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2005MD17 FF 1 LUBRICATING O L COWGOSI TIONS This invention relates to

i nternal conbustion engine crankcase |ubricating oil conpositions (or

| ubricants), nore especially to conpositions suitable for use in piston

engi ne, especially for 5 gasoline (spark-ignited) and diesel
(conpression-ignited) piston engine lubrication; and to use of additives in
such conposi tions for reducing wear. A crankcase lubricant is an oil used
for gen@ WMPULEE cation in an internal donbustion engi ne where an oil sunp
is situated generally bel ow the crankshaft of the engine and to which
circulated 10 oil returns. It is well-known to include additives in
crankcase lubricants for sbUBRICAFINGOOEs COMPOSIREONSecen a need and/ or

requi renent to reduce the | evel of phosphorus in crankcase |lubricants in
order to inprove the durability of exhaust gas treatnent catalysts.

Reduct i ons I Thistigvendod wliteDfo lmtmmblaomblﬁstxeﬁl&hgxinaicfagkctasbﬂdbmmﬁngaadbéﬂapr@auﬁlan
however, se |ncreased wear in the, 15 engine. is.also known to rOV|de
sal i cyl éﬁrelu ga@tf EPH] esaé%%m@nwt@&a@ﬂtagp& qrnuse riB PitieRs £n8ing Fspecatystor 20
EP- As 1 r t i ed
ol o e B R R o LR P AR W08
phosphordditivesdd Sudiesuppéitenstfesteduong wear. exanpl e of such a | ubricant,

contai ning cal ciumsalicylate and having no phosphorus, to nmeasure the
average camwear, which is reported to be within ILSAC GF-3 engi ne test

limits. 25 AAralNcas® libricatid ahsbﬂtdaad fdr Rendralriobticatibe i art ﬁeerrﬂal RofBYstRNK eh Pink
poor camand |ifter wear. plus-lifter wear i s one of the paraneters of

the seq¥®REEeN Q] eympRsistsitugipd 6quraélyabf>lmzpﬁhec%@ré@baffyof thgjenginsapd tahigh ICVC‘éFieq
teSﬁo C%{lg&ngUit lgiu i1 REoWh ghflhﬁa@ ‘%F ﬁh&%ﬁé 185%&&%%4%&91&1 @t es

gh- speed service urlng atlv rent tenperature co It'i ons.
2005N(n7 FF 2 The present |nvent|on surpr|S|neg and as evidenced by the

data present ﬁ i tgis speci fj catian, overcq t b enplo

For mil at ons et et APChed g teadreaBlia (rourenten v ot Shemhoths S Rraness
lubricants in order to improve the durability of exhaust gas treatment catalysts. Reductions in the
amount of phosphorus-containing lubricant additives can, however, cause increased wear in the

15  engine.

It is also known to provide salicylate-based metal detergents as additives in crankcase

lubricants.

20 EP-A-1 338 643 (‘643) describes crankcase lubricants that contain overbased calcium or
magnesium salicylate and that have less than 50 ppm of phosphorus. ‘643 describes tests on an
example of such a lubricant, containing calcium salicylate and having no phosphorus, to measure the

average cam wear, which is reported to be within ILSAC GF-3 engine test limits.

25 A problem in ‘643 is that the formulations therein may exhibit poor cam and lifter wear.
Cam-plus-lifter wear is one of the parameters of the sequence IIIG test, which is an API Category
SM, ILSAC Category GF-4 test carried out during high temperature conditions and which simulates

high-speed service during relatively high ambient temperature conditions.
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5 In a first aspect, the invention provides an internal conbustion engine
crankcase lubricating oil conposition having a phosphorus concentration,
expressed as atons of phosphorus, of not greater than 0.09 nass % based on
the mass of the oil conposition, which conposition conprises or is made by
adm xing: (A) an oil of lubricating viscosity, in a major amount; 10 (B) a
met al de@happtrEsystem as an additive pn a minor anmount, conprising one or
nore metal salts of organic carboxylic acids; and (C) a viscosity index

i mprover conprising a linear diblock copolyner conprising at |east one

bl ock der i vaple (pLLIRILLYAY Olisllaly o QI dendOr 0L OO, TRONRA ADFhE"

| east one b eriva from a ene non n a secon

aspect , spebifichtivng P er@ompy ehel ﬂebleﬁl Bjﬁtehip(tb}ﬁﬁg fatlatiahd @t @ostaiipspesidic orisdogity t ed
or spark-ignited internal conmbustion engine, which nethod conprises

suppl yi gk BURIA¥ETENgi ne a | ubricating oi |l conposition according to the
first aspect of the invention. 20 In a third aspect, the invention provides
the use of a viscosity index inprover as defined in the first aspect of the
i nve51t i on thoa ﬁapt appectt the immrtiamgmhfidm en inigraal dombuﬁwnmhkm&casaﬂubr@aﬁmg)n

an t er nal. qstlo § Hﬂf b eag&%Pr'C%IHQ? 0|I nE %lt%%n ha |n9 a
phospho? 00318356 ?ﬂ ratre s, p 5&’ es§¥ PofEP 6t e ap%m%ﬁ OB Rot™
gr eat er giehtanthan 099rmsss %Aptasedkoh M mdde offiSoiDéonteitioh IWhich abmﬁgsmd comprises
conposition. 25 A Iubrlcatlng oi | conposition according to the present

i nvent i OfiS age RRIEMMBosphorus  content of at |east greater than 0. 005,
preferably a(f)): eaa?]tmpof(f&bmc@ {;IiQéOSF%QHB%{a &Q%ug,]. 08 mass % based on the
[

mass of the composi tion. brical Ing ol conposition according to
t hel(pr esent (B)verd metal detgrgbmt\sgstems ot @l addese in aumiber ariAiiBl) coafprisiap\wae pr thoaed

S En ! o201 Y, et 00 SRR ST oLy 0L e, Lubrcating o)
(C)  aviscosity index improver comprising a linear diblock copolymer comprising at least
one block derivable primarily from a vinyl aromatic hydrocarbon monomer and at
least one block derivable primarily from a diene monomer.
15
In a second aspect, the invention provides a method of lubricating a compression-ignited or
spark-ignited internal combustion engine, which method comprises supplying to the engine a

lubricating o0il composition according to the first aspect of the invention.

20 In a third aspect, the invention provides the use of a viscosity index improver as defined in
the first aspect of the invention, to improve the cam and lifter wear in the crankcase lubrication of an
internal combustion engine by a lubricating oil composition having a phosphorus concentration,
expressed as atoms of the phosphorus, of not greater than 0.08 mass % based on the mass of the
lubricating oil composition.

25

A lubricating oil composition according to the present invention may have a phosphorus
content of at least greater than 0.005, preferably at least 0.01, and not greater than 0.08 mass %,

based on the mass of the oil composition.

30 A lubricating oil composition according to the present invention may have a total base

number (TBN) of between 2 and 9, preferably between 4 and 8.
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such as a nultigrade oil conposition satisfying the SAE OM¥X or SAE 5WX
characteristics where X represents, for exanple, any one of 20, 30 and 40.
51n this specification, the follow ng words and expressions, if and when
used, shall have the neanings ascribed below "active ingredient” or
"(a.i.)" refers to additive material that is not diluent or solvent;
"conprising. ar_any cognate word specifies the presence of stated features,
st eps, Z@‘%ﬁ‘%@&&ﬁ 10 or conponents, bdt does not precl ude the presence or
addition of one or nore other features, steps, integers, conponents or
groups thereof; the expressions "consists of' or "consists essentially of'
or cognates may be enbraced within "conprises"” or cognates, wherein
"consi’sts esenthAl It 1ol B bombddl MO iRfentil - '
affoct ng 1 RatoahR, ¢ 8hicaiSL B Lyl S B RendlR I PORRR Ay JEE LN
"maj or awhuash'mulégmde oih canpaipnohtiFPinghlssS AE OW-X ardShb S W-Xosharactenistiarwhere
anount” _neans | ess than 50 mass_9 a nposition; "TBN' neans total base
& 26 % af 8

number SJCRIESELE 104 KRNIV 5929 rmore in this specification: 20

"phogphorus content” is as neasured by ASTM D5185; "sul phated ash content”
is as neasured by ASTM D874; "sul phur content” is as neasured by ASTM
D2622; " Kviowmthissaesificatioanthe ifellaying wordsyandexpee®nssifrand sthea dised; sixdirhaveshs .

25 Al Somekﬁin%séri gbléﬁq;rstood that various conponents used, essential as
wel | as opti a customary, may react under conditions of fornulation,

st orage or usetien@gteldirht tdr€(a. i)V e¢ters omadidithe maredal itiche &5 ridp dilpend dusilvent ai nabl e
or obtained as a result of any such reaction. Further, it is understood that
any upper andOMBHENE qelANY gate FAELSPEFHes beiprresprcriof statedifeatiies HtepsoTpgTH
mayde i ndep@ﬂ%‘ﬂ%h%t& PPIRE Yot peaddihé pFégeIf]Ce-BI? eddifat bf % RfmdrB StHeN¥afdON
rel ati ng, where appropriate, to each and all aspects of the
steps, integers, components or groups thereof;, the expressions “consists of” or “consists
essentially of” or cognates may be embraced within “comprises” or cognates, wherein
“consists essentially of” permits inclusion of substances not materially affecting the
characteristics of the composition to which it applies;
15 “major amount” means in excess of 50 mass % of a composition;
“minor amount” means less than 50 mass % of a composition;

“TBN” means total base number as measured by ASTM D2896.

Furthermore in this specification:
20 “phosphorus content” is as measured by ASTM D5185;
“sulphated ash content” is as measured by ASTM D874;
“sulphur content” is as measured by ASTM D2622;
“KV100” means kinematic viscosity at 100°C as measured by ASTM D445,

25 Also, it will be understood that various components used, essential as well as optimal and
customary, may react under conditions of formulation, storage or use and that the invention also

provides the product obtainable or obtained as a result of any such reaction.

Further, it is understood that any upper and lower quantity, range and ratio limits set forth

30  herein may be independently combined.
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knvention, will now be described in nore detail as follows: QI of
Lubricating Viscosity (A) 5 This, sonetines referred to as the base oil or
base stock, is the primary liquid constituent of the conposition into which
additives and possibly other oils are blended. A base oil nay be sel ected
fromnatural (vegetable, animal or mneral) and synthetic 10 lubricating

oils ang§gh§hggﬁ§hthereof. It may range,in viscosity fromlight distillate

m ner al eavy lubricating oils such as gas engine oil, mnera

| ubricating oil, motor vehicle oil and heavy duty diesel oil, GEneraIIy t he
viscosity of _the oil ranges from2 to 30, eci al

100C. 15 Nat Hieafeatressof W@ua&féltlaﬂ.rﬁlafm&n‘ﬁh%gg IS %act?éng alll apeess Ogﬁhe

lard oi inl«enddnqwlﬂn&@t,igés@mse&lm%reaéwh hnekef i ned, sol vent-treated mneral
| ubricating ol of e paraffinic, naphthenic and m xed

paraffinic-naphthenic types. QG ls of lubricating viscosity derived from coa

or shal g.ar %Iso.us ful . base oils. 20 Synthetic lubricating oils include
hydrocaﬁ@éﬁié¥ﬁ§ggﬁ%§5§@ﬂgéé§nerized and interpolynerized olefins (e.g.
pol ybut yl enes, pol ypropyl enes, propyl ene-i sobutyl ene copolyners
chlorinated beutélenes pon 1- hexenesé@ﬁpolg@(l octenes),

(1- decenes) ) Thigjseipe @ﬁ%@rﬁ@ged(te ag ! the hm@éw sth@e}ﬂ%"ééw@éﬁz@m@t of

di nonyl (e.g. biphenyls,
terphen@%gﬁﬁgﬁing%g§£%§$ (Lgﬁ%¥§% gp&ﬁi(?gghﬂﬁgﬁgﬁenyl et hers and
aIkyIated 25 di phenyl sulfides and derlvatlves anal ogues and honol ogues

t her eof . table cl.ass nthetic | rlcatln oi.l's ri ses.the
esters of di %%%8)&’ Y 29 H%IeCt?de? ﬁ I(V?:geffg’? ané‘ﬂ?:lc FE“%%‘?&%&YR tic
suced Ni fibAGAtHE A8 Andinkifiyds tHAEST Mt Mad Garfle in FRE&S fBsth qtghtacn@thwtecmn@%l Gils to
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid diner,

mal oni cheayy dubr@ating Rijs suehasiges segine Oll,allnk@w}' lubrighting eil.auetas yehigle ipilanddicary y

5 ot hy! RaygsgiB; Gty B ERIRly PGP i 2 R0CEHBNEEREY misoeton -

FF 5 pro@/Cene glycol). Specific exanples of these esters include dibutyl
adi pate, di(2-ethyl hexyl)

15 Natural oils include animal and vegetable oils (e.g. castor and lard oil), liquid petroleum oils

and hydrorefined, solvent-treated mineral lubricating oils of the paraffinic, naphthenic and mixed

paraffinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale are also useful

base oils.

20 Synthetic lubricating oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (e.g. polybutylenes, polypropylenes, propylene-isobutylene copolymers,
chlorinated polybutylenes, poly (1-hexenes), poly (1-octenes), poly (1-decenes)); alkylbenzenes (e.g.
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di (2-ethylhexyl)benzenes); polyphenols
(e.g. biphenyls, terphenyls, alkylated polyphenols); and alkylated diphenyl ethers and alkylated

25  diphenyl sulfides and derivatives, analogues and homologues thereof.

Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic acids

(e.g. phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic acids, maleic acid, azelaic

acid, suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid,

30 alkylmalonic acids, alkenyl malonic acids) with a variety of alcohols ( e.g. butyl alcohol, hexyl

alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether,
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sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate,

di i sodecyl azel ate, dioctyl phthalate, didecyl phthal ate, dieicosyl
sebacate, the 2-ethyl hexyl diester of linoleic acid diner, and the conpl ex
ester formed by reacting one nole of sebacic acid with two nol es of
tetraethylene 5 glycol and two nol es of 2-ethyl hexanoic acid. Esters useful
as synth&isnmp19iges al so include those mage from C5 to C12 nonocar boxylic
acids and polyols, and polyol ethers such as neopentyl glycol,
trimet hyl ol propane, pentaerythritol, dipentaerythritol and
tripentaerythritol,. 1 efine y) d. re-refd nad, o 1 in
t he corr%rgg%/l%?eo ﬁ}sycglf) “t eelgg{rce%%aa%ﬁesi lr;ﬁf(taﬂr?ts ?eg%tglg n %@fi ‘:5 glé%ﬂgi ?@’%‘?’e& %t?glhgfﬁﬁj
obt ai negtbadate; Cdilnthdxiyb rfumarasd, utiadtylo sebayaié,haiisooctsb ueelatediibamlatyl azeldid)edioctyl
purification treatpent. For, exanple, a shale ojl tained.directly. from
retorti wzjh%@r%@?theb&%!atep@ﬁwew ashare Beczatnderxal Tiecien g inodsis ayidimeragicn
Or est efhe QlpinpRARL &ké?qgn%dr@f%a}ftiﬁgoeﬁe aRILst &bhdit Galdl With kwo RhAEESH edsthRed

wi t hout further treatnment would be unrefined oil. Refined oils are simlar
to the glyealehd reaimoles of xthypPrexanvigadidve been further treated in one or nore
purification steps to inprove one or nore properties. Many such
purification techniques, such as distillation, solvent extraction, acid or
base extractEddrs ubdfhlt fsalyhiboticsits 2 acluaé ihose Mmade KoY th ;b hdaecastidxlyliedcids

the art. Re-refined oils are obtained by processes simlar to those used to
obt ai n 1k pAalsoiand Robynl; @hers SUurle 3 nePPERtYs glisple Hripgthyldpropaen psptagfitels ed
in Serv&§§u<§%ﬁﬂuﬁ§ﬁé fenedv@irikci. are al so known as recl ained or reprocessed
oils an o?ten are additionally processed by techni ques for approval of
spel additive and oil breakdown products. Qher exanples of base oil are

gas-to-Iliqui p ")J.base poils..i.e. the base oil nmay be an oil. .25 derjved
Prom B schor U PGRRE R lirt Binkd dilsc AR pBn bl U Srmeg TR utfs g s
cont ai ninkentiokty dUAGEReEOils SR A6 FBAMIAd di@edt!ziﬁ‘cﬁn& FtS@h6f sydilidis ouree tvaithont -
These hég{ocarbons typlcall¥ require further proceSS|gg in order to be
usef ul Buthgr pifisatin freafrgent o Kamgnample; pshaleai) obtgipeddirerlydromn FAQWNE APeraiéonssa |
hydr of sgér@\)?%@{e g& gﬁ@mgé%@%yﬁérg%@m%lm & et %ﬁe({bltzﬁﬁé%l dlga%w)ﬁ%% aiP Esterification

15  process and used without further treatment would be unrefined oil. Refined oils are similar to the

unrefined oils except they have been further treated in one or more purification steps to improve one
or more properties. Many such purification techniques, such as distillation, solvent extraction, acid
or base extraction, filtration and percolation are known to those skilled in the art. Re-refined oils are
obtained by processes similar to those used to obtain refined oils applied to refined oils which have
20  been already used in service. Such re-refined oils are also known as reclaimed or reprocessed oils
and often are additionally processed by techniques for approval of spent additive and oil breakdown

products.

Other examples of base oil are gas-to-liquid (“GTL”) base oils, i.e. the base oil may be an oil

25  derived from Fischer-Tropsch-synthesised hydrocarbons made from synthesis gas containing

hydrogen and carbon monoxide using a Fischer-Tropsch catalyst. These hydrocarbons typically

require further processing in order to be useful as a base oil. For example, they may, by methods

known in the art, be hydroisomerized; hydrocracked and hydroisomerized; dewaxed; or
hydroisomerized and dewaxed.

30
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2005MD17 FF 6 Base oil may be categorised in Goups Ito V according to the
APl EQOLCS 1509 definition. Base oil derived fromone or nore of Goups |11,
IV and Vis preferred. The oil of lubricating viscosity is provided in a
maj or anount, in conbination with mnor 5 anobunts of the additives (B) and
(© and, if necessary, one or nore co-additives such as descri bed

her ei nahg@ivo1eGist i tuting the conpositign. This preparation may be
acconpl i shed by adding the additive directly to the oil or by adding it in
the formof a concentrate thereof to disperse or dissolve the additive.
Addi tives e 0 1 - 1N
the art . o ERaRITOre SedenSefn otnEl, TELAMpSROHE At OGS 1T dorifide
addi ti OBaﬂzmeddﬁl@éd ﬁdﬂldnb%emorelﬁ’ Gibepd &, i ait d)Vlls ﬁmfdﬂhlde" or

"oi |l -dispersible”, or cognate ternms, used herein do not necessarily
indicate that the conpounds or additives are soluble, dissolvable, mscible,
or are capa I r

Tean, hovever Phef HEpEai SRIPAESS OIRT 1P rufh Fadunt RESRIANGn v HIAEP
in ofl aroomts ekthe ratidlsluésf (B)iaed {C}) ands Mowecessimy| ond wrtremd@d adfiftives such as ldescribed

i h | ed. M . th dj ti |
meor noPEBihet, FonstRiRE () Fobesitihy This ek aisn: 5oy Rt et BRe] bl Adfing s
| evel s @ddnadeﬂfewyaw RE oAl de by la&(ﬁn%]ltfm fRIOMEOf a Matcahtrdrethefed et dispesdeMd(sEdlve 0
Met al detergents are additives t reduce formation of piston deposits in

engi nesthardditiNgt Additiyenapy beciddehiauthe il &y #y PPGpdkpows, © thege slilled By the art,
det e Ogier phidr tascg%qteﬁﬁro%n@oﬁsg ffth & QubkolffthPlol Mai ARG a8ligPLOVi di ng ef ther

or both ese tunctions wthin the | cating oll conp05|t|on They are
bas&@ on netal "soaps", that is netal salts of aC|d|c or gani ¢ conpounds,

sonetines referred (o surfa nts, .gnd that generall rise a pola
hona w th o ﬁjnﬂwbiﬂi@%? cor GidPBIE o saeatre W, et AFeARQ aRt e erm

CoNpri SHRi@RAhA th&B6BpsRIdRbr 8diifives Afe QNEAL dEssoRABIEOMMKLIbEe, BF hl‘ésoapgﬂ'l@&eﬁélﬁé y
the carboxylic acids are aromatic carboxylic acids; nore preferably salts of

30 ar onsispended ibtheypllli ig al preppriéenss tiheyide mean, htwevpre thap thely anke ferrigeancessodutders .

or stably dispersible in oil to an extent sufficient to exert their intended effect in the environment in
15  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.

Metal Detergent System (B)

20 Metal detergents are additives that reduce formation of piston deposits in engines and that
may have acid-neutralising properties, and the term ‘detergent’ is used herein to define a material
capable of providing either or both of these functions within the lubricating oil composition. They
are based on metal “soaps”, that is metal salts of acidic organic compounds, sometimes referred to
as surfactants, and that generally comprise a polar head with a long hydrophobic tail.

25

As stated, the metal detergent system comprises one or more metal salts or organic

carboxylic acids.

Preferably the carboxylic acids are aromatic carboxylic acids; more preferably salts of

30  aromatic carboxylic acids constitute all of the metal detergent systems.
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2005MD17 FF 7 The aromatic noiety of the aromatic carboxylic acids can
contain hetero atons such as nitrogen and oxygen but preferably contains
only carbon and hydrogen atons, for exanple six or nore carbon atons.
Benzene is a preferred noiety. 5 The aromatic carboxylic acid may contain
one or nore aronmatic noieties, such as one or nore benzene rings, either
fused oppgevipecied via al kyl ene bridges.7 The carboxylic noiety may be
attached directly or indirectly to the aromatic noiety, preferably directly
to a carbon atomon the aromatic noiety, such as a carbon atom on a benzene
10 ring. Mor ref b ro o) S

functi onal g?}(%gﬁ?osnﬁaéﬁ IJanQ; g‘ﬁth% oxy%tlcgf%géf)&%t acheg' (gﬁ]r érgt%f:t%ro gt%g{gasur e y
to a cambmgerahmxygentﬂnepwf@mmy icontaidk ®hly. cailﬁ)npzxﬂflgrdrcfgdnemlf@semﬁapw iRk i C
carboxylic acjds are salicylic such as hydrocarbyl - substituted

sal i cyi MOrgearbrn atomg, B SEEP%VPT”%E%ﬁgnﬁﬁﬁhps contai ning substantially

hydr ogen and carbon atons and bonded to the remai nder of the nolecule
directly via a carbon atons; they nay contain one or nore hetero atons
provfded t hedhe dronmmtic cddhorplit adid arayt doatais genodi miorey aroyndtio arnidsies, sughtasroae of

the grou 0 The.sal t. e (o40) xed th ot er surfactants such as
phenat egpéﬁémﬁ%@/er&gs’i eﬂ&f’ﬂ@&f orrrﬁonn%% eﬁ %Eﬁ’}ﬁ%n%g%s Al kyl phenol s may be
present. US-A-S 808 145; EP-A-0 933 417 and EP-A-0 985 726 descri be

exanpl es of such conpl exes. 25 The nmetal is preferably an al kaline earth
metal such adhe £REIOHRICMPIH GBS bErataghdt dissetly| %FsgldHFCthséq lﬁlpe AEmtic swpiely, of

or gani C gﬁglﬁlnje& 'éjé rﬁ&? ﬂ&ﬁ%@fl tl‘%aajr&ﬁat%f mue 2 3hctPdids ¢ e@nF&FE%‘éH&ﬁe

contai nf ng nol fc acid units 201 TeS T8 err to as

"salld cyking. callxarenes . Such detergents are descrlbed, for exanple, in
EP-A-0 708 171; WD 99/0 025 677; 30 WD 02/0 072 529; and WD 03/0 018 728.
2005MD17 FF 8 Where the aromatic carboxylic acid is salicylic acid,

conveni ent | yMog@pheferablyCiteadrBmhtic alokety also contains a second functional group such as a

hydroxyl group, attached directly or indirectly to a carbon atoms on the aromatic moiety.

15 Preferred examples of aromatic carboxylic acids are salicylic acids such as hydrocarbyl-
substituted salicylic acids. “Hydrocarbyl” means groups containing substantially hydrogen and
carbon atoms and bonded to the remainder of the molecule directly via a carbon atoms; they may
contain one or more hetero atoms provided these do not detract from the essentially hydrocarbyl

nature of the group.

20
The salts may be complexed with other surfactants such as phenates and may be in the form
of hydroxybenzoates. Alkylphenols may be present. US-A-5 808 145; EP-A-0 933 417 and
EP-A-0 985 726 describe examples of such complexes.
25 The metal is preferably an alkaline earth metal such as calcium and magnesium.

Another class of useful metal salts of organic carboxylic acids are metal salts of linear and
cyclic compounds containing phenol and salicylic acid units, sometimes referred to as “salicylic
calixarenes”. Such detergents are described, for example, in EP-A-0 708 171; WO 99/0 025 677,

30 WO 02/0 072 529; and WO 03/0 018 728.
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substituted for exanple with i ndependent al kyl groups having from8 to 30
carbon atons and which may be |inear, branched or cyclic. As exanpl es of

al kyl groups there may be nentioned the follow ng: octyl, nonyl, decyl,
dodecyl, pentadecyl, octadecyl, eicosyl, docosyl, tricosyl, hexacosyl, 5
triacontyl, dinmethylcyclohexyl, ethylcyclohexyl, nethylcycl ohexyl nethyl and
CyCtheéﬁ£§ﬁﬂ¥l Preferably, substantiglly all of the netal detergent
system anlsalicylate in the senSe that it contains, at nost, m nor
or adventitious amounts of netal detergents other than the cal ci um
salicylate. More preferred is a netal detergent systemfrom which netal
phenat es andWheredhe arpmaga cppanylicsacid is saligpdicaastd, spaxenicaly.faek spicataty wialkyl-

Fr om 50" LA 4038 e PRET R Rlen 3P AT By R TR 0 WOSRSR Gl Rr e

cal ci unmaypdsdchean urdmherhss copélict hAsI axlampbatafmjk)dr grogsnthesi tmaprbe rhbntitined the

or ef er aBHlgwing, K bR Bkl BRTeENE PYTerEh OTRPRL TSN ITRRODR FHesvP IREEORt. 15
or &0 t@jabdiiyl, m&eﬁ@r@bio}reya;@Qtﬂﬂcyc&@xyl\&l&ﬁﬂey&lahéxP R Y1 AR eycddtex{16thyl. 20

Vi scosity | ndex | mprovers, or VI Inprovers, usefu the practice of t he
present invention are linear diblock copolyners that conprise at | east one
bl ock deriv r. t
Jeast one bf}‘(}g%agg‘lshé%an%ﬁ Qfgﬁ‘ o}‘ kﬂ%yrhetaﬁ&e?%?édt%yﬁéfrﬁ 19853’?}&98.“[}3 ﬁ?@?ﬂé‘%ﬁ s
ar omat i thatiy domtaias, a0 o3y moner & adneﬂtuﬁbas anotIfts Of)ﬁieﬁil detetpehits @thed than the cslaruhon
atons 25 s%ch as aryl-substitute tyrenes, oxy -ﬁ@ﬁstltuted styrenes,

vinyl nihRYlps effore arqz“erredsrfb%tmq t rgwrﬁyﬁtewa AtthuPichaactah ahenates| andemetal
Di engs, su@ﬂrongbé)irgfsﬁﬂlﬁnn&lw]bﬁfn@réM@fe%%o%ﬂ?&&?sabs&ﬁmmn| y located in
conjugation in a 1,3 relationship. Q’efins contai ning nore than two doubl e
bonds, sonetines referred to as polyenes are al so considered within the
definition of "di " as. use erel i.n

cont i ni ng. 1rOREHEESy. SRR FEeREE b Ren BRI oo EPESPUT Bt P PR om0
30 at onm,3,00¢ Pprd By Inads bidteds eN@lcius ke éh theh@woﬂtﬁeﬁbnaatdgwﬂnﬁﬂip@@lhe}me,
phenyl but adi ene, 3, 4- di nethyl -1, 3-hexadi ene, 4,5-diethyl-I, 3-octadi ene,

wi th 1, 3-butadi ene and i soprene being preferred. 2005MOL7 FF 9

15 The detergent additive(s) in the detergent system may be neutral or overbased, preferably

overbased. Conveniently, they may have a TBN in the range of 15 or 60 to 600, preferably 100 to
450.

Viscosity Index Improvers (C)
20

Viscosity Index Improvers, or VI Improvers, useful in the practice of the present invention
are linear diblock copolymers that comprise at least one block derived primarily from a vinyl
aromatic hydrocarbon monomer, and at least one block derived primarily from a diene monomer.
Useful vinyl aromatic hydrocarbon monomers include those containing from 8 to 16 carbon atoms

25  such as aryl-substituted styrenes, alkoxy-substituted styrenes, vinyl naphthalene, alkyl-substituted
vinyl naphthalenes and the like. Dienes, or diolefins, contain two double bonds, commonly located
in conjugation in a 1,3 relationship. Olefins containing more than two double bonds, sometimes
referred to as polyenes, are also considered within the definition of “diene” as used herein. Useful
dienes include those containing from 4 to about 12 carbon atoms, preferably from 8§ to 16 carbon

30 atoms, such as 1,3-butadiene, isoprene, piperylene, methylpentadiene, phenylbutadiene, 3,4-
dimethyl-1,3-hexadiene, 4,5-diethyl-1,3-octadiene, with 1,3-butadiene and isoprene being preferred.



>

Linear bl ock copolynmers useful in the practice of the present invention may
be represented by the follow ng general forrmula: A-B wherein: 5 Ais a
pol ymeric bl ock derived predom nantly fromvinyl aromatic hydrocarbon
nononer; and B is a polyneric block derived predom nantly from conjugated
di ene nononer. Also included in the definition of "linear diblock

copol y §" EZ? tapered |inear block cgpolyners represented by the

fol |l ow 8 8%) gl formula: 10 A-A/B-B Wwherein: Ais a polyneric block
derived predom nantly fromvinyl aromatic hydrocarbon nononer; B is a

pol ymeric bl ock rived predom pantly conju ed di ol efin nononer; and B
is a taper eélg@gﬁ@% ARIVPER WFGLE RIS ‘ﬁ‘i/gfa ézﬁmmdnhwpaeaarﬁwem

and congugakffdwidpedlel frinlamononer. As used herein in connection with

pol ymer “bl ock conposition, "predom nantly” neans that the specified nononer

or nononer type that is the principle ddBponent in that polyner block is
pr esent hn.an anount of at |east 85% by weight of the block. 20 Pol yners
preparéﬁ $Fth diolefins will contain et hyl eni ¢ unsaturation, and such

pol \aTer & i94 polyResd Bloablstivey greaamiahey frothaiyl afndtie hyd®kcarbsn Modomacaad ed, the
hydr ogenati on may be acconplished using any of the techniques known in the
prior o s apldymenchipskederived Predompgathafrpconiygated dicae BISAYNSTshed such t hat
both ethylenic and aromatic unsaturation is converted (saturated) 25 using
met hods such as those taught, for exanple, in U S. Pat. Nos. 3,113,986 and
3, 700, 633 orAlstanclindedr ingehn ateifioitiomesf. Himearc dibinoki @helyneed’ et i topdred divedn block a
significan ortion ?f tQE §Hh%Lenic EEFatPration is converted while little
or no aPBRATICE HSIRARY; B O™ Ing 8FRFELETYIA: Jught, for exanple, in U S.
Patigp Nos. 3,634,595; 3,670,054; 3,70Q4-638-;and Re 27, 145. Any of these

met hods can al so be wused to hydrogenate polyners containing only ethylenic
unsat ur@kereiA: and which are free of aromatic

A is a polymeric block derived predominantly from vinyl aromatic hydrocarbon monomer;
B is a polymeric block derived predominantly conjugated diolefin monomer; and
A/B is a tapered segment derived from both vinyl aromatic hydrocarbon monomer and conjugated

15  diolefin monomer.

As used herein in connection with polymer block composition, “predominantly” means that
the specified monomer or monomer type that is the principle component in that polymer block is
present in an amount of at least 85% by weight of the block.

20

Polymers prepared with diolefins will contain ethylenic unsaturation, and such polymers are
preferably hydrogenated. @ When the polymer is hydrogenated, the hydrogenation may be
accomplished using any of the techniques known in the prior art. For example, the hydrogenation
may be accomplished such that both ethylenic and aromatic unsaturation is converted (saturated)

25  using methods such as those taught, for example, in U.S. Pat. Nos. 3,113,986 and 3,700,633 or the
hydrogenation may be accomplished selectively such that a significant portion of the ethylenic
unsaturation is converted while little or no aromatic unsaturation is converted as taught, for example,
in U.S. Pat. Nos. 3,634,595; 3,670,054; 3,700,633 and Re 27,145. Any of these methods can also be
used to hydrogenate polymers containing only ethylenic unsaturation and which are free of aromatic

30  unsaturation.



30 unsaturation. 2005MOL7 FF 10 The bl ock copol yners may include m xtures of
| i near pol ynmers as discl osed above, having different nolecul ar weights
and/or different vinyl aromatic contents as well as m xtures of |inear

di bl ock copol yners having different nolecular weights and/or different vinyl
aromatic contents. The use of two or nore different polynmers may be
preferreghsiia | ngl e pol ymer dependi ngypon the 5 rheol ogi cal properties the
product is intended to inpart when used to produce fornmul ated engine oil.
The bl ock copol ymer may have a nunber average nol ecul ar wei ght of between
200, 000 and 1 Q [ e o} ecul ar 1aht..o t n, 3 000
and’ 900, 000 T Mtk ShrBuarierHEY Shci B hAGHeTBE bt BBl aiflosdf MR bt
copol yﬁﬁilffefe&t lﬂfoﬁ‘c&raﬁWe}grl:bheﬁnmrﬂiﬁ’%ﬂmdlnﬁlo&?ﬂﬂytimmg&s @s}; wil akhﬁié(ﬁm%sg%fylmgr

For such, copol yners, nunber _averag ecul ar wei ghts bet ween 85, | an

300, ooodla}oeféee@waﬁl Reving@ffgrent Modaeuee Ststghternd/erdifigrsat vy aramadioatenisn

bul k,  SYRPERY Mo of Mt Ut pSHHleR! Ry be PRofdribd¥B sl si@@}%’ly?ﬁphégﬁﬁih 3hlpn of
nononers to produce hydrocarbon polymers fmay be 15 acconpli sh ush ng

f r eeS r atheelagicalquopestidsdhaprddust issintendédrip timparb wherpused 66 prodnieAarmuated angihgsil.s,
such as transition netal catalysts used for Ziegler-Natta and netal |l ocene
type (also referred to as "single- site") catalysts. Preferably, the |linear

di bl ock copolhebck Gopalynieganly hatea hiibaravetafid @olecelap@tighiest Haavden 208,008 8nd
pol ystyrene bl ock and a bl ock derived fromisoprene ut adi en a mxture

, b e, or
t her eof L,IRHPQD. Hmamberayerage pppdecular dgtehl PHPSWReTCHNN00Ad 909,089 is) raefstredynkhe
| i near g b '
di bl oc &%@P*J%@?‘S%%ﬁ*%@@?%‘ggﬁg‘? 555‘53%’?@%@5?%%‘%‘?‘8%@”"3?é@%ﬁ*@égg?‘? Lot
Pr ef(er atheycopolymedi Hoockcle oppdlymers, hasba Slkemge nBtledildri wgights dexweeal 86000 and
deterni%gﬂ)'n accorqance wi th the procedure of ASTM D6278-98 (known as the
Kurt - Or d(olfcrjacchp K bench 25 test), of from2 to 50% nore preferably
from5 to 50% (30 cycles), and the bl ock of the diblock copolyner derived
from di ene conprises from40 to 90 nmass % derived fromisoprene and from 10
to 60 mass oberbliRleck ¢apehimsnt mgludpdhoseyprapared |in pulkypuspapsiesy splytion ef emplsione

I C&s O - , bRMeFBRRE o lo ) thodllc arbon polymers may be
practicgsof LAf dnd¥EN LR oP "i¥ofRE ¥ Hodllct " RffSkarbon pol yb
15  accomplished using free-radical, cationic and anionic initiators or polymerization catalysts, such as
transition metal catalysts used for Ziegler-Natta and metallocene type (also referred to as “single-

site”) catalysts.

Preferably, the linear diblock copolymer is at least one linear diblock copolymer having a

20  polystyrene block and a block derived from isoprene, butadiene, or a mixture thereof. More
preferably, the linear diblock copolymer is at least one linear diblock copolymer selected from
hydrogenated styrene/butadiene diblock copolymers and hydrogenated styrene/isoprene diblock
copolymers. Preferably, the diblock copolymer has a Shear Stability Index value, determined in
accordance with the procedure of ASTM D6278-98 (known as the Kurt-Orban (KO) or DIN bench

25  test), of from 2 to 50%, more preferably from 5 to 50% (30 cycles), and the block of the diblock
copolymer derived from diene comprises from 40 to 90 mass % derived from isoprene and from 10

to 60 mass % derived from butadiene.

Optionally, VI improvers used in the practice of the invention can be provided with nitrogen-
30 containing functional groups that impart dispersant capabilities to the VI improver. One trend in the

industry has been to use such “multifunctional” VI improvers in lubricants to replace some or all of



30 containing functional groups that inpart dispersant capabilities to the
VI inprover. One trend in the industry has been to use such

"mul tifunctional™ VI inprovers in |lubricants to replace sone or all of
2005MD17 FF 11 the dispersant. Nitrogen-containing functional groups can be
added to a polyneric VI inprover by grafting a nitrogen- or hydroxyl -
cont ai nj Lety, preferably a nitrogen-containing noiety, onto the
polynep#ggggﬁzgﬁne of the VI inprover ?Qunctionalizing). Processes for the
grafting of a nitrogen-containing noiety onto a polynmer are known in the
art and_include, for exanple, contactjng 5 the pal r and . )

ni t r ogelhe dERETEAN RTRRSNLOYNNg ctgﬂnéL%r%e%S i s aipddioraeelimeric ¥ imeroser by

ei ther Befhs Hitrogdd- bP BydbEAC B6RaiRing InGiBlyY feterablP@ ditt§Rn Blafifg mbicty, ¥nfy
may be %ene%gt eléo%y she)ériﬁyg (asali ngan etlgkﬁr%u%%r or (ﬁgggti ns a%ree_ ):’adi cal
i nitiatthe potymnanicseackbangctf the Wi dmprpeer (fenwsionalizingfhePmoessent fagfthe grafting of a

nitrogen-containin rafti moponer w || depend, to so extent,, on the 10
nat ur & BFo e fith B RS adpoRiG ko Ee ataan SERELRE S PRE PR « ne
gr afst ecthp gblyer andlitrogdhR@ntailhg RRIGRAICHe pREEMRE LEL ifist irfilical thifiabl) ek he@ 6k
Iinear_cogo ynmers, the anmount of grafted . nitrogen-containing nononer IS

sui t abliy thepugsenseeiza selyeny. SThgt freogadigak ndtiaten yay bergepemsted pyi Stgaring (asoip ampst

prefer a&ltr%gérk/gﬁegagg % Bred raglic init%’cor.tf)?e%ﬁgop RudtR h&lﬁlfo%lén ﬁ%b%& of grafted

pol yner. or grafting nitrogeni-contarn noner onto pol yner
backbones, and suitable nitrogen-containing grafting nononers are known and
described, fqr exanple,.in U S .Patent.No. 5,141,996, WD 98/13443, WD
0572190, U, e b of kigrossm-ofueinig eiafting monplet Wb debendols s i, oRjthe
Patgnt Meure f AOsuBSBate 5|§ﬁxealaﬁ& thtAel el 92 Idispers@t§SreqitAdt ofAhe BRIfKAROIYA@M TR 'Y,
Vol . 26, 1189- 1198 (188 ); J. Polyner Sé?en?g? 5%I mer Le??trg?bel. 20,
481- 486mpanadiypesssricy) chimaetpngics Jei eail es}arzwdpbnweqomémee% sthe \amounp pf g@aftean

1983), . t . ' do,Cr - i nki
iyl erfitpenpEhE Bt N ana bR GHh o AR bR faoly S S 18y o,
Per oxi des %, ostpferablly Pomyinteto 1SEive¥6,asdddn thd &ital Aedght 3bpAfted pAymet.0 Gayl or d,

Meht a and Mehta. Di bl ock copol yner conponents of the present invention are
avai l abl e as comercial 25 products. Exanples of comrercially avail able

st yfsene/ hydregodt f4 %ﬁaﬁ AR geh-BERAInfHg IS dfmer CRARP bYIFRIE bhdkbbHELe ahd EhiSIM
SV140TM I nfineum SVIS0TM and 1 nfi neum SV160TM avail'able from "I nfi neum USA
L. P. armitrpgeniqeatatning<giafieng mpagsngrs are( knownzag, deserihiel afor €xamplm Mhie.SL BbtentNp.
5,141,996, WO 98/13443, WO 99/21902, U.S. Patent No. 4,146,489, U.S. Patent No. 4,292,414, and
U.S. Patent No. 4,506,056. (See also J Polymer Science, Part A: Polymer Chemistry, Vol. 26, 1189-
1198 (1988); J. Polymer Science, Polymer Letters, Vol. 20, 481-486 (1982) and J. Polymer Science,
20  Polymer Letters, Vol. 21, 23-30 (1983), all to Gaylord and Mehta and Degradation and Cross-
linking of Ethylene-Propylene Copolymer Rubber on Reaction with Maleic Anhydride and/or

Peroxides; J. Applied Polymer Science, Vol. 33, 2549-2558 (1987) to Gaylord, Mehta and Mehta.

Diblock copolymer components of the present invention are available as commercial
25 products. Examples of commercially available styrene/hydrogenated isoprene linear diblock
copolymers include Infineum SV140™, Infineum SV150™ and Infineum SV160™, available from
Infineum USA L.P. and Infineum UK Ltd.; Lubrizol® 7318, available from The Lubrizol
Corporation; and Septon 1001™ and Septon 1020™, available from Septon Company of America
(Kuraray Group). Suitable styrene/1, 3-butadiene hydrogenated block copolymers are sold under

30 the tradename Glissoviscal™ by BASF.
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Cor poration; and Septon 1001TM and Septon 1020TM avail able from Septon
Conpany of Anmerica (Kuraray G oup). Suitable styrene/l, 3-butadiene

hydr ogenat ed bl ock copol ynmers are sold under 30 the tradenane

d i ssoviscal TM by BASF. 2005MOL7 FF 12 The viscosity index inprover may, for
exanpl e, be provided in an amount fromO0.01 to 20, preferably 1 to 10, mass
% base ss of the lubricating @il conposition. G her Additives 5

Q her g§ﬁsyﬁﬁzggasuch as the follomﬁng,ﬁ%ay al so be present in the

| ubricating oil conpositions of the present invention. Ashless dispersants
conprise an Qil-soluble polyneric hydrocarbon backbone having functional 10
groups that HieeIapRhindehimpe%s dnay qxgexmﬁ %%Prpw@rﬂggl 1 apgu ifgwéﬁé’éd? 20,
Typi cal d¥ferdbile] B fP HHaSPbasedHTRE & GFThdRbridhing bAlcomPHlifiéh, or ester pol ar
noi eties attdched to the pol ymer backbone often”via a bridging group. The
ashl ess dispersants may be, for exanple, selected fromoil-soluble salts,
esters,g!anugg:esters, am des, im des, and oxazolines of |ong chain

hydr oc Y& t ut ed nono and di carboxylic acids or their anhydrides;

t hi gcar boxyl ate derivatives of |ong chain hydrocarbons; |long 15 chain

al i phatic hydrocarbons havi ng ﬁ?pplyanine attached directly thereto;. and

Manni ch corfe@esadditiyes, syshag the fellowingapeyalsosyessas A dhedubrsating pil pomeassions o)t ed
phenol M@gﬁ:&?h@&h%@hyde and a pol yal kyl ene pol yanm ne. Anti-wear agents may
conpri se |ﬁydrocar yl dithi ophosphate nmetal salts wherein the netal 20 may
be an alkali or alkaline earth nmetal, or alum num |ead, tin, nolybdenum

manganese, pi,ckel., copper, .or pr.ef er.abl zi.nc. . Di hydr,ocarb . .

P oo o hsiesS tisperlRB S rori S P S bl Rteodarboa HR SRS heving, fpetional
t ecini ogespshipiall hre Sdapdté 15F REsoBiathd) WathOa:idIe todbd isPEB&IS PIT9picallyachd dishikfs
usually by reaction of 25 one or nore al cohols or a phenol with P2S5 and

t hen neqPmPaRe 2ining, alebo}, apyides oDEsteER PRlar Foietige ettachedotrripRlymerdhackbongsften vig a

11 OB Ao e A AR B S RO Ly

secondary -a ternative iple
pr epar exnindresterst mides, imides, and oxazolines of long chain hydrocarbon substituted mono and

dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long chain hydrocarbons; long
15  chain aliphatic hydrocarbons having a polyamine attached directly thereto; and Mannich condensation
products formed by condensing a long chain substituted phenol with formaldehyde and a polyalkylene

polyamine.

Anti-wear agents may comprise dihydrocarbyl dithiophosphate metal salts wherein the metal

20 may be an alkali or alkaline earth metal, or aluminum, lead, tin, molybdenum, manganese, nickel,

copper, or preferably, zinc.

Dihydrocarbyl dithiophosphate metal salts may be prepared in accordance with known

techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of

25  one or more alcohols or a phenol with P,Ss and then neutralizing the formed DDPA with a metal
compound. For example, a 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

30 compound could be used but the oxides, hydroxides and carbonates are most generally employed.



hydrocar byl groups on one are entirely secondary in character and the

hydr ocar byl groups on the others are entirely primary in character. To nake
the netal salt, any basic or neutral netal 30 conpound could be used but the
oxi des, hydroxi des and carbonates are nost generally enployed. 2005M)17 FF
13 Comrercial additives frequently contain an excess of netal due to the use
of an e the basic netal conmpoupd in the neutralization reaction.
The préﬁg§$§89§Fnc di hydr ocar byl dithig%%osphates (ZDDP) are oil-soluble
salts of 5 dihydrocarbyl dithiophosphoric acids and nmay be represented by
the followwng fornmula: ' S ROIl P-S Zn RO 2 erein R apnd R may. pe, the
sane or Cemmercial addifyes ferauemi contadn E‘h?’%ceﬁgcﬁ‘ft‘%‘?tﬂmﬁ 19 fhsHse of an gxpess %frt ¢ Basi) y
2 to 12, .GRRHduRd ARe AdratiRflcdtdetosadi cal s such as al kyl, alkenyl, aryl,
aryl al kyl, alKaryl and cycloaliphatic radicals. Particularly preferred as R
and R groups are al kyl groups of 2 to 8 10 carbon atons. Thus, the radicals

may, for e | e.. be, et.hyl .., n: pr | e 4 RY oRyl - |, 1 -butyl

sec- butyl, ngﬁlplgréfﬁgﬁ%xvp%l ‘ihh}ffg%/al%?%n? 3%19 @?(’,Sg%aé%sy R,ZBE%Péegrfl ,oti)l(')scoiﬁgy ecsﬂt,S of

2- ety dﬂﬁj),fdtbcarl?hﬂmsﬁlophosbﬂéﬂﬂ bdnyl magwe repieseiied byt wlioympgdpenilyl , propenyl ,
butenyl. In order to obtain oil solubility, the total nunmber of carbon
atons (i.e. Rand R) in the diﬁgkpphd%phori acid will generally be about 5
or greater. The zinc di hydrocanb di tjhi ophosjphat e can t herefore conprise
zinc dial kyl 15 dithi ophosphat|es rinit tjhe amobunt of phosphorus

i ntroduced into the lubricating oil cogposiéion by ZDDP to no nore than
0.09 mass % the ZDDP shoul d prief erabl'y be defiNt o t he | ubricating oi
conpositions in anmbunts no greater an fronmpabout 1.1 to 1.3 nass % based
upon the total mass of the 20|l ubvicating oi|l conposition. Oxidation
inhibitors or antioxidants redycrg he tendendy, of base stocks to deteriorate
in service which deterioration can be evidené%d by the products of

oxi dat i whersiiCR and B nEdgebeathd sume rur sdifferektehydrocarbyl radicals containing from 1 to 18,

preferably 2 to 12, carbon atoms and including 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
10  carbon atoms. Thus, the radicals may, for example, be ethyl, n-propyl, i-propyl, n-butyl, i-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. The zinc dihydrocarbyl dithiophosphate can therefore comprise zinc dialkyl

15  dithiophosphates.

To limit the amount of phosphorus introduced into the lubricating oil composition by ZDDP to
no more than 0.09 mass %, the ZDDP should preferably be added to the lubricating oil compositions
in amounts no greater than from about 1.1 to 1.3 mass %, based upon the total mass of the

20  lubricating oil composition.

Oxidation inhibitors or antioxidants reduce the tendency of base stocks to deteriorate in service

which deterioration can be evidenced by the products of oxidation such as sludge and vamish-like
deposits on the metal surfaces and by viscosity growth. Such oxidation inhibitors include hindered
25  phenols, aromatic amines, alkaline earth metal salts of alkylphenolthioesters having preferably Cs to

Ci, alkyl side chains, calcium nonylphenol sulfides, ashless oil soluble phenates and sulfurized
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deposits on the netal surfaces and by viscosity growh. Such oxidation

i nhibitors include hindered 25 phenols, aromatic am nes, al kaline earth
nmetal salts of al kyl phenolthioesters having preferably C5 to G e al kyl side
chai ns, cal ci um nonyl phenol sulfides, ashless oil soluble phenates and

sul furized 2005M)17 FF 14 phenates, phosphosul furized or sulfurized
hydrocaéﬂg£i ﬂgpsphorus esters, netal E i ocarbamates and oil-soluble
copper Uddd as described in U S, 4,867,890. Friction Mdifiers which

i ncl ude boundary lubricant additives that |ower friction coefficient 5 and
hence i nprove fuel econony éybe used. Exanpl es include ester-based organic

fricti ophengiey |php@h98%fuerﬁda§ splrized |hyq1ra@atrk)0rlacmsré@nere§tetﬁr sl Jrigearhagnates and

al cohol t am ne-based organic

fricati glglsﬁgﬁe@@@mo Srglt]%(eér%%fggrr% g? %?'eg%a dr t| ves that deposit nolybdenum
di sul phi de such as organo- nol ybdenum corrpounds V\/nere t he nol ybdenumis, for

exanpl e, i hucl e or trln r f.or i biitors, selected from
t he group coggﬂif‘@lliﬁ%ééﬂ ﬁ’ﬂ?ﬁho‘r’i‘ S?WQ?’ PWaBtn dﬂ)tB’le?S?aé loykd ﬁ‘@é‘{ne‘r%?f%lem
t her £0f andd Bt XiMipkdox! ﬁ@ﬁ e8! Bay BBusBdi Oiatpidskinbiugd! b baEe PGt ARicTRKLHEE
used. Copper and | ead beari ng corrosion inhibitors may be used, but are

2

t ypi cal mpdifiers sneheasipasial faity peid esiers REpalyydtie aleohsls, & cxareplprabycerel mongalents; end
Typi cal th o] e i rom 5
R T D L R
1, 3,4 dibulphidazotteas ugano-asolyHdemean dﬁﬁtpbmbisdwhe’te héS mdPgidemim Ne,S for ZexéhPle] 215 ;
2,719,126; .and 3,087,932; are typical. Oher simlar materials are

descr i b8@u§leAr or Sinugledr dofm. Nos 3,821, 236; 3,904,537; 4,097,387; 4,107, 059;

4, 13p, 043; 4,188, 299; and 4,193,882. O her additives are the thio and

poI ythio 20 sul fenani des of thiadi azol es such as those described in UK

Pat ent Speci Rustanlibitord\sclectedsGom8Bo grouBetnzmtmg af moe@nmqrqlmwalkﬂsneapdmom ahd
V\nthlntrtnsthcla f ﬂcyl Sl n%nt 1es o ound %relncluded in the
br 1 Pt eishp BeBerAfidleny ol M Dat B Ao  STRELANRS FF 8k Mount. not
exceeding 0.2 mass % active |ngred| ent. 25 A smal | armunt of a demul sifying
conponent nmay be used. A preferred demul si fying onent i s descrjbed in

EP 330, 522. %epnesandlead heaging gorresion inhibiters may bguserh bgﬁrfaéymaﬂlﬁ nghregpigidcyith

15  the formulation of the present invention. Typically such compounds are the thiadiazole polysulfides

containing from S to 50 carbon atoms, their derivatives and polymers thereof. Derivatives of 1,3,4
thiadiazoles such as those described in U.S. Patent Nos. 2,719,125; 2,719,126; and 3,087,932; are
typical. Other similar materials are described in U.S. Patent Nos. 3,821,236; 3,904,537; 4,097,387,
4,107,059; 4,136,043; 4,188,299; and 4,193,882. Other additives are the thio and polythio
20  sulfenamides of thiadiazoles such as those described in UK Patent Specification No. 1,560,830.
Benzotriazoles derivatives also fall within this class of additives. When these compounds are included
in the lubricating composition, they are preferably present in an amount not exceeding 0.2 mass %

active ingredient.

25 A small amount of a demulsifying component may be used. A preferred demulsifying

component is described in EP 330,522. It is obtained by reacting an alkylene oxide with an adduct
obtained by reacting 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.

30
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obt ai ned by reacting a bis-epoxide with a polyhydric al cohol. The

denul sifier should be used at a | evel not exceeding 0.1 nmass % acti ve
ingredient. Atreat rate of 0.001 to 0.05 nass % active ingredient is
conveni ent. 30 2005MD17 FF 15 Pour point depressants, otherw se known as

| ube oil flow inprovers, lower the mninmum tenperature at which the fluid
w | | flﬂwkgﬁlgﬁﬁ be poured. Such additix«es are well known. Typical of those
addi tives [ i nprove the | ow tenperature fluidity of the fluid are C8 to

C13 dial kyl fumarate/vinyl acetate copol yners, polyal kyl methacryl ates and

the like. 5 Foam control can pe prqvided by mapy. conpounds | ncl udi ng an

anti f oamant mﬂ!@ﬁm@ﬁ,&gmpseﬁﬁwf%r%@aﬁﬁw IEPIOV &N T :ﬁ‘eoﬂ nimum
pol ydi nehBethtuid dt @h@Mahe BHANiA 3o & (@h be POFBRNubh MRS atd\GelPRHEN t"l;}}p'ib\ﬁﬁw ion
may optionally also contain VI inproving 10 materials other than Viscosity
| ndex Ithgreoadsitiye§ @yhichs irgprows thaet how derapepatengyfleidiey obrthotflved ard €kitn Cropalkylner
(OCP) M __improvers. or randomaor linear trihlo ol ynmers or random st ar
or staﬁﬁﬁ?%%'““%8%%t?ﬁ%PngE%P§E§LﬂFEﬁ?9?%§ m&%%ﬁé@?c hydr ocar bon and di ene.
Sucls other VI inprovers are well known and avail abl e comercially.

Preferably, Viscosity Index Inpraovers (C) are the sole VI inprovers used in
the | ubricathoag 6910k $3PokS (reyided1 BY THaNY, Sempowds inglnding j ape antifgamuyy of the

| ncor pYalAGkand hye FolBSfpRt Gficont Bil BYol FARMYEDI ABkangay. Thus, each of the
conponQ%?% cgh E@eagded Hirecth }op%%e basg st&gk or base oil blend by

di spersing or dissolving it in the base stock or base oil blend at the
desired level ,of concentration. .Such blendin may ..occur . at anbi.ent .
tenper at ur e IBPTSAIRE A1 EPEIIAE PLIHE Bars PNty BRARIPTID YO Sperd HREVNS, os
excigpt haridlSthét $16MS Viskosi dinfiéE Tmraders HE), PR AROtRfleréaRbBIGRNbr dfiRr JNfRNded
into a concentrate described herein as the_additive package, which is
subsequeRelygen(QISd imprayerspersiandomy exlinear wiklosk copolymers enmgdom istar ensier bladke

conce ntcro%l?m\é\fisl deriboPk&A! xJiIYyl Bkt rﬂ&ht%tcﬁ'goﬁ L QiRhE1 Budthbiher VI improvers are well

known and available commercially. Preferably, Viscosity Index Improvers (C) are the sole VI

improvers used in the lubricating oil composition.

15
The individual additives may be incorporated into a base stock in any convenient way. Thus,
each of the components can be added directly to the base stock or base oil blend by dispersing or
dissolving it in the base stock or base oil blend at the desired level of concentration. Such blending
may occur at ambient temperature or at an elevated temperature.
20

Preferably, all the additives except for the viscosity modifier and the pour point depressant are
blended into a concentrate described herein as the additive package, which is subsequently blended into
base stock to make the finished lubricant. The concentrate will typically be formulated to contain the
additive(s) in proper amounts to provide the desired concentration in the final formulation when the

25  concentrate is combined with a predetermined amount of a base lubricant.
The concentrate is preferably made in accordance with the method described in US 4,938,880.
The final crankcase lubricating oil composition may employ from 2 to 20, preferably 4 to 18,

30  and most preferably 5 to 17, mass % of the concentrate or additive package with the remainder being

base stock. Preferably, lubricating oil compositions of the present invention have a sulphated ash



additive(s) in proper anounts to provide the desired concentration in the
final formulation when the 25 concentrate is conbined with a predeterm ned
anount of a base lubricant. The concentrate is preferably nade in accordance
with the nmethod described in US 4,938,880. The final crankcase |ubricating
oil conposition may enmploy from2 to 20, preferably 4 to 18, 30 and nost
prefera &yﬁg k 7, mass % of the concen%rate or additive package with the

r emai nd&€POPEI! gzbase stock. Preferably, Tubricating oil conpositions of the
present invention have a sul phated ash 2005MOL7 FF 16 concentration of not
greater than 1.0 mass % and/or a sul phur concentration, expressed as atons
of  sul pingentragen phpotegreaterdthan hQrmas Yo andiprca pylphius captepiration, grrsesses ag #ams 0f 2,

TS 28 SRS eaTé;ghaa,wmohp&efeﬁabgﬁgk%me 9adnf@oge of internal

conbust} as’conpr essi spark ignited two-or
four-stroke reciprocating engi nes. Exanples include engines for

power - generation, |oconotive and mari ne equi pnent and heavy duty on-hi ghway
trucks; =B88&, duty off-highway engi nes such as may be used for agriculture,
cons¢ruction and mning and engines for 10 light duty commercial and
passenger car applications. Exanples The invention will now be particularly
descri bed i nThdqmvcmiomomeebdam)ae@gmfcmtermlecqrrdxustl%engmeersdddast enipiressiont he
scope of th fornu at ed .5\\8 |cat|n

conpos: EPURE i BarEigRES R o ! Mlretih iR Slosa eiles bR e b ong
Each | updswaagehemﬁ@n ficvommotiaé sl haridesaq@ipnieat aﬁirt&aky dayehitighwagaaskd; hedty P C
and contgi ned or possessed: a cal cium sal i cyl ate detergent additive, TBN
160, gi YfftehWayengigedsuchAs Faysbelss @a?gﬂa?l&’r?%r cogstpicHER ﬁb‘? minipg ARd ARSIBES for 05

Mas$ % ligit dufy RG] £APaSRhgdalipplifiieds. %0 and

Examples

The invention will now be particularly described in the following examples which are not

15  intended to limit the scope of the claims hereof.

Two fully-formulated SW30 lubricating oil compositions (or lubricants) were blended by

methods known in the art.

20 Each lubricant was formulated to have the same kinematic viscosity at 100°C and contained or
possessed:
a calcium salicylate detergent additive, TBN 160, giving rise to 0.114 mass % of Ca
atoms;
a phosphorus content of 0.05 mass %;
25 a polymer content of 0.9 mass %; and
identical quantities of dispersant, antiwear agent, antioxidant, friction modifier and other

additives, routinely used in formulating lubricating oil compositions.

The two lubricants differed in that:
30 Lubricant 1, a lubricant of the invention, contained as a viscosity index improver 6

mass % of an isoprene/styrene linear diblock copolymer in 130N Group I basestock with 1.9 mass %



lhdentical quantities of dispersant, antiwear agent, antioxidant, friction
nodi fier and other additives, routinely used in formulating |ubricating oi
conpositions. The two lubricants differed in that: 30 Lubricant 1, a

| ubricant of the invention, contained as a viscosity index inprover 6 nmass
% of an isoprene/styrene |inear diblock copolynmer in 130N G oup | basestock
W th 1.2(ﬂ§%i7932005N017 FF 17 polynethgfrylate LCFI . The copol yner, having
one bl ot¥ ijad from styrene and one ock of hydrogenated polyi soprene,
had a styrene content of 35 mass % and a nunber average nol ecul ar wei ght
(measured as_styrene equivalent) of 130,000; and 5 Lubricant A, a reference
| ubri capelymeBearsptsdedORs Bhe, papolyaioryhavingesne torkodasived roppatyrens gnd engplock of
copoly i e tar I

ol yi sonyisbfindepolyiien, 1ACRIRA orldf of 3T mEaRR HIR pllfibr MERBORRARER:
as st yr enghegneasaddesisiyrok eddival@dPof 186,000;@ahdt he two | ubricants was tested for
camand lifter wear according to the Sequence I11G 10 Test. The Test
utilizes a 1996 General Motors 3800 cc Series Il, water-cooled, 4 cycle, V-6
gasofine enpiiRamA, ! Rfdr@et hibpbatt Adokfained RS a SRYSLRN GRIck ilnpfavbe B mBRINE staf AN
over head val ve design (OHV) and wuses a single canshaft operating both

i nt ake mlmaué?e%gﬁrwé Bapestoskis Ahe star eapalympt had hydsoggaated polyisepseng armg apd

sl i di ng; L i e runs a

To- m nafeStegitytRLARREE H Mt DUDA HRARUEEHRAC AR BOMET (105, Tamp
up to speed and | oad conditions. The engine 15 then operates at 125 bhp,
3,600 rpm an 50 Coil tenperature for 100 rs, interrupte t 20- hour
intervals f oga 9 theO lupricaaisovas Apsiqdyfar e%aaf? Wftreveps agoor %toctgﬁ]%rwege K

i f{@r STURT §hiTas Wikshks fa0f9o¥RRheral Btk £ 501 iSeﬁé‘soﬁ,e@a?t@rdcooﬁ:a, ¥ENE9L6 gasoline

camplus-lifter wear in mcrons, were as follows, where the pass Iimt for

t he Tesengine as tho@stimppamiusn The Sequenasr 18IS test engineciann overbFadovalveudssign §0HVA a9 1. 7
25 The results demgnstrate that.the use.of a .ljnear i?loc Vi Scosit yq.& ndex
ot ovel S A DBl PR <pl % rkak® G e EPushiors PRI RPotk W e
in an agcs eiiifgbliowed srfang&hidnt.C UI@N@tkatiel fdsblired éetenfine runs a 10-minute initial oil-
leveling procedure followed by a 15-minute slow ramp up to speed and load conditions. The engine
15  then operates at 125 bhp, 3,600 rpm and 150° C oil temperature for 100 hours, interrupted at 20-hour

intervals for oil level checks.

At the end of the Test, the cam lobes and lifters were measured for wear. The results, expressed
as average cam—plus-lifter wear in microns, were as follows, where the pass limit for the Test is a

20  maximum of 60 microns.

Lubricant 1 : 572
Lubricant A : 291.7
25 The results demonstrate that the use of a linear diblock viscosity index improver in Lubricant 1

gave rise to dramatically better wear performance in an accredited engine test compared to Lubricant A.
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2005M017 FF 18 Cdains 1. An internal conbustion engine crankcase

| ubricating oil conposition having a phosphorus concentration, expressed as
atons of phosphorus, of not greater than 0.09 mass % based on the 5 nass
of the oil conposition, which conposition conprises or is nmade by adm xi ng:
(A) an oil of lubricating viscosity, in a nmgjor anmount; (B) a netal

det er ge as an additive in a or anpunt, conprising one or nore
nmet al %&Pg%ﬁﬁ%giganlc car boxylic aC|d21§and (C) a viscosity index inprover
conprising a linear diblock copolyner conprising at 10 |east one bl ock
derivable primarily froma vinyl aromatic hydrocarbon nononer and at |east
one bl oElai®gri vabl e primarily froma diene nononer. 2. An oil conposition as
claimed in claim1 wherein the linear diblock copolyner is at |east one

di bl ock copol yner conprising at |east a | ystyrene bl ock and a bl ock

deri vedlfromn s'mpmelneambus&'orb e gk enekc@se gxbm:atmgrcal cmcsmon l@vingra plidsphorus

| k
Coner ! bomthifileE Rnites 45 e BF B hofisroh 1 e dhert DG HERSs AP GisHTBh the
hy drpgemagsest tisd off @mq!obwrba,dmalecordpdaitmkoﬁ@ﬁgﬁswmrﬁacw@ daytxiagenat ed

styrene/isoprene diblock copolynmers. 20 4. An oil conposition as claimed in
claim2 or claidd 3 fhel efwalwémmﬂc%w BAIBUTEROHES a  Shear Stability

| ndex val ue of %O%%M &%{gegqf Quet! &S Aeliven§ 4 /Op@i%si' gr@ﬁ?tb'c&ﬁpnaﬁ bR or

di bl ock copol r conprises 46 to 90 nass eriv rom ene and
from10 to 60 nass Qr&orqjmeuallaitsbfmgamubatjowheacﬁﬁ aad An oil corrp05| tion as

clained in an ne of .clajns,1 to 4 wherei.n th i b)..aqc has a
Shanr ot ami 116 s B yiathiRack irhstitet CopPatus £ Battn ineds SRR camphiang
conppsi tion as cl ai st dnd badek &hvwlapﬁﬁaﬂlytfﬂ)&ah@fwl Rfbn@atie WyRR2h:®En &fJhomer

concentration 30 of not greater than 1.0 mass %
and at least one block derivable primarily from a diene monomer.

2. An oil composition as claimed in claim 1 wherein the linear diblock copolymer is at least
one diblock copolymer comprising at least a polystyrene block and a block derived from isoprene,

15  butadiene or a mixture thereof.

3. An oil composition as claimed in claim 2 wherein the linear diblock copolymer is at least
one diblock copolymer selected from the group consisting of hydrogenated styrene/butadiene
diblock copolymers and hydrogenated styrene/isoprene diblock copolymers.

20
4. An oil composition as claimed in claim 2 or claim 3 wherein the diblock copolymer has a
Shear Stability Index value of from 2 to 50% (30 cycles) and the polydiene block of the diblock
copolymer comprises from 40 to 90 mass % derived from isoprene and from 10 to 60 mass %
derived from butadiene.

25

5. An oil composition as claimed in any one of claims 1 to 4 wherein the diblock copolymer

has a Shear Stability Index value of from 5 to 25% (30 cycles).

6. An oil composition as claimed in any of claims 1 to 5 having a sulphated ash concentration

30  of not greater than 1.0 mass %.
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2005MOL7 FF 19 7. An oil conposition as clained in any of clains | to 6
havi ng a sul phur concentration, expressed as atons of sul phur, of not
greater than 0.3, preferably not greater than 0.2, nmass % 8. An oi
conposition as clained in any of clains | to 7 wherein the netal salts of
organic 5 carboxylic acids are overbased al kaline earth netal salicyl ates.
9. An qj, ition as clained in any,,of clains 1 to 8 further including
one orqgngﬁgggﬁtives, ot her than (B)]gnd (C, selected from dispersants,
detergents, antioxidants, antiwear agents, friction nodifiers, corrosion

i nhi bitors, pour, point depressants, demyl sifiers d anti-foam ng agents. 10
10. A nktho rbf>ﬂ|<§mnoeafw§° %G ?ég}é{%r?iql‘@ﬁilt%%g'favg‘ﬁd’r RUIpYF ¢ gettihnal
conbust dxBRs &A%k B ms WY sBIPh&EOR ot ?Feﬁteﬁ HRR Y, Pl fdrably RSt @%&ﬁﬁa@omﬁﬁs%t ing oil
conposition as clainmed in any of clainms I "to 9.7 15 11. The use of a
viscosity index inprover as defined in any of clains 1 to 5 to inprove the
cam a lifter.,wear i.n the crankcase lubricati fan.i na nbust i on
eng ne by a ATBYERPeTfor i BLBRNBART <SG R BT s e e SR e o
exprses satboaglicdddstar®bvdpbuaed bRilitfe, cafth nieedl sgicghateer than 0.09 nmass % based on
the mass of the lubricating oil conposition and conprising a netal

detergent systemas defined in any of clains 1, 7 and 8. 20

9. An oil composition as claimed in any of claims 1 to 8 further including one or more additives,
other than (B) and (C), selected from dispersants, detergents, antioxidants, antiwear agents, friction

modifiers, corrosion inhibitors, pour point depressants, demulsifiers and anti-foaming agents.

10
10. A method of lubricating a compression-ignited or spark-ignited internal combustion engine
which comprises supplying to the engine a lubricating oil composition as claimed in any of claims 1
to 9.

15 11.  The use of a viscosity index improver as defined in any of claims 1 to 5 to improve the cam

and lifter wear in the crankcase lubrication of an internal combustion engine by a lubricating oil
composition having a phosphorus concentration, expressed as atoms of phosphorus, of not greater
than 0.09 mass %, based on the mass of the lubricating oil composition and comprising a metal
detergent system as defined in any of claims 1, 7 and 8.

20





