WO 2006/ 124367 PCT/ US2006/ 017717 CATALYTI C ANTI OXI DANTS BACKGROUND COF THE
| NVENTI ON FI ELD OF THE | NVENTI ON [ 001] The present invention relates to

| ubricating oil conpositions conprising a base oil selected fromthe group
consisting of mineral oils, synthetic oils and mxtures thereof boiling in
the | ubricat WOP12433i | i ng range and additives which neemes20m@11Ee
prooxi dants whi ch cause the oxidative deconposition of the |lubricating oil
conposition. O DESCRI PTI ON OF THE RELATED; ART [002] Currently, lubricating
oil formulations are rendered resistant to oxida- tive degradation by the
addition-to the lubricating o}l ramlat [ 9 f radi cal scavenger

anti oxi dants such as sterical ¢‘}T{¢&#}g®@$fiﬁmmred am nes and

m xture thereof and hydroperoxi de deconposers such as zinc

di al kyl di t hi dCKEEHIN EONVERTEINh anti oxi dants as are presently

used are con égg ﬁ% E@é;ﬁn pronoters in the oil (the prooxidants)
on a stoichi L d | dants can be added to lubricating oil
formul ati ons VA L P e [1.44] : | f . when
e ot mam J08LY | The'driSent oSGk ER BBAARRAGRLGIbOHIEI Rrhiri i

di sappear, Wwathasé bit seledrtiaruie theogrloup ephsibting ebdntliezaldls)yinthdtieaiils and

di sappearance. [004] O her antioxidants such as copper acetyl acetonates,

whi | e consuniigiuresdergof beilingindhe lubsicating.oll bailingrenghanshadditivesbukick ar e
till th | - ate of | t t 101 t heref ore,
whil e super OFugene pheadiarts Whieh Ghee 2 e ddiracdicn 8Fther "ot O

sufficiently 1higngiihb bed Hidnab! € for the next generation of extended
drai n | ube oi+s or %eal eogh%%r Ife/filled for Iife lubricant environnents.

WO 2006/ 1243 v Prooxi dants are conti nuously
gengrated in-t SCHRON Lo ART use or added/introduced into the

oi | by bl ow ipgoa]as Currenklyhibaidaingsis forailatidtlsare rendered resistant to oxida-

tive degradation by the addition to the lubricating oil formulations of free

radical scavenger antioxidants such as sterically hindered phenols, hindered
amines and mixture thereof and hydroperoxide decomposers such as zinc

dialkyldithiophosphate.

[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

o/ 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.



tion as during the operation of internal conbustion engines. [006] USP
4,705,641 teaches the conbi nation of copper and nol ybdenum salts as being
an effective antioxidant and antiwear additive for hydrocarbons such as
| ube oils. The total concentration of copper salt and nol ybdenumsalt is
such that thewoReeEzedeati on of nmetal or nmetal ion may rangectomealrowi 0. 006
w%to about 0.5 W% preferably fromabout 0.009 wt% to about 0.1 wt % of
the basestock. The concentration of the cppper salt may range between about
0.002 w % and about 0.3 w% while the concentration of the nolybdenum salt
ranges between about 0.004 wt % and about 0.3 wt % The copper salt,
preferably is[00q ePreaxidanisancirontinvoyshpgenssstpd ia thetlubricant dieng roptise

| eat es, st t t t. d.,m th f.. Th | ybd | t
or of erably 1 RbPEAdst RRp RSt IRE o) By RSP PR bR R el
napht henat es,ﬁeh%@fdﬁﬁng;a&eeé}{je@aﬁoﬁl@ngten'ia1>&bmb%§tiélh@ﬁﬁﬁés. [007] USP 4,122,033

di scl oses an oxidation”inhi'bitor and a nethod for I ng the oxidation

i nhibitor for ro rials articularly |ube oils.. This patent
di scl oses thall‘ﬁ{v)ﬁﬁe g‘ﬁ&ﬁtgﬁ ng?iﬁwb%ﬁ% ngtion i APRY W%@Xha@%n be
utilized in c | ' | P‘]ﬂ%ﬁ ﬂq@r'ﬁmndso
sel ected fromgéz}ﬁdgﬁ%?%a%\ﬁfﬁgg{&eﬁﬁ%f@ge eni &%gﬁﬁgﬁ% osp ‘lgnes and
phosphat es whetleaslubdeilsl Thétdtalccomoehisdtionlofwoppérasal anfl rselybdanmapsaiing each

contain from about 1 to about, 50 carbon atons as oxidation inhibitors in
organi ¢ conpo§nal hatthe coppenixatiop of metalorinartel ion maxwenge fiom abawh §i0060n net al

£t ot um, vandhio A <SBHE 0 B Pt BoBrandl .0085af 1o Suti gl Wit

ytirium zir cepdedfhck N ThEIcbenitRoN ¢ pbrlﬁédl%h%‘ RngeHeRFeindBout Hoda UM

pal | &ium and silver, to mention a few I's patent” further states, at
col unff 8, t hawtWhamnl aboub 03 widb iwhiledhe vetahiratiomn ofithednalybiieramg st ranged f ect
will be noted if the sum&&fhel ectronotive force voltages favors the

presence of t Re"aepsheelO-Dehiraand abeyt 68 wite eakeppes selipyeferably 90061124367

PCT/ US2006/ 01 ' AR LY , the
conbi nati on WZ%%&B%T%’) ectéT \B/Yé-':-p gggﬁ%gggggtre%g?%‘r#tlinrﬁi‘?fbﬁ?%#é’ gféggag%]%ent rati ons of
about 100 ppmhiphtiteiatedt andahixt@es thetb¢ The molybdenum salt preferably is selected

from the group of carboxylates consisting of naphthenates, oleates, stearates and

mixtures thereof,

[007] USP 4,122,033 discloses an oxidation inhibitor and a method for using
the oxidation inhibitor for hydrocarbon materials, particularly lube oils. This
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, alkyl selenides, alkyl phosphines and phosphates
wherein the aliphatic and alky] 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, vanadivm, chromivm,
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



t he amount of peroxi de deconposer conpl exi ng agents or the |ike approaches
20,000 ppm by weight. In effect the effectiveness of the transition netal
conmpounds i s dependent upon relatively high concentrations of the peroxide
deconposer conpounds. [0081 USP 2, 398, 414 teaches organi c sel eni um conpounds
and organi c WeI2pe§r1e4$67 conpounds of the formula: R - (X) mpeTRis2m68172i7m R and
Rl are like or unlike radicals of alkyl structure at |east one of which
contains not |less than 8 carbon atons, X is seleniumor telluriumand mis.

| or 2. These organic conpounds are useful” as mineral oil additives and are
al so useful as_antioxidants for vegetable oils, rubber and other organic
material s whPehisagenesally, POsitive. Hdditienally, thecembinationgmill teheffecsiviys a

radi cal s can st.raight.. or branched chain j ature as. ywel | ~as being
saturated or gﬁ@?ﬁ‘?ﬁ H’?‘E‘Eﬂ%ﬁ oo n%rgtﬁg%s ‘Eﬁabé’yt PQ)@PWII’YO‘F’“@%IOBA‘?S?@‘P{E‘?} c. They
can be substi ' and

am nophenyl g%ﬁ?ﬁ%g?&%ﬁ%ﬁ%ﬁ% erac?ﬁﬁig%}lﬂlgg ggéﬂ%lr)f)ﬂn%}iﬂ{eh ?%)?9# et her,
keto, ami ne, £0660ppmboxwejghteimeifectthe bifectivenessarf heedyaresiticn metabr capt o,

mer capti de, nono-, dj- and polysulfide, etc., may also be substituted in
the R and R §PBppyndsdseepgndgnigmnrektivelytigh pondentrationssofzhg peroxideoo1 USP

4,867,890 tea | organo copper conpounds as antioxidants. The
copper nay bea\&ﬁﬁ?}:ﬁdg&%ﬁkpﬁ%?sbr cupric form The copper nay be in the form
of the copper di hydrocarbyl thio-_ or di-thio-phosphates, wherein copper may
be subst i tut cl08 ZDRE 3305414 teaghirousaic SYRaIELpHEPOWHS andiseamie i n ¢ he

formof the c sal t nthetic or natural carboxylic acid, .e.g.,
Cl0-Cl fatty g%@%@ﬂ%@@t@iﬁ@%%al mtic, but the unsaturated acids
such_ as oleic or the branched carboxglig)acids such as naphthenic acids of
nol ¢cul ar  wei ght from 200 to 500 or the Synthetic acids are preferred.

O | -sol ubl e cuwhbpein RErBRGIre 2ike 67 uililte tekedcsDdlzylistructute dt lehstamardfanat e as

wel | as copper,syl fonates, phepates, .and acetyl acetqnates _nay al So pe used.
The copper coRf DEASRG l-gﬁetgm C X tugyordellurivm and m s

AFDORALRIRS: % i gelen

1 or 2. These organic compounds are useful as mineral oil additives and are also
useful as antioxidants for vegetable oils, rubber and other organic materials
which are subject to oxidative deterioration. The “alkyl” radicals can be straight
or branched chain in nature as well as being saturated or unsaturated and can
also be cycloalkyl or cycloaliphatic. They can be substituted by aromatic groups
such as phenyl, hydroxyphenyl and aminopheny! groups. Polar groups such as
chloro-, bromo-, hydroxyl-, ether, keto, amine, free carboxyl, metallo carboxyl,
carboxy ester, mercapto, mercaptide, mono-, di- and polysulfide, etc., may also
be substituted in the R and R, groups. See also USP 2,543,074 and USP
2,5717,719.

[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., Cy9-Cys 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



contribute 5 to 500 ppm copper to the oil. [010] USP 5, 650, 381 teaches a
| ubricating oil conposition which contains from about 100 to 400 ppm of
nmol ybdenum from a nol ybdenum conpound which is substantially free of active
sul fur and about 750 to 5,000 ppm of a secondary diaryl am ne. The

conbi nati on oWwoxgwedicents is reported as providing the |pdaihSafsionsPi|
with inproved oxidation control and friction nodifier performance. Q|
sol ubl e nol ybdenum conpounds i ncl ude those, prepared from a nol ybdenum
source such as anmmoni um nol ybdenat es, al kafi and alkaline earth netal

nol ybdeat es, nol ybdenum tri oxi de and nol ybdenum acetyl - acetonates and an
active hydr ogdithimearbanmate asuwbl] as cappovisolfenates) phenayes, and agetylaeetynstos
secondary am nes and pol yam nes, phenols, ketones, anilines, etc. [011]
Mol ybdenum safiay alspbe used; Hdhecoppessompeaind 1a egployied 1y 9o amemnt sbsiontitat e,

are a preferr f nds. [012] USP 6, 121, 211 teaches a
| ubricating o?%‘%ﬁ%ﬁ%ﬁ?%ﬁ’ggﬁﬁtﬁgﬂggﬁmj or anount of a base oil of

| ubricating viscaosi ttg?and @ m nor anount, of at, |east,  one thiocarbamate and

a sl udge prevdhtling EHHuw.686:38 blerches » hipricatugeil spmppsitioa ydhichpentaingehy de or

epoxide or m t g ane ' t ho the
formula: Sl %%@2?@440%-%}%&@&%8@ a %5%&?@%%'5 S ‘Z@-ﬂﬁ{"ﬁp al kyl of |
to about 7 canfii¢h RlsUbRantfll free 8f Mtivklsulfur ARDAIORETSH &5 51080 pphd 654 1 ¢ Or
heterocyclic ring in which the ring is conpleted through t ni trogen and
wher ei n when nsedomdary diafy$ amint. vEbheotmbisbtibn of idgredidrite isrepenedas previdisg

i ncl ude al kal i_.ne Earth mai]al, cadm um, .np denum iron,

cogp_er , gl Ekeﬂ}e ]é‘ H_ﬁ@t’cn,g N ziﬂ’fﬂ“&w q@éﬂ%ﬂ%&%@@ﬁ“ﬁ@ %rg“}rg‘é’ﬁgpm%‘i' ¥hcl ude
RCT! S3006{ 01 oA RES CHE Tk e APt EbBELAs KR IBH0 BloSE BT Rhred B0 e o,

magnest um di buﬁﬂc_ﬂ%’b@nﬁlm SAREO QI R, anienias molybdesitys, alldlinind fdkdlbrat e,
cadm um di cetyl dithio

earth metal molybdeates, molybdenum trioxide and molybdenum acetyl-

acetonates and an active hydrogen compound such as alcohols and polyols,

primary and secondary amines and polyamines, phenols, ketones, anilines, etc.

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

naphthenate, are a preferred group of molybdenum compounds.

[012] USP 6,121,211 teaches a lubricating oil composition comprising a
major amount of a base oil of lubricating viscosity and a minor amount of at
least one thiocarbamate and a sludge preventing and seal protecting amount of at

least one aldehyde or epoxide or mixture thereof. The thiocarbamates include

those of the formula:

S
( R‘RZN}L—S)—T

n

wherein R! and R? are independently alky! 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



{ca[banate. The patent contai ned no exanples in which a dival ent netal

di al kyl dithiocarbamate was added to oil either alone or in conbination
with the aldehyde or epoxide. [013] JP 53024957 teaches the |iquid phase
oxi dation of cyclohexane into cyclohexanol by oxidizing the cycl ohexane

W th an oxygeW&uwae/t248a7ng gas in the |iquid phase in the preeeass1947 et al
salts selected fromthe group consisting of C, V and Wof an organic acid
or a chelate conmpound as a catalyst. In ths process the cycl ohexane is
first converted into cycl ohexyl hydroperoxide which is then rapidly
deconposed i nto cycl ohexanol and cycl ohexanone. Exanples of catal yst

i nc![ u?e c[]r om;[ dj’thiqur?abmam;ﬁ%ln?u?hpmbtubfllqdéﬂﬁpmban?‘& malgllcssmmr(ilhutgl()
rof br abl y 0. SUHOGSERATRR e HRHRSIuM it AR ef:%ﬁeﬁgmé;%aﬁridit&ig?ﬁf‘ USP
Tt er] al of i naryiE T8 pict FERARERAD b RE BESARHLY Bl hital RAGRANS' °

wherein R is alithioeayldreats vidbddedid &l bithéralomCer iR @BnbaRiidn WillgtHeadi cal of
1-30 carbons, x and y are each H or a nonoval ent substantially hydrocarbon

contai n- ing reddehyde opepaxide 30 carbons, Mis a nmetal selected from zinc,
cadmum |ead and antinony or an oxygen and/or sulfur-containing nolybdenum
conpl ex and i[0IRF tXPeSIRUOSRT feabhesithe Iigﬂi(%bhasa' bkRlatlh 6F cpdlohdxaHe &ftd! as a
| ubricant "additive (see also USP 4,882, 446). [015] USP 5, 439, 604 teaches
conposi ti ons oxyelakiexan byexidizinglthe cydokdxana with arcoygen contaiiing gemintthe of

pol yal kenyl substituted nounsat ur.at e no-, aor ., .di carboxylic acjds which
oy be uosd adkBd BisEn dh PiEeT e,k Retal AT Srlofted figmt e EPURIPGISEE ALy,
detergents, antd [ W dq ' LK) t
20064124367 P NN %ﬁﬂ%ﬁg&;ﬁ; { B ?é%‘é’?@‘ﬁ??%&?@ﬁ’ﬁ?a%n%g\?nc| ude
coppet” sal ts qiroédsd tife Sclatekinaizifitst nvered i cyclohe:id Bhtfpetdaxideillichcopper

di t hi ocarbamat e, copper sul fonate, copper
is then rapidly decomposed into cyclohexanol and cyclohexanone. Examples of

catalyst include chromium, vanadium and tungsten naphthenates and chromium
acetylacetonate, The amount of the catalyst is preferably 0.1 to 20 ppm more

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

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

phosphate material of the formula

' X Y S
S
(ROY—P H—CH—O0—-P

wherein R is a monovalent substantially hydrocarbon-containing radical of 1-30
carbons, X and y are each H or 2 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 polyalkeny! 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



T ———_—_— s . simismsm—— -
phenate or copper acetyl acetonate. [016] USP 5, 631, 212 teaches an engi ne oi l
of inproved wear resistance and anti oxidancy conprising base oil, an oil
sol ubl e copper salt, an oil soluble nolybdenumsalt, a Goup Il netal
salicylate and a borated pol yal kenyl succinim de. Ml ybdenum salts are the
oi | sol ubl e sMQAXWOHI243Int hetic or natural organic aci ds, PECROSWEHIYITS t o
C30 saturated and unsaturated fatty acids, e.g., nolynaphthanate,
mol yhexanat e, nol yol eate, nolyxanthate andgnol ytallate. [017] USP 4, 066, 561
teaches organonetal lic conplexes of the fornula: N (RIR2Z RRR2I IRIRZ R R 2
s1SJs kn RERARS R wherein, gs defined in the patent, n is. an integer
of from 1l to o&kRe aCoPRSr aRUPHAMY op gas nd eprpspaaliscot i Gis Tafly a6 eRpper

eanp &, "ber VGt QRBERhiciol JBhepdiipidte Guf BXORKEH Sort Bhpped O 7 T!
sel ected from pHepaty @ldopperadesiladiorite, Or ganophosphoro,  organocar boxyl ,
or ganoam no, organosul fonyl, organothi o, organooxy, nitrate, nitrite,

phosphat e, sul , f e, s e . '

ot de. " chi olOLEE: FREGE A2 RIS po MR ESTSRO DO Akl rosftipld b
about 10 car bogtiixddBicy @bitiprisihgdia@@eil, an 8l béluble-ddppettdaligar Biltablimid on
thereof; R is alkyl of from1lto about 10 carbon atons, aryl or hydrogen;

WO 2006/ 12436 mplybidensaces/ 9 Grouyll metaRaglicylate 46 abotated poiyalkenl ogen, al ky!
gr k{/lr 021 u{)si iot %lelnﬂéﬁf% ﬁ@ﬁfygngar%% rggléé} gzﬁaert& oil gcl)l‘fl}éie_ s tls? %&' Isgrllljtheettljc grr ﬁgtura ere the

organic acids, preferably C; to Cy saturated and unsaturated fatty acids, e.g.,

molynaphthanate, molyhexanate, molyoleate, molyxanthate and molytallate, .

[017] USP 4,066,561 teaches organometallic complexes of the formula:

MX
R / NR¢R: |
NR RiRyN
A
R.3 R4 Rs " R6

wherein, as defined in the patent
n is an integer of from 1 to about 10, preferably from 1 to about 5;
A is an aromatic moiety, preferably phenyl or naphthyl;
M is a polyvalent metal, such as, for example, Be, Mg, Ca, Ba, Mn, Co, Ni, Pd,
Cu, Zn and Cd;

X 1s 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]
i -
or a combination thereof;

R’ is alkyl of from | to about 10 carbon atoms, aryl or hydrogen;



1 to about 200 carbon anounts, carboxyaryl, carbonylaryl, am noaryl,

nmer capt oaryl, hal ogenoaryl or conbinations thereof. [018] The netal

conpl exes reportedly stabilize the lubricant to which they are added

agai nst oxi dation, L019] USP 5, 824, 627 teaches a | ube oil conposition

cont ai ni ng a™P"®1243¢punt of a | ube base oil and a ni norPCERB2AA6BTTIEN
additive having the formula M _yMyS4L"QZ and m xtures thereof, wherein M
is a metal selected fromC, M, Fe, Co,7N, Cu, and W L is independently
sel ected organic groups selected fromdithiophosphates, thioxanthates,

phosphat es, dij hiocar bapgtes,, thio- 0 tes. and X ates, having a
sufficient nurlig'?eek{‘h;ﬁ5 %“a‘fgéﬁre ydﬁ%g%gﬁ‘gﬁggﬁomt ]ng’ %ﬂ?abeﬁa’g’B}’ﬁEﬂr’é‘QWr

di spersible in i1 j I ' dc&rfp nd, y is
| to 3, nis 2t B?Ikg%%ﬁg’q@gmﬁpg%#ﬁ%@l? Eféﬁﬂﬂ%rﬁg%?é&gﬁlgset ot a ﬂHchar ge
sufficient to ndubrabbiizZ00 terboi amgenio)cdrbexyldyly badhporylan/l camihbagt,ubane cores
are preferred and these typically have the formula Mi-yMyS4L"QZ, wherein y
is | to 3,nis2t @Mﬁaﬁpméw.loaeugwl osrembingtionsdBexegfches ant i oxi dant
additives conprising a mxture of a c¢ netal dialkyldithiocarbamte and a
tertiaryal kyl[0¥8]i miihg metalheomplogesrepeodtedls stabilixathe tubpicahtro whish iy aya and
preferably are_zinc cadmum |ead and antinony. [021] USP 3, 649, 660 teaches
silyl ocenes aﬁ@e%@&%ﬁm@i@ﬂﬁpnant i oxi dants for organopol ysil oxane fl uids.
The silylorganonetal |l ocenes are selected fromthe class of (a) polyners of

the fornul a Q19]( RUSP 5,805.@QRY Machéxa [ube-oit tdmsasikorfcorntain{rip)a wejpel yner s
having units ar(glfou}nh gf ; ﬁ]rbglgage x\flljalzlg g%i%lgf Sr%uxft%?agSazd%(i)t?\ﬁeohlaanlgthe"t%ﬁmg15) b S0
Q M,.,Mo,841.,Q, and mixtures thereof, wherein M is a metal selected from Cr,

Mn, Fe, Co, Ni, Cu, and W, L is independenily selected organic groups selected

from dithiophosphates, thioxanthates, phosphates, dithiocarbamates, thio-

phosphates and xanthates, having a sufficient number of carbon atoms to render

the additive soluble or dispersible in the oil, and Q is a neutral electron donating

compound, yis 1 to 3, nis 2 to 6, and z is zero to 4, and the L provide a total |

charge sufficient to neutralize the charge on the M,.,MoyS8,4 core. Thiocubane

cores are preferred and these fypically have the formula M, ,Mo,S4L,Q,,

whereinyisl1to3,nis2to6andzis 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 ®),

(C5Q5M(C5Qy) C—N-—R"—35i034

(b) copolymers having units of the formula



2 and at |least one unit of (a), and (c) disiloxanes of the fornula OH
(CEB)MCEU)C-N [R' (R 2Si )20 where Ris a nonoval ent hydrocarbon radical,
R' is a divalent hydrocarbon CD radical, and (CoQ4) M C5@B) is an
organonet al | ocene, where Qis selected from hydrogen, an el ectron donating
organi c radi &0 200amd3can el ectron withdrawi ng organi c radpcpusseawbidhis a
transition netal, a is a whole nunber equal fromO to 2 and b is a whole
nunber equal fromO to 3. [0221 In USP 3, 49,600 Transition netal is defined
to include all netals of Goup Ill to VIl of the Periodic Table captable
of formng a 7t conplex with a cyclopentadienyl radical to forma
met al | ocene. The transition netals thaR)are operative in the present
invention are, for exanple, nmetals havijng atom c nunbers 22 to 28, 40 to
46, and 71 to 78, such as titanium Vag?@i um chrom um nanganese, iron,
cobalt, nickel, zirconium col unbium bdenum technetium ruthenium
rhodi um pal |l adium hafnium tantalum tuﬁgst en, rhenium osmum iridium

and pl ati numdpdeg ibsond aht 8f @pant29) - [ 0231 USP 3,351, 647 teaches a
conposition of the general formula: I1~, A°-. P gM\ Hwherein Ris a

substanti al | y(cgy&rsﬂ QBfﬁﬁqioﬁ’?ﬂﬂ'a Mis a netal selected fromthe group
consi sting of*zinc, calcium ‘copper, nickel, cobalt, chromum |ead, and
cadmium A, B and C are radicals sel edddd fromthe class consisting of WD
2006/ 124367 PCT/ US2006/ 017717 -9 hydrjpgen and substantially hydrocarbon

radi cals; x is the val enceg of .S\ Lfromaboyt. 0.5 t{o _about 6. [024] The
conposi tions are useful i@sﬁﬁﬁ%%)@mﬁa—rﬁﬁﬁﬁﬁ 9Ghnt i oxi dant  and

antiwear agents. [025] USP 4, 427,560 teaches fornmul ati on _cont ai ni ng anon
ot her addi ? i \)lg]gere[Rlzs a] monovalent hydrocarbon radical, R" is a divalent ydrocarbon J J

b radical, and (C5Q4)M(C5Q5) is an organometallocene, where Q is selected from

1

bydrogen, an electron donating organic radical, and an electron withdrawing
organic radical and M is a transition metal, a is a whole number equal from 0 to

2 and b is a whole number equal from 0 to 3.

[022] In USP 3,649,600 Transition metal is defined to inciude all metals of
Group III to VIII of the Periodic Table captable of forming a = complex with a
cyGIOpcntadien)}l radical to form a metallocene. The transition metals that are
operative in the present invention are, for example, metals having atomic |
numbers 22 to 28, 40 to 46, and 71 to 78, such as titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, zirconium, columbium,

molybdenum, technetium, ruthenium, rhodiuvm, palladium, hafnium, 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:

R
2SR

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



Y

~an_ oxidation inhibitor. [026] The oxidation inhibitors or antioxi dants have
hi gh enough nol ecul ar weights to ensure that they remain stable in a hot

crankcase oil,

e.g., 300F and, in addition, enhance the corrosion

preventive properties of the copper and |ead corrosion inhibitors also

present

gasol i ne,

I n t h&OFwpeerdzri on by interrupting or term nating péiies20dsieagi7 of
oxi dants upon copper/| ead-bearing netal. One type of corrosion is an

oxi dative process involving the | oss of el_gg:t rons fromthe corrodi ng netal
by an oxidant such as oxygen, air, nitrogén oxides, partially burned

bl ow- by products and the |ike. The oxidation inhibitors

conpri si ng sulhydrogeniand subsiantially hydeocuborheadinals; of isdbe valshee 0F Mi; ty isr pr event

the attack of

netal derivati

iR AR PR che formiar s 01 M2 [028] Usp

5,015, 402 teaches basic netal and multi-metal dihydrocarbyl -

phosphor odi t hil82dles Thecoptnesitions anpussfili @axile@ddétémrmdcfun@énis andoxidangs .

These

(1)

gr oup
cal cium bari i@

from oxygen,
branched al ky/[3%

material § are represented by the general formula: [Zl d[ RO 2PSS] YMaXb
wher ei n I@naﬁa{lwe%%e

consi stin

ent different nmetal cations selected fromthe
of zinc, copper, chrom um iron, copper, nanganese,
| d53F 4437 560rt¢aches a fomanlatiomeoniaming arsonghother addidedsect ed

hydr, oxi de @Eq carbonate; R is independently a |inear or

Ogil 9906/ 124367 PCT/ 0S2006/ 017717 -10 1 to about 200

carbon atons,
carbon at ons; [826Ind Thearxéddtiondgbibiions orsntiosientsdraye high enrongh epdecidart

the respective gxjdation states of Mand X, y,is a whole. integer which
dependont - upomEES G PAES Bt Gy aewain Siplanl hot sokerop Sil, AORGoRIL
2

ahd

t

| east

or a substituted or unsubstituted aryl group of 6 to about 50

029]  USP ;3. 46

e T U
corrosion inhibitors also present in the formulation by interrupting or terminating
the attack of oxidants upon copper/lead-bearing metal, One type of corrosion is
an oxidative process involving the loss of electrons from the corroding metal by
an oxidant such as oxygen, air, nitrogen oxides, partially burned gasoline, blow-
by products and the like. The oxidation inhibitors comprising sulfur bridge, bis
hindered phenols effectively limit or prevent the attack of oxidants on

copper/lead metal.

[027] The bis(dithiobenzyl) metal derivatives preferably have the formula:

§ S—
il
OOl
_ H 2
[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:
[Z1s[RO)PSS], M, Xy, 4y

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

upon
S
1 or
oi |



RGzZz YO~- M /CGZ Rinin which Mis selected fromthe transition
metal s and zinc, cadmum tin, lead, antinony and bisnuth; n is the

oxi dation degree of M R and R2 are each a nonoval ent hydrocarbon radi cal
havi ng one to 20 carbon atons and O to 3 heteroatons selected fromthe

gf oup consi swwogpoerizaberl ogen, oxygen, sul fur and nitrogenpciusfmocahast ed
fromthe hydrogen atomand the radicals R, RO R Sand R COin which R
is a hydrocarbon radical of I to 20 carbop atonms; Y and R or R2 may forma
di val ent hydrocarbon radical containing T*to 20 carbon atons and 0-3

het er oat ons sel ected form oxygen, sulfur and nitrogen; and each atomZ is
oxygen or sulf1torgboat 20@earbonatoms, of heubistitated ws uAsubstingedatyl group[dfF0 It is
recited that these mat eri al s exglgg{)t hj h antjo |dancy acftlwty even at

hi gh t enper atahPut S&rpabor aipmps & W‘f’clﬁ E%Oﬁﬂt leashengand yedgpenienyi n as

eaches that *15’%%35%}? 'g%%%*@%&%?%@i\féﬂﬁ%?@@%ﬁg% S g R I o et el

(3 di ket one cRpBh Pél@ﬂﬁr@ﬁdﬂﬁ)nadﬂétb%fﬁﬁwx e dﬂ@taﬁlmte & ¢t Kgtpne
conpl exes are of the fornula M- CR3 = O" WD 2006/ 124367 -

PCTI US2006/ 0 r ogen or
an al kyl groﬂz%]aw%ﬂf*% %&%a@reggﬁcogﬁ%%mggtgh@rﬁr%a@ ﬁ%téﬁgd?.%ﬁ& aryl or
al koxy" gr oupsat gkt 0, diddReafsHSIBIRE cohbHal ot B8 tomle; 123 teaches drivetrain
fluids conprising oil sol ub e transition nmetal conpounds which address | ow
tenperature thickening of ATF's [and higgh tenperature thickening or gear
oils. The oil soluble transition |netal onpound is a branched chain
oil-soluble transition nmetal saltf with t G Z)viso that the transition
netal is not zinc, wherein said tJrapsifio IMsaIt is a salt
£ \L ,___/
C—2Z
/

—— R2 —— ]l

'~ in which M is selected from the transition metals and zinc, cadmium, tin, lead,
antimony and bismuth; n is the oxidation degree of M, R; and Rz are each a
monovalent hydrocarbon radical having one to 20 carbon atoms and 0 to 3
heteroatoms selected from the group consisting of halogen, oxygen, sulfur and
nitrogen; Y is selected from the hydrogen atom and the radicals R', R'O, R'S and
R'CO in which R' is a hydrocarbon radical of 1 to 20 carbon atoms; Y and R; or
R; may form a divalent hydrocarbon radical containing ! to 20 carbon atoms and
0-3 heteroatoms selected form oxygen, sulfur and nitrogen; and each atom Z is

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

[030] It is recited that these materials exhibit high antioxidancy activity even
at high temperature. They can be used with base oils of petroleum.origin as well
as with synthetic base oils. See also GB 1,322,699.

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

fB-diketone complexes are of the formula

M(—O—CR,; = CR;—CR; = O),



wherein the non-netal noiety is selected from di hydrocarbylthio- or

di t hi ophosphat e, a di hydrocarbylthio- or dithiocarbamate, or m xtures
thereof and wherein the nmetal is selected from copper, cobalt, tungsten,
titanium rmanganese, iron, chrom um nickel, vanadium nolybdenum or

m xt ures t her B8¥2006/12433] As a consequence of nore stringenkCEusoasaemui ng
performance requirenments on lubricating oils, for exanple fill for life
oils, sealed bearings oils and greases, Qyj_nodern extended drain engine

| ubricating oils to performbetter, for longer periods and under nore
severe conditigns of t{enperature a{r;fl | oad _over |onger tines as nmanifested
by current an®ieiRiy 151%13?‘3?31&!}3@0 1 Rsisdwrroges-or en gHey! gpeun havingt 192@ngi ne

oi |l classificajh | S ubrl PCY P senger car
| ubri cants (Ggﬁ@i?ﬁ%@flﬁar%ﬁl grlllodrie{3 gﬁiﬁmﬁpﬁ 0%8“‘3’39 gr‘%isiwgﬂgnflﬁmre r obust
anti oxi dants gs®onequired for use in the lubricants. DESCRI PTI ON OF THE

| NVENTI ON [ 034] The present invention in one aspect is directed to

| ubricating oj or ' QX s l.,ng but not

[ te to or MaZlo, USP.4.840,025 «AichERRNGAN, ABld Yhnfile S GUET 21" and

automati c tragamitien afetdllconpounds which sidedssYowranpérature tckdninglof ATFact or

fluids, diesel conpression ignition engine oils, " gasoline spark ignition

engine oils, andb{giiéempmhanahwh@mg e geasrailsi Jihepibsolele transitios metadt ed from

ynt het & of 1 omau S aechedendin Shspblgraranrabr YRR B Brovi0) 11 ng
y [ [ ili

range and an @il G EyRIRIANSL] Rlndk 2R AKHf @R ANHEARoEOERS 81s0

consi sting WO 2006/ 1243 P 825 01771 _ of or consisting

essept\i al | y ofwherein tre morr-metnl maiellyubbelected froandihgtidcarbydiimwrds  and/ or

orgao, netal li ¢ coordination conpl exes sel ected fromthe group consisting

of : (a) one o#ithigpBosphate, pdihysirogashythieaen difigcarhamaty, eronixtenes theseed

oxi dation stat bove..t he aroun tate excludi,ng iron and nickel,

conpl exed, bg?fgg’ oreyt th:fs’%@[ gtsggecfﬁd?fﬁoql\ﬁgpg?r, ﬁ?)]?agt iﬂﬂgéﬁélz 1q'(ﬂf}}"m&’ne or nore
metal (s) or Mpixgbakat) i%ﬁ,%}ndiﬁﬂlhﬂ%ié@l,f’vahﬁﬁﬂng%l%&%}% &Smi;&hémé@&f!e the

ground state, excluding 1'ron and 'nickel, conplexed, bonded,
[033] As aconsequence of more stringent and demanding performance

requirements on lubricating oils, for example fill for life oils, sealed bearings oils
and greases, or modern extended drain engine lubricating oils to perform beiter,
for longer periods and under more severe conditions of temperature and load
over longer times as manifested by current and future Jubricating oil specifica-
tions, particularly engine oil classifications for diesel lubricants (PC7 and PC8)

and passenger car lubricants (GF-3 and GF-4), more efficient, longer lasting and

more robust antioxidants are required for use in the lubricants.

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 o 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 cil boiling

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



or associated with one or nore bidentate or tridentate |ligands; (c) one or
nore netal (s) or nmetal cations having nore than one oxidation state above
the ground state, excluding iron and nickel, conpl exed, bonded or

associated with one or nore anions and one or nore |ligands; (d) m xtures

t her eof prov™de¥0#124363ni on and/ or |igand does not itself reEruswodhemet al
cation inactive, 1i.e., renders the netal cation unable to change from one
oxidation state above the ground state tq, another oxidation state above the
ground state, deconpose or cause polynerization of the netal salt thereby
rendering the tal cation Lq ctive as a peroxide deconposer, and further
provi ded t hatO{(@)conpieking peseRidill of ¢ne oranere aibsalubie iosganometallio gempemeds) i gand

is not thioc t i Opd te.. dithiocarha or . di t hi ophosphat e and
(b) when the%ﬁ%&g?mr@%m@g&p nafign CaIpIEXEs F‘ﬁ%é{?‘i!l gfgﬂhﬂ‘iegﬂm acetyl
acetate. The domsiztihy oFy of any given netal conplex will depend on the ionic
strength of the |igands and the coordi nation geonetry around the netal

center. Thesdaj aoheios murt metdl{s) ok nidial cation(shhainphiord thanhenentiddtionent er can
effect the oxidation state change necessary for catalytic deconposition of
the hydr oper oxi dé&tals ansiedhe groungdstatesxcludimg inon aad ieksl, commdexed he i nventi on

Is directed to a f i oving the oxidation resistance of a

| ubricating oil Pgﬁ%{hegfﬁgﬁr%‘ﬁ%w@ﬁf’%“b%YE&n’&PP; selected fromthe group
consi sting ofipnalole af nfiré fetd1EH 0P Ll j ' il - tic oils
and m xtures (tEereof boirl i r?g ?’lr)\ot?he I u%?f’%%f?%‘gﬂlgﬁﬁﬁgﬁnuﬁn? (?%dr%@ﬁand WO

2006/ 124367 PCT/ $t182688/kahd giotnd-ste,aptiuditg irgn embnickelroompletdd,bonded, sai d

met hod conprising addin o,the lubricat: ing oi] an effective anount of one
gT @SSQPJ@ZE}{% ane PE%%SWHW orirdentateligangsnat i on conpl exes

or mare oil solu t- &t
cat %2%2&?@ rSpEoF HbrE BEIE) obfherifcolifs BVinL o R fin b Bl bich syl
excludi ng iron aaBovd thkgroumbititk cesethdiR® A AN hickdh LORIpM:RMd, Bbridedtopo or nore

anions; (b) one or nore netal (s) or netal cations having nore than one
oxi dation state assosiated withgnownenase aniops end boelonmore bgarwisy ni ckel |

conpl exed, b ?Hfj e%-li)?{ures thereof

provided the anion and/or ligand does not itself render the metal cation inactive,

i.e., renders the metal cation unable to change from one oxidation state above the
ground state to another oxidation state above the ground state, decompose or
canse polymerization of the metal salt thereby rendering the metal cation
inactive as a peroxide decomposer, and further provided that (a) when the metal
or metal cation is molybdenum, the ligand is not thiocarbamate, thiophosphate,

P 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, petrolenm-derived mineral oils, synthe-

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



associated wth one or nore bidentate or tridenate |igands; (c) one or nore
netal (s) or netal cations having nore than one oxidation state above the
ground state, excluding iron and nickel, conplexed, bonded or associated
with one or nore anions and one or nore ligands; and (d) m xtures thereof
provi ded t heWAAP¥A2438/ or | i gand does not itself render tRE/ER2ECEI01TAT on

I nactive, 1i.e., rendering the netal cation unable to change from one

oxi dation state above the ground state i@.another oxidation state above the
ground state, deconpose or cause polynerization of the metal salt thereby

d th t de.d d furth
or ot ded t haePbayallyere orRorRARtvesy s b Chrairiics AR deHis DI || gand
|8 not thi 0cai@iIBh BfekivORRBIRIGN dhe or BN Bidnbhe I ko ggg@gat e and

(b) when the tal or nmetal cation i1s copper t I'gand 1's not

acet onate. [ @fd/or coomivetiioarcoasgyiedds stleeted fbcan thegroup cdsistiiged:t o an add| tive
concentrate _conprising one or nore oil soluble organonetalljc conpounds

and/ or  coor §®na®Roet BErRMELHS) semstal é@thmdmmﬁerngfedbpn o8 gxidationsigle  ( a)
e 12 UL ot LA YRS R ) o o

associated with QMCIQfedrmﬁﬁm@bpﬁﬁxemogQOGI 124367 PCTI US2006/ 017717 -14
(b) one or nore netal (s) or metal cations having nore than one oxidation
state above (bheomy aundresimatad(s) exmictad catipristhanvirgneore thie bne oridatien stdie bonded
or associated with opne or nore bidentate or tridentate |igands; (c) one or
nore netal (s) or abaviehe E’&W%ﬁtﬁaﬁﬁcwmﬁ)#@mmﬁﬁn@% complgradphordedkd’ apove

h d k | ded
hosont at ed vi ¢ n tacgrd bR ot AERBPERREARE o FABPRE SRR, “ana (o) i xtures
t her«;yf pr ovigedosdier ﬁﬂtmemm B el BASbrACATinfihotd theh Bné BRRHoN BataTet al

cation inactive, .e., rendering the netal catlon unable to change from one
oxi dation state dim'eethe gravind sgptemxdhsiing éronandmickedrcomplebatd, bondadatre above

the ground state, deconpose or
associated with one or more anions and one or more ligands; and

(d) mixtures thereof

provided the anion and/or ligand does not itself render the metal cation inactive,

i.e., rendering the metal cation unable to change from one oxidation state above

the ground state to another oxidation state above the ground state, decompose or

cause polymerization of the metal salt thereby rendering the metal cation

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;



cause polynerization of the netal salt thereby rendering the netal cation
I nactive as a peroxi de deconposer and further provided that when the netal
or nmetal cation is nolybdenum the ligand is not thiocarbamate,
t hi ophosphate, dithiocarbamate or dithi ophosphate in conbination with at
| east one ad®NQ2086(84367mat eri al sel ected from detergents, BCEFpSWe017A7
viscosity index inprovers, antiwear additives, friction nodifiers, an
addi ti onal antioxidant, pour-point deprggsants, corrosion inhibitors,
anti-foam ng agents, antirust additives, carrier oils seal conpatibility
additives and the like. Preferably the oil soluble organo- netallic conpound
and/ or coor di{bht PROTHAH BR(shermgtal catieng haying{Borjban eae oxidatipn sigte he

presence of a regduc ampunt. of. any, added anti,oxjdant st. preferably in
t he absence of a&?fw%&g%émc _“%‘isgai?’ A‘ﬁ‘i‘fi‘} EPHregng?\lélg%l C(%’Fpgg’_éef"bgﬂ% U iic
conpounds and/ or ae6atHdNRith 8fc BPHMFEBRIBNTIR: m_ﬁdb!ﬁ‘lﬁﬁl%hnﬂ@;' on and/or |igand
di spl acenent reactions (exchange reaction) which alter the conposition

and/ or st abi(t) t ynodr more meta(s)ormetal catgpiscavingmierd thgn bhe okidafibe stateve as a
catalytic additive. That is, the original anjon nd/ or |i,gands whi ch do
not fit within tPROVEBEBERINLSIAR &6 hg 6pn ERLnipke ComBlexed. ed 8P| aced
partially or tot . ' : | lch i wthin the
coordi nation sphggrsé&(%@ﬂtvg%ﬁﬁ%? gfﬁoﬁéé%rgﬁ@%é@ﬁié %gﬁﬂ %a%&?gt %{‘%I repl acenent
woul d interfqa)e wikilrdshiBerabf | ity of the electrons in the netal orbital to

change from one oxidation state above the ground state to another oxidation
state above tpnevigedinednioreand/orlighndi dogs nokitsall 120067the ageal caton bBR006/ 017717

-15 common and/or gonplex ineffective as catal yti c ant,i oxi dant .additi ve.

Compounds. or 1€ RPIERBE Dihmete] gatomyashia Rthangs fn Rt GHJaURR FBIF R sel ves
under go decoWﬁéﬂoﬁxh&’ Qtateﬁtoganoﬂ%lokf&a'tigﬂ sfhkd al?cWeftH{é grcﬁ:{nﬂ sﬂt%od(?%éﬁ)hggee&' .
i nsofar as such®conpounds or conplexes as a resu of sucC €cofposi tion

cease to furaideqlpdedaitinydf the aittd] Xl dRpsly Rublerigd MRMéwNEIioans as, e.g.,
antiwear additives due to the bonding interaction of the sulfur with the

iron of the dmastiveas apepridedecpmposer ansl fiudher paidedthat Wioarthe mathldy range of
| ubricating ?ﬁiégl c%itiloﬁ is §10h<y%%\éﬂulln?thteq?ga%a Tis n(I}TL{B{chl%talzn%?e, thiophosphate,

dithiocarbamate or dithiophosphate in combination with at least one additional

material selected from detergents, dispersants, viscosity index improvers,
antiwear additives, friction modifiers, an additional antioxidant, pour-point
depressants, corrosion inhibitors, anti-foaming agents, antirust additives, carrier
oils seal compatibility additives and the like, Preferably the oil soluble organd—
metallic compound and/or coordination complexes are utilized in the absence of
N 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



base oils that are useful in the present invention are both natural oils,
synthetic oils, and unconventional oils, natural oils, and synthetic oils,
and unconventional oils (or mxtures thereof) can be used unrefined,
refined, or rerefined (the latter 1is also known as reclainmed or reprocessed
oi | ). Unrefi MQ2M6/M236r e t hose obtained directly from a eetmusmbs o717
synthetic source and used w thout added purification. These include shale
oil obtained directly fromretorting operations, petroleumoil obtained
directly fromprimary distillation, and eSter oil obtained directly from an
esterification process. Refined oils are simlar to the oils discussed for
unr ef i ned oi |@mmoapndéoefspmlﬁmmﬁem\@ %Lﬂﬂa&imamtmmdmt@ddﬂme purification

SreTTs fam 1 Gompeigs o SRR TR SiHA Bt sﬁog&yﬁe”" eée%w%ﬁw%ﬁhééﬁ? el ude
I
Z)C:t\r/:(r:]: [ g?(]t r?&Hrat e} C%%gﬂ%%?%gﬁh% Fd??bﬁﬁﬂ% | ne s are o@%zsal ned by

processes anainegfapas mhr@mpm@mg bi' aozh Fﬂexbtsa.ﬂgre@ﬂlt oﬁlsﬁcﬁﬂ@‘o itiReRase
previously used, [038] Goups 1, 1, IV and V are broad categories of

base oil st ocm@nmmﬁdm@mmldmabwamwﬂm@omm et adiveean | nstitute
(APl Publ i catl 15 A %Ito cr etb es for. . lubricant base
oils. Group I2 ‘@F&Eﬁ@ ‘b@?dé?%?'ﬁ aﬁté%o Eﬂﬁw tﬁ fen of thegnginéen about
80 to 120 and0 ch Jif t han about O. 03% sul fur and/or |ess than
about 90% sat ]‘Ijgt eegéd?’grcogpa’%ﬁ base stocks generally have a viscosity index
of between abﬁast%ﬁg to 120, and WO 2006/ 124367 PCTI US2006/ 017717 -16
contain | ess r equal to about 0.03%sulfur and greater than or equal
to about 90%gsg} ur Atveide réd ldbhcﬁﬁﬁgiiﬁegﬁlﬂﬁié Rhown MR . Vl‘..lilﬁ‘ib%hhg i ndex
gr eat }r t han about 120 and contain |l ess than or equal to about 0.03 %

sul f'tir and grheseeils thamare udebultin 909 preaent imvendion Grobethindtirakdils) sgnthetic
des Qhase st ocks not

'nc! uded T - @ibwBad Pugavenyital DsoRRbu, sufRuRTEGe ofs B mpaR <atontlch of
g‘gzg r ! \éeggr@ﬁgﬁr gﬁgﬁg%%ﬁ'eﬂ%%ﬁé}e ﬁ%ggﬂfelﬁn%,el%f ﬁgﬁ,fd'f rerbfiEd fﬂhwat{é?dex

is also known as reclaimed or reprocessed oil). Unrefined oils are those obtained

directly from a natural or synthetic source and used without added purification.
These include shale oil obtained directly from retorting operations, petroleum oil
obtained directly from primary distillation, and ester oil obtained directly from
an esterification process. Refined oils are similar to the oils discussed for
unrefined oils except refined oils are subjected 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 L, I, III, IV and V are broad categories of base oil stocks
developed and defined by the American Peiroleum Institute (API Publication
1509; www.APLorg) 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
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[039] Natural oils include animal oils, vegetable oils (castor oil and lard oil,

for example), and mineral oils. Animal and vegetable oils possessing favorable
thermal oxidative stability can be used. Of the natural oils, minera! oils are
preferred. Mineral oils vary widely as to their crude source, for example, as to
whether they are paraffinic, naphthenic, or mixed paraffinic-naphthenic. Oils
derived from coal or shale are also useful. Natura! oils vary also as to the
methoﬁ 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 Il 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,
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mixed olefin-derived polyolefins. However, the dimers of higher olefins in the

range of Cy4 to Cyg may be used to provide low viscosity basestocks of accept-
ably low volatility, Depending on the viscosity grade and the starting oligomer,
the PAOs may be predominantly trimers and tetramers of the starting olefins,
with minor amounts of the higher oligomers, having a viscosity range of 1.5 to
12 ¢St.

{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 triflucride 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 3,382,291 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.



al kyl groups, cycloal kenyl groups and other related hydrocarbyl groups. The
hydr ocar byl groups can range from about C6 up to about C60 with a range of
about Cs to about C20 often being preferred. A m xture of hydrocarbyl groups
is often preferred, and up to about three such substituents nmay be present.
The hydr ocawbybosgngep can optional ly contain sul fur, oXygawseRriRy
nitrogen containing substituents. The aromatic group can al so be derived
fromnatural (petroleun) sources, provided at |east about 5% of the

nol ecul e is conprised of an above-type’bsr’orratic noiety. Viscosities at 100C
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one skilled in the art. The choi ce 0f catal yst dependS on the redactivity of

t he . often preferred, and up to about three such substituents may be present. The

hydrocarbyl group can optionally contain sulfur, oxygen, and/or nitrogen
containing substituents. The aromatic group can also be derived from natural
(petrolenm) sources, provided at least about 5% of the molecule is comprised of
an above-type aromatic moiety. Viscosities at 100°C of approximately 3 ¢St to
about 50 cSt are preferred, with viscosities of approximately 3.4 ¢St to about 20
¢St often being more preferred for the hydrocarbyl aromatic component. In one

embodiment, an alkyl naphthalene where the alkyl group is primarily comprised

of 1-hexadecene is used. QOther 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, ant.i 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,



starting materials and product quality requirenments. For exanple, strong
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[046] Alkylbenzenes are used as lubricant basestocks, especially for low-
temperature applications (arctic vehicle service and refrigeration oils) and in
papermaking oils. They are commercially available from producers of linear
alkylbenzenes (LABs) such as Vista Chemical Co, Huntsman Chemical Co.,
Chevron Chemical Co., and Nippon Qil Co. The linear alkylbenzenes typically
have good low pour points and low temperature 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,



~propyl -1, 3-propanedi ol, trinethylol propane, pentaerythritol and di penta-
erythritol) with al kanoic acids containing at | east about 4 carbon atons,
prefer- ably C5 to C30 acids such as saturated straight chain fatty acids
including caprylic acid, capric acid, lauric acid, nyristic acid, palmtic
aci d, steari cwadheki1243@fachi c acid, and behenic acid, or thgﬂﬁﬁﬁ&ﬁﬁpﬁpﬂing
branched chain fatty acids or unsaturated fatty acids such as oleic acid,
or mxtures of any of these materials. 10491 Suitable synthetic ester
conmponents include the esters of trinethyPb propane, trinethylol butane,
trimethyl ol ethane, pentaerythritol and/or dipenta- erythritol with one or
nor e nonocar bfydricCacid iadipic acidalinbleit fciddinddromialdnid scid AdiRyltmAniadcign at ons.
These esters are wi dely avgilable.connqrcialfy, for exanple, the Mbil P-41
and P-5| est ealkeny! ridruicmsis, etochuith e aaricyrafaalgohols sugh@s boed mlcabbk hexyler s
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about C6 to about Cl4, and may conprise alkyl, alkenyl, cycloalkyl,

cycl oal keny! , phthplatea didepylphtbalate, distcosyl sebaehityete.ocar byl groups, and can
optionally contain S, N, and/or O groups. Pentaerythritol esters with
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groups, R are often preferred. For exanple, substituent hydrocarbyl

groups, R naieactimgenser mowsupdyhydricalcehmly preforabtpthetdndiEal hokyolsdandy |
noieties in the, proporti.on f about 1:4 to 4:1., 1 e, referred
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and nore preferably . .. - . e e ..
P capry id acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid,

arachic acid, and behenic acid, or the corresponding branched chain fatty acids
or unsaturated fatty acids such as oleic acid, or mixtures of any of these

materials.

[049]  Suitable synthetic ester components include the esters of trimethylol

propane, trimethylol butane, trimethylo! ethane, pentaerythritol and/or dipenta-
N erythritol with one or more monocarboxylic acids containing from about 5 to
Q/ 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 C¢ to about C¢ or more, with preferable ranges being about
Cs to about Cy4, and may comprise alkyl, alkenyl, cycloalkyl, cycloalkenyl,
linear, branched, and related hydrocarbyl groups, and can optionally contain S,

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



_ A AR TR R e
- about 5% to about 15% [051] Other useful fluids of lubricating viscosity
I ncl ude non-conventional or wunconventional base stocks that have been
processed, preferably catalytically, or synthesized to provide high
performance |ubrication characteristics. [0521 Non-conventional or

unconvent i onabo wes243470cks/ base oil's include one or noreppfudetdstaye of
base stock(s) derived fromone or nore Gas-to-Liquids (GIL) naterials, as

wel | as isonerate/isodewaxate base stock(s) derived from natural wax or
waxy feeds, mineral and or non-mineral oi'flwaxy feed stocks such as slack
waxes, natural waxes, and waxy stocks such as gas oils, waxy fuels
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product; (d) "hydrotreatin a catalytic hydrogenation process that

convgrts sul faboutéﬂfdtuﬁbwtgﬁ‘éﬁgen-cont ai ni ng hydrocarbons into hydrocarbon
products with reduced sul fur and/or nitrogen content, and which generates

hydr ogen [051] Other useful fluids of lubricating viscosity include non-conventional or -
' unconventional base stocks that have been processed, preferably catalytically, or

synthesized to provide high performance Iubrication characteristics.

[052] Non-conventional or unconventional base stocks/base oils include one or
more of a mixture of base stock(s) derived from one or more Gas-to-Liquids
(GTL) materials, as well as isomerate/isodewaxate base stock(s) derived from
natural wax or waxy feeds, mineral and or non~mineral oil waxy feed stocks
such as slack 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” - hydrocarbonaccous material having a high pour point, typically
existing as a solid at room temperature, i.c., 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-



sul fide and/ or ammoni a (respectively) as byproducts; simlarly, oxygen
cont ai ni ng hydrocarbons can al so be reduced to hydrocarbons and water; (e)
"hydr odewaxi ng" (or catalytic dewaxing): a catalytic process in which nornal
paraffins (wax) and/or waxy hydrocarbons are converted by

cracki ng/ fr agy@fjogidaegy | nto | ower nol ecul ar wei ght specie d r ear
angenent/isogg$izg?%gﬁ I nto nore branched iso-paraffins; ??T%Emm9%7"7
"hydroi someri zation" (or isonerization or isodewaxing): a catalytic process
in which normal paraffins (wax) and/or skkmhtly branched iso-paraffins are
converted by rearrangenentlisonerization into nore branched iso-paraffins;
(g) "hydrocrackiggas ' g W G X npani es
the cracking/fr gn%%?g}i Eﬁﬁpﬁﬂﬁﬁﬁﬁggﬁgﬁﬁgﬂ%gmgﬁ?“@%%éggfﬁﬁghﬁ@&@%@ﬁ

hydr ocar bons i ntlrah¢lgkitoycidajidmes;ar bons, or converting aromatics and/ or
cycloparaffigé (,hapht henes) into nqn-cyclic_branchedg?araffins. [ 054] The
term " hydr oi S6heryEERPTerespias! 08 sefining ptodess insehicha feedstocktis hoated with nor e

catal ytic process whi ch.have the conbj ned effect of convertjng nornal
paraf fins and/ oﬁlﬁwr‘rﬂigﬁl&m@w&a’@ TH@F?WWS&Y(}H d‘ehgliﬁ’s?@ﬁer

ol ecul ar wei ghtofSpees &xp% BRI R | ' ' ' nor e
branched i so- paroaf fi nig.?&Suc n%:dyrébalhne cprocesgéaéész@gys%@én%tss dggggri bed as
"catal yti c dewaxprodlicecan ihmrbeed produblydr ocr acki ng”. WO 20061124367

PCT/ US2006/ 017717 -23 {_05"51 materials are materials that are derived
via one or ndfk "bydratesating”: & estniytighiydrogenationsprocenstthareonverts sfigenent |

and/ or degradation/deconstructiyve rocesses .fram gasepus car bon-.contai ni ng
conmpounds, hydr & -r%“?%?%?%mn%% ﬂ%ﬁo@ﬂaﬁy‘g?@ﬁ% Brogueis 88tk ¢ ocks

such as hydr ogeneqeiatt ﬁ%ﬂﬁh‘o&&ﬁ%ﬁﬁ’t@n%‘iﬂ@ﬁh% %é%hﬂés hjgﬁ%gfd‘e’ et hane,
et hykene, acetyl ene, propane, pro ene, propyne, Dutane, "bu enes, and
but yaes. GIL baselfideaitioradmbaingrespettively)aasGlbradiicss; isihilady, duypehcat i ng

Vi scsi ty that are generally derived from hydrocarbons, for exanple waxy
synt hesi zed hydreostainagdrydrararbans san alsadsireducedde hydugathoosand watesr gaseous

car bon- SNt a1y g, GURRUAIS . (v A9ETaeRMhE): "E BAaFRTRRYAIS e/ o1 ef erent s
which normal paraffins (wax) and/or waxy hydrocarbons are converted by
cracking/fragmentation into lower molecular weight species, and by
rearrangement/isomerization into more branched iso-paraffins;

® "hydroisonierization" (or isomerization or isodewaxing): a catalytic process
in which normal paraffins (wax) and/or slightly branched iso-paraffins are
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

£
L

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”.



include oils boiling in the lube oil boiling range separated/fractionated
from GIL materials such as by, for exanple, distillation or thernal

di ffusion, and subsequently subjected to well-known catal ytic or solvent
dewaxi ng processes to produce |ube oils of reduced/|ow pour point; wax

| sonerates, conprising, for exanple, hydroisonerized or isodewaxed

synt hesi zed hWaer®Weardsens; hydro- isonerized or isodewaxedpErssiwénii@psch
(F-T) material (i.e., hydrocarbons, waxy hydrocarbons, waxes and possible
anal ogous oxygenates); preferably hydrotﬁpﬁerized or isodewaxed F-T

hydr ocar bons or hydroi sonerized or |sodeWaxed F-T waxes, hydroi sonerized or
| sodewaxed synt hesi zed waxes, or mxtures thereof. [0561 GIL base stock(s)

derived from B8] i He materialpassgontarinlg thatiayeiderivediiia one or mose eymikesds, F- T

mat eri al derived, base stoc ._and ot her dr,oi ner, zed/,i sod ed wa
o ved bage SiBupagsn, HRSkibtioRier i emeph Bl SRR G AR

i iti : bl

{rom about 3 Topiaes Bon LAEbEaHbortcSitkinmg ComPuifs, iR SontBbfie 20 o
to about 30 neafhpourdis, anddomeletiertd abYeatstotks suwhes hydasdend earbue didxydd, he

| sodewaxi ng of F-T wax,_ which has _a kinematic viscosity of about 4 m®/s at
100C and a vi ¢Asben mpnpxidexwaterametbane, sthase, sihylzoesceyAgsy PrpINgS20061017717

- 24- ter. Ref herein to Ki ti ' i f t

reasur ement | FRGEY B BGTIN 2L, pAYiEnoy 989 PUlsHES Gy B Slaks fahasee of s
dorived f . . bR . . \ e
materal dori VT Brer PASIMESPRRR M ViU (AR eRAF NI SN
wax-derived blgirosdrboi, $r exautie aaxyaynthbsigsdirivoesrboes that attethenséless whi ch

can be used as base stock conponents_of this invention are further
char act er i zeddaripsdEom pimplengaseqys paben-sentaining eompennds, hydrogend ower

férabl b -.10C I f b b -15C I , i1l
or o< of or an B cotngutfF apa fEREnEG & Rl o R By have
advant ageous ﬁ@lﬂde%ﬂk%ghﬁf infkﬁ@!ﬁbe‘c%ﬁﬂbigié%gégigr%;sep%ieﬂlﬂh%%ﬂﬁteﬁ?Hi’m points of

about -30C to about -40C or lower. If n a separate
GTL materials such as by, for example, distillation or thermal diffusion, and

subsequently subjected to well-known catalytic or solvent dewaxing processes to
produce lube oils of reduced/low pour point; wax isomerates, comprising, for
example, hydroisomerized or isodewaxed synthesized hydrocarbons; hydro-
isomerized or isodewaxed Fischer-Tropsch (F-T) material (i.e., hydrocarbons,
waxy hydrocarbons, waxes and possible analogous oxygenates); preferably
hydroisomerized or isodewaxed F-T hydrocarbons or hydroisomerized or
isodewaxed F-T waxes, hydroisomerized or isodewaxed synthesized waxes, or

C\ 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 mm?/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



dewaxi ng step nmay be practiced to achieve the desired pour point. References
herein to pour point refer to neasurenent nade by ASTM D97 and sim | ar

aut omat ed versions. [058] The GIL base stock(s) derived from GIL naterial s,
especially hydroi somerized/i sodewaxed F-T material derived base stock(s),

and other  hyenelosses i zed/ i sodewaxed wax-derived base Stl@é@“g)ﬁ@gf# are

base stock conponents which can be used in this inventio

characterized typically as having viscosity indices of 80 or greater,
preferably 100 or greater, and nore pref#rably 120 or greater.
Additionally, in certain particular instances, viscosity index of these

base stocks rByabe WRERfAte Rbkid RPK HenfiiRdAR0sity Fifersb afxﬁéﬁﬁiexfneh%ﬁ]adgr

greater, and even nore preferably 140 or great'er. For exanple, GIL base
stock(s) thatbyd&S8TVEmkcthma JO#45.naterials preferably F-T materials especially
F-T wax generally have a viscosity index of 130 or greater. References

herein to Vi[esTsi GTL tidextocks ahd bese SHEMeried GBI Omalepiall edprca@di tion,

the GIL base stock(s) are typically highly paraffinic (>90% saturates), and

may contai n rhiydreisesenifediisodawyaieddal andicrial denwedbhsd stocki(s), apdothief i ns i n

conmbi nation w th .non-gyclic,isoparaffins. The ratio of the naphthenic
(e cycl ofNEERmEr A isatawaled tRnIcBioditase FORK(S) ZHFRES WAkh t he VIO

20061124367 - - . | ratur Egrt her

GIL base- st O%@%{?%{éﬁ%ﬁeﬁv atxf}%lg’c‘gﬁtcg cﬁgsgggdeési%g\%ﬁ)tscglcﬁ u“irﬁ)gg‘gs 9 ?t rogen

cont ent . gendlglihvertion'afé i chmactlian! BhRlly sbGaribgpous ol of e cal |y
S.

| ess than about 5 &pm of each of these el éenen € sultur and nitrogen
content of GF6°®asbowarppieferablytrbout di0PCalytlever tdsg preferably about -15°C or

hydr oi someri zati on/,j. sodewaxi nqg.of. F-T erjial, especially F-T. wax is
cssontal Iy et oM G0ne etepsbly abaut a2 @ Skoih it ccaaie, SRioRt k  5)
conpsst ses par. i i [.al ?f]aﬁ‘ﬂ _fHo ) ‘ -cyclic
i sopar af fi ns_rgér?f @ﬁ%&v%ﬁgggééﬁmhﬁ?@t% CJI%F o%g@%ﬁgﬂt‘%%e‘g%ﬁa%ugase
stock(s) typipoadts yf SERE3GE tdgbort L407CoorBiver.| HingcéRary, 8 efsrate Of greater
than 60 wt % non-cyclic isoparaffins, preferably greater than 80 w %
non-cyclic i sispaxbigfstersmagbegractised tathievsrthadesired pour point. References

herein to pour point refer to measurement made by ASTM D97 and similar

automated versions.

[058] The 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) which are base stock
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

iw) 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



than 85 wt % non-cyclic isoparaffins, and nost preferably greater than 90 w %
non-cyclic isoparaffins. [061] Useful conpositions of GIL base stock(s),
hydr oi someri zed or isode- waxed F-T material derived base stock(s), and

wax- derived hydroi sonerized/ isodewaxed base stock(s) such as wax

| soner at es/ WODbesiezres, are recited in U S Pat. dﬂﬁ&o

6, 090, 989, and 6, 165,949 for exanple. [062] |sonerat e/ | SO vvaxate base
stock(s), derived fromwaxy feeds, which _are also suitable for use in this

i nvention, are paraffinic fluids of | ubr #cat i ng viscosity derived from
hydr oi sonmeri zed or isodewaxed waxy feedstocks of mneral oil, non-m neral
oiI non- petmlystmdcﬁcmpaauﬂamezblﬁmﬂmrG’@'Lrhasestgcks afdkatetoile kppisalzh as one

nor e of gﬁas oils %ﬁ.g V\% waxy fuels hydrocracker bottons,
hydr ocar bon @Pweﬁa‘@é%su ] mlﬁmnthWWéWmﬁalanﬁmhm ghautkat es,

mneral o | TORRPRRCRgFe tgp?c B Souk PP OF A e et 1 oo aﬁlaiy
material s, |TREANARanIHARHA Byéglbout asE@fH&R%@%ag\éBPoﬁ?a'i gber

about 20 or greater, pr ef erably or greater, an ur of such

i sonerate/i slgnﬂwiambnzdjmésedmgoﬂm‘ﬂaﬁmtemal S:sp&MhlEOEfSF ﬁr&ﬂ%’@7

PCT/ US2006/ 017717 26 [063) Slack wax is the wax recovered from petrol eum
oils by sol \@Fﬁﬂ@r‘yna]ut orefrigerative dewaxi ng. Sol vent dewaxi ng enpl oys
chilled sol vent such as nethyl ethyl ketone (IVIEK), nethyl |sobutyl ket one
(M BK), m xt[066s &f a pidEéréBembodinient,ghic GTIMdSeatutk(s) contpeisesrparaffinic
autorefrigerati ve dewaxi ng enploys pressurized, liquefied |ow boiling

hydr ocar bondnalgea sahatrwa@atriereé@rmrmﬂmé HOPWQJ]IC sopatatiesanesonly penery secur ed

Sughy het er odt B A aRer e Budse oL mBt ol SRS SR (and not

hydrocr acki foig}affﬁ:ﬁ: ﬁﬁfenazsatm ConSikt OY SeRRP M) A0k %h%gcm%%}a

hydr odeni t r 6genation (HDN) so as to avoi d subsequent ol son esact i vation
of the hydr gireferably geeaterthan8@iw non &bl iSoparaffing fidte prefeeabdy gfda&ﬁe st ock

and/ or wax i songr ate base 0qjl/base
5 wi% non-cychc :soparafﬁns and most preferably greater than 90 wt%

non-cyclic isoparaffins.

[061] Useful compositions of GTL base stock(s), hydroisomerized or isode-

waxed F-T material derived base stock(s), and wax-derived hydroisomerized/

isodewaxed base stock(s), such as wax isomerates/isodewaxates, are recited in
U.S. Pat. Nos, 6,080,301; 6,090,989, and 6,165,949 for example.

[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-petrolenm, or natural source derived
waxy materials, linear or branched hydrocaljbyl 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.



T s

I ndi vidual fractions of GIL base stock/base oil or wax isonerate base
stock/base oil as recovered in the production process, mxtures of two or
more GIL base stocks/base oil fractions and/or wax isonerate base

st ocks/ base WP20461124367 ons, as wel| as nixtures of one orpcy@ @0 iRIE | OW
viscosity GIL base stock(s)/base oil fraction(s) and/or wax i|Isonerate base
stock(s)/base oil fraction(s) with one, by or nore hi gh viscosity GIL base
stock(s)/base oil fraction(s) and/or wax isonerate base stock(s)/base oil
fraction(s) to produce a dupbbell blend wherein the blend exhibits a

vi scosity wil063h Slackaver isdhe waxgecavsted fomgepetiodssi oilnby spivehtor ed

enbodi nment , e L terial . fr whj ¢h the GIL, base... stock(s) is/are
derived is a#qﬂegﬁggﬁﬁ dywaing, ggir’(ﬁﬂ#m?nPWﬁﬁﬁH@rSSfVﬁ@ %‘Eﬁbﬁé wax). A
slurry F-T s ' L g fOr esi zing the
feed from CO%S%@@E%} gg@ﬁégn% gé‘r’?@éﬁﬁéﬁ’gﬁé‘%{e&é oyl)hg{%wéls -T catal yst
conpri si ng aMVBK/MIBK anixtinet bf MBR and iélutie, piile Atorefiibeastiv)

produci ng the npre desirable higher nol ecul ar weight paraffins. This process
is also wel$mpleysprassunizedsliquediad low hoilingbydrocarbugs anhass pRapsiE or

PCTI US2006I 0b17717 -27 [067] In an F-T synthesis process, a synthesis gas
conpri si ng aurﬁ1 ure of H2 and COis catalytically converted into
hydrocarbons _and preferably liquid hydrocarbons. The nole ratio of the

hydr ogen t o [08d] c Slaskwardedxbeing segured fromdpefraleu oils roay abmtain suifirt o 4, but
which is nore tvypically within the range f fromabout 0,7 to 2.75 and
preferably f%#éﬁ'ﬁgfﬁﬂ c%gtq,m{qg GorapouRds, g“%ﬁ?ta%WPWQW@WPﬁe@I S processes
i ncl ude pro ' | : LS 1 Jyh | _bed, a

fl i zed be ﬁ%?%g'ggl g\yg#‘ﬁ&rﬂyﬁgf(&g&aﬁ% @s{dcg%drl{ﬁll@f gssfo:fr%&g?nﬁ I?yl%?lfg?z:&afrs on sl urr y
l'iquid. The sulforiehiian@IDBY andhpdrodénirof@ration (ADIN B30 Us@veid fubseduean is 2. 0,
but there are many reasons for using other than a stoichionmetric ratio as
those skil | eRpisoning{deagtivationef thethydsisomerizationeatajyit.ocar bon synt hesi s
process the feed nole ratio of the H2 to COis typically about 2.1/1. The
synt hesi s gg868pnfihe sérnpGaLrbast vilébast stocK andviod wa® issinératbagd oilfbakdit 0 t he

bottom of the slurry and reacts_in the presence of the particulate F-T
synt hesi s ca¥@esky8s used herein and in the claims is to be unde;rstood as embracing
individual fractions of GTL base stock/base oil or wax isomeraie base stock/base
oil as recovered in the production process, mixtures of two or more GTL base
stocks/base oil fractions and/or wax isomerate base stocks/base oil fractions, as
well as mixtures of one or two or more low viscosity GTL base stock(s)/base oil
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

O

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

the blend exhibits a viscosity within the aforesaid recited range.

J066] 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.



i inthe slurry liquid at conditions effective to form hydrocarbons, a portion
of which are liquid at the reaction conditions and which conprise the
hydrocarbon slurry liquid. The synthesized hydrocarbon liquid is separated
fromthe catalyst particles as filtrate by neans such as filtration,
al t hough ot I on means such as centrifugation Some of
t he synt hes!’\?fe)éaﬁ{/ig{sgiar bons pass out the top of the hy%?gegﬁggﬂﬁgVnt hesi s
reactor as vapor, along with unreacted synthesis gas and ot her gaseous
reaction products. Sone of these overhead?-hydrocarbon vapors are typically
condensed to liquid and conbined with the hydrocarbon liquid filtrate.
Thus, the inggdmal LI ' | t - ﬁ&@f&' on
whet her or nmeﬁogg%gfp ]{]’%gﬁgigﬁ% g@%&lﬁyﬁp@%ﬁ%ﬁ% glrgfsn\ghaa@e ceBefﬁgzconbi ned
with it. Sl uangCoyisroataytically cpnviresi intphydresarbomsnahid prefexablyliguid onewhat
dependi ng on_the catal yiﬁ and desired products. Typical conditions
ef fective toh¥&ogatppns.0dhe ratigrgfithe hydroger tq thecgtboganangxidemaye ¢, |

Co+-C200) a r £10S 4 < iy I (s 1 nt hesi s
o ocess. empt SR RRE Bk FOA oRSieRt el et s b Y ARBCRE R

i nclude, foropRafPAldOut OIEBIEET AR ﬁ%ferﬁbl?%fﬁ%ﬁoﬁ‘ﬂﬂ? hours, yA@swepace

vel ocities in the range of from ‘about 320-850F, 80-600 psi and 100-40, 000
VI hr/V, exprksoen BS synirdispostSs@(oeliide seiesRCin uhReDhe@ataliist is indRe vol unes
of the gaseoys CO,and H2 m xture hour per , volunme of

0OC, 1 at
catal yst, re of ¢ Bixgd baha ‘EFIFP‘S bed or asia g?élé‘g'eéfé?aéﬁl)‘ﬁtﬂ’éﬂmséﬂ & o

hat mat or 1 ahvdtopso8p SR RaodRe stigBb BB SmbRaT for B GRHARY, cF
ranges quot egkabbn 27,0t RERRS milRy Resond T YistnRAh&MHADS SfdRHiSmbBRxi Ng t he

| i m.t. val ues of the carbon nunber Tange have to be present, or that every
car hgn nunberatiomstthesecpkdlietin thaad dnpw. dnesbait slurty hysdroraebar syathdsisat t he

hydr ocarbon synthesi s reacfion b nducted. und onditions in which
limted or nBrOg&} 33%@%{%1’@“9858}%%8:1*0 é@d&ﬁ@l@ﬁ{}' éﬁ?ﬂ‘é&ﬂﬁef @bly with no
wat er gas shj i 0 | ' r ho IS. It is
al so prefer rghﬁlfl%s?%%&r%%g’fﬁ % égﬁ@%ﬁf%ﬁ%@eocgﬁﬁﬁnﬁﬁgr@ IB g@%@hﬁ%@@@ an al pha
of at |east @f e shifehnd Aaky idthd gasd @o@ﬂﬁym‘l‘aﬂﬁt MmTefaithddiycailysieast
0.92, so as to synﬁ)gsi ze nore ofﬁtehencrmre esi rablee hi gbﬁ{er Y

in the slurry liquid at conditions effective to form hydrocarbons, a portion of

which are liquid at the reaction conditions and which comprise the hydrocarbon
sturry liquid. The synthesized hydrocarbon iiquid is separated from the catalyst
particles as filtrate by means such as filtration, although other separation means

" such as centrifugation can be used. Some of the synthesized hydrocarbons pass
out the top of the hydrocarbon synthesis reactor as vapor, along with unreacted
synthesis gas and other gaseous reaction products. Some of these overhead
hydrocarbon vapors are typicaily 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., Csi-Caoo)
and preferably Cyo4 paraffins, in a shurry 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



nmol ecul ar wei ght hydrocarbons. This has been achieved in a slurry process
using a catalyst containing a catal ytic cobalt conponent. Those skilled in
the art know that by al pha is nmeant the Schultz-Flory kinetic al pha. Wile
suitable F-T reaction types of catal yst conprise, for exanple, one or nore
- Goup VIIl &eabyidgernetal s such as Fe, Ni, Co, Ru and ferred
that the catalyst conprise a cobalt catalytic conponent%r{h%zr‘{géﬂé%zdl ment
the catal yst conprises catalytically effective amounts of Co and one or
nore of Re, Ru, Fe, N, Th, Zr, H, U, ‘I‘@@'and La on a suitable inorganic
support material, preferably one which conprises one or nore refractory
met al oxi des voRnﬁse:rfrthelga&eppmﬂ&andHﬁ nfiotuea(°d, diang) pért ity pes velamerdfse

Ti tani a, partlctitsarl ) Useful cat al f(sts and their preparation are known and

i 11 ustrati vecaigbistyethectyelyndhetermples” mﬁal}ﬁeldéwmm@@@fer torhysizegapbans in U. S

th se'lt\IO fS orth aﬁioggfﬁ‘b%@g&’iﬁegf@&te?%ﬁ%ﬂll ot é@?‘o‘@ﬂ‘?&‘?F Wét%ar e[ 0os]
derived i s V¥beh nieiter 5904 1é bep}éﬁhﬂerﬁ}hllﬁﬂ ’ot}ﬁQ'i‘ @ l‘ﬁgxg*?d\%g{;( carlgcr)n GTL

non-petrol eum or other natural source ecl al

material, pr efimbably nét ifnplyﬂhaetrhydcharlnﬁle heeinigtthe Hmifvalueveof thé-carbvax
preferably has an initial b0| ling poi WO 20061124367 PCT/ US2006/ 017717

-29 in the r&H@geHangfv' SAY S H0Le7 ISRt QF tiaa@vémﬁaryo%anmbnnmﬁbﬁ ﬁugt@m s up to an

end point o F be used
during the Ear%eé Elae%éerl zgg pgﬁf%rrﬁﬁ&ﬁﬁ Cq\@lﬁgxﬁyrﬁﬁ?gﬁ ’f%‘éﬁfa%ﬁff/ feed is
convert ed tchlmM%ted TaRiek b@ﬂmn@ﬁ@ﬁmﬁﬁh mmﬁtea&sﬁfd Whter rédifiog Must be
sufficient heavy n-paraffin material to yield an isOparaffin containing
i soner at e boo’cc»mganmmdneptafbmbbn with mawgﬁer gas shift Bday.tmmodmmng doring tlel so

pra@ced afte rrerl ti,onlisodewaxjng, sone of th
i sorefatelis 8 sypihesigy Ldsg OWﬁﬁﬁéa&methedmloﬁdmdPhg mat eri al

during the c y. ferred that the
end boi | ing 8@?@?5%%84%?@3@% o SR TS0 8l Y e bRstU S B8R o hmon

boi | i ng ranggrdferablyoit@shsPe9el £ hd todehitesise hitste LOIR meRQirablRREher
distillation tenperature used to separate the fraction. Unless Specifically

stated (for moleouidreyeight hyplzecdrhonsg Thimhas beenfachievedin delutry process nuousl y or

constitutes the . . 1y
ushmg a catalyst containing a catalytic cobalt component. Those skilled in the art

know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T

reaction types of catalyst comprise, for example, one or more Group VIII
catalytic metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst
comprise a cobalt catalytic component. In one embodiment the catalyst
comprises catalytically effective amounts of Co and one or more of Re, Ru, Fe,

Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, prefergbly

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



entire range) the specification of a boiling range does not require any
material at the sepcified |imt has to be present, rather it excludes
material boiling outside that range. [070] The waxy feed preferably
conprises the entire 650-750F+ fraction formed by the hydrocarbon synthesis
process, haviw@2@n124aéni al cut point between 650F and 75@frqeiwésined by
the practitioner and an end point, preferably above 1050F, determ ned by
the catal yst and process vari abl es enpl oy by the practitioner for the
synthesis. Such fractions are referred to™“herein as "650- 750F+ fractions".
By contrast, "650-750F- fractions" refers to a fraction with an unspecified
initial cut poithe ramgd ofifircanG5GGEATF sudpnelerably wontiveonshobéilampito b0  \Waxy

feeds nmay be pr.ocessed a entire fraction or_as subsets qof the entire
fraction pr ed&”é"opff?ﬁ‘?ﬁsgfﬁdgﬁt iAoHalﬁﬁ’WB‘i‘H&l’”W S?%maﬁﬁyﬁoé&ﬂﬁed@@@gﬂfe waxy
feed al so typi . | se 9 - TDI h %.and
preferably mF)H r}gﬁ é’l%élﬁgg@}\{/\%/o%g@cﬁ é}%gﬁ%gi{r%fgg‘ﬁg%&%ﬁmgpﬁsﬁ&cﬁ%%e
normal  par afﬁdiﬁﬁ% isoparaffini0 sHted1b HendsRteremest bewuifidiemHéaty h,

conpounds (e.g., Tess than 1 wppmof each), with Iess than 2,000 wppm
pref erabl y | asstetinbio yicldon isopspatfrebntainiag psosperatetiojling insthe thatre &D0 wppm of

oxygen, in the form of WD 20061124367 PCT/, L@Z&)G/.Ol??l?, - 30 oxg enat es.
Waxy feeds hdiPey Hire@lyts deyeingis alsppraciiqsd aliern 1soperizatiowdsodgyvating,

i nvention hay, ' r¥hnd ' yst. having a
catal ytic cobsg) ?gl&gg%&#aeg%d%@%%us?lyﬂ?on@é @g@g{a@%%d;??o h}eB%c’)llrﬁ?)1 ess of

naki ng the | uhstesiahdurbig thb268vaitiRakBedlpnt dewixiapotence, iisPprefefredtatwax or
F-T wax, may be characterized as a hydrodewaxi ngsgrocess. I f slack waxes

are used as tthecndbeilingpeintrafiheweny feedthe abowp 05T (1O58°Fk el i mi nary
hydriotreating step under conditions already well known to those skilled in
the art to re068f Wien ebaeiling rargie inqubtdd dbfede itidedings thedbder aidibywiper

poi soni ng or deactjvation) or to_renove sul fur- and nitrogen-containing

compounds \_/\hifbﬁiu/%':ﬁmde@i)%m yeeditoarspriptn the frastingd Usiless speqifieallyoviated | i
el i m nar y (P oY e Pal S0 BRCIRL G oty BESsBbEes BECH

waxes entire range) the specification of a boiling range does not require any material at

the sepcified limit has to be present, rather it excludes material boiling outside

that range.

[070] The waxy feed preferably comprises the entire 650-750°F+ fraction
formed by the hydrocarbon synthesis process, having an initial cut point between
650°F and 750°F determined by the practitioner and an end point, preferably
above 1050°F, determined by the catalyst and process variables employed 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. Wazy feeds may be processed as the entire fraction or as subsets of the
entire fraction prepared by distillation or other separation tecflniques. 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. If 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



" have only trace amounts (less than about 10 ppm or nore typically |less than
about 5 ppmto nil) of sulfur or nitrogen conpound content. However, sone
hydr odewaxi ng catal yst fed F-T waxes nmay benefit fromrenoval of oxygenates
whil e others nmay benefit from oxygenates treatnent. The hydrodewaxi ng
process nmay kgp soebygidsézed over a conbination of catal ysts, I ngle
catal yst. Conversion tenperatures range from about 150C tg@’gfggigﬁéllgg@z
pressures rangi ng from about 500 to 20, 000 kPa. This process may be operat ed
in the presence of hydrogen, and hydrogen °part|al pressures range from about
600 to 6000 kPa. The ratio of hydrogen to the hydrocarbon feedstock
(hydrogen ci oxygeattesin Waxydpedstmivireg these progerties and abeful inlfle peoddEDef the 11- 1
(56 to 19,660, SCF/ bbl) and the space velaogcity of the feedstock typically
ranges from alfygRtiqn haveths%ew@qwnao@ dpery $hiTprecess withocatalest, haviga

hydr opr ocees, %ﬁﬁﬁég Mféoﬂﬂé%t&@?a?f%éhﬁ’s& LIRS R H’LFZ‘LLE’”M%Cef ceds

Fﬁ%e”ﬁidf‘?)cf‘a 78 the beseSE of el bt T caRbmb i shecks Jvs washitackiong Co.
Ni

g/lb I | ca; ;3.| um nag gfraa?i%%fgj(’gqﬁaﬁ%ﬁa@%g%%Mgode%%@v?f’%ﬁsl I ne

hydr ocr acki noifiayadkava@Eard st a8 the feea! ﬂié)(r maf'iREQt@BE )z!uli}eé’"éd"td hic catalyst.
[073] Other isonerization catal ysts and processes for hydrocracking/

hydr oi soneri zpnﬂlmnnfdg\lwdmﬁ@atﬁig stmhmchmdamysmﬁready(weﬁdMeMbshMQ base
stock or base .0 descrl f.or e . 2,817, 693;
4,900, 407; 4, ii%i}ech ﬁ{té%@cﬁ-‘?‘? (t°4le§‘§§ Duéd Qﬁ@ﬁt%&v’ a“SJI%%taﬁféb 5, 182, 248:

20028 5 Adzor Rt oo Ao n i Re S0 0, 00537,
7827, 6, cinds which/wolRothérvidbddeiRiate 1Ry iy didonferi2aiderd 16; 4, 923, 588;
5. 158, 671 and 4, 897, 178, EP 0324528 (Bl), EP 0532116 (Bl). EP 0532118

(131), EP 053neiredqwaxing catalysbeed is sylmpyientntepss 50T wams, arepsabesdu2 (131),
EP 0776959 (A3r)ehrmnary¥r/ 9 16% {1&' r?equl}/\% 03(!3.85%%3 9n cpé%gd abvgx)reogdc 6\§1a7x1e%

have only trace amounts (less than about 10 ppm, or more typically less than

about 5 ppm to nil) of sulfur or nitrogen compound content. However, some
hydrodewaxing catalyst fed F-T waxes may benefit from removal of oxygenates
while others may benefit from oxygenates treatment. The hydrodewaxing
process may be conducted over a combination of catalysts, or over a single
catalyst. Conversion temperatures range from about 150°C to about 500°C at
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



(Al), WD 02/070627 (A2), WD 02/070629 (Al), WD 03/033320 (Al) as well as in
British Patents 1,429, 494; 1, 350, 257; 1, 440,230; 1,390,359; WD 99/45085 and
WO 99/ 20720. Particularly favorable processes are described in European

Pat ent Applications 464546 and 464547. Processes using F-T wax feeds are
‘descri bed i . Nos. 4,594,172; 4,943,672; 6, 046, : 960;

6, 103, 099: vg?g%og{%% and 6,375, 830. [074J Hydrocar bon é’%?fa’é?‘g’?‘@ﬁ’é’at al ysts
useful in the conversion of the C n-paraffin waxy feedstocks discl osed
herein to formthe isoparaffinic hydro--3¢arbon base oil are zeolite

catal ysts, such as ZSM5, ZSM 11, ZSM 23, ZSM 35, ZSM 12, ZSM 38, ZSM 48,
of fretite, tgktalledd hRirodeckihfMylrsisomeeatiohatalyieipefetdtly a00biite al pha, as
di scl osed in"USP 4, 906, 350. These catalysts are used in conbination with
Goup VIl eafels, in particular palladiumor platinum The Goup VIII
nmetals may be incorporated into the zeolite catal ysts by conventi onal

t echni ques, [B13¢h Qhet Bomerigitivrpeatalydts ahd Ipfocesss doblegtiroeratkingonver si on of the
waxy feedstock nmay be conducted over a conbination of Pt/zeolite beta and

Pt/ ZSM 23 chyduojsomerizad/isedepasing (G EL anaterigla end/on waky maienials to bassodi ment, t he
process of producing the |ubricant oil 20 7 RCI/US2006/ 017717 - 32
base stocksg@gﬁmt’@%@ﬂ%mldé?? r %ﬁﬁ%ﬁ%%@ﬁﬁﬁﬁs 787331 ngl e

cat al yst, . o3 t tsfagr ' eed can
be fed 'overg’lggb’(;@g’ 3%3%’ met g‘f’g?féé@d‘%&%: S%r@g‘?gggg%m dgggy@?ﬁlﬂghobl e

met al | oaded, 2983064 3,5800442; 15,87685D] §,985/413)M 485/408£5,06847816,180,88%, or two
stages. In an%é case, useful r11 dr ocarbon base oi Ia{ﬁroducts may be obt ai ned.

Cat al yst zSM348,838; 673263740 i 10H095P6926:397 2 6N801HH ; 6196140 AH283ddp VI | |

nmet al | oade 8 ) I r i SM 48, in
g=hydr oi sgﬁéga%?ii i60{§%r’?t#é’[t(ﬁ%7€vg§€; i@%@%?%igﬁ%’ﬁﬁé:‘h@g@@g % or any
-equent t i1 ag. %n@i I [ waxi ng

step, when %’Zgg’?g?’ %ac’;;%gg%’ézg’oﬁgplgg#e sll)’rs;%pg?téﬁrefr ]l)T Ei?]ggg}ﬁf%ol vent or
catal yti c dBBEXERDBTBTEEBEs EROS3SE86HEB2), [EP 6666894 (BRI BP 066854 @19, or the
650- 750F+ fraction maX be dewaxed, dependi ng on the

EP 0776959 (A3), WO 97/031693 (A1), WO 02/064710 (A2), WO 02/064711

(A1), WO 02/070627 (A2), WO 02/070629 (A1), WO 03/033320 (Al) as well

as in British Patents 1,429,494; 1,350,257; 1,440,230; 1,390,359; WO 99/45085

and WO 99/20720. Particularly favorable processes are described in European

Patent Applications 464546 and 464547, Processes using F-T wax feeds are
described in U.S. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960
6,103,099; 6,332,974; and 6,375,830,

[074] Hydrocarbon conversion catalysts useful in the conversion of the

N 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 VI metals, in particular palladium or platinum. The
Group VIII metals may be incorporated into the zeolite catalysts by conventicnal

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/YZSM-23 catalysts in the presence of

hydrogen. In another embodiment, the process of producing the lubricant oil
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I nt ended use of the 650-750F material present, It has not been separated
from the higher boiling material prior to the dewaxing. In sol vent

dewaxi ng, the hydroisonerate may be contacted with chilled solvents such as
acetone, nmethyl ethyl ketone (MEK), nethyl isobutyl ketone (MRK), mxtures
of MEK/'M Bl%vozg‘;ﬁlglgg%ures of MEK/toluene and the like, and further chilled
to precipitate ou]t he hi gher pour point naterial as a WO H hi ch i s
then separated fromthe solvent-containing lube oil fraction which is the
raffinate. The raffinate is typically faxther chilled in scraped surface
chillers to renove nore wax solids. Low nol ecul ar wei ght hydrocarbons, such

as propane, 4 =l ' ' t ' ate is
m xed with |b?é€?f§5%5?%%*}%‘§?*315@§°§%%r%§?9iﬂhﬁ d%@f”%\?&ﬁi dgﬁr Péﬂ@%ﬁ%ﬁg&bff to
chill down tsheh ByBy/BEMMGE! & fett holtic® @imbodhentOthe wi§ feb@van BOGed@eri S
separated fromthe raffinate by filtration, nmenbrane separation or

cent ri f ugat i@eup THEl metal donded LIS, prafenablydGrup GHI nokle maetdlilnaded, which is
then fracti t to produ erred base stocks useful_.in the

o enent ©o AN ke Breebfy bgaRI-At el PR Stage S ARG IaeEh, T AEh ¢ he

hydr oi soner [ | i n | l e
dgwaxi ng ca?gﬁeﬁgﬁ eigf ﬁ@%ﬁgﬁb:&%tr?gsyée‘ﬁ) gcgﬁ@bseﬂ?%ﬂﬁgﬂv\éﬁﬁa? hg%pt)%%?tazp)%?rﬁ 85‘%f t he

hydr oi soner alescrikeatial(JSP 6,006)849] Thealss of e GRANY/ VR BRTal PsadeZINISIE017717
-33 converts a _portion of the hydroisonerate to |ower boiling materials, in

the boil i ndemiigd catadysts prafprably pletinmsom ZSMn & tin thechylspispresigatiorom t he
fract | onat ot FRendecaseh sfimi e nghott for S SHPSRoBRY SParhiE SebBRineno 1 i ng
550 750F+ mards A R O o e base st ocks. LO7IT Any dewmdng
ororerably (AGe triRRE R HeeBEh Thuhe bbopEhEd piBR BBRE Bl o

the hydroi smBitdIvERY oP@atH@ﬁ_@-de%ﬁﬁl% grﬂﬁs%@*@ﬁﬁr 2l Bifivd i l'ecul ar
si eves whi ch, when conbined™with at ['east one catal ytic netal conponent,

have been dsomeraterartthel 658-766%-bifratiion theydbeidewaged, dependingioh flie act i ons and
i ncl ude, f | e, lerite, denite, | 5, ZSM 11, ZS 3, ZSM 35,
|Zglc\:4 SZG ?lrlterelégﬁseeof tLg %g &l-e’\]rSIOSIE mgt?ﬂrrlalelglrlese%t, 1%1St'\ﬁas not been sep.'au'a‘ce'\c/fL {%om

the higher boiling material prior to the dewaxing. In solvent dewaxing, the -

hydroisomerate may be contacted with chilled solvents such as acetone, methyl
ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of MEK/MIBK,
or mixtures of MEK/toluene and the like, and further chilled to precipitate out
the higher pour point material as a waxy solid which is then separated from the
solvent-containing lube oil fraction which is the raffinate. The raffinate is

| typically further chilled in scraped surface chillers to remove more wax solids.
Low molecular weight hydrocarbons, such as propane, are also used for dewax-
ing, in which the hydroisomerate is mixed with liquid propane, a least a portion
of which is flashed off to chill down the hydroisomerate to precipitate out the
wax. The wax is separated from the raffinate by filtration, membrane separation
or centrifugation. The solvent is then siripped out of the raffinate, which is then
fractionated to produce the preferred base stocks useful in the present invention.
Also well icnown is catalytic dewaxing, in which the hydroisomerate is reacted
with hydrogen in the presence of a suitable dewaxing catalyst at conditions

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



"al so known.-as theta one or TON, and the silicoal um nophosphates known as
SAPO s. A dewaxi ng catal yst which has been found to be unexpectedly
particularly effective conprises a noble netal, preferably Pt, conposited
with Hnordenite. The dewaxi ng may be acconplished with the catalyst in a
fixed, fluidwonroslessey bed. Typical dewaxi ng conditions ipgalusdens@17717
tenperature in the range of from about 400-600F, a pressure of 500-900
psig, H2 treat rate of 1500-3500 SCF/ B fqr flowthrough reactors and LHSV
of 0.1-10, preferably 0.2-2.0. The devvax"i3?1'g is typically conducted to
convert no nore than 40 wt% and preferably no nore than 30 wt % of the

hydr oi soner at eontvasts agaation of theydrdisdtherate todower beilingenateiale, infthé50- 750F t o
material boiljng belowits initial boiling, point. [078]. GIL base, stock(s),

i soneri zed ortqlgﬂﬂém&gorm%iﬁégﬂ MW3E= V‘gll@bkﬁﬁpﬁam@ %ﬁ@f"ﬂ%i al

Ki nematic vis Rk Xo t o ' I Il base
st ocks and baggiglg?{ﬁ dg% Sg(%%ng%c%g "3‘@&@%@3%“&%@8‘% Pﬁ%@ggﬂeﬁ@ﬁ %fvﬂe

i nstant i nvengy @bre Susehtdeks, Separafib®6kthedbReBGfing mdterdd ndlabe

significantly higher kinematic viscosities, up to about 20-50 mmR/s at | Q0C,
wher eas by comganipdished citharprioziio 6r duning fradtimation lof theadb (A AME TR matexrial ¢ WO
2006/ 124367 PCTI US2 06/8&7717 -34 viscosities, up to about 15 m®/s at
100C, and conf®? esiEd Bpsa §9cHSase oil's can have kinematic viscosities, up

to about 10 mm2/s at 100C. The higher kinematic viscosity range of G L base
stocks and bal¥7bi |1Any devardng datalyst whichrwillerettucs the okt peinhiof theliydmsi t y

f & |l d | b ks. d b Ik I | nat i
w th the i not SRRt eRd PO ERablY A% MhihduaY e Gaie? oA ar e b Mickges i
uith the i nstdit? W _ et B
o moTe i Somoh Sre e epgRR el 887 be LOUR TPe Wi PR SO Ry On®

m xt Ures t her siofes whichewhon yoitbineti asith atdeant bhe pataBicanetal ¢onypenent,lhave  part
of the base ojl. [080] One or npre of the wax isonerate/jsodewaxate base
stocks and babeenglenonsiiatediss ussly fordegirsingpetiolewn ofli frretiopn and ineludee GTL

base stocks agdl dagsse deril ORhdenS 2R S0Z 8N 1 PSRBT ST R o

base stocks a
also known as theta one or TON, and the silicoaluminophosphates known as

SAPO’s. A dewaxing catalyst which has been found to be unexpectedly
particularly effective comprises a noble meta), preferably Pt, composited with
H-mordenite. The dewaxing may be accomplished with the catalyst in a fixed,
fluid or slurry bed. Typical dewaxing conditions include a temperature in the
range of from about 400-600°F, a pressure of 500-900 psig, H, treat rate of
1500-3500 SCF/B for flow-through reactors and LHSV of 0.1-10, preferably
0.2-2.0. The dewaxing is typically conducted to convert no more than 40 wt%o

and preferably no more than 30 wt% of the hydroisomerate having an initial
boiling point in the range of 650-750°F to material boiling below its initial

boiling point.

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

whereas by comparison commercial Group II base oils can have kinematic



derived from GIL materials and/or other waxy feed materials can simlarly be
used as such or further in conbination wth other base stocks and base oils
of mneral oil origin, natural oils and/or with synthetic base oils. [0821
The preferred base stocks or base oils derived from GIL nmaterials and/or
fromwaxy feelO ¥WPE124¥ar act eri zed as havi ng predoni nantly peresfhidnieri
conpositions and are further characterized as having high saturates |evels,
low to-nil sulfur, lowto-nil nitrogen, | A/\fto-nil aromatics, and are
essentially water- white in color. [0831 The GIL base stock/base oil and/or

wax hydroi sorer at e/ i sodewaxate, preferably GIL base oils/base_stocks
obt ai ned f r om YiScositigs, upin ebptdd wt I@ﬁl%l,@aé@omemgh@@omm:h@embai ned

5’10200 wt o PareF BAGh I RERTHote Boapoud J0RBYR SEIEE  Thee e hore

preferably aboghedtis Qis?:.gﬁtygra;{g@i)f 618, bk docRé aﬁ&’ﬁaseq%ﬁfeﬁghbareﬁ g gamUNt

enpl oyed being left to the titioner 1n response t requi renments of

the finished |mbré kmited kil@n2AiR643DERP Yarige DREA00H IDdit Group- IBbb4se 8thck#
preferred GIL |igquid hydrocarhon, conposition is one conprising _ paraffinic
hydr ocar bon ¢ B 0O#s, 1n cpmbinationewish therinstent ipveniion ¢ag pravideadditionald by t he

f h Bl h imty of Db hi ng,
reasur e by« HCEE b AYERRELRR T St bR REEEORs wni ch are rour or
(2) "Bl 0. 5 crol0383) 5 e Drssent iyenion SemecpmaredyoraamtclsodoumachCover cai d
l'iquid hyd bt . Lb 1
can be furt hor SPRPA AT sSe skt By broob R ERITO TS 17000

aromat.i ¢ hydr agedkgeen doasgtutd)atd oPparePiie Haké #FEN cont ai ni ng conpounds,
| essft han 20 wppm sul fur contai ni ng conpounds, a pour point of |ess than

-18C, prefer a\?fg%g] emetd??ﬂ%rb. ‘the WaR ligo 5%@)35}:@&3@){%%’%5@%0& %ﬁeﬁl?

22.5. They ha nom na oiling poin on average aver age

fewer than 10 duepbydused ak engesor brntbissicdewitl Gt GTLIRLe sfookSamdbasedilsaver age
have nore than 16 nethyl branches per 100 carbon atons. They al so

_[081] One or more of these waxy feed derived base stocks and base oils,

derived from GTL materials and/or other waxy feed materials can similarly be
used as such or further in combination with other base stocks and base oils of

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

[082] The preferred base stocks or base oils derived from GTL materials
and/or from waxy feeds are characterized as having predominantly paraffinic
compositions and are further characterized as having high saturates levels, Iow-

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 wi% of the total of the
base oil, the amount employed being left to the practitioner in response to the

requirements of the finished lubricant,



~can be characterized by a conbination of dynanic viscosity, as neasured by
CCS at -40C, and kinematic viscosity, as neasured at 100C represented by the
formula: DV (at -40C) < 2900 (KV @100C) - 7000. [086] The preferred GIL
base oil is also characterized as conprising a m xture of branched
paraffins chayemueiddaad in that the |ubricant base oil copgpugediizhigast O
90% of a m xture of branched paraffins, wherein said branched paraffins are
paraffins having a carbon chain | ength of about C20 to about C40, a :
nol ecul ar wei ght of about 280 to about 562, a boili ng range of about 650F
to about 1050F, and wherein said branched paraffins contain up to four

al kyl branchgeg4pnd pefieidrGThighicRydracdrbon copasitibn oot dunapisiged par af fins
is at |east Zl{boultf:31 :%IwB 087L®I n tqhe g{)oye t he Brgnchi ng I ndex (Bl), Branching
Proximty (CHmraffinjc hydiecarboreommppnents iniubich theexicnirof tranching,98d as f ol | ows:

B hi I nd 0 359. 8 I | Ut i t I, t ai ned
= Br uker 360 TR G aericamasar ReprgEEEs Bl BRETR FrERa SIS 1< the
i nternal WO Q@dﬂgf Hﬁé,otg Fﬁﬁ‘%}n‘é i fanemce.
CDCL3 sol ventzcggl vVes ’égé‘ééa?‘gﬁkoc tegkglgcgét.]aégf)fil&lu S ec?yéé{aér%}%{)rtﬁﬁrigtg under
quantitati ve arefislirtor ansre waibops ¥emdeg! frommun axd grodp obbminch CHubSH, drel ay tine
of 30 s, which is at |east five tines the Ion_gest hydrogen spin-lattice

d
Pel axat | on tisieh that) (2) Bhd. 500z Az | andr(BhBE G BHCHE ) 4A5 e6 Mesrued s at i os.
[089] H atom t‘yﬁes m.qd@wrned accor di ng to th Iflol | ow ng regqi ons: 9.2-6.2
ppm hydr ogens?VShSaifl Sig PRAgEON §OBPASIHON, 55, %gens on ol efini ¢ carbon
tons: 4.0-2.1 benzylic hyd s at the a-pasition to, tic rings:
2. 1-1. 4 ppm HABSE { The Breerre: OiLraoe ok e BrRoUChArapterinsh 1S ASEBRTE 85 O

The branchi ndHEayss ks by RERAE ok tn Th a0 whbl f95R8, o
benzy#i ¢ net heontdhYigE Qefpouhds, 1648 tha"BPwphmsudfur Codtalifing BSpbehds# pbitt al  non-
~ point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and

(CH,>4)<22.5, They pave a nominal boiling point of 370°C”, on average they -
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also

can be characterized by a combination of dynamic viscosity, as measured by

CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the
formula: DV (at -40°C) <2900 (KV @ 100°C) - 7000.

[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
s’ 90% of a mixture of branched paraffins, wherein said branched paraffins are
paraffins having a carbon chain length of about Cyy to about Cyg, a molecular
weight of about 280 to about 562, a boiling range of about 650°F to about
1050°F, and wherein said branched paraffins contain up to four alkyl branches

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

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

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

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




benzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm Branching
Proximty (CH2 > 4) 1091] A 90.5 MHz3CMR single pul se and 135 Distortionless
Enhancenent by Polarization Transfer (DEPT) NVR spectra are obtained on a
Brucker 360 MHzAMX spectroneter using 10% solutions in CDCL3. TM5 is the
internal oRgBbhdeabsgni ft reference. CDCL3 sol vent gives parhishddkBirriocated at
77.23 ppmin the 13C spectrum All single pulse spectra are obtained under
guantitative conditions using 45 degree pulses (6.3 s), a pulse delay tine
of 60 s, which is at least five tinmes the | ongest carbon spin-lattice

rel axation tinme (Tl), to ensure conplete relaxation of the sanple, 200
scans to enghemicabgdftseferaice! COI;Selventgivesa pealdloddled 4t T 8pradl on
decoupling. [092] The C atomtypes CH3, CH2, and CH are identified fromthe
135 DEPT 1spsatrarue epleinedamder guaptitelivemanditions maingd( degaed pulstc NMVR spectra

t x29.8 | | val L1 t hyl whi ch

Four or ot BB ishoGHIS AR BeR o Buat bcasGHvs Biigs Bif IPPER an ond or oup
b h + Thes ' d ' i

on the 13c ShawqEetoiogRfice HpRRaf RRETTDFnd I nO8h % BARERRET” FL' e

or the nethyiggakicasibeorutiose renoved fromthe nethyl on the branch. [093]
Free Carbon I'ndex (FCl). The FCl is expressed in units of carbons, and is a

f ' s ' I d I
5 carbons 1 dparm Bpck B Biodbelb s PR AR BER G R,
Counting the term ria2-6i@2ppml hydrogenaneromatiorings "one” the carbons in the

FCl are the fifth or_greater, carbons fromeither a straight chain term nal
methyl or from a br&hét#-0 pemhydeogess vpwleimie sertbea@bng appear between 29.9

¢
ppm and 29.6 ppmin carhon- .13 spectrum. They are neasured.as follows:
a. Qiq;l culate the ave‘#‘g'gel B@P&?ﬂ%@é‘ﬁog?nsméh%Tééﬁw&miaFPmﬂ@ 2881 e whi ch
i s sdcconplished w thys ' ilﬁ% lcating oil materials by
sinply dividing thej]%ns)lIt'hi:ef',:l'lt)}?l r g@gﬁgﬁgﬁg@gﬁrhjgfnﬁéﬁbi | by 14 (the formula
wei ght of CH2); 1.4-1.05 ppm paraffinic CH; methylene hydrogens;

1.05-0.5 ppm parafﬁxﬁc CH3 methyl hydrogens.

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

Branching Proximity (CH; > 4)

[091] A 90.5 MHZz’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 CDCL3. 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
13C NMR experiment. A major CHj resonance in all *C NMR spectra at ~29.8

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



A

b. divide the total carbon-13 integral area (chart divisions or area counts)
by the average carbon nunber fromstep a. to obtain the integral area per
carbon in the sanple; c. nmeasure the area between 29.9 ppmand 29.6 ppmin
the sanple; and d. divide by the integral area per carbon fromstep b. to
obt ai n FCl .whhaiakisgp neasurenents can be perforned usi RgraRk¥edsRier
Transform NVR spectroneter. Preferably, the neasurenents are perforned

usi ng a spectrometer having a nagnet of _7.0T or greater. In all cases,
after verification by Mass Spectromatry?"’uv or an NMR survey that aromatic
carbons were absent, the spectral wdth was |imted to the saturated carbon
regi on, abouem®ved fopraw snd giovp qrtbeanchr(ETHR/> <)) The typeSalfbranwhes e 15- 25

oo, eSS o AR i) SRR o
o0, b R YDA S AR ] 9,

PCTI US20061G#¢ Biafich- 38 Total experinent tines ranged from 11-80 m nutes. The
DEPT and APT sequences were carried out according to literature

descri pti onsgyhi hp § el 'pﬁeéj{' o r r
operating 935 S'Fﬁél[c’(}géf?o |@s?§$f¢gn eggé&%#:gln%fgﬁeﬁbag{/mgo#gi zation
Transfer. DEFE méner dithe ﬁh@fb’eﬂ@ﬁéﬂi‘bwih%ﬁ-iﬁ)@wﬁﬂﬁﬁﬁaﬂe fatedntdeagt yes a
signal for all carbons bonded to protons. PT 90 shows CH carbons only.

DEPT 135 strevkonsHrem@ temsnalcagben @4 cabods ey dom atsidsfchgims€oyntingn) . APT
is Attached, Proton,Test., It all 11 to b but.. i f d
G ar e ap. e TG SebyLar bednetr tt o as, il B oo Sord TR BRL A the S e 1 1

t hat every r I : | thyl s
are~gl early &igggaﬁ?ﬁ ﬁ%@é@&?%‘#ﬁg%ﬂ%ﬁﬁ?ﬁ%?@%% lﬁamggtﬁ?%gﬂe
properties ahethasdicarbopl Thesercarlseiseippearddtwyer(29.8 phiviinds2Ng ppicinahs unpt i on

in the calculations that the entire sanple is isoparaffinic. Corrections
are not nadearym-h3 ppgcium. nEhey areaneasvisd asfollews: whi ch may be present in the

01 | sampl s | n MBLM 30GHES Secbohiuiivel QPR el e tanble ERRYL o0 UST N0
accomplished with sufficient accuracy for lubricating oil materials by simply

dividing the molecular weight of the sample oil by 14 (the formula weight of
CHa);

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

£75, 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.



o Spectroscopy (FIM5). 10951 GIL base oils and base oils derived from

synt hesi zed hydrocarbons, for exanple, hydroisonerized or isodewaxed waxy
synt hesi zed hydrocarbon, e.g., Fischer-Tropsch waxy hydrocarbon base oils
are of low or zero sulfur and phosphorus content. There is a novenent anong
ori gi nal equivpgesbfBeu- facturers and oil fornul ators topprRdssgedarMul at ed
oils of ever increasingly reduced sulfur, sulfated ash and phosphorus
content to nmeet ever increasingly restrictive environnental regul ations.
Such oils, known as |ow SAP oils, would -f&ly on the use of base oils which
t hensel ves, inherently, are of lowor zero initial sulfur and phosphorus
content. SuchTetal expehieieny sietes aandedSeori1l1s8Cainnes. Tl DEPIt£A APTh t he

catal ytic antioxidant additjve disclosed herein replacing or used part of

t he her et of or¥quemrAes Wese sareigd Syt apordipg do litaratuge descriptiens with nginot chi metri ¢
or super stoighigmetrjc unts.<,Even i f the remainin ditive or WD

2006/ 124367 VIS S5y ibRa 15 he Yarianiar Breket oPREPDESHTIAS: he f or mul at i on
contai n sul fur and/or phosphorus the resulting fornmulated oils will be

| ower or | ow [G8d4] is| IQigtozenless Bnhancemen hysPolarizatism TiansfengDEET (bot h

k ignited,and ion ignjt Ll h | f tent of 0.7
W3 or Loss. dimor SARY oEigaRes The ERdea s socttfe Buptn siEnal BIG0G or 1 ese,
most pref er ab&a)‘b&zs‘bdﬁﬁ% % profdis. D]@lﬁ"{ %Qgﬁggtgi'ga@ﬁ%%;g@y"wﬁﬁlﬁf 15§sS,

preferabl'y 0.8 wt% or less, nore prefera [ess, and a

phosphor us castoenstClfand Ci$apand €85 180 rdepmeabliyolplibss(dow) ARES nore

preferably 0.09 wt% or |ess, nost preferably 0.08 wt% or |ess, and in

certain i nst afecheddratenplest.clt allpys elioarhansite be seens buG[Ed and AHaare By, oxi de
y

S T AR b A i e SN

|+

terdal hydr Fot
et her¥ficati ' Heatd | anpl e,
these oils moé/}a@%}ﬁggtﬁ?? g%ﬂﬁgyh%{l§%%%g%%n6§?% @Fé’%efh%@iﬁrdée)ag?&xpr opyl ene

oxi de, the alidghtifiedbycldmiethshiff anfl phiwes elhrdirgnching sdpertiespdiepsiessnple

(et hyl - pol yi sopropyl ene glycal ether having an average nol ecul ar wei ght of
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or
cycloparaffins, which may be present in the oil samples in varying amounts.
The cycloparaffins content is measured using Field Ionization Mass

Spectroscopy (FIMS).

[095] GTL base oils and base oils derived from synthesized hydrocarbons, for
example, hydroisomerized or isodewaxed waxy synthesized hydrocarbon, e.g.,

Fischer-Tropsch waxy hydrocarbon base oils are of low or zero sulfur and

phosphorus content. There is a movement among original equipment manu-
facturers and oil formulators to produce formulated oils of ever increasingly
reduced sulfur, sulfated ash and phosphorus content io 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



- about 1000, di phenyl ether of polyethylene glycol having a nol ecul ar wei ght
of about 500-1000, and the diethyl ether of polypropylene glycol having a
nol ecul ar wei ght of about 1000 to 15,000, for exanple) or nono- and

pol ycarboxylic esters thereof (the acidic acid esters, mxed C3_3 fatty acid
esters, or Weobeiddx® acid diester of tetraethyl ene gl yadyudedenervanml e) .
[098] Silicon-based oils are another class of useful synthetic |ubricating
oils. These oils include polyal kyl -, polyaryl-, polyal koxy-, and

pol yaryl oxy-sil oxane oils and silicate 0r1s. Exanples of suitable
silicon-based oils include tetraethyl silicate, tetraisopropyl silicate,

t et ra- ( 2- et hyaduétiyds)inclhdedinethe fetmudatje: corttiinl soly id/osphaisphoms the
tetra-(p-tert-butyl phenyl) silicate, hexyl-(4-nethyl-2-pentoxy) disiloxane,
pol y( et hyl ) sulgipasemnulagd odlswillhedower OQM%SR% phenyl ) siloxanes. [099]
Anot her class of synthetic lubricating oil is esters of phosphorus-

cont ai ni ng acfi@6] ThewSARMforaudated oils forargblade engines ot spabo §piitatiandt ri oct yl

h hate, di et hyl ter,of d h honi ' Anot h I f oils WO
20061124567 FETMIGSIOLIEDFP VIl Lats 3 RURGBLLE0E b} gl PEFPR I OREGY 4% and
the like. F t ' ' th
e nal vor k. VOO RE: orS PRty /S b ordecs Blost o kbp R oo lD) |

Corp., NY, 19%Pash@optem0El 2 Wil ocddss) prefegaity QIOWEN@FiI6E8, more preferably
Deconposes/ Ant i oxi dant [0100] Organonetal |ic conpounds and/or coordi nation

conmpl exes conpft ivalmer less, mpd 4l phespharys eententtafdhl 86 or doss derefesably ak wi%bove t he

d stat d ' ' ds, which.d ej d t t al
Qation ©nact | aess fare pretiianls 0.gb il et mavt PReabb O R &6 endinge.
from one oxi diﬁtcgﬂﬂinsihgttaﬁcépé’y&s%ﬂéf‘e&tﬁg9%@%%‘?65%0 anot her oxi dation stated

above™t he ground state, or” cau nmerization of the netal salt or are
susceptible t coppQsition.thereb rendering the tal, i.nacti ve have been
found to be c@?gfyt‘g@(yz?ﬁei%&ﬁl%ﬁﬁywwn %]i’ﬁ’(%s ﬂBﬁ@ﬁBd’&B?’ﬂ'YFSt he absence
of other per QungAnMEGRNMGSE terhRAR 1 &%@ talh\& BB \fBE extmiAENent havi ng
nore than one oxi da?i on state abogga?(ﬁcg E’{gr u% statlgﬁg? t’he “organonetal | ic
conmpound and/ etertdicgtion we ttetificatimoardiuseful symihetiwhbtieatingoild. yBy svay of

hydr oper oxi de dec?nposer f s selected fromthe group .
example, these oils may be obtained by polymerization of ethylene oxide or

propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers
(methyl-polyisopropylene glycol ether having an average molecular weight of
about 1000, diphenyl ether of polyethylene glycol having a molecular weight of |
about 500-1000, and the diethyl ether of polypropylene glycol having a
molecular weight of about 1000 to 15,000, for example) or mono- and

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

or the C;30x0 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 tetracthyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methylhexyl)
silicate, tetra-(p-tert-butylphenyl) silicate, hexyl-(4-methyl-2-pentoxy)
disiloxane, poly(methy]) 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, diethyl ester of decanephosphonic acid. Another class of oils



consisting of transition netal elenents 21 through 30, excluding iron and
ni'ckel, elenents 39 through 48, elenents 72 through 80, netals of the
| ant hani de nmetals of the actinide series and m xtures thereof. Preferable
the netal conponent is selected fromthe group consisting of transition
met al el ementygo Zobsiaseugh 30, excluding iron and ni ckel, petgsRoée7A9
through 48, elenents 72 though 80 and m xtures thereof. Myre preferably the
nmetal conponent is selected fromthe grouB consisting of transition netal
el ements 21 through 30, excluding iron d#Pekel and copper, elenments 39
t hough 48, elenents 72 through 80 and m xtures thereof. Still nore

preferably théndiedeslpotyanaddniahydrofiglancartithediken Hoe egamples o€ ethet sti ng of
transition netal elenents 21 though 30 excluding iron, nickel and copper,

el ements 39 t Kywhefic h:bngmmgxbas&gstwkww@mﬁml@lmkt“ﬁyrrtleeunwbgem@ and

m xtures ther 0102 ed are chrom um and
nmanganese. %ﬁ%?@ﬁéﬁ%@%@g}’%ﬁ% ’W ?bg%ﬂ%] What is essential is
the ability of_the rretal to exhlblt m)rethan one i dation state above its
ground state Lirpangmgtakizg L g : RO PO b Hpoxddant ¢ conpl exes to

nterfere wt Eﬁ’@ia'ﬁa'sﬁmﬁﬁet f’c['q%ﬁn%ﬁr’pﬁﬁ anglgK ?éﬂ? &n%}gé'mawgﬁl’ KE TGRSR
oxi dat i on st uARONSiAoRt SRR A EbR PACHINE 188 bARRIBu hAY Buidiove e

ground state shoul e 1rni eas nmerirc form-

preferably naﬂdvﬁﬁhgmds[\ﬂiqeﬁ]dolnmbhl@erﬁé@@drltﬁ@nﬁfalbhl@mpﬁﬁw& thatig ke on t he
organonetal | ic conpound and/or coordination conplex is enployed in a

catal ytic anometal eatmmmsmengemdemabledg ﬁhang@efrom vae oxigtatiomstate abayedbepound

and/ or coordinati | S a_st lonetric basis by
the fiydroper okt Be Sfﬂ%?%g) cﬁgc,:r q"[‘@@fqn ﬁ(}%ﬁ‘ggg Igmal{%lsgaggt Or@"&ui val ent  of
hydr &per oxi de W

equi val ent s Op@ﬁi&r&%ﬁg?@??ﬁfg rggtﬁﬂgﬂﬁv{)%m?gﬁégc%gﬁﬂ%?gﬁéoﬁ re preif‘%rabl y at

| east about 1Zemelgring theemetal ifactiye hapebaeni fdend &y becptalytit antioxilantrhyided-, stil |
nore preferably at_ |east 15 equjval ents of hydroperoxi de per equival ent of
metal nost pr &FExids decanpesersp theyahseareok ethel parpride decorppessr compounds.

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

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

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

~ nickel and copper, elements 39 though 48, elements 72 through 80 and mixtures
thereof. Still more preferab]y 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.



- peroxi de per equivalent of netal. Thus, the catal ytic antioxi dant
organonetallic conpound and/ or coordination conplex can be utilized in very
| ow concentra- tion, typically an anount in the range of about 10 to 1000
ppm based on the netal, preferably about 25-1000 ppm based on the netal,
nmor e pref er aino200dinMie7 25- 800 ppm based on the netal . [ 01@8tudNedidi®nr

organonetal | i ¢ conpounds and/ or coordi nation conpl exes useful in the
present invention the organic anionic and/or |igand noiety conplexing the
metal can be either neutral (e.g., bipyrFﬂVI) or anionic (e.g., acac). To
avoid either self-polynerization or polynerization wth/through ot her

speci es in tHO103] | Whahis assegﬁiahis,thgahgitjabfme me¢talfiocexhibdt thoke thanlomeel s of

ol ar functionality, high- larity atons,i.n the functi.ongl groups, reactive
gt ructures sﬁﬁdﬁégnﬁt%?i%sg‘,’gﬁ%am‘{?ﬁéﬁa&%%d B’@Bh@t@l‘%ﬂm&' l@gflé’ﬂ ener gy
could be reli : I i Z Asenb . 06/ 017717
- 43 [ 0106] Sh‘gﬁﬁgrl{g%]nwgg%sﬁgt%ﬂﬁﬁc%ﬁrégh%gﬁ gpl}%%@q%g{ﬁh\%gﬁ%rcg}mggg%xyl e

acids which m;galbﬁdgmﬂmtéﬁera@idsme%mty o€ fiecmatal Bebitaittd St FronE bAS |
cyclic, branche al i phatic acids and m Xtures thereof. Among the useful

| i gands are awddstion siatetabaee the grawid stetedd anpthphexideiden statesaboare dsg

carboxyl ates, etc, N trogen-, xygen-, syl fur-,. and osphorus-coptai nin
| i gandg, pref%PHB‘Il?a‘E‘?x%‘g e,comgﬁp%/ ﬂbegtﬁtgj@@@@&gﬁg}ﬁ%}%ggpﬁfwg ai ni ng
| i gands (e. g'moﬁéxﬁ&rié:di nes, thiophenes, thiones, carbamates, phosphates,

t hi ocar bamat es, I'ophosphat es, dithiocarbamates, dithiophosphates, etc.),

I ' ' I . tallic, d d/ di '
compl excs. pr Al Eae el BF e dtescnd imRRGH (B e RONaR 11ty 1o
change from Mo@%&h&%ﬁé&hﬁlgi?@&ﬁgfgg@d%Q@ﬁ%ﬁ%@e&n&ﬁt Ri\th Bec X dation

st at@€ above the ground state. i's necessary organongtallic

conpetnd, coofothd didt dre arganbdmstalliy compdundendicrevenfinativat copeplep iy noter i zed,
but remain as individual nolecules. Polynerization as is typically
encount er ed vionsumgd eniadicickionmetre basivbyheiydsoneroxide. s sathemitsel kesaeta por t ed

ae o cat al yorih hERRSC AT B Re e R S g B AR ot Rl RS

pol ymeri zat i off jeast about 15 equivalents of hydroperoxide per equivalent of metal, more

preferably at least about 12 equivalents of hydroperoxide per equivalent of
metal, still more preferably at least 15 equivalents of hydroperoxide per
equivalent of metal most preferably about 50 equivalents or more of hydro-
peroxide per equivalent of metal. Thus, the catalytic antioxidant organometallic
compound and/or coordination complex can be utilized in very low concentra-
tion, typically an amount in the range of about 10 to 1000 ppm based on the

g“\ 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., bipyridy!) or anionic {e.g., acac). To avoid
either self-polymerization or polymerization with/through other species in the
oil, the ligands, generally, should aveid 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.



the netal orbitals are satisfied in their quest for electrons and becone
Stabilized, thus loosing the ability to shift fromone oxidation state
above the ground state to another oxidation state above the ground state,
whi ch has been found necessary for an organo netallic conpound and/ or

organo net akko svogeQs¢d nation conplex 4~r to function asprggdedddisit7
hydr oenoxi de deconposer. In the case where the netal or netal cation is

nol ybdenum the ligand is not thiocarbanmate, thiophosphate, dithiocarbanate
or dithi ophosphate or where the netal or-4et al cation is copper the ligand
I's not acetyl acetonate. [0107] O her conponents, including effective

anounts of c@g106]e Satkckgunicmdiety didhedeSmBRibRId¥ERNES fides birbyReicandde
advant ageously used with the conponents of this invention. Co-base stocks

i ncl ude pol yét«{%@%ﬂ)ﬁrﬂr@nwgbmds,mapbﬂwenmn@bldmﬁph@tueacldﬂ;@ydnagIbrancherbs| ty
| di b d t t 006/, 124367

IgICT 7 USZE)O%/S 6% I 1C a%$ eq@&pﬁlg'g)égg}g%qfeﬁ@gﬁg%gm\é\ﬁgigaw arg agetyl-om gas to

|i qui ds typea&asﬁmel iRiptthendidR bt Ead'té/ 5&¥§”cﬁﬁﬁf&&8ﬂfes%§?ﬁ}ﬁﬁ@§cﬁnd the Iike.

[0108] The instant in ntlon e ised I cant

conponents  ioRygd-enfifure aamphosrﬁxorms-bcbm:ilnhﬁiﬁgmdmﬂsfetahmSxygfm;h as for
exanpl e polar, and/or non-pol ar, lubricant base oils, and performance

addi tives suBHrQEenf,oF Da:ya%md nltn@gsnﬁ@ntamlm hﬁﬂldcsde g pyTedie ar y oxi dati on

non: et o 11 ¢ PRERS fAtnes, aRBRnat e pn RSBl it AR RE i paiPbfet.or oot on
and rust i nhHﬁjﬂo@éx’oanﬁ?ésaalﬂﬁﬁg #ﬁ%@rege%aﬂéd e%ﬁ&?ﬁl‘&géﬂﬂiﬁ&hiﬂcc and
t ng and fion- ur

non-netal li ¢, phosphorus-con p orus cont ai ni ng

and non- sul fuomp;xmms)andﬁ)ﬂuoerchnmil@wnlﬂemcprbvmd t{emetal bibitahpehain
nor- et al | i c,, phosphor us-cont ai nj ng and non- phosphorus, sul fur-containing

and :jnon sul fige tg %mbat its ahiljty de changs fé@@@ng oxy@upnpwwbqy@ﬁh@gm s, wax
todi £ or e, 1 HaR Brethel BRldaliSh Siere Aive AT B st 1 3R eSonrt M S ot

TR A e e

Deerfield Be polym@izpd | @Bemain as individual molecules. Polymcnzatmn asis typ?callyem =
encountered with materials such as the molybdenum dithiocarbamates reported
in the literature as antiwear agents prevents the material from functioning as a
catalytic antioxidant/hydroperoxide decomposer because throulgh polymerization
the metal orbitals are satisfied in their quest for electrons and become stabilized,
thus loosing the ability to shift from one oxidation state above the ground state to
another oxidation state above the ground state, which has been found necessary

Faa 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



0-89573-177-0, which also gives a good discussion of a nunber of the

| ubricant additives nmentioned below Reference is also nmade "Lubricant
Additives" by M W Ranney, published by Noyes Data Corporation of
Parkridge, N J. (1978). [0109] The types and quantities of performance
addi tives usegyg mogakynation wth the instant invention i’@rlbk%ﬂ ?‘H
conpositions are not limted by the exanples shown herein as i us ations.
Antiwear and EP Additives [0110] Internal conbustion. engine |ubricating
oils require the presence of antiwear and¥or extrene pressure (EP)
additives in order to provi-de adequate antiwear protection for the engine.
I ncreasi ngly $deddarisot oilsuchas tiengidesived l'ronpgésft@fl@m&yﬁ@t@hﬁélbg?' ted a
trend for inproved antiwear properties of the oil Antiwear and extrene EP
addi ti ves per fsupplenmentary bydragartiyd droznatipsiand the ike.and wear of metal parts.
WO 2006/ 124367 PCTI US2006/ 017717 -44 [0111] Wile there are many different
types of antio2e8Jadild insiast inventiciey:ar 68 used agititladdititeal Mibrivanp sbmpatdntear
addi tive for internal conbustion engine crankcase oils is a netal

al kyl t hi ophos pfh&ffsctivriamoets miubrwantamypcwtmmuch.aqummph polaphad/phat e i n

whi ch th di gl k
phosphat o _{ Z008 PIBCBbEERuREETE endpafioghincd agbifes \'a%f fifog xainfle,
Zn[ SP(S) (R Hb@E%};b?qu;ﬁa S0, SupPlifhelffarf bRidutiof fehiBhis¥ WHHEP B ot AGHRIAR Y

C2- C12 al kyl groups esé a gro ps may be strai g a| n or anched.

The ZDDP is tpepoxidé dyccmpﬂersn, mumtmdﬂontmmlmweréhm tneetdllié antYoaf t he
total [ube oil conposition, although nore or |ess can often be used

advant ageousl| ynetgbmm}ergmté.mrrosmn ﬂnsl rugfiinhibitess, mate q@n@is‘fm@rﬁu@t:-wm t hese
additi ves has a d Laﬁél ou effe t,,.0N th cat aI tha‘ g ’i‘r"i? %\ converters
= a 8 Hhr??"%s ef f ect

and aFso on o@ﬁ’étﬁ ‘6?2 ?}Hﬁﬁi’}}é

i s tdw=repl ace ggqgg M&% ?
addi tives. (018?3 Xel?/tgﬁnlé% non ph &%or ous %#?/gédlg?% %tgﬂaﬁsalelg as
antiwear addigonviestall®y phusphzmls cdmzimhg andenonsgtosbhass asul for-ventairdng akd

addi tives. Sulfur- _containing olefins can be prepared by sul furjzation or
vari ous or ganit®nraulisi fyaes), anfi-seizure agents, pour point depressants, wax modifiers,

-1
ol 4.

viscosity modifiers, seal compatibility agents, friction modifiers, lubricity
agents, anti-staining agents, chromophoric agents, defoamants, demulsifiers, and
others. For a review of many commonly used additives see Klamann in
Lubricants and Related Products, Verlag Chemie, Deerfield Beach, FL; ISBN
0-89573-177-0, which also gives a good discussion of a number of the lubricant
additives mentioned below. Reference is also made “Lubricant Additives” by
M. W. Ranney, published by Noyes Data Corporation of Parkridge, N.J. (1978).

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

examples shown herein as illustrations.

Antiwear and EP Additives

[0110] Internal combustion engine lubricating oils require the presence of
antiwear and/or extreme pressure (EP) additives in order to provide adequate
antiwear protection for the engine. Increasingly specifications for engine oil
performance have exhibited a trend for improved antiwear properties of the oil.
Antiwear and extreme EP additives perform this role by reducing friction and

wear of metal paris.



|

i ncluding aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons
containing fromabout 3 to 30 carbon atons, preferably 3-20 carbon atons.
The ol efinic conmpounds contain at |east one non-aronmatic doubl e bond. Such
conpounds are defined by the formula RBRAC=CRSR6 where each of R3-R6 are
1 ndependentwg 2sdi@agen or a hydrocarbon radical. Prefer r bon
radi cal s are al kyl or al kenyl radicals. Any two of R3-R£%%ﬁg§%%gﬁggnnected
so as to forma cyclic ring. Additional information concern- ing sulfurized
olefins and their preparation can be foffid in USP 4, 941, 984, i ncor porated
by reference herein in its entirety. [0114] The use of polysulfides of

< ar so ool TG e BRI 08 o) oSl Sh ety SRR S

2,591, 577. ol \ Is '

PoTT U006/ Sedes Bt Bindip ARG S %dgl?yé £ itebral gﬁ’?‘bﬂgaar?g’ Bpicdailcnse

di scl osed i niliBP Rietal @llgsthioplinsphaté aml inpkd particalatlgaaybtal diafiotdidto-

(bi s(di butyl g)t hi,ocar b m)él , TQr exanple) in conbination with a nolybdenum
conpound ( of ?ﬁﬂ}%?déﬁ’aw the:pimarymetabpenstiisnd i 2ine, ou zincdipliyldithig-or

e ant | wear PAHRERZIDR) ZEPE oo BRGNP BB 0 75 TS ©

4, 758 362 dzap$mSYORORY]ARaEIITRIR'HWE L0 all] gRip] ierdray oved

antiwear and extreme pressure properties. The use o hi‘ocar bahat e as an
anti wear adéhiCGyelkyd grhups! Thest alkyf5Bups 2 bb 3&aight thain ar beamehed. nBhe/bdenum

conpl exes s s no|y-sul fur al kyl dithio- carbamate tr.i conpl ex
~ (ReCs- C13 a%§IWBl%llg&s HY 4Inous phEam ghouhp4 to wihsef the tieidibe on of

- . b Pt . : . . |
S L 48 T S P
ot wear agUHa2] EBpveRr Thisdotnd et the Rossarts o Wik EitvedRanal m tat o
and nmono- Wﬁéﬁﬁe@foﬁ effet dﬂ%ﬁ?&# i dfthry P OBndetter O D186 olokg @t NET

conposi tions that provi
sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.

[0113] A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized clefins are useful as antiwear and EP additives. Sulfur-
containing olefins can be prepared by sulfurization or various organic materials
including aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons containing
from about 3 to 30 carbon atoms, preferably 3-20 carbon atoms. The olefinic

compounds contain at Jeast 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 alky! or alkenyl radicals. Any two of R3RS
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



properties. USP 5,034, 141 di scl oses that a conbination of a thiodi xant hogen
conpound (octylthiodi xant hogen, for exanple) and a netal thiophosphate
(ZDDP, for exanple) can inprove antiwear properties. USP 5,034,142 discl oses
that use of a netal al kyoxyal kyl xant hate (ni ckel ethoxyethyl xanthate, for
exanpl e) andwo mvszasdrogen (di et hoxyet hyl di xant hogen, f opceyap/@y7bn

conbi nation with ZDDP inproves antiwear properties. Each of the

af orenenti oned patents is incorporated herein by reference in its entirety.
[0117] Preferred antiwear additives incl u'ég'phosphor us and sul fur conpounds
such as zinc dithiophosphates and/or sul fur, nitrogen, boron, nolybdenum
phosphor odi t hidan astiweas| gndtsidant andiER edditiueris disclased ind/SD AT 761834ndse

e s e
e Used. Such aersBRh T e Hiepkdl Bfhopl (P AR oblE “TCed T
an anount of phesphofbdithidate Sulfidep foperdmplePhivd aphosphofoudlested (dibwtyte ZDDP-1i ke
conpounds provide |imted hydroperoxide deconposition capability,

si gni fi cant | yhpéogen phesphitghiosexanipls) as antpweardelditivies in bibeigantsds diselosasd i n

t hi t ent b | 1 nated f the, f N , i f
ot ai hod " keptt USPRSTRE R U8R AT ACH ABHGHs wsa ok prercher o paliveFon of 1 ow
SAP f 1 at i QRS ' : Ly i

Cal 50 known alGps Efiased dnthPEhnt BRIEHE tlesslit dibpoflBEOTHE Hed GECK | TEV VNS

provide | ubri tidoéasbahate abiaglntindat slditiveeRiicidsed én QISP 51693 ,508. These
additives inpart shear stability at el evated tenperatures and_ acceptable
viscosity at [Bigcedapmie/meldulenpucomplexastsuph as mody-sulfianalkyladithiopr over s

horbter o o PR Bl UL D RSB bR s

di spersant. Ty ' 4 about
10,0000 1, 055 Fag RISl il Shadld ok BESCSRAKITR B UEiRe e o

typi cal |y bet peencalowtAFO{odMOmivds.2BaciDoDhe aforementioned patents is

incorporated by reference herein in its entirety.

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

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

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



|

[ 0120} Exanpl es of suitable viscosity index inprovers are polyners and

copol yners of nethacrylate, butadiene, olefins, or alkylated styrenes. Poly-
i sobutyl ene is a commonly used viscosity index inprover. Another suitable
viscosity index inprover is polynethacrylate (copolyners of various chain

| engt h al kyl W308ERH3a7at es, for exanple), sone fornul ati orer/o$2omdmwiehr al so
serve as pour point depressants. Other suitable viscosity index inprovers
include copolynmers of ethylene and propyjgne, hydrogenated bl ock copol ynmers
of styrene and isoprene, and pol yacryl ates (copol yners of various chain

| ength acrylates, for exampl,e). Specific exanples include styrene-isoprene
or styrene- &W@W%‘&%ﬂ%l@ﬁﬁ@%ﬁ@!ﬂ%@%ﬁ@GZWOE@fWIE@bD&Tr wei ght .

[0121] Vi scosi ' [ V AT .about 0.01 to 8
01211 Vi Soostb¥ 1 A%, ZMDPE o KO S e BRIneBb B 000 1SS
Sunyl ement ar xdeBiripoxitiea thpatliR? giknifitah bIRM that Stidbied PEcOmpedidsve
degradation of base oils during ‘“service. Such degradation y result in
deposits on rdiscibsedunfiataimedtin¢hip petenhamd canfthetefiorgde aliminated fromsthey i ncr ease

in the lubricant.. One skijlled in the art knows a w.,de varjety of oxidation
inhibitors t fmﬁlra\goﬁgéf‘ﬁfewlﬁeqiﬂWPF A W“@EFOWHHBEW tq fagHHatesee, KI amann

i n Lubricant g%re&&tﬁ%'cﬂﬁ&& éa‘%pngﬂ?% cite, and U S. Patents 4, 798, 684 and

5,084,197, f exanpl e, eac is incorporated by reference herein
inits entir ly 012 eful antioxidants include hindered phenols. These
phenol i ¢ ant i——@&iﬁlﬁm i TOY¥&ISAshl ess (netal -free) phenolic conpounds or
neutral or basl tal .salts of certaj henol i onpounds. . Typi cal

phenol i ¢ ant ?@;ﬁyan lscyé%gg%gngpgeqsh q‘iﬂﬂ@%‘ﬂs OVELS: V\ﬁ?‘iﬁtyare t he
ones_whi ch copb@ifRrandVRESSA inYorbl i t gtm apd 14ese include
t ho :;deri vaﬁlﬂvesl of andiﬁydﬁﬁﬁjxl;ll}i@arr{;’/ ctrggrr%vcl)géln s@éﬁﬁ\ﬁﬁgﬁlc gﬁe ﬁy(tsj‘&oxyl groups
are in the o-temperaiurpopetability! Thesecaddifivesrimpaytishea stabilityadtietevatedi oxi dant s

i ncl ude the hindered phenols substituted wth C6+ al kyl groups and the

al kyl ene couprEgeHdies atd gecsptable vineosity st lyetsepgsMEFS: s. Exanpl es of

phenolic materials of this type 2-t-butyl-
[0119] Suitable viscosity index improvers include high molecular weight

hydrocarbons, polyesters and viscosity index improver dispersants that function
as both a viscosity index improver and a dispersant. Typical molecular weigﬁts
of these polymers are between about 10,000 to 1,000,000, more typically about
20,000 1o 500,000, and even more typically between about 50,000 and 2b0,000.

[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

wi%, preferably about 0.01 to 4 wi%.



4- heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol;
2,6-di-t- butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecyl phenol;

2-met hyl -6-t-butyl-4- heptyl phenol; and 2-nethyl-6-t-butyl -4-dodecyl
phenol . O her useful hindered nono-phenolic antioxidants may include for
exanpl e hi nderweb/24%7 di - al kyl - phenolic proprionic esterpciatidb@ion es .

Bi s- phenolic antioxidants may al so be advantageously used in conbination
with the instant invention. Exanples of ortho-coupled phenols include:
2,2 -bis(4-heptyl-6-t-butyl-phenol); 2, 241 i s(4- octyl-6-t-butyl-phenol);

and 2, 2'-bi s(4-dodecyl -6-t-butyl -phenol). Para-coupled bisphenols include
for exanple ég@lememmﬁnﬁnxidammyl phenol ) and 4, 4'-

nmet hyl ene- b\l@&% 6-di -t -,But yl phenol ), [.0124] ' Non-phenolic oxidation

i nhi bi tors viZA néptieddens retandcihe gxidativpdesradation aicbasnoils dPEBEL s and t hese

b d eit: [ ination.w th 2006/ 367
T/ Us2006) TS S8y SR RBlonzte RBI AR LAt oh duclf pfies, R Bipepce
ant i oxi dant sofl ghsdgedler a @ls uéi?,tiﬂdreaﬁélﬂl the Tatidant, SOREl skl ™ tHe Akmiws Fuch as
aromati ¢ nonoam nes of the fornmula RBRORLON where R8 1s an aliphatic,

aromati ¢ or widssarietyt efoxidaiomt inhibjtovaihat & ussful imlubrioating oil oomaosiubst i t ut ed

aromati c group, d 0 is . H_alkyl, aryl  or 1S(0 xR12 where R' is an

al kyl ene, al y@ﬁ L labpang,1g | LUpriE S@Péiﬁ?,lat@g%ngg% oPin‘Fvé\n%aﬁ-PSyl group, or

an al kenyl, I ' ' 3 ' i c group
Rs may cont a%&#t? g%gls?qggaa%gﬂ?gg%%d g@ﬁ%‘nﬂ)fnaélg’rf% :ch égg;hﬁ%elf-egﬁ‘g%rp@ﬁa{@o tai ns

from about Grefayerct lepéiam itgletifety. The al i phatic group is a saturated
al i phatic group. Preferably, both R8 and RO are aromatic or substituted

I R A e N T o P

ot her  gr oupsoxigatemaAy b‘é-asﬁféés?@letINﬂb@ﬁﬂheﬂbﬁﬂ@bﬂn@o@msr&%ﬂﬂhl &badint s have
al kyl substituent groups of a | east” "about 6 carbon atons. Exanpl es of

?Ihi ph?_t i f\ tg_rnmtplssaltsmquﬁ?ih@lynplimte@pywndso&)ﬂqal pb?dlitc aaniidxiﬂsﬁyl : tGener a[l_lhy,
e aliphatic _groups w nof contain nore n about, .14 carbon atoms. The
gener al t_ype%f’n%?O"&ﬁF ﬁ@thﬁp}r@gmgﬂ}egoﬁg%w&}chi g1 %ian%“eﬁr‘\gg poraifbsi ti ons
include di phegydayeerePREdSky G0 0H MldAHERSRclude those derivatives of

dihydroxy aryl compounds in which the hydroxyl groups are in the o- or p-

position to each other. Typical phenolic antioxidants include the hindered
phenols substituted with Cg¢+ alky! groups and the alkylene coupled derivatives
of these hindered phenols. Examples of phenolic materials of this type 2-t-butyl-
4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol; 2,6-di-t-
butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecyl phenol; 2-methyl-6-t-butyl-4-
heptyl phenol; and 2-methyl-6-t-butyl-4-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).

[06124] ' Non-phenolic oxidation inhibitors which may be used include aromatic

amine antioxidants and these may be used either as such or in combination with



two or nore aromatic am nes are al so useful. Polyneric am ne anti oxidants
can also be used. Particul ar exanples of aronmatic am ne anti oxi dants useful
in the present invention include: p,p' -dioctyldi phenyl am ne;

t -'oct yl phenylwekmisaz4zeapht hyl am ne; phenyl - al phanapht hyl amorais2eed17717

p- octyl phenyl - al pha- napht hyl am ne. [0126] Sul furized al kyl phenols and

al kali or alkaline earth netal salts thereQf also are useful antioxidants.
[0127] Another class of antioxidant used ifi'lubricating oil conpositions is
oi | - sol ubl e copper conmpounds. Any oil-sol uble suitable copper conpound may
be bl ended i phenalips. Typidat axamples of norEphemilissantioxidantsdhélodeopliglated

antioxi dants includ opper dihydropcarbyl thio qr dithiQ-phosphates, and
copper salts GRVERAIBIARD LAt Aes ot eAFPmALC TOBERISG the TR
naturally oc By : > ' . I pelude
((:opper di %/hi a?agr %&gtgé?éﬂlgﬁ%ﬁgg’%?g Bﬁ%%%ﬁeé‘?ﬁgﬁtgﬁ %?2‘? é/?jgg}é#gor?gf 1(3‘5.%J

Basi ¢, neutr alan asmaiid 6F € swiskinged Sefraticastus)anGr’P is)H;Sﬁk%rI% afigrorved from

al kenyl succinjc acids or anhydrides are Know to be particularly,useful.

[0128) Pref er RedS(ENxROxwhra®s’ Isran alkidlens, ralleanylenshemarnlkylene group, Fos is arhese
ant i oxi dant s be,used individyally by type or in conpi nati,on w.t.h one
anot her . Such@%@??pqggr%mb@ﬁ Byl¥ﬂﬂiﬁ1§ﬁﬁmfg8PP 150%, d 101 Edut o
referably ab : B. Oy sl ref. I .5 W%
Iromst pr ef )ér ablggb g%rcgé.mﬁgtR ernga ntos{?t'r:uE{'(:)l:l:l(%’éi[i tﬁgtﬁ é@e%%%egfgﬁglghéﬁ*) {#%glél I n ’

| ubricating coomakistfremabodt 6 101 Z edrbosl efomisg Thie aliphatic groupis @ semirgted al  t hat

contains a |lon ai n hydr ophobi ¢ _portjon B?f the nmol ecule and_a smal | er
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[0130] Salts that Tontain a tanti a hi ometTi c amount of the netal
are such as S,

[0125] Typical aromatic amines antioxidants have alkyl substituent groups of at
least about 6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl,
octyl, nonyl, and decyl. Generallj', the aliphatic groups will not contain more
than about 14 carbon atoms. The general types of amine antioxidants useful in
the present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of
two or more aromatic amines are also useful. Polymeric amine antioxidants can

also be used. Particular examples of aromatic amine antioxidants useful in the

present invention include: p,p’-dioctyldiphenylamine; t-octylphenyl-alpha-
naphthylamine; phenyl-alphanaphthylamine; and p-octylphenyl-alpha-
naphthylamine.

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

also are useful antioxidants.

[0127] Another class of antioxidant used in lubricating oil compositions is oil-
soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants

include copper dihydrocarbyl thio or dithio-phosphates and copper salts of



" described as neutral salts and have a total base nunber (TAN, as neasured by
ASTM D2896) of fromO to 80. Many conpositions are overbased, containing
| arge anobunts of a metal base that is achieved by reacting an excess of a
metal conpound (a metal hydroxide or oxide, for exanple) with an acidic gas
(such as caszomoglizaxrde). Useful detergents can be neut retrussedeiiiyr17
overbased, or highly overbased. [0131] It is desirable for at |east sone
detergent to be overbased. Overbased detergents help neutralize acidic
i mpurities produced by the conmbustion proc&ss and becone entrapped in the
oil. Typically, the overbased material has a ratio of netallic ion to
ani oni ¢ port i carkgxylinecuibmanyally oeturting ot synthstic). OsheGuitable capperesglis val ent
basis. Mre preferably, the.ratio is fromabout. 4:1 to about, 25:1. The WO
2006/ 124367 DTS Boes HBiAraTBaRst s SR BhGIdeomind SoagoRias o
det ergent thatpu i VE t ' ten
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about 250 to nor &. I'ng cation 1s sodium

cal cium or nagoeinicuridsominkydridesdre debartoeRipartdulaly fissfulhg TBN can be used
in the present invention. [0132] Preferred detergents include the alkali or

al kal i ne eart al : : o vl at
phosphat es, aﬂg@| i%@ﬁlﬁegsﬁi?éﬁtb‘sq@ﬁf@%Rg@%@éﬂ%@ﬁg@, %ﬁ?&?}%ﬁ ?&%S% sul fonic
aci ds that ar emtipridestsiiay bdtissdiadividuatiyl Hyoypé opth edmbinktion Sithnet ut ed

aromati c hydrocarbons. Hydro- carbon exanples include those obtained by
al kyl ati ng berenether. Suehjadditivsmeybds userhipharameurs oflsbpich(] tahawt¥aei r

hal ted derjyati . chl | d
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3 to 70 car bo'}n@stt?;i@feraﬁfz& karyl sulfonates typically contain about 9 to
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abouyt™80 carbon or nore ‘carbon atons, nore typically from about 16 to 60
car bttt at ons. 134], Kl amann in Lubricants and Rel ated Products, op cit
di scl oses a n G¥f overbased netal salts of various sulfonic acids which

are useful as r hSREL-$a i i : b itled
"Lubricant Ad Jlﬁﬁ@egﬁé&%en@%{e glr)rlztl he e?éeglnl h @%ﬁ%ﬁ%&%ﬁ{os%ﬁgf.i ghqéaﬁg§ t he
Lezi us-H | es Qetergént@ s ehidnft material that contains a long chain hydrophobic portion
of the molecule and a smaller anionic or oleophobic hydrophilic portion of the
molecule. The anionic portion of the detergent is typically derived from an

organic acid such as a sulfur acid, carboxylic acid, phosphorous acid, phenol, or

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

[0130] Salts that contain a substantially stochiometric amount of the metal are
described as neuiral salts and have a total base number (TBN, as measured by
ASTM D2896) of from 0 to 80. Many compositions are overbased, containing
large amounts of a metal base that is achieved by reacting an excess of a metal
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as
carbon dioxide). Useful detergents can be neutral, mildly overbased, or highly

overbased.

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

equivalent basis. More preferably, the ratio is from about 4:1 to about 25:1. The
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Chio (1967), simlarly discloses a nunber of overbased sul fonates that are
useful as dispersants/detergents. [0135] Al kaline earth phenates are

anot her useful class of detergent. These detergents can be nade by reacting

al kaline earth netal hydroxide or oxide (CaO Ca(OH)2, BaO Ba(OH)2, MO
My(OH) 2, for VRaMWpIEP670Ni t h an al kyl phenol or sul furi zedearKygiopbianmlr.
Useful al kyl groups include straight chain or branched Cl-C30 al kyl groups,
preferably, C4-C20. Exanples of suitable_ghenols include isobutylphenol,
2- et hyl hexyl phenol , nonylphenol dodecyl phenol, and the like.. It should

be noted that starting al ky heno may contain nore than one aI Kyl
substi t uent t’ﬁ%!%flagéefé&q‘itlsngb?)‘éfﬁ ¢ |dotezgeng thab Wil hypigally hayea EBBOf When a

he-sul furi 26 §F£%¢f§$9%§ér°é§%épgm%é§*§9ﬁ#kia‘# rhe PAsPho bl B Oerbashhg ar -
These met hodscaipg lig/steiiinaatdibiing ofmdgataudl A Mikih®OLORErRAR c&‘dlﬁbmg-l ng

agent (includi ng el enental sul fur, sulfur halides such -as sul
di chl ori de, ahBNtdas beivsed 1mtlﬂprb®nt invantiémg t he sul furized phenol with an
al kaline earth netal base. [0136] Metal salts of carboxylic acids are al so

useful as det[Q!llmntﬁefe?fbﬂ&ﬁ:tergé‘ﬁt?%@Iﬁdeﬁh@‘éllﬁlxqj?taﬁfﬂi?x@teﬁrtﬁﬁﬂetﬁl%aﬁé gpar gd by

reacting a basic netal conpound | east one carboxylic acid
renovi ng _fre@lﬂfanmes,fpimnatehe:artamyﬂatcﬂ;phmpdndtes;andﬁahsﬂatesnpounds may be _
over based to produce the desired TBN |l evel. Detergents nade fromsalicylic

id I I ds.
acid are Oney[lblﬁ]er&ﬁﬂ)rﬁ’teﬁﬁa)%c ﬂﬁgﬁfﬁq’fﬁlﬁ sﬁl%ﬁﬂé%gldsftﬁaqfﬁk&%'gmmg i c acids

Useful salicylates include | dng chain al kyl salicylates eful famly
of conpositi cn’m;amsd by sullﬁma%mnmﬂaﬂcﬂ stbsti@ited Moma(ti%)h}&lrb@rbm diRros a
hydr agen at om r n al oup having 1 to about 30 car bon atoms nis an
i nt €ger fromqflr ﬂ“’ﬂ:’h “QeéhOSSIQbéR‘F% walky fting bsnzens; inlsnee gylgne,

naphthalene, biphenyl and their halogenated derivatives (chlorobenzene,

chlorotoluene, and chloronaphthalene, for example). The alkylating agents
typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
contain about 9 to about 80 carbon or more carbon atoms, more typically from

about 16 to 60 carbon atoms.

[0134] Klamann in Lubricants and Related Products, op cit discloses a nnmber
of overbased metal salts of various sulfonic acids which are usefl as detergents
and dispersants in lubricants. The book entitled “Lubricant Additives”, C. V.
Smallheer and R. X. Smith, published by the Lezius-Hiles Co. of Cleveland,

(\ Ohio (1967), similarly discloses a number of overbased sulfonates that are useful

as dispersants/detergents.

[0135] Alkaline earth phenates are another useful class of detergent. These
detergents can be made by reacting alkaline earth metal hydroxide or oxide
(Ca0, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alky! groups include straight chain or
branched C-Csq alkyl groups, preferably, C4-Cy0. Examples of suitable phenols
include isobutylphenol, 2-cthylhexylphenol, 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



groups are al kyl chains of at |east Cl1, preferably C13 or greater. R may be
optionally substituted with substituents that do not interfere wth the
detergent's function. Mis preferably, calcium nagnesium or barium More
preferably, M is calcium 10137] Hydrocarbyl-substituted salicylic acids
haybe prepamaizobs/tasqgrhenol s by the Kol be reaction. See pSHuSbA77491, which
IS incorporated herein by reference inits entirety, for additional
information on synthesis of these conpounds. The netal salts of the

hydr ocar byl -substituted salicylic acids may be prepared by double
deconposition of a netal salt in a &olar sol vent such as water or al cohol

WD 2006/ 1243%n-sifitios? aligimhenohis used,2h¢ oulfgizedipreduch mayde obtaipedby phosphat es
are al so used as, det ents. [0139], Detergents be.si npl.e, det ergents or
what is knoMetggd%‘?'Bﬁﬁcgow mgger@%'elxrhﬁsétr@? Bﬁst g‘.‘?@ﬁéﬁﬁm gFmEEFQP ents can
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i ncl ude cal ciswalfahéichlogidle, Al thedike} ahd theatresctingthe sulfirizdiphendlayils an

magnesi um phenat es, magnesi um sul f onates, nmagnesi um salicylates and ot her

rel at ed conpdsdinesarthmetaldiasg. bor at ed detergents). Typicalily, the total
detergent concentration is about 0.01 to about 6.0 wt% preferably, about
0.1 to 0.4 V0186] MMeabsaarof catibkyhil ablds iargalem géetel ayduterigents. Thede i nsol ubl e
oxi dation byproducts are produced. Dispersants help keep these byproducts
i n sol uti on,cataxylicagidrdesereents maycdhe prgpired byiresrting anasia meigl cepeund
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norﬁfﬁvet al -contai ning or rate al -free di sBersants are consi dered
ashi*€ss. | Detergendshadenfesal salioylicacid ag aretprefieretd clals of dsieegbnabderivetior m ash

upon conbustion. .. . . . .
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula
I
C~—0-M

n(R)—_</]
\OH

whereRisa hydfogen atom or an alkyl group having 1 to about 30 carbon

2

atoms, n is an integer from 1 to 4, and M is an alkaline earth metal. Preferred R

groups are alkyl chains of at least C;, preferably C;; or greater. R may be

optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[0137}) Hydrocarbyl-substituted salicylic acids may be prepared from phenols
by the Kolbe reaction. See USP 3,595,791, which is incorporated herein by
reference in its entivety, 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,



[0142] Suitable dispersants typically contain a polar group attached to a
-relatively high nol ecul ar wei ght hydrocarbon chain. The pol ar group
typically contains at |east one el ement of nitrogen, oxygen, or phosphorus.
Typi cal hydrocarbon chains contain 50 to 400 carbon atons. [0143]

-Chem cal |y, ¥hsheher sants may be characterized as phpogigsosoisubf onat es,
sul furi zed phenates, salicylates, naphthenates, stearates, carbanates,

t hi ocar bamat es, phosphorus derivati ves. 5 particularly useful class of

di spersants are the al kenyl succinic deri'Vatives, typically produced by the
reaction of a long chain substituted al kenyl succinic conpound, usually a WO
2006/ 124367 [(A38] USdR4lGie0hTth idetal pliosphites areudlsdused @sidetecgenthydri de, with a

pol yhydroxy or pol yam no conpound. The long chain group constituting the

ol eophilic 10 L | 281 i bd ' he oil, is
normal ly a Mﬂs%ﬁ%& @ﬁﬁrﬁﬁpﬁﬁ%&%@ﬁ%m%ﬁwﬁ%ﬁ%ﬂ di sper sant
are wel | knoompboxndetergewts) The batter detehgentd ¢canepravideche fropeyttesrof tWoS. patents
descri bing such dispersants are 3,172,892; 3,2145, 707; 3,219, 666;
3,316, 177; detgngentvwithoutthe needto tiendssepgtare matesials. oSee USH ,@6‘; sfor
3,632,511, g %%5 374 and 4, 234,435. O her types of dispersant are described
in U S Pat &Rt ; 036, 003; 3, 200, 107; 3,254,025; 3,275,554; 3,438, 757,
3,454, 555; 3,565,804; 3,413,347;, 3,697,574, 3,725,277; 3,725, 480;

3,726, 882; 10MM] Pseferrad deigraents ingluge galsim phenpies, salsiumselonateso: 3, 687, 849;

3,702, 300; 4, 2, 7 4 A further descriptil f_di spersants may be
Found. 1o Subnin Sfylites AorengSiunlbhetbled ShnfifSfim Bhighndhy sippiBSLH0"\ 5, O
reference i galfRdig ' i : ' d patents is

i ncor por ated hér efgnﬂi{dnétihtb irdﬁf??%?go%%@%y?ﬁg? h%%%{’geﬂw

iF=gcar by | Typivally; the éotabdeteigenicconcentratinmis ebekst (e Etopamukt 610 witiesper sants. I n
par&i/cul ar, syccipi njde, succinate esters, or succinate ester am des
prepared byPf %Tabg’ag{??‘ﬁrp-bfc Q-‘HW@/?-ocar bon-substituted succinic acid

conpound preferably having at |east 50 carbon atons in the hydrocarbon

substi t uent Disperdandt | east one equival ent of an al kyl ene amine are

particul arl useful . N ) . L.
%0141] During engine operation, oil-insoluble oxidation byproducts are

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

combustion.

[0142] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[0143] Chemically, many dispersants may be characterized as phenates,
suifonates, 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



[0145] Succinimdes are formed by the condensation reaction between al kenyl
succi ni ¢ anhydri des and am nes. Ml ar ratios can vary dependi ng on the poly-
am ne. For exanple, the nolar ratio of al kenyl succinic anhydride to TEPA
can vary fromabout 1:1 to about 5:1. Representative exanples are shown in
U S. Pat entW03008730B6; 3,172,892; 3,219, 666; 3,272, 746;pC3B2ADs/6i7B17 and
3,652,616, 3,948,800; and Canada Pat. No. 1,094,044, which are incorporated
herein in their entirety by reference 1461 Succinate esters are forned
by the condensati on reacti on between nyl succinic anhydri des and

al cohol s or polyols. Mlar ratios can var WO 2006/ 124367 PCT/ US2006/ 017717
-54 depen d | ngubsiiteted S‘dq?Qi@lﬁ‘fcﬂﬂthrl@) With a pséhydmy ospalyemino chmpowntiensat i on

r oduct | kenyl. succi ni c n taerythritol .is,a,useful
gl sper sant ?nélfj %Ergﬁ‘g‘lp consti é%'ﬂ%@oﬁbg &'ﬂ%bo%té)‘ E‘b‘ﬂﬁgﬁ Hhichh
reaction bet wegfers ﬁiliﬂﬁuw msme%unisqwﬁgrangra% O@ﬁt 1€ BRfp. 3 s. For

exanpl e, suitable al kandl am nes I | pol yam nes,
pr opoxyl at ed epadples Iofltlpsityppe cfrdlsmsaﬂndrep.uélymmmymeeyaaﬂﬁaﬂd fwthe as

pol yet hyl ene pol yam nes. exanple is poxyl at ed hexanet hyl enedi am ne.
Repr esent at i Wiéerd é‘?rpE?é%mﬁlra@’ Ushpatenitsdessrbin S@?ﬁgmﬂsﬂw@@%@rﬂg@&zherer n by

reference. [91gk Hhes mbogul anauahont sa dhies Bhicorls SUERAA Cs iyl des

2,500. The abgssg 00 9@3‘2@11%"‘78‘?@7@%&@@@3‘3’ @iHePH)ﬁEb?Hﬁ' ERASIGRES such as

sulfur oxygen, fofnal dehyde’ carboxylic Acids suc c acid, and
bor on corrpounidsnrﬂmdmx &S, Patertts 8 (Bﬁt(&)rSﬂdrOOﬂrO@hB,)’le;ﬂﬂa; Zé,d7ﬁl,|5§¢;er sants. The
di spersants éan be borated w nol es of boron

per _‘;_\_rml e ]ef r‘@ﬁe'irsga 145A95§ét 3:925 8(930%!:&&3 34?%@915%%7%5}2555%7%15 @%r sants
e Poe ! LTI ERAs et binkheRann s s SHESHL PR so g n g, See

catal ysts, sgci2sD004£i00 rm+97esdrssulpt ﬁmm‘araes noﬁ%@d@bﬁ.ﬁnmnéfaawé of the
reaction nixture. Mlecular wei ghts of the al kyl'phenols™ range from 800 to

2,500. Repr efamdafonexasydenin Esrapean Patanh Arppllbﬂtﬁm Rat £t 871, to which

reference is made for this purpose. Each of the aforementioned patents is

incorporated herein in its entirety by reference.

[0144] Hydrocarbyl-substituted succinic acid compounds are popular
dispersants. In particular, succinimide, succinate esters, or succinate ester
amides prepared by the reaction of a hydrocarbon-substituted succinic acid
compound preferably having at least 50 carbon atoms in the hydrocarbon
substituent, with at least one equivalent of an alkylene amine are particularly
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
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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 nol ecul ar weight aliphatic acid nodified Mannich
condensationﬂproducts useful in this invention can be prepared from high
mol ecul ar weWEMO0GIZH367 - subst i t ut ed hydr oxyaromatics or HNPGI/ES206IHL7
containing reactants. [01511 Exanpl es of high nol ecul ar wei ght
al kyl - substi tuted hydroxyaromatic conpoH?QS are pol ypropyi phenol ,
pol ybut yl phenol, and ot her pol yal kyl phenol's. WD 20061124367

PCTI US2006/ 017717, -55 These, pol yal kyl phenol s can_be obt aj ned_ by the
al kyl ation, i ??fléﬂ&%é’%@&%& QIN°5351¥P4§¢datFQfgeX@mpé¢=}BQ congigasation pupduct of

phenol with b : j]ﬂm.- - 0. : . and ot her
pol yal kyl enemg%prpaggéﬁgg%%ﬁngl%e a k@%‘@& ,%“t%%h‘gﬁés %ﬁéﬁﬁg&‘&eﬁﬁlﬁe ring of
phenol havi ng[ an average 600-100,000 nolecul ar weight. [01521 Exanples of
HN(R) 2 gr oup-18bhtlai Sicrinatespiaramidesare farmngd ksneondsaraiion reaetionhatwesmal | y

pol yet hyl ene pol | nes, her . representative organi c .conpounds, contai ni ng
at |east one W@%’%ﬁﬁ%ﬂﬁf@ﬁl‘aﬁd p.@ganglgaénﬁnﬁs.t Egr ﬁf%‘ﬂg?’aiql?t?ggﬁﬁwo nni ch
condensati on gpij I M aTar ¥ | I NO

al kanes and taﬁg?%@ﬁglsd? ie'?:ﬁe%dtgd(nglagglg? Hg)l %@hggmfugﬁyﬁggﬁg%gﬁygﬂgnmol

am ne; ar onatanines @ pagalkenylpolypinéres|secte asipalyethylendippbyaminesah¢ hal enes;

het er ocyclic am nes, e.g., m)rghol i ne, pyLrole, I’{)yrrol i di ne, imdazol e,
i m dazol i di n€xamplf isinperereriated hexamgthylenedizminge Repseasntativg exmples alcogs.

[ 01531 Exanplsfﬁwgfinﬁ%ﬁ'%,g?ﬁgﬁgl%%ﬂ%&é&ﬁ&%ﬂlﬁ}i{&&%ﬁ%&de et hyl enedi am ne,

di et hyl ene triamne, ehe ant ne, raethyl ene pentaam ne,

0t danyl e NGARIa NHRDCIoGHaE PSR AE o ERYAGHCabl TERASJEAE Bidccan no
tde _ AR e ol ‘ _ "

kel ene. pol YATRAE PRAEER Il A AR AR E BpO plidoBRET BB 21 o

di val ent et hyjrefiRtPHh Be pst-redcted HitR vakibes feRE @A 5Hth {soulftt,2oxyger,” espondi ng

formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as

borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[0149] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See USP 4,767,551, which is incorporated herein by
reference. Process aids and catalysts, such as oleic acid and sulfonic acids, can

also be part of the reaction mixture. Molecular weights of the alkylphenols

range from 800 to 2,500. Representative examples are shown in U.S. Patents
3,697,574; 3,703,536; 3,704,308; 3,751,365; 3,756,953; 3,798,165; and

3,803,039, which are incorporated herein in their entirety by reference.

[0150] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R), group-

containing reactants.

[0151] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.



propyl ene pol yam nes such as propyl ene diamne and di-, tri-, tetra-, penta-
propylene tri-, tetra-, penta- and hexaam nes are al so suitable reactants.
The al kyl ene pol yanmi nes are usually obtained by the reaction of ammnia and
di hal o al kanes, such as dichloro al kanes. Thus the al kyl ene pol yam nes
obt ai ned fr OW® 2q06@243&¢acti on of 2 to 11 nol es of amoni a RETWSW06/01710 nol es
of dichl oroal kanes having 2 to 6 carbon atons and the chlorines on
different carbons are suitable alkylene_ggl yam ne reactants. WO 2006/ 124367
PCT/ US2006/ 017717 -56 101541 Al dehyde reactants useful in the preparation

al i phat 1 ¢ al o6 BebelieBbRRSH Ge ke oihipedby kbR it Remerce ianand
or & 1 or mhl dcedss 4HERG Sudl BORE, OrpnOll Ry B S0 e RO, 1

substi t ut ed girbpyiens Pobytar bﬁ@@hﬂ&iﬁﬁer%@aﬂ Exfe EUBPOEIS to kV@WIkjl0 one
skilled in the art; slyee t%lr exanpl e, "U lty‘lgatents 3, 275, g 3, 438, 757,

3, 565, 804; 3 Sﬂb&lﬁ@gs 08 tb@bcme rmgwfyheml haging Nﬂ\@raw&i)o—lﬁib@ﬁ(borat ed
herein in their tirety by reference. [0156] Preferred di spersants include
borated and rBRLE B@P’éﬁ”&&@ucci ni mdes, including those derivatives from
nono- succi ni m des, bis-succini mdes, and/or m xtures of nobno- and

bi s- succi.ni m'[ﬂkS?,] Eremaples oREN(RW graupbgdntaningireactanie aresalkylené ved from a
hydr ocar byl ene,group such_ a pon| sobutyl ene, having a Mh of from about 500

to about 500CPobyaraings. principadly polat ﬂy%ﬁb@aarnweén‘aﬂxgrmgsen@mrorw erred

pol yam ne- coufri i Ao AT et % EVRO an P Rl Vo€ SR s

rel ated commmfftxqamﬁu%o@mshwgﬁmﬂﬁmlaﬁewéﬂhbﬁn%ﬂdafmua% tHefmémaut 0.1 to
20 @L@"/ preferably about 0.1 to % Pour Point Depressants [0157]

Conventi onal apduli- apunmalkaam anbteirsubstiteiedianelogs,asg | ethylasiine thdw i mprovers)
may be added t cqnposi tigns, of, the prese vention if desired. These
pour por it - e HHE ™ B2 A ARG o MR IAS AORPEBTEMS of |t ho

naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,

imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[0153]  Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetraethylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, and decaethylene undecamine

and mixture of such amines having nitrogen contents corresponding to the

alkylene polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z is a
divalent ethylene and n is 1 to 10 of the foregoing formula. Corresponding
propylene polyamines such as propylene diamine and di-, 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.



SR R TR

present invention to Iower the m ni mum terrperature at V\:hl ch the fluid will
flow or can be poured. Exanples of suitable pour point depressants include
pol ynmet hacryl at es, pol yacryl ates, pol yaryl am des, condensati on products of
hal oparaffi n waxes and aromati c conpounds, vinyl carboxylate polynmers, and
t'er pol ymer s Wi 20l6/848671 f umar at es, vinyl esters of fatty aRCUHESHNHOIEIWY] 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 3,230, 715 descri be useful pour point
depressants WO 2006/ 124367 PCTI US2006/ 017717 -57 and/or the pr eparati on

Such a1 vAOTAAl, OIS TROHS SRBAMD OF PRAATOR fhe 12 wolapulap cf or abi y
about 0.01 e&qtﬁts (ethn IR FVARbA Mehdthe ol Bl 1Bl s O J0 b LOr . B e

used to redu egrada are Thcontact with

the | ubri cat ifpéndliéhydeTmies at P@ﬂaforﬁwwa@ue afi@ Foraslia, acbfhﬂdéhbzﬁ@ﬁﬁd alel ude
t hi adi azol es. See, for exanp P Nos 719, 125; 2,719,126; and

3, 087, 932, V\tﬁﬁdiydmxefbutycajddwcbb eHomldehydbwrmdbﬁneldchydmymtthmg reactant ret y.
Such addltlves be used in an anmount of about 0.01 to 5 wt% preferably
about 0.01 t & BITi%, Seal Conpatibility Additives [0159] Seal
conpatibility a ents help to swell elastoneric seals by causing a chem cal

reactio B : n H}dlfrwarbﬁw@bmmdtmgle ashiesshhspﬂrm addahve&rstvgﬂi] e seal

aronatic. esi@pyn  pusacied By ek Sorior SxReel ChdPRBLRZ ot el ot e, 1 or
| b di

o arount of SRS 3?5%%08‘?3%P%3§pr=§?%?9%1 i BUSPBRBEES T, "t Foam

Agents O [O168do tedHepsTh 348 SH¥iSe fragteousl y be added to | ubricant
con‘éo I - tions. These agents retar he formati on of stable foans. Silicones

5o o e Ao SR o

anti f oam pr opgthidiag thodd deril 9@ves from mono—succmlmldes blS-SllCGlIllmldCS, and/or
mixtures of mono- and bis-succinimides, wherein the hydrocarbyl succinimide is
derived from a hydrocarbylene group such as polyisobutylene having a Mn of
from about 500 to about 5000 or a mixture of such hydrocarbylene groups.
Other preferred dispersants include succinic acid-esters and amides, alkylphenol-
polyamine-coupled Mannich adducts, their capped derivatives, and other related
components. Such additives may be used in an amount of about 0.1 to 20 wt%,

preferably about 0.1 to 8 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; 2,653, 479; 2,666,746;
2,721,877; 2.721,878; and 3,250,715 describe useful pour point depressants



A g o

agents are commercially avail able and may be used in conventional m nor
anounts along with other additives such as denulsifiers; usually the anpunt
of these additives conbined is less than 1 percent and often less than 0.1
percent. Inhibitors and Antirust Additives [0161] Antirust additives (or
Gorrosion i%ﬁp&,ﬁg@ﬁ are additives that protect |lubricated netal surfaces
agai nst chemcal dattack by water or other WO 2006/ 124367° WVEIEB 017717
-58 contam nants. A wide variety of these are comercially avail able; they
are referred to in Klamann in Lubricantsr-and Rel ated Products, op cit.
[0162] One type of antirust additive is a polar conmpound that wets the netal
surface pref.gr ' | ' ] ' o]l . type of
anti rust " adnifohine biobersBioR (Rekbi Dehch dfshibtefeirep s iRkbrpoflipd Refeid i)

emul si on so jtsaitirétyl Buch BadiCives hRydeamed AtanBindlintSef 6baa£0.0Y86 5am9,her type
of antirust additive chemcally adheres to the netal to produce a

non-r eact i vereferdtdy ebout:ahtceb.5a¥t%.sui t abl e addi tives include zinc

di t hi ophosphates, netal phenol ates, basic nmetal sulfonates, fatty acids and
am nes. SuclC@adshién gsbib@my be used in an anount of about 0.01 to 5 W%
preferably about 0.01 to 1.5 % Friction Mdifiers [0163) A friction

nmodi fi er is [Bh§8]meferdsidn nhibitdre aretised tib adduce theedggraddtion ofanethllicpiasnt of
friction of ﬁ surface | ubr, ca}tegd by any | ubricant or fl IIIi d containing such
mat eri al.(s) .taaredn epntag vith ubgafinglaibepmpesition. cPyitable eoresden  or
lubricity or Qi . n n r hat change the
ability of ag‘g@%‘éﬁ lﬁlgﬁdkﬁl Wﬁ@gg ?%Fﬁ%‘%ﬁ%@%&%@ﬂﬁ%@%@%é?gf uncti onal

fluids, to moWid y26:h@d 3008 $3% viiéh Qﬁe_iﬁéér?bta@éﬁ Wrei HywRrdrendesd their f ace may
be effectively used in cofbination with the base oil’s or |ubricant

comsi t i onsentifetyh8uph edditives mag beiused in 4n almeumtext.abbui @.01 om 5 wet,f i er s t hat
| over’ t he coefficgient of friction are particularly advantageous in

conbi nat i on RXP%‘“’FF%]Y@{’M&O@&UQ tsé’i‘lﬁl ube conposi- tions of this invention.
Friction nodifiers may include netal -containing conpounds or materials as
wel | as ashlSeabCompatibitits Adiditiveser i al s, or ni xtures thereof.

Metal -containing friction nodifiers may include netal salts or netal-
[0159] Seal compatibility agents help to swell elastomeric seals by causing a

chemical reaction in the fluid or physical change in the elastomer. Suitable seal
compatibility agents for lubricating oils include organic phosphates, aromatic
esters, aromatic hydrocarbons, esters (butylbenzyl phthalate, for example), and
polybutenyl succinic anhydride. Such additives may be used in an amount of
about 0.01 to 3 wi%, preferably about 0.01 to 2 wi%.

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



| i gand conpl exes where the netals may include alkali, alkaline earth, or
transition group netals. Such netal-containing friction nodifiers may al so
have | ow ash characteristics. Transition netals may include Md, Sb, Sri,
Fe, Cu, Zn, and others. Ligands may include hydrocarbyl derivative of
al cohol s, powpadoes/1243gt ycerol s, partial ester glycerols, tFiTAR006/017717
car boxyl ates, carbamates, thiocarba- mates, dithiocarbamates, phosphates,
t hi ophosphat es, dithi ophosphates, am des, /O 2006/ 124367 PCT/ US2006/ 017717
-59 imdes, am nes, thiazoles, thiadiazoles, dithiazoles, diazoles,
triazoles, and other polar_ nolecular functional groups _containing effective
anounts of 0,coNfangnanis. AWlderMﬁnptjdgﬁthewaneqommemgullmtva@able;lﬂwpm icular,
Mo- cont ai ni n onpaounds,.can be acticul ar effective such as for exanple
Mb- di t hi ocar %&fﬁ{e&? W/g(lw mubrigapf %@%éﬁft‘?gtpg@&ucxﬁa(’ﬂfﬁ ., Mb-anmines, M
(Am, Mb-al coholates, M- alcohol-ani des, etc. See USP 5, 824, 627; USP
6, 232, 276; U4016211 3nsiype of aatirust addilive s a ppr gympomdbat wap ths 88R] 657; USP

6, 010, 987; USP .5, 906, 968:.. USP 6, 734, 130; P &, 730, 638; USP 6, 639, 725; USP
6, 569, 820; W%?B%‘t%ﬁf@t_l%’ @wtﬁ%tg@%tw%@ﬁfi@@ge& Ancfsraue Sgﬁﬂ?ﬁ%t friction
T 2 S YA it Btk il it 17 Sk lin- il Ghisfod Woahth @y ect ! ve
anounts of polar groups, ftor exanple, hydroxyl-contarlning ydrocar byl base
oi | s, glyceritesil tpahics the Bkt surfates  Yalayoter dpeddnnialst ¥éditivend the |ike.

Pol ar groups in friction nodifiers may include hydrocarbyl groups
cont ai ni ng efdbenti¢ally asdhetastte thef metal ig podues a pen-reastive quefagey ﬁmmpies of

conbi nat i on. er .frictio difi,ers tha y_be rtihcul arly effective

i ncl ude, for S@gﬁﬂﬁlag,dmvgémc UGSt dﬁé‘l‘i’f’hﬁmﬁlﬁ{% ‘Hﬁtaéﬁﬁe%%%?%i’gs%é‘??@at i ves)
of fatty aci %ifoh%ﬁ,faﬁ%ﬁ&ﬁ? bid ambitst v ad8Rivef Ala %eq%&? 'ir?arr amount of
hydrgoxyl - contai ni ng ‘carboxyl ates, and conparable ynthetic [ ong-chain
hydrocar byl  abods(.0&ke Stvetls preferabdy abestit0edsto hyovibky carboxyl ates, and the
like. In sone instances fatty organic acids, fatty am nes, and sulfurized

fatty acids @Y%@ﬁﬁﬁﬁ@ﬂ%e?ss suitable friction nodifiers. [01651 Usef ul

concentrations h nodi fiers may range fromabout 0.01 wt'/'o to

10-15 wt % or [0®63]. AffeHonnbaiffer i Alyemaeial aNStepialsBN danGiltbrie /' 0 10 5

wt % Concentrations of nol ybdenum containing materials are often descri bed
coefficient of friction of a surface lubricated by any lubricant or fluid containing

such material(s). Friction modifiers, also known as friction reducers, or lubricity
agents or oiliness a};ents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention

. if desired. Friction modifiers that lower the coefficient of friction are

s’ 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,



in terms of Mo netal concentration. Advantageous concentrations of M may
range from about 10 ppmto 3000 ppmor nore, and often with a preferred
range of about 20-2000 ppm and in sonme instances a nore preferred range of
about 30-1000 ppm Friction nodifiers of all types may be used alone or in
m xtures Wwwoabdsazamierials of this invention. Oten m xgci®Sodforiy® Or
nore friction WO 2006/ 124367 PCT/ US2006/ 017717 -60 nodifiers, or m xtures
of friction nodifier(s) with alternate surface active material(s), are also
desirable. Typical Additive Amounts [0166]59‘Wlen | ubricating oil conpositions
contain one or nore of the additives discussed above, the additive(s) are
bl ended i nt o imfides; ampnes, thiazoles, thiadianales; tdithiazblds cdiensles, driaidles, anghethfeor m i t s
i ntended function. Ty i’c | anounts of such, additives usef i.n the present
i nvention ar é’@i‘ﬁ)%ﬂlepﬁ aq‘-%l{q}célopa B conjaiging effrcetive paoupts %stt%@re‘jgdi tives

o | sol vent i MONRASRY TR LBitiRlont 16 pefia Mooyl olnBRRHEbafbs e

tabl e bel ow, mativ@hily 8ffeoliviesuch® Yo Sxaliilé MGaRhiotarbhtatesPMREDITC)ANR-
directed to the anmount of active ingredient (that 1s the non- solvent

port ihon ?f L hﬁlth'igy’mphﬁns,)Mo(Eh’BP);Mb-hnﬂﬁmsaNﬁd(hnD,d\dnmlmlhfﬁeﬂjMiun- thef t ot al
' ' ' ' ition. TABLE 1 Typi Al
Var ??Lls"Lqu ?@%{I{a‘r’%ﬁ&%&g 55 OSE R SR b &8 AP ATOTSP 6 Aol i %6
Us "W % pane : ' -20 0.1-8
ri ot oh Reduder SFERE VSR ST @Al L8R i Lok BB, UsB 5001 50,

more pref er abt 906908 USP 69 sO=USH 675053 0X URNS,689,928, OSP-61569, 680, 0si o

| nhi bi tor 0101-5 0. 01- 1.
WO 99/66013; WO 99/47629; WO 98/26030.

i

[0164] Ashless friction modifiers may have also include lubricant materials that
contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups
containing effective amounts of O, N, S, or P, individually or in combination.
Other friction modifiers that may be particularly effective include, for example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable
synthetic long-chain 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
wi% to 10-15 wi% or more, often with a preferred range of about 0.1 wi% 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



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 G| Bal ance Bal ance EXAMPLES
[0168] In the foll owi ng exanpl es except where otherw se indicated the test
solutions were exam ned by carbon-13 nucl ear nmagnetic resonance (NWR)
spectroscopy,,o GSX- 400 NWMR spectroneter, Al the escri bed
in this and*’ﬂ?@”@#ﬁf\?\j ng exanpl es was perfornmed on thee%%%yogﬁ%g/ 124367
PCTI US2006/ 017717 -61 instrunent, at a carbon Larnor frequency of 100
Megahertz. The sanple tenperature was v&Pied in situ over a range from 27C
to 55C. Between 200 and 400 transients were acquired for each spectrum
with ar 90 demoagfid creniXfure$ BE fif@idaqnoditel(§)with alternafvirfiRe @afiwd prot on
decoupling. The relaxation delay was varied between 3 seconds, for sanples
wher e t he netmteriad(s),@raalso dasirable.cont ai ned a paramagnetic netal center, and
20 seconds where the netal acetylacetonate did not contain a paranmagnetic
center. [016§ypidaPRadifveMmeantacquired at 27C, to neasure the initial

rel ative concentrations of t-butyl hydroperoxi de and t-butyl alcohol.
Subsequent | y[0166¢ Wiepdulricating\edlsconzpesibns cosad omnok maiawithe edditives hi s

tenperature for 25 m nut es, .. .Spectra re.acquj red perijodjically, and the
deconposi ti oﬂlSB‘FSSFg@bO‘f‘?-glﬁﬂdlﬂ F}ﬁi'ﬁtl’x}a%idﬁ@ “?ﬂiﬁgﬁf?ﬁﬁml’%ﬁ“é@fl BATCERME ng t he
oxygen- bonde L £35 e 0 i ang | cohol .
0170y OeygerviaRient Ror i RRARRGFs bl Bpibtichy PSRRI Aol drdfed o' ci 1

excl uded t hr ggtifivelegRsisliif Shepreb&ift isvenbion areliovat B TdHE 1 bk .0) per oxi de
concentration is stable and was neasured at |ow tenperature, before

ti it 1 i I 1,y at | 1 t i ndi ti
ho ey o | 019" RO AN RR00t i aaticfes Sttt i o Meiehed A0 { no
i d ) . f. C .
et undaer ﬁmg}éé" Rain dGurit Urdhsd Wihve R mggél ﬁrgﬂ%ﬁogg ‘A&ordl%lgh o the

( hydr.0) per oxi to the sanple far excee of ox
NVR sanpl e t theeweight amounts in the table below, as well as other amounts mentioned in

|

this patent, are directed to the amount of active ingredient (that is the non-
solvent portion of the ingredient). The wt% indicated below are based on the
total weight of the lubricating oil composition.
TABLE 1
Typical Amounts of Various Lubricant Qil Components

Approximate Approximate

Compound Wi% (Useful) Wi% (Preferred)
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Viscosity Index Improver 0.0-40 g;g;;fg;lﬁael 15
Supplementary Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-15
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

EXAMPLES

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

described in this and the following examples was performed on the same
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EXAMPLE 1 [0171) A test solution was prepared as follows: 64 ng (0.18 mol e)
of Cr(acac)3 was dissolved in 4.8 g (39 nmol es) of deuterated chloroform
with 200 ng (.83 nmoles) of t-butyl hydroperoxide (3Min iso-octane). This
m xture represents a hydroperoxi de: chrom um acetyl acetonate nolar ratio
of4.5t0 1. W0020882487367 PCTI US2006/ 017717 -62 [0172] RPefjudrgeolBi#inut es of
heating at 27C only about 5% of the hydroperoxi de was deconposed to

al cohol , as tabulated in Table 2. TABLE .2 Time (mnutes) %t-butanol 12
1.9 38 5.4 79 4.4 95 4.9 [0173] Subsequently, during 250 m nutes of
heating the sanple tube of Exanple 1 at 35C, 84 percent of the initial

hydr oper oxi dinstamicai ebapadbed Ligymor frequdneyof d A0 MegaperzeTheaampleThese resul ts

e Ty e TR
Mg of TBHP e AtPeshdichil BRre ARfRd thledch ShedtfifinARith 196 lgrddSulse on

the carbon nucleus, and inverse-gated proton decoupling. The relaxation delay

was varied between 3 seconds, for samples where the metal acetylacetonate

contained a paramagnetic metal center, and 20 seconds where the metal

acetylacetonate did not contain a paramagnetic center.

[0169] A spectrum was acquired at 27°C, to measure the initial relative

concentrations of t-butyl hydroperoxide and t-butyl alcohol. Subsequently, the

temperature was raised to 35°C, and maintained at this temperature for 250
minutes, Spectra were acquired periodically, and the decomposition of the
t-butyl hydroperoxide was monitored by comparing the oxygen-bonded carbon

resonances for the hydroperoxide and the alcohol.

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

the total number of moles of liquid (hydro)peroxide added to the sample far

exceeds the moles of oxygen in the NMR sample tube,

EXAMPLE 1

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

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

(3M in iso~octane).

This mixture represents a hydroperoxide:chromium acetylacetonate molar ratio
of 4.5 to 1.



Cr(acac)3 to deconpose this additional anount. The aggregate ratio of TBHP
to C(acac) 3 then becanme 15.9. A spectrumat O nminutes was acquired at 27C
to provide a baseline spectrumof the new m xture. Five additional spectra
were acquired at 35C, as in the earlier series. The continued deconposition
occurred aswoeoewdedrin Table 4; TABLE 4 Time (mnutes) goyudedsadnsl; 0 33.9
12 34.9 72 38.8 132 50.5 222 62.7 282 68.5 WD 20061124367
PCT/ US2006/ 017717 -63 The final ratio of _hydroperoxi de deconposed by
chrom um acetyl acetonate (on a nol ar ba‘sqzs') was 10.9:1 at 35C, based on %
t-butanol produced. [0174] A simlar sequence of heating and data
acqui si ti on Jas73jer Doring®Saninatessflhepiingatc2#tCaonly about- Watofthehydr oper oxi de
and deuterated chloroform w thout A the chrom um acetyl acetonate. This
control run GygeapeEsidewandeeasnpossy to aleshply antabrlatedivekable de deconposi ti on
t hroughout the sane tenperature prof'LIl BLE 5 Time (mnutes) %¢t-butanol
050 303.6 9232 167 4.1 EXAW 175] Repetition of the

experinment of Exanple 1 butl W Eemesy T ey, @0 of up to a final
hydr oper oxi de: chrom um acet mec? %@?ﬂéiu a.A?%t;i% lm‘ 84: 1,

38 5.4
79 4.4
95 4.9

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

the chromium acetylacetonate. These results are tabulated in Table 3.

TABLE 3
Time (minutes) % t-butanol
0 4.9
12 19.9
45 -42.5
75 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 continned 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




\

shows that the chrom um acetyl acetonate conti nues to deconpose hydro-
.peroxi de to al cohol. Continued activity at the 84:1 ratio indicates that the
chrom um conmpound is acting catalytically, rather than stoichionetrically.
[0176] The Cr(acac)3-catal yzed thernmal deconposition oft-butyl hydro-

.per oxi de | d by acquiring spectra at increasi | hydr o-
per oxi de r%ﬁegﬁﬁﬁ?ﬁﬁf These results are tabulated in Ta%?ghg%hﬁ?¥2& each
addi ti on of hydroperoxide, a spectrumwas acquired at 27C to determ ne the
sol uti on conposition. Subsequent to eactf3addition of hydroperoxide, one or
nore spectra were acquired at elevated tenperature to accel erate

deconposi t i dfhe findd rithy of fhdoperixidedsdompiosed by ghrongiipeicrtylictonans(oner e
performed at 35C. Run 27 and later, the high tenperature runs were executed
at 40C, to edapelsrbasis)was Hu9dt ataﬁf’Cyb:asgé@a/“/%mwnobpmdusgboes/ 017717 -64
[0177] The percent of hydroperoxi de deconposed to the al cohol was cal cul at ed
by conparinqoitg oA eiRhir seqédrick BF Bo4tlg Md dutd B&Ediéiﬂbﬂ RS gﬁéﬁ@ﬁn&t 3% .
integral. These results aré tabulated 1n Table 6. TABLE 6 TBHP: Cr+3 Ratio
Spect r um NursohutioioahfdiiRg Ddatyhhydeaperekide dandidenteratetioclorofora® viithort 57. 5 . 8

62.5 9 73.6, 10 74.4 ' 11 84.5 12 94.8 15.9 13 33.9 14 ) 15 38.8
the chronﬁum acetyjfacetonate. This control run (documented %1 Tgﬁe g)

showed no hydroperoxide decomposition throughout the same temperature

profile.
TABLES
Time (minutes) % t-butanol
0 5.0
30 3.6
92 3.2
. 167 4.1
EXAMPLE 2

[0175] Repetition of the experiment of Example 1 but with the further addition
of up to a final hydroperoxide:chromium acetylacetonate molar ratio of 84:1,
shows that the chromium acetylacetonate continues to decompose hydro-
peroxide to alcohol. Continued activity at the 84:1 ratio indicates that the

chromiuvm 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-

P
€

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 specira 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.



16 50.5 18 62.7 27.2 23 56.0 24 56.0 25 56.6 26 58.5 27 61.8 29 77,8
30 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 hydroperoxi de deconposed at the 84:1 nolar
ratio, that yWéepehs@ags um acetyl acetonate is functioning egiakyoseatlsy and
not stoichionetrically, a hydroperoxide:chrom umnolar ratio of about

61.5: 1. WD 2006/ 124367 PCTFUS20061 017717 -65- EXAMPLE 3 [0179] The sane
heating profile and data acquisition sequsénce was tested on an aral kyl
hydr oper oxi de (cumene hydroperoxi de) to show the generality of the
reaction. [0177] The percent of hydroperoxide decomposed to the alcohol was calculated

by comparing the alcohol C-OH integral with the hydroperoxide C-OOH
integral. These resulis are tabulated in Table 6.

TABLE 6
TBHP:Cr” Ratio | Spectrum Number | % of TBHP Decomposed
4.5 4 4.9
5 19.9
6 42.5
7 57.5
8 62.5
9 73.6
10 74.4
11 84.5
12 94.8
15.9 13 33.9
14 34.9
15 38.8
16 50.5
18 62.7
27.2 23 56.0
24 56.0
25 56.6
26 58.5
27 61.8
29 77.8°
30 83.2
38.6 31 62.4
32 65.9
. 33 71.0
i 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.



53 ng (0.15 nmmole) of Cr(acac)3 was dissolved in 4.0y (39 nmol es) of
deuterated chloroform with 400 ng (2.6 nmmol es) of cunene hydroperoxide
(80% technical grade). This solution gave a hydroperoxi de: chrom um

acetyl acetonate nolar ratio of 17.2 to 1. The deconposition was nonitored
by conpari ngoldissi2idsear al s of the oxygen-bonded car bonsp@fydbiostsiiene

hydr oper oxi de and the cunyl al cohol. [0180] The Cr(acac) 3-catal yzed t her mal
deconposi tion of cunene hydro- peroxide to cunyl alcohol was nonitored by
acquiring spectra at increasing ratios -6%- hydr oper oxi de to chrom um (as
summari zed in Table 7). After each addition of hydroperoxide, a spectrum
was acqui r edEXtAMPLCEtD determ ne the solution conposition, and then a
series of spectra were acquired at 35C to nonitor the deconposition.
Spectra fronl0idfberThess ashing profileraad datpudageisition seqo@)cet wasiegtedione t he
reaction. The reactio roceeds at a.rgte that .ncreases wth t erature.
[6161] “The ' pH o S OrRIROT: BRires dudemmstdudets Shi tiF eetforliyed Be

cal cul at ed by,cegparing the hydroperoxide C-OOH integral with the alkyl
group-bearing aromati c carbons of both the hydroperoxi de and al cohol. These
resul ts are tabul 38 g (el Sommole)ifiC¢acac); WsAiskolvicd4n 610 CIY bingdlesy 017717
-66 TABLE 7 CHP: Cr-'3 Ratio_Spectrum Nunber % of CHP Deconposed 17.7 1 18.5
2 22.0 3 49.0 <ofzbutergiedshioraform, with48)0mg ¢§2.Snmoles) ofiqumene1 1 48. 6

hydroperoxide (80% technical grade).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of

17.2 to 1. The decomposition was monitored by comparing the integrals of the

oxygen-bonded carbons of the cumene hydroperoxide and the cumy! alcohol.

[0186] The Cr(acac)s-catalyzed thermal decomposition of cumene hydro-
peroxide to cumyl alcohol was monitored by acquiring spectra at increasing
ratios of hydroperoxide to chromium (as summarized in Table 7). After each
addition of hydroperoxide, a spectrum was acquired at 27°C to determine the
solution composition, and then a series of spectra were acquired at 35°C to
monitor the decomposition. Spectra from number 15 and onward were acquired
at 40°C, to expedite the reaction. The reaction proceeds at a rate that increases

with temperature.

{0181]  The percent of hydroperoxide decomposed to the alcoho] 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:



'12 49.4 13 50.4 G 14 54.7 15 56.3 16 56.4 19 60.3 101821 Deconposi tion
of the hydroperoxi de was neasured, and observed to continue, for ratios up
to 34.4 peroxide nol ecul es per chrom um atom again showi ng that the
chrom um conmpound is acting catalytically rather than stoichionetrically, a
hydr oper oxi d&w@iwem4ssn acet yl acetonate nol ar rate of aboptT/BSodsdi7Afsed on
% hydr oper oxi de deconposed. EXAMPLE A ( COVPARATI VE) [01831 A test solution
was prepared as follows: 45 ng (0.17 nﬁD|%% of Cu(acac)?2 was dissolved in
4.8 g (39 mmol es) of deuterated chloroform with 371 ng (2.6 nmol es) of
t-butyl hydroperoxide (5.5Min decane). This solution having an initial
hydr oper oxi de: copper acetyl acetonate nBABLEZti o of about 15:1, was
nmoni tored by the_sanme protocol described above in Exanple 1 1t _was found

(as shown in Tab| e GHP:CHZRatio 35C, Sreeipie NuBber v | ac%af$dlRDesaposadot | have a
measur abl e ef fec{ on thg7econpgsition of t-butyl hydropggexide.” VWD

20061124367 PCTI US2006/ 017717 167 TABLE 8 Tenpgrature (& gi me (mnutes %
Deconposed 27 0|6.1 35 10 6.1) 35 70 5.9 35 130 9.2 35,190 9.1 L35 250
11.2 [0184] An |dentical mxtufe was hgat ed sequentiallgsﬁo 35C, 4ﬁ>C, and

556G, 34.4 7 024

8 46.4

9 45,8

10 47.1

11 48.6

12 494

: 13 50.4

e | 14 54.7

e 15 56.3

16 56.4

19 60.3

{0182] Decomposition of the hydroperoxide was measured, and observed to
continue, for ratios up to 34.4 peroxide molecules per chromium atom again
showing that the chromium compound is acting catalytically rather than
stoichiometrically, a hydroperoxide:chromium acetylacetonate molar rate of

about 20.7:1 based on % hydroperoxide decomposed.

EXAMPLE A (COMPARATIVE)
[0183] A test solution was prepared as follows:

45 mg (0.17 mmole) of Cu(acac), was dissolved in

4.8 g (39 mmoles) of deuterated chloroform, with
371 mg (2.6 mmoles) of t-butyl hydroperoxide (5.5M in decane).

This solution having an initial hydroperoxide:copper acetylacetonate molar ratio
of about 15:1, was monitored by the same protocol described above in Example
1. It was found (as shown in Table 8) that at 35°C, copper acetylacetonate does

not have a measurable effect on the decomposition of t-butyl hydroperoxide.



: \
W th spectra acquired at each tenperature. It was found (as shown in Table
9) that at elevated tenperature (45, 55C), the copper acetyl acetonate
showed hydroperoxi de deconposition activity, a hydroperoxide:copper

acetyl acetonate nolar rate of about 1.9:1 at 45C and about 9.15:1 at 55C
TABLE 9 Tenmgﬁi@ % Deconposed 27 6.5 35 4.8 35 7P§Tm§f¢,0@,@17-217 55 59.8
EXAMPLE B ( f E) Atest solution was prepared as follows: 60 ng (0.17
m nol e) of Fe(acac)33 was dissolved in 68 g (39 mml es) of deuterated
chloroform with 366 ng (2.6 mol es) of t- butyI hydr oper oxi de (5.5Min
decane). This solution was nonitored by the sane protocol of increasing
tenperature (35C, 45C and 55C) descrilABLEBlBove in the second part of

Exanpl e A ( Conpagativer—it—wa fﬂLL“'* t-hat—ever—when—heated-t+o0-55C, the
ferric acetyl 1 wad | nsi a%@l}iwﬂtegvdr hprmmﬁomﬁ‘?ﬁ% ition

activity. WO 2006/ 124387 PCT/ 1152006/ 0179017 - 68 TABLE 10 6.lenperatjure (C) %

Deconposed 27 6.6 353%.6 35 B.0 27 1800 45 1348 55 114 EXANPLE 4
35 70 5.9
35 130 9.2
35 190 9.1
35 250 11.2

[0184]  An identical mixture was heated sequentially to 35°C, 45°C, and 55°C, |
with spectra acquired at each temperature. It was found (as shown in Table 9)

that at elevated temperature (45, 55°C), the copper acetylacetonate showed

hydroperoxide decomposition activity, a hydroperoxide:copper acetylacetonate
molar rate of about 1.9:1 at 45°C and about 9.15:1 at 55°C.

TABLE 9
Temperature (°C) | % Decomposed
27 6.5
35 4.8
35 7.2
45 12.2
55 59.8

EXAMPIEB (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 solufion 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.



Z{6185] A test solutidﬁ'maéhbfepared as foIIoWéEMGG
4.8 g (39 mmol es)
with 370 ng (2.6 nmol es) of t-butyl

Cr(acac)3 was dissolved in

ng (0.018 mmol e Zn)

oi-l ). Thi s s&¢igogirabad an
rati o of
the first part of Exanple

l

initial

A (Conparati ve)

j of deute

hydr oper oxi de (5.5M i n decane),
secondary zinc dial kyl di t hi ophosphate (ZDDP i n base

hydr oper oxi de: Cr ( ACAc) Bctrugieboirmlk ar
about 13.8:1 was nonitored by the sane protocol

Because zi nc
5nt|OX|dant

- _(0._,

17 mmol e) of
rated chl orof orm
and 14

descri bed above in

di al kyl di t hi ophosphate is an established it was sought to
determne its effect on the hydro- peroxide decorrp05|t|on efficiency of
chrom um acetyl acetonate. It was foundCABREt1Oafter 250 minutes of heating at
35C, about the sane anount ref—hydr -ox+de-had—been—dgconposed as in the
ZDDP-free chroni um sol uti o.n_tﬂ@gﬂ% Q)clly Yo Exarrpl e 1, Table 4)
TABLE 11 Tenperature (C) Time (m Bltes) % Deconp®bed 270 8.9 35 10 8.6
35 70 10.7 35 130 25.6 35 190 6358 35 ! | ution containing

P50 78.%86 The s
both Cr(acac)3 and ZDDP wa$ prepasgd w thlthe Znggoncentijati on set to 10% of

the G nolar concentration{ TathepyThan IU0% gyipl € 5| bel ow, shows that
secondary ZDDP on its own [ras—pert priemceTt trat %5200%24367

PCT/ US2006/ 017717 -69 woule—roet—be—const t-e-{ (approx 6-7 TBHPs
deconposed per Zn aton). Essentidfly thelsa Le was observed with

prinmary ZDDP. g C ( COVPARATI VE) [0186] A test solution (representing
a TBHP: Zn nolar ratro of 47:1) was prepared as follows:

[0185] A test solution was prepared as follows:
60 mg (0.17 mmole) of Cr(acac); was dissolved in 4.8 g (39 mmoles)

of deuterated chloroform, with 370 mg (2.6 mmoles) of t-butyl
hydroperoxide (5.5M in decane), and 14 mg (0,018 mmole Zn)
secondary zinc dialkyldithiophosphate (ZDDP in base oil).

This solution had an initial hydroperoxide:Cr(AcAc)3 + ZDDP molar ratio of
about 13.8:1 was monitored by the same protocol described above in the first
part of Example A (Comparative). Because zinc dialkyldithiophosphate is an
established antioxidant, it was sought to determine its effect on the hydro-
peroxide decomposition efficiency of chromium acetylacetonate. It was found
that afier 250 minutes of heating at 35°C, about the same amount of hydro-
peroxide had been decomposed as in the ZDDP-free chromivm 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
conceniration set to 10% of the Cr molar concentration, rather than 100%.

Example 5, below, shows that secondary ZDDP on its own has performance that
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- 140 ng (0.18 nmol e Zn) secondary zinc dial kyl di t hi ophosphate (ZDDP in base
oil) was mxed in 2.13 g (22.7 mvoles) of toluene, and 1.23 g (8.5 mmol es)
of t-butyl hydroperoxide (5.5Min decane). ( This solution was nonitored by
a protocol different fromthat in the first part of Exanple 4, being run at
a | oner tenpwoabevies’sand with the sanpl e heating perfor med/esetwnraiz to t he
NMR probe. Because zinc dial kyl dithi ophosphate is an established
antioxidant, this experinment was run to (_jg\gt_erm' ne the hydro- peroxide
deconposition efficiency of ZDDP relative to chrom um acetyl- acetonate. It
was found that after 220 m nutes of heating éat tenperatures from 40C to
75C), a noderuowdaebheconsiderefratabiticdeppron6s2d empasesd per Zn 7 nol es

TBHP per nol e of .k esults are shown in Tabl . _JABL

Tenper at ur e (@@Pﬁﬁgiemla'@f ﬂjsﬂ)sa%e’mrﬁ@ﬁ%ﬁ Wﬁﬁﬁbsfﬂfﬁe W&ﬁé’ﬁ’m%@s})'w 91 9

27 1440 89 11 40 40 89 11 60 60 88 12 75 60 86 14 75 60 86 14 EXAMPLE 5
101871 A t estEXAMPLEE (GOMPARAHYVE)s fol | ows: 45 ng (0.18 nmol e) of
Mh(acac) 2 was, dissolyed in 2.2 g (23.6 nmoles) of toluene, with 1.28 g (8.9
mol es)  of t-[B&# | &ﬁ%ﬁemﬂéﬁﬂmﬁesﬁm A TRHRZaymolaryatinoef) 472 b3was

PCT/ US2006/ 0 s LS sol ution gave a hydroperoxi de: manganese (I1)
acetyl aceton;q;éﬂan% g%?orllgﬁso. of 50 to 1. This solution was nonitored by a
protocol anal 0goq4Q iy {08 minble @ﬁz@@émﬁy Zihc WA Jﬂ@i't!ﬂ@lpﬁ&@haﬁf(m}i%

m nutes of heating, the bulk of the hydroperoxide had been deconposed to
tertiary butyl alirbissloil)Wes mixedlin 8.13rg(226F exeoie)dfitoluTagland 1I23pHow an about

40: 1 peroxide defg.gplgr?leogs): oMlt()@tgfmj)/c?mpemxide (5.5M in decane).

Pasa

> This solution was monitored by a protocol different from that in the first part of

Example 4, being run at a lower temperature, and with the sample heating
performed external to the NMR probe. Because zinc dialkyldithiophosphate is
an established antioxidant, this experiment was run to determine the hydro-
peroxide decomposition efficiency of ZDDP relative to chromium acetyl-
acetonate, It was found that after 220 minutes of heating (at temperatures from
40°C to 75°C), a moderate amount of TBHP ‘was decomposed (approximately
6-7 moles TBHP per mole of Zn). The results are shown in Table 12.

TABLE 12
Temperature (°C) | Time (mimues) | % TBHP Remaining | %TBA Purchased
27 15 91 9
27 1440 89 11
40 40 8% 11
60 60 88 i2
75 60 86 14
75 60 86 14

EXAMPLE §
[0187] A test solution was prepared as follows:

45 mg (0.18 mmole) of Mn(acac), was dissclved in
2.2 g (23.6 mmoles) of toluene, with
1.28 g (8.9 mmoles) of t-butyl hydroperoxide (5.5M in decane).



rati o. TABLE 13 Tenperature (C) Tinme (m nutes) % Deconposed 27 15 27 100
45 75 100 75 86 100 105 81 100 135 85 100 165 82 EXAWPLE 6 [0188] A
test solution was prepared as follows: 60 ng (0.17 muol e) of M(acac)3 was
dissolved in 2.2 g (24.1 mvol es) of toluene, with 1.22 g (8.5 mmol es) of
t- butyl hydr | (5.5Min decane), and this soluti
hydroperoxiJZ?%gﬁggﬁgge (I'11) acetyl acetonate nol ar rati%&Tgﬁﬁﬁgﬁpgnl. Upon
addi tion of the manganese (111) acetyl acetonate, the solution boiled

vi gorously. The sol ution conposition was-®onitored by a protocol anal ogous
to that in Exanple C. It was found that the bul k of the hydroperoxide had

been deconposks selutien tavs y hjadrbﬁéroﬂid"eﬁlh%ga%bs | RBtyldcetiRtAhblR ratid1e
results presented in Table 14 show an about 43:1 peroxi de deconposed : Mh

(AcAc) 3 rat i @f dododEria selgtion pey megiEes) by 7 pratocol ApalngBuFtalthatlisnper at ure (C
Time (mnute %.1B 9% BP oaC 7, 1 8 5 77 00,45 10 8 100 75 4 6
50" 100 105 PxptipleC g8 ol inatiner )6 TaBulef of hagtine, the bulk of the

hydroperoxide had been decomposed to tertiary butyl alcohol. The results are

presented in Table 13 show an about 40:1 peroxide decomposed : Mn(AcAc),

ratio.
TABLE 13
Temperature (°C) Time (minutes) % Decomposed

27 15 27

100 45 735

100 75 86

160 105 81

100 135 85

100 165 82
EXAMPLE 6

[0188] A test solution was prepared as follows:

60 mg (0.17 mmole) of Mn(acac); was dissolved in
2.2 g (24.1 mmoles) of toluene, with
1.22 g (8.5 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:manganese (III) acetylacetonate molar ratio

of 50 to 1. Upon addition of the manganese (III} acetylacetonate, the solution

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.



EXAMPLE 7 [0189] A test solution was prepared as follows:
of Cr(picolinate)3 was dissolved in
1.20 g (8.4 muol es) of t-butyl
solution had an initial
WA i on conposition was nonitored by a PEHYBRWOIEAA ogous
It was found that the bul k of the hydroperoxi de had
The results presented in Table
Cr(picolinate)3 ratio.

of 50 to 1.
to that in Exanple C
been deconposed to tertiary butyl

15 show an

Tenperature (C Tinme (m nutes)

100 75 60 6 33 100 105 50 10 39 10

EXAMPLE X
(0.13 mmol e)
deuterated c
(5.5Min dec
gave a hydro
conposition
I medi ately
210 m nutes
deconpositio

al cohej.
about 26:1 peroxi de deconposed :

% TBHP.

%WBA 27 15 93 0 7

2.2 g (24.8 mol es) of tol uene,
hydr oper oxi de (5.5M i n decane),
hydr oper oxi de: chromum (I111) picolinate nmolar ratio

and

100 45

14 48 100 165 34 14 52

Birfte [<C1O0] Thnk Ginuedd 01 OF Tisip DGPTSR oF %THEOTS:
o or-of 07—t 366 e 2_6—rrfor-eskof bty e Lhers

, f'L\JJD 204 6.’12454&13 1520k 014717 = =721 bl s
her axi déd7n (L1) acac ¥olar ratio 6f 20(ta ® The 881y
pas noni@ored wilth anlDhitial [NVR 4pectrdum & 27|IC, 890l |
py anotiodr acquifsitioi3st 35C| and3a thijrd a@quisit86n
t 35C10pt was flound thet the|[Zn dgd not| catml yze hgsglrop
T.The Tesurts b e 16. ABLCE 16

EXAMPIE 7

[0189]

e SMOWT T 1

A test solution was prepared as follows:

70 mg (0.17 mmole) of Cr(picolinate); was dissolved in

2.2 g (24.8 mmoles) of toluene, with
1.20 g (8.4 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

this solution had an initial hydroperoxide:chromium (JII) picolinate molar ratio

of 50 to 1. The solution composition was monitored by a protocol analogous to

that in Example C. It was found that the bulk of the hydroperoxide had been

decomposed to tertiary butyl alcohol. The results presented in Table 15 show an

about 26:1 peroxide decomposed : Cr(picolinate); ratio.

Sas'

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,0 was dissolved in

4.6 g (39.0 mmoles) of deuterated chloroform, with
368 mg (2.6 mmoles) of t-butyl hydroperoxide (5.5M in decane), and

70 mg (0.17 mmmol e)

W th
this

TABLE 15
84 0 16

45 ngy
of

Xxi de

| uti on
i on
owed
after
er oxi de



Tenperature (C) Tine (ninutes) %)Deconposed 27 15 11 35 45 9 35 210 10
EXAMPLES 10191) A test solution was prepared as follows: 120 ng (0.19 mol e)
of Cu(stearate)2 was dissolved in copper 2.0 g (22.3 mmol es) of tol uene,
with 1.37 g (9.5 mmol es) of t-butyl hydroperoxide (5.5Min decane), and

this sol uti g g@KS2486ydr oper oxi de: copper (I1) stearate wppiramk2008bizi70f 50 to
1. The solution conposition was nonitored by a protocol anal ogous to that
in Exanple C. It was found that the bulk of the hydroperoxide had been
deconposed to tertiary butyl alcohol. The2results presented in Table 17 show
an about 36:1 peroxide deconposed : copper (stearate)2 ratio. TABLE 17
Tenper at ur e §ig} sdlutien gave b bydrdpferditi:; 26 BY) 40ds4Anolar ratin 20209, TR 45 33 4 63
100 75 28 10 63 100 105 22 6 72 100 135 20 8,73_ 100 165 17 11 72 EXAWPLE
E ( COVPARATI velution compogition svasqppritored withsanpinitipd NRaspecspmaid7°@o ng (0. 21

Toluehe wit Solaod mhmeBRbl bpdRpnts Boison 43 5°C, dnd a (B0 RedlRSE) o bs) o
t-butyl hydrgge f??@ﬂ@ﬁt@séﬂ\éﬂ"@ %9?%1510%%%*2 a%g&atagogave a

hydr operoxide:tin (I I -n-butyl brs 4 pentane I on ar ratio of 50
to 1. The solhytitopercxidedeiompsitivns Theretwltsede blyoxmm'd)‘ahiedlﬁ

TABLE 16
Temperature (°C) Time (minutes) % Decomposed
27 15 11
35 45 9
35 210 10

EXAMPLE 8
[0191] A test solution was prepared as follows:
120 mg (0.19 mmole) of Cu(stearate), was dissolved in copper
2.0 g (22.3 mmoles) of toluene, with
1.37 g (9.5 mmoles) of t-buty! hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:copper (IT) 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-buty!),(acac), was dissolved in
2.0 g (22.0 mmoles) of toluene, with



anal ogous to that in Exanple C. It was found that a nodest anpunt of the
hydr oper oxi de had been deconposed to tertiary butyl alcohol. The results
presented in Table 18 show an about 7.5:1 peroxi de deconposed : Sn(n-butyl)?2
(AcAc)2 ratio. TABLE 18 Tenperature (C) Tine (mnutes) % Deconposed 27 15 8
100 45 12. 100 75 15 100 105 14 100 135 16 100 165 1% E%@gP

( COVPARATNE)W® 8W64343% ( est sol uti on was prepared as fol | 8% Glhﬁﬂ(ﬁo. 19
nmol e) of Sn(acac)2 was dissolved in 2.1 g (23.1 nmmoles) of toluene, with
1.36 g (9.5 mmol es) of t-butyl hydroperoxidde (5.5Min decane), and this

sol ution gave a hydroperoxide:tin (l11) acetyl acetonate nolar ratio of 50 to

1. The solution co t g o that
h Example C althé‘iﬁg%?(%g@.lﬁ?’?ﬁﬁ“%‘éﬁ?ﬂ%? topeRAMASIMIA Ae0ERY oalts | 0

por oxi o had (BB SRIRIGBERSHE N creperRte épif\ém%?%afyibwgf%q&nﬁé“e e
atior w0 2008 %@8&3@%&%@%@?@“@%@%@%m s 5‘-( T

(m nutes) % LashgpesfcthalidEdmgle C, 1198vas Fodmd thhD mid¥estlfinoukil ©f ili‘b5 11
hydroperoxide had been decomposed to tertiary butyl alcohol. The results
presented in Table 18 show an about 7.5:1 peroxide decomposed : Sn(n-butyl),

(AcAc), ratio.
TABLE 18
Temperature (°C) | Time (minutes) | % Decomposed
27 15 3
100 45 12.
100 75 15
100 105 14
100 135 16
100 165 15

EXAMPLE F (COMPARATIVE)

[0193] A test solution was prepared as follows:

60 mg (0.19 mmole) of Sn(acac), was dissolved in
2.1 g (23.1 mmoles) of toluene, with
1.36 g (9.5 mmoles) of t-buty]l hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:tin (I} 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.



100 165 11 EXAMPLE 9 [0194] A test solution was prepared as follows: 61 ng
(0. 19 mol e) of Md02(acac)2 was dissolved in 2.2 g (24.0 nmol es) of
toluene, with 1.32 g (9.2 mmol es) of t-butyl hydroperoxide (5.5Min decane),
and this solution gave a hydroperoxi de: nol ybdenum (VI) acetyl acetonate

nmol ar rati o wefokPizisszl. The sol ution conposition was nongdOERGsRY737

prot ocol analogous to that in Exanple C. It was found that a substanti al
fraction of the hydroperoxi de had been d%onposed to tertiary butyl

al cohol. The results presented in Table show on about 12:1 peroxide
deconposed : MbQ2(AcAc)3 ratio. TABLE 20 Tenperature (C) Tinme (mnutes %
TBHP %IBP %BA 27 15 80 0 20 100 45TeBREJ9 100 75 67 6 28 100 105 64 11
25 100 135 59 13 2 10016562 14-25- FEXAMRPLE. 10..1.0195] A _test sol ution
was prepared as fol | lowkempersturg (7@ ok Time (winvies)d ¥a Dseorapaged Ji ssol ved in
100 g of base oil, with 70 b@ (7.77 mol esdS of t-lbutyl Igdropefoxide (70%in
water). This solutijon gavel@ hydr opkroxi d& chrom um acet yl acejonat e nol ar
ratio of 27.8 to 1. V\D Z00pgL 24367 PCT7 Upg9067 O/ 7T7 145 [0196] This

sol ution was heat ed 100C; (Ymu HUH'[Oreqésy tTtrat kT +89 mnutes. In
t he presence of chrolr::u...abfo()y. acetofater e—hydropetr-ox ey deconposed
conpletely within 5 —G-oRtFBl—exy _\&as_p.g.c.f.ar.me:

EXAMPLE 9

[0194] A test solution was prepared as follows:
61 mg (0.19 mmole) of MoO,(acac), was dissolved in
2.2 g (24.0 mmoles) of toluene, with
1.32 g (9.2 mmoles) of t-buty! hydroperoxide (5.5M in decane), and

this solution gave a hydroperoxide:molybdenum (VI) acetylacetonate molar ratio
of 50 to 1. The solution composition was monitored by a protoco! analogous to
that in Example C. It was found that a substantial fraction of the hydroperoxide
had been decomposed to tertiary buty! alcohol. The results presented in Table
20 show on about 12:1 peroxide decomposed : MoO,(AcAc); ratio.

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 i-buty! hydroperoxide (70% in water).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of

27.8t0 1.



i n the absence of chrom um acetyl acetonate, and showed only slight hydro-
per oxi de deconposition. The titration procedure involves increnental
addition of hydroperoxide solution froma buret to a solution containing
t he peroxi de deconposer under test. The extent of reaction is nonitored
cal orinetri CHPRYPSUR436Y an i odi ne/i odi de coupl e. EXAVPLE PETUSAYGPITALT ost
solution was prepared as follows: 100 ng (0.28 mmole) of Cr(acac)3 was
dissolved in | OOy of base oil, with 29479 (32.66 mmol es) of t-butyl

hydr operoxi de (70% in water). This solution gave a hydroperoxi de: chrom um

atronger i n AaPEper it Bubufas hrded i, MG, g dnisberdftriorcradec o,
was heat ed t omiidés. TalHe PRREAY EthBdymivn heditviatetbRite, th8 Dyttdpeisxidewaglescri bed
in Exanple 10. In the presence of chrom umacetyl- acetonate, the

hydr oper oxi dedesampdsesheqpupletely whithires atinutest Wi coni®! skperineent was pesformed
' t d.in th b f ch ' tyl, t te, d
Shoed negl | GRETEAPFFS BE PRI e LIt ADC BRGRIRL S BB RRATI V)
0199] A | utj . - | s 22
ol b of ol a8 dechnpodibh ST lirhGod sl e BIORGR G e Mlafiod

t hi odi t hi oxodefydidirsgide solution ffond a batdten e shsiof\cdhtadding tie werbyide oper oxi de
deconposi.tion actively at 50C and 100C for 180 minutes at 50C for 180

m nut es onl y decosmpospungdss tegb cBipodent dfaeaciiopds oiniterafeentonpusieigally with

nmol ybdenum rati.o .of 7.1 At 100C for 180 mnutes only 14%t-BHP was WO
2006/ 124367 PETCHBSEERIELOMRI- 76 decomposed for a peroxide deconposed :
nmol ybdenumratio of 5:1, both instances exhibiting an absence of catalytic
activity. a - LE11 '

L [0197] A test solution was prepared as follows:

100 mg (0.28 mmole) of Cr(acac); was dissolved in
100g of base oil, with
294 mg (32.66 mmoles) of t-butyl hydroperoxide (70% in water).

This solution gave a hydroperoxide:chromium acetylacetonate molar ratio of
116.6to 1,

[0198] This solution, 4.2-fold stronger in hydroperoxide concentration than
the solution of Example 10, was heated to 100°C, and monitored by titration for
180 minutes as described in Example 10. In the presence of chromium acetyl-
acetonate, the hydroperoxide was decomposed completely within 40 minutes. A
- conirol 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



CLAIMS: 1. Alubricating oil exhibiting inproved resistance to oxidation by
hydr oper oxi de conprising a base oil selected fromthe group consisting of
natural oils, petroleumderived mneral oils, synthetic oils,
non-conventional oils and m xtures thereof and an effective amunt of a
catal ytic an¥?3%ed2436” conprising one or nore oil sol ubl EEUFANY Hetal 1i ¢
conpound and/or organo netallic coordination conplexes selected fromthe
group consisting of: (a) one or nore neta¥f-s) or netal cation(s) having nore
t han one oxidation state above the ground state conpl exed, bonded or

associ at ed Wi ddlohliBs g fl e BHHOBSsont e 8O oty bdfh MRS, 1y et 2!

cation(s) having atfion state above the ground state
conpl exed, bdnsiafcedrexhititing ai ebsencé bf caalytic aotiviey,bi dentate or tridentate

| igands; (c) 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 metal or metal cation is selected fromthe group consisting of
transition netals elenents 21 through 30, excluding iron and nickel,

el ements 39 through 48, elenments 72 though 80, netals of the |anthanide
series, netals of the actinide series and m xtures thereof; and provided
the anion and/or |igand does not itself render the nmetal cation inactive,
deconpose or cause pol ynerization of the organonetallic conpound and/ or
organo netallic coordination conplex and further provided that (a) when the
nmetal or netal cation is nolybdenumthe Iigand is not thiocarbamte,

t hi ophosphate, dithiocarbamate, or dithi ophosphate and (b) when the netal
or netal cation is copper the ligand is not acetyl acetonate. -78-.2. The
| ubkj,cating oil of claiml wherein the metal or netal cation is selected
fromthe group consisting of transition netal elenents 21 though 30,
excluding iron and nickel, elements 39 though 48, elenents 72 through 80
and m xtures thereof 3. The lubricating oil of claim1l wherein the netal or
metal cation is selected




fromthe group consisting of transition netal elenents 21 though 30

excluding iron, nickel and copper, elenents 39 through 48, elenents 72

t horough 80 and m xtures thereof. 4. The lubricating oil of claim1l wherein

the metal or netal cation is selected frpmthe group consisting of

transition netal elenments 21 through 30, excluding iron, nickel and copper,

. elements 39 through 48, excluding nol ybdenum elenents 72 through 80 and

. mxtures thﬁgﬁg&ﬂ_S. The lubricating oil of claim1, 2, 3 or 4 wherein the

catalytic a L Yant organonetal |i ¢ conpound and/ or organonetal lic

coordi nation conplex is present in an amount in the range of about 10 to

1000 ppm based on the netal. 6. The lubricating oil of claimb5 wherein the

catal ytic antioxildant A B’rbﬁlﬁﬁwlhﬂhﬂ%m@ﬁﬁ%ﬁ%ﬁ? Eiglagee ty Gadasioatty | i c

coordinatio .ary
%yg%%g}oﬁﬁehc%g@‘gﬂlg arr:opa%:ggll ﬁg@g&‘%m%e it gac%ﬁg‘ i g AR

ant i oxi dant resis bricatinyg oil
t o oxi dat i orpetr6RRUBI desived) naskdhinglst Smittteiclodb,iopadonhéntidinkl ¢t i ngiktursse anount
of a catalytic antioxidant conprising one or nore oil soluble organo

netal | i c corfpseeicand e/ ciectirepmerntet arttplytic antinddanh comprigngpresaaogdibect ed

havi ng o e SORLTE SRR eonbad ARGy BRI TR BB ol P iR oa.

bonded or asgareeﬂeaﬁeﬂlmetgboap/&nglrsm@ﬁe ani ons; (b) one or nore netal (s) or
metal cation(s) having nore than one oxidation state above the ground state

conpl exed, bonded or associated with one or nore bidentate or ¢tridentate
l'igands; - L) (dnk o?%?or@ﬁle@ﬁ?oﬁﬁkt%l éai)on&‘t) hﬂﬁhéhld{'@ﬁiaﬁn((rﬁa)oxh@a\fioﬁgta'f@e[b%vé han
one oxidation state above t round state cofpl exed bonded associ at ed
wi th one or nortee gmundlstabwbmpia(edobombder hssgaahtdm&mdvo(qi)mwm)anwne;s t her eof
wherein the nmetal or nmetal cation is selected fromthe group consisting of
transition netals elenments 21 through 30, excluding iron and nickel,

el enents 39 (bjironegh mie meedl@roninstal 2ation(x) hviB moretiah $nebxidaton statkchbovede

series, netals of the actinide serjies and mXxtures thereof; and
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,
decompose or cause polymerization of the organometaliic 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 acetonate.



provi ded the anion and/or |igand does not itself render the netal cation

i nactive, does not deconpose or cause polynerization of the organonetallic
. conmpound and/or organo netallic coordination conplex and further provided

| that (a) when the netal or netal cationjg. nolybdenumthe |igand is not

. thiocarbamate, thiophosphate, dithiocarbamate, or dithi ophosphate and (b)

. when the netal or rret al cation is copper the ligand is not acetyl

‘ acetanate. 8. Th d.of claim7 in the netal cation is sel ected
fromthe group consi Qﬁwdgbrzﬂﬂﬁpsaﬂgfm@ ?ﬁ@wéméheefﬁetﬁ%%r@itaf%waﬁs cted
excluding i fgﬁ? kel Eﬁﬁ 39et ¢ At 80

and m xtures g{é%r&f EEFHréglr)rg c}ﬁmf eﬁlgfréni?%l ?N%erel he&%@é#&g&ygn@t al

cation is seilidket, (etbnimmﬁﬁ) thheghy4 &) whenomssT Sthrough @0 amdamxturesiheneef.al el ement s

21 though 30 excluding iron, nickel and copper, elenents 39 through 48,

el ements 72 thorough 80 and m xtures thereof. 10. The nethod of claim?7

wherein the netal3 or mMHealbriatihgoiliof chith @ ovieteih Hametahér BeRLgtRANStddckddg Of
transition netal elenents 21 through 30, excludlng iron, nickel and copper,

el ement s 39 fras 3\@@10148@118@%3 ofiicengitian mefakdlements L b thoweh 39 zxel HfiBgdenso  and
m xtures th &% an gperlélem-lég% Hb ‘&g% e%rﬁlarﬂ% ﬁ% }l'go;rmc?ﬁhogo Al %][rgéc n the

catal ytic a I OXI anonet onmpoun ganonet a

coor di nat i onh&esp! ex is present in an anount in the range of about 10 to
1000 ppm based on the netal. 12. The method of claim 11 wherein the

catal ytic anti oxi dant organonetallic conpound and/ or organonetallic

coordi nation conpl ex 'ﬁeﬂﬁlﬁ%ﬁhg bfl oRB1afHT UMeréil tﬁé‘x%eta[ 8196taPEatRRULel el ©
800 ppm based on the netal. 13. The nethod of claim 1l wherein the catalytic

ant i oxi dant fmngﬁwcgmnpactdnsrstmgoﬁpmntubrancthbwleme@aabﬂﬁbagh 3@ ezdodidgmani on
complex is us d in the absence dde Su ntary.antio

The et hod RO} HiRHIOBBei AT TR APy Lt DOR UGS S GRAEL el
conpound andj, %d%lgﬁﬁ&r{ﬁ&@bfl c coordl natl on conplex is used in the absence
of any addeg suppl ementary antioxidant. 15. The lubricating oil of claiml,

2_ 3 or _4 wherein the base oil is a GIL base o0il, an isonerized wax base
ofl or mxture thereoiy, 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 used in the

absence of any added supplementary antioxidant.

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

coordination complexes selected from the group consisting of:

(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;



16. The lubricating oil of claim15 wherein the base oil is a GIL base oil
derived from hydroi soneri zed Fi scher-Tropsch wax.

8, 9 or

oil and m xtures thereof.

a GTL base %) o#eer ywoge mgtalisher metgheationts) hapAngmors thamepe g¥igptionstyigrbove

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.

8. The method of claim 7 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.

9. The method of claim 7 wherein the metal or metal cation is selected from
the group consisting of transition metal elements 21 though 30 excluding iron, micke! and

copper, elements 39 through 48, elements 72 thorough 80 and mixtures thereof.

10.  The method of claim 7 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 438, excluding molybdenum, elements 72 through 80

and mixtures thereof,

17. The nethod of claim?7,

10 wherein the lubricating oil conprises a base oil selected from
the group consisting of mneral oil, syntietic oil, non-conventional oil

- and m xtures thereof. 18. The nethod of claim 17 wherein the base oil is a

non-conventi onal base oil selected from GIL base oil, isonerized wax base

19. The net hod of claim 18 vvherel n the base oil

i's
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11.  The method of claim 7, 8, 9 or 10 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.

12.  The method of claim 11 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.

13.  The method of claim 11 wherein the catalytic antioxidant organometallic
compound and/or organometallic coordination complex is used in the absence of any

added supplementary antioxidant.

14, The method of claim 12 wherein the catalytic antioxidant organometallic
compound and/or organometallic coordination complex is used in the absence of any

added supplementary antioxidant.

15.  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.

16.  The lubricating oil of claim 15 wherein the base oil is a GTL base oil

derived from hydroisomerized Fischer-Tropsch wax.

17.  The method of claim 7, 8, 9 or 10 wherein the lubricating oil comprises a
base oil selected from the group consisting of mineral oil, synthetic oil, non-conventional

oil and mixtures thereof.

18. The method of claim 17 wherein the base oil is a non-conventional base

oil selected from GTL base oil, isomerized wax base oil and mixtures thereof.

19.  The method of claim 18 wherein the base oil is a GTL base oil derived by

the isomerization of Fischer-Tropsch wax.



