FRICTION MODIFIERS FOR USE IN
LUBRICATING OIL COMPOSITIONS

BACKGROUND

Field

[0001] The present disclosure is directed to lubricating oil compositions, such as
engine oils, containing acyl N-methy! glycine derivatives. For example, it is directed o
lebricating oil compositions containing acyl N-methyl glycine derivatives as friction

mnodifiers for reducing one or both of thin film friction and boundary layer friction.

Description of the Related Technology

10002) Lubricating oil compositions play an important role in ensuring smooth
operation of machinery. like engines. These compositions may lubricate a variety of sliding
parts in an engine including. for example, piston rings/cvhinder liners, bearings of crankshafis
and connecting rods, valve mechanisms including cams and valve lifters, and the like,
Lubricating ot compositions may also play a role in cooling the inside of an engine and
dispersing combustion products. Further possible functions of lTubricating oil compositions
may include preventing or reducing rust and corrosion.

100031 There are several classes of tubricating compositions including engine o1ls,
gear oils, tractor oils, multifuncuionat oils, and the like. Each type of lubricating composition
may reqguire customized properties for the particular application 1 which it 15 to be used.

[0004]  The principle consideration for engine oils is to prevent wear and seizure of
parts in the engine. Lubricated engine parts operate mostly in a state of hvdrodynamic or full
fluid lubrication, but valve systems and top and bottom dead centers of pistons/eylinder liner
contact zones are likely to be in a state of thin-film (elastohvdrodynamic) and/or boundary
iubrication. The friction between these parts in the engine may result in significant energy
tosses and thereby reduce fuel efficiency. Many types of friction modifiers have been used in
engine oils to decrease frictional energy losses.

tH063) Improved efficiency may be achieved when friction between moving parts is
reduced, Thin-film friction is the friction generated by a fluid, such as & lubricant, moving
between two surfaces. when the distance between the two surfaces is very small. 1t is known
that some additives form films of different thicknesses, which can have an effect on thin-film
friction. Some additives normally present in engine oils, such as zinc dialkyl dithiophosphate

(ZPDP) are known to increase thin-fiim friction. Though such additives may be required for



other reasons such as to protect engine parts, the increase in thin-film friction cassed by such
additives can reduce operating efficiency,

[0006] Reducing boundary layer friction in engines may aiso enhance fuel efficiency.
The motion of contacting surfaces in an engine may be retarded by boundary laver friction.
Non-nitrogen-containing, nitrogen-containing, and molybdenum-containing friction
modifiers are sometimes used to reduce boundary layer friction.

[OOG7] In recent years there has been a growing desire to employ lower friction
lubricating oils to provide higher energy efficiency, such as providing lower friction engine
oils to improve fuel efficiency, The present disclosure provides an improved lubricating oil
compaosition that may reduce ong or both of thin film friction and boundary laver friction.
The present disclosure is ditected to tubricating oil compositions containing acvl Nemethyl
glycine derivatives as friction modifiers for reducing one or both of thin film friction and
boundary layer friction.

[000%) U.S. Patent no. 5.599.779 discloses a rust inhibitor composition consisting of a
three component rust inhibitor package mciuding & compound of the formula:

O

R N CCOH

CHy
wherein R represents a Cy g -alky! or alkenyl group;
a dicarboxylic acid of the formula:
PN
HOOC X TCOOH
wherein x 1s an integer from 4 to 46; and
an amine of the formula:

Ry

|
N
R1/ \R2
wherein R', R%, and R? are independently selected from hydrogen, hydrocarbyl having up to
14 carbon atoms, hydroxyalkyl, cycloalkyl or polyalkviencoxy groups. The rust inhibitor
package is described as advantageous for use v a grease, and may be formulated with oils

and waxes into rust preventative compositions for use in automotive and other industries.
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[0009] WO 2009/140108 discloses the use of variety of different rust inhibiting
compounds for certain types of multifunctional oils. In the specification there is a brief
mention of the possibility of using 2 compound of the formula:

]

T /\COOH
R

wherein R and Ry are not defined. No further details are given as to the amounts that

1

should be used, nor are any specific formulations including such compounds exemplified in
the application,

100141 GB 1235896 discloses multifunctional lubricants and includes an example of a
wet brake formulation including oleoyl sarcosine. The exemplified composition also includes
basic calcium suiphonate detergent (TBN=300), P2Ss ~ polybutene barium
phenate/sulphonate detergent, a dispersant that is a reaction product of polybuteny! succinic
anhydride with an Mw=900 PIB group and tetracthylene pentamine, zinc dihexyl

dithiophosphate, dioleoyl phosphite, sperm oil, and suiphurised polybutene.

SUMMARY
[0011] In one aspect. the present disclosure provides a lubricating oil composition
comprising a major amount of base oil and a minor amount of an additive package, wherein
the additive package comprises one or more friction modifier components selected from:

{A)  one or more compounds of the formulae [ and I1:

0O
wherein R 1s a linear or branched, saturated, unsaturated, or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms and Ry 18 a hydrocarbyl group
having from about 1 to about 8 carbon atoms or & -Cy hydrocarbyl group containing one or

more heteroatoms:
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R N \Rg (Ih

O
wherein R is a linear or branched. sawrated, unsaturated, or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms and Rz and Ry are independently
selected from hydrogen, Ci-Cys hydrocarbyl groups. and Ci-Cig hydrecarbyl groups
containing one or more heteroatoms:

{B) at Jeast two compounds independently selected from the formulae I and TV:

~n
wherein R 15 a linear or branched, saturated. unsaturated. or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms; and X is an alkali mefal,
alkaline earth metal, or ammonium cation and n is the valence of cation X;
O

OH

0
wherein R is a linear or branched, saturated, unsaturated, or partially saturated
hydrecarbyl group having about 8 1o about 22 carbon atoms; and
() at least one compound of the formulae 11T and IV in combination with at feast one

compound of the formulae I and 11

[0012] The one or more friction modifiers of the formula | may be esters.

[601 3] The one or more friction modifiers of the formula [T may be amides.

[0014) The fricton modifier may comprise at least one salt of the formula TI1
[0G15] The additive package may comprise at least two different friction modifiers

independently selected from the formulae [-IV,
[0016] R may have from about 10 fo about 20 carbon atoms. R may allernatively have

from about 12 ro about 18 carbon atoms.



10017} R1 may be a hydrocarbyl group having from about | 1o about 8 carbon atoms.
Alternatively Ry may be a hydrocarbyl group containing a Ci-Cy hydrocarbyl group
containing one or more heteroatoms.

[0018] Ra and Rz may be independently selected from hydrogen, Ci-Cix hydrocarbyl
groups, and C,-Cyg hydrocarbyl groups containing one or more heteroatoms. Alternatively, R
and Ry are independently selected from hydrogen and Ca-Cx hydrocarbyl groups.

[O01Y] The one or more friction modifiers of the formula I may be salts of one or

more cations selected from sedium, lithium, potassium, calcium, magnesium, and anumonium

cations.
[0024) The foregoing lubricating ot composition may comprise an engine oil.
(0021} In another aspect. the present disclosure provides a fubricating oil composition

comprising a major amount of a base oil and a minor amount of an additive package, wherein
the additive package comprises one or more reaction products of’
one or more compounds of the Formula 1V:

O

OH
R N (V)
G
wherein R is a linear ov branched. saturated. unsaturated, or partially saturated
hydrocarby! group baving about 8 1o about 22 carbon atoms. and the hydroxyl motety on the
acid group may be replaced by a suitable leaving group, if desired, prior to the reaction and
one or more amines of the Formula V:

R~

JRav
Re=N_ (V)
Ry
wherein Ro. Ra, and Ry are independently selected from hydrogen, C1-Cry hvdrocarbyl
groups, and Ci-Ciy hydrocarbyl groups containing one or more heteroatoms.
(6022} R may have from about 10 1o about 20 carbon atoms. Ra. Ra. and Rs may be
independentiy selected from hydrogen, Ca-Cia hiydrocarby! groups, and hydrocarbons

containing Cs-Cyz hydrocarbyl groups and one or more heteroatoms.

10023] The foregoing lubricating oil composition may comprise an engine oil,
(0024 In yet another aspect, the present disclosure provides a lubnicating oil

composition comprising a major armount of a base oil and a minor amount of an additive
package, wherein the additive package comprises one or more a reaction products of ong or

more alcohols with one or more compounds of the Formula I'V:



OH
=) N (V)

O
wherein R is a linear or branched, saturated, unsaturated, or partially saturated
hydrocarbyl group having about § to about 22 carbon atoms. The hydroxy! motety may be
replaced by a suitable leaving group, if desired, prior to reaction with the alcohol, The
alcohol may be represented by Ri-OH. where Ry comprises a hydrocarby! group or a Ci-Cy

hvdrocarbyl group containing one or more heteroatoms,

[0025) R may be a hydrocarbyl group having from sbout 10 1o about 20 carbon
atoms.
[0026) The alcohol may contain a hydrocarbyl group having from about | to about 8

carbon atoms, Altematively, the alcohol contains a hvdrocarbyl group having from shout { to

about 8 carbon atoms and one or more heteroatoms.

{0627] The foregoing Tubricating ol composition may comprise an engine oil.
[0028] The present disclosure also provides an engine oil composition comprising a

major amount of a base oil and a minor amount of an additive package, wherein the additive
nackage comprises one or more saits that are reaction products of!
one or more compounds of the formula 1V:

O

OH
R N (V)

O
wherein R is a linear or branched, saturated, unsaturated. or partially satorated

hydrocarbyl group having about 8 to about 22 carbon atoms; and an alkali or alkaline earth
metat hvdroxide. an aikaii or alkaline earth metal oxide, ammonia, an amine or mixtures
thereof.

10029] The present disclosure also provides a lubricating ol comprising a major
amount of a base oil and & minor amount of an additive package, wherein the additive
package comprises one or more reaction products of

one or more compounds of the formula 1V:
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OH
R N {(Iv}
O
wherein R 1s a linear or branched, saturated, unsaturated, or partially saturated hvdrocarhyl
group having about 8 to about 22 carbon atoms, and one or more amine alcohol{s).

{0030] The amine alcohols may be selected from ethanolamine, diethanolamine,
aminoethyt ethanclamine, tris-hydroxymethyl amino-methane (THAM), and mixnires
thereof.

[0031] The present disclosure alse provides a lubricating oil composition comprising
a major amount of a base oil and a minor amount of an additive package, wherein the additive
package comprises

{A) a salt reaction product of one or more compounds of the formula IV:
O

OH
R N {IV)
O
wherein R is a linear or branched, saturated, unsaturated, or partizlly saturated hydrocarbyl
group having about § to about 22 carbon atoms, and
one or more of an alkali metal hydroxide, and alkaline earth metal hydroxide. an
alkali metal oxide, an alkaline earth metal hydroxide, ammonia, or an amine; and
(B) at least one compound of the formuiae [-1V different from the one or more

compourds of component (A):

O

s)
R N/\[r \91
0 (h

wherein R is a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about § to about 22 carbon atoms and R, 15 a hydrocarbyl having from about |
to about & carbon atoms or a C-Cs hydrocarby! group containing one or more heteroatoms;,
0 Rz
N

R N \R3 tn

~}



wherein R 1s a Hinear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 te about 22 carbon atoms and R» and R; are independently selected
from hydrogen, C;-Cig hydrocarbyl groups, and Cy-Cys hvdrocarbyl groups containing one or

more heteroatoms.

O@ X ﬂ@

~ “n
wherein R s a linear or branched. saturated, unsaturated, or partially satwrated hydrocarbyl
group having about & to about 22 carbon atoms; and X is an alkalt metal, alkaline earth metal

or ammonium cation and n1s the valence of cation X and

O

OH
R N vy

O
wherein R 16 a linear or branched. sarturated, unsaturated, or partially saturated hydrocarbyl
group having about & to about 22 carbon atoms.

[0032] In yet another aspect, the present disciosure provides a lubricating ol
composition comprising a major amount of a base oil and a minor amount of an additive
package, wherein the additive package comprises:

(A} one or more compounds of the formula IV:

0

OH
R N {Iv)

O
wherein R 1s a linear or branched, saturated, unsaturated, or partially saturated hydrocarby|
group having about 8 to about 22 carbon atoms; and
(B) at least one compound of the formulae [-IV different from the one or more

compounds of component (A}



0

O
o N/w/ \R1
O

wherein R is a linear or branched. saturated. unsaturated. or partially saturated hvdrocarbyi

{h

group having about 8 1o about 22 carbon atoms ard Ry is a hydrocarbyl having from about |
to about 8 carbon atoms or a (7;-Cy hydrocarbyl group containing one or more heteroatorns;

o) Ry

N
R N/\r \RB an
O

wherein R is a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and Rz and Rz are independently selected
from hydrogen, C;-Ciy hydrocarbyl groups, and C1-Cig hydrocarbyl groups containing one or

more heteroatoms:

~n

wherein R is a linear or branched. saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms; and X is an alkali metal, alkaline earth metal
or ammonium cation and n is the valence of cation X; and

0

OH
R N (IV)

O
wherein R 1s a linear or branched, saturated, unsaturated, or partiaily sawurated hydrocarbyl
eroup having about & 1o about 22 carbon atoms,
[(033] The additve package may additionally comprise at least one additive selected
from the group consisting of antioxidants. antifoam agents, malybdenum-containing
compounds, titanium-containing compounds, phosphorus-containing compounds, viscosity

index improvers. pour point depressants, and diluent oils.
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10034] The present disclosure provides a method for improving thin {ilm and
boundary layer friction between surfaces in contact moving relative to one another,
comprising the step of lubricating the surface with a tubricating oil composition as disclosed
herein. In some embodiments, the surfaces are the contacting surfaces of an engine.

[0035] The timproved thin film and boundary layer friction may be determined
refative 1o a same composition in the absence of the one or more friction modifiers as
described herein.

[0036] [n yet another aspect. the present disclosure provides & method for improving
houndary layer friction between surfaces in comact moving refative 1o one another,
comprising the step of lubricating the surface with a lubricating oil composition as disclosed
herein. In some embodiments, the surfaces are the contacting surfaces of an engine.

(G037} The improved boundary layer friction may be determined relative to a same
composition in the absence of the one or more friction modifiers as claimed in claim. 1.

(0038} The present disclosure provides a method for improving thin film friction
berween surfaces in contact meving relative to one another, comprising the step of lubricating
the surface with a lubricating oil compesition as disclosed herein. In some embodiments, the

surfaces are the contacting surfaces of an engine.

DEFINITTIONS
i0039] The foHowing definitions of terms are provided in order to clarify the
meanings of certain terms as used herein.

10040} 1t must be noted that as used herein and in the appended claims, the singular

forms “a,” “an,” and “the” inciude plural references unless the context clearly dictates
otherwise, Furthermore, the terms “a” (or “an™), “one or more,” and “ai least one” can be
used interchangeably herein. The terms “comprising,” “including,” “having,” and
“constructed from™ can also be used interchangeably,

[O041] Unless otherwise indicated. all numbers expressing quantities of ingredients,
properties such as molecular weight, percent, ratie, reaction conditions, and so forth used in
the specification and claims are to be understood as being modified in all instances by the
term "about,” whether or not the term “abeut” is present. Accordingly, unless indicated wo
the contrary, the numerical parameters set forth 1 the specification and claims are
approxamations that may vary depending upon the desired properties sought to be obtained by
the present disclosure. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of the claims, each numerical parameter should at lzast be

construed n fight of the number of reported significant digits and by applying ordinarv



rounding techniques. Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the disclosure are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical value, however,
mherently contains certain errors necessarily resuliing from the standard deviation found in
their respective lesting measurements,

10042} It 15 to be understood that each component, compound, substituent, or
parameter disclosed herain is to be interpreted as being disclosed for use alone or in
combination with one or more of each and every other component, compound, substituent, or
parameter disciosed herein.

0043} It is also o be understood that each amount/value or range of amounts/values
for each component, compound, substituent, or parameter disclosed herein is (o be interpreted
as also being disclosed 1 combination with each amount/value or range of amounts/values
disclosed For any other component{(s), compounds(s), substitueni(s), or parameter(s) disclosed
herein and that any combination of amounts/values or ranges of amounts/values for two or
more component(s), compounds(s), substituent(s), or parameters disclosed herein are thus
also disclosed in combination with each other for the purposes of this description,

[0044] It is further understood that each fower limit of each range disclosed herein is
0 be interpreted as disclosed in combination with each upper limit of each range disclosed
herein for the same component, compounds, substituent, or parameter. Thus, a disclosure of
two ranges is 1o be interpreted as a disclosure of four ranges derived by combining each
lower Himit of each range with each upper limit of each range. A disclosure of three ranges is
to be interpreted as a disclosure of nine ranges derived by combining each lower limit of cach
range with each upper imit of each range. ete. Furthermore, specific amountsivalues of a
component, compound, substituens, or parameter disclosed in the description or an example is
to be interpreted as a disclosure of either a lower or an upper limit of a range and thus can be
combined with any other lower or upper lmit of a range or specific amount/value for the
same component, compound, substituent. or parameter disciosed elsewhere in the application
to form a range for that component, compound, substitient, or parameter.

[0045] The terms “oil composition.” “fubrication compasition,” “lubricating oil
composition,” “lubricating oil,” “lubricant composition.” “lubricating composition,” “fully
formulated lubricant composition,” “fully formulated lubricant,” “fully formulated
composition,” “fully formulated oil composition,” “finished oil,” and “lubricant” are
considered to be synonvinous, fully inferchangeable terms referring (o the finished lubrication
product comprising a major amount of a base o1l plus a minor amount of an additive

COMPOSIHIoN.



(0046} The terms, “crankcase oil.” “crankcase lubricant,” “engine o1l,” “engine
lubricant,” “motor oil.” and “motor lubricant™ are considered to be synonymous, fully
interchangeable terms referring to the fintshed engine. motor or crankcase lubncation product
comprising a major amount of a base ol plus a minor amount of an additive composition,

[0047) As used herein. the terms “additive package.” “addiive concentrate,” and
“additive composition,” are considered Lo be synonvmous, fully interchangeable terms
referring the portion of the lubricating composition excluding the major amount of base il
stock. The additive package may or may not include a viscosity index improver or pour point
depressant.

10048] As used herein, the terms “engine oil additive package,” “engine oil additive
concentrate,” “crankcase additive package.” “crankcase additive concentrate.” “maotor oil
additive package.” and “motor oil concentrate.” are considered W be synonymous, fully
interchangeable terms referring the portion of the lubricating composition excluding the
major amount of base oil stock., The engine, crankcase or motor o1l additive package may or
may not include a viscosity index improver or pour point depressant,

[0049] As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl group” is
used in its ordinary sense, which is well-known to those skilled in the art. Specifically, it
refers to a group having a carbon atom directly attached (o the remainder of the molecule and
having predominantly hvdrocarbon character. “Group” and “motety” as used herein are
intended to be interchangeable. Examples of hydrocarbyi groups include:

(a) hydrocarbon substituents, that is, aliphatic subsdwents (e.g.. alkyl or alkenyl).
alicyclic substituents (e.g., cycloalkyl, cyclealkenyl), and aromatic-, aliphatic-, and alicvelic-
substituted aromatic substituents, as well as cyclic substituents wherein the ring 18 completed
threugh another portion of the molecule {e.g., two substituents wogether form an alicyelic
moiety):

by substituted hydrocarbon  substituents, that is, substituents containing non-
hydrocarbon groups which, in the context of this disclosure, do not matenally aler the
predominantly hvdrocarbon character of the substituent {c.g., halo (especially chloro and
flueroy, hydroxy, alkoxy, mercapto, alkvlmercapto, nitro, nitroso, amino, atkylamino, and
sulfoxy); and

{¢} hetero substituents, that is. substituents which, while having a predominantly
hydrocarbon character, in the context of this disclosure, contain atoms other than carbon
atoms in a ring or chain otherwise composed of carbon atoms.  Heteroatoms may include
sulfur, oxygen, and nifrogen. and hetero substituents encompass substituents such as pyridyl,

furyl, thienvl, and mmidazolyl. In general, no more than two. for example or no more than



one, non-hydrocarbon substituent will be present for every ten carbon atoms i the
hydrocarbyl group. Typically. there are no non-hydrocarbon substituents in the hydrocarbyl
group.

{0050] As used herein, the term "percent by weight”, unless expressiy stated
otherwise, means the percentage that the recited component(s), compounds{s) or
substifuent(s} represents of the total weight of the entire composition,

[O00571] The terms “soluble,” "oil-soluble,” and "dispersible” as used herein may. but
do not necessarily, indicate that the compounds or additives are soluble, dissolvable,
miscible, or capable of being suspended in the o1l 1n all proportions, The foregoing terms do
mean, however, that the component(s}), compounds(s), or additive(s) ave, for instance,
sofuble, suspendable, dissolvable, or stably dispersible in oil to an extent sufficient to exert
their intended effect in the environment i which the oil 1s employed. Morcover, the
additional incorporation of other additives may also permit incorporation of higher levels of a
particular oil soluble. or dispersible compound or additive, if desired.

[0652] The term "TBN" as employed herein 1s used to denote the Total Base Number
in mg KOH/g as measured by the method of ASTM D2896 or ASTM D47306.

[0053] The term "alkyl" as emploved herein refers to straight, branched, cyclic,
and/oy substituted saturated moieties having a carbon chain of from about | to about 100
carbor atoms.

[0034] The term "alkenyi” us emploved herein refers to straight, branched, cyelic,
and/or substituted unsaturated moieties having a carbon chain of from about 3 1o about 10
carbon atoms.

[0035] The term “arvi” as empioved herem refers to single and multi-ring aromatic
compounds that may include alkyl, alkenyl, alkylaryl, amino, hyvdroxyl, alkoxy, and/or halo
substituents, and/or heteroatoms including, but not limited to, nitrogen, oxygen, and sulfur.

100361 Lubricants, combinatons of component(s} or compounds{s), or individual
component(s) or compoundsis) of the present description may be suitable for use in various
types of internal combustion engines. Suitable engine types may include, but are not limited
to heavy duty diesel. passenger car. light duty diesel, medium speed diesel. or marine
engines. An internal combustion engine may be a diesel fueled engine, a gasoline fueled
enging, a natural gas fueled engine. a bio-fueled engine, a mixed diesel/biofuel fueled engine,
a mixed gasoline/biofuel fueled engine, an alcohol fueled engine. a mixed gasoline/alcchol
fueled engine, a compressed natural gas (CNG) fueled engine, or combinations thereof. An
mternal combustion engine may also be used in combination with an electrical or battery

seurce of power. An engine so configured 1s commonly known as a hybrid engine. The



mternal combustion engine may be a 2-stroke, 4-stroke. or rotary engine. Suitable internal
combustion engines to which the embadiments may be apphied include marine diesel engines,
aviation piston engines, low-load diese! engines, and motorcvele, automaebile, locomotive,
and truck engines.

HOOS7] The internal combustion engine may Contain CoOMponent(s) COMprising one or
more of an aluminum-ailoy, lead, tin, copper, cast iron, magnesium, ceramics, stainless steel,
composites, and/or combinations thereof. The component{s) may be coated. for example,
with a diamond-like carbon coating, a lubricated coating, a phosphorus-containing coating, a
molybdenum-containing coating, a graphite coating, a nano-particle-containing coating,
and/or combinations or mixtures thereof, The alominum-alloy mayv inclede aluminum
silicates, aluminum oxides, or other ceramic materials. In an embodiment the aluminum-
alloy comprises an alummum-silicate surface, As used herein, the term “alaminum alloy™ is
intended to be synonymous with “aluminum composite”™ and 1o describe @ component or
surface comprising aluminwm and one or more other component(s) intermixed or reacted on a
microscopic or nearly microscopic level, regardless of the detailed structure thereof. This
would include any conventional alloys with metals other than aluminum as well as composite
or alloy-hke structures with non-metatlic elements or compounds such as with ceramic-like
materials.

[0058] The lubricant composition for an internal combustion engine may be suitable
for any engine lubricant irrespective of the sulfur, phosphorus, or suifated ash (ASTM D-§74)
content. The sulfur content of the engine lubricant may be about | wt. % or less, or about 0.8
Wi % or less, or about 0.5 wt. % or less, orabout 0.3 wi % or less. In an embodiment the
sulfur content may be in the range of about .0071 wi.% to about 0.5 wt.%, or about 4.01 wit. %
to about 0.3 wt.%. The phosphorus content may be about 8.2 wt.% or less, or about 0.1 wt. %
or less. or about 0.085 wit.% or less, or about 0.08 wt.% or less, or about 0.06 wi.% or less,
about 0.035 wi.% or less. or about 0.03 wt.% or less. In an embodiment the phosphorus
content may be about 30 ppm to about 1000 ppm., or about 325 ppm to about 850 ppm. The
total sulfated ash content may be about 2 wi.% or less, or abour 1.5 wi.% or less, ar about 1]

Wi % or less, or gbout }wi % or less, or ahout 8.8 wi.% or less, or about 0.5 wi % or less, [n

an embodiment the sulfated ash content may be shout 0.03 wi% to about 0.9 wi.%, or about
0.1 wi.% to about (.7 w.% or about 0.2 wi.% 10 about 045 wi.%. In another embodiment,
the sulfur content may be ahout §.4 wi. % or less, the phosphorus content mayv be about .08
wt, % or less, and the sulfated ash content may be about | wi. % or less. In yet another

embodiment the sulfur content may be about 0.3 wt. % or less, the phosphorus content may

be about 0.05 wi. % or less, and the sulfated ash may be about (1.8 wi. 9% or less,



[605%] In an embodiment the lubricating composition is may have: (i} a sulfur content
of about 0.5 wi.% or less, {iiy a phosphorus content of about 0.1 wt.% or less, and (i} a
sulfated ash content of about 1.5 wt.% or less.

[0060] In an embodiment the lubricating composition is suitable for a 2-stroke or a 4+
stroke marine diesel internal combustion engine. In an embodiment the marine diesel
combustion engine is a 2-stroke engine.

[0a1] Further, lubricants of the present desceription may be suitable to meet one or
more industry specification requirements such as ILSAC GF-3, GF-4, G¥-35, GF-6, PC-11,
Cl4, Cl-4, ACEA AHBI1, A2/B2, A3/B3, AS/B5, C1, C2, C3, C4, EEG/ET/EY, Euro 5/6,
Faso DL-1, Low SAPS, Mid SAPS, or original equipment manufacturer specifications such as
dexos™ 1 dexos™ 2, MB-Approval 229.51/229.31, VW 502.00, 503.00/503.01, 564.00,
505.06, 506.00/506.01, 307.00. BMW Loaglife-G4, Porsche C30, Peugeot Citroén
Automobiles BT71 2290, Ford WSS-M2C133-H, WSS-M2C930-A, WSS-M2C945-A, WSS-
MZCGI3A, WSS-MZ2CI913-B, WSS-M2C913-C. GM 6094-M. Chryster MS-6393, or any past
or future PCMO or HDD specifications not mentioned herein. [n some embodiments for
passenger car motor il {PCMO) applications, the amount of phosphorus in the finished fluid
is 1000 ppm or less or 900 ppm or fess or 800 ppim or less.

(00627 Other hardware may not be suitable for use with the disciosed lubricant. A
“funcrional fluid™ is a term which encompasses a variety of fluids including but not limited 0
tractor hydraulic fhnds, power ransmission fluids including auromatic ransmission fluids,
continuously variable transmission fluids, and manual transmission flnds, other hydrauiic
fluids, some gear oils, power steering fluids, fluids used in wind turbines and compressors,
some industrial fluids, and fluids used in relation o power train component. it should be
noted that within each class of these fluids such as, for example. automatic rransmission
fluids, there are a vanety of different types of fluids due to the various
apparatus/transmissions having different designs which have led to the need for specialized
fluids having markedly different functional characteristics, This is contrasted by the term
“lubricating floid™ which is used to denote a tluid that 13 not used to generate or transfer
nower as do the functional fluids.

100631 With respect to tractor hydrautic fluids, for example, these Huids are all-
purpose products used for all lubricant applications in a tractor except for lubricating the
engine. These lubricating applications may include lubrication ol gewrboxes. power take-otf
and clutch{es), rear axles, reduction gears. wet brakes, and hydravlic accessories.

10064 ] When a functional {luid is an automatic transmission fluid. the automatic

transmission fluid muost have enough friction for the clutch plages w transfer power,



However, the friction coefficient of such fluids has a tendency to decline due to emperature
etfects as the tluids heat up during operation. It is important that such tractor hydraulic fluids
or automatic transmission fluids maintain a high friction coefficient at elevated temperatures,
otherwise brake systems or automatic transmissions may tai, This s not a function of engine
oils.

[O065] Tractor fluids, and for example Super Tractor Universal Oils (STUOs) or
Universal Tractor Transmission Oils (UTTOs), may combine the performance of engine oils
with one or more adaptations for transmissions, differentials, final-drive planetary gears, wet-
brakes, and hydraulic performance. While many of the additives used 1o formulate a UTTO
or a STUO fluid are similar in functionality, they may have deleterious effects i not
incorporated properly. For example. some anti-wear and extrerme pressure additives used in
engine oils can be extremely corrosive to the copper component in hydraulic pumps.
Detergents and dispersants used for gasotine or diesel engine performance may be
detrimental to wet brake performance, Each of these fluids, whether functional, tractor, or
lubricating, are designed to meet specific and stringent manufacturer requirements associated
with their intended purpose.

(0066} Lubricating oil compositions of the present disclosure may be formulated in an
appropriate base o1l by the addition of one or more additives. The additives may be combined
with the base oif in the form of an additive package (or concentrate) or, alternatively, may be
combined individually with the base oil. The fully formulated lubricant may exhibit improved
performance properties, based on the additives emploved 1n the composition and the
respective proportions of these additives.

[ode7] The present disclosure includes novel lubricating o1l blends specifically
formulated for use as automotive crankcase lubricants, Embodiments of the present
disclosure may provide lubricating oils suttable for crankcase applications and having
improvemenis 1n the following characteristics: air entrainment. alcohol fuel compaubility,
antioxidancy, antiwear performance, biofuel compartibifity, foam reducing properties, friction
reducton, fuel economy, preignition prevention, rust inhibition. sludge and/or soot
dispersability, and water tolerance.

[0068] Additional details and advantages of the disclosure will be set forth in part in
the description which follows, and/or may be learned by practice of the disclosure. The
details and advantages of the disclosure may be realized and attained by means of the
glements and combinations particularty pointed out in the appended claims. 1t 15 to be

understood that both the foregoing general description and the following detailed description
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are exemplary and explanatory only, and are not restrictive of the scope of the disclosure, as

claimed.
DETAILED DESCRIPTION OF THE EMBODIMENT(S)
[0065] For illustrative purposes, the principles of the present disclosure are described

by referencing various embaodiments, Although certain embodiments of the disclosure are

samie principles are equally applicable to, and can be employed . other systems and
methods. Before explaining the disclosed embodiments of the present disclosure in detail, it
15 {0 be understood that the disclosure is not limited in its application to the details of any
particular embodiment shown. Additionally, the terminology used herein is for the purpose
of description and not of limitation.  Furthermore, although certain methods are described
with reference to steps that are presented herein i & certals order, in many instances, these
steps may be performed in any order as may be appreciated by one skilled in the art: the
novel method is therefore not Iimited 1o the particuiar arrangement of steps disclosed herein.
{0070} In one aspect, the present disclosure provides a lubricating oif composition
comprising a magor amount of a base oil and a minor amount of an additive package, wherein
the additive package comprises one or more friction modifier components selected frone
(A} one or more compounds of the formulae Tand H:
O
O
R N \R1 ‘
B
O
wherein R is a linear or branched. saturated, unsaturated, or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms and Ry is a hydrocarbyl group
having from about § to about § carbon atoms or & C-Cy hydrocarby] group containing one or
more heteroatoms;
O Ry

N

R N R,

| |
O
wherein R is a linear or branched. saturated, unsaturated, or partially saturared

hydrocarbyl group having about 8 to about 22 carbon atoms and Rz and R are independently



selected from hydrogen, Ci-Cie hydrocarbyl groups, and Ci-Cig hydrocarbyl groups
CORLAiNIng one or more heteroatoms:

(B at Jeast two compounds independently selecied from the formulae HE and TV:

~n

wherein R 1s a linear or branched, saturated, unsaturated, or parnaily saturated
hydrocarbyl group having about 8 to about 22 carbon atoms; and X is an alkali metal,
alkaline earth metal or ammonium cation and n is the valence of cation X;
O

OH o
R N (I1V}

O
wherein R 15 a linear or branched, saturated, unsaturated. or partially satrated
hydrocarbyl group having about § to about 22 carbon atoms; and
(C) at least one compound of the formulae HI and IV in combination with at feast one
compound of the formulae I and I

[GO7 1] Formulae I-H represent compounds which can be referred (o ag acy! N-methyi
ghyeine derivatives since these compounds can be made by the reaction of acy! N-methyl
giveines with various compounds as discussed in greater detail below. Compounds of the
formulac I-1V function as friction modifiers when formulated in lubricating oils.

[GO72] The friction modifiers represented by the Formulae 1-1V may have an R group
comprising from about 8 to about 22, or about [0t about 20, or about 12 w about 18, or
about 12 to about 16 carbon aloms.

[O073] In some embodiments, the friction moditiers of the present disclosure are
compounds represented by the Formula | wherein Ry is selected from a hydrocarbyl aroup
having from about 1 to about 8 carbon atoms or a Ci-Cy hydrocarbyl group containing one or
more heteroatoms. The friction modifiers represented by the Formula [ are esters. Some
esters suitable for use in the present disclosure are ethyl ester of oleoy! surcosine, ethyl ester
of Tauroy] sarcosine, butyl ester of oleovl sarcosine, ethyl ester of cocoyl sarcosine, pentyl

ester of lauroyl sarcosine, ethyl 2-(N-methyloctadeca-Y-enamido)acetate, ethy! 2-(N-



methyldodecanamido)acetate, butyl 2-(N-methyloctadeca-9-enamidojacetate, and penty] 2-
(N-methyldodecanamidojacetate. Unsaturated esters soch as esters of 2-(N-methyltetradeca-
Y-enamidojacetic acid: 2-{N-methylhexadeca-9-enamidojacetic acid: 2-(N-methyloctadeca-9-
enamidojacetic acid; 2-(N-methyloctadeca-9,1 2-dienamido)acetic acid and 2-(N-
methyloctadeca-9, 12,1 3-trienamido)acetic acid can also be employed.

10074] The ester may be a reaction product of an acyl N-methyl glvcine and at Jeast
one alcohol. The acyl N-methyl glycine with which the alcohol may be reacted may be
represented by the Formula EV:

O

OH
R N (IV}

O
wherein R is a Hinear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about § to about 22 carbon atoms and the hydroxy moiety on the acid group
may alse be replaced by a suitable leaving group, if desired, prior 1o reaction with the
alcohol. The alcohol may be represented by Ri-OF, where Ry comprises a Ci-Cy hydrocarbyl
eroup or a C;-Cy hyvdrocarbyl group containing one or more heteroatoms.

(00757 Seme suitable compounds of the formula 1V inciude oleovl sarcosine, lauroyi
sarcosine. cocoyl sarcosine. 2-{N-methyvloctadeca-O-enamidojacetic acid, 2-(N-
methyldodecanamidojacetic acid, 2-(N-methyltetradecanamidoacetic acid, 2-(N-
methylhexadecanamidoiacenc acid, 2-{N-methvioctadecanamidoyacetic acid, 2-{N-
methylicosanamido)acetic acid and 2-(N-methvldocosanamido)acetic acid.

[G076] Alcohols that are sustable for reaction with the compounds of the formula IV
1o produce friction modifiers in accordance with the present disclosure include straight or
branched chain C-Cy alcohols such as methanol, ethuancl, n-propanol. isopropancl, a-buranod,
isobutanol, tertiary butanol, pentanols such as n-pentanol, tsopentanol, hexanols, heptanols,
and octanols as well as unsaturated Cr-Cr alcohols and heteroatom contarmng C;-Cy alcohols
such as ethane-1.2-diol, 2-methoxyethanol, ester aleohols, or amino alcohols, such as
riethanol anune. Ethanol. propyl alcohols, and butyl alcohols are useful for preparation of
friction modifiers in accordance with the present disclosure,

FOO77] in some embodiments, the fncuon modifiers of the present disclosure are
represented by the formula 11, wherein Rz and R: are independently selected from hvdrogen,
Iivdrocarbyl groups having about 1 to about 18 carbon atoms, and heteroaton containing
hydrocarbyl groups having about | to about 18 carbon atoms. In another embodiment, Ra

and Rz may be independently selected from hydrocarbyl groups and heteroatom containing
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hydrocarbyl groups having about 3 to about 12 carbon atoms or hydrocarby! groups and
heteroatom containing hydrocarbyl groups having about 4 to about 8 carbon atoms. The
fricnon moditiers represented by the formula 1 are amides.

[O078] The amides may be reaction products of one or more acyl N-methyl glycines
or acyl N-methyl glycine derivatives and one or more amines. The acyt N-methyl giveine
may be represented by the formula [V, as described herein. The amine may be represented by

the formula V;

V)

wherein Ro Rz and Reare the same or different and are independently selected from
nydrogen, hydrocarbyl group. or heteroatom-containing hydrocarbyl group having from
about | o gbout 18 or from 3 to about 12, or from about 4 1o about 8 carbon atoms. Suitable
amines mctude primary and secondary amines. Suitable amines include, for example,
ammonia, 2-ethyl hexyl amine, n-buty! amine, t-butyl amine. isopropyi amine, pentyl amines
including n-pentyl amine, 1sopentyl amine, 2-ethy! propyi amine, octyl amines, dibusyiamine,
and dimethylaminopropylamine. Suitable amides include, for example. the reaction products
of compounds of the formuta IV with one or more of methoxyethylamine, tris-hvdroxymethyl
amino-methane (THAM]. and diethanolamine. Another suntable amide reaction product is the
reaction product of 2-(N-methylociadeca-9-enamidojacetic acid and 2-ethyl hexyl amine.

{00797 In other embodiments, the friction maodifiers of the present disciosure are in
the form of metal or amine salts represented by the formula 11T wherein X is an alkali or
alkaline earth metal cation, or an ammonium cation. Salts suitable as friction modifiers for
use in the present disclosure include, for example. monovalent salis such as sodium, lithium,
and potassium salts including, for example, the sodium salt of 2-(N-
methyldodecanamido jacetic acid, the potassium salt of 2-(N-methyloctadecanamido)acetic
acid, and divalent salts such as the calcium. magnesiom. and barium salis,

§0080] The amine salts of the formuaia 11 may comprise ammonium cations selected
from ammonium lon, as well as primary. secondary. or tertiary amine cations. The
hydrocarbyl groups on the amine cation may be independently selected from hydrocarbyl
oroups containing from about 1 1o about 18 carbon atoms, or from about 1 o about 12 carbon
atoms, or from about | o about 8 carbon atoms. In an embodiment. the hvdrocarbyt groups
on the ammoniwm cation may have 14-18 carbon atoms, Suitable amine salts inclode the 2-
ethyl hexvl amine salt of 2-(N-methvidodecanamido)acetic acid and the 2-ethy! buty] amine

salt of 2-(N-methyloctadecanamidojacetic acid.
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{0081 In another aspect, the present disclosure provides an engine oil composition
comprising a major amount of a base ofl and a minor amount of an additive package. wherein
the additive package comprises one or more saits that are reaction products of;

one or more compounds of the formuia IV

0]

OH
R N (V)

G
wherein R is a linear or branched. saturated. unsaturated. or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms, and one or more alkali or alkaline earth metal
hydroxides, atkali or alkaline casth metal oxides, and mxtures thereof,

[O082] Suitable alkal: or alkaline earth metal hydroxides or cormresponding oxides
mclude, but are not limited to, sodimm hydroxide, potassium hydroxide, lithivm hydroxide,
calciam hydroxide. calcium oxide, magnesium hydroxide, banum hydroxide, and the like.

F0083] Suitable salts suitable as friction modifiers for use in the present disclosure
mclude, for example, monovalent salts such as the sodium salt of 2-(N-
methyldedecanamidojacetic acid, the potassium salt of 2-(N-methyloctadecanamidojacetic
acid, divalent saits such as the calcium, magnesium, and bariam salts.

100843 In another aspect, the present disclosure provides a lubricating oil composition
comprising a major amount of a base oif and a minor amount of an additive package, wherein
the additive package comprises one or more reaction products of:

one or more compounds of the formula I'V:
o

OH
R N (1v)

G
wherein R 15 a #inear or branched., satorated, unsaturated. or partially saturated hvdrocarbyl
group having about 8 to about 22 carbon atoms, and
one or more amine alcohol(s).
TOORS] Suitable amine alcohols include. but are not limited to. ethanolamine,
diethanolamine, aminoethy! ethanolamine, tris-hydroxymethyl amino-methane (THAM), and
the like. as well as mixtures thereof.

10086 I some embodiments, the lubricating o1l composition is an engine oil.

b



{G0O87] In some embodiments the reaction product of Formula {IV) and an amine
alcohol may comprise or consist of a mixture of amides and esters.

0088} In an embodiment, the disciosure comprises one or more reaction products of
one or more compounds of the formula I'V:

O

OH
= N {1V}

O
wherein R is a linear or branched. saturated, unsaturated, or partially saturated hydrocarbyl
aroup having about 8 to about 22 carbon atoms, and

one or more amines of the formula V:

wherein Ry, Bs, and Rg are independently selected from hydrogen. Cr-Chs hydrocarbyl groups
and heteroatom contaming Cr-Ciy hydrocarby! groups. The amines histed herein may be used
i this reaction. These reaction products may comprise or consist of one or more amides.
10089] The present disclosure also includes a fubricating ot composition comprising
a major amount of a base oil and a minor amount of an additive package., wheremn the additive
package comprises one or more reaction products of:
one or more compounds of the formula IV:

<

OH
R N IV}

O

wherern R 15 a linear or branched. saturated. unsaturated. or partally saturated hydrocarbyl
group having about § to about 22 carbon atoms and the hydrogen atom on the acid group may
also be replaced by a suntable feaving group,; and

one or more alcohols represented by Ri-OH, where Ry comprises a hydrocarbyl group
or Cr-Cy hydrocarbyl groups containing one or more heteroatoms, The alcohols listed herein
may be used in this reaction. These reaction products may comprise or consist of one or
MOre esters,

10050] In some embodiments, the fubricating oil composition 15 an engine oil,
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[O091] The present disclosure also includes an engine oil composition comprising a
mrajor amount of @ base o and a minor amount of an additive package, wherein the additive
package comprises one or more anymoniunt salts that are reaction products of:

one or more compounds ol the Tormula IV:
O

OH
R N 1V}

O
wherein R is a linear or branched, saturated. unsaturated, or partiaily saturated
hydrocarby! group having about 8 to about 22 carbon atoms: and

an amine of the formula V:

wherein Ra, R, and Re are independently selected from hvdrogen, Ci-Cig hvdrocarbyl
groups and heteroatom containing Cy-Chg hydrocarbyl groups.

[092] The amines used to produce amine salts by the reaction of compounds of the
formula IV and one or more amines may comprise amines that provide ammonium jons or
primary, secondary, or lerflary amine cations. The hvdrocarby! groups on the amine cation
may be independently selected from hydrocarbyl groups containing from about 1 1o ghour 18
carbon atoms, or from about 1 to about 12 carbon atoms, or from about 1 1o about 8 carbon
atoms. In an embodiment, the hydrocarbyl groups on the ammonium cation may have 14-18
carbon atoms,

100931 In another aspect. the present disclosure provides a lubricating oil composition
comprising a major amount of a base o} and a minor amount of an additive package, wherein
the additive package comprises one or more reaction products of:

one or more compounds of the formuia TV:

O

CH
R N {IV)

<
wherein R is a4 lnear or branched. saturated, unsaturated, or partially saturated hvdrocarbyl
group having about § to about 22 carbon atoms: and mixtures of two or more of the reactants
described herein for reaction with compounds of the formula IV, One particularly suitable

combination comprises the reaction products of compounds of the formula IV with one or



more alcohols: and one or more alkali metal or alkaline earth metal hydroxides, alkali metal,
or alkaline sarth metal oxides or amines of the formuta V.

(00941 The alcohols which may be used to make these reaction products are the same
alcohols as described herein. The alkali metal or alkaline earth metal hydroxides and alkali
metal or alkaline earth metal oxides are the same as those described herein. These reaction
products may comprise or consist of a combination of esters of the formula T and alkali metal,
atkaline earth metal, or ammonium salts of the formula 1L

[O065] In seme embodiments of the disclosure, compounds of the formulae HI and 1V
may also be used as fricton modifiers. In such embodiments, wherein compounds of the
formutae 1 and 1V are used, two or more friction modifiers are employed. Thus, in some
embodiments, the lubricating or engine o1l compositions of the present disclosure may
contain two or more friction modifiers cach independently selected from the formutae 1.1V
and the reaction products of alcohols, ammonia, amines, amine alcohols, atkali or alkaline
carth metat hydroxides, alkali or alkaline earth metal oxides, and mixtures thereof with
compounds of the formula IV, as deseribed herein. Such embodiments are useful for
tatforing specific properties of lubricating oils and, for example, engine oils.

10096] Mixtures of friction modifiers may include, but are not Hmited to, a mixture of
2-(N-methyloctadecanmmidolacetic acid and 2-(N-methyldodecanamidolacetic acid; a
mixture of 2-(N-methyloctadecanamido)acetic acid and the ethyl 2-(N-methyloctadeca-4-
enamidojacetate: a mixture of cocoyl sarcosine and the ethyl ester of cocovl sarcosine: a
mixture of the ethyl 2-(N-methyloctadeca-9-enamido)acetate and the ethyi 2-(N-
methyldodecanamidolaceiate: a mixture of 2-(N-methyloctadeca-9-enamido)acetic acid and
2-{ N-methyldodecanamidojacetic acid; a mixture of the ethyl 2-(N-methyloctadeca-9-
enamidojacetate and the ethyl ester of cocoyl sarcesine: a mixture of the ethyl 2-{N-
methyidodecanamidojacetate and the ethyl ester of cocoyl sarcosine: and a mixture of the
ethyl 2«(N-methyloctadeca-9-enamidojacetate, the ethyl 2-(N-methyvidodecanamidojacetate,

and the ethyl ester of cocoyl sarcosine.

[G097) Each of the lubricating oils desceribed herein may be formulated as engine oils.
[009%) In another aspect, the present disclosure relates to a method of using any of the

Jubricating oils deseribed herein for improving or reducing thin film friction. In another
aspect, the present disclosure relates to a methed of using any of the lubricating oils described
heremn for improving or reducing boundary laver friction. In another aspect, the present
disclosure refates 0 o method of using any of the lubricating oils described herein for

improving or reducing both thin film friction and boundary faver friction. These methods can

be used for lubrication of surfaces of any type described herein.



[0099] In vet another aspect, the present disclosure provides a method for improving
thin f1lm and boundary layer friction in an engine comprising the step of lubricating the
engine with an engine oil comprising a major amount of a base otl and a minor amount of an
additive package comprising a friction modifier as disclosed herein. Suitable friction
modifiers are those of the formulae I-1H described herein, Also suitable are the reaction
products of one or more amines of the formula V and one or more compounds of the formula
IV, Also surtable are mixtures of two or more friction modifiers cach independently selected
from the formulac -1V as well as the reaction products of alcohols, amino alcohols,
ammonia. amines, alkali metal or alkaline carth metal hydroxides, alkali metal or alkaline
earth metal oxides and mixtures thereof, with compounds of the formula 1V, as described
herein.

(001001 In yetanother aspect, the present disclosure provides a method for improving
boundary layer friction in an engine comprising the step of lubricating the engine with an
engine oil comprising a major amount of a base oif and a minor amount of an additive
packuge comprising a friction modifier as disclosed herein. Suitable friction modifiers are
those of the formulae - described hercin. Also suitable are the reaction products of one or
more amines of the formula V and one or more compounds of the formula IV, Two or more
friction modifiers each independently selected from the formulae -1V as well as the reaction
products of alcohols, amino aleohels, ammonia, amines, alkali metal or alkaline earth metal
hydroxides, alkali metal or alkaline earth metal oxides, and mixtures thereof, with
compounds of the formula IV, as described herein.

[0G101]  In vet another aspect. the present disciosure provides a method for improving
thin film friction in an engine comprising the step of lubricating the engine with an engine oil
comprising a major amount of a base oil and a minor amount of an additive package
comprising a foction modifier as disclosed herein. Suitable fricton modifiers are those of the
formulae -1 described herein. Also suitable are the reaction products of one or more
amines of the formula V and one or more compounds of the formula V. Two or more
friction modiliers each independently selected from the formulae 1-1V and the reaction
nroducts of alcohols, amino aleohols. ammonia, amines, atkali metal or alkaline earth metal
hydroxides, alkali metal or alkaline earth metal oxides, and mixtures thereof, with
compounds of the formula IV, as described herein.

O0H02] The ore or more friction modifiers of the present disclosure may comprise
from about 0.05 to about 2.0 wi.%, or about 0.1 1w about 2.0 wi.%, or about 0.2 to about 1.8
wl. %, or about 0.5 to about 1.5 wt.% of the total weight of the lubricating il composition.

Suitable amounts of the compounds of the friction modifiers may be incorporated in additive

]
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packages to deliver the proper amount of friction modifier (o the fully formulated engine oil.
The one or more friction modifiers of the present disclosure may comprise from about .1 to
about 20 wt.%, or about 1.0 fo about 20 wi.%, or about 2.0 to about 18 wt.%, or about 5.0 to
about 15 wi.% of the total weight of the additive package.

[O00103]  The onc or more friction moditiers when used in combination may be used in
aratio of from 1100 to 100:1; from 11100 to 1:100:7 to 100:1:F; or any other suitable rafio
and so0 on,

[00104]  The additive package and lubricating and engine oils of the present disclosure
may further comprise one or more optional components. Some examples of these optional
components include antioxidants, anfwear agents, boron-containing compounds, detergents,
dispersants, extreme pressure agents, ather friction modifiers in addition to the friction
modifiers of the present disclosure, phosphorus-containing compounds, molybdenun-
containing compounds, antifoam agents, titanium-containing compounds, viscosity index
improvers, pour poiat depressants, and diluent oils. Other optional components that may be
included in the additive package ol the additive puckage and the lubricating and engine oils

of the present disclosure are described below.

Base Oil
[GOT05T  The base oil used in the Jubsicating oif compositions herein may be selected
from any of the base oils in Groups -V as specified in the American Petrelewm institute

{APD) Base Oil Interchangeability Gudehnes, The five buse oil groups are as follows:

Table 1

Base oil

. ) Sulfur (%) Saturates (%) Viscosity Index
Category
Group | > (.03 and/or <90 801w 120
Group H (.03 and =90 8O w120

Group [ <(1.03 and =490 20

Group IV All polyalphaslefins (PAOS)

Al others not included n

Groups L IL HI, or IV

Group V

[GO106]  Groups L 1. and 1L are mineral o1l process stocks. Group TV base oils contain
true synthetic molecular species, which are produced by polymerization of olefinically

unsaturated hydrocarbons, Many Group V base oils are also true synthetic products and may
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include diesters, polyol esters, polyalkylene glycols, alkylated aromatics, polyphosphate
esters, polyvinyl ethers, and/or polvphenyl ethers, and the like, but may also be naturally
occurring oils, such as vegetable oils. 1t should be noted that although Group 1l base oils are
derived from mineral oil. the rigorous processing that these fluids undergo causes their
physical properties 1o be very similar to some true synthetics, such as PAOs. Therefore, oils
derived from Group HI base oils mav sometimes be referred to as syathetic fluids in the
industry.

[O3107]  The base o1l used 1n the disclosed lubricating oil composition may be a
mineral ¢il, animal 0il, vegetable oil, synthetic oil. or mixtures thereof. Suitable o1ls may be
derived from hydrocracking, hvdrogenation, hydrofinishing, unrefined, refined, and re-
refined oils, and mixtures thercof.

[00108]  Unrefined oils are those derived from a natural, mineral, or synthetic source
with or without httle further punificaton treatment. Refined oils are stmilar to unrefined oils
except that they have been treated by one or more purification steps, which may resulit in the
improvemeni of one or more properties. Examples of suitable purification techniques are
solvent extraction, secondary distillation, acid or base extraction. Hiltration. percolation, and
the like. Oils refined 1o the quality of an edible oif may or may not be useful, Edible oils
may also be called white oits. In some embodiments, fubricant compositions are free of
edible or white oils.

[G0109]  Re-refined oils are also known as reclaimed or reprocessed oils. These oils are
obtained in a manner similar (o that used 1o obtain refined otls using the same or simiar
processes. Often these o1ls are additionally processed by techniques directed to removal of
spent additives and o breakdown products.

[GO110]  Mineral ois may include oils obtained by drilling, or from plants and animals
and mixtures thereof. For example such oils may mclude, but are not hmited to, castor ail,
lard otl, olive oil, peanut 0il, corn oil, soybean oil, and linseed oil, as well as mineral
lubricating otls, such as iquid petroleum oils and solvent-treated or acid-treated mineral
lubricating oils of the paraffinic. naphthenic or mixed paraffinic-naphthenic types. Such oils
may be partially or fully-hydrogenated, if desired. Oils dertved from coal or shale mav also
he useful.

[GOTEH] Useful synthetic lubricating oils may include hydrocarbon oils such as
polymerized, oligomerized, or mterpolymerized olefing (e.o., polybutylenes, polvpropylenes,
propyleneisobutylene copolymers); poly(l-hexenes), poly(1-octenes), trimers or oligomers of
l-decene, c.g., poiv(i-decenes), such materials being often referred 1o as a-olefins, and

mixtures thereot: alkyl-benzenes (g.g. dodecvibenzenes, erradecvibenzenes,



dinonylbenzenes, di-(2-cthylhexyl)-benzenes): poiyvphenyls (e.g.. biphenyls. terphenyls,
alkviated polyphenyis) dipheuyl atkanes. alkylated diphenyl alkanes, alkylated diphenyl
ethers and alkyvlated diphenyl sulfides and the derivatives, analogs and homologs thereof or
mixtures thereof,

[00112}  Other synthetic lubricating oils include polyol esters. diesters, iquid esters of

ester of decane phosphonic acidy, or polvmenc tetrahydrofurans. Synthetic oils may be
produced by Fischer-Tropsch reactions and typically may be hvdroisomerized Fischer-
Tropsch hydrocarbons or waxes. In an embodiment, oils may be prepared by a Fischer-
Tropsch gas-to-liquid synthetic procedure as well as from other gas-to-liquid oils.

[001131  The amount of the oil of lubricating viscosity present may be the balance
remaining after subtracting from 108 wt. % the sum of the amount of the performance
additives inciusive of viscosity index improver(s) mnd/or pour point depressant(s) and/or
other top treat additives. Feor example, the ol of lubricating viscosity that may be present in a
finished fluid may be a major amount. such as greater than about 50 wt.%. greater than about
60 wt. %, greater than about 70 wi.%, greater than about 80 wt.%, greater than gbout 85 wi, %,

or greater than about 90 wi.%.

Antioxidants

{00114} The lubricating oil compositions herein also may optionally contain one or
more antioxidants. Antioxidant compounds are known and include, for example, phenates,
phenate sulfides, sulfurized olefins, phosphosulfurized terpenes. suifurized esters, aromatic
amines, alkylated diphenylamines (e.g.. nony] diphenylamine. di-nonyl diphenviamine, octy!
diphenylamine. di-octyi diphenylamine), phenyl-alpha-naphthyvlamines, alkyiated phenyl-
alpha-naphthylamines, hindered non-aromatic amines, phenols, hindered phenols. oil-soluble
molybdenum compounds, macromolecular antioxidants, or mixtures thereof. Antioxidants
may he used alone or in combination.

{00115} The hindered phenot antioxidant may contain a secondary butyl and/or a
tertiary butvl group as a sterically hindering group. The phenol group may be further
substituted with a hydrocarbyi group and/or a bridging group tinking 1o a second aromatic
group. Examples of suitable hindered phenol antioxidants include 2.0-di-tert-butylphenol, 4-
methyl-2 6-di-tert-butylphenol, 4-ethyl-2 6-di-tert-butylphenol, 4-propyl-2.6-di-tert-
butylphenol or 4-butyl-2,6-di-tert-butylphenol, or 4-dodecyi-2,6-di-tert-butviphenol, In an
embodiment the hindered phenol antioxidant may be an ester and may include, ¢.g., an

addition product derived from 2,6-di-tert-butvlpheno! and an alkyl acrviate, wherein the alkyl



group may contain about 1 to about 18, or about 2 to about 12, or about 2 to about 8, or about
2 to about 6, or about 4 carbon atoms.

i00116]  Usetul antioxidants may include diarylamines and high molecular weight
phenols. In an embodiment. the lubricating o1l composition may contain & mixture of a
diarylamine and a high molecular weight phenol. such that each antioxidant may be present
i an amount sufficient o provide up (o about 5%, by weight of the antioxidant, hused upon
the final weight of the lubricating oil composition. In some embodiments, the antioxidant
may be a mixture of about 4.3 1o about 1.5% diarylamine and about 8.4 to about 2.5% high
molecular weight phenol. by weight. based upon the final weight of the lubricating oil
composition.

001171 Examples of suitable ofefing that may be sulfurized to form a sulfurized olefin
melude propyiene. butylene, isobutylene, polyisobutylene, pentene. hexene, hepiene. octene,
nonene, decene, undecene, dodecene, tridecene, tetradecene, pentadecene, hexadecene,
heptadecene, octadecene, nonadecene, eicosene or mixtures thereof. In an embodiment.
hexadecene, hepladecene, octadecene, nonadecene, eicosene or mixtures thereof and their
dimers. trimers and tetramers are especially useful olefins. Alternatively, the olefin mayv be a
Dicls-Alder adduct of a diene such as 1.3-butadiene and an unsaturated ester. such as,
butylacrylate.

[00T18}  Another class of sulfurized olefin includes sulfurized fatty acids and their
esters. The fatty acids are often obtained from vegetable oil or animal o1l and typically
contain about 4 to about 22 carbon atoms. Examples of suitable fatty acids and their esters
mnclude tnglycerides, oleic acid, Iinelcic acid, palmitoleic acid or mixtures thercof, Often, the
fatty acids are obtained from fard otl, tall oil, peanut oil, soybean oil, cottonseed oil,
sunflower sced oil or mixtures thereof, Faity acids and/or ester may be mixed with olefins,
such as o-olefins.

[Q0119}  The one or more antioxidant(s) may be present in ranges of from about O wi.%
to abowut 20 wi%, or about (L1 wt.% to about 10wt %, or about | wt.% 1o about 5 wit.%, of

the lubricating composition.

Antiwear Agents

(001207 The lubricating oil compositions herein also may optionally contain one or
more antiwear agents. Examples of suitable antiwear agents include, but are not mited 1o, a
metal thiophosphate, a metal dialkyldithiophesphate: a phosphoric acid esier or salt thereof; a
phosphate ester(s ) a phosphite: a phosphorus-containing carboxylic ester, ether, or amide: a

sulfurized olefin: thiocarhamate-contaming compounds including, thiocarbamate esters,
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alkylene-coupled thiocarbamates, and bis(S-alkyldithiocarbamyDdisulfides: and mixtures
thereof. The phosphorus containing antiwear agents are more fully described in European
Patent No, 0612 839, The metal in the dialkyl dithio phosphate salts may be an alkali metal,
alkaline earth metal, aluminum, lead, tin, molybdenum, manganese, nickel, copper. titanium,
or zing, A uselul antiwear agent may be a zinc dialkyldithiophosphate.

{001211  The antiwear agent may be present in ranges of from about O wt,% 1o about 15
wt %, or about .01 wt.% to about 10 wt %, or about 0.05 w1.9% to about 3 wt.%, or about 0.1

w.9% t0 about 3 wt.% of the total weight of the lubricating composition.

Boron-Containing Compounds

[00122]  The lubricating oil compositions herein may optionally contain one or more
boron-contaming compounds.

[G0123]  Examples of boron-containing compounds inciude borate esters, borated tatty
amines, borated epoxides. borated detergents, and borated dispersants, such as borated
succinimide dispersants, as disclosed in U.S. Patent No. 5.883.057.

[00124]  The boron-contaiming compound, if present, can be used in an amount
sulticient to provide up to about 8 wi.%, about 0.01 wt.% to about 7 wt. %, about 0.05 wi.%
to about 5 wt.%, or shout 0.1 we.% to about 3 wt.% of the total weight of the lubricating

composition.

Detergents

[0G125]  The lubricant composition may optionally comprise one or more neutral, low
based, of overbased detergents, and mixtures thereof. Suitable detergent substrates include
phenates, suifur containing phenates. sulfonates, calixarates, salixarates, salicylates,
carboxylic acids, phosphorus acids. mono- and/or di-thiephosphoric acids, atkyl phenols,
sulfur coupled alkyl phenol compounds and methyvlene bridged phenols. Suitable detergents
and their methods of preparation are described in greater detatl in numerous patent
publications, including U.S. Patent No. 7,732,390, and references cited therein,

[0G126)  The detergent subsirate may be salted with an atkal or alkaline carth metal
such as, but not limited to. calcium. magnesium, potassium, sodium, lithivm, barium, or
mixtures thereof. In some embodiments, the detergent 15 free of bartum. A sultable detergent
may include alkah or alkaline earth metal salts of petroleum solfonic acids and long chain
mono- or di-alkylarvisulfonic acids with the aryl group being one of benzyl, tolyl, and xylvl

[OG127] Owverbased detergent additives are well known in the art and may be alkali or

alkaline earth metal overbased detergent additives. Such detergent additives may be prepared
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by reacting a metal oxide or metal hydroxide with a substrate and carbon dioxide gas. The
substrate is typically an acid, for example, an acid such as an aliphatic substituted sulfonic
acid, an aliphatic substituted carboxylic said, or an aliphatic substituted phenol.

H00128]  The terminology “overbased” relates to metal salts, such as metal salts of
sulfonates, carboxyvlates. and phenates, wherein the amount of metal present exceeds the
stoichiometric amount. Such salts may have a conversion level in excess of 100% (i.c.., they
may comprise more than 100% of the theoretical amount of metal needed o convert the acid
W its “normal,” “neutral” salt). The expression “metal ratio,” often abbreviated as MR, is
used to designate the ratio of total chemical equivalents of metal in the overbased salt to
chemical equivalents of the metal in a neutral salt according to known chemical reactivity and
stotchiometry. In a normal or neutral salt, the metal ratic is one and in an overhased salt, the
MR, 15 greater than one. Such salts are commonly referred to as overbased, hyperbased, or
superbased salts and may be salts of organic sulfur acids, carboxyiic acids, or phenols.

[001291  The overbased detergent may have a metal ratio of from 1.1:1, or from 2:1, or
from 4:1, or from 5:1, or from 7:1, or from 10:1.

001307 In some embodiments, a detergent 1s effective at reducing or preventing rust in
an engine.

[00131]  The detergent may be present at about O wit. % 10 about 18 wi, %, or about (3.
wt.% to about 8 wi.9%, or about 1 wt.% to about 4 wi.%, or greater than ahout 4 wi.% 1o about

8 wt.% based on the total weight of the lubricant composiiion.

Dispersants

F00132]  The lubricant composition may optionatly further comprise one or more
dispersants or mixtures thereof. Dispersants are often known as ashless-type dispersants
because, prior (o mixing in a lubncating o1l composition, they do not contain ash-forming
melals and they do not normally contribute any ash when added to a lubricant. Ashless-type
dispersants are characterized by a polar group attached o a relatively high molecular or
weight hydrocarbon chain. Typical ashless dispersants include N-substituted long chain
alkenyl succinimides. Examples of N-substituted fong chain alkenyl succinimides imclude
polyisobutylene succinimide with number average molecular weight of the polyisobutylene
substituent in a range of about 350 to about 3000, or about 500 1o about 3000, Succinimide
dispersants and their preparation are disclosed, for instance in U.S. Pat. No. 7.887.696 and
U5, Pat. Noo 4,234,435, Suceinimide dispersants are typically an imide formed from a

polyamine. typically a polylethyleneamine).
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[GOT33]  In some embodiments the lubricant composition comprises at least one
polyisobutylene succinimide dispersant derived {rom polyisobutylene with number average
molecular weight in the range about 350 to about 3000, or about 504 to about 3000. The
pelyisobutylene suecinimide may be used alone or in cotnbination with other dispersants,

(00134]  In some embediments, polyisobutylene (PIB), when included. may have
greater than 50 mol%, greater than 60 mol%., greater than 70 mol%. greater than &80 mol%, or
greater than 90 mol% content of terminal doubie bonds. Such a PIB is also referred 1o as
highly reactive PIB ("HR-PIB™). HR-PIB having a number average molecular weight
ranging from about 804 to about 5000 is suitable for use in embodiments of the present
disclosure, Conventional non-highly reactive PIB typically has less than 50 mol¥%, less than
40 mol%. less than 30 mol%, less than 20 mole, or less than 10 mol% content of terminal
double bonds.

[00135]  An HR-PIB having a number average molecular weight ranging from about
900 1o about 3000 may be suitable. Such an HR-PIB is commercially available, or can be
synthesized by the polymerization of isobutene in the presence of & non-chlorinated catalyst
such as boron trifluoride, as deseribed in ULS. Patent No. 4,152,499 and U_S. Patent No.
5.739.355. When used in the aforementoned thermal Ene reaction, HR-PIB may iead to
higher conversion rates in the reaction, as well as lower amounts of sediment formation. due
o increased reactivity,

[00136]  In emboediments the [ubricant composition comprises at least one dispersant
dertved from polvisobutylene suceinic anhydride,

[OO137] In an embodiment, the dispersant may be derived from a polyalphaolefin
{(PAQ) succinic anhydride.

[00138] In an cmbodiment, the dispersant may bhe derived from olefin maleic
anhydride copolymer. As ap example., the dispersant may be described as a poly-PIBSA.

[O013%9]  In an embodiment, the dispersant may be derived from an anhydride which is
grafted to an ethylene-propylene copolymer.

F001401  One class of sultable dispersants may be Mannich bases. Mannich hases are
materials that are formed by the condensation of a higher molecular weight, alkyl substituted
phenol, a polvalkylene polvamine. and an aldehyde suclh as formaldehyde, Mannich bases
are described in more detail in U.S. Patent No. 3,634,515,

(001411 A suitable class of dispersants may be high molecular weight esters or half
ester amides.

(001421 The dispersants may also be post-treated by conventional methods by reaction

with any of a varicty of agents. Among these agents are boron, ures, thiourea,
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dimercaptothiadiazoles, carbon disulfide, aldchydes, ketones, carboxylic acids, hydrocarbon-
substituted succinic anhydrides, maleic anhydride. nitriles. epoxides. carbonates, cyclic
carbonates, hindered phenotic esters, and phosphorus compounds, U.S. Patent No,
7.645.726. U.S. 7.214,649: and U.S. 8.048.831 describe some suitable post-treatment
methods and post-treated products.

f00143]  The dispersant, if present. can be used in an amount sufficient o provide up o
about 20 wi %, based upon the total weight of the lubricating o1l composition. The amount of
the dispersant that can be used may be about 0.1 wi.% to about 15 wt.%, or about 0.1 wt.% 10
about 1) wi, 9%, or about 3 wi.% to about 10 wt.%. or about 1 wi.% to about & wi.%:. or about
7wt % to about 12 wi%, based upon the total weight of the lubncating oil composition. In

an embodiment, the lubricating o1l compositton utilizes a mixed dispersant sysiem.

Extreme Pressure Agents

[0G144]  The lubricaring oif compositions herein also may optionally contain one or
more extreme pressure agents. Extreme Pressure (EP} agents that are soluble in the oil
include sulfur- and chlorosutfur-containing EP agents, chlorinated hyvdrocarbon EP agents
and phosphorus EP agents. Examples of such EP agents include chlorinated waxes: organic
sulfides and polysulfides such as dibenzyldisulfide, bis(chlorebenzyly disulfide, dibutyl
tetrasulfide, sulfurized methyl ester of oleic acid, sulfurized alkylphenol, sulfurized
dipentene, sulfurized terpene, and sulfurized Diels-Alder adducts: phosphosuifurized
hydrocarbons such as the reaction product of phosphorus sulfide with turpentine or methyl
oleate: phosphorus esters such as the dihydrocarbyl and trihydrocarbyl phosphites. e.g..
dibutyl phosphite, diheptyl phosphite, dicyclohexyl phosphite, pentylphenyl phosphite;
dipentylpheny! phosphite, tridecyl phosphite. distearyl phosphite and polypropylene
substituted phenyl phosphite: metal thiocarbamates such as zine dioctyldithiocarbamate and
barium heptylphenol diacid: amine salts of alkyl and dialkyiphosphoric acids, inctuding, for
example, the amine sait of the reaction product of a diatkyldithiophosphoric acid with

propylene oxide: and mixtures thereof,

Friction Modifiers

[00145]  The ubricating ofl compositions herein may also optionally contain one or
more additional friction modifiers. Suitable friction modifiers may comprise metal
containing and metal-free friction modifiers and may include, but are not imited o,
imdazobmes, amides, amines, succinimides, alkoxvlated amines, alkoxylated ether amines,

amine oxides, amidoamines. nitries, betaines, quaternary amines, imines, amine salts, amino
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guanidines. alkanelamides. phosphonates, metal-containing compounds, glveerol esters,
sulfurized fatty compounds and olefins, sunflower oil and other naturaily occurring plant or
animal oils, dicarboxylic acid esters, esters or partial esters of a polyol and one or more
aliphatic or aromatic carboxylic acids, and the like.

(00146} Suitable friction modifiers may contain hydrocarbyl groups that are selected
from straight chain, branched chain. or aromatic hydrocarbyl groups or mixtures thereof, and
may be saturated or unsaturated. The hydrocarbyl groups may be composed of carbon and
hydrogen or hetero atoms such as sulfur or oxygen. The hydrocarbyl groups may range from
about 12 to about 25 carbon atoms. In a embodiments the friction modifier may be a long
chain fatty acid ester. In an embodiment the long chain farty acid ester may be a mono-ester,
or a di-ester, or a (trijglyceride. The friction modifier may be a long chain fatty amide, a fong
chain fatty ester. a fong chain fatly epoxide derivative, or a long chain tmidazoline.

[GOT47]  Other suitable friction modifiers may include organic, ashless {metal-free},
nitrogen-free organic friction modifiers. Such friction modifiers may include esters formed
by reacting carboxylic acids and anhydrides with alkanels and generally include a polar
lerminal group (e.g. carboxyl or hydroxyly covalently bonded to an oleophilic hydrocarbon
chain. An example of an organic ashless nitrogen-free friction moedifier is known generally as
glycerol moncoleate (GMO) which may contain mono-, di-, and tri-esters of oleic acid. Other
suitable friction modifiers are described in U8, Pat. No. 6,723,685,

01481 Aminic friction modifiers may mclude amines or polyamines. Such
compounds can have hydrocarbyl groups that are linear, either saturated or unsaturated, or a
mixture thereof and may contain from about 12 to about 25 carbon atoms. Further examples
of suitable friction modifiers include atkoxylated amines and alkoxylated ether amines. Such
compounds may have hydrocarbyl groups that are linear. either saturated. ensaiurated, or
mixture thereof. They may contain from about 12 to about 25 carbon atoms. Examples
include ethoxyiated amines and ethoxviated ether amines.

[O01491  The amines and armdes may be used as such or in the form of an adduct or
reaction product with a boron compoeund such as a boric oxide, boron halide, metaborate,
horic acid or a mono-. di- or tri-alkyl borate. Other suitable {riction modifiers are deseribed in
LIS, Pat. No. 6,300,291,

1001561 A friction modifier may be present in amounts of about 0 wit.% to about 10
wit. %, or about .01 wt.% to &bout 8 wt.%. or about 0.1 wi.% to about 4 wi.% | based on the

total weight of the lubricant composition.



Molvbdenpum-containing components

[GO15}]  The tubricating oil compositions heremn may also contain one or more
molybdenum-containing compounds, An oil-soluble molybdenum compound may have the
functional performance of an anfiwear agent, an antioxidant, a friction modifier, or any
combination of these functions. An oil-soluble molvbdenum compound may include
molybdenum dithiocarbamates, molybdenum dialkyidithiophosphates, molybdenum
dithiophesphinates, amine salts of molybdenum compounds, molybdenum xanthates,
molvbdenum thioxanthates, molybdenum sulfides, molybdenum carboxyiates, molybdenum
alkoxides, a uinuclear organo-molybdenum compound, and/or mixtures thereof. The
motybdenum sulfides include molybdenum disulfide. The molybdenmem disulfide may be in
the form of a stable dispersion. In an embodiment the oil-soluble molybdenum compound
may be selected from the group consisting of molybdenum dithiocarbamates, molybdenum

dialkyldithiophosphates, amine salts of molybdenum compounds. and mixtures thereof. In an
embodiment the eil-soluble molybdenum compound may be a molybdenum dithiocarbamate.

1001521 Suitable examples of molybdenum compounds which may be used include
commercial materials sold ander trade names such as Molyvan 8221, Molyvan™ A,
Molyvan 2000™ and Melvvan 855™ from R. T. Vanderbilt Co., Lid., and Sakura-Lube™ S-
165, §-200, 8-300, S-310G, $-523, $-600, S-700, and S-714, available from Adeka
Corporation, and mixtures thereof. Suitable molybdenum compounds are described in U.S.
Patent No. 5,650,381; and LS. Reissue Patent Nos. Re 37,363 El; Re 38,929 El: and Re
40595 E1.

(00153]  Additionally, the molybdenum compound may be an acidic molybdenum
compound. Included are molybdic acid, ammonium molybdate, sodium molybdate,
potassivm molybdate, and other alkali metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCls, MoO:Bra, Mo205Cls, molybdenum trioxide or similar
acidic molybdenum compounds. Alternatively, the compositions can be provided with
motvbdenum by molybdenum/sutfur complexes of basic nitrogen compounds as described.
for example, in U.S. Pat. Nos. 4,263,132, 4,285,822, 4,283,295, 4,272,387, 4,265,773;
4,261,843: 4759195 and 4,259,194 and WO 94/06897.

H00154]  Another ciass of suttable organo-moiybdenum compounds are trinuclear
molyhdenum compounds, such as those of the formula MosSel.Q); and mixtures thereof,
wherein S represents sulfur, L represents independently selected ligands having organo
groups with a sufficient number of carbon atoms to render the compound soluble or
dispersible in the oil, nis from | o 4, k varies from 4 through 7, Q 15 selected from the group

of neutral electron donating compounds such as water, amines. aicohols, phosphines, and
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ethers, and 7 ranges from 4 to 5 and inclades non-stoichiometric values. At least 21 total
carbon atoms may be present among all the ligands’ organo groups, or at least 23, at least 30,
or at lcast 35 carbon atoms. Additional suitable molybdenum compounds are described in
.S, Pat. No. 6,723,685,

[0D0155}  The oil-solubie melybdenum compound may be present in an amount
sufficient to provide about 0.5 ppm 10 about 2000 ppm, about | ppm 1o about 700 ppm, about
I ppm to about 550 ppm, about 5 ppm to about 300 ppm, or about 20 ppm to about 250 ppm

of molybdenum in the lubricant composition.

Viscosity Index Improvers

[00156]  The lubricating oil compositions herein also may optionally contain one or
more viscosity index improvers. Suitable viscosity index improvers may include polyolefins,
olefin copolymers, ethylene/propylene copolymers, polyiscbulenes. hydrogenated styrene-
isoprene polymers, styrene/maleic ester copolymers, hydrogenated styrene/butadicne
copolymers, hydrogenated isoprene polymers. alpha-olefin maleic anhydride copolymers,
polymethacrylates, polvacrylates, polyalkyl styrenes, hydrogenated alkenyl ary] conjugated
diene copolymers, or mixtures thereof. Viscosity index improvers may include star polymers
and suitable examples are described in US Publication No. 2012/0101017 AT,

[00157]  The lubricating oil compositions herein also mayv optionally contain one or
more dispersant viscosity index improvers in addition (0 a viscosity index improver or in lHeu
of a viscosity index improver. Suitable dispersant viscosity index improvers may include
functionalized polyolefins, for example, cthylene-propviene copoivmers that have been
functicnalized with the reaction product of an acylating agent (such as maleic anhydride) and
an amine: polymethacrylates functionalized with as amine, or esterified maleic anhydride-
styrene copolymers reacted with an amine.

[0G158]  The total amount of viscosity index improver and/or dispersant viscosity index
improver may be about 0 wi. % to about 20 wt.%. about 0.1 wt.% to about 15 wt %, about (.1
wi.% to about 12 wt.%, or about 0.5 wt.% to about 10 wi.% based on the total weight, of the

lubricating composition.

Other Optional Additives

[0G159]  Other additives may be sclected to perform one or more functions required of
a lubricating fluid. Further, one or more of the mentioned additives may be multi-functional

and provide other functions in addition to or other than the function prescribed herein.



[G0160] A lubricating composition according to the present disclosure may optionally
comprise other performance additives. The other performance additives may be in addition to
specified additives of the present disclosure and/or may comprise one or more of metal
deactivators, viscosity index improvers, detergents, ashless TBN boosters, friction modifiers,
antiwear agents. corrosion inhibitors, rust inhibitors. dispersants, dispersant viscosity index
nnprovers, extreme pressure agents, antioxidants, foam inhibitors, demulsifiers. emulsifiers,
pour point depressants. seal swelling agents and mixtures thereof. Typically, fully-
formulated lubricating oil will contain one or more of these performance additives.

[00161]  Suitable metal deactivators may include derivatives of benzotriazoles
(typically wlylriazole), dimercaptothindiazole derivatives, 1,2 4-triazoles, benzimidazoles, 2-
atkyldithiobenzimidazoles, or 2-alkyldithiobenzothiazoles: foam inhibitors including
copolymers of ethyl acrylate and 2-ethylhexylacryiate and optionally vinyi acetate;
demulsifiers including trialkyl phosphates, poiyethylene glveols, polyvethylene oxides,
poiypropylene oxides and (ethylene oxide-propylene oxide) polymers; pour point depressants
including esters of maleic anhydride-styrene, polymethacrylates, polyacrylates or
potyacrylamides.

00162]  Suitable foam inhibitors include silicon-based compounds, such as siloxanes,

t00163}  Suitable pour point depressants may include polymethylmethacrylates or
mixtures thereof. Pour point depressants may be present in an amount sufficient (o provide
from: about 0 wt.% to about T we.%, about 0.01 wt.% to about 0.5 wt.%, or about 0.02 wi.%
o about 0.04 wt.%. based upon the total weight of the lubricating oif composition,

[00164]  Suitable rust inhibitors may be a single compound or a mixture of compounds
having the property of inhibiting corrosion of ferrous metal surfaces. Non-limiting examples
of rust mhibitors useful herein include otl-soluble high molecular weight organic acids, such
as 2-ethylhexanoic acid. lauric acid. myristic acid, palmitic acid, oleic acid, linoleic acid,
Hnolenic acid, behenic acid, and cerotic acid, as well as o-soluble polvearboxylic acids
mncluding dimer and trimer acids, such as those produced from tall oil fatty acids, oleic acid,
and hnoleic acid. Other suttable corrosion inhibitors inciude long-chain alpha, omega-
dicarboxvlic acids in the molecular weight range of about 600 to about 3000 and
alkenylsuccinic acids in which the alkenyl group containg about 10 or more carbon atoms
such as, tetrapropenylsuccinic acid. tetradecenvlsuccinic acid, and hexadecenylsuccinic acid.
Another uselful type of acidic corrosion inhibitors are the half esters of alkenyl succinic acids
having about 8 to about 24 carbon atoms in the alkeny! group with alcohols such as the

polyglveols. The corresponding half amides of such alkenyl succinic acids are also useful. A



useful rust inhibitor 15 a high molecular weight organic acid. In some embodiments, the
lubricating comiposition or engine il is deveid of a rust inhibitor,

[00165]  The rust inhibitor can be used i an amount sufficient to provide about O wi.%
1o about 3 w9, about 0.01 wi.% 0 about 3 wi. %, about 0.1 wt. % to abowt 2 wi.%. based
upon the total weight of the lubricating o1l compaosition.

[00166]  In general terms, a suitable crankcase lubricant may include additive

component(s} in the ranges listed in the following able.

Table 2

Wt % Wi %
Component {Suitable (Suitable
Embodiments) Embodiments)
Drispersant(s) 0.1 - 16.0 10 -5.0
Antionadant(s) 0.1~-30 01 -3.0
Detergent(s) 0.1 -15.0 0.2 -8.0
Ashless TBN booster(s) 0.0-1.0 001 - 0.5
Corrasion inhibitor(s) 0.6-35.0 0.0 ~2.0
Meta] dihydrocarbyldithiophosphate(s) 3.1 - 6.0 (.1 —4.0
Ash-free phosphorus compound(s) 0.0-60 0.0-4.0
Antifeaming agent(s) U0-5.0 0.001 - 0.15
Antiwear agent(s) 0.0-1.0 0.0-038
Pour pomnt depressant(s) 0.8~ 3.0 0.01 =15
 Viscosity index improver(s) .0 - 20.0 0.25-100

Friction modifier(s} 0.01-30 0.05-2.0
Base oil(s) Balance ~ Balance
Total 130 100

(001671 The percentages of each component above represent the total weight percent
of each component, based upon the total weight of the final lubricating oil composition. The
remainder or halance of the lubricating oil composition consists of one or more base oils.

H00T68]  Addiuves used 1n formulating the compasitions described herein may be
hlended into the base ol individually or in various sub-combinations. However, it may be
suitable to blend all of the component(s} concurrently using an additive concentrate (i.e.,

additives plus a diluent, such as a hydrocarbon solvent).

EXAMPLES
(601691 The following examples are Hlustrative, but not Hmiting, of the methods and
compasitions of the present disclosure. Other suitable modifications and adaptations of the

variety of conditions and parameters norimally encountered in the field, and which are

obvious to those skilled in the art, are within the scope of the disclosure.



i00176]  Examples of engine oils according to the present disclosure have been
prepared using friction modifiers of the present disclosure, The friction modifiers employed

m these examples were as follows:

Example 1: Heoyl butyl sarcosinate (BuOS)

001711 A 300 mL resin kettle equipped with overhead stirrer, Dean Stark trap. and a
thermocouple was charged with 281g (0.8mol) oleoy! sarcosine, 237¢ bufanol, and (1.38¢
Amberlyst 13 acidic resin. The reaction mixture was heated with stirring under nitrogen at
reflux for 3h removing 25mL aliguots every 30 minutes. The reaction mixture was then

concentrated in vacuo and filtered affording 310g of product,

Example 2; Oleoyl ethyl sarcosinate (EtOS)

(001721 A 500 mL resin kettle equipped with overhead stitrer, Dean Stark tap, and &
thermocouple was charged with 281 g (0.8mol) oleovl sarcosine and 295¢ ethanol, The
reaction mixture was heated with stirring under nitrogen at reflux for 3k removing 25mlL
aliquots every 30 minutes. The reaction mixture was then concentrated in vacno affording

280¢ of product.

Example 3: Lauroyl ethyl sarcosinate (EtLS)

{0173} A 500 mi. resin kettle equipped with overhead stirver, Dean Stark trap, and a
thermocouple was charged with 128.5g (0.5mol) lauroy! sarcosine and 345 5¢ ethanol. The
reaction mixture was heated with stirring under mitrogen at reflux for 3k removing 25mL
aliquots every 30 minutes. The reaction mixture was then concentrated in vacun affording

126.2¢g of product.

cxample 4: Cocoyi ethyl sarcosinate (EtCS)

{001741 A 500 ml. resin kettle equipped with overhead stirrer, Dean Stark trap, and ¢

r.
o5

thermocouple was charged with 200g (0.7 1mol) cocoy] sarcosine and 329¢ ethanol. The
reaction mixture was heated with string under nitrogen at reflux for 3h removing 25mbL
aliguots every 30 minutes. The reaction mixture was then concentrated in vacue affording
261a of product.

-~

Example 5: Oleovl 2-ethyvthexyl sarcosinate
(001751 A 500 mi. resin kettle equipped with overhead stirrer, Pean Stark trap. and a

thermocouple was charged with 175.6g {0.5mol) oleoy] sarcosine and 65, 1g 2-cthythexanol.
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The reaction mixtare was heated with stirring under nitrogen at 130°C for 3h removing. The

reaction mixture wag then concentrated in vacuo affording 421.7g of product.

Example 6: Oleoyl 2-methoxvethyl sarcosinate (MeOQEt-OS)

[00176] A 500 mL resin kettle equipped with overhead stirrer, Dean Stark trap. and a
thermocouple was charged with [40.4g (0.4mol) olcoy! sarcosine, 48.1g ethylene glycol
methyl ether, and 1.0g of Amberlyst 15 acidic resin. The reaction mixture was heated with
stirring under nitrogen at F6U°C for 3h. The reaction mixture was then concentrated in vacuo

diluted with 181.3g process o1l and filtered affording 273.5g of product.

Example 7: Oleoyl 2-hydroxvethyl sarcosinate (HOEt-O8)

[OO01777 A 500 ml. resin kettle equipped with overhead stirrer, Dean Stark trap, and a
thermocouple was charged with 175.5g (0.5mol) oleoyl sarcosine, 32g ethvlene glycol, and
FOg of Amberlyst 15 acidic resin. The reaction maxture was heated with stirring under
nitrogen at F60°C for 3h, The reaction mixture was then concentrated it vacuo diluted with

1G8.5¢ process oif and filtered affording 312.7g of product.

Example 8: Lauroyl 2-hydroxyethyl sarcosinate {HO-EtLS)

[00178] A 506 mL resin kettle equipped with overhead stirrer, Dean Stark wrap, and a
thermocouple was charged with 128.5g (0.5mol) lauroy] sarcosine and 32¢ ethylene ¢glycol.
The reaction mixture was heated with stirring under nitrogen at 160°C for 3h. The reaction
mixture was then concentrated in vacue diluted with 151.5g process oil affording 277 5g of

product.

Example 9: N-oleoyl-N’-2 ethylhexylsarcosinamide

[BOT79] A 308 mL resin kettle equipped with overhead stirrer, Brean Stark trap, and a
thermocouple was charged with 107g (0.3 1mol) oleoyl sarcosine and 39.4g 2-ethyl-1-
hexylamine. The reaction mixture was heated with stirring under nitrogen at 130°C for 3h.

The reaction mixture was then concentrated in vacno affording 26002 of product.

Example 16: N-oleoyl-N’-2 methoxvethylsarcosinamide
[00180] A 500 mL resin kettle equipped with overhead stirver, Dean Stark wrap, and a
thermocouple was charged with 140.4g (0.4mol) oleoyi sarcosine, 30g methoxyethylamine,

and Lig of Amberlyst 15 acidic resin. The reaction mixture was heated with surring under
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nitrogen & 150°C for 3h. The reaction mixture was then concenirated in vacus, diluted

with163.2¢ process oil and filtered affording 263.9g of product,

Example 11: N-oleoyl-N’-3 dimethylaminopropylsarcosinamide

[OOI81] A 500 mL resin kettle equipped with overhead stirrer, Dean Stark trap, and a
thermocouple was charged with 175.5g (0.5mol) oleoyl sarcosine, 51.1g 3-dimethylamino-
propylamine, and [.0g of Amberiyst 15 acidic resin. The reaction mixture was heated with
stirring under nitrogen at 150°C for 3h. The reaction mixture was then concentrated in vacio,

diluted with 217.6g process o and filtered affording 377.8¢ of product.

Example 12: N-oleoyl-N° N bis{2-hydroxyethyl)sarcosinamide

[O0182] A 500 ml. resin kettle equipped with overhead stirrer, Dean Stark trap, and a
thermocoupte was charged with 175.5g (0.5mol) oleoy! sarcosine, 32.6¢ dicthanolamine, and
1.0g of Amberlyst 15 acidic resin. The reaction mixture was heated with stirring under
nitrogen at 150°C for 3h. The reaction mixture was then concentrated in vacuo diluted with

219¢ process oil and filiered affording 371.6¢ of product,

Example 13: Sodium Lauroeyl sarcoesine, such as HAMPOSYL® 1.-95, available from

Chattems Chemicals

Example 14: Cocoyl sarcosine, such as CRODASINIC™ C, available from Croda Inc.

Example 15: Lauroyl sarcosine, such as CRODASINIC™ L, available from Croda Inc.

Example 16: Oleoyl sarcosine, such as CRODASINIC™ O, available from Croda Inc.
or such as HAMPOSYL® O, available from Chattem Chemicals

Example 17: Stearoyl sarcosine and myristoyl sarcosine mixture, such ag

CRODASINIC™ SM. available from Croda Inc.
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Table 3

Example | Oleoy! butylsarcosinate

Example 2 Oleoyl ethylsarcosinate

Example 3 Lauvroyl ethylsarcosinate

Example 4 Cocoyl ethylsarcosinate

Example 3 Oleoyl 2-ethylhexylsarcosinate

Example 6 Oleoyt methyoxvethylsarcosinate

Example 7 Oleoyi hydroxyethyl sarcosinate

Example 8 Laurovl hydr(}xy'éthyl sarcosinate

Example 9 N-oleoyl-N"-2 ethylhexyisarcosinamide

Example 10 N-oleoyl-N"-2 methoxyethylsarcosinamide
Example 11 N-vleoyl-N'-3 dimethylaminopropylsarcosinamide
Example 12 N-oleoyl-N'.N" bis(2-hydroxyethylisarcosinamide
Example 13 Hamposyl L-93

Example 14 Cocoyl sarcosine B
Exampie 15 Fauroy! sarcosine

Example 16 Olcoyl sarcosine

Example 17 Stearoy] sarcosine with Myristoy! sarcosine

[D0183]  The engine lubricants were subjected to High Frequency Reciprocating Rig
{HFRR} test and thin film friction (TFF) tests. A HFRR from PCS Instruments was used for
measuring boundary iubrication regime [riction coefficients. The friction coefficients were
measured at 130°C between an SAE 52100 metal ball and an SAE 521860 metal disk. The
balt was oscillated across the disk at a frequency of 20 Hz over a 1 mm path. with an applied
load of 4.0 N. The ability of the lubricant to reduce boundary layer friction is reflected by the
determined boundary lubrication regime friction coefficients. A lower value is indicative of
lower friction.

[00184]  The TFF test measures thin-film lubrication regime traction coefficients using
a Mini-Traction Machine (MTM} from PCS Instruments. These traction coefficients were
measured at 130°C with an applied load of 30N between an ANS] 52100 steel disk and an
ANSI 52100 steel ball as oif was being pulled through the contact zone at an entrainment
speed of 300 mm/s. A slide-to-roll ratio of 20% hetween the ball and disk was maintained
during the measurements. The ability of lubricant to reduce thin film friction is reflected by
the determined thin-film lubrication regime traction coefficients. A lower value is indicative

of lower friction.



FO01851  The results of the HFRR and TFF tests for formulations including one or more
friction modifiers of Table 3 above are shown in Tables 4-7. Unless otherwise indicated,
blends of friction modifiers used in the examples were 30/50 wt.% blends. The data for Table
4 was generated at a treat rate of 0.5 wt.% of active friction modifier listed in the table and, in
the case of mixtures, the treat rate of the mixture was 0.5 wt. % of the total mixture of the
active friction modifier.

[G0186}1  The base lubricating composition used in the blends of Table 4 included only a
base ol and an all primary zinc dialkyl dithio phosphate that delivered about 800 ppm of
phosphorus to the composition. Comparative Blead A mcladed only this same base
lubricating compaosition without any added friction modifier (FM).

[00187]  Test results for lubricants with two or more friction modifiers including at
least one friction modifier of the present disclosure sre given in Table 4. The results show
that oil lubricants including two or more friction modifiers can be used to effectively reduce

and/or tailor the boundary layer friction.

Table 4

Test Qil Friction Modifier HFRR (130°C)
Comparative Blend A No FM 0,138
Blend | Example 2 0.084
Blend | Example 3 8,130
Blend 2 Example 4 0.132
Blend 3 Example 9 0.135
Blend 4 A mixture of examples 14 and 16 0.120
Blend 3 A mixture of examples 16 and 17 .103
Blend 6 A mixture of examples 2 and 16 0.126
Blend 7 A mixture of exampiles 4 and 14 0.127
Blend 8 A mixture of examples 2 and 4 G.125
Blend 9 A mixture of exampiles 2 and 3 0.130
Blend 10 A mixture of examples 3 and 4 0,135
Blend 11 A mixture of exampies 2, 3, and
. (129

[00188]  The base lubricating composition used in the blend of Table 3 was an SAE
SW-20 GE-3 gquality o1l formulated without a friction modifier. Comparative Biend B

inctuded only this same base tubricating composition without any added friction modificr
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modifier listed in the table.

Table 5

(M), The data for Table 5 was generated at a treat rate of 0.5 wt.% of active friction

Test Oil Friction Modifier HFRR 1306°C | MTM 130°C
Comparative Blend No FM (0.160 0.092
B
Blend 12 Example | 0.139 0.083
Blend 13 Example 2 6.079 (0.044
Blend 14 Example 13 0.098 0.090

{00189]  The base lubricating composition used in the blends of Tables 6-7 was an SAE

SW-20 GF-5 quality o1l formulated withouot a friction modifier.

Table 6

Test Blend Friction Modifiers Treat Rate | HFRR TFF
30°C | 130°C
Comparative | No FM 0.0 (.160 0.092
Blend B
Blend 15 A mixture of examples 15 and 16 0.05 0.161 (.086
Blend 16 A mixture of examples 15 and 16 0.1 0.150 (1074
Biend 17 A mixture of examples 15 and 16 6.25 0.108 0.064
Blend 18 A mixture of examples 15 and 16 0.5 0.078 .044
Biend 19 A mixture of examples 15 and 16 0.75 0.07% (L0336
Blend 20 A muixture of examples 15 and 16 1.0 0.076 (040

[00190]  The HFRR and TFF data of these examples show that the mixiures of friction
maodifiers in accordance with the present disclosure were more effective than no friction
modifier. The blends of Table 6 were demonstrated to be effective 10 reduce at feast one of
HFRR and TFF at least when used at ranges of amounits of from 0.05 to 1.0 wi.% of a 50/50
blend of the components. Further, the blends of Table 6 were demonstrated to be effeciive to

reduce TFF at least when used at ranges of amounts of from .05 to 1.0 wt.% of a 30/50

blend of the components.
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Table 7

Test Blends Example 15 | Example 16 H¥RR MTM
‘Treat Rate Treat Rate 130°C 136°C
Comparative No FM 0.0 (L160 (L392
Blend B
Blend 21 .40 0.10 0.086 0.048
Blend 22 0.30 0.20 0.079 0.047
Biend 23 0.25 0.25 0.078 0.044
Biend 24 $.20 0.30 0.077 0.04%
Blend 25 0.10 0.40 0.078 0.048

[6G0191F  The blends of Table 7 were demonstrated to be effective at least when used at
ranges of amounts 4:1 to 114 as a blend of the two friction modifiers. The HFRR and TFF
data of these exampiles show that the mixtures of friction modifiers in accordance with the
present disclosure were more effective than no friction modifier. The blends of Table 7 were
demonstrated to be effective to reduce both HFRR and TFF at ranges of amounis 4:1 10 1.4 as
a blend of the two fricton modifiers.

[00192]  From Tables 4 to 7 st 1s clear that each of the compounds of the present
disclosure effectively function as {riction modifiers. The coefficient of friction for boundary
laver friction (HFRR) 1s significantly lower when oils in accordance with the present
disclosure are emploved, as compared with 0ils with no friction modifiers. The coefficient of
friction for thin Ol fricton (TFF} is also generaily lower when oils of the present disclosure
are empleyed, as compared to Tubricants with no friction modifiers. i is apparent from these
tests that oils according to the present disciosure effectively reduce both boundary layer
friction and thin film friction.

f00193)  Other embodiments of the present disclosure will be apparent to those skilled
in the art from consideration of the specification and practice of the embodiments disclosed
herein. [tis intended that the specification and examples be considered as exemplary only,
with a true scope of the disclosure being indicated by the following claims.

(001941 The foregoing embodiments are susceptible to considerable variation in
practice. Accordingly, the embodiments are not intended to be limited to the specific
exemplifications set forth herein. Rather, the foregoing embodiments are within the spirit
and scope of the appended claims, including the equivalents thercof available as a matier of
law.

(001951 AH decuments meationed herein are hereby incomorated by reference in their
entirety or alternatively to provide the disclosure for which they were specifically relied

upon.



[00196]  The applicant(s) do not intend to dedicate any disclosed embodiments (o the
public, and to the extent any disclosed modifications or alterations may not literally fall
within the scope of the claims, they are considered to be part hereof under the doctrine of

equnvalents.
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WHAT IS CLAIMED IS:

1. A fubricating oil comprising a major amount of base o1l and a minor amount of an additive

package, wherein the additive package comprises one or more friction modifier components
sefected from:

(A}  one or more compounds of the formulae | and 11

Q

O
R N/\[( g,
0 (h

wherein R s a inear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and Ry 1s a hydrocarbyl having from about |
to about 8 carbon atoms or a Cr-Cy hydrocarby! group containing one or more heteroatoms;

0 R

N
R N/\[( \R3 {i%}
O

wherein R is a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and R» and Rz are independently selected
from hydrogen, Ci-Cig hydrocarbyl groups, and C1-Ciy hydrocarbyl groups containing one or
more heteroatoms;

{BY  two or more compounds independently selected from the formulae 11 and 1V:

- ~n
wherein R s a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms: and X is an alkali metal, atkaline earth metal,

or ammonium cation and n is the valence of cation X;
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OH
R N IV}

G
wherein R is a lincar or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms: and
(3 at least one compound of the formulae 111 and 1V in combination with at least

one compound of the formulae | and 1L

2. The lubricating oil of claim 1, wherein the one or more Triction modifier components are

esters of the formula L

3. The hibricating oil of cluim 1. wherein the one or more friction modifier components are

amides of the formula I1.

4, The lubricating oil of claim 1. wheren the friction modifier component comprises at least

one salt of the formula {H.

5. The lubricating oil of claim |, wherein the additive package comprises at feast two

different compounds independently selected from the formulae -1V,

6. The labricating ol of claim 2, wherein Ry is hydrocarbyl group having from abeut 1 to

about 8 carbon atoms.

7. The lubricating oil of claim 2, wherein Ry 15 a hydrocarbyl group containing a C-Cy

hydrocarby! group containing one or more heteroatoms.

8. The lubricating oll of claim 3, wherein Rz and Rs are independently selected from
hydrogen, C-Cix hydrocarbyl groups, and C-Cig hydrocarbyl groaps containing one or more
heteroatoms.

9. The tubricating oil of claim 4, wherein the one or more friction modifier components of the
formula HI are saits of one or more cations selected from sodium. lithium, potassium,

calcium, magnesium, and ammonium cations.
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10, A lubricating o1l comprising a major amount of base otl and a minor amount of an
additive package, wherein the additive package comprises one or more amide reaction
products of:

one ot more compounds of the formula IV

9]

OH
R N (v
O
wherein R is a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
eroup having about § to about 22 carbon atoms, and

one or more amines of the formula V:

Ra

e
Ri—=N, (V)
R;
wherein Ry, Rs, and Ra are independently selected from hydrogen, C-Cig hydrocarbyt
groups, and hydrocarbons containing Ci-Cis hydrocarbyl groups and one or more

heteroatoms.

11, The lubricating ol of claim 10, wherein Ro, R3, and R4 are independently selected from
hydrogen, Cs-Csa hydrocarby! groups, and hydrocarbons containing C:-Ci2 hydrocarbyl

HSTOoups and one or more heteroatoms.

12. A lubricating oil comprising a major amount of a base oil and a minor amount of an
additive package, whercin the additive package comprises one or more a reaction products of
one or more alcohols with one or more compounds of the Formula [V

O

OH
= N {iV)

0
wherein R is a linear or branched, saturated, unsaturated, or partially saturated

hydrocarbyl group having about 8 to about 22 carbon atoms.

13, The lubricating oil of claim 12, wherein the one or more alcohols contain a hvdrocarbyl

group having from about 1 to about 8§ carbon atoms.

49



14, The lubricating oil of claim 12, wherein the one or more alcohols contain a hydrocarbyl

group having from sbout | to about 8 carbon atoms and one or more heteroaioms.

15, A lubricating oll comprising a major amount of a base oil and a minor amount of an
additive package, wherein the additive package comprises one or more reaction products of:
one or more compounds of the formula IV:
O

OH _
R N {1v)

O
wherein R is a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbonr atoms, and

one or more amine alcohol(s).

16. The lubricating ol as claimed in claim 15, wherein said amine alcohols are selected from
ethanolamine. diethanolamine, aminoethyl ethanolamine, tris-hydroxymethyl amino-methane

(THAM?, and mixtures thereof.

17. A lubricating oil composition comprising a major amount of a base oil and a minor
amount of an additive package, wherein the additive package comprises
{A) a salt reaction product of one or more compounds of the formula IV:
O

OH
R N (V)

O
wherein R is a linear or branched, saturated, unsaturated, or partially saturated
hydrocarhyl group having about 8 to about 22 carbon atoms, and
one or more of an alkali metal hydroxide, and alkaline earth metal hydroxide, an
alkali meta oxide, an alkaline earth metal hydroxide, ammonia, or an amine; and
(B} at least one compound of the formulae I-IV different from the one or more

compounds of component (A):

Ln
o



O

0
R N/ﬁr g,
O (

wherein R is a linear or branched. saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and Ry is a hydrocarby! having from about |
to about 8 carbon atoms or a C-Cy hydrocarby! group containing one or more heteroatoms;

O R

N
. N/\”/ S ()
O

wherein R is a finear or branched, saturated. unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and Ry and Rs are independently selected
from hydrogen, Ci-Cis hydrocarbyl groups, and C;-Cis hydrocarbyl groups containing one or

more heteroatoms:

G

—n
wherein R is a linear or branched. saturated. unsaturated. or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms; and X is an alkali metal, alkaline earth metal

or ammontum cation and n is the valence of cation X; and

)

OH
=} N {(IV)

G
wherein R is a fincar or branched, saturated, unsaturated, or partially saturated hydrocarbyl

group having about § to about 22 carbon atoms.

18. A tubricating oif composition comprising & major amount of a base oil and a minor
amount of an additive package, wherein the additive package comprises

(A one or more compounds of the formula TV



OH
R N {1V}

O
wherein R s a linear or branched, saturated, unsawrated, or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms; and
(B} at least one compound of the formulae -1V different from the one or more
compounds of component (A):

O

G
o N/Y \R1
O

wherein R is a inear or branched, saturated, unsaturated, or partially satorated hydrocarbyl

H

group having about 8 {o about 22 carbon atoms and Ry s @ hvdrocarby! having from about |
to about 8 carbon atoms or a C-Cy hydrocarbyl group containing one or more heteroaloms;

N
" N/\”/ \R?, (an
O

wherein R 15 a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and R» and R are independently selected
from hydrogen, Ci-Cyg hydrocarbyl groups, and C-Cis hydrocarbyl groups containing one or

more heteroatoms:

n
wherein R is a linear or branched, saturated. unsaturated, or partialty saturated hydrocarbyl
eroup having about 8 to about 22 carbon atoms: and X is an atkall meral, alkaline earth metal

or ammonium cation and n is the valence of cation X: and

LA
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OH ‘
R N (V)

0
wherein R is a lincar or branched, saturated, unsaturated, or partially saturated hydrocarbyl

group having about § o about 22 carbon atoms.

19. The lubricating ol of any one of claims 1-18, wherein R has from about 10 10 about 20

carbon atoms.

20. The tubricating oif of any one of claims 1-18, wherein R has from about 12 to about 18

carbon atoms.

21 The lubricating oil of any one of claims [-20. wherein the tubricating oil 1 an engine ot

composition.

22, An engine oil composition comprising a major amount of a base oil and a minor amount
of an additive package, wherein the additve package comprises one or more salt reaction
products of:

one or more compounds of the formula V!

O

OH
R N (Iv)

O
wherein R i a linear or branched. saturated. unsaturated. or partially saturated
hydrocarbyl group having about 8 to about 22 carbon atoms, and
one or more of an alkali metal hydroxide, and alkaline earth metal hydroxide, an

alkah metal oxide, an alkaline earth metal hydroxide, ammonia, or an amine,

23. The lubricating oif of any ane of claims 1-24 or the engine oil of anv one of claims 21-22,
wherein the additive package further comprises at least one additive selecred from the group
consisting of antioxidants, antifoam agents, molybdenum-containing compounds. titanium-
containing compoeunds, phosphorus-containing compounds, viscosity index improvers, pour

point depressanis, and diluent oils,



24. A method for improving thin film and boundary laver friction in an engine comprising the
step of lubricating the engine with the lubricating oil as claimed in any one of ¢laims [-20 or

the engine oil as claimed in any one of claims 21-22,

25, The method as claimed in claim 24, wherein the improved thin film and boundary layer
friction is determined relative to a same composition in the absence of the one or more

friction modifier components,

26. A method for improving boundary fayer friction v an engine, comprising the step of
fubricating the engine with the lubricating o1l as claimed 1n any one of claims 1-20 or the

engine oil as claimed in any one of ¢laims 21-22,

27. The method as claimed in claim 26, wherein the improved boundary laver friction is
determined relative to a same composition in the absence of the one or more friction moditier

componenis,

28. A method for improving thin i friction in an engine, comprising the step of lubricating
the engine with the lubricating oil as claimed in any one of claims 1-20 or the engine il as

claimed in any one of claims 21-22,

24. The method as claimed in claim 28, wherein the improved thin film friction is determined
relative (o a same composition in the absence of the one or more friction modifier

components.
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