2002L013 -1 LUBRI CATING O L COVWPGOSI TI ON The present invention relates to

| ubricating oil conpositions. Mdire 5 particularly, the present invention
relates to lubricating oil conpositions exhibiting inproved antioxi dant
properties with reduced phosphorus and sul fur content. BACKGROUND OF THE

+ NVENTI ON 18g¢aplerizcating oil conpositians. used to lubricate interna
conbustion engines contain base oil of lubricating viscosity, or a mxture
of such oils, and additives used to inprove the performance

characteristics of the oil. For exanple, additives are used to inprove
det ergency, reduce engi ne PMBRICLTINGORECOHMPOSITYOR0aI nst heat and
oxidation, to reduce oil coOnsunption, to ITnhiblt corrosion, to act as a

di spersant, and 15 reduce friction |oss. Some additives provide nultiple
benefits, such as_a dispersant/yviscosi nodi f.ier. Qther additives, while
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carefully balance the 20 additive content of the lubricant. To provide
| nproved | ow terrperat ure valve train wear perfornance, conventional
| ubri cants are ar additive. Metal hydrocar byl
di t hi ophosp&atses : =L : yl di t hi ophosphat es (ZDDP), are the
primary 25 antlwear addltlve used in lubricating oils for internal
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further reduced to below 0.06 w. % ) .
15 reduce friction loss. Some additives provide multiple benefits, such as a

dispersant/viscosity modifier. Other additives, while improving one characteristic of
the lubricating oil, have an adverse effect on other characteristics. Thus, to provide a
lubricating oil having optimal overall performance, it is necessary to characterize and
understand all the effects of the various additives available, and carefully balance the

20 additive content of the lubricant.

To provide improved low temperature valve train wear performance,
conventional lubricants are formulated with an antiwear additive. Metal hydrocarbyl
dithiophosphates, particularly zinc dialkyldithiophosphates (ZDDP), are the primary

25  antiwear additive used in lubricating oils for internal combustion engines. ZDDP
provides excellent wear protection at a comparatively low cost and also functions as
an antioxidant. However, there is some evidence that phosphorus in lubricants can
shorten the effective life of automotive emission catalysts. Accordingly, industry has
limited the amount of phosphorus that lubricants can contain. The proposed category

30 (ILSAC GF-4) is expected to require not more than 0.08 wt. % P and 0.5 wt. % S in
the finished oil, and it is expected that future categories will require that the

phosphorus content of lubricants be further reduced to below 0.06 wt. %.



2002L. 013 -2 U.S. Patent Nos. 5,346,635 and 5,439, 605 describe |ubricating
oils conpletely free of phosphorus-containing antiwear additives
containing a conplex blend of ashless friction reducers, ashlers
antiwear/extrene pressure additives, antioxidants, 5 nmetal detergents and
polymeric vhggasdyy nodifiers and flow jgprovers, which conpositions
purportedly provide acceptabl e properties. These conpositions may also
contain a nol ybdenum containing additive, as a friction nodifier. Each of
WD 96137, 582 and EP O 855 437 describes lubricating oil 10 fornul ati ons

that contain, in (ﬁéﬂlbétérﬁm&sps,g&aeﬁs SRES 139 605 AEribERBrICATheSIBi cbhifﬂﬁclggp

anount of ZDDP that may provide 600 ppmor |ess of phosphorus, tadget

with a nol yiedefiphespherd-chniamingantiveer ddditivesicontaasng e compleghdeddfi n nmany
patents and articles (for exanple, U.S. Patent 15 No. . 4,164, 473;

4,176, 073; ashiess frigton reduepps, ashiess antiwgarfextreme pressuiscgditivesaglighigants, g
4,479,883) that, oil s I : - kubri cant
addi tived, v bloredhis 4h9 douiosec B, ARARRE R 66 bt Biche )

econony In cgﬁaﬁ_eiitj&?s ﬁfm&tﬁﬁaro@iﬂ@'a@ébp@ﬂﬂ& eitiePar kese @Bfhpositions may
conpression-ighited englnes,” respectively), including both short and | ong
term fuel eaBpaowta{n a molybdemim-conaining addiitivee aenfiicsionpredifier. i es). Q|

sol ubl e copper conpounds are known to be effective antioxidants, as
described in U S. Patent No. 4,867,890. 25 It is desirable to formul ate

reduced phosPROT ch WPGY§8b/31389iahd FPYSL MiiesBRbBRaRn @Bl Oxi dat i ve

properties, wthout the use o stantiral anpbunts o relatively expensive
ashl ess 1§ nef@mflaitem)s tha icbming anddaliticdOo SthdviRpRcifikd drtdreliNvEaNIAdBives man
accordance with this invention, there is provided a |ubricating ojl

conposi t i on agwupt oiLRBPAhatamayrpravige AP0 gpmarriiessof phosphenss; ogetheckithaty,  an

Bir LVisgleu?IhgHgog%dg%%“%iﬁg%gﬂg%g%mrponpound in an amount sufficient to
It has been proposed in many patents and articles (for example, U.S. Patent
15 No. 4,164,473; 4,176,073; 4,176,074; 4,192,757, 4,248,720; 4,201,683; 4,289,635,
and 4,479,883) that oil soluble molybdenum compounds are useful as lubricant
additives. In particular, molybdenum compounds provide enhanced fuel economy in
gasoline or diesel fueled engines (spark- and compression-ignited engines,
respectively), including both short and long term fuel economy (i.e., fuel economy

20  retention properties).

Qil soluble copper compounds are known to be effective antioxidants, as

described in U.S. Patent No. 4,867,890.
25 It is desirable to formulate reduced phosphorus lubricating oils providing

acceptable antioxidative properties, without the use of substantial amounts of

relatively expensive ashless (metal-free) antioxidants.
30 SUMMARY OF THE INVENTION

In accordance with this invention, there is provided a lubricating oil

composition comprising a major amount of oil of lubricating viscosity, an oil soluble



0.001 to 0.10 mass % of nolybdenum and an oil soluble copper antioxidant
In an anount providing the conposition with fromabout 0.001 to 0.02 mass
% copper, which conposition contains an anmount of netal hydrocar byl

di t hi ophosphate, such as 5 ZDDP, that introduces from 100 ppmto 550 ppm of

phosphorus t ubricating oil conposition. Preferably, the lubricating
%%th’@bjnt 3wt

oi | conposi t1 ains no nore than O. % of sulfur. 10 Preferably,
the lubricating oil conposition is substantially free (less than about 1
w. % pref gn@lﬁb«}enuesgommd@nsnﬂmoun%wf&n@tm prozidgshg compesitdorpwitht . 99 of
ashl ess ant | erab | ubr j.cat,i vi scosity
nas & vi scod 81 61 o SR ikt O slhpregorpatiphiehthtin foc
and/or the 'alvﬁadni: gdvlftgn He c%ﬁﬁBﬁ%bB'“% frérmsoﬁttdémtwmna&se% dah has a
Noack vol ati re t % The present Inventioh IS based
on the di scavlaelycbmﬁbsmdnecmm arpdmount @f mei’ﬂ hydtoy xthehdithiopirephnel sacidlacopper

conpound, in lubricati n oi | ositions fornulated with relatively |ow
amounts &f ZRPP, ﬁhabwra eaﬁrouh mMS&Bmpéphwhms|t@medabm%ng10ﬂlect
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 25 To provide a | ow cost,
conmer ci al | YOHPOEWPAbI e product providing excellent overall properties,
especi ally oxidation resistance, the lubricating oil conpositions of the
present invention conprise a nmajor anount of oil of lubricating viscosity,
an anount of a dfrhfedably,ahdlpbridating obivospisiion cpetais mamnbre tharedSrveth Pyyofan
anount providing 30 200 to 550 ppm by mass of phosphorus; a nol ybdenum
conpound in nmount providing the conposition with from about 0.005 to
0.1 mas 0% nol ybdenum and an oil sol ubl e copper antioxidant in an anount
provi ding the conposition with from 2002LO 13 -4

Preferably, the lubricating oil composition is substantially free (less than about

1 wt. %, preferably less than 0.5 wt. %, more preferably 0 to 0.25 wt. %) of ashless

antioxidant.

15 Also preferably, the oil of lubricating viscosity has a viscosity of between
about 4.0 mm*/sec and 5.5 mm?sec at 100°C and/or the lubricating oil composition

(the fully formulated oil) has a Noack volatility of no more than 15 wt. %.

The present invention is based on the discovery that the combination of
20 molybdenum compound and copper compound, in lubricating oil compositions
formulated with relatively low amounts of ZDDP, provides an unexpected cooperative

antioxidative effect.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

To provide a low cost, commercially acceptable product providing excellent
overall properties, especially oxidation resistance, the lubricating oil compositions of
the present invention comprise a major amount of oil of lubricating viscosity, an
amount of a dihydrocarbyl dithiophosphate metal salt, preferably an amount providing

30 200 to 550 ppm by mass of phosphorus; a molybdenum compound in an amount
providing the composition with from about 0.005 to 0.1 mass % molybdenum and an

oil soluble copper antioxidant in an amount providing the composition with from



about 0.001 to 0.02 mass % copper, wherein all mass percentages and ppm are
based on the total mass of the lubricating oil conposition or finished

oil. The oil of lubricating viscosity useful in the context of the present
invention is 5 selected fromthe group consisting of Goup I, Goup II, or
Goup 111, @Gooppoidy or G oup V base stoclgs or base oil blends of the

af orenenti oned base stocks. Generally, the viscosity of such oils ranges

f rom about ”Ht% ( ' t u - LPreferred
are base st (Z)agfgs d?ﬁgg)s(gsgkﬂggi oﬁ%i%%rr‘ g:g @%ﬁa}lv%lké%%r%éafgﬁg?@& Bﬁ}rgg%st?atsé‘?of
from about 4nQhé otalliRaks of the 1aPHda%aE oflcodipRGitiolr OF filRhed §ilpr ef erabl e are base
st ocks and base stock m xtures having a volatility, as neasured by the

Noack test (nmeasured by determ ning the evaporative |oss in mass percent of
an oil after 1 ur at . 250C according to the procedu of ASTM D5880), of
"ose than 150  OrOIEABRGRS rReeuDbsaR e SRBeR o Be BraETLOYRREN han

10% The.no f | f.Qr: i ow
t enper at ar e%%lgp(?g fﬁl%lﬂ% %ﬁ"lt'é (\?\olellgfrgﬁgggf)gﬁdéﬁlhgﬁc a’;%:dr?gg n&a@%ugirilg OEI ends of

Goup 111, IGteap Whisasecks octdse il bilends ofithelaf@remefdictied Habe 1888. Tepetally, Wher e
the conbination has a viscosity index of at %east 110; and 20 (b) G oup
111, |V or Vhouiseosity®f kuchopilsyarges diam phawh dansf/seelcentistekgsbigabodrdup 111, |1V
and/ or V base st ock, r he viscosity.index is between  about 120 to

e pgnt o ; B

about 140. BBF/8FG % HEedpre Basestoks o hape siack mixfures bavingan i hyent i on

are the sa . ' e iqﬁ_q?f’ Ltute (API)
publicati qun na%ﬁ“éﬁ%ﬁ%@ﬂ%ﬂ%‘g%%g) %@ﬁlgfsl ca |S§%£tgy@$gn@ %%%ust ry
Servic eSIODegﬂéfEfﬁb_[E are bag sreeketahid bidistdckmixBeechbatg 4 98iatilivd skemeasitel, by
Decenber 1998. Said publication categorizes base stocks as follows: 30 a.)

Goup | basdheNeawkstestdmeasured by deterainingCthe eyaperativedossrinmass peragnsiof agpdat er
than 0.03 pepeeqly sl i@t St SRalivor ASHRI 956) B 14 Hhn 2902
more preferably less than 12%, most preferably less than 10%. The most preferred
oils for both fuel economy retention and low temperature valve train antiwear

15  performance are:

(a) Base oil blends of Group III, IV or V base stocks with Group I or
Group Il base stocks, where the combination has a viscosity index of at
least 110; and
20 (b) Group IIL IV or V base stocks or base oil blends of more than one
Group ITI, IV and/or V base stock, where the viscosity index is between
about 120 to about 140.

Definitions for the base stocks and base oils in this invention are the same as
25  those found in the American Petroleum Institute (API) publication “Engine Oil
Licensing and Certification System”, Industry Services Department, Fourteenth
Edition, December 1996, Addendum 1, December 1998. Said publication categorizes

base stocks as follows:

30 a.) Group I base stocks contain less than 90 percent saturates and/or
greater than 0.03 percent sulfur and have a viscosity index greater than

or equal to 80 and less than 120.



2002LO13 -5 5 10 b.) Goup Il base stocks contain greater than or equal to
90 percent saturates and |less than or equal to 0.03 percent sulfur and
have a viscosity index greater than or equal to 80 and less than 120. c.)
Goup Il base stocks contain greater than or equal to 90 percent
saturates anzg)ob than or equal to 0.034percent sulfur and have a

nae

Vi scosity i X Qreater than or equal to 120. d.) Goup |V base stocks are
pol yal phaol efi ns (PAO . e.) GrouP V base stocks include all other base
stocks not includdd i nSragpdlpase stocks cqntgin gizatarthanogiegual to 90 Rercent i cal

Met hods for Base Stoc Egﬁ ng] Bq ? @9‘ | scosity

| ndexASTM D 2270 Sul fﬁsraﬁg%@%’%%&l 4@’?9@16%@%%% ¢ % 3120 The
metal di hydrocarbyl diifdosif ek aicated Midnvstaguade 80 ané LiEp tHagd 20di hydr ocar byl
di t hi ophosphate netal salts wherein the nmetal may be an alkali or 15

al kaline earth nmet-hl, Groupillbasnsipcksequtain graatenihay briequahio Mhpgesnsse, ni ckel
A thoughthe  pr esent sty PELEROHaR 6 S O RS Re et S ate ron of
TeLal s Shoul d be. consi USRS ISR EUAR My SRAI18 196sed on these other

d.) Group IV base stocks are polyalphaolefins (PAO).

e.) Group V base stocks include all other base stocks not included in

Growp L, I, I, or IV.
10
Table 1 - Analytical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

The metal dihydrocarbyl dithiophosphate antiwear agents comprise
dihydrocarbyl dithiophosphate metal salts wherein the metal may be an alkali or
15  alkaline earth metal, or aluminum, lead, tin, molybdenum, manganese, nickel or
copper. The zinc salts are most commonly used in lubricating oil. Although the
present specification hereafter makes express mention of ZDDP, dihydrocarbyl
dithiophosphate metal salts based on these other metals should be considered
equivalent.
20
Dihydrocarbyl dithiophosphate metal salts may be prepared in accordance with
known techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA),
usually by reaction of one or more alcohol or a phenol with P;Ss and then neutralizing
the formed DDPA with a zinc compound. For example, dithiophosphoric acid may be

25  made by reacting mixtures of primary and secondary alcohols. Altematively, multiple



D hydrocar byl dithi ophosphate netal salts may be prepared in accordance
with known techniques by first formng a di hydrocarbyl dithiophosphoric
acid (DDPA), usually by reaction of one or nore al cohol or a phenol wth
P2S5 and then neutralizing the forned DDPA with a zinc conpound. For
exanpl e, di tﬁb@g@gﬁphori c acid may be 25gmade by reacting m xtures of
primary and secondary al cohols. Alternatively, multiple 2002LO13 - 6

di t hi ophosphori c,acids. can be prepare er he hydr.ocar byl groups on one
are ontir oRohisERRRIERs ol b ERBed nher e e e e b
others are ] ' | ' 40y basic
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contain an excess of zinc due to the use of an excess of the_basic zinc
compound i n bemeedbufithepxides, hydroxidge andearbanades e most gsactaily empleygdy ocar by

aci ds ang. iRl Bl EeioRor S dn b s S A8 B wf WOWRNSRRYS 5,
Zn wherei n BraihdSic 21RY chifipdun8 i Bifheliraliiakibg r&RtioRydr ocar byl radical s

containing from1l1l to 18, preferably 2 to 12, carbon atons and incl uding
radi cal s such as al kyl, alkenyl, aryl, arylalkyl, alkaryl and
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but yl phaoy! foeyghohexyl, methylcycl opentyl, propenyl, butenyl. In order to
obtain oil solubility, the total S
N

P—S| Zn
/

| RO

Jd2
wherein R and R’ may be the same or different hydrocarbyl radicals containing from 1
to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’

15  groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will generally be

20 about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialky! dithiophosphates. The zinc dialkylthiophosphate compound can be

primary zinc, secondary zinc, or mixtures thereof.

ZDDP (or other dihydrocarbyl dithiophosphate metal salt) is added to
25  lubricating oil compositions of this invention in an amount within a limited range to
gain the beneficial effects and yet comply with low phosphorus regulations. To

provide the antiwear advantages of ZDDP but limit phosphorus to a minimum of 100



nunber of carbon atons (i.e. Rand R) in the dithi ophosphoric acid wl|l
generally be 20 about 5 or greater. The zinc di hydrocarbyl dithiophosphate
can therefore conprise zinc dialkyl dithiophosphates. The zinc

di al kyl t hi ophosphat e conpound can be primary zinc, secondary zinc, or

m xtures thepemfp13ZDDP (or ot her di hydrogarbyl dithiophosphate netal salt)
Is added to 25 lubricating oil conpositions of this invention in an anpunt

within a linmted range ' ¢l f ly with
oo PR P50 By RS e Y B ok b PR Y, 1
limt phosphgioust $0ZBDP shbilld e Aimiddto 20 ARlchBof from apewnRITtoaabFaxd.mum of 550
ppm by mass (cal cul ated as el enental phophorus), the anount of ZDDP shoul d

be limted ws.%rprafesably from ghoun®.2é tuabant 953tve. % based@nzhe (gtaloyeightarf éheabl y
from about Q.24 to a@out 0..63 n& % blgsed on the total weight of the

| ubri cat i ng lepricabBaRE SPMPBsueR (P 1) 5 Lubricating oi| conpositions
of this invention contain an anount of a nolybdenum conpound, or

conbi nati on of nol ybdenum conpounds, providing the conposition with from

about 0.001 to O.Lubripitifgesilbddmpokitions efftbigtinenfiOhcdmaif) af amoastsof% of
nol ybdenum Any suitabl e sol ubl e organo- nol ybdenum conpound havi n
anti - wear 1m@ylseanmicomponnd. @peorebinatinn ofimolybdeum; compeyndsaprovidingdaced

phosphorus cont ent.s be e nThe Qi lisol u ] HeS } bl e
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mol ybderiam goegsatinsdn fubrigating gibehenmesitions hamingrsdpesdrplospigruicentents may be
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sul fur. To enalkexdréeil-soluble or oil-dispersible molybdenum compounds. In a preferred
embodiment, the molybdenum compound is a molybdenum-sulfur compound.
15
The molybdenum-sulfur compounds useful in the present invention may be
mononuclear or polynuclear. In the event that the compound is polynuclear, the
compound contains a molybdenum core consisting of non-metallic atoms, such as
sulfur, oxygen and selenium, preferably consisting essentially of sulfur. To enable the
20  molybdenum-sulfur compound to be oil-soluble or oil-dispersible, one or more
ligands are bonded to a molybdenum atom in the compound. The bonding of the
ligands includes bonding by electrostatic interaction as in the case of a counter-ion
and forms of bonding intermediate between covalent and electrostatic bonding.

Ligands within the same compound may be differently bonded. For example, a ligand
25 may be covalently bonded and another ligand may be electrostatically bonded.

Preferably, the or each ligand is monoanionic and examples of such ligands are
dithiophosphates, dithiocarbamates, xanthates, carboxylates, thioxanthates,
phosphates and hydrocarbyl, preferably alkyl, derivatives thereof. Preferably, the ratio

30  of the number of molybdenum atoms, for example, in the core in the event that the

molybdenum-sulfur compound is a polynuclear compound, to the number of



20 nol ybdenum sul fur conmpound to be oil-soluble or oil-dispersible, one or
nore |igands are bonded to a nol ybdenum atomin the conpound. The bondi ng
of the 1ligands includes bonding by electrostatic interaction as in the
case of a counter-ion and forns of bonding internedi ate between coval ent
and electrog%%kgﬁl ondi ng. Ligands mnthgn t he sane conpound may be

e

differently For exanple, a |igand 25 nay be coval ently bonded and
anot her ligand may be el ectraostatical.l referab e or each
ligand is roReRgRRlSHl S LA e £2pA0O] éaﬁ 3 E%cerrleourtﬁy ‘tlhﬁ‘g%‘ﬁ%ﬁ&t es,

di t hi ocar ba t‘g?/& C nt hat es, phosphat es and
hydr ocar byl mﬁgﬁl?ﬁg}g Eﬁg arnf‘{gfr)ﬁf/%lﬁs\?%%ea%m%%‘f Pr eferabl y, the ratio
30 of the nunber of nol ybdenum atons, for exanple, in the core in the event
that the nolybdenum sul fur conpound is a pol ynucl ear conpound, to the

nurmber of 2002L01T41e-0113solub1haa¢r q;hdlépfrrs@dﬁﬂgf thmmfdhb@rﬂémcmb@bpemmumbnderr ng
t he conpqund_oil
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carbon atons present "anong all of the conpound nunber of

carbon at onshydreeaehyl groupngf ﬁlblcomfpomlltbligdmylslt}@ﬂmﬂlpwhll@re(autemtcﬁl eflge2tanpound
| i gands typi caI ly will be at |eas 800, such as at | east

25, at | east808psush agat leagi 2o, etsleasté? Oéﬁta' as. Fﬁecmras%ﬂh%nurea?rbﬁﬁarbapons in
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conpoundm imume@mbmtmwm sul fur conpounds and tri nucl ear

nol ybdenum sul fur conpounds. 15 An exanple of a dinucl ear nol ybdenum sul fur
conmpound is represented by the formula: RL S X1 X2 X4 SR RRSX3SHK

\gpg:rgt Fg to R4 | r‘,_sl)? es &I mglyggeql%nqsuqfusrtc{)gll Qﬁdsgggudé dinué ggrhl'?lglygggllurﬁl-or

sulfur compounds and trinuclear molybdenum-sulfur compounds.

15 An example of a dinuclear molybdenum-sulfur compound is represented by
the formula:
X X4
Ry .S X2 S, R
NV VN N
N—Cc( MR MR e
R s x| Ry

where R, to R4 independently denote a straight chain, branched chain or aromatic
hydrocarbyl group having 1 to 24 carbon atoms; and X; to X, independently denote an
20  oxygen atomn or a sulfur atom. The four hydrocarbyl groups, R; to R4, may be

identical or different from one ancther.

In a preferred embodiment, the molybdenum-sulfur compound is an oil-
soluble or oil-dispersible trinuclear molybdenum-sulfur compound. Examples of
25  trinuclear molybdenum-sulfur compounds are disclosed in W098/26030,
W099/31113, W099/66013, EP-A-1 138 752, EP-A-1 138 686 and European patent
application no. 02078011. Preferably the trinuclear molybdenum-sulfur compound
has a core of the structures depicted in (I) or (II):



hydrocar byl group having 1 to 24 carbon atons; and Xj to X4 independently
denote an 20 oxygen atomor a sulfur atom The four hydrocarbyl groups, R
to R4, may be identical or different fromone another. In a preferred
enbodi nment, the nol ybdenum sul fur conpound is an oil- soluble or
elI-dlspersggbgkéfjnuclear mol ybdenum sulf.ur conmpound. Exanples of 25

d

trinucl ear enum sul fur conpounds are disclosed in W98/ 26030,
W99/ 31113, v099/66013 EP-A-1 138 752, EP-A-1 138 686 and European patent
application no. 02078011. Preferably the trinucl ear nol ybdenum sul fur
conpound has a core of the struc e deplcted in (1) or (Il1): 2002LO13 9
(1) 510 15 20 or wherein eag ore has t electrical charge of +4.
Preferably, the trinuclear beden n}sul conmpounds are represented by
the fornmula Mb3SKE, ,L" ApQZ, erei sgan integer of at least 1; E

r

cokoi
represents a non-netallic at sele ed frPpm oxygen and selenium x can be
O or an integer, and preferab y | east 4, nore preferably in
the range of 4 to 10, such agy o] 7 fqoPreferably 4 or 7; L represents

a ligand that confers 0|I-solu LIity or |I-d|sperS|b|I|ty on the
nmol ybdenum sul fur conpound, pre abu”fpls a nonoani oni c |igand;
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wherein each core has a net electrical charge of +4.
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Preferably, the trinuclear molybdenum-sulfur compounds are represented by
the formula Mo3SyExL.ApQ;, wherein:

10 k is an integer of at least 1;
E represents a non-metallic atom selected from oxygen and selenium;
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

15 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,
A represents an anion other than L, if L is an anionic ligand;

20 p can be O or an integer;

Q represents a neutral electron-donating compound; and



nis an integer in the range of | to 4; A represents an anion other than L,
if Lis an anionic ligand; p can be O or an integer; Qrepresents a
neutral el ectron-donating conmpound; and 2002LO1l3 10 z is in the range of O
to 5 and includes non-stoichionmetric values. Those skilled in the art
Fecogni ze t pad2IfGdBmati on of the trinucl-d@r- nol ybdenum sul fur conpound
requires selection of appropriate ligands (L) and other 5 anions (A,

dependi ng on, for exapRl & thtMhgBWEDLG 5Qhd HElides neRdidictidme®icharegent in the
core, i.e. the total anionic cﬁarge contributed by sulfur atom(s), E

aton(s), if present, L and A if present must be -12 Exanpl es of Q

I ncl ude water, alcohol, am ne, ether g EFosphen I s.10 believed that
t he el ectron- doné['thpﬁf‘gﬂ%]é"rgd@l}h‘?jmﬁcog%‘z %@ettlanqc,lqar any vacant

coordi nation d%ﬁumuﬁéa&&ﬁfx;uﬁaG@;@&%%B@%ﬁw fidfe lggg?ggpqnd Giapp! es

of A can bg1 ence t an ent and
i ncl ude gi sg},{ﬁhglgq), dByehiding cﬂﬁfor&ﬂxkﬁp]eﬁjﬂle ruftde ofsidfur ahd Emmmapthsm in

derivative thereof;, preferably A represents a disulfide ion.

Pref er abl y, the doge,iwnthartptehandoni gbmge cenighutgd by F@ﬁl@ﬁ?@@ﬂ)%@‘@@@, if

di t hi ocar bamat es, . xant,h ar es, thioxanthates, phosphates and
hydr ocar byl Prefﬂe*‘élpglﬁ?‘/lt %&I}f BF%/V ives thereof. Wen n is 2 or nore,
the ligands can be the same or different. In one enbodi nent of the present
invention, kis 4 or 7, nis either 1 or 2, 20 L is a nonoanionic |igand, p
is an integer toExamfpmsoél(;emtmﬂealatanealwtwl,ian;dnc;,retlndmndtpbmmmﬁd Ibiased on the
ani onlc chargﬁe A and each of x and z is E?d I n a ot her 1g]}i])odl ment, k is
4 0r 7,10 ibe %ﬁb&éﬁ%ﬂpwqw%ﬁeng omgound Qi isemeskNgresent 1o A anYy Vaeeng " The

ol ybde”“még&fdﬂngyi‘sgéﬁ% oL 6 SR FroH{En Stk E Bl Bhitipled oF ) and

25 (I'1) above, nterconnecte means one or nore i gands that
are mul ti degimbeof inyevalénck) fopachmyly, mendvaleat abdivalest dndrintlhdandisulidenp

capable of ttjllycrl]r%;(:] e, alkoxide, amide and, thiocyanate or derivative thereof; preferably A

represents a disulfide ion.

15

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. In one embodiment of the present invention, k is 4 or 7, n is either 1 or 2,

20 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 another

embodiment, k is 4 or 7, L is a monoanionic ligand, n is 4 and each of p, x and z is 0.

The molybdenum-sulfur cores, for example, the structures depicted in (I) and
25  (II) above, may be interconnected by means of one or more}ligands that are
multidentate, i.e. a ligand having more than one functional group capable of binding
to a molybdenum atom, to form oligomers. Molybdenum-sulfur additives comprising
such oligomers are considered to fall within the scope of this invention. Other
examples of molybdenum compounds include molybdenum carboxylates and

30 molybdenum nitrogen complexes, both of which may be sulfurised.



to a nol ybdenum atom to formoligoners. Ml ybdenum sul fur additives
conprising such oligoners are considered to fall within the scope of this
i nvention. Qther exanples of nolybdenum conmpounds include nol ybdenum

car boxyl ates and 30 nol ybdenum ni trogen conpl exes, both of which may be

sul furised. 2008R0833 - 11 The lubricatthh-o0il conpositions of the

I nvention contain an oil sol uble copper antioxidant in an anount providing
the conposi tion Vikdlubfi€itingdd¢bmPofiidnsto? the iddeniidE Sontdn A3rcdf Dbl dopheom
about 0.008 to about 0.016 wt. % of copper (calculated as el enental
copper). 5 Butinpides! ipfn amounsiiprevidiog phe cospesitionwidh from abouit 8404 40 002 Imase oi |

sol ubl e copper onpounds . ment j.oned, i | i shed . Euro t.ent

Aopl oat i on RoeleaTp bl ¥ S ghot G s U af coppef calgy oGS semraat) s

4, 867, 890, t&,ggg;)_scl osures of all of which are incorporated herein by
reference. Thus, for exanple, the copper may be blended into the to oil as
an oil-saluble copper salt of a synthetic or natural carboxylic acid.

Exanpl es of carboxylic acids fromwhich suitable copper, salts may be
derived incl ude COMTEPIES %%ﬂlwpﬁm@tfe@ng .apu%&q ns’eﬂwl?g?lelalpicepﬁei d and

Lmiti : ot . oL ¥
el s (6. o lupcdRachHiRhe i Altihdiadopealt Pilcfit aBfildition RSIFIFHRE PR ! ©
neodecanoi ¢ ErR() 480570 &; EPylg80esean0ed UAC 48h7,880,dhadikslbsuréy of all of which are

al kenyl -substituted 15 di carboxylic acids (e. gﬁ pol yal kenyl - substi tuted
succi ni ¢ aciigeorperaiedderesn byreferenop| Thyy der exrmplee thesopprs deaydmhlensied intathe

aci ds and pol.yi sobuf envl. succi nkc .aci . 1nh so cases. . sui.t abl.e
Conpoundd i e qu e IR i r e B R IRC AT A PR of

substi tut ed catfoxivlit sc_iamyﬁrwrﬂ@l su?t@b]?féepfe@ Bﬂ%rm%{‘ﬁé @ﬂv@@ﬂkld&)cgb@ C,f fatty
exanpl e, a copper dithiocarbamte or copper I t hi ophosphate. O her copper

and sul f ur - csrisde-gi, aeptisaridosteattoracidcandpalmitis acidhmnsasweated|agids oppeleic

mer capti des, xant hatesg, . thi.oxant hates re.als uitable for u [

ecor dance i brmaete ek U i (S e insflsaic i o MY SRl e pE fom200

(optional l'y tgubdHeod&dhoic 3t aﬁﬁ@ﬁl‘)ﬁﬁ&hﬁ’&léﬁaﬁa), afll ARY1- ©F RIRBAy1 SABRIAMBAS Whi ch
15 dicarboxylic acids (e.g., polyalkenyl-substituted succinic acids such as octadecenyl

may be used i n accordance Wt

succinic acids, dodecenyl succinic acids and polyisobutenyl succinic acids). In some
cases, suitable compounds may be derived from an acid anhydride, for example, from a
substituted succinic anhydride.

20 The copper antioxidant may be, for example, a copper dithiocarbamate or copper
dithiophosphate. Other copper and sulfur-containing antioxidant compounds, for
example, copper mercaptides, xanthates, thioxanthates, are also suitable for use in
accordance with the invention, as are copper sulfonates, phenates (optionally sulfurized)
and acetylacetonates. Other copper compounds which may be used in accordance with

25  the invention are overbased copper compounds. Examples of such compounds, and of
processes for their preparation, are given in U.S. Patent No. 4,664,822 and European
Specification No. 0 425 367 A, the disclosures of both of which are incorporated herein

by reference. The copper compound may be in cuprous or cupric form.

30 The amount of phosphorus, molybdenum and copper present in any

composition is measured in accordance with the procedures of ASTM D5185.



25 the invention are overbased copper conpounds. Exanples of such
conpounds, and of processes for their preparation, are given in U S.

Pat ent No. 4, 664,822 and European Specification No. 0 425 367 A, the

di scl osures of both of which are incorporated herein by reference. The
copper conpaogopsi@ey be in cuprous or cupdc form 30 The anount of
phosphorus, nol ybdenum and copper present in any conposition is neasured

i n accordance w gﬁwgegg}%@gﬁ?@%%s %&fl o OEMO%%EEIF,?\?,%%‘H%C%ﬁb&%’CPr ef erably,

the lubricating presen
subst anti al lsybstarfRllY &8 tcdhiin leﬁﬁh&hﬂjbuﬁbw.t%;;f)mferalﬁ’y 1eRs efaaredivy. % emsret han
0.5 wWm. % nore preferably 0 to 0.25 w.% of ashless, or netal -free,

suppl enent alprefgiabilit @ wr).2hwt.Ba)tod ashless Tyrpnasaltfresosupplesicalal asidpdersiniibitorsxi dant s
i ncl ude bot henolic an I ni ¢c. anfi oxi dant.s., 5 Ashl es henol i c.

ot | ox: dant TYPH SRR BrisRsIae Togldh it Phca i SRE B Siofidanss

al kyl phegol t hi oesters having preferably C5 to Cl2 al kyl side chains,

nonyl phenol sulfide (NPS), ashless oil sol uble phenates and sul furized
phenates and phaosshleas phdnolic amtbxadantsihdlude lraderéd/ phienolsy dbalme eafh Arldl ess

am nic antioxidants i nclude aromatic am nes _having at least two _aromatic

groups at t asalrigladrhengltinpestarphaying prgerablyrCptodar 2lky] sidef nenylphgnol

i havi . t . ' t '
ot Fogen cotRaBNpSE Nl QudERIR drenSECUBS ARG BT Y [ BTe ST

than two ar @ﬂagljh@s@ﬁ@uasgrsjﬂuﬁmmmw ng a total of at |east three
aromatic groups in which two aromatic groups are |inked by a coval ent bond

or by ardbatomor group (e.g., an oxygen or sulfur atom or a -CO, -S2-
or al kyl ene group nd two are directly attached t.o one.anj I trogen

al so consi dered a{%%%éf’ ?Iéuré{mtéogm%aé\% Wﬁﬂlg? afoé%gsh_[c %esa i %2&5% {C:“(Jops
attached diar@fitd/grbps iRchid diRQED 1o tHRGIRSLNB Typical HifSolabR atdrRatPdrhivies
substituted by one or nore 20 substituents selected from al kyl, cycl oal kyl,

al koxy, ar ylhaxing atlepst twacyematingrouphsithched directlyl topne amipedqugegen contain

from 6 to 16 carbon atoms. The amines may contain more than two aromatic groups.

Ion are

15  Compounds having a total of at least three aromatic groups in which two aromatic
groups are linked by a covalent bond or by an atom or group (e.g., an oxygen or sulfur
atom, or a -CO-, -SO,- or alkylene group) and two are directly attached to one amine
nitrogen also considered aromatic amines having at least two aromatic groups attached
directly to the nitrogen. The aromatic rings are typically substituted by one or more

20  substituents selected from alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino,
hydroxy, and nitro groups.

Additional additives may be incorporated into the compositions of the
invention to enable particular performance requirements to be met. Examples of
25  additional additives that may be included in the lubricating oil compositions of the
present invention are ashless dispersants, ash-forming detergents, metal rust
inhibitors, viscosity index improvers, corrosion inhibitors, anti-foaming agents, and

pour point depressants. Some are discussed in further detail below.

30 Dispersants maintain in suspension materials resulting from oxidation during
use that are insoluble in oil, thus preventing sludge flocculation and precipitation, or

deposition on metal parts. Dispersants useful in the context of the present invention



Addi ti onal additives may be incorporated into the conpositions of the

i nvention to enable particular performance requirenents to be net. Exanpl es
of 25 additional additives that may be included in the lubricating oil
conpositions of the present invention are ashless dispersants, ash-formng
tet ergents, 2008013 ust inhibitors, viscbsity index inprovers, corrosion

I nhibitors, anti-foam ng agents, and pour point depressants. Sone are

di scussed i Rpdlad ﬁhe&m@@fcﬁhiu%@hxe%taﬁﬁng?iaﬁﬂ@gsqﬁﬁta&-ff@j s perBaritdkfowsPR bRl ON

materials resulting from oxidation during use that are insoluble in oil,
t hus pr eventeiffiegtivd todgduck |fommatioatof depaesits upereusedn igasaling and dieselepginies.i on on
metal parts. .Dispersants . useful in the context of the present i ntion
20021013 - PP ERECRIDEGUS oPuth B ASEUNLS FTHRScs ah U Selbble
(et al - f reC)ooflspRl AN A B inf iR &ohMCrbbs (RAUEE cARbIRIF on of
deposits upg)r?ghulge i gasoqﬁlﬂne an © ,‘é‘;’% enlglhm;%g,ﬁbsvﬁen aaéie%g to

| ubri cat sng assdctatin@with patitlesto tibi digpeesedn Typicalinrsuctedispersaitd comprisel e

pol yneric hydrocarbon backbone having functional groups that are capabl e of
5 associ at i rguing-tacobal fmides or estenpolaingjatiescatachad Jp thg Pg}ymgnb%kb@@pe‘f%ant s

i . .al.cohol ' .est i eti th
ol yrrer - bac REbARTBEFE A, Hhe e iaifEha AR, Yo COLGIL 38 Bl RBIRRAD | 1F
for exanpl esoh®lshilte s, friib-eitérs, SRIJED liMides] 4n8 oxasd1fieS of RifigtBaiSt er s,

ani des, inides, and oxazol ines of long chain_ hydrocarbon substituted
mono and di dadivsagponsubstituted monp laed dicartioypllic akids of their ankyshidesixy| at e
derivatives of |ong.chain hydrocarbons, .| qn hai n_al i.phat,i .hydr ocar bons
havi ng 40polHarReReE Seraivgs pL e i ddigartans dotg SHRITRIPNaE \anni c
condensat i OfyRfRAHBhS hi\ﬁﬁ%‘? goi%{mﬁi%“ﬂﬁeﬁéd}ﬂ:e%tl& Aets DAl suidablel drdMagdnRRenol
with fornal a(ehyde and pofl yal Kyl ene polyam ne”. 15 Di spersants can be used
in the | ubricoademstiai prodastpfisined bysondensing adoes elmtin subsutrted phenohwithount s of
fromabout 0.5 t 18.0 ‘x\n.% glrefer bly fromabout 1 to 3 wt.% Preferred
are polyi sokfﬂ‘f"éﬂg?hy §ané el By s wherein the polyisobutenyl

noi ety has an Mh of about 500 to 3,000, preferably about 900 to 2,500. A

preferred enbodi nent utilizes polyisobutenyl succinimde dispersants
15 Dispersants can be used in the lubricating oil compositions of the present

invention in amounts of from about 0.5 to 10.0 wt.%, preferably from about 1 to 3
wt.%. Preferred are polyisobutenyl succinimide dispersants wherein the
polyisobutenyl moiety has an Mn of about 500 to 3,000, preferably about 900 to
2,500. A preferred embodiment utilizes polyisobutenyl succinimide dispersants

20  prepared using polyisobutylene prepared from a pure isobutylene stream or a Raffinate
I stream to prepare reactive isobutylene polymers with terminal vinylidene olefins.
Preferably, these polymers, referred to as highly reactive polyisobutylene (HR-PIB),
have a terminal vinylidene content of at least 65%, e.g., 70%, more preferably at least
80%, most preferably at least 85%. The preparation of such polymers is described, for

25 example, in U.S. Patent No. 4,152,499. HR-PIB is known and HR-PIB is
commercially available under the tradenames GlissopalTM {from BASF) and
Ultravis™ (from BP-Amoco).

Metal-containing or ash-forming detergents function both as detergents to reduce
30  or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear and
corrosion and extending engine life. Detergents generally comprise a polar head with

long hydrophobic tail, with the polar head comprising a metal salt of an acid organic



20 prepared using polyisobutylene prepared froma pure isobutylene stream
or a Raffinate | streamto prepare reactive isobutylene polyners with
term nal vinylidene olefins. Preferably, these polyners, referred to as

hi ghly reactive pol yisobutylene (HR- PIB), have a term nal vinylidene
content of a&ooﬂbgﬂ 65% e.g., 70% norelpreferably at least 80% nost
preferably at |east 85% The preparation of such polyners is described, for
25 exanpl e, dompdubd. Pht ek ndy.codtaihasubiOntidiRstdidhiormerk amonntasfdhdinetaRinB i s
comerci ally avail abl e under the tradenanes dissopal' (from BASF) and

U travi sTm (Whishitsyargesually deserbed as samaal or pgpted sallsandovenld gypirally havat s
function bot t ' as, .aci d
neutralizer stgbafﬁ?sgglthﬁ{b%ﬁm)o%sﬁlgfﬁegﬁlgﬁgp ?dg;a’u‘&c ng @§§8§ﬁ§5@0@5§9 [ i[r}gand
ext endi ng engissivld th itoludeqir@t ambiutts L4 Mlcall bise &Y FRUCHFL aReR@bPHf Aaad W t h

| ong hydrophobic tail, with the polar head conprising a netal salt of an
aci d or g&ni ccopqeRndssh as an ogisken hydfoxitte svithantagidrgay suchrat sich asicabdrst ant i al |y

stoi chionetrj.c gmount of the netal .in which they are ysually described as
morrml or - nlivap i reSuihe SveBiseh de repiomprie B et ierastn s e et
(TBN, as magyderistibac @ A5bbhik HRAIC! SUchWiBalcd diftrednls hiy pR%S! I ©
to include | arge anmounts of a netal ‘base by reacting an e§<cess of a netal 5
conpound sucTBN®fdf0 oxgetatenandiygically flemv@50ho 460 arindregas such a such as
carbon dioxide. The resulting overbased detergent conprises neutralized
detergent as the outer |layer of a netal base (e.g., carbonate) mcelle.

Such oveyhased deietgeal s Ry AN of. soblBlk RluchPR Alyetatal Sliondpd Lypically

from 250 to 450 or nore. nown ergents i nc ubl'é neutral

and over basegshenate$, sulfiiréed pheriasssathitphosgphbhated, sdlityhpenaidamphthbhaghod phiwnat es,
salicyl ates, .and napht henates and other oil-sol ubl e carboxylates of a

netal , partidbsdubly cahexyatryef a petah ppsticulady theralkalipsalijaline garth metalsgig.um

part bt . . |
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a 15 | ubri cagt calginch didthalnesiud{ whith@hayBolBe priesdi i dddrpdntvided g @di um
Particularly convenient netal detergents are neutral and overbased cal ci um
sul f onat¥s Hubii¢agt, ppdmixtures of calcium and/or magnesium with sodium. Particularly

convenient metal detergents are neutral and overbased calcium sulfonates having TBN
of from 20 to 450 TBN, and neutral and overbased calcium phenates and sulfurized
phenates having TBN of from 50 to 450.

20 In the present invention, overbased detergents are preferred, and when used,
may be used in amounts of from about 0.5% to 5% weight percent based on the total
weight of the composition. The total base number of the overbased sulfonate
detergent is preferably between about 150 to 450. Further preferably, the overbased
detergent is overbased calcium sulfonate.

25

The viscosity modifier (VM) functions to impart high and low temperature
operability to lubricating oil. The VM used may have that sole function, or may be
multifunctional. Representative examples of suitable viscosity modifiers are
polyisobutylene, copolymers of ethylene and propylene, polymethacrylates,

30  methacrylate copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl
compound, interpolymers of styrene and acrylic esters, and partially hydrogenated

copolymers of styrene/ isoprene, styrene/butadiene, and isoprene/butadiene, as well as



of from20 to 450 TBN, and neutral and overbased cal ci um phenates and

sul furized phenates having TBN of from50 to 450. 20 In the present

i nvention, overbased detergents are preferred, and when used, nay be used
i n anounts of from about 0.5%to 5% wei ght percent based on the total

fvei ght of tp@oebopdsi tion. The total basgs nunber of the overbased sul fonate
detergent is preferably between about 150 to 450. Further preferably, the

overbased(v V\fé ?unct h%(ﬁ-ogééﬁfeﬁ%%p?)ﬂ}nﬁérym Adionadder is eﬂg‘ﬁmﬂhﬁﬁg%c}rﬂ’ ty to

nodi fi er o I npart ow tenperdature oper

| ubri cat i ng vidcositylinedi¥ibtsuhs dumbsey ﬁhmaen ahditpesaahs adreised kown.or may be

mul tifunctional. Representative exanples of suitable viscosity nodifiers
are polyisobutyl ene, copolyners of ethylene and propyl ene,
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i soprene, styrene/butadi ene, and i'soprene/ but adi ene, as wel | as 2002L013
-15 the par tma beusdetdr ogenat ed honopol yners of but adi ene and i soprene.
Mul tifunctional viscosity nodifiers that further function as dispersants
are al so known. Rust inhibitors selected fromthe group consisting of

noni oni ¢ pol yoxy S¥ish ne
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with the forpul atjon_ of the (gresent I nventi on. pical ly such corrpounds are
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Patent Nos. 3,821,236, 3,904, 537; 4,097, 387; 4, 107,059: 4,136, 043
4,188, 299: &l %Cmbeilaéés Raters Nogd3i8214,236 &%%ﬁé@?ﬁ%ﬁaﬂd%@ﬁ?t hi o

4,136,043; 4,188,299; and 4,193,882. Other additives are the thio and polythio

15  sulfenamides of thiadiazoles such as those described in UK Patent Specification No.
1,560,830. Benzotriazoles derivatives also fall within this class of additives. When
these compounds are included in the lubricating composition, they are preferably present

in an amount not exceeding 0.2 wt. % active ingredient.

20 A small amount of a demulsifying component may be used. A preferred
demulsifying component is described in EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric
alcohol. The demulsifier should be used at a level not exceeding (.1 mass % active
ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

25

Pour point depressants, otherwise known as lube 0il flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives are
well known. Typical of those additives which improve the low temperature fluidity of
the fluid are Cg to C;g dialkyl fumarate/vinyl acetate copolymers, polyalkylmethacrylates

30  and the like.



15 sul fenam des of thiadiazoles such as those described in UK Patent
Specification No. 1,560,830. Benzotriazoles derivatives also fall within
this class of additives. Wien these conpounds are included in the

| ubricating conposition, they are preferably present in an anmount not
exceedi ng 02800130 active ingredient. 2®-A small anmount of a denul sifying
conponent nmay be used. A preferred denulsifying conponent is described in
EP 330,522. It i Foaltc@htieltahpe paaidedry many cairpplisdsancludidg anbdtifoamamaduct
obt ai ned by reacting a bis-epoxide with a_polyhydric _ alcohol. The
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ingredient. Atreat rate of 0.001 to 0.05 nass % active ingredient is
conveni ent. 25 Pour point depressants, otherw se known as |ube oil flow
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di al kyl fu ate/vj.nyl ,acetate copoly s, . pol yal kyl. net hacr,yl ates, 30 and
the I ke, " o pH by SiePhinbr g oMt ik O ioPB o st SthPTA) e sHEEh s

i ncluding a ' s 0 f i 8¢aP sAaw silicone
oil or polyg?%géﬂ%ﬁ SI gﬁgnﬁ*&gﬁ% iﬁ%@% dualgg%%$§F§%§ﬁﬁay bea?ﬁ%orporated
i nto a base ekivareld tempeastyreconveni ent 5 way. Thus, each of the conponents
can be added directly to the base stock or base oil blend by dispersing or
dissolving it in the base stock or base oil blend at the desired |evel of
concentrgtion. S | . ' ot I . an

el evat e at enper a’?ﬁ% gpalb%%g%féea?ég%%gﬁaﬁo{ ﬁng gsggsﬁ?zir\ﬁ;éﬁsiﬁé%gg © ?‘%"r‘%h%’g

Vi scosity nudpiessant @8blehtiel ik cqentiate oicidditive patkage dedelribediRdateinmb thea
concentrate or additive package described herein as the additive package,

f hgt i s sub$editian peskags, dhrl dssubsnayenlydtdended anto baseriack to make the iy
' t. . t 1], ' | th
i ¢ o ) TR SRRl v AR eofoniak 8l MCALSR debaiRRE® B

final formilpshed Bmob@s td frovide the desired concentration in the final formulation when the

15  concentrate is combined with a predetermined amount of a base lubricant.

The concentrate is preferably made in accordance with the method described in
US 4,938,880. That patent describes making a pre-mix of ashless dispersant and metal
detergents that is pre-blended at a temperature of at least about 100°C. Thereafter, the

20  pre-mix is cooled to at least 85°C and the additional components are added.

The final crankcase lnbricating oil formulation may employ from 2 to 20
mass %, preferably 4 to 18 mass %, and most preferably about 5 to 17 mass % of the
concentrate or additive package with the remainder being base stock. The compositions

25  can be used in the formulation of crankcase lubricating oils (i.e., passenger car motor
oils, heavy duty diesel motor oils, and passenger car diesel oils) for spark-ignited and

compression-ignited engines.

Preferably, the lubricating 0il compositions of the present invention contain no

30  more than 0.5 wt. % of sulfur.



15 concentrate is conbined with a predeterm ned anount of a base | ubricant.
The concentrate is preferably made in accordance with the nethod descri bed
in US 4,938,880. That patent describes nmaking a pre-m x of ashless

di spersant and netal detergents that is pre-blended at a tenperature of at
t east about 2p0QD13Thereafter, the 20 pregrmx is cooled to at | east 85C and
t he additional corrponents are added. The final crankcase |ubricating oil

formul ation may gggut LGB bOrrfd rﬁ%ﬁ%ﬁdl@fﬁ?&é&@'t&ﬂéﬁaﬁoﬁg}g‘mss % and

nost preferably to 17 mass %o ncentrate or additive
package wi t lextinplespwhermitedl feecentagen s bytvoi ght oTtaeumngmdldnt amies? bthepwisde
used in the formulation of crankcase |ubricating oils (i.e., passenger car
not or  oi | s,nofrskgyd which iacludeprefastedemhodynenisof the dueRHER- car di esel oils)
for spark-ignited and conpression-ignited engines. Preferably, the

| ubricating oil conpositions of the present invention contain no 30 nore
than 0. 5w .pRAMPERKf ur. 2002L0L13 -17 This invention will be further
understood By rererence to the follow ng exanples, wherein all percentages
are by weight of active ingredi ent, unless otherwi se noted, and which

i ncl ude preferre di ne of the i nvention VPLE The f ol |.owi ng
| ubricating oil sdl;w'rnrgﬂ aéﬁ& Oﬁﬁé"eé‘h?‘ieBnglé?qgéA AUYERIOPGIEES,

t ested using, (]Mﬁ% lt"m'['jh uI:EQS?iS al
Stability Tes‘lf\%;qlsn acc ance W t eg'h:or olﬁ%egur es o égﬁ&%ﬁﬁggggh of

the to | ubr @mStmuprnesnsmrwcemmmwahuwpmdﬁmsaﬁmmmss OEachdefithe cal
m neral oil base stock di spersant, detergent, organl c friction nodifier

and ant i Poarkbicating oetsamples spntained ddansicalamaeyngsof fdentalpunershoil base stack,
provi ded eacdqsr%?s?im %ci%éeg 3 afﬁ?csmﬂ H%lc?dﬂ?é}taﬁﬁtan@lfo éa%(gﬂi? rﬁ%ggﬁw%@um of

copper conpaou copper=o enum Cco
di t hi ocar bar&h&lnearmseswpmb QFEIIIH, vaﬁJsﬁ p@)smateamsaﬂqm with a(mm@midm@nol

sulfide or "NPS"). The anmount of copper conpound and nol ybdenum conpound
are report edoatent of 510 ppm. The amount of copper compound {copper oleate), molybdenum
compound (molybdenum dithiocarbamate) and supplemental ashless antioxidant

15  (nonylphenol sulfide or "NPS").

The amount of copper compound and molybdenum compound are reported as
wt.% of elemental copper and molybdenum introduced, respectively. MHT-4 TEOST
results are reported as mg of weight gain (of deposit). Lower weight gain indicates

20 improved antioxidative properties. The GF-3 lubricating oil specification allows a
maximum limit of 45 mg. The GF-4 lubricating oil specification has a proposed

maximum limit of 25 mg.

25 Table 2
Example C1 C2 Il C3 C4 C5
Cu (mass %) 0 0.016 0.008 0.016 0 0
Mo (mass %) 0 0 0.011 0.011 0 0.019
NPS (wt. %) 0 0 0 1.18 1.18 0
Description Baseline Cu Cu/Mo | Cuw/NPS NPS Mo
TEOST (mg) 68.9 63.5 46.9 65.8 63.7 512




wt. % of el enental copper and nol ybdenum i ntroduced, respectively. NMHT-4
TEOST results are reported as ng of weight gain (of deposit). Lower weight
gain indicates 20 inproved antioxidative properties. The G~ 3 lubricating
oil specification allows a maximumlimt of 45 ng. The GF-4 lubricating
0i | specifi @0RbBlhas a proposed nmaxinultinmit of 25 ny. 25 Table 2

Exanpl ed C21 1C3C4AC5 Cu (mass 9% 00. 0160. 0080. 01600 Mo (nass

% 000. 0110. 01100. EnpiPH feptesedt§ H2Qdbridhling 88 compositions of the present
Descri pti onBasel i neCuCu/ MoCu/ NPSNPSMb TEOST{@ 8. 963. 546. 965. 863. 751. 2

2002L013 - 18nveusiopl Asishowabydkedata presentedisy 2 hdhricatingrpd spmpesitons t he
present inyention., .As sho by th ata presented in Table 2, .in

by 1 cat i ng FIRERSERIGHRoN A fegbd Polioai o o pRes GomPoRbARTY 2 o

combi nat i on rﬂ&lyﬁd&ﬁﬂpﬁmﬁ&iﬁﬁ%d&ﬁﬁtﬁxiﬁﬁw FPRMIES ARETRRHNE RV IodREke
antioxidative properties that were superior to those 5 provided by an

equi val edt grovided by ar equnealentragnanoppiritheo theawpperaonipoendrot thedeolybdenaonpound

used individually, ;as wel] as.a conhjnation of a | ybdenum conpoun and
an ashl ess memn@u@ﬁﬁmew@%maasw@ GUARRIBALAS @ PARXPAIVER £QMPWIS: i ng

oi | conposi tjgns aQﬂleH}Llﬁnbﬁ'é’ﬁﬁfdfo}néo conprise defined, individual, i.e.,
t

separate, conponents at may or nay not remain the sane chemcally before
and after m xing. Thus, it will be understood that various conponents of
t he conposition, essential as well as optional and customary, nmy react

under the condi tilopowd be Betad that therubricating 9é compesitionhel thisinveHioni nvent i on
<50 1 S5 S RIS BB ROAG FRLAPOEDy e o
articl es andhoidifé chemhieillybefordna hfteesliies eThus2 itevill be understood that various
components of the composition, essential as well as optional and customary, may react
under the conditions of formulation, storage or use and that the invention also is
directed to, and encompasses, the product obtainable, or obtained, as a result of any

15  such reaction.

The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference. The
principles, preferred embodiments and modes of operation of the present invention

20 have been described in the foregoing specification. What applicants submit is their
invention, however, is not to be construed as limited to the particular embodiments
disclosed, since the disclosed embodiments are regarded as illustrative rather than
limiting. Changes may be made by those skilled in the art without departing from the

spirit of the invention.



hereby incorporated, in their entirety, into this specification by
reference. The principles, preferred enbodi nents and nodes of operation of
the present invention 20 have been described in the foregoing
§pecificati&@QaX&Eg applicants submt is their invention, however, is not
to be const limted to the particular enbodi nents disclosed, since
the di scl osed enbodi nents are regarded as illustrative rather than
limting. C{ZoABMSiny be nade by those skilled in the art without departing
fromthe spirit of the invention. 2002L013 -19 CLAIMS: 1. A lubricating
oi | conposition conprising a major anount of oil of lubricating viscosity,

an oil soluble ”Dﬂ.ybdeﬁ%mrﬁ@ﬂiggbﬁmgoﬁlgoﬁﬁoxﬁéﬂ}ﬂaﬂsi, Qiﬁafﬂr%ouﬁf@f‘&ipopoj- to
0.01 mass % nol ybdenumto sal d conmposition, ah oil sol ubl e copper

ant i oxi dant lubricanng vsgogityp awvil doloblefmaybden0filcdnpd®nd 2n amsmodhtqopydingt o sai d
conposi tion, an n anmoynt of netal hydrocarbyl dithi ophgsphate providing
said conpodram grp?\h't? rﬁr-DqlrIBﬁ‘ﬁS Feméﬁrdsswnﬁaﬁmsﬁ%ﬁﬂﬁv%.a@ﬂ Sﬂﬁﬂ? EPRPSEat i ng

oi | conposit}] 4 1 al ' ' t.al Li:Ri ophosphat e
is zinc di ala}g)ﬁ}ﬁx@ﬁtﬁ#%&%ﬁ%?ﬁ@ iﬂeﬁ'%rt?gé(%ﬁggsgi%l%ﬁ%é%‘gg%?i on of
claim 1, wheobgipasisiohtandciimsdunt oNmefadhydoddoby ldithidphbsphateyprotiding gidat er
than 15 wt.% 4. The lubricating oil conposition of claim1, further

conpri si ng &AMpgsitioa FgthdfiramdO8 4550 pprmphesphepis cati ng oi | conposition of

claim4, wherein said dispersant is a polyisobutenyl succinimde. 6. The
| ubricating oil conposition of claim1l, wherein said copper antioxidant is

copper ol eate. 7.2 The Thélubfcdting®ildomposiien o tiadh 10{whetedt said mevdler ei n sai d
oil of lubricating viscosity has a viscosity between 4.0 mm2/sec and 5.5

m/ sec at Jgdocadyl ddophgsphaeis sine dialkyt dwpiophaspbateof claim 1, wherein
said oil of

3. The lubricating oil composition of claim 1, wherein said composition

has a Noack volatility of no greater than 15 wt.%.

4. The lubricating oil composition of claim 1, further comprising an

ashless dispersant.

5. The lubricating 0il composition of claim 4, wherein said dispersant is a

polyisobutenyl succinimide.

6. The lubricating oil composition of claim 1, wherein said copper

antioxidant is copper oleate.

7. The lubricating oil composition of claim 1, wherein said oil of

lubricating viscosity has a viscosity between 4.0 mm?/sec and 5.5 mm?/sec at 100°C.

8. The lubricating oil composition of claim 1, wherein said oil of
lubricating oil composition is a Group II ¢il, a Group III oil, a Group IV oil, a Group

V oil or a mixture thereof, or is mixture of a Group I oil and at least one of a Group I

oil, a Group I, a Group IV oil, or a Group V oil.




lubricating oil conpositionis a Goup Il oil, a Goup IIl oil, a Goup IV
oil, a Goup Voil or a mxture thereof, or is mxture of a Goup |I oil
and at |east one of a Goup Il oil, a Goup Ill, a Goup IV oil, or a
Goup V oil. 2002L013 - 20 9. The lubricating oil conposition of claiml,
wherei n sai R0ORLOBF | ubricating viscost2¢-conprises a Goup Noil. 10. The
conposition of claim1, wherein said nol ybdenum conpound is an

or gano- ol ybdenung comppyilbridating biNeconaRRdA of @RIMAT, %@defﬂéa@doﬂ’@?re' n said
or gano- nol ybdenum conpound is nol ybdenum di t hi ocar bamate. 12.

conposi ti on lobrigitiag mistpsiphiontprsespOedup Bhoil.s substantially free of ashl ess
antioxidant. 13. The conposition of claim1, further conprising at | east
one overbased netallic det ergent 14. The conposition of claim 13, wherein

said at |east one (P"er'Pﬁesé‘o‘i’n 'dfcfauﬂelt ‘?Jh%ﬂﬁ sdid? Bﬁ‘éﬁﬁxﬁ%ﬁ ofild i UM

detergent. 15. A Corrp05|t|0 C| ai'm Corrp I't1on contalns no nore
than 0.5 wan dfgaio-melybdénum compound

11.  The composition of claim 10, wherein said organo-molybdenum

compound is molybdenum dithiocarbamate.

12. A composition of claim 1, which composition is substantially free of

ashless antioxidant.

13.  The composition of claim 1, further comprising at least one overbased

metallic detergent.

14. The composition of claim 13, wherein said at least one overbased

metallic detergent is an overbased calcium detergent.

15. A composition of claim 1, which composition contains no more than

0.5 wt. % of sulfur.



