DI AROVATI C AM NE DERI VATI VES AS ANTI OXI DANTS

BACKGROUND OF THE | NVENTION 1. Technical Field [0001]
wObe7psaisent i nvention generally relates to adBCT/USB®G6/047454

for stabilizing organic products that are subjected to

oxi dative, thermal, and/or |ight-induced degradati on.

More particularly, the present invention relates to a

class of diaromatic am ne derivatives useful as

anti oxi dants. 2. Description of the Related Art [0002]

The stabilization of organic materials with
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2. Description of the Related Art
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[0002] The stabilization of organic materials with antioxidants or other
stabilizers are well known to those skilled in the art. For example, in developing
lubricating oils, there have been many attempts to provide additives that impart,
for example, antioxidant, antiwear, and deposit control properties thereto. Zinc
dialkyldithiophosphates (ZDDP) have been used as antifatigue, antiwear,
antioxidant, extreme pressure and friction modifying additives for lubricating oils
for many years. However, they are subject to several drawbacks owing to their
zinc and phosphorus contents. The presence of zinc contributes to the emission of
particulates in the exhaust. In addition, during operation of an internal
combustion engine, lubricating oil enters the combustion chambers by means such
as clinging to cylinder walls as the piston makes its down stroke.

[0003] When phosphorus-containing lubricating oil compositions enter the
combustion reaction, phosphorus enters the exhaust stream where it acts as a
catalyst poison thus shortening the useful life of the catalytic converter. However,
zinc dialkyldithiophosphates give rise to ash, which contributes to particulate

matter in automotive exhaust emissions, and regulatory agencies are seeking to



[ 0003] When phosphorus-containing |ubricating oi

conpositions enter the conbustion reaction, phosphorus
wendensidrhe exhaust streamwhere it acts as a eer/aky®é/047454

poi son thus shortening the useful life of the

catal ytic converter. However, zinc

di al kyl di t hi ophosphates give rise to ash, which
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{0005] It would therefore be desirable to provide improved additives for
stabilizing organic products that are subject to oxidative, thermal, and/or light-
induced degradation and in need of stabilization to prevent or inhibit such
degradation, e.g., additives for lubricating oils that can improve the antioxidant
properties of the oil while reducing the content of zinc and phosphorous of the

lubricating oils.

SUMMARY OF THE INVENTION

[0006] In accordance with one embodiment of the present invention, a

diaromatic amine derivative is provided having the general formula:



| ubricating oils. SUMVARY OF THE | NVENTI ON [ 0006] In
accordance with one enbodi nent of the present

WO neengi4on, a diaromatic amne derivative i s pPOWUEBUG6/047454
having the general fornula:®wherein nis fromO to 5; m
is fromO to 4; each R substituent is independently
hydrogen or a straight or branched G -C 2 al kyl group
or al kenyl group or two R substituents together with
the carbon atomto which they are bonded are joi ned
together to forman unsaturated, partially saturated
or saturated C3-C30 ring structure optionally
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group optionally containing a functional group. [0007]
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[0007] In accordance with a second embodiment of the present invention,

a process for preparing a diaromatic amine derivative is provided, the diaromatic

amine derivatives having the general formula:

Ho (R,
N //——l R RS
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wherein n, m, R, Rl, R% R, R“, RS, RS and R have the aforementioned meanings,
the process comprising reacting a hydroxyl ethylene amine intermediate of the

formula




[0008] In accordance with a third enbodi nent of the
present invention, a process for preparing one or nore
wok@7osere c am ne derivatives i s provided, thePODN®ESDING/047454
nore diaromatic ami ne derivatives having the genera
formula: wherein n, m R Rl, R, R3, R4, R5 R6 and
R7 have the aforenenti oned neani ngs, the process
conprising (a) reacting a substituted or unsubstituted
N- phenyl - pphenyl enedi am ne derivative with an organic
epoxi de radical; and (b) reacting the product of step
(a) with a ketone or al deh [ 0009] In accordance
witieheia 1f, ay R, R 'eRBARF, Réand B¥h¢\hﬂethp nfozementiongd mdapimgs.awith a
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i nproving effective anount of one or nore of the
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to the organic material a R

wherein n, m, R, R!, R?, R, R*, R®, R® and R have the aforementioned meanings,
the process comprising (a) reacting a substituted or unsubstituted N-phenyl-p-
phenylenediamine derivative with an organic epoxide radical; and (b) reacting the
product of step (a) with a ketone or aldehyde.

[0009] In accordance with a fourth embodiment of the present invention, a
lubricating oil composition is provided comprising (a) an oil of lubricating
viscosity and (b) an antioxidant improving effective amount of one or more of the

foregoing diaromatic amine derivatives.



stabilizing effective anobunt of one or nore of the

foregoing diaromatic am ne derivatives. [0012] The
w@r@sRi479 nvent i on advant ageously provi des di aPOTVEB2006/047454

am ne derivative additives and |ubricating oi

conposi tions which provide deposit protection in

addition to oxidation-corrosion protection. The

| ubricating oil conpositions can also provide such

protection while having only |ow | evel s of
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represented by the general fornmula:
stabilizing effective amount of one or more of the foregoing diaromatic amine
derivatives.
[0012] The present invention advantageously provides diaromatic amine
derivative additives and lubricating oil compositions which provide deposit
protection in addition to oxidation-corrosion protection. The lubricating oil
compositions can also provide such prdtection while baving only low level§ of
phosphorous, i.e., less than about 0.1%, preferably less than about 0.08% and
more preferably less than about 0.05% by weight. Accordingly, the lubricating oil
compositions of the present invention can be more environmentally desirable than
the higher phosphorous lubricating oil compositions generally used in internal
combustion engines because they facilitate longer catalytic converter life and
activity while also providing the desired high deposit protection. This may be due
to the substantial absence of additives containing phosphorus compounds in these

lubricating oil compositions. The diaromatic amine derivative additives of this

invention may also protects against oxidation both in the presence of transition



wherein nis fromO to 5 mis fromO to 4; each R

substituent is independently hydrogen or a straight or
woranokede C1- C32al kyl group or al kenyl group OPCTAS2086/047454

substituents together with ¢ he carbon atomto which

they are bonded are joined together to form an

unsaturated, partially saturated or saturated C3-C30

ring structure optionally containing one or nore

heteroatons, e.g., N, S or O each Rl substituent is

i ndependent|y hydrogen or a straight or branched G -C

2 al kyl group or al kenyl group and R2, R3, R4, R5, R6
anetalRAueh s, ferdxsmplie Wﬂ%ﬁd\d&é@i’% FCw) ad¢- 25kt asdp a metal
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diel arviriohmenstont ai ni ng a functional group, e.g., an
ester group, an ether group, an aromatic group or an

am de group. [0014] Generally, the diaromatic am ne
derivatives of the present invention can be obtained
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wherein n is from 0 to 5; m is from O to 4; each R substituent is independently
hydrogen or a straight or branched C,-Cs; alkyl group or alkenyl group or two R
substituents together with the carbon atom to which they are bonded are joined
together to form an unsaturated, partially saturated or saturated C3-Cso ring
structure optionally containing one or more heteroatoms, e.g., N, S or O, each R!
substituent is independently hydrogen or a straight or branched C,-Cs; alkyl group
or alkenyl group and R% R3, RY, R® R®and R are independently hydrogen or a
straight or branched C,-Cs, alkyl group or alkenyl group optionally containing a
functional group, e.g., an ester group, an ether group, an aromatic group or an
amide group.

[0014] Generally, the diaromatic amine derivatives of the present
invention can be obtained by reacting a beta hydroxyl ethylene amine intermediate

of the general formula:



wherein n, mR and Rl have the aforenenti oned

nmeani ngs. Representative exanples of the suitable
wagndnsiost4ae ed or unsubstituted PCT/US2006/047454

N- phenyl - pphenyl enedi am ne derivatives incl ude, but

are not limted to, p-Nphenyl phenyl enedi am ne,

N- phenyl - o- phenyl enedi am ne, N-napht hyl - pphenyl ened

am ne, N- napht hyl - o- phenyl enedi am ne,
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wherein n, m, R and R' have the aforementioned meanings. Representative
examples of the suitable substituted or unsubstituted N-phenyl-p-
phenylenediamine derivatives inélude, but are not limited to, p-N-
phen);lphenylenedia:nine, N-phenyl-o-phenylenediamine, N-naphthyl-p-
phenylenediamine, N-naphthyl-o-phenylenediamine, N-(5,6,7,8-tetrahydro-1-
naphthyl)-p-phenylenediamine, N-(5,6,7,8-tetrahydro-2-naphthyl)-p-
phenylenediamine, N~(5,6,7,8-tetrahydro-1-naphthyl)-o-phenylenediamine, N-

(5,6,7,8-tetrahydro-2-naphthyl)-o-phenylenediamine and the like and



gl yci dol ether, hexyl glycidol ether, butyl glycido

et her, heptyl glycidol ether, octyl glycidol ether,
waooemylosghyci dol et her, decyl glycidol ether, uPdET$2006/047454

gl yci dol ether, dodecyl gly&idol ether, tetra glycido

et her, hexadecyl glycidol ether, octadecyl glycido

et her, octadecenyl glycidol ether, epoxy nethyl

ol eate, epoxy 2-ethyl hexyl ol eate, epoxy butyl ol eate,

epoxy nethyl docesenate and epoxi des of all other

fatty acid esters of all unsaturated vegetable oils

and the |like and m xtures thereof. [0017J The

seasabingtians dheseot, nBipseraplyythedN-phenyl-p-phenylenediamine is N-p-

N- phenyl - p phenyl enedi anmi ne derivatives and organic

epuythhenyanashidmingr e advant ageously reacted to form

the hydroxyl ethylene amne internediate in a nole

r B06] or di n&nitable pegagiogpokidemadibalsiinclud?; But e abolirhitdd fo,

and preferably about 1:1 of organic epoxide radical to

Nedvaidizedhhylhenybanealefiasyiepexiditbe vinghethe RN epskidized Dedekdtie
conducted at a tenperature rangi ng fromabout 3Q0C to

abity) epd:50iQ€d anchnart anepésfers boMR RO 02)AG-b @Bwl or1,2-
1000C The time for preparing the hydroxyl ethy ene

apPoRScydibBKyIRRH Ak &1ik & BEMI NGRS Bler&A. Pér(ﬁﬁ%kﬁfea in'Wd drt will
general ly not exceed about 10 hours. [0018]

d&%ﬁlﬂﬁﬁbpré&i@ter%g&tabﬁﬁ‘g &f uﬁ é%hé&l'ebHiﬁg rz?cflcal with any

unsubstituted henyl phenyl enediram ne derivati
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epoxi deradi cal . suc
N-phenyl-phenylenedlamme derivative. Representative examples of suitable

organic epoxide groups for use herein include, but are not limited to,
epoxycyclohexane, 1,2-epoxynonane, ‘1,2-epoxydecane, 1,2-epoxydodecane, 1,2-
epoxytetradecane, 1,2-epoxyhexadecane, 1,2-epoxyoctadecane, 2-ethylhexyl
glycidol ether, hexyl glycidol ether, butyl glycidol ether, heptyl glycidol ether,
octyl glycidol ether, nonyl glycidol ¢ther, decyl glycidol ether, undecyl glycidol
ether, dodecyl glycidol ether, tetra glycidol ether, hexadecyl glycidol ether,
octadecyl glycidol ether, octadecenyl glycidbl ether, epoxy methyl oleate, epoxy
2-ethylhexyl oleate, epoxy butyl oleate, epoxy methyl docesenate and epoxides of
all other fatty acid esters of all unsaturated vegetable oils and the like and
mixtures thereof.

[0017] The substituted or unsubstituted N-phenyl-p-phenylenediamine
derivatives and organic epoxide radicals are advantageously reacted to form the
hydroxyl ethylene amine intermediate in a mole ratio ordinarily ranging from

about 0.9:1 to about 1:1 and preferably about 1:1 of organic epoxide radical to N-



include, but are not limted to, aliphatic and
aromati ¢ hydrocarbons; e.g., hexanes, cycl ohexane,
wheozegr79 t ol uene and xyl enes; ethers, e.g., JPORERBBG6/047454
and di al kyl glycol ethers, @nd the Iike and m xtures
t hereof. The reaction can also be carried out in the
presence of a suitable catalyst. A suitable catalyst
can include acid catal ysts such as, for exanple, acid
clay catalysts; organic sulfonate acids, e.g.,
t ol uenesul foni c acid and net hanesul fonic acid; Lews
acids, e.g., B , BF3, and AIC z,olitf cat al ysts
ahenylirephdnyéengdigmans t Thedsagtingig efd.mfffglz) for “ﬁﬁ% Hyr oxy!|
et hyl ene amne internediate is then reacted with a
kehperetvos raakueHiahe 2bent 308G itel abeuid 587 G peshareferably; thm about
derivatives of this invention. Suitable ketones
is0et u6l @boln UDOAE. e Thotimieifoi preparing tha bydrony] ethieng pmiehy |
ket one, diethyl ketone, nmethyl propyl ketone, nethyl
iiSeRhedNe, trlc pRfereddpydrarpetepy vilk gtrona]y mitlexkeddsahonbpy |
ket one, di propyl ketone, diisopropyl ketone, nethyl
Mebyd. ketone, nethyl isobutyl ketone, nethyl sec butyl
ket one, nmethyl tert-butyl ketone, ethyl butyl ketone,
qbbyd) | SObulr\kesikedl @G eadioR)f tisesibbtituped df eineutestingedi)-
tert-butyl ketone, propyl butyl ketone, isopropyl

5 Lisofivty ndGloRiie epPXiap Yddicdts bui b
Bg%%kgg%ggggyrﬁﬁgﬁxggﬁsﬁﬁketoné%%isoSFoﬁyl isobityl

KeH@outl; gg{lﬂafﬁiscﬁe&t.b% WitabRlsBRRnt hse@Rh BRY btep RHEWA be one

ketone, dibuty etone, diisobutyl ketone, disec-

bkt S8 e bih v debaRp, didiod TaRUR Kbivents

_ tone, butyl -butyl ketone,
! 1%81?%%,&/\? Cadd ﬁ%ﬁ{ed}i&}(&é{ﬁﬁatié HbMatit Bl droBab¥hs; k& O&anes,

sec- er/ y one, 5-heptanone,

563%?0%%%!1&6% Bgfzégaqgﬁeééﬂdqy}lenes; ethers, e.g., dioxanes and dialkyl
glycol ethers, and the like and mixtures thereof. The reaction can also be carried
out in the presence of a suitable catalyst. A suitable catalyst can include acid
catalysts such as, for example, acid clay catalysts; organic sulfonate acids, e.g.,
toluenesulfonic acid and methanesulfonic acid; Lewis acids, e.g., BCl3 , BF3, and
AlCl;; zeolite catalysts and the like and mixtures thereof.
[0019] The hydroxyl ethylene amine intermediate is then reacted with a
ketone or aldehyde to provide the diaromatic amine derivatives of this invention.
Suitable ketones include, but are not limited to, acetone, methyl ethyl ketone,
diethyl ketone, methyl propyl ketone, methyl isopropyl ketone, ethyl propyl
ketone, ethyl isopropyl ketone, dipropyl ketone, diisopropy! ketone, methyl butyl
ketone, methyl isobutyl ketone, methyl sec butyl ketone, methyl tert-butyl ketone,

ethy! butyl ketone, ethyl isobutyl ketone, ethyl sec-butyl ketone, ethyl ters-butyl

ketone, propyl butyl ketone, isopropyl butyl ketone, prot)yl isobutyl ketone, propyl



i soanyl ketone), 4-nethyl-2-hexanone,
3- net hyl - 2- hexanone, 3, 4-di net hyl -2- pent anone,
W@ 2@7a81¥es hyl - 2- pent anone, 4, 4-di net hyl - 2- pent PODNE82006/047454
3-octanone, 4- nmethyl -3-hepbanone,
5- met hyl - 3- hept anone, 6- et hyl - 3- hept anone,
4, 4-di et hyl - 3- hexanone, 4, 5-di net hyl - 3- hexanone,
5, 5-di et hyl - 3- hexanone, 4-nonanone, 5-
met hyl - 4- oct anone, 6-nethy|-4-octanone,
7-met hyl - 4- oct anone, 5, 5-di net hyl - 4- neptanone
5, 6-di et hyl - 4- hept anone, 6, 6- dlnethyl hept anone,
Segrombyl Kistsie, propyl Grrdwid Qfﬁ@nedwr@nrépﬁ%léﬁéwtmdlspmpyl
l'i ke and conbi nations thereof. [0020] Suitable
alegdmd dstangcisopepybrar:-tatd ketome] dibityd Betooe, diisobutyl ketone, di-
for mal dehyde, acet al dehyde, propi onal dehyde,
baetybusl detopdedi- 2 mttyphiepmephwplisosityldetonsa betyhbaettge,
2- et hyl - but anal , caproal dehyde, hexal dehyde,
hiegdred, tety) dev-botyt Bétdad) yabntyh sraibutghlyedene, thabatyll ey teryl
undecal dehyde, dodecal dehyde, benzal dehyde,
pitesamyd, saesbatlyliehybiay| letshe Hbeptaliénd Bone@iidD Makaddne (methyl
thereof. A preferred al dehyde for use hereinis
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first step or a different solvent mnth or w thout
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final product. Wien Using a suitabl e solvent,
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acid catalyst, If present, can e extract renoved
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cyclohexano'ne, cycloheptanone, and the like and combinations thereof.

[0020] Suitable aldehydes include, but are not limited to, formaldehyde,
acetaldehyde, propionaldehyde, butyraldehyde, 2-methylpropionaldehyde,
valeraldehyde, 2-methyl-butanal, caproaldehyde, hexaldehyde, heptaldehyde,
octaldehyde, nonaldehyde, decaldehyde, undecaldehyde, dodecaldehyde,
benzaldehyde, phenylacetaldehyde, and the like and combinations thereof, A
preferred aldehyde for use herein is formaldehyde.

[0021] The reaction of the beta hydroxyl ethylene amine intermediate with
a ketone or aldehyde can be carried out in the same solvent used in the first step or
a different solvent with or without an acid catalyst to form the diaromatic amine
derivative final product. When using a suitable solvent, the water by-product can

be removed azeotropically. The acid catalyst, if present, can be extracted or

removed and the solvent stripped off. The final product may contain some small



t he secondary di-phenyl am ne nitrogen. This can be

observed when fornmal dehyde is used as the cyclization
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have anti oxi dant performande properties if present.

[0022] GCenerally, the hydroxyl ethylene am ne

i nternmedi ate and ketone or al dehyde are advant ageously

reacted to provide a product m xture containing at

| east one diaromatic am ne derivative. |If desired, the

derivatives can be isol ated using conventiona

techni ques, e.g., chromatography. The anount of ketone

otmape alvrescietintsymgdiate et thatsdyarodich yiithyaetiylation on

intermediate will range from about 0.95 equivalents to
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hydr oxyl ethylene am ne internedi ate and preferably
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ordinarily range from about 25C to about 110C and
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di aromatic am ne derivatives of this invention may
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antioxidants in, for exanple, conpounded tires,
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rubber belts, cables, gaskets, seals, rubber products
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enbodi nent of the present inventionis a
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| it 0193y GRients to about 1.4 equivalents of ketone or aldehyde to hydroxyl
ethylene amine intermediate and preferably from about 1.0 equivalents to about
1.1 equivalents of ketone or aldehyde to hydroxyl ethylene amine intermediate.
The temperature of this reaction will ordinarily range from about 25°C to about
110°C and preferably from about 60°C to about 100°C.
[0023] The diaromatic amine derivatives of this invention may have useful
antioxidant properties for use as antioxidants in, for example, compounded tires,
polyols, plastics, urethanes, greases, motor oils, rubber belts, cables, gaskets,
seals, rubber products in the garment and carpet industries. Accordingly, an
embodiment of the present invention is a stabilizer-containing composition
containing an organic material subject to oxidative, thermal, and/or light-induced
degradation and in need of stabilization to prevent or inhibit such degradation and,
as a stabilizer therefore, the foregoing diaromatic amine derivatives. The

diaromatic amine derivative stabilizer can be added to the organic material in an

amount sufficient to impart an appreciable stabilizing effect. In general, this



degradation and in need of stabilization to prevent or
i nhibit such degradation and, as a stabilizer
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The diaromatic am ne derivadeive stabilizer can be
added to the organic material in an anmount sufficient
to inpart an appreciable stabilizing effect. In
general, thisanount may vary fromabout 0.1 w. %to
about 5 wt. % wei ght percent, preferably from about
0.5 wm. %to about 3 w. Qbmeight per cent and nor e
preferably from about w. %to about wt. % by
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oPtefesablydiam iabont denwhithitngpaut 3ivdakt weight percaitlandnore
| ubricating viscosity and (b) an effective anmount of
apreffeally fome abduttOewt. 36 egatiouy 2 dvtaomtatal vagighitef the organic
derivatives. Cenerally, the oil of lubricating
vimtoml.ty for use in the lubricating oil conpositions
may be present in a major anmount, e.g., an anount of
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about 70 wt. % nore preferably from about 80 to about
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| ubricating oil conpositions any an
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about 80 to about 99.5 wt. % and most preferably from about 85 to about 98 wt.
%, based on the total weight of the composition. The oil of lubricating viscosity

 for use herein can be any presently known or later-discovered oil of lubricating
viscosity used in formulating lubricating oil compositions for any and all such
applications, e.g., engine oils, marine cylinder oils, functional fluids such as
hygiraulic oils, gear oils, transmission fluids, e.g., automatic transmission fluids,
etc., turbine lubricants, compressor lubricants, metal-working lubricants, and other
lubricating oil and grease compositions. Additionally, the oil of lubricating
viscosity for use herein can optionally contain viscosity index improvers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene
copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof,
[0025] ~  Asoneskilled in the art would readily appreciate, the viscosity of
the oil of lubricating viscosity is dependent upon the application. Accordingly,

the viscosity of an oil of lubricating viscosity for use herein will ordinarily range



etc., turbine |ubricants, conpressor |ubricants,

met al -wor ki ng |ubricants, and other |ubricating oi
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| ubricating viscosity for use herein can optionally

contain viscosity index inprovers, e.g., polyneric

al kyl net hacryl ates; olefinic copolyners, e.g., an

et hyl ene- propyl ene copol yner or a styrene-butadi ene

copol ynmer; and the like and m xtures thereof. [0025]

As one skilled in the art would readily appreciate,

the viscosity of the oil of lubricating viscosity is
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[0026] Base stocks may be manufactured using a variety of different
processes including, but not limited to, distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rerefining. Rerefined stock shall
be substantially free from materials introduced through manufacturing,
coﬁtamination, or previous use. The base oil of the lubricating oil compositions of
this invention may be any natural or synthetic {ubricating base oil. Suitable
hydrocarbon synthetic oils include, but are not limited to, oils prepared from the
polymerization of ethylene or from the polymerization of 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fisher-
Tropsch process. For example, a suitable oil of lubricating viscosity is one that

comprises little, if any, heavy fraction; e.g., little, if any, lube oil fraction of

viscosity about 20 ¢St or higher at 100°C.



processi ng, oligonerization, esterification, and
rerefining. Rerefined stock shall be substantially
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contami nation, or previouslése. The base oil of the
| ubricating oil conpositions of this invention may be
any natural or synthetic |ubricating base oil
Sui t abl e hydrocarbon synthetic oils include, but are
not limted to, oils prepared fromthe polynerization
of ethylene or fromthe polynerization of 1l-olefins to
provi de pol yners such as pol yal phaol efI n or PAO oil s,
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fraction of viscosity about 20 cSt or higher at
106045 b ARSrhckbaDagd dtoéids grodided Bl hyBrott2EkRH (Fath&BHarP&lvent

derived fromnatural lubricating oils, synthetic

| dxpabGat) tharBidaic Qhd Phist E6BSorldR& FQhe cradb.t §bik&1@bdl§mc1ude
i ncl udes base stocks obtained by isonerization of

sma&ehﬁtauwmtegeﬂesst qp KIVBX an @Y A0Rlehin@Binh NPT Pa%lﬁﬁﬁ(%’lsw

base stocks produced By hydrocracking (rather t
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Group 1, IL, ITI, IV and V base stocks or base oils.

[0028]) Useful natural oils include mineral lubricating oils such as, for
example, liquid petroleum oils, solvent-treated or acid-treated mineral lubricating
oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types, oils
derived from coal or shale, animal oils, vegetable oils (e.g., rapeseed oils, castor
oils and lard oil), and the like.

[0029] Useful synthetic lubricating oils include, but are not limited to,

_ hydrocarbon oils and halo-substituted hydrocarbon oils such as polymerized and
interpolymerized olefins, e.g., polybutylenes, polypropylenes, propylene-
isobutylene copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-
octenes), poly(1-decenes), and the like and mixtures thereof: alkylbenzenes such
as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-

benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated



i nvention, these preferred base oils may be prepared
by conbi ning one or nore of Goup I, IIl, Ill, IV and V
wbase/ost4ocks or base oils. [0028] Useful naturpdT/o82086/047454

i nclude mneral |ubricatingsoils such as, for exanple,
liquid petroleumoils, solvent-treated or acid-treated

m neral lubricating oils of the paraffinic, naphthenic

or m xed paraffinic-naphthenic types, oils derived
fromcoal or shale, animal oils, vegetable oils (e.g.,
rapeseed oils, castor oils and lard oil), and the
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[0032] Another class of useful synthetic lubricating oils include, but are
not limited to, alkylene oxide polymers, i.e., homopolymgrs, interpolymers, and
derivatives thereof where the terminal hydroxyl groups have been modified by, for
example, esterification or etherification. These oils are exemplified by the oils
prepared through polymerization of ethylene oxide or propylene oxide, the alkyl
and phenyl ethers of these polyoxyalkylene polymers (e.g., methyl poly propylene
glycol ether having an average molecular weight of about 1,000, diphenyl ether of
polyethylene glycol having a molecular weight of about 500 to about 1000,
diethyl ether of polypropylene glycol having a molecular weight of about 1,600 to
about 1,500, etc.) or mono- and polycarboxylic esters thereof such as, for
example, the acetic esters, mixed C;-Cs fatty acid esters, or the Cy30x0 acid diester
of tetraethylene glycol.

[0033] Yet another class of useful synthetic lubricating oils include, but

are not limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid,



[0031] Additional useful synthetic hydrocarbon oils

i nclude liquid polyners of al pha ol efins having the
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hydrocarbon oils are the hydrogenated |iquid oligomers

OCto C alpha olefins such as, for exanple, 1-decene

trimer. [0032] Another class of useful synthetic
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[0034] Esters useful as synthetic oils also include, but are not limited to,
those made from carboxylic acids having from about 5 to about 12 carbon atoms
with alcohols, e.g., methanol, ethanol, etc., polyols and polyol ethers such as
neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol, and the like.
{0035] Silicon-based oils such as, for example, polyalkyl-, polyaryl-,
polyalkoxy- or polyaryloxy-siloxane oils and silicate oils, comprise another useful
class of synthetic lubricating oils. Specific examples of these include, but are not
limited to, tetraethyl silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate,
tetra-(4-methyl-hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-
2-pentoxy)disiloxane, poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and
the like. Still yet other useful synthetic lubricating oils include, but are not limited

to, liquid esters of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl



mal oni ¢ acids, al kenyl malonic acids, etc., with a

variety of alcohols, e.g., butyl alcohol, hexyl
wa@baahei479 dodecyl al cohol, 2-ethyl hexyl al cohoPCT/US2006/047454

et hyl ene gl ycol, diethylend7glycol nonoether,

propyl ene glycol, etc. Specific exanples of these

esters include dibutyl adipate,

di (2- et hyl hexyl ) sebacat e, di-n-hexyl fumarate, dioctyl

sebacate, diisooctyl azelate, diisodecyl azelate,
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[ 0034] Esters useful as synthetic oils also include,
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further treated in one or more purification steps to improve one or more
properties. These purification techniques are known to those of skill in the art and
include, for example, solvent extractions, secondary distillation, acid or base
extraction, filtration, percolation, hydrotreating, dewaxing, etc. Rerefined oils are
obtained by treating used oils in processes similar to those used to obtain refined
oils. Such rerefined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques directed to removal of spent additives

and oil breakdown products.
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phosphate, trioctyl phosphati®, diethyl ester of decane

phosphi onic acid, etc., polyneric tetrahydrofurans and
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of any of these of the type disclosed herei nabove.
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by techni que ected'to renoval of spent additives

currently used in lubricant formulations and can be in combination with other
additives typically found in motor oils and fuels. When used in combination with
other types of antioxidants or additives used in oil formulations, synergistic and/or
additive performance effects may also be obtained with respect to improved
antioxidancy, antiwear, frictional, detergency and engine high temperature deposit
properties. Such other additives can be any presently known or later-discovered
additives used in formulating lubricating oil compositions. The lubricating oil
additives typically found in lubricating oils are, for example, dispersants,
detergents, corrosion/rust inhibitors, antioxidants, anti-wear agents, anti-foamants,
friction modifiers, seal swell agents, emulsifiers, VI improvers, pour point
depressants, and the like. See, for example, U.S. Patent No. 5,498,809 for a
description of useful lubricating oil composition additives, the disclosure of which

is incorporated herein by reference in its entirety.



and oil breakdown products.[0037] Lubricating oil base
stocks derived fromthe hydroi sonerization of wax nay
w@bkao/oke7used, either alone or in conbination PET/NSI00€047454
af oresai d natural and/or symthetic base stocks. Such
wax isonmerate oil is produced by the
hydr oi sonmeri zati on of natural or synthetic waxes or
m xtures thereof over a hydroi sonmerization catal yst.
[0038] Natural waxes are typically the slack waxes
recovered by the solvent dewaxing of m neral oils;
syntheti c waxes are_typical e X uced hy. t.he
Fl{lﬁ‘!:‘ﬂer - Tr ofprasnplps %@§B€fsae1€f0‘§9‘jlg“-rﬁgaybﬁog gﬂ\f’ St‘c%iﬁ‘lﬂﬂges’
derivative additives of this inventjon can be use
apotyisghiusylenasucpinats esters, ddannidiBane aﬁbl@“c@ﬁmﬁ%itsmam} the like.
avai | abl e antioxidants currently used in |ubricant
f Ewamples dfatetergerds owindsanétallic andashdessatk wliphpnasesy aretallic and
additives typically found in notor oils and fuels.
stilessisdfhrized allybpinaiatesnmedatlic adlnehlessgllsyl sylfonates, metallic
antioxidants or additives used in oil fornulations,
SaHaedsBiess AlkylasattAateaddethilicanp aslilessrsaligenie fikdedtsresiand the
al so be obtained with respect to inproved
apgd, oxi dancy, antiwear, frictional, detergency and
engi ne high tenperature deposit properties. Such other
a@diaij ves CBRarifledBY oheLsRibxidantsinsndetlkylated diphenylamines,
| at er-di scovered additives used in formulating

aiggﬁnkﬁééeh Bﬂergnénéam%é ohend-o-ddphthihineahlikgtitdd phenyl-o-

I't1ves typicall y found in lubricating oils are, for

A e A i PSS il ol gomerc
agotrinﬁgs?t?onrg theﬁVed therefrom, hindered phenolics, alkylated hydroquinones,
hydroxylated thiodipheny! ethers, alkylidenebisphenols, thiopropionates, metallic
dithiocarbamates, 1,3,4-dimercaptothiadiazole and derivatives, oil soluble copper
compounds, and the like. The following are exemplary of such additives and are
commercially available from Chemtura Corporation: Naugalube® 438, Naugalube
438L, Naugalube 640, Naugalube 635, Naugalube 680, Naugalube AMS,
Naugalube APAN, Naugard PANA, Naugalube TMQ, Naugalube 531, Naugalube
431, Naugard® BHT, Naugalube 403, and Naugalube 420, among others.
[0042] Examples of anti-wear additives that can be used in combination
with the additives of the present invention include organo-borates, organo-
phosphites, organo-phosphates, organic sulfur-containing compounds, sulfurized
olefins, sulfurized fatty acid derivatives (esters), chlorinated paraffins, zinc
dia]kyldithiophospilates, zinc diaryldithiophosphates, dialkyldithiophosphate
esters, diaryl dithiophosphate esters, phosphosulfurized hydrocarbons, and the

like. Representative examples of such additives are those commercially available



friction nodifiers, seal swell agents, emulsifiers, VI
i nprovers, pour point depressants, and the |ike. See,
woé oso7esampl e, U.S. Patent No. 5,498,809 for a PCT/US2006/047454
description of useful l|ubri2eating oil conposition
addi tives, the disclosure of which is incorporated
herein by reference in its entirety.[0040] Exanples of
di spersants include polyi sobutyl ene succini m des,
pol yi sobutyl ene succi nate esters, Mannich Base ashl ess
di spersants, and the |ike. Exanples of detergents

T B P i R T
N

derivatives, and the |iKke. [004 Exanpl es of other
artndl §sama SibasCorperation suphkas lagalab aHkses,
N-al kyl at ed phenyl enedi am nes,

pHBMA]- a- napBranyles of fietiommedifigreinchide fytry. aeid esters and amides,
napht hyl am ne, di nmethyl qui noli nes,

t rorgatonypblyibiymimo gernpaunids sl yhdehush d@&védlﬂnocarbamates
conpositions derived therefrom hindered phenolics,

al tiylybt @hnindidtioddithioplessphitys] moodybdeneh dikilfide,gtienglybdenum
et hers, al kyli denebi sphenol s, thiopropionates,

rr&ihadtdm dialttyldithicadbhaaes asn-sul B hodydenoapbotpoiads amiahe like.
and derivatives, oil soluble copper conpounds, and the

| ikeépresthtatifve lekmjalegoﬁmeh dieig modifiefs se dosadatniriendally

and are comrercially available from Chentura

Caonafskit ifem RNBUGAdEBE( Chnpasy, INaugah mmeiofhd@h A, Molyvan L,
Naugal ube 640, Naugal ube 635, Naugal ube 680, Naugal ube

ANHo1NaH Gal L{Q@lﬁﬁfﬁblﬁﬁmgﬁwdn RANMolVRug 85 5iad ThQike; Asah1
Naugal ube 531, Naugal ube
Denka Kogyo K.K. such as SAKURA-LUBE 100, SAKURA-LUBE 165,
SAKURA-LUBE 300, SAKURA-LUBE 310G, SAKURA-LUBE 321, SAKURA-
LUBE 474, SAKURA-LUBE 600, SAKURA-LUBE 700, and the like; and from
Akzo Nobel Chemicals GmbH such as Ketjen-Ox 77M, Ketjen-Ox 77TS, and the
like.
[0044] An example of an anti-foam agent is polysiloxane, and the like.
Examples of rust inhibitors are polyoxyalkylene polyol, benzotriazole derivatives,
and the like. Examples of VI improvers include olefin copolymers and dispersant
olefin copolymers, and the like. An example of a pour point depressant is
polymethacrylate, and the like.
[0045] As noted above, suitable anti-wear compounds include
dihydrc;carbyl dithiophosphates. Preferably, the hydrocarbyl groups contain an

average of at least 3 carbon atoms. Particularly useful are metal salts of at least

one dihydrocarbyl dithiophosphoric acid wherein the hydrocarbyl groups contain



431, Naugard(r) BHT, Naugal ube 403, and Naugal ube 420,

anong ot hers. [0042] Exanples of anti-wear additives
wWo bat7/ogan be used in conmbination with the addi PCT/®@S2006/047454

the present invention incluade organo-borates,

or ganophosphi t es, organo- phosphates, organic

sul fur-containi ng conpounds, sulfurized ol efins,

sul furized fatty acid derivatives (esters),

chl orinated paraffins, zinc dialkyldithi ophosphat es,

zi nc di aryl dithi ophosphates, dialkyldithi ophosphate

esters, diaryl dithiophosphate esters, . .

phoaysraesitfa ¥qazfeijcqq9@r demspdhe acigp frophwhidhihe dihydrocarbyl

Representative exanples of such additives are those

cditiiephsisphatgs candid depived camberastraipd by eridesf furfarmela:

such as Lubrizol 677A, Lubrizol 1095, Lubrizol 1097,

Lubrizol 1360, Lubrizol 1395, SLubrizol 5139, Lubrizo

5604 and the |ike, and from Cllba Cor poration such as

| rgal ube 353 and the Iike.’%ngQ] Exanpl es of friction

nodi fiers include fatty j st'8ks and am des, organo

nol ybdenum conpounds, nol ybdegpr®

di al kyl di t hi ocar bamat es, nol ybdenum

ek S TASHER AR St et o,
ekl e ST SRR AR s
S SCITELS) bt B O g AR e
S0t ASLNE" 508, 0 i B, YV B L1
SHKRI EUBE, 165, SAKILLUBE, 500, SACRA, LUBE 310
substituent groups per radical moiety such as, for example, ether, ester, thio, nitro,
or halogen, that do not materially affect the hydrocarbon character of the radical.
[0046] Specific examples of suitable R® and R® radicals include isopropyl,
isobutyl, #-butyl, sec-butyl, n-hexyl, heptyl, 2-ethylhexyl, diisobutyl, isooctyl,
decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, butylphenyl, o,p-dipentylphenyl,
octylphenyl, polyisobutene-(molecular weight 350)-substituted phenyl,
tetrapropylene-substituted phenyl, beta-octylbutylnaphthyl, cyclopentyl,
cyclohexyl, phenyl, chlorophenyl, o-dichlorophenyl, bromophenyl, naphthenyl, 2-
methylcyclohexyl, benzyl, chlorobenzyl, chloropentyl, dichlorophenyl,
nitrophenyl, dichlorodecyl and xenyl radicals. Alkyl radicals having from about 3
to about 30 carbon atoms and aryl radicals having from about 6 to about 30 carbon

atoms are preferred. Particularly preferred R® and R® radicals are alkyl of from 4

to about 18 carbon atoms.



474, SAKURA- LUBE 600, SAKURA-LUBE 700, and the IiKke;
and from Akzo Nobel Chem cals GrbH such as Ketjen- Ox
WO ZMd7/08E|r9 en- Ox 77TS, and the |ike. [0044] An PRBUIPR1086/047454
of an anti-foam agent is pakysil oxane, and the |ike.
Exanpl es of rust inhibitors are pol yoxyal kyl ene
pol yol , benzotriazol e derivatives, and the |ike.
Exanpl es of VI inprovers include ol efin copol yners and
di spersant ol efin copolyners, and the |ike. An exanple
of a pour point depressant i s pol ynet hacryl ate, and

the |ike. [0045] nQt ed, aboyve, e. anti-
d8f$lunds i Hes Eh?éplé‘?lﬁ@(ﬂh‘el%ctﬂfl ar ?j’fqaﬁ{] h@é‘}fi‘g!ﬂ lé‘é\l\ﬁ‘e reaction
Preferably, the hydrocar byl oups .contai n an average

off agthoisplpsts men@@pﬁm and el lpg@rq 3 m%ﬁnfé/ongw Zh%reactmn
nmetal salts of at | east one di hydrocarb
cﬁnt/bﬂlveqadxtdsqshnuxmg,aat|ademp9mmrﬁrwllgmgtfy@n@ggw‘t%ﬂ°%p@99%0,
cont ai nan average of at |east 3 carbon atonms. The

agbouls 4 fricden ofhhe hlcolad onliphyretl G tir dngl molie toff pbpépboplsateatasulfide.
can be derived can be illustrated by acids of the

f By dfeken swhés einbdBhandd ROtherreadtion taasplae. Mikhaeeof

and can be |inear or branched al kyl, cycl oal kyl,

ag18btald, phaddi& oy bothOdanBehsdplbyeded.gs etkistuget 6 04 fp Cag alcohols,
hydrocar byl radi cal derivatives of any of the above

OEQHPE,, a8t BERIOTs, he TR raaasRYeRIl RUASKd thetphesgatdsalts
each have, on average, at |east 3 carbon atons. By

" BldRRibantt iafd Aot 11RYENIQE AGRYIp T rh@:aHB@fHuprIﬁﬂieﬁ@é Sluminum, lead,

contai ni ng substituent groups, e.g., 1 to

:glg%i)lgﬁ@ Hg Sndi8! cdbafl] il ni R %ﬁﬁ ﬁﬁ@ﬁblﬂé thef fREferred

np ér, ester, thio, nitro,
metal. Examples of metal compounds that can be reacted with the acid include
lithium oxide, lithium hydroxide, lithium carbonate, lithium pentylate, sodium
oxide, sodium hydroxide, sodium carbonate, sodium methylate, sodium propylate,

~ sodium phenoxide, potassium oxide, potassium hydroxide, potassium carbonate,
potassium methylate, silver oxide, silver carbonate, magnesium oxide, magnesium
hydroxide, magnesium carbonate, magnesium ethylate, magnesium propylate,
magnesium phenoxide, calcium oxide, calcium hydroxide, calcium carbonate,
calcium methylate, calcium propylate, calcium pentylate, zinc oxide, zinc
hydroxide, zinc carbonate, zinc propylate, strontium oxide, strontium hydroxide,
cadmium oxide, cadmium hydroxide, cadmium carbonate, cadmium ethylate,
barium oxide, barium hydroxide, barium hydrate, barium carbonate, barium
ethylate, barium pentylate, aluminum oxide, aluminum propylate, lead oxide, lead
hydroxide, lead carbonate, tin oxide, tin butylate, cobalt oxide, cobalt hydroxide,

cobalt carbonate, cobalt pentylate, nickel oxide, nickel hydroxide, nickel

carbonate and the like and mixtures thereof.



or hal ogen, that do not materially affect the

hydr ocar bon character of the radical. [0046] Specific
wezaTpas of suitable R8 and RI radical s i ncl UBET/US2006/047454

i sopropyl, isobutyl, z-butyB, sec-butyl., n-hexyl,

heptyl, 2-ethyl hexyl, diisobutyl, isooctyl, decyl,

dodecyl, tetradecyl, hexadecyl, octadecyl.

but yl phenyl , o, p-di pentyl phenyl, octyl phenyl,

pol yi sobut ene- ( nol ecul ar wei ght 350) - substi t ut ed

phenyl , tetrapropyl ene-substituted phenyl,

bet a- octyl butyl napht hyl , cycl opentyl, cycl ghexyl,

848l | chl lrsepisdnsiances-thg HﬁPB}O@%}?&ﬂﬁCﬁ%‘Pdﬁ%‘ﬁﬁ’&ﬁw ,

napht henyl , 2- nethyl cycl ohexyl, benzyl, chlorobenz¥l,

qlartgrubarbnearboxydic@nids o pretad grrboxylptes g n gnall amounts of the

di chl orodecyl and xenyl radicals. A kyl radicals

hastaharefatoor adetioticid, wsed aboutjuBdionayioihemealsreagientay il

radi cal s having from about 6 to about 30 carbon atons

analipte firreadionRad résaltlianh ymprostd preddcRF wedarple, the use of

radi cals are alkyl of from4 to about 18 carbon

alPiEEbb P97 ]of EiR debasnheomdidakibaivdthaht dajuired ameadi dfzinc

obt ai nabl e by the reaction of a phosphorus

Rstaasihifthde RISmdoal dfiakatd shoapkabeithiame/ or phenol .
The reaction involves at |l east mxing, at a

L@W@f at ur e iR RGoh YT nRA PhodRRFodithi SADICw eliliaistwdin the

'es of the al'cohol or phenol with one nole of

f’z{}g%&%. 3 @.@Uﬁﬁé&'rﬁ&éﬁs;wkb{@i9:&9@7,&%;@,%,%&@,442,804,

erated’as the reaction takes place. M xtures of

G Wlefies c? Q‘%ﬂg{ ?8 h%eBg%&ﬁ%?gt’eg%yQ%}&%@d Al 8eful as anti-

m Xtures o [ co Cto C30 aromatic

gxlgf%%;a%dﬁiveg gfée: arglgg IR Alves UF&ftlHl)pﬂdgFﬂ@i@acﬁ@ SoiRPORAIAH RN as

I'nclu ut ‘are not limted to, Goup | net al s,
Grar% %%Sclzrlbeg?ﬁ %J§’ Pa‘?‘clnltj ok 9,%]3 7J4§§,dthe content of which is hereby

incorporated by reference in its entirety.

[0050] The zinc salts are most commonly used as anti-wear additives in
Jubricating oils in amounts ranging from about 0.1 to about 10, preferably about
0.2 to about 2 wt. %, based upon the total weight of the lubricating oil
composition. They may be prepared in accordance with known techniques, e.g.,
by first forming a dithiophosphoric acid, usually by reaction of an alcohol and/or a
phenol with P,Ss and then neutralizing the dithiophosphoric acid with a suitable
zinc compound.

[0051} Mixtures of alcohols can be used, including‘ mixtures of primary
and secondary alcohols, secondary generally for imparting improved antiwear
properties and primary for thermal stability. In general, any basic or neutral zinc
compound could be used, but the oxides, hydroxides, and carbonates are most

generally employed. Commercial additives frequently contain an excess of zinc



tin, nolybdenum nanganese, cobalt, and nickel wth
zinc being the preferred netal. Exanples of netal

w@ooposnds that can be reacted with the acid i PCl/UE®06/047454
l'ithium oxide, l|ithium hydréxide, |ithium carbonate,
l'ithium pentyl ate, sodi um oxi de, sodi um hydr oxi de,
sodi um car bonate, sodi um net hyl ate, sodi um propyl at e,
sodi um phenoxi de, potassi um oxi de, potassi um
hydr oxi de, potassi um carbonate, potassi um nethyl ate,
silver oxide, silver carbonate, magnesi um oxi de,
MBgRAD 8 MDY H RO %k &8s o Y BESIE YR eBHPBIAA f m@%ﬂ@ﬁz#ﬂbn
et hyl ate, magnesi um propyl at e, nmagnesi um phenoxi de,
ca#ﬁfgﬁloxide, cal ci um hydr oxi de, cal ci um carbonate,
cal cium net hyl ate, cal ci um propyl ate, cal ci um

pe te, zi i de.  zl.n FOXI [ r bonat

zZi LHC(%% opyl altrlgl,% ziri%@ﬁﬂré%r%g(l%@}o%o?%naﬁsdm%g P@éfeﬂ'“ble
cadmj u xide, .cadm um roxi de, .cadnj um car ponat e,

c e B e Bl 1 Bl P P B A kb B presented by
bar,i hydrat e, barium carbonate, barium ethylate,
bappﬁghﬁéﬁﬁﬁ%ﬂPg?'aluninun1oxide, al uni num propyl at e,

| ead oxide, |ead hydroxide, |ead carbonate, tin oxide,
tin butylate, cobalt |oxide, cobalt pydroxide, cobalt
carbonate, cobalt pentyl ate, $ickel | oxi de, nicke

hydr oxi de, nickel carjbonate dhd the|like and mi xtures

t hereof.[0048] In sone inst es, t #ncor poration of
certain ingredients, |papghcullarisy~carboxylic acids or
nmet al carboxyl ates, €.g., snmgp? anounts of the netal
acetate or acetic aciid, used in conjunction with the

netal react ant will facilitate the reaction and result
LA ek TRE QY e e B O ot e X ARGy e use of

[0053] The lubricating oil compositions of the present invention, when

they contain these additives, are typically blended into a base oil in amounts such
that the additives therein are effective to provide their normal attendant functions.

Representative effective amounts of such additives are illustrated in Table 1.



up to about 5% of zinc acetate in conbination with the
requi red anount of zinc oxide facilitates the

wé csommsi4on of a zi nc phosphorodit hi oate.
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Pour Point Depressant

about 0.01 to about 1.5

about 0.01 to about Q.5

Anti-foaming Agents

about 0.001 to about 0.1

about 0.001 to about 0.01

Anti~-wear Agents

about 0.001 to about 5

about 0.001 to about 1.5

Seal Swell Agents

about 0.1 to about 8

about 0.1 to about 4

Friction Modifiers

about 0.01 to about 3

about 0.01 to about 1.5

Lubricating Base Oil

Balance

Balance

[0054)

When other additives are employed, it may be desirable, although

not necessary, to prepare additive concentrates comprising concentrated solutions

or dispersions of the diaromatic amine derivative additives of this invention (in

concentrate amounts hereinabove described), together with one or more other

additives (the concentrate when constituting an additive mixture being referred to

herein as an additive-package) whereby several additives can be added

simultaneously to the base oil to form the lubricating oi} composition. Dissolution

of the additive concentrate into the lubricating oil can be facilitated by, for

example, solvents and by mixing accompanied by mild heating, but this is not




general ly enpl oyed. Commercial additives frequently
contain an excess of zincowi ng to use of an excess of

wo b@7bssi’e zi nc conpound in the neutralizati onPCT/US2006/047454
reaction. [0052] The zinc dphydrocar byl
di t hi ophosphates (ZDDP) are oil soluble salts of
di hydrocar byl esters of dithiophosphoric acids and can
be represented by the followi ng fornula: wherein Rs
and RO have the aforestated neanings. [0053] The
| ubricating oil conpositions of the present invention,
when they_ contain these additives, are typically
bPSRA iThe SoncepiaE %iaﬁdlﬁlﬁem@§v1§m0ﬂfba‘@e foyaulated to
additives therein are effective to provide their
nepnigin the edditivestinprener Roavnts e providerthe dpsiredafoneattiatien in the
anmounts of such additives are illustrated in Table
1fimigbEnlafion S4kn Wesaddiivegrachalgt it icombired evidnppeyetdrminied
may be desirable, although not necessary, to prepare
agidpuntvad besnbnitamt Fhus dnpsibiéat gddidnessttithapedent invention can
sol utions or dispersions of the diaromatic am ne
diees addudi to emat] dintduviBSofdhsd dill 8r otheLEIrhSHib{d $O1CNNEABHE Fih
anount s herei nabove descri bed),. together with one or

nother déshableadditiviey &SfornhadRPRGRBkIgRE BoMhi®lhg active ingredients
constituting an additive mxture being referred to

higy @lRcase alo@ddbt, g%ﬁc&@?ﬁ@ﬂﬁabo‘ﬁt‘ﬁrﬁméb&ﬁwlﬁlrcem, preferably
addi ti ves can be added sinultaneously to the base oil

t RofrOdbBut 18 td Mk 38 bEMRENOAAd ﬁemmmqw frol SRk gs gi&]‘bem to

of the additive concentrate into the lubricatin

f i I . f . . '
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about 20 weight percent of the additive package with the remainder being base oil.
[0055] All of the weight percentages expressed herein (unless otherwise
indicatéd) are based on the active ingredient (Al) content of the additive, and/or
upon the total weight of any additive package, or formulation, which will be the
sum of the AT weight of each additive plus the weight of total oil or diluent.

[0056] In general, the lubricating oil compositions of the present invention
can contain the additives in a concentration ranging from about 0.05 to about 30
weight percent, preferably from about 0.1 to about 10 weight percent, and
preferably from about 0.2 to about 5 weight percent, based on the total weight of
the oil composition. In one embodiment, oil concentrates of the additives can
contain from about 1 to about 75 weight percent of the additive in a carrier or
diluent oil of lubricating oil viscosity.

[0057]) The following non-limiting examples are illustrative of the present

invention.



contain the additives in proper anmounts to provide the
desired concentration in the final fornulation when
W0 b@7asid7e | ve- package i s conbined with a predePer/broe6/047454
amount of base l|ubricant. Phus, the subject additives
of the present invention can be added to small anounts
of base oil or other conpatible solvents along with
ot her desirable additives to formadditive packages
contai ning active ingredients in collective anmounts
of, typically, fromabout 2.5 to about 90 percent,
preferabl frm about to about 75 percent, and nore
< LY ON G sRe percent to about 60 percent
by m5|ght addltlves in the ap%roprlate proportions
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Stark water trap. The reaction media was stirred under argon blanket and heated

to 60°C followed by the 2.5 hour addition of 28 g (0.35 mol) of 37% formalin.
After the formalin addition was complete, the temperature was maintained at 60°C
for oﬁe hour before raising the temperature to reflux to remove water to the
Deans-Stark trap. Afier the water was removed, the temperature was held at 85°C
for one hour before reducing it to 50°C. The reaction media was now filtered and
the solvent stripped off under vacuum. Th; final product (116 g) solidified on

cool down to a gray-white paste.

EXAMPLE 2
Preparation of a mixture of 5-dodecyl-N-(N’-p-phenylanilino)-1,3-oxazolidine
and 4-dodecyl-N-(N’~p-phenylanilino)-1,3-oxazolidine

[0059] Iﬁto a 100 ml reaction flask was charged 18.6 g(0.1 mol) of p-N-
phenylphenylenediamine, 27.5 g (0.11 mol) of 1,2-epoxytetradecane, 25ml of
cyclohexane and 3.0 g of an acid clay catalyst. The reaction mixture was stirred

under a blanketed with argon and heated to 75°C. These reaction conditions were



contain fromabout 1 to about 75 wei ght percent of the

additive in a carrier or diluent oil of |ubricating
worbo7wssIcDsi ty. [0057] The foll owi ng non-1i m t POGUS2006/047454

exanples are illustrative @B the present

i nvent i on. PREPARATI ON OF ADDI TI VES EXAMPLE 1

Preparation of a m xture of 5-decyl-N(N -

r- phenyl ani | i no) -1, 3-oxazol i di ne and

4-decyl -N- (N -p-phenylanilino)-1 ,3-oxazolidine [0058]

Into a 250 mM reaction flask was charged 60 g (0. 32

nol ) of p-Nphenyl phenyl enedj ani ne, 62 0, 32 )
Tastne e B, Tretmen (e meniseats TufhioR s oo’ and
acid clay catal yst. The reaction m xture was_stirred
uHtfereagiion mpkee s iltereddfiogemoxn therrday ealrlyy: Te ot ifiged
reaction conditions were mai ntained for 4 hours. The

r eqsctipmatesinb siea tranferipd tor h EO0miygestian fask sguipppd Withe Deans-
reaction mxture was filtered to renove the clay

c Staak yater tipe Thetredction enesia weastiteshundst argon blagkst and heated
transferred to a 500m reaction flask equi pped with a
Den6@>C fetllmmied wyttbe 1 iSriamr addition efitd gdh. 1 2wl nof3&% formalin.
stirred under argon bl anket and heated to 600C

f alften deifolyralitn eddtion has comglttd, itlenteofpeBurg wWad ndbntabiledl at 60°C
of 37% formalin. After the formalin addition was

C goiumetinur boford Ries dleusapsratirét rRilak netnadve6kier foahe
one hour before raising the tenperature to reflux to

I HEane Swek aap! AflchtheDeabswS aidovied Ahe tedpeeiituidwadRdl@ht 85°C
was renoved, the tenperature was held at 85C
for one hour before reducing it to 50°C. The reaction media was now filtered and

the solvent stripped off under vacuum. The final product (43 g) solidified on cool

down to a gray-white paste.

EXAMPLE 3
Preparation of a mixture of 5-(2-ethylhexyl)oxymethylene-N-(N’-p-
phenylanilino)-1,3-oxazolidine and 4--(2-ethylhexyl)oxymethylene -N-(N’-p-
'phenylanilino)-1,3-oxazolidine

[0060] Into a 100 ml reaction flask was charged 18.6 g(0.1 mol) of p-N-
phenylphenylenediamine, 19.5 g (0.11 mol) of 2-ethylhexyl glycidol ether, 25ml
of cyclohexane and 3.0 g of an acid clay catalyst. The reaction mixture was
stirred under a blanketed with argon and heated to 75°C. These reaction
conditions were maintained for 3 hours. The reaction temperature was then
lowered to 60°C and the reaction mixture was filtered to remove the clay catalyst.
The hot filtered reaction material was transferred to a 100ml reaction flask

equipped with a Deans-Stark water trap. The reaction media was stirred under

érgon blanket and heated to 60°C followed by the 1.5 hour addition 0of 9.0 g (0.11



for one hour before reducing it to 50C. The reaction
medi a was now filtered and the solvent stripped off
woraensMacuum The final product ( 116 g) sol i BCT/USEHOGMT7454
cool down to a gray-white paste. EXAMPLE 2 Preparation
of a m xture of
5-dodecyl -N- (N - p-phenyl anilino)-1, 3-oxazol i di ne and
4- dodecyl - N- (N - p-phenyl ani lino)-1, 3-oxazol i di ne
[0059] Into a 100 mM reaction flask was charged 18.6
g(0.1 nol) of p-Nphenyl phenyl enediamne, 27.5 g (0.1 1
nol f _1,2-epoxytetradecane, 25m. of cycl ohexane and
3*?195@38? %ﬁr%eem Ay 3@&93?@}&1 %5% PasEemBlterhetemperature
was stirred under a blanketed with argon and heated to
788 myigaacd L0 Cdar epmbriribsire wisia e teripgeadure e reflux to
hours. The reaction tenperature was then | owered to
eBORvangtertte theReansobtark kanursfterthe Wakareyasdemoveds iy e
the clay catalyst. The hot filtered reaction nmateri al
wasperamrsveasrhetd stdl 0 °C Fomdnerteac befome fddasikgegtoi IPEd The
wWth a Deans- Stark water trap. The reaction nedia was
sien¢ticrtmudid evasatogofiltéled aké theaotvehesttipged off a0 el vaktwme G he
by the 1.5 hour addition of 10 g (0.12 nol) of 37%
f BhdTRrdduct Aak afreddih-E@K Vidcbis RGWld! | on was conpl et e,
the tenperature was nai ntained at 60C for one hour
before raising the tenperature to reflux to renove
water to the Deans-Stark trap. After the water was
 BREPARATION DSNPEE 30W-80 WIS TOR O1B FAROGUI N TIONS hour
before reducing it to 500C. The reaction nmedia was now
filtered and the sol vent sgAsMmatlqof f under vacuum

The fi nal prp&‘ﬁﬁﬁatiéﬁgf IAESOW Hdf h6Qr 811 58 ation

[0061] The SAE 10W-30 motor oil formulation set forth in Table 2 was

prepared with 1 weight percent of the additive of Example 1.

TABLE 2
SAE 10W-30 Motor Oil Formulation (Base Blend)
Amount, wt. %

Overbased Calcium Sulfonate Detergent 1.3
Rust/Corrosion Inhibitor 0.75
Pour Point Depressant 0.1

OCP VI Improver 5.5
ZDDP 0.8
Solvent Neutral 100 Balance

EXAMPLE 5
Preparation of SAE 10W-30 motor oil formulation

[0062] The SAE 10W-30 motor oil formulation set forth in Table 2 was

prepared with 1 weight percent of the additive of Example 2.



down to a gray-white paste. EXAMPLE 3 Preparation of a
m xt ure of
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-N- (N - pphenyl anilino)- |, 3-oxazolidine [0060] Into a
100 M reaction flask was charged 1S.6 g(0. 1 nol) of
p- Nohenyl phenyl enedi ami ne, 19.5 g (0.11 nol) of
2-et hyl hexyl glycidol ether, 25m of cycl ohexane and
3.0 g of an acid clay catalyst ~The reaction mxture

was stirred under a bI argon and heated to
750C. These reaction f‘ ined for 3
hours. The r%ﬁ@ﬁ@&ﬁ“ Wﬁng PRd to

600C and the reaction m xture was flltered to.renpv

t 9631 ay caflheBAE 19We3faroten qit orwulatien set forh iail, ableg) was

was transferred to a 100m reaction flask equi pped

whtdparedDesinb wSight pewantef the agditivhief Exarapledn medi a was

stirred under argon bl anket and heated to 600C

followed by the 1.5 hour addition of 9.0 g (0.1 1nol)

of 37% formalin. After the formalin addition was

conpl ete, the tenperGOMPARMEIVEABRENINAD at 600C for

one hour before raising the tenperature to reflux to

renove wat er PrépatdtionREanes B0WEk0 miosjr oilMoranlatihe wat er

vvas renoved, the tenperature was held at 1050C for one
pogedpef or e TIRBICE NgW-B0 hot&X Clorthatioaaet fopth inddbk 2 was
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i qui

PREPARATION OF TURBINE OIL FORMULATIONS

EXAMPLE 7
Preparation of a turbine oil formulation

[0065] The turbine oil test formulation set forth in Table 3 was prepared

with 1 weight percent of the additive of Example 1.

TABLE 3
Turbine Reference Test Oil Composition

Additive Component in Oil Amount, wt. % in composition
Corrosion Inhibitor 0.05 wt.%
Defoamer 0.005 wt.%

Metal Deactivator 0.03 wt.%

Exxon 100LP Balance

EXAMPLE 8

Preparation of a turbine oil formulation
[0066] The turbine oil test formulation set forth in Table 3 was prepared

with 1 weight percent of the additive of Example 2.



PREPARATI ON OF SAE 10W 30 MOTOR O L FORMULATI ONS
EXAMPLE 4 Preparation of SAE 10W30 notor oil
wé csomoBare on [ 0061] The SAE 10W 30 notor oil  PCT/US2006/047454
formul ation set forth in Table 2 was prepared with 1
wei ght percent of the additive of Exanple 1. TABLE 2
SAE 10W30 Motor G| Fornul ation (Base Bl end) EXAMPLE
5 Preparation of SAE 10W30 notor oil formulation
[ 0062} The SAE 10W30 notor oil fornulation set forth
in Table 2 was prepared with 1 weight percent of the
addi tive of Exanple 2. EXAMPLE 6 Preparation of SAE

10W 30 notor oil_formul atEMl\%l_’dé%‘%] The SAE 10W 30
nmotor oi | for nul Aepaptiaref 2 Birbine ol foamlation was

prepared with 1 weight percent of the additive of

E0967] ¢ 3. TONRPARNEOURCSSIIENDLAL G 89 forght inoTabdé 3 SAE prepared
10W 30 notor oil fornulation [0064] The SAE 10W 30
nwithrl weighf areoant af theraddetvefodBxhmipte Tabl e 2 was

prepared with no antioxi dant added of any type.
PREPARATI ON OF TURBI NE O L FORMULATI ONS

COMPARATIVE BLEND B
Preparation of a turbine oil formulation

[0068] The turbine oil test formulation set forth in Table 3 was prepared

with no antioxidant added of any type.

PREPARATION OF PRESSURE DIFFERENTIAL SCANNING
CALORIMETRY (PDSC) TEST OILS

EXAMPLE 10
Preparation of a PDSC multigrade motor oil formulation

[0069] The motor oil formulation set forth in Table 4 prepared with 1
weight percent of the additive of Example 1. The components used in the engine
oil formulation are commercially available. There is no particular restriction on

the type and exact composition of the materials in the context of the present

invention.
TABLE 4

Composition Amount, wt. %
Base oil, Solvent Neutral 150 §3.85
Zinc Dialkyldithiophosphonate 1.01
Succinimide Dispersant 7.58 .
Overbased Calcium sulfonate 1.31
detergents
Neutral Calcium sulfonate detergents 0.50
Pour Point Depressant 0.10
Rust Inhibitor - 0.10
VI improver 5.55




EXAMPLE 7 Preparation of a turbine oil fornulation
[ 0065] The turbine oil test fornulation set forth in
wQoatm7esA7nas prepared with 1 wei ght percent of PeD®@S2006/047454
additive of Exanple 1. TABBE 3 Turbi ne Reference Test
O | Conposition EXAMPLE 8 Preparation of a turbine oil
formul ati on [0066] The turbine oil test fornulation
set forth in Table 3 was prepared with 1 wei ght
percent of the additive of Exanple 2. EXAMPLE 9
Preparation of a turbine oil fornulation [0067] The
turbine oil test fornmulagjion. s forth in Table 3 was
prepared with 1 weight pg#@é‘(ﬂ’fgfnt he additive of
Exanpl e 3. Prepnpienet v EDSCoRp tigrasdedpeteneil dprmyfatipn
turbine oil fornulation [0068] The turbine oil test
f 9078 at i onThematerraihformulptioh setForihdn Falls #r rydpared fithd
anti oxi dant added of any type. PREPARATI ON OF PRESSURE
DivEigERpNF¢nAlof S@AdNitNE @AL@RIPMETRY f PDSCI TEST O LS

EXAMPLE 12
Preparation of a PDSC multigrade motor o0il formulation

[0071] The motor oil formulation set forth in Table 4 prepared with 1

- weight percent of the additive of Example 3.

COMPARATIVE EXAMPLE C
Preparation of a PDSC multigrade motor oil formulation

{0072} The motor oil formulation set forth in Table 4 prepared with no

antioxidant added of any type.

TESTING

10073] To demonstrate the effeqtiveness of the additives of Examples 1-3
of the present invention, each of the oil fofmulations of Examples 4-6 and
Comparative Example A were evaluated using the Thermo-Oxidation Engine Qil
Simulation Test (TEOST), each of the turbine oil formulations of Examples 7-9
and Comparative Example B were evaluated using the Rotary Bomb Oxidation
Test (RBOT) and each of the PDSC multigrade motor oil formulations of

Examples 10-12 and Comparative Example C were evaluated as described below.



EXAMPLE 10 Preparation of a PDSC nultigrade notor oi
formul ati on [0069] The notor oil fornulation set forth
WO nooTaki4e9 4 prepared with 1 wei ght percent of POEUS2006/047454
addi tive of Exanple 1. The3sonponents used in the
engine oil formulation are comercially avail abl e.
There is no particular restriction on the type and
exact conposition of the naterials in the context of
the present invention. TABLE 4EXAMPLE 11 Preparation
of a PDSC nultigrade nmotor oil formulation [0070] The
?il s repared

XIANP eMenlof a PDSC wultlgrade nDtor 0|
fornulatlo E£ 71] The notor oi] fornuéﬁé set f?rth
2 M

i W074bl e 4 Bhephidddishifemperaaiegherpear ngw@

additive of Ex%glpl e 3. COVPARATI VE EXAMPLE

Phiapaintien Best OV IFEL PBOS Thiwas pgrfameed stdstergine tihe depesififopning

[0072] The notor oil fornulation set forth in Table 4

pteapences ofithemator @ngineild dive inguugd dheransy depgsid control of the
additives of this invention in stabilizing the engine oil formulation has been
clearly demonstrated by the MHT TEOST. This test determines the mass of
deposit formed on a specially constructed steel rod by continuously stressing a
repetitive passage of 8.5 ml of test oil under thermal-oxidative and catalytic
conditions. The instrument used was manufactured by Tannas Co. and has a
typical repeatability of 0.15(x+16) mg wherein x is the mean of two or more

repeated test results. The TEOST test conditions are listed in Table 5. The less

the amount of deposits obtained, the better the oxidation stability of the oil.

TABLE 5
TEOST MHT Test Conditions
Test Parameters Settings
Test duration 24 hours
Rod Temperature 285°C
Sample size 8.5 g (mixture of 8.4 g of 0il and 0.1 g of catalyst)
Sample flow rate 0.25 g/min
Flow rate (dry air) 10 mL/min
Catalyst Oil soluble mixture containing Fe, Pb, and Sn
. {0075} The results of the TEOST are set forth in Table 6. The

significantly lower amounts of deposits obtained from the blends of Examples 4-6
as compared to the blend of Comparative Example A containing no antioxidant, as

shown in the data set forth in Table 6, demonstrate that the lubricating oil



TESTI NG [ 0073] To denonstrate the effectiveness of the

addi tives of Exanples 1-3 of the present invention,
weaah/oef47¢ he oi |l fornul ati ons of Exanpl es 4-6 BOTUS2006/047454

Conpar ative Exanple A were3eval uated using the

Ther no- Oxi dation Engine G| Sinulation Test (TEOST),

each of the turbine oil fornulations of Exanples 7-9

and Conparative Exanple B were eval uated using the

Rotary Bonb Oxi dation Test (RBOT) and each of the PDSC

mul tigrade notor oil fornulations of Exanples 10-12

and Conparative Exanple C.were eval uated as described .

LRATRRESMTDS [P s niHE L RAFUREADF GE RN SRR FORTRAYE SERRE G R dtive

SI MULATI ON TEST (TE(BT%}g{[tOOM] The M d-High

Tesshilhatowredups smeteymets vldepagisia thy TE@gFful ation

Test (MHT TEOST) was perfornmed to determ ne the

deposit forming tendenci esTABLEe notor engine oil.

The inproved thermal depds@8T Besultsol of the additives

of this invention g etz gt Tgrne oil

formul ati on has bee .xz,?cxﬁ ’rgfx’d:?.%. dEpasits by the IHT

TECST. This test detetHREST the—nasi=of—deposit formed

on a specially co st HOMRIE 3t bl ¢ ok by—epnt i nuousl y

stressing a repetijti of 875w bf test oil

under thermal - oxi dat¢erBpd Aeat al ytil® conditions. The

i nstrument used was nanuf actured by Tannas Co, and has

altcpp be seeny fgra shamhave dytadhatdhe additapet gidigragprticaning | s

the mean of two or nore repeated test r,esultf,.‘ The

Téintive gddigynaf the preseniaventionde amptqngjf formulatien spgndfeantly

reduces the total deposit mass of the base blend formulation.

ROTARY BOMB OXIDATION TEST (RBOT)

[0076] The Rotary Bomb Oxidation test (RBOT) was conducted according
to the standard test method specified by ASTM D 2272-85. The time for a 25 psi
pressure drop was 100 minutes for the Reference Oil. The longer the time to
reach the endpoint indicates improved oxidative stability. .

[0077] This test method utilizes an oxygen-pressured bomb to evaluate the
oxidation stability of new and in service turbine oils having the same composition
(base stock and additives) in the presence of water and a copper catalyst coil at
150°C. The test oil, water and a copper catalyst coil, contained in a covered glass
container, are placed in a bomb equipped with a pressure gauge. The bomb is
charged with oxygen to a pressure of 90 psi and pléced in a constant temperéture
oil bath set at 150°C, and rotated axially at 100 rpm at an angle of 30 degrees from

the horizontal. The number of minutes required to reach a specific drop in gage



the anmount of deposits obtained, the better the

oxi dation stability of the oil. TABLE 5 TEOCST MHT Test
w@oodiogi4sans [ 0075] The results of the TEOST arBCEHEB2006/047454

forth in Table 6. The signi3ficantly | ower anounts of

deposits obtained fromthe bl ends of Exanples 4-6 as

conpared to the blend of Conparative Exanple A

cont ai ni ng no anti oxi dant, as shown in the data set

forth in Table 6, denonstrate that the |ubricating

oi | conpositions containing the antioxidant of this

I nvention have superior oxidative stability to produce

sPrafuEs (in fs fst fos fthig dpsatieny 20pspre theepdationatbelity of the test

TEGST Results It can be seen fromthe above data that

t $venpdel dite RIBOGT conditions evesiven iankalle Yeri vative additive

of the present invention to a notor oil fornulation

significantly reduces the total deposit mass of the

base bl end fornul ati on. RGMRYEBOVB OXI DATI ON TEST

(RBOT) [00761 The Rot &BOBdw# @uiditinson t est ( RBOT)
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Oxygen Initial Pressure at RT 90°C
Oxygen Max Pressure at 150C 188 psi
Pressure Drop to End Test 25 psi
[0078] The results of this test are set forth in Table 8.
TABLE 8
RBOT Results
Ex./Comp. Ex. Time, minutes
Example 7 578
Example § planned
Example 9 planned
Comp. Ex. B <100

It can be seen from the above data that the turbine oil formulations containing the
diaromatic amine derivative additives of the present invention possessed
significantly better oxidative stability than the turbine oil formulation of

Comparative Example B which is outside the scope of the invention.

PRESSURIZED DIFFERENTIAL SCANNING CALORIMETRY (PDSC)
[0079] The PDSC measures the oxidation induction time (OIT) of each

blend. The PDSC instrument used is a Mettler DSC27HP manufactured by
Mettler-Toledo, Inc (Switzerland). The PDSC method employs a steel cell under

constant oxygen pressure throughout each run. The instrument has a typical



oxidation stability of new and in service turbine oils
havi ng the sane conposition (base stock and additives)

WO pooiog14py esence of water and a copper cat al ysPCTOB2006047454
1500C. The test oil, water 3and a copper catal yst coil
contained in a covered glass container, are placed in
a bonb equi pped with a pressure gauge. The bonb is
charged with oxygen to a pressure of 90 psi and pl aced
in a constant tenperature oil bath set at 1500C, and
rotated axially at 100 rpn1at an angle of 30 degrees

fromt nutes require 0

r SRR SR s Wi Egasfm fleheerveh L SE 16
for, this |nvent|on mﬂ psi) is the OX|dat|on stability
ofminkees; Bhg PRSfirs condiiorgmeeivesrmiTeblsds At the be geningf a
Tabl e 7 TABLE ? RBOT Test Conditions [0078] The

r SIS E sumithe ipel celldg prepsiriged withorhizemanidisatedgit aTABIOE 46°C.
RBOT Results It can be seen fromthe above data that

t er minwierne thei firefcoibad) isatlieomsl tewptraiune. NAghetindudioartonaisi ¢
am ne derivative additives of the present invention
possassddran g time gt dampbetdaciesatsiichaltarmal enhglerdtiteyuntil the

than the turbine oil fornulation of Conparative

Exeanthpley Ehanlge cdobissrvedit Thelborighethe orjiatioh induetibmyigit theetter
PRESSURI ZED DI FFERENTI AL SCANNI NG CALORI METRY CPDSO

[ GRhe 8kiditien REGGHE&AkebAS t he oxi dation induction tinme
(A T) of each

TABLE 9
PDSC Test Conditions
Test Parameters Settings
Isothermal Temperature 200°C
O, Gas Pressure 500 psi
O, Gas Flow Rate Through Cell 100 ml/min.
Catalyst . 50 ppm of Iron
Sample Holder Open Aluminum Pan
Sample size 1.0-2.0mg
Induction Time Enthalpy Change
[0080] All test blends were mechanically mixed for 15 minutes under a

nitrogen atmosphere. For every 50 grams of test blend prepared, 40 ul of oil °
soluble ferric naphthenate (6 weight percent in mineral oil) was added, prior to
PDSC testing, to facilitate 50 ppm of iron in oil. Each blend was tested twice
under the PDSC conditions described in Table 9 at 200°C. The OIT results of the

blends of Examples 10-12 and Comparative Example C are given in Table 10.



bl end. The PDSC i nstrunent used is a Mettler

manuf actured by Mettl er-Tol edo,

weRHTogErhod enpl oys a steel
pressure throughout each run.
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Inc (Switzerl and).

DSC27HP
The

| under const aPCT/UINGQ 047454

The i nstrunent has a

typicalrepeatability of 2.5 mnutes wth 95 percent

confi dence over an O T of 100 m nutes.

The

PDSC t est

conditions are given in Table 9. At the beginning of a

PDSC r un,

t he st eel

cel |

is pressurized with oxygen

and heated at a rate of 400C. per mnute to the

prescri bed isother nal
is nmeasured fromthe ti

te

LH

r]_@

The i nduction tine

rrg;iﬁkg%{%ml e reaches its

i sot hermal tenperature untl e_éenthal py change is
observed. The | ongeExiOenp)X#xdat|i Bimd, ndoates gn tine, the
better the oxidat{onggimflelipty jof the7oil. |TABLE 9
[0080] Al'l test bfenggam®Eeq1meg¢hani galbly mixed for 15
m nutes under a n{TTpggRLIRGPDSANET € glor every 50
grans of test blepd ‘Jn‘?;ﬁ’.%g‘?@ O—m—pfortsol ubl e
ferric napht henat e werght—percent—Tm—mneral oil)

was added, prior to PDSC testing, to facilitate 50 ppm
oft ¢andre sepn fiom thegbevelatmthalihs mulgiade matereoilifoaaplatings
PDSC condi ti ons described in Table 9 at 2000C. The AT
r eenfhiningthetdiarotylatio dxningfdeEwaliys! adslitiges v therptesent invention
Conparative Exanple C are given in Table 10. TABLE 10
PESGbRed sighificantly bettdy exilative §talititit then dteomeltigradg nedtat oil
the nmultigrade notor oil fornulations containing the
difemoutations cantairéngleo antabxidamt.addi ti ves of -t he present
i nvention
[0081]

It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be
construed as limiting, but merely as exemplifications of preferred embodiments.
For example, the functions described above and implemented as the best mode for
operating the present invention are for illustration purposes only. Other
arrangements and methods may be implemented by those skilled in the art without
departing from the scope and spirit of this invention. Moreover, those skilled in

the art will envision other modifications within the scope and spirit of the claims

appended hereto.



exhibited significantly better oxidative stability

than the nultigrade notor oil fornulations containing
woeoansi4oxi dant. [0081] It will be understood P&BUS2006/047454

various nodifications may 138 made to the enbodi nents

di scl osed herein. Therefore the above description

shoul d not be construed as limting, but nerely as

exenplifications of preferred enbodi nents. For

exanpl e, the functions described above and i npl enent ed

as the best node for operating the present invention

ar. ' {Qn purposes only. Qther arrangenents
aVngAcﬁr s Lxﬁﬁf éﬂ npl enment ed by those skilled in the
art wi thout,. departing fromthe sco and spirit_of
this i hoehGitmaHRDEY nvaty Vina ip &gnoral RS

W Il envision other nodifications wthin the scope and
spirit of the clains appengged h@)eto.MHAT | S CLAI MED

IS 1. Adiaromatic am ne qerivatTve havi ng the
mORorRS; mis fromoO

gener al fornula:gg?erei nNLgé#
to 4; each R sub %ﬁgﬁg(fs imdepend 'y hydrogen or
a straight or brancﬁggugf-C:Z NOrQup rar al kenyl
group or two R substittents togethe fth the carbon
atomto which they are bonded areg, i edRf oget her to

forman unsaturated, partially s%tungted or saturated
C3-C30 ring structure optionally containing one or

R0 S8L AR, <G CULRERR Nl RICRIBIGRLLY
S8l 30ROty Pl B o o o
substituents together with the carbon atom to which they are bonded are joined

together to form an unsaturated, partially saturated or saturated C3-Cj3g ring

structure optionally containing one or more heteroatoms, each R substituent is
independently hydrogen or a straight or branched C,-Cs; alkyl group or alkeﬂyl
group and R%, R?, R*, R®, R® and R’ are independently hydrogen or a straight or

branched C;-C3; alkyl group or alkenyl group optionally containing a functional

group.

2. The diaromatic amine derivative of Claim 1, wherein R, R', R3, R* RS

and R are hydrogen.

3. The diaromatic amine derivative of Claim 1, wherein R, Rl, R , R“, RS
and R” are hydrogen and R? and R® independently are a C;-Cs, alkyl group

optionally containing ether or ester linkages.



branched C1-C32 al kyl group or al kenyl group

optionally containing a functional group. 2. The
waoar7osate c am ne derivative of Claim1l, wherePOT/BS2004/047454

R3, R4, R6 and R7 are hydrseégen. 3. The diaromatic

am ne derivative of Caiml1, wherein RR Rl, R3, R4, R6

and R7 are hydrogen and R2 and R5 i ndependently are a

C -C 2 alkyl group optionally containing ether or

ester |inkages.4. The di axonmatic am ne derivative of

Caim1l, wherein R Rl, R3, R4, R6 and R7 are hydrogen

and R2 and RS |ndependently are a C -C al kyl 1gr%lrj‘lg4 p

opt i onél The disrarastifl spingdeByatiyie of Ham | ‘ﬁh@@’é‘ R

di axomati c am ne deri vatlve of Claiml, wherein two R

garsLRSaredydtogen avd RA anth B’ ddebendently et aCukicHkyhaguar e

bonded are joined together to forma saturated,

ukstidniatl gcentaimingpether calester liakageat ed C - C30 ri ng

structure optionally containing one or nore

het erocyclic groups. 6. A reaction m xture conprising

two or nore of the diaromatic am ne derivatives of

C ai 551 The diaroflatlf AERSHiOH Y FGIRINN g, WHEeEr tWolk groups

di aromati c am ne derivatives having the general

f QeBiHeAwithIRS GirBorNatof forvaitWtied abs bdNded afd joihed thgetter to
each R substiruent is independently hydrogen or a

Stdril :gmtur‘afedb&rﬁsﬁﬁxli‘ﬁgd 61l p4rd Al Phdfiiated OUP; GIngdtdRAIYE optionally

group or two
containing one or more heterocyclic groups.

6. A reaction mixture comprising two or more of the diaromatic amine

derivatives of Claims 1-5.

7. A process for preparing one or more diaromatic amine derivatives

having the general formula:

wherein n is from 0 to 5; m is from 0 to 4; each R substituent is independently
hydrogen or a straight or branched C;-Cs; alkyl group or alkenyl group or two R
substituents together with the carbon atom to which they are bonded are joined
together to form an unsaturated, partially saturated or saturated C;-Csp ring

structure optionally containing one or more heteroatoms, each R! substituent is



substituents together with the carbon atomto which

they are bonded are joined together to form an
wopeansras ed, partially saturated or saturat edpCBUSB06/047454

ring structure optionally a@@ntai ning one or nore

het er oat ons, each Rl substituent isindependently

hydrogen or a straight or branched Cl-C32 al kyl group

or al kenyl group and R2, R3, R4, R5, R6 and R7 are

i ndependent|y hydrogen or a straight or branched

Cl1-C32 al kyl group or al kenyl group optionally

con n f.uncti onal ou t he es risi

- ey w&nﬂﬁvdf%ﬁwréffwsﬁ&fﬁgm%d Chiter Alkal goup oF aligey!

formul a wherein .Rl R4 and R5 have

t RO Biddhe Rt %n@é Rgge lwepﬁnck?ntééwﬁ@gem or a straight or

al dehyde. 8. A process for preparing one or nore

dibranshed Co-Canilivel gewp onalkensd ghowi erjionhlly gemeiniilg a functional

formula: wherein nis fromO to 5 mis fromO to 4;

e godupRiisuiretdst gemprisisg raaldépgndiedtob{yl ttadlengamingrintgrm ediate of

strai ght or branched Cl-C32 al kyl group or al kenyl

gtleuformold wo R substituents together with the carbon

atomto which they are bonded are joined together to

forman unsaturated, partially turated or saturated

C3-C30 ring structure optiHnaI(I%/ ncont ai ni ng one or

nor e het eroatons,, each Rl bubsﬂﬁenwl s{ ndependent |y

hydrogen or a st(%:gg\/r/ had Cl- €32 al kyl group
or al kenyl group a R2Y R 3, R4\,N , R 64 and R7 are
i ndependently hydro r a st_" ght aor Bhched C
i -C32 al kyl group or al kenyl gr oughopltj onal l'y
contai ning a functional group, the proce conpri sing

a) reacting a stituted or unsubstituted TNfphenyl -
(vgheremn m, % ! I%b t3 JJand R50 ave the aforementioned mee?mngsy with a

ketone or aldehyde.

8. A process for preparing one or more diaromatic amine derivatives

having the general formula:

h (RY)
RZ
(R)n/\,/—-—'\\ o N\///_l_\ R?
e —7N R
7%0 R5
R R6

wherein n is from 0 to 5; m is from 0 to 4; each R substituent is independently
hydrogen or a straight or branched C,-Cs; alkyl group or alkenyl group or two R
substituents together with the carbon atom to which they are bonded are joined
together to form an unsaturated, partially saturated or saturated C3-Csq ring

structure optionally containing one or more heteroatoms, each R! substituent is



p- phenyl enedi am ne derivative with an organi c epoxide

group; and (b) reacting the product of step (a) wth a
whedoonel409 al dehyde. 9 . The process of C ai m BCT/US2006/047454

wherein the substituted or 4tinsubstituted N -

phenyl - p- phenyl enedi anmi ne derivative is selected from

the group consisting of N - phenyl-p-phenyl

enedi am ne, N phenyl -o-phenyl enedi am ne,

N- napht hyl - pphenyl enedi am ne, N-napht hyl -

phenyl enedi am ne, N-(5, 6,7, 8-tetrahydro-I| naphthyl) -

r@,g;gg,yc;fggye ?*%3{952@ B B SEaiﬁ%tp?{LerM G P‘é%aw:amr Alkeny!
N- (5,6, 7, - 0-
Netqup asd s RS Ok RER i R AR pdde gt RS neen ok anpidt or

and conbi nati ons ther eof . 10. A lubricating oil )

c Orapehed Cofrsxdifph srormgr gisnd EroupaRtiosally gertaiping a functional
| ubricating viscosity and (b) an antioxidant inproving
efsfapt thegrogass nompfisioaga)araciingd sybstituted o unsubstitutesd N-
am ne derivatives of Clains 1-5. 11. A lubricating oil
c phpodip:plenybosgieingnader{valivawitheasirgane epididogroup; and (b)
| ubricating viscosity and (b) an antioxi dant i nproving
efréaetihg tte moduitof step (hweith eketonoor aidebytee o f C aim 6
.12. An additive package conprising about 1 to about

75 wei ght percent of one or nore of the diaromatic

am ne derivative of Clainms 1-5. 13. An additive
packag®. ckhEproSdss of @it 8, IvHeteim Hesubstituwdi o hsylstitedl N-
of. the reaction m xture of Claimé6. 14. A

S toRbi 1z SHen§ e diafii NG d GO 08 i st delbated G tlsd HPup @dnsiling of N-

° rp(‘l:’ljnnylfl—cp-phenyl enediamine, N-phenyl-o-phenylenediamine, N-naphthyl-p-
phenylenediamine, N-naphthyl-o- phenylenediamine, N-(5,6,7,8-tetrahydro-1-
naphthyl)-p-phenylenediamine, N-(S,6,7,8-tetrahydro-2-naphthyl)-p-
phenylenediamine, N-(5,6,7,8-tetrahydro-1-naphthyl)-o-phenylenediamine, N-

(5,6,7,8-tetrahydro-2-naphthyl)-o-phenylenediamine and combinations thereof.

10. A lubricating oil composition comprising (a) at least one oil of
lubricating viscosity and (b) an antioxidant improving effective amount of one or

more of the diaromatic amine derivatives of Claims 1-5.

11. A lubricating oil composition comprising (a) at least one oil of
lubricating viscosity and (b) an antioxidant improving effective amount of the

reaction mixture of Claim 6.



mat eri al subject to oxidative, thermal, and/or

I i ght-induced degradation and in need of stabilization
wo eoggrement or inhibit such degradation; and (BYT/@S2006/047454

stabilization effective angant of one or nore of the

di aromatic am ne derivatives of Cains 1- 5. 15. A

met hod for stabilizing an organic material subject to

oxi dative, thermal, and/or |ight-induced degradation

and in need of stabilization to prevent or inhibit

such degradation, the nmethod conprising adding to the

organic material a stabilizing appunt of one or nore

of t heldi Apgdditive paskage cawprisiagiahedt loie 6Pyl s Weight pergent of

A stabilizer-containing conposition conprising (a) an

oeugaer rooteef dd dirosugticaenine dedvdtiyal ¢daimsHe?.mal , and/ or

i ght-induced degradation and in need of stabilization

to prevent or inhibit such degradation; and (b) a

stabilization effective amobunt of the reaction mxture

of O ailtn Bnkdditide patiheg chaprisinglabbitzi twpbant ¥ gaight percent of

materi al subject to oxidative, thermal, and/or

| tghtadtiod weiRthré6gCR@atd.on and i n need of stabilization

to prevent or inhibit such degradation, the nethod

conprising adding to the organic material a

stabilizing anmount of the reaction mxture of C aim6®6.

14. A stabilizer-containing composition comprising (a) an organic
material subject to oxidative, thermal, and/or light-induced degradation and in
need of stabilization to prevent or inhibit such degradation; and (b) a stabilization
effective amount of one or more of the diaromatic amine derivatives of Claims 1-

5.

15. A method for stabilizing an organic material subject to oxidative,
thermal, and/or light-induced degradation and in need of stabilization to prevent
or inhibit such degradation, the method comprising adding to the organic material
a stabilizing amount of one or more of the diaromatic amine derivatives of Claims

1-5.

16. A stabilizer-containing composition comprising (a) an organic
material subject to oxidative, thermal, and/or light-induced degradation and in
need of stabilization to prevent or inhibit such degradation; and (b) a stabilization

effective amount of the reaction mixture of Claim 6.
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17. A method for stabilizing an organic material subject to oxidative,
thermal, and/or light-induced degradation and in need of stabilization to prevent
or inhibit such degradation, the method comprising adding to the organic material

a stabilizing amount of the reaction mixture of Claim 6.



