CATALYTI C ANTI OXI DANTS BACKGROUND OF THE | NVENTI ON
FI ELD OF THE | NVENTI ON [ 001] The present invention

WO edoaties6t o | ubricating oil compositions conprPEI/N§086/017717
base oil selected fromthe group consisting of mnera
oils, synthetic oils and m xtures thereof boiling in
the lubricating oil boiling range and additives which
neutralize the prooxidants which cause the oxidative
deconposi tion of CATALYAICc ANROIIDANINosi ti on
DESCRI PTI ON OF THE RELATED ART [002] Currently,
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n@gtralize thd gecoridantslwhiclatawg the loxidative! decompssisioinyofi the
limted quantities and consequently even if and when

lubmisatingi mpesdtiobal anmount is added they are quickly
consuned and di sappear, with the undefended oil

DESCRIBTION OB THE RBTATEB ARdi sappear ance. [ 004]
Q her anti oxi dants such pper ace t onat es
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still not sufficiently long lived or suitable for the

aiménds grhelatiothesdofenidrydeopatozide desbmpoisérs such seainsd
for life/filled for life lubricant environments.[005]
dialksyidithaphesphatecont i nuousl y generated in the
| ubri cant during routine
[003] Most of such antioxidants as are presently used are consumed by the

oxidation promoters in the oil (the prooxidants) on a stoichiometric basis.
Antioxidants can be added to lubricating oil formulations only in limited
quantities and consequently even if and when the maximum practical amount is
added they are quickly consumed and disappear, with the undefended oil rapidly

oxidizing with their disappearance.

[004] Other antioxidants such as copper acetylacetonates, while consuming
the prooxidants on a more than stoichiometric basis are still themselves used-up
at a rate of less than about 10:1 and therefore, while superior to the phenolic and
aminic antioxidants are still not sufficiently long lived or suitable for the next
generation of extended drain lube oils or sealed for life/filled for life lubricant

environments.



use or added/introduced into the oil by bl ow by gases,
or exhaust gas recircula tion as during the operation
w@boosnteshal conbusti on engi nes. [006] USP 4, 7PE1/641006/017717
t eaches the conbi nati on of copper and nol ybdenum salts
as being an effective anti oxbdant and anti wear
addi tive for hydrocarbons suCh as |ube oils. The total
concentration of copper salt and nol ybdenumsalt is
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whil e the concentration of the nol bdenum salt ranges
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patent discloses that one or more transition metal containing compounds can be

utilized in combination with one or more peroxide decomposer compounds
selected from aliphatic amines, alky! selenides, alkyl phosphines and phosphates
wherein the aliphatic and alkyl portions of said compound each contain from
about 1 to about 50 carbon atoms as oxidation inhibitors in organic compositions
subject to auto-oxidation. Among the transition metal compounds useful accord-
ing to the patent are the salts of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, yttrium, zirconium, niobium,
molybdenum, tellurium, ruthenium, rhodium, palladium, and silver, to mention a
few. This patent further states, at column 8, that when a combination of metals
is used a synergistic effect will be noted if the sum of electromotive force

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



is used a synergistic effect will be noted if the sum
of electronotive force voltages favors the presence of
W@ b@es243onger i nhi bitor and/ or the weaker catabgEUS200d6/017717
is, generally, positive. Additionally, the comnbination
will be effective as a corrosion inhibitor at
concentrations of about 100 ppm by wei ght, or |ess,
when the anount of peroxide deconposer conplexing
amsngenevally, positivee gﬂditimaﬁp,sthz @oounnghm will heieé%mlvq: s a
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| ess than 8 carbon atonms, X is seleniumor tellurium
degempases camppunds. These organi ¢ conmpounds are useful as
m neral oil additives and are al so useful as
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tetlerioni eorappends afidefarmyla: radical s can be straight or

branched chain in natur aZXSBI Ill%as bei ng saturated or
unsaturated and can al so™be“*¢ychdal kyl or
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for zinc in such conpoundgs. ,Theh COP er ma)f)

such as phenyl, hydroxyphenyl and aminopheny Eroups. olar groups such as

chloro-, bromo-, hydroxyl-, ether, keto, amine, free carboxyl, metallo carboxyl,

carboxy ester, mercapto, mercaptide, mono-, di- and polysulfide, etc., may also

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

2,577,719.

[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 dihydrocarbyl 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., C1o-Ci3 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



also be in the formof the copper salt of a synthetic

or natural carboxylic acid, e.g., G OCl8 fatty acids
weewh/1as6st earic or palmtic, but the unsaturapeduswoes7717

such as oleic or the branched carboxylic acids such as

napht heni ¢ acids of nolecul ar, wei ght from 200 to 500

or the synthetic acids are preferred. Gl -soluble

copperdi thi ocarbamate as well as copper sul fonates,
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nol ybdenum conpounds. [012] USP 6,121,21 1 teaches a
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of a base oil, of |uybricati viscosity.and a m natr.
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preventing and seal protecting anmount of at |east one
[011d e hpdelybdermpnisalie soch as thewmaebdtydatenfe.g Tiolybdenum

t hi ocar bamat es include those of .the fornul a: wherein
naphtherpteare adrefeagsegioun ol ynelyRgentn compougdsyt 7

carbon atons, aryl, aralkyl or together form an
[0412] cyTUSP 6/12he31dr teadledsi eclubiicating oilftioatpdsktéor eorgprising a

conpl eted t hrough the nitrogen and wherein when n is
mejorameurt afia/bdsertl eblukricating 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:
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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



Suitabl e rel evant netals include al kaline earth

nmetal s, cadm um magnesi um ten, nolybdenum iron,
W@ oppae436hi ckel , cobalt, chrom um and | ead. SpeCI/DEW06/017717

exanpl es i nclude cadm um di butyl di t hi ocar bamat e,

cadm um dioctyl dithiocar bamast e, cadm um

octyl butyl -di -thi ocarbamat e, 'magnesi um di but yl

di t hi ocar bamat e, magnesi um di octyl dithio-carbamate,
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the formula wherein Ris a nonoval'ent substantially
catgbyso marhindenchromtiwing vagadian anal tungsten 3@phthebates and chnemium
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wherein R is a monovalent substantially hydrocarbon-contalmng 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 sulfur-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



di car boxylic acids which may be used as a
conpatibilizing material for m xtures of dispersants,
waeledengsnt s, anti-wear and anti oxi dant materi aPGT/UTIN06/017717
anti oxi dantcan be a copper antioxidant and include
copper salts of CK)-CI3 fatty acid, copper salt of
napht heni ¢ aci d, copper dithiocarbamate, copper
sul fonate, copper phenate or copper acetyl acetonate.
caiVbéh chSﬁeﬁaxﬁB)mdmandeaclluds cappearsgita @f €11b-Ca fattspacidecopper
wear resistance, and a (i;ll oxi d ncy conpr i SI ng base oil
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about 5; Ais an aromatic noiety, preferably phenyl or

orgauit heids, preferablyda) ipvajsaturatsdand unseriraied Ty acids, e.g.,
d
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of organophosphoro, organocarboxyl, anoam no,
[@I JanddSP Heli6d,56 bregahes dmganomlegi:}alrn@omylp axies & the formula:
nitrite, phosphate, sulfate, suI fonate, oxide,

hydr oxi de, car bonat e sul f fI uoride, chloride,

br om de and R2 gl kyl of from1 to
about 10 ca torrsl hy rég7en or MRiRy

conbi nati on thergof; aI kyI of fr o about 10
carbon at onsA IS_OT“‘W ro n%QS nd R are
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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,

o]
e
or a combination thereof;

R' is alkyl of from 1 to about 10 carbon atoms, aryl or hydrogen;



[018] The netal conplexes reportedly stabilize the
[ ubricant to which they are added agai nst oxi dati on.
WO 0H124368P 5, 824, 627 teaches a | ube oil conposPeCT/US2006/017717
contai ning a major anount of a |ube base oil and a
m nor anount of an additive having the fornula
M4- yMoyS4LnQz and ni xtures tHereof, wherein Mis a
netal selected fromC, M, Fe, Co, N, Cu, and W L

Rs, Ry depandRpateyhyskrbget, abkydrofdnom lgnocahwt 260 sarhen dtoms
di t hi ophosphat.es, thi oxant hat e phat es, .
di enyl.cdly berhstigyed anyl opies §;§h@@@§l ) t%?{ttﬂ%lt?%@mﬁ%@/ phform
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ac%/dq%ﬁsagafr%@ g(ﬁiai%nhave the formula M- yMyS4LNQz,
to 3, nis 2to6 and z is 0 to 4.
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odends as bei ng useful antioxidants for

2 e o kst e
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tl-lﬁsaéﬁocar %(Ylﬁbﬁnér dYskrSief Oe ol aAAlQ i nedirdl eléstidreddnating
compound yis 1to3,nis2to 6, and z is zero to 4, and the L provide a total
charge sufficient to neutralize the charge on the My ,Mo,S, core. Thiocubane

cores are preferred and these typically have the formula M4 ,Mo,S4L,Q,

wherein yis 1 to 3, nis 2 to 6 and z is 0 to 4.

[020] USP 3,707,498 teaches antioxidant additives comprising a mixture of a
metal dialkyldithiocarbamate and a tertiaryalkyl primary amine. The metal is
from Group IIb, IVa 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 (1|1)a
S

(C5Q5)M(C5Qy) C—N—R"

(b) copolymers having units of the formula



radical, and (C5Q4) M C5(6) is an organonetal |l ocene,
where Qis selected from hydrogen, an el ectron
wa@loovati243g7 or gani ¢ radi cal, and an el ectron w tdr/Esiongo17717
organic radical and Mis a transition netal, a is a
whol e nunber equal fromQo 2 and b is a whol e nunber
equal from Qo 3. [022] In USP 3,649,600 Transition
netal is defined to include all nmetals of Goup Ill to
VII1 of the Periodic Tabl(cR)%aptabIe of formng a p
conplex with a cycl opent ad‘i enyl radical to forma
netal |l ocene. The transiti et als that are operative
in the present invention ar e (4-byr exanpl e, netals
havi ng atonic numbers 22 to 2& 40 to 46, and 7 1 to
ar/Bat 185G R it 69@2,%(1 vanadi um chrom um nanganese,
I cke

Iron, cobalt, n , zirconium col unbi um
I enu chneti um ruthenium rhodium palladium
(ngf%l ?f?n%gaﬁﬁtz’ie&nﬂ{m{‘ gsten, rhenium osmium iridium
and platinum (see also USB H, 745, 129). [023] USP 3, 35

1,647 teaches a conpositign of the general fornula:
wherein Ris a substantiallly hydrocarbon radical; Mis

a nmetal sel €Ci6d)MErsQpe Carou—TolBi"{R)p§ileO zi nc,

cal cium copper, nickel, cobalt, chromum [ead, and
whartR dsrp ndond¥ aderd @ devcarbadiaciadad, BRisa tiawldnt diydtdnarbon
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rmmul ati on contal ning anong ot her additives an
2 axd daik iaowholkehidmbarequaDf6m The3oxi dati on inhibitors or
anti oxi dants have hi gh enough nol ecul ar wei ghts to

iQ: ' t als:
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I'tion, enhance the corrosion

Grod®Y N6 RATPS O HerRiOTableaprbless fotthihgadk c@nplesiwith a
inhibitors also present in the fornulation by

cyclopentagichpradical ¢éo fomat innefalldeenat tEwkirafsitoon vwtals that are
upon copper/ | ead-bearing netal. One type of corrosi.on
operative in the present invention are, for example, metals having atomic
numbers 22 to 28, 40 to 46, and 71 to 78, such as titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, zirconium, columbium,
molybdenum, technetium, ruthenium, rhodium, palladium, hafhium, tantalum,

tungsten, rhenium, osmium, iridium and platinum (see also USP 3,745,129).

[023] USP 3,351,647 teaches a composition of the general formula:

NS a
P\ M NT B
R/ S X C y

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

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



an oxi dative process involving the | oss of electrons
fromthe corroding netal by an oxi dant such as oxygen,
W@R00s/12436T ogen oxi des, partially burned gasol i PET/US2006/017717
bl owby products and the Iike. The oxidation inhibitors
conprising sul fur bridge, big hindered phenols
effectively limt or prevent ‘the attack of oxidants on
copper/lead metal . [027] The bis(dithi obenéél) metal
hythrogemand asbstarstadlydigtdrobarben radicalay muls dhe yalzage 0BML5Y ds
15, 402 teaches basic netal and nulti-netal
frampahoub Oex 1049 &phor odi t hi oat es and
phosphor ononot hi oat es as anti oxi dant additives. These
[024] er Tht soampesitiems esensefdl byoil hddijimesaall faoetin &:antioxidant
[ Zdd[ RO)ZPSS%yI\/aXb (1) wherein Mand X represent
anfl aritevestageBisal cations sel ected fromthe group
consi sting of zinc, copper, chromum iron, copper,
[025] g aursPes, 423560 usacHes &l formulation, comtdihingramong otlenddditives
alumnum Z is an anion sel ected from oxygen,
aryxidesipnlénlihttotar bonate; R is independently a |inear
or branched al kyl group of1 to about 200 carbon atons,
[026]2 THRDidaticRdnAIbittRs BbahliéxHSss dayt higloemouph Boleeular
about 50 carbon atons; a and b are integers of at
wednd toossusethat theydrepeninl stableiponhoherankegse sil, eeg., 300°F and,
oxi dation_states of M and X; is a whole
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carbon ato d 0 3. heteroa sel . . .
BB EHEB b aRglEhT SRR SEhRILRE s arbitee, v
| ' | ; th
g eAngh saRiagn f pmeienoieepeapiamand (ne
chpsbirdead emlr adi cal of 1 to 20 carbon atons; Y and Rl
or R2 may form a dival ent hydrocarbon radi cal

(7%ik Ao Hithfotefz§B AR ALAHRIVAE Preferably have the formula:
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[028] USP 5,015,402 teaches basic metal and multi-metal dihydrocarbyl-
phosphorodithioates and phosphoromonothioates as antioxidant additives. These
materials are represented by the general formula:
[Z]4[RO),PSS],M.Xs @
wherein M and X represent different metal cations selected from the group
consisting of zinc, copper, chromium, iron, copper, manganese, calcium, barium,

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



0-3 heteroatons sel ected form oxygen, sulfur and
nitrogen; and each atomZ is oxygen or sulfur, at

wo emsti243oe of the 2n atons Z being sul fur. [O03B]T/U82006017717
recited that these materials exhibit high antioxidancy
activity even at high tenperaf ure. They can be used
Wi th base oils of petroleumorigin as well as wth
synthetic base oils. See also (B 1, 322,699. [031] GB

1 fo &&dhit 260 caszorhatentshat a@uhﬂ*tdtdd;&ztrmubmtatﬁelrm'yhgtwp of 6 to
synergistically wth certain net b- di ket one

b@@ﬁéﬁ@%@@m Fomiso i A B ATS BYGEREhe at least gierand are dependent
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nd R are al kyl, aryl or al koxy gr oups havi ng
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atigﬁ?%% %8%%9@%%2%?{‘3?% Eaﬁfﬂ?iefo"i‘ﬁl‘ﬁ[zﬁ t hi ckeni ng of

S an I ckening or gear oils.
The oil soluble tranfsitiognetal CToppound is a
branched chain oil-dolubleXransitipn netal salt with
the proviso that the transit |Co11—2‘ret al is not zinc,
wherein saidtransitlogrrg:lt ak’ “salt ﬁna salt wherein
the non-netal noiety ect ed &
di hydr ocar byl thi o- qr dithi oghosgha e, a
di hydrocar byl t hi o- ar dithi/6carbamate, or nixtures
t hereof and wherei n the msR-pI |s selﬁact ed from copper,
. copalt, tu anlu . iron,, chromu
ingy bRBIM it SHREGATo IS BaBAHAT SR SAT HuC B fns ad,
e
ar{t%é%% A%d BisHARRSHUSREE QfdaﬂBfl%géf c%l?ﬁ[nké‘%ﬂg lgez{gr@%gbﬁ‘g

mance req Ui rerren S on
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greases, or nodern extended drain engine |ubricatin

haiéetoatarns paettod frdne the groupaonsistigerof halogets oxygeny sulfbr and
B R EaP B Se  s ShFchBEEREIEO, s an
AT 4 RS P e . r

RPffy form a divalent hydrocarbon radical containing 1 to 20 carbon atoms and

0-3 heteroatoms selected form oxygen, sulfur and nitrogen; and each atom Z is

oxygen or sulfur, at least one of the 2n atoms Z being sulfur.

[030] Itis recited that these materials exhibit high antioxidancy activity even
at high temperature. They can be used with base oils of petroleum.origin as well

as with synthetic base oils. See also GB 1,322,699.

[031] GB 1,358,961 teaches that 9,10-dihydroanthracene acts synergistically
with certain metal B-diketone complexes to provide antioxidancy. The metal

B-diketone complexes are of the formula

M(——O—CRl CRZ—-CR3 O)n



and passenger car lubricants (G--3 and GF-4), nore
efficient, longer lasting and nore robust anti oxidants
wae@onasgei red for use in the |ubricants. DESCRETUSNOOH 7717
THE | NVENTI ON [ 034] The present invention in one
aspect is directed to lubricating oil fornmu | ations of
enhanced anti oxi dancy i ncl ublﬁﬁg but not limted to
greases, gear oils, hydraulic oils, brake fluids,
wirereinal] mmdnetal,anistd or 3y Rpisriyakbgen of ai dikyl growgy haviag dyto 20

transferrln flu r or f|UI s, diese

chqnpat@maaqi i Rores %@wiu@rxsh q>rsa g% 81qups hayipg1-10
nition englne oils, turbine oils and the |ike
rising a base oiI sel ected fromthe group
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comgicinkd i adﬁandlemladhaunorlmthkdx émnsitionanetal salbwmithiie proviso

group consisting of: (a) one or re netal or, et al
th@taxbcmgythmavp iRAtZIn®AMNGIRE TR H&P?l&ﬁng}gﬁeﬂés%lbmsalt

ﬁtﬂg@%und st %@1 gaole@cfs%%?g% {rggj %ﬂ?ﬁ{}}c%{-‘b%gtrhl% or

| |
dlﬂgWPhQQ aj E@;}&g%égﬁgm ggto? dithlo@kbatBAR! ofRfik@RésSthereof

nor é tion state above the ground
an‘élt\&h@nenﬁmél mdiah s seleuted fidnncofsdr, calmaip hengsten, bidardeoh,
or associated with one or nore bidentate or tridentate
mbngpness,; irgn; )cheomiwn, migkel, vanadipay molybderam ermighyes thereof.
havi ng nore than one oxidation state above the ground
038Rt eAsexcngeduigck lod merrdtringdee land ccierrpirldmgjpertﬁmmmni:eo r
associ ated with one or nore ani ons and one or
refiliyaments c(rububmcatm@ eilsy fos csampps Bllifae life pids, a‘iﬁiﬂ@ﬁ ‘bearings oils
d/ or |I9 does n

e ARG BB hELa b e A TR e,
o 05 L 30y OB L aiae o Lengund s
oW 16MRAIENEY as manifested by current and future lubricating oil specifica-
tions, particularly engine oil classifications for diesel lubricants (PC7 and PCg8)
and passenger car lubricants (GF-3 and GF-4), more efficient, longer lasting and

more robust antioxidants are required for use in the lubricants.

DESCRIPTION OF THE INVENTION

[034] The present invention in one aspect is directed to lubricating oil formu-

lations of enhanced antioxidancy including but not limited to greases, gear oils,
hydraulic oils, brake fluids, manual and automatic transmission fluids, other
energy transferring fluids, tractor fluids, diesel compression ignition engine oils,
gasoline spark ignition engine oils, turbine oils and the like comprising a base oil
selected from the group consisting of natural oils, petroleum-derived mineral
oils, synthetic oils and mixtures thereof boiling in the lubricating oil boiling

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



cause polynerization of the netal salt thereby

rendering the netal cation inactive as a peroxide
waewenpsser, and further provided that (a) whePCT/82006/017717

nmetal or netal cation is nolybdenum the ligand is not

t hi ocar bamat e, thi ophosphat € di t hi ocar bamate or

di t hi ophosphate and (b) when fhe netal or netal cation

is copper the ligand is not acetyl acetate. The
of encénsiiting essemtmallyyof/eme ortmake ot spluble widanodealhic compounds

the ionic strength of the |igands and the coqrdi nation
an@/ererganodneiatic corrdimation commlexes spiraied ﬁe‘ram QPP

aff.e,[ct the ease with which the netal center can effect
CYMBS'YI& Yati on state change necessary for catal ytic

ec i idation
(GCEEEML SRR el CRRY) EHAE kR Mdrone oxida

di rgateesbolve the prdundcstiter exoipdingi irgn tand niokedataroplexed,

resistance of a lubricating oil conprising a

| ubborded, Ay ags@siated Withemereralore aionke gr oup
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| ubst gs3beiatdl With owe frheet bidentatesniridehtapnHgadsyor e
oi | soluble organonetallic conpounds and/ or

(€ooouk anmove nubalis)exasetebtastanschavingnmone thanoens oxidation state
consj st Itﬂ% of: (a) one or,. nore netal
B

cat Reses t6- ERaIRdiTRor o PR MoK hmmek e, hondsd or
WPhBRE. Ehed i . e
Do onRiofal ik ohOtk adiohs Aot bflore HOTRUEKSC,

& mk@rdethaldof) or netal cations having nore than one
oxi dation state above the ground state, excluding iron

peondded theednion anploetiednd blossiadt selfisnder theenetal catiom énactive,
or nore bidentate or trj denahe Ii&gndS'

i.gorendgss Hiq wptad catien 4nabladp CHANSR %0%§§9d@ﬁ§ﬁ S%rﬁ% above the
oA 2B R R0 g A
s PITR AN, AN ltmash) gl o
imRtivetas @l feroenidatecomposet ahd fadtharpromiietitiat, (a) when the metal
or metal cation is molybdenum, the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate or dithiophosphate and (b) when the metal or metal cation is
copper the ligand is not acetyl acetate. The reactivity of any given metal
complex will depend on the ionic strength of the ligands and the coordination
geometry around the metal center. These factors will affect the ease with which

the metal center can effect the oxidation state change necessary for catalytic

decomposition of the hydroperoxide or peroxide species.

[035] In another aspect the invention is directed to a method for improving the
oxidation resistance of a lubricating oil comprising a lubricating base oil selected
from the group consisting of natural oils, petroleum-derived mineral oils, synthe-

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



i.e., rendering the netal cation unable to change from

one oxi dation state above the ground state to another
w@00dar43eon state above the ground state, deconpOBESING/017717

cause polynerization of the netal salt thereby

rendering the netal cation inactive as a peroxide

deconposer, and further provided that (a) when the

nmetal or netal cation is nolybdenum the ligand is not
opthinatlyrdrenatrepre ddditiviess paidtre¢thoid doimprising ﬁé«?i@gd@ the lubricat-
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(ogr canecpramaremetal(s) @ameial gagiona havimgarere thap ppeoxagation state
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cation I nactive, 1.e., rendering the netal “cation

(dnadieutes thr@oge from one oxidation state above the
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at ['east one additional _
inactive as a peroxide decomposer, and further provided that (a) when the metal
or metal cation is molybdenum, the ligand is not thiocarbamate, thiophosphate,
dithiocarbamate or dithiophosphate and (b) when the metal or metal cation is

copper the ligand is not acetyl acetonate.

[036] In another aspect the invention is directed to an additive concentrate

comprising one or more oil soluble organometallic compounds and/or

coordination complexes selected from the group consisting of:

(a) one or more metal(s) or metal cations having more than one oxidation state
above the ground state, excluding iron and nickel, complexed, bonded or

associated with two or more anions;



materi al selected from detergents, dispersants,
viscosity index inprovers, antiwear additives,

w0 rdosti24367 nodi fi ers, an additional antioxi dantPCT/US2006/017717
pour - poi nt depressants, corrosion inhibitors,
anti-foam ng agents, antirusf, additives, carrier oils
seal conpatibility additives and the like. Preferably
the oil soluble organonetal lic conpound and/ or

(b¥ oondionandrermetal(p) exmstalcationd having moretthean ane enidation state
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eaction) which alter the conposition and/or stabilit
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as a catalytic additive. That is, the ori in%I ani.ons
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oordi nati.,on sphere of the netal is/are not repl aced

(d;a!quixgpr!e@t}berre?gt all'y by other anions and/or |igands
profide thé tclleﬁlt adlot RgarkPRS& TR bsOIF reRiteRe HetdlntidRtidhctive,

because such partiar or total replacenent woul d
i.d.nteadésne thvd tletd] atiahunkble tofchhiyge foaconoozidation Istate above

nmetal orbital to change from one oxjdation state above
the igeowrchstate toranosherxadaiianettats,abaue tlmgraundestai odeconppose or
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meRil Chfibm & Iﬁﬁg'kﬁléhﬁﬂf, thé@ligaml Bmotxkiousibamang shiwphasphate,
such conpounds or conplexes as a result of such

dittdocarbamiaté ainditisapbosphateincednabination atit gt east one additional
ant ja;)xi dants. but,  rather functions . '

mategiaf pelested feomsleter ge%téngi‘isﬁ"grsﬁu?ﬁewg%‘i’sii@ﬁ%g?x ?rHtBIr(\%A‘%? S:’ ur

. the it anaof. . or s i . ¢ :
onflchr 53N i RSPk G aqR A DA Rt R
dédﬁ'eé%ﬁﬁté@ cbifodibf iAhibitokd! Ahtifohinhtp be&Rs Gintisudthdditives, carrier
seful in the present invention are both natural oils,
oidysdah edmpatibility additives eodventikenBreforably theaeilisalubdg prgano-

and synthetic oils, an(ij unconvenfi onal .. .
metallic compound and/or coordination complexes are utilized in the absence of

or in the presence of a reduced amount of any added antioxidant, most preferably
in the absence of any added antioxidant(s). The oil soluble organometallic
compounds and/or coordination complexes do not undergo anion and/or ligand
displacement reactions (exchange reaction) which alter the composition and/or
stability of the compound or complex rendering the ineffective as a catalytic
additive. That is, the original anions and/or ligands which do not fit within the
coordination sphere of the metal is/are not replaced partially or totally by other
anions and/or ligands which fit within the coordination sphere of the metal
because such partial or total replacement would interfere with the ability of the
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



oils (or mxtures thereof) can be used unrefined,
refined, or rerefined (the latter is also known as
w0 ewbaz4setd or reprocessed oil). Unrefined oil sP@r/es2006/017717
those obtained directly froma natural or synthetic
source and used wi thout added.purification. These
i nclude shale oil obtained directly fromretorting
operations, petroleumoil obtained directly from
cq?nmmrmdemplaxiimiﬁfeqm asst eatalytic apbioyideati additizvet | y
roman esterificatiqn praocess., Refined oils are,
Cempouags Pbc?l’ﬁﬁ{%‘ieﬁ sitek dusug dyiepesmiiae dieampppiion them-
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many purification processes. These processes incl ude

tosfuneeion asxhtabtid artioxidads dat sathiérsfunttions am e.gacamiwear
extraction, base extraction, filtration, and )

agrlitives due trtherzondinguvergriien af theoB Biryeigh aaﬁ ispp O Saeangine
ana s torefined oils but using an oil that has

| ogou
Orblél@ﬁegk(‘]@\??%ﬂ?s‘iV?rused. [038] Groups I, I, IIl, 1V and

V are broad categories of base oil stocks devel oped
fined by the American PetroleumlInstitute (API

B
licati.on 1509:; 2| or £ 0. . O i .
G| b e o althe B ot s TR sl 6L Efigasine
bERVA1LhYE HeQFehM ih @H@gréaénﬁﬁbm%h SRbth $@niral didd) sgAthetic
contal n greater than about 0.03% sul fur and/or |esS

oilfiamdahwohvaflormd bils anataral Gilopand dynthetec silakd unconventional
%enerally have a viscosity index of between about

Ot
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. d h | % .
b e B S SR R0g bRl SR P S e o gy
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equ n an apo

to about 0.03 % sulfur a greater t ut

TH6% meludeaihake oiGobtiinddvdiregtlufiem frudyinmprodtédsnpetroleum oil
(PAO. Group V base stock includes base stocks not

obtaitadidicedtly Epmuprimary distilfaton,apdeesta aloblaineddiestly from
AE N INTAT MR - X
ugl%fﬁ‘{eﬁroifs egccggto/f’efin?:d%(i)lsgérg sﬂ’x%gcted to one or more purification steps
to improve at least one lubricating oil property. One skilled in the art is familiar
with many purification processes. These processes include solvent extraction,
secondary distillation, acid extraction, base extraction, filtration, and percolation.
Rerefined oils are obtained by processes analogous to refined oils but using an

oil that has been previously used.

[038] Groups I, II, III, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication
1509; www.API.org) to create guidelines for lubricant base oils. Group I base
stocks generally have a viscosity index of between about 80 to 120 and contain
greater than about 0.03% sulfur and/or less than about 90% saturates. Group II

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



Goup Il >90 & 0.03% & > 80 & < 120 Goup Il > 90 &
< 0.03% & > 120 G oup IV Includes pol yal phaol efins
w@ RAQ24aet Gas-to-Li quids (GIL) products G oupPOI/US2006/017717
AUot her base oil stocks not included in Goups I, 11,
[11, or 1V [039] Natural oi I_§6 i nclude animal oils,
vegetable oils (castor oil and lard oil, for exanple),
and mneral oils. Animal and vegetable oils possessing
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distillation range and whether they are straight run
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G oup Il and/or G oup IISI d1 [ Opr ecsessed or
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derived from coal or shale are also useful. Natural oils vary also as to the

method used for their production and purification, for example, their distillation
range and whether they are straight run or cracked, hydrorefined, or solvent

extracted.

[040]  Group II and/or Group III hydroprocessed or hydrocracked basestocks,
including synthetic oils such as polyalphaolefins, alkyl aromatics and synthetic

esters are also well known basestock oils.

[041] Synthetic oils include hydrocarbon oil. Hydrocarbon oils include oils
such as polymerized and interpolymerized olefins (polybutylenes, polypro-
pylenes, propylene isobutylene copolymers, ethylene-olefin copolymers, and
ethylene-alphaolefin copolymers, for example). Polyalphaolefin (PAO) oil base

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



may be made in viscosities up to about 100 ¢St (100C).
The PAGCs are typically conprised of relatively | ow
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[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
Cy4 to Cyg olefins are described in USP 4,218,330.
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pol y-functionalized. The hypllrsqcar byl groups can al so

be conprised of m xtures of al kyl groups, al kenyl

groups, al kynyl, cycl oal kyl groups, cycl oal kenyl
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allgdegroups, eyelaallignyh geennsfandrasher nedaed hydinsarbyl groups. The
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oftdrSireferfd) aaatupabl abdat Hredyalitoadistiiendy mantbeqresens. The
| ubricant oil conposition can be about 2%t o about

hyzise6arby efreupivan aptionally vontaimpdbier, 289gem madmymatrogen
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di h '
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anpe‘cﬂﬂv'est%é ard¥autio idietyl idcosiids AeL005CaM ngdtély 3 cStto
Preprent 1053-1058, "Poly n al kyl benzene npounds: A
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Fl ui ds", Eapen et_al, Phila., 1984. S USP
¢S ofsn, berme n%ne pg@eg*gd Kor {bganydrocarbyl ar%?na%fcsc%mponent. In one

embodiment, an alkyl naphthalene where the alkyl group is primarily comprised
of 1-hexadecene is used. Other alkylates of aromatics can be advantageously
used. Naphthalene or methyl naphthalene, for example, can be alkylated with
olefins such as octene, decene, dodecene, tetradecene or higher, mixtures of
similar olefins, an& the like. Useful concentrations of hydrocarbyl aromatic in a
lubricant oil composition can be about 2% to about 25%, preferably about 4% to
about 20%, and more preferably about 4% to about 15%, depending on the

application.

[045] Alkylated aromatics may be produced by well-known processes. See
Friedel-Crafts and Related Reactions, Olah, G.A. (ed), Interscience Publishers,



4,658, 072. For exanple, an aromatic conpound, such as

benzene or naphthal ene, is alkylated by an ol efin,
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Friedel-Crafts catal yst. See Friedel-Crafts and

Rel ated Reactions, Vol. 2, payt 1, chapters 14, 17,
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uﬁfbad@alﬂe 7eRlitely oplRBhlistpétstids., Marcel Dekker, N.Y.

[047] Esters conprise a useful base st ock

ol vency and
@%ir aéﬁﬁﬂ%sw%gesry%@ U EEFERREYsEiebh sopreialy fyrdow-
SR YA Tl R g e
%fserhfaklrfg)mﬂrser Thyyerd cmrhméﬁzlatﬂy) av ke from pheluestsesSlinear
i carboxylic acids such as g‘vt hal i c acid, succinic

aﬁ&wihﬁnzam%wL&B&)csmh@Sééns@ Chemrigay Cos Ehetsman Qél?allcal Co.,

| ei c el aic.acid,

Sy hapical orabdgiipes QT e Diefr REERes ypically
hg@é OBFIRE blur oKW alPl W tdmfirhidire viscosities and VI values greater
than 100 together with good solvency for additives. Other alkylated aromatics

which may be used when desirable are described, for example, in “Synthetic
Lubricants and High Performance Functional Fluids”, Dressler, H., chap 5,
(R. L. Shubkin (Ed.)), Marcel Dekker, N.Y. 1993.

[047] Esters comprise a useful base stock. Additive solvency and seal
compatibility characteristics may be secured by the use of esters such as the
esters of dibasic acids with monoalkanols and the polyol esters of mono-
carboxylic acids. Esters of the former type include, for example, the esters of
dicarboxylic acids such as phthalic acid, succinic acid, alkyl succinic acid,

alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,



al kenyl malonic acid, etc., with a variety of al cohols
such as butyl al cohol, hexyl alcohol, dodecyl alcohol,
wQ@2@bhyd3bexyl al cohol, etc. Specific exanpl es PET/UR®SE017717
types of esters include dibutyl adipate,
di (2-et hyl hexyl) sebacate, di - n- hexyl fumarate,
di octyl sebacate, diisooctyl“azel ate, diisodecyl
azel ate, dioctyl phthalate, didecyl phthalate,
fumhiaeiccid ladiBbacia, énokeic acidaisier, Fraakqnmja@ldl glkyib afalonic acid,
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fualakate pdioctyt selsacate) tdamsoocrtgl atelate pdiiscalpoyl azelatey dhoutyl
atonms, prefer ably to C30 acids such as saturated

phélnfrlaﬁegﬁldeéﬁlaplﬁhﬁ]@t%ﬂ@éﬁﬂé sehrgaiRiioty caprylic acid,

capric acid, lauric acid, myristic acid, palmtic
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groups are converted to esters. The substituent
mbtediatscar byl groups, R of the acid nmoiety and ester
conprlse fromabout C6 to about C| or nore, with
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propane, trimethylol butane, trimethylol ethane pentaerythrltol and/or dipenta-
erythritol with one or more monocarboxylic acids containing from about 5 to

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 Cy or more, with preferable ranges being about
Cs to about Cy4, and may comprise alkyl, alkenyl, cycloalkyl, cycloalkenyl,
linear, branched, and related hydrocarby! groups, and can optionally contain S,

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



| i near, branched, and rel ated hydrocarbyl groups, and

can optionally contain S, N, and/or O groups.
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hydr ocar byl groups, R, are often preferred. For

exanpl e, substituent hydrocanbyl groups, R may
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solid at roomtenperature i.e., at a tenperature in
stidteay slagie waxes, natural waxes, and waxy stocks such as gas oils, waxy fuels
hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal crackates, or other
mineral, mineral oil, or even non-petroleum oil derived waxy materials such as

waxy materials received from coal liquefaction or shale oil, and mixtures of such

base stocks.

[053] As used herein, the following terms have the indicated meanings:

(a) “wax” - hydrocarbonaceous material having a high pour point, typically
existing as a solid at room temperature, i.e., at a temperature in the range
from about 15°C to 25°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-



from about 15C to 25C, and consi sting predom nantly of

paraff nic materials; (b) "paraff nic" material: any
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process in which hydrogenati on acconpanies the

cr arackiny/fragmertatianiioto lofivenydolecarbwrightspgeics, and by

converting heavi er hydrqcarbons, int O%Ai ght er

hy ERasERREEBIRaY imeliepiniymarobranched sRdasatfins;

(fggfg{()&%#gnfm%rgziaﬁi%ﬂiﬁ hrt i?gﬁﬁfi)zaﬂigﬁ Or &%ﬂ’e&%ﬁir{g‘i: grc%ﬂﬁ?ﬁg process
;Eg@g&ﬁapﬁ&%mﬂrﬂﬁdaxww aMa@st BHghtl P btiaRHed Sso-paraffifidare

converted by rearrangement/isomerization into more branched iso-paraffins;

(g) "hydrocracking": a catalytic process in which hydrogenation accompanies
the cracking/fragmentation of hydrocarbons, e.g., converting heavier
hydrocarbons into lighter hydrocarbons, or converting aromatics and/or

cycloparaffins (naphthenes) into non-cyclic branched paraffins.

[054] The term “hydroisomerization/hydrodewaxing” is used to refer to one or
more catalytic processes which have the combined effect of converting normal
paraffins and/or waxy hydrocarbons by cracking/fragmentation into lower
molecular weight species and, by rearrangement/isomerization, into more
branched iso-paraffins. Such combined processes are sometimes described as

“catalytic dewaxing” or “selective hydrocracking”.
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F-T material derived pase st ckgsg and .ot h%r ) :
isodewaxed F-T waxes, hydroisomerized or isddewaxed synthesized waxes, or

mixtures thereof.

[056] GTL base stock(s) derived from GTL materials, especially,
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax derived base stock(s) are characterized
typically as having kinematic viscosities at 100°C of from about 2 mm?/s to
about 50 mm?/s, preferably from about 3 mm?/s to about 50 mmz/s, more
preferably from about 3.5 mm?/s to about 30 mm?s, as exemplified by a GTL
base stock derived by the isodewaxing of F-T wax, which has a kinematic

viscosity of about 4 mm?*/s at 100°C and a viscosity index of about 130 or
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30 or greater, nore preferably 135
components which can be used in this invention are also characterized typically
as having viscosity indices of 80 or greater, preferably 100 or greater, and more
preferably 120 or greater. Additionally, in certain particular instances, viscosity
index of these base stocks may be preferably 130 or greater, more preferably 135
or greater, and even more preferably 140 or greater. For example, GTL base
stock(s) that derive from GTL materials preferably F-T materials especially F-T

wax generally have a viscosity index of 130 or greater. References herein to

viscosity index refer to ASTM method D2270.

[059] In addition, the GTL base stock(s) are typically highly paraffinic (>90%
saturates), and may contain mixtures of monocycloparaffins and multicyclo-
paraffins in combination with non-cyclic isoparaffins. The ratio of the

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



or greater, and even nore preferably 140 or greater.

For exanple, GIL base stock(s) that derive from GIL
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generally have a viscosity index of 130 or greater.

Ref erences herein to viscosi Ly, i ndex refer to ASTM

nmet hod D2270. [059] In addition, the GIL base stock(s)

are typically highly paraffinic (>90% saturates), and
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n%mﬂlcé%ﬂﬁ%%ﬁfﬂsons of GIL base stock(s),

hydr oi sonmeri zed or isodewaxed F-T material derived

[b6Ble Bhsefik cempositibnsa-GIEL ibasestoykisdi Inahreisomedized or isode-
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[062] Isomerate/isodewaxate base stock(s), derived from waxy feeds, which
are also suitable for use in this invention, are paraffinic fluids of lubricating
viscosity derived from hydroisomerized or isodewaxed waxy feedstocks of
mineral oil, non-mineral oil, non-petroleum, or natural source origin, e.g.,
feedstocks such as one or more of gas oils, slack wax, waxy fuels hydrocracker
bottoms, hydrocarbon raffinates, natural waxes, hyrocrackates, thermal
crackates, foots oil, wax from coal liquefaction or from shale oil, or other
suitable mineral oil, non-mineral oil, non-petroleum, or natural source derived
waxy materials, linear or branched hydrocarbyl compounds with carbon number
of about 20 or greater, preferably about 30 or greater, and mixtures of such

isomerate/isodewaxate base stocks and base oils.



viscosity derived from hydroi sonerized or isodewaxed

waxy feedstocks of mneral oil, non-mneral oil,
woewenasdl eum or natural source origin, e.g.PCT/US2006/017717

f eedst ocks such as one or nore of gas oils, slack wax,

waxy fuels hydrocracker bottgms, hydrocarbon

raf finates, natural waxes, hyrocrackates, thernal

crackates, foots oil, wax fromcoal |iquefaction or
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ack waXx i's the wax recovered from petrol eumoils by
erfiplove pressuriaed, dieiefied dowttioikngl bydsdcathonSsuekas propane or
dewaxi ng enpl oys chilled sol vent such as nethyl ethyl
bwenone (MEK), nethyl isobutyl ketone (M BK), mxtures
of MEK/M BK, m xtures of MEK and toluene, while
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base stock(s)/base oil fraction(s) w'th one, two

fraction(s) and/or wax isomerate base stock(s)/base oil fraction(s) with one, two

or more high viscosity GTL base stock(s)/base oil fraction(s) and/or wax

isomerate base stock(s)/base oil fraction(s) to produce a dumbbell blend wherein

the blend exhibits a viscosity within the aforesaid recited range.

[066] In a preferred embodiment, the GTL material, from which the GTL base
stock(s) is/are derived is an F-T material (i.e., hydrocarbons, waxy hydro-
carbons, wax). A slurry F-T synthesis process may be beneficially used for
synthesizing the feed from CO and hydrogen and particularly one employing an
F-T catalyst comprising a catalytic cobalt component to provide a high alpha for
producing the more desirable higher molecular weight paraffins. This process is

also well known to those skilled in the art.
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the blend exhibits a viscosity within the aforesaid
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. ~and which conprise the hydrocarbon slurry liquid. The
suwohndsheesitrd figabipd can dehsad. Squiedof the sgpthesized hiydoonarbens pass

catal yst particles_as filtrate by neans such as,
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synthesis gas and other gaseous reaction products. Some of these overhead
hydrocarbon vapors are typically condensed to liquid and combined with the
hydrocarbon liquid filtrate. Thus, the initial boiling point of the filtrate may vary
depending on whether or not some of the condensed hydrocarbon vapors have
been combined with it. Slurry hydrocarbon synthesis process conditions vary
somewhat depending on the catalyst and desired products. Typical conditions
effective to form hydrocarbons comprising mostly Cs. paraffins, (e.g., Cs+-Ca00)
and preferably Cyy, 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/hr/V, expressed as standard
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one which comprises one or more refractory metal oxides. Preferred supports

for Co containing catalysts comprise Titania, particularly. Useful 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
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catalytic dewaxing. Hence, it is preferred that the

(P 0 VAR IE bt Sand b oo i
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tenperaturée used to separate the fraction. Unless
6sptitiid 2501F deteamimed(fsothegractifianer lopd apeapidinaing prefgrably
alt)Q\/ee {(55610(:"%', %Qte?gllirllesd 1(3:39 ‘[Hel galfla ??t' and) Igroggsgsxgeir}a% éesser}lgl%yed by the
practitioner for the synthesis. Such fractions are referred to herein as “650-
750°F+ fractions”. By contrast, “650-750°F fractions” refers to a fraction with
an unspecified initial cut point and an end point somewhere between 650°F and
750°F. Waxy feeds may be processed as the entire fraction or as subsets of the
entire fraction prepared by distillation or other separation tecfmiques. The waxy
feed also typically comprises more than 90%, generally more than 95% and
preferably more than 98 wt% paraffinic hydrocarbons, most of which are normal
paraffins. It has negligible amounts of sulfur and nitrogen compounds (e.g., less
than 1 wppm of each), with less than 2,000 wppm, preferably less than 1,000

wppm and more preferably less than 500 wppm of oxygen, in the form of
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pressures ranging from about 500 to 20,000 kPa. This process may be operated
in the presence of hydrogen, and hydrogen partial pressures range from about
600 to 6000 kPa. The ratio of hydrogen to the hydrocarbon feedstock (hydrogen
circulation rate) typically range from about 10 to 3500 n.LL™" (56 to 19,660
SCF/bbl) and the space velocity of the feedstock typically ranges from about 0.1

to 20 LHSV, preferably 0.1 to 10 LHSV.

[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



hydr odewaxi ng catal yst used in subsequent steps. IfF-T
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[074] Hydrocarbon conversion catalysts useful in the conversion of the
n-paraffin waxy feedstocks disclosed herein to form the isoparaffinic hydro-
carbon base oil are zeolite catalysts, such as ZSM-5, ZSM-11, ZSM-23,
ZSM-35, ZSM-12, ZSM-38, ZSM-48, offretite, ferrierite, zeolite beta, zeolite
theta, and zeolite alpha, as disclosed in USP 4,906,350. These catalysts are used
in combination with Group VIII metals, in particular palladium or platinum. The
Group VIII metals may be incorporated into the zeolite catalysts by conventional

techniques, such as ion exchange.

[075] In one embodiment, conversion of the waxy feedstock may be conducted
over a combination of Pt/zeolite beta and Pt/ZSM-23 catalysts in the presence of

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



6,676,827; 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
wO3nds2861 Bl ), EP 05321 16 (Bl), EP 05321 18 (BUi/psHps/017717
0537815 (Bl ), EP 0583836 (B2), EP 0666894 (B2), EP
0668342 (Bl ), EP 0776959 (A3), WD 97/031693 (Al), VO
02/ 064710 (A2), WD 02/ 06471 P2[A), WD 02/070627 (A2),
WD 02/ 070629 (Al), WD 03/033320 (Al) as well as in
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noble netal |oaded ZSM 48, nore preferably Pt/ ZSM 48
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1 hitgﬂgr ﬁ%&“ﬁoi}ﬂ It 35 o \99}8’9901&15%@ 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 filtration, 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 known 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
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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 1I 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
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i sodewaxed wax-derived base stock(s),
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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 wt%, more preferably about 70 to 100 wt% of the total of the
base oil, the amount employed being left to the practitioner in response to the

requirements of the finished lubricant.
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the extent of branching, as

[086] The preferred GTL base oil is also characterized as comprising a mixture

of branched paraffins characterized in that the lubricant 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 Cy4, 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
[088] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker 360
MHz AMX spectrometer using 10% solutions in CDCl;. TMS is the internal
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[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. CDCL; 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 CHj, CH,, and CH are identified from the 135 DEPT
3C NMR experiment. A major CH, resonance in all 3¢ NMR spectra at ~29.8

ppm is due to equivalent recurring methylene carbons which are four or more



MHz AMX spectroneter using 10% solutions in CDCl 3. TMS

is the internal chem cal shift reference. CDO 3 sol vent
w@rawes246peak | ocated at 7.28. Al spectra ar erOhUSINEE 7717

under quantitative conditions using 90 degree pul se

(10.9 ns), a pul se del ay tinp_ﬁqf 30 s, which is at

| east five tines the | ongest hydrogen spin-lattice

rel axation ti (Tj) and 120 scans to ensure good

remgred fiosn ABEBE gFain osbrangB¢CHA atlomhy feresaeicbrgnehasete

Rt Besl el o Yien o Ra30R shr foF G Byl caghon
i @ﬂcﬁb?ttfe%rjaﬁéh 8t H{éﬁxheﬂua)@ér?c carPBTHRE P@ié{/&l gxsﬂ{ R%Hethyl on
at the a-position to aronmatic rings; 2.1-1.4 ppm

tipabaithni ¢ CH net hi ne hydrogens; 1.4-1.05 ppm
paraffinic CH2 nethyl ene hydrogens; 1.05-0.5 ppm

[?%JZLF%E%II arbbn Igﬁ%@u?% (t'lfgy d[“tféqﬁtgf’is é@?&sa& li‘x‘?uﬁft?ﬁf E‘% Bns, and

IS C d as the ratio 1n percen

inoneRand oftthovumber by dad@@ndn b isdpRraffiiohapiredobated at least 5
1.05 gpm to the total nonbenzylic aliphatic hydrogens
rqrg

cprboms rgerrainad carbos and¥ pphonswadhomag Sdoghaint yCounting
ths erinal RPOYL bR St iy PG| A% SubpBhng ARt the fifth
RArA ShOLRPECH] A0S LAy IAPRR Hickhly FPfom g pranch
mehimecdrbBbar U‘hbs@b@*ﬁbﬁ@hﬁ)ﬁéﬂrfb%t\ﬁ@érﬂ@%?m eh{R8.6 %pem in the

solvent gives a triplet located at 77. ppmin t
cahons bk speatimm.Allhey argineapured @s fpkdews:a are obt ai ned

under quantitative conditions ing 45 degree pul ses .. . .
a 6oalewgie thy ayerags camion nimAEr o thanalecules h the.Sammple which is

| e ve ti . .SOk.N- ' .

- Romied WP dfifichP 3SR e B BBHP R bR rdiEfols by gimply
t h@ivedaAp ke mOMLuIAaRNEghP o THeWasn e Of 15 wféhetfanﬁelaa@eight of
rati os, and WALTZ- 16 proton decoupling. [092] The C
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135 DEPT . .

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;

c. 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-
d1 were excited by 45 degrees pulses followed by a 0.8 sec acquisition time. In
order to minimize non-uniform intensity data, the proton decoupler was gated off

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



TVMS (tetranet hyl silane). Solutions of 15-25 percent by

wei ght in chloroforndl were excited by 45 degrees
w@iosass36Dl | owed by a 0.8 sec acquisition tinmePCI/mS2006/017717

order to mnimze non-uniformintensity data, the

proton decoupl er was gated of3g during a 10 sec del ay

prior to the excitation pul sé and on during

acqui sition. Total experinment tines ranged from 11-80
additives sncludes DRDT fannulamswethm seldunardior phosphdrusihe

ordi.n o literaj edescrl [ wi th m nor
I%Fé‘\ffi‘% f%ﬁ@@éé&l B@allut?en lopyes 03’3 aﬂ%r Bruker operati ng
manual s. [094] DEPT is Distortionless Enhancenent b

y
[i]ar iLow Séd at@d oilpEbveligls enginesHbath spark ignited and
uat er nar. ES

45 sequence gl ves s' nal f.or
BB EON O RS p oGS SO Bl g SR e 1€ery Preferably 0.6

“’32’;?12%28 3R e P SN e s RS B g0 O fss
anl @Sk cohfenfbf @%wf%'orqedsbﬁfbﬁfeﬁa@l}be 85\91% oréls, hﬂforé??r@fefhbly
CH3 are up, then quaternaries and are

Oglewtfbrardsssaiand aqdfasphonmstcbatenéoé ﬂyl &30 a)n &etssmmtetﬁqrably 0.1 wt%
ld h CH. And
°E regg,rmyrqaé@ﬁ?raﬁ)ye@ OB e omesst most reler Bpepé‘ugg #Vt%RBless, and
det db

%Hk@%ﬁﬁ L iﬁfﬁé’r&hﬁ@? 3SR oF 185 el oulatf ons

u&sﬁ“ nch e PORE ROBRAP AR SM BB BRI LT AT Ao

chibini e GRS bRl TERNES b .18 BRBHRle

eit@fiﬁéé‘t‘idn? Br MheFifiRB6A BRSERAY] Syntihdvic lubB8Minddils. PBRYEvay of

I's and base oils derived from synt hesi ze
ehzyrdptmr; thdsorsls hay bexhtaihe] b pdhyonadiwationzsftktioylene oxide or
i sodewaxed waxy synt hesi zed hydrocar bon,

pmm/émer omﬁi@p@@w k%l@dtmﬂr @baiswﬁhg%@olwpxxalg%n@1p0|136wers
Z sul fur orys cont ent There is a._ .
(REuE TR Sy B AR R B b B ere S dlpblla®ysight of
aebﬁt fooomal %?fegtfl}%r efggry%ﬁpflaxé@:y @%ﬁh%a RbleBYRE weight of

I ncreasi n ced sul'fu

abbutsititet 060, camdtthatdléthylrahér efsolypropydare glgbql having a
restrictive environnental requl ations. Such oils,

malesanweighiofabowt 100 taoli,00, for example) or mono- and

polycarboxylic esters thereof (the acidic acid esters, mixed Cs.g fatty acid esters,

or the C;30xo0 acid diester of tetracthylene 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, tetraisopropyl 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, tricresyl phosphate, trioctyl

phosphate, diethy] ester of decanephosphonic acid. Another class of oils



rely on the use of base oils which thensel ves,

i nherently, are of low or zero initial sulfur and
web@spissus content. Such oils when used as baBRer/vs1086/017717

can be formulated with the catalytic ant i oxi dant

addi tive discl osed herein reQ acing or used part of

the heretofore additive such as ZDDP previously

enpl oyed in stoichinetric or super stoichionetric
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Al 1 i 5SComNases/ Amtipxidat tvvt % or

l@f@@ éggl @fl@% %ﬁ@r oot cqRleRey pBbrising

a%&%ﬁﬁ%@h% nQﬁ)r‘eé St};i'ﬁr{ ‘Sﬁé grﬁﬁdglon%%gi 4b m??/@ﬁ%%ﬁﬁd %Pa@é Sﬁ‘(ﬁ anions

aRA Rk ¢ioally whifPdwhi @i‘thér&%ﬁderrtﬁé &nd!ﬁleéaﬁo@kihdctﬁvé) 8ha/t't1§/0the
or less, and in certain instances, even preferably

nietalScanioris rendesed uhalggjto Ahmygeeftenmajmld@tlwetase almye the
inte polyners and thejr derivativ cont ai ni ng
RN State pé\nﬁt}mw%mw eg @39}5% TOUR ét%?p orfcgpse

p§§ﬁ'{-ngtjé7featlo%ls étlgfn%a?gm]oére %Epcee\rgdfb ofbt de%%gngo%lt@ﬁ{h%teby
réfdesingBlie @l@etaptr@bﬁe@ hiVe Bétényfmau %@%b%tﬂf]tl@hﬁﬂé}ﬁﬂ@ﬂt hydro—
oxi deor propyl ene oxide, the al kyl and aryl ethers of

petedde dectq&*npg@lrklyltlmﬂas‘channﬁoﬁler peroxide decomposer compounds.
(et hyl - pol yi sopropyl ene gl ycol ether having an

[0V agﬁué‘ﬁ'e@d} 'ébﬁ{po\f@hﬂﬁéwﬂé n#f?e Whanl 680 ox diaA bR rsxvdte st)dswthe
of pol yethyl ene glycol having a nol ecul ar wei ght of

gadnmd st5R0{ 1A @rgaranéthHiodiompyindedrtiéor «nfgapmmytalb@ybmulma-
ycol haV| ag%a rml ecul ar wei ght of about 10 0t
tlpg omlex gpt dPPTOXIECCOMPRPSEH 1S,806 9% m:the group

PR eg aai«}tlgfl L T 3%}&9@% Jforfand nickel,
e%&ﬂﬁérﬁ?@b%gg\ghgw’ %Rimerftg’ 72 QK%%h@O nﬁé't)gﬁ]of the lanthamde metals

i con-b I's are another “cl ass of usef ul
ofyid hetinklel sebies aad nnighoes ﬂterél'dfesﬁi'efﬁrhlsleltmmﬁﬂai component is

spl@pgcglrf;grggbe %?c{na;?é()p/rlgslstln%otl) t?&llnkSlot)l(gl’; fnetal 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.



oils and silicate oils. Exanples of suitable
silicon-based oils include tetraethyl silicate,
W etopa24sepropyl silicate, tetra-(2-ethyl hexyl)BCT/USBNE)17717
tetra-(4-nmethyl hexyl) silicate,
tetra-(p-tert-butylphenyl) silhicate,
hexyl - (4- met hyl - 2- pent oxy) di sil oxane, poly(nethyl)
si | oxanes, and poly-énethyl-z-nethylphen 1), siloxanes.
[(1039] Whastin esseatiakis the ability iodthemetad o @aﬁlm@mm thag one

oxigrtian sifi BPOY PSP S 4B g Anisep gRalsig G

. : © ! .
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stocks see the sem nal work " Synthetic Lubricants”,
oidatien state abold-thetgromed statd © #wither a®idation NyE al@s2.the
Organonetal | ic Catal ytjc Hydroperoxide )
SIREe R s candithe; complak showldds) indisgsas motwnerie feghp puslggably
and/ or. coordi nati on conpl exes conprising a netal
mr?é’@frfﬁ'jlcrmre t han one oxidation state above the ground
state_and ani gns and/or |igands, which do not ﬁither

[0104d e In theprastias of g mﬁsq?rﬁgewr\;&n the prsanometglicgqmpound

. . q bl . . :
Pt oD RIS G Pl B RS B Ty b Ple Blen
fre et ﬁ%%gaﬁ&ﬁeﬁnwmnﬁbﬂ@an@br 6K RRINYCBRApIERLS At
of the netal salt or are susceptible to deconposition
colsemedalyon estdchiogetiie baws dly thehgdioperdrdde, heeatheoitself reacts
to be catal ytic antioxidant hydro peroxi de deconposer
with atreassd §siquevabentafiaidroperexidgdcn savivatand of sumipl prefsrably
101] T t al t _havi. .1
oL Aol s R8P DR g o P nR B I 8P et more
P T I B T bt Sy g o

nieedlesiileendre ?ﬂeﬂef%lg aolgast Dhsdsivhleatsobf liydroperokade peat al
el ements 2 t hrough 30, excluding iron and nickel,
equiyvatent of s@talhmestpreferably ahmitSd exmivalenss gn nswe ofdiydre:

DARCRAGR B EHVAIBRL O PRERe: DS GBI A prEpometlli
ofgiEhe dnd/of TpitindioH fort B Bl Bl ekl BTy A Rbaiitra-
1i8h SIPpMasly3h 4HbaMIGA tHE rafdeei®ibonit 18 tb 1000 HpBObasd 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.



m xtures thereof. Mre preferably the netal conponent

is selected fromthe group consisting of transition
woredoali2zebenments 2 1 t hrough 30, excludi ng i ronPCHUS1066/017717

and copper, elenments 39 though 48, elenents 72 through

80 and m xtures thereof. Stil)] nore preferably the

metal conponent is selected Tromthe group consi sting

of transition netal elenents 2 1 though 30 excl udi ng

[0106], Sichkeigamiednoeppircludd mateniads 3&ivdd froghcatBoxylic acids

excl udi ng nol ybdenum el enents 72 through 80 and
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prefer eas equi va

Yﬁﬁ@@@écpbud fergih RAHINAN@N mEIEcies.aPolyiérezapionl frigapypically
| east about 12 equival ents of hydroperoxi de per

eaqumntareeln\tvlthfmatenalls sugh iab thevmoly tsteatior dﬂﬂluyocatbatrmm repgrted
equi val ents of hydroper oxi de equi val ent net al
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tRORMINAHItIR 28O gms%dqarth&e qubdt! for eréctrany 8hd bb&Wne stabilized,
concentra tion, typically an anount in the range of

thlmolobsibhg the albﬂﬂ@ tpshifbfisadomnoxidetion 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



netal, preferably about 25-1000 ppm based on the
nmetal, nore preferably about 25-800 ppm based on the
woredoal1243p0105] I n the organonetal | i c conpoundsP@Entsmne/017717
coordi nation conpl exes useful in the present invention
t he organic anionic and/or | |§gand noi ety conpl exi ng
the metal can be either neuffal (e.qg., bipyridyl) or
anionic (e.g., acac). To avoid ei t her
hysirbtarboh ilsrsuzhiab toserdepivies firh gas tolquidshyphtasbyalogy,

ot her spec in t e oil generally,
sw&mwta%ilﬁ by ém%tlﬁfa‘}gébﬁgiﬁunctl onal ity,

hi ghpolarity atonms in the functional groups, reactive
[OslﬂB]J cThe ésstantchvertian edri be psethwithrasiditional Z‘dm@m cemponents

se strain epne coul d be .reliev
SR PO [YisBRt @IEH%P@%@H&%? i geler andlor

nmi}ﬁ&{%ﬁ% é'b\égéjoifl{i%ﬁ]d c T hb@ a&ﬁx‘tl@ﬁ %‘Gk%: acf%%xgﬁ]ple

bﬁ%)ﬂat'lﬁmt&! ﬁﬁ%ﬁﬁ 1eﬁiénpda§td)&daawnoh§hediﬂ>r§rwmm ere idtehembelves
Among the usefUl |igands are acetyl acetonate,

perapitehdetahgmseshaneth i, ammt an-atesl]icalispeosantametpllis and non-
1 oo T N e T C
G REE RE  —
s&c]hiro&ﬁ{tﬁgg?nﬁ% nBﬂ-’sﬁﬂHPﬁ@%@} %§treﬁietﬂibﬁ‘i@é B@d‘iﬁﬁv% (metalhc and

I'thiop ates, etc. al'so give rise to useful

néM-gesraltie] phbsphomsm@ruadﬁnganid aonghosphoras] sujfureroptaing and
provi ded the netal orbital remain free to exhibit its

neibisiifuy tyngs) lRaticeeizure aLoms, ROUrRRIRIIEPsEABISaNEF Snogidicrs,
d t t t h dat i t
BBl s 2RSS L Bt B NG i
a%é}{fpoalﬁ@ldst égg&’gg '@Eoﬁﬁgﬁbﬁ&‘a Sits ”ﬂléﬂ)b.‘lrnﬁﬁtst B&maRifiers, and

’be po nai n s I 'ndi vi dual
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ei r- quest fTor e rons and ‘becone. stabi[1ze ,
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.



thus loosing the ability to shift from one oxidation

state above the ground state to anot her oxidation
wa@t@ba2abbve the ground state, which has been POUES2006/017717

necessary for an organo netallic conpound and/ or
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non-netal | i ¢, phosphorus-contai ni ng and

ofi tre: ADDIH hdthushosphbfusrfreomitivearreglditmetsnon- sul f ur
types), extrene pressure additives (metallic and

[OPF3] TEA Jhtikf oﬂ?&ﬁ?ﬁ@iﬂ'ﬁr&ﬁrﬁcﬁiiﬁ%‘s@ur@ o used as antiwear

non- phosphorus, sulfur-containing and non-sul fur
atigitiesy., Satfurizeeokafirs measdfs] apantiwpan antd BB pddgbmat Sulfur-
wax nodifiers, viscosity nodifiers, seal compatibhili t%/,
caplainiag olefing ¢ambeprepries ky, syliipization,or ygeious organic matcrials

i el it O SHRRIE GEGREAN o dfyRE eBhine
DG R S P B RR sl oS e @pfinic
cb®Blunds contain at least one non-aromatic double bond. Such compounds are
defined by the formula

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

incorporated by reference herein in its entirety.

[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 phosphorothiony! disulfides



0-89573-177-0, which al so gives a good discussion of a

nunber of the lubricant additives nentioned bel ow
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Ranney, published by Noyes Data Corporation of
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One way to mnimze this effect is to replace sone or

L1 700 KRB RAGSRLAC S8, 20 e anivr
peoisirties/ eI SR 5034 94 | uisdoks thdtta owaabination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and a metal thiophosphate
(ZDDP, for example) can improve antiwear properties. USP 5,034,142 discloses
that use of a metal alkyoxyalkylxanthate (nickel ethoxyethylxanthate, for
example) and a dixanthogen (diethoxyethyl dixanthogen, for example) in
combination with ZDDP improves antiwear properties. Each of the

aforementioned patents is incorporated herein by reference in its entirety.

[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



addi tives. Sulfurized olefins are useful as antiwear

and EP additives. Sul furcontaining olefins can be
w@e@parse’ by sul furization or various organi c PEL/E81006/617717
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formul ati ons. Each of the aforenentioned patents is
[0120] Examples of suitable viscosity index improvers are polymers and

copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Poly-
isobutylene is a commonly used viscosity index improver. Another suitable
viscosity index improver is polymethacrylate (copolymers of various chain
length alkyl methacrylates, for example), some formulations of which also serve
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

wt%, preferably about 0.01 to 4 wt%.



i ncorporated by reference herein in its entirety.

[0115] Esters of glycerol may be used as antiwear
wa@g@ntisi36For exanpl e, nono-, di, and tri-ol eat B&T/US2006/017717

nono- pal m tates and nono-nyri states may be used.
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conbirnation wth ZDDP i nproves antiwear properties.

whde lvariétyt dfeoxd fati @nihiibicors dhatare mssful & lubciwafing aflexbmposi-
herein b}% reference in its entj reti{. 0117] Prefe reg
tignsi weew Klamann indsubrirantrdenpRelatebl ipsdugt op giteyand U.S.

FRTRELER G 80TS0 SRS B L R b
ré@é&é&ﬁ@%}‘%ﬁhmieﬂgﬁt_ amat es and vari ous

or gano enum derfvatives including heterocyclics,

A o R SR SOBS PG Fisnols, Thesshepplic anti-
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compwpld_si arqomo}him@irpd phaln@lify\}ﬁhbb@rr]o ihejen@g\gbiebdgxntain )
kb ST Beaat Bt G bR e
B2 RDp ol T i A gl B, bftinthe o o p-

plogftidnl thata8h RERGUAtjpAeh] PhehONe SifotiakieliAélad the hindered

Viscosity Index Inprovéers [0118] Viscosity index

phepolesebstitfitddswith iyinalkyg! goupspndvier slkyldnscosipted derivatives
nmodi fiers, and viscgsity inprovers) provi flequ bri cagts
olithosciighéTaR BhEBelST ERPETRIELY PRI SINRICTYIS of{ByPe 2 (-butyl-

4§ﬁiéjpit§/j ﬁ/ﬁesnoil;r?-?-rbtutyﬁbéﬁ%éty? tp%tc)}lcl)li; &Yt-ﬁityﬁh-ed/oq}eggjl 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-dodecyl phenol. Other useful hindered
mono-phenolic antioxidants may include for example hindered 2,6-di-alkyl-
phenolic proprionic ester derivatives. Bis-phenolic antioxidants may also be
advantageously used in combination with 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



tenperatures and acceptabl e viscosity at |ow
tenperatures. [0119] Suitable viscosity index
wo poo236s | ncl ude hi gh nol ecul ar wei ght hydr oR@r/b82986¢/017717
pol yesters and viscosity index inprover dispersants
that function as both a visqg§[ty i ndex i nprover and a
di spersant. Typical nol ecul ar wei ghts of these
pol ymers are between about 10,000 to 1,000,000, nore
phemuilical Ty pidad exan]esad non-pithodioGntianitanteimchuiee alkylated
%igic%bé% bgtmeen,about 50, 000 and 200,000..}1012%}l
anpd Apmyalieylgied apmatie anynecHiehias aTAmeRc moRQaRines g the formula
Y € I rs o . ' 9.
RO RGP ROl BB oro AR ) e P B o, R

art SFORAM Y ot Sebstiteed HréMatid 8dup, BRER'E s HAAMSryl or
sui tabl e viscosity index inprover is polynethacryl at e, .

RESEOKRItewherefR V s am abkydéres, alkeaytsnie, et &plkylene group, R is a

met hacryl ates, for_exanple), sgne formul ations of
hwhﬁeaﬁq?(gbo%w@n@&e@a&rarﬁ ioﬁtaﬁ@é]élr groypnand X dg e} or 2. The
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(copol yners of various chain | ength acrylates, for
akipladiol @oup SPeefctibdy hathiR *emd RT hrecirostayic @neubstitptesineromatic
or styrenebut adi ene based pol yners, of 50,000 to ‘

gxops ool thel asematic siRiRymay e fuspd ving-yonajici giger such as

i overs be us i ¢_amunt . of  about 0.01 to 8
gD AT AN SoiSat 0T TV PP ReR e My o/her Eroups
s@HésoS(i dants [0122] Antioxidants retard the oxidative

e

gradati on of base oils during service. Such
adation may result in deposit surfaces,

d | s
(3%5) prioPisal aroynatie aapess oK QA Bayg @lﬁ?f@@awm §reups of at

|ubri cant . e _skill ' . \M i€
egH AL seahOT i 55uhPieh B afhord SRR s KRR R

: tions K . . :
o R Mprecohen KA il e gy
ttenchbioud 84 cafbon dtomse XErpganerdaypedf athinerantmxidants useful in

i ncorporated by reference herein in its entirety. .
theqpresgnt woaInAsitionsi iBglude diphanytamimesphcayt saplghglsiges,

pl-lrgneos’fﬁiagpneers],o %rrllﬁloglnbteinzyls 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



oxi dants may be ashl ess (netal -free) phenolic
conpounds or neutral or basic netal salts of certain
W@ b@not4367 conpounds. Typi cal phenolic anti oxi dBeL/US2006/017717
conmpounds are the hindered phenolics which are the
ones which contain a stericall,y hindered hydroxyl
group, and these include those derivatives of
di hydroxy .aryl conpounds in which the hydroxyl groups
earboxylia #eid dnatyralppoequrting or syetheticht Qther stitpblesiopper salts

RGeS ARb SSFobS ARG etonstcs.
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2-t-butyl -4-dodecyl phenol; 2,6-di-tbutyl- 4-heptyl
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derivatives. Bis-phenolic antioxidants ma
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L.nvent| | es of ortho-coupl ed phenols include:

1%%%#@3%‘%}/%3?& Z6-t-butyl - phenol ): 2,2' - bi s(A4-

octyl -6-t-butyl - phenol); and

Qgtzzggggg(4- dodecyl - 6-t-butyl - pheno! ). Para-coupl ed

OB DS SRl ARB ol B0 ESueShions i
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Setaeht s oA dhichRRCRPEN Lon s iPtng i s BhGpic portion

@htile nfisiseulerndResisite Riidieor dtesphoBily drophiiEdtebh F the

wi t hphenol i cs. Typical exanples of non-phenolic¢

malecula. dHme snionid peitionalfikhe detergean ds typacadlykderivadefiom an

aronmati ¢, amnes such as_ aromatic nmpnoam nes of th

TG ART) 91REIFAONS WA 261 el Oﬁﬂ?caq%ré}tqseﬁowé@atde, hgpol, or

a r . r .

R bS8 e STRERP BB B ool e B AQNRE Rl of Euyipetal.

or Ef S(OcR12 where RL 1 is an al kyl ene, al kenyl ene,

[9438} aPals that corigipa swlistantially sipghiemetniq gmoynbobthegnetal are

BcAEPRY posuBinetes Ao B g B0 Y. Sminisea by
ASTSADIRY65bP Fom B 80" N1gATRBbMpositions are overbased, containing
large amounts of a metal base that is achieved by reacting an excess of a metal
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as
carbon dioxide). Useful detergents can be neutral, mildly overbased, or highly

overbased.

[0131] It is desirable for at least some detergent to be overbased. Overbased
detergents help neutralize acidic impurities produced by the combustion process
and become entrapped in the oil. Typically, the overbased material has a ratio of
metallic ion to anionic portion of the detergent of about 1.05:1 to 50:1 on an

equivalent basis. More preferably, the ratio is from about 4:1 to about 25:1. The



contains fromabout 6 to 12 carbon atons. The

aliphatic group is a saturated aliphatic group.
wee@baeabt y, both R8 and RO are aromatic or subGL/US20€a7717

aromati c groups, and the aromatic group nay be a fused

ring aromatic group such as ?ﬁpht hyl . Aromatic groups

R8 and RO may be joined together with other groups

such as S. [0125] Typical aromatic ani nes antioxidants
rehidting alekerpemtiib eniaveehased dotepgenstthaitwilklypicadlychaves TBN of

S 358 b, SHRTEASS, IS PBE B pin
PRS0 i L8 BB AR B i

TENeéalﬂ'bd sdldn@ tRE P@Rht BRARAGH.L i ons i ncl ude
di phenyl am nes, phenyl napht hyl am nes, phenot hi azi nes,

oA PBERRY P RASAY b EDY b ARl PRl s of

sulfihts: P}E’aiavzég%apoo%mda@s Ph nﬁfﬁg&a%& SEREY 1848 0 be used.

Part i cul ar exarrp es”of am ne anti oxi dants
i nvention,inclu

[0333 épﬁnp%l;gg eBrE;RpH:éi rom sulfonic amgs that are typically
oﬂtﬁﬁ’ﬁﬁ ly%ﬁ aﬁgh %E%m@hgyt tﬁf@élrh%matlc hydrocarbons. Hydro-

phenyl

cdtbOE bﬂzil’ﬁb%@)ihclﬁw hl%b%lfdﬁtﬁinb@ ragky @@ BEnwlef tolierag xylene,
al kyl phenols and al kali or alkaline earth netal salts

naph¢hadere, dighenyl enddkdin hala)gcnatﬁd danvetlvqsc(mlqmbermene,r

e S SRRt B BT  lig agems
oS OR339 ?pgcao.q%@%%% T

ccﬁﬂém%bﬁﬁg% abB6l 8018aibRRRE mételaeb AL AbM4, nidte @y;ﬁbally from
di t hi o- phosphat es and copper salts ofcar E)oxyl ic acid
a{ouwatl Grtal6i0ycasbomuatonmy or synthetic). O her suitable
copper salts include copper dithiacarbamates,

[(ﬁBhP Iaﬂl'ﬁhﬁﬁn 1rpnﬁBﬁE§1§ts 2Rl RAREH Pro® it v @6 disBR3ES a number

neu or acidic copper Cu(l) and or (1) salts
ofleverbest dfmeal sdtlteaanﬁl'l/armcsutﬁomcaamdﬁswhlcmymeﬁdas datergents
know to be partl cul ar useful . [0128] Preferred

arahdnspemsmiﬁﬂs lubrigande ”ﬁgﬁb@@l'één%%%old% rlmmmg@s” C. V.
Sy iRgeramd R %k 980k, TS 5P the M- BHR'Co. B 08RG,
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
(CaO, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alkyl groups include straight chain or
branched C;-Cs; alkyl groups, preferably, C4-Cpo. 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



anot her. Such additives may be used in an anount of

about 0.01 to 5 w% preferably about 0.01 to 1.5 wt%
worenve/1p3ef erably zero to less than 1.5 wt % noBECT/US2006/017717

preferably zero. Detergents [0129] Detergents are

commonly used in [ubricatingsgonpositions. A typica

detergent is an anionic material that contains a | ong

chai n hydrophobi ¢ portion of the nolecule and a

narsilfieizedrilsyiphenel islusegibbisulfisigebpraduct mayrhe ehtaisied by

e b e o B s P SUhC e S5 o

oo B B YA B0 iR SERB AR W haides s

ad R FidMoAde alrdethe ke ahdl théi reattiad tho@ilAirizedPheabl with an
Salts that contain a substantially stochionetric

alka¥néardf nicted baseal are described as neutral salts and
have a total base nunmber (TBN, as neasured by ASTM
[0@%%?6}\/18%1 $R%a Hb)(é@c AdYare QISR Ietér8ents. These
ovel based, containing |arge anobunts of a netal base
cdrbakylicadid ldetsrgents ynayebe propgraibe xeetiag afbasicmetd] compound
conpound (a netal hydroxide or oxide, for exanple) .
withtat least e dambogzbic psideandremaying fregiveaterEpm eaeagtion

PiSAbEbaLBS eIk L CerRu g ioPae i dingt B el
Dg't:‘etrgérﬁg3 HadeQrdis. s%ﬁsg‘fg@ﬁaﬁ: arObhé @?ecf@ﬁgg SidE 9P AekerBEIP derived
neufralize acidic Impurities produced by the

frofNEb bk ic Akias.ethehildahiedane isdlhdappgdchiain bkl ealicylates.
Typically, the overbased nmaterial has a ratio of

Ome tuatful famidy af compasitiansge of ilenfosmulthe det er gent of
about 1.05:1 to 50:1 on an equiyal ent basis. Mre

preferably, the ratip is fromdpout\4:1 to about 25:1
. Theresulting deter/gent is an 6-Bajed det er gent
that will typically/have a of abgut 150 or higher,
of ten about 250 to W50 or re. Preferably, the

over basing cation i§s sth cal ciu or magnesium A

m xture of detergent\s of I ng TBN can be used in
the present invention. [0132] weferred detergents
include the alkali or alkaline earth netal salts of
where R is a hydrogen atom or an alkyl group having 1 to about 30 carbon

atoms, n is an integer from 1 to 4, and M is an alkaline earth metal. Preferred R
groups are alkyl chains of at least Cy;, preferably Cy3 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.



sul f onat es, phenates, carboxyl ates, phosphates, and
salicylates. [0133] Sulfonates nmay be prepared from

W@ 0boM367 aci ds that are typically obtai ned byPCT/US2006/017717
sul fonation of al kylsubstituted aromati c hydrocarbons.
Hydro carbon exanpl es includg,those obtained by
al kyl ati ng benzene, tol uene, xylene, naphthal ene,

b]i:f&hen | and their hal ogenated derivatijves
[Q ]or/éﬂiéhﬁ@ parth mtelRhasphatae aresalso veebasodetprgents. ene,

for exanple). The al kyl ati ng agents typically have
[CI39)t [etbpehtd may berimbRdcterboftsadricatiatlis kRHbWANAIRSHrid or

typically contain about 9 to about 80 carbon or nore
cemplrondetergenis. nbheelattgpdetargonts campmiyodse theGropesi@s of two

carbon atons. [0134] Klanmpann in Lubricants and Rel ated
AFFRERRG: SHTGR et e DUGRLSCPaFAlR BRI DEF AT 6. e G for
egﬁj éf‘e of various sulfonic acids which are useful as
et rgents and dispersants in lubricants. The book
entitled "Lubricant Additives”, C. V. Smallheer and R
[0d 404 Freferiedsletergents iyclpde caleiym phenates, a@lciupr sulfonates,
vel and.. Ohio (1967), .simlarly discloses nunber .
Fp S aRia b e Eles Spabaifih ST hals TiigREstum
' ; ' r tes
S PR R bR lip GO e Bl R teiRofRS
Tetpicatlgetitesotah deteegern donbyntratiet is adoat Goll itoabeat 6.0 wt%,
met al hydroxide or oxide (CaQ Ca(OH)2, BaO Ba(OH)?2,
prgderabhy @bpyt0. 11te0.4x4%pl €) with an al kyl phenol or
sul furized al kyl phenol . Useful al kyl groups include
Didpepdamit chain or branched G -C 30 al kyl groups,
preferably, C4-C20. Exanples of suitable phenols
[01dd ] uddurirgpéngiyé phemdion, i-énduthible>oxi¢dtionobyproducts are
nonyl phenol , dodecyl phenol, and the like. It should

pissluged e IDisncasands belpilegpdhesyl yimepdnds imsolytinndhns diminishing
oS Y b B iR B BERIER g i

I j . [
S PRISRbY, Sy A s S| SO IES ALl
orghiwothatdrizdd thde fhreasubmargtialyxioiish eoratdotbpdtisi! F@nekample,
sul furizing agent (including elenental sulfur, sulfur
neimeielsceiaming osborfated aictahifore disperaands ateeconsiddred ashless.

Ir} Qc?nr%re{sﬁa}ﬁgtaﬂgo}lt%?nirslg ldfe%jerréezn%g d%%ﬁgs%ld a\gotvg £5tm 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,
thiocafbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by the

reaction of a long chain substituted alkenyl succinic compound, usually a



al kaline earth netal base. [0136] Metal salts of
carboxylic acids are al so useful as detergents. These
W@ 2006024367 ¢ aci d detergents nmay be prepared byPCEHS10061¢17717
a basic netal conpound with at |east one carboxylic
acid and renoving free water 5éromthe reaction
product. These conpounds may “bBe overbased to produce
the desired TBN |l evel . Detergents nmade fromsalicylic
swhrsrtmjutad euwelqoardrfyeirrdedwcﬂhaespolghydhemwgqmlyamm sapound.
hoxylic acids. Useful salicylates_inclu

T&lﬁ PiE ghaeprgr%r Peystiviing theRlepriafigportian of ths mofceule Wich

oGRS i Sreh df BoBbhs PO GuSiant Boltt hERS”
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al kal i ne ear net a Preferred R groups are al kyl

lluehrarrurna Ekempldryé_és ﬁhrtentsrcﬁsenhbigyswhfﬂlmerwam3 1R2,892;

optionally subst ituents
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déb’c?fb%qu‘lg's @ureﬁm 996@503&% bhow! 1i07; 821 s4s02R Y, PB5_ 554,

repare rom phenols b Kol bé teaétion’ Sde USP
331,33957281454/\515538 565, 8&4:03 ,B0B 3UE03 J60T 574 ly7215e2’e7r ent25,480;
inits entlretie%for addltlonal i nf ormati on

3 A2 s st 0k, 03 %165 328 6Biob AR, 250h3, 5B 45 §eﬁ6th7?d} 36%/,849;

3%%33?0 YR 10458 n%bbrrﬁry 'askl%ﬁ?q?qsre?ﬁ%sgwrmr may be
AR For Gaffie, BiEkoBBal Phfeny AopfcABORNG. 37371t Phicl

réf@ﬂéﬁ%}: @ﬁia@leqemrﬁs paypoke. Faolp be trebeafbreﬁémorwd phaits iis
known as hybrid or conplex detergents. The latter

interpomgtatt keremningtowitiretyt byergfexspeet i es of two
detergents wi thout the need to blend separate

|<§mc§%§l 'sﬁg’stﬁu@adsugé”r%uf led@éﬂ{mu%ds heElgéhular

Pre erred d rgents i1 nclude cal ci umphenates, "cal ci um
dispefsant!, s, partitulatsuseihimideatwinate gsiess, lmmsptrﬂnalbeester

magnesi um sul f onat es, magnesi um
amides prepared by the reaction of a hydrocarbon-substituted succinic acid
compound preferably having at least 50 carbon atoms in the hydrocarbon
substituent, with at least one equivalent of an alkylene amine are particularly

useful.

[0145] Succinimides are formed by the condensation reaction between alkenyl
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



salicylates and other rel ated conponents (i ncluding
borated detergents). Typically, the total detergent
w@emweanM3sat i on is about 0.01 to about 6.0 wt % PCT/US2006/017717
preferably, about 0.1 to 0.4 W% Dispersant [0141]
During engi ne operation, oil-jnsoluble oxidation
byproducts are produced. Di S'Bjé'rsants hel p keep these
byproducts in solution, thus dimnishing their
dependiig omtheoalcoletlair polydlased. For spanphmtise oanydensation product
ashl ess or ash-formng in nature. Preferabl the
Oﬁﬁrs@‘&ﬁ%]rﬁucp@l‘a%fl)é@s(ge ayl paitperythaynl ass%u%ﬁ%fp@ﬁg%rﬁ@@-
are organic materials that form substantially no ash
[04AG] Saodinatel dafer dnfidesRMrRed HycordeasataNtcattivnbetoreen
borated netal -free dispersants are considered ashl ess.
alkenyomccimse anigtrides codtadkanoh gmineser Bemexanple custebdle alkanol

b f h ion. .[0142] Sui I
resandRaf STaksTEd o EIas §oimibdh RrOPOUES Pobalsdpoly-
e . .
ot RSB BIRE S AR R BB RS, ope
%Iy 1§ pRipoXyl4ted BexarREthgRmediminb o ReppesentatiVedixalples are

&

S
)

rocar bon ¢chai ns contain 50 to 400 car bon atons.
sHoddnt B] USPehiit26)3109, incarporatied hersiartysrefiergnes

characterized as phenates, sulfonates, sulfurized

[0328D a8 mSRLhIRY k@i%g,omﬁ@ BieaPRERTiniS bARY @S used in }\he

car bamat es, thiocarbamates, phosphorus detivatives.
preaedingparagruphs ofill typitalbs ranze dicsweers 80@ and 2¢50helhe above

al kenyl succi nic derivatives, typically produced by the
progiaiets; qam st pestireaeied wathivasigysteegrndt seahes s lur e gpne

co nd, usually asubstituted.succinig, anhydride
Fae et SpARells S Rtt AP G B OB miipds such as

, . . i I s oy i

At Sl Ui E Rl Pper ] PR RlsbpfoaRl qantt Wralotn
froal abddt)0. Bt abyutsomelesl afitorgn pepmdiéoy disparsphemeaofion

this type of dispersant are well known commercially

padact.n the literature. Exenplary U.S. patents
descri bi ng such di spersants are 3,172, 892; 3, 2145, 707,

[0%4%;2 :Ng%g(?icﬁ badbdibpersarts 3 nfadid froin 4 rekiClion Bf48dyIpletiols,
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.



3,630,904; 3,632,511; 3,787,374 and 4, 234, 435. O her

types of dispersant are described in U S. Patents
wW@2086243608; 3, 200, 107; 3, 254, 025; 3, 275, 554; 3pABBS206§017717

3,454, 555; 3,565,804; 3,413,347, 3,697,574; 3,725,277,

3,725, 480; 3,726,882; 4,454,039; 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
Fhesagolyadkylohenqls ean b obtaingd by thrmekkylatigpp in ﬁmlnmscmo of an

BEUAIEE oy bl fe o AL anpral s hied alssubs e ight poly-
ARG, byl BJ bt pbehBAE cofudottidls o ivg it

sRbstitushtsbrstherseantise rih@ o phéndlHading &Uﬁ%rﬁgé%gg- 100, OOO
succinate esters, or succinate ester am desS preparéd

mqletihlermmhtt on of a hydrocar bon-substituted succinic
aci d conpound preferably having at |east 50 carbon

EE E)@arhpﬁs @fg—?@g@fzb %&élhﬂ%%ac%{srhrétalll f{

one ‘equl vatl ent ene am are parti C

paﬂsﬁmines,[}&McﬁbalﬁdpGlyf&tlmld@p(ﬂ&@mﬁl@ds”@ﬂh&yrepf@entatlve organic

condensation reaction between al kenyl succinic
compeinidd eontairing rat east ommHaw‘(Rr)atgroep switablafyr kepierttie poepara-

to%ﬂ@ B@L%l&% gﬂ%ﬂ%@ﬁ@% tﬁarerﬁp W&%ﬁ@tﬁl&fﬁ the dneno-
ahd dlfind iin o HERSERSIARL LRYESO0Y ShnAbfuse e

cﬁetBZﬂoﬁa‘iﬁmeBaﬁﬂﬁatﬁ?@ianﬁﬂ@h %ﬁ,ﬁ%&%ne@ﬁﬂ@n@@amﬁﬂﬂ

Canada Pat. No. 1,094, 044, are incorporated
nlaphﬁlah:nea, hd:temcyehc amangs, byg. rmbrphatine, pylﬁmzl%byrrohdme

ci nat.e rs are forne t he condensati o
% ﬁ%&&ﬁi@hﬂ%wé rwpergge@i ekaming pad ithels subdituted
?h oIs or polyols. Mlar ratios can varydependi ng on
al cohol or polyol used. For exanple, the
condensation product of an al kenyl succinic anhydride
[8h3B]penExsampldsrafiadkylese polysutide rasictnss soiude @thyz:?l]adlamme

f%ﬁ 'ﬁnate ester .a es are forned b ondensat i pn
heng Arigmings drie piragrainien fetraghingens prdagmine, penta-

e%ﬁ%?@he%ﬁ%?hefa%?hﬁéﬁé@épqaarﬁfﬂet, ﬁ%ﬁeﬁl}}fé}{p&ctaamme,

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-, tri-, tetra-, penta-
propylene tri-, tetra-, penta- and hexaamines are also suitable reactants. The
alkylene polyamines are usually obtained by the reaction of ammonia and dihalo
alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained from
the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes
having 2 to 6 carbon atoms and the chlorines on different carbons are suitable

alkylene polyamine reactants.



am nes include ethoxyl ated pol yal kyl pol yam nes,
propoxyl at ed pol yal kyl pol yam nes and
weologaddsenyl pol yam nes such as pol yet hyl ene poPGEDBI¥e6017717
One exanpl e is propoxyl at ed hexanet hyl enedi am ne.
Represent ati ve exanpl es are shown in USP 4,426, 305,
|ncorporat ed herein by reference. [0148] The nol ecul ar
ht of the al kenyl succinic anhydrides used in the

[ﬂl edi Aédqie{dagf:%ﬁws wiseful iy flecprepjratign g the highemooolar
2,50 h

ashh BSeuL oSSR A oS e AP B AN GRS iR Stie

A5 o O 0SB n

(Bilses )gdﬁitﬁrald'&@d@) SPefmadtEy dedr @ﬁ)rhiﬁl@é}@die\lylbfdlﬁg Bdhctant

about to about 5 noles of boron per nole of
islpsgferredint reacti on product. [0149] Manni ch base
di spersants are nmade fromthe reaction of

[9!15%1' Flilg@x@cﬁrb}fl QnpRitd RV ARine2RH A HRPersaneeddiifes are well

I's I ncorporated herein by reference.

klﬁmne&sorm sktllah[h ﬂmtat ysee sﬁor emmhplaes (hSePateatsi H2and54;
ul foni ¢ aci of the reaction

3343& 09'8.3.889, 8@61 %r7 5M3éh6§28f2(k9hén@|5kq&4ph%7ndﬂ§0h arye

iptAPoaeghSe B e te ey T R TeS 3 S04 sog.

3,751, 365: 3,756, 953; 3,798, 165; and 3, 803, 039, whi ch
[8156]i sfarorchdispensantsiinclude bhested and npetb})raiyd succinimides,

A A s R N
ﬁﬁ%ﬁﬂék of thdrld- Hrb‘{fgﬁﬁ aes %&gﬁﬁ&gqgrdfré&% | Gl cinimide is

cular \NEI Xyaronati cs or

dekNeR)bre ramm@éurayl@he @r@x@ﬁ@ﬁ@russpol&&bﬁaﬂylmmlﬁg a®fn of

hi gh nol ecul’ar wei ght al kyl - subst’i t ut ed

fhgrdrabeytd (i alwowt GHHO measmmturqo@ﬂ whdwilrmhy)llene groups

b | d | ph |
C‘S@»egafqtf%q gqlﬂa%wag%rfng %gtw wﬁicaa%é epifes g‘ll mé 9soﬁ1ky|h?henol-
R B I 5P e e
dg)gmmhw Sifch ﬁa@n@éshﬁay Beluged kyheamouarBeLp6iR (.0 t@RUt%,

preferably about 0.1 to 8 wt%.

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, viny! 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



substituents on the benzene ring of phenol having an
aver age 600- 100, 000 nol ecul ar wei ght. [0152] Exanpl es
W@RHB(ERB62 gr oup- cont ai ni ng reactants are al KyPE&nes2006/017717
pol yanmi nes, principally polyethylene polyam nes. O her
representative organic con‘pogﬂds cont ai ni ng at | east
one HN(R) group suitable for~Use in the prepara tion
of Manni ch condensati on products are well known and
andiot theepreparation tkerdofli Eacti oﬁthabkmfemnaasjlstlhe@rmorated herein in
et hyl am ne nol

ltigﬁﬁé'tyt gé‘é"ﬂhﬁ@twg%.maﬁé@ usedgn anm%wgnt glbgileﬁqgiéo 5 wi%,
DR O e 8 o8 ol T me, i m dazol e,

i mdazol i dine, and piperidine; nelamne and their
Cernesion: [nhibitoss | ogs. [0153] Exanpl es of al kyl ene

[‘ﬁ%@{ h ngpé{(frﬁc qf:firs Ia?e? ]ll TN ﬁtgaéclze? @ll%ddggmc{%glon of metallic parts
tl%l%f [ ene ifif ﬁfeﬁﬁﬂh@&tn}é&? ﬁ‘w@éitﬁfﬁe ¥ B&rrosion

exae aam ne 'ene octaam ne,

uﬁ%l@&% hﬂélﬁ@@t}ﬁ@dﬁ@@@ﬂe@esw oma@kambﬁ:n @JSIetRAl 919408;
decaet hyl ene undecami ne and m xture of such am nes

21149i126; and BO$FLOIN rwtanh are:mcpqxpawduhegemdayt teferghgy inctheir
pol yam nes, .i.n the f H2N- ( Z- NH- nti qne
enfieby. eSuch additives mav 3H9 AR RSN QY 0.# aBQUtlgBé tq% %
r Cbrrespondlng propyl ene
plg%ﬁ:r}ggﬁg %‘%ﬁ'n@ %&)aggp}?to@yl ene diamne and di-, tri-

tetra-, pentapropylene tri-, tetra-, penta- and
SealxGempaiakility Additsvessui t abl e react ants. The al kyl ene
ol yami nes are, usually ogt ai ned the reacti

of
nissab%naatﬁaﬁaf azdninBelp toseye aﬂpmlarssalg AFraSIng a

cli:regﬁﬁc@f rcac @tlf)rlf ;rll fr%e g%n%r%eﬂgﬂ?c%l 8]%eni%dth£ eﬁﬂi&rﬁ@r §81table seal
gﬁﬁbﬂ’i& Qg&ﬁé %M@bh@ﬁ‘t‘iﬁ% BRY iMdude bfLafi CRAPRaRE AP matic

he chforines on different carbdons are suitable
eﬁbﬂsy hemeatipohydrotadonsasters (suty hEs4}] phtbielaye) dor e)eamlalni),sand
useful in the preparation of the high nol ecul ar
ppbybyteys Suecanig anhydrife.s Sk aAEitieS A1 RMSac® an amount of

a&')dt'?f@ It(? 3 %‘I/tgi/s hl%gleera‘gly abolt0.01 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

lubricated metal surfaces against chemical attack by water or other



formal dehyde (al so as paraf or mal dehyde and formalin),

acet al dehyde and al dol (b-hydroxybutyral dehyde).
wo-oroatgehyde or a formal dehyde-yi el di ng reactBCL/UB®06/017717

preferred. [0155] Hydrocarbyl substituted am ne

ashl ess di spersant additivesre well known to one

skilled in the art; see, for exanple, U S Patents

3,275, 554; 3,438, 757 3, 565, 804; 3,755,433, 3,822,209,
comfdnBnags. Aowidepnrigiy of shesacoe p@mmeédlaﬂyraéfiaﬂablﬁ theyiare

retfrd o I Rlam St i s Aol Beidd B et o

i ncludi ng those derivatives from nono-succi ni m des,
[ 62] s s tyipriodestirush dddﬂlvmlaamow asimpaymethahwets the metal

P o s v R P o MG Pt
I f .
o831 PRGN U7 P el DALAIA, SA0Ah Pl omy
tHey 61l ﬁfdc‘h@s ﬂieﬁﬁ@faﬁ} iificd, TYEUAROIRYC @;pelo(f anfihft addgre and
am des, al kyl phenol pol yam ne- coupl ed Manni ch adducts,

ch¢m10allgadherbsde the atetalds ,praulu:becrt inm—rcemltiaze gurface. Examples of
nponents. Such_additjves my in aqu anmount
1

suibafle a8V TRud wqﬂa@ﬂ@m@pbatﬁwa@tabphe a@smaﬁec et

stiaues s SR BRI oS adBBVE haS R ysBR b aB Fpbunt of
abBt d)@l@&'é%'to reR&alI9THBRRE DioAN® 105 vithe present

invention if desired. “These pour point depressant may
Fbe adggdl%o | ubricating conpositions of the present
Iomer the m ninmum tenperature at which
PO S
(IR o bt ot i3apf B0l R yigly AAPLARaflr the

ORI REFHHE 68a sﬁﬁ‘a&’@ﬁfb‘ﬂcﬁie‘@iso BoY }{ﬂﬁi@aﬁﬂbldﬁﬁtd containing

condensati on products of hal opar affn waxes and
saclonmatarialGy.npeictids modifigts, aBbﬂmoWraaefmmioylrredBceramr lubricity
terpol ymers of dial kyl fumarates, vin esters of fatty
agente or aténess pgents, awdy othehgich agents kg chapgsibe ebdity of blse

ﬁsﬁ 2 7%& ﬁib]flgcjéhtdf 8§mpc2>slﬁons ]ﬁlngﬁona? ‘ﬂulgs to modify the
coefﬁment 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,



2,721,877, 2.721,878; and 3, 250, 715 descri be usef ul

pour point depressantsand/ or the preparation thereof.
wE2wh/196361 hese references i s incorporated her ePCI/Us2006/617717

entirety. Such additives may be used in an anount of

about 0.01 to 5 w% preferably about 0.01 to 1.5 Wt %

Corrosion Inhibitors [0158] Corrosion inhibitors are

used to reduce the degradation of nmetallic parts that
umdﬁs;, amdéngs; tdazales, ihiakdiazolesy dxthlazolgs,odlazczlosgpmsmhes,rand other

i tabl e corro jon inhibitors |incl e, t hi adi az

m?lsr&ul@;zgweﬂ {onal ggoups coniaining ef tlvg ani@@ln_*@z@tL Oahy S or P,

lédlgfqgmﬁﬁ%r IR R G, TR M Sl CRHROGRSan be

pariiilirl P Efrobgid SlQ:hOaZ's fop eﬁafﬂb% MR- &ﬁﬁb@ﬁ’i‘bﬁénﬁh@@y MOIPLC), Mo-
to 1.5 W% Seal Conpatibility Additives [0159] Sea

ditbigypdios phdtes, Ma@éiﬁP}s, Mel-amirms,sl\o@l (IAmD é\dbmfmh(ﬂaise,am
by cinusn ng a chem cal reacti

émld%ﬁﬁges%UtSReS Br4sedmais %39&%6@ Q§B|6 153,564;

l%)ﬁ*‘ﬁﬂt‘*é% RE AL L b e AL

5@017 il @@@86 7881180s Urikyiecsrsi| UBbtdIasates. fUJSP 6 569,820;

éxanpl ), and pol ybutenyl suéci i ¢ anBydri de. Such
VEOR /66613 ;nByOIDd/4H29; | W@e8AEaI30t of about 0.01 to 3
wt % preferably about 0.01 to 2 wt% Anti-Foam Agents

[{)f’%ﬁo]AﬁﬁEés fr%@hﬁ?@%@rs‘%x%\’/@'ﬁk@qﬁelﬁ@eﬁu@ﬁc%ﬂ‘iiﬁéiteltigls that

I cant conposi se agents retar

cobntaimefoaivs ambabisefpoddsarobhd, i fopeeanpled h?«ﬂl@)@@l-@ontammg
polymers are typical anti ~f oam agents. For exanple

hydrq&rbsd@aeglls,sgi&hera@esspantxad)glyﬂerldgfs, ghptaritlendarhiatives, and

R I&?Ibmﬂ%? ey iy ocRas erpups
c88fé¥r‘ﬁﬂé fé%hvé“a BB K, 8 8PP, MR b A EbibNERion

enuIS| ers ustuar anoun
GiHél frictRm meditidre that %dﬁﬁ@pﬁﬂmmalclypﬁ&‘é‘&ﬁie inokidef foeexample,

| ess than 0.1 percent. 'Inhibitors and Antirust
saltki(atly @sh-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable
synthetic long-chain hydrocarbyl acids, alcohols, amides, esters, hydroxy
carboxylates, and the like. In some instances fatty organic acids, fatty amines,

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

[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 wt% to 5
wt%. Concentrations of molybdenum-containing materials are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 ppm to 3000 ppm or more, and often with a preferred range
of about 20-2000 ppm, and in some instances a more preferred range of about
30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures

with the materials of this invention. Often mixtures of two or more friction



[0161] Antirust additives (or corrosion inhibitors)
are additives that protect lubricated netal surfaces
wag@bnst3erhem cal attack by water or othercont Bi/OIs2we017717
A w de variety of these are commercially avail abl e;
they are referred to in Klanmpgn in Lubricants and
Rel ated Products, op cit. [0162] One type of antirust
additive is a polar conpound that wets the netal
maedifigese Op maikEen Of Hlietjon medifiasts) with alteunate surfaceractive
oi.l .. ot her tﬁ e le antirust additive absorbs water
na%}epﬁ FﬁBer%lP? ESIir?ll Pn a water-in-oil emulsion so that
only the oil touches the nmetal surface. Yet another
1d%d unfddi ti ve chenmically adheres to the
I roquce .a nop-reactj.ve surface. Exanples of __ .
(Eb G e BitticruBei il saraeostivs SnthRapisspRarest the additives
g | 8t eSqy.4: i ’ te .tv.acids
R MR, Bt oD B Aot SR o dfidnl e Sgroun
satfeientOfoR ¥t fohepfoMiPits PiteARIdERnEti 8RO Uk plaf dioPinds &F sichod
Friction Mddifiers [0163] A friction"nodifier 1s any
antditivies alsefnl imthicepteatist inhertioneare shven ihEable el @i ent
of friction of a surface |ubricated by any | ubricant
| ui < i . S
(OL67 "o E A DB IO &S S hiphag fo W fhanufucturer and
ubed it 4 Yerddfninsodt dIiblabd 6l SoR@AN IrPthedBENAlAMRh. AWEddrdingly,
agents that change the ability of base oils,
theoweighd tastbunibin thertabledwbos; 4 wel as othdrancdums alentioned in
ient of friction of a

fluids, to dif tEg coeffi .
thig PRt g diisctedio 9%%9? agifys/meyediertdthat is the non-

: .  th . . .
SRR o kB Tl Sl RSBl ggsed om e
ttal welght okl futeicatihBakil daMsdsitiye coefficient of
friction are particularly advantageous in conbination

with the base oils and | udRBbEdosi tions of this

i nventio Friction nodjfiers may.include
met al - cort Pl .:nfe.l!._’.;. S QI NARTTY

ashl ess conpounds or ti'r;'éfgr'Qm
0,

Met al - ceatainipg friction A Eésfuﬁ'ay i ncl
A i onpl e«eﬁ@g—e—fhe
i ?&Fﬁ%&% al kali, alkaline earth;70r transiti

; rou
SRFrANt Such et al - cont ai ni ng %¥#tion modi%idrs mgy
Jiriction Rgducer 0.01-5 0.01-1.5
. . 0.01-30, more
Viscosity Index Improver 0.0-40 preferably 0.01-15
Supplementary Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance
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



| ow-ash characteristics. Transition netals may include

Mo, Sb, Sn, Fe, Cu, Zn, and others. Ligands may
wo pwbagisehydr ocar byl derivative of al cohols, pptHUE®N6/017717

gl ycerols, partial ester glycerols, thiols,

car boxyl ates, carbanmates, thipocarbanmates,

di t hi ocar bamat es, phosphat es, thi ophosphat es,

di t hi ophosphat es, am des, i m des, ami nes, thiazol es,
instninadit 2bh earbai kamnzordirequenay o d 08 Megahestzo| e samnple

BB B ef S o A S
PR BRGS0 oomBiagise o

th¥RaflidnhRgéus) afatiesersd/eidi GrotodbdticotpippoShbatkasation delay
Mo(DTP), Mo-am nes, M (Am, Mo-al cohol ates,
whbehriahbttweani desconds,for Ssaplgswisre the wetal aggylacetonate

6, 232, 276; USP 6, 153, 564; USP 43, 701; . USP
cagiaing o Raramegndapiad SoiteTap IR 008y Whegphe metal

sggensae digRoediina BaraBERBIE IRHEE "o o0, 47600, wo

98/ 26030. [0164] Ashless friction nodifi er,s,miy Pave
[0469b | Asbedtsumylas aediiredert &Gy 1o maYure Hhin itial relative

cipantaions SERPIS A bR Rliag b Pyl dicdhtd uBsequently, the
teg{r%‘f?tﬁkegﬁ%ﬁ gﬁ@g}) }@és@,%ﬁ%&ﬁ&m&i YOI S estyaFdr 259,

ar groups I1n friction nodifiers may

mimeksl dSpeutel wess Myduigsdqepid divaillyaand tg: éddoaposition of the

amounts of O N, S, or P, individually or in
t-betybhpideapsroxide eas menitered rbymmparmgefwmgﬁﬁgb%éed carbon

particul arly effective include or exanple, salts
resgpanees £er %rhyé{rﬂp‘?{&xmoa@stﬁf” @g%OE@Lri vatives) of fatty

acids, fatty alcohols, fatty amdes, fatty esters,
[0176] oxQkky gem tvais moh gddext tothyissistem, akthdugly itpaasmoteexplicitly

U I s DRt
N e e S

d%cfrieﬁeid%oﬂ@t@hgaﬂ’ysat I QHER teirbature; endieadin@tliae tiserefis no

riction nodifiefrs may range from about 0.01 wt%to

iftermiddiateYn areasoire(hyol o yperonidd causpd diyethe eaetabwagder study. Also,
about 0.1 wt%to 5 w% ., Concentr at i_gns (gﬁi p
theoioie aamber o6 meles oh anid Gyds)perxidopddsd 9dhe sprple far

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

of4.51t0 1.



in terms of Mo nmetal concentration. Advantageous

concentrations of Mo may range from about 10 ppmto
w6/ 1pe1 or nore, and often with a preferred PEnNys2006/017717

about 20-2000 ppm and in sonme instances a nore

preferred range of about 30-_%9_00 ppm Friction

nodi fiers of all types may be used alone or in

m xtures with the materials of this invention. Oten
[01i72] ur Bsring 9Svmimtesoff keatingat 23 AGwaily abowt, S%rofithet ur es

of friction nodifier(s) w.t lter e sur e _active
hydroperoxidesyas dpeorgpess salisgﬁeas tﬁgﬁa&f lnA{i%ﬁF 2ve
Amounts [0166] Wen | ubr L@?}?%m | conpositions

contain one or nore of t i ves di scussed above,
the additive(s)y arg.n] fed Tt e, Y RE.FomPosition in an
anount suffici c..?rn.fl\e)?ﬁﬁ' tg .1‘/3.E :Blﬁtané’l it ended
function. Typijcal anounts of such % ditives useful in
the present inventi orr&re sho in°fable 1 bel ow.
[0167] Note that many’bf the fadditfves are shipped
fromthe manuflacturer9®and used witHK-% certlai n anmount
of base oil solvent in the formulation. Accordingly,
[0178] wei Sutbisequrantiyt, during 256 hatutes dfdieatingdke sahpleatsibe of
ot her anmobunts nentioned in this patent, are directed
Exampire] atddist. &rpereentvad the dpitial eydropenexidg was dgcomposed by

| t ti f [ dient). . The. W%
TSI 68 58Pl P ebad Baseep e eRehp i e 3 e
| ubricating oil conpositigag(ABLE 1 Typical Anmounts

of Various Lubricant Ol %ﬂ’i‘p‘dﬂ@nts Appr oxi mat e

Appr oxi mat e Cohpoypd (M Hetédys ef uloy +BlhimoPr f er r ed)
Det ergent 0. 0176~ 0T 0TA—DFSpefsant ;4 1-2070. 1-8
Friction Reducer 0.01;5 0.01-1.5 O ?& 30, |nore
Viscosity | ndex | rrpro}ér nU. ft U-All '

42.5
75 57.5
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) ; 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




U preferably 0.01-15 Suppl enentary Antioxidant 0.0-5

0.0-1.5 Corrosion Inhibitor 0.01-5 0.01-1.5 Anti-wear
wo\it12436¢7 0. 01- 6 0. 01-4 Pour Poi nt Depressant BCOUS2006/017717

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

Bal ance Bal ance EXAMPLES [0163] In the follow ng

exanpl es except where otherw se indicated the test

sol uti ons \(l)\ﬁre exam ned by carbon- 13 nucl ear nagnetic

Thed#d retéo pRrepsaexidssiespipeseciby Elronzisxn a0ty Mertonate (on

S tromneter lqt wor k ribed in,this and
T A TRI AR eQuai b Ml D

samei nstranent, at a carbon Larnor frequency of 100

[0 heh similasequemgs ef heatingradudata weguividionedas perfortmed on a
over a range from270C to 55C. Between 200 and 400 .
SOJIEAE Contan g hﬂffr@aewgeemd%lﬁé@%ﬁhlowﬁoma“g@lout

e . a eus, ,and _inver.ses gat ed
USSRl A Red Otk TR o Fo R P S Xl
sROWUE 8B hY ds6sRBLidle de@bmz)@gi@ioﬁst ut it SiHemperature

acetyl acetonate contained a paramagnetic netal center,
peofile20 seconds where the nmetal acetyl acetonate did not
contain a paramagnetic center. [0169] A spectrum was
acquired at 270C to neasu Sinitial relative
concentr at i onsrett—hutyl—hydroperoxide—and t-butyl
al cohol . Subseqngﬁme;,mlﬁWES)r pmc/;éifﬂlﬁﬁaéﬂ]nas raised to
350C, and nmintained & this tenperss@ure flor 250
m nut es. Spectfa were3@cquiref peri3olical lly, and the
deconposition pf the 92 butyl hydroper oxi dg was
moni t ored by cbnpari ng7t he oxjygen-onded dar bon
resonances for the hydroperoxrde and tte al cohol .

ygen was not added to the system although it

T
i ci ing of th
4B o Repaiat af e SoeriRG b EgHe | it with the furthr 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);-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.



concentration is stable and was neasured at
t enper at ur e,
worewetipissral |y at el evated tenperature,

bef or

e reaction; it d

| ow
ecr eased
i ndi capCTyS100&017717

there is no internediate i ncrease in (hydro)peroxide

caused by the netal

nunber of nol es of

[eLAH
begonairas

i

ﬁﬁoﬁ%

roper oxi

under stugy.
[iquid (hydro)p

bilBtdd lge

I'SO-0C

LT

Al so,

t he total
eroxi de added to the

| e far exceeds the noles of oxygen in the NWR

I eThmp@rceMI\kMEoperp&mlqecAmed sothet dlovhalaxas calculated
s el T O el Gshecy Qi e e dg OOH
e

represents a hydroperoxi dQARHE®M um acetyl acet onat e
[OT72T Du

s) of t-butyl
This m xture

plar ratio of 4. 5 tog 1 ring 95 m nutes of
heatiBIJP«Er 2Radoon| )szebtrum Neinifer t heYpHTBHER Detdmposesd
deconposegdsto al cohol, as fabulatefl 1'n Tabl egd TABLE
2|[0173] Subsequently, dur4gng 250 mi nutes ofjdigating
t he sanpl e tube of| Exanple: 1 at 35pC, 84 per at of
the initial hydroperoxide s decofposed by Lh
chrom um acetyl acet onate. Jhese regults are ul at ed
in Table 3. TABLE |3 An adoéftl onal 500 ng of P was
agdded to the sanplle, to test the ability of e
Cf (acac) 3 to decdmpose tHPs addit{onal anoufft4 The
aggregate ratio off TBHP td1Cr(acac) 3 then b¥kame
15.9. A spectrumat O m ndBes was acquired a#4.27C to
provi de a5Pasel i ne spectrum of thel new m xt w3¥x9 Five
addi ti onal spectra were aqquired at 350C, as34.o the
earlier series. The continged decopposition gggurred
as recorded in Table 4 : TABLE 4The final ragje of
hydr oper oxi de deconposed Ry¢ chrom Um acetyl h onat e
(pn a rm?gr basi s)| was 102§: 1 at 3pC, based ahy %
t 1 but anol”" pr oduced,. o4 56.0
25 56.6
26 58.5
27 61.8
29 77.8
30 83.2
38.6 31 62.4
32 65.9
33 71.0
34 75.8
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.



[0174] A simlar sequence of heating and data
acqui sition was perforned on a solution containing
wao 20at1g436hydr oper oxi de and deut erat ed chl or of oPe/US2006/017717

wi t hout the chrom um acetyl acetonate. This control run
(docunented in Table 5) shomg%_no hydr oper oxi de
deconposition throughout the Sane tenperature profile.
TABLE 5 EXAMPLE 2 [0175] Repetition of the experinent

1 but with the further addition of up to a

final hydroperoxi de: chrom um acetyl| acet onate nol ar
[0579]o dihegiame heatigggrrofity anddata peawisitianasequonescwas trstes on

Qnj hy.dr er oxj to alcohol. ..
BRI BB RS R FerhiioRioR <] T ho 8468 Boharatit of the
ré®ioghr om um conpound is acting catal ytically, rather

than stoichionetrically. [0176] The

Cr (ad8ang<6dtahymde) afher(avdc)doas dizsslveddn 400g { 3D uitmbles)
hydro peroxi de was nonitored by acquiring spectra at

i ncr @4 gichipratad ichlorgforny grith Q0 Mg b mamelespaf cwmemese
resukts are t.ab ed in Table 6. After each addition
of h&&?&%?&?%’%%ag,wé" tepueRl g acquired at 270C to
determ ne the solution conposition. Subsequent to each

Thawiselntian gevepdiydpepcsiide;choorsium aeoiyéacsporte molwrratio of
1ggmgiﬁ?itdsﬁér%\éggfﬁp?ﬁéﬁmﬁéﬁlﬁa{qﬁﬁﬁﬁﬁ%@é tegi[l’]ltegrals of the
o SHBFHBRHEF piis UFLE AffodY R oPbot R ond M i Meohol
[ A L

ar i | - integr.al with the .
PRYAT SR buaLA RS Ry RlopitgRd 898 Rg Hpbdird fincreasing
ratdub Eh RFop ok e © &roﬁﬁﬁhgaéa sﬁﬂﬂa@izehgn HIbREE) RaeLehch

on the "percent hydroperoxi de deconposed at the 84: 1
addition ofdtyidvopdroaide; hapedtramnmivway ac@irgt ac 2700 ad deiesmine the
functioning catalytically and )
solution composition, and then a séries 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:



not stoichionetrically,
rati o of about 61.5:1. EXAMPLE 3 [0179] The sane

mol ar

a hydr oper oxi de:

chrom um

wheabitpgepr of i | e and data acqui sition sequenceP@EES2006/017717

tested on an aral kyl

hydr oper oxi de (cunene

hydr operoxi de) to show the geperality of the reaction.
53 ng (0.15 mole) of Cr(acac)3 was dissolved in 4. Qg
( 39 mmol es) of deuterated chloroform wth 400 ng

(2.6 nmol es) of cunene hy

gr dp) This solut

on._gav

acet yCHealroA Ragionn

gave a hydroperoxide. _
arSpegiryrs Nymbey 2| t Fo of CHfeDecomposed

i de (80% techni cal

 chromum

de¢onposi {7.9n was fronitoreq by conppring thejggtegrals
of [t he oxygen-bonded carbons of the| cunene _
hydroperoxi de and the cunyl al cohol}{ [0180] j&g
Cr(acac) 3-catalyzed therngl deconppsition o 5gunene
hydr o pergéide to cunyl al cohol was| nonitore 2Qy

acqui ring 6ectra at i ncregsing rat|os of :

hydr operoxi de to cwroniun1§as summafized in 1881 e 7).
Affer each additioh of hydrPoperoxi de, a specf?-@m was

acquired at 27Cto
angd then a series
nonitor the deconp

deterni He the so
bf spectltlh were a
pSi tion.15pectra

uti on cofipdsition,
cqui red a#8.850C to
From nunbé9.415 and

onward were acquired at 400, to ex
reaction. The reaction proggeds at
i n¢reases with tenperaturejs[0181] [The percegg.3of
hydr oper oxi de decohposed t g the al cphol was gglcul at ed
by |conpari ng the h/droperoi@ de CG-OCH int egraEQ\éyith t he
al kyt—grotp-beartng—aromatt+c—carbons—of h—the

hydr operoxi de and al cohol . These results are, tahul at ed
BLE R sampeMhion asihe b lropemp oh SRigOILTGh 208 OpRgved to
PERPEIEEG T e Bl BHAC RIS Db R GRHb A gt

bR 2GR TS BWIEnt &%{)6&&&1 GO W APHRINGHE than

acting catalytically rather than Stoichionetrically, a
shyidhiopestrizalilg a Iehdropenoxideceirphruet avestlecatohae materaté of

pedite thg0.4
A rate thatg7

It
JUT

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.



about 20.7:1 based on % hydroper oxi de deconposed.
EXAMPLE A (COVPARATI VE) [0183] A test solution was
w@e@parse’ as follows: 45 ng (0.17 mol e) of CubEESI0B6/017717
was dissolved in 4.8 g (39 Mol es) of deuterated
chloroform with 371 ng (2. 6_gol es) of t-butyl
hydr operoxi de (5.5M in decane). This solution having
an initial hydroperoxide: copper acetyl acetonate nol ar
ratio of about 15:1, was Ea‘gﬁlﬁ%d by the sanme
AR o T 0 SR 3 o 271t
aclet yl acet?dnat e_dods not havé a neasur e eff &t on
t e decomddsition df t-butyl 16ydr oper oxi de. TABI6EL 8
[0184] An 35denticall m xture %@s heated [sequentisadly to
350C, 450@G5 and 550C, wth Spectra acqui red at oeAch

tenper al Uur- t—was I UUIIU \% bIIUWII I T IdUI (SIS IIdI.
atetevat 33 tenperdture—{(45-—-5506-—the coppe'f)91L

ac shaowed I:uzrirr?rﬁ roxi de delconposi 11.8n
activity, hydr oper oxi dexopper acetyl acet onate nol ar

(0384 of Antidenticel obiture vis(i@atettsegnentialdy 1633°G145860@d 55°C,
TABLE 9 EXANPL ARAT] VE) A test sol ution was
TR AN S R Cupddns s K ftle o

5 A Bl a2, L S oSSBT showea

IRMEGREXidy 'd@@o&%o@%oh"hc@@ﬁ? n@hydefie?o)ﬁﬂé ebpt 2RBylacetonate

noni't or ed t he same protocol i ncreasi ng
m@lapmtabﬁabomﬁﬁeﬂ at4B80C emdcblﬁ&@@)lSdbatﬁS%ﬁéd above in
the second part of Exanple A (Conparative). It was

found that even when heat EZEC, the ferric
acetyl acet ona 9 S 4 cant —hydropen oxi de
deconposi ti On=-:_];¢r pq‘:"@fumﬁi& M

35 4.8

35 7.2

45 12.2

55 59.8

EXAMPLE B (COMPARATIVE)

A test solution was prepared as follows:
60 mg (0.17 mmole) of Fe(acac);3 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.



[0185] A test solution was prepared as follows: 60 ny

(0.17 mmole) of Cr(acac)3 was dissolved in 4.8 g (39
wornmbaesedf deuterated chloroform wth 370 ngPC¢RUS2006/017717

nmol es) of t-butyl hydroperoxide (5.5Min decane), and

14 ng (0.018 mmmol e Zn) secondary zinc

di al kyl di t hi ophosphat e (ZDDP I'n base oil). This

solution had an initial dr operoxide : Cr(AcAc)3 +

ZDDP nol ar ratio of aboutﬁ‘iBL%_h_was nDnitored by the

same protocol AL ‘ZD..C |||o rt of

Exan"p| e A (Q] ot = el dcaust® ?qplmpose

di al kyl di t hi oohosoha@’é i s anl|establ ghed ant| oxi dant,

it was sought| to det® mine ifls effedt6 on the|hydro

per oxi de decanpositi®n efficiency ofg.gchrom um

acetyl acetongte. T1 S round That pg;)er Zb m nut es

of heating at 35C ut—thersame—appygnt—of—Tmydro

perOX| de had u nnﬁncarl ac 1N ZDDP. ree
chroniun1so||t|nn (a anVIle|V re #tpd Ln Exanple

EXAN 44) TABLE 11 The sol ution cont ai ni ng both
‘%3 and ZDDP was prepared with the Zn
sRxgent rml ar
[C?rﬁ A ¥t Q01 Whs P t#‘é %

entration, rather npl e 5, bel ow,
s h obl migh@x. 15 Hrmok%mf (ZQoRcprwast d;ssmmechas4 Bg (3(9( nmmrdes)

ha ul d not he conS| dered catal ytic (approx
r%ﬁ tesoddar erfmzwnéﬁ&r%mg@&emmcelcs)wﬁtrimlane

P E&)ﬁk@%@ﬁ%ﬁ@é@ 0tnt), nRAAB ¥ OF B ol 2T T

B y S
(oot St R ey

Thisottidibhbay oﬁ?@?@?ﬁ@%@?ﬁ%@r@%@@?J'@@é&? S atic of
| 859 1%&15 mbHithte rfﬂféos%m%?oéo? d@%ril{b | & The first

T I's solution was norfitore protoco fferent

phtofBxaaiplé A (CemparasivepaBtcaise Zindiatkylditiiephasphate Rtan
a lower tenperature, and with the sanple heating
established antioxidant, it was sought to determine its effect on the hydro-

PoOSTOUTAS T T p =y =y

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



performed external to the NVR probe. Because zinc
di al kyl di t hi ophosphate is an established anti oxi dant,

wWa bios/1288pEr i ment was run to determ ne the hydrBCT/US2006/017717
per oxi de deconposition efficiency of ZDDP rel ative to
chrom um acetyl acetonate. It _dhas found that after 220
m nutes of heating (at tenperatures from 400C to 750),
a noderate amount of TBHP was decog&osed

woahbnotbereensigered zatabytés(apprex o<t THEIRs defcomposed per Zn
results are.s |nTbIe12 TABLE 12
atoesli)sﬁss:&nt@bf Hgﬁoﬁamq B?F QRRangespay depenied W&xgnam;z%w

(0.18 mol e) of Mhi(acac) 2 was dissolved in 2.2 ¢
EDQCSL\/H’DE@ CSOMPARATERE) with 1.28 g (8.9 mmvl es) of
- butyl hydroperoxide (5.5Min decane).This sol ution
[(bla&ﬁé a Ayent sphitioni (gepresentingrreSBHR:Zn meler yatie of %) avas
nol ar, r ]%9110 of 50 to 1. This solution was nonitored by
prepaFest $eBloXfal ogous to that in Exanpl e C. It was

I g:ﬂﬁo hﬁ@e ol%%&rggeenﬁgg %nd @iy 'thltogﬁ?%alﬁe €/ DDP

npos e
but il bazk &l ewas rilib&drlﬁs:yls (arg rﬁﬁﬁﬁ@sf)tcﬁdohféné' aé;ﬁdel 23

show an about 40:1 peroxi ge deconposed : I\/h(AcAc)2
r at (85 nTABIEE) Qﬁt-mmuércﬁ)erméeﬁ AM sstecamept | on was
prepared as follows: 60 rrg (0.17 mol e) of Mh(acac)3

SISV dflted 5 LA TOESH Bl B Bl oo
Eﬁ@ﬁfp’[@l; béng rihba $OW et tefipeBaMRe, and with the sample heatlng
hydr oper oxi de: manganese (I'11) acetyl acet onat e nol ar

pcﬁbrmeabexﬁmaﬂ ®o the NpOR rardbié.t Becauwst zimedwmtindditkiophpsphate is
acet g gwet onat e the_ sol utjon boil ed wéjgor ousl g}p Th(?

ag gptabli dantoiRis@eperEReRLoY arupyto glcisrange ghe 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
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).



anal ogous to that in Exanple C. It was found that the
bul k of the hydroperoxi de had been deconposed to
W e0obitae3y7 but yl al cohol at anbi ent t enper at ur ePCTE82006/017717
results presented in Table 14 show an about 43:1
perOX| de deconposed : M (AcAc)S rati o. TABLE 14 EXAMPLE
[0189] A test solution was prepared as follows: 70
(0.17 mmole) of C(picolinate) 3 was dissolved in
TiIIQS(@}U(lQK %Vmé&p%oxnd@lmmganew (1) acepylagetpBaté molar ratio

oF RBSS Ly Dhis shliial i TePROEAC by b oRBLATMOC G G g
E&(Ia{ﬂ el CH'W&%ﬁnm;ff aﬂ'e?tlgg el dfh tm-%rhﬁ%esb?llllyto

osition was nonitofed by a protoco ous

hytiﬁipelrdsmﬂx daglbeefdetdmpesed OUBHidrh Bty Hecdhol K Tlhfe réiiﬁts are
hydr oper oxi de had been deconposed to tertiary butyl

pagsented in Tiatde 18 shpwsanpatens HOeldpénoxiteblesontposhd wMm(AcAc),
atbout 26: 1 peroxi de deconposed : Cr(picolinate) 3
Qi 0. TABLE 15 EXAMPLE D ( COVPARATI VE) [0190] A test

sol ution was prepared as f gg%/\ffz" 45 nmg (0. 13 ol e)

of Zn(acac) 2-4H20 was di in 4.6 g (39.0

nmo| eﬂjeaneréi@tet(eC?t ed chrﬁﬁ@trﬁmﬁtesgl 368, Mkcompdsed
Mmoo I7Il UELdE? )

S

and Fon—gavie—a—hydrogeroxtde—Zr—{H)-pecac
rm' ar—rat | AUQ QHUf 1 ”e :§| I_ﬂtl on-cd rrnn\cl t I} Z \Was
m)nr tared Wh an initial NMROspect r um at 27C, 86

folll owed i Affedi atel y| by anot h&é¥ acqui si|ti on at 8850C,
and a thirdoacquisitfion aftet3®10 m nutjes at 389C. It
was found fhgt the Zn did nojggatalyze [hydropegoxide
decomposition., The Tesutts are stiowr 11 Tabte 16.

ORI ¢FXAVPLE 8

[0188] A test solution was prepared as follows:

-bC)

((/p]

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
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 butyl alcohol at ambient temperature. The
results presented in Table 14 show an about 43:1 peroxide decomposed : Mn
(AcAc); ratio.



[0191] A test solution was prepared as follows: 120 ng
(0.19 mole) of Cu(stearate) 2 was dissolved in copper
wWQ2®6024322. 3 mmol es) of toluene, with 1.37 g (BCBHUS2006/017717
nmol es) of t-butyl hydroperoxide (5.5Min decane), and
this solution gave a hydrope_rﬁ>_<i de: copper (I11)

stearate nolar ratio of 50 to 1. The sol ution

conmposition was nonitored by a protocol anal ogous to

that in Exanple C. It waslABULId14 hat the bul k of the

hydreperoxigehatdbeen—deconpgseg—tatertary—butyl
aﬁﬁmﬂﬁramﬁ%@&) n¢|ﬂymel F’E@gﬁst: i % ?gﬁ o 17 éﬁ-‘ﬁ . ah %TBA
about 3% 1 peroxi de debtonposed : cd@per (stearate) 277
rati o. 108BLE 17 |EXAVPLE E ( COMPARATOVE) [[0198 A {est82
solutiqgowas prepared as follogws: 89 ng (0.2% mmole) 90

of Ibn(ﬁ-o@y[}/l I)aacac)io\.éwdatsﬂdi SSorveg 1Tn 2.0 g7£zz U g9
I

AR Q [ 10 ] \
AoTtS) —ToTrugeneT WL T——=0 AL MUOTES)
t-but y!lO ydropesoxide lbé 5M-i-nA-decape)—and '1 H-S 86
sol utj deOgave a hydro.délsoxi de Ltin 91\ di-n-hut yl 87

bi s(2, 4- pent anedi one) nolar ratio of 50 to 1. The
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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 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

EXAMPLE D (COMPARATIVE)

[0190] A test solution was prepared as follows:

45 mg (0.13 mmole) of Zn(acac),"4H,0O 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



this solution gave a hydroperoxide :tin (I1)

acetyl acetonate nolar ratio of 50 to 1. The sol ution

W@ 0wpa%i3t7 on was nonitored by a protocol anal oPOUES1006/017717
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EML@%mm' es) of t-butyl hydroperoxide (70%in

. this solution gave a hydroper oxi dexhrom um

[G19a]y| asetqsaliioiowas prephicd &f followd:t o 1.[0196] This
sol ution was heated to 1000C, and nonitored by

titratili megr(018ommoela) eECu(stearate)pwes disselved it koppérum
acetyl et e, the hydroperoxide was deconposed
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per fornegy o (9.5 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:copper (II) 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 (minutes) % 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
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[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.



1. Alubricating oil exhibiting inproved resistance to

oxi dati on by hydroperoxi de conprising a base oil
w@edoea24367 from t he group consi sting of natural POI/US2006/017717

petrol eum derived mneral oils, synthetic oils,

non-conventional oils and m xf,ures thereof and an

ef fective anount of a catalytic antioxidant conpris

ing one or nore oil soluble organo netallic conpound
and/or organo netallic cdﬁﬁﬁﬂégiﬁon conpl exes sel ect ed
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TABLE 20
Temperature (°C) Time (minutes) % TBHP %TBP %TBA
27 15 80 0 20
100 45 69 2 29
100 75 67 6 28
100 105 64 11 25
100 135 59 13 28
100 165 62 14 25
EXAMPLE 10

[0195] A test solution was prepared as follows:

100 mg (0.28 mmole) of Cr(acac); was dissolved in
100 g of base oil, with
70 mg (7.77 mmoles) of t-butyl hydroperoxide (70% in water).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of

27.8t0 1.



2. The lubricating oil of claim1l wherein the netal or
nmetal cation is selected fromthe group consisting of

wao e@as243son netal elenents 2 1 though 30, excl uRPCTYS100©617717
and ni ckel, elenments 39 though 48, elenments 72 through
80 and m xtures thereof. 3. The lubricating oil of
claim1 wherein the nmetal or metal cation is selected
fromthe group consisting of transition nmetal elenents
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[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-p-
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



oxi dant conprising one or nore oil soluble organo

nmetal lic conpound and/ or organo netallic coordination
w@eovphetses sel ected fromthe group consisting BET/8)006/017717

one or nore netal (s) or netal cation(s) having nore

than one oxidation state abovg the ground state

conpl exed, bonded or associated with two or nore

anlons cpé}b) one or nore netal (s) or netal cation(s)
deaompgsebfas a praxisigelcsampased nmsdyhdenaboratior 0S5 4 bathd
state co xed onded ciated with one or nore
t%?ﬁsff‘g% ing ah &gﬁ?r}ﬁeeofoqaéajxﬁg t(‘%‘? Y-one or nore
netal (s) or netal cation(s) having nore than one
oxi dation state above the ground state conpl exed
bonded or associated with one or nore anions and one
or nore ligands; and (d) m xtures thereof wherein the
netal or netal cation is selected fromthe group
consisting of transition netals elements 2 1 through
30, excluding iron and nickel, elenents 39 through 48,
el ements 72 though 80, netals of the | anthanide
series, netals of the actinide series and m xtures
t hereof; and provided the anion and/or |igand does not
itself render the netal cation inactive, does not
deconpose or cause polynerization of the
organonetal | i ¢ conmpound and/or organo netallic
coordi nati on conplex and further provided that (a)
when the netal or netal cation is nolybdenumthe
ligand is not thiocarbamate, thiophosphate,
di t hi ocarbamate, or dithi ophosphate and (b) when the
nmetal or netal cation is copper the ligand is not
acetyl acetanate. 10. The nmethod of claim9 wherein
the netal cation is selected fromthe group consisting
of transition netal elenents 2 1 though 30, excl uding
iron and nickel, elenents 39 though 48, elenents 72
t hrough 80 and mi xtures thereof. 11. The nethod of
claim9 wherein the metal or netal cation is selected
fromthe group consisting of transition netal elenents
2 1 though 30 excl uding



iron, nickel and copper, elenments 39 through 48,

el ements 72 thorough 80 and m xtures thereof. 12. The
woredokozhtz3ef claim9 wherein the nmetal or netal PEL/USV06/617717

selected fromthe group consisting of transition netal

elements 2 1 through 30, excludingiron, nickel and

copper, elenents 39 through 438, excluding nol ybdenum

el enents 72 through 80 and mi xtures thereof. 13. The

GADMdS: of claim9, 10, 11 or 12 wherein the catalytic
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(d) mixtures thereof

wherein the metal or metal cation 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 the anion and/or ligand does not itself render the metal cation inactive,
decompose or cause polymerization of the organometallic compound and/or
organo metallic coordination complex and further provided that (a) when the
metal or metal cation is molybdenum the ligand is not thiocarbamate,
thiophosphate, dithiocarbamate, or dithiophosphate and (b) when the metal or

metal cation is copper the ligand is not acety! acetonate.

2. The lubricating oil of claim 1 wherein the metal or metal cation is

selected from the group consisting of transition metal elements 21 though 30,



thereof. 2 1. The nmethod of claim20 wherein the base
oil is a GIL base oil derived by the isonerization of
wo-e@eha36Tr opsch wax. PCT/US2006/017717

-78 -

excluding iron and nickel, elements 39 though 48, elements 72 through 80 and

mixtures thereof.

3. The lubricating oil of claim 1 wherein the metal or metal cation 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.

4. The lubricating oil of claim 1 wherein the metal or metal cation is
selected from the group consisting of transition metal elements 21 through 30,
excluding iron, nickel and copper, elements 39 through 48, excluding

molybdenum, elements 72 through 80 and mixtures thereof.

5. The lubricating oil of claim 1, 2, 3 or 4 wherein the catalytic
antioxidant organometallic compound and/or organometallic coordination
complex is present in an amount in the range of about 10 to 1000 ppm based on

the metal.

6. The lubricating oil 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.

7. The lubricating oil of claim 5 wherein the catalytic antioxidant
organometallic compound and/or organometallic coordination complex is used

in the absence of any added supplementary antioxidant.

8. The lubricating oil of claim 6 wherein the catalytic antioxidant
organometallic compound and/or organometallic coordination complex is used

in the absence of any added supplementary antioxidant.

9. A method for improving the resistance of a lubricating oil to oxidation
comprising adding to the lubricating oil an effective amount of a catalytic anti-
oxidant comprising one or more oil soluble organo metallic compound and/or

organo metallic coordination complexes selected from the group consisting of:
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(a) one or more metal(s) or metal cation(s) having more than one oxidation
state above the ground state complexed, bonded or associated with two or
more anions;

(b) one or more metal(s) or metal cation(s) having more than one oxidation state
above the ground state complexed, bonded or associated with one or more
bidentate or tridentate ligands;

(c) one or more metal(s) or metal cation(s) having more than one oxidation state
above the ground state complexed bonded or associated with one or more
anions and one or more ligands; and

(d) mixtures thereof

wherein the metal or metal cation 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 the anion and/or ligand does not itself render the metal cation inactive,
does not decompose or cause polymerization of the organometallic compound
and/or organo metallic coordination complex and further provided that (a) when
the metal or metal cation is molybdenum the ligand is not thiocarbamate,
thiophosphate, dithiocarbamate, or dithiophosphate and (b) when the metal or

metal cation is copper the ligand is not acetyl acetanate.

10. The method of claim 9 wherein the metal cation 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.

11. The method of claim 9 wherein the metal or metal cation 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,

12. The method of claim 9 wherein the metal or metal cation is selected

from the group consisting of transition metal elements 21 through 30, excluding
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iron, nickel and copper, elements 39 through 438, excluding molybdenum,

elements 72 through 80 and mixtures thereof.

13. The method of claim 9, 10, 11 or 12 wherein the catalytic antioxidant
organometallic compound and/or organometallic coordination complex is

present in an amount in the range of about 10 to 1000 ppm based on the metal.

14. The method of claim 13 wherein the catalytic antioxidant organo-
metallic compound and/or organometallic coordination complex is present in an

amount in the range of about 25 to 800 ppm based on the metal.

15. The method of claim 13 wherein the catalytic antioxidant organo-
metallic compound and/or organometallic coordination complex is used in the

absence of any added supplementary antioxidant.

16. The method of claim 14 wherein the catalytic antioxidant organo-
metallic compound and/or organometallic coordination complex is used in the

absence of any added supplementary antioxidant.

17. The lubricating oil of claim 1, 2, 3 or 4 wherein the base oil is a GTL

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

18. The lubricating oil of claim 17 wherein the base oil is a GTL base oil

derived from hydroisomerized Fischer-Tropsch wax.

19. The method of claim 9, 10, 11 or 12 wherein the lubricating oil
comprises a base oil selected from the group consisting of mineral oil, synthetic

oil, non-conventional oil and mixtures thereof.

20. The method of claim 19 wherein the base 0il is a non-conventional
base oil selected from GTL base oil, isomerized wax base oil and mixtures

thereof.

21. The method of claim 20 wherein the base oil is a GTL base oil derived

by the isomerization of Fischer-Tropsch wax.



