CATALYTI C ANTI OXI DANTS FI ELD OF THE | NVENTI ON [ 001]
The present invention relates to lubricating oil
W@ oimp0si7r4 ons conprising a |ubricant base oil PEMUS2008/009815
addi ti ves which neutralize the prooxidants that cause
t he oxi dative deconposition of _the lubricating oil
conposition and prevent deposit/sludge formation.
BACKGROUND OF THE | NVENTI ON [ 002] Oxi dati on causes
bui |l dup of particulate matter in |ubricating oils.
Thi's buil dup thicgk ubr | j Il, and causes
deposits in engi Kﬁﬁ IT I LIJS ets too
hi gh, the increase in viscosity results in poor
| ubrication and an inefficient operation of the engine
system Such inefficiencies result in [oss of fuel
Fl&d dp &ty TaHd INNGNEREN exhaust emi ssions. [003]
Currently, lubricating oil formulations are rendered
i s v Yo . ..
(O0FE' P EBE e Rr M ARSI R fing il BAmpoRtfons Robprising
a Arbricanpbaseasil iagd i adidivivesswhithasesializethe pyodnidaetseatat cause the
phenol s, hindered am nes and m xtures thereof and '
oXidalivp edencnpposiéennpbs dres lbeigatisg ziodc composition and prevent

di al kyl di t hi ophosphate. [004] Mst of such
d%}%ﬁ?&%@gmggogre presently used are consumed by the

oxi dation pronoters in the oil (the prooxidants) on a

stoichionetric basis. Antioxidants can be added to
BAGK GROWND OH THE INWBNDIGNonly in linited

guantities and consequently even if and when the

maxi mum practi cal anmount isadded they are quickly

suned.and di sappear, wth the undefended oil . . :

1003h: aPiatian Srgedeidupriel paritSlah oizndg Jubticating oils. This

buildup thickens the lubricating oil and causes deposits in engine parts. When

the level gets too high, the increase in viscosity results in poor lubrication and an
inefficient operation of the engine system. Such inefficiencies result in loss of

fuel economy and increased exhaust emissions.

[003] Currently, lubricating oil formulations are rendered resistant to oxida-
tive degradation by the addition to the lubricating oil formulations of free radical
scavenger antioxidants such as sterically hindered phenols, hindered amines and
mixtures thereof and hydroperoxide decomposers such as zinc

dialkyldithiophosphate.

[004] Most of such antioxidants as are presently used are consumed by the
oxidation promoters in the oil (the prooxidants) on a stoichiometric basis.
Antioxidants can be added to lubricating oil formulations only in limited

quantities and consequently even if and when the maximum practical amount is



[005] O her antioxidants such as copper

acetyl acetonates, while consum ng the prooxidants on a
WOrer0e/0231ah st oi chi onetric basis are still thene@/usz08/009815

used-up at a rate of |less than about 10: 1 and

therefore, while superior to_$he phenolic and aminic

antioxidants are still not sufficiently long lived or

suitable for the next generati on of extended drain

addléﬁqh af’e g{“&ﬁgﬁé‘? L{._rﬁéd lan a@bkéﬁd }{é Ilr?déf#m‘ié& 8ntrap1dly

enV|r I 00XI are con I nuous

oﬂ&&%ﬁ"mﬂl ihRirt diSappHakarfcnt dU“ ng routine use or
added/ i ntroduced into the oil by bl ow by gases, or

exhaust gas recircula tion as during the operation of

i nternal conbustion e nes. [007] USP 4,867, 890
[008hc hEXheyi pntdexidants er%ra% cOBpPe ACRYMAsSANResagWhile consuming

g B SSAR SraTBre- SR AP ior S el A Mererbbpia used-up
atQf raf@by RAS R 55@&@ F): TR R4S WHR PO ¢ the S phenolic and

substantially free of active sulfur about 750

amind® @nfipridahtsaase siih dat wudficiently dohg dlvedhbf: bumﬁlﬂ\tl f@e the next
i mproved oxidation control and friction nodifie

geperatinmah etendsp draip lubzioils pescaled foriliforfilied f@rgllfﬂ lubricant
orrp05| tion conprising a base oil of lubricating
COYUOOHENS, and at | east one thiocarbamate containing a
di val ent netal and a sl udge preventing and seal
protecting anount of at |east one al dehyde or epoxide

[006] M Rtoyx@darierageicondifubddly A¥nérdte@dnatietlnBricamiuddring routine
phase oxi dation of cycl ohexane into cycl ohexanol by

usgxtiroadgied@ntrnéue@ct ithahaml by blowrby ggspsnor erhaustigag recircula-
nth se in.the presence.of netal salts
i tirite T prtTALOR B0 i chEH BT RHOBRAGINESy and. W of

an organic acid or a chelate conmpound as a
catal yst.[008] USP 4, 766, 228 teaches a net al

[00Thy dUSParh867i8o0i enkeasPheil Vboldblchi #BRAS PGS Rer compounds as
antioxidants. USP 5,650,381 teaches a lubricating oil composition which
contains from about 100 to 400 ppm of molybdenum from a molybdenum
compound which is substantially free of active sulfur and about 750 to 5,000
ppm of a secondary diaryl amine, which provide improved oxidation control and
friction modifier performance. USP 6,121,211 teaches a lubricating oil
composition comprising a base oil of lubricating viscosity and at least one
thiocarbamate containing a divalent metal and a sludge preventing and seal
protecting amount of at least one aldehyde or epoxide or mixture thereof. JP
53024957 teaches the liquid phase oxidation of cyclohexane into cyclohexanol
by oxidizing the cyclohexane with an oxygen containing gas in the liquid phase
in the presence of metal salts selected from the group consisting of Cr, V and W

of an organic acid or a chelate compound as a catalyst.



material containing a netal selected from zinc,
cadm um | ead and antinony or an oxygen and/ or
W@ opes7¢ont ai ni ng nol ybdenum conpl ex usef ul aBCEUS2008/009815
| ubricant additive (see also USP 4, 882, 446). USP
5,439, 604 teaches conpositiong_containing netal salts
of pol yal kenyl substituted nonounsaturated nono- or
di carboxylic acids which nay be used as a

atidy Lz ial_f ' ' e
HBEr SISk 4 G EETeEe iy e WA USRI BRRR aithio-
phospBétet fiatdreACiRtaiiig Q<hitM]t sdekdkd Y6 £iIABPCh@Ngma lead and
m xture of a netal dialkyldithiocarbanmate and a

ariteanony oy ahlodygeniama/gr sutfureconthieing hiodybddrim iconfplexnuseful as
Goup lib, lVa and Va, [009] USP 3,351,647 teaches a

a clbpisant jasiditivef (see adlsan USP 4882:4400- t nWISH uhd$9.604 teaches

as._an..antioxi dant and,antiwear, agent -haying.the
oQiERBRIPRY 5P el iRk AR 2R F Bo e APl onounsaturated
mBKE! BF &IAPTbNARY £3ds Wiél?n?agr@e_t MedSK! £ebmPafibAFidd faterial for
group consi sting of zinc, calcium copper, nickel?
méxtoedst of dispersatity, deesrdenBnentiadedruand Antidkidadt @as¢mals. USP

radi cal s selected fromthe class consisting of
3,049 e teashas syysexidentaladgditinesr somting adli maxiare xof s metal

t al . f M is fr bout .0.5 to .ab 6. |USP .
aiy B ata anll b oeriaapikah BRI ATNGCanDE: Shpapetal is
fraﬂﬁﬁt&ﬁiﬁﬁb?f\’ﬁ’éh&@?é.on i nhibitor. The oxidation

I NNl

Itors conprising sulfur bridge, bis hindered
phenols effectively limt or prevent the attack of

oxi dants on copper/lead netal and preferably conprise
[009% ( diSRH Gbiz647 teachds decampeditien ussfilngs tameoil additive that

for.mul a: [ 010). USP 3, 764,534 teaches a conpositiaq

fungligns a3 aaiwéﬁpbareq? ABHYERr agrt davingalie gsngral formula:
t hi oorganonetal |l ic conplex of the fornula: in which M
is selected fromthe transition netals and zinc,

cadm um tin, |egd;
R S A
N/ /
P\ M N\—B
R/ S X C y

wherein R is a substantially hydrocarbon radical; M is a metal selected from the
group consisting of zinc, calcium, copper, nickel, cobalt, chromium, lead, and
cadmium; A, B and C are radicals selected from the class consisting of
hydrogen and substantially hydrocarbon radicals; x is the valence of M; y is
from about 0.5 to about 6. USP 4,427,560 teaches a formulation containing
among other additives an oxidation inhibitor. The oxidation inhibitors
comprising sulfur bridge, bis hindered phenols effectively limit or prevent the
attack of oxidants on copper/lead metal and preferably comprise

bis(dithiobenzyl) metal derivatives having the formula:



antinony and bismuth; n is the oxidation degree of M
Ri and R2 are each a nonoval ent hydrocarbon radi cal
whawpmes7ohe to 20 carbon atonms and 0 to 3 het ePGHUSIVHS/009815

sel ected fromthe group consisting of hal ogen, oxygen,

sul fur and nitrogen; Y is selgcted fromthe hydrogen
atomand the radicals R, RIO, RS and RICO in which R

is a hydrocarbon radical of 1 to 20 carbon atons; Y

and R1 or R2 may form a di yal ent hydr ocar bon radi cal
containing 1 to 20 carbon ﬂlto 5 and 0-38 het eroat ons

sel ected form oxygep; y-f gr—and-Ni txogen; and each
atom Z i s oxygen or @fur, at| @ ope of the 2n
atons Z being sulfu IS reci hat these
mat erial s exhi bit i gh antioxi dancy activity even at
hi gh tenperature. They can be used with base oils of
petroleumorigin as well as with synthetic base oils.
See also @B 1, 322,699.[011] GB 1, 358,961 teaches that
[090]0- HISR/3s76dni 3 teaehes actasnpgaidoyiconpriding awiubhicating oil and
ertain tal b-di ket one conpl exes to provide
ateast @%Pdﬁﬁ@&ganﬂ{@etﬁﬁtcawrspfm@f%ﬁefoeaﬁﬁw exes are of
the formula M-OCRL = CR2-CR 3 = On wherein Mis a
metal, nis 2 or 3, R2 is hydrogen or an al kyl group
having 1 to 20 carbgmato and Ri d R are al kyl,
aryl or al koxy groupgs having 1-10 carbons. USP
4,849, 123 teaches drjivetrain ¢+sizls conprising oil
soluble transition nmetal confetnds. whi ch address |ow
t enperature thi ckeni|ngYof— ut'Lormti} ansm ssi on
fluids (ATFs) and hi|gh tenpe czt-_UTf thi ckeni ng or gear
oi | s. Wen used in donbination with ginc dialkyl
di t hi ophosphat es, tre_quank'&ty of nmetmal conmpound in
the ATFs or gear lubricants®i s inportant to obtaining
t he conbi nati on of antioxidant and antiwear properties
InNeBRIHAM ¥ sdlbgte@fiemnddd tharfs@tion metals and zinc, cadmium, tin, lead,

antimony and bismuth; n is the oxidation degree of M, R, and R, are each a
monovalent hydrocarbon radical having one to 20 carbon atoms and 0 to 3
heteroatoms selected from the group consisting of halogen, oxygen, sulfur and
nitrogen; Y is selected from the hydrogen atom and the radicals R', R'O, R'S and
R'CO in which R' is a hydrocarbon radical of 1 to 20 carbon atoms; Y and R, or
R, may form a divalent hydrocarbon radical containing 1 to 20 carbon atoms and
0-3 heteroatoms selected form oxygen, sulfur and nitrogen; and each atom Z is
oxygen or sulfur, at least one of the 2n atoms Z being sulfur. It is recited that
these materials exhibit high antioxidancy activity even at high temperature.
They can be used with base oils of petroleum origin as well as with synthetic
base oils. See also GB 1,322,699.



of the fluids. [012] USP 4, 705, 641 teaches the

conbi nation of copper and nol ybdenum salts as bei ng an
we@Rdoenmei7ve anti oxi dant and antiwear additive fRPECT/US2008/009815

hydr ocar bons such as lube oils. The copper salt

preferably is selected fromthe group of carboxylates

consi sting of ol eates, stearates, naphthenates and

m xtures thereof and the nolybdenumsalt preferably is

075 e o Ml Mfsicas

w{tQ]coEtha%Q—’Fr)né]taiL d k3o §81|ng¥e%¢%sat% Povidd IaffiokHAinBy T OThe metal

and a nmethod for using the oxidatlon inhibitor for
B-dikdtowachoploxet are af the foamulgul arly | ube oils. One or

nore transition netal containing conpounds can be

utilized in conbination with one or nore peroxide

deconposer conpounds sel ected from aliphatic am nes,

al kyl sel eni des, Ml s I Res- GRa=ghbsphat es

wherein the ali phat| ¢ and al kyl portions of said

conpound each contain fromabout 1 to about 50 carbon
wherems M isox inbdiali, ons 2rdri iR xas hyidnogergemnare alkyingosup havisg 1 to 20

subj ect to auto-oxidation. Anpng the transition netal
cagbpmAions rdRu andcBs ArRgalkylt Wé’lp%ﬁ aHtoxyr grevs daving 1-10

a]%%rasc an gj[safmﬁ %#)g;glu néacé% &rlv%hlfllh E&%sz r%oe%nﬁﬁq%an €31 soluble

trd'Hsﬁ‘Rde et YORBBUAYs TWhicHr ladbtess VI8 Nidperafipdl b%gbkenmg of

pal | adium and Silver, to nmention a few. [014]
auforfidtid, tmmlsﬁoheﬁ;uldﬂ (A s)eama high' temperanad thidkiening or gear
resi stance and anti oxi dancy conprising base oil, an

oils; | Whenuised i sopehinaton withzigicl diabyl githiophogphatesinthe quantity

d.a. b
of BrlpL cRaiRA B inciR A i O s sRferS i 1P p otypining the
confBiiBti6n S¥latioRldahy BhBH Syl pRBHUTRS REBER gfegaended life

preferably Cto C30 saturate unsaturate
ofahe dwiide. 9. ,

[012] USP 4,705,641 teéches the combination of copper and molybdenum
salts as being an effective antioxidant and antiwear additive for hydrocarbons
such as lube oils. The copper salt preferably is selected from the group of
carboxylates consisting of oleates, stearates, naphthenates and mixtures thereof
and the molybdenum salt preferably is selected from the group of carboxylates

consisting of naphthenates, oleates, stearates and mixtures thereof.

| [013] USP 4,122,033 discloses an oxidation inhibitor and a method for using
the oxidation inhibitor for hydrocarbon materials, particularly lube oils. One or
more transition metal containing compounds can be utilized in combination with
one or more peroxide decomposer compounds selected from aliphatic amines,
alkyl selenides, alkyl phosphines and phosphates wherein the aliphatic and alkyl
portions of said compound each contain from about 1 to about 50 carbon atoms

/



nol ynapht hanat e, nol yhexanate, nol yol eate,
nol yxant hate and nol ytallate. [015] USP 4, 066, 561

W@ e@ehezx7or ganonet al | i ¢ conpl exes of the for muP@I/US2008/009815
wherein, as defined in the patent, n is an integer of
from1l to about 10, preferablyg_.from1l to about 5, Ais
an aromatic noiety, preferably phenyl or naphthyl; M
is a pol yval ent net aI such as, for exanple, Be, M,

. . r . .
asc% e(ﬁ?foglvprrl%@tiotqé\l rou COﬂSIgHitpl Hglogig gfaeﬁ%) ogﬁk&%ﬂdaﬂon.
Aﬂ{oagnsh@at&&@mbn rﬁéﬁ%@ﬂfﬂdi@.ds QIsgﬁﬂoédHofr@ﬂih}Q to the Patent are the

organot hi o, organooxy, nitrate, nitrite, phospha

saksl(ﬁﬁtsean(hum‘ ohmneumoxvaﬂmdlmdrchmrdmmpanmmleec, iron, cobalt
sul fite, fluaoride, chloride, bromde %nd i odide; Ri
night, FOPRETYHTIRY, ZHICOPIETL RIObHIRHBAY bderemp H§HUE By uthenium,

enfin. AR 4 51 B0 BT RY o, eyl o

hydrogen; R3, R4, R5 and R6 are hydrogen, al kyl of
from1l to about 200 carbon atons, aryl,

[02#ky| USPLS661 12 1@dteaickies whangindeiladkithpvedt wearerdsistance and
conpri sed of form1 to about 200 carbon anmount s,

an@@m@nwr meélamgoh%@rqxl,,ararﬁlh@ahghle spppeapedaran oil soluble

mAARENEe SHlpdt (GEP o il sl RIS R ——
subbRYmideE ﬁ?&g ”scatltsoiiéQﬂé N0l L0kCIaI T %rﬁﬁéh@%? natural
t eaches a con‘p03| tion containing

orgamigndcidd, lﬁewablyb@setoocgo stdratediandr ummtedaffatam acids, e.g.,
additive having the formula Mi-yMyS4LNQ and m xt ures
melyaaphthanaice malphexanate melyeleatanelysanthaggrasi malpitallate.
Fe, Co, N, Cu, and W L is independently sel ected
organi ¢ groups selected from dithi ophosphat es,

[0?%1. ggﬁgggﬁg?g,g@ r’t@é&fé@to‘?gan&héﬁh?&%lhﬁﬁeg%f the formula:

MX
RN
Tkle . RleT TR 1R TTR R,
AR
Ry R4 R " R¢

wherein, as defined in the patent, » is an integer of from 1 to about 10,
preferably from 1 to about 5; A is an aromatic moiety, preferably phenyl or
naphthyl; M is a polyvalent metal, such as, for example, Be, Mg, Ca, Ba, Mn,
Co, Ni, Pd, Cu, Zn and Cd; X is a radical selected from the group consisting of
organophosphoro, organocarboxyl, organoamino, organosulfonyl, organothio,
organooxy, nitrate, nitrite, phosphate, sulfate, sulfonate, oxide, hydroxide,
carbonate, sulfite, fluoride, chloride, bromide and iodide; R, and R, are alkyl of

from 1 to about 10 carbon atoms, aryl, hydrogen,



and xant hates, having a sufficient nunber of carbon
atons to render the additive soluble or dispersible in

wao b@9o2d774 and Q i s a neutral el ectron donati ngPCT/US2008/009815
compound, y is 1 to 3, nis 2to 6, and z is zero to
4, and the L provide a total_gharge sufficient to
neutralize the charge on the Mi-yMoyS4 core. [017] USP
3,649, 660 teaches silyl organonetal | ocenes as bei ng
useful antioxidants for organopol ysil oxane fluids. The
silyl organonetal | ocenes are gel ected fromthe class of
(a) polynmers having structurfl units of the formula
(b) copol yners conposed of—s€rucRUral units of the
formul aand at | east one unit of (a), and (c)

di sil f the f,ormyl 5 C N
orfEomBTAYE Rorgalindr a® Ao o thshok i et fbibhn gigins, aryl or
L&Al 3 iwa ' ,
AR el Ry I RN BHERALRDe il 13,9 200 carbon
atemisgaiydd afltydrsubytrunge arylawheke the alkydonafstingnerig asdingprised of
radi cal, and an el ectron w thdraw ng organic radi cal
foamd 1Ma gbgut 28Ascaitbon amoants, acarboxyaukibl earhanplaryle canainoaryl,

fromO to 2 and b is a whole nunber, equal fromO to 3.
mersERioafYla 3 lpgPaRYt Ar FPbEatios hsretlol JHES anetal complexes

BB o v il oD FReAORh o To N S
radical to forma netall ocene. The transition netals
that are operative in the present invention are, for
[0d@hnpUSP $e824,62 hateachesatomte milritengpodticm cddtainihgt @ major
46, and 7.1 to 7 such as titaniu vanadi u .
an&wlg,ﬁr% umgrggg@r’xéj prrgﬁm’or amount orP an additive rlrllavmg the formula
M, ,Mo,S,L,Q, and mixtures thereof, wherein M is a metal selected from Cr,
Mn, Fe, Co, Ni, Cu, and W, L is independently selected organic groups selected
from dithiophosphates, thioxanthates, phosphates, dithiocarbamates, thio-
phosphates and xanthates, having a sufficient number of carbon atoms to render
the additive soluble or dispersible in the oil, and Q is a neutral electron donating
compound, y is 1 to 3, nis 2 to 6, and z is zero to 4, and the L provide a total

charge sufficient to neutralize the charge on the M, ,Mo,S, core.

[017] USP 3,649,660 teaches silylorganometallocenes as being useful
antioxidants for organopolysiloxane fluids. The silylorganometallocenes are
selected from the class of

(a) polymers having structural units of the formula
OH (1|1)a
S

(C5Q5)M(C5Qq) C—N—R"

(b) copolymers composed of structural units of the formula



cobal t, nickel, zirconium colunbium nolybdenum

technetium ruthenium rhodium palladium hafnium
W a009@aTmg  t ungsten, rhenium osm um iridi umBCTUS2008/009815

pl ati num (see al so USP 3, 745, 129). [019] USP 5,01

5,402 teaches basic netal andgnulti-netal

di hydr ocar byl phosphor odi t hi oat es and

phosphor ononot hi oat es as anti oxi dant additives. These

materials are represented t he general fornula:

[ Z] d[ RO) 2PSS] yMaXb (1) wheK altn M and X represent

different netal cations selected fromthe group

consi sting of zinc, copperSi@Ghngm um iron, copper,

manganese, cal cium barium | , antinony, tin and

alumnum Z is an anion sel ected from oxygen,

hydr oxi de and carbonate; R is independently a |inear
am atdeastcmedinat &fy(a)gamip of 1 to about 200 carbon

atons, or a substituted or unsubstituted aryl group of
(c§ HRiRRAKEs GPtheaobRllAt OMs; a and b are integers of at

east one and are dependent upon the respective

oxi dation states of M andC%@Iy is a whole integer

whi ch i s dependent upon the oxidation states of M and

X; and d is,anA r ~of or,2. [QZP ‘

consequence(éﬁqg&\g&gﬁgﬂgéwgﬁTo@ﬁal&%Tzo

performance and environnmental requirenments on

| ubricating oils, for exanple fill for life oils,
whergl Bdisheamiongsalsnt hiydnecagpemgedicabr Rirodes rdivalenhdwdrocarbon

rofisaeiniger Ao Qi Rigdouts e Bnthere puisaeTected from
h)%f; &1, 2 Tefe @ 'd%ﬂgtiﬁgﬁcggh&%gﬁafdiédl”%ﬁd%. thdts Withdrawing

urrent and future Icating oil specifications,

oranici radicat hiid Vidk Reraiditioh asahll lacigta Whsld RlimBeeégbal from 0 to
ubricants (PC7 and PC8) and passenger car |ubricants

2 a@kb3s anwhads mimbermquakbfibincdd0aB, | onger | asting and
nore robust antioxidants are required for use in the

[018] Transition metal is defined to include all metals of Group III to VIII of
the Periodic Table capable of forming a m complex with a cyclopentadienyl
radical to form a metallocene. The transition metals that are operative in the
present invention are, for example, metals having atomic numbers 22 to 28, 40 to
46, and 71 to 78, such as titanium, vanadium, chromium, manganese, iron,
cobalt, nickel, zirconium, columbium, molybdenum, technetium, ruthenium,
rhodium, palladium, hafnium, tantalum, tungsten, rhenium, osmium, iridium and

platinum (see also USP 3,745,129).

[019] USP 5,015,402 teaches basic metal and multi-metal dihydrocarbyl-
phosphorodithioates and phosphoromonothioates as antioxidant additives. These

materials are represented by the general formula:

[2]4[RO),PSS],M. X, D



| ubricants. Increased performance results in inproved

fuel econony and reduced exhaust em ssions in engine
WGEYBYeRE74 €. 9., gasoline engine systens and di BGEUST00&009815

engi ne systens, where the diesel fuel has a sulfur

content ranging in the amountgof about 5 - 1,000 ppm

DESCRI PTI ON OF THE | NVENTI ON [ 021] The present

invention is directed to a lubricating oil exhibiting

i nproved resistance to oxidation and deposit/sludge

BT Pbrsh BBk ARl SIS croup
co&%@&iﬁlgtoglnz)eﬁ%fco%@treféo%x:r?l%g% U%ﬁgp%%ﬁpgegg#aaﬁgaﬁége?Egl'cmam, barium,

led,9an@MRh! ltirt ag@MRREAGSINEONYZAINIANTaHIUR SElcBRE fidRh al Sxygen,
havi ngnore t han one oxi dation state above the ground

hyalraxide andi chrbeatts P& mgepemgdntbyeal lineamatelsraached alkyl group of
associated with i) two or pore anions; ii) one or nor

I poabeierd0 earbpp aters, of a substitutnd erppesubstisrsd apvl gmélpeof 6 to
i gands: i ' hereof . The petal

b, B FasbpBAN TP And & o MEHES of M 488t anbind R Siebendent

up¥et the &Eﬁéﬁ%%)ﬁd&%&ﬁ%%ﬂ%ﬁo?m aRdCkudi N9 "\H/l%‘l@'integer which is

el enents 39 throug enments 72 though 80, an

dependentasponhthe @xfidatidrestateis wf MruvdoX ; landahi aloesegertof 1 or 2.
itself render the netals inactive, deconmpose or cause
pol ynmeri zati on of the polynetal organonetallic

SR R REEE A Rl T BB A ee an
Bl b : {1 hi h d t . .
R RSAICRTRA Syt f NRgnR S MICcHORAL b oy e o

sehiedabigiririg8noilo ahd ezreasespior Mad&erdi xtendewb deainotngiBé dlibricating
organonetal | i ¢ conpounds, the catal ytic anti oxi dants

oilsotgpperdermaftieticr {ar komganmpsriofls Wpdowrelesrmary severe conditions of
te%f)?fc’a&i)xrteg%gg C}Blaﬁg(%\égl orn%/glef _tPrplgsn%lser?lgggfgs%g eb}S: ocu %lfll?da%d future
lubricating oil specifications, pérticularly engine oil classifications for diesel
lubricants (PC7 and PC8) and passenger car lubricants (GF-3 and GF-4), more
efficient, longer lasting and more robust antioxidants are required for use in the
lubricants. Increased performance results in improved fuel economy and
reduced exhaust emissions in engine systems, e.g., gasoline engine systems and
diesel fuel engine systems, where the diesel fuel has a sulfur content ranging in

the amount of about 5 — 1,000 ppm.

DESCRIPTION OF THE INVENTION

[021] The present invention is directed to a lubricating oil exhibiting improved
resistance to oxidation and deposit/sludge formation comprising a major amount
of lubricant base oil and an effective amount of catalytic antioxidants. The
catalytic antioxidants comprise a) an effective amount one or more oil soluble

polymetal organometallic compounds containing two or more metals having



hi ndered phenol conpounds; or, a conbination of both
(b) and (c). In a preferred enbodi nent, one or nore
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and one or nore hindered phenol conpounds are used in
conbi nation with one or nore @il sol uble polynetal
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compounds and one or more hindered phenol compounds are used in

combination with one or more oil soluble polymetal organometallic compounds.

[022] “Polymetal organometallic compounds” means organometallic
compounds and organometallic coordination complexes containing two or more
of the same or different metal atoms. Preferably, the polymetal organometallic
compounds contain between two and four metal atoms. The reactivity of any
given metal complex will depend on the ionic strength of the ligands and the
coordination geometry around the metal center. These factors will affect the
ease with which the metal center can effect the oxidation state change necessary

for catalytic decomposition of the hydroperoxide or peroxide species.

[023] In another aspect, the invention is directed to a method for improving the

resistance of a lubricating oil to oxidation and deposit/sludge formation
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cd?@;BG’L[fﬁisalth@E%l}&f@bﬂhbkl@iaﬁ@,”&ﬁﬂﬁﬂse effective amounts of b) one or
more substituted N, N'-diaryl-o-phenylenediamine compounds or, ¢) one or more
hindered phenol compounds; or, a combination of both (b) and (¢). In a
preferred embodiment, one or more substituted N, N'-diaryl-o-phenylenediamine
compounds and one or more hindered phenol compounds are used in
combination with one or more oil soluble polymetal organometallic compounds.
Preferably, the polymetal organometallic compounds contain between two and

four metal atoms.

[024]) In another aspect, the invention is directed to an additive concentrate
comprising one or more oil soluble polymetal organometallic compounds
containing two or more metals having more than one oxidation state above the
ground state, said metals being complexed, bonded or associated with i) two or
more anions; ii) one or more polydentate ligands; iii) one or more anions and one

or more ligands; or, iv) mixtures thereof. The metals are selected from the group
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additional material are used in combination. The at least one additional material
is selected from detergents, dispersants, viscosity index improvers, antiwear
additives, friction modifiers, an additional antioxidant, pour-point depressants,
corrosion inhibitors, anti-foaming agents, antirust additives, carrier oils seal
compatibility additives and the like. Preferably, the polymetal organometallic
compounds contain between two and four metal atoms. The catalytic
antioxidants of the present invention are utilized in the absence of or in the
presence of any added antioxidant. The oil soluble polymetal organometallic
compounds do not undergo anion and/or ligand displacement reactions
(exchange reaction) which alter the composition and/or stability of the
compound rendering them ineffective as a catalytic additive. That is, the
original anions and/or ligands which do not fit within the coordination sphere of
the metals are not replaced partially or totally by other anions and/or ligands

which fit within the coordination sphere of the metals because such partial or
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I nclu ut are not reases, gear

tohYghication @sotatalytiy akeiokidinds, burafutnér duflctéon oAt &.g,, antiwear
transm ssion fluids, other energy transferring flui ds
additivasoduef tauthgshoruling énte %mrsul@mwntlm the frginref the engine
oi.l s, asollne spark ignition engine oils, turbine
Or MPCE HHUCEHR WSake. The | ubricating base oil may be
selected fromthe group consisting of natural oils,
petrol eumderived mneral oils, synthetic oils and
ngiexm]res thereof boiling in the lubricating oil
I ng range. [027] The lubricating base oils of the
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diesel compression ignition engine oils, gasoline spark ignition engine oils,
turbine oils and the like. The lubricating base oil may be selected from the
group consisting of natural oils, petroleum-derived mineral oils, synthetic oils

and mixtures thereof boiling in the lubricating oil boiling range.

[027] The lubricating base oils of the present invention include natural or
synthetic oils and unconventional oils of lubricating viscosity; typically those
oils having a kinematic viscosity at 100°C in the range of 2 to 100cSt, preferably
4 to 50cSt, more preferably about 8 to 25cSt.

[028] Natural oils include animal oils, vegetable oils (castor oil and lard oil, for
example), and mineral oils. Of the natural oils, mineral oils are preferred.
Mineral oils vary widely as to their crude source, for example, as to whether they
are paraffinic, naphthenic, or mixed paraffinic-naphthenic. Oils derived from

coal or shale are also useful in the present invention.



[028] Natural oils include animal oils, vegetable oils

(castor oil and lard oil, for exanple), and m neral
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Mneral oils vary wdely as to their crude source, for

exanpl e, as to whether they _gye paraffinic,

napht heni c, or m xed paraffinic-naphthenic. Gls

derived fromcoal or shale are also useful in the

present invention.[029] Synthetic oils include

hydrocarbon oils as well as non hydrocarbon oils.
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[031] The number average molecular weights of the PAOs, which are known
materials and generally available on a major commercial scale from suppliers
such as ExxonMobil Chemical Company, Chevron Phillips Chemical Company,
BP, and others, typically vary in viscosity from about 250 to about 3,000 cSt
(100°C), although PAOs may be made in viscosities up to about 100 cSt

(100°C). The PAOs are typically comprised of relatively low molecular weight
hydrogenated polymers or oligomers of alphaolefins which include, but. are not
limited to, C, to about Cj, alphaolefins with the Cg to about C,¢ alphaolefins,
such as l-octene, l-decene, 1-dodecene and the like, being preferred. The
preferred polyalphaolefins are poly-1-octene, poly-1-decene and poly-1-
dodecene and mixtures thereof and mixed olefin-derived polyolefins. However,
the dimers of higher olefins in the range of C;4 to C;g may be used to provide

low viscosity basestocks of acceptably low volatility. Depending on the
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m xture of base
[033] Unconventional base stocks include one or more of a mixture of base
stock(s) derived from one or more Gas-to-Liquids (GTL) materials. GTL base
oil comprise base stock(s) obtained from a GTL process via one or more
synthesis, combination, transformation, rearrangement, and/or degradation
deconstructive process from gaseous carbon containing compounds. Preferably,
the GTL base stocks are derived from the Fischer-Trospch (FT) synthesis
process wherein a synthesis gas comprising a mixture of H, and CO is
catalytically converted to lower boiling materials by hydroisomerisation and/or
dewaxing. The process is described, for example, in U.S. Pat. Nos. 5,348,982
and 5,545,674, and suitable catalysts in U.S. Pat. No. 4,568,663, each of which

is incorporated herein by reference.



stock(s) derived fromone or nore Gas-to-Liquids (GTL)
materials. GIL base oil conprise base stock(s)

W@bioalersdd from a GIL process via one or nore SREI/OBR0E009815
conbi nation, transformation, rearrangenent, and/or
degradati on deconstructive prigcess from gaseous carbon
cont ai ni ng conpounds. Preferably, the GIL base stocks
are derived fromthe Fischer-Trospch (FT) synthesis
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or lower, and under some conditions may have advantageous pour points of
about -25°C or lower, with useful pour points of about -30°C to about -40°C or
lower. In the present invention, however, the GTL base stock(s) used generally
are those having pour points of about -30°C or higher, preferably about -25°C or
higher, more preferably about -20°C or higher. References herein to pour point

refer to measurement made by ASTM D97 and similar automated versions.

[036] The GTL base stock(s) derived from GTL materials, especially hydro-
dewaxed or hydroisomerized/cat (or solvent) dewaxed synthetic wax, especially
F-T material derived base stock(s) are also characterized typically as having
viscosity indices of 80 or greater, preferably 100 or greater, and more preferably
120 or greater. Additionally, in certain particular instances, the viscosity index
of these base stocks may be preferably 130 or greater, more preferably 135 or
greater, and even more preferably 140 or greater. For example, GTL base

stock(s) that derive from GTL materials preferably F-T materials especially F-T
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lower. In the present invention, however, the GIL base
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of about -300C or higher, preferably about -25C or
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es¥érttaliyhg] catal yst and tenperature used. Further, GIL
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[038] In a preferred embodiment, the GTL base stock(s) comprises parafﬁhic
materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTL base stock(s) typically comprise
paraffinic materials that consist of greater than 60 wt% non-cyclic isoparaffins,
preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater
than 85 wt% non-cyclic isoparaffins, and most preferably greater than 90 wt%

non-cyclic isoparaffins based on total GTL base stock composition.

[039] Useful compositions of GTL base stock(s) are recited in U.S. Patent Nos.
6,080,301; 6,090,989, and 6,165,949 for example, which are herein incorporated

by reference.
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sul fur and nitrogen content of GIL base stock(s)
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material, especially F-T wax is essentially nil. [038]
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stock(s) 'typically conprise paraffinic materials that

providsidstachf cgnpatant inftha rixtute/hanbeay shbjected to a dlfferent final
i soparaffins, preferably greater than 80 w %

Wb RIQSFESING tP%}ﬁ}éﬂP%efqaiHrf‘é)nsﬁﬁth@ afrasrrareef thedrasgodh ¢ han
85 wt % non-cyclic isoparaffins, and nost preferably
greater than 90 wt % non-cyclic isoparaffins based on

[OngL‘pajl(; léi f*ef@ﬁé@ b§§é’§&)cﬁ9'&9%‘sé bHE‘ de['lggg]frdijﬁﬁ”f't matﬁrlals and/or

Ions of GIL base stock(s) are recited in

frétat waky Resds dic @b@ra@drizéd 89Ravidg, preddmbndifiby, Pdffinic composi-
exanpl e, which are herein incorporated by
tiqnst and iee. fughe] charackeizadeaehaving igh saluratestlavels, dew-to-nil

se, st m xt res of.. the L base stock(s
suffiE 19201 R gen o At premalics 880 grS @renbadly Water-white
mscbfp&k(s) provi ded each conponent in the m xture has
been subjected to a different final wax processing
technl gue, can constitute all or part of the base oil.

04£ The preferred base stocks or base oils derived
[0#2 b i gmeferned (GBI sbasadgtoek fis amenesmptisigs paradfinic hydrocarbon

e e i A
o] TR D S, SRk b
pereditigeMift Rcurring methylene carbons which are four or more carbons
removed from an end group or branch (CH; > 4), are such that: (a) BI-0.5(CH, >
4)>15; and (b) BI+0.85 (CH, > 4) <45 as measured over said base stock.

[043] The preferred GTL base stock can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and
(CH; > 4) <22.5. They have a nominal boiling point of 370°C", on average they
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also
can be characterized by a combination of dynamic viscosity, as measured by
CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the
formula: DV (at -40°C) <2900 (KV at 100°C) - 7000.



in color. [042] A preferred GIL base stock is one
conprising paraffinic hydrocarbon conponents in which

wo b@exreht of branching, as neasured by the pRCT/ER1088/@09815
of nmethyl hydrogens (Bl), and the proximty of
branchi ng, as measured by thggpercentage of recurring
nmet hyl ene carbons which are four or nore carbons
renoved froman end group or branch (CH2 > 4), are
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cont ai ni ng conmpounds, |ess than 20 V\gpm sul fur
pagaiiingi havine corpdenrdchain lpagth pbrheutorzd & abpukfrae, a grolecular
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I"onger branches per on atons and on average
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atons. They al so can be characterized by a conbi nati on
of dynam c viscosity, as neasured by CCS at -400C, and
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Ccharacterized as conprising a m xture ot branched

paraffins characterized in that the |ubricant base oil
BiaABRhAlcN$qek | east 90% of a m xture of branched
“p‘a'r?@%—h‘s,'v\her ein said branched paraffins are
[0p6) aA f359s8haiHRd H sslution NWR specngh s obtaihediion@Briker 360

about C, a nolecular weight of about 280 to about )
M AMXbepedtiegnetangeing 18 s0luesoeint@DEHoutTNISSGOthe internal

chggﬁwvwggigg@gén%epr %Eid Sgﬁreg{ fgii\r)ess gogéa?(i Toc%ee oatf'P.%. All

spectra are obtained under quantitative conditions using 90 degree pulse

(10.9 ps), a pulse delay time of 30 s, which is at least five times the longest
hydrogen spin-lattice relaxation time (T;), and 120 scans to ensure good

signal-to-noise ratios.

[047] H atom types are defined according to the following regions:

9.2-6.2 ppm hydrogens on aromatic rings;

6.2-4.0 ppm hydrogens on olefinic carbon atoms;

4.0-2.1 ppm benzylic hydrogens at the a-position to aromatic rings;
2.1-1.4 ppm paraffinic CH methine hydrogens;

1.4-1.05 ppm paraffinic CH, methylene hydrogens;

1.05-0.5 ppm paraffinic CH; methyl hydrogens.



and wherein the free carbon index of said branched
paraffins is at |east about 3. [045] In the above the
w@Be@nord7mg | ndex (Bl), Branching Proximty (CHXCEU&Z008/009815
and Free Carbon Index (FClI) are determ ned as foll ows:
Branching I ndex [046] A 359.83 Mz 1 H solution NWR
spectrumis obtained on a Bruker 360 MHz AMX
spectronmeter using 10% solutions in CDCl 3. TMS is the
[ nal, _chem cal .shi r.ef n 3 vent  give
1048, o8 g TRHIME Fpade'sBn iF (Bl aagy FCME s, ¥ dher BBt non-
bt FNE i thadhlyY hydehskidsl fNehelsd 8P 0096 g8 P ' {olhPtotal non-
rrs?, a pu;yseyd(aelgajéy Sti nme of r% S, Wwhich islﬂgt?ﬁl east
bemizy ke aliphati¢ hedtopege st theychngget (spim2|lapprince
relaxation time (T1l), and 120 scans to ensure good
signal -to-noise ratios. [047] H atomtypes are . defined
r di to.t ol l,Qwi ng regions: 9.2-6.2 ppm
Brang gcllg]ol(gﬂltg:t %é rings; 6.2-4.0 ppm hydrogens on
g 40D g
0P NS & Pt RCARR R lc pllse andPED PAJSHIOAety PERgRment by
PalarigdtiomiTrandferqDEPE) MR gp@stra laré- dbtatteddopf a Brucker 360
araffinic CH2 methyl ene hydrogens; 1.05-0.5 ppm _
MS’@AMX specteymgisr ising @Yo gehsi1qre 4] CiMeLpr i isgthe internal
i nde BL) L.s calc d the. ratio. in percent .
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.0 t t I e j,C [ i 0 e
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I'n the " range o anching Proxim
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Di stortionl ess Enhancenent
least five times the longest carbon spin-lattice relaxation time (T)), to ensure

complete relaxation of the sample, 200 scans to ensure good signal-to-noise

ratios, and WALTZ-16 proton decoupling.

[050] The C atom types CHj3;, CH,, and CH are identified from the 135 DEPT
BC NMR experiment. A major CH, resonance in all >*C NMR spectra at ~29.8
ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are
determined based primarily on the *C chemical shifts for the methyl carbon at
the end of the branch or the methylene carbon one removed from the methyl on

the branch.

[051] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and is
a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain. Counting
the terminal methyl or branch carbon as "one" the carbons in the FCI are the fifth

or greater carbons from either a straight chain terminal methyl or from a branch



Pol ari zation Transfer (DEPT) NWVR spectra are obtai ned

on a Brucker 360 MHzAMX spectroneter using 10%
wai0anroms in CDCL3. TMS is the internal chem BEI/USI0$/009815

reference. CDCL solvent gives a triplet |ocated at

77.23 ppmin the 13C spectrum Al single pulse

spectra are obtained under quantitative conditions

usi ng 45 degree pulses (6.3 ns), a pulse delay tine of
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AP Hgr B b le A SEriEht of B6 A A LhaieBBuBY weight of
btq@%h (CH2 > 4). The types of branches are determ ned
baseW primarily on the 13C chemical shifts for the

b.mdivige tieardesirca@bori-18 iategralf arkh echuradishisions bharea counts) by the
met hyl ene carbon one renoved fromthe nmethyl on the

beuerage chO®H niAnber Tambstap lanteebiaRCihe inggraF@leaipsr carbon in
eﬁ?éessed_in units of carbons, and is a neasure of the
nHHAMBIE; car bons i n an i soparaffin that are | ocated
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carobons way oma SI al n.

d. maiie b9fth@ﬁlﬁ6$ﬁxl QPR @%bo® fidm bk 1:a6 \EEnIFCL he
FCl are"the fifth or greater carbons fromeither a

straight chain termnal nethyl or froma branchnet hane
carbon. These carbons appear between 29.9 ppm and 29.6
[052 I Branching:megsprementsy E@eﬁmﬁr%orﬁad uyiRg ARy skpwierakransform

N LS irgei 62! CPLALEADS RV ShRGRIERRR" N BSFofed Ring o
spectrometer having a magnet of 7.0T or greater. In all cases, after verification
by Mass Spectrometry, UV or an NMR survey that aromatic carbons were
absent, the spectral width was limited to the saturated carbon region, about 0-80
ppm vs. TMS (tetramethylsilane). Solutions of 15-25 percent by weight in
chloroform-d1 were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton
decoupler was gated off during a 10 sec delay prior to the excitation pulse and
on during acquisition. Total experiment times ranged from 11-80 minutes. The
DEPT and APT sequences were carried out according to literature descriptions

with minor deviations described in the Varian or Bruker operating manuals.

[053] DEPT is Distortionless Enhancemept by Polarization Transfer. DEPT
does not show quaternaries. The DEPT 45 sequence gives a signal for all
carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
shows CH and CH; up and CH, 180 degrees out of phase (down). APT is



acconpl i shed with sufficient accuracy for |ubricating

oil materials by sinply dividing the nol ecul ar wei ght
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(Fglyqﬁi sition. Total experinment times ranged from 11-80
m nutes. The DEPT and APT sequences were carried out
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[088) | GTLbHse sk Are b filowt drezeYe subfir @hd ?h%ﬁl‘ionﬂ! %bﬁfdn‘i‘g There
manual s. [053] DEPT is Distortionless hancenent by

is Romavergnt @mongansgmal epiipmauemanofactirers and oil formulators to
prg&&ctzeerfgr?rrulllgtsed oﬂs o?%efzrﬁgcrs’eggllﬁ%?}? ?e(%c\é?issulfasfleg r%]lESllll pﬁosphorus
and sulfur content to meet ever increasingly restrictive environmental
regulatidns. Such oils, known as low SAPS oils, would rely on the use of base
oils which themselves, inherently, are of low or zero initial sulfur and
phosphorus content. Such oils when used as base oils can be formulated with
additi{/es. Even if the additive or additives included in the formulation contain
sulfur and/or phosphorus the resulting formulated lubricating oils will be lower

or low SAPS oils as compared to lubricating oils formulated using conventional

mineral oil base stocks.

[055] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less,
an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

in certain instances, even preferably 0.05 wt% or less.



carbons bonded to protons. DEPT 90 shows CH carbons
only. DEPT 135 shows CH and CH3 up and CH2 180 degrees
woei090Es7phase (down). APT i sAttached Proton TeB€T/U$1008/009815

allows all carbons to be seen, but if CH and CH3 are

up, then quaternaries and CH2sare down. The sequences

are useful in that every branch nethyl should have a
corresponding CH and the nethyls are clearly

identified by chem cal shift and phase. The branching
properties of each sanple are determ ned by C 13 NMWR
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cl'é” engi nes par
synthetic oil such as F-T waxy oil or petroleum oils by solvent or autorefrigera-

tive dewaxing. Solvent dewaxing employs chilled solvent such as methyl ethyl
ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of MEK/MIBK,
mixtures of MEK and toluene, while autorefrigerative dewaxing employs
pressurized, liquefied low boiling hydrocarbons such as propane or butane.
Slack wax(es) secured from synthetic waxy oils such as F-T waxy oil will
usually have zero or nil sulfur and/or nitrogen containing compound content.
Slack wax(es) secured from petroleum oils, may contain sulfur and nitrogen
containing compounds. Such heteroatom compounds must be removed by
hydrotreating (and not hydrocracking), as for example by hydrodesulfurization
(HDS) and hydrodenitrogenation (HDN) so as to avoid subsequent

poisoning/deactivation of the hydroisomerization catalyst.

[058] Formulated lubricant compositions comprise a mixture of a base stock or

a base oil and at least one performance additive. Usually, the base stock is a



conpression ignited) will have a sulfur content of 0.7

wt% or |less, preferably 0.6 wt% or |ess, nore
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a phosphorus content of 0.18%or |less, preferably 0.1
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organometallic compounds, b) one or more substituted N, N'-diaryl-o-
phenylenediamine compounds and c¢) one or more hindered phenol compounds.
In a more preferred embodiment, the catalytic antioxidants consist essentially of
an effective amount of a) one or more oil soluble polymetal organometallic
compounds; and, effective amounts of b) one or more substituted N, N'-diaryl-o-
phenylenediamine compounds or c¢) one or more hindered phenol compounds;
or, a combination of both b) and ¢). In a most preferred embodiment, the
catalytic antioxidants consist essentially of effective amounts of a) one or more
oil soluble polymetal organometallic compounds, b) one or more substituted N,
N'-diaryl-o-phenylenediamine compounds and c) one or more hindered phenol

compounds. “Consisting essentially of” means that the formulation does not

contain any significant amount of other antioxidants.
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[061] The following formula generally represents the polymetal organometallic

compounds of the present invention

[M"(Ligand)],

where M is the metal or metal cation;
n is the oxidation state;
y is the number of metal cations in the complex and is > 2; and
Ligand is the organic anionic and/or ligand moiety complexing the

metal.

[062] The metal component having more than one oxidation state above the

ground state of the polymetal organometallic compound catalytic hydroperoxide
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and/or ligands .of th ol ynetal oyganonetallic )
fromnihsu RERURISORSiBting cinapkancséy spbelks MRS CPRBRR iGfomium and
Zi;[gat is, the anions and/or |igands do not render the

netal cations unable to change from one oxidation

state above the ground state to another oxidation

[063] The metals exhibit more than one oxidation state above ground state and
the anions and/or ligand with which they complex to form the polymetal
organometallic compound do not interfere with the ability of the metals’ orbital
to change from one oxidation state above the ground state to another oxidation

state above the ground state.

[064] In the practice of the present invention the polymetal organometallic
compound is employed in an effective amount, it having been found that the
polymetal organometallic compound is not consumed on a stoichiometric basis
by the hydroperoxide, but rather itself reacts with at least 380 equivalent of
hydroperoxide per equivalent of metal or metal complex, preferably at least
about 400 equivalents of hydroperoxide per equivalent of metal or metal
complex, more preferably at least about 420 equivalents of hydroperoxide per

equivalent of metal or metal complex. Thus, the catalytic antioxidant polymetal



stated above the ground state. Additionally, the
ani ons and/or ligands of the polynetal organonetallic

W@ oo9poeRTds do not cause pol ynerization of the P&L/EE2008/009815
salts. Nor are the anions and/or |igands susceptible
to deconposition thereby rendgring the netals
i nactive. [061] The followi ng fornula generally
represents the polymetal organonetallic conpounds of.
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[066] Such organic moiety include materials derived from salicylic acid,
salicylic aldehyde, carboxylic acids which may be aromatic acids, naphthenic
acids, aliphatic acids, cyclic, branched aliphatic acids and mixtures thereof.
Among the useful ligands are acetylacetonate, naphthenates, phenates, stearates,
carboxylates, etc. Preferred ligands are polydentate Schiff base ligands which
are the reaction products of salicylic aldehyde and diamines. Preferred
polydentate Schiff base ligands include N,N-disalicylidene-1,3-diaminopropane
(H2Salpn) and N,N'-disalicylidene-1,4-diaminobutane (H2Salbn) ligands,
H2Salpn ligands being the most preferred. Nitrogen-, oxygen-, sulfur-, and
phosphorus-containing ligands, preferably oxygen-, nitrogen-, or oxygen and
nitrogen-containing ligands (e.g., bipyridines, thiophenes, thiones, carbamates,
phosphates, thiocarbamates, thiophosphates, dithiocarbamates, dithiophosphates,
etc.), also give rise to useful polymetal organometallic compounds provided the
metal orbital remain free to exhibit its ability to change from one oxidation state
above the ground state to another oxidation state above the ground state. It is

necessary that the polymetal organometallic compound not be polymerized, but



fromthe group consisting of transition netal elenents

2 1 though 30 excluding nickel, elenents 39 through 48
we@@boei7ng nol ybdenum el ements 72 through 80 BEUS2008/009815

m xtures thereof. Even nore preferably, the netal

conponent is selected fromthg group consisting of

manganese, cobalt, iron, copper, chrom um and zinc.

[063] The netals exhibit nore than one oxidation state
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effective anmobunt, typically an anount in the range of

about 1 to 1000 ppm by wei ght based on the total
appunt of |ubrjcant base oil, preferably about 25 to )
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schft PRl BB IAUBIAL S FAPBUAELS AL Rivk, M. s.
Lah, D. P. Kessissoglou, W. E. Hatfield, and V. L. Pecoraro, Structure Diverse
Manganese (III) Schiff Base Complexes: Chains, Dimers and Cages, 28,
Inorganic Chemistry, 2037-2044 (1989), E. J. Larson and V. L. Pecoraro, The
Peroxide-Dependent 11,-O Bond Formation of [Mn'"SALPN(O)],, 113, J. Am.
Chem. Soc., 3810-3818 (1991) and V. L. Pecoraro, J. E. Penner-Hahn and A. J.

Wu, Structural, Spectroscopic, and Reactivity Models for the Manganese
Catalases, 104, Chem. Rev., 903-908 (2004), which are herein incorporated by
reference. For example, Larson and Pecoraro in The Peroxide-Dependent u,-O
Bond Formation of [Mn'"SALPN(O)], at page 3811 teach that
[Mn"(SALPN)(AcAc)] is made by adding 20 mmol (3.13 g) of salicylaldehyde
and 10 mmol (0.833 mL) of 1,3-diaminopropane to 150 mL of methanol under
reflux. After the solution is refluxed for 15 minutes, 10 mmol (3.52 g) of
Mn(AcAc); is added to the solution. The solution is subsequently cooled to -
20°C.  [Mn"(SALPN)(AcAc)] is precipitated and recovered by suction
filtration. [Mn'Y(SALPN)(O)], is made by dissolving 10 mmol (4.34g) of



i nvention, the organic anionic and/or |igand noiety

conpl exing the netals can be either neutral (e.g.,
whe@yordyd ) or anionic (e.g., acac). To avoi d BCT/K82008/009815

sel f pol yneri zati on or polymerization with/through

ot her species in the oil, thegligands, generally,

shoul d avoid high levels of polar functionality,

hi gh-polarity atons in the functional groups, reactive
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he ands are acetyl acetonate, napht henat es,
%e%gi),ﬁ)g{)égr ates, carboxylates, etc. Preferred
i gands are pol ydentate Schiff base |igands which are
the reaction products of salicylic al dehyde and
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I 'ocar banmat es
MO AN BavrEeRITIShit 5T, aRéke Pé”l%h‘éa is fK/ﬁlIV(SfﬁbﬁRngYE
rise to useful polynetal organorret al I'i ¢ conpounds
provided the netal orbital remain free to exhibit its
ability to change from one oxidation state above the
ground state to another oxidation state above the

D@&mﬁweyg/gqﬁjoxq@ilﬁcul es. Polyneri zatl on as is

typicalTy encountered with
[069] N, N'-diaryl-o-phenylenediamines are catalytic antioxidants also used

according to the invention, preferably those N, N'-diaryl-o-phenylenediamines

having Formula I

1 R!

R
R4—<§—NH NH R*
\ R?
R? ; R3
R
2 2
R R I

where R! is H or C, to Cy, alkyl, R%is H or C, to Cy; alkyl, and R? and R* are
independently H or C; to C;; alkyl. The average molecular weight of the



mat eri al s such as the nol ybdenum dit hi ocar banmat es

reported in the literature as antiwar agents prevents
W@ b@osei7et i al from functioning as a catal yti c PCT/US2008/009815

anti oxi dant/ hydroper oxi de deconposer because through

pol ymerization the nmetal orhijpals are satisfied in

their quest for electrons ané becone stabilized, thus

| osing the ability to shift fron1one oxidation state

sAB3Eed S SCBURG-2L B PO RS b RS fpy abou
20Pfo z?ocﬁﬁ'%(ie{)féfel%'b ﬁ%n’ffﬁbé‘uﬂ 300 RPMHVE@Ot o function
as a catalyst hydraoperoxi de deconposer. In the case

where the netals are nol ybdenum the |ligand is not
t hi ocar bamat e, thi ophosphate,  dithiocarbamate or
[0d0] h$@pa{dgsﬁmp@uadsm&oém kel insdudes are copper the
ligand is not acetyl acetonate. [067] The pol ynet al
orgaponetal lic onpounds of the present invention are
oi | uble a y be prep accordi ng
\/| &
E Hat fiel d

and V. L Pe oraro

Structural, Spectroscoplc and Reactivity
the jManganese Canpl ases, 104,;1.Chem Rev., §G3-908
(200 , Which are herein incorporated by ref erence.

[0F] Rrederably, RlaissOp @i, Riodr arost prefEhubly, an alkyl selected from
Per oxi de- Dependent n2- O Bond Formati on of

meihybNEd)YI 2 raprqryde lss-prqpxleathumatlsqmm(lsmm\bmbw octyl,

convemen?lybe}/meﬁl 1ot 1§(§)prrr2)11%|/1 (3.13 g) of salicylal dehyde

[072] In a separate preferred embodiment, R' is a methyl and R%, R? and R* are
independently H or methyl.

[073] Unsubstituted N, N'-diaryl-o-phenylenediamines, preferably N, N’-
diphenyl-o-phenylenediamine (compound of Formula I, where R'=R*=R’=

R*=H), are also effective antioxidants.

[074] Preferably, the substituted N, N'-diaryl-o-phenylenediamine antioxidant is
an isopropyl substituted N, N'-diaryl-o-phenylenediamine antioxidant, more
preferably a t-butyl substituted N, N'-diaryl-o-phenylenediamine antioxidant,
still more preferably a methyl substituted N, N'-diaryl-o-phenylenediamine
antioxidant. Without being bound to any particular theory, it is believed that

steric hindrance plays an important role in the antioxidants ability to combat



and 10 mmol (0.833 nL) of 1, 3-diam nopropane to 150 niL
of net hanol under reflux. After the solutionis

wo edobixsedd for 15 minutes, 10 mmol (3.52 g) of REX/BEW0§/009815
3 is added to the solution. The sol ution i's
subsequently cooled to - 200G [ M " (SALPN) (AcAc)] is
preci pitated and recovered by suction filtration.
[ Ml V(SALPN) (O] 2 is nade by dissolving 10 nmol

oy (A ARESh SeSiRaahEk b pgoon o

bé"&?&%ﬁé‘& to :hn?oﬁ%‘ﬂlﬁ czﬁd?&grﬂaﬁht 16rié PintiraAce CMWdS the proton

tiron turns a red and platelike crystals
méking it iheva Riblé tcofadlsals.ubsequent ly cooled to -100C and
suction filtered yielding 100% of [ Ml V(SALPN) (O] 2.
[068] Preferred polynetal organonetallic conpounds

[0i7$f| #%t.{tﬁ'}/tglglllg} f\]z ddi%’ié’] Bﬁgr]ylgﬁef%:u}el( ggﬂgﬁghg rr]rza-!y ge used in
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oil, Preféabl 880101 to 05 WP3, mlebl\é(f&a&}dO{)@ toslasPthah 071 wt%.
12 Mll(OAc) 2[ 12-NOMhITIshi-4],
{Li (Li CL2[ 12- MOVhI I I shi -4] )} and

IOW/L fk%@r%(s A ip'zl'rgghﬁg $tet§?<§% R NG 1D phenylenediamine
s R Aol s cperon

N -diaryl - o phenyl enedi am nes are catal ytic

anti oxi dants al so used according to the invention,
preferably those N, N -diaryl -o-phenyl enedi am nes
having Formula | where RLis Hor G to C2 alkyl, R2
is Hor Cl to G2 alkyl, and R3 and R4 are

Hil y C (? ide Tecg sz)%el%y&n@ 8x1dant

[07';7 A %‘Ig%hgtecp ;ﬂfé%BY | @d]ﬁﬁb@fﬂsn Gré nﬁlké’xh%n fasWehtalytRNGtioxidants

according to the present invention. These phenolic antioxidants may be ashless

(metal-free) phenolic compounds or neutral or basic metal salts of certain
phenolic compounds. Typical phenolic antioxidant compounds are the hindered
phenolics which are the ones that contain a sterically hindered hydroxyl group,
and these include those derivatives of dihydroxy aryl compounds in which the
hydroxyl groups are in the o- or p- position to each other. Typical phenolic
antioxidants include the hindered phenols substituted with C¢+ alkyl groups and
the alkylene coupled derivatives of these hindered phenols. Examples of
phenolic materials of this type 2-r-butyl-4-heptyl phenol; 2-z-butyl-4-octyl
phenol; 2-z-butyl-4-dodecyl phenol; 2,6-di-#-butyl-4-heptyl phenol; 2,6-di-z-
butyl-4-dodecyl phenol; 2-methyl-6-r-butyl-4-heptyl phenol; and 2-methyl-6-¢-
butyl-4-dodecyl phenol. Other useful hindered mono-phenolic antioxidants may
include for example hindered 2,6-di-alkyl-phenolic proprionic ester derivatives.

Bis-phenolic antioxidants may also be advantageously used in combination with



200 to about 600, preferably from about 300 to about

500. [070] Suitable conpounds of Formula | include I-a
WO 20990274 -d [071] Preferably, Rl is Cl to G OpPeil/kyg1008/009815

nost preferably, an alkyl selected from nethyl, ethyl,

n-propyl, iso-propyl, n-butyls,_iso-butyl, tert-butyl

and octyl, conveniently a nethyl or iso-propyl. [072]

In a separate preferred enbodinment, RL is a nethyl and
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bei ng bound Towanyparti cul Rsit is believed

that steric hind portant role in the
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oils. Wile sopt S pws for a proton
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hi ndragce crowds the proton npki ?:g it unavailable to
whergin R s aPOI7I5cPr Sl arovped R 1s C; — Cg alkyl group, preferably C,
al‘%‘@h@hyl - 0- phenyl enedi am ne conpounds may be used in

nt of about 0.001 to 1.0 wt % based on the total

amount of |ubricant base oil, preferably about 0.01 to

0.5 wt% nore preferably 0.05 to less than 0.1 wt%
[078] Examples of para-coupled bisphenols include 4,4'-bis(2,6-di--butyl

phenol) and 4,4'-methylene-bis(2,6-di-#-butyl phenol). More preferably, the
para-coupled bisphenol is 4,4'-methylene-bis(2,6-di-t-butyl phenol).

[079] Hindered phenol compounds may be used in an amount of about 0.001 to
1.0 wt% based on the total amount of lubricant base oil, preferably about 0.01 to
0.5 wt%, more preferably 0.05 to less than 0.1 wt%.

[080] Other components, including effective amounts of co-base stocks, and
various performance additives can be advantageously used with the components
of this invention. Co-base stocks include polyalphaolefin oligomeric low- and
moderate- and high-viscosity oils, dibasic acid esters, polyol esters, other
hydrocarbon oils such as those derived from gas to liquids type technology,

supplementary hydrocarbyl aromatics and the like.

[081] The instant invention can be used with additional lubricant components,
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N -di aryl - phenyl enedi am ne conpounds are al so
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Catal yti c Hydroperoxi de Deconposers/ Antioxidant [077]
Hi ndered phenol conpounds aregsjal so used as catal ytic
anti oxi dants according to the present invention. These
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below. Reference is also made “Lubricant Additives” by M. W. Ranney,

published by Noyes Data Corporation of Parkridge, N.J. (1978).

Antiwear and EP Additives

[082] Internal combustion engine lubricating oils require the presence of
antiwear and/or extreme pressure (EP) additives in order to provide adequate
antiwear protection for the engine. Increasingly specifications for engine oil
performance have exhibited a trend for improved antiwear properties of the oil.
Antiwear and extreme EP additives perform this role by reducing friction and

wear of metal parts.

[083] While there are many different types of antiwear additives, for several
decades the principal antiwear additive for internal combustion engine crankcase

oils is a metal alkylthiophosphate and more particularly a metal dialkyldithio-



al kyl group. [078] Exanples of para-coupled bisphenols
i nclude 4,4'-bis(2,6-di- t-butyl phenol) and

waeoeerhyl ene- bi s(2, 6-di - -butyl phenol). MNPEI/US2008/009815
preferably, the para-coupled bisphenol is
4, 4" -net hyl ene-bi s(2, 6-di - -bytyl phenol). [079]
Hi ndered phenol conpounds nmay be used in an anount of
about 0.001 to 1.0 w % based on the total anmount of
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e I nstant invention can be use
addi tional lubricant conponents,as set forth in Table

in effective anmounts in l[ubricant conposition
[%d]:rHawewgrr, éx@wﬁmqo@naartmnah@?ph%ns ;fmrar theger adsdifives has a

delgEfions Thrst Goiie (RaIRe b CAAhAS Zﬁ@?{?ﬁ?gf 3ad lsg g oxveen
seg%}'s% taﬁf(ﬁn%fl&;' ?P@ \Wyt txiﬁ?rﬁﬁﬁké( g.gf(isdt% reRIace some or all
econposers, netallrc nonrreta I'sper sant

ofrae 6lele v ph@@ph@h@lﬂes:ardﬁxz@drgﬂalﬁﬁvescor rosi on and
rust inhibitors, nmetal deactivators, anti-wear agents

(nmetallic and non-netallic, phosphorus cont ai ni ng and
sul f.ur and non-sul fur

1085P&) Vo Eﬁoﬁffeﬂﬁpmpgg%ﬁi gifiaﬂsveén@fearcw% used as antiwear
adsr(jlgtl?\(éget S‘hiqlﬁze&’rb‘féﬁﬁ‘s%ks Bg’élfuffa a’ﬁ?m%ﬁj %%”E?hé’cﬁﬁﬂ%éls'sulfur-

ur - contai ni ng and non-Su
containing olefins can be prepared by sulfurization or various organic materials

including aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons containing
from about 3 to 30 carbon atoms, preferably 3-20 carbon atoms. The olefinic
compounds contain at least one non-aromatic double bond. Such compounds are

defined by the formula

where each of R’-R'? are independently hydrogen or a hydrocarbon radical.
Preferred hydrocarbon radicals are alkyl or alkenyl radicals. Any two of R°-R"
may be connected so as to form a cyclic ring. Additional information concern-
ing sulfurized olefins and their preparation can be found in USP 4,941,984,

incorporated by reference herein in its entirety.

[086] The use of polysulfides of thiophosphorus acids and thiophosphorus acid
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WO etoe2omM nodi fiers, lubricity agents, anti-stBCHUSZH08/009815
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esPar8 %71%11)?1%5%9 agd‘@b%? 1?'(1?9 égé Y #.9° ?te‘ijl'tssgL@%l,f’éh ) 421,115;
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e total
incorporated by reference herein in its entirety.

[087] Esters of glycerol may be used as antiwear agents. For example, mono-,

di, and tri-oleates, mono-palmitates and mono-myristates may be used.

[088] ZDDP is combined with other compositions that provide antiwear
properties. USP 5,034,141 discloses that a combination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and a metal thiophosphate
(ZDDP, for example) can improve antiwear properties. USP 5,034,142 discloses
that use of a metal alkyoxyalkylxanthate (nickel ethoxyethylxanthate, for
example) and a dixanthogen (diethoxyethyl dixanthogen, for example) in
combination with ZDDP improves antiwear properties. Each of the

aforementioned patents is incorporated herein by reference in its entirety.

[089] Preferred antiwear additives include phosphorus and sulfur compounds



oi | conposition, although nore or |ess can often be
used advant ageously. [084] However, it is found that
w0 b@pio3phorus fromthese additives has a del BEBEUS2908009815
effect on the catalyst in catalytic converters and
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radicals. Any two of R9-R12 nmay be connected so as to
deicommpoaitigre|dapability,. sighificanthal bélewotimit eshibitedc by ncomgounds
.syl furized olefjns and their preparation can be foun
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| irety: T se. 0 vsyl fj . I,
ro RRLRREL % i AR et o MRUNRL ORERBiop, g0, e
prbdb¢ticiadt IGASIAP fsenlatidhgcl osed in U S. Patents
2,443,264; 2,471,1 15; 2,526,497, and 2,591, 577.
Addi ti on of phosphorothionyl disulfides as an

anti wear nti oxi dant, and EP additive is disclosed in
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[066] S\(’g'cgéﬂ}y li)lﬁ@)'( oi%%l%%lgpsy | ’(afs%r kgé@vrﬁplag)V'Inimprovers, viscosity

modifiers, and viscosity improvers) provide lubricants with high and low

temperature operability. These additives impart shear stability at elevated

temperatures and acceptable viscosity at low temperatures.

[091] Suitable viscosity index improvers include high molecular weight
hydrocarbons, polyesters and viscosity index improver dispersants that function
as both a viscosity index improver and a dispersant. Typical molecular weights
of these polymers are between about 10,000 to 1,000,000, more typically about
20,000 to 500,000, and even more typically between about 50,000 and 200,000.

[092] Examples of suitable viscosity index improvers are polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Poly-
isobutylene is a commonly used viscosity index improver. Another suitable
viscosity index improver ‘'is polymethacrylate (copolymers of various chain

length alkyl methacrylates, for example), some formulations of which also serve



conbi nation with a nol ybdenum conpound (oxynol ybdenum

di i sopropyl phosphor odi t hi oate sul fide, for exanple)
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for exanple) as antiwear additives in lubricants is
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for exanple) and a netal thiophosphate (ZDDP, for
exanpl e) can inprove antiwear properties. USP

: cl oses that use of a netal
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ents is i ncor or at ed
siifae; 083, VISCOBEY IGTERSs %51 hibrigah- Sons sifled indfbe ak knows a
J f.
w@??ﬁaﬁ %ospﬁ%{%@w& nlmlg)ﬁfbggff ac‘r%uﬁ{}:lﬁgls érF llﬁbd'(ljcaélﬁlg oil composi-
tiof8! YBEeN®Thmann in Lubricants and Related Products, op cite, and U.S.
Patents 4,798,684 and 5,084,197, for example.

[095] Non-phenolic oxidation inhibitors which may be used include aromatic
amine antioxidants and these may be used either as such or in combination with
phenolics. Typical examples of non-phenolic antioxidants include: alkylated
and non-alkylated aromatic amines such as aromatic monoamines of the formula
RPR"™R'’N where R" is an aliphatic, aromatic or substituted aromatic group,
R' is an aromatic or a substituted aromatic group, and R" is H, alkyl, aryl or
R'*S(0)xR'7 where R'S is an alkylene, alkenylene, or aralkylene group, R' is a
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R"? may contain from 1 to about 20 carbon atoms, and preferably
contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated
aliphatic group. Preferably, both R"> and R'* are aromatic or substituted

aromatic groups, and the aromatic group may be a fused ring aromatic group
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[097] Sulfurized alkyl phenols and alkali or alkaline earth metal salts thereof

also are useful antioxidants.

[098] Another class of antioxidant used in lubricating oil compositions is oil-
soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants
include copper dihydrocarbyl thio or dithio-phosphates and copper salts of
carboxylic acid (naturally occurring or synthetic). Other suitable copper salts
include copper dithiacarbamates, sulphonates, phenates, and acetylacetonates.
Basic, neutral, or acidic copper Cu(I) and or Cu(lIl) salts derived from alkenyl

succinic acids or anhydrides are know to be particularly useful.

[099] Preferred antioxidants include hindered phenols, arylamines. These

antioxidants may be used individually by type or in combination with one
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large amounts of a metal base that is achleved by reacting an excess of a metal
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as
carbon dioxide). Useful detergents can be neutral, mildly overbased, or highly

overbased.

[0102] It is desirable for at least some detergent to be overbased.
Overbased detergents help neutralize acidic impurities produced by the
combustion process and become entrapped in the oil. Typically, the overbased
material has a ratio of metallic ion to anionic portion of the detergent of about
1.05:1 to 50:1 on an equivalent basis. More preferably, the ratio is from about
4:1 to about 25:1. The resulting detergent is an overbased detergent that will
typically have a TBN of about 150 or higher, often about 250 to 450 or ‘more.
Preferably, the overbasing cation is sodium, calcium, or magnesium. A mixture

of detergents of differing TBN can be used in the present invention.
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Additives”, C. V. Smallheer and R. K. Smith, published by the Lezius-Hiles Co.
of Cleveland, Ohio (1967), similarly discloses a number of overbased sulfonates

that are useful as dispersants/detergents.

[0106] Alkaline earth phenates are another useful class of detergent.
These detergents can be made by reacting alkaline earth metal hydroxide or
oxide (CaO, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an
alkyl phenol or sulfurized alkylphenol. Useful alkyl groups include straight
chain or branched C,-C;, alkyl groups, preferably, C4-Cy. Examples of suitable
phenols include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl
phenol, and the like. It should be noted that starting alkylphenols may contain
more than one alkyl substituent that are each independently straight chain or
branched. When a non-sulfurized alkylphenol is used, the sulfurized product

may be obtained by methods well known in the art. These methods include
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where R is a hydrogen atom or an alkyl group having 1 to about 30 carbon
atoms, n is an integer from 1 to 4, and M is an alkaline earth metal. Preferred R
groups are alkyl chains of at least C,;, preferably C;3 or greater. R may be
optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[0108] Hydrocarbyl-substituted salicylic acids may be prepared from
phenols by the Kolbe reaction. See USP 3,595,791, which is incorporated herein
by reference in its entirety, for additional information on synthesis of these
compounds. The metal salts of the hydrocarbyl-substituted salicylic acids may

be prepared by double decomposition of a metal salt in a polar solvent such as
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Dispersant

[0112] During engine operation, oil-insoluble oxidation byproducts are

*

produced. Dispersants help keep these byproducts in solution, thus diminishing
their deposition on metal surfaces. Dispersants may be ashless or ash-forming in
nature. Preferably, the dispersant is ashless. So called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considered ashless.
In contrast, metal-containing detergents discussed above form ash upon

combustion.

[0113] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.
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MO, My(OH)2, for exanple) with an al kyl phenol or

sul furi zed al kyl phenol . Useful al kyl groups include

strai ght chain or branched Cl1-C30 al kyl groups,
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caitte by f Jbef gil. 45 Aoveillod PolkeS SVl gfupc Many
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e B T i ferp RO e RS PmErciEy Bnd i the

litegione. NExkhfRaryales. parmts desdritafg | suoh RIigpkiSants 4165 172,892;
conmpounds may be overbased to produce the desired TEN

3,2 64:l707 Dé2d Pt S, rbld 77 1 35B34da142%\3,444,43003 45d @ik 3,541,012;

3 BAF0% BioRul TS 78PN o3 oRhen BREocpiegispersant are
SRR 1211 SRS Vb AL, Ol oBATRIST SRS, o 7
3,43878713 3495551 B, 585B04; 34 €RBRON 3,697,574; 3,725,277; 3,725,480;
3,726,882; 4,454,059; 3,329,658; 3,449,250; 3,519,565, 3,666,730; 3,687,849;
3,702,300; 4,100,082; 5,705,458. A further description of dispersants may be
found, for example, in European Patent Application No. 471 071, to which

reference is made for this purpose.

[0115] Hydrocarbyl-substituted succinic acid compounds are popular
dispersants. In particular, succinimide, succinate esters, or succinate ester
amides prepared by the reaction of a hydrocarbon-substituted succinic acid
compound preferably having at least 50 carbon atoms in the hydrocarbon
substituent, with at least one equivalent of an alkylene amine are particularly

useful.

[0116] Succinimides are formed by the condensation reaction between

alkenyl succinic anhydrides and amines. Molar ratios can vary depending on the
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al kaline earth netal. Preferred R groups are al kyl
web@onzs7ed at | east Cn , preferably C13 or greR@EUS2088/009815

may be optionally substituted with substituents that

do not interfere with the detgrgent's function. Mis

preferably, calcium nagnesium or barium More

preferably, Mis calcium [0108]
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UsynPhaesits 90871986 3012080 s 3,266t A,23A746; 03,328670; and
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3,63 064b ot .t BNE CrRoedaiaiNpoh08%. Mnet al salt in a
pol ar sol vent such aswater or al cohol. [0109] Al kaline
earth nmetal phosphates are al so used as detergents.
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depgndingaon thesdeohdorep@zal usal. fler eseanplesthe] @ndepsation product

referred detergents.include cal ciumphenateges, .cal cium
ot #BFAYIucCtnts AntvasdF e PErEenthulBs A e b digiessant

magnesi um sul f onat es, nagnesi um sal i cyl ates and ot her

rel ated conponents (including borated detergents).

[01Y8)] cal | ySuddigatt Obster dginedede e CRITBRIA Bt | WhdehsalAitreaction
0.1 to about 3.5 wt % Jo_referablié, about 1.0 to 2.0 .

bemwesn Bllepyil sueinjcoanipjdridesiand alkamolaaroines atiosrgxample, suitable
lgil-insolubl e.o>]<i ation b grgducts r? .

alkanol amines include ethoxyx ted polyalkylpolyamines, propoxylated

polyalkylpolyamines and polyalkenylpolyamines such as polyethylene

polyamines. One example is propoxylated hexamethylenediamine.

Representative examples are shown in USP 4,426,305.

[0119] The molecular weight of the alkenyl succinic anhydrides used in
the preceding paragraphs will typically range between 800 and 2,500. The
above products can be post-reacted with various reagents such as sulfur, oxygen,
formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as
borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[0120] Mannich base dispersants are made from the reaction of
alkylphenols, formaldehyde, and amines. See USP 4,767,551, which is
incorporated herein by reference. Process aids and catalysts, such as oleic acid

and sulfonic acids, can also be part of the reaction mixture. Molecular weights
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105#hr canfxifal Pt HREuRE AEehl 2liBhalh FRUE tmodirid® Mannich
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napht henates, stearates, carbanates, thiocarlbanates
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substituted al kenyl succinic conpound, usually a
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5 4 54 1, 30
ot Gt Sl B B, i g
comFRRIdS a0t givtalkyl substituents on the benzene ring of phenol having an
average 600-100,000 molecular weight.

[0123] Examples of HN(R), group-containing reactants are alkylene
polyamines, principally polyethylene polyamines. Other representative organic
compounds containing at least one HN(R), group suitable for use in the prepara-
tion of Mannich condensation products are well known and include the mono-
and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol amine; aromatic diamines, e.g., phenylene diamine, diamino
naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,
imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[0124] Examples of alkylene polyamide reactants include

ethylenediamine, diethylene triamine, triethylene tetraamine, tetraethylene



described in U S. Patents 3,036, 003; 3,200, 107;

3,254, 025; 3, 275,554; 3,438, 757; 3,454,555; 3,565, 804;
wW@200982347; 3,697,574; 3,725,277; 3,725,480; 3pdRESBBR009815

4,454, 059; 3, 329, 658; 3,449, 250; 3,519, 565; 3, 666, 730;

3,687,849, 3,702,300; 4,100,082, 5,705,458. A further

description of dispersants may be found, for exanple,

i n European Patent Application No. 471 071, to which
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in U S. Paten 3,087,936;.,3 72,892: 3 19, 666; .
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ha/igE 2nicC 6 aklysH attefis aRd thk cediseLbn RTINS - catbbidf are suitable
ratios can vary depending on the al cohol or polyol

alkglede ppbyanemarpadantshe condensati on product of an

al kenyl succinic anhydride and pentaerythritol is a
useful dispersant. [0118] Succinate ester am des are

[Ofl%]md byAf&rlﬁglﬂgsl'gﬁétgﬂtsr&%%li i?lnthe preparation of the high molecular
products useful in this invention include the aliphatic aldehydes such as
formaldehyde (also as paraformaldehyde and formalin), acetaldehyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[0126] Hydrocarbyl substituted amine ashless dispersant additives are
well known to one skilled in the art; see, for example, U.S. Patents 3,275,554;
3,438,757, 3,565,804; 3,755,433, 3,822,209, and 5,084,197.

[0127] Preferred  dispersants include borated and non-borated
succinimides, including those derivatives from mono-succinimides, bis-
succinimides, and/or mixtures of mono- and bis-succinimides, wherein the
hydrocarbyl succinimide is derived from a hydrocarbylene group such as
polyisobutylene having a Mn of from about 500 to about 5000 or a mixture of

such hydrocarbylene groups. Other preferred dispersants include succinic acid-



bet ween al kenyl succinic anhydrides and al kanol

am nes. For exanpl e, suitable al kanol am nes include
we@ewongd7at ed pol yal kyl pol yam nes, propoxyl at edPCT/US2008/009815

pol yal kyl pol yam nes and pol yal kenyl pol yam nes such as

pol yet hyl ene pol yanmi nes. One 4gxanple is propoxyl ated
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shown in USP 4,426, 305. [0119] The nol ecul ar wei ght of
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di spersants. The di spersants can be borated with from

Pab t. 0.1 to about 5 noles of boron per nole of
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prE§é?ﬁ‘1§@éht¥cﬁl % PWbr thePhiasRlhRieny] rﬁt?&@érﬁi it ﬁlesﬂﬁi’éf‘wﬂl flow
in US Patents 3,697,574; 3,703,536; 3,704, 308;

or3 ,cﬁ’ﬁlbéGﬁourBd?SGEﬁﬁ&ple% b§8$mﬁeﬂqle apour3, ;ﬁ)@ﬁt, Q&@res[sﬁ)ﬂ.tﬁl]nclude

Typi cal gﬁg nmol ecul ar weight aliphatic acid npdified
p%mﬁﬂa@rﬂ@ enxs@va%rrylzﬁf:%)d@@dharwémdrss,u fonApBsatiope Prpducts of

ha ﬁ?pwg gﬁ& ae%e dEl%{Ba?, 6(2?98&??'@% l&,g\r/l&y ﬁ%(hl]}sxylate polymers, and
tefoPAREANS AHRANIRA flIR&& &) Wiyl esters of fatty acids and allyl vinyl ethers.
USP Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501; 2,655, 479; 2,666,746;
2,721,877, 2.721,878; and 3,250,715 describe useful pour point depressants
and/or the preparation thereof. Such additives may be used in an amount of

about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Corrosion Inhibitors

[0129] Corrosion inhibitors are used to reduce the degradation of metallic
parts that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include thiadiazoles. See, for example, USP Nos. 2,719,125;
2,719,126; and 3,087,932. Such additives may be used in an amount of about
0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Seal Compatibility Additives

[0130] Seal compatibility agents help to swell elastomeric seals by
causing a chemical reaction in the fluid or physical change in the elastomer.

Suitable seal compatibility agents for lubricating oils include organic
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al kyl -substituted hydroxyaronmati c conmpounds are
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pol yal kyl phenol's. These pol yal kyl phenol's can be
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Inhibitors and Antirust Additives

[0132] Antirust additives (or corrosion inhibitors) are additives that
protect lubricated metal surfaces against chemical attack by water or other
contaminants. A wide variety of these are commercially available; they are

referred to in Klamann in Lubricants and Related Products, op cit.

[0133] One type of antirust additive is a polar compound that wets the
metal surface preferentially, protecting it with a film of oil. Another type of
antirust additive absorbs water by incorporating it in a water-in-oil emulsion so
that only the oil touches the metal surface. Yet another type of antirust additive
chemically adheres to the metal to produce a non-reactive surface. Examples of
suitable additives include zinc dithiophosphates, metal phenolates, basic metal
sulfonates, fatty acids and amines. Such additives may be used in an amount of

about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.
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di-, tri-, tetra-, pentapropylene tri-, tetra-, penta-
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li éa%ldaESQp?&E%o OHEE - the! %Ietgﬂd 'rﬁéyv Rcla¥ g&aﬂ? eaﬂkaline earth, or

transition group metals. Such metal-containing friction modifiers may also have

low-ash characteristics. Transition metals may include Mo, Sb, Sn, Fe, Cu, Zn,
and others. Ligands may include hydrocarbyl derivative of alcohols, polyols,
glycerols, partial ester glycerols, thiols, carboxylates, carbamates, thiocarba-
mates, dithiocarbamates, phosphates, thiophosphates, dithiophosphates, amides,
imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles, triazoles, and other
polar molecular functional groups containing effective amounts of O, N, S, or P,
individually or in combination. In particular, Mo-containing compounds can be
particularly effective such as for example Mo-dithiocarbamates, Mo(DTC), Mo-
dithiophosphates, Mo(DTP), Mo-amines, Mo (Am), Mo-alcoholates, Mo-
alcohol-amides, etc. See USP 5,824,627, USP 6,232,276; USP 6,153,564;
USP 6,143,701; USP 6,110,878; USP 5,837,657, USP 6,010,987; USP
5,906,968; USP 6,734,150; USP 6,730,638, USP 6,689,725; USP 6,569,820;
WO 99/66013; WO 99/47629; WO 98/26030.



in an anount of about 0.1 to 20 wt % preferably about
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to 1.5 wt% Corrosion Inhibitors [0129 Corrosion
fatty ampidesy Saty ecsiersd hyéir%ﬂu@@tmmgd@gr latep, @nd comparable
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syPHisTiec OPgREN SBHBRLPY] oRfids, SRS c gigesofpsters, hydroxy
ca@kﬁéﬁegf@nd El‘gf! Hg@.;%.' ﬁgg@%gég%?%esﬁggyg bn ﬁﬂH& Cfatty=mines,

anﬂdﬁllﬁllrizedfﬁﬁ abRIsuagy bersad 28DitAble GFicabAWoM fiRds.t 0 5
w % preferably about 0.01 to 1.5 wt% Seal

Conpatibility Additives [0130] Seal conpatl bility
h | | I
[Oﬂg]nt S eejgetlu? coglceentratlo%sétc? rgétfonsr%%d%ery s may range from about

0.01 wt% to 10-15 wt% or more, often with a preferred range of about 0.1 wt%

to 5 wt%. Concentrations of molybdenum-containing materials are often
described in terms of Mo metal concentration. Advantageous concentrations of
Mo may range from about 10 ppm to 3000 ppm or more, and often with a
preferred range of about 20-2000 ppm, and in some instances a more preferred
range of about 30-1000 ppm. Friction modifiers of all types may be used alone
or in mixtures with the materials of this invention. Often mixtures of two or
more friction modifiers, or mixtures of friction modifier(s) with alternate surface

active material(s), are also desirable.

Typical Additive Amounts

[0137] When lubricating oil compositions contain one or more of the
additives discussed above, the additive(s) are blended into the composition in an
amount sufficient for it to perform its intended function. Typical amounts of

such additives useful in the present invention are shown in Table 1 below.



causing a chem cal reaction in the fluid or physical
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aromatic esters, aromatic hydrocarbons, esters

(butyl benzyl phthal ate, for _ejanple), and pol ybutenyl

succi ni ¢ anhydride. Such additives nay be used in an

anmount of about 0.01 to 3 % preferably about 0.01

w % { Ag@ LS {
mggsfint agelc\)lus gpag ded ﬁ‘} ({dq‘é%gslc%nt c%gnép%ggo g{]ésﬁlaﬂﬁf'acturer
anthe88d 2081N S r&h%mi Arhsuﬁtordiabbsm & ﬁl@@ﬂxte ih Oﬁ{EB formulation.
Silicones and organic polymers are typical anti-foam

Aegrdirgly Fire excighl @nopotsymi Takkentshelswelasagelidsi athier amounts
oi | or polydi nethyl siloxane, provide antifoam

mppidprad meghls PAtentf '@arﬁhé@éw $0 Hheapownb o€ iagHiyg ingredient (that is

avai | ahl e an y used ent i gnal
th BtV %rrtowwt%fb e BERedifn 7 VT b2 i yBhelgy are based
{h% to %Ht wﬁe&lﬁﬁﬂeétl&é oil*&% ?’t‘i’c?] d.ives conbined is
ess percent and often an 0.1 percent.
| nhi b| tors and Anti rust Adliabllevles [0132] Antirust

addi tives (or corr05| on_i nhi b| tor s) are additives that
pr ot ect p QU Of [Va thrican QL€ ompanenty

attack by vvater or other co A w de v
of these are comercially av’%ﬁpag%&gt hey ar eArpgfééXﬁ%lé%f

to in Ktanpsund n Lubri cants wid (Bedfaned Pr odWats (Proferred)
cit. [0133] One type of antirust additive s a polar

Detepgsithd t hat wets the net al §tﬂlf@ce prefer‘éﬂh“ally
ng it with a film of Anot her typeg of
anS?)%lresgétlt addi ti ve absorbs vvater %y i ncor por%(i i%ng it in
BrividreRedugeoi | enul si on so thét0lehl y the oi0.0t-duches
the nmetal surface. Yet another type of antl(wf,
30, more

@ds%ogliy fhdex Improver 0.0-40
preferably 0.01-15

Supplementary Antioxidant 0.0-5 0.0-1.5

Corrosion Inhibitor 0.01-5 0.01-1.5

Anti-wear Additive 0.01-6 0.01-4

Pour Point Depressant 0.0-5 0.01-1.5

Anti-foam Agent : 0.001-3 0.001-0.15

Base Oil Balance Balance
[0139] The following non-limiting examples are provided to illustrate the
invention.

EXAMPLES 1-3

[0140] In the examples, 1 through 3, a series of oils were formulated using

a synthetic oil having a kinematic viscosity of 4 ¢St at 100°C and typical
additive components as are shown in Table 1, except that the antioxidant

additives used were those of the present invention.



chemcally adheres to the netal to produce a
non-reactive surface. Exanples of suitable additives
w0 p@baes74i nc di t hi ophosphat es, netal phenol at BGT/URZS$/@09815
netal sulfonates, fatty acids and am nes. Such
additives may be used in an awpunt of about 0.01 to 5
wt% preferably about 0.01 to 1.5 wt% Friction
Modi fiers [0134] A friction nodifier is any nateri al
or materials that can alter the coefficient of
friction of a surface lubricated by any |ubricant or

[0144] d contrak NoRGubdtidhsMReR! edhludited [ ACTh&MmAWKidaf68 Engine
al soO known as friction reducers, or lubricity agents

OdrSiniulatiers I eag€MEOS Tanak pidvieded fartbyaASAINM DHA9 7, ctismgeerred to
of base oils, fornulated | ubricant

the abilit
a%ﬁéﬂﬁﬁl ;[I.VH% 4], diergignisepennapterd by aeferansentidetgriine the mass of
SRBULkFU Rl s haob RS B B8 e ven
TR 4. SOTRARELAG Yl B BRI Lo PUERIL 98cd v given i

pmh By weidhobasedonalid iatal anbynesifviabtiegeobaseioil. As can be seen in
conbi nation with the base oils and |ube conposi tions
Cemparatsve nxamplm. 3,Frvben oa sobstitugeds diayyli nepbaeylenediamine

5B o SOARR BBt v
o B heSPEITR EBRTCE SETRY SIS TEL 65 e

Whes! Ude ppikabf  thal fellyhidale afgdhontdtallicabsmipoand owasiPadded, the
metals. Such nmetal-containing friction nodifiers may
waight o dhe depasitisignidcantytdropped ta 7.4Tmgn i vérowhentthe smount of

(e RISy AT Y GO HPByiscd 2&4331?&%5@ K550 ppm, the weight
oFY e BR84S0l pRREA e B8 BAREPIR: of e

csthbitafieadralkthese chaipspéiates, thi ophosphates,

di t hi ophosphat es, am des,

A: Polymetal organometallic compound [MnlIV(salpn)(u-O)]»,
obtained from the University of Michigan, Ann Arbor.

B: Substituted diaryl o-phenylenediamine compound [1, 2-
benzenediamine, N, N’-bis (2, 6 dimethyl phenyl)],

obtained from Colorado School of Mines.

- C: Hindered phenol [4,4-methylene bis (2,6-di-z-butylphenol)],

commercially available from Albemarle.

[0142] The columns designated A, B and C in the following Tables refer
to compounds A, B and C previously defined.



am nes, thiazoles, thiadiazoles, dithiazoles,
triazoles, and other polar nol ecul ar

groups contai ni ng effective anount BCDTSI008/009815
N, S, or P, individually or in conbination. In
particul ar, M-containing cqorgaqunds can be
particularly effective such as for exanple

Mo- di t hi ocar bamat es, Mo(DTC), Modit hi ophosphat es,
Mo( DTP), Mb-anines, M ( 4 - al cohol at es,

Moal cohol - am des, etc. S 5,824, 627; USP
6,232, 276 USP 6_153 564: USP 6 143 701: USP 6_1
10, 878; USP 5, 837,657; US$P 6,010|987; USP 5]18685D68;
USP 6, 734, 150; USRH 6, 730,|638; USP 6, 689, |729MH$P4]
6, 569, 820; WD 99/ 66018; WO 98/ 47629;c WO Deposit,
98/ 26(030. [ 0135] Ash flr £y € Iso

i mdes,
di azol es,
wo mven2onal

dr otps,

i 4&3@9” "bnl)
f ok ff )

Qbﬁu f

AL

I%I?I M g '@()dr

ceri degd,

glycer

icpeaﬁde

a§ i

rivative

S, giygeride
S, an%’athe

rdfvups 1 n fri

ction m

pdi fi erg

may 1 ncl ude

J Eomth anmourds3 of Q

CE;(% <4 0UPS co@lt aini Hlef f edP00e $ ¢

Aol i by N At ']
Ul LI | ||u| Vl uual | y Ul LILIL] CUITTUIT ||al| Ull- A TTCT

friction nodifiers that may be particularly effective
zégﬁlhgﬂgs 4 org exanpl e, salts (both ash-containing and
atives) of fatty acids, fatty al cohol s,
[0143}by am gesompaditivnest fribub diitvbeoxidét (LBHP) was carried
carboxyl ates, and conparabl e 'synthetic | ong-chain
outyid ranﬁdl)bﬁdnmm:llaomi switbetiolos], hmngesklrmarcsvnshysity)xyf 4 ¢St at
rboxyl ates, and fh In sone instances fatt

10§>§€aw@a%m§ eftmvwf a'ﬁhﬁg@ cemgonents (f Iﬁbfef bt Pycept that the
o 8i3p bar o E SR Be HerSieSs otiic bRRSIPEI I s oy

range from about 0.01 wMt%to 10-15 wt% or nore, often
with a preferred range of about 0.1 wt%to 5 wt%

[0C#4ic ent r Bapanste shmpity bees prepaved aontailgnget 2 rgradnsalapuet of oil
of t en

and the concentrations of antioxidants listed in Table 3, respectively, using the

same antioxidants, A, B and C, as those used in Examples 1-3. A sample was
added to a 250ml Erlenmeyer flask. To this was added 100ml of acidified
isopropanol (IPA)/toluene solvent (10% vol. glacial acetic acid, 65% vol. IPA
and 25% vol. toluene). The mixture was stirred until the oil dissolved. Excess ¢-
BHP in isooctanol was added to the mixture and stirred. To the resulting
solution was added 10 ml of sodium iodide in IPA reagent, prepared fresh daily
by refluxing 20 g Nal in 100ml IPA. The resulting mixture was then refluxed to
The

mixture was subsequently cooled and titrated against sodium thiosulfate solution

a temperature of about 104-108°C while stirring for about 10 minutes.

using starch as the indicator. Zero -BHP remained in solution after the reaction
was completed. The procedure was repeated for the concentrations listed in

Table 3. Table 3 sets forth the ratio of catalytic antioxidant compounds used to



described in terns of Mo netal concentration.

Advant ageous concentrations of Mo may range from about
waoppes7ro 3000 ppm or nore, and often with a peEUS00EMISS
range of about 20-2000 ppm and in sone instances a
nmore preferred range of abouts430-1000 ppm Friction

nodi fiers of all types may be used alone or in

m xtures with the materials of this invention. Oten
B fytwo or nore friction nodifiers, or

mxtures of friction nodifier(s) with alternate -

surface active material (s), are also desirable.

Typi cal Additive Amounts [0137] Wen |ubricating oil

conposi tions contain one cfabier3e of the additives

di seussed—above the additive(s) are-blendedinto-the
cofrposition in ah ardunt| subBicientCfor |M0{%C9€}P|%‘F1ﬁ§
ith intended funct{ppm) Tydpped) amépping of shfode --BHP
adfEkhmpge usef ul | in tipy presepd (i nventpon are shown Jg8
Taple 1 below [0138] Notle that many of tlhe additives
ar eEsaimpfedl fron| t he I9@nuf act ud er ad@00sed with a 314

ce i i | solvént in the formi

ation. |
AccEK@Finﬁlﬂ 9 t he| wei g0 amnl:?i@@ in TQBO@ 1 bel ow, as23

d | EpaaR: ”{hé‘"éﬁﬁ‘uié o 0oL | ndPUE{Ent (that | 622

thecg portion [of the [ngredient). The W%

i ngd Eca ’iﬁé are badeld ohOGhe t otl800Yei ght of theds
I u ol ' conposi-tion—Table 1 Typical Amunts
of Vari ous Lubrl cant G| Conponents Approxi mate

m@?ﬂ:?glem%ﬁ 3. o%_@%&%%ébqseeg,uh?e syr%’r 1Fs)¥nefbee v{/ged the catalytic

antioxidants is shown. When a polymetal organometallic compound is used with

v

either a substituted diaryl o-phenylenediamine compound or a hindered phenol
compound, the antioxidative effect is unexpected. The synergistic effect is even
more pronounced when all three compounds are used in combination as can be
seen by Example 6. Even when the concentration of the polymetal
organometallic compound is halved to 50 ppm, the antioxidative effect is
surprisingly significant resulting in a molar ratio decomposition of catalytic

antioxidants:~-BHP of 1:622.

Examples 9 - 14

[0146] The same procedure used in Examples 1-3 was followed except

that the oil used was a Group II mineral oil.



Di spersant 0.1-20 0.1-8 Friction Reducer 0.01-5

0.01-1.5 0.01-30, nore Viscosity Index Inprover 0.0-40
wee@berdam y 0. 01- 15 Suppl enentary Anti oxi dant BCDUS2008/009815

0.0-1.5 Corrosion Inhibitor 0.01-5 0.01-1.5 Anti-wear

Additive 0.01-6 0.01-4 Pour _Raint Depressant 0.0-5

0.01-1.5 Anti-foam Agent 0.001-3 0.001-0.15 Base Q|

Bal ance Bal ance [0139] The following non-limting

exanpl es are provided to iklustrate the invention.
EXAMPLES 1 - 3 [0140] In ti%ﬁlgéfanpl es, 1 through 3, a

seri s of oils were|fornulajed using a syntEemEbgrl
havi ng a kinematic Viscosity of 4 gSt at 10 % ﬁg@l ]
typi cal additive conponents|as are shO\gg in i
except that the antiloxifant |addPtives §sed wePEPPHbse
of the present inventi(ppm)014@prThe f@pM af i ofi@gher e
eval y&xathpl@9a Therno Oxi@@ti or0B0gi ne GJ0 |Si nul at2.on
Test |(TEQST) __as pravided for by A3TM D7097, al so
ref ef Fsdmpde 48 TEOST [ MHIA9 | hdi080H i ncld0fof at ed b4-6
r ef erepce—todetermne—tpermassoft—depesit+oerned
undet ESRMPE T¥e condition2l | The P8dults B0 f he test-S
are gky NIy dabte 2 Thec concgnhat ot fTthe
anti J%Xg thé&%n'pouncs use5 areti p\pen inﬁ)o‘o 4.9

Comparative ol 500 500  109.0

Example 13

Comparative

Example 14

(Fully formulated

. . 1.4
mineral oil )
[0147] As can be seen in Table 4, the compounds exhibit significant

synergy when used in combination resulting in very low deposits in the oil
comparable to the commercial antioxidant, as shown in Example 14, yet at lower
concentrations. Although not demonstrated, it is believed that using compound
A with compound B or compound A with compound C would also result in a
synergistic effect albeit not as great as when all three compounds are used in

combination.

[0148] The fully formulated oil used in Comparative Example 14
contained about 0.75 wt% of a commercially available antioxidant. The
catalytic antioxidants of the present invention exhibited comparable results at

significantly lower concentrations.

Examples 15 - 18

[0149] The same procedure used in Examples 4-8 was followed except

that the oil used was a Group II mineral oil.



ppm by wei ght based on the total anmount of |ubricant

base oil. As can be seen in Conparative Exanple 3,
wob@n/0zs73ubst i tut ed di aryl o-phenyl enedi am ne POIPS2008{009815
~was used in conbination with an ashl ess hindered

phenol, but w thout a pol ynetsgl organonetallic

conpound, the weight of the deposit was 26.3 ng. Wen

100 ppm of the polymetal organonetallic conpound was

added, the weight of the dfiagl%ist significantly dropped

to 7.4 ng. Even when the amount of the pol ynetal

organonetal I'1c conpgynd useg@ was hagved | iNoROCBRIPouhds:
el ot o e depofigm] eMbREY | W 1% Mole BHp
of | GEAMPIE b2 comaoneﬁt@. A (F_Jrret al Q)r’ganorret alli 24
co v Vsatpiyg O 12, 0obtai Ffromthe

-Un vgér@m%/igf M chi galp,omAnn Arpor . BS @ubstitut ed 243
di pEydapRNeny! engdi amoge] conpeynd [ 15081 361
benzenediamne, N. N -bis (2, 6 dinethyl phenyl)],

obtt @onpadrdtivem Co| or ado Schoog%é)i M ng@ C. Hindered
pheRRimbfb £8 met hyl ene Bl (276=di - - Pyl phenol )], 20
commerci at ty aval tabte fromArbemarte {0427 —The

col ums designated A, B and Cin the follow ng Tabl es
EXANPLES ppopounds A, B and C previously defined. Tabl e
2 EXAVPLES 4 - 8 [0143] Deconposition of tert-butyl
[0h$@} oper ckhalsame pitidRdumassahin iBdinopits 428 awhsilfbllowed except
formul ated synthetic oil having a kinematic viscosity
that the eidiusgd WapeddnbasnpHhavieg taylinematicgyisepsity of 4 cSt at
1Of)egponents of Table 1, except that the

Table 6
Mole
A B C Compounds:
(ppm) | (ppm) | (ppm) | Mole +-BHP
Example 19 100 500 0 302
Example 20 100 0 500 311
Example 21 100 500 500 486
Comparative
Example 22 0 500 500 42

EXAMPLES 23 — 25

[0151] The same procedure used in Examples 4-8 was followed except
that the oil used was a 1:1 mixture of GTL base oil having a kinematic viscosity

of 4 cSt at 100°C and a Group II mineral oil.



only antioxidant additives used were those of the
present invention. . [0144] Separate sanples were
wWEe@paerss containing a 2 gram aliquot of oil aPdI/Ukm®08/009815

concentrations of antioxidants listed in Table 3,
respectively, using the same gntioxidants, A B and C

as those used in Exanples 1-3. A sanple was added to a
250m Erl enneyer flask. To this was added 100m of .
acidified isopropanol (I Pﬁié&%wene sol vent (10% vol .

gl aci al acetic acid, 65% A and 25% vol .
tofuene). The mkturg was sgrred ugtil tM%lé)Cbmpounds

di 5sol ved. Exces Ep-vprB-P _& hﬁooc gq%b wa 1V0$9—]§I?P
thv LLLEEAYY ullu Ilr T CJ9O Ilirn SC I\all\.lll v
adpE &a‘i’@rffﬁ}z of sbdi urh0lodi deSP% |1 PA re ggnt, pr epar
fre by Teftux 20 g Nat—n “‘Cni PAC |ne
rep E#f" Z]é#xtur D 1dbﬁen reft dxed 159 a tenper ature9

of "'BRexT1L94- 108DC vvnlldoe stigphmg T oggghout 10 494
m putes. The m xture was| subsequyently cogol ed and

titCe r@@wd nst | sodi um t hi o flate uti on using
st aEg‘(Bg%;e phe indicator. Zerg&)- BHP S&’mi ned in 43
sofutTomnm af ter the reactrom was conpteted—The
procedure was repeated for the concentrations |isted
[0182]abl e As J@bhbe senels Hmhlet NS thadigh 9f5, G@ha{ W ?6lymetal
ant| oxi dant compounds used tot-BHP consuned. Tab
orgAidinktadsc caompeusdensi nisédblveitl3, either syneyugslsmted diaryl o-
betvveen t he cat al yt| c antioxidants is shown. \Wen a
{anediaminecorppeungd pr @ hindersdrrhansl geawpopngh the @mmdatwe

efﬁ?ﬁiﬁ%@éﬁ%ﬁﬁ%ﬁﬁd' Dbkl T e Thiis, SORBRHRGS Brp used in
cotiGhRAGhA egle \A;T?gﬁirg?épgtrﬁf li¢ &kheq gré evidént! agqﬁ Qiemonstrated in

pronounce ree conpounds are used

Exanplesdt7i 0h add 25an be seen by Exanple 6. Even V\,hen t he
concentration of the polynetal

EXAMPLES 27 —41

[0153] In the following examples, 27 through 41, a series of oils were
formulated using as the base oil a Group II mineral, having a kinematic viscosity
of 4 ¢St at 100°C, and typical additive components as are shown in Table 1,

except that the antioxidants used were those of the present invention.



organonetal | i c conmpound is halved to 50 ppm the
antioxidative effect is surprisingly significant
wo e®aloei7ng in a nolar ratio deconposition of CBCHUY1008009815
antioxidants : -BHP of 1:622. Exanples 9 - 14 [0146]
The sanme procedure used in BExsgnples 1-3 was fol |l owed
except that the oil used was a G oup Il m neral
oil.Table 4 [0147] As can be seen in Table 4, the
conpounds exhi bit significpp .synergy when used in
conmbi nation resulting in very tow deposits in the oil
conparable to the commgrcial anfioxidant, as|1ewhs td1100%
Exanpl e 14, yet at |owgr concentrations. Although not
denonstrated, it is bellieved thpt Bsi ng cOnpoundViscosity
wi th conmpound B or conpound A wth conpound woul d
al so result in a synerdi stPeef f dppmg| b&RMAt adncrease

reat whermr—atH—threea—conpoungds—ageuseg—i
EX8MRSA7i on. [0148] The fuld% fpr ndPatkd Bil |used 140
Ive Exanpt e 14 [comngy ned mt 0. {5 W % of
CO rg?al |y avail abl e anﬁ@xi dant. The cgt alytic 175
Exahipdxpdant s of the prgsentgg nvent gpon exhodi t ed 160
conparable results at gignificantly | ower
ExampdeiBOat i ons. Exanpl gs 100 18 [ 0149] WO sane 155
- procedure used in Exangles 4-8 Ias__f_ol_l_omed_éxr‘npt
Expawle Bé oi | used was a8 Gl@% 1| APRerfal SR | | Tabl e240
VWYAMDL FCQ 10 29 rn1-ni Tha cand ey Ao A o e add HIZY
L_/NAIVE L LI - 4y L UJ.\.)UJ |l o AT U T 1 apTu 1711
Exampls 32 4-8 was fol | oved cept 5001000 250
Example 33 100 1000 500 237
Example 34 100 1000 | 1000 245
Comparative Example 35 0 500 500 160
Comparative Example 36 0 500 1000 155
Comparative Example 37 0 1000 500 180
Comparative Example 38 0 1000 1000 162
Example 39 50 500 500 240
Example 40 50 1000 | 1000 233
Comparative Example 41
(Fully formulated mineral oil) 185
[0154] Separate oil mixtures were prepared using 100 grams of the

formulated mineral oil mixed with the concentrations listed in Table 8. An oil
mixture was then mixed with 0.025 grams of iron acetylacetonate and placed in
an aluminum block heating bath at 165°C. Air was bubbled through the mixture
at 500L/min. The oil mixture was sampled at 8-16 hour intervals using 2ml of
oil to determine any increase in viscosity. The time in hours given in Table 8
denotes the time at which the viscosity of the oil mixture increased to 100% of

its initial value, i.e., the time it took for the viscosity to double. This procedure



that the oil used was a GIL base oil having a

ki nematic viscosity of 4 cSt at 1000C. Table 6
WEXNNPLES 23 - 25 [0151] The same procedur e usedI/US2008/009815

Exanpl es 4-8 was foll owed except that the oil used was

a 1:1 mxture of GIL base oilsghaving a kinematic

viscosity of 4 ¢St at 1000C and a G oup |l m neral

oil.Table 7 [0152] As can be seen in Exanple 15

UEQUB T LR ) TR e RAER oo

ophenyl enedi am ne conpound or a hi ndered phenol
compound, the antioxidative effect are conpletely

[0d68Kkpect eds Whdemaehstrathd eley chepdatada Rableu8edisimg 100 ppm of
conbi nati on t_hems%nerﬁgi stic effect is even nore =~ )
compint Aawitheitherbh o (agave A apstagg|tege 1q reachia 4% Kiscosity

nFRATHERAR £ bR L7 L SRR e B8 o
bl SERAY 4 AP EE QlyrY pl  © When

congpaiis B sandsCawerestissthin dorhdbiaioh, withc BP0 pphabf tcbenpound A,
anti oxi dants used were those of the present

the raverageotintatsl eea@hl @ 19876 Sageasily dnotdaserisignifieantle improved to

repared using..100 ms of the formul ated m peral. oil
243 BEGS oA g e 24 2 A e R PR FURG! Ohgompounds

B Q)irl ;ﬁqﬁ{ H?lglﬁ‘gtﬂﬁdtﬁ (o) ..qulewegltﬂt&v&?es .eﬁ%ﬁ%’i%s%rﬂhﬁ% when the

ace ace e and placed in an alum

amtim&m®@ AXE halbed avan Beldees én Brafipdés 391@nd 40.

m Xt ure

[0156] The fully formulated oil used in Comparative Example 41
contained about 0.75 wt% of a commercially available antioxidant. The
catalytic antioxidants of the present invention exhibited comparable results at

significantly lower concentrations.

[0157] It will thus be seen that the objects set forth above, among those
apparent in the preceding description, are efficiently attained and, since certain
changes may be made in carrying out the present invention without departing
from the spirit and scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying drawing be interpreted

as illustrative and not in a limiting sense.

[0158] It is also understood that the following claims are intended to cover
all of the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.



at 500L/mn. The oil m xture was sanpled at 8-16 hour
intervals using 2m of oil to determ ne any increase
WO p009/03006i ty. The tine in hours given in Tabl BCBUS2008/009815
denotes the time at which the viscosity of the oil
m xture increased to 100% of_dgts initial value, i.e.,
the tine it took for the viscosity to double. This
procedurewas followed for all the oil mxtures listed
C#%WI e 8. [0155] As is denonstrated by the data in
abl'e”'8, using 100 ppm of conpound A with either B or
C gave an average tine to reach a 100% vi scosity
i ncrpase Af lu%l?féﬁiin%%ﬁl exhbifis QHg)ré\';gd Pediftdhée to oxidation and
respectively; averaging 165 h%ur when conpound A was
dgpaisitatudge foradtiver compeisingoandafr améuntVée tubrtoano bads oil and
B and C were used in conbination with 100 ppm of
catdirje @ntioaldantfeCIUBHSIHE time to reach a 100% viscosity
i ncr eaie) Si gn'ffitcant Iq\{ [ mpr ved to 243 hour.lﬁ le pol tal
deronstPath ngfiEcES AMAROEMINE SeMYSi Oihgolihlfepolymeta
q . u
O o B e T O e e o, B e ome
oxiastidrabiaes absve @it pRousiestate) sidanpt s baﬂlgﬁdnﬁﬂsxed, bonded or
[0156] The fully fornulated oil used in nparative
asgeeipfsidevthl cont ai ned about 0.75 wt % of a commercially
avai |l abl e anti oxidant. The catal ytic anti oxi dants of
the present % nDENOT BIEARIMISt ed conparabl e results at
significantly ' 157] It will
t hus be see%l'té@%{w&?ggﬂ%&({%&ﬁ? 8??% above, anong
t hose appari@nt ohdof RoreharRRihd SIRSEI Mké ABandy: O,
efficiently attained and, since certain changes may be
made i n carivyi mixtonts theeeqdr esent i nventi on wit hout
departing fromthe spirit and scope of the invention,
whereirs themegtalsdanchselected firemt the groupaiconsistimg tof etratisitien metal

elgrﬁ?:gsi ti@gugﬂ %O? ré?{g\ﬂldiirrl]g %Pc?(eicglgr%%%tng §8 %hr%ru%wi 4[18? e?eemcnts 72 |
though 80, and mixtures thereof; and provided the anion and/or ligand does not
itself render the metals inactive, decompose or cause polymerization of the
polymetal organometallic compound and further provided that (a) when the
metals are molybdenum the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate, or dithiophosphate and (b) when the metals are copper the
ligand is not acetyl acetonate; and, effective amounts of

(b) one or more substituted N, N'-diaryl-o-phenylenediamine

compounds having Formula I

R



as illustrative and not in a limting sense. [0158] It
is al so understood that the following clains are

WO paogmeiedd t o cover all of the generic and specP€i/US2008/009815
features of the invention herein described and al
statenents of the scope of thg _.invention, which as a
matter of | anguage, m ght be said to fal
t her ebet ween. CLAIMS: 1. A lubricating oil exhibiting
i nproved resistance to oxidation and deposit/sludge
formati on conprising a major anmount of |ubricant base

whkde ROKCRE GhMIR CarghiGdRIRALS 1€ 87T S 010 ali); o

fectfivée amount of one or nofe oil sol ubl e “pol yret al

or ganoii®t ehd ocmoeehindeted phatali donngpunaohavingdloemud & s
havi ng nore than one oxidation state above the ground
state, said netals being R%nplexed, RBnded or
associated with i. two of nore aniops; ii. one or nore
pol ydentate |igand®_iii j and one
or nore |igands; or, sof erein the
netals are selected fr Si sting of
transition netal el enpedd Q. excl uding
ni ckel, elenments A%t hrough 48, el enents ough 80,
and m xtures thereof; and provided the ani on and/or
| i gapHedAeSisOH dr{cﬁRp fls cengley alig; metal s inactive,
deconpose or cause pol ynerization of the pol ynet al
or ganranetrabinationarfiimthdb pad (a)r t her provi ded that (a)
when the netals are nol ybdenumthe |ligand is not
t hi ocar bamat e, thi ophosphat e,

2. A method for improving the resistance of a lubricating oil to
oxidation and deposit/sludge formation comprising adding to the lubricating oil
catalytic antioxidants comprising

(a) an effective amount of one or more oil soluble polymetal
organometallic compounds containing two or more metals having more than one
oxidation state above the ground state, said metals being complexed, bonded or
associated with

i. two or more anions;
ii. one or more polydentate ligands;
ill. one or more anions and one or more ligands; or,

iv. mixtures thereof

wherein the metals are selected from the group consisting of transition metal
elements 21 through 30, excluding nickel, elements 39 through 48, elements 72
though 80, and mixtures thereof; and provided the anion and/or ligand does not
itself render the metals inactive, decompose or cause polymerization of the
polymetal organometallic compound and further provided that (a) when the

metals are molybdenum the ligand is not thiocarbamate, thiophosphate,



di t hi ocarbamate, or dithi ophosphate and (b) when the

netals are copper the ligand is not acetyl acetonate,;
wa@eeo/ozffecti ve amounts of (b) one or nore subBCT/US10081009815

N, N -diaryl -o-phenyl enedi am ne conmpounds havi ng

Formula Iwhere Rl, R2, R3 an¢,R4 are independently H

or G to G2 alkyl; or, (c) one or nore hindered

phenol conpound having Formula |1 V\,here R5 is OH and

dlﬁgycargamﬂ Weqrhgﬂh}%%hols%?tavgrﬁg?b WlPeéEf ¢ éﬂ%ttgps %PQ c%pger the
ligdhrit it h&Gy PhdetbRateXhstRlerRR IR ANMISRAS bE/ S udge

ormati on corrprl sing adding to the lubricating oil
cat al y{h)cornt iopxi mhend s subsptutsd NN aN'atiaflfoephénydenediamine
amount of one_or nore oil soluble polynetal
copnpparnsiydraying Eomawledunds contai ning two or nore netals
havi ng nore than one oxidation state above the ground
state, said netals being conpl exed, bonded or
associated with i . tw or nore anigns; ii. one or
more pol ydentate | g&nds; iii. one Ok _nore ani ons and

one or nore lig , Iv. mxtures eof wherein
t he net al 8%ar€ ected rom t héHgro si-stR‘ng of
transition meta ement s t hr ough>30.7 excl udi ng

ni ckel el enent s 3 thro " N el errents 72 though 80,
de®&’t he ani on and/ or
li gand does not |tseIRf repder<t he netal s inacti ve,
deconpose or cause pol yngsizathon of the

where R', R2, R? and R* are independently H or C,; to C,; alkyl; or,

(c) one or more hindered phenol compound having Formula II

R® R®
5
R Rs
6 6
R R I

where R’ is OH and R® is C; to Cy alkyl;
or a combination of both (b) and (c).
3. A lubricating oil exhibiting improved resistance to oxidation and

deposit/sludge formation comprising a major amount of lubricant base oil and
catalytic antioxidants comprising
(a) an effective amount of one or more o0il soluble polymetal
organometallic compounds represented by the general formula
[M"(Ligand)],

wherein M is the metal or metal cation;



pol ynetal organonetal | ic conmpound and further provided

that (a) when the netals are nol ybdenumthe ligand is
wWoRi090e70E£ ar bamat e, t hi ophosphat e, di t hi ocar banB€BEUS2908/009815

di t hi ophosphate and (b) when the netals are copper the

ligand is not acetyl acetonatg;. and, effective anounts

of (b) one or nore substituted N,

N -di aryl - o- phenyl enedi ani ne conpounds having Formul a

| where R1, orRznéﬁfl'nea&gd%o@ Faté ndependently Hor to

Cl 2 al kyl; orie "of nore’hi ndered phenol

conpound havi ng ifHeMimbér ofREA cBﬁoh§ rgﬁeadbinﬁ@x'a%d(;s >2;
to C8 alkyl; or a conbination of both (b) and

A lubricating and Legandoistthegrgame aumaic esd/sr elnrgaadtmmety
oxi dation and deposit/sludge formation conprising a
maj or anount o?omglﬁxu%ﬂte H&¥d; oi | and catal ytic

anti oxi dant risin ffectlve anmoynt of one, ..
o tror e e kBB e, Aty A na SnPs . Bbe i dation
represent
wher ei n qulgitse bet}botvléethggﬁ&ﬁﬁ& rsr%l? %@é&&;ﬁ%@& rLl# e??? ?\qﬂg}ﬁlexed, bonded
oxi dat i onorsdsabeiated witht he number of netal cations in
the conplex and is > 2; and Ligand is the organic
ani oni ¢ and/lortwe gaﬁwrmaneqry,conpl exi ng the netal;
contai ning two or nore nre ) ha\{ rmre t han one

hitedtat

oxi dati on stat @GBLTLTE RE said netal s
bei ng conpligxeghe BPRRIEE aRforR SHAGHR &dm\Mé ngands; or,

iv. mixtures thereof

wherein the metals are selected from the group consisting of transition metal
elements 21 through 30, excluding nickel, elements 39 through 48, elements 72
though 80, and mixtures thereof; and provided the anion and/or ligand does not
itself render the metals inactive, decompose or cause polymerization of the
polymetal organometallic compound and further provided that (a) when the
metals are molybdenum the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate, or dithiophosphate and (b) when the metals are copper the
ligand is not acetyl acetonate; and, effective amounts of

(b) one or more substituted N, N'-diaryl-o-phenylenediamine
compounds having Formula I

(c)

1 R!

R
R@NH NH R4



i. two or nore anions; ii. one or nore polydentate
ligands; iii. one or nore anions and one or nore

WO p@anes74 or, iv. mxtures thereof wherein theP@EUS1088/009815
are selected fromthe group consisting of transition
metal elements 2 1 through 3@4 .excluding nickel,
el ements 39 through 48, elenents 72 though 80, and
m xtures thereof; and provided the anion and/or |igand

WHARRIEE, KRR T FAdRicpURRL A B (35 Y snylogR oS

or “caase’polymerizati o

or gano®f ghd bEMRE R @ PHehdI doMSpouRIPNAVIRE Hotaiuld )
when the netal s are nol ybdenumthe |igand i S not

t hi ocar bamat e, thi ophosphrte, dithior&rbamate, or

di t hi ophosphate and (b) en the netals are copper the
ef f q;gsi ve anounts

of (b) one or nore stkstitwfed N,

N -di aryl - - phenyl enedilam ne| conpg aving Fornul a |

(Owhere R1, R2, R3 and R4 are indgpendently Hor G
to C 2 alkyl; or,Rréd bre h ndered:zf’pgianol
compound having Fornmula Il where R5 is OH and " R6 is C,

Zom(?hgllgkgi is O éand:ﬁm‘pg ?ﬁ%@ga sylboth (b) and (c). 4.

_ for Tnproving e resistance of a lubricating
oi | drn @vhBpiation cBbtAEPYand (¢l udge formation
conprising adding to the lubricating oil catalytic
anti oxi dants conprising (a) an effective anount of one
or nore oil sol uble pol ynet al
4, A methodb for pimgrov};ng the resistance of a lubricating oil to
oxidation and deposit/sludge formation comprising adding to the lubricating oil
catalytic antioxidants comprising
(a) an effective amount of one or more oil soluble polymetal

organometallic compounds represented by the general formula
[M"(Ligand)],

wherein M is the metal or metal cation;
n is the oxidation state;
y is the number of metal cations in the complex and is > 2;
and Ligand is the organic anionic and/or ligand moiety
complexing the metal;
containing two or more metals having more than one oxidation state
above the ground state, said metals being complexed, bonded or
associated with
1. two or more anions;
ii. one or more polydentate ligands;

iii. one or more anions and one or more ligands; or,



organonetal I i ¢ conpounds represented by the general
formula [Mh(Ligand)]y wherein Mis the netal or netal
W@ 20090287740 i s the oxidation state; y is the nupdEDSD8/009815

metal cations in the conplex and is > 2; and Ligand is
the organi c anionic and/or ligand noiety conplexing

the netal; containing two or nore netals having nore

t han one oxidation state above the ground state, said

nmet al s bei n con}gl exeﬁ_l,erbq%nded or associated with i

n “IoHe

two or noreani® té‘,resi or nore pol ydentate

SR r, B Bl PR RS oQR B, SBLgpiton e

elém@n&e) B firdtgh BONkBRIdIAS HicledNSleffenfd3 9fthidiaRS4 4, é1Bments 72
metals el emeRts 2 1 through 30, excluding nickel,

theligin80f and dnixhures giheré8f; ahdmpeovisled2he hnigyha®Dor digdnd does not

. m xtures thereof; and _provided the anion and/or |igand

itsgble sender thesmefals cingetive.ndeepmpose ioﬁa%ft‘iSQePOIélﬁ@éiﬁ@ggé of the

| i ' f,th | [ .
pv gl Gefo Rl b odhg: 4 PR piRvided Pt (e} ayhen the
mt@ﬁfsn drae n'?@l?rghértl e (iR! YiBdRAUM A%t |thRRAFbArTatBO thiophosphate,

I ocar bama | ophosphat e, dithiocarbanate, or

dithibbarbpimasn hat dithiuphdsphateeand [(b) mehel sharmeabppes copper the
ligand is not acetyl acetonate; and, effective anounts
llg;md(l_s)lo@ aectyt a(mjp@atgum_gd,i e_tfﬁ:tc@d'e gmounts of

N -di a@/)l one pig)(;znyrln%?g dls% stituted N, N'-diaryl-o-phenylenediamine

compounds having Formula I

1 R

R
R@NH NH R*
\ R?
R1 ; R3
R
2 2
R R I

where Rl, RZ, R3 and R* are independently H or C, to C,; alkyl; or,

(c) one or more hindered phenol compound having Formula I1

R6 R6

‘ ‘ )

RS R®

R5

1I
where R’ is OH and R® is C, to Cy alkyl;

or a combination of both (b) and (c).



conmpounds having Formula | where Rl, R2, R3 and R4 are

i ndependently Hor G to Cl2 alkyl; or, (c) one or
worere/oti7mder ed phenol conmpound havi ng For nmul a PCT/UA®0E009815

or a conbination of both (b) and (c).5. The

l'ubricating oil of clainms 1 gy 3 or the nethod of

claims 2 or 4 wherein the netals are selected fromthe

group consi sting of manganese, cobalt, iron, copper,

S AR o ARG 5058, B Bl o s 2 or
wHEeRH Syt d]8 A6 0REred Tirorhthelathlip €8hBENAIY hngikeFeobalt,

hod of Tl a

iroiesopiper, tdheopdhninaidatinor ganonet al |i ¢ conpound is a
di manganese organonetal lic conpound. 8. The
l'ubricating oil of claims 1, 3, 5, 6 or 7 or the
nmet hod of

| ai 4,..5 . 7 wh th ol
or gahonet Zﬁ? ?ﬁ&iﬁ?ﬁ%&% Oif§?ad%r§s]er& Ofﬁ Er‘iﬁ?} dya:fEcﬁ?fgls 2,3
orfs'?\ erah 1RO Htarl atré’r%zg)%g g&m by wei ght of metal based

e total anount rircant base oil. 9. The
Iubrl cating oil or the nethod of claim8 wherein the
pol ynet al anonetal lic conpound is present in an
anmouht | nThhgubrMmgoml abelaimsd, 39 5500 pptheometlmdyot claims 2,
o% based on the tqtal armunt of Iubrlcdant base
4,07 10T owhfrir%n the malyimnery ereengmetallie rompound a3 agdypanganese

lainms 2, 4, 5, 6 or 7 wherein the
Orgﬁ?)&?‘g '?ﬁé g8%p%kln8dl aryl - - phenyl enedi am ne conpound is
present in an anount in the range of about 10 to 5000

ppm based
8. The lubricating oil of claims 1, 3, 5, 6 or 7 or the method of claims

2,4, 5, 6 or 7 wherein the polymetal organometallic compound is present in-an
amount in the range of about 1 to 1000 ppm by weight of metal based on the

total amount of lubricant base oil.

9. The lubricating oil or the method of claim 8 wherein the polymetal
organometallic compound is present in an amount in the range of about 10 to

500 ppm by weight of metal based on the total amount of lubricant base oil.

10. The lubricating oil of claims 1, 3, 5, 6 or 7 or the method of claims
2, 4, 5, 6 or 7 wherein the substituted N, N'-diaryl-o-phenylenediamine
compound is present in an amount in the range of about 10 to 5000 ppm based

on the total amount of lubricant base oil.

11.  The lubricating oil or the method of claim 10 wherein the
substituted N, N'-diaryl-o-phenylenediamine compound is present in an amount
in the range of about 10 to 1000 ppm based on the total amount of lubricant base

oil.



on the total anount of l|ubricant base oil. 11. The
lubricating oil or the nmethod of claim 10 wherein the
wae e’ ed N, N -di aryl - o- phenyl enedi ani ne cREU/VAL/009815
is present in an anmount in the range of about 10 to
1000 ppm based on the total _gyunt of |ubricant base
oil.12. The lubricating oil of clains 1, 3, 5 6 or 7
or the nethod of clains 2, 4, 5, 6 or 7 wherein the
hi nder ed phenol conpound is present in an anmount in
the range of about 10 to 5000 ppm based on the total
anourt, of The/ Ribrécytinghsis 8f @ldims U3 3, 5 driboi @ inethod of claims
or the nmethod of claim 12 wherein the hindered phenol
2,doifp 6uword’ whepeiastbrthinderad phenohtoimpotheé is aragenbin aeotount in
100 to 2000 based on the total anpunt of | uhricant
the geaepf abeut T4 f(l@r PRE: bargdan ths tofplmeuat of gugicant base
oifll or the method of clainms of 2, 8 or 9 wherein Rl is
rethyl, and R2, R3 and R4 are Hin Fornula |I. 15. The
lubricating oil of clains 1, 12 or 13 or the nethod of
clains 2, 12 or 13 wherein R5 is OH and R6 is C4 al kyl
i n Adr mul 'Bhe lubridatinghal buo ke nwthodyobHclaimaf 1 X vhiersn the Bindered
51to 13 or the nmethod of clains 2, 4, 5 to 13 wherein

phenel FemppeRdis Beesenbin ap amoung &t the rapggmofiaboyt 0@ to 5000 ppm
consi i n f natur oils etr.ol eum deri ved m ner al
baéf“i?g,nsté?/ﬁ‘%ﬁg?mguBFPg!"%W@BEQ&ﬁ(?1 al oils and m xtures
thereof. 17. The lubricating oil of clainms 1, 3, 5 to
13 or the nmethod of clains 2, 4, 5 to 13 wherein the

| ubri4cant ThahsrivatingSoibo=laingde 10idr, 1 laor thonethodest claims of

wax base oil or mxture thereof. | i
2, 8 or 9 wherein R is methyl, and R°, R” and R" are H in Formula I.

15. The lubricating oil of claims 1, 12 or 13 or the method of claims 2,

12 or 13 wherein R’ is OH and R® is C, alkyl in Formula II.

16.  The lubricating oil of claims 1, 3, 5 to 13 or the method of claims
2,4, 5 to 13 wherein the lubricant base oil is selected from the group consisting
of natural oils, petroleum derived mineral oils, synthetic oils, unconventional

oils and mixtures thereof.

17. The lubricating oil of claims 1, 3, 5 to 13 or the method of claims
2, 4, 5 to 13 wherein the lubricant base oil is a GTL base oil, an isomerized wax

base o1l or mixture thereof.

18. The lubricating oil or the method of claim 17 wherein the GTL

base oil is derived from a hydroisomerized Fischer-Tropsch wax.



18. The lubricating oil or the nethod of claim17

wherein the GIL base oil is derived froma
wWoydporEodreri zed Fi scher-Tropsch wax.19. The PCT/US2008/009815

lubricating oil of clains 1, 3, 5 to 18 or the nethod

of clains 2, 4, 5to 18 vvher_qg'gn_ t he pol ynet al

organonetal | i ¢ conpound conprises a polydentate Schiff

base Iigand 20. The lubricating oil or the method of

Cl al sal ﬂé llFblcf 2‘%& eg g(ig) ffcfrlﬁa E@s fop’lag quﬁfga@p e hOda%delalmS
2, Ofl 35 N) N-gd 'W‘é}ﬁzlréi‘iﬁ/ ke %‘Pyr'neflﬂ d(')x%ﬁhaﬂllétﬂlﬁ@ ecdrhpad I1‘)0mprlses a

ligand. 21. An additive concentrate for inproving
Ixﬂydmah&ﬂhﬁnﬂﬂxsxﬂ@@hdon and deposit/sludge formation

in lubricating oils conprising catalytic antioxidants
conprising (a) an effective armunt of one or nore oil

i
ba%Eaﬁ §V§ dgsra‘?féslﬂdéﬁ@tlej -d ﬁ%ﬁ‘i (T84 prr% llgand or a

conpr exe bonde aSSOCIate

Namdlﬁtsl1cyllden6ﬂ@41dﬁa1ﬁﬁfcﬁ>umﬂey(dmable) liggahds; iii. one
or nore anions and one or nore ligands; or, iv.

m Xt ures thereof wherein the netals are sel ected from

t he pco sting of transition netals el enents 1

throﬁg ﬁl%ﬁﬁ@cwtwaﬁgr érne;%vm*% rs%S&aHF%a@ﬁx uion and
7 .

R VALY ok . i

co hgt he nmetal s | nactlve decorrpose or cause

pol ynmeri zati on of the
(a) an effective amount of one or more oil soluble polymetal

organometallic compounds containing two or more metals having more than one
oxidation state above the ground state, said metals being complexed, bonded or
associated with
1. two or more anions;
ii. one or more polydentate ligands;
1ii. one or more anions and one or more ligands; or,

iv. mixtures thereof

wherein the metals are selected from the group consisting of transition metals
elements 21 through 30, excluding nickel, elements 39 through 48, elements 72
though 80, and mixtures thereof; and provided the anion and/or ligand does not
itself render the metals inactive, decompose or cause polymerization of the
polymetal organometallic compound and further provided that (a) when the
metals are molybdenum the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate, or dithiophosphate and (b) when the metals are copper the
ligand is not acetyl acetonate; and, effective amounts of

(b one or more substituted N, N'-diaryl-o-phenylenediamine

compounds having Formula I



pol ynetal organonetal | ic conmpound and further provided
that (a) when the netals are nol ybdenumthe ligand is
wWmoi0Ins7ecar bamat e, thi ophosphat e, dithi ocar bam@r/E$2008/009815

di t hi ophosphate and (b) when the netals are copper the
ligand is not acetyl acetonatge,. and, effective amounts

of (b) one or nore substituted N,

N -di aryl - - phenyl enedi am ne conpounds havi ng Fornul a
Iwhere R, 1 R 5R and R are independently Hor G to 2

al kyl; or, (c) one oR'more hindered whenol conpound

havi ng Forrrula n ere R5 is OH and JRE to C8
al kyl ; or R4 .@ o Fpf  bot hNHBY—2 Use
of the lubricatNng/oil ofNany/one of 1 3 or 5
to 20 for inprovi né\fuel

€ oy i n asol I ne engi ne
systems. 23. Use R’ t he”l at | R oi | of any one of

claims | 3 or 5 to 28Rfor pROVi ng exhaust em SSI ons
in a diesel fuel engine gystempamherein the di esI

fuel has a sulfur content ranging in the anmount
about 5 - 1,000 ppm

where R', R2, R? and R* are ind‘ependently H or C, to Cy; alkyl; or,

(c) one or more hindered phenol compound having Formula II

Re Re

where R’ is OH and RS is C, to Cg alkyl;

or a combination of both (b) and (c).

22.  Use of the lubricating oil of any one of claims 1, 3 or 5 to 20 for

improving fuel economy in gasoline engine systems.

23.  Use of the lubricating oil of any one of claims 1, 3 or 5 to 20 for
improving exhaust emissions in a diesel fuel engine system, wherein the diesel

fuel has a sulfur content ranging in the amount of about 5 — 1,000 ppm.



