ADDITIVE COMPOSITIONS WITH A FRICTION MODIFIER
AND A DETERGENT

BACKGROUND

1. Field

{00011  The present disclosure is directed wo additive compositions and lubricants
containmg acyl Nemethyl glycines and derivatives thereof. In particular, it is directed to
additive compositions and engine oils containing acyl N-methyl glyvcines and derivatives

thereof in combination with at least one detergent,

2. Description of the Related Technology

F0002T  To ensure smooth operation of engines, engine oils play an important role in
lubricating a variety of stiding parts in the engine. for example, piston rings/cylinder liners,
bearings of crankshafts and connecting rods, valve mechanisms including cams and valve
lifters, and the like. Engine otls may alse play a role in cooling the inside of an engine and
dispersing combustion products, Further possible functions of engine oils may include
preventing or reducing rust and corrosion.

HR03]  The principie consideration for engine oils is to prevent wear and seizure of parts
it the engine. Lubricated engine parts are mostly in a state of fluid lubrication, but vaive
systems and top and bottom dead centers of pistons are Likely to be in a state of boundary snd
or thin-fiim lubrication. The friction between these parts in the engine may cause stgnificant
energy osses and thereby reduce fuel efficiency. Many types of friction modifiers have been
used in engine oils to decrease frictional energy losses.

[(004]  Improved fuel efficiency may be achieved when friction between engine parts is
reduced, Thin-film friction 1s the friction generated by a fluid, such as a lubricant, moving
between two surfaces, when the distance between the two surfaces is very small. It is known
that some additives normally present in engine oils form filims of different thicknesses, which
can have an effect on thin-film friction. Some additives, such as zine dialkyi dithio phosphate
(ZDDP}Y are known to increase thin-fiim friction. Though such additives may be required for
other reasons such as to protect engine parts, the increase i thin-fihn friction caused by such
additives can be detrimental.

[0005]  Reducing boundary layer friction in engines may also enhance Tued efficiency. The

motion of contacting surfaces in an engine may be retarded by boundary layer friction. Non-



nitrogen-containing, aitrogen-containing, and molybdenum-containing friction modifiers are
sometimes used to reduce boundary layer friction.
[06G06]  U.S. Patent no. 5,599,779 discloses a fubricant composition containing a three

component rust inhibitor package inciuding a compound of the formula:

e
R—C—N—CH;~COOH

and an amine salt of a dicarboxylic acid. Here R represents a Cyoyg ~alkyl or alkenyl aroup.
The amine salt of a dicarboxylic acid prepared by formulating the rust inhibitor package to
contain about one mole of a compound having the ssructural formula

HOOC{CH; ) COOH
wherein x is an integer from 4 to 46 with about 2 moles of an amine selected from
compounds having the formula:

R3
E
R!'—N—R?

wherein R, R?, and RY are independently selected from hydrogen, alkyl having up to 14
carbon atoms, hydroxyalkyl, cyclealkyl or polyalkylencoxy groups. The rust inhibitor
nackage may be used in lubricant compositions formulated with crankcase and diesel oils.
FOOO7] WO 2009/140108 discloses the use of variety of different rust inhibiting
compounds for certain fypes of multfunctional ouls. In the specification there is a brief
mention of the possibility of using a compound of the formula:

O Ry

g
R—C--N—CH,—COOH

wherein R and Ry are not defined. No further details are given as o the amounts that should
be used, nor are any specific formulations including such compounds exemplified in the
application.

[0008]  GB 1 235 896 discloses multifunctional lubricants and includes an example of wet
brake formuiation including olevl sarcosine. The exemplified composition also includes
basic calcium suiphonate detergent (TBN=300). .55 — polybutene barium
phenate/sulphonate detergent. a dispersant that 1s a reaction product of polybutenyl succinic
anhydride with an Mw=900 P18 group and tetraethylene pentamine, zine dihexyl

dithiophosphate, dioteyl phosphite, sperm oil, and sulphurised polybutene.

[



[0009]  In recent years there has been a growing desire to employ tubricants that provide
higher energy-efficiency, especially ubricants that reduce friction. Also, there is a desire to
provide improved additive combinations that achieve multiple goals while still providing the

desired performance levels,

o

[00010])  In one aspect. the present disclosure provides a tubricating oil comprising a major

amount of base o1l and & minor amount of an additive package, wherein the additive package
COMPpTises:
(Adya frction modifier component selected from:
{a} one or more 4 reaction products of an alcohol with a compound of the

formula IV:

OH
=4 N {1V}

O
wherein R is a linear or branched, saturated, unsaturated, or partially saturated
hydrocarbyl group having about 8 1o about 22 carbon atoms; and

{h) one or more compounds of the Formulae 11-H1:

o) R,

N
R N \R3 an)

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

heteroatoms: and



- ~n

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

(B} at least one detergent.
[D0011] The one or more reaction products of an aleohol with a compound of the formula
FV may be esters.
[00012] In one embodiment. the reaction products of an alcohol with a compound of the
formula [V comprise one or more compounds of the formula ©:

Q

C

R N \Rw

{h

O
wherein R is a linear or branched, saturated, unsaturated. or partially saturated hydrocarbyl
having about 8 to about 22 carbon atoms and Ry is hydrogen, a hydrocarby! having from
about | 1o about 8 carbon atoms, or a Ci-Cy hvdrocarbyl group containing one or more
heteroatoms,
{00013]  The hydroxyl motety of the Formula IV may be replaced by a suitable leaving
group, if desired. prior to reaction with the alcohol. The alcohol may be represented by Ry~
OH, where Ry comprises a hydrocarby! group containing about | 1o about 8 carbon atoms or
a C1-Cghydrocarbyl group containing one or more heteroatoms.
{00014] The one or more compounds may be amides of the formula I1.
{0GO15] The one or more compounds may comprise at least one salt of the formula 111,
i00016] The additive package may comprise at least two different compounds
independentty selected from the formulae 111
{00017] R may have from about 10 to about 20 carbon atoms. Alternatively, R may have

from about 12 to about 18 carbon atoms.



[060018] R may be a hydrocarbyl group having from about 1 to about 8 carbon atoms.
Alternatively, Ry may be a hydrocarbyl group containing a C)-Cs hydrocarbyl group
containing one or more heteroatoms,
[60019] R and R: may be independently selected from hydrogen, C-Cig hydrecarbyl
eroups. and C-Cry hydrocarbyl groups containing one or more heteroatoms. Alternatively, R
and R3 may be independently selected from hydrogen and Cyo-Cs hydrocarbyt groups.
(060207 The one or more compounds of the formula Hi are salts of one or more cations
selected from sodium, Hthium, potassium, calcium, magnesium. and an amine.
[06021] 'The additive package may further comprise at least one additive selected from the
group consisting of antioxidants, antifoam agents, molybdenum-containing compounds,
titanium-containing compouwncds, phosphorus-containing compounds. viscosity index
improvers, pour point depressants, and diluent oils.
[00022]  The foregoing lubricating oil composition may comprise an engine oil.
[00023]  In another aspect, the present disclosure provides a2 lubricating oif comprising a
major amount of a base ot and a minor amount of an additive package, wherein the additive
package comprises:

(A} one or more reaction products of ane or more compounds of the Formuia 1V,

O

OH
R N (V)

O
wheresn R is a linear or branched, saturated, unsaturated, or partizlly saturated
hydrocarbyl group having about 8 to about 22 carbon atoms. and the hvdroxyl moiety on the
acid group may be replaced by a switable leaving group, if desired, prior 1o the reaction and
one or more amines of the Formuia V:

R,
Re—N. (V)
R;

wherein Rz, Rs, and Ry are independently selected from hydrogen, C-Cis hydrocarbyl
groups, and C-Cig hydrocarbyl groups containing one or more heteroatoms: and

(B) at least one detergent.
i00024] R of the formula IV may have from about 10 to about 20 carbon atoms.
FO0O25]  R:, Rs, and Rs may be independently selected from hydrogen, Cs-Ch hydrocarbyl

groups, and heteroatom containing Ci-Cyz hydrocarbyl groups.

LAY



[00026] Suitable amines include, for example. ammonia, 2-ethyl hexyl amine, n-butyl
amine, t-butyl amine, isopropyl amine. pentyl amines including n-pentyl amine, isopentyvl
amine, 2-ethyl propy! aniine, octyl amines, dibutvlamine, and dimethylaminopropylamine.
Suitable amides inciude, for exampie, the reaction products of compounds of the formula IV
with one or more of methoxyethylamine, tris-hydroxymethyl amino-methane (THAM}, and
diethanolamine. Another suitable amide reaction product is the reaction product of 2-{N-
methyloctadeca-Y-enamidojacetic acid and Z-ethyi hexyl amine.
[B0027]  The foregoing lubricating oil composition may comprise an engine oil.
[66028] The present disclosure also includes a lubricating oil commprising a major amount
of a base o1l and a miner amount of an additive puckage, wherein the additive package
comprises:

(A} one or more reaction products of one or more compounds of the formula 1V;

O

OH
R N (V)
0O
wherein R is a linear or branched. saturated. unsaturated, or parually sawrated hydrocarbyl
having about 8 to about 22 carbon atoms and the hvdrogen atom, on the acid group, may also
be replaced by a suitable leaving group; and an alkall or alkaline earth metal hydroxide, an
atkall or alkaiine carth metal oxide, an amine or mixtures thereof, and
(B} at least one detergent.

[00029]  Suntable alkali or atkaline earth metal hydroxides or corresponding oxides include,
but are not Jimited to, sodivm hydroxide, potassium hydroxide, lithium hvdroxide, calcium
nydroxide, calcium oxide, magnesium hydroxide, banum hydroxide, and the Hke.
[00030]  Salts suitable as friction modifiers for use in the present disclosure include, for
example. monovalent saits such as the sodium salt of 2-(N-methvldodecanamidojacetic acid.
the potassium salt of 2-{N-methyloctadecanamidoiacetic acid, divalent salts such as the
calciurn, magnesium, and barium salls,
F0031]  The foregoing lubricating oil compasition may comprise an engine oil.
FO0032]1  In another aspect, the preseat disclosure provides a lubricating oil comprising a
major amount ¢f a base oif and & minor amount of an additive package, wherein the additive
package comprises:

(A) one or more reaction products of one or more compounds of the formuta I'V:



OH
R N (V)
0
wherein R 1s a linear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms, and one or more amine alcohol(s); and
{B) at least one metal dialkyl dithio phosphate salt.
[00033} The amine alcohols may be selected from ethanolamine, diethanolamine,
aminoethyl ethanotamine. tris-hydroxymethyl amino-methane. and mixtures thereof,
[00034] The at least one detergent may comprise two or more detergents. The {irst
detergent may have a total base number of 40 to 450 and the second detergent may have a
total base number of up 1o 80.
{00035]  The at least one detergent may comprise a subfonate, a phenate, or a salicylate.
Alternatively, the at least one detergent may comprise at least one compound selected from
calcium sulfonate, magnesium sulfonate, sodium sulfonate, calcium phenate, sodinm phenate,
calcium salicylate, and sodium salicylate.
{00036} The at least one detergent may comprise a metal salt wherein the metal is selected
from the group consisting of alkaline and alkaline earth metals.
1008371 The total base number of the at feast one detergent muay be up to about 430, The
total base number of the at least one detergent may aliernatively be from about 80 1o about
350
[00038] The at least one detergent may comprise from about 0.1 wi.% 1o zbout 10 wt.% of
a total weight of the lubricating o1l
[00039F  In vet another aspect, the present disclosure provides a method For improving thin
film and boundary fayer friction between surfaces in contact moving relative 1o ong 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,
FOO040]  In vet another aspect. the present disclosure provides a method for improving
boundary layer friction between surfaces in close proximity moving relative 10 one another,
compnising the step of lubnicating the surface with a lubricating o1l composition as disclosed
herein. In some embodiments. the surfaces are the contacting surfaces of an engine.
[00B41]  In yet another aspect, the present disclosure provides a method for improving thin

film friction between surfaces in close proximity relative to 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.

(000421 In another aspect, the present disclosure provides a method for improving thin film
and boundary layer friction in an engine comprising the step of lubricating the engine with
the lubricating or engine oils described herein.

[00043]) The improved thin film and boundary layer friction may be determined relative to a
same composition 1n the absence of the one or more friction madifier components as
described herein,

{00944]  In another aspect, the present disclosure provides a method for improving boundary
layer friction in an engine, comprising the step of lubricating the engine with the lubricating
or engine oifs described herein.

[00045] The improved boundary layer friction may be determined relative to a same
composition in the absence of the one or more friction modifier components as described

herein.

DEFINFFIONS
FHO046]  The following definitions of terms are provided in order to clarify the meanings of
certain terms as used herein.
FO0047) 1t must be noted that as used herein and in the appended claims, the singular forms
“a.” fan,” and “the” include plural references unless the context clearly dictates otherwise.
Furthermore, the terms “a” (or “an™™}, “one or more,” and “at least one” can be used
imterchangeably herein. The terms “comprising,” “including,” “having,” and “constructed
from” can also be used interchangeably,
[60048]  Unless otherwise indicated. all numbers expressing quantities of ingredients,
properties such as molecular weight, percent, ratio, reaction conditions, and so forth used in
the specification and clabms are to be understood as being modified i all instances by the
term "about,” whether or not the term “about”™ is present. Accordingly, unless indicated to
the contrary, the numerical parameters set forth i the specification and claims are
approximations that may vary depending upon the desired properties sought 10 be obiained by
the present disclosure. At the very least, and not as an attempt o limit the application of the
doctrine of equivalents to the scope of the claims. each numerical parameter should at least be
construed i light of the number of reported stgnificant digits and by applying ordinary
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. Anv numerical value, however,
inherently contains certain errors necessanly resulting from the standard deviation found in
their respective tesling measurements.

(600491 Ttis to be understood that each component, compound, substituent or parameter
disclosed herein 1s to be interpreted as being disciosed for use alone or in combination with
one or more of each and every other component, compound., substituent or parameter
disclosed herein.

[O0050F 1tis also to be understood that each amount/value or range of amounts/values for
each component, compound, substituent or parameter disciosed herein is to be interpreted as
also being disclosed in combination with each amount/value or range of amounts/values
disclosed for any other component(s), compounds(s), substituent(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.

{00051] 1t is further understood that each lower limit of cach range disclosed herein is 1o be
interpreted as disciosed m 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 to be interpreted as a disclosure of four ranges derived by combining each lower
limit 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 each
range with each upper limit of each range, etc. Furthermore, specific amounts/values of a
component, compound, substituent, 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 limit of a range or specific amount/value for the
same component, compound, substituent, or parameter disclosed elsewhere in the application
to form & range for that component, compound, substituent or parameter,

FB0032]  The terms “oil composition,” “lubrication composition,” “lubricating oil
camposizion,” “ubricating oif,” “lubricant composition,” “lubricating composition.”™ “fully
formulated lubricant composition,” and “lubricany,” are considered (0 be synonvmaous, fully
inierchangeabie terms referring to the finished lubrication product comprising & major
amount of a base orl plus & minor amount of an additive compaosition,

{60053} The terms, “crankcase oil.” “crankcase lubricant,” “engine oil,” “engine iubricant,”

“motor 011, and “motor lubricant” are considered to be synonymous, fully interchangeable

G



terms referring to the finished engine, motor or crankcase lubrication product comprising a
major amount of a base o1f plus a minor amount of an additive composition.

[00054]  As used herein, the terms “additive package.” and “additive concentrate,” “additive
composition,” are considered 10 be synonymeous, fully interchangeable terms referring the
portion of the lubnicating composition exciuding the major amount of base oi stock. The
additive package may or may not include a viscosity index improver or pour point depressant.
[O0055]  As used herein, the terms “engine oil additive package.” “engine oil additive
concentrate,” “crankcase additive package,” “crankcase additive concentrate.” “motor oil
additive package,” and “motor oil concentrate,” are considered to be synonymous, fully
interchangeable terms referring the portion of the lubricating composition excluding the
major amount ol base oit stock. The engine, crankcase or motor o1l additive package may or
may not mclude a viscosity index improver or pour point depressant,

[H056]  As used herein. the term "hydrocarby] substituent” or "hydrocarbyl group” is used
i its ordinary sense, which is well-known to those skilled in the art. Specifically. it refers 10
a group having a carbon atom directly attached to the remainder of the molecule and having
predominantly hydrocarbon character. “Group™ and “moiety”™ as used herein are intended 1o
be interchangeable. Examples of hydrocarbyl groups include:

() hydrocarbon substituents. that 1s. aliphatic substituents {e.g., alkyl or alkeny}),
alicyclic substituents (e.g.. cycloalkyl. cycloalkenyl), and aromatic-, aliphatic-, and alicyclic-
substituted aromatic substituents, as well as eyelic substituents wherein the ring is completed
through another portion of the molecule {e.g., two substituents together form an ahcyclic
moiety):

(b} substituted hydrocarbon substituents. that is, substituents containing non-
hydrocarbon groups which, in the context of this disciosure, do not materially alter the
predominantly hydrocarbon character of the substituent (e.g., halo {especially c¢hloro and
fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro. nitroso. amiio, alkylamino, and
sulfoxy); and

{c} hetero substituents, that js. substituents which, while having a predommanly
hydrocarbon character, in the context of this disclosure, contain atoms other than carbon
atoms tnoa ring or chain otherwise compased of carbon atoms.  Heteroatoms may include
sulfur. oxygen. and nitrogen. and hetero substituents encompass substituents such as pyridvl,
furyl, thienyl and nnidazolyl. In general. no more than two, for example or no more than

one, non-hydrocarbon substituent wili be present for every ten carbon atoms in the



hydrocarbyl group. Typically. there are no non-hydrocarbon substituents 1n the hydrocarby]
roup.

[00057]  As used herein. the term "percent by weight”, unless expressly stated otherwise,
means the percentage that the recited component(s}, compounds(s), or substituent(s)
represents of the total weight of the entire composition.

[00058] 'The terms “sojubie.” "oii-soluble,” and "dispersible” as used herein may. but do not
necessarily, indicate that the compounds or additives are soluble, dissolvabie, miscible, or
capable of being suspended in the oil in all proportions. The foregoing terms do mean,
however, that the compenent(s), compounds(s), or additive(s}) are, for instance, soluble,
suspendable. dissolvable, or stably dispersible in o1l to an extent sufficient o exert their
intended effect in the environment in which the oil is employed. Moreover. the additionsl
incorporation of other additives may also permit mcorporation of higher levels of a particular
oil soluble, or dispersible compound or additive, if desired.

[00059]  The term "TBN" as employed herein 18 used 1o denote the Total Base Number in
mg KOH/g as measured by the method of ASTM D2896 or ASTM DA4739.

[000607 The term "alkyl” as employed herein refers to straight, branched, cyclic, and/or
substituted saturated moieties having a carbon chain of from about | to abour 100 carbon
atoms.

[00061] The term "alkenyl” as emploved herein refers to straight, branched, cyclic, and/or
substituted unsaturated moieties having a carbon chain of from about 3 to about 10 carbon
atoms.

[00662] The term “aryl”™ as employed herein refers to single and multi-ring aromatic
compounds that may include alkyl, alkenyl, alkylaryl, amino. hydroxyl, alkoxy and/or halo
substituents, and/or heteroatoms including, but not limited o, nitrogen, oxygen, and sulfur.
[(0663]  Lubricants, combinations of component{s} or compounds(s), or individual
component(s) or compounds{s} of the present deseription may be suitable {or use in various
tvpes of internal combustion engines. Suitable engine types may include, burt are not hmited
10 heavy duty diesel, passenger car, Hight duty diesel, mediam speed diesel. or marine
engines. An internal combustion engine may be a diesel fueled engine, a gasoline {ueled
engine, a natural gas fueled engine. a bio-fueled engine, a mixed diesel/motuel fueled engine,
a mixed gasolme/biotuet fueled engine, an alcohol fueled engine, a mixed gasoline/alcohol
fueled engine. & compressed natural gas (CNG) fueled engine. or combinations thereof, An
internal combustion engine may alse be used in combination with an electrical or battery

source of power. An engine so configured is commonly known as a hybnd engine. The



internal combustion engine may he a 2-stroke, 4-stroke. or rotary engine. Suitable internal
combustion engines to which the embodiments miy be applied mclude marine diesel engines,
aviation piston engines, low-load diese] engines, and motoreycle, automobile, locomotive,
and truck engines.

[68064] The internal combustion engine may contain component(s) comprising one or more
of an aluminum-alloy, lead, tin, copper, cast iron, magnesium, ceramics, stainless steel,
composites, and/or combinations thereof. The component(s) may he coated, for example,
with a diamond-like carbon coating, a lubricated coating. a phosphorus-containing coating, a
molybdenum-containing coating, a graphite coating, & nano-particle-containing coating,
and/or combinations or mixtures thereof, The aluminum-alloy may include aluminum
silicates, aluminum oxides. or other cerannie materials. In an embodiment the aluminum-atioy
comprises an aluminum-silicate surface. As used herein, the term “aluminum alloy™ s
mtended to be synonymous with “aluminum composite” and to describe a component or
surface comprising aluminum and one or more other component(s} intermixed or reacted on a
micToscopic or nearly microscopic level, regardiess of the detailed swucture thereof. This
would include any conventional alloys with metals other than aluminum as well as composite
or alloy-like structures with non-metaliic elemenis or compounds such as with ceramic-like
materials,

1000651 The labricant composition for an internal combustion engine may be suitable for
any engine lubricant wrespective of the sulfur, phosphorus, or sulfated ash (ASTM D-874)
content. The sulfur content of the engine lubnicant may be about | wt. 9% or less, or about 0.8
wi. S0 or less, or about 8.5 wt. % or less, or about 0.3 wi. % or less. [n an embodiment the
sulfur content may be in the range of about G.001 wi. % to about 0.5 wi, %, or about 0.01 wt.
Y 10 about 0.3 wt. %. The phosphorus content may be about 0.2 wt. 9% or less, or about §.1
wi. 5% or less. or about G.085 wi. % or less, or about 0.08 wt, % or less, or even about (.06 wi
% or less, about 0.055 wi. % or less, or about 0.05 wt. % or less. In an embodiment the
phosphorus content may be about 50 ppm to about 1000 ppm. or about 325 ppm w about 850
ppm. The total sulfated ash content may be about 2 wi. % or less, or about 1.5 wi. % or fess,
or about LT wt, % or less. or about | wi. % or ess, or about 0.8 wt, % or less. or about 0.5
wt. % or less. In an embodiment the sulfated ash content may be about $.05 wi. % to about
(L9 wi. %, or about 0.1 wt. % to about 0.7 wt. % or about 0.2 wt. % 10 about 0.45 wi. %. In
another embodiment, the sulfur content may be about 0.4 wit. % or less, the phosphorus
conient may be about 0.08 wt. % or less, and the sulfated ash content may be about 1 wt. %

or less. In yet another embodiment the sulfur content may be about (.3 wt. % or less, the



phosphorus content may be about .05 wt. % or less. and the sulfated ash may be about (.8
wt. % or less.

[00066] In an embodiment the lubricating composition is may have: (i) a sulfur content of
about 0.5 wt. % or less, (i1) a phosphorus content of about 8.1 wt. % or less, and (i) a
sulfated ash content of about 1.5 wt. % or less,

[06067] In an embodiment the lubricating composition is suitable for a 2-stroke or a 4-
stroke marine diese! internal combustion engine. {n an embodiment the marine diesel
combustion engine is a 2-stroke engine.

{00068]  Further, lubricants of the present description miay be suitable to meet one or more
industry specification reguirements such as ILSAC GF-3, GF-4, GF-3, GFF-6, PC-11, CI4,
CI-4, ACEA AT/BL, A2/B2, AS/B3, AS/BS, C1, C2.C3. C4L EA/EG/ET/EY, Euro 5/6.Jaso
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, 504.00,
505.00, 306.00/506.01, 3G7.00. BMW Longhfe-04, Porsche C30, Peugeot CitroZn
Automobiles B71 2290, Ford WSS-M2C153-H, WSS5-M2C930-A, WSS-M2C945-A, WSS-
M2CO{3A, WSS-MICO13-8, WES-M20913-C, GM 6094-M, Chrysler MS-6395, or any past
or future PCMO or HDD specifications not mentioned herein. In some embodiments for
passenger car motor oil (PCMO) applications, the amount of phosphorus in the finished fluid
s 1000 ppm or less or SO0 ppm or less or 800 ppm or less,

[60669]  Other hardware may not be suitable for use with the disclosed lubricans. A
“functional tluid™ is a term which encompasses a variety of fuids including but not limited to
tractor hydraulic fluids, power transmission fluids including automatic transmission fiuids,
continuously variable transmission fiuids, and manual transmission fluids, other hydrauhic
fluids. some gear ails. power steering fhuds, fluids used in wind turbines and compressors,
some industnial fluids, and fluids used i relation to power train component. It should be
noted that within each class of these fluids such as, for example, automatic ransmission
fluids, there are a varniety of different types of fuids due to the various
apparatus/transmissions having different designs which have led 1o the need for specialized
flutds having markedly different functional characteristics. This is contrasted by the term
“tubricating Thaid” which is used to denote a luid that is not used to generate or transfer
power as do the funcuonal fhads.

[GO070]  With respect to tractor hydraulic fluids, for example, these fluids are all-purpose

products used for ail tubricant applications in a tractor except for lubricating the engine.



These lubricating applications may include lubrication of gearboxes, power take-off and
clutch(es), rear axles. reduction gears, wet brakes, and hydraulic accessories.

{00071] When a functional fluid is an automatic transmission fluid, the automatic
transmission fluid must have enough friction for the clutch plates o transfer power. However,
the friction coefficient of such fluids has a wendency to decline due to temperature effects as
the fluids heat up during operation. k is tmportant that such tractor hydrautic fluids or
automatic transmission fluids maintain a high frictton coefficient ar clevated temperatures,
otherwise brake systems or automatic transmissions may fail. This is not a function of engine
otls.

(00072} Tractor fluids. and for example Super Tractor Universal Oils (STUOs) or Universal
Tractor Transmission Oils (EFTTOs), 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 ora
STUO fluid are simidar in functionality, they may have deleterious effects if not incorporated
properly, For example, some anti-wear and extreme pressure additives used i engine oiis can
be extremely corrosive to the copper component in hydraulic pumps, Detergents and
dispersants used for gasoline or diesel engine performance may be detrimental 1o wet brake
performance. Friction modifiers used to guict wet brake noise may lack the thermal stability
required for engine o1l performance. Each of these fhads, whether functional, tractor, or
fubricating, are designed to meet specific and stringent manufacturer requirements associated
with their intended purpose.

[08073] Lubricating o compositions of the present disclosure may be formulated in an
appropriate base oil by the addition of one or more additives. The additives may be combined
with the base oil in the form of an addinive 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 in the composition and the
respective proportions of these additives.

[00G74]  The present disclosure includes novel lubricating o3l blends specifically formulated
for use as automotive crankcase lubricants. Embodiments of the present disclosure may
provide lubricating oils suitable for crankcase applications and having improvements in the
following charactenstics: air entrinment, alecohol fuel compatibility, antioxidancy, antbwear
performance, biofuel compatibility, foam reducing propesties, friction reduction, fuel
economy, preignition prevention, rust inhibition, sludge and/or soot dispersability, and water

tolerance,



[00075]  Additional detazls 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 desails
and advantages of the disclosure may be realized and attained by means of the elements and
combinations particilarly pointed out in the appended claims. It is to be understood that both
the foregoing general description and the following detailed description are exemplary and

explanatory only and are not restrictive of the scope of the disclosure, as claimed.

DETAILED DESCRIPTION

[00076}  For illustrative purposes, the principles of the present disclosure are described by
referencing various exemplary embodiments. Although certain embadiments of the disclosure
are specitically described herein, one of ordinary skill in the art will readily recognize that the
same principles are equally applicable te, and can be employed in other systems and methods.
Before explaining the disclosed embodiments of the present disclosure in detail, it is to 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 Emitation, Furthermore, although certain methods are described with
reference (o steps that are presented herein in a certain order, In many instances, these steps
may be performed in any order as may be appreciated by one skilled in the art: the novet
method 15 therefore not limited to the particular arrangement of steps disclosed herein.
[00G77]  In one aspect. the present disclosure provides a lubrnicating ol comprising a major
amount of base oil and a minor amount of an additive package. wherein the additive package
c(')n}prisc&:
{A}one or more compounds selected from:
ia) reaction products of at least one alcohol and a compound of the formula

V:

OH
R N (V)

G
wheretn R is a linear or branched, saturated, unsaturated, or pardally saturated hydrocarbyl
group having about & to about 22 carbon atoms and the hydroxy moiety on the acid group
may also be replaced by a suitable Teaving group. if desired. prior to reaction with the

alcohol; and



(b) one or more compounds of the formulae 1 and HI

N
R N \R3 ()
O
wherein R is a linear or branched. saturated, unsaturated, or parually saturated hvdrocarbyl
having about 8 to about 22 carbon atoms and Ry and Rsare independently selected from
hydrogen, Ci-Cig hydrocarbyl groups, and Ci-Cig hydrocarby] groups containing one or raore

heteroatoms; and

0 Xn®
R N ({11

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

(B} at least one detergent.
[00078)  The alcohol may be represented by Ri-OH, where Ri comprises a Ci-Cy
hydrocarbyl group or a Cy-Cy hydrocarbyl group containing one or more heteroatoms,
[60079]  The alcohols listed herein may be used in this reaction. These reaction products
may comprise 0r consist of oneg or more esters,
[G0080]  The reaction product of an sleobol with a compound of the formula IV may
comprise one or more compounds of the formula I

O

G
wherein R is a lnear or branched, saturated, unsaturated, or partially saturated
hydrocarbyl having about 8 to about 22 carbon atoms and Ry is hvdrogen. & hvdrocarbvl
having from about 1 to about 8 carbon atoms, or & Ci-Cg hydrocarby! group containing one or

more heteroatoms,



[06081] The foregoing lubricating oil composition may comprise an engine ol

[00082]  Formulae -1V represent compounds which can be referred to as acyl N-methyl
glycine derivatives since these compounds can be made by the reaction of acyl N-methyl
glycines with various compounds as discussed in greater detail below. Compounds of the
formulae -1V function as friction modifiers when formulated i lubricating oils.

[00083]  The friction modifiers represented by the Formulae -1 may have an R group
comprising from about 8 to about 22, or about 10 1o about 20, or about 12 10 abowt 18, or
about 12 to about 16 carhon atoms.

FO0084]  In some embodiments, the friction moditiers of the present disclosure are
represented by the formula [ wherein R s hydrogen, which compounds can be referred to as
acyl N-methyi glveines. Some suitable compounds may include oleovl sarcosine. lauroyl
sarcosine, cocoyl sarcosine, 2-(N-methyioctadeca-9-cnamidojacetic acid, 2-(N-
methyldodecanamdojacetic acid, 2-{N-methylletradecanammdojacetic acid, 2-(N-
methylhexadecanamidolacetic acid, 2-(N-methyloctadecanamidojacetic acid, 2-(N-
methylicosanamidojacetic acid, and 2-(N-methyldocosanamidoacetic acid.

FOOD8S]  In some embodiments, the friction modifiers of the present disclosure are
compounds represented by the Formula 1 wherein Ky s selected Trom a hydrocarbyt group
having from about } to about 8 carbon atoms or 2 Ci-Cy hydrocarbyl group containing one or
more heteroatoms. The fricoon modifiers represented by the Formula T may be esters. Some
esters suitable for use in the present disclosure are the ethyl ester of oleoyl sarcosine, the
ethyl ester of fauroyl sarcosine, the butyl ester of oleoy] sarcosine, the ethyl ester of cocayl]
sarcosine, the pentyl ester of lauroyl sarcosine, ethyl 2-(N-methyloctadeca-9-
enamidojacetate, ethyl 2-(N-methyldodecanamidojacetate. butyl 2-(N-methyloctadeca-9-
enamidojacetate. and pentyl 2-(N-methyldodecanamidolacetate. Unsaturated esters such as
esters of 2-(N-methvltetradeca-9-enamidolacetic acid; 2-(N-methvlhexadeca-9-
enamidejacetic acid; 2-(N-methyloctadeca-9-enamidojacetic acid, 2-(N-methvioctadeca-

9, 12-dienamidojacetic acid; and 2-(N-methyloctadeca-9,12, F S-trienamidojacetic acid can
also be employed.

[00086] The ester may be a reaction product of an acyl Ne-methy! glycine and at least one
alcohol. The acyl N-methyl glveine with which the alcohol may be reacted may he

represented by the Formula 1V:



OH
R N (V)

0
wherein R 15 a linear or branched, saturated., unsaturated, or partially saturated hydrocarbyl
group having about 8 to about 22 carbon atoms and the hydroxy moiety on the acid group
may also be replaced by a suitable leaving group, if desired, prior to reaction with the
alcohol. The alcohol may be represented by Ry-OH, where Ry comprises a Ci-Cy hydrocarbyl
eroup or a C-Cg hydrocarbyl group containing one or more heteroatoms.
[0GO87]  Somc suitable compounds of the formula IV include oleoy! sarcosine. lauroyl
sarcosine. cocoyl sarcosine. 2-(N-methyloctadeca-9-enamidojacetic acid, 2-(N-
methyldodecanamidojacetic acid, 2-(N-methyitetradecanamidojacetic acid. 2-(N-
methylhexadecanamidojacetic acid, 2-(N-methyloctadecanamido)acetic acid, 2-(N-
methvlicosanamidojacetic acid, and 2-(N-methvldocosanamidoacetic acid.
{00088]  Alcohols that are suitable for reaction with the compounds of the formula IV
produce friction modifiers in accordance with the present disclosure include straight or
branched chain C-Cy alcohols such as methanol. ethanol, n-propanol, isopropanc, n-butanol,
isobutanol. tertiary butanol, pentanols such as n-pentanol, isopentanol, hexanols, heptanols
and octanols as well as unsaturated Ci-Cy alcohols and heteroatom contaiming C-Cr alcohols
such as ethane-1,2-diol, 2-methoxyethanol, ester alcohols or amino aleohols, such as
triethanol amnine. Ethanol, propyl alcohols, and butyl alcohols are useful for preparation of
friction madifiers in accordance with the present disclosure.
[00089]  In some embodiments, the friction modifiers of the present disclosure are
represented by the formula 11 wherein R2 and R are independently selected from hydrogen,
hydrocarbyl groups having about | to about 18 carbon atoms, and heteroatom containing
hydrocarbyl groups having about | to about 18 carbon atoms. In another embodiment, Ry
and Rs may be independently selected from hydrocarbyl groups and heteroatom containing
hydrocarbyl groups having about 3 1o about 12 carbon atoms or hydrocarbvi groups and
hetercatom containing hydrocarbyl groups having about 4 to about 8 carbon atoms. The
friction modifiers represented by the formula I are amides.
[60090]  The amides may be reaction products of one or more acyl N-methyl glycines or

acyl N-methyi glycine dervatives and one or more amines, The acyl N-methyl glveine may



be represented by the formula IV, as deseribed above. The amine may be represented by the
formuia V.

R”!

o
Ra=N_ vy
R,

wheremn Rz R3 and Ryare the same or different and are independently selected from
hydrogen. hydrocarbyl group, or heteroatom-containing hydrocarbyl group having from
about | to about 18 or from 3 to about 12, or from about 4 o about 8 carbon atoms. Suitable
amines include primary and secondary amines. Suitable amines include, for example, 2-ethyl
hexyl amine, n-butyl amine, t-butyl amine. isopropyt amine. pentyt amines including n-pentyl
amine, isopentyl amine, 2-ethyl propyl amine, octyl amines, dibutylamine, and
dimethylaminopropylamine. Suitable amides include. for exampie, the reaction products of
compounds of the formuia FV with one or more of methoxyethylamine, tris-hydroxvmethyl
amino-methane {THAM), and diethanolamine. Another suitable amide reaction product is the
reaction product of 2-(N-methyloctadeca-9-enamidojacetic acid and 2-ethyvl hexyl amine.
[0G091]  In other embodiments, the friction modifiers of the present disclosure are in the
form of metal or amine salts represented by the formula I wherein X is an alkali or alkaline
carth metal cation, or an ammonium cation. Saits suitable as friction modifiers tor use in the
present disclosure include, for example, monovalent salts such as sodium, hithium, and
potassium salts including, for example, the sodium salt of 2-{N-methyldodecanamidojacetic
acid. the potassium salt of 2-(N-methyloctadecanamido)acetic acid, and divalent salts such as
the calcium, magnesium, and barium salts.

[06092]  The amine salts of the formula 1 may comprise ammonium cations selected from
ammonium ion. as well as primary, secondary, or tertiary amine cations. The hydrocarbyl
groups on the amine cation may be independently selected from hydrocarbyl groups
containing from about 1 to about 18 carbon atoms, or from about 1 to ahout 12 carbon atoms,
or from about 1 to about 8 carbon atoms. In an embodiment, the hvdrocarbyl groups on the
ammonium cation may have 14-18 carbon atoms. Suitable amine salts include the 2-ethy!
hexy] amine salt of 2-(N-methyldodecanamidolacetic acid and the 2-ethyl buty! amine salt of
2oN-miethyloctadecanamidoacetic acid.

[00693]  In another aspect. the present disclosure provides lubricating oil composition
comprising a major amount of a base otl and & minor amount of an additive package, wherein

the additive package comprises:



(A} one or more salts that are reaction products of one or more compounds of the

formula I'V:

OH
R N {1V}
O

where R 1s a inear or branched, saturated, unsaturated, or partially saturaied
hydrocarbyl group having abhout 8 to about 22 carbon atoms, and one or more atkali or
alkaline earth metal hydroxides, alkali or alkaline earth metal oxides, and mixtures thereof,
and

(B at feast one detergent.
[00094]  Suitable alkali or alkaline earth metal hydroxides or corresponding oxides include,
but are not limited to, sodium hydroxide, potassium hydroxide, lithiwm hydroxide, calcium
hydroxide, calcium oxide, magresium hydroxide, barium hvdroxide, and the like.
[06095]  Salts suitable as friction modifiers for use in the present disclosure include, for
example, monovalent salts such as the sodium salt of 2-(N-methyldodecanamidolacetic acid,
the potassium salt of 2-(N-methyioctadecanamidojacetic acid, divalent salts such as the
calcium, magnesium, and barium salts.
[0G896] The foregoing lubricating il composition may comprise an engine oil.
{06097]  In another aspect, the present disclosure provides a fubricating oif composition
comprising a major amount of a base oil and a minor amount of an additive package. wherein
the additive package comprises:

(A ane or more reaction products of one or more compounds of the formula [V:

O
!

OH
R N (1V)

O
wherein R is a linear or branched. saturated, unsaturated, or partially saturated hydrocarbyl
aroup having about § to about 22 carbon atoms, and one or more amine alcohol(s): and
(B} at feast one detergent.
{00098]  Suitable amine alcohols include, but are not Himited 1o, ethanolamine,
diethanolamine, aminoethyl ethanolamine, ris-hvdroxymethyl amino-methane (THAM). and

the like, as well as mixtures thereof.
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[00099]  In some embodiments, the lubricating oil composition is an engine oil.
(0001001 In some embodiments the reaction product of the formula IV and an amine alcohol
may comprise or consist of a mixture of amides and esters.
[000101] Ir another aspect, the present disclosure 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} one or more reaction products of one or more compounds of the formula 1V:

0

Ot
R N (IV)

O
wherein R s a linear or branched. saturated. unsaturated. or partiallv saturated hydrocarbyl
group having about 8 to about 22 carbon atoms, and one or more amines of the formula V:

I{’\

» '.’/ .
Ri—N. vy
Ry

wherein Ro, Ra, and Ry are independently selected from hvdrogen. Ci-Cig hydrocarbyi
groups, and C-Cig hvdrocarbyl groups containing one or more heteroatoms; and

(B) at least one detergent.
[000162} In some embodiments, the lubricating oif composition s an engine oil.
[000103] The amines listed above may be used in this reaction. These reaction products may
comprise or consist of one or more amides.
[O0G104] The present disclosure also includes @ lubnicating o1l 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 ammaonium salts that are reaction products of one or more
compounds of the formula 1V:

O

OH

O
wherein R 1s a hinear or branched, saturated, unsaturated, or partially saturated

hydrocarbyl group having about 8 to about 22 carbon atoms: and an amine of the formula V.



R,
RN (V)
Rj

wherein Ra, Ri, and Ry are independently selected from hydrogen, C-Cig hydrocarbyl
groups, and C-Crg hydrocarbyl groups containing one or more heteroatoms; and

{B) at least one detergent.
FOOG1G5] In some embodiments, the lubricating oil composition is an engine oil,
[600106] 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 ions or
primary. secondary, or tertiary amine cations. The hvdrocarbyl groups on the amine cation
may be independentiy selected from hydrocarbyl groups containing from about | to about 18
carbon atoms, or from about | 1o shout 12 carbon atoms. or from about | to about 8 carhon
atoms. In an embodiment. the hyvdrocarbyt groups on the ammonium cation may have 14-18
carbon atoms.
[GO0107] In another aspect, the present disclosure provides a lubricating oil composition
comprising a major amount of a base oil and a minor amount of an additive package, wherein
the addifive package comprises:

{A) one or more reaction products of one or more compounds of the formula IV:

o]

OH
R N (IV)
Q
wherein R 15 a linear or branched. saturated, unsaturated, or parnally saturated hvdrocarbyi
group having about § to about 22 carbon atoms; and mixwres of two or more of the reaciants
described above for reaction with compounds of the formula IV, and
(B) at least one detergent.

[000108] One particularly suitable combination comprises the reaction products of
compaourids of the formula IV with one or more alcohols; and one or more alkali metal or
alkaline earth metal hydroxides, alkali metal or alkaline earth metal oxides or amines of the
formula V.
{000109] The aleohols which may be used to make these reaction products are the same
alcohols as described above. The alkali metal or alkaline earth metal hydroxides and alkali

metal or atkaline earth metal oxides are the same as those described above. These reaction

I



products may comprise or consist of a combination of esters of the formula L and alkali metal,
alkaline earth metal or ammonium salts of the formula 13l

[0001140] Thus, in some embodiments. the jubricating or engine oil compositions of the
present disclosure may contain two or more {riction modifiers each independently selected
from friction modifiers of the formulae I-11T and the reaction products of alcohiols, ammonia,
amines, amino alcohols, alkah or alkaline earth metal hydroxides, alkali or alkaline earth
metal oxides and mixtures thereof with compounds of the formuta IV, as described above,
Such embodiments are useful for tailoring specific properties of lubricating oils and, for
example. engine oiis.

[B00111] Mixtures of friction modifiers may include, but are not iimited 1o, & mixture of 2-
(N-methyloctadecanamidojacetic actd and 2-(N-methyidodecanamidosacetic scid; a mixture
of 2-(N-methvloctadecanamidojacetic acid ethyl 2-(N-methyloctadeca-9-cnamidoacetate; a
mixture of cocoyl sarcosine and the ethyl ester of cocoyl sarcosine: a mixture of ethyl 2-(N-
methyloctadecu-%-enamidoacetate and ethyl 2-iN-methvldodecanamidojacetate; a mixture of
2-{(N-methyloctadeca-9-cnamidojacetic acid and 2-( N-methyidodecanamido)acetic acid: a
mixtare of ethyl 2-(N-methyloctadeca-9-enamidolacetate and the ethyl ester of cocoyl
sarcosine: a mixture of ethy] 2-(N-methyldodecanamidojacetate and ethyl ester of cocoyl
sarcosine; and a mixture of ethy! 2-(N-methyioctadeca-9-enamido)acetate, ethyl 2-(N-
methyldodecanamidogcetate. and the ethyl ester of cocoyl sarcosine.

[600112] The one or more fricton modifiers of the present disctosure may comprise from
about 0.05 1o about 2.0 wi. %, or 0.1 10 about 2.0 wit. %, or about 0.2 10 about 1.8 wt. %, or
about 0.5 o about 1.5 wt. % of the total werght of the lubricating oif composition. Suitable
amounts of the compounds of the friction modifiers may be mcorporated in additive packages
10 deliver the proper amount of friction modifier to the fully formulated engine oil. The one
or more friction maodifiers of the present disclosure may comprise from about 0.1 1o sbout 20
wi. %, or about 1.0 1o about 20 wt. 9%. or about 2.0 1o about 18 wt. 9%, or about 3.0 to about
15 wt. % of the total weight of the additive package.

(001131 The one or more friction modifiers when used in combination may be used in a
ratio of from 1:100 1o 100:1; from 110G to 11000 to 1600121 or any other suitable ratio
and so on.

[000114] Component B of the additive package 13 at least one detergent. In some exemplary
embodiments, the engine oils may inclade two or more different detergents. In some

embodiments, the detergent may be a sulfur-free detergent. It may be advantageous under

el
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certain circumstances 1o use sulfur-free detergents, because sulfur is known to be poisonous
to deNox catalysts.

[000115] 1n some embodiments, the detergent comprises a sulfonate, a phenate, or a
saticylate. Further, these detergents may comprise calcium, magnesium, or sodium. Examples
mclade a calciwm sulfonate, & magnesium sulfonate, a sodium sulfonate, a caleium phenate,
and/or a zinc phenate.

[000116] The phenate may be derived from at least one alky] phenol. There may be multiple
atkyl groups on a phenol. The alkyl groups of the alky] phenol may be branched or Iinear.
Suttable alky! groups contain from 4 o 50, or from 9 10 45, or from 12 to 40 carbon atoms. A
particufarly smtable alkyl phenol is the Ciz-alkyl phenol obtained by alkylating phenol with
propylene tetramer. The alkyl phenate may be modified by reaction with carboxylic acid.
FOUBTT7] Suitable alkyl phenates can he prepared by reacting an alkyl phenol, ¢ g ociyl,
nonyl, n-decyl, cetyl or dicctyl phenol with an alkali metal base or an alkaline earth meal
base e.g. bartum hydroxide octohydrate. For making a corresponding overbased phenate. the
phenol is reacted with excess base, and the excess neutrahised with an acidic gas, ¢ g carbon
dioxide.

[000118] The phenate detergent may be sulphurised, which are prepared by reacting the
alkyl phenate with elemental sulphur to give a complex reaction product, free alkyl phenol or
volatile material in the reaction product may be removed by steam distillation.

[D00119] The suifonate deterg

o

ents may have an alkyl group with formula R-50: M where M
is a metal and R 15 a substantially saturated aliphatic hydrocarbyi substituent containing from
about 30 to 306, or from about 530 to 230 carbon atoms. "Substantially saturated” means that
at least about 953% of the carbon-to-carbon covalent Hnkages are saturated. Too many sites of
unsaturation make the molecule more easily oxidized, degraded and polymerized.

[600120] Other suitable examples of sulfonate detergents include olefin sulfonates, which
are well Known in the art, Generally they contain long chain alkenyl sulfonates or long chain
hydroxyalkane sulfonates {with the OH being on a carbon atom which is not directly attached
to the carbon atom bearing the --505 - groups. Usuoally, the olefin suifonate detergent
comprises a mixture of these two types of compounds 1n varving amounts, often together
with fong chain disulfonates or sulfate-sulfonates, Such olefin sulfonares are deseribed in
many patents, such as U5, Pat. Nos. 2.061,618; 3,409,637, 3,332 880 3420875 3428.634:
3,506,580

[000121] Yet other suitable sulfonate detergents include atkylhenzene sulfonates, such as

described in U8, Patent No. 4,645,623,



[600122] The salicylate detergents may be derived from salicylic acids or substituted
salicylates. wherein one or more of the hydrogen atoms 15 replaced with a halogen atom,
particularly chlorine or bromine. with a hydroxyl group. with a straight or branched
hydrocarbyl chain of length from 4 1o 45 carben atoms, or from 14 1o 30 carbon atoms
comprising atkyl, hvdroxyalkyl. alkenyl, and alkaryl groups. Examples of suitable alkyl
groups include: octyl, nonyl, decyl. dodecyl, pentadecyl. octadecyt, eicosyl, docosyl, tricosyl,
hexacosyl, triacontyl. dimethyleyelohexyl, ethyleyclohexyl, methyleyclohexylmethyl and
cyclohexylethyl.

[0G0123] The detergents suitable for the present disclosure may be metal salts, such as alkali
or atkaline earth metal salts. The metal i these detergents may be caleium, magnesium,
potassium, sodivm. BEthiom, barium, or mixtures thereof, In some embodiments, the
detergent is free of barium. A suitable detergent may mclude atkali or alkaline earth metal
salts of petroleum sulfonie acids and long chain mono- or di-alkylarylsulfonic acids with the
aryl group being one of benzyl, tolyl, and xylyl. Mixtures of salts of two or more different
alkah andfor alkaline earth metals can be used. Likewise, salts of mixtures of twe or more
different acids or two or more different types of acids (e.g., one or more calcium phenates
with one or more calcium sulfonates) can also be used.

FO00124} Examples of suitable metal-containing detergents for the present disclosure
include, but are not limited to. such substances as lithium phenates, sodium phenates,
potassium phenates, calcium phenates, magnesium phenates, sulphurised lithium phenates,
sulphurised sodium phenates, sulphurised potassium phenates, sulphurised calcium phenates.
and sulphurised magnesium phenates wherein cach aromatic group has one or more aliphatic
groups to impart hydrocarbon solubility; the basic salts of any of the foregoing phenols or
sulphurised phenols (often referred to as "overbased” phenates or "overbased sulphurised
phenates”); lithium sulfonates, sodium sulfonates, potassium sulfonates, calcium sulfonates,
and magnesium suifonates wherein each sulphonic acid moiety is attached 1o an aromatic
nucleus which in tury usually contains one or more aliphatic substituents to impart
hydrocarbon solubility; the basic salts of any of the foregoing suifonates (often referred o as
“overbased sulfonates”: [ithivm salicylates. sodium salicylates, potassium salicvlates, calcium
salicylates, and magnesium salicylates wherein the aromatic motety is usually substituted by
one of more aliphatic substituents to 1mpart hydrocarbon solubility; the basic salts of any of
the foregoing salicylates (often referred to as "overbased salicylates”): the lithium, sodium,
potassium, calciom and magnesivm salts of hvdrolysed phosphosulphurised ofefins having 10

to 2000 carbon atoms or of hvdrotvsed phosphasulphurised alcobols and/or aliphatic-

iJ
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substituted phenolic compounds having 10 to 2000 carbon atoms: lithium, sodium.
potassium, calcium and magnesium salts of aliphatic carboxylic acids and aliphatic-
substituted cycloaliphatic carboxyiic acids: the basic salts of the foregoing carboxylic acids
(often referred o as "overbased carboxylates” and many other similar alkali and alkaline
earth metal salts of oil-soluble organic acids.

[000125] The detergent in the lubricating oil of the present disclosure may be neutral, low
based. or overbased detergents, and mixtures thereof, Suitable detergent substrates include
phenates, sulfur containing phenates, sulfonates, calixarates, salixarates, salicylates,
carboxylic acids, phosphorus acids, mone- and/or di-thiophosphoric acids, alkyl phenols,
sulfur coupled alky! phenol compounds, and methylene bridged phenols. Suitable detergents
and their methods of preparation are described in greater detail in numerous patent
publications. including U.S. Patent No. 7,732,390 and references cited therein.

[000126] The rermunology “overhased” relates 1o metal salts, such as metal salts of
sulfonates, carboxylates, and phenates, wherein the amount of metal present exceeds the
stoichiometric amount. Such salts may have a conversion level in excess of 100% (i.e., they
may comprise more than 100% of the theoretical amount of metal needed to convert the acid
toits “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 sait 1o
chemical equivalents of the metal 1n a nevtral salt according to known chemical reactivity and
stoichiometry. In a normal or neutral salt, the metal ratio is one and in an overbased salt, the
MR. is greater than one. Such salts are commenly referred (0 as overbased, hyperbased, or
superbased salts and may be salts of organic sulfur acids, carboxylic acids, or phenols.
FO00127] Overbased detergents are well known in the art and may be alkali or alkaline earth
metal overbased detergents. Such detergents may be prepared by reacting & 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 acid, or an aliphatic substituted phenol.

[00G128] The overbased detergents may have a metal ratio of from 1,11, or from 201, or
from 41, or from 501, or from 7:1. or from 10:1.

{6001291 In some embodiments, the detergent of the lubricating oils of the present disclosure
is effective at reducing or preventing rust in an engine. In an embodiment. the detergent has a
TBN of up to about 430, or from about 80 1o about 3530, or from about 20 o about 80, or from
about 120 to about 350. In some embodiments, the lubricating oil has two detergents, and

wherein the first detergent has o TBN of about 40 10 about 450 and the second detergent has a
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TBN of up to about 80, In some exemplary embodiments, the TBN of the detergent in the
fubricating oil iy up to about 450, or in the range of from about 80 to about 330,

{000130] The detergent in the lubricating oils may comprise from about 0.1 wi, % to about
15wt %, or about 1.2 wi, % (o about 1) wt. %, or about 0.3 0 about 8 wi. %. or about | wit.
% 10 about 4 wit. %, or greater than about 4 wi. % to about 8 wt, % of the total weight of the
lubricating oil.

FHR0131] The additive package and lubricating oil of the present disclosure may further
comprise ¢ne or more optional components, Some examples of these optional components
include antioxidants, other antiwear agents, boron-containing compounds, detergents,
dispersants, extreme pressure agents, other friction modifiers in addition o the friction
modifiers of the present disclosure, phosphorus-containing compounds, moivbdenum-
containing component(s), compound(s) or substituent(s)s. anfifoam agents. titanium-
containing compounds, viscosity index improvers, pour point depressants, and diluent oils,
Other optional components that may be included in the additive package of the additive
package and tubricating o1l of the present disclosure are described below

[000132] Each of the lubricating oils described above may be formulated as engine oils.
[000133] In another aspect, the present disclosure relales to a method of using any of the
tubricating oils described above for improving or reducing thin film friction. In another
aspect, the present disclosure refates to a method of using any of the lubricating vils described
above for improving or reducing boundary layer friction. In another aspect, the present
disclosure refates to a method of using any of the lubricating oils described shove for
improving or reducing both thin film friction and boundary layer friction. These methods can
be used for lubrication of surfaces of any type described herein. In each of these aspects, the
addiive compositions of the present disclosure ¢an additionally provide for suitable
detergency in both lubricating oils and engine oils by virtue of the presence of at least one
detergent.

[G00134] In vet another aspect, the present disclosure provides a method for improving thin
fiim and boundary fayer friction in an engine comprising the step of Jubricating the engine
with an engine o1l comprising a major amount of a base oil and a minor amount of an additive
package as disciosed herein. Suitable friction modifiers for component (A) are those of the
formulae [-H} deseribed above. Also suitable are the reaction products of alcohols, amino
alcohols, ammonia, amines, alkali metal or alkabne earth metal hvdroxides, alkal metal or
atkaline earth metal oxides and mixtures thereof and one or more compounds of the formuia

IV, Also suitable are mixtures of two or more friction modifiers each independently selected
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from the formulae -1 and the reaction products of alcohols, amino alcohols, ammonia,
amunes, atkali metal or alkabine earth mietal hvdroxides, alkali metal or alkaline earth metal
oxides and mixtures thereof, with compounds of the formula IV, as described ahove. In each
of these aspects, the additive compositions of the present disclosure can additionally provide
for suitable detergency in both lubricating oils and engine oils by virtue of the presence of at
least one detergent.

FOOO135] In yet another aspect, the present disclosure provides a method for improving
houndary layer friction in an engine comprising the step of lubricating the engine with an
engine oil comprising a major amournt of a hase oif and a minor amount of an additive
package comprising a friction modifier as disclosed herein. Suitable friction modifiers for
component {A) are those of the formulae -1 described above. Also suitable are the reaction
products of aleobols, amino alecohols, ammonia, amines, alkalt metal or alkaline earth metal
hydroxides, alkali metal or alkaline earth metal oxides and mixtures thereof and one or more
compounds of the formula IV, Two or more friction modifiers each independently selected
from the formulae I-111 as well as the reaction products of alecohols, amino alcohols,
ammonia, amines, alkal metal or alkaline earth metal hydroxides, alkali metal or alkaline
earth metal oxides and nuxtures thereof, with compounds of the formula 1V, as described
above. In each of these aspects, the additive compositions of the present disclosure can
additionally provide for suitable detergency in both lubricating oils and engine oils by virtue
of the presence of at least one detergent.

{000136] In vet another aspect, the present disclosure provides a method for improving thin
fifen friction in an engine comprising the step of lubricating the engine with an engine oil
comprising a4 major amount of a base oil and a minor amouat of an additive package
comprising a friction modifier as disclosed herein. Suitable friction modifiers are those of the
formulae I-1H deseribed above. Also suitable are the reaction products of alcohels, amino
alcohols, ammonia, amines, alkali metal or atkaline earth metal hydroxides, alkali metal or
alkaline earth metal oxides and mixtures thereof and one or more compounds of the formula
tV. Two or more friction modifiers cach independenty selected from the formulae -1 and
the reaction products of atcohols, anuno alcohols, ammonia, amines, alkali metal or atkaline
carth metal hydroxides, alkall metal or alkaline carth metal oxides and mixiures thereof, with
compounds of the formula IV, as described above. In cach of these aspects, the additive
compasitions of the present disclosure can additionally provide for suntable detergency in

both lubricating otls and engine oils by virtue of the presence of at least one detergent,



Base Oil
[000137] The base oil used in the tubricating oil compositions herein may be selected from
any of the base oils n Groups 1-V as specified in the American Petroleum Institute (APD

Base Oil Interchangeability Guidelines. The five base oil groups are as follows:

Table 1
F{ase ofl ) Sulfur (%) Saturates (%) Viscosity Index
Category
Group | >{.03 and/or <80 80ro 120
Group H (.03 and =00 80 o 120
Group HI =003 and =90 =120
Group [V All polyalphaolefing {(PAOS)
Groun V All others not included in
roup Groups 1, IL HI, or 1V

[000138] Groups 1, ] and HI are mineral o1l process stocks. Group IV base oils contain true
synthetic molecular species, which are produced by polymenization of olefinically
unsaturated hydrocarbons, Many Group V base oils are also true synthetic products and may
include diesters, polvol esters, polyalkyiene glycols, atkylated aromatics, polyphosphate
esters, polyvinyt ethers, and/or polyphenyl ethers, and the hike, but may also be naturally
oceurring oils, such as vegetable oils. It should be noted that although Group 11 base oils are
derived from mineral oil. the rigorous processing that these fluids undergo causes their
physicat properties to be very similar to some true synthetics, such as PAOs. Therefore, oils
dertved from Group I base oils may sometimes be referred to as synthetic fluids in the
industry.

[000139] The base oil used in the disclosed lubricating oil composition may be a mineral oil,
antmal oil, vegetable oil. synthetic oil. or mixtures thereof. Suitable oils may be derived from
hydrocracking. hydrogenation, hydrofinishing, unrefined, refined. and re-refined cils, and
mixtures thereof,

[000140] Unrefined oils are those derived from a natural, mineral, or synthetic source with
or without little further punification treatment. Refined oils are similar to unrefined oils
except that they have been treated by one or more purification steps, which may result in the

smprovement of one or more properties. Examples of suitable purification techniques are
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solvent extraction. secondary distillation. acid or base extraction, filtration, percolation, and
the like. Oils refined to the quality of an edible o1l may or may not be useful. Edible oils
may also be called white 0118, In some embodiments, lubricant compositions are free of
edible or white oils.

{060141] Re-refined oils are also known as reclaimed or reprocessed oils. These oils are
obtained in a manner similar to that used to obtain refined oils using the same or similay
processes. Often these oils are additionally processed by technigues directed to removal of
spent additives and oil breakdown products.

{000142] Mineral oils may include oils obtained by drilling, or {rom plants and animals and
mixtures thereof, For example such oils may include, but are not limited to, castor oil, lard
oil, olive otl, peanut oil, corn oil, soybean oil, and linseed o1l as well as mineral lubricating
oils, such as hiquid petroleum ois and sobvent-treated or acid-treated mineral lubricating oils
of the paraffinic, naphthenic or mixed pagaffinic-naphthenic types. Such oils may be partially
or fully-hydrogenated, f desired. Oils derived from coal or shale may also be useful.
{000143] Useful synthetic lubricating oifs may inclode hydrocarbon oils such as
polymerized, oligomerized, or interpotymerized olefing {e.g., pelybutylenes, polypropylencs,
propyleneisobutylene copolyimers); poly(l-hexenes), polv(-octenes), rnimers or oligomers of
I-decene, e.g., poly(I-decenes), such materials being often referred to as a-olefing, and
mixtures thereof: alkyl-benzenes (e.g. dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di-(2-ethylhexyl)-benzenes): polyphenyls {e.g., biphenyls, terphenyis,
alkylated polyphenyls); diphenyl alkanes, alkylated dipheny! alkanes, alkylated diphenyi
ethers and alkyvlated diphenyl sulfides and the derivatzves, analogs and homologs thercof or
mixtures thereof,

{000144] Other synthete lubricating ois include polyol esters, diesters, hauid esters of

ester of decane phosphonic acid), or pelymeric tetrahydrofurans. Synthetic ofls may be
produced by Fischer-Tropsch reactions and typically may be hydroisomenized Fischer-
Tropsch hvdrocarbons 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.

FO00145] The amount of the oil of lubricating viscosity present may be the balance
remnaimng after subtracting from 160 wio % the sum of the amount of the performunce
additives inclusive of viscosity index improver{s) and/or pour poiat depressant(sy and/or
other top treat additives. For exampie, the ol of jubricating viscosity that may be present in a

finished fhaid may be a magor amount. such as greater than about 3wt %. greater than about



60 wt. %, greater than about 70 wt. %, greater than about 80 wt, %, greater than about 85 wt,

Yo, ar greater than aboul 90 wt. %,

Antioxidants

1000146} 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, sulfurized esters, aromatic amines,
alkylated diphenylamines {e.g.. nony! diphenylwmine, di-nonyl diphenylamine, octyl
diphenvlamine. di-octvl diphenylamine), phenvl-alpha-naphthylamines, aikylated phenyl-
alpha-naphthyiamines, hindered non-aromatic amines, phenols, hindered phenols, oii-seluble
motybdenum compounds, macromolecular antioxidants, or mixtures thereof. Antioxidants
may be used alone or in combination,

(00147} The hindered phenol antioxidant may conrain a secondary butyl and/or a tertiary
butyl group as a sterically hindering group. The phenol group may be further substituted with
a hydrocarbyl group and/or a bridging group linking to a second aromatic group. Examples
of suitable hindered phenol antioxidants include 2.6-di-terv-burylphenol. 4-methvl-2 6-di-tert-
butylphenol. 4-ethyl-2.6-di-tert-butylphenol, 4-propyi-2.6-di-tert-butyiphenel or 4-buryl-2.6-
di-tert-butylphenotl, or 4-dodecyl-2 6-di-tert-buzylphenol. In an embodiment the hindered
phenol antioxidant may be an ester and may inchide, e.g., an addition product derived from
2.6-di-tert-butylphenol and an alkyl acrylate, 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 ghout 6, or about 4
carbon atoms.

F000148] Useful anttoxidants may include diarviamines and high molecular weight phenols.
In an embodiment, the lubricating oif composition may contain a mixture of a diarylamine
and a high molecular weight phenol, such that each antioxidant may be present in an amount
sufficient to provide up to about 3%, by weight of the antioxidant, based upon the tinal
weight of the lubricating oil composition. In some embodiments, the antioxidant may be a
mixture of about .3 to about [.5% diarylamine and about G.4 to about 2.5% high molecular
weight phenol, by weight, based upon the linal weight of the lubricating oil compositon.
[006149] Examples of suitable olefing that may be sulfurized to form a sulfurized olefin
include propylene. butviene, 1sobutylene, polyisobutvliene, pentene. hexene, heptene. octene,
nonene, decene, undecene, dodecene, ridecene, tetradecene, pentadecene, hexadecene,
heptadecene, ocladecene, nonadecene. eicosene or mixtures thereof. In an embodiment,

hexadecene, heptadecene, octadecene, nonadecene, eicosene or mixtuges thereof and their



dimers, tnimers and tetramers are especially useful olefins. Alternatively, the olefin may be a
Diels-Alder adduct of a diene such as 1,3-butadiene and an unsaturated ester, such as,
butylacrylate.

(000150] Another class of sulfurized olefin inciudes sulfurized tatty acids and their esters.
The fatty acids are ofters obtained from vegetable oil or animal oil and typically contain abouwt
4 to about 22 carbon atoms. Examples of suitable fatty acids and their esters include
triglycerides, oleic acid, linoleic acid, palmitoleic acid or mixtures thereof. Often, the fatty
acids are obtained from lard oil, tall oil, peanut oil, sovbean oil, cottonseed oil, sunflower
seed 01l or mixtures thereof. Fatty acids and/or ester may be mixed with olefins, such as o-
olefins.

[G001531] The one or more antioxidant(s) may be present in ranges of from about 0 wi. % to
about 20 wt. %, or about 0.1 wi. % to about 18 wt. %, or about 1 wt. % 10 about 5 wit, %, of

the lubricating composition.

Antiwear Agents

[000152] The lubricating oil compositions herein also may optionally contain one or more
antiwear agents. Examples of swtable antiwear agents include, but are not limited o, a metal
thiophosphate; s metal dialkyvidithiophosphate; a phosphoric acid ester or salt thereof; 2
phosphate ester(s); a phosphite; a phosphorus-containing carboxylic ester, ether, or amide: a
sulfurized olefin: thiocarbamate-containing compounds including, thiocarbamate esters,
alkylene-coupled thiocarbamares. and bistS-alkyldithiccarbamyhdisuifides; and mixtures
thereof. The phosphorus containing antiwear agents are more fully deseribed in European
Patent No. 0612 839. A useful antiwear agent may be a zine dialkyldithiophosphate.
[OGO153] The antiwear agent may be present in ranges of from about 0 wi. % 1o about 15 wi.
e, or about .01 wt. % to about 10 wt. %, or about 0.05 wi. % to sbout 3 wt. %, or about .1

wi. Y% to about 3 wt. % of the total weight of the lubricating composition.

Boron-Containing Compounds

{000154] The lubricating ol compositions herein may optionally contain one or more boron-
containing compounds.

[000155] Examples of boron-containing compounds include borate esters, borated faty
amines, borated epoxides. borated detergents, and borated dispersants, such as horated

succimmide dispersants, as disclosed in 1.8, Patent No. 5,883,057,
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[000156} The boron-containing compound, if present, can be used in an amount sufficient to
provide up 1o about 8 wi. %, about 0.01 wi. % to about 7 wt, %, about 0.05 wt, % (o about 5

wt. %, or about 0.1 wt. % to about 3 wt. % of the total weight of the lubricating composition,

Dispersants

[G00157] The lubricant composition may optionally further comprise one or more
dispersants or mixtures thereof. Dispersants are often known as ashless-type dispersants
because, prior to mixing in a lubricating o1l composition, they do not contain ash-forming
metals and they do not normally contribute any ash when added to a lubricant. Ashless-type
dispersants are characterized by a polar group attached to 4 relatively high maolecular or
weight hydrocarbon chain. Typical ashless dispersants include N-substituted long chain
alkenyl succinimides. Examples of N-substituted long chain alkenvi succinimides include
polyisobutylene succinimide with number average molecular weight of the polyisobutylene
substituent in a range of about 350 1o abour 5000, or about 500 to about 3000, Succinimide
dispersants and their preparation are disclosed, for mstance in U.S. Pat. No. 7,897,696 and
U.S. Pat. No. 4,234,433, Succinimide dispersants are typically an imide formed from a
polvamine, typically a poly(ethylencamine).

[060158] In some embodiments the lubricant composition comprises at least one
polvisobutylene succinimide dispersant derived from polvisobutyiene with number average
molecular weight in the range about 330 to about 3004, or about 500 10 about 3000. The
polyisobutylene succinimide may be used alone or in combination with other dispersants.
{000159] In some embaodiments, 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 double bonds. Such a PIB is also referved o as highly
reactive PIB ("HR-PIB™). HR-PIB having a number average molecular weight ranging from
about 800 to about 300 1s suitable for use mn 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 mol%, or less than 10 mel% content of terminal double
bonds.

F008166] An HR-PIB having a number average molecular weight ranging from about %00 1o
about 3000 may be suttable. Such an HR-PIB 15 commercially available. or can be
synthesized by the polymerization of isobutene in the presence of a non-chlorinated catalyst
such as boron wrifluoride, as described in U.S. Patent No, 4,152,499 and U 8. Patent No.

5.739.355. When used in the aforementioned thermal ene reaction, HR-PIB may lead o



higher conversion rates in the reaction, as well as lower amounts of sediment formation, due
to increased reactivity.

[0GOI61] In embodiments the lubricant composition comprises at feast one dispersant
derived from polyisobutylene succinic anhydride,

[0060162] In an embodiment. the dispersant may be derived from a polyalphaolefin (PAO)
succinic anhydride.

[000163] In an embodiment, the dispersant may be derived from olefin maleic anhydride
copolymer. As an example, the dispersant may be described as a poly-PIBS A,

[000164] In an embodiment, the dispersant may be derived from an anhydride which is
grafted o an ethylene-propylene copolymer.

(0001651 One class of suitable dispersants may be Mannich bases. Mannich bases are
materials that are formed by the condensation of a higher molecular weight, alkyl substituted
phenol, a pelvalkylene polyamine, and an aldehyde such as formaldehyde. Mannich bases
are described in more detail in U.S. Patent No. 3,634,315,

FO00166] A suitable class of dispersants may be high molecular weight esters or hall ester
amides.

[000167] The dispersants may also be posi-treated by conventional methods by reaction with
any of a variety of agents. Among these agents are boron, urea, thiourea,
dimercaptothiadiazoles. carbon disulfide, aldehvdes, ketones, carboxylic acids, hydrocarbon-
substituted succinic anhydrides. maleic anhydride, nitriles. epoxides. carbonates, cvelic
carbonates, hindered phenolic esters, and phosphorus compounds. U.S. Patent No.
7.645.726, U.S. 7,214,64%; and U.S. 8,048,831 describe some suitable post-treatment
methods and post-treated products,

[600168] The dispersant, if present, can be used in an amount sufficient to provide up to
about 20 wit. %. based upon the total weight of the lubricating oil composition. The amount
of the dispersant that can be used may be about 0.1 wt. % to sbout 15 wt. %, or about 0.1 wt.
% to about 10 wt. %, or about 3 wi. % to about 10 wi. %, or about | wi. 9% (o about & wi. 9,
or about 7 wi. % o about 12 wt. %, based upon the total weight of the Tubricating oil
compoesiton. In an embodiment. the lubricating ol composition utilizes & mixed dispersant

system.

Extreme Pressure Agents

[(00169] The tubricating o1l compositions herein also may optionally contain one or more

exireme pressure agenis. Extreme Pressure (EP} agents that are soluble in the o1l include
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sulfur- and chioresulfur-containing EP agents, chlorinated hydrocarbon EP agents and
phaosphorus EP agents. Examples of such EP agents include chlorinated waxes; organic
sulfides and polysulfides such as dibenzyldisuifide, bis(chlorobenzyl) disulfide, dibugvl
tetrasulfide, sulfarized methyl ester of oleic acid, sulfurized alkylphenol, sulfurized
dipentene, sulfurized terpene, and sulfurized Diels-Alder adducts; phosphosulfurized
hydrocarbons such as the reaction product of phosphorus sulfide with twrpentine or methyl
oleate; phosphorus esters such as the dihydrocarbyl and tihvdrocarbyl phosphites, e.g..
dibutyl phasphite, diheptyl phosphite, dicyclohexyl phosphite. pentylphenyl phosphite;
dipeatylphenyl phosphite, ridecyl phosphite, distearyl phosphite and polypropylene
substituted phenyl phosphite; metal thiocarbamates such as zine dioctyldithiocarbamate and
harium heptylphenol diacid: amine salts of alkvl and dialkylphosphoric acids, including, for
example, the amine salt of the reaction product of a dialkyldithiophosphoric acid with

propyiene oxide; and mixtures thereof,

Friction Modifiers

{0661707 The lubricating oil compositions herein may also optionally contain one or more
additional fricuion modifiers. Suitable fricion moedifiers may comprise metal containing and
metal-free friction modifiers and may include, but are not Himited to, imidazolines, amides,
amines, succinimides, alkoxylated amines, atkoxylated ether amines. amine oxides,
amidoamines, nitriles, betaines, quaternary amines, imines, amine salts, amino guanidines,
atkanolamides, phosphonates, metal-containing compounds. glycerol esters, sulfurized fatty
compounds and olefins, supflower ol and other naturally occurring plant or animal oils,
dicarboxylic acid esters, esters or partial esters of a polyol and one or more aliphatic or
aromatic carboxvlic acids, and the like.

(600171} Suitable friction modifiers may contain hydrocarbyl groups that are sclected from
straight chain, branched chain, or aromatic hydrocarbyl groups or mixtures thereof, and may
be saturated or unsaturated. The hvdrocarbyl groups may be composed of carbon and
hydrogen or hetero atoms such as sulfur or oxygen. The hydrocarbyl groups may range from
about ]2 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 fatty acid ester may be a mono-ester,
or a di-ester. or a (trgiveeride. The friction modifier may be a fong chain fatty amide. a long
chain fatty ester, a long chain fatty epoxide derivative, or a long chain imidazoline.

[000172] Other suntable friction modifiers may include organic, ashless (metal-free),

nitrogen-free organic friction madifiers. Such friction moedifiers may include esters formed
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by reacting carboxylic acids and anhydrides with alkanols and generally include a polar
terminal group (e.g. carboxyl or hydroxyl) covalently bonded to an oleophilic hydrocarbon
chain. An example of an organic ashless nitrogen-free friction modifier is known generally as
giycern] monoofeate (GMO) which may contain mono-, di-, and tri-esters of oleic acid. Other
sustable friction modifiers are described in U8, Pat, No, 6,723,685,

[(0173] Aminic friction modifiers may include amines or polyamines. Such compounds
can have hydrocarbyl groups that are linear, either saturated or unsaturated, or a mixture
thercof 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 hydrocarby! groups that are lincar. either saturated. unsatorated, or a
mixture thereof. They may contain from about 12 to about 25 carbon atoms. Examples
include ethoxylated amines and ethoxvlated ether amines,

[000174] The amines and amides may be used as such or in the form of an adduct or reaction
product with & boron compound such as a boric oxide, boron halide. metaborate, boric acid or
a mono-, di- of tri-alkyl borate. Other suitable friction modifiers are deseribed in U.S. Pat.

No. 6,300,291,

[006175] A friction modifier may be present in amounts of about O wi. % 10 about 10 wt. %,
or azbout 0.01 wt. % to about § wt. %. or about 0.1 wt. 9% to about 4 wt. % | based on the tofal

weight of the lubricam composition,

Molvbdenum-containing components

{000176] The jubricating oil compositions herein may also contain one or more
molybdenum-containing compounds.  An oil-soluble molybdenum compound may have the
functional performance of an antiwear agent, an antioxidant, a friction modifier. or any
combination of these functions. An oif-seluble molybdenum compound may include
maoiybdenum dithiocarbamates. molybdenuim dialkyl dithiophosphates, molyvbdenum
dithiophosphinates, amine salts of molybdenum compounds, molvbdenum xanthates,
molybdenum thioxanthates. molybdenum sulfides, molybdenum carboxylates, molybdenum
alkoxides, a winuclear organo-molvbdenam compound, and/or mixtures thereof. The
motybdenum sulfides include molybdenum disulfide. The metybdenum disulfide may be in
the form of a stable dispersion. In an embodiment the oil-soluble molvbdenum compound
may be selected from the group consisting of moivbdenum dithiccarbamates, molybdenum

dialkyidithiophosphates, amine salts of molybdenum compounds, and mixtures thereof. In an

embodiment the oil-soluble molybdenum compoeund may be a molvbdenum dithiccarbamate,



1000177] Suitable examples of molybdenmm compounds which may be used include
commercial matenials sold under trade names such as Molyvan 822™, Molyvan™ A,
Molyvan 2000™ and Motyvan 8557 from R. T. Vanderbilt Co., Lid.. and Sakura-Lube™ S-
P65, 5-200, §-300, 5-310G. §-525, $-600. S-700, and S-710, available from Adeka
Corporation, and mixtures thereof. Suitable molybdenum compounds are described in U.S,
Patent No, 5.650.381; and U.S. Reissue Patent Nos. Re 37363 E1: Re 38,929 Ei; and Re
40,595 E1.

FI00178] Additionally, the molvhdenum compound may be an acidic molybdenum
compound, Included are molybdic acid, ammonium molybdate, sodium molybdate,
potassium motybdate, and other alkali metal molybdates and other molybdenum salts, ¢.g.,
hydrogen sodium molybdate, MoQOCly, MoO:2Bra. MoxO:Cls. molybdenum trioxide or similar
acidic molybdenum compounds. Alternatively, the compaositions can be provided with
moivbdenum by molybdenuny/suifur complexes of basic mtrogen compounds as described,
for example, in U.S. Pat. Nos, 4,263,152 4285822 4.283.295, 4,272 387, 4,265,773,
4,201,843, 4,259,195 and 4,259,194, and WO 94/06897.

FO001791 Another class of suitable organo-molybdenum compounds are trinuclear
molybdentm compaunds, such as those of the formula Mo3SiLaQ, and mixwures thereof,
wherein S represents sulfur, L represents independently selected higands having organo
groups with a sufficient number of carbon atoms 1o render the compound soluble or
dispersible 1n the oil. n 1s from [ to 4, k varies from 4 through 7, Q is selected from the group
of neutral electron donating compounds such as water, amiaes, alcohols, phosphines, and
ethers, and z ranges from 0 to 3 and includes non-stoichiometric values. At least 21 total
carbon atoms may be present among all the ligands' organo groups, or at least 25, at feast 30,
or at least 35 carbon atoms. Additional suitable molybdenum compounds are described in
U.S. Pat. No. 6.723,685.

{000180] The oil-soluble molybdenum compound may be present in an amount sufficient to
provide about (1.5 ppm to about 2006 ppm, about | ppm to about 700 ppm. about | ppm 1o
about 350 ppm., about 5 ppm to about 300 ppm, or about 20 ppm o about 230 ppm of

molybdenum in the fubricant composition.

Viscosity Index Improvers

[08018F] The lubricatuing oif compositions herein also may optionally contain one or more
viscosity index improvers. Suitable viscosity index improvers may include polyvolefing,

olefin copolymers. ethylene/propylene copolymers, polvisobutenes, hydrogenated styrene-
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isoprene polymers, styrene/maleic ester copolymers, hydrogenated styrene/butadiene
copolymers, hydrogenated isoprene pelymers, alpha-olefin maleic anhydride copolymers,
polymethacrylates. polyacrylates, polvalkyl styrenes, hydrogenated alkenyl aryl conjugated
diene copolymers, or mixtures thereof. Viscosity index improvers may include star polymers
and suitable examples are described in US Publication No. 2012/0101017 A1,

[600182] The lubricating oil compositions herein also may optionally conlain one or more
dispersant viscosity index improvers in addition to & viscosity index improver or in licu of a
viscosity index improver. Suitable dispersant viscosity index improvers may include
functionalized polyolefins, for example, ethylene-propylene copolymers that have been
functionalized with the reaction product of an acylating agent (such as maleic anhydride) and
an amine; polymethacrylates functionalized with an amine, or esterified maleic anhvdride-
styrene copolymers reacted with an anune.

[008183] The total amount of viscosity index improver and/or dispersant viscosity index
improver may be about 8 wt. % 10 about 20 wi. T, about 0.1 wit. % 1o about 15 wi. %. about
0.1 wi. % to about 12 wt. %, or about .5 wi, % 1o about 1 wt. % based on the total weight,

of the lubricating compuosition.

Other Optional Additives

1000184] Other additives may be selected to perform one or more functions required of a
tubricating 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,
[000185] A lubricating composifion 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 tmprovers, detergents, ashless TBN hoosters, friction modifiers,
antiweur agents, corroston inhibitors, rust inhibitors, dispersants, dispersant viscosity index
IMProvers, extreme pressure agents, antioxidants, foam inhibitors. demulsifiers, emulsifiers,
pour point depressants, seal swetling agents and mixwures thereof. Typicaliy. fully-
formulated lubricating oil will contain one or more of these performance additives.

FOGO1861 Suitable metal deactivators may include derivatives of benzotriazoles (typically
tolvitriazole), dimercaptothiadiazole dervatives, 1.2 4-riazoles, benzimidazoles, 2-
alkyldithiobenzimidazoles, or 2-alkyldithiobenzothiazoles: foam inhibitors including
copolymers of ethyl acrylate and 2-ethythexylacrylate and optionally vinyl acetaie;

demulsifiers including trialkyl phosphates, polvethytene glycols, polyveihiyiene oxides.



polypropylene oxides and (ethylene oxide-propylene oxide) polymers; pour point depressants
including esters of maleic anhydride-styrene, polymethacrylates, polyacrylates or
polvacrylamides.

[000187] Suitable foam inhibitors include silicon-based compounds, such as siloxanes.
[000188] Suitable pour point depressants may include poiymethyl methacrylates or mixtures
thereof. Pour point depressants may be present in an amount sufficient to provide from about
0 wt. % to about T wt, %, about 0.01 wit. % to about 0.5 wi. %, or about 0.02 wi. % to about
0.04 wi. %, based upon the total weight of the lubricating oil compositon.

[00018Y] 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 inhibitors useful herein include oil-soluble high molecular weight organic acids, such
as 2-ethylhexanoic acid, laurie acid, myristic acid. palmitic acid. oleic acid, linoleic acid,
Imolenic acid, behenic acid. and cerotic acid, as well as oil-soluble polyvearboxviic acids
including dimer and trimer acids, such as those produced from tall ot fatty acids, oleic acid,
and linoleic acid. Other suitabie corrosion inhibitors include long-chain alpha, omega-
dicarboxylic acids in the molecular weight range of about 600 to about 3000 and
alkenylsuccinic acids in which the alkenyl group contains about 10 or more carbon atoms
such as, tetrapropenyl succinic acid, tetradecenyl suecinic acid, and hexadecenyl succinic
acid. Another useful type of acidic corrosion inhibitors are the half esters of alkeny] succinic
acids having about 8 to about 24 carbon atoms in the alkenyl group with alcohols such as the
polyalycols, The corresponding half amides of such alkenyl succinic acids are also useful, A
useful rust inhibitor is o high molecular weight orgamc acid. In some embodiments, the
tubricating composition or engine o1l 18 devoid of a rust inhibitor.

[000190] The rust inhibitor can be used in an amount sufficient to provide about U wt. % o
about 5 wit. %, about 0.01 wi. % to about 3 wt. %, about 0.1 wi, % to about 2 wi. %, based
upon the total weight of the tubricating oil composition.

[000191] In general terms, a suitable crankcase lubricant may include additive component(s)

in the ranges listed in the following table.



Table 2

Wt % Wt %
Component (Suitable {Suitable
Embodiments) Embodiments)
Phispersant(s) 0.1 -10.0 1.0 5.0
Antoxidant(s} 0.1-5.0 0.01-3.0
Detergent(s) 0.1 -15.0 0.2-8.0
Ashless TBN booster(s) 0.0-1.0 0.01 0.3
Corrosion inhibitor(s) 0.0-50 0.0~ 2.0
Metal dibydrocarbyidithiophosphateds) 0.1 -6.0 0.1-4.0
Ash-free phosphorus compound{s) 0.0-6.0 0.0-4.0
Antifoaming agent(s) 0.0-506 0.001 - 0.15
Antiwear agent(s) 0.06-1.0 0.0 - 0.8
Pour point depressant(s) 0.0 -35.0 0.01-1.5
Viscosity index improver(s) 0.0-200 0.25 - 10.0
______ Friction modifier(s) 0.01-350 0.05-2.0
Base oil(s} Balance Balance
Total 100 100

[060192] The percentages of each component above represent the total weight percent of

cach component, based upon the total weight of the final lubricating o1l composition. The

remainder or balance of the [ubricating oil compaosition consists of one or more base oils.

[O00193] Additives used in formutating the compaositions described herein may be blended
into the base o1l individually or in vartous sub-combinations, However, it may be suitable to
blend all of the component(s} concurrently using an additive concentrate (i.¢., additives phus &

diluent, such as a hydrocarbon sotvent).

EXAMPLES
HH00194] The following examples are illustrative, bul not limiting. of the methods and
compositions of the present disclosure. Other suitable modifications and adaptations of the
variety of conditions and parameters normally encountered in the field, and which are

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

[OO0195] Examples of engine oils according to the present disclosure were prepared using
different friction modifiers and detergents as set forth below.

[000196] The engine lubricants were subjected to High Frequency Reciprocating Rig
(HFRR} test and thin fibm friction (TFF) tests. A HERR from PCS Instruments was used for

measuring houndary lubrication regime friction coefficients. The friction coefficients were

measured at 130°C between an SAE 32100 mesal ball and an SAE 32100 mezal disk. The ball



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 tubricant to reduce boundary layer friction is reflected by the
determined boundary lubrication regime friction coefficients. A lower value is indicative of
lower friction.

[000197] The TEF test measures thin-fiim 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 50N between an ANSI 52100 steel disk and an
ANSI 52100 steel ball as oil was being pulled through the contact zone at an entrainment
spead of 500 mm/s. A slide-to-roll ratic of 20% between 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 1s indicative
of lower friction.

(0601981 The base lubnicating composition used i the blend of Table 3 was an SAE SW-20
GF-3 guality oil formulated without a friction modifier and detergents. Comparative Blends
A-F inciuded only this same base lubricating composition, formulated with the indicated
detergent and, without any added friction modifier (FM}. The detergents used in the finished
flands inchwded overbased sulfonate (OB sulfonate), neatral sulfonate, salicylate, and phenate.
The tested detergents were calcium-containing.  For comparison, fluids with no friction

modifier (FM) but the indicated detergent composition were also prepared and tested.

Table 3

Blend ~ Friction Modifier Detergent HFRR TFF
Blend A No FM No Detergent | 0.164 | 0.041
Blend B Examples 15 + 16 No Detergent | 0.112 | 0.030
Blend C No FM OB Suifonate | 0.154 ¢+ 0.069
Blend ! Examples 15 + 16 OB Suifonate | 0.082 | 0.037
Blend 2 Example 16 OB Sulfonate | 0.080 | 0.045
No FM Neutral

Blend D Suifonate 0.158 : 0.041
Fxamples 153 + 16 Neutral

Blend 3 Suffonate 0.104 | 0.033
Y Fxample 16 Neutral

Blend 4 _Sulfonate 0.087 | 0.031
Blend E No FM Salicylate 0.162 | 0.060
Blend 5 Examples 15+ 16 Salicylate 0.148 | 0.040
Blend ¥ No FM Phenate 0.166 | 0.050
Blend 6 Examples 15+ 16 Phenate 0.158 0.071
Blend 7 Exampie 16 Phenate 0.155 | 0.045




[000199] As can be seen from Table 3, the coefficient of friction for boundary layer friction
(HFRR} was significantly lower in lubricants with acyl N-methyl glvcine {either one or two)

as friction modifiers and a detergent, as compared with lubricants with the same detergent but

no friction modifier (FM). The traction coefficient for thin film friction { TFF) was also

generally lower in lubricants with acyl N-methy! giycine (either one or two) as friction

modifiers and a detergent, as compared with lubricants with the same detergent but no

friction modifiers. Thus, the additive combinations of the present disclosure can effectively

reduce both boundary layer friction and thin film friction, as compared with fubricants with

the same detergent but no friction modifiers.

{060200) Further fluids and test results are presented in Table 4. These blends utilized a base

fluid that contained base ol and a ZDDP, ar a treat rate that delivered about 800 ppm of

phosphorus. The friction modifier blends were formulated with this base fluid and indicated

friction modifier, ZDDP, and detergent. The detergents used in the fluids of Table 4 were

overbased sulfonate (OB sulfonate). neutral sulfonate, salicylate, and phenate. The tested

detergents were calcium-contaming. These Nuids also contained ZDDPs. which were:

primary ZDDP and secondary ZDDP. For comparison, the Comparative Blends G through N

utiiized this sume base fluid formulated with the same amount and type of mdicated detergent

and mdicated ZDDP but not formulated with fricton modifier {(FM.

Table 4

Blend Friction Modifier Detergent ZDDP HFRR TFF
Blend G No FM OB Suifonate Primary ZDDP 0.104 G.055
Blend & Examples 15 + 16 OB Sulfonate Primary ZDDP (.051 0.04%
Blend H No FM Neutral Sulfonate 1 Primary ZDDP 0.143 0.041
Blend 9 Examples 15+ 16 | Neutral Suffonate | Primary ZDDP 0.167 0.029
Riend 1 No FM Saticylate Primary 200f 0.154 (.059
Blend 10 Examples 15 + 16 Saficylate Primary ZDDP 0.139 0.062
Blend J No FM FPhenate Primary ZDDP (3.164 G.075
Blend 11 Examples 15 + 16 Phenate Primary ZDOP 0.164 0.045
Biend K No FM OB Sulfonate | Secondary ZDDP | 0.150 0,108
Blend 12 Examples 15+ 16 OB Sulfonate | Secondary ZDDP |+ pg5 0.038
Blend L No FM Neutral Suifonate | Secondary ZDDP | 0.161 0118
Blend 13 Examples 15+ 16 | Neutral Suifonate | Secondary ZDDP | g pgs 0.035
Blend M No FM Salicylate Secondary ZDDP | 0158 0.037
Blend 14 Examples 15 + 16 Salicylate Secondary ZDDP | g 133 0.037
Blend N No FM Phenate Secondary ZDDF | (.154 0.128
Blend 15 Examples 15 + 16 Phenate Secondary ZDDP | g 151 0.054




[000201] Ior the fluids of Table 4, the additive according to the present disclosuse also
significantly reduced boundary layer and thin film friction. The coefficient of friction for
boundary layer friction (HFRR} was significantdy lower in lubricants with two acy! N-methy}
glycines as friction modifiers, as compared with lubricants with the same composition but no
friction modifiers. The traction coefficient for thin film friction (TFF) is also generally lower
in tubricants with two acy! N-methyl glycines as friction modifiers, as compared with
Jubricants with the same composition but no friction modifiers. These fluids demonstrate that
the additive package of the present disclosure can effectively reduce one or both of boundary
layer friction and thin film friction, as compared with fubsicants with the same composition

but no friction modifiers.

Examples 1-17
{000202] Examples of engine oils including friction modifiers according 1o the present

disclosure have been prepared. The friction modifiers emploved in these examples were as

follows:

“xample 1: Oleoyl butyl sarcosinate

[000203] A 1 L resin kettle equipped with overhead stirrer. Dean Stark trap and a
thermocouple was charged with 281g (0.8mol) olecvl sarcosine, 237¢ butanol and 0.38¢
Amberlyst 15 acidic resin. The reaction mixture was heated with stirring under nitrogen at
reflux for 3h removing 25mb aliguots every 30 minutes. The reaction mixture was then

concentrated (n vacuo and filtered affording 310z of product.

Example 2: Oleoy] ethyl sarcosinate

[G00204] A 1 L resin kettle equipped with overhead stirrer, Dean Stark trap and &
thermuocouple was charged with 281g (0.8mol) oleoyl sarcosine and 295¢ ethanol. The
reaction mixture was heated with stirming under nitrogen at reflux for 3h removing 25ml.
aliguots every 30 muinutes, The reaction mixture was then concentrated in vacuo alfording

280g of product.

Exampie 3: Lauroyl ethyl sarcosinate
[0GO205] A 1 L resin kettle equipped with overhead stirver, Dean Stark trap and a
thermocouple was charged with 128.5g (0.5moly lauroy! sarcosine and 345.3g ethanol. The

reaction mixture was heated with stirring under nitrogen at reflux for 3h removing 23mi
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aliguots every 30 minutes. The reaction mixture was then concentrated in vacuo affording

126.2¢ of product.

Example 4: Cocoyl ethy! sarcosinate (EtCS)

[000206] A 1 L resin kettle equupped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 200g (0.7 tmol) cocoyl sarcosine and 329 ethanol. The
reaction mixture was heated with stirring under nitrogen at reflux for 3h removing 25ml.,
aliguots every 30 minuies. The reaction mixture was then concentrated in vacuo atfording

201¢g of product.

Example 5: Oleoyl 2-ethylhexyl sarcosinate

[000207] A 1 L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 1753.6g (0.5mel) eleoyl sarcosine and 65, 1g 2-ethylhexanol.
The reaction mixture was heated with stirring under nitrogen at 1530°C for 3h removing, The

reaction mixture was then concentrated in vacuo affording 421.7¢ of product.

Example 6: Oleoyl 2-methoxyethyl sarcosinate (MeOQELOS)

{000208] A 1 L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 140.dg ((.4mol) oleoyl sarcosine, 48.1g diethylene glycol
methyl ether and 1.0g of Amberlyst |5 acidic resin. The reaction mixture was heated with
stirring under nitrogen at 160°C for 3h. The reaction mixture was then concentrated in vacuo
difuted with 181.3¢ process oil and fiftered affording 273.5g of product.
Example 7: Oleovl 2-hydroxyethyl sarcosinate (HOEt-OS)

[000209] A 1 L resin kettde equipped with overhead stirrer, Dean Stark trap and a
thermocoupie was charged with 173.53g ((.3mol) eleoyl sarcosine, 32¢ ethylene glycol and
1.0g of Amberiyst 15 acidic resin. The reaction mixiure was heated with stirring under
aitrogen at 160°C for 3h. The reaction mixture was then concentrated fn vacwo dijuted with

198 52 process o1l and filtered affording 312.7g of product.

Example 8: Lauroyl 2-hvdroxvethyl sarcosinate (HO-EtLS)
HIOO210] A T L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 128.5g (6.5meol} laurov] sarcosine and 32¢g ethylene glyveol,

The reaction muxture was heated with stirring under nitrogen at 166°C for 3h. The reaction



mixture was then concentrated in vacuo diluted with 151.5g process oil affording 277.5g of

product.

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

[000211] A 1 L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 107g (0.3 tmol} oleoy] sarcosine and 39.4g 2-ethyl-1-
hexylamine. The reaction mixture was heated with stirring under nitrogen at 130°C for 3h.

The reaction mixtare was then concentrated /n vacuo affording 266.6g of product.

Example 16: N-oleoyi-N’-2 methoxvethylsarcosinamide

{000212F A 1L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 140.4¢ (0.4mol}y oleoyl sarcosine, 30g methoxvethylamine
and 1.0g of Amberlyst 15 acidic resin. The reaction mixture was heated with stirring uader
nitrogen at 130°C for 3h. The reaction mixture was then concentrated in vacuo, diluted

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

Example 11: N-oleoyl-N"-3 dimethylaminopropyisarcosinamide

fO00213] A § L resin kettle equipped with overhead stirrer, Dean Stark trap and a
thermocouple was charged with 175.5¢g (0.5mol) oleoyl sarcosine, 51.1g 3-dimethylamino-
propylamine 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 vacue,

diluted with 217.6¢ process oil and filtered affording 377 8¢ of product.

Example 12: N-oleoyl-N’ N* bis(2-hydroxyvethvlisarcosinamide

[600214] A | L resin kettle equipped with overhead stirrer, Dean Stark trap and o
thermocouple was charged with 175.5¢ (0.5mol} oleoy! sarcosine. 52.6¢ diethanolamine and
1.0g of Amberlyst 15 acidic resin. The reaction mixture was heated with stirring under
nisrogen al 150°C for 3h. The reaction mixture was then concentrated in vacio diluted with

219g process o1l and filtered affording 371.6g of product.

Example 13: Sodium Laurey! sarcosine, such as HAMPOSYL® 1.-95, available from

Chattem 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: Oleoy! sarcosine, such as CRODASINIC™ (Q, available from Creda Inc.

or such as HAMPOSYL® O, available from Chattem Chemicals

Example 17: Stearoyi sarcosine and myristoyl sarcosine mixture, such as

CRODASINICT™ 8\, available from Croda Inc.

Table 5

Example | Oleoyl butylsarcosiate

Example 2 Oleoyl ethylsarcosinate

Example 3 Lauroyl ethylsarcosinate

Example 4 Cocoyl ethylsarcosinate

Example 5 Oleoyl 2-ethylhexylsarcosinate

Example 6 Oleov] methyoxyethylsarcosinate

Example 7 Oleoyl hydroxyethyl sarcosinate

Example 8 Lauroyl hydroxyethyl sarcosinate

Exampie 9 N-oleoyl-N’-2 ethythexylsarcosinamide

Example 10 N-oleoyl-N'-2 methoxyethylsarcosinamide
Example 11 N-oleoyl-N'-3 dimethylaminopropylsarcosinamide
Example 12 N-gleoyl-N* N bis{2-hydroxyethyijsarcosinamide
Example 13 Hamposyl 1.-95

Example 14 Cocoyl sarcosine

Exampie 15 Lauroyl sarcosing

Example 16 Oleoyl sarcosine

Example 17 stearoyl sarcosine with Myristoyl sarcosine

[600215] Other embodiments of the present disclosure will be apparent to those skitled in the
art from consideration of the specification and practice of the embodiments disclosed herein.
It 1s intended that the specification and examples be considered as exemplary only, with a

trie scope of the disclosure being indicated by the following claims.



{000216} All documents mentioned herein are hereby incorporated by reference in their
entirety or alternatively to provide the disclosure for which they were specifically relied
UPOL.

000217} The foregoing embaodiments are susceptible to considerable variation in practice.
Accordingly. the embodiments are not intended o be limited to the specific exemplifications
set forth hereinabove. Rather, the foregoing embodiments are within the spirit and scope of
the appended clamms, including the equivalents thereof available as a matter of law,

The applicantis} do not intend to dedicate any disclosed embodiments to the public, and to
the extent any disclosed modifications or alterations may not literally fall within the scope of

the claims. they are considered to be part hereof under the doctrine of equivalents.



WHAT IS CLAIMED IS:

1. A lubricating oil comprising a major amount of a base o1l and a minor amount of an
additive package, wherein the additive package comprises:
{A)a friction modifier component selected from:
{a}) one or more a reaction products ol & compound of the formula IV:
O
OH
R N {1V}
O
wherein R 1s a linear or branched, saturated, unsaturated, or partially saturated
hydrocarbyl groap having about 8§ to about 22 carbon atoms, with:
(1) one or more alcohols;
{ii) one or more anine alcohols;
{iity  one or more amines of the formula V;

R

Re—N_  (v)
R

wherein Rz, Rz, and Ry are independently selected from
hvdrogen. Ci-Cis hydrocarbyl groups, and hydrocarbons
containing Cz-Cia hydrocarbyl groups and one or more
heteroatoms: or

vy an alkali metal hydroxide, an alkaline earth metal hydroxide, an
alkali metal oxide, an alkaline earth metal hydroxide, ammonia,
an amine or mixtures thercof, wherein the reaction product is in
the form of a salt; and

{b) one or more compounds of the Formulae 11-111:



wherein R is a linear or branched., saturated, unsaturated, or partially satorated
hydrocarbyl having about § to about 22 carbon atoms and Ro and R; are independently
selected from hydrogen, Ci-Cig hydrocarbyl groups, and C,-Cyy hydrocarbyl groups

contaiﬂing one or more heteroatoms;

G
Oe) Xﬂ@
R N (ith
0
- ~n
wherein R is @ inear or branched. saturated, unsaturated, or partrally saturated hydrocarbyl

having about 8 1o abour 22 carbon atoms; and X is an alkali metal. alkaline earth metal or
ammonium cation and n 1 the valence of cation X; and

(B) at least one detergent.

2. The lubricating otl of claim 1, wherein the additive package comprises at least one reaction
product of an alcohol with a compound of the formula 1V.
3. The lubricating oil of claim 2, wherein the one or more reaction products of an alcohol

with a compound of the formula IV comprise one or more compounds of the formula b

Q
wherein R is a inear or branched, saturated, unsaturated, or partially saturated hydrocarbyl
having about § to about 22 carbon atoms and Ry is hydrogen, a hydrocarbyl having from
about 1 to about 8 carbon atoms. or a C-Cy hydrocarbyl group containing one or more

heteroatoms.

4. The tubricating oif of claim 1, wherein the additive package comprises one or maore

compournds of the formula 1L

49



5. The lubricating oil of claim 1, wherein the additive package comprises at least one salt of

the formula 111

6. The tubricating oi of claim 1, wherein the additive package comprises at least two
different compounds independently selected from the reaction products of an alcohol with

one or more compounds of the formula IV and compounds of the formulae -1

7. The lubricating o of any one of claims 3 and 6, wherein Ry is hydrocarbyl group having

from about | to about 8 carbon atoms.

8. The lubricating oif of any one of claims 3 and 6, wherein Ry is a hydrocarby) group

containing a C1-Cy hydrocarbyl group containing one or more heteroatoms,

9. The fubricating oif of any one of claims 4 and 6. wherein Ro and Rs are independently
selected from hydrogen, Ci-Cyy hydrocarby! groups, and C-Cg hydrocarbyl groups

L‘Oﬂliiiﬂiﬂg ong or more heteroatoms.

0. The lubricating o1l of anv one of claims 4 and 6, wherein Rz and R3 are independently

selected from hydrogen and Cs-Cs hydrocarbyl groups.
11 The lubricating o1l of any one of claims 5 and 6, wherein the one or more compounds of
the formula 1 are saits of one or more cations selected from sodium. lithium, potassium,

calcium. magnesium, and an amine.

12. The lubricating ofl of claim 1, wheremn the friction modifier comprises one or more a

reaction products of a compound of the formula IV and one or more amine alcohols.

13, The lubricating oif of claim 1, wherein the friction modifier comprises one or more a

reaction products of a4 compound of the formula IV and one or more aminao alcohols,

S



reaction products of a compound of the formula IV and one or more amines of the formula V.

15, The lubricating vil of claim 1, wherein the friction modifier comprises one or more a
reaction products of a compound of the formula IV and an alkali metal hydroxide, an alkaline
carth metat hydroxide. an alkali metal oxide, an alkaline earth metal hydroxide, ammonia, an

amine or mixtures thereof, wherein the reaction product is in the form of a salt.

16. The lubricating oif of any one of clarms 1-15, wherein R has from about 10 1o about 20

carbon atoms.

17. The lubricating oif of any one of claims 1-15, wherein R has from about 1210 about 18

carbon atoms.

18. The lubricating oil of any one of claims 1-17, wherein the additive package further
comprises at least one additive selected from the group consisting of antioxidants, antifoam
agents, molybdenum-containing compounds, titarium-containing compounds. phosphorus-

containing compounds, viscosity index improvers, pour point depressants, and diluent oils.

19, The lubricating oil of any one of claims 1-18 or the engine oil of claim 19, wherein the at

least one detergent comprises two or more detergents,

20 The lubricating oil of claim 19, wherein a first detergent has a total base number of 40 to

450 and a second detergent has a total base number of up to 80,

21. The lubricating o1l of any one of claims 1-20, wherein the at least one detergent

comprises a sulfonate, a phenate. or a salicylate.

22. The lubricating oil of any one of claims 1-20, wherein the at least one detergent
comprises at least one compound selected from calcium sulfonate, magnesiom sulfonate,
sodium sulfonate, calcium phenate, sodinm phenate, calcium salicylate. and sodium

salicylate,



23. The lubricating oil of any one of claims [-20, wherein the at least one detergent
comprises a metal sall wherein the metal 15 selected from the group consisting of alkaline and

alkaline earth metals.

24, The lubricating oil of any one of claims 1-23, wherein a total bagse nuwmber of the at least

one detergent is up to about 430,

25, The jubricating oit of any one of claims 1-23, wherein a total base number of the at least

one detergent is from about 80 to about 350.

26. The lubricating oif of any one of clanns 1-23, wherein the af least one detergent

comprises from about 0.1 wt.% 1o about 10 wt.% of a total weight of the lubricating oil.

27. The lubricating ol of any one of claims 1-26. wherein the lubricating ol composition is

an engine oil

28. A method for improving thin film and boundary layer friction in an engine comprising the

step of lubricating the engine with the enzine o1l as claimed in claim 27.

29 The method as claimed 1n claim 28, wherein the improved thin film and boundary layer
friction is determined refative to a same composition in the absence of the one or more

friction modifrer components.

30, A method for improving boundary taver friction in an engine, comprising the step of

lubricating the engine with the engine oif as claimed in claim 27,
31. The method as ciaimed in claim 30, wherein the improved boundary layer friction is
determined relative to a same composition in the absence of the one or more friction modifier

COmMpoOnents.

320 A method for naproving thin film fricton in an engine. comprising the step of lubricating



the engine with the engine oil as claimed in claim 27.

33. The method as claimed in claim 32, wherein the improved thin film friction is determined
relative (o a same composition in the absence of the one or more friction modifier

components.



