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COVPOSI TIONS This invention relates to lubricating oil conpositions, nore

especially to conpositions suitable for use in piston engin

"gasoline (spark-ignited) s and diesel (conpression-ignited) ﬂ“\mﬁmﬂmm\w

| ubricati Obho MG compositions may be referred to as crankcase lyhgg.cants.
Most of the noving parts of an internal gonbustion engine are in a state of
hydr odynam ¢ | ubrication, but, sone sliding parts, such as pistons and
valve trains, to are in a n KakeATINEGR FOWPOSERONG state. To provide
wear resistance caused by f T 1 states, it has been
necessary to provide the engine oil with additives to reduce wear. For many
years, zi nﬁ di al k Idithi? hothat]@?.an;'.ZDDPs") have.been used as stt%ﬂdard
anti wear adhiStiP¥ENUGT RIHESHII@mIURICRG FloRAPRPSINANSHf MYBPLIPECRY (O
ph.OSphoruscgmgggmbhsr&mgeiéordms%em PRIdY 8RgHE! iebadafly QbR AXIRiGHeA)

poi son the conponents of exhaust gas cata 9t| c convertérs. Catalytit

conver ter saad aiesddcompreshiore igrileldit crankeage {ubrication.gdyesh cenmtpaisitions may
regul ati onﬁ re@ui r ng%{)eduk;ti on 'hn %{L}e | evel s of undesirabl e gases, such as
hydr ocar boR& Feiea] HBRKCRse IWRHCY¥Pdes of nitrogen, frominternal 20
engi ne conbusti on exhaust em ssions. Such converters use catal ysts which
are installed in the exhaust streans, e.g. the exhausts of autonobiles, to
treat the WMostgfrtid engang parkhof pirorintertkr comabusties), engite age docengtets tof on

products o s can, be carried into the exhaust , where the re believed
o por son_ PHEoauRarS WBRaERt iy phe siameSiaEy kg Hkeh Bians vl
phosphay usaadii 4 Mirsd BRI odSd&ry hsibRdttionl dixte! ETBIpRVIdEWeat Pedistdnes lcaatéy Bpess
of catalytic converters. Therefore) it would be desirable to reduce, or

el i m nat e, friciengadbpse lubyicebian shatest itdiag beeninesessanido trsovdpihai ending oil
activity a exha: i 0 talpyti ny er : b .l Lbl e
t hat sul fu{r’mgo%{jgﬁ“g?égﬁc?ﬁ%@ﬁe&%%Q'nayﬁ%oﬁ]sag] { ﬁéellsba%?%cl: C‘@?@Y'df‘h'rdp@gﬁ@?ﬁég

t hose used(“ZDDRstihavée beeh erset asaftandadieantiearidddiiyes. 30 Governnent al and
autonotive industry pressure to reduce the phosphorus and sul fur content of
lubricating oil conpositions therefore exists. However, if this were

2001 MM2 aZdBRen i@hg@iithe (e 6£ABDPWis!thgir! %@bhgrfuszm?enﬁ gﬁogjﬁﬂdmwﬂar
performance ‘of the lubricating oil conposition uld be | essened. e art
has addr esdetivatives gerbiyng: fiionm the dDDBe csfn paigon thercampomenis of eha@6] 3A582

i th ocar barabRe YR GRBIPRT EhmishsS HB s RHd 1300tk PRI, FBR ST PRt o
cal ci um angovegresitaintelatinisateyuindp redictione ira iR Ndvedd ofolinduteap® dasés ed

fromthe nol ybdenum conmpound is 200 to 1000 ppm the anount of phosphorus
derived fro¥sh 188 Bydocathrisur@rpen gneroxide| @ng. @xdes<f bifrogen. frn dwstnal of

the mejal %@bi}w%%&ﬁﬁéstio% erﬁ’adé% HlisERRS. ‘VSuEﬁ"c%‘nggﬁé% adé c%‘i'&\gﬁ@‘ﬁhi@h %44

580 descri ubricating oil conpositions wth reduced or zer0 anmounts of
zi nc and pimstglledr ins theveixbhustospeames, ®.¢g.0ttE0@xppustefofcapipanohilespitd -teast utbke

form one or,more sul fur-cgptaining i s.conpounds proyiding 0.5 to 2. SsS
o6 of sul f uMSTRIPIE Py COPRRLITY SSABer SUdhaR. SeeertPesiion products 'St
US- A- 5, 62978 inshrFBeAcdti8d 4nttf thel @XBR LSS vitidre PBY Ofret b@l!ibﬁ/eQPfH)Pb%ngthé
met al - contai ning detergent, a ZDDP and a boron 20 containing ashl ess

di sper sant ¢atelyst.adicsordegdlyi the Hae of reagdisnpils icontairing rhoisphodsnpdditeesamay

compoun onteatibyiesRes Sl Mg, afcfeRass B dElyne dornyaeRs. TERSre. i
sur pri si nghpufdedesipsisiendiragude) dridlimninateetrid phospHdrus-eehtchit Bf bAYiRkIIgfs02S
boron can endow crankcase | ubricatin conpositions with satisfactory

uk oi | ) ¢
anti-wear peiednaineiB, thevasiivity| andexind thadfept gatadytia eoryeytess. hbise, it is
phosphor us I _ e ' ' pect, .t L, Qnent |
provi des ap@%g%'ég‘lé‘fég SFE@?‘?@'E’}? !n@ %PN%@%}?E% I oﬁglggfrirﬁpﬁs%ﬁ%&&\ér W%g)gargele
adm xi ng, thoseidsedftolrgbiuce e legels sfanddéy of mitragde. naj or anmount, and, in
respective mnor anounts, a boron-containing additive and one or nore
co-addi% i ves, wherein the lubricating oil conposition has greater than

2001 MD12 +po e

phosphor ungxé%%gl %)zérq rrgg@gq &B%nj @}Sﬁséﬁe(?fgnglt?&rgggggstgé @ﬁéﬁlﬁr%%sag dof
the oi | cosgifiriddntent dfrfularicatinancil espeoskitionbehemieetexistspridoweesr, # thisan&ease
| ubricating oil conposition s conprising, or nmade by adm xing, an oil of

ubricating vi scosity in a mejor amount, L
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and, in respective mnor anounts, a boron-containing additive and one or
nore coadditives, wherein the lubricating oil conposition has greater than
300 ppm by mass of boron, |less than 900 ppm by nass of phosphorus and | ess
t han 4000) ppm by mass of sul fur, based on the mass of the oil conposition.
toIn a thi 50@ %E)ect, t he invention provides a crankcase |ubricating oil
conposi ti ofi 8@% i sing, or made by adm xifng, an oil of lubricating
viscosity in a major amount, and, in respéective mnor anmounts, a

bor on- cont %‘oﬂb&ﬁ;rae%w%%y régﬂahgrtﬂsfﬂéveﬁ‘%?“ztddﬁ, t%%%ﬂéWEéﬁQeﬁ&ﬁn S thabr ©
co-additives, erern e’labrrcdting ol I” cComposition I'S S greater than
150 ppm by lusrkating dlasapmpodites wiolikhb8 MdssepedbyTheass Hefs addrssded thss problérass
t han 4000, ppm by mass of sul fur, based on the nmass of the oil conposition,
provi ded t ih@ numberaf dyaysniorsa@mploe conposition conprises at |east two
detergents of at least two netals. 20 In a fourth aspect, the invention
provi des an additive conposition conprising, or made by adm xi ng, a dil uent
or carrper oil, WOb@g/8758mt descritgesadali fubrieating ofle compuzitinc cearmdgiiginges i n
such proportions so to provide a crankcase |ubrjcating il conposition

havi ng greater SHEEXYBRYBERNHY SW'Gﬁ?rblagtaéet ﬁaﬁ'nGOQ'aB‘gﬂﬁ'Wﬁ%@héﬁe» and a
phosphorus and | f he
Ds mass of the o TEbRraRstitas PR Bl ote Sty BIS. vflere e 5
mass % of the addirholybdendim defivdd liroas pleetmolybdenamendmpoupd dsi 25 tant 000

addi tive conposition, conprising, or nade by adpixing, a diluent or carrier
i1 &' bor ont coRPHINAGVRAKTY Phndaaioas 81 vES gk 0% ahecsamipouad i cte
proportjj0ons so {01 PHRALEBE Sn& ¥ Eﬁr%%ﬁtb fé'rﬁét}d;%ﬂlé%éteg%fg%iot1G)Hwajf%§‘bio.“9

greater than 300 ppm by mass o oron, less t ppm by nass o
phosphorus and | ess than 4000, by mass ppm by mass of sul fur, based on

2001 MD12 -4 th f i| ition, wh
contains 2 to 26HEed 2P $E B FEPIARC28) K8 ¥ Gibe. Upubetng RIRERReR s
provi des an addidifhv@dueBRasi Adro aneOUmE it iz afdl pho¥pHErUsY wHicH ¥bm@lisé 5 to

diluent or carrier oil, a boron-containing additive, a detergent additive
conposi ti on com®OPsPRE Af ceprer twoitepkiblfofogmofong Qregraret wblfwegentainiied

one or re co- i 4 i : rd i 5 ' : ;
"Ubr i cdfing of 1 ConsuARE, RravRHE of¥ 89210 A, 56 of 2yRUCKRA™ BeahAGKiTRion
| ess than 800 pjmhibjormass of phosphorus and | ess than 4000, ppm by nass of
sul fur, based on the to mass of the oil conposition, when the oil
conposi tion contains 2 to 20 mass % of the additives. In a seventh aspect,
the invention prpLadgseg MepBOAUE0A-5060Y 2721 BHdVWVER-ALESBL angs (aBEfbe eI
properties) to a crankcase lubricating oil conposition that contains |ess
i's than 900 ppmceynpasdionsicomnRIEsing aUYetairgontadRing tiategend a PR gndadzoron-
sul fur, based o : t j...£0 Lk : LAY S| I j
composi?i on of - SoBBTABISHsReSlsanr AT BRE B HERY T R P RsGBt,
by mass of bororohqsizé @m tdrtiwesssagént Hevind @onplishdticommide bndaeiteeghd h
aspect, the inveptjon provides a nethod of lubricating the crankcase of a
spark-ignited O&E'Q?éf%’ﬁg?l WP@WQ gran estenpdia é&%ﬁfg‘i PB& borigias-whi ch
conprises supplying to the engine a |ubricating oil conposition according
to the first, second or third aspect of the invention. 2s In a ninth
aspect, thdtl has/powibmenpswprisiaglyt foendsecadrding tof thécinvestieamdbat certaia levels of
boroncontaining additive in a crankcase |ubricati. oil.co si.tion that
contai A3 | YOO RAR S pRIsass 1B AT Rg sl Smesics Wibcs Rt aRoR s BRREy
mass of 5U|pfe%rmaﬁ§§,%\ﬁ@h éih@orﬁ'ﬁé&ti@ﬁs Wi 18 |eGORRAYk BRospitbras Qhio IR ar
resistance, in particular in the Peugeot TU3M Scuffing Test and/or Sequence
| VA Test. An effective anount is so preferably an amount sufficient to
gg%'ogiet ?2 l_cec%?cgﬁé%\ﬁg ?lgstrrgssgec?,f thbeorir(?vrén %ﬁegro%dergagscr%fnkagge cflljtl)rica’ting 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



In a tenth aspect, the invention provides the use of an effective anmount of
a boroncontaining additive and an effective anmount of a

nol ybdenum cont ai ning additive in a lubricating oil conposition that
contains |l ess than 900 ppm by mass of phosphorus and | ess than 4000 ppm by
mass of su% tlll(,[mzbased on the mass of the oil s conposition, to provide
friction-ré c?um ng perfornance and/or antl oxi dancy performance to the oil
conposition. In this specification: I\IBJ or amount" means in excess of 50
mass % of n Off t he
Composi {1 oR0o BT Mot bORC! e”@ﬁﬁt%ﬁéﬁﬂb&?ﬁeﬁaﬁﬁfbﬂgﬁ pBEE M locke

t ot al rrasstr%rozuom | prh tI)heaasldi Sullﬁﬁsb@sai;emthe metslse)fcblmerp[bsomp«»mtloneckoned
as active ingredi ent of the additive or additives. 15 "Conprises or
conprising” or cognate words are taken to specify the presence of stated
features, t ce
or addi t] ol BrSoeL SR ) R BT ec H ok e DRt of BBl
groups 3 hecembns?@ ‘ofBhBde :bmiiralb(umsaa NUobhallbrlaatlmgaasuos:w Iy a ASEjbt @ﬁﬁﬂﬁt

"GO l-soluble" or "oil-dispersible" not necessa i ndi cat e that the
A0 11 ves ARG BUIeSRPEIVG IS YRBIBLS, & RIPRICoNGINBY B e M ena T SheisctTed

in the oil H&tl{/ﬁgrW%trélﬂgth%sldﬂréﬁﬁﬁétSO bpLhioR! AROIHEARS 1 TH PO HY.

however , Rat 't ey are, for exanple; bl'e or st I'spers
oil to an massrdf xubh| lesertihan 80@ppm by neas ofrpherspbdres ared tesisithaind000, ppm
Mor eover, .t he additional

whi h | |
?R\é; 82?2’? BH‘QJ?S 8{’%{“' g‘a%‘%q 9%@6%%é%gy’$89 ﬁ‘P'En OSI0Ppor ati on of hi gher

| evel s;of a particular additive, if desired. 30 "ppni' nmeans parts per
mllion, expressed by nass based on the mass of the |ubricating oil
conposi ti ol a thigh arpadt, -tee isuddicanprevides' anewmicase Awinatingf oif corpesition of

From that coRgeie: S riRde HRDrbiHo, sBIM| O ol Bt YisPBem, bk RuEfpafiuiEy o,

SAE st andsah@finSespetiveonidoit amotinteg aEbtgan:@malmﬁlgl aduiitives; et agtesgart RRICItRG
are mass % on an_activ i ngredi ent basjs, i W t hout reg ardto carrier
or diluent C@“POSWHPe@ﬁ SPRWNSES §Pa’=tdé’('}'V9§0Wrterg'ﬁowpdmﬁécﬁﬁ’tgeﬁl CREPOSHIEN

| ubricgd | NEad! dreSRIIPRRIN H80Spih F%'rﬁaéé""b‘?rﬁér%ﬂ GesRlih P SRS pBRf by KL y' :

i.e., Separate, conponents t or may not remain the s m cal
bef ore andplacb$rd'rorns>ambles§ﬂhan 4DOOmppnn lb)emaweofs&dbm bazaed varthemsass of the

conponents _of the conposit.ion nt i al ti.onal and custo

! react -BhARMARRIEEL A VSR ing eldton aiiitie SRaREUBR e Py RHERS he
i nvention p,{@gewrggm@e@f dtheaptwd usdtapht ai nabl e or obtained as a result of
any such reaction. The features of the present invention will now be

di scussed in nore detail. 20 Crankcase Lubrication Ol Conposition The

anount , of u I Y, [ i
compostti ol fohni Bsndt, e imeRtER SHouRs 1 SRy coRBobEh g or
phosphor usmadet by aldofixingati digieoit lor campersofil,i @ horomdeptainingtddditle ar oneoomt
of sul fur or boron he fir or fourth a

th t to t t
Chventi on More e andbies beSI broshshioe sion i, FEPUHE LR TR ARSARe brisaHIg ik

as |ess thapm A I an
100) ppm baséggpggﬁ he nggggé’agféﬁ?%g%(?@ agpngggffé}gﬁe@%%m?er ab n?és%Bf‘

zero. 30 Tplosphards astd feressistaor 4800,nby meassbpit &yi massi of sidim,obawd)mn the
i ndepep sg tg\l#ﬁ()ff&fmﬁte%lag&!ﬁ%ﬁf h SHhEH h8r0|lb&5r%BoSl%ﬁ BonfRE S io! o HissSgC8nd:

fifth,
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



2001MO12 aspect of the invention is preferably |Iess than 800 or 700, nore
preferably |l ess than 600 or 550, such as |less than 500 or 400, especially
| ess than 300 or 200, advantageously |ess than 100, ppm based on the nass
of the oil conposition. Mre preferably, it is zero. s The anount of
phosphor us,dombfre | ubricating oil conposition, independently of the anmpunt
of sulfur or boron, with respect to the tdird or sixth aspect of the
invention is preferably |l ess than 700, nore preferably | ess than 600 or
550, such g% Mmess df hiae ofiRe osﬂQﬁh,, werReheadil yorhpasitibhasnZMs 21to ZQ0mass %
advant ageousl y |l ess than 10 ppm to based on the mass of the oi

conposi t i off thecadditives:. er abl y it is zero. The anmount of sulfur in the

| ubricating oil conposition, independently of the anobunt of phosphorus or
boron, with respect to each aspect of the invention is preferably at nost
3000, nor e|rpresigitebispedt, theShvef, pmwaﬁa@@dutn\h@%@mmutdmecmgﬁsmb tohe
is oil conposition; especially the anmpunt of sulfur is at nopst or at
most 1500, M@k by afd¥ngaa\iilieayebealier olleadisantcoptairingragditive, [acdetergri
1000, or | , n I ess
t han 500 p;g)én&'tl%?% erFQq()%'tI g&mgns'ﬁﬁtaqgggsul &etlegélegfwérggi‘?%gﬁe#ft tﬁ/Urﬁ {alé ?Hb

phosphor usohé oreo@ J:oxadamméstlm ench sprq@asmmgl sbrtorpravipleas pl‘mﬂ@as@mrﬁrwamhgg
additive, such as a, ZDDP that may resent. The sul fur can be derived
fromthe ofil ceMPosHianchaving QW%I%QI%W 5Q pBM By n@%ﬁuﬁ@f porop) legs than 800 ppm

basest ock; BY Ga gl BFﬁp%\?fﬂés Srugsangﬂigrsé %?8'4'000"‘@@&2 S‘f &, ba éd oh tB%“' d

for the ad tive co sul'fonate’ Inan’ e odlrren
each asgpectasgt dfithepiles@npositivevhem thé lod ctefhpmmwbranonmainmz tplRdspiass %% ofs
in respect  of (%ﬂtge anount of phosphorus derived from ZDDP that is present.
The anount hgragyH ¥¥e: i ndependently of the ampunt of sul fur or phosphorus,
with 30 respect to the first or fourth aspect is preferably greater than
250, for exanple, greater than 300, ppm based on the nass of the oil
conposi ti olya ﬁeventgrr@wcwh inventignuavides sbmetnd tor postarang wear rapigtance of

of bor on’ | FTGPUEREPrRRIERY Sieseue il PG shof S wBRaRs Bt SobB iR
Advant ggeothinyodd @paiTbythasd obphesphires anatlesx tea14000.060m Wy afaesadil sulfopt
greater than 7500, nore preferably not greater than 5000, such as not

greater t haﬁseﬂ)@o thggmpss f dae o Gareporitien.dry PrRYiEiPN ik dip odi qarepositionr et a

anount of n t th
Fespect toPa eaNaRAR 2ERMpHo TrolB8 GHERICR nlh bt e RSt et
exanpl e, goedbhemadsaof tHo®, cmmposmmed on .the mass of the oil conposition;

nore preferably the anmount of boron is greater than any one of 500, 600,
700, 800 or 900, ppm to especially the amunt of boron is greater than any

one of 50l00fh ad Efhth B&PBct, #dthvention 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.



or 2000, ppm Advantageously the anount 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 oi

conposition. is The amount of boron, independently of the amount of sul fur
or phosphoE&ﬁ Oﬂgth respect to the third, sixth, seventh, ninth or tenth
aspect is prewerably greater than 175, fo¢ exanple, greater than 200, ppm
based on the mass of the oil conposition; nore preferably the anmount of
boron is g t n : m
especi al | yqfaéggﬁog%%f ﬁ‘begi? g%ﬂifosrﬁgr?)gg:fe%?ths ﬁ%% %f%}pgfrf\%é}gff %BE%%QQ%B%P
1200) 1500conta2ing,adulitime auty anteffgetivesagnountobamuolybddnumcontainieg adaitivexneed
10, 000, preferably. not greater, than 7500, nor gre erably not greater than
5000, SuthaalhialGEe Sl ComRRRDoMatpSRANS daSorinaRe SRAS BPBY Thhdneps o
conpositio i i Il Ll i i firom
= Bor on- coRrQ eI ORLAR, K5 1NAIT 4000 PR By e pROTRASEH oAb paR of e o

i nvent i ®n, campogjiem, cdot girovidg doctourediucing: hpadorn aruggp eand/ar b @xyil@tidanadys
substantially absent or a zinc dL%hiocarbanate is 30 substantially absent.
2001 MO ZPEéOVHaaﬁegﬁﬁﬁﬁgﬁ@WPPBW'@%ch aspect of the invention, a

nol ybdenum cont ai ni ng additive, for exanple a nol ybdenum dithi ocarbamate is
present in the oil conposition, then the anobunt of nolybdenumin the oi
conposi ti oin this spadiéipatictent | y of the anount of boron, phosphorus and

sul fur, at nost 1000, s preferably at nost 750, nore preferably at nost

500, such as at nost 400, especially in the range 300 to 50, advantageously
in the§ang@ajo? drlodrtd medpsan akeass aps0Wsass Y ofttRe corpaRiti0 to 250, ppm by
mass, based on the mass of the oil conposition. to It has been found that

t he conbi nation of a boron-containing additive and a nol ybdenum cont ai ni ng

additive in r i adb i G i [y i 0 i Lon
provi des 1 nSTEY eyt iR B5S thah B0TaRE R 2F 1hei BRI BSHER, Blln, ECPERERH o

oi | corrpos'tﬁéhgtlaltedé addhive alfcbﬁwleresﬁdctedfhbditmﬂmaﬁ‘s %aaﬂalla@fpthetadh‘itiﬁdwprelsclant
invention, the lubricating oi onposition has less than 1.5, especially

| ess than M 8P %OBH%'H@%J%I‘?”?&% ﬁé"Y%H@ée%'P”beti‘etaépdit!\@, OIRRAIVRS- i n the
range ggon10.5 to 0.8, nmass % of sulfated ash, according to the nmethod ASTM
D874. 20 Preferably, the lubricating oil conmposition is a nultigrade

i denti fi ed“Ggmphisesiasenreprising’descodnrtorwSAE B\ KkeSAE speCifiK, th&AEe SaRICeof

SAE ONK, whgre epresents . one_o Q, 3 0, and 50: th

char act or | SIES TeRERE TPes.dFBRETS rarcesipreMs: B 38he Wt Pa dhe nresteesas
J300 cl assbf iaeditiornof bnReair @BhodtiEreatiresastepas iegeref chRfbdnenenbr Qioups

i ndependently of the other enbodi ments, the 2s lubricating oil conposition
is in the thBPBf an SAE 10WK, SAE 5WK or SAE OMK, preferably in the form
of an E 5WK or SAE OMNK, wherein X represents any one of 20, 30, 40 and
50. Pretferably X is 20 or 30. The lubricating oil conpositions of each
aspect of tTBNI is/Eotal BasaMNursbét abimeasare @by IASTME2896g an i nt er nal
conbustion engine, such as a passenger car engine or a heavy duty diesel
engi ne. Exanpl es of passenger car engines are |light duty diesel engines and

gasol i ne engj38fuble” 8OVIMIsBersiflePacse habhbced i ARNAE Whit tHeeaGdititdYhReS .
according to the present invention) are used in |and-based vehicles,

pr ef er abl ysplubigs dissaivakia miseinle oisapabld el kring susrendethin theaail okhlibticating

vebi or ¢ WREGH DR A bR TBR ST bR o i B NET e edPiy
| east 8, nBoRIbRY Bf el WisPersibrsih the, oibtic Anaskt@it dughcientlio exért HIesir irRBBdeES
having a total displacenent of 12 to 20 litres are preferred. Cenerally,

engi nes hatffagt i tha envieeripeaE mwhichy theyodly ist employad) | Maseovgre thetadditional

vent ton NCORP AR b TRRF aBdny Ml Al Perfif MoPhitalign L Ridh B bl oo

| east 1.5, padihlasadilitivesdisdeslred>, preferably at least 2, litres per
cylinder. Generally, heavy duty diesel engines in road vehicles have a

di spl a8enent per cylinder of at nost 3.5, such as at nost 3.0; preferably
at nost 2. 4 yhi - erek.n, r N a

di spl aceneﬁ?p%amgéndél)?&r%céﬁgﬁnlggf%c ?#}%@?bpaﬁgg n%%/\%%t %ﬁtﬁ%s!ﬁ SKI H gc‘jei n
the art of lubnicatingloilcompusditioon engi nes (see "Di esel Engi ne Reference Book",
edited by B. Challen and R Baranescu, second edition, 1999, published by
SAE International). Briefly, the term"displacenment' corresponds to the

vol unme of the cylinder in the engine as determ ned by the piston novenent
and 20 consequently the "total displacenent” is the total volunme dependent
on the nunber of cylinders; and the term'displacenent per cylinder' is the
ratio of the total displacenent to the nunber of cylinders in the engine.



Thus, in an aspect, the present invention provides a conbination of a heavy
duty 2s diesel engine in a | and-based vehicle which engine has a total

di spl acenent of at least 6.5 litres and a di spl acenment per cylinder of at
‘least 1.0 litre per cylinder and a |ubricating oil conposition as defined
in any one (gAbf pe first, second or third aspect. The Anerican Petrol eum
Institute E I}Mg) Associ ation des Constructeur Europeen so d' Autonbil e
(ACEA) and Japanese Standards Organi sation (JASO specify the performance

| evel required for lubricating oil conpositions. Also there are 2001M12
per formance specifications known as d obal, which contains tests and

per f or mancésubavaitiallyt oreahGE aARlurantbr @O Eeeof ficomtipamsl, Whids is fedsetaap
duty lubricating oil conposition of the present invention preferably s
satisfies Hial ©asarednto pEpYide n%ﬁ@@hfﬂ'éa'uﬁﬁ@ﬁ’e P& dhat gampodnely riplesally dhgi ne
| ubricantsg tpisaﬁm?tzey@_ast the API CG 4; preferably at |east the API

CH 4; especially at feast the API Cl-4. In another enbodi nent, the

| ubricasing oil conposition of the invention, independently of neeting the
APl perforpgance requj.re s, preferahly satisfies | east the ACEA E2-96;
Tor e pr ef eil BRIAPDECVIEGOT ikt SRS IRERCRSNoR A SRV S BE e Peast ACEA E4. 99,
advant ageously at |east the ACEA E5-99. In a further enbodi nent, the

| ubricating oil conposition of the invention, independently of neeting the
APl and ACBAA pecéotagescrepodqdi aremenaiss, %oporfar ablive sairedientbasise i.2ASEItiDbU1

or Aobal DHD-1. is Ln respect of assenger r ,engi ne, such as a
gasol i ne oFeQﬂrééglcagl’?d'iq{éﬁ’ufeﬂi)?’ﬁéﬁﬁl‘?%g"%ﬂ‘g'(% &Ftion, the lubricating oil
conposigion preferably satisfies at |east the performance requirenents of

APl SH, nore preferably at least the APl SJ; especially at |east the API
SL. | n anotthelroudgribedn that Hlee lluipricatiagi eif cemposieps ift thisninyentiere comprise

i nvention, i tLy.af i f r [

oref or abl y SFEFAT00eY /8 sBBEHLE odlPalis M DR RE i ot e BB e
| east the AREhidhlly9Befors pad adfter AfixihgastTHuse iAGHA K -Hilerstobdgise! varbus
engi nes; and at | east,Z ACEA B2-98, nore pr ff er abl y at |east the ACEA B198,
such as at CPEREPeRifoEACEEPORioRsBRraTHIf s e!| BaaPtipRal ArEAURIOMATY, My
Lant quty A RkePE Baditigns O forPiuldthhY, sEthbBGr UsBCond inat TE iflentiBh alsa

| ubricating viscosity or lubricating oil 'can be a synthetic or mneral oil
of | ubri caprowdes theosiodyctebtaitadde br obtaires gs aupsalonbasy such edadBooup 1, 11,
11, 1V and V so basestocks, and a m xture containing any two or nore

t her eof . 2001 MD12 -12 Basestocks may be made using a variety of
different phedessrss bNteustieaentintenidn Willhéw et disclissed! ih ddrendetaip! vent
refining, hydrogen processing, oligonerization, esterification, and
rerefining. s APl 1509 "Engine G| Licensing and Certification Systent
Four t egpt hﬁgﬁﬁé&%’Lm%ﬁBﬁrOiﬂégﬁp%% IS that all basestocks are divided
into five generar categorres. o oup Pasest ocks contain | ess than 90%
saturates and/or greater than 0.03% sul fur and have a viscosity index

greater th or equal ,to 80 and |ess than 120; t oup I.I basestocks .
dontain or L8eermONE S PRGRRIOTES Sairs dipar e MARPILEn thatheo bsGANS 1o

0. 03% sul f dpnRditidAVE nfedd 6@ BLEIrdiIRYIRXASTRADBR g5han or equal to 80 and

| ess than 120; is Goup Il basestocks contain greater than or equal to 90%

saturates and | ess than or equal or 0.03% sul fur and have a viscosity index
greatert h%ﬂeoe{mgﬂﬁ'f”‘cl)f bﬁoslghodrus 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



G oup |V basestocks contain pol yal phaol efins (PAO; and 20 G oup V

basest ocks contain include all other basestocks not included in Goup I,
[1, I'l'l or V. Goup IV basestocks, i.e., polyal phaol efins (PAO, include
hydr ogenat ed ol i gonmers of an al pha-olefin, the nost inportant nethods of
ol i goneri zg@i I@& be| ng free radical 2s processes, Zegler catalysis,
cationic an riedel -Crafts catal ysis. Pr7eferabl y the lubricating oil is
selected fromany one of Goup | to V basestocks and m xtures thereof. 30

Especi al | yaQﬁ@Jt?ffrtﬁéi Mv%nﬁeﬁ IQBF'efQFa ﬁf}%‘é@ than 8bblor 704 H’Torc\—,(g?@%?éﬁlg%%aﬁ

m xture confaining any t more thereof, or a mixture
basest ock 6Dt)hor5556 &(D:chaas l%smfthéino!ﬁmo lor 400 bb;be@allWlémelsamcioo or 22,

M)12 -13 The test nethads used in defin ov ro are ASTM D2007
for saturaf"@éan Q\WWQQ@S{(B@[]\)I@CCEHWWE?% g‘ﬁd”‘tﬂ?g %#JR)QS‘PN/IW'“QQM
4927 and 3ir{et ?éfe?éﬁlg‘%fl %rgor on- Cont ai ni ng Add| tive Boron-containing

additi ves may ge prep y reacting a boron conmpound with an oil -sol uble

or oil-sispersible additive or conpound. Boron conpounds include to boron

i de, b d te, b t de, b trifluarid
{1 br om do. PBGYBAURY SORTCRRNAELS B BECaTa0 SN SRR AndEbendasy, of thei o

tetraboric t P
affduft ?f‘gulﬂ?f GHUUTbA, \ﬁﬁh s mfhe%g %lo%%)t;fgi ﬂgﬁﬁc%éﬁﬁgs%@ﬁﬁg? tﬁ%%\?é?ﬁlon is

various esters of boron acids. g additives
i nclude a prafata@ty taa§|déa937fﬂq, raorlaop@tf@@biysleasﬁbem £Q0t onh50 nwabvas jessnthan

al kali met xed al k | i ta r e ear h met ate
borated ov b e@%s&ec@ly éoﬁd)rrm aé% ybl?lséttga@g(tb b P

sul furigedphos@bR the hdss cﬁﬁﬁle@ll%rn%c%ltﬂiﬁ dl@tor@ﬁfélé%lﬁhﬁ@%’é?@nts may be
prepared by boration of succinimde, succinic ester, 20 benzyl anine and

their derivatives, each of which has an al kyl or al kenyl group of nol ecul ar

e Rt D L B N T L
t hese di spef ﬁmmdres Or botan Ervmﬁmp%t(t@smm adpect 0f thd W:vénmtg ;?ﬁve;?rlésg ac;cf

particul arl rabl e bor at d di sper IS a succi
bor on, for“é@gﬁgp @sor%BF%{PéQP hét m@%@gggnw%%m%ﬁ a%egﬂméaﬁm@ﬁﬁ af thend
al kal i eaj| BntB‘btsﬁt P YPL8RIIRRE Qﬁﬁ'@urﬂ' Y (8@ n &R | 3t
bor at egse whi T((::h are konomns%l n t?tlet ?ar S|Lmt(rﬁt;tla ¥ bor at%(?s@nag ﬁcr%%nlax%oo
al kal i 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 |, 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,



and al kaline earth netal borates. These netal borates are avail able
comercially. 30 Representative patents describing suitable al kali netal
and al kaline earth netal borates and their nethods of manufacture include
U S. 3,997, 454; 3,819,521; 3,853.772; 3,907,601; 3,997,454; and 4, 089, 790.
2001 M12 5,04 BQron-containing additives include borated fatty am nes. The
borated am nes nmay be prepared by reacting one or nore of the above boron
conpounds with one or nore of fatty amines, e.g., an am ne having from four

to eight eeﬂpﬁ?%@ﬁ@ci@“?'ﬁe afnol@Yf HRYorP R ﬁfe%@é\*t%@nbé/n)f 8R& 'of A90obh ¢ 1601 NEooM th
t he boron conpound at” a tenperature in the range of from50 to 300,

pr ef er abl y150@0r 2000t pprasAd\@ntagepudly the amoont eblpe@nidaas notExegat idl,@0M, s

f anine t ival ents of d. Borated,fatt i
A L b L RV Or e R
conpounds M‘btt@e@ier‘tﬁgﬁisggggpﬁrﬁh?b?géd bReheRadsist the dileeh@ditoran al i phatic

epoxi de having from , preferably from10 to 24) nore preferably from
12 to 20, carbon atons. Exanples of useful aliphatic epoxides include

hept yl id d | ide. t f [ b

For | nst antBecuRRePEPhPorah T aenderEy s Tectmaliha BRut s Phasadsiudr Bl
atoms and fdspicifo ttBe istcdfd G it aghOdtsis prererhbiyagiedidrathil S5 Xfofl @%afpte,
generally known and are described in U S. Patenf 4,6584,115. Borate esters

may be prepegader thar 42@tRRMY, basedenibednass phiheapthgempnsiion: snpeurigterabyn

cont ai n 101 eRnsg BerdH i BPReB VP dhl i 4. 50KE 55 4000 o S, g
such bay at espsdienysthay emionanof bordrhis grietaterthen kmyadee e61608, ¢H00,br200rid0ed

phosphol i pi ds. Such conpounds, and processes for making such conpounds, are
described Ph 2980ARPrE84AJURNtag80kSIYipPeaMOLNS Of AP edPasorat erceed et080.

al so knomﬁgét?gfafbgye flot gredter Marf'7580 erd ei%’?éjolyﬁ]og;gget%@tﬁéﬁ-%@@g%{l@ﬁ' as

over based tergents are known I n the art orate

subst i t ut esot geatarr than8080i pprhdased enghemeass of therdil eamposifion.| . 2001
MD12 -15 In an enbodi nent of each aspect, a preferred boron-containing
additive is a borated dispersant, for exanple, a borated polyi sobutenyl

succi ni4n dehshgheunt bh@owfﬁriﬁgepéhde StHRC sduNeE Bitfuk oMphbsBhofude with

pol ybut enyl backbone is in the . .
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.



range from 700 to 1250. s In another enbodi nent of each aspect, a borate
ester is substantially absent in the conpositions of the present invention.
Det ergent Additive Conposition to In appropriate aspects of the invention,
for exanple the first, second, fourth, fifth, seventh, and ninth aspects, a
det ergent agdishive conposition, which conprises one or nore detergents, nmay
be provided in the lubricating oil conposétion. is A detergent is an
additive that reduces fornmation of piston deposits, for exanple

hi gh- t enpelftay envesdihidht agtd ehéte dakiectiegfotid snvdritioBN A NRslybdéndBontaining
acid-neutralising properties and is capable of keeping finely divided |
solids in Qdéﬁ)@ﬁsi%ﬁ. example & uACIWpdeasel @ithiegarapmadeaiss preserdt in stheetadl

& gani o actRg RSBty "ot BB BHE T, ShOBRObTURCAR .00 SHEREEhER, &
functi onal enfiyicdf &fe @rhduint C80oesn, SPRGEpHITds darky ciudfaar By Imost 1000,
substi tuent. anpl es of organic acids include sulfonic acids, Phenols and

sul furi SedPERERTaAY | Fleashef edbf MOIRPESRTEORY 18t cMast $90, THHENMBSaRt deesr 4ERt
my be ”e“%éé%?i?\ﬁ/}é?ﬁégﬁg%ﬁ e 36'6'Fohsbe%l%aﬁ‘{aSe&'}Qgﬂn'tﬂetJ&%g@ris tg?fgheﬁnore
np cb rnore n e

det er gent oSI Y1 on nay nprisevone atral térgents

or one or pdyaniayebbslyad tdetrangen09 tor250, pprh byembbsy baded dhehaehadssofthe
preferably selected fromGoup 1 and Goup 2 netals, e.g., sodium

pot assi um OliCORMRABIIARI ci um) and nagnesium 30 Preferably the detergent
additive conmposition, in respect of each aspect of the invention, conprises
a netal salt of an aromatic carboxylic acid, for exanple a 2001 MD12 -16
sal i cylhat eitbhasdbéen eogadt thas tbhd esmbalationnosa iboybrrcentdining sagditive cardard y
preferred that éﬁhe deteiﬁqe,nt additive conposjtion c ri ses nore

\ t 50
e b o ElddiuRioningG SRHNG IS aiRoRi PO bertaaranse HBNTRIngs
of the et gt cehidsiin RO SIS AR raUCRGIBRE SAFBAGAAGPBeribRfsnce

i
preferably the proportion of the nmetal salt s of” an aromatic carboxylic
acid is at to tmesoil eomposiionl east 70 nole % nore preferably at | east 80 or
at least 90 nole %9 based on the noles of the nmetal salts of organic acids
in the detergent additive conposition. In a nost preferred enbodi nent, the

detergept #ildi tgrefereineasiddiment @fpsacheaispebt b the! ieveniidn,atheelubricadhgy ©if
an aromatic carboxylijc acid, based on the nol es of t{1§ netal salts o
‘Re

: f
or gani ¢ acFaPRo§tde hagtlesrgdhan chrp&sPerighy 'eaathan agupaiagiertsly 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 0WX,
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.



additive conposition conprises only aromati c carboxylic acids as the
organic acids. Preferred exanples of aromatic carboxylic acids are
salicylic acids and sul phurised is derivatives thereof, such as hydrocar byl
substituted salicylic acid and derivatives thereof. Especially preferred
are salicyE&ﬁﬁﬁﬁgds. Wth respect to any one of the first, second, fourth,
fifth, seventh or ninth aspect, in an enhgdi ment, the detergent additive
conposition conprises one or nore 20 detergents of the same netal, for
exanpl e cal ci um or magnesium preferably calcium nore preferably the
detergents are of different surfactant types, such as calciumsalicylate
and cal ci ufreigréldpathe. hdavyahdy kessedabgiderepatgording tddhe pgesent audintioneare

conposition ¢ ises at least two,detergents of gt |east different fwo
et ol o, | f oDoEd T BasRaLVEaF s Db Bt IS es e TR Uk T east
one 2s ot hehahalveRRisd S?rl’ﬁally?ra%,a Feltpl hfdte PihapVes RARS. CThEleWBines

det ergent and/ or neutral over based sodi"'um detergent. Preferred~detergent
addi tive caspdinsucmsehiclasstepddo halve eatolel akgateroént dfeatileasid. b opreterablyiate a

' f |, ¢ d ' .30 . ddi t
Composi t1 oA B GIRRG oAy LA PGP Gotek &t [t 05 UL RSCRAASANS B

over based, té‘t'éﬁdi@ﬁ[atcieﬁiérﬁblfMZQQWFt%%‘éSprefer?ébQ%ﬂigrauwengcﬁéé paliRRtaStotdiat
may al so be used i nclude aliphatic carboxyl ates; sul fonates; phenates,

non- sul f ur idispdacameni| greatesdtian RHilitigiscp moh apasidesgrtlandpbadesnalicdessTheso

suitable in ch as t Qf .th resent l.nvention i etergent in.the f.orm
o o hybr i onTes ERTEha 1 hd BraReEt Biventifl 2k fllvd & g P e ensind oy
nore than emeedsype0 of asikbbntEaBLch bt aMddst he7ppefecalsty od Idast enitrékpét ed in
the art that a single tYpe of organic acid may contain a m xture of organic

aci ds of t e¥liRdgfe Geprrallpdieasyiy diesg! snoiprs i Eoattvehialey haygtain a ni xture
of sul phonig, ée‘?ﬁeﬁt‘;pé’racr ihHQrE’PAt%HéPé.;t Qudrehgl os‘?'g?t'lit e&r@fe?{a&?'yt%@éi'd
conposition 1I's consSidered as one type. Thus, conplex déet’ergents’are

di sti ngui si2ef, ltrespericflindess of two or nore separate overbased detergents,
an exanpl e of such a m xture being one of an overbased calciumsalicylate
detergent with an overbased cal cium phenate detergent. is The art describes

exanpl q§ ofaAOYIPRERSGh, RRERE s d@ia%&%fﬁc%meﬁﬁ*aﬁ‘d(%@eemeh%é@ iingé) akat ent
Application Publication Nos. 9746643/4/5/6 and 7 describe hybri'd conpl exes

made by nedinewnitoithgseskillrd in theoart @b inde mahombestien enginesdaee cDissabbugine
w th a basi I o] verbasg t ] r J ndi zgqdual
basi o i col felETEs e S HaRe AP B, MR SFPE BRRRE Bl el 168115

surf?ct ant g@ﬂgelsed EE’-S%?Irﬂ_ﬁ%eﬁ’@&at}ﬁ&féﬂbﬁﬁe&ea&l“dlsgmcﬁamhémy?c?t&_qdmel_ Babed
conpl ex nmade carboxylating a cal ci um phenate and then sul furising an
over basi ng TE‘%%N”%E ef@fyeocrylwggmﬁeﬁ]%@ Pétd@t%{ﬁar‘%%lb&‘iTU%%%&%‘E@"&B@”G
conpl exgs e i Y [ j

U Tt e B vl R P By o Afhber
conpl ex detofcytimdersaard S teryl ‘displaceneentder ayliedersis therratia ahtiiestotalo
"phenal at es;;

hver nat 1 orlsoipeerBRpt RApB R et sYBhARd e R8RS ac0431 4f 5T 6 and 7.
2001 MD12 -18
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 cyiinder 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 (AP1), 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



The detergents, whether conplex or not, can have a Total Base Nunber (TBN)
in the range of 15 or 60 to 600, preferably 100 to 450) nore preferably 160
to 400. When the detergent additive conposition consists of netal
salicylate detergents, it s is preferred that the salicylate is either
C&lCIUHISa(%Q%é%te or a mxture of calciumand magnesi um salicylates. Mre
pr ef er abl I"'east one or each netal salicylate detergent is overbased.
When bot h cal ci um and nagne5|un13allcylates are present, nore cal cium

salicylate n € d f I t he
s ot 1 R TOEARE 528 e il B B ebnPRg 97 Bhet pB BB B
conpri ses JevBlsArorfMACEAEAR ad@tlUANIOR écnﬂ&amt‘fsf erent surfactant types, it is
preferred that the detergents have the sane netal, for exanple, calcium is
As an exanple, the total ampunt of netal derived fromthe nmetal detergents
inthe lu t 1 SsS
7 he | UDShAZL Al b YBAS UL b b HOBRRR (RERGS, BRekhEN™

cont ents ar satwfiek =t headt the peHerraahceansuireeherds okheayy tutyodiesslemzgneand at omi c
absorption spectronmetry. 20 Means for_ determ ning the am)untRhéf metal salt

of an or galypEcarisdspen QS at laash il €4 pestorabdy atleast ieeAkhetindit o t hose
skilled i na%ﬁlfcu%rjat Iggét HEAP 6 4alr??hb hey el eﬁf’”lh@%kﬂﬁjaﬂﬁgr nhe amunt s

inthe fin I'ng oil" conmposition fromi orrfatlon conc ing the
anount of cawpoaitionicilise rvegtipn qngepemdadlydsf)mestmg the RBI pamrrmdmse

det er gent S%ﬁ and fromi nf or B’@tl on..cong w uné of det ts{ used
in the finfAUEMBspSieraBl satisties ot 2%8 , MBER BFﬁ #tc

titratjpn @5@} GhE W@ER@:B@Q@Y&%%%I@'&%% A@Eﬂ! E@Qge&@Je{Htﬂg?édlﬁ{ aﬂi%ef s of

netal salts of organic acid case of a 30 net nat e,
ASTM D371 2thesCEA B5€9.t ¢n aéuﬁlnem erabotienendt tie labEcating @blcamphsmhe of the

sul phonat e, M)12 by, a skilled 28 S0 in
the art 1 nvepHE MReREHE I res wine M APCASE ALEER rRtipnades |RRIS R, ¢
aci ds (al sprefamny satistiesliths UASG DH-1 s GldbapDHDe1anmount of netal salts of
aromatic carboxylic acids, are at best approximations and that differing
met hods wi Il not always give exactly the sane result; they are, s however,

ff t fa j on.
bl ybabhur iSaPEEt SFa b erRnBli Ry SLER ol baoipleiibscitEie
rml ybdenunIuMbamdgeommatpusaldm [1()°] hxﬂxdlctaiw@ ofl «xormumrtm‘e;sremrablyrsafvsﬁes at
| - sol ubl I bl d d I f
erbod ment [EShieHBP JBIEHLER BoHBUIRNT o A1 hory BHe e Lrp i USF R SR AP e

nol ybde““”é§|.%él&l‘l QPI@BQPIFI@SAIUﬁS[U'In aRofHee emkﬁﬁﬁmbnt AMENibrRIAtiABYIIDE 1S
nononucl ear or poI ynuclear. In the event that the corrpound i s pol ynucl ear,

the conpou@Mpesitianmy the inepliaanindependentbhel oepting die ABhpﬁéoﬁnanQe at ons,
such ag, suld n‘?é%’t Bre?«l!ﬂ%g éaEIIEnIéEIa Rt ﬂIeaRbIéAFI&QS% %Ie' ally of
sul fur?” To e ab

num suI ur conpound e or
oi | -di sper prdjémblyoaele%t thre ACEA AB%\@SpamaH;baméedt the ACE(N A(Itx%ntnm atomin

Derattr 0B opaBok e i ohE A GEALRE o it Ao T AR BT
i nternedi agg Qﬁéﬁ"@ﬁﬁt %é%flrf‘emc@?ﬂg &%Bé&@hif &t %@IH&QAC'EAQBS%,%MEIR the
onde may be

same conpound may erently For ‘exanpl e I'i gan

coval ent | ydbtyndiedelaanpiag®t her |igand may be 2s el ectrostatically bonded.
Preferably, the or each ligand is nonoani onic and exanpl es of such |igands
are di thi ophosphat es, dithiocarbamates, xanthates, carboxyl ates,

t hi oxant habtgsof ngﬂﬁl 9icasily hydrocarbyl, preferably alkyl, derivatives
thereof. Preféeranly, €

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 |, Il, lll, IV and V

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



30 ratio of the nunber of nolybdenum atons, for exanple, in the core in the
event that the nol ybdenum sul fur conpound is a pol ynucl ear conpound, to the
nunber of 2001MD12 -20 nonoani onic |igands, which are capabl e of
rendering the conpound oil-soluble or oil-dispersible, is greater than 1 to
1, such as, @Mdlgast 3 to 2. The nol ybdenum sul fur conpound's oil-solubility
or oil-di 58 rsibility may be s influenced,by the total number of carbon
atons present anong all of the conmpound' s |igands. The total nunber of
car bon at : ; S
[ Tgands ty Rt ro 1Y Ba Ty ySind S5vn F fifontbRitRseds idRIGSTRANR S
at | east 3J0nited ato | diatlatidh, Eolverkaefihing, t hpdrogebeprodessing)onligbmerzatioreach
al kyl group will generally range between 1 to 100, preferably ~0 1 to 40,
and nore RYedlicalion, sedesintnd 20. Exanpl es of nol ybdenum sul f ur
conpounds i ncl ude di nucl ear nol ybdenum sul fur conpounds and tri nucl ear

nmol ybdenum sul fur conpounds. is An exanple of a dinuclear nolybdenum sul fur
conpoursd i APl im0 €kngiheb it hécansimpulaad Rartiffcalion/ BYshen”S AeBirtdentd \Editior,
\~/ '\ [ M~~M="'" , CN?2 X3 S R4 where R]l.to R4 independent]y
denote a s@@%ﬁ’fgh?f&ﬁ%ﬁﬁ?atﬁﬁé’ﬂﬂiﬁé@aaﬁ’éi%kérarﬁrd:b%?‘i} eﬂtﬂyu@mﬁf&c%ﬁgﬂm&
having 1 to 24 carbon atons; and X1 to X4 independently denote 20 an oxygen
atomor a sulfur atom The four hydrocarbyl groups, Rl to R4, may be

i dentical @roufi flfllasEstodksocordaie setthan. 90% satpratberaretiore gheadenthen Ot0G9%
mol ybdenum syl fur, conpound is an oil-soluble or oil-djspersible tripuclear
ol ybdenuns il GEb8 isosE Bk skedrirahatpade o BoARS Basiten 6Bt ur
conmpoupids are di sclosed in W98/ 26030, W99/31113, W99/66013, EP-A-1 138
752, EP-A-1 138 686 and European patent application no. 02078011, each of
whi ch ar e Graup Povasesiockst eontaie geatarihatayceayst it@ P08y satwetes amd fesspthan

ol y baenar Camg IR o o Shi A YL Yy BBl hefiRr Pl 60 and

mol ybdenunesgthan 1eorpound has a core of the structures depicted

15  Group lll 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 |, H,
Il or IV.

Group IV basestocks, i.e., polyalphaolefins (PAQO), 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 Il, Ill, 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 |, II, lIl or V basestock.



5in (1) or (Il): SSMo ~S S M- -M S (I) or SM~SSSS M- -MS1s
(I'l) 10 Each core has a net electrical charge of +4. Preferably, the
trinucl ear nol ybdenum sul fur conpounds are represented by the fornula
Mo3SKEXL" ApQz, wherein: is k is an integer of at least 1; E represents a
noh-netaIIE@H@b sel ected from oxygen and selenium x can be 0 or an
integer, and preferably k + x is at |east;4, nore preferably in the range
of 4 to 10, such as 4 to 7, nost preferabe 4 or 7; 2001 MD12 -22 L
represents a ligand that confers oil-solubility or oil-dispersibility on

t he nol ybdenum sul fur conpound) preferably L is a nonoanionic ligand; nis
an integer The tdst metigedofuskdt o defiming ribpr ebeva sgranpainaren ASTHdr D208A for i f
L is an aniopic li ; n_be. 0 or an, integer; r a neutr

61 ect ron- dsRaFIRS: Al SRe isd viscodhy Ahs a ingue O AS 1G 1642 1 wes

non- st oi chiggR{LigGoy aligs. |0 Those skilled in the art will realise that

formation of the trinuclear nolybdenum sul fur conmpound will require
sel ecti®n of appropriate ligands (L) and other anions (A), depending on,
for exanpl t he, nunber pof sul fur and E atons present in the core, i.e. the

total ani oM 5 bt ed by sulfur aton(s), E aton(s), if present,
L and A if present) nust be -12. IS Exanples of Q include water, alcohol,
am ne, ether and phosphine. It is believed that the el ectron-donating
conpound, 8oronr-captadning mdeiiyas may belprepangdvy raactiog érlebroatdopmpalindgitbant he

tri nucl ear I enum fur . d. 20 Exampl es of A can be of, an
vl ance’ T glFolHE ol BRBANYS, 5, FPGUET: SRofae i PgaNbiude
hydr oxiigle, batdrpskide; barntsxida Hydraké, asotanatiexiae, eohvatlioid, mr&@tribromide,

boron trichloride, boron acid such as boronic acid, boric acid, tetraboric acid and

metaboric acid, boron hydrides, boron amides and various esters of boron acids.

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.



preferably A represents a disulfide ion. Preferably, L is nonoanionic

| i gand, such as dithi ophosphates, dithiocarbanmates, 2s xanthates,

car boxyl at es, thi oxant hates, phosphates and hydrocarbyl, preferably alkyl,
derivatives thereof. When nis 2 or nore, the ligands can be the sane or
different. ,df@n enbodi nent, independently of the other enbodinents, k is 4
or 7, nis either 1 soor 2, Lis a nonogpionic ligand, pis an integer to
confer electrical neutrality on the conpound based on the anionic charge on
A and each of x and z is O. 2001 MD12 -23 In a further enbodi nment,

i ndependently of the other enbodinments, k is 4 or 7, L is a nonoanionic

| i gand, n Bordn-andtadniog acidityesxnelnde badrated. fatm a@nioeherTl'arb@l@rterbaminemmay

0L BSOS Bp SO 31 A Bor B RSP

di'thi ocar bt Bapthhes! ol ENdAraMithd ha HQVlﬁQrberﬁ'fbuF% Hte@h carbon atoms.
oi | di spersible. For the avoi dance of doubt,™the nolybdenum contai ni ng

addi ti ve mayeyl s@ycbeappriepares tiyereandipgt thﬁelaymohawgl&dthﬁobymmmmpledi ak aor
p05|t|vely char ged rr.DI bdenum eci ot h, negat. vel n ositivel
Char ged ol BRI B Upcanamo i Sots BaRi Lo B M Gl G st o
the struct t r d by
means of oﬁée&?)frrgmg tSﬂg%%ggiv%alﬂ’?QgﬁgHm?R% l#1|Vgtme‘ﬂ§|8f. H)(m)ﬁ Qang favi ng
nore than one functional group capable of bindi ng isto a rml ybdenum at om
to form ol igoner,s num sul fur itlve such ol i

are cons: dEREReroiert sRaaaR Ars iheneaBets RN Fipahef F o e MArfatinls
of ol ypdeansys BMON tSPpdiFIdedRitTlt BE&NsR %?bhi@éw The et YeseRNan
nitrogen conpl exes) both of which may be sulfurised. 20 Further

co- addi t i veliphatic Bpoydesw@uing dramedt teR0; inseflesably depin r k124, nEignpreserabty
such inclu r

ther 1 hanTeRb2 BT oAy BEbies B PRSP AibHICbacliEds AEIRLRENL
anti - f oam egogigenasd odtys re@bswet sM)ktInuees bh@pomuesemawuls@lbedusantfor \rmance
agents, oxidation |nh| bltorE _ ni t oxi dants, and &QI ction g iers.
respect of cappreisial mistursHeterod e§ aVingJEND 14rto eyear RAPES at"ﬁje eyt 10,
fifth and X t t t o]
conventont T SeCha bt i e e 1L ef bl GfioRANTRbMOInYZaR, |
yi el d a | udescueédhip WiS. %ﬁ@b@ﬁﬁ#drﬁ 30 The anount of additives in the
final lubricating oil conposition is generally dependent on the type of the
oi | conposition, for exanple, a heavy duty diesel engine lubricating oil

conposi ti oBapaf eERIE Ymhpsbe prepakbd My eedutiegeondl or Bndre &6 .the a’dmw%?on 24
such as 8 to 14, mass_% of additives) based on the mass of the

conposi ti oﬁomoﬁé‘%eW{jBroﬂ%rO%ﬁ@P% qm‘%aﬁfl agitahle elsepbHicity. oﬁyp\C@Hy, the
exanpl a hd n i o) d 0

Cover maaionple, Bnfin o B60 c0RUr o' 8 (68RASbER Aol I o ief oo
pr ef er abl y n8aking Suclebpete aelsteyrs@redxn&wnnaﬁbe artof addi ti ves, based on the
mass of the oil conposition. The present invention is il Iustrat ed by, but
in noway limted to, the foll ow ng exanples. to EXAMPLES

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

In

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

25
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

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



Four crankcase lubricating oil conpositions, each satisfying the 5WB0
viscosity grade, were prepared by nethods known in the art. Two, Exanples 1
and 2, are exanples of the invention, and two, Exanples A and B, are
conparative exanples. is The conpositional details of the exanples are
shown in T%H]ﬁloilz Table 1: Elenental Content (ppm by mass)Ex. AEx. BEx.

1Ex.

2Bor on' 101180770PhosphorusZOSOOOOCaIC|un85260237022202240Nhgnes|un439038038
0380Sul fur y ved o}

derived frﬁn%ﬁ%ﬁé@)ﬁ?@ér@vgaa‘?r s%:dél %I Féfga ? b (ﬂ’h?@?{g%ragd“w%zw a
derived f r0matagrcespemas'arforcq>kampledattmrgmd pol&m@bﬁt@yﬂeucmedmﬂeomeﬁelmﬁm

or carrier oil and 20 basestock; and in_Ex al so from ZDDP. The

o F ot et haetasion BH(Ths BER ES BN | ANINIAORiTS BobHuiSTt TACKEBBEL IS inikes

% In all pects, the four conpositions are conparable.
2001M012 g%‘ﬁ% mcgyngclffusﬂ }ggn was tested for its wear perfornmance in the

Peugeot s TUSM Scuf fing Test, according to CEC L-38-A-94, and Sequence | VA

Test, accordi n to R )2- 147 The results are in Table 2 bel ow. s Table
2: Corrpar aﬂ"' \?B &prg%‘kh agpRct, Bé?@rath%Steélfeﬁ%%PnﬂﬂﬁF%Pf%m the

(Limt - rﬂ[ﬁ% e (Limt -10 max.)654. 15. 84. 9Cam
Maxi mum (L| n‘[Bo@.n SE& tﬁ?&é’% ggegmeral I

Resul t Fai | Fai | PassPassSequence | VACam Average (Limt - 120

max. ) 409. 17169. 4343. 7742. 540veral |l Result ~Fail Fail PassPass Tabl e shows

t hat supermu&me SIHB% ai ned by inclusion of boron at broadly
simlangsul fur levels and in the absence of phosphorus, i.e., conparing the

results for Exanples 1 and 2 with those for Exanple A. They al so show t hat
i ncl usi on & apprewiala agpeets of e inyebtoncior exemule thedirst ssgbnd, towth, 4ifth,

cul fur 1 goognt b Ao Bet Rrectp et Achletoctha gl [RRR Rl rone

Exanpl e B. oMuhdregicadeyentsmhapbe provdded at thieglubtitatragipid biripdagtioponpr i si ng a
boron-containing is additive and, optionally a nolybdenum cont ai ni ng
additive were al so prepared by nethods known in the art. Exanples Cto G

The commas it PerrpeRtRE, Ry ORvE daE Faucks RreRoR & PERT Beposile Jaf BAERHIET
The oil coin]gmtetmmtwer\earmsbtmw famquantdepositsjdncqnm fit has iasid-neodiualising
performance; oper?es ancle lS3 cfaggbfeh%f rkeeselﬂ)kr;[gs finely glv%del\é)ls%liasz% suspension. It 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 SOzH, 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 art.

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



It can be seen from Table 3 that Exanples C to E, each of which contained
no- nol ybdenum but an increnentally increasing anount of boron from about
300 to about 900 ppm did not show any inprovenent in anti-oxidancy.

Sim | ar observations are noted for Exanples F, G and Exanple 3, each of
whi ch contﬁbmzs about 100 ppm of nol ybdenum and an increnental |y

i ncreasi ng anount of boron from about 3Q@.to about 900 ppm In contrast, a
surprising i nprovenent in the anti oxi dancy behaviour is observed in

Exampl es 4.4 . ' t ai n@mhd 0

ol ybdenun ol B e B et D o PR ot Ot
300 to abahtt §G0delengentadiileec@npbsitios lcomprises rioiecthanrb@ swle % @f a metal

Corpar abl eSaer' & ALTERIG ERIRORYIE FH1E: BFRRIBN he BRfign of 114 REre s & pyoanic
I ncreased 6iﬂ%\%ﬁf¥;%%é§eﬁt%&%ti&9%8%re%%ﬂw IR plobBRHA & tABRAGEANSalf OF

Exanpl es a anpl e '3 cont ai ni ng about™ 900 ppm of 1s boron and
about 500 qfan afomaliy bddaxylic hoided adneast@oeakieast KOfmMolet Yob masd peefesaly

Exanpl 4 to 6 t bet t friction-reduci behayi the .
amount of BoReR P8 SPACIGERED AR eiseOat i Tk, O gL e A et
amount of smbyhiguMiefgdiRRIddRRRSdABogiio® hi gher conparabl e amount. In

particular, 1t has been noted, in Exanples 4 to 6, that the induction
period for the formation of the 20 | ow co-efficient of friction filns is

reduced as, the apount of boron. is . .incr s | .
friction plgr? IS 'errﬁqeerghggl_nbgntd C(%qéfgd?r?%%gitpgncoﬁ%g%ﬁ%bE%@ﬁp%&%ﬁge
of thei | meTPOD tal PRSaISSIES hn tdhainatibeagbbyylie sgidebasedehwhaembles of the
bor on-cont ai ni ng additive and nol ybdenum 2s contai ni ng additive dependent

on the anometalosally efdganicharids iatbecdeipearnd compPostianuthatistthe eetergent
CconNpPoSi ti 0. qu: 12 T e & : .
P GEx. %@tlv%ggllnpggﬁ%%%ﬁq%f orfly aForRgEE LAY §BuS s B brgdiRE acldsX
mass) Bor on' 281587899280586915305632968Phosphor us2000000000Cal ci un8219021402
1402180216Q21902 10219q222 Magnesi um44103804.623833844]11404 863 9MPIr¥bde uns
0001091051038 39 #XAIPIGS of ardiat Capoxylic acids ars salcyiic acids and suiprsed >
Y dérljvait'rv'es_théreiof, swzc:ih J-[a|s3oqydrocarb'yl ‘substituted_ salieylic acid and derivatives=
~V - - ,; -" .., .)-~xida ,

CHPa0. 250. thereofl (Eg8wialyrelearet aregsalicyliracigsi on,

aver age0. 150. 160. 150. 150. 150. 090. 100. 070. O5friction C~ 140-C, N Key: 1, 2,
3 and 4 as for Table 1 above; 6 = derived fromtrinucl ear nol ybdenum
additive; With @bt toohnyCone ot tiy dirsapsscorid) éoiCiRifthd egredibdoanintaspdaty inone
hour, in mllinmles of CHP degl;raded %fr__ ramof oil, is an indicator of the
oxi dati on ot eRodiment, ¢ the glaieragpl apditive FPRPRYLIM cGORRESET o | Hg MP'§
operatgd o | BULSS salhe Pt 256 eRahhpf® et or 8RGEnEEIukT Eprefdrabl
corrpos?(?i o%gr(elggmgl?g G asnad Ex. 3to 6)e és pIq\ée)ss_than 1 %at he suIeFf)ur y
cont ent, dealciuen} mocenpréferakly dbe sistergentadara oh different sufagiant pesi isuch as

espects ¢ HACm ingBl ArineiaPR s BpHES; uF ol erpsintng fis BfErgen,
crankcase hyitiv6 addrgosiiibn commstdsi an leetiwos detbrgentsnefiat iyastddifisieny, twan

oil of lubricating viscosity, in a major anmount, and, in respective m nor
amount's, ametalsr N-ex@mpIPA REULRINT PXasbaser Frgnasiyfpdetergentiandiajdeast one

bor on, 2 esatiet Pl Blathy, B R Rabirafid doHed Fali &Ry it BREY nRRES

mass of subf everbagseddodiurh lietergest.of the oil conposition. 10 2. A crankcase
| ubricating oil conposition conprising, or made by adm xing) an oil of

| ubricating viscosity, in a mgjor anount, and, in respective mnor anounts,
a boron-co LA b ; s I = st g, i ;
bt oat | ng SR aiAgRert KRARE RO B (B A U ol epteP g IOt o
t han 900 ppombyiseassixiiireptiosgitiomusndnthgnesiurn liaterg@nts. ppm by mass of

sul fur) based on the nass is of the oil composition. 3. A crankcase

| ubricd®ing oil conposition,conprising, or made by admi xing, an oil of

| ubricatin i [ VI i tei i t bhR@r S,
2 "bor on- coaCL ARG Akt BrisloraTEYprishig only” SEREREE] HRILRG! JAmeuet
nore co 2onadttakovesrbabed e parkcllatly edeantageous. conposi ti on has greater
than 150 ppm by mass of boron) |less than 800 ppm by nmass of phosphorus and
| ess than 4000 ppm by mass of sulfur, based on the mass of the oil
conposition, provided that the detergent additive conposition conprises at

| east two detergents of at least two netals. 25 4. The conposition as
claimed in any one of clains 1 to 3, wherein the conposition further
conprises, or is made by adm xi ng, a nol ybdenum containing additive in a

~N - o T




2001 MD12 -29 conposition, in a mnor anount, conprising at |east two
detergents of at |least two netals. 6. The conposition as clained in any one
of the preceding clains, wherein the s boron-containing additive is
selected froma borated dispersant, a borated di spersant VI inprover, an

al kal i netal,,,95,,@ M xed alkali netal or an alkaline earth netal borate, a
bor at ed overbased metal detergent, a borgjed epoxide, a sulfurised borate
ester, and a borate amde. |0 7. The conposition as clained in any one of
the preceding clains in the formof an SAE 10WK or SAE 5WK or SAE OMXX oi l
conposition, where X represents any one of 20, 30 and 40. 8. The

conposi ti o8udsctanis rthat imayarisonze afsed #aledd alphaticootrborylatesa swfonates;

sal i cyl ate- based detergent, jn a mnor amount. 9. The conposjtiop as
Clai med | nPAFABRENS-SHTdiSRY & SIS GRPERIOSRECARRS CBiY BRPNINBIRS
conposition is less than 1.5 mass % based on the mass of the conposition,

as neasured according to ASTM D-874. 20 10. An additive conposition
conpri si ngAlsorsuitdide byeachmaspeat, of dhdipressartt inverdinrisex defergerd in the form of a

b - t ai ni ddi ti .COo-addi t.i h ti
S0 10 pr ovhtdCeplix SR, VRS Racic Silaurt iRty HradBan ndn-
200 ppm of hBRrsudaRent! MR HlagitatRYed'By DnelskileASRING Bt tRAL kR tpAHI2S

4000 ppm by mass of sulfur, based on the nmass of the oil conposition, when
the oil coofgssic acid raycanian 2 nisture ofnesganic acidsiad thelghmedype. For example,
addi tive cgonpgsiti.on rising. or I b L.xLng, .g_ diluent or earrier
o1 & bor Brndanef el TRakiteGn oA avafiie G SOPLSRE el 1 e gty
propor {g ongefts 0 UK i die odgari@ i@ M pLYiticrats R@neidersd Ma0shé it9pe haThog,
greater than 300 %m of boron, |ess than 900 ppm by mass of phosphorus and
ess than compiex elergests sopiphauishashdrorar mixuragr of Huoe@r oNOrh eSaRpsateos
the oil co L L [ : i 0, % Of
the addi ¢ Segoapss Uetstihie i SRR SULh oL ioRES thing ohd of e ERaradtd.
a di l uent oaiciine 3alicydateaddtergenboitbrarcovdrbnsed gaiithtpheaateadetetgargent
additive conmposition conprising at | east two detergents of at |east two
nmetal s and one or nore co-additives in such proportions so to provide a
crankcase irHBM hffaleddivels! ekAMPRY bf WePEddt) HNRERT ddtBRRnIR0 PEMdXANBISS
of boron, less than 800 ppm by mass of phosphorus and | ess than 4000 ppm by

mass of sultematigaskdatent Appheationofublieatinn Nasd&166434/516 anbeR d@scrisiel
conpositio t al { 9% pf: e Lt .
conferri ng%@i‘? c_% s‘laésaﬁ]ca égt Wiégt{%ﬁ%&%% en"l%gglfél 8gﬁ|? or{s Jtﬁ%\rp %@ ge n%)‘gglgt %@%nichat
cont ai ns | esmpobad 96 ppMakic Meal dorppasphoand #ieh |@esbddiag HOniRtureby

mass of sul fur, based on t mass. of the oil conpositionp, b rovisi on ~s
T e consY it Basica e e, Bhriba FPRESRIGRTS JBOS St e oVl RO RIER gl
50 ppmpy BR{SCE t@?’e@.ﬂ based on the mass of the conposition. 14. A nethod

of lubricating the Crankcase of a spark-ignited or a conpressionignited

i nternal conbustion engi ne which conprises supplying to the engine a 20

| ubricatin Wl C ositign as clained.in an ne of clains 1 to 9. 15. The
use of “an EFPB (20 futnfeestgs, g Satkiu, 2ReiaR.dneDelh Tornlof, Hiadey

| ubri cat i ngagjdxyRAIMBAS talchitn Phahakoat@tith bEIRFidiMR AN A FRBIRY tHERRfixtAFe of
phosphorus and less than 4000 ppm by nmass of sul fur, based on the nmass of
the oi | 2scCalsiiBssalicyate @pdpealeivae pﬁ@aatep eSushagrieplexes Mk bgskeferred o as
effect'ye aagﬂﬂﬂ @g"a boron-cont ai ning additive and an effective anount of
a nol ybden n}con?alning additive in a lubricating oil conposition that
contains less than 900 ~ppm by mass of phosphorus and | ess than 30 4000 ppm
by mass of _sul fur, based on the mass of the oil conposition) to provide
friction-r d88RAGORBIEATAIARERETaANIP aietierdRiaerBp esateionahisateritingl- oi |
conposi tion.

A& AS. A %A Y.A 9 A@A. A@QAFYr.Ay. Ar.A L. A __A@AS9. A L.A .A!.A@AY. A
5. A . A L. APrefgri@dAeampies? datergéhtdU 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.
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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).
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15 mononuclear or polynuclear. Inthe 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
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15 An example of a dinuclear molybdenum-sulfur compound is represented by the

formula:

N /\H/ \||/\ S
/NN

Ry R,

where R; to R4 independently 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, Rs 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,
WQ099/66013, 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
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(i)
10
Each core has a net electrical charge of +4.

Preferably, the trinuclear molybdenum-sulfur compounds are represented by the
formula MosSkExL»ApQ;, 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;
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n is 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 0 or an integer,;
Q represents a neutral electron-donating compound; and

z is in the range of 0 to 5 and includes non- stoichiometric values.

10 Those skilled in the art will realise that formation of the trinuclear molybdenum-
sulfur compound will require selection of appropriate ligands (L) and other anions
(A), depending on, for example, the number of sulfur and E atoms present in the
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,Lisamonoanionic 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.
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10 15 @1ﬂ$/§"f&|)tﬁé(r' maﬁ)r%ﬁt,( %Hgﬁgn%g%é?tﬁébther embodiments, kis4or7,Lisa

monoanionic ligand, n is 4 and each of p, x and z is 0.

In another embodiment, the molybdenum-containing additive comprises trinuclear
5 molybdenum core and bonded thereto a ligand, preferably a mono-anionic ligand,
such as a dithiocarbamate, capable of rendering the core oil-soluble or oil-
dispersible. For the avoidance of doubt, the molybdenum-containing additive may
also comprise either negatively 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 (ll)

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-sulfur 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 aspects, 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,
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5  of additives, based on the mass of the oil composition.

The present invention is illustrated by, but in no way limited to, the following

examples.
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 1n 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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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
10 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
15  additive and, optionally a molybdenum-containing additive were aiso 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.
20  The oil compositions were tested for anti-oxidancy and friction-reducing

performance: see Table 3 for the results.
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%R () -:rvzmoRbdéa{im IGft arSncfeBhentally 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
5 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.
10
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
15 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
20 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-
25  containing additive dependent on the amount of elemental boron and elemental

molybdenum in the oil composition.
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CLAIMS

1. A crankcase lubricating oil composition comprising, or made 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 200 ppm by mass of boron, less than 600 ppm by
mass of phosphorus and less than 4000 ppm by mass of sulfur, based on the mass
of the oil composition.

10 2. A crankcase lubricating oil composition comprising, or made by admixing, an
oil of lubricating viscosity, in a 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 300 ppm by mass of boron, less than 900 ppm by
mass of phosphorus and less than 4000 ppm by mass of sulfur, based on the mass

15  of the oil composition.

3. A crankcase lubricating oil composition comprising, or made by admixing, an
oil of lubricating viscosity, in a major amount, and, in respective minor amounts, a
boron-containing additive, a detergent additive composition and one or more co-
20 additives, wherein the lubricating oil composition 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.

25
4, The composition as claimed in any one of claims 1 to 3, wherein the
composition further comprises, or is made by admixing, a molybdenum-containing
additive in a minor amount.

30 5. The composition as claimed in any one of claims 1, 2, or 4, wherein the oil

composition further comprises, or is made by admixing, a detergent additive
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composition, in a minor amount, comprising at least two detergents of at least two

metals.

6. The composition as claimed in any one of the preceding claims, wherein the
5 boron-containing additive is selected from a borated dispersant, a borated
dispersant V| improver, an alkali metal or a mixed alkali metal or an alkaline earth
metal borate, a borated overbased metal detergent, a borated epoxide, a sulfurised

borate ester, and a borate amide.

10 7. The composition as claimed in any one of the preceding claims in the form of
an SAE 10WX or SAE 58WX or SAE OWX oil composition, where X represents any
one of 20, 30 and 40.

8. The composition as claimed in any one of claims 1 to 7 containing a

15 salicylate-based detergent, in a minor amount.

9. The composition as claimed in any one of claims 1 to 8 wherein the ash
content of the composition is less than 1.5 mass % based on the mass of the
composition, as measured according to ASTM D-874.
20
10. 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 of boron, less than 600 ppm by mass of phosphorus and less than
25 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.

11.  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
30 proportions so to provide a crankcase lubricating oil composition having greater
than 300 ppm of boron, less than 900 ppm by mass of phosphorus and less than
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10  when the oil composition contains 2 to 20 mass % of the additives.

13. A method for conferring wear resistance to a crankcase lubricating oil
composition that contains less than 900 ppm by mass of phosphorus and less than
6000 ppm by mass of sulfur, based on the mass of the oil composition, by provision
15  in the composition of a boron-containing additive to provide greater than 50 ppm by

mass of boron based on the mass of the composition.

14. A method of lubricating the crankcase of a spark-ignhited or a compression-
ignited internal combustion engine which comprises supplying to the engine a

20 lubricating oil composition as claimed in any one of claims 1 to 9.

15.  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
25  composition, to provide wear resistance.

16. The use of an effective amount of a boron-containing additive and an
effective amount of a molybdenum-containing additive in a lubricating oil
composition that contains less than 900 ppm by mass of phosphorus and less than
30 4000 ppm by mass of sulfur, based on the mass of the oil composition, to provide
friction-reducing performance and/or anti-oxidancy performance to the oil

composition.



