WO 2010/039604PCT/US2009/058359 LUBRICATING OIL COMPOSITION BACKGROUND OF THE
INVENT_I_O&IO 0115%%&& Field _[00011_The present invgntion generally relgtes e hiaricating .oiI
compositions for reducing wear in engines. 2. Description of the Related Art [0002]Automobile spark
ignition and diesel engines have valve train systems including, for example, valves, cams and rocker
arms, which present special lubrjqaiencanteins it isexreaetylionortant that the lubricant, i.e., the
engine oil, protects these parts from wear. It is also important for the engine oils to suppress the
production of deposits in the engines. Such deposits are produced from non-combustibles and
incomplglergormbusiion efhydrpearbenfuelsi(e.g., gasoline and diesel fuel oil) and by the deterioration
of the engine oil employed. [00031Engine oils typically use a mineral oil or a synthetic oil as a base oil.
However, simple base oils alone do not provide the necessary properties to provide the necessary

wear protegtigm;eangsigcontrol, etc., required to protect internal combustion engines. Thus, base oils
are formulated with various additives, for imparting auxiliary fmictions, such as ashless dispersants,

metallicl888d)gents (i BrenTEtaFRoMKFIRR dStBrGERtsic i inioa LY KA S Ao RISRESHAS d¥fdation
inhibitorg);\d ityindexdmprovers 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.
2. Description of the Related Art

[0002) Automobile spark ignition and diesel engines have valve train systems
including, for example, valves, cams and rocker arms, which present special lubrication
concerns. It is extremely important that the lubricant, i.e., the engine oil, protects these parts
from wear. It is also important for the engine oils to suppress the production of deposits in
the engines. Such deposits are produced from non-combustibles and incomplete combustion
of hydrocarbon fuels (e.g., gasoline and diesel fuel oil) and by the deterioration of the engine
o1l employed.

[6003] Engine oils typically use a mineral oil or a synthetic oil as a base oil.
However, simple base oils alone do not provide the necessary properties to provide the
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).

[0064] 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,



For example, zinc dialkyldithiophosphates are usually contained in the commercially available internal

composition en |51me3g)(l,)los4 especially those used for automobiles, because fé?ﬁf%@é%[%lﬁ%
itor. owever, a

characteristies as A Antiwear agent and performance as an oxidation inhi

pro_bler_n assoc_:iated with the use of zinc dialkyldithiophosphate is that thei_r p_hospho_rus and sulfur
deﬂvat%?g., Hﬁﬁﬁﬁﬁb%ﬁ&%@@ CmPONERISQf hesrialMlicRoBuerer S ERIRISAmalar sopeern as
effective Catalytic converters are needed to reduce pollution and to meet governmental regulation
designerinesreliuternokidegateeosnyert s foxieeansplts rYRiCaTEaS, clrboi vehbcigatimghitrogen
oxides, jp.int ion. engj temissi lytiG: Sgengrally use a
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oxides, plpirerinseiibciniie dmaustssicans gy, dhetbshast pipkyigithinphaspis; tér}@onvert the
toxic gages IBAANIONE IARCT A SRERYIQHRY wﬁﬁnﬁﬂgdpﬂ&ﬁs&e@'yﬁ& COIMRPNSIIRiLS RRisoned by

the phosphorus @nd sulfur components, or the phosphorus and sulfur decomposition product of the

zinc diafidigentipbhsspratae e artergrigigneneal satahéindgipvensBontaining phosphorus and sulfur
additivegypagy substadtially;tefyce fhg-life.ARd SlierivERERS M FriR Ik SRV asteruskaRGh fhere is

also governmental and automotive industry pressure towards reducing the phosphorus and sulfur

contenttiFopbaiples cadent GF-eppietbr dibspedmtittiossTFeru e LHireKEdod 1BceHitalivfsss than
0.08 wt 2 and 0.4 1ha RRoRPRGRUS AN SHIf rBsRectyelidand (i PRiohihapssifications, the

most current generation heavy duty diesel engine oil, require an oil to contain less than 0.12 'wt % and

0.4 wt %=prRssRbR AR K SumatoreibaperiERAtRRg. 10 WOsh SUREECHSHIPRIRANEIFHBIESEY that
lowering (hese HMits MALAVYELS SGHioHS IIRAEH 9N SRAING REITOUNRNoS RAGIRGIEAY dhdpxidation of

engine oils. This is because historically a major contributor to the phosphorus content in engine oils

has beeisspritivraNicyndithid priospHafaisd aebortiglyidelvbalie veldeeidenreriaeiniaat@idse®hount of
zinc diaflgyldithiophasy @%‘erhiQﬂgﬁ{&n[:Je?ﬁ?txﬁ@h&{%%%ﬁi@gs%@%ﬁd&%ﬁﬁ@ﬂ%%'ﬂ%ih@Qﬁ%.increasmg

the life and effectiveness of catalytic converters while also meeting future industry standard proposed

phosphdti§ BritFetsGrisietartyirn tmaien S BI MR ele DROABRT U ePEEITh P AREHIR SR zinc
dialkyldigiapbosphalik- PR MARIRTS 9&%%%%%@? negessariy lawers,thaantimeaipraperties and

oxidation inhibition properties of the Iubricatingi oil. Therefore, it is necessary to find a way to reduce or

eliminatipieéshaing andelditriophraphaimin shncatam il ribusdedusins Fabdyadarivatitgher

phosph%&%%@esm@ﬂé%@ﬁ%%keﬁ@ NGRS dAcsodinghc as Aesmandfonfurherdegigase of the
a

phosphorus content an imit on the sulfur content of LubricatinF% oils is very high, this reduction

cannot Bergstadaepysirrdard seerdrrhrired v prattcu Arenicrt it the QsRs &4n 0%y Broperties
required;pfindayis.anaineneikindhuse ftameulch R dasitpnies i sevsiapdubsicatingsaieampasiions

having relatively Low levels of phosphorus and sulfur but which still provide the needed wear

protectiBRSS S BroVRIer by RebieENY i oI N SHtShiRg LinE WiiRy drRiBBIEsprars e idhferefore

be desirgbig-taisieyalopimpranest kihicaling @lmampesiienrudicbexhiiidnprRyprowRamwhen used
in an internal combustion engine while containing no zinc therein and relative%éow levels qr free of

any phoSHHBERERA PR RO dariBHE SORMARYIEICFHES B 8 DesEEREOS P00 21 AtkbFdance

with one.gmbedimpertsfsthe present disclosure, a lubricating oil composition is provided comprising (a)
a major amount of an oil of lubricating viscosity, Sb) an ashless differsant, c) at least one

metal-cOfifing detePGSATIIAS dnasrifaiadrioTahey drrtinantdPagantPitEsATsE Bficating oil

compositian isfiee QflamcstnsdisikylwitienhegphatesomppUtssasd ittt anhersin s fidaricating oil
composition is substantially free of any phosphgrus content. (0008alin one aspect, there is [%rovided

the use Bf gimﬁ%gﬁhal%[s% %@ﬁ?&ﬁ%ﬁ‘ﬁﬁﬁ%d‘@t he severe antiwear properties required o

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.



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 oll

composkonig Aree of amyezinecliakyirdithiophosphate compound and is substantially free of any
phosphaorus content, for the purpose of wear inhibition in an internal con%b_ustion elngine. [00091In
i

accorddff@8kith 1 aeosiiasmbegrn SRS mEnhPa S iarer dLuTes W o eat iy S composition is
providegeosapiiings(floritid) coamoting 0f)an:aljof kibdoating MsedsiBiul)atashlessulispersant, ()
at least one metal-containing detergent, (d) an antioxidant, and (e) an anti-wear agent, wherein the
lubricatfiy aéﬁlénéﬁfﬁﬁé?ﬁ?ﬁmi’s%f‘geaé Jﬁgaﬁﬁ?r% r%&@(ﬁ?g%%mfﬂﬁ}g h%%ﬁ%@@n%ﬁ%%ﬁ%f@ s"ﬁ‘gsgntially
free of apy phPsRherugEaQNENkANdHurther whateisi theohubsigatingioiheempositionhasdewear

reducing_property greater than that of a gorresponding.lubricating ail composition in which a zinc
dialkyl ’cﬁﬂ%}}l](?%%ﬁf‘e COMRYMY i8 e%'@?ﬁ?ﬁe?‘é%??%@%l fh aﬁﬂ%ﬁgﬁge @ith TR Eitbotiiment of

the presgpidisciosure: afasihadiphimpravingthe wear reducing properties of a lubricating oil
composition is provided comprising the step of forming a lubricating oil composition comprising (a) a
major Hi¥8#ht of an BilBF RiBFtathe Heeedtyd By ancaehfeddrieliug Sirompeaitimeppreing () a
metal-gpRiainingndefergantbe (dh-uaantioxicant, @nsh(ejlidaftiparean dgemtleatereimdas-dubsiaating oil
composition is free of any .zinc diallcyl dithiophosphate compound and s substantially free of any
s b At T e i R B B T T e
is providedincrdethpidihiedhaemaiwcsarmviah dntena ibmbiist bacerigine Whiohesnirsas Bpdrating the
interna}jlggggpgfsg,ggymﬂ%mwﬂygﬂgmg{iggmtion comprising (a) a major amount of an oil of
Iubrica{t:ipg)%é/iscosity, (b) an ashless dispersant, (c) at least one metal-containing detergent, (d) an
antioxi landiferemdant weh e agrent] suftersinth efl ericedéngdditioempesition is free of any zinc
dialkylygight nalencesmRat R ARdSISIRaRRRN Y {18l 8Py RERSPHOHS SrtRBL (0GH2]In
accordance with a fifth embodiment of th:eﬁgresent Isclosure, there is provided an internal combustion

engineviserteate it aziibefsatig SaebnigbsHios sl o0 revdssrnspersUSIoBrb5 359 omprising
(a) a maias.amauntef @n LilotilwRricatiog: iseosity (Y 18P asies sHispersAM oLt deagtope

metal-containing detergent, (d) an antioxidant, and (e) an anti-wear agent, wherein the lubricating oil
compdsiioAiEipdslishian GisneyPeopKb SRS BT R PRy Selisstahtian erEensf any
PhosphQRUS,RARI&Merein the lubricating oil composition has a wear reducing property greater than

that of a corresponding lubricating oil éomposition in which a zinc dialkyl dithiophosphate
compound is present therein.

[0010]  In accordance with a third embodiment of the present disclosure, a method for

improving the wear reducing properties of a lubricating oil composition is provided
comprising the step of forming 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 hibrcating oil
composition is free of any zinc dialkyl dithiophosphate compound and is substantially free of
any phosphorus content.

160 ﬂ‘} In accordance with a fourth embodiment of the present disclosure, there is

provided a method of reducing wear in an internal combustion engine which comprises
operating the internal combustion engine with a ubricating 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} Tn accordance with a fifth embodiment of the present disclosure, there is

provided an internal combustion engine lubricated with a lubricating oil composition



[0013]The lubricating oil composition of the present disclosure advantageously possesses improved
wear reduciipg frRREes while containing no zinc dialkyl dithiophosphate gompounchasssempared to a
corresponding lubricating oil composition in which a zinc dialkyl dithiophosphate compound is present
therein. This is unexpected as zinc diallcyl dithiophosphate is a known antiwear agent typically used in
lubricatingropriomrestiensod aradaition atheiinoprovednearisaeing preratiescanheashieyed with
the Iubricatling oil compositions of the present di@glosure while also employing relatively low levels or

free of afly FROsPHOAS RoRIBHIERE refTER Mo\ IS8Tt BRIEFDES ERIPTISN'GRETHE
DRAWINGe918 144 RigHee:hisoal bargrapihednnpasiog the weauraromansmelhadulrigaing oil

composéitgm of xamplf 1 vers%s the |ubricating oil compositions of Comparative Examples A and B.
DETAILEY BESSBISHD (6 R AEPREPERRED EMBODIMENTS [0015IThe present invention is
p

directed! g 23 brieal b CATMASHRN:SRRBITHAG ALIRASK (kA aIanamaug! of an of of ubricating

viscosity; (b) an ashless dispersant; (c) at least one metal-containing detergent; (d) an antioxidant; and
(e) an aRISVEAT ag oM GMdr thdhTa Ziit ciaticy FERPTSBRbSPHELE c6PREBTRE, whereithedidlidating oil
compostiafidpiteshatanyrgiaadialkyt shibigphasphate-camnrund R desidstantialbniigerfany
phosphorus content, eﬂ%ﬂa ph_ogggorus content not exceeding 0.08 wt. %, more preferably not

exceedifg5 8 wheshalld HBLe phafeih cOMROM oA SEereM thertital WighUBE TREIGHRS Sy oil

compositiansin aneifigiceprbediment, theddbrieating pil.cempeositiompf thedrresantiventio;contains
relatively low levels of sulfur, j.e., not exceeding 0.7 wt. % and preferably not exceeding 0.2 wt. %. The

amount SPPRBERABE ud B AL T CHENTEatISET JiF Ao RIGBATBEt e ReseFitifse itiBh fac |
measuragreserding ARt D4R pI0R161 e Ql.af i PHERNG, MsGesHMOLHSR:N the lubricating oil

compositions of this invention, also referred to as a base oll, is typically present in a major amount, -
e.g., an tevels or free of any phosphorus content and relatively low levels of sulfur. -

BRIEF DESCRIPTION OF THE DRAWING

{0014} Figure 1 1s a bar graph comparing the wear performance of the lubricating oil
composition of Example 1 versus the lubricating oil compositions of Comparative Examples

A and B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The present invention is directed to a lubricating oil composition containing at
least (a) 2 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 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, e.¢., 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 fubricating oil composition of the present invention
contains relatively low levels of sulfur, ie., 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, e.g., an



WO 2010/039604PCT/US2009/058359 amount of greater than 50 wt. %, preferably greater than about
70 wt. %, g%%r?gq@f%r(% ly from about 80 to about 99.5 wt. % and most prqj@%%ggg@ﬁggut 85 to
YO,

about 98 w ased on the total weight of the composition. The expression "base oll"* as used
herein shall be understood to mean a base stock or blend of base stocks which is a lubricant

compongni.ihabisparhiaathbyca.single marripeiuenia hesanrsrecficalons findrrendant of feed

source or manufacturer's location); that meets the same manufacturer's specification; and that is

identificdony abarigtib orhema IFrd dtict Te andritwsb R irbeY, BrBathontnErastbeitdf ukk Aerein can
be any preseptivihan %lgﬁ% %F'@%Oeg’?i{%%s@éé&. oilif WbFGLIRG- Yiscosity iseindaunilating
a

lubricating oil compositions for any an such applications, e.g., engine oils, marine cylinder oils,

functiorkfl HOAeEsERRh S A NS DAY ety BiradeinasrsERiknniahelt 2ABbfitfoRamyRRREES e oils for
use hergin GahRRIREAIN CORAIN SERBINCINASHIMREOKERR, & 8eiMAMRrGRIMRIRasFiates; olefinic

copolymers, e.g., an ethylene-propylene copolymer or a styrene-butadiene coé)o%g\er; and the like

and mixRHESE Perearfobers Aecairniiihatmsiche sHpt meeHam s sransaticifieviard gt of the

base oiig feperdent é‘ﬁﬂ%&@%&l&h@, ieRuAGeRIHInEIYON BMSRISHY R beserilder use hgrein will
ordinarily range from about 2 to about 2000 centistokes (cSt) at 100 Centigrade (C), Generally,

individudipitheapdsceB Prrsert bskapym ol Fravaraddissrilie idhdepaigecatt 1 06 8t about 2
CSt to aRpuh 3iaStupkaierablvRReR3 SR6AQ ARoH1£665h andumaplipiairatly abaul ¢t fo about

12 cSt and will be selected or blended deFFending on the desired end use and the additives in the
finisheFSANRS GRVERAT qalsirdengianal dhenyitrebinsehydraulin tisn 8596 Een FBsHe ARV SN SAE

Viscosity Grage afi QO W2 B0Ws39, SRS, R0 AWER YN TWath SWNcaQp W, SW-50,
5W-60, 10w, 10wW-20, 10W30, 10W-40, 10W-50, I5W, 15W-20, 15W-30 or 15W-40. Oils used as gear

oils canFRVRYGiSeodiiesnANGIRt rotk dBsH st s aBliT B ot ReY BteTH0 @ G0 B 1BEE Stocks may
be manH?@%WéﬁQ é@@@ﬁ%ﬁﬁtﬁéﬂﬁ%@%i@&f&ﬁﬁﬂfrﬂéﬁ%ﬁﬁ‘ﬂa&%@ﬁid@i@&é@tﬁ&%ﬁﬁon’ solvent
r

ogen processin%_oll omerization, esteritication, and rcrefining. Rerefined stock shall be

refining, h
substar{@ﬁl]rﬂree fromMsrizfte il dodicatt tealrhFerALR ERIRAHG, ConYARRAYon e B?é?/i%‘&ls use.
The bage il,eh 4bs: %Q{ipﬁﬁﬁﬂ&ﬁmpoﬂﬂ&}&%@?!%ﬂ@‘ﬁ%ﬁm}é Basary Tatuial RErsHNRgtic

. Suitable

lubricating base oll drocarbon synthetic oils include, but are not limited to, oilspﬁéepared

from thé& rzatEn BPRMANERt Briftothdht pUnfensakisof SBIcknddY chﬁﬂﬁ%rﬁ%qy rs such as
polyalplaglefin erifARRisyah & oMyt eeaiba sy 8RS w AR LOKDRIRA4PEI R 049/058359

procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process. For
examplé! AW faBleABaNb DI Bnertie Kb it GES NEHEY AU Ay hABABRIE §OMARS ARy, lube o
fraction ot msneIsitybdaichicr Righesat 10QE: RA1RThebase-el paykadiariygsthdn naiuta)

lubricating oils, synthetic Iubricating oils, or mixtures thereof. Suitable base oil includes pase _stocks

obtaine d35{F ol A4 HBH SRS PR EHES RN HTLERER R0 A4\ Rl d s TaroBratk el HLRACstieks
producegdehynihocsaskiog oaeisthen seiventexyatingdhe-rramadioaotpatar-conpwnants of the
crude. Sujtable base oils include those in all APl categories |, II, 111, IV and. ined_in API
Sl it 0TI A KB e MY
(PAO). Groupw-basepwilssinclude, alk vihey, bisse oilsdratnclusie ik Gredd, dkallloids Bdn Altheugh

Group I, Ill and IV base oils are preferred for use.in this invention, these base oils may be prepared by
combiniWé"Sﬁ@l%qrW’é‘%f@%ﬁ%ﬂtlﬁ ‘Fﬁt f %{??H‘\;Q% 8%16@%60&%% oils. [0020] Useful natural oils

include minsal lubricgiing eitzistichags bonexame g uidingtiolesaoilss solfferintrgatrdsets
acid-treated mineral lubricating oils of the paraffinic, naphthenic ar mixe raffinic-naphthenic types,
Ao uEHADIe 1S PRt TopBEeo ol

oils derfRSABI% c A 0 Shalm At dPoil 3Bie & PE&ee -GS EERStEF Bits AN lard oil),
and thedikgsdQ@2Aldaefeitsyntheiia lubkcatingidils inclugdiedt atelnahlimitedsitstydidbamben oils and
halo-substituted hydrocarbpn ?{Isbguc as polymerized and inIerPorlﬁmerized olefins, e.g.,
polybuty@RES 6T IPYRMES B&}%ﬁ%ﬁ&& e COPBIITEHS r%ﬁﬁ%’t’é’&sp%fffrbj{?f’cﬁ%%?
poly(1-hakestes) paty(dx@eieor S¢opply(ticitsestcs)isanedngolikenanchmnintyrastihereof salkhitienzenes
such as dodecylbenzenes, tetradecylbenzenes, dingnylbcnzenes, di(2- cthylhexyl)-bepzenes, and the
like; pollPRERVESS "E:Wé’éfhi%ewé?\ %?&%‘%ﬁé‘ﬁ‘iﬁ&, SiR 8%@00 8|§7k§\‘é | ?&ﬁ@/ﬁ%‘?@? i{]é;‘}ra%% dipheny!
ethers gidratiedafiethdipbenylsifidesoandrthegriivativeranalagpalpehhomntogs theefiancthe like.

provide polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis



[002210ther useful synthetic lubricating oils include, but are not limited to, oils made by polymerizing

olefins of | q‘ bon atoms such as ethylene, propylene, butylenes,. Yiehespsntene, and
mixtures tt?g(r%e% .ﬁp/?g?ﬁg%s of preparing such polymer oils are well known t%(;[ }gge sEﬁe%?n the art.

[00231Additional useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the

proper yizeodty-Esnasialipyseiuhsynibetis hygrosarhanois aredheydiagenaipddiopigeigomers of

C6 to C12 alpha olefins such as, for example, 1-decene trimer. WO

2010/033602PCIR 3 20080583500 2 AldrrRiperass Stlrsdfumnsyhtretcantienting oliffhclude, but
are not limjtediie. YRGS RONMESS. dB-of Qlymgrg; interpolymers, and derivatives thereof
inal I h

where the terminal hydroxyl groups have been modified by, for example, esterification or etherification.

These dMOEE exemplifiedasy Bbrons b dstned (FRBLEH BalyHsHASRE PR cORIRHE SRS BM8ropylene

oxide, the alitvhand RhenykethessiofiRast Loty meralicd 8RsRebUREsBils:8d HetihpedaseRrylene
glycol ether having an average molecular weight of 1,000, diphenéllether of polyethylene glycol having

a molectiaibfidightoradelssk e, dhstrl rehedBrps ks Spstatre ﬁﬁﬁ@ﬁﬁ%l%@@é%ﬂsmeigm of

1,000 tqyl R0 eie- A QLSreRQeAnthpriycashRaxylic aatetdiheeol i@ fanexample diepretic
esters, mixed C3 to Cs fatty acid esters, or the C13 oxo acid diester of tetracthylene glycol. [0025]Yet

anothertagseibst insbide Shptnanic iRt atirgUnssihdldel Bt 1@ Kowirhfiaadén thBldsibhogion
dicarboxylio acigs e adiciacid 1SuReINO AL G Ry IsuBeiBisi RCiES palkemyasudeiRicradiss, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid ﬁ)i oleic acid dimer, malonic

acids, afR§AHRaiopresRiddnglkdnpll AlehesRdls ratingliacd %%W%gaﬁ%&%lgf By, Athgreiconol,
hexyl alepheh dodeo RisohaleZinthyhaxrtaleohelusthyleng glvepliomiethvienasalyerl mgneether,

propylene glycol, etc. Specific examples of these esters include dibutyl adipate,

di(2-eth)IRBEASSEh semEng e PR §T fRTachSTaCly T sdbabndisbaayiodeaidasiitiecyl azelate,
dioctyl ghthajpte, didegyt phthalaie odiciserd-sehagatesthiengtviibexyh diestarcbiigneigedd dimer,

the complex ester formed by reacting one mole of sebacic acid with two moles_of tctraethylene glycol

and twoPHBIBY PikihgHEsahErRSdiPariithETKed (626 RsIuR Guds Qe iR PEIRIENG include,

but are peslimiigd de ribesepnadmitom ankewisaeida havingdrapnabaiios {848 ke Garhon atoms

with alcohols, e.g., methanol, ethangl, etc., polyols and polyol ethers such as neopentyl glycol,
trimethy6EERIIARNS feBtaldRATHE tifenidk ?ﬁéﬁaﬁg@iﬁa@é@ﬁ%%@and the like.

[6621] Useful synthetic lubricating oils include, but are not limited to, hydrocarbon
oils and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
¢.g., polybutylencs, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(l-octenes), poly(l-decenes), and the like and mixtures
thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)-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.

[6023] 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 Cj, alpha olefins such as, for example, I-decene

trimer.



[0027]Silicon-based oils such as, for example, polyallcyl-, polyaryl-, polyalkoxy- or polyaryloxy-siloxanc

oils and Si%ﬁ%}ﬁélﬁg&%@pri% another useful class of synthetic IubricatingPQgllsl.[].§£h?%]‘zig8 g@mples of

these include, are not limited to, tetraethyl silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-(4-methyl-hexyl)silicate, tetra-(ptert-butylphenyl)silicate,

hexyl-(4gneipyl-2-penigmndisiaxane Jrain(Rsinebsiloranass oy medadphamdisinxengs<and the
like. WO 2010/039604PCT/US2009/058359 [0028]The lubricating oil may be derived from unrefined,

refined BacHevisiife@6Hs, RAtHBCTatlfal, RYHATORETBF i IFEROBIRRS 0 A oA TEY AP O IBSEYE of the
type di%ﬁ?&%@ﬁ?f@éﬁﬁﬁaVﬁyMG@ﬁ%?Quﬁﬂ%a{}% thasenkianadyirestiy from e, natura Qrisynghetic
S

source (e.g., coal, shale, ortar sands bitumen) without further purification or treatment. Examples of

unrefin&thendinisionie, Dissreiotmateanpdificdarethi ltaeerrfetipynPrbisiergiEperations, a
petroleum nilRbi3Ined girsetly fram sistillation.aran.esteh eioiained.dirgslly fagyamasierification

process, each of which is then used without further treatment. Refined oils are similar to the unrefined

oils excRRYREY Kave BRERYLARET RFERYS BRePL LTS PlRE RS8P BlH Wite Wr TG &
properti?,@oﬁb%ﬁ%&%&fieﬁ{é@mﬁedﬁmi _%@éeg?wmlé@i#goﬁen@élékﬂidﬂ thagit anddoctedegdor example,
(0]

solvent extractions, secondary distillation, acid or base extraction, fiItrationQ é)ercolation, hydrotreating,

dewaxiréctBid. disrenhealsnonrdspair By teatrgUsed i sehtedes988 Ynditaddo ok used to
obtain rgfipgd fils peleRARIefinedsQils HORIBAIRONNTES seaANBethOLEBREQGRSSEthils andeften are

additionally processed by techniqgues directed to removal of spent additives and oil breakdown
productS 2 [BEY L BHEEING BiF baseSraeik iRy fsrthelFirbIS8erization of wax may also be

used, eiffgrzlone or ngombinatienwithrthe-aforesaic-natuishangier syothelisdeaspstaekaoSuch wax
isomerate oil is produced by the hydroisomerijzation of natural or synthetic waxes or mixtures thereof

over a HBHE dmdhs sttt Tatafstr ovstn Reifi st fvaRidalfe frifeatiy tiecsisid RIS STEESered by

the solvgntidesiaxinp Ri-mineralialshayathetin Waxes A W picalyitheciiaxdpeedeerd bitHheric
FischerTropsch process. [00314The ashless dispersant compounds employed jn the lubricating oil
compos‘?ﬁﬁﬁ BRIS SradeHEMGFN TR drEgeret R 1861 o HHath PO S dSHEn SBRTIRE SIGB Materials

resultingfraym-axidatian duiing Useaus B euenting, slegeoflossulating mnd qyegipitationdsr tleposition
on metaeléggrts. The lubricating oil composition of the present invention may %?ntain one or more

ashlessRHEREn ol Ho JRRYETH BTG o HFUNE (Rt BN Fl e AROSIPSEN R P s lYERE Eftribute to

the totakbagginuwnianies TBNKas carReimnaasu@d iy AQTME 2896} @l i éhricatinge]l abmposition
to which theé are ‘added without introduci,ng additional sulfated ash. Thﬁgrr’r’f},"Toﬁl %g}??dg Number" or
"TBN" S5k IR SHATh TRRASHUHIERE c2atialgaithitatomliars iRBS A am of

sample diduds] Hiahalad8NiRUBEersdeklaat, naarezalkalinexgiodissts; afditheeafoieia gteatertadkalinity.

BN Wacsomplex ester formed by reacting one mole of sebacic acid with two moles of tetracthylene
glycol and two moles of 2-ethylhexanoic acid and the like.
[06626}] 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.
{6027] 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.



WO 20101039604PCT/US20091058359 determined using ASTM D 2896 test. An ashless dispersant
generally comprises an oil soluble polymeric hydrocarbon backbone having functional groups that are
capable of 3384 Hith particles lobe dispersed. Many types of ashlesE@TpEIemEsare knovyn in
the art. [0032]Representative examples of ashless dispersants include, but are not limited to, amines,

alcohols, amiides, or ester pplar moieties attached.to the polymet backbones via bridging groups. An
ashless H%%geﬁsant of the é{?g%%%ﬁ%v%‘rﬁﬁ%aﬁ’ %%;‘?e%‘f% r(?{’%r‘rlfbrﬁé% efqBAK R il odiits,
esters, antieo-esters, synitiec inidestard okazolinesrotdong ahaisrhekocarbantgpbstiteiggaono and

dicarboxylic.acids or their anhydrides; thiocarhoxylate derivatives of long chain hydrocarbons, long
chain a%ﬁg{?gfﬁ%/\aefoca%%n%ega%r%gaiée pORATA A g‘ﬁ@&%ré@ﬂ@ BB P XALHiEH¥ERBlensation
products{ef@mwdibghehndemimgfﬂthgmbajm&hbstiﬁﬁﬂﬁibpbeﬁﬁbwiﬂhf@*[?@ﬁ'ﬂél%dﬂigﬁl@;ﬂ@b@k)(ﬂeﬂg
polyamine. [Q0331 Carboxylic dispersants are reaction products of carboxylic acylating agents (acids,
anhydriﬁ&%g gSrg,l gtg?)céloxr?ipﬁlgndgmap Pe{:t[é?qétﬁ uP34 ﬁﬁﬁ?f)r%lilef’%ﬁpﬁglé(ggf%g{ﬁ@f CQrHBA atoms
with nitrogentsomstainingdompoiindsaisadhliascamines) dzgianiohyd wwm@um@?ﬁﬁc@@' ar:IphaltIC
compou including-monohydric and pol ric alcohols, or aromatic compounds including phenols
and nap% %I%I},eé?nc or %é%%ﬁﬁg?éﬁnﬁé%w%e%g%ﬁ. JI5h1t§§8 [ %cﬁ%ﬁ&?&ﬁﬁﬁﬁﬁ%eﬂﬁlo%%ﬁ%%des, and
esters. [084iSuooiimideldispersants aile axtyyge dissahaoxyliccdispersantsathay aie Rrogiged byh
reactin carbyl-substituted succinic acylating agent with grganic hydroxy co pounrds, or wit
aminesg’é%};ﬁ{)ér)??l?{g élttg esai 5%3%\/]&888noétﬁ)r%r%%arg%%%i?g‘a i 35&“3%%{“8? WREHMRRIFE of the
hydroxykeemipdaridissanel afnihes. tihetean sutoiticfacydatinglagesterefessiotRns, secondary

hydroca, stifuted succinic acid or a syecinic acid-producing compound, the Iatter)enco_mpasses
R e R s R e R e e

thie?gl?ﬁ;ggﬁm hdl esterigrord hylidesinb00d loBs eeipfodeassdsiishersanissbavedawidgayariety of
chemicaL AU WSS So0f FARE R BRI A RA P RS SRS Sh%nd e 1
are additionally processed by techniques directed to removal of spent additives and oil
breakdown products.
[0029] Lubricating oil base stocks derived from the hydroisomerization of wax may
also be used, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thercof over a hydroisomerization catalyst.
{0930] 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
contam 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



V-- C C-R2 N4 IC\r R2- NH-I- R2- N x H-C - CVNo 1 HOOh WO 2010/039604PCT/US2009/058359

wherein e IS, | endently a hydrocarbyl group, such as a polyolefm-derived group. Typically
the hydroc?é%%;%; érg’l%% ISSP an alkyl group, such as a polyisobutyl group. AIteFﬁé'Wﬁﬁ?@%ﬁ?éé%ed, the RI

groups can contain about 40 to about 500 carbon atoms, and these atoms may be present in aliphatic

forms. | K I n ethy. C21- ouR, mpl f succinimide
iR R O I e R D L
6,165,285 [do3pHecHs aikerrastieonbedhietnthdsdbstifuent orel pscanes dérvedcampygpleally
homopa S ' | f RC eriz in. IS: bout 16 carban atoms,
nd Lo e e e e R e
folui the28arboxylic dispersant composition can be monoamines or polyamincs.

[0032] Representative examples of ashless dispersants include, but are not limited to,
amines, alcohols, amides, or ester polar moicties attached to the polymer backbones via
bridging groups. An ashless dispersant of the present invention may be, for example,
selected from oil soluble salts, esters, amino-esters, amides, imides, and oxazolines of long
chain hydrocarbon substituted mono and dicarboxylic acids or their anhydrides;
thiocarboxylate derivatives of Jong chain hydrocarbons, long chain aliphatic hydrocarbons
having a polyamine attached directly thereto; and Mannich condensation products formed by
condensing a long chain substituted phenol with formaldehyde and polyalkylene polyamine.
[0033] Carboxylic dispersants are reaction products of carboxylic acylating agents
(acids, anhydrides, esters, etc.) comprising at least about 34 and preferably at least about 34
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy
compounds (such as aliphatic compounds including monohydric and polyhydric alcohols, or
aromatic compounds including phenols and naphthols), and/or basic inorganic materials.
These reaction products include imides, amides, and esters.

[0034] Succinimide dispersants are a type of carboxylic dispersants. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy
compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen
atom, or with & 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.
[GG35] Succinic-based dispersants have a wide variety of chemical structures. One

class of succinic-based dispersants may be represented by the formula;

I|{ o) Q H
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100371Succinimide dispersants are referred to as such since they noally. contain nitrogen largely in
the folin of in§de functionality, although the amide functionality may be in the foi in of amine salts,

amides, imdazZoineg 88 well as mixtures thereof. To prepare a succinimid®IEPRLRAESES or more

succinic acid-producing compounds and one or more amines are heated and typically water is

removed,;ptionally, in the By f.a substantially inert organic liquid sglvent/diluent. The reaction
temperature can range R%m%%%%?%gg SpH §1 the ¢ gc%?ﬁé’éi?%%tgsmapg(r?gfﬂ%f% g‘?ﬁ?xﬁ??él%r the
product, \whietitypiballyfahecedimeacaipons 180 ClioyhbgiatiB00@chdalitianalodeikaitsiand gsamples of

I Tor X R B A B U Bl ™
6,440,008:520038BSHAzbNe Rsbient disparbantsime alsky icloue: hyloe disparsantsmohighuare
reaction t latively ki lecular weight.aliphatic_halides and,amings, preferab
polyalkyéljtﬁe}glg(}egggIs(f;icz)rrf?i{;I r?e%g.}}@ar% g@%@%ﬁ%&%ﬁ% 1&%%&%&%&%&0 ﬁ? g efh}égseeéje%g%ﬁgeedlﬁi, Or
examplexePlRaiéntRisst Blov5,352,802438225 433, 464 55653 3,565,804. [0039]Suitable ashless
dispers ay furthey, i ) ' j nts,:. Which are reaction products of alky| phenols in
which 'tr?g hgsl@l groumﬂ%ﬁﬁaﬁ e%%?ggloqd?g%{ﬁr %%bggurﬁgt\ﬁﬁ%ugfd%ﬁyg%? gis%reec%ﬁf/cghg

foilnalddivyeie)driaepindsiespeloiatyspdyaliyreneabblyarifinesprerampiés of stoht diSpersants include

nose discrbedny GG RAMDIE U8, FoIER 0%, 2 070 000,290,099, 3,951,598 an 3990.509.
WO 2010/039604PC T/US2009 05483g9af5)%40]8u?%§b e gg |§‘§h§'c |sa5’gr§%ﬁ?gém‘g§/§1a 45 BeCHB treated

ashlessafigpérsaiesaiscipatdposthreatebosibisinmidesne . gompstitieatmenb provesses inyaiving
borate %o?}@%lﬁ{%g. carbonate as disclosed in, for example, U.S. Patent Nos. 4,612,132 and 4,746,446;
and the'liké as well as other post-treatment processes. The carbonate-treated alkenyl succinimide is a
polybutdA®3dliccinimidewirivedaréisppohisteres feavihdaanslatulbnweight obabdiy 460tmabout

3000, PiglRIaBi oM aRaE 39049 hat-28A% a1 DialREDlY SR AROY AN Iptiowy £300, and

most prefera gfrom about 2000 to about 2400, as well as mixtures of these molecufar weig
Preferabiythe ifpreph sty seltctivgidendianidsactivesconvitibns, mimixesréhofeaolibpteparsuccinic

AN o R S SR R S R R A
incorpofiiéithettin hpiesterad caypoBdly] Suebldsashiessedispotsaridymay diso pespobgmefic which
are Intewalymginphal-slupie g meuanaiarEras e IRhaeRlale Y. desyLethgr.and high
molecular weight olefins with monomers containing polar substitutes. Examples of polymeric
dispers@hedt ngﬂj e YAoK Beseppranasiimelemsiaiuneso P the ntioe 3 B2016 5808 49y2i50and
3,666, 780cally falls between about 100°C to about 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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[0042]In a preferred embodiment of the present invention, an ashless dispersant for use in the
lubricating Qil co osmon Is an ethylene, carbonate-treated bissuccinimide derived from a
polyisobutefi §t ng H#4%ing a number average molecular weight of about BSGE’S2AE/4i88& sant(s) for
use in the lubricating oil compositions of the present invention are preferably non-polymeric (e g., are

mono ccinim t e ashl SS ersant is.p ent in the Iu ricating oil
compos(,)lilclé)]rfllﬁiﬁr:J an am?fr%}?g%ﬁé%rorﬁs% rXa outtij \E/)vt em pre E{])Pﬁfc? 408t 4 to
about 8 #t. %’Cﬁm@oﬁammmmilweﬁgm qfdméﬂedinmu r;gumbsmn mmﬂMg[Qﬁ#dt]ér he atierstone

metal- -cQn) t und emplo i the ricati sent
invention #l?nctlonégb%ﬁ% as a (;%te%gr}%ta {%lﬁed%?c% g’r remlgt\%/e déb%ggl)’[s and%osi E;g%é l%r%ﬁer or rust
inhibitorlitere wie leuing weataatncotrosiorssind Ekmmangjnaémmimtﬁrgmﬁmgadeﬁaluy f
compris h t |I W|th the oIar h met t of an

y s 8@5@?&%&’ [t[ﬁié% r&m@& 8%81 ity ?t He prese nl%?oﬁmﬁ %ontain

acid organ compoun 451The lubric com 05| fioh 0
one or rabeeidEielgems;aicirane aimmh&l@ﬂsraltdqmdé@@,emaiwmﬁa*taﬁ@drealtsbﬁinekmw salts or

b I e to ystem chara terize
ggiglggg%ﬁggsﬁég%%&%g%% eﬁrﬁ%ﬁtgerﬂglﬁé@ces%ﬁ@ wﬁ%e\ﬁvoul%l%emﬁcﬁ’eggrﬁ 5%cord|ng
to the stoielsiretyoghe mefesritithé particeparcaciolic weagdinig, omdoouro&i:macbeddmtﬁntha mdetal

h di erjal (typically an inorganic acid or
The overhaged 5@%@%’6@ Sé’éﬁ ared J%B{drﬁ%ﬁ@ﬁﬁ»g?nﬁi' e, maeral (pical X:alc Ogggrm v

lower carboxylic acid as car on dioxide) w ure comprlsmg an nIic compound
in a reaéfiomsabdited eodiprisiggraeiehsn oiﬁim@md@rgakmmﬂsmwm(sammasmden% @, aghtha,

o Akl B earnee. Ol OO IEHIRACHR AR (128 bang And @ promoter

[00461Useful aC|d|c organic compounds or ma he overbas compositions
[0041] Suitable ashless dispersants may also be polymeric, which are interpolymers

of oil-solubilizing monomers such as decyl methacrylate, vinyl decyl ether and high
molecular weight olefins with monomers containing polar substitutes. Examples of
polymeric dispersants include those described in, for example, U.S. Patent Nos. 3,329,658;
3,449,250 and 3,666,730,

[0042) In a preferred embodiment of the present invention, an ashless dispersant for
use in the lubricating oil composition is an ethylene, carbonate-treated bissuccinimide derived
from a polyisobutenyl group having a number average molecular weight of about 2300. The
dispersant(s) for use in the lubricating oil compositions of 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.
[06045] The lubricating oil composition of the present invention may contain one or
more detergents, which are normally salts, and especially overbased salts. - QOverbased salts,

or overbased materials, are single phase, homogeneous Newtonian systems characterized by a
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include carboxylic acids, sulfonic acids, phosphorus-containing acids, phenols and mixtures thereof.
Preferably, the acidic orJganic compounds are carboxylic acids or sulfonic acids with sulfonic or

thiousulfon%%‘f’gjt%@?g?jch as hydrocarbyl-substituted benzencsulfonic acigg)l:/ A 097058359
hydrocarbyl-substituted salicylic acids. [00471Carboxylate detergents, e.g., salicylates, can be

prepare reacting:an map li il Wi g i tal s an
exice of R e b n the
art. Themagtahatid thoiptytsidhe ardmarigszboxyiiwanit rcastabritiin Grentrizhoréliveteiwheseds such as
nitroge , I moiety ' ] t r moiety
contains B e L ey
contain enbaxyioressrarveltimetaties, digehdas oridiop rmurduse ncenprisigs, BpticHafy disadtogether
or otheryyj ect i leng:hridges. Repr i e g J ylic acids
include é@?@)ﬁ%@c i‘g‘:ﬁg%%%%gﬁ%%%%%&%%@gg %{’ir%ggfé %%%%%iqﬁ%%éro%%%@fs%%ﬁ%%%a&gyI|c acid
and derivétivek elereph o debsws for smtlnzitey; foesxamples athighroamibipl-suisstitofedelidylic acid,
arc know&éqagaog . ﬁg%q in the art. Salicylic acids are typically prepared by carboxylation, for
example, by the Kﬁolie-Schmitt process, of phenoxides. In that case, salicylic acids are generally
obtainedfr&ldiluent iHsdnhirtifecwitisamcuneamusylatéer phekiole (004 SlE i shiesmpptiEaBls and
sulfurized ANENOISBLE RIGRATS RMIGRCHIAWIL AR BRR QBHRIRMEIRL FOIRMUIC SHE AS AL Oxide or
hydroxide. Neutral or 'overbased products may be obtained by methods well known in the art. For
exam p|éb<§@ntiri2é@quh@nfo@w&ﬂw@p@wr@@wmtﬁﬁg @fﬂ@éﬁl}pmw%gﬁamlﬁrrawr@&-wmaining
compousiESRYAAaENEUIds, Rl danslhalis ol daUAs.o (orm piadusts fhat are
mixtures of compounds in which 2 or more phenols are bridged by sulfur-containing bridges. WO
2010/0396 2RO TsSPE09I0E 898y ige49]The metal compounds useful in making the overbascd salts
are gengiilyjany Crotpa Gioulbieial compaundsindhederindib L ahigobihedlemens. Group |
metals of the metal base include Group la alkali metals$ (e.g., sodium, potassiumi, lithium) as well as
Group |BraTEtAle eubiradicepger G BurrprBtEts anstpretanapipdsuitngs potassia st vdiwidnd copper,
more prefarably,SadivmQH PRI PRSI HRANCRTRISiRRR SO AR peials gfdhe metal
base include Group ha alkaline earth metals (e.g., magnesium, calcium, strontium, barium) as well as
Group iy oretafsaich 4 e cwmdifmpihe xplsfaeabRANBEIGHS ¢ o BtaTS bepteTprigRs<siueh, aalcium,
barium, Q¢.gG, MAre.RirieraBlyaagoesiimokAAICHEAN estiueiarahly aalallpefAABQIExamples
of the overbased detergents include, but are not’limited to, calcium sulfonates, calcium phcnates,
calcium B8 s C ORI e FOL af AP B RSESthRIEb RO ¥ CPBBZEY detaegentS UREBIEHST use in
the 'Ubri&&ﬂﬂgﬂﬂé %‘iﬁ%ﬁw%ﬁtﬁfn“&%é)l?ﬁs&%é”é&%%ﬁ%{b RRYBRIOW QVEIPGRCASrJre B RYGIDaSEd

detergent having a TBN below about 100). The TBN of such a low-overbased detergent may be from

about 5@ ZbheUtIgnaly frsad sesibactoraksttsocUrReisanyatodons dublaceo REnE T, the

OVGVPaS&E&ﬂ 1@359@!“%&%%9'%5%0‘;&%&”4&]85'Wﬁﬂﬁ%@%ﬁﬂﬁméﬂigﬁé qhiheiprasgatiayeation may
be high overbased (e.%, an owl-based detergent having a TBN above about 100). The TBN of such a

high-ovéisrstradtergbrimmyhyé srbsiased talsy ts apdurubdearstoirs dbsgebobwratsuf®so, or
from abeut23040, ahPul 28R daWdveIRRsadIcsID sulfonateseteraenbwith A EN afiakout 17

and a high-overbased sulfurized calciL_Jr;;']‘gg1 enate with a TBN of about 400 are two exemplary
overbas@dfetérg8 RS Y5F asidsith & RISHE: iePaIcddm sasinsHe B infop rasart mbarihis A otbe

lubricatiggyeii¢ fiogrs feﬁlﬁzﬂ'@;r“'e%iﬂYe&”&@&,rﬁéﬂcﬁf%t%}dp%ﬁ% té‘é}ﬁl%ﬂ? Qushraed detergent,
which may be all low-TBN detergents, all high-TBN detergents, or a mixture thereof. For example, the

Lubricatth§ai BbApYSHiEhY Bk HepresktHieh#EAay contain a first metal-containing detergent
which is;ggugyerbased ikplinesearinmstaksulfanaie detaarnt havingaEBblobahei 18 i about

450 and a second metal-containing detergent which is an overbased alkaline earth metal sulfonatc
detergeAPPIAVHE A MEN SPEBSURA SUeh Aot S¥idPousviseiidsie Newsigtits Yermedunnestg oil

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

sulfonatc/;@ nate fonate/salicylates, sulfonates/phenates/salicylates, and the like. WO
2010/0396 ]Iﬂiﬁég 9/058359 Examples of hybrid detergents include'thdS& HESREE in, for
.example, U.S. Patent Nos, 6,153,565, 6,281,179, 6,429,178, and 6,429,179. [0052]Generally, the

metal-Coggaiying detefgent 15 presentiRd0 e URIGAYRGG.CHRBOSIINNaRAROL E&‘i&%@ﬁiﬁ rom
about 0.25 to about 3 wt. %, and preferably from about 0.5 to about 2 wt. %, bas€éd on the tdtal weight
of the |UbFRiEtIhgIo e PositishcojppedidsThelimbioniven flebiapd ikl E lempioyefiinuné matsicating oil
composifj ' ion.r y e [orate i vice,
i G s Con ba o A i R e
deposit$sprihéaeaisumelas spirpby Vissasit) Biwstars vehioxidatiodimhibhoessheudatiimeered

phenols, asplgss.ollzplublerabsnales and s iwizad Phea '7c_§1§>1@f@§é}% giphaniasnine.

alkyl-substituted phenyl and naphthylamines and the like and mixtures thereof. Suitable diphenylamine

antioxidHrias sl ed &rcpuetaldnist slidg %pmﬂé@ﬂkﬂm@mﬂah@mﬂar{ﬁm,_mmm eiptemylamine,
trialkylated dinhenyiamine, apding lkg,apamixiugs hiereol BEereseninie ¥ dmplehaf the

diphenylamine antioxidants include butyldiphenylamine, di-butyldiphenylamine, octyldiphenylamine,
di-octyldeienlamaids reayidiphesiyiansiHelvanbHiidn RS rFiin nere-piaipre b Etyidiptesiyantine, and

the like @‘cﬁgium, and most preferably calcium.

[6050] Examples of the overbased detergents include, but are not limited to, calcium
sulfonates, calcium phenates, calcium salicylates, calcium stearates and mixtures thereof,
Overbased detergents suitable for use in the lubricating oil compositions of the present
mvention may be low overbased (e.g., an overbased detergent having a TBN below about
100). The TBN of such a low-overbased detergent may be from about 5 to about 50, or from
about 10 to about 30, or from about 15 to about 20. Alternatively, the overbased detergents
suitable for use in the lubricating oil compositions of the present invention may be high
overbased (e.g., an overbased detergent having a TBN above about 100). The TBN of such a
high-overbased detergent may be from about 150 to about 4350, or from about 200 to about
350, or from about 250 to about 280. A low-overbased calcium sulfonate detergent with a
TBN of about 17 and 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 o1l 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 sccond metal-
containing detergent which is an overbased alkaline earth metal sulfonate detergent having a
TBN of about 10 toabout 50.

106051] 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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mixtures thereof [0054]Generally, the antioxidant compound is present in the lubricating oil
composition in an amount ranging from about 0.2 to about 4 wt. %, and preferably from about 0.3 to
about 1 wt. %0 BALAFWA4he total weight of the lubricating oil composition. P005E§due/esstiswear agent
compounds other than a zinc dialkyl dithiophosphate compound employed in the lubricating olil
composi .%er?f %@eﬁfﬁsgm ir%;/cention include molybdenum-containing complexes such as, for example,
a molybdénu }nltroge OESh ST S AL Sheke chrsiibedsiarddnevemMant &t Reignirdlofescribed,
for exanfplel 313 &5.5, Fte b Nigd 252613, 13, dlie gantent of which is incorporated by reference herein.

[0056]Tr]nsﬂs§ T]cture of the mg&z/bq%num/q‘istrogen complexes is not known with certainty. However, the
molybdenuniThitrogen Comiplexed etRtas B8 (BispEmhds iRTekiEh imdRb derientinghose

rélly

valencgwarg)ssitisﬁeﬂlwiﬂamf_w @_hgiﬁ@ﬁ@@r @ﬂmrojgf@ggmpwe% b&@ﬁ;?@%&%‘ﬁpﬁé}ﬂe or
more nitrogen gngbofu gge ba%cgltr_o en containing, comgound used in tF]e preparation of these
compositions. The molybashurnt cESHITUhTE (RIBLYS B PA B HTshBREH semmegition.

molybde[mmitrogenﬁmptmsam@@@@m@mgwmiﬁqmqaﬂe%%v&p&%' Mean g the
molybder}uggn%oggoqnds Wicgrea t with r@ basic WO 2010/039604PCT/US2009/058359 nitrogen
compouhd a8 measured by lgﬁ'l\cﬁ‘f:e& B HD2HOGIRERYIA sleesatre, Ty pierligethebish
molybdefrenionipoundbaceitexapignt: Spivhlernsalyhsenisn GRMROUNLSINgiude, malyhdic acid,

ammoni lybdate, so%i m molybdate, potassium molybdate and other alkaline metal molybdates
and othat KO b L SUGH 56 HILHUGRH SHHS, B RSB SEARI AONQRGTIAGBC 14,
MoO2BHinito2h 364 snaislbidenain situitte sinehine lisaiand st eshihereot Riafenind asidic
molybde({a mpounds are molybdic acid, ammonium molybdate, and alkali métal molybdates.
ParticulaRy A o o BOHAAES BB RN BOR B HODSAPT i basd mixtures
nitrogertsaredinMigtebinpiping yisedito prepddadheinalbdsnurNBOGRRCOMPISES 18YR @) least one
basic niH d.are pr erﬁ?l ojl-soluhle. Representative examples of basic nitrogen-containing
com poun%%%ﬂﬁgﬁénghgé%%ﬁ Ss, él iﬁ%y i gﬁﬁ@é‘@?%d‘l‘%ﬁ?ﬁlﬂ%%oéﬁﬁii s, Hidréadrbon
polyamimest,umanmimhebﬁses,Rﬁp@mlntmamidmﬁ@mhqum[ﬁgﬂg}%fgeommsﬁgg%rsam
ViSCOSi%ﬁgg%%L@é’rf’a\{EfSe ar}}d_{)h% Elﬁlf andlmixtures thereof. %}%ot the nitrogen-containing
compounds may e posttreated Wi p%eay 516, u%‘f%‘%?gff Fe8ivelfkAstidinheny Bmisong as
the conpusititnkeoyhtinine, tdicantpidibiasicl nitiage pLTe Posk RS IMAE RARIGIaTY. apglicable to
succinirmgggrgpglgg&r}nich base compositions.

[0054] Generally, the antioxidant compound is present in the lubricating oil

composition in an amount ranging from about 0.2 to about 4 wt. %, and preferably from

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.

10656} The structure of the molybdenum/nitrogen complexes is not known with

certainty, However, the molybdenum/nitrogen complexes arc 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
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[0058]The succinimides that can be used to prepare the molybdenum complexes described herein are
disclosed in uzrgerougs references and are well known in the art. Certain fundamental types of
succinimides and 1&g’ fefated materials encompassed by the term of art "sE&HHRERI B EFaught in
U.S. Patent Nos. 3,172,892; 3,219,666 and 3,272,746, the content of which is incorporated by
referencg herein..The temd “succini g "is u tood in,the art to.n é&%e many of the amide, imide,
and amidir?ggspegies%wh% %a?/ﬁg%sggﬁ %ij%%?%éeﬁre o%ngi[ﬁaonrt pl)ﬁrc;j Gct %r\%/té%/%rlﬁoge U€inimide
and this Tepinaastbesnegnbdatlyraconptennds mehemagadketprSaitebfacsadionmiampiady!
substituted syceini @&fii(g or rhr%?)rg% ith a_Rpitrogen-containi ompound. Preferred succinimides,
because of their cg)?/mmerfti:(l;rgf’laval é&bl |t}$€ Igrogjf éagg’gﬁé?lrlﬁlmqlgggj g%%é%%&sfsrlc%l a ;{ﬁ?%%tgrﬁ succinic
anhydrigéhaytkaimenmétptimobibidtgioun cohtainslibdeabous2s tadbast3btogarbsslatangs, and an
ethyleng,ammi e '%6811?191'% ]%Q le ines(in¢lude eth diamine, diethylene triamjne,
tricthylengﬂfg{éra?nine, tetragt err%ée’ gﬁ@%ﬁhe&gﬁdﬁﬁ% ﬁé%ﬂ%ar tﬁ?ﬁ’r}’%?% g}ré é}gtetﬁggetﬁe

succininhiie $pteparaddroterssifisdhefeonsd suddinicratithdinderof@bputl tarahooityb2B: cardon atoms

and tetrggﬁ%l&gﬁlqﬁgl mg ar, r“J% lene. te ine.and mixtures thereof. WO ..
2010/039604PCT/_1JS§[(5E(1)9/058 & go%ﬁ%é&%?ﬁé%sd DR R e s A mabdis 46
cooligorédsiaizphydrosatByiiaigecinic acid or anhydride and a poly secondary amine containing at
least ongyiRFiary aming, pitrggen in ition r more secondary aming groups. Ordinarily this
composftti‘on r]1as between about 1,5%%%%%9%8%%%%005%%}%%% még%l%]lag é\?eid??ﬁp&rfypi%ﬁa?
compoun@lilsiapsEniieagsre sarerl iy ductingt Johsisobatbasik sttt sty drideraficatlyylshe
dipiperaging,d 006R 1L arhoxyiic. acid amide ¢ unds. Iso spitable startin terials for
preparing th.e_mplybd]gﬁum C(_Jmplgaxes[.g_\lExar%]prlnel!?sa%c&)jg1 511?&%5%(%6%%%31&%@%3 oxg&e%dié%%lseed in, for
examplEUEsI8InmgesnicNGOBYAIG5206Y athid eso ritedroohilvii cndsdacunpsy dtedt dyerederpoteshénein. These
compounds arg erdiRaiy.RieRAretiaY Ieasing.agambaxylicacid or anhydride or ester thereof, having
at least about 12 to abgu? %;50 aliphatfc ca Oﬁl%t%msllné%(hg%% c?ﬁlgf%ﬁéffa%épc r%%ﬁtté\ﬂb ,Oiflttjyesired,
having dUfEgicrterernt atibrbticlgouns tonishies tHemwlecuepilcothblaityan@misieiog a

Y ocaianbe g YER AR ARATHIENE ATNR.J0.ANG B MAS A Rl aROKIGaedagice

Preferred are those amides prepared from (I) a carboxy ormula SWhérein RI is
C12 to &6 aifkythsr SOMINASHE0nS tisnHBIE viRth cofelyiseisiaenittegmbox il apittnrediotnthenre

polyisot*ﬁs:mwwrfgﬁ]ﬁfaa@mfg&é@iﬁ%ﬂﬂéi&l&?ﬁ?&%&%&%&% Sif ﬁia”d (2) an ethylene amine,

especially triethylene tetramine or tetraethylenc pentamine or mixtures thereof. [0061]Another class of

basic nitkd§&h-compotitisustirimites ubetusan prepasidahierenalybitiermniiidoyen complescis
hydrocag@@rm&pﬁ@@i@@w&mgaqw@mepaﬁqmgwgnda&%'k%ipﬁﬁ% i Bl e 14,576,

the content of which is incorporated by reference herein. The hydrocar roup, e.g., an a%/l group or
olefinic ARG Brrecdshre it o urkthersirad muaripleontampissed Abcht Sermatiout 350

carbon ejqupmiAREPreeraRly Fowm. QbeUE 2082894300 CRRIOMS: ﬁ?f&'%@f%@ﬁ%‘%&“%d
hydrocarbyl polyamines are those which are derived, e.g., by reacting po yisobuteny cch oride and a
polyallcSferligblydpanipostien Bsrafrensadsecimihbs &an Sttanaidilnsnmddistogibivetbiamine,
tetrqethmﬂaﬂ%nﬁ%ﬂwsf%@W@}Hﬁlﬂi@%ﬁ&'@&i&i&%{ﬁ%@%ﬁ#ﬂfﬂﬁg’ %sz@b@br%“}}ﬂ%&?d}%%“'?‘e’ and
the like. [0062]Another class of basic nitrogen-compounds useful for su pﬁymg asic nitrogen is the
MannicATBASB B8R BOfkE sy Sokn pSuRtis At radaiiid feom kaphesrokona@dlioacaged 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 hydrocarby! succinic anhydride, wherein

the hydrocarbyl group contains from about 24 to about 350 carbon atoms, and an ethylene

amine. Examples of ethylene amines include ethylene 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 tetraethylene pentamine or triethylene tetramine and mixtures thereof.
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alkylphenol, an aldehyde, such as formaldehyde or formaldehyde precursor such as

paraforma@ﬁ;%q]g/' an amine compound. The amine may be a mono %H?&ﬁ%&pb’?&%%@ WO

2010/0396 09/058359 typical compositions are prepared from an alkylaming, such as
methylamine or an ethylene amine, e.g., diethylene triamine or tetraethylene pentamine, and the like.

The phemﬁgﬁ]_mate”ab{%y pesHilrized anhrreferabiy s dadagyihenakar 8.6aea 419 alkylphenol.
Typical Mannich bases are disclosed in U.S. Patent Nos. and 3,368,972; 3,539,663; 3,649,229 and

4,157, 30gdtpeadontercoiwiRicH 1 inebypofstatdy relererrafEpe TR MEIRBE Palkedande
preparegd by reagiing é&é&ﬂﬂﬁ%’a&%ﬁlﬁ%’%% 'gﬁﬁ&&ﬁ’(%}%&é@a& %%%tgﬁx\lp@r efsraRhabayt S0 to

about 200 cafbon atoms with formaldehyde and an alkylene polyamine H2N(ANH),I-1 where A is a

saturatedRetsaiey taaseabor dPMEcui2be Wbl @cuieacames dat ecight i abifel 0 and
where thg,condensadion preduck of e Alkyigne pelyaming ey heHrihgiiprciad wiluregLr

thiourea. The utility of these Mannich bases as starting materials for preparing lubricating oil additives
can ofieﬁ%@%ﬁiﬂﬁ&ﬁ@ﬁ%proved by treating the Mannich base using conventional techniques to

introducgpdgypn into the,6ampRURJIOARIET Bs- ARk RNT:RANAIRIRE CAMRIRXeR.FaM: Re Sylfurized

or non-sulfurized. Representative sulfur sources for preparing the molybdenum/sulfur complexes

include BUfFRIRg o gurduieensomp! prehoERBARES SbifurkiramuadpHsdpioiespdindestide, R2Sf
wherein;RZis & Avdrocaraybaueh /s & Gdstadisd alkyland f isratieashadnaiganis sulides and

polysulfides such as (NH4)2S8, where g is at least 1, thioacetamide, thiourea, and mercaptans of the

fotinula FPEH WHEPSIFORPAS 35F AEH BBV STIIRG 4 SERAERY FrH T difeptid o aphytiiial
sulfur-coptaining aepidanis suchsagvyax BUlidesantspalisriides:sulfitiged Rlefins.siuiwized

carboxylic and esters and sulfurized ester-olefins, and sulfurized allcylphenols and the metal salts
thereof fOOAHE ERERAIRI AN ndsRsde TN BHEREENRSMRHY CBRRBRIE CEIPHRS rfadendfh # organic

solvent G/RBIRIRY SRR RIAMAIEMH IS A CaTRIAINaieRand A ased wigs LAk RIgRARNRY such
complexes are described, for example, e.g., in U.S. Pat. Nos. 4,259,194; 4,259,195; 4,261,843,

4.263,180°Ca80B8nP7ar RoReesrbesy Hoetidgmide adbofared arpchoss - amads praparcddromnél lamd
6,962,896 and kb ScAatet Applicalial Fublisatian:Ne. RORNQ209EL L athe contentsabvinighsare

incorporated by reference herein. As shown in these references, the molybdenum/nitrogen-containing
complofeArPTKHEIbE ST HO0BBI 5 Brioe i P A e LS CMBOLRE for use
herfin afsostbatapfially ffeexf amnphasphardaandiossWikycantantls %?EQ%I?WQ@QIW&@’ the
A e o TeacihyTent pontaming or tnixtates oo oProrus andlor sufiur content
[6061] Another class of basic nitrogen-compounds which are useful in preparing the
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 alky!l 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
polvalkylene polyamine, such as an cthylene amine, ec.g., cthylene diamine, diethylene
triamine, tetracthylene pentamine, 2-aminoethylpiperazine, 1,3-propylenc 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 Co to Cago
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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WO 2010/039604PCT/US2009/058359 [0066]Generally, the anti-wear agent compounds other than a
zinc dialkyl dithio?fhos hate compound are present in the lubricating oil co%osition in_an amount

ranging frof atd P 6%22%9%,5%%% on the

tE9Y to about 5 w. A, and preferably from about 0.3 to
total weight of the lubricating oil composition. 100671 The lubricating oil compositions of the present

e R0 RIS P D SRR e e

ét ti-wear agent ot an a zinc

dithiophasphate. gormsduridnogtionatly withettrhdeduitivestanithethendil kldihicatifie vidcosity. The
ashless (i tal ini tioxi anti- r to zinc
dialkyl |t§§ﬁ§)%£§ gg}?}%%% r%&r%adfﬁ%%& p?r%é%ér%@%%lc%nEﬁ%%a%g%?ﬂ%a%g%g%ﬁ% various
other adtiities, I¥idesicbd bastheaapplophiatsl ratiob 1. fsilitateending &F.20RiBriEathiPedrposition
containi iredc ation dditi The. Ispen : 1St. 0N
metal-cgfﬁé?ﬁ?r‘?g %é?eﬁdgﬁé%%o%gﬁ%%%g %ﬁ%@grﬁggﬁﬁﬁéﬁfﬁ g%zflér}%? ial%i‘?/{&g?fhi(r)rpﬁ?osphate
compouMdmaretblendedwith tepsrsk il wsiriga sonderiracion dewhizhtteaytprbvide thyprbved
antiwea C b ' ' ible wit tives in t ired
nishec D i T s as
well as belrgroitsdlbieNiélapprrableitreatratetalsdivdo it dhubbieeduditveshepredipitate
under nogel gangians. fitaieolsplbliyiaompaipiliyaanaes 9 A Aliet rIBRUNE Gh ubricating
oil formulation can be determined by those having ordinary skill in the art using routine solubility testing

proce_c_lmé@lmr pXaeapiac m’@mﬂngtfgﬁhﬁ@wacf@ﬁnwiﬁ_te@rﬁabﬁtéhi@m_cofﬁmymkihfa@%ﬁimnt N
conditiops (3bgui,20C 1 %@s@lﬁg _ ?eﬁﬁ?%(iﬂ\;%’a Eeflﬁa‘?{éf;ﬁhige&fp'Lﬁﬂﬂﬂzérso%ﬁhgf?éhc%“pos't'on

or the formulation of a “cloudy"” Solution which evidences formation of insoluble wax particles.
[0068] T Hignifeicakingremrevsd pbsitioeriog theepPdepniciheasgonsinay aiBecoontah iiei @envéntional

additiveg, forimpaging Hl‘%ﬁ%%cfﬂﬁ&%ﬂﬁﬁ? to give a finished lubricating oil composition in which these
additives are dispersed or dissolvéd. For example, the lubricating oil compositions can be blended with

friction ftéitiers, rusﬂihﬁim_féyé,dg_@mmgt@ig&m«;wmgmﬁg b«génkﬁerﬁﬁ@_c@rd@wéﬁmg%_enps,_
pour pogt Péﬁ%ﬁ%@tﬁnﬁﬁlﬂbf&&‘f@é@%?%?%&riﬁgﬁ%!\&%]%d%ﬂﬁh@@ﬁﬁ?wﬂﬂ@kéﬂﬁcﬁ%@@ﬁﬁﬂ;'”h'b'torS’
dyes, extreme pressure agents and the like and mixtures thereof A variety of the additives are known

and coriesenysalfidblel ireaenuedivvils, orifer dishlogdes porpeemaspeashlidepfoed WO

2010/039604E G/ WS200R008600 (L 1he Prepryation Rl thenluhricaling.oll Lampesiions Afite

invention by the usual blending procedures.
and polysuifides such as (NH4):S,, where g is at least 1, thioacetamide, thiourea, and
mercaptans of the formula R’SH wherein R? is as defined above. Also useful as sulfurizing
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 thercof.
[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 hercin 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.

17



[0069)Examples of friction modifiers include, but are not limited to, alkoxylatcd fatty amines; borate(il
fatty cpoxidcs; fatt(}/ phosphites, fatty epoxides, fatty amines, borated alkoxylated fatty amines, meta
salts of fatty?c?&%,"f’é&@’%lcid amides, glycerol esters, borated glycgrol estemﬁﬁdﬁ&msmﬂazohngs. as
disclosed in U.S. Patent No. 6,372,696, the contents of which are incorporated by reference herein;

S - i : d most
friction rs obtaiped from a reaction product of a C4 to C75, preferably a C6 to C24, an
preferab 5@@3 to CZ&%‘%{ﬁqg&idt %te?rﬁ‘ﬁg%%it?gﬁ%-ﬁmﬁﬂﬂj cOhpouhanselecting fréwlithe group

consistirdjtbiopimmnia, andEuatkanelaroiostand the likzianhaistures.{petarf, Thericignpodifier

i rated in th icating ail composition in an amount ranging of from about 0.02 to about
(Z:a(;] V\k;te :E)glg%%%?ﬂ%nﬁc% |F11%g &g#gc% %)g’éﬁianv,vbr ‘fe?ﬁﬁl?rﬁfﬁwl%{‘ﬁoﬁﬁ?@.@% 3%&1_ ahowit /ot.ald more
preferabbysedmmnatbouedl Ivioghio oiti: Subvti i Q07 QEspAIRtes Of rust inhibitors include, but are rr]\(')th
limited t?ﬂmionic poﬁ;ﬁ%x%%lhxlegpe agents, e.g,, polyox cthylgne .Iaurylhelther, polyoxyethylteine igher
alcohol ether, polyoxyetfiylene nonyIPhERTIRINER ISP JokpEtpsIe ey srbpttiants etheknicntly
polyoxyetisphené by tylnstéahibatiey, qolyexye s e v §iheknnoly pxe bylene  serBiieh uin

[ ; %aric acid
monost ~Rolyoxvethylene sorbitol monooleate, and pqu_ethylene I_chI mqnqoleatg, s';
and oth?%%tt%rgbiégﬁéfgg%ox%% a8 HL 1 BSBh PSRt NaRI oPa iR g&i&?’hét&@ah@b@flﬁéavy

sulfonic b quariaintanoiy o hohestetdofpalyhydriaalsobehuphesphorsERTS: fshortghain)

0 ids, I [ - ini ivati f; synthetic
alkenyl st Ic.ac artial esters, thereof and.nitrogen containing derivatives thereof; sy
alkaryxsgﬁ%%gétgls? eg §fa %Cgpgfg}%n&éﬁgrﬁ%f#alﬁ%og AR : itlivar s rethiarxthresatiareof.

[0071]Estiaipled bicnhifgdatingoagentsdnshydes b btaretohdsaitedsooRahiness, Phaludinethacrylate;

I r ' Isilicene and.the like and mixtures thereof. [0072]The lubricatin .compo_sition of
Itohoey;)?;éedr%%%g(ﬁg%n %&%%IEFSO gfon eas'll'rl{eg’vi‘ cégﬁyam@r?ﬁ{ﬁn‘&%‘?? ERafApibistsr fHen is€osityandex
improvelPiiitide wotyp@Eikidmethadnitatel ethylane-propyiene seRaty el styrenerhusagiane

Cieperoan) o e ok Ao SR e et By bt e used

dispersancy) or multi unctlonn{lype are alsoe

singly ot #nsoflindtibthidite srhauntooipiandsity idekimprover Ba8e MCaReratesh W Qation

2010/ 0%?%4&QI£9§%@9§49§1%§§?6<1 antiwear effect and are both soluble in the oil and compatible
with other additives in the desired finished lubricating oil. Compatibility in this instance
generally means that the present compounds as well as being oil soluble in the applicable
treat rate also do not cause other additives to precipitate under normal conditions. Suitable
oil solubility/compatibility ranges for a given compound of lubricating oil formulation can be
determined by those having ordinary skill in the art using routine solubility testing
procedures. For example, precipitation from a formulated lubricating oil composition at
ambient conditions (about 20°C to 23°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.
[6068] 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 hke and mixtures thereof A variety of the additives are known and

commerctally available. These additives, or their analogous compounds, can be employed
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into an engine oil varies with desired viscosity of the compounded engine oil, and generally in the
range of about 0.5 to about 20 wt. % per total amount of the engine oil. 100731The lubricating oll

compositioﬁv&%ﬂg’/ﬁ?g%nt invention possesses a wear reducing property gieatfesa0aribzvof a
corresponding lubricating oil composition in which a zinc dihydrocarbyl dithiophosphate such as a zinc

dialkyl dithi hate co und is present therein..In one embodiment of the present invention, the
Iubricatir%]J Oﬁ@%%é) %gﬁ%h%& eehg?g %ﬂ?%@iﬁﬁb@f%gg@%@f}fWﬁ?%n@%%b@r@%@éﬁst about
20% grepttesethansthat of a corresponding lubricating oil composition in which a zinc dihydrocarbyl

dithioph te such @s a zinc dijalkyl dithiop hate compound is present therein. In another
embodit ERamlss F%P{"iﬁg |Hb?*?éq§ﬁpﬁ918ﬂl%‘?n&8§iﬂ6% e Brebdnt mientisied

nt of the presxgrl%% invention
possessiéta wagcsetucitg ;faﬁpewty)ﬁitdlmihﬁpqﬂfogﬁ%@[qaé@ tharithat %@%ﬁﬁé@%}ﬁmgd

lubricati ' ition in which g zinc dialkyl dithiophosphate compound is present therein.
[00741T%%%Jﬁ'g%g]‘60§ﬁ%¥tﬁ)“ﬁl%?sfh%ﬁﬁ% ﬁ%%%iﬂg*lcﬁﬁ{%gﬁﬁé% RIOAEHT BHdRYaRY B?F%ESV%& 8Fassmple, in
marine eylinciel hebricamts fatorosshieadinie seldngines israrkaasedubcantsinastamebilesend
railroad ike, lubricants, for heavy machinery such as steel mills and the like, or as greases for
bearing? g%{ﬂg Jﬁllléei.nl%ogjnoéae%ibg&iiﬁ%ﬁ%?ﬁ?eﬁﬁfﬁﬁba G BhibsLHiBhEGr thisam ariastiare used to
lubricateardisterhalGombustiorfengivesicloas;a sparkdgniioRepgine a6 ampregsiandgnition diesel
engine, £.9. VY | diesel engine or a compressiqn ignition diesel engine equipped with at least
one of a%%fh%%? gésg ?é%’f?%iﬂ%t%’rﬂ“%ﬁ’&'@) Ssg)ll(é &ifh: g’%’a&é ’Ef’%r‘f\%‘ﬁé?:"ﬁrfg APEIRRaletAdp.

[0075]WAhezhelathimdubricttinigkoibud mpasittontisrtofd OhedHavill @.@M'Mﬁ%ﬂ@&@o‘ﬁdﬂ@&hﬁr a
thickeni at s present. Typical thickenin ents include polyurea acetates, lithium stearate and
the e a0 T i S B e oo o
EXAMPUE Wufo@7di lobricatipepdiboompbsitlon framfebled corsainimsnat8he wh. % 0han gtixlene
carbonaﬁgepeq%ﬁ;%%d&t%??b}ﬁcggigri?%du(% Brfevgr% from a 2300 average molecular weight polyisobutenyl

succinic anhydride with a heavy polyamirie 6 wt. % borated
[0070] Examples of rust inhibitors include, but are not limited to, nonionic

polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonylphenyl ether, polyoxyethylene  octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts;
metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol;
phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof 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.

[G072] 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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glycerol monooleate friction modifier, 0.487 wt. % molybdenum succinimide dispersant/wear inhibitor,
0.490 wt. % diphenylamine antioxidant, 0.593 wt. % 17 TBN calcium sulfonate WO }
2010/03968&’78 9%b9/058359 detergent, 1.141 wt. % 410 TBN calciuht S8 ¥R gent, 0.050
wt. % silicone-based foam inhibitor, 0.537 wt. % Exxon 100 N diluent oil and 4.800 wt. %

ethylengRiany EneCRPUREL VIRGORIL N IALPHPILINRE A8 Mo RIRNILDRRP QI HRE resulting

lubricating oil composition had a phosphorus content of 0 wt. % and a surtur _coﬁtent wt. %.
COMPARATFIVEERAMPLE A 108781 76 the Yaprcttinpoiboohyddkitiorgvie®ihmple 1 was added 0.64

.9 of e lhycroopelyt iapoBhats, e sl iicalioa i sanPRsliendig g fiosphorus
content of 0.048 wt. % and a sulturcontent of 0.151 wt. %.

reducing property greater than that of a corresponding lubricating oil composition in which a
zinc dihydrocarbyl dithiophosphate such as a zinc dialkyl dithiophosphate compound is
present therein. In one embodiment of the present invention, the lubricating oil composition
of the present invention possesses a wear reducing property at least about 20% greater than
that of a corresponding lubricating oil composition in which a zin¢ dihydrocarbyl
dithiophosphate such as a zinc dialkyl dithiophosphate compound is present therein. In
another embodiment of the present invention, the lubricating oil composition of the present
mvention possesses a wear reducing property at least about 25% greater than that of a
corresponding Iubricating o1l composition in which a zinc dialkyl dithiophosphate compound
is present therein.

[0074] The final application of the lubricating oil compositions of this invention may
be, for example, in marine cylinder lubricants in crosshead diesel engines, crankcase
tubricants in automobiles and railroads and the like, lubricants for heavy machinery such as
steel mills and the like, or as greases for bearings and the like. In one embodiment, the
Jubricating oil compositions of this invention are used to lubricate an internal combustion
engine such as a spark ignition engine, a compression ignition diesel engine, e.g., a heavy
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.

[0676] The following non-limiting examples are illustrative of the present invention.
EXAMPLE 1
[0077] A lubricating o1l 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
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COMPARATIVE EXAMPLE B [0079]A lubricating oil composition was formed containing 2.35 wt. %
succinimide dispersant, 6 wt. % borated succinimide dispersant, 2.84 wt. % 260 TBN sulfurized
calcium ph%%tﬁ”&é%%@é‘nt, 1.02 wt. (1/0 17 TBN calcium sulfonate deterg&tT 324066410 TBN
calcium sulfonate detergent, 0.3 wt. % diphenyl amine antioxidant, 0.6 wt. % hindered phenol

antioxidang, 0.4 wt., % aji id salt of a bis-succinjmide [ from 1300 MWV PIBSA and
heavy poly%aef(;r)%3 fﬁg‘& d ig'ggtis%agﬁt@b%Sgovaﬁ%o\?r%aoﬁ%ﬁesﬁ%f%ngﬁec%%?r 'ﬁgi);ﬁg&'gi)‘éﬁi%f%é%{finhibitor,
10 ppm fodrarinimbibeiors 753w ecfulictionalifed dibcositylinstex FOProves QI3 oheYprppulepoint
depressant, 9 -functionalized viscosity jndex jmprover, and 1.89 wt. % zinc dihydrocarbyl
dithiophophag:%glgr%g%?{%}%\?ﬁ %’ng?éxolﬁn%%‘éﬁ&ﬂr?g z‘dj'&‘%'v(\!//rf?%f)%lgsrﬁ&?%g sié'L;g"r‘?gr SHE#806 Group Il
base oil kiviegjiakinkenatipvigcoditd phaphoas afmchtoIeShand 7 SubwtcdatGrosfulbbase oil
having a kv at 100C of 7.8 to 7.9 cSt. The result‘iim_tgscl/gbricating oil composition had a phosphorus
content of 0.150 wt. % and a sulfur content of 0.445 Wt. %. [0080]Testing [0081]Mini-traction Machine
Evaluation 100821The 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 WO
2010/039604PCT/US2009/058359 was modified so that a 1/4-in. diameter Falex 52100 steel test ball

(with special holder) was substitute%@wgwg%eg Wrﬁ/?\with the instrument (see, e.g.,
S

Yamaguchi, E. S., "Friction and Wear Measurements Using a Modified MTM Tribometer," IP.com
Journal B&J8]. 2, 9, pp&hE81gatsE 20CRMNGIPC OMIBEORD91 17D addddYatdaguchioEzife, "Soot

Wear in iesel Br [‘%?tht} InA f [neering Trihology, Proceedings of the Institution of
Mechanica Engirqg;ers Palrt%ﬂ, @/0%&22 , 6%%%{% .@é@%@g@bfoﬁﬁﬁ%glﬁ% g %ﬁ}tﬁ\ﬂlﬂ?ﬁg@d in the
pin-on-ci8Rtprbaé GhdRra dneded slidiur contitibnS01t 54 achiéved by fixing the ball rigidly in the special
holder, such that the ball stays still while the disk slides under it. The conditions are shown in Table 1.

TABLE 1
COMPARATIVE EXAMPLE B

[0079] A lubricating oil composition was formed containing 2.35 wt. % succinimide
dispersant, 6 wt. % borated succinimide dispersant, 2.84 wt. % 260 TBN sulfurized calcium
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 II base oil having a kinematic
viscosity (kv) at 100°C of 4.7 to 4.9 ¢St and 75.5 wt. % Group Il base oil having a kv at
160°C of 7.8 to 7.9 cSt. The resulting lubricating oil composition had a phosphorus content
of 0.150 wt. % and a sulfur content of 0.445 wt. %.

[0G80] 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

1td., London UK, Mini-Traction Machine (MTM) bench test. The PCS MTM instrument
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Test Conditions for MTM Load14 N Initial Contact Pressurel.53 GPa Temperature116C Tribocoup

1e52100/52100 SPeedmm/Sec.Min. 3800 10 2000 10 1000
WO 2016/039604 PCT/USZ009/058359

was modified so that a 1/4-in. diameter Falex 52100 steel test ball (with special holder) was
substituted for the pin holder that came with the instrument (see, e.g., Yamaguchi, E. S,
"Friction and Wear Measurements Using a Modified MTM Tribometer,” 1P.com Journal 7,
Vol. 2, 9, pp 57-58 (August 2002), No. IPCOMO000009117D; and Yamaguchi, E. S., "Soot
Wear in Diesel Engines”, Journal of Engineering Tribology, Proceedings of the Institution of
Mechanical Engineers Part J, Vol. 220, No. I3, pp. 463-469 (2006)). The instrument was
used in the pin-on-disk mode and run under sliding conditions. It is achieved by fixing the
ball rigidly in the special holder, such that the ball stays still while the disk slides under it.

The conditions are shown in Table 1.

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%
{6083] 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. Tt 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 shurry
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10 100 10 2010 10 10 5 10 Length of Timer70 MM. Test Diesel Engine Soot9%

WO 2010/039604 PCT/ES2009/058359

again and filtered through a Whatman Number 2 filter paper again. The precipitate was then
dried in a vacuum oven at 20 inch vacuum and 90°C for more than 16 hours. The dried soot
was then sieved through a 50 mesh (300 um maximum) before use. The objective of this
operation was to remove the oil and other impurities so that reproducible particles are made
and they would give rise to abrasive wear as seen in modern exhaust gas recirculation (EGR)
engines.

[0084] To prepare the test specimens, the anti-corrosion coating of the PCS
Instruments 52100 smooth (0.02 micron R,), steel discs was removed using heptane, hexane,
and isooctane. Then, the discs were wiped clean with a soft tissue and submersed in a beaker
of the cleaning solvent until the film on the disc track had been removed, and the track of the
disc appeared shiny. The discs and test balls were placed in individual containers and
submerged in Chevron 450 thinner, Lastly, the test specimens were ultrasonically cleaned by
placing them in a sonicator for 30 minutes.

[0085] The results of this evaluation are set forth in Figure 1, which show the wear
scar diameter (WSD) and standard deviation (STD} of the lubricating oil compositions of
Example | and Comparative Examples A and B, As the data show, the lubricating oil
composition of Example 1 containing no zinc dihydrocarbyl dithiophophate provided a
significantly improved MTM wear result as compared to the same lubricating oil composition
of Comparative Example A treated with a zinc dihydrocarbyl dithiophophate. This was
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
mvention 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. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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[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 wagimade qtaakiniSiurry WO 2010/039604PCT/US2009/058359 again and filtered
through a Whatman Ngglb&ﬁc%éﬁtehqﬁai 0%3%%‘&1 e Rragipiiate, was e dredin.g yacyum oven at

20 inch vacuum and 9 or mor ours. The dried soot was then sieved through a 50 mesh

(300 gm makirinatingefiseesitye(bT lre ehjestidisnstuis (petdtemh WAt IedsiFEsatother

impurities so gaf, f%f&ﬁ&&i@'%ﬁ%?%%&[%@g&ﬂdﬂt&&ﬂ%|%&Ht%tﬂa§eot@ AupsiueWRAr as seen in
modem exhaust gas recirculation (EGR) engines. [0084]To prepare the test specimens, the
anti-corrosioffi€oafigorife PelsyindiftimreatEns 66rpAtuth s os ﬁﬁé?@ﬁtﬁii &eluisls was
removed usipm@g@&geoﬁ@%ane, and isooctane. Then, the discs were wiped clean with a soft tissue
and submersed in a beaker of the cleaning solvent until the film on the disc track had been removed,
and the track of the disc appeared shiny. The discs and test balls were placed in individual containers
and submerged in Ch@uednbtEatiinnkbeonastiyiothefl ektimpbcithens Weresblera sbiieatiyt dteaned by
placing themjn.a sonicatorar 30 minutes, 10085 ibaiasHlts.ef this.a¥auation are set forth in Figure
1, which show the wear scar diameter (WSD) and standard deviation (STD) of the lubricating oil
compositions of Example 1 and Comparative Examples A and B. As the data show, the lubricating oil

composition of Exampigel.aeptaiping Rempse: dilysirotamy| ditbiephbppetemovidegoasigaificantly

improved MTM wear result as compared to the same Jubricating.qil co Si of Comparative
Example A R Wit %Tﬁ'ép&ﬁv&?o%%?f?%?tﬂ}g%]ﬁ%{ﬁﬂg a8 r%g%vsgsggﬁ?(gg%&éd as zinc
dihydrocarbyl dithiophophate is a known antiwear agent and would be expected to improve the wear
result of the Lubricagting oil co iti icati il.,composition
of Example 1 is Iovx%e'?tpﬁg&u&merg%ﬁg%égt?ﬁégg%l%‘c&gbr%h[%p;t%c{}% gﬁﬁﬁéﬂgﬁiﬁﬁ%ﬁ itch is a
standard lubttieaist coftaihiderasehadaély high amount of zinc dihydrocarbyl dithiophophate. 10086]It
will be understood that various modifications may be made to the embodiments disclosed herein.
Therefore the above description should not be construed as Iimign , byt merely as exema;PIifications of
preferred embodimentd PE PRSI HERAEHEACILLeBed 255 énaﬂ?a ﬁ’ﬁb% B ES the best
mode for opesatingithelpregantinventcrsaiealtalit strationplsphisegoddier Sthéramangerhents and
methods may be imple 0 killed in the art without departing from the scope and spirit of
this inventior)lé.J o%‘érgé%%?%?iosﬁ%d%?nﬁhe art will envision other modifications within the scope and
spirit of the claims appended hereto.

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 150 to 450 and a second metal-contaming
detergent which is an overbased alkaline earth metal sulfonate detergent having a TBN of

10 to 50.

8. The lubricating oil composition of Claim 1, wherein the antioxidant 15 a

diphenylamine compound.
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WHAT IS CLAIMED IS: 1. 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. 2. The
lubricating oil comp@sitiDie oficriaiting, Mheipdiidoasbiecsaths persartdm athissuceinimigederived from
one or more Qg]_lt}/all%gear}go?L{)c({:ei&g:ngc%g?/g&des.Om é?x. The lubricating oil composition of Claim 2,
wherein the po y8ﬂ<y ene group Isapo ylsgl%ucten% group having an average molecular weight of from
900 to 2300. 4. The lubricating oil composition of Claim 3, wherein the bissuccinimide is

post-treated with etiyleng carhonate,, oi1%.JHgHRricainggikcompgsitian ot GlaiT deiherein the at

least one metal-containing detergent is an overbased alkaline earth metal sulfonate detergent having a
total base nuffiBEHYTBIOTHHIOCHEAGESS @ MBlYPAIBAHEERR fP8RIATposition 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-c ining detergents comprise a first
metal-containing de]tZ'rrg.ehﬁtlmgﬁlf@%i EVBRSESE ﬁk%a%ﬁg ga?ﬁﬁ’?ﬁ%’t‘ég sulfonate detergent having a
TBN of 150 to 450 anvt.&secihdtniethbcdntaihing deteigbntiniedhbiscatingvelbaspdsélkalio® earth
metal sulfongje deterggnt haying a TBN of 10 to 50. 8. The lubricating oil composition of Claim 1,
wherein the antioxidant is a diphenylamine compound. 9. The lubricating oil composition of Claim

1, wherein the anti-WéartagetZcbinpridescd AoldeRsriumsiebeaihinbredrapnexil composition,

of the at least one metal-containing detergent;

0.2 wt. % to 1 wt. %, based on the total weight of the lubricating oil composition;
of the antioxidant; and

0.1 wt. % to 2 wt. %, based on the total weight of the lubricating oil composition;

of the anti-wear agent.

12. The lubricating o1l 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 20% greater than that of a corresponding lubricating oil composition in

which a zinc dihydrocarbyl dithiophosphate compound 1s present theremn.

14. The lubricating oil composition of Claim 1, which possesses a wear reducing
property of at least 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 mnternal combustion engine, the method

comprising operating the engine with the lubricating oil composition according to
Claims 1-14.
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10. The lubricating oil composition of Claim 9, wherein the molybdenum-containing complex comprises
a molybdenum/nitrogen complex. 11. The lubricating oil composition of Claim 1, comprising 3
wt. % to 10 wt. %, based on the total weight of the lubricating oil composition, of the ashless
dispersant; 0.5 wt. % to 2 wt. %, based on the total weight of the lubricating oil composition, of the
at least one metal-é6ntdininipderargang oil compositipnermIisins, (BhaEwioh amewstal aietdht of the
lubricating oil composition; of the antioxidant; and 0.1 wt. % to 2 wt. %, based on the total weight of
the lubricatingf SiPEGHBO LI NS BAtUSAisRgERtL () aieephang BRELHGHPE8mposition of Claim
1, further comprising at least one additive selected from the group .copsisting aof a friction modifier,
extreme pre%ﬁ?@ﬁ%’éﬁ%,%@%@ﬂf}%ﬁ@&dﬁ ?8\?@&'88%3581}%33%%&%&%%1\? %ﬂ%aﬂﬁ%ﬁ#res thereof.  13.
The lubricating oil composition of Claim 1.whi ossesses a wear reducing property of at least 20%
greater than %3%8%1508%?%%%8%%1}%5‘?& b(irllaii:la |}1§%#)80?T5r%o&§?t%ﬁn %O%d%ﬁldef Sz%gséﬁﬁtffg%’)grgrgbyl
dithiophosphate SABHAS 2 RIERL IR Bilhose SFdcLBMIAIGRIN Ak A RGSHARA Claim 1, which
possesses a wedr reducing property of at feast 25% greater than that of a corresponding lubricating oil
composition g yhich 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. 16. Use of a lubricating oll
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, for the purpose of wear inhibition in an internal combustion engine.

26



