LUBRI CATI NG O L COWPCSI TI ON BACKGROUND OF THE | NVENTION 1. Technical Field
[ 0001] The present invention generally relates to lubricating oi

conposi t iwaxefoas3seduci ng wear in engines. 2. Descripti @aTafS200005838 at ed
Art [0002] Autonobile spark ignition and di esel engi nes have valve train
systens including, for exanple, valves, canms and rocker arns, which present
speci al lubrication concetWBRICATISGEMr@OMROSITPONt ant that the | ubricant,
i.e., the engine oil, protects these parts fromwear. It is also inportant
for the engine oils to suppress the production of deposits in the engines.
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of hydrocarbon fuel's (e.g., gasoline and diesel fuel oil) and by the
deterioration of the engine oil enployed. [0003] Engine oils typically use

a mneral_oil.or_.a synthetic oil as a base oil. However, sinple base oils
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protectjpggn deposfie fREHt Ghver®bf - genb@UAYI feRibst @ RibeEAGTs bilt@nRbitieANIMSt i on

engi nes. Thus, base oils are fornulated with various additives, for
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det er gent L. B tal rcontaining detergents), antiwear agents,
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[ 0004] A nunber of such engine oil additives are_known and enpl oyed in
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effective'catalytic converters are needed to reduce pollution and to neet
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are installed in the exhaust streams, e.g., the exhaust ,
necessary wear protection, deposit control, etc., required to protect internal combustion

engines. Thus, base oils are formulated with various additives, for imparting auxiliary
functions, such as ashless dispersants, metallic detergents (i.e., metal-containing detergents),
antiwear agents, antioxidants (i.e., oxidation inhibitors), viscosity index improvers and the
like to give a formulated oil (i.e., a lubricating oil composition).

[0004] A number of such engine oil additives are known and employed in practice.
For example, zinc dialkyldithiophosphates are usually contained in the commercially
available internal composition engine oils, especially those used for automobiles, because of
their favorable characteristics as an antiwear agent and performance as an oxidation inhibitor.
[0005] However, a problem associated with the use of zinc dialkyldithiophosphate is
that their phosphorus and sulfur derivatives poison the catalyst components of the catalytic
converters. This is a major concern as effective catalytic converters are needed to reduce
pollution and to meet governmental regulation designed to reduce toxic gases such as, for
example, hydrocarbons, carbon monoxide and nitrogen oxides, in internal combustion engine

exhaust emissions. Such catalytic converters generally use a combination of catalytic metals,



pi pes of autonobiles, to convert the toxic gases to nontoxic gases. As
previ ously nentioned, these catalyst conponents are poisoned by the
phosphor wsOant/smour conponents, or the phosphorus andP€EEIUSar09/058359
deconposition product of the zinc dialkyldithi ophosphate; and accordingly,
the use of engine oils containing phosphorus and sul fur additives may
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lubricating oil. Therefore, it is necessary to find a way to reduce or eliminate phosphorus and
sulfur content while still retaining the antiwear properties of the higher phosphorus and sulfur
content engine oils.

[0007] Accordingly, as demand for further decrease of the phosphorus content and a
limit on the sulfur content of lubricating oils is very high, this reduction cannot be satisfied
by the present measures in practice and still meet the severe antiwear properties required of
today's engine oils. Thus, it would be desirable to develop lubricating oil compositions
having relatively low levels of phosphorus and sulfur but which still provide the needed wear
protection now provided by lubricating oils containing zinc dialkyl dithiophosphate. It would
therefore be desirable to develop improved lubricating oil compositions which exhibit
improved wear when used in an internal combustion engine while containing no zinc therein

and relatively low levels or free of any phosphorus and/or sulfur content.



and relatively low |l evels or free of any phosphorus and/or sul fur
content. SUMVARY OF THE | NVENTI ON [ 0008] I n accordance wth one enbodi nent
of the prweento/idpspenti on, a lubricating oil conpositi onPCI/USL@9i0ER39
conprising (a) a major anmount of an oil of lubricating viscosity, (b) an
ashl ess dispersant, (c) at |east one netal -containing detergent, (d) an
antioxidant, and (e) an anti-wear agent, wherein the lubricating oil

conposition is _free of any zinc dial kyl dithiophosphate conpound and
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i nternal conbustion engi ne which ri ses operating I'nternal
conbustth@tmfeng)mpwdutrg &ubirig bimn g i |cmgpoaltlorc onpobshtd pinc coatkyli Githngphpsphate maj or
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of an oil of lubricating viscosity, (b) an ashless dispersant, (c) at least one metal-containing
detergent, (d) an antioxidant, and (¢) an anti-wear agent, wherein the lubricating oil
composition is free of any zinc dialkyl dithiophosphate compound and is substantially free of
any phosphorus content.

[0011] In accordance with a fourth embodiment of the present invention, there is
provided a method of reducing wear in an internal combustion engine which comprises
operating the internal combustion engine with a lubricating oil composition comprising (a) a
major amount of an oil of lubricating viscosity, (b) an ashless dispersant, (c) at least one
metal-containing detergent, (d) an antioxidant, and (e¢) an anti-wear agent, wherein the
lubricating oil composition is free of any zinc dialkyl dithiophosphate compound and is
substantially free of any phosphorus content.

[0012] In accordance with a fifth embodiment of the present invention, there is

provided an internal combustion engine lubricated with a lubricating oil composition



provi ded an internal conbustion engine lubricated wwth a |ubricating oi
conposi tionconprising (a) a major anount of an oil of lubricating
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| ubricating oil conposition is free of any zinc dialkyl dithiophosphate
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of any zinc dialkyl dithiophosphate conpound and is substantially free of
any phosphorus content, e.g., a phosphorus content not exceeding 0.08 w.
% nor 3R BESERYPTIOIN OxcasE DI ®1REg Wt . % and nost preferably O wt. %
based on the total weight of the Tubricating oil conposition. In another
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according to ASTM D495 1. [0016] The oil of lubricating viscosity for use
in the lubricating oil conpositions of this invention, also referred to as

a base i i 02 e.g., ananmount of
greate W94 preferabty-greate T apou O wt. % nore
pref er gboys The present invention is directed to a lubricating oil composition containing at

least (a) a major amount of an oil of lubricating viscosity; (b) an ashless dispersant; (c) at
least one metal-containing detergent; (d) an antioxidant; and (¢) an anti-wear agent other than
a zinc dialkyl dithiophosphate compound, wherein the lubricating oil composition is free of
any zinc dialkyl dithiophosphate compound and is substantially free of any phosphorus
content, ¢.g., a phosphorus content not exceeding 0.08 wt. %, more preferably not exceeding
0.05 wt. % and most preferably 0 wt. %, based on the total weight of the lubricating oil
composition. In another embodiment, the lubricating oil composition of the present invention
contains relatively low levels of sulfur, i.e., not exceeding 0.7 wt. % and preferably not
exceeding 0.2 wt. %. The amount of phosphorus and sulfur in the lubricating oil composition
of the present invention is measured according to ASTM D4951.

[0016] The oil of lubricating viscosity for use in the lubricating oil compositions of

this invention, also referred to as a base oil, is typically present in a major amount, ¢.g., an



fromabout 80 to about 99.5 wt. % and nost preferably fromabout 85 to
about 98 wt. % based on the total weight of the conposition. The
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base oi r Scarbon synthetic oi 'm ted
to, oildesipsepar @Si afnrdCtm: ab@itipey MNBE ifihahc@Bilab getdhk eRsire gihd® 6T tiliEne oil,

pol erEI’eI gz ag Ih?br}lcg]:mé o?llceol;ripggltltor? having an SAE Viscosity Grade of OW, 0W-20, 0W-30,
0W-40, OW-50, 0OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-
30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils used as gear oils can have
viscosities ranging from about 2 ¢St to about 2000 ¢St at 100°C.
[0018] Base stocks may be manufactured using a variety of different processes
including, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined stock shall be substantially free
from materials introduced through manufacturing, contamination, or previous use. The base
oil of the lubricating oil compositions of this invention may be any natural or synthetic
lubricating base oil. Suitable hydrocarbon synthetic oils include, but are not limited to, oils

prepared from the polymerization of ethylene or from the polymerization of 1-olefins to

provide polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis
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li ke; pmpmmmenptsnsubmndﬁnhnmﬁéﬂwhmtyp@wpﬁemyh@dﬁ@hkmﬂébedhﬁ@kwph@myks, and
the like;

yIa ed di ers.,and ,al kyl at di.phenyl sul fides and the
hort vaccoe b hREEE. SR SHA5T Rl B BB b T 80251 @ her oot ul
synt het[pg21jubri caticng s?hih%tl& NriedEng BUS iRNRIeNBEt drk Mot Behife@ to OhydrodiRisn by
polyner|2|n ol efins of |ess than ggcarbon at oms such as ethylene

propy! enls an @@L@k@hetstutedsbmdmcelfben Opierﬁu@hes padyigetigedtand asternodraesfzed rvéetfméds of

[oo2s] A P BRER S JRafafiSe’s Ryl R ERORRRS ffeblrits: MR ) rer

of al phﬁ)lﬂiu%flbﬁbs ﬂstaly(lnlgsxm@) pgdlrja(erocvdneg)ppbltym d&&ﬁ@d},l ald the Dikefadll nsixnirdset i C
hydr Ocqc{lgrggf %Ilkly%be?l;gnets r;1(?ch as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
cthylhexyl)-benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and the
derivative, analogs and homologs thereof and the like.
[0022] Other useful synthetic lubricating oils include, but are not limited to, oils made
by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well
known to those skilled in the art.
[0023] Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the

hydrogenated liquid oligomers of Cs to C,;, alpha olefins such as, for example, 1-decene

trimer.



hydrogenated liquid oligonmers of Cto G al pha olefins such as, for
exanpl e, 1-decene triner.[0024] Another class of useful synthetic

| ubri cat iwg 20i0/es940acl ude, but are not limted to, alkyl @0@/us004058389 yrers,
i.e., honopolyners, interpolyners, and derivatives thereof where the

term nal hydroxyl groups have been nodified by, for exanple, esterification
or et hgbdidjcati OrAno'ﬂﬂﬁScﬂzas@idfsnsaﬂubsﬁXbéml ]iuf)hﬁﬁhng)oﬂtshﬂclodé Soupla&pmtddmtdrair ough

I th d I d |.ky
e hor s 11 b3 Dl SR HEEY e TBBPYMKE SnGa iy GRS BrabyleRe
gl yeol idend ¥kl A)dBXPT A08pIMRARCHLA mBBIAEN"YyOborle AR Ble AsRREBMloneLner Of

pol yet hyl ene gl ycol Vi ng cul ar weir ght of 500 000, |ethy et her
of pol wplnemmcheme Jhysobilhanei exgngplifiod ehyutlharoﬂamrglbarecbthrdzugl()@ohymemzeﬂﬁm ofetc.)

o5t or o U BRg BF e Hane gt B ednarad mRtE helis bl homabiGor
tetr aetﬂwrﬁa@ (ggy %%thylw;zglopy&tneagwdn%fhe@ Iha@ﬁ% qh #%ﬁlfgélm&&(&ﬂé}e&lélght of

| ubricating oils inclu ut "are not limted he "esters of

di car boleQQ cdllatmnﬁls etheyof pplmewezlqn@ @mqﬂ hagingcd rmnqiec:mrdwelghkyf S58idei 1906,

aci ds, cini ¢ Cld I C aci zelal i cid,
sebaci (AT e BripflEle el ScfonBF &R o Bho, @ P, fis e

aci ds, n’:ld)ﬂ@l|anmb%hﬂ)oﬁyllhdjé‘ster@kli@@é‘dﬂsuﬂﬁhs@ﬂfd)ICex&ﬁi theeddetic ew'efshnﬁxedaa:j ety of
alcohols e.g butyl al cohol, hexyl al cohol, decyl al cohol , 2-

ethylhé%ﬂ?“&?@éﬁ@ﬁ“ @Wﬁ?ﬁéﬁ§DgWVE@P“mdﬁéﬁﬁvﬂéﬁﬁwglyﬁ%I monoet her, propyl ene
glycol | Spe G&l’t Shofcd és?s fOIlse 3 OB &a{?ﬁll ” | RHEY buP gl RLE:
H exyl)

di (2-et sebacat e, mar at e, dr'oct se acat e I'1soocty
azel at d1rn1¢hd wodecydtcrazd Ichct&box@ilombyib epgu plathalice acid) simcmic adid, haikﬁlt gccinic

di ei cosyl é& te, the 2- eth¥lhex di ester, of I|no|§|c acid . r,.the
conpl exicislst akerd reeinsyacidsa alsie apide ardiie 4610 SURRIKS Cidcichadlf pFIL WEN4HA es of

tetraethyd ensid wlaOlmaefé 4P d{méreﬁla@ctm@ a&HE'YAIPﬁXﬁQBhﬁ A5dd afRdy 1t BGlohide-

[ 0026] Esters useful as synthetic oils also 1 nclude, but are not |imted

to, t hcvseisnﬁde withoavezath oX yllolohola,ce gs bhigl leghdlr bmyaklatmhoB dodecgbalgohdl 22car bon
atons wit n et hanol , etc ol yol s an | yol

ct her s SodhE HobRb et FEGPE CrhuBinae shopsiner BoRYEed R OF,

di pent agyepilar éxdadlplest 6f BRI a6kt chldd@' dib@f alipgtel ldke-cthyIR&{])sHabite 08 115135 ed

oil s such as, for exanple, polyalkyl-, polyaryl- ol yal koxy- or

pol yar weéxk/ﬂgnar@tﬁand@cml@bm gliispeciyleazsiats, dlesgdw geclaivodinstyl uguhalptec| ass
of synt C i p i f & i d t are
not (P ? H‘flg{alt a&ééel{:%)}’? sel§ clatga,?lge E ?l% xnp d?e%te? qf hnq%elc at%ﬁi Hm?er %

tetr a (canqﬂéacyédwwhﬁecsw ir@atueg oh&ilote éﬂsmlhyabldhfem by & hlolgsadfetetracthylene

tetra- (g%[lc?oli tal-ld two moles of 2-cthylhexanoic acid and the like.

[0026] Esters useful as synthetic oils also include, but are not limited to, those made
from carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.

[0027] Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetracthyl silicate,
tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-hexyl)silicate, tetra-(p-
tert-butylphenyl)silicate,  hexyl-(4-methyl-2-pentoxy)disiloxane,  poly(methyl)siloxanes,
poly(methylphenyl)siloxanes, and the like.



but yl phenyl ) silicate, hexyl-(4-nethyl-2-pentoxy)disil oxane,

pol y( et hyl ) si | oxanes, pol y(net hyl phenyl)sil oxanes, and the |ike.[0028] The
| ubri cat iw@ 20i0/03p@y be derived fromunrefined, refined &aa/userfnEsd oil s,
either natural, synthetic or m xtures of two or nore of any of these of the
type di scl osed herei nabove. Unrefined oils are those obtained directly from
a nat ur[@028jr syntTetlubricoinged ey ge derdadl frora hakefinedy refiacd sahatsefhict witen)

wi thout .further purifi.cation or tyeatnent. anpl es_ of unrefined. ojils
i ncl udeithpipataad systhefie o trRigftures, ol Vet 8F @y |0 &BYaﬂfﬁB%Peo?fJ:@EttYRF glrselﬁ?ed

et or g ARRY At IARSHndA AR KQHAND dMudin@PlALAS T 2Rk GF Rt kel
P gtita nod i recty &

i on
or an ester oi ali ned direct froman esterification process, each of
whi ch i(s.gt,lveal, sisdg ontar ks bitumichpwitheow donthen puriReftioned tehingsenar Exanpicd aff t o

the unrefined ojls except they have been further treated |.n one or nore
pur 11 QR B stlsp@efics Bt QobR G oreBropbrbibed Siiels IR Foed on

t echni yemtidhE akR@WtuhPoil BRERCAiISKlY fromMidthRtish br anestéméil Y6igined alre@Kanml e,
sol vent "extractions, secondary distillation, acid or base extraction,

filtratfrom angstedbratonagnocehy drdt plewhichds thaewssd wighoustfertharercetnrend Biefigedar e

obt ai ned, by treati.ng, used.oils..in processes simlar, ta those used to obtain
ot naqsate S B e BREoRba Btk LIRSS R et s R AR TP e

oi | s anflrifichtesh 8teps a6l dinbiodBaddeyod hRee pc@driiny. t Tad¥ai SlitdRatddn e&haiduto afeenoval
of spent additives and qil breakdown products. [0029] Lubricating oil base
st ocks kerinviedhescorh skild im ey #it s8aRsladg: ifeh csmplgycokept sxteastines, jeemndaw t her

ot ooks SgREETREN B AR Ao B e UL Db CerB
nat ur alRaefisydndilseire obwared Hyarcanny usedsild merecdssaswimilar toytdosei wodes bE@in on

cat al yst 0030] tur waxes are ically the slack waxes recovered by
Che. syl %&%@Eﬁﬂnﬁﬂ 985 dre g iﬂ,xg‘gw FRAEI R SEPraf et VIRSEID #ihe. viax
produceg, bau)ddfti'aﬁalﬁ’ %m‘égs'ed-rﬂ}p%ﬁﬁ'iqﬂésoﬁﬁgéed kO3dhbyaher §p"‘em eaditidLsS BRI ANt
conpounds enployed in the I'ubricating oil conposition of the present

i nvent itwerkdpengercsl | y used to maintain in suspension insoluble materials
and pr dOPRI ati orl B HRoRy T O AStARS B e P TR AR RgVar Iy
conposidflioose Aed! EitrcPRRHEDY ih BYABIhAGh TRy (FO BodésRidoMBurAl aliPéSsyAdRLie Base

di spersants. N trogen-containing ashless (netal-free) dispersants are

basi ¢, stards.cSnelr vbutsemeente pid it prpaucel dyehn bydseisomerizan (cd sawied opeyntbetsur ed
by AST“&&%??@%%{H%tﬂe%’orf'o%%tA Q;%ré)i's$m8r?z%8ﬁ LR O which they are added,

wi t hout 1
[0030] Natural waxes are typically the slack waxes recovered by the solvent

dewaxing of mineral oils; synthetic waxes are typically the wax produced by the Fischer-
Tropsch process.

[0031] The ashless dispersant compounds employed in the lubricating oil composition
of the present invention are generally used to maintain in suspension insoluble materials
resulting from oxidation during use, thus preventing sludge flocculation and precipitation or
deposition on metal parts. The lubricating oil composition of the present invention may
contain one or more ashless dispersants. Nitrogen-containing ashless (metal-free) dispersants
are basic, and contribute to the total base number or TBN (as can be measured by ASTM
D2896) of a lubricating oil composition to which they are added, without introducing
additional sulfated ash. The term "Total Base Number" or "TBN" as used herein refers to the
amount of base equivalent to milligrams of KOH in one gram of sample. Thus, higher TBN

numbers reflect more alkaline products, and therefore a greater alkalinity. TBN was



additional sulfated ash. The term "Total Base Nunber" or "TBN' as used
herein refers to the anmbunt of base equivalent to mlligrans of KOH in one
gram of swOpbw/033¢s, hi gher TBN nunbers refl ect nore alPkaltisp@9fpsssduct s,
and therefore a greater alkalinity. TBN wasdeterm ned using ASTM D 2896
test. An ashless dispersant generally conprises an oil soluble polyneric
hydr oc atcboomivdclkdgn e ST i@ 8Panesti oAal ashleaudspthatt gnheratigpabipeised an oil

associating with particles to be dispersed. Many types of ashless

di sper SahPE @plymdiiowhy R drekbope oy nerdpicaedt Gorhe teatairsl @wable Ashl ess
di sper $atinD Gl iHOSt QUL oS Rk .imatnfévﬁ of AAIAE HispBsHROAcSkno@ Wil 8Ry  OF
ester Sﬁﬁgr ngﬁ%tieslggiggﬁggﬁgém?he pgl ﬁgp %gt ggﬁgggvig grﬁggﬁhgﬂg?oups.
An ashlatss di spersant of the present invention may be, for exanple,

sel ect omoil, soluble salts, este m no- est er am des, .in des, and
oxazol HRKIOT T orTeraT N aroulraa e bR rad HENaAnd i S Bl

aci ds Qimih&eialcorBRY dhlifeS or Teﬂbp?_éfap%b@éseatﬂl@héd/% ke pol9et PaskoRSd Ria
hydrocarbons, |ong chain aliphatic hydrocarbons having a pol yam ne attached
di r ect Ibyidgingr groups.andin Mshlebc Hisponsanefathicoprepens dorensioh omge dbeb o exaeplsi ng a
| ong chajn stitut henol _w th farmal dehyde an ol yal kyl.ene | yam ne.
100921 CPisdliTh ol ST sl Al AR B B R SIS P T ot g
agent s dhaii dspdrevalydr isdbgitutest edcho €. diepayiisi agdat ot eastr apbydrid®4, and
preferably at | east about 54 carbon atons with nitrogen. containing

ggrrpgﬂrfh@c?@g@ﬂat_ﬁsdeaw%@)qf lopgatia I}Y%dﬁ?céw_né’o]ﬁﬁ%&héll? {liphatic Aydrararpentt i
np %mgrh & nge %Q&Q?%ﬂe&ﬁé&eﬁcﬁ@%?ﬁ\?&? feiecndRation 8f0dﬁ£tg Tkl by

conmpounds Pncl udi enol's an 0 and/or "basic' i norganic
mat er i adoadenkhgselong aledin subsptunetigteaoi with tetenal deh désandgpol pedlsylcranmb wsiiec.s .

[ 0034] inimd i spersants are a type of carboxylic dispersants. They
are prdﬁﬂi’éd by GHERTS i vek ﬁwr_-e%%%gtmpﬁ%%ﬁo FELPRYE AeYHEE PP Eyent
W th Or@al Ry SHRLYeEAURAUN i Rind il I8aR IbORSACRARIERIMY & chgaBbuone

hydrogen atomattached to a nitrogen atom or with a m xture of the hydroxy
conpourxsboandtosrsi weh . nifegert epntaimug compourdsy (sich gy agers), orgdrge shytdooxy

hyd bon- substi.t ut ed i ni i.d. or. i pi i d-praduci
compouaTPHAT it SinalipceBbEnehatcilind rRbERiecdrpabUt afehyprca 1y
i ncl udeyrbwishioeampydmds URsutingt ﬂ(&n@gcg{dnggp%]fdlg,s an@Bh it d8Srga®ist @hRrials.

(including half esters) and halides. [ ucci ni c- based di spersants have
a wi de These eagtiar profeqts maluds imides. nudes, @rkestdrass of succi ni c- based

di f : j h i
e N G e e o

i ndeperntdent'l y a hydrocar such p rived

Typi calgrydiche byyeicdiaamgdiocaibgLipubsttugdd Qickiiic @ytiting ageethwials ofzapl Hiidseut yl

group. compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen
atom, or with a mixture of the hydroxy compounds and amines. The term "succinic acylating
agent" refers to a hydrocarbon-substituted succinic acid or a succinic acid-producing
compound, the latter encompasses the acid itself. Such materials typically include
hydrocarbyl-substituted succinic acids, anhydrides, esters (including half esters) and halides.
[0035] Succinic-based dispersants have a wide variety of chemical structures. One

class of succinic-based dispersants may be represented by the formula:
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Al ternatively expressed, the Rl groups can contain about 40 to about 500
carbon atons, and these atons may be present in aliphatic forms. R2 is an
al kyl ene yoacop/o3e@amnonl y an et hyl ene (C H) group. ExampCeaised0ossssd ni m de
di spersants include those described in, for exanple, U S. Patent Nos.
3,172,892, 4.234,435 and 6, 165, 235. [0036] The pol yal kenes from whi ch the
subst i twigmtingucups itirelcpardenttd adiverdcyiyt atdup, hahopa popslsfiaddriiat goppl yner s

of polymerizable olefin noners, of 2 to about 16 carbon atons, and usually
2 to 6 LRGHN HoomdropmEyh A innie H5Yle ZHuRe 1 WM Wk F (RGBSR nEEUD.

Lati e . S
acyla !A‘lgerﬁlﬁ%%fﬁ)??esg&f, Mhd ﬁg ggo%?pgﬁ kérﬁalﬁ!aggﬁam abBRMPRSLdrbANaBAR,

monoani nes or am nes. | Succininide dispersants are referred to as
such sithese dthmy mayr bralprgsesiont aliphatict foogen Rarsgal ylkiylent herofimr conorhonlpni ahe

functionalit |t hough _the am de functjionality may he . in the formaaf am ne
ol t s, AmisnedicPl @81 FioGe ofaheig il it TRobgg oS g BrbEh L T

succi NidxafelcdUSP PaidnNos FIE7T20802MNE4 35S 6h b G603 <l- produci ng conpounds and
one or nore amnes are heated and typically water is renoved, optionally in

t he prd88¥de of altsupdyakencalftom wheght thersybstitecnitigneripd aso deevad/ aft Itymeally The
reactiqn tegper at ur

i . : to
iR BRI, iR ARG NI AT SR mkRo el B € SRS kit .

t enper at ur ypircal’ly

about 1880€ 4nd @bl 2300 CarbéildidnsoNThe delidds|whia drercasel esittothepieeiattur s
for preparing the succininde dispersants of the present invention include
t hose d€ERfngegentsy, tof frme henparboxyljcsdispegpasy tCORPESitign 12 By IMOMmapIes 6¢6
3,272, 7%?Xanﬂn@s34’ 435, 6,165,235 and 6, 440, 905. [0038] Suitable ashless

di spersants nmay al so i nclude am ne di spersants, which are reaction products
of rel g00¥Aly hi gucoinirelul dspevwanghire atficpbdte as hath siese dregt mimnakg contain

e B oL B PobY PEM S PR S To R o 3B 5
3, 438, TR The Borfirds anmcaas, 3mb, %Qfdazcgl%ah%l; vﬁlﬂi dsohh8us llp&T. dicsSpepsant s may

further include "Mannich dispersants,” Ich are reaction products of alkyl
phenol sucainwhnile disphsat] kydé ogmoup scomiiaiansl-prodi@es tompowtds 3dd carcbamnmateo s

ol yai KITERE Bol G ante) SRR Gl SHBR S SHLREI an HEI AEAogt *
descr i tk@%thrﬂiajiﬂﬁet@é?%ﬂiceh%ﬁd SolvEal @RlenfNOFhe Zoa@B6n @PBeratuR8ain64fge Bom91, 598
and 3, 980.569.[0040] Suitable ashless dispersants may al so be post-treated

ashl essbdits e s amt o Sigcecpspesision t temperatire 1d cthai mixies | orethg. prodecit wihidat nent

pr °Ces‘°t§1§ic£1?y"%{ll‘éit§%9w9e%r Aot Aot ftlg |385'{13[ 300°C. Additional details and examples of
procedures for preparing the succinimide dispersants of the present invention include those
described in, for example, U.S. Patent Nos. 3,172,892, 3,219,666, 3,272,746, 4,234,435,
6,165,235 and 6,440,905.
[0038] Suitable ashless dispersants may also include amine dispersants, which are
reaction products of relatively high molecular weight aliphatic halides and amines, preferably
polyalkylene polyamines. Examples of such amine dispersants include those described in, for
example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,804.
[0039] Suitable ashless dispersants may further include "Mannich dispersants," which
are reaction products of alkyl phenols in which the alkyl group contains at least about 30
carbon atoms with aldehydes (especially formaldehyde) and amines (especially polyalkylene
polyamines). Examples of such dispersants include those described in, for example, U.S.

Patent Nos. 3,036,003, 3,586,629. 3,591,598 and 3,980.569.
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carbonate as disclosed in, for exanple, U S. Patent Nos. 4,612,132 and
4,746, 446; and the like as well as other post-treatnent processes. The

car bonat eworeawmsgeoal kenyl succinimde is a pol ybut ene s®RCTiusRommes3deri ved
from pol ybut enes having a nol ecul ar wei ght of about 450 to about 3000,
preferably from about 900 to about 2500, nore preferably from about 1300 to
about 28040] and rRstblrahlesadibyerianonmapalsd b2G6t-trentabahicsR 40Pcrsasts wedh  as
m xtures of these nol ecul ar weights. Preferably, |t b,s prepared by

react i 8, PUHTIEHST SHETIMRC0 i + POHETCoEMAAtBIar St INyoBENy baten e SURUF ¢
act ¢ dRGlAhleVR, difloMBSR! B AKGHLRCLN. oA GROGA! 420DAbY TRE 746N BRRY 2t ed

aci di ¢ reagent and an ol’efin, a pol yam ne, such as disclosed in U
Pat ent 1¥®.as5vcllls, oghﬁ,postkteead:roqntt@trm@sm he cdtrbamaee-tmaiod pkkemylesdcdlmnadmlstay

LT TRt B S sl Tt pob R RSr Rt Salerat Saedy P asf i nres"

vinyl dgeyt 3mh9fef&ﬁ hi- & a'EBhte@(}d R abtat 95'00 %&E'ﬁi‘@fel\%lyhfrﬂﬁmﬁf $300 to
cont ai ni ng pol ar subsfitutes. Exanples of polyneric Persants i ncl ude

t hose déselr Sﬁ@dandwmoﬁmrefels@bbpfrem abos, 2Qﬁatterab01md§00,3lsm 658ixt@edabtheg0 and
3, 666, 73 e LL0042 ht 1rgfr 1rafb1:"r red er}b%gl(ﬂgntr gétlnt he L e%eeagﬁl € ng&gﬁlgn a an
ashl ess"Gre JE %or SE°rn 't he Nt r?g & 03| Yor A

et hyl ertﬁl,xuﬁabbe atybutohe at@inibiasidueeivmive, 8 ufetiryed aEirerTﬂeagdm lcupcﬂsaﬂnaxt sny|
group having a nunber average nol ecul ar wei ght of about 2300, The

di sper sarinpaiyrafeskacidie rqagentpad |aa@#qf@a@m¢1gp@lwrlmé@nﬁt9§uaﬁud&@@5@ﬁ inYS. Brtesent

i nvent i e r

bi ssuccﬁ%ﬁ%égsa)z J:h?(fgﬁﬂﬁ{tsggner gﬁ{Cbﬁ)&?ﬁe(ﬁ eergiglb |I§%2rsant is present in

t he | ut{t)M:Htl ng dditablenpbiesd dmpersamt@ma@rﬂmrﬂe papgicrig xfzhlomaedmnﬂrpalymarsabout

10 wt. referably from agbout 4 out 8 wt. % sed on the total
wei ght 1? B IBHEc ARG |Su@oﬁ§;odsﬁcvf 6‘?Ft gendats] Vivd %%Cﬁé&?ﬁ YKl high

met al - %&Eé\ll&' ek sRt &%Eﬁ@twﬁl&)r‘?ﬁ%mﬂe@”éﬂn@axﬁiﬁ%' ﬁolﬁp%ubéiﬁuﬂ&at FROmPBles of
conposition of the present invention functions both as a detergent to

r educe lymenmpdispatsmisinckidaribosasicasritediid, foewkamblez €rS.dtatengSosi ARL2BIEOBY |
t her eby. ‘Eﬁ%@%@nﬂgé\l\@@rﬁﬁnd corrosion and extending engine life. Detergents

general tar head with | ong hydrophobic tail, with the polar

head cqop4ajsi ng anepfer®d! dmtRliimdht 3 sk ﬁﬂe%ﬁh&veﬁﬁ@@%@hleﬁ@@@ma{m%r
| ubricating oil conposition of the present invention nmay contaln one or

nmore detse ingéﬂmhsbrlmhng pil 9@1@p@mtr1¢m1|8|a9 cinllans, cagbenatsspeat¢chbibsuceminidg dedvesial t s,
Qrer bt 395 s SRR PR TR S SGTEREEERE, o1,
woul d hfiserRAfH f@Caqy G NYe tiabliki@ingt Gil Cdoingveitioys aff the€present invention are
preferably non-polymeric (e g., are mono- or bissuccinimides).
[0043] Generally, the ashless dispersant is present in the lubricating oil composition
in an amount ranging from about 3 to about 10 wt. %, and preferably from about 4 to about 8
wt. %, based on the total weight of the lubricating oil composition.
[0044] The at least one metal-containing detergent compound employed in the
lubricating oil composition of the present invention functions both as a detergent to reduce or
remove deposits and as an acid neutralizer or rust inhibitor, thereby reducing wear and
corrosion and extending engine life. Detergents generally comprise a polar head with long
hydrophobic tail, with the polar head comprising a metal salt of an acid organic compound.
[0045] The lubricating oil composition of the present invention may contain one or
more detergents, which are normally salts, and especially overbased salts. Overbased salts,

or overbased materials, are single phase, homogeneous Newtonian systems characterized by a
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metal and the particul ar acidic organic conpound reacted with the netal.
The overbased naterials are prepared by reacting an acidic nateri al

(typi cal Iwoaniwasesogani ¢ aci d or | ower carboxylic acid s®BRCH/US2000A8836N
dioxide) with a m xture conprising an acidic organic compound, in a
reaction nmedium conprising at |east one inert, organic solvent (such as

m ner almetil conrmp it bracess @ff thetnehick woathkde presdnacqirdiag ne ehcaftoiahisinatrg loif dret ri ¢

excess of a netal base and _a pronoter. [0046] ef ul aci djc_organic

conpourfBgd e}qiew&kt%c oo BR CRBRpIS; 1RPRS Wit ihgdactah, g‘?;ﬂVF@’aéf@i ds,
sul f oni , eof .
Pr ef erar%?tst%lg%re grt%?%?gcyrgam ?o?rpé@lg%nrgg&g?e t}?@ @lxy I cd%lc%éa%?%si\lbﬁni C

aci ds vaat‘th)xshct fagni sudr as hiachesulioaricg wgitlo Lp sigisie hvomsrlslng an acidic organic

hydrocargy bstltutgd be(ﬁenesulfonlc a % % drocarb%IE sul stituted
sal i cyl CEPRERYUs™  GEF7PT CATBYRFOSREISHEr & %& tic Cy, organiq Y duchody, pe
prepar afinbal bRaAFHAh, %lu@deo '%?Ieh? BathB P¥sbhée &Ci oWbtdin@fc BRRIORF hah@aet al
conpound such as an oxi de or roxi de. Neutral or overbased products may

t hen bémebmaimE@HmVﬂnethods mell known in the art. The aromatic noiety of
t he arﬁﬂﬁfﬂ car %¥m> ? 5%%9‘%%§%al ne of ltngnre heﬁ&&qetggﬁos gﬁkas
i d in )

nitrog oxyge ety E6h

Mor e prlﬁtledebztrtsoxﬂi@eacmt ilJoni®ndiad, PhoShdrnBconeiiEing atido piaholBnd shigturas a
benzene noi et The aromatic carboxyllc acid nmay contain one or npre
ar omat ithetgef- dipfegably (lamacidic grganisy camnosn ez sabory ligacidsopstsuliaaiciagids we dy

L 0get efgic 2 AL FBnE ADGEH G, BN R AU BROURSEOLAR Y

exanpl es of "aromatic ca PC acids 1 nc I'C aci s an
suIfunhymbmkwﬂvﬂﬁnmmﬁidkwhnﬁméwch as hydrocar byl substituted sallcyllc

acid an rivati t here Processes for sul furizin for exa
hydroca[ﬂg‘g - subst§ atr eéatsaffqtegt% &8> oaligylatcpn 6ifh bF oPCRYSE Bkirfacs g.aﬁl t he

art. SalhGydid &r@&x‘ % aeltiamttm gﬁdrtym% BRaf %Qm{aafmfdasruméyt@tma@ or fl?dro%@”pl e,
by the Kol be- process, phenoxi des. In that case, salicylic acids

ar e gengudtal gr o‘btrbasnétimdructa mh}t thelmbe iohtagetdibyt aetbods wéll Enowm cathieaxty | Hiced
oo b R 5 RSB B e B RERT  s o
hydr Ox'ﬁﬁo%]emedﬁw éél{ PMEE RS Ethe RhGIE CdohtaiBYoE cabbAIaRREL. P¥oREpRegdsyIypel |

known in the art or exanple, sulfurized phenols may be pregared by
reacti rife amqaﬁemwmtamﬂ $ix | hotic earben stgsupudiort aibehzrRc dBeisbundhe @eomatis

hydr 0g€en suI [& ggfd 1%% cgﬁtalgo&%h&l ﬁlgt% rorn%Hé frrymetflel h?uch neomrf R610 lpenzgn%(:t S

t hat are m
rings, optlonally fused together or otherwise connected via alkylene bridges. Representative

examples of aromatic carboxylic acids include salicylic acids and sulfurized derivatives
thereof such as hydrocarbyl substituted salicylic acid and derivatives therecof. Processes for
sulfurizing, for example, a hydrocarbyl-substituted salicylic acid, are known to those skilled
in the art. Salicylic acids are typically prepared by carboxylation, for example, by the Kolbe-
Schmitt process, of phenoxides. In that case, salicylic acids are generally obtained in a
diluent in admixture with an uncarboxylated phenol.

[0048] Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide. Neutral or overbased products
may be obtained by methods well known in the art. For example, sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur-containing compound such as hydrogen
sulfide, sulfur monohalide or sulfur dihalide, to form products that are mixtures of

compounds in which 2 or more phenols are bridged by sulfur-containing bridges.
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conmpounds in which 2 or nore phenols are bridged by sul fur-containing
bridges.[0049] The netal conpounds useful in making the overbased salts are
general | ywarzg1o@3ep | or Goup Il netal compounds in theCParse@diosssTabl e of
the Elenents. Goup | netals of the netal base include Goup la alkali
netals (e.g., sodium potassium lithium as well as Goup Ib netals such
as copre049]G oup Thenmattal sorpcrings ab«ftlainl ryaldng ithemverlﬁaﬁajs sdligrare beddnillymamnd
copper, _nore preferably sodi um pot ass artl cularly preferably
sodi umSCerBd T Arovhed! T apdal ompeungripdhe B%%H ﬁ&lﬁa&é hefdgpments Sirpun | metagar t h

metal s c(f‘%heﬂmeta[rﬁ%elﬁélﬂ@a G Cl'aLHﬁkalﬁﬁlEt‘aﬁt('e;msoﬁl"&ﬁiéﬁmasﬁﬁn"\ﬁﬂh unéysas%p& lib

nmetal s such as zinc or cadmum Preferabl oup netal’'s are
magnesiGuoup daloétalnsutans coppeor Groupc] metatsearp medferahhy godmm;,rmMmmo ditiganci um

and nost preferably c ium .[ 0050] , Exanpl es of. th sed det ents
el uadndBrd, Borreftiity Stiod ot phiecn i i roied el RERHET S GraD
cal ci uny grtdleyt BE ftal GALCHINHS GEANL Sk Ak Ahthit®S (4. PehRBhesifaY &aRagsd
detergents suitable for use in the lubricating oil conpositions of t he

pr esentstnonmernt b@rwm)ag's pelllasviorovp Bagethl{ sudgy. as zinc overdawead @eetf@mgle'mthehavu ng
a TBN 100) . The TBN, of s ch a | oW over base tergent. may be

Fr om atge 4F P, i magn Gy oy B oo U En G BhRe 36 - O FhaR B 26 1o
about ZﬁlmLﬁ«hta@lﬁnﬁédtp%fMablelcﬁmrbased detergents suitable for use in the

| ubricating oil conpositions of the present invention may be high overbased

(e.g., [805@ver bas%@nwéﬁtse?rfghﬁpwh%eﬁgie@rgfm inplyde bam n%dm}ltedmecatg

such a Nhj o) u 4 r from
about - 2000 SRRRRE huORLEL ABMhuT o Ryl AR techal R Gl gZed

cal ci ursubdsothalcergatte vgeric faort iscainTBN hibriaiagt oil Tcoarpds@iohs @Iﬁ-tb@! erdasted

sul furi zed cal ci uH1 henat Wi t& a TBN 0{9 gout 400 are twi) | ary

over basBY4aP dRyeht Y GOREE (§ Sha PYBPIE tdetgest hayiy B e gPothe

pr esentl()'OS'V?ﬁ'é TBR; of Haeh b Yo 'OQ/@ITb'aM é%'tér et ALt SttBeabQuteﬁ)e B} from
invention may contain nore than one over ba d detergent, which may be all

| ow TBNbdett Hi peattost 3@ dr f‘mrg lbABN Sdetabogeltﬁ sAltcmaiavairy xhel Deerbaﬂedei@fergeﬁm
exarrpl e, ubri cail 03| tio ent i.nventi

f
o suihls ot BN B8 e Bt e TP G Rbo SR O e REE APy S P § ne
earth nRkAas&iilcfOnat s cHRb&T @eftbehtaviing -arBRBNbeVe a0l 0SOt eptuh20 and

a second netal contai ni ng det er%ent which is an overbased al kaline earth

met al  Sugh- @Vﬁb@sedd@@r@e@hmﬁdm grna@bvgr\lliﬂ‘ togthout 43Q ardramebeuts190 tpobsy]

o S EBEAPTAR 585 Dk A0, P10 00, L OIS R LT

phenat efBMlof apb@tigsand a high- overbased sulfurized calcium phenate with a TBN of about 400
are two exemplary overbased detergents for use in the lubricating oil compositions of the
present invention. The lubricating oil compositions of the present invention may contain
more than one overbased detergent, which may be all low-TBN detergents, all high-TBN
detergents, or a mixture thereof. For example, the lubricating oil compositions of the present
invention may contain a first metal-containing detergent which is an overbased alkaline earth
metal sulfonate detergent having a TBN of about 150 to about 450 and a second metal-
containing detergent which is an overbased alkaline earth metal sulfonate detergent having a
TBN of about 10 to about 50.
[0051] Suitable detergents for the lubricating oil compositions of the present

invention also include "hybrid" detergents such as, for example, phenate/salicylates,

sulfonate/phenates, sulfonate/salicylates, sulfonates/phenates/salicylates, and the like.
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sul f onat e/ phenates, sul fonate/salicyl ates, sulfonates/phenates/salicylates,
and the |ike. Exanpl es of hybrid detergents include those described in, for
exanpl e, WO3n10Rap@nt Nos, 6, 153, 565, 6,281,179, 6, 429, 1PBT/S2e)9058829, 179.

[ 0052] Cenerally, the netal-containing detergent is present in the

| ubricating oil conposition in an anount ranging from about 0.25 to about 3
W . % Bathpbsedehpbridy détegem@hiociud® tiost aleadribet! i, Wdr. exdmphades. datchh&obot al

wei ght o the | ybricating ail on. [ 0053] The anti oxi dant conpounds
enpl oyeﬁzl §3r’15€t5h@%g%7$cdaﬁ%n]g78@)?¢‘?€ggi ‘tion of the present invention reduce
the ten S%Y of ; hé/ociﬂfé hQal AL ehdif %é’ht Si§ C}ﬁbs‘w\eﬁt quhé? ﬁul?rf‘ctaﬁﬁé Qiption

can be evi denced products of ox n su as sludge and
varnis mohlploeltlde pmsantaanmt rdngingefraim shouf adésto abduby wti §¢ ca&dtgrefgrabw fromSuch

'dt bi.t de .h sh l.ubl e phenat
ond sul B 34 iahaeucs: by on MoRT Rl SRR alcomP Rt tbor  t ot e
phenyl [gpsBinapht hytcamtibeidadnipdnds difhland it Mbﬁ@atin@%%poaﬁoh%m&

di phenyl ami ne antioxidants include, but are not limted to, nonoal kyl at ed
di phenyiiressinhenvediien l@ydmeedledtepﬁ@rwyl afnbﬁ&e stmkaltkydeé@rmatal mh@@ryice,mwhech and

the |like, and .m xtures e Ve exann Ies f d|
ant i oxf%ter Ogat}oﬁlcﬁanc])g 6371 %ff%% y&ﬁﬁ%‘c Noft tl il Tu& e g @ henyhamne

oct yl didepediyl @niheemetdi s@ﬁdcyd ghdbgrydca Jngnov&ﬂﬂn)ﬂudh r@hﬁmﬁbﬁnﬂlﬁﬂltors include
di - nonyl di phengl am ne, t-butyl-t-octyldi phenyl am ne, and the |ike and

mi xt ur d¥ndased @Benoly, (ﬁﬁhl&]ss canryh! F;Phet“ﬁés and .salfpﬂ%ﬁﬁit pksfmﬁféu Akyl- §ubf§'[f1@§@nt in
the lu i 0, o] b

about g{lé\]fe%jo?ﬂg%%déllﬁﬁ%ﬁg B{Id ?n o&g%g&%’l 0 % @ka% %t@éé on the
total whérghf Sliltaﬂ:)fﬁedlbhlfb'WﬂMhB ragn@udiam@mphﬁiiel innra.re h@@ﬁﬁjtedl’ tee naomoh kydaasd agent
Che | uEHTay PG Fo kgl finen B encr B KEBEA: CPRVBHITOR FRIGaAe aid
mol ybdepup-conhal.of ng }@%eﬁf&ﬁ% SE’%@@S JordigreaRhfne @antioxidants include

nol ybdenuni ni t rogen- contal ni ng conpl ex. Such conpl exes are known in the art

and ar éoumlsdélphert;édmnfegrdléouayhﬁpbenylarmmes odadti@ht:nyﬂhmind Z(ﬁaqchadlphttbéammn,t ent
of which i |nc or at.ed reference re The str Le. of, t he
mol ybadihg iR SRR B G kBB PdFREy: bR The
nol ybd%ﬁmrggﬂlgﬁgpn conpl exes are believed to be conmpounds in whi ch

nol ybdenum whose val ences are satisfied wwth atons of oxygen or sulfur, is
ei t her [88M] exed Gsncradly. tthe sufioxidsnt Qmaw@nd misr @rasentr dyethe atubmisatorg tile

basi ¢ nit QRO 18 %ae}nﬁ‘%ud@ rSnrﬁrfPo%% %.'ﬁsu‘? 02 ¢ P 6ol FRAT L 188 LrelaBfP Fom

conposi Tl e conpounds use
about 0.3 to about 1 wt. %, based on the total weight of the lubricating oil composition.

[0055] The anti-wear agent compounds other than a zinc dialkyl dithiophosphate
compound employed in the lubricating oil composition of the present invention include
molybdenum-containing complexes such as, for example, a molybdenum/nitrogen-containing
complex. Such complexes are known in the art and are described, for example, in U.S. Patent
No. 4,263,152, the content of which is incorporated by reference herein.

[0056] The structure of the molybdenum/nitrogen complexes is not known with
certainty. However, the molybdenum/nitrogen complexes are believed to be compounds in
which molybdenum, whose valences are satisfied with atoms of oxygen or sulfur, is either
complexed by, or the salt of, one or more nitrogen atoms of the basic nitrogen containing
compound used in the preparation of these compositions. The molybdenum compounds used
to prepare the molybdenum and molybdenum/nitrogen complexes are acidic molybdenum

compounds. By acidic is meant that the molybdenum compounds will react with a basic

14



to prepare the nol ybdenum and nol ybdenuni nitrogen conpl exes are acidic

nol ybdenum conpounds. By acidic is neant that the nol ybdenum conpounds w ||
react w twoaolwsp@ai t rogen conpound as neasured by ASTMPCEAIS209068850r
D-2896 titration procedure. Typically, these nol ybdenum conpounds are
hexaval ent. Suitabl e nol ybdenum conpounds i ncl ude nol ybdi ¢ aci d, anmoni um
nol ybdatieegenodorpounal ybdatagyurepobyaSsSTIVIh ool )Ebdaft e)rar)dzg%heﬁatajnkpfdc@rﬁet al

nmol ybdat es and_ ot her bedenums Its such drogen salts, e.

hydr ogehV Gy uihf Sr?dpwgg%lm eRunds schersvalery I8 motghdrprromboindXi de
and th r f nds
L

Parti cuitlaarl qlkqimefmctabmo@rbdam) layéh ehthr:r anolgb@mdnasahs muulmasrmlygttnxgam salty, @35,7] The

S R Y R L R
Repr esaMeadddv di@yRIRh&SoOf Pl@@fe‘fr@d 'Abffd[coﬁ@(lj‘yﬂa@ﬂﬁrﬁ' QInDuEATRRURRS UdRC h@lae
succi ni m des, carboxylic acid am des rocar byl nonoam nes, hydrocar bon

pol yanianesonivarmelyhddsased all@hdsqmldn@lbf’p@é@ Ram@qbﬁbsmhf@mmad@e@oly dic acid
phosphon m des r(Ile Scﬁ%c?a?nt viscosity index inprovers, and the like and

i xt ur 69 t éIrloeﬂé t he ni trogen-containi ng corrpounds may be

post -t rjeasgd W t hrhee Gasic boni@Dget sdiigni TgOCedMB&ihd/\B|u|sed<nQM pﬁﬁhﬂée e so
| ong as t he COITpOSI tions continue to contain basic ni trogen
post - t rBelyhdsnEY Bifresphpenpigre hevcapplentiiicebasy BiOBFMiaRf dES pasferalbyneilch

base copp@sgd ti reséﬁ’tgtgxgécr}%&3?%0%”55@199& bg&f-ose niﬂg WS adobQsPhRRE the

nmol ybdenum conp xes erein are f ous re erences
and ar sumhilrmktmwarhomylhm acidrdmid &g ritydrotafbyh d@omeainadest hj?IESCaﬂ)OIS polyamirmessdes

and the rel. d material s enco asse he term of "succinimde" are
t aught a‘sga%tpélﬁﬁph%@m 981 gorgxlﬁ %%Dép%ﬁi@nég 7 9ISHIBANt (VRSO int ent

of whi QHdéxs u‘nﬁﬁ)%ﬂo ol efhe DYk d %B@rﬁ&%?reb%&'eﬂf TR tcﬁ‘r {He %bﬁ' 'cGﬂth%mg S
understood in the art to include many of the ami i mde, and am di ne

speci esontposhdsmayy &b posthecafodrwitld. c. g horpn.edory ptamdupfrsadclb kndvemey e arissoa

succinimde and this term has been gener acce ni n he

o1 oduCtIOBE 53 GBI GPS OGP Ko ICOG TS PP BH Eoc! Tie PTG G ARdr | de
with a @hﬁdu%@%p@ﬁéﬁtﬂéwéﬂgmﬁﬁﬁmwﬂ Mﬁ’ﬁrﬁ&%és@‘éoﬁ%ﬁhéﬂsm des, because of
their commercial availability, are those succinimdes pre ared from a

hydr ocdPB38] succiHiccsusainjmidesdhatvdaarks nsadhie WGM@C@? byqﬂy @up! eomplakess from
about %f%sér?oea%%%gm %de%c%ésgﬁ 11} ﬁ‘urﬁ us %@&ef’f‘& ?ﬁy en m tﬁx %HD lCee§ta81f

et hyl ene"amnes ene dram ne,
fundamental types of succinimides and the related materlals encornpassed by the term of art

"succinimide" are taught in U.S. Patent Nos. 3,172,892; 3,219,666 and 3,272,746, the content
of which is incorporated by reference herein. The term "succinimide" is understood in the art
to include many of the amide, imide, and amidine species which may also be formed. The
predominant product however is a succinimide and this term has been generally accepted as
meaning the product of a reaction of an alkenyl substituted succinic acid or anhydride with a
nitrogen-containing compound. Preferred succinimides, because of their commercial
availability, are those succinimides prepared from a hydrocarbyl succinic anhydride, wherein
the hydrocarbyl group contains from about 24 to about 350 carbon atoms, and an ethylene
amine. Examples of ethylene amines include cthylene diamine, diethylene triamine,
triethylene tetramine, tetracthylene pentamine and the like. Particularly preferred are those
succinimides prepared from polyisobutenyl succinic anhydride of about 70 to about 128

carbon atoms and tetracthylene pentamine or triethylene tetramine and mixtures thereof.
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triethylene tetram ne, tetraethyl ene pentam ne and the like. Particularly
preferred are those succinim des prepared from pol yi sobutenyl succinic
anhydri dewof2089¢0470 t 0o about 128 carbon atons and t et PagEtusgéoess3sent am ne
or triethylene tetram ne and m xtures thereof.[0059] Al so included within
the term "succinimde" are the cooligonmers of a hydrocarbyl succinic acid
or anhydos9e and Alspohyludet omddnythanicnd Camotiaimiday aé theasioligomcitseof iaary

am no nitrogen in addition t or, more secopdary . am no .groups.
Or di narPPERYS SessHPD Fid; %rﬁnﬁ&y@e%%% ROBERNOE S OO RPIAINE S50 00D
aver ageiRheeHIR mi %%ph-adéitfo&aﬂb G&b of HROUAD, {%ﬁg }&1@&. RSaRariRomkY

reacti ng pol yi sobute succl ni ¢ anhydri de an e di pi perazi'ne.

[ 0060] oGarposixiph has betivderaabaie 1 SOfpod abeut 2008 laserageinokdsubr steeght.i Agypmeler i al s
for preparing,the | ypdenum conpl exes.. Exanpl es of . such conpounds i ncl ude
those. GOBPBLEAVTHE 1 R CHABEE . SoocHag s N CHEgelE. S RETS#Eht o
whi ch ighyl8fiipipe@tgd. by reference herein. These conmpounds are ordinarily
prepared by reacting a carboxylic acid or anhydride or ester thereof,

havi ng [8060least dbrsbexyliz awd @bode cgBPowndsphiat 4leo cuitdite stariones matenide for
principal aliphati hain and if desired,. having sufficien endant

B 1 phater g anempffaRirL e R o BRSSP BB h R g RisBiec,

hydr ocanpt cpahplani 1se Patshicko a&4@90@%, iy @nenast waichtipi@b@raaedrgﬁ@efaénce

pol ycarboxylic acid am de. Preferred are those am des prepared from (1) a
car boxyier@n.adpepegontneandsor fer dingeilporsnaregnr wpefinge sabeylictagidepaniydyde or a
m xt ur j Gi.d: W i Xyl | ol L.ch fhe
ot yi sabatishHoreoRohdyind dilef B 15 20ibGR% so SRPRRICaI Oy b s IAUBLELIRANS |
(2) t an_aéiq)hytiwhaitﬂMnde ,iﬁ ﬁss}:imdgc ahbigg%suiﬂéct&éml lﬁamdamtjealﬁlmaﬁ?eggaupst @t radthyilene
pentam ne or m Xtures tnereoj. no r class 0O as| C .

ni t r ogeRCleeip 8l ﬁﬂlg{’lﬁﬁ?@ha%?félnﬁ§éﬁg‘0’&‘goﬁarﬁb’Llﬁiﬁ}"?fﬂ’&etWéh AbEY BERKOHARINE Bgen

conpl eXgiizé a W&B%%o@’darﬂ&?ﬁ@ 0106880 d pRYdtr QL Ak Bidse Qa%b{é’s%@ﬁéred €roth gl)aas
disclosed in U S 'Pat. No. 3,574,576, the content of which 1s incorporated
by ref exsncglihecidiof theTfoemiiadR €620 By whgreouB, iseCg.tp Ganakklykyt a gristupe of thid ef i ¢

group havj ng, one.ar .t ites of unsaturation, usually contains.from about
3 to adolt “iag st DraBoadts SRERErAER AT pelRaByE H0n Mt P9t0
carbon Abeg2 Basddut ULST txbd afdRis 8sld YPheCcanfYie RALNAEspRSalBS Gidi@&e Whi ch
are derived, e.g by reacting polyisobutenyl chloride and a pol yal kyl ene

pol yanitpigamiog ohtcagetricae hyntemmearinistures theredfet hyl ene di ami ne, di et hyl ene

L Dot 2 GOSN R PRSLIK PR LR R ene
molybdenum/nitrogen complex is hydrocarbyl monoamines and hydrocarbyl polyamines,
e.g., as disclosed in U.S. Pat. No. 3,574,576, the content of which is incorporated by
reference herein. The hydrocarbyl group, ¢.g., an alkyl group or olefinic group having one or
two sites of unsaturation, usually contains from about 9 to about 350 carbon atoms, and
preferably from about 20 to about 200 carbon atoms. Particularly preferred hydrocarbyl
polyamines are those which are derived, e.g., by reacting polyisobutenyl chloride and a
polyalkylene polyamine, such as an ethylene amine, e.g., ethylene diamine, diethylene
triamine, tetracthylene pentamine, 2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-
propylenediamine, and the like.
[0062] Another class of basic nitrogen-compounds useful for supplying basic nitrogen
is the Mannich base compound. These compounds are prepared from a phenol or Cy to Cygo

alkylphenol, an aldehyde, such as formaldehyde or formaldehyde precursor such as

paraformaldehyde, and an amine compound. The amine may be a mono or polyamine and
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[ 0062] Anot her class of basic nitrogen-conpounds useful for supplying basic
nitrogen i s the Manni ch base conpound. These conpounds are prepared from a
phenol orwQ20t003@0 al kyl phenol, an al dehyde, such as PoTA®ReSIFE3&89 Or

f or mal dehyde precursor such as parafornmal dehyde, and an am ne conpound. The
am ne may be a nono or pol yam ne andtypical conpositions are prepared from
an al kytypinalnempuitionaarentparbdifiioneam alkaanghdWuelnes ardtigamme @r anditietlénd ene

triamne or tetraethylene pentanm ne, and the like. Th enoljc material

may be %Q}P?’u?-gzéjget ﬂanf‘pFré%r%mamryterréetaga%wﬁﬁ@mﬂ, aaér fge @Q@ t Eh@'p@snohc

al kyl p : i ' re i | s S, e and
henekal ﬁlia:ggfb@ al,AYan gkl gf’e?@r%bl? i€ ffé!%i;éggg,%ﬁgl baeH-t0 Ft%of m%lygﬁqql.

3,368,972; 3,5 663; 3,649, 229 and” 4, the content 0 'S
i ncor pdratiedl Mynmiel eraserc erdaliwiosed Tine UMhnRateht DNose andn3 B68,p72Z2parsad,0by;

ti | k havi l.east, about 50 b t ferabl
wbout | 5o Ph 8K 156303 BB Bidhel Wi foHATREH LY dRE et
pol yam mgntigNoAHanedd papai8d Ayl Bad@ingainUsIRyBHcrY] hal @B tat addsy hbdix BooG@sdaon of

about 2 to about 6 carbon atons and e is 1 to about 10 and where the
condenséemsrpicdlic tbaft SO0He bkl 2@ earpon piomsneithdgrnvdddhyde had anedlotled wi t h
urea or_thiour ility.of these nich Se S starti rials
For pr asbArRE® PR oty Aol DGR G, BRTEDBResthat LA™ Bor oved
by treaibbitg6 tdagbolbdtome hinbBass Usd RGoONY and imtieed tHeegdhdbs¥aEidn heodudt boewCe
boron into the conpound. [00Q63] The nol ybdenum contai ni ng conpl exes can be

sul f ur iedensy PolgANEYG Mgy j brefirthre peacishwvathi wisa <l ﬁliﬂur%aouﬂ%ésutﬂtw HBridp¥ri ng
th | | i pcl syl £ ur: dr-ogan:.sul f.i f
monochi Adiar tattyds S RPE GRS BF Rl fieMTHPARRE S Sl BT 1 o)

i s a hyigmiendy| ingurevedady atréating oth€4Baahich | hasandbidg icenantibed stechiquasotogani ¢
sul fides anpd %ol ysul f ~des such as (NH4)2Sg, where g is at least 1,
t hi oacdPHAFUEE DOTAR; 1Bi9rtBS COPRY er capt ans of the formul a R2SH wherein R2 is

as defigggjabove.Tifl ﬁB%ﬁ(Aﬁ&TM—c@r?tai%ngf Wrh Aty YUY sl fkiSed Bfﬁbﬁ-ik]]gﬂﬁized.

sul fur-contai ni ng anti oxi dants such as wax sulfides and pol ysul fi des,

sul f ur iRapdesehtefivasylfus wbdraes fpe drepamiphy Inay bdeduestuéius campleses ihcnde sdfur,
ester-qlefns, and,sulfurized kyl phenol 5. and. .t he netal salts er eof,.
Co0ea] Tedmirn Rifas ltE 1 GatheRlonfiy SBgeAicBBRdk: A aunmre et B e
Wi th anyiigiaRCis SohestarlPRBEH $&4 €, do RQ) AkyRLAIPEEht KKt INthReARPhIEY& | on

step and procedures for preparing such conpl exes are described, for
exanpl endepqjysulfigesisugh ®afNHNoS:, wheps® 194t lepspdg thiggectamige] theaigea, and

552 8o PRy 5 B R A e B o

No. agents are traditional sulfur-containing antioxidants such as wax sulfides and polysulfides,
sulfurized olefins, sulfurized carboxylic and esters and sulfurized ester-olefins, and sulfurized
alkylphenols and the metal salts thereof.
[0064] Generally, the molybdenum/nitrogen-containing complex can be made with an
organic solvent comprising a polar promoter during a complexation step and procedures for
preparing such complexes are described, for example, e.g., in U.S. Pat. Nos. 4,259,194;
4,259,195; 4,261,843; 4,263,152, 4,265,773, 4,283,295, 4,285,822; 4,369,119, 4,370,246,
4,394,279; 4,402,840; and 6,962,896 and U.S. Patent Application Publication No.
2005/0209111, the contents of which are incorporated by reference herein. As shown in
these references, the molybdenum/nitrogen-containing complex can further be sulfurized.
[0065] In one embodiment, the anti-wear agent compounds for use herein are
substantially free of any phosphorus and/or sulfur content. In another embodiment, the anti-

wear agent compounds for use herein are free of any phosphorus and/or sulfur content.
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2005/ 02091 11, the contents of which are incorporated by reference herein.
As shown in these references, the nol ybdenunm nitrogen-containing conpl ex
can furt o 20/seofiuri zed. [ 0065] I n one enbodi nent, th@CaAIS2e0RMES35SAgENt
conpounds for use herein are substantially free of any phosphorus and/ or
sul fur content. In another enbodi nent, the antiwear agent conpounds for use
her ei n [8066]f r ee dbecramylyphibs p hoti-weaandicar ufounds ath@ntthdn0C6 GlindCatigkeal | vy,
the antj-wear agent conpounds other than a.zinc dial kyl dithiophosphate
conpourf]dthaqulomhégee ReMPpoHndnare) pisEIIE A thg lalglflcaé@&p%iwmﬁsmﬂn dh harpnt
rangi ng,f iRgraRpiio? 025 HobBRO Lyt SoiMing KheralglyHtGhabal /3 s apRRROME of; 3 to
about 2 1@‘0% based on the total wei gﬁéeo?rgt Pe (ﬁ]br|8‘l(li;[at:|;ngg!(’;ilhf11 ’
conposittabahon {ho 0@l wdibkt dfube lubstitimg ol dongmsppiosi t i ons of the present

i ti b i ent| d by_sinply bl endi i Xi h
aonl esdldner santhe 14prieaiRe o RETRarBs ShHER MRy e ETHaRCe Rt PO ant
and antgreyea| b%gﬁﬂiﬁly OldnaIngt diafixdnZ ihRCasRlied Fi¥pershint, Nit IRROSRN AR -COMRRAUPI,

optionally with other additives, wth the oil of lubricating viscosity. The
ashl esglctirgger samexidangt and contvedani sggntietteargénn, aapng odirbkahtdidwaphasnhatorear
agent other than.a zinc.dialkyl ..dithio sphat.e .conpound so _pe

o ebi endroubd BheBnAbnFibREigeon IR RE RIS RIREY RERSh PR OulEs:

desi r ediispefsaht) En@pPécRdRiihial edcta@péms afitoxi @@t lahd ain€- W neicig o®kr ahdnubraiat i ng
conposition containi r;g;‘nt he desired concentration of additives. The ashl ess
di sper sh#kyl dithionhasphagheormpauad resngleq be Apbiraded abn coNcERaEor daskagamdth

anti - . o) h -zlene  di al Lt.hj 4 - : r.e

b1 ended efh oes Ayl AR HE afopfbd: HREE PG EyF ITHRIIC oF1

i nmpr ovddbrvatingeampekiteat catdniap ethboddsirsd | cobtentriation o aiditivend Thepahlekd e

with other additjves in the desired finished lubricating oil. Conpatibility
in thi 1?H’?§S@3hébfe©% QBF Jiot4)-CRRIGHUNG ?rg?ll“?emﬁ’roé‘é‘gﬂf a‘@?ﬁ?&oﬁ?ﬁiég% %rlathaé’s

bei ng qf Jins eiauéyn Qith{d B&gh@te Rbinpa Lark bi&dcd Al AL B Mg £ BUREnRARE
additives to precipi Pat

under normal conditions. Suitable oil
sol ubi lat twhichathpapiolideiitprovad geswearefcgindeme bathpolubtt infthd eibandempagibte |
formul ati,on,can  be determ ned t ho havj.n rdiinary.skill in the art
Lot e P OHER SaPEeY I I S (e it ET SuuREin? ey ORI bRt
from a deaemul ah&ds tRrhe pldsit @indpotRIPAS kil AR RingABIPissblcCRNE tabphRGib(cabout
200C to 250C) can be neasured by either actual precipitation fromthe oil
conposittdabratoplse e fahcauscantherrdditivgs ta prsgigytatesuidar nermahispeditiens. ditadle

or o i 08B B o, RSPk SRSy s
addi t i vRgeriniedi bpathbbdhadiaxi bidadayy fdkiiCtinotie A gling Bufihdisshedity ulaktingat i ng
procedures. For example, precipitation from a formulated lubricating oil composition at
ambient conditions (about 20°C to 25°C) can be measured by either actual precipitation from
the oil composition or the formulation of a "cloudy" solution which evidences formation of
insoluble wax particles.
[0068] The lubricating oil compositions of the present invention may also contain
other conventional additives for imparting auxiliary functions to give a finished lubricating
oil composition in which these additives are dispersed or dissolved. For example, the
lubricating oil compositions can be blended with friction modifiers, rust inhibitors, dehazing
agents, demulsifying agents, metal deactivating agents, pour point depressants, antifoaming
agents, co-solvents, package compatibilisers, corrosion-inhibitors, dyes, extreme pressure

agents and the like and mixtures thereof. A wvariety of the additives are known and

commercially available. These additives, or their analogous compounds, can be employed
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oi |l conposition in which these additives are dispersed or dissolved. For
exanpl e, the lubricating oil conpositions can be blended with friction
nodi f i er swor208X%03p¢0ki bi t ors, dehazi ng agents, demnul sifyi RGTAFRINWHS83TLL a
deactivating agents, pour point depressants, antifoam ng agents,

co-sol vents, package conpatibilisers, corrosion-inhibitors, dyes, extrene
pr essurfer agqntgraiva dfitee hibkieatarpooiircorhpasetsorts é tieoinverionasyi it ynsadl bidneling
additives are known and comercially avail able. These additives, or their
analogdﬁ%“%ﬁﬁ%ounds can be enpl oyedfor the preparation of the |ubricating

oil co rm t i ons E%Ianﬁf'é% bfq YI%TOh Ao ﬁeltshﬁc}ﬂlﬁg ai)utbér@ rigft N O %‘kﬁo@z?lat&p 069]

Exanpl es of friction nodifiers include, but are not limted to koxyl at ed
fatty efaity]asundspbata@d fhty tepoxapesx |fate_‘,sphdsah1ttqs, @htysgfmxtcbs,, fattatamm@pbmad@s

faty At BisBlT WGy RS st it al BBGRL BRI st ey Bpiale ' ©°
i m daz cglyd&e& Ardase m@qﬂudd}ohheﬁ a8 Bi’s'fcﬁﬁéd Mou .6 Patéds K8 66,31 ¢ aitt @ntehitsOf

whi ch are |ncorporate (g reference herein; friction nodifiers obtai ned
from a afeslich are preotheatcdby acferange @e®in; ﬁn@iﬁ@n amd}ﬁeais cbtagned fromridrepeign

f bl d d
Cer et atofiDalt ke GFoup okt A ol o LaelBin B bO e B SO "L e

li ke an@dmi ﬁﬁrU%@ﬁcanﬁlﬁgfcom-'p_b@n(f sdl&dddoforabd biorp coasisthey dMeompeibadeichn n t he
Iubrlcatlng oi osition in an anmount rangi.ng of from about 0.02 to

about 2lign@taming éﬂ hgdike gpd Fléé"ﬂiqurdh@mf cowdsistion awedifigr spppaBicorioraed Bhout
0 05 to[lflgg@)gl][bat or%[/(?s tf%'ﬁqnqgr Oﬂ{])l all 1§QI ncpﬁld"m ﬁg@ﬁé tcpa‘t;louE qutob}’t ofd- 2

rust are no lited to,
non|onnhemﬂhyﬂumgbﬂybaqesm@anpgﬁxdﬂgfhnp@by@ﬂ@@ihyhbﬂﬂ 1.auwty %,edrldemore
pol yoxyet hyl en hi her t her, pol yoxyethyl ene nonyl phenyl et her,
pol yox yoxyet hyl ene octyl stearyl ether,
| ;R%?ftr;i%}i Bh& 9%91@ Oé‘fﬂg 600| hyl | | eth

pol yoxygptyy! ene %Z%)‘d 1&t %?rrusp%ﬂlgﬁbﬁ%t dRRe BT Bict abt MRRRSE 88" bfionic
pol yoxyet hyl ene sorbltol nmonool eate, and pol yet hyl'ene gl ycol nonool eat e;

st ear i pohixgalkpldnonperts,fag.t VOlaoxx%hyldleclamb«bn;kier,cpoémxysthytmb dligleoapwholf at t y
acid anm,ne sal salts eav sulfo ar | carbaoxylic
200 s, oPolGiyihine * Fasideosnithstor pabegydRubic Rchitiondt  Bicony
succi nl;folﬁﬁly@ltﬁyleﬁ@rouyalste@gn Qdtfer! B@l&@?}eﬂ%ﬂ&e%l&j’do&ﬁac %I;@wétﬂ%eﬁ@@mﬁbﬂ ves

t hereof; synthetic al karylsulfonates e. g., netal dinon hal ene
sul fonattl@@ste@me tiedyaxyRi@ykeng sefbitol rr@@loplf@tee@nd I{O(bmhb]le@ ah‘polegloaboleate

anti f oas a%g{anﬁgé o'tl{&;lfyt 4 ?@réét ﬁ@{r%o 1c JLCI&T.S] nﬁeq%lt §)da E Otlayc d glrﬂ %l &ﬁ'ts

nethacr YITEr'S 0 t Y Cone a
t her EOfrnetal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydrlc alcohol,

phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thercof and nitrogen-
containing derivatives thereof; synthetic alkarylsulfonates, ¢.g., metal dinonylnaphthalene
sulfonates; and the like and mixtures thereof.

[0071] Examples of antifoaming agents include, but are not limited to, polymers of
alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.

[0072] The lubricating composition of the present invention may also contain a
viscosity index improver. Examples of the viscosity index improvers include poly-(alkyl
methacrylate), ethylene-propylene  copolymer, styrene-butadiene  copolymer, and
polyisoprene.  Viscosity index improvers of the dispersant type (having increased
dispersancy) or multifunction type are also employed. These viscosity index improvers can

be used singly or in combination. The amount of viscosity index improver to be incorporated
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[0072] The | ubricating conposition of the present invention may al so
contain a viscosity index inprover. Exanples of the viscosity index

i mpr over sworreiougesopol y- (al kyl met hacryl ate), et hyl ene- pPOpsUS2Ve/05835DI yrer ,
styrene-but adi ene copol yner, and pol yi soprene. Viscosity index inprovers of
t he di spersant type (having increased di spersancy) or nultifunction type
ar e al sotoeampdmyetoil Fhresevivh desdet twscosideof thopoopetisicd angine oils edd gemegdllyy or i n
conbi nation. The anoupnt of viscosity index inprover ta be incorporatedinto
an engilﬂéheoqapgey%ﬂ%b@gt%ﬁ%ala@é%@ﬂ- ikt 5S4l groght ke eBHpoihded engi ne o I
and gengol y i n filiehapam obi Aattbsifion diAnBIA NP dhibhtiopBRs el egTOUN
of the 'engine oil. [0073] %he | ubricating oil" conposition of the present

i nvent iroduopospepsts g@atee dranrtkat wdiangrpspdmgylubnie@dng piltcdosposiian irofvheh a
correspondi | ubricating,o0il co sition in. iqﬁ a zin i hydrocarb

it o etk bR Bn S he G g * v i oo ai oGPPG s en
t her ei NyredeRt BRRIE MRIOSH M0 dhe AT tRE BRSSHt ihVAKBHA, 11RO lubkiB&idUAT E&ApdsitebnOi |
conposition of the present invention possesses a wear reducing property at
| east alddhe prOSstgresation pobrasses Ravcapfrequctwy prepponali lnest labouti 2046 gragtesithan
conmposi tion.in which a.zi di_ hydrocar byl dithiophpsphate such as a.zinc
i ol Ryt 85 oS i Balie | 8 ttioaflobnaf EYRRATE' Za: flvA2eBu8t hen
of the dihsmbiphattvQithi &Na Aidte dlatbil i ididphgsphiate eohpRmit is Ofteht thtgeipr epent

i nvention possesses a wear reducing property at |east about 25% greater

t han t raether cabedimeat pbHgi MesentiBIVEREAN, e bibTicatBrik Femeesition ofihe prescat nc

di al kyl. _di thi a ad i | Rgo,| The. f i nal

appl 1 ol Sion IREISRY b APTRAUE pRopBlietibat 1865, 2rvcl SRCH elfiCull Wia 1
for exawplegpondingrabiicaging yilicodpositiohin eaiths zinc diatks$ Hekidplthspsat cemgouneis,
crankcase |l ubrjcants in autonobiles and railroads and the |ike, lubricants
for hed%?“ﬁﬂEﬂWﬁ@Py such as steel nills and the like, or as greases for
bear i nggop4)d theThh&ﬁmlh&ﬂﬁﬁﬁo@ﬂpﬁﬁuﬁﬁﬂ%ﬁngBﬁcb blifiahd HALRI ihvGRIGAYSyt | ONS
of this invention are used to lubricate an internal conbustion enginé such
as a sp=mr Kor gnamplen iengenes cxlicdarplubssingn in gerbsshead diesslekngney, neanleasy. , a

h ty diesel i i on i.gnition. diesel i i pped
ot ot B GRS afth bR iE: AR, AtkicanR oSN S ep SR sSpar v i o
conver t@fel ndNg afd REE 1ik6 a4 Lol b @R . fof BOFRigs \Whathenikt hem! sHer iddimentOihe

conposition is fluid or solid will ordinaril dﬁgend on whether a
t hi ckenbbrgcagigermil ¢ampasipantof thigphventiontire kléfri% togluktjeste sinj intsirmpd eopdugtinnea

acet at eg, LI 10k W,SEEA AL BANGANS ol it L0070k Then Lol LUhg onbiyy ti ng
exanpl es”are Tl lustrati ve o e present "I nvenAtion.
duty diesel engine or a compression ignition diesel engine equipped with at least one of an

exhaust gas recirculation (EGR) system; a catalytic converter; and a particulate trap.
[0075] Whether the lubricating oil composition is fluid or solid will ordinarily depend
on whether a thickening agent is present. Typical thickening agents include polyurea acetates,

lithium stearate and the like.

[0076] The following non-limiting examples are illustrative of the present invention.
EXAMPLE 1
[0077] A lubricating oil composition was formed containing 3.858 wt. % of an

ethylene carbonate post-treated bis-succinimide prepared from a 2300 average molecular
weight polyisobutenyl succinic anhydride with a heavy polyamine, 0.286 wt. % borated
glycerol monooleate friction modifier, 0.487 wt. % molybdenum succinimide dispersant/wear

inhibitor, 0.490 wt. % diphenylamine antioxidant, 0.593 wt. % 17 TBN calcium sulfonate

20



EXAMPLE 1 [0077] A lubricating oil conposition was forned containing 3.858
wt. % of an ethylene carbonate post-treated bis-succinimde prepared froma
2300 averwigeomnise@dal ar wei ght pol yi sobut enyl succi ni ¢ aroydrseee/0ss3sh a
heavy pol yam ne, 0.286 w. % borated gl ycerol nonool eate friction nodifier,
0.487 wt. % nol ybdenum succi ni m de di spersant/wear inhibitor, 0.490 wt. %
di phenyl daterpengntliddxvtdant 1,0 TBS@3lciMm s¥tdohdtcddidrganlt,0).050 wu % sihasrediedsed gent ,

1.141 wt.. % 410 .TBN cal ci sul fopat e. detergent, Q.05 .. % silicone-based
f oam i nhf®it Bﬂ%}bl@r,gng %}]@mw@%éﬂw&wl&@ﬁﬁ&ﬂ%W%%ﬁgtﬁylswpwyle@@

et hyl ene- : E EWRVAI i1 khdex, En . % G oup
|| base OHO?Q%??ggWiI%%% 13#?‘%3? Ptr%%g'éﬂgi 'z/odr}rpmg@?%/?%ﬁ O'Ha(}% éT%%gE%hor us
cont entlubfficadingtoil rgositian Sad & phospbortus wontofit 3.008t1 Ynend &sul DORGPABRATAINIED SEXANVPLE
A [0078] To the lubricating oil corrp‘é)/gi&i on of Exanple 1 was added 0.64 wt.
% of zinc di hydrocarbyl dithiophophate.””The resulting lubricating oil
conposition had a phosphorus content of 0.048 wt. % and a sul fur content of
0.151 wt. % COVWPARATI VE EXAMPLE B [0079] A lubricating oil conposition was
formed containing 2.35 w. % succinimde dispersant, 6 w. % borated

succi nim de dispersant, 2.84 wt. % 260 TBN sul furized cal ci um phenate
detergent, 1.02 wt. % 17 TBN cal cium sul fonate detergent, 0.22 w. % 410

TBN cal ci um sul f onat e det er geMPARAITVE .EXAKIPPIEeAYl am ne anti oxi dant, 0.6
wt. % hi ndered phenol antioxidant, 0.4 w. %terephthalic acid salt of a
bi s- sud® i de (ethevyedicetisgrd soopaie) eidacamic hewppdderd §-adiviele of zinc

i b oG i Bl ARG PSS RGBT Sl dGPRAF BB | e
i mpr ovetontedt 8f WO48 H4. 96 und peulfiir cdeenesRM], wO2%5 wt. % non-functional i zed

viscosity index inprover, and 1.89 w. % zinc di hydrocarbyl dithi ophophate
in 76.17 wt. % base oil consisting of 24.5 w. % base oil consisting of

24.5% Group Il base oil havipg paKnAgURIEEAVIPSGOSI tYy (kv) at 1000C of 4.7
to 4.9 ¢St and 75.5 wt. % Goup Il base oil having a kv at 1000C of 7.8 to

7.9 cSt[00Me r esuh limgatinhpil camipngtion was dorpedi dcontimih@d.3a whds phomisidont ent

of 0.150 wt_ %and,a sul fur, content, of 0. 445 k. , %] 00R0], Test] 1,908
phenate detergent, 1.02 wt. % 17 TBN calcium sulfonate detergent, 0.22 wt. % 410 TBN
calcium sulfonate detergent, 0.3 wt. % diphenyl amine antioxidant, 0.6 wt. % hindered
phenol antioxidant, 0.4 wt. % terephthalic acid salt of a bis-succinimide (derived from 1300
MW PIBSA and heavy polyamine) dispersant, 0.5 wt. % molybdenum succinimide complex
dispersant/wear inhibitor, 10 ppm foam inhibitor, 5.75 wt. % functionalized viscosity index
improver, 0.3 wt. % pour point depressant, 0.75 wt. % non-functionalized viscosity index
improver, and 1.89 wt. % zinc dihydrocarbyl dithiophophate in 76.17 wt. % base oil
consisting of 24.5 wt. % base oil consisting of 24.5% Group Il base oil having a kinematic
viscosity (kv) at 100°C of 4.7 to 4.9 ¢St and 75.5 wt. % Group II base oil having a kv at
100°C of 7.8 to 7.9 c¢St. The resulting lubricating oil composition had a phosphorus content

0f 0.150 wt. % and a sulfur content of 0.445 wt. %.

[0080] Testing
[0081] Mini-traction Machine Evaluation
[0082] The lubricating oil composition of Example 1 and the lubricating oil

compositions of Comparative Examples A and B were evaluated using a PCS Instruments

Ltd., London UK, Mini-Traction Machine (MTM) bench test. The PCS MTM instrument
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[0082] The lubricating oil conposition of Exanple 1 and the lubricating oil
conposi tions of Conparative Exanples A and B were eval uated using a PCS

| nst r umerwe 2btod3960kondon UK, M ni - Tracti on Machi ne ( MTMpCivarsedonesss? The
PCS MIM i nstrunentwas nodified so that a 1/4-in. dianmeter Falex 52100 steel
test ball (with special holder) was substituted for the pin hol der that
cane Wwdy bdificthsé thatrany4-{is ekameegh alexyDEGutddl tesEbalb(with kpdctdl ihoRleaindlas\ear

Measur enment s l\/bdlfle MIM Tri ter," IP.comJournal 7 VoI 2, 9,
pp 57- 54 MWQE?P n holger t ﬁ G‘EQFEEIWH%H (Spgnfgucrmagachig E-S.gq

Vear i ”‘F%E&?hn@@@éa?%ﬁ% sur%ﬁféh&aum %a'-:MSJhFPi%&rM”PM Tﬁ})&ﬁé@ﬂy iP. ?6&%&1%[‘95 of

the Institution of ani cal Enginheers Part J,
463- 46 V¢200%) pp S8 (Amgustlmﬁh), MnslPG@MDQOﬁOQH@H)landdfamhwkhlnﬁdS a'Sdotr un

under i tions chi eved fixi e ba d.y in the
apect arVig BOSRD fakienatotiid SatEerigs TabolbE e dies oh et o tingor
it. Thevie@adichi PRSinéd€ PﬁﬁqVWle maeNe J3; pg ARISE4D Do9k))Corid fnk@isedtokaMM
Load 14 N Initial Contact Pressure 1.53 GPa Tenperature 116C Tri bocoupl e
52100/ 3@¢dn &ﬁ&é’d‘oﬁfﬁlge@Odeﬂ nggesict gligiog gonditiawoolt inachieyed y2ixing thkd 10 5
10 Length of. T| 70 Myn.  Test e |ne %,[ 0083 oot
obt af na gy ahe, el B PRV B FIRHER IRPhRGY v PREMFG TS fFey
was userhdwnditibhsarceséwn M Ngylall. oi | was added to the soot before it was
shi pped. Therefore, the soot has to be washed prior to the test. It was
made into a thin slurry with

TABLE 1
Test Conditions for MTM
Load 14N
Initial Contact Pressure 1.53 GPa
Temperature 116°C
Tribocouple 52100/52100
Speed mm/Sec. Min.
3800 10
2000 10
1000 10
100 10
20 10
10 10
5 10
Length of Timer 70 Min. Test
Diesel Engine Soot 9%
[0083] Engine soot obtained from the overhead recovery system of an engine testing

facility was used for this test. Mineral oil was added to the soot before it was shipped.
Therefore, the soot has to be washed prior to the test. It was made into a thin slurry with
pentane. The slurry was stirred for a few minutes before it was filtered through a Whatman

Number 2 filter paper over a Buchner funnel. The precipitate was made into a thin slurry
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pentane. The slurry was stirred for a few mnutes before it was filtered

t hrough a What man Nunber 2 filter paper over a Buchner funnel. The

preci pit aWe 20m03p@de into a thin slurryagain and filter @dTiuscaagyhs3as What man
Nunmber 2 filter paper again. The precipitate was then dried in a vacuum
oven at 20 inch vacuum and 900C for nore than 16 hours. The dried soot was
t hen sisgu@chndHileughtheoupl anWahtn{ad0Qumberitaiitenpapelafaar. eThus@eciphate sldseledn ve of

this operation was to renpve the oil and other inpurities sq that

r epr od(1BI1B 2PAFUTE PEL #ra) iRERMAANE %‘ﬁe%})_ ol frog en rpdeutso st veotuear
as seenylnEpdRLE] Boash SQqﬁ%s'ile(@bﬁ Gith Atk ik FEBLrE Y. e oﬁ@@t@v‘k\] of s
prepare the test specifrens, the anti-corrosion coating of the PCS

| nst r uroprtasiod 24600 sﬂnmmthebiMdmthﬂdmpRa)ig:s st thet regirslusiblapartieepeednadsi ng

cort "t 1iad BN SR ShAMGe otk os 1 T FoTemasir iy KRSk S (oo

filmonpbhesd sc track had been renoved, and the track of the disc appeared
shiny. The discs and test balls were placed in individual containers and
submer dé084In Chevkwmramae tthe nigstr specamensy, the henti-egrossgpe sopers alethe PCS

ul trasani,cal l ned cin emin,a sonicator,for 30.m nutes,
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| ubricating oil conpositions of Exanple 1 and Conparative Exanples A and B.
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no zinGydl Fyﬁ%ﬁ&%ﬂ?ﬁg gtr{ehhlgﬁsh oRD %P ngméFf%laace&!iﬁ i ERA! 'cé{nthﬁ{&;s%’rﬁld MIM
wear resul as conpdre (0] e sane lubricating oi compositron o

Conpar aubmerged amphevrdn #6@ atiedtrwiladtlya the togt sgediyndnowarchyirasdhichil p pleapidaiye .

This was unexpected as zinc di hydrocarbyl dithiophophate is a known
ant i wedt? ﬁ?nﬁﬁﬁ%ﬁﬁtﬂrgﬁﬁ)@@lﬂe&d to i nprove the wear result of the

lubricappgg oi | caPRsiits Fthis! Vaf@6bn at&t MM Yfpﬁirgufeeﬁ%lfl]icﬁfsh(g\k}ﬁhe wear

I
| ubricating oil conposition of Exanple 1 is |ower "than the l[ubricating oil
conposiscandiamkteCd NP Jasnds staideadpleeaton WHI'dh of shealubtiaatdeyr oil lcoimpogaons of

t ai ni | atjvel y hi t of zinc,dihyd byl . di.t hi. ophophat e.
0086] TR 118 bHER e Ed BRREVAGLE nB0i Y s G rh§ HeITaBe X ¢ he
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construed as limting, but nerely as exenplifications of preferred
enbodi raegniBcanty impseaag M Mivear teslitap eprapeared & thsseme bovisaargiol pgrnperttiated as
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unexpected as zinc dihydrocarbyl dithiophophate is a known antiwear agent and would be
expected to improve the wear result of the lubricating oil composition. In fact, the MTM
wear result of the lubricating oil composition of Example 1 is lower than the lubricating oil
composition of Comparative Example B, which is a standard lubricant containing a relatively
high amount of zinc dihydrocarbyl dithiophophate.

[0086] It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed as
limiting, but merely as exemplifications of preferred embodiments. For example, the
functions described above and implemented as the best mode for operating the present
invention are for illustration purposes only. Other arrangements and methods may be
implemented by those skilled in the art without departing from the scope and spirit of this

invention. Morcover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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i npl enented by those skilled in the art w thout departing fromthe scope
and spirit of this invention. Mireover, those skilled in the art wll
envi si on woRero/ase@uf i cati ons within the scope and spiri PCOfUSRINE/058389 s
appended hereto. WHAT IS CLAIMED I'S: 1. A lubricating oil conposition
conprising (a) a major anmount of an oil of lubricating viscosity, (b) an
ashl esswiisAsDEY €BAIME(X]S:at | east one netal - contai ning detergent, (d) an
antioxidant, and (e) an anti-wear. agent, wherein the |ubricating ojl
conposi tion ks %@Eﬂ%ﬂngng}l ZORPOH QM | SAMRAISHT Z?)h%sfﬁﬁa’f Enh Stird QHdof s
subst antpalakie LE6Qf (W% RNOSRIYAINE PO Mast Fre nli§1-donlihinaLERE:AE (d
CONpoSi t?or?lo? & asllér%f &ba) Wnere%n %ﬂr’?e gs’ﬁ{)eass di sgersant i's 1agbi sg%?céi(r?i m de
der i vedinfantivxidaet, end (@rae qpohyal kyérenehsamcthaildbraahyglpil dempogtiom kefree of

| ubricati ng oi]. Qsi ti o f Claimpg, erejn the pol yalkylene group is a
pol vi st ang gL agtont 8 avep e smdiiscuvaim il G BF Fy Ghosdote s00
to abowondP0. 4. The lubricating oil conposition of Caim3, wherein the

bi ssuccinimde is posttreated with ethyl ene carbonate. 5. The |ubricating
oil conposition of aim1l, wherein the at | east one netal containing
detergent is, an, ovyerbased al kal i ne. earth netal .sul.fgnat e, det.ergent having a
Lotal “base munblr WHRRTSPTABOUC LON S QBBhC- 2EBIC Mg IS E PRI Yoi |
conpositisarcifimi@d adrived froMefi€dmmbReoifalitytafisuaigicrhpdriiest ai ni ng det er gent
conprises two netal -containing detergents. 7. The lubricating oil
conposition of Claimé6, wherein the two netal -containing detergents

conprise a fqr - 4 aj,al . t I i ] kal i ne
carth mot al surFoRarEegre TR BRIGFLECaRR S Win o PRUBITISRARE 0 and
a secondlyisibataghg@uphagngeh evgegdt maktwhr wsightofdvwen base d0alkdkabaun23@ar t h
nmetal sul fonate detergent having a TBN of about 10 to about 50. 8. The
| ubricating oil conposition of daim1l1, wherein the antioxidant is a

di phenyl am ne ¢REmadhi: ofl EndpYlitibf AEICILNPE ! WEAERORE HiQNcQfinf@khdst-
wherein the anti-wear agent COf?’pI‘I ses a nol ybdenum cont ai ni ng conpl ex.
The | ubrdagdtwittyetbyllenc orparsitd.i on of G aim 9, wherein the

nol ybdenum cont ai ni ng conpl ex conprises a nol ybdenuni ni trogen conpl ex. 11.
The lubricating oil conposition of Caim1l, conprising

5. The lubricating oil composition of Claim 1, wherein the at least one metal-

10.

containing detergent is an overbased alkaline earth metal sulfonate detergent having a total

base number (TBN) of about 10 to about 450.

6. The lubricating oil composition of Claim 1, wherein the at least one metal-
containing detergent comprises two metal-containing detergents.

7. The lubricating oil composition of Claim 6, wherein the two metal-containing
detergents comprise a first metal-containing detergent which is an overbased alkaline earth
metal sulfonate detergent having a TBN of about 150 to about 450 and a second metal-
containing detergent which is an overbased alkaline earth metal sulfonate detergent having a

TBN of about 10 to about 50.

8. The lubricating oil composition of Claim 1, wherein the antioxidant is a

diphenylamine compound.
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about 3 wt. %to about 10 wt. % based on the total weight of the

| ubricating oil conposition, of the ashless dispersant; about 0.5 wt. %to
about 2 woO 2040/39@ed on the total weight of the | ubricaPCmgiseed/058359
conposition, of the at |east one netal -containing detergent; about 0.2 wt.
%to about 1 wt. % based on the total weight of the lubricating oil
conposi ti on;9.dfhd lnbrieaing @xli darfositian df @it 1,0vikraih thantiowedraigtntZontprisés
based on the total weight of the lubricating oil conposition; of the

ant i - weanogdsum-gntainig OIWISXcati ng oi | conposition of Claim1, further
conprising at | east one additive selected fromthe group consisting of a
friction nodifier, extreme pressure agent, viscosity index inprover, pour
poi nt depr esiantheanbricrtixg wile®ntpositionfof C18m T hehdreib thamblybdemini-contaposy t i on

of Claiml1, which. posse s a wear reducjng property of at |east about 20%
or eat o OIS CHRRIE:  FORGRFREBHHERE CPRBITeat i ng oi | composition in which &
zi nc di hydrocarbyl dithi ophosphate conpound is present therein. 14. The

| ubricating oil conposition of Claim1, which possesses a wear reducing
property of ldt Thedsbricabogpil 268tpgyieen er Clatar, edvaprisdig a corr espondi ng

| ubricating @il conp@sition iy Whigh,a zinc.di groc r byl . dithi. ophosphat e
conpound is ag’?‘étsgrﬁft‘ t/aé &8?11.“ ngw‘A%rrgf‘%egdm} (t)hre {r;%a u‘@?lg%t %/l\fia%lf 1|u nczfﬁngnler nal
conmbustdoaiposifigh s ,thd HdldIBtRPEsa@NPri sing operating the engine with the
| ubricating oil conposition according to Clains 1-14. o )
about 0.5 wt. % to about 2 wt. %, based on the total weight of the lubricating oil
composition, of the at least one metal-containing detergent;
about 0.2 wt. % to about 1 wt. %, based on the total weight of the lubricating oil
composition; of the antioxidant; and
about 0.1 wt. % to about 2 wt. %, based on the total weight of the lubricating oil

composition; of the anti-wear agent.

12. The lubricating oil composition of Claim 1, further comprising at least one
additive selected from the group consisting of a friction modifier, extreme pressure agent,

viscosity index improver, pour point depressant and mixtures thereof.

13. The lubricating oil composition of Claim 1, which possesses a wear reducing
property of at least about 20% greater than that of a corresponding lubricating oil

composition in which a zinc dihydrocarbyl dithiophosphate compound is present therein.

14. The lubricating oil composition of Claim 1, which possesses a wear reducing
property of at least about 25% greater than that of a corresponding lubricating oil

composition in which a zinc dihydrocarbyl dithiophosphate compound is present therein.
15. A method for reducing wear in an internal combustion engine, the method

comprising operating the engine with the lubricating oil composition according to

Claims 1-14.
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