;e3el %! ($6%1 % 2002MD02 - 1LUBRI CATI NG O L COVPCSI TI ONS The pr esent

i nvention concerns lubricating oil conpositions for |ubricati ﬂmmwmﬁlmuwm”m’
crankcase of engines, particularly conpression-ignited engi nes’

*heavy s duta/ di esel engines, for exanple, engines found in road trierks.
Lubri cati oR08M%he crankcase of internal conbustion engines is necessary to

mai ntai n the performance and expected life-tine of the engi ne, for exanple
by keeping the engine as cHéﬂ3BE&ﬁﬁﬁgiﬁﬂLélgﬂﬁiiﬂiﬂaﬂ§vy duty trucking

mar ket enpl oys the diesel engine as its preferred power source due to its
excel l ent |ongevity, and specialised |ubricants have been devel oped to neet
the nore sthengresénbiavéntiomostcerasilibrieating il ebnpositionsdgy ludritating teel

engi nes than passenger car engines., is It has been found that viscous

| ubri cat i n§rasiKCag8 Rl GHinass PatticHpryComRiesaienygnited cagigracSUaneahNeMBss t han

| ess vigco o1 Ayl I | [ ; I 5 boadPRidkscul arly evident in
t he O\mil Pﬁtﬁﬁ%ﬁlg@é@@@?g"f%gge %Ztehﬁmt%%gg%ﬁ? ;ﬁ]’]e}sos'sCl 'S c<E¥sséessed on two
grooves on the piston. 20 A potential neans of inproving the cleanliness

effect of oi| .conpositjons is to inc)ude detergept additives, such as

cal ot um or CHRGREIRTE AW Srankeasi ol MATRD COMHLSROR NAIRes o8 EaesSadoiaye
engi ne cl eand: I i i hi Vg I
ol | Ut on” ARNERT She IR fance 2yl Skiied RARMAZL IR EAURS, R pLATTRY
ni trogen okedping(tN&engiree as dreani agpossiblecati ng oi |l conpositions to | ower
sul fated ash, and therefore, to a reduced anount of detergents. This is
becaus&®net al - cont ai ni ng addi tives, such as netal detergents, zinc

conpounds aRg HEYWRHRP YK HEPAHAE ,enegsaayzé tH 8RR sbPertdife A0 Prefdrréd bbbpd

ash. 30 It has beén surprisingly found that satisfactory piston cleanliness
can be achsevig fdye tbls excelgptolongevitthoandi specialisgd hibsicastss have cbeen and

Accor di ngi JEpRPedSTge Hle A8 et dRdor Rn pafPE RN iRt S by auty
di esel engidogy diebel ergineg tvir passEpger thoenging®r i sing, or nade by admi xi ng:

s (A) a major amount of an oil of lubricating viscosity conprising at |east
35 mas$5% of a Goup Il basestock, based on the mass of the oil of

on the. st HSTEE hmd B uBEBUE | B Rlind B ooMdg B3 Rert 0 pf8Vige bepsds
great er andnjinge ¢eenliraysstthan lass visemls lUbriOftingsib cémposbitivasethis isased on i o

the mass of sai asestock: a m por apouynt of an additive,
conposi ti QH?E&H‘S?VB/S?Y{ ent 7 tae@wé{%e&ensm?p@a,tﬁhﬁf? %gn@?qa)nhgﬁg.s& mor e
ot her addi hk¥&ssed &n WG GROSVEsBh fHd pisimPosi tion has a col d cranking

sinmul ated viscosity, medsured according to ASTM D2602, of |ess than 7000
nmPa.s a -25-C and a sulfated ash, neasured according to ASTM D874, of |ess
based op.the mass of the oil tion second

th 1.35 %. . | . .20 |

aspect | thé pettiakea0s Al oG naaien esh oG B ol bodRpsfigns B@avy duty
di esel engifefude\bigsmtcditiveas sach akdalduimdrafagRediu®f sionb@P8AI6- 5 litres
and a displacenent per cylinder of at least 1.0 Titre per cylinder, which

met hod conphesate, ¥igh grenbeliayedHe iapgeveengingiwieaniiness. diowevemositi on as

2s defined,] : L o | i : h f £ tion
provi des aréc(g’rlr%t?cﬁna{ %lﬁ\édoﬁ%%%ég\%/&ﬁobmﬁ &e{g@&gﬁé!ﬂ nctea,ug\%ﬁ ib&ﬁ&@ﬁgﬁﬂé&%as a
total disptesporehtnkueh dsqrmticlafes! arid ritroged axidiss(NOYearndrivieg cyl i nder
of at least 1.0 litre per cylinder and | ubricating oil 30 conposition as
defi ned i nlubkigating &il t.lonﬁﬁoaloweusw%tsﬁﬁé& ?nﬂﬂﬂem@em ai'avesad on

provides t hedi5e oPHeig@hts. Ofhid 1bA&RISe Wetal-containing additives, such as metal
detergents, zinc compounds and molybdenum compounds, contribute to the
amount of sulfated ash.
30
It has been surprisingly found that satisfactory piston cleanliness can be

achieved for lubricating oil compositions that are less viscous and contain a

AR
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reduced amount of detergent additives.



"viscosity conprising at least 35 mass % of a Goup |Il basestock, based on
t he 2002MD02 -a mass of the oil of lubricating viscosity, that contains
at nost 0.03 nmass % of sulfur, based on the mass of said basestock, and
.that has a viscosity index of 120 or greater and has greater than or equal
to 90 mass?098M®Rur at es, based on the mass of said basestock, in a

| ubricating oil conposition for inproviﬁb the s piston cleanliness of an
engine. In a fifth aspect, the present invention provides a nethod of

| Torovi g AN AIrRAPInGl ARRICRESS 1AL PP ARNORFEUBL A hoal ol il 41 LA

t est, e engln Icatin oSt t’i on

the fi rst @?m@uubmcatuhgcﬂlwmpdsmmpe@rhpnsuhg, or eaeletbyl agmixingen provi des a
heavy duty esel engine lubricating oll conposition giving at |east 25

pi ston cleanliness nerit points and not greater than 4 % boost pressure

|l oss in the OW r dure,
Whi oh gi | compod é@;}aﬁggé%uh%f an%‘ﬁ%} |Gbrg§htf3§; Jné‘@osﬁ%o‘mrﬁr% r{g@? le%rs?‘ég
anount of an oimask %Jta:flaaaarmg) \PI|I slnamstqck drake@dBpnatha mmssarobuhta oil Gin

addi tive comnposi{i.on conpr|S| 20 i), a detergent co si.tign; and, (ii)
one or oo oo Hbrigaitd VoeeshoAl sontaing b ost B aaes 5k o suld, 3pad on
cranki ng si nul capi d i 0

han 000 na SHEMASSCEE bt LEEERHER CaRd DR HAS 4 NidteDH TR o 20 e

D874, of less tgmater8r5drlnassgrefatebalsmdoorequhbtma@sna$s P eatiratespbpsad onon.
In this speC|f|t%at| on ampunt” neans in excess of 50 mass % of

t he cotfposition Wﬁﬁﬁp?gﬂig:ﬂsesmgngngess than 50 mass % of the

conposition, both in respect of the stated additive and in respect of the
total mass % of all of the additives 2002MD02 -4 present in the

conposi tion, re@a@aﬂnqsaraounwamg@@ﬂv&nomobsmna cRprising: or additi ves.
"Conprises or conpri re taken to specify the
presence of 5 stat eda’fgg'teu Sﬁp‘g&@ﬁs'w&dﬁ‘g or conponents, but do not
precl ude the presenci)@heastthbreosthef additives; rmre ot her features, steps,

|nt egers, corrponents or groups thereof. In the |nstance the term
"conpridsi ng" or conprises" is used herein, the term"consisting essentially

of* and i tg, 8:%9:9?{1§y&|{§%ﬁ°{p5§‘i'n8n'ﬁa% a eUig gc?é}ﬂgﬁg% ifut rt&i wc%gngmggm of

it, and conséquen erm "consi S 10 cogndte are wthin
t he scope adcordingtosASTiY B2662)tof dddsythah"7C00mPaes aatpzmandcaanmw asht of

it. "TBN' is Tota] Base, Nunbe asur by ASTM D2896. | s - sol ubl e"
or "oil-di @6@?5'964 gecqging Kbt'&ﬁg@‘s@gﬁ Pg?‘?&?%”@é‘té hEYBSE 1, Qéﬁ?‘ﬁ'l%g‘ear e
sol ubl e, dixsggloy & 8il cgﬁﬁ%ﬁkﬁ or capabl e of being suspended in the oil of

| ubricating viscosity, proportions. They do nean, however, that they
are, fzr exanple, soluble or stably dispersible in the oil to an extent

S 1 ot s EaSt ple WSBRE oA R PSP Rl " 1

addi tives ﬁ@é&gadl@t? dieseTiehgirit; WHIGH 8hgine Hids é‘tcﬁbﬁdlsblﬁbéhﬁan@faf at llééfs{ 6sul ar
additive, if desired. "ppm' neans parts per mllion, expressed by nass

based on tltesvand adlisplacement pereylingenpf atleasbOtlitenperxylimder, aielvi at i on

216 maes. ometiogCGbBl¥es suibREIe G orBe s Ripoafhg ATHIIARTT 28 “Cor e
or di Iz,gentd@ﬁded mrthefmstQiép@bW se stated. 30 It should be noted that the

I ubricating oil conpositions of this invention conprise defined individual,
e. separate, conponents that nmay or nay not remain the same chemically

bt or e andinaf ifiird Pl thd [Ptesehtt intbhtior? BroVides St &fbinatibn '@ 'd Ravy duty
diesel engine, 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

30 composition as defined in the first aspect.

In a fourth aspect, the present invention provides the use of an oil of lubricating

viscosity comprising at least 35 mass % of a Group lll basestock, based on the



2002MD02 -s conponents of the conposition, essential as well as optional
and customary, may react under the conditions of formulation, storage or
use, and that the invention also provides the product obtainable or
.obtained as a result of any such reaction. s Also, it should be noted that
when the $PEMYP%cation refers to a lubricating oil conposition having a

defi ned anount of sulfated ash, this neans that the oil conposition gives
the defi ndaassplithe of oklubricating Waersidiat aenteinseatamosi.eednassvafles of the

present | %‘G‘ﬁ‘ﬂ?,ﬁ%ﬁ‘ﬂéi tsﬂéomagg of Eéﬁurfa%%ghddﬂ aR4 ﬂ}%i\tagia{ visér']lFﬁthM g DI ESEL

ENG NES Heavy €ngi nes according to resent I'nvention are
pr ef er abl yi 2(sedgieatémandinas Yreader thehiorleggial iv9@ mass %6 sabirmtdsabgsed oad

vehi cl es, such as g ar,g% trucks., The, road ve,Pi cl es 't'ﬁlﬁi cally have a wei ght
greater t#Be M3ss ghtaid bagpgtogidnflublicating ol GYPROYIERN EPTIMRreWRItRe have a

total disp rgf%é 6.5, preferably at |east 8, nore preferably
at | eagt %,ésguc rg@fegtétolfgggﬂgir% litres; engines having a total
di spl acenent of 12 to 20 litres are preferred. Generally, engines having a

20 total displagcenent greater than 24 litres are nof gconsider | and- based
vehi ol os. b grpes, Heghpaeahienianpiouidbs A metiehof Bibrare theplign

di spl acengyyg aAdSHqi id inth® Om4a4 LA’ast b n@‘{% s at | east
1.75, prefér% ?&Sg%dflaegﬁg"%’ pféfrttl rtggﬁ%lgr cycPliVInder. Geheg‘glaldl, gtgéy duty

di esel engingire adubricadingadil adnepogitioreas defioed ircthedirst aspeaty| i nder of at nost
3.5, such as at nost 3.0; preferably at nost 2s 2.5, litres per cylinder.
The tdPm" heavy duty” in relation to internal combustion engines is known
in the artp seetAddpdditie presbnt invbisich Pecides heﬁwldﬂm{ Qﬁ@ééltérﬁqlnés
characterised by average speeds, power outputs and internal tenperatures
that are dérigadingyoit corwostiopagivingi at| Iea&&?&m@pntwr@mse,manm@mgs aody

di esel engj i | de | der N . 30
ps used ndereder LY e Bkt pRAEHE st I IhE MR englfE eRE R cBRG
cylinder’ tatise IORGUL-52- 0D peocttiuré ashich dillcorpdsitidn comnprises, erdgimade by

engi nes (see "D esel Engine Reference Book", edited by B. Challen and R
Bar and&cu a08iX®8d edi ti on, 2002MD02 -6 1999, published by SAE
International). Briefly, the term "displacenent' corresponds to the vol une
of the cylinder in the engine as determ ned by the piston novenent and
consequent |y ti{A) atmajpr adic it af anmiltof lulsriddtiegtvidcdsityodndre dependent on t he
nunber of cylinders; and the term " displacenent per cylinder' is the ratio
of the total displacenent to the nunber of cylinders in the engine.

LUBRI CATI NG O Lkp{olvhide rRemVe d ikl -ar |y concerns

mul tigrade | ubtﬂiacati ngkgéwnggggﬁposi P’Fo%@%lggﬁlckzﬁg{%'bgg mul ti grade

| ubri éants) that tertl adetergerdsompasiious antihe SAE J300 cl assification
defines the | ubricants.ac i thed.r yisconmetric properties, such as
their maxi num | ow tzﬁ)p%r?eaﬁﬁtng”g%g{\%q‘fgﬁﬂé\{ﬁ’ punpi ng vi scosities and maxi num
and m ni mum ki nematic viscosities at 100 qC. is Preferably, the lubricating

oil conpositions, in each aspect of the present invention, have a |ow
t enper at umheseiarke Rl GansReaition has aeald craniing pinwated viseasityi messured

i ndepende f Sk A , of
| ess than%%%ﬁ’ﬁrﬁag&gswﬁ%ogc?{s’%é@%?Z?@?%’Bﬁ'srg@?ﬁ ﬁ%ﬂ%&ﬁﬁ%%t -35
QC. 205 Pr eficasabéd actomingito IASTMIRB 4, lof desypihant 1.88 mass v babedopahd of the
present inventi oPl, hlave a sul fated ash, independently of the cold cranking
si mul at ed MASHNePil CAMPRSION.cd by ASTM D874, of less than 1.25 or 1.15,
nore preferably less than any of 1.05, 1.00, and 0.95) such as |l ess than
0.90, especially less than 2s 0.85, advantageously less than 0.75, mass %
based on imthisspeciticatiore oi | conposition. The sul fated ash can be in the
range fromO to 0.5 nass % In a preferred enbodi nent, the anount of

sul fated ash, as defined above) is derived fromnetal -containing additives

only, 3§or evR[cHrAMLY nidimsSHldxabss ofi§!/3 ras$% ethe\@mpésitiprret al  detergents

only, such as a cal cium detergent and/or a

“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



magnesi um det er gent . 2002MD02 _7_ Preferably, the lubricating oi
conpositions, in each aspect of the present invention, have a TBN of |ess
than 11.2 or 10.5 or 9.8, preferably |l ess than any one of 9.2, 8.8 and 8.5,
-especially less than 7.8, advantageously less than 7. 1. The TBN can be in
the range 398M802. 1 to 5.5. 5 Preferably, the lubricating oil conpositions,
in each aspect of the present invention;*have a metal content, whether
transiti onpreseal ivrthgl gempasitieas reckenedl agraciivRaingredieal of dhe| additivewar 4800
or 4400 oraéﬁggé nore preferably | ess than any of 3700, 3500 and 3300,
especially Fhan 3000, advantageously less than 10 2600, ppm The netal
content can be in the in the range from0O to 1800 ppm Test nethods for
measuring netal content are well known to those skilled in the art. is In
an enbodi néRMPHseHehCAHPHEINIOPT ERGNHPNUHS arajaian wnspadifyithe aresancei of

conpositio r t t i i i ILscosity at
100 2 1 ritalseheeiel §PPPntcHery oribiiters it FPrBEHRb fe iR
anount of euadditien ohohne @fmbessthehdcatdies) stars intpyeiss coRiponeats ot Hiupst. 3
mPs; such as | ess than 12.5 mmPs; especially |less than 9.3 nmPs. The

ki nenat i c theEedsilnythgtinsianeedhe devanceaprisipg” ek sapIPsisesnist weed haindhele. 3
to less t 24,9 f ARl et ran I . ghore
pr ef er abl ;‘@IPrH togs}sghge&%@b.gy 'La(f) ggslét %&a%ﬁgﬁ%eagfﬁﬂ §€§F%B€%en]d?gﬁégg of
5.6 to | esprefdreed rdbodiment dif riy)| and tcoaséqientlyatienterm Feansisting bi’oansd dfs t he
present invention are,2s | tigrade, oil conpositionps ?avi g a viscosnetric
grade ¥ ofPI5Rte BTG WP tEf:l’l 9596)@%\3'3@0\9)@3%?@/? réB&@é’@rﬁ prefgyredne of
20, 30, 40,RBddiNentisf erably X is 20 or 30 or 40, nore preferably X
represents 48. he Anerican PetroleumlInstitute (APl), Association des
Constructeur European 30 d' Autonbile (ACEA) and Japanese Standards

oi - compos; briS. 1 e 385ee Matosr a8 Thr e A SERLPRRR: | ons known as
G obal, which contain tests and performance | evels fromthe ACEA, APl and

JASO speci fications.  2002M)02 g Thus, a heavy duty lubricating oil
conposit i oRibsoluble” re'vérdispersibie’ deedp et mespesardnindicatesthat the additives

Ponst t ho ae SOl BR b, AsRiofUBY oAphae, of BRI, LRl I 1he Ui of e o2
the APl ClluBiricatthgavietdity, e gropottiond. hThéybi mean ibweéverc i disey a@) fef t he

i nvention, independently of neeting the APl perfornmance requirenents,
pr ef er abl ye>§9éBP|§f iselible r‘?"p‘d@‘?'b’c‘i’lﬁﬁ?rsﬁé? d’t‘itha aibtp Bt @¥ient suificientda exgrt

| east the gFAh nelay ; e - 94;

advant ageoﬁs yI f;e?‘dﬁga%f[&?ﬁ%%%ﬁﬁ(’@’é@ yn\gﬁ?gpﬁgi%{ y aE ﬁy(%gstMRE&Ye@- 99.
io I na® fuhehadditonel dnoernporatidre of wthércadditige®inhay algoopetmibinedrpoteation of

i nvention, .independentl f et t he, APl .and ACEA performance

r equi rerrentﬂ'gﬁerp'%?gr‘gtﬂ éa'g'ﬁt’{égiafjgﬂﬁ’?hﬂ de8%eADH 1 or Gobal DHD-1. G| of
Lubricating Viscosity is The oil of lubricating viscosity is the major

|l iquid constituent of a lubricating oil conposition. The oil of lubricating
vi scosi ty ‘ipparuseang arts pendaition; @xprassedeby mass based dint thee masaskalythe and
(b) any oi]l . present. i entrate or additive package. ZO The oil of

| ubri cati Hﬂbﬁ?éﬁ&é'{ é&gﬁogﬁgﬁi cating oil can be a synthetic or mneral oil
of | ubysi cating viscosity selected fromthe group consisting of Goup I, I1,
11, IV and V basestocks, and a m xture containing any two or nore thereof.
2s Basest obike abbipviationeDRE piands tor\Radiely pf Autemptive Engineessesses i ncl udi ng
but not limted to distillation, solvent refining, hydrogen processing,

ol i goneri zation, esterification, and rerefining. APl 1509 "Engine Q|

Li censi ng Alhgefezntades sdpartedSyst ardssPauon eanddtivedhyreaientsivadie,ciearb aithd@po6
states that all base_stock% are divided jntq five 8(e)neral cat egori es:
2002MD02 -'€9arbincarmigh SESt RN Ll HAatess pthevdse aiate@09s sat ur at es and/ or
greatej, than 0.03%

It should be noted that the lubricating oil compositions 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



‘sul fur and have a viscosity index greater than or equal to 80 and |ess than

120; Group Il basestocks contain greater than or equal to 90% saturates and
| ess than s or equal to 0.03%sul fur and have a viscosity index greater
-than or equal to 80 and | ess than 120; G oup IIl basestocks contain greater

t han or eqi@eMe@ 90% saturates and | ess than or equal or 0.03% sul fur and
have a viscosity index greater than or egual to |0 120; G oup |V basestocks
are pol yal gtrapbeéntss of Fecompuasitany assenbalsas twalk asi optiondd anid cestbenary,
basest ocks_not included jjn Gouyp I, LI, 1I| or 15 |V. The test t hods used
ndef | ni A nEAS oAy, i Sotions ah osmiateh, Surlipapeaseasrg Bis oo o
viscosity indgtion amsd Sravidels the Prbd7é btaifdbié. oriibiding Gs3d Pésuitast iy dush 20
G oup IV basestocks, i.e. polyal phaol efins (PAO, include hydrogenated

ol i goner s facdignal pha-ol efin, the nost inportant nethods of oligonerization
being free radical processes, Ziegler catalysis, cationic and
Friedel>Crafts catal ysis. 25 Goup V basestocks in the formof esters are
preferred Apg, af 8haliRiobs aiBTBE Cthal Wheav id apbéificitichrbiers k& WiRicRahy Wil
esters such as pentaerythritol esters, trimethylolpropane esters and
neopent yl gtgmppsitionchavingiz sieéned amseurnti efesuliaipd ash, dhis meanseihai the «oil

esters, i. . - r1sC Y, Y ters, i.e.
1,2 - benz‘g?'lrgE’SF'gigP@6‘2{5{@?3@#ﬁj?ﬁ‘eaqé&?'ﬁsdf%ﬁ@%em%@ &f@ag@e made are
pref erably nonocarboxylic acids of the fornula RCO2H where R represents a
branched, linear or m xed al kyl group. Such acids may, for exanple, contain
6 to 18 caf Bedhealumsof thequespatinvamionwillfiqw Be disgussed n ﬁ!?f@idﬁ%hi ty of the
first aspect, and preferably of the sixth aspect, conprises at |east 35
mass % of a Goup Il basestock, based on the nass of the oil of

| ubri cati nHEAWCDUITY DIESEL ENGINESs at nost 0.03 nass % of s sul fur, based
on the mass of said basestock, and that has a viscosity index of 120 or
greater and has greater than or equal to 90 mass % saturates, based on the
mass of saj ,{d]@ bl [ i } it
conpri ses ?gﬁgﬁlggg}e@%gk&@ﬁ%ﬂggﬁr&ht tcfﬂgfprg%er}tg@éét'ﬁ%,%mﬁf Eﬁ’gﬁ'? e%éggl y at
| east 45, muUaehddmsad \ehicies,50oreepieferably largeraadevehicige, sifchbas lang® frucks.

d t Ly f 65 to 90 ' 70,1 85 %. b d
he mmas. of fe fead Pahies GpirRiy ks &IFEBhCofpéraR, WoPee o ShoPGS ot
the oil of yu§gdbId §WEH Méhidle8aead to hals hUERS dispfadenrsaRidI G 6 6. B prerrabigm t he
provi sion of additive conponents in the oil conposition. 15 In a preferred

enbodi ment at least 8emore:prefembly at leasbi0.sauch asaaldeastc1d,iligreshangingad@ving t he

U scosi ty Bafial BERldcRTerttt 129820 e s RIS o GoBeml. BholpBRHebRd AT o
a Goup | tslkdisplakement greatorihanld4 liteseaicondt consideres tarid-basedivehieles! r ed
enbodi ment . the oil of lubricating viscosity consjsts essentially of a

Goup |11 Bheedgiss areerdng 18 haprasest nyeniibn ai30/nava ashzRircemantpes oup v
2s basest Ogﬁidd'érb?ﬁt [d2st Y oPat l@éélﬁgs 8ih 284t @(%%'l g?&a [pi'r'éf‘é?éblgpgﬂégst of

t hose basestocks that arise fromt provi st on ve conhponents’'in
the oil colitpesper cylindaddiGenesallyy imeasy dutyndigdell enginesh inaaekcrehidles haveresent

oneor ot SRBIEREMeT Rer VRIS AL IR o SRERTES: RICCETL RIS
addi ti yes, 2.%que§;>ﬁ§ bgmu%r.te pgfeégﬂté%phéaw dut "erFHW&r?w iderhafésmbasidn

conposition ¢onta _ A detergent Is an additive that reduces
format i on ehgipesioknawpdisthesartf see ASIM D44BEft-§3% 1D wihere heavydutyséngine

| acquer deposit.s, .in_engines: it _has acid-neutralisin roperties and is
capabl e of 8&%@EJPH¢S Fhﬁ'a%gtﬁrfﬁqﬂ %5"%@99&?%@& %\ﬁﬁhéﬁltgﬂl?é)?ﬁ i"'élgmfzed on
netal "soagsmperafifbsithatBreajerferallysclobe €6 Bottintiapfiaimumiss thafBfdne, @hea“{
surfactants herein. A detergent conprises a polar head, e.g. the neta

of the orgdutydiesel@ngine is eonsigryed\iaopgraBigenesally ungerguchseanditians: y.
Ther ef o e the organic acids typically have

sal t

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,



to one or nore functional groups, such as OH or COOH or SO3H, and a

hydr ocar byl substituent. Exanples of organic acids include sulfonic acids;
phenol s, salicylic acids and sul furised derivatives thereof; and carboxylic
-acids. is The detergents of the present invention can conprise nmetal salts
of an orga02M®e2i d and particles of basic inorganic salts (e.g. calcium
carbonate particles). Thus, each or the-6retal detergent in the detergent
conposi t i ot998 pulblished by BADIntethadivaal aHribfly stheHetrar‘disptacementer st ood by

those skilled in th t. det ent. co ition conmprisin e.or nore
motal sal (OTESPONGETPanG Pl ol B WinESER Nerantha A gelemied BY 6. of
netal sul fQaphemalement ahdRopsaggentsthéotdedisplassienttis thetdiaeisiithe
invention may be salts of one type of organic acid or salts of nore than

one type olepangtemt ondbedwimbesrof eylingers; aysihaiterorgisplacesmentgqercylinder’ is

det er gant 18 Tag 8 950 Btel dp@andent Ry RhEr . SBEbiEjo TS 0B ot abi 1 sed
by nore than one type of organic acid. It will be appreciated by one

skilled in the art that a single type of organic acid may contain a m xture
of organi M@M@&Qﬁw exanpl e, a sulfonic acid nmay contain
a mxture of sulfonic acids of varying nol ecul ar wei ghts. Such an organic
acid 2002MD02 -12conposition is considered as one type. Thus, conpl ex

det er gent sThke preletitimgntiohgrarficarytancaras miltigradedubrnigatihgssipar at e

over based detergents, an exanple of such a m xture being one of an

over ba¥ed QQA’PEP%IH?B%{@@? KROWNAS @Pﬁmd%%'caﬁt%mtdﬁ%% bgllesYiseMmat e

det ergent . j ; ; ts.

For _exampi 1@ Phit 1300 RSt fogitn 8BRS i orich ER6RIAG T gt AEbath

97- 46643/ 4propértay] sich @esaheipendyiimuimilowoterh peraturermdankisg medtpurhpiagng a

m xture of .nore than one acidic organic Qorrrﬁound, wWth a baéi G~El al
conpound, FePiRSH2BY Mrdpdauayand Mipimumkinematic Kigcosiiasat A9Qi°C: ni cel 1 es of
the detergent are thus stabilised by a plurality of organic acid types.
Exanpl es of hybrid conpl ex detergents include cal cium

phenat &5 saPiefgiadly;-tballdlricatiog déltconpositiornsalic cach phpecttaf-tbe pfesente det er gent
and cal ci um phenat.e- sal !ﬁz\%{ ate d te:{gen&.. i.s EP-A-0 7‘50 65% descriﬂt{eci a

cal ci um saf VEQH1qYR: Ve terpRgialire, ({ARking Visosiy, of seid-gaaking sinylaiedenat e
and then sybéaritys intibpandefif bPafd AouRtofBulfaté® adh, &hEadltespby ABTM e and
cal ci um phenate.” Such conplexes may be referred to as "phenal ates" 2o

Pref erred R86RRaf Ia8% d1ajee@Q0 AiRa.s &t -801°6: marassafegablylegmthan 6200 exanpl e,

a cal cium H\Iﬁgghg-_gilgécyl ate-sul fonate detergent and "phenal ates”. A
det er gent, r bnpl ex or not, can have a Total Base Nunmber (TBN) in

the ramge of 15 or 60 to 600, preferably 100 to 450, nore preferably 160 to

400. 25 For the avo'bdﬁ\ ce of doubt, the detergent conposjtion may al so
conpri se aBrafe@blydhe yrrigaling;oilcomppesitionsin eaah asreeigPdBe dregants.
Pr ef er abl y; et it} i { ed net al
56" det or gy SRUEHE RS kBRI RiBpEATBALY BF 18 ool SRR st Rateet o C
det er gent syisoesity, psaheasurey by ASTVWDEN, ofdgse than .28pelcl &) mpreppedferabd i s
cal cium less than any of 1.05, 1.00, and 0.95, such as less than 0.90, especially less than

25 0.85, advantageously less than 0.75, mass %, based on the mass of the oil

composition. The sulfated ash can be in the range from 0 to 0.5 mass %.

In a preferred embodiment, the amount of sulfated ash, as defined above, is
derived from metal-containing additives only, more preferably the sulfated ash is
30 derived from metal detergents only, such as a calcium detergent and/or a

magnesium detergent.



-2002MD02 -13 Preferably, the amount of alkaline earth netal in the

| ubricating oil conposition, in each aspect of the invention, is |less than
3200, or 3000 or 2800, nore preferably |less than any of 2500, 2400 and
.2300, especially less than 2000, advantageously s |less than 1800, ppm The
al kal i ne e3i2M0¢et al content can be in the range fromO0 to 1200 ppm
Preferably, the detergent conposition is’present in the oil conposition, in
each aspecPreferably, thevuhicating eihcempesitions, in pask aspectxfthepregentcont ent, of

at nost 50, io,.preferabl t t i all t St 2 1 Li ol es of
sur f act ant '"B(&Pt'gf‘n %5\‘92%%@95%%3%;&8%%&6&Sﬁrzénﬁuqr%%blyﬁﬁs%a@mm ment ,
the amount oRé ofl@l 21 8lerindCO®.BPesSHddidlly: eS8 iRth P8, AUVAriE§éisl¢ Ridsanan 7. 0, t he
oil conposition is 10 tol5 mol/kg.” i s Means for deternini ng the amount of
sur f act ant Taed BIN@an heinthegang&fmmead. ite 3.-e art. For exanple, a skilled
"person gan cal cul ate the anmounts in the final lubricating oil conposition
fromintormati on concerning the anount of raw materials (e.g., organic

aci ds) useg@réferatslicthelabredtigasinésnmpesitioris, dmeaoh @spett ¢fithe st ng t he
amount of detergents) used in the final oil 20 conposition. Analytical

net hods (einyentigNahgve a metat gentankwhatker tesitignmetal or pdtadineiestiht metal
titration r f G ) IﬁDéHpSOf
sur f act ant SPQ{k%%ﬁ?&%@ﬂé%%‘@%pﬁﬁ@&ﬁb&f edﬁﬁ%@%ﬁfﬁggk@é’%}@ thdt the
met hods t 0ofi87@0,n33@0 and 8360 aespetiallyflesetraEn 3600, advbntageausly less than( al so
known as surfact ants,} are a[t best appr oxi Brat,i ons and that differing nethods
will néd aPRRYsPRMy e hsAeta!\coniRnt capde BNedn the,@nae fromibipelRQ0 pp.
sufficiently precise to allow the practice of the present invention. 3o
Co-additives O her additives nmay al so be present in the oil conposition of
t he presenTeshmethodsfor meXiRikgGRetal dolentiert well kaownito dbbse skilledin theesent

i nvention include viscosity index inprovers, corrosion inhibitors,

oxi dation PHhibitors or antioxidants, di spersants, rust inhibitors or rust
prevention agents, anti-wear agents, pour point depressants, denulsifiers,
and anti-foam ng agents. Viscosity index inprovers (or viscosity nodifiers)
i mpart 1hi gl angnledinemnpof each aspeairciithe prasend invention, lukrticatingodil and pernmit

L BB RorS A pieshd PN HER TR BRI K ARG BB iuncs
L or use aseg peiepehiientydof thercoldemnkimnesialuiateldivistosiy apdlthe anigliiof

ydr ocar bon I?Ol ynmers, includin r£0| ygsters, such as pol ynet k%g:ryl at es;
pol yet hyl efelfaigd@shp of @ﬁé)th%Qg men‘gharefehly lessdhan 4§ dnTsi sHEh 88s (so

cal l ed ol efddt (6ARAIVREs: BYBEReIARIHaRE o ikt PG RAMAC ey

-isoprene) P rsan rcati ons; ‘an sterified poly(styre
co- nal gf i c 160”RECdrardbe, fookbxamipte, in (he ravgeudfl 6.8 ite tassi than 2dd; fprefeyablglivyner s

general |y have nunbe verage nol ecul ar wei ghts of at |least, 15,000 to
000- 000, Tt Grsish 12505 I handocionere BisTerabl fithe dangs 66 @rRsat i on

chromat 0gr gpfy/195; sLeMhs #§ tHed RIrgeSB6 1 s thAR gigscl osure in Chapter 5 of
"Chenmistry & Technology of Lubriglgants", edited by RM Mrtier and S. T.

Orzulik, 20 First edition, 1992, Bl ackie Academ c & Professional, is

i ncor por at ed her.ei.n. rrosi.on 1.nhi bi S I ce I he degradation of

Im&*t al Fi o péFFQ"ﬂ'EfHY' tgggﬂb@%tﬂgeé'r?ﬁﬁbégilgﬂﬁSgkhe %&?ﬁ%ﬂgﬁ"?ﬁ‘@ﬁ‘?“ I?’Fﬁ adi azol es,
for exasml gmiigadedilcdmpestions hifg A vidébskidtric4rddd of 8R SHE 18VWXoPaR are
exanpl es of corrosion inhibitors for 2s lubricating oils. Oxidation

i nhi bi t or s SAfr SWh¥i anQWaXit whereed liepresests amuene pf 88, 80,140 and &0, praferably

deterioratg.in. seryi evi f teri gration being) for exanple,
t he produc%'ﬁ%oo J%ﬁﬁﬁgh%f)fégpegg%r@?XgrQBﬂeesr?Z}télgbsurfaces and of sl udge,
and viscosity so increase. Suitable oxidation inhibitors include sulfurized
al kyl phengol s and al kal i . L i
The American Petroleum Institute (AP!), 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
performance specifications known as Global, which contain tests and

performance levels from the ACEA, APl and JASO specifications.



or alkaline earth metal salts thereof; hindered phenols; diphenylam nes;
phenyl napht hyl am nes; and phosphosul furi zed or sul furized hydrocarbons.
2002MD02 -1s Ot her oxidation inhibitors or antioxidants which nay be used
-in lubricating oil conpositions include oil-soluble copper conpounds. The
copper nay2®@MB0%ended into the oil as an{ sui tabl e oil-sol ubl e copper
conpound. By oil-soluble it is nmeant that the conpound is oil-soluble under
normal bl ending conditions in the oil or additive package. The copper may,

f I i .0f .. i..h byl thio-..

1t hi o phodBHEr Ry BrhabBigry b SRESRBeRBY SR tenk hBLuOh oretomably salt
of a synt hehfisied ateastiab perfopPEKnte Ce@iigimentsof eavplety dieSdl drigingd g fatty
acid, an unsaturated acid, or a branched carboxylic acid. A so useful are

oi | - sol ubl Whiisapts. such@satdeasithe &P CGi4 @reie@doly phieast ke ABhGH-&;
acetyl aget geg{eaany BR if’h% Kby BfAt '|ﬁ‘é'n§ He¥ eﬁcﬁdi Fiﬂ&iuﬁi\i/bg‘gﬂy%ﬂs are

basi c, Theu or’ acl c copper der’ rom al kenyl

succi ni ¢ agbaposltionnditte Iliﬂ@ttioﬁoimﬂépeﬁd)émtmfdﬁéem’ig’\md ABBperf@dnhamdee
enpl oyed in an anmobunt of fromabout 5 to is 500 ppm by wei ght of the
copper, i nfedtdraments, piglerabht saligfiesniprarticuar reltﬁ‘ﬁ}ﬂe‘@s(ﬂﬁttoﬁ Q%ﬁ@ﬂimﬁﬁ, at

oil-insolu e se, in

susperi si o%’lai%nﬁﬁzg&(??ui -gphﬁ?répygﬁ%ﬂﬂgwsélaggg'ggﬁ occﬁég?élon and

preci pit at admaimagdepslyiatiiev\lﬁtcblne AOEA Eﬁg@g sandfeep;midllqtht @f\éﬂt@@Eﬁ%&@%s ants
are 20 organic nateri i.C m substanti a n on conbustion, in
cont r a? '? ﬁ" 't”aherc?mgﬁa F’ﬁriﬂh"l"ﬁfﬁ"ga%' C?’Bpﬂ?'ﬁa’)’ O&gteeweﬁt'%n, Bor at ed
metal - free; rrtie@eﬁaéaﬂt of ﬁreet.ﬁbtﬁe rAfr-tr%@%bm d;?‘érrlfb\rgrt%tlnéé bé@gr'f?rﬂbﬁi%er Sants:

Suitable dis sants” i ncl ude; for exanpl e, ves ong ¢hain

hydr ocar bypr@ataﬁly Sahﬁwsdhebld’»&ﬂ)|DH-aomrcGlobahDiiriEi-dh t he hydrocarbyl group
has a nunber 2s average nol ecul ar wei ght tends of |ess than 15,000, such as
| ess than 5000; exanpl es of such derivatives being derivatives of high

mol ecul ar migh_tummgﬁﬁ%m@dsﬂiubsti tuted succinic acid. Such
hydr ocar byl'-substrtuted carboxylic acids may be reacted with, for exanple,
a nitréyen-cont ai ni ng conpound, advant ageously a pol yal kyl ene polyanine or

with an al ol. r cti

pr oduct's- of "ol &l Brsathdisessy 1hé ety aBREESARhSar Btm el SREL AL s
of specifi cahip@emodi scTThei oiy of smmmmgs visicobitg ihemtjeeegé)l Qj’te@dﬁﬁaet@r@
US-A-3 202 678, 3 154 560, 3 172 892, 024 195, 3 024 237, 3 219 666, 3
216 936 an@ORgENralg o additive Rirekages’ aﬂﬁe (Peady Qiupesentda| a gagicaptrate or
lubricating thegﬁﬁ$8§ stions tend to have a higher anount of nitrogen,
preferably er|v m a di spersant, than passenger car engi ne oi
conposeadi ons because nore orI-rnsqubIe subst ances, such as soot, s are

f or med in av di esel, |ne Accor di t he en _.con t, is
b ef or abl'y 186 allatdubpcasio VissaThrnupasaiccl fak be wSyBhelio dh miSSE ol ahst

0. 10, eSpeﬁlbﬁ‘ichn@Rnslc@@:W s@retai’ed ﬁaﬁﬁth%agrea %nersuhgef@% qfutiter\?'dndv
conposi tion. The anount of nitrogen, prefe ably de |ved

di sper sant baseﬁdgkmtandt@nb&tur@centaimngany twasy merem@reofount of nitrogen is
measured according to ASTM D4629. Alternatively or in addition, dispersancy
may be provided by polyneric conpounds capable of providing viscosity i ndex
| Mprovblg BagBstotke M NBe thadks USIRACY vaAdiyhofcdifidRnh proctiseels ri@diﬁdmg tﬂit not

mul tifunctional viscosity index is inprovers. Such polyners differ from
convent i onkmiteds i istjlatinge salvast otafining,n hydeagenh @yosassingl e oligemerizatione
properties L and/ or antioxidancy, in addition to

Vi scosity |ﬁ%ﬁﬁg?ﬁ%rg#@ﬁ%ﬁ%ﬂﬂﬁgspersant ol efin copol yners and di spersant

pol ymet hacryl ates are exanples of 2o multifunctional viscosity index

i mprovers. Miltifunctional viscosity index inprovers aregprepared

cheni cal | yARIt1RA% ngngie; QilsLirangingorid Qﬁf"fé@?t&f‘ Sygte iyrieenth rfégt'on
al cohobs apd -afides 1998 8104 ygﬁarts aPWBaQ?StBBI’(é/ cgr.aaaf by f.ilgn@eharenave

a nunber average nol ecul ar wei east such 1Tn the%ange
from 20, 000ategofies;, 000, as determ ned by gel perneation chr omat ogr aphy 2s
or light scattering nmethods. The polynmers used nmay be those described above
Wth respect to viscosity nodifiers. Therefore, am ne nol ecul es may be
incorporated to inpart dispersancy and/or antioxidancy characteristics,
wher eas phenolic nol ecul es may be incorporated to inprove anti oxi dant
properties. A specific exanple, therefore, is an inter-polymer of

et hyl ene- propyl ene post 30 grafted with an active nononer such as malefic
anhydride and then derivatized with, for exanple, an al cohol or am ne.
2002MD02 - 17EP- A- 24146 and EP- A-0 854 904 descri be exanpl es of dispersants
and dispersant vrscosity |ndex |nprovers mhich are accordingly

T Y 1 ~~ 2 v o o o M. L T L Y



acids may be used. Antiwear agents, as their nanme inplies, reduce wear of
nmetal parts. Zinc dihydrocarbyl dithiophosphates (ZDDPs) are very w dely
used as antiwear i0 agents. Exanples of ZDDPs for use in oil-based

- conpositions are those of the formula Zn[SP(S)(OR1L )(OR2)]2 wherein R1 and
R2 cont ai POPINW21 to 18, and preferably 2 to 12, carbon atonms. Sul fur- and
mol ybdenum cont ai ni ng conpounds are alsﬁ'exanples of anti-wear is

addi ti ves.Grausol bapesipris aprtains kassdthap R0Sp isaturatesaara/e oreatet BanP A%y

ot over o, T anG Ve, £ RRCESRARNR: oRedlBE HenRrERRTIO80 pRTe e 851, o

can be poured. Such 20 additives are well known. Foam control may be
provi ded by an antifoanmant of the pol ysil oxane tége for exa silicone

, | e,
oi | or polGeauret Resesiocks sartaimgreaien %éﬁﬂﬁ faugk o9 e paturates lesa3BAR Nt
may be useq. ref d i x4 : i i i 330
520, 10 Sopdus BFRSRSRE ) bl SRERRRick BrERErINATEr Lhyart e
obt ai ned bgnd lesstthany 120pi s- epoxi de with pol yhydric al cohol. Sone of the
above-nentioned additives may provide a nmultiplicity of effects; thus for
exanple, a single additive may act as a di spersant-oxidation inhibitor.
This 30 a i i f ) h in.
20020002 S5y o SrSBRoCks PRI HioBRE A or Salaf1h VI, Rl A" Rss
di hydr ocarthghdirtetjuabo §18% sulfivand hanpleyisedsity index greater than or equal to
di hydr ocar yl. di t hi ophosphate, is present in the lubricating oi
conpos“%io 'of the present invention. Wen |ubricating conpositions
contain one or nore of the above-nentioned additives, including the
detergents, each additive is typically blended into the base oil in an
amount whi @Groupnidblpasestorksaareipdlyalphaolgfins (RAO);tanddesi red functi on.
Representative effective anounts of such additives, when used in
| ubricants, are as follows: io AdditiveMass % a.l.* (Broad)Mass %a.i.*
(Pref er r ed3Noupcw Bdsesidents incude @ -oberastemokesictincluded in Group |, 11, Il or
I nhi bi tor0Q, 01-50. 01-1. 50xi dati on I nhibitor0.01-50.01-1.5Friction
Reduce0. dY- 50. 01- 1. 5Di sper sant 0. 1- 200. 1- 8Di sper sant Vi scosity Mdifier0.01
-50. 05- 5Det ergent 0. 01- 60. 01- 3Ant i - wear Agent 0. 01-60. 01- 4Pour Poi nt
Depr essant 0. 01- 50. 01- 1. 5Rust | nhi bi tor0. 001- 0. 50. 01- 0. 2Ant i - Foam ng
Agent 0. O0TFKe 3@stOfriethods Desedl i fdedinihgOtHe GbReOdrdups ardvbSSTRD B2007Vefor
i ngredi ent based o inal lubricati oil, conpositio The additives
g be | ncaen B THRREA arvisosfiy indiaend one Sicks W BDeadd it de2ts o
base oi l) 444 890 fR's(@arent way. Thus, each additive can be added directly
is to the ol y dispersing or dissolving it in the oil at the desired
| evel 20f concentration. Such bl ending may occur at anbient tenperature or

at an elevated t t Typi cal | Lti \S available as a

i xt ur o GIA o Vpogassticks, YRy PokdieaRR Ry (FRCEoPEeE JhyiupaeRited
2002MD02 -gligoWers & ahuamhatolefrh, @sklirmhosteimpoatniiaieds idf rR€rization
desirabl e, although not essential, to prepare one or nore additive packages

(al so knoeing Heei radiealc BrRressepordedler ceatalysis; acalionie oapd i EriedelHacaftsi ves
and a dilqg@& ﬂghich can be a base oil, whereby the additives, with the
exception © ylsbosity nodifiers, s nmultifuntional viscosity nodifiers and
pour pgint depressants, can be added simnultaneously to the base oil to form

the lubricating oil conposition. 'ssol%tion of the additive packages) into
the oi | ofGIOWRr i\ aPRFRFIIFKS JBI ﬁ@eaﬂ"beof%ﬁfﬁt Aredprrferrudntd @esalspent s

d by mixi _ - 1 . . ; it ; Cal. Th
20di t) ve SOUMERIATAPIRRIT EiAPhps THELB o estoletand B8 peagitndlr The
addi ti ve( ®sténs, frimethylcpropane astersr avd deopértylihsial edterendimsterat Cendimert he

pr et e A CHIRSE TGRSR SG1eTh. et Kb AL 12eD8e oo RoS oA Gihalale

det er ggnt sstdry, pe. addechdryenibdicaBiyHtss.0fTHRRa6Id8! frorifwiRich &he CEXTPR! AR ©
solvents (such as a carrier oil or diluent oil) together wth other

des :c r ablb Ie na?l@le targe preferally maddcar:cb%ylicis geidsk Af ethec lai R@Ozl-bgvmerg o 9g,
. 8 60, o
mos or 1 TP v g R, uBa, 3 ARteal S el a0 calbs JRRVRAET 1

t he appr opixafipte REciaintd @N$8 caftsorf atoms f or mul ations may typically contain 5

to 40 mass % of the additive package(s), the remai nder being oil of
| ubricating viscosity.



20 The anmount of additives in the final lubricating oil conposition is
general |y dependent on the type of the oil conposition, for exanple, a
heavy duty diesel engine lubricating oil conposition has 2 to 20,
-preferably 5 to 18, nore preferably 7 to 16, such as 8 to 14, mass % of
addi tives, 2090286@ on the mass of the oil 2s conposition. Thus, a method of
preparing the oil conposition according0o the present invention can

i nvol ve adm xing an oil of lubricating viscosity and one or nore additives

oL 2 oA I I T BB P B i >0

conpr essi opggstitt BMPRAgES At IdaSt 85 mdks st @G?M@RFM&%CR 'ba'séé onstagnol y.
The turbo- char ger 2002MD02 -20 enabl es nore fuel to be burnt per given

cyli nder smesstf the @8 filukyioagng viscositnibabeontaimstai M0std).@3 massi % afhar ged to

L ougi ¢ nsulyen 13860 SHH e bedd Baflipth MUERBE nat oot

t urbo- char ggo oil¢fréater bh@ Hasfgrehiciehad of BEuAINEIgTEMBES 94 8atus@RE! Bassdoh ai ned
in the exhaust gas deposit wthin the turbo-charger. It has been al so

di scover edthen@ass @hspichpasaptesd. conpositions of the present invention can
mnimse the loss of efficiency of a turbo-charger. A nethod of determ ning
the loss of efficiency is, for exanple, the OM41 LA test, io where a boost
pressure | Merﬁﬁyathpeaslbehlwnbsnrgg' V'SOOSIM’EDMI)EH’ES’ saluaadsee&icknnmameuhbss
the greater the lo of efficiency. 2002MD0 les -21 Lubr| cating oil
conposiq i ofkat | Q?éﬁﬂ%f "&feﬁé’? rablysatdeasht e sue té@aﬁﬁpﬁg'a fnpthe
were bl endeg, dge k f s
br i cat | niees D0y 2 95, AhaGeo iy Hom B 258 E?%%@@% g0 bEes
conparati vmeeslsc%Ebaa@diem thetrnads af theobil ohmbnnamg visoosifyabFer thesbwidants ai | s

of the oil | ubr.i cati scosity used and the hsicl roe ies of the
resul ting Sf)fj Oubitmtfogs Of |°gﬂ'éb HS&YF%P?@% r@é‘fﬁﬁg‘ AF? p tf@"yi@
1SWO Vi ScargAdibh of badRive WRRRABHEOIARE I citnBadib. oS B to D and Exanpl es 1

to 4 to we bl ended to an SAE 10WA0 vi sconetric grade Conpar ati ve
Exanpl & A to D and Exanples 1 to 4 were tested for piston cleanliness and

or ocedur 6. i PraelieHsebiment ghe e BFEToRaf Saly'BasOaheR s hal

Exanpl e A, ag@déd\io #Hd/déhdaniiats o naditios lpagRagesi tion, provided better piston
cl eanli ness and boost pressure | oss than anple B, an oil conposition

containing the same additives as those in Exanple A but blended to a SAE

10W0 vi sc T t the
pi ston cl emTﬁ n'égtsag‘aggﬁ%oos f'l:pr é:%ghpe 4%%@@?@9%3%58\/@5&‘;’3 jqfi%%gf‘é%grti on
of G opp | Grotesdbisqukfarsed that adGeuipi Ihasestdsk dritVd Group I bapestotk are (see
Exanple B through to Exanple 4). 2s ACEA E5-99 perfornmance specification
sets a pasBISR§™init of at least 25 merits points for piston cleanliness
and at nost 4 % for boost pressure |oss. Accordingly, at |east about 35

mass % of a Goup Il basestock in an oil of lubricating viscosity may be
requi red tn apeeferied emhodimerds theyoilxatubiitatng viscositymensists esmtia'llytod)la

AEvanpl o iGN I EBRSASIRER 37 Hiche faoriqta STBIBIN dRsratoskanA Crate 1V o
| ubri cad | nBa¥etEER irf el forR of dhAsasH, APl opfmﬁu%%ﬂ%%ﬁﬁiﬁﬁ%?w oup L1
basest ock, mass %%0333344676776 , ~, . yG

basestocks that arise from the provision of addltlve components in the oil

composition.

Additive Composition

30
In each aspect of the present invention, an additive composition comprises a
detergent composition and one or more other additives, which may include other
metal-containing additives, such as zinc dithiophosphates.
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long hydrophobic tail for oil solubility. Therefore, the organic acids typically have
10  one or more functional groups, such as OH or COOH or SO3H; and a hydrocarbyl
substituent.

Examples of organic acids include sulfonic acids; phenols, salicylic acids and
sulfurised derivatives thereof; and carboxylic acids.

15
The detergents of the present invention can comprise metal salts of an organic
acid and particles of basic inorganic salts (e.g. calcium carbonate particies).

Thus, each or the metal detergent in the detergent composition may be neutral or
20 overbased, such terms are understood by those skilled in the art.

A detergent composition comprising one or more metal salts of organic acids
may be present, for example, a mixture of metal sulfonate and metal phenate.

25  The detergents of the present invention may be salits of one type of organic acid
or salts of more than one type of organic acids, for example hybrid complex
detergents. Preferably, they are salts of one type of organic acid.

A hybrid complex detergent is where the basic material within the detergent is
30 stabilised by more than one type of organic acid. It will be appreciated by one

skilled in the art that a single type of organic acid may contain a mixture of

organic acids of the same type. For example, a sulfonic acid may contain a

mixture of sulfonic acids of varying molecular weights. Such an organic acid
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The art describes examples of overbased complex detergents. For example,
International Patent Application Publication Nos. 97-46643/4/5/6 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.

10 Individual basic micelles of the detergent are thus stabilised by a plurality of
organic acid types. Examples of hybrid complex detergents include calcium
phenate-salicylate-sulfonate detergent, calcium phenate-sulfonate detergent and
calcium phenate-salicylate detergent.

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

20 Preferred complex detergents are salicylate-based detergents, for example, a
calcium phenate-salicylate-sulfonate detergent and “phenalates”.

A detergent, whether a complex or not, can have a Total Base Number (TBN) in
the range of 15 or 60 to 600, preferably 100 to 450, more preferably 160 to 400.

25
For the avoidance of doubt, the detergent composition may also comprise
ashless detergents, i.e. non-metal containing detergents.

Preferably the detergent composition comprises at least one overbased metal

30 detergent.

Group 1 and Group 2 metals are preferred as metals in the detergents; more
preferably calcium and magnesium, especially preferred is calcium.
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Preferably, the amount of alkaline earth metal in the lubricating oil composition, in
each aspect of the invention, is less than 3200, or 3000 or 2800, more preferably
less than any of 2500, 2400 and 2300, especially less than 2000, advantageously
less than 1800, ppm. The alkaline earth metal content can be in the range from 0
to 1200 ppm.

Preferably, the detergent composition is present in the oil composition, in each
aspect of the invention, in an amount, based on surfactant content, of at most 50,
preferably at most 30, especially at most 20, millimoles of surfactant per kilogram
of the oil composition (mmol/kg). In an embodiment, the amount of detergent
composition, based on surfactant content, in the oil composition is 10 to15

mmol/kg.

Means for determining the amount of surfactant 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 make the detergent(s) and from
information concerning the amount of detergent(s) used in the final oil
composition. Analytical methods (e.g., dialysis, metal analysis, CO2 analyis,
potentiometric titration and chromatography) can also be used to determine the
amounts of surfactant.

It will be appreciated by a skilled person in the art that the methods to determine
the amount of metal salts of organic acids (also known as surfactants) are at best
approximations and that differing methods will not always give exactly the same
result; they are, however, sufficiently precise to allow the practice of the present

invention.

Co-additives

Other additives may also be present in the oil composition of the present

invention.
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25 lubricating oils.

Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils to
deteriorate in service, evidence of such deterioration being, for example, the
production of varnish-like deposits on metal surfaces and of sludge, and viscosity
30 increase. Suitable oxidation inhibitors include sulfurized alkyl phenols and alkali
or alkaline earth metal salts thereof; hindered phenoils; diphenylamines; phenyil-
naphthylamines; and phosphosulfurized or sulfurized hydrocarbons.
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substituted carboxylic acids, in which the hydrocarbyl group has a number

25  average molecular weight tends of less than 15,000, such as less than 5000;
examples of such derivatives being derivatives of high molecular weight
hydrocarbyl-substituted succinic acid. Such hydrocarbyl-substituted carboxylic
acids may be reacted with, for example, a nitrogen-containing compound,
advantageously a polyalkylene polyamine, or with an alcohol. Particularly

30 preferred dispersants are the reaction products of polyalkylene amines with
alkenyl succinic anhydrides. Examples of specifications disclosing dispersants of
the last-mentioned type are US-A-3 202 678, 3 154 560, 3 172 892, 3 024 195,

3 024 237, 3 219 666, 3 216 936 and BE-A-662 875.



‘alUc avVlc aUc alJc a W]c aVl]c aUc aJc a W]c aUc aJc a W]c aVlc a W]c
aVlc ajc aUjc aJjc aUc aJc aUc alJc aV]c a]c a!8>Yei p{vpke ZS]U W]c aV]c
ajc aV]jc ajc aV]c a]Jc aJc "aJc aUc aJc aUc alJc aUc alJc aUc a]c

10

15

20

25

30

2002M002
-16-

Heavy duty diesel engine lubricating oil compositions tend to have a higher
amount of nitrogen, preferably derived from a dispersant, than passenger car
engine oil compositions because more oil-insoluble substances, such as soot,
are formed in heavy duty diesel engines. Accordingly, the nitrogen content, is
preferably at least 0.06, more preferably at least 0.08, such as at least 0.10,
especially at least 0.12, mass %, based on the mass of the oil composition. The
amount of nitrogen, preferably derived from the dispersant, tends not to be more
than 0.2 mass %. The amount of nitrogen is measured according to ASTM
D4629.

Alternatively or in addition, dispersancy may be provided by polymeric
compounds capable of providing viscosity index improving properties and
dispersancy, such compounds are known as a multifunctional viscosity index
improvers. Such polymers differ from conventional viscosity index improvers in
that they provide performance properties, such as dispersancy and/or
antioxidancy, in addition to viscosity index improvement.

Dispersant olefin copolymers and dispersant polymethacrylates are examples of
multifunctional viscosity index improvers. Multifunctional viscosity index
improvers are prepared by chemically attaching various functional moieties, for
example amines, alcohols and amides, onto polymers, which polymers preferably
tend to have a number average molecular weight of at least 15,000, such in the ‘
range from 20,000 to 600,000, as determined by gel permeation chromatography
or light scattering methods. The polymers used may be those described above
with respect to viscosity modifiers. Therefore, amine molecules may be
incorporated to impart dispersancy and/or antioxidancy characteristics, whereas
phenolic molecules may be incorporated to improve antioxidant properties. A
specific example, therefore, is an inter-polymer of ethylene-propylene post
grafted with an active monomer such as maleic anhydride and then derivatized
with, for example, an alcohol or amine.
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EP-A-24146 and EP-A-0 854 904 describe examples of dispersants and
dispersant viscosity index improvers, which are accordingly incorporated herein.

Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
5 polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic
acids may be used.

Antiwear agents, as their name implies, reduce wear of metal parts. Zinc
dihydrocarbyl dithiophosphates (ZDDPs) are very widely used as antiwear
10 agents. Examples of ZDDPs for use in oil-based compositions are those of the

formula Zn[SP(S)(OR1)(OR2)]> wherein R! and R2 contain from 1 to 18, and

preferably 2 to 12, carbon atoms.

Sulfur- and molybdenum-containing compounds are also examples of anti-wear
15  additives. Also suitable are ashless phosphorus- and sulfur-containing
compounds.

Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such

20 additives are well known. Foam control may be provided by an antifoamant of
the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

A small amount of a demulsifying component may be used. A preferred
demulsifying component is described in EP-A-0 330 522. It is obtained by

25 reacting an alkylene oxide with an adduct obtained by reacting a bis-epoxide with
polyhydric alcohol.

Some of the above-mentioned additives may provide a multiplicity of effects; thus
for example, a single additive may act as a dispersant-oxidation inhibitor. This
30 approach is well known and need not be further elaborated herein.
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Preferably an anti-wear additive, such a metal dihydrocarbyldithiophosphate, for
example, zinc dihydrocarbyldithiophosphate, is present in the lubricating oil
compositions of the present invention.

5  When lubricating compositions contain one or more of the above-mentioned
additives, including the detergents, each additive is typically blended into the
base oil in an amount which enables the additive to provide its desired function.
Representative effective amounts of such additives, when used in lubricants, are

as follows:
10
Additive Mass % a.l.* | Mass % a.i.*
(Broad) (Preferred)
Viscosity Modifier 0.01-6 0.01-4
Corrosion Inhibitor 0.01-5 0.01-1.5
Oxidation Inhibitor 0.01-5 0.01-1.5
Friction Reducer 0.01-5 0.01-1.5
Dispersant 0.1-20 0.1-8
Dispersant Viscosity Modifier 0.01-5 0.05-5
Detergent 0.01-6 0.01-3
Anti-wear Agent 0.01-6 0.01-4
Pour Point Depressant 0.01-5 0.01-1.5
Rust Inhibitor 0.001-0.5 0.01-0.2
Anti-Foaming Agent 0.001-0.3 0.001-0.15
Demulsifier 0.001-0.5 0.01-0.2

* Mass % active ingredient based on the final lubricating oil composition.

The additives may be incorporated into an oil of lubricating viscosity (also known
as a base oil) in any convenient way. Thus, each additive can be added directly

15 to the oil by dispersing or dissolving it in the oil at the desired level of
concentration. Such blending may occur at ambient temperature or at an
elevated temperature. Typically an additive is available as an admixture with a
base 0il so that the handling thereof is easier.
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5 multlfuntlonal viscosity modifiers and pour point depressants, can be added
simultaneously to the base oil to form the lubricating oil composition. Dissolution
of the additive package(s) into the oil of lubricating viscosity may be facilitated by
diluent or solvents and by mixing accompanied with mild heating, but this is not
essential. The additive package(s) will typically be formulated to contain the

10 additive(s) in proper amounts to provide the desired concentration in the final
formulation when the additive package(s) is/are combined with a predetermined
amount of oil of lubricating viscosity. Thus, one or more detergents may be
added to small amounts of base oil or other compatible solvents (such as a
carrier oil or diluent oil) together with other desirable additives to form additive

15 packages containing from 2.5 to 90, preferably from 5 to 75, most preferably from
8 to 60, mass %, based on the mass of the additive package, of additives on an
active ingredient basis in the appropriate proportions. The final formulations may
typically contain 5 to 40 mass % of the additive package(s), the remainder being
oil of lubricating viscosity.

20
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 has 2 to 20, preferably 5 to 18, more preferably
7 to 16, such as 8 to 14, mass % of additives, based on the mass of the oil

25 composition.

Thus, a method of preparing the oil composition according to the present
invention can involve admixing an oil of lubricating viscosity and one or more
additives or an additive package that corﬁprises one or more of the additives.

30
A means of increasing the power output of an engine, particularly a compression-
ignited engine, is to include a turbocharger in its assembly. The turbo-charger
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Comparative Examples A to D and Examples 1 to 4 were tested for piston
cleanliness and boost pressure loss in the OM441LA test, according to the CEC-
L-52-T-97 procedure. The results are also given in Table 1.

15
Table 1 shows that Example A, a SAE 15W40 lubricating oil composition,
provided better piston cleanliness and boost pressure loss than Example B, an oil
composition containing the same additives as those in Example A but blended to
a SAE 10W40 viscometric grade.

20
Further, the results in Table 1 show that the piston cleanliness and boost
pressure loss are improved as the proportion of Group Il basestock is increased
in an SAE 10W40 oil composition (see Example B through to Example 4).

25  ACEA E5-99 performance specification sets a passing limit of at least 25 merits
points for piston cleanliness and at most 4 % for boost pressure loss.
Accordingly, at least about 35 mass % of a Group Ill basestock in an oil of
lubricating viscosity may be required to meet the limits set by ACEA E5-99 in

respect of the piston cleanliness and boost pressure loss.
30
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1. A heavy duty diesel engine lubricating oil composition comprising, or made

by admixing:

(A) a major amount of an oil of lubricating viscosity comprising at least 35
mass % of a Group Il basestock, based on the mass of the oil of
lubricating viscosity, that contains at most 0.03 mass % of sulfur, based on
the mass of said basestock, and that has a viscosity index of 120 or

10 greater and has greater than or equal to 90 mass % saturates, based on
the mass of said basestock; and

(B) a minor amount of an additive composition comprising :
(i) a detergent composition; and
15 (i) one or more other additives;

wherein the oil composition has a cold cranking simulated viscosity, measured
according to ASTM D2602, of less than 7000 mPa.s at -25°C and a sulfated ash,
measured according to ASTM D874, of less than 1.35 mass %, based on the

20 mass of the oil composition.

2. The oil composition according to claim 1 wherein the oil of lubricating
viscosity consists essentially of a Group Ill basestock and one or more of a
Group IV basestock and a Group V basestock in the form of an ester.

25
3. The oil composition according to either claim 1 or claim 2 wherein the
detergent composition comprises a magnesium detergent additive and/or a
calcium detergent additive.

30 4. The oil composition according to any one of claims 1 to 3 further

comprising a zinc dihydrocarbyl dithiophosphate additive.
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