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IMPROVED PROCESS FOR PREPARATION OF HIGH MOLECULAR WEIGHT
MOLYBDENUM SUCCINIMIDE COMPLEXES

FIRLD OF THE IKVENTION

The present invention generally relates to an improved process for preparing high

molecular weight molybdenuro succinimide complexes.

BACKGROUND OF THE INVENTION

in general, organic molybdenum compounds are known to improve the fubricating

woperties of engine oils.  For example, molybdenum dithiocarbamates are typically

]

employed for the reduction of friction. The molybdenum dithiocarbamates, however,
contain sutfur and slowly lose the ability to reduce friction unless an alleroate sulfur source
is present in the hubricating oil. Another examople of organic molybdenum compounds are
sulfurized molybdenum polyisobutenyl succinimide complexes which are used to mediate
wear, reduce friction, and/or conirol oxidation. See, c.g, LLS. Patent Nos, 4,259,194;
4,265,773, 4,283,295, 4285,822; and 6,962,896 and 118, Patent Application Poblication
No. 2005/0209111. Problems associated with the use of sulfur in lubricadng oils are that
sulfur can be incompatible with omission control devices and can result in corrosion

problems.

U.S. Patent Nos. 4,357,149 and 4,500,439 disclose molybhdated Cis-Cyo alkenyl
suceininides.  In Example XI of both of these patents, a molybdated succinimide is
prepared by reacting a C15-Cyp alkenyl succime anbhydode with triethylene tetramine

followed by treatmerd with a molybdic acid sohudion.

Russian Patent No. 2201433 discloses a molybdated succinimide post-treaied with
maleic anhydride as an additive for motor oils used in internal combusion engines. Russian
Patent MNo. 2201433 further discloses that the additives are prepared by reacting an alkenyl
succininide of polyethylene polyasune with anumonium melybdate in the presence of water
as a promoter and then reacting the resulting product with malcic anhydnde aken w
ammounts of 0.2 o 1.0 mole per 1 mole of alkenyl saccinimide of polyethyviene polyamine.

All of the examples disclosed in Russian Patent No. 2201433 employ a high moleculer
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weight polyisobutenyl (950 MUW.) sucoinic anhydride (PIBSA) in preparing the alkenyl

uccinimide of polyethylene polyamine.

Molybdenum succinimide complexes are also described in U.S. Patent Application
Pablication No, 200%/0325833. These complexes when derived from high molecular
weight alkylamines exhibit good friction, wear and oxidation inhibition. These complexes
are prepared by post-treating the amine portion of the suceinimide with maleic anbydride, at
a charge mole ratio of maleic anhydride to succinimide of about 1:1, followed by a further

post-treatment with molybdenum trioxide.

SUMMARY OF THE DISCLOSURE
In accordance with one embodiment of the present disclosure, there is provided a

process for preparing 2 mwolybdated succinimide complex, the process comprising:

(a) reacting an alkyl or alkenyl mono- or bis-succinimide of a polyamine of formula

[ or formula £ or mixtures thereof

0
R
"N (RINH), H
o
Formula (I)
o
R R
N—(R-NH},R——N
O o)

Formula (IT)



wherein R is an alkyl or alkenyl group having a number average molecular weight of about
300 to about 5,000, R’ is a straight or branched-chain alkylene group having 2 t0 3 carbon
atorns, x is 1 o 11, and y 18 1 t0 10, with an o.B-unsaturated mono-carboxylic acid or
carboxylic acid ester, i a charge mole rato of the o, f-unsaturated mono-carboxylic acid or
carboxylic acid ester to the succinimide of formula I or formula I or mixtures thereof of
greater than 1.05:1 to about €:1, and wherein the reaction temperature is in the range of
from greater than 80°C to no greater than about 150°C; and
{b) reacting the succinimide product of step (2} with an acidic molybdenum
compound to provide the melybdated succinimide complex, wherein the molvbdated
succinimide complex is a liquid at room temperature.
In one aspect, there is provided a process for preparing a molybdated succinimide
complex, the process comprising: (a) reacting an alkyl or alkenyl mono- or bis-succinimide of

a polyamine of formula I or formula I or mixtures thereof:

Formula (I)
O
R
N—(RNH}H
W
O
Formula (1T}
R R

N—(R'— NH),R'—N

O
wherein R is an alkyl or alkenyl group having a number average molecular weight of about
500 to about 5,000, R’ is a straight or branched-chain alkylene group having 2 to 3 carbon
atoms, x is 2 to 11, and y is 1 to 10, with an o,B-unsaturated mono-carboxylic acid or
carboxylic acid ester, in a charge mole ratio of the a,-unsaturated mono-carboxylic acid or

carboxylic acid ester to the succinimide of formula I or formula IT or mixtures thereof of
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greater than 1.05:1 to about 6:1, and wherein the reaction temperature is in the range of from
greater than 80° C. to no greater than about 150° C.; and

(b) reacting the succinimide product of step (a) with an acidic molybdenum
compound to provide the molybdated succinimide complex, wherein the molybdated

succinimide complex is a liquid at room temperature.

Among other factors, the present disclosure is based on the surprising discovery of an
improved molybdated succinimide complex and an improved process for its preparation. it
has been found that molybdenum succinimide complexes derived from high molecular
weight alicyl or alkenyl succinimides where the amine portion of the molecule has been
posi-treated with an o, f-unsaturated monoe-carboxylic acid or carboxylic acid ester results in

a product that exhibits low friction and wear.

Another advaniage of the present process is that the reaction of an alky! or alkenyl
succinimide of a polyamine with an o,-unsaturated mono-carboxylic acid or carboxylic

acid ester can be carried out ai a tlemperature no greater than about 156°C.
b4 &

The post-treatment with an of-unsaturated mone-carboxylic acid or carboxylic
acid ester at no greater than about 150” Cadvantageously allows for 2 product which has
improved friction reduction when incorporated into a lubricating il composition and used

in an interpal combustion engine.

T has been further discovered that when the charge mole ratio of the o.B-unsaturated
mono-carboxylic acid or carboxyHe acid ester to the succinimide of formula T or formula
or mixtures thereof is from greater than 1.05:1 to about 6:1, the resulting product exhubits
surprisingly improved wear performance over those that have been post-treated where the
charge mole ratio of the ¢,P-unsaturated mono-carboxylic acid or carboxylic acid ester to

the succinimide of formula I or formula IF or mixtures thereof 15 about 1:1.
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5 DETAILED DESCRIPTION OF THE INVENTION

in gencral, provided is a process for preparing 2 molybdated succinimide complex,
the process comprising:
{a) reacting an alky? or atkeny! mono- or bis-succinimide of a polyamine of formula

1 or formula T or roistures thereof

O
R
N——(R'NH},H
10 O
Formula (1)
O O
R R
P
N——(R“NH),R'~—N
0O o]

Formula {11}

Lo

wherein R s an alkyl or alkeny? group having a number average molecular weight of about
500 to about 5,000, R’ is a straight or branched-chain alkylene group having 2 to 3 carbon
atoms, x is 1 © 11, and vy is 1 w0 10, with an o.B-unsaturated mono-carboxylic acid or
carboxylic acid ester, in & charge mole ratio of the a.f-unsatoraied mono-carboxylic acid or
carboxylic acid ester to the succimmide of formula 1 or formula I or mixtures thereof of
260 greater thap 1.03:1 to about &:1, and wherein the reaction termperature 18 in the range of
from greater than §0°C' to no greater than about 150°C; and

{b) reacting the succinimide product of step (a) with an acidic molybdenum
compound o provide the molybdated succinimide complex, wherem the molybdate

succinimide complex Iy a Hauid at room temperature.
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5 In one embodiment, the reaction lemperature of step (a) in the process is in the range
of fram greater than 80°C {0 no greater than about 140°C. In another embodiment, the
reaction temperature of step (a) in the process is 1o the range of from greater than 80°C fo

no greater than about 135°C.

In one embodiment, the R substituent is an alkyl or alkenyl groep having a pumber

10 average molecular weight of about 500 to abour 5,000. In avother embodiment, the R
substituent is an alkyl or alkenyl group having a number average molecular weight from
about 700 to about 2500, In another embodiment, the R substituent is an alkyl or alienyl
group having a number average molecular weight from about 710 1o about 1100, In another

embodiment, RNis Z; xis 2o 5, and y 18 | {0 4.

i3 In step (), a succinimide of formuda 1 or foramyla I or mixtures thereof:
o}
R
N (R'NH), H
\
6]

Formuta (1)

N (R"-NH),R ——N

Formula (1)

20 wherein R. R, x and y have the alorestaied meanings, is reacied with an o f-unsaturated
mona-carboxylic acid or carboxylic acid ester, such as acrylic acid.  The starting
succintmide of formula 1 or formula I can be obtained by reacting an anhydride of forroula

L
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Formula (111)

wherein R has the aforeswied meaning, with 4 polyvamine. The anhydride of formula IH is
either commercially available from such sources as, for cxample, Chevion Oronite
Company LLC, or can be prepared by any method well known in the art In ome
embodiment. the charge mole ratic of polyamine to the anhydnide of formula Hiis 0.5:1 o
1:1. In another embodiment, the charge mole ratio of polyamine 10 the anhydride of formula
it is 0.8:7 to 1.1, in another embodiment, the charge mole ratio of polyamine o the
anhydride of formula I 15 0.9:1.

in one embodiment, the alkyi or alkenyl mono- or bis-succinimide of step (8}
is a nuxiure of the succintmides of fornudds 1 and formula 1L In another embodiment, the
ratio of the mono-succiniruide of formula § o the bis-succinimide of formula B in the
succinimide mixture is from about b1 to 1(:1. In another embodiment, the ratio of the
mono-succinimide of formula I to the bis-succinimide of formula I in the suceinimide
nuixture 3§ at least about 4:1. In another embodiment, the ratic of the mono-succintivide of
formula I to the bis-succinimide of formula I in the sucomimide mixtore is 9:1. In another
embodiment, the ratic of the mono-succinimide of formula I to the bis-succinimide of

formula 1 in the succintmide mixture is 111

Suitable polyamines for use in preparing the succinimide of formula @ or formula I
are polyalkylene polyamines or mixtures of polyalkylene polyamines, inchuding
polyalkylene diamines. Such polyvalkylene polyamines will typically contain about 2 to
about {2 nitrogen atoms and about 2 to 24 carbon atoms. Particularly suitable polyalkylene
pﬂiv amines are those having the formula: FN-(R'NH),-H wherein R' is a straight- or

ranched-chain alkylene group having 2 or 3 carbon atoms, preferably 2 carbon atoms, and
x is 2 to 11. Representative examples of suitable polyalkylene poiyamines include
polyethylene polyamines such as ethylenediamine, diethylenetriamine,
triethvlenetetraamine, teiracthylenepentamine and mixtures thercof. In one embodiment,

the polyalkylene polvamine is tetracthylencpentamine.
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Many of the polyamines snitable for use in the present invention are commercially
available and others may be prepared by methods which are well knows in the art. For
example, methods for preparing amines and their reactions are detatled i Sidgewick’s "The
Organic Chemistry of Nitrogen”, Clarendon Press, Oxford, 1966; Noller's "Chemistry of
Organic Compounds”, Saunders, Philadelphia, 2nd Ed., 1937; and Kirk-Cthmer's

-?(

acvclopedia of Chemical Technology”, 2nd Ed., especially Voluine 2, pp, 99 116,

)

In one embodiment, the anhydride of formula HI is reacied wiih the polyamine at a
iemperature of about 130°C 1o about 220°C. In another embodiment, the anhydride of
formula I is reacted with the polyamine at a temoperanure from about 145°C to about
175°C. The reaction can be carried owt under an mert almosphere, such as nitrogen or
argon. The amount of anhydride of formula I employed in the reaction can range from
about 30 1o about 85 wt. % and preferably from about 40 to about 60 wi. %, based on the
oial weight of the reaction miixture. The reaciion mixture may be mixed with or without
dilgent oil. The charge mole ratio (CMR) of polyamineranbydride of formmda 11 will vary,
for example from 0.5:1 to 1:1. In ancther cmobodiment, the ratio is 0.8:1 1o 1:1. In another

embodiment, the ratio is 9.9: 1. ¥In anotbher emnbodiment, the ratic 1s §.5:1.

Suitable o, B-unsaturated mono-carboxylic acids or carboxylic acids esters include,
but are not limited 1o, acrylic acid, methacrylic acid, methyl, ethyl, isopropyl, n-buty! and
isobutyl esters of both acrylic and methacrylic acids, and the like. and roixiures thereof, A
preferred o, B-unsatrated mono-carboxylic acid is acrylic acid. This ,p-unsaturated mono-
carboxylic acid or carboxylic acid ester bonds onto an aroine portion of the succinimide
starting compound to provide a carboxylic acid or ester functionality. The treatment of the
succinimide of formula I or formula If or mixtares thereof with the o.p-unsaturated mono-
carboxyhic acid advantageousty aliows for a sufficient amount of the molybdenum

ompound to be incorporated inlo the molydbated succinic complex.

Generally, the a.f-unsaturated mono-carboxylic acid is a liquid at room temperature
and does net require heating prior to mixing with the succiniroide of formulfa I or formufa I
or mixtures thereof. The mole ratio of the o, B-unsaturated mone-carboxylic acid or
carboxylic acid cster, such as acryHce acid, to the succinimide of formula I or formulas 1 or
mixtures thereof will vary widely, for example, from greater than 1.05:1 1o about 6:1. In

another embodiment the molar ratio 1s from 2:1 o 6: 1. In another embodiment the molar
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ratio s from 1.5:1 {0 4: 1. In another smbodiment the molar ratio is 2:1. In another

embodiment the molar ratio s 6:1.

in step {&), the o, f-unsaturated mono-carboxyle acid or carboxylic acid ester is
typically reacted with the suceinimide of formula T or formula IT or mixtores thereof at a
reaction temperaiure of from greater than 80°C to no greater than about 156°C. In another
embodiment, the veaction temperature is at jeast 90°C. In another evobodiment, the reaction
lemperature i al least 100°C, In ancther embodiment, the reaclion temperature is at least
120°C. In another embodiment, the reaction femperature is no greater than 140°C. In

another embodiment, the reaction temperature is no greater than 135°C.

The molybdenum compounds used to prepare the molybdated succinimide complex
of the present invention are acidic molybdenum compounds or salis of acidic molybdenom
compounds.  Generally, these mofybdenum compounds are hesavalent.  Representative
examples of suitable molybdenum compounds inclade, but are not limited o, molybdemm
trioxide, molybdic acid, ammonium molybdate, sodivm molybdate, potassiom wmelybdate
and other alkaline metal molybdates and other wolybdenum salis such as hydrogen salts,
e.g., bydrogen sodium molybdate, MoOCL, MoOa:Br, Mo)O;Cls, or similar acidic
molybdemim compounds. In one embodiment, the acidic molybdenum compouad s
selecied from molybdenum trioxide, molybdic acid, amunonivm molybdate, and alkali metal
wmolyhdates. In auother embodiment, the acidic molybdenum compound is molybdenum

frioxide.

In step (b)), a mixiure of the succinimide product of step (a) and acidic molybdenum
compound is prepared with or withouot & diluent. A diluent is used, i necessary, 1o provide a
suitable viscosity for easy stivring. Suitable diloemis are Jobricating oils and higuid
compounds containing only carbon and bhydrogen. If desired, ammonium hydroxide may

also be added to the reaction mixture to provide a sohution of ammonium molybdat

Generally, the reaction mixture is heated at a temperature less than or equal 1 about
100°C and preferably from aboui 80°C to about 100°C until the molybdenum is sufficiently
reacted. The reaction tme for this step s typically in the range of from about 15 punutes 10
about 5 hours and preferably from about 1 to about 2 hoors. The molar ratio of the
molybdenum compound fo the succinimide product of step (a) is about (.11 to about 2:1. In

another cmbodiment, the molar ratio of the molybdenun compound to the succinimide
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product of step (a) is from about 0.5:1 10 about 1.5:1 In another embodiment, the molar ratio
of the molybdenum compound fo the succinimide product of step {a) is about 1:1. Any
water present following the teaction of the owlybdenum compound and succinimide
product of step (a) is removed by beating the reaction mixture o & temperature greater than
aboul 100°C. In another embodiment, any water present following the reacdon of the
molybdenum compound and succinimide product of step (8} is removed by heating the
reaction mixture to a temperature from about 120°C to about 160°C or by heating the

reaction mixture 1o a suitable temperature snder vacuum,

THE GIL OF LUBRICATING VISCOSITY

The base oil of labricating viscosity for use in the hubricating o1l compositions of
this invention is typically present in 2 major amount, e.g., an amount of greater than 3¢ wt.
%%, preferably greater than about 70 wi, %, more preferably from about 80 to about 99.5 wi.
% and most preferably from about 85 to about 88 wi. %, based on the total weight of the
somposition. The expression “base 0il” as used herein shall be understood to mean a base
stock or blend of base stocks which i a hubricant component that is produced by a single
mamufacturer 1o the same specifications (Independent of feed source or manufacturer's
location); that meets the same manufacturer's specification; and that is identified by a

migoe formula, product identification number, or both. The base oif for use herein can be
any presently known or later-discovered base oil of lubricating viscosity used in formulating
labricating oil compositions for apy and all such applications. e.g.. engine oils, marine
eylinder oils, functional fluids such as hydraolic otls, gear vils, transmission fluids, etc.
Additionally, the base oils for use herein can optionally confain viscosity index improvers,
e.g., polymeric alkvhmethacrylates; olefinic copolymers, e.g., an ethylene-propylene

copolymer or a styrene-butadiene copolymer; and the like and mixtures thereofl

As one skilled in the art would readily appreciate, the viscosity of the base oil s
dependent upon the application. Accordingly, the viscosity of a base oil for use herein will
ordinarily vange from about 2 to abow 2000 centistokes (¢St} al 100° Centigrade (O
Generally, individually the base oils used as engine oils will have a kinematic viscosity
range at 100°C of about 2 o8t to about 30 ¢St, preferably abeut 3 ¢St to about 16 ¢St, and
most preferably about 4 ¢St to about 12 oSt and will be selected or blended dependmg on
the desired end use and the additives in the finished cil to give the desired grade of engine

oil, e.g., a lubricating ot compaosition having an SAE Viscosity Grade of 0W, OW-20, OW-
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30, OW-40, OW-50, OW-60, SW, SW-20, 3W-30, SW-40, 5W-50, SW.-60, 10W, 10W-20,
LOW-30, 10W-40, 10W.50, 15W, 15W-20, 15W.30 or 15W-40. (ils used as gear oiis can

have viscosities ranging from aboul 2 ¢t 1o about 2000 ¢St at 100°C.

Base stocks may be manufactured vsing a variety of different processes including,

ut not limited to, distillation, solvent refining, hydrogen processing, oligomerization,
esterification, and rerefining. Rerefined stock shall be substantially free from materials
mntrodouced through manufacturing, conlamination, or previous use.  The base oil of the
tobricating oil compositions of this inventicn may be any natural or synthetic Tubricating
base oil. Suitable hydrocarbon synthetic oils inchude, but are not limited to, osis prepared
fom the polymerization of ethylene or from the polymerizaton of 1-olefins to provide
polymers such as polyalphaolefin or PAQ oils, or from hydrocarbon synthesis procedures

psing carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process. For

pad

o

example, a suitable base oi) 1s one that comprises little, if any, heavy fraction; e.g., little, if
any, fube o1l fraction of viscosity 20 oSt or bigher at 100°C.

The base oil may be derived from natural hubricating oils, syntheric Jubricating oils

5 >

or mixtures thersof. Suitable base oil includes base stocks obtained by womerization of
synthetic wax and slack wax, as well as hydrocracked base siocks produced by
hydrocracking {rather than solvent extracting) the aromatic and polar componernis of the
crude. Suitable base oils include those in all APT categories 1, H, BE TV and V as defined in
APT Publication 1509, [4th Edition, Addendum I Dec. 1998, Group TV base oils are
polyalphaoiefing (PAD). Group V base oils inchude ali other base oils not included in
Group 1, 1L I, or TV, Although Group 1L, HI and TV base oils are preferred for use in this
mnvention, these base oils may be prepared by combining one or more of Group L 11, LTV

and V base stocks or base oils.

Useful natural ofls include minersl lubricating oils such as, for exarmple, lauid
petrolenm oils, solvent-treated or acid-weated miveral lobricatimg oils of the paraffivic,
naphthenic or mixed paraffinic-naphtheric types, oils dertved from coal or shale, animal
oils, vegetable oils (e.g., rapeseed cils, casior oils and fard oil}, and the like.

Useful synthetic tubricating oils inchude, but are not mned to, hydrocarbon oils and
halo-substituied hydrocarbon oils such as polvmerized and interpolymerized olefins, e.g.,

oivbutylenes,  polypropyienes,  propviene-isobuiviene  copolymers,  chlorinated
POIyoul) YPropy Prop) ¥ 3
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polybuiylenes, poly(l-hexenes), poly(1-octenes), poly(1-decenes), and the like and mixtures
thereof: alkvibenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes,
di(2-ethylhexyl)-benzenes, and the like: polyphenyls such as biphenyls, terphenyls,
alkylated polvphenyls, and the like; alkylated dipheny] ethers and aliylaed diphenyl

ulfides amd the derivaiive, analogs and homologs thereof and the Tike

fe

Other uselul synthetic ubricating oils include, bul are not Hmited to, oils made by
polymerizng olefine of less than S carbon atoms such as ethylene, propylene, buiylenes,
isobutene, peniene, and mixtures thereof. Methods of preparing such pelymer oils are well

known to those skilled in the art.

Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefing having the proper viscosity. Especially usefu] synthetic hydrocarbon oils are the
hydrogenated Tiquid oligomers of Cs 1o Cyy alpha olefins such as, for example, 1-decene

frimer.

Anaother class of useful synthetic fubricating oils include, but are not Hinited to,
alkylene oxide polymers, i.e., homopolvmers, interpolymers, and derivatives thereo! where
the terminal hydroxyl groups have been modified by, for example, eswerification or
ctherification. These oils are exemplified by the oils prepared through polymerization o
ethylene oxide o propyvlene oxide, the alkyl and pheoyi ethets of these polyoxyalkylene

polymers {e.g., methyl poly propyvlene glyeol ether having an average molecular weight of
1,000, diphenyl ether of polyethylene glycol having & molecular weight of 500-1000,
diethyl sther of polypropylene giyeo! baving a molecular weight of 1,000-1,500, etc.) or
mono- and polvearboxylic esters thereof such as, for example, the acetic esters, mixed C;-

Cy fatty acid esters, or the {y: oxo acid diester of tetraethylene glycol.

Yet another class of uscful synthetic bricating oils inchade, but are not limited to,
the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
alleny? succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alky! malonic acids, alkeny! malonic acids,
etc,, with @ variety of alcobols, e.g., buiyl alcohol, hexyl alcohol, dodecyl alcohol, 2-
ethyihexy! alcohol, ethylene glycol, diethylene glyeol monoether, propylene glyeol, ete.

.

Specific examples of these esters include dibutyl adipate, di(Z-ethylhexyl)sebacate, di-n-

hexyl fumarate, diocty] scbacate, ditsooctyl azelate, diisodecy! azelate, diocty! pbthalate,
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S didecyl phihalate, dieicosyl sebacate. the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of tetracthylene

glyeol and two moles of 2-ethyihexanoic acid and the like,

Esters useful as symthetie oils also inchide, but are not Hmited to, those made from

carboxylic acids having from aboui 5 to about 12 carbon atoms with aleohols, e.g,

10 methanol, sthanol, ewc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaeryihrilol, dipentaeryihriiol, ripentaerythritol, and the like.

Silicon-based oils such as, Tor example, polvalkyl, polyaryl-, polyalkoxy- or

polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic

lobricating oils.  Specific examples of these include, but are pot limiled o, tetracthyl

,...
LH

silicate, tetra-isopropyl silicate, tetra-(Z-ethylhexyly silicate, tetra-(4-methyi-hexyhsilicate,
etra-{p-tert-butylpbenylisificate, hexyi-(4-methyl-2-pentoxy)disiloxane,
poly(methysiloxanes, poly(methylphenyjsiloxanes, and the hke. Sull vet other ugeful
synthetic ubricating oils nchude, but are not limited to, ligmid esters of phosphorous
containing acids, e.g., tricresy! phospbate, triocty! phosphate, diethyl ester of decane

20 phospbionic acid, etc., polymeric tetrahydrofurans and ihe like.

The lubricating oll may be derived from unrefined, refined and rerclined oils, either
natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrafined oils are those obtained directly from a natural or synthetic soarce
{e.g., coal, shale, or tar sands bitumen) withowt forther purification or ireatment. Examples

o

of unrefined oils include, but are not Hmited 1o, a shale ol oltained directly from retorting

-
i

operations, a petroleum 0il oblained directly from distillaton or an ester oil obtamed
directly from an esterification process, each of which i¢ then vsed withowm further treatment.
Refined oils are similar to the unrefined oils except they have beep further treated In one or
more purification sieps to improve one or mwore properties. These purification techniques
30 are known o those of skill in the art and imclude, for exaymple, sobvent extractions,
secondary distillation, acid or base eatraction, [iltration, percolation, hydrotreating,
dewaxing, etc. Rerefined oils are obiained by treating used oils in processes similar to those
used to oltain refined oils. Such rercfined oils are also known as reclaimed or reprocessed

oils and often are additivmally processed by technigues directed lo removal of spent

[O%]
n

additives and oil breakdown products.
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Lubricating oil base stocks derived from the hydroisomerization of wax may also be
used, either alone or in combination with the aforesaid natural and/or symthetic base stocks,
Such wax isomerate oil is produced by the hiydroisomerization of natural or synthetic waxes

or mixtures thereof over a hydroisomerization catalyst,

Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
muneral oils; synthetic waxes are iypically the wax produced by the Fischer-Tropsch

OCess.

ADDITIONAL LUBRICATING QL ADDITIVES

Lubricating oil compositions containing the molybdated succinimide complex
prepared by the process of the present invention may also contain other conventional
additives for imparting auxiliary functions to give a finished hubricating oil coroposifion in
which these additives are dispersed or dissolved.  For example, the Jubricating ol
compositions can be blended with anvioxidants, anti-wear agents, ashless dispersants,
detergents, rust inhibitors, dehazing agents, demulsifying agents, metal deactivating agents,
friction modifiers, antifoaring agents, powr point depressants, co-solvents, package
compatibilisers, corrosion-inhibitors, dyes, exweme pressure agenls and the hke and
nixtures thereof, A varicty of the additives are known and commercially available. These
additives, or their analogous compounds, may be eoployed for the preparation of the

tubricating oil composions of the inventon by the usual blending procedures.

Examples of antioxidants joclude, but are not Hmited to, anunic types, e.g.,
diphenylamine, phenyl-alpha-napthyl-amine, NN-di{alkylphenyly amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sierically hindered alky] phenols
such as 2.6-di-tert-butylphenol, 2,6-di-tert-butyi-p-cresol and 2,6-di-tert-butyl-4-(Z-octyi-3-

propanoic) phenol; and mixtures thereof,

Examples of antiwear agents include, but are not bmued o, zine
dialkyidithiophosphates and zinc diaryidithiophosphates, e.g., those described in an article
by Bom et al. entitied "Relationship between Chemical Structure and Effectiveness of some
Metallic Dialkyl- and Diarykdithiophosphates in Differemt Lubricated Mechanisms”,
appearing in Lobrication Science 4-2 fanuary 1992, see for example pages $7-100; aryl
phosphates and phosphites, sulfur-containing esters, phosphosulfor compounds, metal or

ash-free dithiocarbarnates, xanthates, alkyl sulfides and the like and mixtures thereof.
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Representative examples of ashless dispersants include. bul are not hmited to,
amines, alcohols, amides, or estor polar moieties atfached to a polymer backbone via
bridging groups.  An ashlcss dispersant of the present invention may be, {or example,
selecied from oil soluble salis, esters, amino-esters, anndes, imides, and oxazolines of long
chain hydrocarbon substifuled mono and dicarboxylic acids or their anhydrides;
thiocarboxylate derivatives of long chain hydrocarbons, long chain aliphatic hydrocarbons
having a pelyamine attached directly thereto; and Mannich condensation products formed

by condensing a long chein substitied phenol with formaldehyde and polyaliylenc

polvamine.

Carboxyhe dispersants are reaction products of carboxylic acylating agents {acids,
anhydrides, esters. elc.) comprising at least about 34 and preferably at least about 54 carbon
atoms with nitrogen containing compounds (such as amines), organic hydroxy compounds
{such as aliphatic compounds including monchydric and polyhydric alecohols, or sromatic
compounds including phenols and naphthols), and/or basic inorgamic materials. These

reaction products include imides, amides, cstors, and salts.

Succimimide dispersants are a fype of carboxylc dispersant. They are produced by
reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy compounds,
or with amines comprising at least one hydrogen arom attached to a pitrogen aiom, or with a
mixture of the hydroxy commpounds and amines. The term "succinic acylating agent” refers
10 a hydrocarbon-substitated succinic acid or a succinic acid-producing compound, the latter
encompasses the acid itsell.  Such meterials typically include hydrocarbyi-substitnted

succinic acids, anhydrides, esters (fncluding half esters) and halides.

Suceinic-based dispersants have a wide vanazw of chemical structures. One class of

succinic-based dispersants muay be represenied by formula V.

Rs Rg

N (R g NH |, —— Ry —— N

Formula (IV)
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wherein each R is independently a hydrocarby] group, such as a polyolefin-derived group.
Typically the hydrocarbyl group is an alkenyl group, such as a polyisobutenyl group.
Alternatively expressed, the Ry groups can contain about 40 1o about 500 carbon atoms, and
these atoms may be present in aliphatic forms. Ry i an alkylene group, commonly an
ethylens (CoFL) group; and z is 1 1o 11. Examples of suceinimide diapuea its inchide those
described in, for example, U.S. Patent Nos, 3,172,892, 4,234,435 and 6,165.2

The polyalkenes from which the substitueni groups are derived are typically
homopolymers and interpolymers of polymerizable clefin monomers of 2 io about 16
carhon atoms, and usnafly 2 to 6 carbon atoms. The amines which are reacted with the
suceinic aevlating agents to form the carboxylie dispersant composition can be monoamines

or polyamines.

Succinimide dispersants are reforred to as such since they normally contajn mtrogen
fargely in the form of imide functionality, alihough the mitrogen may be in the form of
antings, amine salis, amides, imidazolines as well as mixtores thereofl To prepare a
succinimide dispersant, one or mwore succinic acid-producing compounds and one or more
amines are heated and typically water is removed, optionally jn the presence of 2
substantiaily mert organie liquid solvent/diluent. The reaction ww;}c‘rzumc can range from
about 80°C up to the decomposition temperature of the mixinre or the product, which
typically falls between about 100°C to about 300°C. Additional details and examples of
procedures for preparing the succimimide dispersants of the present invention include those
described in, for example, U.S, Patent Nos. 3,172,892, 3,219,666, 3.272.746, 4,234 435,
6,165,235 and 6,440,805,

Saitable ashless dispersants may also inclode amine dispersants, which are reaction
products of relauw‘i'v high molecular weight aliphatic halides and amines, preferably
polyalkylene polyamines. Examples of such amine dispersants include those described in,

for example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,804,

Sultable ashless dispersants may further include "Mannich dispersanis,” which are
reaction products of alkyl phenols in which the alky!l group contains at least about 30 carbon
atoms with aldehydes (especially formaldehyde} and amines (especially polyalkylene
polvamines). Examples of such dispersants include those described in, for example, U.S.
Patent Nos. 3,036,003, 3,586,629, 3.5%1.598 and 3.980.565.
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Suiiable ashless dispersants may aiso be post-treated ashless dispersants such as
posi-treated succinimides, e.g., post-ircatment processes involving borate or ethylene
carbonate as disclosed in, for example, U.S. Patent Nos, 4,612,132 and 4,746,446; and the
ke as well as other post-freatment processes. The carbonate-treated alkenyl succinimide s
a polybutene suceinimide derived from polybotenes having a molecular weight of about 450
to about 3000, preferably from about 900 1o sbout 2500, more preferably from about 1300
0 about 2400, and most preferably from about 2000 1o about 2400, as well as mixuwes of

these molecular weights.

A preferved ashicss dispersant 18 prepared by reacting, vader reactive conditions, a
mixiure of a polybuiene succinic acid denvative, an unsaturated acidic reagent copolyme
of an unsaturazed acidic reagent and an olefin, apd a polyamine, such as disclosed in U.S.

Patent No. 5,716,912, the contents of which are incorporated herein by reference.

Suilable ashless dispersants may also be polymeric, which are inferpolymers of oil-
sotubilizing monomers such as decyi methacrylate, vinyl decyl ether and high melecular
weight olefins with monomers containing polar substitutes.  Examples of polymeric
dispersants inchude those described in, for example, U.S. Patent Nos. 3,329,658; 3449250
and 3,666,730

In one preferred embodiment of the present iovention, an ashless dispersant for use
m the hibricating otl coroposition is a bis-succinirpide derived from a polyisobutenyl group
having a namber average molecular weight of about 700 1o about 2300, The dispersani(s)
for use n the lubricating oif compositions of the present fnvention are preferably non-

polymeric {e g., are yoono- or bis-succinnmides).

Generally, the one or more ashless dispersamis are present in the lubricating oil
composition i an amount rasging froro about 0.01 wt. % to about 18 wt. %, based on the
wial weight of the Tubricating o1l composition,

1

Representative examples of metal detergents include sulfonates, alkviphenates,

sulfurized alky! phenates, carboxylates, salicylates, phosphonates, and phosphinates,
Commercial products are generally referred to as neutral or overbased. Overbased metal
detergents are generally produced by carbonating a mixture of hydrocarbons, detergent acid,
for example: sulfomic acid, alkylphenol, carboxylate etc., metal oxide or hydroxides (for

example calcium oxide or calcturn hydroxide) and promoters such as xylens, methanol and
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water. For example, for preparing an overbased calciom solfonate, in carbonation, the
calcium oxide or hydroxide reacis with the gaseous carbon dioxide 1o form calcium
carbovate. The sulfonic acid is neutralized with an excess of CaQ or Ca{OH),, to form the

sulfonate,

Other examples of suitable detergents include borated sulfonates. In general, a
borated suifonate for use herein can be any borated sulfonate known in the art. A borated
sulfonaie {or use herein can have a iotal base number (TBN) of from about 10 1o about 500,
In one embodiment, a borated sulfonate has a TBN is from about 10 to about 100. Inone
embodirpent, a borated sulfonate has g TRN is from about 180 to about 250, In one

embodiment, a borated sulfonate has a TBN of from about 250 Lo about 500.

The borated alkaline earth metal sulfonates can be prepared by methods known in
the art, e.g., as disclosed in U.S. Paterd Application Publication No. 20070123437, the
conitents of which are incorporated by reference herein. For example, the borated allialine
earth metal sulfonate is prepared in the following manner: (a) reacting {1} at least one of an
oil sohuble sulfonic acid or alkaline earth sulfonate salt or mixtures thereof; (i) at least one
source of an alkaline carth metal; and (i1) ot east one source of boron, in the presence of

1v) at least one hydrocarbon solvent; and {v} from § (o less than 16 mole percent, relative to

/"\.

the source of boron, of an overbasing acid, other than the source of boron; and (b} healing
the reaction product of (a) to a temperature above the distillation temperature of (iv) to

distill {iv) and water of reaction.

Metal-containing or ash-forming detergenis function as both detergents to reduce or
remove deposits and as acid neutralizers or rust mivbitors, thereby reducing wear and
corrosion and extending engine life. Dielergenis generally comprise a polar head with a
long hydrophobic tail.  The polar head comprises a metal salt of an acidic organic
corapound. The salts may contain a substantially stoichiometric amount of the metal in
which case they are usually described as normal or neutral salts, and would typically have a
total base number or TBN (as can be measured by ASTM D28%6) of from 0 (o about 80. A

r
1

large amount of a metal base may be incorporated by reacting excess metal compound (e.g.,
an oxide or bydroxide) with an acidic gas (¢.g., carbon dioxide). The resulting overbased
delergent comprises neutralized detergent as the outer layer of a metal base {e.g., cartbonate}
micelie. Such overbased detergents may have a TBN of about 150 or greater, and typically

will have 2 TBM of from about 250 to about 450 or more.
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Dietergents that may be used inclode oil-soluble neutral and overbased sulfonates,
phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and other oil-
soluble carboxyvlates of a meusl, particularly the alkali or alkaline earth metals, e.g., barhun,
sodium, potassium, Hibium, calciurg, and magnesium. The most commonly used metals are
calchum and magnesiom, which may both be present in detergents used in a lubricant, and
mixtures of calcium and/or magnesium with sodium. Particularly convenient metal
detergents are neuiral and overbased calcium sulfonates having TBN of from about 20 fo
about 450, neutral and overbased calchum phenates and suifurized phenates having TEN of

irom about 50 to about 450 and neutral and overbased magnesium or calcium salicylates
having & TBN of from about 20 to about 450, Combinstions of detergents, whether

overbased or neutral or both, may be used.

In one embodiment, the detergent can be one or more alkali or alkaline earth metal
salts of an alkyl-substituied hydroxyaromatic carboxylic acid. Suitable hydroxyaromiatic
compounds inchude mononuclear movohydroxy and polyhydroxy aromatic hydrocarbons
having 1 to 4, and proferably 1 to 3, hydroxy! groups. Suitable hydroxyaromatic
compounds include phenol, catechol, resorcinel, hydroquinene, pyrogaliol, cresol, and the

tike. The preferred hydroxyaromatic coropound is phenol,

The alkyl substitited molety of the alkali or alkaline earth metal salt of an alkyl-
substituted bydroxysromatic carboxylic acid is derived from an alpha olefin having from
about 10 to abowt 80 carbon atoms. The olefing employed may be linear or branched. The
olefin may be & mixture of lincar olefins, 8 mixture of isomerized linear olefins, a mixture
of branched olefins, 2 mixture of partially brancbed lnear or a mixture of any of the

foregoing,

In one embodiment, the mixture of linear olefing that may be used is a mixture 0
normal alpba olefing sclected from olefios baving from about 12 to about 30 carbon atoms
per molecule. In one embodiment, the noral alpha olefing are isomerized using at least

one of a solid or hquid catalyst.

I another embodiment, the olefing are a branched olefinic propylene oligomer or
mixture thereof having from about 20 o aboul 80 carbon atoms, Le., branched chain olefins
derived from the polymerization of propylene. The olefins may also be substitwied with

other functional groups, such as hydroxy groups, carboxylic acid groups, beteroatoms, and
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the like. In one embodiment, the branched olefinic propylene oligomer or mixtures thereof
have from about 20 to about 60 carbon atoms. In one embodiment, the branched olefinic
propylene ofigorer or mixtures thereof bave {rom about 20 to about 40 carbon aioms.

vy 7

In one emhodiment, at least about 75 mole% (e.z., at least about 80 mole%, at least
about 85 moleb, at least about 80 mole%, @ lzast sbout 95 moleY, or at least about 99
mole%} of the alky! groups contained within the alkali or allkalne carth metal salt of an
alkvl-substituted hvdroxyaromatic carboxylic acid such as the allyl groups of an alkaline
carth metal salt of an alkyl-substituted hydroxybenzoic acid deiergent are a Cyg ot higher.
in another embodiment, the alkali or alkaline earth meial salt of an alkyl-substituted
hydroxyaromatic carboxyhic acid is an alkell or alkaline earth metal salt of an alkyl-
substituted hydroxybenzoic acid that is derived from an alkyi-sabstituted hydroxybenzoic

acid in which the alky! groups are the residue of normal alpha-clefins containing at least 75

moic% Cyy or higher normal alpha-olefing.

In another embodiment, at least abowt 56 mole % {c.g., at least about 66 mole %, at
feast about 70 mole %%, at least abour 80 mole %, at lcast about 85 mole %, at least about 90
mole %, at least about 95 mole %, or at least about 99 mole %) of the alky! groups
contained  within the alkali or alkaline earth metal salt of an  allyi-substivuted
hydroxvaromatic carboxylic acid such as the alkyl groups of an akali or alksline carth

metal sall of an alkyl-substituted bydroxybenzoic acid are sbout Crq to about Cis.

The resulting alkal or alkaline carth metal salt of an  alkyl-substiteted
hydroxyaromatic carboxylic acid will be a vuxture of ortho and para isomers. in one
smbodiment, the product will contain about 1 to 99% ortho somer and 99 to (% para
isomer. In another embodiment, the product will contain abouot 5 to 70% ortho and 93 1o

30% para Isomer.

The alkali or alkaline earth metal salts of an alkyl-substituted hydroxyaromatic
carboxylic acid can be newwral or overbased. Geperally, an overbased alkali or alkaline
carth metal salt of an alkyl-substituted hydroxyaromatic carboxylic acid s one in which the
TBN of the alkali or alkaling carth meial salts of an alicyl-substituted bydroxyaromatic
carboxylic acid has been increased by a process such as the addition of a base source {e.g.,

time) and an acidic overbasing compound {¢.g., carbon dioxide),
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Overbased salts mav be low overbased, e.g., an overbased sali baving 2 TBN below
about 100, In one embodiment, the TRN of a low overbasced salt may be from abowt 5 to
about 50. In another erobodiment, the TBN of a low overbased salt may be from about 10
w© about 30, In yei apother embodiment, the TEN of a fow overbased salt may be from

about 15 to about 20,

Overbased detergents may be medium overbased, e.g., an overbased salt having 2
TBN from about 100 to about 250. In one embodiment. the TBN of a medium overbased
salt may be from about 100 10 about 200. In another embodiment, the TBN of a medium

overbased sall moay be from about 125 to about 175.

Overbased detergents may be high overbased, e.g., ap overbased salt having a TBN

o]

above about 250, In one embodiment, the TBN of a high overbased salt miay be from about

250 1 about 450.

Suifonates may be prepared from sulfonic acids which are typically obmained by the
sulfonation of alky! substituted aromatic hydrocarbons such as those obtained from the
fractionation of petroleurn or by the alicvlation of aromatic hydrocarbons.  Exaroples
included those obtained by aliylating benzene, toluene, xylene, naphthalene, diphenyl or
their halogen derivatives. The alkylation may be carried out in the presence of a catalyst
with alkylating agenis having from about 3 0 more than 70 catbon atoms. The alkaryl
sulfonates usually contain from about @ to about 80 or more carbon atoms, preferably from

about 16 to about 60 carbon atoms per alkyl substitned arcmatic moiety.

The oil soluble sulfonates or alkaryl sulfonic acids may be neuiralized with oxides,
hydroxides, alkoxides, carbonates, carboxyiae, sulfides, hydrosulfides, nitrates and horates.
The amount of metal compound is chosen having regard o the desired TBN of the final
product but typically ranges from about 100 to about 220 wi % {preferably at least about
125 wt. %) of that stoichiometrically required.

Metal salts of phenols and sulfurized phenols are prepared by rveaction with ap
appropriate mets] compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the arl.  Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur containing compound such as bydrogen
sulfide, suifur monchalide or sulfur dihalide, to form products which are geverally mixtures

of compounds in which 2 or more phenols are bridged by sulfur containing bridges.
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Generally, the one or more detergents are present in the tubricating oil composition
in an amount ranging from about 0.01 wi. % to about 10 wt. %, based on the total weight of

the lubricating oif composition.

Examples of rost inhibitors include, but are not limited to, nonionic polyoxyalkylene
agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether, polyoxyethylene
octyl siearyl ether, polyoxyethylene oleyl ether, polyosyethylene sorbito] monosiearale,
polyoxyethylene sarbitol monooleate, and polyethylene glyeol monooleate; stearic acid and
other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salis; yoetal salts of heavy
sulfonic acid; partal carboxylic acid ester of polyhydric aleohol; phosphoric esters; (shorl-
chain) alkenyl succinic acids; partial esters thereof and nitrogen-containing derivatives
thereof; synthetic alkarylsulfonates, e.g., metal dinonyinaphihalene sulfopates; and the ke

and mixivres thereof.

Exaraples of friction modifiers include, but are not limited to, alioxylated fatty

amings; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated

v
alkoxylated fatly anvnes, metal salis of fatty acids, fatty acid amides, glycerol esters,

TT O

borated elyeerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372.6

O
7

Cl"«

the contents of which are herein incorporated by reference; friction modifiers obtained from
a reaction product of a Cs to Uys, proferably a Cs to Ty, and most preferably a Co 1o Cuo
fatty acid ester and a pitrogen-containing compound selected from the group consisiing m"

anumonia, and an alkanolamine and the like and mixtures thereof.

ixamples of antifoaming agenis include, bot are not limited to, polymers of alkyl

methacryvlaie; polymers of dimethylsilicone and the bke and mixtores thereof

ixampies of a pour point depressant mchude, but are not lopited o,
polymethacrylates, alky! acrylate polymers, alky! methacrylate polymers, diftetra-paraffin
phenoliphthalate, condensates of weiva-paraffin phenol, condensates of a chlorinated parafin
with naphthalene and combinations thereof. In one embodiment, a pour point depressant
comprises an ethylene-viny! acetaie copolymer, a condensate of chlovinated paraffin and
phenol, polyalky! styrene and the like and combinations thersof. The amount of the pour

point depressant may vary from about 0.01 wt. % to about 10 wt. %.
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Examples of a demulsifier nchude, but are not limited o, anionic surfacianis (e.g
alkyl-naphthalenc sulfonates, alicyl benzene sulfonaies and the like), nonionic alkoxyiatcd
alkylphenol resins, polvmers of alkylene oxides (e.g., polyethylene oxide, polypropylene
oxide, block copolvmers of ethyvlene oxide, propylene oxide and the like), esters of oil
sohuble acids, polyoxyethylene sorbitan esier and the like and combinations thereof. The

amount of the demulsifier may vary from about 0.01 wt. % to about 10 wi. %

Examples of a comrosion inhibitor inchude, but are not hmited io, half esters or
amides of dodecylsuccinic acid, phosphate esters, thiophosphaies, alkyl imidazolines,
sarcosines and the hke and combinations thereof. The amount of the cotrosion inhibitor

moay vary [rom sbout 8.01 wt. % to about § wi. %.

Examples of an extreme pressure agemt include, but are not Hmited to, solfurized
animal or vegetable fats or oils, sulfurized avirea] or vegetable fatty acid esters, fully or
partially esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefing,
dihydrocarbyl polysulfides. sulfurized Dicls-Alder adducts, sulfurized dicyclopentadiene,
sulfurized or co-sulfurized mixnwres of fatty acid esters and monovnsaturaied olefins, co-
sulfurized blends of fatty acid, fatty acid ester and alpha-olefin, functionally-substituted
dibydrocarbyl polysuifides, thia-aldehydes, thia-kefones, epithiv compounds, sulfur-
containing acctal derivatives, co-sulfurized blends of terpene and acyclic olefins, and
polysuifide olefin products, amine salts of phosphoric acid esters or thiophosphoric acid
esters and the like and combinations thereof. The amount of the exwreme pressure agent
may vary from about 0.01 wi. % to about 5 wt. %.

Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properiies to the ubricant. Thaus, for example, if an additive 18
a friction modifier, a functionally effective amount of this friction modifier would be an
amount sufficient to jmpart the desired friction modifying characteristics to the lubricant.
Generally, the concentration of each of these addivves, when used, may range, unless
otherwise specified, from about 0.0G1% io about 20% by weight, and in one embodiment
about 0.01% to sbowt 10% by weight based on ihe total weight of the lubrcating oif

Composition.

The final application of the lubticating oil compositions contsining the molybdated
f £ £ 33 %

succinimide complexes prepared by the process of this invention may be, for example, in
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marine cylinder fubricants in crosshead diesel engines, crankcase fubricants in automobiles
and locomotives and the like, hubricants for heavy machinery such as steel mills and the
fike, or as greases {or bearings and the ke, Whether the lubricating oif composition 15 fluid
or solid will ordinarily depend on whether a thickening agent is present. Typical thickening

agents include polyurea acetates, lithium stearate and the like,

In another embodiment of the imvention, the molybdated succinimide complex
prepared by the provess of the present invention may be provided as an additive package or
concentrate in which the additive is incorporated into a substantially inert, normally liquid
organic ditnent such as, for example, nuneral oil, naphbtha, benzene, toluene or xylene io
form an additive concenlrate. These concentrates usually contain {rom about 20% to about
80% by weight of such diluent. Typically, a neutral oil baving a viscosity of about 4 1o
about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢S5t at 100°C will be used as the
diluent, though synthetic oils, as well as other ovganic liquids which are compatible with the
additives and fimished lubricaling oif can also be used. The additive package will also
typically contain onc or more of the various other additives, referred to above, in the desired

amounts and ratios to facilitate direct combination with the requisite amount of base oil.
EXARMPLES
The following non-fimiting exaniples are illustrative of the present invention.
EXAMPLE §
Meofybdenum Post-Treated High Molecular Weight Succinimide Comnplex
made from Acrylic Acid at Low Temperature {CMR of Acrylic Acid to
Succinimide = 2:1})

into a round botiom flask equipped with an overbead mechanical stirrer, water
condenser with nitrogen line and Dean-Stark trap, addition funnel, temperature controller,
heating mande, and thermocouple was added 200.00g of a polyisobutenyl suceinic
anbyydride where the polvisobuieny! group bhad a number average molecular weight of 1000
(PIBSA 1000) (avatiable from Chevron Oronite Company LLC) and 43.35g of Chevron 100
neutral 0il. The mixture was heated to 130°C and 28.12g of tetracthylenepentanmine (TEPA;
0.9 mole equivalent io PIBSA 1000} was charged drop wise mfo the mixture via the

addition fynnel. Slight foaming occurred during the initial charge stage. After the TEPA
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was charged, the temperature was increased to 165°C and then held at 165°C for about 5

hours. The reaction was compleie as indicated by the IR spectrum.

¢ was transferred to & round

<&

The material was cooled to roorn temperature and 50.80
bottom flask. The flask was heated to 74°C for acrylc acid addition. Next, 2.90g of acrylic
acid (2 mole equivalent to TEPA)Y was added drop-wise. After addition of acrylic acid, the
reactor temperature was creased to 135°C and then held at this teroperature unil

completion of the reaction (about 3 {0 5 hours).

Mext, 16.15g of the acrylic acid treated succinimide was added w a 100 mL 3-neck
round bottom flask equipped with a magnetic stir plate, Dean-Stark trap with condenser and
nitrogen Hne. 42.3g of toluene was added and the mixture was stirred and heated to 65°C o
dissolve. Next, 1.229¢ of molybdenum trioxide {1 mole equivalent to TEPA), and 9.63g of
de-tonized water was added. The mixture was stirred and heated at 90°C overrsght. Water

and toluene were then removed at 114%C.

The product was cooled and then filtered through Celite 512 and anhydrous
magnesium sulfate with 8 Buchner funnel. The flrate was collected and concentrated
using a rotary evaporator (full pump vacuum at a maximum temperature of 96°C) to remove
toluene and any residual water. The product was a brown liquid at room temperature. and
had the following properties:

Mo = 4.758 wt. %
Total Base MNarnber = 35.9 mg KOM/g
EXAMPLE 2

Moltybdenum Posi-Treated High Molecular Weight Seccinbmide Complex

made from Acrviic Acid at Low Temperature (CMR of Acrylic Acid to
Swecinbiide = 6:1)

A molybdated succinimide complex was prepared using the same goneral procedure
and components outlined in Exanple 1 except that 6 mole equivalents of acrylic acid to
succinimide was used for the acrylic acid treatment. The molybdated seccinimide complex

was a brown lquid at room temperature, and had the following properties:

Mo ~4.575 wi. %
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Total Base Number = 44.9 mg KOH/g
EXAMPLE 3
Molybdennm Post-Treated High Molecular Weight Bis-Succinimide Complex
made from Acrylic Acid at Low Temperature {CMR of Acrylic Acid to
Suceinimide = 2:1}

A molybdated sucemimide complex was prepared using the same general procedures
and components outlined in Exomple 1 except that 0.5 mole equivalen of TEPA was used
to make the succintmide. The molybdated succinimide complex was s brown liquid at room

temperature, and had the following properties:
Mo = 2.680 wt. %
Total Base Nurober = 25.7 mg KOH/g
EXAMPLE 4
Molvbdenumn Post-Treated High Molecular Weight Bis-Succinimide Complex
made from Acrylic Acid at Low Temperature (CMR of Acrylic Acig to
Sueccinindde = 6:1)

A molybdated succinimide complex was prepared vsing the same general procedure
and components outlined in Example 2 except that 0.5 mole equivalent of TEPA was used
to make the succinimide. The molybdated succinimide complex was a green hguid at room

texnperature, and had the following properties:
Mo = 2.509 wt. %
Toal Base Number = 25.3 mg KOH/g
COMPARATIVE EXAMPLE A
Molybdenumn Post-Treated High Molecular Weight Succinimide Complex
made from Acrvie Acid at Low Temperature {CMR of Acrylic Acid to
Suceinimide = 1:1}

inio a round botiom flask equipped with an overhead mechanicsl stirrer, water

condenser with mitrogen tine and Dean-Stark wrap, addition funmel, temperature controller,
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heaung mantle, and thermocouple was added 100.00g of a polyisohutenyl succinic
anhydride where the polvisobutenyl group had & aumber average molecular weight of 106
{PIBSA 1000) (available from Chevron Oronile Company) and 21.8g of Chevron 100
neutral oil. The mixture was heated 1o 130°C and 13.92g of tetraethylenepentamine (TEPA,;
0.9 mole equivalert to PIBSA 1000} was charged drop wise into the mixture via the
addition funnel. Slight foaming occurred during the initial charge stage. After the TEPA
was charged, the temperature was increased to 165°C and then held at 163°C for about 6

hours. The reaction was complete as indicated by the IR spectrum,

The material was cooled to room temperature and 22.83g was transferred fo a round
bottom flask., The flask was heated to 40°C for acrylic acid addivion. Next, .65g of acrylic
acid {1 mole equivalent w succinimide) was added drop-wise. After addition of acrylic acid,
the reactor temperaivre was increased 1o 135°C and then beld at this femperature until

cotapletion of the reaction {about 3 to 5 bows),

Wext, 8.578g of the acrylic acid treated succinimide was added to & 1006 mbL 3-neck
round bottom flask cquipped with a magnetic stir plate, Dean-Stark trap with condenser and
nitrogen line. 15.06g of tohuiene was added and the mixhure was stirved and heated to 65°C
to dissolve. Next, 0.656g of molybdemurn trioxide (I mole equivalent to the acrylic aeid
weated succininide), and 6.14g of de-ionized water was added. The mixwre was stirred
and heated at 90°C overnight. Water and toluene were then removed at 114°C.

The product was cooled and theo filtered through Celite 512 snd anhydrous
magnesium sulfate with a Buchoer funnel. The flrate was collected and concentrated
using a rotary svaporator (full pusap vacuum at a maximum temperatore of 90°C) o remove
toluene and any vesidual water. The product was a brows liquid 4t room tempersture, and
had the following properties:

WMo =4.740 wi. %

Total Base Number = 79.¢ mg KOi/g
o =
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COMPARATIVE EXAMPLEB
Molybdenuam Post-Treated High Molecutar Weight Bis-Succinimide Complex
Made from Acrviic Acid at Low Temperature (CMR of Acrylic Acid to
Succinlimide = 1:1}
A molybdated suceinimide complex was prepared using the same general procedure
and components ovtlined in Comparative Example A except that 0.5 mole equivalent of
TEPA was used to make the succinmide. The molybdated succinimide complex was 2

brown liguid at room teyoperature, and had the following properties:

o~

Mo = 2,755 wt. &
Total Base Number = 27.5 mg ROH/g
EXAMPLES

A hibricating ol compuosition was forred by adding | wt. % of the bricating oif additive

of Exarnple | to 2 CHEVRON 100 pevtral o1l
EXAMPLE $

A tubricating oil composition was formed by adding 1 wt. %6 of the lubricating oi additive

of Example 2 to a CHEVRON 100 peutral o1,
EXAMPLE 7

4 lubricating ol composition was formed by adding 1 wi. % of the ubricating oil additive

of Example 3 to a CHEVRON 100 neutral ol
EXAMPLE 8

A lobricatiog o corapositon was fermed by addmg 1 wi. % of the lubricating oil additive

of Example 4 to a CHEVRON 100 neufrat oil.
COMPARATIVE EXAMPLEC

A lubricating ol composition was formed by adding 1 wi. % of the lubricating il additive

of Comparative Example A o a CHEVRON 100 nestral oil.
COMPARATIVE EXAMPLED

A lobricating oif composition was formed by adding 1 wi. % of the lubricating oi additive

of Comparative Exarople B to a CHEVRON 108 neotral oil.
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EXAMPLE 9
Wear Performsance
Mini-Traciion Machine (MTHM) Evaluation

The Jubricating ot additives of Examples 5 to 8 were evaluated for wear using a

Mini- Tractiont Machine (MTM) wibometer (PCS Instroments Lid.. London UK, and were

10 compared io the wear performance of Comparative Examples € and D. The MTM
tribometer was set up o run in pin on disk mode using polished disks of 52100 steel from

PCS Instrumenis, and a .25 inch swalionary ball bearing, also of 52100 steel from Falex
Corporation, in place of a pin. The test was conducted at 100°C for 40 minudes at 7 Newtons

load at a shiding speed of 200 muv's following e break-in peried of 5 minutes at 0.1 Newtons

15 and a shding speed of 2000 rom/s. The wear scars on the balls were measured manually on
an optical microscope and recorded. o this test, the lower the wear scar comresponds fo
more effective anti-wear performance. The MTM wear performance data are presented in

Tabie 1.

TABLE §

>

gt 1 ol e 9 3D £u
MM Wear Performance Resulls

Test Ol Sucecinimide CMR Wear scar

(Acrylic Acid:Succinimide) (microns)

Comparative

Example C 0.9, PIBSA/TEPA i:1 187.4
Example 5 0.9, PIBSA/TERPA 201 1216
Example 6 0.9, PIBSA/THEPA 5] 128.5
Comparative

Example D bis, PIBSA/TEPA 1:] 153.8
Example 7 bis, PIBSA/TEPA 2:1 1439
Exampic 8 Bis, PIBSA/TEPA 6:1 1236
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As the results iflustraied in Table | show, the molvbdenum succinimide compounds made
from a CMR of acrylic acid fo succinimide of sbout 2:1 or about 6:1 {Examples 5 through
R) demonsitate superior anti-wear performance over the mwclybdenum succinimide
compounds made from a CMR of acrylic acid w0 suceinimide of about 111 (Comparative

Examples Cand D).
EXAMPLE 10

A baseline tubricating oil formulation was formed containing 5 wt. % succinimide
dispersant, 3 wt. % borated succintmide dispersant, (4 mMi/ke) low overbased caleiom
sulfonate, (58 mM/kg) carboxylate detergent, (8 mM/kg) zine dithiophosphate, 0.5 wt. %
diphenyvlamine antioxidant, 0.5 wt. % hindered phenol anti-oxddant, 0.3 wi % pour pomnt
depressant, 9.85 wi. % olefin copolymer viscosity index improver and 5 ppm foan inhibitor
in a Group I} base il

EXAMPLE 11

A baseline lubricating ofl formulation was formed containing the sarne additves,
base ol and treat rate as in EXAMPLE 10, The lubricating oft additive of EXAMPLE 1
was formulated into this baseline lubricating oil such that the total Mo content in the
formulation was 500ppo.

COMPARATIVE EXAMPLEE

Motybdenum Post-Treated High Molecular Weighl Succinimide Complex

made from Acrviic Acid at 86°C (CMR of Acryiic Acld to Succinimide=2:1)

A molybdated suceinimide complex was prepared using the same general procedure
and components outlined in Example | except that the acryhic acid was added dropwise
starting at room temperature and the temperatore was maintained below 1009C for the
addition of gervlic acid and then a reaction temperature of 80°C was maintained until the
reaction was complete. The molyhdated succinimide complex was a greenish brown Hguid
at room temperature, and had the following properties:

Mo =4.914 wi. %

Total Base Number = 56.95 mg KOH/g
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COMPARATIVE EXAMPLEF

A bascline Jubricating oil formulation was forroed containing the same additives,
base ot} and treat rate as in EXAMPLE 10. The hubricating off additive of
COMPARATIVE EXAMPLE E was formulaied into this basehine ubricating off such that

the total Mo content in the formualation was 300ppn.
EXAMPLE 12
Friction Performance
High Frequency Reciproeating Rig (HFRR) Evaluation

The friction performance of the lubricating o compositions of Examples 10 and 11
was evaluated the High Frequeney Reciprocating Rig (HFRR), and compared to the friction
performance of the hubricating oil composition of Comparative Example F. The HFRR test
rig 1s an industry recognized tribometer for determining lubricant performance. The PCS
justrummentt ases an electromagnetic vibrator o oscillate a specimen (the ball} over a small
amplitude while pressing it against a fixed specimen (a flat disk). The amplitude and
frequency of the oscillation and the load are variable, The frictional force between the ball
and fiat and the elecurical contact resistance (ECR) are measured. The flar, stationary
spectmen 1 held 1o a bath to which the hubricating o1l is added, and can be heated. For this
iest, the tribometer was set up to ran at 20 He for 20 minotes, vsing 6mm ball on flal
specimens of 52100 steel. The load was 1kg and temperature was 116°C. The lubricating
oils were prefreated with about 6% by weight, based on the total weight of lubricating oil, of
diesel engine soot collected from diese] engine exhanst. The 300t was stirred into the oil to
wet it and then homogenized for 15 minuies prior o testing. In (his test, a smialler
coefficient of frictiop corresponds o a nmore effective lubricating additive. The HFRR

fricdon performance data are represented in Table 2.
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TABLE 2

HEFRE Wear and Friction Performance Resulis

Deseription Coefficient of Friction

Example 10 (Bascline} 3.123
(Mo Molybdenum Additive)

Comparative Exaraple F 0.13
(Exaniple 10 + 500 ppm E)

Example 1] 0.678
(Example 10 + 500 ppm Example 1}

As the data in Table 2 show, the molybdenam succinimide complex of the present
invention, derived from acrylic acid at a charge mole ratic of acrvlic acid to succinimide of
2:1, and prepared at 2 temperatare in the range of from greater than 80°C to no greater than
150°C (Example 11), demonstrates improved anti-friction properties over the corresponding
molvbdenum succinimide complex derived from acrylic acid at a charge mole ratio of

acrylic acid to succiniroide of 2:1 and prepared at 80°C (Comparative Example F).

it will be onderstood that various modifications may be made 10 the embodiments
disciosed hergin. Therelore the above description shoudd not be construed as limiting, bt
merely as exemplifications of preferred embodiments. For example, the functions described
above and implemented as the best mode for operating the present invention are for
iltusiration purposes only. Other arrangements and methods may be implemented by those
skilied in the art without departing from the scope and spirit of this invention. Moreover,
those skilled in the art will envision other modifications within the scope and spirit of the

claims appended hereto.




32

WHAT IS CLAIMED IS:
1. A process for preparing a molybdated succinimide complex, the process
comprising:

(a) reacting an alkyl or alkenyl mono- or bis-succinimide of a polyamine of

5  formula I or formula 11 or mixtures thereof:

Formula (1)
O

N—R'NH),H

Formula (I1)

G Q
R R
=R —NH)R—N
A\ J
& &)

wherein R is an alkyl or alkeny! group having a number average molecular weight of

about 500 to about 5,000, R' is a straight or branched-chain alkylene group having 2 to 3

carbon atoms, X is 2 to 11, and y is | to 10, with an a,B-unsaturated mono-carboxylic acid

10 or carboxylic acid ester, in a charge mole ratio of the o,$-unsaturated mono-carboxylic

acid or carboxylic acid ester to the succinimide of formula I or formula II or mixtures

thereof of greater than 1.05:1 to about 6:1, and wherein the reaction temperature is in the
range of from greater than 80° C. to no greater than about 150° C.; and

(b) reacting the succinimide product of step (a) with an acidic molybdenum

15 compound to provide the molybdated succinimide complex, wherein the molybdated

succinimide complex is a liquid at room temperature.

2. The process of claim 1, wherein R is an alkyl or alkenyl group having a
number average molecular weight of about 700 to about 2,500, R' is an alkylene group

20  having 2 carbon atoms, x is 2 to 5, and yis 1 to 4.
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3. The process of claim 1, wherein R is an alkyl or alkenyl group having a
number average molecular weight of about 710 to about 1,100, R’ is an alkylene group

having 2 carbon atoms, x is 2to 5, and yis | to 4.

4. The process of claim 1, wherein the a,p-unsaturated mono-carboxylic acid
or carboxylic acid ester is selected from the group consisting of acrylic acid, methacrylic

acid and mixtures thereof.

5. The process of claim 1, wherein the acidic molybdenum compound is
selected from the group consisting of molybdic acid, ammonium molybdate, sodium
molybdate, potassium molybdates, hydrogen sodium molybdate, MoOCl;, MoO;Br,

Mo,0+Clg, molybdenum trioxide and mixtures thereof.

6. The process of claim 1, wherein the o,f-unsaturated mono-carboxylic acid

~or carboxylic acid ester is acrylic acid and the acidic molybdenum compound is

molybdenum trioxide.

7. The process of claim 2, wherein the o,B-unsaturated mono-carboxylic acid
or carboxylic acid ester is acrylic acid and the acidic molybdenum compound is

molybdenum trioxide.

8. The process of claim 3, wherein the o,B-unsaturated mono-carboxylic acid
or carboxylic acid ester is acrylic acid and the acidic molybdenum compound is

molybdenum trioxide.

9. The process of claim 1, wherein the molar ratio of the o,-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula II or mixtures thereof is about 1.5:1 to about 6:1.
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10.  The process of claim 1, wherein the molar ratio of the o,B-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula IT or mixtures thereof is about 1.5:1 to about 4:1.

11. The process of claim 1, wherein the molar ratio of the «,pB-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula II or mixtures thereof is about 2:1.

12.  The process of claim 2, wherein the molar ratio of the o,p-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula II or mixtures thereof 1s about 1.5:1 to about 6:1.

13. The process of claim 2, wherein the molar ratio of the o,f-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula Il or mixtures thereof is about 1.5:1 to about 4:1.

14.  The process of claim 2, wherein the molar ratio of the o,B-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or
formula II or mixtures thereof is about 2:1.

15.  The process of claim 3, wherein the molar ratio of the o,f-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide- of formula I or

formula I or mixtures thereof is about 1.5:1 to about 6:1.

16. The process of claim 3, wherein the molar ratio of the o,p-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula I or mixtures thereof is about 1.5:1 to about 4:1.

17.  The process of claim 3, wherein the molar ratio of the o f-unsaturated
mono-carboxylic acid or carboxylic acid ester thereof to the succinimide of formula I or

formula II or mixtures thereof is about 2:1.
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18.  The process of claim 1, wherein the molar ratio of the molybdenum

compound to the succinimide product of step (a) is about 0.1:1 to about 2:1.

19.  The process of claim 1, wherein the molar ratio of the molybdenum

compound to the succinimide product of step (a) is about 0.5:1 to about 1.5:1.

20.  The process of claim 1, wherein the molar ratio of the molybdenum

compound to the succinimide product of step (a) is about 1:1.

21, The process of claim 1, wherein the alkyl or alkenyl succinimide of step

(a) is a mixture of the succinimides of formula 1 and formula IL

22.  The process of claim 21, wherein the ratio of the succinimide of formula I

to the succinimide of formula II in the succinimide mixture is from about 1:1 to 10:1.

23.  The process of claim 21, wherein the ratio of the succinimide of formula I

to the succinimide of formula 11 in the succinimide mixture is at least about 4:1.

24.  The process of claim 21, wherein the ratio of the succinimide of formula I

to the succinimide of formula II in the succinimide mixture is about 9:1.

25.  The process of claim 1, wherein the reaction temperature of step (a) is at
least 90° C.
26. The process of claim 1, wherein the reaction temperature of step (a) is at

least 100° C.

27. The process of claim 1, wherein the reaction temperature of step (a) is at

least 120° C.



10

15

36

28.  The process of claim 1, wherein the reaction temperature of step (a) is no

greater than 140° C.

29.  The process of claim 1, wherein the reaction temperature of step (a) is no

greater than 135° C.

30.  The process of claim 1, wherein the molybdated succinimide complex is a

molybdated mono-succinimide complex.

31.  The process of claim 1, wherein the molybdated succinimide complex is a

molybdated bis-succinimide complex.

32.  The process of claim 1, wherein the molybdated succinimide complex is a
mixture of molybdated mono-succinimide complex and molybdated bis-succinimide

complex.



