EMULSIFIER FOR USE IN LUBRICATING OIL

TECHNICAL FIELD
[0001] The present disclosure relates to polymer compoprattuced from the reaction

of a succinic acid or anhydride and a polyalkylgheol suitable for use as emulsifying
agents in lubricating oil. The present disclosals® relates to lubricating oils containing
such emulsifying agents.

BACKGROUND
[0002] EB85 is an ethanol fuel blend of 85% denatured ethfailel and 15% gasoline or

other hydrocarbon by volume. Unfortunately, ethasbygroscopic, and as such, bio-fuels

like E85 have a greater tendency to succumb torwatgamination during engine operation.
This water contamination of the fuel can, in sonstances, negatively affect the lubrication
and detergency of engine oil by introducing fre@ewanto the engine compartment. The
reduced lubricity and detergency of the engineloé to the presence of free water in the
engine compartment can, in some circumstancedt requremature engine wear. To date, it
has been difficult to hinder water from enteringpithe E85 gasoline during the stages of
transport, storage in gas station tanks, and staragutomobile tanks. Accordingly, engine
oil formulations often include additives or compotgeto emulsify water in the oil so as to
counteract the shortcomings of the water and/drdoietamination, and therefore usually
include an emulsifying agent in the lubricant totdis job.

[0003] The emulsifying agent generally should be effecéivéhe emulsification of free
water in the oil and remain soluble in the oil ogexride temperature range. Prior
emulsifying agents can suffer flocculation and doop of the oil in some instances and, thus,
the effectiveness as an emulsification agent iatyreeduced in these circumstances. Other
prior emulsifying agents involve complex chemistréand build multiple components into an
emulsifying polymer that tends to drive up manuifaicig and component costs with little
gain in effectiveness. Other prior emulsifying migerequire relatively higher treat rates to
achieve desired levels of emulsification, whicloalsives up costs and formulation
complexities.

[0004] The effectiveness of the emulsifying agent candderchined using standard tests,
such as ASTM D7563-10, the so-called E85 emulssh tThis test evaluates the ability of
an engine oil, contaminated with a specified amadfintater and simulated E85 fuel, to
emulsify the water after agitation, to maintairsteimulsion, and to remain substantially free

of an aqueous layer at temperatures of 20 °C taC2&nd -5 °C to 0 °C for at least 24 h. A
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challenge remains to devise a simple emulsifyingnathat can be used in relative low
amounts to achieve a stable emulsion over wide ¢eatyre ranges.
SUMMARY
[0005] In one aspect, the present disclosure includesmansdying agent for lubricating
oil compositions. In one approach, the emulsifyaggnt includes a compound of Formula |
O R

RP o

Formulal
wherein each X is independently a polyalkylene exadoup of the formula — [Op}-; Y is a
hydroxyl group or a polyalkylene oxide group of fbemula -[OA},-OH; each A is
independently an alkylene selected from the gransisting of ethylene, propylene, and
butylene, and mixtures thereof; anBli&H or a chemical moiety having the structure

R O
HO

o . In Formula |, R is a linear or branched aliphgtoup having a number
average molecular weight of about 750 to about 2p08 an integer to independently
provide each X and/or each Y with a number averagiecular weight of about 100 to about
1000; and m is an integer to provide the compourebamula | with a weight average
molecular weight of from about 7,000 to about 50,00
[0006] The emulsifying agent of the preceding paragraphbsacombined with a number
of optional features, either individually or in cbmations thereof. For example, in some
embodiments, p is an integer which provides a pyyene oxide group with a number
average molecular weight from about 150 to aboQt 2@d/or the compound of Formula |
has weight average molecular weight of about 10{6Gbout 15,000; and/or R has a number
average molecular weight of about 950 to about 280Gxample, about 950 to about 1200;
and/or the compound of Formula | is produced frooatalyzed reaction consisting
essentially of a polyalkylene glycol reacted wittiearboxylic acid or anhydride of a
dicarboxylic acid; and/or the catalyzed reactioriudes a polyisobutylene succinic
anhydride; and/or the polyisobutylene group thehas a number average molecular weight
of about 950 to about 2300, for example, aboutt®bout 1200; and/or the molar ratio of
the polyalkylene glycol to the dicarboxylic acidawhydride in the catalyzed reaction is
about 0.1:1.0 to about 1.0:0.1; and/or when thelgifgiing agent is present in a lubricating
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oil in a weight percent of about 0.001 to aboutfe€cent, preferably about 0.01 to about 1.0
percent, said lubricating oil is substantially fafean aqueous layer after about 24 hours
when tested according to ASTM D7563-10; and/or e@achindependently an ethylene or
propylene; and/or the number average moleculariweifthe linear or branched R group is
about 1.5 to about 15, preferably about 2 to atkOubr in another approach, about 2 to about
5, times higher than the number average molecutagiw of the polyalkylene oxide group.
[0007] In another aspect, the disclosure includes a labng oil composition comprising
a major amount of a base oil and an emulsifyingrageluding a compound of Formula |

O R

Formulal
wherein each X is independently a polyalkylene exadoup of the formula — [Op}-; Y is a
hydroxyl group or a polyalkylene oxide group of fbemula -[OA}],-OH; each A is
independently an alkylene selected from the gransisting of ethylene, propylene, and
butylene, and mixtures thereof; anBli&H or a chemical moiety having the structure

R O
HO

o . In Formula I, R is a linear or branched alipbagioup having a number
average molecular weight of about 750 to about 2800 p is an integer to independently
provide each X and/or each Y with a number averagiecular weight of about 150 to about
1000; and m is an integer to provide a number geenaolecular weight of the compound of
Formula | from about 7,000 to about 50,000.

[0008] The lubricating oil composition of the precedingggraph can be combined with a
number of optional features, either individuallyimicombinations thereof. For example, in
some embodiments of this aspect, p is an integehwirovides a polyalkylene oxide group
with a number average molecular weight from ab&@® tb about 200; and/or the compound
of Formula | has a number average molecular weghbout 10,000 to about 15,000; and/or
R has a number average molecular weight of abdut®about 2300, for example, about
950 to about 1200; and/or the lubricating oil cosipon includes about 0.001 to about 2.0
percent, preferably about 0.01 to about 0.2 wepgintent of the compound of Formula |;
and/or the emulsifying agent of Formula | is progllifrom a catalyzed reaction consisting
essentially of a polyalkylene glycol reacted wittiearboxylic acid or anhydride of a

3



dicarboxylic acid; and/or the catalyzed reactiariudes a polyisobutylene succinic
anhydride; and/or wherein the polyisobutylene grthgreof has a number average molecular
weight of about 750 to about 2500; and/or the mi@ao of the polyalkylene glycol to the
dicarboxylic acid or dicarboxylic anhydride in tbatalyzed reaction is about 0.1:1.0 to about
1.0:0.1; and/or the lubricating oil compositiorsishstantially free of an aqueous layer after
about 24 hours when tested according to ASTM D7B&3and/or the number average
molecular weight of the linear or branched R graugbout 1.5 to about 15, preferably about
2 to about 10 times, or in another approach, aBdatabout 5 times higher than the number

average molecular weight of the polyalkylene oxgdaup.

DETAILED DESCRIPTION
[0009] Described herein are novel emulsifying agentsudbritating oils that achieve

stable emulsions over a wide temperature range. entulsifying agents are suitable for both
engine oils and other lubricating oils, such as¢himr metalworking and the like.

[0010] Engine or crankcase lubricant compositions are usgdhicles containing spark
ignition and compression ignition engines to previdction reduction and other benefits.
Such engines may be used in automotive, truckoamdin applications and may be
operated on fuels including, but not limited tosgline, diesel, alcohol, bio-fuels,
compressed natural gas, and the like. This disobodescribes emulsifying agents and
lubricants including such agents suitable for useragine lubricants, such as automotive
crankcase lubricants that, in some instances, negt or exceed the ILSAC GF-5 and/or API
CJ-4 lubricant standards. Other lubricants, sucthase used in industrial or personal
machines for metal working, may also benefit frdra émulsifying agents of this disclosure.
[0011] As noted above, bio-fuels such as E10 to E85 drdrigio fuels tend to succumb
to water contamination that can ultimately affengiee oil performance. Water from the
fuel can contaminate the oil and water-contaminatedan reduce the effectiveness of the
lubricating and detergency properties of the luddrig oil. Water contaminations may, in
some instances, also lead to a change in the Wgadthe lubricant, causing it to thicken or
thin, and in some cases effect equipment religbilit

[0012] An emulsifier, also called an emulsifying agenearulsifying compound, is a
substance that stabilizes an emulsion by increatsrgnetic stability. Emulsifiers are a
common additive to most types of lubricating oils.some instances, however, prior
emulsifying agents tend to flocculate or sepanaimfthe oil as precipitates or insoluble

globules. This phenomenon, often known as ematsifiop-out can be a common problem
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with prior emulsifiers and can leave the enginenechanical device vulnerable to corrosion
or damage from ineffective lubricating oil.

[0013] Herein are described emulsifier compounds thailstatemulsions in lubricating
oils at surprisingly low treat rates and provide ldrop-out rates at the same time. The
emulsifier compounds are the reaction product o€isic acids or anhydrides and
polyalkylene glycols and, in some approaches, ¢hetron product consisting essentially of
or only succinic acids or anhydrides and polyalkglglycols without having other reactants
or monomers built into the emulsifier. It was digered that the emulsifying compounds
herein can achieve stable emulsions as testedelly86 emulsification test at lower treat
rates than prior agents.

[0014] In one aspect, the emulsifier compounds hereiudepolymers of di or poly
carboxylic acids and polyalkylene monomer unitsliasussed more fully below. These
emulsifier compounds can be added to a lubricadihgvherein the lubricating oil has
application in engines, metal working, and othesli@ptions needing oil lubrication. The
treat rates for the emulsifier compounds hereitménlubricating oil are those effective to
result in the lubricating oil being substantialtgé of an aqueous layer after about 24 hours
when tested according to ASTM D7563-10 (the E-83usion Test). A surprising
advantage of the emulsifying compounds hereinlaedlatively low treat rates needed to
form a lubricating oil that passes the ASTM D75@Btdst. In some approaches, the
emulsifying compound is present in a lubricatingmia weight percent of about 0.001 to
about 2 weight percent and, in other approachesjtdb01 to about 1.0 percent. In yet other
approaches, a treat rate may be about 0.001 td &heeight percent depending on the
application. In still other approaches, the enfiilsg compound is present in a lubricating
oil in a weight percent of about 0.01 to about (Qo@Ecent. In another approach, the
emulsifying agent is present in a lubricating niki weight percent of about 0.01 to about
0.50 percent. In still another approach, the eifiyidg) agent is present in a lubricating oil in
a weight percent of about 0.01 to about 0.2 per@at in further approaches, about 0.01 to
about 0.05 percent, about 0.05 to about 0.1 perabout 0.1 to about 0.15 percent, about
0.15 to about 0.20 percent, or about 0.20 to ab@% percent. In yet other approaches, the
emulsifying compounds is provided in lubricatingsan amounts of about 0.01 to less than
about 0.2 weight percent.

[0015] Turning to more of the specifics, the emulsifiempounds herein are and/or

include polymers of Formula |



m
O (Formula )

wherein each X is independently a polyalkylene exgdoup of the formula — [Of}- and

each A thereof is independently an alkylene seteftten the group consisting of ethylene,
propylene, butylene, and mixtures thereof. In sam@oaches, each of the alkylene oxides
may be independently and optionally substitutedhwite or more instances of-Cg alkyl,
Cs3-Cs cycloalkyl, 3-6 membered heterocycloalkyl, phemyl3-6 membered heteroaryl,
wherein the alkyl, cycloalkyl, phenyl, heterocydlod, and heteroaryl are each
independently and optionally substituted with onenore of halo, oxo, cyano, nitro, amino,
amido, -OH, -COOH, or —COO(C, alkyl). In Formula I, Y is a hydroxyl group or a
polyalkylene oxide group of the formula —-[QAPH; each A is independently an alkylene
selected from the group consisting of ethylenepylene, and butylene, and mixtures thereof

(optionally substituted as discussed abov8)sR4 or a chemical moiety having the structure

R O
HO

o ; R is a linear or branched aliphatic group hasangumber average molecular
weight of about 750 to about 2500, p is an intégendependently provide each X and/or
each Y (the polyalkylene oxide group(s)) with a tiemaverage molecular weight of about
150 to about 1000; and m is an integer to providecompound of Formula | with a weight
average molecular weight from about 7,000 to abo@00 (in other approaches, about
10,000 to about 50,000).

[0016] The polymer of Formula | may be made from the ieacdf an aliphatic polymer
compound having a terminal succinic acid (Formi)lad succinic anhydride (Formula Il1)
with a polyalkylene glycol (see Scheme 1 descriiede fully below).

R i ?
OH R

o 0

OH o

(Formula II) (Formula I11)
In Formula Il and 1ll, R is the aliphatic polymerFhe aliphatic polymer providing the R
group can be of any reasonable length, howeveeraiefy of a number average molecular

weight that is above 750 g/mol. With R groups hgwa molecular weight below 750 g/mol,

6



the chain has insufficient length to act as ancéiffe emulsifier. In some embodiments, the
aliphatic polymer R can have a number average nmtaeweight from about 750 to about
10,000 g/mol. In some other embodiments, the atiplpolymer R can have a number
average molecular weight from about 750 to aboG05mol. In a further embodiment, the
aliphatic polymer has a number average moleculéghwérom about 750 to about 3000
g/mol. In a further embodiment, the aliphatic pogr has a number average molecular
weight from about 750 to about 2500 g/mol, for eplanthe aliphatic polymer can have a
number average molecular weight from about 75®Mtuta1200 g/mol, from about 800 to
about 1200 g/mol, from about 900 to about 1100 ¢/fram about 950 to about 1050 g/mol,
from about 2000 to about 2500 g/mol, from about®ttabout 2400 g/mol, from about
2200 to about 2400 g/mol, or from about 2250 taua2850 g/mol. In a further
embodiment, the aliphatic polymer has a numberaaeemolecular weight of about 950
g/mol. In another further embodiment, the alipha@blymer has a number average molecular
weight of about 2300 g/mol, and in yet other apphes, about 1000 g/mol.

[0017] The aliphatic polymer R can made from linear onbheed aliphatic monomers
having 2-10 carbon atoms. In a further embodinthetaliphatic polymer can made from
linear or branched aliphatic monomers having 2+b@aatoms. In other embodiments, the
aliphatic polymer is made from monomers selectechfpropyl, isopropyln-butyl, isobutyl,
n-pentyl, isopenyl, neopentyt;:hexane, 2-methylpentane, 3-methylpentane, 2,2-
dimethylbutane, and 2,3-dimethylbutane monomersjigtures thereof. In one preferred
embodiment, the aliphatic polymer is made from iggbmonomers. In one embodiment,
the carboxylic starting material is polyisobutylengcinic acid or polyisobutylene succinic
anhydride.

[0018] In some embodiments, the polyalkylene glycol hasraber average molecular
weight of over 100 g/mol. In a further embodimehg polyalkylene glycol has a number
average molecular weight of from about 100 to ald&®0 g/mol. In still a further
embodiment, the polyalkylene glycol has a numberaye molecular weight of from about
100 to about 800 g/mol. In another further embaatitnthe polyalkylene glycol has a
number average molecular weight of from about B0&ktout 400 g/mol. In still another
further embodiment, the polyalkylene glycol hasienber average molecular weight of from
about 150 to about 250 g/mol. In another embodinibka polyalkylene glycol has a number
average molecular weight of about 200 g/mol. dhather approaches, the polyalkylene

glycol has a number average molecular weight b&d@g/mol.



[0019] In one embodiment, the polyalkylene glycol (of ¥er Y groups) is made from a
monomer comprising a polyalkylene oxide group effirmula — [OA} —. Each A of this
group is independently an alkylene selected froengttoup consisting of ethylene, propylene,
butylene, or mixtures thereof. Optionally, eacmAy also be independently substituted with
one or more instances of-Cs alkyl, G5-Cs cycloalkyl, 3-6 membered heterocycloalkyl,
phenyl, or 3-6 membered heteroaryl, wherein thglatlycloalkyl, phenyl, heterocycloalkyl,
and heteroaryl are each independently and optipseabstituted with one or more of halo,
0X0, cyano, nitro, amino, amido, -OH, -COOH, or -@@;-C,4 alkyl). In the polyalkylene
group formula above, p is an integer appropriateréwide a molecular weight as defined
above. In still a further approach, each A is peledently an ethylene. In one approach, p of
the formula above in the polyalkylene glycol isiateger from 2 to 6. In a further
embodiment, p is an integer from 3 to 5.

[0020] In one embodiment, the emulsifier compounds of kdanhcan have a weight
average molecular weight of about 7000 to abol@@Dg/mol. In another embodiment, the
emulsifier compounds of Formula | can have a weaylerage molecular weight of about
7000 to about 30,000 g/mol. In a further emboditnne emulsifier compounds of Formula

| can have a weight average molecular weight ofiaB600 to about 20,000 g/mol. In still a
further embodiment, the emulsifier compounds oinida | can have a weight average
molecular weight of about 10,000 to about 15,000al/ for example, about 10,000 g/mol,
about 11,000 g/mol, about 12,000 g/mol, about 1B@ol, about 14,000 g/mol, or about
15,000 g/mol and any ranges there between.

[0021] In one embodiment, m is an integer from 5 to Ibarother embodiment, m is an
integer from 6 to 14. In another embodiment, rmnsnteger from 6 to 13. In another
embodiment, m is an integer from 7 to 12.

[0022] In some approaches or embodiments, there is & setdar ratio of the number
average molecular weight of the polyalkylene oxgdeup to the number average molecular
weight of the linear or branched aliphatic grodjmr example and in some approaches, the
number average molecular weight of the linear anbhed aliphatic group (R) is about 1.5 to
about 15 times higher than the number average mlaleweight of the polyalkylene oxide
group, in other approaches, the R group is abdooie®out 10 times higher, and in yet further
approaches, the R group is about 2 to about 5 timgeer than the number average
molecular weight of the polyalkylene oxide groud@A], —). In some approaches, the
emulsifying agent includes a polyalkylene oxideugrenaving a number average molecular

weight of 200 g/mol combined with a linear or briaead aliphatic group having a number
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average molecular weight of 1000 g/mol and, thuapgecular weight about 5 times higher
than the polyalkylene oxide group. In other apgtes, the emulsifier has a polyalkylene
oxide group having a number average molecular weifjabout 1000 g/mol, but in this
instance, the linear or branched aliphatic grogpcglly would then have a higher number
average molecular weight of about 2300 g/mol amals,ta molecular weight about 2.3 times
higher than the polyalkylene oxide group.

[0023]  Previously known emulsifier compounds generallyude surfactant molecules,
such as polyamines or polycarboxylic acids, arsitmn modifiers comprising three or more
types of monomer units including polyols, mono @otl/carboxylic acids, and polyamines
all built into the same polymer at the same tifhaese prior emulsifiers are complex and
costly to manufacture due to the monomer mixtucesitl, in some instances, can suffer
from undesirable properties, such as higher tagasrto achieve emulsion stability,
emulsifier drop-out, and synthetic complexity. dPemulsifiers, due to their complex
monomer make-up, are also highly branched. Fameie prior emulsifiers use or contain a
poly- alcohol or poly-acid with three or more fuiecial OH or COOH groups that could
result in a crosslinked polymer. The present dmale, on the other hand, provides
emulsifiers through a simple and high yielding @tep synthesis that enable surprisingly low
treat rates to achieve stable emulsions and ddmoptout of the oil as they stabilize
emulsions in a relatively simple and compact conmgoelative to prior structures. In some
approaches, the emulsifier compounds of the prelscdsure are also linear polymers or
straight chain polymers.

[0024] For purposes of this disclosure, the chemical etesnare identified in accordance
with the Periodic Table of the Elements, CAS varsidandbook of Chemistry and Physics,
75th Ed. Additionally, general principles of organhemistry are described in "Organic
Chemistry”, Thomas Sorrell, University Science BgdRausolito: 1999, and "March’s
Advanced Organic Chemistry", 5th Ed., Ed.: SmithBMand March, J., John Wiley & Sons,
New York: 2001, the entire contents of which areebg incorporated by reference.

[0025]  As described herein, compounds may optionally Ibstsuted with one or more
substituents, such as are illustrated generallyabar as exemplified by particular classes,
subclasses, and species of the disclosure.

[0026] As used herein the term "aliphatic" encompassetetines alkyl, alkenyl, alkynyl,
each of which being optionally substituted as eghfbelow.

[0027]  As used herein, an "alkyl" group refers to a saaataliphatic hydrocarbon group
containing 1-12 (e.g., 1-8, 1-6, or 1-4) carbomao An alkyl group can be straight or
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branched. Examples of alkyl groups include, batreot limited to, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butypkpentyl, n-heptyl, or 2-ethylhexyl. An alkyl
group can be substituted (i.e., optionally subdywith one or more substituents such as
halo, phospho, cycloaliphatic [e.g., cycloalkyloycloalkenyl], heterocycloaliphatic [e.g.,
heterocycloalkyl or heterocycloalkenyl], aryl, hetaryl, alkoxy, aroyl, heteroaroyl, acyl
[e.q., (aliphatic)carbonyl, (cycloaliphatic)carbdnyr (heterocycloaliphatic)carbonyl], nitro,
cyano, amido [e.qg., (cycloalkylalkyl)carbonylamirawylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamj (heterocycloalkylalkyl)
carbonylamino, heteroarylcarbonylamino, heterogtafitbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocanlgl) arylaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g., aliphaticamicycloaliphaticamino, or
heterocycloaliphaticamino], sulfonyl [e.qg., aliplca®O,-], sulfinyl, sulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carboxy, camnbsl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxyal&yloxy, heteroarylalkoxy,
alkoxycarbonylalkylcarbonyloxy, or hydroxy. Without limitatiospme examples of
substituted alkyls include carboxyalkyl (such as®{®alkyl, alkoxycarbonylalkyl, and
alkylcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl|koxyalkyl, acylalkyl, aralkyl,
(alkoxyaryl)alkyl, (sulfonylamino)alkyl (such aslgl-SO,-amino)alkyl), aminoalkyl,
amidoalkyl, (cycloaliphatic)alkyl, or haloalkyl.

[0028] As used herein, an "alkenyl" group refers to apheltic carbon group that contains
2-8 (e.g., 2-12, 2-6, or 2-4) carbon atoms aneadtlone double bond. Like an alkyl group,
an alkenyl group can be straight or branched. esof an alkenyl group include, but are
not limited to allyl, isoprenyl, 2-butenyl, and 2senyl. An alkenyl group can be optionally
substituted with one or more substituents suchaés phospho, cycloaliphatic [e.g.,
cycloalkyl or cycloalkenyl], heterocycloaliphatie.§., heterocycloalkyl or hetero
cycloalkenyl], aryl, heteroaryl, alkoxy, aroyl, bebaroyl, acyl [e.g., (aliphatic) carbonyl,
(cycloaliphatic)carbonyl, or (heterocycloaliphatiajbonyl], nitro, cyano, amido [e.qg.,
(cycloalkylalkyl)carbonylamino, arylcarbonylamiraralkylcarbonylamino, (hetero
cycloalkyl) carbonylamino, (heterocycloalkylalkydidonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino alkylaminocarbonyl, oakylaminocarbonyl, hetero cyclo
alkylaminocarbonyl, arylaminocarbonyl, or heterdanyinocarbonyl], amino [e.g.,
aliphaticamino, cycloaliphaticamino, heterocyclpbhiticamino, or aliphaticsulfonylamino],
sulfonyl [e.g., alkyl-S@ , cycloaliphatic-S@, or aryl-SQ-], sulfinyl, sulfanyl, sulfoxy,

urea, thiourea, sulfamoyl, sulfamide, oxo, carbaarbamoyl, cycloaliphaticoxy,
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heterocycloaliphaticoxy, aryloxy, heteroaryloxyal&gloxy, heteroaralkoxy, alkoxycarbonyl,
alkylcarbonyloxy, or hydroxy. Without limitatiospme examples of substituted alkenyls
include cyanoalkenyl, alkoxyalkenyl, acylalkenyydnoxyalkenyl, aralkenyl, (alkoxyaryl
)alkenyl, (sulfonylamino)alkenyl (such as (alkyl-s@mino)alkenyl), aminoalkenyl,
amidoalkenyl, (cycloaliphatic)alkenyl, or haloalkgn

[0029] As used herein, an "alkynyl" group refers to apladitic carbon group that contains
2-8 (e.qg., 2-12, 2-6, or 2-4) carbon atoms andah#sast one triple bond. An alkynyl group
can be straight or branched. Examples of an alkyroup include, but are not limited to,
propargyl and butynyl. An alkynyl group can beiopally substituted with one or more
substituents such as aroyl, heteroaroyl, alkoxglaalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, nitro, carboxy, cyanajdy hydroxy, sulfo, mercapto, sulfanyl
[e.g., aliphaticsulfanyl or cycloaliphaticsulfany$ulfinyl [e.g., aliphaticsulfinyl or
cycloaliphaticsulfinyl], sulfonyl [e.g., aliphati8O,-, aliphaticamino-S@, or cycloaliphatic-
SO,-], amido [e.g., aminocarbonyl, alkylaminocarboralkylcarbonylamino, cyclo
alkylaminocarbonyl, heterocycloalkylaminocarborgy¢cloalkylcarbonylamino, arylamino
carbonyl, arylcarbonylamino, aralkylcarbonylamiieeterocycloalkyl) carbonylamino,
(cycloalkylalkyl)carbonylamino, heteroaralkylcarlytemmino, heteroaryl carbonylamino or
heteroarylaminocarbonyl], urea, thiourea, sulfamsylfamide, alkoxycarbonyl, alkyl
carbonyloxy, cycloaliphatic, heterocycloaliphateyl, heteroaryl, acyl [e.g., (cycloaliphatic)
carbonyl or (heterocycloaliphatic)carbonyl], am[eqy., aliphaticamino], sulfoxy, oxo,
carboxy, carbamoyl, (cycloaliphatic)oxy, (heterdoyaliphatic) oxy, or (heteroaryl)alkoxy.
[0030] As used herein, an "amido” encompasses both "amibonyl" and
"carbonylamino”. These terms when used alone ooimection with another group refer to
an amido group such as -N{RC(0)-R" or -C(0)-N(R"),, when used terminally, and
-C(0)-N(RY)- or -N(R)-C(O)- when used internally, whereif Bnd R are defined below.
Examples of amido groups include alkylamido (suslal&ylcarbonylamino or alkyl
aminocarbonyl), (heterocycloaliphatic)amido, (hetealkyl)amido, (heteroaryl)amido,
(heterocycloalkyl)alkylamido, arylamido, aralkyladoi (cycloalkyl)alkylamido, or
cycloalkylamido.

[0031] As used herein, an "amino" group refers to “RRwherein each of Rand K is
independently hydrogen, alkyl, cycloakyl, (cyclod)rlkyl, aryl, aralkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, heteroaryl, carboxy, sulfdy, sulfinyl, sulfonyl, (alkyl)carbonyl,
(cycloalkyl)carbonyl, ((cycloalkyl)alkyl)carbonydrylcarbonyl, (aralkyl)carbonyl,
(heterocycloalkyl)carbonyl, ((heterocycloalkyl)aljoarbonyl, (heteroaryl)carbonyl, or
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(heteroaralkyl)carbonyl, each of which being defitrerein and being optionally substituted.
Examples of amino groups include alkylamino, ditdkyino, or arylamino. When the term
"amino" is not the terminal group (e.g., alkylcamgtamino), it is represented by -KR R
has the same meaning as defined above.

[0032] As used herein, a "cycloalkyl" group refers to aussted carbocyclic mono- or
bicyclic (fused or bridged) ring of 3-10 (e.g., 8Ykarbon atoms. Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentsyclohexyl, cycloheptyl, adamantyl,
norbornyl, cubyl, octahydro-indenyl, decahydro-niagh bicyclo[3.2.1]octyl, bicyclo[2.2.2]
octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyljdyclo[2.2.2]octyl, adamantyl, or
((aminocarbonyl)cycloalkyl)cycloalkyl.

[0033] As used herein, a "heterocycloalkyl" group refera 8-10 membered mono- or
bicylic (fused or bridged) (e.g., 5- to 10-membemgaho- or bicyclic) saturated ring
structure, in which one or more of the ring atoma heteroatom (e.g., N, O, S, or
combinations thereof). Examples of a heterocykldajroup include piperidyl, piperazyl,
tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxolan¥l4-dithianyl, 1,3-dioxolanyl, oxazolidyl,
isoxazolidyl, morpholinyl, thiomorpholyl, octahydvenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahymmondinyl, decahydroquinolinyl,
octahydrobenzdithiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aza-baby{2.2.2]octyl, 3-aza-
bicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3.Ji@nyl. A monocyclic heterocycloalkyl
group can be fused with a phenyl moiety to formdtires, such as tetrahydroisoquinoline,
which would be categorized as heteroaryls.

[0034] A "heteroaryl” group, as used herein, refers toomoayclic, bicyclic, or tricyclic
ring system having 4 to 15 ring atoms wherein aneare of the ring atoms is a heteroatom
(e.g., N, O, S, or combinations thereof) and inchithe monocyclic ring system is aromatic
or at least one of the rings in the bicyclic ocydlic ring systems is aromatic. A heteroaryl
group includes a benzofused ring system having2riogs. For example, a benzofused
group includes benzo fused with one or two 4 toeBnnered heterocycloaliphatic moieties
(e.g., indolizyl, indolyl, isoindolyl, 3H-indolyindolinyl, benzob]furyl, benzop]thiophenyl,
quinolinyl, or isoquinolinyl). Some examples oftéx®aryl are azetidinyl, pyridyl, 1H-
indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxaolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxantegphenothiazine, dihydroindole,
benzo[1,3]dioxole, benzo[b]furyl, benzo[b]thioph&ngdazolyl, benzimidazolyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazlcinnolyl, phthalazyl, quinazolyl,
qguinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-1,2tBiadiazolyl, or 1,8-naphthyridyl.
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[0035]  Without limitation, monocyclic heteroaryls incluéleyl, thiophenyl, 2H-pyrrolyl,
pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyisoxazolyl, isothiazolyl, 1,3,4-thiadiazolyl,
2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimydi pyrazolyl, pyrazyl, or 1,3,5-triazyl.
Monocyclic heteroaryls are numbered accordingdaddrd chemical nomenclature.

[0036] Without limitation, bicyclic heteroaryls includedalizyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzop]furyl, benzop]thiophenyl, quinolinyl, isoquinolinyl, indolizinyl
isoindolyl, indolyl, benzdj]furyl, bexob]thiophenyl, indazolyl, benzimidazyl, benzthiazglyl
purinyl, 4H-quinolizyl, quinolyl, isoquinolyl, cinolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroasyhre numbered according to standard
chemical nomenclature.

Base Ol

[0037] The emulsifier of the present disclosure may bad@e with a majority of base

oil. Base oils suitable for use in formulating evglubricant compositions and/or the metal
working compositions (or other lubricating compiasi) may be selected from any of
suitable synthetic oils, animal oils, vegetables,amineral oils or mixtures thereof. Animal
oils and vegetable oils (e.qg., lard oil, castoy ad well as mineral lubricating oils such as
liquid petroleum oils and solvent treated or ac&hkted mineral lubricating oils of the
paraffinic, naphthenic or mixed paraffinic-naphtleetypes may be used. Oils derived from
coal or shale may also be suitable. The basgmitdlly may have a viscosity of about 2 to
about 15 cSt or, as a further example, about deoital0 cSt at 100° C. Further, an oil
derived from a gas-to-liquid process is also sigtab

[0038] Suitable synthetic base oils may include alkyl rssté dicarboxylic acids,
polyglycols and alcohols, poly-alpha-olefins, irdilg polybutenes, alkyl benzenes, organic
esters of phosphoric acids, and polysilicone ddgnthetic oils include hydrocarbon oils
such as polymerized and interpolymerized olefing. (@olybutylenes, polypropylenes,
propylene isobutylene copolymers, etc.); poly(lédres), poly-(1-octenes), poly(1-decenes),
etc. and mixtures thereof; alkylbenzenes (e.g.edgithenzenes, tetradecylbenzenes, di-
nonylbenzenes, di-(2-ethylhexyl)benzenes, etclypbenyls (e.g., biphenyls, terphenyl,
alkylated polyphenyls, etc.); alkylated diphenyless and alkylated diphenyl sulfides and the
derivatives, analogs and homologs thereof andikke |

[0039] Alkylene oxide polymers and interpolymers and daiixes thereof where the
terminal hydroxyl groups have been modified by ifstation, etherification, etc., constitute
another class of known synthetic oils that may $&du Such oils are exemplified by the oils

prepared through polymerization of ethylene oxidpropylene oxide, the alkyl and aryl
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ethers of these polyoxyalkylene polymers (e.g. hylgtolyisopropylene glycol ether having
an average molecular weight of about 1000, diphethgdr of polyethylene glycol having a
molecular weight of about 500-1000, diethyl ethigpaypropylene glycol having a
molecular weight of about 1000-1500, etc.) or maanwd polycarboxylic esters thereof, for
example, the acetic acid esters, mixgeJgfatty acid esters, or the;£oxo-acid diester of
tetraethylene glycol.

[0040]

acids (e.g., phthalic acid, succinic acid, alkyd@uaic acids, alkenyl succinic acids, maleic

Another class of synthetic oils that may be usetlotes the esters of dicarboxylic

acid, azelaic acid, suberic acid, sebacic acidaficracid, adipic acid, linoleic acid dimer,
malonic acid, alkyl malonic acids, alkenyl maloamids, etc.) with a variety of alcohols (e.g.,
butyl alcohol, hexyl alcohol, dodecyl alcohol, 2rdhexyl alcohol, ethylene glycol,
diethylene glycol monoether, propylene glycol, etSpecific examples of these esters
include dibutyl adipate, di(2-ethylhexyl)sebacalien-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctylhatiate, didecyl phthalate, dieicosyl sebacate,
the 2-ethylhexyl diester of linoleic acid dimeretbomplex ester formed by reacting one
mole of sebacic acid with two moles of tetraethglghycol and two moles of 2-
ethylhexanoic acid and the like.

[0041]

monocarboxylic acids and polyols and polyol etlsersh as neopentyl glycol, trimethylol

Esters useful as synthetic oils also include tmade from Gto G2

propane, pentaerythritol, dipentaerythritol, trifgarythritol, etc.
[0042]

metalworking lubricant compositions as describeimemay be selected from any of the

Hence, the base oil used which may be used to thakengine and/or

base oils in Groups I-V as specified in the Amari&troleum Institute (API) Base Oll
Interchangeability Guidelines. Such base oil gsoae as follows:

[0043] Tablel

Base Oil Group Sulfur (wt%) Saturates (wt. %) Viscosity Index
Group | >0.03 And/or <90 80 to 120
Group Il 1< 0.03 And > 90 80 to 120

Group Il 1< 0.03 And > 90 > 120

Group IV all polyalphaolefins (PAOS)

Group V all others not included in Groups I-I1V

'Groups I-11l are mineral oil base stocks.
[0044]

Typically, the poly-alpha-olefins are derived freanonomers having from about 4 to about

The base oil may contain a minor or major amoura pbly-alpha-olefin (PAO).

30, or from about 4 to about 20, or from about @lout 16 carbon atoms. Examples of

useful PAOs include those derived from octene, wecaixtures thereof, and the like. PAOs
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may have a viscosity of from about 2 to about X3ram about 3 to about 12, or from about
4 to about 8 cSt at 100° C. Examples of PAOs oheM cSt at 100° C poly-alpha-olefins, 6
cSt at 100° C poly-alpha-olefins, and mixtures ¢loér Mixtures of mineral oil with the
foregoing poly-alpha-olefins may be used.

[0045] The base oil may be an oil derived from Fischerpsoh synthesized
hydrocarbons. Fischer-Tropsch synthesized hydbocarare made from synthesis gas
containing H and CO using a Fischer-Tropsch catalyst. Suchdegabons typically require
further processing in order to be useful as the lodls For example, the hydrocarbons may
be hydroisomerized using processes disclosed inRAS Nos. 6,103,099 or 6,180,575;
hydrocracked and hydroisomerized using processetoded in U.S. Pat. Nos. 4,943,672 or
6,096,940; dewaxed using processes disclosed inRASNo. 5,882,505; or
hydroisomerized and dewaxed using processes destlod).S. Pat. Nos. 6,013,171;
6,080,301; or 6,165,949.

[0046] Unrefined, refined, and rerefined oils, either mator synthetic (as well as
mixtures of two or more of any of these) of theayjisclosed hereinabove can be used in the
base oils. Unrefined oils are those obtained tyémm a natural or synthetic source
without further purification treatment. For examph shale oil obtained directly from
retorting operations, a petroleum oil obtainedalyefrom primary distillation or ester oil
obtained directly from an esterification procesd ased without further treatment would be
an unrefined oil. Refined oils are similar to threefined oils except they have been further
treated in one or more purification steps to improne or more properties. Many such
purification techniques are known to those skillethe art such as solvent extraction,
secondary distillation, acid or base extractidirafiion, percolation, etc. Rerefined oils are
obtained by processes similar to those used tarotganed oils applied to refined oils which
have been already used in service. Such reretitedre also known as reclaimed or
reprocessed oils and often are additionally pramkby techniques directed to removal of
spent additives, contaminants, and oil breakdoweadlyoets.

[0047] The base oil may be combined with the emulsifyiggra described herein along
with optional additives to provide an engine luaritcomposition. Accordingly, the base oll
may be present in the engine lubricant compositiammajor amount ranging from about 50
wt. % to about 95 wt. % based on a total weightheflubricant composition.

[0048] Other optional additives of the lubricating oile alescribed below.

Metal-Containing Detergents
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[0049] Metal detergents that may be used with the dispérsaction product described
above generally comprise a polar head with a lgrydphobic tail where the polar head
comprises a metal salt of an acidic organic comgourhe salts may contain a substantially
stoichiometric amount of the metal, in which caseytare usually described as normal or
neutral salts, and would typically have a totalebasmber or TBN (as measured by ASTM
D2896) of from about 0 to less than about 150.geamounts of a metal base may be
included by reacting an excess of a metal compasuct as an oxide or hydroxide with an
acidic gas such as carbon dioxide. The resultugglased detergent comprises micelles of
neutralized detergent surrounding a core of inagaretal base (e.g., hydrated carbonates).
Such overbased detergents may have a TBN of a@ubrigreater, such as from about 150
to about 450 or more.

[0050] Detergents that may be suitable for use in thegmtemmbodiments include oil-
soluble overbased, low base, and neutral sulfonptenates, sulfurized phenates, and
salicylates of a metal, particularly the alkaliatkaline earth metals, e.g., sodium, potassium,
lithium, calcium, and magnesium. More than onean@iay be present, for example, both
calcium and magnesium. Mixtures of calcium andidagnesium with sodium may also be
suitable. Suitable metal detergents may be ovetbealcium or magnesium sulfonates
having a TBN of from 150 to 450 TBN, overbased icefcor magnesium phenates or
sulfurized phenates having a TBN of from 150 to 38N, and overbased calcium or
magnesium salicylates having a TBN of from 13056.3Mixtures of such salts may also be
used.

[0051] The metal-containing detergent may be presentubrécating composition in an
amount of from about 0.5 wt % to about 5 wt %. aAsirther example, the metal-containing
detergent may be present in an amount of from ab@&uivt % to about 3.0 wt %. The metal-
containing detergent may be present in a lubrigatmmposition in an amount sufficient to
provide from about 500 to about 5000 ppm alkali/andlkaline earth metal to the lubricant
composition based on a total weight of the lubricamposition. As a further example, the
metal-containing detergent may be present in adating composition in an amount
sufficient to provide from about 1000 to about 3@pdn alkali and/or alkaline earth metal.

Phosphorus-Based Anti-wear Agents

[0052] Phosphorus-based wear preventative agents mayeldeand may comprise a
metal dihydrocarbyl dithiophosphate compound, sagbut not limited to a zinc
dihydrocarbyl dithiophosphate compound. Suitab&taindihydrocarbyl dithiophosphates

may comprise dihydrocarbyl dithiophosphate meths$ seherein the metal may be an alkali
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or alkaline earth metal, or aluminum, lead, tin)Jybdenum, manganese, nickel, copper, or
zinc.

[0053] Dihydrocarbyl dithiophosphate metal salts may leppred in accordance with
known techniques by first forming a dihydrocarbightbphosphoric acid (DDPA), usually by
reaction of one or more alcohol or a phenol witBsRand then neutralizing the formed
DDPA with a metal compound. For example, a dithmgphoric acid may be made by
reacting mixtures of primary and secondary alcahdlgernatively, multiple
dithiophosphoric acids can be prepared where tdeolegrbyl groups on one are entirely
secondary in character and the hydrocarbyl gronpgs® others are entirely primary in
character. To make the metal salt, any basic atralemetal compound could be used but the
oxides, hydroxides and carbonates are most geyeralployed. Commercial additives
frequently contain an excess of metal due to tleeofigin excess of the basic metal
compound in the neutralization reaction.

[0054] The zinc dihydrocarbyl dithiophosphates (ZDDP) @itesoluble salts of

dihydrocarbyl dithiophosphoric acids and may beesented by the following formula:

RO\ //S S\\ /OR

AN A
R'O S S OR'
wherein R and R' may be the same or different hyattwyl radicals containing from 1 to 18,
for example 2 to 12, carbon atoms and includingcedsl such as alkyl, alkenyl, aryl,
arylalkyl, alkaryl, and cycloaliphatic radicals. drRd R' groups may be alkyl groups of 2 to 8
carbon atoms. Thus, the radicals may, for exanm@ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octgecyl, dodecyl, octadecyl, 2-ethylhexyl,
phenyl, butylphenyl, cyclohexyl, methylcyclopentgtopenyl, butenyl. In order to obtain oil
solubility, the total number of carbon atoms (iRR.and R') in the dithiophosphoric acid will
generally be about 5 or greater. The zinc dihyalfog dithiophosphate can therefore
comprise zinc dialkyl dithiophosphates.
[0055]  Other suitable components that may be utilizedhagphosphorus-based wear
preventative include any suitable organophosphooagpound, such as but not limited to,
phosphates, thiophosphates, di-thiophosphatespphes, and salts thereof and
phosphonates. Suitable examples are tricresylghtans (TCP), di-alkyl phosphite (e.g.,
dibutyl hydrogen phosphite), and amyl acid phosphat
[0056]  Another suitable component is a phosphorylatedisimitle such as a completed

reaction product from a reaction between a hydimdaubstituted succinic acylating agent
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and a polyamine combined with a phosphorus sostesy as inorganic or organic
phosphorus acid or ester. Further, it may commosepounds wherein the product may have
amide, amidine, and/or salt linkages in additiotheimide linkage of the type that results
from the reaction of a primary amino group and aimydride moiety.

[0057] The phosphorus-based wear preventative may berpriesa lubricating
composition in an amount sufficient to provide frafmout 200 to about 2000 ppm
phosphorus. As a further example, the phosphoagecwear preventative may be present
in a lubricating composition in an amount suffidiém provide from about 500 to about 800
ppm phosphorus.

[0058] The phosphorus-based wear preventative may berpriesa lubricating
composition in an amount sufficient to provide toraf alkali and/or alkaline earth metal
content (ppm) based on the total amount of alkaliar alkaline earth metal in the
lubricating composition to phosphorus content (ppaged on the total amount of
phosphorus in the lubricating composition of froboat 1.6 to about 3.0 (ppm/ppm).
Friction Modifiers

[0059] Embodiments of the present disclosure may incluskear more friction modifiers.
Suitable friction modifiers may comprise metal @ning and metal-free friction modifiers
and may include, but are not limited to, imidazetinamides, amines, succinimides,
alkoxylated amines, alkoxylated ether amines, araMées, amidoamines, nitriles, betaines,
guaternary amines, imines, amine salts, amino glia@aalkanolamides, phosphonates,
metal-containing compounds, glycerol esters, apdikie.

[0060]  Suitable friction modifiers may contain hydrocarlgybups that are selected from
straight chain, branched chain, or aromatic hydtmdagroups or admixtures thereof, and
may be saturated or unsaturated. The hydrocarbylpg may be composed of carbon and
hydrogen or hetero atoms such as sulfur or oxyJdre hydrocarbyl groups may range from
about 12 to about 25 carbon atoms and may be seduvaunsaturated.

[0061] Aminic friction modifiers may include amides of gamines. Such compounds
can have hydrocarbyl groups that are linear, eghturated or unsaturated, or a mixture
thereof and may contain from about 12 to aboutdéban atoms.

[0062] Further examples of suitable friction modifierslude alkoxylated amines and
alkoxylated ether amines. Such compounds may hgdocarbyl groups that are linear,
either saturated, unsaturated, or a mixture therébéy may contain from about 12 to about

25 carbon atoms. Examples include ethoxylated esramd ethoxylated ether amines.

18



[0063] The amines and amides may be used as such orforthef an adduct or reaction
product with a boron compound such as a boric gXddeon halide, metaborate, boric acid or
a mono-, di- or tri-alkyl borate. Other suitabletion modifiers are described in US
6,300,291, herein incorporated by reference.

[0064] Other suitable friction modifiers may include aiganmic, ashless (metal-free),
nitrogen-free organic friction modifier. Such tian modifiers may include esters formed by
reacting carboxylic acids and anhydrides with atfan Other useful friction modifiers
generally include a polar terminal group (e.g. oagh or hydroxyl) covalently bonded to an
oleophilic hydrocarbon chain. Esters of carboxgkods and anhydrides with alkanols are
described in U.S. 4,702,850. Another example afrg@anic ashless nitrogen-free friction
modifier is known generally as glycerol monoole@®10) which may contain mono- and
diesters of oleic acid. Other suitable frictiondii@rs are described in US Patent No.
6,723,685, herein incorporated by reference. Bhdeas friction modifier may be present in
the lubricant composition in an amount ranging fralmout 0.1 to about 0.4 percent by weight
based on a total weight of the lubricant compasitio

[0065]  Suitable friction modifiers may also include onenwore molybdenum compounds.
The molybdenum compound may be selected from tixpgconsisting of molybdenum
dithiocarbamates (MoDTC), molybdenum dithiophosphamolybdenum
dithiophosphinates, molybdenum xanthates, molybatetiioxanthates, molybdenum
sulfides, a trinuclear organo-molybdenum compoumalybdenum/amine complexes, and
mixtures thereof.

[0066]  Additionally, the molybdenum compound may be anliaainolybdenum
compound. Included are molybdic acid, ammoniumytmdéte, sodium molybdate,
potassium molybdate, and other alkaline metal nadyds and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoQCMoO,Br,, M0o,0O3Clg, molybdenum trioxide or similar
acidic molybdenum compounds. Alternatively, thenpositions can be provided with
molybdenum by molybdenum/sulfur complexes of bagimgen compounds as described,
for example, in U.S. Pat. Nos. 4,263,152; 4,285,82283,295; 4,272,387; 4,265,773,
4,261,843; 4,259,195 and 4,259,194; and WO 94/06897

[0067]  Suitable molybdenum dithiocarbamates may be repteddy the formula:
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R1 S Y1

N LN Y

N-—C S Mo Mo —S—C—N
e N \
R, 2
where R, Ry, Rs, and R each independently represent a hydrogen atomta G alkyl
group, a G to Gy cycloalkyl, aryl, alkylaryl, or aralkyl group, @ G; to G, hydrocarbyl
group containing an ester, ether, alcohol, or carbgroup; and X, X,, Y1, and Y, each
independently represent a sulfur or oxygen atom.

[0068] Examples of suitable groups for each ef R, Rs, and R include 2-ethylhexyl,
nonylphenyl, methyl, ethyl, n-propyl, iso-propytoatyl, t-butyl, n-hexyl, n-octyl, nonyl,
decyl, dodecyl, tridecyl, lauryl, oleyl, linoleydyclohexyl and phenylmethyl. ;Ro R, may
each have £to Ggalkyl groups. X and X% may be the same, and and Y. may be the
same. X and X% may both comprise sulfur atoms, andand Y, may both comprise oxygen
atoms.

[0069] Further examples of molybdenum dithiocarbamatdsidecG - C,g dialkyl or
diaryldithiocarbamates, or alkyl-aryldithiocarbaemsuch as dibutyl-, diamyl-di-(2-ethyl-
hexyl)-, dilauryl-, dioleyl-, and dicyclohexyl-dittbcarbamate.

[0070]  Another class of suitable organo-molybdenum comgdsuare trinuclear
molybdenum compounds, such as those of the forMok&L,Q, and mixtures thereof,
wherein L represents independently selected lighasisig organo groups with a sufficient
number of carbon atoms to render the compound kobridispersible in the oil, n is from 1
to 4, k varies from 4 through 7, Q is selected ftbegroup of neutral electron donating
compounds such as water, amines, alcohols, phasphand ethers, and z ranges from 0 to 5
and includes non-stoichiometric values. At ledstd®al carbon atoms may be present
among all the ligands' organo groups, such asaat &5, at least 30, or at least 35 carbon
atoms. Additional suitable molybdenum compoun@sd&scribed in US 6,723,685, herein
incorporated by reference.

[0071] The molybdenum compound may be present in a falinbilated engine lubricant
in an amount to provide about 5 ppm to 500 ppm bigiit molybdenum. As a further
example, the molybdenum compound may be presemt amount to provide about 50 to
300 ppm by weight molybdenum. A particularly shitsamount of molybdenum compound
may be an amount sufficient to provide from abdut®about 250 ppm by weight
molybdenum to the lubricant composition.

Anti-foam Agents
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[0072] In some embodiments, a foam inhibitor may form haptomponent suitable for
use in the compositions. Foam inhibitors may lbecsed from silicones, polyacrylates, and
the like. The amount of antifoam agent in the padubricant formulations described herein
may range from about 0.001 wt% to about 0.1 wt%etam the total weight of the
formulation. As a further example, antifoam ageaty be present in an amount from about
0.004 wt. % to about 0.008 wt. %.

Oxidation Inhibitor Components

[0073] Oxidation inhibitors or antioxidants reduce thedemcy of base stocks to
deteriorate in service which deterioration can\idenced by the products of oxidation such
as sludge and varnish-like deposits that deposihetal surfaces and by viscosity growth of
the finished lubricant. Such oxidation inhibitimslude hindered phenols, sulfurized
hindered phenols, alkaline earth metal salts oflphenolthioesters havings@ G, alkyl

side chains, sulfurized alkylphenols, metal sdltsiiher sulfurized or nonsulfurized
alkylphenols, for example calcium nonylphenol sldfiashless oil soluble phenates and
sulfurized phenates, phosphosulfurized or sulfarizgdrocarbons, phosphorus esters, metal
thiocarbamates, and oil soluble copper compoundesaribed in U.S. Pat. No. 4,867,890.
[0074]  Other antioxidants that may be used include stiéyibandered phenols and esters
thereof, diarylamines, alkylated phenothiazineusaed compounds, and ashless
dialkyldithiocarbamates. Non-limiting examplesstérically hindered phenols include, but
are not limited to, 2,6-di-tertiary butylphenol63ji-tertiary butyl methylphenol, 4-ethyl-2,6-
di-tertiary butylphenol, 4-propyl-2,6-di-tertiaryitylphenol, 4-butyl-2,6-di-tertiary
butylphenol, 4-pentyl-2,6-di-tertiary butylphendthexyl-2,6-di-tertiary butylphenol, 4-
heptyl-2,6-di-tertiary butylphenol, 4-(2-ethylhe)yd,6-di-tertiary butylphenol, 4-octyl-2,6-
di-tertiary butylphenol, 4-nonyl-2,6-di-tertiary tylphenol, 4-decyl-2,6-di-tertiary
butylphenol, 4-undecyl-2,6-di-tertiary butylphenddodecyl-2,6-di-tertiary butylphenol,
methylene bridged sterically hindered phenols idiclg but not limited to 4,4-
methylenebis(6-tert-butyl-o-cresol), 4,4-methyleisé-tert-amyl-o-cresol), 2,2-
methylenebis(4-methyl-6 tert-butylphenol, 4,4-méthe-bis(2,6-di-tert-butylphenol) and
mixtures thereof as described in U.S Publication 2094/0266630.

[0075]  Diarylamine antioxidants include, but are not lieitto diarylamines having the

formula:
|
R'—N —R"
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wherein R’ and R” each independently represergstastituted or unsubstituted aryl group
having from 6 to 30 carbon atoms. lllustrativesobstituents for the aryl group include
aliphatic hydrocarbon groups such as alkyl haviogifl to 30 carbon atoms, hydroxy
groups, halogen radicals, carboxylic acid or egteups, or nitro groups.

[0076]  The aryl group is preferably substituted or unsitilgsid phenyl or naphthyl,
particularly wherein one or both of the aryl groaps substituted with at least one alkyl
having from 4 to 30 carbon atoms, preferably froto 48 carbon atoms, most preferably
from 4 to 9 carbon atoms. It is preferred that onboth aryl groups be substituted, e.qg.
mono-alkylated diphenylamine, di-alkylated diphemgine, or mixtures of mono- and di-
alkylated diphenylamines.

[0077] The diarylamines may be of a structure containimgenthan one nitrogen atom in
the molecule. Thus the diarylamine may contaileadt two nitrogen atoms wherein at least
one nitrogen atom has two aryl groups attachectbgee.g. as in the case of various
diamines having a secondary nitrogen atom as wdilva aryls on one of the nitrogen atoms.
[0078] Examples of diarylamines that may be used inclbdeare not limited to:
diphenylamine; various alkylated diphenylaminesy8roxydiphenylamine; N-phenyl-1,2-
phenylenediamine; N-phenyl-1,4-phenylenediaminenobaityldiphenyl-amine;
dibutyldiphenylamine; monooctyldiphenylamine; diddiphenylamine;
monononyldiphenylamine; dinonyldiphenylamine; mat@decyldiphenylamine;
ditetradecyldiphenylamine, phenyl-alpha-naphthyl@nmonooctyl phenyl-alpha-
naphthylamine; phenyl-beta-naphthylamine; monoHhdjgigenylamine; diheptyl-
diphenylamine; p-oriented styrenated diphenylammieed butyloctyldi-phenylamine; and
mixed octylstyryldiphenylamine.

[0079]  The sulfur containing antioxidants include, but mo¢ limited to, sulfurized olefins
that are characterized by the type of olefin usetthéir production and the final sulfur
content of the antioxidant. High molecular weiglgfins, i.e. those olefins having an
average molecular weight of 168 to 351 g/mole paederred. Examples of olefins that may
be used include alpha-olefins, isomerized alphfirdegbranched olefins, cyclic olefins, and
combinations of these.

[0080] Alpha-olefins include, but are not limited to, a@yto G5 alpha-olefins. Alpha-
olefins may be isomerized before the sulfurizateaction or during the sulfurization
reaction. Structural and/or conformational isonadrthe alpha olefin that contain internal
double bonds and/or branching may also be usedexample, isobutylene is a branched

olefin counterpart of the alpha-olefin 1-butene.
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[0081]  Sulfur sources that may be used in the sulfuripatgaction of olefins include:
elemental sulfur, sulfur monochloride, sulfur dmfdie, sodium sulfide, sodium polysulfide,
and mixtures of these added together or at diftestages of the sulfurization process.
[0082] Unsaturated oils, because of their unsaturatioly, aiso be sulfurized and used as
an antioxidant. Examples of oils or fats that rbayused include corn oil, canola oll,
cottonseed oil, grapeseed oil, olive oil, palm pdanut oil, coconut oil, rapeseed oill,
safflower seed oil, sesame seed oil, soybeanwifl@ver seed oil, tallow, and combinations
of these.

[0083] The amount of sulfurized olefin or sulfurized fatty delivered to the finished
lubricant is based on the sulfur content of théusizied olefin or fatty oil and the desired
level of sulfur to be delivered to the finishediiglnt. For example, a sulfurized fatty oil or
olefin containing 20 wt. % sulfur, when added te fimished lubricant at a 1.0 wt. % treat
level, will deliver 2000 ppm of sulfur to the fitied lubricant. A sulfurized fatty oil or olefin
containing 10 wt. % sulfur, when added to the fieid lubricant at a 1.0 wt. % treat level,
will deliver 1000 ppm sulfur to the finished lubaiat. It is desirable that the sulfurized olefin
or sulfurized fatty oil to deliver between 200 ppmd 2000 ppm sulfur to the finished
lubricant.

[0084] A suitable engine lubricant may include additivengmnents in the ranges listed in

Table 2 with broad and narrower ranges. Basesaiie balance of the lubricant

[0085] Table2

Component Wt. % Wt. %
Emulsifying Agents 0.01-1 0.02-0.2
Additional Dispersants 0-10 1-6
Antioxidants 0-5 0.01-3
Metal Detergents 0-15 0.1-8
Corrosion Inhibitor 0-5 0-2
Metal dihydrocarbyl dithiophosphate 0-6 0.1-4
Ash-free amine phosphate salt 0-6 0.0-4
Antifoaming agents 0-5 0.001-0.15
Antiwear agents 0-1 0-0.8
Pour point depressant 0-5 0.01-15
Viscosity modifier 0-20 0.25-10
Friction modifiers 0-2 01-1

[0086] Additional optional additives that may be includedubricant compositions

described herein include, but are not limited wst inhibitors, emulsifiers, demulsifiers, and
oil-soluble titanium-containing additives.

[0087]  Additives used in formulating the compositions dixsr herein may be blended
into the base oil individually or in various subagioinations. However, it may be suitable to
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blend all of the components concurrently using dditave concentrate (i.e., additives plus a
diluent, such as a hydrocarbon solvent). The @is@ additive concentrate may take
advantage of the mutual compatibility afforded bg tombination of ingredients when in the
form of an additive concentrate. Also, the usa obncentrate may reduce blending time and
may lessen the possibility of blending errors.

[0088] The present disclosure provides novel lubricatih@lends specifically formulated
for use as automotive engine lubricants. Embodimehthe present disclosure may provide
lubricating oils suitable for engine applicatiohattprovide improvements in one or more of
the following characteristics: antioxidancy, antan@erformance, rust inhibition, fuel
economy, water tolerance, air entrainment, sedaeption, and foam reducing properties.
[0089] The emulsifying agents herein may also be usedetaimvorking fluid. In such
approach, the emulsifying agent may be used in atsdtom about 0.01 to about 1.0 weight
percent.

[0090] A variety of other additives may also be preserthivithe metalworking fluid.
Non-limiting examples include: coupling agents,iwaar additives, extreme pressure
additives such as phosphorous compounds such aplpdite esters and sulfur compounds
such as polysulfides, antioxidants, pH buffers(@i., naphthenic or paraffinic oils), water
(e.g., tap water, distilled water, deionized watterated water, etc.), biocides (e.g.,
bacteriocides or fungicides) including both forneddgide releasing and formaldehyde free
biocides foam inhibitors, rust inhibitors, lubricating agerstuch as ricinoleic acid or self-
polymerized versions thereof, corrosion inhibitgrslymers, or the like. Many of these are
commercially available.

[0091] Non-limiting examples of corrosion inhibitors indel alkali and alkanolamine

salts of carboxylic acids, undecandioic/dodecarmdicid and its salts,,G, carboxylic acids
and their salts, boric acids, compounds and tladtis,golytriazole and its salts, benzotriazoles
and its salts, imidazolines and its salts, alkanotas and amides, sulfonates, alkali and
alkanolamine salts of naphthenic acids, phosptstte amine salts, alkali nitrites, alkali
carbonates, carboxylic acid derivatives, alkylsu#mide carboxylic acids, arylsulfonamide
carboxylic acids, fatty sarkosides, phenoxy denwst and sodium molybdate. Other non-
limiting examples include: tertiary polyamines sashpentamethyl dipropyl-triamine and
salts thereof, such as alkyl polyalkylene glyctleetphosphate salts, as taught in EP2930229
(Al). Other examples includes products to passigaprevent staining of metals such as
aluminum, copper and other yellow metals such asdr Many of these are commercially

available.

24



GENERAL SYNTHESIS

[0092] The emulsifier agents of the present disclosuredmsdribed above can be
produced by the general synthetic strategy or imadescribed in Scheme 1 below, wherein
the variables R, RA, X, Y, and m are described herein. From theesue, it is shown that a
substituted succinic acid or anhydride can be eghwaith a polyalkylene glycol in the
presence of a catalyst to produce the polymeridsfying agents of Formula I. In one
approach, no other reactants are included in theticen mixture. The reaction can be
performed in the presence of a solvent and canbagmerformed under neat conditions. The
reaction can also be performed in the presencecafadyst. In some embodiments, the
catalyst is an acid catalyst. In some embodimeinéscatalyst is an organic acid. In a further
embodiment, the acid catalyst is a sulfonic actdlgat. In a specific embodiment, the
catalyst ig-toluenesulfonic acid (PTSA). In still some otleenbodiments, the catalyst is a
lewis acid catalyst, such as a transition metalglern In some embodiments, the transition
metal is aluminum or titanium.

[0093] In some embodiments, the reaction is performeddoyng the reactants to a
reaction vessel in a molar ratio within the rangalmut 0.1- 1.0 to about 1.6 0.1 of
anhydride or dicarboxylic acid to polyalkylene gijc In one embodiment, the reaction is
performed by adding the reactants to a reactioselés a 1:1 molar ratio of anhydride or
dicarboxylic acid to polyalkylene glycol. In anethrembodiment, the reaction is performed
by adding the reactants to a reaction vessel gaa h:1 molar ratio with a slight molar
excess of anhydride or dicarboxylic acid to polyéke glycol. In one embodiment, the
slight excess is less than a 10% molar excesendrembodiment, the slight excess is less
than a 5% molar excess. In one embodiment, tghtsdixcess is less than a 1% molar
excess. In one embodiment, the slight excesssstlan a 0.1% molar excess. In one
embodiment the slight excess is less than a 0.0db%rraxcess. In one embodiment, the
slight excess is less than a 0.001% molar exdaessne embodiment, the slight excess is less
than a 0.0001% molar excess. In one embodimenglitht excess is less than a 0.00001%
molar excess.

[0094] Scheme 1. General synthesis of emulsifier compounds of Formulal

R O R
AL - = X. Y
ﬁo ¥ HO"OH Rb{ OW
o~ © 0"
Formula I

[0095] MATERIALS AND METHODS
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[0096] The reactions described herein were performedi@lamL flask with overhead
stirring, a water removal condenser, temperatusegrand nitrogen supply. When
necessary, the reactions were heated using an mglema
[0097] Polyisobutylene succinic anhydride (PIBSA) compamere supplied by
Vertellus; Polyethylene glycols (PEG) were supplgBASF; ando-toluenesulfonic acid
(PTSA) was supplied by VWR International.

EXAMPLES
[0098] In order that the emulsifier described therein rnaynore fully understood, the
following examples are set forth. It should be enstbod that these general and specific
examples are for illustrative purposes only andnateto be construed as limiting this
disclosure in any manner. Unless otherwise natkdatios and percentages are by weight.
[0099] EXAMPLE 1
[00100] This Example provides a method of preparing a golyutylene (PIB) succinic
anhydride (SA) with a number average molecular ttedf the PIB group of 1000 g/mol
reacted with polyethylene glycol (PEG) having a bemaverage molecular weight of 200
g/mol to form a PIBSA(1000)-PEG(200) emulsificatagent, wherein Z is H or a PIBSA

residue, using the following reaction scheme \piffioluenesulfonic acid (PTSA) catalyst:
H

0]

e 1000
0 + H<O/\%OH PISA 5 9 . @e)
[0}
1000 (ave) Y 200 (avg) 210°C Z{f ~"0

200 (avg) Q"
[00101] PIBSA-1000 (about 510g) and PEG-200 (about 100g)rfiolar ratio, with a very
slight PIBSA excess) were stirred at about 20 8 .oluenesulfonic acid (PTSA) catalyst
(about 6g) was then added and the mixture was théatbout 210 °C with stirring under
nitrogen until the acid value was under about 54@dH (about 15 hours). The resulting
product was a highly viscous, clear amber liquicbaim temperature of about 20 °C.
[00102] EXAMPLE 2
[00103] The product from Example 1 was tested using ASTN@&3710 (E-85 Emulsion
Test). An Engine oil / Emulsifier blend was pregghby mixing gasoline engine oil suitable
for a standard passenger car (about 185 mL) wélethulsifier from Example 1 at
concentrations of about 0.025, 0.05, and 0.2 weaghtent. This experiment also included a

0% control with no emulsification agent.
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[00104] The Engine oil / emulsifier blend (about 185 mL)swhen mixed with water
(about 18.5 mL), and E-85 fuel (a blend of etha@%%0 and unleaded gasoline 15%; about
18.5 mL) on a high speed mixer at about 10,000figprabout 60 seconds. About 100 mL of
each mixture was placed into a measuring cylingbich was then stored at about 22 °C for
about 24 hours. The resulting mixture was thepented for phase separation. The test oil
mixture passes the ASTM D7563-10 test when theaecismplete absence of any aqueous
layer after 24 hours.

[00105] The results showed that only the 0% control wasdioio have an aqueous layer
(~15 mL), and all of the samples containing the lsifiear agent of Example 1 (0.025% -
0.2%) passed this test and was free of any seplaagtesous layer. Thus, the emulsifier of
the present disclosure achieves stable emulsiahsmich lower treat rates, in some
instances, half or less of the conventional tratgs of prior emulsifiers.

[00106] It is to be understood that while the disclosure een described in conjunction
with the detailed description thereof, the foregoitescription is intended to illustrate and not
limit the scope of the disclosure, which is defitigtthe scope of the appended claims.
Other aspects, advantages, and modifications dngnvihe scope of the claims.
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WHAT IS CLAIMED IS:
1. An emulsifying agent for lubricating oil compositi® the emulsifying agent
comprising:

a compound of Formula |

RP o

Formulal
wherein
each X is independently a polyalkylene oxide grotithe formula — [OA] —;
Y is a hydroxyl group or a polyalkylene oxide groefithe formula -[OA}-OH;
each A is independently an alkylene selected ftoegroup consisting of ethylene,
propylene, and butylene, and mixtures thereof;
R O
HOM
R°is H or a chemical moiety having the structure O ;
R is a linear or branched aliphatic group havimgienber average molecular weight
of about 750 to about 2500;
p is an integer to independently provide each X@neach Y with a number average
molecular weight of about 100 to about 1000; and
m is an integer to provide the compound of Formw&h a weight average

molecular weight of from about 7,000 to about 50,00

2. The emulsifying agent of claim 1, wherein p is ateger which provides a
polyalkylene oxide group with a number average ke weight from about 150 to about
200.

3. The emulsifying agent of claim 1, wherein the coomubof Formula | has

weight average molecular weight of about 10,008kout 15,000.

4. The emulsifying agent of claim 1, wherein R hasimber average molecular
weight of about 950 to about 2300.
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5. The emulsifying agent of claim 1, wherein the coommbof Formula | is
produced from a catalyzed reaction consisting esdlgrof a polyalkylene glycol reacted
with a dicarboxylic acid or anhydride of a dicargb acid; and/or wherein the catalyzed
reaction includes a polyisobutylene succinic anitgdand wherein the polyisobutylene
group thereof has a number average molecular weigithout 950 to about 2300; and/or
wherein a molar ratio of the polyalkylene glycolhbe dicarboxylic acid or anhydride in the

catalyzed reaction is about 0.1:1.0 to about 110:0.

6. The emulsifying agent of claim 1, wherein each Mdependently an

ethylene or propylene.

7. The emulsifying agent of claim 1, wherein the numdnesrage molecular
weight of the linear or branched R group is abobtt@ about 15 times higher than the

number average molecular weight of the polyalkylexiee group.

8. A lubricating oil composition comprising

a major amount of a base oil;

an emulsifying agent including a compound of Foariul
0] R

Formulal
wherein
each X is independently a polyalkylene oxide grotithe formula — [OA] —;
Y is a hydroxyl group or a polyalkylene oxide groefithe formula -[OA-OH;
each A is independently an alkylene selected ftoegroup consisting of ethylene,

propylene, and butylene, and mixtures thereof;

HO

R°is H or a chemical moiety having the structure O ;
R is a linear or branched aliphatic group havimgienber average molecular weight
of about 750 to about 2500; and
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p is an integer to independently provide each X@nelach Y with a number average
molecular weight of about 150 to about 1000; and

m is an integer to provide a weight average moaukight of the compound of
Formula | from about 7,000 to about 50,000.

9. The lubricating oil composition of claim 8, whergins an integer which
provides a polyalkylene oxide group with a numbasrage molecular weight from about
150 to about 200.

10.  The lubricating oil composition of claim 8, wherdire compound of Formula

| has a weight average molecular weight of aboy@d®to about 15,000.

11.  The lubricating oil composition of claim 8, wherdtnhas a number average

molecular weight of about 950 to about 2300.

12.  The lubricating oil composition of claim 8, wheréire lubricating oil

composition includes about 0.001 to about 2.0 wqdgincent of the compound of Formula I.

13.  The lubricating oil composition of claim 8, wheréire emulsifying agent of
Formula I is produced from a catalyzed reactiorseiimg essentially of a polyalkylene
glycol reacted with a dicarboxylic acid or anhyeriaf a dicarboxylic acid; and/or wherein
the molar ratio of the polyalkylene glycol to theatboxylic acid or dicarboxylic anhydride
in the catalyzed reaction is about 0.1:1.0 to alho0.1.

14.  The lubricating oil composition of claim 8, wheréire lubricating oil
composition is substantially free of an aqueousiater about 24 hours when tested
according to ASTM D7563-10.

15.  The lubricating oil composition of claim 8, wherdire number average
molecular weight of the linear or branched R griaugbout 1.5 to about 15 times higher than

the number average molecular weight of the polyalky oxide group.
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