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agent is made of dispersed metal-containing nanoparticles, wherein the amount of
. nanoparticles in the lubricant composition ranges up to about 5 percent by weight of
the total lubricant composition. The metal-containing nanoparticles have a formula of
(Aa)u(Bu)uXx, wherein each of A, B is selected from a metal, X is selected from the
_group consisting of oxygen and sulfur, subscripts a, b, and x represent compositional
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the lubricant compositions described herein. It is well known that certain metals may
be useful for improving the burning efficiency of fuels. For example, metal-
containing nanoparticles from the lubricants may enter the combustion chamber by
leaking around the piston rings thercby providing a catalytic source suitable for

improving fuel combustion without directly adding metal compounds to the fuel.
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DETAILED DESCRIPTION OF EMBODIMENTS _
f0019] For the purposes of this disclosure, the terms “hydrocarbon soluble,”
“oil soluble,” or “dispersable” are not intended to indicate that the compounds are
soluble, dissolvable, miscible, or capable of being suspended in a hydrocarbon
compound or oil in all proportions. These do mean, however, that they are, for
instance, soluble or stably dispersible in oil fo an extent sufficient fo exert their
intended effect in the environment in which the oil is employed. Morcover, the
additional incorporation of other additives may also permit incorporation of higher
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[0021] The metal-containing nanoparticles described herein have a
substantially uniform size and shape, and may be represented by the formula
- (Aa)m(Bu)n Xy, wherein each of A and B is sclected from a metal, X is selected from
the group consisting of oxygen and sulfur, subscripts a, b, and x represent
compositional stoichiometry, and each of m and n is greater than or equal to zero with
the proviso that at least one of m and n is greater than zero. The metal nanoparticles
described herein are not limited to one or two metal sulfides or oxides, but may
include additional metals as alloying or doping agents in the formula. '
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primarily a two step process that includes conbining
one or nore netal organic conpounds with a

hydr ocar byl conponent to provide a solution of netal
organi c conpound in the hydrocarbyl conponent. The
solution of nmetal organic conmpound is then irradiated
by a high frequency el ectronmagnetic radiation source
to provide stabilized netal-containing nanoparticl es.
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[00281 After form ng the solution of nmetal organic
conpound in the hydrocarbyl conponent, the solution
may be heated for a period of tinme at el evated
tenperature to renobve any water or crystallization
and/or to forma clear solution. Accordingly, the
solution may be heated and held at a tenperature
rangi ng fromabout 50 to about 150 C. for a period of
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process are typically crystalline nanoparticles having a uniform particle size that is
substantiaily in the range of from 1 to 10 nanometers.

[0035] In one exemplary embodiment, cerium oxide nanoparticles having

spherical or plate-like shapes and an average size ranging from about 1 to about 10



is used, thermal gradients in the reaction mxture are
m nim zed thereby producing a generally uniform
heati ng effect and reducing the conplexity required
for scale-up to conmmercial quantities of nanoparticle
products. [00311 M crowave heating is able to heat the
target conpounds without heating the entire reaction
container or oil bath, thereby saving tinme and energy.
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[0038] In the preparation of lubricating oil formulations it is common practice
to introduce the additive concentrate in the form of 1 to 99 wi. % active ingredient
concentrates in hydrocarbon oil, ¢.g. mineral lubricating oil, or ather suitable solvent.
Usually these concentrates may be added to a lubricating oil with a
dispersant/inhibitor (DI) additive package and viscosity index (VI) improvers
containing 0.01 to 50 paris by weight of lubricating oil per part by weight of the DI



heated to a tenperature in the range of from about 100
to about 120 C. for about 10 mnutes to provide a
clear solution devoid of water. Next the solution is
m crowaved for about 10 to about 15 minutes to
provide a stabilized m xture of cerium oxide
nanoparticles, fatty acid amne and fatty acid. The
stabilized m xture may be washed w th al cohol to

pa%ﬁg@ g(fgo%%mrﬁgh@@ 1@%?35 ge:ﬁgeisc%oﬂfl@ge :rnsbt@f MRC WRB1E T é)@&ﬂages
[ [ [ i

xR B TOEPIRA O S: RE“HONGT SCUROLT AT HAABDEF Crars
Artenyt _ﬁue nypes (Sﬂ,l'cfdﬁitﬁrlee mdchadeduint the ﬁ)IcanﬁtnvngJanM@ rar@|defergents,
isBLRY: %nﬁ%é%bi f.% Vﬁ-l%orf H{Sdﬂﬁf séall go'éfzh Bedhts QQ&Q%:% {sb

materi a
intibitass. hehrigity @genavs stesé nﬂ@ﬂwrwmﬁm!m@n@mtwac@wmﬁ% viscosity

_ md'Eﬁtlﬂlbr(ﬁ@i@t Ad'thé Gk ARORAMIIFChRS coBdhehRake Wil kakes tathose

nificant a nt of . ene to deco
SPGB APE i B S e O e U FRRGS o P rdgfivienand
comamtpcmstdamwmmnr ange from about 5 to about 20
{ l%@icem E lrrY@htg&%né) g{ﬁohg ﬁlahgt\ﬁilh tﬁ@hﬁmbcgt{taﬁlﬁl% nanoparticles

articles nma ove described process as
deggeibed phaye drepyped Hed varicheeh applieatians, sFar comprripign danition

‘ enélﬁ&&m spAR igBlic en@m&& at ﬁlpwe:aamaahé ivbtiemt eaapdsithng meet

or &0 OV‘? Bglfhsh“@‘?ggﬁ%% | ons ta&@%g? pEIIS.]baI‘F e cI:otrr]rtW%mftagEs accm%dng
to et Eireginet APRIGigh maﬁifﬁ‘arsmnd#rels Wﬁb@ bastdeith i Rl eddjtive

 padi@pd afn%l: §|quprﬁzler & prolvMQ ral 8 If(;}glu@itéd QBAPRSI tThoBaseldn

he rreta ntaj nin

t
for Qﬁw&ﬁ? ?Clé"Pnrgg‘gatPetgﬁl |dfﬁ‘3 ereveﬁaﬁ ail %%‘gfl&al‘i‘tnga‘l‘?%?s‘%%eﬂ?cfed

- frorohdradal YubkicatitipthiBy ganmhaicdiubtieating ofls @hd asixturasahereoDi Bych

e nzene,
SPEtfb'Ilgmfﬁé emd x«;ﬂn@mﬁsnoe—lg@rqﬁ dnteenali %qmts%h COBICHt SuchT s

autdgidbild MR FRRCRIHhERRNEB L HYad diksdl eAgmad) il the Hké.o

08 31 . ot A aEPRIEYes ARG oy mpay bo vsed in

bassey &E hﬁ\uuﬁ Qﬂu}se c%ageanﬁasﬁf Exaﬁ%ygdc‘%% B@E&% %q l:ﬁ'%agﬂg oils for

fullyr épacktddomtahaticubrispessiong floids, fdlynforavletsdscrpnkeage fluids,

mngpmma%%aw @utyt ééaf %md%@ﬂm&eadswm YQopRRGEN LR

form of % active ingredi ent

effﬁ‘iﬁ’t’fﬁ E’rﬂefi‘é&cefg‘c‘i‘% WE'W&G&?%W”& e.g. mneral
[004apri cat Tl&gnmbﬂaa,mﬂés tﬁi)hﬁé pissbint ﬁbinemﬁmht/(ﬁﬂ’ﬁp to abisit élvlrt% in

t t rat.es m dde
a fwﬂi R SRR R B COpRY, AF48 e 35*08%%3e s ma
be piresend 4 ey amouietof abpyt Q. hpy @hcelt $ wt@/om mﬁmyrfgn@ule)trd wpriggat

s‘tﬁmbyAé’\@ﬁ Qbén ﬁfrthlef" Qidn‘f;ﬁ«t: ' tﬁg thdpaﬁ:&‘;[es RAsY bdYrs&itGhtan
t he DI formfinjshed |ubricants, e.g.

ameaﬂg ok E‘%{%léﬁﬁd? 6‘?%? 1% 18ifplks fasmpjateglehriggaicompostiion.

Dispersant Components
[0042] 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
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are described for exanple in U S. Patent Nos.
5,204,012 and 6,034,040 for exanple. Anong the types
of additives included in the DI additive package are
detergents, dispersants, antiwear agents, friction
nodi fiers, seal swell agents, antioxidants, foam
inhibitors, lubricity agents, rust inhibitors,
corrosion inhibitors, demulsifiers, viscosity index
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the di spersants conprise am ne, al cohol, am de, or
ester polar noieties attached to the 10 pol yner
backbone often via a bridging group. D spersants may
be sel ected from Mannich di spersants as described in
U S. Pat. Nos. 3,697,574 and 3, 736, 357; ashl ess
succci ni m de di spersants as described in U S Pat.
Nos. 4,234,435 and 4, 636, 322; am ne dispersants as
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haxjgg therf: 9’3‘8‘3041 5, 643,859, and 5,627,259, and
polyalkylene succi nim de g¢ispersants as described in
U.S. Pat. Nos. 5,851, 965; |5,853,434; and 5,792, 729.
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nithigasl eidRek wﬁ&%ﬁpbtsma_adoﬂél ﬁ&&sg@mmﬁ has2hiY laA\tl eggioups attached
thephtenothlazmes g UFI%Qd co oun S . ér Siom as
6% %% 131 T RO tRF BRKHETNS | lﬁ%ﬂe i hif 8&‘%%1“ é’g%‘f
welltag twe adylsyonlnine dé the dhitrqzlee AS. | NCl ude but are not
[06&(‘8[” ted EQ& pée@of%ar%eﬁl&l ?'E tmd%r}ﬂ!e mqgéludez b@t are not limited

|-tert|ary eno
to:g @!’lﬁw aming;. ‘éqrmp.g pllkylg (BEllfe?VBﬁ’é‘f’?é?l 3-hydroxydiphenylamine; N-

phéhypi @phlenyefedthimih € YIUJpaéljyl 1 Mﬁéhﬂbﬁéﬂi&mme monobutyldiphenyl-
'amzreBSt %W"ﬁﬁ‘%%gnleﬁat"%e‘gﬂ ?;r {Y?{ henﬁ ine;  dioctyldiphenylamine;
mmomyjlp@nﬁlamne; e d{noayl;hpbg@g}:npmn omonotetradccyldlp henylamine;
dltétrdaeﬁﬁ&ibhel%giﬁn%e dllﬁi: &@Jlﬂhabﬁgpmh?ﬁﬁﬁﬁé mﬂﬁ&c?c’tyl phenyl-alpha-

hex tertjary b | phen
na@ﬂaav FYipe: H&wepr b@@f&apsﬁhy ST Bﬁé?hﬂp ﬁvw ne; - diheptyl-
dipBeiBAdhhing;er piodieyte ut stphaed|  diphefigamine?, Gnﬁtbdt etndiyledtyldi-
tertiary butyl phenol,
phﬁH%%kE@%F@bnﬁéﬁgﬂﬁgﬁ¥d_ bggg%ﬁfphenol net hyl ene
[004P] dged Anothcr class of aminic antioxidants includes phenothiazine or

alkylated phenothiazine having the chemical formula:
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sterically hindered phenols including but not limted
to 4, 4-nmet hyl enebi s(6-tert-butyl- o-cresol),

4, 4- met hyl enebi s(2-tert-anyl -o-cresol),

2, 2-met hyl enebi s(4-nethyl -6 tert- butyl phenol,

4, 4- et hyl ene-bi s(2, 6-di -tert-butyl phenol) and

m xtures thereof as described in U S Publication No.
2004/ 0266630. 11 [00451 Di aryl am ne anti oxi dants

i nclude, but are not limted to diarylamnes having
the formula: HI1 wherein K* and R' each independently
represents a substituted or unsubstituted aryl group
having from6 to 30.6 rbgmqatoaB\ [llustrative of
substituents for Fﬁe”ai p“*q cl ude aliphatic
hydr ocar bon group as aI h ving from1l to 30
carbon atons, £ ups ogen radical s,

car boxylic aC|d OR_ester g oups o nitro groups.
[00461 The aryl dup is preferablyi%ubstltuted or

03 LS PR o S SRR
auﬁ/l leséwdrqg@agr admeargiribyinched Cong €2 @HWJL l‘tetﬁr%k)da@fbﬁwlafyl

grahPTBA| raeefdeﬂeéabmmfzrne mnély R Idehd h@ﬁl t&t P%Rp dliﬁﬁEtmg of
refera rbon atomns. i S deS|ra

fr
-m fma?m&ﬁ@%iﬂ ity ﬁltetr BX}BEGI‘B@I%ESH”PER"@&Y iphenghiazine,
dlmﬂ Ipherdthibzitg d néinpiveyiphandtinezingi dilokylpadnethiazine, monoctyl-

r
piithd %%%F Zﬁrﬁb“i‘@haf OEAAS P ey AR B, W R Bhtine
menqstyeylphcaotiizing, nu%ﬂﬂbﬁh@lqthfaﬁn?;nebuww%@éwt@%ﬁ?q nand
stirfRciihesdthi@zind.hus the diaryl am ne rray contai n at
st t ni ogen_at ons whe
whﬁﬁr oge\rll\l‘:ig‘f3 osr‘f‘:uﬁﬁgo G yr}ﬁoé’r Sﬁt glﬁl elﬁ’iaare {REFgYgd to,
- subfugzedadefing thdiarcdwmcaiizedby ey efimlefasusadvi hgir groduction

_ an&%@ mgirémm LERGR BRSO Hﬁtﬂ)%daﬁ@' h@?mhlé@ulé:r %@hpaeﬁ&e ie.
t he nitrogen atons. n%)%es of diary I 'am_nes

th?ﬂﬁalefwawﬂag e% éYF“?&?d’I“dE"é“a" b"(ﬂghé PE el 35 sl afff preferred.
Exdinphes oy bRfing éhat may be us:dahdydeadlptch-altfizeRyinatizadediha-olefins,

brﬂ?lwﬁgéj{;lgétysg E% %Q)chl 1, eagg bo%matlons of these.

lamn
(98518 heny| Alphe-qipkiry inekeel bi e Rt IB 19 YpRe iy Cas alpha-
oléiﬁ‘isn%l u;u Slbtins €lhyp BE RYMBATIAL 1B RO Hilich i @ Bactia oA Buring

thgy Fﬁ@ﬁéﬂ o Ao E s ABEE FHBEEDH A En GHFS; of fhg; epha
- olefint thizt emhtay linkemhk dylbdnberels aplien pranabipp anayagixt by sad nEor
uggi?&ﬁjltyl%qu Ibraﬂl:lf%la%leﬁﬂao%nﬁd‘g%}ﬁept [11% éﬂphﬁ ~olefi n 1-butene.

en eta nap am ne; eny am ne;
[0 lelept yl Sulfur sources at may be used in the su ﬁlrlzatmn réaction of olefins

include: elemental sulfur, sulfur monochloride, sulfur dichloride, sodium sulfide,
sodium polysuifide, and mixtures of these added together or at different stages of the

exar

=

sulfurization process.

[0053]) ‘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,
rapeseed oil, safflower seed oil, sesame seed oil, soyabean oil, sunflower seed oil,

tallow, and combinations of these.
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di phenyl am ne; p-oriented styrenated di phenyl am ne;

m xed butyl octyl di - phenyl am ne; and m xed

octyl styryl di phenyl am ne. [00491 Anot her cl ass of

am ni ¢ anti oxi dants includes phenot hi azi ne or

al kyl at ed phenot hi azi ne having the chem cal fornul a:
12 :t ER 12 wherein R is a linear or branched CE
to C24 alkyl, aryl, heteroal kyl or alkylaryl group

[oéfkﬁ R2 i g h@é%ﬁﬁ%’f sfour@zeti'o'i@ﬁlror%lf&ﬁﬁﬂmﬁdmpdeIWe@‘h the
het er oal kyl , yl aryl aftﬁy _—

fite élthmc%m@s%yn@ésg@rréew@at it ?"}Egegj'r%?ﬂl;%/ or fatty oil an

th€ ABkSied tLévRY oP bulfull B Bt Atliatkary qnh éhohbd hibrinet. For example, a

t. et he h
su ‘a'”:eé’;f‘gtﬁc‘ﬁwh VA nI e Amqg nonwle g%]ot%h?%gweﬁl%agd to the

firdshed iytiriphm o HiOnwight, % mn@evgu mlbdvélﬁ@tmapm@f sulfur to the
il t%&t1¥+1&f:lﬁ{‘ O NGl PP DM YRR RBALAIRZI Neeight % sulfur,
F henot hi azi ne, yryl henotp?% wﬂgdl 1000
WA R e RBLH b Rt BLE b YRR S P deliyep
ppSi Yilslrae tivd ﬁhﬁl‘m{t fibAzinfie It {sQRSBdblel headiihe wolfedrt ailefimgr
i ant
o 008t L0001 TPl e e
lubrficant. eFha fcurswng aAminieipherntbigzias.i 2 Sughﬂcqqﬁfémng ﬁ‘aﬁomdants
aréuésfsﬂttse&gmﬁmplahﬂ BHepadnid. @@9@@?5 th gh nol ecut ar
V\Blg ol olerlnNs aV|n an av
Ol Seu! areriie Gkl ey ML gl af HF{oafn:
aditiaapinehide fcombefidn shat hat solubje medigsedblenivithalelditive package.
It %Jl HFoadgsllr%Iil %’theI éﬁ?ﬂ?g hléﬁtg'icﬁ’%f?)laﬁb gbl Wl of low %ﬁﬁh@ﬁ with a

I NS c iC I NS nat i ons of these.
- m?leegmwglmgaea@réhan?é()M%Ewwdéeﬂrsw pmglepyar W?lﬁ%ﬂt%at‘ffdhm
40@%&1&{!; t]ﬁca%fes akF eézﬁeshs altebedbanilt@hBatahaf benssedrinelude, but are
re.the.s 1arzat|n e
e
bagwate) Osotatty] el fide 2ol digTkytdithioghbpmate); hpdronyalipd substituted
d1§19ﬂh§iﬁlﬁ-ch%'éﬁlﬁf&§l dtﬂ@é&hﬁn*ﬂ% dp?eﬁﬁéﬂ @ond ﬁﬁ\ﬁﬁfﬁi’c% cBBipounds,
I'so be used. Far exa obut é;fuene is.a bran ({1%
ditgjosprbAmalss RFERT5E fFor mof é“ya\?‘ﬁh amgri PEFTHEIRRESpfgpared from
cpbﬂlﬁ&z it fheraligd lg[‘cﬁips of ﬂﬁ:t dmhkyldhhzmcwbainatm cathpreferably have
'1f “56 %§B+r§” éx%% s ft & 158 aﬁB{o@ 84 Hﬁ? maSJ Gg‘:{ﬁ«t:@lare

| ori sodi um

dl@@nswl @e the Sddiving m@ﬂ%&sﬂ Bi B, N%é @ﬁ»@%r‘b%ﬁ”@ He¥d:3°2
4, @ﬁb@@ tpgey hesr orsassi §6e6,801, 3Hagese;0b,786866; 2,710,872

ol 01 280 L O BN0C85S, 07 350: and 4,758,362,
{0056] Examples of ashless dithiocarbamates are: Methylenebis-
(dibutyldithiocarbamate), Ethylenebis(dibutyldithiocarbamate), Isobutyl disulfide-
2,2°-bis(dibutyldithiocarbamate), Dibutyl-N,N-dibutyl-(dithiocarbamyl)succinate, 2-
hydroxypropyl 'dibutyldithiocarbamate, Butyl{dibutyldithiocarbamyl)acetate, and S-
carbomethoxy-ethyl-N,N-dibutyl dithiocarbamate. The most desirable ashless

dithiocarbamate is methylenebis(dibutyldithiocarbamate).
[0057] Zinc dialkyl dithiophosphates (“Zn DDPs”) may also be used in
- lubricating oils in addition to the nanospherical components. Zn DDPs have goodl

antiwear and antioxidant properties and have been used to pass cam wear tests, such
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[0053] Unsaturated oils, because of their
unsaturation, may al so be sulfurized and used as an
anti oxi dant. Exanples of oils or fats that may be used

include corn oil, canola oil, cottonseed oil
grapeseed oil, olive oil, palmoil, peanut oil
coconut oil, rapeseed oil, safflower seed oil, sesane
seed oil, soyabean oil, sunflower seed oil, tallow,
as @%éﬁom MtWWthf st Q‘ﬁgny ﬂa%enls%f’e%s 1:5@ %aﬁﬂﬁuimre A use of
sulfurized olefin or sulf | ivered
Zn, ROPSrnipdned) PuBrPRaNes SO0 gn AE i $014 20 ahe-

liniting ensall ZDpDPagpal £& pbrinary, badohyarpiahd atidurds loé peiesiy et
: Sﬁl evel f Bplfur to be delivered to the finished

PO Ane P or exanple, a sulfurized fatty oil or
08583 | n cdilteaiisei npap@nelgbdmumosoniaifing compramdayerddast fgiction

m&cﬁﬁers diéllﬁj/ Sgé:tﬁ 5(%13%&' Q%fbtg%cﬁﬁt @'?rﬂelffl@?égﬁ;{ %te}tS ?/@’étr eal. bevyebr7
Wi | Y S u i

d*’-‘F?HS’P? BasRmbIRten) g, pEgianat ¥1‘i459“‘8| qomppugh t}p fb"&ﬂ?’bﬁ“%ﬁ Ay

alkyQdipldngimites Soul dserin ﬁni&hé!hluhﬂdﬁ:d farmutakiend. | FWasdpded of suitable

mﬁlg%%:ln&%n tcorﬁ&rxﬁg?‘fr?cu Plﬁ A’ LR dle!; ?‘1‘6@(11 be\ler | urgl@l | #i€6ion

m su I NI shed r| cant .
m@hﬁ@ﬁabl e to add the sul furized olefin or sul furl zed

- [odsty OI lrh& &eéa@lcbmsxhu?a( ﬁ&%@&meamsreap&@y PPMRed with

* ang or o U g e SRR O S P CORPATAPRgEe Fos. 1eis

undmuoo&nhlantmouarcenﬂemuonsbeﬂ phawliexanmplie sutfmUc&Ltalﬁatg and

]ﬁg% h

m(g?bcf Em?ldlt i OCar] barrat es In%?% Lﬁgﬁlz%de f?fs éhde fipished Iubricant
forgpy fl“t% beaert on dgpgh Py 8SinG, tasti X I&%ﬁ%ﬁtﬁlﬁﬂ% of ﬁ'%ft digpcgsant, VI

~imprve®) | Rsosil, O spesteabildaitive t he additive package. It is

al so desired that the ashl ess dial kyl di t hi ocar bamat e

be of low volatility, with a nolecular weight greater
FrictiosnMpdified Somporentsdesi rabl y, a nol ecul ar wei ght

- [odgogat er I«%%AQ@ HJ(% ﬁ%&e&%ﬂﬁﬂn@ﬁy&femﬁﬁ@hﬁ&%nd that may
di t hi ocar e sed In?iH‘J tbut ?‘5 d
befistd 1 # psbiarg! ?rmw}o RRFRH P FBEH A )an

- phetphytusifebimlgbdeniayl diutdei wnlaran drgmid e)mpdusdbuehigining amino

b

ool ACob i by pERRIE Y DI SEPRAPRLEL e molybdemum

sogrcesineluds @ahﬁé@@npv@g%eeﬁm%mnuﬂ%wﬁ% uR ABbIRiRsand

podhgli&homrﬂamt EThPI SRiab Egrolipd MO bb oiyhRRRnesAflamines, or

SRRt RSt o RN i
alcphalf earahil)yalchﬂwb Ag amegarme, 118 ceachom of diandmgs| with dtty oils
‘pr‘:giu@éské’éxgﬂﬁé? '08& H%rq%'ﬂ? Smindahd Wh&egr&ﬁ)gqmﬁ lcén react w1th the

I sclo | owm ng at ent
sulfurg gyl pjgsp OHUsz?f@ facrlsbd%u'yz?mssz 4,957, 643

(0061885, 30Bkarfpld8 S0B53ilff, 086 hipfien@DRed T6igaRorfGH A6
4. 577: 2. 897, 152: 3,407,222
m@p%’%s é‘de thda‘3 OWHE 362

(1 Compounds prepared by reacting certain basic nitrogen compounds with a -
molybdenum source as described in U. S. Pat. Nos. 4,259,195 and 4,261,843,
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[ 00561 Exanpl es of ashless dithiocarbamtes are:
Met hyl enebi s- (di butyl dithi ocar banate),

Et hyl enebi s(di butyl di t hi ocarbanmate), |sobutyl

di sul fide- 2,2'-bis(dibutyldithiocarbanate),

Di but yl - NN-di but yl - (di t hi ocar banyl ) succi nate, 2-
hydr oxypr opyl di butyl dithi ocarbamate,
Butyl(d|butyldlthlocarbanyl)acetate and S-

car oyRidageyndt iﬁyépalléld Nogi Bl éjlliybio@@rﬁf/lb autigtedT BRtoxy

rmst d able ash t hi ocar ba
YPEREbRE T Bt g0 G BARE B e U6 Syt Mo
d| aI4ky644§’Bth| ophosphates ("Zn DDPs") may al so be used

i n (B}J@‘anéé}r?ggﬁg%gleﬁ bg'?ea%ﬁg%ébﬂ hol Qldg@%e E&gﬁﬁﬁ%ﬁ bealct,

conponent ant
ant iaoRprparikylpied gheiane §1aaﬁwf=, Bd a rddengR soures alsseridgdin
weary tephSNoSHobs 945 as the Seq | VA and TU3 Wear

Test n ents a ess fact d use of

T p R AP Espacachibe oo et Sl fefy Rotimiti” ol o

4, 95l GRnumsduée asldbsﬂﬂ&d iNOn S. Patriia. |4r8§9@éﬁer al Zn DDP
- LyDPgs) afdm uhﬁ? i%epa?&f: %%tlﬁ’%da Nty USiE SorOhoiRT Wil ¥-(2-

and ~ secon kew se,
or gé‘ﬁ&ﬁ*ﬂﬂt%lﬁém?ﬁfl@éﬂt #dit ] Y&%%&ﬁ%&ce as deperdledrip U S B
nodiNg. 6[1375&7 al so_exhi bit antioxidant functionality.

U S t
or o AL GrpR rokau b8 e tE N LERRAR FRAC VAR’ Bl
al kyﬁblerlcphﬁetffﬁyibldmdnﬁﬁ So?atLN‘e41692fZ56n shed | ubri cant

for | &lohfi E}S@ﬁ%&% freadtthd ablifl Hﬁhﬁ'&d e E&uno alcohol
Contalnlngfrlc I ON |erS ar e be (0]
UndEPmPPREL ptife 2nBEIPAERE PBEBOE FrE o e Ny

_nanﬁpgczuBOJ es described herein may be used W|th any

or heysf |
conti nPinphaits AEGAGL BY kg d 98 51, BoASNIgARkyLenc
var e orb p melyksisaup soussrafgiepibed i WiSe Patshyp £q47 09,303

- conigy abigg?@{aﬂ pr@mke}dbske Bmmlfg) gtfa::qn laéig, fﬁﬂddﬂa}kyaﬁedrmyyl&&:
optim zed for S ubri cant Q. ati gn
basé%f1 g k%%cgﬁd%f’r alé&n&l he etl &5t8 S%I}m?r%sd(li | Clg%l lgrvsgo?att ﬁ%‘
di spe28408., VI inprover, base 0|I or any ot her

[oge2gi ti VGM&&B&B&@” QRGBT 199;5@ réa%@l A fatty ol

icthagplaige 56 P ISO PSR U6 e "f? e SRR
ardT@ymdvigncy Iilda.psa'ated vith the fdlowitg strustilrd, WhereaRds a fatty alkyl chain,
altga%zlptﬁg Yot c{u?rgmgp é%&%&%@o%qgé}sg ?na\ﬂ%&aﬂ @ho? hﬁﬁ’nhﬁ)wn and

con
mygia st b n@itl-gmmwnt At es RS Sptesrl @@aﬂm@ywny@oremmmds

QI&«;(?\ /ﬂ &R /C}M, > ,\ //U
i. Xei\ RON

RCOCH, A~ \C}f{gfﬁ}i{gf}/ O
[6063] Sulfur-containing organomolybdenum compounds may be used and
‘may be prepared by a variety of methods. One method involves reacting a sulfur and
phosphorus-free molybdenum source with an amino group and one or more sulfur
sources. Sulfur sources can include for example, but are not limited to, carbon
disuifide, hydrogen sulfide, sodium sulfide and clemental sulfur. Alternatively, the
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sources include nol ybdenum tri oxi de, anmoni um

nol ybdat e, sodi um nol ybdate and potassi um nol ybdat e.
The ami no groups may be nonoam nes, di am nes, or

pol yam nes. The al cohol groups nay be nono-substituted
al cohols, diols or bis- alcohols, or polyal cohols. As
an exanple, the reaction of diamnes with fatty oils
produces a product containing both am no and al coho

t C t u d
PURREAE iR AT botlbhlh Ay RLprebises M pmacting o suifyr
C%ltﬁﬂfiﬁg momemgcpﬁ@rwh £ apingrgavpaohisee gmvp and optionally
a SRPRDMIssdune! ude the foll ovm ng: (1) Compounds

o2 RS B P GRS Db A SRR
mplobdendm? 59io4i@8, samaindni@61 ,oBdghdate] 5 s@cﬁymeomigbdads potassium
mGlPS@ﬂé e&db%o[ﬁﬁ&ldrﬂ‘ Qxaﬂdé}ydﬁ% AhMb SHAR! {ntdg dnl&)i&’arn%gé/s

amne wt y denum source a escri
dlf‘rﬁmEP Ospol%ﬁunemm ame?iastwl%ﬁ? repadionQf wsbrhiigaup tigFideatith a
sebyndaga @niifg aid piaﬁml diahidigbysedeRn dﬁa@aadneﬁl RitRidbGbamatés.

ate dian d num,

AT o PRl Ry sEhBR ) s TRl AoG0 apa 2
W@Dﬁtﬁ@@ﬂdgh@r@p@ﬁ@ﬁd@pw@a@ta tigpuel edrasutfyr-gintaining molybdenum
dmﬁ&&ﬁg&gkan1ne and a nol ybdenum source as descri bed

in U S _Pat. No. 4,889,647. (5) Conmpounds prepared by
0963t i ng Exapples y ofi [sulfr-coptainifg ¢ |preanpmiolybdenum * compounds
appedring &l patbntani dyeddn apdicatiail thdudeohy fdiowidg: sour ce as
desgair e%%p(%}gld‘é‘] greg?reﬁ%y reactmgn5 1§&n§§17mm§19% Wi rraoge%grgd%ry

pre a sec
ol evienhand caben éesua%giecpésttqsw@d innUUS. Bat. Pips. 3|§©9 051 and
4, 632453502. (7) Conpounds prepared by reacting a diol,

dia n m no- al. cohol co u W t h nol ybdenu
oSyl bieBuft bR reyetias & "olgbdepynsopres v o
Conmpeoenday paejpas edrboy disalfitle,n gn(h dnatatlditiondl , sulfur source as

- monGeaibyl oS, ikl e sam ne, and a_mol ybdenum
‘source as descri bed Pat. No. 6,509,303. (9)

ConfHUFRREp %ﬂébalfe@%rewy rr%%f&flg Adnelybdenpsp helife with a secondary
non@nm{el@ylhamdn alskifide aedeseiiuaiin @), sgPatmbudm,,z%nd a
- ol Y:Bdéﬁ poun rp%‘gpa?gd )F?‘ Srge{cln?lg da Inﬁ)l)%d‘g'ﬁunl? as}ohrclébwifh a basic
nitrogen cornpound 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. S. 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. 7

(8) Compounds prepared by reacting a phenolic compound, an amine and a
molybdenum source with a sulfor source as described in U. 8. Pat. No.
4,466,901,
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6, 528, 463. [0062] Mol ybdenum conpounds prepared by
reacting a fatty oil, diethanolam ne, and a

nol ybdenum source as described in U S. Pat. No.
4,889,647 are sonetinmes illustrated with the
follow ng structure, where Ris a.fatty al kyl chain,
al t hough the exact chem cal conposition of these
naterials is not fully known and nay in fact be

r e r nno b
ComiPlraunang bl 35 Rt ol e Qa0 T AR
or gammmmyb@en@iwbtt@n@oi@nm, 2 yulfursedrearid despgipedan U. S.
prepat 8¢ Byecgoyari ety of nmethods. One nethod involves

reacting a sul fur an re

souf%@ GarERpURFS BEFPHG Baf Eeﬁ fg%agﬁ% %‘rﬁ'ﬂgg’é‘y"&ﬁﬁﬁ?tﬁ palts with
S oumeE gbdebuhfhalides asl de;sesb@ian U.1sc PadBof ©P66%3& | e, but
are t A r ' f.i -
ou (5 ColBubEE, btppEd RO Renclibg M ity By A OB Rude with
Al t enqlghdepanhexacadonyl@s dederibed wdAtSaPai Mg- HBT8Hfenum

co mmr@nﬁwn@se r@ﬁa@&%ﬁ&a&mgrﬁamﬂ Agkafth gtnf Wit molybdenum

thi a%%a%e%aﬁ‘;asgﬁqfnﬁﬁ{“ ndfl o Mg SaBBaBTL Or O Coburce.
[ 0061}) Exappinds poefpagdllf}ureactargjalbhiosmmmamsdiané@.te salts with
ol Bﬁﬁﬁapnﬂﬁgn]ﬁ&gé&aﬁéceka%%ﬁcnﬂép lu%’gc@ PAENJ, 4 Q%5 986

ammoni u ot assi Um )

ol ;ﬁb@a%ﬂpoawés REPPISE HUTRREING 3492 MaeSarahg yith g salkali

MY nikal RARAGKIISSrbanthteadi 1€ SikylOthiupdth MRUIfIe s déRribed in U.

exa th ion of nolybdenumtrioxide with a
?rigat}Noagﬁz%%?%tnd carbon disul fi de produces

mol )Eb’ﬂeﬁmrp@mﬁhlmddabﬁatr@&fmg Antestenayriagisl yithtgdiamine, a
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with a tetral kyl thiuram disul fide, produces
&ar sul fur-cont ai ni ng nol ybdenum
dit hl&)a&rﬂqmmﬁ.epre[)zﬂ%b'}' réacting e alkefi nsudl fdinlloddirtiadiarbangte

org %\H&”P MPI%?%:HB&@O A Uﬁ'&ﬁé’vge@ﬁyp ﬁ?;g;{b'&gndnﬁ‘ trﬂgtﬁ(%n LS ddfibed

pat ent lons | nc I 'oW ng:
Un@ FHrp & d8B% reacti ng ol ybdenum tri oxi de

[omasq h a SefyiiRhYn diderbamdtes ahd0Be dilssaafeddsy @& following
Strgcets,r%ri bed in U S Pat. Nos. 3,509,051 and 3, 356, 702.

R‘N WE! - \:»Ef %-««P “"R
Q\ /L L% ahanty

R X R
where R is an alkyl group containing 4 to 18 carbons or H, and X is O or S.
[0067] Glycerides may also be used alone or in combination with other
friction modifiers. Suitable glycerides include glycerides of the formula:

(i“,Hg—'— OR
(IZH---OR
CH,—OR
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(2) Conpounds prepared by reacting a sulfur-free

nol ybdenum source with a secondary am ne, carbon

di sul fide, and an additional sulfur source as
described in U S. Pat. No. 4,098, 705. (3) Conpounds
prepared by reacting a nol ybdenum halide with a
secondary am ne and carbon disulfide as described in
U S Pat. No. 4,178,258. (4) Conpounds prepared by
E%ai%teac RS 13 g%& alye?lgﬁlg’ryeégt%& (ﬁ%n’y\fhtegr %ﬁélgtmgrﬂft[-f Qrga.e@(O)R'

dr source as
wﬁw R' e be a 4atp@Ed p5 21 unsapEafed iyl gromlzavwfm*ﬂ 32‘8 %3 garyon
atém's;G?E)ga%%lesa&d gl@c&ﬁés 3142? hm£35)3e Goepaonhas preaar ﬁd)nblyiurate
reacti ng anmoni r at hi
glxeareloy %?P"E%Wﬁttﬁu rgy Cﬁré’ FeLars E’étﬁé %l?r Ef’mlsmoﬁfpsgeam?% %hd mono-
gldcetflids ABfved( GhmCompownatsd, prbpar @itl, bycir ewit, i lnglan acid, and

ol efl Nuygsu ]
S D BB RS G St o

the ncelpeﬁpe@rhbgf diglyseniden gnd Frgbyrictides: Skhesg WP‘GH%‘F PSRt é‘e%“teﬁ“al
tothe DASHuGtidH bf B8 Qﬁblﬁm&’ﬁﬁm I’Uénipﬂﬁimﬁn afd glaya i€ il bk uiiore active.

des
ARD AR A BT BB PELBE g Buend i B eCared e ol
toam%l of @ dvsalabhsmitgslo@amunﬁsmm@w@tdupa(@u 3P de 7§émf dhee taéal

n‘pﬁ Qfe ﬂm ééndgs régfi‘ésemw by the 488vE Cdrmule/ afegﬂydro en). A
(0] reactlng a trlgl cerl 03&1&&

unds par e
prﬁferqeé@b}ﬁeﬁ‘%dﬁrﬁb’&ﬁfe man?ﬂ%?%d%ﬂmss%s&?@ EW&“%? gy ¢
ariOHL d PrefifesdRE¢Ed @M oleiv 4did, and gliyadrol. No. 4 765, 918. (10)
Conpounds prepared by reacting al kal i met al
al kyl t hi oxanthate salts with nolybdenum halides as
- Addisondl Wdditives U. S. Pat. No. 4,966,719. (11) Conpounds

[oRkgPar ed i rigRislbd gse@ec‘i:e%t ek Yths hgrUﬁIﬁrﬁoﬂhSthﬂgf Idﬂend‘ﬂub:iic
nol ybdenum hex;:\car bo iﬂ(}escrl

p(&y‘@?@uq@&e pe oS alger e B%lpfgﬂ/agv eng é)élfilll(hisg and anionic
alRylkylfouic xeitt Magbeausait h nol ybdenum hexacar bonyl as

[tﬂgﬁcr ! bedA Etﬁalpamémt Bak dﬁrm fﬁn?g&n nt 141333936 AP AURdSble

prepared reacti ng al aIk [?&HIG salts ¢
deppylsifyieg Pﬁwwaréﬁa ﬁ?%bffdama“é’eé%%?%sslﬁ g FoRpoRen
mBEpbe odincd b9 9&ciBan 41EnCRIROWIE a0 ad@.mabhxdmbqf by reacting a
'blrs-ee%gmde \gmﬁ a po)y%yg/b ric c]:'c?ho? H%Qe &‘érﬁtﬁmﬁgr hﬁl ﬂc used at a level not

_exceeding 0.1 mass % active ingredient. A treat rate of 0.001 to 0.05 mass % active

ingredient is convenient.
[0070} Pour point depressants, otherwise known as lube oil flow improvers,
lower the minimum temperature at which the fluid will flow or can be poured. Such
_addifives are well known. Typical of those additives which improve the low
temperature fluidity of the fluid are Cg to Cis dialkyl fumarate/vinyl acetate
copolymers, polyalkylmethacrylates and the like.
[0071}] Foam control can be provided by many compounds including an
antifoamant of the polysiloxane type, for example, silicone oil or polydimethyl
siloxane.
[0072] Seal swell agents, as described, for example, in U.S. Patent Nos.
3,794,081 and 4,029,587, may also be used.
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met al dial kyl di t hi ocarbamate or tetral kyl thiuram

di sulfide as described in U S, Pat. No. 6,232, 276.
(15) Conpounds prepared by reacting an ester or acid
with a diamne, a nolybdenum source and carbon

di sul fide as described in U S. Pat. No. 6, 103, 674.
(16) Conpounds prepared by reacting an al kali netal
di al kyl di t hi ocarbanate w th 3-chl oropropi onic acid,

l l d 1 O a e
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~ti an al k
[04\44?18 ca? Bgabée VISCI(-)lSI anntru"0 8 0% olg%o%%glg %ﬁ% ESLTH r des
cthybgpeal sod bepiesBdnal omd orhlghﬁr c ot areleiien V\P‘?llvimeﬁhh@lflates,
pof)rall&iriugﬂadm%i ' &%&ac@%&é %Qﬁ%ﬁ%&%c%@ﬁqﬁﬁerh ned Wil Gunsaturated

yceri des of ornu

W&lﬁ agig @pd Pz‘?‘%’ F%@%@ﬁd@mfp%w%fﬁ é’éf%enf raaﬁgﬁ'z fﬁgResfefS’
and rpatpile dnsliaiehated obpdiiraad JE(Brbhe/isoreree sfRrenefptddena and

T T e T e
ang)isonpzsae| andisonrene/ @Wyzlémenm nol aurate, gl ycerol

,[ommowr i Fhﬁ&i%nai&lgd’ C @lefin rBBB&@ﬂl'efE‘ ti8dte ,m#y YE@T @ed include
an non

st ear 0 erid
i GReBRES Sora R MRoRErtE SERh it Befe i A GRE mepgper
suetngs mileivainbydrizieaod den dByipatizall wéthramsr@hal or amine. Other such
j {
e e b e
cOmpPEIdsal s are not detrimental to the producti on of
[o078¢ ol yBagnoMihe cﬂsqagcumgiaddlawi an imadf BOised @t Adietionally

e egtlvg arrﬁ)unm 1mpaé {hc (f%SlrercflIe)?roPera%f t{) heigl ?rcan Mr gg%}npl?

if aohesldisivaiis am@smntlelybmm% finatignally effgative %nnpslgtr@ g corrosion
mf(lbltcﬁ' word® bk Qi M6k sﬁﬂ%xetnf-’ttcﬁkmpﬁ o QdBBeOfortdd®n inhibition
| cheﬁ'ﬁ Clgséjilgg )etg t}r&g plrugr?c%rl]l% ed Xcral tgeb %\él?cegggtﬁll gf ae:rac of these
_additives, when used, ranges up to about 20% by weight based on the weight of the
iubricating 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.
[0077] The metal-containing nanoparticles may be added directly to the
Iubricating oil composition. In one embodiment, however, the nanoparticles are
* diluted with a substantially inert, normally liquid organic diluent such as mineral oil,
synthetic oil, naphtha, alkylated (e.g. Cio to Ci3 alkyl) benzene, toluene or xylene to
form an additive concentrate. These concentrates usually contain from about 1% to
about 100% by weight and in one embodiment about 10% to about 90% by weight of

the nanospherical components.
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preferred glyceride is glycerol nonooleate, which is
generally a m xture of nono, di, and tri-glycerides
derived fromoleic acid, and glycerol. Additiona
Addi ti ves [00681 Rust inhibitors selected fromthe
group consi sting of nonionic polyoxyal kyl ene pol yol s
and esters thereof, pol yoxyal kyl ene phenol s, and
anionic alkyl sulfonic acids my be used. [00691 A

pal®ils amount of a denul sifying conponent may be used.
-Aésw tabl e denul sifying conponent, i s descri bed in EP

(08780 500, Bagropilg@ntablei 1oy iusg) it psleting thepegmppaitignss Fedidyes
anBYohRagitbd\@sebed hsitiemay ox sallated fidin aﬁy adﬁlejgmmﬁt at ineahal

d h |
Olgyﬁ’é rnﬁgtr%tﬂelsr%ﬁ?reoefr b["gﬁ OSHF%XI WI t Iflchel(oa & elegter% of d?cgﬁ)%kjﬂlc

ale
aciglec @elyiglygol. andnalsehols, amiwbahnﬂ@ﬁe@h epluding polpbuteneat alkyl

beRbenls, Wdani® esQerQ %f P§®h&1@%&'d¥ epolﬂ's'flgzbﬁéj bfié) tanldsalkylenc oxide

convenj ent. Pour point res ant; rw se. I
PORFRRIR lggermqm@cr&. POquBWf? r?afioilféwg ves| f"f‘i’é”e i {FIRe
hytRXPE ERfups @avt boshi bdifibe byl dsteetfmtioh éﬂhex\tﬁ@non;aemdbmc like.

u e ypi cal of
THe sgﬁtglg%c doiﬁ a%s%q &L% %n%& \fﬁH%i sﬁ[ﬁﬁm C{ l-égn‘per at ur e
09T dity I‘bfurilﬁesef %ilsiieclngecan@galiails @ndgvetictableyils (¢.g., castor oil,
1a1§:luﬁ¥l“)' IR CIRY b@&‘életﬁﬁ eSift Snd GOBOLYINBA, Ssolvent-treated or acid-treated

B %F%Et%\ Shifse 300 sttt S ahd PR Rt
typmt i ditaofblabriciting viscpotyydarived fiven toaper shiaby alemwpﬂmeful base
01I§| ITF? BANE é)ﬂ'tjgpl@gllgﬁlgl'éx% Eﬁ}l(g')@f fab&{t h3%8RFout [lgqggalld%?a{erably

SCrl exanple, 1 n

4%8§ll°§t¢d@0?)§l and 4, 029, 587, may]c al so be
0073
l"ﬁﬁart N M

- anf aBiditivest when whell in Jlaskodht mbe@bnmayreﬂatﬁé in Mable d delow. All the
valudg ﬁste@&e sQled TBWelifit pdblil hEHRG 0B, that is, the VM

~may al so function as dispersants. [0074] Swtabl e
Vi scosity nndlflers are pahyusobutylene copol yners of

r ol ~nhao

et hyl e U.IIA erne—and—h ullrl &t o ol-ef+ S, >

ponnethacry?aP eht pol yal kyl net/hacr g{ys, nguib
DR IgeT yate L,UIJUI yITeT'S; bUpUI YITers o0f _ 96 urrsat Uh L5315

Jok iat %ﬁ’téﬂl“ acTd—and—a vinyr—Tt npuuUu gmrer POTYHELS.0

MUhl DIRENE and acryt T esters,  [antdgRar s gt 0.2 _8.0
ConbhATEIiGEd COpol ymers of - styr,ne/igaguene, 0-2.0
MRV Ry Pt IROBhosHAt 0.1-6.0 0.1-4.0
Metal-containing nanoparticles 0.1-5.0 0.1-3.0
Antifoaming agent 0-5.0 0.001 ~ .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 —16.00 0.25-7.0
Base oil ' balance balance
Total 100 100
[0081] 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.
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I soprene/ but adi ene, as well as the partially

hydr ogenat ed honopol yners of butadi ene and isoprene
and i soprene/ divinyl benzene. [0075] Functionalized
ol efin copolynmers that may be used i ncl ude

i nterpol yners of ethylene and propyl ene which are
grafted with an active nononer such as naleic
anhydride and then derivatized with an al cohol or

an ne. S CORRLNORLPCERENSRRRIL RS > of

et hyl ene anu pr Opy & W CT&are th nj trogen
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baséd on the lubricatin
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d1ﬂTBM1OB€boﬁﬂﬂﬁdi thiat ﬁ&‘ddpyxﬁblés tolf @rystalllptel @@ituinngxidd tvere produced.

onpos,. ti g In o 0 n e
U, FRERRI BF nd ey SHROE T Bhuc 1P UBH Hanobldfys which from
extmombn y'f meoahsmyp@ aﬁgecmdncmgé it band ehp af 3§ 46 perifirping that
m&m&&%dl&; 1Rt o AR RR1csdnkY b dhRchdi&sg. Cl0 to C13

al kyl ) benzene, toluene or xylene to forman additive
concentrate These concentrates usually contaln from

[0 Od' me’f‘ﬁe ﬁ)ki’lg% I%&&écﬁrgéjﬁseQQJ‘bmﬁqung Qﬁ (f)f mB@ﬁsmm

nahospheri cal onent Base Lz Base
ancbmagg@metoam@wara@@s i Aleylaming @25t hEosrisband |-dhek
of g atcidv(esm elg) waaRel lirﬁi &StdBB:S\fb@Sebﬂﬁt #ey girredmny hbsted in

o 1R o o R BT P it o e i B0 Bl o Bikipcor
maggdsis agftatgi &l%cmm)canda@iadganep@laywy @edtenagin ¢0.34 gramS) .
po@h&%l Rided Qh¥er digheusOdtfibd i theHokitd hitadi@ty BrovRRES clear

[ ky benzenes, organic est rs. of phosphori ¢ acids t
solgigt T SOBIER s BT O RGH el GRITHES. AJIey FRigrOWaving the
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[0084]} The Mgo.sMno 70 nanoparticles made by the foregoing process had an
x-ray diffraction pattern as shown in FIG. 1 that indicated that traces of manganese
oxide were included in the MgosMnos0O alloy. The photomicrograph of the
nanoparticles 10 (FIG. 2) showed that the nanoparticles had cube-like structures

similar to manganese oxide particles.
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hydr oxyl groups have been nodified by esterification,
etherification, and the like. The synthetic oils may
al so include the gas to liquid synthetic oils. [00791
Nat ural base oils include animal oils and vegetable
oils (e.qg., castor oil, lard oil), liquid petroleum
oils and hydrorefined, solvent-treated or acid-treated
m neral lubricating oils of the paraffinic, naphthenic
and m xed paraffinic-naphthenic types. Ols of

| ubri catl ng Vi SCOSI ty derived from coal _or shal e are
a_l SOE ) 3 .s- l_;l (1 l_h__‘-_a. "L 2 k0 -,_‘I 4 [ 5 -.' a
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mwateal A@iehthd sologerbwhs chioldsi, 30 pE hiydiogerDtetradhl@odurdte L3Owt.%
soMﬁBfil %ﬂ%&h@ﬁ@ 90151)3'@91*3%[1}6[:&11 Qﬁto Qhél-alﬁyﬂd %aljtlc% tution under

Ant | Friction
VigRseNgsf %“é‘i‘“&)f%f 18 nenﬁes T he syréhﬁb’qeé r‘i‘é‘?ﬂpé’l'“céﬁ% of ﬁ%‘&ﬂ“‘ﬁ’@‘&ﬂ%ﬂ
wdde flodculutdd w:tmetﬁanopwmﬁfge&tande@ﬁﬁﬁ&amtn Olldde. 5. 0 0. 01 -
Vis SI o)
[0 %8 ance baf: ance 3? %Ifmi ?f 11% ;ggﬁ%i%%?ég%f ﬁ%?%%dndn *
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shw ltaertecfhdgs[pgggg d e nﬁ#&g]ﬁa ?? gﬁ‘)”@)éoq d0ped wu%ng%kde particles 14.

Example 4 - Production of CuZnS Nanoalley particles (Reds + Spheres)
{6087] The following procedure was used to produce an alloy of copper and
zinc sulfide nanoparticles having a particle size of less than 5 nanometers. A mixture
of copper xanthate {0.17 grams) and zinc xanthate (0.17 grams) was added to 3 grams
of hexadecylamine (0.012 mols) that was preheated in a hot oil bath to 80-110° C. and -
~ held at that temperature for 15 minutes to form a clear solution. The solution was

then microwaved for 2 minutes with 30 second cycles (10 seconds off and 20 seconds
on). After microwaving the solution, synthesized nanoparticles of coppetr/zinc sulfide

were flocculated with methanol, cemriﬁlged, ‘and redispersed in toluene or

dichloromethane.

[0088] The CuS and ZnS nanoparticles made by the foregoing process had an

x-ray diffraction pattern as shown in FIG 5 that included sulfur atoms. The

" photomicrograph of the nanoparticles 16 (FIG. 6) showed the formation of ordered

aligned rod-like structures arranged in long belts 18, There were also randomly

orders small spherical particles 20 next to the belts.
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100821 The foll ow ng procedure was used to produce
cerium oxi de nanoparticles having a particle size of
| ess than 5 nanoneters. Cerium acetate (I gram
0. 00315 nots) was mixed with 7.5 nL of ol eyl am ne
(0.2279 nots) and 4.33 nL of oleic acid (0.13 nots)
in a suitable vessel. The m xture was heated to 1100 C
and held at that tenperature for 10 minutes to provide
a clear solution of cerj tate w thout
crystalline water in thé‘§6?ﬁ$fon hbxt the, erium
acet at Boyndary Fragtion, L : % i) NARODATIICLE

[0889) adi at EOnhd Q‘dsuomng Q:xarﬁpm mlw ®6uﬂd9,r3p I"fﬂdldmeccﬂ:fﬁctlabd evere

degtngfg.l% %IroagGlg;ugggf)%s:J mﬁ%' d #163 gg}é %{?m%%gw%pgus f1380n
matifiers oF newopagintese "&twbd’uné@’ya‘iwh@ oveffgienls mermmaisueed in a
- hlélh?reqlgén%?%éb%am@ R4 Lig, %tﬂ‘t&{ﬁﬁﬁ@ {ehBEQuce I UHoax] dghe

produ dried qverni under a vacuum_to provide
%@%mlpe Feadlipigis defermyingl qyy the SERR, 418 Shas B3R er s.
"X-ray diffraction confirmed that nanoparticles of
crystalline cerium oxide were produced. UV absorption
of the product showed a peak at 300 nanoneters which
from extrapol ation of the absorption edge indicated a
band gap of 3.6 eV confirm ng that the nanoparticles
have a diameter of less than 5 nanoneters. Exanple 2
Production of Mpo3Mho 70 Nanoal |l ov particles (Cubes +
Spheres) [00831 The follow ng procedure was used to
produce an all oy of magnesi um and manganese oxi de
nanoparticles. Oeylamne (4.25 nt, 0.129 nots) and
1.36 mL of oleic acid (0.04 nots) was mixed in a

sui tabl e vessel that was stirred and heated in a hot
oil bath to 1200 C. and held at that tenperature for
10 minutes. A mixture of magnesium acetate (0.14
granms) and manganese acetyl acetonate (0.34 grans)
powder was added under vigorous stirring to the am ne
and acid to provide a clear solution. The solution
was then mcrowaved for 15 minutes. After m crowaving
the solution, synthesized nanoparticles of
magnesi um manganese oxide were flocculated wth

et hanol, centrifuged, and redispersed in tol uene.

[ 0084] The Mgo. 3Vho: 70 nanoparticl es made by the
foregoing process had an x-ray diffraction pattern as
shown in FIG 1 that: indicated that traces of
manganese oxi de were included in the Mo. 3VWho. 70

all oy. The photoni crograph of the nanoparticles 10
(FIG 2) showed that the nanoparticles had cube-like
structures simlar to manganese oxide particles. 22
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Exanpl e 3 - Production of CoFe2O4 Nanoal | ov particles
(Spheres) 100851 The foll ow ng procedure was used to
produce an alloy of cobalt and iron oxide
nanoparticles having a particle size of less than 5
nanoneters. Oeylamne (3.75 nL, 0.114 nots) and 3.6
m. of oleic acid (0.11 nols) was mxed in a suitable
vessel that was stirred and heated in a hot oil bath
to 120 C. and held at thgf;.benperature for 15

mnutes., A mxture of jraon acet | acetanate (() 45
meis) and cobalt acetyl acet mﬁ?’@ldeof 16 gf a’h% duction in
wdef was added under vi gorous|E ing to t'He Ji
and acid to prow de a clear sol Jf&} cle‘ﬁ?é sop %}é‘%
+ han Far 10 m T }
]_“Llnv;‘;llc Oknﬂ%ﬁ O}-r:ly = AR-AeSs A’qu|5ﬁ.\:|_:§‘ r}gl(ié‘i_ \1: . ::\b;{%—‘%’_
%sol utj gﬁ’l:f ?@fﬁr ochllovlYt gc%ig?eé?[ ‘otjggl+n] ﬁcfb;ed [ n?’ /he

32t oy ol 'II'lBrere‘FmP%!'l%{ 7 O T R
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. concentration of the cerium oxide nanoparticles is increased in the mixtures, the

 boundary friction coefficients decrease.

Example 6
Boundary Friction Coefficients of Cerium Oxide Nanoparticles in a PCMQ
[0091] The effectiveness of a reduction in the boundary friction coefficients

for a fully formulated passenger car motor oil (PCMO) containing dispersants,
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23 Exanple 5 Boundary Friction Coefficients of Cerium
Oxi de Nanoparticles [0089] In the foll owm ng exanpl e,
the boundary friction coefficients were determ ned
for a Goup Il base oil and a G oup Il base oi
containing various friction nodifiers or
nanoparticles. The boundary friction coefficients were
neasured in a high frequency reciprocating test rig

de lf'gl:elﬁ 4 a%lox‘cil a%lﬁsm?scg%tgr%e %er]ssﬁgg g(hgt %hn“ "1@{ Yand antifoam

fon coertrcilen erm are shown

agpnts Fedordingto PableTh i nrovidghinghe fatlowingat aplay MB}( forufaied

pAMO filiidot 'c@tﬁalﬁrdd@ftioﬁﬂ ﬂi@t&ﬁ&ée oEaRtdl lc6htSiRing Afric@ O W diflers

Base 130C G ou Base O | 0.154 +/- 0.004 0%

Oﬂ?f@"a&ﬁ“}dlma s"é*‘tﬁff’ lowi g\‘i&"‘e%gl ycerol 0.096 +1- 0.010
37.7 % nonool eate 3 G oWbleB Base G| + 1 w. % ZnS

O —+1=—06-6069-3189% —spheres MERjo Ity i tiont

ﬁ%"’“ﬁé % ZnS 0.106 +1- 0.003 -31. 25;?10&;)33% 5 O PlUlohbvorsus
ase |G| + 1 w. % CeQ2 0.103 Hlepd?rQ0k a83- LG¥up I Base
spherles 6 Goup Il Base G| + 1 woec% CeO2 Ppfi89 +1-

10. 009 PEM® % plates 7 Goup 11| Base+@doo2 P. 1T v % %
0. 127 PviO0r 096 w2 8% gly¥eroll ycer of omuaesioamiel 8 GoUE | |
Base |Ghdnobledtel W. % ZnS 0. 138 H1- 0.001 10{ 4%

3spheri e CN0G lipvt] % ZBSsphdted  + O 0.1W6 +/-%AVAS 0. 176 % 1-

40. 011 BCM@ +0ddst. % ZnS rods 0.104 +/- 0.005 17.5 %
5 PCMO + 0.1 wt. % CeO» spheres 0.086 +/- 0.010 31.7%
T [0092) As shown by the foregoing results, the cerium oxide nanoparticles are

statistically as effective at reducing boundary friction at 0.1 wt.% as glycerol
‘monooleate at 0.25 wit.%. Further the results show that 0.1 wt.% cerium oxide
nanoparticles are more effective for reducing boundary friction coefficients than ZnS
nanoparticles at the same concentration in the PCMO.

[0093] It is expected that formulations containing from about 0.1 to about 5.0
wt.% or more cerium oxide nanoparticles will enable 2 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.
[0094] At numerous places throughout this specification has been made to a
number of U.S. Patents. All such cited documents are expressly mcorporated in full
into this disclosure as if fully set forth herein.

[0095] 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.

[0096] " The patentees do not intend to dedicate any disclosed embodiments to
the publié, and to the extent any disclosed modifications or alterations may not
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10 Goup Il Base Ol + 0.1 w. % CeO2 0.099 +1- 0.002
35.7 % spheres 11 Goup fBase QI +2.0wm.%: 2
0.112+/-0.003 27.3% m xture of CeQ2:2ZnS 12 G oup |
Base Ol + 2.0 wt. %1:1 0.108 +1- 0.002 29. 9%
m xture of CeQ2:2ZnS 13 Goup Il Base Ol + 2.0 w. %
4:1 0.092 +1- 0.003 40.3 % m xture of CeQ2:ZnS [00901
As shown in Table 2, the ceriumoxide particles at 1

W 0 3 -

llt(!f%ﬂy %ahg&ﬁ& i el'-??c‘?’ogne o? a%%? pthgf arg gg%\slé e%l'{S %e N s gr Punder

ﬂuwﬁn@vwe&@ewaﬁeMZns nanopartlcles (Sanples 2 4) At
| oner concentrations, the cerium oxide nanoparticles
(Sanpl e 10) are substantially nore effective at
reduci ng boundary friction coefficients than glycero
nmonool eate and ZnS nanoparticles (Sanples 7-9).
Sanpl es 11-13 show the effects on boundary friction
coefficients for mxtures of nanoparticles. The
results of Sanples 11-13 indicate that as the
concentration of the cerium oxide nanoparticles is
increased in the nmixtures, the boundary friction
coefficients decrease. Exanple 6 Boundary Friction
Coefficients of Cerium Oxi de Nanoparticles in a PCMO
[ 00911 The effectiveness of a reduction in the
boundary friction coefficients for a fully fornul ated
passenger car notor oil (PCMD containing dispersants,
25 detergents, antioxidants, viscosity nmodifiers, pour
poi nt depressants, and antifoam agents according to
Table | is provided in the following Table. The fully
fornmul ated PCMO did not contain additional netal free
or netal-containing friction nodifiers other than as

indicated in the followng table. Table 3 Sanple
Boundary % Reduction in No. Friction Friction versus
Coefficient at Goup Il Base 130C. QG
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PCMO 0.126 +/- 0.002 0% 2 PCMO + 0.25 wm. %
| ycerol 0.078 +/- 0.002 38.1 % nonool eate 3 PCMO +
1 . % ZnS spheres 0.116 +/- 0.004 7.9 % 4 PCMO +
1 % ZnS rods 0.104 +/- 0.005 17.5 % 5 PCMO +
1 % Ce2 s heres 0.086 +/- 0.010 31.7% [00921
As shomn by the foregoing results, the cerium oxide
- nanoparticles are statistically as effective at

whEGY el pkgagundary friction at 0.1 wt.% as gl ycerol
nonool eate at 0.25 wt.%_ Further the results show t hat
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6. The method of claim 1, wherein the amount of metal-containing
nanoparticles in the fully formulated lubricant composition ranges from about 0.1 to

about 2 percent by weight.
7. The method of claim 1, wherein each of A and B is selected from the group

consisting of metals from Groups 1A, 2A, 3A, 4A, 5A, and 6A of the Periodic Table,
transition metals, lanthanides, actinides, and mixtures thereof. '
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What is clainmed is: 1. A nmethod for reducing a
friction coefficient adjacent a |ubricated surface,
conpri sing providing an anount of netal -containing
nanoparticles dispersed in a fully fornul ated

| ubricant conposition containing a base oil of

| ubricating viscosity, and applying the |ubricant
conmposition containing the netal -contai ning

nanopar fh& nRghodt Bf R1FM" | 2GFeldn Rfe |n‘tl=§’z[llc%ﬁ£aﬁﬁlng \WasdakRles
t he. nanopartlcles are rggresented the formul a

Wﬁf‘g&%% de prnepaitisles deving e spherigal |Sl§al§e| ected froma
netal, X is selected fromthe group consisting of

oXyggn ﬂnxgleff’lﬁll fol# redﬁﬁgg cf 'fHEt%on d&ﬁm@lﬂd aﬁeg{ﬁgfee 'ﬂfbncant
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codprls &!onﬁe@ngoﬁle BhARE phrid Wit aGalE YorfnlRRdA86:80anB&fnposition
mhereln n, rti ¢l es. have n average particles .
C%?Pzﬁ‘ﬂga%é}ﬁ%?g ‘?Pgﬁﬁl aties PSPBS“é(b%fg’t a‘&@“‘ﬁﬁlﬂo‘ﬁ@?&a seongalning
_ na“ﬁhparﬂﬂehmﬁmént o @midneelthe Witgioaicneffibhient to beloeat &dtisucdefifaent
| d
ofPHBELE So s Al Moia ¥ ME nlef e hvatlig WA wlrcin e
nangpastieley havR PAcECRES cRATYR TR Gy framepbmit 1 to about 10
nBOMOKE] | H1U SRGAL. . nﬂ@aﬂaﬂ&oar@freﬁﬂe@nmdl byWHIY Efofinula

PR ERie ol o SRTGle e f i gh el FofEme
-groest bagistifig of edyger andundfus) subsdmptscarbummd Jgi‘epresent compositional
_staisﬁlallne&p %&1 Iegemsr mAAPR rldtdr@Rad & 481 HWelwith the proyiso

gulate | ubrj cant conposition ranges up to abou
thf)te‘?t gt oyt s ggcater i@ &thod of claim 1, wherein
- the anmount of netal-contalnlng nanopartlcles in the

010 SR R A RIBEBL LA A0S/ B

~engfnec| aj m 1, wherein each of A and B |s sel ected from
_ the group conS|st|ng of netals fron1C}oups 1A, 2A
A, 5A .a of t iodic T t.ransiti
et A< ToF RIS SRR Oy tPrisioght S0n OFPSriin 0f ReobReles
in #g Blly TimeulhmedHotHot @ingiowitibn radges @i to abbng 5 percent by weight.
nmet al - cont ai ni ng nanoparticles conprise cerium oxide
nanoparticles having a spherical shape. 9. A nmet hod of
red dg dge Bethod of i dowhsipin the pmeynt ghccsivgh rdds panepaLsles
in €enfllg fdrinhtddUnbi@nOgRipdbition rageafof ABOW®. CRMNLBAIT fifcent

bytle?e‘:i‘gﬁtUb” cant conposition,

13. The method of claim 9, wherein each of A and B is selected from the
group consisting of metals from Groups 1A, 2A, 3A, 4A, 5A, and 6A of the Periodic

Table, transition metals, lanthanides, actinides, and mixtures thereof.

14, A method of for reducing wear between moving parts using a lubricating
oil, the method comprising using as the lubricating oil for one or more moving parts a
lubricant composition containing a base oil, and an oil additive package including a

wear reducing agent, wherein the wear reducing agent comprises dispersed metal-
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conprising contacting the engine parts with a fully
formul ated | ubricant conposition conprising a base
oil of lubricating viscosity and an anmount of

net al - contai ning nanoparticles sufficient to reduce
the friction coefficient to below a friction
coefficient of a lubricant conposition devoid of the
net al - cont ai ni ng nanoparticles, wherein the

cPBAREL L o RO YRR LGB, R GO
B iy prdprsad frelmes mghad X dppededert &dm thy erave doppigtinggof oxygen and
su(ﬁﬁﬁ)@ﬁ({s 9%, aline &@dr&eﬁ%&pe&u&m Etoicaloﬁ%l@catna@aéﬂm 8nd

is sel cted froF1 HE nS|st|ng

n b*x%%tﬁf Hirg g Lﬂq]f‘ to zTpgUpt tb“f Br Rat i dedt PRHP §’e?ﬂd n is
gregerp dsint z@naland sWhereim dmequntabﬂ eacprriddlesni@mntle ntubscant

. t i -
coBBRHER oh8lhnp oEAUS pek RnfAL Dot P P BHLA sorhliRiion

met hod of claim9, wherein the englne conprises a

he aVi)ﬁ dut Ynetlic@ ¥ lclaiBNG] Wkoreih the hBANEBARQB MY sChdliRk Parts

fa nelln the anount of cerium oxi de nanoparticles 1In

OPR&"§UT1y fornul ated |ubricant conmposition ranges up
to about 5 percent by weight. 12. The nmet hod of cl aim
9, wherfeMmdsu af’fa%ﬁ 1§fwﬁé°r£1h%ﬂé it w%@i%@d%&rffoh‘f"th%sg;b%

the fully formul ated. I ubricant comp05|t|on ranges
“%HﬁﬂﬂﬁQ§af°F8“§%6%ﬁmﬁmB€F@éﬁPn %§Mﬁé@e%@ne&%neThe
nethod of claim9, mhereln each of A and B is selected

fro |st| g f net s f.rom
| %&i%%ﬁ\gd S { r| 5 gn%me .lm%?}’u?es an néémal
wmbaﬁ@mtqnswe ri@mlgsa cn&akqaiaramddwgere@cm dittisgtingapid] comprises a
crdhik¥dst bR prdsB i Ofe-crabfteasboMBl RRgnQ for reduci ng wear
bet ween moving parts using a Tubricating oil, the

nmet hod conprising using as the |ubricating oil for one
or ABr elheouethed picksn d4, hireincthn tlutg@athos dil icomprises a drive

' traﬁgﬂtn%am Pst RASGIRY t}am mdveﬂfﬁleoédnta ehol {he\éﬁ%IEQC kage

including a wear reducing agent erern e wear
reduci ng agent conpri ses dlspersed netal - 29
contau mha@emaw epaaim [V Q&eﬁ@@ﬂﬁ&ﬁdﬁf ﬁdutﬂﬁg hé}ﬂt fs@ﬁ’éﬁﬁﬂlt&n the

h. I
iubg'lb‘?zltrgon?g)om ion eitragnc?% te aﬁmg]ttl%eﬁgr OB?Jut %e ?‘H gﬁj B?rcenrp by

“eﬁwygen and sulfur, subscripts a, b, and x repr esent
conposi tional stoichionetry, and each of mand nis

greate tha ual ero with the proviso that at
| eaz{’ Shsmsthohos Al 14’ Wheg?la Sheeyear ﬁ%qﬁw&lg@gent an average

pantibierséze martgivey ﬁnmabdsutdfto alsowd P hirdopdeess.i N t he | ubri cant
conposition ranges up to about 5 percent by wei ght of

the_total |ubricant, conposition.
21. A lubricant composmon comprising:

a base oil of lubricating viscosity; and
o a boundary friction reducing amount of self-dispersing metal-
containing nanoparticles dspersed in the base oil, wherein the nanoparticles
have an average particles size ranging from about 1 to about 10 nanometers
and are represented by the formula (A,)m(Bu)nXy, wherein each of A, B is
selected from a metal, X is selected from the group consisting of oxygen and
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15. The nethod of claim 14, wherein the noving parts
conprise noving parts of an engine. 16. The nethod of
claim15, wherein the engine is selected fromthe

group consisting of a conpression ignition engine and
a spark ignition engine. 17. The method of claim 15,
wherein the engine includes an internal conbustion
engi ne having a crankcase and wherein the lubricating
oi | SOMRIsUBLEPA a, B A Bpecsont! copipBSitidial istbidhidnetry, and each
e TR N R
| ubrincasdtn isresspéantthannzego, dnid wehetqimithe métalacangdiniog @anoparticles
cont g NigGkide e RAGEDS- bokAdary NEicBE REGHEfent bakwtd 4ubricated
wherein th@ wear redu0|ng aqgnt S &fesent in the |

| ubr PeEhtureesie SEleanbaudany THeknR RocHigHgt hef~esbihe dyBispted
0. 1 inetabbmifiiceS opar dhitarldyconmpobigbi .de2éld dihthenBibtabebrddining
.C|aI&%%€mﬁ&Q§reln the wear reducing agent has an

average particle size ranging fromabout 1 to about

10 nanoneters. 21. A lubricant conposition conprising:

a bage ghé rrichmonGRLiPE of IcERASI T Yvheald tRe RRBREI metal-
fri.ction reduci ng anount of_ self-dispersing netal -
cEEHTLE ﬁ‘ia‘f‘ﬂj’aﬁﬁfﬁﬁ FETSES &% s sk darap St‘fPe“’o%?é‘t Ji fercent by
wedgbt.ei n the nanoparticles have an average particles
“size ranging fromabout | to about 10 nanoneters and

are represented by the fornula (Aa)n(Bb)nXx, wherein

each?of The lubricant cogpesitier| of chim 2 lmathgrein shy amewnt &f ragial-
conkdithg REndpaRidRs GPEIsed inGhe VasO¥ly Ihipe@Rdm Hdus 0l1ftdrabout 2
éqgggrhg}ﬁ a, b, and x represent conpositional
ps?0|é%|oﬁé%ry, and each of mand n is greater than or
~equal to zero with the proviso that at | east one of

in and Mhi SutHER! &molRidn 28T QainP B WHEER! Melfl&al-containing

net al.- cont ai hi ng nanoparticles are effective to
D0 ARATE E e PR R r et oRORAGEAIES haviog e sperigabthape-

| ubricated netal surfaces to bel ow a boundary

fricl 4 Ci ubr 4

sur et SRFbR) b SRR BTG § B acouns
sohdiog | of cuping il mgeanim Adfarbpginetie sputiohie iragiated dnt 2 high
fr&@BRYStibdtdaghetie] Ritichl sodbte L pidvidd QiR BRP&EEbRS nzﬁiﬁtﬁﬁcles

ha?/%%; ag Issﬂhsgg}u%ﬁg glgﬁ%}rzlg C%gﬁ?c&% ir§s e g{?lslgelglg | 1901}1 haﬁ: 011019 Sle too ia out 10

nanometers.

26. The oil dispersible cerium oxide nanoparticles of claim 25, wherein the
nanoparticles have a shape selected from the group consisting of square plates and

. spherical nanoparticles.
~ 27. The oil dispersible cerium oxide nanoparticles of claim 25, wherein the

organic acid comprises an unsaturated fatty acid containing from about 10 to about 26

carbon atoms.
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wei ght. 23. The lubricant conposition of claim 21,
wherein the anount of netal - containing nanoparticles
di spersed in the base oil ranges fromabout 0.1 to
about 2 percent by weight. 24. The | ubricant
conposition of claim 21, wherein the netal -containing
nanoparticles conprises cerium oxi de nanoparticles
having a spherical shape. 25. Ol dispersible cerium
oXi Oy n"?l‘fbopi@msb&]sﬁ& &E‘?ﬁll“nv&gdg B%Qrt@% oﬁ?' Nafiy 9% a@vﬁerem the
solution of am ne and organic ac erern
ATRIGE GPTBRSSS 4N uppatyplsad @advayarhylrﬁr@ﬁe CHIERIGE Aoy Aot 3 to abou
24etwederagnet i ¢ radi ati on source to provide oi
di spersi bl e nanoparticles having a substantially
uni formparticle size ranging fromabout 1 to about 10
nancifet &hs oil Xspemilde gptdivmliogpler minbbastides p{ipleimx i28ewherein a
mBRNBAALE drkin€ So efgagm%m i3 2he YWBRELAR AN SoRANSRRS tffosi Sout
have a hape selected fromthe group consisting of
1%&%@?’ %Fates and spherical nanoparticles. 27. The
oi | di spersible cerium oxide nanoparticles of claim
25, [ [ e
o o e i bl S8R0 62 el ARG iRl VRl £t
raie phRIngtte gerium acage mnhé ceiipm dretpe selubiprrangss fiem okowS:1
toRBO@AGIIti cl es of claim 25, wherein the am ne
conpri ses an unsaturated hydrocarbyl am ne containing
fromabout 3 to about 24 carbon atons. 29. The oi
di spersi bl e cerium oxi de nanoparticles of claim 25,
wherein a nole ratio of amne to organic acid in the
cerium acetate solution ranges fromabout 1:1 to
about 3:1. 30. The oil soluble cerium oxide
nanoparticles of claim29, wherein a nole ratio of
. amne to.ceriumacetate in the cerium acetate sol ution
ranges from about 5:1 to about 10:1. 32
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