LUBRICATING OIL COMPOSITIONS CONTAINING A
TETRAALKYL-NAPTHALENE-1,8 DIAMINE ANTIOXIDANT FIELD OF
THE INVENTON [0001] The present invention is directed in part to a
lubricating oil composition containing an oil of lubricating viscosity, a
N,N,N',N'-tetraalkyl- naphthalene-1,8-diamine and a lubricating oil additive.
Particularly effective is a combination of a
N,N,N',N'-tetraalkyl-naphthalene-1,8-diamine and a second antioxidant
such as diarylamine which together provide superior oxidation inhibition.
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10603} Commonly, these diarylamines have been alkylated, see for example,
U.S. Pat. No. 2,943,112 which discloses an improved process for alkylating
diphenylamine and U.S. Pat. No. 3,655,559 which discloses alkylated diphenyiamines
as stabilizers. Alkaryl substituted diphenylamines and phenylnapthylamines {such as
a-methylstyryl-diphenylamine) are disclosed for example in U.S. Pat. Nos. 3,533,992;
3,452,056 and 3,660,290,
10004} Synergist and antagonist combinations of antioxidants have been
disclosed. Effective synergistic mixtures of antioxidants are typically compounds that
intercept oxidation by two different mechanisms. For example, those in which one
compounds functions as decomposer of peroxides and the other compound functions
as an inhibitor of free radicals. Well known heterosynergism has been disclosed

between sulfur and phosphorous containing compounds (such as sulfides,

dithiocarbamates, phosphites and dithiophosphates) and aminic or phenolic
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amine, for use in preventing oxidation in lubricating oils. For example, U.S.
Pat. No. 2,958,663 discloses an extreme pressure lubricant composition
containing from 0.01 to 5 percent each of sulfurized oleic acid, C18 -C22
alkenyl succinic acid, chlorinated paraffin wax containing from 20 to 60
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poisoning catalysts, etc.) which are finding increasing application. Thus,
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antioxidancy performance to handle the typical higher operating
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impact. For example, some antioxidants such as 2 diphenylaniines cannot
beoueeiad wlatveliPhlgticdeRdsntrations since this may result

[0005] Commonly, antioxidant compounds which were intended to

decompose hydroperoxides or peroxides (including sulfurized olefins, metal
dithiocarbamates, dithiophospates, phosphites, thioesters, etc.) are increasingly
difficult to incorporate into the finished lubricant due to the undesirable amounts of
sulfur, phosphorous and ash content they add to the lubricating oil composition. It is
known that sulfur, phosphorous and ash content may negatively impact poliution
control devices (such as poisoning catalysts, etc.) which are finding increasing
application. Thus, there is a need for new antioxidants and antioxidant systems which
do not negatively impact pollution control equipment yet provide improved
antioxidancy performance to handle the typical higher operating temperatures and
longer service life desired. Synergistic antioxidant systems are particularly important

since they reduce the overall additive impact. For example, some antioxidants such as
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in sedimentation or deposits in hot engine areas such as the diesel ring

areas in diesel engines. Thus, one aspect of the invention is directed to

an improved antioxidant system comprising a free radical antioxidant and

an effective peroxide decomposer selected from an
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wherein Ry, Ra, R3 and Ry are each independently selected from alkyl
groups each having from 1 to 20 carbon atoms, and at least one additive selected from
antioxidants, dispersants, and detergents. The antioxidant according to formula I is
effective by itself when employed in a lubricating composition. However, there is an
improvement in antioxidancy performance when the compounds of formula I are
employed with a free radical antioxidant. Thus another aspect is directed to a
lubricating oil composition comprising an oil of lubricating viscosity and an
antioxidant is a mixture comprising: a) from 0.1 to 10 weight percent of a first

antioxidant according to formula I:



wherein Ra and Rb are each independently aryl from 6 to 10 carbon
atoms which may be unsubstituted or substituted with one or two alkyl
groups each having from 1 to 20 carbon atoms. [00071 Improvement of
the combination of component a) and component b) is demonstrated at
ratios of component a) to component'd) froﬁiabout 0.5:1 to about 10:1
and even more particularly fr&h\e@ ut 0.75: tgpaﬁéut 5.1. Due to the
demonstrated improvement in oxidgtive stabiltty of the composition
afforded by the mixture of componegnts a) & by), the mixture of these
components present in the total ositi grris Jess than 5 weight
percent. More preferably the 'xture oRa) & b) 13=~from 0.5 to 2.0 weight
percent based on the total weight of the compositipn. [00081 The
composition defined above car contaip-ather 'ives. Thus another
aspect of the present invention furt@f comprises an oil soluble
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consisting of sueeinimide, a carboxylic acid amide, a hydrocarby

monoamine, a phosphoramide, a thioghosphoramide, a Manni.ch base, a
dispersant viscosity index improver, oria mixture thereof in the presence

of a polar promoter, to form an BXymidlybaeRum complex. More preferably
thehbasicRitiad Ry wompaundeisadsudsininlidend 40000 Lafthe eamposition may

above can further comprise an gjl-soluble, phosphorus-containing,
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from 0.5 to 2.0 weight percent based on the total weight of the composition.

[0008] The composition defined above can contain other additives. Thus
another aspect of the present invention further comprises an oil soluble molybdenum
compound. A particularly preferred oil soluble molybdenum compound is an
unsulfurized or sulfurized oxymolybdenum containing composition prepared by (i)
reacting an acidic molybdenum compound and a basic nitrogen compound selected
from the dispersant group consisting of succinimide, a carboxylic acid amide, a
hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a Mannich base, a
dispersant viscosity index improver, or a mixture thereof in the presence of a polar
promoter, to form an oxymolybdenum complex. More preferably the basic nitrogen

compound s a succinimide.



engine. As noted, the compounds of formula | are useful as antioxidants,
thus one aspect is directed to the use of the compounds of formula | in a
lubricating oil composition for oxidation retardation purposes. DETAILED
DESCRIPTION OF THE INVENTION [0011] Inhibition of free
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from the se ermrnatron of radica y reactrng with oxidation
inhibitors. [0012] The uncatalyzed oxidation of hydrocarbons at
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the reaction mechanisms are dependent upon the specific hydrocarbons, temperatures,
operating conditions, catalysts such as metals, etc., which more detail can be found in
Chapter 4 of Mortier R.M. et al., 1992, “Chemistry and Technology of Lubricants
Initiation”, VCH Publishers, Inc. Initiation involves the reaction of oxygen or
nitrogen oxides (NOy) on a hydrocarbon molecule. Typically, initiation starts by the
abstraction of hydrocarbon proton. This may result in the formation of hydrogen
peroxide (HOOH) and radicals such as alkyl radicals (R') and peroxy radicals (ROO").
During the propagation stage, hydroperoxides may decompose, either on their own or
in the presence of catalysts such as metal ions, to alkoxy radicals (RO") and peroxy
radicals. These radicals can react with the hydrocarbons to form a variety of
additional radicals and reactive oxygen containing compounds such as alcohols,

aldehydes, ketones and carboxylic acids; which again can further polymerize or
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polycondensation and polymerization reaction of these high molecular
weight intermediates results in products which are no longer soluble in
the hydrocarbon and form varnish like deposits and sludge. [0013] Since
autoxidation is a free-radical chain reaction, it therefore, can be inhibited
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emphasis on new _inhibitors, [001.4] The present invention is directed in
pERo A Btk R R EsRb88%h having an suitable oil of lubricating

vigoasity and adifst GRRORRNPEGBHA) iSfree-radical chain reaction, 1t therefore, can be
aN,N,N',N'-tetraalkyl-naphthalene-I,8-diamine compound which can serve
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combination with another antioxidant and moreover with com onentﬂ%ﬁ
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antioxidants also called heterosynergism due to the different mechanism
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the same class, compounds which act by a different reaction

madsahierRis W Sey fpetent inhibitor. Hydroperoxide decomposers convert the

hydroperoxides into non-radical products and thus prevent the chain propagation
reaction. Traditionally organosulfur and organophosphorous containing additives have
been employed for this purpose typically eliminating hydroperoxides via acid
catalyzed decompostition or oxygen transfer. However as mentioned previously,
increased concerns regarding total sulfur and/or phosphorous content in finished
lubricating oil has led to efforts to find new hydroperoxide decomposers perhaps
those that even react by a different mechanism. Also, increased demands have been
placed on many functional fluids which have in-turn placed emphasis on new
inhibitors.

[0014] The present invention is directed in part to a lubricating oil
composition having an suitable oil of lubricating viscosity and a first component a) is

a NLN,N',N'-tetraalkyl-naphthalene-1,8-diamine compound which can serve as a
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synergistic results, for example combinations of hindered phenolics and
alkylated diphenylamines has been studied. Heretofore, antioxidancy in
lubricating oil had not be demonstrated for
N,N,N',N'-tetraalkyl-naphthalene-I,8-diamine nor has synergism been
dparionstedteddon asmistairdinfradnd thus is typically employed with at least on other
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thereof. An example of a suitable hindered amine may be use
pragdntaveityi sl HUNNN'-tetramethyl-naphthalene-1,8-diamine and
sold by Sigma-Aldrich as Proton-sponge TM. The
N,N,N',N'-tetramethyl-naphthalene-1,8- diamine is a strained molecule
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hydroperoxide decomposition reaction. This imparts a high basicity
réfaglivastenrerantigatnecarnines bsnsromtiidoisclosed are particularly suited

sterically hindered amine compounds according to formula [:
Ra R3

Ri R
\N/ \

Formula |

wherein: R and R, and R3 and Ry are each independently selected from the
group consisting of alkyl from 1 to 20 carbon atoms, more preferably alkyl from 1 to
10 carbon atoms and even more preferably lower alkyl from 1 to six carbon atoms.
The alkyl groups above, can have either a straight chain or a branched chain, which

are fully saturated hydrocarbon chain; for example, methyl, ethyl, propyl, butyl,
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amines and which is necessary to deprotonate a hydroperoxide.
Deprotonation of the peroxide would render the oxygen-oxygen bond
more stable toward decomposition into radicals. The strong basicity of the
N,N,N',N'-tetramethyl -naphthalene- 1, 8- diamine can be ascribed to the
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temperature engine deposit properties. Such other additives can be any
prevelyilelesowal drdetesrinidediaere dwisd ditkhesiapkateforrmganpigm, favorable
Brieane: ol GRmPRsIbns, Lo ANARNAG . adaltves WRIGBIK [RUDRAR pair
lubricating olls are, for example, dispersants, detergents, corrosion/rust
inkiBiei- antioxidants, anti-wear agents, anti-foamants, friction
[0016] The compounds of formula [ are selected with sufficient alkyl groups
to be oil soluble in the lubricating composition and thus the compound of formuia I
are combined with an oil of lubricating viscosity. The concentration of the compound
of formula I in the lubricating composition can vary depending upon the
requirements, applications and effect or degree of synergy desired. In a preferred
embodiment of the invention, a practical N,N,N',N'-tetraalkyi-naphthalene-1,8-
diamine use range in the lubricating composition is from about 1,000 parts per million
to 20,000 parts per million (i.e. 0.1 to 2.0 wt %) based on the total weight of the
lubricating oil composition, preferably the concentration is from 1,000 to 15,000 parts
per million (ppm) and more preferably from about 3,000 to 10,000 ppm by weight.
[0017] The N,N.N',N'-tetraalkyl-naphthalene-1,8-diamine compound of

formula I can be used as a complete or partial replacement for commercially available
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modifiers, seal swell agents, emulsifiers. VI improvers, pour point

depressants, and the like. Particularly preferred to a demonstrated

synergy is the compounds of component a) with an additional antioxidant

such as a free radical inhibitor antioxidant, even more preferably selected
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about 10 wt.%, based on the total weight of the lubricating oil composition,

Diarylamine - component b):

{0019] The secondary diarylamines are well known antioxidants. Preferably,
the secondary diarylamine antjoxidant is one of the formula R* --NH--R®, wherein R*
and R® each independently represent a substituted or unsubstituted aryl group having
from Cg to Csq carbon atoms, preferably R® and R® are each independently ary! from 6
to 10 carbon atoms which may be unsubstituted or substituted with one or two alkyl
groups each having from 1 to 20 carbon atoms.

[0020] Nlustrative of substituents for the aryl moieties are aliphatic
hydrocarbon groups, such as alkyl or alkenyl of 1 to 20 carbon atoms. The aryl

moieties are preferably substituted or unsubstituted phenyl or substituted or



preferably straight and branched alkyl groups from 4 to 12 carbon atoms,
more preferably 8 to 9 carbon atoms. Commonly mixtures of alkylated
diphenylamines are prepared such as that prepared by reacting
diphenylamine with 2,4,4-trimethylpentyl; or employing other alkyl groups,
preferadil yubrdnebiat yd hpdnt o pedp seefo vex amipdeh nbthdatgtimoieties are
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q cpei(?fd non)@%o u§ der%%%i Igaomd%?ﬁgpg l%?zﬁr}rslu B{itgteb %rgs(f:(ljg Goug)s These

| group derive om an isobutylene trimér, a’branc
grsapnderivéc fybmiagsropylepeuetrannst mmaebmbcﬂhedmge mtabl eﬁyj/lgmlms

%E\ﬂ‘%ga{)r r&l%l%ﬁ?%f%rarﬁl E?‘nﬂ?r I artl(ﬁlarlx r?.;..era aﬂ(y ogls THOor

Stituted sec ndary di amin |cuIarypp Ipheny
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le:pr aS|I rod db reactln the, | a |ne
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t |- a meta alld such as alumin r
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plalmphorlc acid, phosphorus pentOX|de boron fluoride acidic clay and
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Specifically, a branched octyl group derived from an isobutylene dimer, a branched
nonyl group derived from a propylene trimer, a branched dodecyl group derived from
an isobutylene trimer, a branched dodecyl group derived from a propylene tetramer or
a branched pentadecyl group derived from a propylene pentamer is particularly
preferable. The substituted secondary diaryl amines and particularly p,p’-dialkyl
diphenyl amines and N-p-alkylphenyl-a-naphthyl amines, may be a commercially
available product, but can be easily produced by reacting the diaryl amine with a C;_
alkyl halide, a Cy olefin, or a C,4 olefin oligomer with secondary diaryl amine by use
of a Friedel-Crafts catalyst. Examples of the Friedel-Crafts catalyst are metal halides
such as aluminum chloride, zine chloride and iron chloride, and acidic catalysts such
as sulfuric acid, phosphoric acid, phosphorus pentoxide, boron fluoride, acidic clay

and active clay. Other alkylation methods are known in the art.
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[00251 Examples of commercial diarylamines include, for example,

IRGANOX L06, IRGANOX L57 and IRGANOX L67 from Ciba Specialty
Chemicals; NAUGALUBE AMS, NAUGALUBE 438, NAUGALUBE 438R,
NAUGALUBE 438L, NAUGALUBE 500, NAUGALUBE 640, NAUGALUBE
68824nd NAUBARDIEAN fofnemf @roseptond Ly handtionnds Q@ RRITEeful in the

3123.. G RITE 3190X36, GO RITE 3127, GOODRITE 3128,
R T A D R o AT BT EA A,
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o i D00 L oD Bt By W BT o8,

Td A Witlregaid tAbaditiBkidant MAREIABACR NG IcOMBASiDAIBE 680,
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b ) p ; e |
e L L AL I e Soruse
eSter¥ A8l dE08E B emut VAP d BantitashiensRdiiIY ihdedzibEmatesy Inc.
Terh alkylat ' re widel loved typically. with
B Ryt R A R
poeitippditoneinivg frdencadiogidoartbe nestames ant. appdepiotsdfidrdegree of

S 415, ot SR Sl cons
diarylamine use range in the lubricating composition is from about 1,000 parts per
million to 20,000 parts per million (i.e. 0.1 to 2.0 wt %) based on the total weight of
the lubricating oil composition, preferably the concentration is from 1,000 to 15,000
parts per million (ppm) and more preferably from about 3,000 to 10,000 ppm by |
weight.

[0027] Typically, with regard to total antioxidant in the lubricating
composition, quantities of less than 1,000 ppm have little or minimal effectiveness
whereas quantities larger than 50,000 ppm are generally not economical. Preferably
the total amount of component a) and component b) in the lubricating oil composition
is from about 0.1 to 2 wt % and more preferably from about 0.5 to about 2 wt % based
upon the total weight of the lubricating oil composition.

[0028] Other oxidation mhibitors which can be used with the compounds of

formula I include but are not limited to hindered phenols, sulfurized hindered phenols,
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Phenol type phenolic oxidation inhibitors:
4,4'-methylenebis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenaol),
4,4'-bis(2-methyl-6-tert-butylphenol), 2,2'
(methylenebis(4-methyl-6-tert-butyl-phenol)),

4k14r‘1<ltnne¢| iﬂmmﬁﬁs@{methﬂ}dy&taﬂplmmmmﬂm& and ashless dialkylthiocarbamates.

{}{1 Eﬁg |de eblssg 6; d|t tyI hen 6/4%‘18 eth Ienelffg(w%hzatemary

eno ene
mﬁt&&@nebn(ﬁ&mﬁhyl{ﬁrﬂ)mﬁﬂb&xﬁph&[mﬂahd/ or para posztlc}n) containing from 4

2 6- -ter but [-4-methyl di-tert- but t phen

L S e S R SR sas, Midere
thﬁtdgdémbﬂ(ﬁﬂyl\diﬂﬂydl@MyjﬂImntﬂbewmaémubh dsdrepared in U.S. Pat. 3,211,652,
tmﬁbls ZB’gfe Zé[)hmeﬂ‘lliﬁ %x?éj r%%) nﬁ%\ et{r)]ro 46%'S{§ethylenebis(2 ,6-di-tert-butylphenol},
n@hylsqar@dmxyt—ﬁue/ﬂbb@wlmehéybﬁflI-mmmhd-tﬁﬂ-(m@dhmb@l;ﬂl'4-
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can optionanm comprise an anti-wear agéent that can reduce Trictio
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S R P B 2R SR E R B FIBIE, T Al
ptimsghﬂ&iwswr-@, amwieis@tb-tﬁrph@éﬁﬁdmeah}tﬂaemmmﬁhmn@léphéhc

agid e ction pro. igy&l ien thi )
agll1 rqg comt ablﬁgﬁlcﬂ)s? l?r?é%%?bun?@ Fihe gn%v%équ a ?}en&?i bis(3
vargthndm-apdutg-0 ﬁemftt%}tb)am’lh)t -Sufides afrd i aotidd- @8 mud4o

aho t0§(\?4 t.% Lﬁ; from about 0.1 wt.% to about 1 wt.%, based on the total
eygb t eY ricating oil composition. Some suitable anti-wear agents
hid@2deen des&‘mbédbizticaésg@ﬁzcmmitkzﬂ didsticadthadaitaesiptionally

2 T Sl Ll SR, B
cmw@dﬁmmm@aﬁb@mﬁ ophosphaktel nmefad sxlmsyibh asedimctbialkyl
o N ARy agems
ammmmgd@édhtﬂpm&pmdanam, (manghnB8beMrickeal the Bbppwiiy wEome
CMAIHRSNE N GMALR 1 2l RIS RANMRLSME R thiocarbamate,
metal {e.g., Zn, Pb, Sb and the like) salts of fatty acids, boron compounds, phosphate
esters, phosphite esters, amine salts of phosphoric acid esters or thiophosphoric acid
esters, reaction products of dicyclopentadiene and thiophosphoric acids and
combinations thereof. The amount of the anti-wear agent may vary from about 0.01
wt.% to about 5 wt.%, from about .05 wt.% to about 3 wt.%, or from about 0.1 wt.%
to about 1 wt.%, based on the total weight of the Iubricating oil composition. Some
suitable anti-wear agents have been described in Leslie R. Rudnick, “Lubricant
Additives.: Chemistry and Applications,” New York, Marcel Dekker, Chapter 8, pages
223-258 (2003).
[6030] In certain embodiments, the anti-wear agent is or comprises a

dihydrocarbyl dithiophosphate metal salt, such as zinc dialkyl dithiophosphate
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group of the dihydrocarbyl dithiophosphate metal salt has from about 3 to
about 22 carbon atoms, from about 3 to about 18 carbon atoms, from
about 3 to about 12 carbon atoms, or from about 3 to about 8 carbon
atoms. In further embodiments, the alkyl group is linear or branched.
[@E3idoThésaliieuntial tialdikyidrdeathpl dithldpplospihate meatdlsshlinay be an

in&gﬂ(%%ir(l) affgaﬁ&?};{l i%a(sljt? K 'tﬁi.t&i»oﬁﬁ‘;%%%%t‘?%ﬁgltﬁ%g‘ p&%&%@%ﬁrﬁ,@%ﬁ%{gﬁeﬁﬁ, nickel

cOMpOSItion erein is measured by 1
some b adinentspihelphagphbrus cedntenhoflthethebdadtodinohts, the alkyl

composition disclpsed herein is from.about 0.01 wt.% to about 0,12 wt.%,,
S s e S e e i s b S bt 22
ababbh A8mwt. Uorbabedtdnithebdotal Sveidionhoftthes| dbrinatingtdlto about 12
composition. [0032] In,on bodiment, the phosphorous content of th
O B o e D e B gy he
tredktdtgtonpighimafthe Hubrebating oil composition. In another embodiment,

t sphoroys content of the Jubricating gil,composition herein is,fro .
AT 0 1o 0L S B A R B S L G ucing
c i positival kj0 0B8] dithe gitutd radarinyiidifoioidosphate ongtabsait daylded
ptepared in_accordance with known techniques by first formi
S T SRR BRI A S B Rt Do gpporas
morgent afdhhdidbacadippenalimgarigonnidsivitd R2Sh anficiherbout 0.01 wt.% to

SR SEREA 2 TSI e e AL E Bc
DD Rom 0B evifad basydreactindgpmixtgiebt off phiiabyiemthgedbastappsition.
o ephont S R e LD e 1
onengresentirdrsecsfideanahmehfHcte O diidvithemyaronahsybtrbwps o f the
O O T ARt e Al P R
chmhpoutng: dnl sompostiibodimanis feobagiowrGidaotfal Zmt’ e daspdwndtis total
B R, e zinc ot
dit#3phosphatébailyy drequrbstlidisbi srdrosdhatteinditdisghosphiorioreeids! in
re&%%%&ﬁ%?@&%ﬁ%%&@é)m}&52399 %‘@[Afoan%gg a dihydrocarby! dithiophosphoric
acid (DDPA), usually by reacting one or more of alcohols énd phenolic compounds
with P»Ss and then neutralizing the formed DDPA with a compound of the metal,
such as an oxide, hydroxide or carbonate of the metal. In some embodiments, a
DDPA may be made by reacting mixtures of primary and secondary alcohols with
P>Ss. In other embodiments, two or more dihydrocarbyl dithiophosphoric acids can be
prepated where the hydrocarbyl groups on one are entirely secondary in character and
the hydrocarbyl groups on the others are entirely primary in character. The zinc salts
can be prepare from the dihydrocarbyl dithiophosphorie acids by reacting with a zinc
compound. In some embodiments, a basic or a neutral zinc compound is used. In
other embodiments, an oxide, hydroxide or carbonate of zinc is used.
[0034] In some embodiments, oil soluble zinc dialkyl dithiophosphates may

be produced from dialkyl dithiophosphoric acids represented by formula (II):
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[0035] wherein each of R3 and R4 is independently linear or branched
alkyl or linear or branched substituted alkyl. In some embodiments, the
alkyl group has from about 3 to about 30 carbon atoms or from about 3 to
about 8 carbon atoms. [0036] The dialkyldithiophosphoric acids of
formula (11) can be prepared by géacting atsrhols R30H and R40OH with
P2S5 where R3 and R4 are as definethapbve. In some embodiments, R3
and R4 are the same. In other embodi ts, R3 and R4 are different. In
further embodiments, R30H and H &t with P2S5 simultaneously.
In_still further embodiments, R30OH and,R40H,react with P2S5

sElFehtially. [0037] MixHFEEBEASASE AR/ RedipotriadThy insarss
usesicAhestyhyd imes ik ylaomrpsndsieacnat be saanobediyalky/lthe

compounds, In some .embodiments, the dialkyldithiophosphoric acids is
PR AR HGAARL (50 At RTSHR AR M PGkg Ry 1o about

cespaumndmsor mixtures of two or more of the foregoing. In other
e iments, the zin¢ djalkyldithiophosphate d riveduI’%:)m only primary
aﬁé)?ﬁcohms Sikfue e AR SIcSRB Jik b Prepared by
erahodimaassolb & SIRDie PRIGIYALOhG; is/ ReasRAhadabidncas@mied above. In
embodiments, the zinc di Igyldit%illgphospjﬁlate derived from onl%é3 4
SEUBR SR PR of K FTE SRBOH LT e forand R ar
sefanearyLakethelsds bodlxtine, ¢ DHuRO Rl el dadmetiy P2Spehtamaheously. In
[0038] The ph sghorus pen l#%? feactant useg in the )
TSP OUBOR S oh i Rk s RBA s EaHE rounts
ofom3gior morevikR2&3H Y3 ESkyardndodnompogiions wed Uit se
ay. also cqntain minor amounts of free sulfur. In certain embodjments,
0 S BP EHELR e LR AR S AN NG SR B Ao P
P, hEnts amd BdE91dhiseptaimpaoihodiaenipréberagosphamns-, di-, tri-,
pergtasulfi e tégactet tis subzatg(niially free %f free sulfur. [0 39% In the fih
pFELE ARV RRED ROt S Pt S S A BRRE AL b hE BB iy of the
CEmRE$I0 M9 hboinhydi:Yena) okt 4 vvtdiallaholbidpodphalaleiR st RonDsnty
about 1 wt.%, as measured. aceqrdin to ASTM D87 59540{1‘; some
RGNS AR ROl EOT Sl PEGPAEY QS e
detesgéinte Anytharspelngronaynikiirel of 2emyitidadhah candieduaBodiments,
Sl eyl ue of enale Hepepls SP0LRe LeSH AR ARSITRSHS . i furher
embodiments, that mixture of secondary alcohols is a mixture of 2-butanol and 4-
methyl-2-pentanol.
[6038] The phosphorus pentasulfide reactant used in the
dialkyldithiophosphoric acid formation step may contain certain amounts of one or
more of P1S3, P4Ss, PyS4, or P4Se. Compositions as such may also contain minor
amounts of free sulfur. In certain embodiments, the phosphorus pentasulfide reactant
1s substantially free of any of P»Ss, P4Sa, P4S7. and P4Se. In certain embodiments, the
phosphorus pentasulfide reactant is substantially free of free sulfur.
[0039] In the present invention, the sulfated ash content of the total lubricating
oil composition is about 5 wt.%, about 4 wt.%, about 3 wt.%, about 2 wt.%, or about
1 wt.%, as measured according to ASTM D874.

10040] In some embodiments, the lubricating oil composition comprises at

least a detergent. Any compound or a mixture of compounds that can reduce or slow
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examples of suitable detergents include polyolefin substituted
succinimides or succinamides of polyamines, for instance polyisobutylene
succinimides or polyisobutylene amine succinamides, aliphatic amines,
Mannich bases or amines and polyolefin (e.g. polyisobutylene) maleic
atieyslittesp SHengisuitkblaisucairteided detedgwﬂ@ﬁresdm'tbeﬁﬁﬁting
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tra |t|o tal me emb s the metal is Ca, .M
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(OF:1)5)¢]] m&t%eayhmm@mmmandﬁlaﬁqﬂ ©:08 keh b hgchbmymﬁ)mh% satfonates,

)
fror’?fgdi)o (g'%ﬂvs\,/ﬁlt{i tI%TV\E/l kéo{iaf ?%Ie) 1 Qn% gstota (%f Eanmc acids,
lubricating oll compos |on ome suitab etergents ave’

demtabwﬂsmﬁmrab:y&ebahlk&ﬁhbmmﬂnacahdnﬁeﬁtmm)am phgzlsrw;hnts;ﬁﬁm
ition L@%donbf% i er Ch esof ga%? z%l ?E %h? nc “r%e%a

Rugnlc Bricant A ves emls ry And
Nmﬂﬁeh@@kphcnﬁhamxdrc@lqlm;Qﬁdﬂb&eﬂﬁ&:@ﬂﬂ@bh{ﬁ@h&hﬁﬁh@ﬁdb}ﬂ@dﬁ:ﬂgﬁons
oi}, compaosition cIo dhereln Jelfle all mprise a | ersant that
Cg}fﬁ%ﬁg@ﬁ i geca\l}ar?u anola ’E’Her Je osﬁw%m%ee%?n ﬁel}g&" Saﬁcylate

swspéansigointa dmwatstﬁtm—mwtmpeasmitknﬁmmtdd@l@mrémmo}fude alkali

059!4%89! alkaline metals and transition metals. In some embodiments, the metal is Ca,
Mg, Ba, K, Na, Li or the like.
16642] Generally, the amount of the detergent is from about 0.001 wt.% to
about 5 wt.%, from about 0.05 wt.% to about 3 wt.%, or from about 0.1 wt.% to about
I wt.%, based on the total weight of the lubricating o1l composition. Some suitable
detergents have been described in Mortier et al., “Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 3, pages 75-85 (1996); and
Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New York,
Marcel Dekker, Chapter 4, pages 113-136 (2003).
[0043] The lubricating oil composition disclosed herein can optionally
comprise a dispersant that can prevent sludge, varnish, and other deposits by keeping

particles suspended in a colloidal state. Any dispersant known by a person of ordinary
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15 skill in the art may be used in the lubricating oil compaosition.
Non-limiting examples of suitable dispersants include
alkenylsuccinimides, alkenyl succinimides modified with other organic
compounds, alkenyl succinimides modified by post-treatment with
emj/lﬂeim&kﬁsahon@témumﬁm dodpbticaiam iuiesosmﬁmime Bstelansuscnateples
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the like) of mono-, di- or tri-alkyl substituted phosphoric acids or phosphonic acids;

mono-, di- or tri-alkyl substituted amines; mono- or di-alkyl substituted amides and
combinations thereof. In some embodiments, the friction modifier is selected from the
group consisting of aliphatic amines, ethoxylated aliphatic amines, aliphatic
carboxylic acid amides, ethoxylated aliphatic ether amines, aliphatic carboxylic acids,
glycerol esters, aliphatic carboxylic ester-amides, fatty imidazolines, fatty tertiary
amines, wherein the aliphatic or fatty group contains more than about eight carbon
atoms s0 as fo render the compound suitably oil soluble. In other embodiments, the
friction modifier comprises an aliphatic substituted succinimide formed by reacting an
aliphatic succinic acid or anhydride with ammonia or a primary amine. The amount of

the friction modifier may vary from about 0.01 wt.% to about 10 wt.%, from about
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aliphatic succinic acid or anhydride with ammonia or a primary amine. The
amount of the friction modifier may vary from about 0.01 wt.% to about 10
wt.%, from about 16 0.05 wt.% to about 5 wt.%, or from about 0.1 wt.% to
about 3 wt.%, based on the total weight of the lubricating oil compaosition.
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Chapter 6, pages 187-189 (1996); and Leslie R. Rudnick, “Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, Chapter 11, pages 329-354
{2003).

[0046] The lubricating oil composition disclosed herein can optionally
comprise a demulsifier that can promote oil-water separation in lubricating oil
compositions that are exposed to water or steam. Any demulsifier known by a person
of ordinary skill in the art may be used in the lubricating oil composition. Non-
limiting examples of suitable demulsifiers include anionic surfactants (e.g., alkyl-
naphthalene sulfonates, alkyl benzene sulfonates and the like), nonionic alkoxylated
alkylphenol resins, polymers of alkylene oxides (e.g., polvethylene oxide,
polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the

like), esters of oil soluble acids, polyoxyethylene sorbitan ester and combinations

thereof. The amount of the demulsifier may vary from about 0.01 wt.% to about 10
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~ alkylphenol resins, polymers of alkylene oxides (e.g., polyethylene oxide,
polypropylene oxide, block copolymers of ethylene oxide, propylene oxide

and the like), esters of oil soluble acids, polyoxyethylene sorbitan ester

and combinations thereof. The amount of the demulsifier may vary from
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BT I SRl A
baseyst thectntal amaighbiedr that can reduce corrosion. Any corrosion inhibitor
known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable corrosion inhibitor include half esters
or amides of dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl
imidazolines, sarcosines and combinations thereof. The amount of the corrosion
inhibitor may vary from about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to
about 3 wt.%, or from about 0.1 wt.% to about 1 wt.%, based on the total weight of
the lubricating oil composition. Some suitable corrosion inhibitors have been
described in Mortier ef al.. “Chemistry and Technology of Lubricants,” 2nd Edition,
London, Springer, Chapter 6, pages 193-196 (1996).
[06049] The lubricating o1l composition disclosed herein can optionally
comprise an extreme pressure (EP) agent that can prevent sliding metal surfaces from

seizing under conditions of extreme pressure. Any extreme pressure agent known by a
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the lubricating oil composition. Some suitable corrosion inhibitors have
been described in Mortier et al., "Chemistry and Technology of
Lubricants," 2nd Edition, London, Springer, Chapter 6, pages 193-196
(1996). [0049] The lubricating oil composition disclosed herein can
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rust inhibitor known by a person of ordinary skill in the art may be used in the
lubricating oil composition. Non-limiting examples of suitable rust inhibitors include
oil-soluble monocarboxylic acids (e.g., 2-ethylhexanoic acid, lauric acid, myristic
acid, palmitic acid, oleic acid, linoleic acid, linolenic acid, behenic acid, cerotic acid
and the like), oil-soluble polycarboxylic acids (e.g., those produced from tall oil fatty
acids, oleic acid, linoleic acid and the like), alkenylsuccinic acids in which the alkenyl
group contains 10 or more carbon atoms (e.g., tetrapropenylsuccinic acid,
tetradecenyisuccinic acid, hexadecenylsuccinic acid, and the like); long-chain
alpha,omega-dicarboxylic acids having a molecular weight in the range of 600 to
3000 daltons and combinations thereof. The émount of the rust inhibitor may vary

from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or
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and the like), oil-soluble polycarboxylic acids (e.g., those produced from

tall oil fatty acids, oleic acid, linoleic acid and the like), alkenylsuccinic

acids in which the alkenyl group contains 10 or more carbon atoms (e.g.,
tetrapropenylsuccinic acid, tetradecenylsuccinic acid,
hradewshisustificasivuaddvite. likepdonglehiaial weight of the lubricating oil
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lubricating oil composition comprises at least a viscosity ihdex improver.
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metal deactivator. Some non-limiting examples of suitablé metal

deeRelyaeTs styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
polyisobutylene, and dispersant type viscosity index improvers.
[0054] In some embodiments, the lubricating oil composition comprises at
least a metal deactivator. Some non-limiting examples of suitable metal deactivators
include disalicylidene propylenediamine, triazole derivatives, thiadiazole derivatives,
and mercaptobenzimidazoles.
[6055] The additives disclosed herein may be in the form of an additive
concentrate having more than one additive. The additive concentrate may comprise a
suitable diluent, such as a hydrocarbon oil of suitable viscosity. Such diluent can be
selected from the group consisting of natural oils (e.g., mineral oils), synthetic oils
and combinations thereof. Some non-limiting examples of the mineral oils include

paraffin-based oils, naphthenic-based oils, asphaltic-based oils and combinations

thereof. Some non-limiting examples of the synthetic base oils include polyolefin oils
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include disalicylidene propylenediamine, triazole derivatives, thiadiazole
derivatives, and mercaptobenzimidazoles. [0055] The additives disclosed
herein may be in the form of an additive concentrate having more than

one additive. The additive concentrate may comprise a suitable diluent,
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hydrocarbon ynthesis procedures using carbon mon e an
gabewdt dactbadlydrocarbon synthetic oils may include, for exampie 0115 prepared

from the polymerization of ethylene, i.e., polyalphaolefin or PAQ, or from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such as
in a Fisher-Tropsch process. A preferred base oil is one that comprises little, if any,
heavy fraction; e.g., little, if any, lube oil fraction of viscosity 20 ¢St or higher at

100 degrees C.

0057} The base oil may be derived from natural lubricating oils, synthetic
lubricating oils or mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocrackate base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic and polar
components of the crude. Suitable base oils include those in all AP1 categories 1, II,
I, IV and V as defined in AP1 Publication 1509, 14th Edition, Addendum I,

December 1998, Saturates levels and viscosity indices for Group 1, 11 and III base oils
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in a Fisher-Tropsch process. A preferred base oil is one that comprises

little, if any, heavy fraction; e.g., little, if any, lube oil fraction of viscosity

20 cSt or higher at 100 degrees C. [00571 The base oil may be derived

from natural lubricating oils, synthetic lubricating oils or mixtures thereof.
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base oils are polyalphaolefins (PAO). Group V base oils include all other
base oils not included in Group I, I, IlI, or IV. Although Group I, lll and IV
base oils are preferred for use in thiginpemtion, these preferred base oils

pace stoCHLLBH batl TN AR SRS At A oty mas

biedapp |, IkangdktBase Stocks Group Saturates ViscrsdyitnueletAs
determined py AR T8y AAsMateronned by Sulfus ASTdninéd %4,
ASTM D (Asgléiermined by ASTM D 2270) 4297 or AGTTMAD3LRA) ASTM D
-ess than 9046 setiaiesiandAy Grgatgr7Gyeater thanoyeauAIIONNBENIRO)

D103 % sulfur &9 fiad bEsthatrdidd thGrealritban on eadakial®d % cqual to
saturates anghfareataribagorequal to less than or eqgalie BLQ 3% Sukfur
80 and less than 120 Ill Greater than or equal to 90 % saturates and

reater thanReRetiNat0ok20ule 38 Unen olieaiied 10D 08%esuwal0tagual 1o
Natural lubligatimg:ails maninsibide animaloils, vegetaleilfs@ihn 120
rapeseed ails, castor oils and lard oil), petroleum oils, mineral oils, and oils

denved fromcpealhishale LHP Y SypiNGiG-aIs may| triuks bydreraRano 120
ils and ha|azsybsiWesqual 1o 0.03% sulfur

10058] | Natural lubricating otls may include animal oils, vegetable oils

(e.g., rapeseed oils, castor oils and lard oil), petroleum oils, mineral oils, and oils
derived from coal or shale.

[0059] Synthetic oils may include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their
derivatives, analogues and homologues thereof, and the like, Synthetic lubricating oils
also inciude alkylene oxide polymers, interpolymers, copolymers and derivatives
thereof wherein the terminal hydroxyl groups have been modified by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils comprises the
esters of dicarboxylic acids with a variety of aleohols, Esters useful as synthetic oils
also include those made from Cs to Cj; monocarboxylic acids and polyols and polyol
ethers. Tri-alkyl phosphate ester oils such as those exemplified by tri-n-butyl

phosphate and tri-iso-butyl phosphate are also suitable for use as base oils.
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hydrocarbon oils such as polymerized and inter-polymerized olefins,
alkylbenzenes, polyphenyls, alkylated diphenyl ethers, alkylated diphenyl
sulfides, as well as their derivatives, analogues and homologues thereof,
and the like. Synthetic lubricating oils also include alkylene oxide
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hydr0|somer|zat|on O wax may e used elther alone or In
coititsinalvon it eherbiosaenivitathezfaradiod syhtrdodassyaithetic base oil.

Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.

[0063] It is preferred to use a major amount of base oil in the lubricating oil of
this invention. A major amount of base oil as defined herein comprises greater than
about 50 wt. % to about 97 wt. % of at least one of Group I, Il and IV base oil or
more preferably about 60 wt. % to about 97 wt. % of at least one of Group

IL, HI and IV base oil. (When wt. % is used herein, it is referring to wt. % of the
lubricating oil unless otherwise specified.) A more preferred embodiment of this
invention may comprise an amount of base oil that comprises about 85 wt. % to about

95 wt. % of the lubricating oil.
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Such wax isomerate oil is produced by the hydroisomerization of natural

or synthetic waxes or mixtures thereof over a hydroisomerization catalyst.

[0063] It is preferred to use a major amount of base oil in the lubricating oll

of this invention. A major amount of base oil as defined herein comprises
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2,4-hetéroatom substitute ena-3,3- dioxacyclodlkahesas
déserabe R ey esanrsitivdUrSl NG Sy uBs; efiflcabauesse hrereatfrcially

SR T SR aeen RRry o

byPtmésAlsayo K.K. of Tokyo, Japan, a molybdenum amine complex; molybdenum
HEX-CEM®. supplied by the OM Group, Inc., of Cleveland, Ohio, a molybdenum 2-
ethylhexanoate; molybdenum octoate supplied by The Shepherd Chemical Company
of Cincinnati, Ohio, a molybdenum 2-ethylhexanoate; Molyvan® 855 supplied by the
R.T. Vanderbilt Company, Inc., of Norwalk, Conn., a sulfur and phosphorus-free
organomolybdenum complex of organic amide; Molyvan® 856-B also ﬁom R.T.
Vanderbilt, an organomolybdenum complex.
[06065] Particularly preferred oil soluble molybdenum complexes are
unsulfurized or sulfurized oxymolybdenum containing compositions which can be
prepared by (i) reacting an acidic molybdenum compound and a basic nitrogen
compound selected from the dispersant group consisting of succinimide, a carboxylic
acid amide, a hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a

Mannich base, a dispersant viscosity index improver, or a mixture thereof in the
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Denka Kogyo K.K. of Tokyo, Japan, a molybdenum amine complex;
molybdenum HEX-CEM(r). supplied by the OM Group, Inc., of Cleveland,
Ohio, a molybdenum 2- ethylhexanoate; molybdenum octoate supplied by
The Shepherd Chemical Company of Cincinnati, Ohio, a molybdenum
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containing compound used in the preparation of these compositions. In
onRE¥sPpect, the oxymolybdenum complex is prepared at a reaction

tQRgipLure at-prbelowk2 dearaes 6aalgLa0 ¢, 0d L ARHORA N o1y bdenum and

sulfurized, it is also reacted at or below 120 degrees centigrade. Such a

procase! yhsiers auligifer corplepes somlwtvdnedipansatiorhighagidic molybdenum

ted@ﬁ%@ﬂﬁg ngﬂ?cqg%m&ttﬁg H%%ﬁ&num compounds will react with a
basic nitrogen compound as measured by ASTM test D-664 or D-2896 titration
procedure. Typically these molybdenum compounds are hexavalent and are
repfeSented by the following compositions: molybdic acid, ammonium molybdate,
sodium molybdate, potassium molybdate and other alkaline metal molybdates and
other molybdenum salts such as hydrogen salts, e.g., hydrogen sodium motybdate,
MoOCly, MoO,Br2, Mo20;Cls, molybdenum trioxide, bis(acetylacetonato)-
dioxomolybdenum (V1) or similar acidic molybdenum compounds. Preferred acidic
molybdenum compounds are molybdic acid, ammonium molybdate, and alkali metal
molybdates. Particularly preferred are molybdic acid and ammonium molybdate.
[0067] The basic nitrogen compound used to prepare the oxymolybdenum

complexes have at least one basic nitrogen and are preferably oil-soluble. Typical
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pressure. [0066] The molybdenum compounds used to prepare the
oxymolybdenum and oxymolybdenum/sulfur complexes employed in this
invention are acidic molybdenum compounds. By acidic is meant that the
molybdenum compounds will react with a basic nitrogen compound as
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Pt@f@ﬁtb@]ignmpﬂnmmgg Datizubely preferred are those succinimides prepared from
polyisobutenyl succinic anhydride of 70 to 128 carbon atoms and tetracthylene
pentamine or triethylene tetramine or mixtures thereof.
[0069] Also included within the term "succinimide" are the cooligomers of a
hydrocarbyl succinic acid or anhydride and a poly secondary amine containing at least
one tertiary amino nitrogen in addition to two or more secondary amino groups.
Ordinarily this composition has between 1,500 and 50,000 average molecular weight.
A typical compound would be that prepared by reacting polyisobutenyl succinic
anhydride and ethylene dipiperazine.
6070} Carboxylic acid amide compositions are also suitable starting materials
for preparing the oxymolybdenum complexes employed in this invention. Typical of

such compounds are those disclosed in U.S. Pat. No. 3,405,064. These compositions

are ordinarily prepared by reacting a carboxyiic acid or anhydride or ester thereof,
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of their commercial availability, are those succinimides prepared from a
hydrocarbyl succinic anhydride, wherein the hydrocarbyl group contains

from about 24 to about 350 carbon atoms, and an ethylene amine, said
ethylene amines being especially characterized by ethylene diamine,
diethyleael¢astrbing, duetiogiohsligingioinerbandiseicaetih enaqedtalipitgic chain
Particularly preferred are those succinimides.prepared from .
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h rbyl mopoamines angd hydrocarbyl pol ines, preferably of the
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usyally,contains fr to, 300, prefer, om 20 to rbon atoms.
e
dediredornenbiclnydesacting polyisobutemyl bk denandnay be a mono or polyamine

and typical compositions are prepared from an alkylamine, such as methylamine or an
ethylene amine, such as, diethylene triamine, or tetracthylene pentamine, and the like.
The phenolic material may be sulfurized and preferably is dodecylphenol or a Cggyg0
alkylphenol. Typical Mannich bases which can be used in this invention are disclosed
in U.S. Pat. Nos. 4,157,309 and 3,649,229; 3,368,972: and 3,539,663. The last
referenced patent discloses Mannich bases prepared by reacting an alkylphenol having
at least 50 carbon atoms, preferably 50 to 200 carbon atoms with formaldehyde and

an alkylene polyamine HN{ANH),H where A 1s a saturated divalent alkyl
hydrocarbon of 2 to 6 carbon atoms and n is 1-10 and where the condensation product
of said alkylene polyamine may be further reacted with urea or thiourea. The utility of

these Mannich bases as starting materials for preparing lubricating oil additives can
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a polyalkylene polyamine, such as an ethylene amine, e.g., ethylene
diamine, diethylene triamine, tetraethylene pentamine,
2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine,

and the like. [00721 Another class of compounds useful for supplying
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functionalization may be carried out by a variety of processes which introduce a

reactive site or sites which usually has at least one oxygen atom on the polymer. The
polymer is then contacted with a nitrogen-containing source to introduce nitrogen-
containing functional groups on the polymer backbone. Commonly used nitrogen
sources include any basic nitrogen compound especially those nitrogen-containing
compounds and compositions described herein. Preferred nitrogen sources are
alkylene amines, such as ethylene amines, alkyl amines, and Mannich bases,

[0075] Preferred basic nitrogen compounds for use in this invention are
succinimides, carboxylic acid amides, and Mannich bases. More preferred are

succinimides having an average molecular weight of 1000 or 1300 or 2300 and
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containing compound as defined above, particularly an alkylamine,
alkyldialnine, alkylpolyamine, or an alkyleneamine, such as ethylene
diamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, and the like. [0074] Another class of
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this invention can also be su urlzed Representative sulfur sources
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esters and sulfurized ester-olefins, a suI urlze I eno
nieealdaleniidad s, methyl oleate, ethyl oleate, lauryl oleate cetyl oleate, cetyl
linoleate, lauryl ricinoleate, oleyl linoleate, oleyl stearate, and alkyl glycerides.
[0078] Cross-sulfurized ester olefins, such as a sulfurized mixture of C¢-Cas
olefins with fatty acid esters of C4-Cas fatty acids and C¢-Cas alkyl or alkenyl
alcohols, wherein the fatty acid and/or the alcohol is unsaturated may also be used.
[0079] Sulfurized olefins are prepared by the reaction of the C3-Cg olefin or a
low-molecular-weight polyolefin derived therefrom with a sulfur-containing
compound such as sulfur, sulfur monochloride, and/or sulfur dichloride.
[6080] Also useful are the aromatic and alkyl sulfides, such as dibenzy!
sulfide, dixylyl sulfide, dicetyl sulfide, diparaffin wax sulfide and polysulfide, cracked
wax-olefin sulfides and so forth. They can be prepared by treating the starting

material, e.g., olefinically unsaturated compounds, with sulfur, sulfur monochloride,
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[0077] The sulfurized fatty acid esters are prepared by reacting sulfur,

sulfur monochloride, and/or sulfur dichloride with an unsaturated fatty

ester under elevated temperatures. Typical esters include CI-C20 alkyl

esters of C8-C24 unsaturated fatty acids, such as palmitoleic, oleic,

risinicdel iypbtidesldeid articotnly, fietdaia] linoleaicradltosteartitpheanidescribed in
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L@?ﬁggﬁﬂ"&%@@ JRioureR MRST RIBISHRT SN SRV RSB AN,
tetrahydrofuran and water. Preferred are water and ethylene glycol. Particularly
preferred is water. While ordinarily the polar promoter is separately added to the
reaction mixture, it may also be present, particularly in the case of water, as a
component of non-anhydrous starting materials or as waters of hydration in the acidic
molybdenum compound, such as (NHs)¢Mo7024H,0. Water may also be added as
ammonium hydroxide.
[0084] A method for preparing the oxymolybdenum complexes used in this
invention is to prepare a solution of the acidic molybdenum precursor and a polar
promoter with a basic nitrogen-containing compound with or without diluent. The
diluent is used, if necessary, to provide a suitable viscosity for easy stirring, Typical
diluents are lubricating oil and liquid compounds containing only carbon and
hydrogen. If desired, ammonium hydroxide may also be added to the reaction mixture

to provide a solution of ammonium molybdate. This reaction is carried out at a variety
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sulfide, phosphorus pentasulfide, and inorganic sulfides and polysulfides.
[00831 The polar promoter used in the preparation of the molybdenum
complexes employed in this invention is one which facilitates the

interaction between the acidic molybdenum compound and the basic
nitfdejenecampadtipicAliwideovheleny bt it onioterStheenisiieriowaflix

t . I - .
B T o e St AR E oy pisher o
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of the acidic molybdenum precursor and a polar promoter with a basic
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diluents are lubricating oil and liquid compounds containing only carbon
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reaction is carried out at a variety 30 of temperatures, typically at or below
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may be used if desired. This reaction mixture may optionally be treate

withlegnegp Seliiss. ascianhbubsbtien abaus itagnerpee Ssisaratrabout 90 degrees
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basic nitrogen compounds. In some cases, removal of water from the
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oxymolybdenum complexes, the reactor is agitated and heated at a
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frami@lgutafled out for a period of about 0.5 to about 5 hours.

[6085] If desired, this product can be sulfurized by treating this reaction
mixture with a sulfur source as defined above at a suitable pressure and temperature,
not to exceed about 120 degrees Celsius for the sulfur source to react with the acidic
molybdenum and basic nitrogen compounds. The sulfurization step is typically
carried out for a period of from about 0.5 to about 5 hours and preferably from about
0.5 to about 2 hours. In some cases, removal of the polar promoter (water) from the
reaction mixture may be desirable prior to completion of reaction with the sulfur
source.

[0086] In the reaction mixture, the ratio of molybdenum compound to basic
nitrogen compound is not critical; however, as the amount of molybdenum with

respect to basic nitrogen increases, the filtration of the product becomes more
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degrees Celsius to about 90 degrees Celsius. Molybdic oxide or other
suitable molybdenum source is then charged to the reactor and the
temperature is maintained at a temperature less than or equal to about
120 degrees Celsius, preferably at about 70 degrees Celsius to about 90

dégrsad.Cansiutiumal Yhdamaty bdemanens mdin diiereasiae, Exsedyantageous
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degrees Celsius to maintain the low color intensity of the
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the sulfur source to react with the acidic molybdenum and basic nitrogen
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hours. In some cases, removal of the polar promoter (water) from the
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compound to basic_nitrogen compound is not critical, however, as the
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filtratiop: ofta61Piedues Beeomes sore 31 difficult. Since the molybdenum
component probably%c[))liiagomerizes, it is advantageous to add as much
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molybdenum per basic nitrogen atom. Preferably from 0.3 to 1.0, and
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nifreran fRadded I-thereacion Mivkie, (G984 WhrpartienalYcomposers

sulfurized, the sulfurized oxymolybdenum containing
convert hydroperoxides into non-radical products thus preventing chain propagation
reactions. Commonly organosulfur and organophophorous compounds have severed
this purpose, and many suitable compounds have identified herein above with regard
the oxymolybdenum component and need not be repeated again. Particularly
preferred organophosphorous compounds are the oil-soluble, phosphorus-containing,
anti-wear compounds selected from the group consisting of metal dithiophosphates,
phosphorus esters (including phosphates, phosphonates, phosphinates, phosphine
oxides, phosphites, phosphonites, phosphinites, phosphines and the like), amine
phosphates and amine phosphinates, sulfur-containing phosphorus esters including
phosphoro monothionate and phosphoro dithionates, phosphoramides,
phosphonamides and the like. More preferably, the phosphorus-containing compound

is a metal dithiophosphate and, even more preferably, a zine dithiophosphate. Suitable

phosphorous compounds are disclosed in U.S. Pat. No. 6,696,393,
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compositions may be generally characterized as a sulfur/molybdenum
complex of a basic nitrogen dispersant compound preferably with a sulfur

to molybdenum weight ratio of about (0.01 to 1.0) to 1 and more

preferably from about (0.05 to 0.5) to 1 and a nitrogen to molybdenum
wiéRHtiratio of dboiivtl{ewingEythtivanchmonerpsefer akdynifieno{2dmprtents that
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oxymolybdenum component and need not be repeated again. Particularly
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consisting of metal dithiophosphates, phosphorus
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and amine phosphinates, sulfur-containing phosphorus esters including

pHsspHerstrisohothibriatecarigsotpivard dittfictidrss bphddphefarpbie)!. 2.6-di-
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compound is & metal dithiophosphate and, éven more preferably, a zinc
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examples of components that can be favorably employed in combination
witkthid-fubriéamigoagtithaydiehe brawiéide. inve hifof?. Tieserielaimptes of
agdifuesiare.provided to illustrate the present invention, but they are not

intended to limit it. [0091] (A) Ashless dispersants: alkenyl succinimides,
aﬁggﬁﬁ succinimidaghenylamine type oxidation inhibitor: alkylated diphenylamine,

phenyl-g-naphthylamine, and alkylated a-naphthylamine,

[0095] 3) Other types: metal dithiocarbamate {(e.g., zinc dithiocarbamate), and
methylenebis (dibutyldithiocarbamate).
[0096] (C) Rust inhibitors (Anti-rust agents):

[0097] 1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl
ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonvlphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbitol mono-oleate, and polyethylene glycol monooleate.

[0098] 2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal saits of heavy sulfonic acid, partial

carboxylic acid ester of polyhydric alcohol, and phosphoric ester.
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modified with other organic compounds such as ethylene carbonate,
polysuccinimides, and alkenyl succinimides modified with boric acid,

alkenyl succinic ester. [0092] (B) Oxidation inhibitors: [0093] 1) Phenol

type phenolic) oxidation inhibitors: 4,4'-methylenebis (2,6-di-tert-
bjsgsshenol), 4(4)-Wﬁx,zﬁfﬁiﬁ¢mddaﬁyiph@mnct of alkylphenol and ethyleneoxide,
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1 658 Mmulsifiers: addition product of alkylphenol and
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EXAMPLES

[00107] The invention is further illustrated by the following examples, which
are not to be considered as limitative of its scope. A further understanding of the
invention can be had in the following nonlimiting Preparations and Examples.
Wheremn unless expressly stated in the contrary, all temperatures and temperatures
ranges refer to the Centigrade system and the term “ambient” or “room temperature”
refers to about 20 to 25° C. The term “percent or %" refers to weight percent, and the
term “mole” or “moles” refers to gram moles. The term “equivalent” refers to a
quantity of reagent equal in moles, to the moles of the preceding or succeeding
reactant recited in that example in terms of finite moles or finite weight or volume.
[00108] The lubricating oil compositions disclosed herein can be prepared by

any method known to a person of ordinary skill in the art for making lubricating oils.
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sulfide, methyl trichlorostearate, chlorinated naphthalene, benzyl iodide,
fluoroalkylpolysiloxane, and lead naphthenate. [001011 (F) Friction
modifiers: fatty alcohol, fatty acid, amine, borated ester, and other esters
1001021 (G) Multifunctional additives: sulfurized oxymolybdenum

dithsocar barhadénsatiutirebhoxyihcdylidebiand af gamo-phbsphiQdiNidate,
o G e e Bl B8 th other

amine- enum complex compo
nadijibide rompeomplex TamMhdLNINC@IA3 Ik (Hhibhdasitye i dediinnie verspound

pﬁl}:r\ér&eet%a%rc}ﬁgf%ﬁﬁ?vgg I'XQ” ’ ré;)’%fcf h%/ l[egﬁépgggey clJ?ﬂ%cﬁgP c%l% E?Eféf r’ﬁié%l’itaneously

styrene-isoprene copolyme a yrene- isoprene

palyi sisbutyl en ey @nddtispers actytyp énasgasitiedniesomngprones miaos] 0y
(1 I_point ts; polymethyl methacrylate. [001051 Ké Foam
R R R T T e L emy
[GoLioaliiwear inhisitors] ring béadkyilditthiop hesiiathe(FixRFPioprimartrature
alkyl type &.segonda Vi EXAMPLES, 0171tr§gvenioni
U B AR A S AL Tl Sl e Soou 75
considebedtd& firitative of its scope. A further understanding of the

[ ion can be_had.in the following nonlimiting Preparations and .
e L & S B SRR PO ot ondinary
tesinpenatur est ang fempeddhurbendinges ivafer ¢o thiai@iritigrhdéngysiémts. The
and the term_ "ambient” or."'room temperature” refers to abqut 20 to.25' C.
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p y method known to a person of ordinary skill in the art for
mﬁz;ﬁ%%? l}gﬁ%%il[hg oils. 34 In some embodiments, the base oil can be

blended or mixed with N,N,N',N'- tetraalkyl-naphthalene-1,8-diamine
compound neat or in combination with the other
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additive component(s). The N,N,N',N'-tetraalkyl-naphthalene-1,8-diamine
compound and the optional additives may be added to the base oil
individually or simultaneously and the one or more additions may be in
any order. In some embodiments, the solubilizing of the

hﬁﬁ&ﬁWQWﬁiﬁ@ne-l,&diamne compound or any solid
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this test the rate of oxygen uptake at constant pressure by a given weight
o BiIETES MARfcrEEPTHEime required (induction time) for rapid oxygen
uptake per 25 grams of sample was measured at 171C under 1.0
atmosphere of oxygen Preﬂssure. The sample was stirred at 1000
rOINHBACBarvHIHUES fThe results are reported, however, as time for

a\rdly I!g ALty % 15 £
rapid eygen upiake Res AR ORAMS RESAMPIR.d hgiel cPMained derformance
catalyst added as oil solubleérllaighthena es to provide 26 ppm iron, 45

pBhitaBParSes ppmPRIA! 2.8 DM\ Mattgeeaby knaphhalier fis: diamine and
Pﬁ{f@ﬂﬁ@@g&%ﬁ%@lﬁ@ﬂ&&@@#&@%%@ HB&&W@&%\e@mmm%

prepared which to asses the performance of the mixture of: component

NEKENR NG -t Ant Rt PR RS e BUgitabined apd-esfilpyprepared by
Séﬂf?lﬁatﬁigGﬁ%@ﬁyﬂﬁﬁ%@ﬂﬁ@%i%n@ﬂ%%ﬂﬁﬁ@?ﬁ@ﬂ@@@%@ %as
V

available alkylated diphenylamine (mixture t-butyl and t-octyl - prepared by
alkgPRaRE diphedly Bmm sammercigivriat e starm) Bk Ebmppy amine and
CibRr GeiOefiura as Naugalube® 438L; in the oxidator bench test. The base line

formulation - Formulation A, contained in a Group 2+ base oil, 12.5 mmoles/kg
dialkyl zinc dithiophosphate, 5.0% polyisobuteny! succinimide, 35.0 mmoles/kg
overbased calcium sulfonate detergent, 15.0 mmole/kg calcium phenate detergent and
0.3% V.I improver. The Formulation A baseline was tested in the bulk oil oxidation
bench test above and resulted in a value of 7.0 hours to rapid O, uptake. To this
baseline (Formulation A) were varying amounts of component A with varying
amounts of added component B1) or B2). The results are depicted in Table | and
Table 2 below:



Irganox(r) L-57 or B2) a commercially available
bis(nonylphenylamine)amine and sold by Chemtura as Naugalube(r)
438L; in the oxidator bench test. The base line formulation - Formulation
A, contained in a Group 2+ base oil, 12.5 mmoles/kg dialkyl zinc
dithiophosphate, 5.0% polyisobutenyl&@lécinimide, 35.0 mmoles/kg
overbased caIC|um sulfonate detergent, 15.0 mmole/kg calcium phonate
detergagit g l VOR N wov- "OPII FOTHA l.“l 5 Was TeieET
5 l 8 ik
in the bulk ¢ AL atlon bench te ta\ﬁn 9_
] .'
hours to rapid W uptake:- on
amounts of component\ﬁ ALY 0 unts 0 a%é’c,pgtpg)nent Bds
or B2). The results are d’e CtF | al and Tap ow: 36 Table 1
Performance Synerglstac ure °é3 reated to su?{lsvtﬁ%"ampl
Formulation A Hr to cémpon ponent B) rapid 02
N,N,N;N=tetra éne-1,8¢ dipf ninet
diamine congntratlon concentron (welght percent) ( ight percent) O]Z%

f | Its
te n ava ue of 7. 0Hr to

70 1005150 20.5015.0 3 0.542.0 41.00.568.0 'Irganox(r) 15.0
L57 is availa@le commercially frgim Ciba-Geigy Table 2 P formance 420
Synergistic Mjxture Top Treated Results Example Fotipulation A Hr t '0

Component % nent d02 N N'-t 2 hyl- Alkylated
ptake. (ERTO ) A eny%%rpneeclgﬁ%?emc%tncgﬁér

concentration

Table 2
Performance Synergistic Mixture Top Treated to Results
Example Formulation A Hr to
Component A) Component B2) rapid O,
NN, N'N'-tetramethyl- Alkylated uptake
naphthalene-1,8- diphenylamine’
diamine conceniration concentration
(weight percent) (weight percent)
0 4 7.0
5 0 0.5 12.0
6 0.5 0 15.0
7 0.25 0.5 16.0
8 0.5 0.5 19.0
9 0.75 0.5 33.0
10 1.0 0.5 43.0
11 1.25 0.5 49.0
12 1.5 0.5 67.0
13 2.0 0.5 116.0

"Naugalube® 438L is available commercially from Chemtura

[00112] The excellent oxidation performance of N,N,N' N'-tetramethyl-
naphthalene-1,8-diamine is shown in Example 2. The excellent oxidation performance
of N.N.N',N'-tetramethyl-naphthalene-1,8-diamine in combination with

diphenylamines is shown Examples 3.4 and 7-13.
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7S]

(weight percent) (weight percent) 00 7.0 500.512.0 60.5015.0 7
0.250.516.0 80.50.519.0 90.750.533.0 101.00.543.0 111.2505
49.0 121.50.567.0 132.00.5116.0 'Naugalube(r) 438L is available
commercially from Chemtura [00112] The excellent oxidation performance
of N,N,N’,N'-tetramethyl- naphthalene-1,8-diamine is shown in Example 2.
THetRAE el fe fitleddAEIhIBerformance
ofN,N,N',N'-tetramethyl-naphthalene-1,8-diamine in combination with
diphenylamines is shown Examples 3,4 and 7-13. 37 WHAT IS CLAIMED

-1S: 1. A lubrishricgioR edraposeisit abeapiisinbica) haldeest one @il oflubricating
ubdeaiRgyisear b WBaRlbsplibl e RN kageqEgn to formula 1: 2
R /VR4 "N N wherein R1, R2, R3 and R4 aré€ each independently selected
from alkyl groups each having from 1 to 20 carbon atoms; and c) at least
one additive selected from antioxidagys, disgersants, and detergents. 2.
The lubricating oil compositioRr, cco/ding to KglaimR;L, wherein the at least
one additive is an antioxidant. 3%1%@ Iubricatmﬁil composition according
to Claim 2, wherein the antioxidantjis a mixture comprising: a) from 0.1 to
10 weight percent of a first antioxidant according to formula I: R2 R3

wherein Ry, R, R; and Ry are each independently selected from alkyl
groups each having from 1 to 20 carbon atoms; and c) at least one additive selected

from antioxidants, dispersants, and detergents,

The lubricating oil composition according to Claim 1, wherein the at least

one additive 1s an antioxidant.

The lubricating oil composition according to Claim 2, wherein the
antioxidant is a mixture comprising:

a) from 0.1 to 10 weight percent of a first antioxidant according to formula I:

Rz R3

R
\N/ \N/ 4

R4

wherein Rj, Rz, R; and R4 are each independently selected from alkyl
groups each having from 1 to 20 carbon atoms; and

b) from 0.01 to 10 weight percent of a second antioxidant selected from the formula
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/\,R4 N N wherein R1, R2, R3 and R4 are each independently selected
from alkyl groups each having from | to 20 carbon atoms; and b) from
0.01 to 10 weight percent of a second antioxidant selected from the
formula 38 H Ra- IN-Rb wherein Ra and Rb are each independently aryl
from 6 to 10 carbon atoms which fay be unsubstituted or substituted with
one or two alkyl groups each havig from 1 to 20 carbon atoms. 4. The
lubricating oil composition a&oramitoEfaim 3, wherein the ratio of
component a) to component b) is from about 0.75:1 to about 5:1. 5. The

lubricating oil position acgordin e of Clai herein
the toral werghTHEIEdnt Ot e AHAtS BRAATBOANG 1 RO
|Q&Sﬁh&ﬂh&hlm@hbeamﬁbﬁﬁaﬁﬁeﬂubh@tﬁﬂt@i%ﬁmn@@sltm @Arebpeinngdeach
nnbz/eoneﬁf thf@ $§ %%;% claims, wherein R1, R2, R3 and R4 are each

8Fﬁly Fb?n()&?ﬁyl groups each having from 1 to 10
carbon atoms. 7. The lubricating oil composition accordlng to any one of

Cl 3to6 th lected f
conisting of S GEUIEHIHED PROBAN AR A BHER PR ekl i

dtﬁ?mmyt@mnm)tttaﬂoﬁ@t@@brd|bheriydﬁmbeuta(mdfmlxma{esdt@neof 8. The
lubricating oil composition according to Claim 7, wherein. component b) is
selected from the group consisting of butyldiphenylamine, di-

.butyIdiphenyl&?ﬁdmﬁnﬁﬁl}lﬂj[ﬁlibml@ﬁﬁlﬁndhmﬁdﬁighemybmiﬂef Claims 2 to 4,
no ine, |non Id| ylamlne t- Iamlne
A o TeRSRA PR TR e ORI A Do A oPagion i

ohsof@iaimaigio@rcaderein component b) is selected from the group
consisting of phenyl-alpha- naphthylamine, phenyl-beta-naphthylamine,
t-octylated N-phenyl-I-naphthylamine. 39

. The lubricating 01l composition according to any one of the preceding

claims, wherein R, Ry, R; and Ry are each independently selected from alkyl groups

each having from 1 to 10 carbon atoms.

The lubricating oil composition according to any one of Claims 3 to 6,
wherein component b) is selected from the group consisting of diphenylamine,
monoalkylated diphenyvlamine, dialkylated diphenylamine, trialkylated

diphenylamine, and mixtures thereof.

The lubricating o1l composition according to Claim 7, wherein
component b} is selected from the group consisting of butvldiphenylamine, di-
butyldiphenylamine, octyldiphenylamine, di-octyldiphenylamine,
nonyldiphenylamine, di-nonyldiphenylamine, t-butyl-t-octyldiphenylamine, and

mixtures thereof,

The lubricating oil composition according to any one of Claims 3 to 8,
wherein component b) is selected from the group consisting of phenyl-alpha-

naphthylamine, phenyl-beta-naphthylamine, t-octylated N-phenyl-1-naphthylamine.
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11

12

10. The lubricating oil composition according to any one of Claims 2 to 9,
wherein the at least one antioxidant is a hindered phenolic antioxidant. 11.
The lubricating oil composition according to any one of the preceding

claims, further comprising an. oil soluble molybdenum compound. 12. The
lubricating oilldenhipoitanzaut craimgtiaiaienctding e rain ehe @i ChutubRto 9,
TRARAETHO CRmPOHOGA AR R Ee a ldEr e gty odenum
containing composition prepared by (i) reacting an acidic molybdenum
compound and a basic nitrogen compound selected from the dispersant

group consistjfg Mbﬁ%ﬂ%&%@%ﬁ@&ﬁﬁ%&ﬁiﬂ%@% &Q%%ﬁ%g%cgng

monoamine, a phosphoramide, a thiophosphoramide, a’Manni.ch base,
didparsairiiscosippiistiedEmploedibsrmolybderenterapbimdne presence
of a polar promoter, to form an oxymolybdenum complex. 13. The
composition according to Claim 12, wherein the basic nitrogen compound

is a succinimities briThéngon mositoni Hesariipig edn e dfl Creimsie thy oil
LT CRMAAIG AR Al SRR DREADE S SARIANIR G N6 R um

compound selected from™ the group consisting of metal dithiophosphates,
phREBHBRGS BEIReSI v pTeNshsphates: aattssnine Phospliireesn compound and

SH'Q&E&E%Q%%%@BHH@ HERle ﬁ@ﬂqﬂé @?%&@%ﬂ?&f&comisﬁng of

phosphonamides. 15. A method for improving the antioxidant performance
ofectimititging @irofaholetisbewiide an yaiaredrp Remoiobias ecphosphoramide, a

affieBIARBh M SRR NG HRICIRGN Ll PRluble AUUQAdANE ACCOIIRG Q) o
formula I: 40 RZ R3/VR4 N N wherein R1, R2. R3 and R4 are each

inabpBrdaatRpSaldbed fhene aikyIngleupE BHER havipkfeoneyaozrhbdenum
caghgfigtoms. 41

The composition according to Claim 12, wherein the basic nitrogen

compound is a succinimide.

14. The composition according to any one of Claims 2 to 13, further

15.

comprising an oil-soluble, phosphorus-containing, anti-wear compound selected from
the group consisting of metal dithiophosphates, phosphorus esters, amine phosphates
and amine phosphinates, sulfur-containing phosphorus esters, phosphoramides and

phosphonamides.
A method for improving the antioxidant performance of a lubricating oil

formulated with an aminic or phenolic based antioxidant by supplying thereto an oil

soluble antioxidant according to formula I:
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wherein Ry, Ry, R; and Ry are each independently selected from

alkyl groups each having from I to 20 carbon atoms.
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