2001MD12 LUBRI CATING O L COWCOSI TIONS This invention relates to |ubricating
oil conpositions, nore especially to conpositions suitable for use in

pi ston engine, especially gasoline (spark-ignited) 5 and diesel
.(conpression-ignited), crankcase lubrication. Such conpositions may be
referred to as crankcase |ubricants. Mst of the noving parts of an internal
conbust i on208HYPlRe are in a state of hydrodynamic |ubrication, but, sone
sliding parts, such as pi stons and val ve ]tral ns, Jo are in a mxed or
boundary |ubrication state. e.caused by friction
in these |ubrication statesLU as - PEk 6—provi de the engine oil
with additives to reduce wear. For many years, zinc dialkyldithiophosphates
("ZDDPs") have been used as standard antiwear additives. 15 A problem
arising fropist RAvastorP ref&¥Bs ths Iihiatinghasiphesrigositimigntmorghosgpemially  to
derivatives gerl ving fromthe ZDDPs can poi son the corrponents of xha@?ﬁ gas
catal yti c compesitiens. suﬁab@l garmsa:tmp@mrele@gmee aspegially gasgliee (pRRMENERA)and
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converters are Installed in the exhaust streams, e.g.
t he exhausts of aut om)bl |l es, to treat the unde5| rabI e gases. Phosphorus
derivatives, such as decorrp03| tion products of can be carrl i nt/o
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oils so as to maintain the activity and extend the life of catalytic
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15 A problem arising from the use of ZDDPs is their phosphorus content: phosphorus
derivatives deriving from the ZDDPs can poison the components of exhaust gas
catalytic converters. Catalytic converters are used to reduce pollution and to meet
governmental regulations requiring reduction in the levels of undesirable gases,
such as hydrocarbons, carbon monoxide, and oxides of nitrogen, from internal

20 engine combustion exhaust emissions. Such converters use catalysts which are
installed in the exhaust streams, e.g. the exhausts of automobiles, to treat the
undesirable gases. Phosphorus derivatives, such as decomposition products of
ZDDPs, can be carried into the exhaust, where they are believed to poison the
catalyst. Accordingly, the use of engine oils containing phosphorus additives may

25 substantially reduce the life and effectiveness of catalytic converters. Therefore, it
would be desirable to reduce, or eliminate, the phosphorus-content of engine oils so
as to maintain the activity and extend the life of catalytic converters. Also, it is
possible that sulfur-containing components may poison the catalysts, for example
those used to reduce the levels of oxides of nitrogen.

30
Governmental and automotive industry pressure to reduce the phosphorus and

sulfur content of lubricating oil compositions therefore exists. However, if this were




2001MD12 -2- done, for exanple by reducing the |evel of ZDDP, the anti-wear
performance of the Jlubricating oil conposition would be | essened. The art
has addressed this problem in a nunber of ways, for exanple: 5 WO 96/37582
describes a lubricating oil conposition conprising a sulfoxynolybdenum

di thi ocarbamate, a zinc dialkyldithiophosphate, and a defined proportion of
cal ci um ancoomEgi?esi um sal i cyl ate, wherein the anount of nol ybdenum derived
from the nol ybdenum conpound is 200 to 1080 ppm the amount of phosphorus
derived fromthe zinc conpound is 0.04 to 10 0.15 mass % and the anoupt of
the netal sahéechpr@xempls by.redusingdhadewelnf ZIHPP athy 2nbwWeas PEHQIER0R ng@)
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form one b < S @tdphpie: 15 conpounds providing 0.5 to 2.0 mass %
of sul fur iﬁ\% a bee;rtgl ng ycsbrro%f onﬁ i nhi bitor. EP-A-0 609 623, US-A-5, 629, 2720

and EP- A-0 814 148 describe oil conpositions conprising a netal-containing

detergent, a ZDDP and a boron- 2Q containing ashl ess disper. t ..
charact &ri sed | WOnhR6/8R8820Me681EDNS ﬁ‘ﬂprﬂ(’r%é'ﬂgcd?%r‘?%pgﬁ{“g&?FW‘S%n%
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crankcase lubricating oil conpositions with satisfactory antj-wear
per f or mance, ever mblybdenposiderived fvérmhthieomalyhdsnsinyfcomnaunshis gRBr ios 1849

sul fur. Accordingly, in a first aspect, the invention.prqy| or
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anounts, a bpron-pontalnlhg additive and one or noire co-additives, wherein
the lubricating oil conposition has greater than 2001MO12 - 3-
EP-A-0 280 579 and EP-A-0 280 580 describe lubricating oil compositions
with reduced or zero amounts of zinc and phosphorus, which comprise 5 to
500 ppm of copper in oil-soluble form, one or more sulfur-containing
15 compounds providing 0.5 to 2.0 mass % of sulfur and a bearing corrosion

inhibitor.

EP-A-0 609 623, US-A-5,629,272 and EP-A-0 814 148 describe oil
compositions comprising a metal-containing detergent, a ZDDP and a boron-
20 containing ashless dispersant, characterised in that the compositions further
comprise an antiwear agent having an aliphatic amide and either a

dithiocarbamate compound or an ester of a fatty acid and boric acid.

It has now been surprisingly found, according to this invention, that certain levels of
25 boron can endow crankcase lubricating oil compositions with satisfactory anti-wear

performance, even oil compositions with low levels of both phosphorus and sulfur.

Accordingly, in a first aspect, the invention provides a crankcase lubricating oil
composition comprising, or made by admixing, an oil of lubricating viscosity in a
30 major amount, and, in respective minor amounts, a boron-containing additive and

one or more co-additives, wherein the lubricating oil composition has greater than




200 ppm by mass of boron, less than 600 ppm by nmass of phosphorus and | ess

t han 4000, ppm by mass of sulfur, based on the nass of the oil conposition.
In a second aspect, the invention provides a crankcase |ubricating oil
conposition 5 conprising, or nmade by adm xing, an oil of lubricating
viscosity in a major anount, and, in respective mnor anmounts, a

bor on- contmomiolg additive and one or nore co- additives, wherein the

| ubricating oil composition has greater than 300 ppmby nass of boron, |ess

t han 900 ppm by mass of phosphorus and | ess than 4000, Ppw bl%/ mass E
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i n respective mnor anounts, a boron-containing additive, a detergent

addi tive conposition and one or nore co-additives, wherein the |ubricating
oi | conposiit h aecbhdn@spat ettfecinyentizm piBidep m drankeass lwbripating il ICOSPAHEAN 800
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and one or nore co-additives in such proportions so to provide a crankcase
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600 ppm by mass of phosphoruys and | ess .than.40 ss ppm by nass of
sul fur, babygdnass ehauliy, §%é189 %@Qﬁslc’f(,lgﬁﬁgsqo?'i?%%ﬁwovd{gn the oil
conposition contains 2 to 20 mass % of the additives. In a fifth aspect,
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composition and one or more co-additives, wherein the lubricating oil composition

15 has greater than 150 ppm by mass of boron, less than 800 ppm by mass of

phosphorus and less than 4000, ppm by mass of sulfur, based on the mass of the

oil composition, provided that the detergent additive composition comprises at least

two detergents of at least two metals.

20 In a fourth aspect, the invention provides an additive composition comprising, or
made by admixing, a diluent or carrier oil, a boron-containing additive and one or
more co-additives in such proportions so to provide a crankcase lubricating oil
composition having greater than 200 ppm or boron, less than 600 ppm by mass of
phosphorus and less than 4000, by mass ppm by mass of sulfur, based on the

25 mass of the oil composition, when the oil composition contains 2 to 20 mass % of

the additives.

In a fifth aspect, the invention provides an additive composition comprising, or
made by admixing, a diluent or carrier oil, a boron-containing additive and one or
30 more co-additives in ‘such proportions so to provide a crankcase lubricating oil
composition having greater than 300 ppm by mass of boron, less than 900 ppm by

mass of phosphorus and less than 4000, by mass ppm by mass of sulfur, based on




-4 the mass of the oil conposition, when the oil conposition contains 2 to
20 mass % of the additives. In a sixth aspect, the invention provides an
additive conmposition conprising, or 5 made by adm xing, a diluent or
carrier oil, a boron-containing additive, a detergent additive conposition
conprising at |east two detergents of at |least two netals and one or nore
co- addi ti ve®IM@Pl2such proportions so to provide a crankcase lubricating oil
conposi tion having greater than 150 ppm by mass of boron, |ess than 800 ppm
by mass of phosphorus and | ess than 4000, ppm by mass of sul fur, (gased n
the lo mastheomashefdhe odawprm&tiam,wmthetwgceﬁmpoayﬁﬁd‘sqnﬁ'aﬁ 2O AMASS2 7ot o
20 mass %o£ t%f' dditives. In a seventh aspect, the invention provides a
met hod f or Otthgradqi 'Y@S'Wear resi stance (anti-wear properties) to a crankcase
| ubricating oil conposition that contains |less 15 than 900 ppm by mass of
phosphorus and | ess than 4000, ppm by nass of sul fur, based on the nass of
the oil compeskixtroraspbyt, thevinsention providesidn additivei ¢dropogfior comprising, or

boron-contai ning additive to provide greater, than 5(¥ ppm bg mass odf borop
based ®on freslenty adsrixinge agliluenb pp&arHaril, BOTAR-¢on a'inﬁm @EE%,C%, efgrgen
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first, second or third aspect of the invention. 25 In a ninth Speéﬁs t he
i nventi on pil comEssitiore haginggreater dhar JG0WRPMARYUMESSOf ROKHN.JASS gb’ﬂ't QiPRg

900 ppm by DHABESHO! FROSpRRIaaiiF e e A A3t Himeag claCRufBaaT e
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ef fecti ve gm®ddtliitives30 preferably an amount sufficient to provide at | east
50 ppm by mass of boron based on nass of the oil conposition. 2001 M)12 -5-
In a seventh aspect, the invention provides a method for conferring wear resistance
(anti-wear properties) to a crankcase lubricating oil composition that contains less
15 than 900 ppm by mass of phosphorus and less than 4000, ppm by mass of sulfur,
based on the mass of the oil composition, by provision in the oil composition of a
boron-containing additive to provide greater than 50 ppm by mass of boron based

on the mass of the oil composition.

20 In an eighth aspect, the invention provides a method of lubricating the crankcase of
a spark-ignited or a compression-ignited internal combustion engine which
comprises supplying to the engine a lubricating oil composition according to the

first, second or third aspect of the invention.

25 In a ninth aspect, the invention provides the use of an effective amount of a boron-
containing additive in a crankcase lubricating oil composition that contains less than
900 ppm by mass of phosphorus and less than 4000 ppm by mass of sulfur, based
on the mass of the oil composition, to provide wear resistance, in particular in the
Peugeot TU3M Scuffing Test and/or Sequence IVA Test. An effective amount is
30 preferably an amount sufficient to provide at least 50 ppm by mass of boron based

on mass of the oil composition.




In a tenth aspect, the invention provides the use of an effective anmount of
a boron- containing additive and an effective anount of a

nmol ybdenum containing additive in a lubricating oil conposition that
contains | ess than 900 ppm by mass of phosphorus and | ess than 4000 ppm by
"mass of sulfur, based on the mass of the oil 5 conposition, to provide
friction-raguabng performnce and/ or anti-oxidancy performance to the oi
conposition. In this specification: i 0 "Nhjor anount” neans in excess of 50
mass % of the conposition. "M nor anount” neans |ess than 50 mass % of the
conposi ti oy ahehth aspectsthedhveritiont hrovidest the ustddt arv effectiver amoégb@t:@ beromhe

total mass % of all of the additives present, in conposi t.i on, oned
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additives are sol ubl e sol vabl.e, m scible or capable of being suspended
in the oil pefformppee e hﬁgo' o8MPPStiBli ty, in all proportions. They do mean,

however, that they are, for exanple, soI ubl e or stably dispersible in the
oil to an extent sufficient to exert their intended effect in the

envi ronrrem]nimsiyﬁ'é@iﬁcgﬁi@-.;oi | is enpl oyed. Moreover, the additional
I ncorporation of other additives nay also permt i ncor porati on of higher
| evel s of a particular additive, if desired. 30 "ppnm neans parts per

mllion, Bla%???g 2 tgrrrna%asnsb% S8R0 Ji29) RSS o0 bt iHfcorhpBitisRt | N9 of |

conposﬂ9|on

“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.

15
“Comprises or comprising” or cognate words are taken to specify the presence of
stated features, steps, integers, or components, but do not preclude the presence
or addition of one or more other features, steps, integers, components or groups
thereof.

20

“TBN” is Total Base Number as measured by ASTM D2896.

“Oil-soluble” or “oil-dispersible” does not necessarily indicate that the additives are
soluble, dissolvable, miscible or capable of being suspended in the oil of lubricating
25  viscosity, in all proportions. They do mean, however, that they are, for example,
soluble or stably dispersible in the oil to an extent sufficient to exent their intended
effect in the environment in which the oil is employed. Moreover, the additional
incorporation of other additives may also permit incorporation of higher levels of a
particular additive, if desired.
30
“ppm” means parts per million, expressed by mass based on the mass of the

lubricating oil composition.




"substantially" neans an anmount, for exanple, of a conpound, which is |ess
than that required to provide a technical effect fromthat conpound;
preferably the amount is fully zero. 5 The abbrevi ati on SAE stands for
~Soci ety of Autonotive Engineers. Al percentages reported are mass % on an

active ingredient basis, i.e., without regard to carrier or diluent oil,
unl ess ot hmomwi@e stated. 10 It should be noted that the lubricating oil
conpositions of this invention conprise -@efined individual, i.e., separate,

conponents that nmay or nmay not remain the same chemcally before and after
m xing. Thus, it will be understood that vari ous conponents of the

conposi tion, essential as well as |onal ust C nder
the condi t issR§tastiallyr MeRRs; Yn amq t? Q?%'}ﬁ% 63?1'['%(%% i
provides the,n b | n thQﬁ‘ébFn unan r&féhbl the
reaction. %«5 éggﬁéée@) g)?é\?ﬁ% grtgégﬁpé?%\ﬁgﬁtt ?%n w | novFvﬁ)fe d?pSCUSSEéI in
nor e det ai jmouRPisGuiinikess.e Lubr| cation Ol Conposit | on The anount of
phosphorus, sul fur, boron or nolybdenumin the lubricating oil conposition

I s measured accor di ng to ASTM D5185. 25 The anount of phosphorus in the

por on. - wi { AP EbpERTEEN SAF ArE 1B SPRM o AushRiveEiee i cnt i on i o

preferably | ess than 550, nore preferably |ess than 500 such as | ess than
400, especially less than 300 or 200, advantageously |ess than 100, ng
based on ta# peraestagest feposield aenpesst Yonn armla@tlpe dngregisng basis,j ise. zé\ﬁ‘@o 0
The anount of phos horus in the Iuerca I ng. oi | 03|t|on | ndependent |y
of the antREArAJdP C@[ﬂ'%ﬁr Jluenb pbrun'Ges A I%@E‘@cﬁt the second, fifth,

seventh, ninth or tenth 2001MOL2 -7- aspect of the invention is preferably
less th %n 800 or 700, nore preferably | ess than 600 or 550, such as |ess
than 500 ot &¥idaspestet thatl taeslublieatirRoil aondsitions of this invention comprise

defined individual, i.e., separate, components that may or may not remain the same
chemically before and after mixing. Thus, it will be understood that various
components of the composition, essential as well as optional and customary, may
15 react under the conditions of formulation, storage or use, and that the invention also

provides the product obtainable or obtained as a resuit of any such reaction.
The features of the present invention will now be discussed in more detail.

20 Crankcase Lubrication Oil Composition

The amount of phosphorus, sulfur, boron or molybdenum in the lubricating oil

composition is measured according to ASTM D5185.

25 The amount of phosphorus in the lubricating oil composition, independently of the
amount of sulfur or boron, with respect to the first or fourth aspect of the invention is
preferably less than 550, more preferably less than 500, such as less than 400,
especially less than 300 or 200, advantageously less than 100, ppm, based on the
mass of the oil composition. More preferably, it is zero.

30
The amount of phosphorus in the lubricating oil composition, independently of the

amount of sulfur or boron, with respect to the second, fifth, seventh, ninth or tenth




advant ageously | ess than 100, ppm based on the nmass of the oil conposition.
More preferably, it is zero. 5 The anount of phosphorus in the |ubricating
oi | conposition, independently of the anmount of sulfur or boron, with
respect to the third or sixth aspect of the invention is preferably |ess
than 700, nore preferably | ess than 600 or 550, such as less than 500 or
400, especicalMy2l ess than 300 or 200, advantageously |less than 100, ppm to
based on the mass of the oil conposition:7-Mre preferably, it is zero. The
amount of sulfur in the lubricating oil composition, independently of the

amount  of agens phtmeimventibbiprefeiably lesstean 800 asdA9, Axpedretsrably $5&R i on
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sulfur is rless’t 0, ppm In an enbodi nent, the

anount of Mé,lrélfbfefiesam%sisistmb, 500 ppm preferably the anount of sulfur is
zero. 20 Typically, the phosphorus in the oil conposition is derived froma
phosphoy us- contai ning additive, such as a ZDDP that nay be present. The
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any sul fur-contairning additives, for exanple, ZDDPs 25 and sul fonate
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based on the nass of the oil conposition; nore preferably the anpount of
boron is greater than any one of 400, 50

o ppm_odpecimpupt Sheihan e bibrsahin o coRssian. IRSRPeIPTIN! A7 FUbuT
1100, 1200’of phosphorus or boron, with respect to each aspect of the invention is preferably at
most 3000, more preferably at most 2500, ppm by mass, based on the mass of the
15 oil composition; especially the amount of sulfur is at most 2000, or at most 1500,
ppm by mass; advantageously the amount of sulfur is less than 1000, or less than
700, ppm. In an embodiment, the amount of sulfur is less than 500 ppm, preferably

the amount of sulfur is zero.

20 Typically, the phosphorus in the oil composition is derived from a phosphorus-
containing additive, such as a ZDDP that may be present. The sulfur can be
derived from the oil of lubricating viscosity, such as Group 1, Il or Il basestock; the
diluent oil or carrier oil, which is used as a carrier fluid for the additive components
and additive compositions; and any sulfur-containing additives, for example, ZDDPs

25 and sulfonate detergents. In an embodiment of each aspect of the present
invention, the defined amount of phosphorus is in respect of the amount of

phosphorus derived from ZDDP that is present.

The amount of boron, independently of the amount of sulfur or phosphorus, with
30 'respect to the first or fourth aspect is preferably greater than 250, for example,
greater than 300, ppm, based on the mass of the oil composition; more preferably

the amount of boron is greater than any one of 400, 500, 600, 700, 800 or 900,




1500 or 2000, ppm Advantageously the anmount of boron does not exceed
10,000, preferably not greater than 7500, nore preferably not greater than
5000, such as not greater than 3000, ppm based on the mass of the oil
conposi tion. 5 The ampunt of boron, independently of the amount of sulfur or
phosphorus, with respect to the second or fifth aspect is preferably
greater t8AIMEBB, for exanple, greater than 400, ppm based on .the mass of
the oil conposition; nore preferably t he®anount of boron is greater than

any one of 500, 600, 700, 800 or 900, ppm to ecially th
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greater than 175, for exanple, greater than 200, ppm based on the mass of
the oil5 conposition; nore preferably the anount of boron is greater than
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sent or a zinc dithi ocarbamate is. 30 substantially absent.
2001MO12 - 8¢ J000arpmEmbodidventagebuekyctheagprasintost baeorn ﬁ’@@ﬁtm%n?x%edy 10,000,

ol ybdenum sont 34 0 89 X sLR! oRATBlefe ALTPhEPSRME B 5865 BALIPAE 1S

not greater than 3000, ppm, based on the mass of the oil composition.

15 The amount of boron, independently of the amount of sulfur or phosphorus, with
respect to the third, sixth, seventh, ninth or tenth aspect is preferably greater than
175, for example, greater than 200, ppm, based on the mass of the oil composition;
more preferably the amount of boron is greater than any one of 300, 400, 500, 600,
700, 800 or 900, ppm; especially the amount of boron is greater than any one of
20 1000, 1100, 1200, 1500 or 2000, ppm. Advantageously the amount of boron does
not exceed 10,000, preferably not greater than 7500, more preferably not greater
than 5000, such as not greater than 3000, ppm, based on the mass of the oil

composition.

25 Typically, the boron in the oil composition is derived from a boron-containing

additive.

In an embodiment of each aspect of the invention, a copper-containing compound,

such as a copper carboxylate, is substantially absent or a zinc dithiocarbamate is

30  substantially absent.
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conposition, then the anount of nolybdenumin the oil conposition is,

I ndependently of the anmpbunt of boron, phosphorus and sul fur, at nost 1000, 5
preferably at nost 750, nore preferably at nost 500, such as at nost 400,
_especially in the range 300 to 50, advantageously in the range 75 to 275,
nore advantageously in the range 100 to 250, ppm by mass, based on the nass
of the oiPO0EMRFosition. to It has. been found that the conbination of a

bor on- cont ai ni ng additive and a nol ybden®m contai ni ng additive in
appropriate anmounts in a crankcase lubricating oil conposition provides

i mproved f in @n @mbedimanigofagachnesprenti oy Peentinedc@olbgepHm-gentaining
conposition., 15 In_.a preferred e ' : ct. o Y I on,
the | ubri cé‘fjp 'ﬁeoiﬁor Eéﬂ@@iﬁ t?oH‘%‘@@ﬁ ﬁﬁ@ﬁgﬁ%ﬁaggpisciéﬁe%gﬁﬁ e'gs%aﬁw
1.3, advanigagRidtion, i thdeind anaeuff & Oholyddénlm sichhas diln ssitigre fsr om
0.5 to 0.8, ss % of sulfated ash, according to the nethod ASTM D874. 20
Pr ef er abl y indépenidebtly caft ity ashountowpdmironpphiosphorms! andr awlturi ddnmost ed0y

th [ tric d I pt SAE 15WK, SAE 1 O, WK SAE OV, X
e T L3 b 5o o o e L Bech S5 e 0
diff t Lscomet.i f | g | b P8
B L e

ot her enmbogiyyRAtateou ﬁgiﬁﬁhb%hbéatdmﬂ) 050, POy hidseh based ort the assalfthan
SAE 10WX, SAE 5 or SAE ONX, preferably in the formof an SAE 5WK or SAE

OWX, wher eioil cempgsitdent s any one. of 20, 30, 40 and 50. Preferably X is 20
or 30. The lubricating oil conpositions of each aspect of the invention are
suitable for 30 lubricating an internal conbustion engine, such as a

passenggr .qtafha%ngigeﬁ Rlund e deinbishirstlofeadbaren-doranlis sldithes apgoar
car engines are [1ght éhty I esel engines and gasoline engines. 2001M)12
-10- Pref emadlypdenina-dordainirdu agditive selappnepriste  aracents dn regcramkehse pulinating
i nvention, are wused in | agd- based vdepi cf‘.l es, Br.efera I X'l arogae road, vehi cl es,
such as | a,qyecqrpgeﬁlgpn provides improved friction-redticing and anti-oxidancy performance

to-the oil composition.

15 In a preferred embodiment of each aspect of the invention, the Iubricating oil
composition has less than 1.5, especially less than 1.3, advantageously in the
range of 0.01 to 1.0, such as in the range from 0.5 to 0.8, mass % of sulfated ash,
according to the method ASTM D874.

20 Preferably, the lubricating oil composition is a multigrade identified by the
viscometric descriptor SAE 15WX, SAE 10WX, SAE 5WX or SAE OWX, where X
represents any one of 20, 30, 40 and 50; the characteristics of the different
viscometric grades can be found in the SAE J300 classification. In an embodiment
of each aspect of the invention, independently of the other embodiments, the

25 lubricating oil composition is in the form of an SAE 10WX, SAE 5WX or SAE OWX,
preferably in the form of an SAE 5WX or SAE OWX, wherein X represents any one
of 20, 30, 40 and 50. Preferably X is 20 or 30.

The lubricating oil compositions of each aspect of the invention are suitable for
30 lubricating an internal combustion engine, such as a passenger car engine or a
heavy duty diesel engine. Examples of passenger car engines are light duty diesel

engines and gasoline engines.




The road vehicles typically have a weight greater than 12 tonnes. The
engines 5 used in such vehicles tend to have a total displacenent of at

| east 6.5, preferably at |east 8, nore preferably at |east 10, such as at
least 15, litres; engines having a total displacement of 12 to 20 litres
are preferred. Generally; engines having a total displacenment greater than
24 litres a0eMidZ consi dered | and- based vehicles. The engines according to
the present invention also have a displacthent per cylinder of to at |east
1.0 or at least 1.5 such as at least 1.75 preferably at least 2, litres
per cylinder. CGenerally, heavy duty diesel engines in road vehicles have a
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Thus, in an aspe “the present invention provides a conbination of a heavy

gytyl 25 dlelsp!cacenmnlhgreadeathw bsedre ot corsideiesHaaddiasednghicles.of e
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required for lubricating ojil conpositions. A so there are 2001MD12 11

per ; or mancedisplasemenies sy liIndRiviH aldnestobal SUGhae At BWSt g'rQisor? Ry glgnost

per formance s fr , APl and JASO specificati . Thus, h
a#ﬁgggﬁe%gm@%@_ p | I ons us, a heavy

duty lubric ition of the present invention preferably

15 As used herein, the terms ‘total displacement’ and ‘displacement per cylinder’ are
known to those skilled in the art of internal combustion engines (see “Diesel Engine
Reference Book”, edited by B. Challen and R. Baranescu, second edition, 1999,
published by SAE International). Briefly, the term “displacement’ corresponds to
the volume of the cylinder in the engine as determined by the piston movement and

20 consequently the “total displacement” is the total volume dependent on the number
of cylinders; and the term ‘displacement per cylinder’ is the ratio of the total

displacement to the number of cylinders in the engine.

Thus, in an aspect, the present invention provides a combination of a heavy duty
25 diesel engine in a land-based vehicle which engine has a total displacement of at
least 6.5 litres and a displacement per cylinder of at least 1.0 litre per cylinder and a

lubricating oil composition as defined in any one of the first, second or third aspect.

The American Petroleum Institute (API1), Association des Constructeur Europeén
30 d’Autombile (ACEA) and Japanese Standards Organisation (JASO) specify the

performance level required for lubricating oil compositions.  Also there are




5 satisfies at least the performance requirenents of heavy duty diesel
engine lubricants, such as at |east the API CG 4; preferably at |east the
APl CH-4; especially at least the APl Cl-4. In another enbodinent, the
lubricating oil conposition of the invention, independently of neeting the
APl performance requirenents, preferably satisfies at |east the ACEA E2-96;
nmore pref e?®@bMPi2at 10 | east the ACEA E3-96; especially at |east ACEA E4-99;
advant ageously at |east the ACEA E5- 99. "Wha further enbodi ment, the ’

| ubricating oil conposition of the invention, . independent 0 eting the
AP Gang lAcEAré?tfnﬁT&rﬁﬁ%@leéerl@m as G%BP%E whigh G0 amsﬁﬁﬁ{%aqi%er@%% 1
or doba S r t gﬁ%ﬁ: car engine, such as a gasoline
or diesel g;@%fé?m "|\§Eﬁ'?§:ﬁfaﬁ‘éj ‘%?60 np?gclrétgiisé%, the lubricating oil °
conposition preferably satisfies at |east the performance requirenents of

APl SH, nore preferably at least the APl SJ; especially at |east the API
SL. In anofThes, ahieasy cety lubrinatingibil comtpasion of the pipeantingentisn prgterably

i nvention, independent]|y of eting the. AP '

prefer b y ssfisias Fidsast heduesforiTancRCERLKOT 651 F USRI st SORELT ATy o
east the A3- DAGL AL | @@si- AGR r sol i ne

engi nes; aﬁ%nfségsgjic h%ﬁqg%gg'?%n%lrgep%’eé%fearbI y at:t%?%tggf A’E?ecigﬁl Bll- 98,

such as at dspasiall e b B3RP & |- 4 sipeariathéyembobizasitt, theslub@EAtiIBA 008, f Or

light duty diesel engines. 25 O of Lubricating Viscosit he oi |l of

| ubri cat i ngowpasitiin 9f the inventicrwindgpesidentiy et ne 'Wﬁﬁr@%‘il{e "MEANGEral oi

Vi1 1V andeyiretep vty SGlifies ARt BeCACHR ERNS ThbREpRIcoR R T 11

thereof, 200Jd0te AEEA B8RS le@pksialifut RRaSTAGE AIE4Rg0 cadiaint@geously ali IBhst ent
processes including but not |imted to distillation, sqlvent refini g\g,
S5 AP

%ggoggn pnneg@mgzs-egg gore further iepnbodimandrtheiletnicaiing alhePPBeEHPmOh
nd! rEr?vent!onl,_linc enpseln%%n {/] %f Fneeret'(fnfgI tﬁgtAlglnan%/ﬁb%rﬂ pEHHFrBEI%E qu%qu‘eHé?ﬂs,
preferably satisfies the JASO DH-1 or Global DHD-1.

15 In respect of a passenger car engine, such as a gasoline or diesel engine,
lubricating oil composition, the lubricating oil composition preferably satisfies at
least the performance requirements of API SH; more preferably at least the API SJ;
especially at least the AP! SL. In another embodiment, the lubricating oil
composition of the invention, independently of meeting the API performance

20  requirements, preferably satisfies at least the ACEA A2-96 (issue 2), more
preferably at least the ACEA A3-98, especially at least the ACEA A1-98, for
gasoline engines; and at least ACEA B2-98, more preferably at least the ACEA B1-
98, such as at least the ACEA B3-98, especially at least the ACEA B4-38, for light
duty diesel engines.

25
Oil of Lubricating Viscosity

The oil of lubricating viscosity or lubricating oil can be a synthetic or mineral oil of
lubricating viscosity selected from the group consisting of Group I, W, I, iV and V

30 basestocks, and a mixture containing any two or more thereof.




Decenber 1996 states that all basestocks are divided into five general
categories: Goup | basestocks contain | ess than 90% saturates and/ or .
greater than 0.03% sulfur and have a viscosity index greater than or equal
.to 80 and less than 120; 10 G oup Il basestocks contain greater than or
equal to 90% saturates and less than or equal to 0.03% sul fur and have a
vi scosity 100tMd®l2greater than or equal to 80 and less than 120; 15 G oup |1
basest ocks contain greater than or equal o 90% saturates and | ess than or
equal or 0.03% sul fur and have a viscosity index greater than or_ equal to
120; G ouBasastbakesnay ke mefedSNpEl Yaligh Ll @tfeisdt ppeegssegiacheing Eub“@

b t ocks,, tain i,nclud | |, ot t t d R I I

T Cor v, e p 9 oL g el oGS IR Y BERE ot

hydr ogenat g eﬂhi:%f?&?ra?}d refiin@! pha-ol efin, the nost inportant nethods of
on bei ng

ol i goneri zat ree radical 25 processes, Ziegler catalysis,
cationic and Friedel-Crafts catalysis. Preferably the lubricating oil is

| ected f f Goup | to Vb t ock d,.m xt t f. 3
Eapoci ot | yARH e 549 SENGNe drecmiingy By PITERTON | YSPMy BagRetBKEHoR.

. t t . . ¥ ol ] A4 .
basest ock PPATRE o B sthleS Aoy FDRsSCiEREurg SRyl (g glhord Beables, o
The test nmethods 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 f GroaplIf hasesosks cantaimtle$sithan A% tsalerates endlsnergaiemiardlitB% es

may be prepared by reacti.n boron conpoynd w th R - .
oi | - di sper §|J%wearﬁaﬁt/?@ev'6<?°§&¥d%%afe F nc%rrﬁ)%“l?ig% 8@&&@'%%%% ﬁ%(?’on
oxi de, goron oxi de hydrate, boron trioxide, boron trifluoride, boron

tribrof de, boron trichloride, boron acid such as boronic acid, boric acid,
tetraboric Geug lbdsestocks contain greater than or equal to 90% saturates and less than

or equal to 0.03% sulfur and have a viscosity index greater than or equal to 80 and

less than 120;

15 Group Ill basestocks contain greater than or equal to 90% saturates and less than

or equal or 0.03% sulfur and have a viscosity index greater than or equal to 120;
Group IV basestocks contain polyalphaolefins (PAO); and

20 Group V basestocks contain include all other basestocks not included in Group |, |l,

il oriV.

Group IV basestocks, i.e., polyalphaolefins (PAO), include hydrogenated oligomers
of an alpha-olefin, the most important methods of oligomerization being free radical

25 processes, Ziegler catalysis, cationic and Friedel-Crafts catalysis.

Preferably the lubricating oil is selected from any one of Group | to V basestocks

and mixtures thereof.

30 Especially preferred is any one of Group i, lil, IV or V basestock or a mixture
containing any two or more thereof, or a mixture of Group IV basestock with 5 to 80

mass % of Group |, lI, Ill or V basestock.




met aboric acid, boron hydrides, boron am des and various esters of boron

aci ds. Exanples of boron-containing additives include a borated di spersant;
a borated 15 dispersant VI inprover; an alkali netal or a m xed al kali netal
.or an alkaline earth netal borate; a borated overbased netal detergent; a
borat ed epoxide; a borate ester; a sulfurised borate ester; and a borate
am de. Bor#208d01di sper sants may be prepared by boration of SUCC|n|n1de
succinic ester, 20 benzylam ne and t hei #3derivatives, each of which has an
al kyl or alkenyl group of nol ecul ar weight of 700 to 3000. Processes for
manuf act ur.e of these additives are known to those skilled in the art. A

preferred upt n caont t.hes S n | 1 s %
(especially ?Rm %Stt lﬂ?r%fg ra i{ r}g‘g\’“‘ Itgrsl ;glbogér e@%ruggl ééboﬁ-ﬁ\eﬂd (?Dscgegggnt ’
is a succi Qé sdWS'I‘MtDZWGDfor%dUMyflﬁﬁe)ewbﬂe AADPMaDRE2Do4 40488 NY |

succi ni m de. ali metal and alkaliné earth netal borates are generally
hydr at ed panti3d@0dbesulfet al borates, which are known in the art. Al kali
nmetal borates include m xed alkali and alkaline earth nmetal borates. These

netal bbrates are available commercially. 30 Representative patents
descri bi ng,sui ﬁiﬁﬁ 'H al and alkaline earth nmetal borates and their
met hods ofgﬁgﬁiig ! AH d% U S. 3,997, 454; 3,819,521; 3,853.772;

3,907, 601; 3,997,454; and 4,089, 790. 2001 M)12 -14- Boron- containing

addltlves i ncl ude borated fatty am nes. The borated am nes g}/\ 141(iﬁiﬁpared
by react i n@ooor-containing agfditives ey e M@P@fﬁ%éﬁﬁ@%ﬁd’@ FPrHFHRIMBPUNGHY

fatt
They may. bohsciieeal B TREREI AL Bre ElineRBpl EifE CheBinds dude
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and at ratro rrom 3 :3 equi valents of am ne to equival ents of bqron
corrpound memlte@|baﬁe,ybemb<add§Lm’reagehwﬁallcl gecidhborie zeid, dﬁtrﬁbgﬂﬁlé‘@'%\a” ne

or nore of the 1o abo boron ¢ unds wi.th at | ea

epoxi de is r@%‘ﬁ@PHPI%?'d\a/ﬁ"’r%’I‘ BMH%&% OR AFUYRS #NAY af'?’g%%g?%rgggéb pr eger ably
from10 to 24, nore preferably from 12 to 20, carbon atons. Exanples of
usef ul allphatlc epoxi des i ncl ude heptyl

Examples of boron-containing additives include a borated dispersant; a borated

15 dispersant VI improver; an alkali metal or a mixed alkali metal or an alkaline earth
metal borate; a borated overbased metal detergent; a borated epoxide; a borate

ester; a sulfurised borate ester; and a borate amide.

Borated dispersants may be prepared by boration of succinimide, succinic ester,
20 -benzylamine and their derivatives, each of which has an alkyl or alkenyl group of
molecular weight of 700 to 3000. Processes for manufacture of these additives are
known to those skilled in the art. A preferred amount of boron contained in these
dispersants is 0.1 to 5 mass % (especially 0.2 to 2 mass %). A particularly
preferable borated dispersant is a succinimide derivative of boron, for example

25  borated polyisobutenyl succinimide.

Alkali metal and alkaline earth metal borates are generally hydrated particulate
metal borates, which are known in the art. Alkali metal borates include mixed alkali
and alkaline earth metal borates. These metal borates are available commercially.

30 Representative patents describing suitable alkali metal and alkaline earth metal
borates and their methods of manufacture include U.S. 3,997,454; 3,819,521;
3,853.772; 3,907,601; 3,997,454; and 4,089,790.




|
epoxi de and octyl epoxide. M xtures of epoxides may al so be used, for

I nstance commercial m xtures of epoxides having from 14 to 16 carbon atons
and from 14 to 1s 18 carbon atons. The borated fatty epoxi des are generally
_known and are described in U S. Patent 4,584,115. Borate esters nay be
prepared by reacting one or nore of the above boron conpounds with one or
more al coh@dPdMBF2 suitabl e ol eophilicity. Typically, the 2o alcohols contain
from6 to 30, or from8 to 24, carbon atdfts. The nethods of making such
borate esters are known in the art. The borate esters can be borated
phosphol i pids. Such conpounds, and processes for naking such conpounds, are

descri bed E 5 l.se

al 0. known BRROTRANENAC 208usS InG R aleRLRY Aties” ST hBL G SBURES i
overbased pgtepdRILHYFBAEIRY QnEV&Wﬁoké‘ o?'ﬂ?e%bbv%r@ntd@ﬁné&jrﬁisewnﬁ(bne or
substitutes the carbonate in the core either in part or in full. 2001M)12
-15- | n annwrbatfi fattytaroinesaely. aapemmneahpwegérmmdfoluortom|gltmea|¢arhgnaaddnnts; ve

is a borated di sgeésant, for exa I borated bute I SUCCJ ni m de
wher ei n> t he NeYVIEAY gBe rkfivBereHdlYe egmmlpﬁmyvﬁjgf MRAHND at a

backb t h
O T ém AR e
present i nya frof 3: %bearg%@hn/éq%té Io\r@nﬁﬁméqmvarémé@f baroitp@csrﬁpbuﬁd e aspects
of the invention, for exanple the first, second, fourth ifth, seventh,

and ninth aspects, a detergent additive conposition, mhlch conprises one or
nore detergents be provided in the lubricatin Il conposition. A
ot or gont . FoTalgd v, srRlaeR are citeallf Sisres o prosict o oo beTs phiné'

exanpl ¢, apove boron compounds with at least one epoxide. The epoxide is generally an

aliphatic epoxide having from 8 to 30, preferably from 10 to 24, more preferably
from 12 to 20, carbon atoms. Examples of useful aliphatic epoxides include heptyl
epoxide and octyl epoxide. Mixtures of epoxides may also be used, for instance
commercial mixtures of epoxides having from 14 to 16 carbon atoms and from 14 to

15 18 carbon atoms. The borated fatty epoxides are generally known and are
described in U.S. Patent 4,584,115.

Borate esters may be prepared by reacting one or more of the above boron
compounds with one or more aicohols of suitable oleophilicity. Typically, the
20 alcohols contain from 6 to 30, or from 8 to 24, carbon atoms. The methods of

making such borate esters are known in the art.

The borate esters can be borated phospholipids. Such compounds, and processes

for making such compounds, are described in EP-A-0 684 298.

Examples of sulfurised borated esters are also known in the art: see EP-A- 0 285
455 and US-B-6,028,210.

Borated overbased metal detergents are known in the art where the borate

substitutes the carbonate in the core either in part or in full.



hi gh-tenperature varni sh and | acquer deposits, in engines; it has
acid-neutralising properties and is capable of keeping finely divided
solids in suspension. It is wusually based on netal "soaps", that is netal
.salts of acidic organic conpounds, sonetines referred to as surfactants.
Organic acids useful in present invention 20 typically have one or nore
functional 26¥@b%, such as OH or COOH or SO8H, and a hydrocar byl
substituent. Exanpl es of organic acids i nB"ude sul foni ¢ aci ds, phenol s and
sul furised derivatjves thereof, and carboxyljc acids. The netal t.er gent

may be nelran ¥pbedieneisel eaghi apPredr i HPENEHRRPHCPRRINIPY . addtiyg ds a

o oneor porategErREERAT (bt BRafile, G PBLEH Rty R SRRl MRpEETEC
preferably gelffd eAInBETHalcuilarl waishtG' QUR) $f TRE3DSlybGtellyl baBkbOHB is in the
potassium |ithium calcium and magnesium 30 Preferably the detergent

addi ti ve coapgsiromiQOita 1266pect of each aspect of the invention, conprises
a netal salt of an aromatic carboxylic acid, for exanple a 2001MOL2 - 16-

sal i cyl &t e-based detergent, such as calciumsalicylate. It is particularly
preferred | t htd [+, 1 . ' P Ten]s d

ol e o of 4 APYiet erBhBIER of B qefeot ATRARG bR PSRRIy LBSRIAR 1R
of the net @lon%sm%ngofqhg@égentaﬁi/midm t he detergent conposition. Mre
preferably the proportion of the netal salt 5 of an aromatic carboxylic acid
Is at least 60 or at least 70 nole % nore preferably at |east 80 or at

| east 90 : NN Y] nql es of the nmetal salts of organic acids in
the det er gertCHHRIUOGEIVELBIIDOSIGR |1 a nost preferred enbodi nent, the

det ergggt additive conposition conprises 100 to nole %of a netal salt of
an aromatic carboxylic acid, based on the noles of the netal salts of

or gani ¢ acildsapgproptatedaspeaieiof the npwntianpdor examplesthentirstiesecarshtfoudldfifth,ve
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salicylic acid and Ivativ

15 A detergent is an additive that reduces formation of piston deposits, for example
high-temperature varnish and lacquer deposits, in engines; it has acid-neutralising
properties and is capable of keeping finely divided solids in suspension. |t is
usually based on metal “soaps”, that is metal salts of acidic organic compounds,
sometimes referred to as surfactants. Organic acids useful in present invention

20 typically have one or more functional groups, such as OH or COOH or SO3H, and a
hydrocarbyl substituent. Examples of organic acids include sulfonic acids, phenols
and sulfurised derivatives thereof, and carboxylic acids. The metal detergent may

be neutral or overbased, which terms are known in the an.

25  The detergent additive composition may comprise one or more neutral detergents

or one or more overbased detergents or a mixture thereof.

The metals are preferably selected from Group 1 and Group 2 metals, e.g., sodium,
potassium, lithium, calcium, and magnesium.

30
Preferably the detergent additive composition, in respect of each aspect of the

invention, comprises a metal salt of an aromatic carboxylic acid, for example a
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thereof. Especially preferred are salicylic acids. Wth respect to any one
of the first, second, fourth, fifth, seventh or ninth aspect, in an

enbodi ment, the detergent additive conposition conprises one or nore 20
detergents of the sane netal, for exanple cal ciumor magnesium preferably
calcium nore preferably the detergents are of different surfactant types,
such as é@P@Wﬁﬁlsallcylate and cal cium sul fonate. In another enbodi nent,
the detergent additive conposition conpﬂ?ses at | east two detergents of at

dot or gent SANYECTR8ER SleratobHE Anckalp uabRElare. U g barenar nap el
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detergent Tn the formof a hybrid conplex detergent, wherein the basic
mat eri al i acids @bthe detbrggninadditivdhaompnsitionype of surfactant. It will be
appreci ated by one skilled in the art that a single type of organic acid
may contain a mxture of organic acids of the sanme type. For exanple, a

sul phoni ¢ ﬁ]c% (%g:} fnrgf)gr}}%% Igrcrﬂ,g?? H{ ‘Fhé’fjeﬁ#g HPé‘d&itl\?&bgﬁllpgglthﬁrdﬁn'?ﬂrnsE&' fo0/! ar

to weights ositl | S consi de as one type
Thus, 1Eonpiokx A elfex gwhb salt ©f dalnsanotmmtmbwdbob(yhmamcb;ﬂumsed @f thevnales obitlee
separate overbased detergents, an exanple of such a m xt

Hre b I ng, Qne of an
over based Meddlcsalts £ Q@ANIG acidlst By fish COIRTIRNE COMRASHI L d E‘BI' ‘1?3%59&%“&
det ergent . )
et er e, 3T PORETSRY PH i BT SOTRL e Risets
9746643/ 4/ 5/ 6 and 7 descri be
Preferred examples of aromatic carboxylic acids are salicylic acids and sulphurised
15 derivatives thereof, such as hydrocarbyl substituted salicylic acid and derivatives

thereof. Especially preferred are salicylic acids.

With respect to any one of the first, second, fourth, fifth, seventh or ninth aspect, in
an embodiment, the detergent additive composition comprises one or more
20 detergents of the: same metal, for example calcium or magnesium, preferably
calcium; more preferably the detergents are of different surfactant types, such as
calcium salicylate and calcium sulfonate. In another embodiment, the detergent
additive composition comprises at least two detergents of at least different two
metals, for example a neutral or overbased magnesium detergent and at least one
25  other metal detergent, e.g., a neutral or overbased calcium detergent and/or neutral

or overbased sodium detergent.

Preferred detergent additive compositions in respect of each aspect of the invention
comprise a mixture of calcium and magnesium detergents.

30
Detergent additive compositions comprising only salicylate detergents, whether

neutral or overbased, are particularly advantageous.




hybrid conpl exes made by neutralising a m xture of nore than one acidic
organic conpound with a basic netal conpound, and then overbasing the

m xture. Individual basic mcelles of the detergent are thus stabilised by
~a plurality of 20 surfactant types. EP-A-0 750 659 describes a cal cium
salicyl ate phenate conpl ex nmade by carboxylating a cal ci um phenate and then
sul furisi MYOB¥HY20over basi ng the mixture of _ cal ciumsalicylate and cal ci um
phenate. Such conpl exes may be referred %4 as 25 "phenal at es"” The
proportion of one surfactant to another in a conplex detergent is not
critical. Preferred conplex detergents are salicyl ate-based detergents, for

exanpl e, N I " I C = d ' .0 | n
one.of -1 nt SH{AfRBRE Aefal Hed e Vol TR R BRI AE P ARy
7. 2001Ml1gnherfdies debrcaBiiised vhailfigisedotibshosphonates; @ad riaphthenates.al Base
Number (TBN) in the range of 15 or 60 to 600, preferably 100 to 450, nore

preferably 160 to 400. Wen the detergent additive conposition consists of

metal salicylate detergents, it |s preferred that the salijcyl ' it her
cal ci urd saﬁé@ﬁ%ﬁaﬁ%l‘n ga&l" esaed %fthgaqor 8?%’% 'nXﬁQIt'%bc’n%Q%ﬁ‘?@ggf%c@\%gfpt@091 re

pref erabl yy, t?'ﬁd &»G@W%Pa&e?geerﬂﬁwhe@h%e pakicovbfrRl iiabBlligedbyi oy fidpsmsl.
When bot h C¥i clum and magneési um salicylates are present, nofe cal cium

sal i cyl at etypkasf sufaresituit willl becgppteeidted pyedrer sitilad inthemrethata, sibgieddoenf t he

mass of the respective netals. 10 Wien the deter efntﬁ"n additive c'(_)rrlposition
conpri ses PIGRNY apisBaycORtalRY 8t BPYER!t OrB?n'Hiqof'(é'g%n esﬁﬂ”ﬁ%bfp:?nt PUREAMPI®y | g
preferred {h det.qr t et : e | 15
ho an exanglaPhoffc; & MEY CorltatCa MafrRTBI SBihopic ABlasC8F TR g TRIBLURT
in thej ! uleighsi nuch! ars @asict acd ¢ampdsitiostis 206iBigered - daome typet helhusss
of the oil conposition. Suitable nethods for nmeasuring the total netal
content ar eomplex detergents) araedighipguished nkpmganixiures off H¥e Qe BME sRBAR® NI ¢

absor pti Onovgr%%%gﬁ()&@%@'ents, an example of such a mixture being one of an overbased .

calcium salicylate detergent with an overbased calcium phenate detergent.

15 The art describes examples of overbased complex detergents. For example,
International Patent Application Publication Nos. 9746643/4/5/6 and 7 describe
hybrid complexes made by neutralising a mixture of more than one acidic organic
compound with a basic metal compound, and then overbasing the mixture.
Individual basic micelles of the detergent are thus stabilised by a plurality of

20 surfactant types.

EP-A-0 750 659 describes a calcium salicylate phenate complex made by
carboxylating a calcium phenate and then suifurising and overbasing the mixture of
calcium salicylate and calcium phenate. Such complexes may be referred to as

25  ‘“phenalates”
The proportion of one surfactant to another in a complex detergent is not critical.
Preferred complex detergents are salicylate-based detergents, for example,

30 ‘“phenalates” and salicylate-based detergents disclosed in any one of International
Patent Application Publication Nos. 9746643/4/5/6 and 7.




20 Means for determ ning the anount of netal salt of an organic acid (e.qg.,
an aromatic carboxylic acid) are known to those skilled in the art. For
exanple, a skilled person can cal culate the amounts in the fina

| ubricating oil conposition from information concerning the anmount of raw
materials (e.qg., organic acids) used to 25 nmake the detergent(s) and from
infornatioﬁmﬂgﬁ@erning t he anobunt of detergent(s) wused in the final oi
conposition. Analytical nmethods (e.g., pﬂ?éntionetric titration and

T o0 R e 0 Lo e R PRSP 1
used to de{h‘aeryfé‘ng%ﬁfhl%d&%@go gg?,ﬁﬁeegérgglrySMd{b 456 rﬁUPé)B%ﬁé‘%ﬁ}ym@@Q}&@éz -19-

It will be appreéeciate on in e art at t’he met hods to
determ ne the amount of netal salts of organic acids (al so known as
surfactants), including the anmpunt of netal salts of aromatic carboxylic

aci ds, ar eWherbthe detepgeti additivn sompesitionagonsists of imefahsalivrievdatergesis, it

al ways gi ve exactl he,same.result; they are, 5 however, sufficiently

ot et s6 t ofsabtegelretahel Ui PRUAERE et eaffitim, SaliSiAgH Or a HHiddrE' & Edum

Mol ybde”“”éﬁ‘@%é’?ﬁéé?@n ib?laY@s.TW?or@' ekl 8t MasiohadbSefdshitha sMicylagenum
nol ubdenum contarni ng additive 1o conprises'one or nore oll-soluble or

oi | - di sper détargemtolisy lmlenbasech npUiinels .bdth ealciunef &nd edagnésidimsaticylates are

nol ybdenum conpound i s a, nol ybdenum sul fur conpound. The nol ybdenum sul fur
conpounds RE’SENt, i”PPr@h'?alﬁ"é'@el‘fta“‘Fﬁ@"@ntﬂi‘% Wﬁﬁngg'uﬂ?) $RliCYIRIR | l8aPT prargly e

pol ynucl eabh%#e&gége%e%v&p{het %%tssf[otf‘ﬁn&gégg%%ﬂge in?et ynucl ear, the conpound

contains a um core consistin non-netallic atoms, such as

sul fur yjo oxygen and sel enium preferably consisting essentially of sulfur. To
enabl e the nol ybdenum sul fur conpound to be oil-soluble or oil-dispersible,
one 20 or Wierethe gateugent additiviel sampositiarorgmpagaesntwe e mare metalodgisigants The

bondi ng of f émeeréri\tgsaupr%%téﬁ(i{/b'gseﬁt igod}g}é}pecp%a?‘heecaét%%&%tg%aiv@ttﬁé%%Heoﬂle?él, in

the case of
for example, calcium.

15 . As an example, the total amount of metal derived from the metal detergents in the
lubricating oil composition is at most 2700 ppm, based on the mass of the oil
composition. Suitable methods for measuring the total metal content are well
known in the art and include X-ray fluorescence and atomic absorption
spectrometry. '

20
Means for determining the amount of metal salt of an organic acid (e.g., an
aromatic carboxylic acid) are known to those skilled in the art. For example, a
skilled person can calculate the amounts in the final lubricating oil composition from
information concerning the amount of raw materials (e.g., organic acids) used to

25 make the detergent(s) and from information concerning the amount of detergent(s)

used in the final oil composition.

Analytical methods (e.g., potentiometric titration and chromatography) can also be
used to determine the amounts of metal salts of organic acid (e.g., in the case of a
30 metal sulphonate, ASTM D3712 may be used to determine the metal associated

with the sulphonate).




counter-ion and forns of bonding internedi ate between coval ent and

el ectrostatic bonding. Ligands within the same conpound may be differently
bonded. For exanple, a ligand nay be coval ently bonded and anot her I|igand
may be 25 el ectrostatically bonded. Preferably, the or each ligand is
nonoani oni ¢ and exanpl es of such |igands are dithiophosphates,

di t hi ocar bzZifaYlel?, xant hates, carboxyl ates, thi oxanthates, phosphates and
hydrocarbyl, preferably alkyl, derivativé$§- thereof. Preferably, the 3o ratio
of the nunber of nnlybdenun1atons for exanple, in the core in the event

that the Hovilybeanpreeiatadiby @cﬁhdmmensgnan e gridbaidhe roethedsia deteymine the
nunber of 2001 anionic ligands, which ar ble,o dering
t he conpouﬂﬁ’%’%- EH\%%IS@"&?O(SQ?”'&%C Iﬁﬂ @owg aars 5@8&”& H‘°l“‘§'89%q such
as at |eas I u -

o 1 i spor SR PofmelSElRIr AL T e ARy B Bt BLSL PR idohstnd e
present anthag diffdring metirodscwitipmiradvayd ggerejsactlsrrtime samal resultptheyarecar bon
atons present anong all of the hydrocarbyl s of the conpound' s |igands
typi caliy GPWEVER Sé.'ﬁ'Q'%’Hb‘tp@flseéoga' omth@oorag Ef@rpr§§elattmr/@ 4QN: 25 at

| east 30 or at |east 35. For exanple, the nunber of carbon atons in each
al kyl group will generally range between 1 to 100, preferably 10 1 to 40,
and nore piRIMIdENUNITIMERhaAddtivd0. Exanpl es of nol ybdenum sul fur
conpounds 1T nclude Brnuclear nolybdenum sul fur conpounds and trinucl ear

nol ybdenum sul fur conpounds. 15 An exanple of a dinuclear molybdenum sul fur

Vo W N TR B siilersr laisBSiB gholyBinapdnaliRe P s RN G ScivR
Cha' n, 1@raesm%sé§%he rmaré)ambmble BY di-efehyibledmnBlBdBAU M Eorhpbtndst GRBRbON

atons; and X1'to X4 independently denote
preferred embodiment, the molybdenum compound is a molybdenum-sulfur

compound.

The molybdenum-sulfur compounds useful in the present invention may be
15 mononuclear or polynuclear. In the event that the compound is polynuclear, the
compound contains a molybdenum core consisting of non-metallic atoms, such as

sulfur, oxygen and selenium, preferably consisting essentially of sulfur.

To enable the molybdenum-sulfur compound to be oil-soluble or oil-dispersible, one

20 or more ligands are bonded to a molybdenum atom in the compound. The bonding
of the ligands includes bonding by electrostatic interaction as in the case of a
counter-ion and forms of bonding intermediate between covalent and electrostatic
bonding. Ligands within the same compound may be differently bonded. For
example, a ligand may be covalently bonded and another ligand may be

25  electrostatically bonded.

Preferably, the or each ligand is monoanionic and examples of such ligands are

dithiophosphates, dithiocarbamates, xanthates, carboxylates, thioxanthates,

phosphates and hydrocarbyl, preferably alkyl, derivatives thereof. Preferably, the
30 ratio of the number of molybdenum atoms, for example, in the core in the event that

the molybdenum-sulfur compound is a polynuclear compound, to the number of



20 an oxygen atomor a sulfur atom The four hydrocarbyl groups, Rl to R4,
may be identical or different fromone another. In a preferred enbodi nent,
t he nol ybdenum sul fur conpound is an oil-soluble or oil-dispersible
trinuclear molybdenum sul fur conpound. Exanples of trinuclear 25

nmol ybdenum sul f ur conpounds are disclosed in W98/ 26030, W99/ 31113,

W99/ 66013200808 1 138 752, EP-A-1 138 686 and European patent application
no. 02078011, each of whi ch are i ncorporat®ed into the present descri ption by
2001 MD12 -21- reference, partlcul arly W|th respect to the characteristics
of the nol Vlﬂi@ﬁwﬁn'@bﬁﬁﬁﬁﬁd”@fa %@P@P%’é‘ed? Jendeing thﬁa@@ﬂﬁOUWé‘f@Oﬁtﬁ?Whe

nol ybdenum depicted 5 in (I) \
or (11): ﬁﬂgﬁ%ﬁﬁﬁ%ﬁgbﬁ%@?ﬁa‘?\ ‘5‘?5‘? g“‘?ﬁ QS a?ks{)éég?‘{é‘?l 10 Each core has
a net electrical charge of +4. Preferably, the trinuclear nolybdenum sul fur
conpounds are represented by the formula M3SKE,, L"APQZ, wherein: 15 k is
an i nteger Toe raolybdasurr&$ulfilrr0@mmmﬁt’s;o&sphtbﬂn'geoabll-ictsa&r&bﬂmeh‘aytlmi from
oxygen and, el COLUMY S 1SB7 roftshr 3 b 0L preklh BRel e APlns * X 1o
compound’s ligands. The total number of carbon atoms present among all of the
hydrocarbyl groups of the compound’s ligands typically will be at least 21, e.g. 21 to \
800, such as at least 25, at least 30 or at least 35. For example, the number of
carbon atoms in each alkyl group will generally range between 1 to 100, preferably

10 1 to 40, and more preferably between 3 and 20.

Examples of molybdenum-sulfur compounds include dinuclear molybdenum-sulfur

compounds and trinuclear molybdenum-sulfur compounds.

15  An example of a dinuclear molybdenum-sulfur compound is represented by the

formula:

X
NN % \II/ N
< N NN

R, R

R4

where Ry to Ry indépendently denote a straight chain, branched chain or aromatic

“hydrocarbyl group having 1 to 24 carbon atoms; and X; to X4 independently denote
20 an oxygen atom or a sulfur atom. The four hydrocarbyl groups, Ry to R4, may be

identical or different from one another.

In a preferred embodiment, the molybdenum-sulfur compound is an oil-soluble or

oil-dispersible trinuclear molybdenum-sulfur compound. Examples of trinuclear
25 molybdenum-sulfur compounds are disclosed in W098/26030, W099/31113,

WQ99/66013, EP-A-1 138 752, EP-A-1 138 686 and European patent application

no. 02078011, each of which are incorporated into the present description by



preferably in the range of 4 to 10, such as 4 to 7, nost preferably 4 or 7,
2001MD12 -22- L represents a ligand that confers oil-solubility or

oi |l -dispersibility on the nolybdenum sul fur conpound, preferably L is a
nmonoanionic ligand; nis an integer in the range of 1 to 4, 5 A represents
an anion other than L, if L is an anionic ligand; p can be O or an integer;
Q represenf‘%o% ]nzeutral el ectron-donati ng (iorrpound and z is in the range of
0 to 5 and includes non-stoichionetric vfllues. 10 Those sKki IIed in the art
will realis eg t hat formati

f h | | vbde |, f d
etglite, PRBIUA AN 5%%%&5 i e ahatacstcs & S mpadebne” &) |

will requif

dependi ng BBm behdoralitire dibQossdss sul fur and E atons present, in the
core, | .e. totng? ani oni c cﬁarge contrl buted by sulfur atom(s), E
atont(s), present L and A if present, nust be -12 15 Exanples of Q

i ncl ude wat er, alcohol, am ne, ether and phosphi ne. is believed that the

el ectron- dE’ﬁ%fteﬁ’ij émmmergmﬁglf%@@npognebéﬁta @Qfefqﬂtlne shyclusesiAepicted
coordi nat i g]n fb ﬁ on the trinuclear nolybdenum sul fur conpound. 20 Exanpl es
of A ca g a D val ence, for exanple, nonoval ent and dival ent and

i nclude disul fide, hydroxide, al koxide, am de and, thiocyanate or derivative
thereof; preferably A represents a d| sulfide ion. Preferably, L is

nonoani oni ¢ |igand, such as d| t hi tes di t hi ocar bamates, 25

xant hat es, carboxyl ates, thi that S, p hat es and hydrocarbyl
preferably alkyl, derlvatlv there f. Wiefnis 2 or nore, the Ilgands can
be the sane or d| fferent n an enbodi e t |ndependently of the other

enbodi nents, k is 4 or 7, |th 1 2, L is a nonoanionic |igand,
p is an integer to confer eIec ri sn\e\tr I|ty on the
Mo

N/

S ()
or
Mo
sq ‘ \?,s
S

(1)

10
Each core has a net electrical charge of +4.
Preferably, the trinuclear molybdenum-sulfur compounds are represented by the
formula MosSkE«LnApQ;, wherein:

15 k is an integer of at least 1;

E represents a non-metallic atom selected from oxygen and selenium;
x can be 0 or an integer, and preferably k + x is at least 4, more
preferably in the range of 4 to 10, such as 4 to 7, most preferably 4 or
7;




conpound based on the anionic charge on A and each of x and z is 0. 2001MO12
~23- In a further enbodi nent, independently of the other enbodinents, k is 4
or 7, Lis a nonoanionic ligand, nis 4 and each of p, x and z is 0. In
.anot her enbodi nent, the nol ybdenum containing additive conprises trinuclear
5 nol ybdenum core and bonded thereto a |ligand, preferably a nono-anionic
|igand, sOAMER a dithi ocarbamate, capabl e of rendering the core

oi |l -soluble or oil- dispersible. For t he’&voi dance of doubt, the

nol ybdenum containing additive nmay aJso c ri.se ejther negatively charged
nmol ybdenum speci es oi rggg@qqr@%pgﬁg@ﬁgrtggtoco I%fﬂ%‘HH 'Q’p%rc?'gg'sﬂﬁrsﬁﬂt{ { on

. | d . . h L . .
O o S L E R PR S ST Bpreaner

(1) above, may be iliPéﬁd;connect ed by neans of one or nore |igands that are
mul tidentate, i.e. a ligand having-nore than one functional group capabl e of
bi nding 15 to a nol ybdemmntagsmin the fange of 1 gokers. Ml ybdenum sul fur

addi tives conprising such ol.igoners are nsidered to fall w.thin the scope
of thisinvention. 6 fRCEIRAIGR Gk Bal i B AsLaNEL Werdue

nmol ybdenum car boxyl ag,e%,?@ﬁo Sy m ni trogen conpl exes, both of which
may be sul furised. 2 urther co-additives may be present to neet particul ar

requi rements. Exanpl €sregresentsia hastralddestrorcdenating colepoungy avers, corrosion
inhibitors, detergents other than, those nentioned, netal rust inhibitors,
pour point depressan@ds M taNgeRiftosy ane dNCluges Ren-SIPICBIONSIHE VAWSS. t hose
ment i oned, anti-wear agents, oxidation inhibitors or 25 anitoxidants, and
friction nodifiers. In respect of appropriate aspects of the invention, for

exanmpl g5 t iTRoEOEkIIRd ifh it Artamid reglisd thad faaettion dfhke piretsatmolybdénam-
additive conposition is a convenient nethod of adding the additives to a

| ubri cat i nguiBin campewrk wilt quirel selectianet aprrratats ligaserdbs and eiheramnians
oo oot BAS 4R B B 8 BRSSP ARE S prEafiR e,
di esel core, i.e. the total anionic charge contributed by sulfur atom(s), E atom(s), if
present, L and A, if present, must be —12.
15
Examples of Q include water, alcohol, amine, ether and phosphine. It is believed
that the electron-donating compound, Q, is merely present to fill any vacant

coordination sites on the trinuclear molybdenum-sulfur compound.

20 Examples of A can be of any valence, for example, monovalent and divalent and
include disulfide, hydroxide, alkoxide, amide and, thiocyanate or derivative thereof;

preferably A represents a disulfide ion.

Preferably, L is monoanionic ligand, such as dithiophosphates, dithiocarbamates,
25  xanthates, carboxylates, thioxanthates, phosphates and hydrocarbyl, preferably
alkyl, derivatives thereof. When n is 2 or more, the ligands can be the same or

different.

In an embodiment, independently of the other embodiments, k is 4 or 7, n is either 1
30 or2, Lis amonoanionic ligand, p is an integer to confer electrical neutrality on the

compound based on the anionic charge on A and each of x and z is 0.




engine lubricating oil conposition preferably has 7 to 20, nore preferably 8
to 16, 2001MD12 -24- such as 8 to 14, mass % of additives, based on the nmass
of the oil conposition. A passenger car engine lubricating oil comnposition,
for exanple, a gasoline or a diesel engine oil conposition, tends to have a
| ower anount of additives, for exanple 2 to 10, such as 3 or 4 to 10,

pr ef er abl y2®1MB129, especially 6 to 8, nass % 5 of additives, based on the
mass of the oil conposition. The presentZnvention is illustrated by, but in
no way limted to, the follow ng exanples. 10 EXAMPLES Four crankcase

| ubri cati nlp affurtheymppbpdinand, indgpandentiyseliha gthereembadimanis osis; oréria@,a
were prepared by. nethods, kn ' t . Exanples 1 and 2, are

exanpl es OWW@}/W%%HQ%%,” §%ab%&@§ﬁhﬂg@ﬁ% 'grEﬁd B, are conparative
exanples. 15 The conpositional details of the exanples are shown in Table
1. Table 1: Elenental Content Ex. A Ex. B Ex. 1 Ex. 2 (ppm by mass) Boron -
1 0 1180 7#Danéthesphuradient, 3100 ntolgbdetainciconidipg@didre canprisespinuclear

Magnesi uma 390 380 380 380 , Sul furb5 690 1505 ,620,630 Key: | = derived from
bor at eds di Bysdykdanum sore gadibpades there gagd:p@éqeriagg/da ﬁ%ﬂ'@ﬁ\(’@lq}fﬂand{

salicylate r P [ ém%p [ ' rgent; and
5 = deri veﬁ”‘g‘f%‘%ag‘?'pﬂ‘é%?’b&”@érer{?f'@arg'%?m an ﬁ;&H%]gZéng%él?ﬂ}tgﬁg?Pﬁ Exanpl e B,
al so from alé?@rsiﬂllé@ EoH thataadidiitecsiriowit, thé resigbdemumasintaining addiis may i s
on or about mass % In all other relevant respects, the four conpositions
are conpar alsioscorapasevpithrer. rregatively charged molybdenum species or positively charged

molybdenum species or both negatively and positively charged molybdenum

10 species.

The molybdenum-sulfur cores, for example, the structures depicted in (1) and (1)

above, may be interconnected by means of one or more ligands that are

multidentate, i.e. a ligand having more than one functional group capable of binding
15  to a molybdenum atom, to form oligomers. Molybdenum-suifur additives

comprising such oligomers are considered to fall within the scope of this invention.

Other examples of molybdenum compounds include molybdenum carboxylates and
molybdenum nitrogen complexes, both of which may be sulfurised.

20 '
Further co-additives may be present to meet particular requirements. Examples of
such include viscosity index improvers, corrosion inhibitors, detergents other than
those mentioned, metal rust inhibitors, pour point depressants, anti-foaming agents,
dispersants other than those mentioned, anti-wear agents, oxidation inhibitors or

25 anitoxidants, and friction modifiers.

In respect of appropriate aspects of the invention, for example, the fourth, fifth and
sixth éspects, the preparation of an additive composition is a convenient method of
adding the additives to a lubricating oil in order to yield a lubricating oil composition.
30 The amount of additives in the final lubricating oil composition is generally
dependent on the type of the oil composition, for example, a heavy duty diesel

engine lubricating oil composition preferably has 7 to 20, more preferably 8 to 16,



I

Each conposition was tested for its wear performance in the Peugeot TU3M
Scuffing Test, according to CEC L-38-A-94, and Sequence | VA Test, according
to RR D02-1473. The results are in Table 2 below. 5 Table 2: Conparative
Exanpl es Exanples Ex. A Ex. B Ex. 1 Ex. 2 Peugeot TU3 Pad Merit (Limt -
7.5 mn.) 2.56.8 9 7.5 CamAverage (Limt - 10 max.) 65 4.1 5.8 4.9 Cam
Maxi mum (LRGAIMOL2 15 pax.) 97.5 5.5 8.5 6.3 Overall Result Fail Fail Pass
Pass Sequence |VA Cam Average (Limit - 120 nax.) 409.17 169.43 43.77 42.54

Overall Result Fail Fail Pass Pass_ Table shows that superior wear results
are obt ai nedchysithita 14i Brassr’ 1 eskitiesppased gn tae mass Ofs\mefQH corBpasitionnd i n

the ab f ph Lt d 2
W th t hoseProreiaingrs Shomeh MPriceBBIEAL oM RIckE L i Sarie. & BARIRR B
rise to beHLé%"el ifé | oilRBMPIARRIIN, StehB3Ntoa hkgs oa- |6we-e aCrﬁBD@tS'anQféhtlves for _
cont ai ni ng |gh evel s of both phosphorus and sul fu i.e. conparlng

results fexafpdergitos1q, such & Biark tdwd)@,eplfe(fﬁraE}yaiBer lspwatly ortadh mam%}:ase
| ubricating,oil conposit conpri sin oron-containing 15 additive and,
opt i ona$|y°faaﬁ€'| 'yﬁaepﬁﬁﬁdc Mas§ °3(5‘6$Pﬁ\98m}9@|55 9% so prepared by nethods
known in the art. Exanples C to G are conparative exanples and Exanples 3
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10 EXAMPLES

Four crankcase lubricating oil compositions, each satisfying the 5W30 viscosity
grade, were prepared by methods known in the art. Two, Examples 1 and 2, are
examples of the invention, and two, Examples A and B, are comparative examples.

15 The compositional details of the examples are shown in Table 1.

Table 1:

‘Elemental Content | Ex. A | Ex. B Ex. 1 Ex. 2
(ppm by mass)

Boron' 1 0 1180 | 770
Phosphorus? 0 500 0 0
Calcium?® 2260 | 2370 2220 2240
Magnesium* 390 |380 380 380
Sulfur® 690 | 1505 | 620 630

Key: 1 = derived from borated dispersant; 2 = derived from ZDDP; 3 = derived from calcium salicylate
detergent; 4 = derived from magnesium salicylate detergent; and 5 = derived from diluent or carrier oil and

20 basestock; and in Example B, also from ZDDP.

The sulfated ash content of each composition in Table 1 is on or about 1 mass %.

In all other relevant respects, the four compositions are comparable.
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‘ Sequence IVA

Cam Average (Limit — 120 max) | 409.17 169.43 4377 | 4254

Overall Result Fail Fail Pass Pass

Table shows that superior wear results are obtained by inclusion of boron at broadly
similar sulfur levels and in the absence of phosphorus, i.e., comparing the results
for Examples 1 and 2 with those for Example A. They also show that inclusion of
boron gives rise to better overall wear results than a boron-free composition
containing higher levels of both phosphorus and sulfur, i.e. comparing the results

for Examples 1 and 2 with those for Example B.

Multigrade crankcase lubricating oil compositions comprising a boron-containing
additive and, optionally a molybdenum-containing additive were also prepared by
methods known in the art. Examples C to G are comparative examples and
Examples 3 to 6 are examples of the invention. The compositional details of the oil

compositions are shown in Table 3.

The oil compositions were tested for anti-oxidancy and friction-reducing

performance: see Table 3 for the results.



It can be seen from Table 3 that Examples C to E, each of which contained no
molybdenum but an incrementally increasing amount of boron from about 300 to
about 900 ppm, did not show any improvement in anti-oxidancy. Similar
observations are noted for Examples F, G and Example 3, each of which contained
about 100 ppm of molybdenum and an incrementally increasing amount of boron
from about 300 to about 900 ppm. In contrast, a surprising improvement in the anti-
oxidancy behaviour is observed in Examples 4 to 6, each of which contained a
higher comparable amount of molybdenum, when the amount of boron is

incrementally increased from about 300 to about 900 ppm.

Table 3 also shows the friction-reducing performance of the oil compositions.
Examples C to E demonstrated comparable performance although the amount of
boron is incrementally increased from about 300 to about 900 ppm. A similar trend
is apparent for Examples F and G, but Example 3 containing about 900 ppm of
boron and about 100 ppm of molybdenum showed an improvement in friction-
reduction. Examples 4 to 6 demonstrated better friction-reducing behaviour as the

amount of boron is increased from about 300 to about 900 ppm while the amount of

- molybdenum is kept constant at a higher comparable amount. In particular, it has

been noted, in Examples 4 to 6, that the induction period for the formation of the
low co-efficient of friction films is reduced as the amount of boron is increased and

thus leading to a better friction performance.

The anti-oxidancy and friction-reducing performance of the oil compositions suggest

~ that there is a synergy between the boron-containing additive and molybdenum-
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containing additive dependent on the amount of elemental boron and elemental

molybdenum in the oil composition.
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2s CLAIMS 1. A crankcase lubricating oil conposition conprising, or made by
adm xing, an oil of lubricating viscosity, in a mgjor anount, and, in
respecti ve pgof@giaapounts, a s boron-containing additive and one or nore
co-addi tives, wherein the lubricating oilyconposition has greater than 600
ppm by mass of boron, less than 300 ppm by nmass of phosphorus and | ess than
4000 ppm byCoagdsof sul fur, based on the mass of the oil conposition, and
wherein the Tubrrcating oil conposition does not conprise . a borate ester
additive. 10 2. A crankcase lubricating oil conposition according to claim
1, provided,that, the detergent. additive conposition conprises at |east two
detgrgents L+ atAp@&camgugncattmg ol composutxorrrlpcompnsing, orrrnEade by admixing, an

oil of lubricating viscosity, in a major amount, and, in respective minor amounts, a
5 boron-containing additive and one or more co-additives, wherein the lubricating oil
composition has greater than 600 ppm by mass of boron, less than 300 ppm by
mass of phosphorus and less than 4000 ppm by mass of sulfur, based on the mass
of the oil composition, and wherein the lubricating oil composition does not
comprise a borate ester additive.
10

2 A crankcase lubricating oil composition according to claim 1, provided that

the detergent additive composition comprises at least two detergents of at least two
metals,

15 8. The composition as claimed in claim 1 or 2, wherein the composition further

comprises, or is made by admixing, a molybdenum-containing additive in a minor
amount.

4, The composition as claimed in claim 3, whersin the molybdenum-containing
20  additive provides at most 400 ppm by mass of molybdenum.

5. The compositicn as claimed in any one of the preceding claims, whersin the
boron-containing additive is selected from a borated dispersant, a borated
dispersant VI improver, an alkali metal or a mixed alkali metal or an alkaline earth

25  metal borate, a borated overbased metal detergent, a borated epoxide, a sulfurised
borate ester, and a borate amide.

6. The composition as claimed in any one of the preceding claims in the form of
an SAE 10WX or SAE 5WX or SAE OWX oil composition, where X represents any
one of 20, 30 and 40.




metals. 15 3. The conposition as clainmed in claiml1l or 2, wherein the
conposition further conprises, or is nmade by adm xing, a -
nol ybdenum containing additive in a mnor. anount. 4. The conposition as

clainmed in claim3, wherein the nol ybdenum containing 20 additive provides

at nost 400 ppm by mass of nolybdenum 5. The conposition as clained in any

one of the preceding clains, wherein the boron-containing additive is

selected frajmmoRekat ed di spersant, a borated dispersant VI inprover, an

al kali nmetal or a mxed alkali nmetal or ap.alkaline earth 25 netal borate, a
borat ed overbased netal detergent, a borated epoxide, a suffurised borate

ester, and @ borgh ' iti ol ki | &l i y, he
precedi ng c?ai ns iﬁ ﬁlﬂggf@%trl% o%hegﬁgﬁEmlgb\?(n%ﬁéngaéwdgr @%2@ ?93\‘%8% 8
conposi t i onsaligyate-based detargents irmaynin@0amoentof 20, 30 and 40. 2001MOL2 FP

-29- 7. The conposition as claimed in any one of clains 1 to 6 containing a
sal i cyl ate-based detergent, in a mnor anmount. 8. The conposition as cl ai ned

. b : o o i
s han 155 maihd Sofnpdifent o i 83 08 GOABER 1-lp, 7 IoSRIRE ash" ' °
accor di rgy t comemVoDiRg £onhoskion isomseSththnsamaGé%Médnoﬁﬂheor:ﬂﬁsé’foftthé

precedi ng clains, wherein the lubricating oil conposition has |less than 100
ppm by massCHYPPRSHARHAT Bgasured aoeording ta 8HIMDLHh as clained in claim 9,
wherein the amount of phosphorous in the lubricating oil conposition is
zero. it. An additive conposition conprising, or nmade by adm xi ng, a diluent

or is carr9er oThe composiioncEélaimed B asidbhé bﬁt@ﬁr_e@@&in%clﬂiﬁf wWHISRdhs | Ves

i n such progo,rt lons, so to provide a crankcase | ubricati conmposition
havi ng gr eatBrAcatNgGeil compPesilionhasdessithand 9 ppma by Foasspefmhosphartsof
phosphojus and | ess than

10.  The composition as claimed in claim 9, wherein the amount of phosphorous

in the lubricating oil composition is zero.

11.  An additive composition comprising, or made by admixing, a diluent or
1s carrier oil, a boron-containing additive and one or more co-additives in such

proportions so to provide a crankcase lubricating oil composition having greater

than 600 ppm of boron, less than 300 ppm by mass of phosphorus and lass than

4000 ppm by mass of sulfur, based on the mass of the oil composition, when the oil

composition contains 2 to 20 mass % of the additives, and whersin the additive
20 composition does not comprise a borate ester.

12. An additive composition comprising, according to claim 9, further comprising
a detergent additive composition comprising at least two detergents of at least two
metals.

25

13. An additive composition according to claim 11 or 12, providing a lubricating
oil having less than 100 ppm by mass of phosphorous.

14, An additive composition according to claim 13, providing a lubricating oil
composition having zero phosphorous.




4000 ppm by mass of sul fur, based on the nmass of the oil conposition, when
the oil conposition contains 2 to 20 nass % of the additives, and wherein
the additive 20 conposition does not conprisée a borate ester. 12. An

addi tive conposition conprising, according to claim9, further conprising a
detergent additive conposition conprising at |east two detergents of at

| east two netals. 25 13. An additive conposition according to claim11l or
12, provi di mpiMol2eBri cating oil having | ess than 100 ppm by nmass of
phosphorous. 14, An additive conpositiongccording to claim13, providing a
| ubricating oil- 30 conposition having zero phosphorous. 2001MO12 FF - 30-

15. A met hoti5f or Acovetiend ifog contarring sivea@nesistafcs: tor ankmeaéélhulbm&ihgg il |
conposition that ,g;onirgai ns | ess than 300 ppm by nass of phosphorus an ?ess
than 6000 PYRPBSIGR At gontaing (ass thar 880 PM hie masssofqshaspbonis antbiesdhari on,
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additive. 16, A method of conferring wear resistanc 0 a crankcase
| ubr i cat ngP¥MassfRRsaN thiaghd afcthermasg of theceamposition, wikereimtheheorhpdsiiarat i ng

oi | conposi g4 &%@ 100 ppm by mass of phosphorous. 17. A
met hod accoéﬁ% to %%n? %&a&%i}e&%ﬁﬂ;{n& " | ubricating oil conposition

contai ns zero phosphorous. 1s 18. A nethod of |ubricating the crankcase of a
spark-ignited or,a conpression- ignited internal combustion engine which
conpri ses slbpl yhngethod 8 eonferinga weanbiesistanceg tmia erankeaset iubricating | Gil ned

in any one i . e _use.o aron-cont ai ni ng additive
b ovi i g TSR, cbebRiiddio dRim 187 wHakiindBREAEY Eemppagod pontains
conposi ta ones@&tammﬂmmsgymassbhgmﬁﬂﬁrmn by mass of phosphorus and | ess
t han 4000 ppm by nmass of sul fur, based on the nmass of the oil
17. A method according to claim 16, wherein the lubricating oil composition
contains zero phosphorous.

Is 18. A method of lubricating the crankcase of a spark-ignited or a compression-
ignited internal combustion engine which comprises supplying to the engine a
lubricating oil composition as claimed in any one of claims 1 to 10.

18.  The use of a boron-containing additive providing at least 600 ppm boron in a

20 crankcase lubricating oil composition that contains less than 300 ppm by mass of
phosphorus and less than 4000 ppm by mass of sulfur, based on the mass of the oil
composition, to provide wear resistance,

20.  The use according to claim 19, in a lubricating oil composition containing
25 less than 100 ppm by mass of phosphorous.

21.  The use according to claim 20, in a lubricating oil compasition containing
zero phosphorous.

30 22.  The use of a boron-containing additive providing at least 600 ppm of boron
and a molybdenum-containing additive in a crankcase lubricating oil composition
that contains less than 300 ppm by mass of phosphorus and less than 4000 ppm by




conposition, to provide wear resistance, 20. The use according to claim19,
in a lubricating oil conposition containing 25 less than 100 ppm by mass of
phosphorous. 21. The use according to claim20, in a lubricating oi
conposition containing zero phosphorous. 30 22, The use of a
boron-contai ning additive providing at | east 600 ppm of boron and a

nol ybdenum contai ni ng additive in a crankcase lubricating oil conposition

t hat cont ai neoivessFR han 300 ppm by mass of phosphorus and | ess than 4000 ppm
by 200 MO12 FF -31- nmass of sulfur, basedipn the nass of the oi

conposition, to provide friction- reducing performance and/or anti-oxi dancy

per f or mance masg loé suilfur,cbagedsidni e n2sss dhaheissil 230mpoeitiog, te prodide Ridtion-
wherein theyga@%bdenun}contalnlng additive 5 provides at nost 400 ppm by

mass of nol ePetarmance aad/oraribp¥idagey aeéoanancgztodhem compasdion. t he
| ubricating oil conposition contains |less than 100 ppm by nmass of
phosphorous. i0 25. The use according to claim 24, wherein the lubricating

oi | conposi @30n Thenisy a6cording totfEM22,0Mserein the molybdenum-containing additive
5  provides at most 400 ppm by mass of molybdenum.

24.  The use according to claim 22 or 23, wherein the lubricating oil composition
contains less than 100 ppm by mass of phosphorous.

10 25. The use according to claim 24, wherein the lubricating oil composition
contains zero phosphorous.



