NANOPARTICLE ADDITIVES AND LUBRICANT FORMULATIONS
CONTAINING THE NANOPARTICLE ADDITIVES TECHNICAL FIELD
10001} The embodiments described herein relate to methods for friction
modification and wear reduction using fully formulated lubricants
containing nanoparticles. In particular, oil-soluble nanospherical
components are used in lubricant formulations to reduce friction
coefficients thereof and as wear reducing agents therefor
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vehicles and to decrease emlssmm in vehicle exhausts. Currently, organic friction

modifiers are added to the huibricating oils to increase fuel economy. However, the
ievel of the fuel economy achievable by organic friction modifiers is limited. Fence,
there is a need for alternate methods for achieving improvements in fuel economy.
[0064] One method for increasing fuel economy is to provide lower viscosity
grade lubricating oils. While providing lower viscosity lubricating oils may
dramatically increase fuel coomomy, such lubricating oils may also increase wear.
Wear may be partially reduced by using antiwear agemts such as zinc
dialkyldithioiphosphate (ZDTP). However, ZDDP contains phosphorus and its
decomposition 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.



without further depleting scarce natural resources. 1 [0005] With regard to
the above, exemplary embodiments described herein provide methods for
reducing friction coefficients and wear between lubricated surfaces.
According to a first aspect, there is provided a method for reducing a
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wherein the nanoparticles have an average particle size ranging from about 1 to about 10
nanometers, and wherein the nanoparticies are represented by the formula (Auin(BpleX,, wherein
- each of A, B is selected from a metal, ¥ 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.

[0006a] in another embodiment, there is provided a method of reducing a



sulfur, subscripts a, b, and x represent compositional stoichiometry, and
each of in and n is greater than or equal to zero with the proviso that at
least one of in and n is greater than zero. [0006a] In another embodiment,
there is provided a method of reducing a 2 friction coefficient of an engine
%b_rican_t composition during operation of an engine containing the
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.group consisting of oxygen and sulfur, subscripts a, b, and x represent compositional

2a



the total lubricant composition. The metal-eontaining nanoparticles have a
formula of (A.)m(Bb)nXx, 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 2a stoichiometry, and each of m and n
is greater than or equal to zero with the proviso that at least one of to and
n is greater than zero. (0008] According to a fourth aspect, there is
provided a lubricant composition comprising: a base oil of lubricating
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[6009] According to a fifth aspect, there is provided oi] dispersible cerium oxide
nanoparticles derived from a cerium acetate solution of amine and organic acid, wherein the
solution is irradiated by a high frequency electromagnetic radiation source to provide seif-
dispersing nanoparticles in oil having a substantially uniform particle size ranging from about 1 to

about 10 nanometers. Yet another embodiment of the disclosure provides oil dispersible
cerium oxide nanoparticles derived from a cerium acetate solution of amine and
organic acid. The cerium acetste solution is irradiated by a high frequency
electromagnetic radiation source to provide oil dispersible nanoparticles having a
substantially uniform particie size ranging from about 1 to about 10 nanometers.



dispersing nanoparticles in oil having a substantially uniform particle size
ranging from about | to about 10 nanometers. Yet another embodiment of
the disclosure provides oil dispersible cerium oxide nanoparticles derived
from a cerium acetate solution of amine and organic acid. The cerium
acetate solution is irradiated by a high frequency electromagnetic
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metal compounds to the fuel. 3a Other features an vantages of the
methods described herein may be evident by reference to the following
detailed description which is intended to exemplify aspects of the
exemplary embodiments without intending to limit the embodiments
described herein. [0012] It is to be understood that both the foregoing
general description and the following detailed description are exemplary
and explanatory only and are intended to provide further explanation of
the embodiments disclosed and claimed. The phrases "having the
formula" or "have the formula" are intended to be non-
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limiting with respect to nanoparticles or nanoalloy particles described
herein. The formula is given for the purposes of simplification and is
intended to represent mono-, di-, tri-, tetra-, and polymetaliic
nanoparticles. BRIEF DESCRIPTION OF TIIE DRAWINGS [00131 FIG. 1
is an x-ray diffraction pattern of nanoalloy particles according to a first
embodiment of the disclosure; [0014] FIG. 2 is photomicrograph of the
nanoalloy particles according to the first embodiment of the disclosure;
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a second embodiment of the disclosure;

[6016] FIG. 4 is photomicrograph of the nanoalioy particles according to the
second embodiment of the disclosure;

[6017] FIG 5 is an x-ray diffraction pattern of nanoalloy particles according to
a third embodiment of the disclosure; and

[oe18] FIG 6 is photomicrograph of the nanocalloy pamcles according to the
third embodirmnent of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS _
[6019] 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 to an extent sufficient to exert their
intendeg effect in the environment in which the oil is employed. Moreover, the
additione! incorporation of other additives may also permit incorporation of higher



the remainder of the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include: (1) hydrocarbon
substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.qg.,
eyeloallcyl, eyeloallcenyl) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule
(e.g., two substituents together form an alicyclic radical); (2) substituted
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the métal-doteamsingtinamepatticlesmaybbétsslectedirom @ibupsan2As
3A, 4"}»{&5&:@1@1@]\ @"dﬂo@arbon' character, in the context of this description,
contain other than carbon in a ring or chain otherwise composed of carbon
étcms. Hetero-atoms include sulfur, oxygen, nitrogen, and encompass
substituents such as pyridyl, furvl, thienyl and imidazolyl. In general, no more
than two, preferably no more than one, non-hydrocarbon substituent will be
present for every ten carbon atoms in the hydrocarbyl group; typicaily; there
will be no non-hydrocarbon substituents in the hydrocarbyl group.
0021} The metal-containing nanoparticles described herein have =&
substantiaily uniform size and shape, and may be represented by the formula
CAudm{Boinsty, wherein each of A and B is selected from a metal, X is selected from
‘the group comsisting 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 lmited to one or two metal sulfides or oxides, but may
include additional metals as alioying or doping agents in the formula. |



Periodic Table, transition metals, lanthanides, actinides, and mixtures
thereof. Representative metals include, but are not limited to, titanium,
zirconium, hafnium, thorium, germanium, tin, niobium, tantalum,
molybdenum, tungsten, uranium, cerium, the rare earth metals, copper,
beryllium, zinc, cadmium, mercury, aluminum, yttrium, gallium, indium,
lanthanum, manganese, iron, cobalt, nickel, calcium, magnesium,
strontium, and barium. [0023] The metal-containing nanoparticles
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[0[}25] In the first step of the process, one or more metal-organic compounds

are digssolved in a hydrocarbyl component that is compatible with oils and
hydrocarbon solvents. A suitable hydrocarbyl component is an amine or a mixture of
amine and grganic acid. 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 formula RNH; in which R is an
unsaturated hydrocarbyl 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 be employed include hexadecylaﬁﬁnc, oleylamine, sallylamine,
furfurylamine, and the like.




6 [0026] When used, the organic acid may be selected from unsaturated
fatty acids containing from about 10 to about 26 carbon atoms. Suitable
organic acids include, but are not limited to, oleic acid, enicic acid,
palmitoleic acid, myristoleic acid, linoleic acid, linolenic acid, elaeosteric
acid, arachidonic acid and/or ricinoleic acid. Fatty acid mixtures and
fractions obtained from natural fats and oils, for example peanut oil fatty
acid, fish oil fatty acid, linseed oll fatty acid, palm oil fatty acid, rapeseed
{oiXeitty acidwicinaleig, ell-fatpardicidsicastor vl fatiyarivhealzsaiadkattity
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{(}9291 Upon heating the solution, a substantially clear solution of metal
organic compound in the hydrocarbyl component is obtained. The clear solution is
then irradiated for a period of time using 2 high frequency electromagnetic radiation
source to provide stabilized metal-containing nanecparticles in the hydrocarbyl
component. A suitable high frequency eclectromagnetic radiation source is a
microwave radiation source providing electromagnetic radiation with wavelengths
ranging from about | millimeter to about 1 meter corresponding to frequencies from
about 300 GHz to about 300 MHz, respectively. A more suitable frequency range for
the electromagnetic radiation ranges from about 0.4 GHz to about 40 GHz. A
particularly suitable frequency range is from about 0.7 GHz to about 24 GHz, The
irradiation step may be conducted for a period of time ranging from about 10 seconds
0 sbout 50 minutes depending on the volume of reactants present in the reaction

mixture.



particularly suitable frequency range is from about 0.7 GHz to about 24

GHz. The irradiation step may be conducted for a period of time ranging
from about 10 seconds to about 50 minutes depending on the volume of
reactants present in the reaction mixture. 7 [0030] Without being bound
by theoretical considerations, it is believed that irradiation of the solution
rapidly decomposes the metal-organic compound to produce metal ions
which are then coordinated with the hydrocarbyl component to form
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suitable zlcohol is ethanol.

[6033] The size and shape of metal-containing nanoparticles produced by the
foregoing process depends on the amount of hydrocarbyl component, and heating
time used to provide dispersible metal-containing nanoparticles.

{9634} The particle size of the metal-containing nanoparticles may be
determined by examining & sample of the particies using TEM (transmission electron
microscopy), visually evaluating the grain size and calculating an average grain size
therefrom. The particles may have varying particle size due to the very fine grains
aggregating or cohering together. However, the particles produced by the foregoing
process are typically corystalline nanoparticles having a uniform particle size that is
substantially in the range of from 1 to 10 nanometers.

[B035] In one exemplary embodiment, cerium oxide nanoparticles having
spherical or plate-like shapes and an average size ranging from about 1 to about 10



determined by examining a sample of the particles using TEM
(transmission electron microscopy), visually evaluating the grain size and
calculating an average grain size therefrom. The particles may have
varying particle size due to the very fine grains aggregating or cohering
together. However, the particles produced by the foregoing process are
typically crystalline nanoparticles having a uniform particle size that is
substantially in the range of from 1 to 10 nanometers. [0035J In one
exemplasyrembedimant, tasuanaxdeipanopaticlishaving sphecical oy
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tgnetal-contalnlng nanoparticles may be a directly to a fini
& g nanoparticles may” be added direcily to a finished

metal-contaimni el or
lubricating oil cornposition. In one embodiment, however, the metal-contzining
nanoparticles are diluted with a substantially inert, normaliy lguid organic diluent
© such a8 mineral oil, synthetic oil (e.g., ester of dicarboxylic acid), naptha, alkylated
(e.g.. Cio —Cy; alkyl) benzene, toluene or xylene to form an additive concentrate. The
additive concentrates may contain from about 0% to about 99% by weight diluent oil
- and the metal-containing nanoparticles .

[0838] In the preparation 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 concentrates may be added to a lubricating oil with =
dispersant/inhibitor (DI) additive package and viscosity index (VI) improvers

containing 0.0G1 to 50 paris by weight of tubricating oil per part by weight of the DI



lubricating oil composition. In one embodiment, however, the
metal-containing nanoparticles are 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., Cio -Cna alkyl) benzene,
toluene or xylene to form an additive concentrate. The additive
concentrates may contain from about 0% to about 99% by weight diluent
oil and the metal-containing nanopatrticles . [00381 In the preparation of
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?h’ééilg& A fluids, and the like. Suc nanopamcies may be
'ieffectwe 1¢] reduce friction coefficient and wear.
(0641} The nanoparticles may be present in an amount of up to about 5 wt% in
a fully formulated lubricant composition. As another example, the nanoparticles may
e present in an amount of about 0.1 to about 5 wit%t in 2 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% in a fully formulated lubricant composition.

Dispersant Components
180421 © Inspersants contained in the DI package include, but are not limited to,

an oil soluble polymeric hydrocarbor 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 moicties attached to the

10



automobile and track engines, marine and railroad diesel engines, and the
like. [00401 The metal-containing nanoparticles 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. [00411 The nanoparticles may be present in an amount of up to
about 5 wt% in a fully formulated lubricant composition. As another
xampledienasnparticlesmaynpeptpseDiipaanamamn el abotskiOshdo
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alcohol,’amidé, of ester polar moieties attached to the 10 polymer
backbone often via a brldglng group. Dispersants may be selected from
CrddaticnlehérorGomeerenisscribed in U.S. Pat Nos. 3,697,574 and
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the oducts of oxidation such as s varnish-li 05|ts that
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dwurirgCs to C12 alkyl side chains, sulfurized alkylphenols, metal salts of

Geihgr sulfuriged. o nonskiiwriaed alkvPBenolss Al RAMRIE ST W dered

. phenols and diarylamines, allylated phenothiazines, sulfurized compounds, and

ashless dialkyldithiocarbamates. Non-limiting examples of sterically hindered
phenols inciude, but are not limited o, 2.6-di-tertiary butylphenol, 2.6 di-tertiary butyl
methylphenol, 4-ethyl-2,6-di-tertiary butylphenal, 4-propyi-2,6-di-tertiary
butyiphenol, 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 butyiphenol,  4-(2-
- ethylbexyl}-2,6-di-tertiary butviphenol, 4-octyl-2,6-di-tertiary butylphenol, 4-nonyvl-
. 2,6-di-tertiary butylpbenol, 4-decyl-2,6-di-tertiary butylphenol, 4-undecyl-2,6-di-
tertiary butylphenol, 4-dodecyl-2,6-di-tertiary butyiphenol, methylene bridged
sterically hindered phenols including but not limited to 4,4-methylenebis(é-tert-butyl-
o-cresol), 4. 4-methylenebis(2-tert-amyl-o-cresol), 2,2-methylenebis(4-methyl-6 tert-
butyiphenol, 4.4-methylene-bis(2,6-di-tert-butyiphenol) and mixtures thereof as
_described in U.S Publication No. 2004/0266630.
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nonylphenol sulfide, ashlessonsoluble phenatés and sulf rized phenate‘s,mm N

phosphosulfurized or sulfurized hydrocarbons, phosphorus esters, metal
thiocarbamates, and oil soluble copper compounds as described in U.S.
Pat. No. 4,867,890. [00441 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,
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4-hexyl-2,6-di-tertiary butylphenol,*d-heptyl-2,6-di-tertiary butylphenol,
4-(2- ethylhexyl)—2,6-di-tertiar¥{but phegol, 4-octyl-2,6-di-tertiary
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preferably from 4 to 18 carbon

well as two arvls on one of the nitrogen atoms.

[0048) Examples of diarylamines that may be used include, but are not limited
to: diphenylamine; various alkylated diphenylamines; 3-hydrexydiphenylamine; N-
phenyl-1,2-phenyienediamine; N-phenyi-1,4-phenylenediamine; monobutyldiphenyi-
‘amine; dibutyldiphenylamine; monooctyldiphenyiamine;, dioctyidiphenyiamine; -
monononyldiphenylamine; -dinonyidiphenylamine; monotetradecyidiphenylamine;
ditetradecyldiphenylamine, phenyl-alpha-naphthylamine; monooctyl phenyl-alpha-
naphthylamine; phenyl-beta-naphthylamine; monoheptyidiphenylamine; diheptyl-
diphenylamine; p-oriented styrenated diphenylamine; mixed butyloctyldi-
phenylamine; and mixed octylstyryidiphenylamine,

[G049] Anpother class of aminic antoxidants inciudes phenothiazine or
aikyla}ted phenothiazine having the chemica! formula:
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atoms, most preferably from 4 to 9 carbon atoms. It is desirable that one
or both aryl groups be substituted, e.g. mono-alkylated diphenylamine,
di-alkylated diphenylamine, or mixtures of mono- and di-alkylated
diphenylamines. [0047] The diarylamines 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 nitrogen atoms. [0048] Examples of diarylamines that may be used
include, but are not limited to: dlphenylamlne various alkylated
diphenylamines; 3-hydroxy lnﬁfl\i«\
phenyl-1,2- phenylenedl e} pheny( p%henylenedlamlne

" monobutyldiphenyl- am| ine;

monooctyldlphenylaml a"bctyldl-‘bhenylamln
monononyldlphenylanune dlnonyldlphenylamlné
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en t |a ne, dioctylphenothiazine, mono azi
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| %ﬁw}éﬂﬁﬁﬁ@ﬁsﬁﬁm@f hnasstypylodeapiardeine iwenerized alpha-olefins,

‘branched olefins, cyclic olefing, and combinations of these.

[¢851] Alpba-olefins inciude, but are not limited to, any Cq to Cus alpha-~

olefins. Alpha-olefing may be isomerized before the sulfurization reaction or during
the sulfurization reaction. Structural and/or conformational isomers of the alpha

- olefin that contsin internal double bonds and/or branching may also be wsed. For
example, 1sobutylene is a branched olefin coumnterpart of the alpha-olefin I-butene.

 [8052] Sulfr sources that may be used in the sulfirization reaction of olefins
include: elemental suifur, sulfur monochloride, sulfur dichlioride, sodium sulfide,
sodium polysulfide, and mixtures of these added together or at different stages of the
sﬁlfuﬁzation Process.
{6353) ‘Unsaturated oils, because of their unsaturation, may also be sulfurized
and used as an antioxidant, Examples of oils or fats that may be uged include comn oil,
cancla 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.



100501 The sulfur containing antioxidants include, but are not limited to,
sulf,rrized 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 glmole, are preferred. Examples of olefins that may be used
include alpha-olefins, isomerized alpha-olefins, branched olefins, cyclic
olefins, and combinations of these. [0051] Alpha-olefins include, but are
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from 1 to 16 carbons. Exampies 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, 5,686,367, 5,502,776, 2,786,866; 2,710,872;

2,384,577, 2,897,152; 3,487,222; 3,867.359; and 4,758,362,

[8856] Examples of ashless dithiocarbamates are: Methylenebis-

{dibutyidithiocarbamate}, Ethylenebis{dibutyldithiocarbamate), Isobutyl disulfide-

2,2°-bis(dibutyldithiccarbamate), Dibutyl-N,N-dibutyl-(dithiocarbamyl)succinate, 2-

hydroxypropy! dibutyldithiocarbamate, Butyl(dibutyldithiocarbamylacetate, and S-

carbomethoxy-ethyl-N,N-dibutyl dithiocarbamate. The most desirable ashless

dithiocarbamate is methylenebis(dibutyldithiocarbamate).

[§a57] Zinc dialkyl dithiophosphates (“Zn DPPs”y may also be used in

lubricating oils in addition to the nanospherical components. Zn DDPs have good |

O

\".'i..7

antiwear and antioxidant properties and have been used to pass cam wear tests, such
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are described for example in U.S. Pat. No. 6,599,865. [00551 The ashiess
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,

eyl nﬁm@@?@ﬁ di,té}p%bagaa@ar@&%yﬁa%@i&@ialm@mma&uﬁe elf
a isphutyl disulfide-2,2'-bi Jit rhamate), yalkyl

e e

| im%%%&kémﬁ&?nag?smmmﬁ%wmw REASBRARIEHE,
sarbdlithiotaBamates prepared from epoxides, where the alkyl groups of

rtheglialkyldithiesasbamnaie,sany bieferalkbh haviae fionpduiaid GsearhoRRtion
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.0ils in adglition to the na}%‘nosagggncal components. Zn DDPs have good
imppover, bage oil, or any other aadifive.

ARtWwear and antiokidan properﬁes and have been used to pass cam

- wear tests, such 14 as the Seq. IVA and TU3 Wear Test. Many patents

Eyiditiom peemes and use of Zn DDPs including U.S. Patent Nos.
60807, 401; LR ¥h64%h BFtbHckds 288 MNORoHPHINGGeR esalpéind B: tpes

ARSI ATY - S8 ERNAREY AR MixikLes,Qf BImAn 2Rd, Secandan 4R0RRs
OOSE% L|I§ wise, or%aanomolélgdenutgn containing compounds used as .

SRt e Ve eolvce wilt g’ oramic tompiind cot g Snino

a@%z@qqhol groups. Examples of sulfur- and phosphorus-free molybdenum

sources include molybdenum trioxide, ammonium molybdate, sodium melybdate and
potassium molybdate. The amino groups may be monocamines, diamines, or
polyamines. The alcohol groups may be mono-substituted alcohols, diots or bis-
alcohols, or polyaicohols. 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 phosphoris-free molybdenum source.
{90611 Examples of sulfur- and phogphorus-free  organcmolybdenum
compounds include the following:
(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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describes a combination of organomolybdenum compound,
allcylphenothizine and alkyldiphenylamines for use in finished lubricant
formulations. Examples of suitable molybdenum containing friction
modifiers are described below under friction modifiers, [0059] The
metal-containing nanoparticles 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
contajpning angounalybeparm seniaining additiresarpay hesiptiadizedtor
the finighed. ubrigant. farmulalea.hased QB.oeNER Q1LERGING 18SE:LT No.
modific e?éf?ns of the dispersant, VI improver, base oil, or any other
additive CFfiétion Modifier Components [0060] A sulfur- and
phospRbfissefreds gamstabibtrasing tormpoimitreds ﬁ?&?efﬁétﬁgéﬁoéé%n
additionalfeictionamaodifigicim aljabinprepdreddybrieactingacsdfuiesarigkd n
phosthgulsa{rg@, nmekhaenum source with an organic compound

contaj amino_and/or alcohol groups. E ples ulfu
phosé%%r%:sn??ee r?%% er?gmg séguré%? mc%( T %e%ﬁﬁorﬁ?ﬁ%%lcfn @
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or polyglcohplg4As an example, the reaction of diamines W|th fatty 0|Is

prod roduct contai both amino and alcohol !
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- includ@ xhéofotiowityy rtkp@esdn ppursdstpre paréd . byiredmtingrcentain-Hashol

NitrogeshRIHRONAES Withoaunahdenim sauiee-asLdescribedingg. Sto.
Pat. NOg, 4,359,195 and 4,261,843, 15 ------oeoen - - - - (2) Compounds

prepar y reacting a hydrocarbyl substituted h drox lat ine
with a%m et SOTCE asydé%a&m%m“ PS}“’ 'gl‘f{ % 2%

Compbtntissishareligyane oy s ﬁh@ﬁw‘a&eéﬁ% &8 a@nééﬁ%%‘
‘produ@) Compounds prepared by reacting a fatty acid, mono-alkylated alkylene

diamine, glycerides, and a molybdenum source as described in 1.8, Pat No.
6,528,463,
{6062] Molybdenum  compounds preparsd by reacting a  fatty  oil,

diethanolamine, and a molybdenum source as described in U. 8. 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 lmown and

may in fact be multi-component mixtures of several organomolybdenum compounds.
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{60631 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 sourcss can include for example, but are not limited to, carbon
disulfide, hydrogen sulfide, sodium sulfide and elemental suifur, Alternatively, the
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a mono-allcylated alkylene diamine, and a molybdenum source as
described in U. S. Pat. No. 4,266,945. (4) Compounds prepared by
reacting a fatty oil, diethanolamine, 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- aminoethyl)aminoethanol, and a
molybdenum source as described in U. S. Pat. No. 5,137,647. (6)
Compounds prepared. by reacting a secondary amine with a molybdenum

SOUFCRASAES SHBEA APl SR BN - H2§98:2 58,04 COMPAUAKS Premared
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6fine, andamabsbdenlim- soddeahdesdietdybdSuRabiNes include
1@0@3:%63%3} &%pr%ﬁ@% iﬂﬁ?pa{&%ﬁtgga@m&éﬂ fq;ﬁ%ﬁﬁigrﬁ, potassium
-alkylate nine, glycerides, and a molybdenum source
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sbenetitts ilustated wittvhig,fabesyvingEioic e mhereRuigactatty alkyl

SheineAlthaughhesxasichemical cempositionaf 1@8&%‘5&?&%@4@&%&3{

Jgg%égggvn and may in fact be multi-component mixtures of several

or anomtcr)’ﬁ/tﬁdenum compounds. RCN CIR [00631 Sulfur-containing
@Pgéhomolyﬁdé‘ﬁﬁﬁf' cAthp SUIESCATE S U SEEE 2N RYAPBEPrefRiFeeMBca
apgrictyOhprthbdedQaenirethiodtinvoives detietifodjevsrgdfur and
phosphPILsTiFe RARHRIUED SQLER WtR BH:ARMNG G RN QRS Mary

more r . ourc include fo | _
jimite %%ﬁ@?@%?&?ﬁ%%%ﬁ%ﬁ%ﬁ%a%f*%-oéi gt St

elemeérita ‘suﬁUr. Alternatively, the 16 sulfur-containing molybdenum

Comp&)r@w ﬁF@?ﬁFédeyaﬁég@ﬁ ﬁ@lﬁfg‘m molybdenum source with a

secondary amine, carbon disulfide, and an additional sulfur source as
described in 1.5, 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. 4,178,25 g

(4} Compounds prepared by reacting & molybdenum source with & basic
nittogen compound and a sulfur source as described in IJ. S. Pat. Nos.
4,263,152, 4,265,773, 4,272,387, 4,285,822, 4,369,119, and 4,395,343.

&} Compozmds prepared by reacting ammonium tetraﬂiiamolybdaté with a
basic nitrogen compound as described in U, 8. Pat. No. 4,283,295,

(6) Compounds prepared by reacting an olefin, sulfir, an amine and a

- molybdenum source as deseribed in U. §. Pat. No. 4,362,633,

(7) Compounds prepared by reacting ammonium fetrathiomolybdate with a
basic nitregen compound and an organic sulfur source as described in U. .
Pat. No. 4,402,840, ,

(8) Compounds prepared by reacting a phenolic compound, an amine and a
molybdenum source with & sulfur source as described in U. S. Pat. No.
4,466,901,
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containing molybdenum source with an amino group or thiuram group and
optionally a second sulfur source. [00641 Examples of sulfur- and
phosphorus-free molybdenum sources include molybdenum trioxide,
ammonium molybdate, sodium molybdate, potassium molybdate, and
molybdenum halides. The amino groups may be monoamines, diamines,
or polyamines. As an example, the reaction of molybdenum trioxide with a
secondary amine and carbon disulfide produces molybdenum

d'th'O@fm@&dﬁlg%gme'xzyﬂ}@amgﬂgn Qa‘g( @M93§J§cn%@m
where n varle% betwgri% 0 and 2,
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(5) Compoduntly gigparetdnere actiglin thbnmumdietHidsi omlydothadciwith
a. basieaitregeneompound as described in U. S. Pat. No. 4,283,295. (6)
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molybdenum s described In U.”S
Com%ﬁﬁh@cﬁ?@pﬁ?ﬁ%ﬁgaﬁm&%ﬁﬁ@ﬂﬁjﬁftgﬁﬁﬂhﬁ%ﬁ’lygd

basic hiPégét compound and an organic sulfur source as described in U.

S. Pdt.aNCodyldB48=(8)-C ompavidsprearecdyl akiintisiqhdalic:

COMPRHAG.-HIAGBIBEISNE &id, followed by molybdenum trioxide, as described
in U. S, Pat. No. 6,117,826.

[6066] Meolvbdenam _dithiocarbamates may be illusirated by the following
structure,
» S X ot
R i/ NG iR
NMQ e e B g .\ /ﬁe‘ffsww‘%*w{ "‘““l\
R R

where R is an alkyl group containing 4 1o 18 carbons or H, and X is G or S.
[E067] Glycerides may also be used ajone or in combination with other
friction modifiers. Suitable glycerides include glycerides of the formula:

CHy—OR
C!?HWOR

-CHQ"‘"‘ CR
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molybdenum source with a sulfur source as described in U. S. Pat. No.
4,466,901. 17 (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
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- Additional Additives
{0063! Rust inhibitors selected from the group consisting of noniomic
polyoxyalkylene polyols and esters thereof, polyoxyalkylene phenols, and anionic
alieyl sulfonic acids may be used.
{6069] 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 reaciing a
'bisweijoxide with 2 polyhydric alcohol. The demulsifier should be used at a level not
. exceeding 0.1 mass % active ingredient. A treat rate of 6.001 to 0.05 mass % active
ingredient is convenient.
16670] 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
. additives are well known. Typical of those additives which improve the low
temperature fluidity of the fluid are Cg to Cjg dialkyl fumarate/vinyl acetate

copolymers, polyalkylmethacrylates and the like.

J6a7i] Foam conirol can be provided by many -compounds including an
antifoamant of the polysiloxane type, for example, silicone oif or polydimethyl
. siloxane.

[0872Z] 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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[00671 Glycerides may also be used alone or in combination with other
friction modifiers. Suitable glycerides include glycerides of the formula: 1
H2 OR C CH-OR | CH2-OR 18 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.
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mass % active Ingredient is convenient,

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 o the lubricant, Generally, the concentration of sach of these
additives, when usad, ranges up to about 20% by weight based on the weight of the
iubricating oil composition, and i 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.

o677 The metal-containing nanoparticles may be added directly to the
iubricating oil composition. In one embodiment, however, the nanoparticies are
diluted with a substantially inert, normally liguid organic diluent such as mineral oil,
synthetic oil, naphtha, alkyiated (e.g. Cio to Cia alkyl) benzene, toluene or xylene to
form an additive concentrate. These concentrates usually contain from about 1% o
about 100% by weight and in one embodiment about 10% to about 90% by weight of

the nanospherical components.
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[00701 Pour point depAréSSar‘ifé‘; otherwise known as lobe 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 temperature fluidity of the fluid are C8 to Cis
dialkyl fumarate/vinyl acetate copolymers, polyalkylmethacrylates and the
like. [00711 Foam control can be provided by many compounds including
an antifoamant of the polysiloxane type, for example, silicone oil or
mebydimethyl siloxane. [00721 Seal swell agents, as described, for
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BHR:ar afie duaith nisegerppe@mpounds. [0076] Each of the foregoing
additives, when used, is used at a functionally effective amount to impart
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JakRitarwarlddisian et s ificiente drmpark the desired corrosion
_inhibition characteristics to the lubricant. Generally, the concentration of

each of these Table 1
‘ Component Wt % Wt %%
{Broad) { Typical)
Dispersant 8.5-50 1.0-2.5
Antioxidant system 0-50 0.0 - 3.0
Metal Detergents 0.1 150 0.2—-80
| Corrosion Inhibitor 0-5.0 020
Metal dihvdrocarbyl dithiophosphate .1—-64 0.1-48
hietal -containing nanoparticles 0.1-50 0.1-390
Antifoaming agent - 5.0 0.001 ~0.15
Friction Modifier 0-50 0~20
Supnlementai antiwear agents 0-1.0 0—0.8
Pour point depressant 0.01 -5.0 .01 -1.5
Vigcosity modifier 0.01 - 10.00 .25 7.0
Base oil balance balance
Total 100 100
[6081] 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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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 oll
composition. [0077] The metal-containing nanoparticles may be added
directly to the lubricating oil composition. In one embodiment, however,
the nanopatrticles are diluted with a substantially inert,, normally liquid

organic diluentsyahas MisekHRlRibn sYRIBOIGQH opaRiBa, allcylated (e.g.
to Ci3 alkyl nzene, toluene or xylene to form an additi i
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r8uiipbledacidse. i lorylatingthsicompositinRsmaddiives handd w 110° C
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or natural olls or mixtures thereof. The syn hetlctﬁase oils inc%utde 5}”}\"
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werclraifiy oAU mBHESV aTRITHEHMEh &Y, Higanie sdtstesdp piedptdtisable
dagigsopalysitidoneaaiks; anchallylanresoidedpolimenshiltetpdibpaers; was
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difirdesity, topficpitrbrsurenoiis tiries nfdnorsfiiael coive mRife avstr groduced.
1acidisepted Brnalidbtisatingwells ofghe parafiinies naphtheniciandion
xS RaralHinic-PARIBENIG: A RRS QS LEIBTIGATING VWSRO SHYIRRYE that

from coal .o st&ale arg?%also ug—;ful ase oils. The base oil typically has a

ﬂ%ﬁ?@&%ﬁﬁ%‘f% out 2.56%6" %tﬁlb%t 1% ¢ anlﬁrbor%}%erlésbly about 2.5 to about I |

A LT ST BRd. GEn AL B G IS O NPCTOTKEA SR
aredigieshing phledubelow wAdkthe pralvesslisinehase migiedias
NEOLRRICENtACHVE RS AIENS 1 JARIG (4.25 mi, 0.129 mols) and 1.36 mL
‘of oleic acid (0.04 mols) was mixed in 2 suitable vessel that was stirred and heated in
a hot oil bath to 120° C. and held at that temperature for 10 minutes. A mixture of

magnesium acetate (0.14 grams) and manganese acetyl acetopate {0.34 grams)
powder was added under vigorous stirring to the amine and acid to provide a clear
solution. The solution was then microwaved for 15 minutes. After microwaving the
solution, synthesized nanoparticles of magnesinm/manganese oxide were flocculated
with ethanol, centrifuged, and redispersed in toluene,

[0384] The Mgs1Mng 7O 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 MgosMne-0 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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Component Wt. % Wt. % (Broad) T ical Dispersant 0.5-5.0 1.0-2.5
Antioxidant system O - 5.0 0.01-3.0 Metal Detergents 0.1-15.0 0.2-8.0
Corrosion Inhibitor 0 - 5.0 0 - 2.0 Metal dih drocarh | dithio has hate
0.1-6.0 0.1-4.0 Metal-containing nano articles 0.1-5.0 0.1-3.0 Antifoamin
agent 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 |
100 100 [00811 The foIIowmg examples are given for the purpose of
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veewi fealiled WighSwmormtErseX-ray refiffractidnrconfinmed that
[pesw)particleshefciysiollingm RO Xide:- Wor e pPHRaeaHL: process had an x-
ray diffraction pattern as shown in FIG. 3 that included metallic gold particles with no
 evidence of mixed oxides. The photomicrograph of the nanoparticles 12 (FIG 4)
showed monodispersed spherical particles of CoFe;Q4 doped with gold particies 14.

- Ezample 4 - Production of CuZnS Nancalloy particies (Rods + Spheres)
{06087] The following procedure was used to produce an alioy 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 fo 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 copper/zine sulfide
were flocoulated with methanol, cenﬁiﬁqged, and redispersed in ioluens or
dichioromethane.

[80881 The CuS and ZnS nanoparticles made by the foregoing process had an
x-ray diffraction pattern as shown in FIG 3 that included sulfur atoms. The
photomicrograph of the nanoparticles 16 (FIG 6) showed the formation of ordered
aligned rod-like structures arranged in Jong belts 18. There were also randomly
orders small spherical particles 20 next to the belts,
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UV absorption of the product showed a peak at 300 nanometers which
from extrapolation of the absorption edge indicated a band gap of 3.6 eV
confirming that the nanoparticles have a diameter of less than 5
nanometers. Example 2 - Production of M osMno 7f3 Nanoallov particles
(Cubes + Spheres) [00831 The following procedure was used to produce
an alloy of magnesium and manganese oxide nanopatrticles. Oleylantine
(4.25 mL, 0.129 mots) and 1.36 ntL of oleic acid (0.04 mots) was mixed in
a suitable vessel that was stirrgg. g g;ggated in a hot oil bath to 120 C.
and held tthoaﬁt tebm §rat{‘:'5§f¥%1en99 ny&utes %}r{%xtﬁre of magnesium

S
acetate angane rams)
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and re persed I tolue ete OQ Oﬁg Mno. 70 nanc}pglrtlgles made
bgmﬁ%?'f SregBG prgbeélss an x°ray |%rr<? Bt a2 2Réwn in FIG.

1 that indicated that traces of manganese oxide were included in the
Mgo.sMno.70 alloy. The photomicrograph of the nanoparticles 10 (FIG. 2)

. showed that the nanoparticles had cube-like structures similar to
manganese oxide patrticles. 22 ------ ------- Example 3 - Production of
CoFe204 Nanoallov particles (Spheres) [00851 The following procedure
was used to produce an alloy of cobalt and iron oxide nanoparticles
having a particle size of less than 5 nanometers. Oleylamine (3.75 mL,
0.114 mols) and 3.6 mL of oleic acid (0.11 moss) was mixed in a suitable
vessel that was stirred and heated in a hot oil bath to 120 C. and held at
that temperature for 15 minutes. A mixture of iron acetyl acetonate (0.45
grams) and cobalt acetyl acetonate (0.16 grams) powder was added
under vigorous stirring to the amine and acid to provide a clear solution.
The solution was then microwaved for 10 minutes. After the solution was
cooled, 300 gL hydrogen tetrachloroaurate (30 wt.% solution in
hydrochloric acid) were injected into the alloyed particle solution under
vigorous stirring for 10 minutes. The synthesized nanoparticles of
cobalt/iron oxide
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were flocculated with ethanol, centrifuged, and redispersed in toluene.
[0086) The CoFe204 nanoparticles made by the foregoing process had
an x- ray diffraction pattern as shown in FIG. 3 that included metallic gold
particles with no evidence of mixed oxides. The photomicrograph of the
nanoparticles 12 (F1G. 4) showed monodispersed spherical particles of
CoFe204 doped with gold particles 14. Example 4 - Production of CuzZnS
Nanoalloy particles (Rods + Spheres) [00871 The following procedure
was used to produce an alloy of gggrer and zinc sulfide nanoparticles
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i2 Group I Base Oil + 2.0 wt. % 111 G.108 +/- 0.002 299 %
mixture of Ce(q:7ZnS
I3 Group 1 Base Oil + 2.0 wt, % 4:1 0.092 +/- 0,003 403 %
mixture of Ce0y:7nS
EIL As shown in Table 2, the cerium oxide particles at 1 Wt.% in the bage

oil (Samples 5-6) reduce boundary friction coefficients at least as well as glvcerol
monoojeate and ZnS nanoparticles (Samples 2-4). At lower concenfrations, the
© cerium oxide nanoparticles (Sample 10) are substantially more effective at reducing

boundary friction coefficients than glycerol monooleate and ZnS nanoparticles
. {Samples 7-9). Samples 11-13 show the effects on boundary friction coefficients for
mixtures of nanoparticies. The resulis of Samples 11-13 indicate that as the
- concentration of the cerfum oxide nanoparticles is increased in the mixtures, the

. boundary friction coefficients decrease.

Exampie 6

Boundary Friction Ceefficients of Ceriumn Oxide Nanoparticles in a PCMQO
{6091] The effectiveness of a reduction in the boundary friction coefficients

for a fully formulated passenger car motor eil (PCMQO) containing dispersants,
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No. Friction Friction versus Coefficient at Group Il Base 130C. Oil | Grou
Il Base Oil 0.154 +1- 0.004 0% 2 Group Il Base Oil + | wt. % glycerol
0.096 +1- 0.010 37.7 % monooleate 3 Group Il Base Oil + | wt. % ZnS
0.105 +1- 0.009 31.8 % spheres 4 Group 11 Base Oil + 1 wt. % ZnS
0.106 +1- 0.003 31,2% rods 5 Group Il Base Oil + | wt. % Ce0O2 0.103
+1- 0.001 33.1 % spheres 6 Group If Base Oil + | wt. % Ce0O2 0.089 +1-
0.009 42.2% Plates 7 Group Il Base Oil + 0.1 wt. % 0.122 +1- 0.006

RRB8%isL &@{@4;@9@09@&;&@ ﬁaeﬁgﬂg BRse Skt @egray;an{@ Z0g @:&3&&1—

0.0 110 %s QGrou se Oil +0. 46+
2ggr é‘“%d IYl ase %‘ t%lg Jg}\{.},’é %0%%
Pﬁ*ﬂoﬂidsﬁﬁfe?e%t%& e%wﬂl et Bieop ‘E}‘W‘ﬂ RPping fistiop. ’6‘15‘6%6
o 3% mitdieref @a®2f@nS 12 Bhtup Il Base Oil + 2.0 wt. % 1:1 0.108

+1- 0.002 29.9% mixture of CeOzudps 13 Group Il Base Oil + 2.0 wt. %

—-gr" 0:092+1-0-603-463-%0-mixture-of €e ”'E{@@GSO.‘L /—‘% Rié&’%ﬂcﬂx'in
, the cerium oxide particles at 1 wi.%;idhé base v{Samplesd-6
reduce boundary friction coefficients at lepskaffivielt as gly€ecap I Base
ate and.ZnS.nanoparticles (SamplEg“Ca) At lowkPil
rlnnr\nn ,EQ ’Q& tha ) ) $.126 'E'I/“ 9.002 0 %
TUTTTBCMO 025 wt. % glycerol 0.078 +/- 0.002 38.1 %
monocleate
3 PCMO + 0.1 wt, % ZnS spheres G.116 +/- 0.004 7.9 %
4 BOMO + 0.1 wit, % ZnS rods 0.104 +/- §.005 175 %
5 PCMQO + 0.1 wt. % CeQ: spheres 0,086 +/- 0.010 31.7 %
- [0092] As shown by the foregoing results, the cerium oxide nanoparticles are

statistically ag effective at rveducing boundary friction at 0.1 wt.% as glycerol
‘monooleate at 0.25 wt.%. Further the results show that 0.1 wt% cerium oxide
nanoparticles are more effective for reducing boundary friction coefficients than ZnS
nanoparticies at the same concentration in the PCMO.
[0893] 1t is expected that formulations containing 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 countrol
equipment on vehicles while achieving a similar or improved friction coefficient
performance or benefit and little or no adverse effect on the comosiveness of the oil.
[G094] At numerous piaces 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,
- [0G95) The foregoing embodiments are susceptible to considerable variation
in its practice. Accordingly, the embodiments are not intended to be limited to the
specific exempiifications 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.
[889¢] 'The patentees do not intend to dedicate any disclosed embodiments io
the pubiié, and to the extent any disclosed mwodifications or alterations may not
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cerium oxide nanoparticles (Sample 10) are substantially more effective at
reducing boundary friction coefficients than glycerol monooleate and ZnS
nanoparticles (Samples 7-9). Samples 11-13 show the effects on
boundary friction coefficients for mixtures of nanoparticies. The results of
Samples 11-13 indicate that as the concentration of the cerium oxide
nanoparticles is increased in the mixtures, the boundary friction
coefficients decrease. Example 6 Boundary Friction Coefficients of Cerium
LS ARRRRAHEESIR BMMRHOMRL L ENe Slierly RNESS.f Rfeducton
4n éhgtg?u ar frilggson (_:o_eff|C|_ents for a fully formulated passenger car
motor oif 68) containing dispersants, 25 detergents, antioxidants,
viscosity modifiers, pour point depressants, and antifoam agents
according to Table | is 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 11 Base 130C. Oil | PCMO 0.126 +1- 0.002 0 0/0 2 PCMO + 0.25
wt. % glycerol 0.078 +/- 0.002 38.1 monooleate 3 PCMO + 0.1 wt. % ZnS_
s heres 0.116 +/- 0.004 7.9% 4 PCMO + 0.1 wt. % ZnS rods 0.104
+/-0.005 17.5 %E~j 5 PCMO + 0.1 wt. % CeO2 s heres 0.086 +1- 0.010
31.1% [00921 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 wt.%. Further the results show
that 0.1 wt.% cerium oxide nanoparticles are more effective for reducing
boundary friction coefficients than ZnS nanoparticies at the same
concentration in the PCMO. '
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[00931 It is expected that formulations containing from about 0.1 to about
5.0 wt.% or more cerium oxide nanopatrticles will enable a reduction in the
amount of conventional antiwear agents, such as sulfur and/or
Whitasptairusdcentaining compounds, needed thereby improving the
performance of pollution control equipment on vehicles while achieving a

simiar arimpgved fueiancosticien! Berpimancaobangitandile or
no adverse effect on the corrosiveness of the oll. 8 : t numerous =
Co R PE A T ST PR RS BB IR A T R TR RGP s
disPatedts.sAlbsuoh citeshdoaucarnisiare expressty incorporated in full into
hshisdischisusgs dﬁmﬂmﬁi}@?& h@ﬁ@}faﬁ@&%ﬁ&:&ﬁﬁéﬁ V&Qﬁtéﬁgng the metal-
- | eptible to considerable variation in its practice. _
comsinin gt S R NG BT 5 T e noparices ae
TR BRI e I (IRt & ven B her BiAgtsev €2 Rafieh, tRd Tortepasyfrom
meghbBdinselatsedufeomithin gheys pisitshsdngcope-ebtieapperfdedeiaimsts a, b,
andhipadhesaIRHR HRLERiAAEIR 58 TReL oA 00361 The,
. Eaﬁt nEZee?g ‘dN? n telnter‘ljd {t)o dedicate any ddlis;_close_d embodiments to the
9Btiofic*akd iR R aﬁﬁ?td‘?é FSE A PRSHi R SRS S resRra G #REy and
whegiinp ghe nanoparticlppe kel fall aNETREthpastole sizthepigipsrtne\eoet 1 to
absonbsidetechietbe part hereof under the doctrine of equivalents. 27 What is
claimed is: 1. A method for reducing a friction coefficient adjacent a
lubricated surface, comprising providing an amount of metal-containing
self-dispeisigthethepaitieied. Bispeisedidnebhitmichatdor posiioises an engine
dricemtgiRing a base oil of lubricating viscosity, and applying the lubricant
composition containing the metal containing self-dispersing nanoparticles
to a surface to be lubricated. wherein the self-dispersing nanoparticles are

reprgsented by the formula (Aa)m(Bb)nXx, wherein each of A, Bis
_ sele%ted%n%%&ﬁ{;ﬂj@ge}ec‘{%%?lf?b‘i‘ntﬁ?elﬁ?&‘}ﬁt%r%‘i%cﬂ?@ I BRRGen an
intermg! suiftrcsubeoripenenttn{ amihierepresercuimpesitional stoichiometry,
and each of m and n is greater than or equal to zero with the proviso that

at least ofg Qf AR A é?a%e%fe%ﬂé?’girzl%%’ ?u%q‘icated surface comprises an

internal surface or component of a compression ignition engine.

5. The method of claim 1, wherein the amount of metal-contaimng
nanoparticies in the lubricant composition ranges up to about 5
percent by weight.

6. The method of claim !, wherein the amount of metal-contaiming

nanoparticles in the lubrican: 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.



wherein the nanoparticles have an average particles size ranging from
about 1 to about 10 nanometers. 2. The method of claim I, wherein the
lubricated surface comprises an engine drive train. 3. The method of
claim 1, wherein the lubricated surface comprises an internal surface or

compgnentiof apieraal gambustionaaging, 4, the method of claim 1.
c%qrﬁlt%n ctek}e Iu%&ggé%%ourfaci c%m\;/)nses an internal surface or
component of & compresibi tghibEhgirrRReF & MRARed of claim 1,
wherein the amount of metal-containing nanopatrticles in the lubricant
compzsitiééw% wenigess o iedab%%i b petosst Roweighh 6T he l@}@mgmﬂricm
c ARidioW -confaining_ nanoparticles in the | |
(ﬁ%’ric.ant com?gs%}%r? E\%gg fron%%%%)%te %C%na oﬁeze‘g‘éfr%’éﬁ% 5y REGHe

CorPEREHTRITSH ST AT AR S ReFeEMh BHISMA and B is selected from the

COBBOT ¢ UhSETRD I ickars RBmItibtipstiag 2A5casirv Anb A, andiGA of Hhe)-
comerinitic bl teansiiombaiaisldaptimidas @stinidesnant MbtWesticien:
wRI6RT 28Brlhe.gefnd obela %ﬂri‘é’gﬁr%&%

%sﬁ??tﬁ'&%gﬁﬁi”f%ﬁ I

.hanoparticles comprise cerium oxide nanopartrcles Ravirg AsphetiEametal-

- COSREPE YRPASY AR IR 615 FrRberMEstiiche eppraRslsg i dabrivange particle size
raRgi SEML R g e pRhreioHoharrrgine. contaitingithebeibriaapticles are
repmsmsﬁibﬂ thecionpiisinACONBEHING, tREnSRGINSaRAILY \@g}t@%%%ﬁkf&éﬁ from &
mEAMPOSIteRS | e icating viscosi an amoun
e TG ol

TiCtion COBMCIENE o BERVY 3 $PRATBA CoeHdiERE D P AT BRG AN cBRfiRTsiigm or
oyl B F TP ibenredmdirihat heasbpatiofas, amthopenating thenergine,
wherein the nanoparticles have an average particle size ranging from

abou( tgabaukdngnemetess, 3 %) herein the nanoparticles are '
..Lepresented by the formula (Aé)mf(;B %&xﬁh Wherein eaChBiAS §a"r}§eavy duty
diesel ernigr . -
2188 from a metal, X is selected from the group consisting of oxygen

and sulfur, subscripts a. b. and x represent compositional stoichiometry,
and fin is greater than or
??‘ohqg ﬂetﬁ@dd ortJ c?agnef' w[’uarem tl(l)e amount of metal-containing nanoparticles in the

lubricant composition ranges up to about 5 percent by weight.

12. The method of claim 9, wherein the amount of metal-containing nanoparticles in the

lubricant composition ranges from about 0.1 to about 2 percent by weight.

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, SA, 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 self-dispersing metal-



equal to zero with the proviso that at least one of m and n is greater than
zero. 10. The method of claim 9, wherein the engine comprises a heavy
duty diesel engine. 11. The method of claim 9, wherein the amount of
metal-containing nanoparticles in the lubricant composition ranges up to
caaibouiy percpatthyeveigphtsd@ed he thethooh ofolain, Bynbareinths ramohintf
Aohmetalrcaniaining Nanepasiclesdndhe HhticaRt comPeSHoRiFANGL S yeen
anf(rlosu ﬁltr)osui}boc%it %b%Ut Zd%e{g errfl:tcla:) ‘L\clzvoermn%%h téi%i%ilai s%orig fg o%ﬁg f C%%gh f
whereirt each of A‘and Bs Jelects from he group consisting o S8 ©
MR IGFB AR 08 £9uA 16 AcTa v Biathst @ﬁ@ﬂ%ﬁ?@@i@s Teaplompaisiiond n
isneetalsy [drthamide reictiviidesn ahd mixturesdhereehidicdemathod difeicant
cdRPBSINGWEAREIWECR MBI PAHSUSINGS Weriealing aib themeatiptan:
~Lomprising using as the Iubrlqatlng oil for one or more moving parts a
qobrcant composition containing a base oil, and an oil additive package
including a wear reducing agent, wherein the wear reducing agent
comptisefizelf:dispersingainettd 29/ eontairtingmariopariiciesoraprasemtedng
pa!%é [ﬁeaf-péﬁé%.(A.),,,(Bb)"XX, wherein ea_ch_ 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 stoichiometry, and each of
m and Elﬁféﬁc‘éﬁeﬁw%‘-‘gﬁ%h%l Y908 WRretBnsrovisttinst Bomedbe @reup
conkintiapdia Dgreateldhamizio cagcodiereispiie amodatakianoparticles
in the lubricant composition ranges up to about 5 percent by weight of the

total lubricant co sition, 15. The method qf claim 14, wherein the
movin ‘paﬁg?cg?ﬁrg% e(?ﬁ&;ﬁ’@ l&rt%?lﬁﬁleﬂbﬁin@%%‘? ?ﬂé]‘ff{%sch% Bernal
COBMRIRGUIES, GudEre ihethBLen ginakicnse kededfeerinttie dvbupaton s tingiofises a

cregitopressipreignitioniengimkand e shadigmition engine. 17. The method
of claim 15, wherein the engine includes an internal combustion engine

having a crankcase and wherein the lubricating Qil comprjses a crankcase
oil p?él'éen‘fl%ﬁ R ‘t’ﬂé‘%ﬁl&ﬂﬂe’? S HEARID OGP §ATve
trajjhesicarienligbeidatiigloiv e triprisasygldeivecontaining the engine.

19. The method of claim 14, wherein the wear reducing agent is present in
the lubricant composition in an amount ranging from about 0.1 to about 5 percent
by weight.

20. The method of claim 14, wherein the wear reducing agent has an
average particle size ranging from about 1 to about 10 nanometers.

21. A lubricani composition comprising:

a base oil of lubricating viscosity; and

a boundary friction reducing amount of self-dispersing metal-
containing nanoparticles dispersed in the base oil, wherein the nanoparticies
have an average particles size ranging from about 1 to about 10 nanometers
and are represented by the formula (Aq)m{ By )n X, wherein each of A, B is
selected from a metal, X is selected from the group consisting of oxygen and
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train lubricant present in a drive train of a vehicle containing the engine.

19. The method of claim 14, wherein the wear reducing agent is present in
the lubricant composition in an amount ranging from about 0.1 to about 5
percent by weight. 20. The method of claim 14, wherein the wear
reducinifiagernisbdstan, byveatdgergaticle siapasigingfrsicakouhtoabaath
10 n@f‘ﬁ%@f?rsﬁreﬁéf‘ﬁﬁﬁa&t RB%EFH“&HH‘&@%P&&%%‘P%% one of

Iubrlcatln% VISCOSI %/ lad a oun ction redu0| amount of

sel-BisBEIdHS RE: B ARTG A TEAHIILE RSUErSCRrHIRE Basepaicies
whetsin theqiaitoparticless habeuadayefugeqranicifecsine rahghg frdmicated

abouhd: o ekl RReMeiRismand Mlelepresentesy-thede mmwiabﬁcated
(Aa)m (B3 ﬁ)’gﬁ% Jherein “r‘%rﬁ‘cgnﬁco @o?‘%'gﬁt%‘%(fég% i ametal, X 1S, taining

selected from t e group con5|st|ng Xygen an ur, subscripts a,
b, arfFRRI5HESNt compositional stoichiometry, and each of m and n is
greater than or equal to zero with the proviso that at least one of mand n

is greater mﬁznlﬁgﬂéaﬁﬂgo%@ﬁ%ﬁh@fmﬂﬁl ooNnt@iiRg.N@RORAGIGIess alstal-
b r fr| Q oeffl ient betwe n |lubricated
co?niﬁgi%%r%%e& a01 %S{n ar%/ fr}?(g: lon coeﬁ’fg&'e}llp bgt\?veoer%[l %Bercem o3
WiBHcated metal surfaces of a lubricant composition devoid of the

metal-containing nanoparticles. 22. The lubricant composition of claim 21,
wherein theramessitef mﬁ@b&ﬁ&ﬁaﬁﬂ'@ﬁiﬂ@mP%HQQEQ@QM%i%meia

se.oil ran bout 5 percent b ht. 23 The Jubri
R R R e Gl T o abou 2

Pﬁ&ﬁﬁﬁ&rﬁ’@%%spersed in the base oil ranges from about 0.1 to about 2
percent by weight. 24. The lubricant composition of claim 21, wherein the

metalgqo NtERINGLASRP %&ﬂg&%m @@M%@U%{%&@ﬁ ﬁﬁﬂ%@?&ﬂ'&&%%ammc
sspG herical shape. 25. Qil dIS er5|bl ,?‘num omdg nan articles

T K e AUELAIY BRSPS ARE £ r B Ao

wherein the solution is irradiated by a

25, Oil dispersible cerium oxide nanoparticles derived from a cerium
acetate solution of amine and organic acid, wherein the solution is irradiated by a
high frequency electromagnetic radiation source to provide self-dispersing
nanoparticles in oil having a substantially uniform particle size ranging from about 1
to about 10 nanometers.

26. The oil dispersible cerfum 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 certum oxide nanoparticles of claim 23, wherein the
organic acid comprises an unsaturated fatty acid containing from about 10 to about
26 carbon atoms.



high frequency electromagnetic radiation source to provide self-dispersing
nanoparticles in oil having a substantially uniform particle size ranging
from about 1 to about 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

nangRartigiesi? ishbrisitdisnersibigdearinmaxide - nanepamideswislaimne
anigne YRSSIING oraanic Eﬂ? érocz?%s 3 a%é‘@éa a‘dﬁ%ted falLy, % &9 3 1o about

containing from abou About 26 carbon atoms. r%n‘? %
24&@@@?&%1@1éerlum oxide nanoparticles of claim 25, wherein the amine

comprises an unsaturated hydrocarbyl amine containing from about 3 to

aboU§9241q?cf%ﬂ”cﬁ§999§b%9¢9}ﬂﬁrpBﬂtﬁpﬁéﬁéﬁ%ﬁﬂ%&”&iﬂﬁ% 25, wherein a

[gart#iles of claim 25, W§rel a mole ratlc% (t)f (gune to org% gjc amg ;

T 48P G BUBTALR USRS A PSS o MBI AL S8 ISP IS 36 RO
13]oip§é19‘lyle ‘derium oxide nanoparticles of claim 29, wherein a mole ratio of
amine to cerium acetate in the cerium acetate solution ranges from about

5:1 19@POUL 19 Lotuble cerium oxide nanoparticles of claim 29, wherein a mole

ratio of amine to cerium acetate in the cerium acetate solution ranges from about 5:1

to about 1¢:1.
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