WO 01/ 44417 PCT/ US00/ 33682 LONG LI FE LUBRI CATI NG O L USI NG DETERGENT

M XTURE FIELD OF THE | NVENTI ON The present invention relates to

| ubri cat MRP1#1#41S of extended life as evidenced by a reduBFTEAHORA scosity
increase, nitration, and TBN depl etion and equival ent or inproved

oxi dation and TAN i ncrease performance _rnelative to comrercial oils, said

| ubricating oil conprising a base oil of lubricating viscosity and a
particul ar conbi nati on of detergents. BACKGROUND OF THE | NVENTI ON Nat ur al

gas fired engi pesN@r AL RICATINGUOIL USING DETERGEN RMIX DTURE) _
generati ng bet € engines are typically used in the Ql

and Gas industry to conpress natural gas at well heads and al ong pi pel i nes.

Due to the nature of this application, the engines often run continuously
near full BIBED Qﬁdﬁﬂﬁiﬁﬂﬁﬁﬁﬂ@_\h ng down only for mai ntenance such as for

oil changes. This condition of running continuously near full |oad places
severe demands on the lubricant. Indeed, ce the]1ll 8{I canitl 4§fsubj ected
to a high tenperatufde IEWFH}WBHPHTFWSI"W BeatgeoLy, €4 81%4% en

| ted b t f d
e oL B oy TR on AP TSR BSRAT 20
life may a%gﬁl\}ﬂfeﬂt loMifPFovd Slillatiod ARd TAN ifkresessafornidnee etlatioe tot i s

desirabl e r gas englne oils to have long |ife through _enhanced
r esi st ance commérciabxildasaid hubmchtimgteibcomprisinges basenikeof WbrisptiBgesel f uel

often results in a snall unt inc Iete conbustion (e.g., exhaust
particul at é@)C.OSITY]én& ?}go gmﬁ‘ﬂ@%‘ﬁ? CIBERBI | but critical degree of
| ubrication to the exhaust vaI vel/ seat interface, thereby ensuring the
durability of both cylinder heads and val ves. The conbus WO 01/ 44417

PCT/ USOY 3%KG@OUN’D OF TI8E YNAMENTSONs of ten very conplete, with
virtually nconbustible materials. erefore, the durability of the
cylinder head and valve is controlled by the properties of the |ubricant

and its consunmpti Onl\lra?lgr?ﬂ ganO trire:[ éxfglagsagr%qmg% ﬁavmg 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 naturé 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-



engine oils are classified according to their ash content, since it is the
| ubricant a ich acts as a solid lubricant to protect seat

i nt erfacg/.ooﬂs?g‘“g}inl i ndustry has accepted gui del i nes whi cﬁkgflﬁgg@l#@% gas
engine oils according to their ash level. The classifications are: Ash
Desi gnati on Ash Level (wt/o, ASTM D874)2-Ashless Ash < 0.1% Low Ash 0.1 <
Ash < 0.6 Medium Ash 0.6 < Ash < 1.5 H gh Ash Ash > 1.5 The ash | evel of
the lubricant is often determned by its fornulation ,corrpone%s, W th

met al - cont aomiofigatiralegaganoftenevegy compiatenvith yigpally na jgcombustible
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ubri cant nﬁi@%ﬁﬁ;@'{&ﬁ@&‘ﬁg?&br@fﬂ aHB.i{sQ%nL#&thSﬁ‘%te,s esi thisa@hdd) gas For

exanpl e, ers of Z2-cycle engines often require the gas engine oil
to be Ashl gssine ofis FdElaséifieliadtHidiey tdthedxdshnionednthsinod it is diephsbiricantihi ch
formon the piston and conbustion chanber area. Manufacturers of  4-cycle

engi nes of adnwheduaateas Asolid dsbricagit te poitees the valvelseat interdacsm bhe pilgh Ash to
provi de the correct bal ance . of. engine cl eapliness.. and durabil | t he
cyl i nder huwsHyday aceepie ﬁH’rﬁ%ﬁ‘ﬁﬁs g"thl‘ugl %lﬁﬁﬁlﬁ'eg% ?48@%8ﬂﬁ&%§'2’1‘£éﬁ°y?‘§§vfe|

will likely.resulti i.fe for the valves or cylinder head.

Runni ng thés}bﬁaFLeTh?Ff?gggtggﬁl&g%Maeh ash level will [|ikely cause excessive
deposits in the conbustion chanber and upper piston area. WO 01/44417

PCT/ US00/ 33682 43, ﬁ_@§iggggbﬂe oi | of enhaggedeVdlf(otds AYTNEDSFD) by an

increase in the of the oil to oxidation, nitration and deposit
formation is the suljklets of USP 5,726, 133. The Asts<dh§¥me oil of that
patent is a | ow ash gas engine oil conprising a ngjaQqr unt of a base oil
of lubricating visd®sy hand a ninor anount ofo-]aﬁéﬁhﬁ Ve m xture

conprising a m XtMe%il?r];l /gser;[ ergents conprising afc - Ach<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.



| east one | ow Total Base Nunber (TBN) al kali or alkaline earth netal salt
hav- ing_a TBN of about 250 and | ess and a second al kal i Lhe earth
net al saWP“lﬁé‘%}?ng a TBN | ower than the aforesaid conponeg{m%%3 N of
this second alkali or alkaline earth nmetal salt will typically be about
hal f or less that of the aforesaid conpenent. The fully fornul ated 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 %, pheGasengime cihofénhaaned lifxasievidenceddnoan mergasety thes v ol o |

net al deactivators such.as tr.i azoles, .alkyl bst, . .
di mer capt ofesisiance i the oibivRidyin W‘Ba‘t?‘bX‘%ﬁoaéJB‘?s“éﬁ?ﬁ“%a%r‘s e fubistols uen

o o . 6
ri or esyl - SRt as (Diohs SR offof R Tl o Ko AoR s ol e such
as poly (ngihiprisie ¥ hidj@Sarbutl ot basewibof lubpiohting viscositpand @.10800. 6 vol %),

anti foamants such as silicone antifoam ng agents q(about 0.005.to 0.15
vol %, andambanbsf 41y addidier mixtymemosrprising s mixiurg| affdetergspis opmprising at

pol ynmet hacryl ates, styrene-diene, bl C | my and..star .c l.ymers (up
to about 1Easioeng oy dotldsas I\E‘]bmpﬁr Q\Ig%{ﬂ? aﬁ‘% chﬁ?gfaﬁmeﬁ%ﬁ?{%‘—sgf#&éx
| NVENTI ON The ent. i nvent i I rdrGRtdI Qirth Rkt shrnded
life as em&f’eﬁ?ﬁ Ogﬁb?létd%%q #@@nlses?hﬂ{l/?%%@?(f?ﬂﬁﬁcdg%e, nitration, and TBN
depl etion gadn.eOPBXRIRN thin tHEPAfo¥@didxdrapénem. dhe TBN ofthiesesend
per for mance retative to WO 01/ 44417 PCT/ US00/ 33682 -4 current conmerci al
oils and r slkeliecdkalire earthimetil shitoobpypiseHy deratjont hathaidess that of Bgse oi |
of lubricating viscosity and a m nor anount of a m xture of one or nore
metal sul f afosesaid POMPINBAL. net al phenates, and one or nore netal salicylate
detergent(s). The lubricating oil may be especially useful as a gas engine
oil. DETAILED DESCRI PTION OF THE I NVENTION A lubricating oil is described
conprising a nmajor @HPYHlly $brndulRRdezas @nkirf oil oblUSPas 729, \M3scamsalsy and a
m nor anmount of a m xture of one or nore . .

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, nitration, and TBN depletion and

equivalent or improved oxidation and TAN increase performance relative to



nmetal sul fonate and/or netal phenate detergents and one or nore netal

sal i cyl rgents. Al so described is a nethod for e | elife
of Iubrs&§t0f/ ‘g'tlﬁi | s as evidenced by a reduction in vi sc)(%(iel?gé@%%érsgase,
nitration, and TBN depletion, and equivalent or inproved oxidation and TAN
I ncrease performance relative to current comercial oils and reference
oils by adding to the lubricating oil a mnor anount of a m xture of one
or nore netal sulfonate and/or netal phenate detergents, and one or nore
nmet al sal i et @oflgh@tid vils andhefdrere ahtandgvbich domyprises aokajos agrpntat ur al
or synthetic lubricating, base oil, stogk fraction t%gi cal l haivi ng_a

ki nemat i ¢ ofi asbassj ail oflubTiveting Misggsity and aggingy aggunt raémd‘}té'fee‘? WS Tabout 7
to 16 cSt, nost preferably.abqut 9 e ] l.ment ,
the use ofmpRomSSBEPRgeINABY AR B0 RlesEt g RerBSORERE SSRRARCTER |
about 20 ¢ wHRGt Wagediale useful aé hapekienpinessitl t o make
t he presen@?%%%ﬂ%? Thgpgggrmel?lbgbgreﬁerreg base oi Iegai S gone whi ch
contains little, if any, heavy fraction; e.g., little, if any, |ube oil
fraction of viscosit The | ubricating oil

basest ock BEAAJ&Fda Dk B NA A Nalcr2h 2 oils, synthetic

| ubricating oils or mxtures thereof. Suitable lubricating oil basestocks
i ncl ude basest ocks obtained by isomerization of synthetic wax and WO

01/ 44417 PCT/ USO0/ 3868aricatmgSdiffskdesBribed SoMiprisiniSa Mujooamanhtsfa basest ocks
produced by hydrocracki ng rather than solvent extracting) the aromatic
and pol ar gipePaitaivasingfvitdosity mude mirkuianadie dfaseitturkel VR PUEOTE hose in
APl categories I, Il and Ill, where saturates evel and Vi scrsit | .ndex

are: G oupmetal shifenate mad/cganstahphemte detergenipand ope oy meEe uetal palicYlats ot o
th 90% apd 80-120 tively: : - iy % and
gr th er t ar@‘??erﬁfﬂfsl' r‘%]ssbgfeg?@é%cijll% Q’Ngﬁ{]f)glafoﬁeu ge?‘ld(lélll Plﬁgﬂ%?ﬁlgpﬂ%mggﬁ/i ﬁgl
oil's, vegefd 'ﬁexﬁ‘leld%r\é ?r%tﬁcgbﬁ%‘%?s%ﬂsﬁy liSore &S htfatiun, and KB Nateplation), ,

petroleumoiTs, mne and oils” derived fromcoal or shale.
and equivalent or improved oxidation and TAN increase performance relative to

current commercial oils and reference oils by adding to the lubricating oil a
minor amount of a mixture of one or more metal sulfonate and/or metal phenate

detergents, and one or more metal salicylate detergents.

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 vis 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



Synthetic oils include hydrocarbon oils and hal o-substituted hydro- carbon
oils such as polynerized and inter-polynerized ol efins, alkylbenzenes,

pol yphenWO01/4441Ry| at ed di phenyl ethers, al kyl ated di phenyPCEYSPYPEE  as
well as their derivatives, anal ogs and honol ogs thereof, and the I|ike.
Synthetic lubricat- ing oils also incluge al kyl ene oxide pol yners,

i nterpol ynmers, copolyners and derivatives thereof wherein the termna
hydr oxyl groups have been nodified by esterification, etherification, etc.

Anot her SU&l&f]Pw%x%@sv%llpjs )b &atkdte ibubistedsipraducdd by hpdicrasking he est ers
of dicarboxylic acids wth-variety of alcohols. Esters useful as synthetic

oi I's al so {rathendeart sulsentrextracfinghthesiromatis andpedarnompanants ohthegguded

pol yol s and pol yol ethers. Tri alkyl sphat e r oils such as those

exenpl i fi eSuitable basestesksyinclyds dhess 18 é;ﬁﬁc t?gql?%sgf Eﬁﬂff i@h‘dﬁ‘ﬁﬁaﬁ@“&&% al so

suitable for, us S bas ils...Silicon-based oils (such as the pol yakyl -,
L

pol yaryl -, aryl oxy-sil oxane oils and silicate oils)
conpri se anot her useful class of synthetic lubricating oils. Oher

synthet o | ubryscl 1918l bl O6)UR 1000 dspiaRRI Ol WO 0L 44417

PCTI USOQ 33682 -6 phoSphorus-contal hi ng ac ol yneri c tetrahydrofurans,
pol yal phaol ef n@rmgﬂﬁ - grbstet them. 90PKand i1 2Qtrespectivelyyeande derived from
unrefined, refine

, rerefine iLs, or mxtures,hhereof.. refined oils
are obtai ned doFe I - BFERST: ﬁ%%g/gﬁngm?fetﬂﬁ?ﬁgbn{eﬁg%g%velsijg'ur ce (e.g.,
coal, shale, or tar sand bitunen) wi thout further purification or
treatnent. Exanpl es_of refined oi,ls inel ude I tained
directly froma retNPNrglglu Fgatng gHs I%CIB(& ?Igmeauﬁr%ﬁgﬁ’éa%eg lglier?gg (gi ectly
fromdistil]atlion.or ' t 3bpsKufi 618€ trhinefdl Gilsaan@sileri fi cation
process, lﬂeag%%é%]m\;\ﬁicg%%f?ﬁtgﬁielgq%ﬂgeddm\’/\?t hou%l further treatnent. Refined
oi | s are sy#ived fribfh cddlorghakef i ned 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,

1 tration, and per Srgetiais apuds hiARsa IR g Rilg FRSuEe Bhker
carbon oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as
their derivatives, analogs and homologs thereof, and the like. Synthetic lubricat-
ing 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 C12 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



skilled in the art. Reeefined oils are obtained by treating refined oils in
processe imlar to those used to obtain the refined oi

rerefi ne%’0 1(4?1§re al so known as reclai ned or reprocessegégﬁggﬁ%ﬁﬁz of ten
are additionally processed by techniques for renoval of spent additives
and oil breakdown products. Lubricating ®il base stocks derived fromthe
hydr oi soneri zati on of wax nay al so be used, either alone or in conbination
with the aforesaid natural and/or synthetic base stocks. Such wax

i somerat e gihosplorusasucsningyacids pojymeric etuiydrofardnsnpokyalphaglefinso and

synt hetic waxes or m xtures thereof over a hydro- isonerization catalyst.
Nat ural wathelikee typically the slack waxes recovered by the sol vent

dewaxi ng of mneral oils; synthetic waxes are typically the wax produced by
the Fischer-Tropsch process. WD 01/44417 PCT/US00/ 33682 -7 The resulting
i sonmerate product isri)Rbfightidg SHRhAFEbE defifed BoWE Bhrefdardfi@darstefined
fractionation to recover vari o%s frdctions of specific viscosity range.
Wax i soner &R, bs miktwesiheraud dinzfidedypilsass ebwinag disgctlyhirgm & na@sali t y

i ndi ces, generally having a VI of at |east 130, preferably at |east. 135 and
hi gher  andofitsie @dymghetssourer) (€& 5o s%mrt&rs%gﬁ%mgaﬁwaﬁaufﬁb@ﬁ The
production of.wax isonerate oil_ nmeeting. t i S resent

i nvention iM@BPBs"é? et a‘:‘:’ﬁgﬂpfe O%ugpgﬁgﬁ%g#liigﬁo@mef %EE@Q gnd

5. 158, 671. oHpfinfe Uk Frdm adelOrtihylopeiioRe petroldn® olleiiithined dieny c( s)
and/or netal phenates wth one or nore netal salicylates., The netals are

any al kal i fasm distiidtione oeantestereikbobtainedglirectsifoirarmn dsterifieationdgerogess,

l'ithium potassium magnesium npre preferably cal ¢ium ,barium an
magnesi um eachiof vehigh is thea used withoys fugher treatment o edof Staﬁ%l?“"é'g%rﬁoof t he

t al | t ddinth 1 Xt h t i TBN
5 the' ot haht Rfefmed i kbt e Afacd s BRTEDAn, GHRed Bbha bl drg® PATC
one or mnor %g%ﬁ&hoﬁ%ké&?@m%y%ﬂé 8f n@& ?koﬁéﬁ@@t Suitalelpuriitatonh one or

nore net al cylate(s ein each of the one or nore _ .
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
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.



netal salts is a |low TBN detergent, or each is a nmedium TBN det ergent or

each is_a high_TBN detergent. Preferably each are |ow TB t, each
net al d%’f)é}r”dgﬂg havi ng the sane or substantially simlar %@ﬁ%@gﬂg@v about

100. For the purposes of the specification and the clains, for the netal
salts, by low TBN is neant a TBN of |e%s than 100; by nedium TBN i s neant
a TBN between 100 to less than 250; and by high TBN is neant a TBN of
about 250 and greater. By the sane or substantially simlar TBN is meant
that even as wit hi nThe gisnétingBmerateggodyct istypicallyosubjaetgddesahgnhi gh, the

TBN s of the salts do not sinply fall w.thip the s TBN cat ry but are
close to ed@waﬂpg@diﬁia%ﬂrggégf%‘?"rﬁ? VaFl’Wﬂfsﬁa u‘?ﬁ%(‘?ﬂ; © cwﬁ%ﬁ’ate and/ or
phenate with saljcyl.ate o ow. T . : . sal ts of
TBN | ess tWé’ﬁeié’g?Xﬁﬂm%ré‘E%iSs%%‘% Efhrttibed B9 pobRsKi iR el i Bhaibn L2 o

-8 TBN sub | g&ﬁéfang%mxg&a 34 dfhaleasl 130 grefdrsblysallesst 465tand Highdrur e,
e.g., a sulfonate of TBN 60 paired with a sali%late of TBN 64, or a
phenat e of ad®rbolfdvingadeveaking t hpaurspdintef ahant 020BRNd40WThus, the indi vi dual

salts would not have TBN s at the extrene opposite end of the applicable
TBN category, or varying substantially fromeach other. The TBN s of the

salts wll differ by, no re. th %:1 PLEf; about
12% nore preferabl ﬁgl’?l:(gl}cglop ho?r}w%ggsﬁneﬁt%oﬂ 131re fx@%?@ %@gﬁlﬁ; E)?mé{rée
metal sul f gRALRSINIBAESR i9BisdlosedandtRsmedns U bePaeat Nos. S100,295t aid
salicylateS are utilized in the detergent as a mxture for exanple, in a
rati o by pdis8,@f1.5:95 to 95:5, preferably 10:90 to 90: 10, nore preferably
20:80 to 80:20. The m xture of detergents is added to the lubricating oil
formulation in an anmobunt up to about 10 vol % based on active ingredient in

L0 o980, o SR RS oty R e on
i/g?g/oe?'oegt \r}{oel@%}spgigsgeﬁﬁ %ﬂg ?Ple \?g‘n’ﬁr@ Retal@dicyRited. eThE methistare any aliaii o10. 3
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 used in the mixture has the
same or substantially the same TBN as the other metal salts in the mixture; thus,
the mixture can comprise one or more metal sulfonate(s) and/or metal phenate
combined with one or more metal salicylate(s) wherein each of the one or more
metal salts is a low TBN detergent, or each is a medium TBN detergent or each
is a high TBN detergent. Preferably each are low TBN detergent, each metal
detergent having the same or substantially similar TBN below about 100. For
the purposes of the specification and the claims, for the metal salts, by low TBN
is meant a TBN of less than 100; by medium TBN is meant a TBN between 100
to less than 250; and by high TBN is meant a TBN of about 250 and greater. By
the same or substantially similar TBN is meant that even as within a given TBN
category, e.g., low, medium and high, the TBN’s of the salts do not simply fall
within the same TBN category but are close to each other in absolute terms.
Thus, a mixture of sulfonate and/or phenate with salicylate of low TBN would
not only be made up of salts of TBN less than 100, but each salt would have a



ingredient in the detergent m xture. The lubricating oils of the present

i nventi ntain, in addition to the aforesaid dete Lxd,ure

ot her ag‘gll(){ai?/é‘é‘égtypi cally used in lubricating oils such %(gﬁg%%o?}'_sgsz%i dant s,
di spersants, netal deactivators, anti wear additives, pour point
depressants, anti foamants, viscosity +8dex inprovers, etc. The fully
formul ated oil may contain additional, typical additives known to those
skilled in the industry, used on an as-received basis. WO 01/ 44417

PCT/ US00/ 3BB8RsubsPankiully, the seme wsIthatf ofithelotherdalis onithg mughure; eigdidsper sant s

of the type generally represented by .syccim . 9., 4polyis ne
succi ni c Sldeillaémhﬁaﬁ)f‘ﬂéo&a%éﬁdlﬂbélsglé?ﬁliﬁ@ (ﬁ]aﬁg gé‘g (gﬂ%%“ﬁ%‘? %@ﬁ#ﬁk% ght
of about 7Q0 o .2500),. Th i n . = ed. The
di sper santPa‘Ef‘éim Vﬁ‘igﬁr‘g@w&i ?ff‘ﬁ@riﬁoﬁ?@‘e gfgddg‘(ta[ugf g;ﬂ%sg%gﬁ@o %};q{a%%r e

pr ef er abl y—kxR;> ) At3Ble BN dak adH varying he
anount of gg@u%qgﬁﬁ%&%?%pﬁgﬁﬁgﬁf?p%g bg of tdﬁe%;)oﬁ%nolw(l%].g,

0, 0' di t er t gilysyarilatlyl froMmesueh otlserch as ditertbutyl phenol), or anine (e.g.,

di al kyl di phenyl am ne such as dibutyl, octyl buty, or dioctyl diphenyl
am ne) type, or mxtures thereof. More preferably, the antioxidants wll

be hi ndered phenol s, o ryl in i furized.
Ant i oxi dants can beTB? é‘gﬂts qtﬁﬁ% ﬁiﬁsa%!ﬁ&f%agglﬁff&%é}.l%gg?@ﬂzﬁg)ai/oI % nore
preferably_i DSt tRin 8Bt 206 Imbfe pref&rabB} fio nivisttharpalehwr iy in the
amount of %%g%x{ai}@/g {0 1.5 vol % WNetal de%rcti vaPJors may be of the aryl

t hi azi nes, ot lesgzol es, or al kyl substituted dinercapto thiadiazol es

(DMID s), or mxtures thereof. Metal deactivators can be present in the
anount of about 0.01 to 0.2 vol% nore preferably in the amount of about

0.02 to 0.15 vol % f | Vi i :
vol % Xnt [ vvea\rload(z:li fﬁ%b&gg’géﬁ&%ﬂ%&{ QTIHJ‘?‘E??%E%@%%%@?%%@%. Egﬁ1th(r(}c(glc‘13|l al kyl
di t hi ophosghat e, ZDHPlic YR arfifiilize8 3 BBéefeentat almiseirelfor esample,

tricrecyl -
in a ratio by parts of 5:95 to 95:5, preferably 10:90 to 90:10, more preferably

20:80 to 80:20.

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 0.3 vol% to 3 vol% based on active

ingredient in the detergent mixture.

The lubricating oils of the present invention may contain, in addition
to the aforesaid detergent mixture other additives typically used in lubricating
oils such as anti-oxidants, dispersants, metal deactivators, anti wear additives,

pour point depressants, anti foamants, viscosity index improvers, etc.

The fully formulated oil may contain additional, typical additives

known to those skilled in the industry, used on an as-received basis.



phosphates may be included. Antiwear additives can be present in the anount
of about, 0O 0 1.5 vol% nore preferably in the anount .1to
1.0 vol %%O%I%g%lgpreferabl y in the anount of about 0.2 to 8&&“%@%%688@

01/ 44417 PCT/ US00/ 33682 - 10 Pour point depressants such as

pol y(net h)acryl ates, or al kyl- aromati ¢ ol ynmers may be included. Pour

poi nt depressants can be present in the anmount of about 0.05 to 0.6 vol %
nore preferably in the anobunt of about 0.1 to 0.4 vol% nost preferably in
t he ambunt of about 0.2 to 0.3 vol % Antifoamants such as silicone
antifoam ng agents can be present in 1the anount .of .about 0.£ 1100.2

vol % nore pref er abMpus,rihe Kully femulatad aibsmay cantypslisRsTaants of oy Prost

preferably in the anmunt abaut O o 041 9 i Ety | ndex

| nprovers™ E7FT }'_rﬁB’S?S%‘btegr[W %SFV@FQ&%%CW%%%@#ﬁm}:SEE ??l_:ljéncti onal

vi scosity BFR? delet PIB@Q&&&&*&HQ& Rdving b TIBSA fibledircwenits of abbuas

ol efin copolyners, polg/meth ryl ates, styrene diene block copolyners, and
star copol ywerts. 25008 Yhé 'déspepsanad saythe barhteidfarmoni-borated. r the dispersant
perspective of offering secondary | ubricant performance ﬁfea%i‘;’“:e such as

addi ti onal canbeqresentin thy ameuntef ahous P Eng VPR ot MOTE g o 15
| % f Iy jn th f t 0 { bly i
Ve armount Ao gt apodiol b oo PuBITL RRTHEA o Ao STHbou 2300 D0 Y 1

general ly ,i4 (;'llyubri cants and Related Products” by D eter Kl amann, Verl ag
Chermie, Deerfiéld, Florida, 1984, and also in "Lubricant Additives" by C.
V. Smal heer and R Kennedy Smth, 1967, pages 1-11, the disclosures of

whi ch are incorporated herein by reference. The present jnvention is
further described i Antiexidasits gwiyree abte phemol (6§ e&aﬁ@&aféﬁﬂ‘yémﬁa?hti ve

exanpl es. WO 01/44417 PCT/ USQQ/ 33682 PERI 1 i on
Scr eener Téé‘FI.lRé HF%Q“W%QB“ Pt P TONE @'é@%%%?ﬁgggﬁgﬁ% nitial
testing to giide deyittify, or dioctyl diphenyl amine) type, or mixtures thereof. More

preferably, the antioxidants will be hindered phenols, or aryl amines which may

or may not be sulfurized. Antioxidants can be present in the amount of about
0.05 to 2.0 vol%, more preferably in the amount of about 0.1 to 1.75 vol%, most
' preferably in the amount of about 0.5 to 1.5 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 tricrecyl-
phosphates may be included. Antiwear additives can be present in the amount of

about 0.05 to 1.5 vol%, more preferably in the amount of about 0.1 to 1.0 vol%,

most preferably in the amount of about 0.2 to 0.5 vol%.



sel ection of antioxidants, and viscosity index inprovers (VIls). The test
results identify a nunber of paraneters for assessing the used oil

per f or maW&D14#HE| ud- ing viscosity increase, oxidation, nPEFASPUFSITAN

i ncrease, and TBN depletion. All neasurenents are reported on a relative
basis (unless otherw se indicated) so _{hat results greater than unity
(e.g., viscosity increase, or TBN depletion) represent greater |evels of

| ubri cant degradation. Thus, nunerically |lower rela- tive results represent

a measure of |ongerpgit pbink ﬁegﬂe@s%&&%tpolﬂm%&?wesgdr allgyl- al ways

tested unl ess otherw se I ndicated. Results are reported as a ratio of the
resul t for atdigaticepodlymidrs diasi bee thobydedh &P o polint dapresshntsRencbeproseitn,  For
exanple, if a test oil has an oxidation res%‘lét qf .1.0, then i% has an
oxi dati on e fropwrineicaboag @5 100 Ol Y Mmars @reterahiy de ghepmount of ghoytest o |

h [ ' It | h .1..0 h '
oxi dati on par ok eiee eupsE ey it shORR S RLOSYIPRS C7ence o

Ais an oil using as base oil a m xture of hydrocracked 600N base oil and
sol vent refined 1200N base oil, to which is added a pour point depressant
and about 9.6 vol % ahtifoaman®rsachls adtiohe watifd@nniaglk2ests @nobe prSent ins one
of the nost wdely sold gas engine oil additive gﬁcka es and regresents,

t her ef or e, the amewtheiabous Olatod?.2 a9hYon sroramrelsrahlyan the amount PHaROYRy be
d. Ref Ol,,Bis. b d . i Xt f t d d
nydr ocr ackODEH0dS 55 Mel%omodt RTgpREERR 1 o aupRLY T oy BrSe ] A1

used as the benchmark agai nst which the test fornul ati on based on

hydr ocracked base oils is conpared. Reference G| B* is a different batch
of the Reference O Ni&oshldndedlmprevess (VEInhay beany lpodymet Whidte sane
ingredients and to the same fornulation specificati 8n.. WD 01/ 44417

PCT/ US00/ 3d@garts mul GiumcAnPREVIECOAlY PROPEHEIES R t%?:fléléﬁﬁi‘é qibdnclp ts and

oxi dation screener test ults, are su rized.in T . i.l of the
present i nFEHERYA SP_%h &xf PeePROIIAE, PO%%%%?S?’ sﬁeﬂggeﬁ?@gk
conpar at i vg,fijtherdd dlddthCSopdty REACT TAE IS @Yl AlSo detmultifunctional from
the perspective of offering secondary lubricant performance features such as
additional dispersancy. VII’s can be present in the amount of up to 15 vol%,

more preferably in the amount of up to 13 vol%, most preferably in the amount

of up to 10 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, pages 1-11, the disclosures of which are incorporated herein by reference.

The present invention is further described in the following non-

limiting examples and comparative examples.



reported (where indicated) relative to a reference oil, the perfornmance of
which 18 de to be 1, in each category of perfornmance
Resul ts ﬁU%ﬁgﬁgt the oil of the invention, the oil contaFﬁ?ﬁ%Hﬁﬁﬁgznixture
of sulfonate and salicylate detergents of the substantially same TBN
exhi bited superior resistance to nitratilbn, viscosity increase, and TBN
depl etion percent as conpared against all the other oils reported
(Comrercial oil and Conparative oils 1, 2 and 3) which enpl oyed different
det er gent s EXPERKVIENEADf detergents, and inproved oxidati on and TAN
increase (TAN units) with respect to the Commercial G| and Conparative
G 1. WthrespRGhration ReRalefe¥eReMItsS 2 and 3, the oil of the present
i nvention a%hleveu SUpPertror resistance to nitration, viscosity increase
and TBN depl eti on and superior oxidative performance versus Conparative
Ols 1 and 2. Wil e ACueRafatibY Scieehsr st Ised iaGaftild destitipetoi gidd in the,
| ower) TAN i ncrease and Conparative Ol 3 reported superior oxidation
per f or manceelettion of hntidxidhntspand giscosity ek dmpoavere (Vélsied hetteggeswty s in
overall terns considering. all the areas of asur nt. .The oiI.oi(ihe

S R ug-

present i nidantity @ BBAPEE O RAFAREIAIK Y BSEMEetng use FTEnanss

l'icylate.det t 1.v.-out . i - ban.
Vi scon ty i VEREUL PSR Gkl RERLDRRAN Mcklsetalt TR HEFletioh
conbi nati o sl eraﬂiﬁ’éﬁ{enwhrfe%F}bﬁe&\’bhfh ekithle BN @nkess otiesradss imdicated ust
0 sa

metal sulfonate or netal icylate detergents. WO 01/44417 PCT/US00/ 33682
- 13 In t hehdDresldtsi greatSe themmenity Esg., ¢isegsity increasg, e BN depletipn) of t he

i Xture of remetai EeAlebires ubHEtHICoprRIROR) T amsReay JEvE 14”3,
i1 taini ] Xt f I LE 2
The rosul t SV AcRiTEb i Spl € ieShA, of e AL e Ofh b AR e N e

oi | of the i ANetRE ulRtiGhaWiSe ftRcaedbRrstitOareakportdbs pirefiaf the t h
metal salicylate of the same or simlar TBN, outperforns Reference Q| B,
and result for the test oil divided by the result for the Reference Oil. For example, if

a test oil has an oxidation result of 1.0, then it has an oxidation performance
equal to that of the Reference Oil. If the test oil has an oxidation result less than

1.0, then the test oil demonstrates oxidation performance superior to that of the

Reference Oil.

Reference Oil A is an oil using as base oil a mixture of hydrocracked
600N base oil and solvent refined 1200N base oil, to which is added a pour point
depressant and about 9.6 vol% of a commercial additive, Oloa 1255. Oloa 1255
is one of the most widely sold gas engine oil additive packages and represents,
therefore, a “benchmark standard” against which other formulations may be
measured. Reference Oil B is based on a mixture of solvent extracted and
hydrocracked base oils containing the additives recited in Table 2 and 1s used as
the benchmark against which the test formulation based on hydrocracked base
oils is compared. Reference Oil B* is a different batch of the Reference Oil B
blended at a different time, but with the same ingredients and to the same

formulation specification.



ggprgr?tgve CLIh4d(OiIS Ethh use the sanme conbi nation of solvent-

acte an ydrocracked base oils but which respectiv '

of hlgherWQM*ﬂﬁhenate and | ower TBN sul fonate, or ﬁigh Tgkﬁgﬁgﬁgggﬁ;ﬁéure
lower TBN salicylate). The oil of the present invention, containing a

m xture of low TBN netal phenate, and-lipw TBN nmetal salicylate detergents
provided superior control of oxidation, nitration, and viscosity increase
relative to those oils containing m xtures of nmetal phenate and netal

sul phonate, or netal phenate and netal salicylate of dissimlar TBN. WD

01/ 44417 PCT/US00/33682 - 14 OOi -- NO~O ~v) O

p. MMN 0. OO00
OOO.GOOBQ(MV.IE)LEIV co oo,,, 11 NCAIncd Nv~\ 0000"' MN C08
NN:\IMOUW co O 4--+vii Oo 000" MNO6 ~00 knW M LY. [~ .-.

Lab nitration screener test results and oxidation screener test results
are summarized in Table 1. An oil of the present invention is compared against
a commercial oil and three comparative oils. Nitration Screener test results are
reported (where indicated) relative to a reference oil, the performance of which

is deemed to be 1, in each category of performance evaluated.

Results show that the oil of the invention, the oil containing the
mixture of sulfonate and salicylate detergents of the substantially same TBN
exhibited superior resistance to nitration, viscosity increase, and TBN depletion
percent as compared against all the other oils reported (Commercial oil and
Comparative oils 1, 2 and 3) which employed different detergents or mixtures of
detergents, and improved oxidation and TAN increase (TAN units) with respect
to the Commercial Oil and Comparative Oil 1. With respect to Comparative
Oils 2 and 3, the oil of the present invention achieved superior resistance to
nitration, viscosity increase and TBN depletion and superior oxidative
performance versus Comparative Oils 1 and 2. While Comparative Oils 2 and 3
recorded superior (i.e., lower) TAN increase and Comparative Oil 3 reported
superior oxidation performance, the oil of the present invention outperformed

those oils in overall terms considering all the areas of measurement.

The oil of the present invention containing a mixture of metal
sulfonate and metal salicylate detergents generally outperformed in terms of
nitration, viscosity increase and TBN depletion (%) those oils containing
combinations of metal sulfonate with metal phenate detergents, or just metal

sulfonate or metal salicylate detergents.
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In the Oxidation Screener test (Seq. III - E test) the oil of the present
invention outperformed the Commercial Oil (an oil containing a mixture of
metal sulfonate and metal phenate) and Comparative Oil 1 (an oil containing a

mixture of metal sulfonate and metal phenate).

EXAMPLE 2

The results in Table 2 for the formulations presented there show that
the oil of the invention, containing the combination of metal phenate with metal
salicylate of the same or similar TBN, outperforms Reference Oil B, and
Comparative Oil 4 (oils which use the same combination of solvent extracted
and hydrocracked base oils but which respectively use a mixture of higher TBN
phenate and lower TBN sulfonate, or high TBN phenate and lower TBN
salicylate). The oil of the present invention, containing a mixture of low TBN
metal phenate, and low TBN metal salicylate detergents provided superior
control of oxidation, nitration, and viscosity increase relative to those oils
containing mixtures of metal phenate and metal sulphonate, or metal phenate and

metal salicylate of dissimilar TBN.
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17 CLA MO Q44N et hod for enhanci ng the life of a lubri C%T#g%g/f’f&ggz
evidenced by a reduction in viscosity increase, nitration, TBN depletion
conprising adding to a lubricating oil-tpnprising a ngjor amount of an oil
of lubricating viscosity a mnor anount of a mxture of netal salt
detergents conprising one or nore netal sulfonate(s) and/or one or nore

met al phenapga@gsbi ned with one or nore netal salicylate(s) wherein each
netal salt detergent in the mxture has the sane or substantially the sane
total base nunber as every other netal salt detergent in the mxture. 2.

The nmet hod of claim in.th t al . .
Zﬂigpatte(s)dt he net al V\gﬁ’rée P’Q f%ﬁﬁ‘ﬁ%%"?ﬁiﬁ%ﬁ%iﬁi\?ﬁ%ﬁ%@ og‘r%aet %engg(rlre or
ent a 8% . RS ¢ isifPeAdlin
al kal i ne e§¥tﬁe§%€§+£ﬁgﬁqﬁ% m%ﬁ%‘ég’gﬁﬁgflgﬁ’??ﬂvﬁéet?gﬁn ? Jﬁ@(&;ﬁe or m)ggd

metal  sul f gpat@ridatiRediDEomptisingrhangdrefsjuntarfdnt dikobhibrmating nasaosityila
salicylate(s) are low total base nunber detergents. 4. The method of claim
1 wherei n t minenamounntef @ mistuge of metal salt detergents comprising one or more

metal sulfonate(s) and/or one or more metal phenates combined with one or
more metal salicylate(s) wherein each metal salt detergent in the mixture has the

same or substantially the same total base number as every other metal salt

detergent in the mixture.

2. The method of claim 1 wherein the metal components of the
metal sulfonate(s) the metal phenate and the metal salicylate(s) are the same or

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

3. The method of claim 1 wherein the one or more metal
sulfonate(s) and/or metal phenate(s), and the one or more metal salicylate(s) are

low total base number detergents.

4. The method of claim 1 wherein the one or more metal
sulfonate(s) and/or one or more metal phenate(s) and the one or more metal

salicylate(s) are medium total base number detergents.

5 The method of claims 1, 2, 3 or 4 wherein the one or more metal

sulfonate(s) and/or one or more metal phenate(s), and the one or more metal

salicylate(s) in the mixture are used in a sulfonate to salicylate ratio or phenate to

salicylate ratio by parts of 5:95 to 95:5.



sul fonate(s) and/or one or nore netal phenate(s) and the one or nore netal
sal i cyl e nediumtotal base nunber detergents. 5. d of

cl ai s %&8%,@)‘@?& 4 wherein the one or nore netal sul fon%(l%gﬁss(gg’%%% /or one
or nore netal phenate(s), and the one or nore netal salicylate(s) in the
m xture are used in a sulfonate to salil8ylate ratio or phenate to
salicylate ratio by parts of 5:95 to 95:5. WD 01/44417 PCT/ US00/ 33682 - 18
6. The nmethod of claim5 wherein the sul fonate and/or phenate to
salicylate ratio by. pZhesné¢thod of elrime® sdenan the sulfenate apdr pheppigites 1, 2,
3 or 4 wherein the mxture of o of..,nore netal sulfonate(s) and/or netal
phenat e( s )saligdateHatigly BWWr]é)-%f%Po'lggl icylate(s) is used in an anount of
up to about 10 vol % in the finished oil fornulation. 8 The method of
claim5 wherein the m xture of one or nore netal sulfonate(s) and/or netal
phenate(s), and the ongeqhetibd ©f ERiiAl 152! B @y l4alvAém)n itise mistage bfioan ornount
of up to about 10 vol % in the finished oil fornulation. 9. The nethod of

cl ai m 6 whesei metahsulfoxata(se anf/ oo meetak plamate(seand thesenef emmoeg Metdnd/ or net al
phenate(s), .and the one or nore netal saljcylate N sed i,n.an anount
of up to éabwlat?(s/)ouswpﬁmﬁaamwﬂéﬁgapw |ahP%?mV§ﬁ%’dﬂihi§P’s%ﬁ8 °ﬁ€t hod of

cl ai ns 1,[1,2 %gr 4 wherein the mxture of one or nore netal sulfonate(s)
and/ or e 811“5 M4t e(s), and the one or nore netal salicylate(s) is used
in an anount of up to about 6 vol%in the finished oil formulation and the
sul fonate and/or phenate and the salicylate are in a ratio by parts of

20: 80 to 80: 20. 8. The method of claim 5 wherein the mixture of one or'more meta
sulfonate(s) and/or metal phenate(s), and the one or more metal salicylate(s) 1s

used in an amount of up to about 10 vol% in the finished oil formulation.

9 The method of claim 6 wherein the mixture of one or more metal

sulfonate(s) and/or metal phenate(s), and the one or more metal salicylate(s) 1s

used in an amount of up to about 8 vol% in the finished oil formulation.

10. The method of claims 1, 2, 3 or 4 wherein the mixture of one or
more metal sulfonate(s) and/or metal phenate(s), and the one or more metal
salicylate(s) is used in an amount of up to about 6 vol% in the finished o1l
formulation and the sulfonate and/or phenate and the salicylate are in a ratio by

parts of 20:80 to 80:20.



