PF2006MDOI FF I LUBRI CATION This invention relates to the |ubrication of
direct engine injection (e.g. fuel-stratified) conbustion engines. 5
BACKGROUND OF THE I NVENTION Direct injection engines are those in which fuel
is injected inside the cylinders of the engine, thereby enabling the anount
of fuel burned and the tinmng of injection to be controlled 10 precisely. A
problemwi th such engines is that deposits tend to build up on the intake
val ves PlRRO0AMOBEEFabl e | evel s thereby ilnterfering with the closing, notion
and sealing of the valves. The efficiency of the engine is thus reduced and
maxi mum power is limted. This is particularly evident in those engines
utilising closed crankcase venti | BUBRICATHON2004/ 094573 Al descri bes a way
of addressing the above-described problem of intake valve deposits by
enploying a lubricating oil conposition conprising a base oil mxture, the
base oi | m XThE enveRfitH rlatB td khe RbEEAMAGR dfl diredi bngife (Aj&HBN | (¥ gOifkel-s@4tifRed)

m xture thereof, in conbination with (ii) a synthetlc ester oil, the weight
ratio dWWﬁWQOﬁm@m# being fromabout 0.2:1 to about 6:1. It is to be noted
thaty in the exanples of the aforesaid patent specification, each of the 20
| ubricating oil conpositions contains a friction nodifier. SUMVARY OF THE

| NVENT| BAICKGROUNR OFF THEINVENTHONr esses t he above problemin an
alternative way: a lubricating oil 25 conposition is enployed that is
substantially free of any ashless organic friction nodifier and that
conprises a HR&? iRfebtidd erdgis Meaetosy 4 @iidhi fukt 1sT1|ﬂ}b'§ted' iAside e Sflin@SReHthe L hi S

i nvention conprisés a nethod of reducing intake val ve
engine, thereby enabling the amount of fuel burned and the timing of injection to be controlled

10  precisely. A problem with such engines is that deposits tend to build up on the intake valves to
unacceptable levels thereby interfering with the closing, motion and sealing of the valves. The
efficiency of the engine is thus reduced and maximum power is limited. This is particularly

evident in those engines utilising closed crankcase ventilation.

15 WO02004/094573 Al describes a way of addressing the above-described problem of
intake valve deposits by employing a lubricating oil composition comprising a base oil mixture,
the base oil mixture comprising (i) a Group III oil, a Group IV oil, or a mixture thereof, in
combination with (ii) a synthetic ester oil, the weight ratio of (1) to (ii) being from about 0.2:1 to
about 6:1. It is to be noted that, in the examples of the aforesaid patent specification, each of the

20  lubricating oil compositions contains a friction modifier.

SUMMARY OF THE INVENTION

The present invention addresses the above problem in an alternative way: a lubricating oil
25  composition is employed that is substantially free of any ashless organic friction modifier and

that comprises a base oil of low Noack volatility.

Thus, in a first aspect, this invention comprises a method of reducing intake valve
deposits in a direct injection internal combustion engine which comprises lubricating the engine

30 with a lubricating oil composition that is substantially free of any ashless organic frictior



deposits in a direct injection internal conmbustion engi ne which conprises

| ubricating the engine 30 with a lubricating oil conposition that is
substantially free of any ashless organic friction PF2006MOO FF 2 nodifier
and that conprises a major anmount of base oil of lubricating viscosity
having a Noack volatility of less than 12 mass % Preferably, the engine
has cl osed crankcase ventilation. In a second aspect, the invention

conpri spp2doaRIoes FFof a nmj or anmount of jbase oil of 5 lubricating viscosity
and having a Noack volatility of less than 12 mass % in a |ubricating oi
conposition that is substantially free of any ashless organic friction
nodifie t I
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ascri bed bel ow "active ingredient" or "(a. i)" refers to additive materi al
that is not diluent or solvent; "conprising" or any cognate word specifies

the presencemof s&doal %@pd‘ceahyﬁmnu&{ BREpriset thd MCHRE nafsr HRGPRREMase ot W does
notpgreclude the presence or addition of one or nore 15 other features,

steps, lubrieajmgsviscosinpanehrvanor Npeek pelatibwraidess thare 12 uppse o inom dubricating el s
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conposition to which it applies; "najor anount” nmeans in excess of 50 mass %

of a conposition 20 "m nor anount” neans | ess than 50 nass % of a

conposi tion; " THN'thigRAGHidaBbR thO RIS WM WEds 85 BRASHIRE iPdnd M (368 fwe

Furthernore in this specification: "phosphorus content” is as neasured by
ASTM Dsthg3neanings ascribed below:

“active ingredient” or “(a.i.)” refers to additive material that is not diluent or solvent;
“comprising” or any cognate word specifies the presence of stated features, steps, or
integers or components, but does not preclude the presence or addition of one or more
15 other features, 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;
“major amount” means in excess of 50 mass % of a composition;
20 “minor amount” means less than 50 mass % of a composition;

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

Furthermore in this specification:
“phosphorus content” is as measured by ASTM D5185;
25 “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,

Also, it will be understood that various components used, essential as well as optimal and
30  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.



25 "sul phated ash content” is as neasured by ASTM D874; "sul phur content”
is as neasured by ASTM D2622; "KV 100" neans ki nematic viscosity at 100C as
measured by ASTM D445. Also, it will be understood that various conponents
used, essential as well as optinmal and 30 customary, may react under
conditions of formulation, storage or use and that the invention al so

provi des _t he product obtalnable or obtained as a result of any such
reactloHFﬂﬁﬁ2§@6WEd FF 3 Further, it i3 understood that any upper and | ower
quantity, range and ratio limts set forth herein may be independently
conbi ned. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The features of the

i nvention relating where appropriate, to each and all aspects of the

i nvention, naow be . described in nore detail as follo ENG The
venti on' i suBi LA RSA ey aPT e RE e SupES: Bk P AL B SHIGEN | on
englnEShégﬁhmnﬂﬁnﬁ@ﬁﬁﬁ&ﬁﬁy@@mbﬁaﬂted and spark ignited two- or four-cylinder
reci procating engi nes. Exanples include engines for passenger cars, |ight
comerci al vehicles and heavy duty on-hi ghway trucks; 15 engines for

avi a§| OPETAIVSD BERSRPTPON OPIHPIAVENTIONTRN | Ne equi pnent; and heavy duty
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trace apRumicn, Rl 5046 Be fiEchbdan nitRe udihi®hs AMGw:hat are insufficient to
exercise friction nmodification in operation of conposition. For exanple,

t he ampbunt of ashless friction nodifier is zero or is so
10 ENGINE

The invention is applicable to a range of direct injection internal combustion engines such
as compression-ignited and spark-ignited two- or four-cylinder reciprocating engines. Examples
include engines for passenger cars, light commercial vehicles and heavy duty on-highway trucks;

15  engines for aviation, power-generation, locomotive and marine equipment; and heavy duty off-

highway engines such as may be used for agriculture, construction and mixing.

LUBRICATING OIL COMPOSITION

20 As stated above, the composition is substantially free of any ashless organic friction
modifier. “Substantially free” means that the composition contains no more than adventitious or
trace amounts of such friction modifier and that are insufficient to exercise friction modification
in operation of composition. For example, the amount of ashless friction modifier is zero or is so
low that its presence has no significant or practical effect on the performance of the composition.

25  The composition may contain less than 0.1, suitably less than 0.01, such as 0 to 0.0075, mass %.

Most preferably, the composition contains none, i.e. 0 mass %, of such friction modifier.

Friction modification means the lowering of coefficients of friction by means of a
boundary lubricant additive, a friction modifier, hence improving fuel economy.

30



low that its presence has no significant or practical effect on the
performance of the conposition. 25 The conposition may contain | ess than
0.1, suitably less than 0.01, such as 0 to 0.0075, nmass % Most preferably,
t he conposition contains none, i.e. 0 mass % of such friction nodifier.
Friction nodification neans the |owering of coefficients of friction by
means of a boundary |ubricant additive, a friction nodifier, hence

i mpr ovi AZG0aM00eEEnony. 30 PF2006MDO1 BF 4 By "ashl ess" in respect of the
friction nodifier is nmeant a non-netallic organic nmaterial that forns
substantially no ash on conbustion. It is to be contrasted with

met al - cont ai By figphleasidin raspecteofabé fifiaion maylifieras ercanll & nobmigtallivpbrganiofmatstal ess
organic,friction nodifiers.in the sense of this jnvention include.the

© of Pow 5t fors Sthsfptaly §5,gugh dorBufiomn: 1t fofgcht Rrbad el il redlzotiEfate Snd
modi f i efgnct Rt folmkUtigteisiter s fornmed by reacting carboxylic acids and
anhydrides with al kanols. Such friction nodifiers include 10 aliphatic
carboxylic acids, aliphatic carboxylic esters of polyols, such as glycerol

est &S of f alf,)z% 1! dshl]:e%r rgmmg{on%(ycﬁﬁér Iin ﬁlees%ﬁ&’ ofbtﬂlrsliﬁve?lﬁgg R ll?dce the .

gl ycerol fatty dcid nonoesté&rs, esters o ong ~ chai n polycar oxﬁﬁlc aci ds
wi t h di folllswidgor exanpl e, the butane diol ester of a dinerized unsaturated
fatty acid, aliphatic phosphonates, aliphatic phosphates, aliphatic

t hi ophosphates, aliphatic thiophosphonates, aliphatic thiophosphates and

oxazol i ne QR ImethNfed) hikdaéd-freol Srodhi® YRctbRUAbdiHers UMt Fhdldeddster £RBhe®1 It
carbon atons so as to render the conpound oil soluble. Esters of carboxylic

aci ds abii repatingl cabexylig adidsapicapaliyglridese with salkanglsd  Sretugigvienemedifiors include
5o 8, S P S PRI EDAL AL, LU AR LKy,
675- 682acidig] fdvlexBaplee plyasrdl Seatd,sdvaicrdsters of glycerol fatty acid monoesters, esters of long
chain polycarboxylic acids with diols, for example, the butane diol ester of a dimerized
unsaturated fatty acid, aliphatic phosphonates, aliphatic phosphates, aliphatic thiophosphates,
aliphatic thiophosphonates, aliphatic thiophosphates and oxazoline compounds. The aliphatic
15  group usually contains at least eight carbon atoms so as to render the compound oil soluble.
Esters of carboxylic acids and anhydrides with alkanols are described in US Patent No.
4,702,850. Examples of other conventional organic friction modifiers are described by M. Belzer in
the "Journal of Tribology" (1992), Vol. 114, pp. 675-682 and M. Belzer and S. Jahanmir in
"Lubrication Science" (1988), Vol. 1, pp. 3-26.
20
(2) ashless aminic friction modifiers that include oil-soluble aliphatic amines, alkoxylated
mono- and di-amines and aliphatic fatty acids amindes. One common class of such metal-free,
nitrogen-containing friction modifier comprises ethoxylated amines. These amines may, for
example, be in the form of an adduct or reaction product with a boron compound such as a boric
25 oxide, boron halide, metaborate, boric acid or a mono-, di- or tri-alkyl borate. Other aminic
friction modifiers include alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether
amines, for example, ethoxylated tallow amine and ethoxylated tallow ether amine and aliphatic
carboxylic ester-amides. Examples of fatty acid esters and amides as friction modifiers are
described in US Patent No. 3,933,659.
30



"Lubri.cation Science" (1988), Vol. 1, pp. 3-26. 20 (2) ashless amnic
friction nodifiers that include oil-soluble aliphatic am nes, al koxyl ated
nono- and di -am nes and aliphatic fatty aci ds am ndes. One common cl ass of
such netal -free, nitrogen-containing friction nodifier conprises

et hoxyl ated am nes. These anmines may, for exanple, be in the formof an
adduct or reaction product with a boron conpound such as a boric 25 oxide,
boron hBF?MeMORetEbor ate, boric acid o a nmono-, di- or tri-alkyl borate.
O her aminic friction nodifiers include al koxyl ated al kyl -substituted
nono- am nes, diam nes and al kyl ether am nes, for exanple, ethoxyl ated
tal | ow am nas atatbdedthorythatbast didlih ohe edriymrsitmni e aaNdackl vgdirdity of leartbaxy2i c

ester-an des. anpl es.of . fatt cid esters and am de i.ction nodifiers
re doBEr Bed ke BLPL i idsted a6sTEEa0 TbPpesbtroRbos T M-S Sa4 e
above, t8oRASEINR bf dnbik ROoRGITRARA MORMBAShedholPASSONQl atility of less than
12 mass % Noack volatility is nmeasured according to the procedure of ASTM

D5800 and is the evaporative loss of an oil, reported in mass % after one

hourc at 25 \Yi vol-@t bl [ S
s 55 0 Shepllrd iy DORERSKOURL U iyt hOR BRGNLIn ol
pr ef er r ef# tohldt miabse®oNoack vol atility of the conposition is |less than 10,

preferably less than 9, mass % 10 Further, the invention may be enpl oyed

using conpositions having |ow | evel s of one or nore of sulfated ash,
phosphor us afgoSivisip#eferrddihas tht RR28100NAHIt) bPthe ®BMipodifén RAGKT AR, 10CHRRERAUly UP

less than 9, mass %.
10
Further, the invention may be employed using compositions having low levels of one or
more of sulfated ash, phosphorus and sulfur. Thus, the composition may, for example, contain up
to 1.2, preferably up to 1.0, more preferably up to 1.0, mass % of sulfated ash, based on the total
mass of the composition. It may, for example, contain up to 0.1, preferably up to 0.08, more
15  preferably up to 0.06, mass % of phosphorus, expressed as atoms of phosphorus, based on the
total mass of the composition. It may, for example, contain up to 0.4, preferably up to 0.2,

mass % of sulfur expressed as atoms of sulfur, based on the total mass of the composition.

Furthermore, the composition may have a OW-X, SW-X, 15W-X or 20W-X viscosity grade
20  according to the SAE J300 classification, where X is 20, 30, 40 or 50.

BASE OIL

The base oil, sometime referred to as basestock, is the primary liquid constituent of the
25  composition into which additives and possibly other oils are blended. It has been discussed

above in terms of its Noack volatility. The following further comments are now made.

A base oil may be selected from natural (vegetable, animal or mineral) and synthetic
lubricating oils and mixtures thereof. It may range in viscosity from light distillate mineral oils

30 to heavy lubricating oils such as gas engine oil, mineral lubricating oil, motor vehicle oil and



to 1.2, preferably up to 1.0, nore preferably up to 1.0, mass % of sulfated
ash, based on the total mnass of the conposition. It may, for exanple,
contain up to 0.1, preferably up to 0.08, nore 15 preferably up to 0.06,
mass % of phosphorus, expressed as atons of phosphorus, based on the total
mass of the conposition. It may, for exanple, contain up to 0.4, preferably
up to 0.2, mass % of sulfur expressed as atons of sul fur, based on the
total nRE®)06MODDEFCoOnposition. Furtherwore, the conposition may have a OWN X,
5W X, 15W X or 20W X viscosity grade 20 according to the SAE J300
classification, where Xis 20, 30, 40 or 50. BASE O L The base oil, sonetine
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conpositi n into which additives and possibly other oils are blenhded. It has

been d|m©u55@dooébove interns of its Noack volatility. The foll ow ng
further comments are now nmade. A base oil may be selected from natural
(vegetable, animal or mneral) and synthetic |lubricating oils and m xtures
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heav ricating Qils such as gas. eng e 0i | | ybr.i cat oi
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100C. Natural oils include animal and vegetable oils (e.g. castor and |ard

oi 1), |éeubsgtfigdeseatisum 5 oils and hydrorefined, solvent-treated mneral

| ubricating oils of the paraffinic, naphthenic and m xed
paraffinic-naphthenic types. Gls of lubricating viscosity derived from coa
or shal e areSynilhetio uﬁlﬁfcuhng)asies Ointlade Shydrbetton |dilrisadlt i ;g milyrBerized| uge
hydrocarbon oils such  as polynerized and 1Q interp Iynerlzed olefins (e.g

pol ¥but preaplymenzed \plets y¢-8rRetlybubylenss) RAPRYENGE JremecTedpRhuescopolymers,

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 diphenyl sulfides and derivatives, analogues and homologues thereof.
15
Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic
acids (e.g. phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic acids, maleic
acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid dimer,
malonic acid, alkylmalonic acids, alkenyl malonic acids) with a variety of alcohols ( e.g. butyl
20  alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol
monoether, propylene glycol). Specific examples of these esters include dibutyl adipate, di(2-
ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid
dimer, and the complex ester formed by reacting one mole of sebacic acid with two moles of

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

Esters useful as synthetic oils also include those made from Cs to C;2 monocarboxylic
acids and polyols, and polyol ethers such as neopentyl glycol, trimethylolpropane, pentaerythritol,
dipentaerythritol and tripentaerythritol.

30

Preferably, the base oil is not a Fischer-Tropsch derived base oil.



chl orinated pol ybutyl enes, poly (1-hexenes), poly (1l-octenes), poly
(1-decenes)); al kyl benzenes (e.g. dodecyl benzenes, tetradecyl benzenes,

di nonyl benzenes, di (2-ethyl hexyl)benzenes); polyphenols (e.g. biphenyls,
terphenyl s, al kyl ated pol yphenol s); and al kyl ated di phenyl ethers and

al kyl at ed di phenyl sulfides and derivatives, anal ogues and honol ogues
thereof. 15 Another suitable class of %ynthetic | ubricating oils conprises
t he estBFZ006MOQ1 &Xr boxylic acids (e.g.” phthalic acid, succinic acid, alkyl
succinic acids and al kenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid diner,
mal oni ¢ aci dUmaﬁkgd mefimedi andactEnedapiepar bermbaininc thecdodepositionh ofi theapiesdny of
al cohol s oho hexyl al hoI, odecyl al cohol .
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hose obtai ned roma natur or synthetic source w thout
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 o0il may be an
15  oil 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.
20
Base oil may be categorised in Groups 1 to V according to the API EOLCS 1509

definition.

The base oil of lubricating viscosity is provided in a major amount, in combination with a

25 minor amount of additives such as described hereinafter, constituting the composition. This
preparation may be accomplished by adding the additive directly to the oil or by adding it in the

form of a concentrate thereof to disperse or dissolve the additive. Additives may be added to the

base oil by any method known to those skilled in the art, either prior to, contemporaneously with,

or subsequent to, addition of other additives. The composition of the invention suitably has a

30 TBN of 13 or less. For example, it is less than 10, such as in the range of 4 to 9.



further purification treatnent. For exanple, a shale oil obtained directly
fromretorting operations, a petroleumoil obtained directly from
distillation or ester oil obtained directly fromb5 an esterification process
and used without further treatnment would be unrefined oil. Refined oils are
simlar to the unrefined oils except they have been further treated in one
or nore purification steps to inprove one or nore properties. Many such
puri fi cPEdooeMOeCRRI ques, such as distiRBlation, solvent extraction, acid or
base extraction, filtration and percol ation are known to those skilled in
the art. Re-refined oils are obtained by processes simlar to those used to

obtain refinag @inhsS ol &dd{spergigfei’,mogi&z{u@ teffAk, GRed AMBInRRAIbt AbsBaeyy used

in service. Such re-refined oils are also "known as recl ainmed or reprocessed
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be hydroi sonerized; hydrocracked and hydroi soneri zed; dewaxed; or

hydr oi sonmeri zed and dewaxed. 20 Base oil may be categorised in Goups | to V
accordigﬂnﬁ9r§ﬁg APl ECLCS 1509 definition. The base oil of lubricating
viscosity Is provided in a major anmount, in conbination with a 25 m nor
anount of additives such as described hereinafter, constituting the
conposition._This preparation may, be acconplished by adding the additive
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di sper sgrREmaice S@hMeichibfesadas ek ¥fpleHbrd S Shd R¥niRheBAHE Folidvihf €which are
known in the art:

Dispersants, including ashless dispersants, whose primary function is to hold solid and

15  liquid contaminants in suspension.

Detergents in the form of metal salts of acidic organic compounds one of whose functions

to reduce piston deposits and which normally have acid-neutralising properties.

20 Anti-oxidants, or oxidation inhibitors, for example in the form of aromatic amines or

hindered phenols.
Anti-wear agents such as metal (e.g. Zn) salts of dihydrocarbyl dithiophosphates.

25 Metal-containing friction modifiers such as molybdenum compounds. (Preferably, these

are absent).

Other additives may include one or more of rust and corrosion inhibitors, pour point
depressants, anti-foaming agents, emulsifiers and demulsifiers, and viscosity modifiers.

30



base oil by any nmethod known to those skilled in the art, either prior to,
cont enporaneously with, or subsequent to, addition of other additives. The
conposition of the invention suitably has a 30 TBN of 13 or |ess. For
exanple, it is less than 10, such as in the range of 4 to 9. PF2006M)O1 FF 8
The terns "oil-soluble" or "dispersible”, or cognate terns, used herein do
not necessarily indicate that the conpounds or additives are sol uble,

di ssol \Paab@Mea1sER bl e, or are capable 9r being suspended in the oil in al
proportions. They do nean, however, that they are, for instance, soluble or
stably dispersible in oil to an extent sufficient to exert their intended
effect in thgemddAtial QRABRE na b&vmceﬁo;a&% iXbthd b%s@@ipln%?%ml\éafeﬁpwgr  THuBE
addi ti onal incorporation of other dditives may al so permt |ncorporat|on
of hi gteaeh ofgheddditiye cemponents can bﬁradéemdltqcmeto th¢ bage eil bi disperaimppridivgelyingdt ifhe
Conposi aho S V|de
cor rai ind Bl TGt e R8srel el LGN Aot BURARE ol e BB R T e
foll ovmomgt,anvdmvaﬂedeeﬂ@eralmam in the art: Dispersants, including ashless

di spersants, whose primary function is to hold solid and 15 liquid

contam nants in suspension. Detergents in the formof netal salts of acidic
or gani ¢ conmpayadsly oNethe hddiRsext4ph fri thN Siscosiy fddifieLard S PBudRRAdchRsBRd

whi ch normal |y have acid-neutralising properties. 20 Anti-oxidants, or

oxi dat iagnblendadpintcop §on¢emrate>@mq§|délvc rpackage (e menfonad abae),cthainisnebsagpently

hi nder

h. Z
dlhydr%(ij%@%yln1 tggﬁ ateg%qf%‘iﬁﬁ)cgnﬁh?aln|%°$€h|c?%8ﬁoﬁgzntféyg such
as nol yasieiynbe (ﬁ(ﬁfﬁmwfdﬂls to (cohtaihethabddditive(op $ie prépee a@hﬁﬁt@t {b. provide the desired

10 concentration in the final formulation when the concentrate is combined with a predetermined

amount of a base oil.

The concentrate is preferably made in accordance with the method described in US Patent
4,938,880. That patent describes making a pre-mix of ashless dispersant and metal detergents that is
15  pre-blended at a temperature of at least about 100°C. Thereafter, the pre-mix is cooled to at least

85°C and the additional components are added.

The final crankcase lubricating oil formulation may employ from 2 to 20, preferably 4 to 18,
and most preferably 5 to 17, mass % of the concentrate or additive package, the remainder being

20 baseoil.



O her additives may include one or nore of rust and corrosion inhibitors,
pour point depressants, anti-foam ng agents, enulsifiers and denulsifiers,
and viscosity nodifiers. 30 PF2006MOA FF 9 The individual additives nay be
incorporated into the base oil in any convenient way. Thus, each of the
addi tive conmponents can be added directly to the base oil by dispersing or
dissolving it in the base oil at the desired | evel of concentration. Such
bl endi RF2666MOGLEF at anbi ent tenperatlre or at an elevated tenperature. 5
Preferably, all the additives except for the viscosity nodifier and the pour
poi nt depressant are blended into a concentrate or additive package (as
ment i orEXAMRIVES , that is subsequently blended into base oil to nake the
finished lubricating oil conposition. The concentrate will typically be
formul ated to contain the additive(s) in proper anounts to provide the
desired 10 coRGRROSE WAMndW bt ABschib&Rin tBQdeMRx%g %M%ﬁi&?a&%@?&%ﬁ@& fo!S
conbined with a predeterm ned anount of a base oil. The concentrate Is
pr ef er dishiy theweepeiof thecdamddineeef. wi t h t he met hod described in US Pat ent
4,938, 880. That patent describes making a pre-m x of ashless di spersant and
netal detergents that is 15 pre-blended at a tenperature of at |east about
100C. Ther edouesW-Bhi@rdpkeasailxbricatie® 0ll @dniposidbnd @at prefidvéd. aldch bempekitidn onal
conponent s, are added. The final crankcase |ubricating oil formulation may
enpl oy TPPBIRCY OpeoDBOreISEEARIS) Petal delergents, anfiny CAAZEN!Sr APANS andiviscesity mass
?FggogP\B%cgﬂf:l?:.e%Jo%f‘%h@Eorﬁ&ﬂitfoh&’,%eB%@&ﬁ&ﬁles bhﬁaeriﬁ%'tieg?ﬁxal?rﬂilébgl ax{%Pz)?%Fe oi l.

free of any ashless, organic friction modifier. The other two compositions, being reference

10  examples for comparison purposes (Examples A and B), contained 0.2 mass % of glycerol mono-
oleate friction modifier and 0.1 mass % of oleamide friction modifier. The base oil of each

composition was blended to generate Noack volatilities stated in the table below.

Each composition had comparable measured properties, e.g. P(0.06 mass %), sulphated

15  ash (0.60 mass %), TBN (6) and KV100 (12.2 mm?s™), with the exception of Noack volatility.

Each composition was tested using the VW FSI intake valve deposit test using a 1.4L
77KW direct injection gasoline engine with closed crankcase ventilation. The inlet valves were
weighed before the test and after the test to determine the weight of deposit formed. The results

20  are expressed in the table below.

Noack Volatility (mass %) Ratio

Example (Calculated) (Measured) Deposits/maximum
Base Oil Composition limit
1 10.6 7.8 0.974
2 10.1 7.8 0.984
A 10.1 8.1 1.468
B 12.2 10.7 2.238




EXAMPLES The invention will now be described in the foll ow ng exanples which
are not intended to limt the scope of the clains hereof. 5 Four 5W 30
crankcase | ubricating oil conpositions were prepared. Each conposition

cont ai ned one or nore dispersants, netal detergents, anti-wear agents,
anti-oxidants and viscosity nodifiers. Two of the conpositions, being
exanpl es of the invention (Exanples 1 and 2), were free of any ashlers,

or gani cP¥3006MO8h Fiodi fi er, The other thb conpositions, being reference 10
exanpl es for conpari son purposes (Exanples A and B), contained 0.2 nass % of
gl ycerol nono- oleate friction nodifier and 0.1 nmass % of ol eamde friction
nmodi fi er. Theoduade- dht reshlte slitwn @ertpositivs of theasedshred deughto ofjtheantake vAllwack

volatilities stated.in the.table bel ow Each co sition d _copmpar ahl e
roaour eHePR BB VY By s ke YEUE UopdsE RerRERER s By RGP R 28,
TBN ( 6) indiReteKyYbOWr(rdsdit2a PaTESbelpw ovik irdidales perferaint OWithin thogd ity 1ahik hhd ¥ -

Each conposition was tested using the VWEFSI intake val ve deposit test using
a |. 4L valyegrasterdthan ong ipdicptenpgiospngsoutsidy thersimitteddimiéed crankcase

vent4 | ation. The inlet valves were weighed before the test and after the
test to determ ne the weight of deposit fornmed. The results 20 are
expressed i nCorhparinglsheresalsond, Exislopsls 1\apld 2t togdther, with g @ulRaft Examplex Arspbes

(7-Cg.| gug%%te;\ géc%“ﬁ%tslgg%ﬂ)o\p%ﬁi?s,kﬁ%@%ﬁ%{%ﬁfgggl'ggsscgréan%o%%g% tn%o%l 1e|ré {H }\ h]ais 10.6

given rise to sufficient deterioration in performance in the test.

10 Comparing the results of Examples A and B shows that, at the same level of ashless
organic friction modifiers, increase in Noack volatility in moving from Example A to Example B

has given rise to deterioration in performance.



B 12.2 10.7 2.238 PF2006MOO FF 11 Footnote - The results shown are the
rati os of the neasured weights of the intake valve deposits to the maxi num
limit of intake value deposits permitted by the test. Thus, a | ower val ue
indicates a better result; a value bel ow one indicates performance within
the permtted limt and a value greater than one indicates performance
outside the permtted [imt. 5 Conparing the results of Exanples 1 and 2

t oget heRE200pMAOt RE result of Exanple A2hows that, at constant Noack
volatility, the presence of the ashless organic friction nodifiers in A has
given rise to sufficient deterioration in performance in the test. 10

Compar iQpAIMS resul ts of Exanples A and B shows that, at the sane |evel of
ashless organic friction nodifiers, increase in Noack volatility in noving
from Exanple A to Exanple B has given rise to deterioration in performance.
PF2006MD01 Efnle%hocgaf\ké\ﬁcﬁg ifraRBLARE RpodiGdHA Hﬂedt rlﬁﬂgt%nvﬁhéfﬁald&)‘ﬁﬁﬁl kfigh I n 2
direct injection internal combustion engine which conprises |lubricating the
engi ne wit h eaging b*rhldacqrtwsm lubticatingsthe eunging with aj lsbn@utlsg tosltc@ntnoazltlby that ée  of

any ashl ess or gani fyictd |f|er a hat r or ampunt of
bas€ oil of Sgnt@Q%'lfrr\eS Vi sné’o o G ARig ﬁh o‘éc}%laﬁqﬁ?t Fe8d™¥fan 12
mass % 2. Aniehheflbag il af rmdlouﬁng: vRtdesitl haliiged Noatle vblaﬁnty ¥Plead kHant )2 i s

| ess than 11 NBsSS % 10 3. A nmethod as clained in claiml1l or claim?2
wherein the M@&c¢k volatility is in the range of

2. A method as claimed in claim 1 wherein the Noack volatility is less than 11 mass %.
10
3. A method as claimed in claim 1 or claim 2 wherein the Noack volatility is in the range of
4 to 11 mass %.
4, A method as claimed in any of claims 1 to 3 wherein the lubricating oil composition
15 contains up to 0.1, preferably up to 0.08, more preferably up to 0.06, mass % of

phosphorus, expressed as atoms of phosphorus.

5. A method as claimed in any of claims 1 to 4 wherein the lubricating oil composition
contains up to 1.2, preferably up to 1.0, more preferably up to 0.8, mass % of sulphated
20 ash.

6. A method as claimed in any of claims 1 to 5 wherein the lubricating oil composition

contains up to 0.4, preferably up to 0.2, mass % of sulfur, expressed as atoms of sulfur.

25 7. A method as claimed in any of claims 1 to 6 wherein the lubricating oil composition has a
0W-X, SW-X, 15W-X or 20W-X viscosity grade according to the SAE J300 classification,
wherein X is 20, 30, 40 or 50.

8. The use of a major amount of a base oil of lubricating viscosity and having a Noack

30 volatility of less than 12 mass % in a lubricating oil composition that is substantially free



4 to 11 mass % 4. A nethod as clainmed in any of clains 1 to 3 wherein the

| ubricating oil conposition 15 contains up to 0.1, preferably up to 0.08,
nore preferably up to 0.06, mass % of phosphorus, expressed as atons of
phosphorus. 5. A nmethod as clained in any of clains 1 to 4 wherein the

| ubricating oil conposition contains up to 1.2, preferably up to 1.0, nore
preferably up to 0.8, nmass % of sul phated 20 ash. 6. A nethod as clained in
any of PERGQOMOOL Ky 5 wherein the lubrildating oil conposition contains up to
0.4, preferably up to 0.2, mass % of sul fur, expressed as atons of sulfur.
25 7. A nmethod as clainmed in any of clainms 1 to 6 wherein the |ubricating

oi | conposi vf any habless ofgaviX, frisiénX madslibr Xoored@@\Ninkakei sdos ideyosits adea direar di ng
to the SAE J300. cl.assification, wherein Xis 20, 30,. .40 or 50. 8. The use of
2 maj or amolHECgR IBAkcombUpIaengpE SRR BY (HeOBBOHIolnd havi ng a Noack 30
volatility of less than 12 mass %in a lubricating oil conposition that is
substantially free PF2006M)0O1 FF 13 of any ashless organic friction nodifier
to reduce intake val ve deposits in a direct injection internal conbustion
engi ne lubricated by the conposition.





