NANOPARTICLE ADDITIVES AND LUBRICANT FORMULATIONS CONTAINING THE
NANOPARTICLE ADDITIVES TECHNICAL FIELD 100011The embodiments described herein relate
to methods for making nanopatrticles for lubricant applications, and in particle methods that provide
cerium oxide nanopartieles of a suitable shape and size for friction modification and wear reduction in
fully formulated lubricant applications. BACKGROUND AND SUMMARY OOOZﬁé icant may be a
liquid, a paste, BANRARERCGGid RBAEAVEHAND #HEBRRL 4S5 E%Eiliﬂénﬁ Ay be used in
automobile engines, trarfSANSIGENINERERYE NN RPABI L LEAROEHY Sther machinery to reduce
friction and wear and to increase fuel economy. A number of components including, but not limited to
dispersantsygetgraenisy figiiepmodifiers, antiwear agents, antioxidants, and anti-corrosion additives
are typically present in fully formulated lubricating ojls. For many, lubrican ligafi a YiScosity
index imprd#8P khay also Bﬁein@ﬁfﬁé]d’%?g §f8p%8%wsﬁ}gﬁeéﬁt.rﬁgt63 imet{ﬁéeegng%ﬁ?s{_?u%ces
depleting apghojpreiskeingenubriviconipslitativegutations jpetiganiepted; thereexists efiEater demand
o increase a fuel economy, of V?hic'eﬁ?ﬁi‘egsﬂgadg%&?é%%ﬂ%éo@ yehigle.exhamsiswearrently,
organic fricﬁéﬁj‘ﬁ]ﬁﬁ‘?ﬁ’é’%tbl‘l %adoéd’to the 1t r?catlng olls to increase fuel economy. However, the level
of the fuel eeanaioy achidvabledjatrg i fristirphisetifitrs is limited. Hence, there is a need for
alternate methods for achieving improvements in fuel economy. [0004]One method for increasing fuel
economy is to provide lower viscosity grade lubricating oils.While providing lower viscosity lubricating
oils may dranGsAARMERBsANIR FAAIM AN Ysuch lubricating oils may also increase wear. Wear may
be partially [ggged by usingpatimean A0BaS Syelt as pintedialkydithiolitiobphatd DAY However,
ZDDP contains phosphorus and its decompositior. roductg ma%ega\llg %ﬁlg%gi&lﬂg %q&ﬁligson
automotive beifay$hey&amhs Rk midtBHEERE o AcdBidingly, emai i ing

ere remains an increasing need for
methods for reducingsiictienand wearwiitioutiatiyessepdffdoting exmiseiproctduet §istéins and

without further depleting scarce natural resources.,[00 ith- regard 19, the,alkove, axamptary
embodimentéY&& ﬁ%?gﬂeﬁﬁg\%% Sethoe f%[)rn lr%ggé%g a selft-dispersing celr?i%m_ oxide

nanoparticlagmaesitive dospduaricantstcaghitsicitzompodifisrsc ontifitig W@ HatBParttRiSand a
method for reducing boundary fision UaingyhainppAREAtslesullh &RanaRartialascarmmaide by reacting
an organo-cerium saﬁ?, a ?atty acid, and an‘amine jn the substantial absence.of .Walte({ %t a temperature
ranging fronFaboan § SehiacaborMBBIDN 0P X SEPRY FdfhdBOFERES Brovisd Haktpaticles while
injecting airmgg)om Ioh mixture during a portion of the reaction period. The reaction product
includes from about 20 to about 40 % by weight of &Eg nano agticlers iq 1—‘]"11%‘@’1[&55%9“%%%5&91'“(3 medium.
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regulations being adopted, there exists a greater demand to increase a fuel economy of

vehicles and to decrease emissions in vehicle exhausts. Currently, organic friction
modifiers are added to the lubricating oils to increase fuel economy. However, the
level of the fuel economy achievable by organic friction modifiers is limited. Hence,
there is a need for alternate methods for achieving improvements in fuel economy.
j0004] One method for increasing fuel economy is to provide lower viscosity
grade lubricating oils. While providing lower viscosity lubricating oils may
dramatically increase fuel economy, such lubricating oils may also increase wear.
Wear may be partially reduced by using antiwear agents such as zinc
dialkyldithiolphosphate (ZDTP). However, ZDDP contains phosphorus and its
decémposition products may have deleterious effects on automotive catalyst systems
for emission control, Accordingly, there remains an increasing need for methods for
reducing friction and wear without adversely affecting emission control systems and
without further depleting scarce natural resources.

[0005] With regard to the above, exemplary embodiments described herein

provide a method for making a self-dispersing cerium oxide nanoparticles additive for



friction coefficient adjacent a lubricated surface. The method includes providing an amount of reaction
product comprising metal-containing nanoparticles dispersed in a fully formulated lubricant
composition containing a base oil of lubricating viscosity, and applying the lubricant composition
containing the metal-containing nanoparticles to a surface to be lubricated. The nanopatrticles in the
reaction product are selfidispersing and are 2 feaction product of eastion ixtufe. gl grggno-cerium
salt, fatty acid, KRG Enlind Tested Th the HBRence o SEivent at a emperature ranging from about 150
to about 256:@udingebpenidahofitintesuliceHidnpropidechanoparickepitaikesastiomptoduct includes

from about 20, 1g APl 40,96 RIS Of 16 NRAPPAGIES LR ShAIa Rl pLOANG s

100071Ano ent of the disclosuré provides a lubricant composition containing a base oil of

lubricating VieéeRsity SalsenassurRIEinatidteBasin P AUt & t8astidRTpr astet Yriafing
meta"Conta«iﬁkﬁgigﬂnﬁ%ﬁlﬁ@ér@ﬁ%@!ﬁﬁ%ﬁhﬁ@ﬁﬁ@cﬂﬂg&ﬁm%&@tﬁ%%@w@di%@,eaCting an
organo-cerium salt, a fatty acid‘, and an amineq at a temperatu,r%\gangsig from ab§§t 155 to about 250
C. in the ab8@REAOBFYNE IR BEHE oFtmiEASHALIBAE S PRSATE T ERS TN e PREPIbduct of the

reaction inchydesiiyamiabouf 2Q ekt 46:% hywieight i shegaahopadictes in a substantially organic
medium. 10 s set farth briefly above, embodiments of the disclosure previde a unique
nanoparticlé%g'ﬁéﬁve for%‘br?gg}qﬁéé a%laq}?(raﬁlfsl Eéig’h%?lrgall’]st Bgﬁ%gti%ﬁg%%% aﬁ\}fnéet u(5,‘:151‘1§n%particle
additive thafimayrsigriffiociatly didiproveathé doatifitisntaokfridtionrottive! utsliedsst womigosdtion and may
reduce weafor,[AEICIW KiseasituIHICANL FRmPesiiani AR Adiie BRckaaR.conlpining the

| wi

nanoparticle reaction product may be mixed \ an oleaginous fluid that is applied to a surface
between mduihy foamslatsinbriapplicctionsian serrivepatkagk dbnlaliilytHegdtars'Bontaining

nanoparticle, fgaction AL GhivRY R RFPULad R shikth iR ated Jubisant campRsiiRnes1 00091 The

methods and compaositions described herein may also be suitable for reducing emissions of CO and
hydrocarbori® EHETREM!R RfinaLIsBkcate it IBANIT RS AR JOM PRSHORLTRLEALES KS1Ein. It is well
known that geytaisifpetals ey hadkelpkéaninerevingdhediuiniag Biliginayenfifueldt, Hattexample,
metal-containing nanoparticles from the lubricants may enter the combustion.chamber by leaking
around the BRTHREL eFEay 1B s, 0 SHEl L & RS B Rt S stion
without dire¢tiyaddiutgmesdtdmfmungdertodtiod firet. Oiffiei fentorpsuig advaprdidesof iie methods
described hergn Ay A8 SMIGNLRYASIPIRAGe 16 Ihadsliowina deiallehisrerioian iehs intended to
exemplify aspects ?1_e exemrg'lary embodiments without intending to limit the embodiments described
herein. 10010 #sibteelindesssoadatBoth the foregoing general description and the following

detailed des‘%@t-}?n are exgmplary ahgsxplanateny anly andasedntended tepravidedehear

explanation of the embodiments disclosed and claimed. The phrases "having the formula” or "have the

formula” areHRERaRE T BEHBAMEHPWRHN RsPRRISH RENBISS Yt AHIXIBY HAHFAEE described
herein. The formstha is:aan for thedurpasesoalsimpliication andaisdniensied tadegrasangsmono-, di-,
tri-, tetra-, and polymetallic %anop, rticles. BRIEF,DESCRIP'T%?OJSI OF 'I;ng DRAWINQS_.%%(PlllFIG. 1
is photomicragPaRT bittdhs RS nahp AP AR HHSE S S Etfing - &H BB ATHLI 87 e disclosure.
DETAILED BHESE&RIRY 10N, Ql EMBOIMMENTISRRL2FortngipprfosesiafithisStfstlosheat the terms

"hydrocarbon_selyble,” "qil soluble,” or . 'dispersable” are notin tQ. jpdi .gompounds
are Soluble,%@so V'abip Ne de of s%?en? o 4 feﬁ%d é‘?”ﬂ%% %dg%?é%t@ IQ%%B@ Y :

e, miscl ﬁ%‘} or capable of being suspended in a hydrocarbon compound or oil in
all proportionsndietieleo ribamprhdwevéththeattion anelvdesriseanebosbhtbie abathBlY didpersible in oil

to an extent sufficienta exert ieifintanden STREITD Bg.RAViERAREN! in which the ol is employed.

Moreover, the additional incorporation of other additives may also permit incorporation of higher levels

of a particuld®®8itive, if desivedforfe kepfy ahemsisptiedigregis gdithe disclosure provide a

unique nanoparticle additive for lubricants and finished lubricant compositions
containing the nanoparticle additive that may significantly improve the coefficient of
friction of the lubricant composition and may reduce wear for refatively low viscosity
lubricant compositions. An additive package containing the nanoparticle reaction
product may be mixed with an oleaginous fluid that is applied to a surface between

moving parts. In other applications, an additive package containing the metal-



dispersible" mean the particles, as made, may be dispersed or dissolved in a hydrocarbon material
without the use of a dispersing agent. [0013]As used herein, "hydrocarbon” means any of a vast
number of compounds containing carbon, hydrogen, and/or oxygen in various combinations. The term
"hydrocarbyl" refers to a group having a carbon atom directly attached to the remainder of the

molecule and having predominantly hydrocarbpn character. Examples o groups include:
(1) hydrocatBA IS fRmRTHS f%?%ﬂ.‘b’héﬁc?‘gé‘?bf“aaﬂéji’ %rpaﬁ?(\é%/ ,laltllicgy%(i:1 %&g.{%cloalkyl,

cycloalkenxh@;@gti.u&mssam_a_romatic.-, a]iphatic-, and alicyclic-substituted gromatic substituents, as
well as cyclg gstiients whetein e g s compsics psah aRainBrpoman et ieolecule (6.

two substitd ogether form an alicyclic radica ) substituted hydrocarbon substituents, that is,
substituentgcarthining aoisiyoyodadsd akdudsostkmnsintdie éﬁﬁféﬁﬂé’l‘%lkﬂ@éﬁfﬁﬁo%lﬁbrein, do not
alter the predominantly hydracarhan substituent(6:9 1 halp drsnecialiahleraiantdulera)hydroxy,
alkoxy, mercapto, acﬁq<y mercapto, nitro, nitroso, and sulfoxyt)j;bf(?%#eter -sgbstituepts, thzf-ltlis,
substituentdevhistuivifiie Having agidgobsmaryRHRIEE BN &rac(t)% LR RSN EXt Of this
description.ngmﬁli{ﬁdgt&ﬁ{omn&@gk{@&ﬁntﬁeringrﬂfaﬁtbaiﬂa@trwmisaaceammlofchamﬁm atoms.

Hetero-atoms include sulfur, oxygen, nitrogen, and encompass substituents such.as pytdyl, furyl,
thienyl and IRgaZoR PR g EifeRIF' PR AT ﬁ\%fﬁ%l%é{rﬁ‘f’é@fﬁb?y %&ogrﬁ’%?est gﬁeo%‘él, non-hydrocarbon

substituent wilbke REeseat fonaxsvievtatoniators mldheshyttotaxbybgradp; typisaliycthere will be
no non-hydrocarbon substituents in the hydrocarb ] | - i oparticles
described h&8f %59”{?8 &Hlﬁo?érﬁf yn%%ﬁ%r%{fptg ,Hslgﬁ}égéga : %Lrgp%]g%eﬁ?&%ﬁ%%\?vﬁ%:?ﬁ% rkllﬁa?/e a
substantiallydfeiéare tpahticfel sizengf dets! tdatrstnuon0 iario i drieadeh etERBI M A shaped
nanoparticles.fay. e pAIGIR e ARRATRR ARAY Trbol SSANSMRLaTEs desitbly from
about 5 to about 20 hahometers. Still other particle sizes may range from about 3 to about 6
nanometershércthe case of rod-shaped nanoparticles, "particle size" is determined by the length of the

nanoparticle §gg The rogkshaped nanaRasHE!mspUsmayhvegamaspeetatiesdrifipemyih to
Diameter) ranging from about 20 to about 2. [00151Acc rding t(? the xe{&%!a_(%]%mﬁl%digggnts

described h&reifotsevnataleedrtaifiierRNBpATicFAS A Be Madé By & refatively simple process. The
process is priatbiaopgsiap feastioppasessithdtinclidbe Gormiinidigonsdtandrgaiieompound
with a fatty acid and an gmine to provide a reactign. mi |.oroaRis &QMposad kxthe fatty
acid and ami. QYRR if %‘é‘éﬁg?ng"f 1§ Erlerr?g)v%}? ‘?réoﬁé:ﬁfe&ﬁgggﬁﬁq {:nif;}({t@ﬁe before conducting the
reaction. Theaastonithixtspeds thentwattdies provitesl peapusIs g RIS [etiftes Hit-dispersing
metal-contaiping, nanoparics And, AR AIGATC MeShi JRUAL A ERoNan doabise aidhe reaction
process is that the réaction mixture is substantia y devoid of water and organic solvent before any
reaction takeémpta'e,et.ebvﬁnmném@l}‘m@fé]ﬂWé?é’toﬁf‘éy%%gformed during the reaction, but most, if not all of
the water is removed during the reaction due to the use of a reaction temperature that is typically
above the boiling point of water. Accordingly, the reaction is considered a "non-aqueous” reaction due
to the substdPRAFAIRESSIILTARN QFCIHLE BROXIN Fehture of the reaction process is that the
reaction progygi fpay be uped Qsmdﬁ)wiﬁﬁ@gﬂa;ﬁm@vmsﬂmpadiuiesppa}api@dmtsd&n@mﬁgeaction
components. In one embodiment, the reaction product may be subjected to vacuum stripping to
remove highf§ %I‘éﬂ‘i‘l‘é"&ﬂﬁ’ﬁﬁfe"g&ﬁgﬁfjﬁﬁnf%m the reaction product. Highly volatile organic
compounds include, but are not limited to, compounds that have a boiling point of about 120’ C. or less
at atmospher : ir 1PR8S$, @ metal-organic compound is mixed
with a fatty ayﬂ‘sﬁﬁal#ﬁnge}“ﬁaﬁ ;ﬁ@qoﬁ rﬁeta (ﬁ)%%?nﬂg compound to amine to acid qQf from about
1:1:1 to abouydRIZR. A molden dhio iransirecto tAisidliFctng Fea %@Hﬂﬁttﬁé@%@‘%\ﬁ about 1:1 to
about 3:1. By%’ﬁ“é@ﬁ&i@? foregoing melar Ltios, andiidhed qagtiortemperatusamanstiines, different
shaped nanoparticle products may be groduced. Molar ratios of mgredé(?3 ts mucﬂ %bove 1:2:2 may .

|

inhibit the useobiithe EagtlsPOMFOASEIR abPTCAAPIBIf GIAtRHRE MBTRFPLASS Thich SERE 1L 1 may
result in non sglfslisRgrsinginanonaricss:Ae181Tar aminscmayhbe avisattratetcyr unsdiurated
hydrocarbyl amine having from about 3 {o abaut 24 carbon atoms. Sujtabl rhyl aimines
include, but dREABEYINTRELPS Sﬁlﬁﬁ@%éﬁgﬁ’ﬂ%‘rﬁﬁlg RQI{]bI-?Q iﬁnwﬁ% %ﬁﬁﬁ%ﬁ%ﬁ%& f;11]{/é(l:irocarbyl
radical having g3 \eieé: Garhba atommmiesuitablenidngbdoriRiis $ropoyecdo 20apsh disms. It may

D PR BN SIS RheRl R bR pasab AR AA PYptcatgosalLrated

levels of a particular additive, if desired. The terms “gelf-dispersing” or “self-



be employed include hexadecylamine, oleylamine, allylamine, furfurylamine, and the like. 100191The
organic acid may be selected from unsaturated fatty acids containing from about 8 to about 26 carbon
atoms. Suitable organic acids include, but are not limited to, 2-ethylhexanoic acid, oleic acid, erucic
acid, palmitoleic acid, myristoleic acid, linoleic acid, linolenic acid, elaeosteric acid, arachidonic acid
and/or ricinoleic acid, Fatty acid mixtures and fractions obtained from. nafuray: fats,and;pils, for example
peanut oil figyessiicfismenidhy FaHSiRkedd Siffaiy/ Aod ,%Sal(r%Sgﬁr%tty acid, rapeseed oil fatty acid,
ricinoleic oi} {aity.asieh Gaatel0kiatuatid nsolatealidattyingidgesya oil fatty acid, sunflower oil fatty
acid, safflowgy gl faty acid and 2l QLRI AG MBI DS, 1100YIhe uakotanic
compound irably a %rgano-cerlurh sait. Examples of organo-cerium salts include but are not
limited to cerimpofii)acetamand cetiom hrdtgkaretoiite. TOESTLREFIOHNIAYIREPESE on mixture,
the mixture fpay be hegled.for o pedadk ab tims akelavale hlempaialuie @rampueanydvater of

crystallizatloﬁ andror t orm a tlear solution of reactants. Acc_ordipglg, Bge S%Utio&g’}g&@e heated and
held at a tefhperatsiademgfgfronrkisslt 30dolaBBE: B S RRY S eEd Brtime

time ranging from about 1

minute to a@g%@%gﬁﬂ%@%ﬂ ‘%?oﬂ]% sealeief the reaction mixture. A large volume of reaction
mixture may require a longer initial

eating time, while g smaller voluyme r ire & shorter initial
heating time. 100231 Kxsiogebmist Eid S HEhting fﬁ}édg%giéﬁ %%@u%,%ﬁ%%%on]ﬂnued to a
temperature ranging frowy albeity1500doeabau P50 fonasseushdpeHsY of alinbafithgiAtcfrom about 1
hour to about 5 hours, %%%gr%guéog tgre \r/noalgg"l% lgsmgel;ﬁg’ctl%n mgure. §;@§equgﬂ;%m§ second

period of time, the TG may be vacuum stripped to remove volatile organic components

from the reaction prodth Maotingnisteippingcif Sondabtaerayseiconal Be s hiei&re of less

than about 715 mm of H%ﬁfﬁ)&l 8 nQSe_{(i%cé QL limeranging fiemabeys; 1 minute to about 45 minutes.

"
100231An advantag‘fé) of the reactio product includes the ability to use the reactiti')rp1 rpront%l)l%lqt as made
without any signific@tspbstiuseibhydutoamonsshmicuenty thatiite SERENEN e REIE % o need to
purify the reaction praduct-gswasththeRiRauch wid alsahel stibsedusniptdhdeesiotici proicess. There

is also no need to séparate the nanopaiticles from any unreacted acid, or amine canngRsRys before
using the reaction%F@d@@t%@‘gﬁ%ﬂﬂfﬁ\)’elﬁﬁ%oﬁfﬁm%%’f‘%%}%%%lgg%ﬁf’ gglocg?@mc fog‘ggoing rocess

may be useful for makinmststapdialiyualiany, radtilepoandpamickssiba reFaVRI P8 Geaction
process. 100241The reaction product containing the nanoparticics may include from about 20 to about
40 percent by Weig?ﬂlg?’mé nanoparticles and from about 60 to about 80 weight percent of reaction
products from the féily acicranchiaminenteacthats iSuchlraaisis prodidts il Gortai@latively small

or insignificant amouﬂn&sO 1%f1 unrtcleacﬁggrgghqb%gd aming angioriyadasirabledy tatodustsigthmamount of
unreacted compongln?s And y-?t/)ro ucts in the organic medium of the reaction é)r&?d%lcctail%%pically small
enough that the amamitiofaheh Gomsarhantdhadig S6(HEIRBBHIESE T AP BE foRnahce of the

reaction product in g luhricant Gompesiion;LARRS klife: paskigiesizaiabiiva matd|-comanmary

nanoparticles may be detennined by examining a sample of the particl Si M, (rapsmission
electron microscopyyostEtsni é%}%m’d%ém’ iggé&ancaha 16‘11? aat%r(?l elgnlllg é%lé%:re ‘grain size

therefrom. The part{g@@tmgyg}@ﬁ;ﬂﬁyymgmaﬁi(ﬂ&mizeedmm%hw@ﬁm@@ﬁi@&b@?ébﬁﬁng or

cohering together. However, the particles produced b regIng A R8RSR ibvpicathegrystalline
nanoparticles havinBr S eifPnt paricrs gi%cfﬂaattclgn ssulésjitg%n{ll%’lﬁﬁn thejzR rgnge of from 1 to 50

nanometers. f0026]%#e teactiam prattoctdescribetitabivy énidhedvetiergeddsioicorporated

[0014] The metal-containing nanoparticles described herein may be uniformly
rod-shaped, spherical, or plate-like and will typically have a substantially uniform
particle size of less than about 50 nanometers. For example, the rod-shaped
nanoparticles may have a particle size ran ging from about 1 to about 30 nanometers,
desirably from about 5 to about 20 nanometers. Still other particle sizes may range
from about 3 to about 6 nanometers. In the case of rod-shaped nanoparticles, “particle
size” is determined by the length of the nanoparticle rods. The rod-shaped

nanoparticle rods may have an aspect ratio, L/D (Length to Diameter) ranging from

about 20 to about 2.



into lubricating compositions. Accordingly, the reaction product may be added directly to a finished
lubricating oil composition. In one embodiment, however, the reaction product may be diluted with a
substantially inert, normally liquid organic diluent such as mineral oil, synthetic oil (e.g., ester of
dicarboxylic acid), naptha, alkylated (e.g., C10 -C13 alkyl) benzene, toluene or xylene to form an
additive concentrate. The additive concentrates mag ]ﬁ}?n ain frorg abo%Jt (Pf{()rteq ai%géjt 99% by weight
diluent oil B8 ith the AaNBREIORIEXEBTA T FBR8 PR NPt B ST TUBICAting 6l formulations it is
common praghicentadniseepaedhe agddithencancentiatéativiie firmlehiom89 Whepractiveiingredient
concentrates in hydrocarbon oil, e.g. mineral lubrigating gil, or.o i n lly these
concentratd¥Ma) Be b 48805 fﬁ%ﬁﬁ%i 5] O&f%itﬁlg d%%gggeasntéllgn {%%%?g)ﬁgéﬁti\%%iage and
viscosity indexpébrilprtverSaontaining:0.01 wrBeeparbyideighesitioprisatNe oif p8FBart by weight
of the DI package to form finished lubricants, £.9- Giapke oter. il iable Dipaskapes are
described for %%%é?n%%n f W@‘bﬁgﬁﬁﬁfé}t‘é%}op an(j\g%é%?i%%l%@ %@)ﬁ%% Among the types of
additives indtatiethintvetDhadiitive petkEgeoa i i rdentsatisfersHitd cafMe B EYERDS, friction
modifiers, sgal swel agapts,aniipxidants feampriaikiorsalubrigi agesls drysirhipitaesycorrosion
inhibitors, demulsifiers, viscosity index improvers, and the like. Several of these components are well
known to thé@@@l@ﬁ?@d@?@ﬁé@f{%‘é%‘ﬁ%ﬂ’}ﬁ BSAUERtional amounts with the additives and
compositionggigsicribed hgteim 300281 Eedpiicant compositions madeswith thet réactionctisduct
containing the metal-containing nanopartieles described above ar ' ide. vari f
applications™EgFoth f)‘r‘gg{%fg}ﬁgn?}%rg laéirnog?i r‘%veasteér?adscﬁgrgﬁg nsi(t)i%c;% Egngg‘%%gégﬁg %)qrg?\g?rgj%?at the
lubricant coplpesitiansomentitexceedepuitlishedonPdiuting GF Wathpridrdstiosbitant #Fmpositions
according to 1 foeAoing AR 06 Gt D e abase ol blarivmackage,

[ u

and/or a VI GVer to provide a fully formulated lubricant. The base oil for lubricants according to the

disclosure igtan @l offislizatbeyvisbeshyibierqemirem walthal REHELHHG 0L TR Bbricating

oils and mixfures thereok Such base-ails inclidedhoas: canventianaliycamepioyedens cramkease
lubricating olls for spark-ignited and compression-ignited internal ,combugtion %r;,génes %Jgé’l as
automobile amaarisk Eiires! HaTRRCHAR PAIFSSHHIREE MAR GRASE OB FIRETIRE™ 5255 He reaction
product desgiibadabove Rawbessahiriily topmdated automaticrtransmissiondigids; fully
formulated crankcase fluids, fully formulated heavy duty gear, flui JikeSuchhpappparticles
may be effe®ife et’&“i’@ﬁ%‘?ﬁié‘h nr%%céﬁgié’ﬁ?%%c W r%igoc?%‘iff% % Egggg&grticl;s [?r%vi%e.d by the
reaction progiabmay g preseilt ioramamoupohdpiiorabatSeiion predidtly idehliatelitiericant
composition. As another example, the nanoparticles may hg PisseRtiianamRt 9firliplE 0.1 to
about 5 Wt%ollf%zglfﬁlfi/o%?%ulﬂénelg % '?ir?é}#? c%%ggltsi%ﬁ. As afnbevgla further example, the nanopatrticles
may be prespoitirpantamtodff ¢f alydersEae aBBIE ’RGHH %A fully formulated lubricant composition.
Dispersant 9%[?19?%”& 10034 kRisrersantsiconiaingd in theRlRasiagenpludrl bubdsedot limited
to, an oil soluble polymeric hydrocarbon backbone havin functionagl)l%g)u that are ciapa‘bée of

: (ﬂv%ahté) O acl

associating \M/Iiﬂ*lmé@ﬁ&ﬁ#ﬁﬂﬁ%%ﬁﬁdﬁiaé@%@é‘ﬂﬁ%@%ﬁ@ 8i8pe

|spersants comprise
amine, alcohgd, ssnide,Rf aster pelasdnoieties afiasbed tatibeopalymerbackbanehefreactiam bridging

group. Dispersants may be selected from Mannich dispersants as describeddn U S, Pat. Nos.
3,697,574 aﬁﬂ*éﬁ%@%ﬁ%&ﬁe@%‘%é’@c‘iﬁh\a}dé"d%’b’%r%%rﬁts a% d"easré’%fbgéglﬁm @éopg . NOS. 4,234,435
and 4,636,322 ainedtispéesasistamdesepibetlinsUasd RandNosi #2ag, 6bepeisesignartise

5,633,326; Koch dispersants as,descri inU.S. P - Qft1,3:04885% an¢hiiB4 7,259, and
polyalkylene%rl? Ci %rﬁlllégag?s%%)%écﬁé a@%@gé%%%%ﬂﬁ}@géﬁéﬁ %%ls 5,851,965; 5,% 3 4314; and

5,792,729. OxidatiomfrihibitacBompodesitsn lubricant formulations. Molar ratios much below
1:1:1 may result in non sel{-dispersing nanoparticles.
[0018] The amine may be a saturated or unsaturated hydrocarbyl amine
having from about 3 to about 24 carbon atoms. Suitable hydrocarbyl amines include,
but are not limited to amines of the formuia RNH; in which R is an unsaturated
hydrocarby! radical having from 3 to 24 carbon atoms. A suitable range for R is from
10 to 20 carbon atoms. R may be an aliphatic or a cycloaliphatic, saturated or

unsaturated hydrocarbon radical. Typical unsaturated hydrocarbyl amines which can



1003210xidation inhibitors or antioxidants reduce the tendency of base stocks to deteriorate in service
which deterioration can be evidenced by the products of oxidation such as sludge and vamish-like
deposits that deposit on metal surfaces and by viscosity growth of the finished lubricant. Such
oxidation inhibitors include hindered phenols, sulfurized hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having C5 to Cu alkyl side chains, sulfurized alkylphenols, metal salts of either
sulfurized obnomelifurl Etlarks swedety) aresciimple s AEmAshEHE SIS cadicLs oil soluble
phenates apg sulfurized phenates, phosphosulfurized or sulfurized hydrocarbons, phosphorus esters,
metal thiocarbamates, and oil soluble copper compounds as described in U.S, Pat. No. 4,867,890.
1003310th&?&Htoxidantd Hsatrsa) peasieamieiube Seifdsly W&eﬁérbs?)tﬁlézﬁ%(ils ﬁggdf‘acrlﬁ;lsamines,
alkylated phenethiazimesmswiuizad cesapoordihandashlessidislkyidihiocaibamelies:, fon-limiting
examples of sterically hindered phenols include,.but are not limited. to, 2 6-di-tertiary b henol, 2,6
di-tertiary bdtyl ﬁ?étﬁkﬁ'bﬁgdnﬂ’, %IEWI%’,(@%I-%?I%W %Sfﬁlp?ﬁégrioﬁrﬁgbcroaﬁ/@-f %f%ll -‘?é%%fa%%gatylphenol,
4A-butyl-2,6-ai-testielky datidpheciel c 4qpéntybi2mbedicidrtdagosttyiphadolrdchishpic 26 Hiné fiary
butylphenol, 4-hepty1-2.6-qi-tertiar (2~ ) di-tertiary. nol,
AR iR R AL U he AR R s i
butylphenol fa-gndeoyd editeitif b agibHitionih fasy esyd. isserd e A1 B AGIBHEHBY, Methylene
bridged sterjgally, hindered phenelschiingibubnat mited fo.did-sasthytanelis(Adiartdautylo-cresol),
4,4-methylenebis(2-tert-amyl-o-cresol), 2,2-methylenebis(4-methy1-6 tertbutylphenol, .
4,4-methylefiB-Bigmasith seramilfishern: sHATRREIRS ItYetidssa Wﬁeﬂﬁr?ﬁt}?éaﬁ"ﬁb‘f%%tion No.
2004/0266680. »#0984 LRi@nylamine apti@yidants include, but are not limited to diarylamines having the
formula: F2' -N -R" wherein R" and R" each ind?ﬁ)endentlg rggr.esglntsaa surbsg%qtc%g. or urS)gHbstituted
aryl group hENA8ltrom 6 t8$0 BEHBIATERBIs SRR € o Stbeitdedfs RS SRyl group hclude
aliphatic hydresaikien gi eupmsuehias aikyl haing: fhotatetor@0loaitsdniatomisphydibaggpitips,

halogen radic s,fcarbo>é\4ic1% r ester groups, or nitro groups. 100351The aryl group is preferably

cid or ¢
substituted 6P UREUBStfiHed pﬁ§ﬁ§ﬁgf naphthyl, particularly wherein one or both of the aryl groups are

substituted W24t least ordlatkiithavinghironad it Ioistiseronisiuseeraaby feted 18918 carbon
atoms, m0%@%&1&r@#ﬂ%@gﬁk&%%@%@g&a@m idsodesikabla thatangsenbatha whareups be

substituted, e.g. mono-aﬁg/ ated diphenylamine, di-alkﬁ?te diphenylamine, or mixtures of mono- and

di-alkylated &ipRehglafipRIEtiaDOEEEIE HardLEMRAEE M AN HESTICBHINLE RENES ARG Mbte than one
nitrogen atom inthg Rekeeus: dhwsthe sdiatylaminemay ¢ootain aidegsitudafitiogenratoms wherein
at least one pitrogen atom has two %ryl %{;ﬁ:ps %étaci}ied thlelrﬁgo,sgél ; 8 tilg théa\ac ase r%'g )}/ﬁj us
diamines halifiy 2%8tohBURY it GRA Ao AP 4E WSS BV Ay 6 one of the nitrogen atoms.
100371Exampigsefdiantastinasdbatmiaykenusedinctude|dngkareifiat lisalied tondipteiyamine;
various alkylated diphenylamines; 3-hydroxydiphenylamine: Npheny1-1,2-phenylenediamine;
N-phenyl-1,4:Bf ?{ngrf“e%Fa%? e-MonG Su]t?/% |Ehné%ﬁjﬁaﬁr%ﬁ#jlﬂég§lﬁufyldipbhenyl_amine; -
monooctyldiphgajlamine; didotyldiphstiglaptined mbritntng idpHerstiRimm s ginidiBihenylamine;
monotetradegyldiphenylang, digliadanudiPhryIane bRy e spphyiamiRisHen oo
phenyl-alphanap %hy amine; p%eny -beta-haphthylamine; monoheptyldiphenylamine;
diheptyldiphessiedifiéing: sprgirsrahetd disheyRivi e ks SSEEAaD sy RTfe; and
mixed octylstyryldiphenylaming-d 093644 nethes slassoharpisicaniiaxidanis iealudepniiarothiazine or
alkylated phenothiazine having the chemical formula; _ )

may be vacuum stripped to remove vo atile organic components from the reaction

product. Vacuum stripping, if conducted, may be conducted at a pressure of less than

about 715 mm of Hg for a period of time ranging from about 1 minute to about 45

minutes.

[0023] An advantage of the reaction product includes the ability to use the

reaction product as made without any significant purification, solvent washing, and

the like. For example, there is no need to purify the reaction product or wash the

product with alcohol subsequent to the reaction process. There is also no need to

separate the nanoparticles from any unreacted acid or amine components before using



wherein R1 is a linear or branched C1 to C24 alkyl, aryl, heteroalkyl or alkylaryl group and R2 is
hydrogen or a linear or branched C1 - C24 alkyl, heteroalkyl, or alkylaryl group. Alkylated
phenothiazine may be selected from the group consisting of monotetradecylphenothiazine,
ditetradecylphenothiazine, monodecylphenothiazine, didecylphenothiazine, monononylphenothiazine,
dinonylphenothiazine, monoctylphenothiazine, dioctylphenothiazine, monobutylphenothiazine,
dibutylphen8thitczipliomspdaty 8ApReiisiieiites dubi spmHarBaktMe, BisisctihHarsMi4zine, and
styryloctylphenqthiazine , [OQIH] e stiln o INng ARtioxdants ineiire nakbsiriBR: limited to,
sulfurized olefins that are characterized by the type of olefin used in their production and the final
sulfur contefflef YRE SHBDYG AT gRORsSRecular weight olefins, i.e. those olefins having an average
molecular wgigiht]of 168 tqi3bi-gémalepataretarradiipxamplesophalefissithat imdydeefisead include
alpha-olefins isoi rized al hﬁﬁ%-olefi‘ns ranch dtoliaftilns, C clicgl fins, and corgginat\t%)@§ of these.
[0040]Alpha%%?éﬁ inRIARRY LY RRASSBE Rt $! Shy CA B SIShAN 6lefins. Riphaloletins may be
isomerized befatelthersiglftfization e actitnopoidniag thensularizéy ani dezctiomiStngetyratsand/or
conformatlogal_ somers of the aépsh%l fb%ﬁ %cperﬁﬁ “ei?tgmahdgy@hgi—%Qﬂﬁﬁzﬂng@M@nsh'ng may

ach reaction, prod t% .
also be used. 18, erne Is a branched olefin counterpart of the ri:;épha-olefln 1-butene.
I

or example, isobuty .
100411 Sulfunsstestihendagnbacuaed on wessimbizbronedaeion! bE SRR i vaesaststhental

sulfur, sulfurmenaehiQrides swiursighloride arodiymysulfideriarfivmmelysitide. anshndixtiyres of these
added together or at different stages of the sulfurization process. [0042]Unsatyrat ? oils, because of
their unsatufRiGAL ingR) 4l Pl i e arrinb ol sl FUNRERRIGH PAE Dol ?f’SiI% fats that
may be usedinglpa Lermpik canela-iicatipnsead:oll lgsapaseathibstlive oil, palm oil, peanut olil,
coconut oil, rapeseed oilgs}afﬂowe%f.eed oil, fe ame se(?d oiIt so%abean oil,rg,C réflo%er S %d oil, tallow,
and combind of thes ’[‘E)OE@’]‘ © dHidufit o 1§ulmﬂ§é8061eaﬁrﬁlo$ stitftifized af'ty oi'delivered to the
finished lubrdeantrismbasedeamihemuifunopiterft tbf thetstansed: AIEM Ordiattyisilandbieaesired level
of sulfur to be.delivered to the finished lubricant, For I i il or:olefin, containing
20 weight 9% sultur, When a elé%l ?g%ugtllﬂ sﬁgogfﬁi%g%?{gtﬁ a%j‘f%ﬁ\,\%% ??Ol/gal%gg %e\%ggl,l%v%{%eliver 2000
ppm of sulfubtsefienfinidhedoriBAleantax batezedtatBroichy sledid e a0 Wi gHvYs sulfur,
when addedt{o, g, nised Hbriean el Oneighetephiayeh pleliasd 0RDmRI sl o the

finished lubricant.’It is desirable to add the sulfurized olefin or sulfurized fa,tty, oil to deljver between 200
ppm and 20PPE5h APt he FHRHNATUEIORATIPIGE RPagsiAg arinR, RBASHIAZHE dRd sulfur
containing antipxidants aaidesedbed famexampienihbhstdat. No. 6,599,865. [0044]The ashless
dialkyldithiocar ates whjch may be used as, antioxidant additives include compounds that are
soluble or di@?@gble int éeaﬁ?&ﬁ%f@iﬁg(?gé{&tef}ﬁsfsr% si%a(gé)éfi?eﬁ ﬁwé’taf%&égggﬁ?i%sl&orp Sraet
dialkyldithio¢aubdntateabepfdanpusiatility, Wittvardnobcuthe weighogreatduthan 25 G dalteled, desirably,
a molecular yveight greater.than 400 daltons., Ex af a@@g%}%@&%&@@%@gmaq%ay be used
include, but é\{rrg%lféyt |m%télglfgg,efing%?%%gﬁi§&i%?§)%§%ﬁl§gcarbarnate : ’ |

ethylenebis(diatkipilithizbatbanmates, dsobutyvitis ulfidspaptipidydiaky aienpdiybamide)Teifitoxyalkyl
substituted ‘Hﬁ‘ﬂ@ﬁ{jiéh&‘%@%ﬁ@&?%iﬂi%&@&é‘i&amﬁﬁer%@?&ew 9T WA aled Campaunds,
Itni

dithiocarbamates prepared from norbomylene, and ocarbamates prepared from epoxides, where

the alkyl grothsslafahe drik{dithfocairhaeeBaspraRIBsN RAVEHRES 1t T BaMoAdd ERSmples of

dialkyldithiocarhampies that mriRe bsectaiadispiosedimiaitationing petantabshS) Fattyos.
5,693,598; 4,876,375; 4,927,552, 4,9__57€643; 4‘f885’36 ; 5,789,357, 5,686,397, 5,902,776, 2,786,866;
2,710,872; F*saEkgiuengel nisrdaviythe srastabsegicl g 4 758 362. [0045]Examples of ashless

dithiocarbamegasiare: Metlylenphiparation of lubricating oil formulations it is common practice

to introduce the additive concentrate in the form of 1 to 99 wt. % active ingredient
concentrates in hydrocarbon oil, e.g. mineral lubricating oil, or other suitable solvent.
Usually these concenirates may be added to a lubricating oil with a
dispersant/inhibitor (DI) additive package and viscosity index (VI) improvers
containing .01 to 50 parts by weight of lubricating oil per part by weight of the DI
package to form finished lubricants, e.g. crankcase motor oils. Suitable DI packages

are described for example in U.S. Patent Nos. 5,204,012 and 6,034,040 for example.



(dibutyldithiocarbamate), Ethylenebis(dibutyldithiocarbamate), Isobutyl
disulfide2,2'-bis(dibutyldithiocarbamate), Dibutyl-N,N-dibutyl4dithiocarbamyl)succinate, 2-
hydroxypropy! dibutyldithiocarbamate, ButyhdibutyldithiocarbamyBacetate, and 5-
carbomethoxy-ethyl-N,N-dibutyl dithiocarbamate. The most desirable ashless dithiocarbamate is
methylenebis(dibutyldithiocarbamate). 100461Zinc dialkyl dithiophosphates ("Zn DDPs") may also be
used in lubritsatimg clis itypeiditiondibitines nanbsishevic ic M poldéiits. PasiDDPsrhaiateggadsantivear and
antioxidant grapecies An; RYP ARG UFRRIA RATAAT WaRCesis, Sl aRiladiRg, ifhpnd TUS
Wear Test. Many patents address the manufacture and use of Zn DDPS'including U.S. Patent Nos.
4,904,401; Andetern luhiirBy1agentssruRioAbi Rty YursianZABDP y fed el simuirsi¥ondary and
mixtures of pfiainphs secandary AR-DRP&AH Fhidkawisgo AEEANRAMPUARWM ©OMiAIRINg

compounds used as friction modjfiers may also exhibit antioxidant functjonality U.S. Pat. No.
6,797,677 d¥SLiiBela EOrbifdioA 5r ﬁan?éaf%falé‘ﬁ&ﬁi &maatfnw%kg}}sh%%ﬂﬁﬁn@ d
alkyldiphenyamysaeiitars Wsedibiidisbethlubricant formulations. Examples of suitable molybdenum
containing figfipp modifiers are described;balow under frichion modifiers, 400431116 eagtion products
described herein may be uSed With any or ail of the oregoing antioxidants in any and 5l combinations
and ratios. Itistalrclerstoot:theneancissesodusimatidnslofyhemolioseinimica swide comtaisingf and
molybdenu ning agdditi . imize e finis uprie f ti sed on
bench or er:gg?%%fltgeﬁé%ggr rﬁgélf\léggt@f%lgﬁ tr? clﬁqi%%e%ggn{?,g%/lﬁgipf \‘/%lg ig%@%ﬁil%g}gr% c()}t{rlgra additive.
Friction Modifiefeceshipaiidsth broonoamagriio s §sih oS sHeRsS- e ishga e ueintifr €ompound
that may be s g an agdditioné figtiondnedifiecraagbe PIRPasRYHv geaptingiasuiurrand
phosphorus-free molybdenum source with an organic compound containing amino and/or, alcohol
groups. ExafifRedds finkge &Mmgahsﬁa%aﬁéglﬁ?d?% PRI R ed IFRRIASHGIPEEGm trioxide,
ammonium malyhdates seaid nbrioinddie: dad-patabssilim nalybaaiedihetanhindigrioupsitay be
monoamines, diamin r. polyamines. .The alcohol groups may, be mono-substituted alcohols, diols or
bisalcohols, Or &5 ygflf:gﬁ% %8&5 o g%%%ﬁlé{%ﬁﬁ?@aeﬁ% of éfllgar@]irrlelc\‘el?sr1\/(\:/Ei1ttf1nf%atg?l gils’ I}galcfﬁié:es a product
containing blriaating ailgl aldomokgresipeetieal.cafurbabtwitbithensuifia-thond shosphiorostiree

& JaQ% %@a@@?&gﬁ&ftﬁ@f%@m RhasPharHsAreoraneRAYRIsN R

molybdenunélﬁcﬁ}brd&

compounds include the following: (1 Com‘(;?é)unds prepared by reacting certain basic nitrogen
compounds iigEnalnfehuetiom Swinee fdederipe@rrbls apdt gk, 25951 IHHHG 4981,843. (2)
Compounds pieparacty saasiingadudracarbyl substituted hydroxy alkylated amine with a
molybdenum source as described in U. S, Pat. No, ,
10029} The reaction product described above may be used in fully formulated
automatic transmission fluids, fully formulated crankcase fluids, fully formulated
heavy duty gear fluids, and the like. Such nanoparticles may be effective to reduce
friction coefficient and wear.
[0G30] The nanoparticles provided by the reaction product may be present in
an amount of up to about 5 wt% in a fully formulated hubricant composition. As
another example, the nanoparticles may be present in an amount of about 0.1 to about
5 wt% in a fully formulated lubricant composition. As an even further example, the

nanoparticles may be present in an amount of about 0.5 to about 2 wi% m a fully

formulated lubricant composition.

Dispersant Components

[0031] Dispersants contained in the DI package include, but are not limited to,
an oil soluble polymeric hydrocarbon backbone having functional groups that are
capable of associating with metal-containing nanoparticles to be dispersed. Typically,

the dispersants comprise amine, alcohol, amide, or ester polar moieties attached to the



4,164,473. (3) Compounds prepared by reacting a phenol aldehyde condensation product, a
mono-alkylated alkylene diamine, and a molybdenum source as described in U. S. Pat. No. 4,266,945.
(4) Compounds prepared by reacting a fatty oil, diethanolarnine and a molybdenum source as
described in U. S. Pat. No. 4,889,647. (5) Compounds prepared by reacting a fatty oil or acid with
2-(2- aminoethypaminoethanol, and a molybdenum source as described in U. S. Pat. No. 5,137,647.
(6) Compoumigrpeepmtédbdn}ereﬁmﬁngaa Séoaipiarygaonine \Mthparmmiybdeyulum sowreel dsoescribed in
U. S. Pat. No, 4,892 0.1? L) CQIROUIS %F%ﬂeﬁageﬁali’ S%C ;bat f@“fl%%sgz Kigsgicohol

compound WI'[?] a m num source as described in om ounds

prepared bysr@a@!@mgléeradtymnsmn@ajmat@d alkylehe Ipaniies; ém@é,ﬁélﬁ?deﬁ@ﬁﬁsﬁ%ce as
described inb;ipe BdheNanB 208303495 €OPUNAS; PEePRsRA DY: resing, adakyasidos:

mono- alkylated alkylene diamine, glﬁcendes and a molybdenum source as described in U.S. Pat. No.
6,528,463. Koch dispersants as described in U.S. Pat. Nos. 5,936,041, 5,643,859, and 5,627,259,
and polyalkylene succinimide dispersants as described in U.S. Pat. Nos. 5,851,965;

5,853,434; and 5,792,729.

Oxidation Inhibitor Components

[0032] Oxidation inhibitors or antioxidants reduce the tendency of base stocks
to deteriorate in service which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits that deposit on metal surfaces and
by viscosity growth of the finished lubricant. Such oxidation inhibitors include
hindered phenols, sulfurized hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having Cs to Cj» alkyl side chains, sulfurized alkylphenols,
metal salts of either sulfurized or nonsulfurized alkylphenols, for example calcium
nonylphenol sulfide, ashless oil soluble phenates and sulfurized phenates,
phosphosulfurized or sulfurized hydrocarbons, phosphorus esters, metal
thiocarbamates, and oil soluble copper compounds as described in U.S. Pat. No.
4,867,890.

[0033] Other antioxidants that may be used include sterically hindered
phenols and diarylamines, alkylated phenothiazines, sulfurized compounds, and
ashless dialkyldithiocarbamates. Non-limiting examples of sterically hindered
phenols include, but are not limited to, 2,6-di-tertiary butylphenol, 2,6 di-tertiary butyl
methylphenol, 4-ethyl-2,6-di-tertiary butylphenol, 4-propyl-2,6-di-tertiary
butylphenol, 4-butyl-2,6-di-tertiary butylphenol, 4-pentyl-2,6-di-tertiary butylphenol,
4-hexyl-2,6-di-tertiary  butylphenol, 4-heptyl-2,6-di-tertiary  butylphenol, 4-(2-
ethythexyl)-2,6-di-tertiary butylphenol, 4-octyl-2,6-di-tertiary butyiphenol, 4-nonyl-
2,6-di-tertiary butylphenol, 4-decyl-2,6-di-tertiary butylphenol, 4-undecyl-2,6-di-
tertiary butviphenol, 4-dodecyl-2,6-di-tertiary butylphenol, methylene bridged
sterically hindered phenols including but not limited to 4,4-methylenebis(6-tert-butyl-
o-cresol), 4,4-methylenebis(2-tert-amyl-o-cresol), 2,2-methylenebis(4-methyi-6 tert-
butylphenol, 4.,4-methylene-bis(2,6-di-tert-butylphenol) and mixtures thereof as
described in U.S Publication No. 2004/0266630.



100511Molybdenum compounds prepared by reacting a fatty oil, diethanolamine, and a molybdenum
source as described in U. S. Pat. No. 4,889,647 are sometimes illustrated with the following structure,
where R is a fatty alkyl chain, although the exact chemical composition of these materials is not fully
known and may in fact be multi-component mixtures of several organomolybdenum compounds. 0
CU2- N My I-1 /\\* 0 OCIf,CI1,0 RCNMo C I-12C H200 [0052]Sulfur-containing organomolybdenum
compoundg#m3g]be usedanylamaipberprepdrets bydudaribiyt aferahbuticdie HathBmiResives reacting
a sulfur anq1| %}c);s&ré%%sﬂ‘fjrﬁe molybdenum source with an amino group and one or more sulfur
sources. Sulfur sources can include for example, but are not limited to, carbon disulfide, hydrogen
sulfide, sodium sulfide and elemental sulfur. Alterhatively, the sulfur-containing molybdenum
compound may be prepared by reacting a sulfur-olontaining molybdenum source with an amino group
or thiuram group and optionally a second suRirsblurcefR100531Examples of sulfur- and

phosphorus.free ol eSS OEHE, IOMOLSTUT RS RRLR el bt sodum
group having from 6 to 30 carbon atoms. Ilustrative of substituents for the aryl group
include aliphatic hydrocarbon groups such as alkyl having from 1 to 30 carbon atoms,
hydroxy groups, halogen radicals, carboxylic acid or ester groups, or nitro groups.
[0035] The aryl group is preferably substituted or unsubstituted phenyl or
naphthyl, particularly wherein one or both of the aryl groups are substituted with at
least one alkyl having from 4 to 30 carbon atoms, preferably from 4 to 18 carbon
“atoms, most preferably from 4 to 9 carbon atoms. It ig desirable that one or both aryi
groups be substituted, e.g. mono-alkylated diphenylamine, di-alkylated
diphenylamine, or mixtures of mono- and di-alkylated diphenylamines.
[0036] The Idiary}amines may be of a structure containing more than one
nitrogen atom in the molecule. Thus the diarylamine may contain at least two
nitrogen atoms wherein at least one nitrogen atom has two aryl groups attached
thereto, e.g. as in the case of various diamines having a secondary nitrogen atom as
well as two aryls on one of the nifrogen atoms.
10037} Examples of diarylamines that may be used include, but are not limited
to: diphenylamine; various alkylated diphenylamines; 3-hydroxydiphenylamine; N-
phenyl-1,2-phenylenediamine; N-phenyl-1,4-phenylenediamine; monobutyldiphenyl-
amine; dibutyldiphenylamine; monooctyldiphenylamine; dioctyldiphenylamine;
monononyldiphenylamine;  dinonyldiphenylamine; monotetradecyldiphenylamine;
ditetradecyldiphenylamine, phenyl-alpha-naphthylamine; monooctyl phenyl-alpha-
naphthylamine; phenyl-beta-naphthylamine; monoheptyldiphenylamine; diheptyl-
diphenylamine; p-oriented styrenated  diphenylamine; mixed butyloctyldi-
phenylamine; and mixed octylstyryldiphenylamine.
[0038] Another class of aminic antioxidants includes phenothiazine or

alkylated phenothiazine having the chemical formula:

19



molybdgte, and molybdenum halides. The amino groups may be monoamines, diamines, or
p_olyammes. As an example, the reaction of molybdenum trioxide with a secondary amine and carbon
disulfide prqduces molybdenum dithiocarbamates. Alternatively, the reaction of (NH4)2Mo3Sn*n(H20)
where n varies between 0 and 2, with a tetralkylthiuram disulfide, produces a trinuclear
sulfur-containing molybdenum dithiocarbamate. 100541Examples of sulfur-containing
organomolybdenum compounds appearing in pgtents and patent applications include the following:
(1_) C(_)mpounds prepared by reacting molybdenum trioxide with a secondary amine and carbon
dlsulflde as described in U. S. Pat. Nos. 3,509,051 and 3,356,702. (2) Compounds prepared by
reacting a sulfur-free molybdenum Sogrqjé;witaalﬁeqqnﬁ‘[y‘@mine, carbon disulfide, and an additional
sulfur source as described in U.S. Pat. No. 4,098,70 .{'(3) “ Tmpounds prepared by reacting a
molybdenum halide with a secondary jagiing’ and carhjon disulfide as described in U. S. Pat. No.

: |
4,178,258. (4) Compounds prepared WE&&tT‘hg@"fnéWbd%hym source with a basic nitrogen
compound and a sulfur source as deggribed in U"S. Pat. Nosf4,263,152, 4,265,773, 4,272,387,

tAfetZrifh?zri I4,369,119_, ‘and 4,1_395,_343.' "65) Compounds prepared by reacting ammonium

omolybdate with 3 hasic pitipgen,cemPaLDd, angesaibartishiS BatiNeard| 383,295,
and R, is hydrogen or a linear or branched C; — Caq alkyl, heteroatkyl, or alkylaryl
group. Alkylated phenothiazine may be selected from the group consisting of
monotetradecylphenothiazine, ditetradecylphenothiazine, monodecylphenothiazine,
didecylphenothiazine, monononylphenothiazine, dinonylphenothiazine, monoctyl-
phenothiazine, dioctylphenothiazine, monobutylphenothiazine, dibutylphenothiazine,
monostyrylphenothiazine,  distyrylphenothiazine, butyloctylphenothjazine, and
styryloctylphenothiazine.
{0039} The sulfur containing antioxidants include, but are not limited to,
sulfurized olefins that are characterized by the type of olefin used in their production
and the final sulfur content of the antioxidant. High molecular weight olefins, i.e.
those olefins having an average molecular weight of 168 to 351 g/mole, are preferred.
Examples of olefins that may be used include alpha-olefins, isomerized alpha-olefins,
branched olefins, cyclic olefins, and combinations of these.
0040} Alpha-olefins include, but are not limited to, any C4 to Cps alpha-
olefins. Alpha-olefins may be isomerized before the sulfurization reaction or during
the sulfurization reaction. Structural and/or conformational isomers of the alpha
olefin that contain internal double bonds and/or branching may also be used. For
example, isobutylene is a branched olefin counterpart of the alpha-olefin 1-butene.
[6041] Sulfur sources that may be used in the sulfurization reaction of olefins
include: elemental sulfur, sulfur monochloride, sulfur dichlonde, sodium sulfide,
sodium polysulfide, and mixtures of these added together or at different stages of the
sulfurization process.
10042} Unsaturated oils, because of their unsaturation, may also be sulfurized
and used as an antioxidant. Examples of oils or fats that may be used include corn oil,

canola oil, cottonseed oil, grapeseed oil, olive oil, palm oil, peanut oil, coconut oil,
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(6) Compounds prepared by reacting an olefin, sulfur, an amine and a mol

descrlk_)ed in U. S. Pat. No. 4,362,633. (7) Compounds prepared by reactiggi%]r%rgn?grwce "
tetrathiomolybdate with a basic nitrogen compound and an organic sulfur source as described in U. S
Pat. No. 4,402,840. (8) Compounds prepared by reacting a phenolic compound, an amine and a o
molybdenum source with a sulfur source as described in U. S. Pat. No. 4,466 90i. ég) Clompounds
prepared byspesestingih magilperideees I9iki SR EFEE Hp SANEP By BHEN I Eotree *and a sulfur

source as dascribediinHnihRahs NP hs65,918. (10) C d ' [

alkylthioxanthate salts%v%h r?]élygdegum halidi%i a;%fd)es;m;élm lg fpsf.egzgfgl c;)_y %?%agg'gig'kgll)metm

Compounqﬂ}ﬂf‘éﬁ)ared by tsarmayy R EIMUHARS SR SR de Wit mgf%genuerﬁvhiexacoarbonyl as

Slviicg %?Sb' ?Msh%dﬁ@dﬁ&@% % %ﬁl&;é% {{a G oropoumds phepalbuipsdrebiftingr 4rtaIRYA #ikanthogen
enum hexacarbo s descri inU. S. ‘ 2, Q,gm@,w

by reactingthﬁ(ﬁﬁst‘ﬁ‘é{;%ﬁ%ﬁfgﬁﬁ%éosﬁéﬁg gvl?t e’t?l#{mtgl)g %g'ﬁ%?nh%t%ga%%é%te@a% descrlbt-:-’(rjk{ij r? Sr.esp .a;eac':

No. 4,995, 9Q1ANCompeinds plefaredityireactiy il 2T it 4R dii metal

dialkyldithiocarbamate or tetralkyl fhiy isulfide ag degeribgdel

O tetralkyl i cribaddnde Aato N 2B2tRe 6.
C_ompound§%filﬁg;§§1ﬁ§/a?e§cﬁngéan é ggrgor%c%%witﬁ a diamir?gi a r(r)w{flpgdeon mlﬁhézurf; and(g:r)bon
disulfide asfiasteibéabincuntS. Ll Neized fate 74! @6?]€ﬁ%ﬁ8ﬁﬁﬁgr&e]éa%ﬁ } rdatting an alkali

metal d a'%%éﬁé%ﬁﬁé@%@ﬂ%@ with3ehisrRrmnionic acid; foiowerhylenelyhdeériah tidiae, as

described i ithi j
ribed in Pat. No. 6,117,826. 190551'\"0'%@'09555‘1% é:l%}|gggrg%rg%}gﬁi%%y&gﬁﬂug,}rated by the

following stpperypalfur to the finished Tubricant. It
sulfurized fatty oil to deliver between 200 ppm and 2000 ppm sulfur to the finished
lubricant. The foregoing aminic, phenothiazine, and sulfur containing antioxidants
are described for example in U.S. Pat. No. 6,599,865.
[0044] The ashless dialkyldithiocarbamates which may be used as antioxidant
additives include compounds that are soluble or dispersable in the additive package.
It is also desired that the ashless dialkyldithiocarbamate be of low volatility, with a
molecular weight greater than 250 daltons, desirably, a molecular weight greater than
400 daltons. Examples of ashless dithiocarbamates that may be used include, but are
not limited to, methylencbis(dialkyldithiocarbamate), ethylenebis(dialkyldithiocar-
bamate), isobutyl disulfide-2,2’-bis(dialkyldithiocarbamate), hydroxyalky! substituted
dialkyldithio-carbamates, dithiocarbamates prepared from unsaturated compounds,
dithjocarbamates prepared from norbornylene, and dithiocarbamates prepared from
epoxides, where the alkyl groups of the dialkyldithiocarbamate can preferably have
from 1 to 16 carbons. Examples of dialkyldithiocarbamates that may be used are
disclosed in the following patents: U.S. Pat Nos. 5,693,598; 4,876,375 4,927,552,
4.957,643; 4,885,365; 5,789,357, 5,686,397 5.902,776; 2,786,866; 2,710,872,
2.384,577; 2,897,152; 3,407,222, 3,867,359, and 4,758,362,
[0045] Examples of ashless dithiocarbamates — are: Methylenebis-
(dibutyldithiocarbamate}, Ethylenebis(dibutyldithiocarbamate), Isobutyl disulfide-
2,27 -bis(dibutyldithiocarbamate), Dibutyl-N,N-dibutyl-(dithiocarbam yl)succinate, 2-
hydroxypropyl dibutyldithiocarbamate, Butyl(dibutyldithiocarbamyl)acetate, and S-
carbomethoxy-ethyl-N,N-dibutyl ~dithiocarbamate. The most desirable ashless

dithiocarbamate is methylenebis(dibutyldithiocarbamate).

12



where R is an alkyl group containing 4 to 18 carbons or H, and Xis 0 or S. 100561Glycerides may also
be used alone or in combination with other friction modifiers. Suitable glycerides include glycerides of
the f(_)rr_nula: 1112-OR CH OR CH2-OR wherein each R is independently selected from the group
consisting of H and C(0)R1 where R may be a saturated or an unsaturated alkyl group having from 3
to 23 carb_on atoms. Examples of glycerides that may be used include glycerol monolautate, glycerol
monomyristeaaylycerol %eﬁp@&ihﬁia@?fg%wiﬁéﬁdgge%@gpéﬁh BRSR CfidsstdRved from
ooty cen e Eotrosonding dalcerices and tidhe

ntial amounts of the c rrespon%lln dlgglycerldesla{%gttng%%endes.

These mataiis e EaEIERtA P IR IULERSH BEhE IR U COM

! i : ; _ enum compouné’s, and may in fact
78 Jg;ihaecgaé\//ga}_ﬁ}qr@?g 9{@’?@9?@@2@3&%6@@&&&@ abddsshibweveny itdsprefeltisg tHat from 30 to

00 ilable sites contain, frge xyl groups,(i.e, t ,60% af R s of th
glycerides r%br@%é&%%ﬂé ib%v f‘(g?%ﬁ 1y %t{reg 1 yd?%og(lén?.’ A%rgéé’rri%ag%?e%%ébi's gﬁfggol e
monooleateiwihis} isgenieZall PR Mixjuret momeyisewd iy Ipedrinbdwesi s T HRIE acid, and
glycerol. Addltg)nn er Q'B\ﬁfs 100571Rust inhibitors selected from the group consisting of nonionic
polyoxyalkyl€RE'DEIySIS and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids
may be usefl0#IP581A shiliivainrourngsieanabriesiing BoRHHBACHIPRAY IS HEEH 20 é)(ﬁ?é‘b“le
demulsitying cqmpanente esciletin ERi3AAG26uaD demulsitingraamonentiaTe obtained
by reacting an alkylene oxide with an adduct obtained by reactin bisl-e oxide With a poalyhydric
alcohol. Thelekrmisifiecanbinaiss L%%arg?%f’f@%(‘%ﬁ’&f‘&%ecé’&wa%‘éﬁ* rﬁe‘@@ - active in a

) _ TICVE _ o active ingredient. A treat
Latl;ee g’fv gé’g%ﬁ&f&%ﬁl %ﬁﬁﬁ@%ﬂs@ﬁh@&ﬁﬂ@ﬁﬂlﬁ@ﬁﬂ%ﬁhﬂ%ﬁm Pexmpoiest efeprdaigiants,
nown as lube i ini . . .
O o mPFOVELS: 1SIAnS MY MNLBTPRILS BhatchilR fuid will flow

or can be pé%ﬁé&’.dgﬁéﬁ containing = friction mo are  descri
modifiers.
[0048} The reaction products described herein may be used with any or all of

the foregoing antioxidants in any and all combinations and ratios. It is understood
that various combinations of phenolic, aminic, sulfur containing and molybdenum
containing additives may be optimized for the finished lubricant formulation based on
bench or engine tests or modifications of the dispersant, V1 improver, base oil, or any

other additive.

Friction Modifier Components

[0049] A sulfur- and phosphorus-free organomolybdenum compound that may
be used as an additional friction modifier may be prepared by reacting a sulfur- and
phosphorus-free molybdenum source with an organic compound containing amino
and/or alcohol groups. Examples of sulfur- and phosphorus-free molybdenum
sources include molybdenum trioxide, ammonium molybdate, sodium molybdate and
potassium molybdate. The amino groups may be monoamines, diamines, of
polyamines. The alcohol groups may be mono-substituted alcohols, diols or bis-
alcohols, or polyalcohols. As an example, the reaction of diamines with fatty oils
produces a product containing both amino and alcohol groups that can react with the
sulfur- and phosphorus-free molybdenum source.

[0050] Examples of sulfur- and phosphorus-free  organomolybdenym

compounds include the following:
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additives are well known. Typical of those additives which improve the low temperature fluidity of the
fluid are C8 to Cig dialkyl fumarate/vinyl acetate copolymers, polyalkylmethacrylates and the like.
[0060]Foam control can be provided by many compounds including an antifoamant of the polysiloxane
type, for example, silicone oil or polyditnethyl siloxane. [0061]Seal swell agents, as described, for
example, in U.S. Patent Nos. 3,794,081 and 4,029,587, may also be used. [0062]Viscasity modifiers
(VM) function to iripefomighuada msepaes Ser stari et 1 A NBRERHRG O “The VM Used may
have that sole fungtiy, @& ma he B yltifinsivapin thagidhewiManay afoduhétdsi 84 dispersants.

100631Suitable viscosity modifiers are polyjsobutylene, copolymers of ethylene and propylene and
higher alpha-olefirid) poRARStHitryPTRar eﬁolbélRﬁ%ﬁtéﬁ%agr%%%gc%eﬁa%:t;g%gl%} Eopo ym(%[rg, copolymers

of an unsaturated glicaaxyisirsidiand anvdtyideompownds;drterpoiyiedsiof Biyferd@and'acrylic esters,
and partially hydrog?ng’%f% copolymers of styrene/isoprene, styrene/butadiene, and
isoprene/butadiené; a(fs ell as the partially hydrogenated homopolymers of butadiene and isoprene
and isoprene/divingbélnzemeiion4iRurtivnativeediehstpbianete hat s B ficlude
interpolymers of eth '89&&1@91&%%%@1&%%@{& graftesh Withdenastivemonometriichias maleic
anhydride and then derivatized with an alcohol or amine. Other such copolymers are copolymers of
ethylene and propiefieRehith -8 ¢frdftéd with nitrogen compounds. [0065]Each of the foregoing
additives, when usgg. isyseshada frastienally effestive ampit tdlimfiarhdhel desicedaprbperties to the
lubricant. Thus, for example, if an additive isgﬁﬁ(‘:fgrrq?i@ f’;ﬂf@ik&i}torz;%gg%%ﬂpnally effective amount of
this corrosion inhiBRESPRBRIHBERESAHURCERILIENt 13 infpart the desited corrosion inhibition
characteristics to the) lubsigaotGenpraihrethebsoneertiration dhdnchibf theseiddaiiffes? When used,
ranges up to about 20% by weight based.,on the wei icali I Siiopgand in one
embodiment from é‘%ﬁ?ﬁ%gfé}%l?g A %%?126%1 %y \f?/f ighﬁ?%ﬁ&es‘igﬁpgﬁe% e%gﬁ)%%%nagﬂt)gﬁbout 0.01% to
about 10% by weighkit ba$dd @ty the weight of the lubricating oil composition. [0066]The reaction
products containin tal- inj i Added sinecthyide thadubreating oil
composition. In ongdgéggﬁ%%%gﬁ%ver, h%%lggtl: i§1r31é ?P%duc? is diluted with a s%bgstantially inert,
normally liquid organisce as described in U. S. Pat. No. 4,692,250.

(7) Compounds prepared by reacting a diol, diamino, or amino-alcohol
compound with a molybdenum source as described in U. S. Pat. No.
5,412,130.
(8) Compounds prepared by reacting a fatty oil, mono-alkylated alkylene
diamine, and a molybdenum source as described in U.S. Pat. No. 6,509,303,
(9) Compounds prepared by reacting a fatty acid, mono-alkylated alkylene
diamine, glycerides, and a molybdenum source as described in U.S, Pat. No.
6,528,403.
[0051] Molybdenum compounds prepared by reacting a fatty oil,
diethanolamine, and a molybdenum source as described in U. S. Pat. No. 4,889,647
are sometimes illustrated with the following structure, where R is a fatty alkyl chain,
although the exact chemical composition of these materials is not fully known and

may in fact be multi-component mixtures of several organomolybdenum compounds.

A0 O () CH.CH.O ()
c, N\ & W N F
Wip

O | - RCN Mo
I o /N N N
Rf}“f)m:f 0/ o CH,CHL0 0
[0052] Sulfur-containing organomolybdenum compounds may be used and

may be prepared by a variety of methods. One method involves reacting a sulfur and
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diluent such as mineral oil, synthetic oil, naphtha, alkylated (e.g. C10 to C13 alkyl) benzene, toluene or
xylene to form an additive concentrate. These concentrates usually contain from about 1% t’o about
100% by weight and in one embodiment about 10% to about 90% by weight of the reaction product.
Base _Olls [0067]Base oils suitable for use in formulating the compositions, additives and concentrates
described herein may be selected from any of the synthetic or natural oils or mixtures thereof The

synthetic babesponeilide aldjibdsams GPUcarBERyRE 48180 PRty et Wi BIBHGIS T
poly-alpha-g%ﬁpg@_ ingluding, palyhutenesalil RanzenasiQraanieestersinfpbosphetidanids,

polysilicone olls, and alkylene oxide polymers, interpolymers, c?&ol ers and der.ivaltiv%ethereof
[

where the tékHIfSFhIFsRgFyBtEdh a0 BBeRHTRIALY BiFBSR St

HHI _ _ |0h‘, e gfﬁflcat?o%, and the like.
The synthetig pilsiayiaise Melyeediagasiplionid sythatiooiardoss]Natrag baseldils include

animal oils and vegetable oils (e.g., castor.qil, lard oil), liquid pefroleum qils a {ped
soIventitrea‘{é’&‘ﬂp]&’l’.&M@%@Wﬁfﬁjﬁ?&i}aﬁha’%’i sg(ﬁzl‘1 %ﬁlé) pér%‘fﬁﬁ?g ﬁ%%%r%gﬁpc}%ag%ﬁ%nﬂ&ed’
paraffinic-naphtianiedypessu@its of lubricating viscosity derived from coal or shale are also useful base

oils. The bagg ol ypically s g visqosy,of AHOUIR 5 RDAWL A5EStiend preiatabivaadt 25 to

about 1lc 0C. [0 I[Representative amounts of the metal-containing nanopartieles
and additivesplyhémusedtisidnkcamsaibrizantaohfediged SAMTHBle TYERAR AN PREVEIT.S listed are

stated as weightpercent actiygngeslientailiable FiompanredWhs%eBraadndimabifent. %
(Typical) 1.0 - 2.5 Dispersant
diamines, or polyamines. As an example, the reaction of molybdenuin trioxide with a
secondary amine and carbon disulfide produces molybdenum dithiocarbamates.
Alternatively, the reaction of (NH,)»Mo03S15*n(H20) where n varies between 0 and 2,
with a tetralkylthiuram disulfide, produces a trinuclear sulfur-containing molybdenum
dithiocarbamate.
[0054] Examples of sulfur-containing organomolybdenum  compounds
appearing in patents and patent applications include the following:
(1) Compounds prepared by reacting molybdenum trioxide with a secondary
amine and carbon disulfide as described in U. S. Pat. Nos. 3,509,051 and
3,356,702. ’
(2) Compounds prepared by reacting a sulfur-free molybdenum source with a
secondary amine, carbon disulfide, and an additional sulfur source as
described in U.S. Pat. No. 4,098,705.
(3) Compounds prepared by reacting a molybdenum halide with a secondary
amine and carbon disulfide as described in U. S. Pat. No. 4,178,258,
(4) Compounds prepared by reacting a molybdenum source with a basic
nitrogen compound and a sulfur source as described in U. S. Pat. Nos.
4,263,152, 4,265,773, 4,272,387, 4,285,822, 4,369,119, and 4,395,343,
(5) Compounds prepared by reacting ammonium tetrathiomolybdate with a
basic nitrogen compound as described in U. 8. Pat. No. 4,283,295,
(6} Compounds prepared by reacting an olefin, sulfur, an amine and a
molybdenum source as described in U. S. Pat. No. 4.362,633.
(7} Compounds prepared by reacting ammonium tetrathiomolybdate with a
basic nitrogen compound and an organic sulfur source as described in U. S.

Pat. No. 4,402,840,
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Antioxidant system 0 - 5.0 0.01 - 3.0 Metal Detergent 0.1-15.0 0.2 - 8.0 Corrosion Inhibitor 05.0 0 -2.0

Metal dihydrocarbyl dithiophosphate 0.-6.0 0.1 -5.0 0.1 -4.0 0.1 - 3.0 Nanoparticles from reaction
product Antifoaming agent

(8) Compounds prepared by reacting a phenolic compound, an amine and a
molybdenum source with a sulfur source as described in U. S. Pat. No.
4,466,901.

(9) Compounds prepared by reacting a triglyceride, a basic nitrogen
compound, a molybdenum source, and a sulfur source as described in U. S.
Pat. No. 4,765,918.

(10) Compounds prepared by reacting alkali metal alkylthioxanthate salts with
molybdenum halides as described in U. S. Pat. No. 4,966,719.

(11) Compounds prepared by reacting a tetralkylthiuram disulfide with
molybdenum hexacarbonyl as described in U. S. Pat. No. 4,978.,464.

(12) Compounds prepared by reacting an alkyl dixanthogen with molybdenum
hexacarbonyl as described in U. S. Pat. No. 4,990,271.

(13) Compounds prepared by reacting alkali metal allcylxanthate salts with
dimolybdenum tetra-acetate as described in U. §. Pat. No. 4,995,990,

(14) Compounds prepared by reacting (NHa) Mo3S15*2H,0 with an alkali
metal dialkyldithiocarbamate or tetralkyl thiuram disulfide as described in U.
S. Pat. No. 6,232,276.

(15) Compounds prepared by reacting an ester or acid with a diamine, a
molybdenum source and carbon disulfide as described in U. S. Pat. No.
6,103,674.

(16) Compounds preparcd by reacting an alkali metal dialkyldithiocarbamate
with 3-chloropropionic acid, followed by molybdenum trioxide, as described
in U. 8. Pat. No. 6,117,826.

[0055] Molybdenum dithiocarbamates may be illustrated by the following
structure,
_ S X X X S
S R 2N N
N o= —&=—Mo M = - —N
/ A A
K e R

where R is an alkyl group containing 4 to 18 carbons or H, and X is O or S.
{0056] Glycerides may also be used alone or in combination with other

friction modifiers. Suitable glycerides include glycerides of the formula:



0- 5.0 0.001 -0.15 Friction Modifier 0- 5.0 0- 2.0 supplemental antiwear agents 0 - 1.0 0- 0.8 Pour

point depressant 0.01 --5.0 0.01 - 1.5 Viscosity modifier 0.01 - 10.00 0.25 - 7.0 Base oil balance
balance Total 100

CH,—OR

CH—OR

CH,—OR

wherein each R is independently selected from the group consisting of H and C(O)R'’
where R' may be a saturated or an unsaturated alkyl group having from 3 to 23 carbon
atoms. Examples of glycerides that may be used include glycerol monolaurate,
glycerol monomyristate, glycerol monopalmitate, glycerol monostearate, and mono-
glycerides derived from coconut acid, tallow acid, oleic acid, linoleic acid, and
linolenic acids. Typical commercial monoglycerides contain substantial amounts of
the corresponding diglycerides and triglycerides. These materials are not detrimental
to the production of the molybdenum compounds, and may in fact be more active.
Any ratio of mono- to di-glyceride may be used, however, it is preferred that from 30
to 70% of the available sites contain free hydroxyl groups (i.e., 30 to 70% of the total
R groups of the glycerides represented by the above formula are hydrogen). A
preferred glyceride is glycerol monooleate, which is generally a mixture of mono, di,

and tri-glycerides derived from oleic acid, and glycerol.

Additional Additives

{0057] Rust inhibitors selected from the group consisting of nonionic
polyoxyalkylene polyols and esters thereof, polyoxyalkylene phenols, and anionic
alkyl sulfonic acids may be used.

{0058} A small amount of a demulsifying component may be used. A suitable
demulsifying component is described in EP 330,522, Such demulsifying component
may be obtained by reacting an alkylene oxide with an adduct obtained by reacting a
bis-epoxide with a polyhydric alcohol. The demulsifier should be used at a level not
exceeding 0.1 mass % active ingredient. A treat rate of 0.001 to 0.05 mass % active
ingredient is coﬁ;fenient.

[0059] Pour poiﬁt depressants, otherwise known as lube oil flow improvers,
lower the minimum temperature at which the fluid will flow or can be poured. Such

additives are well known. Typical of those additives which improve the low
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100 100701The following examples are given for the purpose of exemplifying aspects of the
embodiments and are not intended to limit the embodiments in any way. Example 1 - Production of
Cerium Oxide Nanoparticles [007i4The following procedure was used to produce cerium oxide
nanoparticles having a patrticle size of less than 20 nanometers. Cerium (Ill) acetate (60 gram, 0.189
moles) was mixed with 90 grams (0.336 moles) of oleylamine and 90 grams (0.319 moles) of oleic acid
in a suitableaepsaluihelmikiyrenfvabdediell toel 20, Gand hetbladt thafitemperatuye fartateour to

dissolve all 0(1; tgfe reactan}s T]Qq IQrgp}nde éﬁt%!;egnr drg}at;ﬁgg solution. Next, a tube was inserted into the

. e €rs, poiya cLiacr S . . . .
reaction mIth}%e gll.flleljl’?aC}é O¥ air introduction into the reaction mixture. The air flow was started and

the temperaiffteldf the redioron mme washincpeasdddda2nanangheiiadshaciedimerature for 3
hours. The teggtion produchvas siippedat fhd Mip B fepi> BiIRS 1 remoyRamychighly volatile

organic material. The product was then filteréd. X-ray diffraction confirmed that nanoparticles of
crystalline cEHUrBxide 10 were produced as shown in FIG. 1. The reaction product had the following

elemental aj@lgsis. Tables2al ElementAtomis YeWeight %o3Bdnparban 610 7P {ngr33.35 26.01
3,794,081 and 4,029,587, may also be used.
[0062] Viscosity modifiers (VM) function to impart high and low temperature
operability to a lubricating oil. The VM used may have that sole function, or may be
multifunctional, that is, the VM may also function as dispersants.
[0063] Suitable viscosity modifiers are polyisobutylene, copolymers of
ethylene and propylene and higher alpha-olefins, polymethacrylates,
polyalkylmethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and a vinyl compound, interpolymers of styrene and acrylic esters,
and partially hydrogenated copolymers of styrene/isoprene, styrene/butadiene, and
isoprene/butadiene, as well as the partially hydrogenated homopolymers of butadiene
and isoprene and isoprene/divinylbenzene.
(0064} Functionalized olefin  copolymers that may be used include
interpolymers of ethylene and propylene which are grafted with an active monomer
such as maleic anhydride and then derivatized with an alcohol or amine. Other such
copolymers are copolymers of ethylene and propylene which are grafted with nitrogen
compounds.
[0065] Each of the foregoing additives, when used, is used at a functionally
effective amount to impart the desired properties to the lubricant. Thus, for example,
if an additive is a corrosion inhibitor, a functionally effective amount of this corrosion
inhibitor would be an amount sufficient to impart the desired corrosion inhibition
characteristics to the lubricant. Generally, the concentration of each of these
additives, when used, ranges up to about 20% by weight based on the weight of the
lubricating oil composition, and in one embodiment from about 0.001% to about 20%
by weight, and in one embodiment about 0.01% to about 10% by weight based on the
weight of the lubricating oil composition.
[0066] The reaction products containing metal-containing nanoparticles may
be added directly to the lubricating oil composition. In one embodiment, however,

the reaction product is diluted with a substantially mert, normally hquid organic
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Ce 5.57 38.18 Example 2  Boundary Friction Coefficients of Cerium Oxide Nanopatrticles in a
PCMO [0072]The effegtiveness of a reduction in the boundary friction coefficients for a fully formulated
passenger car motor oil (PCMO) containing dispersants, detergents, antioxidants, viscosity modifiers
pour point depressants, and antifoam agents according to Table 1 is provided in the following Table ’
The fully formulated PCMO did not contain additional metal free or metal-contain :

i;hoecr: ti;an aslindicated an thetolowilg YadieicT adlensrbihnprikyBiteB dakddne Ifﬁcﬁgn%%’mcﬂz?lgte ®
. % Reduction in Eriction Veisys Grogll RasadivePEMQraadditie} Gamlnta:002 0 %

usually contain from about 1% to about 100% by weight and in one embodiment

about 10% to about 90% by weight of the reaction product.

Base Qils

[0067] Base oils suitable for use in formulating the compositions, additives
and concentrates described herein may be selected from any of the synthetic or natural
oils or mixtures thereof. The synthetic base oils include alkyl esters of dicarboxylic
acids, polyglycols and alcohols, poly-alpha-olefins, including polybutenes, alkyl
benzenes, organic esters of phosphoric acids, polysilicone oils, and alkylene oxide
polymers, interpolymers, copolymers and derivatives thercof where the terminal
hydroxyl groups have been modified by esterification, etherification, and the like.
The synthetic oils may also include the gas to liquid synthetic oils.

[0068] Natural base oils include animal oils and vegetable oils {e.g., castor oil,
Jard oil), liguid petroleum oils and hydrorefined, solvent-treated or acid-treated
mineral lubricating oils of the paraffinic, naphthenic and mixed paraffinic-naphthenic
types. Qils of lubricating viscosity derived from coal or shale are also useful base
oils. The base oil typically has a viscosity of about 2.5 to about 15 ¢St and preferably
about 2.5 to about 11 ¢St at 100° C.

10069] Representative effective amounts of the metal-containing nanoparticles
and additives, when used in crankcase lubricants, are listed in Table 1 below. All the

values listed are stated as weight percent active ingredient.
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PCMO + 1.0 wt. % glycerol monooleate 0.11 +/- 0.002 26.7% PCMO -I- 1.0 wt. % Ce02 spheres
0.078 +/- 0.004 48.0 % 4 PCMO + 1.0 wt. % oleic acid 0.065 +/- 0.005 56.7 % PCMO + 1.0 wt. %
CeQZ rods 0.075 +1-0/004 50.0% Example 3 100731In a reaction vial, 2 grains (0.0063 r.noleé)
Cerium (111) Acetate, 3 grams (0.0106 moles) Oleic Acid, and 3 grams (0.0112 moles) Oleylamine
were heated to 120 C. while stirring. After 1 hour, the temperature was increased to 220 C. and a
glass tube was inserted into the reaction mixtug,grdair was delivered at apprOX|mater 800 standard

cubic centimeters per minute (sccm) After 3 hours.-the-tube-wasret 10 oved-and-the ¢
was cooled to room temperaﬁﬁ@P‘i’H‘é‘lFeactlon ylelded 7.5 9 ofr ctlb rodlict ng“/uu” i
solution of the additive in a friction modifier-free-engine-oif-ubr Eﬁ %,5] P > @a elght
slight amaURISBESAIble particulates. The coefficient of-frie Iubrigpt gy prepared; Hhiezpiution had a
Antioxidant system R e 4U0'u'—"_5'ﬂ?u'eu by afig-3.0
Metal Detergents 0.1-15.0 0.2 -8.0
Corrosion Inhibitor 0-5.0 0-2.0
Metal dihydrocarbyl dithiophosphate 0.1 -60 0.1 -4.0
Nanoparticles from reaction product 0.1-5.0 0.1-3.0
Antifoaming agent 0—-50 0.001 = 0.15 j
Friction Modifier 0-5.0 0-2.0
Supplemental antiwear agents 0-1.0 0-0.3
Pour point depressant 0.01--5.0 0.01 - 1.5
Viscosity modifier 0.01 - 10,00 025-7.0 |
Base oil balance balance
Total 100 100 B
{00790} The following examples are given for the purpose of exemplifying

aspects of the embodiments and are not intended to limit the embodiments in any way.

Example 1 - Production of Cerium Oxide Nanoparticles

[0071] The following procedure was used to produce cerium oxide
nanoparticles having a particle size of less than 20 nanometers. Cerium (III} acetate
(60 gram, 0.189 moles) was mixed with 90 grams (0.336 moles) of oleylamine and 90
grams (0.319 moles) of oleic acid in a suitable vessel. The mixture was heated to
120° C and held at that temperature for 1 hour to dissolve all of the reactants and
provide a clear reaction solution. Next, a tube was inserted into the reaction mixture
subsurface for air introduction into the reaction mixture. The air flow was started and
the temperature of the reaction mixture was increased to 220° C. and held at that
temperature for 3 hours. The reaction product was stripped at 711 mm Hg for 15
minutes to remove any highly volatile organic material. The product was then
filtered. X-ray diffraction confirmed that nanoparticles of crystalline cerium oxide 10

were produced as shown in FIG. 1. The reaction product had the following elemental

analysis.
Table 2
Element Atomic % Weight % |
Carbon 61.07 3581
Oxygen 33.33 26.01
| Ce 557 3818
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frequency rempro_cating rig (HFRR), was 0.085. Example 4 100741Additional experiments were
conducted, followmg the procedure for Example 3, wherein the ratios of the starting reagents were
adjugtgd to improve solubility of the cerium oxide nanoparticles in a base oil, while retaining the low
coefficient of friction. Solutions of the reaction products were prepared at 1 \;vt.% in the base oll
followed by HFFR tests and observation for insoluble particulate matter in the base oil solutions. The
results are summarized in the table below. The coefficient of friction 04 was determined by HFR.R at

130 C. on steel, 4N and 20 Hz. Run No. Cerium Acetate (grams) Olei i i
. ' : eic Acid
(grams) Particulates 11 0.125 (@ ) (grams) Oleylamine

Example 2
Boundary Friction Coefficients of Cerium Oxide Nanoparticles in a PCMO

10072]

The effectiveness of a reduction in the boundary friction coefficients
for a fully formulated passenger car motor oil (PCMO) containing dispersants,
detergents, antioxidants, viscosity modifiers, pour point depressants, and antifoam
agents according to Table 1 1s provided in the following Table. The fully formulated
PCMO did not contain additional metal free or metal-containing friction modifiers

other than as indicated in the following table.

Table 3

Sample Boundary % Reduction in

No. Friction Friction versus
Coefficient at Group 1I Base
130°C. Qil

i PCMO (no additive) 0.150 +/- 0.002 0 %

2 PCMO + 1.0 wt. % glycerol 0.11 +/- 0.002 26.7 %

monooleate

3 PCMO + 1.0 wt. % Ce0Q; spheres 0.078 +/- 0.004 48.0 %

4 PCMO + 1.0 wt. % oleic acid 0.065 +/- 0.005 56.7 %

5 PCMO + 1.0 wt. % CeO; rads 0.075 +/-0/004 50.0 %

Example 3
[0073] In a reaction vial, 2 grams (0.0063 moles} Cerium (11D) Acetate, 3

grams (0.0106 moles) Oleic Acid, and 3 grams (0.0112 moles) Oleylamine were
heated to 120° €. while stirring, After 1 hour, the temperature was increased to 220°
C. and a glass tube was inserted into the reaction mixture and air was delivered at
approximately 800 standard cubic centimeters per minute (scem). After 3 hours, the
The

reaction yielded 7.5 g of reaction products. A 1% by weight solution of the additive

tube was removed and the reaction mixture was cooled to room temperature.

in a friction modifier-free engine oil lubricant was prepared. The solution had a slight
amount of visible particulates. The coefficient of friction (y). measured by a high
frequency reciprocating rig (HFRR), was 0.085.

Example 4

[0074] Additional experiments were conducted, following the procedure for

Example 3, wherein the ratios of the starting reagents were adjusted to improve

solubility of the cerium oxide nanoparticles in a base oil, while retaining the low
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M 11Y 112Y0.120 122N 0.137

coefficient of friction. Solutions of the reaction products were prepared at 1 wt.% in
the base oil followed by HFFR tests and observation for insoluble particulate matter

in the base oil solutions. The results are summarized in the table below. The

coefficient of friction (1) was determined by HFRR at 130° C. on steel, 4N and 20

Hz.
Table 4
Run | Cerium Acetate Oleic Acid QOleylamine
No. {grams) (grams) {grams) Particulates u
1 1 1 1 Y 0.125
2 1 1 2 Y 0.120
3 1 2 2 N 0.137
4 1 2 1 N 0.126
5 i 3 3 N 0.113
6 2 3 3 Y 0.112
7 2 3 4 N 0114 |
Example 5
[0075] In a reaction vial, 6 grams {0.0189 moles) Cerium (I1I) Acetate, 9

grams (0.0624 moles) ethylhexanoic acid, and 12 grams (0.0448 moles) Oleylamine
were heated to 120° C. while stirring. After [ hour, the temperature was increased to
220° C. and a glass tube was inserted into the reaction mixture and air was delivered
at approximately 800 scem. After 3 hours, the tube was removed and the reaction
mixture was cooled to room temperature. The reaction yielded 23.7 g of reaction
products. A 0.5% by weight solution of the additive in a friction modifier-free engine
oil lubricant was prepared. The solution was haze-free. The coefficient of friction (1)
measured by HFRR was 0.135 (compared to 0.156 for the base formulation without a
friction modifier).
Example 6

[0076] In a reaction vial, 6 grams (0.0189 moles) Cerium (IlI} Acetate, 9
grams (0.0319 moles) oleic acid, and 5 grams (0.0387 moles) 2-ethylhexylamine were
heated to 120° C. while stirring. After 1 hour, the temperature was increased to 195°
C. and a glass tube was inserted into the reaction mixture and air was delivered at
approximately 800 scom. After 3 hours, the tube was removed and the reaction
mixture was cooled to room temperature. The reaction vielded 11.0 g of reaction
products. A 0.5% by weight solution of the additive in a friction modifier-free engine

oil lubricant was prepared. The solution was haze-free. The coefficient of friction ()

22



4121N0.1265133N0.1136233Y0.112

measured by HFRR was 0.127 (compared to 0.158 for the base formulation without a
friction modifier}.

10077} As shown by the foregoing results, the cerium oxide nanoparticles are
statistically more effective at reducing boundary friction at 1.0 wt.% than glycerol
monooleate. Further the results showed that 1.0 wt.% cerium oxide nanoparticles was
statistically as effective for reducing boundary friction coefficients as oleic acid used
at the same concentration in the PCMO.

[0078] It is expected that formulations containing the reaction product 1n an
amount sufficient to provided from about 0.1 to about 5.0 wt.% or more cerium oxide
nanoparticles will enable a reduction in the amount of conventional antiwear agents,
such as sulfur and/or phosphorus containing compounds, needed thereby improving
the performance of pollution control equipment on vehicles while achieving a similar
or improved friction coefficient performance or benefit and little or no adverse effect
on the corrosiveness of the oil.

[0079] At numerous places throughout this specification has been made to a
number of U.S. Patents. All such cited documents are expressly incorporated in full
into this disclosure as if fully set forth herein.

10080} The foregoing embodiments are susceptible to considerable variation
in its practice. Accordingly, the embodiments are not intended to be limited to the
specific exemplifications set forth hereinabove. Rather, the foregoing embodiments
are within the spirit and scope of the appended claims, including the equivalents
thereof available as a matter of law.

[0081} The patentees do not intend to dedicate any disclosed embodiments to
the public, and to the extent any disclosed modifications or alterations may not
literally fall within the scope of the claims, they are considered to be part hereof under

the doctrine of equivalents.
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234 NO0.114 Example 5 100751In a reaction vial, 6 grams (0.0189 moles) Cerium (lll) Acetate, 9
grams (0.0624 moles) ethylhexanoic acid, and 12 grams (0.0448 moles) Oleylamine were heated to
120 C. while stirring. After 1 hour, the temperature was increased to 220 C. and a glass tube was
inserted into the reaction mixture and air was delivered at approximately 800 sccm. After 3 hours, the
tube was removed and the reaction mixture was cooled to room temperature. The reaction yielded
23.7 g of rendiarigptiadtuetsisA 0.5% by weight solution of the additive in a friction modifier-free engine

oi lubricant was prepqred 11 QIR 1pS haz: <6 A seclisint o igiondp) mesgsured by

HFRR was 0.135 (Compared to ase formulation without a friction modifier).
Example 6 cmﬂ_ﬁl&lhg previction vinlaBQreing (GOLIBY MEMEF TN ACeRrsoBYrifts (0.0319
moles) oleig acid, And 5 GrayNSdQ:387 moteshZratyliexyaminepsvie featachigidQ Caswhile stirring.

After 1 hour, the temperature was increased to 195 C. and a glass tube was inserted into the reaction
mixture gnd’dir@ﬁdgtdéﬂ?@%d’ BEaTFOXIh ANV ET0 BECHPRAEH PHEBRSIIAG CHEANRLE difoved and
the reaction mixiure,WasQa0ledigIQoMm e Mpatatede whbeciraktiannieided < iddeatnedotion products.
A 0.5% by weight solution of the additivgein a friction modtifier-freg engin oitl}lu,bricant Wasdprepared.

The solutioRWHL S8 Fr SFRETOEMER SPBIME G g 0n Product Thade by an Improve

process of reacting an organo-cerium salt, a fatty acid, and an amine in a reaction
mixture in the absence of solvent at a temperature ranging from about 150° to about
250° C., the improvement comprising reacting the organo-cerium salt, fatty acid and
amine in a molar ratio ranging from about 1:1:1 to about 1:2:2 in the reaction mixture
to provide the reaction product comprising from about 20 to about 40 % by weight of

the nanoparticles in a substantially organic medium.

2. The method of claim 1, wherein the nanoparticles are selected from the
group consisting of rod-shaped nanoparticles, spherical nanoparticles, and plate

shaped nanoparticles.

3. The method of claim 1, wherein reaction mixture is reacted under an

atmosphere selected from the group consisting of air, oxygen, nitrogen, and argon.

4. The method of claim 3, wherein the atmosphere comprises air and the air is

delivered subsurface to the reaction mixture.

5. The method of claim 1, wherein the organo-cerium salt comprises cerium

(III) acetate.
6. The method of claim 1, wherein the substantially organic medium is
substantially devoid of water and comprises reaction products of the acid and amine

components.

7. The method of claim 1, wherein the reaction mixture is substantially devoid

of water.
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measured by HFRR was 0.127 (compared to 0.158 for the base formulation without a friction modifier).
100771As shown by the foregoing results, the cerium oxide nanoparticles are statistically more
effective at reducing boundary friction at 1.0 wt.% than glycerol monooleate. Further the results
showed that 1.0 wt.% cerium oxide nanoparticles was statistically as effective for reducing boundary
friction coefficients as oleic acid used at the same concentration in the PCMO. 100781lt is expected
that formulations c®ntaihiig thetehctibn:piodutt iwseramabint sufficientfo Prsvideatiigni@bout 0.1 to
about 5.0 wt.% or mare cerium pxide nanoparticgles wil reduction.in moynt of
conventioné’laﬁﬂﬁﬁggregglgnfsl,e s%l)éh as ré%%&%ér?ﬁ? p%fs%%moggglg%%tgﬁ% C%Bn?p()%unds, r?eeded
thereby imppendiag thevpeglgrmance of pollution control equipment on vehicles while achieving a similar
or improved friction coefficient performance or benefit and little or no adverse effect on the
corrosiveness of the oil. 100791At numerous places throughout this specification has been made to a

number of U.S. PaflentsI il surthadtef dediiehts aHereidprdss § B SF a8 A MRS His disclosure
as if fully sef, farthhetiein; 1ARBRLTHe daregein.Bmbadimanissaterstuaqeptiblentaleonsidetable variation
in its practice. AccordingI}/ the embodiments are not intended to be limited to the specific
exemplificaﬁt‘?ﬁ%@ef’%‘fﬂ’? M&ﬁ%@éve. Rather, the foregoing embodiments are within the spirit and
scope of the appended claims, including the equivalents thereof available as a matter of law.
[0081]The patentees do pot inten dedicate any disclose mgé)rgmeg;aég %Qgg@&]@pd to the
extent any disclose mogiffggébons %J%amaar%ﬁgng r%%%ly cr%%h?gr% ly fall within the scope of the claims,
they are considieredfta hdpertisdreoh imgerthémocttineforagingaaents W RRP IEBISIRTEY R I A
method for bt adieen sesiidenadicenta lsled uifacen s mAriRaRiving an

amount of reaction product comprising metal-containing nanoparticles dispersed in a fulliy fonnulated
lubricant corepusitisnreontainin dramabeusil 8f Tutr R g YIS cosith aaPAPHITIAY (FEHE kNt
composition caniaining fag fEACHERRORMGhIOARUAGRIS be dubricaterd wheaiein theinartoparticles in
the reaction (Egr&duqt are self-dispersing and comprise %érﬁactggn £ro u_ctnrlrg%%? QX apoivrp er(;c)lved
process of rédbYiRGIAREERRTSRRREAR ‘4 BAY Wi and B SmRAE TR

ine in a reaction mixture in the
absence of splvanh¥adampaiaiuisg angingdpeniabouti FOStg &oout50 ), thebimpfé\Ement

comprising reacting the organo-cerjum salt, fatty acid.an 5% &.1R4@,molar ratio ranging from about
1:1:1to abo@ﬁ”i’?’f?g%%%‘ SACHi8H r%?%tsu!r% Sué)r%%ﬁ%lglf (égl?gac&on product comprising from about 20 to

about 40 % by weight of the nanoparticles in a substantially organic medium. 2. The method of

claim 1, wherein the nanpparliles greseieried (e srpwpaaRaisiaGaliad-shapadianoparticles,

spherical nanoparticles, and plate shaped nanoparticles. . The method of claim 1, wherein
reaction mixturelistrescteld-disersiie atradepierd S8IBBRSHPBm the group consisting of air, oxygen,
nitrogen, and argon. 4. The method of claim 3, wherein the atmosphere comprises air and the air

is delivered subsurface to the reaction mixture. 5. The method .oq claim 1 Wpedrefin th%
organo-cerium salt é%mEH%é%eéJé?ﬁJHfﬂ]ﬁ‘)%:lél’a nerein the nanoparticles are selecied from the

group consisting of rod-shaped nanoparticles, spherical nanoparticles, and plate

shaped nanoparticles having a size ranging from about 1 to about 50 nanometers.

13. The method of claim 10, wherein the organo-cerium salt comprises

cerium (I1T) acetate.

14. The method of claim 10, wherein the substantially organic medium is

substantially devoid of water and comprises reaction products of the acid and amine

components.

15. The method of claim 10, wherein the reaction mixture is substantially

devoid of water.
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6. The method of claim 1, wherein the substantially organic medium is substantially devoid of water
and comprises reaction products of the acid and amine components. 7. The method of claim I,
wherein the reaction mixture is substantially devoid of water. 8. The method of claim 1, wherein
the amount of metal-containing nanoparticles in the fully formulated lubricant composition ranges up to
about 5 percent by weight. 9. The method of claim 1, wherein the amount of metal-containing

nanoparticles in the fulihfornmitad @ futdizant GompEeiioR FaiTae TR HbBEHE 1 IHBEGE 2 percent by
weight. QA meied o making st asldmnacsing sarimauideAanoparticles additive for
lubricants by an improved process of reacting a mixture of organo-cerium salt, fatty acid, and amine in
the substantial absence of water and organic solvent at a temperature ranging from about 150' to
about 250 C., the irgprovenenh.eoRRHsiRGipIOvisingisingaation mbdures havight aperotat rafio of
organo-cerium salt to amine to fatty acid raquﬁnq}from ﬁlb%UttEl:Il:t%nt?(PbOUt 1:2:2 in the reaction
mixture to PRSAHERYEARHORABPEATIS COREINIRY T NARBhATtiERS comprising from about 20 to about
40 % by weight of the nanopatrticles in a substantially organic medium. 11. The method of claim
10, wherein the nanopatticles as made in the jon_product are self-dispersing in a lubricant
composition. ?3?1%55 rﬁé:fﬁlg oF ?3?%10%2,5 %%}1%%? ‘the nanoparticles are selected from the group

consisting of rod-shhpedHarfdpbirtiolésy sjsisetitsl aahoparticles, and plate shaped nanoparticles
having a size ranging from abaut 10,2004k 2 ARBRMHE Seactiod roédecmathodahglasit-10, wherein

the organo-cerium sa?t comprises cerium (lll) acetate,  14. The method o{‘cla]imélig, herein the
substantiallgliopgesie redilrePrs HiEEaPRIRAEAIETd BFRFEIE! dRd CEnFEe re et

eaction pro%fucts of the

acid and amjne, cOMPENERLS made 16y Hheimgihad giclaiss 10, rwhensindheireactiof midure is
substantially devoid of water. . 16. The method of clzi 10, tyv.herkc)a\signtcréeci)‘ Q{r)wgmed@t gurther
comprises iRfERHRGSAIR iftd Y fifktura uiR o* L PSrtiSASF the réActic

e reaction period. 16. A lubricant
composition&apepsising iy texahonit Sueight pescanuoRiEtdl-comaining waroparigResHade by the
method of claim 10. 17. A lubricant compositian, d@“ﬁﬂﬂﬁg‘%% basia aihQf IHbricatinguiscosity; and

a boundary TFREIBHE r@&u%’i %ngPﬁ%iﬁ% ‘ot area ion product comprising self-dispersing metal-containing
nanoparticleselis peiséddinathe:bass bilp wine reietios Mﬁ@ﬁ&rﬁ%l@%ﬁé%@iﬁé%&t&?ﬁmﬁd process

of reacting a mixture of @gfg{alrb%%%gium salty, ﬁttx@ew,@ncb@mmtg}etuﬁammm@bmme of solvent
ro

ata temperé:f)lf?g?gﬁl&ng m about 150 to about 250 C., the improvement comprising reacting the
organo-cerignbsaittifdiityosgsidianetditie in a molar ratio ranging from about 1:1:1 to about 1:2:2 in the
reaction mixture to provide the reaction product comprising from about 20 to about 40 % by weight of
the nanopatrticles in a substantially organic medium. 18. The lubricant composition of claim 17,
wherein the organo-cerium salt comprises cerium (111) acetate. 19. The lubricant composition of
claim 17, wherein the sulbstamsiatynorganioshadium dagubsianibiisetetivicdufanatesrared dknprises

reaction products of the acid amine components.
P comprises cer?um &H?ac@eﬂe‘ P

19. The lubricant composition of claim 17, wherein the substantially organic
medium is substantially devoid of water and comprises reaction products of the acid

and amine components.

20. The lubricant composition of claim 17, wherein the reaction mixture 1s

substantially devoid of water.

21. The lubricant composition of claim 17, wherein the amount of metal-

containing nanoparticles dispersed in the base oil ranges up to about 5 percent by

welght.

22. The lubricant composition of claim 17, wherein the nanoparticles are

selected from the group consisting of rod-shaped nanoparticles, spherical
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20. The lubricant composition of claim 17, wherein the reaction mixture is substantially devoid of
water. 21. The lubricant composition of claim 17, wherein the amount of metal-containing
nanoparticles dispersed in the base oil ranges up to about 5 percent by weight. 22. The lubricant
composition of claim 17, wherein the nanopatrticles are selected from the group consisting of
rod-shaped nanoparticles, spherical nanoparticles, and plate shaped nanoparticles having a size
ranging fromaabpattik1te, abaubial: nhapedetenspartic?d. Fhergbricartraopippdition dfctaimd 7, wherein
the fatty aci conyarises an unsaturated fatty acid containing from about 10 to about 26 carbon atoms.
24. The lubAREHt coﬁ?%@lﬁtc? °of claim 17, wherein the amine comprises an unsaturated hydrocarbyl
amine containing from about 3 to about 24 carbon atoms.

23. The lubricant composition of claim 17, wherein the fatty acid comprises

an unsaturated fatty acid containing from about 10 to about 26 carbon atoms.

24. The lubricant composition of claim 17, wherein the amine comprises an

unsaturated hydrocarbyl amine containing from about 3 to about 24 carbon atoms.
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