1 CATALYTI C ANTI OXI DANTS FI ELD OF THE | NVENTI ON 10011The present invention
relates to lubricating oil conpositions conprising a |ubricant base oi
and additives which neutralize the prooxidants that cause the oxidative
deconposi t e lubricating oil conposition and p i t/sludge
o B heBletliD G TrE | NENT! O [00210xi dat i on ggﬁﬁ%%”ﬁ"ﬁ%ﬁ%up of
particulate matter in lubricating oils.: This buildup thickens the

| ubricating oil and causes deposits in’bhgine parts. Wen the | evel gets
too high, the increase in viscosity results in poor |ubrication and an
inefficient operation of the engine system Such inefficiencies result in
| oss of fuel econony and increased exhaust em ssions. [003]Currently,

| ubricating oil formul ati ofSABAL YRIEHAMNHIQXEDANIS to oxida- tive
degradation by the addition to the lubricating oil formulations of free
radi cal scavenger antioxidants such as sterically hindered phenol s,

hi ndered am nes and m xtures thereof and hydroperoxi de deconposers such as
zi nc di al kFIELD QOPRHESINEENTIOND41 Most of such antioxidants as are
presently used are consumed by the oxidation pronoters in the oil (the

pr ooxi dant gp1Pn Bhé hRIsEM iATBIHdCrePASS & lubFitating cikobmpositiohe cargesingo
lubricating ol forhulations only in limted quantities and consequently
even if anallubitieant brse malanduaddiviecst whish ngivakize the prooxidapty thatpuse ®equi ekl y
consuned and ,di sappear, w.th the undefended oi. i dly oxidiz] ith
their di sappdaivnmcEcorpestion,af i i B&i’ﬁfﬂfﬂgs %Lc%oﬁ&é%%npeérn% Prfent

acetyl acet @hakRRIudgRiftbSn&RiSUM Ng

BACKGROUND OF THE INVENTION

[002] Oxidation causes buildup of particulate matter in lubricating 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



the prooxidants on a nore than stoichionetric basis are still thensel ves
used-up at a rate of less than about 10:1 and therefore, while superior to
the phenolic and am nic antioxidants are still not sufficiently long lived

or suitabl gqf.95,0be, Next generation of extended drain bgPgsBiddmefs seal ed
for life/filled for life lubricant environnents. [0061 Prooxidants are

continuously generated in the lubricant,during routine use or

added/ i ntroduced into the oil by bl ow by gases, or exhaust gas
recirculation as during the operati on of internal conbustion engines.
[007] USP 4,867,890 teac i l,e _organo. ounds a

bt oxi dantaded iy re, g6 SRS Secrsumhd ahd aRaBp AELPIAIRE R GRRBSLRT Pl ci
cont ai ns f pQiNAR, ?%th]{ﬂ&rfd@saﬁﬁ&r@m@ of nol ybdenum from a nol ybdenum conpound
which is substantially free of active sulfur and about 750 to 5,000 ppm of
a secondary di aryl am ne, which provide inproved oxidation control and

friction E)ler erformance. USP 6, 121, 211teachesalféjr|cat|n oi |
corrp05|t|o g nﬁ“%?x SHGh 8¥ PR CetY A IOT e Y RYF SRBSWRMBeast one

thi ocar ba”ﬁateﬁos&ﬂﬁ%?tgig{ﬁgq Aot Wn%(glcgﬁh@tdn@ﬁgs@a?é U9t RRRR LAY gNd seal

protecting anount east one al e or epoxide or mxture thereof.
JP 53024954 4 macbtkess thanlabgui 0 prmdehmfaia,twbme sifiperior [to expiremolintand
cycl ohexanol

R T A vy
catal yst. ~- ega@_’on ?4'0%@? %/ggﬁ%ﬁgé@eg%? "td\regéé?]éebsﬁg l?nfg%ﬁd%& IR TBEEkh

di hydr ocardmidniengphosphoryl dithi ophosphate material containing a netal
selected fromzinc, cadmum |ead and anti nony or an oxygen and/ or
sul fur-contai ni ng nol ybdenum conpl ex useful as a lubricant additive (see

al so USP i met al
salts of 3 P?f‘gl ke%fldlsgﬁg %Ftde% Ugg&sﬁfgnsa tﬁggmé%hlg%t%gl g ngyl iC

aci ds whi alse mayudded/irasiiuasd antoahpailityi blowi-bg gasiseor akhfigt gad wdciitgla- of
di spersants, detergents, anti-wear and antioxidant materials. USP 3,707,498

t eaches aﬁtWI%% thel@petatien of dipmabeamabustion,angiesof a net af
di al kyl di t hi ocarbamate and a tertiaryal kyl primry am ne, where the netal
is fromGoup Ilb, 1Va and Va. [009] USP 3, 351, 647 teaches a conposition

useful as [e@7]oi USRI B6Y890hatachet @il GBRIbES @Bamdt ddpplefl adBmpsiddanid wear

agent haV|aggO)E]ggmgen%éa}I) %‘gg(r)n;lgcii teaRc}}espél Slulsncéat\ml\g ol?l \c((:)mposmon 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 diary]l 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.



wherein Ris a substantially hydrocarbon radical; Mis a netal selected
fromthe group consisting of zinc, calcium copper, nickel, cobalt,
chromum |ead, and cadmum A, B and C are radicals selected fromthe

cl ass cons\wgidongh29#74 hydr ogen and substanti al |y hydr ocapbemsioaglioglss; X i S
the valence of M y is fromabout 0.5 to about 6. USP 4,427,560 teaches a
formul ation contai ning anong ot her addlétves an oxidation inhibitor. The
oxidation inhibitors conprising sulfur bridge, bis hindered phenols
effectively limt or prevent the attack of oxidants on copper/lead metal

Formil a: - 40081 I ot Babb3REH, LBl SRAHBbASBRORT R,

conpri si ng phospHatd Gaitdrg @ntaiding AimdtRASHcAOE floh @1 AR hda@ mnpl ex of
the formula: R2 in which Mis selected fromthe transition netals and

zi nc, cadmagtmnony r ane@sdgerannd/@bﬁylﬁmeprbmsmgtmolyrbdb@umwanml@daﬁdfuhanegr ee

car bon at offs A6 B8 oo Rod G SB1 SEpad PromUTle. G0 ORoRRER ng of
hal ogen, oxyPDsitind Eéﬂtaﬁ’q'ﬂ% ﬂieteﬂ%g%‘ of ﬁoly%ll&ﬁ&?ﬁlt@ﬂt\fté@Hidn@ﬁngh‘fﬁiﬂaﬂﬁle” atom
and the radicals R, R CO in which is a hydrocarbon radi cal

of 1 to zonmpbohd@athwylw/aam chlomasaaermydfaaammpanbdizmgmlayemrad)ﬁar bon
radi cal cont. nln carbon atons and 0-3 heteroatons. sel e d form
oygen ouligmresner dishetshin: ipgtalc AMGot 2 anbRyGan BRiNG ur U5 | anst
one of the32n7ah@MEeaéhdeiaRboRidlaht!laddittves ScbRpHLIARE & NAlxbReSST Tahiidial s
exhi bi t hlgg antioxi dancy activity even at high Tenperature. They can be

used with Badeldihiscasbampater aidcamedidrgalkybpriwelry aasined thesy thehatdta base

oils. See ?rlorSnOG%p]Hl?,%%/aGa%% Va.

[009] USP 3,351,647 teaches a composition useful as an oil additive that

functions as an antioxidant and antiwear agent having the general formula:

S

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:



WO 2009/ 025774PCT/ US20081009815 10111GB 1, 358, 961 teaches t hat

9, 10-di hydr oant hracene acts synergistically with certain netal P-diketone
conpl exes to provide antioxidancy. The netal f3-diketone conpl exes are of
the forml goVhoRehss - CRZCR3 = 0)n wherein Mis a netaper/fsiofsdofls 3, R2 is
hydrogen or an al kyl group having 1 to 20 carbon atonms and Rl and R3 are

al kyl, aryl or alkoxy groups having 1- 19 carbons. USP 4, 849, 123 teaches
drivetrain fluids conprising oil solublé transition netal conpounds which
address | ow tenperature thickening of automatic transm ssion fluids (ATFs)
and high tenperature thickening or ggar 0|Is When used in conbination with
zi nc di al kyl dithi ophosphat ef, the qyanfity of tal conpound in the ATFs
or gear lubricants is inportiant %Lab- onbination of anti oxi dant
and antiwear properties needem ri the xt ed I|fe of the fluids. 1012]
USP 4, 705, 641 teaches the conbrgati on o cepper |jand nol ybdenum salts as
being an effective antioxi dant and anti wear ad itive for hydr ocar bons such
as |ube oils. The copper salt preferably is selected fromthe group of

car boxyl ates consisting of ol eates, stearates, naphthenates and m xtures

t hereof and the I n referabl i s sel.ected from.t he. grqup of
carboxylatgy-Eongg§y$§§4§g] %ﬁ?géd§W@§”‘ rb%PBE““QSéb»%?@@mghaﬂgwgtures

t hereof. 1 ‘gﬁ%? n inhibitor and a net hod
for using %ﬁg*ﬁ?ﬁag?ﬁéﬁwﬁﬁﬁﬁE??%?B?Q%x far ﬁ materials, particularly

| ube oils. One or nore transition netal contalnlng conpounds can be
utilized in conbination with o or nore peroxi de deconposer conpounds

sel ected from aliphatic am nes, al kyRysel eni dé¢s, ‘al kyl phosphi nes and
phosphat es wherein the aliphatjic and a _yl poftions of said compound each
contain fromabout 1 to about |50 carb ns| 6 as oxidation inhibitors
in organi c conpositions subject tve—aut -ox atvjon. Anong the transition
met al compounds useful accordijng to Fhe~pa?énr are the salts of scandi um
titani um vanadium chrom um |manganes&—TF#on| cobalt, nickel, copper,
yttrium zirconium niobium nplybdegum teLLH{lunl ruthenlun1 rhodi um
pal l adium and silver, to nention a few. 10T41USP 5,631, 212 teaches an
engi ne oil of inproved wear resistance and anti oxi dancy conprising base

oi I, an oiih whichiNds celepred $amtthe aransitionnétdb! zﬁlchﬁhy,bdﬁimimrﬁaid; leadl, G oup |1
nmetal salicylate and a borated yal kenyl succi ni m de. bedenun1sa|ts
are the ojantigynypnd Bigmughiom S%/ﬁlﬁh@tlfl%tl%)r d@ﬁ?@lpﬁlMoﬁgaﬂﬂchaérf‘d@Chp? ef erably

A4 to C30 t e t a y.nap, ate,
mol yhexanéﬁ&gwaf'ﬁtn?q] ?Cﬂ%gr? rg‘i‘gﬁtﬁ ‘{‘% fl ? b a“@%f@? ‘E a”Z 066, 561
t eaches Om&ii@éfﬁir@del&t&pﬂ’@hﬁm%sg@ﬁptdbﬁsi&ﬁﬁwalalogen, 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.



/ mx \' NI RL RR RIRRNN RR2 / 1 1 wherein, as defined in the patent, nis
an integer of from1l to about 10, preferably from1l to about 5; Ais an
aromatic noiety, preferably phenyl or naphthyl; Mis a polyval ent netal,
such as, f@Qp60%a8Pke, Be, My, Ca, Ba, M, Co, N, Pd, ftfpusaosmiskisd; X is a
radi cal selected fromthe group consisting of organophosphoro,

or ganocar boxyl , organoam no, organosul fonyl, organothi o, organooxy,

nitrate, nitrite, phosphate, sulfate, sulfonate, oxide, hydroxide,
carbonate, sulfite, fluoride, chloride, brom de and iodide; Rl and R2 are

al kyl of f 1 t, .40, car bo caryl. . h , v Q=G -Ror
a conbi nat [@:ﬂt hgﬁ}eg%géi%]l feac qskt3ﬁta%ﬁ@qlgﬁ%a?tgr%cgéggg{%os ygéf%%thc%zlily ons,

aryl or hygdsiao&hiaifRneti4p-dietand cRopf@s 1Y Prewian . andiokidaney. fTiRMkidlo about
200 carbon atons, aryl, alkyl-substituted aryl where the al kyl substituent
i s conpri spdiloftoficocemplekes @ioaitth(®meider bon anounts, carboxyaryl,

carbonyl aryl, am noaryl, nercaptoaryl, hal ogenoaryl or conbinations

t hereof . The netal conplexes reportedly stabilize the |ubricant to which

t hey are added agai nst oxi igg. %#0__1 USE 5,824,627 teaches a | ube oil
conposi tion containing a ng?%r mount gRa &Bea(é se oil and a m nor anount
of an additive having the fornula M4..yMoySALNnQz and m xtures thereof,
wherein Mis a. al selected fr Cr .. Fe i and is

i n_dependen‘?ﬁ?}'egbﬁlétaerﬂe%’ﬁdbﬁ%corgg Rﬁdg hg@%&{l Jors a{%?%‘ﬁé?‘ﬂ%%% H{o]% %)Xélg és ,

t hi oxant hadagson REGHEPRAHER, AHidt Rl ogar ARPALLS] of hilleptosphdseravang Kxaot hat es,
havi ng a sufficient nunber of carbon atons to render the additrive soluble

or di sper siapbansi n URE di849, 183d t€@ches adrivstriairal flwile comeprisdeg aeil riplwldepound, y
isl1lto3, _nis 2tog and z,is zero to 4, and the L proyide a total
char ge suftFSIER TgahsatmeLidt wRERCAARSE Ji HemouRby SiEeRe 017 use
3, 649, 660 feaRMES tahimlsSfoa2NEIAB (AT ARG i g té}ﬁ{)é}ﬁtdﬂ@ Qﬁfdkexﬂﬁgl&x%éaémt s for
organopol ysi | oxane fluids. The silyl organonetallocenes are sélected from
the cl ass als. (Whepokgdrar eorhbmaten stthugnw dilkyd dithsopbiospliates; drengriantiQH( Rda
of metal compound in the ATFs or gear lubricants is important to obtaining the
combination of antioxidant and antiwear properties needed for the extended life

of the fluids.

[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

/



(C5SB)MCEU)C NR'-SIiB_a 2 (b) copol yners conposed of structural units of
the formula -8 (rb SiOmb) 2 and at | east one unit of (a), and (c)

di sil oxanes of the formula OH (C5QB)MC5U) C- N- [R' (R2Si]20 where R
i S a nonovaledbyds ocarbon radical, R' is a dival ent byfuonsddensr adi cal,
and (C5Q4)M C5@) is an organonetal |l ocene, where Qis selected from
hydrogen, an el ectron donating organic_gadical, and an el ectron w thdraw ng
organic radical and Mis a transition netal, a is a whole nunber equal from
Oto 2 and b is a whole nunber equal fromO to 3. [18] Transition netal is
e oed £ ad Nelulfn b BREA! Sn brafhR obbeiliBndt byt 1 SuebkBdHiGn Tab! e
capable of Tormng a it conplex Bth a ¢ c?openta feny radi ca 0 forma

et al | ocenamokipetter @dsitidro otEt @nspdudt wREf] epesding e e pirenpaseit
invention are, for exanple, netals having atom c nunbers 22 to 28, 40 to

46, and 71salls 9B scandinmaditenivgni vanadivamadhigmivehr BaNgaRCsHraiighnegealt,i r on,

cobalt, nickel, .zirconiu col unbium . nol ybden te tiu r ut heni um
Fhodi um iRl eGae i Rt Beb B B R e P IRbm T ARE T G
and pl ati nwad{i5@ a8/ d3ilvéR td Afhtion b8y, USP 5, 015, 402 teaches basic
metal and multi-nmetal di hydrocarbyl phosphorodithioates and

phosphor ononot hi oat es as anti oxi dant additives. These materials are
represent eﬁh??’ tﬂngfE'?f,QEthé)e{cWé'sl % engine oil of improved wear resistance and

antioxidancy comprising base oil, an oil soluble copper salt, an oil soluble
molybdenum salt, a Group II metal salicylate and a Borated polyalkenyl
succinimide. Molybdenum salts are the oil soluble salts of synthetic or natural
organic acids, preferably C4 to Cso saturated and unsaturated fatty acids, e.g.,

molynaphthanate, molyhexanate, molyoleate, molyxanthate and molytallate.

[015] USP 4,066,561 teaches organometaliic complexes of the formula:

MX
/
NR R RjR49N NR,R
, ™2 1 2l ’ 172 }TR]RZ
AR
Rq R4 Rs 5 Re

wherein, as defined in the patent, n 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,



[ Z] d[ RO) 2PSSLMaXb(l) - 9 - wherein Mand X represent different netal
cations selected fromthe group consisting of zinc, copper, chromum iron,
copper, manganese, calcium barium |ead, antinony, tin and alumnum Z is
an ani on sglegindshf om oxygen, hydroxi de and carbonat epcfRusHoddasapendent |y
a linear or branched al kyl group of 1 to about 200 carbon atons, or a
substituted or unsubstituted aryl group,of 6 to about 50 carbon atons; a
and b are integers of at |east one and'gfe dependent upon the respective
oxidation states of Mand X; y is a whole integer which is dependent upon
the oxidation states of Mand X; and d is an integer of 1 or 2. [020] As a
consequence of nore stringent and demafidi ng performance and environnent al
requi renents on lubricating oils, for pxanple fill for life oils, sealed
bearings oils and greases, or noder nre&temdfed drain engine |lubricating oils
to performbetter, for |onger periods and under nore severe conditions of

tenperatur g, Q‘Bﬁm'b&%ﬂoﬁ.‘fﬁér{sbf’”ﬂefs aﬁli;{fi‘%@u i T8B!ab68t ﬁf’ceﬂ}ﬂoxg Fli?cfn‘?é?%rﬁ'lﬁ. future

| ubricating oIl speciticatidns, par I'y “engl ne ol assr'fications for
di esel | ubhj/dra?érg REQR,, RodarfdCR) asnitlydregasg nglen of dronh Ubbiabant 30¢ Chrbdnand
G--4), nore efficient, longer lasting and nore robust antioxidants are
required f@emsserylnatkybspbmbitptedraryl whsee tesalybavbsifupnhde coapised afp

i mproved f con r e ust ,em SSjons.,.i i . ns,
AR T ol e e R R L A

di esel fuerhefbaptoaré}J'hfaLUgeﬁ@éﬁ Ngr eembinadohd) théreoRNODKY eétaPRemipléxes 1, 000
ppm DESCRI PTI ON THE | NVENTI ON [ 021) The present invention is directed
to a | ubriEaeitedy stabiliserhpilebriggnt pwbichdhexaieadded agaipstoidmtonon and
deposit/sludge formati on conprising a mgjor anount of |ubricant base oi
and an effective amount of catalytic antioxidants. The catal ytic

ant i oxi danps6FoNPSP s 834,6an RhtRG! bV RILBNBUNordRBitkin MBLAIMhE $ahajeke

pol ymetal organonetallic conpounds containing two or nore netals having -
10 - nor e ankeunt ofe loke bage @hasd atmingbemeunhel gt additive havieg thafemmda al s

bei ng conpl,e .o bonded .or. assocj at e ith i), two or nore anions;.ii) one
or nore g&"ﬂ‘g‘ﬁt%ﬁe&f %g,{agi?ur.ef %’erSﬂg %\f?er 4 Bnf SHdalatredRd fim (e o
ligands; uin, F¥)CATTNG @hieand T B inddpenddhB! t1idl SehRct@dupd @rRdbde group
consisting of transition netaL el ements 217t hrough 30, excludi ng nickel,
el enent s 3m hdghipphasphat¢se mbmpsamthates o pdlosgtitesandithiocataesteshetléof . The
ani on and/or l.igand doe ot ,itself render the netals inactive, deconpose
or cause P PW%sfé‘tdiW % haVhg %/ﬁléf?’zgfenbf‘aﬁ‘%’h@f _gl?rﬁf”& APADBUITRLCT

Fur t her moigy adi€ve §418bREIAiSpRbiBl Rl HEGANHAA f 8% AduB@Ndieb&ofAbnating

t hi ocar bamat e, thi ophosphate, dithiocarbamate, or dithiophosphate -and when
t he met al sompeurdpper ] te Benlisgald6, andhotis agrettyl4, andttbaat provide adotal i on to
the one or, nore Qil | ubl e pol ynetal organ | Iic conpounds, the
catalyticcgﬂ?F8§$§%ﬂ§go88W$¢£§@¥8FE@@FPQgﬁﬁﬁggh&§S®F0Tb one or nore
substituted N, N -diaryl-o-phenyl enedi am ne conpounds or, c) one or nore
hi nder ed phenol conpounds; or, a conbination of both (b) and (c). In a
pref err ed|E@WodUisdnt 3,669.660r teavhes ssibglbiganbedtdllocenes as being useful

N -di aryl - 0 phenyl enedi am ne, conpounds .and gne or nore hindered phenol
corrpoundsanalr“gx‘gaéé%ﬁgﬁ OLRHRAPILSIIGK NG %ﬁ"%ne ’@Pe E&IQrWP”@&qWSF%CSpB‘Ieynet al

or ganonet gdjbdied EBAPRENGESs o¥0221 " Pol ynet al or ganonet al I'i ¢ conpounds”
meansor ganonetal li¢c conpounds and organonetal | i ¢ coordi nati on conpl exes
cont ai ni n@)t polyarersrbaengfstrubmrslametsarf thé fdranudnt netal atons. Preferably,
the pol ymetal organonetal lic conpoupds contain(ﬁgtmeen two and four netal
atons. The reactivity of any given tal conplex’®ill depend on the ionic
strength of the ligands, an h 0 dinatiOQ,gei, ry around the netal
center. These factors M&Sgﬁ)}‘f@dbﬁﬁé“‘e%‘e‘%‘t‘h 3-eh the netal center can
ef fect the oxidation state change necessary for catal ytic deconposition of
t he hydroperoxi de or peroxi de speci es. conprising adding to the

caral yii (Santtnsie R ibints oZ TRl ol s e miBnc of “One or more o

sol ubl e pol ynetal organonetallic conpounds containing two or nore netals
havi ng nore than one oxidation state above the ground state, said netals
bei ng conpl exed, bonded or associated with i) two or nore anions; ii) one
or nore polydentate ligands; iii) one or nore anions and one or nore

i gands; or, iv) mxtures thereof. The netals are selected fromthe group
consisting of transition netal elenments 21 through 30, excluding nickel,
el enents 39 through 48, elenents 72 though 80, and m xtures thereof. The
anion and/or |igand does not itself render the netals inactive, deconpose
or cause polynerization of the polynetal organonetallic conpound.

. o



- 12 - consisting of transition netal elenents 21 through 30, excluding

ni ckel, elenments 39 through 48, elenents 72 though 80, and m xtures
thereof. [0251 The anion and/or |igand does not itself render the netals
inactive, gGaRReSS, or cause pol ynerization of the pol yepyahospoganonetal lic
conpound. Furthernore, when the netals are nol ybdenum the ligand is not

t hi ocarbamat e, thi ophosphat e, dithioca;?gnate, or dithi ophosphate and when
the netals are copper, the ligand is not acetyl acetonate. In addition to
the one or nore oil soluble polynetal organonetallic conpounds, the

catal ytic antioxidants conprise effective anounts of b) one or nore
substituted N, N'-diaryl-ophenylene@ B ne conpounds or, c) one or nore

hi ndered phenol conpounds; or, a conpination of both (b) and (c); in

conbi nation with at |east one additib@gyaterial. In a preferred

enbodi nent, one or nore substituted N, -di aryl - ophenyl enedi am ne
conpounds, one or nore hindered phenol conpounds, one or nore oil soluble
pol ynetal organonetal lic conpounds and at | east one additional material are
used in coﬁﬁ?ﬁd@&%ﬁnemhéoﬁﬁﬂt@ﬁ%t one additional material is selected from
detergents, dispersants, viscosity index inprovers, antiwear additives,
friction nfedi Aisdpsgncamfstdfarmateal ant i oxi dant, pour-poi nt depressants,
corrosion inhibitors, anti-foam ng nts, antirust additives, carrier oils
seal conmpatibility additives and th i ke. Preferably, the polynetal
organonetal | i ¢ conpounds contain beffween two and four netal atons. The
catal ytic anti oxi dant s(GngS}M((bgeggz@t—-i-mpem [m'h(%i](#(bl ized in the absence
of or in the presence of any added anti oxi dant. | sol ubl e polyneta
organonetal i ¢ conpounds do not undergo anion and/or |igand displ acenent
reactions WreRNGer hesevhRA) hBidRrtRint fididdNeRC ORPOivdl QR RARFOQIrbsh abi ity
of the conpound rendering themineffective as a catalytic additive. That

i's, the orhgicalarnd i 2Q4)MHAFQP) isiagarrganathéte Hoctmenwhere @ inkaledted fiioen

coordi nati,on_sphere gf the netals are.not.replaced rtially or totally by
other ani SHOSRAr6F TrglitdSinie oGl Rl B BRGIRA v ERepiE & of he
net al s begapsfc sahibhl RAINAL aQfansitioh3metal,of Bla WRBleaRBARAMequBIUE8mi Mter fere
with the abrlity of the electrons in the metals orbital to change from one
oxi dat i on 2sangktelsabebeletentpr ggnal fsemtletotls anot her oxi dation state above the
ground state rendering the conmpound ineffective as a catal ytic anti oxi dant
addi tive. Conpounds which during hydroperoxi de deconposition thensel ves
under go degm¥IPOirhhMion fhetal is Iefihéd tfcRide Atitils oR(Bod B0 t6XATLGEd

i nsofar as such conpounds as a result of such deconposition cease to
function #s Patiadigt Tablantapablicdafh fernting a at dmnplex nwith on caslopentgdiengint i wear
addi tives due.togﬁhe bondi ng interaction of the sulfur with the iron of the
engi ne or 'Hliedl dodlopper matellogens. Higsrasition megals that prgheResaiventp e

formul ati f. C Loxl.fda LG ¢, ar [ gt to
areasce, DaetinfANRICEe SFELRKbRERRIL REVHEG Gl RhdPh A ks o
transni ssé@naiid Tilds, 78} heoh esergyuin; anshdionm, nGrémiimgs mangasdsey frbwli ds,

di esel conpression ignition engine oils, gasoline spark I gnition engine

oi l's, turfRhfel drirkelgmircopam.; gelumpbiany ypelybdenumy sechacionm, futhepwingel ect ed
fromthe C 1181 I u ipved,.mneral oils,
synthet o ol Rl bttt e b LB B RO bt | no
range. [pPalindhds¢adlsd TSP ng4bage).oils of the present invention include
natural or synthetic oils and unconventional oils of |ubricating viscosity;
typically those oils having a kinematic viscosity at 100C in the range of 2
to 100cSt ef b re ferabl y..abou to 25 . 1028]
Nat ur al o[iollgfi n@?gdéx) ééi@%l %%i%ﬁéég; b\gg'ﬁe %Eﬂ?eanéf I%Mtlégg?Lrﬁmqqogﬂgﬁ'ar d oil,
for ex aﬂﬁi}ﬁ))l\s/{)h(&ﬂditmo_ﬂﬁfs%hdqjhlo§phﬁ)mbh6thﬁt@dtw & arfiokfdanihd@fidés. OThegear €
preferred. neral oils vary wdely as to their crude source, for exanple,
as to whenalgrialstiey represeptadady theigsnerbformndai ¢, or mi xed

paraffini c-naphthenic. G ls derived fromcoal or shale are also useful in
the present invention. - 14 - [29] Synthetic oils include hydrocarbon
oils as well as non hydrocar qmd[gd)%sgymaﬁgti c oils can bemderi ved from
processes such as chem cal conbination (for exanple, polynerization,

ol i goneri zation, condensation, alkylation, acylation, etc.), where
materials consisting of smaller, sinpler nolecular species are built up
(i.e., synthesized) into materials consisting of larger, nore conplex

nol ecul ar species. Synthetic oils include hydrocarbon oils such as

pol ynmeri zed and i nterpol ynerized ol efi ns (pol ybutyl enes, pol ypropyl enes,
propyl ene isobutyl ene copol yners, ethyl ene-olefin copolyners, and

et hyl ene- al phaol efin copol yners, for exanple).



[ 30] Pol yal phaol efins (PAOs) base stocks are comonly used as synthetic
hydr ocarbon oil. By way of exanple, PAGCs derived fromC8, Cl10, Cd 2, Cl4
olefins or m xtures thereof may be utilized. See U S. Patents Nos.

4,956, 122, wh 8042864, and 4,827,073, which are herein pagospeyisses by
reference. 10311 The nunber average nol ecul ar wei ghts of the PAOs, which
are known materials and generally avai_lg";l_bl e on a nmajor commercial scale
from suppliers such as ExxonMbil Chem<cal Conpany, Chevron Phillips

Chem cal Conpany, BP, and others, typically vary in viscosity from about
250 to about 3,000 cSt (100C), although PACs may be made in viscosities up

to about 100 cSt (100C), The PA re typically conprised of .relatively | ow
nol ecul ar WOFHH? ]\%y‘?ﬂdo ﬁ%\ﬁréﬁe%%ﬁaﬁﬁqné %&aglcf‘%%'ﬁe?gg‘gfgaf? aBEHTOUR whi ch
include, b ; dm (20 C3garlaRbRoLAtiuns, bariluh,t he C8
to about C%Sg#lgﬁgg%é d|’ gééﬁégh%}ﬂoénggrfi ggt’gﬁjﬁ)e -der%lgne, ’l-dodecen]e and the

| i ke, bei ngagy efiemoed, tihthendraddrinued pdl isahphaodrefselestedr &opol yxggemct ene,
poly-1 -decene and poly-1- dodecene and ni xtures tBereof aa]gd m xed

. P >
ol ef i n- der hxdsexigglapdicarbonate; Rk independeatiyiadiear gt branghed alkybgionB ofn ¢ he
range of 4 e d j i J of
accgpt abl &It%\%vg?/ugljz?p{%?{?é& a ﬁ%éﬁé?ﬁggégﬁhtgﬁé}r%%q@m\%tgg%?téﬁgfgzg and the
starting OdHo@@RBBrcarbdicaldA(s ayideafpriatgeisnahitl lxadtroneedarsl aredidpendarer s of

the starting olefins, with mnor anmounts of the higher qligoners, having a
vi scosi ty upangledespEctve oxidationistatgnabM aib XpADIS B IYRRIE ARGEHVREENI ent | v

ol ymor i PR ap) & SfieRiaf tofle RERFaRL o A ARBPRASEPERIRE D 1 o

exanple, alumnumtrichloride, boron trifluoride or conplexes of boron
trifluoride with water, al cohols such _as ethanol, propanol or butanol,
car boxyl i c03@) ds er cansequanceuelh mese etriggenh @ad sdanyiding perfopnapsonpde. For

exanpl e the net hads,di scl osed b .S, _Pat en , &8 ary. 4. Pat ent
No. 3, 382,%f°%’57"§’é YS%%%H?'@Fﬁt%yH‘LPsf‘ecéﬁﬁ%r"élutshw”ae%‘e“?’&%eé@rf"gt'ffgn‘g’SOf PAO
synt hesi s @ardfredndgd Bilk edf @leh@y 88 Mbdern RRlepOtS dNGS. engined RitpR4(ing

3,769, 363; 3,876,728; 4,239, 930; 4, 367,352; 4,413,156; 4,434, 408;

4, 910, 355:0ils, tog@rfim betiet, So0BBEaBPeriofs et uréerhape pevcRe 6ppdiianeaf by
reference. The dinmers, of the 4 t0.C18 ol efi I rib i S.

Pat ent No.!CHPI#FIrgid POsz%TefumWé‘&ﬁR/é‘mﬁsoﬁaﬁaﬂﬁs@‘ggfbo‘g@%%tc?ﬂ%efﬂ%‘g% or nore
of a m xt ypgi@kinBas® speoiFicafondefariadady CBﬁEﬂQeonrclﬁi_%ﬁﬁca%ﬁst@r Ldigget ds ( GTL)
materials. GIL base oil conprise base stock(s) obtained froma GIL process
vi a one ordubmixastssgit head $CHmmdi prssénger car bsicantsdGloa anddaF angenent |,

and/ or degr.adation deconstructive process. ft asequs. carbon _confai ni ng
compounds CTRTIER e JAIES IPRE AFLEESR Pt RS AP RE oo fih g ah thé

Fi scher - ThasRGRts( FTncpotlt hesdrforRiREE SesRENR npros¥dt fieFictofdny CORPY | sing a
m xture of H2 and COis catalytically converted to |ower boiling materials
by hydr oi sedvecd sahigst eariskions teowging gystahs g.ogesdinesengamcsyistasas afdr
exanple, in US Pat. Nos. 5,348,982 and 5.674,.and suitabl.e catal ysts
Th s patesehBiel sheins Saasme R0 e, firieh i S dostpaF RPalth o B
reference e amdbhiof dvatll 5 CLo®RsEmSt ock(s) are characterized typically as
havi ng ki nematic viscosities at  100C of fromabout 2 cSt to about 50 cSt,
preferably fromabout 3 ¢St to about 50 cSt, nore preferably fromabout 3.5
cSt to abouyf. 3 otz k and/or other hydrodewaxed, or
hydr oi sombSEdH! OF LHEJIDNYENIIQR 0d wax derived base stock(s) used
typically in the present invention have kinematic viscosities in the range
of about §21]cThe peesgncBveniiorisediatiigd kbadebrragigg aibedbbiimgimpsevedor e
preferably about 4.5.¢St to 6.5 ¢ t 100C..Reference herein to kjnematic
U1 Scos ¢ yTHEraE 1P 5 i hen et halee SO MRURR P RA0 B0 PG, base
stocks angdr @sfeal Ibasd@ll %64 h o EVe AasensboekalyM sitisadarte UpRd as base
st ock conponents of this invention are further characterized typically as
havi ng pouoatalytic rinsioafdaalsocempB a) ah @hkectivprmiosntbhy caboore oil 6Gluble | ower ,
nore preferably about -15C or |ower, still .rmreopref er abl E}bglut.-ZOC or

| ower, anBORE Y@ABOWERHIG CORPORRYS KVEINRE 44 GE UL CpBIFtAH AaNINg of about
-25C or lower, with useful pour points of about -30C to about -40C or

|l ower. In the present invention, however, the GIL base stock(s) used
generally are those having pour points of about -30C or higher, preferably
about -25C or higher, nore preferably about -20C or higher. References
herein to pour point refer to neasurenent nade by ASTM D97 and sim | ar
automat ed versions. 10361 The GIL base stock(s) derived from GIL

materi als, especially hydrodewaxed or hydroi soneri zed/cat (or sol vent)
dewaxed synthetic wax, especially F-T material derived base stock(s) are

o o o . e ~ N o e




[037] In addition, the GIL base stock(s) are typically highly paraffinic
(>90% saturates), and may contain m xtures of nonocycl oparaffins and

mul ticycl oparaffins in conmbination with non-cyclic isoparaffins. The ratio
of the nap@bQﬁB%%w@[.e., cycl oparaffin) content in suchcgoshignadgions vari es
with the catalyst and tenperature used. Further, GIL base stocks and base
oils typically have very | ow sul fur anq nitrogen content, generally

contai ning | ess than about 10 ppm and Rﬁre typically less than about 5 ppm
of each of these elenments. The sul fur and nitrogen content of GIL base

t ock bt ai ned by the. hydr oi i zat i on/i ing. of F-T material,
espect al 1 yrore i s SSudieno s op? thE i BRR YR S ek, BBHE et
the GTL baé%ﬁ%?@&(ﬁéncfé@”@f53_%6&a%r@ftflii?&@or@trﬁbf@hﬁohﬂaﬁ) 6869t Fhore

pr edom nant non-cyclic 1soparaffins and only m nor anmounts of

cycl opar af polydentdleeEgan@EL iihasre or outesnionpandlony aompre Sgamlss &Ff ivii ¢
materi al s that cogsi sg ,?g %&? ter than qﬁg wtgonon-c%/cl i(f- i ngar affins,

pr ef er abl y¥wEsehereab n 8o Mgals ABHSClSALd FOMIBp SFaUR Fosisting oL Uanahigp )
greater th 5.1 % NoBq C i &, 1390 : | ; d r 4g eater
Than 50wt DK R S TP o Pl

conposi ti oelemefB9]2 tivaghil80c amp asikturenthenfof Gllbemsen sndiok (igdndadeesrmti t ed i n
U.S. Patent Nos. 6,080, 301; 6,090, 939, and 6, 165, 949 for .exa(?rﬁjl ef\ whi ch are
herein i ncbvebbrendsa thy melky dicEve, decpanposgoifo§alsy PHEMSFZaH of WDEnt i on,
m xtures o S J. X f ot S S LXtures
t her eof , pé%lg ig’lr%g“bll 3%%%%}%@ O§W@aseh§¥‘§%@§?’ S’F’ﬁ%’fﬁéé Qggga‘ri]’sr c{)Fbrrponent
in the m xinglyddoasmbieniguljieabetidoartantité, ftkivphosphiates dithincarhaomes o ng
techni que, can constitute all or part of the base oi] . 1041] Thecﬁglr eferred

base stockdithipphnspbatsi prd guhen, dbe rpefalscate capRsT dhe Lgaidols PPbACEEKyY f eeds
are charac i zed I 1 Yii 0.0 ot .and are
further ch%cr%gdcnt%ger'i g’i%@‘gﬁbﬁgeﬁﬁggﬁ% E%Eé{'% u(}li;?(ggﬁﬁeﬁéfrg?&maﬁntg_ ni llgul fur,

| ow- t 0- ni | compdud@eNthel canalytie Atiosidane tdoamprisardfeatiec exmamts af by onaber - whi t e
incolor. [42] A preferred GIL base stock is one conpri sc;hng paraffinic
hydr ocar barosorbetiatrdsNi N'-difrrho-phendgrehamyre qompunih gl A9NGea8INed by t he

per cent age .of thyl hy (BD, he. or axim.d YQf chiypg, as
measur ed gvn?%ggp%%gg{r}tcgé@%%ﬂa%e?&erli ngngrlrﬁﬁho&l gﬁe%é%r%)gn% V\E(IE}Ch Igrae four or
nore car b?@fd’&ﬂ%ﬁ%dﬁrﬁ@m, @ e @R thde Quisstidlited Ny hdi SiHD-phehylenadiansineh t hat :
(a) BI-0.5(CH2 > 4) >15; and (b) BI+0.85 (CH2> 4) <45 as neasured over said
base st ockomyopgfls Tard porst eptr gaoreT hinstesed sphsaR! ceempeundsr @Fferused in
characterized,. i.f necessary, havi r '

hydr ocar bS® fjm?%té(? ‘f’ﬁﬁr‘?nﬁﬁ){ m%oggwoﬂiastopugygeehgﬁﬁneﬁﬂﬁg%g&%%ﬁﬁgﬁgw%g%s t han 20
wppm sul fur contai ni ng conpounds, a pour point of |ess than -18C,
preferably less than -30C, a preferred Bl > 25 .4 and (CH2 > 4) <22.5. They
have a norPZ2ll “Belyngigl potrgenemeBiic, wymppradage 1158)S aversagemetalli¢ t han 10

hexyl or | onger branches per arbon. at o n re than
16 met hyl BFRRUREE AN Pr@%nﬁ%&lﬁ%ﬁ%g{(@}ép Oer;r@p l%(é:sog@éﬁxﬁ{ga%ﬁoa&gc%é?‘i)zed by
a conbi natgrqRe 94meVp@iFferevt Sk dtyms 2 PréfRasbily, atle Polyh&ahbrgaftOfaetailicl

ki nematic viscosity, as neasured at 100C represented by the formula: DV (at

-400) < 280mppHwdatontamchetwer0C0w/o and fouriroqigh atophse  JihefrepqtinvdtyGri_amase o |
is also characterized as canpti si a.mxture of br d ffins

char act er B2 F’ﬁﬁl ifgfnﬁe}% M b??pfﬁﬁt%%g?elogﬁ SuELo gﬁgﬁ & g%%? mgé]a/% of a

m xture ofobfanaipdeRanaty iafGundiRr flethl S@heér PrEmebefcoay afifl idfkechiige
paraffins having a carbon chain | ength of about C20 to about C40, a

mol ecul ar eass whh wdficlaBoumerdentsr apwaffegahe oxidationistaje changs nscewpout 650F
to about %OSOF, ang wher ei.n sa%%ﬂg{ﬁnched ;Aar af fi nsy cont%i n up to four

al kyl br ah@HELaEHE dGHEPRIFIPTHE EARBYHYY RERKO519°E°E “Br anched par af fi ns
is at |east about 3. [45] In the above the Branching Index (Bl), Branching
Proximty (CH2 > 4), and Free Carbon Index (FCl) are determ ned as foll ows:
Br anchi ng[023dekn afotbir 2Ap8&9 t1g8invertidn K divdcted ora NivFhahisstimprovisg digt ai ned on
a Bruker 360 MHz A Sﬁ%c_trorret er usi n% 10% sol u%i ons ilnd CD§13. TMS is the
i nt ernal EITEANCEI Ok hd f YDFigRERG nRis tocridation) ¢Bft deRrLisIudese RO ed at
7.28. Al spectra are obtained under quantitative conditions using 90
degree pulse (10.9 pis), a pulse delay tine of 30 s, which is at |least five
times the | ongest hydrogen spin-lattice relaxation time (Tl), and 120 scans
to ensure good signal-to-noise ratios.



[47] H atomtypes are defined according to the follow ng regions: 9.2-6.2
ppm hydrogens on aromatic rings; 6.2-4.0 ppm hydrogens on ol efinic carbon
atons; 4.0-2.1 ppm benzylic hydrogens at the a-position to aromatic rings;
2.1-1.4 p @hitpi ¢ CH met hine hydrogens; 1.4-1.05 ppfyRai@dbsei c CH2
met hyl ene hydrogens; 1.05-0.5 ppm paraffinic CH3 nethyl hydrogens. - 20 -
[ 0481 The branching index (Bl) is calcqlated as the ratio in percent of
nonbenzylic nmethyl hydrogens in the rdndé of 0.5 to 1.05 ppm to the total
nonbenzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm Branching

D1 Stor | onRErEREMARNE It (8 MhsTalE 21 o ShEEGs BihoRERE RBic i o are

obt ai ned opyxRIaRUCKR cé’t@grti@\gnftﬂo%ﬂ%ssﬂﬁﬁﬁrﬁs@nﬁteﬁf efM&itG AHAYMUWroHns in
CDCL3. TMS is the internal chem cal shift reference. CDCL3 sol vent gives a

triplet |ocatredilatolitle3®lyppatal nrgdnentdtlis weutpounds dbhtamimgywo pulmerespect r a
are obtai ned Lfnger, quant i bati ve conditions gsi n&\?45 degree pul,ses (6.3 ts),
a pul se defjals hpRingmerg than gRe oxidalion state, 3heVer fhg Lroyne stale, Saild RGBS, car bon
spin-latti i i 3 S8 r.gkaxats t he
sanpl e, 20gagggdr@@%*ﬁsl)tgpgg%ggé)sssoi%ér?\%f?\? g{ ?oi se #gi(?gsa?@ﬁahm%%rw

prot on decomopt polyded@dligditds; Giadmaiot ypes afildds aBHncaosrdmGH Hgandsdent i fi ed
fromthe 135 DEPT 13C NWR eﬁgeri ment. A ngj OJ CH2 F]esonance in.all 13C NWR
spectra at "W-mpgures hereof.s dhe megalsqrrevsalented e the R5oRR (9pprisHBe ©fr bons

whi ch are erhkﬁ%&{ n{E'Pefl%lérﬁ@ﬂ‘é%e@@gg:%b,E‘e@cﬁl@'irlngHicQEl, QL%H%Q%@%r& fi). The

types of branches are determn primarily on’'t chem cal shifts
for the neddlernentbda thdbugh@0card mifixtuies thereof. hThe ahlva arel/dwyligane daesbon one
removed fromthe nethyl on the branch. [051] Free Carbon Index (FCl). The
FCl is exprdsel repdemthe nefalscinpeivris despiappss o saiss odymasrizationeinther ~ of

carbons | My 30 APPALARLIRIING! chSoliRea" PRl hs twikyCARPORRIY OlFe2

t er m nal on an carbons wa roma side chal n. unting e term nal
met hyl or fmobbdbnaay thenigaad iona thidearbaatavgnisiophodphatel-Glthicarbaheaitd, iokt h or

g{ :ﬁgﬁr ?%Fﬁgﬁhgsfaﬁa{?e eelir}dhe“r/he% St}txer arlngtglts grhealcgp;ge?,r rphc? alligarrrl‘?it ?sy Ino(t:)racfetrycl)m 2
acetonate. In addition to the one or more oil soluble polymetal organometallic
compounds, the catalytic antioxidants comprise 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
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



met hane carbon. These carbons appear between 29.9 ppmand 29.6 ppmin the
carbon-13 spectrum They are neasured as follows: a. calculate the average
carbon nunber of the nolecules in the sanple which is acconplished with
suf fici entw@esyioaew for lubricating oil materials by spampbszomdiovisis ng t he
nmol ecul ar wei ght of the sanple oil by 14 (the fornula weight of CH2); b.
divide the total carbon-13 integral a[?g_(chart di visions or area counts)
by the average carbon nunmber fromstep a. to obtain the integral area per
carbon in the sanple; c. neasure the area between 29.9 ppmand 29.6 ppmin
the sanple; and d. .divi.de by the integr r per g b. to
obta n Focoriigasiof Balibie MrhiedenPuf e trBh SoRBLIFRRE A Rrab R
Fourier Trangfeugh MYRIGRaRS 72BN 80PRAE afiRkkys thbf@fmeasurements are
performed using a spectroneter having a nagnet of 7.0T or greater. In all
cases, after verification by Mass Spectronetry, UV or an NVR survey that

ti b t,..th t .. width s, i m . t
St urat oo Dasbome @hosn aa/ob iR 8BFE el s oM Rt dET e S bRl
Sol utions defco&ébgéop@mewgngﬁgdtﬁhtoﬂtHe oBlyREhI0srFRAIMURIIR eorRpderl. by 45

degrees pul ses fol |l owed sec acquisition tine. In order to mnimze
non- uni f orforthetreosd, whedatha mdtale ape otodybdtevm phechigansksisgwtt deioedrbamatiei ng a 10

sec del a rior to the excitation pul.se and on durjng acqui sition. Total
exper | ot BOPRRP RGP h A CE O PRSP ilE Beb P A APPeLLS B os v o
carried OLEOHB&?QBQ'Ii"Ig_Qn& @s bt %E&&Pé@et&%ﬁ@f iTAtddAfPontd hdTbR@br d8deadil Ons

described in the Varian or Bruker operating manuals. [053] DEPT is
Di st orti osbkibde Epblynoeate ndrghyorRethlic zampounis,anidercatdDART aitascidaits show

guat ernari es. The PT 45 seguen gi ves a signal for all rbons bonded to
protons. [BEFPISH %fEEEﬁRHecP{“eHPBoHﬁBnP?‘? %Eﬁ‘lergefélb%%\;\?aah E‘d“ %Up and
CH2 180 d ifore-hjRdered AiHeAGNESmps RN Test .
It all ovvs%gle ggﬁéﬁg{et% %@ﬁ*pgbfﬁgﬁrmorgnd CI-rI§ g%he up, tﬁen ’

quat er nar iogsa eordbigkfiomio€ bdtiwih) afiti €c)s digquembemtian evits aff lehstionetadditiomakr y

branch net hyl shoul d hayve a correspondi ng CH and } he thy are clearly

i dentifi e(‘}’aé?/”%'heﬁ\ Bsﬂregeﬁrlefjterﬁh‘éf"ﬁ’r‘f&éé?“eTWe”W%ﬁEmtﬁﬁggr]gpgf'ldf"éﬁl'?)‘f each
sanpl e ar i: - usi j i | ati ons
that the EhEPYER AR ontnckidl Gha e flrd RRABTEHIER POl GR 6 oy

n- par af f i asorer oitysblaphr gidlymstal whigahormepllize qongsemids i and hat dedst samgpl es i n
varyi ng ampunts. The _cgcl oparaffins, content is neasured using Field

| oni zat i oAdjHeRalgBREFIabatedised (e eampinatiops dhe@tleashere addjhrualdpaiedsl | ow or
zero sulf h t r &k S m;]g; n r L. nal
equi pnent wrrgﬁg gg?@?@r g&g?ﬁf?‘géljlcﬁ oerrsrslurﬂsgt‘grsg&tng g}ra\oégulc P gﬁh?gﬁgggjoi | s of
ever i ncr edditingd, Viricedu apedisiets, anestidisdnal pindispiiant) poangosit] depressatttent to
nmeet ever increasingly restrictive environnental regulations. Such oils,
known as FORPSSAPINRILIters, \iil-fpaming afentsh antisest saddidées, garmerypilg iyeal

t hensel ve ' - » f or LNt phor us
content. g%rghﬁgkfi [@ng %vasgg%i&)égé glag'e %Ii%fé;rg%lghhﬁes %lgﬁﬁh%lgéré%?@mngﬁﬁgddi tives.
Even if té@npeldidsi wennin astdiveb esvé naddidfedr | metdeafonisyul dhieogatabiicai n

sul fur and/ or phosphorus the resulting formulated lubricating oils will be
| ower or qirgwxggqng &if | tBe pgeseatinyaionoane i lizedt imtheopbsened ofArainetheysi ng
conventio 1.n i Ks- 3 r t jls for
vehi cl e eﬁ’g%%r{e% ﬁ@%gg%%$§§ﬁ%§?€@d gﬂ%%glg%%bgl\gsﬁ @E%egagi({%%ﬁon\?\ngﬁﬁfchave a
sul fur coggmepéurs @o7 net Yufderkesniodl eindra@blligald 6 diwpYacemehe SactiBiise

prefer ablel 0.5 wt%or l|less, nost preferably 0.4 wt% or |ess, an ash content
of 1.2 w@xehangssscachios) evaisihy alteg thevcomposion mpdeorpsabditabp teda w % or

| ess, and_a phosphorus. cont ent. .. 18% Qr .. pref.erab 0.1 % or

| ess, mor &'} _roe _Z,ir 5%qdér’8g0@1em %%theﬁ(?'é’gs?g (r)?og%tg@?'ecf Q‘F%W Ol.Tégt \kﬁ’%\i%r | ess,
and in cegrighal dnichsLaHdRss 1i @UMRR WHieh @oatdt Xit OvitHin Whde 86rdirRidn spherddf- [ 56]
Base stocks, derived fromwaxy feeds, which are also suitable for use in

t hi s i nveheiroeialsaare patrmgplaced pattiallyder sotallyidyi ether mgions sandgort hgatelsi ved from
hydr odewaxed r droi soner.i zed/ catal yti.cal |y, (or sol vent) dewaxed waxy
fvedet cceuigh i Wik P ooraigRtng narare oF R EHISbeFBIE o S LR al

source origin, e.g., feedstocks such as one or nore of gas oils, slack wax,
waxy fuels hydrocracker bottoms, hydrocarbon raffinates, natural waxes,

hyrocrackates, thermal crackates, foots oil, wax fromcoal |iquefaction or
fromshale oil, or other suitable mneral oil, non-mneral oil,
non- petrol eum or natural source derived waxy materials, |inear or branched

hydr ocar byl conpounds with carbon nunber of about 20 or greater, preferably
about 30 or greater, and m xtures of such isonerate/isodewaxate base stocks
and base oils.



[57] Slack wax is the wax recovered from any waxy hydrocarbon oil including
synthetic oil such as F-T waxy oil or petroleumoils by solvent or
autorefrigerative dewaxi ng. Sol vent dewaxi ng enpl oys chilled sol vent such

as net hyl wbhydoketpne (MEK), nethyl isobutyl ketone (pdBBw0soxdisir es of
MEKIJM BK, m xtures of MEK and tol uene, while autorefrigerative dewaxing

enpl oys pressurized, liquefied | ow boi_Iliﬁr_\g hydr ocar bons such as propane or
but ane. Sl ack wax(es) secured from synthetic waxy oils such as F-T waxy oil
wi |l usually have zero or nil sulfur and/or nitrogen containing conpound

content. S Kk X CUf € rom.petr.o i) s, ont.ai n fur and
nitrogen c%’ﬁqzﬂeﬁﬁ ﬁ%lgg%trggﬂ d’é’gergﬁfgﬁv@eEhgr%)iﬁ&mgg%%p%%}é@%r}ﬂstﬁe &éwém)ved by
hydr ot r eat bib@tal andhaic Moe @aE askddiibh std® dkveethaN@baBndtate to another _
hydr odesul fiirization (HDS) andwrrg/dr odeni trogenation (HDN) so as to avoid

subsequent O detsemptaty dewetthe@roword ghte teadényng diesenmepoural ingffectavahyst . [ 58]

F | at ed | ubr.i t i.ti i \ f b t.ock
base o | - aAIANS | BRIEHE BOPH S mancamnmngs vahits g, TRESHEHE ook |
a - 24 - dRbRPositiohl themseed ubhaaeh acsbMPbSLi6H UdE,, SpHRER Gdufubigeted to a

single processing scheme and neeting a particular specification. Base oils
conpri se atlsd exdudadniosdfases sucbodompihvadpase roult afenelt deedragsosithen cajsor
conmponent of .the |lubricating oil ¢ osition and typically is present in an
amount rangi ﬁﬂ‘cﬁ%rﬁsat% y%‘g W‘.O%q%ﬁ SaEBhtra‘@ﬁr vﬁ?‘cgfé)n e@sg.e?'/g-fr “8but 85
WE. % t o ab@hivRB dik to Yhe BaSEe MtetddBoh AF @ ymhgm-tpfhén dihon.
Catal yti c Hydroperoxi dee Decon%osgrs/ ,%\nti oxei dants ] 059?“?&%%%*%ati ng
base oil| afr pidve spbsttt weatvent i on al so conprises an effective anount of
catal ytic antioxidants. The catal ytic antioxidants conprise an effective
anount of a) one or nore oil soluble polynetal organonetallic conpounds;
and, effeqgjveipmounts of b) one or nore substituted N,

N -di aryl -ophenyl enedi am ne conpounds or c) one or nore hindered phenol
conpounds;[02f] dhe dutmicaaingarnl forminddtionb of ankhnepd ahtioadpnef icheid lewhadi nent
the catalytjg.antjoxidants conprise effective amounts of a) one or_nore oil
sol ubl e p)éPE/rC]rEP’é‘Pd dP o8BSt A%l Olo R ¢ Oy, SFkeofIuisy ananpsdandut ed N,

N -di aryl zephem gaedh s - - e hi.pde phenol
Compounds e P AT BE el B Rl el <

consi st ediedlt campyessibnaignétidreenjine aiis ugdsobife apaknégritiondrginy bilsol ubl e
pol ynet al ogigl?nq ta(“f"lc ,gorrpounds; .and, effective anounts of b) one or
more substUrPTCedInendyibgilisey| ThpHebriqating draski Hb maynpe salestedr frem tee or nore
hi nder ed pheRol SRER tul o i.pat i f nd.c).. l.n a nost
pr ef erredgengodoinrrent,g%}ﬂlzaué%tl a(11§_t ?g@ﬁ [I%Oe)i(ei? aeﬁtrgﬂl%%ﬂs‘ig}% ’%ggglgﬁfioé{gl y of

ef f ect i vearmimixtisesaheradf boidingrin tiy lebeittipodilibbkingahiygeet al or ganonetal i c
conpounds, b) one or nore substituted N, N -diaryl -o-phenyl enedi am ne
conpounds and c) one or nore hindered phenol conpounds. "Consisting
essenti al Jog7pf Thd B kgt e r t] o] o} Ln _any.significant
anount of togt e];h ant i o&a:tlggn?éssg 0{192@" {-h% b%??/‘ﬂre?lzlle{?@%dﬁ%&@? arﬁ%il%]l &t al ytic
Hydr oper osyintheeticecitsTpod einsoWvdnitioxidahs of A68ticdtaly st ity gABANE iRlski C
conpounds ,&orrpr_i sing netals and anions and/or |igands have been found to be
cat al yt i COIEMAVERE yKHeMigraprasty it d09f&e nbesenge o th0GnSeguatesaldy ot her

per oxi de CATRe COIR artigul ar, polynetal organonetallic
conpoundspﬁ)ave wé’géref oung%g%‘ﬁgg@ go %%/énge%'rgi stic effect when used in the
presence of other peroxi de deconposer conpounds. The netals of the

pol ynet al organonetal | i c conpounds have nore than one oxidation state above

|
t he gr ourd828) Aadurakps infledrsanimel ofls) Yagstabie oifs (aastopeilyangtlatd oif,gfanonet al | i ¢

conmpound t he. ret ations,inacti.ve., That is he ani ons
and/ or I%égﬁgggdghﬁgﬂﬁ%%%dgpgfh@k%é?éwﬂgg{P irs TSR] &1 &“8H§ﬁ§3“?€on1one
oxi dat i oMBieal] @ilsharewiddy g5 etdisdadesdRcarel BaimMgi Abiwikikiahed above
the ground state. Additionally, the anions and/or |igands of the polynetal
or ganonetest Praftbispsankbidedis, mot misedsparpfiniersrphtatiion Qifs tédvatefiaim sal t s.
Nor are the anions and/or Ligands susceptihle to deconposition thereby
renderinﬁogﬁgshé?évgagﬂé§?h@g?ﬂFﬁ%ﬁT"%HB@PBP?Dmﬁng formul a generally
represents the polynetal organonetallic conpounds of the present invention
[ Mi(Ligand)]y whereMis the nmetal or netal cation; n is the oxidation

state; y is the nunber of netal cations in the conplex and is > 2; and
Ligand is the organic anionic and/or |igand noiety conplexing the netal.



- 26 - deconposer is selected fromthe group consisting of transition netal
el ements 21 through 30, excluding nickel, elenents 39 through 48, el enents
72 through 80, netals of the | anthani de series, netals of the actinide

seri es andygi¥olhes, t hereof . Preferably, the netal conpenestbosicessie! ect ed
fromthe group consisting of transition netal elenments 21 through 30,

excl udi ng nickel, elenments 39 through_4§L el emrents 72 though 80 and

m xtures thereof. Mre preferably, the nmetal conponent is selected fromthe
group consisting of transition nmetal elenments 21 through 30, excluding

ni ckel, elenments 39 though 48, elenents 72 through 80 and m xtures thereof.
Still nmore preferably the netal conponent is selected fromthe group

consi st ngg&b#Sy’f’rﬁﬁéﬂd 8ils Riwde By @BBAbEN %nstafaqvghaé%aomgutwaﬂmmbwel ,

el ements 39 through 48 excludi ng nol ybdenum el enents 72 through 80 and

m xtures t Semtbetic offvean hoderiped frormaprogesseb sueteaschapigpbermbinatios éfasct ed
fromthe group consj sting.of nganese, cobalt, iron opper rom um and
zinc. [63]°€ lﬁ’eP%]Iy?eé%ﬁﬁ“B‘?’t gﬁ%‘%@“ﬁéﬁnoﬁ@%@{’isﬁté?q’ogﬂkglfﬁg% g‘f?'g%}éonground
state and &ttﬂ,g, FRLRNS éHQIs%dsls%gCbmrﬁehle\‘\,’_fuiﬁﬁlérhﬁm&elapls i$sOare QU t he

pol ynmetal or anorretafll I ¢ conpound do not interfere with the ability of the
met al s' orip {ial., syathebized)einfo owtariads constéing of largar, enabsompldyemglesulad st at e
to anot her oxj dation state above the ground state. 64] .In the practice of
the presentPSFiEsentyBRCtifAO o IIYHELS) y@?‘b“élﬁtb‘ﬁ’et"g?l?Ll?hc%?rr?]cﬁ)@ﬁaeri’éedeﬁﬁaoyed in
an effecti; r@g@ o [ u metallic
conpound il\s{l?en t t}%ﬁ’éﬁ"’n@m\ﬁ @39{% gﬁ?ﬁ’lﬁ%mgtg Plﬁ)g(%gzlaésrlﬁg’ B@Hq@%ﬁ%@gg‘g?gxi de,

but rat hercdpofehérsy ethgltencwiléfin abpblyasts, 380 eylenatadpitactffirhyordpmesyi de per
equi val ent _of netal or netal conplex, preferably at |east about 400

equi val ent@r6¥arﬁ9]ﬁ?-oper oxi de per equivalent of nmetal or netal conplex, nore
preferably at |east about 420 equival ents of hydroperoxi de per equival ent
of netal or netal conplex. Thus, the catal ytic antioxidant polynetal - 27
- or ganongi0ad] iRoldphpeleithsc DA D.) bhid istells iane aonehbmyt used aseymthetit ypi cal |y
an amount in the range of about 1 to 10 pm by i ght . based .on {he total
amount of Igsegasken oHasBYoweY ¢fr evasinip %&%og%ﬂ‘é@m?r(@}%h@@o (pn?nmﬂ;'le

pref er abl Yo, 380uh: AhiPes S0 RRThay 88hiitBa ! MePOlSY Paldths NRaRABBLALL 1 C
conpounds usSeful” In"the presen |nven1|on, the organi ¢ ani oni'¢ and/ or

| i gand noigeYy7,ceRhE X, 827,078 whitlahe ladiniecapotaerd hetdferehed.e. g., bi pyridyl)
or anionic (e.g., acac). To avoid either self-polynerization or

pol ymeri zation with/through other species in the oil, the |igands,

general ly, 0 i i I f r i Bty hihghapolarity
atons in tlﬂgﬂf Etlrtl]gtrﬁ]\c{)%aﬁq Jé}re 0 es‘,%%?éé:g%:a?i%@gégr%iﬁgﬁéég’%F%sa%l%Vﬁg, and
unstabl e genemilsi@d ghesdlysivalable o rgmapautanmerdisl soalke frotrhsapidiers

pol ymeri zation. [066] Such organic noiety include naterials derived from
sal i cyl i c sueh as ExuenMobil Chemyeplydempany. Kdieyret PREIpS Chamias! k@nséYar onat i ¢
acids, na heni [ . j tic 1 4SS, cGyCli naNC | b i C acids
and m xt u%% aﬁﬁe&@o : %r‘r%agb} t9 E@ ’J’s\égg+sq§i ggﬁdé&g{tegggg)t y aé?f%@;? éi

napht henaf esoeCyhanabesh FAGRIBELShe GRdeOKY vdcositieetp t&rHoat red tsgands are
pol ydentate Schiff base |igands which are the reaction products of

sal i cyl i c (HIENY dehedtwlOd iaseriypesallyPrafpriseddo fpelajieht bive msdduuldr voeight | | gands

i nclude N, N.-disalicylidene-1, 3-di am nopropane (Hz2Sal pn) ,and

N, 1\ 1 - di budraggnatad Relymers gr AHaostss Qgéﬁ(hﬂQ %msﬁyqﬂpb g%fﬂﬂ%%» ‘Bup gz BAt | i gands
bei ng they. r rr htr, f = n

phosphor ué’%%tgttg)f (rzlilfzﬁtg #aén%dé ,a%%‘ﬁ@%"é‘r"gﬁgﬁg%&s ;’{0, é’[{loiu% r(%ﬁgmh,aogrﬁ "dxygen and
ni t r ogen- eq¢l ak ni-odgtehe,ganiteens. §-dodecgner anld s, likd)i gihg nEsfertddi oRtes,

car banmat es, phosphates, thiocarbamates, thiophosphates, dithiocarbanates,

di t hi ophoBpsterred pelyaiphaolsfigs gre epelyslosigngs graly- Ipdacsiet ahd oPginbret al | i c
conpounds oVvi I i . iR f It ility to
change f rgﬁéeocﬁréggg? E}Q? tlug%t ts%tezra%; gg%blg&? @é{l}} géﬁge&s? %IS' él‘g{f@l&ar}% %V%?’oxi dation
state aboug differgoOhithes oddfens int theSrangs 68 €34 Yo haayhise peddyteepralvide
organonetal I'i ¢ conpound not be polynerized, but - 28 - remain as

i ndi vi dualowovisensitesbaspiogkerafz aceeptabdy losv tvphatdidy| y Rancodimgepadthsi t h

mat eri al s such as the nol ybdenum dit hi ocarbamates reported in the
literature as antiwear agents prevents the material fromfunctioning as a
catal yti c anti oxi dant/ hydr oper oxi de deconposer because through

pol yneri zation the nmetal orbitals are satisfied in their quest for

el ectrons and becone stabilized, thus losing the ability to shift from one
oxi dation state above the ground state to anot her oxidation state above the
ground state, which has been found necessary for a polynetal organo

metal lic conpound to function as a catal yst hydroperoxi de deconposer. In

o o . o o T



- 29 - [Mill(SALPN) (AcAc)] in acetonitrile with no effort to exclude water
or 02. Hydrogen peroxide (50% aqueous, 1.2 equiv) is added to the sol ution.
The solution turns a blood red and platelike crystals form The solution is

subsequent {yy, 5eA,88,1 0 -10C and suction filtered yiel dppgydR8deiéis

[ Mhi v(SALPN) (0)] 2. [68] Preferred polymetal organonetallic conpounds
include [Mnlll (2- OHsalpn)]2, [MIIlI( 50I—|sa|pn)]2 I,

[MAL ] (5-C1-2-0Hsal pn)]2, [MIII](5- 2- OH sal pn)]2 [ Ml V(sal pn) (2-0)h,
[ Ml V(5-C -sal pn)( p-0)]12, [MIV(5- 0OCH3- salpn)(A—O)]2 [I\/hI V(5

NOZsaIpn I A- [ Ma | 1 Li
2-NOMNI |1 s Scaﬁ%]gé‘ﬁ’& o |‘%‘b&2%’%[‘&5°|\{h}38ﬁ§ﬁ hif ‘Aé’ "E‘ﬁ?’g ‘%%‘8?\’%3&“%-‘/3
[ Ml V(sal P drsQirdretrahiRed };f teSetaht olpf'ﬁsr y\LmQ nl?hspxhl%nﬁey SMingenighéral ytic
Hydr oper oxi de Deconposer s/ Anti oxi d
- di aryl - oligdraens| banang arvinmsnﬁramgcaifalilta b2 a?ttl oxi dants al so used
accordi ng to the invention, preferably those N,
-di aryl - o- phenyl enedi am nes havi ng Fornul a | WO

2009/ 02577 / 'igt/ﬁ%@gx% HRELRhaj @COHVSHQ%H&}IF%@[)}N“IC Polgmerbzatxon of an

-diaryl - enedi am ne nt| ox1 dant range out 200 to about
600 pref eal@hhq&eﬁn am mqut:sea% mﬁ)aqmbymeﬁfmlon[ CGatallystSsndhabl ehe dirpdehds  of

Formula | include |-al- g [ 71] Preferably,_ |s CI to Oalkyl
most pr ef e?‘éﬁﬂsycat%!bi“éllwp %b o eeprRRlend HBYRYD, trig . Rogomnotsiffuoride

| SO-propyl o (FbrP;HE)\(és of 5o Hitlhori € WithAWAe¥t, a%o%%u\éh asce?l%%m ;ﬁ'Bbéﬁ/ola met hyl

or iso-prop
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.

For example the methods disclosed by U.S. Patent No. 4,149,178 or U.S. Patent
No. 3,382,291 may be conveniently used herein. Other descriptions of PAO
synthesis are found in the following U.S. Patents Nos. 3,742,082; 3,769,363;
3,876,720; 4,239,930; 4,367,352; 4,413,156; 4,434,408; 4,910,355; 4,956,122,
and 5,068,487, which are herein incorporated by reference. The dimers of the
Cy4 to C,g olefins are described in U.S. Patent No. 4,218,330.

[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.



[72] In a separate preferred enbodinent, R is a nethyl and R2, R3 and R4
are independently H or nethyl. [73] Unsubstituted N,

N -di aryl - o- phenyl enedi am nes, preferably N, N -

di phenyl - ogghgiyhengdi am ne (conpound of Formula |, wWheeguRodddodds- - -
R4d=H), are also effective antioxidants. [74] Preferably, the substituted
N, N -diaryl -o-phenyl enedi am ne antioxigant is an isopropyl substituted N,
N -di aryl - o- phenyl enedi am ne ant i oxi dan , hore preferably a t-butyl
substituted N, N -diaryl -o-phenyl enedi am ne anti oxidant, still nore

f bl I bstituted N, N -di | - 0-. I di am .
AR Y GRS LI TR TR R L S
that steri Gisbgéﬁﬂééﬁcl%gpt%\fsfr&ﬂ abBROF LYo 4b8LESH @%?ﬁ‘et@(&%%ﬁbﬁ%&t@b' lity

to conbat - - oxidative properties in oils. le so steric hindrance
al l ows forc8t fratan Y0ockte ntongiretbratdy dromxabdat B\vec$tashi azdut ZocStnidle steric

Subst tut o Tk B AL o e A er TP DORASI ALgpir SORBPDn an
A A A e S O S b P S

than 0.1 vkiemalid 6fiscobitiesrin ahe eargepsft #bous Olfst tot 2adSt, preferably about 4

N -di aryl - phenyl enedi am ne conpounds are al so effective catalytic
ant i oxi dant¥. tojabaref et pruRPrelesbly pbout 45 8P 0IgeR & tat 100°C. Reference

Deconpos erﬁérgl:ﬁt {oO%h ARk vikzczjigqﬁg@f?%e{oﬁ% rrg&@trﬁ% eﬁ?%%qgﬁA%ﬁM%étﬂo sed as

catal ytic antioxi dants accor resent 1 nventi’on ese phenolic
ant i oxi danbg4smy be ashl ess (netal -free) phenolic conpounds or neutral or
basic netal salts of certain phenolic conmpounds, Typical phenolic

ant i oxi dant conpounds are the hindered phenolics which are the ones that

Gor vat 1 vaR gk Gt e ORDUEl S B B et B T R SR G BB ar e 1

the o- or bz ug@shs ibase btockawmpsineats. ofl i davenpidoangki furde ichxiadRpized i ncl ude
the hindered phenols substituted with C6+ al kyl groups and the alkylene
coupl ed ddvpigally eeBayng pRBSROIRIRfcaboyt piEnylleWempanisrabdy aboyshéAd? pe

mat eri al s ,Qf is t -t -butyl-4--heptyl p ol : 2-t-b |,- 4- 0ctyd phenol ;
2t “out yt Sgh b R Redat B G S M i ey oboti 220

2, 6-di -t brYibwér,daste eylierdb@ne! conditioek hthy Grabve idh¥htage ARPHYIr pHiBROLF and
2-met hyl-6-tbutyl-4-dodecyl phenol. O her useful hindered nono-phenolic

ant i oxi dafbsutmely “¢ il lawer, fwith egelih Peunpeidisr orbpus -l °Catokghoup k6! pr

proprioni e rivatives. .Bis-phenalic i, oxi dan may, al so .be
advant ageg%‘g% {?stg‘g RrECo IBieREP Pb}ﬁ(_g)W‘feﬁ’ the @@E-baf?ngof’%@ Hﬁ%/d ?W@Ehlgi on.
Exanpl es afe tobdBaciap poeepoinenet shducdosdeor RgRer; Praférdbly about -25°C or
heptyl-6-t-butyl -phenol); 2,2'-bis(4-octyl-6-t- but yl - phenol ); and

2, 2' - bi s( highgsdaeselpwsiarablytapouph&(iél 9r. hipher. eRelstenses porsin ke pourcpaioe

para- COUplre er R)I %QQS%?QAlgnthnqg engy !ifg"l%fl@’} Anﬁqmalr gutomated 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



wherein R5 is an Hor OH group and R6 is C1 - C8 al kyl group, preferably C4
al kyl group. [78] Exanples of para-coupled bisphenols include

4,4 -bis(2,6-di-t-butyl phenol) and 4, 4'-nethyl ene-bis(2,6-di-t-butyl

phenol ) . Mypeej@belably, the para-coupled bisphenol i $cruszo08/00081s

4, 4" -met hyl ene-bi s(2,6-di-t-butyl phenol). [79] H ndered phenol conpounds
may be used in an anount of about 0.00L.to 1.0 w % based on the total
amount of lubricant base oil, preferably about 0.01 to 0.5 wt% nore
preferably 0.05 to less than 0.1 wt% 1080] O her conponents, including

be. advant adeaUEy e HRR £ AR dnisonant &0 oF HRnET] RRERGR Rebinese” °"

stocks i ncliydesiRolrkPRaG! @f W T HemBa 522 0 @MY HIREQEGHKES) Vg a
hi gh-viscosity oils, dibasic acid esters, polyol esters, other hydrocarbon

oi I s such kmentatisevistmsity ed at least ghsuttocSi aul (¥ Cr y1pka tvisctlosioy dogdex of at

suppl enent ar dr rbyl. aromptics and the like. - 33 - as set forth in
Tabl e 1, i%ag'f%%& ??/@p %g%&ﬁ?s?]&%ri cant conpositions, such as for
exanpl e pol ar and/ or non-pol ar |ubricant base oils, and performance

addi tives such as for exanple, but not limted to, supplenentary oxidation
i nhi bi t or s[0&fi} cln aiditiowtthe (ERE dave stople(sp xicdy pitatigripgbler saraffimial(+908 and
nonmetal | ic dispersants, metallic and ngn-net aw c detergents, corrosion

and rust ifHBISErAd iy, coiauL Myl of menqeygioperaifjanead (multieyrioc and
non- et al | 4 o] = L NG A8 : ru T - ai ni ng
and non- sulTaTRE) 50 WM ERc i Hof g s HRERIAR CoThe il af Bt

non- met al I naphthehas phoy egelopatadfimi ogntamdim evelphosibhutioss wilel Uvite qRé ai ni ng
and non- sul fl.]II‘ types), anti-seizure agents, pour point depressants, wax

ypes) : |
modi fi er s, CalAlg s@ditcmperityredised. Sughers §nldabnss stpeks angbbase oilsitypicaldn
nodi fi ers, oy’ | -.Stalni nro hari c ,agents,
def oanant sh,alvgteuﬁbf ‘s(%‘%{isgggflgg%gﬂﬁéﬁgr so?"t#—lo’rge e{]%rgag& g%“%? gnr%n}r%gs @}?ﬁrﬁ?ﬂ% used
addi ti ves 19eppik| andmnorientypically degst thaandoleb agpedl IPreadh aifthedéeélea@nishen e,
Deerfield _Beach, FL; |SBN 0-89573-177-0, which al so gi ves a good di scussion
of a nunbdmeofulipe dndhmitsegan Leatant velk GiEht baste stask(OwobRistedr dwcehd s al so

made " Lubgi j L . e i shed es Dat a
Cor por at i gkgf?f;g Par Eraf“'&ég?"wx gl\é%&l%gn%‘mcgﬁaé? aeggecll:#%\d itiVEE 1§82
I nt er nal essehtislly ail. engi ne lubricating oils require the presence of

antiwear and/or extrene pressure (EP) additives in order to provide
adequate antiwear protection for the engine. Increasingly specifications

f . | _ € ¢ : asi ng cifi o
by operti oLV EE RE[eTR B8Nt IhE G PE 1Rkt ona s e Bih s 1 of e
by reduci ngtdridlcthiavroasidt praAonHhaiBt 8f ndichslic idoPalarihd hed LARY midse Many

different types of antiwear additives, for several decades the principal
anti wear a@areisyel feclonsralifing) cosesEilén hasgi sieckisankiiaslly oidnspriss a net al

ohoson i SPHFRI R PR I BF U dpla FRLbobRLa e idimes, >
di al ky! di plefernblysgbatee HaADEW vt/ ZEERFAMPRY éi-%fiﬂ%[li%(ﬁrlk Ip¥efefadlPhrdafty for mul a

Zn[. SP( S)(0R7)8§0R80)]2 where R7 and R8 are Cl1-Cl18 al kyl groups, preferably
C2- C12 alfopn &rvitfpsnonrpydis sPrareffinsoapd mesy prefesablniggtatercthan 90owt%r anched.

The ZDDP j ' I [ t f f bout 0.4 to 1.4 wt% of th
ot al 1 ugtottHeGRetpltiShady SRR SR ot A28 MogRtdR: on bo used

advant ageously. [84] However;, it is found that the phosphorus fromthese
additives has a deleterious effect on the catalyst in catalytic converters
and al so [83%bXysséinl ewnpasitionsrofGTbrhabé sosk(sDae: wajted in b, B Pdtere Ndw. s ef f ect

istore ) | of wi t h . pho orus-free antiwear :
addi t i Veg’@&ﬁﬁ‘zﬁ)’r@()@‘%??‘%ﬂ}‘%&jﬂ%ﬂg%E%rsfﬁﬁg}pdgswliﬁgia{? DESIL S OMaEHchised as
ant i wear b@dd'fetrb,y@. Sulfiirized olefins are useful as antiwear and EP
additives. Sulfur-containing olefins can be prepared by sulfurization or
various organic materials including aliphatic, arylaliphatic or alicyclic
ol efini c hydrocarbons containing fromabout 3 to 30 carbon atons,
preferably 3-20 carbon atons. The ol efinic conpounds contain at |east one
non-aromati ¢ doubl e bond. Such conpounds are defined by the fornula



ROR1C----CRI I R12 where each of R9-Rl12 are independently hydrogen or a

hydr ocarbon radi cal. Preferred hydrocarbon radicals are al kyl or al kenyl
radicals. Any two of R9-R12 may be connected so as to forma cyclic ring.
Addi ti onalyhBf@fbstd on concerning sul furized ol efins apchtheisiogieparation
can be found 1n USP 4,941,984, incorporated by reference herein inits
entirety. - 35 - esters as lubricant ,additives is disclosed in U.S.
Patents 2,443, 264; 2,471,115; 2,526, 49'); and 2,591,577. Addition of

phosphor ot hi onyl disul fides as an antiwear, antioxidant, and EP additive is

di scl osed | , 7170, 854. e of .al kyl thi yl.: 0

(bi s(di but W‘Pr ﬁ%@&r%ﬁ%@"}v‘?‘ ‘P“e%’%ﬁféeé)&%agggﬁiﬁ@t {“6’?1‘8&% aérr% I)?bdenum
compound (g RbYREE W it ihFAPIHRRMEP PRFGIABROMiktntabe GIUL fhase stdch(s)exanpl e)
and a phosphorous ester (dibutyl hydrogen phosphite, for exanpl eﬁ)\)ggs

anti wear apividedesachreomponientint thei pixdirechassegnisubjosiedgospdifézent fi

4,758, 362 di scl oses use, of a car barrg%x? ditive ghoe arsg\c/)hde i nproved

anti wear anaX BXYGEESHRS FhlvreClt SPishiyieall orp QL RasE Qllocar banat e as an
antiwear additive is disclosed in USP 5,693,598. Thi ocar bamat e/ nol ybdenum
conpl exes such as noly-sul fur al kyl dithiocarbamate trimer conpl ex

( R=C8- C18 MM4lty| Thapefataibassatadks anbaveoils deyeredsfromieT L seaterialag@aiforon of
such materjals should be kept tqQ a mpinumif the aobject . is to produce |ow
SAP f or mul ZPMopaxy %‘&gﬁ apt &%@Ctﬁ'f%?de%ﬁ?‘f‘%Qﬁedﬁallg?ﬂtgj P%rafleE‘échB\%gfléd by
reference Hgfehiy ik 'fﬁx%he?flfHal‘ré‘été'ﬁzeId()%]qaﬁ%%erngh ahn@Ghs 96 @ls, MBw-Reniised as
anti wear agents. Iéor exanpl e, nono-, di, and Tri-ol eates, nono-palmtates
and nono- ngulfust Biwe so-ninitbegans éaw-to-HNB&bnaD0R dnsl arerebsemdid Iywivdicrowhie
conpositions that provide antiwear properties. USP 5,034,141 discl oses that
a conbi natiNERIVF a t hi odi xant hogen compound (octyl t hi odi xant hogen, for
exanpl e) and a netal thiophosphate (ZDDP, for exanple) can inprove antiwear
properties. USP 5,034, 142 di scl oses that use of a netal

al kyoxyal K@4xpm hatfeniedi GREl batehgiryletih phx antiatiseng perafbrimnipydrpcahan a

di xant hogen (di et hoxyeth for exanple),in conbination with

| di xant hogen,
ZD0P | Mpr GPEPOARISAB A NEH S FRICBLOL BRERNBE, FHBCANETSRE IR BHEAERE Sht s | o
i ncor por at i r rence .t S; i R 5 C zi nc
it i ophospAbYERSubepls (BIFLERCthe BrohBinf e bizhihing; af ducasuachy e
phosphor ogictduintaicesf re@iryihg emuthytiehtabanbavhitte srarfdur ar i mose carbons
or ganonol ybdenum deri vati ves incl uding heterocyclics, fo a
di mer capt gemoxed 598 ar ?n%wa)p@fotﬁéﬁ%&l:ﬁaai%ﬁf? Such Hat:o3) ﬁiz) Zhe |ike,
al i cyclics, 1 1€ L i ry : i des and the
| i ke can Zﬁ)gggbggigbgﬁﬁgiﬁh@%ﬁggﬁﬁg agrangéa%%regggg{ ?aﬁdfgggétér{rgﬂ{?t of about
0.01 to 6 W% preferably about 0.01 to 4 wt% ZDDP-|ike conpounds provide

| imted hydroperoxide decorTEosi tion_capability, gi gni ficantly bel ow t hat
exhi bi t ed [843]c dhsauntesredi GELJasa stask w@anabeButhich chpmagtepizednif NSReFsan

t herefore el i m f t r Rl I ecd ' - at a
SR R R R o B S L e A K A e
Vi scosi ty cbpgaxing ®Bmpeands, 16Q0haye oosirh wul fodesnthimigvenpofalsse poopwn as Vi

i nprovers, viscosity nodifiers, and viscosi tﬁ i nmprovers rovide | ubricants

wi t h hi ghpaid afdess daper 82Gr predyablyplcps than -PHezea @MFFP% 3 Apdr & hear
tabilit | t t c. | & wi it |
stabi |1 y,((gg_z%{zg)gbg&t afg%gﬁa&e%fﬁém@aﬂb&%g%% oF 3%h5EOYnt ?efgﬁitg%/

t enper at ur&s: I'scosity Inde rovers i'nclude™
ol ecul ar awalag@tfewldtmar(bcheﬁyl oolongst Brechaadpsti $6®Shitboni N0\ dndpsrOver
di spersants that function as both a viscosity index inprover_and a

di sper santverfigpihes¢ nmredban 46 methyhbranehes pers 0 spipaB atomp e Theyvideh about

A e e L
Vi scosi ty doRISX 40P0T SYEK FieAfaBic RYOERY SasaN€hsuRICAtYIDBPS repre@itbdby yhat e,
but adi ene, olefins, or alkylated styrenes. Polyisobutylene is a commonly

used vi scbwinujai nBAX(at rpd°E)et 290hdE Mert 1807€)b1090vi scosity i ndex inprover is
pol ynet hacryl ate (copol ymers of various chain | ength al kyl methacryl ates,
for exanple), sonme fornulations of which al so serve



- 37 - as pour point depressants. O her suitable viscosity index inprovers
i ncl ude copol yners of ethylene and propyl ene, hydrogenated bl ock copol yners
of styrene and isoprene, and pol yacryl ates (copolynmers of various chain

| engt h acrylahfmestpr exanple). Specific exanpl es incl pggysioys®pasi soprene
or styrene-butadi ene based polynmers of 50,000 to 200, 000 nol ecul ar wei ght .

[ 93] Viscosity index inprovers my be_q ed in an anount of about 0.01 to 8
wt% preferably about 0.01 to 4 wt% O 'Her Antioxidants [ 94] Anti oxi dants
retard the oxidative degradation of base oils during service. Such

degradatio y.fesult i posits.on netal surfaces . S of

sl udge, or P%JE&I l@%@fﬁﬁWFﬁg{ﬁagéﬁ ol {5se ﬁﬁ?r?%tgﬂf?ac%]%orégﬁlﬁég lﬁﬁ& Fe art
knows a wi depMakhéd YaraftiRxdipidtaizednRitRaitiRE Subirt@ht Bdse ois@iniding Bt lewdr i cati ng
oi | conpositions. See, Klamann in Lubricants and Rel ated Products, op cite,
and U.S. P80%nos admix@8re688 beanths( ¢as ey, wheneire saidpbrenchedopirafns- arigenol i c
oxi dation inhibitors which may, be used ipncl ude,aromati m ne ant i oxi dants
and these Pr%@ffgég {vdee @ ¢atken &_Ea'élu Hg‘g‘r f’{]ﬁb%rﬁoﬁﬁtq 8}‘}?\591123 o BWZ‘?‘F(BIP%S.

Typi cal exgpes,fOfhdi0 s & abd ﬁé’ﬁ,' éP)Hoﬂﬁ{% farlgRCoL dBout a6 40rFaiedband
non- al kyl ated aromati c am nes such as aronatic nonoam nes of the fornula

Rl 3R14- 15N)MKEr enRihersinasaidbignioht¢d parafifimaedntainoup s bstri alkylebtranehmsat i ¢

group, R14 is an ar tic or a, substituted arqmati roup, and R15 is H,

al kyl, ar y‘Pnd(S)WhFéleB'b n%ie-e nylgon index Offa@%?r& G’aT%fﬁﬁglsaﬁtE%ﬂsb%é‘fut t kenyl ene,
or aral kyl ene group, R17 is a higher alkyl group, or an al kenyl, aryl, or

al karyl group, and x is 0, 1 or 2. The aliphatic group R13 may contain from
1 to about[038] dartherabatveniss Bamcthige ireteal(Bl), ddranehing Hrovimiapb(OH, & 4y 12
carbon atons. The_ aliphatic 8roup is a, saturated aliphatic group.

Pr ef er abl yandgges Garprahder{HChy ae detsrmined asrfodowst i t ut ed aromatic groups,
and the aromatic group may be a fused ring aromatic group - 38 - such as

napht hyl . ﬁrraonﬁti cin[%roups R14 and R14 may be joi ned together with other

groups su 6] Typical aromatic am nes antioxi dants have al kyl

subst i t uen4gr WPRSOBR MiHZ B2 tolalen INMIRCHLRImAs WPkain&k 3Rl Bsikef 3601 phati c
groups include hexyl, heptyl, octyl, nonyl, and decyl. Generally, the

al i phat i ¢ MHaupY X spectinometsomsiign | 0br eolutiens mbeCla4 TodBbsrihatimemal The
general types.of amine_anti oxi s yseful.in the present ¢ 0Si {,l ons
Phel ude di SRR i dE sy IG5 Ftneies o Bruh ORI, o 2R Al

i m dodi bengydie ane shaHRAY undéieuyheiNatide aBnafFonsMuXingr €8 @égrb¥op@Ise NOT e
aromatic am nes are al so useful. Polyneric am ne ant i oxi dan%s can al so be
used. Par (i¢Ols), &paigel ddapftime ofel( s, whidheisaatt feasti filentismensthe Ubngast t he

present invention include: p,p' -dioctyldiphenyl am ne;
t-octyl phé¥ TOE&Ppﬂ&HéBWtCﬁyF“Q%%'@P Bmﬁnﬁﬂm H&BhE4Rps alfh fasurgngood

p- octyl ph‘%‘@ﬁ'af-?d-ﬂ@i@@?ﬁmshyl am ne.

[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.



10971 Sul furized al kyl phenols and al kali or alkaline earth netal salts

t hereof also are useful antioxidants. 10981 Another class of anti oxi dant
used in lubricating oil compositions is oil-soluble copper compounds. Any
oi | - sol ublygo Ssefoadate copper conpound may be bl ended i ng@rtdreosioudsis cati ng
oi | . Exanpl es of suitable copper antioxidants include copper dihydrocarbyl
thio or dithio-phosphates and copper sghts of carboxylic acid (naturally
occurring or synthetic). Qther suitabl € copper salts include copper

di t hi acar bamat es, sul phonates, phenates, and acetyl acetonates. Basic,

neutral, o i.di c,copper 1) d. or . i r | kenyl
succinic a@l“gg 'gl?e ngﬂ%&égér@gﬁ%\ﬁa]tcos}%@ )6%?1?% %%tf(gﬁ y‘éﬁ%gﬁ l??m‘)q’- 39 -
anot her.  SughyaedhdthyERydryeRe it siRdrdnge AT @ETBNE.09fppakotst the. Bfaltrnd Wt %
preferably about 0.01 to 1.5 wt% nore preferably zero to less than 1.5

Wt % Det erlypamaybc afiph:0] Hyelregapenn shearapge ohidripy. upe®- i n | ubri cati ng
conpositions. A typical detergent is an anionic material that contains a

| ong chai n hydrophobic portion of the nolecule and a smaller anionic or

ol eophobi cghvdhipBPrbLieniRPICHIPR 49f the nol ecul e. The anionic portion of the
detergent Ts typically derived froman organic acid such as a sul fur acid,
car boxyl i d048) oA HoMHDIAIR sivgle, priseeand 13HDistoxtieniess Efaneomentrhye

counterion,is.typically_.an [ earth or alkali nmetal ., [0101 alts
Chat  cont dirzafinet i iSEERL VB abtate o phBinge Bhed b RTape

descri bed xsr,DAYKT flechiBhieferalnda¥9: SolbfbAd iPeFsCny MRS (IBht iderapasur ed
by ASTM D2896) of tfrom O to 80.” Many conpositions are overbased, contai ning

| ar ge anowhtmiai shiftrmfaﬂenbasélli(hla; salsera@ivesvettiphet loedted ian@7 28 ppre@ss of a
metal compoung _(a mnet al hxciiroxi de qr oxide, for exanple) with an.acidic gas

(such as ¢&§ boh theokide) AlHRglE RIS SPETITA 2E& QDN HP%‘%H quaRygiye

based. or i ghl e :
det er gont °POUSg kS TIPURRTRulsc B bk 2 PRISE R ANE oL 8D Chl RS 570
i mpuri ti eged3t glecEedHYhd Mengeonrbarbbh i lAGES selaididpetmee( gt toappete i n t he

oil. Typically, the overbased material has a ratio of nmetallic ion to
ani oni ¢ p6&P e gelaxpdon) of ethgestmple, 40 geans. s ensurg gdisignalal-eRiss val ent

basis. Mrte. Qr rat o i s;.fromabout 4:1 to about 25:1. The
resul ti ngFaglecf%éggg(gW’mrzzéfné]g{/oé&%ggceo&’%géé'er gent that will typically have a
TBN of about 150 or higher, often about 250 to 450 or nore. Preferably, the

overbasing cation is sodium calcium or magnesium A m xture of detergents

of differ ((RPITBRe Lantose typpsCHn €He #ideSHnareiidgetii¢doffom thegl3s DEPT
0103] Pref det er.gent s,i ncl t he al kal.i rz al ine earth tal salt
b ool T o R AR SRESREN! o DS L tSofinsE i allL:CNRR Scfia Roly & S ¢°

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 S
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 methy! or from a branch



[ 0104] Sul fonates may be prepared fromsulfonic acids that are typically
obt ai ned by sul fonation of al kyl substituted aromatic hydrocarbons.

Hydr ocar bon exanpl es i ncl ude those obtai ned by al kyl ati ng benzene, tol uene,
xyl ene, napbLhpleeses bi phenyl and their hal ogenated depivabioygmosis

(chl or obenzene, chl orotol uene, and chl oronapht hal ene, for exanple). The

al kyl ati ng agents typically have about ? to 70 carbon atons. The al karyl
sul fonates typically contain about 9 fg about 80 carbon or nore carbon
atons, nore typically fromabout 16 to 60 carbon atons. [0105] Kl amann in

Lubri t d Rel at ed duct it. discl f based
ol oal tEPERGEEYTS SR eonsRae pReAre Sunlp P b e Befes and
di sper sant §ar58nhg%b¢g%§l?}s1-Th@%r@g@ﬁsﬁga hd fERdwskubri cant Additives", C V.

Smal | heer and R K , published by the Lezius-Hiles Co. of O eveland,
Chi 0o (1967)., cslcuidtatieyavdiagel castm rmumbarisdthomodecatdsas bk samplonvdtielsist hat are

useful as dispersants/.detergents, [0106 | i ne earth phenates are another
useful class? ‘FO'B@I‘%HEGM}? S&%ﬁ@éa&éﬂﬁﬁlﬁﬁ@f&éﬁ%@”@ﬁ rigls P'esé‘PP[yng

al kal i ne ear tgh; ' i i ; , ) £, MO
My( OH) 2, £y Llilh ﬁ}éﬁ hﬁ%@%‘ﬁgg@%ﬁ%ﬁﬁgﬁ’g?& ??"gg??ﬁ}%zfgﬁﬁgaﬁ e,
Useful al kyl GHQups include straight chain or branched Cl1-C30 al kyl groups,
preferably, C4- . EX | es of. suitable phengls, i nclude isobutyl phenol,

2- et hyl hexy| gﬁ@%&ﬁ tﬂ@i%?ﬁ@nl& integsl GESA <05%%Y1§loaﬁar fica copRi) oY thshoul o be
noted that s j I :

substi t uent %ﬁg%gg%@éé%kﬂ{&ggg@ng‘g%? ]C@msb?élgitg {rﬁ%%g?%egpgrb?ééﬁ% é“d. Wen a
non- sul furi zda sahiplé;phenol is used, the sul furized product nay be obtained
by methods well known in the art. These nethods include - 41 - heating a

m xture ofC alEPPRLMorTea RGN A% PPRGNdgeh® PPIHRIthe sHEPIsI @Rdnt al sul fur,
| f hal { dgs,: L chlari i dth ti
The sul f oty Sy ERInRE e bt RafldnHFomdith 18 ol b a0, (0ot ol sal s

of carboxylic acids are al so useful as detergents. These carboxylic acid
detergents nay be prepared by reacting a basic netal conmpound with at |east
one car boX{$%lc Bianching ieagwrsinenty sancle perfenmed wing pey Foager dransfoauct .
These conp@ipd ve o r desir | evel .

Det ergent s nad%p??%orlr?%gﬁi c?F&gﬁg?{’dﬂrgr gggglgc}ﬁggpe%?éedﬁc Oglggdo S”g%taer gents

derived f spestamidiexyavifig aanagnet dSSOT of ghdatet! dnedl caveb, uder verificeti@i n al kyl
salicylates. One useful fam_|ly of conpositions is of the fornula where Ris
a hydr oge®YalMsss orpegiomely) WY ovipah SUrYey Hisbaronmetie apymsavsis, n i s

an i nteger, i I . Pref enr R

aroups. ar S0P pyhe sheifet Af ¥y BufRado Rt WRGARL EheBR hion TRLEDAEY £ -

be opti ongphy vs.udMS t(titechathylbilsiedst Solueiohs dfhas-zsopét@émiww&%neiwth t he

detergent’s function. Mis preferably, calcium magnesium or barium Mre
[

pr ef er abl ghlogpiosncd| sverm ex@edspry i odearessl pylssst follewsd Bul @ c§.Bi secaci ds nay
b 1. | Kol i.an. P, 3,595, 791, which i
€ prepar ?gﬁflﬁgg}) Rﬁ&go I (?‘Xerl poeml mp]%f: rn%%gl%rilfogpy%%g%sll’f@a%ag?’t H%SrPJPtldn tehis

incorpora erern py reterence 1ni1ts en

i nf or mat i @ecovplerwdsheas off difiesa 100gaROdNISIS pribheo MRt atcitabh pulk dnde
hydr ocar byl - substituted salicylic acids may be prepared by doubl e

deconposi o0 §HIIBE agqysition. skatal expesimsat simesgryegd frome hl-§§ 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 Enhancement 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 CHj; up and CH, 180 degrees out of phase (down). APT is



- 42 - water or alcohol. [0109] Al kaline earth nmetal phosphates are al so
used as detergents. [0110] Detergents nay be sinple detergents or what is
known as hybrid or conplex detergents. The l|latter detergents can provide

the properi detergents without the need to bhepgsagdaoase
mat eri al s.‘t’@g@“@gﬂ%gom, 039 for exanple. [0111] Prefer red@det ergents

i ncl ude cal ci um phenates, cal cium sul fgpates, calciumsalicylates,
magnesi um phenat es, nagnesi um sul f onates,” nagnesi um sal i cyl ates and ot her
rel ated conponents (including borated detergents). Typically, the total

det t ti i bout 0.1 bout 3.5, wt.? bl bout
10 T o 2 oATPsbelPGuen Satty 1f B BLFmbgnarErnescap bl GaRate LA BP oo o
oxi dati on W&r(ﬁgag&gﬁri@{ En@'A9VG dopa.Spﬁ'ié wnB& Brek I fe@fac Ryproduct s

in solution, t Irmnishing  their deposition on netal surfaces.

D sper sant bramell hethgbRBhesls hiveaahedrmspomding rCladnd ¢he Rretliyds adot \cledrlye
di spersant is ashless. So cal]led ashless dispersants are organic materials

that form ilepstiadby shepiend shdhargbheseolhgrprming-Bropsxigsmigach sample
non- met al - gx%”&é?%r%iﬂ?d %ke(?%aﬂrﬁ)ﬁz MRER mb g@ﬁ:ﬂ%&&fm téal@mh&ti&%“&xbﬂﬂi;eed
: et ergent s e

ashl ess. In contras al’- cont arni-ng I'scussed abov orm ash

upon conbusitireRampRlit3fSparifivie Coapai@rnirs nbymadafdryn-pantfunorcyetd-ar group

attached to a relatively high nol ecul ar wei ght hydrocarbon chain. _The pol ar

group typi earflynse gritigh pRayabe| pegsant dn dhe odngamples 1hiviepspe rmeger heor

phosphor us [ h o b | s ' ns. -

43 - [0114 yé‘é%r%%lnlsyé,loq‘%%g? Sa’ia g%sgl?(gdag?lggon@§ﬂibgo rﬁ%%tgog)c ea(rglS ﬁ&gggs%hgnat es,
(FIMS).

[054] GTL base stocks are of low or zero sulfur and phosphorus content. There
is a movement among original equipment manufacturers and oil formulators to
produce formulated oils of ever increasingly reduced sulfated ash, phosphorus
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.



sul fonates, sulfurized phenates, salicylates, naphthenates, stearates,
carbamates, thiocarbamates, phosphorus derivatives. A particularly useful
cl ass of dispersants are the al kenyl succinic derivatives, typically

pr oduced bWOBHﬁo&Q%PtiO” of a long chain substituted apkgpyloodidddsisni C
conpound, usua (y a substituted succinic anhydride, with a pol yhydroxy or
pol yam no conpound. The long chain gro constituting the ol eophilic
portion of the nol ecul e which confers'égrubility inthe oil, is normally a
pol yi sobutyl ene group. Many exanples of this type of dispersant are well
known commercially and in the literature. Exenplary U S. patents descri bing
such di spersants are 3,172,892; 3,2145,707; 3,219,666; 3,316,177,

2,314 33 BT 3 50 0P A1 8 BB B SRSIS . 797,974
i nU. S. Pat etliis 3n088idd03ar8, porffinic; Suitss o2bibrisathms, G5ebsity, dgdyeh Arom
3. 726, 862, hdradavosd; & ydrammmeredilagealy, G0S6hA USERGm
feedstocks of mineral oil, non-mineral oil, non-petroleum, or natural source
origin, e.g., feedstocks such as one or more of gas oils, slack wax, waxy fuels
hydrocracker bottoms, hydrocarbon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or
other suitable mineral oil, non-mineral oil, non-petroleum, or natural source
derived waxy materials, linear or branched hydrocarbyl compounds with carbon

number of about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stocks and base oils.

[057] Slack wax is the wax recovered from any waxy hydrocarbon oil including
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



3,687,849; 3,702,300; 4,100,082; 5,705,458. A further description of
di spersants may be found, for exanple, in European Patent Application No.
471 071, to which reference is made for this purpose.

[ 0115] Hydr@eabiyhssybstituted succinic acid conpounds pEFuRRARM1S

di spersants. In particular, succinimde, succinate esters, or succinate
ester am des prepared by the reaction _212_a hydr ocar bon- substituted succinic
acid conmpound preferably having at |east 50 carbon atons in the hydrocarbon

substituent, with at | east one equivalent of an al kyl ene am ne are
For I tio of

particularly pseful. -.44 - .polyam ne. X Le,. th ar

al kenyl su%‘\égﬁai Q:‘I SFHRS from at%gﬂlﬁlﬂ}%ceaﬁﬁ’“\?%ﬁvcﬁug’ﬂ%%gbdo@ta ’p%tpéo%%glhg 5: 1.
Repr esent aldnigeCxAlTRleSing RN kolficitioR 3B oift QtprdiEtit Bast bhe892,
3,219,666, 3,272,746, 3,322,670, and 3,652,616, 3,948,800, and Canada Pat.
No. 1, 094, baké. stpckl 1ThShesd odtcenstiutes shamajdrocampbrient ohéha bibdieatsrg ptn
reaction between al kenyl .succini c anhydri des and.al cohol.s or..polyals. Ml ar
ati os cancQ/APSSHSHBRIDRICAR 't RESacagI s SHEE (10BN b SOREdPe. ¢ e
condensat i g, r99%t%,oé.garfrcl)rﬁla%89ﬁ/$5 MOL kRhEo@NSRY i | Ge hang &?ﬂigat‘gfa){t hritol

is a useful dispersant.”[0118] Succinate ester am des are forne y
condensat i waigheaf theaomposition.

Catalytic Hydroperoxide Decomposers/Antioxidants

[059] The lubricating base oil of the present invention also comprises an
effective amount of catalytic antioxidants. The catalytic antioxidants comprise
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 ¢) one or more hindered phenol compounds; or
a combination of both b) and c). In a preferred embodiment, the catalytic
antioxidants comprise 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.
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.



bet ween al kenyl succinic anhydrides and al kanol am nes. For exanpl e,

sui tabl e al kanol am nes include ethoxyl ated pol yal kyl pol yam nes,

propoxyl at ed pol yal kyl pol yam nes and pol yal kenyl pol yam nes such as

pol yet hyl eq@ -pployanl nes. One exanpl e is propoxyl ated hgxpoehbwdossiedi am ne.
Representati ve exanples are shown in USP 4,426, 305. [0119] The nol ecul ar
wei ght of the al kenyl succinic anhydridgs used in the preceding paragraphs
will typically range between 800 and 2,'500. The above products can be

0 Cl

esters or h J SH i Lpef i s e spers 4 e
from about gﬂs PoyakeAlt oPzdiBhRSaIAE BRhPSUNIS! combAsial tHeser santani@RCt i on
product. [0120] Mahni ch base di spersants are nmade fromthe reaction of

al kyl phenohsd/of digaiisidiapde beemdound nes bsSeeatalgic 42mexidgHt | hyghpperokgle

i ncor por at gd herei n by reference. s.,and catal ysts

P i | ei
2c d and s ORI ML eErearS o rehgaperogide AESruiaEt Spokpdy ain > ©©' ¢

Mol ecul ar wgkightas polyfirtal Sfgahbfedliky |cBRHOAhEs havd ek OfBuBaOot Rave 200.
Representati ve exarer'es are shown 1n U S’ Patents 3,697,574; 3,703, 536;

3, 704, 308; sy31e75dtj S@BlecB wWitsh, 953t 118, tHOGHré®hre anidotbeB8PRr@3dde de0d@pOFYpi cal

hi gh nol ecul ar wej g al i@gﬁt t@ aci d m)gi fied Manni ch con%gﬂlsati on products
useful i n £9meoyndsa e greRimokibe AokyasaHoEABOMRRUIF SRPRRHCS haNe e

al kyl - subsg i 2 5 I i ants.
01521 B G BB e e
conpounds polemptil opgaomphgihldicodomppmingb utoyhghendédr, thandetat kations inactive.

pol yal kyl phenaol s. These pol yal kyl phenol s can, be, obtai ned.by the alkylation,
in the preS¥Hde gre anions iapdzar Megpndst da pet renglg Hhe, gk atig Sph%ﬁa? ¥ th high

o1 ecul ar EhG I FRY BRYLGH 1 RE!aBYE YheERRurANGaR! PG ARLY Bl GRS

conpounds to give al stituents on t enzene ring o enol havi ng
an aver agest&60-abo0c QRO grohat wtase. Medigiohally,0th2 Jrkw@srphé/er digahblf Rf 2he
group-contai ni ng, reactants_are al kyl erc‘ie .

polymetal organometallic compounds do not cause polymerization of the metal

salts. Nor are the anions and/or ligands susceptible to decomposition thereby

rendering the metals inactive.

[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



pol yam nes, principally polyethylene polyam nes. Qther representative
organi ¢ conpounds containing at |east one HN(R)2 group suitable for use in
t he preparation of Mannich condensation products are well known and incl ude

t he rmno-aa,gzg(bzyggyﬂo al kanes and their substituted ang&pPesoodsis
et hyl am ne and di et hanol am ne; aromatic diam nes, e.d., phenyl ene diam ne,

di am no napht hal enes; heterocyclic am ngs, e.g., norpholine, pyrrole,
pyrrolidine, imdazole, imndazolidine, “and piperidine; nelanine and their
substituted anal ogs. - 46 - pentaam ne, pentaethyl ene hexam ne,

hexaet hyl ene hept aam n hept aet hyl ene oct aani | en am ne,
nonaet hyl ech B f’?es,e?éafﬁet?eﬁ%lat& I%}‘P@n%orﬁ}?gigéé%%ﬁggglhgﬁmaglteﬁ?@]e@g@guch

am nes havig, i 80ogNGAP RS, QeMeRSPINHOGEH 98, lemahisyleiron y@m nes,
in the formula H2N- (Z- NH-?H, mentioned before, Zis a divalent ethylene and

nis 1 to hidtas of the lanthegidi sgriésmmidla of Gur actinpdenserieg apd opylusescthprsiof.ani nes
such as prqpyl e diamne and di-, tri-, tetra- ent apropyl ene triz,
tetra-, peﬁfeé‘gragﬁ/d thex BIA! nEQMBPRETY | ’§05§ﬁ‘?t9(§;\b§‘é’hr ctgéﬁfps.cymi*ﬁlét"ég &l ene

pol yam nes : Y isAd r 8A61di ke RTEIMAERs 30%hetiupal O

al kanes, sggﬁﬁggﬁﬁéﬁl %?@Egﬂsgnﬁ%éf ﬁ% (?%e él ;lll eﬁe pol ya?n' nes cl)Jbgfﬁai ned
from the ré&ctlemensf 72 thaughl 8drand smoftuartbericaf. wiNMbrel prefdr@blyp lties nofal

di chl or oal kanes havyi neg 2 gr 6 carbon atons. and_.the.chl origr,lle%gﬁn different
carbons ar EOTERPRER %S ?%9‘5 98 g’ﬂ%’&fﬁ’ ansisting ghiransiyien 5t F48 2 eact ant s

useful in a i : e rapr i Rot hi s
i nvention %hgglf%{jg@’t )g&{é(??%ﬁgﬁég %ﬁ%%ﬂ?g?éﬂg%uﬁ ?183’ ?%&%%dﬁ%gh%}yggo as
par af or mal slehyderaexd tHepeatal Sti)l, maee ped fembiyd eheantbtal dohponent is selected

(f 3- hydroxybut yral dehyde).. . For nal dehyde or f or ma| dehyde-yj el di ng react ant
is prefer + s %@ﬂe}lwe}%&tﬂ?gﬁf trgpgapy t”ﬂﬁtéldéﬁi’ﬁeﬁ§ %15 ﬁ}%@g i Effgv%lgat
additives ar i i ( e, US
Patents 3, @sgelggkheg&zggtrggl}é}?gs%%Eiu'gg% h@ }}_}@g?%g?leﬁﬁsﬁ%&r’%ﬁ%b

5, 084, 197. aflhdxihiRsetherfev€d Biepaiaarrsferabdy,utle menhtedpamsht ioselbordt ed
succi ni m des, including those derivatives from nono-succini m des,

bi ssucci ni fiPRetie 2ieHPFONFIsURE rddsMERgHSAS- Cohadl, BI0H. SOBRSTnICHIYBRIM WhAdr ei n t he
hydr ocar by%i Csucci nimde is derived froma hydrocarbyl ene group such as

pol yi sobut yPe‘ne having a Mh of from about 500 to about 5000 or a m xture of
such hydrocarbyl ene groups. O her preferred dispersants include succinic
acid- - 47 - esters and ani des, al kyl phenol - pol yam ne-coupl ed Manni ch

adducts, tlR63} Theppewlveiibivmaeredhan pae exitation sfaie abovosisord ftaic arfich
addi tives y. be used,in.an nt .of t 0, .2 %..p r.ably about
0.1 to 8 \i6;anans aﬂg{oﬁtll&ﬁgﬁlgg}am}gm atRQy cnphek Qo2 Porf “he Igoq;rl%eﬁal?
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



[ 0128] Conventi onal pour point depressants (al so known as |ube oil flow
i nprovers) may be added to the conpositions of the present invention if
desired. These pour point depressant may be added to l|ubricating

conposi ti boibBy Present invention to |ower the m npapFioBIReHat Ure at
whi ch the |UI d wll flow or can be poured. Exanples of suitable pour point

depressants i nclude pol ynet hacryl at es, Vggol yacryl ates, pol yaryl am des,
condensati on products of hal oparaffin Waxes and aromat i ¢ conmpounds, vi nyl
car boxyl at e pol yners, and ter pol ymers of dial kyl fumarates, vinyl esters of
fatty acids and all ther 022; 2,015, 748;

2,191, 498; igaﬁsme%ﬁ com 5" £78; b‘fzug’g%e%%a“ ffgéti"%?‘?muﬂt ﬁﬁf%%;a"and

3, 250, 715 g@%gmd@qhy% r%f%%gm p% o@'s;% St gfgs%% thB oAl SR8HAL i On

t her eof . itrve euse I nan about 0.01 to 5 mt%

pr ef er abl y ofhibuicatt ke todl, predenablp akcar 2630 3000 ppinh ntave prefpbAORIMItrIOSI on

i nhibitors are used to reduce the degradation of metallic parts that are in
contact wi th°hePPubri cati ng oil conposition. Suitable corrosion inhibitors
i ncl ude thiadi azoles. See, for exanple, USP Nos. 2,719, 125; 2,719, 126; and
3,087,932. Such additives may be used in an anount of about 0.01 to 5 W%
pref erabl y[GSpuln Gh&1polgniktdl \wighnohedlliCoomapourdsi ugefbtldint ithespiedrd0] Seal
conpatibility agents help to swell elastoneric seals by causi ng a chem cal
reaction i HVEREOH,|the ereanieppioniapnd/prligand maisiy compledns the ggtelsmae seal

compat | b1 | bd ¥itAdS '?élﬁrafl g% glr ;&H’aﬁ%u cagwlﬁr (gé]gr’ 5 or@gry\,%ld fgﬁ% 196n nzyl

phosphat es, aromatic e bon esters

pht hal at e, pdlpmeﬁmﬁmi ek, p@l?daemhu@utvexﬂvthrsagmlom& @}mawérhdehe Qihthaddi ti ves
may be used 1 n an anmpunt about 0.01 to 3 W% preferably about 0.01 to 2

W % Ant i - iRsaes.cepnsrally, sbasld] avedd hf%ﬁd@ﬁwlmnawmdéahﬁowrﬁé added
to |ubricapl comRps gﬁdc?%%m % 'b%@? %9&%%&&@%9 éﬁ{h ﬁfe unst%sblgbl €

foans. Silicones an YIers are oam agen For

exanpl e, peoysdtli@x@nese stk Bn@gy&bhldcwyeﬁwedothr@@w;sblmkhmm | oxane,
provi de antifoam properties. Anti-foam agents are commercially avail able

and may be used in conventional mnor ampunts along with other additives

Puch 22 SAPULE AR iRl NSGRIp Pt BB OB YGReRTRLRES S
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-l,3-diaminopropane
(H2Salpn) and N,N'-disalicylidene-l,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



I nhibitors and Antirust Additives [0132]Antirust additives (or corrosion
inhibitors) are additives that protect lubricated netal surfaces against
chemi cal attack by water or other contam nants. A wide variety of these are
conmmer ci al ) .a0ahiapl e; they are referred to in Kl amanpei/gsdebdijobgagant s and
Rel ated Products, op cit. [0133]One type of antirust additive is a polar
conpound that wets the netal surface ?eferentially, protecting it with a
filmof oil. Another type of antirust - (§ditive absor bs water by
incorporating it in a water-in-oil enulsion so that only the oil touches
the netal surf.ace.. Yet, apother ty of antirust. addit.ive chem call.y adheres
to the met e et abmstors, oo Fnetan . s B ruhe e GREH T it

addi tives neliidesddnnss Bbtdb19BIaRRIAidfocalfihfliePREOALAIE e BREGreNR! al

sul fonates, fatty acids and am nes. Such additives may be used in an anount
of about Oafdwear Sgen poeehds athiey madtoris] Or@n tfondlidhing %@s a 4@talytieriction
Modi fiers 0134] A friction nodifier is any material or materj.als that can
alter the E&&"f‘é%t@ﬁfk%rqyg%t GRMROSE st?.?_rc%/‘é&’?e th’lﬁ’ﬂg‘? C_B?lé’H]etWa 8% MSori cant
or T1ul d coRiAl bRgts LSRRI i huedfof LdfolPdhlli Ricsmediagiiistgun_as
friction reducers, or lubricity agents or oiliness agents, and other such
agent s t hathus hesige thehebihtyi toi shyft dforb @se oridatipon fstaterab @atecttie |gnbun d state to
conpositions, or fuynctional fluids, to nmodify the cqefficient of friction
of a | ubrienather tidatianestptgaboye dhs gEUndetgie WaIEh, hos B FAURG BACGHFATH ¢ he
base oils L.ubry o ([ . .Oof esenty,. | nti.on i ired.
Friction rrf)bri fai rds]ﬁ?ﬁ%% ?%? t %Q@gefcfob{cbﬁgﬁ? g(? ?L}r!(:@%sﬁotr?'sage %}ia(rifsﬁcul arly
advant ageohirbperogidbi deabinposes tlh thoeabasden the medlsl arbenclgbpasing,i thas of

this invention. Friction nodifiers may include netal-containing conpounds
or mat eri aligangdsis\iaqt|thiggarhamates shiaphpsrhates dithiorsramate or dithipphasphalg

t her eof . tal s L f j I §J I e netal salts or
netalIiga%ﬁwg%%%?@igfﬂﬁﬂgfékk é”ﬁgggﬁga%%@ﬁ?ﬁgﬁﬁagﬂg%ﬁgli, al kal i ne earth
or transition group nmetals. Such nmetal-containing friction nodifiers may
al so have | ow ash characteristics. Transition petals may include My, Sb,
Sn, Fe, cd067h Themrplymgial srzanomstellic sapporedyakthsyaesabryentiorareall i ve of
al cohol s, I r rt i ester,g 9l St hi 4.
carboxylaf@ghﬁggﬁgéﬁégégfg%EF%@%F%%@% giﬁdétﬁﬁggég a@gtgé?bgﬁggbﬁ%tes,

t hi ophosphaihe®. MiKdssBpSIsRIWM. 65, Haufe s Snd i Wi IeBecopdfoNSEuclhhé OB,

t hi adi azol es, dithiazol es, diazoles, triazoles, and ot her polar nolecul ar

f unct i onalMe@rgansse (bl atakiifgBete dearmiexesrroGhieigs.ofDigerN, arg (gem, 28,

i ndi vi dual,| [. i i Nak i ticul ar, Nb-c indng.co unds can
be parti cd?érrg 19/1ce¢%1ecer§{§?r%§é%@gogé r\(f] gg)e)l(ig%ﬁlgr -%ﬂ(f&it’ %Cerageﬁgf’?ﬁ?’e },7)6 Mo(DTC),
Modi t hi oplresphat EepeMMAPTIRIO BbndForestionr (A SAbPRI@Ihol B, &5 . Am.

Moal cohol - am des, etc. See USP 5, 824, 627; USP 6, 232,276; USP 6, 153, 564; USP
6, 143, 701:Chasp et B 18751 8UdRIE) am Vei7 Pecsrre Jo o Poprer-ligm andd6 Jo68; USP

6. 734, 150+ USR. 6. 730, 638. USP 6. 689 725. LSP 6 820: MO 99/ 66013; WO
oo 4?6%8; Wb Suisidh. SpectieoSies il Reaetly YRSl oo ‘éﬂ%"”ﬁ%@ al so

include | uhirdiest 108t €héml Rethal03c908 @004Ef\irﬁi%hia‘y‘€h_€fmumcﬁ)r}%ra&@|w groups,
for exanple, hydroxyl-containing hydrocarbyl base oils, glycerides, partial
gl yceri desefergingeefion exampley diarsossandaRecartie ini Kee Peuixéde-Bepems&ent n-i cti on

di fi i pcl ude hyd * i ni t] ts of O,
s o B O Ty s T e R e B P ot et b
nmay be pa[MnéiesAmJN)(sﬁ&@t]iiyﬂaddeodwai&ﬁng gfo rfﬁeafﬂrsj.@z _gs;ants?n&}hQMEhyde

ash-containing and ashl ess derivatives) acids, fatty alcohols,
fatty am ded 10framoy (@8§82mal.) pf di3edipminepropand oyl Thndorf netksasol ander

bl thetic,l - chai.n hyd b i ds, .al cohal i.des,
cotors. hiHey Ao FvEeT 6 raHuke ficds MiSeed Aehanch el gy or gani ¢
ac gtsi, OL a%’ﬁ{*??"g%ﬁ” ackiRed (8UhE Wbl aRrm. f 2h YoRSioflSis aYsdRientPdosRdsyi fabl e

20°C.  [Mn"(SALPN)(AcAc)] is precipitated and recovered by suction
filtration. [Mn'V(SALPN)(O)]2 is made by dissolving 10 mmol (4.34g) of



[ 0136] Useful concentrations of friction nodifiers may range from about 0.01
w%to 10-15 wt % or nore, often with a preferred range of about 0.1 wt%to
5 wt% Concentrations of nolybdenum containing naterials are often

descri bed g h@lhE7pf M nmetal concentration. Advant ageoyes0enessisrations
of Mo may range from about 10 ppmto 3000 ppmor nore, and often with a
preferred range of about 20-2000 ppm _%gq in sonme instances a nore
preferred range of about 30-1000 ppm Ffiction nodifiers of all types may
be used alone or in mxtures with the materials of this invention. Oten

. es \ el . fventt o
modi 11 or (oM TARLPRBIAc 01 b REIREl O pa er e SERBOEL & B8 o e
Typi cal Adp!ﬁyﬁwg[%nﬁﬂaamd%_ (592 3ghvhan 1l 1kgisatis nE@ded lto abepesitionongheont ai n

one or nore of the additives discussed above, the additive(s) are bl ended
into the coslpten tiuoms ian bdepdamedinands flateldkeerarystals farm.o goef eRlmiion sisi nt ended

are shown PHord Bt o "’ s REv Bied iy e AT ves "
are shi ppeMW@gmLpﬁg(@ﬂ#f acturer and used with a certain anount of base
- rnu

oil solvent in‘the ft ation. Accordingly, the weight anounts in Table 1
bel ow, as well as other anpbunts nentioned in this patent, are directed to

he AUt Rl e d PSSR LAt i e R B P
" on By BRSO TR 1 Ty A, e | cam
2-OH-salpn)],  [MnIV(salpn)(p-0));  [MnlIV(5-Cl-salpn)(p-O)];,  [MnIV(5-
OCH3-salpn)(u-0)];, [MnIV(5-NO2-salpn)(pn-O)],, [MnlV(3,5-di-Cl-salpn)(p-
0),, MnlI(OAc),[12-MCMnlIIshi-4], {Li(LiCI2[12-MCMnllIshi-4])} and
MnlI(OAc),[15-MCMnllIshi-5], most preferred is [MnIV(salpn)(n-O)]».

Substituted N.N’-Diaryl-o-Phenylenediamine Catalytic Hydroperoxide

Decomposers/Antioxidant

[069] N, N'-diaryl-o-phenylencdiamines are catalytic antioxidants also used
according to the invention, preferably those N, N'-diaryl-o-phenylenediamines

having Formula I

R
\ 1
R' ; R3 R
R
R? R? I

where R' is H or C, to C, alkyl, R*isHor C; to Cj, alkyl, and R’ and R are
independently H or C; to C,; alkyl. The average molecular weight of the
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substituted N, N'-diaryl-o-phenylenediamine antioxidant will range from about

200 to about 600, preferably from about 300 to about 500.

[070] Suitable compounds of Formula I include

@NH NH . \\/Q\L:
\5/ 4\©/V
I-a I-b I-c I-d
[071] Preferably, R'is C, to Cyg alkyl, most preferably, an alkyl selected from

C}Q

methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl and octyl,

conveniently a methyl or iso-propyl.

[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



preferably 0.01-15 Suppl enentary Antioxidant 0.0-5 0.0-1.5 Corrosion

| nhi bitor

0.01-5 0.01-1.5 Anti-wear Additive 0.01-6 0.01-4 Pour Point

Depressant 0.0-5
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oxidative properties in oils. While some steric hindrance allows for a proton to

be donated to an oxidative radical, too much steric hindrance crowds the proton

making it unavailable to radicals.
[075] Substituted N, N’-diaryl-o-phenylenediamine 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%.

[076] The meta- and para- substituted N, N’-diaryl-phenylenediamine

compounds are also effective catalytic antioxidants.

Hindered Phenol Catalytic Hydroperoxide Decomposers/Antioxidant

[077}) Hindered phenol compounds are also used as catalytic antioxidants
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 Ce+ alkyl groups and
the alkylene coupled derivatives of these hindered phenols. Examples of
phenolic materials of this type 2-t-butyl-4-heptyl phenol; 2-#-butyl-4-octyl
phenol; 2-z-butyl-4-dodecyl phenol; 2,6-di-t-butyl-4-heptyl phenol; 2,6-di-t-
butyl-4-dodecyl phenol; 2-methyl-6-t-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



0.01-1.5 Anti-foam Agent 0.001-3 0.001-0.15 Base O | Bal ance Bal ance
[0139] The following non-limting exanples are provided to illustrate the

i nvention. EXAMPLES 1 - 3 [0140]In the exanples, | through 3, a series of
oi I s were {ghisladsfd using a synthetic oil having a Kipeffadlesogssssosity of
4 cSt at 100C and typical additive conponents as are shown in Table 1,
except that the antioxidant additives _lﬁgd were those of the present

invention. - 52 -
the instant invention. Examples of ortho-coupled phenols include: 2,2’-bis(4-
heptyl-6-¢-butyl-phenol);  2,2°-bis(4-octyl-6-z-butyl-phenol); and 2,2’-bis(4-
-dodecyl-6-t-butyl-phenol). Preferred bisphenols include para-coupled

bisphenols having Formula II

RS RS

1
wherein R® is an H or OH group and R®is C, ~ Cg alkyl group, preferably C,4
alkyl group.

[078] Examples of para-coupled bisphenols include 4,4'-bis(2,6-di-t-butyl
phenol) and 4,4'-methylene-bis(2,6-di-z-butyl phenol). More preferably, the
para-coupled bisphenol is 4,4'-methylene-bis(2,6-di-z-buty] 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,



[0141] The fornul ations were evaluated in a Therno Oxidation Engine Ql
Simul ation Test (TEOST), as provided for by ASTM D7097, also referred to as
TECST [ MHT4], herein incorporated by reference, to determ ne the nass of

deposi t f%g‘%ﬁ’o%%jﬁ{] oxi dative conditions. The resultspefuthaesdossat are
given in Table 2. The concentrations of the antioxidant conpounds used are

given in ppm by wei ght based on the totagl anount of lubricant base oil. As
can be seen in Conparative Exanple 3, when a substituted diaryl
o- phenyl enedi am ne conpound was used in conbination with an ashl ess

neignt of "nectdopBan: T4RIE Toin SrREIVERERUEGA IR chiboSRURS: Hith 4"
or ganonet agd,i gx%mgwﬁrm\ﬂfeﬁw@pm-p&aﬁ IWetiedt Bhsel REIsdeRaspbrfohffticdki cant |y

dropped to 7. . Even en the anount of the polynetal organonetallic
conpound usdditivess sl \ae dfor oexaiperbut met Mienigéd tof supemiepory toxidatieinned | ow

at 5.4 ng eyidencing the synergistic effect of the combinat.ion .,of all three
conponent s’.n¥l .lt%|‘“§}r+&*f &fe Wbérﬂéﬂ'?t&‘éqsl P?OE%‘SWHH’WISV(@{\%EH)W. Y12,

obt ai ned f - hey: Lnj Si H | n ' titdtgd diaryl
o- phenyl en@gfggtrlé]?gﬂgg%g%ﬂn éﬁfql,c %ﬁ&@ggﬁgﬁgm&agnéﬁg%ﬁf %ﬁ&g?@ %Zdj \gsqdi met hyl
phenyl )], mhitdionednfetalmd€adtivats, Satiowdar obgddts emetallic Hamdl avamdmptading |

Stk T OIENEN TR T N o AR T TR o
'rI'Eng'rl' EW%@H%C@:C BréffreCaBbfNVEeO UG Malfie! bA®thon-metalid phd@hofus?
containing and non-phosphorus, sulfur-containing and non-sulfur types), anti-
seizure agents, pour point depressants, wax modifiers, viscosity modifiers, seal
compatibility agents, friction modifiers, lubricity agents, anti-staining agents,
chromophoric agents, defoamants, demulsifiers, and others. For a review of
many commonly used additives see Klamann in Lubricants and Related
Products, Verlag Chemie, Deerfield Beach, FL; ISBN 0-89573-177-0, which
also gives a good discussion of a number of the lubricant additives mentioned

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-
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phosphate in which the primary metal constituent is zinc, or zinc dialkyldithio-
phosphate (ZDDP).  ZDDP compounds generally are of the formula
Zn[SP(S)(OR")(OR®)]; where R’ and R? are C,-Cyg alkyl groups, preferably
C,-Cy; alkyl groups. These alkyl groups may be straight chain or branched. The
ZDDP is typically used in amounts of from about 0.4 to 1.4 wt% of the total lube

oil composition, although more or less can often be used advantageously.

[084] However, it is found that the phosphorus from these additives has a
deleterious effect on the catalyst in catalytic converters and also on oxygen
sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.

[085] A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized olefins are useful as antiwear and EP additives. Sulfur-
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
R9R10C=CR1 IRIZ

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



Exanple 2 50 1000 1000 5.4 Conparative Exanple 3 0 1000 1000 26.3 EXAMPLES
4 -8 [0143] Deconposition of tert-butyl hydroperoxides (t-BHP) was carried
out in a fully formulated synthetic oil having a kinematic viscosity of 4
cSt at 100&0CeRlkadRi Ng the typical additive conponent sp@fudaidmests except

that the only antioxidant additives used were those of the present

invention.. 101441Separate sanples ver g pr epar ed containing a 2 gram

al i quot of oil
esters as lubricant additives is disclosed in U.S. Patents 2,443,264; 2,471,115;
2,526,497; and 2,591,577. Addition of phosphorothionyl disulfides as an
antiwear, antioxidant, and EP additive is disclosed in USP 3,770,854. Use of
alkylthiocarbamoyl compounds (bis(dibutyl)thiocarbamoyl, for example) in
combination with a molybdenum compound (oxymolybdenum diisopropy!l-
phosphorodithioate sulfide, for example) and a phosphorous ester (dibutyl
hydrogen phosphite, for example) as antiwear additives in lubricants is disclosed
in USP 4,501,678. USP 4,758,362 discloses use of_a carbamate additive to
provide improved antiwear and extreme pressure properties. The use of
thiocarbamate as an- antiwear additive is disclosed in USP 5,693,598.
Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-
carbamate trimer complex (R=C;g-C,z alkyl) are also useful antiwear agents. The
use or addition of such materials should be kept to a minimum if the object is to

produce low SAP formulations. Each of the aforementioned patents is

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



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

using the sane antioxidants, A B and C, as those used in Exanples 1-3. A

sanpl e was added to a 250nl Erlennmeyer flask. To this was added 100nmil of

acidified 29 @P@rﬂpl (1 PA)/toluene solvent (10% vol. glp6iaes@seii C acid,
I

65% vol . 25% vol . toluene). The m xture was stirred until the oil
di ssol ved. Excess t-BHP in isooctanol s added to the m xture and stirred.
To the resulting solution was added 10-m of sodiumiodide in |IPA reagent,

prepared fresh daily by refluxing 20 g Nal in 100nl |IPA. The resulting
m xture was hen refluxed to erature of bout 04-108 Ile stirring
for about 4§ ma?lu%’l%% él%S‘H%pl?ﬁS}? @F%%éorsé‘b‘ PEV“C%BWOéld er%B'\gpFWrgt ed
agai nst so te u asynpighey kCayr -Zero
t - BHP rerra?]lr'le ?@d?%?ﬂa{tf&bnng@%gk?én@ raietlgﬁgtc?%ﬁh\%gss idgrr?p edtr{eycélll Thgﬁnr?r ocedur e

was repeat sdlftalentiederdvitivns riatluding hétetoeyclias, TabkxarBpleTdinleacptatbias f ort h
the ratio of catal ytic anti oxj dant conpounds u t - BHP

consumed. diapples,amercapiobppzpthigdiagples) razspngn eefl'éﬁrﬂtﬁxrihg& ANES:t - BHP

Exanpl e 4 alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used in an amount of about 0.01 to 6 wt%, preferably about
0.01 to 4 wt%. ZDDP-like compounds provide limited hydroperoxide
decomposition capability, significantly below that exhibited by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

Viscosity Index Improvers

[090] Viscosity index improvers (also known as VI improvers, 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



100 1000 O 288 Exanple 5 100 O 1000 314 Exanple 6 100 1000 1000 523 Exanpl e
7

WO 2009/025774 PCT/US2008/009815

-37-

as pour point depressants. Other suitable viscosity index improvers include
copolymers of ethylene and propylene, hydrogenated block copolymers of
styrene and isoprene, and polyacrylates (copolymers of various chain length
acrylates, for example). Specific examples include styrene-isoprene or styrene-

butadiene based polymers of 50,000 to 200,000 molecular wei.ght.

[093] Viscosity index improvers may be used in an amount of about 0.01 to 8

wt%, preferably about 0.01 to 4 wt%.

Other Antioxidants

[094] Antioxidants retard the oxidative degradation of base oils during service.

Such degradation may result in deposits on metal surfaces, the presence of
sludge, or a viscosity increase in the lubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann 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'” where R'® 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



50 1000 1000 622 Conparative Exanple 8 0 1000 1000 45 [0145]As can be seen
in Table 3, the synergi smbetween the catal ytic antioxidants is shown. Wen
a polynmetal organonmetallic conmpound is used with either a substituted

di aryl o- pRenyernedi am ne conpound or a hi ndered phenobcrosiocuiaokist he
antioxidative effect is unexpected. The synergistic effect is even nore
pronounced when all three conpounds a[%gqsed I n conbi nati on as can be seen
by Exanple 6. Even when the concentrati'on of the polynetal organonetallic
conpound is halved to 50 ppm the antioxidative effect is surprisingly

Cani fi It . . i L on of o
ant 1 oxi danteit Bpblbh "o b b R “ERETE T, B0 e B ThEM . Bithur ¢ s
i n Exanpl egthkr 3rovgs shieh howed except that the oil used was a Goup Il
m neral oil

[096] Typical aromatic amines antioxidants have alkyl substituent groups of at
least about 6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl,
octyl, nonyl, and decyl. Generally, the aliphatic groups will not contain more
than about 14 carbon atoms. The general types of amine antioxidants useful in
the present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphehyl phenylene diamines. Mixtures of
two or more aromatic amines are also useful. Polymeric amine antioxidants can
also be used. Particular examples of aromatic amine antioxidants useful in the
present invention include: p,p’-dioctyldiphenylamine; t-octylphenyl-alpha-
naphthylamine;  phenyl-alphanaphthylamine; and  p-octylphenyl-alpha-

naphthylamine,

[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(Il) 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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another. Such additives may be used in an amount of about 0.01 to 5 wt%,

preferably about 0.01 to 1.5 wt%, more preferably zero to less than 1.5 wt%.

Detergents
[0100] Detergents are commonly used in lubricating compositions. A

typical detergent is an anionic material that contains a long chain hydrophobic
portion of the molecule and a smaller anionic or oleophobic hydrophilic portion
of the molecule. The anionic portion of the detergent is typically derived from
an organic acid such as a sulfur acid, carboxylic acid, phosphorous acid, phenol,

or mixtures thereof. The counterion is typically an alkaline earth or alkali metal.

[0101] Salts that contain a substantially stochiometric amount of the metal are
described as neutral salts and have a total base number (TBN, as measured by
ASTM D2896) of from 0 to 80. Many compositions are overbased, containing
large amounts of a metal base that is achieved 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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[0103] Preferred detergents include the alkali or alkaline earth metal salts

of sulfonates, phenates, carboxylates, phosphates, and salicylates.

[0104] Sulfonates may be prepared from sulfénic acids that are typically
obtained by sulfonation of alkyl substituted aromatic hydrocarbons. Hydro-
carbon examples include those obtained by alkylating benzene, toluene, xylene,
naphthalene, biphenyl and their halogenated derivatives (chlorobenzene,
chlorotoluene, and chloronaphthalene, for example). The alkylating agents
typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
contain about 9 to about 80 carbon or more carbon atoms, more typically from

about 16 to 60 carbon atoms.

[0105] Klamann in Lubricants and Related Products, op cit discloses a
number of overbased metal salts of various sulfonic acids which are useful as
detergents and dispersants in lubricants. The book entitled “Lubricant
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-C,y. Examples of suitable
phenols include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecy!
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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heating a mixture of alkylphenol and sulfurizing agent (including elemental

sulfur, sulfur halides such as sulfur dichloride, and the like) and then reacting the

sulfurized phenol with an alkaline earth metal base.

[0107] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula

OH 2

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;; 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

1s 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



[0147] As can be seen in Table 4, the conpounds exhibit significant synergy
when used in conbination resulting in very |ow deposits in the oi
conparable to the commercial antioxidant, as shown in Exanple 14, yet at

| oner concgptp@igh@Rs. Al though not denonstrated, it ispppikRvgmodiBat using
conpound A wth conmpound B or conpound A with conmpound C would al so result
In a synergistic effect albeit not as %reat as when all three conpounds are
used in conbination. [0148] The fully f eﬁulated oil used in Conparative
Exanpl e 14 contai ned about 0.75 w % of a commercially avail able
anti oxi dant . . The g@haiytic antioxi dants of the present invention exhibited
conparable“@ggﬁf? 0 P'significantly | ower concentrations. Exanples 15 - 18
101491The sane procedure used in Exanples 4-8 was foll owed except that the

oil used was a Goup Il mneral oil. - 56 - Table 5 A (PPm B (PPmM
[0109] Alkaline earth metal phosphates are also used as detergents.
[0110] Detergents may be simple detergents or what is known as hybrid or

complex detergents. The latter detergents can provide the properties of two

detergents without the need to blend separate materials. See USP 6,034,039 for

example.

[0111] Preferred detergents include calcium phenates, calcium sulfonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents).

Typically, the total detergent concentration is about 0.1 to about 3.5 wt%,
preferably, about 1.0 to 2.0 wt%. '

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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[0114] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocarbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by the
reaction of a long chain substituted alkeny! succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.
The long chain group constituting the oleophilic portion of the molecule which
confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary U.S. patents describing such dispersants are 3,172,892;
3,2145,707; 3,219,666; 3,316,177; 3,341,542; 3,444,170, 3,454,607; 3,541,012;
3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of dispersant are
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; 3,413,347, 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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polyamine. For example, the molar ratio of alkenyl succinic anhydride to TEPA
can vary from about 1:1 to about 5:1. Representative examples are shown in
U.S. Patents 3,087,936; 3,172,892; 3,219,666; 3,272,746; 3,322,670; and
3,652,616, 3,948,800; and Canada Pat. No. 1,094,044,

[0117] Succinate esters are formed by the condensation reaction between
alkenyl succinic anhydrides and alcohols or polyols. Molar ratios can vary
depending on the alcohol or polyol used. For example, the condensation product

of an‘alkenyl succinic anhydride and pentaerythritol is a useful dispersant.

[0118] Succinate ester amides are formed by condensation reaction
between alkenyl succinic anhydrides and alkanol amines. For example, suitable
alkanol amines include ethoxylated 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 S 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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of the alkylphenols range from 800 to 2,500. Representative examples are
shown in U.S. Patents 3,697,574; 3,703,536, 3,704,308; 3,751,365; 3,756,953;

3,798,165; and 3,803,039.

[0121] Typical high molecular weight aliphatic acid modified Mannich -
condensation products useful in this invention can be prepared from high

molecular weight alkyl-substituted hydroxyaromatics or HN(R),  group-

containing reactants.

[0122] Examples of high molecular weight alkyl-substituted
hydroxyaromatic compounds are polypropylphenol, polybutylphenol, and other
polyalkylphenols. These polyalkylphenols can be obtained by the alkylation, in
the presence of an alkylating catalyst, such as BF;, of phenol with high
molecular weight polypropylene, polybutylene, and other polyalkylene
compounds to give alkyl 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, tetracthylene
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pentaamine, pentacthylene hexamine, hexacthylene heptaamine, heptaethylene
octaamine, octacthylene nonaamine, nonaethylene decamine, and decaethylene
- undecamine and mixture of such amines having nitrogen contents corresponding
to the alkylene polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z
is a divalent ethylene and n is 1 to 10 of the foregoing formula. Corresponding
propylene polyamines such as propylene diamine and di-, tri-, tetra-, penta-
propylene tri-, tetra-, penta- and hexaamines are also suitable reactants. The
alkylene polyamines are usually obtained by the reaction of ammonia and dihalo
alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained from
the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes

having 2 to 6 carbon atoms and the chlorines on different carbons are suitable

alkylene polyamine reactants.

[0125] Aldehyde reactants useful in the 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] Hydrocarby!l 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-
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esters and amides, alkylphenol-polyamine-coupled Mannich adducts, their

capped derivatives, and other related components. Such additives may be used

in an amount of about 0.1 to 20 wt%, preferably about 0.1 to 8 wt%.

Pour Point Depressants

[0128]

Conventional pour point depressants (also known as lube oil flow

improvers) may be added to the compositions of the present invention if desired.

These pour point depressant may be added to lubricating compositions of the

present invention to lower the minimum temperature at which the fluid will flow

or can be poured. Examples of suitable pour point depressants include

polymethacrylates, polyacrylates, polyarylamides, condensation products of

haloparaffin waxes and aromatic compounds, vinyl carboxylate polymers, and
terpolymers of dialkylfumarates, vinyl 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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phosphates, aromatic esters, aromatic hydrocarbons, esters (butylbenzyl
phthalate, for example), and polybutenyl succinic anhydride. Such additives

may be used in an amount of about 0.01 to 3 wt%, preferably about 0.01 to 2

wt%.

Anti-Foam Agents

[0131] Anti-foam agents 'may advantageously be added to lubricant
compositions. These agents retard the formation of stable foams. Silicones and
organic polymers are typical anti-foam agents. For example, polysiloxanes, such
as silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam
agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

these additives combined is less than 1 percent and often less than 0.1 percent.

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 wi%, preferably about 0.01 to 1.5 wt%.
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- [0134] 58 -5 T@Ri6n Snodifier is any material or materials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid containing
such material(s). Friction modifiers, also known as friction reducers, or lubricity
agents or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention
if desired. Friction modifiers that lower the coefficient of friction are
particularly advantageous in combination with thé base oils and lube composi-
tions of this invention. Friction modifiers may include metal-containing
compounds or materials as well as ashless compounds or materials, or mixtures
thereof. Metal-containing friction modifiers may include metal salts or metal-
ligand complexes where the metals may include alkali, alkaline 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.
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[0135] Ashless friction modifiers may also include lubricant materials that
contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups
~ containing effective amounts. of O, N, S, or P, individually or in combination.
Other friction modifiers that may be particularly effective include, for example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable
synthetic long-chain hydrocarbyl acids, alcohols, amides, esters, hydroxy
carboxylates, and the like. In some instances fatty organic acids, fatty amines,

and sulfurized fatty acids may be used as suitable friction modifiers.

[0136] Useful concentrations of friction modifiers 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.
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[0138] Note that many of the additives are shipped from the manufacturer
and used with a certain amount of base oil solvent in the formulation.
Accordingly, the weight amounts in Table 1 below, as well as other amounts
mentioned in this patent, are directed to the amount of active ingredient (that is
the non-solvent portion of the ingredient). The wt% indicated below are based

on the total weight of the lubricating oil composition.

Table 1
Typical Amounts of Various Lubricant Oil Components
Approximate Approximate
Compound Wt% (Useful) Wt% (Preferred)
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Viscosity Index Improver 0.0-40 0.01-30, more
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.
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[0141] The formulations were evaluated in a Thermo Oxidation Engine
Oil Simulation Test (TEOST), as provided for by ASTM D7097, also referred to
as TEOST [MHT4], herein incorporated by reference, to determine the mass of
deposit formed under oxidative conditions. The results of the test are given in
Table 2. The concentrations of the antioxidant compounds used are given in
ppm by weight based on the total amount of lubricant base oil. As can be seen in
Comparative Example 3, when a substituted diaryl o-phenylenediamine
compound was used in combination with an ashless hindered phenol, but without
a polymetal organometallic compound, the weight of the deposit was 26.3 mg.
When 100 ppm of the polymetal organometallic compound was added, the
weight of the deposit significantly dropped to 7.4 mg. Even when the amount of
the polymetal organometallic compound used was halved to 50 ppm, the weight
of the deposit remained low at 5.4 mg evidencing the synergistic effect of the

combination of all three components.

A: Polymetal organometallic compound [MnIV(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-¢-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.
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Table 2
TEOST
[MHT-4]
A B C Deposit,
(ppm) | (ppm) | (ppm) (mg)
Example 1 100 1000 1000 7.4
Example 2 50 1000 1000 5.4
Comparative 0 | 1000 | 1000 26.3
Example 3
EXAMPLES 4 — 8
[0143] Decomposition of tert-butyl hydroperoxides (+~-BHP) was carried

out in a fully formulated synthetic oil having a kinematic viscosity of 4 ¢St at
100°C containing the typical additive components of Table 1, except that the

only antioxidant additives used were those of the present invention.

[0144] Separate samples were prepared containing a 2 gram aliquot of oil
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
a temperature of about 104-108°C while stirring for about 10 minutes. The
mixture was subsequently cooled and titrated against sodium thiosulfate solution
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
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t-BHP consumed.
Table 3
A B C Mole Compounds: |’
(ppm) | (ppm) | (ppm) Mole +-BHP
Example 4 100 1000 0 288
Example 5 100 0 1000 314
Example 6 100 1000 1000 523
Example 7 50 1000 1000 622
Comparative 0| 1000 1000 45
Example 8
[0145] As can be seen in Table 3, the synergism between the catalytic

antioxidants is shown. When a polymetal organometallic compound is used with
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.
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TEOST
[MHT-4]
A B C Deposit,
(ppm) | (ppm) | (ppm) (mg)
_Example 9 100 1000 500 2.9
Example 10 100 1000 1000 4.6
Example 11 50 500 500 3.5
[Example 12 50| 1000 1000 49
Comparative '
Example 13 0 500 500 109.0
Comparative
Example 14
(Fully formulated 14
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 derhonstrated, 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.
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above, anong 17 rent 1N IJiE| Preceding gription, aregqgfficiently
attai ned and, E?%@géggftair changels navqggrna e iln _carrying out |the present

i nvention w t hexdmplepiar ting froratthe sjlorjit ard@0qcope of the3bhyention, it
is intended that all matted contaijpned in-the abovje-description—and shown in
t he acconpanyj GeM@RERHivAEg be i nterpretegyas illsggtirative and ngg|in a
limting sensebxdmiled|8lt i3 al so understood that {the following ¢lains are
intended to cover all of the generic and specific features of the invention
herein described and all statenents of the scope of the invention, which as
a matter OEXAMBLESL? 123ht be said to fall therebetween. - 60 - CLAI MVS:

1. A lubri kag oi l hi biti [Masels d. resi ot ' '

deposi t/sf@%é@ for mﬁognap%%hpp(%eglﬂ}r%gg%%nﬁ %géé 1%8?]4580\?%0&1%%%9 X%Ege oi |

and cat al yhatcthandil axédianks GAMPbasd 01y having a kinepgticavisedsiwcdfi ¥ @Samount  of
one or nore oil solubl e di manganese conpounds having the fornul a

[ Mh(Li gand)P2C. wherein n is the oxidation state and Ligand is an organic
noi ety conpl exi ng the nmanganese; andFab?Jgecti ve anounts of

Mole
A B C Compounds:
(ppm) | (ppm) | (ppm) | Mole t-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 ¢St at 100°C and a Group II mineral oil.



(b) one or
having Formula | |
ClZ al kyl ; or,

(b) and (c

nore substituted N, N
where RI,
nore hi ndered phenol
to C8 al kyl;
i nproving the resistance

(c) one or

1 V\?Srﬁo@%&'ﬁ tarjogn?or%' is C

-di aryl

- 0- phenyl enedi am ne conpounds
R2, R3 and R4 are independently H or
conmpound having Fornula 11

or apg,?ggbmgsqp of both

a lubricating oil

to oxidation and deposit/sludge format |Sgn conprising adding to the

| ubricating oil

catal ytic anti oxidants

onprising (a) an effective anpunt

of one or nore oil solubl e di nanganese
Table 7
A B C Mole Compounds:
. (ppm) | (ppm) | (ppm) Mole -BHP
Example 23 100 500 0 259
Example 24 100 0 500 297
Example 25 100 500 500 494
Comparative
Example 26 0 500 500 43
[0152] As can be seen in Example 15 through 25, when a polymetal

organometallic compound is used with either a substituted diaryl o-

phenylenediamine compound or a hindered phenol compound, the antioxidative

effect are completely unexpected. When all three compounds are used in

combination, the synergistic effect is even more evident as is demonstrated in

Examples 17,21 and 25.

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.



- 61 - compounds having the formula [IVWW(Ligand)]2, wherein n is the

oxi dation state and Ligand is an organi c noiety conpl exi ng the nmanganese;
and, effective anounts of (b) one or nore substituted N

N-di aryl - o5 BReR%LE9£di am ne conpounds having Fornul a | petysibiossiRl . R2, R3
and R4 are I'ndependently Hor C to Cl2 alkyl; or, (c) one or nore hindered
phenol conpound having Formula Il R6R6 8V\/nere R5is OHand R6 is Cl to C8
al kyl ; or a conbination of both (b) aﬁé (c). 3. The lubricating oi

of claim1l wherein the one or nore di manganese conpounds is present in an
anount in the range of about 1 to 1Q£qﬂg%n1by wei ght of manganese based on
the total anount of |ubricant base ot 4. The lubricating oil of

claim 3 whierein the oné or nore dj nengangse conpounds |I §oRFL&EIY0%N an
anount in |the range of about 10 tio 500 ppm by wei ght of nanganese based on
the total |anmbunt of lubricant base oiA. | 62 - C |5, Vissobigpri cating
oil of clgim1l wherein the substifu %(rjn)N’ (’\}I;P-mi ar(gll)r-ns)- Increase
Example 27 100 500 0 170
Example 28 100 1000 0 175
Example 29 100 0 500 160
Example 30 100 0 1000 155
Example 31 100 500 500 240
Example 32 100 500 1000 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 S00L/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



phenyl enedi am ne conmpound is present in an anount in the range of about 10
to 5000 ppm based on the total anount of |ubricant base oil. 6. The
Iﬁbrifating oil of claim5 wherein the substituted N, N -diaryl-o-
phenyl enedi an ound is present in an anmount int about 10
to 1000 pgkggg§§5ﬁggpthe total anmount of | ubricant baéﬂg%??qﬁﬁmgﬁs 7. The
| ubricating oil of claiml1 wherein the gindered phenol conpound is present
in an anount in the range of about 1035000 ppm based on the total anpunt
ﬁf Lubrgcaﬂt b?se oil. 8. The lubricating oil of claim7 wherein the
I nder ed phenqgl conpound is present jn an ugt in the range of about 100
to 5000 pphepsdiay (¥HHt?%?ﬁﬁ“éﬂﬁﬁh#“8$"1ﬁ%ﬁ?gant base oilg 9. The
| ubricating oil of claiml1 wherein RL is nethyl, and R2, R3 and R4 are Hin
Formula I. 10. The lubricating oil of claim1l wherein R5 is OH and
R6 is C4 alﬂ‘lﬁBLi n Foxdni$ @lehlonstrated by e dataeid Tlablec 8t usiggoi 00 gpntiodi m 1
wherein the |ubricant base oil is selected fromthe grou 9nsisting of
natural oi ¢ampgEd A veighedlen B en (hee &l 2Girpee Hogip fedih? Eﬁ)(ﬁné’ scosity
unconventi gonal_  oi an ' r f : . 3 i ' oi | of
claim 1 whdstsase ?t%ﬁ“‘ﬂ??‘éﬁﬁ%r%g“& ?ﬁ.??\ours resp cth]cgy, alBEi iR 6 LREISY

: _ u ase oIT I's & asé oil, an isonerized wax
base oil ohéh XdowigoundeAe@as paired with either of compound B or C. When

v

compounds B and C were used in combination with 100 ppm of compound A,
the average time to reach a 100% viscosity increase significantly improved to
243 hours demonstrating a 32 % improvement over pairing either of compounds
B or C with compound A alone. The results were equally significant when the

amount of compound A was halved as can be seen in Examples 39 and 40.

[0156] The fully formulated oil used in Comparative Example 41
contained about 0.75 wit% 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 invcnﬁon, 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.



13. The lubricating oil of claim1l2 wherein the GIL base oi

is derived

froma hydroi sonerized Fi scher-Tropsch wax. - 63 - 14. The
| ubricating oil of claim1 wherein the Ligand conprises a pol ydentate
Schiff base |igand. 15. The lubricating oil of claim 14 wherein the

Schiff base ligand is a N/ I\I'-disalicylidene-1, 3-di am nopropane (H2Sal pn)

ligand or a N, N -disalicylidenel, 4-di agpnobut ane (H2Sal bn)

gand.

16. An addifipm@ggoncentrate for inproving resistance to oxidation and
deposit/sludge formation in lubricating oils conprising catalytic

e or nore oil

ant i oxi dants copprising., . . . .an effective apmount, of .gn
sol ubl e di mangagse éo%éﬁﬁt&g ﬁélvfg%bﬁlﬂg MY, T NaRsE Lﬁoggﬂgﬁt}% fherein n
i's the oxi dglosoRludpatformaitbnl t@dptsihg 2 MH61damotnt oK Slibri&@ITYa8Xid10 ahdie

manganese; and, effective anmounts o (b) one or nore substituted
N, N - di ar @ARligtiomipxidentsdogris@gconpounds having Fornula | | where R
(c) one

R2, R3 and R4 are %gl)g%gf}?&%ggg}r%&“ Fon&br recgif%(ﬁ'{xlFlg ldimé)r{g’anese

or nore hindered conmpound havi ng Fornmu

compounds having the formula [M"(Ligand)],, wherein n is the oxidation state and

Ligand is an organic moiety complexing the manganese; and, effective amounts of

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

having Formula I

R1

where R', R%, R® and R* are independently H or C; to Cy; alkyl; or,

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

R® R®
5
R Rs
6 6
R R

where R’ is OH and R® is Ci to Cg alkyl;
or a combination of both (b) and (c).
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 dimanganese



R6 where R5 is OHand R6 is C to C8 alkyl; or a conbination of both (b)
and (c). - 64 - 17. Use of the lubricating oil of claim1 for

i mprovi ng fuel econony in gasoline engine systens. 18. Use of the

| ubricating oil of claim1 for inproving exhaust em ssions in a diesel fuel
engi ne system wherein the diesel fuel has a sulfur content ranging in the
anount of about 5 - 1,000 ppm 181 -The nethod of claim2 wherein the
one or nore di managanese conpounds i s present in an anount in the range of

about 1 t ocoupOngphavpees frmuds [Mehigandte waereld wis theeoxidatiah statoand of

| ubri cant il . 20. The nethod of claim 19 erein the one or
nore di man%%%g%gs T ooﬁ%%nﬁ%glg le?% C%rpﬁlg)élr% r&i’enm%gagﬁ%ﬂ ﬁ?cﬁieﬁf‘é\/{f}h\lg %%é‘és ¥f about 10
to 500 ppm by wei gb} o orTasg 3uksieutb@ sl N'-alarilhe plialy hediamitt coafpoutdy i cant
base oil. ) 21. The nethod of claim2 wherein the substituted N

N - di aryl - BAViEHERUhEdi ami ne conpound is present in an anount in the range
of about 10 to 5000 ppm based on the total anount of |ubricant base oil.

22. The nmethod of claim 21 wherein the substituted N, N -diaryl-o-

R’ R

R4 NH NH R4

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

(c) one or more hindered phenol compound having Formula 11

R® R®
5
R Rs
6 6
R R

where R’ is OH and R® is C; to Cg alkyl;
or a combination of both (b) and (c).
3. The lubricating oil of claim 1 wherein the one or more dimanganese

compounds is present in an amount in the range of about 1 to 1000 ppm by weight of

manganese based on the total amount of lubricant base oil.

4. The lubricating oil of claim 3 wherein the one or more dimanganese
compounds is present in an amount in the range of about 10 to 500 ppm by weight of

manganese based on the total amount of lubricant base oil.



phenyl enedi am ne conmpound is present in an anount in the range of about 10
to 1000 ppm based on the total anobunt of |ubricant base oil. 23. The
nmet hod of claim 2 wherein the hindered phenol conmpound is present in an
anount in the range of about 10 to 5000 ppm based on the total anmount of

| ubri cant base oil. 24. The nmethod of claim 23 wherein the hindered
phenol conpound is present in an anoung2in the range of about 100 to 5000
ppm based on the total amount of |ubricant base oil. - 25. The

rret hod of clain2 m@h@iubrmtmgsmh@f elaim lapherm thREﬁuhﬁtiuiRd I‘érl‘é -ditiykroFor mul a
2 2 R O—l d | in
For mul a 81 en;%? (H%hnl%dco i‘snﬁr? al m%f I rrllftlaoruglt i qag[]ejlﬁ)rf ?ﬁa%ﬁogéssgb(g?’l : S

sel ect ed fpmmbhded ogrtmta)taa@nﬁiuﬁt¢ﬂ1gb@5anmaetsubal oi | s, petrol eum derived
m neral oils, synthetic oils, unconventional oils and m xtures thereof.

28. The nethod of clai m 27 wherein the lubricant base oil is a GIL base
oil, an |somer|ged f t ' t hod of
claim2 wherein the L| gan atﬁl ?l?égg}aghb%ﬁhggﬁ{gl?esu Scﬁ%‘tr"? %gquedgwbgd

30. The nepheagleoédiahmic rc‘oﬁ@omﬁrbrsanesehﬁa aﬁmlmduht mathe rdnggafidbawg 18 tHN,1000 -
di salicyliden

1,.3-di am nopr opa HZS ligand or a
N, I\ f - di saﬁﬁ%g?ﬁeéé’ﬁgﬂ%"lﬁla ouft RS %ﬂ?ém bn) 1i gand.
7. The lubricating oil of claim 1 wherein the hindered phenol compound

is present in an amount in the range of about 10 to 5000 ppm based on the total

amount of lubricant base oil.

8. The lubricating oil of claim 7 wherein the hindered phenol compound
is present in an amount in the range of about 100 to 5000 ppm based on the total

amount of lubricant base oil.

9. The lubricating oil of claim 1 wherein R'is methyl, and Rz, R? and R

are H in Formula I.

10.  The lubricating oil of claim 1 wherein R® is OH and R® is C4 alkyl in

Formula II.

11. The lubricating oil of claim 1 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.

12. The lubricating oil of claim 1 wherein the lubricant base oil is a GTL

base oil, an isomerized wax base oil or mixture thereof.

13.  The lubricating oil of claim 12 wherein the GTL base oil is derived

from a hydroisomerized Fischer-Tropsch wax.



-63—
14, The lubricating oil of claim 1 wherein the Ligand comprises a

polydentate Schiff base ligand.

15, The lubricating oil of claim 14 wherein the Schiff base ligand is a
N,N’-disalicylidene-l,3-diaminopropane (H2Salpn) ligand or a N,N’-disalicylidene-
1,4-diaminobutane (H2Salbn) ligand.

16.  An additive concentrate for improving resistance to oxidation and
deposit/sludge formation in lubricating oils comprising catalytic antioxidants
comprising

(a) an effective amount of one or more oil soluble dimanganese
compounds having the formula [M"(Ligand)],, wherein n is the oxidation state and
Ligand is an organic moiety complexing the manganese; and, effective amounts of

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

R4 NH NH R*

R 3
where Rl, Rz, R? and R* are independently H or C; to Cy; alkyl; or,
(c) one or more hindered phenol compound having Formula IT

Re Rs
Rs

where R® is OH and R® is C, to Cg alkyl;

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



- 64 -
17. Use of the lubricating oil of claim 1 for improving fuel economy in

gasoline engine systems.

18.  Use of the lubricating oil of claim 1 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.

19.  The method of claim 2 wherein the one or more dimanaganese
compounds is present in an amount in the range of about 1 to 1000 ppm by weight of

manganese based on the total amount of lubricant base oil.

20.  The method of claim 19 wherein the one or more dimanganese
compounds is present in an amount in the range of about 10 to 500 ppm by weight of

manganese based on the total amount of lubricant base oil.

21.  The method of claim 2 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.

22, The method of claim 21 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.

23.  The method of claim 2 wherein the hindered phenol compound is
present in an amount in the range of about 10 to 5000 ppm based on the total amount

of lubricant base oil.

24, The method of claim 23 wherein the hindered phenol compound is
present in an amount in the range of about 100 to 5000 ppm based on the total amount

of lubricant base oil.
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25, The method of claim 2 wherein R! is methyl, and Rz, R? and R* are H

in Formula I.

26. The method of claim 2 wherein R> is OH and R® is Cq4 alkyl in Formula
II.

217. The method of claim 2 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.

28. The method of claim 27 wherein the lubricant base oil is a GTL base

oil, an isomerized wax base oil or mixture thereof.

29.  The method of claim 2 wherein the Ligand comprises a polydentate

Schiff base ligand.

30. The method of claim 29 wherein the Schiff base ligand is a N,N-
disalicylidene-1,3-diaminopropane (H2Salpn) ligand or a N,N'-disalicylidene-1,4-
diaminobutane (H2Salbn) ligand.



