WO 01/ 44418 PCT/ US00/ 33683 LONG LI FE MEDI UM AND HI GH ASH O LS W TH
ENHANCED NI TRATI ON RESI STANCE FI ELD OF THE | NVENTI ON The present invention
relates to nmedi um and hi gh ash engine oils of extended l%%f g&m§%'denced
by a reddO®/4#18n viscosity increase, oxidation and nitratT8R rising
a base oil of lubricating viscosity and-a particular conbina- tion of
detergents. BACKGROUND OF THE | NVENTI ON Natural gas fired engines are

| arge, having up to 16 cylinders, and often generating between 500-3000
HP. The engi nes are tLONG ILFRMEDIUM ABD SIGRASHBIIIdustry to conpress
natural gas at well ReEYS ANHANOCRD RIPRAMON REJSTIANERe nature of this
application, the engines often run continuouslTy near fullT |oad conditions,
shutting down only for naintenance such as for oil changes. This condition
of running_continuously near full |oad places severe demands on the

| ubr i cant FIBLdd &ty THE INVENITONyr i cant is subjected to a high tenperature
environnent, the life of the lubricant is often limted by oil oxidation

processes. Additignally, since.natyral gas fired engjnes run wi.th high

o ssions of oxi debNE BRESARY MYERHOR RRIRSFS 1§ e diufrandEh ash enatiy oilss b
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amount of inconplete conbustion (e.g., exhaust particulates). The

i ncombusttign efdetergant® a smal | but critical degree of lubrication to the

exhaust valve/seat interface, thereby ensuring the durability of both
cylinder heads and val ves. The conmbus- tion of natural gas is often very

conpl et e, gAGRIUND OF FRE NEOERFON! ©

Natural gas fired engines are large, having up to 16 cylinders, and
often generating between 500-3000 HP. The engines are typically used in the
Oil and Gas industry to compress natural gas at well heads and along pipelines.
Due to the nature of this application, the engines often run continuously near full
load conditions, shutting down only for maintenance such as for oil changes.
This condition of running continuously near full load places severe demands on
the lubricant. Indeed, since the lubricant is subjected to a high temperature
environment, the life of the lubricant is often limited by oil oxidation processes.
Additionally, since natural gas fired engines run with high emissions of oxides

of nitrogen (NOy), the lubricant life may also be limited by oil nitration

processes. Therefore, it is desirable for gas engine oils to have long life through

enhanced resistance to oil oxidation and nitration.

The combustion of diesel fuel often results in a small amount of
incomplete combustion (e.g., exhaust particulates). The incombustibles provide
a small but critical degree of lubrication to the exhaust valve/seat interface,
thereby ensuring the durability of both cylinder heads and valves. The combus-

tion of natural gas is often very complete, with virtually no incombustible



WO 01/ 44418 PCT/ US00/ 33683 -2 materials. Therefore, the durability of the
cylinder head and valve is controlled by the properties of the | ubricant
and its caonsunption rate. For this reason, gas engine oi ssified
accordihﬁfv%mgﬁéir ash content, since it is the Iubricantﬁéggéﬁﬁﬁbgh acts
as a solid lubricant to protect the valwe/seat interface. The oil industry
has accepted gui delines which classify gas engine oils according to their
ash level. The classifications are: Ash Designation Ash Level (wt% ASTM
D874)  Ashhmserifds h Thefsfdle, itosdisibiltty bf thAshlinderthealib@iduwal s iy ddnerofledsh <
1.5 Hi gh Ash Ash > 1.5 The ash level of the lubricant_is often determ ned
by its forhulthe prperaempbiherubricautiandritstcoinsumptianmateg Iouttbisoreasoen, @as g. |
barium cal ci.um .and tal lic-containing antiwear additive ntributing
Vo the asheREDEPIIbAre AESH DA U S Ao S T dhe BN

engi ne_mn 164cts 4ebIBRAMRILARRS pr@Sh HEUANSIERfeAtePThe gh t he
| ubricant Specitications. For exanple, nanu- facturers o -cyc?e engi nes
of ten requindast@agascEted gaidelines Which HaldiBsgad fngifé ek ab@or@iﬂ% t9 geirt he
extent of harnful deposits which formon the piston and conbustion chanber
area. ManudsiclevekrEhotlagsifigatienseangi nes often require the gas engine oils
to be Low, Mediumor H gh Ash to provide the correct bal ance of engine

cl eanliness, and durability of the cylinder head and val ves. Running the
engine with too | chslaPesigmatienel wili |iKsh\evek(Wwt¥ ASIMMEHE] |ife for

the wvalves or cyli ndgr head. Running the engin i t,00 high an ash |evel
shie Ms% polrﬁ

will likely cause ex PYe deposits in the co chanber and upper
piston Low Ash 0.1 <Ash<0.6
Medium Ash 0.6 <Ash<1.5
High Ash Ash> 1.5

The ash level of the lubricant is often determined by its formulation
components, with metal-containing detergents (e.g., barium, calcium) and
metallic-containing antiwear additives contributing to the ash level of the lubri-
cant. For correct engine operation, gas engine manufacturers define lubricant
ash requirements as part of the lubnicant specifications. For example, manu-
facturers of 2-cycle engines often require the gas engine oil to be Ashless in
order to minimize the extent of harmful deposits which form on the piston and
combustion chamber area. Manufacturers of 4-cycle engines often require the
gas engine oils to be Low, Medium or High Ash to provide the correct balance
of engine cleanliness, and durability of the cylinder head and valves. Running
the engine with too low an ash level will likely result in shortened life for the
valves or cylinder head. Running the engine with too high an ash level will
likely cause excessive deposits in the combustion chamber and upper piston

arca.

Gas engine oil of enhanced life as evidenced by an increase in the

resistance of the oil to oxidation, nitration and deposit formation is the subject of



area. Gas engine oil of enhanced life as evidenced by an increase in the
resi stance of the oil to oxidation, nitration and deposit formation is the
subj ect of WD 01/44418 PCT/ US00/ 33683  USP 5,726,133. The E% De oi | of
that pat 0448 | ow ash gas engine oil conprising a maj & éﬁ@@%ﬁ of a
base oil of lubricating viscosity and ayunor anount of an additive

m xture conprising a mxture of detergents conprising at |east one al kal

or alkaline earth nmetal salt having a Total Base Nunber (TBN) of about 250

and | ess aW$P5IR60I33. Al kabds iginé baldmatamm i5Qtialy &aldas g TBN
| ower than the aforesal d conponent. The TBN of this second a kaI| or

al kal i ne eQ@ﬁlﬁnﬁﬁtga# n@mrtampmmt afygbassl 01 of bitalvating vacbsity ahéagnirat of the

af oresai d HBon{s he fu fornul.ated gas e G%J e oil of USP 5,726,133
can al so 5T §n adg é(Fﬁn ErCOMPIRYRE @ THBRES tRIEE0HS QOMPIHGRE atki | | ed

bni ni'e ant] ?afx&?a%’?éﬂ% SSRAIAN e RD S pR e O Rial Pt NRARTEN S ety as
triazol es, of4lott 250hsid fess &8H a dedBHEARRR R iafichl e Ytk thaaP Wit Ha%gtao 0.2

vol 9%, anti wear additives such as netal di thiophosphates,
di t hi ocar bab&t hlsverrtbmlhc@ﬁwrmubsomponcmtcr”EleBl\bhﬁ&whmmd(ﬂlbaiubr 0.05 to

1.5 vol %, .pour poi.nt d S as poly met h) = acryl ates or al kyl
aromatic ghins %H&E ﬂg Qﬁg\%&?e abowt; Had ‘érnﬁﬁ% thag g€ the aforesard cone

anti f oam n&)rﬁgﬁﬂg‘ﬁ (about 0.005 to 0.15 vol %, and viscosity index

| nprovers, S as ol efin copolynmers, polynethacryl ates, styrene-di ene

bl ock copol nyers, and star copolyners (up to about 15 vol % preferably up
to about 10 vol % . SUWMMARY OF THE | NVENTI ON The present invention rel ates
to a lubricating 0|Theofulle'><ﬁoamdlﬁjecﬂ ghgengine oil of USP 5,726,133 can also

typically contain other standard additives known to those skilled in the art,
including dispersants (about 0.5 to 8 vol%), phenolic or aminic anti-oxidants
(about 0.05 to 1.5 vol%), metal deactivators such as triazoles, alkyl substituted
dimercaptothiadiazoles (about 0.01 to 0.2 vol%), anti wear additives such as
metal di thiophosphates, metal dithiocarbamates, metal xanthates or tricresyl-
phosphates (about 0.05 to 1.5 vol%), pour point depressants such as poly (meth)
acrylates or alkyl aromatic polymers (about 0.05-0.6 vol%), anti foamants such
as silicone antifoaming agents (about 0.005 to 0.15 vol%), and viscosity index
improvers, such as olefin copolymers, polymethacrylates, styrene-diene block
copolmyers, and star copolymers (up to about 15 vol%, preferably up to about
10 vol1%).

SUMMARY OF THE INVENTION

The present invention relates to a lubricating oil of extended life as
evidenced by reductions in viscosity increase, oxidation and nitration, relative to
current commercial and reference oils, which comprises a major amount of a
base oil of lubricating viscosity and a minor amount of a mixture of metal

salicylate detergent(s) and a metal sulfonate and/or metal phenate detergent(s).



evi denced by reductions in viscosity increase, oxidation and nitration,
relative to current commercial and reference oils, whi chPé:{) 6(;/??8% a nmaj or
amount oYYOPV4HEe oi| of lubricating viscosity and a mi nor-amdunt of a

m xture of netal salicylate detergent(s) and a netal sulfonate and/or
nmetal phenate detergent(s). WO 01/44418_ PCT/ US00/ 33683 -4 The present

| ubricating oil would be particularly useful as a nmedium ash or high ash
gas engine oil. DETAILED DESCRI PTI ON OF THE | NVENTI ON A | ubricating oil
conposi tiongi s ' T o fi@ilarla el a0t edaseash br high

| ubricati nSn{}er ggggﬁ{lyggg%ﬁgggnnr%?lﬂg%u@h% a9m' xture of one or nore netal
salicylate ﬂﬂtﬁs%@lﬂeﬁdil. and one or nore netal phenate(s) and/or netal

sul fonate detergent's. Al so described is a nmethod for extending the 1life of
| ubricating oils as evidenced by a reduction in viscosity increase, oxida-
tion and nitration by adding fo the.qi ﬁ'ﬂ’ﬁg fhhve conprising a m xture of
one or norBEdéI TarROSIA ] efrtts); ?ie or nore netal

sul fonate(s) and/or one or nore nmetal phenate(s). The lubricating oil base
stock is any natural or synthetic lubricating base oil stock fraction

typi cal |y having a kAngbméiting/oi$comipoyitan il descrifedatspupriSngtaomaPIcSt, nore
preferably about 7 to 16 cSt, nost preferably about 9 to 13 cSt.  In £
preferred eamodinei basehail of tutyicating WscosHY ahg 3 R ai"h‘b‘f"}];\fg?a XMW ¢ he

om ssion of oil of viscosity oyt, 20 Qr r f | ube
base oil feREOT Wr%%at%‘thﬁﬁﬁge Hﬁtgr%?flg@e’n%ndf%nﬁrl ngiolr%gg&ilt%r e% {g:@ a
preferred base oil .l j nt Qj LédtdEis d metityd forexvendingdid on;
e.g., IittI%‘,“gﬂmaeﬁ@%uftg)ggtemtg%feﬁgct/?]ggﬂgf Vi scgsi t§ 20 cSt or higher at

100C. The 'H&fépﬁbh@éﬁ@g bilbas esideaked by areduetidn/Bdvis¢eaHYNMICIRASE. PXiBRT cat i ng

tion and nitration by adding to the oil an additive comprising a mixture of one or

more metal salicylate detergent(s), and one or more metal sulfonate(s) and/or

one or more metal phenate(s).

The lubricating oil base stock is any natural or synthetic lubricating
base oil stock fraction typically having a kinematic viscosity at 100°C of about 5
to 20 cSt, more preferably about 7 to 16 cSt, most preferably about 9 to 13 cSt.
In a preferred embodiment, the use of the viscosity index improver permits the
omission of oil of viscosity about 20 ¢St or more at 100°C from the lube base oil
fraction used to make the present formulation. Therefore, a preferred base oil is
one which contains little, if any, heavy fraction; e.g., little, if any, lube oil

fraction of viscosity 20 ¢St or higher at 100°C.

The lubricating oil basestock can be derived from natural lubricating
oils, synthetic lubricating oils or mixtures thereof. Suitable lubricating oil
basestocks include basestocks obtained by isomerization of synthetic wax and
slack wax, as well as hydrocrackate basestocks produced by hydrocracking

(rather than solvent extracting) the aromatic and polar components of the crude.



oils, synthetic lubricating oils or m xtures thereof. Suitable |ubricating
oil basestocks include basestocks obtained by isonerizatj thetic
wax and WOUEHGax, as well as hydr ocr ackat e basest ocks pir)‘gﬂgg@@%%d;
hydrocracking (rather than solvent extracting) the aromatic and pol ar
conponents of the crude. WO 01/44418 PCF/-USO0/ 33683 -5 Suitabl e basestocks
i nclude those in APl categories |, Il and Ill, where saturates |evel and
Viscosity Index are: Goup | - less than 90% and 80-120, respectively;

Goup Il -SEisEtEYastMeek R ARIRGhSS i2AP] capedes L dl ynd dHd wherosgutatds -
greater than 90% and greater than 120, respectively. Natural |ubricating

oi | s i ncl ubwehandMisawisity Indexereibl e oils (e.g., rapeseed oils, castor oils
and lard oil), petroleumoils, mneral oils, and oils derived fromcoal or
shale. Synthetic oils include hydrocarbon oils, and hal o-substituted hydro-
carbon oils suGhous! pbisyilkan 9% anhi80-126r respestinelY;zed ol ef i ns,

al kyl benzenes, pol yphenyls, al kyl ated di phenyl ethers, alkylated di phenyl
sul fides, as weroumH - greaier titar 94%t ande80-120atespestveliridandnol ogues t her eof
and the like. Synthetic |lubricating oils also include alkyl ene oxide

pol yners, i nt eGpekpy MEr greatoptlayrfd’s andpdeater thantli20e sespeetieady. wherein t he
term nal hydroxyl groups have been nodified by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils
conpri ses the esterNanfrabiubsichting loils indiide animal aikss vegstable oilfl (Schol s.
Esters useful as synthetic oils also_incl utje t hgse made f.rom .o Cl12

monocar boxyapeseekpids cap@r ebisyarddargd eil) pefgleusy HQF’S‘T‘“‘W? ? phat e

ester oilg such.as thgse exgnplified by tri-n-butyl phosphate and

tri-iso-bu er‘gﬁf}gbﬁ%"t r flgfeal so suitable for use as base oils.

Synthetic oils include hydrocarbon oils and halo-substituted hydro-

carbon oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as
their derivatives, analogues and homologues thereof, and the like. Synthetic
lubricating oils also include alkylene oxide polymers, interpolymers, copolymers
and derivatives thereof wherein the terminal hydroxyl groups have been
modified by esterification, etherification, etc. Another suitable class of synthetic
lubricating oils comprises the esters of dicarboxylic acids with variety of

alcohols. Esters useful as synthetic oils also include those made from Cs5to Cy2

monocarboxylic acids and polyols and polyol ethers. Trialkyl phosphate ester
oils such as those exemplified by tri-n-butyl phosphate and tri-iso-butyl

phosphate are also suitable for use as base oils.

Silicon-based oils (such as the polyakyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of
synthetic lubricating oils. Other synthetic lubricating oils include liquid esters of
phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaolefins, and

the like.



Silicon-based oils (such as the pol yakyl-, polyaryl-, polyal koxy-, or

pol yaryl oxy-si | oxane oils and silicate oils) conprise ano | cl ass
of syntWQ%/Wc‘f“‘Pélbri cating oils. O her synthetic lubricati Ir:'léglia/(gjl ?{)Zﬁlgéngcl ude

liquid esters of phosphorus-containing acids, polyneric tetrahydrofurans,
pol yal phaol efns, and the |ike. WO 01/ 44418 PCT/ US00/ 33683 -6 The

| ubricating oil may be derived fromunrefined, refined, rerefined oils, or
m xtures thereof. Unrefined oils are obtained directly froma natural
source or synthetic source (e.g., coal, shale, or tar sand bitunmen) w thout
further purification or treatnment. Exanples of unrefined ?il iq&[u e a
shale oil obtai nedTHe deli¢atingrashmayrbst dartveddromeiaefingd, reliped Eredinadoi

obtained directly, fromdistil]ation, or an.ester, pil .ohtained. directly
from an es0ds.driBEIIESS tbgr@:@%sypre ol argfytpingd ‘ﬁW@ﬂy&i%IB W%tﬁroaﬂjt further

t t t. Refined 0jl i [ i Sturtheat
refined of PRk R KBkt PRI e, o Shale B i B A SR E O

i nprove 0nguﬁﬁcﬂi‘i’éﬁoph%ﬁﬁédt.%ixa&{iléﬁbfmﬁmieﬂiodhtiho]mdetaesﬁaiﬁ agiles i ncl ude
distillation, hydrotreating, dewaxing, solvent extraction, %ﬁi d tg base
ext ract i onpbfaindd directhy franda petottngepaation 4 pesrolghne il sbtairebdnestdy t hose

skilled in the art. Rerefined oils, are tained by treati refi oils in
processes fromdissillatign; pka csisepil P@t%ﬁ?(gaﬁe?%é grroﬁ it Eaf%&ffcg?"ﬁﬁ’ég’;":gs’
rerefined oil,s are.al so, kn i i ften
are additi 8‘]’1%1} Pfflwg‘?%‘cgstggrd ugéw“?éghﬁﬁlcﬁes 51r ?%%%gﬁﬁé?sg%gli Sﬁgg%lgtt (is)ves

and oi | br gakdows e QFdCixSeptthRe feFilet RElstave bees thdatakin oles ovmdrd rom t he
hydr oi someri zati on of wax may al so be used, either alone or in conbination

Wi th the apgrifigaiion sepstalimpend/ are aymbtepiopetiese Suitalile puslication x
isonerate oil is produced by the Ey&ir 0- i.sonerization 1of nat ur gl of .4
synthetic teohaiques inchuda disfillatione By digisating dryyxing, solvent extraction, act

or base extraction, filtration, and percolation, all of which are known to those
skilled in the art. Rerefined oils are obtained by treating refined oils in processes
similar to those used to obtain the refined oils. These rerefined oils are also
known as reclaimed or reprocessed oils and often are additionally processed by

techniques for removal of spent additives and oil breakdown products.

Lubricating oil base stocks derived from the hydroisomerization of
wax may also be used, either alone or in combination with the aforesaid natural
and/or synthetic base stocks. Such wax isomerate oil is produced by the hydro-

isomerization of natural or synthetic waxes or mixtures thereof over a hydro-

isomerization catalyst.

Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes are typically the wax produced by the

Fischer-Tropsch process.

The resulting isomerate product is typically subjected to solvent

dewaxing and fractionation to recover various fractions of specific viscosity



| someri zation catal yst. Natural waxes are typically the slack waxes
recovered by the solvent dewaxing of mneral oils; synthetic waxes are
typi cal | WaH&44¥8x produced by the Fischer-Tropsch proces8CTPRE/FEE| ti ng
i somerate product is typically subjected to solvent dewaxing and
fractionation to recover various fractions of specific viscosity WO

01/ 44418 PCT/ US00/ 33683 -7 range. Wax isonerate is also characterized by
possessing very high viscosity indices, generally having a VI of at |east

130, pref err@ﬁéé’._ g%aé gsgg{elrééﬁs ARY R EeErizANSY hOLdeosth S FefleHiERI ViSsosityPour

poi nt of abo ower. The production of wax isonerate oil neeting
t he requir gABRES, @nerdlly haviagaV] ofuteleastol8 (i, prefesabllp settasnitB Tand highern U. S.
Patent Nos. 5,049,299 and 5,158,671, The detergent is a mxture of one or
more netal sl fotlpivdng dewasinge atpour pot ofreboyt -Hbileanbloyersyl f onat es and/ or
one or nore netal phenates. The netals are any alkali or alkaline earth
netals, e.g., calcium barium sodium |ithium potassium nagnesium nore

preferably calcium Ra/ haeith ofRaRGSoMEttt billhedtifPieitquibbmblies ol dsent

| ubricating oil that e e netal salts or groups of netal salts used
in the m xtptegerdiasventitinfis ioidsciBNdadaimahpiates! Ratedt Noe 5504529%endl sal ts
or groups of netal salts in the mxture. Thus, the m xture of detergents
conprises &,158,6F1netal salt or group of netal salts selected fromthe
group consisting of one or nore netal sulfonate(s), salicylate(s),
phenate(s) and m xtures thereof having a high TBN of greater than about

150,50,300, 1, M STerruPRGEEAPlye BRRUEe 1P0nt B389 ity omgais
with one or more metal sulfonates and/or one or more metal phenates. The
metals are any alkali or alkaline earth metals, e.g., calcium, barium, sodium,
lithium, potassium, magnesium, more preferably calcium, barium and
magnesium. It is a feature of the present lubricating oil that each of the metal
salts or groups of metal salts used in the mixture has a different TBN as

compared with the other metal salts or groups of metal salts in the mixture.

Thus, the mixture of detergents comprises a first metal salt or group
of metal salts selected from the group consisting of one or more metal
sulfonate(s), salicylate(s), phenate(s) and mixtures thereof having a high TBN of
greater than about 150 to 300 or higher, preferably about 160 to 300, used in an
amount in combination with the other metal salts or groups of metal salts
(recited below) sufficient to achieve a lubricating ol of at least 0.65 wt%
sulfated ash content, a second metal salt or group of metal salts selected from the
group consisting of one or more metal salicylate(s), metal sulfonate(s), metal
phenate(s) and mixtures thereof having a medium TBN of greater than about 50
to 150, preferably about 60 to 120, and a third metal salt or group of metal salts
selected from the group consisting of one or more metal sulfonate(s), metal
salicylate(s) and mixtures thereof identified as neutral or low TBN, having a

TBN of about 10 to 50, preferably about 20 to 40, the total amount of medium



(recited below) sufficient to achieve a lubricating oil of at |east 0.65
wt% sulfated ash content, a second netal salt or group of netal salts

sel ect edWQ @M48Be group consisting of one or nore netal $EMTUSPI/AI68] s)
netal sulfonate(s), netal phenate(s) and m xtures thereof having a nmedium
TBN of greater than about 50 to 150, preferably about 60 to 120, and a
third nmetal salt or group of netal salts selected fromthe group
consisting of one or nore netal sulfonate(s), nmetal salicylate(s) and

m xtures t 'P@d];,i i B diab aBhut @V vbED o@he(attiveBN of about
10 to 50, Eﬁ%ﬁ%&gg y al;P;BuIthaé3 go 40@,& %ﬁg ltlot aIV arm(t)mt \ggf %edivum WO 01/ 44418

PCT/ US00/ 33fi8&dien®), plefisrabBuab@it/0. 9wolPBMrddplerdacti vbaigrediehtymdst 7 vol % or
hi gher (active ingredient), preferably about 0.9 vol %or higher (active

i ngr edi ent prefembty apowflevelbb pr higher (activg mgordientyheherest ot least org elbithent ) |
wherein at | east f th i l.ow/ neutral TBN d t i

Tt el Sali BRI O g eResE T EY QeBEN DS A ey A AP e e (o)
i tal salj : i irs About
03" vor o6 0P o it AEGiul T Aefirg SRS alhorallalfty THE, ASicHfR Ao Do

hi gher ( aChiglﬁrBNQd&@H_%ﬂts)i,s doat 013 e5186 abhighab Gattive. ibgrealiéatdr prefirghisr
(active ingredient). e mxture contains salts of at |east two different

types, w t hbomtd).4ivole ardugher (astive ingradienbe magt prefexblnabapt Qo modredk . The
volume ratjo (based an active jngredient f. the, hi TBN, det nt to
medi um pl ehse CF%’F/‘PSW%*IWUEH%r”@;‘é‘mreiggnfﬁnﬁ tsrﬁ%ée%sft tggocﬁif%ge_% to
3.5, preferably. 8. : ﬁagﬁ_ [ ’ th AheTRext ure of
det er gent s{}&’ls%s’a‘gggdﬁ?%ﬁpﬁ%r u rﬁﬂ%gtﬁlg Sﬂgg)?ﬁng%ﬂgﬁsf%%ti&gﬁb ilflonaenhanount up to
about 10 volfiinhane®d @Asabbh wetivatigdirat) dfitht hegld BN derirgentitatmedium
preferably in an amount up to about 8 vol % based on active ingredient,

mor e pr ef ephisineutpl/iaov N tdeeergontois ba dkeirange aftabeut P dgriedt-&npreaferablie

det t
etergent oo 2, most preferably about 0.25 to 1.

The mixture of detergents is added to the lubricating oil formulation
in an amount up to about 10 vol% based on active ingredient in the detergent
mixture, preferably in an amount up to about 8 vol% based on active ingredient,
more preferably up to about 6 vol% based on active ingredient in the detergent
mixture, most preferably between about 1.5 to 5.0 vol%, based on active
ingredient in the detergent mixture. Preferably, the total amount of metal
salicylate(s) used of all TBN’s is in the range of between about 0.5 vol% to

4.5 vol%, based on active ingredient of metal salicylate.

The formulation may also contain one or more of the commonly
used additives. Thus, in addition to the recited detergents, the oil composition
can contain one or more antioxidants (phenolic, aminic or other), viscosity index
improvers, pour point depressants, antiwear/extreme pressure additives, anti-

foamant, dyes, metal deactivators, etc.



m xture, nost preferably between about 1.5 to 5.0 vol % based on active
ingredient in.the detergent m xture. Preferably, the tota f netal
salicylaP@T§f4ﬂ§ed of all TBN s is in the range of betmeehcgﬁgﬁ?hﬁgS vol %
to 4.5 vol % based on active ingredient of netal salicylate. The
formul ati on may al so contain one or noce.of the commonly used additives.
Thus, in addition to the recited detergents, the oil conposition can
contain one or nore antioxidants (phenolic, amnic or other), viscosity

index inprovers, pawk-®ddahtsdgpfutss iy preséittinvestidentayereeoftheghienel
additives, anti- foamant, dyes, netal deactivators, etc. WO 01/44418

PCT/ US00/ 3683 0,0’ ditartiary atkylartesolisustuas ditertipey bybhdgtienod ) 08 atnbh 68y be of
t he phenol (e.g.,. 0,Q ditertiary,alkyl phengl such .ditertiarybutyl
phenol ), odla&ﬁlrﬁpb@?}g?{“mf’d?‘&% %Bpﬁ':fre‘?ﬁﬂ?ﬁfﬁé)rs(ﬁ%tyzgh %‘éf!"gﬂ“,“%ct yl but yl
or dioctyl diphenyl am I, pat T a8of. o : be

subst anti am’ RBH-%Q}@{}%{'I eée‘;af%lp@éeé Shgﬁrlll)gi t%(raﬁl?))g{eal?lgltalﬂ gnot-ﬁeﬁglgglgét"ﬁﬁe%}( By

subst anti alellé%ne%pemi fehfperfupiarBy bitarithafenori-volaeds is ineantlihas therat i | ity
at about 150C, preferably at about 175C, nost preferably at about 200C and

hi gher. Theg less thahpliShololatilite at abeut HEY€E), preferabily abab Thd&954vi ng one
or nore than one_ hydroxy group bound tq_an aronmatigc ripng which.may itself
be mononucpeeferably gt abqi R%W(,% @ﬁ%&‘?ﬂﬁg}‘@&m pg‘%&?ftyﬁ)gpﬂism he% spiro
aromati ¢ conpounds. Thus, "pheno .. ugdes bolfd t&ahechol ,
resorci nol n Wo‘ifﬁ?‘?%ﬁ&s }Pr?é/g% %Icl)% ?‘P&oé% ,ﬂfdgs M’(‘H??%’E‘?f 0or al kenyl and
sul furi zed m%qlﬁﬁq Ahg WHERYhaylREIVBE mtonbbRAE W, g., Bonzyl| eppelyalicienne
conmpounds I ncl udi ng such bi "phenol conpounds | inked by al kyl ene bri dges or
sul fur or exy,gesphiyldydsspindl drpmagikeooipounds! Jdwsiphenokiypepanghudgscyl or
al kenyl phenols, the al kyl .or al ker]yL gr OUP cont ai rﬁlnp from abﬂut - 1100
carbons, phenol per se, catechol, resorcinol; hydroquinone, naphthol etc., as well'as a

or alkenyl and sulfurized alkyl or alkenyl derivatives thereof, and bisphenol type

compounds including such bi-phenol compounds linked by alkylene bridges or

sulfur or oxygen bridges. Alkyl phenols include mono- and poly-alkyl or

alkenyl phenols, the alkyl or alkenyl group containing from about 3-100 carbons,

preferably 4 to 50 carbons and sulfurized derivatives thereof, the number of

alkyl or alkenyl groups present in the aromatic ring ranging from 1 to up to the

available unsatisfied valences of the aromatic ring remaining after counting the

number of hydroxyl groups bound to the aromatic ring.

Generally, therefore, the “phenolic type” anti-oxidant may be

represented by the general formula:

(R)x —Ar — (O}—Dy
(R)q

where Ar is selected from the group consisting of:



preferably 4 to 50 carbons and sul furized derivatives thereof, the nunber
of alkyl, 0 enyl groups present in the aromatic ring I m1lto
up to thgoé@%ll?abl e unsatisfied val ences of the aromati cﬁﬁ%%ésﬁgafni ng
after counting the nunber of hydroxyl groups bound to the aromatic ring.
Generally, therefore, the "phenolic typel-anti-oxidant may be represented
by the general formula: (RX -Ar (OHy (R )g where Ar is selected from
the group consisting of. WO 01/44418 PCT/ US00/ 33683 10 O~ 00 00 , (CH2)z
00> (CH2)n (S)Z/L(JShZ)n O CH4-m| (R-t)P wherein RJis 100 al kyl or
| A = =

al kenyl group, a fur substitute or al ke preferably a
C4- G50 al kyl o1 myT— gr oup of ubsStit kenyl

group, nore pref ly C3,-C_10f | sul fur s al kyl, group,
nost preferably a~€4- C50 al kyl grgtdp, “y ranges from o the avail -

abl e val ences of Ar, x ranges fromO t¢ up to the awvailiablie val ances of
Ar-y, Q ranges fromO to up to the available valences of Ar-(x +y + p), z
ranges from1l to 10, n ranges fromO to 20, and inis O to 4 and Pis 0 or
1, preferably y ranges frogm1l to 3, x ranges fromO to 3, ranges from1l
to 4 and nr fromO tg 5 pis 0 andlQis 0 or 1.

Q_ | :O:(CHZ)Z:O—,
T he

@— (CHy)y— (S),— (Chz)r©

QL e

(R")P

wherein R is a C3-Cjg alkyl or alkenyl group, a sulfur substituted alkyl or
alkenyl group, preferably a C4-Csg alkyl or alkenyl group or sulfur substituted
alkyl or alkenyl group, more preferably C3-Cyqg alkyl or sulfur substituted alkyl
group, most preferably a C4-Cs¢ alkyl group, y ranges from 1 to up to the avail-

able valences of Ar, x ranges from O to up to the available valances of Ar-y, Q
ranges from O to up to the available valences of Ar-(x +y + p), z ranges from 1
to 10, n ranges from 0 to 20, and m is 0 to 4 and P is O or 1, preferably y ranges

from 1 to 3, x ranges from O to 3, z ranges from 1 to 4 and n ranges from 0 to 5,

pisOand Qis O or 1.

Most preferably the phenol is a hindered phenol such as di isopropyl
phenol, di-tert butyl phenol, di tert butyl alkylated phenol where the alkyl



Most preferably the phenol is a hindered phenol such as di isopropyl
phenol, di-tert butyl phenol, di tert butyl alkylated phenol where the

al kyl WOMD101444188 PCT/ US00/ 33683 - 11 substitutent is hydPE6ETAISPY/I368Nd
contai ns between 1 and 20 carbon atons, such as 2,6 di-tert butyl-4 nethyl
phenol, 2,6-di-tert butyl -4-ethyl phenog etc., or 2,6 di- tert butyl

4- al koxy phenol. Phenolic type anti-oxi bhts are well known in the

| ubricating industry and to those skilled in the art. The above is

presented only. b 0 exempl i ficatian | J.m I e of
phenol i ¢ aﬁ'[‘]'i’gtﬁﬂ%gﬁﬂh% @%F?ﬁy@’ﬁd C%‘étaﬂgsgoaetfvﬁgé ﬁe&{gﬁe@%@%%@%ﬁp i Scl)xtr(f.lll R‘$he

am ne type - S BV HResl1a0 - atieReBugnd-dthi Pelhetiol] etc 26 266 di-

Sui t abl e dlzgér]% %ﬁﬁg‘g’qi nc?ﬁlgegdiephenildl am ne;t‘g,pheny%,l-)glltl napht hyl - am ne;
phenyl - ( 3- papbuiil [4aatkory phemoldi - napht hyl ami ne; (3-(3-di napht hyl am ne; or
a- (3-di napht hyl am ne. Al so suitabl e antioxidants are di aryl am nes wherein
one or both of the aryl groups are alkylated, e.g., with linear or branched
al kyl groups containing.1l to 12 carbon o] . [ gyl

di phenyl ani nes;  di g@?ﬂ’/‘%&ﬁ piR& 1'%’fhdﬂlét§,a?’%‘ré‘fncﬁ1%/¥l§%ﬁ@?!etaf-ﬁ%gl%hﬁﬁ | ani nes;
phenyl - (3- {IE(HIS ~arl PR YhBYd KiRBH e theirt 4 TRR B e RO BRYENte@BNIE bYrwahENY |
(3-propyl phenyF) amne octyl-butyl-di phenyl am ne, dioctyldiphenyl am ne,
octyl -, noexémgliﬁheﬁw, naflinneatich owthd tyghe qffphrepbliamntieoxidantsiwtiich egn

t hereof . Suitabl e thiodiarylam nes include phenothiazine, the alkyl ated
phenot hi azbaased phéig/presentdn¥emiht hyl ani ne; phenyl t hi o- (3- napht hyl ani ne;
a-a-thi o di napht hyl am ne; (3-(3-thio di napht hyl am ne; phenyl thio-a(nethyl
naphthyl) amine; thio-di (ethyl phenyl) amine; (butyl phenyl) thio phenyl
ami ne. Qther suitablf.anthox)seat o ids decliat iAFianeine®hnd BeolRIyLI 2

amines. Suitable diarylamines include diphenyl amine; phenyl-a-naphthyl-
amine; phenyl-B-naphthylamine; o-a-di-naphthylamine; B-B-dinaphthylamine;
or a-B-dinaphthylamine. Also suitable antioxidants are diarylamines wherein
one or both of the aryl groups are alkylated, e.g., with linear or branched alkyl
groups containing 1 to 12 carbon atoms, such as the diethyl diphenylamines;
dioctyldiphenyl amines, methyl phenyl-o-naphthylamines; phenyl-B-(butyl-
naphthyl) amine; di(4-methyl phenyl) amine or phenyl (3-propyl phenyl) amine
octyl-butyl-diphenylamine, dioctyldiphenyl amine, octyl-, nonyl-diphenyl

amine, dinonyl di phenyl amine and mixtures thereof.

Suitable thiodiarylamines include phenothiazine, the alkylated
phenothiazines, phenyl thio-o-naphthyl amine; phenyl thio-B-naphthylamine;
a-a-thio dinaphthylamine; B-B-thio dinaphthylamine; phenyl thio-o(methyl
naphthyl) amine; thio-di (ethyl phenyl) amine; (butyl phenyl) thio phenyl amine.

Other suitable antioxidants include s-triazines of the formula



WD 01/ 44418 PCTI USOQ' 33683 -12- NRS RZT ' RO NN N R10/ \Rl1l wherein
R8, R9, R10, R', are hydrogen, C 1l to C20 hydrocarbyl or ridyl nd R7
is C1 tWoe844%rocarbyl, C 1 to C20 hydrocarbyl am ne, pf&? g%@?&%
pyridylamne. |If desired, m xtures of antioxidants may be present in the
| ubricant conposition of the invention,;dhe total anmount of antioxidant or
anti oxi dant m xtures used ranges fromabout 0.05 to 2.0 vol % preferably
about 0.1 to 1.75 vol % nost preferably about 0.5 to 1.5 vol% Viscosity
index inprovers useful in the present iygvention inglude any of the
pol ymers which i npart enhanced viscosjzy\properties to the finished oi
ol yne ng a nol ecul ar wei ght,
Mv, in the range of between about 2[000 to 000, preferably about
50,000 to 200,000. Viscosity index|inprov pol yners typically include
ol ef m copoly- ners, e.g., ethylene- copolynmers, ethylene-(iso-)
butyl ene copol yners, propyl ene- (i ne copol yners, ethyl ene-poly
al pha ol efin copolyners, polynmethocryales; styrene-di ene bl ock
copolyners, e.g., styrene-isoprene copplynmers, and star copol yners.
Vi scosity index inprovers may be nono- functional or multifunctional, such
as those bearing substitutents that praovide a secondary |ubricant
performance feature such as dispersagpy,\gour poi nt depression, etc.

10

R Rll

wherein R®, R®, R'®, R"", are hydrogen, Cy to Co( hydrocarbyl or pyridyl, and R’
is Cj to Cg hydrocarbyl, C; to C20 hydrocarbylamine, pyridyl or pyridylamine.
If desired, mixtures of antioxidants may be present in the lubricant composition
of the invention. The total amount of antioxidant or antioxidant mixtures used
ranges from about 0.05 to 2.0 vol%, preferably about 0.1 to 1.75 vol%, most
preferably about 0.5 to 1.5 vol%.

Viscosity index improvers useful in the present invention include
any of the polymers which impart enhanced viscosity properties to the finished
oil and are generally hydrocarbon-based polymers having a molecular weight,
Mw, in the range of between about 2,000 to 1,000,000, preferably about 50,000
to 200,000. Viscosity index improver polymers typically include olefin copoly-
mers, e.g., ethylene-propylene copolymers, ethylene-(iso-) butylene copolymers,
propylene-(iso-)butylene copolymers, ethylene-poly alpha olefin copolymers,
polymethocrylates; styrene-diene block copolymers, e.g., styrene-isoprene
copolymers, and star copolymers. Viscosity index improvers may be mono-
functional or multifunctional, such as those bearing substitutents that provide a
secondary lubricant performance feature such as dispersancy, pour point

depression, etc.



WO 01/ 44418 PCT/ US00/ 33683 - 13 Viscosity index inprovers are |ubricant
additives well known in the Ilubricant industry and to those skilled in the
art. The VvboV441& presented only by way of exanple and ndiCTASS08/3368%1 t at i on
on the types of viscosity index inmprovers which can be used in the present
invention. The anount of viscosity indexsinprover used, be it nono
functional or nmultifunctional, is in the anount of about 0.1 to 3 vol%
preferably about 0.2 to 2 vol% nost preferably about 0.3 to 1.5 vol % The

fully formulated | ubplEaing Qi inf¥yéeatabritbieAddiided Waitnows #Piea!

addi tives known to ose t stry, used on an as-received

basi s. Thusybtibgnt mldbytry andud diee skillediaythe antt el aboveeis yaesentad onlyebyt ype
general ly represented by succinimnmides (e.g., polyisobutylene succinic

aci d/ anhydrwalg of BkB8p)e pud paname lindtation en the gRpesol wsepdly WMdeyAmpsevepout
700 to 2500).. The di spersants may be bo&at ed or non-borated. The di spersant
can be preswhich;ganbgu CHFeSeHbIMVEBU8Nt o 8 vol % nore preferably in the
anount of about | to 6 vol% nost preferably in the amount of about 2 to 4
vol % Metal deactivators may be of the aryl thiazines, triazoles, or alkyl
substituted di nercapfig afbagi 82 0lsessifyOMEBX sthprever niskd UbeR thows Eaictiokbt al
deactivators can be present in the anount of about Q.01 to 0.2 vol% nore
pref er abl y emmuhifuacmend], 5finthe amauno of abows. 01 tg 81 vl “enpsefepatdy abgpt .2 n t he
amount of about 05 to

, 0.1 vol % Antjwear. adgdi tives such as netal
di t hi ophospiRad Ié%lg/(’aef.“@.sﬁ prfifq{gb@, %‘?WIQH H ?‘ﬁi\@gﬁ‘bsphat e, ZDDP), netal
di t hi ocarbamat es, netal xanthates or tricresyl
The fully formulated lubricating oil may contain other additional,
typical additives known to those skilled in the industry, used on an as-received

basis.

Thus, the fully formulated oil may contain dispersants of the type
generally represented by succinimides (e.g., polyisobutylene succinic
acid/anhydride (PIBSA)-polyamine having a PIBSA molecular weight of about
700 to 2500). The dispersants may be borated or non-borated. The dispersant
can be present in the amount of about 0.5 to 8 vol%, more preferably in the

amount of about 1 to 6 vol%, most preferably in the amount of about 2 to

4 vol%.

Metal deactivators may be of the aryl thiazines, triazoles, or alkyl
substituted dimercapto thiadiazoles (DMTD’s), or mixtures thereof. Metal
deactivators can be present in the amount of about 0.01 to 0.2 vol%, more
preferably in the amount of about 0.02 to 0.15 vol%, most preferably in the

amount of about 0.05 to 0.1 vol%.

Antiwear additives such as metal dithiophosphates (e.g., zinc dialkyl
dithiophosphate, ZDDP), metal dithiocarbamates, metal xanthates or tricresyl-



WO 01/ 44418 PCT/ USOQO 33683 - 14 phosphates may be included. Antiwear
additives can be present in the anount of about 0.05 to vol.%_ _nore

pr ef er ab¥9 0/A4dhe ampunt of about 0.1 to 1.0 vol % nost qﬁ?%‘ﬁ?é‘?sﬁ/ in the
amount of about 0.2 to 0.5 vol % Pour point depressants such as
poly(neth)acrylates, or alkylaromatic _polymers may be included. Pour point
depressants can be present in the anount of about 0.05 to 0.6 vol % nore
preferably in the amount of about 0.1 to 0.4 vol % nost preferably in the

amount of abo 2 . Yo ' Pk ; .
Soents carpbopp sy pRIINEE, Anfiey; SRNRDLS gaiBE siEscht 1t BRngnanly foam no

pr ef er abl y,ighti0h@s BMPYNo194, mMdreWrefcPalfl)5n tthe Bmbany of dbourG i tpried ol y in
t he ampbunt of about 0.01 to 0.1 vol % Lubricating oil additives are

descri bed geseprf¢rablynin'thetamaen of abodt 0.Rdp &k 2¥0Broduct s" by Di et er
Kl amann, Verlag Chem e, Deerfield, Florida, 1984, and also in "Lubricant
Additives" by C. V. Smal heer and R Kennedy Smth, 1967, page 1-11, the

s L IR e tee o gt

invention is illus I'mting exanpl es

and CO”D”Q%L&}&R:@&?%%@&CI@&BE@&EW depabsshitsr i i piBsemeinahe rmunResul t's
on scrée

Alab nitr ner test was used in initial experinents to guide in
the sel ectéobabaft s ar G&nta %, andieqeteasily, inghel aviosws of houtstoi nprover s

(M1s). The test results identify a nunber, of rapeferg, for assessing the
used oi | @ér‘l’@l%mh‘é%,PrFff%‘FtﬂMil’h&‘%?%‘eBgﬁ ‘Pﬁat?%r()gg%%g?%)v(?lc(&ti on, and
nitration. Al neasure- nents are reported on a relative basis so that

| arge results or val ues represent WO 01/44418 PCT/ USOQ 33683

Antifoamants such as silicone antifoaming agents can be present in
the amount of about 0.001 to 0.2 vol%, more preferably in the amount of about

0.005 to 0.15 vol%, most preferably in the amount of about 0.01 to 0.1 vol%.

Lubricating oil additives are described generally in “Lubricants and
Related Products” by Dieter Klamann, Verlag Chemie, Deerfield, Florida, 1984,
and also in “Lubricant Additives” by C. V. Smalheer and R. Kennedy Smith,

1967, page 1-11, the disclosures of which are incorporated herein by reference.

The present invention is illustrated further in the following non-

limiting examples and comparative examples.

EXPERIMENTAL

Lab Nitration Screener Test Results

A lab nitration screener test was used in initial experiments to guide
in the selection of detergents, antioxidants, and viscosity index improvers (VIIs).
The test results identify a number of parameters for assessing the used oil
performance, including viscosity increase, oxidation, and nitration. All measure-

ments are reported on a relative basis so that large results or values represent



-15 greater |evels of lubricant degradation. Thus, nunerically | ower
results represent a neasure of longer oil life. In each test, a Reference
Ol is aMaalgddiBested. All results are reported as a rati BCHUSHHB63RsUI t
for the oil tested divided by the result for a Reference G I. For exanple,
If a tested oil has an oxidation result 5of 1.0, then it has an oxidation
performance equal to that of the Referéhcé Ql. If the tested oil has an
oxidation result less than 1.0, then the tested oil denobnstrates oxidation

per formance_s rior tqQ that  of .Ref C L] I b nitration
screener tw?&rggﬁgpsofiygn%mg{aggggﬁnﬁfpg% 'gm%hcﬂeh sui %s rgslclalltsarreasur ed
relative t%ﬁ@iﬁ%‘i%ﬁﬁgas@ré oBlondket 6i1 life. an caENEIsEi ARefor@leUDilds Blwags engi ne
oi | based orn sol vent-extracted basestocks. Reference G| B is the nost

wi del y sol gbseerili Ath restiltgas repoitertbaa ratio oOttreaaulédior thieerikbtested divideddyent s a
"benchmar k standard" agai nst which other formul ations useful. . as ngi.ne

e

oil's may bthewssslifera Redersaca il eF ¢y gxampls, fadepted of pxidafanreslt ash
gas engine oil. . formylated wth Q9 LtV ' g Nt
extracted ngé)sfl&?}k?ha@aﬂé’xi%gq %e%%é?%r%e%%gh%g@a%@ggﬁ%@ %%&d& ga(gﬁ'erllgi ne
oil additjv f Saanat DVeieHithe lest@bPs@sent s anot her
"bench- nap}?etse?%(rqgggﬁs %gg#rgisaﬁh%?gclﬁt l(?t@her f{)(r)’rrglleat ions may be neasured.
Conpar a- t g¥@ofstrates ioxidativadierforamincé superiat tochabofethdReferineg Qil.conbi nat i on
of low TBN cal ci um sul phonate, nedi um TBN cal ci um phenate and hi gh TBN
cal cium phenate. Results show that the oil of the present invention,
Exanple 1, deggnstrat es superior performance to those of the Conparative
oils, int reduced oxidation, nitration and viscosity increase, and
superior performance to that of Reference G| B in terns of reduced
oxidation and nitration and equal to

Lab nitration screener test results are summarized in Table 1.

Results are measured relative to Reference Oil B, which is a commercial
medium ash gas engine oil based on solvent-extracted basestocks. Reference Oil
B is the most widely sold medium ash gas engine oil in Canada and therefore
represents a "benchmark standard" against which other formulations useful as
engine oils may be measured. Comparative Oil 1 is another commercial medium
ash gas engine oil, formulated with Oloa 1255 additive package in solvent-
extracted basestocks. Oloa 1255 is one of the most widely sold gas engine oil
additive packages and therefore Comparative Oil 1 represents another "bench-
mark standard" against which other formulations may be measured. Compara-
tive Oil 2 is a medium ash formulation blended using a combination of low TBN

calcium sulphonate, medium TBN calcium phenate and high TBN calcium

phenate.

Results show that the oil of the present invention, Example 1,
demonstrates superior performance to those of the Comparative oils, in terms of
reduced oxidation, nitration and viscosity increase, and superior performance to
that of Reference Oil B in terms of reduced oxidation and nitration and equal to

Reference Oil B for reduced viscosity increase. Example 1 contains a mixture of



Reference O 1| B for reduced viscosity increase. Exanple 1 contains a

m xture of WD 01/ 44418 PCT/ USO0/ 33683 - 16 three netal ?%;_I_ g%rgents

one each™PrBiitife group high TBN, nedium TBN and | ow neu (s

detergents, wherein at |east one netal salicylate is used as the medium or
| ow/ neutral salt detergent. The inventiom provided perfornmance superior to
that of the other oils that used different detergents or m xtures of
detergents. WD 01/44418 PCT/ US00/33683 17 a" C E 00 Oco kr) C4 00V

i E 164 O %Ré\lneta@@a@'aetefrge@s Qe ¢achffrom the group high TBNOee@di@nKIBN zr O i
Y/ (o

and low/neutral TBN detergents, wherein at least one metal salicylate is used as
the medium or low/neutral salt detergent. The invention provided performance

superior to that of the other oils that used different detergents or mixtures of

detergents.
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H oa E>opp Ul W 01/44418 PCT/US00/33683 - 19 CLAIMS: 1. Along life

| ubri cant wooD4448d Ng a maj or anount of an oil of [lubricat |];&q_{ly§ ﬁﬁgsggty and
a mnor anmpunt of additives conprising a m xture of detergents conpri sing

a first netal salt or group of nmetal salts selected fromthe group
consisting of one or nore netal salicylatg{s), netal sulfonate(s), netal
phenate(s), and m xtures thereof having a high Total Base Nunmber (TBN) of
greater than about 150 or higher used in an anobunt in conbination with the
ot her metal CRAIMS:or groups of netal salts sufficient to achieve a

| ubricating oil of at |east 0.65 wm% sulfated ash content, a second netal
salt or group of netal salts selected fromthe group consisting of one or

nore netal salicylate s) f t ) xture
t hereof having a nedi umﬁ'gﬁ%bfe %ﬁéa?@fé% )lsmg%uﬁ 1518@?‘%&'@8& a?ltgijgfnt hird
metal salt Orubsxrcﬁﬁﬁ%@iscag&@bnéahhﬁm%ﬁ{cﬁﬁﬁ%@ aHERVek RENfHrRMPy & MikhikioTy Of
one or nore netal | fonate(s), netal salicylate(s) and mXxtures thereof
havi ng a | owdetergentd cdiBptisihgabiost rrﬂe(baltsalt&ﬁ grotlp@ftmd:ta] saitsmelﬁcmﬁ froedthem

pl us | ow neutral TBN detergents being out (f vol % orgh (based on
active i ngrem@ﬁtcaonsxswgto(gwp %Mﬁtmeﬁa Kalagylate(s), metal sy ﬁpgt »H&t%lbout
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sal i cyl at e. metal salts or groups of metal salts sufficient to achieve a lubricating oil of at
least 0.65 wt% sulfated ash content, a second metal salt or group of metal salts
selected from the group consisting of one or more metal salicylate(s) metal
sulfonate(s), metal phenate(s) and mixture thereof having a medium TBN of
greater than about 50 to 150, and a third metal salt or group of metal salts
selected from the group consisting of one or more metal sulfonate(s), metal
salicylate(s) and mixtures thereof having a low/neutral TBN of about 10 to 50,
the total amount of medium plus low/neutral TBN detergents being about 0.7
vol% or higher (based on active ingredient), the total amount of high TBN
detergents being about 0.3 vol% or higher (based on active ingredient) and the
volume ratio (based on active ingredient) of high TBN detergent to medium plus
low/neutral TBN detergent is in the range of about 0.15 to 3.5, wherein at least

one of the medium or low/neutral TBN detergent(s) is metal salicylate.

2. The long life lubricant composition of claim 1 wherein the at

least one of the medium TBN detergent(s) is a metal salicylate.

3. The long life lubricant composition of claim 1 wherein the metal
components of the metal sulfonate, metal phenate and metal salicylate are the
same or different and are selected from the group consisting of alkali metals and

alkaline earth metals.



2. The long life lubricant conposition of claiml wherein the at |east one
of the medium TBN detergent(s) is a netal salicylate. 3. The long life

| ubri canWQcUrgéi$i tion of claim 1 wherein the netal conpoRERUSOBI368he net al
sul fonate, nmetal phenate and netal salicylate are the sanme or different
and are selected fromthe group consistiypg of alkali nmetals and al kaline
earth netals. WO 01/ 44418 PCT/ US00/ 33683 -20 4. The long life |ubricant
conposition of claiml wherein the total anount of the netal salicylate(s)
in the mxture is in the amount of 0.5 to 4.5 vol % based on active
ingredient. 5. The long life lubricant conposition of claim4 wherein the

m xture of detergents iTheAbRg et libticknt aoMpdtition dfalabo itwhéreintitotoeded on
active ingredients. 6. The long life lubricant of claiml wherein the total
amount of  gmeuntrofithesnétalhdaieyiate(s) fiBthedebanrpdstin itee amount of 8.5/ 4wor

hi gher, based on active ingredient. 7. The long life lubricant of claiml
wher ei n t heval%e hasedrasuagtivsf ingraieRtm pl us | ow/ neutral TBN detergent is about
1 vol % or higher, based on active ingredient. 8 The long life |ubricant
of claiml1, 2, 3, 4, 5 6 or 7 wherein the total amount of high TBN

detergent is about G 4yl |¥heNifbilghecant bampesitidnasiidlaien 4iwheredh gt . 9. The
long life lubricant of clainml1l, 2, 3, 4, 55 6 or 7 wherein the total
amount of hingtrufeBdf dtbryenesnts firesealb guan Andunb ipitorbpighevolBdmsad @R acti ve
i ngredi ent.

’ active ingredients.

6. The long life lubricant of claim 1 wherein the total amount of

medium plus low/neutral TBN detergent is about 0.9 vol% or higher, based on

active ingredient.

7. The long life lubricant of claim 1 wherein the total amount of
medium plus low/neutral TBN detergent is about 1 vol% or higher, based on

active ingredient.

8. The long life lubricant of claim 1, 2, 3, 4, 5, 6 or 7 wherein the
total amount of high TBN detergent is about 0.4 vol% or higher, based on active

ingredient.

9. The long life lubricant of claim 1, 2, 3,4, 5, 6 or 7 wherein the
total amount of high TBN detergent is about 0.5 vol% or higher, based on active

ingredient.

10. The long life lubricant composition of claim 1, 2, 3, 4, 5, 6 or7
wherein the volume ratio, based on active ingredient, of the high TBN detergent
to the medium plus low/neutral TBN detergent is in the range of about 0.2 to 2.



&Eérgihﬁ ![gng I:fe IubricanL conposition of claim1, 2, 3, 4, 5, 6 or 7
e volunme ratio, based on active ingredient, of i

det er genYO ¥¢*4!fie medi um pl us | ow neutral TB% det ergent i %Bfwg{"ﬁ;e}mgghlge of

about 0.2 to 2. WO 01/44418 PCT/ US00/ 33683 -21 11. The long life lubricant

conposition of claim1, 2, 3, 4, 5 6 arp;7 wherein the volune ratio, based

on active ingredient, of the high TBN detergent to the nedium plus 1

| ow/ neutral TBN detergent is in the range of about 0.25 to 1. 12. The | ong

life lubricant conpogiti leal bBsiti i [

active ingredient, gtfsl't H@%AF}I&%%#%INJB(%%PS%%FB?EB?r?é\b%r;eﬂg?h%ﬁali,:435, baser on
| ow/ neut r al wH&Nirlgeevlanie riasio] bagedeorr zutiye ingresbents obthe highz'flgl’ﬂgi_etq’ggnq ong
life lubricant conposition of claim®8 wherein.the. volunme.or rati ased
on active itoghedieshum plis iow/neugiel TBY detesseiins 1 theppse Hé&f’ﬁ?ﬁa‘%?géo s

| ow neutral TBN detergent is in the range of about 0.25 to 1. 14. A nethod
for enhancing the life of a lubricating oil conposition as evidenced by a

reduction in viscosi ¥ IACr . ' i x o
- . / 1588 $ife WtiSiaink €8mPBEitidnt dfailaion 8byhereddiheg t
oil a m nor anount o# a |t|v§sI %orrpri sing g m'lxture of dte»fveergentsg o the

conpri si ng ghifiideStatiBEb@edsed hctive ingeedierf ofrteaiigh IBN dot¢rgenetd theom t he

group consisting of one or nore netal salicylate(s), t al I
metal  phenatdiusn phsnl@wfhmtmleBBNr'@féﬁgﬁﬂh’é\}'nr%be 531}(ﬁe)g‘ff arl{g’(“élo'%g% 'Om?rg(ef)’

(TBN) of greater than about 150 or higher used in an anount in conbination
with the other netal salts or groups of nmetal salts sufficient to achieve

a lubricating oll ofyat THERRE It fbifdath SUipRLRIbrGH Claini8oRherein gacond
neta alts

nmetal salt or group of sel ected fromthe group consisting of

one or moreydahR! os@ltios Bhasdedis hetiveeingredient, b theet keigh) TBvedeser Retathe
m xture thereof having a medi um TBN of g_re,at r tha)n btg)ut 585 0 15(()S)éngng
third net al medium pluglooupeotralnEBN defargest's in the range of about 0725 {1109

14. A method for enhancing the life of a lubricating oil composition
as evidenced by a reduction in viscosity increase, oxidation and nitration by
adding to the oil a minor amount of additives comprising a mixture of detergents
comprising a first metal salt or group of metal salts selected from the group
consisting of one or more metal salicylate(s), metal sulfonate(s), metal
phenate(s), and mixtures thereof having a high Total Base Number (TBN) of
greater than about 150 or higher used in an amount in combination with the other
metal salts or groups of metal salts sufficient to achieve a lubricating oil of at
least 0.65 wt% sulfated ash content, a second metal salt or group of metal salts
selected from the group consisting of one or more metal salicylate(s), metal
sulfonate(s), metal phenate(s), and mixture thereof having a medium TBN of
greater than about 50 to 150, and a third metal salt or group of metal salts
selected from the group consisting of one or more metal sulfonate(s), metal
salicylate(s) and mixtures thereof having a low/neutral TBN of about 10 to 50,
the total amount of medium plus low/neutral TBN detergents being about 0.7
vol% or higher (based on active ingredient), the total amount of high TBN
detergents being about 0.3 vol% or higher (based on active ingredient) and the



selected fromthe group consisting of one or nore netal sulfonate(s), netal
salicylate(s) and m xtures thereof having a | ow neutral TF &f 09%3 t 10 to
50, theMoH4* Enount of medi um plus | ow neutral TBN dete g@ L ng about
0.7 vol%or higher (based on active ingredient), the total anmount of high
TBN detergents being about 0.3 vol % or_ i gher (based on active ingredient)
and the WO 01/ 44418 PCT/ US00/ 33683 -22 volune ratio (based on active

i ngredi ent) of high TBN detergent to medium plus |ow neutral TBN detergent

isin the r%]ﬁﬁ*gﬂﬁgﬁgge(poé(écﬁ@' g?edi&\il*ﬂ?b?ih_ig}aTBNdéﬁerg@ﬂQo afeditim phasli um

or | ow neutra ergent(s) 1s netal “salicylate. 15. The nethod of
cl ai m 14 whigheheutrdleTBN detegendisandhe rargenefdibomt OTENodb b ewherain 8§ lgast 5
netal salicylate. 16. The nethod of claim 14 wherein the n conmponent s

|
of the netaie elitheonadiam pelaw/ngnaalal BNadefergenys) SJpf P%lﬂn‘g’tlg‘iee t he same or

different and are selected fromthe group consisting of alkali nmetals and
al kaline earth netals. 17. The nethod of claim 14 wherein the total anount

of the metal salicy|atefiy) mbmodt dhii 14 Svlietein'tht e I@pUné of thedmbdium 4. 5
vol % based on active ingredient. 18. The nethod of claim 14 wherein the

mxture of gENedGenicht(syis Hnessntalicylatn amount up to about 10 vol % based on
active ingredients. 19. The nethod of claim 14 wherein the total anount of
medi um plus | ow neutral TBN detergent is about 0.9 vol % or higher, based

on active ingredien . Th thod of ,cl.aim i nmount
of medium plus | ow utzﬂ’%ﬂm @Nﬁeﬁ?@?ﬁéiﬁ Wléer%%tﬁte \Qq&ég{;&négﬁﬁlhgtﬁglrﬂ}@based
on active }nohefifBhite, metal phenate and metal salicylate are the same or different and

are selected from the group consisting of alkali metals and alkaline earth metals.

17. The method of claim 14 wherein the total amount of the metal
salicylate(s) in the mixture is in the amount of 0.5 to 4.5 vol% based on active

ingredient.

18. The method of claim 14 wherein the mixture of detergents is

present in an amount up to about 10 vol% based on active ingredients.

19. The method of claim 14 wherein the total amount of medium
plus low/neutral TBN detergent is about 0.9 vol% or higher, based on active

ingredient.

20. The method of claim 14 wherein the total amount of medium
plus low/neutral TBN detergent is about 1 vol% or higher, based on active

ingredient.

71, The method of claim 14, 15, 16, 17, 18, 19 or 20 wherein the
total amount of high TBN detergent is about 0.4 vol% or higher, based on active

ingredient.



21. The nethod of claim 14, 15, 16, 17, 18, 19 or 20 wherein the total
anmount of high TBN detergent is about 0.4 vol % or higher, active

i ngr edi eWP.OI%\ﬂléll 44418 PCT/ US00/ 33683 -23 22. The net holaeg]ﬁgc 3§?8r% 14, 15,
16, 17, 18, 19 or 20 wherein the total amount of high TBN detergent is
about 0.5 vol % or higher, based on actiye. ingredient. 23. The nethod of
claim14, 15, 16, 17, 18, 19 or 20 wherein the volune ratio, based on
active ingredient, of the high TBN detergent to the medi um plus

| ow/ neutral TBN detergent is in the range of about 0.2 to 2. 24. The nethod
of claim 14, 15, 16, 17, 18, 19 or 20 wherein the volune ratio, based on
active ingredient, of. tfaemeghodBNchémerdgddt 16017.h8. 196 2hwbetgn the

| ow/ neutral TBN detergent is in the range of abo 0.253 to, 1. 25

met hod of d¢otal mﬁghmeBﬁde&?%l%%i%P-ﬁéig aoéﬁllazFétP?F&dioﬁ‘g?"ggﬁent,
of the high TBN.detergent to the nmedium plus |ow neutral TBN detergent is
in the ran 1€out 0.2 to 2. 26. The method of claim 22 wherein the
volune or ratio, based on active ingredient, of the high TBN detergent to
the nmedium plus I owneutral TBN detergent is in the range of ahout 0.25 to
1. 27. The | ubri cant23ombesné¢thod obtlaitnal 4n 15, Whed &i 1811901 20 wthepgpdhe sga t

has a TBN of greater than about 150 to 300, 28.. .T t hod qf im 14
wher ei n t hevolimetratips based gntackiys lwéwnt,o?f'&Fia%&%tﬁﬁgé%‘Hﬁtm% to 300.

medium plus low/neutral TBN detergent is in the range of about 0.2 to 2.

24. The method of claim 14, 15, 16, 17, 18, 19 or 20 wherein the
volume ratio, based on active ingredient, of the high TBN detergent to the

medium plus low/neutral TBN detergent is in the range of about 0.25 to 1.

25 The method of claim 21 wherein the volume ratio, based on
active ingredient, of the high TBN detergent to the medium plus low/neutral
TBN detergent is in the range of about 0.2 to 2.

26. The method of claim 22 wherein the volume or ratio, based on
active ingredient, of the high TBN detergent to the medium plus low/neutral

TBN detergent is in the range of about 0.25 to 1.

27. The lubricant composition of claim 1 wherein the first metal

salt has a TBN of greater than about 150 to 300.

78 The method of claim 14 wherein the first metal salt has a TBN

of greater than about 150 to 300.



