REPARATION OF A MOLYBDENUM DENIM AMIDE ADDITIVE COMPOSITION AND LUBRICATING
OIL COMPOSITIONS CONTAINING SAME FIELD OF THE INVENTION This invention relates to new
lubricating oil additives and lubricating oil 20compositions. More specifically, it relates to new
lubricating oiPtdAIPYEHIYEs containing a friction reducing component comp it Ate/ SHtRf a
molybdenum oxide, sulfide, or oxysulfide and an amide. BACKGROUND OF THE INVENTION
15Molybderium SBERIRAEIRING B MANVBBE N WIS EARNER RS MR Y St positions.
Molybdenum disulfidesiggreina el fineiwareundangithemdispesedinthgriybrratiogoil composition to
impart friction modifying and antiwear properties. However, one of the major detriments to using finely
ground molybdenum disulfide is its lack of sot 20 As an alternative to using finely around molybdenum
disulfide as a friction modifier, a number pfithabadpIB ASNESNAYAINg various salts of molybdenum
compounds have.heen employed. Molybdenum dithioearbamates.(MoDT€) apd molybdenum
dithiophosphate?(f\ﬁ(I)pﬂ?g]ﬁggr%é%%éﬂ ﬁ%%r%?ﬁ%aen%?t{}fg %ﬁgﬁ%‘ﬁ%ﬁ%%&%}g [ i}l%%pZSproperties*
Representafive compusitimasidénepTitcaliy.destaiveth reraidoiratnm ol Snmmsiigs3,419,589, which
teaches mO'ybdﬁwrﬁxgadfﬁé{%% %@H%%@&%%E!%ﬁ%@k@?ﬁﬁégﬁfﬁﬁfsﬁﬁ%!?a-%’{é‘-z?r&hd}wmécé@.051,
which teaches sullinized oxymolybdenum dithiocarbamates; and Sakurai et al., U.S. Pat. No.
4,098,705, whick¥ésenasesuriésstdamglybdenum dillydrocarbyl 30dithlocarbarnate
compositions. Representative compounds of IvIoDTP are the compositions described in Rowan et al.,
U.S. Pat. No. 3,494,866, such as oxggg&%%%}gpd" 0propylpnhospr L?dithioate. Another method of
inorporating molybaenum compoun OIS0 -35coffordat-complex of molybdenum
disulfide oriéxyshfitiésieispedsedidsing knavinoispersants. dnosedispersdntsiieciude basic nitrogen
containing compRuAds e INg.BUGERIT RRACRIRRMIG ARIY RUNAGR-R ARADRABR RS
thiophosphormarnides, Mannich bases, an rocarbonpolyamines. '

then dispersed in the lubricating ol composition to impart friction modifying and

antiwear properties. However, ong of the major detriments 1o using finely ground

molvbdenum disulfide is its lack of solubility.

As an alternative to using finely ground molybdenum disulfide as a friction modifier,
a nusnber of other approaches involving various salts of molvbdenum compounds
have been emploved. Molybdenum dithiocarbamates (MoDTC) and molyvdenum
dithigphosphates (MeDTP) are well known in the art fo impart friction modifying

25 properties, Representative compositions of MoDTC are described in Larson et al.,
U,S. Pat. No. 3,419,585, which teaches molybdenom (VI) dioxide
dighicyldithiocarbamates; Farmer ef al., UK. Pat. Ne. 3,309,051, which teaches
sulfurized oxymolybdenum dithiocarbamates; and Salurai et al., U.8. Pat. No.
4,098,705, which feaches sulfur containing molybdenum dihwdrocarbyl

30 dithivcarbamate compositions,
Representative compounds of MoDTP are the compositions deseribed in Rowan ¢t al,,

LS. Pat. No. 3,494,866, such as axymolybdenum diisopropylphosphorodithicate.

Ancther method of incorporafing molybdeninn compounds in oil is fo prepare a

tad
Lh

colloidal complex of melybdenum disulfide or oxysulfides dispersed using known
dispersants. Known dispersants include basie nitrogen containing compounds
melnding suecinimides, earboxylic acid amides, phosphoncamides,

thiophosphenocamides, Mannich bases, and hydrocarbonpolyamines.
1



5King et al., U.S. Pat. No. 4,263,152; King et al., U.S. Pat. No. 4.261,843; and King et al., U.S. Pat.
No. 4.259,195 teach molybdenum compounds used as anti-oxidant and anti-wear additives comprising
an acidic molybdenum compound and a basic nitrogen compound which acts as a dispersant.
10Devries et al., U.S, Pat. No. 4,259,194 discloses a sulfur ¢ ntaming additive comprising the reaction

product of ammonium tetrathiornolybdale and .t?@gic nitrogep compound for use as an anti-oxidant,
anti-war ageht, an@&itebninodifier+e: 41’%@'&&% AL N?ﬁg;%ﬁ% f’(%?ﬁ%%%k%gp%%%?éﬂon of
carboxylic acid agnides &l bietergesadgit emiptobricating pis:didaiod) weteali-ddigPatdNo.
+5.468,891 describes antifriction additives for [ubricating; ails comprising a.molybdenum:-containing
complex prepare@%&}*%&é‘f%’é“éeﬁ%%%ngar Feta g}a\%g '%%%?%%%%g{%% ,%%%ﬁ%%%%ﬁd a source
of cationic molybglemmn@@hinkeeis the daperefithe number of equivalents of acid groups to the _
number of moles of molybdenum (eq:mol) is ..the range from 1:10 to 10:1. and the ratio of the number
of equivalents of acid groups to the number of moles of amine (eq:rnol) is in the range. from 20:1 to

1:10. 25RuB8, JrDeVsiks\st 8l Pak N6t 81062556 todiashess e spriadde s 8 aubricating oils

comprising low colopmalhyhdenumeapeuads and saiaidaisasIsanis ineludiagmolybdenum
oxysulficie poly-amides. Gatto et al, U.S. Pat No, 6474,842 discloses a lubricating oil _oig%position
comprising 30 a RIBASERFRFEIERA Bﬂ-gﬁﬁﬁ‘ﬁ@'%iﬁﬂé%ﬁﬁ%ﬁ%ﬁ’%{ﬁf&éﬁﬁ%‘%ﬁ% of reactive

sulfur, an oil-soluble diarylarnine and .a calcium phenate as an anti-wear and antioxidant additive. RY
matybdenum comBBeT RN 1 £ HOHENGHR Sl SO o o5 SIS AT G csal formula
MoOSy whergin xa@;ry2f saticd2 (e 2stanpcth{R) an amide wherein said amide comprises the
‘reaction product of a

Udding et al., U8, Pat. No. 5,468,291 desoribes antifriction additives for hubricating

sils comprising & molybdennm-containing complex prepared by reacting an alkaline

earth metal salt of a carboxylic aeid, an amine and =z source of cationic molybdenum,

30 wherein the ratio of the mumber of equivalents of acid groups 1o the number of males

of maiybdeﬁmn {eq:mol) is in the range from 1010 to 10:1, and the ratio of the number

of equivalents of acid groups to the number of moles of amine (eq:mol) is in the range

from 20:1 to 1110

I
4

Ruhe, Jr, et al, U.S. Pat. No. 6,962,895 describes antiexidant additives for lubricating
oils comprising lewr color molybdenun compounds and polyamide dispersants

mcnding moelybdemum oxysuliide polyamides.

Gatio ef al., U.S. Pat No. 6,174,842 discloses a lubriaé;tiﬁg oil composition comprising
30 2 lubricating pil, an oil-soluble molyhdenum compound substantially free of reactive
sulfur, an ofl-soluble diarylamine and a calcium phenate 85 an snti-wedr and anti-
oxidant addifive,
SUNMMARY



carboxylic acid component, wherein the carboxylic acid component is isostearic acid, and a polyamine
component, wherein the charge mole ratio of the carboxylic acid component to the polyamine
component is 2:1 to 1:1. wherein the oil soluble additive composition content is between 0.05 to 15%
by weight. In a second aspect, there is provided a lubricating oil composition comprising: (1) an oil
of-lubricating VIscoSins} amsqRFamois senviteheritil sobdvip 84RIEN CRMPOSIHG L OMPEBIRS) a
molybdenum compagent which is a molybdenum oxide, sulfide, or oxysulfide of the general formula
MoO"Sy wherein x>0, ya0, and 12a (x+y)a2; and (b) an amide wherein said amide-comprises

theYeaction prprduct pfa sadoxcasiseempeiieRts Wheribiba sahasylisasit cemponent is
isostearic acid, and a polyamine component, wherein the chz;%g mole ratio of the carboxylic acid

component to the pol§arHEtsthBsrERealZorRe Moy Hpaelthighe 8blévided a process

for preparing an oil sqluble-additive composition which comprises reacting: (1) a molybdenum
component which is, or is capable of forming, a molybdenum oxide, sulfide, or oxysulfide; and (2) an
amide wherein(3Aid affi@EESHAIEEE REARR FPERBTNRS Brea B2bogre asiPEBmponent, wherein the |

carboxylic acid compepapLisisaste asigReithaoda-aelning SHMPABRNWPSHE the charge mole
ratio of the carboxylic acid component to the polyamine component is 2:1 to 1:1 to form a

molybdenum-containiig et R HraBt EP MY A IR tRORRRRENth Ble181p B0l g8 reluct prepared by
the process as defined abgyaninafifibaznest dbersolpryided,an alliselubig-ddiliye composition

comprising the reaction product of: (1) a molybdenum component which is, or'is capable of forming, a -
molybdenum oxide, séifide,lo}-oxysulfide of the general formula Mo0Sy wherein x>0, y>0, and 12>

(e)>2: and (2) 0 BMIE BTl SRR dG SRIRISASIEERTIARRIPE YR Af B garboxylic acid

component, wherein the carboxylic acid component is isostearic acid, and a.polyamine component, -
wherein the chasgeembte ratio of the carboxylic acid component to the polyamine component is 2:1 to
1:1. It has now been disccrvered that the salts of (1) molybdenum oxides, sulfides, or oxysulfides arid
(2) an amide reaction product of a carboxylic acid component and a

In a second aspect, there is provided a Jubricating oil composition comprising:

(1)  an oil oflubricating viscosity and

(2)  an oil soluble additive composition comprising a salt of:

(a)  amolybdenum component which is 2 molybdenum oxide,
| sulfide, or oxysulfide of the general formula MoQ,Sy wherein
%0, v20, and 12> (x+y)=2; and
(b)  an amide wherein said amide Comprises the Teaction produetof
a carboxylic acid component, wherein the carboxylic acid
component is isostearic acid, and a polyamine componeht,

wherein the charge mole ratic of the carboxylic acid

component to the polyamine component 1s 2:1 to 1:1.

2a



polyarnine component wherein the charge mole ratio (CMR) of the carboxylic acid 5component to the
polyarnine component is from about 2:1 to about 1:1 show excellent friction reducing properties. One
embodiment of the present disclosure is directed to an oil soluble additive composition comprising the
salt of: (1) a molybdenum component which a molybdenum oxide sulfide, or oxysulfide of the
general formula. Mde iSyivdheseict xthere/israndabs rpeegps Fonpeparingampikbsnlabl o #diEive said
amide comprises the reactitocpnp{%%ﬂ cLof a ¢ E%§¥§8£Cid component and a polyamine component,

: COTpOSL o CO . ) )
wherein the charge MOIe Tatio of the car xylic acid component to the polyaminc component is about *~

2:110 15L1. The prepent diaﬁé@s%éﬁ@l?eo%%@n@ orlubrieatinggisomsitinn comprising: (1) an
oil of lubricating viscosity an an oil soluble additive compaosition comprising the salt of: 20(a)u
molybdenum component whightidsanolybderuHidsxiostRiieds@Blysulfide of the general formula

MoO, Sy wherein x:29, y?.Q, and, 123 x>k aeh ) aorasricle whesainisaiskamide tomprises the
action product a carboxylic acid component and a polyami e cgmponent, 25wherein the

charge mole ratio of the cachrixplidiacicidepmrsment W BE Bollya RS aH BEIEFRTPEBEY S 1 to. In

another embodiment, the present disclasiire isditacted e miiHisatingerl sonceriratesemposition
comprising: ' : ~ : ' o
' ratio of the carboxylic acid component to the polyamine component 18

.1 1o 1:1 to form a molybdenum-containing reaction product.

In a fourth aspect, there is provided a product prepared by the process as defined

‘above.

In a fifth aspect, there is provided an oil soluble additive composition comprising

the reaction product of:

(1) | a molybdenum component which is, or i capable of forming, &
molybdenum oxide, sulfide, or oxysulfide of the general formula
MoQySy wherein XEO; y>0, and 12> (x+y)22; and |

(2)  an amide wherein said amide comprises the reaction product of a -
carboxylic acid component, wherein the carboxylic acid component 1s

| isostearic acid, and a polyamine component, wherein the charge mole

ratio of the carboxylic acid component to the polyamine component 18

2:11to0 1:1.

% has now been discovered. that the salts of {1} molybdepum oxides, sulfides, or
oxysulfides and (2} an amide reaction product of 2 carbexylic acid compenent and &

poiyamine component wherein the charge mole ratic (CMR) of the carboxylic acid

b



() an oil of lubricating viscosity and (2) from about 2.0 wt% to about 90 wri" of an oil
solubleadditive composition comprising the salt of (a) a molybdenum component which is a
molybdenum oxide, sulfide, or oxysuifide of the general formula IvloO,Sy wherein 35x=0, y>0, and 12>
(x+y)=2; and (b) an amide wherein said amide compris,s the reaction product of a carboxylic acid
component and a polyanornponent, Swherein the charge mole ratio of the carboxylic acid component
to the polyafhineceampisHERY e AR PPRAEROtHEPBABYImEM 87iHE pHeSeRt T Eure is
directed to a proggss,for-preparingmniell soluble composition which comprises reacting: 10(1) a
molybdenum component which is, or is capable of forming, a molybdenum oxide, sulfide, or oxysulfide;
and k2E an amide wherein said amide comprises the reaction product of a carboxylic acid
“component and apolyamineeaosmpeeativhieckinthe dharge meleiaiiublthitatoxylic acid

component to th%‘#%%%@i}n%%%mz%?@ei %igaﬁg?,ut 2:1to 151:1, to form a molybdenum-containing
reaction product Préterably the molyb enum-containing react&i(;él@f)r_oduct is sulfurized to form the salt
of a molybdénum exysitilfidensivhétybaerumpenifostartian aridecpohoaibmet EmsEdiment, the

present disclosurg is difecisdio an-0i saluils aLritue.aemposition.comprising she reagtien product of
(1) a molybdenum ¢omponent which is or is capable of forming, a molybdenum oxide, sulfide, or
oxysulfide of the gener&F FGRHTIS GRS titet Sty Spoysss %ﬁd PEURPOSEf 2 (2) an amide
wherein said amidereunrisesdhareast anipreduehaha canboxyic atid-pomporent anda polyaminc
potlisdidhuine- ottt e i R S S

15 11

The present disclosure is also directed to a lubricating oil composition comprising:
{1) an oil of lubricating viscosity and
{2} anoil sohible additive compesition ¢omprising the salt oft
20 (&) g molybdenum compoengnt which is a molybdenum exide,
sulfide, or oxysulfide of the general formula MGQ@F wherein
x20, yv20, and 122 (x+9)22; and
(b} an amide wherein said amide comprises the reactibn product of
a carboxyhic acid component 4nd 2 pelyamine component,
25 wherein the charge mole ratic of the carboxylic acid

component to the polyamine component is ghowt 2:1 o 1:1.

In another embodiment, the present disclosure is directed to & lubricating oil
conceirate cém‘position. COMpIising.
36 (1) an oil of lubricating viscosity and
(21 from gbout 2.0 wid% to about 80 wi% of an ol soluble additive
composition comprising the salt of |
{a} a molvbdernmm component whish is a molybdenum oxide,
sulfide; or oxysulfide of the general formula MQO,{SY wherein,
35 %20, ¥20, and 122 (x+y)22; and
(b an amide wherein said amide comprises the reaction product of

a-carboxylic acid component and a polyamine component,



30DETAILED DESCREPTION OF THE INVENTION While the invention is susceptible to various
modifications and alternative forms, specific embodiments thereof and are herein described in detail. It
should be understood, however, that the description herein of specific embodiments is not 35 intended
to limit the invention to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope. of the invention as
defined by the appended claims. mf@*?@@b‘iiﬁz‘@wg%@%@g}@@? .‘E’}g@%ﬁ‘?ﬁ ions The following
terms will be used throughout the spesgificatian:aihd willraue thenisilewingsmeadings Uhless otherwise
indicated. ~The term "polyamines" refers to organic compounds containing more than one basic
10nitrogen. The organic portion of the compound may contain aliphatic, cyclic, or aromatic carbon
atoms. The termaipahsaligieteantnesi: oréipotyidkipenepaliyecings’ sefersscofomrapainiirepresented

by the general fayuig ASHENREINE hizH whirail R san, alkylene group of preferably 2-3 carbon

.atoms and n is aninteger of ffom about 1 to Il The term™"amide" or "polyamide" refers to the
reaction pré@luct of a cAtbaxsmlybdaaspocmpoaivaLiah Ry dHiB B EAHEIHESEd, or ester of a

carboxylic acid gpga,paliaraing., ket msomealihdentm oxide,” "molybdenum sulfide,” and
"molybdenum oxysulfide" refer to compound% of the %eneral formula, MoO" yvé_ggerein x>0, y>0, and

12> (x+3)2:2. The ternfz'é%?k?%ﬁc“mi&?ﬁ% GRET PEIBTS TS A MEEXIE HEEE  &fboxylates,
carboxylic anhydriges:sanddie:esierscof aathaofiersieidsymponent, wherein the charge mole
ratio of the carboxylic acid component to the polyamine componert is sbout 2.1 1o
15 L
to form 2 molybdenum-containing reaction product. Preferably the molybdenum-
containing reaction product is sulfurized to form the salt of a molybderuny oxysuifide

or molybdenum sulfide and an amide.

2{+  In another embodiment, the present disclosure is directed to an oil soluble additive
eomposition comprising the reaction product of:

{1} 2 molybdenum component which is, or is capable of forming, a
molybdemuy exide, sulfids, or oxysulfide of the general formula Mo(,S, wherein
x>0, v=0, and 12> (x+yE2; and

25 (2} an amide whereih said amide comprises the reaction product of a
sarhoxyvlic acid component and 3 polyamine component, wherein the charge mole
ratio of the carboxylie acid component to the polyamine comporient is about 2:1 to
1:1. ‘

30 DETAILED DESCRIPTION OF THE INVENTION

‘While the invention is susceptible to various modifications and alternative forms,
specific embodinents thereof and are herein deseribed in detail. It should be
understood, however, that the description herein of specific embodiments s not

35 intended to limit the invention to the particular forms disclosed, bat on the contrary,
the intention is to cover all modifications, equivalents, and alternatives falling within

the spirit and scope of the mvention as defined by the appended claims.



30The term "fatty acid" refers to a carboxylic acid component derived from or contained in an animal or
vegetable fat or oil comprising an alkyl chain of from 4 to 22 carbon atoms with a terminal carboxyl
group. The precise molecular formula of the oil soluble additive composition of the invention
35comprisingtRe ¥t &¥P8) a molybdenum oxide, sulfide, or oxysulfide an8¢ZiU&R08H8S8are not
known with certainty; however, they are believed to be compounds in which molybdenum, whose
valences aré satidfigaitivithh atoms of oxygen and sulfur is WO 2009/123908PCT/US2009/038381
Seither ComIO|9X%;Q¥aﬁ¥>m§_g%§mfm9%&Q@Eﬁr@.&?&ﬁ%ﬂ@f&%ﬁ@&@é%%ﬂ%i@ﬁ%&i&é.he preparation of
0

these additives. Molybdenum Component  The molybdenum component used to prepare the oil
soluble additive SOMPEHEEABIED TREPRESHTIHEAIGIFT a molybdenum containing compound which
is a molybdenum oxide, sulfide, or oxysulfide having the general formula of /v100S:, wherein x a 0, y >
and 12 a (x+y)> 2, The molybdenum,component can include molybdenum in any oxidation state. The
molybdenum coriﬁ%ﬁeéﬁlt ﬁ’gﬁfﬁﬁ"‘iﬁi‘fﬁer%%%gorgﬁ%%%f%nép&@ ggﬁj%l%‘%%’&i &/%rt"g(;g%np%%ﬁit%ﬁ“bf the
invention midy bexterived TienrgwiylydemmesChnpoupdnihciydingjutingidimitlio, anolybdenum
hexacarbonyl, mplj 1%9{? a '_gﬂ gggg%nium molyhdate, sodium molybdate, potassium molybdate, other
alkali metal moly%g(atesc, a%tali%e earth metal molybdates, MoOC14. MoO2Br2, and M0203C16. Other

molybdenum components include molybdenum trioxide, ammonium tetrathiomolybdate, and

molybdenum distifide Rrefarrad relvbdent . comparertiz 0.amiaolyerenima ripyiggand those

components derived from mo'%%dic acid and ammonium molybdate. A more preferred molybdenum
component is moRBEEAEH GG EE"EMATEYbrce 25When employed, representative sulfur sources
for preparing:the molybdenum components of thighailisolible-hdditive compositions of this invention

include but arc ngt limited to sulfur, hydrogen sulfide . sulfur i c%)o ide, sulfur dgjg_lo,r' =}
phosphorus pentg%ﬁﬁﬁ' Zl,g ﬁfg,&%ﬁﬁea% ?S% rfﬁ)/d (r)%%%?zy gréf%g%% y ;{%%gaﬁ%ﬁl, %ng )%‘fé%a%t least 2,

inorganic sulfidegramdipolyistifides such as (N11428,, where x is at least 301, thioacetamide, thiourea,
and inercaptans of the formula RSH where R is as defined above. Also useful as sulftnizing agents are

traditional sulfur-containing antioxidants such as wax sulfides and polysulfides, sulfuri zed olefins,
sulfurized carbox\ie ‘SETH B8RS ShaPelimivsed e & id 18R Rerticg BINARL BLrARAIPREUIS!dnd the metal

salts theredfy  carboxylate, anhydride of a carboxylic acid, or ester of & carboxylic acid and a
polyamine.

kLI

The terms “molybderium oxids)” “molybdenum sulfide” and “molybdenum
oxysulfide” refer to compounds of the general formula MoO,S, wherein x20, yzU,

25 andl2x (ohyizd.

The term “carboxyiic acid component” refers to carboxylic acids, carboxylates,

carboxylic anhydrides, and the esters of carboxylic acids,

30 The werm “faity acid” refers to a carboxylic acid component derived from or contained
in an animal or vegetable fat or ofl comprising an alky! chain of from 4 10 22 carbon

atomns with a terminal carboxyl group.

The precise molecular formula of the oil soluble additive composition of the invention
35 comprising the salt of (1) 2 molybdenwn oxide, sulfide, or oxysulfide and () an
amnide are not known with certainty; however, they are belisved to be compounds i

which molybdenum, whose valences dre satisfied with atomns of oxvgen and sulfuris



35 Preferred sulfur sources are sulfur, hydrogen sulfide, phosphorus pentasuifide, R2S" where R is
hydrocarbyl, preferably CI --Cio alkyl, and x is at least 3, mereaptans wherein R is CI --C10 alkyl,
inorganic sulfides and polysulfides, thioacetamide, and thiourea. Most preferred sulfur sources are
sulfur, hydrog®f ZRiEE$hosphorus pentasulfide, and inorganic sulfides Si{eFERAG{FE Amide co
The amides used in the preparation the oil soluble additive composition ' the present invention are the
reaction profuctetharcarbpieyie Bickr SsnipbRb eSO EmREESRSOREhEHHE e dttion of the
carboxylic acid cgmpapgatand:thearrag:eemponent to form the amide, the charge mole ratio of the
carboxylic acid component to amine component is about 2:1 to 1:1. Preferably the charge mole ratio of
the carboxylic acid component to amine component is about 13:1 to 1:1. in 15another embodiment, the
charue mole ratiasefsheeatb0xxliasid component to arrun component is about 1.5:1to 1:1. In a
further embodiment, the charge mole ratio is from about 1.7:1, to kil ﬁ g 1ent, the amide is
derived from 1) a?nﬂeaﬁﬁﬁ? %Cﬁ%ar %&?‘ﬁé"?&d“%%‘ﬁn%% Eegﬁ%%%\?iﬁ% %?ﬁrﬁ%%%%fﬁ%? § %%%E%%s and 2) a
polyamine tdmptisentdsavingefréon sbontD a0 vivepenscompopréfaitd srmpediémithie carboxylic
component is isqsfeari,acid apd e palyaming compeRentis.selsced damhegraup gansisting of

tetraethylenepentamine, diethytenetriamine, ethylenediamine, and s thereof, 25The carboxylic acid
component and By bhiine darm oreR rrREBABREHEERTBRIbIFE LI He mebBas R ifnides prior to
or during reactiog:\ithithemelyhdenuRheeraponentoAmide:campositionssefubfrthainvention
include those disclp [ . Pat. No. 3,405,064, the disclgsure of WFiCh isé}%ﬁeb incorporated by

sed in. U.S , 0064, : .
reference. Thesé?%B?’ﬁ‘%‘g%ﬁ%%ﬁs{:g%p S?ﬁ}ﬁ%ﬁryt?p%é%wffiéﬁ%iln ?é}ﬁi%%igega? Boxylic acid. carboxylic 30acid
salt, carboxfiic a@mmhyﬁﬁdﬁp@gabbmgﬂiﬁmﬁhﬁ emwwhéu@hrgmhm:dbwﬂﬁaﬁb@nigtoms and, if
desired. having RERdaLAlaNAaAOURS (eadeaIle melasule phoplutle. K@ polyamine, such as

an ethylene diamine, to give an amide. Preferred are those amides prepared from (1) an aliphatic
monocarboxyﬁc nm}yb_{%ams,- alkaline earth mstal m‘aiybdates, Mo, MolhBrn, and Mi}zf}giﬁﬁ.

{ther molybdenum components include malybdenum trioxide, ammonium

weirathiomolvhdate, and melvbdenum disulfide, Preferred melvhdenum Components
20 are molybdemum trioxide and these components derived from molybdic acid and

ammonium molybdate. A more preferred molybdenum component i$ molybdenum

trioxide.

25 When emploved, representative sulfur sources for prepariog the molybdenum
components of the oil soluble additive compositions of this invention include but are
not limited to sulfur, hydrogen sulfide, sulfur menochioride, sulfur dichloride,
phosphorus pentasulfide, RoS, where R is hydrocarbyl, preferably C;-Cyp alkyl, and x
is at least 2, norganic sulfides and polysulfides such as (WHL)8,, where s is 8t least

30 1, thioacefamide, thioursa; and mercaptans of the formula RSH where R is as defined
above. Also usefil as sulfurizing agents are iraditional suiﬁmsmnaimng antioxidants.
such as wax sulfides and polysulfides, sulfurized olefing, sulfurized carboxylic acid
asters and sulfurized ester-olefing, and sulfurized alkylphenols and the metal salts
thereof.

35

Preferred sulfur sources are sulfur, hydrogen sulfide, phosphorus pentasuifide, R,5,

where R is hydrocarbyl, preferably Uy ~Cp alkyl, and x ig at least 3, mercaptans

wherein R is (0 -y alkvl, inorganic sulfides and polvsulfides, thinacetamide, and
&



acid, such as isostearic acid, stearic acid or mixtures thereof and (2) an ethylene 35polyarnine, such
as tetracthylenepentamine, diethylenetriamine, ethylene diamine or mixtures thereof. Preferably, the
amides useful in this invention will have at least one basic nitrogen. WO

2009/123908B€ F152898/038381 Carhoxvhc acid component The carbB§hEa&EdHiBonent used
in the preparation of the oil soluble additive composition of the invention includes aliphatic and
aromatic cafboxiic e s esmsigredasdis srecea oYMy dREES: BRERIERY lic acid esters
having from at leastAdm10Gcathonalemanpeeierablyigmdsto 60 carbon atoms, more preferred from
4 to 40 carbon atoms, and even more preferred from 10 to 30 carbon atoms. Mixtures of carboxylic
acids, carboxylic acid salts, carboxylic anhydrides, and carboxylic acid esters can be used in the
preparation of therifigdentiepoRngferably. the carboxylic acid component is an aliphatic carboxylic acid.
—xamples of alPflig AR RIS ARLs akide Tl acls ek ardaosiealis.add, staprlc acd, laurie
acid, syrstie acid, pamnlne amd, and arachidic acid. A particularly preferr d car oxylic acid
component f§ is@steecraeisio esmporeatoT reogoly aiivertermpe dertysadthesireparation the oil
soluble additive. 20compositian-efihepresentinvention ialudes aromatic, s¥aliGrang.and branched)
polyamines and mixtures thereof. Exama%es of aromatic polya include, but are naot limited to,

phenylenediamifB PSRRI AR S5 B BUERERMMGISI FEME PEUEHGABD-xylene,
multi-nuclear and-gondensectaranaiicpalanings:sndhas: naphifyleheds 4tdigminelcbanzidine.
2,2'-dich|oro-4,4‘3d59her}¥i Li mine and 4,4'-dia}minoazobenzenet..In n?tp§r_-e,mt['),cidiment the

: of the garboxylic acic component MIHE COMDORET OUE L. /01 %0 Lol in :
polyamine component comprises potiya INes of from about b to Zarlng members and having from
about 2 to $5amimestiitrogerrdimans. Suchepslyarhineticorhieuadeintiodes oohpowpountsias
piperazine, 2-mefhylpiperazine,N-(3:amirqethyPpingtazins, dideahydraniethvlpingrazine,
1,2-his-(7,1-piperazinyeetharie, 3-am|nonrroI|d|ne, N(2- 30aminoethyl)pyrrolidine, and an crown
compounds such 8& #rexadytiotforaie ! ttraazacyclododecane, and the like. In a preferred
embodiment, thg:pglyaming cempaenentused do:iheiFreparpiioniphlng iavention argl
polyalkyteriepolyarnines and _C%%/Qe re%re__s nte #y_t e gneé%I}for ula 35N(-R-N14),411 wherein R
is an aikylene groUBPSPBTEREARR 273 Ratbon Bfbms ard T & --iﬁl%%é?%’f’ﬁg g

20 having from about 2 and U nifregens. In a preferred embodiment the carboxylic acid

component 8 isostearic acid and the polyamine component is selecied from the group
consisting of tetrzethylenepentamine, diethylenetriamine, ethylenediamine, and

mixinres thereof

o)
LAY

The carboxylic acid component ang pelyamine component described herein below
can be reacted to form amides prior to or during reaction with the molybdenum
component. Asmide compositions yseful in the invention inciude those disclosed in
U.8. Pat. No. 3,405,064, the disclosure of which is hereby incorporated by reference.
These compositions are ordinarlly prepated by reacting & carboxylic acid, carboxylic
30 acid salt, carboxylic acid anhvdnids, or carboxylic acid ester having at least 4 to about
40 carbon atoms and, if desired, having pendent aliphatic groups to render the
molecule oil seloble, with a polyamine, such as an ethylens diamine, to give an
amide. Preferred are those amides prepared from (1) an aliphatic monocarboxylic

acid, such as isostearic acid, stearic acid or mixtures thereof and () an ethylene

1o
e

polyamine, such as tetracthylenepentiamine, diethyleneiriaming, ethylene diamine or
mrixtores thereofl Preferably, the amides useful in this invention will have at ledst one

basic nitrogen.



WO 2009/123908PCT/US20091038381 5Specific examples of polyal yienepolyamine, include, but are
not limited to, diethylenetriamthe, triethylenetetramine, tetmethylenepentamine,
pentaethylenehexamine, hexaethyleneheptamine, heptaethyleneoct octaethylenenonamine,
nonacthylened@caMinS tfecaethyleneundecamine, undenethylenedodecaPtiE& Sanspdag8hetriamine,
tripropylenetetramine, 10 tetrapropylenepentamlne pentapropylenehexamine, hexapropyleneheptamir
heptapropylénedetaisiis Bpygrienonamine, nonapropylenedecamine,

deC&prOpybneu@Q@@é%%hélQQQ%MM@Q&Q@@@%@#@&&@MH@@M@@Qiﬁk@[@l&!ﬂztwa
tri(trimethylene)tetramine, tetraétrlmethylene pentamine, pen trleth lene

hexa(trimethylerf8JRBTATR He Pt %E’ﬁi r’i‘ﬁfg‘%ﬁﬁ )] B’namlne

nona(trimethylenegjsecdmme] dﬂcsa(tinmmjﬁidan‘ei) wﬁ@eﬁaﬁa‘unﬁ amébmndiecaa(ﬁmetmybmdodecam me.
3thod for Maklng the ?1' ?LEP'%{% I]gosmonPres%nmlh v IThe repafall nnogtt{)kgg |nvent|on may be
carried out by comglnln e mol

danunm 20 cormp onerft LR the Smras comporient. A polar promoter
can be optﬁhallyﬂam foothe ﬁéé&@iﬁ@ﬂ%?@s,ﬁh@ afvideccompbnedtitan Hetedpriwboo reaction with
the molybdenum, component.Rif.aibs f£om.2;aarbexyliciacid; eamponeat.aad apelvming.gomponent.

Preferably, the reaction product of the molybdenum component and the amide is sulfurlzed by reacting
with a sulfur conipBRERECTRE! SHPRFAIGH WF’HE hvertsrEHRPhE e aPHE Bt b EsRibinthy the
molybdenum Coa&ﬂmmmﬁ H%@&@HHME@@éﬁ&Q@Bﬁﬁd@é@ﬂﬁy&sﬁ%lﬁbdﬁﬁﬁﬁﬁﬂﬁﬁdﬁ@hﬁ%ysuIflde prior to
addition a the & Eqnent n, af)gf% {?e?‘d e mentét ermo?((? enum com onent %nd the amide
are reacted to foffh-a Sait of a mot 8e?1Urr?%X| éwan an amide” rosvvéﬂ‘ba" L}lr"iiz*“fr“ 10N with a sulfur
componentfo form:thie salf, qﬁi&rmwlyb@emﬁmu!ﬁéie w@O@@@@ﬂn@@*Meﬁmmemémrder of
addition of the r%g@&%%@%egg gm@&&gtlcal The reaction is ordinarily carried out at atmospheric
pressure; however, higher or lower pressures may be used, if desired, using methods that are
well-known to those skilled in the art A diluent may be used to enable the reaction mixture to be
efficiently stirredpgy%mw&ﬁge lubricating oil and liquid compounds containing only carbon and
hydrogen. If the mlxture is sufficiently fluid to.permit satlsfacto Y. Mix ent |s necessary. A
caent which doSB 60 FERCE TR FOREU R PESTABBHO N SHELTAEe e

2009/123908P CiAd52009/03 838150 tionatyna:phldepromotey;, nyalicheemiptbyead fitntlze preparation
the present

and branched} polyamines and mixtures thereof, Examples of aromatic polyamines
include, but are not limited fo, phenyienediamine, 2,2 -diaminodiphenvimethane, 2 4-
gnd 2,6-diaminotoluene; 2 8-diamino-p-2viene, multi-nuelesr and condensed aromatic
polvamines such 4s naphthylene-1,4-diamine, benzidine, 2,2 dichloro-4,4"-dipheny]

diarmine and 4,4"-dlamincazobenzene. In another embodiment the polyamine

o)
L

compenent eomprises polvamines of from abowt § to 32 ring members and having

from about 2 to 8 aming nitrogen atoms. Such polyamine compounds include such

compounds as plperazine, 2-methyipiperazine, N-(2-amincethy Dpiperazine, N-{2-

hydroxyethylpiperazine, 1,2-bis-(N-piperazinyljethane, 3-aminopymolidine, N-(2-
30 gminosthyDpyrrolidine, and aza crown compounds such as triaracyclononane,

tetraazacyclododecans, and the like,

In a preferred embodiment, the polyamine component used in the prepasiiion of this

mvention ars polyalkylenepolyamines and can be represented by the general formula.
35 HNG-R-NH),-H

wherein R is an alkvlene group of preferably 2-3 carbon atoms and n is an integer of

from i1 1l



ntion. The polar promoter facilitates the interaction between the molybdenum component and the basic
nitrogen of the polyarnine or amide component. A wide vy of such promoters may be used. Typical
promoters are 1,3-propanediol, 1,4- butanediol, diethylene glycol, butyl cellosolve, propylene glycol,
1,4-butylenedit 81411 carbitol, ethanoiamine, diethanolamine, N-metREXI&HANBIRIne, dimethyl
formamide, N-rnethyl acetamide, dimethyl acetamide, ammonium hydroxides, tetra-alkyl ammonium
hydroxides, flkafinewefisl iperpicdesprivetiaotretiyeines giydelcdiviativyigdifoiidechexametbyl
phosphoramide, jetranydiafisan, m};j&%@&&gg&q@(ggr&@jgﬁm@%gm\e@g{e}Preferred are water and

ethylene glycol. Particularly preferred is water. While ordinarily the polar promoter is separately added
to the reaction niSAEE TP B Er SeEH S SHREG I P L e R B YOI RRRIS € a component of
non-anhydrous sigeiag maienalaios aswaierkelhydratonindayrelybdenui.component, such as 20
(N114)5M07024,AHzp.ﬁ\{Vﬁterim%y also b add_%d as ,gmmo%ium h _dro{x@éde. A general method for
preparing the oi|“§*8Fﬁ6Fe gd’é’ﬁf\%c‘bﬁfﬁﬁpﬂgﬁ i ﬁ?&éﬁfﬁpﬁ'ﬁi‘é@?ﬁr}éa&?ﬁﬁg}%ﬁ Fnrgp)%ﬁénum component and
(2) an amidé of &tarbmyiticeacidzantkansolypmineinhaichthé caporylimesipiantipolyamine have a
charge mole 25 E%H&;ﬁ%w)m%@%%%?El%8%5%é%éﬁo?xé%né?@%%B%U%p@?ré:%é&%@ﬁiﬁéomOtef or (4) a

diluent, to form a salt'or' (5) both a polar promcter and a diluent may be added. The diluent is used, if
necessary, v...1 FEHI A SaHEBIE S SR A PARTHISRS HRAGHYTEPR BSBTHBY FTypiekrangents are
lubricating oil angifigiickepmRRURES EeNABINGRAlY EAthRRaRtBYSHRseR-ORtNAlYAamMmonium
hydroxide may also b#e, ad%c{e]x%tq, he 30 .reaction mixture, to provide a solution of ammonium molybdate
The molybdenurfCEByhRHaN ‘Q{r#ﬁ‘.@?ﬁﬁé’rm%ﬁfﬁiﬁy&@a?miaﬁuent, if used, are charged to a
reactor and heatedhétatemperatoredass, thand ot eeiialde plzoat:2R0C, preferably from about 70C to

perature less than. or equal to about 200C,
\b§g\ i) o CLIRING,

about 120C. The, tem| U is\maintained at.a tem
preferably at abgié%%&%g %Si a&ﬁ?%@é&%{ﬁﬁ‘f Eﬁiél rlﬁn(%/ num tomponent is sufficiently reacted, The

reaction time for this step is typically in the range of from about 1 to about 30 hours and preferably

from about I to apaul kq:hautsn{ yRieallkexsesswaierand any.velalile djuants are rem.o’ mixture.
Removal methods include, but are not limited to, vacuum distillation or nitrogen stripping while
maintaining the tE#hPErRATHEBAHE PAEIBH BRMHEARINSIESY AT isfia sy oc,
preferably between:pbeut Z8CiHe ahwt98GqTdhe. ramerabeimwatecanbovgatinitinents is oidinarily
carried out unde}r gjer{%iquJﬁ% ressure. }Q%Q[FSS‘{@ W%X?b%r dugf?_d incgementally to anKOid problems
with foaming. After the desite préssure is rea%}ﬁlgé{‘?ﬁe S rirf)pl%ms e r‘l%rtfp’:l%%ﬁﬁ? garied dut for a
period of about G:&!1r&Eiseat Shwgrsuind preforbibty fronmiakdist 88 tomabown? dadursoiFBaiihe reaction
mixture may be %Eﬁb%ﬁéﬁ@%@eﬂm?ﬁ%%;?&ﬂb@&mE}?ﬁeg%ﬁkﬁﬁ&zé&%‘%@%&%&%&ﬁessure and

temperature not to exceed 200C. The sulfurization step is typically carried out for a period of from
about 0.5 to abctFBhBIE A S reTerapipa bl SUBH0 S RPaHatt IHoureaTAiss At Rises, removal of
the polar premoterdremthe feaciennbdure mayibrgesirableHadeatoceepmetion;ef sgaction 20with

the sulfur component. . - . . s -
P su%gr component to Torm a molybdenum sulfide or a}xysu}f}de prior o addition of the

amide component. In a preferred embodiment, the molybdenum component and the
amide are reacted to form a salt of a molybdemum oxide and an amide followed by
sulfuriztion with & sulfur component to form the salt of a melyhdenam sulfide or

30 oxysulfide and an amids. The order of addition of the reaction components is not
critical. The reaction is ordinarily carried out at atrvospheric pressure; however,
higher or lower pressures may be used, if desived, vsing methods that are well-khown
to those skilled in the art. A diluent may be used io cnable the reaction mixture to be

sfficiently stirred. Typical diluents ave lubricating oil and liguid compounds

fak
LA

containing only carbon and hydrogen. I the mixture is sufficiently fhuid (o permit
satisfactory mixing, no diluent is necessary. A diluent which does not react with the

molybdenum component is desirable.



The sulfur component is usually charged to the reaction mixture in such a ratio to provide up to 12
atoms of sulfur per atom of molybdenum. In one embodiment, the oil soluble composition of the
invention will have a mole ratio of molybdenum to sulfur of 1:0 to 1:8. In another embodiment the ratio
of molybden MY P&ilA3PI8 from 25about 1:0 to 1:4. In a further embodimelEHEAEHEBIFholybdenum
to sulfur is from about 1:1 to 1:4. In the reaction mixture the ratio of molybdenum atoms to basic
nitrogen atofns provithed by tedeamecteimantesrotnst cutie ot atdts ofsyolybdenum per 30
basic nitrogen atgmlisuatiytheireaction istine:is:ehargea.fiom QAk1e 200 alems.afmolybdenum

per basic nitrogen atom provided by the amide. Preferably from 0.4 to 1.0, and most preferably from
0.4 to 0.7, atom$ SPPBRHARM R atedtornesr BAME PRFSEERTSHIBES 8 ThaTe¥ctiotitixture. The polar
promoter, whichsrareferally watesds atginariteS0 yprias-afaier pen mhelefsmelwbdenum.
Preferably in the, ratio of 0.1 0,25 and, most_\W 091123908PCT/US2009/038381 SThe charge mole
ratio 01 the car S LB Co BT CR S nOA & BT Vo B G ARt G iyt P AR to 11 1
one embodifhentrtibvthary & inoteratioisdrdiviiapolarding, Moty hdiathethermmbodintentithe charge

mole ratio is from, abgut . 3l ied A oA fldhar embodimentdhe chatge mple fafiaJs, figm about 1.7:1

to 1.3:1 The amide formed from the reaction of the carboxylic acid componént and the poiyamine may
occur prior to, d@Hig 2B EREFE HESdGR b RRe HslBHdrt mEbmpontttemlsdaction mixture.

Additive ConcengratesInsmanydi) stansesit may:headvantagepusdeformeancemrates of the oil
soluble additive compo.sigéi%@ of the present invention within hese additive

. ier liquid
concentrates proUie R LA IBA RSt oE SPRAATHITA L ARSSLRIALE ENAUEATE Mending into

lubricant base oissformrdiddes@:finished lubricant. Generally, the oil soluble additive concentrates of the
invention are not useable or suitable as finished lubricants on their own, Rather, the oil soluble additive
concentrates are blended with 20lubricant base oil stocks to provide a finished lubricant, It is desired
that the carrier lifllideestiilyr8pRiBilizes thensilsofublagtditveled théieationahdprolides an oil
additive concenyatedthatis readily.seluble, mdhedubricant hase .ol stoeks, i addiion,dtis desired that

the carrier liquid not introduce any undesirable characteristics, including, for example, high volatility,
high viscosity, aR@ HBHHERAE th 8 R MATHRITH thifUBREAHPIES BIEs Bl hus, ultimately
to the finishied lubficantich e presentiviaveniiontbetefafakiigher provide san.gikigoluble additive
concentrate composition comprising an Me'er fluid and from 2.0 % to 90% by weight, based on the

total concentrate, of an oil soluble additive compaosition according to the invention. The inert canier
fluid may be a lubreatissgrodthod for preparing the oil schible additive compositions of this invention

comprises reacting (1) 2 molybdenum component and (2} an gmide of a carboxylic
acid and 8 polyamine in which the carboxylic acid and polyamine have a charge mole

25 ratio (CMR) of between about 2:1 to 111, Optionally, (3)a polar promuter or {4 g
di!.uer:{t,_ to form a salt or (5} both a polar promoter and a diluent may be added. The
diluenit 1s used, if necassary, 1 provide a suitable viscosity o facilitate mixing and
handling. Typical diluents are tubricating oil and lguid compounds containing only
carbon and hydrogen. Optionally, ssmmonium hydroxide may also be added to the

30 reaction raixture fo provide a solution of ammonium moelybdate. The molybdenun
component, amide, polar promoter, if used, and diluent, if used, are charged to a
reactor and heated al a temperature less than or egual to about 200°C, preferably from
about 70°C to about 120°C. The temperature Is maintained at a temperature less than
or equal to about 200°C, preferably at about 70°C to sbout 90°C, until the

35 molybdenum component is sufficiently reacted. The reaction time for this siep is
typically in the range of from about 1 to about 30 hours and preferably from about 1

to about 10 hours.

10



These concentrates usually contain from about 2.0% to about 90% by weight, preferably 10% to 50%
by weight of the oil soluble additive composition of this invention and may contain, in addition, one or
more other additives known in the art and described below. The remainder of the concentrate is the
substantially Wert8&4##PWubricating oil compositions In one embodiment BCIHESHAAHESISL the oil
soluble additive composition of the present invention can be mixed with a base oil of lubricating

viscosity to form Y RifsHisatlisgssiresmpusias i dbredting smevimbostichccsriptses a major

amount of a basgeiaf InbricatingMiscasMand suminehameuat of, the wikseible:1Qadditive
composition of the present invention described above. The Iubrlcatln oil which may be used in this

invention includ & RIS RmBY TG ardEatH oS @ﬁ@%‘ﬁﬁf?ﬁ%ﬁ%ﬁﬁ@?ﬁ@%ﬁﬁ@%ﬁ% bases and
mixed base oils asswiel:as ﬁy&ﬂl@txﬁ;@t@gﬂe@ BSOSIRIS ammim:vnmu@mmm:ﬂaw@lch may be

used in 15 this mventloln glso incly ﬁ fr b%omas such as b nd anmaal d(fnved oils. The
OF aFy 10 QUREeNLS 18 OrIngriy L!X'ﬁibl‘ I
lubricating oils may%e use nd|V| or In"combination an enera ave VISCOSIty which ranges

from 7 to 31800 e8tamd db@@lﬂ*y’iﬁt@‘ﬁﬁ% ﬂéﬁZ@@@@Snaﬁﬁl@@mﬁﬁ%ﬂheﬂ Ma@ﬁmdsoaﬁﬂbe a refined
paraffin type bagg;qila r@ﬁ@@ﬂmm%mmﬁéméag{eé synthetic nydracathon, ok napzbydrocarbon oil

of lubricating wscosﬂy “The 20base oil can also be a mixture of minéral‘and’sy nthetlc 0|Is Mineral oils
for use as the b&3% B #PeRiAUaRBdPiA R Hot %%hﬁﬁ‘l‘épﬁ?é?&fhﬁlé”ﬁ%ﬁﬁ?ﬁé% §rittBther oils that

are ordinarily usggii. lubricating oil compositions. Synthetic oils include, for example, both
hydrocarbon synthetic oils and synthetic esters and mixtures thereof having the desired viscosity.
Hydrocarbon synthetic oils may include, for example, 25 oils prepared from the polymerization of
ethylene, i.&, polyelphadtefiniouRAGydreffonbdydiosdrivoh synthe sisgrosedasels fiisidg carbon

monoxide and hgiogen ases Uslasd LATINISLTIANAANPLOCENS dde I vIghs fydrocarbon olls

include liquid polymers of alpha olefins having tHe proper viscosity. Likewise, alkyl benzenes of proper
viscosity, such agisodaess eﬁ%é@@iééﬁfb‘éﬁ%éﬁﬂ Bt Retie abpsisS domeleie the esters of

monocarboxylic acsandpalvsaioxyls acigs; ﬁ@%@ﬂ@%ﬁl@&@eﬁﬂ%@kﬁ%ﬁ and polyols.
Typical examples are dldodecyl adipate, pentaeryth |t%3 aproate, di-2-ethylhexyl adipate,

dilaurylsebacate™ SRty fiidTie 1 SFAPHER BRRETEJrapAf CRRGIES SPRIBHE 2hEFRRERFooxylic acids
and mono a&d dmydmxytﬂhlﬁarmi@malso be used Blends of mineral oils with synthetic oils are also

useful. 35 The |Uﬁ{'c%}1§§ oil comp SI'[ ta|n| e all %oluble ddltlves fthls |nvent|on can be
COnY Cﬂlv‘} ar ‘°‘ TESCLIGN THIXIUIS 1
prepared by admlxmg by co ventiona tecﬁnlqugs t e appropriate Amount of the oﬁ’soluble additives

of the invention witkigelubricaBngpoit Tirelbelpetisvoffiadsbdenum. In one embodiment, the

oil soluble composition of the invention will have & mole ratio of molybdenum to
sutfir of 1:) 10 1:8. In anothey embodiment the ratio of molybdentn to sulfur is from
25 about 1:0to 1:4. In a further embodiment, the ratio of molybdenum to sulfiy is from

gbout 1:1 10 1:4,

In the resction mixture the ratio of molybdenum atorms to basic nitrogen atoms
provided by the amide can range from about 0.01 1o 4.0 atoms of molybdenum per
30 basicnitrogen ator. Usually the reaction mixture is charged from 0.01 o 2.00 atoms
of molybdenum per basic nitrogen atom provided by the amide. Preferably from (.4
to 1.0, and most preferably from 0.4 10 (.7, atorms of molybdenum per atom of basic

nitfrogen 1 added to the reaction mixture.

35 The polar promoter, which is preferably water, is ordinarily present in the ratio of 0.1
to 30 moles of water per mol of molybdenum. Preferably from 0.5 1o 25 and maost

preferably 1,010 18 moles of the prometer is present per maole of molybdenum,



WO 2009/123908 particular base oil depends on the contemplated ap presence of other additives.
Generally, the amount of the PCT/US2009/038381 bricant and the uble additive of the invention in the
lubricating oil composition of the invention will vary from 0,05 to 15% by weight and preferably from 0.2
to 1% by wei§fft, BEEEFUA the total weight of the lubricating oil compositiobt THSHE¥HESHIment, the
molybdenum content of the lubricating oil composition will be between about 50 parts per million (ppm)
and 5000 ppim, préférabey B@ﬂ%@ﬁ*-ﬁgm@#ﬁﬁﬁ%%ﬁ%@%ﬁ?ﬁ%%ﬁﬁ%ﬁﬁ%ﬁfﬁaaﬁaﬁ e
molybdenum cogtentefdke-dubreatng vilicompesitioniwilbenbeivweer-abaut 80 ppm:and 700 ppm.
15Additional Additives .|t desired, other additives may be jncluded in the lupricating ojl and lubricating
of concentiate cOMBoSTIONS b1 S IRUBUS T RS LS A oS BAARS By cation
inhibitors, dispersahis insfirihibitorsydintioo thesibn ggsnis atid sdiferthbaisb, 7ants-fodm Hgents,

stabilizers, anti-gfain AQERLS ﬁ%%k%@%a@ﬁ&ﬂﬁ%ﬁ@%&%@r{%ﬁ% %%%%%jn%%ﬂ%ﬁ%@%h%%@vers’

anti-squawk agents, extreme pressure agents, odor control agents an e may’be included, The
following adBlitivE 8B RfSENENTS e faitrablydenBloyaeriitHen g i mgskgsmeoprstietisof he
components thatiganRersantin¥ention. 25These examples of additional additives are provided to
illustrate the present invention,

Additve Concentraies

In many instances, it may be advantageous o form concentrates of the oil soluble

15 additive composition of the present invention within a carrier liguid. These additive
concentrates provide a convenient method of handling, transporting, and ultimately
blending into lubricant base olls to provide s finished lubricant. Generally, the oil
soluble additive concentrates of the Invention are not useable or suitzble as finished
Iubricanis on their own. Rather, the o1l soluble additive concentrates are blended with

20 lubricant base oil stocks 1o provide a finished lubricant. 1 is desired that the casrier
liguid readily solubilizes the oil soluble additive of the invention and provides an oil
additive concentrate that is readily soluble in the lubricant base oil stocks. in addition,
it is desired that the carnier liguid not introduce any undesirable characteristics,
including, for example, high volatility, high viscesity, and impurities such as

heteroatoms, o the hibricant base o} stocks and thus, ultimately fo the finished

o
o

inbricant. The present invention therefore further provides an oil soluble additive
concentrate composition comprising an inert carrier fluid and from 2.0 % to 90% by
weight, based on the total concenirate, of an oil sofuble additive composition

according to the invention. The inert carrier fluid may be g lubricating oil.

These concentrates usually contalny from about 2.0% 10 about 90% by weight,
preferably 10% to 50% by weight of the il soluble additive composition of this
Iivention and may contain, in addition, one or more other additives known in the art
and described below. The remainder of the concentrate is the substantially inert

35 carrier lopad.

i2



but they are not intended to limit it: Metal Detergents Detergents which may be employed in the
present invention include alkyl or alkenyl aromatic sulfonates, calcium phenate, borated stilt-maks,
sulfurized or unsulfurized 30metal salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or
alkcnyl hydroX{ 3f8Ha&t8 uifonates, sulfurizec! or unsulfurized alkyl or alkEnY4YaPRtE8kes, metal
salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and chemical and physical mixtures
thereof. Anfi-WERPRAZS HREIPRARR implies, these agents reduce wear of moving metallic parts.
Examples of sugh agﬁmtmi@klﬁemEﬂH@m@:tritmﬁeﬁ{t@;iizmmﬂktwmsphat&&ateﬁfbafmates esters, and

molybdenum cot?r&@)}(tel?“el:\;%%% Iélml%togs @nt&@u Aéga t%AkJ EL éggt a%ent gd%ce corrosion on r
Examples of anti-riist agents incfu de are n mally'su Jec

0 corrasion. d to. honionic
polyoxyethylenel vbuifaite: activerageititsis(élk Adbpoljiogyetioylanes] ’a&mw@metﬁemly@xyethylene higher

alcohol ether, polyaxyethyiens nanyh pHsaY bggmymgmxlep&ﬂm PEDYLReIBRY,

polyoxyethgéene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethyiene sorbitol
monostearsite p'b%%?éiﬁwi%r‘kﬁféf ﬁﬁh@%%i%%&@%hﬁ%% glycol mono-oleate. Other

compounds useful as anti-rust agents include, but are not limited to, stearic acid and other fatty acids,
dicarboxylic aci tal soap acid amine, salts, mqtal salts Q A;eav ulfonic acid, partial
20carboxylic acid sk&‘f’é%’%%&)% é%%gﬁ > Wi BhOSpRSHRR EEEBER uIS| Hihers are used to
aid the separatldmb*bamemnuiﬁammExampt&hmﬁedﬁamslfwmmn basas and mixed base: oils as well
as synthetic oils such as esters and the like. The lubricating oils which may beused in

i5  this invention also include oils from bicmass such as plant and anifnal derived oils.

The ubricating oily may be used individually or in combination and generally have

viscosily whick ranges from 7 to 3,300 ¢8t and usually from 26 to 2000 oSt at 40°C.

Thus, the base ¢il can be a refined paraffin type base oil, 8 refined naphthenic base

oil, or a svuthetic hydrocarbon or non-hydrocarbon oil of lubricating viscosity. The
20 ‘base ofl can also be a mixture of mineral and synthetic otls. Mirieral oils for use ag

the base oi} in this invention include, for example, paraffinic, naphthenic and other

pils that are ordinarily used in lubricating oil compositions. Synthetic olls include, for

example, both hydrocarbon synthetic oils and synthetic esters and mixtures thereof

having the desired viscosity. Hydrocarbon synthetic oils may include, for exampde,

fO]
S48

oils prepared from the polymerization of sthylene, i.e., polyalphaociefin or PAO, or
from hydrocarhon synthesis procedures using carbon monoxide and hydrogen gases
such as in a Fisher-Tropsch process, Useful synthetic hydrocarbon oils include liguid
polymers of alpha olefins having the proper viscosity. Likewise, alkyl benzenes of
propar viseosity, such as didodecy! benzene, can be used. Useful svnthetic esters

30 include the esters of monocarboxylic acids and polycarboxylic dcids, as well as mono-
hvdroxy alkanols and polvols. Typical examples are didodecyl adipate, pentaervthritol
tetracaproate, di-2-cthythexyl adipate, ditauryisebacate, and the like. Complex esters
prepaz%d from nuixiures of mono and dicarboxylic acids and mono and dikydroxy

alkanols can also be used. Blends of mineral oils with synthetic oils are also useful.

The lubricating oil compositions containing the oil soluble additives of this invention
can be prepared by adimixing, by conventional technigues, the appropriate amount of

the oil soluble additives of the invention with a lubricating vil. The selection of the
13



united to, block copolymers of polyethylene glycol and polypropylene glycol, polyettioxylated
alkylphenols, polyesteramides, ethoxylated 25alkylphenol-formaldehyde resins, polyvinylalcohol
derivatives and cationic or anioni polyelectrolytes. Mixtures of different types of polymers may also be
used. Frictio?¥3diér8R8ditional friction modifiers may be added to the IE6TEBH986H%Fthe present
30 invention, Examples of friction modifiers include, but are not limited to, fatty alcohols, fatty acids,
amines, ethdxyld@HansiEsse sedaedsar pacesiaied prdiHate HrdapHes axdishosphonates.
ional Additives Additivesorithpaultipie-araperias sushati-axdantand antiviweadniepgrties may also be
added to the lubricating oil of the present ipyenti_on;,Exa_g,nfgles of muItifﬂgqiop, | additives include, but
are notited to, sdﬁb?’&é&é&%ﬁ&%&%ﬁﬁﬁ‘ JIORTEREEARTALES STRHISBd Sy RIS IEHE Rt Organ
phosphorodithioat;dwywetybdehpreiambhobtyedritley biy/mohehrieriasedinthytatedmidght of

amine-molybdenyn Gompiexes: At sullu coniaRing MRBICHT, OMAISKES, Visgogy Index
Improvers 10Viscosity index'improvérs, also known as viscosity modifiers, comprise a class of

additives that impreveting visedsitysibiprpetlirbasara cleristicsret e ubticanifipoil anbking the oil's

viscosity more stablg gsdtsiamperatiure changess é@?@%&txﬂ@d HNREOVRER MY RRadeled to the
lubricating oil composition of the present invention. Examples o viscosit%index improvers include, but

are not limited td"pERMBIARER FIEIHE BBIy B BESHHEBPS BB RE LB B RS2 &tteRB-isoprene
copolymers. alkaline earttiinetal salts of phosphosulfurized polyisobutylene, hydrated
styrene-isoprene copolymers, polyisobutylene, and dispersant type viscosity index improvers. 20Pour
Point Depressants Pour point depressants are polymers that are designed to controlcrystal formation
in lubricating oilsfeéditittirig dnithiinse pour point and improved low temperature flow performance.

Examples of poyr paiptdepsessanisnciide.yt arenaldimiied (o polymethyhmethactylate, ethylene
vinyl acetate copolymers, 23polyethylene polymers, and alkylated polystyrenes.
goncenirate compositions of thus invention. These additives inclade antioxidants or
oxidation inhibitors, dispersarits, rust inhibitors, anticorrosion agents and so forth
Also, anti-foam agents, stabilizers, anti-stain agents, tackiness agents, anti-chatter
20 sgents, dropping point improvers, anti-squawk agents, extreme pressure agents, odor

control agents and the like may be included.

The following additive components are examples of some of the components that can
be favorably emploved in the lubricating oil compositions of the present invention,
25 These examples of additional additives are provided to illustrate the present inventiown,

but they are not intended to it it

Metal Dietorgenis
Detergents which may be employsd in the present invention include alkyl or alkenyl

aromatic sulfonates, calcium phenate, boraied sulfonates, sulfurized or unsulfurized

(FE]

metal salts of multi-hydroxy alkyl or alkeny! aromatic compounds, atkyl or alkenyl
hydroxy aromatic sulfonates, sulfurized or utsulfurized alkyl or alkenyl naphthenates,
metal salts of glkanoic acids, metal salis of an alkyl or alkeny!l multiacid, and

chemical and physical mixtures thereof,

14



Foam Inhibitors Foam inhibitors are used to reduce the foaming tendencies of the lubricating oil.
Examples of foam inhibitors include, but are not limited to, alkyl methacrylat.e 30polymers,
alkylacrylate copolymers, and polymeric organosiloxanes such as dimethylsilexane polymers. Metal
Deactivators We#rgdatiiiators create a film on metal surfaces to preventRA& hiebarfaascausing
35the oil to he oxidized. Examples of metal deactivators include, but are not limited to, disalicylidene
propylenediatnindiidAste’dsfizatives, thiadiazole derivatives, bismidazole ethers, and

mercaptobenzimidazeles:W/@2009123908RCTAIS2009/088391 SRispmesants Dispersants diffuse
sludge, carbon, sQot, oxidation Rroducts, and ather deposit precursors to prevent them from
coagulating resuififiTh3eaicEq i SEFSMRAHIOH 4% 61 f&ﬁ‘f@?‘ﬁ%ﬁﬁ%ﬁ%@é@ﬁ?ﬁ increase.
Examples of dispersanisiinaiijdecbut arepnbtbmited to, alkenyl succinimides, alkenyl succinimides
modified with other 10organic compounds, alkenyl succinimicles modified by post-treatment with
ethylene carbonate or boric acid, alkali metal or mixed alkali metal, alkaline earth metal borates,
dispersiond &f hytratbdigiket HetaRystdtesitdispersions of alkalinc-eanh metal borates, polyarnide

ashless dispersania. ad {pelke.armixiuses Pl suchdisparsanis, 45:Anlddagls Anti-oxidants

reduce the tendency of mineral oils to deteriorate by inhibiting the formation of oxidation products such
as sludge and vArHiSHRS PGS Biitisdirets Birfiess! BRahiRs"araRi SRIGEHEINERT in the
present inventiogunadudesibub g slOnptlinpipaio-mhraoliiyps (phenelichoxidation inbikitors, such as
4,4'-methylene-bi gt -di-tert-butylphenop, 4 4'-Fi 2,6:di;tert-butylphent elé ed
44-is(o ety e RO B T BT BT g K EHE STov ahey
4,4"-butylidehe-big@-methylyédetebutyiphdrot)] 4id:isopropyditienestis@. 6lgitert-butylphenol),
2,2‘-methv'ene-%ﬁ;&w&f@y&s@-gm@m@ﬂs)@ez&@éﬂ)a@%%@ﬁﬁ@ﬁ@@&é@éﬂﬁ@g&h&'&@&%ﬁ
2,2'-5-methylene-bis(4-methy1-6-cyclohexyiphenol), 2,6-di-tert-butyl1-4-

polyvethylene glyeo! mono-oleate. Other compounds usefirl as-anfi-rust agents

inciude, but are not limited to, stearic acid and other fatty acids, dicarboxylic acids,

metal soaps, faity acid amine salts, metal salis of heavy sulfonic acid, partial

20 carboxyliv acid ester of polvhydric aleobol, and phosphoric ester.

Demulsificrs
Premulsifiers are used 1o aid the separation of an emulsion, Examples of demulsifiers
inchode, but are not limited 1o, block copolymers of polyethylene glveol and
polypropylene glycol, polyvethoxyviated alkyvlphenols, polyesteramides, ethoxylaled

25 alkylphenol-formaldehyde resing, polyvinylaleohol derivatives and cationic or anionic

polyelectrolyies. Mixtures of different types of polymers may also be used.

Friction Modifiers

Additional friction modifiers raay be added (o the lubricating oil of the present
30 invention. Examples of friction modifiers include, but are not limited to, {atty

alechols, fatty acids, amines, ethoxylated amines, borated esters, other esters,

phosphates, phosphites and phosphonates.

Muliifungtional Addittves
35 Additives with multiple properties such as anti-oxidant and anti-wear properties may
also be added to the lubricaling oil of the present invention. Examples of mulii-

functional additives include, but are not limited to, sulfurized oxymeolybdenum
15



methylphenol, 2,6-di-tert-buty1-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol,
2,6-di-tert-I-dimethylamino-p-cresol., 2.6-di-tert-4-(NNdimethylarninomethylphenol),
4,4'-thiobis(2-methyl-6-tert-butylphenol), 2,2'- 30thiobis(4-methyl-6-tert-butylphenol),

bis(3-methy ¥R tert- 10-butylbenzyl)-sulfide, and bis(3,5-di-tertt§iyE2408 &y benzyl).
Diphenylamine-type oxidation inhibitors include, but are not limited to, alkylated diphenylamine,
phenyl-alphé-napHtiifrinimecand Anstd@arap b auph PhEsrai AR OIREIE BB oxidation inhibitors
include metal dithiopauhamale (f8acFos LithincarbainRifmaneimprinyienrbisylibutyldithiocarbarnate).
WO 2009/123908R_C_T/U?r 009/03838 5A$plicaj[i?ns Lubricatin _?i%)%org%ositions containing the oil
soluble additive EBMBESHOHE HELHSLEU S eTA LI SHECHALELNE REFYFEAE% compositions for
modifying the friction properties of the lubricating oil which may, when used as a crankcase lubricant,
lead to improveqyggéle_%g%ggé)%lgﬁ:VI%QQ%LQ being lubricated with a lubricating 100il of this invention. The

. . . L% ; . . . . . .
lubricating oil compositions o Invention may be used in marine cylinder lubricants as in crosshead

diesel engitiés, Mfaftaasaieivameas Mraliomssitessand yathobbe sl wontaitsaelakealyy machinery

such as steel millgand.the.like.orasgreasesdofonbearngs And-he:likes Whetherihe lupricant is fluid
or solid will ordinarily depend on whether a thickening agent is present. Typical thickening agents

include polyured BEEtEHEE i Stha s P h e e Ra B SotiBie Ad diver BMipdSHtion of the
invention may alsa-fingtiity 8s akiant-ddaintcaniz Wi abagditiienniaxplosivatemulgion. formulations,
20 Additional Applications -The oil solyble additive.compositions of the invention can be envisioned as
hydrotreating ca §1ystr‘“ecursors“ i Additior to thair Use ds 1ubr|ca?|ng oil additives. The oil soluble
additive cohipositidiisetfsthelny g bamract s lansatalysiqaecirson2bant can-sercentacted with

hydrocarbons and decompasestdmhieseads of rdiogsnand sullbk AL eubepring gompounds

to form an active catalyst for hydrotreating a hydrocarbonaceous feedstock, The oil soluble additive
compositions of HERERABRCEPHY Remdd tosaiatabesnive stimr terh parativeghdiedtomposed in the
presence of hydregan-aydrocarbon, and sulfur or sulfur-bearing compounds, 30e.g., at "on-oil"
conditions, to form the active catalyst species for hydrotreating.

20 Pour Point Depressants
Pour point depressants are polymers that are designed 1o contrel wax crystal
fermation in lubricating oils resulting in lower pour point and improved low
temperature flow performance. Examples of pour point depressants include, but are
not limited to, polymethyl methacrylate, ethylens vinyl acetate copolymers,

25 polyethylene polymers, and alkylated polystyrenes.

Foam Inhibitors

Foam inhibitors are used to reduce the foaming tendencies of the lubticating oil.

Examples-of foan inhibitors inchude, but are not limited to, alky! methacrylate
30 polymers, slkylacrylate copelymers, and polymeric organosiloxanes such as

dimethylsiloxane polymers.

Metal Deactivators

Metal deactivators create a fim on metal surfaces fo prevent the metal from causing

e
Uy

the oil 1o be oxidized. Examples of metal deactivators include, but are not Hmited to,
disaticviidene propyienediamineg, triarcle derivatives, thiadiazole derivagives, big-

imidazole ethers, and mercapiobenzimidazoles.
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The nature of the hydrocarbon is not critical, and can generally include any hydrocarbon compound,
acyclic or cyclic, saturated or unsaturated, unsubstituted or inertly substituted. The preferred
hydrocarbons are those which are liquid at ordinary 35temperatures, exemplary of which are such
straight chairt*éhitt¥ieéPdyclic hydrocarbons as octane, tridecane, eicosafel/ReHaEBERfE, or the like;
straight chain unsaturated acyclic hydrocarbons as 2-hexene, 1,4-hexadiene, and the like; branched
chain saturated B&pfie*Rifdrocarbons as 3-methylpentane, neoperttane, isohexane,

52,7,8-trieth),dangkiba dike chrapchedehaifunsalu algd.-aeychiefydiogarbans syehias

3,4-dipropy1-1.3-hexadiene-5-yrie, 5,5-c i_methgl- -hexerze, and the like; cliq.qulroc.arbons,

saturated or undAtirateH, ‘SR 5{2"638?6 SRS S G R IB A SR %‘%ﬂé‘ﬁ SRERTRRg such

aromatics as cuinene) mﬁﬁ@aw@@a&ﬁw@@émgm.xﬁemgmmlﬂp@mm mdiregiteferred

hydrocarbons argese derived fiem 1 ORelialenn. Inclidind eanerialladmpduiss gf etroleum
t ed naphthas. Fisc

hydrocarbons characterized as virgin"naphthas, cracked naph er-Tropsch naphtha, light
cycle oil, mMédiumreyErecsmieads eljerorveritneéikecddd apodeesmalimmg slrrabout 5 to

about 30 carbon.giomsicREaisrRbY:f amAaneuLbIoaheut Qicarhen atams anekeding within a range
of from about 3QC to abgut 450C, preferab é%éﬁﬁ m about 15150C to abou%;?a%gc. In decomposing the

ly from about 15150€ :

oil soluble additiv¥ B8t niSRRBAE I e AV RIBH B 45 Rl FE RCSARG LRSI 4P cked bed
containing the oihsalubie:additieeidn pasitiorssptheinrentieniis contastes i suhlydrogen atmosphere
with both the hyg{g%ggr,bqn and sulfur or sulfur-bearing compound and heated at conditions which
decompose sad oif Sofuble additive compositions of the invention. 20 The sulfur or ubearing compound
is charactelized as an organo-suLfur or hydrocarbyl-sulfur compound, which contains one or more
carbon-sulfur boggls withig,.the total molecule, and generally includes acyclic or cyclic, saturated or
unsaturated, substituted or inertly substituted compounds. Exemplary of acyclic 25compounds of this
character are etfyAlsORERMHIBHHGT QiftRIHRPSIIHIBR BRI a8y sty Btate, dimethy!
disulfide, ethyimgidsulfonexethybmethysu xides ansbthalikereyblicieampeunds of swah character
are methylthiophe%o[, dimeth Iribio hene 4-m%rc_a}g,tqbe 1zoic acid, benzeneSLgI_f nig acid.

‘f 8 useitil 4 % a%ehe

. 5y £8, X pies G ani-axt Jia e presend invention e % o
5-fonnamido-beRZothiAz S T hnaphtheenasulionc acid. dib&nsyithiophena, & K& The sulfur

must be présentnivt h'td'eg"sti'ar}via'm&ium%(xfﬁmeﬁﬂ@@ﬁ@vweiﬁhéide@rwbwichiometry required for the
catalyst, and prefaraplyssmployed n. excsnsiphdhis amenal Suliahly. bathie fiydrocarbon and

sulfur for the reaction can be supplied by_th use Qf a sulfur-containing hydrocarbon compound, e.g., a
heterocyclic sulfbf coiftpouhy op-camBBlRae EkdmpRfrBrRetEESty clic sulfur compounds suitable for
such purpose argdingphenensdibeagathionhang,tebaphiertyihephengtelamethyidibenzothiophene,

for forming the CAaARE GF H1ETRVAR GO IA) B DSy roa R SRRTLLE of gases e n -

hydrogen diSa W&ii20@9%4423908ROTAISROBOBBBS bis( 4, 6~-dimethyiphenol),
2,2'-5-methylene-bis(4d-methyl-G-cycichexylphenel), 2,6-di-tert-butyl-4-
methyiphenol, 2,6-di-tert-butyl-4-sthylphenol, 2.4-dimethyi-t-tert-butyl-phenal,
2, S-di-tert-l-dimethyiamino-p-cresol, Z,6-di-tert-d-{MN,N'
dimethylaminomethyiphenel), 4,4 “thiobis(2-methyi-6-tert-butylphenol}, 2,2

30 thiobis(4d-methyvi-s-tert-butylphenol}, bis(3-methyl-d-hydroxy-3-teri-

1-butvtbenzyl}-sulfide, and bis(3 ,-S-déaisirt;hutyl~4—hydmxy§3€azyi‘;_;
Diphenylamine-type oxidation inhibitors inchude, but are not limited 1o, alkylated
diphenviamine, phenyl-alpha-naphthylamise, and alkylated-aipha-naphthylamine,
Other types of oxidation inhibitors include metal dithiocarbamate (¢.g., zine

35 dithuocarbamate), and methylenebis(dibutyldithiocarbamate).
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5compound which will generate in situ hydrogen, e.g., a hydrogen-generating gas such as carbon
monoxide mixtures with water, or a hydrogen donor solvent. The following examples are presented to
illustrate specific embodiments of this invention and are not to be construed in any way as limiting the
scope of the WUSHTBHPEEXAMPLES Example | (Comparative) 15Salt &Cl56289°4iefostearic Acid
(ISA)/Tetraethylene Pentamine (TEPA) Pot yamide ISAITEPA CMR. = 3.15:1 A round-bottom flask
was charged with2Rpe&iiERide of isostearic acid and 20 tetraethylenepentamine (280 g, ISA/TEPA
CMR = 3.15), di&)ﬁﬁt@iﬁ;ﬁﬁ&i@&ﬁﬁa@&ﬂtitﬁﬁ o)rasiditgltend! (&%mia)iamlybﬁemﬂmmﬂ@xide (17,59, 0.12

mole) and water 25,8 were e added (o.1he flask The:solulion was Reated al 70;80¢ for 3-4 hours,
Sulfur (15 g, 04 WAS théh ddded to the soI |on‘an(ﬁﬁe Mixtire was heate 18oc for an

additional 2 houtbg Tméwvatmmnétwﬁémeulvsetetmdemv,vabwmedz@amad%@m the final
product found thﬁﬁﬁLQfN'@&ﬁV&mé@%é’&tﬁﬂéé W % EXAMPIE; Nﬁi@@r@a’t\dﬁ’gﬁ§¥ iagstaarc Acid

(1SA)/Tetraethylenepentamine (TEPA) Polyam|de ISAITEPA C 1,3:1 30 A round bottom flask
was charged withepBijdrtieRiigFisostearic acid and tetraethylenepentamine (10 g, 1SA/TEPA CMR =
1,3), diluent oil (Exxon 100, 6.6 g) and toluene (40 mL), Molybdenum trioxide (1.3 g, 0,009 mole) and
water (2 g) were, added to he flask,.The }ﬁltlon was heated at 70-90C for 3-4 'hours. Sulfur 35
(0,550, (1017 1) RS e OGP oS 0 S B PAR b AT & MEBAB AV for an
additional 2 houisbFhatwater ansstelubdiesnerehemoved casddrvacutims Analysisiofahesfinal product

found the following; IyiR 7.4.444%5:3.5:3 W 0. 200941 23908 AT TS 00803538 Breases

15 for bearings and the like, Whether the lubricant is fluid or solid will ordinarily depend
on whether a thickening agent is present. Typical thickening agents include polyurea
dcetates, lithium stearate and the ke, The oil soluble additive composition of the
invention may also fimd utility as an anti-oxidant, anti-wear additive in explosive

mulsion formulations.

20
Additional Applications
The oil soluble additive compositions of the invention can be envisioned as
hydrotreating catalyst pracursors in addition te their use as lubrigating oil additives.
The oil soluble additive compositions of the invention can act as a catalyst precursor
25  and can be contacted with hydrocarbons and decomposed, in the presence of

hydrogen and sulfur or sullur-bearing compounds to form an active catalyst for
hydrotreating a hydrocarbonaceons feedstock. The eil soluble additive compositions
of the invention can be heatad to the decomposition temperature and decomposed in
the presence of hydrogen a hydrocarbon, and sulfur or sulfur-bearing compounds,

30 eg.at "on-cil" conditions, to form the uctive catalyst species for hydrotreating,

The nature of the hydrocarbon is not critical, and can generally include any
hydrocarbon compound, acyclic or eyelic, satyrated or unsatrated, unsubstituted or
inertly substituted. The preferred hydrocarbons are those which are liquid at ordinary
35 wmperatures, exemplary of which are such straight chain saturated acyclic
hydrocarbons as octane, tridecane, sicosane, nonacosane, or the like; straight chain
unsaturated acyelic hydrocarbons as 2-hexene, 1.4-hexadiens, and the like; branched

chain saturated acyclic hydrocarbons as J-methylpeniane, neopentane, isohexane,
ig



5Example 3 Sall cif MoO,(Sy Isostearic Acid (ISA)/Diethylenetriamine (DETA) Pol %amide ISAMETA
CMR = 13:1 A round-bottom flask was charged with a polyamide of isostearic acid and 10
diethylenetriamine (250 g, ISA/DETA CMR = 1.7), diluent oil (Exxon 100N, 363 g) and toluene (200
rnE). Molybd®UHBRHIB (46,3 g, 032 mole) and water (25 g) were then BHEEGNESABSKk. The

solution was heated at 70-90C for 3-4 hours, Ammonium sulfide (54,85 alL of a 42 wt. % aqueous

solution) was thé adaedrarensoRmigheaner therrhat FewWhSaMal hraebE Tl arPditional 2 hours.
The water and léi&!@@ne@mﬁﬁ%emomemmgmﬁwmw@mﬂuﬁﬁ-@faa@;ﬁm%ﬁ@mmef%%the

following: Mo = 3.56 w 2.03 wt Exa of Mo Isostearic

(ISA)/DletherneW%lr?\? %%ﬂ?g‘gﬁrﬁ%@%tfgﬁﬁ TAE ﬁlﬁ%}fA% Sdﬁ%‘ﬁoﬁ S Hadivas

charged with a palykimidedfidosicaseacidandcdietheylenetrianijte: (400194 SAMETACMR = 1.3),

dilvent o (x00, Jo0Ts 2 @20 gﬁ&eﬁ%@%@%&@m SPUMATIoNId6.(Bg 1,0 0.36 mole) and
&d to

water (40 g) 25° Were then a tion was eated at 70-90C for 3-4 hours. Sulfur
(23.2 g, 0.7% mobeywesnhisnladide et selinibiensd fretmiimd e Re ARt B +0oE s an |

additional 2 houtg, JThew Egﬁﬁyt&;ﬁy@@&pﬁﬁ%%@y&dw h Yaskiud) 18nalysis @f the final product
found the following: Mo = 3,6 wt 30Examﬁi‘O 5 Salt of MoO,S, glséo&% aric AC|d SA)/Ethernedla mine

(EDA) Polyamid & FSANE TATMR LY C R o B RO S a SPiraly SRSFO SRS SORARE of
ethylenediaminesandh3% Bpstaaticaasic,(dbethblSAdE BAENER a&w@éZdle&ﬁhﬂk{ﬁX&ﬁ@ 100N, 272 g)

and toluene (36 rrl mﬂ?%bdf%%%m{fg]?x' 8%8 A%m %blﬂmaleaoe‘n mu éé%&g% were then added to

the flask. The solUtionr was hours. quur 49 mole? was then added
to the solutién ar\d{lﬁétmmﬁe?(E\%Qhéat&dcammﬁ@ ﬁwoW@igbiagstm;@@mwc;@’@h@sssm an

?ﬁf'tlona' h2/| hourﬁ» d; E%mtﬂzwbs%@%zm@%eng\ge;ﬁdmgfe&%ﬂw&mwﬂﬁsemyCt found the
ollowin 0=
J ';daztwe compositions of the invention is contacted in 2 hydrogen atmesphere with

both the hydrocarbon and sulfur or sulfur-bearing compound and heated at conditions
which decompose said oif soluble additive compositions of the invention,

28
The sulfur or sulfir-bearing compound is characterized as an prganc-sutfur or
hydrocarbyl-sulfur compound, which comains one or more carbon-sulfur bonds
within the total molecule, and generally includes scyelic or eyclie, saturated or
unsaturated, substituted or inertly subsiitited compounds. Exemplary of acyclic

25 compounds of this character are ethyl sulfide, n-buty] sulfide, nehexylthiol,
dicthvlsulfone, allyl isothiocyanate, dimethyl disulfide, ethyvimethylsulfone,
sthylmethyisulfoxide, and the like; cyclic compeunds of such character are
methylthiophenol, dimethyithiophene, 4-mercaptobenzoie acid, benzenesulfonic seid,
S-formamide-benzothiazole, 1-naphthalenesulfonic acid, dibenzylthiophene, and the

30 lke. The sulfur must be present in at least ap amount sufficient to provide the desired
stoichiometry required for the catalyst, and preferably is smployed in excess of this
amount. Suitably, both the hydrocarben and sulfur for the reaciion can be supplied by
the use of a sulfur-containing hyvdrocarbon compound, e.g.. a heterocyclic sulfur

compound, or compounds. Exemplary of heterooyelic sulfur compounds suitable for

"
L2y

such purpose are thiophens, dibenzothiophene, tetraphenyithiophene,
wetramicthvidibenzothiophene, tetrshydrodibenzothiophene, thianthrene,
tetramethylthianthrene, and the like, The hydrogen required for forming the catalysis

of this invention may be pure hydrogen, an admixture of gases rich in hydrogenora
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Lubricating Oil Comoositions Lubricating oil compositions containing salts of MoO"Sy and
tsosteanLcidipoly 10 amides were prepared from Examples 1 through 5 accordingthe following
formulation: (1) A salt of MoO,S), and isoste-dcidipolyarnin mide (Mo content = 500 ppm in each
formulation) (BP 4R % Yan ashless dispersant (3) 3,01 wt % of alkaline EAHH R Hoxylate
detergent (4) 0.60 wt % of alkaline earth metal sulfonat (5) 0..62 wt % of a zinc dialkyldithiophosphate
(6) 1,2 wt offan aREweRhtvhich will generaleAn 41y 908 S Fin AISHEFSEHERTE DSBS ifdex prover
20(8) 5 ppm of afearmdrhibiteriR)Fheremaindenwas a tukirastingnik xample 6 (Comparative)
Lubncaing Oil Composition Containing Molybdenum Dithiocarbamate A lubricating oil composition as
prepared in accordance withabove formulations except that 0.82 wt % of a molybdenum
dithiocarbamate {aw éilidleakararhpioe 50 B! crorie dNdekatiSik DororatihedSapidieRiVer, New Jersey)
served as the S%k%@ﬁ%ﬁ??;?@%%%% & [Rnbinlufricating,ol epmpnsiion.chae MR sapianl. SO0 ppir

Example 7 (Comparative) Lubricating Oil Composition Containing Molybdenum Oxysulfiosuccinimicle
L

EXAMPLES

Example 1 (Comparative)
15 Salt of Mo(Q,S, and Isostearic Acid (I8A) Tetracthylene Pemamine (TEFA)

Polvamide

IBATEPA UMR = 3,151

A round-bottom flask was charged with a polvamide of isostearic acid and
20 ictracthylencpentamine (280 g, ISA/TEPA CMR = 3.15), diluent oll (Exxon 100N, 90
g} and toluens (100 mL). Melybdenum trioxide (17.5 g, 0.12 mole) and water (25 g)
were then added to the flask. The solution was heated at 70-90°C For 3-4 hours. Sulfur
{13 g, 0.46 male) was then added to the solution and the mixture was heated at 100°C
for an additional 2 hours. The water and loluene were removed under vacunmi

25 Analysis of the final product found the following: Mo = 2.9 wt % 8 = 3.8 wt %.

Example 2
Salt of Mo, S, Isestearic Acld 8AY Tetrasthyienepentamine {TEPA) Polyamide
IBA/TEPA CMR = 1.371
34
A vound botiom flask was charged with a polvamide of isosiearic acid and
tetracthylenepentamine {10 g, ISA/TEPA CMR = 1.3), diluent oil (Exxon 100N, 6.6
g} and toluene (40 mL). Molybdenum trioxide (1.3 ¢, 0.00% mole) and water 2 g}
wers then added to the flask. The solution was heated at 70-90°C for 3-4 hours. Sulfur
35 (0.55g 0.017 moley was then added to the solution and the mixture was heated at
100%C for an additional 2 hours. The water and toluene were removed under vacumm.

Analysis of the final product found the following: Mo = 4.0 wt % 5 =3 wit%.
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Complex A lubricating oil composition was prepared in accordance with the above fon-nulationexcept
that 500 ppm of a molybdenum oxysulficie-monosuccinimide complex, derived from a polyisobutenyl
(having a molecular weight of about 1000) mottos ccinimide, as described in King et al, U.S.Pat. No.
4,263,152, s& IR F&%ole molybdenum source for this lubricating oil cBRTFEZIN 3435
compositions described above were tested for friction performance in a Mini-Traction Machine (MTM)
bench test. The MTM is manufactured by PCS inStkeMERES 10and operates in the pin-on-disk

configuration in whichy asstainlessstadkballd Gitrmisibdded-agaimstiErbDigtingydiski(32100 steel), The

conditions emplﬁéﬁggﬁék&&e}mp@s., a speed of 500 mini's, temperature of 120C and has a
run-time of 60 m N “fésults we averaged for the last 10 minutes and are surnmadzed in the

Table 1. 15Table 1. Example Description CMR. (ISA:Polyamin Coefficient of Friction (COF)

HOMinAveral A round-bottom flask was charged with a polyamide of isostearic acid and

10 diethylenctriamine (250 g, ISA/DETA CMR = 1.73, diluent oil {Exxon 100N, 363 g3
and ioluene (200 ml). Molybdenom wioxide (46.3 g, 9.32 mole} and water (25 g}
were then added to the flask. The selution was heated at 70-90°C for 3-4 hours,
Ammoninm sulfide {34.85 mL of a 42 wi % aqueous solution} was then added to the
sohition and the mixtare was heated at 108°C for an additional 2 hours. The water and

15 toluene were removed under vacuum. Amalysis of the final product found the

following: Mo =3.56 wt %; 8 = 2.03 w1 %,

Exampie 4
Salt of MoO. S, Isostearie Acid (ISA)/Digthylenetriamnine (DETA) Polyaniide
20 ISA/DETA CMR =13:1

A round-bottom flask was charged with & polyamide of isostearic acid and
dietheviensiriamine (800 g, ISA/DETA CMR = 1.3}, diluent ol (Exxon 100N, 385 g}
and toluene (200 mL). Molybdenum troxide (52.1 g, 0.36 mole) and water (40 g)

25 were then added io the flask. The solution was heated gt 70-90°C for 3-4 hours. Sulfur
{23.2 g, .72 mole) was then added to the solution and the muxture was heated at
100°C for an additional 2 hours, The water and toluene were removed under vacuum,
Analysis of the {inal produst found the following: Mo = 3.5 wi %,

30 Example 3
Salt of MoQ,8, Isostearic Acid (ISAYEthylenediamine (EDA)Y Polyamide
ISAEDA CMR = 1.0:1
A rpund-bottom  flask was charged with a poelyamide of ethylenediamine and

35 isostearic acid {118 g, INA/EDA CMR = 1.0, dilnent oil (Exxon 100N, 272 ¢) and

toluens (360 mL). Molvbdemam trioxide (18.9 g, 0.13 mole) and water (12 g) were
then added to the flask. The solution was heated at 70-80°C for 3-4 howrs. Sulfur (8.4

g, (1.26 moley was then added to the solufion and the mixture was heated at 100°C for
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Mo0O,SOSAJTEPA polyamide 3.15. 0.069 2 MoOxSy/ISAITEPA polyamide 1.3 0,045
MoO,SynSAMETA polyamide 1.7 0.049 4 MoO,Sy/ISA/DETA polyamide 1.3

WO 2009/123908 PCT/US2009/038381
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an additional 2 hours. The water and toluene were removed under vacuum. Analysis

of the final product found the following: Mo = 3.0 wi %.

Lubricating Oif Commpositions

Lubricating oil compositions containing salts of Mo(Q,3, and isostearic acid/polyamine
amides were prepared from Examples 1 through 3 acconding to the following
formulation:

(1} A salt of MoO,S, and isostearic acid/polyamine amide (Mo

content = 500 ppm in each formulation)

(2) 4 wt % of an ashless dispersant

(3} 3.01 wt % of atkaline carth metal carboxylate detergent

(43 0.60 wit % of alkaline carth metal sulfonate detergent

{5} 0.62 wt % of & zinc dialkyldithiophosphate

(%) 1.2 wt %o of an antioxidant

7Y 4.3 wi % of a non-dispersaat type viscosity index foprover
{8} 5 ppm of a foam inhibitor

{9} The remainder was & lubricating oil

Example & (Comparative)

Lubricating Oil Composition Containing Molybdenum Dithiccarbamate

A lubricating oil compesition was prepared i accordance with the shove formulations
except that 0.82 wi % of a molybdenum dithiocarbamate (available as “Sakura Lube
505" from AdekalUSA Corporation, Saddle River, New Jersey) served as the sole

malybdenum source for this lubricating ol composition. The Mo cotent = 500 ppm.

Example 7 (Comparative)

Lubricating Oil Composition Containing Molybdenum Oxysulfide/Monosuccinimide

Complex

A Jubricating ofl composition was prepared i accordance with the above
formulationexcept that 500 ppm of 2 molyvbdenum  oxysulfide-monosuccinimide

complex, denived from g polyiscbutenyl (having a2 moleeular weight of sbeut 1000}

2



0,044 5 MoOxSyIISA/EDA amide 1.0 th042 MoDTC 0.044 7 MoOS-suceinimid 0.104 Examples 2-5
in Table | show that the coefficient of friction (wherein the tower the COF, the better the friction
reducing properties) of the lubricating oil composition of 20 the present invention is comparable to that
of molybdend¥P dffidé#famate, a well known friction reducer, when the S¥IGHEMHFIdenum
component and the carboxylic acid/polyamine component had a carboxylic acid: polyamine CMR of
from about 2:1 terabsUedInERap SRS b B&RISH SLpefir Micteorttedaciit Bléparisdas
compared to a malyhdepumssuseinnicla compiex (8 @mbxatople 7). Moreover, Examples 2-5 show
better friction reducing properties than Example | (comparative), which comprises a lubricating oil
additive which had an ISA:TEPA CMR of 3.15:1. As 5evidenced by the data in Table 1, friction
reducing propertiés arenmypiovedewhbaitieof isostesrid Geiftitt popydlicylene polydisine is lowered.

Traction Machine (MTM} bench test. The MTM is manufactured by PCS Instruments
10 and operates in the pin-on-disk configuration in which s stainless steel ball (6-mmj is

loaded against a rotating disk (32100 steel). The conditions employ a load of 10

Newtons, o speed of 500 mms, temperatare of 120°C and has a run-time of 60 minutes.

The results are averaged for the last 10 minutes and are summarized in the Table 1.

15 Table 1.
CCMR Coefficient of Friction
Example Prescription {ISA:Polyamine} {((COF}
{Last 10 Min A%ra%e}
1 Mo S/ 18A/TEPA 3.15 3.069
polyamide
2 Mo S/ISA/TEPA 1.3 0045
polvamide
3 MoOS8/ISAMETA 1.7 0.049
polyamide
4 MoO8/I8A/DETA 1.3 8.044
polyamide
5 MoOS/ISAEDA amide 1.0 3.042
& Mol¥TC - 4,044
7 Mo, Sy-shccinimide - g1o4d

Examples 2-5 in Taeble 1 show that the coefficient of fiiction (wherein the lower the
COF, the better the friction reducing properties) of the lubricating oil composition of
20 the present nwention 38 comparable to that of molybdenum dithiccarbamate, a well
known friction reducer, when the salt of the molvbdenum component and the
carbosyhe agid/polvamine compenent had a carboxylic acid: polyamine CMR of from
about 2:1 to gbowt 1:1. Examples 2-5 also exhibii superior friction redueing properties

as compared fo a molybdenum succinimide complex {e.g.. Example 7). Morsover,

T
L

Esxamples 2-5 show better friction reducing properties than Exarnple | (comparative),

which comprises a lubricating oil additive which bad an ISA:TEPA CMR of 3.15:1. As
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WHAT IS CLAIMED IS: 1.An oil soluble additive composition comprising a salt of: (1) a molybdenum
component which is a molybdenum oxide, sulfide, or oxysulfide of the general foimula MoO,Sy
wherein x>0, y>0, and 12> (x+y)?2; and (2) an amide wherein said amide comprises the reaction
product of a ¥&BKYIEHBd component, wherein the carboxylic acid comgdrEREI8GERric acid, and
a polyamine component, wherein the charge mole ratio of the carboxylic acid component to the
polyamine domssisentad by1ths deda {inksti Tth@’@‘ﬁ%m@f@z%Sﬁ?ﬁéﬁ%%%%gﬁ%ﬁvé%?ﬁ?ﬁ? i“Between
0.05 to 15% by weighis iEhe-0i salidbleaddittve compasitianobelaied. 1, wherein the amide contains at
least one basic nitrogen. The oil soluble additive composition of claim 1, wherein the charge mole ratio
of the carboxylic acid component to the polyamine component is 1.7:1 to 1:1. The oil soluble additive
composition of claim 1, wherein the polyamine component is a polyalkylenepolyamine of the general
formula H2N(-R-NH)n-H and wherein R is an alkylene group of 2-3 carbon atoms and n is an integer of
from 1 to 1 1. The oil soluble additive composition of claim 1, wherein the molybdenum component is
sulfurized. A lubricating oil composition comprising: (1) an oil of lubricating viscosity and



(2) an oil soluble additive composition comprising a salt of: (a) a molybdenum component which is a
molybdenum oxide, sulfide, or oxysulfide of the general formula MoOxSy wherein y?0, and 12 (x+y)?2;
and (b) an amide wherein said amide comprises the reaction product of a carboxylic acid component,
wherein theyegrbpxgliciagielgimigonent is isostearic acid, and a polyamine component, wherein the
charge mole ratio of the carboxylic acid component to the polyamine component is 2:1 to 1:1. The
lubricating oil composition of claim 6, wherein the lubricating oil composition contains between 50 ppm
and 5000 ppm.of the molyhaenuddicenenpmtitampoocgsssiog prepasing an oil soluble additive
composition which comprises reacting: %L%a molybdenum co ent which is, Gk js.capable of
forming, a molybdedum &Y g@%é% o ,p@/l%%qg/&ve?waiﬁéf @ngﬁrﬁ g%ﬁ%ﬂ%@?&ﬁ@ﬁ?&ﬁde comprises
the reagtion product of a garhaRylicoadid gemspofentuleein Shavbarborytie el soiigenent is
isosteasic acid, and a polyamine component, wherein the charge mole ratio of the carboxylic acid
component to the polyarﬁﬁ#@”?o%ﬁﬁ% entis 2:1 to 1:1 to form a molybdenum-containing reaction
product. The process of ghamBiemieseln taeimalgbdempriscottairngireaptishgrelduct is sulfurized in

an amount sufficient to provide Q,01 to, 12 atoms of sulfur per ato :%(i %{g%%mmqélﬁlg%process of
claim 8, wherein said reatoR’! ?a?ﬁ‘%%?%&gﬁﬁ%‘@é%%%%é%%%r% a{lg amide is in the presence of a

- polar promoter. The procggssiesetaimd anhereilythersuthuripationt.isvbareiodvuhaigs 28lffur source
selected from sulfur, hydrogen sulfide, phosphorus pentasulfide.,R re R s hydroacarbyl, and x
is at |kt 2, inorganic sufﬁ‘ggé) it o?agﬁfgﬁ%oﬁljsﬂuﬁ%ne%? i]otggé?gé?ﬁ%?ou?%ﬁmercaptans of the

formula RSH where R is hydfegarbyl, or a sulfur-containing antioxidant. 12.The process of claim 8,

wherein the polyamine component c rises a s .
: POl wherein th% oil solugwgdgmsve composition content is between 0.05 to 15%

by weight.

15 2. The oil soluble additive composition of claim 1, wherein the amide contains at

least one basic nitrogen.

3. The oil soluble additive composition of claim 1, wherein the charge mole ratio
of the carboxylic acid component to the polyamine component is 1.7:1 to 1:1. .
20 |
4. The oil soluble additive composition of claim 1, wherein the polyamine
component is a polyalkylenepolyamine of the general formula
HoN(-R-NH)-H
and wherein R‘is an alkylene group of 2-3 carbon atoms and n is an integer of

23 from 1to 11.

5. The oil soluble additive composition of claim 1, wherein the molybdenum

component is sulfurized.
30 6. A lubricating oil composition comprising:

(1) an oil of lubricating viscosity and

(2)  an oil soluble additive composition comprising a salt of:
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5polyalkylenepolyamine represented by the general formula H2N(-R-NH)-H and wherein Ris an
alkylene group of 2-3 carbon atoms and n is an integer of from 1 to 11. 1013.A product prepared by

the process of claim 8. 14.An oil soluble additive composition comprising the reactjon product of: (1) a
molybdenum component@hich isnehibdeapanterBPeoE MY LS HiohBABRNTBRAE Sulfide, or oxysulfide

of the general formula 15MoOx§Mé%‘égr(ﬁjra}zsfsgi%%0@ﬁﬂg Bl anMb(2)Sanaemidle wherein said
u

amide comprises the reaction product of a carboxylic acid component, wherein the carboxylic acid
component is isostearic acid, arxk, palanhEedkposentiherein the charge mole ratio of the

Carboxyli‘c acid Componerat))to the polyaming comapnentds &9Rpkiteslide réRtion product of
5 a carboxylic acid component, wherein the carboxylic acid
component is isostearic acid, and a polyamine componeht,
wherein the charge mole ratio of the carboxylic acid

component to the polyamine component is 2:1to 1:1.

10 7. The lubricating oil composition of claim 6, wherein the lubricating oil

composition contains between 50 ppm and 5000 ppm of the molybdenum

component.
8. A process for preparing an oil soluble additive composition which comprises
15 reacting:

(1)  amolybdenum component which is, or is capable of forming, a
| molybdenum oxide, suifide, or oxysulfide; and
(2)  an amide wherein said amide comprises the reaction product of a
carboxylic acid component, wherein the carboxylic acid component is
20 isostearic acid, and a polyamine component, wherein the charge mpie
ratio of the carboxylic acid component to the polyamine component is

71 to 1:1 to form a molybdenum-containing reaction product.

9. The process of claim 8, wherein the molybdenum-containing reaction product
25 s sulfurized in an amount sufficient to provide 0.01 to 12 atoms of sulfur per

atom of molybdenum.

10, The process of claim 8, wherein said reaction of said molybdenum component |
and said amide is in the presence of a polar promoter.
30
11.  The process of claim 9, wherein the sulfurization is carried out with a sulfur
source selected from sulfur, hydrogen sulfide, phosphorus pentasulfide, R25x

where R is hydrocarbyl, and x is at least 2, inorganic sulfides or inorganic
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12,

13.

14.

polysulfides, thicacetamide, thiourea, mercaptans of the formula RSH where R.

is hydrocarbyl, or a sulfur-containing antioxidant.

The procéss of claim 8, wherein the polyamine comp'énent comprises a
polyalkylenepolyamine r.epresented by the general formuia

FLN(-R-NH),-H
and wherein R is an alkylene group of 2-3 carbon atoms and n is an integer of

from 1to 11.
A product prepared by the process of claim 8.

An oil soluble additive composition comprising the reaction product of:

(1) a molybdenum component which is, or is capable of forming, a
molybdenum oxide, sulfide, or oxysulfide of the general formula
MoQ,S, wherein XZO, y>0, and 12> (x+y)>2; and

(2) an amide wherein. said amide comprises the reaction product of a -
carboxylic acid componenf, wherein the carboxylic acid component is
isostearic acid, and a polyamine component, wherein the charge mole
ratio of the carboxylic acid component to the polyamine component is

2:1t01:1.
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