PF2006MD01 FF 1 LUBRICATION This invention relates to the lubrication 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 timng of injection to be controlled 10 precisely. A
problemw th such engines is that deposits tend to build up on the intake
val ves to unacceptable | evels thereby interfering with the closing, notion
and sealhiZQ§oMpo0 lﬁ‘é valves. The efficidncy of the engine is thus reduced and
maxi mum power is limted. This is particularly evident in those engines
utilising closed crankcase ventilation. 15 W2004/ 094573 Al descri bes a way
of addressing the above-descri bedLEBRBICATION i nt ake val ve deposits by

enpl oying a lubricating oil conposition conprising a base oil mxture, the
base oil mxture conprising (i) a Goup IIl oil, a Goup IVoil, or a

m xture therﬁﬁ’sf inveftiorC RN RS tHeMubfidabion 'df)du%ctsé’rfgu'ﬂse{ &:tl%ﬁt(@P el-strdtifRayel ght
ratio of (i) to (ii) being fromabout 0.2:1 to aout] Is to be noted
t hat, i99mt etlmgmem of the aforesaid patent specification, each of the 20
I ubr| cating oil conpositions contains a friction nodifier. SUMARY OF THE

| NVENTI ON The present -i nventi on addresses the above problemin an

al t er naBACE UND OFOTHEANVENDION 25 conposition is enployed that is
substantially %ree of any ashless organic friction nodifier and that
conprises a base oil of |ow Noack volatility. Thus, in a first aspect, this

I nvention cqplc ?rﬁéctﬁmn@ltgnﬁg afd tHoSAHE AR ﬂtelaﬁein}é@{eﬁqnside the cylinders of the

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 (i) 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 friction



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 PF2006M)01 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
conprises the use of a nmjor anmount of base oil of 5 lubricating viscosity
and havPRPOaMABAER vol atility of |ess t?han 12 mass %in a |lubricating oi
conposition that is substantially free of any ashless organic friction

nodi fier to reduce intake valve deposits in a direct injection internal
conbust modifiengndthat cdmprizas @ ehapyr dnfomnt of3s oilicfnubricatindviscapg tading atNcask t he
follomjggﬂgord an exgresgjons, iL and when used, have 10 the neani ngs
ascri be fryQf lesshan Lo massytoe fredfiiablypthe-epging has-clossd gragkeage xemiilatiope nat eri al
that is not diluent or solvent; "conprising" or any cognate word specifies
the presence of stated features, steps, or integers or conponents, but does
not precl udelntheeqondsspret the imddiion oomprfiseolee vse oba enaj& atdent of dasaioikf

steps, jntegers. conponents or .groups thereqf: the expregsions .'consists

of or BRERE s STERR t o s e VRl Edessal b oL s Jo et e o

" conpr i &fgposion thAUS 3LEsIantMiIe FRE bf a8 9 AShIdsSoreaH€ AlidtRh| Modifier ReredhdeSintake

i nclusion of substances not materially affecting the characteristics of the

conposi Yalumdapgsitein eldireet injgfiqnagternahegrahustion engine lybragated by thg eersposfons0 mass %
of a conposition; 20 "m nor anount” nmeans | ess than 50 nass % of a
conposition; "TBN' nmeans total base nunber as neasured by ASTM D2896.
Furthernore in tHnshisppeifidatied,itha follophigswpids dsd exprésivhs, it sndawhéereassdade by

ASTM D5185; i
10  the meanings 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; "KV100" neans kinematic viscosity at 100C as
nmeasured by ASTM D445. Also, it will be understood that various conponents
used, essential as well as optimal and 30 customary, may react under
conditions of formulation, storage or use and that the invention al so

provi des the product obtainable or obtained as a result of any such
reaction. PF2006MDO1 FF 3 Further, it is understood that any upper and | ower
quant i t JF2009MPQ1&,d ratio linits set forth herein may be independent!y
conbi ned. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The features of the
invention relating, where appropriate, to each and all aspects of the
invention, will now be described in nore detail as follows: 10 ENG NE The
invention is_appli.cable to range of direct injection internal .conbusiion
engi nes suchFHen dbmapausPedHRbAR waer i K %G 1B8e PHbRID ST nder
reci pr ogabinMehyestdhdépenddand @bmBied.i NCl ude engines for passenger cars, |ight
comer ci al vehicles and heavy duty on-hi ghway trucks; 15 engines for

avi ati on, power-generation, |oconotive and mari ne equi pment; and heavy duty
of f - hi Nt ) ! S&f agriculture, construction and
n1xi%g.ﬂgg%égggﬁ’ P ] at ed above, the conposition is
substantially free of any ashless organic friction nodifier. "Substantially
free" neans tha% t he conposition contains no nore than adventitious or

{race ampunt Shefeatiienol e Gpiea ROk mEaP N FPPIRTIatss 1 5358 30 alaspects of the
exercl Sﬁwfeﬁtio?ﬁ ggﬂ?@ggépés%ﬂﬁé@iﬂmdr@d?ﬁﬁ%@f’d]l@@spf conposi tion. For exanple,

t he anpbunt o riction nodifier IS zero or i s 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
nmeans of a boundary | ubricant additive, a friction nodifier, hence

| mpr ovi g %%nony 30 PF2006MD0O1 FF 4 By "ashless" in respect of the
fricti ﬁ&rﬁ? is meant a non-netal 4 c organic material that forns
substantial ly no ash on conbustion. It is to be contrasted with

net al -contai ning, and hence ash-formng, nmaterials. 5 Exanples of ashless
organi ¢ fri cBy beshtessli ini respsct of thhéri@@nsaodiﬁertibimahhwemn netallinciganie mdterial

foIIovvi (1 shl net al - nfreo ic friction
modi 11 ohgt o ??H% S‘?’ﬁ@l“ﬁai‘/ ‘é% ?%‘r e?’ré‘&"“ bl 5 e g‘a%%\‘{ %@Bﬁ‘%‘ -copiaung, agd
anhydrlms,e Mhtf@nginlgaﬂgdeﬁﬂsSuch friction m)dl f | ers I nclude 10 aliphatic

car boxylic acids, al i phati c carboxylic esters of polyols, such as glycerol
esters of fatty aC|ds for exanple, glycerol oleate, borlc esters of

9l yeerol {atiyflh TRAREOLELT, RRIA ok Mhe SN O AR HERIBRINILE AET U

exa utane ester i T Y AEOR (UG ed
fatty adewu@Llphatlc phosphonat es, aliphatic phosphates, aliphatic
t hi ophosphates, aliphatic thiophosphonates, aliphatic thiophosphates and
oxazol i ne conpounds. The aliphatic 15 group usually contains at |east eight

carbon at ong) §ehi&s (metal- ?r@&ieﬁmb @n Fr@ 'dﬁ‘i@ fﬂ&tkonsx%&iﬁla% thatﬁﬁélﬁ&ées?érs fome@xy! i C

aci ds and an%ydrldes w t h “al kanol s ar described 1n US Pate
4, 702, 850 reaetingnohbex dic m&ﬂeanctarﬂweinﬂc&)mﬂl akayats. ¢ Sheh (fxtwtmm mdlfn‘ersemsludce
g?gﬁ%sza ggwarggfy}%(:aglélﬁ,dalgkgt?caﬁﬁ%y 19 e tgrfs 0 popy%lls?gxgh égslg%g ol es%rs ofl éﬁy PP-
acids, for example, glycerol oleate, boric esters 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



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

et hoxyl ated am nes. These amines may, for exanple, be in the formof an
adduct or reaction product with a boron conpound such as a boric 25 oxide,
boron hal i nmet aborate, boric acid or a nono-, di- or tri-alkyl borate.
Ot her a%ﬁ%péblprfgtron nodi fiers include alkoxylated al kyl - substituted
nono- am nes, diam nes and al kyl ether am nes, for exanple, ethoxylated
tallom/anine and et hoxyl ated tall ow et her anine and aliphatic carboxylic
est er - am deAs stasedmboes thé bast ¢i) irathedcamgiositiondrad aaNbvabsvaaility iof tléssrthawtld f i er s

Above, THE BadioBl PolTONE mORFELAS BIPRA B RBtakror AT PyseFaibEaft han

12 ms@a{@raﬁ%& MRkl tepbited i NPRAS4 hRE: AedRLLANY0I® the procedure of ASTM
D5800 and is th evaporative loss of an oil, reported in mass % after one

hour at 250C. 5 Preferably, t he Noack volatilrty of the base oil is |less

t ha”s 12, r%t[‘epe} aIQO kI Fattli‘%i rfqﬂgg?se etsg th]an 18 B3t preii‘ef%bf dlé raTg

preferred %he® co osifion's han
preferaﬂhymrheﬁﬁgwMan 9, nass % 10 Furt her, the i nventi on may be enpl oyed
usi ng conpositions having | ow |l evels of one or nore of sulfated ash,
phosphorus and sul fur. Thus, the conposition may, for exanple, contain up

Also, it is preferred that the Noack volatility of the composition is less than 10, preferably

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
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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 nmass of the conposition. Furthernore, the conposition may have a OWM X,
5W X, IFH06M00RBW X vi scosity grade 80 according to the SAE J300
classification, where X is 20, 30, 40 or 50. BASE O L The base oil, sonetine
referred to as basestock, is the primary quuid constituent of the 25
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f ur t hermm&m@n06°Car e now made. A base oil may be sel ected from natural
(vegetable, animal or mneral) and synthetic |lubricating oils and m xtures
thereof. It may range in viscosityfromlight distillate mneral oils 30 to

heavy | ubri Q?Jtﬁrggox%' 1ln§lu§é’§1tﬂnﬁ§ aftfive é%f&glertﬁlsC(b c&ﬁtdi‘%ﬁ@llarh léh? I1fild ﬁgﬂroﬁi'uht
not or vehicle oil and PF2006M)O1 FF 6 heavy uty diesel ol nerally the
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| ubri cafldonge®l base®@flst he paraffinic, naphthenic and m xed
paraffinic-naphthenic types. Gls of | ubricating viscosity derived from coal
or shale are also useful base oils. Synthetic lubricating oils include
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10 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 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  tetracthylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to C;; 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 ori nated 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 synthetic lubricating oils conprises

t he est 0 i.carboxylic acids (e.g.,phthalic acid, succinic acid, alkyl
succini?%zgxégﬁgﬂﬁxalkenyl succinic acids, naleic acid, azelaic acid,
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derived base oil. PF2006MD01 FF 7 Unreflned refined and re-refined oils can

be used thmatth&ecisfipesk pis aiesobssinedhby prosswset similay énthosn usadhioeslytaia debaadsoilsr e
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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
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 TBNof 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
purification technlques such as distillation, solvent extraction, acid or
base extFAR6MP1 I?lltratlon and percolé%lon are known to those Skl||ed in
the art. Re-refined oils are obtained by processes simlar to those used to
obtain refined oils 10 applied to refined oils which have been already used
in service. Sheterme-oibfolnd” oi Tdisparseblell, spcognaviernzss useddicsdimdel notrnelcasm'iyessed

oils and 0 re additionall rocess h ues
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hydr oi sonmeri zed and dewaxed. 20 Base oil may be categorised in Goups 1 to V
according to the API EOLCS 1509 definition. The base oil of lubricating

vi scosi t ﬁgwi ded in a major anount, in conbination with a 25 m nor
anount o itives such as described hereinafter, constituting the
conposition. This preparation nmay be acconplished by adding the additive
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performance characteristics. As examples there may be mentioned the following, 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 nethod 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 v 1 scipble, or are capable o bei ng suspended in the oil in all
proportﬁ%lﬁg%%@&hgo mean, however, tha§ they are, for instance, soluble or
stably dispersible in oil to an extent sufficient to exert their intended
effect in the 5 environnent in which the oil is enployed. Mreover, the

addi tional i Adeipbyidual additifes malyde incathdratédiaty thahase bl in garoenvenient weyoflasi on
of higher .l | s,f a particul ar additiv i esi ned... ADDI Tl VES 10 The
corpos: erahohfi R RoRBochftetbe A Ty i e SRS B cimii LSRR LU e
certai n thgBdst ofl mameelesifednaet 6f ¢ontértiatiorASSIRK dlEptig nidyesceur®ymbRniRipeaned t he
foll owi ng, which are known in the art: Dispersants, including ashless

di sper s #hekan elgyated RS- function is to hold solid and 15 [iquid

contgm nants in suspension. Detergents in the formof netal salts of acidic
organi ¢ conpounds one of whose functions to reduce piston deposits and

whi ch nor mal |Pyefomably, dtthd-additivesadxicept for the opersity amdifkd ardhthe-poxr paintt depresgant

oxidation iphibjtors, for exanple.in the form of .ar ti m nes .or
hi nder ed™ RIEBTL Inoh At gongairate groridiive pakags (o pgptionsd iboyel Thek iy Subipaquenty
di hydr oqadrayd isth kOB PhaLthe AmsHYBLIBbricaRAY BlINRGPobitibet IR EREédraRr Rilsuch
as nol ybdenum conpounds. (Preferably, these ~are absent).
typically be formulated to contain the additive(s) in proper amounts to 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  base oil.



O her additives may include one or nore of rust and corrosion inhibitors,
pour point depressants, anti-foam ng agents, enmulsifiers and denulsifiers,
and viscosity nodifiers. 30 PF2006M)01 FF 9 The individual additives nay be
incorporated into the base oil in any convenient way. Thus, each of the
additive 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 n at anbient tenperatyre or at an el evated tenperature. 5
Prefera%ﬁg&%aﬁﬁﬁﬁh% addi tives except fgp the viscosity nodifier and the pour
poi nt depressant are blended into a concentrate or additive package (as
ment i oned above), that is subsequently blended into base oil to nmake the
fini she®EXAMPIES i ng oi|l conposition. The concentrate will typically be
formul ated to contain the additive(s) in proper anounts to provide the
desired 10 concentration in the final fornulation when the concentrate is
conbi ned wi t ITha ipreatat @ilmhdvede desttibed inahe folloasey €damplekRehictoare @ot indnded ®
preferably nade in _accordance with the nmethod described in US Patent
4, 938, sdmiit the seons of dierclaiws detepbs nmking a pre-ni x of ashl ess di spersant and
met ak detergents that is 15 pre-blended at a tenperature of at |east about
100C. Thereafter, the pre-mx is cooled to at |least 85C and the additional
conponent s afeundBed cidnkcdse habiricatizg ki asmpbsibonscwtiergyempired. f Eactucampasitianay
enploy from2.to 20 referably 4 to 18, and nost preferably 5 to.17,. mass
% of { hGORBREGAES Bt ot depgtsmTts aetgldetetigits, P Wt AR RSt idates and Vigativg |
PF2006 M)&blifidrs. 1@wo of the compositions, being examples of the invention (Examples 1 and 2), were

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 5W30
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 ashless,
organicgﬁgiﬁéig difier. The other t conpositions, being reference 10
exanpl e @8 Ig ﬁb i son purposes (Exanpl'es A and B), contained 0.2 mass % of
gl ycerol nono- oleate friction nodifier and 0.1 nmass % of ol eam de friction
nodi fier. The base oil of each conposition was bl ended to generate Noack

vol atilities fgpmotes The raselty shewa ase theviatizaehthe arasered msiehitaef e ipfalrcatile
TEN. (6 SeBERY bis e linpl O ARERARe flpostbARMLy (ho18E Wikl LRER AR

Each conpdisatts Dbettensestiesd eathelslovg ondriadidiieridrniaadeewitlaih tiee phematediliniieatd aisi ng
a l.4L 77 direct injection gasoline engine with ¢losed crankcase

Vent i I at{A3ie. Eropr than e lv%w%ssoeﬁépaan%@vtj%@@’mmﬁﬂw-t est and after the
test sto determ ne the wei ght of deposit formed. The results 20 are
expressed in the table bel ow. Noack Volatility (mass % Ratio Exanple

(Cal cul at ed) (dvepasing ¢t) repdisof iExehnkesx il rnd2 t@gether,Ovith Gerpodi afiExamiplend shaws1 0. 6

7.8 0. 97t at, gt c%g'st%nt%\'lc?acg 'v%élét]ility',b‘thleopr%segéelotJThg' gs%lless organic friction modifiers in A has

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 PF2006M)01 FF 11 Footnote - The results shown are the
rati os of the neasured weights of the intake valve deposits to the maxi num
limt of intake value deposits permtted 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 her Ogﬂ@bg result of Exanple A §J§ovvs that, at constant Noack

vol at i | |1?’§72M sence of the ashless ' 0rganic friction nodifiers in A has
given rise to sufficient deterioration in performance in the test. 10

Conpar i ng the results of Exanples A and B shows that, at the sane |evel of
ashless ChAIMB ¢ friction nodifiers, increase in Noack volatility in noving
from Exanple A to Exanple B has given rise to deterioration in performance.
PF2006MD01 FF 12 CLAIMS 1. A nmethod of reducing intake valve deposits in a
di rect ihjectAonethod of nadudimyriigsdel vilve ee@isite imai difece dajictioneimtdrndirdoadbition t he
engine with a lubricating ojl conposition that = 5 contains lLess than 0, 01
mass % of any?nEEH WhEh GogERises RPRETINENthASABIIP o¥ith AdUPHEAINE S FPraRason ihtor
amount of - basg,pliks 18fs thatPd bE HabNeh o aAG ALK RARII G Ao OB il McPihhd ao;%g@és

|l ess than 12 mass % 2. A nethod as Clainmed Tn claim1 wherein the ack
volatility isaegs amvant dflbasass o¥dubritatirg vidcasiey hadngs Ndagk veldtility oflless thab or

claim2 V\here'wm%gse%Noack 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

OW-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 o1l composition that contains less than



s~
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 clainms 1 to 5 wherein the lubricating oil conmposition contains up to
0.4, pref HF206MUP FI6 0.2, nmass % of sul flF, expressed as atons of sul fur.
25 7. A nmethod as clainmed in any of clainms 1 to 6 wherein the |ubricating
oil conposition has a OWMX, 5WX 15WX or 20W X viscosity grade according
to the SAE JSOQ.mIﬁsﬁi%io@%% @¢hless \6REMA) fictb® nRifieBt redlcintdke-valre dEPEsity HEa Of
a maj or anount of a base oil of lubricating viscosity and having a Noack 30
vol atility of [|d&se ingetipmintesiad sombystion engibe {ubacatpd dovihe copwppsisPRi on t hat
contains |l ess than PF2006M)01 FF 13 0. 01 nmass % of any ashl ess organic
friction nodifier to reduce intake valve deposits in a direct injection

i nternal conbustion engine |ubricated by the conposition.




