OIL-SOLUBLE MOLYBDENUM DERIVATIVES DERIVED FROM
HYDROXYETHYL-SUBSTITUTED MANNICH BASES DESCRIPTION OF
THE INVENTION Field of the Invention [001] This application relates to
an organic molybdenum complex and a process for making the organic
molybdenum complex. The complex may be useful as an antioxidant, a
deposit control additive, an anti-wear additive, and a friction modifier in,
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[002] Lubricating oils for internal combustion engines of automobiles or

trucks are subjected to a demanding environment during use. This environment
results in the oil suffering from oxidation. The oxidation is catalyzed by the
presence of impurities in the oil, such as iron compounds. Oxidation is also
promoted by the elevated temperatures of the oil during use. This oxidation of
lubricating oils during use is typically controlled, at least to some extent, by the use
of antioxidant additives that may extend the usefutl life of the oil, for example by
reducing or preventing unacceptable viscosity increases.

[003] There have been a number of attempts to employ lubricants to
reduce the friction in an internal combustion engine so as to reduce the fuel
consumption of the engine. Numerous classes of lubricant additives have been
suggested for use as friction modifiers and to increase the energy efficiency
imparted to an engine by a lubricant.

[004] Molybdenum containing additives are known to deliver a variety of

beneficial properties to lubricants. Non-limiting examples of lubricants that benefit



1 from the addition of molybdenum include passenger car motor oils,
natural gas engine oils, heavy-duty diesel oils, and railroad oils. Over the
years molybdenum, when used properly, has been shown to deliver
improved anti-wear protection, improved oxidation control, improved
deposit control, and improved friction modification for fuel economy. [005]
U.S. Patent No. 4,692,256 discloses a molybdenum-containing lubricant
fraportiposiititiccooiprisipigde sulfLinchip purd @ngtandiksoltibtals, natural gas
molybdenum compound. The oil-soluble molybdenum compound is
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amine. [006] U.S. Patent No. 4,259,195 is directed to antioxidant additives
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promoter, an acidic molybdenum compound, and a basic nitrogen
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Patent No. 4,266,945 discloses molybdenum-containing compositions
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aldehyde condensation product of the phenol, and a primary or secondary
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[006] U.S. Patent No. 4,259,195 is directed to antioxidant additives for

lubricating oils. The additives are prepared by combining a polar promoter, an
acidic molybdenum compound, and a basic nitrogen compound to form a
molybdenum-containing composition,

[007] U.S. Patent No. 4,266,945 discloses molybdenum-containing
compositions prepared by the reaction of a molybdenum acid with a phenol, or an
aldehyde condensation product of the phenol, and a primary or secondary amine.

{008] The performance of molybdenum cdmpounds as friction modifiers
may be determined by a number of factors, including but not limited to:

1. The system in which the additive is being tested. The design of the bench test,
rig test, or engine test by which the molybdenum additive is being evaluated
affects performance.

2. The other types of additives present in the oil. [t is well-known that

molybdenum additives exhibit synergistic responses with additives such as



2 sulfurized antioxidants and EP additives, ZDDP, and alkylated
diphenylamines. 3. The chemical structure of the oil-soluble molybdenum
compound. It is well- known that structurally different molybdenum
additives respond differently as friction modifiers under a given set of test
conditions. [009] Existing molybdenum technology, however, suffers from
a number of problems that have limited its widespread use in lubricants.
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additives to color finished crankcase oils has resulted in the commercialization of a
timited number of oil soluble molybdenum products. The contribution of
molybdenum additives to finished oil color is purely an aesthetic issue, and is
unrelated to any performance property or product compatibility of the molybdenum
additives. However, in certain lubricants, a light oil is viewed as a clean oil.
Alternatively, a dark oil may sometimes be viewed as a used oil. From a
marketing standpoint, it may be undesirable for the consumer to perceive that a
specific motor oil brand contains used oil since used oil represents low
performance. Light oils may therefore be desired for marketing purposes.

[012]  When highly colored molybdenum sources are used at low levels,
e.g. 100-150 ppm-delivered molybdenum as is typically required for oxidation,
deposit and wear control, discoloration is not substantial but may still be visible.

However, when these highly colored molybdenum compounds are used at high



3 levels, e.g. 400-1000 ppm-delivered molybdenum as is generally

required for friction modification, discoloration is often significant. [013]

Traditionally, the color of fully formulated crankcase oils has been

determined using the ASTM D 1500 color scale. Two types of

unacceptable colors are possible. The first type of discoloration results in

a dark rating on the D 1500 scale. The amount of acceptable finished
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lubricant. An acceptable degree of solubility has been difficult to obtain in
gr%%égﬁq 9.0 are considered unacceptable for a finished crankcase oil. Certain

customers may find it difficult to market and sell such dark crankcase oils. The
second type of discoloration produces "no match” on the D 1500 color scale.
These finished crankcase gdils, in addition to showing no match, are also very dark.
Again, certain customers may find it difficult to market and sell such dark
crankcase oils.

[014] Oil Solubility of Molybdenum Compounds

[0156] Many commercially available molybdenum additives designed for
use in lubricants exhibit limited solubility in the finished lubricant product. For
widespread use of a molybdenum product in lubricant applications, the product will
generally not only be soluble at friction modifier treat levels in the finished
jubricant, it wilt generally also be soluble in the additive concentrates used to
prepare the finished lubricant. An acceptable degree of solubility has been

difficult to obtain in the past.



[016] Cost of Molybdenum Compounds [017] Molybdenum has long been
viewed as an expensive additive for crankcase applications. Part of the
reason for the high cost stems from the fact that many of the commercial
molybdenum products have low levels, e.g. less than 5% by weight, of
molybdenum in the additive. In some cases, expensive organic ligands or
expensive manufacturing processes are used to produce the commercial
molybdenum compounds. There is a need for products with higher
molybdenum contents prepared from lower cost raw materials. [018]
Corrosive Effects of Certain Molybdenum Compounds [019] Many
molybdenum technologies contain sulfur. The presence of sulfur in
variol®d GlanKeastech phivhtiensim &obwpdatiteental because certain types
of sulfur are incompatible with elastomer seals, and may be corrosive.
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[018] Corrosive Effects of Certain Molybdenum Compounds

[019] Many molybdenum technologies contain sulfur. The presence of
sulfur in various crankcase applications may be detrimental because certain types
of sulfur are incompatible w_ith elastomer seals, and may be corrosive. Even the
less aggressive forms of sulfur can be corrosive in very high temperature
crankcase environments where significant amounts of oxygen and water are
present. There are also trends to reduce the amount of sulfur present in finished
crankcase lubricants. As these trends start to become a reality, additives
containing sulfur will become less desirable.

[020] itis also well-known that certain molybdenum-containing friction
modifiers function by a decompasition mechanism that results in the formation of a
mixed molybdenum sulfide/molybdenum oxide layer on the metal surface of the

engine. The molybdenum species that form on the metal surface may vary



dithiocarbamates decompose when heated to produce products that
include free amine and carbon disulfide. Both such products are
aggressive towards any copper that may be present in the engine
bearings. Furthermore, free amines are known to be aggressive towards
certain types of elastomer seals present in a wide variety of engines. It is
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compositions, without the problems commonly associated with molybdenum
additives. The properties of the organic molybdenum complexes disclosed herein
may include at least one of improved effectiveness as friction modifiers, reduced
tendency to color finished crankcase oils, low cost of raw materials, and a

simplified production process.

SUMMARY OF THE INVENTION
[022] In accordance with a first aspect, there is provided an organic
molybdenum complex comprising the reaction product of (i) an optionally
substituted hydroxyaromatic compound; (ii) an aldehyde source; (iii) an N-
hydroxyethyl substituted diamine; and (iv) a molybdenum source.
[023] According to a second aspect, there is provided a process for
preparing an organic molybdenum complex, comprising (a) reacting an optionally

substituted hydroxyaromatic compound with an aldehyde



molybdenum complex. [024] According to a third aspect, there is provided
a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and an organic molybdenum complex prepared by a
process comprising (a) reacting an optionally substituted hydroxyaromatic
compound with a form aldehyde source and an N-hydroxyethyl
substituted diamine to yield a Mannich base; and (b) reacting the

sauErm RCoHB AWHr MRy Y Fethsiised danyrie e YiRldoaaddanhich base; and (b)
molybdenum complex. [024a] According to a fourth aspect, there is ,
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nﬁyrgﬁlex of Claim 1. [024b] According to a fifth aspect, there is provided
ﬁaﬂmacfwﬂg’l%position comprising the organic molybdenum complex
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deposit control composition comprising the organic molybdenum complex
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a friction modifying composition comprising the organic molybdenum
optionpiex Abstititeathatang afoadlid conping tovathiatioas Ehdehiieradsirce and

provided an additive concentrate compaosition comprising the organic
amblyiytisnnyetbyhgulbstistedeiaotireb tveyiake & biitneitplasss ool ) reacting
the Mannich base with a molybdenum source o form the organic molybdenum
compiex.

[024a] According fo a fourth aspect, there is provided a lubricating
composition comprising the organic molybdenum complex of Claim 1.

[024b] According to a fifth aspect, there is provided an antioxidant
composition comprising the organic molybdenum complex as defined above.

[024c] According o a sixth aspect, there is provided an anti-wear
composition comprising the organic molybdenum complex as defined above.

[024d]  According to a seventh aspect, there is provided a deposit
control composition comprising the organic molybdenum complex as defined
above.

[024€] According to an eighth aspect, there is provided a friction
modifying composition comprising the organic molybdenum complex as
defined above.

[024f1] According to a ninth aspect, there Eé provided an additive
concentrate composition comprising the organic molybdenum complex as

defined above and a diluent process oil.



[0249g] According to a tenth aspect, there is provided a process for

reducing the oxidative environment in a lubricating oil composition, the
process comprising combining with the lubricating oil composition an
effective amount of the antioxidant composition as defined above. [024h]
According to a eleventh aspect, there is provided a process for lubricating

a crankcase, comprising adding a lubricating oil composition as defined
abovéOftlcrankcAseo[dpd] tace drditiy aspeelvdhgradp e isesh @ process for
provided a crankcase lubricated with a compaosition according to
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fourteenth aspect, there is provided a process for improving the fuel
abooadony a@bakdasernal combustion engine comprising using as a

crankcase lubricating oil for the internal combustion engine the lubricating
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complex is present in an amount sufficient to improve the fuel economy of
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composition, as compared to the engine operated in the same manner
aBA¥eusing the same crankcase

[024j] According to a thirteenth aspect, there is provided a process for
improving the oxidation stability of a lubricating oil comprising adding to the
lubricating oif an oxidation stability improving amount of the organic molybdenum
complex as defined above, wherein the oxidation stability improving amount of the
molybdenum complex is sufficient to improve the oxidative stability of the
lubricating oil, as compared to the same lubricating oil except that it is devoid of
the organic molybdenum complex.

[024k] According to a fourteenth aspect, there is provided a process for
improving the fuel economy of an internal combustion engine comprising using as
a crankcase lubricating oil for the internal combustion engine the lubricating oil
composition as defined above, wherein the organic molybdenum complex is
present in an amount sufficient to improve the fuel economy of the internal
combustion engine using the crankcase lubricating oil composition, as compared
to the engine operated in the same manner and using the same crankcase
lubricating oil except that the oil is devoid of the organic molybdenum complex.

7a



lubricating oil except that the oil is devoid of the organic molybdenum
complex. 7a [0241] According to a fifteenth aspect, there is provided a
process for reducing deposits in an internal combustion engine
. comprising using as a crankcase lubricating oil for the internal
combustion engine the lubricating oil composition as defined above,
wherein the organic molybdenum complex is present in an amount
sufficleR#tb redudeosdingidatafitiepubitespesh Meiais wovidedtrpprocess for
engine operated using the crankcase lubricating oil, as compared to the
redeigRg oflgepeiifisith #ie dMETalSOraRBINTHhERAINR (FRIAREFRAC YKy as a

the same crankcase Iibricating Oil except th%th_e oil is devoid o
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wherein the organic mol num complex is present in an amount
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using the crankcase lubricating oil, as compared to the wear in the engine.
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oil except that the oil is devoid of the organic molybdenum complex.
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providing friction modification in an internal combustion engine comprising
mgiiglerus erinkigxse lubricating oil for the internal combustion engine the
Iubricatirjﬂg oil composition as defined above, wherein the organic
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wear in an internal combustion ) . L .
reducing wear in an internal combustion engine comprising using as a crankcase

lubricating oil for the internal combustion engine the lubricating oil composition as
defined above, wherein the organic molybdenum complex is present in an amount
sufficient to reduce the wear in an internal combustion engine operated using the
crankcase lubricating oil, as compared to the wear in the engine operated in the
same manner and using the same crankcase lubricating oil except that the oil is
devoid of the organic molybdenum complex.

| [024n] According to a seventeenth aspect, there is provided a process for
providing friction modification in an internal combustion engine comprising using as
a crankcase lubricating oil for the internal combustion engine the lubricating oil
composition as defined above, wherein the organic molybdenum complex is
present in an amount sufficient to reduce the wear in an internal combustion
engine operated using the crankcase lubricating oil, as compared to the wear in
the engine operated in the same manner and using the same crankcase
lubricating oil except that the oil is devoid of the organic molybdenum complex.

7b



engine operated using the crankcase lubricating oil, as compared to the
wear in the engine operated in the same manner and using the same
crankcase lubricating oil except that the oil is devoid of the organic
molybdenum complex. 7b [025] Additional objects and advantages of the
invention will be set forth in part in the description which follows, and in
part will be obvious from the description, or mayégbe Iearned_bﬁ E\éﬁ%ice of
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color formation in various oils containing molybdenum compounds. 7c
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BRIEF DESCRIPTION OF THE DRAWINGS
[027] Figure 1 illustrates the boundary friction coefficients of finished oils

containing molybdenum additives.
[028] Figure 2 illustrates color formation in various oils containing

molybdenum compounds.
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modifier. The composition comprises an organic molybdenum complex
prepared by a two-step process. First, a Mannich base is prepared by
reacting, in an organic solvent such as toluene, an alkylated phenol, an
aldehyde source, and an N-hydroxyethyl substituted diamine. The
Mannich base thus formed is then reacted with a molybdenum source,
such as molybdenum trioxide, and water, with the azeotropic removal of

water, to form the pisgiRIPPIGNI e MHICERIEODIMERFENtage of the
organic molybdenum complex prepared by this process is that the
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show improved performance as a friction modifier for fuel economy
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bases may be obtained by reacting a hydroxyaromatic compound, an
drg@égsde source, and an N-hydroxyethyl substituted diamine. According

to certain aspects of the present disclosure, the Mannich base may be
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reacted with a molybdenum source, such as molybdenum trioxide, and water, with
the azeotropic removal of water, to form the organic molybdenum complex. One
advantage of the organic molybdenum complex prepared by this process is that
the complex may show a reduced tendency to color finished oils, and may show
improved performance as a friction modifier for fuel economy applications.
I. PREPARATION OF THE MANNICH BASE

[031] Mannich bases may be obtained by reacting a hydroxyaromatic
compound, an aldehyde source, and an N-hydroxyethyl substituted diamine.
According to certain aspects of the present disclosure, the Mannich base may be
prepared by reacting an alkylated phenol with an aldehyde source and an N-
hydroxylethyl-substituted diamine in toluene with azeotropic removal of water.

[032] Any hydroxyaromatic compound may be used provided it reacts with

the aldehyde source and the N-hydoxyethyi-substituted diamine, and further

provided that the final product shows sufficient oil solubility. A suitable



process disclosed herein include phenolic compounds, including
alkyl-substituted phenols. Phenolic compounds that may be used include
high molecular weight alkyl-substituted derivatives of resorcinol,
hydroquinone, cresol, catechol, xylenol, hydroxydiphenyl, benzylphenol,
phenethylphenol, naphthol, and tolylnaphthol, among others, all of which
may be optionally further substituted with any other substituent. The other

hyarestjisient M0a) 08 HASE g e faRxaRPI¢n BRIGERAN Y digxHhealidbent

alkenyl, alkynyl, nitro, and amino radicals. Additional non-limiting

diesRIRMe sthé $YitRBIE Srerastin atigeeleHidsBdudsidnesiiinhendledst one
heptylphenol, 4-nonylphenol, and 4-dodecylphenol. [033] Mention may

sulistitbermatheofaeltheapydpben ohietmneH dyeabsiplin gt phana vétubstituent
polypropylene), polybutylphenols (formed by alkylating phenol with

mpglpeutboesraindinraiolly mubutivtand mardieo) Wodty laeccpalytkgy e atkdsnyl

(formed by alkylating phenol with a copolymer of butylene and/or butylene
marelipso pykarreke @thie simalaplen grichgincatistpheria s omaycaisddesesddn the
Examples include phenols alkylated with copolymers of butylene and/or
pPrisobssyléswiosad/berpinpyibris pherotie commpremdenimadietingalkyl-substituted
comonomers copolymerizable therewith (e.g., ethylene, 1-pentene,
pheRgkenBhenstie aelmpelsedh radtaipwherese’ indpdiyhigh molesuler weight
contains at least 50% by weight of butylene and/or 9 isobutylene and/or
alkybpylevituiptslesivaivesmab sapersinely balfernBonsh staseld calpshal lewdenol,
one additional group, e.g., alkyl groups, for example CI-C4 alkyl groups,
hygrelinheti bereylelsgeb ahéraﬁgmmﬂb presdirldabglyBaphthol,

suitable hydroxyaromatic compound may be ponisobut%IcresoI. The

aoRR RYME s Ol iR dpavitie sreionaiy Birthesibriftuterhwitnany other

su%igtﬂag%t?nﬂw%agtﬁg%Sgsnt%ﬁ;gnt may be chosen from, for example, halogen,
hydroxyl, atkyl, alkenyl, alkynyl, nitro, and amino radicals. Additional non-limiting
examples of suitable oxyaromatic compounds inciude 4-octylphenol, 4-
heptylphenol, 4-nonylphenol, and 4-dodecylphenol.

[033] Mention may also be made of polypropylphenol {formed by alkylating
phenol with polypropylene), polybutylphenols (formed by alkylating phenol with
polybutenes and/or polyisobutylene), and polybutyl-co-polypropylphenols (formed
by alkylating pheno! with a copolymer of butylene and/or butylene and propylene).
Other similar long-chain alkylphenols may also be used. Examples include.
phenols alkylated with copolymers of butylene and/or isobutylene and/or
propylene, and one or more mono-olefinic comonomers copolymerizable therewith
(e.g., ethylene, 1-pentene, 1-hexene, 1-octene, 1-decene, etc.) where the

copolymer molecule contains at least 50% by weight of butylene and/or



non-aliphatic groups, e.g., styrene, o-methylstyrene, p-methylstyrene,
divinyl benzene, and the like. Thus, in any case the resulting polymers
and copolymers used in forming the alkyl-substituted hydroxyaromatic
compounds may be substantially aliphatic hydrocarbon polymers. [034]
Polybutylphenol (formed by alkylating phenol with polybutylene) may be
suitable for the purposes of the present disclosure. The polybutylphenol

istbgtyteny hadisthsopykstiduletswitudricerapaied el oseunaneressituted

lower, e.g., Cj- C4, alkyl groups, for example methyl, in addition to other

withaatpeasicinasadditiexampdephal egesik ygrouyk, atkybxalkeny ICalkymtkyl
nitro, and amino radicals. [035] According to one aspect of the present

grdisigto sweh Henpalybuiipltedvigtay be pahasobiithileresskiialiestsure, a

otherwise specified herein, the term "polybutylene" is used in a generic
suiside hydnekydeqrostinesmmadsdioay haups!vsdbubdtaasially Theebomonomers

1-butene or isobutene, and polymers made from mixtures of two or all
pahteerdrer bvitbrisopyhenerry Hielhstparsser@yihemaliphatigranidsan sirchcontain

polymers may also contain insignificant amounts of other olefins.
NasoRHRINEE higR WeScivity POTFRGY ferte Masive: nelativekt it ysenso diviny!

of polymer molecules having a terminal vinylidene group, formed by
benzensd et dhedkaeddnised) pnesarRdie feerling SoiMs ens B 4aopolyigers

W. German 10 Offenlegungsschrift 29 04 314, which may also be suitable
Ut iSRRG e RHSERAR NG FReeR FPRRGCreactaR NEB Bl abHee

Ikylation of the hydroxyaromatic compound may be performed in the

SL&%%QH@BYO?%@%@%Q%{%%P?&VQ@&perature ranging from about 50

to 0o 2000 G, RS SATNRRTEY SRSRLRRY DRSPS ene) may
be suitable for the purposes of the present disclosure. The polybutylphenol ring
may be further substituted with, for example, alkyl groups, such as lower, e.g., Cs-
Ca, alkyl groups, for example methyl, in addition to other groups such as, for
example, halogen, hydroxyl, alkyl, alkenyl, alkynyi, nitro, and amino radicals.

[035] According to one aspect of the present disclosure, the
polybutylphenol may be polyisobutylcresol. Unless otherwise specified herein, the
term "polybutylene” is used in a generic sense to include polymers made from
"pure” or "substantially pure” 1-butene or isobutene, and polymers made from
mixtures of two or all three of 1-butene, 2-butene and isobutene. Commercial
grades of such polymers may also contain insignificant amounts of other olefins.
So-called high reactivity polybutylenes having relatively high proportions of

polymer molecules having a terminal vinylidene group, formed by methods such

as described, for example, in U.S. Pat. No. 4,152,499, and W. German
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alkylation. Typical catalysts used in commercial production include, but
are not limited to, sulfuric acid, BF3, aluminum phenoxide,
methane-sulfonic acid, cationic exchange resin, acidic clays, and
modified zeolites. [037] The long chain alkyl substituents on the benzene
ring of the phenolic compound may be derived from polyolefins having a
number average molecular weight of from about 500 to about 3000 (for

Otxnlepledseonshod 606 19, abhich ABOXRS BRIGIMHINE RY 05k REFBIRAHE e
chromatography (GPC). The polyolefin may also have a polydispersity

lo(weighineaitrdate dncthetidiarcaeight/number average molecular weight) in
the range of about 1 to about 4, for example from about 1 to about 2, as

detelffii36¢d ByeGRGI{I38pATe Hidm iy aentaitiaspecid of thepyereperformed
disclosure, polyalkylphenol reactants, e.g., polypropylphenol and

in ploty bragprenol whadeyligl gatelpstavetamparhareveragsgiaecatout 50 to
weight of from 650 to 1200 may be suitable for the preparation of the

abon?iéh basAciiiceaiiysts oetairensmaiydi et &n ity grobipadsiCrafts
in accordance with the present disclosure may be a polybutyl group

aligdatien frhyripalyisiguste yradny aonmeisiahrsedistion ieclidewsightenot

_the range of from 650 to 950. 11 [039] According to certain aspects of the

limjteddnt Bidtis reida Bhnademiaimgehanenieeiresiianesbéfonieacid, cationic
hydroxyaromatic compound may be that of a para-substituted

e ﬁlf&ﬁﬁh%ﬂ‘ﬁ%ﬁ%ﬁé‘%ﬁ?%ﬁﬁ@h@ﬁlt%dily reactive with the
optionally sybstituted aldehyde may be employed. Thus, amines made )
from roiiE AR S HERRIDAY Birchangene radudiiire Rhenolic

or at legst two_ring alky, ubstitulents may be suitable for use in
Cogg%%yggn@é’lmﬁ ﬁ% I stéwp polyolefins having a number average molecular

weight of from about 500 to about 3000 (for example, from about 500 to about
2000} as determined by gel permeation chromatography (GPC). The polyolefin
may also have a polydispersity (weight average molecular weight/number average
molecular weight) in the range of about 1 to about 4, for example from about 1 to
about 2, as determined by GPC.

[038] According to certain aspects of the present disclosure,
polyalkylphenol reactants, e.g., polypropylphenol and polybutylphenol whose alkyl
groups have a number average molecular weight of from 650 to 1200 may be
suitable for the preparation of the Mannich base. According to certain
embodiments, an alkyl group useful in accordance with the present disclosure may
be a polybutyl group derived from polybutylene having a number average

molecular weight in the range of from 650 to 950.
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disclosure. The long-chain alkyl substituents may contain some residual
unsaturation, or may be substantially saturated alkyl groups. According to
certain embodiments, the long chain alkyl groups may be partially
unsaturated. According to one aspect of the disclosure, the long-chain
alkyl groups may have a degree of unsaturation ranging from 5 to 80%,
for example from 10 to 50%. [040] According to certain aspects of the

presentoliselessraithfo REHaRYAEEISCOBRAEEEINaNDE A K Yaletle

phenol, may be substituted in the para-position, may contain at least 8

cAEIHORRIANDS Hanal RV MR AN IPGHIRY ANSHER  20aine B8/ mat of a

to 1000 g/mol. According to another aspect of the present disclosure,
pauitaietitoted mitng exarpplessf thedrrdsexyalomalishentpesait,insdddee with

phenols alkylated in the para-position with polypropylene, e.g.,
thpalpticoEyie sapbtiudis] dery deotesylise weiphiga@ngdingsiramibed teagedtbm
g/mol, and phenols reacted in the para-position with a-olefins containing

hyirtegst 8medib onspdixndiebafi sy cmiyhemo By aykglsaubstiised, thet least two
phenol mixtures may also contain small levels of 2,4-dialkylated phenols.

ring4kvi sabgtisrsnis stayde ssihbipfahogsuiposes ofimesprithdhe present
disclosure may include any source capable of providing an aldehyde to

dipglafsipatel N2 lpngrehaiinalicyl redstitvethendsleloydeissoroe cesicheabny
aldehyde, for example those containing from 1 to 6 carbon atoms such as

unsRiERISRy 96 MR¥bedemeantisibpreiaratas el afpange heeording to certain
valeraldehyde, hexaldehyde, and the like. Aldehydes suitable for the

ebRsiaestss the fragdhinseibd Ry M rRERIlY Unsrtutatpdvelgisording
aliphatic aldehydes containing from 1 to 4 carbon atoms such as

torgiR R, hectiiaianie, hiajramehai alksbatprnachubupcregree of

urlllskaqchration ranging from 5 to 80%, for example from 10 to 50%.

[040] According to certain aspects of the present disclosure, the
hydroxyaromatic compound may be an alkylated phenol, may be substituted in the
para-position, may contain at least 8 carbon atoms, and may have a molecular
weight ranging from 205 g/mol to 1000 g/mol. According to another aspect of the
present disclosure, suitable non-limiting examples of the hydroxyaromatic
compound include phenols alkylated in the para-position with polypropylene, e.g.,
polypropylenephenols having molecuiar weights ranging from 500 to 5000 g/mol,
and phenols reacted in the para-position with a-olefins containing at least 8
carbons. Mixtures of such phenols may also be used. The phenol mixtures may
also contain small levels of 2,4-dialkylated phenols.

[041] The aldehyde source useful for the purposes of the present

disclosure may include any source capable of providing an aldehyde to participate
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According to one aspect of the present disclosure, the aldehyde source
may be a formaldehyde source. Suitable non-limiting examples of
formaldehyde sources include formaldehyde, paraformaldehyde, and
agueous formaldehyde solutions, such as formalin. The formaldehyde
may be inhibited or uninhibited, and may be in solution, for example
agueous or aqueous-alcoholic solution. [042] According to certain aspects

inGhE R AIRGSHS IR ATHEUSAG08 Ui BRI ULANSBAY BRIBANROUST example

methanolic or ethanolic formaldehyde solutions, wherein the

thisaedaedIneiry MabEBreIRMbaR atonie 802h 2duUBRvBRIWINN. aceniRiBde,

0.5 to 60% aqueous alcohol solution. Non-limiting examples of such

preplitanteingled e i(ialaaHpesis/iaenaidehde sexipiRing &, S9adwetharol,

37% aqueous formaldehyde containing 15% methanol, 44% aqueous

Alitemalde byitabkofiathingiYostibaned, med Atdiscusons feipialdetydse low
containing 1 % methanol. [043] The amines useful for the purposes of the

mplesent distibsaliphaiy addigedydomkyiethy Suhstittdetl ciamimesoaguch as
compound containing at least two amino groups and a hydroxyethyl
fosmiairhipde neae taidedofi ductyrdide hpdee risah ubgeddih vd¢hamidberike.

disclosure. Suitable non-limiting examples of such amines 13 include
Accepdingitmensyasnied)eflibaoreasamolisdpyldietihacliivinee source may be a
aminoethyldiethanolamine, N-hydroxyethyl-1,3-propanediamine, and
formaiBatumitsnso erceny Bitableonegdinitingesaiimias cticanaddpayde sbthees
_ disclosure, an amine suitable for the purposes of the present disclosure
inghadedermaidelipamyriaimaldehydsl J0d Aareswadenionldebydersaialons,
be performed in bulk (no diluent or
such as formalin. The formaldehyde may be inhibited or uninhibited, and may be
in solution, for example aqueous or aqueous-alcoholic solution.

{042] According to certain aspects of the disclosure, the aqueous-alcoholic
solutions may be aqueous methanolic or ethanolic formaldehyde solutions,
wherein the formaldehyde may be present as a 5 to 80% aqueous solution,
containing 0.5 to 60% aqueous alcohot solution. Non-limiting exampies of such
solutions include 37% aqueous formaldehyde containing 1.5% methanol, 37%
aqueous formaldehyde containing 15% methanol, 44% agqueous formaldehyde
containing 7% methanol, and 44% aqueous formaldehyde containing 1%
methanol.

[043] The amines useful for the purposes of the present disclosure may
include hydroxyethyl substituted diamines. Any compound containing at least two

amino groups and a hydroxyethyl substituent may be useful according to certain

aspects of the present disclosure. Suitable non-limiting examples of such amines
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solvent), or in a solvent or diluent. Suitable solvents or diluents may
include those that are inert and/or may be easily removed if desired, such
as organic solvents, for example aromatic solvents such as benzene,
xylene, or toluene. The solvent, when used, may be present as, for
example, 1 part hydroxyaromatic compound to 1 part solvent.
Significantly lower levels of solvent may cause the reflux temperature to

inBRRI@nd resuinbeanies IeM LRI EHinshesh pisduiicaatainsignificantly

higher levels of solvent may require longer reaction times, and possibly

aausatiheimpbmsaming ncorpaatieitia-stallpledahEbr melar aptesfaations
amine to the hydroxyaromatic compound may range from 1:3 to 3:1.
offrsondlithg foregidiin. agpecisivlthe discipstspethe pitine migylbsuPel an amine
According to another aspect, the ratio of amine to hydroxyaromatic
suitabiedunthmayripedes. of ieepotserdtiisofdeumatdahydeagamine may
range from 1:2 to 2:1. According to certain aspects of the disclosure, the
anmraniosthygesifioreiianoto 1.5:1. [046] According to certain aspects of the
disclosure, the amine, formaldehyde source, hydroxyaromatic compound,
and $efdnt rhig Meooiahireattiandimaiederiefugddmpelatoredingst or
nitrogen as water generated by the 14 reaction is removed azeotropically.
solYRN b RKtiDrAtephRTh IR LS ditblensebens trdibintaenaydnalutedhose
the water/solvent azeotrope, which in the case of toluene starts at
thahpie AR RRAEN Oandeisasisrammied alesied foiphiae JertisFotwRsts,
final reaction temperature varies depending on the amount of solvent,

for GXARIRRIGAAT e YR e S aShUrE ReayYiafe RblAlYete CTiBesgvent,

0 C. The reaction may take 1 to 3 hours for complete removal and
wmﬁ% Ay e present as, for example, 1 part hydroxyaromatic compound to

1 part solvent. Significantly lower levels of solvent may cause the reflux
temperature to rise and result in a product that colors finished oils/lubricants.
Significantly higher levels of solvent may require longer reaction times, and
possibly cause the molybdenum incorporation to stall.

[045] The molar ratio of the amine to the hydroxyaromatic compound
may range from 1:3 to 3:1. According to certain aspects of the disclosure, the ratio
may be 2:1. According to another aspect, the ratio of amine to hydroxyaromatic
compound may be 1:1. The molar ratio of formaldehyde to amine may range from
1:2 to 2:1. According to certain aspects of the disclosure, the ratio ranges from 1:1
o 1.5:1.

[046] According to certain aspects of the disclosure, the amine,
formaldehyde source, hydroxyaromatic compound, and solvent may be combined

and heated to reflux temperature under nitrogen as water generated by the
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Mannich product. The completed reaction may be cooled to approximately

60 C in preparation for the molybdenum incorporation step. Il.

INCORPORATION OF MOLYBDENUM [047] A molybdenum source

useful for the purposes of the present disclosure includes any source that

provides available molybdenum capable of reacting with a Mannich base.

According to certain aspects of the disclosure, a suitable molybdenum
resatiare | neyrivy edmalytidepicail pxitiee Acsutiabl e moardianid ngagXaaiiecahined

a molybdenum oxide useful for the purposes of the present disclosure
byrthy beflmolgbymratargiokitie. Whievse \afrmahdudemanvwiittide thayasesuft

in effective molybdenum incorporation into an organic ligand. Any purity
tolratie e BloatepnoxirmidridSMdy deduissh batvwaddr prrgpnmayddenuie

trioxide may be more likely to produce a product that does not require
reeégion Tjoa 8nal seartervtangiptelsrainaries depepiéingolybee agrunt of

trioxide, and water may be added to the Mannich reaction mass
seh4ntaRvisd asdpiionemadser) vl rrrRetinalyuemav wesrIBoray e’ C to 150
reacted with the Mannich base at a molar ratio of 2:1 to 1:3. According to
CertHhs 127608 raddatiscidsurd aHEs e amapisle remoxabangfgrigation of the
another aspect of the disclosure, the ratio may be 1:1. The 15 amount of
MRaRiT B HEly JBRGRMPISiecsoalion RAmBaRRsleR & srmByEirly 60° C

._trioxide used, but higher levels of water may also be used. [049] After
'nﬁﬁﬁi%rﬁ%?'ﬁ%/%@e THQEBQ}HE NG RABHARS Fefhction may be slowly

R R A T O M R RERIEL oy roraovel of water Tro
amoyph of Wﬁt%&ggssm%%%%ﬂh%%@mwssg%%@%%é@snt

amount generated
disclosure includes any source that provides available molybdenum capable of

)

reacting with a Mannich base. According to certain aspects of the disclosure, a
suitable molybdenum source may be a motybdenum‘ oxide. A suitable, non-
limiting example of a molybdenum oxide useful for the purposes of the present
disclosure may be molybdenum trioxide. The use of molybdenum frioxide may
result in effective molybdenum incorporation into an organic ligand. Any purity
grade of molybdenum trioxide may be used, but high purity molybdenum trioxide
may be more likely to produce a product that does not require filtration.

[048] A source of molybdenum, for example molybdenum trioxide, and
water may be added to the Mannich reaction mass maintained at approximately
60°C. The molybdenum trioxide may be reacted with the Mannich base at a molar
ratio of 2:1 to 1:3. According to certain aspects of the disclosure, the ratio may be

1:2. According to another aspect of the disclosure, the ratio may be 1:1. The
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produce the organic molybdenum complex. For example, if 14.4 g of
molybdenum trioxide is used and 14.4 g of water is used, the amount of
water collected may be 14.4 + 14.4/143.94 x 18.01 = 16.2 g, where
143.94 is the molecular weight of molybdenum trioxide and 18.01 is the
molecular weight of the water generated in the reaction. The reaction may
require anywhere from 2 to 8 hours. The reaction mass may be cooled,
amuayhbeffiltetedusertt mayganyrativessteguimalyhtienine difexidecbimdiifieienum
toluene may be removed by vacuum distillation. The product prepared by
trichikl prosed shmidlyigieca leaets ef witilyndgcoss iquidetl. FORMULATIONS
[050] The organic molybdenum complex containing compositions of the
presé®disclodigreandificveal sehlytelenprowwaddesstd nax tsirddmosiaction may
control, antioxidant, antiwear, and/or friction modifying properties of
baeivhhbeatehinmteixtemprisiurasititursidnabrereqyalserwateyamicazeotropic
.molybdenum complexes may generally remove the need for
digliiiamehbgyarsHiosicesnbo ropRitRIes daremareva araiatitilee ameui of
like. However, a supplementary deposit control, antioxidant, and/or
W%tﬁﬁ\ﬁ%%@%’iaﬁimr%yrﬁﬁﬁﬁéﬁh&h}g@o%‘%tfﬁﬁ@lﬂgd%ﬁl§ﬂhﬁrﬁﬁﬁwtiﬁémﬁﬂﬁ@d to
the molybdenum additives of the present disclosure that are less
prg '%fi?yog%?&&z BronRsirnwa SrEBlibie el 53Kl Séve RS molybdenum

[
.conditions. The reat ra}tes of the molybdenum additives may depend

gt f ishdd" AR AIREShIPEria HEw W Sy piligry tHanay be
RN PRIV AT 0 v it st
S PR 2150 P o) e YIS e
the reaction. The reaction may require anywhere from 2 to 8 hours. The reaction
mass may be cooled, may be filtered to remove any unreacted molybdenum
trioxide, and the toluene may be removed by vacuum distillation. The product
prepared by this process may be a dark red, highly viscous liquid.
Ill. FORMULATIONS

[050] The organic molybdenum complex containing compositions of the
present disclosure may be useful to improve at least one of deposit control,
antioxidant, antiwear, and/or friction modifying properties of lubricant oils, and like
materials. The inclusion of the present organic molybdenum complexes may
generally remove the need for supplementary deposit control or antioxidants,
antiwear additives and the like. However, a supplementary deposit control,
antioxidant, and/or antiwear additive may be included in the finished oils/lubricants

including the molybdenum additives of the present disciosure that are less

oxidatively stable, or in oils that are subjected to unusually severe conditions. The
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upper limit; however, for economic reasons a maximum level of about

1000 ppm may generally be used, although not required. [051] The treat

rates of the organic molybdenum complexes according to the present

disclosure may depend upon the desired finished lubricant properties;

however, typically the additives may be present in an amount so as to

provide at least about 50 ppm, for example from about 50 to about 1000
treximatet rodibdadlybderine foighieddubbganipdhe gonceny aben@ finished

molybdenum in the lubricants according to the invention has no particular
oildppecintipropertieas;, Howesan oypicdibaden sddtissknuay lbeelretahdint an

1000 ppm may generally be employed, although not required. The table
arbelow suamtanzesidzarn@asy abont bivtng!tfeat rateplarfladdibvat 50 to about

combinations for various applications: Application Suitable Treat Range
1(Rerfarmantendybdtingradadithe § shTgperodntibxitlam c a2 gion Mo

Diphenylamines (0.05-1.0%) Passenger Car Sulfur-Containing Additives
myRdenyana MedibrciFanasdditeimtbOptergohtis0S Bpbed Diagiticular

Oils 3.0%) ZDDP 0.5-1.2 Anti-Wear 50-100 ppm Mo ZDDP Passenger
URDSF St RODEYRINIAGSRAORITES HRsPIsay Bl uidexebisabepgb3R00 ppm

75-250 ppm Mo Diphenylamines (0.05 -1.0%) Heavy Duty Diesel Control
may,geisedl pRensieb alEgeatsnet yeavitedatural Gas 3.0%) Engine Oils

Friction 250-1000 pm Mo Antioxidants (0.1-1.0%) Passenger Car ]
The treat rates of the organic molybdenum complexes according to

[051]

the present disclosure may depend upon the desired finished lubricant properties;

however, typically the additives may be present in an amount so as to provide at

least about 50 ppm, for example from about 50 to about 1000 ppm, of

molybdenum to the finished lubricant. The concentration of molybdenum in the

lubricants according to the invention has no particular upper limit; however, for

economic reasons a maximum leve! of about 1000 ppm may generally be

employed, although not required. The table below summarizes exemplary, non-

limiting treat rates and additive combinations for various applications:

Application | Suitable Treat Range Performance Boosting Additives Oil Type
Antioxidant 75-250 ppm Mo Diphenylamines {0.05-1.0%) Passenger Car
Sulfur-Containing Additives (0.2-1%) | and Medium
Sulfurized Phenate Detergents {(0.3- | Speed Diesel Oils
3.0%)
ZDDP ((.5-1.2%)
Anti-Wear 50-100 ppm Mo ZDDP Passenger Car
Sulfur-Containing Additives and Heavy Duty
Diesel Oits
Deposit 75-250 ppm Mo Diphenytamines (0.05 -1.0%) Heavy Duty Diesel
Control Sulfurized Phenate Detergents (0.2- | and Natural Gas
3.0%) Engine Oils
Friction 250-1000 pm Mo Antioxidants (0.1-1.0%) Passenger Car
Modifying Qils
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Modif in Oils 17 [052] The organic molybdenum complexes of the present
disclosure may have excellent solubility in a wide variety of basestock
types and/or may have a reduced tendency to color finished crankcase
oils. Further, the complexes may be capable of high molybdenum
incorporations, may be prepared from low cost raw materials, and/or may
have straightforward production processes. [053) The composition of the

lubriqasppil Mray rEasigMHitARyRAG RS APIARBCHSIRBBFARMSPEEIH Ure may

application. The oil may typically contain, in addition to the molybdenum
hasrpaeiidataidhsinteseatwisslostety afisistaestinhiion RIGitvay have a
package and a viscosity index improver. In general, the lubricant oil may
redlecetbtendatey il sahieHinishcbecaimpaseditd. fremrakeutebdendsiaveighiay
percent (wt. %) of a base oil of lubricating viscosity, from about 0 to 30 wt.
be/sapablpalymghavidgodayindmcimpraten fanaatbeup e taksl frowolofarst
additional additive package and typically a sufficient amount of organic
rap sRaidgalsmandimprasiiharestfaightéastabqoB0giom plovedgedenum to
the finished lubricant. [054] The detergent/inhibitor additive package may
inclufiéal leah®reropasidiversaths, lobrirgrintd, miay diny sigoditgtly based on
dithiophosphates (ZDDP), additional antioxidants, pour-point
th&ép&@%é&%gr@bﬁmﬁh:iﬁﬁnﬁi@@t'sqrru&hﬁmﬁimﬁag terigalinisipiteis.dndddition to
supplemental friction modifiers. [055] The dispersants may be, according

the reelyRriease RN ds kIR BissridfisGoniRta fetRIarvdghibitor

containing nitrogen or oxygen polar groups attached to a high molecular
AR A M MRt FEVRT ol ReS7 bR eI amARy may

in the h}ﬁjrocdarqon base stocks. The dispersant may ]
be a formulated oil which may be composed of from about 65 to 95 weight percent

(wt. %) of a base oil of lubricating viscosity, from about 0 to 30 wt. % of a
polymeric viscosity index improver, from about 5 to 15 wt. % of an additional
additive package and typically a sufficient amount of organic molybdenum
complex to provide at least about 50 ppm of molybdenum to the finished lubricant.

[054] The detergent/inhibitor additive package may include at least one of
dispersants, detergents, zinc dihydrocarbyl dithiophosphates (ZDDP), additional
antioxidants, pour-point depressants, corrosion inhibitors, rust inhibitors, foam
inhibitors and supplemental friction modifiers.

[055] The dispersants may be, according to certain aspects of the
present disclosure, nonmetallic additives containing nitrogen or oxygen polar
groups attached to a high molecular weight hydrocarbon chain. The hydrocarbon
chain may provide solubility in the hydrocarbon base stocks. The dispersant may

function to keep oil degradation products suspended in the oil. Suitable non-
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function to keep oil degradation products suspended in the oil. Suitable
non 18 limiting examples of commonly used dispersants include
hydrocarbyl-substituted succinimides, hydrocarbyl amines, polyhydroxy
succinic esters, hydrocarbyl- substituted Mannich bases, and
hydrocarbyl-substituted triazoles. Generally, the dispersant may be
present in the finished oil in an amount ranging from 0 to 10 wt. %. [056]

lintitegletargelis oiay henthpesdhdispatallitsiddideshyantaimibg-substituted
charged polar groups, such as phenates, sulfonates or carboxylates, with

swliphiaticle g)yioyoatipheiid, 2oniakky) aroiptgtitohams;cand setemalhydiad aobg-
The detergents may function by lifting deposits from the various surfaces

suiftigtedditan scitablessnendimitineexarhpléstifutediniandjegse@enerally, the
detergents include neutral and overbased alkali and alkaline earth metal

dispftrritesIaneebersseniialihe Baishedaliciiaaparphosprargingsfrom 0 to 10 wt.
thiopyrophosphonates, and thiophosphonates. Generally, when used, the

%detergents may be present in the finished oil in an amount ranging from
0.51t0 5.0 wt. %. [057] The ZDDP's are the most commonly used antiwear
additffeslin Orm dRi@ANsH Ry erpBREeRfRVE PRl Gasitidrepysontaining
reacting with the metal surface to form a new surface active compound )

CRARASS iRANAERHRE RMBARE P ARDC RRISHIER BB R:RE ARERMIRiE SYikealiphatic,

surface. Qther examples of suitable anti-wear additives include tricresol
| Cyﬁi%é 1. fifa j(

AN BrIBAHAE R AZE P R SReARdOBSIruHRR dFigEgents
R B e A R e o S SR e
ndhTIRYING LESHARS: SHE RN DL RASAISR RIS S AoMer avets of
overbased alkali and alkaline earth metal suifonates, overbased alkaline earth
salicylates, phosphonates, thiopyrophosphonates, and thiophosphonates.
Generally, when used, the detergents may be present in the finished oil in an
amount ranging from 0.5 to 5.0 wt. %.

[057] The ZDDP's are the most commonly used antiwear additives in
formulated jubricants. These additives may function by reacting with the metal
surface to form a new surface active compound which itself may be deformed and
thus may protect the original engine surface. Other examples of suitable anti-wear
additives include tricresol phosphate, dilauryl phosphate, sulfurized terpenes and
sulfurized fats. The ZDDP also may function as an antioxidant. Generally, the

ZDDP may be present in the finished oil in an amount ranging from 0.25t0 1.5
wt.%. It may be desirable, due to environmental concerns, to use lower levels of

ZDDP. Phosphorus-free oils contain no ZDDP.
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ZDDP. Phosphorus-free oils contain no ZDDP. 19 [058] The inclusion of
the present molybdenum compounds may generally remove the need for
supplemental antioxidants. However, a supplementary antioxidant may
be included in oils that are less oxidatively stable, or in oils that are
subjected to unusually severe conditions. The amount of supplemental
antioxidant may vary depending on the oxidative stability of the base
stocKObgpical e aidrriis iof finisbask ois waiy/vaanirontohipaubdet Maylhe
supplementary antioxidants that may generally be used include
geherglanmaresychihdereeddioe solsy kindatedanphidants, ddburkzed, phenols,
sulfurized olefins, alkyl sulfides and polysulfides, dialkyl dithiocarbamates,
suimdephentathianii@sdfoB IhaThbdasiudibddeanthinbabatel psespritatively stable,
disclosure may be selected from any of the synthetic or natural oils or
omib@iisdbah ereciultiestrdditsumiastbly spicat cranditiass lubhieatioawitofor
spark-ignited and compression-ignited internal combustion engines, for

supRifPR b REPYEeRhE AL Y AR tsReRinamn the lxidrfivestanlitief dhe base
railroad diesel engines. The synthetic base oils include alkyl esters of
staardoRiR! faat!ysiigh dnised alie sielyans osibRdcotefinnd Hellding
poI utenes, alkyl henzenes, organic esters of phosphoric acids, and
f%n%ﬁ%v aidiovislarks Rl seoetlieerapriBiude sty araines,
i fgﬂ&%md ly as to their crude source, e.g., as to whether they are
’B A ed'ﬁ’ﬁ?wtﬁé’?ﬁ@"%‘? RisRees aftificrESHRRS AR STRW! Eé’%ﬁ"eﬂns alkyl
caII HC S|ty %}ﬁ about 15 cSt, for exam le from
B8 T R e, R NGB o7 o ERRHG AEBbrting to
g;emp N C'a Sgggu%gg?ggg SR NETIBRIEMY bo seleoted
from any of the synthetic or natural oils or mixtures thereof. These oils may be
typical crankcase lubrication oils for spark-ignited and compression-ignited internal
combustion engines, for example natural gas engines, automobile and truck
engines, marine, and raifroad diesel engines. The synthetic base oils include alkyl
esters of dicarboxylic acids, polyglycols and alcohols, poly-aipha-olefins, including
polybutenes, alkyl benzenes, organic esters of phosphoric acids, and polysilicone
oils. Natural base oils include mineral lubrication oils that may vary widely as to
their crude source, e.g., as to whether they are paraffinic, naphthenic, or mixed
paraffinic-naphthenic. The base oil typically has a viscosity ranging from 2 to
about 15 cSt, for example from 2.5 to 11 ¢St at 100° C.
[060] The lubricating oil compositions according to the present disclosure

can be made by adding the molybdenum compound, and any supplemental

additives, to an oil of lubricating viscosity. The method or order of component
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additives, to an oil of lubricating viscosity. The method or order of
component 20 addition is not critical. The molybdenum compounds, along
with any additional additives, can be added to the oil as a concentrate.
[061] The lubricating oil concentrate may typically comprise a solvent and
from 2.5 to 90 wt. % , for example 5 to 75 wt. % of the combination of the
organic molybdenum complex of the present disclosure and the optional
aduippteimentatridddities: Aetobdiegio cerpoarReciaf hetpmseadditional
disclosure, the concentrate comprises at least 25 wt. %, for example at
adeitstes) ven Yecidiedctmibmaticrs ef corgamicatwlybdenum complex and
supplemental additives. IV. PREPARATORY EXAMPLES EXAMPLE I A.

Stagé06 1062T b2 Bipioatingbiofehdedestd phendypRa By @riprisel paf@viht and
aminoethylamino)ethanol, 7.9 g of paraformaldehyde and 43 g of xylenes
froverd Sdea?g et 18a fonciamisio do(ippdd With thetiverhmBiEancsthekorganic
trap, and a heating mantle. The stirred reaction mixture was heated to
mMedylbsteawan saraplesLirimsveseitatsdpratyamhihmantimtelsasiiemental
roduct was cooled to about 60C. B. Stage 2 [063] To the Mannich
agdiivesn Hrealieing Soesris agaeata oi4he presendifisclesnBdtirusencentrate
oxide and 15 mL of deionized water. The reaction mixture was gradually
CHBBESG IR Witz ot R} AR At drapatel. ey of Hsrombiaatian of

the reaction mixture was diluted with 100 g of process oil #5 and filtered.

OrgABI PN RA SO WOHRARR G A WARRAS S8 §488 S of product.
. PREPARATORY EXAMPLES

EXAMPLE 1
A. Stage 1

[062] 52.5g (0.2 mol) of 4-dodecyiphenol, 20.8 g (0.2 mol) of 2-(2-
aminoethylamino)ethanol, 7.9 g of paraformaldehyde and 43 g of xylenes were
charged to a reaction flask equipped with a stirrer, a Dean-Stark trap, and a
heating mantle. The stirred reaction mixture was heated to reflux and water was
removed azeotropically. The Mannich reaction product was cooled to about 60°C.

B. Stage 2

[063] To the Mannich reaction product at 60°C was added 14.4 g (0.1
mot} of molybdenum (V1) oxide and 15 mL of deionized water. The reaction
mixture was gradually heated to reflux with azeotropic removal of water. After 3
hours at reflux, the reaction mixture was diluted with 100 g of process oil #5 and
filtered. The filtrate was concentrated in vacuo to afford 188.9 g of product.

Example 2
A. Stage1
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Example 2 A. Stage 1 21 [064] 211 g (0.8 mol) of 4-dodecylphenol, 83.6 g
(0.8 mol) of 2-(2- aminoethylamino)ethanol, 67.4 mL of 37% formaldehyde
solution and 260 mL of toluene were charged to a reaction flask equipped
with a stirrer, a Dean-Stark trap, and a heating mantle. The stirred
reaction mixture was heated at reflux for 2 hours and water was removed
azeotropically. The Mannich reaction product was cooled to about 60C.

B. Stmmp (0661 § Qammﬂﬂpafm@@a@&?mﬁé@@u%%%?@.waﬁcaﬂaﬁgt@fl g

(0.44 mol) of molybdenum (VI) oxide and 120 mL of deionized water. The

arrgacsthylaniioletinasodradunhyl heteddeoraiahs avillll e 2enitRv G FRIMPS DS of
water. After 6 hours at reflux, the reaction mixture was diluted with 380g

tohfgrrocess chatgedhth Bteractiandlecheenimied inilraautitealftoMEAAGRgk trap,
of product. Comparative Example A A. Stage 1 [066] 52.5g (0.2 mol) of

anti dodleatjhgheaol 6 0f e kDuedemtiiohBig ofe parafocaiaid ehydfbafu Bthours
mL of toluene were charged to a reaction flask equipped with a stirrer, a

arplesatStukstrepevet abheatinginadyticl Enk stiniel nesstitonpridurktweascooled
heated to reflux and water was removed azeotropically. The Mannich

torabeybA®feduct was cooled to about 60 C. B. Stage 2 [067] To the

Mannich reaction product at 60 C was added 14.4 g (0.1
B. Stage 2

[065] To the Mannich reaction product at 60°C was added 64 g (0.44
mot) of molybdenum (Vi} oxide and 120 mL of deionized water. The reaction
mixture was gradually heated to reflux with azeotropic removal of water. After 6
hours at reflux, the reaction mixture was diluted with 380g of process oil #5 and
filtered and concentrated in vacuo to afford 740.2 g of product.

Comparative Example A
A. Stage 1

[066] 52.5g (0.2 mol) of 4-dodecylphenol, 60 g of Duomeen T, 6.3 g of
paraformaldehyde, and 50 mL of toluene were charged to a reaction flask
equipped with a stirrer, a Dean-Stark trap, and a heating mantle. The stirred
reaction mixture was heated to reflux and water was removed azeotropically. The
Mannich reaction product was cooled to about 60° C.

B. Stage 2

[067] To the Mannich reaction product at 60° C was added 14.4 g (0.1

mol} of molybdenum (V1) oxide and 15 mL of deionized water. The reaction

mixture was gradually heated to reflux with azeotropic removal of water. After 3
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mol) of molybdenum (VI) oxide and 15 mL of deionized water. The
reaction mixture was gradually heated to reflux with azeotropic removal of
water. After 3 22 hours at reflux the reaction mixture was diluted with 509
of process oil #5 and filtered. The filtrate was concentrated in vacuo to
afford 177.5 g of product. Comparative Example B A. Stage 1 [068] 52.5g
(0.2 mol) of 4-dodecylphenol, 6 g (0.2 mol) of ethylenediamine, 6.3 g of

hdaeaheraTaldehy e b thivtuRd iphdenriuargenaaeds ipceeaactipnilask

equipped with a stirrer, a Dean-Stark trap, and a heating mantle. The

filstiged Teadiioatmixtiyesvreneated 1o vabuy angdiyaieravas gesmneveduct.
azeotropically. The Mannich reaction product was cooled to about 60C.

CBmPtanti 2@ Tsi¢h® Mannich reaction product at 60C was added 7.2 g
(0.05 mol) of molybdenum (VI) oxide and 7.5 mL of deionized water. The
réactidagenixture was gradually heated to reflux with azeotropic removal of
water. After 3 hours at reflux, the reaction mixture was diluted with 50g of
procéSadil #52ahgl (filferedl) Thé filodte vigiserohd@ gti@t@dielyatuo to
afford 166.8.5 g of product Comparative Example C A. Stage 1 [070]

etbgigreiapinel) BB 4 ¢d decgfonmablchgde @6l bénoil). of toluene were charged
diethylenetriamine, 6.3 g of paraformaldehyde, and 50 mL of toluene were

to cheggelir lrERAGRTRENER At vithResir@iark Depnasthahegiingnmantle.
a heating mantle. The stirred reaction mixture was heated to reflux and

Thesstifrgs geaction mixture was heated to reflux and water was removed

azeotropically. The Mannich reaction product was cooled to about 60°C.

B. Stage 2
[069] To the Mannich reaction product at 60°C was added 7.2 g (0.05
mol) of molybdenum (V1) oxide and 7.5 mL of deionized water. The reaction

mixture was gradually heated to reflux with azeotropic removal of water. After 3

hours at reflux, the reaction mixture was diluted with 50g of process oil #5 and

filtered. The filtrate was concentrated in vacuo to afford 166.8.5 g of product

Comparative Example C

A. Stage 1
[070] 52.5g (0.2 mol) of 4-dodecylphenol, 10.3 g (0.1 mol) of
diethylenetriamine, 6.3 g of paraformaldehyde, and 50 mL of toluene were

charged to a reaction flask equipped with a stirrer, a Dean-Stark trap, and a

heating mantle. The stirred reaction mixture was heated to reflux and water was

removed azeotropically. The Mannich reaction product was cooled to about 60°C.

B. Stage 2
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removed azeotropically. The Mannich reaction product was cooled to
about 60C. B. Stage 2 23 [071] To the Mannich reaction product at 60C
was added 14.4 g (0.1 mol) of molybdenum (VI) oxide and 15 mL of
deionized water. The reaction mixture was gradually heated to reflux with
azeotropic removal of water. After 3 hours at reflux, the reaction mixture
was diluted with 50g of process oil #5 and filtered. The filtrate was

conceprtecn YASHRHRIAELATE 39 Rl Ristuste %Rk Theseligacy 6101

friction modifiers in lubricating oils can be determined by measuring the

mePUTIRBNHEE AR 9OT Cigife B AdENHHIE P aRhiRe VA MHEIr A ERIR) -

Effective friction moditiers lower the lubricant's boundary friction

mbaeficient. JerR]Hyamaletanemomupaia RSB PR aBolNhieveXgter 3
blended into a SAE 5W-30 GF-3 type formulation to deliver 100, 400, 600

haund 800:fipR) e rémttiedinistiacolakiginestt Hithtalig e dumeadsityts and
friction coefficients at these treat rates. Example 2 was significantly more
fileffedtivehet fitichieimg shephoenttatydfiictieoueoeffidferd thdhdagywbpthduct.
molybdenum-containing comparative examples. [074] Many molybdenum
additieLEanTderledictwy ofitsiobibhubniodifiecs|én 1DEikAtibg cdist ciindoe to
the contribution of molybdenum additives is purely an aesthetic issue,
deigornioed pyroeatunity itsbolhd kB Fivtionl s0ditarmt sealdighdreseeey
determine the effects of Example 2 and comparative examples A, B and,
reciprpeingh 6y BdBRith deffiegiive Wigopl srerifiess 10w e iubrisanBaE
5W-30 formulation and in process oil #5. Figure 2 illustrates the results of
beradesy Nitionseeifisintest. Example 2 and comparative example A

produced the lightest oils
[073] Example 2 and comparative examples A, B and C were blended

into a SAE 5W-30 GF-3 type formulation to deliver 100, 400, 600 and 800 ppm Mo
in the finished oil. Figure 1 illustrates the boundary friction coefficients at these
treat rates. Example 2 was significantly more effective at reducing the boundary
friction coefficient than any of the molybdenum-containing comparative examples.
[074] Many molybdenum additives can darken the color of lubricant oils.
Dark lubricant oil due to the bontribution of molybdenum additives is purely an
aesthetic issue, and not a performance issue. The ASTM D 1500 color scale was
used to determine the effects of Example 2 and comparative examples A, B and,
C. These molybdenum additives were biended at 1% treat rate in a SAE 5W-30
formulation and in process oil #5. Figure 2 illustrates the results of the ASTM D
1500 color test. Example 2 and comparative example A produced the lightest oils
in color relative to the other comparative examples. Example 2 produced lighter oil

than comparative example A when blended in the SAE 5W-30 lubricant.
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in color relative to the other comparative examples. Example 2 produced
lighter oil than comparative example A when blended in the SAE 5W-30
lubricant. 24 [075] Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification and practice
of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit
of thegingentiotheeingbindlivaieg by tthe ifallavwing winibesagpaeHiAS tBose
CLAIMED IS: 1. An organic molybdenum complex comprising the reaction
skilted ictiof: aff)fasroptiosdkly:tidostifutes dpstificpitomaticrantipeurfdhel) an
aldehyde source; (iii) an N-hydroxyethyl substituted diamine; and (iv) a
inveolyt dmotosal rege . Tihés onfamiedtigb ttenape cifingien acderamgies be
Claim 1, wherein said organic molybdenum complex is obtained by
corgidener(ds @xeaml i) col Yo mita aractisroprdnot girid ¢b tiveiadelition dleing
(iv). 3. The organic molybdenum complex according to Claim 1, wherein
indisiteidantberieligwiea@iaiosimplex is oil-soluble. 4. The organic
molybdenum complex according to Claim 1, wherein said optionally
substituted hydroxyaromatic compound is an alkylphenol. 5. The organic
molybdenum complex according to Claim 4, wherein said alkylphenol is
characterized by at least one of the following:
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(a) the alkylphenol is substituted with an alkyl group in the para-position;
(b) the alkylphenol contains at least 8 carbon atoms; and (c) the
alkylphenol has a molecular weight ranging from 205 g/mol to 1000

g/mol. 6. The organic molybdenum complex according to Claim 4, wherein
the alkylphenol is chosen from p-octylphenol, p-heptylphenol,
p-nonylphenol, p- dodecylphenol, p-polybutylenephenol, p-polypropylene
phenol, and 2,4-dialkylated 26 phenols, and mixtures thereof, each of

Wiithdhi $h & ABFERNET: substituted with at least one of halogen, hydroxyl,
nitro, amino, alkyl, alkenyl, and alkynyl groups. 7. The organic
molyddenuritSRasRE SRYUYPSRGUHE eiai?ﬁ*amﬁe?ﬁww%%n%%%@h@mﬁuct of:
chosen from p-polybutylenephenols having a molecular weight ranging

from 508)g/MbPRIBHRN GirkelityiediNprepytarepieicaenRoTsa molecular
weight ranging %500 /mol to 5000 g/mol, and mixtures thereof. 8. The
organic 0%5’ dr?o &according to Claim 1, wherein the

aldehyde..source is chosep from, paraformaldehyde, formaldehyde,
aqueoug" St %ﬁ@gﬁiﬂ%ygﬂ}ﬁp%%%%é{eggfﬁl '%y&@f?propionaldehyde,
butyralgqler\{léyd%ﬁoyaalgraldeh dée:, hexaldehyde, and compositions

compri ol eﬁ%g‘aﬁ) fhethanol. 9. The organic molybdenum

o B SRS G A
ARSI NG ), o g o
re SN proAAdS I LR BIRNRIFBEI0Y to Claim 1, wherein the

3. The organic molybdenum complex according to Claim 1, wherein
said organic molybdenum complex is oil-soluble.
4. The organic molybdenum complex according to Claim 1, wherein
said optionally substituted hydroxyaromatic compound is an alkylphenol.
5. The organic molybdenum complex according to Claim 4, wherein
said alkylphenol is characterized by at least one of the following:
(a) the alkylphenol is substituted with an alkyl group in the para-position;
{b) the alkylphenol contains at least 8 carbon atoms; and
(¢) the alkylphenol has a molecular weight ranging from 205 g/mol to 1000
g/mof.
6. The organic molybdenum complex according to Claim 4, wherein the
alkylphenol is chosen from p-octylphenol, p-heptylphenol, p-nonylphenol, p-

dodecyiphenol, p-polybutylenephenol, p-polypropylene phenol, and 2 4-dialkylated
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N-hydroxyethyl substituted diamine is
N-hydroxyethyl-1,3-propanediamine. 11. The organic molybdenum
complex according to Claim 1, wherein the N-hydroxyethyl substituted
diamine is reacted with the optionally substituted hydroxyaromatic
compound at a molar ratio ranging from 1:1 to 2:1. 12. The organic
molybdenum complex according to Claim 1, wherein the aldehyde source

phgrieraalse iycteurdy ehdrotite Baemetafdin g, N eagy etindtisHBa itited:

diamine at a molar ratio ranging from 1:1 to 1.5:1. 27 13. The organic

lensoybe e bzl egenp leydactdrding fasirie) ikyherriniineamdbikgeylwroups.
source is molybdenum trioxide, and wherein the molybdenum trioxide is

reacted with tieeorgasitomqishdiectuon Ehriipiexnaktt)dihg todéinatdo wherein
ranging from 1:2 to 1:1. 14. The organic molybdenum complex according
saiol eliylphendldseihesdn oty pdpolybnutgEmeptisrahs bigbidgraimaemdariseight
The organic molybdenum complex according to claim 1, wherein said
rapgifiihienubGglns to A¥eieminp tolvidenée re pheceds o ine parintpcular
an organic molybdenum complex, comprising: (a) reacting an optionally
weighsfianaing jraxGabaragt eobe s twiteath minkhpsdhwseade and an
N- hydroxyethyl substituted diamine to yield a Mannich base; and (b)
reacting thel KIRGHIEH6 2R YRRIS LRSI B AY ACSOIRRIUDIEIAIT S drgassin the
molybdenum complex. 17. The process accordln%oto claim 16, wherein the

a’%%ﬁbﬁi%ﬁ?%ﬁﬁstﬁﬁ@%%&w ALY iPEOHSRIY deIRIHS

substituent chosen from alkyl groups and alkenyl 3roups 18. The process

ane&aﬂyg?ocamﬁpi%'%&@ et ramPandritude e RAsBisic

va?eral%e% gés ﬁgxglllc%ﬁ and compasitions comprising formaldehyde and
methanol.

9. The organic molybdenum complex according to Claim 1, wherein
said N-hydroxyethyl substituted diamine is chosen from 2-(2-
aminoethylamino)ethanol, aminopropyldiethanclamine, aminoethyldiethanolamine,
N-hydroxyethyi-1,3-propane diamine, and mixtures thereof.

10.  The organic molybdenum complex according to Claim 1, wherein the
N-hydroxyethyl substituted diamine is N-hydroxyethyl-1,3-propanediamine.

11.  The organic molybdenum complex according to Claim 1, wherein the
N-hydroxyethyl substituted diamine is reacted with the optionally substituted
hydroxyaromatic compound at a molar ratio ranging from 1:1 to 2:1.

12.  The organic molybdenum complex according to Claim 1, wherein the
aldehyde source is formaldehyde which is then reacted with the N-hydroxyethyl

substituted diamine at a molar ratio ranging from 1:1 to 1.5:1.

27



19. The process according to claim 18, wherein said alkylphenol is
characterized by at least one of the following: (a) the alkylphenol is
substituted with an alkyl group in the para-position; (b) the alkylphenol
contains at least 8 carbon atoms; and 28 (c) the alkylphenol has a

molecular weight ranging from 205 g/mol to 1000 g/mol. 20. The process
décdidingdo Clainy18; wherein the atikydphenol iﬁa:ﬁh@sﬁﬁb@mhe molybdenum

B&QB@W%@Q‘@&H@H%B%@%% DprylRhenok.n ny§89 Eoe{; § reacted with the

Ien hen polypro ne phenol, a enols,
“0 >&[Pr§§ r@o? L B‘fsﬁ%ﬁ”ﬁia&f%%ﬁﬂ%wé%th&é@ with at
Ieast one of halogen, hydroxyl, nitro, amino, alkyl, alkenyl, and alkynyl

GEOURE AYaliBeBIALRIRACCHIING ER:&)I%': 181 Ele'\.':\'whsearéaqnaék Aphgldnzgdenum

IS _chosen frg@f p-polybutylenephenols hav g a molecular weight randing
B BdO2 I 6 BHbE Hfol, p-polypropylenephenols having a
molecular weight ranging from 500 g/mol to 5000 g/mol and mixtures

hereet. 22ak b BERCRSS ASRRg g%c%bamb}c?ceg ereln, e alkylphen g% hum

ch&%%n from onoalk Iphenols, dialkylphenols, an mixtures thereot.
The pr(’)Sc?a1 %%%Vfﬂﬂé C!élaum 16, wherein the N-hydroxyethyl
substituted diamine is chosen from 2-(2- amlnoethylamlno)ethanol

@WW%@%@&@%@W&'QE %EBNQ%BWQ&W%I {%er ; somp Aaq_% } reacting

I-1,3- propane diamine, and mixtures't
pro essg( ‘?Eaﬁ‘.' Bdé\%ﬁﬁq)fyé’r%’ﬂ%?@lﬁ’fﬁ@%”ﬂwFbwfﬂﬂhé%%tﬁf@oe”d an N-
Mmmﬁ@ymmmmmmmmpmmmnﬁ t28eTheipryeesaing the Mannich
BESOARG IR SR LE: Mu%@'%%‘?n@ltggwggnﬁ;’@w&?b'éenum complex.

17. The process according to claim 16, wherein the optionally substituted

hydroxyaromatic compound contains at least one substituent chosen from alky! groups

and alkenyl groups.

18. The process according to claim 16, wherein the optionally substituted

hydroxyaromatic compound is an alkylphenol.
19. The process according to claim 18, wherein said alkylphenol is characterized by at

least one of the following: (a) the alkylphenol is substituted with an alkyl group in the
para-position; (b the alkylphenol contains at least 8 carbon atoms; and
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chosen from paraformaldehyde, formaldehyde, acetaldehyde,
propionaldehyde, butyraldehyde, valeraldehyde, hexaldehyde, agqueous
formaldehyde, aqueous compositions comprising formaldehyde and
methanol, and mixtures thereof. 29 26. The process according to claim 16,
wherein the Mannich base is prepared in the absence of a solvent. 27.
The process according to claim 16, wherein the Mannich base is prepared
in a soli@rhecriiytigiendbhena.@8lethimprocighs rmeapndifigpto 2Ein/&r@) to
wherein the Mannich base is reacted with molybdenum trioxide in the
presdff® gfmelter. 29. The process according to claim 16, wherein water
is azeotropically removed during the reaction of the Mannich base with
molyBdenurhheioxidesSGcruedpigdedsiaice drdimg weaivnel 8 kwhbesiol e
N-hydroxyethyl substituted diamine is reacted with the optionally
chassstitiaBumoehdrsfshaibepiyipband ap-aafvianend. pafesiagyishencl, p-
to 2:1. 31. The process according to claim 16, wherein the aldehyde
palypvbdas9phpRrcPRISY TARYGES R ReACEEY RithdbMalpgraRgeels and
substituted diamine at a molar ratio ranging from 1:1to 1.5:1. 32. The
mixtyEesdhsEestdRgIPEMNCE nRnBRiH ther MR sehwib Atiepst one of

hqu?%lgbdenum trioxide, and wherein the molybdenum trioxide is reacted

thd KALTETBERPRBO nAbK ST SRE AEMY:STRUPS:. 33. The
oy Bl R 5 FHOHULLE WEUBr o HE Sl e ARleTRaRb s
ch@ggﬁbﬁgr%uénp%?y rﬁ?yiénr@B gr(ljo Q%ngving a molecular weight ranging from 500
g/mol to 5000 g/mol, p-polypropylenephenols having a molecuiar weight ranging
from 500 g/mol to 5000 g/mol, and mixtures thereof.

22.  The process according to Claim 18, wherein the alkylphenol is
chosen from monoalkylphenols, dialkylphenols, and mixtures therecf.

23.  The process according o Claim 16, wherein the N-hydroxyethyl
substituted diamine is chosen from 2-(2-aminoethylamino)ethanol,
aminopropyldiethanolamine, aminoethyldiethanolamine, N-hydroxyethyt-1,3-
propane diamine, and mixtures thereof.

24.  The process according to Claim 16, wherein the N-hydroxyethyi
substituted diamine is N-hydroxyethyl-1,3-propanediamine.

25.  The process according to Claim 16, wherein the aldehyde source is
chosen from paraformaldehyde, formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, valeraldehyde, hexaldehyde, aqueous formaldehyde, aqueous

compositions comprising formaldehyde and methanol, and mixtures thereof.
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trioxide. 35. A lubricating oil composition comprising a major amount of an
oil of lubricating viscosity and an organic molybdenum complex prepared
by a process comprising: 30 (a) reacting an optionally substituted
hydroxyaromatic compound with a formaldehyde source and an
N-hydroxyethyl substituted diamine to yield a Mannich base; and (b)
reacting the Mannich base with a molybdenum source to form the organic
TholylSddRGRTEBRIER 936 SAHE iLbrciiRg dicckiriptditisii ascarnngtdn the
Oinead6{ whevem.the organic molybdenum complex is oil-soluble. 37.
The lubricating oil composition according to Claim 35, wherein the
molybdenum source is a molybdenum oxide. 38. The lubricating oil
Hlorh o SIFSR S ESFIBERS Gl 155 MOREREI T SR U PSeis 8 2
wistybdenumstnipietierd9. A lubricating composition comprising the organic
molybdenum complex of Claim 1. 40. An antioxidant composition
comprising the organic molybdenum complex according to Claim 1. 41.
2 R CO S TR BB St B O Aol A
mediybdermrmicodepleibesppessent isf thet @omposition in an amount
sufficient to provide molybdenum in an amount ranging from 75 to 250

. 42. The antioxidant composition according to Claim 40, further ‘
%@g%?igrﬁaeéﬁ%%%we i et Baiineis @il isarralinricrAYtRtRREd during

teelferitisah of the Mannich base with molybdenum trioxide.

30. The process according to claim 16, wherein the N-hydroxyethyl substituted diamine
is reacted with the optionally substituted hydroxyaromatic compound at a molar ratio
ranging from 1:1 to 2:1.

31. The process according to claim 16, wherein the aldehyde source is formaldehyde
which is then reacted with the N-hydroxyethyl substituted diamine at a molar ratio

ranging from 1:1 to 1.5:1.

32. The process according to claim 16, wherein the molybdenum source is molybdenum
trioxide, and wherein the molybdenum trioxide is reacted with the Mannich base at a

molar ratio ranging from 1:2 to 1:1.

33. The process according to claim 16, wherein the molybdenum source is a

molybdenum oxide,

34. The process according to claim 16, wherein the molybdenum source is molybdenum
{rioxide.

35. A lubricating oil composition comprising a major amount of an oil of lubricating

viscosity and an organic molybdenum complex prepared by a process comprising:
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phenate detergents, and ZDDP. 43. An anti-wear composition comprising
the organic molybdenum complex according to Claim 1. 31 44. The
anti-wear composition according to Claim 43, wherein the organic
molybdenum complex is present in the composition in an amount
sufficient to provide molybdenum in an amount ranging from 50 to 100
ppm. 45. The anti-wear composition according to Claim 43, further

comprisify) asdeanteneoptioniily comiainingdadaiyeppselatRRBnmHuhd with a
deposit control composition comprising the organic molybdenum complex
forgeoddingdie sdiaior hndilanTNehgeposjicthyitmiissimpesitdomass todigdea
Claim 46, wherein the organic molybdenum complex is present in the
Meomipbsitise;imah amount sufficient to provide molybdenum in an amount
ranging from 75 to 250 ppm. 48. The deposit control composition
accordinh)toe@istimg46e fvidneiclo drape siilly & fealybdrewhdiphrasytarfinesthe
and sulfurized phenate detergents. 49. A friction modifying compaosition
orgsnisriIviakyRRervIgeetwlebdenum complex according to Claim 1. 50.
The friction modifying composition according to Claim 49, wherein the
orgart® molythgekirtebrapdcrprestitirpgrechngosiiem b anahesein the
sufficient to provide molybdenum in an amount ranging from 250 to 1000
OWE.CHPPW%%WW%@&WB@F%n according to Claim 49, further

comprising an antioxidant. 52. An additive concentrate composition
Compf?i-éing tﬂéedfﬁ%ﬂﬁ%t'“g oil composition according to Claim 35, wherein the

molybdenum source is a molybdenum oxide.

38.  The lubricating oil composition according to Claim 35, wherein the
molybdenum source is molybdenum trioxide.

39.  Alubricating composition comprising the organic molybdenum
complex of Claim 1.

40.  An antioxidant composition comprising the organic molybdenum
complex according to Claim 1.

41.  The antioxidant composition according to Claim 40, wherein the
organic molybdenum complex is present in the compositiont in an amount sufficient
to provide molybdenum in an amount ranging from 75 to 250 ppm.

42.  The antioxidant composition according to Claim 40, further
comprising at least one of diphenylamines, sulfur-containing additives, sulfurized
phenate detergents, and ZDDP.

43.  An anti-wear composition comprising the organic molybdenum

complex according to Claim 1.
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molybdenum complex of Claim 1 and a diluent process oil. 53. The

additive concentrate composition according to Claim 52, further

comprising at least one additive chosen from dispersants, detergents,

anti-wear 32 agents, anti-oxidants, viscosity index improvers, pour point

depressants, corrosion inhibitors, rust inhibitors, foam inhibitors, and

friction modifiers. 54. A process for reducing the oxidative environment in

a lubrgatingreik sefmpesiticrmitsimnTassanprisiMl=enaBinkg: i the

lubricating oil composition an effective amount of the antioxidant
orgampositighdeuardcwgripl €3 d&npré8e bbinAipsanespdeitinbiicatirgraunt sufficient

crankcase, comprising adding a lubricating oil composition according to
toQlaimdeonogtmtankoaseab Grnioordamkogseyl Glmic i@ dovitd pomposition

according to lubricating oil composition according to Claim 35. 57. A

process for imprantihyehe axitkephictasitiordhg fodeieiingBofutbenmosipgising

adding to the lubricating oil an oxidation stability improving amount of the
atdrgahienaoif Budwuee BeinmeedtbkamandyHakdth the oxidation stability

improving amount of the molybdenum complex is sufficient to improve the

oxidatfre stabfiRpesitiie s camepsilian CunTiFed thargaaiitemolybdenum

lubricating oil except that it is devoid of the organic molybdenum complex.
CHBPIEXARRIFEEYde BRiMgl to Claim 57, wherein the organic molybdenum

complex is present in the lubricating oil in an amount sufficient to provide

at ledtt-50 piif BERRSISIRHEh R PRSHINEREPRIBIAIM G GimsE Avherein the

roc;essf;?)r i provin%th fuel economc}/ of an internal combustion engin
J "2 {dg

oL gRIG By SR BLAT Ak B REPR B RRG SR TRIALSHREN AL BBIAKEEYHcient

to provide molybdenum in an amount ranging from 75 to 250 ppm.

48.  The deposit control composition according to Claim 46, further
comprising at least one of diphenylamines and sulfurized phenate detergents.

49.  Afriction modifying composition comprising the organic molybdenum
complex according to Claim 1.

50.  The friction modifying composition according o Claim 49, wherein
the organic molybdenum complex is present in the composition in an amount
sufficient to provide molybdenum in an amount ranging from 250 to 1000 ppm.

51.  The friction modifying composition according to Claim 49, further
comprising an antioxidant.

52.  An additive concentrate composition comprising the organic
molybdenum complex of Claim 1 and a diluent process oil.

53.  The additive concentrate composition according to Claim 52, further

comprising at least one additive chosen from dispersants, detergents, anti-wear
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engine the lubricating oil composition of claim 35, wherein the organic
molybdenum complex is present in an amount sufficient to improve the
fuel economy of the internal combustion engine using the crankcase
lubricating oil 33 composition, as compared to the engine operated in the
same manner and using the same crankcase lubricating oil except that
the oil is devoid of the organic molybdenum complex. 60. The process

agaeeordingdeidants) SRcobiefahdrararganissnlvbgentragsesiantts corrosion
present in the crankcase lubricating oil in an amount sufficient to provide
intableas) A% ppimisifongfielenomiicotse dndsfrizt duarioaitg9il. 61. A
process for reducing deposits in an internal combustion engine
compdsingAisingassdoraatoase It icatiagivd éowtivanmtarhiad adohbicstion oil
engine the lubricating oil composition of Claim 35, wherein the organic
complyditienuine coogsiex ¢om@ssnginembanieg mitulfieiririoaténliod deenposition
weight of deposits in an internal combustion engine operated using the
ancefierbseambtivhohd ek aloxdanarea o s weighrdirdeisosiaimm 40e
engine operated in the same manner and using the same crankcase
lubri€&ting Gilksreeps ot uhsi eatiede voansease, BRjapItS NG igBaEgum
complex. 62. The process according to Claim 61, wherein the organic
lubrisRiBNEAl FPERABIEQNLSROsdING A ddrami isa RIBAKSARE-oil in an
amount sufficient to provide at least 50 ppm of molybdenum to the
finist8 UL EERREGIPERPAGHIGE ek G FodmRARfiRR ACrPENAt i Mdpricating o
combustion engine comﬁagsin using as a crankcase lubricating oil for the

COMRLRLCELATHAELES &1 SN 1ubricating oil composition of Claim 35,

herein the organic molybdenu
W ergw eA p?ocess o] improvmg the oxidation stability of a lubricating oil

comprising adding to the lubricating oil an oxidation stability improving amount of
the organic molybdenum complex of Claim 1, wherein the oxidation stability
improving amount of the molybdenum complex is sufficient to improve the
oxidative stability of the lubricating oil, as compared to the same lubricating oil
except that it is devoid of the organic molybdenum complex.

58. The process according to Claim 57, wherein the organic
molybdenum complex is present in the lubricating oil in an amount sufficient to
provide at least 50 ppm of molybdenum to the finished lubricating oil.

59. A process for improving the fuel economy of an internal combustion
engine comprising using as a crankcase lubricating oil for the internal combustion
engine the lubricating oil composition of claim 35, wherein the organic
molybdenum complex is present in an amount sufficient to improve the fuel

economy of the internal combustion engine using the crankcase lubricating oil
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complex is present in an amount sufficient to reduce the wear in an

internal combustion engine operated using the crankcase lubricating oil,

as compared to the wear in the engine operated in the same manner and

using the same 34 crankcase lubricating oil except that the oil is devoid of

the organic molybdenum complex. 64. The process according to Claim

63, wherein the organic molybdenum complex is present in the crankcase
cobiprisititng a8 toarpareguotisuficient tpprawdddratieasirbd pRimrel and using

molybdenum to the finished lubricating oil. 65. A process for providing
théristior madificate huirriaatintevilabeapbiisiicheanpin € emnpoSthg usipgias

a crankcase lubricating oil for the internal combustion engine the
mbipbidating oibrghegosition of Claim 35, wherein the organic molybdenum

complex is present in an amount sufficient to reduce the wear in an

inter®8l combestimress) rrcopingtbel Clsing St wharedatee obgiraiing oil,

as compared to the wear in the engine operated in the same manner and
mokipdememseampay ik eaesaiibndanme dikersspubirigatiecoiiinden cidesnt

the organic molybdenum complex. 66. The process according to Claim _
suficiaiidropiamid @ Rjdarst B IppaRAlIMAYrRISIBMT toriwe fibisherd lokiiftatingoil.

lubricating oil in an amount sufficient to provide at least 50 ppm of

molyBenufh REAFRSHRHEI UG dERG YIS BEanIinisteUerrebustion engine

MOLYBDENUM DERIVATIVES DERIVED FROM .
COPHRASHAANEL AR aSTARSF758 MR cRiaiadhs bl mslonmiustion engine
th_erm‘:ﬁn%la Ecnzlg'%i gg{nlﬂzposition of Claim 35, wherein the organic molybdenum
complex is present in an amount sufficient to reduce the weight of deposits in an
internal combustion engine operated using the crankcase lubricating oil, as
compared to the weight of deposits in the engine operated in the same manner
and using the same crankcase lubricating oil except that the oil is devoid of the
organic molybdenum complex.

62. The process according to Claim 61, wherein the organic
molybdenum complex is present in the crankcase lubricating oil in an amount
sufficient to provide at least 50 ppm of molybdenum to the finished lubricating oil.

63. A process for reducing wear in an internal combustion engine
comprising using as a crankcase lubricating oil for the internal combustion engine
the lubricating oil composition of Claim 35, wherein the organic molybdenum
complex is present in an amount sufficient to reduce the wear in an internal

combustion engine operated using the crankcase lubricating oil, as compared to

the wear in the engine operated in the same manner and using the same
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The present disclosure relates to organic molybdenum complexes
prepared by reacting a Mannich base with a source of molybdenum. The
complexes may be useful in lubricating oil compositions as at least one of
an antioxidant, a deposit control additive, and a friction modifier. The
organic molybdenum complexes may show a reduced tendency to color
finished oils. (FIG. 1) 36

crankcase lubricating oil except that the oil is devoid of the organic molybdenum
complex.

64. The process according to Claim 63, wherein the organic
molybdenum complex is present in the crankcase lubricating oil in an amount
sufficient to provide at least 50 ppm of molybdenum to the finished lubricating oil.

65. A process for providing friction moedification in an internal combustion
engine comprising using as a crankcase lubricating oil for the internal combustion
engine the lubricating oil composition of Claim 35, wherein the organic
molybdenum complex is present in an amount sufficient to reduce the wear in an
internal combustion engine operated using the crankcase iubricating oil, as
compared to the wear in the engine operated in the same manner and using the
same crankcase lubricating oil except that the oil is devoid of the organic
molybdenum complex.

66. The process according to Claim 65, wherein the organic
molybdenum complex is present in the crankcase lubricating oil in an amount

sufficient to provide at least 50 ppm of molybdenum to the finished lubricating oil.
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