7 JUNE 2006 2002MD09 -1 Mol ybdenum Sul fur Additives The pres@dUNERoeat | on
relates to an additive conprising one or nore nolybdenum sul fur conpounds,
-and an additive conposition and an oil conposition, preferably a lubricating
5 oil conposition, conprising said additive. The invention also concerns a
processgkgﬁ greki ng an additive conprising one or nmore nolybdenum sul fur
conpounds %he additive, additive copposition and oil conposition of the

i nvention have inproved properties, such as inproved colour. Further, the

oi | conposition of the invequbgﬂdgﬁﬂpgghﬁggggnﬁggeptabIe copper corrosion,-
and satisfactory oxidation control an rirctron-reduci ng characteristics. 10
Lubricant additives are sought which provide performance properties such as
f uel n and OXIda i on cont However, the Iub add ves al so
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used in engi ne ave m ni mum nt 0 no,~ chl ori ne
becaus eoid tompesiton icompriging 3hidadditives (The dh wndsn blsocconmnma; pro€esstfber, t he

vi sual appearance (for exanple, colour) of a lubricant additive is . also an
i nport a aapaéfhéwp SPMPTIBIAE Q1 O MpEe Mokyhdenymrsulfyecompeinds, dheyadditivey col our

result | i g I
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oi | -sol ubl e nol ybdenum sul fur conpounds are known as |ubricant additives,
such  aSOPRFRRASTASEAN. AR SASISEAGLRTY OBIAIHOM aentEn apd eianstedueiys charagighistiesi on state
of (V) and trinuclear nolybdenum conpounds characterised by the oxidation
state of Mo(1V). 25 Trinucl ear nol ybdenum sul fur additives are described in

WD98126Dricak) A diBived Jare SONGRY 6AHIAS, profidé- ferficithaa8d propertied, Asubhla8 fUdl2.
However, those additives either contain _a high amunt of chlorine or have a
high r 285080y agd oK idatiop, Cﬁgrg}bmeal}ge }ngqps;; additives also have to meet certain

other requirements, such as to demonstrate acceptable corrosion of metals used in the
engine and acceptable degradation of seals used in the engine, and have a minimum
15 amount of, preferably no, chlorine because of the environmental and waste disposal
concerns. Further, the visual appearance (for example, colour) of a lubricant additive is
also an important characteristic because lubricant additives that are dark in colour result in
a darker lubricating oil composition: dark lubricating oil compositions are not desired by
manufacturers of lubricating oil compositions and users of lubricating oil compositions.
20
Certain oil-soluble molybdenum-sulfur compounds are known as lubricant additives, such
as dinuclear molybdenum compounds characterised by the oxidation state of Mo(V) and

trinuclear molybdenum compounds characterised by the oxidation state of Mo(IV).

25  Trinuclear molybdenum-sulfur additives are described in W098/26030, W099/31113,
W099/66013, EP-A-1 138 686 and EP-A-1 138 752. However, those additives either
contain a high amount of chlorine or have a high ratio of sulfur to molybdenum due mainly
to the presence of sulfur species, including elemental sulfur, which are sometimes referred
to as labile, free or active sulfur. Additives containing those sulfur species have been

30 found to be corrosive to metals, such as copper and copper alloys which are widely used as
bearings and bearing liners. They have also been found to cause the degradation of

elastomeric materials, which are used as seals.



to the presence of sulfur species, including elenental sulfur,JuME gdyear e
sonetines referred to as labile, free or active sulfur. Additives
cont ai ni ng those sul fur species have been 30 found to be corrosive to
metal s, such as copper and copper alloys which are widely used as bearings
and bearhﬁgmh%ners. They have al so been found to cause the degradation of

el ast omé terials, which are used @as seals. 7 JUNE 2006 2002MD09 -2 It
woul d be desirable to be able to use higher |evels of nolybdenum sul fur
additives, particularly trinuclear nolybdenum sulfur additives, in order to
benefit fromtheir performance properties, but the problens associated with

copper ¢owéla bedesirabloto tkale f uie higaldveR of andytdehoml sigfue addieings, pr ecl ude
this. A solution is to use co-additives, such as derivatives of triazole

and t hi patigglerly trinwcdear malydenumgunilfyg additives, inerdestiodenefit @emytheint i on, but

t he use of. such co-addi ti i xpensi v nd,a source of further
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met hod of " obtai ning such additives involves heating the additives to a high
t enper adenieativepokinazoleahi thipdiaznlel thatqudteet againdtsueh corrosiph dedegradationur
additives,. . It h npw been. found that a certain process provides an inproved
ol y bde REFRE 54 G ut Caagfitiveets ppnr i dida uRirfiThatier miRISRiondpy ol our
appear afifigicating Sil'céhipNitidie. content, and an acceptable sulfur to nmol ybdenum
ratio so that a lubricating oil conposition containing said additive is
significantly nore benign to copper corrosion and seal degradation.

Accordingly, in a first.aspect, th resent ipventian, provides rocess for
kg A% SH5rataF soboh 8RS molypdRabiniImar addtites thal Yebney SORARIRPES 1o, based
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oi | -di spersi bl e nol ybdenum sul fur conpounds, sai process conprising the

st eps ofemperaturee dawevgr,ithis angshodireswhtgin derker molyhdenumnsyilfps ddditivess onpound (A)
and a source of a ligand (B), which Iigand (B) is capable of rendering the
or each nol ybdenum

It has now been found that a certain process provides an improved molybdenum-sulfur
15  additive, said additive having a satisfactory colour appearance, a low chlorine content, and
an acceptable sulfur to molybdenum ratio so that a lubricating oil composition containing

said additive is significantly more benign to copper corrosion and seal degradation.

Accordingly, in a first aspect, the present invention provides a process for making an
20  additive, preferably having a sulfur to molybdenum ratio, based on mass, of 1.45 to 2.25,
comprising one or more oil-soluble or oil-dispersible molybdenum-sulfur compounds, said
process comprising the steps of:
(I) reacting in a polar medium a reactant molybdenum compound (A) and a source of
a ligand (B), which ligand (B) is capable of rendering the or each molybdenum-

25 sulfur compound oil-soluble or oil-dispersible; and

(II) reacting a compound (C), which is capable of reacting with labile sulfur, either
with (a) the reaction mixture of step (I) after the reaction of (A) and (B) has begun or
(b) the product of step (I).
30
In second aspect, the present invention provides an additive obtainable, preferably

obtained, by the process according to the first aspect.



25 sul fur conpound oil-soluble or oil-dispersible; and (1) rguNEi20g6 a
conpound (C), which is capable of reacting with labile sulfur, either wth
(a) the reaction mxture of step (I) after the reaction of (A and (B) has
begun or (b) the product of step (1). 30 In second aspect, the present

i nventi ogoRfceyi des an additive obtainable, preferably obtained, by the
process according to the first aspect..37 JUNE 2006 2002MD09 -3 In a third
aspect, the present invention provides an additive conprising one or nore
oi | - soluble or oil-dispersible nolybdenum sul fur conpounds, wherein the
additive has: (i) a colour reading of at nost 5.5, when neasured according
t o ASTMImatlsodaspect, shespresempinyenidon prowides apmadditiverompriging pee ei@pre ek i n an
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anousit of sul f ura samplercdntaidiag whibedih gnditha sddigive dc s amowny ofd 189PpM bP5185. | n

a fourth aspect, the_present invention, prqvides an itive conmposition
conprising a difpﬁﬁér?fehﬂtﬁn{f? *%ﬂY‘&fEe&Pﬂ’%?%eaeedﬁﬁm&? PR t he second or
third aspecisj) andeHI¥neXlontdit Bf &35 thha 900 Yk BiPfass, Based ohfthd mAsPSCthe t he

present invention provides a an oil co sition, preferably a lubricating
oi | conposi ti on,adddiver accorgngtaASTM Bddiht amsf an oi|l of |ubricating

i ity, d added th t dm th i th, i f
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present invention provides the use of an additive conposition
D5185.

In a fourth aspect, the present invention provides an additive composition comprising a
diluent fluid, an additive according to either the second or third aspect, and one or more co-

15 additives.

In a fifth aspect, the present invention provides a an oil composition, preferably a
lubricating oil composition, comprising a major amount of an oil of lubricating viscosity,
and added thereto or admixed therewith, a minor amount of an additive composition

20 according to the fourth aspect, or an additive according to either the second or third aspect.

In a sixth aspect, the present invention provides the use of an additive composition
according to the fourth aspect, or an additive according to either the second or third aspect,
in a lubricating oil composition to improve one or more of fuel economy and fuel economy

25 retention of an engine, and oxidation resistance of the lubricating oil composition.

In a seventh aspect, the present invention provides a process for making a lubricating oil
composition comprising blending a major amount of an oil of lubricating viscosity and a
minor amount of an additive composition according to the fourth aspect, or an additive

30 according to either the second or third aspect.



according to the fourth aspect, or an additive according to &VNER0Phe
second or third aspect, in a lubricating oil conposition to inprove one or
nore of fuel econony and fuel econony 25 retention of an engine, and

oxi dation resistance of the lubricating oil conposition. In a seventh
aspect, 20a®0@ esent i nvention provides a process for making a lubricating
oil conposition conprising blending &-mjor anmount of an oil of |ubricating
viscosity and a mnor amount of an additive conposition according to the

f ourt h &speeghthaspent, the gresentdnvedtion peavidisragmetboé of hbricating aeintarvalor third
aspect. 7 gUNE 2006 2002NDO9 -4- In aﬂl ei ght h @Eﬁgct, the present invention
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suppl yi Bebotding r@therfg&mﬁpéctloymddewtﬁwg&'béss?aeémeﬁigttb% se9Emfladhdeg 1O the
fifth aspect or nmade by the process according to the seventh aspect. 5 1n a

ninth aspect, the present invention provides a nethod for inproving one or

nore_ of _ fuel, econo and fuel econony retention of an.internal conbustion
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to the seven t. In"a tenth aspect, the present I nventi o provides
a net hoteatingrreoing sgrfades themenfiwitlod lubaibatireg oib cdrhposition acconlighebethe fifehul f ur
additive, said nethod conprises the steps of reacting an additive

conpri s??P&C‘(fHén%ﬁtH‘D‘?‘%WﬂTF%@ﬂm%@It}‘ﬁ?eV@B%B%S with a compound (C) that
is capable of reacting with the labile sulfur. 15 The features of the
invention will now be discussed in nore detail. Process It has been found

t hato a Ereaehthoaspedt, the peesenl inversignquovid¢C) methodalf reducoepthblamoahit ofdabile ng 20
with labile.sulfyr, with nmol. yhdenum sul fyr additive is effective in making
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Pr ef er alslcppatidef pactthgwith dlie kahide swfict i on are renoved fromthe

15  The features of the invention will now be discussed in more detail.
Process

It has been found that a reaction of a certain compound (C), which is capable of reacting
20  with labile sulfur, with a molybdenum-sulfur additive is effective in making said additive
more benign to copper corrosion and/or seal degradation. Preferably, the compound (C) is
capable of reacting with elemental sulfur, that is sulfur which is not reacted or associated
with any other species. Preferably, the products of the reaction are removed from the
molybdenum-sulfur additive. Further, the resulting improved additive still has an
25  acceptable appearance (e.g. not too dark in colour) and provides satisfactory performance

properties in a lubricating oil composition.

The reaction may be carried out on a molybdenum-sulfur additive according to the tenth
aspect, or, preferably, during the process for making a molybdenum-sulfur additive

30 according to the first aspect. An advantage of carrying out the reaction during the process
is that the cycle time for making the improved additive is shortened compared with the

reaction according to the tenth aspect.



nol ybdenum sul fur additive. Further, the resulting inproved aduNEi20es still
has an 25 acceptabl e appearance (e.g. not too dark in colour) and provides
satisfactory performance properties in a lubricating oil conposition. The
reaction nmay be carried out on a nol ybdenum sul fur additive according to the
tenth agp®so09 or, preferably, during the process for making a

nol ybdenum sul fur additive 30 according to the first aspect. An advantage of
carrying out the reaction during the process is that the cycle tinme for
maki ng the inproved additive is shortened conpared with the reaction
accordi to the tenth aspect. 7 JUNE 200§ 2002MDQ9 -5 In the eve t hat the
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of a ligand (B) after the rnggcti on be‘%p\/\gen (A and E(IE))Jhas beugrun.

Pr ef er aliggnd @) mblentict readtiondebvemd@) and (Bnblasrtegun.c Brefierablyt dempovnd(C inf  ( A)
and (B) ter a . substantial, preferabl | ete, reaction of. (A and (B).
Theréf of@;editﬂ agd 5?86&8&%%@1@&%% of Zkﬁmi B aber 3 sifsianti ’ﬁée'}?rﬁ{ﬂm al stepis
(1) reagl, k&Y, g; adg?(gj um a reactant nol ybdenum conpound (A) and a
source g‘? ngfei’gar(l:ﬁo'?B é?)o ma e) a 10 nol ybdenum sul fur conpound. Exanpl es of
a pol ar nediuminclude tetrahydrofuran (THF), dinethylformam de (DW),

met hano ter, and any mxture thereof. A preferred pglar nmediumfor step
(1) is thggﬁgﬁdp.a PFECesR AFRArdiag &¢ tf?"e"%&‘t“éﬁ?“n@?%&lé‘rﬁﬁ?ﬁ EdhpERage(1R)2 BRI t he
reactio Sctft OREO LM bSUR(AYGnda kahiphid (e8! mToni um
salt of Hlﬁg{“&g’ |C1Ig %.%I; cfn@\ﬂ)% one orb(5 no)rtggo?gaSgﬁc??de,lgsuc@agr% ali sulfide
(e. @ saohlybadesuinfsutfey compommd. um sul fide and al kali  hydrosul fide (e.qg.

sodi um hydrosul fide). Such reaction products nay al so be made in situ 20 as
part of the process, according to the first aspect.

Examples of a polar medium include tetrahydrofuran (THF), dimethylformamide (DMF),

methanol, water, and any mixture thereof. A preferred polar medium for step (I) is
methanol.

15
Examples of reactant molybdenum compound (A) are the reaction products of
molybdenum trioxide or an alkaline metal or ammonium salt of molybdic acid with one or
more of a sulfide, such as alkali sulfide (e.g. sodium sulfide), ammonium sulfide and alkali
hydrosulfide (e.g. sodium hydrosulfide). Such reaction products may also be made in situ

20 as part of the process according to the first aspect.

In the event that the molybdenum-sulfur additive is a trinuclear molybdenum-sulfur
additive, the reactant molybdenum compound (A) is a compound containing an anion that
possesses a trinuclear molybdenum core comprising at least one sulfur atom and may

25  contain one or more other atoms selected from oxygen and selenium. Preferably, the
reactant molybdenum compound (A) contains a core that is fully sulfurised, e.g. the
reactant molybdenum compound (A) contains a [Mo3S13]* anion, which may be present as
an ammonium salt thereof; such an anion may be prepared by the process described in US-
A-3,876,755 and US-A-4,243,554.

30



In the event that the nol ybdenum sul fur additive is a trinuchdgdaNE 2006

nol ybdenum sul fur additive, the reactant nol ybdenum conpound (A) is a
conmpound cont ai ning an anion that possesses a trinuclear nolybdenum core
conprising at |east one sulfur atomand may 25 contain one or nore other
atonms sebmsmex from oxygen and selenium Preferably, the reactant

nol ybdenum conpound (A) contains a cor-e that is fully sulfurised, e.g. the
react ant nol ybdenum conpound (A) contains a [ Mb3S13] 2- anion, which nay be
pr esent Eammpms ofmligandi(B)siatinde hditbiwphosphete, adithincarbamatg, bramphapa ed by the
process scribed in US- A-3,876, 755 US- A- 4, 243, 54 0 7 JUNE 2006
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di t hi oc te, a xanthate, a carboxylate, a thioxanthate, a phosphate and
hydrocarbyl, preferably al kyl, derivatives thereof. 5 Sources of |igand (B)
i nclude salts of ligand (B), for exanpl e, potassium dithiophosphate and

pot assi um di t hj ocar banmat e; Panlc di sul fides, such as, thiuramdisulfide

or hydPEBEEH hgaﬁfiéﬁér%ﬁw Saltwf igand(Byder %?énﬁl?ré}%mﬂ} dithipphasphatent t he

I d f f d
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reducti hydmmrbyn‘pmfemblymﬂlqdﬁ@amagv&t theeof, du witbdhi event the liganda@)iis ave. The

nolar ratio of the reactant denum conpound (A).to the ligand (B) is
pr ef er asmyocspbmf fr%ferahlmthﬁllgmﬁ (B pfermaed i shuctugingdbe progessder makingaki ng a

nol ybde u i
Pt o BHBHIS it RS R Lt of ol ARSERS LRk e
di t he ocaddidvent e Ilgand (B) then reacts with the react ant nol ybdenum conpound
(A). The dithiocarbanmate may be prepared in situ, for exanple by providing

carbon disulfide 20 and a hydrocarbyl-substituted am ne such as a secondary

al kyl amppe f4fdeh:is Ok Rt hdlybdenum compound (A) to the ligand (B) is preferably
from 1:1 to 1:4.

15  An especially preferred process for making a molybdenum-sulfur dithiocarbamate additive
is a process where the dithiocarbamate ligand is made in situ; the in situ prepared

dithiocarbamate ligand (B) then reacts with the reactant molybdenum compound (A).

The dithiocarbamate may be prepared in situ, for example by providing carbon disulfide

20 anda hydfocarbyl—substituted amine such as a secondary alkylamine under conditions to
react to produce the dithiocarbamate ligand (B), which, in turn, reacts with reactant
molybdenum compound (A), such as [NH4]2[Mo03S;3]. Also, a base, such as an alkali metal
hydroxide, e.g. NaOH, may be provided for the reaction of the reactant molybdenum
compound (A) and ligand (B). The molar ratio of reactant molybdenum compound (A) to

25  carbon disulfide to amine is preferably 1:4:4 to 1:10:10, for example, including 1:10:4 and
1:4:10.

After the reaction of step (I) has begun or has been completed, step (II), the reaction with a

compound (C), occurs to yield the molybdenum-sulfur additives of the present invention.
30

In an embodiment, a compound (C) may be added to and reacted with a mixture of (A) and

(B) after the reaction of (A) and (B) has begun. Preferably, the compound (C) can be



react to produce the dithiocarbamate |ligand (B), which, in tgegoNg®86ts Wth
reactant nol ybdenum conpound (A), such as [ NH4] 2] Mb3S13]. Al so, a base,
such as an al kali nmetal hydroxide, e.g. NaOH, nay be provided for the
reaction of the reactant nol ybdenum conpound (A) and ligand (B). The nol ar
rati o of,n8Res ant nol ybdenum conpound (A) to 25 carbon disulfide to anmne is
preferably 1:4:4 to 1:10:10, for exanpke, including 1:10:4 and 1:4:10.

After the reaction of step (1) has begun or has been conpleted, step (I1),
the reagticiy with B mixtz BRQYHA((B) aft@:CZG‘ 'hﬁ)r& re‘fér%ﬁ aFftQP4@%h¥l’PQ§£‘ﬂt€f*6i)U| fur
additives of the present 1nvention. enbodi nent, a conpound (C) may
be addedspesiatlychfitee 801 alyantagdéoual yrafter Gﬁ,e%obf tmé\)eaatldn in #3p dbismom;ﬂeted eaction of
(A) and (B) has begun. Preferably, the conpound (C) can be 7 JUNE 2006
2002MD09 -7- reacted with a mxture of (A) and (B) after 20, nore preferably
after 4 , ly after 90,
% of t%@%{g&gﬁ%&f@%@g%cgﬁpg&gong%a%géfmﬁﬁw ot e?Bg%og@'ment, t he
compsund (C) is reacted with the product of step (I). 5 The reaction

condi ti (for ex choi ce of  nedi ?gle nPeratures and ti s% for the
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compoun . 10 The
Fenct ] oncieron bEcoARIEE >f;?a?ﬁ%&@h‘%@gs%@@r@@%@ﬁ BmphR I, o as
t et r ahy ekagtedriatep (I)-driwith therpedduet 6Dstem).de (DVF), net hanol, wat er and any

m xture thereof. Preferably, the reaction in step (1) is carried out at
el evated tenperatures, preferably the 15 reaction tenperature is at nost

160’10 A RERTiGH 3Pl tép m) éfeljaﬁg? ca?l?&?&ﬁtghl §o%6ﬂ&§mﬁgh sadvantageously at

12 such as In ange om 4 reacti on of step
(I I ) acmraﬂym@fumnl('hHFj,ldethglfpﬁnarmds (BMF), edthanol, oraer aad pey mmxkiturd ypi cal |y

thereof.

Preferably, the reaction in step (II) is carried out at elevated temperatures, preferably the
15 reaction temperature is at most 160, more preferably at most 140, especially at most 130,

advantageously at most 120, such as in the range of from 40 to 100, °C.

The reaction of step (II) according to the first aspect is carried out over a period, typically

for about at least 1 hour, to ensure that the compound (C) fully reacts with the labile sulfur.
20

The products of the reaction of compound (C) with labile sulfur may be left in the

molybdenum-sulfur additive or removed, e.g. separated, from the additive. Preferably, the

products are removed.

25  Preferably, the products of the reaction of labile sulfur are removed from the reaction
mixture without affecting the molybdenum-sulfur compound’s integrity and performance
effectiveness. Methods of removal include phase separation of the reaction mixture and

distillation; phase separation is preferred.

30 A compound (C) suitable for use in the present invention is a compound that is capable of

reacting with labile sulfur, such as elemental sulfur or sulfur in a polysulfide chain, but not



for about at least 1 hour, to ensure that the conpound (C) fuUNEReescts wth
the labile sulfur. 20 The products of the reaction of conpound (C) wth

| abil e sul fur may be left in the nolybdenum sul fur additive or renoved,

e.g. separated, fromthe additive. Preferably, the products are renoved. 25
Pr ef er abbysmobde products of the reaction of labile sulfur are renoved from
the reaction mxture wthout affecting the nolybdenum sul fur conpound's
integrity and perfornmance effectiveness. Methods of renoval include phase
separ at iredetia§ witheanysatfui Bohded X6 b heolfidenudi f6t| [Exbindles dfkadecappaimsi(Qy i S
preferred. 30 A conpound (C) suitable for use in the present invention is a
conmpoun@®®hat is capable of reacting with labile sulfur, such as el enental

eacting wi i gy B o R BaBaReR ol Mttt isRe 000 <00,

conpounds (C) oleicticid, ahsf@raRdutised, 23l ole§Rindhé) JITHR, prebdrably. alsHiChlefifis,
unsaturated carboxylic acids, e.g. oleic acid, unsaturated am nes, e.g.

ol eyPani ne, ol egi hdecaperdnsragbiyjenat eorapeingsi ns, 5 e.g. 1-decene; and

acetylenic ounds;: (Q).a nium sulfid erivat.ives uch, as_al kyl

rmon um sutP] HEtem e HRRAL . et b R ot BhigEfnnde il Sfmppiity |
such as | ess t&afde (NEG),SPadRse x §s 4t-les0d] dbioh Ay BsoMiadey; and (d) al dehydes,
e.g. octanal; 10 The amount of compound (C) used in step (Il1) is that
sufficient (© basaste guisodivml hydrémdde;apdl e sul fur; preferably it is used in an
excess of t:a@t rehc%'gred sottgllat all labile sulfur is reacted. A skilled
person in t ﬂfl? P BE¥ 8B e to determine the opti mum anount needed. 15
It 1§ preferred to use anmoni um sul fi de, especially as an aqueous sol uti on,

as conpound
The amount of compound (C) used in step (II) is that sufficient to react with all the labile

sulfur; preferably it is used in an excess of that required so that all labile sulfur is reacted.

A skilled person in the art would be able to determine the optimum amount needed.

15 Itis preferred to use ammonium sulfide, especially as an aqueous solution, as compound
(C) to react with labile sulfur. The ammonium sulfide may contain more than one,

preferably less than two, mole(s) of sulfur, per two moles of nitrogen.

In an especially preferred embodiment, compound (C) is ammonium monosulfide, i.e. one
20  mole of sulfur for every two moles of nitrogen, and is used in the reaction of step (II) as an
aqueous solution. A skilled person would understand that commercial grades of
ammonium monosulfide may comprise ammonium sulfide having, on average, more than
one mole of sulfur per two moles of nitrogen; such grades are effective in the present
invention provided they are capable of reacting with the labile sulfur.
25
In the event that an aqueous solution of ammonium sulfide is used as compound (C), it is
preferred to use methanol and water as the polar medium and the desired molybdenum-
sulfur additive is preferably phase separated. It has been found that better extraction of the
reaction products with ammonium sulfide and better phase separation is obtained if the

30 ratio, by mass, of methanol to water is preferably 1:10 to 10:1, more preferably 5:1 to 1:1.
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It has been found that better extraction of the reaction products with
anmmoni um sul fi de and better phase separation is obtained if the 30 ratio, by
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nmet hanol . 5 as been found that, when an aqueous solution of anmonium
sulfide is used in the process for meking an additive according to the

first t i al th | d f_th ddi t IS i d
Lt noBE RSB Clironbal Casteabhban iienl Jhtle ibpatilalidige by ™ O
COMpOUNGedyEhunPiFhEp Rt ady e FEHRRGH ast%u&k%afybaémmmr%hfﬂvfée has 10

been found to be particularly effective on a tfinuclear nolybdenum sulfur
addi t i vexaneplesngf teigudeartmolybdénain-suhfi déwnmmeﬁmbedddWO%@G%(h descri bed

in W98 9 2 P- 8 686.
11 15 paRers L ROPIRTS, BECH, fofﬁ%"@ ARECA biT G5 NG e badEe or
meki ng tegidi iis Ruefiedaut ARHNP HRP#oeesY Fdrithaking the trinuclear molybdenum-sulfur

additives, preferably trinuclear molybdenum-sulfur dithiocarbamates. An especially

15  preferred process for making a trinuclear molybdenum-sulfur dithiocarbamate additive is
p
when the dithiocarbamate ligand is made in situ in the process (see for example, EP-A-1
138 686), and then the resulting reaction mixture is finally reacted with the compound (C),

for example, an aqueous solution of ammonium sulfide.

20 In a preferred embodiment of appropriate aspects of the invention, the additive comprises a
diluent fluid, which aids in the handling of the additive. In the event that a diluent fluid is
present in the additive, the diluent fluid may be introduced into the reaction mixture at any

time during the process; it is preferred to introduce the diluent fluid after step (II).

25  The use of ammonium sulfide in the present process ensures that metal residues are not
formed and the products from the reaction with ammonium sulfide can be easily separated
from the desired molybdenum-sulfur additive. Further, the ammonium sulfide has been
found to be an effective compound for reacting with labile sulfur and drive the reaction of
the reactant molybdenum compound (A) and source of ligand (B) to completion.

30  Accordingly, use of ammonium sulfide, as compound (C), in a process for making an
additive comprising one or more molybdenum-sulfur, preferably, trinuclear molybdenum-

sulfur, compounds results in improved yield, and reduced sediment and waste.



additives, preferably trinuclear nolybdenum sul fur dithiocarbgorREesee An
especially 15 preferred process for making a trinuclear nolybdenum sul fur

di t hi ocarbamate additive-is when the dithiocarbanmate ligand is made in situ
in the process (see for exanple, EP-A-1 138 686), and then the resulting
reacti oppoxmedoure is finally reacted with the conpound (C), for exanple, an
aqueous sol ution of amonium sulfide.-180 In a preferred enbodi nent of
appropriate aspects of the invention, the additive conprises a diluent
fluid, which aids in the handling of the additive. In the event that a
diluent fluid is present in the additive, the diluent fluid may be
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anmohi umodyhdenya-syifor additive.f ound to be an effective compound for reacting
with labile sulfur and drive the reaction of the reactant nol ybdenum
conmpound (A) and source of ligand (B) to conpletion. 30 Accordingly, use of
ammoni uEdgigivki de, as conpound (C), in a process for nmaking an additive
conprising one or nore nol ybdenum sul fur, preferably, trinuclear nolybdenum
sul fur, conpounds results in inproved yield, and reduced sedi nent and waste.
7 JUNE 2006, 2002MD09. - 10 The condjtions.and preferred enmbpdi nents descri bed
Sbove 1 P SRV DT3P0l Pap Al 20 B A g Blep Bl e P T BRE o ocns
acceg di pafdrably kEndisokibeAGHBLLS, esebially REnditt bEoRB®E nié BH-solubi or il t he
process according to the tenth aspect, the conmpound (C) is reacted with a 5
mol ybdedigpsrsibler mplyhdenum-guliureogipaupds. The additive or nol ybdenum sul fur
additive, of the appropriate aspects of the invention, 1o preferably
consists essentially of, especially consists of, one or nore oil-soluble or

oi | - di Bpaf ehddEmenl Jfprapitate dspedts 6PRRAHVESion, the additive has a colour reading
less than 5.0, preferably less than 4.5, more preferably less than 4.0, especially less than
15 3.5, advantageously less than 3.0, as measured according to ASTM D1500 on a sample
containing white oil and the additive in an amount of 110 ppm by mass of elemental
molybdenum, based on the mass of the sample. The additive advantageously has a colour

reading of 1.5 or more, preferably 2.0 or more. The amount of elemental molybdenum is

measured by ASTM D5185.
20
In an embodiment of appropriate aspects of the invention, independently of the other
embodiments, the additive has a chlorine content of less that 800, preferably less than 600,
more preferably less than 500, especially less than 400, advantageously less than 300, ppm,
based on the mass of the additive. In a preferred embodiment, the chlorine content is zero.
25

In an embodiment of appropriate aspects of the invention, independently of the other
embodiments, the sulfur to molybdenum ratio of the additive is in the range of 1.50 to 2.20
or 2.15, preferably 1.55 to 2.0, more preferably 1.60 to 1.90, especially 1.60 to 1.85. The
molybdenum and sulfur contents of the additive are measured by ASTM D5185.

30



I n an enbodi nent of appropriate aspects of the invention, theJeNBR006ve has a
colour reading less than 5.0, preferably less than 4.5, nore preferably

| ess than 4.0, especially less than 15 3.5, advantageously |ess than 3.0, as
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300, ppm based on the maSs of the additive. In a preféefred enbodi ment, the
chlorine content is zero. 25 In an enbodl ment of appropriate aspects of the
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pr esent |nvent| on. may be nongnucl ear nuclear. In the event .that the
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nor a0l i dendsi mdeanbdmdhgaﬁchybale}ebdemmnaﬂy(bnnﬂesd.t he conpound. The bondl ng of
the Iligands includes bonding by electrostatic interaction as in the case of
a counter-ion and forns of bonding internedi ate between coval ent and

el ect r o9 &tiaf1y? B Wch He A SndMdallioRic and examples of such ligands are
dithiophosphates, dithiocarbamates, xanthates, carboxylates, thioxanthates, phosphates and
hydrocarbyl, preferably alkyl, derivatives thereof. Preferably, the ratio of the number of
15 molybdenum atoms, for example, in the core in the event that the molybdenum-sulfur
compound is a polynuclear compound, to the number of monoanionic ligands, which are
| capable of rendering the compound oil-soluble or oil-dispersible, is greater than 1 to 1,

such as at least 3 to 2.

20 The molybdenum-sulfur compound’s oil solubility or dispersibility may be influenced by
the total number of carbon atoms present among all of the compound’s ligands. The total
number of carbon atoms present among all of the hydrocarbyl groups of the compound’s
ligands typically will be at least 21, e.g. 21 to 800, such as at least 25, at least 30 or at least
35. For example, the number of carbon atoms in each alkyl group will generally range

25  between 1 to 100, preferably 1 to 40, and more preferably between 3 and 20.

In a preferred embodiment of appropriate aspects of the invention, the additive comprises

one or more oil-soluble or oil-dispersible trinuclear molybdenum-sulfur compounds.

30 Independently of the nuclearity of the molybdenum-sulfur compound, the molybdenum in

the compound preferably has an oxidation state of +5 or less, such as +4.



t he same compound may be differently bonded. For exanple, a FiyjgREQo0&Y be
covalently 10 bonded and another ligand nmay be el ectrostatically bonded.
Preferably, the or each ligand is nonoani oni c and exanpl es of such |igands
are dithiophosphates, dithiocarbanmates, xanthates, carboxylates,
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at |east 25, at least 30 g&ra#—f For exanpl e, the nunber of carbon
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Each core has a net electrical charge of +4.
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4y

10
Preferably, the trinuclear molybdenum-sulfur compounds are represented by the formula
Mo;ScExLnApQ;, wherein:
k is an integer of at least 1;
E represents a non-metallic atom selected from oxygen and selenium,;
15 x can be O or an integer, and preferably k + x is at least 4, more preferably

in the range of 4 to 10, such as 4 to 7, most preferably 4 or 7;

L represents a ligand that confers oil-solubility or oil-dispersibility on the
molybdenum-sulfur compound, preferably L is a monoanionic ligand;

n is an integer in the range of 1 to 4;

20 A represents an anion other than L, if L is an anionic ligand,;



10 15 20 2002MD09 -12- In a preferred enbodi nent of appropriadENE3M¥ct s of
the invention, the additive conprises one or nore nol ybdenum sul fur

- conpounds having a core of the structures depicted in (1) or (I1): Each
core has a net electrical charge of +4. (1) Preferably, the trinuclear

nol ybderoorma@l f ur conpounds are-represented by the formula M3SKEXL" ApQZ,
wherein: k is an integer of at |east -13- E represents a non-netallic atom
sel ected from oxygen and selenium x can be 0 or an integer, and preferably
k + x is at |eastp4anboPerpniftegeably in the range of 4 to 10, such as 4 to
7, nost preferabl represent i gand that confers oil-solubility
or oil-dispersi bi é FV"*B‘?#%ﬁae“tW@Fﬁeﬁ%ﬁ%aﬂvas‘%%&PlPé’Bﬁ%&&ﬁd preferably L is a
monoani oni ¢ | i gangls lathéraagebpéﬁg%na thcldiRs home@iciomethie valued r €presents an
anion other than L, if IS an anionic ligand; 7 JUNE 2006 2002MD09 -13 p

can be 0 or an |nteger Q represents a neutral electron-donating conpound;
and z | e of inclu e non t0|cr|onetr|c val ues. 5

Those s qu éE‘“Fﬂ r"? WIIWF]IC‘)SCrtEQtIr}gg‘B%%? % bdgumsuliE | ear
E"E') ygggwgmghfgﬁpé% '?%\?%“:95%%%% %Qgrr]gﬂm& ﬁgmk %E} érﬂﬂotﬂér ARG @penbingands
on, for example, the number of sulfur and E atoms present in the core, i.e. the total anionic
charge contributed by sulfur atom(s), E atom(s), if present, L and A, if present, must be —
12. The trinuclear molybdenum-sulfur compound may also have a cation other than
10  molybdenum, for example, (alkyl)ammonium, amine or sodium, if the anionic charge

exceeds -12.

Examples of Q include water, alcohol, amine, ether and phosphine. It is believed that the
electron-donating compound, Q, is merely present to fill any vacant coordination sites on

15 the trinuclear molybdenum-sulfur compound.

Examples of A can be of any valence, for example, monovalent and divalent and include
disulfide, hydroxide, alkoxide, amide and thiocyanate or derivative thereof; preferably A
represents a disulfide ion.

20
Preferably, L is monoanionic ligand, such as dithiophosphates, dithiocarbamates,

xanthates, carboxylates, thioxanthates, phosphates and hydrocarbyl, preferably alkyl,

derivatives thereof. When n is 2 or more, the ligands can be the same or different.

25  In an embodiment, independently of the other embodiments, k is 4 or 7, n is either 1 or 2, L
is a monoanionic ligand, p is an integer to confer electrical neutrality on the compound

based on the anionic charge on A and each of x and z is 0.

In a further embodiment, independently of the other embodiments, k is4 or 7, L is a

30 monoanionic ligand, n is 4 and each of p, x and z is 0.
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functional group capable of binding to a nolybdenumatom to form
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considered to fall 5 within the scope of this invention.

Examples of diluent fluid include suitable oleaginous, typically hydrocarbon, solvents,
such as oils of lubricating viscosity selected from vegetable, animal, mineral and synthetic

15 oils. In an embodiment, the diluent fluid is free of sulfur.

The additive may contain as much molybdenum-sulfur compound as possible, but for ease
of handling the additive preferably comprises one or more molybdenum compounds in an
amount of at least 4.50, more preferably at least 4.75, such as at least 5.00, especially at

20 least 5.25, advantageously at least 5.50, for example, at least 6.00, mass % of elemental
molybdenum, based on mass of the additive. The amount of elemental molybdenum in the

additive is at most 7.00, such as at most 6.50, mass %, based on the mass of the additive.

Preferably, the additive of the third aspect is obtainable, more preferably obtained, by the

25  process of the first aspect.

Additive Composition

The additive according to the second or third aspect may be present in an additive

30 composition with one or more other co-additives.



A diluent fluid may be used in the additive to ensure satisfadUdER0BaNndl i ng
of the additive, for exanple, so that it has a acceptable viscosity. In the
event that a diluent fluid is used, the anmount of diluent fluid is
mnimsed to the extent possible. Preferably, the amount of |10 the diluent
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15  Examples of co-additives include dispersants, detergents, rust inhibitors, anti-wear agents,
anti-oxidants, corrosion inhibitors, friction modifiers, pour point depressants, anti-foaming

agents, viscosity modifiers and surfactants.

An additive composition may contain 1 to 90, such as 10 to 80, preferably 20 to 80, more
20  preferably 20 to 70, mass % based on active ingredient, of the additives, the remainder

being diluent fluid.

The amount of elemental molybdenum, derived from the additive according to either the
second or third aspect, present in the additive composition is preferably in the range of

25 0.025 to 4 mass %, based on the mass of the additive composition.

Lubricating Oil Composition

The lubricating oil composition according to the fifth aspect is preferably a crankcase

30 lubricating oil composition for spark- or compression-ignited engines.



before their use, as well as facilitating solution or dispersijpREdos he
additives in lubricating oil conpositions. Wen preparing a |ubricating oil
conposition that contains nore than 10 one type of additive (sonetines
referred to as "additive conponents”), each additive nay be incorporated
separ at glo¥yodo? MaNY instances, however, it is convenient to incorporate the
additives as an additive conposition (g so-called additive "package" (also
referred to as an "adpack")) conprising two or nore additives. 15 Exanpl es
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depr esssmebrd omthird -afpetimalubaigeti s eil vomposstion/isippefiefably m thecangaof d¢dant s. An

additiv onposi ti.o copntaipn 1 to 9 sych as 10 to 80, preferably 20 to
80, mr%@%@?@ﬁ’&ﬂﬁy%%éo 560, Sheibes 50 ol Bm. B t‘i‘%’é‘?‘%‘o‘?féh? otlof the
addi ti vgsy (;Sgﬁmf emai nder being diluent fluid. The anpunt of el enental

nol ybdenun‘.’ erived fromthe additive according to either the second or
thirsd aspect, present in the additive conposition is preferably in the range

of 25 0.025 to. 4 mass % .based on the mass, of the additive conposition.
Lubr i cal P& ybrirating il RPMRQsHiPITEAR q?wﬁ%%&nhﬁgﬂ%m indirstiandioils ofer exarmplai ng to t he

fifth | : I i I osition for
Spar k- - B88lscln BIINES, Bkufic SLABKE aRcireify i sERIs) e Bmos iR 0 munt
of el eneintidearmblybdenuntrsaléud adeitivies dasudheiBdelidsity be &3¢ diathi thgyt foundint her t he

second or third aspect .in a Iubricati_cgﬁ ﬁ:qil cog})osition is preferably in the
range ofrankcase lubperiing Ril comppesitaenstypicely lgss than0sech as it 195 fosexamplino, ppm

bas t f ot i i,Lion. 5 The lubricating oil conposition
canﬁgl ?gtof%}%gﬂg%gﬁe?cogt%i%ﬁgﬂluhl rln%%t&?ﬂl% oils, for exanple, those used in
turbines, hydraulic systens and circul ation systens. The anmount of

The additive of the present invention may also find application in grease compositions.

In an embodiment of the fifth aspect, the lubricating oil composition gives less than 400,
15  such as less than 300, preferably less than 250, especially less than 150, ppm of copper
corrosion according to ASTM D659%4.

Lubricating oil compositions may be prepared by adding to an oil of lubricating viscosity a
mixture of an additive according to the second or third aspect and, if necessary, one or

20  more co-additives such as described herein. The preparation may be accomplished by
adding the additive directly to the oil or by adding it in the form of an additive composition
according to the fourth aspect. Additives may be added to the oil by any method known to
those skilled in the art, either prior to, contemporaneously with, or subsequent to addition
of other additives.

25
The oil of lubricating viscosity can be a synthetic or mineral oil of lubricating viscosity
selected from the group consisting of Group I, II, III, IV and V basestocks and any mixture
thereof. American Petroleum Institute (API) 1509 “Engine Oil Licensing and Certification
System” Fourteenth Edition, December 1996 defines Group I, II, III, IV and V basestocks.

30



trinucl ear nol ybdenum sul fur additives in such oils tends to7®HENE@866 t han
that found in crankcase lubricating oil conpositions, typically |ess than
20, such as 1 to 10, for exanple, to 2 to 8, ppm based on el enental

nol ybdenum The additive of the present invention may also find application
i n greazen2soogosi tions. I n an enbodi nent of the fifth aspect, the

| ubricating oil conposition gives |essl7t han 400, 15 such as |less than 300,
preferably | ess than 250, especially | ess than 150, ppm of copper corrosion
accor di BgsestochSiidybes8ade Usiny a vaidty gf differant pposises mctudimg/biterop tiepeeded by
adding to .ﬁn,oil of lu rjcaﬁ)iﬁrg Vi scosi.tyn‘g. m xture of aP additiXe

accor di F5U{3tiem sOVERGRHNIGE. RyArpgenRIperssing Rligomerization esfepicalion, ghd 5y nor e
co- addi tiggs, such as described herein. The preparation may be acconplished
by adding t%ie additive directly to the oil or by adding it in the form of
an additive conposition according to the fourth aspect. Additives may be
added to the oil by any.nmethod known to those skilled in the art, either
prio? t &0 apembedishhhyiratipe ailcAmpgsitieny,Afthe eresent dnveadionidg ot gpmpkisfer

addi tivFg osaoh iBghiRd. of lubricating viscosity can be a synthetic or mneral
oi | of IUDPICati ng viscosity selected fromthe group consisting of Goup I,
1, 11, IV and V basestocks and any m xture thereof. American Petrol eum
Institute (API) 1509 "Engine Ol Licensing and Certification Systent

Four t eehtShorldibe; apareciasedthatinterapiionduaay t3ke Place befween apy two pr moge afifhey

basest o cio) 17~ S LS ] a
vari et ygé(?mvl fafftg’rr gl#y %Sgggg%ﬁlglg%%?%%}lgogthgﬁta 8%1})/?%{5?%@%{89? o géléasltﬁ é {ﬁgt i on,
sol yent compositiory, Tiydtcrgeivonahaceks phge iméitigo trrprocdss of mikiag & ahy cat i on, and
re- refining. 5 In_an enbodinent, lubricating oil conpositions of the

pr esent SHBSGEIRNE 6PNditOT o Whishthe canpesyiongs pErpsehHngipdiggdbe use of the

"composition in its working environment. Interactions may also take place when further

auxiliary additives are added to the compositions of the invention or with components of
oil. Such interaction may include interaction that alters the chemical constitution of the
15  additives. Thus for example the compositions of the invention include compositions in
which interaction, for example, between any of the additives, has occurred, as well as
compositions in which no interaction has occurred, for example, between the components

mixed in the oil.

20  Further Technical Effects of the Invention

The molybdenum-sulfur additive of invention is effective in oxidation control of
lubricating oil compositions and improving the fuel economy properties of an engine
because of its demonstrated oxidation and friction reducing properties.

25
Further, the trinuclear molybdenum-sulfur additive of the invention has been found to
demonstrate comparable performance properties to the additives described in
W098/26030, W099/31113, W099/66013, EP-A-1 138 686 and EP-A-1 138 752,
particularly provide excellent oxidation resistance to lubricating oil compositions and good

30 fuel economy and fuel economy retention properties to an engine.

In this specification:



It should be appreciated that interaction may take place bet "geNE=20y6 t WO OF
nore of the additives after they have been incorporated into the additive
conposition or lubricating oil to conposition. The interaction may take
place in either the process of m xing or any subsequent condition to which
t he comp@gehobpn is exposed, including the use of the conpositioninits
wor ki ng environnent. Interactions may.@lso take place when further

auxiliary additives are added to the conpositions of the invention or with
conponents of oil. Such interaction may include interaction that alters the
chem cal_constitution of the 15 additives. Thus for exanple the conpositions
of the The&nm anolybdanyaesubimsosiperad sneans agamprundharng a§ least opgr exanpl e,

b f the additiyes, h d | ] it i
whi ch ngddpuby fiaR et KE% ondBrar i, By Wi oot lsa 2R, o
m xed i Qulfititéthlthat39bdmiet16 bnd BEMBIERbI yBHER R Stopis dndQldobdEd edlord 6

nol ybdenum sul fur additive of invention is effective in oxidation control of
| ubr§ camangnen-malpdsoyin dtoms, skl as earborimere prefefably the compayndhaspsleases of an

engi ne because.of ts de trated oxidation and friction,educin

oS or 1 PRESTHE S ik Bs SRS PRt & MBD ARl Rrolls Py AR e ot ¢ he
inventi aestok , [M8 ahd pV6;55P Rk &h IR perties
Lo, Ehe. R o L e e R o 1

138 686seleniummmay tepl®8 ORE 2r masasulfurdtems in sicheorgs. dxdyamthgenuskyx theatoren
resistance.to lubricatin il..conmpositiong and. gpod 30 fuyel onony and fuel
coonony CoBistr o4 BRYAE And sl RS shre AcHiindRE s Ben PoLBRERSRY Sine
2006y 200ARQAdtik8’ tRend & A0ditiRR) SOREISININE Sidl drthoreRBIObdAUNBdAfF @ conpound
havi ng at | east one nolybdenum atom and at | east one sulfur atom

pr ef er apémppeundsconpound has at | east one sulfur atomthat is bonded to one
or nore nol ybdenum atons and al so bonded to one or

The term “labile sulfur” means sulfur that is in elemental, unreacted state, as well as sulfur
occurring in polysulfide species and that may be analysed by a polargraphic method which

15 1is described in “The Analytical Chemistry of Sulfur and Its Compounds”, H.I. Karchmer,
Wiley Interscience, New York (1970), page 82.

The term “hydrocarbyl” as used means that the group concerned is primarily composed of
hydrogen and carbon atoms and is bonded to the remainder of the molecule via a carbon
20  atom, but does not exclude the presence of other atoms or groups in a proportion

insufficient to detract from the substantially hydrocarbon characteristics of the group.

The term “comprising” or “comprises” means the presence of stated features, integers,
steps or components, but does not preclude the presence or addition of one or more other
25  features, integers, steps, components or groups thereof. In the instance the term
“comprising” or comprises” is used herein, the term “consisting essentially of” and its
cognate are within its scope and are a preferred embodiment of it, and consequently the
term “consisting of”’ and its cognate are within the scope of “consisting essentially of” and
are a preferred embodiment of it.
30
The term “oil-soluble” or “oil-dispersible” does not mean that the compounds are soluble,

dissolvable, miscible or capable of being suspended in the oil in all proportions. They do



5 nore non-nol ybdenum at ons, such as carbon, nore preferably7gbaEQoopound
has at |east one sulfur atomthat is bonded to one or nore nol ybdenum at ons
only, such as represented by cores [M2S41, [M3S4] and [ MD3S71. At ons

sel ected from oxygen and seleniummay replace one or nore sulfur atons in
such congpMmofslvant ageously, the core consists of nol ybdenum and sul fur
atons al one. Accordingly, the term nobybdenum | o sul fur additive' neans an
additive conprising one or nore nol ybdenum sul fur conpounds. The term

"1 abi | e nfdahfhoweveEans thaitdrhiporindatirel foriifstaioesitiae or stabsle dispeditslié at the cib wel |
as sulfur occurring in polysulfide species and that may be anal ysed by a
pol ar gr #pan extepitsyfficiontite pxerbthiel iptendad eftegt inthe vhvronmany tn whichthepilst ry of

(1070 , SRitpetlo RERORR hlshver: BeipBlonat barfermbBh BF B Bt Pl

concer n@slthoSe B€IcABEd hbbv@Qﬁﬁ}O@f%it tHe sohﬁﬂit?gﬁﬂis@&@itﬁlﬂ&mm@édﬂﬁo@ﬂd i's bonded
to the renni nder of the nolecule via a carbon 20 atom but does not excl ude

the presence of other atons or groups in a proportion insufficient to

detract .{fomthe substant.ially h carbon characteristic fo t roup. The
Cor m ~ coMaRFstgante e i et a0 Qi ERACETRA o bl Bt

I nt eger gspeciall§ B9 t695 ©PIDONENI%, ofltHE co@pssifid. precl ude the presence or
addition of one or nore other 25 features, integers, steps, conponents or

groups thereof. In the instance the term "conprising"” or conprises” is used

h in, .. t " i Sti tiall : it i i it
Scope. ariispraTiotsy RS BB aDraine T than i ot Hmbe T 1S P,
"congi Skignq0@d Qo,afﬂglssi%,sofqgga@&?ogﬁ&lw thin the scope of "consisting

essentially of' and are a preferred enbodinent of it. 30 The term
"oil-soluble” or "oil-dispersible" does not nmean that the conpounds are

201 V5T Sl AR S cHERHLR Al BTSSRl R 811 1

carrier or diluent oil, unless otherwise stated.

15  The term “coco” is an alkyl chain or mixture of alkyl chains of varying even numbers of

carbon atoms, typically from Cg to Cis.

The invention is illustrated by, but in no way limited to, the following examples.



mean, however, that the conpounds are, for instance, sol ubl e7gungtzabé e
dispersible in the oil to an extent sufficient to exert their intended
effect in the environnent in which the oil conposition is enployed.

Mor eover, the additional incorporation of other additives such as those
descri b@80298%e may affect the solubility or dispersibility of the
compounds. 5 "Major anmount” means in e¥tcess of 50, such as greater than 70,
preferably 75 to 97, especially 80 to 95 or 90, nass % of the conposition.
"M nor mans | ess than 50, such as |ess than 30, for exanple, 3 to
25, preferably 10 5 or 10 to 20, mass % of the conposition. All
percentages reported are nmass % on an active ingredient basis, i.e. wthout
regard Bxamdds I:iBeatdientbf alfidlybdehumistlfesaddifiveewith athnsdniifQulfife The term
"coco" is an alkyl chain or mxture of alkyl chains of varying even nunbers

of carbon atons, typically fromC6 to C18. The invention is illustrated by,
but Pn dbtrigggleps wpbéée@w gesodighqcaihiapigtecadditivedd 00Gg)  whichoyanadsdpbeo - 20-
EXAMPLE Al Treat f i L i { h anmoni um
sul 1 do PRy BosCrfesBISAIIRE, of wOoi31 LG SR BHBHHE atsbhuke 4 7 500"

whi ch wagvoledendofiltiatien s@epowessddddss hisbladon of metiEpbE(1008f andliUqaddds3, but
w t hout the use of toluene and involved no filtration step, was added to a

sol ut i osotionef pmmenIym suliide 43302 A5 Zicwass of serpenim ssifidelndhe tesuling i de
(250g, 459 agpﬁ [ . ' i 1 X was heat ed
to 40C é‘ﬁg?“?%?vg? E?Jat‘?%tro orlltx} ?irsghﬂ‘ur%g&?nﬁ}&uﬁ;g? P/\é/axgﬁ*{h%enw% tflg?lv\ea%&@%d t(:ooccﬂ01 10 and
settibe. andeettle XThHE histRpagephRted intotwoNaydray The aqudos deLaus disaytaed Was

di scarded and . the organic | ayer heated to 100C and a vacuum applied for 2

hour s t sheyqrgpric dayer Bealed k10056 1apd @sragwym appligd feadibopgsdo yidd jred 2:
Synt hesirﬁol%deﬁuﬁf-éu’l‘f&%&&’ﬁivgpl ybdenum sul fur conpound

15 Example 2: Synthesis of a trinuclear molybdenum-sulfur compound

(NH4)>Mo3S;3.2H,0 (77.1g) and dicocoamine (181.7g) were added to a mixture of
methanol (156.8g) and base oil (114.1g), under a nitrogen atmosphere and stirred and
heated to 37°C. Carbon disulfide (20g) was added over 2 hours at 37°C whilst continuing

20  to stir and then the reaction mixture was heated to 60°C and another portion of carbon
disulfide (25g) was added over 6 hours. The mixture was then heated to reflux for 4 hours
and allowed to cool to 50°C. An aqueous solution of ammonium sulfide (62.8g, 45% by
mass of ammonium sulfide) was added and stirred for 2 hours at 50°C. The mixture was
then allowed to settle and the aqueous layer was discarded. Mineral oil (114.1g) was

25  added to the organic layer and the mixture was heated to 120°C under nitrogen and then a

vacuum applied at 120°C for 1 hour to yield the desired molybdenum-sulfur additive.



(NH4) 2Mb3S] 3. 2H20 (77. 1g) and di cocoam ne (181.7g) were addedJUNE22008 Xt ur e
of nmethanol (156.8g) and base oil (114.1 g), under a nitrogen atnosphere
and stirred and heated to 37C. Carbon disul fide (20g) was added over 2
hours at 37C whil st continuing 20 to stir and then the reaction m xture was
heat ed bgqpfPge and anot her portion of carbon disulfide (25g) was added over
6 hours. The m xture was then heated tx.reflux for 4 hours and allowed to
cool to 50C. An aqueous solution of ammnium sul fide (62.8g, 45% by nass of

anmoni Umhg BblohE Shified niél¢edbnantlrasibiand @HlokiAE cantBRiK Sreet?RinedfagtH¥ Xt ure was
then allowed to settle and the a&eous | ayer was di scarded. M neral oil

(114. 1gprogusts @5 Examples tiandPe(seg Gable d).| Bahde 1dwasi alsp shosemanserementstfort ed t o

120C under nitrogen and .then a . vacuum applied,at. 120C.f or hour to yield
the desi r ed MEIBdRm ahASHHR G conalTEs § Briipiept ol isBIB G RpguioSHbary
colour, sul fiade b9 tROpBES B MxaRplOs W GI8/D6030EbSAHEBh poRisSiufet er m ned for
the products of Exanples 1 and 2 (see Table 1j. Table fhas al so those

measfir ement dicboodithiehdrtiameate was usgd instdad ofitbe potassiimi dikpugyldithinpldsphate;

nol ybdenum di.cocodi t hi ogar.bamat e. .nade. by, t he process of pl e. 5 of
D9/ 26030, AHHRHLT &0 2SH0TE.SET GIPITE BT BT PR R IR iSO URRPER RIS cad
of the pot agiijeBydhd secess deddRRROBERARPR 1 o W EIJOVYA 1B, butdititfi el uée r?f

containing a trinuclear nolybdenum di cocodithi ocarbamate nade by the
process destrdudredind inotesdoicefiltraibn @99/ 31113, but wi t hout the use of

20t et earCHR e AD Aditieh EBtik et Giislrar wolkgemundy SiRtiopBatge = " "
desggi bed i phafX 8y Rheeprbck dwﬁfegmﬁﬁarﬁﬁlétl o Wirmoy3 1118, biisvitfout t WeRg and

involved no filtration step, and which was then heated to about 160C for 4
hours; and Wdetineiand inyolvesd mofilteation atepnarid/whish (wasdbieti héalesl togbdubl60V&fder bi | t
Chem cal Cg%grrgyaﬁwder the brand name MOLYVAN 822. 15

Additive D — a commercial molybdenum additive sold by Vanderbilt Chemical

Company under the brand name MOLYVAN 822.

15

Table 1:
colour? sulfur to molybdenum ratio? chlorine’, ppm

Example 1 40 1.67 50
Example 2 5.0 1.63 70
Additive A 4.0 1.85 1000
Additive B 4.0 2.33 80
Additive C 6.0 1.65 60
Additive D 1.0 1.03 -

p — ASTM D1500 measured on a sample containing white oil and the additive in an amount of 110 ppm by
mass of elemental molybdenum: the lower the reading the paler the sample; q — sulfur and molybdenum
amounts were measured by ASTM D5185; r — measured by x-ray fluorescence; a dash indicates no

20 measurement was taken.

Table 1 shows that the trinuclear molybdenum-sulfur additives of the art contain chlorine
(e.g. Additive A) or have a high sulfur to molybdenum ratio (e.g. Additive B) or are dark in
appearance (e.g. Additive C). In contrast, the additives of invention (Examples 1 and 2) do

25 not suffer from any of those disadvantages and exhibit satisfactory properties.



Table 1: colourPsul fur to nolybdenum ratioqchlorine', ppm ExaggNg 2bds 01. 6750
Exanpl e 25.01. 6370 Additive A4.01.851000 Additive B4.02.3380 Additive

C6. 01. 6560 Additive D1.01.03- p - ASTM D1500 neasured on a sanpl e containing
white oil and the additive in an anmount of 110 ppm by nass of el enental

nmol ybdepgpiodshe | ower the reading the paler the sanple; gq - sul fur and

nol ybdenum anounts were neasured by ARTM D5185; r - neasured by x-ray
fluorescence; a dash indicates no 20 neasurenent was taken. Table 1 shows

t hat t hgable2nu6we aic ¢TRICY R i dufup 8@liti v/ BSs oif a fihiBhél Tubfeatingidil chl orine
(e.g. Additive A) or have a high sulfur to nolybdenumratio (e.g. Additive
B) or acmmukonmresn@p@@frmaapécgppm@qnosnv@ Q In contrast, the additives
of invention (Exanples 1 and 2) do 25 not suffer from any of those

di sadvant ages and exhi bit satisfactory properties. 7 JUNE 2006 2002MD09 - 22-
Tabl e 2Tghiews the effect a nol ybdenum sul fur additive has on a finished

lubricating oil conposition in respect of colour and copper corrosion.
Tabl e P: col oursHT(L:BTEolouéu |ppmHTCBTé—@]J4f)’pm Ol 23.5113.9 O B2.5426.9
Ol CrH9348—6-5-—=s AST-DBES n the oil; t - Hgh
Tenper p Hr]e Corrosio Bdeq)lch Test (HTCé 7

Oil 2 3.5 113.9

Oil B 2.5 426.9

Oil C 7.0 148.6

5 s — ASTM D1500 measured directly on the oil; t — High Temperature Corrosion Bench Test (HTCBT):
ASTM D6594; the oil designations 1, 2, B and C correspond to which molybdenum-sulfur additive is used in
the finished oil composition (see Table 1).

From Table 2, a molybdenum-sulfur additive having a high sulfur to molybdenum ratio
10 (e.g. Additive B) gave poor copper corrosion (see Oil B). While a molybdenum-sulfur
additive having a high colour (e.g. Additive C) gave poor colour also in the finished
lubricating oil composition (see Oil C). In contrast, Oils 1 and 2, which contained the
molybdenum-sulfur additives of the present invention, demonstrate satisfactory
performance in respect of colour and copper corrosion. The lubricating oil compositions
15 (Oils 1, 2, B and C) were identical except for the type of molybdenum-sulfur additive used

and each molybdenum additive was blended to 200 ppm of elemental molybdenum.



ASTM D6594; the oil designations 1, 2, B and C correspond t o7 fJiNER006

nol ybdenum sul fur additive is used in the finished oil conposition (see
Table 1). From Table 2, a nol ybdenum sul fur additive having a high sulfur to
nol ybdenumratio 10 (e.g. Additive B) gave poor copper corrosion (see Ql
B) . Wi I2e02m00®! ybdenum sul fur additive having a high colour (e.g. Additive
C) gave poor colour also in the finiskhd |ubricating oil conposition (see
Ol Q In contrast, Qls 1 and 2, which contained the nolybdenum sul fur
addi t i védl dfwas hsofpausktothave satsfactory okédatios costra andtfiistiareteasiugingper f or mance in
respect of. col our _,and copper corrosion. The |l upricating .oil .conpositions 15
(G F° 1 peformingay Fgf CopRisohait METoLt Babtol e opBiniBe HBRgBue Al oul f or
additiv iRE : ; bdsls ; 0@% of

el enent g?%ﬂ%ﬁe@ﬂﬁ?&&e\] ﬁ%@g%}é@g%gﬁsdg&%%l%@lﬁgﬁ%é ﬁlaI soe g‘tjmnd to have
sat i sf aatlditiye wasaia¢d.on control and friction-reducing perfornmance. For
conparison, the data for a non-nol ybdenum containing |ubricating oil
conpdsition is also given (see Ol E): Gl E was identical to Ol 2 but no

mol ybdeRygje s2ddi tive was used. 5 Table 3: OxidationFriction" CHPaverage
friction @T40C_ Q121.190.09 G| EO.200.15 u - anount of Cunene

Hydr opgr oxi de (il—B)(idd&qraded atFridma" f or one hour, in mllinoles of CHP

degr adg mofail1 is an indicator gf the oxidation potential of the
oil; x{- Hi gh Fleq¢dlty |Re@veiaseEiGti?g @i g|operated over 30 ninutes. 7 JUNE

0il 2 1.19 0.09

OilE 0.20 0.15
u — amount of Cumene Hydroperoxide (CHP) degraded at 125°C for one hour, in millimoles of CHP

degraded per gram of oil, is an indicator of the oxidation potential of the oil; x — High Frequency

Reciprocating Rig operated over 30 minutes.



-24 CLAIMS 1. A process for making an additive conprising ofelBYE e

oi |l -soluble or oil-dispersible nolybdenum sul fur conpounds, said process

- conprising the steps of. (lI) reacting in a polar mediuma reactant

nmol ybdenum conpound (A) and a source of a ligand (B), which ligand (B) is
capabl e of rendering the or each nol ybdenum sul fur conpound oil-sol uble or
oi |l -dispersible; (lI1) reacting an annDEiun1squide derivative, which is
capabl e of reacting with labile sulfuf, either with (a) the reaction

m xture of step (1) after the reaction of (A) and (B) has begun or (b) the
pr oduct L (I'); and (I1l) renoving products of the reaction of the
anmoni um sul phi de derivative with [abile sulphur. 2. The process of claim1l
wherein the or each pol ybdenum sul fur conmpound is a trinuclear

mol ybdenuh sul4 BieceEbiop Baking amaddifiye compsisiag Sner nre pikssolyhleypripildispersibleai m 2

wher ei n theyBdemet-aitfur Sops B i BERRQUMBKisiMY the fRbAI NS an ani on and .
possesses a trjnuclear HDL%bd num cor e c%gﬁrisin at Igast one su| fur atom
4. The procesdDagactingingpalagmeqiym a practantmolybdepymycompoynddA) pnd-asquicest 3 s
produced in siligihd(®Y, which lipafd @) aayablad adali@ringlthd2f eauinigybaegat-éwft y char ged.
5. An additive obtainable by tt@ rqgess claimed in any one of clains 1 to
4. 6. An addi tPPROWE P SYEPIE BrRlk FF%FSII ¥ng a diluent fluid, an additive as
claimed in claim5, and one or nore co-additives. 7. A lubricating oi

conposition copprisi ng a naj.or unt. of an.gi.l of lupricatin j scosity,
and added t hortil Eegme Sesapetion AR Jerikaiive, Thishis capable At rersing UELIARE | ve
conposi ti on asulfirpditedwithy(a) thk adaction, mitareati stagld) dfiey the dactidnaif &) knd ((B)CHag&i M 5. 7
JUNE 2006 -25.8. Th se 0 dditiye conposition as clainmed in claim®6,
or an additivém%?‘EﬁQE%ED°$ﬁa95%5ﬂkfg¥ ina lubricating oil conposition to
i nprove one or nore of fuel econony and fuel econony

(1I) removing products of the reaction of the ammonium sulphide derivative with labile

sulphur.

2. The process of claim 1 wherein the or each molybdenum-sulfur compound is a trinuclear

molybdenum-sulfur compound.

3. The process of either claim 1 or claim 2 wherein the reactant molybdenum compound (A)

contains an anion and possesses a trinuclear molybdenum core comprising at least one sulfur atom.

4. The process of any one of claims 1 to 3 wherein the ligand (B) is produced in situ and is

preferably capable of becoming negatively charged.
5. An additive obtainable by the process claimed in any one of claims 1 to 4.

6. An additive composition comprising a diluent fluid, an additive as claimed in claim 5, and

one or more co-additives.

7. A lubricating oil composition comprising a major amount of an oil of lubricating viscosity,
and added thereto or admixed therewith, a minor amount of an additive composition as claimed in

claim 6, or an additive as claimed in claim 5.



retention of an engine, and oxidation resistance of the | ubr]t&YEAH%; |
conposition. 9. A process for nmaking a lubricating oil conposition
conprising blending a maj or anmount of an oil of lubricating viscosity and a
m nor anount of an additive conposition as clainmed in claim®6, or an
additive as clainmed in claim5. 10. A nethod of |ubricating an internal
conbusti on engi ne conpri si ng supplying_i_ the engine a lubricating oi
conposition as clainmed in claim7 or made by the process as clainmed in claim
9. 11. A nethod of inproving one or nore fuel econonmy and fuel econony
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surfaces thereof wth a [ubricating oil conposition as clained in claim?7
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conprising the steps of reacting an additive conprising one or nore

oi I -soluble or oil- dispersible nolybdenum sul fur conmpounds with a conmpound
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an oil of lubricating viscosity and a minor amount of an additive composition as claimed in claim 6,

or an additive as claimed in claim 5.

10. A method of lubricating an internal combustion engine comprising supplying to the engine

a lubricating oil composition as claimed in claim 7 or made by the process as claimed in claim 9.

11. A method of improving one or more fuel economy and fuel economy retention of an
internal combustion engine comprising treating moving surfaces thereof with a lubricating oil

composition as claimed in claim 7 or made by the process as claimed in claim 9.

12. A process for reducing the amount of labile sulfur in a molybdenum-sulfur additive, said
process comprising the steps of reacting an additive comprising one or more oil-soluble or oil-
dispersible molybdenum-sulfur compounds with a compound (C) that is capable of reacting with

the labile sulfur.



