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sul fur. The use of the nol ybdenim™ CO onbfnation with the

di aryl am ne and the phenate, within certain concentration ranges, provides

a lubricating oil with inproved oxidation control, reduced tappet wear and
decreased piston, ring and val ve deposits. BACKGROUND OF THE | NVENTI ON

Lubri cat ICALFRIELDnt er nal conbustion engi nes. of autonobiles or trucks

are subjected to a demandi ng environnment during use. This environnment

results in tHFhioinvestivhirelates ¢ Ritichlihg 01l compbsitivns Sthéid idthod ¥t pRiparatien, Rhgsence
of inpurities in the oil such as iron conpounds and is al so pronoted by
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| ubricating oils uri'ng use 1s typical 0 Sone

use of antipxidant additives l.ch extend.the useful life Qf the oil;
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W have now di scovered that a conbination of about 50 to 1000, preferably
50 to 5ouBolybdenum eompound s spbstantially fregof reagtive syfir. Fhe nsenf theymalybdenum

nol ybdenum based on the total weight of

1 compound in combination with the diarylamine and the phenate, within certain concentration

ranges, provides a lubricating oil with improved oxidation control, reduced tappet wear and

decreased piston, ring and valve deposits.

BACKGROUND OF THE INVENTION

Lubﬁcaﬁng oils for internal combustion engines of automobiles or trucks.are subjected to
a demanding environment during use. This environment results in the oil suffering oxidation
which is catalyzed by the presence of impurities in the oil such as iron compounds and is also
promoted by the elevated temperatures of the oil during use. This oxidation-of lubricating oils
during use is typically controlled to some extent by.the use of antioxidant additives which may
extend the useful life of the-oil; particularly by reducing or preventing unacceptable viscosity
increases.

We have now discovered that a combination of about 50 to 1000, preferably 50 to 500,

more preferably 50 to 250, parts per million (ppm) of molybdenum, based on the total weight of



the finished lubricating oil conposition, froman oil-sol uble nol ybdenum
conpound which is substantially free of reactive sulfur; from21,000 to

20, 000, preferably 1,000 to 10,000, ppmof an oil-soluble diarylamne; and

from 2,000 to 40,000 ppm of an al kaline-earth nmetal phenate, is highly

ef f ect i ke finishedrubyicating oid xomipasition, from|anlilisoluble molybdehiutn @atpoand which\is di ng

the lubricating oil with excellent sliding friction characteristics that
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different fromthose used in this invention, and/or have concentrations of
conponefilvitihexcelent sliding friction charagteristiesthatdeducesappet wegr aridi valvierand pistam.

Engi nes have been designed and built specifically for natural gas (NG .
These ewdgposits in gaseline; didsel mhdraatinlal gdsNG) ehginesar y appl i cations and are
operated under relatively constant operating conditions. Mst recently

t here have begBrisdaekeé ' taifi I RASRR ﬁﬁfgﬂﬁxﬂl ﬁm{dg%a Wy or
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groups. Stationary NG engine |ubricants are usually high viscosity
nonogr a@dditionalmesallioadditives lor varlousaminke additiveswhiclCane diffiremt ifiom thosd wdd in

this invention, and/or have concentrations of components that are different than those disclosed
_ by this invention.

Engine-s have been designed and bui'lt'é-pec.iﬁcall_y for natural gas (NG). These engines
are used primarily in station;u'y applications and are operated un,d.er relatively constant operating
conditions. Most recently there have been applications of compressed natural gas (CNG) in
motor vehicles, especially buses and fleet trucks, due.to the economic and environmental benefits
associated with NG..

While the basic designs for stationary NG engines-and conventional fueled engines-
(diesel and gasoline) are similar, the differences in operating conditions and maintenance
practices have resulted in two distinct lubricant product groups. Stationary NG engine lubricants

are usually high viscosity monograde formulations with a low ash content. Conventional fueled



2 engi nes for vehicles typically use nultigrade oils with nuch
*higher ash content. The needs of NG engines in transportation applications
have not been adequately nmet by the lubricants presently available and a
need exi sts to design |ubricant products that simnultaneously fulfill the
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deposi t paerartlubdeant compositiona atedivected ta sodving the special lubricant problems associated

with NG engines.

DESCRIPTION OF THE RELATED ART

'Ih-e prior art discloses the use of molybdenum complexes in lubricating oils, as described
in U.S. Patent 3,285,942- to Price et al.; U.S. Patent 4,394,279 to de Vries et al.; U.S. Patent
4,832,857 to Hunt et al.; and U.S. Patent 4,846,983 to Ward. Additional references disclosing
lubricating compositions containing molybdenum include U.S. Patents 4,889,647; 4,812,246;
5,137,647; 5,143,633; and WQ95/07963 to Shaub. However, the prior art has failed to suggest a
three-component mixture of molybdenum compounds substantially-free of reactive sulfur,
diarylamines and alkaline-earth metal phenates to provide high temperature antioxidant

properties and low deposit characteristics to a lubricating oil.



3 : . W05/ 07962 to Richie et al. and W95/ 07966 to Atherton
*di scl ose crankcase | ubricant conpositions for use in autonobile or truck
engi nes that contain nolybdenum and amne antioxidants. In addition to
the requirement for use of additional elenents, these publications recite
very broad ranges for concentrations of the nolybdenum and the am ne. Al so,

many of the nol ybdenum conpounds of these references contain reactive

sul fur, phosmWO93/6796306 Rvhtecst al. sh@WHIYSH0 86 td AheAdn MiSSlosdi salkes@dubritaht!de
conpounds such as primary anmines that are not wthin the scope of this
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or ganophosphor odi t hi oates. This reference does not suggest the use of

nol ybdeFRsHE veyhsend ranges forsonsenirations of theanelybdenumand theaming, r Alsp, mamiafithe i on
with a diarylamne and an al kaline-earth nmetal phenate to produce an oil
addi ti veolytdenum eanpeunds bfitheseaeferengescwonfisiesdtive silfia phosploris) wnd stheit i on
characteristics, high heat-resistance, a high stability to oxidation,

proper eléinefiQahd theRafR didcRited MORAL EYMARAES §Jchfa?¥:fﬁ5ﬂy%h1¢s that are ndt: >:
Pat ent 5, 650,381 to Gatto et al .- discloses a lubricatrng oil conposition

whi ch mﬁg;co%eg?wpﬂg&lﬁ%conpound which is substantially free of

reactive s and a ‘secondary
U.S. Patent 5,605,880 and WO95/27022 to Arai et al. disclose a lubricating oil

composition comprising a specified base oil, an alkyldiphenylamine and/or phenyl-a.-
naphthylamine and an oxymolybdenum sulfide dithiocarbamate and/or an oxymolybdenum
sulfide organophosphorodithioates. This reference does not suggest the use of molybdenum
compo.unds substantially free of reactive sulfur in combination with a diarylamine and an
alkaline-earth metal i)henate to produce an oil additive that creates a lubricating composition that
has low friction characteristics, high heat-resistance, a high stability to oxidation, proper
viscosity properties, and low deposit formation:-

U.S. Patent 5,650,381 to.Gatto et al. discloses a lubricating oil composition which
contains a molybdenum-compound which is substantially. free-of reactive sulfur, and a secondary
diarylamine. U.S.: Patent 5,840,672, also to Gatto discloses-an:antioxidant system that utilizes
molybdenum as a component, however, no mention nor suggestion is made that a molybdenum
compound substantially-free of reactive sulfur be used with a diarylamine and an alkaline-earth

metal phenate.



diarylamne. U S. Patent 5;840,672, also to Gatto discloses an anti oxi dant
systemthat utilizes nolybdenum as a conponent, however, no nention nor
suggestion is nade that a nol ybdenum conpound substantially-free of
reactive sulfur be used with a diarylam ne and an al kali ne-earth netal
phenat e. U.S. Patent 5,726,133 to Blahey et al. discloses a low ash natural gas efigine oil and an

U S. Patent 5,726,133 to Blahey et al. discloses a | ow ash natural gas
engi ne cidditivedysiem whikdiis & wixtatessfdsteygehsh The additivechixhee of disltdsed gent s. The
additive mxture is disclosed as conprising a m xture of detergents
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t each rmlé/bdenum conpounds substantlal |y-free of reactive sulfur for

i ncl usi Rcnd alisll qqelkehgqmth@q salt orgujpmetheryof which) iswporemental than the firstn one
aspect, this invention is directed to a lubricating conposition conprising
(a) a reywdBNsauikhisfefesence fdilsdé teackomblyhénum congpoasds spbstédaligifrde@ist one
oi | -sol ubl e nol ybdenum conpound substantially free of reactive sul fur

whi ch prreactide sulfilk Fe inéiikidPintRONGERgine oler m I lion  (ppm) of nol ybdenum to
the lubricating conmposition; (c) about 1000 to 20,000 ppm of at |east one
oi | -sol ubl e diarylam ne; and (d) about 2,000 to 40,000 ppm of at |east one
al kaline-earth netal phenate detergent. I n anot her aspect, the

pr esent §lﬂ\‘r’1§/ﬂ&é\?'bﬁ'?ﬂﬂ'r&%%&eﬁo{q° a nethod for inproving the

In one aspect, this invention is directed to a lubricating composition comprising (a) a

major amount of an oil of lubricating viscosity, (b) at least one oil-soluble molybdenum
compound substantially free of reactive sulfur which provides about 50 to 1000 parts per million
(ppn-1) of molybdenum to the lubricating composition; (c) about 1000 to 20,000 ppm of at least
one oil-soluble dia-rylamine; and (d) about 2,000 to 40,000 ppm of at least one alkaline-earth
metal phenate detergent.

In another aspect; the present invention is directed to a method for improving the
antioxidancy and friction properties of a lubricant:by incorporating in the Iubricant a
molybdenum compound - that is substantially free of rea;::tive snifur, a diarylamine and an
alkaline-earth metal phenate in the above described concentrations. This three-component
system provides a lubricating oil with highly beneficial properties that are not obtained with

combinations of any two of these components alone.



anti oxi dancy and friction properties of a lubricant by incorporating in the
“lubricant a nolybdenum conpound that is substantially free of reactive

sul fur, a diarylam ne and an alkaline-earth netal phenate in the above
descri bed concentrations. This three-conponent system provides a

| ubricating @j L.y Lghly.henefi.cial.properties t.hat.are not obtained
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5 . . Inﬁ%ill anot her aspect, the invention is directed to a

| ubri caCtPBRIHRE: B JALRAL» Batts °f@osﬁg'FP% pprhfrom R.51t9 S0 pagy ofia pmRasition a sol vent ;
and from2.5 to 90 parts of a conposition conprising b) an oil-soluble

mol ybde GORPHEERH blartoilweluble molyhdsrina permpdung whichds sdbstaptially free ofgedctive; c) an
oi | -sol ubl e diarylam ne; and d) an al kaline-earth nmetal phenate, wherein

t he wei ghifur; )pdn oil-sluble tinlydkaiine) dnd dyran AlRalifie xR eietH pRETAR) WhereinDthe RRight
diarylam ne in the concentrate is fromabout 0.0025 to 1, preferably 0.005

to 0.5, I g‘ﬁd . each. part
of diar ﬁg{r‘? r?gé lglfr,l‘geht e%vﬁggal?ol lgj[eﬁ%rﬁg?mﬁl) y%?jg{neudrlngpir%&ﬁﬁgﬁ@ %r;%@%a m
conmpoun 0.,.th i.,ne-ear.th | - phenat e . s, .ahg 0 125 tq 0.5, with
0. 00125%'0%63‘!{9.@%‘6{3%?}%1’ BPE%‘?’WQ@B;%HO .’B?ff?Sef?%b]@Bl@g %Q&ggpqlﬁﬁ preferred.
In yet angther aspect, the invention is directed to a lubricating

Conposi ﬂO&deﬁP'Eﬁé?%clbpm of digarylaming and theoweightrade of mplypdepgm Fomdls nost
preferably 50 to 250, parts per mllion of nolybdenum froman oil-sol uble
nol ybde molybsienywn enoipotiridih thesallealine-eantit medal phehite és abfout R0G125¢e 0.5 withW00125 000
to 20,000, preferably 1,000 to 10,000, ppmof a diarylam ne and about 2,000
to 40,QQ@ZDB%FB@H&M&D.M%&JGSP#H&%@%&BM[ phenate, in a natural

or synthetic oi or blends thereof.
In yet another aspect, the invention is directed to a lubricating composition prepared by

mixing 50 to 1000, preferably 50 to 500, most preferably 50 to 250, parts per million of
mo_lybdenum from an oil-soluble molybdenum compound which is substantially free of reactive
sulfur, 1,000 to 20,000, preferably 1,000 to 10,000, ppm of a diarylamine and about 2,000 to
40,000 ppm of at least one alkaline-earth metal phenate, in a natural or-synthetic oil, or blends
thereof. |

The three-component system of the present invention is also-very-useful in methods to
reduce valve deposits, piston deposits, wear; and reduce the-formation-of varnish and piston
deposits in an internal combustion engine. All of these methods can be accomplished through
the placement in the crankcase of the internal combustion engine a lubricating oil containing an

effective amount of the three-component system according to the invention.



The three-conponent system of the present invention is also very useful in
methods to reduce valve deposits, piston deposits, wear, and reduce the
formation f varnish and piston deposits in an internal combustion engine.
Al'l of these nethods can be acconplished through the placenent in the

crankcase of Thee i alsediselosedaropatktase MutRitgfiniecompositioh Fora Ml dasefgihai Ni ng an
effective anount of the three-conponent system according to the rnvention.

6 comprisingg 1here is also disclosed a crankcase |ubricating
conposition for a natural gas engine conprising: a) a nmmjor anount
of |ubricati Qil.; n_oil -sol ubl e nol ybdenum conpound

substanti al | 9%%“%%“0‘1““?‘5’58@1“ ca gf”&’r; c) an oil-soluble

di aryl am ne; gnd ) gl%y an al kaline-earth netal phenate. The
conposi t i ons bhnofsolybls malybdsnum-sompeund sibstantially fres of enctivesulfiisuch as f or

autonotive and truck crankcase lubricants as well as transm ssion
| ubri cants, gean ofltsolubleadisrylaminegamdil i ¢ f1 ui ds, conpressor oils and NG
engi ne crankcase | ubricants. A key advantage of this invention is

the mul ti f und}) iafRiKalifebariométhl phefiate. "0l ybdenun di aryl am ne/ phenat e
conmbi nation and the relatively low treat |levels required for a performance

Lol on TPER U A 4 AR B R
suppl & I’Yeallilé glxckoé( | %%sieolbe%ag%s%gwe gs g'éntgsmission lubricants, gear lubricants, hydraulic
fluids, compressor oils and NG engine crankcase lubricants.

A key advantage of this invention is the multifunctional nature of the
molybdenum/diarylamine/phenate combination and the relatively low treat levels required for a
pt_arforma.nce benefit. This additive combination provides oxidation control, deposit control and -
friction control to the oil.  This reduces the need for-supplemental-oxidation protection and
friction additives and should reduce the-overall-cost of the entire additive package. Further cost
reduction is gained by the low treat levels employed. Commercial sulfur-containing

molybdenum compounds are considerably more expensive than sulfur-free molybdenum

compounds. Additional cost savings are gained, therefore, by using sulfur-free molybdenum

compounds.



friction additives and should reduce the overall cost of the entire

addi tive package. Further cost reduction is gained by the lowtreat |evels
enpl oyed. Conmercial sul fur-containing nolybdenum conpounds are

consi derably nore expensive than sul fur-free nol ybdenum conpounds.
Addi ti onal cost savings are gained, therefore, by using sulfur-free

ol ybde prp

7 Wﬁ%é%%%ﬂ%‘?f&@wq{km ON As used herein
and in the clains the term "oil-soluble nolybdenum conpound substantially
free of reactryEcdhsreigand %%ﬁglawhmbg\g‘ﬁéﬁﬁ&%ﬁiﬂmpﬁawmydsoI uble in
the lubricant or fornmul ated |ubricant package and is substantially free of
react i veubstantigly fremef reaqtive swlfust meqns aoy nfolybderuns oorapound ghat é selublelin the as

di val ent sul fur or oxidizable sul fur. Reactive sulfur also includes free

sul fur., liteieanteor fothfulatedlubhtanbpatkage dnd lis stbstaitially Giee 0P fe@btivay salfi@ ThE kdiRS
referred to as "active" sulfur. Active sulfur is sonetines referred to in

ternms Ofedchife St is'Bhleneick@ielto hd divRlER WMBEDr 8;13%3@&@5&% RAl@e Gidhect s

i nclude corrosion and el astoner seal 1 nconpati result,
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"active" sulfur, are nmuch nore corrosive to engine parts than reactive
sul fur PhaACHVS' spHiL, Actiyeispliyrissoragtimes sefesyed todn forms of the dafrigentab effestsitur es
and produces. These detrimental effects include corrosion and elastomer seal incompatibility. Asa
result, "active" sulfur is also referred to as "corrosive sulfur" or "seal incompatible sulfur”". The
forms of reactive sulfur that contain free, or "active" sulfur, are much more corrosive to engine
parts than reactive sulfur that is very low in free or “active" sulfur. At high temperatures and
‘under severe conditions, even the less corrosive forms of reactive sulfur can cause corrosion. It
is therefore desirable to have a molybdenum compound that is substantially free of all reactive
sulfur, active or less active. By "soluble" or "oil-soluble" it is meant that the molybdenum
compound is oil-soluble or capable of being solubilized under normal blending or use conditions
into the lubrication oil or diluent for the concentrate. By "substantially free" it is meant that trace
levels of sulfur may be present due to impurities or catalysts left behind from the manufacturing
process. This sulfur is not part of the molybdenum compound itself, but is left behind from the

preparation of the molybdenum compound. Such impurities can sometimes deliver as much as

0.05 weight percent of sulfur to the final molybdenum product.



under severe conditions, even the | ess corrosive forms of reactive sulfur
.can cause corrosion. It is therefore desirable to have a nol ybdenum
conpound that is substantially free of all reactive sulfur, active or |ess
active. By "soluble" or "oil-soluble" it is nmeant that the nol ybdenum
conpound is oil-soluble or capable of being solubilized under nornal

bl endi ng or  Gilesofsbicinblydagnur Engpouties dré‘PFebﬁ'@& b Mhefolls Blovd tb L@Ed h{]
concentrate. By "substantially free" i's meant t at trace
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percent of sulfur to the fi nal nmol ybdenum pr oduct .

8 overbased alkali metal andalkaling eprth metabsuifonatesypbenatts and salicylgiacarpdsjtionst hods
known to those skilled in the art. Representative of the nolybdenum

c onpoundentaihingimalpiniehem sacithasi those kiselosdtvadiciabed by Huatdeal i€YS Pater! ybdat e
conpl exes as described by Price et al. in U S Pat ent 3, 285, 942; overbased

al kal i a@BARSANHoIFbdeRlhRBmPRAE f{# n@;ﬁ, cyl ate
conpositions containing nrrlt?l Jc‘li%num S J emglgsc osac?ﬂgndég%ﬂ med by

Hunt et 3 857, nol N CA Xe repared by
react] 3 J‘*FE#%?W? W%rnb?%ﬁm ﬁt@lgﬁ%‘%"?&ﬁm i ol b o
descri bel&s\*/ net al in US Patent 4,889, 647; a sulfur and

phos phoPYSPRTERIIST GrgARame lybrleapm compley|of grg@mcen%s@hmbdgm cenfaining
nol ybdenum cont ai ni ng conpounds prepared fromfatty acids and '

2- ( 2- antanepaungds preparedfom:fatty acids abd 26 dnsinodtyyl}dmimdethanol as described by Karol

in U.S. Patent 5,137,647 and molybdenum containing compounds prepared from 1-(2-
hydroxyethyl)-2-imidazoline substituted by a fatty residue derived from fatty oil or a fatty acid;
overbased molybdenum complexes prepared from amines, diamines, alkoxylated amines, glyc.ols
and polydls as described by Gallo et al in U.S. Patent 5,143,633; 2,4-heteroatom substituted-
molybdena-3,3-dioxacycloalkanes as described by Karol in U.S. Patent 5,412,130; and mixtures
thereof.

Molybdenum salts such as the carboxylates are a useful group of molybdenum
compounds that are functional in the invention. The molybdenum carboxylates may be derived
from any organic carboxylic acid. The molybdenum carboxylate is preferably that of a
monocarboxylic acid such as that having from about 4 to 30 carbon atoms. Such acids can be
hydrocarbon aliphatic, alicyclic, or aromatic carboxylic acids. Monocarboxylic acids suchas

those of aliphatic acids having about 4 to 18 carbon atoms are preferred, particularly those



in U S Patent 5,137,647 and nol ybdenum cont ai ni ng conpounds prepared from
*1-(2- hydroxyethyl)-2-imdazoline substituted by a fatty resi due derived
fromfatty oil or a fatty acid; overbased nol ybdenum conpl exes prepared
from am nes, diam nes, al koxylated am nes, glycols and polyols as
described by Gallg et al. jn U S Patent 5,143,633, 2,4-heteroatom
substit 5‘%‘%& analkx] gravR of Si,’%“-t g it%J(%\E%FE?‘b%{P%% alieyclie 3¢ids may generallycontaim U, S,
Patent 5,6412,130; and m xtures thereof. Mol ybdenum sal ts such as
the car b&aRdded3 camban atomse The argmatip acids may gengwallyeontaioepe ontye fused rizgsand
functional in the invention. The nol ybdenum carboxyl ates may be derived

f r om anycontapafrom Z@rld@asboh atoarsi whereli thercaibykyl Qroup iiay sraxayl it Be hadhe@fethabl vy
that of a nonocarboxylic acid such as that having fromabout 4 to 30

car bon afgyTs ThelatboRflicheid @ bE sathttdfs dhRRal fa?tﬂ%&fd‘}mviﬁ% Efg)s‘tgéﬂg t 4 ?ﬂ; })ff] atic

aromati c carboxylic acids. Monocarboxylic acids s as a

aci ds hayi t t carbon atons. are preterr articul a t hose
o 1% "R iRk Etuhiled 6 5Bl SRR e Bl € i iR e mplyplonunt
alicyclic acigds nmay geperally contain, from4 to 12 carbon atons. The

ar onat i cc"élaxéfg"t‘??é‘}e{‘ﬁ%h&ftﬁl’? #Q;d’ﬁle&F Acigiapric acjgs hepfangic agidigs and contain
from7 to 14 carbon atons wherein the carboxyl group nay or may not be

at t achedeyclohexanecarbaxylic a¢id; ayalotesanoic acidrnaphthemic beid zphenylaceaticatid) 0-
unsaturated fatty acid having fromabout 4 to 18 carbon atons. Exanpl es of

sone carmeylhetanaiei adid; Dleey HER¥ndACacis S0berie abidESRARid 42R1; ABNBRSR I decanoic
carboxyl ates include: butyric acid; valeric acid; caproic acid; heptanoic

o6l Stk ahsaaRieasR Y £ro e L IOREANE SR B RRGLT,

aci d; oct Lc,acid;, nonanoi ¢ .acid; decangic ., . L.
ac1ai£l c)hnolemc acid; epg.gecanom acid, stearic acid; oleic acid; nonadecanoic acid; eicosanoic

acid; heneicosanoic acid; docosanoic acid; and erucic acid. A number of methods have been
reported in the literature for preparing the molybdenum carboxylates, e.g., U.S. Patent 4,593,012
tc_) Usui and U.S. Patent 3,578,690 to Becker, both of which are incorporated herein by reference
in their entirety.

The nomenclature of the oil-soluble molybdenum carboxylates can vary. Most of the
literature refers to these compounds as molybdenum carboxylates. They have also been referred
to as molybdenum carboxylate salts, molybdenyl ( Mo 0,2 carboxylates and molybdenyl
carboxylate salts, molybdenum carboxylic acid salts, and molybdenum salts of carboxylic acids.

The molybdenum compounds useful in the present invention may be mono-molybdenum,

di-molybdenum, tri-molybdenum, tetra-molybdenum compounds and mixtures thereof.
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acid; undecanoic acid; lauric acid, tridecanoic acid; myristic acid;

‘. pent adecanoi ¢ acid; palmtic acid; linolenic acid; heptadecanoic acid,;
stearic acid; oleic acid; nonadecanoi c acid; eicosanoic acid;

henei cosanoi ¢ aci d; docosanoic acid; and erucic acid. A nunber of nethods
have been reported in the literature for preparing the nol ybdenum

car boxyl at es, Fusthgr, representatpvgrraply bdengmzompounds gsefulin thaptesenSnventioarinclude;
3,578,690 to Becker, both of which are incorporated herein by reference in
t hei r erhutargtnpt limited to: Saktire LnbeTd 70D atpplied b tHehesahi Dertka Koglye KNk ofortagum
carboxyl ates can vary. Most of the Iliterature refers to these conpounds as

mol ybdenjaparg arrmywemammmmplaymg[ba&&eﬁnm@mm S&pplitd bﬁ&é@%@f&%@um
denyl

carboxyl ate salts, nolybdenyl ( M err]) carboxylates and noly

car boxylke ' i.d. n | ybden [ts
o car bogyt PRl and P d ERE e Fetiyfoile; BBl Sl YRR B APec o
I nventi nmono-.nol ybdenum  di - ol ybdenym tri - npl ybdenu

ot r - RS BERH HFEGAL GURERRY 48 6 et Qo 8P B penum ety hedanoats; Molyvas™

10 . Furt her, re_f)r esent ati ve nol ybdenum conpounds useful in

t he preSAtsuppliedrbyithsRiTh ¥Yendeebilt Gompany,dnthioof NarwalkeGT; apsulfBn g phospiwefier r |
700 supplied by the Asahi Denka Kogyo K. K. of Tokyo, Japan, a nol ybdenum

am ne cdigel ceganomplybdeeimiconijiies éFdvgaii¢ dmideblyesh™BS6BRalsdMr6m@®UP, | nc., of
Cl evel and, Onhi o, a nol ybdenum 2- et hyl hexanoat e; nol ybdenum oct oat e suppl i ed

D e o AR g, A2 St R
Conpany.inddiion pgxffomNg rv\tlevf:j‘yl Vll%ll in r(l:du%insgLHul.c H);mgtglo% dt ﬁgpso"sﬂé) ort esﬁgine valves and pistons.
The concentration of the molybdenum from the molybdenum compound in the lubricant

composition can vary depending upon the customer’s requirements and applications. The actual
amount of molybdenum compound added is based on the desired final molybdenum level.in the
lubricating composition. From about 50 to, for example, 1000 parts per million of molybdenum
(as delivered metal) can be used in this invention based on the weight of the lubricating oil
composition which may be formulated to contain additional additives and preferably about 50 to
500 parts per million of molybdenum and particularly 50 to 250 ppm are used based on the
weight of the lubricating oil composition. The quantity of additive, e.g., molybdenum
carboxylate to provide molybdenum, is based on the total weight of the formulated or
unformulated lubricating oil composition. For example, an oil-soluble molybdenum compound

containing 8.0 wt% molybdenum content should be used between 0.0625 wt % and 0.3125 wt %

to deliver between 50 ppm and 250 ppm molybdenum to the finished oil.

11



free organonol ybdenum conpl ex of organi c am de; Ml yvanm 856-B al so from
R T. Vanderbilt, an organonol ybdenum conpl ex. Further, the three-conponent
systemof this invention perforns very well in reducing the formation of
deposits on engi ne val ves and pi stons. The concentration of the
nmol ybdenum frgm t he rml,glbden m conpound in the lubricant _conposition can
vary dependi nfief9BFen{TRtion-of melybdenym in theilubricants accardingtoghe inyentinnchas The
actual anount of nolybdenum conpound added is based on the desired final
nol ybde riasti¢udaraippérinih, dowevdsy for eonomyicoreaspusi maximuntlevehof 1000 pEf is o, f or
exanpl e, 1000 parts per mllion of nmolybdenum (as delivered netal) can be
used in préferred,Mdlimaximbndead] 6f 250 pn/e n@st preferredlCAL 561 For@tRinl thde:@ietimental
conposition which may be formulated to contain additional additives and

pr ef er alleytich) RidtingRastddmoniifdtdddhdt 00 & 15@?&4&:':% ﬁgl[yﬁfiexﬁm % %%?ﬁ';“o&f%ﬁge }nu%eplo%i

particularly 50 to 250 ppm are used bas e welig gti ng

oi | conpasiti Qn...Jhe guant.dt ..additive .e.qg.,, nolybd m carbaoxylate to
provi de c%%i{réfb%%t}#n “‘BA #(ﬁ KEs 4o expensiy egﬁtonspsﬁ/eﬁbgf?tﬁ? inypaHonds Hat
unfornul ated | ubrjcati ng oi | conposition. For exanple, an oil-soluble

mol ybde rfEﬁ?FBm#ﬁyeh&f 58379 apmiaregveny effective withous edding substantialicostito thedubricant e d
between 0.0625 Wt % and 0.3125 wt % to deliver between 50 ppm and 250 ppm
nmol ybdenum t dThehdéaryiamines @skfaliih this invention are well knotheantioxidexmts and there i9ho

nol ybdenumin the lubricants according to the invention has not particular

upper | igairticuld? eaveriction oh @i t9FOGTUHErFlamBRIAL Tar bR MPRLArEMNG! the HiakARRindRER | S
preferred, while maxi mum | evel of 250 ppmis nost preferfed. As set forth

in the Lfﬁﬁ ; . i j , denonstrated that 100 to 150 ppm
nol ybdeﬁsé%ﬁ{ds hi %ﬂ?‘@f@gé’@?t\%%ﬁ%&%‘epo& * control. Ml ybdenum cont ai ni ng

additives are expensive and one,aspect of the invention is that treatnent
| evel s of 50-250 ppm are very eTlf ective w thout adding substantial cost to
t he | ubricant. R N—R:

wherein R' and R? each independently represents a substituted or unsubstituted arifl group
having from 6 to 30 carbon atoms. [llustrative of substituents for the ai'yl group include aliphatic
hydrocarbon groups such as alkyl having from about 1 to 30 carbon atoms, hydroxy groups,
halogen radicals, carboxyl groups or nitro groups. The aryl is preferably substituted or
unsubstituted phenyl or naphthyl, particularly wherein one or both of the aryl groups are
substituted with at least one alkyl having from 4 to 30 carbon atoms, preferably from 4 to 18

carbon atoms. It is further preferred that both aryl groups be substituted, e.g. alkyl substituted

phenyl.
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The diaryl anines useful in this invention are well known antioxidants and
‘there is no particular restriction on the type of diarylamne that can be
used. Preferably, the diarylanine is a secondary diarylam ne and has the

general formula: [err] wherein R err] and R err] each independently
represents a substituted or unsubstituted aryl group having from6 to 30
carbon atons,_ Il Justrative of substituents for the aryl group include

al i phatic hys Siesflaminesussd i this javention gandsel of astrinetyrefotimmtisnabat showmirdihe
carbon atons, hydroxy groups, halogen radicals, carboxyl groups or nitro

gr oups. alfne famytlla that shosfsdubdrieynitsogen aicmiinate mblecules Thes, tHeldia{lapi dah ber
naphthyl, particularly wherein one or both of the aryl groups are

subst i t ufedlfWrédﬁsﬁcuhegﬁi vided e ehebst e eilrm%g& pr g§ e AR Re

preferably from4 to 1 carbon atons. s fut

|
ary gr%ﬂﬁh@%ﬁﬂ?é&ﬂ%hgﬂmﬁﬁ‘ﬁm (%‘Egé&geaépﬁ# ; Ut |aﬁﬁw%§'f¥lso(§‘?ﬂe a

st ruct ure.9 er t han that shown in the above f or mJI a that shows but one
nitr ogeﬂ g’f’ "% he nol ecule. Thus, the diarylamne can be of a different
structure pr OVI ded that at | east one nitrogen has 2 aryl groups attached
t hereto, e.gThe digeylamineswsed insthisdfivention shoulddhessolublesin iz forrgulated erankctae il
nitrogen atomas well as two aryls on one
package. Examples of some diarylamines that may be used in this invention include:
diphenylamine; various alkylated diphenylamines, 3-hydroxydiphenylamine; N-phenyl-1,2-
phenylenediamine ; N-phenyl-1,4-phenylenediamine; dibutyldiphenylamine;
dioctyldiphenylamine; dinonyldiphenylamine; phenyl-alpha-naphthylamine; phenyl-beta-
naphthylamine; diheptyldiphenylamine; and p-oriented styrenated diphenylamine, mixed
butyloctyldiphenylamine, and mixed octylstyryldiphenylamine.
Examples of commercial diarylamines include, for example, Irganox® L06 and Irganox®
L57 from Ciba Specialty Chemicals; Naugalube® AMS, Naugalube® 438, Naugalube® 438R,
Naugalube® 438L, Naugalube® 500, Naugalube® 640, Naugalube® 680, and Naugard® PANA
from Uniroyal Chemical Company; Goodrite® 3123, Goodrite® 3190X36, Goodrite® 3127,
Goodrite® 3128, Goodrite® 3185X1, Goodrite® 3190X29, Goodrite® 3190X40, and Goodrite®
3191 from BF Goodrich Specialty Chemicals; Vanlube® DND, Vanlube® NA, Vanlube® PNA,
Vanlube® SL, Vanlube® SLHP, Vanlube® SS, Vanlube® 81, Vanlube® 848, and Vanlube® 849

from R.T. Vanderbilt Company, Inc.
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of "the nitrogens. The diaryl anines used in this invention should
. be soluble in the fornul ated crankcase oil package. Exanples of sone
“diarylam nes that may be used in this invention include: diphenylam ne;
various al kyl at ed di phenyl am nes, 3-hydroxydi phenyl am ne; N-phenyl -1, 2-
phenyl enedi am ne ; N-phenyl -1, 4- phenyl enedi am ne; di butyl di phenyl am ne;

di octyl di pher_%ﬁam ne; di nonyl d| phenyl am ne; phenyl - al pha- napht %I am ne,
phenyl - bet a- amqemtmqﬁéhe diarprlaping inithsubrcating pRMpQsHivnsan v depending
styrenat ed di phenyl am ne, m xed butyloctyl di phenylam ne, and m xed

oct yl st yupyh tieplostomkrdsequirements and applicatiprise $n @ preferredembodiment of the arviention,

i nclude, for exanple, Irganox[err] LO6 and Irganox[err] L57 from C ba

S I )
T i O i T A

pauget VehRh 2038 oA HERR 6L O Do HOI LR QA wipgreal CorPany;

Gbodrlt err 3128, CGoodrite[err] 3185X1, Goodrite[ X29,

Goodri t 4 29 eqmps‘t@ﬁdpre{?&hl}@sf%efﬁa@a} rpdpﬂ%eﬁl éﬁé&? PR BSpeci al ty
Chem cal s; Vanlube[err] DND, Vanl ube NA, Vanl ube[err] PNA, Vanl ubeferr]
SL, VanmiBlisjndppi) GidHpore peeferably[feom 2bogis2,000:t0l 8,009 ppm by weight, Quankitipsofilpssg4s,
and Vanl ube[err] 849 from R T. Vanderbilt Conpany, Inc.

13 than 1,000 ppm Bdve Ittt \eraninimailiefactivenéss svhetieay qilaatitiesdarger thine10,000 pgat i ng
conposition can vary depending upon the custoner's requirenents and

appl i Cata&@é’b?xerah?n@t&ﬁﬁ&ﬁ{c&l‘?d enbodi nent of the invention,

As used herein and in the claims the term “phenate” means the broad class of metal
phenates including salts of alkylphenols, alkylphenol sulfides, and the alkylphenol-aldehyde
condensation products. Detergents formed from the polar phenate substrate may be overbased.

Normal phenate has the structural formula:

0-M-0

whereas methylene coupled phenate has the structural formula:
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a practical diarylamne use range in the lubricating conposition is from
-about 1,000 parts per mllion to 20,000 parts per mllion (i.e. 0.1 to 2.0
wt % based on the total weight of the lubricating oil conposition,
preferably the concentration is from1,000 to 10,000 parts per mllion
(ppm and nore preferably fromabout 2,000 to 8,000 ppm by wei ght.
Quantities of less thanA pr=kRave little or mnimal effectiveness
whereas quantities larg ppm are generally not econom cal .

[ tlerm "phenate" neans the broad cl ass

of netal phenates incliudin al kyl phenol s, al kyl phenol sul fides,
and t he al kyl phenol -al d ensAat i on products. Detergents fornmed from
t he pol ar phenate substrafe nay be Yverbased. Nornal phenate has the

structural formula: [err]R R R R
wher eas net hyl ene coupl ed phenate has the structural formula:

14 and phenate sulfide has the formula:

0-M-0
[ —]—s.—I— ]
R R

wherein R is an alkyl group preferably of eight or more carbon atoms, M is a metallic element
(e.g. Ca, Ba, Mg), and x can range from 1 to 3 depending on the particular metal involved. The
calcium and magnesium phenates are preferred for use in the three-component system of the
present invention.

The materials are generally prepared by carrying out the reaction in a low viscosity
mineral oil at temperamrés ranging up to 260 °C depending on the reactivity of the metallic base.
The alkylphenol intermediates can be prepared by alkylating phenol with olefins, chlorinated
paraffins, or alcohols using catalysts such as H,SO, and A1C1,, with the latter being employed
with the chlorinated paraffin in a typical Friedel-Crafts type of alkylation.

By use of an excess of the metal base over the theoretical amounts required to form the

normal phenates, it is possible to form the so-called basic phenates. Basic alkaline-earth
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[err] and phenate sulfide has the formul a: [err] _ wherein R
~is an alkyl group preferably of eight or nore carbon atons, Mis a netallic
elenment (e.g. Ca, Ba, My), and x can range from1l to 3 depending on the
particular nmetal involved. The calciumand nagnesium phenates are _
preferred for use in the three-conponent systemof the present invention.
The mat eplienhtss containiog ewahid three dinwes ¢t stojichiometyit qoanity of hetal lesve bedirepsited | ow
viscosity mneral oil at tenperatures ranging up to 260 [err]C depending
on the rigaké patértYitehuiche metallic base. The al kyl phenol intermediates can
be prepared by al kylating phenol with olefins, chlorinated paraffins, or

al'cohol s usi r‘ﬂnéﬁa&ﬁgﬁﬁﬁ&t?ﬁ&{ﬂﬂg&é Fﬁlrkﬁllirﬁga?ﬁlrn]letﬁa) e tﬁﬁkgfdy%?%’cl‘g}aﬁo&,'%ﬁe

| atter being enpl oy W orinated para :c ar o
Friedel -Crafts.t of al kyl atj on. . By use o eXcess e metal
base ovelpc?rﬁgraflﬁ%gf usgipseéﬁtgﬁfmsg materials oy ‘¥?§ af‘ﬁﬁqﬂ‘f’?%&am?ﬁﬁ%f ﬂlﬁﬁ’é‘ﬁﬁlt es, it
Is possible to formthe so-called basic dphenat es. Basic al kaline-earth

15 free phenates. Basic phenates can also be prepared from the phenol sulfides. This imparts the

benefits of acid neutralization capacity to the phenol sulfides. |

Overbased alkaline-earth metal phenates have been casually defined by the amount of
total basicity contained in the product. It has become popular to label a detergent by its TBN
(total base number), i.e. a 300 TBN synthetic sulfonate. Base number is defined in terms of the
equivalent amount of potassium hydroxide contained in the material. A 300 TBN calcium
sulfonate contains base equivalent to 300 milligrams of potassium hydroxide per gram or, more
simply, 300 mg KOH/g. Two factors limit the degree of overBasing: oil solubility and
filterability.

The alkaline-earth metal phenates useful in the present invention should have TBN’s of
from about 40 to 350 with 100-250 being more preferred and 120-200 being most preferred.
Representative of the commercially available high TBN phenates which are useful in the present
invention include: Oloa™ 2168 (5.25% calcium, 3.4% sulfur, 145 TBN); Oloa™ 218A (5.25%
calcium, 2.4% sulfur, 147 TBN); Oloa™ 219 (9.25% calcium, 3.3% sulfur, 250 TBN); and
Oloa™ 247E (12.5% calcium, 2.4% sulfur, 320 TBN). All of these calcium phenates are
available from the Chevron Chemical Company, Oronite Additives Division, Richmond, CA.

Other representative commercially available calcium phenates include Lubrizol™ 6499 (9.2%
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phenates containing two and three tinmes the stoichionetric quantity of
~metal have been reported in the patent literature. Si nce an

i mportant function of the alkaline-earth nmetal phenate is acid
neutralization, the incorporation of excess base into these materials

pr ovi deia@ di stinct advanta&s9 over the nmetal - free phenates. Basic

phenat e S2CHIR, 20 B Frlrrol NS SPR EndYo calgium, 2ea% sulfiirs2007FAN);end he
benefits of acid neut raI i zation capacity to the phenol sulfides.

Over bas ddiber®EY 650- @8% talcinnal.3Yisalfat, ¢30 TBNY. Aderf teas piadnhtes defavaigbidy t he
amount of total basicity contained in the product. It has beconme popul ar

t o | abelfrom thellbgiesliCopporhtich oFMNckliff) OH. PBNS My hedetermined usﬁigm%?\'

synt hetic sul fonate. Base nunber is defined in‘terns of the ~“equival ent
amount @kggpot assi um hydroxi de contained in the material. A 300 TBN cal ci um
sul fonate contains base equivalent to 300 mlligrans of potassium hydroxide

per gram or, re ctors ljmt, the degree of
over basi ng: (ﬁq&' %ﬂﬁ'ﬁ% %@mr%lmgé‘/}%lup% The present inygRtiog fpl) ey theear t h
nmet al phenates useful in the present invention should have TBN s of from
about 4@RFalPIs of additives known #rdetrgeants; e pherfatesiacamatinterchingedide pithiogherost
preferred. Representative of the commercially available high TBN phenates

whi ch adetergeatsyi.e. isulfddates sewe détergenty hadingthe isitaé THH, nﬂl&ﬁlaﬁ%igh?lrﬁé&l(&m%%
calcium 3.4% sul fur, 145 TBN); O oa| err] 218A (5. 25% cal Ci um 2.4%

sul fur, ajdthe TR mlﬁa@@bﬁd&l&} d@ﬂ:l%n( %ﬁ gn%%ﬁﬁ)tﬁ%: e's'ér%t !ﬁ%gtlt;ll-lBN) and

a oa[err] 247E (12.5% cal ctum 2. 4% su ese cal cium

IR R e e e M agﬁﬂvﬁﬁm' e,

ava| | abl (iglLCI utm phenat es i ncl ude Lubri zol Lerr] 6499 2%
should be within a certain ratio. The quantity of molybdenum should be about 0.0025 to 1.0

parts by weight for each part by weight of the diarylamine in the lubricating oil composition.
Preferably, this ratio will be from abou_t'0.00S to 0.5 parts of the molybdenum from the
molybdenum compound per part of the diarylamine and more preferably about 0.005 to 0.25
parts of the molybdenum from the molybdenum compound per part of the diarylamine. The total
quantity of molybdenum from the molybdenum compound and diarylamine can be provided by
one or more than one molybdenum or diarylamine compound. The weight ratio of the
molybdenum from the molybdenum compound to the alkaline-earth metal phenate will typically
be about 0.00125 to 0.5 parts of molybdenum per part of alkaline-earth metal phenate with
0.00125 to 0.25 being more preferred and 0.00125 to 0.125 being most preferred.

The composition of the lubricant oil can vary significantly based on the customer and

specific application. The oil may contain, in addition to the three-component system according to
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calcium 3.25%sul fur, 250 TBN); Lubrizol[err] 6500 (7.2% calcium 2.6%
sul fur, 200 TBN); and Lubrizol[err] 6501 (6.8%calcium 2.3%sulfur, 190
TBN). Al of these phenates are available fromthe Lubrizol Corporation of
Wckliffe, OH TBN s nmay be determ ned using ASTM D 2896.

Al t hough the al kaline-earth netal phenates useful in the present invention
fal |l i ntthe inventiogen detedgentlinlibitarfadditive package dadawiscasitydader igmadver. In@nplagnat es
are not interchangeable with other detergents, i.e. sulfonates, as two

det er genhslubtivinngil igwfonnulated BN wiidH i 6othdsedVBf Btveer Bt dtld 95akdight pRREnt (9R.
li ke, wll have widely different performance characteristics ifn the present

' ti : : : ' f | i N.. .atJd t
the. quant) 2 tape oo BHRERE wiecody Qo' ot 181w B o AAEARAC e infl ©
tit f d I 0. 0025 to 1.0 t i ght f
dach pasPREyeergien i £ abut atrCH slens nveitae tites pesoR SIAEERBAEPE: on.
Preferably, this ratio wll be fromabout 0.005 to 0.5 parts of the

nol ybde R @dloovh Yarf angddijipend additivepaskaged per part of the diaryl anine and
nore preferably about 0.005 to 0.25 parts of the nol ybdenum fromthe

mol ybdenum c dip detergepiinhibitot additive ipackdgamyy awrlude dispérearits)idedergefitdpzing t y of
nol ybdenum from t he nol ybdenum conpound and di aryl am ne can be provi ded by

one or iydrdcafy] GRopHIYHAESNZIDDPY, addifibnd! ARfAEIARTPR Phint dFesiitght ratio

g
of the nolybdenum fromthe nol ybéenum conmpound t o thg al kal rne-earth netal

Dart or cafried Bisaks ot BEABA onld RS AR RpBieBBhl oS RlBHRE o e

preferred ang,0.00125 to- 0.125 Pei .host preferred. The
conposi ti on dfedisBeTsants 3t appmetaliic additives containipg nitregen o Pxyasn #alap groupe
custoner and specific application. The oil may contain, in addition to the
t hr ee- c 8Hpehad tn a high male weighhlyydrerarbon chain. The hydrocarbon chain provides
solubility in the hydrocarbon base stocks. The dispersant functions to keep oil degradation
products suspended in the-oil. Examples of commonly used dispersants include copolymers
such as polymethacrylates and styrene-maleic ester copolymers, substituted succinimides,
polyamine succinimides, polyhydroxy succinic esters, substituted Mannich bases, and substituted
triazoles. Generally, the dispersant is present in the finished oil between 0 and 10 wt. %.
The detergents are metallic additives containing charged polar groups, such as sulfonates
or carboxylates, with aliphatic, cycloaliphatic, or alkylaromatic chains, and several metal ions.
The detergents function by lifting deposits from the various surfaces of the engine. Examples of

commonly used detergents include neutral and overbased alkali and alkaline earth metal

sulfonates, overbased alkaline earth salicylates, phosphonates, thiopyrophosphonates, and
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17 the invention, a detergent/inhibitor additive package and a
"viscosity index inprover. In general, the lubricant oil is a formulated
oil which is conposed of between 75 and 95 wei ght percent (wt. 9% of a
base oil of lubricating viscosity, between 0 and 10 wt. % of a polyneric
viscosity index inprover, between 0.3 and about 5.0 wt. % of the inventive
three part system and between about 5 and 15 wt. % of an additi onal

addi t i vethienhiosphonates. Generallyhwheheused,ghadetérgénitsire presam it this fimishad &id erwesy

i ncl ude di spersants, detergents, zinc dihydrocarbyl dithiophosphates
(ZDDP) , atsbait 0.5@ndl5.0aw 2xi dants, pour point depressants, corrosion

i nhibitors, rust inhibitors, foaminhibitors and supplenental friction

nmodifiers.  The ZDDFE?:&E@ RS SdMmtorly eggﬂﬁ&ghﬁiﬁ%&g{g%‘%ﬁ%?f@gﬁ%g N9

nitrogen or oxygen polar groups attac

hydr ocar hai.n. <The. hydrocar bo hain .prqvides solubility in the

hydr oc arg%%e %g@gvesstf% ?’ﬁﬁ%acg?% r{Pet?ltfH&quﬂ 20"{"03 PE%’S“‘S‘?‘%‘/’ agu¥F adat i on
products suspended in the qil. Exanples of conmmonly used dispersants

i ncl ude eQIRAUPdavhich itself fs deformer pnd thiys projactsitheoriginal sngine mufacel @tberest er
copol yners, substituted succinimdes, polyam ne succinimdes, polyhydroxy

succi ni cexagtplesof astidwear additives ivielude aicrésabphsphat didaupgtphbsphat, sulfurizéd! es.
Generally, the dispersant is present in the finished oil between 0 and 10

WE. %  terpenes andR@ififieq TAE N The ZDDIMAiPfuhétfons 8 dn¥iBRid Dgﬁhgtiz{g?,l tggzb@ﬁd

pol ar groups, such as sulfonates or carboxylates, wt _
et er gont SRy dn e ichiy Bl BORef afCHED 23 3 34”165 offeeBle s of e
e AR Fonestoa t Waug lower fevels of ZOBP: Phospliorus free olls contaia no ZDDP. - C"
Additional antioxidants, other than the diarylamine, may be used. The amount of
supplemental antioxidant will vary depending on the oxidative stability of the base stock.
Typical treat ievels in finished oils can vary from 0 to 2.5 wt %. The supplementary antioxidants
that are generally used include hindered phenols, hindered bisphenols, sulfurized phenols,
sulfurized olefins, alkyl sulfides and polysulfides, dialkyl dithiocarbamates, and phenothiazines.
The inclusion of molybdenum compounds with diphenylamines and alkaline-earth metal
phenates generally removes the need for these supplementary antioxidants. However, a
supplementary antioxidant may be included in oils that are less oxidatively stable or in oils that
are subjected to unusually severe conditions.
The base oil according to the present invention may be selected from any of the synthetic
or natural oils or mixtures thereof. These oils are typical crankcase lubrication oils for spark-

ignited and compression-ignited internal combustion engines, for example NG engines,
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sul fonat es, overbased al kaline earth salicylates, phosphonates,

"t hi opyr ophosphonat es, and

18 t hi ophosphonat es. CGenerally, when used, the detergents are
present in the finished oil between about 0.5 and 5.0 wt. % The
ZDDP's are the nost commonly used antiwear additives in formul ated

| ubricants. ,These additives function by reacting with the netal surface to
forma r‘i‘&f}&“&"&# &E‘gt’g ngines, manng, And raitreed diesel ensines s The sathasis basepilshus
protects the original engine surface. Qther exanples of anti-wear

addi t i varcludecalkyd estessiof dicashoxyhie agidn pelysiycolsand dlcabiolss piipatphasléfings | zed
terpenes and sul furized fats. The ZDDP al so functions as an anti oxi dant.
Gener al liggludihg palgitenes salkyl esehes, arghie eftersiof plesiplric ARk RADoRRNitbndoikd and
1.5w. % It is desirable from environmental concerns to have | ower

level s ofanghl¥dse GHICROANEE thieldl Bfbriehtich iR @lﬁ‘éﬂh&pva;ﬁgg%fly alo ttzlierirlf) é&g@é %&.fu?&?l

anti oxi dants, other than the diarylam ne, may "be

I LOX| | endi ng on the.oxidative stabili, of
b b &t s 1 Wb} R e Phoatrinl @ o IR OF kR Rare i daniienits Thedptnib” s 0
2.5 W % .The.s | enentary antioxjdants that are generall sed i ncl ude
hi nder emwﬁa&aggeﬁfm Pgag%ﬁt §1§|He)élbm§ 15 &84 and preferably %btmt 25 toyabglltfldrqlsi et -

ol efins, alkyl sulfides and pol ysul fides, dialkyl dithiocarbamtes, and
phenot hil@@i®Ges. The inclusion of nol ybdenum conpounds with di phenyl ani nes
and al kaline-earth netal phenates generally renoves the need for these

suppl ement ar Tha hibricatingasil ompIgiBNSS1 this inveRtidd @AABE hlY b RAdiRx idant may be
included in oils that are | ess oxidatively stable or in oils that

molybdenum compound, the alkaline-earth metal phenate and the diarylamine to an oil of

lubricating viscosity. The method or order of component addition is not critical. Alternatively,
the combination of molybdenum, alkaline-earth metal phenate and diarylamine can be added to
theoilasa concentrate-.

The lubricating oil concentrate will comprise a solvent and from about 2.5 to 90 wt. %
and preferably 5 to 75 wt. % of the combination of the molybdenum compound, the alkaline-
earth metal phenate and diarylamine of this invention. Preferably the concentrate comprises at
least 25 wt. % of the three-component system and most preferably at least 50 wt. %. The
solvent for the concentrate may be a mineral or synthetic oil or a hydrocarbon solvent. The ratio
of molybdenum to amine in the concentrate composition is from about 0.0025 to 1 part of
molybdenum from the molybdenum compound per part of diarylamine and preferably from
about 0.005 to 0.5, more preferably 0.005 to 0.25, parts of molybdenum for each part of the

diarylamine by weight. The ratio of molybdenum to alkaline-earth metal phenate in the
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areé subjected to unusually severe conditions. The base oil
--according to the present invention nay be selected fromany of the
"synthetic or natural oils or mxtures thereof. These oils are typical
crankcase lubrication oils for spark- ignited and conpression-ignited
I nternal conbustion engines, for exanple NG engines, :
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concenﬁ%%ﬂﬁ?béx@or@@ Grobd I lsit @0@1'2:3%% abcﬁil?().'s NfeolyBHaHurh Fdnk %%‘ﬁ%ﬁl‘%ﬂ“g

engi nes. The synthetic base oi I ncl ude al kyl eSters of dicar

aci ds, | I n QQhﬁ | v-a] pha-ol efins, including
poIybutgﬁ%%?méﬁ%§%mggﬁ§g%§§, or&%ﬁ?@*ﬁ%#%rs of phosphoric acids, and
polysilicone _oils. Natural base oils jnclude mneral |ubrication oils

whi ch may var'@‘ew et 9ura§ert°8rq%iwen€%laaféegeaa 'addigivg indusey et AR FesEACty hey
are paraffinic, naphthenic, or mxed paraffinic-naphthenic. The base oi

t ypi cal lapdlonlimit, the sisoef degtainfadditivest in Zorulateddsankcase®ils.SThesr drepdsdiheluddh y about
2.5 to about 11 cSt at 100[err]C The lubricating oil conpositions

of thi s mhdWeasidvwit picsphbias Bvele ibthe dildinfifiovedduel RBOnoAGS M MER BRSO Engihd1e
al kal i ne-earth netal phenate and the diarylamne to an oil of [|ubricating

VI SCOSI teyyiy CLARA cfinad A8Y sl ﬁ%ﬂ'ﬁégﬂ/%g%rté}ﬂﬂ" Lfstcg toRidaht adﬁftiv%é lno

Alternatively, the co nat 1’'on of enum “a I ne-earth nmetal phenate

and di aryl am pe can be added t t.he oil . .as concentrate. The
[ ubr | cadfTE5® BReetE Ao URE g oY pesin gridationand dtesthTounlion: TH about 2.5 to
90 wt. % and preferably 5 to 75 wt. % of the conbination of the nolybdenum
c onpounduolybdenpmidiarylamine/aliealinp-enrth metabphenate based @dditive pixusedisclosed hergin
i nvention. Preferably the concentrate conprises at

provides a solution to this need. Furthermore, there is concern that phosphorus from the

lubricant tends to poison the catalyst used in catalytic converters, thereby preventing the catalytic
converters from functioning to full effect. Also, active sulfur-containing antioxidants, including
active sulfur containing molybdenum éompounds are known to cause copper corrosion and are
not compatible with elastomer seals used in modern engines. This is generally %mown and has
been disclosed by T. Colclough in Atmospheric Oxidation and Antioxidants, Volume II, chapter
1, Lubrication il Oxidation and Stabilization, G. Scott, editor, 1993 Elsevier Science
Publishers.

The molybdenum compound in this invention is preferably substantially free of
phosphorus and is substantially free of reactive sulfur and it is particularly preferred to have the

molybdenum compound substantially free of sulfur whether active or otherwise.
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| east 25 wt % of the three-conponent system and nost preferably at |east 50
"W. % The solvent for the concentrate may be a mneral or synthetic oil
or a hydrocarbon solvent. The ratio of nolybdenumto amne in the
concentrate conposition is fromabout 0.0025 to | part of nolybdenumfrom
t he nol ybdenum conpound per part of diarylam ne and preferably from about
0.005 to 0.5, nore preferably 0.005 to 0.25, parts of nol ybdenum for each
part of the THe fullohviny examples Wi iDiNtratiV6f the triventi 48 ity RSRRFEHR properties

al kal i ne-earth netal phenate in the

20 mi [ §a“§f; : t. 0.

nol ybde hanudmm153 ?lg%ﬁfé% gédrar%ﬁ); gld enum ﬁ‘é@‘%ﬁ g un lgsg%s%%)kg;% e F ‘Qg%é g’? {lﬁseaﬁ)g g?%twghé{ al
phenat e There e a punber of r.ecent trends in the petrol eum
additivBaﬁtsnadltﬁisp[efcﬁn&aﬁ?tar%w?‘égt[wﬂ;??f ?&eﬁ'ﬂﬁ *&HICF‘F it, the use of certain
additiv in_farmul ated crankcase oils. These trends include a nove to

| ower pﬁwmﬂﬁé |l evels in the oil, inproved fuel econony, and nore severe
engi ne environnments. Such changes may show that certain currently used
ant i oxi dant %ddest the dwearcanpoment systegrarof ¢lii§ mvention in vanivus farais] thg oilb setdbith in
agai nst oxi dation and deposit formation. The

mol ybdemablé divedry brRpare@/ Bhqstbbifid SIS alBatreht patsensd eﬂ&&sﬂoiﬁﬂ%mﬁtsﬁ ket Ur e

di scl osed herein provides a solution to this need. Furthernore, ere is

concernyf &W‘-ﬁ’%@%ﬁ@&f mbiof Biis. e-biqglgrdiﬁ%tthrtoﬁ#g ékﬁcé%n%%{egm ‘twg B, cat al yst

used in catal) onverters, "thereby preventi Yl converters
ant i oxi BiRheSente: Frartiend Gits fdend 16 did 5 rokein dgemory Bec Abmbisaratkoils ar e
known to cause copper corrosion and are not conpatible with el astoner
seal s usegistad Qﬁgdgﬂnd of Fy¢el®5100M hydrocracked and Exge RM260N Inrddodnacked. The
molybdenum containing compound was an organomolybdenum complex of organic amide
marketed by the R.T. Vanderbilt Company, Inc. of Norwalk, CT under the tradename Molyvan™
855. This compound contains 8 percent by weight of molybdenum. Process oil without any
additives was used to make the test oil come up to 100%. The diphenylamine compound was a
styryloctyl diphenylamine obtained from Ethyl Corporation. The calcium sulfonate low TBN
had a TBN of 27.5 and was obtained from Ethyl Corporation. The calcium sulfonate high TBN
had a TBN of 300 and was obtained from Ethyl Corporation. The magnesium sulfonate had a
TBN of 400 and was obtained from Ethyl Corporation. The calcium phenate had a TBN of 250
and was obtained from the Lubrizol Corporation. The overbased sodium sulfonate had a TBN of

400 and was obtained from the Lubrizol Corporation. Copper naphthenate contained 8% copper

by weight and was obtained from the OM Group.
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been di scl osed by T. Colclough in Atnospheric Oxidation and Anti oxi dants,

-Volunme Il, chapter 1, Lubrication Gl
‘Scott, editor, 1993 El sevier
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mar keted by the R T. Vanderbilt Conpany, Inc. of Norwal k, CT under the

- tradenane Mol yvan[err] 855. This conpound contains 8 percent by wei ght of

" nol ybdenum Process oil without any additives was used to nake the test

oil come up to 100% The di phenyl am ne conpound was a styryl octyl

di phenyl am ne obtai ned from Et hyl Corporation. The cal ci um sul fonate | ow
TBN had a TBN of 27.5 and was obtained from Ethyl Corporation. The cal ci um
sul fonate hi %eTéNoﬂm&e%eﬁ%%lﬁﬁteégppéwﬁmiﬁ’e&ﬁéfiméa&m@% (PDSC

Cor poration. The magnesi um sul fonat'e had a TBN of 400 and was obtaine

ob ai ned® PrSRie Rt cRPion RS, TreFRCTHalEus s e Boapie MHERS o
Papht horle E5%88 % SPHERHBU SR dobrgyondHishy TiFeeria SSHRRS CHOTFHY b AR
[G(ra?lrj]p. Technical Paper Series, 801383 (October 20-23, 1980). Oil samples were tfezated with an iroﬁ

naphthenate catalyst (50 ppm Fe) and approximately 2 milligrams were analyzed in an open
aluminum hermetic pan. The DSC cell was pressurized with 400 psi of air containing
approximately 55 ppm NO, as an oxidation catalyst. The following heating sequence was used:
Ramp 20 °C/min to 120°C, Ramp 10 °C/min to 150 °C, Ramp 2.5 °C to 250 °C, Isothermal for 1
minute. During the temperature ramping sequence an exothermic release of heat is observed.
This exothermic release of heat marks the oxidation reaction. The temperature at which the
exothermic release of heat is observed is called the oxidation onset temperature and is a measure
of the oxidative stabiiity of the oil (i.e., the higher the oxidation onset temperature the greater the
oxidative stability of the oil). All o-ils were evaluated in triplicate or quadruplicate and the results

averaged. The results are set forth in Table 2.
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The test oils were then evaluated by pressurized differential scanning

~calorinmetry (PDSC)

to evaluate their oxidation stability. The PDSC

procedure used is described by J.A Wil ker and W Tsang in
"Characterization of Lubrication Gls by Differential Scanning

Cal orinetry", SAE Techni cal
treated Wt

Q| sanples were

approximately 2 n

The DSC cell was

55 ppm N(J err] as

used: Ramp 20 [

Ranp 2.5 [err]C t
tenperature ranp
This exothermc r
tenperature at whj
t he oxi dati on onsjet

stability of the

greater the oxid
triplicate or qua

forth in Table 2.
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[err] The onset tenperature results in Table 2 clearly show
-the advantage of the three- conponent system according to the invention
(Gls #8 and #10) in controlling oxidation in fully fornul ated passenger
car notor oils. Note that for test oils containing only one or two
conponents of the system there is an anal ogous three-conponent entry that
achi eves equTheadmeﬂtempﬁraﬂuﬁmaﬂtsrimi‘aBléSplehrlyashovﬁmuh&’@hﬁgé oPthelihrgéler onset
tenperatures, with | ess additives. For exanpl e, #8 can achi eve an

onset t &Ry Sﬂ-b?ﬁeﬂfacé’&&ng tCRERVeRbord @ifdH8 atfd# ) i E%nt&mlg &H(gtﬁﬂfﬁ Bﬂ&h O only

two conponent t he di phenyl am ne and the cal CI u enat

o ot ”?’H@“’Z?sw@gésfen%%%# 8k o PR HRFEP IR it el RIS of v

synergi st i c acti en, the npl ybdenum conmpound and the cal cium
phenat eSOMRpRENts 9% BYSt?"@ﬂ\sA‘PEgﬁ dsan analogans thrspreprapenent §utathat aghimyrerquiyalnt s

containing only one or two conponents with oils containing all
t hr ee- cohstermasults, iRuraghivaleatordhigheronset tegiperetugasswiths leacadditives. Fot exaapld, he
nol ybdenum conpound and the diarylanmne is seen in Ols #15 and #16 where

del et i oDil#B chdachibveray loasst mpém&e of DIB. Swsthesd 16 TIEH9 4t2TPSHitH SorfAe t han
20[err] C when conpared to O | #8.

only two components (the diphenylamine and the calcium phenate). Oil #10 which contains one

half the level of molybdenum of Oil #6 (no phenate) achieved almost the same onset temperature

as Oil #6. This is supportive of synergistic activity between the molybdenum compound and the

calcium phenate. This type of response is seen consistently when comparing oils containing only

one or two components with oils containing all three-components. Further evidence of

synergistic activity between the molybdenum compound and the diarylamine is s'een in Oils #15

- and #16 where deletion of the diarylamine drops the average onset temperature more than 20°C

when compared to Oil #8.

The oils were also evaluated using the Caterpillar Modified Micro-Oxidation Test
(CMOT). The CMOT is a commonly-used technique for evaluating the deposit forming
tendencies of a wide variety of passenger car and diesel lubricants as well as mineral and
synthetic basestocks. The test measures the oxidative stability and deposit forming tendencies of

lubricants under high temperature thin-film oxidation conditions. The ability to easily vary test
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The oils were al so eval uated using the Caterpillar Mdified Mcro-Oxidation
~Test (CMOT). The CMOT is a commonl y-used techni que for evaluating the
deposit formng tendencies of a wide variety of passenger car and diesel

| ubricants as well as mneral and synthetic basestocks. The test neasures
the oxidative stability and deposit form ng tendencies of |ubricants under
hi gh tenperature thin-fil moxidation conditions. The ability to easily vary
t est : 26

conditi . f Lhili.ty of. presenting.test results nmakes it a

val uabl g&fdétgtg‘graé%ﬁ}eodgg ﬁ’f’@? OfE%’Feélélﬁg gt rﬁsws&gakﬁ%‘rt?é{ﬂ‘a £ reseiFh toghforpr oduct s.
A thin-film,of oi({? is weighed and placed in a weighed indented | ow carbon
st eel s&fTPITERE $B1 é’P“?‘Pfﬁ@?‘g’é'ﬂa’}tﬁf uetest tube that is placed in a high
tenperature bath. Dry air is passed, at a specific rate, through the test
tube, over tAdhipHilmsefiopl ie weighed and pladediihe weizhed indasted lowt daebont stees le. At
specific tine intervals the carbon steel sanple holders are renoved from

t he hi gholderipeiciedris a tiatfube that mmeawwhigp{e&ﬁ;eﬁau&@bétﬁﬁwa@wpé%%% ng
e

oil, and oven dried. The sanple holders are 'weighed to determne’tl

ANOUN! Qs kgl Wed bk ot M g LY AEbr Uy UBL IO st
220[ er 1 T PHAOE R pteys e thon e saiRl holdRRLAR e DRe BEh RBEraBD and
180 m nlggtﬁ,sr'insed with solvent to remove any remaining oil, and oven dried. The sample holders are

weighed to determine the amount of deposit formed at the sampling interval. The method
requires sampling at a variety of time intervals and determining percent deposits at each time
interval. The CMOT tests were run using a temperature of 220°C, an air flow of 20 cc/min and
sampling times of 90, 120, 150 and 180 minutes.

The results of the CMOT are set forth in Table 3.
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in Tabl e 3.

Thé results of the CMOT are set forth

[err]
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The results presented in Table 3 clearly indicate that the three-conponent
~additive system according to the invention (Gls #8 and #10) provides
superior deposit control in the CMOI. At constant TBN and active detergent
| evel , the three-conponent additive conbination of the invention is nore
effective than phenate/di phenylamne (Qls #3, #13 and #14);

nol ybdenunt di phenyl am ne (O | #6) and phenat e/ nol ybdenum (G |s #15 and

#16) . EXAMPLE 2 Thi s experinment was conducted to eval uate the
t hr ee- conponethe residisipresentedintTabledf ciéaily indicuteihhi the tagaédMsdonant additive system

di phenyl am ne/ cal ci um phenate additive systemin the CMOT and the

Cat er pi | dcasrdirdytBehesiRgéntion (FinexsldddRTo} ﬁ&id@éuﬁ&%ridﬁp%%ﬁqn% CRIOAL Ead fo

hi gh speed, supercharged di esel engine operation, I n particular,

t he det 1S i - [ Dpr .ties.of diegel
crankcag"re u )rfll‘lgclgt%{;l %&ﬁ’?ﬂg&&%ﬁﬁ‘g‘%& uegémﬁiog%ﬁg‘?‘g{“{:"gﬁc’mﬁ‘é"rﬂ°’1§§§§rcharged
di esel engine to evalpyate ring stigcking, ring and cylinder wear and piston
deposi tsl?‘ge’ﬁoflé?m’f? gquettég}pq}emlﬁp enyiasias EQ‘M% 8#@#‘1#1}% engi ne

(excl udi nglagé’;st on_assenbly) was conpletely disassenbl ed, solvent cleaned,
measur edno nugKdiphenylaming (Qil#6) and phegatamolybdehum (Qiln# Ehad #ppci f i cat i ons.
A new piston, piston ring assenbly and cylinder liner were installed prior
to each test~ The engi ne crankcase was sol vent cleaned and worn or
defective parts were replaced. The test stand was equi pped with

appropr igkavmggessories for controlling speed, fuel, rate, and various
engi ne-operating conditions. A suitable systemfor superchargi ng the engine

the contr ol ol ARerBER b byl o Fel o forctomennee AR oyt pfbe: o1 o

total o dehton against a diphenylaraine/chlon pheaate sdditive system in the CMOT and the
Caterpillar 1M-PC engine. The IM-PC test method is designed to relate to high speed,
supercharged diesel engine operation, and, in particular, to the detergency characteristics and .
anti-wear properties of diesel crankcase lubricating oils. This test uses a single-cylinder
supercharged diesel engine to evaluate ring sticking, ring and cylinder wear and piston deposits.
Prior to each test run, the power section of the engine (excluding piston assembly) was
completely disassembled, solvent cleaned, measured, and rebuilt in strict accordance with
furnished specifications. A new piston, piston ring assembly and cylinder liner were installed
prior to each test. The engine crankcase was solvent cleaned and worn or defective parts were
replaced. The test stand was equipped with appropriate accessories for controlling speed, fuel,
rate, and various engine-operating conditions. A suitable system for supercharging the engine

with humidified and heated air was also provided. Test operation involves the control of the

supercharged, single-cylinder diesel test engine for a total of 120 hours at a fixed speed and fuel
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29 rate using the test oil as a lubricant. A one-hour engine
-break-in preceded each test. At the conclusion of the test, the piston,
rings, and cylinder |liner were exam ned. The degree of cylinder liner and
piston ring wear was noted and the anount and nature of piston deposits
present was al so recorded. Evaluation was also made to determne if any
rings we simlar toth escribed in Exanple 1, two
nat ur al éag%um%ﬁ\ﬁéesbpﬁ?a%gﬁ@pm & Apgshaur ‘i?lglé‘ﬁgF"ég -in pyeceded eachyigst. #°£E8he
consisted of a base oil blend with a standard additive package for HDD oil
excl udi nEPEHIPIoN 9fitkatpstathe Ristonpriegsasnd cylinderdingrvern examioed oThecdegree of To
prepare G| #17 the base oil had added to it 0.676 w 9% di phenyl am ne and
0. 756 wt cylirder linealand pistop hing ateer wis fotédldhd alssintdune thdnabdre OF piktostide | ami ne,
0.58 wt % cal ci um phenate and 0.167 W % of a sul fur and phosp orus free

Or ganonDpkshe Mdshlse FazbRIed OEvAl i vfas aI%h Hfade fd\iRkoRNaR i on
Qls #17band #18 can be fOU‘r,]d in Table 5. §=I'rﬂ\a&grtesul tgsli i%em%jnsa

the 1 M B&ﬁe‘?%ﬁﬁlf#t@‘{l& &e@&rigea rir‘ ﬁx:jn'ﬁ)lg "f‘%lwl nﬂg.lfal-lé%)engme oil can%-r and IM-PC

Testing

CMOT- Ti ne

1.8 prepared. Oils M'Pand #Q'l 8 consisted of a bzsqoﬂ blend with a standard addltlye package for
150 1.7 180

16. 5 HDD oil excluding anygdxphenylanune, phein@€ and molybdenum compound00. 3

156. 6 Deposit Rating * = Invention

To prepare Oil #17 the base oil had added to it 0.676 wt % diphenylamine and 0.756 wt
% of calcium phenate. Oil #18 contained 0.61 wt % diphenylamine, 0.58 wt % calcium phenate
and 0.167 wt % of a sulfur and phosphorus-free organomolybdenum complex of organic amide
(Molyvan™ 855). Details on Oils #17 and #18 can be found in Table 5. The results from the
CMOT and the IM-PC testing are set forth in Table 4. .

Table 4 CMOT and 1M-PC Testing

Test Oil #17 Oil #18*
CMOT- Time
Minutes
90 2.1 1.8
120 2.1 1.7
150 2.9 1.7
180 16.5 2.0
1M-PC 300.3 156.6
Deposit Rating
= Invention
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30° As seen in Table 4, G| #17 shows a very high |evel of
~deposit formation in the CMOT at the 180 mnute sanpling period. In

contrast Ol #18, in accordance with the invention, shows excellent CMOT
results at the 180 mi nute sanpling period. The passing limt for deposits
in the 1MPCis 240 Weighted Total Deposits (WD) maxi num Thus, Q| #17

is a failingAsistenifiTable 400kl #178hbws 2. GevePSTSdePSkitHotmatiohl 'ﬁﬂ@@@{gmnt
al so evidences that the CMOT, at the eE%E%Igﬁm nuteegarlrpl i n%; pelri od, has

strong [F=% : : O |s.a goo bench

t est fo(rﬁqb{{lgg Igl?lg%:g%r%@cl)ﬁ réxge{ﬂ) %g&%ﬁ%cﬂln& f%lnm%;éoﬁa%]ﬁg%“tv&t n, gl’°"\‘:$XANPLE
3 hi ri men conducted. to further characterize the

i nvent i Séceﬁﬁ?tg%bﬁ%%% ﬁ{m\é\gg%fnﬂ’?‘g%“ﬂ?giﬁﬁﬁ@ Zﬁﬁeﬁswdmtw depesits dn the
outside the scope of the present invention using the |IMPCtest. Table 5
sets forl%PQH%Z‘gb%lﬂbteﬂiW&ePQﬂisiw maximym 8 Thuss Oil7ds a failing oil Ehilepl e 2,

and QO ls #19 and #20 used in this Exanple. Table 5 Test Q|
Conposi QS i§ stiByng\ikisiing 9il. Thifexyreeinent also evidenceSithat #e/CMOT, at thei1 B0 #18*
Q| #19* al #20 Di spersants 3.57 3.76
3.76  minute sampling phridd hadRtdHa@Bhtlation to the IM-BE d th -
0. 89 pling peidd) hat Qg @6 blation to the IM-FE, tEgand thus the CMOTiga good
0.7 0] . i QXI . 0. 45
0. 45 bench test for tlbe Qfgacuﬁ?%fxdgﬁés%afﬁ%ﬁanon in the ,l&-ﬁé Qest.

EXAMPLE 3

This experiment was conducted to further characterize the inventive three-component
additive package against additive packages outside the scope of the present invention using the
IM-PC test. Table 5 sets forth the composition of Oils #17 and #18 that were used in Example 2,

and Oils #19 and #20 used in this Example.

Table § Test Oil Compositions (% By Weight)

Component Oil #17 Oil #18* Oil #19* Oil #20
Dispersants 3.57 3.76 3.76 4.18
Detergent 0.743 0.89 0.89 1.06
Antiwear 0.588 0.7 0.7 0.65
Antioxidants 0.336 0.45 0.45 0.42

(excluding
diarylamine)

Demulsifier, 0.341 0.343 0.39 0.31
silicone, antirust,
diluent
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diérylanine) Denul sifier, 0. 341 0. 343 0. 39
. 0.31 silicone, antirust, dil uent

S 31 VI | nprover/ PPD 11.0 9.1 9.1
7.79 Base Q| 81. 99 83.4 83.4
84.5 Cal ci um Phenat e 0. 756 0. 58 0. 58
0. 44 D g5y 6 —6t o563
0. 65 Moj ygglg%%%&mp I yocltlz.;oat g 91 9.1 --- 178
0.12 BaRIoivan[ err | 8581.99 83.4 U. 16§33 = I nventigys
The 1IMPC test as described in Exanple 2 was| used to te Qls #17-20.f The
resul t s| GaleiunpPhesatat ¢d i A.7%abl e|6. VMl e 6 1M58>C Test ResQifi4 s
1M PC - - O—H1L D—+#18 % #10 O #2
Test PafDifstlamine Toﬂzzfoové Fi | 0610 “@61 0,65
56 3 D 300" 156767
239 Molybdenuﬁzl 5| Ring SidejC earance Loss, mm 0. 013 0
0 Molyocténoate -- Pas$/ Fai | - 0F2i | -Rass
Pass Eail 1 = Invention The data in Tdhle 6 clearl
suppor t MOWM##W&ﬁ e three-co Tpone9n.16'bdd|t ve system (Qils #18 and |#19)
as bei ng— efH-fetttve—+r—+e crc.lng +Hhe—eatrount—of uch:lL forratt+or O |
#18 was a}llg L@f}al uated in the Cumnmins 8.3L Natural Gas Engine. The Cunmins

Nat ural Gas Engi ne

The 1M-PC test as described in Example 2 was used to test Oils #17-20. The results are

presented in Table 6.
Table 6 1IM-PC Test Results
IM-PC Oil #17 Qil #18 * Oil #19 * Oil #20
Test Parameter :
Top Groove Fill, % 60 35 56 13
WID 300.3 1566 239 272.5
Ring Side Clearance Loss, mm | 0.013 0 0 0
Pass/Fail Fail Pass Pass Fail

* = Invention

The data in Table 6 clearly support the innovative three-component additive system (Oils
#18 and #19) as being highly effective in reducing the amount of deposit formation. Oil #18 was
also evaluated in the Cummins 8.3L Natural Gas Engine. The Cummins Natural Gas Engine
Test utilizes a turbocharged, in-line 6 cylinder, overhead valve configuration with 8.3L

displacement. This design is representative of many modern NG engines. The engine features
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Test-utilizes a turbocharged, in-line 6 cylinder, overhead val ve
.configuration with 8. 3L displacenent. This design is representative of
‘many nmodem NG engi nes. The engi ne features

32 el ectronic control of air/fuel ratio and spark tining This test

I s desi to ev erfor BNGE lR.terns ,of t e viscosity
mcreasge g‘&“‘&%’{‘%ﬂ&ﬂ” eléﬂﬁ’%‘gls Gy sﬁeﬁtlﬁdesl\%egﬁé) \}alua ter set up
of the engine, the engi ne was operat ed for a total of 20 hours at 110% of
rated f URSFiOFgance mterps af tamwe%rrrwswmﬁmwdmt%@fl& yaleedepopitingy

accel erate wear and deposit formation). The oil's performance was

det er m 4G ebgindi Afsseetp pfit)e ehging thyi enging mas oparatsd faragotahef 200 owrsand Pest on,
ring and val ve deposits. Details of this test and reported ranges of

accept ahdfeated filehgEaTSthplat 2400aBY (Caritiitions delilrrdtely Beledted DALcIRameweaBdml’0. The
results of this test and reported accept abl e ranges are found in Table 7.

Tabl Z 1; deposxm%ﬁg'\l?baéx?g p Avg d-E%gﬁpuBl glcsgss%glrm %g Fg%ﬁg Bay anet er
fn OCB%E el a9 g Weanwye dgpnets V%Beta@{%% L

6. 67 Not A Good Discrimnator Average Liner \ear, nicroneters
2.49 of acceptable performancg (i repagted)£ge b foyndin AR P@g@SM Tlﬁgesults of this
7.7 Not Reported Average Second Piston R ng War, ng
38.2 test and reportedadceptable ringes aréfnd GoTatde¥.i ng Rod Bearing W. Loss, ng
1.8 4-17 Unwei ghted Piston Deposit Rating, denerit
89.6 70-120 Avg. Intake/ Exhaust Val ve Deposit Rating,
9.3 8.4-9.7 Depending on Valve denerit
Stem Seapsue v , ltiihe MR GRAERGhOResc ™ CTOTEICTS 60 5- 350
Stem Seals__\i anclf\/ lncrease KV at 100l err]lC 7_26%
About 4% | ncr ease TﬁéBaGWetﬁb at EOT, pgpmOil#18 Acceptable Range 3
g_ g &e ﬁg‘. Tl appet yar (HEight), micrometers 6.88 BEU 4-8 fossilbl o
Heat ExdHAvE- Tappet Weight Loss, grams -0.025 Usually negative
Avg. Ball Socket Wear, micrometers- 6.67 Not A Good Discriminator
Average Liner Wear, micrometers 2.49 ! 1-2.6
Average Top Piston Ring Wear, mg 7.7 Not Reported
Average Second Piston Ring Wear, mg 38.2 Not Reported
Avg. Connecting Rod Bearing Wt. Loss, mg 1.8 : 4-17
Unweighted Piston Deposit Rating, demerit 89.6 70-120
Avg. Intake/Exhaust Valve Deposit Rating, 9.3 8.4-9.7 Depending on Valve
demerit Stem Seals
Avg. Exhaust Valve Recession, micrometers 60 5-350 Depending on Valve
Stem Seals
Viscosity Increase, KV at 100°C -7.26% About 4% Increase
Used Oil Pb at EOT, ppm 3 0-5
Used Oil Fe at EOT, ppm 10 8-9
Used Oil Cu at EOT, ppm 32 Possible Heat Exch.
Passivation
TBN Drop by D4739 1.55 Most Oils Dropped 3 Units
TAN Increase by D664-87 0.45 Most Oils Increased About 1
Unit
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Passivation TBN Drop by D4739 1.55

-Most G ls Dropped 3 Units TAN Increase by D664-87

0. 45 Most G |ls Increased About 1

Unit 33 As
denonstrated by this test the lubricating oils according to the invention
provi de very acceptable performance in the NG engine. Ol #18 was al so
evaluated in the L-38 test. The L-38 test is used for determ ning crankcase
| ubricating oil characteristics under high tenperature operation

condi tions. TAed&heHshaied by &lis €5t (RYRbH&kAE olladchiitng BUALMI A PrMde very
corrosive tendency, sludge and varni sh produci ng tendencies, and V|sc05|ty

st abi | i tayccemide m@rm@nmdthGtensmc il #18 was slsmgvaéua@gd infthick-38|testuThe ES8 ed,
spar k- | n e operated at e ee w. The engi ne
i s opera %edg %WJ?%?%@&%?I& gergfx 5”@5% t‘S;npfgl Gurs for
oi | sarrpdpefwmmdndm&lsvIlsh@faﬁa:hateﬁﬁ‘uci é\ﬁ%ﬁﬁte&%@th&%ﬂt&-oﬁﬁaﬁé@cﬂﬁ@swﬁeﬁdﬁﬁy al

copper-lead test bearing is weighed before and after the test to det er’mi ne

t he wei gihedge@nd vemshtp@o ingdendgrciespandayisoositytstatility| The emlmwdmﬂmtestm

forth in,ASTM.D 9 Ta ets..forth the r e

wie,  Tisg Cyindes gl P Taiof blgh bl e oo ad 1P, The
for Ol ¢hhtheis operﬁkdl @N@QO kpxﬁ‘f&ﬂo HB§ aTheest Whitaiped b@s$ 10 hours for oil sampling

15.6 ny mgs Max. New O | Viscosity

14. 09 amdgb@glmqsltxpf ﬂ@s&mgmples is determined. A special copper-leagl togt beanng is weighed
St ay 0
St ay @fcg I g.nd after the test tgg

)

“mne the weight loss due to corrosion. Detaﬂﬁ%u t;i L-38

Stay in groesdare are set forth uAQsTMLn 5119. Table 8 sets forth the results of the 12315&1 Qil #18.
Stay i n G ade Pass/ Fai | Pass

This testing procedure also denpbnstrates that a lubricating oil containing
the i ”Vei‘éth% L-38 Testing

Test Parameter Value for Oil #18 Allowed Limits
Bearing Weight Loss 15.6 mg . 40 mgs Max.
New Qil Viscosity : 14.09
Viscosity at 10 hour 13.05 Stay in Grade
20 hour 12.70 Stay in Grade
30 hour 12.72 Stay in Grade
40 hour 12.62 _ Stay in Grade
Pass/Fail Pass

This testing procedure also demonstrates that a lubricating oil containing the inventive

three-component additive package provides outstanding properties to the lubricating oil.
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t hr'ee- conponent additive package provi des outstanding properties to the
“lubricating oil. 34

EXAMPLE 4 Four additional oils were prepared simlar to

t hose described in Table 5, except the |levels of non-diarylam ne

anti oxi dant, diarylam ne, cal cium phenate and nol ybdenum conpound were as

set forth in Table 9. Table 9 Conmponents in % By Wi ght Conponent
al #21 Ql #22 * Ql #23 Q| #24 * Cal ci um phenate

2.3 XAM 3 2.3 2.3 Non- di aryl am ne 0.8
0.8 E PL(];‘Z% 0 5 ant i oxi dant D aryl am ne 0.4

0.4 0.4 Mol yvanI err] 855

0. 167 Fonr additional ofs wege propared similqy irthessrdescribed in Tabl §sexcept 24

were subjected to the Panel Coker Test. The Panel Coker Test is a procedure
f or det ehedevels@f horediagiaheine yntixixidant, diarylathinencatoihh ghehatecaid esdlybdeaumr oduct s
when in contact with surfaces at el evated tenperatures. The test used a

Fal ex Pajpaipouadkiveg afeatiforipTadlds. The Fal ex apparatus is designed to
perform Federal Test Standard 791 B, Method 3462. The results for this

test are set forth in Table 10.

Table 9 Components in % By Weight

Component Qil #21 Oil #22 * Oil #23 Oil #24 *
Calcium phenate 23 23 23 23
Non-diarylamine 0.8 0.8 0.5 0.5
antioxidant
Diarylamine 1 0.4 0.4 . 0.4 0.4
Molyvan™ 855 - 0.167 - 0.167

= [nvention

Oils #21-24 were subjected to the Panel Coker Test. The Panel Coker Test is a procedure
for determining the tendency of oils to form solid decomposition products when in contact with
surfaces at elevated temperatures. The test used a Falex Panel Coking Test Apparatus. The Falex
apparatus is designed to perform Federal Test Standard 791 B, Method 3462. The results for this

test are set forth in Table 10.
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35 Tabl e 10 Panel Coker Test Par amet er al #21
Q| #22 * Ql #23 Q| #24* Panel Deposit (ng) 247

55 533 319 * = Invention The inventive Ols
#22 and #24 significantly outperfornmed the control O ls #21 and #23 which
were respectively identical except that the controls contained no

nol ybdenum conpound. This test al so supports the inventor's findings that
t he t hr dablolhoneRaneldCiiker Testpackage exhibits synergistic activity in

pr ot ectsd Fre ﬁ ettt g ol !. from-ther [[gl and._qaxi rla.t ive pnr.aria'r ion. From
the regul t sEBFABEET ¢ osili ngO#:ent dd BBHE2*i ¢ |i s QjliiIx appDik#4% hdt t he

I nventi | Ve [pack woutd—e—hEghty-Tteffegihzrve—tn—aspassenger car
not or (?Pﬁ?ae{)eﬁggsgﬁé)duty enggze oil] as well as |a NG éngi ng oi ?W EXAMPLE
5 * Alnveltioncat i on fornulation 1n accordance wth this rnvention, Ol
#18, was tested in the ASTM Sequence IIIE engine test. The IIIE test uses
a 231 D (3.8 liter) Buick V-6 engine which is operated on | eaded fuel at

hi gh speed ( . hiah o |t erature. o 4 er for
hL 9 5 Pecd {3188 HOR A B3 ol Bl o BIRSLAN L] ol BRI T
Toot 7 S8 respectively Sdeiea]l Ycoopt e controls contained o moly bdentm compoind, |

This test also supports the inventor’s findings that the three-component additive package

exhibits synergistic activity in protecting a lubricating oil from thermal and oxidative
degradation. From the results of all testing presented above, it is quite apparenf that the
inventive oil additive package would be highly effective in a passenger car motor oil, a heavy

duty engine oil as well as a NG engine oil.

EXAMPLE 5

A lubrication formulation in accordance with this invention, Oil #18, was tested in
the ASTM Sequence IIIE engine test. The IIIE test uses a 231 CID (3.8 liter) Buick V-6
engine which is operated on leaded fuel at high speed (3,000 rpm) and a very high oil
temperature of 149 °C for 64 hours. Thfs test is used to evaluaté an engine oil's ability to
minimize oxidation, thickening, sludge, varnish, deposits, and wear. This test provides
improved discrimination with respect to high temperature camshaft and lifter wear

protection and oil thickening control.
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i nproved discrimnation with respect to high tenperature canshaft and

‘lifter wear protection and oil thickening control. .

36 Table 11 Sequence |11 E Eval uation
Test Par anet er Ol #18 Acceptable Limts Hours
to 375% Vis. Increase 70.8 64 mn. Average

Sl udge Table 11 Sequenét HEE Evaluation 9.2 mn. Average
Var ni sh 8. 78 8.9 mn. Ring
Land Fafe Varni s’ﬁest Parameter Oib#1% Acceptable LimitsS njn. Cam
and Lif Yéarx AS 17.2 30 max Cam and
Lifter v@?a‘r‘“%??%ﬁﬁﬂcl‘l?ﬁ%m 33 708 646fEn- Pass/ Fhi |

Pass on gg FESUITS Presentyd T moighte—i—ctea '?? show t+hat] t he

nmol ybdepum di phenVyl ani ne/ phenat e conbi nati'on is|very e &¥ive at poth _
control | Amgrage/Vamishi ty and reducing engigmg wear EX§\kik © al
conposi pdens—according to the |nve on and confrol oils were also

eval uat e’&m&lﬁ“@ﬁ@"d@@%l |l ar 1P Test (§F1P The| 1P tes35mn:shaf 4 <t ool
si ngl e- S—& AO—BHeE-6—p-S-g0—\ orged stee
CI‘O\?\II’I a[n%é"gfdﬂm PRSP At THFFRRS o5 i s dzgvgned evgq{ﬁ‘éi‘e val ve| train
wear, pji Garftand Lifter Wedr, MOE mideas . peal | Ngg wear, [ 111 LeT gd fte—study .
pi ston |deposits and oi ‘| _consunptioh. This test |s designed to sinu ate hi gh
oper at i {Rgss/Fail Pass on Wear

The results presented in Table 11 clearly show that the
molybdenum/diphenylamine/phenate combination is very effective at both controlling

viscosity and reducing engine wear.

EXAMPLE 6

Oil compositions according to the invention and control oils were also evaluated
in the Caterpillar 1P Test (1P). The 1P test uses a single-cylinder test engine that has a
two-piece piston with forged steel crown and aluminum skirts. The test is designed to
evaluate valve train wear, piston ring and liner wear, bearing wear, filter life, sludge,
piston deposits and oil consumption. This test is designed to simulate high operating
temperatures and high levels of soot in the crankcase. Details on the Caterpillar 1P Test

can be found in SAE Technical Paper No. 981371 (May 1998). Three oils were

formulated as set forth in Table 12.
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* = Invention

teﬁperatures and high levels of soot in the crankcase. Details on the
- Caterpillar 1P Test can be found in SAE Techni cal Paper No. 981371 ( My
©1998). Three oils were fornulated as set forth in Table 12.
37 Tabl e 12 Test G| Conpositions (% By Wi ght)
al #25 al #26 al #27 Di spersants 9.6
9.6 Table 2 583 TefcDit Coatpiositions (% By Weight) 0. 66 1.06
0.659 Antiwear 1.45 1.45 1. 447
Suppl engntal ANTTOXT dants oli#s 0il 226 8| 0il#27 *0.]799
Siliconge/ Dl uent 0.59 0.59 0./591 VI
| nprove i)!?PD 15 615 S.-13 Base G ls
M ner al | Dispersants 56. 056 5965 9.58% 947
Pol y- al PiRtekgeats N ZZ°0.66 106 0.650- 993  Cal ci um
Phenat e — 2 3 2 12 296 __ Dilaryl am ne
0.4 Antiweg 5 0.399 | M4pbdepum 145l wan[ éﬂ] 955
L1671 VeTTTomn tswer e eval uat ed
in the SEP%leeIg?m%lﬁAan Oﬁle resul ts| are ‘set ]bOI‘th'I n_Tab WZ%Q
Silicone/Diluent 0.59 0.59 0.591
VI Improver/PPD 6.15 6.15 6.139
Base Oils
Mineral 56.05 55.55 55.957
Poly-alpha Olefin 22 22 21.963
Calcium Phenate 23 23 2.296
Diarylamine 0.4 0.5 0.399
Molybdenum
Molyvan™ 855 - - 0.167

The oils were evaluated in the 1P test and the results are set forth in Table 13.
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data support the presence of synergistic activity in the
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t hr'ee- conponent system according to this.invention. The inventors
-have identified a three-conponent additive package that addresses the

shortcomi ngs of the prior art |ubricant additive packages. The present

invention will be of substantial benefit to engi ne manufacturers,

| ubricating oil conpanies and the notoring public that is interested in

reduced | eveOils #15 gl #26twepeesaerdially identiati tocOif) #2ikexceptghat Oil #27 Al t hough t he

i nventi on has been described in connection with certain specific

enmbodi NgsHidined 0.187 percdACmbBBdérurh SRBAAM THisnaNGEEitidl of HrRdnélpbdenamar t t hat
vari ous changes can be made to suit specific requirenents wthout

28 parti Q&nﬂd’ugww &%}%Bﬁf@&?ﬁ%ﬁict oh ﬂfg ﬂeﬁﬁﬁ%&:@&hamcteristics of

the oil in the 1P test. Oil consumption and deposits were drastically reduced in the oil
according to this invention. These data support the presence of synergistic activity in the
three-component system according to this invention.

The inventors have identified a three-component additive package that addresses
the shortcomings of the prior art lubricant additive packages. The present invention will
be of substantial benefit to engine manufacturers, lubricating oil companies and the
motoring public that is interested in reduced levels of pollution and extended engine life.

Although the invention has been described in connection \ﬁth certain specific
embodiments, it will-be readily apparent to those skilled in the art that various changes
can be made to suit specific requirements without departing from the spirit and scope of

the invention.
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1. A lubricating cdrrposi tion conprising a major amount of [ubricating

oil, an oil- soluble nol ybdenum conpound substantially free of reactive
sul fur, an oil-soluble diarylamne and an al kaline-earth netal phenate.
2. The | ubricating conmposition according to claim1 wherein said

oi | -sol ubl e nol ybdenum conpound is selected fromthe group consisting of:
gl ycol nolybdate conplexes; overbased al kali nmetal and al kaline earth
met al sul f onaWVEAT BenanveED &8id  sal i cyl ate conpositions cont ai ni ng

nmol ybdenum nol ybdenum conpl exes prepared by reacting a fatty oil, a

di et hanol am ne and a nol ybdenum source; an organonol ybdenum conpl ex of
organi ¢ am de; nnlybdenun1containing conmpounds prepared fromfatty acids

and 2-(2-am noet hyl oet ha denum_caont ai ounds pr.epar ed
From 42 (o hyr oxybi ?ﬂgzmrﬁ% o PP PR A Pt RS P el
derived fromf 0|I a fatt ci d; nol ybdenum co Iexes p ared from
am nes, di am%?gébﬁg/ SdeANER: COMPRHA g@)s tilly fieof seagtysoy °2159|i % er oat om
substi t ut ed- nol ybdena 3- di oxacycl oal kanes; nol ybdenum car boxyl at es and

m xt ur es t herdigfylamine and3m alkalihe-eartinpoial pheorteof claim 1 wherein said

nol ybdenum conpound i s an or ganonol ybdenum conpl ex of organi c am de.
41

2. The lubricaﬁng composition according to claim 1 wherein said oil-soluble
molybdenum compound is selected from the group consisting of: glycol molybdate
complexes; overbased alkali metal and alkaline earth metal sulfonates, phenates and
salicylate compositions containing molybdenum; molybdenum complexes prepared by
reacting a fatty oil, a diethanolamine and a molybdenum source; an organomolybdenum
complex of organic amide; molybdenum containing compounds prepared from fatty acids
and 2-(2-aminoethyl)aminoethanol; molybdenum containing compounds -prepared from
[-(2-hydroxyethyl)-2-imidazoline substituted by a fatty residue derived from fatty oil o; a
fatty acid; molybdenum complexes prepared from amines, diamines, alkoxylated amines,
glycols and polyols; 2,4-heteroatom substituted-molybdena-3,3-dioxacycloalkanes;

molybdenum carboxylates and mixtures thereof.

3. The composition of claim 1 wherein said molybdenum compound is an

organomolybdenum complex of organic amide.

41
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4. The conposition of claim1l wherein said diarylamne is selected from
the group consisting of: octylstyryl alkylated dipl enyl am ne,

nonyl al kyl at ed di phenyl am nes, butyl octyl al kyl at ed di phenylam ne, C4 to
Cl2 al kyl.ated di phenyl amme and m xtures thereof. 5. The conposition
of claim1l wherein said diarylamne is an al kyl ated di phenyl am ne, wherein
at |l east one of said aryl groups is alkaryl having from4 to 30 carbon

at ons. 6. The conposition of claim1l wherein said phenate is cal cium
phenat e. 7. The conposition of claim1l wherein said nol ybdenum
conmpound i S presernThd compbsition afleddimall whereinosajaodiarylaoine is selectedrfomntths gfolipci ent
to provide fromb50 to 1000 ppm of nolybdenumto the |ubricating

conposi tion. condsting oF tRiysHYPAky1a@a difleriiahife, o lafedsiptdnplamindsam ne i s
present in an amount of from 1,000 tgj‘IZ‘g{lOOO pprﬁ‘ﬁm’k9 ;di;b he

L in an amou m 1, 0 _ _ -
o L o OtbuhiB el e UfphnyitafhePOR RFE2 hiky RleRSHen) im0t iRlreO {7 O

42 thereof.

5. The composition of claim 1 wherein said diarylamine is an alkylated

diphenylamine, wherein at least one of said aryl groups is alkaryl having from 4 to 30

carbon atoms.
6. The composition of claim 1 wherein said phenate is calcium phenate.
7.  The composition of claim 1 wherein said molybdenum compound is present in the

lubricating composition in an amount sufficient to provide from 50 to 1000 ppm of

molybdenum to the lubricating composition.

8. The composition of claim 1 wherein said diarylamine is present in an amount of

from 1,000 to 20,000 ppm.

9. The composition of claim | wherein said phenate is present in an amount of from

2,000 to 40,000 ppm.
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10. The conposition of claim2 wherein the aryl groups of said

‘diarylam ne are selected fromthe group consisting of phenyl, naphthyl,

al kphenyl wherein the alkyl portion has fromabout 4 to 18 carbon atons
and al knapht hyl wherein the al kyl portion has about 4 to 18 carbon atons;
and the amount of said diarylamne in the lubricating conposition is from
about 1,000 to 20,000 ppm. 11. The lubricating conposition according
to claim1 wherein said conposition is a natural gas engine crankcase

| ubricating oil. 12. The | ubricating conmposition according to claim1l
wher ei n sajgl com@&rﬁ;sdamohafaai_nh@am&edﬁwaﬂﬂgﬁﬁbs &f AKGABniHDRleCating oi l.
13. The lubricating conposition according to claiml wherein said

conposi ti o, S e : S i | ' 4
ot nod 1 or el B RIS Lonk S SRR obdibL siBh slein we ol
| ubricant which c ryses ingluding in said |ybricant; a) | ybdenum
conpound V\Pﬁrﬁlﬂnggsgg@ﬁb?‘&ﬁtwggf’?g?? “‘6?“3@&5?3 lﬁp@m&geﬂgfﬂé Bntration
of about 50 to 1000 parts per mllion of mplxbdenu_m_ b&l about 1,000 to
20, 000 parkas plaut 4itp |18 earbers atems;sind thepmaying of said diarylamine in the lubricating

A

composition is from about 1,000 to 20,000 ppm .

11.  The lubricating composition according to claim 1 wherein said composition is a

natural gas engine crankcase lubricating oil.

12.  The lubricating composition according to claim 1 wherein said composition is a

heavy duty diesel crankcase lubricating oil.

13.  The lubricating composition according to claim 1 wherein said composition is a

passenger car crankcase lubricating oil.

14. A method for improving the antioxidancy and friction properties of a lubricant
which comprises including in said lubricant: a) a molybdenum compound which is
substantially free of reactive sulfur at a concentration of about 50 to 1000 parts per

million of molybdenum; b) about 1,000 to 20,000 parts per million of an oil-soluble

_—
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di aryl am ne; and c) about 2,000 to 40,000 parts per mllion of an

‘al kal i ne-earth nmetal phenate. 15. The nmethod of claim 14 wherein said
nmol ybdenum conpound is an organonol ybdenum conpl ex of organic am de and

t he concentration of nolybdenum from said nol ybdenum conmpound is from
about 50 to 500 parts per mllion; the concentration of said diarylamne
Is fromabout 2,000 to 10,000 parts per mllion; and the concentration of

sai d phenatiarylamine) ahdd)abbutR, 6000 140,080 pateOpcp Aliflon RE hn BkhlineOarth metd6.  The
met hod of claim 14 wherein said nol ybdenum conpound is at a concentration

of 100 to 2Q&hRarts per mllion of nolybdenum 17. A lubricating oil
concentrate conprising a total of fromabout 2.5 to 90 parts by weight of
a) an oil-sol ubl e nol ybdenum conmpound which is substantially free of
reactive sulfur; b) an oil-soluble diarylamne; and c) an al kaline-earth
nmetal phenate, in a solvent, wherein the weid%ht rati o of, nol ybdenumto

di aryl ami nd> s figmethes of drimobiovhesein sgid mplybdepym compondis anf r om t he

nol ybdenum conpound for each part of diarylanm ne and the weight ratio of
nol ybdenumorganemoatybdeniuy sdmplermof orgenia auidecanditke ednketitiation efimotybdenuh
_phenate is about 0.00125 to 0.5.

from said molybdenum compound is from about 50 to 500 parts per million; the
concentration of said diarylamine is from about 2,000.to 10,000 parts per million; and the

concentration.of said phenate is from about 4,000 to 30,000 parts per million.

16.  The method of claim 14 wherein said molybdenum compound is at a

concentration of 100 to 200 parts per million of molybdenum.

17. A lubricating oil concentrate comprising a total of from about 2.5 to 90 parts by
weight of a) an oil-soluble molybdenum cc;mpound which is substahtially free of reactive
sulfur; b) an oil-soluble diarylamine; and c) an alkaline-earth metal phenate, in a solvent,
wherein the weight ratio of molybdenum to diarylamine is from abouf 0.0025 to 1.0 part
of molybdenum from the molybdenum compound for each part of diarylamine and the

weight ratio of molybdenum from the molybdenum compound to the alkaline-earth metal

phenate is about 0.00125 to 0.5. —_—

gy
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44 18. The concentrate of claim 17 wherein the solvent is a
'mneral oil, synthetic oil or a hydrocarbon solvent, and the weight ratio
of nol ybdenum fromthe nol ybdenum conpound to diarylamine is from about
0.005 to 0.5 part of nol ybdenum for each part of the diarylam ne and the
wei ght ratio of nolybdenum fromthe nol ybdenum conpound to al kaline-earth
nmetal phenate is about 0.00125 to 0.25. 19. The concentrate of claim

17 additi ol | YTHedBREitalbfalaimSIaShhe? R tHeNOPRAER  miBelaE 6l 89 niHeA8bil or a
di spersants, detergents, zinc dihydrocarbyl dithi ophosphat és, additi onal

t d t
o) ) Qoo BRSH aRERS ez&g&a;a SR o
A lub t I 1 | ubl d
Compound. SR t%aqg,;;,@gzg SRt 05 de frs par o el bl BF 5 B e e
and cal cium phenate. The | ubricating oil conposition of claim?20
wher ei n samwmﬂﬁ%%@hﬁuologﬁ@blbémmﬁpwm byleawp cempeprd fong of

a nol ybdenum anmi ne conpl ex, sul fur and phosphorus-free organonol ybdenum
conpl ex of alkal@rméarmanetalq;henatbmmmoommwﬂ)ﬁl ates and m xtures thereof.

19.  The concentrate of claim 17 additionally comprising at least one component
selected from: dispersants, detergents, zinc dihydrocarbyl dithiophosphates, additional
antioxidants, pour point depressants, corrosion inhibitors, rust inhibitors, foam inhibitors

and supplemental friction modifiers.

20. A lubricating oil composition prepared by mixing*an oil-soluble molybdenum
compound substantially free of reactive sulfur, an oil-soluble diarylamine and calcium

phenate.

21.  The lubricating oil composition of claim 20 wherein said molybdenum compound
is selected from the group consisting of a molybdenum amine complex, sulfur and
phosphorus-free organomolybdenum complex of organic amide, molybdenum

carboxylates and mixtures thereof.

22.  The lubricating oil composition of claim 20 wherein :
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22. The lubricating oil conposition of claim20 wherein:

45 a) sai d nol ybdenum conpound i s an organonol ybdenum
conpl ex- of organic am de and the concentration of nolybdenumis from about
50 to 1000 parts per mllion of the conposition; b) said
diarylamne is of the fornul a: [err] wherein Rerr] and Rerr]
each independently represent an aryl group havi ng from about 6 to 30
carbon atonms and_{ he co ntratlon t (?reo ' l)(,)Dr;rlaeabout <20, 000

parts per mlli off SHIFR 8’?%%?‘{’?% ?‘f’dorganomo aym complex 01 Por e | s
cal ci um phenat d the congentrat] t her 0 2, 0Q0.
40, 000 pgrt anglthq sogpentratiomaf molybfleoum ?‘i"E‘aﬁhPHbg% %g(gﬁi-r&fsﬂef m ion of

according to clai'm 20 wherein said conposition is a natural gas engi ne
crankcase | quomosmnol | . 24. The lubricating oil conposition
according to claim 20 wherein said conposition is a heavy duty diesel
crankcase | ubri cd) isaigd didrylamine is of the formula:

H

|
R— N—FR’

wherein R' and R? each independently represent an aryl group
having from about 6 to 30 carbon atoms and the concentration thereof is from about 1,000
to 20,000 parts per million of the composition; and

c) said phenate is calcium phenate and the concentration thereof is from about

2,000 to 40,000 parts per million.

23.  The lubricating oil composition according to claim 20 wherein said composition

is a natural gas engine crankcase lubricating oil.

24.  The lubricating oil composition according to claim 20 wherein said composition

is a heavy duty diesel crankcase lubricating oil.

25.  The lubricating oil composition according to claim 20 wherein said composition

is a passenger car crankcase lubricating oil.

Lk
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25. The lubricating oil conposition according to claim20 wherein said

‘conposition is a passenger car crankcase |ubricating oil.

46 26. A nmet hod for reducing deposits in an internal conbustion
engi ne, said nethod conprising the step of placing in the crankcase of

said engine a lubricating conposition according to claim 1.

27. A

nmet hod for reducing deposits in an internal conbustion engine, said nethod

CorPY | 10391, K bl 5 A8y o, S ARSGASErt gl

| ubricating oil conposition Ing t

CCep. of pl ety o SO e St ot ea e B BTt e bR

| ubricating conposition according to claim 1. 29. A et hod for

reduci ng weSFOTHELA cl8dr nal conbustion engine, said method

conprising the

step of placing in the crankcase of said internal conbustion engine a

27. A method for reducing deposits in an internal combustion engine, said method

comprising the step of placing in the crankcase of said engine a lubricating oil

composition according to claim 20.

28. A method for reducing wear in an internal combustion engine, said method

comprising the step of placing in the crankcase of said internal combustion engine a

lubricating composition according to claim 1.

29. A method for reducing wear in an internal combustion engine, said method

comprising the step of placing in the crankcase of said internal combustion engine a

lubricating oil composition according to claim 20.

30. A method for reducing the formation of varnish in an internal combustion engine,

said method comprising the steps of placing in the crankcase of said internal combustion

engine a lubricating composition according to claim 1.

I
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| ubricating oil conposition according to claim 20. 30. A met hod for
‘reducing the formation of varnish in an internal conbustion engine, said

met hod conprising the steps of placing in the crankcase of said internal

conbustion engine a lubricating conposition according to claim 1.

47 31. A nmethod for reducing the formation of varnish in an

i nternal conbustion engine, said nethod conprising the steps of placing in

the crankédse df metliod forneduding the dermation ofivarsislyinan internab comhustieg eggine,

conposi tion according to’claim20.
said method comprising the steps of placing in the crankcase of said internal combustion

engine a lubricating oil composition according to claim 20.
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ABSTRACT

LUBRICANTS CONTAINING MOLYBDENUM COMPOUNDS, PHENATES
C AND DIARYLAMINES

There is disclosed a lubricating oil composition which contains from abqut S0 to
1000, preferably 50 to 500 parts per million of molybdenum from a molybdenum
compound which is oil-soluble and substantially free of reactive sulfur, about 1,000 to
20,000, preferably 1, 000 to 10,000 parts per million of a diarylamipe and about 2,000 to
40,000 parts per million of a phenate. This combination of ingredients provides
improved oxidation control and improved deposit control to the lubricating oil. The

composition is particularly suited for use as a crankcase lubricant.

49



