqQ, .in the lubricating oil| . )
conposi i B 5hmplte theksmaY.  bEhmediods, BIRR b athendta e BdaisAmerEd he
mass of i i . _by. npenet {s |less
t han or e%ﬁgpaggﬁﬂéMgggqgmﬁgggz%%é%gﬁggﬁ§?nggﬁ?ﬁgn or géﬁg%;?% 35 to
1, even nore preferably | ess than or equal to 33 to 1. Suitable

over based esi.um det ergents which may he used inpclude_oil-soluble
and o | - dF GBS YRS BN Tk Asn SRS PRV D Gy ShStoBe by ) g
KCH as deti%dﬂ Vs hS HVHER I MRDTER] dfResichiionatiRge stohignat es,

sul furized phenates, thiophosphonates, salicyl ates, naphthenates and
ot her magnesi um aromati c organi ¢ carboxyl ates. Overbased magnesi um

salicyl atgs .a overb nesi sul.phonates are rticul arl

ot ef of r el 600 R0 TIREET ob Bt b GRYy PLTL BB hurda by
pr ef er r ediheQVEADKS RS (umm@sjsstsnﬁaé jeSyihat 85 QAN 1 8, $r8fdrabl{-BAs eHak ok ,
especially Cl4 to C18 al kyl, substituted salicylates wherein the

al kyl groeqebyo hdypYeerete lesp thancoreeuel tecy 2 sorppredsaably) less Gpn or
o S Bl B RSB TR ANE oL 05 B YO Wi
tricosyl ; (Vgxaahs wil, éhbritatingCaisdoglty i bt Wabt 9O eprafepibee hnteast 1latmdrbe

det ergent conponent (C) may al so i nclude one or nore other netal
preferably at least 120, even more preferably at least 125, most preferably from about

130 to 140.



Preferably, the one or nore other netal detergents (i.e. apart from
t he overbased magnesi um detergent) provide the lubricating oi
conposition with less than 0.15, preferably |less than 0.14, nore
preferably less than 0.12, even nore pygferably Iess than 0.10, even
nore preferably less than 0.08, even nDre preferably, | ess than 0. 07,
even noreprefer ven ferna Iy
Cess  nanTht ldtarbrtgigl Bty b brSfd ipatadun o fitcl (B8 ofliEY
to 0.04, m&t afuat @ﬂaeifdﬁf\eb:lompbﬁaﬁs dqC) asldeﬁné@h&ela%ndave&e@w
preferably | ess than or equal nost referabl%%%ess t han or
equal to 0nDAr matesep-addifivasesugh aétdwﬂbteﬁé!ﬁr%ﬁ%sqoaﬁ} & dnbsigatingoil
total mas I (0] : :

| ubri cati %%rg Osﬁtn)% ’HQE P%?%llﬁg 8%?;{ ab’he ﬁ@%h@%hgﬁ bﬁgy@ggﬁ{?%%%ﬁ?‘ées directly

| ubri cat etdrﬂrehamlo@aiy edtghglehemrmqherfbﬁn ofad tomehtdate thérsof tul dispake or
conbusti on, engi nes, ark-ignited or conpression-ignjt

i nternal GRS fheo%idéthvgj’r négdl‘ﬂa%ﬁ ¥ Pegddgd §‘bg}%<9$ §ﬁg Wd%%ﬂ‘?‘? Rnown to
conpress: giasd OBlEEh 1O, UthbOtioed b HESARRARE 852 6: GRGHDR D ofter
addi ng the conposition thereto. e engi nes may be conventi ona
gasol i ne additdvessel engi nes designed to be powered by gasoline or
petrol eum di esel, respectively; alternatively, the engines may be
specifically nodified to be powered by an al cohol based fuel or

bi odi esel pidaghily Mhg loiPSEuBF @Y vidddgiHE ROrBRnE BRI hinSSntHf greatet:rhthan 55

conpressi on-i gni ted I nternal conbusti‘on eg/gl ne. Preferabl
| ubricati mgsm%l, nmerprﬁ“trablorrgezaﬁethem &floass &0, avien imvae peeferaply greater than

COADDITI di t,i ve epre t.ative.effective

St oy 85 B2 e it st ods o o6 B et (oo RS e
listed beb@\&f h%lﬁcahhg v\i@obi@ﬁ id p&%éﬂﬂ AR ShAlRDraASssMASS IgeheRNds, agdrk Ve
ingredient in a fully formulated |ubricant. Additive Mass % Mass A.

(Broad) (PucEirelly éesp emgsTts peansmate weferabjyless than 90 mass %, based on
the total mass of the lubricating oil composition.

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

viscosity per part by mass of the concentrate.

Preferably, the lubricating oil composition of the present invention contains low levels
of phosphorus. Suitably, the lubricating oil composition contains phosphorus in an
amount of less than or equal to 0.12 mass %, preferably up to 0.11 mass %, more
preferably less than or equal to 0.10 mass %, even more preferably less than or equal
to 0.09 mass %, even more preferably less than or equal to 0.08 mass %, even more
preferably less than or equal to 0.06 mass %, most preferably less than or equal to
0.05 mass%, of phosphorus, expressed as atoms of phosphorus, based on the total

mass of the composition.



Friction nodifier 0 - 5 0- 1.5

1 -8 Metal Detergents 0.1 - 15 0.2 - 9
1.5 Metal Dihydrocarbyl Dithiophosphate

Corrosion Inhibitor O - 5 O-
0- 10 0 - 4 Anti-Oxidants 0 - 5

16

Typically, the lubricating oil composition may contain low levels of sulfur.
Preferably, the lubricating oil composition contains sulphur in an amount of up to 0.4,
more preferably up to 0.3, most preferably up to 0.2, mass % sulfur, expressed as

atoms of sulfur, based on the total mass of the composition.

Suitably, the lubricating oil composition may have a total base number (TBN) of 4 to
15, preferably 5 to 12. In heavy duty diesel (HIDD) engine applications the TBN of
the lubricating composition ranges from about 4 to 12, such as 6 to 12. In a passenger
car diesel engine lubricating oil composition (PCDQO) and a passenger car motor oil
for a spark-ignited engine (PCMOQO), the TBN of the lubricating composition ranges
from about 5.0 to about 12.0, such as from about 5.0 to about 11.0.

Preferably, the lubricating oil composition is a multigrade oil identified by the
viscometric descriptor SAE 20WX, SAE 15WX, SAE 10WX, SAE SWX or SAE
0WX, where X represents any one of 20, 30, 40 and 50; the characteristics of the
different viscometric grades can be found in the SAE J300 classification. In an
embodiment of each aspect of the invention, independently of the other embodiments,
the lubricating oil composition is in the form of an SAE 10WX, SAE 5WX or SAE
0WX, preferably in the form of an SAE 5WX or SAE OWX, wherein X represents any
one of 20, 30, 40 and 50. Preferably X is 20 or 30.

ANTIOXIDANT COMPONENT (B)

Suitably, the antioxidant component (B) is (i.e. consists of) an ashless antioxidant
component and all references herein to the antioxidant component (B) apply equally

to the ashless antioxidant component and vice versa.

Antioxidant component B comprises an oil-soluble or oil-dispersible ashless (i.e.

metal free) aromatic amine antioxidant.

The ashless aromatic amine antioxidant is present in an amount of at least 0.75
mass % of the lubricating o0il composition, based on the total mass of the lubricating
oil composition. Preferably, the ashless aromatic amine antioxidant is present in an

amount of at least 0.8, even more preferably at least 0.9, most preferably at least 1.0,



0.01 -3 Pour Point Depressant 0.01 - 5 0.01 - 1.5 Anti-Foam ng Agent
0O - 50.001 - 0.15 Suppl enent Anti-Wear Agents 0 - 5 0 - 2 Viscosity
Modifier (1) O - 6 0.01 - 4 Mneral or Synthetic Base Q| Bal ance
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mass % of the lubricating oil composition, based on the total mass of the lubricating
oil composition. Preferably, the ashless aromatic amine antioxidant is present in an
amount of less than or equal to 2.5, more preferably less than or equal to 2.4, even
more preferably less than or equal to 2.3, even more preferably less than or equal to
2.2, even more preferably less than or equal to 2.1, even more preferably less than or
equal to 2.0, most preferably less than or equal to 1.5, mass % of the lubricating oil

composition, based on the total mass of the lubricating oil composition.

Suitable ashless aromatic amine antioxidants include aromatic substituted triazoles,
phenothiazines, diaryl amines, aryl-a-naphthylamines, aryl-f-naphthylamines, aryl

diamines, and substituted derivatives thereof.

Preferably, the ashless aromatic amine antioxidant comprises an aryl amine, namely
an aromatic amine which includes one or more aryl groups attached directly to one or
more amino groups via one or more carbon to nitrogen single bonds. Preferred aryl
amines include: diaryl amines comprising compounds including two aryl groups each
of which are independently attached directly to a common (i.e. single) amino group
via a carbon to nitrogen single bond; aryl polyamines, such as aryl diamines,
comprising compounds including a single aryl group which is bonded directly to at
least two or more separate amino groups by two or more separate carbon to nitrogen
single bonds; and, combinations thercof. Most preferred aryl amines comprise diaryl
amines. Preferred aryl groups include phenyl and naphthyl and substituted derivatives
thereof, especially phenyl groups and substituted derivatives thereof (e.g. alkyl
substituted phenyl groups).

A most preferred ashless aromatic amine antioxidant comprises a diaryl amine
antioxidant, especially a diphenyl amine antioxidant and substituted (e.g. alkyl

substituted) derivatives thereof, more especially di(alkylphenyl) amines.

Preferred diaryl amines comprise diphenyl amines and substituted derivatives thereof

(e.g. di(alkylphenyl) amines), especially diphenyl amines of the general formula (I)



Bal ance (1) Viscosity nodifiers are used only in multi-graded oils.
The final lubricating oil conposition, typically nmade by bl ending the
or each additive into the base oil, may contain from5 to 25,
preferably 5 to 18, typically 7 to 15, {drass % of the co-additives,

t he remai nder being oil of lubricating viscosity. Preferably, the

| ubricating oil conB?sition i ncl udes one or nDreRgo-additives in a

m nor anount, other thkan .iem\Jve conpgpents,_(BY and (C), selected
from ashl ess di spersant §, netal] deterd or r osi on i nhi bitors,
anti oxi dants, pour poin{| depregsants, r agents, friction

nodi fiers, denulsifiers, ' vi scosity nodifiers. 27
The above nentioned co- adch sussed in further detail as
follows; as is known in the art, spnme additives can provide a
multiplicity of effects, for exanple, a single additive my act as a
di spersant and as an oxi dation i nhifbi tor. A di spersant is an additive
whose primary function is to hold solid and Iiquid contam nations in
suspensi on, thereby passivating tﬂ§n1and reduci ng engi ne deposits at
the sane L aRiASRT el RN GreSHAdGMABP QB HrlbAN and R8N ?P&E?Pﬁc%nﬂ? represent

di spersant ‘mai fitai ns i'n suspension oil-insol uble substances™ that

resul t fr bydrogérd&l;ito € palkylng: ts€1cfikentil QaubGicaltpl, andwisergin dhediphenyl

sl udge floccul.atign and precipitation.or osi tLo it al _parts, of
The ongi nets s e off Sk Bate ey oibial S8 SRt LbRfuily RLEPRR S,
bei ng nongTel AklkiiC nNr8 PRifEraBBT €] tALS, ARAL VT Mot pEamBly a | 16 OPal&s!)
on conbustion, in contrast to netal -contai ning, and hence ash-form ng

mat er i al sespehielly €anpEs slkyh Prsfrgatily.dR orearesenis bydmgendn Gr ta Gropkyl, e,

t he pol arit i dexrived.fromincl usio . N1 0,.P:fr ~N, agom
The hydr oBiSHBEIYI(S &L BT IBEieRA Ce i Pa BBk sopbopBhchif s

having, f alkyExsmet ?reféi)aﬁl . ROGhE RF herdaiteabin J betapoasidfefamdias@pr oast s
may conprise an oil-sol uble polyneric backbone. A preferred class of

ol efi n pobyakehighly rrefamed tapapubg isoNgraAeire 438k paiilabig afipp Chemiura
| yi sob (PlLB), e 0= Ut
pol yror i ZogBisiny o oK RERTEe. BHEEAAT I anRE R QAR e

exanpl e, defiylvatoupe saref brhmuhgd c hainvtiey dhighbyr lpesfersed sdoitodreidlly aavatxile i ¢
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wherein R® and R* are the same or different and each independently represents an
alkyl, alkenyl, allyl or methallyl group of up to 30 carbon atoms, a cycloalkyl or
cycloalkenyl group of 5 to 7 carbon atoms optionally substituted by one or more alkyl,

alkenyl, allyl or methallyl groups of up to 30 carbon atoms each, an aryl group, an
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Preferably, R® and R® are the same or different and each independently represents
hydrogen, an alkyl, alkenyl, allyl or methallyl group of up to 16 carbon atoms, a
cycloalkyl or cycloalkenyl group of 5 to 7 carbon atoms optionally substituted by one



The preferred di hydrocarbyl dithiophosphate netal salts are zinc

di hydr ocar byl dithi ophosphates (ZDDP) which are oil-soluble salts of
di hydrocar byl dithi ophosphoric acids and may be represented by the
following formula: R1\ R20 wherein Ri,and R2 may be the same or
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oxidation induced viscosity increase). Preferably, the lubricating oil composition
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Control: The Renault Catalysis Oxidation Test (TOC-3) Procedure
Ther mal olé dadlided kyomeactivon of 2@ exdess ofiat mekl somporaride duelmas ani erjde loe

Cat al yst Oxj dat,i on.Jest (.FOC-3) Proced by R D55.,.3099- 09,
Thi o { oot MioROn HuBeRt abdite®) sidhORE ron lipRER o Fisi AR Sof vapised
engi ne | uBbGalt Bdnprides GRINASH @ierafid 4shen WatdRagyesi dTUh ahasl Bisan@?s

in engine oils subjected to harsh conditions of increased |oad an
regi me, aertberste)onselyy. Speh ovbaed Btesgatemay have kBN (i eld Ot cgreater,
containin 50. g,.0f - QI hAl nhydrous iron (I11)
acety|ace%%ﬁﬁPﬁg%%?%$§%€B?gégbgﬁﬂﬁ?ﬁ%n) are heated in a test cell at
170C for 168 hours. During which tine air is blown through the oil in

the tubes at a rate of 10 litres per hour. Samples of each oi] (30
m) are aSwibledhs drtergsnteampoaenddy) Bdhe| WRSIEE L 2 metaheepiiningelerigang

aver age v oeorpar el SR R, EPuf dRtacll QR SaP SR Farklle

an oi |l sathpnesaliconaisins deergasi doghponéntand @itesjeesat ronetry by neasuring
the area of the infra-red band between 1800 to 1650 cm1 (C=0) and

The detergent component {(C) comprises an oil-soluble or oil-dispersible overbased
magnesium detergent providing the lubricating oil composition with at least 0.05

mass % of magnesium measured in accordance with ASTM D5185-09, based on the
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Thus, preferably greater than or equal to 50, more preferably greater than or equal to
55, even more preferably greater than or equal to 60, even more preferably greater
than or equal to 70, even more preferably greater than or equal to 75, even more
preferably greater than or equal to 80, even more preferably greater than or equal to
85, even more preferably greater than or equal to 90, most preferably greater than or
equal to 95, mass % of the total metal content of the detergent component (C),

especially the metal containing detergent component, comprises magnesium which is

derived from the overbased magnesium detergent.

Thus, in accordance with a preferred embodiment of the present invention the
detergent component (C) (i.e. the metal containing detergent component) consists
essentially of the overbased magnesium detergent, preferably it consists solely of the

overbased magnesium detergent.

Suitably, the overbased magnesium detergent of the detergent component (C)

contributes greater than 45, preferably greater than or equal to 50, more preferably



5 F Dispersant 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 ZDDP

23

greater than or equal to 60, even more preferably greater than or equal to 70, even
more preferably greater than or equal to 75, even more preferably greater than or
equal to 80, even more preferably greater than or equal to 85, even more preferably
greater than or equal to 90, most preferably greater than or equal to 95, % of the TBN
of the detergent component, based on the total TBN of the detergent component.

Preferably, the overbased magnesium detergent provides the lubricating oil
composition with greater than or equal to 0.06, more preferably greater than or equal
to 0.07, mass % of magnesium, based on the total mass of the lubricating oil
composition. Preferably, the overbased magnesium detergent provides the lubricating
oil composition with less than or equal to 0.15, even more preferably less than or
equal to 0.14, even more preferably less than or equal to 0.13, even more preferably
less than or equal to 0.12, even more preferably less than or equal to 0.11, mass % of

magnesium, based on the total mass of the lubricating oil composition.

Suitably, it will be appreciated that the detergent component (C) is included in the
lubricating oil composition in an amount such that total amount of sulphated ash
contributed by the detergent component to the lubricant, and any other metal
containing component which may be present, is less than 0.60, preferably at most 0.55,
more preferably at most 0.50, mass %. Preferably, the detergent component (C) is
present in an amount of 0.1 to 15, more preferably 0.2 to 9, mass %, based on the total

mass of the lubricating oil composition

Additionally, it has also been found that by increasing the mass to mass ratio, in the
lubricating oil composition, of the mass of ashless aromatic amine antioxidant to the
mass of magnesium contributed by the overbased magnesium detergent for a
lubricating oil composition having a fixed sulphated ash content typically further
improves the thermally induced oxidative stability of the lubricant. Thus preferably,
the mass to mass ratio, in the lubricating oil composition, of the mass of ashless
aromatic amine antioxidant (B) to the mass of magnesium provided by the detergent
component (C) is greater than or equal to 8 to 1, preferably greater than or equal to 10
to 1, more preferably greater than or equal to 10.5 to 1, even more preferably greater
than or equal to 11 to 1. Preferably, the mass to mass ratio, in the lubricating oil

composition, of the mass of ashless aromatic amine antioxidant to the mass of
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magnesium provided by the detergent component (C) is less than or equal to 40 to 1,
more preferably less than or equal to 35 to 1, even more preferably less than or equal

to33to 1.

Suitable overbased magnesium detergents which may be used include oil-soluble and
oil-dispersible overbased (i.e. having a TBN of at least 150 mg/g KOH as determined
by ASTM D2896) magnesium sulfonates, phenates, sulfurized phenates,
thiophosphonates, salicylates, naphthenates and other magnesium aromatic organic
carboxylates.  Overbased magnesium salicylates and overbased magnesium
sulphonates are particularly preferred, especially overbased magnesium salicylates.
Highly preferred, overbased magnesium salicylates comprise Cg to Cip alkyl,
especially Ci4 to Cy3g alkyl, substituted salicylates wherein the alkyl group(s) may be
linear, branched or cyclic. As examples of suitable alkyl groups there may be
mentioned the following: octyl; nonyl; decyl; dodecyl; pentadecyl; octadecyl; eicosyl;

docosyl; tricosyl; hexacosyl;and, triacontyl.

It will be appreciated that the detergent component (C) may also include one or more
other metal detergents in addition to the overbased magnesium detergent. Other
suitable detergents which may be present in the lubricating oil composition, in
addition to the overbased magnesium detergent, include oil-soluble or oil-dispersible
neutral and overbased sulfonates, phenates, sulfurized phenates, thiophosphonates,
salicylates and naphthenates and other oil-soluble aromatic organic carboxylates, of a
metal, particularly an alkali or alkaline earth metal e.g. sodium, potassium or calcium.
If the detergent component (C) includes one or more metal detergents in addition to
the overbased magnesium detergent, then calcium based detergents are preferred,
particularly oil-soluble and oil-dispersible neutral and overbased calcium sulphonates

and salicylates.

Suitably, by decreasing the amount of metal atoms, other than magnesium, in the
detergent component (C) for a lubricating oil composition of the present invention
having a fixed antioxidant component (B) content and a fixed sulphated ash content

typically enhances the thermal oxidation stability of the lubricant.
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Thus, the one or more other metal detergents (i.e. calcium sulphonates and calcium
salicylate), in addition to the overbased magnesium detergent, may provide the
detergent component (C) with up to 55, preferably up to 40, more preferably up to 30,
even more preferably up to 25, even more preferably up to 20, even more preferably
up to 15, even more preferably up to 10, even more preferably up to 5, mass % of
metal other than magnesium, especially calcium, based on the total mass of metal in

the detergent component (C).

Preferably, the one or more other metal detergents (i.e. apart from the overbased
magnesium detergent) provide the lubricating oil composition with less than 0.15,
preferably less than 0.14, more preferably less than (.12, even more preferably less
than 0.10, even more preferably less than 0.08, even more preferably, less than 0.07,
even more preferably less than or equal to 0.06, even more preferably less than or
equal to 0.05, even more preferably less than or equal to 0.04, even more preferably
less than or equal to 0.03, even more preferably less than or equal to 0.02, most
preferably less than or equal to 0.01, mass % of metal other than magnesium, based

on the total mass of the lubricating oil composition.

ENGINES

The Iubricating oil compositions of the invention may be used to lubricate mechanical
engine components, particularly in internal combustion engines, e.g. spark-ignited or
compression-ignited internal combustion engines, particularly spark-ignited or
compression-ignited two- or four- stroke reciprocating engines, by adding the
composition thereto. The engines may be conventional gasoline or diesel engines
designed to be powered by gasoline or petroleum diesel, respectively; alternatively,
the engines may be specifically modified to be powered by an alcohol based fuel or
biodiesel fuel. Most preferably, the engine comprises a compression-ignited internal
combustion engine. Preferably, the lubricating oil compositions are crankcase

lubricants.
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CO-ADDITIVES

Co-additives, with representative effective amounts, that may also be present,
different from additive component (B), are listed below. All the values listed are

stated as mass percent active ingredient in a fully formulated lubricant.

Additive Mass % Mass %
(Broad) (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 02-9
Friction modifier 0-5 0-1.5
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0-10 0-4
Anti-Oxidants 0-5 0.01-3
Pour Point Depressant 0.01-5 0.01-1.5
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 lubricating oil composition, typically made by blending the or each additive
into the base oil, may contain from 5 to 25, preferably 5 to 18, typically 7 to 15,

mass % of the co-additives, the remainder being oil of lubricating viscosity.

Preferably, the lubricating oil composition includes one or more co-additives in a
minor amount, other than additive components (B} and (C), selected from ashless
dispersants, metal detergents, corrosion inhibitors, antioxidants, pour point
depressants, antiwear agents, friction modifiers, demulsifiers, antifoam agents and

viscosity modifiers.
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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.

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 C, 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; US-A-3,154,560; US-A-3,172,892; US-A-3,024,195;
US-A-3,024,237, US-A-3,219,666; and US-A-3,216,936, that may be post-treated to
improve their properties, such as borated (as described in US-A-3,087,936 and US-A-
3,254,025) fluorinated and oxylated. For example, boration may be accomplished by
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treating an acyl nitrogen-containing dispersant with a boron compound selected from

boron oxide, boron halides, boron acids and esters of boron acids.

Preferably, the lubricating o0il composition includes an oil-soluble boron containing
compound, especially a borated dispersant. Preferably, the borated dispersant
comprises an ashless nitrogen containing borated dispersant, such as a borated

polyalkenyl succinimide, especially a borated polyisobutenyl succinimide.

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 ocil-soluble organo-molybdenum
compounds have a molybdenum-sulfur core. As examples there may be mentioned
dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates, thioxanthates,
sulfides, and mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates. The molybdenum

compound is dinuclear or trinuclear.

One class of preferred organo-molybdenum compounds useful in all aspects of the
present invention is tri-nuclear molybdenum compounds of the formula Mo3SiL,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.
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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 lubricating oil composition. 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 composition 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.

Antioxidants other than the ashless aromatic amine antioxidant of antioxidant
component (B) which may be included comprise radical scavengers (e.g. sterically
hindered phenols 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).

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 dihydrocarbyl
dithiophosphate metal salts wherein the metal may be an alkali or alkaline earth metal,

or aluminium, lead, tin, molybdenum, manganese, nickel, copper, or preferably, zine.

Dihydrocarbyl dithiophosphate metal salts 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

neutralizing the formed DDPA with a metal compound. For example, a
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dithiophosphoric acid may be made by reacting mixtures of primary and secondary
alcohols. Alternatively, multiple dithiophosphoric acids can be prepared where the
hydrocarbyl groups on one are entirely secondary in character and the hydrocarbyl
groups on the others are entirely primary in character, To make the metal salt, any
basic or neutral metal compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an
excess of metal due to the use of an excess of the basic metal compound in the

neutralization reaction.

The preferred dihydrocarbyl dithiophosphate metal salts are zinc dihydrocarbyl
dithiophosphates (ZDDP) which are oil-soluble salts of dihydrocarbyl

dithiophosphoric acids and may be represented by the following formula:

R'O o
\U’——S Zn

R"’O/

- -2

wherein R! and R? may be the same or different hydrocarbyl radicals containing from

1 to 18, preferably 2 to 12, carbon atoms and include radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R! and R*
groups are alkyl groups of 2 to 8 carbon atoms, especially primary alkyl groups (i.e.
R! and R? are derived from predominantly primary alcohols). Thus, the radicals may,
for example, be ethyl, n-propyl, i-propyl, n-butyl, iso-butyl, sec-butyl, amyl, n-hexyl,
i-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl,
cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility,
the total number of carbon atoms (i.e. R' and R?) in the dithiophosphoric acid will
generally be about 5 or greater. Preferably, the zinc dihydrocarbyl dithiophosphate

comprises a zinc dialkyl dithiophosphate.

Preferably, the lubricating oil compeosition contains an amount of dihydrocarbyl
dithiophosphate metal salt that introduces 0.02 to 0.10 mass %, preferably 0.02 to
0.09 mass%, preferably 0.02 to 0.08 mass %, more preferably 0.02 to 0.06 mass % of

phosphorus into the composition.



1.1 Gouplll basestock bal ance bal ance bal ance bal ance bal ance

bal ance bal ance bal ance bal ance bal ance

31

To limit the amount of phosphorus introduced into the lubricating oil composition to
no more than 0.10 mass %, the dihydrocarbyl dithiophosphate metal salt should
preferably be added to the lubricating oil compositions in amounts no greater than
from 1.1 to 1.3 mass % (a.i.), based upon the total mass of the lubricating oil

composition.

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

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, thiadiazoles 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. Typical of these additive are Cg to Cys dialkyl fumerate/vinyl acetate
copolymers and polyalkylmethacrylates.

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 lubricating oil. 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.
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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.

The additives may be incorporated into an oil of lubricating viscosity (also known as a
base oil) in any convenient way. Thus, each additive can be added directly to the oil
by dispersing or dissolving it in the oil at the desired level of concentration. Such
blending may occur at ambient temperature or at an elevated temperature. Typically
an additive is available as an admixture with a base oil so that the handling thereof is

easier.

When a plurality of additives are employed it may be desirable, although not essential,
to prepare one or more additive packages (also known as additive compositions or
concentrates) comprising additives and a diluent, which can be a base oil, whereby the
additives, with the exception of viscosity modifiers, multifuntional viscosity modifiers
and pour point depressants, can be added simultaneously to the base oil to form the
lubricating oil composition. Dissolution of the additive package(s) into the oil of
lubricating viscosity may be facilitated by diluent or solvents and by mixing
accompanied with mild heating, but this is not essential. The additive package(s) will
typically be formulated to contain the additive(s) in proper amounts to provide the
desired concentration in the final formulation when the additive package(s) is/are
combined with a predetermined amount of oil of lubricating viscosity. Thus, one or
more detergents may be added to small amounts of base oil or other compatible
solvents (such as a carrier oil or diluent oil) together with other desirable additives to
form additive packages containing from 2.5 to 90, preferably from 5 to 75, most
preferably from 8 to 60, mass %, based on the mass of the additive package, of
additives on an active ingredient basis in the appropriate proportions. The final
formulations may typically contain 5 to 40 mass % of the additive package(s), the

remainder being oil of lubricating viscosity.
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EXAMPLES

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

not intended to limit the scope of the claims hereof.

Thermal Oxidation Control: The Renault Catalysis Oxidation Test (TOC-3) Procedure

Thermal oxidation control of a lubricant is evaluated employing the Catalyst
Oxidation Test (TOC-3) Procedure by Renault D55 3099-09. This test method
assesses the resistance against oxidation of an engine lubricating oil composition and
the method simulates changes in engine oils subjected to harsh conditions of increased

load and regime, and hot casing.

In the TOC-3 procedure, four tubes each containing 150 g of oil containing anhydrous
iron (III) acetylacetonate catalyst (360 ppm iron) are heated in a test cell at 170°C for
168 hours. During which time air is blown through the oil in the tubes at a rate of 10
litres per hour. Samples of each oil (30 ml) are assessed for oxidative degradation
after 16 hours, 96 hours, 136 hours and 168 hours; the samples after 96 hours
providing the average value for the TOC-3 procedure. The oxidative degradation of
an oil samples is assessed using infra-red spectrometry by measuring the area of the
infra-red band between 1800 to 1650 cm™ (C=0) and comparing the increase in area
of this band with that of the original oil (sample at t=0). A lower peak area increase
indicates lower oxidative degradation and to pass the TOC-3 test a peak area increase
after 96 hours must be less than 400.

TOC-3 Test Results

A series of SW/40 multigrade lubricating oil compositions, as detailed in Table 1,
were prepared by admixing a Group III base stock with known additives. Each of the
lubricating oil compositions has a phosphorus concentration of 0.05 mass % as
measured by ASTM D5185, a sulphur concentration of 0.1 mass % as measured by
ASTM D2622 and a sulphated ash content of 0.5 mass % as measured by ASTM
D874 and included identical amounts of the following additives available from

Infineum UK Ltd: an ashless dispersant; a ZDDP; antifoam; a pour point depressant;
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and, a viscosity index improver concentrate (VI concentrate). Each of the lubricants
included either an overbased calcium salicylate detergent (TBN 350), an overbased
magnesium salicylate detergent (TBN 340), an overbased magnesium sulphonate
detergent (TBN 400), an overbased calcium sulphonate detergent (TBN 300) or a
combination thereof as detailed in Table 1. Additionally, each of the lubricants
included an identical ashless aromatic amine antioxidant (bis(4-nonylphenyl)amine)
in the amounts as specified in Table 1. In Table 1, Lubricants A to F represent
comparative lubricants, whereas Lubricants 1 to 5 are representative of lubricating

oils of the present invention.

The Lubricants were evaluated for thermal oxidation control employing the Catalysis
Oxidation Procedure (TOC-3) as detailed herein, where a passing value is a Peak Area
Increase of less than 400. A lower Peak Area Increase represents a stronger passing

value in the test. The results are detailed in Table 1.

The results demonstrate that a lubricant having a sulphated ash content of 0.5 mass %
comprising a detergent component consisting solely of an overbased calcium
salicylate detergent, then in order to obtain a passing value in the TOC-3 Test it is
necessary to include 2.5 mass % of the ashless aromatic amine antioxidant (Compare
Lubricants A and B with Lubricant C). However, if the detergent component of
Lubricant C is modified so that it includes a mixture of the overbased calcium
salicylate detergent and an overbased magnesium salicylate detergent such that the
detergent component provides the lubricant with 0.05 mass % of magnesium and the
detergent component includes 45.5 mass % of magnesium, based on the total mass of
metal in the detergent component, then a comparable passing value in the TOC-3 Test
is achieved by the inclusion of only 1.0 mass % of the ashless aromatic amine
antioxidant, namely a mass to mass ratio of antioxidant to magnesium of 20:1
(Compare Lubricant 1 with Lubricant C). Suitably, increasing the amount of
antioxidant in Lubricant 1 from 1.0 mass % to 1.5 mass % (see Lubricant 2) provides
a stronger passing value in the TOC-3 Test (Peak Area Increase for Lubricant 2 is 355
and for Lubricant 1 is 383).
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Table 1

A B C D 1 2 E 3 4 5 F
Dispersant | 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
ZDDP 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Antifoam 0.003 0.003 | 0.003 0.003 | 0.003 0.003 0.003 0.003 0.003 0.003 | 0.003
VI 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Concentrate
Pour Point | 0.3 0.3 0.3 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Antioxidant | 0.5 1.5 2.5 0.5 1.0 1.5 0.5 1.0 1.5 1.5 1.5
(AO)
Calcium 0.96 0.96 0.96 0.48 0.48 0.48 - - - - -
Salicylate
Magnesium | - - - 0.63 0.63 0.63 1.27 1.27 1.27 - -
Salicylate
Magnesium | - - - - - - - - - 1.1 -
Sulphonate
Calcium - - - - - - - - - - 1.1
Sulphonate

Group III | balance | balance | balance | balance | balance | balance | balance | balance | balance | balance | balance

basestock

Camass % | 0.12 0.12 0.12 0.06 0.06 0.06 - - - - 0.12
Mg mass % | - - - 0.05 0.05 0.05 0.09 0.09 0.10 0.10 -
Mass ratio | - - - 10:1 20:1 30:1 5.5:1 11:1 15:1 15:1 -
AO:Mg

TOC 526 463 382 464 383 353 475 305 272 318 394
(peak area)

Pass/Fail Fail Fail Pass Fail Pass Pass Fail Pass Pass Pass Bare

pass/fail




272 318 394 Pass/Fail Fail Fail Pass Fail Pass Pass Fail Pass Pass
Pass Bare pass/fail

36

The results also demonstrate that by increasing the amount of overbased magnesium
salicylate detergent in the detergent component of Lubricants 1 and 2, whilst
maintaining a fixed sulphated ash level, provides a stronger passing value in the TOC-
3 Test. Thus, if the detergent component of Lubricant 1 is modified from a mixture of
an overbased magnesium salicylate detergent and overbased calcium salicylate
detergent to consisting solely of an overbased magnesium salicylate detergent as in
Lubricant 3, then the Peak Area increase in the TOC-3 Test decreases from 383 to 303,
thereby indicating a stronger passing value. Similarly, if the detergent component of
Lubricant 2 is modified from a mixture of an overbased magnesium salicylate
detergent and calcium salicylate detergent to comsisting solely of an overbased
magnesium salicylate detergent as in Lubricant 4, then the Peak Area increase in the

TOC-3 Test decreases from 355 to 272, thereby indicating a stronger passing value.

Additionally, the results also demonstrate that a lubricant having a detergent
component comprising an overbased magnesium salicylate detergent provides a
similar passing value in the TOC-3 Test as a comparable lubricant having a detergent
component comprising an overbased magnesium sulphonate detergent (compare
Lubricant 4 with Lubricant 5 in Table 1). Notably, a comparative Lubricant including
an overbased calcium sulphonate detergent (Comparative Lubricant F) only provides
a bare pass/fail in the TOC-3 Test.
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4, A lubricating oil composition as claimed in any one of the preceding claims,
wherein the ashless aromatic amine antioxidant is present in an amount of less than or

equal to 2.0 mass %, based on the total mass of the lubricating oil composition.

5. A lubricating oil composition as claimed in any one of the preceding claims,
wherein the mass to mass ratio, in the lubricating oil composition, of the mass of

ashless aromatic amine antioxidant (B) to the mass of magnesium provided by the
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cl ai ms, whbreimthelpyedpsscdasgnssiviy Ausizant kisteeFgRmS ahdeastal STBRIeserably at
| east 1501ea%r3|?) e&gpédlgoﬁasla%?e%g%ggj&@fﬁ 53dqas determ ned by ASTM

D2896. 7 ubr g ol on as clainmed in any one of the
precedi ng cl ai ns, wherein the overbased nagnesi um detergent is

sel ected fromone_aqr npore magnesi um sul phonat es, nmagnesi um .

sal i cyl at és and Whgrrtisged prapestion asplaimed n|any one obthepreeeding lainum
sal i cyl at : j i i Lyl i i - one
of the pr SRergibtbe Svelttdd el du GOHRES Lo A BB oF it bkl
pr ef er abl yulpliicates) mhfranivn sdgylatestand wtagnodsm phendted, becftrablyl ongetr ahore
content of the, detergent conponent (C) conprises magnesi um derived
fromthe Wéﬁm@&%aﬁﬁg si um detergent. 9. A lubricating oil
conposition as clained in any one of the preceding clainms, wherein

t he overbased magnesi um det ergent provides the conmposition with at

| east 0. 08, praflebatdtingatil ¢eamdsitihn0as, clamasd i%ao) omagids preredias eldingn

t he total ss of the conposition. 0. . A lupricatin i.l .conposjti.on
hs ol ai mel PRt BT ERGA! i SOeRTP G gieRier U o Sy i &5 RS Yo of
ant i oxi dafhe t6QIRRREBNteR) of tBe AbteRASH @NFHoABET @5icHAPlsGAARARENN deribdd A
lubricating oil conposition as clainmed’in any one of the preceding

cl ai ms, wiemeheovérbasgd maggesivmeletergant.ani ne anti oxi dant conpri ses an
aryl amne 12. Alubricating oil conposition as clainmed in claim 10,
wherein the aryl am ne conprises a diaryl amne or an aryl diam ne.

9. A lubricating oil composition as claimed in any one of the preceding claims,
wherein the overbased magnesium detergent provides the composition with at least
0.06, preferably at least 0.07, mass % of magnesium, based on the total mass of the

composition.

10. A lubricating o0il composition as claimed in any one of the preceding claims,

wherein the antioxidant component (B) is an ashless antioxidant component.

11. A lubricating oil composition as claimed in any one of the preceding claims,

wherein the ashless aromatic amine antioxidant comprises an aryl amine

12. A lubricating oil composition as claimed in claim 10, wherein the aryl amine

comprises a diaryl amine or an aryl diamine.

13. A lubricating oil composition as claimed in any one of the preceding claims
further comprising one or more co-additives in a minor amount, other than additive

components (B) and (C), selected from ashless dispersants, metal detergents,



13. A lubricating oil conposition as clained in any one of the
preceding clains further conprising one or nore co-additives in a

m nor anount, other than additive conponents (B) and (C), selected
from ashl ess di spersants, netal detergeEnts, 39 corrosion inhibitors,
anti oxi dants, pour point depressants, antiwear agents, friction

modi f i er SeoAAMBH HihidiRhs anfiBkidh@8pAGORiS A Hedshiis,OfitidbarRdérts, Shiftion
14. A lubricating oil conposition as clainmed in any one of the

pr ecedi ngmetiiens demhisifisis antifsanicigentg end visersiiymeedifigrs) is a netal

cont ai ni ng detergent conponent. 15. A lubricating oil conposition as
clainmed in claim114, wherein the nmetal containing detergent conponent
consi sts essenii@blivatidl ciPEEmRBIOAN asrBMitea IR HBRSa6 offEigNestdding claims,
detergents _as_defined in any one of the £rece_d[ ng. clainms. 16. A

net hod of whetsin hedetsrgeat eqpapqaenty) isymstal egipnigietngsny APnBeRSht er nal
conbusti on engi ne conprising operating the engine with a lubricating
oil conposition as clained in any one of clains 1 to 15. 17. The
use, in the | ubrilubsichtip ofl @nspaitoni gniclagtdedin eiuifpr #4sivhereingtliet autal

i nternal combustion engine, of an anti oxi dalnt onponent %IB , as

defi ned i PPTERHINGRCIGECHTFOMPOBEIE FORESE| Sipongla 1158%?1#594?90% o5 PYEIBASEDI e
or oil-di { i 1 Wabd as an additive
inam no?ﬂglﬁr%hn ?et?%alé%%%fiﬁgﬁ&ghaﬁ ?ﬁégﬁ(}j‘g??ﬁ%ﬁ %I(%%rpr%onent (O, as
defined in any one of the preceding clains, conprising an oil-soluble

il-di i, bl ] [ \ dditi.ve i
i nor amobRL, AT Of QRPTSHG ¢ RGBS O ESRBRFSMRGTAR AT

| ubri cati g, Mispi6RShEYe b&n?riﬂﬁg BperARUAL endife HARUCIBLAGHIAE bill BRipabitioh he
thermal oxidation of the Tubricating oil conposition during operation
of the engideimedhieasy nne difeclaigts leled Sar omat i ¢ ami ne anti oxi dant is
present in an anmount of at least 0.75 mass % based on the total mass
of the lubricating oil conposition, and the overbased nagnesi um

det er gent 1pr ovirHE$isd, e thd/RibtieAtdnNer £ kparkesriRaidri compaéskidnagnite@agterihl 05
mass % of magnesi um _ based on the total mass of the lubricating oil
conposi t i evmbustion gngizeep! whantiopgdani somppagntt(Be. afedefincd dptadtongfoft the

det ergent _conponent on . . .| .
dot or gont PESHBER S Gmprr BEan et Sl A5t sl ardsluliui
magnesi unugdRixed8gnis an lAditiBeinus endr Ghedui® dini Gorabiaationl withwh eletirgert he
| ubricating oil conposition passes the Catal yst Oxidation Test .
(TOC-3) Pejapensnk (Bh s 3ishigedyn pay goe tof the preceding claims, comprsing an oil-

soluble or oil-dispersible overbased magnesium detergent, as an additive in a minor
amount, in a lubricating oil composition comprising an oil of lubricating viscosity in a
major amount, to reduce and/or inhibit the thermal oxidation of the lubricating oil
composition during operation of the engine, wherein the ashless aromatic amine
antioxidant is present in an amount of at least 0.75 mass %, based on the total mass of
the lubricating oil composition, and the overbased magnesium detergent provides the
lubricating oil composition with at least 0.05 mass % of magnesium, based on the
total mass of the lubricating oil composition, and greater than 45 mass % of the metal
content of the detergent component (C), based on the total mass of metal in the
detergent component, comprises magnesium derived from the overbased magnesium

detergent.

18.  The use as claimed in claim 17, wherein the lubricating oil composition passes

the Catalyst Oxidation Test (TOC-3) Procedure D55 3099 by Renault.



