t 2005MD20 FF - 1 LUBRI CATING O L COMPCSI TI ONS The present invention
relatessto |ubricating oil conpositions. Mxre specifically, the present
invention is directed to lubricating oil conpositions, 5 particularly
crankcase | upphGaR S§ for internal combustion engines, nore particularly
conpression-ignited (diesel) internal conbustion engines, especially heavy
duty diesel engines, whi Cﬂﬂﬂﬂd&f‘m@%l‘?ptoﬁﬁ@ PridQgs Pprovide inproved
conpatibility wth exhausT gas arter-treatmnent devrces and acceptabl e

| ubricating oil performance, particularly excellent piston cleanliness
performance. 10 BACKGROUND OF THE INVENTI ON Environnmental concerns have | ed
to continued effaorts to reduce the hydr ocar bon and nitrogen oxide (NQO )
em ssi ons of conpHsEPAL 1“@?%%3]@&3 &Bﬂbncﬁtﬁ’él%](ﬂonﬁ?%lt@ﬁ%trk{ofﬁnl t ed
(gasol i ne-fueled) light duty internal conbustion engines. 15 Further, there
have been comtéificadly, fefroedest inventmdus dir¢dial tp dutiricatih@oié cempesiianss of
conpression ignited internal conmbustion engines. To meet the upcom ng

eni ssi on s staAGNAE drakcheAMYrichisyofinesed] cv@blgBengiet, %&@Eaﬁﬁuiaﬂﬁ nt
manuf acturers (OEMs) wll rely on the use of additi onal aust gas

after-treat 'E%H‘%p r&ehS ted%Hf%Qelmlfbgﬁﬁtcomgﬁloﬁfeﬁl el T glge[cf@ the Hl?t S nay

i ncl ude catal ytic con rters can cont al orie nor'e oxi dati on

par 0 bul ai ¢ Trspeteeoubn ke e S Criiastof SRS RurGtned A pEhber od | ese

effective by  _exposure to certain elenents/conpounds present in engine
exhaust gasJaéh exhiapstigasafigrityeatment devices and acceptable lubricating oil performance

particularly excellent piston cleanliness performance.
10

BACKGROUND OF THE INVENTION

Environmental concerns have led to continued efforts to reduce the CO,
hydrocarbon and nitrogen oxide (NOy) emissions of compression ignited (diesel-
fueled) and spark ignited (gasoline-fueled) light duty internal combustion engines.

15 Further, there have been continued efforts to reduce the particulate emissions of
compression ignited internal combustion engines. To meet the upcoming emission
standards for heavy duty diesel vehicles, original equipment manufacturers (OEMs)
will rely on the use of additional exhaust gas after-treatment devices. Such exhaust
gas after-treatment devices may include catalytic converters, which can contain one or

20  more oxidation catalysts, NOy storage cafalysts, and/or NH3 reduction catalysts;
and/or a particulate trap.

Oxidation catalysts can become poisoned and rendered less effective by
exposure to certain elements/compounds present in engine exhaust gasses, particularly
by exposure to phosphorus and phosphorus compounds introduced into the exhaust

25  gas by the degradation of phosphorus-containing lubricating oil additives. Reduction



by exposure to phosphorus and phosphorus conpounds introduced into the
exhaust 25 gas by the degradati on of phosphorus-containing |ubricating oi
addi tives. Reduction 2005MX20 FF -2 catalysts are sensitive to sulfur and
sul fur conpoypdmb frt he engi ne exhaust gas introduced by the degradation of
both the base oil used to blend the lubricant, and sulfur-containing

lubricati ng @ialysadeé tdnéRe t&M1hir GHA @3@@5&9&&@% elkR&lspshsby netallic
ash, which is a product of degraded netal - cont ai ni ng brlcatlng oi |

addi tives. §nt-1[_c9ducg'§ g}éﬁle%e Eﬂlﬂgtlcﬁ}ecgf\ﬂo%the 'bta?e’ ({li ﬁlslg? L& Bliehﬁ' ﬂ}qutné%gg 'ah& ves that

exert a nlnlnun1 ne on such af evi Cés nust be

identified, |flcat| for "new service fill" "first fill"
heavy duty (§P H?)BE ?‘FQQE’(?F‘?% gdl?‘éeéwp pRHC P CEY FQﬂInqa@Q‘élTeg %t 0.4
mass % nHX|nun1phosphorus | evel s of 0.12 mass % and sulfated ash contents
bel ow 1.1 narstalbie ashhivdich igiBmiredust of dageaded fratal engntagning lupsicatingipiSadagives.

| ubricants (where "SAPS" is an acronymfor "Sul fated Ash, Phosphorus,

Sul fur")s In the Touhsirea IddgMervizylifeLiubhieiting @Htadditives ﬂﬁse(eh‘teillﬁirﬁmmxi mum

| evel s to 0.08 mass % phosphorus, 0.2 mass % sul fur and 0.8 mass % sul f at ed

ash, wth %ngiilvle%bh&%i]fsﬁclp@ﬁé?gre%ﬁﬁ&ﬁ H%cés‘?n@s%b LRwriBaand O cating oi

conposi tions. “As the amunts of phosphorus, sulfur and ash- cont ai ni ng

lubri cant ag écﬁfica?ﬁns 1%?“1? %%%slce %tu"%g&'c gtfi HéaQ/\{/ d(faﬁ’er e%] Q@]?%% 1@‘9%2%’16‘5 S

| ubri cants are conpa aus gas evi ces,
the lubricating oil .conpositjo con{inue.to OV|de th h Ievels of
| ubri cant  p&EYHGF RRARIBUM s velg "ﬁ@éqre?éﬁ b AP BNy SP OB R e B2 the "new
service", and "first fill" specifications of the CEMs, such as the ACEA E6
and MB p228 ngss ¥pend $ulfatad ash sontents helawyl . Hotags ¥ gihimdh Inbibeanseane geferpdl toni t ed
States patent application nunmber US 2 0 0510043 1 9 1 discloses a
| ubri catib ngaoithid-SARST Ribtioants\wiedhe SAPS Eie adfacronim fantSyifaesipdey; us and
conpri ses at

Phosphorus, Sulfur”). In the future, OEMs may further restrict these levels maximum

levels to 0.08 mass % phosphorus, 0.2 mass % sulfur and 0.8 mass % sulfated ash,

with such lubricants being referred to as “low-SAPS” lubricating oil compositions.

As the amounts of phosphorus, sulfur and ash-containing lubricant additives
15  are being reduced to provide mid- and low-SAPS lubricants that are compatible with

exhaust gas after-treatment devices, the lubricating oil composition must continue to

provide the high levels of lubricant performance, including adequate detergency,

dictated by the "new service", and "first fill" specifications of the OEM's, such as the

ACEA E6 and MB p228.51 specifications for heavy duty engine lubricants.

20 United States patent application number US 2005/0043191 discloses a

lubricating oil formulation which is free of zinc and phosphorus and comprises at

least one borated dispersant, a mixture of metal detergents, an amine antioxidant and a

trinuclear molybdenum additive. Provided the composition comprises at least 700

ppm boron and at least 80 ppm molybdenum, acceptable engine performance is

25  achieved.



| east one borated dispersant, a mxture of netal detergents, an am ne

antd oxi dant and a trinuclear nol ybdenum additive. Provided the conposition
conprises at least 700 ppm boron and at | east 80 ppm nol ybdenum acceptabl e
engi ne perfojganes kS 25 achi eved. 2005M)20 FF -3 One of the nost effective
anti oxi dant and antiwear agents, fromboth a performance and

cost - ef f ect i venesgn st od RRIsNE frecH$EshtfoRMARMA LRE W Agenisyf}%l rftﬂ §g oi |

conpositions for 1 nternal conbustion engli nes conprises d ocar byl

di t hi ophosp I | {.s.The metal .may. be an al kali. or kal.ine.earth
netal , or SF}%}%%H nuc%a‘nﬁgg%}:ef SFAVenSE) S?%&B%%Fhuse %Oélgﬁlﬁgogfu‘ﬁf%@hflc%}ngcoélpper. of
these, zinc salts, . of _dihydrocarbyl dithiophosphate (ZDDP) are nost commonly
used. Wil e OURRSIOBHRS ipfgRakcombyistion engings icomprises dihxdEoctlifloxi dant s and
antiwear agents and inexpensive, such conpounds introduce phosphorus,

sul fur and alithiophosphateametalgalie Théweectabmay dhan bkalionelkeknagarth thethkonf exhaust
gas after-treatnent devices, as described 10 supra. Al netal-containing

| ubri cants adfirhinves lead)dd, infol{tRichom] Man@sbse; fitkelrdr copperNOf thdsbrdigagaltsand in
addition to ZDDP, a significant anmount of |ubricant ash is introduced by

t al - based : hibi LA 2 de t
g?s ?i nC?Secoﬁgﬁdﬁgbﬁggfggbgﬁﬁ%aé§%rglg??&% QPG HmAAls8E MvhileRGLHde two

tion of which I's to renove deposits
from engi ne parts arti.cul arl iston d sits: ..and over basi ng, which
neutral i zes °§8}p8 }l%dscag%ﬂ@f’iﬂgﬁy iée‘g]rVS &Ht&?’ggé)"%a@ﬁis%?lwteﬁrea%ﬁiﬁn nd over basi ng
conponents aof the detergent contribute to the ash content of the detergent.
There are t HREPCRIYE sea omnopnds igapduce phasphopivy aitur apdashyintothe gBEING nul at i on
of lubricating oil conpositions for the lubrication of internal conbustion
engi ne cr ankataseshorepdld feirded life afexbdussgdstagtenfreatmehiodeyices.as descriped
salicylates), phenates and
10  supra. All metal-containing lubricant additives contribute to the ash content of the
lubricant and in addition to ZDDP, a significant amount of lubricant ash is introduced
by metal-based detergent additives. Such metal-based detergents include two distinct
components, “soap”, the function of which is to remove deposits from engine parts,
particularly piston deposits; and overbasing, which neutralizes acidic combustion
15 products. Each of the soap and overbasing components of the detergent contribute to
the ash content of the detergent.
There are three classes of detergents used conventionally in the formulation of
lubricating oil compositions for the lubrication of internal combustion engine
crankcases, specifically metal salts of carboxylates (e.g., salicylates), phenates and
20  sulfonates. Carboxylate soap is generally considered to provide superior piston
cleaning performance and as superior performance allows for the use of less detergent
soap, carboxylate detergents have been favored in the formulation of mid- and low-
SAPS lubricating oil compositions. Carboxylates also provide an antioxidancy credit

and do not contribute to copper corrosivity. However, carboxylate detergents are

25  available from only a few sources and therefore, supply is constrained. Phenate and



20 sul fonates. Carboxylate soap is generally considered to provide superior
pi st on -l eani ng performance and as superior performance allows for the use
of | ess detergent soap, carboxylate detergents have been favored in the
formul ati on ghswdrrand | ow SAPS | ubricating oil conpositions. Carboxyl ates
al so provide an antioxidancy credit and do not contribute to copper

corrosi vi ty. sutowee @etergeatskayly halcheaRiBide AESitsHdnd cZRliR Yahlivdb@nt hAsmhan! y a
few sources and therefore, supply is constrained. Phenate and 2005M)20 FF -

4 sul f onat o : R [ tive to
one” anot her -+ EREharpe PAS PR, BRI RAAG I SRR SR A S
relative sul ates, .but have a del etegiQus effect on copper rrosivity.
Sul f onat es p‘ieg?r}iawsa‘? CE Y SRBFT CFOFvILY- E‘}éﬁ%ﬂait‘??é)r?‘ﬂa%ﬂéﬂ&{"g‘% Crﬁaﬁ i ntroduce
nore sul fur and do not boost_ anti oxidancy. 5 Therefore, when used, phenate
and sul f onat€lagEe & phengtes, ubindigdugamores dloinet beesiBntieridasay. 1t woul d be
beneficial to be able to provide md- and | ow SAPS | ubricating oi

conposi t isonsTHeoefore, evheduseds phephieraat] enhifor afcodeadreents atewoasnonihemploygd mvi de
accept abl e piston cl eanliness performance. The present inventors have

i dentified ajpnin@ihy It ol 8e BedfRIaNB eEatM tolfoBe fAd-Land@bRITIEHE S.
Specifically, while increasing the anmount of phenate soap had not been

found to havlﬁbﬁcaﬁhggllfcbl%?&iti@%sfﬁﬁﬁulgf%dmiﬁlt kSRR AR RS hWALGRNCE TN
| ubricating ol conpositions having conventional ash content’s, It has been
observed that .pi ston cl eanliness. performance can be inproved dramatically
by i ncreasi rPéo‘le%acoleB@g]ie pbsftmbﬂg?fa{ngsss@é TGS d- and | ow SAPS | ubri cati ng
oil conpositions therefore 15 allowi ng fornulators to adjust the
phenat e/ sul f onat elhgreserianvyeneR hayeidentifindon apemabyindhg paitorpipreedf cl eanl i ness
performance in md- and | ow SAPS | ubricating oil conpositions.

10  phenate detergents. Specifically, while increasing the amount of phenate soap had not

been found to have a significant effect on piston cleanliness performance in
lubricating oil compositions having conventional ash contents, it has been observed
that piston cleanliness performance can be improved dramatically by increasing the
level of phenate soap in mid- and low-SAPS lubricating oil compositions therefore
15  allowing formulators to adjust the phenate/sulfonate detergent mixture to provide
excellent piston cleanliness performance in mid- and low-SAPS lubricating oil

compositions.

SUMMARY OF THE INVENTION

20 Therefore, in accordance with the invention, there is provided a lubricating oil
composition having a phosphorus content of no more than 0.12 mass %, a sulfur
content of no more than 0.4 mass % and an ash content, calculated as sulfated ash, of
no more than 1.1 mass %, comprising a major amount of oil of lubricating viscosity, a
phenate detergent and a sulfonate detergent, wherein the phenate detergent is present

25 in an amount providing the lubricating oil composition with at least 1.4 grams of



SUMVARY OF THE | NVENTI ON 20 Therefore, in accordance with the invention,
there i s provided a lubricating oil conposition having a phosphorus content
of no nmore than 0.12 nass % a sulfur content of no nore than 0.4 nass %
and an ash copineibrrcal cul ated as sul fated ash, of no nore than 1.1 nass %
conprising a major amount of oil of lubricating viscosity, a phenate

det er gent anghedats dbdpomet FO0EhRE O€ NibricXMIR &1 dbnifRitRAR AAl Y HERIE THIGMo bS
present 25 in an anount providing the |ubricating oll conposition with at

| east 1.4 grtﬁgﬁm%nt%qgﬁMQ?Q3oﬁg 56 gﬁfonm%esﬂ# ?Ihlﬁﬂl%g }{epﬁﬂ?érgr?xh&'rl@t;%aﬁ{;g 8ifl

| ubricating ol conposition), and wherel eratio o e anoun

phenate soap to sul fonat ap, ..n pgmol s per kilogramof l|ubricating oil
conposi tion qogipBFlﬁpggsagpéra}?yFtelgﬁggT 1. In accordance with a second aspect
of the invention, there is provided a 5 lubricating oil conposition, as in
the first aspect,nRgcarddncs vptosssrendaspedof &stinpgntioastheretinpiovoledgd mass % a
sul fur content of less than 0.3 nmass % and an ash content, calculated as

sul f at ed sasHubrdatihg o8 comaosition) amasthe $rstlappeat hevidg agphosphohusacontent of laspect  of
the invention, there is provided a nethod of operating a spark- or

conpr essi on-thg).08 thakd¥seh BdlifurCfRHES1 1843 tNAD.3 Wads Ll dheash cdftepar ticularly a
conpression-ignited internal conbustion vehicular engine, nore particularly

a heavy dut *aﬁhﬁ?e?ﬁsieégﬁ&tg‘ﬁaﬁhggf'jegmg?Wotlﬁasgr% aftertreat ment device

cont ai ni ng an oxi dat or reduction catalyst and/or a particulate trap,
Composi {1 on of ¢ B aeres it ferktaEE Ty Herele SRR PRt our b
aspect of the invention, there is provided the use of a lubricating oil
conposi t i on WPPerAEng # prark-ir compBIsEiondgEted internabeambiiston Mehigilar engine,
10  particularly a compression-ignited internal combustion vehicular engine, more
particularly a heavy duty diesel engine, equipped with an aftertreatment device
containing an oxidation and/or reduction catalyst and/or a particulate trap, which
method comprises lubricating said engine with a lubricating oil composition of the
first or second aspect.
15 In accordance with a fourth aspect of the invention, there is provided the use
of a lubricating oil composition of the first or second aspect to maintain the piston
cleanliness of a spark- or compression-ignited internal combustion vehicular engine,
particularly a compression-ignited internal combustion vehicular engine, more
particularly a heavy duty diesel engine, provided with at least one exhaust gas
20 treatment device.

Other and further objects, advantages and features of the present invention will

be understood by reference to the following specification.



cl eanliness of a spark- or conpression-ignited internal conbustion vehicul ar
engi ne, * particularly a conpression-ignited internal conbustion vehicul ar
engine, nore particularly a heavy duty diesel engine, provided with at

| east one exfgighogas 20 treatment devicg., OQther and further objects,

advant ages and features of the present invention will be understood by
reference topiirarf gip PRSCRIPIEON OFAHRINVEAPIRO FF -6- DETAILED
DESCRI PTIONOF THE TNVENITON The oiTs of Tubricating viscosity useful in the

practice of the '"f%ed}fs'o?@.lﬁmx 1né19igc%§ tg Hse\ﬁ!llsiﬁ ﬁﬁe' ﬁrXct ce%ﬂnﬂe 190&&‘311%4}) late

m neral oils to heavy lubrica engi ne ol

m ner al Iubrlcatl oi.l s.an duty di 0|Is Cener al.

vi scosi ty off44fd"a} ﬁ°°§1§’n%@§q‘1ggb‘%ﬁ%ﬁ%%f‘m?rﬂﬁgf toheayy ihricating o SuF}ga%lbout 40
m2/ sec, especially fromabout 3 nmR/sec to about 20 m®/sec, nost
preferably faseHneabeine oilsmmerd bibrisatingnils and heavy/duse dicsad ofpaGenesallat  100C.
Natural oils include aninmal oils and vegetable oils (e.g., castor oil, lard
oi I); | isquithe pistasitl efitheaiil mngasdrdny aseut @fimEskc (saitis@iits)tts ebiizd0or
acid-treated mneral oils of 10 the paraffinic, naphthenic and m xed

par af fi ni c- nARALRe Bipech NP &Sm a®oh§3 RfmAdebkd St POmnY¥s36Qfbst )bsréa‘@xﬁbwefﬁbrﬁ rom

coal or shale also ser ve as useful base oils. Synthetic lubricating oils
el ude, DYCSeRPRRCRALR, A0 URhSRUDRL bEbss agipcey bon o1 L suen
pol ypr opyl enes, propylene i sobutyl ene copol yners, chlorinated 15
pol ybut yl enes, poVaural oilsinelads animel gils and vegriahle pils (g 3.~ aston A slpd oil);
al kyl benzenes (e.g., dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,
d: (k il- ateza gyl Riexid petreienenais) andiotiyopdfard] ©leat-geated opdoddiytiested hengrhlesiisl of,
] 10  the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating
viscosity derived from coal or shale also serve as useful base oils.
Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated

15  polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof.

20 Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-

25  polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether



pol yphenol s); and al kyl ated di phenyl ethers and al kyl ated di phenyl sulfides
and derivative, analogs and honol ogs thereof. 20 Al kyl ene oxi de pol yners
and interpolynmers and derivatives thereof where the term nal hydroxyl
groups have hgeid dmdi fied by esterificatjon, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are

exenpl i fied obyolyR@hyl %qy&n hengg BRhoI6R & v@iﬁﬁ%m@o@ﬁé 130b) ARA hiabl 4y of
et hyl ene oxi de or propy ene oxide, and the a and aryl ethers of

pol yoxyal ky C et her
havi ng a m#}g@@?@ {E%Sﬁe{ : EIF 1%%6‘5?%{&}{43}62%5%3 FEY ?d Qgt%g’djg%%g&q I?I'(—‘g f%y

pol y- et hyl ene col ving a cul.ar ht 000 to 1500); and nono-
and poIycaPﬂS%?%VEmggﬁéﬁgg@ﬁ@qg er of fiirag ¥ﬁﬁ ng e acetic acid esters,

m xed C3-C8 fatty acid esters and C13 Oxo acid diester of tetraethylene

gl ycol . Anot her gwpthsppuitableaass of syyhatiecduliricating pilteamprises thes st i ses the
esters of 5 dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl
succi ni ¢5 acddarbargli@hdidn(glg., phtieadic ta&:id, actiag, acid latiyt sminﬁh acadsedndi atkmgzl d,
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid diner,

mal oni ¢ aci guccﬁﬁé(%{dl&@ln?ﬂ&@ acﬁlﬁ'éi%}al@dc@@ﬂﬁerﬁaalcﬁf‘b&)am@‘ébﬂs?urﬂﬂrfcrhcﬁl variety of
al cohol s (e.g., butyl alcohol’, hexyl alcohol, dodecyl alcohol, 2-ethyl hexyl

ot SBFIBEE IE E hR B PREIL)

3 T sodecyl AR mr%é’??fﬁtcﬁm a1 3B %ewkaﬁfﬁ?&dyeam‘?e' &l

sebacate, the 2- ethﬁlhex di ester of linoleic acid diner, and the conpl ex
ester for med-efhylhexsbalvohloweylens dyest, dethalene ghieplmonaether;pwop yioneglyed)).

tetraethyl ene glycol and two noles of 2-ethyl hexanoic acid. 15 Esters useful
as synt het i Spaificexanpiesiofcheldestdriimeidendidufyt adip4ts, di@-E&hlhexyl) sebacate,

di-n-hexyl fumarate, dioctyl sebacate_:, diisooctyl azelate, diisodecyl azelate, dioctyl
phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic
acid dimer, and the complex ester formed by reacting one mole of sebacic acid with
two moles of tetracthylene glycol and two moles of 2-ethylhexanoic acid.

15 Esters useful as synthetic oils also include those made from Cs to Cy;
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic

20 lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl

25  ester of decylphosphonic acid) and polymeric tetrahydrofurans.



nonocar boxyl i ¢ acids and pol yols and pol yol esters such as neopentyl glycol,
triaret hyl ol propane, pentaerythritol, dipentaerythritol and

tripent aeryt hritol. Silicon-based oils such as the polyal kyl-, polyaryl-
pol yal koxy- PBekyaryl oxysilicone oilsgand silicate oils conprise anot her
useful class ostynt hetic 20 lubricants; such oils include tetraethyl

silicate, tetrai ( e |
tetra- (4-net hyI Z(%él%lﬁég(lﬁngx v Olfglgsfe?)éla%rgg&?@tlr%guﬁ% gad{ﬁeLr ijlﬁh%efd; f:éﬁeny a)se oil

silicate, hex et ex ane, | oxanes and
Dol y et hyl hars 78| g “&ﬁé}erﬁr%&Sﬁiwﬁﬁ?%ﬂ.*@ﬁf%%f? Bhr edé Fefide 1 qui
esters of phosphorous contalnlng aci ds tricresyl phosphate trioctyl
phosphat e, dVBESH 8¥sxopmpg Bydr a%%wnﬂwagbﬁﬁémﬁ@x&@ﬂayng%s st
tetrahydrof urans. 2005M20 FF - 8 O her exanples of base 0|I are

gas-t o- | i quicdtalysGTTHese bpdrecarbors, typicaly teheirdfusthenprocessimyg il erdentoohd usdfl i ved
from Fi scher-Tropsch-synt hesi zed hydrocarbons made from synthesis gas

cont ai ni g hydbageadl. angd eganprRNtheP Aidy] Biemshbagkimbwr mahehrt, lfeopsch cat al yst.
These hydrocarbons typically require further processing in order to be
useful 5 asy iIdHﬁ Y he art,
be hydroi sogel??%glg%%%/dﬁg%rc g%géeao)&gnh %lor ol sg%%%quggyg%ggﬂleh?e&

hydr oi somer i zgg ang dewaxed. The oil of | ubricating viscosity nay conprise
a Goup I, Goup IIl oil, or may conprise base oil bl ends of
Goup I, Grou G ou oi | and Goup IV 1Q and/ar

Pref erabl y, the Jihp ogfof ﬁ)t&v&cafe%&wwswg@wpwnﬁ%a Syl Froun Hcﬁwp IIIH G oup
IV or Goup V base oil or base oil blend, or a blend of a Goup | base oi
and one or i er iy conGrreahadelqil Eiemisp)ﬂ(}rbup GG@ropp yGooupGibogband Gesp I¥i | . The
base oil or base oil blend preferably has a saturate content of at | east
65% none pagd/ef @y VAbil. Preferably, the oil of lubricating viscosity is a Group II, Group

III, Group IV or Group V base oil or base oil blend, or a blend of a Group I base oil
and one or more of a Group II, Group III, Group IV or Group V base oil. The base oil
or base oil blend preferably has a saturate content of at least 65%, more preferably at
least 75%, such as at least 85%. Most preferably, the base oil, or base oil blend, has a

15  saturate content of greater than 90%. Preferably, the base oil or base oil blend will
have a sulfur content of less than 1 mass %, preferably less than 0.6 mass %, most
preferably less than 0.3 mass %. Preferably, the viscosity index (VI) of the base oil or
base oil blend is at least 80, preferably at least 90, more preferably from about 120 to
150.

20 Definitions for the base oil in this invention are the same as those found in the
American Petroleum Institute (API) publication “Engine Oil Licensing and
Certification System”, Industry Services Department, Fourteenth Edition, December

1996, Addendum 1, December 1998. Said publication categorizes base oil as follows:



| east 75% such as at |east 85% Mst preferably, the base oil, or base oil
bl end, has a 15 saturate content of greater than 90% Preferably, the base
oil or base oil blend will have a sulfur content of less than 1 mass %
preferably lgssibhan 0.6 mass % nost pgeferably |ess than 0.3 mass %
Preferably, the viscosity index (VI) of the base oil or base oil blend is

at |east 80, preeral) Vbaat oll§asitailPlesdMae 90 pelcehtabuYatéd M RPster i to  150.
20 Definitions for the base oil in this invention are the sane as those

found in the Aregd oPet 1 jLute . I j.catj " i.pe Ol
Li censi ng and (r@?jt Ilgl?# c/gs ?lgﬁj a%gs alé‘?w? HS{%&&’%@? %%#%?iééens&[é@ggaﬁrt? EQ%%IH
Fourteenth Editi,on, ai]Dg]gz%nber 1996, Lﬁd(ﬁjenduir?%, Jg%ggber 1998. Said

publ i cation cat eGSR g the festyaethay pgeified iy FF -9 a) Goup | base
oils contains |l ess than 90 percent saturates and/or greater than 0.03 nass
% sul fur and haPe Gioun Hbesd eils dopins gyeatesttban eneanalde 98@9@@&5@%@%@1@ | ess
than 120 using the test nethods specified in Table 1. b) Goup Il base oils
cont ai nssgr eat eress ltizam cvreqed uaD.08 mBO Yparfe ahd bateurdscesitpindex grdates shahhan or
equal to 0.03 mass % sul fur and have a viscosity index greater than or

equal to 80 and ok 8gml td1@MankiBssuBAN 20 iend B8 teshBlehodS s fih Tdblen. Tabl e 1.
c) Goup IIl base oils contains greater than or equal to 90 percent

sauratis and LseRollih 8L oAU Py SIRSP T O MR By 500511

i ndex greater th ods specified in
Table 1. 10 d) 0 |V base oils arg al phaol ef.i ns. (PAOQ . e oup V
base oil includ ?Sﬁfap %5 H t‘b@rgén}ﬁs? /"rr‘g‘?il“%/ﬁ%‘r]ﬁﬂi’é(i”il??o@% e’% ,greP'?e,rng, or
V. Anal ytical Methods for Base Stock o
or equal to 120 using the test methods specified in Table 1.
10 d) Group IV base oils are polyalphaolefins (PAO).
e) Group V base oil includes all other base oil not included in Group I, II, III, or

Iv.

Analytical Methods for Base Stock

Property Test Method

Saturates ASTM D 2007

Viscosity Index |ASTM D 2270

Sulfur ASTM D 4294

15 Metal-containing or ash-forming detergents function both as detergents to
reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with long hydrophobic tail, with the polar head comprising a metal salt of an
acid organic compound. The salts may contain a substantially stoichiometric amount

20  of the metal in which they are usually described as normal or neutral salts, and would

typically have a total base number (TBN), as may be measured by ASTM D-2896 of



Property Test Method Saturates ASTM D 2007 Viscosity Index ASTM D 2270
Sul.fur ASTM D 4294 15 Metal -containing or ash-form ng detergents function
both as detergents to reduce or renove deposits and as acid neutralizers or
rust inhi bi tgss026 E€r eby reducing wear_;gnd corrosion and extendi ng engine
life. Detergents generally conprise a polar head with | ong hydrophobic

tail, W th tfifsn peb80. ReapossBIHiiRE1RE Rrg¥eifuntdlfla RtaBihse B tdhcRE@aNI C
conpound. The salts may contain a substantially stoichionetric amount 20 of

the: et al, T bl 6 LARY o8 Boltet Blchas 46 35Ideie ity R TR aRciBR Yt slareal L,

and would typic ave tof base nunber measur ed by
ASTM D- 2896 of 2005MR20 E 10, fromQ to 80. It is possible.tq include |arge
Arounts of A4S DGR SHAKE. fperembinefy Hrsdrtinet spras A JERET uch - as
an oxi de or hydroxide, with an acidic gas such as carbon di oxide. The

resul ting owethvaeer layer of yastal baseeigs sarbanaie) midele dSudy eveghaged dejergeme out er

| ayer of a netal base (e.g., carbonate) mcelle. Such overbased detergents 5

may havesa Ty lefe 2GBNoOf Pileatgeateramitl oweevdsed éetergerite typecHlls usyphoelad y used
have a TBN from 250 to 450, or nore. Detergents that are conventionally

enpl oyed i ngigMgoi 150501490 @ et ral and overbased sul fonates, phenates,
sul furi zed phenates, thiophosphonates, salicylates, and naphthenates and

other oi | -sol ubl %e?ﬁ?é&?%t_}'lé%ggomenﬁoﬁgflg/%hg)l&%ﬁtifécqﬁ'&ea(;ii-golbﬁg ndlkAlahq O OF

al kaline earth neta arrum s m~ potassium Trthrum cal ci um
Wi ch " my B5EHed SRR PFH Sl AP TsHE AHORPBEH A ARSI Xt U es
of cal ci um and/ or
and naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali
10  or alkaline earth metals, e.g., barium, sodium, potassium, lithium, calcium, and
magnesium. The most commonly used metals are calcium and magnesium, which
may both be present in detergents used in a lubricant, and mixtures of calcium and/or
magnesium with sodium. Particularly convenient metal detergents are neutral and
overbased metal detergents having TBN of from 20 to 450. Combinations of
15  detergents, whether overbased or neutral or both, may be used.
Sulfonates may be prepared from sulfonic acids which are typically obtained
by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aroma‘;ic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, xylene,
20  naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70
carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or

more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

25  substituted aromatic moiety.



magnesium wi th sodium Particularly convenient netal detergents are neutra

and overbased netal detergents having TBN of from 20 to 450. Conbi nati ons

of 15 detergents, whether overbased or neutral or both, nay be used.

Sul f onat es maysMaeo P epared from sul fonigjaci ds which are typically obtained
by the sulfonation of alkyl substituted aromatic hydrocarbons such as those

obtai ned from t Mehefoihibd@ilfoRkte®br AR BRI ndy 1R rlkeNliAHivah Of
aromati ¢ hydrocarbons. Exanples incl uded those obtained by al kyl ating

benzene, to lo'i?d%ﬁ hﬁdxﬁ l%@xﬁ@spgﬁr{?@d é%{llf% ) ?fosul%l gen

derivatives suc enzehe oroto Uerie and oronap t hal ene. The
al kyl ati on be carrie u t he esence,. o atal with al kyl ati ng
agent s havi i f)e 8581? Oﬁgk?eem'?tﬁ]arefhf@moc?ﬁ B%Wetéf fjlé %H%%Pr yl

sul f onat es usually contain fromabout 9 to about 80 or nDre carbon atons,

preferably PR torthe desingd N shthe Ainplamodics Rt typicalky rapges fromaheutt i t ut ed
aromatic noiety. 2005M20 FF - 11 The oil soluble sulfonates or al karyl

sul f oni c5acil@8 tn@30 we % efithandtoizdmeairically moquited, hydr oxi des, al koxi des,

car bonat es, carboxylate, sulfides, hydrosulfides, nitrates, borates and

ethers of the netvadtal sIh@oﬁfHéﬁ@I%aﬂdsﬂﬁirﬁEd Héﬂé%é’pfe?a&ﬁ%?%’acﬁbﬁ%hﬂhgmr egar d
to the desired TBN of the final product but typically ranges fromabout 5

100 to 220 og%engfe%tcoﬁﬁ)QﬁMugfg‘é§ % &ahd ¥ ﬁ}m&lﬁf%dxll\é% Lorettisdf Phenol s

and sul furiz S are prepar Feact 10N Wi approprla e neta

ay Do obi aPTAA SRR R ¢ er o hine iy el %ﬁ%ﬂaﬁﬁﬂﬁ?sbe

prepared by reactl ng a phenol vvlth sulfur or a sul fur containi ng corrpound
such as 10 Ryarepaed byapactias a phend withrfgHahen 4 wéfup eonfginingrcogipeingd sch aso f or m

products which are
10  hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are

generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.
Carboxylate detergents, e.g., salicylates, can be prepared by reacting aromatic

carboxylic acid with an appropriate metal compound such as an oxide or hydroxide

15 and neutral or overbased products may be obtained by methods well known in the art.
The aromatic moiety of the aromatic carboxylic acid can contain heteroatoms, such as
nitrogen and oxygen. Preferably, the moiety contains only carbon atoms; more
preferably the moiety contains six or more carbon atoms; for example benzene is a
preferred moiety. The aromatic carboxylic acid may contain one or more aromatic

20  moieties, such as one or more benzene rings, either fused or connected via alkylene
bridges. The carboxylic moiety may be attached directly or indirectly to the aromatic
moiety. Preferably the carboxylic acid group is attached directly to a carbon atom on
the aromatic moiety, such as a carbon atom on the benzene ring. More preferably, the

aromatic moiety also contains a second functional group, such as a hydroxy group or



generally m xtures of conpounds in which 2 or nore phenols are bridged by
sul'fur -containing bridges. Carboxylate detergents, e.g., salicylates, can
be prepared by reacting aromatic carboxylic acid with an appropriate netal
conmpound sucloafefr oxi de or hydroxi de _135 and neutral or overbased products
may be obtained by nmethods well known in the an. The aromatic noiety of the

aromati c_cardhaxihite grRipdwBiRA cEPBE aftdth BEHiesdIFHoR idires Ui tb Adarbdtl 4tbMARNhend
oxygen. Preferably, the noiety contains only carbon atons; nore preferably

the noiety comaids QB% or nore carbon atons; for exanple benzene is a
preferred noiety. Tﬂe aromatic carboxylic acid nmay contain one or nore

aromatic 20 noi etd,e such as one or nor.e benzepe rings, either fused or
connected via al t@heiﬁﬂ Caﬁ?$ £EmpQsiilons of EIBWFSTCBPWBF%@ PP at t ached
directly or indirectly to the aromatic noiety. Preferably the carboxylic

aci d group icemkinatieneef riepate detgracatsand splimatedetsrgens whersinghe phenate noi et y,

such as a carbon atomon the benzene ring. Mdre preferably, the aromatic
noi ety abso dergeat spresesitioandnfountprovidalg the bibpicatsngodil esmpositicdrwidtyatgr oup or
2005M20 FF -12 a sul fonate group, which can be attached directly or

indirectly ténstl.gatheyofphenateodpRr 160 il of 1iBcatiNg oil BE&mpostidre 8lidhng Oi |
conpositions of the present invention conprise conbinations of phenate

detergents gpgd, sidut PA3b %b&l.gb.eff gﬁﬂz%%[f g@&fa?é s%a%ggrm | € of ﬁbﬂ@ﬁtﬁf\%ﬂ%ﬂnt s

present in an anmount providing the ricati onposition th at | east

1.4 grans of phenate s er .10 rans of . lubricating oil co ition, such
2t om anSREPTT g g St Lelol phethls 5B abftEiow g8 Bl of
| ubricating oil conpositign, preferably at least 1.5 grans of phenate soap
phenat e soapr§sesyoffnbricaling al composition, Suel #grasm Bbew fpoteia0peinl -8 gt s from
about 1.5 to about 1.8 grans of

10  phenate soap per 100 grams of lubricating oil composition, more preferably at least

1.55 grams of phenate soap per 100 grams of lubricating oil composition, such as
from about 1.55 to about 1.75 grams of phenate soap per 100 grams of lubricating oil
composition. The ratio of the amount of phenate soap to sulfonate soap (in grams) is
at least about 5:1, such as from about 5:1 to 50:1; preferably, at least about 7.5: 1,

15  such as from about 7.5:1 to 25:1; more preferably, at least 10:1, such as from about
10:1 to 20:1.

In one embodiment, lubricating oil compositions of the present invention are
substantially free from carboxylate detergents (e.g., contain such detergents in an
amount providing no more than about 0.5 grams of carboxylate soap per 100 grams of

20 lubricating oil composition), or completely free from carboxylate detergent.

Detergents generally useful in the formulation of lubricating oil compositions
also include “hybrid” detergents formed with mixed surfactant systems including
phenate and/or sulfonate components, e.g., phenate/salicylates, sulfonate/phenates,
sulfonate/salicylates, sulfonates/phenates/salicylates, as described, for example, in

25 U.S. Patent Nos. 6,429,178; 6,429,179; 6,153,565; and 6,281,179. Where, for



10 phenate soap per 100 grans of lubricating oil conposition, nore
preferably at least 1.55 granms of phenate soap per 100 grans of |ubricating
oi | conposition, such as fromabout 1.55 to about 1.75 granms of phenate
soap per 100,,ghayseef |ubricating oil cqnposition. The ratio of the anmpunt
of phenate soap to sulfonate soap (in grans) is at |east about 5:1, such as

f b 5 7 h f
Lbout 08" o Cxdupft, 38yrid BRnEL:ARENe BlictoBREE MDY thohythia & ?‘?om about
10:1 ¢t 20: bri 1 f th 1
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such detergents in an _anount providing no nore than about 0 grans of

car boxyl at e dsagenseintrodering hissaraeungpof phenate avd sigfaspte semﬁpwp@qtml)y or
conpletely free from carboxyl ate detergent. Detergents generally useful in
t he formul ati on dfhehatbdeteegentzsgisefinl indberpastidel afiise p@bad inveafiadare” hybri d”
detergents fornmed with m xed surfactant systens including phenate and/or

sul fonat & CQFPRABNAL thoscthaling, BNRRLISRlet Y] AERS to Hittd] eARY 8 RhROeE §ms
sul fonat e/ sal i cyl ates, sul onat es phenat €s/ sal | cyl ates, as descri for

exanple, in =l 1 ;,
6, 281, 179. \7@ @ fgr‘ﬁﬂgz‘g%@ﬁ%gf fﬁeéigoé%gdﬁ?gﬁg‘aﬁ %’rs?‘{dsms %%‘glt %henat e
detergent is brld det er gen ul consi der ed equi val ent
o amunts JRTGTETETR e GENe tadoaur e i &5 BB HgU s (PIRFSRUET ng | | ke
anount s of phenat e and sul fonate soaps, respectively. Phenate detergents
useful in t selfaedath aré SOSH handipasedor therigtehwright afthe sorppesitimabivph ehose
havi ng, or having on average, a soap to netal ratio, in terns of grans of
soap to grartst ©f0.8emass, % ath,preferabBinctmOre thad0.35 enaps & efraah| sycluse@ 55w a t ot al
anount introducing into the conposition no nore than 0.85 mass % of ash,
(express@d @75 mass % of ash, most preferably no more than 0.70 mass % of ash, such as 0.60 to

0.70 mass % of ash. Preferably, the sulfonate detergent is present in an amount

introducing into the composition no more than 0.35 mass % of ash, (expressed as

sulfated ash or “SASH”, and based on the total weight of the composition), such as

0.10 to 0.35 mass % of ash, preferably no more than 0.30 mass % of ash, such as 0.15

15 to 0.30 mass % of ash, most preferably no more than 0.25 mass % of ash, such as 0.18

to 0.25 mass % of ash, such that the total amount of ash introduced by detergent is

preferably no more than 0.95 mass %, such as from about 0.0.5 to about 0.95 mass %,

especially no more than 0.90 mass %, such as from about 0.70 to about 0.90 mass %,

more preferably no more than 0.85 mass %, such as from about 0.75 to about 0.85

20 mass %. In another preferred embodiment, the phenate detergent is neutral or only

slightly overbased and has a total base number of from about 50 to about 150,

preferably from about 80 to about 120, more preferably from about 90 to about 115,

and the sulfonate provides the majority of the TBN to the lubricating oil composition

and has a TBN of from about 150 to about 475, preferably from about 250 to about

25 425, more preferably from about 300 to about 410. To provide the lubricating oil



sul fated ash or "SASH', and based on the total weight of the conposition),
such as- 0.4 to 0.85 mass % ash, preferably no nore than 0.75 nmass % of ash,
such as 0.55 to 10 0.75 mass % of ash, nost preferably no nore than 0.70
mass % of ashyspeP6pras 0.60 to 0.70 nmasg_% of ash. Preferably, the

sul fonate detergent is present in an anmount introducing into the

conposi ti on BeHAPES ted ash or
"SASH', and Cbasgg 10?]%?1%2‘3@.3%3'léﬁﬁgﬁﬁt&%eﬁﬁrhgtﬂggﬁ%cg?ﬁﬁ ]?:Sm luﬁgs 0.10 to

035rrass%f f such as 0. 15
15 to 0.30 rrgssg@aswe‘éééh&t%% I%{(sgre era rrg%tﬁg aﬁ(? gggr%%sg/%of ash,
such as 0.18 % of _ash such that th anount of ash

i nt r oduced W%@P&%@ﬂ%@ W@P@Pfa%f’ylaﬁ%/w@ﬁrﬁérab& Samed 4 Quch as
fromabout 0.0.5 to about 0.95 mass especially no nore than 0.90 mass %

such as frorbaldut5 Masdotod thedobricating 0l wamposition.nor e preferably no nore than
0.85 nass % such as from about 0.75 to about 0.85 20 mass % | n anot her

preferred enmbodi Miepercehtagpbfyrafactatic bSO ah Sverbistd détefien®) @hd/ thus kieght | 'y
over based and has a total base nunber of from about 50 to about 150,

preferably f it t 90 to
about 115, séﬁﬁﬂoﬁﬁ%hﬂsrﬁt%?gaggg %tvﬁrglglsx%e?ﬁ%je ?%%%betlﬁ%gﬁr%%% o the

| ubricating ,0 osition d has to about 475,
brof er abl y FRNREELRR kR ow B e tmsily 2 eLOR ARavGRAE, Sbout 300 10
about 410. To provide the |ubricating oil 2005M20 FF -14 conposition with
required | e\Slé‘ler%S"Pt @B}Psé‘i“{ﬁ’éHE§reﬁﬁfﬁoﬁb%ere1%b’é‘é’élpﬁﬁﬂtaﬁ@tlm ithFQHEh & MeBtRERReas h

| evel , detergent(s) may conprise fromabout 3.0 to about 5.5 mass %
pref erably frahoedeiaxtractsr (160 aroleight © 7 e igmalpkameien fuemgln-iextnom about
4.0 to about 4.75 mass % of the lubricating oil conposition. 5 The
percent age eiphsninf acd aiMd of Do SHAPs pet hatir PY 20 hawed THe hRhedte, shailld behus t he

one which retains substantially all the metal-containing material, and passes

substantially all the remainder of the sample. An example of a suitable membrane is a

gum rubber membrane supplied by Carters Products, Division of Carter Wallace Inc.,

New York, NY 10105 under the trade name Trojans. The dialysate and residue

15  obtained on completion of the dialysis step are evaporated to dryness, any remaining
volatile material then being removed in a vacuum oven (100°C at less than 1 torr or
less than about 130 Pa). The mass of the dried residue, in grams, is designated B.

The percentage (C) of overbased detergent material in the liquid sample is given by

the equation:

20 C = Ex 100%.
A

Background information for the dialysis technique is given by Amos, R. and
Albaugh, E.W. in "Chromatography in Petroleum Analysis", Altgelt, K.H. and Gouw,

T.H., Eds, pages 417 to 422, Marcel Dekker, Inc., New York and Basel, 1979.



soap to netal ratio of a detergent, or mxture of detergents, can be
nmeasured by dialysing a known anmount (A g, approxinmately 20 g) of the

| i qui d overbased detergent (substantially free fromother |ubricating oil
addi tives) ti@Bﬁ&{ﬁ?Fﬁ menbrane in a Sox_hllﬁet extractor (150 mm height x 75 mm
internal dianeter) using n-hexane 10 siphoning at a rate of 3 to 4 times per

hour for 20 hour saThe oPShiFaNE: Skl e maR eotfly Rl i asqtilpnt i al 1y

all the netal -contal ni ng mat er | passes substantia
a..Sui ab e nenbrane is a um r ubber

remai nder of. t

rerbr ane. suggaaTay i 2 RSP SRES ) Bnichilh ol SimSe TRER: SREviairRen R Rew
York, NY 10105 under the trade nane Troqjans. The dial ysate and resi due 15
obt ai ned on DEA¥E @trpp,lﬁcq)qomq]@a(y1|q|t%¢§01gméﬁlt%r%ecgy%eg§a@e@§nx1@ adightféss, any
remaining volatile nmaterial then being renoved in a vacuum oven (100C at

| ess than 1 maal than cdl@sw, & megneshoubased@leagent Fild inmmescealess subfattdiash) onesi due,
in grams, is designated B. The percentage (C) of overbased detergent

materi al si n atas % bakig tsamaile dnsougit ¥Phe bdrres?bﬁdiﬁg]bﬂt:ﬂuﬁﬂbasg@d&efgeﬁx 100% A
Background information for the dialysis technique is given by Aros, R and

A bangh, E SiS" K. H. d
o, T 1 ian oREPRTF SRR RN ERpe YT d?@‘?b%ﬁhﬁs o RERRFc ana sase

1979. 2005'\/020 Sul f te t |
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conposi tions, nagnesiumsalts can be used to re | ace sone or all of the
cal ci um sal calciugegufpnate (AEEFREE ad ¢ Zlagngsivgh pynatarateigent berlemdthgRite a
magnesi um based detergent will introduce |ess sulfated ash, on

detergent and a magnesium sulfonate detergent; a calcium sulfonate detergent, a

10  calcium phenate detergent and a magnesium phenate detergent; or a calcium sulfonate
detergent, a magnesium sulfonate detergent and a calcium phenate detergent.
Additional additives may be incorporated into the compositions of the
invention to enable particular performance requirements to be met. Examples of
additives which may be included in the lubricating oil compositions of the present
15  invention are ashless dispersants, supplemental, phosphorus-free antioxidants, metal
rust inhibitors, viscosity index improvers, corrosion inhibitors, anti-foaming agents,
and pour point depressants. Some are discussed in further detail below.
Dihydrocarbyl dithiophosphate metal salts used as antiwear and antioxidant
agents include those in which the metal is an alkali or alkaline earth metal, or
20  aluminum, lead, tin, molybdenum, manganese, nickel or copper. They may be
prepared in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol or a phenol
with P,Ss and then neutralizing the formed DDPA with a zinc compound. For
example, a dithiophosphoric acid may be made by reacting mixtures of primary and

25  secondary alcohols. Altematively, multiple dithiophosphoric acids can be prepared



5 a mass % basis, than a |i ke amount of the correspondi ng cal ci um based
det.ergent. Thus, in one preferred enbodi nent, lubricating oil conpositions
of the present invention contain a conbination of magnesi um and cal ci um
detergents, guahsgra cal cium sul fonat gdetergent and a magnesi um phenate
detergent; a calcium phenate detergent and a nmagnesi um sul fonate detergent;
a calciums L &ﬁ&ﬁ, a
nagnesiun1pﬁt&gggkﬁggg%ggﬁ?g&gPég&g%f%#Sﬁ#ghﬁggnate ﬂﬁ%@%@%@%??ﬂg magnesi um
sul fonate d [ n | cium phen det er . ARt on addi tives
my be | noorDaraty! BRe® R Bty BRERBE BRI sttt ol bRE s g
particul ar performance requirenents to, be t. anpl es, of ddi.tives which
may be i ncl (LA & PeifFA ERCicAgPad @Giﬁ{:&W%HQE‘SPX{dﬁ% 1153@%%4% and 5
invention are ashl ess di spersants, supplenental, phosphorus-free

ant i oxi dant sareseigh areysost genardist employad. Somsmengial adbtivésprguenrthscontasn Awsi on
inhibitors, anti-foam ng agents, and pour point depressants. Sone are

di scussed i rextesstolieincdet & the ned 6fun exBids vithedasioyincdiohtpoaphiishbat e net al
salts used as antiwear and antioxi dant agents include those in which the
metal is an ahkakatioh rakisl i ne earth netal, or 20 alumnum |ead, tin,

nol ybdenum nanganese, nickel or copper. They may be prepared in accordance

wi th known techniques by, first. form a_di hydrocar.h i.t hi ophosphoric
hei d (DopR) . usua Ty AR s B Rg RO RERE R St s b SR ol £
P2S5 and then neutralizing.the formed DDPA wth a zinc coﬁnﬁg%nd,. For

exanpl e, a dr¥HiRHpH Y SABPPLELIIGorERE Bdheamyention if mrcderably s gtiés of primary

and 25 secondary al cohols. Alternatively, nultiple dithiophosphoric acids
can be pr epanteeiuReosMDROIMEPS pHicsphvras HomiaboydoDoe?. by nasy Yuiprsfayably fiwmar e
entirely secondary in character and the hydrocarbyl groups on the others
are entimel yabeit 008 6 0.10 ©B&8 Cdrdrmort @rétedsblytfien absig 0.05 to 0.08 mass %.
The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
— S
RO
N
P——S Zn
/

R'O 2

15  wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
20  decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,

methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total



salt, any basic or neutral zinc conpound could be used but the oxides,
and carbonates are nost generally enployed. Comercial additives
contain an 5 excess of zinc due to the use of an excess of the

hydr oxi des
frequently
basi c zinc

PAgEheei n the neutralizatiop _reaction. The anmount of

di hydrocar byl dithi ophosphate nmetal salt used in the [lubricating oi
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an amount of phosphorus from about Mass
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di t hi ophosphoric acid will generally be
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20

composition. This amount of ZDDP introduces from about 0.1 to about 0.14 mass %
of phosphorus into the lubricating oil composition. The phosphorus content of the
lubricating oil compositions is determined in accordance with the procedures of
ASTM D5185.

Ashless dispersants maintain in suspension oil insolubles resulting from
oxidation of the oil during wear or combustion. They are particularly advantageous
for preventing the precipitation of sludge and the formation of varnish, particularly in
gasoline engines. Ashless dispersants comprise an oil soluble polymeric hydrocarbon
backbone bearing one or more functional groups that are capable of associating with
particles to be dispersed. Typically, the polymer backbone is functionalized by amine,
alcohol, amide, or ester polar moieties, often via a bridging group. The ashless
dispersant may be, for example, selected from oil soluble salts, esters, amino-esters,
amides, imides, and oxazolines of long chain hydrocarbon substituted mono and
dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long chain
hydrocarbons; long chain aliphatic hydrocarbons having a polyamine attached directly
thereto; and Mannich condensation products formed by condensing a long chain

substituted phenol with formaldehyde and polyalkylene polyamine.

t he



about 5 or greater. The zinc dihydrocarbyl dithi ophosphate (ZDDP) can
therefore conprise zinc dialkyl dithiophosphates. ZDDP is the nost commonly
used antioxidant/antiwear agent in lubricating oil conpositions for

internal comysii@RrS engines, and in cojpentional passenger car diesel

engi nes formul ated to neet present European ACEA specifications, ZDDP is

present in |ubricagd Hifsdhble b&ﬁ%ﬁHﬂP&o@irb&ﬁ Bﬁkb&?@é’ftthésetcﬁ’spféﬁﬁh'ﬂé jsl. 5 mass %
based upon the total weight of the Tubricating oil conposition. This anount

of ZDDP intr gﬁ? 4 S11.20. . Qf 0 tUs into
the | ubri cat t&ﬁféﬁlﬁ?@%@%ﬁ%@? lffrlE 81%?1%'?& P gg%%lg?%% ef’[c%%?f lé%%m@fne? ﬂce()%%g’%l&é

|l ubricating oil. conpositions is determned in accordance with the procedures
of ASTM D513BRLE ANOYNLREp SEFIHE ﬂ?‘?&i%trﬁ?lﬁ /P)rf’fﬁézpteggﬁ BglﬁBR?'gi’nsol ubl es
resulting from oxidation of the oil during wear or conbustion. They are
parti cul ar | yetedezmpeagetsns, butyeneg isebetytenagpenteaemetenierdi statdne) aod tylicadlye and
the formati on of varnish, particularly in 15 gasoline engines. Ashless

di sper sart s Cowls deim e dil sshibldpelyivehy ipdrocarbyrdbakbsiomnay bagkbone beari ng
one or nore functional groups that are capable of associating with

parti ol st oyl RS9 pol HIpFRhL ¥r pd1DROARY B or BREIORR: beridKIGhE@nal i zed

by am ne, alco Ster polar noietres, via a bridging
group. The a persant nma f ar ed fro

Jorubi e sal (3 uGEfspt CEEIHE0uERYos Mg £ Tl 3 SR BleRI B REs o
anhydr i des; RRYIGEAPRGRGNRGS BLMMAPFESIoR-PISHES c KA CoRJamSEaRBBHS: | ong
chain aliphatic hydrocarbons having a polyam ne attached directly thereto;
and Manni ch thbessde michi aominer owlestamofiot efhie bypodonetansrioners, oexgmphailrto
substituted phenol wth fornmal dehyde and pol yal kyl ene pol yam ne. 2005M)20 FF
- 18 10 10 mole %, is a non-conjugated diene, such as a C3 to C;; non-conjugated diolefin

(for example, a copolymer of isobutylene and butadiene, or a copolymer of ethylene,

propylene and 1,4-hexadiene or 5-ethylidene-2-norbomene). Preferred are

polyisobutenyl (Mn 400-2500, preferably 950-2200) succinimide dispersants.

Preferably, heavy duty diesel (HDD) engine lubricating oil compositions of the

15  present invention contain an amount of a nitrogen-containing dispersant introducing

from about 0.08 to about 0.25 mass %, preferably from about 0.09 to about 0.18

mass %, more preferably from about 0.10 to about 0.15 mass %, of nitrogen into the

composition.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
20 deteriorate in service. Oxidative deterioration can be evidenced by sludge in the

lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such

oxidation inhibitors include hindered phenols, alkaline earth metal salts of

alkylphenolthioesters having preferably Cs to Cy; alkyl side chains, calcium

nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized

25  or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil



The oil sol uble polyneric hydrocarbon backbone of these dispersants is
typical 'y derived froman olefin polynmer or polyene, especially polyners
conprising a nmjor nolar anount (i.e., greater than 50 nole %9 of a C2 to
Cl 8 ol efi n (moguo20 Fet hyl ene, propyl ene,.Butyl ene, isobutyl ene, pentene,
octene-1, styrene), and typically a 5 C to C5 olefin. The oil soluble

pol ynmeri c hywtutacdppsr dvaepduaticaddegcriteedan UnS mapsk Woe4,86 B89, andol ypr opyl ene or
pol yi sobutyl ene) or a copolynmer of two or nore of such olefins (e.g.,

copol ymers ahogbieruNEomidindRoRlpBiats0l ef i n such as propylene or butyl ene,
or copolymers of two different al pha-olefins). Qher copolyners include

those in which agnngr nolar unt. of .t he copel yne nopers, . for exanpl e,
1 to 1010 ol e dbrergiopi ol HrideiGn ERR i Bl BAPEE P i
non- conj ugated di ol efin for exanple, a _copolyner of isobutylene_and

but adi ene, dJleSAIbES BEgHsd phggol @ﬂ%}r@ﬂ@, smtﬂ%l%fw MEsHE thgeyesent mVeion incdiie or
5-ethylidene-2-norbornene). Preferred are polyisobutenyl (M 400-2500,

pr ef er ablsy @Hlineedth metelsalis of aleylphenpléneatershavinRpedienablylGs, to Kepalkyldidey di esel
(HDD) engine lubricating oil conpositions of the 15 present invention

contai n an afsidsicalRfiunéndiiylphess Bulfde,shledsivil sdiubRgihendiés dnisiilGeiied Penates OM
about 0.08 to about 0.25 nass % preferably fromabout 0.09 to about 0.18

mass % morean%ﬁ&?ﬁ@ﬁ%%d%ﬂhﬁ%dchﬁQca&%nabout 0.15 mass % of nitrogen
into the conposition. Oxidation inhibitors or antioxidants reduce the

tendency of mnergl o9j.ls to .20 deferiorate in service. i,datj ve
deterioration car&Bglal Qﬁﬁgﬁfgﬁw8§aé$ﬁ% ()Wﬁnpﬂgg“VWBPﬁ%%%??“@ﬁbH@%%EIike
deposits on the netal surfaces, and by viscosity growth. Such oxidation
i nhi bi tors HEESHEORSE pahen{dss 0§ corapunds fiat isfFadrenibtused 41l t s of
al kyl phenol thi oesters having preferably C5 to C12 al kyl side chains, calcium
nonyl phefol astidofidaey. SVhilestbésgbhaenpdiemay bs usaddn swlail amozed, phienates,
phosphosul furi zed

embodiments of the present invention are free of these compounds. Typical oil

soluble aromatic amines having at least two aromatic groups attached directly to one

amine nitrogen contain from 6 to 16 carbon atoms. The amines may contain more

than two aromatic groups. Compounds having a total of at least three aromatic groups

15  in which two aromatic groups are linked by a covalent bond or by an atom or group

(e.g., an oxygen or sulfur atom, or a -CO-, -SO,- or alkylene group) and two are

directly attached to one amine nitrogen also considered aromatic amines having at

least two aromatic groups attached directly to the nitrogen. The aromatic rings are

typically substituted by one or more substituents selected from alkyl, cycloalkyl,

20  alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.
Preferably, lubricating oil compositions of the present invention contain
hindered phenolic antioxidants, diphenyl amine antioxidants, or a mixture thereof.
The viscosity modifier (VM) functions to impart high and low temperature

operability to a lubricating oil. The VM used may have that sole function, or may be

25  multifunctional. Representative examples of suitable viscosity modifiers are



25 or sulfurized hydrocarbons or esters, phosphorous esters, netal

t hi-ocarbamat es, oil 2005MX20 FF _19 sol ubl e copper conpounds as described in
U. S. Patent No. 4,867,890, and nol ybdenum cont ai ni ng comnmpounds.

Phosphor us- ffga@yppl enent al oxi dation jphibitors, other than the previously
descri bed hindered phenol antioxidants, suitable for use in the present

i nvention i rﬁdl%ﬁt@;u&éer&%&@f&ﬁﬁe@%f EfyI¥RE 8hd SRbYIEn hoRikethaBames t hi oesters

havi ng prefera al kyl side chains, cal ci'um nonyl phenol sul fide,

ashl ess oil p |f ur nat,e h | furized
or sul furi zergé}%%&%?ac:&ggﬁé%?%?%g%ﬁ%ég’rfrfl%lgrgsaﬁ"g%tfgéwg{boggg%501?%‘{]%?%?{& iC
groups attached directly to th nitrogen constitute angther class of
compounds t iﬁ?fnﬂogn‘g’rl%tﬁﬂ’émesfs Bgﬁﬁrefl%?n‘g@rﬂiﬂ?SW?’&HQEWMB‘KW@OEW mat eri al s
may be used in small amounts, preferred enbodinments of the present

i nventi on arcepplymersodf styvensé isoprepe.stidsne/ytpdientd, aed isoprso¢/htiadiens, aguttell@s ani nes
having at | east two aromati c groups attached directly to one amne nitrogen
cont ai n fsr orthGpdrdallphyire gennted homdpollhrrsufibueslicie yind (sopfens. Multdunctibmad t wo
aromati c groups. Conpounds having a total of at |east three aromatic groups

15 in which Bl RomEES 1HF fiMRSr Ah&idn 48 iRFerhiPart Qe kBGm bONd or by an at om
or group (e.g., "an oxygen or sulfur ato or a -CO, -S2- or alkylene

ar omad i ¢ am nes. Havi EitdeK Bt RS ab i SrBinl e PREN I et Ty to
SUbst it uent SUBRGEN PeeA A IHGRSTe HEFbIIRE POUTADN SO U SRR RpP R T iy | |
acyl am no, hydroxy, and nitro groups. Preferably, lubricating oil
conposi t i ongs efdisphrsandr Exemples ng@iscc‘vsa'm indsatimprovehdispersands ipbledetdaction
anti oxi dants, di phenyl am ne antioxidants, or a m xture thereof.
10  products of amines, for example polyamines, with a hydrocarbyl-substituted mono -or
dicarboxylic acid in which the hydrocarbyl substituent comprises a chain of sufficient
length to impart viscosity index improving properties to the compounds. In general,
the viscosity index improver dispersant may be, for example, a polymer of a C4 to Cy4
unsaturated ester of vinyl alcohol or a C; to Cy unsaturated mono-carboxylic acid or a
15 C4to Cyg di-carboxylic acid with an unsaturated nitrogen-containing monomer having
4 to 20 carbon atoms; a polymer of a C; to Cy olefin with an unsaturated C; to Cyg
mono- or di-carboxylic acid neutralised with an amine, hydroxyamine or an alcohol,;
or a polymer of ethylene with a Cs3 to Cy olefin further reacted either by grafting a Cs4
to Cyo unsaturated nitrogen-containing monomer thereon or by grafting an unsaturated
20  acid onto the polymer backbone and then reacting carboxylic acid groups of the
grafted acid with an amine, hydroxy amine or alcohol.
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 additives are

well known. Typical of those additives which improve the low temperature fluidity of



The viscosity nodifier (VM functions to inpart high and | ow tenperature

operability to a lubricating oil. The VM used may have that sole function,
or may be 25 nultifunctional. Representative exanples of suitable viscosity
nodi fiers ar 0 FF - 20 polyisobytyl ene, copolyners of ethylene and

propyl ene, polynethacryl ates, nethacrylate copolyners, copolyners of an

unsat ur at ed gl SRR o Rl Rt Rant il accBOTOLAerd, ROIGKIRAIUIBE 10l

styrene and acrylic esters, d partra ated

styrene/ iso %ﬁ e,.. styrene/ but adi ene, and isoprene/butadiene, as well as 5
the partiall 6 ngenated honopol yners of but adi ene and i soprene.

Mul tifunctional viscosity nodifiers that further function as dispersants
are al so known. AFrgtioagagdifiers apbfuc] eropemaxagents et argvempatikle Wit the Athgr
referred to as a nultifunctional viscosity nodifier, functions as both a
vi scosi ty i nidgredientsrod e firsah dil neey adsodiesipelndeaintExabpdespif esclomaterisls asilude | ndex
i nprover dispersants include reaction 10 products of am nes, for exanple

pol yam nes, wkddiylandhodsterarhidhes (s abidsifBfexiiple, Bfceryll nfoRblsdearé; iestedscdfd i n

whi ch the hydrocarbyl substituent conprises a chain of sufficient length to

| mpart vi SC%MF %héiﬁﬂ&%&g@@(ﬁ%h&ﬂs %tﬂ%(glg,i]fg@e){)agqpq#}gl}ecm glsestelr grgeneral ,

the viscosity ex: | I spersan exanp a polyner of a
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unsat urated nitrogen-contai ning nononer having 4 tq 20 carbon atons; a

pol yner of asubgtituted apmownungsydigmines apd akyhetheransnescioriesamply, ethoxrdated

di -carboxylic acid neutralised with an am ne, hydroxyam ne or an al cohol ;

or a pol ynertalidw eminel and ethoeixilated t&Bw eth&@20niakef i n further reacted either by
grafting a &4 to C20 unsaturated nitrogen-contai ning nononer thereon or by

graftingoean unsatowmhatiedwalrisGorimedifierstddmppigt ¥BblubRUEAREM8RBdéten reacting
carboxylic acid groups of the
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. As an example of such oil
soluble organo-molybdenum compounds, there may be mentioned the dithiocarbamates,
dithiophoéphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
15  mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.

20  Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,

hydrogen sodium molybdate, MoOCl,;, MoO;Br;, M0,0;Clg, molybdenum trioxide or

similar acidic molybdenum compounds.



grafted acid with an am ne, hydroxy am ne or al cohol. Pour point
depressants, otherwi se known as |ube oil flow inprovers, lower the mninmm
tenperature at which the fluid will flow or can be poured. Such additives
are well kngyevoobypi cal of those additiy. ﬁs whi ch inprove the |ow
tenperature f|UI d|ty of 2005MD20 FF -21 the fluid are Cs to C18 di al kyl

fumarat e/ vi nyl acﬁﬁﬁﬁﬁn&?&g’EM@@E&ﬁoﬂ%é’%oﬁﬁ'cﬁi%f[l yhaligsic and the like.

Friction nodifiers and fuel econony agenhts t e corrpatlble with the

mater i a QQTﬁ%? R L S A S T L R i

gl yceryl esters of ong chai n pol ycar boxyl ic acids with diols,
for exanple, ﬁh‘} ?Wﬁﬁ@dﬂwbéélts - of a dinerized unsaturated fatty acid;
oxazol i ne conpounds; and al koxyl ated al kyl - substituted nono-am nes,

di ami nes and al kyCoprptehend kgad hesingfcorrosirm mplitsforemap ky bsgdebiut aratypoallpni ne and
et hoxyl ated tall ow ether amne. 10 Gther known friction nodifiers conprise

oil -soluld e mftgét{imemﬁmbﬁemmaulgti@ﬁmmgﬁesemﬁhemrogan?wmlyyéudle duridst i on
nodi fiers al so provide antioxidant and antiwear credits to a ricating
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conpounds, there may be nenti oned the drthi ocar amat es, dithi ophosphat es,

di t hi ophosph h. dthe lik d 15
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These conpounds will react with a basic nitrogen conpound as neasured by
ASTM t est D-s@daromaterizig 8% deseritetiiob). prRataatioe 38,2363 994658%14,9%k87aval ent .

10 4,107,059; 4,136,043, 4,188,299; and 4,193,882. Other additives are the thio and
polythio sulfenamides of thiadiazoles such as those described in UK Patent
Specification No. 1,560,830. Benzotriazoles derivatives also fall within this class of
additives. When these compounds are included in the lubricating composition, they
are preferably present in an amount not exceeding 0.2 mass % active ingredient.

15 A small amount of a demulsifying component may be used. A preferred
demulsifying component is described in EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric
alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active
ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

20 Foam control can be provided by many compounds including an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

In the present invention it may be necessary to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has

25  been observed that some compositions increase in viscosity when stored for



20 Included are nol ybdic acid, amoni um nol ybdate, sodi um nol ybdat e,
pot-assi um nol ybdate, and other al kaline netal nolybdates and ot her
nol ybdenum salts, e.g., hydrogen sodi um nol ybdate, MOCC 4, MQZBr 2,
Mb2CBC16, nojoyhdepw trioxide or sim |l ay_aci di c nol ybdenum conpounds.
2005M>20 FF -22 Rust inhibitors selected fromthe group consisting of
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ori vat | vee DT AECS Of REPEOREDHRF B bEL e Brepanionobibe asaFSs such as
those described in U. S Patent Nos. 2,719, 125; 2,719, 126; and 3,087, 932;
are typi cal .disperrents ag herejnbefongdiselpegds are described in U S. Patent Nos.
3,821, 236; 3,904,537; 4,097,387; 10 4,107,059; 4, 136,043; 4,188, 299; and
4,193, 883. O her Iagdiot imesalap add e addiiive @radubipaativip bilporsadditaraoncasrates

t hi adi azol es such as those described in UK Patent Specification No.

1,560, 830. BgRZMLEAt2ARh @ifat @B MIHiNESS 1AL 8@l digirbitegentdtinsacak@ss of
addi tives, \Wen these conpounds are included in the lubricating conposition,

they are pr . i i % active

i ngr edont " TgekeR P 3RE Rk e AR naPBF oEREREANG orulBEm [0 A
preferred denulsifying.co nent is descryib in EP 330,522. It _is obtained
by reacting V%ﬁﬂnéktglffégjﬁl @Wgﬁgéa%t% ltﬁ’ﬁdﬁ%fo%l‘f‘t%g}fBﬁrSW' %é"a@‘? oRgT a

bi s-epoxide with a polyhydric alcohol. The denulsifier should be used at a
| evel not eteeddictegeantsiarpraenyensienallyfermadrigdduend e proxideragpecifigd dBdY argl 001 to

0.05 mass % active ingredient is convenient.
10  are oftentimes not referred to on an A I basis. As used herein, the term mass percent

(mass %), when applied to a detergent refers to the total amount of detergent and
diluent unless otherwise indicated, and when applied to all other additive refers to the
weight of active ingredient unless otherwise indicated.
The individual additives may be incorporated into a base stock in any convenient
15 way. Thus, each of the components can be added directly to the base stock or base oil
blend by dispersing or dissolving it in the base stock or base oil blend at the desired level
of concentration. Such blending may occur at ambient temperature or at an elevated
temperature. When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into the base oil in an amount
20 that enables the additive to provide its desired function. Representative amounts of
such additives, used in crankcase lubricants, are listed below. All the values listed are

stated as mass percent active ingredient.
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Preferably, all the additives except for the viscosity modifier and the pour

point depressant are blended into a concentrate or additive package described herein

as the additive package that is subsequently blended into base stock to make the

finished lubricant.

The concentrate will typically be formulated to contain the

additive(s) in proper amounts to provide the desired concentration in the final

formulation when the concentrate is combined with a predetermined amount of a base

lubricant.

The concentrate is preferably made in accordance with the method described

in U.S. Patent No. 4,938,880. That patent describes making a pre-mix of ashless

dispersant and metal detergents that is pre-blended at a temperature of at least about



tenperature. Wien lubricating conpositions contain one or nore of the above-
ment i oned additives, each additive is typically blended into the base oil in
an amount 20 that enables the additive to provide its desired function.
Represent at iygsnappppt s of  such additives, used in crankcase |ubricants, are
listed below. Al the values listed are stated as nass percent active

Corrsi on | syt ar g erg PR ool AR B Glnd B Rk phat e 0.1 - 6

0.1 - 4 Antioxidant 0-% 0,01 - 3 Pour Point Depressant 0.01 -5 0.01-1.5
Ant i f oami ng RIPRPSHS #@8eh - 0. 15 Suppl enental Antiwear Agents O - 1.0 O -
0.5 Friction Moudifier 0-5 0 - 1.5 Viscosity Mddifier 0.01 - 10 0.25 - 3
Basest ock Bal anc&hgfnalseamkesse fubrigsfing oilaformylpeonamay empley fiepcist2Smass fhe
viscosity nodifier and the pour point depressant are blended into a
concent r at e prefemtilyi4 to\26 npas ke ged mhestqréfrablyboweiSto 18 nass Ve thedchntentatepackage
that is subsequently blended into base stock to make the finished |ubricant.

The concent rab@diid packdeiveied thy rddiddRt Bath@bRd stofk.CPREGIR]y ttevoladd, b the(s) in
proper anmounts to provide the desired concentration in %Ihe final

for mul atf on et e, SRS & ForkaiagNTab RRdsubd By iRl SLlRRgamount of

a base |ubrican
(ASTM D5880), is less than or equal to 15 mass %, preferably less than or equal to 13

mass %, more preferably less than or equal to 12 mass %, most preferably less than or
equal to 10 mass %. Preferably, lubricating oil compositions of the present invention
10  have a compositional TBN (using ASTM D4739) of less than about 10.5, such as
between 7.5 and 10.5, preferably less than or equal to about 9.5, such as about 8.0 to
about 9.5.
The lubricating oil composition according to the invention is preferably
capable of providing at least 40, more preferably at least 42, piston cleanliness merits
15 inan OM441LA test. In addition the oil composition is preferably a heavy duty
diesel (HDD) engine lubricant meeting the performance requirements of at least one
of, preferably each of, the ACEA E4/E6 and MB p228.5/p228.51 specifications.
This invention Wili be further understood by reference to the following
illustrative examples, wherein all percentages are by weight of active ingredient,

20  unless otherwise noted, and which include preferred embodiments of the invention.

EXAMPLES
Using an additive package containing dispersant, detergent, ZDDP,
antioxidant, a molybdenum-based additive and antifoamant, viscosity index improver

25 and lubricating oil flow improver, a series of lubricating oil compositions representing



10 The concentrate is preferably nmade in accordance with the nethod
described in U S Patent No. 4,938,880. That patent describes making a
pre-m x of ashless dispersant and netal detergents that is pre-blended at a
t enper at ur e Vbsnao keast about 2005MR20 Fk.-25 100' C. Thereafter, the pre-mXx
is cooled to at | east 85C and the additional conponents are added. The
final crankcageerdtiohil SARS IBridatinglodr dBmpakitions Wey peefk&l Ad @diergedtd 25 mass %
preferably 4 to 20 mass % and nost preferably about 5 to 18 mass % of the

concentrate coﬁlb@ﬁainaﬂgbﬁ3%%@%91%%9&&%&&&thﬁ) }Eﬁ%%ﬂgﬁﬁmt%ﬁlt&%tpgﬁflﬁ ock.

Preferably the volatil y of the flnal crankcase ricating
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pr esent invent ion 10 have a conpositional TBN (using ASTM D4739) of |ess
t han about Jabricantsapiplessverbrmadated . A “wery-high Soapeafventadylay SABSs t han or
equal to about 9.5, such as about 8.0 to about 9.5. The lubricating oil

conposi ti on lastatidg 69 co@psditor ([Boeitakaive 3% wiak pfodueddl By fospahe with apr ovi di ng
at least 40, nore preferably at |east 42, piston cleanliness nerits 15 in

an OR41LA g5l i3 @b&%&s’h&ﬂ‘ﬁ vHith £27%86 BN %é?&dnssu%ﬁité H@&hﬁe@aﬂb‘%@vy dUt y

di esel (HDD) engi ne | ubritant neeting the performance requirenments of

| h, of A4/ E6 a 8.5/ 8.51
spect 11 cat i gt S RORRRAERE S o A 10 S e S et Bl et Bo by M%ce ‘o

the following illustratjve exanples, wherein all percentages are by wei ght
of active i #gR¥dhepal sulfidg; Wsélﬁs URGErAfiPEENat®828,  and whi ch i ncl ude

preferred enbodi nents of the invention.
10 These formulated lubricants were then subjected to an industry standard

OMA441LA test, passage of which is required by each of the ACEA E4/E6 and MB
p228.5/p228.51 specifications. Passage of the OM441LA test requires, inter alia, 40
merits in piston cleanliness, and, in the future, a replacement test (the OMSO01LA test)
may require even better performance.

15 The compositions of these conventional SAPS lubricants are summarized, and

the piston cleanliness test results obtained are shown, in Table 1.
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Merits

1 Exanple Conparative 1 Conparatlive 2 Conparatilve 3

Mass % Phenate Soap 0.55 1.36 2.25
Mass % Sulfonate Soap 0.50 0.50 0.70
Mass % Total Soap 1.05 1.82 2.95
TBN (ASTM D4739) 8.5 11.0 144
Piston Cleanliness 38.0 38.0 34.7

10

The data of Table 1 demonstrate that for conventional SAPS lubricants using

this detergent mixture, passage of the OM441LA test is difficult regardless of the

amount of total soap present in the composition. It is for this reason that carboxylate

detergent-based Iubricants have been preferred. As is also shown, in conventional

SAPS lubricants, increasing the amount of phenate soap did not improve piston

cleanliness performance. To the contrary, inferior piston cleanliness performance was

shown with Comparative 3, which contained the highest level of phenate soap, and

the highest total soap content.

Using an additive package containing the same components as described

above, a series of “mid-SAPS” lubricants were formulated. By adjusting the mixture

of detergents, low- (Comparative 4 and Comparative 5) and high soap-(Inventive 1)



Type Low Soap- Content Med. Soap-Content H gh Soap-Content Conventional SAPS
Conventional SAPS Conventional SAPS Mass % Phosphorus 0.12 0.12 0.09 WMass %
Sul fur 0.33 0.39 0.38 Mass % SASH 1.2 1.45 1.9 WMass % Phenate Soap 0.55

1.36 2.25 N%@@M%??EIfonate Soap 0.50 0.50 0.70 Mass % Total Soap 1.05 1.82
2.95 TBN (A 9) 8.5 11.0 14.4 Piston Ceanliness 38.0 38.0 34.7

Merits The daf@eRiuptRihe whrdRARBE! TR FesﬁlPﬂ% E%rﬂf&ﬁ%iil‘ﬁﬁﬁ&&ﬂ%lexe%ﬁ%ﬂ;& by icants

using this detergent m xture, passage O test is Icult

regardl ess of, t upt qf t.otal soa resent..in e Cco ifdon. It is
for i o r ealgo AR AT s OhsatiBE P ihed By SR bORERiA? o Mect AR SRES. "Deen
preferred. As is also shown, in conventional  SAPS | ubricants, increasing
the anount olubpRERS¥E syHEriged apdtheimyien lsadingssdast resudts gbtaped argE0PE mance.
To the contrary, inferior piston cleanliness performance was shown with
Conpar ati ve B, Table Zh contai ned the hi ghest |evel of phenate soap, and 10 the
hi ghest total soap content. Using an additive package containing the sane
conponents agaklescri bed above, a series of "m d-SAPS" |ubricants were
fornmul ated. By adjusting the m xture of detergents, |ow (Conparative 4 and

Fﬁg}r)?(r::;![ germﬁg(?lél% g‘rﬁ{egin 'Sl'ﬁgp; ((aisu ?&ng@o@wfgﬁdggﬁ%ﬁ%ﬁt sc\alenélgg{stll}]gjlect ed
to Type Low-Soap-Content | Low Soap-Content | High Soap-Content
Mid-SAPS Mid-SAPS Mid-SAPS

Mass % Phosphorus 0.12 0.12 0.08

Mass % Sulfur 0.32 0.32 0.33

Mass % SASH 1.0 1.0 1.0

Mass % Phenate Soap 0.45 0.45 1.55

Mass % Sulfonate Soap 0.43 0.38 0.14

Mass % Total Soap 0.88 0.83 1.69

TBN (ASTM D4739) 8.2 8.7 8.3

Piston Cleanliness 33.1 35.0 45.7

Merits

As shown, in mid-SAPS lubricants, increasing the amount of phenate soap
dramatically improved piston cleanliness performance, which is surprising in that, as
demonstrated above, increasing phenate soap content actually results in reduced

10  piston cleanliness performance. The observance of this previously unrecognized
phenomenon allows for the formulation of phenate/sulfonate detergent-based mid-
and low-SAPS lubricating oil compositions capable of passing the OM441LA test and

meeting the requirements of the ACEA E4/E6 and/or MB p228.5/p228.51



the OM41LA test, as descri bed above. The conpositions of these m d- SAPS

| ubyicants are summari zed, and the piston cleanliness test results obtained
are shown, in Table 2. 5 Table 2 Exanple Conparative 4 Conparative 5

I nventive 1 ,iwagolspW Soap- Cont ent Low Sgap- Content Hi gh Soap- Cont ent

M d- SAPS M d- SAPS M d- SAPS Mass % Phosphorus 0.12 0.12 0.08 Mass % Sul fur

0. 32 0. 32 0. SRciRSons " 08Ha Jodh s A Lurcrh B U AERIBLGiSAfn 45 0. 45 1. 55
Mass % Sul fonate Soap 0.43 0.38 0.14 Mss % Total Soap 0.88 0.83 1.69 TBN
(ASTM D4739) 8.2 8.7 8 3. Pi i ness. 33. 5. al Nerjpts As
Shown, 1 m sloifialss'sbie b il Wc BB e Windenbied it bl oo
dramatically_ i npraoved piston cleanliness performance, which is surprising in
that, as def?ﬁrﬁgﬁaPla%HleaeéwePerf%%ggmﬁ WHEARE@e ) ap content actual |y
results in reduced 10 piston cleanliness performance. The observance of this
previ ousl y unr ecogmpestigonssigeqiibné adiroaiprising” & pturality of defingdaompanerits are

phenat e/ sul f onat e det ergent-based m d- and | ow SAPS | ubricating oil

conposi t isonstoteprahstRiedfas pruslingcdniprsivid fdrel 85 bdming theelefingl plomlity

requi renents of the ACEA E4/ E6 and/or MB p228.5/p228.51 2005MR0 FF -29

of defined components. The principles, preferred embodiments and modes of

operation of the present invention have been described in the foregoing specification.



specifications. It is also seen that it is extrenely difficult to provide a
pi stron el eanliness score of greater than 42 to 43 nmerits in this test, and
that the present fornulations, therefore, performextrenely well, in
general . ConpmsiMd0ms descri bed as "conpriesing” a plurality of defined
conponents are 5 to be construed as including conpositions forned by
adm xi ng the deAims8d plurality of defined conponents. The principles,
preferred enbodi nents and nodes of operation of the present invention have

been described in A hgfcRfiRoGH BSnpRAFIN dofit J 2005M20 FF 30 CLAIMS 1. A
| ubri cating g?l conposftﬁ%% conb??glﬁbo (afﬂg maj or anmount of oil of

| ubricating viscosjt a one..overbased and/ or neutral phenate
detergent in (lﬁfl anou%]toré?%l\}rﬁ foq()?thfbnlcau%%wico ﬁ Ysuch as 1.4 to 2. 0,

preferably at |east 1.5, such as 1.5 to 1. preferably at |east 1.55,
such as 1.55 ®b 1. ar%ea@tr%{movsrfbatﬂﬁicﬂﬁl Oéngwé?apb@}atq%ergaﬁﬁaﬁe—namommw Weng oi |
conposition; and (c) at |east one overbased and/or neutral sulfonate

det er gent ; wher ei rat idast 1.4sutlcas 1.Ado 30| pretongdy pt leash 1ifasuch asls torl.&omerent of
no nore than 0.4 mass % a phosphorus content of no nore than 0.12 nass %

and an ash cont entpréferabty at@isel shanch asll FR&S1.96 geams o flphbiidt€ edapigr 000
conposition of claim1, wherein the ratio of the anbunt of phenate soap to

the amount of sul fg?ﬁ%@fl%ﬁﬁ@atﬂn@ omhﬁ,og%nkinhogram of lubricating oil
conposition is at Teast 5:1, such as to 50:1, preferably at least 7.5:1,

such as 7.5: ]( ) to a%?eag’t one overbgse% or ngutratl sul?ona ci]égergentSUCh as 10:1 to 20: 1.

wherein the lubricating oil composition has a sulfur content of no more than 0.4
mass %, a phosphorus content of no more than 0.12 mass % and an ash content of no

more than 1.1 mass %.

2. A lubricating oil composition of claim 1, wherein the ratio of the amount of
phenate soap to the amount of sulfonate soap in mmols per kilogram of lubricating oil
composition is at least 5:1, such as 5:1 to 50:1, preferably at least 7.5:1, such as 7.5:1

to 25:1, more preferably at least 10:1, such as 10:1 to 20:1.

3. A lubricating oil composition of any of the preceding claims, wherein said at
least one overbased and/or neutral phenate detergent is present in an amount
introducing into the lubricating oil composition no more than 0.85 mass %, such as
0.4 to 0.85 mass %, preferably no more than 0.75 mass %, such as 0.55 to 0.75

mass %, more preferably no more than 0.70 mass %, such as 0.60 to 0.70 mass %, of

sulfated ash (SASH).



3. Alubricating oil conposition of any of the preceding clainms, wherein
said _at |east one overbased and/or neutral phenate detergent is present in
an armount introducing into the lubricating oil conposition no nore than
0.85 nmass % such as 0.4 to 0.85 nmass % freferably no nore than 0.75 nmass
% such as O. 38°M32Y 75 mass % rmre prefé ably no nore than 0.70 mass %
such as 0. 60 to 0. % SUu. SAS 005 Q FF . A
| ubri cating 0|I r%lélga ﬁ% 0&005}?)9518911 %nypskg]&é@ieﬁ H&g RS W RN hﬁjf?tﬁle
total anount of sulfat ed a é’%o ced by detergent is no nore than 0.95
mass 9% such ASOURHEAEShaT ntso ﬁir§¥§e’%geﬁtrléﬁéﬁ%la§haﬁd) Hromess hatich 280 nass
% such as from0.70 to 0.90 mass % nore preferably no nore than 0.85 nass
% such as fr &ien00.76ta 99 n8Ss Yormeedergbly Bo more tHaniOcHx inags % Juck esrfroi Q. 7ot of
any of the preceding clains, which contains no nore than 0.5 granms of
car boxyl at e s0®0 rps %, dorg hegTerablly nouhdre Eini 0085 Bhss % CIFR@s KohoM 75 anolss s
preferably free from carboxylate detergent. 6, A lubricating oil composition
of any of thejptegeding clainms containing at |east one cal cium detergent
and at |east one magnesi umdetergent. 7. A lubricating oil conposition of
any of the preceding clains, wherein said at |east one phenate detergent
has, or have on average, a TBN of from50 to 150, preferably from80 to
120, nore preferably from90 to 115, and said at | east one sulfonate
detergent has>- or AdVEricHinggdcamgosiorrpianyrof thapfraading dJaimpgwh pshepaiags| y
from250 to 425 nore preferably from300 to 410. 8. A nmethod of inproving
t he piston cl paniorathes Opegrims phecaskoxyfatasdapiper £Q gramseif lubricetimpsi t i on a
sul fur content of no nore than 0.4 mass % a phosphorus content of no
composition, and is preferably free from carboxylate detergent.

6. A lubricating oil composition of any of the preceding claims containing at

least one calcium detergent and at least one magnesium detergent.

7. A lubricating oil composition of any of the preceding claims, wherein said at
least one phenate detergent has, or have on average, a TBN of from 50 to 150,
preferably from 80 to 120, more preferably from 90 to 115, and said at least one
sulfonate detergent has, or have on average, a TBN of from 150 to 475, preferably

from 250 to 425, more preferably from 300 to 410.

8. A method of improving the piston cleanliness performance of a lubricating oil
composition a sulfur content of no more than 0.4 mass %, a phosphorus content of no
more than 0.12 mass and an ash content of no more than 1.1 mass %, which method
comprises formulating said lubricating oil composition with at least one phenate
detergent and at least one sulfonate detergent, wherein said phenate detergent is used

in an amount introducing at least 1.4, such as 1.4 to 2.0, preferably at least 1.5, such



nmore than 0.12 mass and an ash content of no nore than 1.1 mass % which
nmetshod »conprises fornulating said lubricating oil conposition with at | east
one phenate detergent and at |east one sul fonate detergent, wherein said
phenat e det erogemé2oirs used in an anount introducing at |east 1.4, such as
1.4 to 2.0, preferably at least 1.5, such 2005M)20 FF 32 as 1.5 to 1.8, nore
preferably ais 1.8a51.81mbf, prefecablyast 1dasbb55,6udh 4H1.65 a015.79 braphasfahensiosap per
100 grans of lubricating oil conposition. 9. A nethod of inproving the

pi ston cl eanhdrneg srads MubridaBhpall c6RPbdigéd.on  engine, preferably a heavy
duty diesel (HDD) "engi ne which engine is preferably provided with at |east

one exhaust gas treatnent device selected froman oxidation catalyst, a NOx
trap, an NH3 selective catalytic reduction device and a particulate trap,

whi ch net hod, conpri s ricating said engine wiith.a |lubricating oil
Commosi t1 on i - ehyrrodampEsng e 3Rt SCGaRee ) el GHIIST 10 Use of
a lubricating oil composition of any of clains 1 to 9, to inprove the
pi st on cl earingnwsprefetily ehamaedusy digseli(HDEDeaBine ovhielsenigore i pepferablypr ef er abl y
a heavy duty diesel (HDD) engine. 11. An internal comnbustion engine,
preferably grbhedvywitiitayledsteme exifddsYas ereginteas devicdwel ecaddefebrinvai bxidatiarbr i cat i ng
oil conposition of any of clains 1 to 7.

catalyst, a NOy trap, an NHj selective catalytic reduction device and a particulate trap,

which method comprises lubricating said engine with a lubricating oil composition of

any of claims 1 to 7, and operating said engine.

10.  Use of a lubricating oil composition of any of claims 1 to 9, to improve the
piston cleanliness performance of an internal combustion engine, preferably a heavy

duty diesel (HDD) engine.

11.  Aninternal combustion engine, preferably a heavy duty diesel (HDD) engine,

lubricated with a lubricating oil composition of any of claims 1 to 7.





