fe3eAJA<X,6TJt\ Mol ybdenum Sul fur Additi veg The present invention rel ates
to an additive conprising one or nore nol yl@enum sul fur conpounds, and an

additive conposition ﬁMWMﬂmmmﬂmmmﬁnpositio ¥ preferably a lubricating 5 oi
conposition, conprisi ive. The invention also concerns a
process for maki ng an addistdosse conpri sing one or nore nol ybdenum sul fur
compound®@2M@ additive, additive conposition and oil conposition of the

i nvention have inproved properties, suéh as i nproved col our. Further, the

oi | conposition of the invenﬁiqg EenDnSHEateéracceptable copper corrosion,
and satisfactory oxidation c en L Y€ educi ng characteristics.
| O Lubricant additives are sought which provide perfornmance properties,

such as fuel econony and oxidation control. However, the |ubricant
addi t i veBhegpresent invention redates toemtadilitive comprising one enmotesnolybddnuassulinr

d trat tabl e c i on.of et al dinth i d.
accept abtERIBGHS AUl A8 ATV EGMECY Berand iy GLCCHRGSIHON. BIRfFrolEy & NP gum 15
amount ogj] ccﬂﬁ%s@t’i@@k&m?ﬁsing bdi@aiMgvoeTRUDSeiontdld CA¥EMm APRRER forNd wast e

di sposal concerns. Further, the visual appearance (for exanple, colour) of
a | ubri caskingduiadditize cemptising ane drporetmolybddnamasitl By icompounssc dhe edditive,i cant

additives, that are dark in..colour..result .in darker | ubr.i cating oi

compos! ¢ KGHVE saipos{ihita il mBorices b e it Yeafan B TraroVRd srslensiagy Sk

manuf act J4higfpPowid colr. _F@xtthé}?th@ lok] RTPRSIEbA bPIKR iARALYE AEMoRNtratddAbéepidbldg Oi |
conpositions. 20 Certain oil-solublé nolybdenum sul fur conpounds”are known
as | ubr i espper coarfisiony ard satisfantony oxfidatian esatrohaid/fvgtionrmeducmgehardsteristics.
charﬁpterised by the oxidation state of Md(V) and trinucl ear nol ybdenum
conpounds characterised by the oxidation state of Md(N). 25 Trinucl ear

mol ybdernubriahf widitides tary eduglite wiesC prdade iperf¥BRaice 6pdperté8)0Bich1 ad Juel

W99/ 66013, EP-A-1 138 686 and_EP-A-1 138 752. However, those additives

ei t her ceRpeimy aad Qritatigneemolotlogeves thedubgicanh additives; altp haye tomeet certpimnyr ¢ o
nol ybde i t r ) i i

el enent ;k?l H%ﬁ*%ﬂ?yn t|¥’c &gr %ets(g?rg]??ﬁ&e%w?é?%wragﬁ %Ogﬁggdq g{)ﬂ%fﬂ ?& rgég;g)theacti ve
sul fur. ohgiiet anvd siccaprabde degigdations of sedl$ wseds jire chee sngiavcalk dave3a himimdmt 0 be

corrgosive to netals ch as, copper and c er alloys ich are widely used
S N S e e R S E R R
degr adatdsaBernb. Phrafk OfHRIVisuaMBpplarice  (FoMdxathpl, ol of 8 186dadt additidd B2M09
-2 It would be desirable to be able to use higher levels of _
mol ybderrlén animportagti dharacreristicherayse dnbiichnt additings itead rrendgrk i eelowe rosnlt inr
add 1| vePaukl RbAEidOoP EBTbbLIGE SR ABca iy b CBRRERARAORE ! S urcfly e
probl ens” associ ate copper corrosion ard/or sea egrad% Ion, and
chl or i nememifheoterpofdabrickeing ilscomposivions amhusess dfdubrimtiag ofl@dinipositiens. such as
derivatives of triazole and thiadiazole, that protect against such
corr®¥si on or degradation, but the use of such co-additives is expensive and
a sour cec@faif BIiBROICABRbEERI-3MFur dripdihiCAL kiGwRial MEPRRASHEKIES sucd0 AN
alternative solution is to use nol ybdénum sul fur additives that do not
cont ai n dsalimucdeas mdlybdendmmenippunds chabictarisedy theadxidativntstapeef Mo(Ad) ands
- heating the .additjives to a hi t ratyre.. However, thi od results

o dar EePRRPgRC Lt dproie ERTRGE e 1o SRR SEMATYS: o cer tai n
process provides an inproved nol ybdenum sul fur 15 additive, said additive
havi ng a satisfact%gy col our g&fearance, a low chlorine content, and an

1

acc Bt ablensiaar molyhsicneiysblfan addifvasioe described iV QMBI60A0 W9BAL1 ¥brposi i on
ot abliénusisar grolsbenpmymifen adityesiae o _ | i
and scal VOSSO (338 BB AR R el A Hou Rl S RaBiROREGHERT |08 (T o

provi descoftapi @ béhsanidiint GREhIBEnEOr BaveAddH 1avie of pulFhretoahdlybdeauindheandinllyf ur to
nol ybdenum rati o, based on mass, of 1.45 to 2.25, conprising one or nore

oi | - sol upIte Besasice ofiFu fspedicse inebidingielnmenslLvin, whinh letignes gefprret ess
cOTPT! 51395 !ialbﬁrlﬁgﬁgegér(%{v% %@}Lgf Sditivid c?ﬂtg@xf%guﬁéc %@ﬂ{r Pacfes HAOE batk

nmol ybdenuni o un source o Ich Trgand (B) is
capapl e fotind eyisteddrigiviee ntals,anbh ADEpPpeedBoppersdlloys ivhichngre widklpusedss! ubl e
or oil-dispersible; and (I11) reacting a compound (C), which is capabl e of

react i ndeaiings anghepeing lingrsy They have alyg lgqq:n(fgganqecapg;@f: degradationgfe of step
(1) af t ehiastMeriCAGHeliaR, Fhichke AAA LRafias begun or (b) the product of step
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1n second aspect, the present invention provides an additive obtainable)
preferably obtained, by the process according to the first aspect.

2002MD09 -3 In a third aspect, the present invention provides an additive
conprising one or nore oil soluble or oil-dispersible nolybdenum sul fur
conpounds, wherein the additive has: (i) a colour reading of at nost 5.5,
when nmeaddEMe9accordi ng to ASTM D 1500 on a sanple containing white oil and
the additive in an amunt of 110 ppm by nass of el enental nol ybdenum based
on the mass of the sanmple; (ii) a chlorine content of |ess than 900 ppm by
mass, based on the mass of the additive, according to ASTM D6443.; and

| ddi- _ . and_
P e R g T T R S U

ASTM D5 1gdticularl @ trimudleahmabibaeium-sbifuipidditbes, ih dvdentd Behefit ohdtheiran additive
conposition conprising a_diluent fluid, an additive accordi ng/to ei ther the
second operfarmanceRigperties, butthg problemprassaciated with copper Goyrosionjand/er saf t 1

aspegt, § ?a&iiﬁﬁ,%h éhib‘fff-l@tc'b{?@n%é’lhﬁgﬁxi@ AQoRibn Fsoc%&fs l:é-%\@(ﬂtiv&r ﬁjcﬁ?@bl y a
| ubri"catimg oIl conposition, ¢ rising a major anount of an ofl 0O

| ubri cat deriyasivescafatibznle amtihiadibzdle; that ptotecoagaimisxahctortosionwir digradativnpor
anount of an additive conéﬁosi tion 20, according to the fourth aspect, or an

addi t i vebUdhonss o guehcespddidyesihexpeasiypandf seyrs af Bgthereomplicationsiin: b aspect ,

the presgplicdt fd tRpk des the use of an additive conposition according
to the f@gfrlﬁihé?gecdthﬁbogrﬂ)a% additive according to either the second or

third aspect, in a lubricating oil conposition to inprove one or nore of
fuel econo and fuel , econo 25 tenti of. .an engi ne, and oxj dation
" esi ¥ anfB aBFmaties QMIQNCALS i B9 bABITbHTr GAditves thi do ot Fontan labie

sulfur. A method of obtaining such additives involves heating the additives to a high

temperature. However, this method results in darker molybdenum-sulfur additives.

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

(IT) 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.



In a seventh aspect, the present invention provides a process for nmaking a
| ubricating oil conposition conprising blending a major anobunt of an oil of
| ubricating viscosity and a m nor anount of an additive conposition
according to the fourth aspect, or an additive 30 according to either the
second or_third aspect. 2002MD09 -4 In an eighth aspect, the present

i nvent i of'BM% des a net hod of | ubri cat%ng an i nternal conbustion engine

conprising supplying to the engine a | ubricating oil conposition according
to the fifth aspect or nade by the process according to the seventh aspect.
5 1n a ninth aspect, the present invention provides a nethod for inproving

one or N @ tiikd AdpRbt, BeqiesdMt Mventiongrowaey MdditiledhipBing fond dr hidkesinal
conmbusti on engi né conpri sing treatlag novi ng surfaces thereof with a

| ubri cat isakiblsi or aibdispersiblegnolybdenugi-sifur sompeurdst wheraingbe additiverease by t he

process according to th eventh aspec 1o ln a tenth p pr.esent
i nvention pr 65. dg‘s‘"’imﬁég"ﬁ‘z%ﬂ §¢atpéocfgg.shgh?rhﬁneg%%ﬁcggﬁdn}gj%iﬁf 1&# ﬁ@po n a
nol ybdenum sul f ura sagihld EotainimgivehifeRiiNed tBO BRI € dnlignctibess] W ppneBgt i Ng an
additive conprising one or nore nol ybdenum sul fur conmpounds with a conpound

(O that is capabmessef clemgatal mplyiidernmpkasedion the mapsolithe sagipie features of
the inventi OrEiri ] ch@gr%e]?c%ngéﬁ St'%?setﬂaﬁ BO(gﬁ;IElrg b?%{x%'s\l%afgc{](?r?ﬁlﬁndsg BF@%O ]? een

found that a‘reaction of a certain conp I S capa

reacting 20 wi th ddahivecacsotding to ASTM P643l;ydadenum sul fur additive is
effective in naking_ said additive nore benign to copper corrosion and/or
seal degr adat(ibn. 2 wifer o mpelybdenquna rationprsas @n meass,iin thegpngs of s toehdd.ithgy with

el e tal sul fur, i | i . aked with
anyng her speci es?rﬁ(g@ré? %@é@?%{‘&f‘ﬁ SE‘@’ u%f: @gg?éagﬁghggcggqlpgﬁéggﬂ enoved
fromthe nol ybderd#&ul fur additive. Further, the resulting inproved

additive still has an 25 acceptabl e appearance (e.g. not too dark in
col our) and provides satisfactory performance properties in a lubricating

0i | conp@shbiitth 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.



The reaction may be carried out on a nol ybdenum sul fur additive according
to the tenth aspect, or, preferably, during the process for making a

nmol ybdenum sul fur additive 30 according to the first aspect. An advantage
of carrying out the reaction during the process is that the cycle tine for
maki ng the roved additive is shortened conpared with the reaction
accordln (¥Mm¥he tenth aspect. 2002NQ09 -5 1n the event that the reaction
is carried out during the process, the compound (C) is added to a reaction

i xt ' | wbd d f
" and B ARt adu GBS RS RV RN, o b G0e An SFEEE, 01
corrpoundc&r@udti%n?engﬁhepr e?ﬁsxﬂ%@uﬁ;ﬁﬁ% esltheiehBint RGubicatitg Qlle)rrﬁ)Géméx;i\d (B)

after a substantia era | ete, reaction of (A) and

Ther ef or ascording tqthe déthsaspect or madgbydletmecerss peording s the seventh aspe¢tal step i s
(1] reacting, in a polar nedium a reactant nol ybdenum conpound (A) and a

source of a ligand (B) to nake a to nol ybdenum sul fur conpound. Exanpl es of

a polar peshinth hdpebtldR préehinyehtihipraidésTdinkthot |f6ﬁfrﬁpx‘b\fxﬁ% BBEObIBofLINF) |

met hanol, water, and any m xture thereof. A preferred polar nediumfor step
(1) is nﬁlehmomn@d@edmsp@@nbrewmcﬁm intemabersbustion mgﬁaoqwsxag e the

et L?” rEHGBbTing ey ICGR S 4 Bl poi ol IReBLE o Re SO 11T
(e. g. mr&uhddlsgem pRICERY McuoRdEy thitktesevethakpeti hydr osulflde (e.g.

sodi um hy rosul fide). Such reaction products nmay al so be made in situ 20 as
part of the process according to the first aspect. In the event that the

mol y L nt H{r?b Fe E}I ¥ e@tdgllc sgnf dlﬁz'%}titogl Sp?%hgsa:{ mg&l X%‘P ?%J %onﬁﬂ%ﬂ;ib!lﬁét the

reac BT co ouna. con ng an ani on

possess esulﬁxrtm umymumlmd additive, gaid mamsd campngseathd stepstof oeretisghh ur at om
and ma
y additive comprising one or more molybdenum-sulfur compounds with a compound (C) that

is capable of reacting with the labile sulfur.
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-sulifur 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.



25 contain one or nore other atons selected from oxygen and sel eni um
Preferably, the reactant nol ybdenum conpound (A) contains a core that is
fully sulfurised, e.g. the reactant nol ybdenum conmpound (A) contains a
~MD3S~3~2- ani on, which nmay be present as an ammonium salt thereof; such an
ani on may_ be repared by the process described in US A-3, 876, 755 and
US-A-4, 2 %’@gﬁ’ 2002MD09 -6 Exanpigs of aligand (B) include a

di t hi ophosphat e, a di t hi ocar bamat e ant hate, a carboxylate, a

t hi oxant hat e, a phosphate and hydrocarbyl, preferably alkyl, derivatives

t hereof. Sources of ligand (B) include salts of ligand (B), for exanple,

pot assi UM theteReMIRAINE AlabticH e cRRicd ot ﬂlﬁﬁxﬁ%}ﬁlbipﬂiééisb&ﬁ&ioﬁm poandl (O g added
di sul fides, such as thiuramdisulfide or dr ocar byl referably al kyl,

derivati mrqahe@@mxturwomwmhg aveagtant h@lyhdgem C(nepom@ )chngl [9i sourse bhamat e

Pref erab f itu.d

the adar i Ofafef BTpAcibn pgivleh TR abhd i taF RéMin e feBLf B BaEd )l ops
for naki padddns ah@ r@@@&dtwmesheﬁmmi@ bA{A)aaHI(B) @fftertahsebgteﬂ@ma;svefemﬂly bdenum
corrpound (A tothellgand (B) is preferably from1:1 to 1:4. 15 An

especi al Fymplets, svactien pr Geand Bor maki ng a nol ybdenum sul fur di t hi ocar bamat e
additive is a process where the di thi ocarbamate ligand is made in situ; the
in situ prepared dithiocarbamate Iigand (B) then reacts with the reactant

mol ybdenTherefurpaundprodsss addoediflg tdwhe diastgpart, eheimitidd etep ie(Inreacdting) irba polar f or
exanpl e by prOV|d|ng carbon di sulfide 20 and a hydrocarbyl - substituted
anmi ne suBlsdEEN.A Sagtantaaelybdanki compaungd .@ﬁban%ﬁmxr%q Qfrasligand(Byta make &1 oduce

t he t hi ), which, in turn, reacts with reactant

nmol y denh% corrpouns((;iﬁléPA?&Hgm‘nrl[?i as [NH4] Z[ I\/b38~3] Al so, a base, such as an
al kali et al hydrOX| de e.g. NaOH, may be prow ded for the reaction of the
react ant _nol ypde qund, ( and | i ar rati o_of

react ant B my@ae ARe Smlrfﬁg deigprapyd &”Fﬁfwflmﬁ hylfopnamids EDMI),

pr ef er ablneimhndi, a, Q:ndlﬁryjrﬁrxtlfrelihe’?&@”m freferRAIpatir Ak dlunt Yorstg@) it 4 10.

After the reaction of stép ( has begun or has been conpl et ed step (I1),
t he reactietrangl.t h a conpound (C) occurs to yield the nol ybdenum sul fur
addi “ ves of the present invention. 30

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 [M03S3]*" 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 an enbodi ment, a conpound (C) may be added to and reacted with a m xture
of (A) and (B) after the reaction of (A) and (B) has begun. Preferably, the
conmpound (C) can be 2002MD09 reacted with a m xture of (A and (B ) after
20, nore preferably after 40, such as after 60, especially after 80,
advantageﬁqul after % of the reaction in step (1) is conpleted. In
anot her SFrent the conpound (C) is reacted with the product of step
(I). 5 The react i on condi tions (for exanpl e, choice of nedia, t enperat ures

ame wnothenblon ot RERT I Peipls EBPRBUIGsHG A Jufbebigd ¥afoetEn o ot of

step (1) carbexylae, belfekdnttintd, A phb§ihatd dnd b ard@&ﬂ)fyﬁ éMnyadlk}}'le&krthésn a pol ar
medi um such as tet rahydrof uran ( THF), | met hyl f or mam de (DVF), nethanol,

wat er andhesgnf. ni xture thereof. Preferably, the reaction |n step (I1) is
carried out at elevated tenperatures, preferably the 15 reaction
tenperature is at nost 160, nore preferably at nost 140, especially at nost
| 30, @dv3phrgeofhifandiB) Mehidekdls ofligid &B),ifor dxatplel poRsEmiditBiopAdsphate100, C.
The reaction of step (II) according to the first aspect is carried out over
a peri odand pprasanmydithincachismate; and organic disuffisles, sug}@a-‘ethwa@ dispdfide o/ conpound
(O full b f reaction of
comoun d%(%%é‘{lirmkfrh‘f!kéfgk Fg%n{}f? derfvaﬁb‘és tHérFon& Jﬁ%g E@e Hednd 6%5]51}1 fur

addi ti vedihiotatener, Peefgrabbe n&rlagaﬁd (BJ isdorrhdeinatia ldtmﬁgthel?rrecfees fflnyakitghe
products are renoved. 25 Preferably, the products of the reaction of |abile
sul fur athe addifiNee Whichalows dor atedustinn ipnumberolfrosssting stepe farimakingthe

ol ybgenygy;gyl fur conpound's integrity and performance

The molar ratio of the reactant molybdenum 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 and a hydrocarbyl-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]o[Mo3S13]. 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



effectiveness. Methods of renoval include phase separation of the reaction
m xture and distillation; phase separation is preferred. 30 A conpound (C
suitable for use in the present invention is a conpound that is capable of
reacting with labile sulfur, such as elenental sulfur or sulfur in a

pol ysul fide chai n, but not 2002MD09 _g_ reacting with any sul fur bonded
to a nol ?%MQ% atom Exanpl es of such 7corrpounds (C are: (a) conpounds
that contain unsaturation, such as unsaturated carboxylic acids, e.g. oleic

d, t ted I I
a1 phia- of Sl Sy B0 B R e R R SRR i
sul fide degeciafilyiafiep 80, demnagseoaélwhemIdfrmesméudiqxa @@9 (?%T@dﬂxplmeal“ fide,
(NI-i4)2SX, whére x is at least 1, such ‘as | ess than c) bases, e.qg.

sodi um hydr oxi de; and (d) aldehydes, e.g. octanal; 10 The anount of

E D S Bk Egbd 8 S S8 00 SRR ST, 2 o5

all labile sulfur is reacted. A skilled person in the art would be able to
determ ne the optinum anount needed. 15 It is preferred to use amoni um

Isulb f: de, Tégymﬁnan pgnchgorssr(f@cﬁxgm@b chtien ofoncdiagemperpizascnd Gmashiardagt Wlblt h
| eas ¢ habeeetipn of STaBTRRRCLH itk U0is BT et Whind: L Sifopnl (€ & 201 Y

especi al ksacrpddh &f 4] cﬂraaaduher@mducc@m(mﬂ (O is ammnl um monosul fide, i.e.
one 20 nmole of sulfur for every two noles of nitrogen, and is used in the

reaction of step (Il) as an aqueous solution. A skilled person woul d

undeyst agge %L%’é ﬁrg%}@é]gﬁ)aikﬁ%f&gﬁ g%e%rgﬂ?ﬂ-[%g%ﬂpﬂl%%{ 'sn?cffafﬁay conpri se

anmoni um su aver one sul fur per two
mol es of tewtahyd@euran $THR), diraelbglfameantiiié OMP) anethaidlewteesrdnyimikenti on

provi ded they are capable of reacting with the labile sulfur. 25 In the
event t h&I°T¥H- aqueous sol ution of ammoni um sul fide is used as conpound (C),
it is preferred to use nethanol and water as the polar nmedium and the
desired nol ybdenunsul fur additive is preferably phase separated. It has
been f ouRtefetably, thetreastionyin stept(Ibis cafriednmt pecdevateshtemporaturess prdfetablyrtheni um

sulf e and.. beter hase se ration is ed if he 30 atlo nass,
i o RBRuOE eerRRRSS s RRR R ! BP0t 140 Kpeiallr s 240,

1 1. Q ousﬂ%/)lhﬁo&tqu%@h%% ok riu’(g% JfeREh UOFo 100KPare in step (ln is

preferably about to 60, such as 45 to 55, C when an aqueous sol ution of

anmonium sul fide is used in a polar nediumof water and nethanol. 5 It has

been fou t ha a nmo sulfide.is used in
Che pr e b kiifion AFfife fh RASEENSCIRE Mt Bhenlis PRI o efia, Gtiafy
especi al for abbutsitdgast ﬂiourt Reensusd tatahe thrapatd (0) felly reactsvitmbel 1abild shifet e i s
Iesszosedi ment and waste in the process.

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



The reaction of conmpound (C), preferably an aqueous sol ution of anmonium
sulfide, has to been found to be particularly effective on a trinuclear
nol ybdenum sul fur additive; exanples of trinuclear nol ybdenum sul fur
additives are described in W98/ 26030, W99/31113, W99/66013, EP-A-1 138
752 .and EEO@F%) 138 686. It is preferred that the reaction is carried out
during t ¢ess for maki ng the tri nqg_l ear nol ybdenum sul fur additives,
preferably trinuclear nolybdenum sul fur dithiocarbanates. An especially 15
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(see for aecanple, EP-A-1 138 686), and then the resulting reaction m xture

is finally reacted with the conpound (C), for exanple, an a(i,ueo_us sol ution
of ammoni um @) Fp@BRounsls that cantaindmsatueatioBAYEl A ERRIUSHeR SHPOBHICACKS a8 Bect s of
t he i nvention, AR | a_di I j LAs =n .t he
handl i ng of thebiaég:di?c ?@\}}éﬂsé{ " %%hrgtgﬁlg;é/sgglg ?ﬁgﬂtaﬁgﬁ%Ppél%%’?pr?%%bgh?@h%rggggﬁt in
the additive, thbg. thdecte] arfd avethlemy cdmpauntis;oduced into the reaction mxture
at any time during the process; it is preferred to introduce the dil uent
fluid after <bépmmpniumsulfide degvatiyes, shckhas akayl ammeniam;sylfideand apunapiumgr ocess
ensures that ne I S f ducts fromthe
reaction with a%ﬂ%’gﬁ}g&?f’i%&%gﬁgﬁé%gﬁﬁ u?pgse%gsfglt% fromthe desired

nmol ybdenum sukj basescog. tsodiam kydrotide;, anthe anmmoni um sul fi de has been found to
be an effective co und for reacting with labile sulfur and drive the
reaction of tH:aldebydes -8 n5i3Blienum conpound (A) and source of |igand (B)
to cqgpl etion. 30 Accordingly, use of amoni um sul fide, as conpound (C), in
a process for nmaking an additive conprising one or nore nol ybdenum sul fur,
pr ef er ablBhe amauntiof eampovn (Ol esedris step (H) isabatsuificdient tematt with all thedabileed

yi el d, and,reduced. sedi nent.and waste. 2002MD09, -1 e candi tions and
by of ef r od B BFERYS! HaSEY It BLeEOVE e rERIEg oo el 3 et SR ISRt ar
al so applA siahk@péSort HEhP BAGRSI BE B61€ €8 ddlerntind R dpeifiuin asbesineedddt h t he
difference being that, in the process according to the tenth aspect, the
conpound (C) is reacted with a nol ybdenum sul fur additive. Additive The
addi t,.ve e Sith {1 . ' f the
invenlt|5 i or%?fs 0 pﬁg?era Iy c%ﬂr%érlngstq g‘%éé%ﬁ‘t:llgfg %{}?ﬂoé i égsg@é‘?gﬁg}% co (ﬁ]g? s of,
one or nECetwichetswitlulabde eulfuri ITheiaapromurdlselfide mdydemtain s10ré than coegpounds. | n
an enbodi nent . of appropri at C of the invention, the additive has a
col our ré’éﬁpf"f‘?ﬁﬁi %ggﬁg%o’@‘g,egggg’f‘é&&tﬂwt‘y%ggﬂ SH’EH’“&‘?@P' nore preferably

| ess than 4.0, especially less than 15 3.5, advantageously |ess than 3.0,

as nmeasured according to ASTM D1500 on a sanple containing white oil and
t he addi tlhwa eppeciably prefarred emboedimepp gompownd€)ds ammonivm songsylfide dauene based

on t mass_of the . samle. The,additive advantageous! as ol gur readi ng
of 18 opidle 3L st ERREY oo e et ok n IR HEIAR S a8 B s e
i s measuragdeduy s6fafivh DAlskHledAftrion wsulé nhdstbtamhthadforamprctd) igraleg ofispect s of
the invention, independently of the other enbgdi nents, the additive has a

chl or i ne 3F¥RPHKM Wenqspliide may: cosepyise smppeiymg syliidg davingon arrragesgioge than

pr ef er abl s Qﬂ% Q IoRhltdbekfSH ReéHQ e FREY: | ess

t han 300,%8:[1)1?”?Ql 8256 r?n t "iﬁ’ﬁ{?gé’ Lc#t tg11g’ aﬁ%?‘t%i \e/sg. Ien a\%ﬁgﬁgfﬁﬂggéd

enbodi nentventibe podvided they arerchpatile ofreaeting witlh therlabite sabfinadi ment  of
appropriate aspects of the invention, independently of the other
enbodrnents, the sulfur to nolybdenumratio of the additive is in the range
of 3+ 50_if tife ARnOhalanl Rpuehisofitfthl of almithib siffle TBEA RTc8ifpoa 1C)1i0 Lo

1. 90, especl?eal I 9 1?60 t ue1. 8S. The nol ybcllenlfm anc} sul furc I(?g)ntengcs)’ B? t he
addi t i ve paeferred:tosuse aucthanoh&TdwvbEt 85thePolar 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.



2002MD09 -11 The nol ybdenum sul fur conpounds useful in the present

I nventi on may be nononucl ear or polynuclear. In the event that the conpound
i s pol ynucl ear, the conpound contains a nol ybdenum core consi sting of
non-netallic atoms, such as sulfur, oxygen and selenium 5 To enable the
nnlybdenggagg fur conpound to be oil-soluble or oil-dispersible, one or
nore lig re bonded to a nnlybdenuq;atonlln t he conmpound. The bondi ng
of the |igands |ncludes bondi ng by el ectrostatic |nteract|on as in the case

ol cct r ost oy It B MRein ARt E R seR UL HRO B RORRIPRT e b B0 1

bonded. {85, exaiidran alt ukb @Rt Yo AgnteIah @GkldE 1sl&cb@rﬂdgﬂlaﬂﬁﬂdﬂlﬂ%ﬂ'|er

| i gand may be el ectrostatical l y bonded. Preferably, the or each ligand is
nmonoani owatsr andimetkanpl.es of such |igands are dithi ophosphates,

di t hi ocar bamat es, xant hates, carboxyl ates, thi oxanthates, phosphat es and
hydr ocar byl , pref erably al kyI derivatives thereof. Pref erabl y, the ratio

of the nHﬂﬁ?be&ffeﬁﬁthWﬁlﬁiﬁﬂB@&&iﬁohﬁi@h cﬁaﬂﬂﬂnﬂlmlsﬁufae@s wedenime the event
t hat the nol ybdenum sul fur conpound is a ynucl ear conpound, to the

nurber oprogessdanmsking ani agdmys accmdmg taithe tp rpeam:cé, QSPeqidhd@rSIQPgﬂl, the yieldpound
il - | ub | -di t th t | t 3
0o o> paotihe Hdilys itaRele ook T BT B het PAE yreth T e P e par 1 i1 €

may be infl uenced by the total nunmber of carbon atons present anong all of
t he conpound's |igands. The total nunber of carbon atons present anong all
of the hyhe tf@awypf @qrmm@ddC),mﬁ@fe@bbp@mqwguq sojairarfaypnedempulfide) hase at

| east, 21 S | east 35.
For - Secantid Bpnde bRl Eltpiie Th o BRI motPbgpBtetab bRk (T2 P,
range 25e)bﬁﬁpdeeﬁlf thnhdeéxﬂﬁolybd&rﬁm-aﬂhy additivedfire dasudibed ire WOXH/26G30 y bet ween

nvent ?Swésﬁ%l&@ﬁéé@%eﬁ%%?’s&? bae0) g RuAB A | S B B b epblered Bt the

oi | - di spRLSEd] 8 ¢ %frié’c‘.wdt Qafing™ E’f? Jfl%ar%&ﬂkfu?% hﬁmwmﬁml)ﬁ%ehﬁ}ﬂ%ﬂﬁﬂxde”t ly of

the nuclearity of the nolybdenum ound bdenumin the
conpoun daqﬂm‘fm pisifgrably srinuclenx |ndﬂybd¢nummrﬂfer di‘thleéarbamates sAn sspeially +4.
2002MD09 %ﬁo ferred errbod nent ‘ﬁe aspects &{ . he

i nve |on gpga S¢ FQrdnaking, fime e8ﬁ8‘03% 'S F’S/ R AT A9ditiYedSounds
havi ng awex ﬂllelthﬁcﬁtﬁrt&&ﬂdﬂ&hgﬁrﬂSs dﬁﬂbﬁﬂﬁdl mrthé Er?)céﬁs (§eltbi exXamp¥e, EFSAS| M- _Mo

58S (I) or S~~SS M- M ~S- Each core has a net el ectrical
char ge o}3&.@f86)g_qu then the resulfing reactlon Imxture 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.



Preferably, the trinuclear nolybdenum sul fur conpounds are~represented by
the formul a Mb3SKEXL~, ApQZ, wherein: k is an integer of at least 1; E
represents a non-netallic atom sel ected from oxygen and sel enium 15 x can
be O or an integer, and preferably k + x is at least 4, nore preferably in
the,ranggo%& § to 10, such as 4 to 7, nost preferably 4 or 7; L represents
a |ligand q 9 confers oil-solubility ogs0il-dispersibility on the

nol ybdenum sul fur conpound, pref erably 1 is a nonoanionic ligand; n is an
integer in the range of 1 to 4; 20 A represents an anion other than L, if L
I's an anionic |igand; 2002N009 p can be 0 or an integer; -13 Q represents
a neut r aThetemditions ahdpaéfengd embpdiments dasuibed iaSovenfot step (IAngehofirsd aspectS and

i ncl udes non-stoichionetric values. 5 Those é’iﬂl lled jn the art v¥|) realise
t hat forﬁrﬁtaﬂwwiwemétqﬁhpmwcmwaé%wp SpeRt, Withhihe sdergnge beinggui r e
selectio ﬂﬁ&; i ng on
for exarr{:haP %&rélhgﬁf]?l t&hﬁ gta?%% p?? 22(2&) i ?Qac g%@g?éej .

t he tot afnodyhdenmm-mnlfarghhmmtrl but ed by sul fur aton(s), E aton(s), |f
present, L and A, if present, nust be 12. The trinucl ear nol ybdenum sul fur
compound may al so have a cation other than 10 nol ybdenum for exanple,

(al kyl) apgBiydm amine or sodium if the anionic charge exceeds -12.

Exanpl es Qi ncl ude water, alcohol, am ne, ether and phosphine. It is

bel i eved that the el ectron-donating corrpound Q is rrerely present to fill
any vaca r.di nati on .sites | nucl ear ung sul fur
compound hesSiire 6 ol Rdgr e gadditye el the Baropae Bipstis oL e tBHS s ent and
di vajent pRidab] ?%Hsl@cs @ss%mlénﬂﬁ e@xéimyb&ﬁlst%%e& &emoﬁrﬂlldﬁ)h%lél ol Bilocyanat e

or derivative fthereof; preféerably A represents a disulfide ion.
dispersible molybdenum-sulfur compounds.

In an embodiment of appropriate aspects of the invention, 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



20 Preferably, L is nonoanionic |ligand, such as dithi ophosphates,

di t hi ocar bamat es, xant hates, carboxyl ates, thioxanthates, phosphates and
hydrocar byl , preferably al kyl, derivatives thereof. Wien n is 2 or nore,
the Iigands can be the same or different. 25 In an enbodi nent,
independggﬁ*% of the other enbodinents, kis 4 or 7, nis either | or 2, L
IS a non i c ligand, p is an integgﬁ_to confer electrical neutrality on
t he conpound based on the anionic charge on A and each of x and z is 0. In

[ io o sOERRER R REERRBO oloffl i RE R RHRGP LR Shortghitedt O 7

2002M)09 or pdlyrineedrd Ty Bribcavent thod thel toipearl is bolynexearpihe cotpeusd caitding £S
depicted in {1) and (1~ above, may be interconnected by nmeans_ of one or

more | i gEiiEbdeRmin coreconsistipg ehpen-metalliatoms, sugh asisHi: oryzen Aed sqleusne
functional group capable of binding to a nolybdenumatom to form
ol i goners. Mol ybdenum sul fur additives conprising such oligoners are

consi sler g ehable ahd mblybideMim-stilfer agvandto bdvis-solbRYr iofirdispérsiblelaietorf | ui d
may be used in the additive to ensure satisfactory handling of the

addi t i vemore Hgands ase bondegd t@ paolyhdenud afora dr tistcapneund. s Eebending of thee event
that a di. t. e T ng[ | - Ld A.ninhsed to

t he ext ek%k’xﬁdéggélh{i‘%sﬂm}grﬁnen%e al?%{bgttaﬁg%a{%ﬁtﬁ " %flwg@{aﬁéebg?ﬁﬁﬁelﬁ?mfo P& Id is at

| east 10forsisadf baadiag ihteanddide bewspr cowdlent aad eleeasstatitthondirgs I%gaddssechion t he

mass of the additive. The a nt of di]uent is advant{ageously at t 55
mass % EEappecompound Pfgrhe qierendy he Be%gmamq& ag\w@ggim&y ,cotvgggﬁm ly
hydr g ar ; ' ' yhg viscosity selected from
vege?gbl Eeﬁ%gls%?é%{r?\&nlel %@%ﬁ%bgglkﬁﬁﬁhdg%bgﬁeg In an enbodi nent, the

diluent fluid is free of sulfur. The additive may contain as much
T TR B B e SRR 1% o
gfs pgfzi ;lel@i;hig?h%ha@@,rcﬁthmc@f&hﬁ@skﬁkhdt@@ﬁrbéxﬂ5bes,&h'i@ﬂaxﬁﬁat@i, ph8shate? alld.
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.



20 | east 5.25, advantageously at |east 5.50, for exanple, at |east 6.00,
mass % of el enental nol ybdenum based on mass of the additive. The anount
of elenmental nolybdenumin the additive is at nost 7.00, such as at nost

6. 50, mass % based on the mass of the additive. Preferably, the additive
of the tghbgwgfpect i s obtainable, nore preferably obtained, by the 25
process first aspect. Additive Gonposition The addltlve according to
the second or third aspect may be present |n an additive 30 conposition

wi th one [ t on of

| ubri cati pge? %ﬁc(g%rlg%gqlﬁllg%ﬁ%% b o\bﬁétecas &LVF‘(]:TZO E)h ela? ik %gg’%ﬁ%é itives
t her ef or ohél of herd mbmbaéntﬁﬂ@ullfmmnmﬁmmvt c)ore ofithaistructgrels hlepla:édlut (bes in
a suitable ol eagi nous, typically hydrocarbon diluent fluid, e.g. mneral

| ubri cat ioA§Bi |, or other suitable solvent. G ls of lubricating viscosity
as well as aliphatic napht heni ¢, and aromati ¢ hydrocarbons are exanpl es of
suitable diluent fluids for additive conpositions. An additive conposition

constitutes a convenient neans |ng two or nore additives before
their use, as well as faC|B| atln solu or dispersion of the additives
in lubricating oil conposifg§on en pre arlng a lubricating oi
conposition that cont ai ns re tha 10 o] type of additive (sonetines
referred to as "additive corgpone ec ch additive may be incorporated
separately. In many instance !; is convenient to incorporate the
additives as an additive co ition h&p call ed additive "package" (also

referred to as an "adpack")) npri si n two or nore additives. 15 Exanpl es
of co-additives include di spe}S\ etergents, rust inhibitors, anti-wear
agents, anti-oxidants, corrosion bitors, friction nodifiers, pour point
depreSsants, ant i -foam' ng agents, S/i scosity nodifiels and surfactants. An

addi tive conposition may contain 1 to 90, ,such as 10 to 80, preferably 20
to 80, nmore 20 preferably 20 to 70, mass 9A)based on active ingredient, of

the additives, the renai nder /@ﬂflj\%w f1 ui d.

A
Ni7

S 1))

Each core has a net electrical charge of +4.

10
Preferably, the trinuclear molybdenum-sulfur compounds are’represented by the formula
MosS¢ExLnAgQ;, 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;



The amount of el enental nol ybdenum derived fromthe additive according to
either the second or third aspect, present in the additive conposition is
preferably in the range of 25 0.025 to 4 mass % based on the nass of the
additive conposition. Lubricating G| Conposition The |ubricating oi
conposit%@%N@@fording to the fifth aspect is preferably a crankcase 30

| ubri cat conposition for sparkzlﬁr conpression-ignited engi nes.
2002MD09 -16 The anount of el enmental nol ybdenum derived fromthe additive
according to eithe third aspect in a lubricating oi
conposition is pre é%ﬁﬁf@qﬁﬁﬂ tgé?hnge of 1 to 1000, nore preferably from

20 to 500, such as(pfeptegeri9f newpaleledasedogiingltempessd;ahdt he oi |

conposition. 5 The lupricating oil conposition can also find application in
industrial oils, f@&dsiathegange of Aée & apd uylydes pop-ploirdiomeiigvalyes.c syst ens and
circulation systens. The anmount of trinuclear nolybdenum sul fur additives
in such oils tends to be less than that found in crankcase |ubricating oil

conposi t Those, skilladiin alid art Wil fealitthatformatiothofake frinuoleaOmolybdemuanplie, 10 2 to
8, ppm based on gl emental nolybdenum The additive of the rzresent

i nvent i ofPTRBQUI Wil FEquEs Selfstipe 4 ARITOPTiAte Hgands (bhansoaheragians (), dgpending

enbodi ne i I i i ta] PR I | ess
than 400018 e{eibic, e BuBb@Rf euihyiia Pl Ty O i he CREME U G AiRE, | U
| ess t hachatgOcompibated by sydfiaratam(s),ds atom(Hcif prademg Ltand ASTMprEERgdnudt bbri cat i ng

oi | conpositjons y be prepared by adding to an oil of .lubricating

Vi SCoSi tgialrh? Q{anabmo dgi FPU@&?BB@PB MY alsohaye a cauomoter ‘Sﬁ'i‘ rd aspect
and, {4 f : RarfRp B bl &HeH. @eheles6:d erein.
The |10(¥ epgggﬁﬁgﬁﬁ%ag??ge aclg’(z)%lpﬁlypéhed llolf/}g’gdé%l:nﬁgﬁ% he a’dlgi%l%i ve élé?lgégg?y to the
oil or bexczddi+lg.it in the formof an additive conposition accordin g to

the fourth aspect. Additives nay be added to the oil by any nethod known to
those skilled in the art, either prior to, contenporaneously wth, or

subsequeBkarhplea 8£Qtih€ladOWaRt,Mdohdl dirine/ @ther 251 PR pRink. Tfis belbved atat g
viscosity can be a synthetic or mneral oil of lubricating viscosity
sel ect edCleetErn-tonatige sompewrds iQ ds mgreky prepeny fo fill apy vagant coqrdingtien sjteg 98est ocks

o Y BRI RR BRI U 151 L (1) 1509 Enane

defines Goup I, II, Ill, IV and V basestocks. 30
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 O.

In a further embodiment, independently of the other embodiments, kis4 or 7,Lis a

30 monoanionic ligand, n is 4 and each of p, x and z is 0.



2002MD09 -1? Basestocks may be nmade using a variety of different processes
including but not limted to distillation, solvent refining, hydrogen
processi ng, oligomnerization, esterification, and rerefining. 5 In an

enbodi ment, |ubricating oil conpositions of the present invention do not
conprisezgﬁghgglon inhibitors. It should be appreciated that interaction
may take between any two or nmore_f the additives after they have
been incorporated into the additive conposition or lubricating oil 10
conposi t f m xing
o any sneEEdBEELAEk ot oY pl e PO e Plirhita I BATT 560 L ng
the use ofaythecinceommected by means dfSonsorknorg hgmdsrtbatm&nmultidehmreacé.iadl@nday

al so take place when further auxiliary addjtives are f‘%ﬂed to the
conposi t NBWEE @FOTP feany engupgtsmabgronp eapablsral dinding togk mglybdenyime Ao {QF18% i on
may i ncl ﬁ%ﬁ@ t t 5
addi ti ve? ﬂﬁckal oir;fyggédhrruy%lfa gﬁl{‘ﬂé‘hg@ﬁ%@ﬁﬁ? on %‘?ht &g%%fvseayn% é|:(”(;{r%ldlal;'leél tggalﬂ
conposi t imatisn the sebpebf thistiavanionon, for exanpl e, between any of the
additives, has occurred, as well as conpositions in which no interaction
has occurred, for exanple, between the conponents mxed in the oil. 20
Further Te f: i aedi tive
Fur et BeGRE ly Ehip B 5scin e YA ] B H RS facil,
conposi t farexaarple,isoha v hag atebeeptabdd viscasitymin theepentithas dluentflud ¢y wsedpecause
of its d nDnstrat OXI on and. friction reducing.pr ti.es. 25 Further,
Che 111 nbta BERHOE gteH A Grrmiseic e Xer Ratgblen FRrEREN, HircimEih of bung
to degongid cﬁl&nﬁﬂﬁﬁﬁ%%@ieﬁstﬂ@r §1f&hr£§“ﬁt3fca§2r3© Eélﬁl? &ﬂe&s’f‘ﬂs aﬂ%‘st% MWasedlgscr i bed
in W98/ 26030, W99/31113, W99/ 66013, EP— A-1 138 EP-A-1 138 752,
particul & maw@\xhdedcbuwl Tmm@mt aﬁthlvmt nmvantamslo'cat nulst $TmassB. oi |
conposi tions and good 30 fuel econony and fuel econony retention properties
to an engine. In this specification: 2002MD09 -18 The term

" ol ybdemxainplddsiofidiloentiynid thelyte 30Ratide eRABIAUN] typavdllytydiochfbas] sodvests,

nmol ybdenum at om and at | east one sul fur atom preferably the corrpound has
at | east sesheassilsraflubricating Niscosiy sslesteddram vegatatle, anpnal, mineyal dad syathetsns and
al so,pon t such as carbon, nore

pr ef é%’abﬁggt%%%ﬁb&ég@eﬁé@d{i&{%%@ké’g‘gg&%@ r atomthat IS bonded to one
or nore nol ybdenum atons only, such as represented by cores [ M234],

Mb3$4 d [[Mb3S~ At ons sel ec from oxygen and sel eni repl ace
oo or e A0SR PSR A SHEh RO RGO Chpation 55 PP AL SR ot s
of 1ol yb@enailaRdhé blditive plefiFiblF comBrisddhe ofl nftit YnolyHienific IpBDAdéhﬂ@ﬂum 10
sul fur additive neans an additive conprising one or nore nolybdenum sul fur

conpound8moyntof at deast 4.8, merereferably afdaass 490} such 28 phleasts.G, emeewﬂwm
unreagcte I [ and
s30T 258, o BB BALL S PG RIS 9o aBRL R °0C, |
Anal yti calolybiuefusi, bysedfonShass wf tienadditive. Cllmpmmdsoﬁ elHnéntalKﬁbl@bﬂﬁﬂxm Wthey
| nt ersci ence, New York&&? 1970), page 82. The term' h drocarb as. used
means t hafdifike Isptangst ¢ c%‘%cﬁé’d af @Oﬁrq P masy %o eprikse @%98?%’5@9 ditixe car bon
atonms and is bonded to the renainder of the nolecule via a carbon 20 atom
but does not exclude the presence of other atonms or groups in a proportion
i nsuf f i cPeaferably, thet additivefofahe thivd aspdxs isootitainbbly, homoefardbtynohiacd dyshe st i cs
of the g
25

procgss 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.



The term "conprising” or "conprises" neans the presence of stated features,
i ntegers, steps or conponents, but does not preclude the presence or
addi'tion of one or nore other 25 features, integers, steps, conponents or
groups thereof. In the instance the term"conprising" or conprises” is used
her ei n, é&gpé&;n1"consisting essentially oP and its cognate are within its
scope an a preferred embodi ment ofsit, and consequently the term
"consisting of ' and its cognate are mﬁfhin t he scope of "consisting

essenti a ' : ks r j '

Yo - sor dbfe Bepd M SGuBan L Bl cBRgBING, WCtoRmol bracile HIFLEE,
sol ubl e, addissed thaklfer in thesforil of additiv@pahp&itdn(Haon@imns hendditivesindie oi |l in
all proportions. They do,  _2002MD09 -19 nean, however, that the conpounds
are, for spifeblepleaginges, tipicallyhydiosgrban.glibisat Byig) e8.iminersd Iubricating eih oxt ent
sufficie . i it effect. | ' i.n Which the
i1 compatet Ryl Soltelf, Oy Bt AR ViSehi) B b £ AL Bl SHE

ot her 5 addidmatiehyslisdartams aleosemps of slicdladituent fraids fdrfadditive lkempositiond.i ty or
di spersibility of the conpounds. 5 "Mjor anount” neans in excess of 50,
such as greater than 70, preferably 75 to 97, especially 80 to 95 or 90,

mass % qf : joded . . : | ess
Chan 30, A AR ERERiiof RopshiBOL cRR: pBREE Hafffiing WBfbriore SHGRVES | 12
conposi t before théil yserasevdlbapefacitimting sadtion or dinpersion ofitheradditivey i Ilubrjcatitigent
basis, i1..e. wthout ard tqQ carrier . or diluent , oil, unless otherw se
stated. ©H composifipns. Whep preparing,a ii-lbklﬁtl%%l FOTgPOTHGR: hAlconfaing Jore R ns of
Var y g Qe o y e a,e

! avaad)  BHE R IF BEIAYE (ochRARRS it AP0 v BUEANL KompAIENE) elct A ey

exanpl es be inc2GRRaDQ SefaxAdYL EBSmaRy irSteangd, boweverTit éatomyenientfto ancorporate the

mol ybdenum.sul fur addj.t.ive with. a ni ul fi.de. 5 A trinucl ear | yvbdenum
07 coooai AR AT Anr acdifits SaradsfidRTR Bt Ra Sdic S pankhas” L s TRt &1
descri bedadﬁcmpmhgiﬁngfwwgﬁbmaﬁiveaut w t hout the use of toluene and
involved no filtration step, was added to a solution of nethanol ( 100g)

and an aqueous sol ution of ammoni um sul fide (2509, 45% by mass of ammoni um

sul fide) L P t 4 SELTLRAC r ours.
The i1 xt BFEAElet OFHoaidhd: HENGE aRBER ARG Blckdul e B A Blhvid heen 21
i nt o twoahtirpeidants lderaipndahibitbsy frictiva snadiifera, sba paind dépressanitg camticfohmyrey
heated to 100C and, a vgﬁ_uum %pﬁl ied for 2 hours to yield the desired

mol ybden B8Rt VsGPs!§faPEiiges 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.



15 Exanple 2: Synthesis of a trinuclear nolybdenum sul fur conpound

(NH4) 2Mb3S 13.2H20 (77.1 g) and dicocoam ne ( 181.7g) were added to a

m xture of nethanol ( 156.8g) and base oil ( 114.1 g), under a nitrogen

at nosphere and stirred and heated to 37C. Carbon disulfide (20g) was added
over. 2 hours at 37C whilst continuing 20 to stir and then the reaction

mi xture o¥MA¥ated to 60C and anot her ﬁrtion of carbon disulfide (25g) was
added over 6 hours. The mixture was thenh heated to reflux for 4 hours and

al | oned cool t C..An 0 | Uk i.on. of ooni um sul fid 2.80, 45%
by mcs ke SRR o g AERR ARYAA KRB APV WESHBHE ) et e 0
M xture ¥&snd bethifd dspeten B%b?ﬁhﬁxgg%oiﬁaﬁn StiGiOid PRdferaBlydy ehie 148 8e 6f Bfear ded.
Mneral oil ( 114.1 g) was 25 added to the organic |ayer and the m xture

was heat €00G, snare peferablyrirom £0 ¢¢ 800, sheh 2 htoa30Papprnkasppen the massiopde gibr 1
hour to yield.the desired nol ybdenum sul fur additive. 2002MD09 -21 The
col our, PRIy ol ybdenum rati o and chlorine content were determ ned for
the pyoducts of Exanples 1 and 2 (see Table 1 ). Table 1 has al so those
measurenents for: Additive A - an additive containing a trinuclear

nmol ybdenlihe Hibsiseées eihrompesitivraean ahedindpspplinatiqyipdedustrial ofts, faptxanpleyf

W98/ 260 te. Si ' [t hi d instead
of the pius Bt BER RS PANRES subt AT AR IcA F5ERE"TRE frli 470 7o O
cont ai ni gfhudlehf molybldemim zal fibatidivives 6 ahardls térde ¢abd ReBthan tiedl €odngd ih he

process described in Exanple 1 of WO99/31113, but w thout the use of
t ol uene eEKGase Hibpisating,of Fompesitions. typically Jess than29, guch agd tad@; for gxample,

cont g ni i i cocodi t hi ocarbanmate to nmade by the

pr ocgdss %g%g’ré%dé’%%fggnpe}e{tg‘gﬁl%wlg@ﬁBlllB, but w thout the use of
toluene and involved no filtration step, and which was then heated to about
160C for_4 hoyrs; d Additive D - a ¢o ci a] nolybdenum addit,ive sold by
Vander bi The Q‘%HY%%&IP‘EBWSWHYRP&@P mwﬁm%aﬁéﬁmﬁw §9PPOYHONEAh| e 1:

col ourpsul fur to nol ybdenumratioqgchlorine’, ppnExanple 14.01. 67SOExanpl e
25.01. 6370Addi ti ve A4.01. 8S1000Additi ve B4.02. 3380Addi ti ve
C6. 01. 6SBoadetnbodimemiofghe 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 D6594.

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 Iubricating 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, I, ITI, IV and V basestocks.

30



p - ASTM D1S00 neasured on a sanple containing white oil and the additive
in an anount of 110 ppm by mass of el enental nol ybdenum the | ower the
readi ng the paler the sanple; g - sul fur and nol ybdenum anounts were
measured by ASTM D518S; r - neasured by x-ray fluorescence; a dash

i ndi.cates. no (ﬁ) measurenent was taken. Table 1 shows that the trinuclear
nol ybden A0 ur additives of the art_cont ain chlorine (e.g. Additive A)
or have a high sulfur to nolybdenumratio (e.g. Additive B) or are dark in

appear an ) itiy I ! i i 1
(Branpi oBaslics o e e o Rris br dftbrent AEeRHThER By hVIERIAY
exhi bi t gntillatias solventrefmiag thydfogen p2eHR2IAE) dligedierizdnion, taifioationadeéf ect a
nol ybdenum sul fur additive has on a finished lubricating oil composition in
respect BNRf.our and copper corrosion. Table 2: col oursHTCBT - Cu, ppnOi |
13.0147.40 1 23.5113.90 1 B2.5426.9G 1 C7.0148.6 5 s - ASTM D 1500 neasured
directly on the oil; t - H gh Tenperature Corrosi on Bench Test (HTCBT):
ASTM £658#an émbodindent) dsbrivacig oihsorhpositiorns itk reseat invsmdsttdé Aotvdontphise
nol ybdenum sul fur _additive is used in the finished oil conposition (see
Tabl e 1) COTEPsiPR PARNOIS  a nol ybdenum sul fur additive having a high sul fur
to nol ybdenumratio to (e.g. Additive B) gave poor copper corrosion (see
Gl B). Wile a nol ybdenum sul fur additive having a high col our (e.g.
Addi t i veltGhogjdwbe gppraciatal thatrin@laotion mayhtekd placesteewlednidnyi temtdrmgore iof the
conposition.(see Gl . |n contrast, Gls 1 and 2, which cqntained the
mol ybden IE&?Sf ﬁwrmﬁﬁveégendflcqrﬁ%m&ﬂég@ﬁﬁe ALY SdsmpOR iR PrgaBne ol
sat i §f aCtQhyoRE6d, OTHBRES cjt"anrnﬁ‘aéﬂﬁﬁé 13ke HQiBEY thd PEbROPHEhixERY 608yon. The
Iubr?cati ngi‘%il conposi t?olns 1 (O'?s 1, 2, B a?ql C) were identical except
for the syysequsnt ronditietetoumhichythielompdition veexposed, invlding therst phthenum
addi ti Vecgﬁgos?!igrp glel S \%8rk12n0g0eneﬁ%r%fent(.allgtg}aa% igrlls rrxrl%ll Xlts?g ?aI}(lénﬂlace 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:



2002MD09 -23 Ol 2 was also found to have sati sfactory oxidation control
and friction-reducing performance. For conparison, the data for a

non- nol ybdenum cont ai ni ng lubricating oil conposition is also given (see
Gl E)y: Ol E was identical to Ol 2 but no nol ybdenum additi ve was used.
Tabl.e 3: %(%.}Mag Il onFriction"CHPaverage friction @140C, ~tG 1| 21.190.090 |

EO. 200. 1 anount of Cunene Hydropeflggd de (CHP) degraded at 125C for one
hour, in mllinmoles of CHP degraded per gramof oil, is an indicator of the
oxi dation potential of the oil; x - H gh Frequency Reciprocating R g

operated over 30 m nutes. 2002MD09 CLAIMS -24 1. A process for making an

addi ti ve Themgi SholgbdétRnPEulfiiRc6mPbind Fhéxbh & cOmpoind Khvaipedt 3¢t ene
nmol ybdenum sul fur conpounds, said process conprising the steps of: 5 (1)

r eact i ng malykdepamaatomennid atleastrong suldvr atems) prstrsshlytheciopmnonad hag atdeast enesour ce

oty bcenare o B ERatded Bné & ol HORBEk L ol A plspob iR BionPr

r eact § ng ndoré ARMBIGbdeam Mbing,utlk aC @B, enddé prefaablyNhe Yérhpoundtak 6t 18ask f ur,
either 10 with (a) the reaction mxture of step (n after the reaction of

(A) and ©EBY sHAY ayeythatas bened tangergaorermelybdenam gtams pnlyrpechiasocess of
claim1l WoRrs I ur i ' ear
nol ybden\lﬁérﬁéssﬁéh%l r&gcé)?r%)so%sdg@dé&#ﬁe gr §3§ éj;sA%ﬁ{g]e%?r[éEtgg f@nglo nﬁ é‘fﬂgﬁ . claim?2
wher ei n kéleninaamaq néplaoel onede Mo sulfur atoms in such cores. Advantageously, the core
consists of molybdenum and sulfur atoms alone. Accordingly, the term ‘molybdenum-
10  sulfur additive’ means an additive comprising one or more molybdenum-sulfur

compounds.

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  is 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



conmpound (A) contains an anion and possesses a trinuclear nolybdenum core
conprising at |east one sulfur atom 20 4. The process of any one of clains
| to 3 wherein the ligand (B) is produced in situ and is preferably capable
of becom ng negatively charged. 5. An additive obtainable by the process

cl ained i one of clains 1 to 4. 25 6. An additive conprising one or
nore oil 2@%@@@ e or oil-dispersible m)llg_bdenum;ul fur conpounds) wherein the

additive has: (i) a colour reading of at nost 5.5, when nmeasured according

to ASTM D Lo i i g i

amount ot e R0 Rl PATRE Corfithth Becr S ol hshitfe BERGb T I .
30 (ii) @ efboehtwfficiritesbxdl thel SftendbdrefRO0inpheebNrofifeAt inbanedthenilt he mass
of the additive, according to ASTM D6443.; and 2002MD09 -25 (iii C% a

sul fur t 6ompPsibier ifampayddo Mpreawes, g addisionaliipcarperatiomefeotgr additiyes sich o5,

t he anmou f . i X . i STM D5185.
7 addr £105s SN AR TRV EPUE BRbNRy PEBSPEFPIEEPLE Bfabidy o
claingd in either claim5 or claim6, and one or nore co-additives. 8. A

| ubricating oil conposition conprising a major amunt_of an oil of

| ubri cat i ‘Mpier amedntt yneagsdn £xgess ofhel, eush it grastes ant K rpacierably 45 P it
anount of . int.] C i td Lainmed in claim7, or an additive
as clai mdbin gi%toﬁlé\rég(? gl(),mﬁgﬁg??;, %:ﬂ@??n P&\S&}tfdnThe use of an additive
conposition as clainmed in claim7, or an additive as clainmed in either

claim5 gr claim6, in a lubricating oil conposition to ingprqQye one qor nore

of fuel eMERAMA MGans &so%ﬁsbf%@t%ﬁfﬁeaﬁ. than %fgﬂmle’éﬁagéxpraéﬁrﬁm

resi §5angg,9h t{,bp, &éss'%Péﬂtﬁ@E&ﬂgos%dn._COWPOSi tion. 10. A process for making
|

a lubricating o conposition conprising blending a najor anmount of an oil
of lubricating viscosity and a m nor anount of an additive conposition as

clained in,claim?7, or an additive as clained in either .claim5 or ¢laim®é6.
Aql percentages reported are mass ‘% on an active ingr chnt basis, i.e. thmmt regard to

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.



20 11. A nethod of lubricating an internal conbustion engine conprising
supplying to the engine a lubricating oil conposition as clained in claim38
or nmade by the process as clainmed in claim10. 25 12. A nethod of i nproving
one or rmre of fuel econony and fuel econony retention of an intern al
conbusti g g%ne conprising treating noving surfaces thereof with a
| ubri cat| ng ol |l conposition as clainedqjgn claim8 or nade by the process as
claimed in claim10. 30 13. A process for reducing the anount of l|abile
sul fur i mxespphEsdenum sul fur additive, said process conprising the steps
of reacting an additive conprising one or nore oil 2002MD09 -26 sol ubl e
or oil-dispersible nolybdenum sul fur compounds with a conpound (C) that is
capabl e %I 3 .
h9. A{ . Ar “ARILR’S : h e :
e. A#. A A AL63/ 3<@1q7@)’>’>7| wr rmc"Y] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] caj] ca] ca
] ca] cg] c& gaheRhe Abildenlsdicrbittvkabhmaiealitak a00E) oIMEE Rak flade bgitk=D

""}w nmhc”Y] ca] ca] ca] ca] ca] cal c’a ca] ca] ca] ca] ca] ca] ca]fca] ca] ca] ca] ca] ca]
ca] ca] Ca]p&qe@saq@gljlb%q indixempia] A Q! 135 atsmithout the use of toluene and

Nk %k %%

SvSSA BHANENE sllioh (AR (Vad i o F4RILAN WY SeberbisTGALARLE Thighg el ooVl 2

] caV] caj ¢a ] ca] ca]ca ]’calca ca] cal ***
>+++, , X- @ohtibn of Bmimdnigm sulﬁ&é/(@S()lglli aﬁsbs%fﬁhﬁm(ﬁmﬁﬁﬂsﬁnﬂdeﬁ]n&] readlgagcal ca]

co e calcel ch{E Mol el ] Sl sl co e e cef oy el e

AT T A AR skl GBI

QRTTWYYaZhersrghmic Yayek hes]te@]o:laqm@]and]ao;a]:mm] ap;]lreﬂ]foa]z hahmsad gie]dthk dagicel] cal ca] C
acacac al cal] cal.cal ca] ca] ca] ca] ca] ca! aZj ZoZZ*[ E[H K[ R \ \ A
\{] ] l\’\l l\)@ l"‘?dﬁ H%%&éﬂ(@h&‘&&fx} ] c!a] c!a] c!a] c!a] cal cla] cal cc[a] E:a][ cc[aﬁ:a][ CEB.?E)EB.][ E:a] ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca! aCbkbnbbci cc"d] ddd
dd" fffBgghUhh
i Jii |@ ] K g] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cajTa 3 | 1l HhnoYoopnpppYQqqq:

rorrDs ssttt +u uvquvwwv| wr rrhc"Y] 11 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a]

bRl M ek RS
] ca] c"a Gidg ?15686 %H%Lfédlpfllaq]gy%aéﬂé?ﬁal&?énaﬂ{d% Bhdtt akd e i) cal cal ca

] ca] ca] cal ca cal ca] ca] ca] ca] cal] ¢a] ca] ca] caJca] ca] ca]cAa]ca]ca]cAa]ca]cA
| ca] ca] cakatad dxa]i?:“&l t @arbon disulfide (20g) was added over 2 hours at 37°C whllst continuing
) *,JP)/ 8=zupkfa\ W] ca] cv}[ca ]cal ca ca}lca(] cal ca‘\;/] cal ca ca ca)J calca]calc

a] capfal é%tf'éraﬂ’@af Ibﬁ]eé‘a logRIxure Pas peatlgd e ¢at;and another pordd n Of carbon

ol hasmesy biealcalcel eslis) ot eaxlantan ‘Eﬁ“’%‘f‘ié’nﬁ&‘}*ﬁﬁ“ﬂ’ﬁ’é?ﬁ?

ca] ca] ] cahdallcwé¢d & amll c@b@«]. cAh aq1]e:cm]; salphdiar objmmponmnt sijlfidd c&]&@]lﬁ%] Ipa] ca) ca
] ca] ca] ca] ca] ca] ca3] >$10%& ()-m ; $109& () - nBl0%& () - & LglO%N& ()-&10%&' () -
& 10% &Tpass gfkpipmonium sulfide) was added and stirred for 2 hours at 50°C. The mixture was

1001008 | R AT B BN e - 12

10% &' ( Jad@dDfpth&ofganic 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.
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19008, ) U B s 00 POUE RO DI ohy Rl
10( 1 L( nt' 10%0Additivé A$10P4adit{Ve-dodbalif8 triuckat 68438 denum dicocodithiocarbamate
YSLOVER (- Lamoves (1. Lo £ IS Sedst 00 s 13008
5 dicocodithiocarbamate was used instead of the potassium dilauryldithiophosphate;
Additive B — an additive containing a trinuclear molybdenum dicocodithiocarbamate
made by the process described in Example 1 of W099/31113, but without the use of
toluene and involved no filtration step;
Additive C — an additive containing a trinuclear molybdenum dicocodithiocarbamate
10 made by the process described in Example 1 of W099/31113, but without the use of
toluene and involved no filtration step, and which was then heated to about 160°C for
4 hours; and
Additive D — a commercial molybdenum additive sold by Vanderbilt Chemical

Company under the brand name MOLY VAN 822.

15

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

Example 1 4.0 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.
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10908’ () FPEFOR ()- 10%0% ()- 10b
colour® HTCBT' - Cu, ppm
Oil 1 3.0 147.4
Oil 2 35 113.9
OilB 2.5 426.9
Qil 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 0il 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.
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1 1$109% uru&' ().- ! 6$10% 5- 5& (2? | %(9: $10%IU& ((1% Ggz" 10% u& ()-
10% u& Compasiteon® 3o gjren (spg P Ey PME was igepticah ta,0 @ wt no molybdenum

10uu! Xy/ Xyl $10%iu& ()-s!;
s $10%u%&§{?§&a%i%%/a«uvu&' *JJILLALLAEM °
11, #19%08 ()-9s! 10%0& ()-9° le%C)& ()-9

1 10908 ().- F109%08 () - L10%0& () - LLHMVWOOEM * 11 ' 10908 () -9
3" 10908 %f)i blg@r1090% ()-9° ! 10%0% () - 9" 10%0& () - 910%0& () - OPPQQRQQQXTHC
11 10%& (T T90TI8 dation Friction*
CHP" average friction @
140°C, u
Oil 2 1.19 0.09
OiIlE 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.
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%<& () - 10%<&a(19ganq, %bggh(l}ga@j %s&agab.lgﬁf mdermg the or each molybdcnum—

sulfur compound oil-soluble or oil-dispersible; and

(IT) reacting a compound (C), which is capable of reacting with labile sulfur, either
10 with (a) the reaction mixture of step (I) after the reaction of (A) and (B) has begun or
(b) the product of step (I).

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

15
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.

20 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.

25 6.  An additive comprising one or more oil-soluble or oil-dispersible molybdenum-
sulfur compounds, wherein the additive has:
(i) acolour reading of at most 5.5, when measured according to ASTM D1500 on
a sample containing white oil and the additive in an amount of 110 ppm by
mass of molybdenum, based on the mass of the sample;
30 (i) achlorine content of less than 900 ppm by mass, based on the mass of the
additive, according to ASTM D6443.; and

"L"10



i Jii dEMCs | "1 "10%<& ()-3F 10%& ()- Y'10%& ()-" 109%& ()-°

10%& ()-3,$109%& ()-ii R jk_KkdEmbCsL- "109%& ()- s*!'10%& ()- ("10%& ()-

& #10U%<& ()- %% !109%& ()- $ "10%& ()-kkkDl xlI'yl zl {Il xnbCs™ 109%& ()- 10< 10<

10<7: 109%& () - L5GLO%<& () -92109%& () -

@ 910%:&0% b%nnoYoodEansSS%lO%)& () T1109%0& ()- 310908 () - 1M 10908 (
1 10% 0% () opnppququans 'F109%0& () - 1"1090% () -

Fs$10%:)& ()- F109%2% () - y"109%0% () - 6/@& ()-99:rOrrDsdEMCsS/ 109%62&' () - L-

IOV ()L 45 R Okl bR b o D

109 () - 92- 1OCVO&H(oilnttdﬂvaWﬂE@E&&hﬁOﬂ@m@n@m&éd@&ﬁotﬂﬁng ﬁm@’ﬁl% u& ()-9"10
% & ()-Y s10% u& () -9" 10% u& () - quwmLxxx% dEbCs&( " 10% u& () - ' #10% u&' () - &%
10% u& () - &&$" 10 &5() 9
10% u& () - YS#10% u& () - % (z{{{{{{{bCsZ10%& ()-L10%& ()- 10-u 10-u
10- U710% u& () - &1" 10% u& ()-y/ 10% u& ()-{h| |} @zX9bC& MLOYOE ()-!6
s$10%0O=0% ( An! aﬁldﬁﬂir]:@.‘&fmp&sx(tlbn lcompfiding@[dBLét(fuid, an additive as claimed in either
| Z#10%008 () -yLyZ" 10%08" () - 3t waVK@ 100, 100
1009: 10963817 P-arsiaind, end oRg §1moRsa9-2dditives) 100608 ()- L' * @ 10908 () - 3%)

WA <VK@ @#109448' ()-!; 3#10% </ <& () -3 #109%& ()-'3
#10%<& () -, Z10%& () - ss10%& () - YoWUBVK@ S, 4% 0%<C<& () - !\, 4% 09P<P<& () -
I' N &$$10%B&A(mbf1bat&§$1m@nfm&o(rl)cohibﬁs$g&%ﬁj& fonot@f an oil of lubrlcatmg
0ll<d< | 0, 0% 0, 0, - ==
S‘{ég_/@,ﬂ] 4 43&(9%%;_1{3};?% aqﬁige/@p\x;qtp oradm%&egi)thecr;g'\gl{ﬁ a( I)mnsbi ]ér%é%nt(gf an]é(c)ldltxve

1098 () - coril) o@n&) W&fﬂ‘? Claim 7 Qx/ §adim$el£§%¥m dr &ﬂg&cfa)mﬁl}f}'clmﬁ, (510%& (-

s109%& ()- 1 10710 0 () - 3YHLOUE Ol F$100& (
109 ()-'6F@510%& ()-L! /F@SIO%& ()-L 109& () -, 210%& () j &+bCl 1 ;

210% & & 101010F& $10:¢
s1o0a () 0% ThBELS S arpive o &b g ey, o ab egiiye p olgjmed
10% & () nﬁ@lﬂa@%ﬁn@m%ﬁﬂﬁmﬁﬁ a hibHcétifg oif cdpésiidn toFiiptidoRe o more of fuel

10% & () - @O0% & () -
109 & ( ) ecangm®! l&ceyomy I@mt&m(qf memm@qd)m@dmwwt@wmm & (

109% & EF+Cl " 109%( & (1" 109% & ()-!"10% & ()-!"10%& ()-1"1

o%( L%@\l%’f%é)} %?'H} dtheA+C! : 10t(y( #3A"°!i" 18)/4 & ()-f" 18)/4 & ()-f" 18)/4 & (
10%1& () - #3A" xdJ+C " 10%1& ()-1"109% & ()-#3A"1" 10%1& ()-1"10% & ()-!"10%

& ()-1"10% & eF+Cl " 10% 1Q% Q% O & ()-#3A"!I"10% &

5 00 G i St e ot B (255

10% & ﬁﬁlbﬁnt oG oHUPBaLAFRKCbsi and ajmm%p Muﬁt)df an2d@itile c@x@fg&gltion as

s-" 109858 ()-1"10% & ()-#3A"t “vUs & ()- 109 & ()- $10$1 $10%(

910968’ ( ylamedsgralgosk ofjpn additige m@b&nqd)m e}vhmm or claim 6

CLO%B& () -]1CLO%BE ()-]1CLOMB& ()-1( ~ &10%B& ()-( Y

11. A method of lubricating an internal combustion engine comprising supplying to the
engine a lubricating oil composition as claimed in claim 8 or made by the process as

claimed in claim 10.

25 12. A method of improving one or more of 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 8 or made by the process as claimed in

claim 10.

30 13. 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-
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