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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Background of the invention

[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



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]
framnShe atifitidtoo#68R 2k dindladed@paslyhaenurarcaotaining, Mauichpias
composition comprising a sulfur compound and an oil-soluble
engvlywdenbea epmpyutidsdihs!silesol ubleandlpdeidvardbmpearsdimlybdenum,
prepared by reacting a hexavalent molybdenum compound with an alkyl
whgnitecfbpBlne Yy, hatkheslosioRBoio 3B iy eirespedvedativxigan paclgithies,
for lubricating oils. The additives are prepared by combining a polar
imprevRsterxigatiapierninelyibrravad crnpstiseondnd atshiipritreddriction
compound to form a molybdenum-containing composition. [007] U.S.
megificiativm for 5eel e258MENeses molybdenum-containing compositions
prepared by the reaction of aﬁrcgg%/bdenum acid with a phenol, or an
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amine.‘£008] The performance of molybdenum compounds as friction
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limited to: 1. The s@eri in whic tEF addjtive is being tested. The design
MR B AR HY e SEDPERGIHE SSDPRATIHOMBRI IR AFEPared by
regg w'm%vg f'nsegg\l/%?e%\/%lw% &%gegg%cg%ﬁ%%%rn a\ﬁﬁﬁ'an alkyl amine.

[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. The other types of additives present in the olil. It 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
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a number of problems that have limited its widespread use in lubricants.
3. Thesechephieanstrinstiudeontiieasi-eoRISoIeR/ R ks fFtaNd is well-

corrosion. [010] Color Imparted by Molybdenum Compounds [011] Many
kroalyhbensinucaciatipldiiessdelivelybiginlenelsidticotoreshend diestevensat

moderate levels in crankcase oils. The tendency of molybdenum
frigtiditivesiiberslonfiaish g erasidoaiSEstilsdnaltiassiited in the

commercialization of a limited number of oil soluble molybdenum
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purely an aesthetic issue, and is unrelated to any performance property
ofoprpkbeiiiet ibatnpaumlimitettie widganiead msada ilsisariowd s incekigims
_lubricants, a light oil is viewed as a clean oil. Alternatively, a dark oil may
inglid@fhies ot Reeoky ol selubilityr ashantharstraostandpoint, it may

be undesirable for the ¢ er to perceive that a specific motor oil
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oils may therefore be desired for marketing purposes. [012] When hif;hly

colortH HolyMfENURCEGRHRRYM Ae cluariofiRsyaIRigs high levels of color when

used even at moderate levels in crankcase oils. The tendency of molybdenum

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



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
lel@ig)Wajed Watdmpemilddiaseeanclaiesming G singsHe M FA RS as
color scale. Two types of unacceptable colors are possible. The first type
friofidisnaldifitistiore slidisoloea itk g atitgh @iyHIRdanil 500 scale. The amount
of acceptable finished lubricant darkening depends on the customer and
appligatioin. Therbtiareaiy st stalodafdalfpfdhedatedntrafkdisooldiatias been
darkening that is allowed. Generally, D 1500 ratings equal to or greater
dateimBiochrsiogribel &S dMiad&dfableferal éiniShedtgpaskafasmoide GaktEn
customers may find it difficult to market and sell such dark crankcase oils.
cotpis ecpassiplse ditisisidiaonfshedalosstinn reautls iorm trriDraBapon the D
color scale. These finished crankcase oils, in addition to showing no
15R8teRalere HsoAReY Hpk amgaiabte finishasstubnioantig erino difends on
market and sell such dark crankcase oils. [014] Oil Solubility of
thgreWHaEAe ARpbeAirN 0 THEMa#E eorsricstaanipalaifrfe amount of
_molybdenum additives designed for use_in lubricants exhibit limited
diserlieitiem Wheanieniag lshiiaat prsshicEeopralidapted et gaual to or

mol%bdenum product in |ubricant applications, the product will generally
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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.



lubricant, it will 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. 4 [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
molyfstféi umos jaivbdare pvendsst raw materials. [018]
Corrosive Effects of Certain Molybdenum Compounds [019] Many
molyBteiumMetyhisogiesesrtig Sekur viRvecorasancexpiessiifaradditive for
various crankcase applications may be detrimental because certain types
crapkeiee arplifedinipatibertafisdsesesrfesdls hith eest Blersrigandhe fact
Even the less aggressive forms of sulfur can be corrosive in very high
thed mssrarirh erepReRSECBh MRl Rsiaity REpE Yn e uP {ANIGYALS, 61 9- less than
oxygen and water are present. There are also trends to reduce the )
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start to become_ a reality, additives containing sulfur will become less
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friction .modifiers function by a decomposition mechanism that results. i
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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 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



mixed molybdenum sulfide/molybdenum oxide layer on the metal surface
of the engine. The molybdenum species that form on the metal surface
may vary 5 significantly, and their composition is affected by the types of
additives in the lubricant and the engine or test design. For example, it is
known that molybdenum dithiocarbamates decompose when heated to
producet?roducts that include free .amipe and carhon disulfidg Both such
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invention may provide benefits to compositions, including lubricating
SSPPROHHD RS WEB Qb teeprotienasgiom ey gssoaitiednwitly, free amines are
molybdenum additives. The properties of the organic molybdenum
lcmwpléxde digghessitd éreiardmagriniiugpest (dadastnmef #eplopeesent in a wide
effectiveness as friction modifiers, reduced tendency to color finished
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rocess. SUMMARY OF THE INVENTION [022] In accordance with a first

ep fer@siditisadeat aredryam SHiipREEmaABIiex comprising the
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tﬂ@@#@?éﬁt“%&%’%t%ﬁ‘ﬂl&k}%ﬂk}mes%%%s to compositions, including [ubricating
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



[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 6

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 molybdenum complex. [024] According to a third aspect,
senege angravidelyanorraiBrhe batikdaddaminedeniigidiadanmigbasseand (b)

of an oil of lubricating viscosity and an organic molybdenum complex ,
reseinget sy MBIt LESTYIEN G (&?9@&%‘&%‘% sopiithafy Qibktiiegroanic
I_qi@(ﬂ@ﬁﬁaromatic compound with a form aldehyde source and an

Q%ﬁﬂ/mgl%(stituted diamine to yield a Mannich base; and (b)
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as defined above. [024c] According to a sixth aspect, there is provided an
optidinaiias costinesdibpdrorypringtitheopnganicindly dfanmaldehyde sasce and

defined above. [024d] According to a seventh aspect, there is provided a
addﬁd&@dmﬁmtbvb@mww\ diamprisitty tieddoag blaomeblydaden amdc Gmpaacting
th‘f’ I?Aeaf;wrr]a?gh ?Jtz)a%\ée{/vith a molybdenum source fo 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.



[024e] According to an eighth aspect, there is provided a friction

modifying composition comprising the organic molybdenum complex as
defined above. [024f] According to a ninth aspect, there is provided an
additive concentrate composition comprising the organic molybdenum
complex as defined above and a diluent process oil. 7 [024g] According

to a tenth aspect, there is provided a process for reducing the oxidative
envirfPrfieht in a 1GsaCEdING & olepibsrreahdhsiscisPrevidastigingocess for
combining with the lubricating oil compaosition an effective amgunt of the

redRg ik %Eggﬁi&?‘géoaﬁfﬁ%d’%ﬁo\l)@?rféﬁmﬁ REBPRGIHA e G RERCESS
e R A A SR o v
afifd% aﬁﬁ%%‘%ﬁéﬁ%@ﬁ%ﬁ%géwgyéh aspect, there is provided a

crankcase with a composition according to lubricating oil

compesilign as defipgdafiieea [BR4EMCCRIsERY RGN ISRNIHER YFbcess for

there'is provided a process for improving the oxidation stability of a
iohcienitng eibeRouNESIBENAsIFRG taddnAg lHhiBAEaENe | iInceMgatitia s ad idfined

improving amount of the organic molybdenum complex as defined above,
ahher ¢inatioeaakictatéon stability improving amount of the molybdenum

complex is sufficient to improve the oxidative stability of the lubricating oll,

as coffpdijed to thecandindulorieativelftil aspept. tiizare issdenyidesd a crankcase

lubricated with a composition according to lubricating oil composition as defined
above.

[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



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
engin®2dling the Aesokdingetouaritamhotspmei daaiers awddesarepraesss for
the engine operated in the same manner and using the same crankcase
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complex. 7a [0241] According to a fifteenth aspect, there is provided.a . ,
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sufficient to re e weight sits In an internal combustion
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weight of deposits in the engine operated in the same manner and using

tibevsIMEctraskeass innsangreil speepidnat the sinim daxaitkobie using the
organic molybdenum complex. [024m] According to a sixteenth aspect,
stimeee samnicsaded lalpicatss foil mdepindghabdhm ail irdedeasdotdnadulteororganic
engine comprising using as a crankcase lubricating oil for the internal
niisestion egmexthe lubricating oil composition as defined above,
wherein the or%anic molybdenum complex is present in an amount

[024m] According to a sixteenth aspect, there is provided 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 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.
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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 combgstior_l engine co_rg risin
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the oil is devoid of the organic molybdenum complex. 7b [025] Additional

Dhjecis:pindtathepiagednfitheimedrdianiihidbsppentiusthclimart in the
description which follows, and in part will be obvious from the description,

or majoé]leartiets by peacticerstabd et itodh. thitdabitg)ageheral description
advantages of the invention will be realized and attained by means of the
Adrifenfslianing slatitedidespintieuRi ysmeayand sv@psiananly and are

claims. [026] It is to be understood that both the foregoing general
npideapirtie Al dpdnsiiomPasiaid§description are exemplary and

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

BRIEF DESCRIPE%%E W%ﬁ%@ﬂi@qmééﬂustrmes the

boundary friction coefficients of finished o
[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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containing molybdenum additives. [028] Figure 2 illustrates color formation
in various oils containing molybdenum compounds. 7c DESCRIPTION
OF THE EMBODIMENTS [029] Reference will now be made in detail to
the present embodiments of the disclosure, illustrations of which are
illustrated in the accompanying drawings. [030] The present disclosure
relates to an oil-soluble molybdenum composition useful as an

antioxidant, a depqsisORWSTRONiIbE THE EfisEEMERFEr. The

composition comprises an organic molybdenum complex prepared by a
two-g@oprodestereirst, wilianwibh hasteimpiepdres thy rrastngeintaiments
organic solvent such as toluene, an alkylated phenol, an aldehyde source,
ofdihe disdosyerdtysittaficnsbetitvivech diseriihetEedNtatinichcbase Hnying
formed is then reacted with a molybdenum source, such as molybdenum
drgigiige, and water, with the azeotropic removal of water, to form the
organic molybdenum complex. One advantage of the organic
molyBHum dsnisrsepialiseias i tritataa te anisiteni uble coviylidgnmay
show a reduced tendency to color finished oils, and may show improved
CIBRBFHAR St afriaficin HfvdR! fer dappatiowuring| Asislitiagionrd & friction
PREPARATION OF THE MANNICH BASE [031] Mannich bases may be
MeBiifTed B§ RORRAYUPRABIE ESHITIE goRp SR AL FypIss rEapared
and an N-hydroxgethyl substituted diamine. According to certain aspects

bR FERR REAEER B R MRRNREHPBE8 SrigpRsred by reacting, in an

organic solvent such as toluene, an alkylated phenol, an aldehyde source, and an
N-hydroxyethyt 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 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



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-hydoxyethyl-substituted
diamine, and further provided that the final product shows sufficient oil
solubility. A suitable 8 hydroxyaromatic compound may be a phenol. In

hsedgaprmnitbdhpaieaantdiss e dhe RyskexBIRRaAlRICATBRREEENt

may be substituted with at least one substituent other than the hydroxyl

digwiriyrd e KaarpleAbInast eampulattuen) raay;bsttesenifrom el one
and alkenyl moieties, such as Ci-C4 alkyl and alkenyl moieties.

siRefitesentative thxarthyas/afdxdiasyeo nfaicexompm)ndsastiohingiisstituent
process disclosed herein include phenolic compounds, including
malkylescibhsticut & npbiadlsnd bikeolid camrtiesndadhaisniaytheatisé dnachliceyl
high molecular weight alkyl-substituted derivatives of resorcinol,
miojetiesuiRepe; sraklly e abeamplesybé iyl rdydroxydipb enyhpbendyl plefwlin the
phenethylphenol, naphthol, and tolylnaphthol, among others, all of which
proessbalisetivnnsl péreindndubstipbebliitboanpaothds, sudheting ik Fireubitiduted
substituent may be chosen from, for example, halogen, hydroxyl, alkyl,
pharets, Bigrslicriespanadsiig radicatsupedinshaabighmigiegular weight
examples of suitable oxyaromatic compounds include 4-octylphenol, 4-
alkKppBHEHEd ARdYRivee (81 resrIcingb duslipaenon $0383 3k satechidy xylenol,
also be made of polypropylphenol (formed by alkylating phenol with
hBRprRINERY), BSIFHB IR RIS (rRIIE SRy olGARINOb HtbiitRaphthol,

olybutenes and/or polyisobutylene), and polybutyl-co-polypropylphenols
ar%eﬁlﬂé)ahers, all of w ic% may t}/e opt?ona!lyeu her%ubstﬁutég w?t I%my other

substituent. The other substituent 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



by alkylating phenol 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

isobotpinseatierst pRIpymnueight otidylens sagies Hrisopaylenrasdietituted

propylene units. Such compounds may be further substituted with at least

witinetddditianad gratipoeatgraliy) groupskyogexarspier GkSH kgl - psiRs!
such as methyl. According to one aspect of the present disclosure, a

grewipsbsihiidrexyatbyhatic comipaundmaydpepobfisob prdsees distleure, a
comonomers polymerized with propylene or the butylenes may be
suilipina thy dreek vare alsticontapoundrvadip hatipolyisopsihdagesstyrdine, comonomers
o-methylstyrene, p-methylstyrene, divinyl benzene, and the like. Thus, in
Py etigedvdtresttmytepelphibes kinkleops iyrarite adipbatidamdincgntaiso contain
alkyl-substituted hydroxyaromatic compounds may be substantially
noflistahiety areeRfb Srchol YN, Bmhyishiiefipheroptioisisgng, diviny
alkylating phenol with onbuterne) may be suitable for the purposes of
beRzenesa theclbsur Wﬁe‘%&?ﬁ&@ﬁﬁféﬁdﬁﬁ%‘%@ﬂb@ﬁﬁ@d copolymers

substituted with, for example alk groups, such as lower, e.g., Cj- C4,
U%Qyﬂg%wegfﬁieeﬁmpié GRS hVQGE&Y@ﬁQB‘ﬁh?e?CﬁF@Qb‘Qa%@P@é{sb‘?or

Ie halogen, hydroxyl, alkyl, alkenyl, alkynyl, nitro, and amino
3%@&?%%%@@%’@9@8 bt-the present disclosure, the

gg‘yﬁmh O e Ry Ry e S R o6 ) 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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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

Ofleniagumtggoiing goylidens, graldp, feanar & aatiadk Fuelisasn forming the
described, for example, in U.S. Pat. No. 4,152,499, and W. German 10

loQffeimbédiy ailgdatdadifilzhOr8dtawhich may also be suitable for use in
forming the long chain alkylated phenol reactant. [036] The alkylation of
the hiyd@ixybhenaditidatiom pdtine nydyolxg rerfartivachimpthendrasgnice péddrmed
alkylating catalyst at a temperature ranging from about 50 to about 2000

in thenpidreoambyists rmkkylgting cdkalyst el ttoeratteeFaadiigTraftsabout 50 to
alkylation. Typical catalysts used in commercial production include, but

ahgrel RO TiRitéTidicseatatisiacitaB Benatayimempte fopidenote Friedel-Crafts
methane-sulfonic acid, cationic exchange resin, acidic clays, and

aligyisdined 2uBirakCriaypisHesR Y CRmMmersict pihedtrion ioe!tiss benzergenot

. ring of the phenolic compound may be derived from polyolefins having a

linitgH e r SNEHE @ RidI B Ular WRigHTOPhesR dee Lt stitarReasidirrioaeigorationic
example, from about 500 to about 2000) as determined by gel permeation

XIS B Ry s Y HdRedied #agfilgso have a polydispersity
(wel ve@%e molecular weight/number average molecular w(;irght) in )
the i&#ﬁ of 454009 BB, SePFHATIRAMINABBIFES AR theghenolic
determic?ed b

compoun mayybgﬁgﬁved from 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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[038] According to certain aspects of the present disclosure,
polyalkylphenol reactants, e.g., polypropylphenol and polybutyiphenol
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

D0|ngﬁé?nﬁélﬁ)ﬂm&?t6l&’éh§fnaé/$§8@. snalecias gl iR angst8ble
from 650 to 950. 11 [039] According to certain aspects of the present

cahifiglasiiem argniiadlle/ cRgUIRIORRESE AMRUPSHIHERAING may be that of a

hydroxyaromatic compound may be that of a para-substituted

parosakaiiyizheneinblowgiicasly Miyebenaingamilypeasiveasithy feactive with

optionally substituted aldehyde may be employed. Thus, amines made
thisarptidryalpsydratitatid eddepodadsdyavingraplyyere rmuslgrhmdistibestrom
or at least two ring alkyl substituents may be suitable for use in
hatrosydamcaivitbainp puessritadisgl osly @nehing mtkghaum stikyb sy s titikatst two
may contain some residual unsaturation, or may be substantially
ringyalkated biidugntsipsahbearditad o tamireatvodifanotsitiettenprebain
alkyl groups may be partially unsaturated. According to one aspect of the
digpesosare! bieel angycinimaliiy by bstipsntayrraw ecantiiossensf residual
unsaturation ranging from 5 to 80%, for example from 10 to 50%. [040]
unsgdaiting tercaraxiRaspbstarsiathe siesainchrlkid arasinde According to certain
hydroxyaromatic compound may be an alkylated phenol, may be
e@éegtmﬁ@tﬂﬁhﬁé‘)l@%@lﬁﬁsﬁhm,Wédﬁﬁaﬁbam@a@ﬁ@wwrat@ms%rdm
may have a molecular weight ranging from 205 g/mol to 1000 g/mol.

tO@é&?&p@C{d}gmﬁﬁg%{%g&5hﬁ1@ng—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 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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present disclosure, suitable non-limiting examples of the hydroxyaromatic
compound include phenols alkylated in the para-position with
polypropylene, e.g., polypropylenephenols having molecular 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

indrfis iakvlated pbesieIsTIANLERGRIdevde sSovise Mseiuh g e f?r example

purposes of the present disclosure may include any source capable of

thBERVIIRG iAThg Aoy derdosnafisipadeorhd BudreManiichuaastionciifidenyde,

aldehyde source can be any aldehyde, for example those containing from

prbibA:gashgaatBMSrauEheadovaaldainiiriacriallebii®s, and the like.
propionaldehyde, butyraldehyde, valeraldehyde, hexaldehyde, and the

Aldehydddahjtdessdtahtejardbecsuwporesreb it fiesesltiSalepiieaythe low
include the low molecular weight aliphatic aldehydes containing from 1 to

mélearbnatigivsatiptiatis afdemaldehydeaintetaidenyde) Hutyraddehiyees such as

isobutyraldehyde, and the like. According to one aspect of the present
fodsakdslyd etlacatdladel s phutyr altighipden i fobmbldagtede unce tSultkble
non-limiting examples of formaldehyde sources include formaldehyde,

Agrnafogrialaohyaineridbithscoes fotrmidebyde, soiutibiedydadease may be a
formalin. The formaldehyde may be inhibited or uninhibited, and may be

formadighiuectep eseamn Steitaile oos-drmiipg eusaliesifdevhaidahjoiezjources
According to certain aspects of the disclosure, the aqueous-alcoholic

inglhide dprNnlsie bedsg heseis imatdehytie crndrausiou faraadighie solutions,

_solutions, wherein the formaldehyde may be present as a 5 to 80%
SUEH &% [R188liior he formaldehydée 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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containing 0.5 to 60% aqueous alcohol solution. Non-limiting examples of
such solutions include 37% aqueous formaldehyde containing 1.5%
methanol, 37% aqueous formaldehyde containing 15% methanol, 44%
agueous 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

indiadRires:-AnyHeRIMRRAHNE RIRIAKIARISSSIIWAd RANEAIEAYRS, and a
hydroxyethyl substituent may be useful according to certain aspects of

arfifdeesRIttISalDaHmcS Niable ngetmiting preB RS ahaehamiesbibations

include 2-(2-aminoethylamino)ethanol, aminopropyldiethanolamine,
ofaminokthy Iflisshahelanicesrliisty ty @eyetityad peqioppirditesioeud)@n amine

combinations of any of the foregoing. According to certain aspects of the
sudisblesurd¢hamparpiosessoitilsefosthe disceses aidlydpragent disclosure

may be 2-(2- aminoethylamino)ethanol. [044] The Mannich reaction may
apnpelifiglangdanebudingho diluent or solvent), or in a solvent or diluent.

Suitable solvents or diluents may include those that are inert and/or may

be ed8fiflrenddvety #rrdshedasiion meyhraprriooinents) fotkeitandiigent or

aromatic solvents such as benzene, xylene, or toluene. The solvent,
selteshluskth Ansslmnpbpashiviens, Britstimpryentaangilierimroaydielude those

compound to 1 part solvent. Significantly lower levels of solvent may
thehae insstrantierapdiaersite esecxpd edariiadh prshrs frappiigavents,

finished oils/lubricants. Significantly higher levels of solvent may require -
f%‘??@'ﬂf‘?é%@fi%’ﬂ%‘?ﬁe%‘?‘&ﬁﬂts 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 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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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
raatitoreisgesivosd biettrdphcdil{040)Aceattinotéongeitaioraspagtsefithermined

disclosure, the amine, formaldehyde source, hydroxyaromatic compound,
baflegeflentanme bt wenibithedy atwl/belatad treetivpte whirhaturdhadee of

nitrogen as water generated by the 14 reaction is removed azeotropically.
tolusnecstenisraternpevainnaieha§ P deternins dishy st ieftamtamg dratutbaf

the water/solvent azeotrope, which in the case of toluene starts at
regsprsximagefinghrengtian iswenss siae viiesinpan iog endhreastivmt Die

final reaction temperature varies depending on the amount of solvent,
sQlyeRtagueieniolUcas iHIRE e iticpadinn niidrasye anee o d20°1Gdo 150
0 C. The reaction may take 1 to 3 hours for complete removal and
formagdrstipe nwrféi@\ bisdubeurndossemelais remeial ansl fBemaiinasf the

to a (Proximately 60 C in Preparation for the molybdenum incorporation
N@t’é?f 1| ATGEYSRPOIRAPIINESSE fRetiAsaYhn fortadhiampsashialely 60° C

ses of the present disclosure includes any

inﬁ%ﬁ%ﬁffg PR?E:%E"E%?@W&%&%M@H?&%QBE of reacting with a
"W&ﬁp&&%ﬁ&wr{;p%@ﬁgﬂgmcm of the disclosure, a

[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 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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suitable molybdenum source may be a molybdenum 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 trioxide 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

araqrodoictvtitat deed natyeguicediliratongif4tdA gotlieaanfonalyideolybienum
for example molybdenum trioxide, and water may be added to the

tritviaghen ickexb dutidrighas enelintdinedeatrapp xiniatelye60C. The

molybdenum trioxide may be reacted with the Mannich base at a molar

ratio [O#2]1 to\its: additeding roalgbdemaspeictsids treddistiers the, ikactaiomay

may be 1:2. According to another aspect of the disclosure, the ratio may
benglawly Trated knieliux emeespisedvitagrgehietayioy qfivetenhy greotropic

-amount of molybdenum trioxide used, but higher levels of water may also
digidlaiag. [heradmiondmioheon woilasae Myfamexalohm®ipatet hthamount of

reaction may be slowly heated to reflux temperature with gradual removal
waleh Seirpled JBavbsi caueliibn amrupt adisf dilh pibeemesilosperated to
removal of water. The amount of water collected may be equal to the
pfad%?n%%f&a‘%m&qﬁ%m gemeisted 10" BIEHURE tHe! Brhanié molybdenum

o R R SRR s

R L RS A R S R S
S RRENER Dl Loat 98, I TR LS BN R YBror8Ea in
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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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. lll. 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
tréactioresnsidtigingopybpenies afdibvisam Hilscpaddkednalryiadsirtaginished

inclusion of the present organic molybdenum complexes may generally
oitéubreartheropediéay; sopEeametitpinaiieplosihddnivekanantiexjgastsit in an

antiwear additives and the like. However, a supplementary deposit control,
arantioketaat, @nplovidataléza s dditue SOay ek fimchictedpie therfiribbatl50 to about

oils/lubricants including the molybdenum additives of the present
118ahps0r efthanl bel dessn daithztiGiokp stdipeodudh ollbehairmensabiaciefd to

unusually severe conditions. The 16 treat rates of the molybdenum
mabintoes sy tae pebricaptnatreosdisigds tintsheabait/tibeicsor @ imsergegarticular

however, typically the additives may be present in an amount so as to
uRpen/|eitaireysyabdat sooRAMIGFeEssanple akirbeuisEteLpauit 1600 ppm

ppm, of molybdenum to the finished product. The concentration of

MioRAsEEAl PR YeeduBHBAHEN RRUIRRNE €8 the present disclosure has no

particular uppe
Op

abo

r limit; howeve

trea) ke Rl

r, for economic reasons a maximum level of

BOGRUC ANRYBYRTHET BORPIRKIBSERFHHNG to

treat rates oféhe organic molybdenum complexes according to. the

thEREEAHLE

S TTRFHERRRELBAT RS RERuReAlupricat Properties;

roperties;. . , .
thwe er, pr;catly 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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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 level of about
1000 ppm may generally be employed, although not required. The table

beloviosiznmarizes-g4RI RIYLAERuHNHERD ERBE Slespk st isciosure may

combinations for various applications: Application Suitable Treat Range

h&eratoedane dnastitdiid dilive v QibTyoEL Adiaxidenipés-3h8/ePmaVBave a
Diphenylamines (0.05-1.0%) Passenger Car Sulfur-Containing Additives

reflu2etPigratahdfedicoioSiitighzd b Rinknate Biterqantsi€, hSpeapiBiesahay
Oils 3.0%) ZDDP 0.5-1.2 Anti-Wear 50-100 ppm Mo ZDDP Passenger

baCeap Solkurf Qigitairohddetditivascanubiitiavis Duty Bieself@ilsdepaditw cost
75-250 ppm Mo Diphenylamines (0.05 -1.0%) Heavy Duty Diesel Control
ragihatieial §2 laackiee Dejchgeatst(oightforviiatpraldGeiso3 PU)dsagme Oils
Friction 250-1000 pm Mo Antioxidants (0.1-1.0%) Passenger Car Modif in
Oils 1G5@I52] Titeasrgaeritianipbén brcamipléesy iy pigiinantly based on
disclosure may _
the customer and specific application. The oil may typically contain, in addition to
the molybdenum compounds of the present disclosure, a detergent/inhibitor
additive package and a viscosity index improver. In general, the lubricant oil 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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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 lubricant oil may vary
significantly based on the customer and specific application. The oil may

lityirgpdy taplasofcadaittontasthbdiepbisaens mabodepieyhds abipesubstituted
present disclosure, a detergent/inhibitor additive package and a viscosity
sundiminiidpeoediocgengdrain theslubsighnd @ik nsycdiria éeiara|dtedrodanthych
may be composed of from about 65 to 95 weight percent (wt. %) of a
sufsstdubiicoMabrichtipgsescosily) YivoraitbylisOhietidded. tiendlas pdhaneratly, the
viscosity index improver, from about 5 to 15 wt. % of an additional
diggersaetgaskderaataybiodhs arigkislart mnsouamotioigangradiysd a0 wt.
complex to provide at least about 50 ppm of molybdenum to the finished
“ubricant. [054] The detergent/inhibitor additive package may include at
least one of dispersants, detergents, zinc dihydrocarbyl dithiophosphates
(zDDPYGhdditibRaletargarisdnay peshpenit Hepraasilts adpispsrcontaining
inhibitors, rust inhibitors, foam inhibitors and supplemental friction i )
ChARHee! 108 Uie SHSHeRERIIENARPhEURRBIRMHRY EPERRAIPIRSH AWK afiphatic,
tqe resent disclosure, nonmetallic additives containing nitroagr%z or

o AlfaC RO ARl S N RRIEEIP R Gy drseaRiBipents
BT T
n(%%i\lel !ﬁgsgf r%?) eesdoi ctgr%lgnig)'n 3}1 {}gg? dqe?grégnts include neutral and
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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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]
The detergents may be chosen from metallic additives containing
chargesigholarigsanpssiicbiasppenaiesniiiiibtetesocoapydistesayvith
aliphatic, cycloaliphatic, or alkylaromatic chains, and several metal ions.
gareralgtezgeavis theayded dtiosuppldtiventie positsftantthé-oarowes, surfaces
of the engine. Suitable, non-limiting examples of commonly used
sujrtementsrinehidexiteut ahay tedvekirbst thalkalitmic mkelseorigdtivelgtalable,
sulfonates, overbased alkaline earth salicylates, phosphonates,
oninopla dhatcupraiiesicd el unieprabitwreirsor@idinnally eremagddmithe
detergents may be present in the finished oil in an amount ranging from
supBles s Tl RO TRaY2 BDe Reading mBdheciisiatife stekilin el base
additives in formulated lubricants. These additives may function by
stckctingPifrhtiRatifals §ufiaisbed Riramsansiimace kvt whittpolii
which itself may be deformed and thus may protect the original engine

SUpReRe RN iRt Shaliavie anfralive sndtlves it tienvidraisss.
.phosphate, dilauryl phosphate, sulfurized terpenes and sulfurized fats,
g SR e

A MR FRERGPHE Mh artiBidE, REERBIRIT IEZOB B8 Iy A1
ST L A AT
ZDDﬁ)g:’gToseﬂ%rgggée&‘ogléscg%llt%r}on&g %Per)ént disclosure may be selected
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 il 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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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 stock. Typical treat levels in finished oils can vary
adbiio® itorEonwtial. Thiee shpiyledeantaryornioidiv) sl that wny genedatiohel
used include diarylamines, hindered phenols, hindered bisphenols,
aduliliveig echphen et et forfize dib lefimscatkghisatfides and polysulfides,
dialky! dithiocarbamates, and phenothiazines. [059] The base oil
accotafifg to The pubsentidiscibsore enptecrselesigidafiipooanyisé theolvent and
synthetic or natural oils or mixtures thereof. These oils may be typical
frenmrke 4 8Mnticatidnroisdomiparkeidhitetl #ndfdbempoedssinatignitéthe organic
internal combustion engines, for example natural gas engines,
ma|edisonite corarieief dnginesanheiselasder aind diedietionahghrpleTestal
synthetic base oils include alkyl esters of dicarboxylic acids, polyglycols
aﬁavmmwm@d@@mmm@ popssictisslosmsp.HaaAanegntrate
organic esters of phosphoric acids, and polysilicone oils. Natural base oils
QR AR 2Bribt i (S-SR Fl P SRR o2 f theiFefigation of
source, e.d.,,as to whether they are paraffinic, naphthenic, or mixed

OrgaprmIR! HEhfOrHRiEH 2SS 8HWb‘?€éﬂ?tﬁ5§d§m§%%sity ranging from 2
Mor G BRATE IR RGE RS to the presentdisclosure can be
E%?’EI% qdding the molybdenum compound, and any supplemental
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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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

suppfeagntat 1adgl /8 snAnsTdias de SaRiaimasBeMtSOf B REeSent-(2-

disclosure, the concentrate comprises at least 25 wt. %, for example at

artdastiainVoRtihemenaiinaticoo Trganie angdyldenignsematexaaadmt. of
supplemental additives. IV. PREPARATORY EXAMPLES EXAMPLE I A.
tolbearye vid@oe) o dd) O 2 revt)ioh 4lakidegy phed alitRa8s fir(Or 2 anivdaf R4k« trap,
aminoethylamino)ethanol, 7.9 g of paraformaldehyde and 43 g of xylenes
anderehestibng ethtdia. rebetsinriBdsiceqioppadkitd wasditreatede anfiBiaidr 2 hours
trap, and a heating mantle. The stirred reaction mixture was heated to
andfivatendasarnoresl rraotregicabptropicMgniich Mantiioh peabtidrwas cooled
product was cooled to about 60C. B. Stage 2 [063] To the Mannich
torabeybfdSfoduct at 60C was added 14.4 g (0.1 mol) of molybdenum (V1)
oxide and 15 mL of deionized water. The reaction mixture was gradually
hBatSdP@eréflux with azeotropic removal of water. After 3 hours at reflux,

the reaction mixture was diluted with 100 g of process oil #5 and
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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filtered. The filtrate was concentrated in vacua to afford 188.9 g of
product. 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

hovpdest werrreme Yescaapatinmire Wad it Manpieh 5eRcHopBERAURiINES and
cooled to about 60C. B. Stage 2 [065] To the Mannich reaction product at

fil@oeawas adiedd 4 (Bottenteited maksedenumdf oxie gnst pAsun:. of
deionized water. The reaction mixture was gradually heated to reflux with

Canguirafice ExavgliefBvater. After 6 hours at reflux, the reaction mixture
was diluted with 3809 of process oil #5 and filtered and concentrated in
vAcudttgafford 740.2 g of product. Comparative Example A A. Stage 1
[066] 52.5¢g (0.2 mol) of 4-dodecylphenol, 60 g of Duomeen T, 6.3 g of
paraf6a8hldéizye (Qrdnaa hof 4idotismypivenelcBarded toval Yediction flask
equipped with a stirrer, a Dean-Stark trap, and a heating mantle. The

etbileagdieadtiontudia eicpacaidrambithy deflumchdd whtel whie renverredcharged
azeotropically. The Mannich reaction product was cooled to about 60 C.

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
[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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B. Stage 2 [067] To the Mannich reaction product at 60 C 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 22 hours at reflux the reaction mixture was diluted with 50g
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] 52.5¢

(0.2 ey pf 4rdaeqWRRGBRAIr &8t pmRil &f 2L BDAENRAHNAEH 6 8 9 é’f(m

paraformaldehyde and 50 mL of toluene were charged to a reaction flask

AP Pes yide R BHI(ReN ekldeaihs teeikiapr aahaineatingenante. rddion

stirred reaction mixture was heated to reflux and water was removed

mbaeatrepisaliidlibgyMaanighdeanigrwmipeebwasiceaech e abait&0CAfter 3
B. Stage 2 [069] To the Mannich reaction product at 60C was added 7.2 g

hdQre&atmerinf the dadtourmMrexidss atitdtéd with 60deippizee svadir#T aad
reaction mixture was gradually heated to reflux with azeotropic removal of

filteater. AfterfiBratews atoefbextthetbactacumixtaféovd s 7 Gtgdbivitlo80ct of
process oil #5 and filtered. The filtrate was concentrated in vacuo to

afford0ife8. 8.9 lpeotifinedyat! CotparatddiesaimplerEaiingtaie dajoze]
52.5¢g (0.2 mol) of 4-dodecylphenol, 10.3 g (0.1 mol) of
determined by measuring the boundary friction coefficient in a high frequency
reciprocating rig (HFRR). Effective friction modifiers lower the lubricanf’s
boundary friction coefficient.

[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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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 60C. B. Stage 2 23 [071] To the Mannich reaction
product at 60C was added 14.4 g (0.1 mol) of molybdenum (V1) oxide and
15 mios)deignizackwibiedifibetsegaiennuurtisn wiheragpatbnhentede
reflux with azeotropic removal of water. After 3 hours at reflux, the
skibadtiothaixtUhewasadideditivithdQbeo§ peoifestion #bdapddiiteref tHde
filtrate was concentrated in vacuo to afford 176.3 g of product. [072] The
ineditaeydi frictohhermiifi ettsisrintdmibedi tigad the apduificienmimb examples be
measuring the boundary friction coefficient in a high frequency
corgiipeoedteergridRRANEfetdtive frictisnapedifidrspivivef the inNeidion being
boundary friction coefficient. [073] Example 2 and comparative examples
indcatethe\Chedalipmnaadpimg 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 contribution of molybdenum additives is
purely an aesthetic issue, and not a performance issue. The ASTM D
1500 color scale was
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used to determine the effects of Example 2 and comparative examples A,
B and, C. These molybdenum additives were blended 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

Hothma SVt ) vention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention

discldsed hétBifTdBEGTRMRLL tHEDN R8PS RN M@ tBrd RS bRroduct of:

considered as exemplary only, with a true scope and spirit of the invention
being i:ﬁ‘dicﬁféap&?WX&MI@%&W@F@S’W@“WRN% IS: 1. An
organic molybdenym complex comprising the reaction product of: (i) an
optiona@sgﬂﬁﬁlﬁ ¥R RFESRromatic compound: (ii) an aldehyde source:

(i) an N:-hydraoxyethyl substituted djamine; and (iv) a molybdenum
sourcewﬂt&y e “@%%XWEMSSHE U(F‘(%gn 'I@T%DCOEZ af]ng to Claim 1,
wherein,. said or %rgg molybdenum complex is obtained by reacting (i), (ii),

and (iii) $ErM% reagﬁ%sﬁr%r&&:t prior to the addition of (iv). 3. The

orgarﬁ'p molﬁge&ld%%) FRB:&?B%%%%%O'&%%‘&&%&%&rd%%eﬁaim 1, wherein

said organic molybdenum complex is obtained by reacting (i), (ii), and (iii) to form a

reaction product prior to the addition of (iv).
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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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

plesTiRINGrat fepsliesankpsotems: andHkeRlldrnanet Bapifineleoularat
weight ranging from 205 g/mol to 1000 g/mol. 6. The organic

lensoybe e bzl egenp leydactdrding fa@laim Ak wheteinyhenallkyyhengldaps.
chosen from p-octylphenol, p-heptylphenol, p-nonylphenol, p-

dodetylphefibg prpahybutyizhephenobqrpidypasepyleihetbelialnaddwherein
2,4-dialkylated 26 phenols, and mixtures thereof, each of which may be

sdurtiey! pbbstillitedhwitbrafrdeatmgbot Halusre iyd loxying ioro)ceduar weight
alkyl, alkenyl, and alkynyl groups. 7. The organic molybdenum complex
rapging dingtd @agifmal WHEeMng/sacdl atipghinenpyisretserofsdmving a molecular
p-polybutylenephenols having a molecular weight ranging from 500 g/mol
weigBb g msbir g oA e piRkitebhieR ofsehvig Anpdises dergeight
ranging from 500 g/mol to 5000 g/mol, and mixtures thereof. 8. The
orgaffic moly/BEEHUAD oM sBEO R Bbes|arrer dinadrefriatia 1. wherein the
aldehyde source is chosen from paraformaldehyde, formaldehyde,
aldgiuti SO ATe R ERRp BaRRSART alda bt JRE T BlepRYRSIRMYRRYS
butyraldehyde, valeraldehyde, hexaldehyde, and compositions
fopy Bﬁ%’gefﬁ%‘é’l%ﬂ98§’ A¢gtaldehyde, propionaldehyde, butyraldehyde,

valeraldehyde, hexaldehyde, and compaositions 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.
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methanol. 9. The organic molybdenum complex according to Claim 1,
wherein said N-hydroxyethyl substituted diamine is chosen from 2-(2-
aminoethylamino)ethanol, aminopropyldiethanolamine,
aminoethyldiethanolamine, N-hydroxyethyl-1,3-propane diamine, and
mixtures thereof. 10. The organic molybdenum complex according to
@faiﬁh"l@.Owhekemoﬂhbdéd&hymp&thyicsubsﬂgﬁedlédﬁﬁmil@.@éﬁeln the molybdenum

ROl Xy eI 3P tRpARE did ic molybdenum
com lex acggrdlnf to Claim 1, v'e\i/1 Qﬁ%ﬁﬁﬁggﬁlﬂ%g&p e%@thy su%’sgfl{ﬁ%é:d? pd with the

fFasing R it tﬁé%ﬂﬁ@ﬁ@W@ﬁbgﬁﬂa@agﬁ@df@seyéu%mét'b

draming f&9
compound at a molar ratio ranging from 1:1 to 2:1. 12. The organlc

W'Yﬁg%%‘éﬁ:@%i%@éﬁ&%oégmgl& Glaimy %%W&&% 1th\$hglﬁ?\ E)%e num

IS formaldeh%e which is then reacted with ydroxyet stl
ARAHTRE & RIMBEE HR O fkging from 1:1 to 1.5:1. 27 13. The organic
molybdenum complex according to claim 2, wherein the molybdenum

$QUIGR @ﬁ%ﬁlyhﬂj{ﬁ%ﬂ@nhm)@gﬁ?p@&ga\@g@' rl\ra] EQ%1Q?§R'¥b9v%”P% U '%%W%denum

reacted Wlt Elc% reactlon roduct of (i), (i), and (i) at'a molar ratio

FRRgIng rom 19518 11949 The organic molybdenum complex according

to claim 1, wherein said molybdenum source is a molybdenum oxide. 15.

Tdﬁle)ﬂx%gﬁ,‘é&, %Qlﬂrlé‘éﬁﬂh@bﬁ%rg%ﬁ?& arsgsding.fe &!ﬁ'\'@e} ﬁg‘w?a{g reactmg

ource [ num trioxide. 16. A'process for pre
%’%g%'h’c}fyr% %8%639“66%9&%%&%?@&&@1@8%@&9@@|9ﬂd an N-
bmfméw hyuscxyadommmwnmdmmm teddehyide(sprrsaiagthamMannich

bhse with a molybdenum source to form the organic molybdenum 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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hydroxyethyl substituted diamine to yield a Mannich base; and (b) reacting
the Mannich base with a molybdenum source to form the organic
molybdenum complex. 17. The process according to claim 16, wherein the
optionally substituted hydroxyaromatic compound contains at least one
substituent chosen from alkyl groups and alkenyl groups. 18. The process
according to claim 16, wherein the optionally substituted hydroxyaromatic
compouj tiseasi lafipteinehbb< 9. Mblepriacessigiccandgigg drotai@058;/mol to
wherein said alkylphenol is characterized by at least one of the following:
(a) thdalkglphanol is substituted with an alkyl group in the para-position;
(b) the alkylphenol contains at least 8 carbon atoms; and 28 (c) the
alkylgRenol Husrignehscatmonbighta Aiging o mrosigAve [y rgemol is

g/mol. 20. The process according to Claim 18, wherein the alkylphenol is

chaseselichd recbipfipheho-epbpmenatneméphainptdodecylphenol, p-
p-dodecylphenol, p- polybutylenephenol, p-polypropylene phenol, and

polybhdRaRRRRNBh B Y BFRPYERELPES Aok rabf efcﬁlawﬁi%mﬂa%é& and
further substituted with at least one of halogen, hydroxyl, nitro, amino,

miireIRErRe’ FREAIRYMYNGH Y e fritepRitstiviecordthgtdeertinne 6
wherein said alkylphenol js chgsen from p-polybutylenephenols having a

hainsieRuibRYnt ARG Roni b AT t B80S HSIOUPS-

oo 1o SO0 A AL frcrel 35, PHEIBARLD ABRBHRFIGS
ch%%“érr?f%c?m%t‘;%ﬁ}[}l}@?eﬁ'é( !Pehneo g Ihigving 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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chosen from monoalkylphenols, dialkylphenols, and mixtures thereof. 23.
The process according to Claim 16, wherein the N-hydroxyethyl
substituted diamine is chosen from 2-(2-aminoethylamino)ethanol,
aminopropyldiethanolamine, aminoethyldiethanolamine,
N-hydroxyethyl-1,3- propane diamine, and mixtures thereof. 24. The
racess according to Claim 16, wherein the N-hydroxyethyl substituted
Q?Qa 8 RERPErEBE A4 b Bpahetiahiie ornivhiasrogesgpared in the
Ficeording ac@laimh 16, wherein the aldehyde source is chosen from
paraformaldehyde, formaldehyde, acetaldehyde, propionaldehyde,
2?{ua/raldehyde, valeraldehyde, hexaldehyde, aqueous formaldehyde,
qUEBIECEBHFEEHENS EbRifsity YoreraiEls Haid hesthieragd in a
vivgurestheread. t2@@6. The process according to claim 16, wherein the
Mannich base is prepared in the absence of a solvent. 27. The process
2?cc,g%dins to claim 16, wherein the Mannich base is prepared in a solvent
om

FEIRGIOHASTR WY PridARotessnscebdird Breiainiass, iiradad twih
nvémdichubaseisireiadtedvesie noeobybgeaum trioxide in the presence of
water. 29. The process according to claim 16, wherein water is

zeotropically removed during the reaction of the Mannich base with ‘
%-j%odgﬁﬁ?ﬁ%ﬁf&?a@%é? FREDIBcUES TR HRIFIG TG 7AaIRPIB W Frspeife thé-ring

the hyalrtisay ofHizk ddbstitutbd e avitine olghrdactediidiiithe optionally

substituted hydroxyaromatic compound at a molar ratio ranging from 1:1

to 2:1.

38. %he 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

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:
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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 {8, véaerriy Hheomaiyiaggrubssouss Hydoxglybiaeny oo derdwith a

The process according to claim 16, wherein the molybdenum source is
fomehlbdeydensdtimadmBan Allhbdeatingojl eabxinsitioniconimsising eldrajor

amount of an oil of lubricating viscosity and an organic molybdenum
Meomiglebasepareld by a process comprising: 30 (a) reacting an optionally

substituted hydroxyaromatic compound with a formaldehyde source and

an N-hythrpxygettiyigtisstiteteddismageevidlyiaohal yhtiemioh doasee dodoish the

reacting the Mannich base with a molybdenum source to form the organic
ongalybdeplvhtedplex@: T he lubricating oil composition according to

Claim 35, wherein the organic molybdenum complex is oil-soluble. 37.

The I86ricatingediteirapogitd s acensitie e CritesotHareid thavherein the
molybdenum source is a molybdenum oxide. 38. The lubricating oil
OrgERiSoRRbR Rl FRIMB 1dne S OWRRein the

37.  The lubricating 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 source is molybdenum trioxide. 39. 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. The antioxidant composition according to Claim
40, wherein the organic molybdenum complex is present in the
composition in an amount sufficient to provide molybdenum in an amount

ranging. frorm e dat2b@anto mid sl anii@xidliagtiea@pasi®maesending to

Claim 40, further comprising at least one of diphenylamines,
orgafic-cwitdidergadditivelexdulfitzed: phitrate detesdients anc@DDP sdficient

An anti-wear composition comprising the organic molybdenum complex
togoeeidingitdyOiemuin Bladdamberdmingear tompeimonO8cending to

Claim 43, wherein the organic molybdenum complex is present in the

compsitionlincaantirm@antesuifcisitionapeovitiagio beiendth fnrtieaocsoptising

ranging from 50 to 100 ppm. 45. The anti-wear composition according to
atdesivh @3 Rirdlucopadiitg atdibisesandE&Rbr-containing additives

and ZDDP. 46. A deposit control composition comprising the organic

molyB8enurf} deRABIERCALE repRPRS tIRIrAMaTs NEdhfe pEadnie Mpdybdenum

composition accordin? to Claim 46, wherein the organic molybdenum

COIBRIBIERGEP5FERE AP i domposition in an amount sufficient

47.  The deposit control composition according to Claim 46, wherein the
organic molybdenum complex is present in the composition in an amount sufficient
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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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. A
friction modifying composition comprising the organic molybdenum
complex according to Claim 1. 50. The friction modifying composition
according to Claim 49, wherein the organic molybdenum complex is

agerasenhindhie sorpaststinaie’ mopiivstffistant joipfAdgeaeivkdeswdsion
in an amount ranging from 250 to 1000 ppm. 51. The friction modifying

inlgbittpesiishiabitstoisgita Gl §) dharfriamp rsoiifi@nsantioxidant. 52.
An additive concentrate composition comprising the organic molybdenum
complex of Llamods arfdr astiuEng phecess aiivé anviheraddithia adabeattiig oil
composition according to Claim 52, further comprising at least one

coatflititochisenrivoasslisporwisity detebgentsnithtilvecabrizige nis composition
anti-oxidants, viscosity index improvers, pour point depressants, corrosion

ansiigiidre, amstunhivitbes artimidambionpesitidrciso rdodifters!dm 0.
process for reducing the oxidative environment in a lubricating oll
comp8sitioh\ BieqsetEys! doieptising ecrnbseaag. wemplesinprasiding ail
composition an effective amount of the antioxidant composition according

iulf&f@@ﬂﬁm QfbcempRIHIEBRCRIFINBiedulal ™ 3PdRKR S5_NKSEBrising adding

a Iubricatinrg oil composition according to Claim 35 to a crankcase. 56. A

crankBase M5RAkEE SRt R icatRHEIbA SREMBRIEPR ABAEARFGDIHPricating oil

composition according to Claim 35.

57. A process for improving 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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composition according to Claim 35. 57. A process for improving 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
cotepodttiohts etgapirsactylice eugireo opmexthBinthe psocessanearding deing
Claim 57, wherein the organic molybdenum complex is present in the
thiubsaicatiog okidasan siriosating uifielerd bt rottide AtidedsidO phbtheobrganic
molybdenum to the finished lubricating oil. 59. A process for improving the
mdghdeamonogroplxinternal combustion engine comprising using as a
crankcase lubricating oil for the internal combustion engine the lubricating
oil cépositior pfetess 3scaviingie thavngahiovimotybtemongaumplex is
present in an amount sufficient to improve the fuel economy of the
maybeRNEBraBIRIeN Brigerensinghhemakkaasdubntiniagibinag amount
composition, as compared to the engine operated in the same manner _
sulfilaniiyPiawdapideashROMupfieslivhysinexciptindinisbesibasabing oil.
of the organic molybdenum complex. 60. The process according to Claim
59, viHlereirf tREXSRRIEr KBRS HFASHh Plex1dieeaahramestpanrogine
lubricating il in an amount sufficient to provide at least 50 ppm of .
COMBRBRE TGRS frakeastibreatRnGio ionhR deieEaabroatisign engine

deposits, in an internal combustion engine . .
the ?Lﬁ)br?catmg cglll compos?t?on ol# (L,Iafm 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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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
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
crivinigaiingisicaxeenbithaidls ailastbe\widksaldheidonsg anicompiyfedentyibdenum
complex. 62. The process according to Claim 61, wherein the organic
cangligdodenum complex is present in the crankcase lubricating oil in an
amount sufficient to provide at least 50 ppm of molybdenum to the
finished lubfibatpry aiisS3céopitveets Chainedif;inderear iheaorgasinal
combustion engine comprising using as a crankcase lubricating oil for the
mipisdeneonsbostien Engiasctihénltiteicoaimicalcbmhpostinghaf iGlainageunt
wherein the organic molybdenum complex is present in an amount
suffiefierdio tor pifircattirasiddt Rpanchrephdideswibustibe Sniihecoluérigeting oil.
using the crankcase lubricating oil, as compared to the wear in the engine
oper&fed inAhereanss fRarFaiding frighgnreadifitatpndrardatggnal combustion
lubricating oil except that the oil is devoid of the organic molybdenum i
eNYRHRINBUSHHL B ESCBIAgROUbTiRTIBS Alirerdiie thdesnghrrmbustion
molybdenum_complex is present in the crankcase lubricating oil in an
engiiuihe SumicRiRgPEevmRCH eRKt Se Fphs MBRBHEKIGPt8ahE

finished lubricating oil. 65. A process for providing friction modification in
mgry anHg ggmé&%ﬁ&preserﬁ in an amo&?nt su#ggent to reduce t%e 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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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 crankcase lubricating oil except
that th@hitEOddBIdFoMBd. YRR AN UKWDY BB AT &8 DERBE T HFROM
process acddiRQE T A5 SURSTIT tHERDGAAB MO RIBEES
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. 35
OIL-SOLUBLE MOLYBDENUM DERIVATIVES DERIVED FROM
HYDROXYETHYL-SHBSTRAFES MR RIBEASRRESSTRACT OF
THE DISCLOSURE 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
compRTEHY AR RS PER T ESRIReT e HERERHT S R pared
and a friction modifier. The grganic molyhdenum complexes may show a
o e e R Tt Mo ST GO paanam. fho BoipIees Fray
be useful in ubricating 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)
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