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PARTI CULAR DETERGENT M XTURE FIELD OF THE | NVENTI ON The present invention
rel ates mobubmicati ng oils of extended |life as evi denceBChyS@/iseatuct i on
in viscosity increase, oxidation and nitration, conpris- ing a base oil of

| ubricating viscosity and a particul ar _c?qbi nati on of detergents.
BACKGROUND OF THE | NVENTI ON Natural gas tired engines are |arge, having up
to 16 cylinders, and often generating between 500-3000 HP. The engi nes are
typically used in the QI and Gas industry to conpress natural gas at well
heads and al ong pi pel i nes. WGUHE&M@T&JG IE application, the
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only for maintenance such as for oil changes. This condition of running
continuously near full |oad places severe demands on the |ubricant.
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envi r onnments e icant is often limted by oil oxidation
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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



materials. Therefore, the durability of the cylinder head and valve is
controlled by the properties of the lubricant and its consunption rate.

For thi sweasm®19 gas engine oils are classified accordi nBCT/OSes762 ash
content, since it is the lubricant ash which acts as a solid lubricant to
protect the valve/seat interface. The oi i ndustry has accepted gui delines
whi ch classify gas engine oils according“to their ash level. The
classifications are: Ash Designation Ash Level (w% ASTM D874) Ashless
Ash < 0.1% Low Ash 0.1 < Ash <0.6 Medium Ash 0.6 < Ash < 1.5 H gh Ash Ash
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engi nes often require the _gas engine oils to be Low, Mediumor H gh Ash to

provi de t heashdevelet TheaelagdBeatignseigi ne cl eanl i ness, and durability of the
cylinder head and valves. Running the engine with too | ow an ash |evel

will likely result in _shortened life for .the valves | Lnder head.
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increase in the 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
lubricant. For correct engine operation, gas engine manufacturers define
lubricant ash requirements as part of the lubricant specifications. For example,
manufacturers 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.



resistance of the oil to oxidation, nitration and deposit formation is the
subject of USP 5,726,133. The gas engine oil of that patent is a |l ow ash
gas engi meooi/fo91conpri sing a nmaj or anount of a base oil oPCTABINISAR2 ng
viscosity and a mnor anmount of an additive m xture conprising a mxture
of detergents conprising at |east one ahkali or alkaline earth netal salt
havi ng ‘a Total Base Nunber (TBN) of abodt™ 250 and | ess and a second al kal
or alkaline earth nmetal salt having a TBN |lower than the aforesaid
conponent. The TBN of this second alkali or alkaline earth netal salt wll
typically be about Hah$ emgme@slsoﬁdrmanoéd hfﬁeam\admdd)y awinpoeasetin thhe ful |y
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| NVENTI ON The present 1 nvention re ricating ol ext ended

life as evilkglirechrily meedyaltivailistypivally Seasiouy haHor éessethatoxf tfiataferesaidd
nitration, relative to current commercial and reference oils, which

conpri ses aomparennount of a WO 01/70919 PCT/ US00/ 35702 -4 base oi | of
| ubricating viscosity and a m nor anount of a m xture of netal

The fully formulated gas engine 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 vol%).

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



salicylate detergent and a netal sulfonate and/or netal phenate
detergent(s). The present lubricating oil would be particularly useful as
a | ow asiw@gas7®myi ne oil. DETAILED DESCRI PTI ON OF THE | NRENUR@X5202

| ubricating oil conposition is described conprising a major anount of a
base oil of lubricating viscosity and a minor anpbunt of a mixture of one
or nore netal salicylate detergent(s), afld- one or nore netal phenat e(s)
and/or metal sulfonate detergents. Al so described is a nmethod for extending
the life of lubricating oils as evidenced by a reduction in viscosity

i ncrease, badedst bf)hxbrrdatmgtviimmy aadei midranidunt off la raixtm@bﬂmemlcorrpri si ng
a mxture of one nore netal sali cfyl ate detergent( and one or

metal sul f osedicalaly dstwg@tt andrpemsial rsulr aﬁét@ﬂ/qxﬁeml Bl(l@)ate dﬁ@rg%@c’a
oi | base stock |slﬁ1§natural ‘ﬁ 1§.§|Ub cat % ase oil ?
fraction tyPreset lybHERmg 0L Woyd s f@ @8 gaﬁl%‘ﬁfn%ol to 20

cSt, nore preferably about 7 to 16 cSt, nost preferably about 9 to 13 cSt.
In a preferred enbodi nent, the use of the viscosity index inprover permts
the onissipETHILED DESCRIPPEONYOBIWE I[RVESTION nore at 100C from the
| ube base oI Traction used to nake the present formul ation. Therefore, a
preferred base oil is one which contains little, if any, heavy fraction;

e.g., little, if any, ,lube oil _fraction aof visgosity 20 .c5t or. hi gher at
100C. The |ubr.cat.r@labmc%gs%e@%sewpem%&ésm Wﬂ%&&ﬁam%bncaung

oils, syntheti t ly t|ng
oi | basest%}}ﬂ@ml %b%h%& (gggg aﬂﬁg%%}oﬁe iﬁ/*&ﬁé@ﬁ%@@}h g)lg gPJ synt et| C
wax and sl g@foMmbre ﬁ%té/}%lahcﬁl‘éteh&éiéfg%h@(@,y%ﬂ dRSEThofdam et pHusfd(ShHY
hydrocracki ng (rather than sol vent extracting) the aromatic and pol ar
conponent s afd/6metal sdfonMe dmrgemg AaTdessiedss @anethbd Soi exfehdingabest ocks

i ncl ude those in APl categories | and |11, where satuyrates, |levels and
Vi scosi ty gl labdeating oils as ewdenced by a reduction m viscosity increase,

oxidation, 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 ¢St, more preferably about 7 to 16 cSt, most preferably about 9 to 13 ¢St.
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.



Goup | - less than 90% and 80-120, respectively; Goup Il - greater than
90% and 80-120, respectively; and Goup IIl - greater than 90% and greater
than 120weesp®tti vely. Natural |ubricating oils includePeniure3sei2 s,
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), petrol eum
oils, mneral oils, and oils derived frgmcoal or shale. Synthetic oils

i ncl ude hydrocarbon oils and hal o-substituted hydro- carbon oils such as
pol ynmeri zed and inter-polynerized ol efins, al kyl benzenes, pol yphenyls,

al kyl at ed dj, ph | ethers,. vyl at ed Bjphenyl sulfides S |1 as  their
Ger T vat | vesSUaHIE batesdothuingludbithessde A BLeakgoriciy If it I whérg shfatesc

| ubricati ng QL1.S..& i Iﬂgg yl ene oxi de pol yners, interpolyners,
copolynerslﬁghgzggy?gg?géés g#gbf wherein the term nal hydroxyl groups
have been nodified by esterification, etherification, etc. Another

sui tabl e cl ass t [ I i ' : .1ses the esters of

di car boxylic ac(?%%lﬁ}vlga %g%/g}?%neétd;goa?ﬁa% gg%gjlegsﬁecﬁg?g{,s useful as synthetic
oils also include those de.fr t nmonhogcar.boxyld ¢ aci ds and

pol yol s and pol Y& ﬁ&rggteﬁﬁapglﬁtﬁIangﬁggéipatrgs%’gﬁg?ly’ s such as those
exenplified by fri-n-butyl phps e and tri-jso-putyl hosphate are al so
sui tabl e for uséroa® Sg%l%ﬁeﬁa‘ggs‘?/‘t@@gﬁélﬁi %S@s‘ééﬂ’f?cg’é'ef}‘ﬁe pol yakyl -,
pol yaryl -, polyal koxy-, or polyaryloxy-siloxane oils and silicate oils)
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unrefined, deefvedsdomrcyakbt glgde. oil's, or m xtures thereof. Unrefined oils

are obtained directly froma natural source or synthetic source (e.g.,
coal, shale, or tar sand bitunen) w thout further

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 Cs to Cqo

monocarboxylic acids and polyols and polyol ethers. Tri-alkyl 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.



purification or treatnment. Exanples of unrefined oils include a shal e oi
obtained directly froma retorting operation, a petroleumoil obtained
directl ywo®pomodd stillation, or an ester oil obtained di rBCTAUBOKHISOIR an
esterification process, each of which is then used w thout further
treatment. Refined oils are simlar to the unrefined oils except that
refined oils have been treated in one or®nore purification steps to inprove
one or nore properties. Suitable purification techniques include
distillation, hydrotreating, dewaxing, solvent extraction, acid 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 sinilar tbhe Hdsicating@ikwaybe sieriveddron nreiineg: refinerl geretned
fined oil . al K | aj med . d oils, a ft
e add t1 ot 1o ErBES Gty URRAusart spuitibOSraly Foptaatafal' vee
and ol | br egidongr QRRAYEE SourkbRE LS RohNhAlk] oP@P Sad Bt WithBie firdiert e
ion o o) er a

hydr oi soneri1 za wax nay a € used, eit one” or I n conbination
W th the afgifedtibonet teeaimenanBkampsrifhetefindiboids fichedesa sialebilwvax -
isonmerate ol |l is produced by the hydro- jsonerization_of natural or

synt heti ¢ webtemedrdirdcdy frem a letorting opeemation, Aypgiroleuns oneotitained direstly al yst .

Nat ural waxes are.typically the s]ack. waxgs r.ecovered .t he, sol vent

v ng- of Frn R AERT, or S Shiat bl GbAEEAS e I i S SRR Bhuced by
the Fischer-1Jr : ces J | r L:S,; jcally
e o oMLl SRR 858 ey SR FRTE: REaBa RSt bl
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isonerate is also characterized by possessing very high viscosity indices,
general | y haurifigtion\dtegsf todmprews bnd 80maue pfereaties Svitddapurif@sdtiamd hi gher
and fol |l ow ng dewaxi ng, , a_pour  point of about -20C and | ower. The

product i on teehrigues 8§ istillationdyvdrofieating. deyaringnaplyvenissxtraggion, acid

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



present invention is disclosed and clainmed in U S. Patent Nos. 5,049, 299
and 5, 158,671. The detergent is a mxture of one or nore netal salicylate
det er gentv0 owf®i9 one or nore netal sul fonates and/ or one PCT/BORESSMHEL al
phenates. The netals are any alkali or alkaline earth netals, e.g.,
calcium barium sodium lithium potassium mnmagnesium nore preferably
calcium bariumand magnesium It is a feature of the present |ubricating
oil that each of the netal salts or groups of netal salts used in the

m xture has/have_a different, TBN as conpared with . the otglgfer netal salts or
groups of mange. Wax isomesateris alpogharacterizadsby passersing ey Brehdaseasiiyne s

o oo obidrS ey Bihe LV BRPUR S TR BLrRRYY SuBBHEEISthd Gt e

henat e( s m L f i i~ah . ter than about
I250 to goé or @8&?@%@??&%%@?8% (%‘6%5'092 Zgggt ﬁfgle(gkﬁﬁ an anount in
conbination with the other netal salts, recited below, sufficient to

achieve a lubricati gghoi | of no nore than about 0.6 W % sul fated ash, a
second nmetal salt egprodpciaon pbwax isemernte oil aeastng therequisergenss of the

consisting of one or . nore.netal, salicyl afe(;s) t al,; Sul.f S met al
phenat e(s) BIRIFIHIRYGHEON 15 oo %gxﬁlﬁ‘éi%@t %@i%rﬁ%&l%‘?s' 3#8%%% ?%%n about
50 to 150, 305%%5 bly about 60 to 120, and a third netal salt consisting
of one or nore’metal sulfonate(s), netal salicylate(s) and m xtures
thereof identified as neutral or low TBN, having a TBN of about 10 to 50,

preferably about 20 to 40, the total anount of nedium_ plus neutral/low TBN
det er gent bei ng aboutheddetergehtiscr mityheeof ¢ng o mors\matal/ satigytedsterggmey 35702

st pr of ervithibng oBeRIe Tadtel BOLAS HIUPRPIY SETOTE Bl THd whel ei n
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metal sali qythRing; poth&idthXiidbRefiRM MdIE 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/have 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, recited below, sufficient to

. achieve a lubricating oil of no more than about 0.6 wt% sulfated ash, 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 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
plus neutral/low TBN detergent being about 0.7 vol% or higher (active



salts of at least two different types, with mediumor |ow neutral TBN
salicylate being an essential conponent. The volune ratio (based on active
i ngredi ey 00709194 he hi gh TBN detergent to nedi um pl us neuP€BUSO0BE70RBN
detergent is in the range of about 0.05 to 1.05, preferably 0.1 to 0.7,
nost preferably 0.15 to 0.45. The m'xturg of detergents is added to the

| ubricating oil formulation in an anoun? up to about 10 vol % based on
active ingredient in the detergent mxture, preferably in an amount up to
about 8 vol % based on active ingredient, nore preferably up to about 6

vol % based paratiehn epriefigablyi sbotut 0P vbl8s deheghpe active mgredecntymrist prafeer abl y

bet ween about 0.5 to 5.0 vol % based on actiyve E|H§gr§]gi ent [ n the g}a er gent
mi xture. Praflgrahony 1.0rvad% ox highghtastive dngredicat) andw Kﬂlﬁﬁék@fﬁ%‘f‘e é@r al |
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(phenolic, aiHsHfGt WasOthe differéhtpes with mekedum ailosyaestral BN salicylate
depressants, antiwear/extrene pressure additives, anti- foamant .én%es,
iofn may
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tenperatures. By substantially non-volatile is nmeant that there WO 01/70919
PCT/ US00/ 35702 - 9 is less than 10%volatility at about 150C, preferably
at about 175C, nost Tl mfietusbbfdetergentuts aded tatle hibgiceting PHdormulatiophenol
type" used herein includes conpounds havi ng one nor e thaa one hydr oxy

or [
group boundntas amounfruhie akoutilfgraled base J9te| 1ngrsdions i th fetgreent o

benzyl, or Iggl nelf(f)lreef%;dbly 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 0.5 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 0.2 vol% to

4.0 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.

Anti-oxidants useful in the present invention may be of the phenol
(e.g., 0,0' ditertiary alkyl phenol such as ditertiarybutyl phenol), or amine (e.g.,
dialkyl diphenylamine such as dibutyl, octylbutyl or dioctyl diphenylamine)
type, or mixtures thereof. These should be substantially non-volatile at peak

engine operating temperatures. By substantially non-volatile is meant that there



e.g., naphthyl and spiro aromatic conpounds.
phenol per se, catechol,
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or

resorci nol ,

and sul furized al kyl or
pe conpounds including such bi-phenol conpounds |inked by

sul fur or oxygen br%
phenol s, the alky

from about 3-100 carbons,

deri vati ves ther

eof ,

. t he nunber of alkgl or al kenyl grou
aromati ¢ riisdessahgind§% wolatility ot alpoutd SOhe,

o1 oups. bounBFGabHEABRALIE G ARG

al kenyl

Thus "phenol type" includes

hydr oqui none, naphthol, etc., as well

al kenyl der i par/ivsesssrizer eof ,

dges. Al kyl phenols include nono-

| or al kenyl group contai ning

preferably 4 to 50 carbons and sul furized

er, CO t|n

lgﬂﬁer

resent in the

prpferiablbitaabont égﬁ im@stval ences

fint Riradlfes” witd bR§RE °é¥! c

Dy (R ) BERR oM RouREs hé?&rgf&ﬁ”éfﬁﬁ% éﬂﬂg} %ﬁﬁmhf ol St Bt -5 _
AEHAZ itsbF bel SoRIucIEHHR), U7, (o@p%l)mucﬂé‘df / CH4-m

kyl or al kenyl group, a sul fur substituted

00 VO 01/ 7088

(R~~)P wherein Ris a C3-C100 al

al kyl or at.gemaphidwdapd spirefaeombtiy camfdund Thiy!'plenohtypeiyihclydesip or
sul fur substituted alk

or sul fur g

phsol pex g-f cal

or al kenyl group,,

gehpl, rgs‘rqsgwol mow@peﬁ,

nor e pref?éggg%gggﬂﬁégg a kyI

ranges from p.t.o e. ab e Vv f 0 to

ip ot ne. st liiEnydnaEiBd Bt R gt P aEREED R ylept by O O BB

avai | abl e vg},pheaRIsGhcRididg sichYbitphdhol EompadRds fifA 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), —Ar — (OH),

(R)q

where Ar is selected from the group consisting of:

—

BN
9

>

QIO

<



to 10,
ranges
ranges f moon07me 5,
hi nder ed phenol
but yl
cont ai ns between |
phenol ,
4- al koxy phenol .

n ranges fromO to 20, and mis O to 4 and Pis Oor 1, preferably y
fromlto 3, x ranges fromO to 3, z ranges from1l to 4 and n
pi sCandQ sOor1l. Mst preferably the powESs60/35302a
such as di isopropyl phenol, di-tert butyl phenol, di
al kyl ated phenol where the al kyl _ bstitutent is hydrocarbyl and
and 20 carbon atons, such as 2,6 di-tert butyl-4 nethyl
2,6-di-tert butyl-4-ethyl phenol, etc., or 2,6 di- tert butyl

WO 01/70919 PCT/ US00/-3570 - 11 Phenolic  type

tert

anti-oxidants arel well kno in the lubricating industry and to those
skilled int The ab IS presented I of ~exenmplification,
not limtation oﬁ e TypE/ of\ Jphenol i ¢ amdgmgg ic rIlp_tge used in
the present inye n. The\amlne type w i ncl-ude>diaryt+am nes and
t hi odi aryl T Sui pab di aryl am nes Ynhcl ude di phenyl &m ne;

phenyl - a- napht hyl}- am ne; phenyl - (3- napht hyl am ne; a-a-di-napht hyl am ne;

3- 0- di napht hyl am ne;
are diaryl am nes wherein
e.g.,
at ons,
phenyl
phenyl) am ne or phenyl
di octyl di phenyl

Al so suitable antioxidants
one or both of the aryl groups are al kyl at ed,
wth |inear or

sched L N 12 b
such as the di I gl yi’mﬁg{]gsyzs_g?miﬂwﬂl P nes. n

or a-(3-di napht hyl am ne.

am nes, nethyl
- a- napht hyl am nes~—phenyl - (- (butyl - napht hyl) am i (4-nethyl
3- propyl

phenyl) amine octyl-butyl-diphenyl am ne,
octyl -, di phenyl am ne, dinonyl di phenyl

am ne, nonyI

am ne and m xtures thereof.| Suitahl e thi odlcryl am nes incl ude

phenot hi azi ne, the al kyl at gd o@o hi azi ne$, C?ﬂenyl t hi o- a- napht hyl am ne;
phenyl thio-(3-naphthyl am ne; {\a-&-t hi o di nggh I“eri ne; (3-(3-thio

di napht hyl am ne; phenyl thilo-a(neth nappthyl ) am ne; thio-di (ethyl
phenyl) am ne; (butyl phenyll) thio pthyDP

wherein R is a C3-C1gg alkyl or alkenyl group, a sulfur substituted alkyl or
alkenyl group, preferably a C4-Csq 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 0 to up to the available valances of Ar-y, Q
ranges from 0 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 Oor 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
substitutent is hydrocarbyl and contains between 1 and 20 carbon atoms, such as
2,6 di-tert butyl-4 methyl phenol, 2,6-di-tert butyl-4-ethyl phenol, etc., or 2,6 di-
tert butyl 4-alkoxy phenol.



am ne. O her suitable antioxidants include s-triazines of the formula WO
01/ 70919 PCT/US00/35702 - 12 NRs R7T N/ RO _ () NN\ N R10/ R11
wherein R8O ORMIIR , R11, are hydrogen, Cl to C20 hydrocar bgT/useo/3sye2 dyl ,
and R7 is Cl to C8 hydrocarbyl, Cl to C20 hydrocarbyl am ne, pyridyl or
pyridylamne. |f desired, m xtures of tioxidants may be present in the

| ubricant conposition of the invention. The total anmpunt 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

i ndex i nmprovers usefBRherolicttype pnsaadartshornwiel knowal wdbe labicagmg he

pol ynmers whj ch i npart enhancge i scosity properties to the finished,. oi
and are gen@dzsiry aﬁg&?éﬂ%f&’ﬁ%ﬁ% 35t y et & (Pl‘éﬁﬂsdﬁe%‘?rﬂt&ff@’&mta’rwﬁioéht,
My, in the rangs:. t 00 .- | ut -
50, 000 1o So0rgscacbit A5ERRTRRRh i BRI ot AR BlRLELE TR
olefin copobyuygpﬁ§ﬂmqng“ﬂnghnmhgﬁe-propylene copol yners, ethylene-(iso-)
butyl ene copol ynmers, “propyl ene-(iso-)butylene copolyners, ethylene-poly
al pha ol efin copolyners, polynethocrylates; styrene-di ene bl ock
copolyners, e.g., styrene-isoprene copolyners,. .and star caqopol yoer

Viscosity index inpr a@mpasypﬁ@nﬁﬁmdmmﬁcmc}ud@}fhary A g angd hotdi“i‘i'BfZI , such
as those bearin ubstjtutents.that provide a, secondary .l ubrigcan
per f or manceAPEEPy l@ﬁ&&l@yqam%@a ,dlﬁb‘ﬁ'ryl ABIHE: pﬁ%‘éflé%"?iaBﬁ,&‘y 1c.
amine; phenyl-B-naphthylamine; o-o-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-a-naphthylamines; phenyl-3-(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-a-naphthyl amine; phenyl thio-B-naphthylamine;
a-o-thio dinaphthylamine; B-B-thio dinaphthylamine; phenyl thio-a(methyl
naphthyl) amine; thio-di (ethyl phenyl) amine; (butyl phenyl) thio phenyl

amine.

Other suitable antioxidants include s-triazines of the formula



WO 01/ 70919 PCT/US00/ 35702 - 13 Viscosity index inprovers are |ubricant
additives well known in the Ilubricant industry and to those skilled in the
art. Thevedovails presented only by way of exanpl e and nPCT/ES0EB5762m t ati on
on the types of viscosity index inmprovers which can be used in the present
invention. The anobunt of viscosity index;Jnprover used, be it nono

functional or multifunctional, is in the anmount 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 |ubricating oil may contain other .additional, typical

i ndustry, Rised on an as-received

addi tives known to those skilled int
cont ai,n/ di spersants of the type

basis. Thus, the fully formil atgd oi
generally represented by succi Rimdés (e. gy | yi sobutyl ene succinic acid/
anhydri de (PIBSA)-pol yam ne havi ng [a Pl BSA||nol eéql gr wei ght of about 700

to 2500). The di spersants may be bdrated ofl non-bRfated. The di spersant can
be present in the anmount of aboutNO.5 to vol % nore preferably in the
amount of about 1 to 6 vol % nost p@‘er bly in the anount of about 2 to 4
vol % Metal deactivators may be of th ryl thiazines, triazoles, or alkyl
substituted di nercapto thiadiazoles ( Ds), or mxtures thereof. Metal
deactivators can be present in the anount of about 0.01 to 0.2 vol% nore
preferably in the anmount of about 0.0 Nt o 0.15 vol % nost preferably in the
amount of about 0.05 to 0.1 vol % Anyi we dditives such as netal

di t hi ophosphates (e.g., zinc dial I&}? di t B ophosphate, ZDDP), netal

di t hi ocarbamat es, netal xanthates or tricresyl- phosphates nmay be included.

Ant i wear ag%%\jeﬁfﬁi,f[ﬁg] e RIe5RMydBelC AIPEN) hYlrddR A/ ot QRARy1, and R

PCT/ US00/ 3
is Cj to Cg hydrocarbyl, C; to Cyq 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 monofunc-
tional or multifunctional, such as those bearing substitutents that provide a
secondary lubricant performance feature such as dispersancy, pour point

depression, etc.



about 0.05 to 1.5 vol% nore preferably in the amunt of about 0.1 to 1.0
vol % nost preferably in the anmount of about 0.2 to 0.5 vol % Pour point
depressaw@osudi as pol y(neth)acryl ates, or al kyl aronat i cPCpoS§oEsre® may be
i ncl uded. Pour point depressants can be present in the anmbunt of about
0.05to 0.6 vol% nore preferably in the amount of about 0.1 to 0.4 vol %
nmost preferably in the anount of about-032-to 0.3 vol% Antifoanmants such
as silicone antifoam ng agents can be present in the anmount of about 0.001
to 0.2 vol% nore preferably in the anmount of about 0.005 to 0.15 vol %

nost preferably in tyRcadBriNdeRimPpbdrsrs Qrellhibiioast dddidvdd wellnovatinriie oi |
additives are described generally in "Lubricants and Related Products" by

Di et er Kl arlmbricantantiagtrCaediethoseskilled!id thé-hdr iThe, abbyg4ds presasted|ondy by
"Lubricant Additives" by C. V. Smal heer and R Kennedy Sm.th, . 1967, page
1-11, the dvaypbssampleindpotas atimitaHen opdhatyResHErasGosHY NEXATRIOYCTSThe

present inveption i,s il lustyat riher in the follow ng non- limting
exanpl es and rﬁ?grbaﬁlilvg lgé%feggéﬁg&(lf’% VENTAL Lab Nitration Screener
Test Results A lab nitration screener test was used in initial experinents
to guide in the selection of detergents, antioxidants, and viscosity index
inprovers (M ls). THe ametntrafuibdasitydrdex ppmvenutest, befit penarfeneiondl or
assessing the used oil performance, ipncluding viscgosity ingcyease,
yzahosit 47 ve

oxi dat i on, crrguliifunetionsh, isAn theemeuntcol shot §. hiae3 Mebysr pisderd

basis so that, lafge results .qr val represent greater |evels of

| ubri cant cf@g'zr‘é‘a £ 1BASt PFR ?ﬁw\f?&}‘f@ﬁ@-ﬁé{ ™ results WO 01/ 70919

PCT/ US00/ 35702 - 15 represent a neasure of longer oil life. In each test,

a Reference Gl is always tested. Al results are reported as a ratio of

the result for the dile fugistfoemdlavéddbidatinghd] neguontdinnotherRelditicmate O | .
For example, if a tested oil has an oxidation result )
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 thiaiines, 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-

phosphates may be included. Antiwear additives can be present in the amount of



of 1.0, then it has an oxidation performance equal to that of the Reference
Gl. If the tested oil has an oxidation result less than 1.0, then the
tested oiWO odamynhst rat es oxi dati on performance superior tBCTH&/35702t he
Ref erence O 1. EXAMPLES Lab nitration screener test results are sumari zed
in Table 1. Results are measured rel atll\ae to Reference G| A Reference
Ol A corresponds to "Commercial G| 2" of USP 5,726,133, and is a
| ubricant fornul ated using predom nantly hydrocracked or severely
hydrotreated base stock additized with G oa 1255 additiv ackage. d oa
1255 i s onealafuttth@s o5 wl&l’@lmomqudfegdﬂy mmlgﬁ amouht Oﬁdmutl()vgtq)é&(\ﬁ{;}%(s and
represents, therefore, a benchmarlig t andar d' i,nst whi ch ot her
formul at i onElOQtsIélﬁﬁfFTabfé/@ FRaQint § %9“%%?%&3%?’%@ Conparative Gl 1 is
the Formulation 11 invention fromUSP 5,726,133 and the results reported
here are taken directly fromthat patent. Conparative Gl 2 is a
formulation bl ended g "ﬁﬁ';) efﬂ %ﬂ% suthlab oﬂf(n{éﬁﬂaélﬂgﬁs dGlkHarpanasi ve
rcia

Ol 3 is a current co ased s on hydrocracked basest ock.

Conpar a- tiyslyfdersmhyddindluded. mcﬁdtpmmalepf@ssdmﬁdrcambaqk&ﬂtnbasﬁﬂmkum
Resul ts show t hat the oils of the present |nvent| on, nples 1 to 7,
bl ended t o efldxusftdata Q6t\ﬁ>é°/<smefpé¢ﬁ$€ﬁfﬁ¥é@ amopRg Ofefi}ﬂ%{)t]e@ superi or

per f or manc hose  of oth r Qi ls r e Gl A and
Conpar a- tlQSré §lfe most ?r%f:‘? %})} poYRt ggée@ d i Yon, nitration
and viscosity increase. The oils of Exarrpl es 1to 7 contain a m xture of
three netal salt detergents one each fromthe group high TBN, nmedi um TBN

and | ow neutral TBMgigfoanaeins Sushher dlicorat antfeaminnagems ahn balpresghhire is
used as the nmediumor WO 01/70919 PCT/US00/ 35702 - 16 |ow neutral salt
det er gent . flisenwums offaboht @.00hte M2 vol%prworapigizreblyointha @aount oé abovt ¢ o

o ot n0.8695 0713 Sotbh Shosteretabty 5h 356 astoust S Mch Yol g6 eios

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 screéner test was used in initial expefﬁnents 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

greater levels of lubricant degradation. Thus, numerically lower results
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200 Qted. All results are reported as a ratio of the result for the oil tested divided by

the result for a Reference Qil. For example, if a tested oil has an oxidation result
of 1.0, then it has an oxidation performance equal to that of the Reference Oil.
If the tested oil has an oxidation result less than 1.0, then the tested oil

demonstrates oxidation performance superior to that of the Reference Oil.

EXAMPLES

Lab nitration screener test results are summarized in Table 1.
Results are measured relative to Reference Oil A. Reference Oil A corresponds
to “Commercial Qil 2” of USP 5,726,133, and is a lubricant formulated using
predominantly hydrocracked or severely hydrotreated base stock additized with
Oloa 1255 additive package. Oloa 1255 is one of the most widely sold gas
engine oil additive packages and represents, therefore, a “benchmark standard”
against which other formulations useful as engine oils may be measured.
Comparative Oil 1 is the Formulation 11 invention from USP 5,726,133 and the
results reported here are taken directly from that patent. Comparative Oil 2 is a
formulation blended to be within the limits of USP 5,726,133. Comparative Oil
3 is a current commercial oil based solely on hydrocracked basestock. Compara-

tive Oils 1 and 2 use predominantly hydrocracked basestock.

Results show that the oils of the present invention, Examples 1 to 7,

‘blended to substantially the same formulated oil TBN, exhibited superior

performances to those of the other oils reported (Reference Oil A and Compara-
tive Oils 1, 2 and 3), in terms of reduced oxidation, nitration and viscosity
increase. The oils of Examples 1 to 7 contain a mixture of three metal salt
detergents one each from the group high TBN, medium TBN and low/neutral

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

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

detergents.
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CLAI M5: WwoA/femy |ife |ubricant conprising a major anpunPCoUS@Bsai2l of

| ubricating viscosity and a m nor anount of additives conprising a m xture
of detergents conprising a first netal salt or group of netal salts
selected fromthe group consisting of “orne”or nore netal salicylate(s),
nmetal 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
amount in cObAIMS&tion with the other nmetal salts sufficient to achieve a
| ubricating oil of no nore than about 0.6 wt% sulfated ash content, a
second netal salt or group of netal salts selected fromthe group

consisting of one ory my ¢ MEkAlL AL HsTAe THhAbr SHLAPSE &6 Si1 ofTet &l
lubricating viscosity and 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 sufficient to achieve a lubricating oil of no more than about 0.6 wi%
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, 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, 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

0.05 to 1.05, and 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 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.



phenate(s) and m xtures thereof having a nmedium TBN of greater than about
50 to 150, and a third netal salt or group of netal salts selected from

t he groupvoeummisti ng of one or nore netal sulfonate(s), PET/AR00/35702
salicylate(s) and m xtures thereof having a | ow neutral TBN of about 10 to
50, the total anmount of nmedium plus Iq\/\égeutral TBN det ergents bei ng about
0.7 vol % or higher, based on active ingfedient, and the volune ratio,
based on active ingredient, of high TBN detergent to medi um pl us

| ow neutral TBN detergent is in the range of about 0.05 to 1.05, and
wherein at |east onetof lhhlongdifedrbieant sampesitran offi@aim devhergimthedptal s
metal salic T 0 Life.lubricant conpaosition of ¢claim1 wherein
at | east 0#38% t?‘ﬁ%‘%@%@hﬁ@%ﬂl@&@@? ’F‘Pgt}'“? ’sgnlg tﬁ‘éf"é’lou§épf§3zlté’te. 3. The
long life Iy_lgr\idl%t)ascegrmpgﬂ\jeqﬂgfgdi&{tai m 1 wherein the netal conponents of
the nmetal sulfonate, metal phendte and netal salicylate are the sane or
different and are selected fromthe group consisting of alkali netals and
al kaline earth nmetals. WD 01/ 70919 PCT/US00/35702 - 22 4. The long life

| ubri cant conpositich dfhecloagdife lubirérast nomipesitionalf clanpdwheréintthe net al
sal i cyl ate(rgiﬁi n tth@3 m xt%xr.e is in.the amount of 0.2 to 4.0 vol % based on
active i ngrifftig of detergrnty 1§ pyesent i an gmonahap éo Apeat 10 vel%obassdomn 4
wher ei n t hey .M : detergents is present in an anount up to about 10
vol % based%gﬁl%gfé iegleéhlftsrigr edients. 6. The long life lubricant conposition
of claiml1, 2, 3, 4 or 5 wherein the total anount of nedi um plus
neutral /Il ow TBN detergent is about 0.9 vol % or higher, active ingredient.
7. The long life |ulbri dastlonghifokibricant cdmpogtion df cBim3l, 24 304 dr 5 wher ei n
the total anpunt t?lf nedi um plus neutral/l ow TBN det ergent is about

wherein the total amount of medium plus neutral/low TBN detergent is about

0.9 vol% or higher, active ingredient.

7. The long life lubricant composition of claim 1, 2, 3, 4 or 5
wherein the total amount of medium plus neutral/low TBN detergent is about

1.0 vol% or higher, active ingredient.

8. 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 sulfonate(s), metal salicylate(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 to achieve a lubricating oil of no more than about 0.6 wi% sulfated
ash content, a second metal salt or group of metal salts selected from the group
consisting of a metal salicylate(s) metal sulfonate(s), metal phenate(s), and
mixtures 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

metal sulfonate(s), metal salicylate(s) and mixtures thereof having a low/neutral



1.0 vol % or higher, active ingredient. 8 A nethod for enhancing the life
of a lubricating oil conposition as evidenced by a reduction in viscosity
i ncrease wWoxi/d®t9 on and nitration by adding to the oil ar@imeeo/ammeunt of
additives conprising a m xture of detergents conprising a first netal salt
or group of netal salts selected fromth group consi sting of one or nore
metal sulfonate(s), nmetal salicylate(s),“hétal phenate(s) and m xtures

t hereof having a high Total Base Nunmber (TBN) of greater than about 150 or
hi gher used in an anount in conbination with the other netal salts to

achi eve a | TBN ofiabowg 16 fo &7, th@tct&hﬁ%lhlﬁmfabeﬂiumpmsdn%mmtﬂahffw ash
content, a second netal salt _or

| t | fr th
group consii%t?m?ﬁtsobelag puf 0.4a9 éy@ralﬁlSL§ ?%fs)g%a’f’%gﬁ?cﬂa@? t) aﬁ‘grad ©

phenat e(s), e [ vin TN about
B0 o 150 Wil Al TN I8 ShGuiRb TN L TBY St O
the group Cfaflﬁ'tﬁé fﬁ%lefab'E%M'OSSﬂé']f%l%ﬁé&in atTBhdtlongalfithy hadd@td)orand

m Xt ures thereof Ing a low neutral™ WO 01/ 70919 PCT/ US00/ 35702 - 23 TBN
of about 10lokwn&ftraltdeterigontit) iammetal sabfcytateli um pl us | ow neutral TBN
detergents being about 0.7 vol % or higher (based on active ingredient) and
the volune ratio of high TBN detergent to medi um plus | ow neutral TBN

detergent is in ther e 0 b 0. erei eas e of
the mediumor |ow ?eu;ﬂ’%l 8&‘9@ ‘8“&1%1{%?‘7@%82%@%?89 eemegmnﬁl" t hod
of claim$8 f the nmedium TBN detergent(s) is netal
salicyl ate. (Y@}grrg%lfﬁefiﬁsmrbﬁ@g OW?%I m 8 wherein the netal conponents of the
nmetal sulfonate, netal phenate and netal salicylate are the same or
different and are selected fromthe group consisting of alkali netals and

al kal i ne earth netalld. The metbodwi iebaimot wWdiersimtie mesalaompanentsoeftheamount

8];| '(t%)hgasrrgéalgﬁt gglllll:fc ltg tl% tS Qna%tg%m metgf sahcylatg a}eht?lezisan&%nér (ﬁszePe'n% a§18 4.0

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

11. The method of claim 8 wherein the total amount of the metal
salicylate(s) in the mixture is in the amount of 0.2 to 4.0 vol% based on active

ingredient.

12. The method of claim 8 wherein the mixture of detergents is

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

13. The method of claim 8 wherein the total amount of medium

plus neutral/low TBN detergent is about 0.9 vol% or higher, active ingredient.

14. The method of claim 8 wherein the total amount of medium

plus neutral/low TBN detergent is about 1.0 vol% or higher, active ingredient.



ingredient. 12. The nethod of claim8 wherein the mxture of detergents is
present in an anmount up to about 10 vol % based on active ingredients. 13.
The net hodooft/709@ m 8 wherein the total anopunt of nedi um RdTUsSon@smozal / | ow
TBN detergent is about 0.9 vol % or higher, active ingredient. 14. The

met hod of claim8 wherein the total armug‘{ of medi um plus neutral /|l ow TBN
detergent is about 1.0 vol % or higher, "attive ingredient. WO 01/70919

PCT/ US00/ 35702 -24 15. The long life lubricant composition of claiml, 2,
3, 4 or 5 wherein the first netal salt or group of netal salts of high
Total Base Nunber h#s. &l'iBNngflifgielaiemt compositontofidaim d, 2038.4 065 The | ong
life lubricant conposition of claim6 wherein the first netal salt or
group of nmetal I i . : t han
about 150 ¢ Sngtat S ARt ALeh i RpRE LRI TR TR gseOrEmber
wherein the first tal salt oia grgﬂﬁ 0:11 metal salts of high Total Base
Nunmber has BasrBNEY of greatersthap pRAtb b0 3% to 300. 18. The nethod of claim
8, 9, 10, 11, 12, 13, or 14 wherein the first netal salt or group of netal
salts of high Total Base Nunber has a TBN of greater than about 150 to
300.

16. The long life lubricant composition of claim 6 wherein the first

metal salt or group of metal salts of high Total Base Number has a TBN of

greater than about 150 to 300.

17. The long life lubricant composition of claim 7 wherein the first
metal salt or group of metal salts of high Total Base Number has a TBN of

greater than about 150 to 300.

18. The method of claim 8, 9, 10, 11, 12, 13, or 14 wherein the first
metal salt or group of metal salts of high Total Base Number has a TBN of

greater than about 150 to 300.



