- - CATALYTI C ANTI OXI DANTS BACKGROUND OF THE | NVENTI ON FIELD OF THE

| NVENTI ON 1001] The present invention relates to |ubricating oil
‘»conpositiogﬁ)ﬁfgﬂﬁgﬁing a base oil selected fromthe gr SR8 N

of mneral olls, synthetic oils and m xtures thereof boiling in the

| ubricating oil boiling range and additives which neutralize the

pr ooxi dants whi ch cause the oxidative dééonposition of the

| ubricating oil conposition. DESCRI PTI ON OF THE RELATED ART [ 2]

Currently, lubricating oil fOAPALITIGNANIIOXIEINTSd resistant to
oxi dative degradation by the addition to the |ubricating oil

formul ati orgA?é{ékgﬁ%#@mmmomnti oxi dants such as
sterically , hi ndéred am nes and m xture thereof and
hydr oper oxi BIELd® NAEONs zi nc di al kyl di t hi ophosphate . [3]
Most of such antioxidants ,as e sentl.y.used gre _can L

oxi dat i on pi08&bt eFhe Pws?ﬂénﬁ?q?{o(ltr%%ﬁﬁﬁi# ﬁP%Pﬁc?ﬁ“B"’ék%g’?{ggP‘%ﬁE‘%‘ggc
basis. Anti oxi G q | i bild Qummb@aé bdOsndNnl y
inlimted %ﬁéés%ﬁ?ﬁ%és angsggﬁgggﬂl nﬂﬂéﬂé}\i}%%&‘@ﬁgﬁébﬁ%ea t he maxi mum
practical ampiies itheragitiesiling iy therlebmestinglofl builisg rengeand additivppwhich
with the undefended oil rapidly oxidizing with their disapp ance.
[4] O her amﬁmmkz@lamgogmﬁnﬁéﬂé%5@}865’&%9W5%ﬁt6 Fﬁ\ﬂ%i q‘”fZﬁe

consunm ng the._.prooxi.dants nore than stoichionetric basis are
still therrslélg_{}ggtlr{%%l “biy 3&&8&1? ate of less than about 10:1 and
o Su "

her ef ore, whil Deri Q She o ol4& and am nic anti oxi dants are

still not SHESCRIBIHON OFIHERYL, Mabl e for the next generation
(of ext e“dedwéﬁfi NCLHRRUP) 1hBritingeRl RembRtiohs he fehiidred résiutartitb exida-

| ubri cant enviTonnents. [5] Prooxidants are continuously ner at ed

in the | ubriteadtgradationgpy thetaddisionde the lubtirating eilfornelationheblithe oj |

by bl ow by gases, or exhaust.gas recircul.atl i t

operation o‘fa%iq‘?f W&Pg?,"cﬂ%‘@%‘lcgﬂﬁ SBﬁ@ it %@?lcalzyg%nﬁéﬁg j’ %’8@?’6]?%1?8%0 hes
t he conbi naj,| PP deisngichAs einfcect i ve
ant i oxi danfﬁ%ﬁ%s%ﬁ??%ﬁﬁé%ﬁfl@e or hyd}rég{::g?%cgﬁ% suschcassl t?ge oi | s.

The total contigiditdbplessphatecopper salt and nol ybdenum salt is such
that the concentration of netal* or nmetal ion nay range from about

0.006 Wt % t EBPOUNIdRt Bf Widh andiorfdanahisyaré preserthoused Aré Genswiitdthy thbout
0.1 wm % of the basestock. The concentration of the, orBer, %al.t may
range bet weexidatioupramatens inithe i fths pseRxidanms)fmg ﬂﬁl‘ﬁ@g ¢ basis.

coficentratign .of, the nolybdgn | n 0004 W %
and_about 0ABtRKSANEHEREIHAP BBy AL PE B bR BRPHENAERS, 17
group of ca ekt fif @h@dhes theiariniimn practiephathemsdties
and m xtur eéﬁ)ﬁgiﬁgrgﬁa c%ﬁﬂlgl?tg/%g‘éﬁﬁm salt preferably ?éa sel ect ed irifyom

the group ofddmirthex wteaquisklyaonswnédancodisapnsar, vaintheqindgfeaded il rap
u{stear ates and, m,xtur,ﬁ‘rsﬁthec#%g. H}] USP 4, 122, 033 di scl oses an

oxi dati on | ARCIFIRS Wik GeY R5d2¥%Sr using the oxidation inhibitor
for hydrocarbon materials, particularly lube oils. This patent .

di scl oses t 4] on@®ther mimicgntsmsmh A ACRRST APetylBREIANAILHGV HELEZ an

be utilized i hi nat | i 1 Qr. i ;
compounds. s HIEBRHARRB A THFR D Sy ool (s I ARARRAS tied-up
phosphi nes gng.pb o RRatRS AOAE £0:1 ahbeharbiopd)athite aupdriat to/the phenolirandof

sai d conmpound eac I

contaln fromabout 1 to about 50 carbon atons as
oxi dati on i sinitic tntiexidantsayastilt notewibeientipengdinsdas suiteple for the next

aut o- oxi dation. Anong the_transitjon,,netal .c f 0 i ng
o the. pat cBenareon AEexardel SRTSLRAIR SeHEE Dy Db A5 e F60EE
chrom um ngm &mi ron, cobalt, nickel, copper, yttrium

zi rconium nirobium nol'ybdenum tellurium ruthenium rhodium

pal l adium and silver, to mention a few. This patent further states,
at colum 8, that when a conbination of netals is used a synergistic



R(X)mRi - wherein Rand R1 are like or unlike radicals of allcyl
structure at | east one of which contains not | ess than 8 carbon

~atoms, X igofoEaen or telluriumand mis 1 or 2. Thesg-Qu&askar717
conpounds are useful as mneral oil additives and are al so use{ur as

antioxi dants for vegetable oils, rubber and other organic nmaterials
whi ch are subject to oxidative deterioréation. The "alkyl" radicals
can be straight or branched chain in nature as well as being

sat urated qposjns Fysabssts apfcditituebstp gbgerated limdiddubrioant during routine
cycloaliphatic. They can be substituted by aromatic groups such as
phenyl , hydmmymdixmrad@lc@mnmbn@ﬂwy ldfa‘dulasga%u&rexgaWﬁgs EGERUEs
chl oro-, brono-,. hydroxyl - ..ether. ket l: . car boxyl ,

metal | o cart‘(?B)?)?Id,unﬁﬁrtﬁ%@ergg?%anﬁ%mglacg’{%bmﬁgﬁg%% ?%e, nmono-, di- and
pol ysul fide, etc., may also be substityted, in {he R and roups.
See al so U006 585R44034d 1 beaches ther _atqrgqf%ggpeqqrgigp%@%eq ches

e i n the Aokl et 87 R RRIR RS B SO S GRERBETY
the copper sdéfudlhu@ediley Thehbal ceicetiratioll 6F Wppeniiy A&l mblybaenure sgipar

may be’'substitute for zinc in such conpounds. The copper may al so be
in the formsndithahtheanppentration ofghetal erymetabiongnay ragge abot ic

i
Cinsat ur at e IR0 Wi opateraty ord apPUTERLE R B AbPh . F wePide beC,
as napht he%&&?&l@%‘ccoﬁgéﬁﬁiﬁ d}f"iﬁ %ﬁdae ERMAYFah s RAReH abdig 0,002

'synthetic acids are pre | - sol"dbl e copper ~dithiocarbamate as
wel | as coppes asdidban 8t bwi%phkitathesoncendration of tecmolybdewam saly ranges be
used. The copper ¢o is, enployed.n an,amount sufficie to
contribute %ﬁn@@@ggﬁwgaﬁ%eﬁﬁeb%g% %. i[g‘f(YfPPEFSa ,%%tl@f%gﬁls
teaches a | ' | ] J ek L&k | f apout 100
o 400 ppm I o O e e

subst ant i alpaghthepsteindntixtueestherenf. FrmabddenmhGal préetbly ispaleoteda
secondary diaryl am ne. The conbinatjign of ingredients is reparted, as
provi di ng ttFEn tmgrosn of sarbsrylajgs qonsisiing o F@E‘F@éﬁsoﬂleﬂtﬁﬁtsf‘%?ﬁ%@d

friction ifi rmance. QO | sol ubl e nol ybdenum conpounds
i ncl ude t%&wﬁg‘{e%%geofépfrom a nol ybdenum source such as ammoni um

| ybd | i lL.kal i h |. .l ybd |
[r1 oxi de and ol U AdABa frclis 3R ariteiah i RTon Bl e e diadde RAE "
conpound sygh,ag, eﬁg‘ﬁgﬁi%%gh?&]o}f%ﬁ? nfk”tét‘f@&?pg_ﬁ%ﬁ[la}?f%@%ﬂ)!. FRiges

and pol yamnes, p etones, anilines, e Mol ybdenum

sal ts such pasent dizclosedthuy bad esmoee ansitiml yothé nomtpingh¢dmepounds can e a
preferred group of nol]ybdenum conpounds. [’?Ji'é] USP 6, 121, 211 tdeaches
a | ubri cat Wiized in eembigation SAthRNFATIIAPIE PCEOE]S BFCOMRATRE CERPOUNAE 550

'oil of lubrjgati [ ' F ' Fpergo :

t hi ocar banﬁ?%cgﬂg%ﬁgﬁégéy %nr]g{\%g’n@fﬂlﬁ g%ﬁl s’eéang(ldﬁ)ots cltnl %’ﬁgﬁa Iﬂ% ?atg
at | east ORgheabifehy HEpiRiticainddlky peiticisdfisail dongsoemtl.eadleontain from

t hi ocar bamates i nclude those of the fornula; RIR2j-S)-T wherein, Rl

and R2 ar e abnuehtmakant 59 cariopl atoms as pxidghien inhjibigesp B AreapisaeMRgsions

| kyl get her _f Licyl i i C ring.i '
fha Yo suBREh R Hue SRt Arfihd e Hap bl B erpdiniR whdhut Wbl
is a dival 3{#“% L&ﬂ@% atenDebd @blsalts 6F eualum ekalism| taladienadtraiing, eart h

metal s, ca gnesium ten, nolybdenum iron, copper, nickel,
cobal t, chmuriganmesenitoheeabaliSpiekel, coprexartpium, zireoniae relitimim

di but yl di t hi gcar bamat e, cadm .dioctyl dithi,ocarb t e, . cadnm.
octyl butyl Jmlygﬂ?%rtﬁla%‘f@z r L ﬂ%‘h}ém%%dm’rﬁ“ggﬁﬁfaﬁ%‘g%&%
magnesi um gL actptlhs Pidiy Brhef SRR A coRMHTE UWRhEWEET ¥ onbiHafiof JF Brstas e.
The pat ent q%‘ght%mng%}&%oﬂgga{maﬁes i r?ov\,hi ch a divalent netal dialKkyl

di t hi ocar bagrased! ¥ayesgistbcleffectovill tei ndiet ifdhosum of elestrometive foricon wi t h

voltages favors the presence of the stronger inhibitor and/or the weaker catalyst




| - i-CHOP, 2\ Sts4 wherein Ris a nonoval ent substantially
hydr ocar bon-cont ai ni ng radi cal of 1-30 carbons, x and y are each H or
-a nonoval e lally hydrocarbon containing radic 0
car bons, Nﬁ%gaggﬁéﬁg{ sel ected from zinc, cadnm um Ieadﬁgﬁg%gﬁﬁﬁﬁgﬁy
or an oxygen and/or sul fur-containing nolybdenum conplex and n is the
val ence of the netal. This material is Wseful as a lubricant additive
(see also USP 4,882,446). [0151 USP 5, 439, 604 teaches conpositions

contai ni ng gRd @l o&RkAIBy, pesEive AditiGRRpEethe @onibinktionavillshe effective as a
pol yal kenyl subs%i t ut éd nonounsat urat ed nono- or di carboxylic acjds

whi ch may beomesich mhikiter@tpertapinationnef abevbi¢GPpmdy weights op dessfwhen

di spersants, detergents, anti-wear and anti.oxi | _al

ant i oxi dant thec?é’i‘P‘B’g OEPE#?&EJ%&?&RF}Pé’Wo%’FHPq%%Hgé Fg%}%agﬁ%ggéﬁ}lp %aneﬂ:lgs of
C10- C13 fat by )56 !pgm %P%Fggn.s f ekt thapitsdiRBh&ss T tkb trARBRAT metal

di t hi ocar bardt e, "Copper sul fonate, copper phenate or copper )

acet yl acet ovahpoundsi$Hehitident @R, mnaﬁvebraldgé sorgenatiprreoidhe peroxide

i mproved wear resistance arhd ant i coddancy conprising base oil, an oil
sol ubl e copfeFomERASEr CYRPRHNUSso| ubl e nol ybdenum salt, a Group |1 netal
salicylate and a borated polyal kenyl succinimde. Mlybdenum salts
are the oi | [608] ublUSP<2B98 464 teaghesengpeic selenium Fampepniisangd 05gIHe
preferably ] to C30 saturated.and.unsaturated fatty acids, e.qg..
nol ynapht ha @PW‘?HM&’?@&W ‘eate, nol yxanthate and

mol ytallate. [17] USP 4, 066, 561 teathxpgt%nonet al lic conpl exes of
the formula: /9 MX\ |RIRZRI RRNNRIR2 n wherein, as defined in
fthe patent wheseirR dmktRgae like drmiike radicaipofialkybstrusiuse af legstyorrerafim 1

S S R i LB BB i ™
N, Pd, Cu, 3?0?351%3@ Rl(%ﬁg?}éc&nﬁ&ﬂidg e ’&S%El.g% eSinkFP 811 LARIHES U are also

consi sting F ganop oro,” organocarboxyl, organoam no,
or ganosul f opydful & gaioaidunt fopvggetalde wilsubbatand otherdrganic prasenisiat e,

sul fate, sul fonate, oxide, hydroxjde, carbapate, | fi.t fluorjde
cﬁl ori de, gmmegﬁbj)élpbm ng,ativexcieterlorat?on. qfPhc ¢ alkfly radicals can be st'ralght

or branched chain in nature as well as being saturated or unsaturated and can

also be cycloalkyl or cycloaliphatic. They can be substituted by aromatic groups

such as phenyl, hydroxypheny! and aminopheny! groups. Polar groups such as
chloro-, bromo-, hydroxyl-, ether, keto, amine, free carboxyl, metallo carboxyl,
carboxy ester, mercapto, mercaptide, mono-, di- and polysulfide, ctc., may also

( be substituted in the R and R; groups. See also USP 2,543,074 and USP
2,571,718,

[009] USP 4,867,890 teaches oil soluble organo copper compounds as
antioxidants. The copper may be in the p cuprous or cupric form. The copper
may be in the form of the copper dihydrocarby] thio- or di-thio-phosphates
wherein copper may be substitute for zinc in such compounds. The copper may
also be in the form of the copper salt of a synthetic or natural carboxylic acid,
e.g., C10-Chg fatty acids such as stearic or palmitic, but the unsaturated acids such
as oleic or the branched carboxylic acids such as naphthenic acids of molecular

weight from 200 to 500 or the synthetic acids are preferred. Oil-soluble copper



Rl and R2 are alkyl of from1l to about 10 carbon atons, aryl,
hydrogen, -C-R or a conbination thereof; R is alkyl of from1l to

about 10 C?ﬂ%{i‘ﬁ/@%%?f’ aryl or hydrogen; R3, R4, R5 ai}%ﬁ%ﬁ&ﬁm—m

hydr ogen, omlto about 200 carbon atons, ar

al kyl -substituted aryl where the al kyl substituent is conprised of
form1l to about 200 carbon anounts, carboxyaryl, earbonylaryl,

am noaryl, nercaptoaryl, hal ogenoaryl or conbinations thereof. [18]

The net al Lif ' ' t hey
are added SRTRCERRACRPHER TS LR shiyiel pohithl haaBer RothRs )
conposi t i omayoals@beusegl. regappencmmpouns is anipldyedinse apidunb suffieiont tor
amount of an additive_having the fornula M4, 1IMoyS4LnQL and m xtures
t her eof , wiferisibytas fa5¢0 H%@eﬂOPE%qt@ct{%Bﬂf romCr, M, Fe, Co, N, Cu,
and W L is independently sel ected organic %r oups selected from

di t hi ophosgotjes UShG 628,38 dcaches phdyphating o1l complesisioarihick certains

t hi oph hat d t . havi fficient nb f

atons o dHIBADRH CRdaii0P FEmLE TohecBp g5t roy BT AEMBRR and o
Is a neutralpgl %%ﬁfb%nfgﬁﬁaﬁbé‘gfﬁﬁm Y6ir a¥d bSout 750 185,000ippnPof # 6.
and z ts zero to 4, and tthe L provide a total charge sufficient to

neut r al i ze seduhdahedigeyl amihée T tddnpivtion o€ ingfedieints iareported espaveding

preferred and these ty_;l)i cally have the, formul l\/%i Moy S4Ln wherein
y is 1 to 3he nbrisating @il vignigproyed exigdation CO"{‘J?EPH Gietionanodides t eaches
ant i oxi dan L.L 1 Ve | Sl '

di al kyl di t%’F%@%‘%‘ﬁfﬁaﬁ%‘? gﬂgm@fs‘%'gg’tb?gﬂéfcp@;’P&fb‘?sﬁ%grﬁggzlﬁihnﬁ’sﬁS?epFﬁeed from,

i's from G ayfoliyblenunyso@id sivéh &ndmpoafuaii atvlybdenetes, dikalcadhalkalind ead
and antinony. [21] USP 3,649,660 teaches silyl ocenes as bejng
useful ant ieasth aesitlonelybdenters el sbdemumiioxnider ang melybeprum acetyl-

Iyl tall t
o the for Atranaies SETESa8%Ye RY-FEb R AR AiEy o BRDuts b EhoRIy LS
copol ymer s phigirp dné8édondafy dhmeb ahdBbBanings, phenols, ketones, anilines, ete.

[011] Molybdenum salts such as the carboxylates, e.g., molybdenum

naphthenate, are a preferred group of molybdenum compounds.

{012] USP 6,121,211 teaches a lubricating oil composition comprising a
major amount of a base oil of lubricating viscosity and a minor amount of at
least one thiocarbamate and a sludge preventing and seal protecting amount of at
least one aldehyde or epoxide or mixture thereof. The thiocarbamates include
those of the formula:

S

( R‘RZNg—s>—T

n

wherein R! and R? are independently alkyl of 1 to about 7 carbon atoms, aryl,
aralkyl or together form an alicylic or heterocyclic ring in which the ring is
completed through the nitrogen and wherein when n is 2, T is a divalent metal.
Suitable relevant metals include alkaline earth metals, cadmium, magnesium,
ten, molybdenum, iron, copper, nickel, cobalt, chromium and lead. Specific

examples include cadmium dibutyldithiocarbamate, cadmium, dioctyl



and at | east one unit of (a), and (c) disiloxanes of the fornula H
(CSB)MCEU)C-NIT (R 2S1]20 where R is a nonoval ent hydrocar bon
- radical, Rﬁvdfooﬁuﬂ&é@' ent hydrocarbon radical, and ( CoQg-Miéabnrri1d
an organonetal | ocene, where Qis selected fromhydrogen, an el ectron
donating organic radical, and an el ectraon w thdraw ng organi c radical
and Mis a transition metal, a is a whoPe number equal fromO to 2
and b is a whole nunber equal fromO to 3. [22] In USP 3, 649, 600
Transition digigdarbémae] taisiuimodtyibutydeli-dhiocarbambte, nfagfesiup dibutyl o
VIl of the Periodic Table captable of formng a it conplex with a
cycl opent addithigtarbargatsamagpesiyn rﬁ‘&’t}’ﬂéilﬁ!“P‘Gé@ﬁ@ateTﬁ@dm}‘-‘gEQ!C’Fﬂﬂﬂmﬁﬁt al's

that are operative i th r I_nvent | : . : S
havi ng at on?acggmﬂﬁ'elr‘@e ?@gcglgg&ég n@ 6& Il;’%ﬁgﬁqgﬁwﬁiﬂa@kﬂ
titani um V@ERAtdPAmER 4N 48fed FR6 RS alond ONin cdattahdtion Witk te
zirconium colunbium nol ybdenum technetium ruthenium rhodium

pal | adi um #ldéhyideror eparidal um tungsten, rhenium osmium iridium and
pl ati num (see al so USP 3, 745, 129). [23] USP 3, 351,647 teaches a
conposi tion[p19]f tJre53EIS5Aedchesthediquid plfase 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. In the
(. process the cyclohexane is first converted into cyclohexyl hydroperoxide which
is then rapidly decomposed into cyclohexanol and cyclohexanone. Examples of
catalyst include chromium, vanadium and tungsten naphthenates and chromium
acetylacetonate. The amount of the catalyst is preferably 0.1 to 20 ppm more

preferably 0.5-10 ppm of the metal atom based on the cyclohexane.

[014] USP 4,766,228 teaches a metal dihydrocarbyldithiophosphoryl dithio-

phosphate material of the formula

| oy
4
oo o7
: \S/ \S M

v wherein R is a monovalent substantially hydrocarbon-containing radical of 1-30
carbons, x and y are each H or a monovalent substantially hydrocarbon contain-
ing radical of 1 to 30 carbons, M is a metal selected from zinc, cadmium, lead
and antimony or an oxygen and/or sulfor-containing ‘molybdenum complex and
n is the valence of the metal. This material is useful as a lubricant additive (see

also USP 4,882,446).

[015] USP 5,439,604 teaches compositions containing metal salts, preferably
copper or zinc salts, of polyalkenyl substituted monounsaturated mono- or
dicarboxylic acids which may be used as a compatibilizing material for mixtures

of dispersants, detergents, anti-wear and antioxidant materials. The antioxidant
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can be a copper antioxidant and include copper salts of C,o-Cy3 fatty acid, copper
salt of naphthenic acid, copper dithiocarbamate, copper sulfonate, copper

phenate or copper acetylacetonate.

[016] USP 5,631,212 teaches an engine oil of improved wear resistance and
antioxidancy comprising base oil, an oil soluble copper salt, an oil soluble
molybdenum salt, a Group Il metal salicylate and a borated polyalkeny!
succinimide. Molybdenum salts are the oil soluble salts of synthetic or natural
organic acids, preferably Cy to Cs, saturated and unsaturated fatty acids, e.g.,

molynaphthanate, molyhexanate, molyoleate, molyxanthate and molytallate. .

[017] USP 4,066,561 teaches organometallic complexes of the formula:
MX
I‘l‘R1Rz Ry RzT TRle NR;Ry
A 8 A—S—A S5—A
[ | L)
Ra Ry Rs R¢

wherein, as defined in the patent

# is an integer of from 1 to about 10, preferably from 1 to about 5;

A is an aromatic moiety, preferably phenyl or naphthyl;

M is a polyvalent metal, such as, for example, Be, Mg, Ca, Ba, Mn, Co, Ni, Pd,

( Cu, Zn and Cd;

X is a radical selected from the group consisting of organophosphoro,
organocarboxyl, organoamino, organosulfonyl, organothio, organooxy,
nitrate, nitrite, phosphate, sulfate, sulfonate, oxide, hydroxide, carbonate,
sulfite, fluoride, chloride, bromide and iodide;

R, and R, are alkyl of from 1 to about 10 carbon atoms, aryl, hydrogen,

0
-
or a combination thereof;

R' is alkyl of from ! to about 10 carbon atoms, aryl or hydrogen;



\c wherein Ris a substantially hydrocarbon radical; Mis a netal
selected fromthe gr oup consi sting of zinc, calcium copper, nickel,

- cobalt, and cadmum A, B and C are radj ed
from the cﬁg&&d@%g sti ng of hydrogen and substanti al | k}eﬁbg’r‘@@i{?ﬁgn
radicals; x is the valence of M y is fromabout 0.5 to about 6.

[24] The conpositions are useful as oil-7additives and function is
anti oxi dant and antiwear agents. [25] USP 4,427,560 teaches a

formul ation RO R“'H fﬂféﬁg%g@ﬁ RGBS 135 aBIIT0l @b OF

[ 26] The oxi n |n |tor dnt 1"oxi dants have hi gh enough
mol ecul ar wei giryk allqleubsmetetimyl whery theatkykslﬁas'amleat iscomphiged of form
crankcase oi l

300F and, in addl i on, nce,t COrrosion
preventive probt‘?g?%zgg oﬁ‘ﬁ’é’ Of‘% M?%WFWWMS

al so present ipn I&%rﬁy ftermnating the
attack of oxi d'gﬁ Cgﬁt pgﬂnié%lg%é eaﬁﬁ cgggﬁéa%hﬁeﬁ%gt One type of

corrosion i dat cess | nv .t h

fromthe coﬁ’ﬂgﬂl n 6’1’ eﬁﬁ?ﬂﬂ’éﬁ’? @ﬁha%&gﬁéléﬁ&ft ll’v,%: ?%areen
oxi des, par #@sol i ne, bl ow by products and the I| ke. The
oxXi dat| on |§dndgg ag%@gf%ﬁ%” sing sul fur bridge, bis hindered phenols

retal - Lor10ME o8P REREEL iR Y hPEPu SerRbytRl DoiRgRRIY 0.
the formul §u -of a lubd base oil Md Prbhordmaint b28h aliSHVE hadmg4RR farambhes
ba5| c et aI mul ti -metal di hydrocarbyl phosphorodit hi oates and

Phosphor o mJMQ M €. asd amxtmsm tareof, avtireinMdds aheislselgpted framCry e

(repr esent ed by t al 2RSS vy Vaxb
and X1 opr QUENFedipth ek sHAHE ESPAEdaLcTeaed PR drobEifbcted”

consisting hoSphat& BRBiocalFARGEREHIo-

cal ci um baﬁ%@znqlﬁﬁ%p@gﬁgﬁ%?’ntgﬁg{%?{%& zg dgl'rz)ihaum num Z is an anion

sel ect ed f rgtivsphygeand Rathates, dmvmgch sHfibientwnb® dfsarbaiegiomd émranden

| i near or branched al kyl group o
the additive sohible or dlspermb}e in the oil, and Q is a neutral electron donating
compound, y is 1 to 3, nis 2 fo 6, and z is zero to 4, and the L provide a total
charge sufficient to neutralize the charge on the MyyMo,S, core. Thiocubane
cores are preferred and these typically have the formula M,y Mo,S84L.Q,

whereiny is 1to3, nis 2 to 6 and z is 0 to 4.

[020] USP 3,707,498 teaches antioxidant additives comprising a mixture of a
o metal dialkyldithiocarbamate and a tertiaryalkyl primary amine. The metal is
from Group IIb, TVa and Va and preferably are zinc cadmium, lead and

antimony.

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

(a) polymers of the formula

OH ®)y

(C5Q5)M(C5Qg) C—N—R"—>5i03.5

(b) copolymers having units of the formula



-10- 1 to about 200 carbon atonms, or a substituted or unsubstituted
aryl group of 6 to about 50 carbon atons; a and b are integers of at

| east one pendent upon the respective oxidati M
and X; y igﬂgm\?ﬂ%lﬁék%i nt eger which is dependent upon thepgylﬁ%zg{)ﬁ%g‘r’lﬂg
states of Mand X; and d is an integer of 1 or 2. 1029] USP 3, 764, 534
t eaches a conposition conprising a lubri¢ating oil and at |east one

t hi oorganonetal lic conplex of the formula: R \ ,¢c -2/ ,----- Y-c .M
R2- 11 in which Mis selected fromt@g transition nmetals and zinc,
cadmum tin, |ead, antinony and bis Ph; n is the oxidation degree
of M Rl and R2 are each a nonoval en§§ drocar bon radi cal having one
to 20 carbon atons and O to 3 heterodtvifblsel ected fromthe group
consi sting of hal ogen, oxygen, sulfur an@& nitrogen; Y is selected

from the hygdrogen abedngindrtdieadg@dicals It', RO, RS and RCOin
which R is aqﬂydrocar bon rgdai cal of 1 to 20 carbon atons; Y and R

or R2 may f ol arbon radical containing 1 to 20
carbon at on@ja igﬂ%!-{aﬁ]%%g)?g}%% o?rlcfa sel ected form oxygen, sulfur and

ni trogen; and each atom Z is oxygen QrHsul fur, at |east one of the 2n.
atons Z being sulfur. [30] It is regited that these materials

exhi bit high anti oxi da oW t en hi g, ure. They can
be used wi ?h base oi | SWS(Z@N@:@@#? Fﬁi h asﬁ%w\emirzgéth synt h)e/ti c
555 b el b Rl g™

13- di ket on NHFe; K drOX% i i e
ol exes aF R A g B R e e er e o
metal , n i shydrogen3an RRciren kipdatiypargenicandiatlkmhd gn eleptromwithgrawing20
1710 car borf8Eamp 3a9icarSe M ia adrestop saciies i el HROG AanaLtrom 0
conpri si ng Q)Jinlhdggg gwhglélﬁﬁﬁﬁ_ﬁésqgglrggﬁla%wcynpounds whi ch address | ow

t enperature I ckening o tenperature thickening or
ils. i b Pt t.al ' d

Ghai n ot 1 - S0Pabi oSk TR BE Aot s ASRRBT S Boh s A hEipE

h i e . . . o L

sal ¢ wher of SPRATHS VAL oF I PerioR PAvle Sl of R B At ek it AT o

or di t hi ophgepprherdicnylidticil ec fory b bivitallocene, dThéransiidrametals that are

m xtures thereof and wherein the netal is sel ected from copper,
cobal t, tunepetaiive inithepreseqt inkeniionate for examplermelHs Aaving stealc

vanadi um ol xbdensmh ok i 4 SR 568! suchlod HhadiimavaiRGAUCNCE Of

nore strin g perTormance requirene bricating

oils, for exasmifinfinbhgdmke, | irbg, cwbkB, nicles)] Aetopaan cudembiuns, and
greases, or nodern extended drain engine lubricating oils to perform
better, formblybgenurpsiechuriivanquthenbim, rhedivge palladiven baiiwynstapflum,
te\n‘per ature_an

et o ) OB BN TSR S8 B G 1N S o

classifications for diesel |ubricants (PC/ and PC8) glgg pafgenger car
| ubri cant s (0281 3 HAB 33214947 teaehesdr gamepasition qighg gengralformygleand nor e

robust antioxidants are requited fo se | he bricants.
A
N /
J3 M | N—B
/\S \C
R X y

wherein R is a substantially hydrocarbon radical; M is a metal selected from the
group consisting of zinc, calcium, copper, nickel, cobalt, chromium, lead, and

cadmium; A, B and C are radicals selected from the class consisting of



P

DESCRI PTI ON OF THE I NVENTION  [34] The present invention in one
aspect is directed to lubricating oil fornulations of enhanced

ant i oxi dan%iogg]ﬂ i-ng but not limted to greases, gearpQili$x06/017717
hydraulic oils, brake fluids, manual and automatic transm sSion
fluids, other energy transferring fluids, tractor fluids, diesel
conpression ignition engine oils, gasol-Pne spark ignition engine
oils, turbine oils and the like conprising a base oil selected from
the group agséghifd sabstaaallyehydbtdabodeidicils uristhe vakdcabfib;ay isoi | s,
synthetic oi'ls and m xtures thereof boiling in the lubricating oi
boi | i ng r arfyemahdutsh5 46 peeutibve anbunt of a catal ytic antioxi dant
conprising, consisting - 12 - of or consisting essentially of one or
nore oi | sqpi] e Thegeompositidsiare assfpbameibadditiver andr fyackiomisteatibkidant
coordi nati on conpl exes selected fromthe group consisting of: (a) one
or nore netaAd@HWeAT A8AMS. cati on(s) having nore than one oxidation
state above the ground state, excluding iron and nickel, conplexed,
bonded, or [888pciliSRd, 487560 teaches arforreulation nentainitg ameng othepadditives
netal (s) or netal,cat'gp(s) havi ng nore than one oxidation state
above the cfoFidat ndphifﬁ&cluding iron and nickel, conpl exed, bonded,
or associated with one or nore bidentate or tridentate |igands; (c)

one or nor €086} al Tt oxidativet inhikitors onsntiexidants haediighh apoughenelerelat i on
tate above th round state, excl.udi .Jrqn.and,ni cke C L ,
;onded orva\g@sgtﬁ?sﬁsw?bﬁfm W)F(nqlr‘gfég%ﬂh t&’?‘ﬂﬁ'kﬁfl?‘isg % btgd?’g%l Féﬁﬁ’ds;

(d) mixtureg ahﬁﬁ{oﬁoén}%% E}&e&ﬁ&?oxfﬂig%:t%%%er’tibgéf‘ﬁe%Fﬁcrﬂa% ledgel f

render the netal cation Inactive, I.e., renders the nmeta cation
unabl e to clverugivnfinhibitorsealex prkaentdn thsd formuddtiondit intergpting @r teratieating
anot her oxi dation state above the ound state, deconpose_.or cause
pol yner i zattheattegk Qﬂfé‘lgﬁt%PP%P?PR‘% aFing gactpl, 35’%?'1@?&8?8?“8%1?? &h

i nactive as i 3 I ' en
tho et al - oF! ERAVEBeSS HRIPRE e RS oF ckiRGfs BORHOEOENRL rhetil Y
t hi ocar bamedneexidstit @ptloapbRdaen, bt ditrogant brided, partiallyi bumerbgass bhethlownd

(b) when the nmetal or metal cation is copper the ligand js n;ﬁga etyl
acetate. Thiy pioduets apd }heolﬂk%n?h@PVéﬁtl%kng‘FblE%ﬁﬁ‘P@Rn gpuf&.blg ee)ﬁlst he

Itﬁgl ?fEtSta:‘e ; . SO acCtl or-s WI. a ect. e. ease wt r Iagﬁu[]ﬂe
G4 e 08 phag L LHEAAR ARG H5E00H MR D rOSRIRSS

metal cent edop@glrﬁlegamg]_the oxi dati on state change necessary for
catal yti c deConposition of the hydroperoxi de or peroxide species.
10351 In angbher iirfishe L Akt ST REaHIP iy i B hR!
i mprovi ng P@gygxi@g@gﬁdléj@eﬁﬁ%é%@% Pﬁtésﬁ%aft%?ang?o?r conprising a
| ubricating base oil selecte

romt he up c i sting of natural
(oils, petrol eum derived n nefal 'Is,ﬂrs nt hety c pils and m xtures
‘thereof boiling in the |ubricafj ol o1 | remge and - 13 -
\opt‘i onally one or nore additid r‘r}%to rising adding to
Lve-a f

the lubricating oil an effec nount orre nore oil soluble

or ganonet al |6y C i 1 D : _from
thear oup RSl o Pug Softs. {8 e SRS shEh! Gla FRIPHERT ARG, ¢
havi ng nor esidiphor8BRhiekict ahi hosghvremaehstivatdsers gntioxidastt alditives. These
excluding irton and nickel, conplexed, bonded or associated with two

or nore animaterialsye mpeesshteddryethegenerabforailaiet al cati ons having nore
t han one oxi dation state above te, excluding irgn and
ni ckel , conpl exed, bonded or as@agﬁgé)m%ﬁbne or nore bi dmt ate or
tridenate | gangsy rfa)X‘i‘gﬁre?ént SrefiEingtal Sdtidis sERERY fFoth tIRSrollpVi NQ
nore than one oxidation ate above the ground state, excluding iron
and ni ckel , cigiEhgv€dincheoppes chromimnGirat, edppér! manganese, oaltoiemabariura,

and one or nore |li1gands; and ) )
lead, antimony, tin and aluminum; Z is an anion selected from oxygen,

hydroxide and carbonate; R is independently a linear or branched alkyl group of



(d) m xtures thereof provided the anion and/or |igand does not itself
render the netal cation inactive, i.e., rendering the nmetal cation

- unable to Q‘E?Pﬁ m one oxi dation state above the gro

anot her oxi da |§#4§sﬁtqate above the ground state, deconpog@g%togﬁtéﬁﬁeﬁ
pol ynmeri zation of the nmetal salt thereby rendering the netal cation
inactive as a peroxide deconposer, and-¥i-rther provided that (a) when
the netal or metal cation is nmolybdenum the ligand is not

t hi ocar bamgt g, abtotlT SR eaBbR homs] bf Ris@ssamheaRt anqibsehitdt ApesRRaire wnd
(b) when the netal or netal cation is copper the ligand is not acetyl
acet onat e. 2b08630 tarbametones; msble aretintegersvefiat lenst ong and asedependsntin
addi tive concentrate cpnprisin € 0 re,oil. soluble <y

or ganonet al4PPe %WBWW§%@W?‘S%6?#% ’é’dﬁﬁl‘@?i%“g"egeéalgﬁh’fsrom

the group Co%pﬁﬁ&hit ﬂgo&{h:e dx@datRRStAEs FPNEadtEXalahd ) i95n 'i‘iﬁhgér drat dons
e d state,

havi ng nor an one oxl dation state above the groun t

excl uding i a L I ompl exed. bonded or .assocqy at.ed.w {.

or more anilbpd “OsE 3769 0 8 ReS X Smpd SRR o Rl RER 1B ok
havi ng mor g |ighoR Bictrb AR QAR CBhplaboMBe Fhemgaound state,
excluding iron and ni ckel, conpl exed, bonded or associated wth one
or nore bidentate or tridentate_Tigamq;; (c) one or nore netal (s) or
nmetal cations having nore than|one oxidati on gtate above the ground
state, excluding iron and nickegl, conp EXE‘, onded or associ at ed

W th one or nore anions and ong og_npfef |iga ; and (d) m xtures

it hereof provided the ani on and/|or | i gagd_does |[not itself render the
{netal cation inactive, i.e., rgndering,@tedretal cation unable to
change from one oxi dation statqg abovq{fhe groupd state to another

oxi dation state above the ground stat@ decoffpose or cause

pol ymer i zatih evhi€f M Reeltetcdl fredalthe fresie®y nieeslaid Zigc,! dadmiviatineid,on
inactive as a peroxide deconposer and further provided that when the
netal or manimoztand bisreuthpnis demeridationedegremptM, Rised Rafreeaghtmnat e,

t hi ophosphate, dithiocarb te.orndithio hat.e. i i i:on with
at 1 oast ontogrdl o BAGRREPR TP E ink O 8 R g A 8 S

di sper sant gieterbRA6RSIstMcicd Fom itm_ogm? cBnsigtivig sEtRlogmd bkyaeas sulfiid Adi on
modi fiers, an additional antioxidant, pour-point depressants,

corrosi on ininogsns of és sederted frommtha frydegen efomand thestadieglsi R R€y R'S and

carrier oil eal compatibjlit ddi tj.ves d.the.like. Preferabl

the oil _so@@elngj}gaﬂ?ﬁaaiwérgx%rﬁngsﬂixfa?ﬁﬁﬂfz25&85'1055 oo ¥ ré&ets
are utiliz RArbofl radiBalRIcABAMAE 10D 20 JaesbicAdmaERYN
of any addgﬂéﬁ?{i oxi%aﬁt%,r%r@rggtmprgf errablz;/ ion thegabsencé1 of any added
ant i oxi dant(¢3 hetefidutoms beleated fibrm oxygenoswfiad and nitcogeme andsachdiom Z is
coordi nati on conpl exes dqQ not undgergo ani on, and/or .l igand

di spl acenmeRkyE&het FURE itg_%;ﬁaﬂae? thez2ex 16mS Lok SWftter ¢ he |
conposition and/or stability of the conpound or conpl ex rendering the
i nef fecti vg03s] a Ititratijed thartlidse inaterialbrexhibithightetioxidgnejaactivity @ven
Tetal i o/ SPbRE CTOPERTEd sy o PE ySl B AR o9 SRR eI SHEl or
| i gands whi Ji Wl o ' ' re of the nmetal because
such parti gﬁ%{rﬂ %y&\%#ﬂr%f’)# g@%’rrg%{ﬂ\%\gﬁﬁd?’i@%?’g??ére with the ability of
the el ectr in t orQital to change fromone oxidation state
above the dP5tng OB 28 B 148eate Fras O uER RS Ater PR AR 58 e Bl
state rendgy : odi ?gagé FRAR AiokiRinEeC iy natdl @
catal ytic gﬁ%}?geg%glrﬁaag?g?l%{ie@g% oung(gpor corrpll exesEghitnéh during
hydr oper oxipdéikeione kpmpldxes ard dithe ébwmda under go deconposi tion, e.g.,
splitting g?? sul fur, are al so excluded insofar as such conpounds or

conpl exes as a result of subi{—d@cofBosiCRorFeaz@)io function as

catal ytic antioxidants but rather functions as, e.g., antiwear




| [38] Goups I, IIl, IIl, 1V and V are broad categories of base oil
stocks devel oped and defined by the American PetroleumlInstitute (API

Publ i cati o%go(&%i%ﬁ\%/\gsAPl .org) to create guidelines forgé%gg@ﬂgﬂ

base oils. e stocks generally have a viscosity In

bet ween about 80 to 120 and contain greater than about 0.03% sul fur
and/ or | ess than about 90% saturates. Gdeup Il base stocks generally
have a viscosity index of between about 80 to 120, and - 16 -
contain le | n§92 abUR, B 130 drith A o@Rh&ving hao 20r
equal to a%@ﬁagg‘&)qig%gfgs. Goﬂl%zlpsll s?%écﬁks gen??a?l?ﬁhavega

vi scosi ty icarten ajormated Ry aad RaseealkyR ordrg atkoxygraupsdyingibdOor equal
to about 0.03 % sul fur and greater than about 90% saturates. Goup |V
i ncl udes p&F‘Wlﬁhaol efins (MJ). Goup V base stock includes base

stocks not included in Gaoups |-TV., The table bel ow su | zes
properti es [032leadiSBfl.&Ad28 teaches grivetsain %@@Qﬁl@r‘qm%ﬁ@gﬁ@ﬁe

Sat t esSyl furvi j < >

Goup | 1 50 TR aTERs rurdBR bR yeBrgrn IR nd o AT
| ncl udes popyafipghepdRiratife thRAGhings geasoiln- Thejil sslubletignsiiiondnetak
G oup VAl other base oil stocks not included in G.0 L1,

ups |, . I,
or IV [ 39]cohtgtoundlfis ®btanchert theie oflriokshile Grpsjtiony E&éﬁlééﬁ it the PIRYSR or

vegetabl o ordhpseeslof HEHE bouBRE ThafhGe enbi el P as .,

be used. Ol thenfé HoAlmQhl Soich RAERcted fromaikydoedrbyltiad- oM ner al

foi | s vary wlﬁiégﬁy as to their crude source, for exanple, as to whether
(they are patitidphosphateapdihfidrocarbyihioriox dithipsathermats, or Fpmresdhercol g | s

derived f | hal e, | ful. Natpral oils. |
o tha. et 1798 WSEBF Sk SHFUBY ceTbrPERTD o PeetPyYh, ° 20 °°
Cer thoir st bl Lation, s .

or - cr acked SRR G 1oRb OB R e B b 1 ) or
Goup H h d or h ind '

Synthet o dURSl suins s SIBPERRREETRS heiune peirithiec
syntheti ¢ Gahiemdits oflSricktink dHBORA chanple! AL Kordifb oils, fedlel bSgringeetilsc

e

oils inclu ydrocarbon oil. Hydrocarbon oils_include oilf such. as
pol yner i zedndngteases,corpnbdare exteadediesin preing Bibyisating el o periorm better,

I I , I i.sab I | 2 ne- '
Copelynbr s. aineBt Rtedand BRELmers Rt B ur BhbgRRE pRl e

Pol yal phaol gfd Al P%iﬂ%t%ﬁ kbt RoReibycatiag dilsspetifichs c
hydr ocar bon&II)eI'FI?II%y vvaegacg) exa?rpl g’? - 17 - PACs derived_from_ C8

C10, Cl2, Gishsppeticolarlyrenginetail elassifieations foredicssd lubricanisdBC7 gnd 2073

Patents 4,956, 122; 4,827,064; a , 827.073. [04 Ih . ge
| ecul ar vSIASECDEET F?I'eIuIﬂ'A‘_??él,ts @E'ﬁﬁéy@pﬁmrﬁéﬁ&* ll@ﬁ%ﬁ%{suﬂﬁ%ﬁﬁ

Bl:& o%iodgﬁIsoarre F%’ﬁ‘ﬁ%ﬁ FhhseShThEhbkieamtsuppl i ers such

em fpany,

[J l »

eneral ly '

S Exxonl\/bglIII?If'IC% ca hevron Phillips Chem cal Conpany,
BP, and ot oY Q] ut 250 to about 3, 000,

al t hough PA€ K. ?jﬁi es up to about 100 cSt

(100C) . ThegB4fs BREplcktitmvdntionanpne agskedis dimctdd todiridating will focubiar
wei ght hydrogenhat ed pol yners or oligoners of al phaolefns which 1
i ncl ude, ~ bulatiensoferthaneed anstoxidancingleding byt net3miled, IPFPRIEE IO  fr

the Cs t bout .C16, f h - 1-

1- Sodec e(r)le i a‘flrfeOIIﬁ?I?géq‘%ﬁhﬁﬂgsrﬁﬁfi‘%gﬁ@%ﬁ%?ﬁg& gljrag?né‘ISF I(ég(}ﬁﬁ&\s’ other

pol yal phaol &I&@uﬁﬁdﬁeﬁﬂ Yiuids, Qe Fluids diesellcaigsrengomiphition engine oils,
n m X

pol y-1 -dodecen®& an tgures t hereof and m xed ol efin-derived )
pol yol ef i nsgasblinewsrk ighitonengins oils, tirhjnepiloard thedikerrompsisingaybassroil

C , b i de | j j b K .
accoptabl y FURMGLHER e gyolrORERIRE QY SATEH 0t KT i Byt PRl ne
starting ol Lgoubty, A h6i LA PmiRYrdhikEAOMIAZM the IhbiioRing AMbbiling

range and an effective amount of a catalytic antioxidant comprising, consisting

HE ]




(

%Ikynyl, cye¢l.oal kyl groups cl oal ke
hydr ocar byl (Qr oQH%Q“gWé’ rﬁ%}(@! rIBgtFF% -

12 cSt. 10431 The PAO fluids may be conveniently made by the

pol yneri zation of an al phaolefin in the presence of a polynerization
catal yst s Fri edel Crafts catal ysts incl udi ng, TN
al um num t M%@%ﬁ“gﬁg, boron trifluoride or conpl exes of P%@P%ﬁ 17
trifluoride with water, al cohols such as ethanol, propanol or

but anol, carboxylic acids or esters such2as ethyl acetate or ethyl
propi onate. For exanple the nethods disclosed by USP 4,149,178 or USP
3,382, 291 LRRH td o Sfonhdthllie RS mPouAO
Synt heai 5 Ty O B o S g o

3, 769, 363; ad@dborgano mktalle coamlinatioBapngilexes 4clected famn the group 408;
4,910, 355; 4,956, 122: and 5, 068, 487. The diners of the Cl4 20 C18

ol efi ns ar eCQSEHRAY i n USP 4,218,330. - 18 - [44] The hydrocar byl
aromatics ¢ b ; ' blineQHRR idaorbe
any hydroca yl(ﬁ]r?oﬁgg%ﬁ%gn?ﬁg@ @Jo&r}?tglr%és?@? )?l'gglsng ab03§ 5}15&15%]@( igts

wei ght derived giiteabeve the@ratndstae] etcuditg Hrasaml miekalpoanplened.et y or
napht henoi d noi ety, or their derivatives. These hydrocarbyl aromatics
i ncl ude al kyl Dennglededr asseqigied MARHINOQIERAES aN3NSy| ~ di phenyl oxi des,

al kyl naphthal s, al kyl_ di | I ) S ;
al kyl at ed t{hgooql}fhoéﬂﬁ?lze ’aﬁgﬁ%ar @%L&ﬁﬁ‘;ﬁg)%ﬁ%@?@%&%ﬁ Bgésﬁ%mﬁl
mono- al | cyl at edytatdiaBbVétheairethd staley etdlsdiha ired andmickeheohipiexedbended,
aromatic can be nono- or poly-functionalized. The hydrocarbyl groups
can al so be corm‘ra'sstmilﬂtgdmﬂx@@@@%@dﬂ#ﬁteﬁﬁiﬂﬁ}tﬂﬁﬂlﬁéﬁ@% gr oups,

r .
s 2 RB T dSgut Of ot PRt
to about CB0 Wi fiaya thab@RinA ktadd) Qublu@hgtiforadiniiickd)cahipleRed)donded or
preferred. A mxture of hydrocarbyl groups is often preferred, and up
to about three muodiatediveth oneort wormpanions adeensar mauedigapds;ocar by|
group can optionally contain sul fur, oxygen, and/or nitrogen
cont ai ni ng b sHIH% tﬂ%e.reg’é‘ﬁe aromatic group can al so be derived from

natural (Pehtg)giithe SAHARIMIAKIURE: Abt ikATbndhahE mefdl ehtiénactive,

nol ecul e i sTconprise an above-type aromatic noi etcé.@_ Vi scosities

)
~N~

at 100C of appradersthe nyetsl cafiontnabledochagedBim ane ogidatien stale abgverthe
viscosities of approximately 3.4,cSt to abogltﬁ 20 cht of ten beig nor e
preferred fegroundstatsén anotheroxidatinnatate abays B &ieund $iatsHACCOmMRSSr fent |

an al kyl napht hal neﬂf\i%ﬁ?@ﬁ@ﬁi%ﬁ"sam@%w énﬁéﬁﬁ?ihiehﬁ%‘cgpéﬂﬂohse‘j of

1- hexadecen&2Y3§ B es o0 onatl cs can

advant ageousgativs asla pieididdadcongposer, ard furthen ppdtitied thab(a) fwhenehamstad,
can be al kyl ated witf? ol efins such_as, octene, decene, do

: | ecene
t et r adecene oometdlgation ismetyndesurs; theiligand is patdhiggarbamate, oﬁ?%ghate,
Useful concentrati,ons. of hydr r o' i i i
conposi t i on SHEIPCAPATG, P %pﬁﬁ%ﬁ)ﬁéﬂe @@M’P%‘? {eﬂr%argfljgpg%%ﬁ?‘m%ﬂdom
bout 20% @ &Qﬁﬁ%ﬁNﬂEﬁPE&e@mmaté%'h@r@b@uty abany giepenttalg on

t he appli cation. ylated aromatics may be produced ?ﬁﬁ )
wel | - known pompisxswil dgeadioni the émicstaenath ahtheftigandeandiheopghaation an,

ot of ol bRy PR PO gE bt Bhesh iYL i 2B i
Conpounds: ﬁ‘%{‘?’f"i c%tigghj{ é@ééﬂ(’h 804tfonPdiste \bh o d hebdssarRorgataiytic ds”,

Eapen et al, ee al so USP 5, 055, 626, EP 168 534A, US?

4,658, 072. Besorapesivbeof te ydesproxide onpearoniile spaeibs.as benzene or
napht hal ene, is alkylated by an olefin, alkyl halide or alcohol in

the presencgysd] afahetiet aspeaf the iv@indby 3¢ diréited fora eteioddoaimproving the

Rel ated Reactions, Vol. 2, part 1, chapters 14, 17 .and ltﬁ’*lé See g%@
G A (ed), loridationiresisian 4 wheieating\eihcomprsing agubrigamg ?rﬁgé‘ﬁ G

The ‘chol oo aor it caepeEo iR ST S BrBf S ved kRl bl -

tic oils and mixtures thereof boiling in the lubricating oil boiling range and



-21 - carbyl groups, R are often preferred. For exanple, substituent
hydr ocar byl groups, R nmay conprise a substantial amunt of Cs and
C10 hydr ocgrdhs/ @it s in the proportions of about 1:gd-tfefoshorrhh @
node, a preferred pentaerythritol ester has R groups conprising
approxi mat el y about 55% C8, about 40% Cl10, and the remnai nder

approxi mately 5% C6 and Cl124 noieties. Por exanple, one useful
pentaerythritol ester has a viscosity index of about 148, a pour

poi nt of ahptibndly enelopmicraadditives, vaid enshdd carhphding bd&ing to 8ie labrid4ioC.
The pentaerythritol esters can be used in |ubricant conpositi onsgg{§
concent r at iiagisilen chfsstive amoust efyne oranore ok ssiehla prgangpsiallio sompoundsyt

20% -and nor ref er.ahl % ut 15% . . usef ul
fluide of | IRARGE 88?5‘3?@&%{}%\‘13%2‘21]5%% Slcieiih thegtoup BplishhE BF
unconventi qaal ohasemetOftetal{s)al nivkil SR havife Msethan Pnelorldaiby state
catal ytically, or synthesized to provide high performance | ubrication

char act eri st i cebove[thg grownd steiey eteiuding|irasr andri oksleenmplgxed, hasded or

st ocks/ base oils in%ﬁf)dﬁhge or_nore, of a mxture of base stock(s)
derived from of¥°82 oY QX QTFARINS (GTL) naterials, as well as

| soner at e/ i gPdgH@¥ARrOAREalE) OF ietal cABodbHidd MBT Mt 0RL oWRatiOh siey
feeds, mneral and or non-ntheral oil waxy feed stocks such as sl ack
waxes, natural abevecthe gaouhdmsiaty, atoheding Sronharsisniglesd, eoirpslexedopndedors
hydr ocr acker bottons, waxy raffina%e h){droc,rackatl_e, éherrral
crackates, or 8ieeiated wWihane onose hidegtate oniridenalg igghdSet r ol eum oi |

derived : ) ) |
16 quet act; o8 ophEhk ot MR or WM HROR iy SBRANKE LA AIBRB sgte
used herein, thsodettht @rinngl stateexdhadifg tiken dnddiicledl ecbmplared) Yonddddr

"wax" - hydrocarbonaceous naterial having_a high pour point,
typi cal |y exi sessagiatasd With OnE @r A10TE BIONS AR ep@eymere ligands; gpdy

tenperaturen_t rom about 15C to 25C, and consi sting
predom nant?fii/ W%ésgtﬂgﬁ%ﬂ?c materials; (b) "paraffinic" material: any
sat ur at ed hyg¥igedofSeon ahd/br Heaml dewaest ithaf Antenthe n@hkdatioh $naveiye,

i nclude linear al kanes, branched al kanes (iso- - 22 - paraffins),

cycl oal kands.,teydsrimgtha iidtalscation noable e change dromone pxidatign stathgbove

branched cygl oal kanes:  (c) .. hydr.oprocessiyg':,a refini [ '
which a fedntERuRd B, @?@hﬁ‘fﬂgﬁv&rsﬁﬁ Abaye thE ground e, BcPifEnte, bf
under pressing ﬁ)(ﬂ?ﬁ‘éﬁ;ﬂét}'oﬂ 8f thBsnREERRARG By réhdeAhgeSinetal Batidimove
and/ or convert 1ess desirable conponents and to produce an inproved

product ; ( dhactiveds atpeeatide decompeset,ang tfithdryevided that () whescths snetalat
converts sul fur-and/or, nitrogen-cqntaini,ng hydrocarbons jnt

hydr ocar borPf BResah e if fnr‘PEY e iie %‘g&hl,lgagﬁ lgﬁﬂ%g’rocﬁﬁ?m?é% ﬁh@Bﬁ?Wf‘:’ and
whi ch gener k | r i j

Bypr oduct s Lk LA AH 8P dRHHOEHEGIBNAA (7L o ikl BE ek Qtidn 2
reduced t o chygéranatipand isanst acetybacetémte.” hydr odewaxi ng" (or catal ytic

dewaxi ng): a catalytic process in which normal paraffins (wax) and/or

waxy hydr oqgsé1ongn ah6thep ByRIct 8¢ iiVertionGk HRekbd avieaddtive bondth@aeoner
nol ecul ar weil ght species, ‘and by rearrangenent/i sonerization into

nor e br anc vethprisngpaneadif o oil s9lubleygarioswiallic zamponndy ard/or

i sonmerization Qr |sodewaxing): talytic process_in.which nornal
par af fi ns %;gﬁnaé}?@/qygnvﬁlﬁ%'ﬁ%qlg&ﬁﬁﬂ@ﬁﬁggf -Cﬁgﬁlﬁ‘?‘%ﬂg are converted
by rearran b RITRE refilfs9or ! bifs Mv?rag?ﬂ%ijc ihaf-dp8loaldaties st @)
"hydr ocr acglgjr?gsgﬁé l:3tlscat a yt?alt' gﬁpgﬁ%lgﬁ??n whi ch” hydr ogenati on
acconpani es t hebaveathk ignourid statepertcitding indn dnddriclosly tamplexed, dopded or
converting heavier,hydrpﬁarbons into, |ighter hydrocarbons, or
converting ar oRBOFIBEEdWHR §WOOF MIBAPONET ns (napht henes) into

non-cyclic branched paraffins. [054] The term
"hydr oi soneri zati on/ hydrodewaxi ng" is used to refer to one or nore




-23 - [55] GIL materials are materials that are derived via one or
nore synthesis, conbination, transformation, rearrangenent, and/or
degradatio uctive processes from gaseous carbop- i Nl
conmpounds, wﬁf/%ﬁ@%i#écont ai ni ng compounds, and/or el enen?%@%wﬁ'fﬂ&ﬂg

f eedst ocks such as hydrogen, carbon di oxi de, carbon nonoxi de, water,
met hane, ethane, ethylene, acetylene, gfopane, propyl ene, propyne,
but ane, butyl enes, and butynes. GIL base stocks and base oils are G|
materi al s gfs;) l?’ﬁg oiSbte @MY OSinktal ChdnsHatinganefeablny ofle bkidaton kat
hydrocarbons, for exanple waxy synthesized hydrocarbons, that are

t hensel ves der &b the grousidrspite,rexghuling) dronangd aickebrrompiexad, bengasioids,

hyd - t ai ni d d/ t, f.eedstocks. GIL b

oY oerte) F el uasonRied SR bhegr fare RiderpREs AR FRItsange =
f . !

separ at ed/ é@agéﬁ{@% xfnglfé?qsggfnﬁ%l @hficHsha¥iz mdfe thin oh® bxméglﬁ?gﬁte

distillati 1on, and subsequently subjecte
wel | - known cat athoreithe groumd| stataf exthuting irgn pndoisksk somplgxeddvarsict wbe

oi |l s of reduced/| ow pour. point; wax Jjsonmerates, conpri i_ng, for
exanpl e, hydr ossesiatedAgidh gpe PLBIESARIERS %‘S'f{]?IFFe%‘i ‘?B’EPWSC phons:
hydr oi soner,j,zed . I xed Fi scher-Tropsch (F-T) material (i.e.,
hydr ocar borqg),z g\‘ﬁ%}réﬁﬁg‘?%@gr bons, waxes and possi bl e anal ogous

oxygenat es)profied Sieaion ddloligaiaides adt el f readevihe anktél-cEtion inactive,
hydr ocar bofis or hydroi sonerized or isodewaxed F-T wax

€s,.
hydr oi soneriezeendsringdhelmeial satiary npshls o elirngs feom ope oxidation state shaveof |

{56] GIL b t ock derived f i.al [
boat of soroARS B St a Ptk Pridathishire FRIELE oo RAE dhcblmose or
ot her hydr %E&{%?I%H#tm* abtesitdedrbefbndateg feoakias pativne

characterize call'y as having kinematic viscosities at 100C of
from about igaative/s atperatioededmmpnser and firbteproyidedithaiivhenthe metaher s
to about 50 /s, nore preferahly.fram about 3..5 /8. 1 t 30
inn2/ s, as TBRANGSLOR|IRH AR, UNLAes I%BRHE‘WU@H{EE% tﬁWBHP%%gieéWaxi ng
of F-T wax,ga;3fd ' ' I § ' h b 1e4stBiié/a8d@fond00C
and a vi scéislﬁuf%fbr?g@egjfﬁ%%g? &%gwgé%%watﬁ P le . y g
2006/ 12436 HR4IiAISRRRGAImidkter g@uts - dispeesanty, visResity iadek Itproyers, t o
Kinematic viscosity refers to a surenent. made by. ASTM et hod D445.
[57] GrL b asemeseddifiver e BoHGIcH o g PR iR bp g
especial ly TR ' I | ok Ts i i@ fivRa SRt
stock(s), a 968?%‘é‘w%ﬁ%%@ﬂé%ﬁn@ﬂﬁﬁgggﬁga@\?g% gﬁ%qtggétiavedl baserrler
stock(s), sikkedlconmatibilityaiddnives ahé teilied Brafeaitdy thenil stlubkrorgenaised

as base stock. conponents of this jnvention are further characteri de
typi cal |y asetadigioompsning apd{asceorstinating somplexesarg wijkized wE«r 3’53381:?/0
about -10C or._l.ower r r I 5 1ok fOMBE i fABke
(preferably %B%h'fe Erg%@%@%ﬁ%ﬁgéc%dgﬁgﬂdéﬁ &gggéﬁys%&r%gggﬁa#tl ORS" O%rrgt/)}éﬁ%ve

advant ageoys {ROsseR& &t Snyoiddeleutioxidbhi() Thewsl soluble brgmemetalliour
poi nts of about -30C to about -40C or lower. If necess_ary,d%gﬁigpﬁi& ate

dewaxi ng steempoupddend/oncedrdisation campiexeede Ret wedsrge anigs @n A

Ref erences herein t our int refer to u . D97
and si nil arJ}%’éﬂ? GQWBPIal?g‘H‘é’banqurngPﬁg% @gés;gﬂés?%@g%s} g%gi;ﬁ%q‘ed
from GIL i b ' EtHpIeS ing ekt insofdenpxada batdlyti

mat eri al ggstrti&{}fé fgggﬁ@?gg@i?r andﬁﬁ?ﬁgehhgdr oi soneri zed/ i sogtel\(/:vaxed

wax- der i vechdditihe. sttt k, $he oviginhl aniensmsibordigands whinbokenetsfitimitiin thtn

D e ke 90 e 2 SACRILAC L ZF G NR) Sy 25, B

mor e Pr el er int ahfifh: YealEE Ail Y ithin RO 8O dHinakion CEHeRS Of Mactl) al
y 1"hdex 0 be

i nst ances, VI SCOSI ese base stocks may pr ef er abltg 130
2]

or great er ,bogRise sRER bertabby tot@Teplacementtveoyld dwterfexcemithtieatilityf efithbl y
140 or greater. For exanple, GIL base %rtocklgs% that derive from GIL
electrons in the metal orbital to change from one oxidation state above the

ground state to another oxidation state above the ground state rendering the




-26 - [63] Slack wax is the wax recovered from petroleumoils by

sol vent or autorefrigerative dewaxi ng. Solvent dewaxing enpl oys

. chilled so as nethyl ethyl ketone (MEK), neth i

ket one (NLM%OFA?%S& es of MEIC/ MBK, mxtures of MEK a JaTlpgﬁ'ﬁéﬁéJm
whil e autorefrigerative dewaxi ng enpl oys pressurized, liquefied |ow
boi I i ng hydrocarbons such as propane orlbutane. [64] Slack wax(es),
being secured frompetroleumoils, may contain sul fur and nitrogen
cont ai ni ng SHED e et R AsGPEmM 6 an e dark@ddrieyed by
hydr ot reati ng Egﬁ%ﬁﬁ/g{ h@‘?rocracki ng), as fg? exanpl e by

hydr odesul f QoinpatihdsordddB)lexesdvhigh dordeg hydsgernxideodecorpdpition themt o
avoi d subsequent poi soni ng/ deactivation of the dr oi soneri.zatj on
catal yst. §ovgs urkergofeco OSE’é’élee-Si’lsPﬁ%@g Oﬁlégﬁxﬁﬁméﬁoﬁéﬁua@)mrate
base oil/ba S A r.el ' |2isii8h A& chfb B

under st ood %gog‘trnggg%@n%o I Cﬁn@?gggﬁmﬁl;éggé ?Soé\g?sgﬁ %Tﬁa})aseo@)t ockoflbcgsasee
oi | or wax foSRREfél & hasietic antittidane bot tatles fuectione nec.g.nattieear
production process, mxtures of two or nore GIL ba'ie st ocks/ base ,oi |
fractions asdfitvessiue tpdbnbordiag intermctienekthesuliar with the gepiobthe engine
wel | as m xtur.es ofb.oE? §rr Isto or nore |ow viscosity GIL base
stock(s)/bagrePISF‘TS“} VAL ﬁ? ) and/or wax isonerate base stock(s)/base
oi | fractiogésg ith one, two or nore high viscosity GIL base

st ock(s)/ bagds fraction(s) and/or wax isonerate base stock(s)/base

oil fracti 0(/!{321 t & WidedHsE: 6 MbFRREhS bR iMkA6®NIn tikearb! Bobkicating

,@xhi bits a osity withifn the aforésaid recited range. [66] In a
(preferred ebdsedilsehdt ar¢ heefadMnrnthe prasant, inferdionvere bath natueirpily syethetic

e e b it D Bt
benef i i al | ¥ iasnfRlesiiatdipbal BuddaGirtantbal raME ARtk ikd BRaaHand
e enp a - cata

particularly o oyl ng yst conprising a catal yti C
cobal t conpRngsy kicwvphOctemad lor gépratgsbad 6itk (mrefined oils stechoserabtained

desirabl e hi gher nolecul ar weight paraffins. This process is.also
vel | known diseatholiemamatyiador pyntheticagonrce an217“3-‘5'3 Withowt a %dﬁqufoiiﬁon.

synt hesi s cess St S, & S : 14 f

2 cac al ye | ey SHIE AR HRT ST OhRetcRiHR Shotifio pliroleR S0
hydr ocar bongpaiti dibay fidim ?riﬁfagjr BRtillxdemaad ebier bil@btamdubdireutlydierme
may broadly range fromabout 0.5 to 4, but which is_nore typically

within the amesferifiéationgproegssuRefingd ods arezgmilartathe pds dcyssed At about

0.7 to 2.5. As_li |1 Kk E T i i

proc egs es i Hm'\ﬁﬁi'l lgﬂ\gﬁﬁﬁx‘?ﬁg \g%?td q‘ﬁ#&?ﬁ%@%ﬁ%@?@? féﬁi%%ﬁ?ngtep 5
fluidized bﬁ:)gi 1096 aflefdt Wnk YulicaAmbaiMropaey.t Oak ekillled i tHeyalt acfamipiar
slurry liquid. “The stoichionetric nole ratio for an F-T synthesis

(rg eaction i swithGnamyupurifieationgrecesaesy Theae prasessss inpdudrsabyen exeagipna
toi chionmetric rati those skjilled in the ant . :
slurry hydr SRS ‘g‘i}ﬁfﬁt\l@& acid exradtion, h%sereé‘if&"ﬁ?fr’éﬂﬁ\é\??’b%gﬁ ?}%ﬁéeotl?—tl?nt 0
COis typic : i €PFefIred diKb dh e
of H2 and C%E%eéﬁn%ﬁ%@%g& %Jéot%}nr???% t@g%gﬁd (?ir#(%%%? he sldgraroyi/ugg%mrle%cts
in the preseiegat®hs bben peviouslyhsed. F-T synthesis catalyst in the

slurry liquid at conditions effective to form hydrocarbons, a portion

of whi ch ar g3g) quiHodis I (S INERE bh@V ﬁ@%d&@ﬂ?@i&doﬁbhsﬂnibﬁﬂﬂiﬂ se the
hydr ocarbon sl arry Iiqui d. The synt hesi zed hydr ocar bon Iiguid i S

separ at ed f devalopes ansdtdefiped byshe AsnericaaPetroldumInstiye (AEREubligations

can bo. usedlShevarALh T FRAT SRR TOCBHER BRaC B OHRE v
the hydrocaghop, sutAIRsheve/ LSt ity dAdasHetwaboRtbusED o 190 €8¢ boftain
synt hesis gas and o r gaseous reéaction products. Sone of these

over head hy gfeats thmraboup 0103 Yo s furyapidéer less thamaleowt 8% eatnratgsi Gronp 11

base stocks generally have a viscosity index of between about 80 to 120, and




—

in the range of from 650-750F and preferably continuously boils up to

an end point of at |east 1050F. A narrower cut waxy feed may al so be
used duri nmhe gydroi soneri zation. A portion of the n-ﬁpar affin waxy
feed is comRIPUERG | ower boil i ng isoparaffmc materia (.:T’p@r%ﬁé“,”'m
there nust be sufficient heavy n-paraffin material to yield an

i soparaffin containing isonmerate boiling-in the |lube oil range. If
catalytic dewaxing is also practiced after isonerization/isodewaxing,
sone of the.] [ h hko ower
Doi 1 ng e A B g e,

it is pref eboapotFautirites.eGeoupadll stogkspgenetallyfhavba wiscogity aeltxigeeaddove
1050F (1050F+).. [69 en a,boiling range is quated herein it
defines t héhalbahqutéah/a\é? capiay legs thap o 5@11193 o ebowdh @ ‘bzr]%ﬂﬁlééad gEpater
Sepai ate t ioBB. S (S I

speci fyi ngqﬁﬁga%}?ﬁ%gﬂ ?%aéﬁageﬁ. l%iB ﬁé ﬁ?&%@#ﬁ%sﬁjég%ﬁg?&%ﬁlssg i % 21 e(gmtu )év
entire rangpge stoek smdaddsibasd stocksOhotdndladed MOGroupg &80 cRhertablerbelpww r e

any material at the sepcified limt has to be present, rather it
excl udes mevemarized propaiiesorfieschof these fivaggaups. [ 70] The waxy feed

preferably conprises the entire §50- ‘ﬁ 5 fr.action formed by the
hydr ocar bon synt hesi s process, hMal cut point between
650F and 750F det er mgagehily the proagiu tioner GRebsap RRA poi nt,

preferably afhove 1050F g term neq a e catalyst process
vari abl es en@T%‘?éd bf%oh ?‘Hr actitio éar%plbr t he i?‘rﬁ ﬁggi s. Such

fractions ar@raueflerr @bt & herein as0.0B5@& 750E80 &rat2d ons”. By

contrast, " épduE%F f{ﬁjc&i ons" refgedé_,’%gz a fragtdjon with an
. 3 . .

unspecified Tnitial oi nt and an en fOi nt sonmewhere between 650F
and 750F. WaRwoupd¥ds Inslydep polyplphaciefing (BAO) and Gaprtpridawids(F Tl prosiuctys

subsets of t&gupiti r &lf stB&tbagyviPdtedke herinkdedl is Grblpatlj WIIo6r K her
separation techniques. The waxy feed also typically conprises nore

than 90% q@sey alNyuriiofs ifthiedRimansily) vegenble oyls fBdstortdiban dl8rdéilp
paraff m ¢ hydriocarbons, nost of which .are normal paraffins. It has

negl i gi bl e farrexample) fand minenal ailsl Animadgod vegateblernils possegsing|fevwablgan
1 f h ifh | ess.th 000 ferably I ess.th

T, 000 wppm AR WlatE SR §4n B BSith 1 BBy MRgER #R ¢ e
form of . t;ﬁgfefreﬁ?(m@ga? %flf]v?ﬁ%widfeﬁ?&%ﬁﬁé’ik Beide R8s R e PR ROAMPRS asifid

usef ul € process e I'nventiion have been made using a slurry
F- T pr ocesswivéthér they ateajayaffinivg waplthenic aorahixed pardfinictnaphtheoie dils as

previously indicated. [71] The process, qf maki t he .| ubrj cant oil
base st ockdleFives goal op shale age gfso “%&%ﬁ%ﬁ?li&ﬂg#w glegas {i?at;e’be
characteri i IS e as
the feed, TREPOTySed M PRAEBRIL R ERE RS cction foF EKAMBIL Tl istiRion

ydr ot r eat irggpesarRpwHeier thep agk §ti'ai)%lﬁ rah be achyked; [Hydiorefined, or solvert
killed in the art to reduce (to levels that would effectively avoid

cat al yst pextestedg or deactivation) or to renove sul fur- and
ni t rogen- cont ai ni ng conpounds whi ch woul d ot herw se deactivate the
hydr oi somer[046lt i dBrouptiamdlenGxoupylILhydropsicessed dr hpdwetrcked basestockhs .

If F-T waxes are used, suc relimpa treat t IS nQot reguire
because, adn¢lndingasaHhelisRlls Sl%§h éh Pﬁ&ﬁ%aﬂﬁé‘sﬁ%ﬂ %9’8&@0%’&1@?%%3 s
t han about #Fsg%g]ﬁlgwgﬁkﬁ%&x%géﬁ%ﬁss t han about 5 ppmto nil) of

sul fur or compound conte wever, sone hydrodewaxi ng
talyst f -T . Jbenefit f ; |, of t whi.|

ot hor & may h6Het 1 HFFSIA ity BEAGE bRdsePBRPRER, TTBHIRY BoRRTg e

process ”%Pglg?%@gﬁ%ﬁédﬁmm %wméﬁﬁai&mﬁf@s%@ma@,p@ggﬁver a

single cata nversion tenperatures range from about Cto
about 500C paleresgaspylene isabytydenefcopoiyabears,tetbylens-olefd, @POlymRas, afidi s

Process e e S8 E8 e Ao A8 B o

stocks are a commonly used synthetic hydrocarbon oil. By way of example,



' 5, 516, 740; 5, 182, 248; 5, 290, 426; 5, 580, 442; 5,976, 351; 5, 935, 417;
5, 885, 438; 5, 965, 475; 6,190, 532; 6, 375, 830; 6,332,974, 6, 103, 099;

6 . . . . .
, 025, 305; “%%ggn%) ; 6,096, 940; 6,620,312; 6,676, 827; PCT/US2006/017717

-17-

PAOs derived from Cg, Cyq, Cya, Ci4 olefins or mixtures thereof may be utilized.

See U.S. Patents 4,956,122; 4,827,064; and 4,827,073.

[042] The number average molecular weights of the PAOs, which are known
materials and generally available on a major commercial scale from suppliers
such as ExxonMobil Chemical Company, Chevron Phillips Chemical Company,
BP, and others, typically vary from about 250 to about 3,000, although PAO’s
may be made in viscosities up to about 100 ¢St (100°C). The PAOs are typically
comprised of relatively low molecular weight hydrogenated polymers or '
S oligomers of alphaolefins which include, but are not limited to, C, to about Csp
( alphaolefins with the Cs to about Cy4 alphaolefins, such as 1-octene, 1-decene,
1-dodecene and the like, being preferred. The preferred polyalphaolefins are
poly-1-octene, poly-1-decene and poly-1-dodecene and mixtures thereof and
mixed olefin-derived polyolefins. However, the dimers of higher olefins in the
range of Cy4 to C g may be used to provide low viscosity basestocks of accept-
ably low volatility. Depending on the viscosity grade and the starting oligomer,
the PAOs may be predominantly trimers and tetramers of the starting olefins,
with minor amounts of the higher oligomers, having a viscosity range of 1.5 to

12 cSt.

[043] The PAO fluids may be conveniently made by the polymerization of an

\ alphaolefin in the presence of a polymerization catalyst such as the Friedel-
Crafts catalysts including, for example, aluminum trichloride, boron trifluoride
or complexes of boron trifluoride with water, alcohols such as ethanol, propanol
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.
For example the methods disclosed by USP 4,149,178 or USP 3,3 82,291 may be
conveniently used herein. Other descriptions of PAO synthesis are found in the
following U.S. Patents 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. The dimers of the
C;4 to Cyg olefins are described in USP 4,218,330.



' 6,383,366; 6,475,960; 5,059, 299; 5,977,425; 5,935,416; 4,923, 588;
5,158, 671; and 4,897,178, EP 0324528 (B1), EP 0532116 (Bl), EP
0532118 (B P.0537815 (Bl), EP 0583836(82), EP 06668 2 EP
0668342 (8]1‘%‘?2@51‘%? 6959 (A3), WD 97/031693 (Al), WO 02%8&3%6’?%‘)7,
WD 02/064711 (Al'), WD 02/070627 (A2), WD 02/070629 (Al'), WD 03/033320
(Al') as well as in British Patents 1,428-494; 1, 350, 257; 1, 440, 230;

1, 390, 359; WD 99/45085 and WD 99/20720. Particularly favorable
processes desgfd firflodRb it {etscdBbh &AL Bgst eh
464547. Pr ggg‘gse:ﬁ{tﬁ:‘& ng0 F- \N{:{X ?gée}’dé;aﬁ;?e described In .%ﬁ%égltp.%HNos.
4,594, 172; ah4d248 b6 aRy hiydfotartdd toléoudd thapbehtaitis 20RaSIHbOUOS5H3ITi874; and

6, 375,830. [ 74] . Hydraocarbon conyersjon catal ysts us,gful, in the
conver si on Véfightleriyed droqe An Aroiasic makyss Aheeryad moigBd™ to form

25w 5. porbgByEsROREP ki3 GaRles, TR RSULEFTR ARG Al o
ferrieriteallizgdbehisnebedliayl mpbitialehet, Myl dighuityl egides, allail paphthel, alkyl
di scl osed in USP 4,906, 350. These catalysts are used in_conbination

wi t h Group diphenyheulfides, alkylatad biscpheapl Aﬁgalﬂcamtqdﬂh&diphm,rmﬁtherh@

G VI t al be | d..l i t b
convent | ondbecBuRAfiGtutSe bRER SRR s itd oty Bt s ™
embodi Ment THeQRYAESRE 84h BE nidhe- YRYlyLMRERimG AR Yhd Ry drobatugL %@uﬁs‘/@e&l a
conmbi nation of Pt/zeolite beta and Pt/ZSM 23 catal ysts in the

f)r esence ofalsoyudresgaprisedrofamiziures obatkpldiraeps, alkenyl gnosps syl myoluci ng
the lubricapt . oil - 32 - base stock onpr dr gl soneri zati on
and devax: AYbEEUPs oy a kel ety and ot ety Rkanagel SFatnse L ne

anot her e } b gaeeﬁio Y5 I al

| oaded stggf&g%% géﬁsﬁfgﬁip VII?'%B%%&:(LEIS’ntet al Fc%éd)ggh\zégbhil é%;at nor e
pr ef er abl y aBoutASMo4bouhCeyj aftar bameprefagzl. oh niwbirs baggdroctibyhgypupaise,

useful hydrqcarbon base oil products may be gbtai ned., Catal yst, ZSM 48
s descr| been RIS ,wh@mbwh&%@cﬁﬁubﬁgu@tﬁwy\mnre%{ajfhff oaded

ZSM 48 fam , : 'qﬂﬁg [ the
hydr oi so ne%#%@t%@ﬁ%ﬁ%ﬁwi&ﬁ%@ glg}f%lg Elugﬁhlhm tglg’sa%% Zhﬁ%%%@f or” any
subsequent costafidngisbstieventd. Mhsireomatia Reovipscdw alfebe dekivddiféh nAtural
dewaxi ng step, when needed, may be acconplished using either well

Engwn_ sol vévé)tr%@urehmr%& erqyéd@z;trk@aswmnﬁpégfegf Hieameleews ds eoraprayed; afe
the' i nt ondéh “pel-pplamRng nidy VAkidsRis AR 00T SEABI SRS RS O

been separ gb&s J0r sBDakd preféshE wittovibedattiosRifabbiximaiedy 3. 4TSt feabout 20
dewaxi ng. In solvent dewaxi hydr oi sonerate nay be contacted

ng, the
wi th chil| e8t eften/eeing mare nvr@tgrraé &rshe hydrecaspy] arompaticicompeaenivER)one
met hyl i sobutyl.. ket one i Xt ures of MD3K, . or mi Xt ures qof
1 O tol ue AR ireat P Repaltns Wheed ot pllBlisti s nlfmPivbatbgiied e
i gher pougs PHeRhddFRhENd @ed?@tﬁeﬂﬁ@a@@ loif drotatidd cafi behEaReRRuaked
fromthe solvent-containing lube oil fraction which is the taffinate.

The raf fi nasel. iNaghthalen¢ bymeethyl nephtbalene, dar exansple sgamcbesalkylated with
chillers to, renove nore wax, solids, Low.nol ecul ar wej ght ,
Pyt ocar boAlSHnS queh BROtFRe sisesnch, dadeqeas tRerops OriRLeE HIXMUFSs Ofhi ch

t he hydroi i } st O, ’ oRpicli of
which is f?as g?ﬁ%‘ﬂs?gfé@lc iﬂ%'d@%ﬁlmgﬁﬁfﬁ%gg%?gog%l%eC| pilﬁgte
out the walibrithat siisompositipacan be abouid teabaft 256& tpeefoyably htowmuloto
menbrane separation or centrifiigati on. The, sal v?nt is then stripped
out of theabat20de.andgpersrpreieratiz Abeut40s toakawd Sve dsperfling op fae
preferred bapg‘f a?l&gcks useful in the present invention. A so well
known is c% cy I'C" dewaxi ng, in which the hydroi sonerate is reacted

wi th hydrogen.in e presence of a suitable de | ng catal yst at
condi ti ons?@lsﬂ ecﬁ'tngiéla Fometcs may BSBFOCE’SFﬁiPy&%k’ég‘WHFQﬁ%ﬁ?ﬁESS‘? e.
Friedel-Crafis and Related Reactions, Olah, G.A. (ed), Interscience Publishers,




| [ 78] GIL base stock(s), isonerized or isodewaxed wax-derived base
stock(s), have a beneficial kinematic viscosity advantage over
conventi on €] | and Group H base stocks and base_qi o]
may be ver?%waﬂﬁagdeousl y used with the instant inventrgﬁ.ﬂg@&%ﬂg‘%ﬁ
base stocks and base oils can have significantly higher kinematic
viscosities, up to about 20-50 m®2/s at19¢00C, whereas by conpari son
commercial Goup Il base oils can have kinematic -34 - viscosities,
up to abouty s IR/ fog S ORI £y PoAshLiodaaspoid s can
have ki nema %‘% Vi stg%q%f&@i;ﬁ% toma out .ﬁL’% m‘@/és at 100C ‘Thé hi gher
ki nemati ¢ vilgglbendeyie Gungeounids GA [Clhsssof FieombKy StablharsbWade Eiquid Rpaged

11 base. steids” dhnpenat el phils,, TR %%q:)%lﬁéﬁé%?ﬁ,&h%@ﬁ& 168 S‘éﬁq\ffllgﬂ_p
| ubrcant oRBbLTY: i BBk ol RRE bb bBnd SKOEREWERehRal 0T O 1 ' 1

nore i soner 'fﬁaiﬁéifé?%@lﬁteﬂdz%nséleﬁﬁ,(aﬂkyl Halide off kicbhskEinsheplesance ofia
m xtures thereof, preferably L base stock(s) can constitute all or

part of thePiedetCrafts catslgel Svedrindehbraftsgmd: Relaigd Reactions, Vol. 2, part 1,
i /i god b d, b ils. h
or i combi AP kn SR 45 I SEbeCA RRE Hrerpiil Biishes, Biy° o

or nore of ?Qﬁ(sq mxmgﬁjg%n?%hg&g &Eh%geégéé}ﬁ[sﬁs 018 Basi9ste ateSknd¥a foved

from GTL materrals ‘an r o rwaxy f materials can simlarly be
used as sucdmexkiltedinhbe artn Therdhbivatof oatalyist Hepende on Haswastivigkef had
base oils of mneral ail qQrigjn, natural .oils azlgl/or vm'ih nt heti c
(base oils. sipnpp materials andpr %agagltxf%%@ﬂ%?ﬂ% S8 EPP edéﬁ'g%ﬁmfl? om
GTL materi ye&d& r I kikh as
pr edomi nanﬁu;h%g?(a{ h %Fo,r%r‘d%)égil ti ongaég%%a}?é%ﬁ?rgiﬂﬁgra&c%z?lg%?gri zed
as havi ng hFetl, 9aBHCHtaes ptefnetd:, Oltmnaliytitionsetinologyl uses zeoolites such as
nitrogen, lowto-nil aromatics, and are essentially water- white in
col or. [ 83)itrastablerzechile ¥ ertsobR/SBESACHS and/ or wax

hydroi soner at e/ i sodewaxate, preferably GIL base oils/base stocks

obt ai ned f r [@d6F- TAligAbenzenes qre whed ablubriGint basestocks, esperially fardews

obt ai ned by the hydroi soneri zati,on/jsodewaxi ng, of..F- T .wax,, car .
consti t ut e ICPRSTEEEAPP CQtEPnfdér%%ehlﬁfeesfeéYlﬁf)P Eeftigeration oilsk "“@d“t 0 40

to up to 10 a}p%%ki%gspqﬁfﬁgFagé;%%n%bfa%1y|7%fa§191€1%%1ﬂﬁ3%/edﬁcefshﬁ" liehal of

t he base oi € anount “e el n o the"practitioner in
response t Oalkhbefifesies (IEABR) sucdfast Vistaf ChidnsioaldCo, Hinntsraan Chemi@g Co., [ 84]

bar af f1 i o Eielren Ascricd pomsNIPEoR GibCen Thedeat SRy Loromea nFeY

par af fi ni ¢ GneNron OHC h ,
by th .

P oxi m Uy oF G AREHPHG oA E BN Y eSS d VIV grecter

gret hyl ene c@&aRq0g %ﬂq& Vitle gh&isol0éndyfoadditiben sOtheralkgthtéd anommticend
roup or branch ( > 4), are such that: (a) Bl-0.5(CH2> 51% >15; and

(b) Bl +0. 85whi¢h-may beugedawhendesinable aro descsibed, Jor §5ABPISy Hy
iti . le... 51..Th f 2} '
FurEher - chabagiafoad Higt hatutenel FaadiralrRt e tesRleh 15 2y,
aromatic hyﬁ(.%@rﬁﬂﬂﬁ:’z@dﬁ,smm B&repnaynilppegen cont ai ni ng
€ n

conpounds, ss tha pm sul fur containing conpounds, a pour

25, 4 and (HB) 4 Eesg ot b RRel ARaRsNAnt) EaFSe 0

m'nal boi liTnhg point o

on average thayatf rzfc@éi@ticéﬂﬁ?ﬁ&ebﬁéﬂfbﬁahe LsngRestdrs ancthessthper
100 carbon ato and on average have nore than 16 met hyl branches per

100 car bon edtesef ditiasig asidsovithmanealkenels end thepelyplesiers 84HI998 i on of

T Soosity, - ssbmtin R dAEGE R res RPsdnayte Al pEmAPabe Byer ot
-400)  <29004{:5% 0@ OGS s@P4k phthAR acld@ubtificticid AlBARubdfR d0id, 1S

alkeny! succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,



[88] A 359.88 MHz 1 H solution NVMR spectrumis obtained on a Bruker
360 MHz AMX spectroneter using 10% solutions in CDCl13. TM5 is the
internal - 36 - chemcal shift reference. CDCl 3 solvent gives a $eak
| ocat ed at WO PM6MA4BG7 spectra are obtai ned under quanti tﬁ??’y@”ﬁm” 17
conditions using 90 degree pulse (10.9 Lis), a pulse delay tinme of 30
S, which is at least five tinmes the | ormgest hydrogen spin-lattice
relaxation time (T1l), and 120 scans to ensure good signal -to-noise

tios. I8 . ' ' . _ ,
Fagi ons: o tumetiBeah AR hudfiit 461 AeEiBEcHBid By lalcit Uk,
hydr ogens @lkedlyPinaltinic sdd a0, atitrsvarietP oR albohglsshanaythitel dlysholdang] at
the a-position to aromatic rings; 2.1-1.4 ppmparaffinic CH nethine
hydr ogens; alcolol dodeqyp ﬁlogaphfo-fpthvléle@lzul@@xoﬁwt"er%eﬁ?@rq#@m@ée,s of theseo. 5

ppm paraffinic met hyl ens. . T I in Bl)
is calcul amsa{’?g%tﬁg IPEIEGFS%@%%&SB%?’ %&k@ﬁ@gﬁ%?%ﬂﬁﬁ ﬂwlﬂﬁ%ﬁ ogens
in the ranggmefatd) dodtfl skbAdatdRifisobéiyl AR 14t disofyPerame] dodlyl phat i c
hydrogens in the range of 0.5 to 2.1 ppm Branching Proximty (CH2>
4) [91] Apbthatatesdid@yRpbihalite dicicesyl aclrcal®5Set®i st orti onl ess
Enhancenent by Pol ari zati on Transfer (DEPT) NVR spectra are obtained
on a Bruckgp4860 PiyHotiAkl sl Ymthetic edfeidgre 109esellith hrnsbtainebEL 3.
TM5 is the internal chemcal shift reference. CDCL3 solvent gives a

triplet |oceacsigane vy nrae pphihydric atcohgls, prséarablythe Nﬂde@ﬂr@l@qb (fusb

t bt ai d titati diti j d
(.%Efieéa( o 3 BriseonEtytiPaGoIdr Ry PRttt elBols i Plo! Blodde, FoieBIEE o
tines the E\?(Qgﬁ%}ﬁ?cfgﬁﬁ@di%ﬂitﬂn—leﬁifl61;:%8ﬁﬁ1e?§@ﬂth&9ﬂﬁit6par[deib%ntﬁﬂ ensure

conpl ete rel axatio t he "sanpl €, scans to ensure goo

si gnal - t o- egythdtolpwitb alkaanit ashdsTeontAnimgat deastishoutificartypn at¢rag)|prifes- C
atom types CH2, an are identified fro he ) PT 13C NWR
experi nent ?8;(3%]{9)&30@92‘%%%‘5@3%@4%‘5 sira18 am%%@ﬁ@%gﬂﬁgggmgw. 8 ppm
is due to i Yialent : I : : ¥ 1 - Pr
e - 37 YR eER oA A T ho ORI RN GRS el
of branchearahic abdd, andibebehibasil] opthenmriesyoraiing trandiddd chadmTatylacids f t s
for the nethyl carbon at the er}ﬁ of tha‘ecﬁ@ranc_h or the nethyl ene

car bon one OF BRgegted falty arids saehgs olgie op i iges of YT thesge Car bon

I'ndex (FCl )}, Jhgq FCl is expressed in units of carbons, and is a
measur e of "“thée niunber of carbons in an isoparaffin that are | ocated

at least 5 bons.froma.term.nal carbon and /4 carbhons fr a

ol e ona o IO b B e B Corip A o tads 1E ESlR pe A Thetbh B8,

t he carbons,.l 1 r 2l r a
straight c g?ﬂr%n %”2‘?i nr%i:e?laﬁr lafnggth.ef, %}rﬁe?}ﬁ%%% Br é‘h?ﬁa%}ﬁgﬂzﬁ%ﬂ%ﬁéﬂ#ﬁese
car bons appsahritet witheme2® . rAorermormerixeydic ppids icontaimng foboabds 5 to

(spectrum They are neasured _as follows: | ) _ )
\ about 10 carbon atoms. These esters are widely available commercially, for

example, the Mobil P-41 and P-51 esters of ExxonMobil Chemical Company).

[050] Desirable esters include pentaerythritol esters, derived from mono-, di-,
and poly pentaerythritol polyols reacted with mixed hydrocarbyl acids (RCO,H),
and where a substantial amount of the available -OH groups are converted to
esters. The substituent hydrocarbyl groups, R, of the acid moiety and ester
comprise from about Cg to about C,¢ or more, with preferable ranges being about
C, to about Cy4, and may comprise alkyl, alkenyl, cycloalkyl, cycloalkenyl,
linear, branched, and related hydrocarbyl groups, and can optionally contain S,

N, and/or O groups. Pentaerythritol esters with mixtures of substituent hydro-



a. calculate the average carbon nunber of the nolecules in the sanple
whi ch is acconplished with sufficient accuracy for lubricating oil
~materials di vidi ng the nol ecul ar wei ght of th

by 14 (the%oﬁ]wgl |ght of CH2); b. divide the total caﬁgﬂb@Wﬁ
integral area (chart divisions or area counts) by the average carbon
nunber fromstep a. to obtain the integtkl area per carbon in the
sanple; c. neasure the area between 29.9 ppmand 29.6 ppmin the
sanpl e; andegyydirkh I%eRt,mretmen predted. Furesangle, substiorent hpdnosidpl b. to
obtain FCl. Branchl measurenents can be perforned using any_ Fourier
Transform mup;gétunmmpnsem gfbstanbipl ameow Qf&sﬁéldéﬁe hy drogagbyl

BF Cases, ”%'p{‘ releroson oy Sntd-Botkly Mhafict Dhrdindl B
survey that {11 dsferds RO u}ﬂﬂ: Hﬁﬁgta ﬁo&ﬁnﬁegqmt swp@ aB@ﬁft

Ilmtedtot esaturatedc rbon I on, out 0 ppm vs.
(t et r amet hy40%|Gypednd tBata]namdm' aﬁprd;firrﬁ&lpé%@mtimb%mil@htleﬂ rF or

ol o O O kel éeqq%xu%'p Derterintar edos bk A st daaepbyt 1k 3 °°°
the proton %ﬁ{r ! an E‘a&‘ﬂl Phineflidfit %camﬁpo%%utﬂslmtmw’d orgde

excitation I’I ng acqui sition. - Tot al exper i nent

times rangq@bﬂtwmhiﬁol%mem cati esuscliia lﬂER:‘anacxdnmmmemmmmMs of
carried out accordi ngi:I to_ literature descri ptlagns with

devi ati ons ahewtBVbtecationt 39%, peaferahlyorbont Ao abgut 21%en %%p@ferﬁblm]
DEPT D st t by Pol t T f DEPT
Goes Ingt sﬁﬁ%uhé?{@e%g}lﬁ?n%ﬁgeBEPTy45052(rqluéﬁcleogl vregnz glrgnal for
|1 b bonded, t t A b PT
135 chove. cHI93ha Cbes wisn OGS o1 BT R B RO RS EYHATA! e
Is At aChe%@oﬁ‘zgﬁlo—B%f base! sttodﬂs Itﬂéﬁa@g lbg%gfn%@@s%g& %‘Qﬁ:ﬁi&? '&atag’gfcall &H

and CH3 are ernari es an e” sequences are

useful in tdatheiRdto ?fmwhightﬁ@yfombﬁw Hibtieattorechzeaateristiondi ng CH.
And the net hyls are clearly |dent|f|ed by chem cal shift and phase.

The branchi ﬁp Ed»rﬁr%n bndl Y ﬁ@ﬂ%ﬁoﬁaﬂ%a%&t@éﬁmgm ifclide Ofdor
using the assu |on|nt e ca ations that the entire sanple is

i soparaf fi nm@re &0 maxtireootbase etcmh(s) derleed ﬁnmmraﬁ@ncr@aseto -Liquids

cycl opar aff| whi ch_may be present i he oil i ng
anount s. FEIy maisaials P*Pﬁé’e @ﬁtlwerﬁ?hm@ kl?§? g@"’ﬁ—é&ﬁﬁ“ﬁ#}%ﬁg‘tl on
Mass Spectr ). y Pk H6ssved
from synt he@ﬁ%g%ﬁ&cﬁ oca b% ﬁ}lgg?ale%g@rrp I%A ﬁlylgé?%ll és]g?r@(l Ig‘ed or :

i sodewaxed M@h}és%}ﬂ@kh@dcg afhtllimﬂmxeer lnd wa&ygtqckfsmﬂimrga‘ﬁm}sswhxyvﬁ;qls
hydr ocarbon base oils are of |ow gr zero_sulf r a d nrt] g{i{@rus

cont ent. Thaydsosrackerrhpitomsnwaxybagngte, By dracrasks) 1650 of eher

nd oi | forrrulat rs.to I y
Foduceq oor PAaRCRpRLB1 01 e hohL I 81 g%% Pl 4 i gsicn

i ncreasi ngl Wak§ ﬁia"téri—‘dlé i«é%eﬁr@& iffoah 68altlRjuefREbh aF kil oil Suahmétthres of isosin
as low SAP oil's, would rely on the use of base oils which thensel ves,

i nherently, basestasks) ow or zero initial sul fur and phosphor us content.
Such oils when used as base oils can be fornulated with the catal ytic

ant i oxi dant [oadyli tAsesed hefdim3ne folesweing teeys kevienle trdicatatimpaningsf t he
heret of ore additive such as ZDDP previ ously enpl oyed i n stoicghipetric

or super st cHivaxiet bydroearbomacgousinateriad hetag ﬁé"ﬂﬁl H‘P‘H'd’%ml Yor

WO 2006/ 124367PCT/. US2006/ O 1717 ddj t

fornul ati on coff! 5{“?5 Shy W}f oGPy te 85%%?% %’ réjsu tt‘llgngﬂ:;or n'g?at ed
oils will be | gWR atfut 199 RAE5°C, and consisting predominantly of paraffinic

materials;
(b) "paraffinic" material: any saturated hydrocarbons, such as alkanes.

Paraffinic materials may include linear alkanes, branched alkanes (iso-



[96] Low SAP formul ated oils for vehicle engines (both spark ignited
and conpression ignited) will have a sulfir content of 0.7 wt % or

| ess, preferably 0.6 wt% or less, nore preferably 0.5 w% or_| ess
nost pref e%?ogglbz.‘%"vw%or | ess, an ash content of 1.2 B\f/%léﬁf’”ﬁ"%%??
preferably 0.8 wt% or | ess, nore preferably 0.4 wt% or | ess, and a

phosphorus content of 0.18%or |ess, prtgferably 0.1 wt% or |ess, nore
preferably 0.09 wt% or |ess, nost preferably 0.08 wt% or less, and in

oxi do. pol yor SanEhEIrRaRRE EytiolaRnfl o 12 Erdior Bl Ak R

nmodi fi ed ter mhrahcHaddsyeloalkapegups obt ai ned by, for exanpl e,
esterification or etherification are useful synthetic | ubricatin

oi I's. By wdg) othydreprpeassingfica sefining presespin whichiarfbedskickis bated vt i on

of ethyl ene oxi or pne ne oxide ,the alk a .

t hese pol yoxyé?’%?%%ﬁgﬂg%@%mmet 'ﬂ{ﬂ grbc%F ?feg%‘}ff ’0%3? rgﬁ%gyd ﬁ;@%ﬁ%gﬁcg r
having an averagecABysictd AimdVe idforQondée Wss 48§Hibleltdhsdientseindat of
pol yet hyl ene gl ycol having a nol ecul ar wei ght of about 500- 1000, and

t he di et hyl etpreducsH ampihgyeveppiasuet;gl ycol having a nol ecul ar wei ght

f b t 10 1 15001|.f | = | b |
cstors t herder MRN8 Gl Oyt L Broea g Rk B RIS e o
or the C130xo zﬁﬁi‘/ﬂ' r@?rﬁé&rﬁﬁoﬁﬁinﬁ KARbENHEREINE NFdtbearboh prodRoRl with

[98] Silicon-base are another class of useful synthetic

| ubri cati ng oitdeducebhadfirant/or nitcdged eoptenty and oxliich gensirgtes hydrogen

pol yal koxy-, an ol yaryl oxy-si] oxane qils .and silicat ils.

Exanpl es of SLﬁ‘-‘ﬁ]%‘i‘? %“@PT ?@B%B%é‘%??eﬁw v} ?hsc}?m%g cé%’rsé’é‘felﬂ V> ¥&%at e,
tetrai sopropyl . skl:ic =(-2= I .
tetra- (4-net hyﬁ@@?l‘%}gdﬁ%ﬁ%s ct%rel?i ?%ﬁ%‘%@%ﬁf?’ ;ﬁ/ pﬁgbno;lll IS )amsi ivT%t%rét e,
hexyl - (4- me(ehythydrqientaxing” (0f cithlytiedewaringy:( aebtajyitic moteszames, and

pol y- (et hyl - 2- pet hyl phenyl ) _si | oxanes. [99] Another class of
synt heti ¢ | ubrwhighinegms| parp wiw%a@d/%wa%blwr@gafbem aerfionyeted s

Th i ncl ude, _fqr. | ris : Lactyl hat e,
di oty "ester BrERE BRIl lo 0 er PITRRI ofeight OHLK arBIRPI
i ncl udes pol ynpireingeehéhysinérization sntontore@addhiee iso=paraffianpl es of

other ' synthetic |Ubri qatiﬂgg base stocks see the sem nal work
"Synt het i ¢ (fubthydseisemeriziions (enisomarizagion or iredetaing) pasatalytis procesy,

1962. O tal |, Cat ti d de. 4 i i
[0200] O ganonrspieh coRB AP AES SRAR LI GBS Dra e oAt ke
conprising a r’&frﬁ’%ﬂ_@@\ﬁgqgar@f @rrfeﬁﬁi’éoﬂi&ﬁzﬂ’ti‘drﬂﬁﬁd Ridré biahCheBy HatdTains;

ground state and ani on$ and/or |1 gands which do not either render the

netal cati ofg)i'fydrocreckingtata catalytiheromssain which diydragenatinieresempaaiss e
to change fro ong%%xi ﬁ_ti on state ﬁbé)ve %he ground statei'to. anot her
oxi dati on stat®8¢ AgmER@tiAy of hydracarhpns, X e LA FIS YT on of
the nmetal salt ' 6RO ebhveRhing Bnflies hdder | Ng
the netal inac %8%23%@2‘2%@%%1%&?8&& datalytic éanti oxi éant

hydr o- per oxi decyd¢spffisne (naphtlidnes pinsenare cpdlicdirhechedgacaflide deconposer
conmpounds. [0101] The netal conponent having nore than one oxidation
state abOVeﬂ(}SEF %9('1'1&% st /lrBisBmet iRt GI/BRROIBVAlihE CisaReD a3 Rdertddinelor
organonet al 1'i ¢” coordi nati'on conpl ex catalytic hydroperoxide
deconposer mereeitalytie gprécessesttchyhavspihe samibinddraffast of eenvertingrormal al

I 21 th h .30, | udi i nigkel , el 39
IR EERRE I ML S
of the act !l%fg%}lﬁawegg?tggggig%gﬁ% 5 Fehib SRR eny ol Al idanoR! 2

conponent IS selecte roup consisting of transition net al

el enents 2lprahéhuddbo-paraffing! Suihngmbined protesses ke sonedtbnesndescidioed as
through 48, elements 72 though 80 and m Xt ﬂ,reg,, t hereof. More
preferably fostalytia dewaxngoaerrelactive AyAOCEEKMESm t he group consi sti ng




- 42 - [ 0106] Such organic noiety include nmaterials derived from
carboxylic acids which nmay be aromatic aci ds, naphthenic acids,
aliphatic acids, cyclic, branched aliphatic acids and m

t her eof . Am@mf’ﬁé%ﬁsef ul ligands are acetyl acet onate, %@%ﬁ%’ﬁ@%&”&%,
phenat es, stearates, carboxylates, etc. Nitrogen-, oxygen-, sulfur-,
and phosphorus-contai ning |igands, pref#8rably oxygen-, nitrogen-, or
oxygen and nitrogen-containing |igands (e.g., bipyridines,

t hi ophenes,akbi OPAS, G ALARTRE SSat b #feforivel var gt MbRSsynthesis

t hi ophosphaltogg, giq?ﬁnocar amat es?&{]?tﬁ% ophosphates, etc.), gl SO _gfve
rise to usefombinatipay mansfathationcegrmngdsent dndior degradaticay devgnstougtivex es

provided the netal orbital remain free, to exhibit .it,s abi li#\é fo
change f r orBTBeRESEHIromBaS PO USI AT RO BRI AININEL OMRANAAS, Sy STQecR LORIRIIE,

oxi dation s oﬁ{cp%uﬁﬁg’ Va%d?qdi‘%é%%%? G fefe@étﬁcksJ §u|cié)%s ﬁgr Al darb diPdiokiiR,

or ganonet al conpoun I nation conp xtures thereof,
not be pol yiaEkdz@dno¥ide, weiesimetdsnd, 8thawne,dilaylens laeetylens, propane,

Pol yneri zation as is typically encountered with terials such ,as the
mol ybdenummpp¥icns propyne; butangoitylenes, and REtyngs. e&i‘lﬁ?ﬂée 5@013%%1?

ant 1 oxi dantOiRyr S B Gur SRR G Bl X B SR diliea from

the metal kb GkSor! fordhinpld Gexy Bydth&izedhidsdcatiunseinac iredhemseldes
becone st agﬁalké%g thus | og}s?i ng t%gy abi 111 )?13/1?10 shi ft?f‘rom one

(oxi dati on sdeaived fitzow simpler gaseausicasben-eontainngeqrapounds dadregenst at e
above the ground, state, i ch, has, been faqund, nece ry.f or gano
etal lic cgﬁ?ﬂ%ﬁlﬁgéﬁ‘?mﬂﬁ?ﬂm ?6%4{81'_ ’Plﬁpﬁgiaé%%‘?%o&gﬁaﬁiﬁihy?g%ch@ ) og
function as,auagbal BotindiA e Afe oo diRRE FhiRe Qepark@alifierionaed fopi et he

metal or netal cation I's nolybdenum the li'gand is not thiocarbanmate,
t hi ophosphaB€L matetiale gaclbanby,dfopexabiplhj digtildedismanrdhermalidififesiomandet al
or netal cation is _copper the |ligand is not, acetyl etonate. [0107
Q her - compobRaEIeniiy Shbiarieg temedaaiove Saidlutie o s9ivey fedhE Bore iy
various per F%% Il LintddSEsnpdiding tfoe
conponent s é)rﬁfl I S%%\ﬂghﬁ%ﬁ?e%gg@%h@&ﬁ%ude pol y%\ﬂllsh%ol efin
ol i goneri ¢ dxawpl@nydesisenatiged arisodevgixed spnthesizad lnydrecarbioisa diydroaci d
esters, polyol esters, other -43 - hydrog‘r oi,l s,,such.as %(I)lse

derived froapmeszedon isedavexediecheed orseD Tg%%ﬁlli%ln%ﬁv ygrocarbons,

hydr ocar byl__ar o i ¢cs,and l.] i L { can
be used w t‘ﬂa’%g? rPS?{anﬁ’LY%{]x%(S: gh#ﬁ 8%%@%%@%119 g&%ﬂé@%@%ﬁ)\vgi’%&nrgg ts in
| ubri cant cgRReRbineARsd oSid6levdixdd®-Tewdrgdacbarsl oz hydrudécmerhaed-grol ar

| ubricant base oils, and perfornmance additives such as for_exanple,.

but not | i nisodawaxed KT ppixesshirdieisomeriged onsodawaxsdsyrieqged Wages OF ot
t hensel ves per oxi %ﬁ deconposers , netallic and non-netallic

@i sper sant SHIX{REES| qrﬁoénd nonmetal | i c detergents, corrosion and rust
ithibitors, netal deactivators, anti-wear agents. (netal Ei c and

non-metal | i [&56bhmbaa9§i@%$)adWﬁ@ﬁ&w%ms%@bvgﬁm§}a Iy,

sul fur-cont,ai ni.ng and non- f . i i ves
(metal 1o dnatnanmRiead RogS Y sl R ER e Ao TR PLBSRU] Bmg e TP
sul f ur - contRiRbREMRAGARBASWh 4l why Ba$Ved WRRE isto%_Egs} areectagaerizedpour
poi nt depressants, wax nodifiers, vi sc05|t(\; nodifiers, seal

conpat i bi | i ypicaljgns davingikinémationsedsitissat 10017 pEfrom ahgah2gnm’/s to
ti-staini t h hor | t f ifiers,

2nd ot hor o SHYF S0 TR saRie BRI AP it St Sha 10 vt Pk anann

in Lubri Caf@gg@@ﬁﬁg&_@aﬁ%ﬁ.ﬁ b Ysto Miut 30 nohys) & exerplitied /by HETTH,

FL; 1SBN O so gives a good di scussi on of a
nunber of thme stookidesived byldhé isedewaeng obReD wag) whichiws arldnersalis al so

e N e Ml OGS B 5 =




[0114] The use of polysulfides of thiophosphorus acids and

t hi ophosphorus acid esters as |ubricant additives is disclosed in

U S. Patents 2,443 264; 2,471,115; 2,526,497; and 2,591, 577. Addition
of phosphol@MPEHI7di sul fides - 45 - as an antiwear, HYYBeRAHR7
and EP additive is disclosed in USP 3,770, 854. Use of

al kyl t hi ocar banoyl conpounds (bi s(di but84-)thi ocarbanoyl, for exanple)
in conbination with a nol ybdenum conpound (oxynol ybdenum

di i sopropyl it hi : flde: . f ous
st or (o U R e L R e e e
in |ubricanbpASTM insthabPd45n USP 4, 501, 678. USP 4, 758, 362 di scl oses
use of a carbamate additive to provide inproved antiwear and extrene
pressure prmse]t B bidfRestede 0f Yahd sladdyBirdtiford G HN nafdriale aspeitdiyt | ve
is disclosed in USP 5,693, 598. Thi ocarbamat e/ nol ybdenum-conpl exes
such as nol hydsoisemerizg¢d/ispievwnxed Hdampigniat derivedhage stopk(skend REES- C18

al kyl ) are also. usef.ul ,.ant,i wear. agents. .[he use addi tion of such
Tt or | al s SR EOBEr Rl RoiEERA RRF iRy od Phie B e 2 3 Qauce | ow
SAP f or nul afy RBRomERRLL/B5ddMB A0 ah Meafte@ 8 BieStdck dorgmmRafsajred
by referencé herein inits entirety. [0115] Esters of glycerol may be

used asI antﬂlﬁsdaweragm’m‘s further charactdrized njq:gcally aj;idhavingpcmr ipotiteaf gwut
- ' - [ . [011 DDP
Combi hed vi SECSE NBHeR BIRBEPDI B0t e HISC BiI0veHanali v oo Agptr 1 Goor

USP 5, 034, i iyl Yy A | i adi
Compound { oorsERIAPEERAINIR oBOIRATTE bhfonftr, Ak AL A8 LOAREns
it hi ophosphahey haDRvahtizesuspRirgoiniaof atrgut o¥F* G lowearwith ageful p@as.
USP 5, 034, 142 discloses that use of a netal allcyoxyallcylxanthate
(ni ckel et epiytshabatme e 0 aboypt -49°4nen leywenn I necassaih eisepRzAte

(di et hoxyet I : . i i I.OR W

i nproves an{iwv(aé(gdrg( %fgé)g%%ﬁé e%lj.caal&:cf?ﬁgg& 1? ﬁ%{@f%gmﬁﬁﬂcﬁ@g' %&8@?@% S
i ncor por at etréiane pbubpoihefcfécidafedsirament Bde b9tASTIODIT7 hndPsigiitnT ed
antiwear additives include phosphorus and sul fur conpounds such as
zi nc di t hi ophIB@eavesiensd/ or sul fur, nitrogen, boron, nolybdenum
phosphor odi t hi oat es, nol ybdenum di t hi ocar bamat es and vari ous

or ganonol y@#&8luntte GMabasesstodkis) dedived fioet Gldcyeterials, efpeciallyanpl e

di mer capt ot,hi,adi azol.es, .. r capt zot hi.adi azql es, tr,i,azines, and the
e P RS Gty oI g emel deriiag bree stbek(Ef and et

am des and shd - L ark : z j be
dsed i nan el EnERsBefuf iBkorivadace siofle AR drt saf S5 0°,
Wt % ZDDP- | dokpoments awhiidls cau by uskel inithis tievknitipe rapp els o xhatectdseedrypidalliyon
capability, significantly hel ow that exhibited by conpounds discl osed
and cl ai medSihaVing; dseosity prdigeroilon greten preerblil 00 wierealgr.rang mense

ormul atio ' i ent:. . i ni i _
foer | vt o etettd 150 LEbAGH: Sl 7 QU pEABEEE LA, ALl ooty
I'nprovers ih@hd & th¥éestaas istacks R prefeeatty 330 at greatedOmbreasreldrably 135
| Nnprovers, Viscosity nodi fiers, and vi scosity | rovers) provi de

| ubri cant s oxigrenpter, ghd even meve prsifgrablitldp or geaterbiHareygamplee S Labaset | ves

i npart sheag ity at. el ted, tenperat ur.e nd .accept abl

Vi Soosi by ookl than dstiva Fiepa B SrtepIGHR RN T B iy -7

i nprovers iypgl gléillj%reﬂlr)mbv@qﬂ \jﬁﬁéﬂsﬁ? iﬂ%x&fﬁl%ﬂ%@éﬁéx@q{@f‘ereﬂ@és\’l%i&iﬁrté and

viscosity index inprover disperSants that function as both a

vi scosi ty ivigtesity inglenefer imd ST M inmsgieodBA270.Typi cal nol ecul ar wei ght's

of these polyners are between about 10,000 to 1,000, 000, nore

typically t BOaddfori, Sh& GATOB4Re stoiokl wm‘l?ﬁwaﬁ thygilg phiaffiniet(»ee%

about 50,0 gwegnd 200, 000. [0120] ExarrpFZs of " sui %rab e??i scosi t( i ndex

i nprovers a&prged)yand maycontapoiiyiveaso sronesy plaprpiansanduligyeloe

ol efins, or alfl.cglate St yrenes. Pol}yi.sobutylf?ne 'Tﬁ a.co nly used
paraffins in combination with non-cyclic isoparaffins. The rati6 of the

naphthenic (i.e., cycloparaffin) content in such combinations varies with the



Suppl enentary Antioxidants [0122] Antioxidants retard the oxidative
degradation of base oils during service. Such degradation may result
in depositg, O t surfaces, the presence of sludge, 1 ity
i ncrease |?1mt%egfz %Lll cant. One skilled in the art knOV\/le(félT[g\nszéée(’%(i?ﬁj’
variety of oxidation inhibitors that are useful in lubricating oil
conpositions. See, Klamann in Lubricant®-and Rel ated Products, op
cite, and U. S. Patents 4,798,684 and 5,084, 197, for exanple, each of
whi ch i s '“&%1 O A ?Hraﬁ%%é‘dl%ﬂf&e@wmsé fsﬁacﬁmndsésﬁ oﬂkQ;l;a&luy
Useful anti oxi ants i ncl ude hi ndered phenols. These phenolic

ant i oxi dantlsavemerplovastifiesmd(nitrogén ¢0n¢@)t gmerally containimglessshan about

Dhenol | ¢ antd BRTMEH MOE RS lsRdhemEbt AdRR O Bt hee %ﬁgﬁf'e
the ones V\ht‘dﬁ@%‘r;[ﬁﬂtaig@u@o\éé eddntét! fo¥ gT‘nL”géasg%godk ﬂﬂﬂ%é ofl "Bt Eine EHY

t hese inclu ose deri IvVes o Xy ar conmpounds 1 n mhlch

t he hydr oxyhydtoizupgriastion/isoldéweaxing of prmatsrmh, etspettmllpﬁe’hmkher

Typi cal phenollc ant i oxi dants include the hindered phenols

subst i t ut ecesagntipllggul.al kyl groups and the al kyl ene coupl ed
derivatives of these hindered phenols. Exanples of phenolic materials

of this typf968]t Ibatpydferrdd bﬁﬂmﬁim@heﬁlolGTIzbasemnm;R(sMccmprgaes pharafianic

2-t-butyl -4-dodecyl henol ,6-di-tb t 1-4-
S b a1 bungleriebabppsphredo R P e PAAPPTEES RAShOY TBRGho!

ﬁﬂﬂozpmlﬂr@@uﬁtﬁ LS o p AR Yincey OTE bas BB g

2, 6-di -al Kypahenit ifateri0pthiap domesist OF greatie tharaf 0 wi nddi-syghledsuplataffins,
anti oxi dant's may al so be_ advant ageously, used i, conbi nation with the

i nst ant i nveneferably arsatenthas 80wige aprCrdisyiseRRTpHERoIOTS Rieitiakly greater

(2)ct2 y 1b|68'5 4b@?§t8%%@ﬁ i}??%’éﬁ%ﬁgﬁ %3%%1} % %%?chllo g{e@%fer%bly ggee%t i thalllle n(‘;ft {

Par a- coupl eﬂbrpbyaﬁqg@agafﬁﬁgl ude for exanple 4,41-bis(2,6 d| -t-butyl
phenol) and 4, 4" - nethyl ene-bis(2,6-di-t- butyI phenol ). [0124] '

Non- phenol i @631_‘" C{fs‘ehﬁg H}'&'sﬁfoh@ ?g’ﬂu ﬁsz }Yﬁﬁ&sbﬂxﬁh%’c?o@{sea@ti c

am ne antio nt's "an ese nay Y"*as such or In

combi nat i onwwkddF-TF mterial daeved bass stofk(sbtmﬂdwaoadaimai h)jdrumnmphzcﬂil ic
antioxidants include: al kylated and non-al kyl aed aromatic am,
such as ar oisedéewaredrhasebioek(spfsughas W@KWWTP@MW@P% air@rche

L TS SO AL, o
R 11S(0)xR12 R11

o oup, KLz (0675 Momeateledv s ise SIock) g Hom Ay ?Aé E

gr oup, and x aa?%) Srll.lltlle%rfo?USe% Shf rRJEg@'[)I? ape Mﬁfﬁﬁc?ﬁ% dLANhBH Sath

o about 20%¢ pre er y co tal ns m about 6

carbon ato Wlscd'sﬂ@ derivel @itong hgﬂmmmemad saisodewveaxkdivexh ﬁaedsiogkmﬁ)
Preferably, both and RO are aromatic or substituted aromatic

gr oups, andlmmm‘a]aﬁlb menreingra wil, naws@ol&um 9&8“1“?‘41@0%"8@&{9% Sf-oup

h
W R R LR A R e L

anti oxi dant §ofaue Hi‘d@ar‘tﬁﬂﬂ%?ﬁﬁdﬁ!@{'haﬂiﬂme@fhﬁbcﬂaemés alhmruial 6 carbon
at ons. Exanp?es of al i phati'c groups include hexyl, hept octyl,

nonyl, and ctackdtes, Geote oil] Wax ftdme caah lispgfection oo fiom shale o o@r aibert ai n
nor e than abqut . 14, carbqon at ons. ner al es

ant i oxi dant %11‘[?%’13‘? @anr‘ﬂ qlﬂ JORHEUE oﬁ%g F?PISH%P 058%3533 TiiEe derived

di phenyl am HRLE, lg‘x%QPSWﬂaﬁéﬂ%drm%W%h%hﬁ%wﬂ'hfﬂaﬂﬂﬂi hanget! s

and di pheny Iram nes. M xt'ures-of two or nore aronatic

anmines are Qfﬁi_ﬁ)uﬂ sefou lereaRey| prﬁcmblyaahouw&nt preatedaamdsmidvrea of sudie

used. Particul ar exanpl es of aron‘aﬁ %m ne..anti oxi dants useful in
isomerate/isodewaxate base stocks and base oils.




organi c acid such as a sulfur acid, carboxylic acid, phosphorous
acid, phenol, or mxtures thereof. The counterion is typically an

al kal i ne egrt kali metal. [0130] Salts that cont
substantiaﬁﬁyﬂg@@éﬂ$onetric anount of the netal are de§% Wi m%%7ﬂj
neutral salts and have a total base nunmber (TBN, as neasured by ASTM
D2896) of fromO to 80. Many conpositids are overbased, containing

| arge amobunts of a netal base that is achieved by reacting an excess
of a metal &P (AxTBHA why ficavéida i petreleumf dils B solwnthrwi t h an
acidic gas[ S cﬁﬂggkcafbon di oxi de). Lbefy? det ergents_can be

neutral , mabtbrsfripesntivasiesaxing. Hajient dowexisgsseployoalilied selvent such as

R B E T O i S
combust i on %@?@?Iﬁ %xﬁﬁgsom Elr?r&ét A reMwhile aBidrefripymitiveldewaxinge

over based as"aratio o l1C 1on to anionic portion of
the deter gepipleys prieguiirizid Jdqkfied 1@ bbiling lanirecmbaerns| such abgeipane Rbr e
preferably, the ratio is fromabout 4:1 to about 25:1. The - 50 -
resul ting dwtamegent is an overbased detergent that will typically
have a: TBN of about 150 or higher, often about 250 to 450 or npre.
Pref erabl y,[064]e Slaek wasi(ew), it sevurad Soulinetolevan oilsmalpeonigigsefium A

m xture of detergents of differing.TB n be used in th nt
i nventi on. andTEPPEEn ANEFIRAEG COBIRGUGES uéﬁéﬂ?ﬂ?@%@@l’ﬁwcﬁ rg{'&}?kal i ne

earth netal_salt Suf908aL b. pﬁqgmaaees,
and sal i cylrgl?ngg?é})ghgﬁu“s'u T%ﬁag}de@%mﬁacgr ’a?&éﬁgk? ir{%%plseyl fonic

aci ds that saIribrc@EIDS) akd Bydrederisrogeration {HIMN) sof asdblaybidswbsequent ed
aromati c hydrocarhbons. Hydrocarbon exanples, i nc| d? t hose obt ai ned by
al | cyl at i ngoisomingideactiyp @ftWWYQF\@WIﬂ%FWWQIcéW&'S ‘bi phenyl and their
hal ogenat ed derivatives (chlorobenzene, chlorotoluene, and |

chl or onapht[pesn@he tearm EThnmse oil/bise stack phdfor waxdgnerate base eilfhage have

About o 1o shasbis BerAHa B R M LR B U8 e & EYReEEy  om
about 16 tao %ﬁ@é%@}i@ﬁ?@@TLu é#to%@%hbf‘whﬂéﬁdrﬁ&ﬂﬂe%a@@ﬁoﬂ@’bﬁeed

Product s, (3B iscloses an over based netal salts of
various suldipay fecaedred intieaitodneiongebedss anixtetes of mo or mede Gl plassant s
in lubricants. The book entitled "Lubricant Additi Vﬁ?ﬁ Q&V't'

Smal | heer atotke/bage odrfrackionpand/pLWay 1sopmeraie bage staekypast otldgactigps, as

Cl evel and, io (1967), siml y di scl PG bk sBERIHARES o1
sul f onat es ‘fc’?‘llf’s ’émﬁ%se‘?ffﬁncaogﬁosoﬁ r%%rll@g/%c?isec?g?%ent sl.) FSlBS.F)AI kal i ne
earth phenafgsiohs ARk eix Hobte bisstod(s)teteod dractiomspwiith one, two
detergents can made by reacting al kaline earth neta dr oxi de or

|
éXi de (CaO,orGa¢@Hhigh videositBaIOH)ase stagk(s)bgseced] fractien(sk ¥ with an
| kyl ph | furi |1 cyl | i
L ra gt crspmert brss i Cesepy oRgne) o fphods BintBEf end igiRe

Exanpl es of gﬂqu . SodiClitEia thé afvséideened range.
2- et hyl hexytll-%#%no ,)&lrll@ny giﬁe%éﬁc‘hdodecyl phenol, and the like.. It

snou 0 be_ TGRS A3y R HETSIE i onb e O

al kyl subst eac Jépendent y straight chain or
branched. V§jg8k(8) isfar® derivéeiPiaadt-Tunatzsial Gk yydtoeations svagehydrohe

sul furized product may be obtai ned_ by net hods 'L kn int art.
These. et hottsbons, hags, AHimm G § Satoeals Brasessey P ibenehoiay bsed Yor

| furi zi t .(includi i
Sl o o crmatigizing i L FRe TR A i did ptoiiity 03t eiipintgn o
phenol wi t hg qn%igfgé,?{ ¢qifp@ang B caRit@lc dubak.coldpbiédt ivipravids altigh alpha for

carboxylic aci e al'so useful as detergents, These car ngyl ic acid
det er gent s pryubingihe prre desiablebighengolecnles weight ara 8B SHTPraFash Sat

| east one carboxyl.ic acjd,and,r Vi free water fromthe reaction
also we¥l known to those ski oFin fhe art’




where Ris a hydrogen atomor an alkyl group having 1 to about 30
carbon atons, nis an integer from1 to 4, and Mis an al kaline earth
~nmetal. Pre coups are al kyl chains of at |east

pr ef er abl y{v%l@%]rz%geater R nmay be optionally substi tu'f%%“%"?sﬁm'm
substituents that do not interfere with the detergent's function. M
is preferably, calcium magnesium or bz-ium Mre preferably, Mis
cal cium [0137] Hydrocarbyl-substituted sali cyI ic acids may be
prepared frpg S B- DYy NobEss! £ 8fiith&ds 298X of B Ch
is incor por[atme] ﬁ{e]r ein %}3’/ reffﬁgﬂonceS ??lﬁ?ts e t| ret Sll?gor addi ti olr?gl

i nf or mat i orandrCQ ynedtalytisally cantvested axctmhydmtarboﬁbandprd‘erabw liguidf t he

hydr.ocar byl - subst i t ut sallc lLic_acids may be repared by, doubl e
deconposi tlhtqurQﬂm%P%ﬁgle né‘%llFt" tig,0f; &‘S&YQFO&"'BI"Q CAIDRH IR0 é?ayor

al cohol . {:@é,@ sed
as deter gentr S. 1{’ 6%%%@égbﬂeﬁn go %ﬁt@é SI rrp?lg i&?gﬁ‘?{‘gﬁﬂ él IS
known as hydfificin aboutd)m ke3. 7dehd paefbtably from disfut 017 (L. Br geig ﬁ.rcnan

provi de the properties of two detergents w thout the need to bl end
separ at e nénermaFsl sgdbesigprosesyey i ermpf:@ﬁ%ﬁ@nehlch the crtalyshis intheed

ol oo at odomigh e el A REEA i oral R, P AV B S R et Lm
salicyl ateg af&afadﬁeglu lighRY THRIHGRRMTetfié ROI&EitIdFoP ah FLEdynthesis

detergents). Typicall the total detergent concentration |s about
0.01 to ab@@ﬂctlends %ubtherearam@uy raaﬁms for wsingyotherthan @ st@ckiparetint

Lo ool B85 4BRE B b BusBidy o “ﬁf&rmhxftg'cé’rﬁogﬁfgﬁ%ﬁts

thus dim ”ﬁ&e@gtﬂe%éd{ nﬁﬁ@fhiiotdfqﬂeﬂgtmis I y Eﬁout? FReHSRNt s nmay

be ashl ess”or ash-formng 1 n nature!: Prefer I spersant is
ashl ess. Seymthbsiedanetrhpasing aspixtire of $1,and (O gebubbletbeintaltie bdttim

LSL”‘nZt‘Sft Shinsy liwvrxaﬁe?es%asr“ﬁttﬁa%é’f:é”?%q%téf‘%ﬁgp&?fgg@?éﬁ% syathesis gatalikr ed
ashless. I, ﬁﬁ@m is qufaeét%m@gfég&&w% Hﬁ)chltb%ﬁ?saspﬁﬂ'u?{?%‘fe

form ash upon co t'i on tabl e rsan

contai n a pdiieh amgrliguid atﬁhacrbwﬂioh@oﬁdntlehﬁhmd/wﬂml'mcmhprimlthehj!d:l’ocwbbght
hydr ocar bon chal n.. Th pol ar group. typically contains _at |east qne

elherrent of S, ﬁﬂj’éth“l%ﬁd Byfyeparben Hquigip separatag drose Hessialyst
i 1
di sper sant i’%ﬁ‘e@%é‘tfﬁﬁéfrég“f SRy 8 uaddh, ftho ARG kot Beps o

phenates, sa&dH Wde@hﬁﬁl.gaﬁ@l)bdﬂ%lﬁdeﬁs SoPheEl the 8nthesrPRRir68arbons pass
t hi ocar bamat es, phosphorus derivatives. A particularly useful class

of di sper santthesppof lmdk@qaybmm:thﬁsw r@atrtm/@avap@s aloqg)wdhmnyeacted

Brosuces Dlyhie] S PO o chRR BB, Stk B aThgRteeL
pol yhydr Oxﬁy&bcﬂ%bﬂ 3HOR #6€ coﬁﬁ@néeﬂ"!@ hﬁﬁﬂ' eﬂldgc,rdi’ﬁﬂin&f’@?t‘h'thé't ing

the ol eophi ortion of thé nolecul e confers solubility in
the oil, i hydmcmbbh)hqmd)ﬁlt;ate;o'ﬁhm;tlunmﬂgzddnoﬂlngi\mnyt abthenfillteate afayturg

type of di ant ar known co in the literature.
e ey QhRnAgH enpdethes or o S SRe aoaconis ATdrogthon vapers ags
3, 2145, 707 1 7
3 241 012, % éé?%@%?wg §zgwhyf?e%iﬂ%@%&%ﬂaﬁ‘%&%ﬂ@%&g?’ﬂ@é B e
of di sper sguthewhat dbpsndinped thercatalyst &1a1 dusirad Préidfets) OBy pichl 20Aditions
3,254, 025; 3,275, 554;
effective to form hydrocarbons comprising mostly Cs, paraffins, (e.g., Cs:-Caoo)
and preferably Cig. paraffins, in a slurry hydrocarbon synthesis process employ-
ing a catalyst comprising a supported cobalt component include, for example,
temperatures, pressures and hourly gas space velocities in the range of from

about 320-850°F, 80-600 psi and 100-40,000 V/ht/V, expressed as standard



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; 3,702,300; 4,100,082; 5,705, 458. r
descri ptioﬂ%ﬁ% 2g?iszrsants may be found, for exanple, Mﬁ#@g"é?ﬂp
Pat ent Application No. 471 071, to which reference is made for this

purpose. Each of the aforenentioned pat2nts is incorporated herein in
its entirety by reference. [0144] Hydrocarbyl -substituted succinic

aci d conpoyg & 6T HeR Wdedhs €iCP By SR fHigeurd (O°Ea'ltahﬁ)‘bé’1fhmﬁ?bﬁﬁ6!hfﬂe‘iﬁ"’

succinate esters UCCI nate ester am des prepafed e reaction
of a hydr ocataba, rsqimtwelyt Gthegerne 'Gi. & imused lmcipm:ﬂfelptodf}@mﬂﬂrbomaw ng

RIRGEIC G WS EGC ST T T
carbon number 5 has to be present. Similarly other ranges quoted for carbon
number do not imply that hydrocarbons having the limit values of the carbon
number range have to be present, or that every carbon number in the quoted
range is present. It is preferred that the hydrocarbon synthesis reaction be
conducted under conditions in which limited or no water gas shift reaction
occurs and more preferably with no water gas shift reaction ocourring during the

hydrocarbon synthesis. It is also preferred to conduct the reaction under

—~

conditions to achieve an alpha of at least 0.85, preferably at least 0.9 and more
preferably at least 0.92, so as to synthesize more of the more desirable higher
molecular weight hydrocarbons. This has been achieved in a shurry process
using a catalyst containing a catalytic cobalt component. Those skilled in the art
know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T
reaction types of catalyst comprise, for example, one or more Group VIII
catalytic metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst
comprise a cobalt catalytic component. In one embodiment the catalyst
comprises catalytically effective amounts of Co and one or more of Re, Ru, Fe,
( Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, preferably
one which comprises one or more refractory metal oxides. Preferred supports
for Co containing catalysts comprise Titania, particularly. Usefull catalysts and
their preparation are known and illustrative, but nonlimiting examples may be
found, for example, in U.S. Pat. Nos. 4,568,663; 4,663,305; 4,542,122;
4,621,072 and 5,545,674,

[068] As set forth above, the waxy feed from which the base stock(s) is/are
derived is wax or waxy feed from mineral oil, non-mineral oil, non-petroleum,
or other natural source, especially slack wax, or GTL material, preferably F-T

material, referred to as F-T wax. F-T wax preferably has an initial boiling point



| [ 0145] Succinimdes are formed by the condensation reaction between
al kenyl succinic anhydrides and am nes. Ml ar ratios can vary

dependi ng oMFq?]&%%{’y-am ne. For exanple, the nol ar ra?&%&lﬁgzgu_%lﬂff%wl

succi ni ¢ afl o TEPA can vary fromabout 1:1 to

Representative exanples are shown in U S. Patents 3,087, 936;
3,172,892; 3,219,666; 3,272,746; 3,3222870; and 3,652,616, 3,948, 800;
and Canada Pat. No. 1,094,044, which are incorporated herein in their
entirety b f K467 j i Rad
condensat i grh{}}%gE%g?gﬁfng weensog;{bcl(igir(li I %ﬁ%ﬁ g?lglrgﬁ%d%oglggpgﬁgﬁ

al cohol s 0?012@'0!’@{ RastMU50PF r Alnapsowarcutwayy fa40 may also be used during the

2006/ 124367PCT/ US2006/ 017717 - 54 - dependj.ng on the. al cohol. or

pol yol usedydfisorastiaapion. &P@@&ﬁéﬁ%@?@%ﬁ’b%@&ﬁ@ecﬁﬁ coRverfaddn pwer
succi ni ¢ aphydri.de an ent the ' ' 1 47]
Succi nat e E’Qﬁg}g 15?@%@&“2? glaﬁeg{%egfegé/é?(l%éﬁ% gﬁl S g??g#ﬁrc fegél?f ? ?%ﬁq‘ggﬁag%%

al kenyl suggiteiigl (89618 ah §@spafifiin @ok@iidhg otmeste bbilingeixnalplube cilui t abl e
al kanol am nes include ethoxyl ated pol yal kyl pol yam nes, prg@pﬁx /| at ed

pol yal ky| pohngerilfeatali¢ dewaxinekis alsopaasticen 86T HORKTIZRLMYIS) 18%e
| yam nes. On le is, | at.ed,h i am oy
Popy csent aisemé o epperapiuRBatate ¥Rk g R Bl boiling

herein by refen ingl Adewelisht Heficd, iidis phdfertyd that
succinic arﬁ%ﬁiﬁ%@mgstgééﬁv%ﬁgng?gﬁ%ﬁ n ¥ parlag{;ogphg Wi | ? typically

range bet wekneDBoiting p2irk©F theTwexy fesd dembotied 030°Fa1 062 Fydst - r eact ed
With various reagents such as sul fur, oxygen, formaldehyde,
car boxyl i ¢ [ge9jdsWaieah isiling Ringeds footed herelnit definemtbo lower andétr upper

borate esters or highly borated dispersants. The djspersants c e
bor at ed wi tdistillagion seroperatyre used igeparats the frstign. th%gs aﬁ?@p’é?"g?é)

di spersant .eactio r oduct... j : ol SPmst de
fromthe réﬁgthaﬂlpgef, %glsﬁﬁ?'bﬂgé%iﬂef%@%anﬁ&%g@?mg{r@ggm nes. U%%‘gs %EP
4, 767, 551, e‘m.i'é;ﬁn'gé) {heGpeRfAtAiRroEbslling Bangealoes asrequire angamiarial at
and catal ysts, such as oleic acid and sul fonic acids, can also be
part of t hehe sepeifieshlimitits te be praseniurathenibexlndesapaterial batling pyisidsol s

range from 800 to 2,500. Representative exanples are shown in U S
Patents 3,693 1898€- 3 703,536; 3,704,308; 3,751,365 3,756, 953;

S ot 0 b e S og O G ST o
oo o ot B AR Bt i oy
hydr oxyar orgsoPE sn8'750°Bi¢tBiRingd byihe practitiohergndeacndypoint, peigably

Exanpl es of high nol ecul ar wei ght al kyl -substituted hydroxyar tkeC
conmpounds abevpdP§PiFo dytepnined by the |09119i/){s§, BFRSESS %@géls ﬁg};}foye%r% the

| yal kyl phengls. - 55 - Ak aksed b
e 1 SR oner e putilE SRRAhRIRIR e MRcRB 50 O

BF3, of phepgbryidfibi I:Siﬁ:kﬂ Ar6 978D F ERdYiRhoPief@B & a fraction with
pol ybut yl eng, gn ag%lﬁgérw[%rya k;l’ene conpounds to give al kyl

subst i t uentg @izpeiGiedenidieneait poirg anf aplved poittaomewhare boreeeye50°F and
600- 100, 000 nol ecul ar wei ght. [0152 ampl es _of HN(R) 2

gr oup- cont a1 Rg Wescfegds may be P&PPQ?%‘?MSP@%#%@% %rais SEPSSS ?fythe
pol yet hyl ene ,po Rl _nes. : £ t af | ! UTHS
Gont ai i ng SEY BAERCD PR A PR dthis p RElARI AR TR woxry
prepar at i ongef alNBRyHieHINESRESSRhoR tharp9is] germrallymiore than\Ba Yaant

i nclude the nono-and di-am no al kanes and thejr substi éu eggaanal 0gs,
e.g., et hylmafeneblymbrditearndhvtoqparaidinichysiracatbors. Ffshekwhiehgre norma

h | di i , i i ht hal . . . 1 -
Pmregﬁoleinﬁe ,I;ﬁ%gﬁliﬂ’gi & I%%Eﬁg{@?o%?gﬁlﬁgg gglgﬁg%ll%:lﬂn&égéﬂoﬁrgﬁ%ﬂg@% é%g.,gess
pi per i di ne; 0k 3P Ng oRBACH) it 1848B4H 2,008 S| peferalllP ks8Thaig0e0 es

wppm and more preferably less than 500 wppm of oxygen, in the form of




- 56 - [0154] Al dehyde reactants useful 'in the preparation of the
hi gh nol ecul ar products useful in this invention include the

al i phatic al dehydes such as fornal dehyde (al so as paraf ornal deh&/de
and fornal mz,oo Baid dehyde and al dol (f 3- hydroxybutyra?ﬁgﬂ%@f 17717
For mal dehyde or a formal dehyde-yielding reactant is preferred. [0155]
Hydr ocar byl substituted am ne ashl ess dB&persant additives are well
known to one skilled in the art; see, for exanple, U S Patents

3, 275, 554, 7 o : 7,
whi b are | GIBEG eRy Too K ppetied e ot O Pty e
Preferred dnypsticaimve tican medle vsingee slurrg FdT poecehowithedcatalgstitavingde s,

i ncl udi ng those .derjvatives from nono-sugcy,ni rH des, bi s-succini m des,
and/ or m xtQﬁt@ﬂl%Fob%h@mWnﬁi@PE‘?}@@Fﬁlf }ﬁdé%? ‘wherein the

hydrocar byl succinimde is derived froma hi/dr ocar byl ene group such

as pol yi sobl¥7}] eddepsagesyobmpkingrthe lubsicanionit basgotacks fipmwaspewceks, a
m xture of suc dr ocarbyl ene grqups. r f ed di spersants
Mol ude. SuctinFiooh g R Lt r i disceotel g B R 88 e
Manni ch addygiaek waAes hreanelasd ﬂs@feba,%gyﬁﬁy R84 tObs Siibjs@bdtes
conponents. Such additives may be used in an anount Of about 0.1 to

20 Wt % pr efrelimfibary Alydrotre@ting siep Sinderconditions Riready Bep kaswarto ¢hose0157]
Co ti | . int d t | | ube,oil. f

ot over o) ShileE GaaRdo PR SougH ikt MM SReREARL FaD ent  on
I f desired. oT%@ﬁﬁBP&@acB%ﬁﬁn)%% CIRGVYE suTRY- 4fa Afldgeh-bonthiMg cating

conposi ti orfs e present I'nvention to |ower the~m ninmum
t enper at ur ecomtiposnids vhiidtewblild athevwike ddativate tealnydreispmerieatiorfxanpl es
of suitable pour point

depre nts .include pol acryl at es,
pol yacr y| atlglrogssyaxing £af a@?géﬁ%ﬁqgﬁma@&r ﬁ@{]‘é’a %%P%Saﬁléﬂhr in
d L i Qv . ,
ool vy P8y BARAMRS notteiired AR hE AR TG, it yaxgs
al | y] vi nylhsehmlpiradéSindass (lksSthan @B2ut 12, $phb, t4Boredypiedllyl BSs than

2,387,501; 2,655, 479; 2,666, 746; 2,721,877, 2.721,878;, and 3, 250, 715
descri be usabout 5 pauy togglmf sulfpr exuitiegen compqund eondensy Howvever.sgmat i on

ot roty. Serolaaing clEEl RITRT ol RO LR BBullEhiah of lighnates
W % pref erghily ofeUhaP bedefitdrom axWhdfatdsardanfemn Thelliydrddeimaixing) 158]

Corrosion inhibitors are used to reduce the degradation of netallic
parts that moeessmaybe eerduatedrovene combinatianiof gatelyistss enpersia single

A R e ey

herein by r b ot tq achid bMRess iy Be op&@tkd N
an anount o@ggsggél}?ﬁgélg§f%]%h%b(?wﬁ%dogégp’e@g%?? ggié%? 0.%1 t% 1.0 w %

Seal Conpatinhhé pregerdpcifitiydesgen] aribBydreeil partiakpressices reygefion aboud| p
[T o BObiRRe R ol BB B Rk s 0 B
conpatibil i '?’cu?egﬁﬂtrﬁtﬁgﬁpééﬂgf (1t Fidth Mduf 1086350 naN I8k o ROGERNAL e,

aromatic esters, aro rbons, esters utyl benzy

pht hal at e, $QF/bbRamdlthy spaes dehweltywftienfeedstoclctypiallyrhyghsifcom abBowit0. 1
additives nmay be us in an anount _of about 0.01 to 3 wt% preferably

ed in an
about 0. 01 to@0LHPY, prfemblydhhiadeAdiSv.
[072] Following any needed hydrodenitrogenation or hydrodesulfurization, the

)

hydroprocessing used for the production of base stocks from such waxy feeds
may use an amorphous hydrocracking/hydroisomerization catalyst, such as a
lube hydrocracking (LHDC) catalysts, for example catalysts containing Co, Mo,

Ni, W, Mo, etc., on oxide supports, e.g., alumina, silica, silica/alumina, or a



‘ [0160] Anti-foam agents nay advantageously be added to | ubricant
conpositions. These agents retard the formation of stable foans.

Silicones d organic polyners are typical anti-foam agents. For
exanpl e, pmp'{’%ﬁgﬁes, such as silicon oil or polydi methy/PS289603%73Re

provi de antifoam properties. Anti-foam agents are commercially
avai | abl e and may be used in conventiondl- m nor anmounts along with
ot her additives such as denulsifiers; usually the anount of these

addi tives % ' f'a%ﬁiﬁ%ﬂiré"@ fightiorPQal0dt! fRe1d 861 4 Al 1
percent. In %@g?éﬁ’gﬂ?’g Ant 17 Ust l,g\dgllet ?veqs [0?61F’RAnti§’ust addi ti ves
(or corrosicatalysthi bitors) are additives that protect |ubricated netal
surfaces agai nst chem cal attack by water or other WD

2006/ 12436 g3} USHR GédMetizhtion cafilystcaid puatessed for hidoteckinal/i ety of
these are commercially available; they are referred to in Kl amann in

Lubri cant s hydeoiremertizad/ippdawaning GIJ- miaterialsansiqr wiiey mgissialstto Hase r ust
ddi ti i | d .t hat ts the f
et er ont | SH9GOTRSE 60 R JESCrbRR ot Setm oD 5 Pt Nebohe 69 of

antirust adﬁ@qg ¥§7,20997 B89 1RLErs 1Y | 10D PO H IR EZ; 5.51Q74 518249 |
emul si on so'that dnl'y t’he oil touches the netal surface. Yet another

type of antj,2%4263]gﬁ,680,4423 EéTﬁGgﬂfﬂ 1:5 )5,93)3;431’13@8&5,%38@ 5;%5@47&; 6,1;90;5;312%
i 11 ophosiieesliBaan 95ka RotoRusd; U 20%2s D051 ERas 00 5 1%

aci ds and k . J i ed g . 0, ;
TR Akt AR R A e il et R Sy R el
[0163] A f 15,138, 671;mmdi4{867; 1783 Bry324528 (B2), BI 0382126i(BI ) EMNAs32148
alter the coefficient of friction of a surface |ubricated by an
[ubricant dBIMER ASTSISLBIIP 00836402 BP(Q066884 (B2), I 0aa¥3f? BB ),

Spentsn and B P HIa BB T3 1623 LR SO RIAR I oSyl 088
formul at ed (Wuhrwen02/07067PEAL), WO 020070629 CAI RO 63/033820 (1 )raeeidlly
the coefficient of friction of a |ubricated surface ma

be
ef f ect i vel yas i Bditish Potamts ha29.4R41 850,258 badd2#;l £,380, %&bWQQ%SOSS
conposi tions t .invention Jd.f desired. Eriction ifjers
Chat T ovier SAQVOLETRPITE TEipHED coiBabit RO R ot bt ERiCrEE e
i n conbi natpa@ht WpplichfiéhsRRES48iah8 488547, UPRcEREPOSihE FOD ok febdy dre
invention. Friction nodifiers may include netal -containing conpounds

or mat eri aldssersbedah|U.8sPats hoesh SeaApLuAPE 3 &72n 46,2405, 6,675,80%t ur es

thereof Metal-contajnj ricti (fiers may include netal salts
or netalli ﬁ@»@&pﬁ%gﬁmé@ @W'al s may include al kali,
al kaline earth, or transition group netals. Such netal -containing

friction mif74) eHydragprbongonnersion eafalysinuseful ndhe pomygraien of fhensi ti on

fretal s may j ncl ude , , i e
i 'ncl ude hz&%%gﬁd%]v%F‘q%@g&o%sedfgglog%%?{éﬂst?Efglg? %‘1}%{’5%?%“3?3?@{0' d
partial estearhotl BHeE billabe z4dMite katalyssy| Bekydsat S5, ZENIANR 75323,

t hi ocar bamat es, dit hi ocar bamat es I\/FFIOSphat es, thiophosphates,

di t hi ophos FHRIERS, ZoM-d3sZSM-380ZSM-A8.nf&etitepFarderite; realite beig, zeolite

t hi adi azol es,. dithi azoles, diazoles,.tri nd, ot he | ar

nol ecul ar &Eﬂﬂﬁ“éﬂzﬁc’ﬁgeragﬁ% aégﬁﬁci‘qsrqfiHbUﬁ‘@é?@%ﬁaﬁh%cg{ﬁﬁﬁﬂeﬂse%
or P, indiy iBh Wi | OB indtals, I R4 PalladiviPor SRtALRL M
conpounds g%ﬁ@?%é’??i“é‘ﬁ?? ‘e}}ﬂgect?s’e gﬁp‘gﬁ a?é‘ or lexa?rpﬂeal ©
Mb- di t hi oc @GroapallEsmetats(BTChe iddaddpotatedihtasthh acelite chalBTF)y conveationals,
Mo (Am), Mo-al ¢ohol at ﬁs, .Mo- al cohol -am des, etc. See USP 5, 824, 627,
USP 6, 232, J5amquss, #ich2s legpaxc 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:; [V&EH slreww, embpdigspt, sogvesion®f thgveny Eedstock waydey epngnoted\p

98/26030. [ Q1641 B3R of PrALIIRE bIR U I 2SR DY 5@ the AELAHIE of

hydrogen. In another embodiment, the process of producing the lubricant oil



WO 2006/ 124367PCT1US2006/ 017717 - 60 - fnodifiers, or m xtures of
friction nodifier(s) with alternate surface active material (s), are
al so desirable. Typical Additive Anpunts [0166] When | ubricating oil
conposi t i oS XYWHRHh one or nore of the additives di scuRSEES24Ha8E17
the additive(s) are blended into the conposition in an anount
sufficient for it to performits intendsgd function. Typical anmounts
of such additives useful in the present invention are shown in Table

manut act ur SO HgRR Sorites THOt b e ab e B OBt LA
the fornmul autkas PAZSM-35NTh yet drithorntitidimemy Heswaxy feb@ chbt ed@ledW,

as well as other amounts nentioned in this patent, are directed to

t he armount Goupdilillmetal doased HRM48, areferabhteravpnVEbhoklametallpadsd of
the i di.snt The wt % i ndi l. b d t he t otal
wet gt of - B ety PRGSNGAR R Sl Pug R of b ataet R Biams of

Vari ous Lulkhi€ aRéfPhldlRmRATALS '1@9&11% BABBfMEdTRL A 1g9¢rmm}§l%
(Usef ul )W%a( Prefer rgd) Det erge%lt . 01- 60%-4 Diaspersanetl .1-200.1-8

Friction Reltecrdred i0 1750 5075269, Thenss®f theobrouy ¥Hbuictal 1oadtd X ZSM-43
| mpr over 0. Ofﬁr?l%y of catalysts, preferably platinum on ZSM-48, in the hydroisomerization
of the waxy feedstock eliminates the need for any subsequent, separate dewaxing

step, and is preferred.

.

[076] A dewaxing step, when needed, may be accomplished using either well
_known solvent or catalytic dewaxing processes and either the entire hydro-
isomerate or the 650-750°F+ fraction may be dewaxed, depending on the
intended use of the 650-750°F- material present, if it has not been separated from
the higher boiling material prior to the dewaxing. In solvent dewaxing, the -
hydroisomerate may be contacted with chilled solvents such as acetone, methyl
ethyl ketone (MEK), methy] isobutyl ketone (MIBK), mixtures of MEK/MIBK,
or mixtures of MEK/toluene and the like, and further chilled to precipitate out
the higher pour point material as a waxy solid which is then separated from the
solvent-containing lube oil fraction which is the raffinate. The raffinate is
( typically further chilled in scraped surface chillers to remove more wax solids.
Low molecular weight hydrocarbons, such as propane, are also used for dewax-
ing, in which the hydroisomerate is mixed with liquid propane, a least a portion
of which is flashed off to chill down the hydroisomerate to precipitate out the
wax. The wax is separated from the raffinate by filiration, membrane separation
or centrifugation. The solvent is then stripped out of the raffinate, which is then
fractionated to produce the preferred base stocks useful in the present invention.
Also well icnown is catalytic dewaxing, in which the hydroisomerate is reacted
with hydrogen in the presence of a suitable dewaxing catalyst at conditions

effective to lower the pour point of the hydroisomerate. Catalytic dewaxing also



| preferably 0.01-15 Suppl enentary Antioxi dant0.0-50.0-1.5 Corrosion
I nhi bitor0.01-50.01-1.5 Anti-wear Additive0.01-60.01-4 Pour Point

. Depressant -b0.01-1.5 Anti-foam Agent 0. 001- 30. 001- 0.

a | Bal anceﬁa&a‘%glez LANVPLES [0168] In the foll ow ng ex;%p es&)e‘sg?(lzr"e?;l)'{
where otherw se indicated the test solutions were exam ned by

carbon- 13 nucl ear magnetic resonance (M®R) spectroscopy on a JEOL
GSX-400 NMR spectrometer. All the NVR work described in this and the
fol | owi ng exrgpls di'ﬁénB@Eﬁ&&a”ﬂ%@is%&a‘?@t@l@%rhoﬂﬁk matcASlk WOt , at a
carbon Larnor freduency of 100 Megahertz. The sanpl e tenperature was
vari ed in boilingaaege, Lor exagaplerGhid-250CF:, ovlubicareBeparsésd 0w the beasder
transients r qui red for each spectrum haQ%ere .pul.se on
the car bon6§@'g(lgg§§'lf g%??%éﬁg@%ﬁége bf‘?‘ft%?\c%%%mﬁ _o%ﬁqgl 10 tWO

r el axal | onoflflody pRSuA! SoREHURER 1k RREPBOfting RkicRATRLPBe Ner € Lhe
nmetal acetyl acetonate conta nedl a paramagnetic netal center, and 20
seconds wheseniplizhe® eitheramdontb ae during fiactiomhtiontof the6 50-A5 8 F+ material
paramagnetic center. [0169] A spectrumwas acquired at 27C, to
measur e t hintp the desired base st9ekeoncent rati ons of t-butyl hydroper oxi de

and t-butyl alcohol. Subsequently, the tenperature was raised to 35C,
and mai nt a{0%] aAny Hewaxiegpetaditstwdichowilbadues thetnesr pejsé ef the hyskre-

Py oper ok FEBAGRHS an preBrED BpsEapal vy o= e draRHE A baseoek
resonances ghgf t&h@d%ﬁ%ﬂ@?d‘t@ﬁia?%e%@d.t TResRiRE108¢ shdpé kERhti (X HRstulRs

ot added to the system altholgh it was not explicitly excl uded
hrough degiased whichi whier combined withat kastraneggial¥icimetab eerorpagat, have

concentratjon iis stabl e, and asur.ed at | ow t. rature, hefore

et one beotier et e TeLRryAee prevste il BRgims Apf indtie

I ndi cating re k Ss ' hale Aqpngriaa hha( a yrle
chusod by feXpnile Erlctied InbReRREANALE ZOMIIZ ZSML D3 RSN 93 SRR

li qui d ( hydise knenaxdsdhetadmhed: (ON handsthapilieotlamiroptmspkatehienovah s of

oxygen in the NVR sanpl e tube, EXAVPLE | 171] A test sol ytion was
prggar ed agAﬂJQ’po\ﬁsdngaxing catalyst which has been found to be unexpec?ecﬂy

particularly effective comprises a noble metal, preferably Pt, composited with

H-mordenite. The dewaxing may be accomplished with the catalyst in a fixed,

fluid or slurry bed. Typical dewaxing conditions include a temperature in the

range of from about 400-600°F, a pressure of 500-900 psig, H, treat rate of

1500-3500 SCF/B for flow-through reactors and LHSV of 0.1-10, preferably
(_ 0.2-2.0. The dewaxing is typically conducted to convert no more than 40 wt%
and preferably no more than 30 wt% of the hydroisomerate having an initial
boiling point in the range of 650-750°F to material boiling below its initial
boiling point.

{078] GTL base stock(s), isomerized or isodewaxed wax-derived base stock(s),
have a beneficial kinematic viscosity advantage over conventional Group II and
Group III base stocks and base oils, and so may be very advantageously used
with the instant invention. Such GTL base stocks and base oils can have
significantly higher kinematic viscosities, up to about 20-50 mm?/s at 100°C,

whereas by comparison commercial Group II base oils can have kinematic



64 ng (0.18 mmle) of Cr(acac)3 was dissolved in 4.8 g (39 mol es) of
deuterated chloroform with 200 ng (.83 mmol es) of t-butyl

hydr oper oxj, de | D iso-octane). This m xture represe
hydroperox*‘%'fez.oéﬁﬁyﬁiﬁgpm acetyl acetonate nolar ratio of 2!?(21‘@5&0%{0177_17 62
- [0172] During 95 mnutes of heating at 27C only about 5% of the

hydr oper oxi de was deconposed to al cohol34-as tabulated in Table 2.
TABLE 2 Time (mnutes) %t-butanol 12 1.9 38 5.4 79 4.4 95 4.9

viscosities, up to about 15 mm?s at 100°C, and commercial Group III base oils
can have kinematic viscosities, up to about 10 mm?/s at 100°C. The higher
kinematic viscosity range of GTL base stocks and base 0ils, compared to the
more limited kinematic viscosity range of Group II and Group III base stocks
and base oils, in combination with the instant invention can provide additional

beneficial advantages in formulating Iubricant compositions.

[079] In the present invention the one or more isomerate/isodewaxate base
stock(s), the GTL base stock(s), or mixtures thereof, preferably GTL base
{ stock(s) can constitute all or part of the base oil.

[080] One or more of the wax isomerate/isodewaxate base stocks and base oils

can be used as such or in combination with the GTL base stocks and base oils.

[081] One or more of these waxy feed derived base stocks and base oils,
derived from GTL materials and/or other waxy feed materials can similarly be
used as such or further in combination with other base stocks and base oils of

mineral oil origin, natural oils and/or with synthetic base oils.

[082] The preferred base stocks or base oils derived from GTL materials

and/or from waxy feeds are characterized as having predominantly paraffinic

compositions and are further characterized as having high saturates levels, low-
( to-nil sulfur, low-to-nil nitrogen, low-to-nil aromatics, and are essentially water-

white in color.

[083] The GTL base stock/base oil and/or wax hydroisomerate/isodewaxate,
preferably GTL base oils/base stocks obtained from F-T wax, more preferably
GTL base oils/base stocks obtained by the hydroisomerization/isodewaxing of
F-T wax, can constitute from about 5 to 100 wt%, preferably between about 20
to 40 to up to 100 wi%, more preferably about 70 to 100 wi% of the total of the
base oil, the amount employed being lefi to the practitioner in response to the

requirements of the finished lubricant.



‘ [ 0173] Subsequently, during 250 m nutes of heating the sanple tube of
Exanple 1 at 35C, 84 percent of the initial hydroperoxi de was

tabul ot o VS CThaBlE s Time (m nut es) ot - but SSTOBREY T
19.9 45 42.5 75 57.5 103 62.5
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[084] A preferred GTL liquid hydrocarbon composition is one comprising
paraffinic hydrocarbon components in which the exient of branching, as
measured by the percentage of methy! hydrogens (BI), and the proximity of
branching, as measured by the percentage of recurring methylene carbons which
are four or more carbons removed from an end group or branch (CH; > 4), are
such that: (a) BI-0.5(CH, > 4) >15; and (b) BI+0.85(CH; > 4) <45 as measured

over said liquid hydrocarbon composition as a whole.

[085] The preferred GTL base oil can be further characterized, if necessary, as
having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen

(( containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and
(CH, > 4) <22.5. They have a nominal boiling point of 370°C", on average they
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also
can be characterized by a combination of dynamic viscosity, as measured by
CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the
formula;: DYV (at -40°C) <2900 (KV @ 100°C) - 7000.

[086] The preferred GTL base oil is also characterized as comprising a mixture
of branched paraffins characterized in that the Iubricant base oil contains at least
(~ 90% of a mixture of branched paraffins, wherein said branched paraffins are
paraffins having a carbon chain length of about Cy to about Cyg, a molecular
weight of about 280 to about 562, a boiling range of about 650°F to about
1050°F, and wherein said branched paraffins contain up to four alkyl branches

and wherein the free carbon index of said branched paraffins is at least about 3.

[087] In the above the Branching Index (BI), Branching Proximity (CH; > 4),

and Free Carbon Index (FCI) are determined as follows:

Branching Index
[688] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker 360
MHz AMX spectrometer using 10% solutions in CDClz. TMS is the internal




153 73.6 185 74.4 245 84.5 An additional 500 ng of TBHP was added to
the sanple, to test the ability of the Cr(acac)3 to deconpose this

addi ti onal ...Jhe aggregate ratio of TBHP to Cr(a t
becane 15.@8%&1@%@8%[]”1 at 0 mnutes was acquired at 23‘%%%’9655%% a
basel i ne spectrum of the new m xture. Five additional spectra were

acquired at 35C, as in the earlier sert¥s. The continued
deconposition occurred as recorded in Table 4. TABLE 4 Tine

(mnutes) %nhbmidH @ referéioe? GBCBAoReh?gives a peak located at 7.28. All
spectra are obtained under quantitative conditions using 90 degree pulse
(10.9 ps), a pulse delay time of 30 s, which is at least five times the longest
hydrogen spin-lattice relz.ixation time (T;), and 120 scans to ensure good

signal-to-noise ratios.

[089] 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 ¢-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 parafﬁn'ic CH3 methyl hydrogens.

[090] The branching index (BI) is calculated as the ratio in percent of non-
benzylic methyl hydrogens in the range of 0.5 to 1.05 ppm, to the total non-
benzylic aliphatic hydrogens in the range 0£ 0.5 to 2.1 ppm.

Branching Proximity (CH; > 4)
[091] A 90.5 MHZ’CMR single pulse and 135 Distortionless Enhancement by
Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360
( MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal
: chemical shift reference. CDCLj solvent gives a triplet located at 77.23 ppm in

the C spectrum. All single pulse spectra are obtained under quantitative
conditions using 45 degree pulses (6.3 us), a pulse delay time of 60 s, which is at
least five times the longest carbon spin-lattice relaxation time (T,), to ensure
complete relaxation of the sample, 200 scans to ensure good signal-to-noise

ratios, and WALTZ-16 proton decoupling.

[092] The C atom types CHs, CHy, and CH are identified from the 135 DEPT
13C NMR experiment. A major CH, resonance in all '>*C NMR spectra at ~29.8

ppm is due to equivalent recurring methylene carbons which are four or more
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- The final ratio of hydroperoxi de deconposed by chrom um

~acetyl acetgnat e a nolar basis) was 10.9:1 at 35C, v,
t - but anol WB&@%@%@’%T[MM] A simlar sequence of heati %&R@Qﬁg”
acquisition was performed on a solution containing t-butyl

hydr oper oxi de and deut erated chl orof or m$7wi t hout the chrom um
acetyl acetonate. This control run (docunented in Table 5) showed no

hydr oper oxi gehdieg graie ah eh@ Brédy MB@&H (CHIZ >SP e He QPR cTtbshreches 8fe | €.
TABLE 5 Time (mnutes) %t-butanol
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.
[093] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and

is a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain. Counting
the terminal methyl or branch carbon as "one" the carbons in the FCI are the fifth
or greater carbons from either a straight chain terminal methyl or from a branch

methane carbon. These carbons appear between 29.9 ppri and 29.6 ppm in the

A

carbon-13 spectrum. They are measured as follows:

a. calculate the average carbon number of the molecules in the sample which is
accomplished with sufficient accuracy for lubricating oil materials by simply
dividing the molecular weight of the sample oil by 14 (the formula weight of
CHy);

b. divide the total carbon-13 integral area (chart divisions or area counts) by the
average carbon number from step a. to obtain the integral area per carbon in
the sample;

¢. measure the area between 29.9 ppm and 29.6 ppm in the sample; and

( d. divide by the integral area per carbon from step b. to obtain FCI.

Branching measurements can be performed using any Fourier Transform NMR
spectrometer. Preferably, the measurements are performed using a spectrometer
having a magnet of 7.0T or greater. In all cases, after verification by Mass
Spectrometry, UV or an NMR survey that aromatic carbons were absent, the
spectral width was limited to the saturated carbon region, about 0-80 ppm vs.
TMS (tetramethylsilane). Solutions of 15-25 percent by weight in chloroform-~
dl were excited by 45 degrees pulses followed by a 0.8 sec acquisition time. In
order to minimize non-uniform intensity data, the proton decoupler was gated off

during a 10 sec delay prior to the excitation pulse and on during acquisition.



5.0 30 3.6 92 3.2 167 4.1 EXAMPLE 2 [0175] Repetition of the
experiment of Exanple 1 but with the further addition of up to a
final hydro eI’OXI de chrom um acetyl acetonate nolar ratio of 84:
shows t hat Whi um acetyl acetonate continues to d @"017717
hydr o- per oxi de to al cohol . Continued activity at the 84:1 ratio
I ndi cates that the chrom um conmpound i sssacting catal ytically, rather
than stoichionetrically. [0176] The Cr(acac) 3-catal yzed t her mal

decompost t iRl Y by B= R A L IS0 BRI RSB bundos 10

spectra at ‘1ncre er oxi e t’o chrom um ese

results ar %eél@émbﬁmﬁb d:ai?rl&'dibhﬁacﬁordﬁflg & l1temt{ire6rw§cﬂi tiohs &¥ith minor
hydr oper oxi de, a spectrumwas acquired at 27C to determnine the

sol ution cdieptsions describes dn HiseYarianordwkeneRareiRg manuHs.dr oper oxi de,
one or nore spectra were acquired at elevated tenperature to
accel er at e [d@4]onPEPT is ¥istotiportléss Enblan sqmeertt by R dlrizatios Tramgfer. DEPT

{ enper at ur GOFRRG! SKOMCIBERRTRY B BERT @”y%%ma@%esi %%35@4‘9?5%2' :

\?/gs- cg?ézrg?%%gy%{éoﬁfp@r I Ng ﬂ%gﬁbwgﬁf egr a bﬁﬁtﬁpho'

%_3, rL Epgr 0X %aggglgghcka @ﬁ%@.fpadnd THe $80 degrebd sutayfphasd(donindd ART iFabl e 6.
Attached Proton Test. It allows all carbons to be seen, but if CH and CH; are up,

( then quaternaries and CH, are down. The sequences are useful in that every

( branch methyl should have a corresponding CH. And the methyls are clearly
identified by chemical shift and phase. The branching properties of each sample
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or
cycloparaffins, which may be present in the oil samples in varying amounts.
The cycloparaffins content is measured using Field Ionization Mass

Spectroscopy (FIMS).

[095] GTL base oils and base oils derived from synthesized hydrocarbons, for
example, hydroisomerized or isodewaxed waxy synthesized hydrocarbon, e.g.,
Fischer-Tropsch waxy hydrocarbon base oils are of low or zero sulfur and

\ phosphorus content. There is a movement among original equipment manu-
facturers and oil formulators to produce formulated oils of ever increasingly
reduced sulfur, sulfated ash and phosphorus content to meet ever increasingly
restrictive environmental regulations. Such oils, known as low SAP 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 the catalytic antioxidant additive disclosed herein replacing or
used part of the heretofore additive such as ZDDP previously employed in

stoichimetric or super stoichiometric amounts. Even if the remaining additive or



' Spectrum Nunber % of TBHP Deconposed 4.5 4 4.9 5 19.9 6 42.5 7
57.5 8 62.5
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additives included in the formulation contain sulfur and/or phosphorus the

resulting formulated oils will be lower or low SAP.

[096] Low SAP 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
wit% or less, more preferably 0.5 wt% or less, most preferably 0.4 wi% or less,
an ash content of 1.2 wi% 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 wi%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wi% or less, and

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

[097] Alkylene oxide polymers and interpolymers and their derivatives
containing modified terminal hydroxyl groups obtained by, for example,
esterification or etherification are useful synthetic lubricating oils. By way of
example, these oils may be obtained by polymerization of ethylene oxide or
propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers
(methyl-polyisopropylene glycol ether having an average molecular weight of
about 1000, diphenyl ether of polyethylene glycol having a molecular weight of |
about 500-1000, and the diethyl ether of polypropylene glycol having a
molecular weight of about 1000 to 15,000, for example) or mono- and
polycarboxylic esters thereof (the acidic acid esters, mixed C;_g fatty acid esters,

or the C;30xo0 acid diester of tetraethylene glycol, for example).

[098] Silicon-based oils are another class of useful synthetic lubricating oils.
These oils include polyalkyl-, polyaryl-, polyalkoxy-, and polyaryloxy-siloxane
oils and silicate oils. Examples of suitable silicon-based oils include tetraethyl
silicate, tetraisopropy! silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methylhexyl)
silicate, tetra-(p-tert-butylphenyl) silicate, hexyl-(4-methyl-2-pentoxy)
disiloxane, poly(methyl) siloxanes, and poly-(methyl-2-methylphenyl) siloxanes.
[099] Another class of synthetic lubricating oil is esters of phosphorus-

containing acids. These include, for example, tricresy! phosphate, trioctyl

phosphate, diethyl ester of decanephosphonic acid. Another class of oils
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includes polymeric tetrahydrofurans and the like. For examples of other
synthetic lubricating base stocks see the seminal work “Synthetic Lubricants”,
Gunderson and Hart, Reinhold Publ. Corp., NY, 1962,

Organometallic Catalytic Hydroperoxide Decomposes/Antioxidant

[0100] Organometallic compounds and/or coordination complexes comprising
a metal having more than one oxidation state above the ground state and anions
and/or ligands which do not either render the metal cation inactive, that is, the
metal cation is rendered unable to change from one oxidation state above the
ground state to another oxidation stated above the ground state, or cause
polymerization of the metal salt or are susceptible to decomposition thereby
rendering the metal inactive have been found to be catalytic antioxidant hydro-

peroxide decomposer in the absence of other peroxide decomposer compounds.

[0101] The metal component having more than one oxidation state above the
ground state of the organometallic compound and/or organometallic coordina-
tion complex catalytic hydroperoxide decomposer is selected from the group
consisting of transition metal elements 21 through 30, excluding iron and nickel,
elements 39 through 48, elements 72 through 80, metals of the lanthanide metals
of the actinide series and mixtures thereof. Preferable the metal component is
selected from the group consisting of transition metal elements 21 through 30,
excluding iron and nickel, elements 39 through 48, elements 72 though 80 and
mixtures thereof, More preferably the metal component is selected from the

group consisting of transition metal elements 21 through 30, excluding iron,

nickel and copper, elements 39 though 48, elements 72 through 80 and mixtures

thereof. Still more preferably the metal component is selected from the group
consisting of transition metal elements 21 though 30 excluding iron, nickel and
copper, elements 39 through 48 excluding molybdenum, elements 72 through 80

and mixtures thereof.

[0102] The most preferred metals are chromium and manganese.
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[0103] What is essential is the ability of the metal to exhibit more than one
oxidation state above its ground state and that the anions and/or ligand with
which it complexes to form the organometallic compound and/or coordination
complex do not interfere with the ability of the metal orbital to change from one
oxidation state above the ground state to another oxidation state above the
ground state, and the complex should be in its least polymeric form - preferably

monomeric.

[0104] In the practice of the present invention the organometallic compound

and/or coordination complex is employed in a catalytic amount, it having been
{ found that the organometallic compound and/or coordination complex is not
consumed on a stoichiometric basis by the hydroperoxide, but rather itself reacts
with at least 10 equivalent of hydroperoxide per equivalent of metal, preferably
at least about 15 equivalents of hydroperoxide per equivalent of metal, more
preferably at least about 12 equivalents of hydroperoxide per equivalent of
metal, still more preferably at least 15 equivalents of hydroperoxide per
equivalent of metal most preferably about 50 equivalents or more of hydro-
peroxide per equivalent of metal. Thus, the catalytic antioxidant organometallic
compound and/or coordination complex can be utilized in very low concentra-
tion, typically an amount in the range of about 10 to 1000 ppm based on the
metal, preferably about 25-1000 ppm based on the metal, more preferably about
25-800 ppm based on the metal.

[0105] In the organometallic compounds and/or coordination complexes useful
in the present invention the organic anionic and/or ligand moiety complexing
the metal can be either neutral (e.g., bipyridyl) or anionic (e.g., acac). To avoid
either self-polymerization or polymerization with/through other species in the
oil, the ligands, generally, should avoid high levels of polar functionality, high-
polarity atoms in the functional groups, reactive structures such as olefins, and

unstable geometries whose strain energy could be relieved through polymeriza-

tion.
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[0106] Such organic moiety include materials derived from carboxylic acids
which may be aromatic acids, naphthenic acids, aliphatic acids, cyclic, branched
aliphatic acids and mixtures thereof. Among the useful ligands are acetyl-
acetonate, naphthenates, phenates, stearates, carboxylates, etc. Nifrogen-,
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 organometallic

compounds and/or coordinating complexes provided the metal orbital remain

P

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
organometallic compound, coordination complex, or mixtures thereof, not be
polymerized, but remain as individual molecules. Polymerization as is typically
encountered with materials such as the molybdenum dithiocarbamates reported
in the literature as antiwear agents prevents the material from functioning as a
catalytic antioxidant/hydroperoxide decomposer because throu'gh polymerization
the metal orbitals are satisfied in their quest for electrons and become stabilized,
thus loosing the ability to shift from one oxidation state above the ground state to
another oxidation state above the ground state, which has been found necessary

( for an organo metallic compound and/or organo metallic coordination complex
to function as a catalyst hydroenoxide decomposer. In the case where the metal
or metal cation is molybdenum, the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate or dithiophosphate or where the metal or metal cation is copper

the ligand is not acetyl acetonate.

[0107] 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
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hydrocarbon oils such as those derived from gas to liquids type technology,
supplementary hydrocarbyl aromatics and the like.

[0108] The instant invention can be used with additional lubricant components
in effective amounts in lubricant compositions, such as for example polar and/or
non-polar lubricant base oils, and performance additives such as for example,
but not limited to, supplementary oxidation inhibitors which are not themselves
peroxide decomposers , metallic and non-metallic dispersants, metallic and non-
metallic detergents, corrosion and rust inhibitors, metal deactivators, anti-wear

: agents (metallic and non-metallic, phosphorus-containing and non-phosphorus,

( sulfur-containing and non-sulfur types), extreme pressure additives (metallic and
non-metallic, phosphorus-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).

( [0109] The types and quantities of performance additives used in combination
with the instant invention in lubricant compositions are not limited by the

examples shown herein as illustrations.

Antiwear and EP Additives

[0110] 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.
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[0111] 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-
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;-Cyz alkyl groups, preferably
C,-C;» 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 wit% of the total lube

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

P

[0112] 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.

[0113] 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
R'’R'C=CR’R’
where each of R3-R® are independently hydrogen or a hydrocarbon radical.
Preferred hydrocarbon radicals are alkyl or alkeny! radicals. Any two of R3-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.

[0114] The use of polysulfides of thiophosphorus acids and thiophosphorus
acid 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
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deconposed at the 84:1 nolar ratio, that the chrom um acetyl acetonate

~i1s functionin atalytically and not stoichionetrically
hydroperox}”d)eﬂaﬁcﬂpé ‘um nol ar ratio of about 61.5:1. - %%%SWEE 3
[0179] The sane heating profile and data acquisition sequence was

tested on an arallcyl hydroperoxide (cuAene hydroperoxide) to show
the generality of the reaction. 53 ng (0.15 nmole) of Cr(acac)3 was
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increases with tenperature. [0181] The percent of hydroperoxide
deconposed Tbiochhagiate/mulyhdenumedanuplexessubly ag srofesligr allkgl dithio-

ydr oper oxi de, C-00H i ntegral. w3 h.the al kyl group-heari.ng aro s
arbons of Bﬁbwwgﬂmﬁgﬁml@&%ﬁﬁ& ailfﬁ%ﬁlagalsorﬁsee?@ qngg&a{ QE%E% The
tabul ated bgloyy JdaitI@PbLsubh mateffls shdfdBbE képt 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.

[0115] Esters of glycerol may be used as antiwear agents. For example, mono-,

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

[0116] ZDDP is combined with other compositions that provide antiwear
properties. USP 5,034,141 discloses that a combination of a thicdixanthogen
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.

[0117] Preferred antiwear additives include phosphorus and sulfur compounds
such as zinc dithiophosphates and/or sulfur, nitrogen, boron, molybdenum
phosphorodithioates, molybdenum dithiocarbamates and various organo-
molybdenum derivatives including heterocyclics, for example dimercaptothia-
diazoles, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,

alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
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additives may be used in an amount of about 0.01 to 6 wi%, 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

[0118] 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.

[0119] 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 weigﬁts
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.

[0120] Exafnples 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
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 weight.

[0121] Viscosity index improvers may be used in an amount of about 0.01 to 8

wit%, preferably about 0.01 to 4 wt%.



15 16 19 18.5 22.0 49.0 55.4 42.4 46.4 45.8 47.1 48.6 49.4 50.4 54.7
56.3 56.4 60.3 [0182] Deconposition of the hydroperoxi de was

measur ed, ed to continue, for ratios up to 3 '

nol ecul es %?mgtﬁfzg um at om agai n showi ng that the chr#ﬁ%@é@@%@&d
is acting catalytically rather than stoichionetrically, a

hydr oper oxi de: chrom um acetyl acetonate-Abl ar rate of about 20.7:1
based on % hydroper oxi de deconposed. EXAMPLE A (COVPARATI VE) [0183]A

test sol uti %eﬁrgggﬁﬁgﬂa%@ol lows: 45 ng (0.17 nmmol e) of
Cu(acac)2 was dirssofved in 4.8 g (39 muol es) of deuterated
chl gr of or ;n [U_f_ﬁ._ﬁl’l Bﬁ’lfﬁomigalﬁtﬁ ﬁﬁﬂdﬁb&ﬁ)dmﬂvetdegmﬁgﬂiomyﬂbaspeﬁhﬂudag( 5.5M
I n decane). i s solution_having an |nitial hydrope |.de:
acet y| acet offaYiEendpeh d%@%l@rmgbmwhzs dipowéi?nrm%ﬂ{ 3K g%ftﬁf? ﬁ%@}ﬁ%
protocol de | bed L5 . |

; hgﬂlgc?;feg ggQQst%oél ﬁ’ég%?%/ ﬁ'n ﬂne#ﬁﬁn%’ﬁ? Hae Qﬁll@@%\‘é \i;l%oégpkﬁcﬂ)vs a

Tabl e 8) COppeér a acet onate ‘does not

measur abl e wideegiriegnof fddstémoinhitdidrs that afe Wseful iy lubbiedtingp oil cemgpesi- -

67 - TABLE 8 Tenperature (C) Tinme (mnutes) .
tions. See, Klamann in Lubricanis and Related Products, op cite, and U.S.

Patents 4,798,684 and 5,084,197, for example, each of which is incorporated by

reference herein in its entirety.

, [0123] Useful antioxidants include hindered phenols. These phenolic anti-
oxidants 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 which contain a
sterically hindered hydroxyl group, and these include those derivatives of
dihydroxy aryl compounds in which the hydroxyl groups are in the o- or p-
position to each other. Typical phenolic antioxidants include the hindered
phenols substituted with C¢+ alkyl groups and the alkylene coupled derivatives
of these hindered phenols. Examples of phenolic materials of this type 2-t-butyl-
4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-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-t-butyl-4-dodecy] 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 the instant invention. Examples of
ortho-coupled phenols include; 2,2’-bis(4-heptyl-6-t-butyl-phenol); 2,2’-bis(4-
octyl-6-t-butyl-phenol); and 2,2°-bis(4-dodecyl-6-t-butyl-phenol). Para-coupled
bisphenols include for example 4,4"-bis(2,6-di-t-butyl phenol) and 4,4'-
methylene-bis(2,6-di-t-butyl phenol).

[0124] ' Non-phenolic oxidation inhibitors which may be used include aromatic

amine antioxidants and these may be used either as such or in combination with
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phenolics. Typical examples of non-phenolic antioxidants include: alkylated
and non-alkylated aroniatic amines such as aromatic monoamines of the formula
RPR°R''N where R® is an aliphatic, aromatic or substituied aromatic group, R%is
an aromatic or a substituted aromatic group, and R' is H, alky), aryl or
R"S(O)XR12 where R" is an alkylene, alkenylene, or aralkylene group, R%isa
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and xis 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 such as |
naphthyl., Aromatic groups R® and R® may be joined together with other groups

such as S.

[0125] 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 diphenyl 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.

[0126] Sulfurized alkyl phenols and alkali or alkaline earth metal salts thereof

also are useful antioxidants.

[0127] 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



35 250 11.2

[0184] An identical mxture was heated sequentially to

35C, 45C, and 55C, with spectra acquired at each tenperature. It was
found (as shown in Table 9) that at el evated tenperature (4 5C

t he copperwgc“’@?@‘;]lzé?{%tonate showed hydr oper oxi de deconpo"sqﬁgf\%%"?)”
activity, a hydroperoxi de: copper acetylacetonate nolar rate of about
1.9:1 at 45C and about 9.15:1 at 55C. TABEE 9 Tenperature (O %
Deconposed 27 6.5 35 4.8 35 7.2 45 12.2

Fahhas N

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.

[0128] Preferred antioxidants include hindered phenols, arylamines. These
antioxidants may be used individually by type or in combination with one
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%,

most preferably zero.

Detergents
[0129] 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.

[0130] 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). Usefu! detergents can be neutral, mildly overbased, or highly

overbased.

[0131] Itis 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



55 59.8 EXAWPLE B (COWPARATIVE) A test solution was prepared as
f ol : ovv)s ?Odn‘g (0. 17drrrml e) of Fe(acac)33 was dissolved in 4.8 g (39
- mmoles) o eu rate chloroform with 366 ng (2.6 nmol - yl
hydroperoxwgé2 [(ﬁz B i n decane). This solution was noni t%ﬁ@d?g@g}o{ﬁieﬁt
same protocol of increasing tenperature (35C 45C and 55C) descri bed
above in the second part of Exanple A-GConparative). It was found
t hat ey;ap when heated to 55C, the ferric acetyl acetonate showed
i nsignific 548 oYeRAsRP&s &t Wl
2006/ 12436?%%0%?@?7%7 - 68 - Trg@ﬁttﬁ @ﬁlcg}IZ?SY%aTBN(%‘
DeconposedaBdut 150 or higher, often about 250 to 450 or more. P rTEs:rably, the overbasmg )

cation is sodium, calcium, or magnesium. A mixture of detergents of differing

TBN can be used in the present invention.

[0132] Preferred detergents include the alkali or alkaline earth metal salts of

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[0133] Sulfonates may be prepared from sulfonic 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.

[0134] 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.

[0135] Alkaline earth phenates are another useful class of detergent. These
detergents can be made by reacting alkaline earth metal hydroxide or oxide
(Ca0, Ca(OH),, BaO, Ba(OH);, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alky] groups include straight chain or
branched C;-Csg alkyl groups, preferably, C4-Ca. Examples of suitable phenols
include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl phenol, and
the like. It should be noted that starting alkylphenols may contain more than one

alkyl substituent that are each independently straight chain or branched. When a



6.6 35 7.6 35 8.0 27 13.0 45 13.8 55 10.4 EXAWPLE 4 [0185] A test
solution was prepared as follows: 60 ng (0.17 mnole) of Cr(acac)3

- was di ssol | g (39 tnnol es) of deuterated chlor ]
370 ny (2.%’%%&%%@%6?& t-butyl hydroperoxide (5.5Min ﬁ%@%ﬁ@ 14
ng (0.018 mmol e Zn) secondary zinc dial kyl di t hi ophosphate (ZDDP in

base oil). This solution had an initial3lhydroperoxi de: Cr (AcAc)3 +
ZDDP nol ar ratio of about 13.8:1 was nonitored by the sane protocol

descri bed itagl_éﬁ%ﬂ;ﬁzémg%fphéﬁdﬁ@ h&ed}fthegég%f@izéd frddaenay delobBlinedBEause

zi nc di al kyl I ophosphate is an established” antioxidant, it was
sought to dettkodsiwell knewef Setart Thdse rhathieds-inplade keaingrendnpsef i on

s of il i SRR ot o A, b B
p?evi gﬁgl yagepor t e%lﬁﬁdé%g%ﬁ%ﬁwéiﬂé{ﬁgn %%ﬂﬂg HE E@Bhéﬁﬁ with an
alkaline earth metal base.

[0136] 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

I

_ /C—O M
n(R)_—\/\]

where Ris a hyclfogen atom or an alkyl group having 1 to about 30 carbon

2

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

is calcium.

[0137] 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

water or alcohol.
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[0138] Alkaline earth metal phosphates are also used as detergents.

[0139] Detcrgents 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.

[0140] 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 0,01 to about 6.0 wt%,

t- preferably, about 0.1 to 0.4 wi%.

Dispersant
[0141] 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.

[0142] 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.

[0143] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocar-bamates, 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



190 63.8 35 250 78.3 The solution containing both C(acac)3 and ZDDP
was prepared with the Zn concentration set to 10% of the C nol ar
.concentratron rat er than 100% Exanple 5, bel ow sho
secondary 3? {s own has perforgnce t hat VY’SCT}[%%WO”T"
2006/ 124367PCT/ U82006/017717 - 69 - would not be considered catal ytic
(approx 6-7 TBBPs deconposed per Zn atess-. Essentially the sane
performance was observed with primary ZDDP. EXAMPLE C ( COMPARATI VE)

[0186] At t 1

was prepar §§BSt&8#eglng%{ngaﬁgg %ﬁ%?’%@? En%%)d@econ r;?%g@%gﬂa :
di al kyl di t Nitrdbng phahgr()ﬁDmSitimtb@he oldophilizpariicredf the rﬁo]teulg widch 7
nmol es) of toluene,

nd,1.23 g.(8.5 r | e of t-but oper oxi de
]£5 5M |hn d€@nFRas sol "Fhﬁgy é‘brh.?tqlgﬁs Pergng! rﬂEQSJ;"éBbW lege ‘EHR)y i fferent
romt hat f
t enmper at ur Srainfpsdrtits ¢ bt SpE S Ewln by obterBlally anththe |
NVR probe. lﬁ&@auseE&Eﬂ@lady&J Byﬂaﬂeﬁtbﬂewﬂm@m dlq:emmsarammrwa
antioxidant, this experinment was run to deternmn 22{ 8>1(ﬁde

deconposi t i3Al48 707 3eH665E 3AN0H He Baddilad2t 5,4éﬁr1891 3&:4154 507 3

acetyl acet at

acet | 2cel Bk Fond s 89251 B LAy 4554 420 Rl gt

deconposed degﬁwmh@semeﬁrsb m ,663; BRI, 1P 31ol4e0 st 3275,558he results
are shown in Table 12. TABLE

. 3,438,757, 3,454,555; 3, 565 804; 3,413,347; 3,697,574; 3,725,277, 3,725,480,

E_ 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. Each of the aforementioned patents is

incorporated herein in its entirety by reference.

[0144] 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

\ usefiul,

[0145) Succinimides are formed by the condensation reaction between alkeny!
succinic anhydrides and amines. Molar ratios can vary depending on the poly-
amine. 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, which are incorporated herein in

their entirety by reference.

[0146] Succinate esters are formed by the condensation reaction between

alkenyl succinic anhydrides and alcohols or polyols. Molar ratios can vary
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depending on the alcohol or polyol used. For example, the condensation product

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

[0147] Succinate ester amides are formed by condensation reaction between
alkeny! succinic anhydrides and alkanol amines. For example, suitable alkanol
amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-
amines and polyalkenylpolyamines such as polyethylene polyamines, One
example is propoxylated hexamethylenediamine. Representative examples are

shown in USP 4,426,305, incorporated herein by reference.

’t [0148] The molecular weight of the alkenyl succinic anhydrides used in the
preceding paragraphs will typically range between 800 and 2,500. The above
products can be post-reacted with various reagents such as sulfur, oxygen,
formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as
borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[0149] 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 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, which are incorporated herein in their entirety by reference.

[0150] 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.

[0151] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
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These polyalkylphenols can be obtained by the alkylation, in the presence of an
alkylating catalyst, such as BF;, of phenol with high molecular weight poly-
propylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[0152] 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.

[0153] Examples of alkylene polyamide reactants include cthylenediamine,
diethylene triamine, triethylene tetraamine, tetracthylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene 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-, fri-, 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.



- 70 - This solution gave a hydroperoxi de: manganese (I1)
acetyl acetonate nolar ratio of 50 to 1. This solution was nonitored

- by a prot I ous to that in Exanple C. It was f ter
165 m nut 3283?[%{%2% I ng, the bul k of the hydroperoxide %ggﬁlg%@ﬁﬁnﬁf?

deconposed to tertiary butyl alcohol. The results are presented in
Tabl e 13 show an .about 40:1 peroxi de de¥onposed : M(AcAc)2 ratio.

TABLE 13 Tenperature (C) Tinme (m nutes) % Deconposed 27 15 27 100
45 75 100 7[9184] 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.

[0155] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, U.S. Patents 3,275,554;
3,438,757, 3,565,804; 3,755,433, 3,822,209, and 5,084,197, which are

{ incorporated herein in their entirety by reference.

[0156] 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-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 wi%.

Pour Point Depressants

( [0157] 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



100 105 81 100 135 85 100 165 82 EXAMPLE 6 [0188] A test solution
was prepared as follows: 60 ng (0.17 nmole) of M(acac)3 was

di ssol ved ‘bﬁﬁéﬂrﬁé%‘gé 24.1 mmol es) of toluene, with 1.22 P%Tﬁﬁztﬁﬁmi.,es)
e a

of t-butyl” roxide (5.5Min decane), and this solution gave
hydr oper oxi de: manganese (ifi) acetylacetonate nolar ratio of 50 to 1
Upon addition of the manganese (111) ac@tylacetonate, the solution
boil ed vigorously. The sol ution conposition was nonitored by a

protocol agpghmg ﬁi&*‘pr&ﬁarﬁﬁi‘@f}) tHePed®X 3HRh Bf fhest Fefd@pcéss sk telditrdit ik

of the hyd(oper.oxi de had been deconposed to tertlar%/ butyl al cohol at
anbi ent t eitpentitety.eSuchhadditives sy pe vsashinea domourd of abaut Oshlote Zwtébout

43:1 per ov 5 SeROPER 1ol GiRA0) S Tt

Corrosion Inhibitors
[0158] 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, which are incorporated herein by reference in their

{ entirety. Such additives may be used in an amount of about 0.01 to 5 wi%,

preferably about 0.01 to 1.5 wt%.

Seal Compatibility Additives

[0159] 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 phosphates, aromatic.
esters, aromatic hydrocarbons, esters (butylbenzyl phthalate, for example), and
polybuteny! 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

[0160] Anti-foam agents may advantageously be added to lubricant composi-
tions. 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

[0161] Antirust additives (or corrosion inhibitors) are additives that protect

Jubricated metal surfaces against chemical attack by water or other
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contaminants, A wide variety of these are commercially available; they are

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

[0162] 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
sujtable 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 wit%.

Friction Modifiers

[0163] A friction modifier 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 the 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,
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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.

[0164] Ashless friction modifiers may have 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 hydrocarby! 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.

[0165] 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 wit% 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, Qften mixtures of two or more friction
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EXAMPLE 7 [0189] A test solution was prepared as

follows: 70 rrg (0.17 mmol e) of Cr(picolinate)3 was di ssolved in2.2g

(24.8 mml
hydr oper oxi

hydr oper oxi de: chromum (111) picolinate nolar ratio of 50 to 1. The

ge '%;é ‘éﬁj uene, with 1.20 g (8.4 mmol es) of QH}SXA{OBIOV’IW

i n decane), and this solution had an

sol ution conposition was nonitored by a ‘br ot ocol anal ogous to that

Exanpl e C.

It was found that the bul k of the hydroperoxi de had been

in

decorfposed rhodifiers, ioamixtmesydf fictioh aodiflérés)rveisiubltengte sagftesttive Tabl e

15 show an
TABLE 15

about 6: Xi, d decorrposed . Cr(picolinate)3 ratio.
ﬁ#@ﬁ$t§ *(m nutes) % TBHP %BP

Typical Additive Amounts

[0166] 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.

[0167] 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 the table 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 OQil Components
Approximate Approximate

Compound Wit% (Useful) Wi% (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 g;g;'é?a%lﬁ?gel 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

EXAMPLES

[0168] In the following examples except where otherwise indicated the test
solutions were examined by carbon-13 nuclear magnetic resonance (NMR)
spectroscopy on a JEOL GSX-400 NMR spectrometer. All the NMR work

described in this and the following examples was performed on the same
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instrument, at a carbon Larmor frequency of 100 Megahertz. The sample
temperature was varied in situ over a range from 27°C to 55°C. Between 200
and 400 transients were acquired for each spectrum, with a 90 degree pulse on
the carbon nucleus, and inverse-gated proton decoupling. The relaxation delay
was varied between 3 seconds, for samples where the metal acetylacetonate
contained a paramagnetic metal center, and 20 seconds where the metal

acetylacetonate did not contain a paramagnetic center.

[0169] A spectrum was acquired at 27°C, to measure the initial relative
concentrations of t-butyl hydroperoxide and t-butyl alcohol. Subsequently, the
L temperature was raised to 35°C, and maintained at this temperature for 250
minutes. Spectra were acquired periodically, and the decomposition of the
t-butyl hydroperoxide was monitored by comparing the oxygen-bonded carbon

resonances for the hydroperoxide and the alcohol.

[0170] Oxygen was not added to the system, although it was not explicitly
excluded through degassing of the sample. The starting (hydro)peroxide
concentration is stable and was measured at low temperature, before reaction; it
decreased monotonically at elevated temperature, indicating that there is no
intermediate increase in (hydro)peroxide caused by the metal under study. Also,
the total number of moles of liquid (hydro)peroxide added to the sample far

R exceeds the moles of oxygen in the NMR sample tube.

EXAMPLE 1

[0171] A test solution was prepared as follows:
64 mg (0.18 mmole) of Cr(acac); was dissolved in 4.8 g (39 mmoles) of

deuterated chloroform, with 200 mg (.83 mmoles) of t-butyl hydroperoxide

(3M in iso-octane).

This mixture represents a hydroperoxide:chromium acetylacetonate molar ratio

of 4510 1.
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[0172] During 95 minutes of heating at 27°C only about 5% of the
hydroperoxide was decomposed to alcohol, as tabulated in Table 2.
TABLE2
Time (minutes) % t-butanol

12 1.9

38 5.4

79 44

95 4.9

[0173] Subsequently, during 250 minutes of heating the sample tube of
Example 1 at 35°C, 84 percent of the initial hydroperoxide was decomposed by

the chromium acetylacetonate. These results are tabulated in Table 3.

TABLE 3
Time (minutes) % t-butanol

0 4.9

12 19.9

45 42.5

75 575
103 62.5
153 73.6
185 74.4
245 84.5

An additional 500 mg of TBHP was added to the sample, to test the ability of the
Cr(acac); to decompose this additional amount. The aggregate ratio of TBHP to
Cr(acac) 3 then became 15.9. A spectrum at 0 minutes was acquired at 27°C to
provide a baseline spectrum of the new mixture. Five additional spectra were

acquired at 35°C, as in the earlier series. The continued decomposition occurred

as recorded in Table 4:

TABLE 4
Time (minutes) % t-butanol
0 33.9
12 34,9
72 38.8
132 50.5
222 62.7
282 68.5




- 45 ng (0.13 mmol e) of Zn(acac)?2.4H20 was dissolved in 4.6 g (39.0
mol es) of deuterated chloroform wth 368 ng (2.6 mml es) of t-butyl

hydr oper ox| : I n decane), and - 72 - this soluti
hydropero&gé?(%ﬁz%%af) acac nolar ratio of 20 to 1. The P%%ﬂ%?%gjﬂﬁ'm
conposition was nonitored with an initial NVR spectrum at 27C,

fol l owed i medi ately by another acqui st€i-on at 35C, and a third _
acquisition after 210 mnutes at 35C. It was found that the Zn did

not cat al yZFhefialanies oR inydraresiid®dédoniibsed B9 chsihintbacdifasdiondte (dh
Tabl e 16. TABLE 16 . Tewerature &C?) Ti'me m?nut es) %Decorrposed(27
15 11 35 45 molar basis) was 10.9:1 at 35°C, based on % t-butanol produced.

[0174] A similar sequence of heating and data acquisition was performed on a
solution containing t-buty! hydroperoxide and deuterated chloroform, without
the chromium acetylacetonate, This control run (documented in Table 5)

showed no hydroperoxide decomposition thronghout the same temperature

profile.
TABLE 5
- Time (minutes) % t-butanol
{ 0 5.0
30 3.6
92 3.2
. 167 4.1
EXAMPLE 2

[0175] Repetition of the experiment of Example 1 but with the further addition
of up to a final hydroperoxide:chromium acetylacetonate molar ratio of 84:1,
shows that the chromium acetylacetonate continues to decompose hydro-
peroxide to alcohol. Continued activity at the 84:1 ratio indicates that the

chromium compound is acting catalytically, rather than stoichiometrically.

[0176] The Cr(acac)s-catalyzed thermal decomposition of t-butyl hydro-
peroxide was monitored by acquiring spectra at increasing ratios of hydro-
peroxide to chromium. These results are tabulated in Table 6, After each
addition of hydroperoxide, a spectrum was acquired at 27°C to determine the
solution composition. Subsequent to each addition of hydroperoxide, one or
more spectra were acquired at elevated temperature to accelerate decomposition.
Up through spectrum 26, the high temperature runs were performed at 35°C.
Run 27 and later, the high temperature runs were executed at 40°C, to expedite

the reaction.



35 210 10 EXAWMPLE 8 [0191] A test solution was prepared as foll ows:
120 nmg (0.19 nmol e) of Cu(stearate)2 was di ssolved in copper 2.0 g
(223mm| uene, with 1.37 g (9.5 mml es) of
hydroperomge o?)éz@ﬁj i n decane), and th| s sol ution gavetPCl?H}S%M/Mﬂ"
hydr oper oxi de: copper (I1) stearate nolar ratio of 50 to 1. The
sol ution conposition was nonitored by aprotocol anal ogous to that in
Exanple C. It was found that the bul k of the hydroperoxi de had been
deconposed [0p77]e rlheapatcémto%yaio@a@hﬁ:de dérenipesed {osthe akoBol wes cdlculatele

17 show an about 36:1 peroxi de deconposed : copper (stear ate 2 ratio.
TABLE 17 béfrﬁ%%ﬁrmgéhe ejeoitphie- Q%lﬁt@g@é yith theipdogperoxideaf: 5
integral. These results are tabulated in Table 6.
TABLE 6
TBHP:Cr” Ratio | Spectrum Number | % of TBHP Decomposed
4.5 4 4.9
5 19.9
6 42.5
7 57.5
8 62.5
9 73.6
‘ 10 74.4
( 11 84.5
12 94.8
15.9 13 33.9
14 34.9
15 38.8
16 50.5
18 62.7
27.2 23 56.0
24 56.0
25 56.6
26 58.5
27 61.8
29 77.8°
30 33.2
38.6 31 62.4
32 65.9
33 71.0
{ 35 88.7
36 90.0
49.9 37 74.5
41 79.7
42 89.1
61.3 43 75.2
46 88.0
84.0 47 69.1
48 73.2

[0178] It is seen based on the percent hydroperoxide decomposed at the 84:1
molar ratio, that the chromium acetylacetonate is functioning catalytically and

not stoichiometrically, a hydroperoxide:chromium molar ratio of about 61.5:1.
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EXAMPLE3
[0179] The same heating profile and data acquisition sequence was tested on
an aralkyl hydroperoxide (cumene hydroperoxide) to show the generality of the
reaction,

53 mg (0.15 mmole) of Cr(acac); was dissolved in 4.0g ( 39 mmoles)

of deuterated chloroform, with 400 mg (2.6 mmoles) of cumene

hydroperoxide (80% technical grade).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of
17.2 to 1. The decomposition was monitored by comparing the integrals of the

{ oxygen-bonded carbons of the cumene hydroperoxide and the cumyl alcohol.

[0180] The Cr(acac)s;-catalyzed thermal decomposition of cumene hydro-
peroxide to cumyl alcohol was monitored by acquiring spectra at increasing
ratios of hydroperoxide to chromium (as summarized in Table 7). After each
addition of hydroperoxide, a spectrum was acquired at 27°C to determine the
solution composition, and then a series of spectra were acquired at 35°C to
monitor the decomposition. Spectra from number 15 and onward were acquired
at 40°C, to expedite the reaction. The reaction proceeds at a rate that increases

with temperature.

[0181] The percent of hydroperoxide decomposed to the alcohol was
( calculated by comparing the hydroperoxide C-OOH integral with the alkyl
group-bearing aromatic carbons of both the hydroperoxide and alcohol. These

results are tabulated below in Table 7:
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test solution was prepared as follows: 89 ng (0.21 mmol e) of

. VSVInE R b?t¥é‘l{6(23&%933%7 was dissolved in 2.0 g (22.0 mol e%T%S:&O%PﬁPF’
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TABLE 7
CHP:Cr+3 Ratio Spectrum Number % of CHP Decomposed
17.7 1 18.5
2 22.0
3 49.0
4 554
34.4 7 424
8 46.4
9 45.8
10 47.1
11 48.6
12 49.4
o 13 50.4
( | 14 54.7
15 56.3
16 56.4
19 60.3

[0182] Decomposition of the hydroperoxide was measured, and observed to
continue, for ratios up to 34.4 peroxide molecules per chromium atom again
showing that the chromium compound is acting catalytically rather than
stoichiometrically, a hydroperoxide:chromium acetylacetonate molar rate of

about 20.7:1 based on % hydroperoxide decomposed.

EXAMPLE A (COMPARATIVE
[0183] A test solution was prepared as follows:
( 45 mg (0.17 mmole) of Cu(acac), was dissolved in
4.8 g (39 mmoles) of deuterated chloroform, with
371 mg (2.6 mmoles) of t-butyl hydroperoxide (5.5M in decane).

This solution having an initial hydroperoxide:copper acetylacetonate molar ratio
of about 15:1, was monitored by the same protocol described above in Example
1. It was found (as shown in Table 8) that at 35°C, copper acetylacetonate does

not have a measurable effect on the decomposition of t-butyl hydroperoxide.



' 1.48 g (10.3 mml es) of t-butyl hydroperoxide (5.5Min decane), and
this solution gave a hydroperoxide:tin (1V) di-n-butyl

- bis(2,4-p ' ) nolar ratio of 50 to 1. The sol uty
PERbLARGEAL RS ﬂ&%srzloog?g%'ﬁ o

conposition Wwas nonitored by a protocol anal ogous to that i

C.

It was found that a nodest anobunt of the hydroperoxi de had been

deconposed to tertiary butyl alcohol. TRE resul ts presented in Table
18 show an about 7.5:1 peroxi de deconposed : Sn(n-butyl)2 (AcAc)?2

rati o.

TABLE 18 Tenperature (C) Ti nETABILE® es) % Deconposed 8 27 15
100 45 12 100 #5-45—-106 _ -
“Temperature (°C) Time (minutes) % Decomposed
27 0 6.1
35 10 6.1
35 70 5.9
35 130 9.2
35 190 9.1
35 250 11.2

[0184]  An identical mixture was heated sequentially to 35°C, 45°C, and 5 5°C,.
with specira acquired at each temperature. It was found (as shown in Table 9)
that at elevated temperature (45, 55°C), the copper acetylacetonate showed
hydroperoxide decomposition activity, a hydroperoxide:copper acetylacetonate
molar rate of about 1.9:1 at 45°C and about 9.15:1 at 55°C,

TABLE 9
Temperature (°C) % Decomposed
27 6.5
35 4.8
35 7.2
45 12.2
55 59.8

EXAMPLEB (COMPARATIVE)

A test solution was prepared as follows:
60 mg (0.17 mmole) of Fe(acac)z3 was dissolved in
4.8 g (39 mmoles) of deuterated chloroform, with
366 mg (2.6 mmoles) of t-butyl hydroperoxide (5.5M in decane).

This solution was monitored by the same protocol of increasing temperature
(35°C, 45°C and 55°C) described above in the second part of Example A
(Comparative). It was found that even when heated to 55°C, the ferric

acetylacetonate showed insignificant hydroperoxide decomposition activity.



105 14 100 135 16 100 165 15 EXAWVPLE F (COVPARATIVE) [0193] A test
solution was prepared as follows: 60 ng (0.19 mmol e) of Sn(acac)2 was
- di ssol ved | 23.1 mmol es) of toluene, with 1.36 S)
of t-butylwﬁyzé)rﬁg)%%rﬁéxi de (5.5Min decane), and this solﬁﬁﬁ&gmiﬁ
hydr operoxi de:tin (11) acetylacetonate nolar ratio of 50 to 1. The
sol uti on conposition was nonitored by a%jrotocol anal ogous to that in
Exanple C, although the initial 27C spectrumwas not acquired due to
instrunment mal function. It was foun@TABIR 1@ nodest anount of the

hydr o- per oxi de had been deconposed.to tertiary butyl al cohol. The
results presented in Tatleempesatvig GE) gbode Decomposgd; gxi de deconposed
to Sn(AcAc)2 ratio. - 74 - 27 6.6

35 7.6

35 8.0

27 13.0

45 13.8

55 10.4

EXAMPLE 4

[0185] A test solution was prepared as follows:
60 mg (0.17 mmole) of Cr(acac); was dissolved in 4.8 g (39 mmoles)

{ of deuterated chloroform, with 370 mg (2.6 mmoles) of t-butyl
hydroperoxide (5.5M in decane), and 14 mg (0.018 mmole Zn)
secondary zinc dialkyldithiophosphate (ZDDP in base oil).

This solution had an initial hydroperoxide:Cr(AcAc)3 + ZDDP molar ratio of
about 13.8:1 was monitored by the same protocol described above in the first
part of Example A (Comparative). Because zinc dialkyldithiophosphate is an
established antioxidant, it was sought to determine its effect on the hydro-
peroxide decomposition efficiency of chromium acetylacetonate. It was found
that after 250 minutes of heating at 35°C, about the same amount of hydro-
peroxide had been decomposed as in the ZDDP-free chromium solution (as

previously reported in Example 1, Table 4)

‘ TABLE 11
Temperature (°C) Time (minutes) % Decomposed
27 0 8.9
35 10 8.6
35 70 10.7
35 130 25.6
35 190 63.8
35 250 78.3

The solution containing both Cr(acac); and ZDDP was prepared with the Zn
concentration set to 10% of the Cr molar concentration, rather than 100%.

Example 5, below, shows that secondary ZDDP on its own has performance that
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would not be considered catalytic (approx 6-7 TBHPs decomposed per Zn
atom). Essentially the same performance was observed with primary ZDDP,
EXAMPLE C (COMPARATIVE)

[0186] A test solution (representing a TBHP:Zn molar ratio of 47:1) was

prepared as follows:
140 mg (0.18 mmole Zn) secondary zinc dialkyldithiophosphate (ZDDP
in base oil) was mixed in 2.13 g (22.7 mmoles) of toluene, and 1.23 g
(8.5 mmoles) of t-butyl hydroperoxide (5.5M in decane).

This solution was monitored by a protocol different from that in the first part of

—

Example 4, being run at a lower temperature, and with the sample heating
performed external to the NMR probe. Because zinc dialkyldithiophosphate is
an established antioxidant, this experiment was run to determine the hydro-
peroxide decomposition efficiency of ZDDP relative to chromium acetyl-
acetonate. It was found that after 220 minutes of heating (at temperatures from
40°C to 75°C), a moderate amount of TBHP 'was decomposed (approximately
6-7 moles TBHP per mole of Zn). The results are shown in Table 12.

TABLE 12

Temperature (°C) | Time (minutes) | % TBHP Remaining | %TBA Purchased
27 15 91 9

(- 27 1440 89 11

Y 40 40 89 11

‘ 60 60 88 12

75 60 86 14

75 60 86 14

EXAMPLE 5

[0187] A test solution was prepared as follows:

45 mg (0.18 mmole) of Mn(acac), was dissolved in
2.2 g (23.6 mmoles) of toluene, with
1.28 g (8.9 mmoles) of t-butyl hydroperoxide (5.5M in decane).



100 165 11 EXAMPLE 9 [0194] A test solution was prepared as
follows: 61 ng (0.19 mmol e) of MbO2(acac)2 was dissolved in 2.2 g
- (24.0 mol uene, with 1.32 g (9.2 mmoles) of t;
hydroperoxﬁ’?ezoﬁ%l.zéf(ﬂgi n decane), and this solution gave %@Hﬁ%h%mw”
hydr oper oxi de: nol ybdenum (VI) acetyl acetonate nolar ratio of 50 to 1.
The sol ution conposition was nonitored-B%-a protocol anal ogous to
that in Exanple C. It was found that a substantial fraction of the
hydr oper oxi @hishatitivpamve adgdpseeskitemmbhhae TP Hést) 1addtenhte moldhatio
results presented in Table 20 show on about 12:1 peroxide deconposed

Mb02( AcAcy35¢ ta 1.oThisaplutiopovasampaitened by m@ptoroheanaleganstte shatis TBBP

YaBP % BA Example C. It was found that after 165 minutes of heating, the bulk of the
g
hydroperoxide had been decomposed to tertiary butyl alcohol. The results are
presented in Table 13 show an about 40:1 peroxide decomposed : Mn(AcAc),
ratio.
TABLE 13
Temperature (°C) Time (minutes) % Decomposed
27 15 27
( 100 45 75
{ 100 75 86
100 105 81
100 135 85
100 165 82
EXAMPLE 6
[0188] A test solution was prepared as follows:
60 mg (0.17 mmole) of Mn(acac); was dissolved in
2.2 g (24.1 mmoles) of toluene, with
1.22 g (8.5 mmoles) of t-butyl hydroperoxide (5.5M in decane), and
this solution gave a hydroperoxide:manganese (III) acetylacetonate molar ratio
( of 50 to 1. Upon addition of the manganese (III) acetylacetonate, the solution
o boiled vigorously. The solution composition was monitored by a protocol

analogous to that in Example C. It was found that the bulk of the hydroperoxide
had been decomposed to tertiary buty! alcohol at ambient temperature. The
results presented in Table 14 show an about 43:1 peroxide decomposed : Mn
(AcAc); ratio.



27 15 80 0 20 100 45 69 2 29 100 75 67 6 28 100 105

WO 2006/124367 PCT/US2006/017717
- 71~
TABLE 14
Temperature (°C) Time (minutes) % TBHP %TBP %TBA

27 15 18 5 77
100 45 10 3 82
100 75 4 6 90
100 105 4 7 89
100 135 5 10 86
100 165 6 7 87

EXAMPLE 7

[0189] A test solution was prepared as follows:

70 mg (0.17 mmole) of Cr(picolinate); was dissolved in

2.2 g (24.8 mmoles) of toluene, with
1.20 g (8.4 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution had an initial hydroperoxide:chromium (III) picolinate molar ratio

of 50 to 1. The solution composition was monitored by a protocol analogous to

that in Example C. It was found that the bulk of the hydroperoxide had been

decomposed to tertiary buty! alcohol. The results presented in Table 15 show an

about 26:1 peroxide decomposed : Cr{picolinate); ratio.

TABLE 15
Temperature (°C) | Time (minutes) | % TBHP %TBP %TBA

27 15 93 0 7

100 45 84 0 16
100 75 60 6 33
100 105 50 10 39
100 135 38 14 48
100 165 34 14 52

EXAMPLED (COMPARATIVE

[6190]

A test solution was prepared as follows:

45 mg (0.13 mmole) of Zn(acac),"4H,0 was dissolved in

4.6 g (39.0 mmoles) of deuterated chloroform, with
368 mg (2.6 mmoles) of t-butyl hydroperoxide (5.5M in decane), and
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this solution gave a hydroperoxide:Zn (I0) acac molar ratio of 20 to 1. The
solution composition was monitored with an initial NMR spectrum at 27°C,
followed immediately by another acquisition at 35°C, and a third acquisition
after 210 minutes at 35°C. It was found that the Zn did not catalyze

hydroperoxide decomposition, The results are shown in Table 16.

TABLE 16
Temperature (°C) Time (minutes) % Decomposed
27 15 11
35 45 9
35 210 10

{ EXAMPLE 8
[0191] A test solution was prepared as follows:
120 mg (0.19 mmole) of Cu(stearate), was dissolved in copper
2.0 g (22.3 mmoles) of toluene, with
1.37 g (9.5 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:copper (IF) stearate molar ratio of 50 to 1.
The solution composition was monitored by a protocol analogous to that in
Example C. It was found that the bulk of the hydroperoxide had been
decomposed to tertiary butyl alcohol. The results presented in Table 17 show an

about 36:1 peroxide decomposed : copper (stearate), ratio.

\ TABLE 17
Temperature (°C) | Time (minuies) % TBHP %TBP %TBA
27 15 88 2 9
100 45 33 4 63
100 75 28 10 63
100 105 22 6 72
100 135 20 8 73
100 165 17 11 72

EXAMPLE E (COMPARATIVE)

[0192] A test solution was prepared as follows:
89 mg (0.21 mmole) of Sn(n-butyl),(acac), was dissolved in

2.0 g (22.0 mmoles) of toluene, with



100 g of base oil, with 70 ng (7.77 mmol es) of t-butyl hydroperoxide
(70%in water). This solution gave a hydroperoxi de: chrom um
- acetyl acet giad, r ratio of 27.8 to 1. - 75 - [O01 i
sol uti on was hgﬁé{ig}(gqto 100C, and nonitored by titration T(g[-rmti%glﬂn
mnutes. In the presence of chrom um acgéMyI acetonate, the
hydr oper oxi de was deconposed conpletely'Wthin 5 mnutes. A control
experinment was perfornmed in the absence of chrom um acetyl acet onat e,
and showed only sl ilghg 0ML3 mmpelespafdebudpdyidpopsroxide (5. INbint decand)| and
procedure involves increnental addition of hydroperoxide solution
from a_bur ethid solaigipbastd Hhydrepériitetith IV dpariydsisQorpERASREony)der
test. The extent of reaction Is nonitored calorinetrically wth”an
i odi ne/ i odi Belaasit ef SEinipIhe solutipn Tomipogitioe svasgnonitired byapratoepiar ed -
as follows: 100 . 28 le) af .Cr(agac s _dissol ved in. 100g of
base oil, mﬁagogég’gt{’r&a%ﬁ%ﬁeeg)wéﬁf ph%ﬁ‘%ﬁ‘ rﬂ?@%ﬁﬁ%‘f’ﬂ%‘lfg}‘? 70% i n
wat er). Thi | LG8 1 e nat e
nol ar rati oﬁ%ﬁgg?g#%et}%a\fﬁe[ﬁg%(g{ﬁ%??géglﬁﬁ i (;fr?j?I| %662}%?0%13 g‘%érﬁg[ﬁger in
hydr oper oxi presangedtantatde il 8 ishowaan dblost 8.6t lpéroridefdeEotappded : Biy(n-batyl),
heated to 1&0‘%@%& nonitored by titration for 180 mnutes as
descri bed i h’ﬁﬁt 10. In the presence of chrom um acetyl acet onat e,
t he hydroperoxi de was deconposed co lyy within 40 minutes. A
control experinent_was perforned in@%i%t%ence of chrom um
acetyl acetonate, gndlahpeatiraédl) 9| Oimae nilingdr|on Deceapesedosi tion.

MPLE G (COMPARATTVE) — pPI99] AFolutrgn of 10.9 nmglres of
ert-butyl hydropdroxide ggd 0- 22 ot 95450" ot y'uu'enuw_'ui S

H 1 1 + H 1 r2H

(di butyl car banoi dgr-ttoat 1}9-8,81) 314y thodi-t-ht O] -st-ef{ oi soner
in 2.5 g toluene s—evatHagted—+ror-hydrgperoxi-de—deconpositipn
actively at 50C ard :I__nn(‘]“:o; 180 - m nut t 50@¢ for 1 m nutes only

14%t - BHP was decqmposed YW a perpxidel?®conpgsed : Mol ybdehumratio
of 7:1. At 100C far_180 mOfutes only 14963 - BHP jwas VIG5
2006/ 124367PCTMs2006/ 017717

EXAMPLEF (COMPARATIVE)

[0193] A test solution was prepared as follows:

60 mg (0.19 mmole) of Sn(acac), was dissolved in
2.1 g (23.1 mmoles) of toluene, with
1.36 g (9.5 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:tin (II) acetylacetonate molar ratio of 50 to 1.

-

The solution composition was monitored by a protocol analogous to that in
Example C, although the initial 27°C spectrum was not acquired due to
instrument malfunction. It was found that a modest amount of the hydro-
peroxide had been decomposed to tertiary butyl alcohol. The results presented
in Table 19 show an about 5.5:1 peroxide decomposed to Sn(AcAc), ratio.
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conmbusti on [HY4P! oMbt sorut'@nh;msﬁireﬁk&sd aefllofwgk ation in internal
conbusti on engi nes. | ub 'bcati ng . oil_of claim1 wherein the

2. .Th
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gg 800 ppm based o(r??[ %Zzﬁgﬁ’?ﬁ%s%&@ﬁ%ﬁwﬁcapi ng oil of claim1l
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wherein t heﬁc at Aﬁ%ﬂl %ﬁgaén?woxi ggrr?%c ldgfraglﬁggér%{gﬁ i %:%ﬁ%%dl? kcgﬁgen@f) ga'ir %t?o
or ganonet al 6f 30 tobr Theaolution compbsition svagsechiioled b aahswebslanaiogday to

added suppl enent.ar nt | oxi danf . . A nmethod for inproving the |
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conpl exes selected fromthe group consisting of netal acetyl
acetonate, netal picolinate, netal SARBLEE®28 and m xtures thereof

wher ei n t heretal—s—seleetredfromthe—group—consi-sting of transition
metal s el enpofemperatrg (¢ |2 dime {punwigs) | ; o TBERY i %IRP [ %kBh < 130
t hrough 48, | el enen2% 72 though 80l5 metal $ of 80he |jant Hani de sell es,
metal s of the actikli0de serijes andtdm xtures tg@reof! argl prjovi dsd t hat
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i nproves ttﬁm—iﬁce to oxidation caused by hydroperoxide

i ntroduced ubricating oil via conbustion gas bl ow by or
exhaust gage19s] I QUtedt $chitiomwial bRIpARId £8dB0GWEI on engines. 6. The
nmet hod of claim5 wherein the netal is selected fromthe group

consi sting of trank& mg{0mSamale)frr{asaok wassligpelwd inexcl udi ng iron
and ni ckel, el enen u el ements 72 through 80 and

m xt ures t hereof ffﬁ)éﬁgb%ﬁﬂgﬁg} claim5 wherein the nmetal is

sel ected fromthe mM?%hﬁleﬂ@fﬂbugﬂﬁya@bﬂﬂdd@g@%ﬁiﬁvaﬁp}.s 21

t hough 30 excluding iron, nickel and copper, elenents 39 through 48,

el ements 7idedIQHEN 50 @P?%ﬂaggfoﬁﬁqcl% Exﬁ-ﬂfacetyﬁceﬂ-)ﬂ@teﬁﬁ%ﬁg?atﬁfofc lai m

5 wherein the netal rs sel®e e group consistin
27.8 10 1.




10. The method of claim5 wherein the catal ytic anti oxi dant
organonetal | i ¢ conpound and/ or organonetal lic coordination conplex is
- used in thgoabiARsey of any added suppl enentary ant|OX|q§ﬂﬁmnmmm}ﬁr7
11. The method of claim9 wherein the catal ytic anti oxi dant
organonetal | i ¢ conpound and/ or organonetal lic coordination conplex is
used in the absence of any added suppléﬂ@htary antioxidant. 12. The

| ubricating oil of claim1 wherein the base oil is a GIL base oil, an
i soneri zed Wﬁbas’ﬁn@isbludilonn’ifasﬂlcamdttbdﬂé‘tﬂ and:ﬁmﬁﬁtwed bp titration ﬁ:g 1801

of claim 12 wh rellglcqtl?he base o is,a GIL E)q%se oi | |ved fr,

hydr oi somer SFi e Prasepps e c}gﬁqnumfgety gto%t[eh’g@ drenese ?5“’35, 7
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aromati cs, ilthykbsecexfdhrqmivymidetylacedonatd, eamiehywed snlysdlight hydroased

oils, esters of, phosphorus-containing acids, polynerjc
t et r ahydr ofﬁﬁr%’éie ‘iﬁ’ﬁngBﬁ@Sﬁt il &i Stragpn P&?F@dﬁﬁ%éﬂ'ﬁ?]é@s ineEsegttal abditiom e
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oi|l sel ect e | SOmMeri ze ase ol

t her eof lwecﬁh@mﬁn&h odst.CThe Bxttht vhea&ion ik Mtoirzed @albr1m%tr§:al$}7bv1th
base oil derived by the isonerization of Fischer-Tropsch wax.

The et hod @¥iodngfigdilogesipld.-n the metal is selected fromthe group
consi sting of chrom um manganese and m xtures thereof 18. The
g’ethod of EXAMBLEHdrein the netal is selected fromthe group

0

"SISO (06" O PLTRBISAS epalB] ADERONR and mxt ures ther cof

100 mg (0.28 mmole) of Cr(acac); was dissolved in
100g of base oil, with
294 mg (32.66 mmoles) of t-butyl hydroperoxide (70% in water).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of

116.6 to 1.

[0198] This solution, 4.2-fold stronger in hydroperoxide concentration than
the solution of Example 10, was heated to 100°C, and monitored by titration for
180 minutes as described in Example 10. In the presence of chromium acetyl-
acetonate, the hydroperoxide was decomposed completely within 40 minutes. A
\; control experiment was performed in the absence of chromium acetylacetonate,

and showed negligible hydroperoxide decomposition.

EXAMPLE G (COMPARATIVE)
[0199] A solution of 10.9 mmoles of tert-butyl hydroperoxide and 0.22
mmoles of molybdenum bis (dibutylcarbamoiddithioate -S,S") di-n-

thiodithioxodisterioisomer in 2.5 g toluene was evaluated fro hydroperoxide
decomposition actively at 50°C and 100°C for 180 minutes at 50°C for 180
minutes only 14% t-BHP was decomposed for a peroxide decomposed :
molybdénum ratio of 7:1. At 100°C for 180 minutes only 14% t-BHP was
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decomposed for a peroxide decomposed : molybdenum ratio of 5:1, both

instances exhibiting an absence of catalytic activity.
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CLAIMS

1. A lubricating oil exhibiting improved resistance to oxidation by hydroperoxide
comprising a base oil selected from the group consisting of natural oils, petroleum
derived mineral oils, polyalphaolefins, hydrocarbyl aromatics, alkylene oxide polymers
and interpolymers, silicon-based oils, esters of phosphorous-containing acids, polymeric
tetrahydrofuron, non-conventional oils and mixtures thereof and an effective amount of a
catalytic hydroperoxide decomposing antioxidant comprising one or more oil soluble
organo metallic compound and/or organo metallic coordination complexes selected from
the group consisting of chromium (acetyl acetonate)s, chromium (picolinate);, manganese
(acetyl acetonate);, MoO» (acetyl acetonate)s, manganese (acetyl acetonate), and mixtures
thereof, said catalytic hydroxide decomposing antioxidant being present in an amount in
the range of about 10 to 1000 ppm based on the metal and wherein said catalytic
antioxidant improves the resistance to oxidation by hydroperoxide introduced into the
lubricating oil via combustion gas blow-by or exhaust gas recirculation in internal

combustion engines.

2. The lubricating oil of claim 1 wherein the catalytic antioxidant organometallic
compound and/or organometallic coordination complex is present in an amount in the

range of about 25 to 800 ppm based on the metal.

3. The lubricating oil of claim 1 wherein the catalytic antioxidant organometallic
compound and/or organometallic coordination complex is used in the absence of any

added supplementary antioxidant.

4. The lubricating oil of claim 2 wherein the catalytic antioxidant organometallic
compound and/or organometallic coordination complex is used in the absence of any

added supplementary antioxidant.

5. A method for improving the resistance of a Jubricating oil to oxidation by

hydroperoxide comprising adding to the lubricating oil a catalytic hydroperoxide
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decomposing antioxidant comprising one or more oil soluble organo metallic compound
and/or organo metallic coordination complexes selected from the group consisting of
metal acetyl acetonate, metal picolinate, metal stearate and mixtures thereof wherein the
metal is selected from the group consisting of transition metals elements 21 through 30,
excluding iron and nickel, elements 39 through 48, elements 72 though 80, metals of the
lanthanide series, metals of the actinide series and mixtures thereof, and provided that
when the metal is copper the oil soluble organometallic compound and/or organometallic
coordination complex is not copper acetyl acetonate, wherein the catalytic hydroperoxide
decomposing antioxidant is present in an amount in the range of about 10 to 1000 ppm
based on the metal and wherein said catalytic antioxidant improves the resistance to
oxidation caused by hydroperoxide introduced into the lubricating oil via combustion gas

blow-by or exhaust gas recirculation in internal combustion engines.

6. The method of claim 5 wherein the metal is selected from the group consisting of
transition metal elements 21 though 30, excluding iron and nickel, elements 39 though

48, elements 72 through 80 and mixtures thereof.

7. The method of claim 5 wherein the metal is selected from the group consisting of
transition metal elements 21 though 30 excluding iron, nickel and copper, elements 39

through 48, elements 72 thorough 80 and mixtures thereof.

8. The method of claim 5 wherein the metal is selected from the group consisting of

chromium, manganese and copper.

9. The method of claim 5 wherein the catalytic antioxidant organometallic compound
and/or organometallic coordination complex is present in an amount in the range of about

25 to 800 ppm based on the metal.

10. The method of claim 5 wherein the catalytic antioxidant organometallic compound
and/or organometallic coordination complex is used in the absence of any added

supplementary antioxidant.
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11. The method of claim 9 wherein the catalytic antioxidant organometallic compound
and/or organometallic coordination complex is used in the absence of any added

supplementary antioxidant.

12. The lubricating oil of claim 1 wherein the base oil is a GTL base oil, an isomerized

wax base il or mixture thereof.

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

hydroisomerized Fischer-Tropsch wax.

14, The method of claim 5, 6, 7 or 8 wherein the lubricating oil comprises a base oil
selected from the group consisting of mineral oil, polyalphaolefins, hydrocarbyl
aromatics, alkylene oxide polymers and interpolymers, silicon-based oils, esters of
phosphorus-containing acids, polymeric tetrahydrofurons, non-conventional oil and

mixtures thereof.

15. The method of claim 14 wherein the base ¢il is a non-conventional base oil selected

from GTL base oil, isomerized wax base oil and mixtures thereof.

16. The method of claim 15 wherein the base oil is a GTL base oil derived by the

isomerization of Fischer-Tropsch wax.

17. The method of claim 5 wherein the metal is selected from the group consisting of

chromium, manganese and mixtures thereof.

18. The method of claim 5 wherein the metal is selected from the group consisting of

chromium, manganese, molybdenum and mixtures thereof.



