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relates to a lubricating oil conposition. Due to
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devices are often fitted to vehicles in order to

reduce particulate matter and NOx em ssions therefrom
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have adverse effect¥BBACETENC aPHerCAMROAIFEMN devi ces.

Sul phated ash is the total weight percent of ash in a
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a lubricating oil composition. The sulphated ash content
in a lubricating oil composition is related to the total
metal content therein. Sulphated ash may be conveniently
measured according to ASTM D874.

In view of the adverse affects that the sulphated
ash, sulphur and phosphorus concentrations of lubricating
0il compositions may have on exhaust after-treatment
devices, it is therefore prudent to develop lubricating
oil compositions with reduced sulphated ash, sulphur
and/or phosphorus concentrations therein.

Phosphorus concentrations may be generally reduced
by reducing the amount of zinc dithiophosphate which is
present as an anti-wear additive in lubricating oil
compositions.

Sulphur levels in lubricating oil compositions may
be reduced by employing low sulphur level base oils and
reducing the amount of sulphur-containing additives
employed therein.

The major sources of sulphated ash in a lubricating

0il composition are generally any metal detergent



be reduced by enpl oyi ng | ow sul phur |evel base oils
and reduci ng the anount of sul phur-contai ni ng

w@odasi23ses enpl oyed therein. The maj or sour cesPOI/EP2005/052789
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US-A-4111821 discloses a lubricant composition for
use in reciprocating gas compressors.

Said composition is said to contain from about 97 %
to 99 % by weight of a phthalate ester of an aliphatic
alcohol having 10 to 15 carbon atoms and 1% to 3% by
weight of an additive system that contains (a) a
viscosity index modifier to increase the viscosity or the
viscosity index of the base fluid, (b) an antioxidant
component, and (¢) a corrosion inhibitor and/or a load
carrying additive.

US-A-3506574 describes lubricating and fuel
compositions which comprise N-vinyl pyrrolidone graft
copolymers. Said copolymers are said to impart such
beneficial properties as dispersancy, improvements in
viscosity, viscosity-temperature relationships and pour
point depressing action.

US 2002/0151445 Al discloses a synthetic-based
lubricant, particularly for use in heavy duty diesel

engines, which lubricant comprises (a) a synthetic base



conmponent, and (c) a corrosion inhibitor and/or a |oad

carrying additive. US-A-3506574 describes lubricating
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pyrrolidone graft copolyners. Said copolyners are said

to inpart such beneficial properties as dispersancy,
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dihydrocarbyl dithiophosphate antiwear material, wherein
the lubricating oil composition is characterised by a
total sulphated ash (SASH) level as measured by ASTM D874
of less than about 0.6 wt. % SASH and by a SASH

X\

wt.:ashless dispersant wt. ratio of from about 0.01 to
about 0.2:1.

It is indicated in US-A-5102566 that lubricating cil
compositions can comprise several different types of
additives that will supply the characteristics that are
required in the compositions. |

Hence, US-A-5102566 specifies that these additives
include viscosity index improvers, antioxidants,
corrosion inhibitors, detergents, pour point depressants,
anti-wear agents, provided that the fully formulated
lubricating oil composition has a total sulphated ash
{SASH) level as measured by ASTM D874 of less than about
0.6 wt. % SASH.
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to about 0.2:1. It is indicated in US-A-5102566 t hat
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different types of additives_that will supply the

characteristics that are required in the conpositions.
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Whilst the formulations tested in US-A-5102566 are
detailed in amounts of vol. %, reasonable approximations
of said amounts to amounts in wt. % can be made by
assuming that the amounts in wt. % will not be less than
that vol. % for the additives/components.

The formulation of Comparative Example A in US-A-
5102566 has a SASH content of 0.85 vol. $. Said
formulation comprises an ethy&ene-propylene copolymer
viscosity index improver in ofder to adjust the viscosity
index of the formulation.

It will be appreciated by the skilled person that
the phosphorus level in the formulation of Comparative
Example A is still relatively high (approximately 0.12 to
0.13 wt. %) and the sulphur content from the additives in
said formulation is approximately 0.4 wt. %
(approximately 0.14 wt. % from the antioxidant, 0.24 wt.
% from the zinc dialkyl dithiophosphate and 0.02 wt. %
from the sulphonate detergent). The sulphur content in
the formulation will be further increased by the

additional contributions of sulphur present in the base



properties or functions, such as the addition of
di spersancy properties. Wiilst the fornulations tested
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the addifives therein (approximately 0.33 wt. %, i.e.

approximately 0.14 wt. % from the antioxidant, 0.18 wt. %
from the zinc dialkyl dithiophosphate and 0.01 wt. % from
the sulphonate detergent). As with the formulation of
Comparative Example A, the sulphur content in the
formulation of Example 1 will be further increased by the
additional confributions of sulphur present in the base
0il and the carrier oils used for the additives. It is
not possible to calculate the additional contributions
these oils will make to the overall sulphur content of
the formulation of Example 1 from the information given.

The formulation of Example 2 in US-A-5102566 has a
SASH content of 0.5 vol. %. Said formulation comprises a
nitrogen-containing ethylene-propylene copolymer
dispersant viscosity index improver in order to adjust
the viscosity index of the formulation.

No information is provided in US-A-5102566 on the
precise zinc dialkyl dithiophosphate used in Example 2.

It therefore not possible to calculate the sulphur and
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and which comprises:

a) a major amount of a mineral base oil having a
sulphur content of at most 0.1 wt. %;

b) an ashless dispersant comprising an alkenyl- or
alkyl-succinimide or a derivative thereof in an
amount of 0.01 to 0.3 wt. % in terms of a nitrogen
atom content;

c) a metal-containing detergent containing an organic
acid metal salt which is selected from the group
consisting of a non-sulphurised alkali metal or
alkaline earth metal salt of an alkylsalicylic acid
having a TBN of 10 to 350 mg.KOH/g and a non-
sulphurised alkali metal or alkaline earth metal
salt of an alkylphenol derivative having a Mannich
base structure, in an amount of 0.1 to 1 wt. % in
terms of a sulphated ash content;

d) a zinc dialkyldithiophosphate in an amount of 0.01

to 0.1 wt. % in terms of a phosphorus content; and



preci se zinc dialkyl dithiophosphate used in Exanple 2
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a ethylene-propylene copolymer as a non-dispersant type
viscosity index improver in order to alter the viscosity
grade of the formulations tested to SAE (Society of
Automotive Engineers) Grade 10W30.

It has now been surprisingly found in the present
invention that the addition of one or more specific
viscosity index improvers to lubricating oil compositions
having feduced levels of sulphated ash, sulphur and/or -
phosphorus, results in lubricating oil compositions
having good detergency and which give rise to beneficial
engine cleanliness such as piston cleanliness, while
maintaining engine durability through excellent wear
protection and antioxidancy performance.

Accordingly, the present invention provides a
lubricaiing 0il composition having a sulphur content of
in the range of from 0.01 to 0.3 wt. %, a phosphorus
content in the range of from 0.01 to 0.1 wt. % and a
sulphated ash content in the range of from 0.1 to 1.2 wt.
%, based on the total weight of the lubricating oil
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straight chain alkyl group containing from 3 to 50 carbon

atoms; R1 is hydrogen or an optionally substituted
branched or straight chain alkyl group containing from 1
to 50 carbon atoms; n is an integer egual to or greater
than 1, and m is also an integer equal to or greater than
1; and X is an integer from 2 to 10,000.

The one or more compounds of formula I are
.preferably present in an amount in the range og;from 0.01
to 10.00 wt. %, more preferably in the range of from 0.1
to 8.0 wt. % and most preferably in the range of from 1.0

to 3.0 wt. %, based on the total weight of the
lubricating oil composition.

In a preferred embodiment of the present invention,
R is an optionally substituted branched or straight chain

alkyl group containing from 4 to 49 carbon atoms, more

preferably from 6 to 40 carbon atoms; Rl is hydrogen or
an optionally substituted branched or straight chain
alkyl group containing from 3 to 50 carbon atoms, more

preferably from 4 to 49 carbon atom, even more preferably
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“Acryloid 985”7, “Viscoplex 6-0547, “Viscoplex 6-954" and
“Wiscoplex 6-565” and that available ex. The Lubrizol
Corporation under the trade designation “LZ 7720C”.

Compounds of formula I may be conveniently prepared
by conventional methods. 1In particular, said compounds
may be prepared according to the methods described in
US-A-3506574 and EP-A2-0750031. r

The lubricating oil composition may comprise a
single zinc dithiophosphate or a combination of two or
more zinc dithiophosphates, the or each zinc
dithiophosphate being selected from zinc dialkyl-,
diaryl- or alkylaryl-dithiophosphates, provided that the
total phosphorus content of the lubricating oil
composition is in the range of from 0.01 to 0.1 wt. 3.

Zinc dithiophosphate is a well known additive in the
art and may be conveniently represented by general

formula II;



| ubricating oil conposition. In a preferred enbodi nment
of the present invention, Ris an optionally

W@ wsti2ser ed branched or strai ght chain al kyl BCDEP2005/052789
containing from4 to 49 carbon atons, nore preferably
from6 to 40 carbon atons; R is hydrogen or an
optional ly substituted brancheg or straight chain
al kyl group containing from3 to 50 carbon atons, nore
preferably from4 to 49 carbon atom even nore
preferabl ykroomg 6 to 40 carbon atons; and okt s an
integer from10\to 9,000, nore prefergbly from20 to

8 000. In theuﬁy eﬁtsrﬁvéﬁw+ﬂﬂs-%h€ h rase (I1)
“optionally;s tltuted branched or gpt chain
al kyl group” is q§ed to descri be algyl groups

optionally containing one or nore "inert"

het er@atem aontai A6 Nghy WACthONAmIbPURSE FB¥nt BEE tarel S
meant that the funcilonal roups do . not _interact to

any S368t 2kt AP dedt e WEOHP t HEGERERI corffbrehP s2 bfcarbon
t he lagibms crtd frrgrabily TompGstd i h.calbohi atidrisngaexedmidasy

of S:Afiggi d&ﬁlcgueé @X@%Iﬁ%st%ngohéégbdo%satéggh as

fluo or| es of conpounds
f or mPpEateraiy daemt hdse 1ée§@¥bqseatpmsuglr8|aragsqsq@ or an

US— Blar§20g12cafb %ﬂﬂsﬂﬁ:@ﬂed(saz&@% al@?ﬂ%ﬂiﬂﬁ; ghid ofyha

i ncl d abl e _ex. X under the trade
os! SHEF Fh e EacPy ot g ston (gnah e tprogsons
"Vi smplfexakﬁl}QB4‘toah@ da\zﬁbsuopttceﬁ 6- 565" and that

| abl Lub t d t
e gnat | BTG (Lot 0ot s rRRHE b1t AP APaT Fhy b

conv@ﬁﬂeﬁtfgeqﬁn@pgr@mjeach other can be used alone or in

admixture with zinc dithiophosphate compounds in which R?
to R® are all the same.

Preferably, the or each zinc dithiophosphate used in
the present invention is a zinc dialkyl dithiophosphate.

Suitable zinc dithiophosphates which are
commercially available include primary zinc
dithiophosphates such as those available ex. Lubrizol
Corporation under the trade designations “Lz 10977 and
“Lz 1395”, those available ex. Chevron Oronite under the
trade designations “OLOA 267”7 and “OLOA 269R”, and that
available ex. Ethyl under the trade designation “HITEC
7197”; secondary zinc dithiophosphates such as those
available ex. Lubrizol Corporation under the trade
designations “Lz 677A”, “Lz 10957 and “Lz 13717, that
available ex. Chevron Oronite under the trade designation
“OLOA 262”7 and that available ex. Ethyl under the trade
designation “HITEC 7169”; and aryl type zinc

dithiophosphates such as those available ex. Lubrizol



by conventional nethods. In particular, said conpounds

may be prepared according to the nethods described in
w308 3B86574 and EP- A2- 0750031. The | ubri cat i PQI/@8P1005/052789

conposition may conprise a single zinc dithi ophosphate
or a conbination of two or nore zinc dithi ophosphates,

the or each zinc dithiophosph tle_bei ng selected from
zinc dialkyl-, diaryl- or alkylaryl -dit hi ophosphat es,
rovi t horus ¢ ntent“ "

Ipubr |%§?|O%QQEOJ h1‘13‘1Cig'?o\fé,lﬂ|l? P%%éfgsg?snlgtnﬁ Zoflgp 5 g
0.01 t¥% é3%3wtan0b/ thayi malduaivheo@ho@hamm%roau\m fnder
knovvrtlﬁddlrhdié’ejdsﬁghbﬁl&ft“O@Gﬂ Zf@(v be conveniently
represent@}qeby eneral farnmula S S wherein Rto R
may be the same 6Fa IREi eorlénfo%%isl&ﬁ@e%%"’r?rﬁ“ﬁﬁl haripe

al kylprgsenp torndinhngey roemetatly 2@mpatSonmtt@BBrange of
pr ef I r 3ot Qe 12 cqQndar,

al kylef'rrgbt?logpit c%g]tlalon?%g ffo?’gglq g&l%g;g bgﬁ%%pena%t% é Ie

pr ef ABRYY f PorResopgaty addvbohvRE)onmPreferalyl igr bup mwmge

aPka{qﬂ fgbﬂuqi) Buhsi 8 uked oWathil b tabki¥ ke HOYP i nSBhE range
al ky stituent containing fro carbon at ons

pr ef eorfzgf:omB tlgr{ L grvgton *at Bﬁ%e‘{nfnnﬁoﬁ?zlt Fn’edﬁg‘as%atcr@
con‘pd@ﬁb@scahlnmloeﬁ fotmwpsRtape. al | different from each

ot her canle@ Mﬂt%@%o@&»hbf‘u@%@ ’éhérﬁlkﬂifcﬁt?:hgc 1
dithio hat e cogﬁoun s in to are a?Jl

the €4 os Bl ¥ &fably, Plier?én*érl‘é‘éﬁﬂ’fli’flnts therefore
dithigeplacapluatnel tthedranye of from 0.01 to 0.10 wt. %

r
preferably in the range of from 0.02 to 0.08 wt. %, most
preferably in the range of from 0.04 to 0.07 wt.

oe

At phosphorus levels of 0.0l wt. % and below, there
is insufficient anti-wear performance. At phosphorus
levels of 0.1 wt. % and above, the phosphorus may have a
detrimental effect on vehicle after-treatment devices.

The lubricating oil composition of the present
invention generally has a, sulphated ash content in the
range of from 0.1 to 1.2 wt. %, preferably in the range
of from 0.3 to 1.2 wt. %, more preferably in the range of
from 0.5 to 1.1 wt. % and most preferably in the range of
from 0.6 to 1.0 wt. %, based on the total weight of the
Jubricating oil composition.

The lubricating oil composition of the present
invention generally has a sulphur content in the range of
from 0.01 to 0.3 wt. %, preferably in the range of from
0.06 to 0.3 wt. %, more preferably in the range of from
0.1 to 0.25 wt. % and most preferably in the range of
from 0.12 to 0.20 wt. %, based on the total weight of the

lubricating o0il composition.



the present invention is a zinc dialkyl

di t hi ophosphate. Suitable zinc dithi ophosphates which
wa@e®saessserci al |y avail abl e include primary zi PCT/EP2005/052789

di t hi ophosphat es such as those avail abl e ex. Lubri zol

Cor poration under the trade designations Lz 1097" and

Lz 1395", those avail abl e ex. ghevron Oroni te under

the trade desi gnations "OLOA 21 7" and "OLOD 269R', and

t hat d t
R TEG, 7160 R BR3Pt s PBAER s

t hos & FAF I SbIavex Ong (R imPsP eoriger épﬂbﬁwuméleathees
tr ade(lde3| gnatdaans Lhan G70A" wt ' Lz o$08§8s;§m§%d'sl=2 1371",

t hat |Iab evr,0 oni t.e he trade
desi gnatl on 4%_%?2 Q ﬂﬁati avS#I By S’ié%fus‘Et hyl
under (igdhe tr?aFdéeéé‘Sl@rfaﬁ gh. "HICEEEh33p®Srusand aryl

type @iic ditdisophashatest such, asntboss. avail abl e ex.
Lubrl(zv(?l Cor poration under the trade deS| gnat| ons "Lz

137 0""’and "lLefsl’Sl?%“ Gid that® ffaPPapPes; Chevron
Orom(tve)und@rt oett ¢ auke wdest gﬁ]@tplhaﬁph&l% 260" . The

| ubri ng 0 i_on C rdLn r.es

i nven(tQ’FaL%:ﬁ nan;ytggggg@?ﬁsfgggn%%s% i ﬁ ngﬁ‘agggfa

0.1 tlFiiip witot, g%@ﬁerzﬂﬁerldﬁ)tﬂumph&spha?tté,ph@ltédparsrrrary

or segemdar yn@' kytatdPehan Prefrrall ¥ridihgtLangs, of
fromO to 0.8 wt. %and npst preferably in the range

of fré‘l)n 0. 4rio(j} §r9AGRE W %a%é“& -of PhtBLPRErght of
t he |(bpi catioatggoedteompesi ¢ibmt. TReoAmMUIphudf and

phosphekys gyt G?eéég}:r lt‘ﬁgﬁl (519050|wlt CO@PSslulbgﬂrOfbatsbe on
present | nvention Is therefo
the total weight of the lubrlcatlng oil composition.

Particularly preferred compositions according to the
present invention are:-

(A): those having features (i) and (iv); those
having features (i) and (v); those having features (i)
and (vi); those having features (ii) and (iv); those
having features (ii) and (v); those having features (ii)
and (vi); those having featurés (iii) and {iv); those
having features (iii) and (v); and those having features
(1ii) and (vi);

(B): those having features (i), (iv) and (vii);
those having features (i), (iv) and (viii); those having
features (i), (iv) and (ix); those having features (i),
(v} and (vii); those having features (i), (v) and (viii);
those having features (i), (v) and (ix); those having
features (i), (vi) and ({(vii); those having features (i),
(vi) and (viii); those having features (i), (vi) and
(ix); those having features (ii), (iv) and (vii); those

having features (ii), (iv) and (viii); those having



generally in the range of from0.01 to 0.10 wt. %,

preferably in the range of from0.02 to 0.08 wt. %,
woroas/1p3setf erably in the range of from 0.04 to BCOEP205/052789

% . At phosphorus levels of 0.01 w. % and bel ow,

there is insufficient anti-wear performance. At

phosphorus levels of 0.1 w. %.and above, the

phosphorus may have a detrinmental effect on vehi cl e

af t erfe%%%@Egegl)de\ﬁg? ndThgx; UWh %%t hngl galfleatﬁres

conp03|t|on 0 L E esent invention gener

. sulBhared(&sh icé P%?nhawﬁnah%eqrtawgé OFiXr o(m)OaIldto
1 2 V\(tv13.9./6), mces‘efehabwglﬂ_éatthﬁeg angs , of(;zf][&m 0(6§>t0tr;los%
W . mor ef er in.the range. o rom
M1 e SRSt TR PabiSnd TR e RS
0. 6 tfeatu@est (1i)% Vblasaenﬂ dnlih)e, trhbak hveright fehttimss
|Ubr|ﬁﬁﬂ| ngvaladaoquﬁltﬂH%@e ﬂl%idg“?éhE@%éJ“lf@hk (iy)

conposi tion, of the present Invention generall

sul prigd éaﬁ%émtfﬁOﬁet hevingndeabrr ey diid) 01(40 eng \Wflll%r
., pr e:‘mrsfabhyxkr)irrg tfbetﬁﬂenge(l@ﬁ) fr ) OanG(i;O) 0.tBo¥k . hdPing
nmor e era rom O 25 w. %
and n%at%mp:?séf lBI’ ﬁ "’P%nq?’ajl’l%e tc?fosfr%‘?ﬁ”dlgl ef"guﬁeio
wt . %iiibaséd (mldt hEltJo)t,aIthwee giviol fhetduds i(¢atlng(v)

oi | ceelram%k;l%o%eﬁ%{ﬁgd eQrRAsd 1i;90$, agﬁqr dihag ($ o) ;
t he resent |nvent|on have one or nor e

fol l J\}ﬁoﬁﬁ Pauing 82ter9gs dghidal er (tiHag™8. ML ii).7 9p@fthose
phosphetiug; fédatiyregr eater, t(kan hO35xwk. % of

phosphor ugg, (i % 0 (
(iv) |ess§ ﬂﬂé@ “% /608t9ﬁ Wﬁgf 1 $)QHQ§QQ9 Uose
having features (i), (iwv) and (x1), those having features

(i), (iv) and (xii); those having features (i), (v) and
(x); those having features (i), (v) and (xi); those
having features (i), (v) and (xii); those having features
(1), (vi) and (x); those having features (i), (vi) and
(xi); those having features (i), (vi) and (xii); those
having features ({(ii), (iv) and (x); those having features
(ii), (iv) and (xi); those having features (ii), (iv) and
(xii); those having features (ii), (v) and (x); those
having features (ii), (v) and (xi); those having features
{(ii), (v) and (xii); those having features (ii), (vi) and
(x); those having features (ii), (vi) and (xi); those
having features (ii), (vi) and (xii); those having
features (iii), (iv) and (x); those having features
(iii), (iv) and (xi); those having features (iii), (iv)
and (xii); those having features (iii), (v) and (x);
those having features (iii), (v) and (xi); those having
features (iii), (v) and (x1i); those having features

(iii), (vi) and (x); those having features (iii), (vi)



(v) less than 0.10 w. % of phosphorus; (vi) at nost
0.08 wt. % of phosphorus; (vii) not greater than 1.0
wWow005Ae3887 sul phated ash; (viii) not greater theeT/8PH05/052789

wt. % of sul phated ash; (ix) not greater than 0.7 wt.

% of sul phated ash; (x) not greater than 0.3 wt. % of

sul phur; (xi) not greater thacn5 0.1 w . %of sulphur;

and (xii) not greater than O é % of sul phur,

base@ngn Lbﬁ EQE@Eh gFilR& #Jg%ur r 1f¥| nQVgsland
conp03|t| on. Particu y pre erre 03|t I ons
accor'dithy’ t3% he present invention are - (A : those

?_a;u ng feabus %oéb)hﬁfhd“lg( If&‘%turésh(ﬁﬁ, haming (beaf Wes (x)
[ V) .. th se aV| eat yre 1), an v ;
thosgﬂ%g\%i ne{:]vjfnga OF E&E S ?) ‘Hi'vs(v,gl%)hc?é"g1 %éwn ose
f eat lhllaéién%ii%atalmdS((/J)) ‘ (tllvrd)se havieng teat lIrh@Se(liléﬁ)lr@nd
(Vi) feathPse having, {eﬂﬁﬂf?§n4| )) @Hﬁ 5d iy 1n tf@%%%res

havi ng f eat ur es (0 | [ ose

feat urés (Yii)Vaddd) (B9 (x Bhoset ﬁagén%a‘fiﬁaﬁglrﬁéamnesfv),
EI)) (1$gvénduﬂi)CVthdse Hﬁ?@ﬁ@ féﬁﬂuﬂgsfeﬁﬁlﬂlﬁa)(IIVll agd
(Y} ose . .navln eat. u an

(i x) Q?fh%héé%é\?vﬁggfeatﬁlfgg %) W ; "(1(lvu§ VoS
thoséhhamh@nﬁ@atfaa@sre(a) r (W1) andl{ﬁ)vlanOb x) t hsase

haV'%ﬁvﬁﬁ?tﬂﬁﬁﬁr@b)(ll(v)1@Pd (&%5) an&h9§e Qﬁgbggmw1ng
f eat ur es % 63 & ;; t hose having features
(i), *Eery=and l(lVI'I |§V t'Host) A Ay e‘éﬁ%‘teega'(’ﬁ‘g

(vi) fapdufex)(ii)t hose) haikhgadddtit eshddd hayvify Vieasntes

(Viihﬁi5h0§ﬂ, (vii) and (x); those having features (ii),
(v), (viii) and (x); those having features (ii), {(v),
{ix) and (x); those having features (ii), (vi), (vii) and
(x); those having features (ii), (vi), (viii) and (x);
those having features (ii), (vi), (ix) and (x); those
having features (iii), (iv), (vii) and (x); those having
features (iii), (iv), (viii) and (x); those having
features (iii), (iv), (ix) and (x); those having features
(iii), (v), (vii) and (x); those having features (iii),
{(v), (viii) and (x); those having features (iii), (v),
(ix) and (x); those having features (iii), (vi), (wvii)
and (x); those having features {(iii), (vi), (viii) and
(x); those having features (iii), (vi), (ix) and (x);
those having features (i), (iv), (vii) and (xi); those
having features (i), (iv), (viii) and (xi); those having
features (i), (iv), (ix) and (xi); those having features
(1), (v), (vii) and (xi); those having features (i), (v},
(viii) and (xi); those having features (i), (v), (ix) and
(xi); those having features (i), (vi), (vii) and (xi);

those having features (i), (vi), (viii) and (xi); those



having features (ii), (iv) and (viii); those
havi ngfeatures (ii) , (iv) and (ix) ; those having

wo e@saess7 (ii), (v) and (vii) ; those havi ng fREI/BPHS5/052789
(ii) , (v) and (viii) ; those having features (ii) ,
(v) and (ix) ; those having features (ii) , (vi) and
(vii); those having features (ii) , (vi) and (viii) ;
those having features (ii) ,_ %\;’ij and (ix) ; those

h t t h i

navi g RgLIERAAL 1) ) P G Ly Lhose nanng
(iii)eatryvgs aid)ei x3v). twesé antyi (Hg) f ethapeedaging) ,

gV) &rédt%és)uﬁt)howv)][law'tvrﬂ@lfeaﬁﬁdlr (98) £I&Has,e b1 gnd

VIl ose I n e ures 111 IX
thosef) SREVT Y Fé: fur(g\é) (i ) CS/ ‘)"%nd&t%ﬁ% )h‘avllﬁ%s@atures
havi ngif eatwr.edviijigng (émb) Hftdse( “aving ;feandrédoad ),
havi it fgg\%id{l s %{:i' Ly Q}ébleg{g%;mw? diabee DO

f eat UF&S 19 Xl() Vv ;h%ﬁﬁd hexilyg ; fegfgses hbididng (Peht ubes)
('é,F@HVXx?ﬂdtﬂ%ﬁé)havﬁﬂﬁ&@aﬂﬁ%&?giiﬁﬂzH?ﬁs gblll ) (w4
an X ose avi n |

t hose'® %‘ém‘h@ sfeegfuf’ré%gfﬁa)%uref Yiidmg Fddq (1% tﬁé‘%e?“) ;
havi ngofeadtarniegy Ce?ture(s\/l()uahd (i) ,; (VMS@nhla\(xhg, those
feat %@§n§,léeatu&gg)<mq (m Mm? hayi @a)feé‘f;

and (xii) ; havi ng features
( i vjhaaﬁlag (ﬁeatureﬁoéﬂellﬁavu h‘g> £ ot 82d (453 7, tbm remng
(XI) feathose (1av)pg(¥eat@ies drd )(xi) (lwos&nda(zxmg) ;
thos% Q? %]:39 1q§2ur§x§) (i Iv 1i (a}(/r)d QXl) (Xt)ho’se Eavn@g

haV|ng
f eat feasures )(1iify) (‘ahd (l%i? i 9nd (Pihé)setm hgvieatigadsres

(i) (aifyj) @r)c} ((aﬁl), 4031 havinddel B L Febbbides (1ii)),
(vi) ang (

(ix) and (xi); those having features (i), (iv), {(vii) and

111) ang ?x1), those having features (iii), (vi),

{xii); those having features (i), (iv), (viii) and (xii);
those having features (i), (iv), (ix) and (xii); those
having features (i), (v); (vii) and (xii); those having
features (i), (v), (viii) and (xii); those having
features (i), (v), (ix) and (xii); those having features
(i), (wvi), (vii) and (xil); those having features (i),
(vi), (viii) and (xii); those having features (i), (vi),
{ix)} and (xii); those having features (ii), (iv), (vii)
and (xii); those having features (ii), (iv), (viii) and
(xii); those having features (ii), (iv), {(ix) and (xii);
those having features (ii), (v), (vii) and (xii); those
having features (ii), (v), (viii) and (xii); those having
features (ii), (v), (ix) and (xii); those having features
(ii), (vi}, (vii) and (xii); those having features (ii),

(vi), (viii) and (xii); those having features (ii), (vi),



having features (ii) , (vi) and (xii) ; those having
features (iii) , (iv) and (x) ; those having features

W@ oos)1238¢7 v) and (xi) ; those having features PCT/EP2005/052789
(iv) and (xii); those having features (iii)/ (v) and
(x) ; those having features (iii) (v) and (xi) ; those
having features (iii), (v) an 6(X||) t hose having
features (iii), (vi) and (x) : those having features
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(viiiTFAEMFEY x)lll)t hb&e 'hdVihy Featl Eiilé)s (‘ﬁh)oSe kgying
(i x) faatutes (11ﬁhosauhavuﬁl1iﬁ&ﬁﬁrQﬁl{ﬂﬂ)amd th¥3e having

h At : ;
(vi | TR0 {reBd PR Reabbrbs (1) ().
(ix) and Tb§ bassh@sle Wsadi hy fleatupesnt iinventf{arn) may be a

(viipigeghl®r a thosedavihag feat upes, (Iallx)turgvahereof

(viii) an 2‘“ t hose having features (1), ,
(i x) and Tg‘ﬁf) amopph < RAFPNYLY dRCaFRRTFESd in ‘E]i’ﬁ’) ,
(VIIﬂuanibibQPg,OﬁhOGmmﬂuEﬂtMQMfdﬁ&théEﬁr{dddﬁ intédion is

(12 LB eGSR A ERRT B, s ol o o

(viiFead¥l () ¥ PR euederagly dat arle%mc(qnq jn, the \Bange of

(VIIE}oﬁnﬂSGXQQD #H0SE Ra¥hNeespect to the total weight of
the lubricating oil composition.

Mineral base oils include liguid petroleum oils and
solvent-treated or acid-treated mineral lubricating oil
of the paraffinic, naphthenic, or mixed
paraffinic/naphthenic type which may be further refined
by hydrofinishing processes and/or dewaxing.

Naphthenic base o0ils have low viscosity index (VI)
(generally 40-80) and a low pour point. Such base oils
are produced from feedstocks rich in naphthenes and low
in wax content and are used mainly for lubricants in
which colour and colour stability are important, and VI
and oxidation stability are of secondary importance.

Paraffinic base oils have higher VI (generally >95)
and a high pour point. Said base oils are produced from
feedstocks rich in paraffins, and are used for lubricants

in which VI and oxidation stability are important.



features (iii
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features (iii), (vi) , (ix) an& (x) ; those having
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conveniently be any Fischer-Tropsch derived base oil as
disclosed in for example EP-A-776959, EP-A-668342, WO-A-
97/21788, WO-A-00/15736, WO-A-00/14188, WO-A-00/14187,
WO-A-00/14183, WO-A-00/14179, WO-A-00/08115, WO-A-
99/41332, EP-A-102902%, WO-A-01/18156 and WO-A-01/57166.

Preferably, the base o0il is constituted from mineral

N N e N N N

oils and/or synthetic base oils which contain more than
80 % wt. of saturates, preferably more than 90 % wt., as
measured according to ASTM D2007.

It is further preferred that the base o0il has a
sulphur content of at most 0.15 wt. %, more preferably at
most 0.1 wt. %, further preferably at most 0.03 wt. % and
most preferably at most 0.005 wt. %, calculated as
elemental sulphur and measured according to ASTM D2622,

ASTM D4294, ASTM D4927 or ASTM D3120.
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feat wpegs(ii) , (vi) , (vii) and (xii) ; those having
features (ii wn%and XII ; those havin

f eat ures %?l%ddlt%%l') deteryeniiy ERip e"}tcﬁcdé’étﬂé?/'i myniess
f eat unes—geéait )ag,en(:sy)as,hl(e\gslallﬂmis(ants) sudhhase havi ng
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haV'@Qesent invention, include alkenyl- or alkyl-
succinimides or derivatives thereof. Said ashless
dispersants may be borated. Ashless dispersants that may
be conveniently employed in the lubricating oil '
compositiéﬁ of the present invention include those
described in EP-A-1167497.

Typical detergents that may be conveniently used
include one or more salicylate and/or phenate and/or
sulphonate detergents. Alkali metal and/or alkaline
earth metal-based detergents are particularly preferred.

The detergent may also conveniently be a non-
sulphurised alkali metal or alkaline earth metal salt of
an alkylphenol derivative having a Mannich base
structure, as described in EP-A-1167497.

However, as mentioned above, the metal organic and
inorganic base salts which are used as detergents can

contribute to the sulphated ash content of a lubricating



features (iii), (vi) , (ix) and (xii). The base oil

used in the present invention nay be a mneral or a
w@psheIs8T base oil, or a m xture thereof. ThePEIBPIUWS5/052789

of base oil incorporated in the lubricating oil

conposition of the present invention is preferably

present in an anount in the raﬁge of from60 to 98 wt.

%, nore preferably in an ano in the range of from
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ol ecly hg Qe built from sinpler substances or to
have therr sltructures nodi fied to give the precise
properti e§u¢ﬁh$;mpégl it is preferred that said detergents,

independently, have a TBN (total base number) wvalue in
the range of from 10 to 400 mg.KOH/g, more preferably in
the range of from 30 to 350 mg.KOH/g and most preferably
in the range of 50 to 300 mg.KOH/g, as measured by ASTM
D2896.

. With reference to measurements by ASTM D4739, it is
preferred that said detergents, independently, have a TBN
(total base number) value in the range of from 8 to 400
mg.KOH/g, more preferably in the range of from 25 to 350
mg.KOH/g and most preferably in the range of 45 to 300
mg.KOH/g.

The TBN value of the lubricating oil composition of
the present invention is preferably in the range of from
5.0 to 12.0 mg.KOH/g, more preferably in the range of
from 6.0 to 11.5 mg.KOH/g, even more preferably in the
range of from 7.0 to 11.0 mg.KOH/g and most preferably in
the range of 6.0 to 10.0 mg.KOH/g, as measured by ASTM
D2896.



Synt hetic base oils include hydrocarbon oils such as

ol efin oligoners (PAGCs), dibasic acids esters, poly
we2iosnsissand dewaxed waxy raffinate. Syntheti cPCT/EP2005/052789

hydr ocar bon base oils sold by the Royal Dutch/ Shel
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VO A- 00/ 141877 e WAOATBH) 4183, LoiD-LRT@8/ 3Rifgir level in
WO A-10® 08bi5catiDgAol D9¢hibd32 1 i&P-ok %’cﬁggﬁ%,gsenth in\k;ention,
WO A- Q1 3 - 7166, Prefer y, the base
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pref efal ¥aalcymst Qeggédghts?bfg¥jexample, said salicylate
detergents may conveniently be alkaline earth metal
salicylates.

Said salicylate detergents may be conveniently added
in an amount in the range of from 1.0 to 10.0 wt. %, more
preferably from 2.0 to 5.0 wt. %, based on the total
weight of lubricating oil composition.

In addition to acting as an anti-wear agent, zinc
dithiophosphate also acts as an anti-oxidant.

Consequently, in view of the low phosphorus content
of the lubricating oil of the present invention which
may, for example, arise from the presence of zinc
dithiophosphate therein, in a preferred embodiment, one
or more supplementary anti-oxidants may be conveniently
added to the lubricating oil compositions of the present
invention.

Said supplementary anti-oxidants may be conveniently
added in an amount in the range of from 0.001 to 5.0 wt.

%, preferably from 0.005 to 4.0 wt. %, more preferably



nost preferably at nost 0.005 w. %, calcul ated as

el enmental sul phur and neasured according to ASTM
WOD2®22238%6TM D4294, ASTM D4927 or ASTM PCT/EP2005/052789

D3120. Preferably, the viscosity index of base oil is

nore than 80, nore preferably nore than 100 and nost

preferably nore than 120, as rrztéagured according to

ASTM D2270. Preferably, the Tubricating oil
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EP- A-1167497. Typical _detergents that may be

convén eﬁPF?YJugii‘é’htméJr ¥ 6Re or nore salicylate
and/ or phehatlakandboing oil compositions of the present

invention may be conveniently prepared by admixing the
cne or more compounds of formula I and, optionally, one
or more further additives that are usually present in
lubricating oils, for example, one or more anti-wear
agents, one or more detergents and/or one or more anti-
oxidants, with a mineral and/or synthetic base oil.

The lubricating oil composition aécording to the
present invention may contain further additives that are
usually present in lubricating oil compositions, such as
friction modifiers, pour point depressants, anti-foam
agents, supplementary viscosity index modifiers and
demulsifiers.

Pour point depressants generally are high molecular
weight polymers such as alkylaromatic polymers and
polymethacrylates. As anti-foam agents, silicone polymers
and/or polymethacrylates are generally used.

Demulsifiers which are generally applied are polyalkylene

glycol ethers.



sul phonate detergents. Al kali netal and/or alkaline
earth netal -based detergents are particularly
w@e@saeisetl. The detergent may al so conveni ent | pPCDEPA05/052789
nonsul phuri sed al kali netal or al kaline earth netal
salt of an al kyl phenol derivative having a Mannich
base structure, as described i, EP-A-1167497. However,
as nentioned above, the metal "0rgani ¢ and i norganic

base sal tg,Which; AL & USedrass A8lGLIERt S, L L0011 bute
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to the sul phated ash conteht .
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Meistersinger {MAN Test Method Meistersinger II) tests.

In a preferred embodiment of the present invention
there is provided, the use of a lubricating oil
composition according to the present invention as a
crankcase lubricant in order to meet the piston
cleanliness reguirements of the DaimlerChrysler
performance specification for heavy duty diesel engine
oils, MB 228.5, |

There is further provided in the present invention,
the use of one or more compounds of formula I in a
lubricating oil composition, in particular a crankcase
lubricant, in order to meet the piston cleanliness
requirements of the DaimlerChrysler performance
specification for heavy duty engine oils, MB 228.5.

The present invention further provides a method of
lubricating an internal combustion engine, in particular
a diesel engine, gasoline engine and a gas-fuelled

engine, with a lubricating oil composition as



in the range of 50 to 300 ng. KOH g, as neasured by

ASTM D2896. , Wth reference to neasurenents by ASTM
w@4n3923881 is preferred that said detergents, PCI/EP2005/052789

i ndependently, have a TBN (total base nunber) value in
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of from0.01 t %, salicylate tergents are
pr ef @Fréarmaﬂﬁfs inj KGR g59dpess é%fS@%edu Hermt prﬁﬁ@rred
| ubr iepbdiigera having a TBN value in the range of from 5.0 to

9.5 mg.KOH/g (ASTM D4739).

In particular, lubricating oil compositions
according to the present invention surprisingly pass the
API CI-4 requirements (ASTM D4485-03a; Standard
Specification for Performance of Engine 0Oils) despite
having the afore-mentioned sulphur content, phosphorus
content, sulphated ash content and TBN values.

Hitherto, it has also been considered in the art
that lubricating o0il compositions having higher sulphated
ash (i.e. of at least 1.4 wt. % by ASTM D874) and TBN
(i.e. of at least 12 by ASTM D2896) values are required
to adequately provide the piston cleanliness and wear
protection associated with extended oil drain intervals,
particularly for heavy duty diesel engines.

However, the lubricating oil composition of the
present invention exhibits surprisingly good piston
cleanliness, wear protection and anticorrosion
performance in DaimlerChrysler and MAN engines, despite,

in a preferred embodiment having sulphated ash values in



conposition of the present invention may conprise one

or nore salicylate detergents, for exanple, said
wG@alos5agisat e detergents may conveniently be al KBECT/RR2005/052789

earth nmetal salicylates . Said salicylate detergents

may be conveniently added in an anount in the range of

from1l.0 to 10.0 wt. %, nore preferably from2.0 to

5.0 . %, based on the total weight of lubricating
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ant i -Gredaitsss relduderghidiclyi tn cogioanaspsiucitiasst hat

avai|d¥%ﬁ%n§¥ly(;ﬂ%§uding EGR (exhaust gas recirculation).
Said piston cleanliness in non-EGR enginee may be
conveniently demonstrated by the Daimler-Chrysler OM441LA
test. Said durability in EGR engines may be conveniently
demonstrated in the Mack T10 test.

In a further embodiment, there is provided a method
of lubricating an internal combustion engine, in
particular a diesel engine, a gasoline engine and a gas-
fuelled engine, wherein said engine has EGR (exhaust gas
recirculation), with a lubricating oil composition as
hereinbefore described.

The present invention will now be illustrated by the
following Examples, which should not be regarded as

limiting the scope of the present invention in any way.

EXAMPLES
In the Examples, the various additives are
designated as follows:-

(a) Viscosity Index Improver Compound according to

Formula I
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(d) Detergent

As outlined in Table 1, the detergent additives used

in Examples 1, 2 and Comparative Examples B and C were a
mixture of calcium alkylbenzene salicylate (neutral base)
and calcium alkylbenzene salicylate (overbased).

The detergent additive used in Comparative Example A
was a mixture of calcium phenate and calcium sulphonate.
(e} Other additives

The lubricating oil compositions of Examples 1 and 2
and Comparative Examples A, B and C further comprised
conventional quantities of dispersant, supplementary
viscosity index modifier and anti-foaming agents typical
of a conventiocnal diesel engine crankcase lubricant.

(e) Base 0il

A Group III base oil was used which is available
from Shell under the trade designation “XHVI”.

Where a Group I base oil was also used, this base

0il was a base o0il or base o0il mixture available under



Furthernore, said lubricating oil conpositions
mai ntai n engi ne durability through excell ent wear
w@e@saeIs8bn and anti oxi dancy performance. AccorPdi/BEB1095/052789
the present invention further provides for the use of
a lubricating oil conposition according to the present
invention as a crankcase lubrigcant in order to inprove
engi ne cl eanliness such as piston cleanliness in
di esehe OA%" el £l a0fl kv 0a30LL e AN0KBe i ve the
applircations . Said piston cleanliness is conveniently
denpABRFAREA LBy VO SBAY P E¥IChr ysl er OMM41LA ( CEC
1- 52- T- 9 heandpo M VRgSber sdorgesi ¢ MAN Taat Methgdepared
Mei st er sj nger H)iﬁqﬁ.ina;nﬁewedeMmmrmm of
the presdit*hventt oftRere is provided, the use of a
| ubricating oil conposition according to the present
invention as a crankcase lubricant in order to neet
the piston cleanliness requirenents of the
Dai m er Chrysl er performance specification for heavy
duty diesel engine oils, MB 228.5. There is further
provided in the present invention, the use of one or
nore conpounds of fornmula | in a lubricating oi
conposition, in particular a crankcase lubricant, in
order to neet the piston cleanliness requirenents of
the Dai m er Chrysl er performance specification for
heavy duty engine oils, MB 228.5. The present
i nvention further provides a nethod of



| ubricating an internal conbustion engine, in

particul ar a di esel engine, gasoline engine and a
w@awsfiedsBt ed engine, with a lubricating oil coOPEDEP1008052789

asherei nbefore descri bed. This includes engi nes

equi pped wi th exhaust gas recircul ation (EGR)

Hi t her t o—+rhas—beghr—censidored in the art that
| ubricatf“ng bpil thDQSItI(nS havi ng{ hj gher TBNjval ugs
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to adequately provide the piston cleanliness and wear
protection associated with extended oil drain

WO paosnymBs, particularly for heavy duty di esel PENEPIV6S052789
However, the lubricating oil conposition of the
present invention exhibits surprisingly good piston
cl eanli ness, wear protection and anti corrosion
performance in DaimerChrysler and MAN engi nes,
despit®, in a preferred enbodi nent havi ng sul phat ed
ash values inthe range of 0.6 to 1.0 (ASTM D87 4 ) and
TBN vaﬁues in the range of from5.0 to 9.5 ng. KOH/ ¢
(ASTM [4739) . In particular, lubricating oi
conposﬁtlons according to the present invention
surpr|§|ngly pass the requirenments of ACEA E4, DC
228.5 and MAN M3277 performance speC|f|cat|ons despite
haV|ngUthe af ore mentioned sul phur content, phosphorus
cont eng, 4sulphated ash content and TBN values .
Accordvndjy, in preferred enbodi ments of the present
inventfork there is provided the use of a |ubricating
oi | coapd%ltlon according to the present invention as
a cran&cqﬁe | ubricant in order to inprove engine
cl eanl§ness and durability in engine applications
optlon%IP i ncluding EGR (exhaust gas recircul ation)
Sai d pgsnon cl eanliness in non-EGR engi nes nay be
conveniently denonstrated by the Dainmer-Chrysler
OVA4 1L tlest. Said durability in EGR engines may be
convenven;ly denonstrated in the Mack TIOtest. In a
furthef enbodi ment, there is provided a nethod

Package of additives containing detergents, dispersants, ZnDTP
Formulations wherein “yes” is specified contain similar amount

Balance of formulation.
oil.

*
* %k
* k%



of lubricating an internal conbustion engine, in
particul ar a diesel engine, a gasoline engine and a
wqasdsuesdsed engi ne, wherein sai d engi ne has EGRCT/EP2005/052789
(exhaust gas recirculation) , with a lubricating oil
conposition as herei nbefore_dggcgi bed. The present
invention will now be illustrated by the foll ow ng
EX&”H'e@E'M%{T\@e! &h shoul d not be regarded as limting the
scop esent invention in any way. EXAMPLES In
t he Exanpfedulpkéonariangs tagfid iagesraing desithaakmdiras
fol | @eBhodolc)ieV 5608 dikedl DElexC loMREOVEL LRIRAUPL:; cre-
acco&dgggl,t& Formula I"Viscopl ex 6-054" which is
mar két ‘Rohmax as a viscosity index inprover was

en‘pl @gggl$§@ng additd e does not contain sul phated ash

al kyl
rret hacryl at e/ N-vi nyl pyrrol i di none copolynmer. (b) Zinc
dlthl—é%ﬁ%%ﬂate anti-wear agent A secondary C3-6 zinc

di t hi ophoaplm&elorzﬂma)ubawaﬁﬁ@ eikXcopdyiitioh as
Corp e etr deS| atjon 37

%?E% Anctjq?’o?(adgnt pargﬁt 2 oxi (?ant‘1C a(\%al lIne
ex thpaeBmead arft § @mmséal %OVCC}’, dndey, tded ityhalee

desi gBatiOfing r‘f@@ﬁ@l‘a’d—:n_olasé @a&%g lesggmhdag&&@mng to
avail _abl e, e under the

| .
tr adg afé‘é}agﬁfatof’oﬁng% ?ﬁ%g ‘{ %?%T%ég%sﬁrsed

Supplementary antl oxidants (i.e. “Irganox L-135"
and “Irganox L-577) were added thereto in order to
maintain the oxidation stability results from the reduced
concentration of zinc dithiophosphate and detergent and
to fully meet the requirements of the known API CI-4
specification.

The lubricating o0il composition of Example 1 had a
sulphated ash content of 0.9 wt. %, a phosphorus content
of 0.06 wt. % and a sulphur content of 0.15 wt. %.

The SAE 10W-30 lubricating oil composition of
Example 1 was tested as described above and the results

are shown in Table 2.

TABLE 2
MB 228.5 |[Example
limits 1

Sludge Min {(merit) 9.0 9.6
Piston cleanliness Min (merit) 40.0 41.3
General engine deposits rating Max 3.0 1.5
Wear rating average Max 2.5 2.1
Bore polishing Max (%) 2.0 2.0
Average cylinder wear Max (mm) 0.008 0.002
Ring sticking ASEF max 1 0.42
Boost press loss at 400 Max (%) 4.0 1.8
hours

0il consumption Max (kg) 40.0 39.9




(d) Detergent As outlined in Table 1 , the detergent

additives used in Exanples 1 , 2 and Conparative
weEx@sptiss? B and C were a m xture of cal cium  PCT/EP2005/052789

al kyl benzene salicylate (neutral base) and cal ci um

al kyl benzene salicylate (over Egsgd) . The det ergent

additive used in Corrparative anple A was a m xture

of cal ci e ul phonat.e. .(e)

addi ti ves I% ? %kr??‘g’nh?ﬁnﬁ‘g or T t% Fpos! Tl ongtSF %ngﬁga es

1 an&igheatiy f@err%ar(éMXﬁéeExaﬁapﬁ@@aAce Peamidicat et Her

conphised GoventionadnAuantitd enioh i speksant,

suppl\‘gggﬂéﬁ viscosity index nodifier and

anti-ftoa 'gSyagents typical of a conventional diesel

engi ne crEmkeaseoh ubldagdntes{ eptBageocf041.A Evoughd | |

base ¢8ih, 18S; S 8¢ mma $ w%ggheté r 0%&%%46 Jgds%

the trade designation™ ere se 0|

was &lH§3" usEd. N9t ﬁfs%a‘fsoé Hl? Weidod BaRd G‘ieletértlb%lse

oi | meghifanaanablabhe pnadestherisnadesgasirgration wgvl "
fro Ee | to give the appropriate viscosity grade.

The lubficating oil conpositions that were prepared

are indi catied leneTadi eidttoTableanlingsd aredcohance can

f or mubahd ory oﬂiypﬁgKﬁgﬁeggdQQgH%EﬁﬁﬁaﬁﬂﬂE@bghgglnlng much

det ergents,. di spersants 1s and suppl enentary
ant | Bkgﬂ%\ﬁt]sevﬁllﬁsoﬁd?erqaér cghfaining geqrgenti gpd therefore
wher emah"ly:eﬁi'erl Sespecidfi edlsititiedi AsB) Md ariqalbytdsl of

t he n S rrul ations were
t est égle a&%(r%%p?o }H%“ijl : élsw% ts%gd%%)gl es specified
in DC OVIM?_L sAa ﬁ@leefttheslPtlfGEGlbat this high level of

piston cleanliness is achieved without a significant

deficit in any other performance area with all the
requirements of the MB 228.5 performance specification
being satisfied.
Example 2

An SAE 10W-40 lubricating oil composition as
described in Table 1 was prepared in order to determine
the effect of a low ash, low phosphorus, low sulphur,
salicylate containing formulation containing a compound
according to formula I on engine piston cleanliness.

Supplementary anti-oxidants (i.e. “Irganox L-135"
and “Irganox L-57") were added thereto in order to
maintain the oxidation stability results from the reduced
concentration of zinc dithiophosphate and detergent and
to fully meet the requirements of the API CI-4
specification.

The lubricating oil composition of Example 2 had a
sulphated ash content of 0.9 wt. %, a phosphorus content
of 0.05 wt. % and a sulphur content of 0.15 wt. %.



52-T-97. Results and D scussion Exanple 1 An SAE

10W 30 lubricating oil conposition as described in
wa awba2388Tas prepared in order to determ ne t heCEEP®0$/052789

of a lowash, lowP , low S, salicylate containing

formul ation containing a copp:glurld according to fornul a

I :)n engi ne piston cleanliness. Supplenmentary

ant i - oxi dant [POSr-Ny L - 135" " 0

L-57") V\ggg %Ade1 %rt ﬁgr{e§ 0 %)rétgrrl%e?élt %%g ?%{%’?{1}1 féﬁe

oxi detdmmiesfatisd | toptedsas tdestrhed mPovedaeedhe results

concgpd raloan: @fraiirc 3di t hi ophosphat e and det er gent

and to fully nmeet the requirenents of the known API

Cl-A specification . The | utnBL&aBi ng oil conposition

of Exanple 1 had a sul phated ash content of 0.9 %

, a |phosphorus content of 0.0 (6 wt. %ad1dMa G- ph(fxample

contlent of 0.15 wt. %. The SAE 10W30 Ilubt®&Ping ofl

CONPERIGEOM of Exanple I was fjesi qfeas) dlescrl.bed abave

and [bhe hestahsisg shown in Tad enerit) TABLED 2Tablle42.3

ab? Berddh CaHg@8e tdRBogitkeRadingl sk of the [hi ghest 1.5

Dai niyes,ChoySigebvdegbor mance speei ficatign farsheayy 2.1

dutyBgfee§siise,mgg ne oils which [usx kapwn gs " NB0228.[5".5

The |ptslgp glieamdd ress rati ng Pix 4tmB8 fqr th@os 0.002

for Nl iseiciahgExanpl e 1 (conpas®cako a |maxi Aum 0

possjpbde press loss at 400 Max (%) 1.0 0.5
hours ° ) :
0il consumption Max (kg) 40.0 33.4

The formulation of Example 2 has a wider span
viscosity grade than the sample of Example 1, but the
piston cleanliness rating of 45.3 (compared to a maximum
possible clean rating of 65 for the test method used) is
again very good (and directionally better) and meets the
requirement of the highest DaimlerChrysler performance
specification for heavy duty diesel engine oils, MB
228.5.

This level of piston cleanliness performance can
normally only be achieved by formulations containing much
higher levels of metal containing detergent and therefore
much higher levels of sulphated ash, as highlighted by
the comparative examples discussed below.

Tt is also worth noting that this high level of
piston cleanliness is achieved without a significant
deficit in any other performance area with all the

requirements of the MB 228.5 performance specification

being satisfied.



clean rating of 65 for the nethod used) neets the

requi renment of the DaimerChrysler specification MB
wWQ2@55238%hi s | evel of piston cleanliness perf OPOHEE®05/052789

can normally only be achieved by formulations

cont ai ni ng much hi gher |evels_qof nmetal containing

detergent and therefore much Hi gher |evels of

sul phated. ash.. as li ghted by the conparative
exa . It is also worth noting that

thi s hi gh®®eVél 1687 i studriereld iodéssommosddhipavas

Wi t h@'é%callsécgrilnf reBd 1d%|scpiepba&e@n¥n od-hesr @%r hordmnee
area

Ee re |rerre€ of t 228.

perfo tp@ fitati'dh 2B 1?4’@19%9 gFy usExﬁ?‘r?fPe 2

An SAElm@WA®HeubteC$1Mmeneté deanrpgsnt | amtadndegcri bed

in qukﬁuﬂa R&ﬁﬁ@ﬁ QE[t%gnd$té%%§oﬂgﬁtg@%ordlng
ow sul

effect of a |ow as owp osphor us
sal i & 4PEEIGhEAi AP @Gfléllenm%ﬁ%ﬁlééﬁ%mﬁ‘ﬁsng a

compound Q&:ﬂﬁrcdbﬁg grczeﬁoqu&uls@oﬂlea@neagy %tﬁl—%k@@am was

cleanlln ene atl-ox

"It ganongﬁ'ff?%ggﬁrd Qﬁ({’e&aﬁ& Ltl]é’?mfe{?ve’?}ée S:'&‘fgar?lﬁee‘}tést gt
i n orderAPDH Greidntpemi fimatdrndati on stability results
fromt heTﬂ@QL‘ﬁ%‘?cgcQ@ﬂfgfe%tl'iaEbrﬁ’gfbsqftlEh nge HdplLophosphat e

and det ergent and neet the requirenents of
t he ABP™ @%Qcﬁf?@aﬁ}ia&ﬁd asl*héoPGBPFc%ﬁllnﬁ BFt %, 2

conpaabbpsraf chxasmt &2 ohap . $ and a sulphur content of
0.7 wt. %.
The SAE 10W-40 lubricating oil composition of
Comparative Example A was tested as described above and

the results are shown in Table 4.

TABLE 4
MB 228.5 |Comparative
limits Example A

Sludge Min (merit) 9.0 9.6
Piston cleanliness Min (merit) 40.0 26.1
Gengfél engine deposits o 3.0 1. E
rating
[Wear rating average Ma x 2.5 1.6
Bore polishing Max (%) 2.0 1.5
Average cylinder wear Max (mm) 0.008 0.001
Ring sticking ASF max 1 0.80
Boost press loss at 400 Max (3) 4.0 0.3
hours
0il consumption max (kg) 40.0 34.0

The piston cleanliness rating of 26.1 (compared to a
maximum possible clean rating of 65 for the test method
used) does not meet the requirement of the highest
DaimlerChrysler performance specification for heavy duty
diesel engine oils, MB 228.5.

Indeed, said formulation only Jjust meets the

requirement of the lower DaimlerChrysler performance



sul phated ash content of 0.9 wt. %, a phosphorus

content of 0.05 wt. % and a sul phur content of 0.15
wowesAeisFhe SAE 10W 40 |ubricating oil conposi PCDEPIINS/052789

Exanple 2 was tested as descri bed above and the

results are shown in Table 3 .,,TABLE 3 The fornul ation

of Exarrpl e 2 has a wider span~Viscosity grade than the

sanply t tQn

ratin 88 f%acg%%coﬁB azrzgzg gaﬁepelx% ‘Oﬁu%%%@gd ﬁllg%g an

rati eéPlHBESfSoFth%gt‘éfst25w@t1fﬁ)cfpl§§éﬁ}e<i”s again very

good (anﬂeﬁ&é’e%bbﬂnﬁﬂddghb@h&edétéﬁ@@nﬂefgééﬂ|]§sh level) is

t the_hi t I f
Cpaci T BURL | HIEY 6F RUHVY dut y ] decl ENGT TS DEP AV Lo/

228 Sulphosajeevekeoferpist enmvkashrtﬂrpngss periflobaaaceock
can nELMaLlYs %'g)ﬂe?ezxﬁﬁlﬁ %Xﬁgexpcy rfe%ﬁﬂr-‘é al] QRS inferior
cont al ni_ng rmuch "hi gher | eve tal containing
det erpﬁéﬁt’r%et herefore nmuch higher Ievels of
sulp at ed j ghted by the conparative

. It is also worth noting that
this hi ghArheSPeEI l@W ﬁ)@ stumrichkedmd iaidssomposidghicsves
i t ot s SO 1eAN (1/eChEeldb AN OLARL, REf HOEIRNGE

area wth al he requi rements of

per f &hﬁaﬂéée%tpé’él fi bigh @Fhpehigp WP@P?@EE OﬂﬁﬁéF’ét i ve
ExanpiuephuAn S2AXcEOMY < Qdnibi h 08 iTogmalht LONMPOSi toMihiasng
descrl bed in Tabl e %l%? stopre ared | n_order t

det erim nep?‘ﬁ SRR 1llJlrﬁ asﬁn T‘]n%:hn %o ﬁ%rus,

hi gh cleanliness.

The lubricating oil composition of Comparative
Example B had a sulphated ash content of 1.83 wt. %, a
phosphorus content of 0.12 wt. % and a sulphur content of
0.32 wt. %.

The SAE 10W-40 lubricating oil composition of
Comparative Example B was tested as described above and

the results are shown in Table 5.

TABLE 5
MB 228.5 | Comparative
limits Example B

Sludge Min (mexrit) 9.0 9.5
Piston cleanliness Min (merit) 40.0 40.4
Gengral engine deposits Max 3.0 1.4
rating
Wear rating average Max 2.5 1.4
Bore polishing Max (%) 2.0 0.5
Average cylinder wear Max (mm) 0.008 0.001
Ring sticking IASF max 1 0.33
Boost press loss at 400 Max (%) 4.0 2.4
hours
0il consumption Max (kg) 40.0 23.5

The piston cleanliness rating of 40.4 (compared to a

maximum possible clean rating of 65 for the test method



sul phur, phenat e/ sul phonat e det ergent contai ni ng

formul ati on (which does not contain a conpound
waecwsnaisey to formula | ) on engi ne piston cl eBdl/ER®5052789

Sufficient phenolic supplementary anti-oxidant was

added thereto in order to ful '33{1 nmeet the requirenents

of the APl Cl -4 speC|f|cat|on The lubricating oil

comMpogietyh o h sul phat ed

ash g%ntenlﬁe% %?'gpv\%cﬂ rO?%e ap ggﬁﬁgr%s 25ontent of

0.12 Rﬁtlml%%*ww%%upﬁhmrn@eﬁ@ evRecdffioayion 0% hedhe duty
SAE H1WE40 darmecating v kogosposi tion of Corrpar ative
Exanpl e s, tested as_descri bed ahove and t

results @Mev‘ﬁ ! ol Stﬁrge“FABEg ’&el’IEI"Fe?dpFlé%nle"el of
cl earshnésstymitdaigodf &l at tanparcedit EhiBhiighMevel of
possifilse &! ean fatLog rf%§m£r% thﬁ &g&ﬁ ! hQg,used)

does “not neet nﬁe requi r enent
Dai m*EreRpy<s é)rllpéPFo?fﬁEFnééS‘ép@’éllf9|6éatli1% stoﬁeﬁé%%ﬂ to

dutynﬁzleesehe engiong . 6i 1swelVBr 228 formbREeets a3@bda high

forrrul tion onI J t he requirenent of the
| ower™® 8 et Il)rif/[s ase‘ﬁ’rrf" hcespem fication, MB

228. 3 (\Mﬁ‘erneq rharaforenmrpissomw cheanthadssr laahi ng of
25. 0 fc3miPeei Jdedhicn HENGEanFYED 1t RQHYH épech%egf%%m

| evel, (ash level) is higher than in

t he %Vﬁeﬁl% C@ﬁleﬁa‘féS?y Shiphotrat é‘eﬁ}é?%%rg%ﬁteél“léefh?%d
Goup | L 111 1 %g,{gmsio% m x and a hi gher ZnDTP

cont emmgr—esuér—t—s—l—ﬁ—%ﬁ——l—nf erior

An SAE 10W-40 lubricating oil composition as
described in Table 1 was prepared in order to determine
the effect of a formulation not containing a compound
according to formula I on engine piston cleanliness.

The SAE 10W-40 lubricating oil composition of
Comparative Example C was tested as described above and

the results are shown in Table 6.

TABLE §
MB 228.5| Comparative
limits Example B

Sludge Min (merit) 5.0 9.58
Piston cleanliness Min (merit) 40.0 36.9
Gengral engine deposits Max 3.0 1.37
rating
Wear rating average Max 2.5 1.38
Bore polishing Max (%) 2.0 2.63
hverage cylinder wear IMax (mm) 0.008 0.001
Ring sticking ASF max 1 0.33
Boost press loss at 400. Max (%) 4.0 0.8
hours
01l consumption Max (kg) 40.0 34.6

It is of note that the piston cleanliness rating of
the formulation of Comparative Example C does not meet

the requirement of the highest DaimlerChrysler



performance . Conparative Exanple B An SAE 10W 40

| ubricating oil conposition as described in Table 1
woawspespared in order to determ ne the effectPOf/ER2005/052789

hi gh ash, hi gh phosphorus, nedi um sul phur, salicylate

containing formul ation not containing a conpound

according to fornula I on engine piston cleanliness .

The | [ t r af.i e

e e S S A SR

phosﬁﬁéﬁus“%dﬁﬁbﬁt of 0.12 wt. % and a sul phur cont ent

of 0.32 wtn S6ntrH3e, SAfe HWhdDat ity ioﬂiatkil@l(ﬂ 2 which

conposi tion of arative Exa est.ed as
descri B4 8hdve aE% t he” gesuﬁ?gggﬁ 5 GXIwﬁ£$a8Fe 5
TABLEdsoTHengi st diormhbanl,i aéssinnta pdgson 40lepnliness
(comaredy tQh?cM?é'egy MROSSHRL Bertd BB £T Bhd nlgalglfl_e(ééhfﬁler
the test neth dused) neets the requirenment of the

hi ghe¥ecBal AR ek ThMPsPe? - per f or mance speC|f|cat|on f or
heavy duty diesel engine oils, MB 228.5. The high

| evel of detergent and related high I evel of ash is
typi cal of formulations neeting this high | evel of

pi ston cl eanliness performance. |ndeed the high
reference oil for this test (RL196) that is designed
to neet the MB 228.5 |l evel of performance is also a
hi gh ash, Goup Il based product.



It is therefore surprising that the | ow ash
formul ati ons such as Exanples 1 and 2 of the present

w0 pwsn2is8n can satisfy this very demandi ng r eqeCT/EBREN/052789

Conparative Exanple C An SAE 10W40 | ubricating oi
conposition as described in Table 1 was prepared in

order to deternine the effect of 32 fornul ati on not
cont ai ni ng a conmpound according to fornula | on engine

pi ston cl eanliness. The SAE 10W40 | ubricating oi
conposition of Conparative Exahphel ®\fas tested as

descri bed above and the results are shown in Table 6 .
TABLE 6 It is of note that the piston cleanliness

ratinyg of " He Frimgl 2iiloROBPOTHA I Ni@ERaSPILENEr content

doesonofrdmeel. dihed equi veres; HfptdpHiAResbntent of from
Da|n$g§£h%¥s er perfQrmance speci fication for heavy
S

duty engite &i PR RBS9bRNateq Rdpropasnt phefrom 0.1
fornubat i ool Exarpka 3nwWbhéeh:s@PrisRmtloF Whe. % of

a viscosity index nodifier according to fornula I ,

atta rjac%‘%lﬂgor?lél ERRPPALELOR at THE MMAKIR THEEEs 2t Rgneral
requém&%ﬂﬁﬂsyﬁtﬂéticDBthebﬂhra@ﬁQﬁm§RﬁChﬁﬁ%akbﬁﬁoﬁﬁﬁs of

ZZS.E.C E%A]L MS 1 . Lubricating oil conposition
havi hg“ & stul'gphur content of from0.01 to 0.3 wt. %, a

phosphorus content of from0.01 to 0.1 w. %and a

sul phated ash content of from0.1 to 2 w. %, based
on the [totll weight df the |ubrg catging| oil
conposiiti on, - mhlch gonpri ses ﬂ m mer a

CHy—C CH,—C

L
Al
Rr!
_ Jx

wherein R is\an optionally substituted branched or
straight chain alkyl group containing from 3 to 50 carbon
atoms; Rl is hydrogen or an optionally substituted
branched or straight chain alkyl group containing from 1
to 50 carbon atoms; n i1s an integer equal to or greater
than 1, and m is also an integer equal to or greater than
1; and X is an integer from 2 to 10,000.

2. Lubricating oil composition according to Claim 1,
wherein R is an optionally substituted branched or
straight chain alkyl group containing from 6 to 40 carbon
atoms and Rl is hydrogen or an optionally substituted
branched or straight chain alkyl group containing from 6

to 40 carbon atoms.



and/ or synthetic base oil and one or nore conpounds of
formula | , wherein Ris an optionally substituted

whe@sapsse? or strai ght chain al kyl group contai PCTEPI0DHE2789
3 to 50 carbon atons; R is hydrogen or an optionally
substituted branched or straight chain al kyl group
containing from1l to 503¢arbon atons; n is an integer
equal to or greater than 1 , and mis also an integer

3. equkitrRiGasingraddt spmphzit ibn; agpelrdénios tanCiamegepr f r om

2, 2uh@reki, 809a che okURSIEAldmRBuRkS SOMRERHTA ON gccording
is an o tlonallx%substltuted

p%&%@ﬁ%éﬁm?m%R £
Fanched °6r Y& Hi ght PR dienosl RY 1 T o dpl ot dilhPAg from
wtg %0 H@edaphorheattonsl arsdgRti 6£ hytor QgeRieft@any oil
coRPldanally substituted branched or straight chain
a bgl group containing from6 to 40 carbon atons. 3 .

4L UbP PRSI 9L L 6APRRT 1R asewidinggte ;AT @inm ¢for 2
Claimder eon3sailtkreie fiie MA@oSOFNINES Rl fQplaed are

[ in.the range of from0.01 to

ond EReie. “ifY ARRLRP N RESe ot B eRGRY B he
dippr} ddthhgploidrhedaposition . 4 . Lubricating oil

5. COMMASIithOMh ACHAr dbfih 4:2 18AY 008 A6, 81 IR, Lrk0, 8
wherein the conposition further conprises one or nore

CL31Tt HitPht optitssshat 2sld sraperiblan FPAERRE Aprises

ondi ¢thirophosphiatydste SetergebthfatidT@rably conpasihti on

ea@ﬁ?g&ggﬂgsgf%éylgtggg of ains 1 to 4, wherein said

conposi tion ther conprises one or nore salicylate
6. detletyéresingrodferamgpsidiral #¢eording to any one of

Claims 1 to 5, wherein said composition further comprises
one or more phenolic and/or aminic anti-oxidants.

7. Lubricating oil composition according to any one of
Claims 1 to 6, wherein said lubricating oil composition
has a sulphated ash content in the range of 0.6 to 1.0
wt. %, based on the total weight of the lubricating oil
composition.

8. Lubricating oil composition according to any one of
Claims 1 to 7, wherein said lubricating oil composition
has a sulphur content in the range of 0.12 to 0.20 wt. %,
based on the total weight of the lubricating oil
composition.

9. Lubricating oil composition according to any one of
Claims 1 to 8, wherein said lubricating oil composition
has a TBN value in the range of from 5.0 to 12.0
mg.KOH/g, as measured by ASTM D2896.

10. Method of lubricating an internal combustion engine,
preferably a diesel engine, gasoline engine or a gas-
fuelled engine, with a lubricating oil composition

according to any one of Claims 1 to 9.



earth netal salicylates. 6 . Lubricating oil

conposition according to any one of Clains 1 to 5 ,
wob@sa2isssai d conposition further conprises onBCDEP200F/@52789

phenolic and/or aminic anti-oxidants . 7 . Lubricating

oi | conposition according to any one of Clains 1 to b,

wherein said lubricating oil co sition has a

sul phated ash content in the rézg of 0.6 to 1.0 wt. %

, based on the total wei ght of the | ubricating oiI

conppsi t os I,t.ion_accor.d

to a%?/ o%%é] C%fsd ll%% %g% Or? 4oy IaffSPFg?iWnEo any

oi | cmmmmsmllamnshas ta 3§al phuxmpmnteerﬁngumd lmeeraamgeesf; in

0.12 2 base onthetotal

Iubrcli%a??olng il féloer%g’g |o%asﬁllmiuebn A i 5 6cf“gl°ns

conposition according to any one of Clains 1 to 8 ,

wherein said lubricating oil conposition has a TBN

value in the range of fromb5.0 to 12.0 ny. KOH g, as

measured by ASTM D2896. 10. Method of |ubricating an

i nternal conbustion engine, preferably a diesel

engi ne, gasoline engine or a gasfuelled engine, with a

| ubricating oil conposition according to any one of

Cains 1 to 9 .11. Use of a lubricating oil

conposition according to any one of Clains 1 to 10 to

i mprove engi ne cleanliness in diesel, gas-fuelled or

gasol i ne engi ne applications.



