O L- SOLUBLE MOLYBDENUM DERI VATI VES DERI VED FROM
HYDROXYETHYL- SUBSTI TUTED MANNI CH BASES DESCRI PTI ON OF
THE I NVENTION Field of the Invention [001] This
application relates to an organi c nol ybdenum conpl ex
and a process for making the organi c nol ybdenum

conpl ex. The conplex may be wuseful as an anti oxidant,
a deposit control additive, an anti-wear additive, and
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[ 004] Mol ybdenum cont ai ni ng additives are known to

- trudd anessubjeoted teed deofandingresfvironedenpdanirey tseesThis environment
lubricants. Non-limting exanples of |ubricants that

resutts @ 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 useful 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 meodifiers and to increase the energy efficiency
imparted to an engine by a lubricant.

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

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




1 fromthe addition of nolybdenum include passenger
car notor oils, natural gas engine oils, heavy-duty
diesel oils, and railroad oils. Over the years

nol ybdenum  when used properly, has been shown to
deliver inproved anti-wear protection, inproved

oxi dation control, inproved deposit control, and

i mproved friction nodification for fuel econony.
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[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 condensatidn product of the phenol, and a primary or secondary amine.

[008] The performance of molybdenum compounds 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 teét by which the molybdenum additive is being evaluated
affects performance.

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

molybdenum additives exhibit synergistic responses with additives such as




2 sul furized antioxidants; and EP additives, ZDDP, and
al kyl at ed di phenyl am nes. 3. The chemi cal structure
of the oil-soluble nol ybdenum conpound. It is well-
known that structurally different nol ybdenum additives
respond differently as friction nodifiers under a

gi ven set of test conditions. [009] Existing

nol ybdenum t echnol ogy, however, suffers from a nunber
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nol ybdenum conpounds are used at high .
~ 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




| evel s, e.g. 400-1000 ppmdelivered nol ybdenumas is
generally required for friction nodification,

di scoloration is often significant. [013]
Traditionally, the color of fully fornul ated crankcase
oils has been determ ned using the ASTM D 1500 col or
scale. Two types of unacceptable colors are possible.
The first type of discoloration results in a dark
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crankcase oils.

[014] Qil Solubility of Molybdenum Compounds

[015] 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
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.




crankcase applications. Part of the reason for the
hi gh cost stens fromthe fact that many of the
commer ci al nol ybdenum products have | ow | evel s, e.g.

| ess than 5% by wei ght, of nolybdenumin the
additive. In sonme cases, expensive organic |igands or
expensi ve manufacturing processes are used to produce
the comercial nol ybdenum conmpounds. There is a need
for products with higher nolybdenum contents prepared
fromlower cost raw materials. [018] Corrosive Effects
of Certain Ml ybdenum Conpounds [019] Many nol ybdenum
technol ogi es contain sulfur. The presence of sulfur

in rjious crankcase appljcations may be detrinent al
becéﬂgl CMMM@WM&are i nconpatible with
el astomer seals, and may be corrosive. Even the |ess
aggldddti vMolvbdanumthaslpng been viemedas an sxransive additve for
hi gh tenperature crankcase environnents where

craspkgasd applivatians urald obtheorepgen farrttie higheeosh siemgiramdhe fact
There are also trends to reduce the anmount of sul fur
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di sul fide. Both such products are aggressive towards
sultunyn various crankcase applications may be detrimental because certain types

of sulfur are incompatible with 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} It is also well-known that certain molybdenum-containing friction
modifiers function by a decomposition 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




copper that may be present in the engi ne bearings.
Furthernore, free amnes are known to be aggressive
towards certain types of elastonmer seals present in a
wide variety of engines. It is therefore desirable
froma conpatibility standpoint to develop new
additives that are lowin sulfur and free am nes.
[021] It has unexpectedly been found that the
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- oil conposition conprising a major anmount of an oil of
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 the present disclosure, 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-
hydroxyethyt substituted diamine; and (iv) a molybdenum source.

[023] According to another aspect of the present disclosure, there is
provided a process for preparing an organic molybdenum complex, comprising (a)

reacting an optionally substituted hydroxyaromatic compound with an aldehyde




| ubricating viscosity and an organi ¢ nol ybdenum
conpl ex prepared-by a process conprising (a) reacting
an optionally substituted hydroxyaronatic conmpound
with an al dehyde source and an N-hydroxyet hyl
substituted diamne to yield a Mannich base; and (b)
reacting the Manni ch base with a nol ybdenum source to
formthe organic nol ybdenum conpl ex. [025] Additiona
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[025] Additional objects and advantages of the invention will be set forth
in part in the description which follows, and in part will be obvious from the
description, or may be learned by practice of the invention. The objects and
advantages of the invention will be realized and attained by means of the elements
and combinations particularly pointed out in the appended claims.

[026] [t is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only and are

not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

| [027] Figure 1 illustrates the boundary friction coefficients of finished oils
containing molybdenum additives.
[028] Figure 2 illustrates color formation in various oils containing

molybdenum compounds.




conposi tion useful as an antioxi dant, a deposit

control additive, and a friction nodifier. The
conposition conprises an organi ¢ nol ybdenum conpl ex
prepared by a two-step process. First, a Mannich base
Is prepared by reacting, in an organic solvent such
as toluene, an al kyl ated phenol, an al dehyde source,
and an N hydroxyethyl substituted diam ne. The
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finished oils, and may show i nproved perfornmance as a
drawings.i on nodifier for fuel econony applications. 1.

PREPARATI ON OF THE MANNI CH BASE [ 031] Manni ch bases

may [036] oblhe nwebydls@aewnenglaéesﬁtpoama%raaluh@t melybdenum

conpound, an al dehyde source, and an N- hydroxyet hyl
compbsition useftl ds amantioxidawtc adépaosit tontow raidditive asqukb a fréctioh

t he present disclosure, the Manni ch base may be
madifRPaTed daynpgosiohi cdenpiizes lak\draasie nﬁ&lﬁlﬁ‘cfénum tbmplRx prepared
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al dehyde source and an N hydroxyl et substi tuted
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[032] Any hydroxyaronatic conpound be used
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chosen from al kyl and al kenyl nvoieties, such as C-C4
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of hydroxyaromati c conpounds useful in the
the complex may show a reduced tendency to color finished oils, and may show

improved performance as a friction modifier for fuel economy applications.

. PREPARATION OF THE MANNICH BASE

[031] Mannich bases may be obtained by reacting a hydroxyaromatic

- compound, an aldehyde source, and an N-hydroxyethyl substituted diamine.

According to certain aspects of the present disclosure, the Mannich base may be

prepared by reacting an alkylated phenol with an aldehyde source and an N-

hydroxylethyl-substituted diamine in toluene with azeotropic removal of water.
[032] Any hydroxyaromatic compound may be used provided it reacts with

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

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




process disclosed herein include phenolic conpounds,
i ncl udi ng al kyl -substituted phenols. Phenolic
compounds that may be used include high nol ecul ar
wei ght al kyl -substituted derivatives of resorcinol,
hydr oqui none, cresol, catechol, xylenol,

hydr oxydi phenyl , benzyl phenol, phenet hyl phenol,
napht hol , and toninaphthoI anong ot hers, all of
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may al so be used. Exanples’include phenols alkylate
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exanple O -C4 al kyl groups, such as nethyl. According
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hydr oxyar omati ¢ conpound may be pol yi sobutyl cresol .
exdihplesaisnibale ©xysromatie comgdunds inchudepd-betyiphenol, de

butyl enes may be aliphatic and can al so contain
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 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 contains at least 50% by weight of butylene and/or




non-al i phatic groups, e.g., styrene, o-nethylstyrene,
p- met hyl styrene, divinyl benzene, and the |ike. Thus,
in any case the resulting polymers and copol yners
used in formng the al kyl -substituted hydroxyaromatic
conmpounds may be substantially aliphatic hydrocarbon
pol yners. [034] Pol ybutyl phenol (forned by al kyl ati ng
phenol with pol ybutylene) may be suitable for the
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%)35]h According to one aspect of t he present
suiiabe hydigxgar ic gepMRAINdy Y ba Prlviagpubkcresol. The comonomers
pol yi sobutyl cresol. Unl ess otherw se specified herein,
polyimerized with' propylboe i theebutylenas ethyi e aliphatiesnd capralso cantain
i ncl ude polyners made from "pure" or "substantially
nopraliphatic groupsies.g), styseritemethyisigrene] y-mesthylstycknel, divinyl
m xtures of two or all three of 1-butene, 2-butene and
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C. Acidic catalysts may generally be used to pronote
Cihalkddpouns, fdntexample methyl, in addition to other groups such as, for
example, halogen, hydroxyl, alkyl, altkenyl, atkynyl, 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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al kyl ation. Typical catalysts used in conmerci al
production include, but are not Ilimted to, sulfuric
acid, BF3, alum num phenoxi de, nethane-sul fonic acid,
cationic exchange resin, acidic clays, and nodified
zeolites. [0371 The I ong chain al kyl substituents on
t he benzene ring of the phenolic conpound may be
derived from pol yol efi ns having a nunber average

i . f. £ar,
Of’é“‘eﬁéﬁé%w'ﬁ%%@%8?3-5%@8{“"‘?83@%%? BB 3uli 3R 8 el i o
t.ion chr tography (GPC). The polyolefin
lo %’% ylﬁ PRENOl FSRf ‘%n;ﬁersity (wei ght aver age
Lag wej ght/nunber aver ag nol ecul ar wei qht :
the qsg gEhe alkyistign of theh %ewaramampowaﬁmﬂ ay erformed
. about | to about 2, as determned b [ 038]
in thedwesanes af encalkylating ealplyst at atemprsa @s@rmmg from about 50 to
di scl osure, polyal kyl phenol reactants, e.gqg.

abgdl%ﬂﬁ?dbyAcudlwabalyﬁndnmogmaw phesed tmpu:a’mtalﬂfbeldei -Crafts
groups have a nunber average nol ecul ar wei ght of from

- alk§Rlioh o TY2RA! caslybe usediih abimendroial pioeluptiep michidepbutadre not
t he Manni ch base. According to certain enbodi nents,

limfA8d &, levilfulse a4ia, BF?féFumlrfﬂmﬁﬁﬁéﬁm enethhRe 0o @8NEationic
di scl osure may be a pol ybutyl group derived from

R ARSI A RITARIA BIME®, 50) “hecor di mo Lo
corloBl BIBROT 2 Ak, %’%5?&?'9‘{3@?4?@@‘)%%%53 §;6rf%*§£l>ﬁe"°“c
ted npno-

coRARS Mo ettfim BPIIRe hav MO er a\é%r@%mmy%ar

the optionall %ﬁsubstltut ed al dehyde may be e%
weight, of fram; ghoyt Rfe do ap f%mmt rem @bab about

having only one ring al kyl substituent, or at_| east
209Qkss detenined Py aolipstmeationchromatagsaply (GRCR The polyelefin

i n accordance with the present
may also have a polydispersity (weight average mofecu!ar welght/number average

malecular 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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di scl osure. The |ong-chain al kyl substituents may
contain sone residual wunsaturation, or may be
substantially saturated al kyl groups. According to
certain enbodinments, the lIong chain al kyl groups may
be partially unsaturated. According to one aspect of
t he disclosure, the | ong-chain al kyl groups nay have a
degree of unsaturation ranging fromb5 to 80% for

SRR R ST o B
oA A SO P Bt S AU

at | east 8 carbon atons, and may have a nol ecul a
paassehrtitytad gnong-alkyrhena. foveaver.canycalyiehensl rea&&lw?mtwg with

to anot her aspect of the present disclosure, suitable
thenoptianafty slibgfitatedraidedydsfmaihbe lepnfrayegar Bt aginesomede figm

i ncl ude phenols alkylated in the para-position with

hygoixyamoomticaspmpaings havinglonby opy Fieg eflybadbstituent, orgat least two
nmol ecul ar wei ghts ranging from 500 to 5000 g/nol, and

ring REYDESbstiB@ e thdybd §16taBRY for PES it hedbriatde witio tref pn@sent
containing at |east 8 carbons. M xtures of such

disefRROA. STﬁ@hbn@La@.rbslkyl%st.tﬁaﬁtmsy ebntHincéohe sedi@al

al so contain | evel s of 2,4- dlalkylated phenols

unifilioh G fef Zﬂ*‘ﬂfﬁg’%&ﬁéﬁﬁ%@ﬁt@# 2l gfolibs DAL & ertain
d
e R L8 LB O, i
o S aBSEEEL e SRR At S o
pr opi onal dehyde, but%rgldehyde valeraldehg ,
unsatyeatigaraneing diem b e 8DV forpbaamsla&ons i {abb%. for the

purposes of the present disclosure may include the |ow

ol EH0] aAcemiiightto seitpinaaspectsi of dhg prasenbdisglogtiiey the om |

to 4 carbon atons such as fornal dehyde, acetai dehyde,
hydirokyaraietic\oben pausid oy ba ad ey ed ahdnolh endyi Heesubstituted 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 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 2,4-dialkylated phenols.

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

-disclosure may include any source capable of providing an aldehyde to participate
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According to one aspect of the present disclosure, the

al dehyde source nay be a fornmal dehyde source.

Suitable non-limting exanples of formal dehyde sources

i ncl ude fornmal dehyde, paraf or mai dehyde, and aqueous

f or mal dehyde sol utions, such as formalin. The

f or mal dehyde may be inhibited or uninhibited, and nay
in solution, for exanple agueous or

in QIR Re frein TR A S ol it 8L Rnidh. 56 SRirbie
(ARG, SRaIIRg GETL B GRESN = RH SieR 3o B REY S RsalzIRyde.
be present as a 5 to 80% aqueous solution, contaijning

prapignaldehyigss biefieddrhydrcvrleraldaivde; bexald@ivdei and fheyike.

exanpl es of such solutions include 37% aqueous
Aldehytes deitanliefar dne piirposag of treopmeentaiedioses waydgoledadhe low
f or mal dehyde contai ni ng 15% net hanol , 44% aqueous
mdieubar! veeghtddiphatimalaiehydes dntaimingadrarh 1 tardidcatiién atpeoasch as
for mal dehyde containing 1 % nethanol. [043] The

formal ey e sathldénydd, batypatdanyes isthutyraldeh@ss zind the like.

di scl osure may include hydroxyethyl substituted

AcEHRMgE oncARHeEOFMAL Prel BRSNS, e hRBAjdd ¥SurcBMdlPbe a

groups and a hydroxyet hyl substituent may be useful

for@‘:%&%rhgh@ dobiR Eﬁ%@ﬁé ndteiGftin te%tgﬁ)ﬁ@ foﬁéﬁé‘lg?hyde sources

sure. e non-Ti I'ng exanp
. su m nes, 13 incl.ude 2-(2-am noet hyl ap no hanal ,. ..
incl et RRb A st PR Maie/ e 2 RELeuT B aBkERIAd Bpttons.
N-hydr oxyet hyl -1, 3-pr.opanedi am_ne,. and conhj nati ons
sugl S faymating Be FeaemGie TREY BP B GLor GRRAP feth cpcTiay be
_of the disclosure, an amne suitable for the purposes
in gAutiaie fosaxeERle andequUsSSUTatuUsRlstcopoliQ solution.
- am noet hyl am no) et hanol . [044] The Manni ch reaction _
may[04&] paedonding do certainlaspedts aditheidisclosure, 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 alcohol solution. Non-limiting examples of such
solutions include 37% agueous formaldehyde containing 1.5% methanol, 37%
aqueous formaldehyde containing 15% methanol, 44% aqueous formaldehyde
containing 7% methanol, and 44% aqueous formaldehyde containing 1%
methanol.
[043] The amines useful for the purposes of the present disclosure may
include hydroxyethyl substituted diamines. Any compound containing at least two

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

aspects of the present disclosure. Suitable non-limiting examples of such amines
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solvent), or in a solvent or diluent. Suitable
solvents or diluents may include those that are inert
and/or nmay be easily renoved if desired, such as
organi c solvents, for exanple aromatic sol vents such
as benzene, xylene, or toluene. The solvent, when
used, nmay be present as, for exanple, 1 part

hydr oxyaromati ¢ Conpound to 1 part sol vent.

mcﬁ.'lc%nﬁ E(i ﬁﬁ'{lﬁde\(wé? i gétﬁ&ﬁé)lsal‘?l d$ﬁ’ﬁcﬁlé YiahdHee the

P QA resu |n a product

t.hat rs finis Licant s nifi .
amjingiiafidiefiriplarghe StvarSpi R coiiepanediyi. Ao EBihations
tinme ossj bl y cause the nol ybd )
of ARY:6 f‘bs?far@ee ot dhgpling iq eertgin #Rescis Phinerdiselgsige, amamine
am ne to the hydroxyaromatic conpound mnay range from

suitalge {as tize purpases plithegoresenidalisciosvre sppydes242- t he
di scl osure, the ratio may be 2:1. According to
an'éﬂtnﬁtlhtsdamﬁ@;)@bamolt he ratio of amine to hydroxyaromatic
conpound may be 1: 1. The nolar ratio of formal dehyde
to @ddhe TheyMaanigh réaction rhay bt @effoimeddircbulli(ng diivent or
certain aspects of the disclosure, the ratio ranges
solfilé:filt?lq ok'id a sbfveht 8F diludr®4litA616 QbReRs er:hiGéhis&hﬁy AR those

he di sclosure, the am ne, fornmal dehyde source,

théﬂié% ﬁ?éat I VB?'trhéy ??'@BQW%(&%@ iFGesiRR! sUEH ad8r $dlGshts,

to reflux tenperature under nitrogen as

for Lt Ieg%ﬁ{q%?:%%l\%té g\?ch %{Iér?e o‘?qgﬂﬁgg% The solvent,

azeotropica r eac atdre rmy
et er i ned qute rat r .
Whﬁawéﬁﬂfaweﬁ#%%ﬁm{ﬁée XaPlEn Tt e ShekoGate poppaied to
starts at apprOX| nmat el %/ 84' C and rises as water is
1 pegraoleat t Pigmiicaatly lowgsiewsls ofigplvant may sasserthg reflux
tenperature varies dependlmr}g on the anpunt of ]
teraparetane fo degcandesulllin amsodus daptioglars Enisbed vilsfubrigaats.
may range from120 0 Cto 150 ' C The reaction may
Signiflcantly high8r lewelsof fsolveobmal e¢guirednogar reantion bmeat &rech
of the
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 o 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
to 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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Manni ch product. The conpl eted reaction may be cool ed
to approximately 60 O C in preparation for the

nol ybdenum i ncor porati on step. 11. | NCORPORATI ON OF
MOLYBDENUM [ 047] A nol ybdenum source useful for the
pur poses of the present disclosure includes any
source that provides avail abl e nol ybdenum capabl e of
reacting with a Mannich base. According to certain

re&&RAGE ?erﬁévéd"&zéﬂtr%‘bﬁc%ﬁ#‘ ' ®he %a&:%httéhbﬁrdfﬁﬂeﬁﬁg)‘? BE@etermined

source nmay be a nol ybdenum oxi de. A suitable,” non-

f
by shETBIeRERLR & t@%‘mé?é%%“’”%ﬁﬁ%%*%%y Wb thebale
use numtrioxi de na
tO'Pﬁn%#PEtétﬁf@praﬁ"paf&&n%%%y 05756 25 M S rPved Fitibe
urlt rade of nol ybdenum tri oxi de nma
re%fé%usg'@,e/?nﬁéé P%@%W%@%ﬁﬁ?ﬁﬁ INGRN goe awayﬁ f
nore likely t produce a product that does not require
sopvent, sHeh af tolnerl@wpdm Hueastiast. angl ay eanas fram 1 269C to 150
exanpl e nol ybdenum tri oxi de, and water nay be added
° G.oThérecavtionimgy takaditp Grhovs forrmemeterretiosal and formation of the
approximately 600C. The nol ybdenum tri oxi de may be

MaredcH prddutt MTHeheormpletedabatiicremay be oodlealto apptaxdmafe260.° C
to 1:3. According to certain aspects of the

in BlcpatARnITes thbhﬂol?@@érﬂm‘m‘»bohﬁ)raﬂor?steﬁccor ding to
anot her aspect of the disclosure e ratio may be

L JINEOIQTMRAEHGND(EPM@[Y%TENUMSM may generally be

equi valent to e anmount of nol ybdenum trioxide used,

but gﬁ hea b Xl%e?lu% sﬂ%@ sBRY R ltRe 89&)0%@@ df ¢ O;frgi%nt

Af t dditi of nol enumtrioxi de and water

dlSrGE)%EH ﬂ%@% ang%oﬁ q%%%t QS?BSQ a(lgllarb?é M&d@ﬂﬁﬁ{ @Jplé'bf‘e of

azeo

re%%tl?ltgé{‘lfl{p?t N%pgicg ct | on ¢ lrﬁnégr'et nge)@é m)vala
| suita%lé pn%ly%ﬁ%num sour nPalyubSe ; Irqneoly r&%%ﬁtm x:g S %ts%utagle 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 a product that does not require filtration.

[048] A source of molybdenum, for example molybdenum trioxide, and
water may be added to the Mannich reaction mass maintained at approximately
60°C. The molybdenum trioxide may be reacted with the Mannich base at a molar

ratio of 2:1 to 1:3. According to certain aspects of the disclosure, the ratio may be

1:2. According to another aspect of the disclosure, the ratio may be 1:1. The
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produce the organi c nol ybdenum conpl ex. For exanpl e,
if 14.4 g of nolybdenum trioxide is used and 14.4 g
of water is used, the anount of water collected may be
14.4 + 14.4/143.94 x 18.01 = 16.2 g, where 143.94 is
the nol ecul ar wei ght of nolybdenumtrioxide and 18.01
is the nol ecul ar wei ght of the water generated in the
reaction. The reaction may require anywhere from2 to

s o Bt e R AR YO TR SRt Blybgenum
. d illation.
o 5L KR ST lsf%cbéea@s”%%“y ot o
' [ iquig. 11l. F NU AT 050
?ﬁdﬂ&%%ﬁ iV Bonsuenty gy
of the resent disclosure nmay be useful to I npr ove
be skoydy h@ﬂgeddp refupolemperatire with graghal ssmeneat of watgr we%ﬁeotromc
' and/or friction nodifying proper-ties of |ubricant
distiilation. akfe teiakkion oan be |nmrntoradwgy rerobvaliohwatsr. tTie amount of
present organi c nol ybdenum conpl exes may generally

watezroollected enanelsal efoal te tipphewant addeddsips tha amouitr geneoated to
- antioxidants, antiwear additives and the |ike.

prod@ve Ves or@n@ﬁb{;@ﬂ@ﬁtﬁrﬁ@bn@kﬂ@@s%r eample) if 14.4 g of molybdenum
ant i oxi dant antiwear additive may be 1 ncl uded

trlob(f&letlﬁ%sfeﬂ Rhahads gidk $/aters Lsad!the anftindef Watdr %ilected may be
mol ybdenum addi tfves of the present disclosure that

14314 43P0, ?’4(& qdatgqve '1§ 2Sé e 125 d4sqhd ?nc}lél}ﬁﬁar%géght of

'subj 0 unusual evere condi tions
f. th ddi t
BB B T S B R B
el BB ot BB S B o B B
fromabout 50 to about 1000 ppm of nol ybdenumto the
maps mayhir cppledunay befiterashioarioyeiasy wireadiad piidiienm

- the lubricants according to the present disclosure has
trionislep and thailolwene may be removed by vacuum distillation. The product

prepared by this process may be a dark red, highly viscous liquid.

. 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 disclosure that are less

- oxidatively stable, or in oils that are subjected to unusually severe conditions. The
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upper limt; however, for econom c reasons a maxi nmum

| evel of about 1000 ppm may generally be used,

al t hough not required. [0511 The treat rates of the

or gani ¢ nol ybdenum conpl exes according to the present
di scl osure may depend upon the desired finished

| ubricant properties; .however, typically the

addi tives may be present in an amount so as to provide

tregtrat&%seqﬁbg ?Rﬁﬁde?@np Q?&)’/IB Ves %ﬁ%‘@%ﬁd ;ﬁ)?ﬁk@{@%&reﬁpﬁﬁ@ned
e. concentrat | enu

oW ECbeor G, APl R il el
i ok P et BBt o Rl LB o

npl oyed, al though not required. The table bel ow
10@% RREK P B ybderumdefhe fipished iPRduchg The eapceritation i d
addi tive conbinations for various applications:
molyhslenuat indhshibrisbinte apceedingRinieReresent wisulasuBe bes inpgarticular
AdditivesG | Type Antioxi dant 75-250 pprn
uppdaDinph) owesen iftrescon@nid rdasdvs Ranaringen (€@l of about 1000 ppm
Sul fur-Contai ning Additives (0.2-1 % and Medi um

* ma§Wneral &é&wgattﬁo §otgeqtibed 0. 3- Speed Diesel Oils
.09 Z (0. Anti - \Wear 50- 100 ppm

Mo a
Hoaos %ﬂg{é’t ergﬁars q?é!h%gégoﬁi’t%‘@@!@g@ﬂuﬁ%ﬁﬁbléﬁé@%rdlng to

thec“%% i rr.%ia‘%&%g;@o%fréﬁ%‘éﬁ% G ERftorgt progprtis:
ho%yﬁ{t ygﬁ E}éﬂ'iesaqﬁlv% may %%!R%‘gé%ﬁﬁ"é 880a£cwnt 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 below summarizes exemplary, non-

limiting treat rates and additive combinations for various applications:

Application | Suitable Treat Range | Performance Boosting Additives Qil 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 (0.5-1.2%)
Anti-Wear 50-100 ppm Mo ZDDP Passenger Car
Sulfur-Containing Additives and Heavy Duty
Diesel Oils
Deposit 75-250 ppm Mo Diphenylamines (0.05 -1.0%) Heavy Duty Diesel
Control Sulfurized Phenate Detergents (0.2- | and Natural Gas
| 3.0%) Engine Qils
Friction 250-1000 pm Mo Antioxidants {0.1-1.0%) Passenger Car
Modifying Qils
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1 Mdifying 111G 1s 17 [052] The organi c nol ybdenum
conpl exes of the present disclosure may have

excel lent solubility in a wide variety of basestock
types and/or may have a reduced tendency to col or
finished crankcase oils. Further, the conpl exes nmay

be capabl e of high nol ybdenum i ncorporations, may be
prepared fromlow cost raw nmaterials, and/or nay have

igrn@lg j‘t B, 19%{1 ﬁf’g’(g&éﬂﬂn% %%f tﬁ@éﬁéseﬁp&sclosure may

tion o ricant oIl

had el Y g%gm; ’%@5’9 ?%F%fgé‘%ﬁ{ﬂgﬁ 2R héy have o
reﬂ@a%d{!tt%ifﬁ"tev to,colar Bt Frakpane O dines %’2515%@5%855 may

Vi scosi tly i ndex |rrprover In general, th
be paaaliﬂe &hhighi mokyhgenuyss incorperations. Serbhe Pranased ffﬁgﬁ Igw cost
- conposed of from about 65 to 95 wei ght percent (wt.
ravgnatgrials, lsadéoransy bave sinzigbtienivagd prastiction prodesses.about
Oto 30 wt. %of a polyneric viscosity index
i mpi068Er , THe compdiitiin &F the [dlricant oeray veany aiddificeoiihabased on
addi ti ve package and typically a sufficient anount of

theQiL@aithér 4Rl spirtsiivapplie@tan. ERhd 6il Rizg\tiysiealff crtaint incdlition to
50 ppm of nol ybdenumto the finished |ubricant. [054]

theTrHSIygéérﬁfrﬁ %BleoG AP bt e FHESbAtISIRRUPE A0 Bet@Ryerit/iHibiEs

east one of dispersants, detergents, zinc

. ad&iﬂ E@ﬁld éjbl‘ép,éﬁlghﬁ mepﬁévérgr?ﬁplenepaqiqhé Il?d}ﬁ:lant oil may

nts pour cor’r
h| b| t r.us i bitors i_nhi
be 33315? Bt I3 mbe rBPfsed &l Prﬁ%?od?é %@?%ﬁﬁﬁgcem
acc certai ects t ent
(Wi of 358 O i IRL RIS Ersamibh MOBLaRH Ctortit i 6F dgen
or oxygen polar groups attached to a h _nol ecul ar
poly@eg e VisegeinOREE% BRPTOMEN. ﬁrowal@ouim&wb of aRadditiengl
rovide solubility in the hydrocarbon base stocks. The
adtﬁtl\e&pm@@ge amghtypically 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 bxygen polar
groups attached to a high molecular weight hydrocarbon chain. The hydrocarbon

chain may provide solubility in the hydrocarbon base stocks. The dispersant may

function to keep oil degradation products suspended in the oil. Suitable non-
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function to keep oil degradation products suspended in
the oil. Suitable non 18 limting exanples of commonly
used di spersants include hydrocarbyl -substituted
succi ni m des, hydrocarbyl am nes, pol yhydroxy succinic
esters, hydrocarbyl- substituted Manni ch bases, and
hydr ocar byl -substituted triazoles. Cenerally, the

di spersant may be present in the finished oil in an

Iinﬂl@“ég&nﬁ Bf‘&%r’ﬁﬁ't%ﬁlr}é.lée‘a d]iQpé%%ntE; Gl rgﬁrﬁglgﬁmsﬁtuted

osen fromnetalll tives contal ni

| S”‘%Qﬁ‘bﬁ@% RSLRc=ihf Hhpes #é@h?&&?@?&ﬁﬁ stefp; RO
subiied AT o A0t MRS e PR Cled uers « Pafpiaty the

various surfaces of the engine., Suitable,
dispgraant may; heyPresaniindie B‘F'SE‘?ﬁ@th gn @W%@@F@Jﬁ‘?@ 0fo 10 wt.

i nclude neutral and overbased al kali and al kal i ne
%.earth metal sul fonates, overbased al kaline earth

sal i cyl ates, phosphonates, thiopyrophosphonates, and

t hl [56p s phlon deesgentSarmrbd thosentfeom asdllic bhditives containing

detergents may be present in the finished oil in an
chavged Holdrapeips) st as @henitesSs@ifonatestor dabbaylates, wibDRiphatic,

are the nost commonly used antiwear additives in

. cydIQ4IpRaBE St ahkshléﬂomb%ham%eéﬁd 36¢krhl viRfal IBHS. fﬂfécdétél;bac i

reacting with the metal surface to forma new sur

ma%;fhhc‘{t%n‘:@}"mﬂﬁ Ge%&@.tﬁdr‘t‘ #& {arBis Qﬁffa@&f; of gédeﬁ}% Shitsble,

pr ot ect e origlinal engline surtace.

m?ﬁﬁ@‘@s‘%’fﬁﬁw% o &Ry %%?Vé@‘fétsi%gﬁqﬁ%éﬁ“ﬁ Mg
OV?rEﬂge”eﬁfaﬁ g it s2FBanete! Siliobrts overoaess alkgine ggrn

present in the finished oil in an ampunpt ranging
salfqylﬁw?e phgsplgonates, tmpp%ophpsmwa&%s &edthigghesphanetese
envi ronnental concerns, to use |lower |evels of ZDDP.
Geppealiyhwher useddhe idetergents aay be praseRt 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 lubricants. 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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19 [058] The inclusion of the present nolybdenum
conpounds nmay generally renove the need for :
suppl enental anti oxi dants. However, a supplenentary
anti oxi dant may be included in oils that are |ess

oxi datively stable, or in oils that are subjected to
unusual |y severe conditions. The anount of

suppl enent al anti oxi dant may vary depending on the

OXi g(?éé]veT & él&cﬁ’oﬂ e rEsdf Tfoly CJMB%%S rhéfat

| ev |n|s s can vary o

et FHPLE TR ol fa@é*n%ﬁﬁ%" At R R e e
sugplg&e%?%&fép |§§|g; ﬁbazggfe chdzagé)sl'lg glflaj{aké fess oxmjatlvery stable,

di t hi ocar bamat es, and phenot hi azi nes. [059] The base

or ) pilsthabaig swpiecked weuw%léhﬁe\cﬁrg srpditipas.ndie gmount of
selected fromany of the synthetic or natural oils or

supplementd aptiexidamt mayeary dsipesdingyorbibe axidative istabilidy kEthedase
| ubrication oils for spark-ignited and

stapkminveisl beati Igvels adfinisitet oitd carcaarp e O1o 2rigivihés , THeor
exanpl e natural gas engines, autonobile and truck

sugplghit@gary ERtioXIgants fitht mady g@@eﬁ'aw BS @be® M@iutRsdiarifgnines,
synthetic base oils include al kyl esters of

hirficFéd Bﬁéﬂdlé Thirddre$§ bl%ﬁbbf&%}@.ﬂfu‘ﬁzé@ dhahas) r§i.|h§mzed olefins, alkyl
pol y- al pha-'ol efins, including polybutenes, yl

B S e Ry o St
L?Bh \ ouffeBes g Qiéogﬁ?n‘g tgﬁj%«%/ H@P%E?L%@@%ﬂir%g%@% SRjogted

frog} py 9€n'%e‘?avn fiaer Betrdausior ki gredtofhase BT By e
15 cSt, for exanple from2.5 to 11 cSt at 100 C. {0601

typiead crankepsaltubrigatian oillsdapsrarkignitedanbempigssignrgaited internal

present disclosure can be nade by adding the
combusticieengines fpoerampla natualgaspidieess automobilsdrnd ieek

to an oil of lubricating viscosity. The nethod or
engingsy mafine,camganadmad diesel engines. The synthetic base oils include alkyl
esters of dicarboxylic acids, polyglycols and alcohols, poly-alpha-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 ¢St, for example from 2.5 to 11 ¢St at 100° C.

[060] The lubricating oil compositions according to the present disclosure

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

additives, to an oil of lubricating viscosity. The method or order of component
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20 addition is not critical. The nol ybdenum conpounds,
along wth any additional additives, can be added to
the oil as a concentrate. [061] The lubricating oil
concentrate may typically conprise a solvent and from
2.5t0 90 wt. %, for exanple 5to 75 wt. % of the
- conbi nati on of the organic nolybdenum conpl ex of the
present disclosure and the optional suppl enental

adfigh s Heries it Ry bofiih B hoBRRe Hionhith 3y RBRENA
% r 0 %.0f the conbination of
adéﬁiéé%cg%ﬁ%%oﬁegﬁh%b%%ﬁréﬁaco% ntf% pl emental additives.
I V.  PREPARATORY. MPLES LE 1 A ,Stage 1 [0621
52, BB 1[0, Bhenbby cainaolisonayas DRy sy sog e sfnt and
of 2-(2- am noethylam no)ethanol, 7.9 g of . )
Frop2.£116 CRutf ey (0 SHPIDIEES b G Wil e emBInatioppg rganic
a reaction flask equipped with a stirrer, a Dean-Stark
malybgenusmepraplek @b thengregant disclostuve asidithe eptiensd supplgmental
m xture was heated to reflux and water was renoved

additieed.r Apcardingyto ceétainMEpercishof tkeaptasent giscldswre, thesconcentrate
cool ed to about 600C. B. Stage 2 10631 To the Mnnich

coﬂh?ﬁ@és' anepstabigt. %R tfobBR4MmplRat dstde 40, % ¢ the combivtion of
of nol ybdenum (VI) oxide and 15 niL of deioni zed water.

i rBRBHERGM dBMl SpSIERGHE bidiiead.ed to refl ux
Orgvvith a?@gtbﬁlg}gi c reﬁioég?\@o?&water. Aflter 3 hours at

v.ref bhépﬂéw-rggqclt_:g‘qﬂnfirq%%eure was diluted with 100 g of

process ol | an red. The filtrate was

%rated in vacuo to afford 188.9 g of product.
2

A. Stage 1
[062] 52.5g (0.2 mol) of 4-dodecylphenol, 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
mol) of molybdenum (VI) oxide and 15 mL of deionized water. The reaction
| mixture was gradually heated to reflux with azeotropic removal of water. After 3
hours at reflux, the reaction mixture was diluted with 100 g of process oil #5 and
filtered. The filirate was concentrated in vacuo to afford 188.9 g of product.

Example 2
A. Stage 1
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A. Stage 1 21 [0641 211 g (0.8 nol) of 4-dodecyl
phenol, 83.6 g (0.8 nol) of 2-(2-

am noet hyl am no) et hanol, 67.4 niL of 37% f or mal dehyde
~solution and 260 nL of toluene were charged to a
reaction flask equipped with a stirrer, a Dean-Stark
trap, and a heating mantle. The stirred reaction
nixture mas heated at reflux for 2 hours and water

eGS0 QUEBORHEAplor TG 6B QSR a1,
ity SR P T4y o

to t?ﬁiﬁ@érzet% S84 k5.2 facon sk POuPBen SlbA PR ARTAa-Stark trap,

After 6 hours_at reflux, the reaction m xture was

angjplheeding wanlesgbg sirep reralion neixiurewagheated at reflwgfog2chours
concentrated in vacuo to afford 740.2 g of product.

anCwpatveas reendvesingrieotrapically. SThe dabnjabesiction ppdudt was cooled
nol ) of 4-dodecyl phenol, 60 g of Duoneen T, 6.3 g of

to gl BO?@ ai de hyd e, and 50 nL of toluene were charged
to a reaction flask equipped with a stirrer, a
‘Beagtagbark trap, and a heating mantle. The stirred
reaction m'xture was heated to reflux and water was

| i ehe t
haaPBoE) e e ARhfeh %a%gh%m%‘?‘gé‘ieg ‘FS‘%%E“’??‘%“%‘?“”“

NSRBI TR 28 ol A et
mlxtureev(ras ;;rra%uraﬁy? Fleateg 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 mot) 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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m xture was gradually heated to reflux with azeotropic
renoval of water. After 3 22 hours at reflux the
reaction mxture was diluted with 50g of process oil
#5 and filtered. The filtrate was concentrated in
vacuo to afford 177.5 g of product. Conparative
Exanple B A Stage 1 [068] 52.59 (0.2 nol) of

4- dodecyl phenol, 6 .2 nmol) of ethyl enedi arni ne,
ol e O TRl o BB

B e BB B P TR S A

renoved _azeotraopically. The Mannich reaction product
Comparative Examplabout 60'C. B. Stage 2 [069] To the

Manni ch reaction product at 60"C was added 7.2 g (0.05

AelStage 1ol ybdenum (V1) oxide and 7.5 nL of deionized

water. The reaction mxture was gradually heated to

r efI068] Wi 3h5@ Hk3 ma pofcd-dedesydphearfol viag €0.2 niél) ef 3

hours at reflux, the reaction mxture was diluted wth

eth§legedibmine ks 9 dfigaraformaidenydd amd 60 miTbetoludnenedre olasged
concentrated in vacuo to afford 166.8.5 g of product

to @Féﬁéﬁbﬁﬂbyﬁe@ﬁﬁﬂ@d ﬁ/th a%tlr@ra@ E)elanL@tZQ& tré’_ﬁ a1 4 RedtiniPinkntle.

of 4-dodecyl enol ,

Th(%%ﬁ"rtﬂ%ﬁ/ FEILE0A 'nﬁ%@wa@héa%d reﬁL‘?}[ Qrfn(ﬁ’Wé?é qﬁ%?/r%‘?noﬁé@d 50

uene were charge reaction

azeiidp %%39 ThMashridrlfeaEfion @@%@Q@?ﬁ SOk 8 RooB B0 .

E gt o reflux and water was renoved azeotropically.
he*'®8%fi ch reaction product was cool ed to about 600C.

[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 509 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-dodecytphenol, 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 23 [071] To the Mannich reaction product at
60C was added 14.4 g (0.1 nol) of nolybdenum (VI)

oxi de and 15 nmL of deionized water. The reaction

m xture was gradually heated to reflux with azeotropic
removal of water. After 3 hours at reflux, the
reaction mxture was diluted with 50g of process oil
#5 and filtered. The filtrate was concentrated in

vac 1if| 5 4R fha gl fxﬁ%h%egctﬂzfn u@%ﬁ&'&%& 60[’(‘,9'3\{25 Jb%defzf.it §o%

on no lers 1n catin

| m@ﬁ%ﬁ?m%ﬁ@%?ubrﬁ VR ATy i‘E ?f?fﬁ%?% ﬁﬂa rppgfion

Ef tive frictj d|f|erslower
m‘T(‘%‘B? Y‘)@ﬁﬂf ‘&’aﬁlﬂé‘ﬁﬁ@&'ﬂ? e ‘H’&W AZREMIG E%'B?n‘fa'OF Wpsgr. After 3
nple 2 and conparative exarrépl es A. B and C were
hoslrSeatd@ﬂux ithe rastispmisirayasdigledyyith $Qg slpracesholl §5 and
deliver 100, 400, 600 and 800 ppm Mo in the finished
filteiied, Tiedilirate wad ¢ansentiates! itrivackyo tnafforg 17613 ¢ o product.
coefficients at these treat rates. Exanple 2 was
si gfd72] canhé gfficaceokftrittion moeifers inddbkdcatipgtdile daauedar y
friction coefficient than any of the

detBinitAenyMea MR ﬂhermmaagamﬁcbn/@o@ﬁ@aﬁﬂ iA% higR Trégudhey

nol ybdenum addi ti1ves can ken the col or of |ubricant

recﬁ%ﬂo@gt ind R hanfjrgh | eRBLHVR ﬂ.c@afmbe.rbrseno% tHd Rufitan sof

IVGS I's purely an aest etIC I Ssue,

[ nce i ssue. The ASTM D 1500 col or
boeﬁ@zfrg%ct%n%% f;f%f . .

0 determine the effects of Exanple 2
d t I A.. B and h
AR B LB P B o BPIG: wetg e
s a%ﬁfaéw%&?%ﬁ% Bibblu USRS B bt Fna B 55 we
test. Exanple 2 and conparative exanple A produced the

in thedinished ol IRigurer] usteates deboundaryirictien speidicients at these

conparative exanples. Exanple 2 produced lighter oil
treat rates. Example 2 was significantly more effective at reducing the boundary

friction coefficient than any of the molybdenum-containing comparative examples.
[074] Mény 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
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 example A when _blended in the SAE 5W-30 lubricant.
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than conparati ve exanpl e A when bl ended in the SAE
- BW30 lubricant. 24 [0751 O her enbodi nents of the
invention will be apparent to those skilled in the
art fromconsideration of the specification and
practice of the invention disclosed herein. It is
i ntended that the specification and exanpl es be
consi dered as exenplary only, with a true scope and

ol dg; ﬁgoﬁég.e@%%ﬁﬁéwﬂ?@ﬁg:ﬂ)éﬁmt@%@é é@j‘a I o
siilpg e Gl eBns RefER o B beeiinelef ahy edlicd ol the ©
VBRI Bath P B VHRTEeIdaL R SposHRAIG 9y gxamples bo

mol ybdenum source. 2. The organi ¢ nol ybdenum conpl ex
cor@ﬁidersd iasExemntion withrr:iree gcoppad spihaf berdysriigaheing
conplex is obtained by reacting (i), (ii), and (iii)
indicatédbbyrite folleaingi abaimst oduct prior to the addition of
(iv). 3. The organi c nol ybdenum conpl ex according to
Claim1, wherein said organic nolybdenum conplex is
oi | -sol uble. 4. The organi c nol ybdenum conpl ex
according to Claim 1, wherein said optionally
substi tuted hydroxyaromati c conpound is an
al kyl phenol . 5. The organi c nol ybdenum conpl ex
according to Claim4, wherein said al kyi phenol is
characterized by at | east one of the follow ng: (a)
the al kyl phenol is substituted with an aIkyI group in
t he para-position;
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(b) the al kyl phenol contains at |east 8 carbon atons;
~and (c) the al kyi phenol has a nol ecul ar wei ght ranging

from 205 glnol to 1000 g/nol. 6. The organic

nol ybdenum conpl ex according to Claim4, wherein the

al kyl phenol is chosen from p-octyl phenol,

p- heptyl phenol , p-nonyl phenol, p- dodecyl phenol ,

p- pol ybut yl enephenol , p-pol ypropyl ene phenol, and

2,4-di al kyl ated 26 phenols, and m xtures thereof, each

WPifTVY@éﬁAI'W be. further substituted with at |east one
_UAHNTg?n#VdToxyI nitro, am no, alkyl, alkenyl,

and qal ky gl or géﬁﬂ%l%gde TR o6 B8 ot ;(f&f#ﬂﬁ%écﬁfaﬁgirsefuctof

accor ding to er ern sal

32?3:3@ %ﬁ%ﬁ%@a‘fﬂiﬂ #}éhﬁe“@%@&&a O”lé%%l'&%wﬁ%ﬁ?ie;“' 3
¥ angi N 7% BHEBSEE SPYESE: 10 5000 /ol - and m xt ures
thereof. 8. The ni ¢ nol ybdenum conpl ex accordi ng
to O HithanN M?’éﬁ%’&ﬂ gabstiytedljaringoanée i s chosen

from par af or mal dehyde, fornal dehyde, aqueous

f or malidkayeybdemyossaurens, acet al dehyde,
propi onal dehyde, butyral dehyde, val eral dehyde,

hexal dehyhe orgaric nmigboentmocrsnmexpceading thdlamt dekierein
and nethanol. 9. The organic nol ybdenum conpl ex

saRF&rgadicntolybdéAumnh Bbipledie bdtanedBy ﬁbd&(ﬂhg din,qi), ehb i) to form a

substituted diamne is chosen from 2

red@dTioRPRbAYE FoR B Blehifion s¥Tviopr opyl di et hanol ami ne,
am nggt hyl ngt hanol am r?g IUl\\ll?hydr oxyet hyi - 1, 3- pr opane

di agi ne, Tﬁ@%ri@prf% gr‘bdbhg&eﬁmpl cJ&BT%rtg%ﬂé?n 1, wherein

mol ybdenum'co ccording to where
s SR BB T BB R '
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
(c) the alkylphenol has a molecular weight ranging from 205 g/mol to 1000
g/mol.
6. The organic molybdenum complex according to Claim 4, wherein the
alkylphenol is chosen from p-octylphenol, p-heptylphenol, p-nonylphenol, p-

dodecylphenol, p-polybutylenephenol, p-polypropylene phenol, and 2,4-dialkylated
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11. The organi c nol ybdenum conpl ex according to C aim
1, wherein the N hydroxyethyl substituted diamne is
reacted with the optionally substituted

hydr oxyaromati-c conpound at a nolar ratio ranging from
1:1 to 2:1. 12. The organi ¢ nol ybdenum conpl ex
according to Caiml, wherein the aldehyde source is
f or mal dehyde which is then reacted with the

phglhg% dél‘?d( %ﬂtﬂ?@ft&éﬁé@ﬁ tléa%H tf)? %{%ﬁl‘%ﬁav ?vﬁ%rtﬁer@bgﬁtuf&t Jvffh at

rangi ng  rrom e organic

| ybdepum conpl ex according to,C ajm 2, erein the
ledR0 P8 AL A0 BTt S Aot AIkERd: pEd Y drodps.
product of (i),_(ii}, and (iii) at a polar_ ratio .
randi ng 1PeRIENc melypdenumcompiex geepiring tRSHigiRLdivpgrein
_corr‘t()l ex according to Caim1l, wherein said nolybdenum
saigalkydehenol is ehasgpdenu prpstyludylenephenels kavijcha enolecular weight
nol ybdenum conpl ex according to Claim1l, wherein said
rangihy rdem®00 gimol ¢e@ 5080 givhglbpeolypropylendpihenoclsdiavig a molecular
process for preparing an organic; nolybdenum conpl ex,

welghtpanging ¢ron{ 500 g&esl ttd Bo0QR/MEK and alikiurssiuthetdof.ut ed
hydr oxyaromati c conpound wth an al cl ehyde source and

an Bk hy dyRg ¥Ridme melBabhimi@isleRBERRIE Y CRAifh 1,3wherein the
Manni ch base;” and (bB) reacting the Mannich base with a

o0 ST AR 0o O s
ot e D ROt Sl SR e
valfeFacfH?eﬁ)H(eY hegarﬂge fde?ggd %&%@ggtio% %g%%'rising 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, aminopropyldiethanolamine, aminoethyldiethanolamine,
N-hydroxyethyl-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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18. The process according to Caim 16, wherein the
"optionally substituted hydroxyaromatic conpound is an
al kyl phenol . 19. The process according to C ai m 18,
wherei n said al kyl phenol is characterized by at | east
one of the follow ng: (a) the al kyl phenol is
substituted with an alkyl group in the para-position;
(b) the al kyl phenol contains at |east 8 carbon atons;

and438 (
ran;?’ng Fle DB 51yBREAA B FRLFEG30 CHRP wherein the
I
miietens 8%95%2%4%&%&@1?% Eéaﬁaé@r%h@ésf’ﬁ%ﬂ ahd i) at
heno phenol p- pol ybutyl enephenol

m arﬂ@%ﬁ ﬁ'ﬂ%‘%ﬂgﬂﬁ and 2, 4-di al kyl ated phenol s,

and mxtures t hereof, each of whi ch nay be further

subdti t utleiotgenic melbdgaymaesRiex a%ﬂf@l@eﬂo (igigt bxyherein

nitro, amno, alkyl, alkenyl, and alkynyl groups. 21.
salwlneoipsbfdﬁmsa@r@@mango%d@taﬁ gXitle; wherein said

al kyl phenol is chosen from p-pol ybutyl enephenol s

havifhg alhedmganicanolyeidghumrcampiergadeandng@o Clajimb) wherein

5000 g/ nol, p-pol ypropyl enephenol s having a nol ecul ar

saidenghbderungsogrcefis amlyiiingi®ibxide. 5000 g/ nol, and
m xtures thereof. 22. The process according to Claim

18, 1ewher g prodelds feH ﬂﬂéb gh ok@am@ RORRRIchlR R omplex,

nonoal kyI phenol s, 'di al ky phenol s, and m xtures
t hegiRbrisite: The process according to Caim 16,
wher el n th N- hydr oxyet hyl substituted diamne is

Eﬂf’ﬁﬁgrf o el ATb ARy Sﬁﬁtﬂﬁéﬁﬂﬁé&%ﬁ%ﬂa 5 grpgound

t he ﬂaoxéﬁ}eh){fde SourceparnodD EI da oxye?hyl sugstrpuéd didmine 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 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

28




24. The process according to Claim 16, wherein the

N- hydr oxyet hyl substituted diamne is

N- hydr oxyet hyl - 1, 3- propanedi am ne. 25. The process
according to Caim 16, wherein the al dehyde source is
.chosen from par af or mal dehyde, fornmal dehyde,
acet al dehyde, propi onal dehyde, butyral dehyde,

val eral dehyde, hexal dehyde, aqueous for mal dehyde,

aquUEOUS, thé iﬂgﬂfﬁ hbP HW% Eﬁﬁ'w ) I t
nmet ha@l extb ullr?a;ssg e%%g? éﬁg'?ﬁb %ﬁg?eg;/mo °
acc%&d an&o Claim 16, wherein the Mannich base is
prepared i n the absence of a solvent. 27. The process

to 16,.. Ve h
ot o ed P Pepcedp Ferhrdigig e A5 whelaL fﬁfﬁﬁ?@o' is
rocess accor di ngI to Caim16, wherein the Mannic
ch rorg p-peiyipheno V\Pthﬁfpﬁﬂﬂ"]%@brmﬂﬁ’wmﬁﬂ%eo F‘ﬂdqw@hem' p-

Fresence of water. 29. The process according to Caim
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souzrzc.e The process according to Claim 18, wherein the alkylphenol is
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,
aminopropyidiethanolamine, aminoethyldiethanolamine, N-hydroxyethyl-1,3-
propane diamine, and mixtures thereof.

24.  The process according to Claim 16, wherein the N-hydroxyethyl
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, agueous formaldehyde, aqueous

compositions comprising formaldehyde and methanol, and mixtures thereof. .
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is a nol ybdenum oxi de. 34. The process according to
Cl aim 16, wherein the nolybdenum source is nolybdenum
trioxide. 35. A lubricating oil conposition conprising
a major anount of an oil of [lubricating viscosity and
an organi ¢ nol ybdenum conpl ex prepared by a process
conprising: 30 (a) reacting an optionally substituted
hydr oxyaromati ¢ conpound with a formal dehyde source
and,an e | 3 t [; :
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nol ybdenum, source, to formthe organic nol ybdenum -
pr%pag%q?@e(tﬂe%_se%eeoﬁ%g?livg%t“ ng oil conposition according
to G aim35, wherein the organi¢ nolypbden cQ ex .
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according to Claim 35, wherein the nolybdenum source
prapared ifod Geluent ranaising toBeneThe | ubri cating oi |
conposition according to Caim 35, wherein the
mol $Bdentine prgess aceordinigyto ddaiom 6.rwietietretheddannich base is
| ubricating conposition conprising the organic
reavbdd/ Wil motybdemont eloxik ichtise prebend® of wateant i oxi dant
. conposition conprising the organic nol ybdenum conpl ex

accpg di mphd prdekad Btdording4d CldiRe 18 nWhénsirdwater is azeotropically
conposition according to C aim40, wherein the '
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30. The process according to Claim 16, wherein the N-hydroxyethyl
substituted diamine is reacted witH the optionally substituted hydroxyaromatic
| compound at a molar ratio ranging from 1:1 to 2:1.

31.  The process according to Claim 16, wherein the aldehyde source is
formaldehyde which is then reacted with the N-hydroxyethyl substituted diamine at
a molar ratio ranging from 1:1 to 1.5:1.

32.  The process according to Claim 16, wherein the molybdenum
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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to provide nol ybdenumin an anmount ranging from75 to

250 ppm 42. The antioxi dant conposition according to
~Claim40, further conprising at |east one of

di phenyl am nes, sul fur-containing additives,

sul furized phenate detergents, and ZDDP. 43. An

anti-wear conposition conprising the organic

nol ybdenum conpl ex according to Claim 1. 31 44. The
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conplex is present in the conposition in an anount
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from75 to 250 ppm 48. The deposit control
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32.  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 composition 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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51. The friction nodifying conposition according to
Claim49, further conprising an antioxidant. 52. An
addi tive concentrate conposition conprising the
organi ¢ nol ybdenum conpl ex of Caim1 and a dil uent
process oil. 53. The additive concentrate conposition
according to Caimb52, further conprising at | east
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conprising adding to the lubricating oil an oxidation
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49.  Afriction modifying composition comprising the organic molybdenum
complex according to Claim 1.

50.  The friction madifying composition according to 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 Ciaim 1 and a diluent process oil.

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

comprising at least one additive chosen from dispersants, detergents, anti-wear

32




provi de at |east 50 ppm of nol ybdenumto the finished
lubricating oil. 59. A process for inproving the fue
econony of an internal conbustion engine conprising
using as a crankcase lubricating oil for the interna
conbustion engine the lubricating oil conposition of
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conbustion engine the lubricating oil conposition of
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61, wherein the organic ybdenum conpl ex i s, present
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sufficient to provide at | east 50 pprn of nolybdenum
therasganie molyldgresn complexaafiCiainoil] 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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63. A process for reducing wear in an internal

conbustion engine conprising using as a crankcase

| ubricating oil for the internal conbustion engine

the lubricating oil conposition of Caim 35, wherein

the organi c nol ybdenum conplex is present in an

amount sufficient to reduce the wear in an internal

conmbusti on engi ne operated using the crankcase
colBsH6A. ssebrfibaron 15 1F2ORTNE Spbibted ENESBine MahiEr and using

34 crankcase bricati. oi l .except.that the oil |s.
theearte Grasionte RGeS hSrchny iRl R b inveld & e prgnic

process according to Claim63, wherein the organic
MARAERYENERMEeIS DI ex is present in the crankcase

lubricating oil in an amount sufficient to provide at

| ea80. 50ThpRiosessrarydegdmGlaim A8, wherelhibg argdiitcat i ng

oil. 65. A process for providing friction nodification
malybdenuimcamplek ispresestindhe ceemiicase wibnipating eibinuan angouast

a crankcase lubricating oil for the internal
suffiolebtit provideen iase 50 ppn obmbbdtenmgmdo the fimiped iboioatirig oil.
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cor%lpared 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
organi_c 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 fubricating 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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crankcase lubricating oil except that the oil is devoid of the organic molybdenum
complex.

64. The process according to Claim 63, wherein the organic
molybdenum complex is present in the crankcase lubricating oil in an amount

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

65. A process for providing friction modification 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 tubricating 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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