15 DECEMBER 2005 2001 MDO7 FF -1 Lubricating G| Conpositions This invention
relates to lubricating oil conpositions such as nulti gnaseCEMBER2804 S t hat ,
in particular, give enhanced performance in diesel engine piston cleanliness
and piston ring-sticking tests. Lubricating oil conpositions (or

| ubri cant g);mMb@%e t he crankcase of internal conbustion engines are well-known
and it is also well-known for themto capntain additives (or additive
conponents) to enhance their properties and performance. |ncreasingly, the
demands of ori gi nal equipnentLHgg&%ﬁgkﬂfegémég- S) to meet performance
criteria dictate the properti&s of rabrrcants. e such performance
criterion concerns the sticking of piston rings during operation of a
conpression-ignited (diesel) internal conbustion engine. This is usually
ref erred Thishrveatipy redates foj Inprieating lilrrgmpopitionsspchige adelybpganththatly \WrDi

test (CEC L-78-T-99). second.performance, criiterion that is peasured in
this { eot RS FoRNE CRTERhBELT TR BEF SieiterivOf cleofinest B PRRE, oot

i nclude thgo v@didhd lekisy of the lubricant, the fuel econony performance of
the lubricant, and the chlorine content of the lubricant. The various
criteria clearly constrain fornmulators of lubricants in terns of additive
conponents and anoynts, and o sestocks, that may be used. EP-A-1 087 008
descr i besTaPRGR{iIng pi ﬁ@@PPﬂBOﬂﬁOﬁg&&PFfm tjfé?bthetcéaé‘t cassh interhahemBRption ovi si on
of certai it r te [ i di fferent
B L S GRS TC

t he aboveadditived congrbnestgioredh®ritesheil proplied/BicRpafilmance.

——

Increasingly, the demands of original equipment manufacturers (OEM's) to meet
performance criteria dictate the properties of lubricants. One such performance criterion
concerns the sticking of piston rings during operation of a compression-ignited (diesel)
internal combustion engine. This is usually referred to briefly as "ring-sticking"; it may
be measured by the VWTDi1 test (CEC L-78-T-99). A second performance criterion that

is measured in this test is piston cleanliness.

Other performance criteria of interest include the volatility of the lubricant, the fuel

economy performance of the lubricant, and the chlorine content of the lubricant.

The various criteria clearly constrain formulators of lubricants in terms of additive

components and amounts, and of basestocks, that may be used.

EP-A-1 087 008 describes a way of meeting “ring-sticking” test requirements by

provision of certain additive components.

The present invention provides a different approach, i.e. by providing a specific basestock

mixture in order to meet the above mentioned requirements.



2001MD07 FF -2 In a first aspect, the invention is a crankcase |ubricating
oil conposition, preferably for a conpression-ignitionsppgEmeErasgeci al |y
for a passenger car conpression-ignition engine, conprising, or nade by
adm xi ng, a mgjor anount of: (A) a basestock of lubricating viscosity

conpri si regorgooGToup |11 basestock, in a major anmobunt, and a G oup V
basestock, in the formof an ester, in-2 minor anmount; and minor amounts of
| ubri cant additive conmponents conprising (B) a dispersant, such as an

ashl ess dnsfassapéct, the Giveatiomisad crawtoasgiabticatin®)oilavvenpositiony greferdtdy fdrwbr i cant
additive conponents selected fromanti- oxidants, anti-wear agent and
friction GABRNTESSEIMNSIZNLEIRE CPEEPCGFSPF%%]BS’?OW PAEFENEST €AL COPHECHIANAISBBINANEWS: i n t he

speci fication. de s > basestock mixture (A
unexpect ecd)lmfI}S% ng{]/%ltsaa?hza%gﬁ%é%@éﬁ%ﬁgqnﬁgfi cating oil conpositions in the
TDi test. In a second aspect, the invention is a nethod of lubricating a

conpression-ignited internal conbustion engine conprising operating the
engi ne and | ub{)cata bapesthek eflybrieatingtviiscasity edmprising nGraipl ldmsgsosnkt inon
according to the first aspect o he ipgventjon.. | third aspect, the
vention i s a met HOAOsATPEGEnhy Cie VitagstseReith Rririen PEE A
| mproving the pi Stofl 8B &RE nfforinkARI G MREn! A d RbonHoRES!
conmbusti on engine conprising adding to ?ﬁe engrﬁ%g gﬂllubri C tlﬁng oi |
conposi tion accor diecognprsinighe first aspect of the invention. In a fourth
aspect, the invention is a conbination caonprising the crankcase of a

(B)  adispersant, such as an ashless dlrggersant;

(C)  ametal detergent;

- (D)  one or more other lubricant additive components selected from anti-
oxidants, anti-wear agent and friction modifiers; and

(E)  aviscosity modifier.

The data contained in the specification demonstrate that the use of the basestock mixture
(A) unexpectedly improves the performance of lubricating 0il compositions in the TDi

test.

In a second aspect, the invention is a method of lubricating a compression-ignited internal
combustion engine comprising operating the engine and lubricating the engine with a

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

In a third aspect, the invention is a method of reducing the ring-sticking tendencies and
improving the piston cleanliness of a compression-ignited internal combustion engine
comprising adding to the engine a lubricating oil composition according to the first aspect

of the invention.

In a fourth aspect, the invention is a combination comprising the crankcase of a
compression-ignited engine and a lubricating oil composition according to the first aspect

of the invention for lubricating the crankcase.



conpression-ignited engine and a lubricating oil composition according to
the first aspect of the invention for |ubricating theicpeCkMBER 20055
DECEMBER 2005 2001 MDO7 FF -3 In a fifth aspect, the invention is the use of
a basestock of lubricating viscosity conprising a Goup IIl basestock, in a
maj or anoowmgo7ENd a G oup V basestock, in the formof an ester, in a mnor
amount, in a lubricating oil conpositi®a to reduce the ring-sticking
tendencies and to i nprove the piston cleanliness of a conpression-ignited

i nternal conbustion engine. In this specification: the term "conprising" or
"conprises" when used i s taken to specify the presence of stated features,

i nt eger s, InatffsaspecteBspovedHER is thetsegefesbasettogh fdnbrikating ¥isspeyComprising

addition of_ on r re ot her. features,  iAtegey s, .cogponents or

ar oups t Hiriep e R e Bhior SR Bt BT DrssdlRRin GERRRIRADS Vhen
used i s te3keNnhonimBEShbYNt, NAUBHEHRABGH RnpotRbado fRmEs R TinglHcRBEr S, steps
or conponents but may i ncl ude t he presence or addition of one or nore other
f eat ur es tendeneige as] tosimppsye the pisomaricanlioessgpf awpmpreshionagiitedgnemalled t hei r

i nclusion does not substantially affect the invention; the term"consisting
of ' or i tCSMOYNR P EMfen used is taken to specify the presence of stated
features, integers, steps or conponents but precludes the presence or
addition of one or nore other features, integers, steps, conponents or
groups tHetdetpecificadodi ngl y, whenever the term "conprising"” or its cognate

is used, a preferred enbodinent is deenmed the term "consisting essentially
of' or its codghateEm SARPESAS e O HmByisey rehangisad is'takeisiospeqify the Pregenget s

cognate i (ecifRotfsPiel el S‘t? LB s Hut bB& dot HRCIRRM! Slebdie or
essentlaf1y 0 or i1ts é%gha %,
- addition of one or more other features, integers, steps, components or groups thereof;

the term “consisting essentially of” or its cognate when used is taken to specify
the presence of stated features, integers, steps or components but may include the
presence or addition of one or more other features, integers, steps, components or groups
thereof, provided their inclusion does not substantially affect the invention;

the term “consisting of”” or its cognate when used is taken to specify the presence
of stated features, integers, steps or components but precludes the presence or addition of
one or more other features, integers, steps, components or groups thereof; accordingly,
whenever the term “comprising” or its cognate is used, a preferred embodiment is
deemed the term “consisting essentially of” or its cognate, and consequently, the term
“consisting of”’ or its cognate is deemed a preferred embodiment of the term “consisting
essentially of” or its cognate;

"major amount" means in excess of 50 mass % of the composition;

"minor amount” means less than 50 mass % of the composition both in respect of
the stated additive and in respect of the total mass % of all of the additives present in the
composition, reckoned as active ingredient of the additive or additives;

“oil-soluble” or “oil-dispersible” used herein do not necessarily indicate that the
compounds or additives are soluble, dissolvable, miscible, or capable of being suspended

in the oil in all proportions. These do mean, however, that they are, for instance, soluble

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



“maj or anpbunt” neans in excess of 50 mass % of the conposition; "mnor
anount"” neans | ess than 50 mass % of the conposition baetbrchvBerpesst of the
stated additive and in respect of the total mass % of all of the additives
present in the conposition, reckoned as active ingredient of the additive
or addit powe®p7F:0i | - sol ubl e” or "oil -di spersible"” used herein do not
necessarily indicate that the conpounds or additives are sol uble,

di ssol vabl e, mi scible, or capable of being suspended in the oil in al
proporti epsronhies en GBichRR0il (KosEpl6Yed. tMateolfietheaiiditiohalrinédipbmation of Sol ubl e

or stably dispersible in oil to an extent sufficient to exert their intended
ef f ect i mtheneddisveEeEVEERPOODEIN2OPORYON of Righar lexels obp pamiculanadditive it he oi |

i s enpl oyed. .Moreover, the additional incorporation of other additives may
al so per AHFtncor poration of higher Ievels of a particular additive, if
desired; the %awrgyﬁéﬁﬁsgtmﬁ%ﬁwcie%p@f Ahwnsﬁti\étﬁx%masy@mﬁngl neers; and all
percentages reported are mass % on an active ingredient basis, i.e., wthout
regard to car mlleperaemtages veportedidre mask €6 ®nodrheadtivesiegsti@netasisThe. i withoiti on

al so provides the product obtained or gbtainable as a result of any reaction
bet ween t“l"\‘u’équl@r‘i o girentpdl. BRlENBFMSe A he conposition or concentrat es,
essential as well as customary and optinal, under the conditions of
formul ati on, storage or use. The features of the invention will now be

di scussedhe inveatien dBb drdvids thoplodust: obkdihdd @rabtendbldasd £ aRhls ofvhil it teuttidmosi ty
grade oils, comonly referred to as "nul figrades" are designed to operate
over wi d&ctiespdicararions pdgigee components of demeqmpasiianorgeneaningicsresseniighasas SAE

| OM 30 or. SAE 5W 30. Their propertie e defined j.n the Society of
Aut oot i \\/Neellr:aﬁ &ugtgglra% and optlma[i’, S {he c%nc‘i’i{lgns gtf t'ormu ahon, storage ot use:

——

The features of the invention will now be discussed in more detail as follows:

Multigrade lubricants

Multiviscosity grade oils, commonly referred to as “multigrades” are designed to operate
over wide temperature ranges and are identified by descriptors such as SAE 10W-30 or
SAE 5W-30. Their properties are defined in the Society of Automotive Engineers
document SAE J300. This publication defines multigrades in terms of two criteria:
Maximum low temperature cranking and pumping viscosities and B
Maximum and minimum kinematic viscosities at 100°C and a minimum high-shear

viscosity at 150°C and 10%s™".

Low temperature properties define which “W” grade shall be assigned to a lubricant and

high temperature properties define the “non W” part of the designation.

SAE J300 defines a series of W grades with SAE OW representing the requirements for
operation at lowest temperatures. SAE 5W, 10W, 15W, 20W and 25W are also defined;

these grades are suitable for progressively higher minimum temperatures of operation.



docunent SAE J300. This publication defines nultigrades in terns of two
criteria: Maxinmum | ow tenperature cranking and punpi ngsweeem®iERI266 and
Maxi mum and m ni mum ki nenmatic viscosities at 100C and a m ni num hi gh-shear
viscosity at 150C and 10ss'. Low tenperature properties define which "W

gr ade shabtiM@aFrassi gned to a | ubricant and high tenperature properties
define the "non W part of the designati-on. SAE J300 defines a series of W
grades with SAE ONrepresenting the requirenents for operation at | owest

t enper at UNesW SadeSME alsO\ssi Zmdd a @OWeranatl d&sdhatpe, ahislo caredspoeds; to atshalsef gr ades
are suitable for progressively higher m ninumtenperatures of operation. 15
DECEMBER 128 tsmnsoat wisyiscepity. sTkg sealg ganywith 3Ad 29 %de 2pss ithyrugh éAﬁuWe ,4{5 cal

desi gnat i gn, i rJ: t cale of high tenperature viscosity.
Thi s scal@ﬁssto\é@tt}g&r\?\ng%}h‘ﬁ%iggglg‘a%n%%gg's t hrough SAE 30, 40 and 50 to the

nost viscous grade, SAE 60. This system of visconetric classification of
autonoti ve crankcase lubricants finds wuniversal application with the
vehi cl e aFuds bystanh ebwiscoragite slessifitaipni of dusmativs cranficase peteicanisdtndgnbodi nent ,

the lubricating oil conposition.of th resent i.nvention i.s a nultigrade

| ubri cat 1ot 2aeissBeT Bnht Rehifle apd PPttt BiRg Rosie oW x| S
5W X or OWM X conposition, wherein X represents any one of 20, 30 and 40.
Preferably, the oil conposition is in the formof an SAE 5WX or OMX
Advant agdawsirgfert¥d embpdiemahttke kibtihgmgatl comBBijticagpdle pricbent dveniidy) isBasest ock

The basestock (s times referred to as_"basg ojl") I I fl i cating
vi scosi t ynaiHgr4de ?‘?HEI}?@UB% PHEPFPPIERR B T 1S BT M X BEwni ch
addi ti vess@ng (PHFEKCLomfdisfifth, ®hlRin X represents any one of 20, 30 and 40. Preferably,

- the oil composition is in the form of an SAE SW-X or OW-X. Advantageously, X

represents either 20 or 30, especially 20.

(A) Basestock

The basestock (sometimes referred to as "base 0il") is an oil of lubricating viscosity and is
the primary liquid constituent of a lubricant into which additives and possibly other oils

are blended to produce the final lubricant.

American Petroleum Institute (API) 1509 “Engine Oil Licensing and Certification
System” Fourteenth Edition, December 1996 states that all basestocks are divided into

five general categories:

a) Group I basestocks contain less than 90 per cent saturates and/or greater than 0.03

per cent sulfur and have a viscosity index greater than or equal to 80 and less than 120;

b) Group II basestocks contain greater than or equal to 90 per cent saturates and less
than or equal to 0.03 per cent sulfur and have a viscosity index greater than or equal to 80

and less than 120;



are blended to produce the final lubricant. Anerican PetroleumiInstitute
(API') 1509 "Engine QI Licensing and Certification Sy3s®RCEMBERReENt h
Edition, Decenber 1996 states that all basestocks are divided into five
general categories: a) Goup | basestocks contain |l ess than 90 per cent

sat ur at es2ogiddy’& greater than 0.03 per cent sulfur and have a viscosity

i ndex greater than or equal to 80 and Hess than 120; b) Goup Il basestocks
contain greater than or equal to 90 per cent saturates and |less than or
equal to &. 03 @esupdBErbassstddkecomait dreater thavdrse@al toy90i ped esntGaedtey aridagy or
equal to 80 and less than 120; 15 DECEMBER 2005 2001MD)07 FF -6 c) Goup |11
basest ockthap eneatiahta-83 per conhatfus ané havs a Yiscaydy julex easpterdhan oraqual tand | ess
than or egyal to 0.03 per cent sul fur and have a viscosity index greater

t han or egﬁgl to 120; d) Goup |V basestocks are pol yal phaol efins (PAO; e)
G oup V basestocks include all other basestocks not included in Goup I, II,
11, or [IV. The test nethods used in defining the above groups are ASTM
D2007 f ordsat uGaiupdV bassTatkag7poljadphadlefos<PAY)i ndex; and one of ASTM D2622,
4294, 4927 and 3120 for sulfur. As stated, the basestock (A) in the present
i nvention conprises a mgjor anount of a Goup Il basestock and a m nor

amount of o\Gr ouf phABESREK: bl e b bRles@PLER ThcluadHie GHEBYRT O, G ouP V
era )

basest ock™i n t ormof an ester Is pre y at nost ch’as’ 0.5 to
15, nore Dmeferably 1 or 2to 15, especially 3 to 15, nore espeC|aIIy 3 to
10,
The test methods used in defining the above groups are ASTM D2007 for saturates;
- ASTM D2270 for viscosity index; and one of ASTM D2622, 4294, 4927 and 3120 for

sulfur.

As stated, the basestock (A) in the present invention comprises a major amount of a
Group III basestock and a minor amount of Group V basestock in the form of an ester.
The amount of Group V basestock in the form of an ester is preferably at most 15, such as
0.5 to 15, more preferably 1 or 2 to 15, especially 3 to 15, more especially 3 to 10,

advantageously 3 to 8, such as 5 to 8, mass %, based on the mass of the total basestock.

Preferably, basestock (A) consists essentially of Group III basestocks and Groﬁi) A"
basestocks in the form of an ester, but may contain minor amounts, such as at most 25,
such as at most 20, preferably at most 10, advantageously at most 5, mass %, based on the
mass of the total basestock, of other basestocks, such as Group I, Group I or Group IV
basestocks or any mixture thereof. The Group I, Group I or Group IV basestocks or any
mixture thereof may be used as a diluent or carrier fluid for the additive components used

in preparing the oil compositions of the invention.

Group III basestocks are commercially available.



advant ageously 3 to 8, such as 5 to 8, mass % based on the nmass of the
total basestock. Preferably, basestock (A) consists essemnkEicaMBLrRIos oup |1 |
basest ocks and Group V basestocks in the formof an ester, but nmay contain
m nor anounts, such as at nobst 25, such as at nost 20, preferably at nost
10, advantegeodsly at nost 5, mass % based on the mass of the total

basest ock, of other basestocks, such as7-Goup |, Goup Il or Goup IV
basest ocks or any mixture thereof. The Goup I, Goup Il or Goup IV

basest ock&rélip Whasestackt i e fhed 60dsterhyre A owdaEnSiaRy BVdilaBlR! Exantpddsr i er fl uid
for the additive conponents used in preparing the oil conpositions of the
i nvent i oninctydspelyol psteasaeh ecpestagpahiatohestars. tamethyil Aropase estersmnECEVMBER 2005

2001MD07 FF -7 oup V basestocks i.n the.fqrm of ters.are al so

commer ci anf AVl e REREREREES: iftel it -FEF, BB S 2 is as

pent aer yt ir t40he RhEHR arbok y1aRE M PhtHA AP SME s S EPShedRche MELBSRIMEY! Tigo!
esters; diesters; C36 dinmer acid esters; trinellitate esters, 7.e. 1, 2,

4- benzeneatids frambekigh dteassteraard npide hasd preferady mogpcarbexylit agids efi therfermula

di car boxyl ates., The_ acids from whi t he este re nmad re. preferably

nonocar boBﬁQi’I WheTAR TSPrESFs Fgfaﬁﬁv‘r‘]eéf HWHHWS%{ ékﬁ ?%‘ﬁﬂ'eg ta§“§ Waihed,

| ] id 1N to 18
I near or emrﬁﬁg: c%lnFYyril) P% P4 9arb§l'r' ﬁd&m’éc 1A ?cgg?iyesteﬁ'ﬁg%{emﬁpéu%h a§ %?E&éfxlnof 0

carbon at ons. po ester s prefer suc S an ester r1nmet hyl ol

propane WiritietBylobp@ph@swith adhdho-HaS)kc doidsper sant s Di spersants, such as ashl ess
di spersants, i.e. non-netallic organic materials that form substantially no
ash on conbustion, hold solid and Iiquid contam nants in suspension and

conpri se t@rﬁfscprﬂﬂs hydr ocarbons, to confer oil-solubility, with a polar

head capa ociating with particles to be dispersed. A noteworthy
group is hydrocarbon-substituted

Dispersants, such as ashless dispersants, i.e. non-metallic organic materials that form
substantially no ash on combustion, hold solid and liquid contaminants in suspension and
comprise long-chain hydrocarbons, to confer oil-solubility, with a polar head capable of
associating with particles to be dispersed. A noteworthy group is hydrocarbon-substituted

succinimides.

“Substantially no ash” means that the dispersant may give trace amounts of ash on
combustion, but amounts which do not have practical or significant effect on the

performance of the dispersant.

(C) Metal detergents

A detergent is an additive that reduces formation of piston deposits, for example high
temperature varnish and lacquer deposits, in engines; it normally has acid-neutralising
properties and is capable of keeping finely-divided solids in suspension. Most detergents
are based on metal “soaps”, that is metal surfactants or salts of acidic organic compounds.
Examples of organic acids include sulfonic acids, phenols and sulfurised derivatives

thereof, and carboxylic acids including aromatic carboxylic acids, such as salicylic acids.



succi nim des. "Substantially no ash” means that the dispersant may give
trace anmounts of ash on conbustion, but anmounts whi ch 1dDECEMBERB0Pr acti ca
or significant- effect on the perfornmance of the dispersant. (C) Metal
detergents A detergent is an additive that reduces formation of piston
deposi t s,200t007 xanpl e hi gh tenperature varnish and | acquer deposits, in
engines; it normally has acid-neutrali<tng properties and is capable of
keepi ng finely-divided solids in suspension. Mst detergents are based on
metal "soaps", that is netal surfactants or salts of acidic organic
compounds. Exanpl es of organic acids _ include sulfonic acids, phenols and
sul f uri sdoetergenty genpsyally camprissgfpolatgad withadong bydiephebiq td) thaipalir Aesshat i c

carboxylic_acids, s S licylic aci 1 005 2001 MDO7 FF -8
ot oray iontisli PUAL oA o biEaflE ifpoim. PHEMEERG8RE00E, Y07 1 1D
pol ar hea@bstaiaNyi ssdiStdomeRlahountbt themed]l, MCHEILE cAe IR fe aaNMYasibEAE salts

may contain a substantially stoichionetric anount of the netal, in which
case t heyasawenasualehyaldeks and aduldiypicalyrhdveor toted basealunggr s TBANEs way! d

typically have a tot b r or TBN (as ma be_ nea ed by ASTM
DoB0s) olbe ey ATV rab) A BOR Glogtd, A HE¢ ATORISS: LRAA RSN Phded by
reacting ; j: i«de, with
o ae! dr dMEEEP Ratingt tBERs FAMAUIRES, Seh aPSLilephydIRONRE

conpr i sesan deidit gad suskds deber derideaThehesubiitigasvehtayat daérgantretmrisésise (e. g.
carbonate) mcelle. Such overbased deter?ents may have a TBN of 150 or
great er, NeHHakispgidetergant ag theoyter dayer ol msil bese (pgr earbonate) icdlegetitcl t hat may

be used i Reliide: koS HhlhaDEHTEN o1 QUELRASEM SPIcAPEE S 250 to 450

e Or more.

The detergents that may be used include oil-soluble neutral and overbased sulfonates,
phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates.
Particularly convenient detergents are neutral and overbased calcium sulfonates having a
TBN of from 20 to 450 TBN, and neutral and overbased calcium phenates and sulfurized
phenates having a TBN of from 50 to 450.

The detergents of the present invention may be salts of one type of organic acid or salts of

more than one type of organic acids, for example hybrid complex detergents.
In an embodiment, the detergent comprises metal salts of one type of organic acid.

A hybrid complex detergent is a detergent in which the basic material within the detergent
is stabilised by metal salts of more than one type of organic acid. It will be appreciated
by one skilled in the art that a single type of organic acid may contain a mixture of
organic acids of the same type. For example, a sulfonic acid may contain a mixture of
sulfonic acids of varying molecular weights. Such an organic acid composition is
considered as one type. Thus, complex detergents are distinguished from mixtures of two

or more separate, optionally overbased, detergents, an example of such a mixture being



phenates, sul furized phenates, thiophosphonates, salicylates, and

napht henates. Particularly conveni ent detergents are newrcahMprboeyer based
cal cium sul fonates having a TBN of from 20 to 450 TBN, and neutral and
over based cal ci um phenates and sul furi zed phenates having a TBN of from 50
to 450. Themdetrer gents of the present invention may be salts of one type of
organic acid or salts of nore than on®-type of organic acids, for exanple
hybrid conpl ex detergents. In an enbodi nent, the detergent conprises netal
salts of @ReflayRee®hscd @RMIE s@tdylhte detBipBiit ﬂltmm@xase@wemnphdnatea det er gent
in which the basic material within the detergent is stabilised by netal

sal ts of detargenthan one type of organic acid. It will be appreciated by one
skilled in the art that a single type of organic acid nay contain a m xture
of organic acids of the sane type. For exanple, a sulfonic acid may contain
a m xtur eriQf ary §AALE BN aRpled Dt Blerb et icBpIER! REdbdis. Wedr@RhSipleSHitdnaibral 9ani ¢
acid conposition is considered as one tpype. T21us conpl ex detergents are
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cal ci um 0 ased conpl ex
det er gen'ﬂ{sﬁﬁa gm@xZ‘%}%f’%QP%Pg‘?ﬁaﬁ n%ngrﬁ&? at e O?é( |0§§ %E)hr? %g%{?l cation Nos.
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description and definition of the hybrid conplex detergents, describe
hybrid c d:mpncemgllm éhedetergentrasy thslls ﬁ@blélsﬁd Ry aphirdity pbereanisasiddyeesaci di c

b b h
i tar e, PEROraIAbAEsBrBRR Gl AR S A PR | Tea by
a phurali del{ergéntQ, e8RS pR&atk-$uffoRte detergents and calcium phenate—sahcylate

detergents.
EP-A-0 750 659 describes a calcium salicylate phenate complex made by carboxylating a

calcium phenate and then sulfurising and overbasing the mixture of calcium salicylate

and calcium phenate. Such complexes may be referred to as “phenalates”

Preferred complex detergents are salicylate-based detergents, for example, a calcium

phenate-salicylate detergent and “phenalates”.

(D) Other lubricant additives

(1) anti-oxidants increase the composition's resistance to oxidation and may work by
combining with and modifying peroxides to render them harmless by decomposing
peroxides or by rendering an oxidation catalyst inert. They may be classified as radical
scavengers (e.g., sterically hindered phenols, secondary aromatic amines, and organo-
copper salts); hydroperoxide decomposers (e.g., organo-sulfur and orgariophosphorus
additives); and multifunctionals. In the practice of the present invention, the use or
otherwise of certain anti-oxidants may confer certain benefits. For example, in one

embodiment it may be preferred that the lubricating oil composition is free of any



Exanpl es of hybrid conpl ex detergents include cal cium

phenat e-sal i cyl ate-sul fonate detergents, cal ci um phenas PESEMBER2DE
detergents and cal ci um phenate-salicylate detergents. EP-A-0 750 659
descri bes a cal ciumsalicyl ate phenate conpl ex made by carboxyl ating a

cal ci um phem@te and then sul furising and overbasing the m xture of cal cium
salicylate and cal cium phenate. Such -¢onpl exes may be referred to as
"phenal at es” Preferred conplex detergents are salicyl ate-based detergents,
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pref err ectobposiiohl oy in the lubricating oil conposition a conbination of one
or nore secondary aromatic amne anti-oxidants (eg in the range of 0.1 to
0.7, preferably 0.2 to 0.5, nass % of the conposition) and one or nore

sterically., hindered phenol anti-oxidants (e, g., in the r of 0.1 to 2,
ot of er abl§) 0. StfearBRe el bidhin PRt pl sy Ind sl e BisPe pEn
- compounds containing sulfur or phosphorus or both. Noteworthy are metal

dihydrocarbyl dithiophosphates such as zinc dialkyl dithiophosphates (ZDDP's).
Preferably, the alkyl groups are essentially secondary alkyl groups.

(iii)  friction modifiers include boundary additives that lower friction coefficients and

hence improve fuel economy. Examples are esters of polyhydric alcohols such as
glycerol monoesters of higher fatty acids, for example glycerol mono-oleate; esters of
long chain polycarboxylic acids with diols, for example the butane diol esters of
dimerized unsaturated fatty acids; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, and alkyl ether amines, for example, ethoxylated tallow amine
and ethoxylated tallow ether amine. Preferably, in the practice of this invention,
component(s) (D) includes one or more friction modifiers selected from esters of

polyhydric alcohols and from alkoxylated amines.

Molybdenum compounds, such as dinuclear and trinuclear dithiocarbamates and

dithiophosphates, are also examples of friction modifiers



may for exanple contain one or nore nol ybdenum containing additives in an
anount providing from50 or 100 to 500 or 700 ppm by mesEceMBEReIENt al

nol ybdenumin the conposition. (ii) anti-wear agents reduce friction and
excessi bl e wear and are usually based on conpounds containing sulfur or
phosphor usmemwo7 ot h. Not ewort hy are nmetal di hydrocarbyl dithiophosphates
such as zinc dial kyl dithiophosphates {1ZDDP's). Preferably, the al kyl
groups are essentially secondary al kyl groups. (iii) friction nodifiers
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inmpart high and | ow tenperature operability to a lubricating oil. Viscosity
nodi fiers that also function as di spersants are also known and may be
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- hydrocarbon polymers, including polyesters. Oil-soluble viscosity modifying polymers
generally have weight average molecular weights of from 10,000 to 1,000,000, preferably
20,000 to 500,000, which may be determined by gel permeation chromatography or by
light scattering.

Representative examples of suitable viscosity modifiers are polyisobutylene, copolymers
of ethylene and propylene and higher alpha-olefins, polymethacrylates,
polyalkylmethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and a vinyl compound, interpolymers of styrene and acrylic esters, and
partially hydrogenated copolymers of styrene, isoprene, styrene/butadiene, and B
isoprene/butadiene, as well as the partially hydrogenated homopolymers of butadiene and

isoprene and isoprene/divinylbenzene.

Other known additives may be incorporated into the lubricating oil compositions of the
invention, being different from those defined in the invention. They may, for example,
include other detergents, rust inhibitors, corrosion inhibitors, pour point depressants, anti-

foaming agents, and surfactants. They can be combined in proportions known in the art.

As is known in the art, some additives can provide a multiplicity of effects; thus, for

example, a single additive may act both as a dispersant and as an anti-oxidant.



t hese so-called dispersant viscosity nodifiers are functionalized polyners
(e.g., interpolyners of ethyl ene-propyl ene post-graftespitiMBeR 2008t 1 ve
nmononer such as mal eic anhydride) which are then derivatized with, for
exanpl e, an al cohol or am ne. Suitable conpounds for use as viscosity

nodi fi er s2ogimeo7gener al |y hi gh nol ecul ar wei ght  hydrocarbon pol yners,

i ncl udi ng pol yesters. G| -soluble viscdgity nodifying polymers generally
have wei ght average nol ecul ar wei ghts of from 10,000 to 1, 000, 000,
preferably 20, 000 to 500,000, which may be determ ned by gel perneation
chronatograshﬁ bi | ight scattering. Representative exanples of suitable
vi scosi t y& pol yi sobutyl ene, copolyners of ethylene and
propyl ene and hi gher al pha-ol efins, polynethacryl ates,

pol yal kyl net hacryl ates, mnethacryl ate copol yners, copol yners of an
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agents, and surfactants. They can be conbined in proportions known in the
art. As is known in the art, sone additives can provide a nultiplicity of

oot s, Bkl RO Eop R BB B E b BeR e son
- as facilitating solution or dispersion of additives in lubricating oil compositions. When
preparing a lubricating oil composition that contains more than one type of additive, each
additive may be incorporated separately - each in the form of a concentrate. In many
instances, however, it is convenient to provide a so-called additive “package” (also

referred to as an “adpack’”) comprising two or more additives in a single concentrate.

A concentrate may contain 1 to 90, such as 10 to 80, preferably 20 to 80, more preferably

20 to 70, mass % active ingredient of the additive or additives.

MAKING OIL COMPOSITIONS

Lubricating oil compositions may be prepared by adding to an oil of lubricating viscosity
a mixture of an effective minor amount of at least one additive and, if necessary, one or
more co-additives such as described herein. 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 oil by any method
known to those skilled in the art, either prior to, contemporaneously with, or subsequent

to addition of other additives.

Typically, lubricating oil compositions are prepared by adding a concentrate comprising

detergent inhibitor additives, such as anti-wear, dispersant, anti-oxidant, detergent and



In the preparation of lubricating oil conpositions, it is comopn practice to
introduce additive(s) therefor in the form of concent 1sbesemBekhens
additive(s) in a suitable ol eagi nous, typically hydrocarbon, carrier fluid,
e.g. mneral lubricating oil, or other suitable solvent. GOls of

| ubri cat izogmeigcosity such as described above, as well as aliphatic,

napht henic, and aromatic hydrocarbonsl3are exanples of suitable carrier
fluids for concentrates. Concentrates constitute a conveni ent neans of

handl i ng feiddbh neafyiefaaaieived)ahd awsgaratd oNehirate @8mipasink iatvaddokity meliifiiet on or

di spersion of additives in lubricating oil conpositions. Wen preparing a

| ubri cat i additoiel togopgsesieald- on t hat contains nore than one type of additive,
each additive may be incorporated separately - each in the formof a
concentrate. In many instances, however, it is convenient to provide a
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cont enpora supbsequ
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conprising detergent inhibitor additives, such as anti-wear, dispersant,
ant i - oxi dathosgidevelqpedin geantHSaADFIRIBER 0P8 SURYRMOTPErFure may exceed

150, preferably exceed 250, °C, due to increases in specific power output to around 5 or
greater, such as 25 or greater, preferably at least 30, especially 40 or greater, kW/litre.
Preferably the maximum specific power output is around 60 kW/litre. These engines are

more prone to suffer from ring-sticking problems in their operation.

When lubricating oil compositions contain one or more additives, each additive is
typically blended into the base oil in an amount which enables the additive to provide its
desired function. Representative effective amounts of such additives, on an acifve

ingredient basis, when used in crankcase lubricants, are listed below:



=13 friction nodifying additives, and a separate concentrate conprising a
viscosity nodifier additive, to a basestock. Therefor a5 DEBOEMBERTOISE
addi ti ve conmponents and one or nore concentrates nay al so contribute
basestock, which may be a G oup I, Goup Il or Goup IV basestock or any

m xture themeofs to a |ubricating oil conposition. Thus, the basestock (A)
means the total basestock that is pregéent in the lubricating oi
conposition. The lubricating oil conpositions may be used to lubricate
mechani cal engi ne conponents, particularly an internal conbustion, such as
a conpression-ignited, engine, by adding the lubricating oil thereto.

Parti cul pADBMEINIE es of conpressi on-| gnimaed%engi nemassafe t hose devel oped in
recent ylears where the top ring gropve tenperature may exgeed 150,
preferably exceed 250, C, due to ingref¥8din |spdesiEredponer output to
around 5 T such as 25 or|[grggtel, preferagiy at | east 30,
especialI§&ﬂﬁg09§§%%g{er, kKWlitre. ngfgpably thg %axinunlspecific power
out put isMmefaPustergbtskW litre. Thesel engines are mpre4prope to suffer from
ring-stijcking problens in their operation. Wien lubricatihg oil conpositions
cont ai n |[Cbareiominhditaddi ti ves, each|addftidve ils tOpi.ally bl ended into the
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Pour Point Depressant 0.01-5 0.01-1.5
Anti-Foaming Agent 0-5 0.001 - 0.15
B Supplemental Anti-wear Agents 0-0.5 0-0.2
Friction Modifier 0-5 0-1.5
Viscosity Modifier 0-6 0.01-4
Mineral or Synthetic Base Oil Balance Balance

The final lubricating oil composition may contain from 5 to 25, preferably 5 to 18,
typically 10 to 15, mass % of the concentrate (including any carrier fluid), the remainder

being oil of lubricating viscosity.

EXAMPLES

The invention will now be particularly described, by way of example only, as follows:-

Preparation of lubricating Oil Compositions

Two lubricating oil compositions (or oils) were prepared, by methods known in the art, by
blending an additive package, a basestock mixture, and a viscosity modifier. In the two
oils, the additive package and the viscosity modifiers were the same and were present in
the same proportions, expressed as mass %. The basestock mixtures were different such
that one of the oils (Oil A) was a comparision oil, and the other oil (Oil 1) was an oil of

the invention.



Ashl ess Dispersant0.1 - 201 - 8 Metal detergentsO.1 - 60.2 - 4 Corrosion

| nhibitor0-50 - 1.5 Metal dihydrocarbyl dithi ophosphat e®ptcEMB88RL2065 4

Suppl enent al anti - oxi dant 0-50. 01- 1.5 Pour Poi nt Depressant0.01 - 50.01-1.5
Ant i - Foam ng Agent 0-50. 001-0. 15 Suppl enrental Anti-wear AgentsO - 0.50 - 0.2
Friction Mosiobrrer 0-50 - 1.5 Viscosity Modifier0-60.01 - 4 Mneral or
Synthetic Base O | Bal anceBal ance The fdilfal |ubricating oil conposition may
contain fromb5 to 25, preferably 5 to 18, typically 10 to 15, nass % of the
concentrate (including any carrier fluid), the remai nder being oil of

| ubricating viscosity. EXAMPLES The invention wll now be particularly
descr i bedThefprmalatiofis @)@m@nd il age seaouf belowweherePalbfgures rapresefit thagsi% cat i ng
al Conposg%t#]%ﬂje e | ubr 'fctﬁ‘t' ng oi |l conpositions (or oils) were prepared,

by met hod® Hassp bl endi ng an additive package, a basestock
m xture,[and a Vi scOSitly modiTier. Th The Two of] S, [Tom RA0id;1 Y€ package
and the viscosity nodifiers were the sane and were prlesent | n he sane
proportioRaditieXPackeged as mass % The basestock m xt ured.8wef el3® fif erent such
that one,of the oils (Ol A was a conparision oil nd thelother] oil (O
1) was anViscosityModifier ¢ongenitaton. 15 DECEMBER 2005 2001M087 FF3.9

Group I basestock (commercially available) 77.1 72.3

Group V basestock (a trimethyolopropane (TMP) ester with C8- - 10.0

C10 alkyl chains)

Group 1 basestock 52 -

Tests and Results

Samples of each of Oils A and 1 were subjected to an engine test used to investigate
deposit formation, based specifically on the VWTDi CEC-L-78-T-99 test, also known as
the PV1452 test. The test is regarded as an industry standard and as a severe assessment

of a lubricant’s performance capabilities.

The test employs a 4-cylinder, 1.9 litre, 81 kW passenger car diesel engine. It 1s a direct
injection engine, in which a turbocharger system is used to increase the power output of
the unit. The industry test procedure consists of a repeating cycle of hot and cold running
conditions — the so-called PK cycle. This involves a 30 minute idle period at zero load
followed by 180 minutes at full load and 4150 rpm. The entire cycle is then repeated for
a total of 54 hours. In this 54 hour period the initial oil fill of 4.5 liters of test lubricant is

not topped up.

At the end of the 54 hour test, the engine is drained, the engine disassembled and the

pistons rated for piston deposits and piston ring sticking. This affords a result which is



-15 The formulations of Ols A and 1 are set out bel ow where all figures
represent mass % based on the total nass of the oil: GDEAMBER2008ditive
Packagel3.813.8 Viscosity Mdifier concentrate3.93.9 Goup Ill basestock
(comercially available)77.172.3 G oup V basestock (a trinethyol opropane
(TMP) estmnMwrth C8- -10.0 Cl O al kyl chains) Goup 1 basestock5.2- Tests and
Results Sanples of each of Gls A and-16were subjected to an engine test
used to investigate deposit formation, based specifically on the VWD

CEC- L- 78- ks &8ed Rudtive & &anlﬁﬂﬁifwre?e?enc%hﬁl RY. 20658 deﬁﬁé paskiig dre@ilingS regarded as
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per f or marpeaformpadsi | i ti es. The test enploys a 4-cylinder, 1.9 litre, 81 kW
passenger car diesel engine. It is a direct injection engine, in which a
turbocharger systemis used to increase the power output of the unit. The
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running conditions - the so-called PK cycle. ThiS involves a 30 mnute idle
period atrirgegroovesanid theotwloopistdn bandd 8ht tie betweesn dfe drabveslapachteainoh Adbfit r pm  The
entire cycle is then repeated for a total of 54 hours. In this 54 hour
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sti cki ng.cldi and @ ihaicass ﬁ)tilf&&dvbre‘dhﬂ/ﬂhdép‘bsn The five scores are then averaged to

give the overall piston cleanliness merit rating. The scores for each of the four pistons are

then averaged to afford the overall piston cleanliness for the test.

The rings are also assessed for ring sticking, which can occur due to excessive deposit
build-up in the grooves. This is reported as an average over the rings on all the pistons,

and also as the maximum ring sticking observed across the four pistons.

As indicated, these results are judged relative to an industry reference oil (RL206) to

define passing performance.

In the test employed in this study, to obtain intermediate piston ratings, the engine was
stopped every 12 hours, drained, stripped and rated, and re-assembled; the ori ginal test oil

was put back into the engine which was then restarted.



15 DECEMBER 2005 2001 MDO7 FF -16 assessed relative to an industry reference
oil (RL206) to define passing or failing performnce. 1SbeCcpUBERNRGOsar e rat ed
agai nst what is known as the DIN rating system The three piston- ring
grooves and the two piston lands that |ie between the grooves are rated on a
merit scah®oof Bt deposits and given a score out of 100 by a nethod known to
those skilled in the art. In sumary,-1¥he hi gher the nunber the better the
performance: 100 indicates totally <clean and O indicates totally covered
wi t h depOBlid resultseoblinel se oatadated Belbfen averaged to give the overall piston
cleanliness nerit rating. The scores for each of the four pistons are then
averaged to afford the overall piston cleanliness for the test. The rings
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re- assenbted;,—theorigrmat test—oi as—put—tack into the engi ne which was

then restarted. 15 DECEIVBER_ 2005 2001|VDQ7 FF The _results obt ai ned are
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| nspection time (hours)1224364860 O | A696563-- Q|1 7574747259 The results
denonstrate that G| 1 exhibits superior performance to G| A 15 DECEMBER
2005 18 CLAIMS: |I. A crankcase lubricating oil conposition conprising, or
made by adm xing, a nmajor amount of. (A) a basestock of | ubril£BECEYBER 2005
viscosity conprising a Goup |ITT basestock, in a nmgjor anount, and a G oup
V basestock, in the formof a polyol eSter, in a mnor anount; and m nor
anounts of lubricant additive conponents conprising (B) a dispersant, such
as an ashl esg; diygpersant; (C) a netal detergent; (D) one or nore other

| ubricant additive conponents selected fromanti- oxidants, anti-wear agent
and friction nodifiers; and (E) a viscosity nodifier. 2. The conposition as

claimed in claimi WhRLS Mibkidkend B0 WBhpaftioR Qb 'sir%SBle&ajiegb; L@fkfgdat 0 15 nass
% based on the mass of the total basestock. 3. The conposition as clained

inclaiml or clahipranthftlogi N the amount of polyol ester is from3 to 10
mass % 4. The conposition as clainmed in any of clains 1 to 3 wherein the

basest ock (A) congi)staba®ss&ridlibain®¥isdolie) dompiiing d brobaesk@kk,ang the G oup
V basestock. 5. A nmethod of lubricating a conpression-ignited internal
conbusti on engi ne major amount, and a Group V basestock, in the form of a polyol ester, in a
minor amount; and minor amounts of lubricant additive components
comprising
(B) adispersant, such as an ashless dispersant;
(C) ametal detergent;
(D) one or more other lubricant additive components selected from anti-

oxidants, anti-wear agent and friction modifiers; and

(E) aviscosity modifier.

2. The composition as claimed in claim 1 wherein the amount of polyol ester is

from 0.5 to 15 mass %, based on the mass of the total basestock.

3. The composition as claimed in claim | or claim 2 wherein the amount of polyol

ester is from 3 to 10 mass %.

4. The composition as claimed in any of claims 1 to 3 wherein the basestock (A)

consists essentially of the Group III basestock and the Group V basestock.

5. A method of lubricating a compression-ignited internal combustion engine
comprising operating the engine and lubricating the engine with a lubricating oil

composition as claimed in any of claims 1 to 4.



conprising operating the engine and |ubricating the engine with a

| ubricating oil conposition as clained in any of clains 1 to 4. 15 DECEMBER
2005 19 6. A method of reducing the ring-sticking tendencies and inproving
piston cleanliness of a conpression-ignited internal combustis DRCEMBERR00S
conprising adding to the engine a lubricating oil conposition as clained in
any of clains 1 to 4. 7. A conbustlonubonpr|3|ng the crankcase of a
conpression-ignited internal conbustion engine, preferably having a
specific power output of 25 kW/ litre or greater, and a |ubricating oi
conposition as claimed in any of clains lto 4 8 The use of a basest ock of

| ubri cati ng (i/./l Scoﬁlsr{lé{h OnP dtS qu tf’lie Hng tpcklnéo eP01 Stan(i,< 1mPrﬂv1gg m%#}jgr armount ,

and a G oup base O M'® anount ,

inalubricating g hlm%é%”s’f%' r%ssﬁo% lgrﬁ’%&’cﬁemﬁleco%bﬂ%oﬁt g#ﬁ' "@m ts%‘denc' es and
to inprove the pi iston ¢l eanl npressi on- |gn| d “IRt'erhal

conbustion engi neaddmg to the engine a lubricating oil composition as claimed in any of claims 1

to 4.

7. A combustion comprising the crankcase of a compression-ignited internal
combustion engine, preferably having a specific power output of 25 kW / litre or

greater, and a lubricating oil composition as claimed in any of claims 1 to 4.

8. The use of a basestock of lubricating viscosity comprising a Group III basestock,
in a major amount, and a Group V basestock, in the form of a polyol ester, in a
minor amount, in a lubricating oil composition to reduce the ring-sticking
tendencies and to improve the piston cleanliness of a compression-ignited

internal combustion engine.





