. e3e-&& t)dp)j-6-T-Zj LUBR CANT COMPOSI TI ONS COVPRI SING MULTIPLE 3 I%Y 2003
ANTI OXI DANTS BACKGROUND COF THE INMWWWW&WMﬂmwm Field of the Invention The
present invention is related to t nt in oxidation stability of
| ubricating WPPY3HAY, nore particul ardgiest 0 t he oxidation st dYE2391
m neral oil and polyol ester base oils by a conbination of at |east two
anti oxi dants. ZLUBRICANT ICOMPOSEITTONS CONMPRISINGNMUILTTPLESANTIONIBANTS
the internal conbustion engi nes of autonobiles, trucks, trains, ships, and
aircraft, are subjected to a demandi ng environnent during use. This
environment results in the oxi i ' j fdation is ~s
catal yzed by inpurities that §?§§‘§Wﬁﬁ?@oﬁ@’ﬁ&@6 i ron conpounds,
and further pronoted by the el evated tenperatures that arise during use.
Thi s oxi dationlef | Jieldefithednwentionduring use is usually controlled, at
| east to sonme extent, by the addition of antioxidants that may extend the

useful life of the dhe predehr invamionciorplatdttb GtsinioVvemhdht MoMaitionustatiRgastdar y
diarylam nes are widely zo known in the art. The use of

2,2, 4-trimet hyllﬁlilric%gg;% ?}z‘igéﬁfﬁgg@l@@%@w%ﬁ& +ﬁdﬁlo?n%dﬁ€lﬂw nthéAPEIANG 0 2

| esser extent. JP 5 di scl oses

2,2,4-trinethyl -1, 2-di hydroqui nol i ne .pol r as a useful, antioxi dant for
ester or m n8r é’P}yngStﬁraéaegﬂ qﬂagyi%%“?%gatﬁﬁ@af%t DYOARUEBIRASn di sul fi des.

z5 JP 57115493 (July 17, 1982) discl oses

2,2, 4-tri met hyl2- 1, 2-Respription of Related Avél ymer as a useful antioxi dant for

| ubricating oils. *@0002* -1 3 0 MAY Z003 WO 001 32724 PCT/ US99/ 27391 JP

53051206 (Decenber 2britAp) oith, 36 eskEin the ttdmbl ¢ommbusiion dnpinedidfudiompbiles) i ne
honopol ymer as a useful antioxidant for polyol ester based lubricating oils

[ mbi nat i ' i ohi.sph : : DI
(scr baent hor ek LONS Rl IPkT ek Soied (PEBEMARREE B otlrs B |
sl o by TASE BB eFCRBHs IRy of Be oAb Msai 19 000

15 catalyzed by impurities that are present in the oil, e.g., iron compounds, and further

promoted by the elevated temperatures that arise during use. This oxidation of
lubricating oils during use is usually controlled, at least to some extent, by the
addition of antioxidants that may extend the useful life of the oil.

Lubricant compositions containing various secondary diarylamines are widely

20 known in the art. The use of 2,2,4-trimethyl-1,2-dihydroquinoline polymers is also

known, although to a lesser extent.

JP 53051206 (May 10, 1978) discloses 2,2,4-trimethyl-1,2-dihydroquinoline
polymer as a useful antioxidant for ester or mineral oil based lubricating oils that also
contain disulfides.

25 JP 57115493 (July 17, 1982) discloses 2,2,4-trimethyl-1,2-dihydroquinoline

AR
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polymer as a useful antioxidant for lubricating oils.



m xture consisting essentially of 2,2,4-trinethyl-1,2-di hydroqui noline
mononer, diner thereof, and nore highly polynerized products than tI{eMAY 2003
dimer, the contents of the quinoline nmononer and the quinoline diner being
[ess than 5 by wei ght and 25 percent by wei ght or nor

respectivel y%ﬁ@g?ﬁti degradants for rubber are said to be us Fafus?%zrngl
preventing both heat aging and flex cracking of rubber. U S. Patent No.
4,326,062 di scl oses 1H53051206 4Dtsenmbet DY) 19843 dikichosey DAL4-Brdhegl-pat yer
contai ning 25 percent by weight or nore of the diner Is ~s effectively
prepared by theg; I i A-1 1l - L i i ne
nononer in the %ﬁg@éﬁ@éb@?@ h%(r)]g%wﬁglrz?sca g%k@%'g& élé]d(%rgﬁggh{}%g{ Igsgé;r t%l

hydr ochl ori ¢ acj g being from1l S to 25 percent by weight, and the anount of
hydrochl ori ¢ acianeRIngPils.1p combmatonyih HIbIPhEROISf the total of the
nmononmer and inpurity am nes contained in the nononer. The polyner is said
to be useful as an aPelishx®IcdA28§50fDeacerbbaril, 2097 &isclbses ehmdt pay. 4, 374, 218

di scl oses that rubber conpositions containing, inter alia,

pol y(2, 2, 4- t rj ngt Huliritednyd 1NY.AiRAMGRMIIAE) is8XBfuP i 2 frafORRLSRDI1QH ddrease
properties especially suited for use as fluid sealing elenents, such as
val ve seal s, pi n washers, and faucet seats. z_ 3 D MAY 2003
1~~0 001 32724 1&5‘3%?{!%38‘553"?‘391 Canadi an Patent No. 943,962 discl oses
substituted | ,2-di hydroquinolines that are said to have excellent

anti oxi dant, bacteri éi%aﬁ"‘,‘emrﬂ‘éd’tsﬂﬁ@% digplgses angidesradantsofos pebler €eMpEHAL &
process and apparatus for their preparation. U S. Patent No. 5, 310,491
descri bes a reamixtore aongistimgeesséntoillyod2y2, drtrinettanid , 2 dinydogeinoliat kydnatmed,

1, 2-di hydroqui noline, to forma reaction product which is described as

havi ng anti oxi dgiffer ¥6dreof] bid more hibhPEPA§MERSePhroilifs IHANABOUMEra R contents of
i ncorporated herein by reference in‘their entirety. SUMVARY OF THE

| NVENTI ON |t ' 1at:. ' [
di aryl am ne. dnarg S MeRHE BhenEo KRy 9 GliRcR SARRLARL ARG uRn FoataR ot | o
highly effective jn inhibiting oxidation in |Jubpricating oil conposjfions.
The 2,2, 4-trial V!}# Q%P%C%n%ydv%am WoPPise TBESHYSELY - albesandificgragputs feruphengre
secondary diarylamnes to provide significant inprovement in oxidation
control . More psid iachs eseful for peevpntingchnth heateaaginigoand fexdiraeddngdf rubber.
conposition conprising lubricating oil and at |least a first antioxidant and
a second anti oxi dant U.S8.heaténté. 4,826,062 daclosdzahiR,d 4sepanbiary2di aryl am ne
and the second antioxi dant being a 2,2,4-trial kyl-1, 2-di hydroqui noline or a
pol ymer ther eof gihydroguinoline polymer containing 25 percent by weight or more of the dimer is
15 effectively prepared by the polymerization of 2,2,4-trimethyl-1,2-dihydroquinoline
monomer in the presence of hydrochloric acid, the concentration of hydrochloric acid
being from 15 to 25 percent by weight, and the amount of hydrochloric acid being
0.2 to 0.5 mole per mole of the total of the monomer and impurity amines contained
in the monomer. The polymer is said to be useful as an antioxidant for rubber.
20 U.S. Patent No. 4,374,218 discloses that rubber compositions containing,
inter alia, poly(2,2,4-trimethyl-1,2-dihydroquinoline) exhibit a combination of

properties especially suited for use as fluid sealing elements, such as valve seals,

piston seals, washers, and faucet seats.



I'n anot her aspect, the present invention is directed to a nethod of

i ncreasing the oxidation stability of a lubricating oil conprising agjgimg 20
thereto at |least a first antioxidant and a second anti Qxi (gj.aﬁ% %he firs 03
ant i oxV&M32Hi ng a secondary diaryl amine and the secodd” BRdant bei ng
a 2,2,4-trialkyl-1,2-di hydroqui noline or a polyner thereof. -3_ 3 0 MAY
2003 WO 00/ 32724 RCT/ he? H ' ; | MENTS
The ratio of NETOERGTIATy hrary an meoty PR SR

di hydroqui nol i ne or polynmer thereof in the m xture enmployed in the

| ubri cat i §1§ %8id| 1o henp exGel F8tigy I da e basi s, PHReEREGRORRE 5L
substantially all proportions. s Preferably, the ratio of secondary

di aryl am py@pbmic® udd ¢ pradesd doyl appardtudifbydieoguepacdtione pol ymer will be in the
range of, nore preferably, about 90:10 to about 10:90 parts by weight. The
secondary di ar&/I amne may be in the lubricating oil conposition in a range
of about 0.01U & AtoutNA.C, Wei4itdepaibesateactondmixteé efﬁfhcmyahﬁmtmﬁ.al t o about
5 wei ght njpaogentalkylnel P22iMydrgduilotine, 1 famlh RYSHRAP Rt WhRh B deRQin¥drer

t her eof a4 B iNBYIRK]datht A@ith Ubricating oil conposSition in a range of about
0.01 to about 10 wei ght percent, and preferably about 0.1 to about 5 weight
percent. The secondary diarylam nes are well known anti oxidants, and there
i's no particul ghed&slosines od hedoregbihgt & cofposREd Retainybdieférghceiin teirt hat can
be used in the practice of this invention. Preferably, the secondary

di aryl am ggmgg;_i oxidant is one ~s of the formula R -NH Rz where R, and R2
each independently represent a substituted or unsubstituted aryl group
having from®6 to 46 carbon atons. I|llustrative of substituents for the aryl
noi eties are aliphatic hydrocarbon groups, such as alkyl of 1 to 40 carbon
atons, hydroxyl, carboxyl, am no, Nalkylated am no, N-arylated am no,

N N-di al kyl ated am no, vi tY@VIMARY, QFCTHENNCENTIQN eties are preferably zo
substituted or unsubstituted phenyl or naphthyl, particularly where one or
bot h of the aryi hasoiost bezs divscovesed Hiat b ubmbinalidh ofh kstonday alarplamineantiavi ng 4
to 24 carbon atons. The al kyl noiety, which can be of 1 to 40 carbon atons,

can have gidl QLRI 3-8 delSEhBI R ofpdlRBCIER0F Walighly WifebiiveTRY be a fully
saturated or a partfially unsaturated hydrocarbon chalx; for exanpl e,

met hyl, egm&ﬁngr&%ﬂmn Pnu]tuxlricmﬂgn(}iyldmpositions. The 2,2,4-trialkyl-1,2-

dihydroquinoline polymer acts synergistically with secondary diarylamines to provide
significant improvement in oxidation control.

More particularly, the present invention is directed to a composition
comprising lubricating oil and at least a first antioxidant and a second antioxidant, the
first antioxidant being a secondary diarylamine and the second antioxidant being a
2,2,4-trialkyl-1,2-dihydroquinoline or a polymer thereof.

In another aspect, the present invention is directed to a method of increasing
the oxidation stability of a lubricating oil comprising adding thereto at least a first
antioxidant and a second antioxidant, the first antioxidant being a secondary
diarylamine and the second antioxidant being a 2,2,4-trialkyl-1,2-dihydroquinoline or

a polymer thereof.



3 0 MAV 2003 WO 00/ 32724 1' CT/US99/ 27391 hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadeeyl, hexadecglg, MAY 2003
hept adecyl, octadecyl, oleyl, nonadecyl, eieosyl, heneicosyl, docosyl,
tricosyl, tew@ensyls, pentacosyl, triacontyl, pentatriacontyl pchaigoaeant yl,
and the like, and isoners and m xtures thereof. s Exanples of sonme of the

secondary diarylamnes that are useful in the practice of the present
i nvention include: di phé?@$€1m%!0NtﬂHEéW@IIHiEEEBR{E&EM&QDIMELENT&I kyl at ed

di phenyl am ne, trial kyl ated di phenyl am ne, or m xtures thereof,

3- hydr oxydi phenyl ani mge réiidwithexgcinabgndihnidmioe (6w, 2 angialiyl-1,2-
di - but yl di phenyl am ne, nono- and/or di-octyl di phenyl am ne, nono- and/or

di - nonyl di pheny ' . - ' . -~ - - ne. .
oL oyl o ey A AR R BRI U TRE o PR C ke APHE IR P
&1 Sopr opoxycl pHEAPPINTRE! (¢ BESR DGR SABAG Y SRIEBHEN PRI ur es
of nono- and dial kyl ated t-butyl-t-octyl di phenyl am nes, N phenyl-1,2 ~s

phenyl enedi anms n®refdtaphyeitye ratiodfsheondapndidiydarnime to ¥, N4 ~-tiBalphehy2Hdipydroguinoline
phenyl enedi am ne, N, N -di (napht hyl -2) - p- phenyl enedi am ne, N-isopropyl-N -p

- phenyl enedi anppgmelNwifl b2-iflitheangt B! mbe pYefePAtPydboRt PRE0NS 8B 1B0Rarts
N- (1- met hyl heptyl Y- N - phenyl p-phenyl enedi'am ne,” and N cycl ohexyl - N -phenyl

p phenyl enedi am . I, L - 10 vl - - dj ' [ .
pol ymers ther eg}) Q&eﬁ ar@eem?@%éggl%ﬁg%s%@égéma{r}f? ?f%&g(ﬁ?cggh? 8!lrfB egg?%lsne%\t
i nvention, the trial l§yl n&sw can caonpr.i se any al kyl fgroups that wll not
adversel y af f ecfanggot 2hewtdkPhite aboy 18 vsightinegeenssandipseiembbbabayt O74 19 2oqpt v
the three al kyl groups, which may be the sane or different, will be | ower
al kyl groups, f6érweightmsreent.ndbe 2haditniglkyhé, 2-dihfdnoquimaliboor pdymegtheregiylse003
WO 00/ 32724 PCT/ US99/ 27391 atons, i.e., nethyl, ethyl, propyl, isopropyl,

butyl, and i seneday dehiarnpefubrichting oRc6mPosigsh iMatangBef bbolkyl to@cat YO height
trinmethyl. The 2,2,4-trial kyl-1,2-di hydroqui noline of the present invention

T LTt PR Y AR AT IOB o R € 30
The secondary diarylamines are well known antioxidants, and there is no
particular restriction on the type of secondary diarylamine that can be used in the
practice of this invention. Preferably, the secondary diarylamine antioxidant is one
15 of the formula R,-NH-R, where R, and R, each independently represent a substituted
or unsubstituted aryl group having from 6 to 46 carbon atoms. Illustrative of
substituents for the aryl moieties are aliphatic hydrocarbon groups, such as alkyl of 1
to 40 carbon atoms, hydroxyl, carboxyl, amino, N-alkylated amino, N-arylated
amino, N’N-dialkylated amino, nitro, or cyano. The aryl moieties are preferably
20 substituted or unsubstituted phenyl or naphthyl, particularly where one or both of the
aryl moieties are substituted with alkyl, such as one having 4 to 24 carbon atoms.
The alkyl moiety, which can be of 1 to 40 carbon atoms, can have cither a

straight chain or a branched chain, which may be a fully saturated or a partially

unsaturated hydrocarbon chain; for example, methyl, ethyl, propyl, butyl, pentyl,

-4 -



R~ n where n in an integer of 1 to 1000 and R3 is hydrogen, alkyl, or

al koxy. Preferably, nis an integer of 1 to about 10, in which case thmWZMJ
are often referred to as oligonmers when n is greater than 1. An exanple o

t he manuf act weo®f2724 2, 4-tri net hyl -1, 2- di hydr oqui nol i ne pol ymeics/uses27391
disclosed in U S Patent No. 4,326,062 and references cited, the ~s

di scl osure of which is incorporated herein by reference. Were R3 is alk

it is preferabl yexdkkaptys ogtyﬁmozml,cd@ﬁﬁoﬁnéw lodgcyy, trideex)hjatradecybpepiadecyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,

dodecyl, tri dechéxadeefly befeadecyl, petatiadecyleyl, Inemat&eydyéicom,pmaﬂimyyl, docosy],

oct adecyl , nonadeceyl eicosyl, and the like, and isoners thereof. \Were R3
is al koxy, sim} i 0 r h of
,3, 21 Koy, 51 ot ki B Rl bk, JBaLIN BB EIE 18
hexoxy, heptoxy ctox onox eco§ undecoxy, dodecoxy, tridecoxy,

t et radecoxy, peff HBE@ %@%g§vu’heptadecoxy oct adecoxy, nonadecoxy)
ei cosoxy, and the |ike and |soners thereof. -6 3 0 MAY 2003 WD 00/ 32724
PCT/ US99/ 27394 CormeEshmpley ofveine ablhe serendaredianflamine thapatsi weful ircthgdwactice
6- dodecyl -1, 2-di hydro 2,2, 4-tri met hyl qui nol i ne and

6- et hoxy-1, 2- di bydfeqyraseﬁt Awkmﬁdmhbmbawdlfpﬂehgalemnﬁﬁencm@mymdd &iphedylamine,
anti oxi dant additives of this invention can be used in conbination with

ot her add'tlvesﬁfa@d@a& !d%;) qum'eé Aluﬁe,ps@a nght, e, BF MikiuresdRergbfier s

ant i oxi dant s. Iti ypl c oun ricating oils aré, for
exanpl e, di sper rust i nhi b| tors, antioxidants, netal

t t
deactivators, a n 2 %58‘2 g'r’]“rffnfthygéw iRhenylamysie;, B?P"HDHP‘f/Pérs, seal swel |

agents, denuIS|f|ers i nprovers, pour point depressants, and the |ike.
See, e.g., US. deweflﬂlphWylammgsnw apgfor gliwewddiphrnylaming, mert@nd/or

| ubricating oil conposition additives, the disclosure of which is

i ncor por at ed ,her:lehdshMiphaf)emme,eplﬁamyi-thna(pntHyraatiye, pheayipl-aspiahylaiieer sant s
i ncl ude polyi sobutyl ene succi ni m des, polyisobutylene succinate esters,

Manni ch Base a?'&lih%ﬁ@]&k:ﬁé?ﬁr‘iaﬁﬁﬂé Smoﬁ@danbi/'@r dxl(ﬁ%etﬁglﬁmlﬁﬁ }Egn Aehifd, dRdtos

include nmetallic phéena netalllc sul fonates ic sa |cyla|es and

SR R e I T e
4-isopropoxydiphenylamine, t-octylated N-phenyl-1-naphthylamine, mixtures of
mono- and dialkylated t-butyl-t-octyldiphenylamines, N-phenyl-1,2-

15 phenylenediamine, N-phenyl-1,4-phenylenediamine, N,N’-diphenyl-p-
phenylenediamine, N,N’-di(naphthyl-2)-p-phenylenediamine, N-isopropyl-N’-p-
phenylenediamine, N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine,
N-(1-methylheptyl)-N’-phenyl-p-phenylenediamine, and N-cyclohexyl-N’-phenyl-p-
phenylenediamine.

20 In the 2,2,4-trialkyl-1,2-dihydroquinoline and polymers thereof that are
employed as the second antioxidant in the present invention, the trialkyl moiety can
comprise any alkyl groups that will not adversely affect the antioxidizing properties

of the compound. Typically, the three alkyl groups, which may be the same or

different, will be lower alkyl groups, for example those having one to four carbon

-5-



hydroxyl at ed thi odi phenyl ethers, al kylidenebi sphenols, oil soluble copper
conpounds, and the like. Exanples of antiwear additives that can pg ?(ﬁzl n
conbination with the additives of the present invention include organo

‘bor at es, or g¥EPOPRBIphi tes, organi c sul fur-containi ng compounesT/URIIMTIA0

. di al kyl di t hi ophosphates, zinc diaryldithiophosphates phosphosul furi zed
hydr ocarbons, and the |ike. npl es of friction podifiers incl ude fatty
acid esters and'@Rides; ”@F}tﬁm"d %Pwubnmﬁremﬁpbwhgndm%aéwmﬁ Itis

di al kyl t hi ocar banmat es, nol ybdenum di al kyl dithi ophosphates, and the I|ike.
An exanpl e of qneﬁmteﬁfthmn%triaﬂ}s_/lpmdiytgitiemdammyand the Iike. An exanple of a
rust inhibitor is a polyoxyal kyl ene pol yol 3 0 MAY 2003 WD 00/ 32724

PCT/ US99127391 and t ke RENGILLY ; i
copol yners and di spe??a%ltz ofnefl n c%gmyg; gnogﬁPBPWRﬁe%(eBPldXﬁﬂledjiaﬁi&1gc18]gea

Gompodi 1 ons. ‘e Raneiy ReRRTFE RO 5 /G P e v Eera b e o e

typically blended into the base oil in anpbunts such that the additives
therein are éf fSE¥EW® to provide their normal attendant functions.
Representative effective ambunts of such additives are illustrated in TABLE

1. ~0 ~s 20 TABLE 1AdditivesPreferred
.| nprover1-121-4Corrosion | nhibitorO.
| nhi bitor0.01-50.01-1. 5Di sperjsanjg & Lube G| Flow

| nprover 0. 01- 20. 01- 1. 5Det er geng ¢ R r0.01-60. 01- 3Pour Poi nt
Depressant 0. 01- 1. 50. 01- 0. 5Ant i oahd .[001- 0. 10. 001- 0. O1Ant i wear
Agent 0. 001-50. 001- 1. 5Seal Swell_.ant 0. 1- 8. rnction

Modi fier0.01-30.01-1. 5Lubricati ng Base Q| Bal anceBal ance Wen ot her
additives are enployed, it may be desirable, although not zs necessary, to
prepare additive concentrates conprising concentrated solutions or

di spersions of wheeslibjadhtegeidoft | weB000fantIR,$s hydrogdn, atkyl, or alogenPreftrebly,
anounts _ 8. 3 0 MAY 2003 WD 00/ 32724 PCT/ US99/ 27391 her ei nabove
described), togetsharinti skfloPN6o ﬁ’tfoum?0em%hﬁﬁ'cﬁ’se%é}%re@#@htrl:t‘éﬁ%d (5@ Bligomers
concentrate when constltutlng an additive mxture€ being referred to Rerein
as an

%vore Preferred Weight %/ . |
.{01- 1. 50xi dat i on

when n is greater than 1.

An example of the manufacture of 2,2,4-trimethyl-1,2-dihydroquinoline

polymers, is disclosed in U.S. Patent No. 4,326,062 and references cited, the
15 disclosure of which is incorporated herein by reference.

Where R; is alkyl, it is preferably alkyl of 1 to 20 carbon atoms, e.g., methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadeceyl,
eicosyl, and the like, and isomers thereof. Where R; is alkoxy, similarly it is

20 preferred that the alkyl moiety thereof be of 1 to 20 carbon atoms, e.g., methoxy,
ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy,
undecoxy, dodecoxy, tridecoxy, tetradecoxy, pentadecoxy, hexadecoxy,

heptadecoxy, octadecoxy, nonadecoxy, eicosoxy, and the like and isomers thereof.



additive-package) whereby several additives can be added sinultaneously to
the base oil to formthe lubricating oil conposition. Dissolution $0 MM&003
additive concentrate s into the lubricating oil can be facilitated by

sol vents and¥80%B4724i xi ng acconpani ed with nild heating, but RGH/AESIL7It
essential. The concentrate or additive-package will typically be formulated
to contain the £ i i r QVi I r£d.
concentration i@“‘ﬁ#&%ﬁig}l@%}%ﬁfa&pﬁ%ﬁ&%@ﬁ%@&d&ﬁ(?ei @'@SS%S%&QZZ'QE'?“O'
combi ned with redet erm ned. anount of base |ubricant. Thus, the subject
additives of tRespHragehylquinaiieiagd teelhonye] dadibndron?.  falrimetgapineling. base
oil or other conpatible solvents along wwth other desirable additives to

f or m addi ti ve- packadhs combiraitioh of aaidxidant addjitieel efithis inventionlcas be wsedaimount s
of, typically, about 2.5 to about 90 percent, preferably about 15 to about

75 percent, andomBinatod M@ RéradaRRes typreall§ 8 In RBrie/MEENs, BY wéftia8Biher
additives in the appropriate proportions with the renmai nder ~s being base

oil. The final f ti i | y_enpl about to 20 wei ght
percent of t he a‘é@“d{w 4"\?% gﬁ% Egégvéﬁy&ﬂﬁ%byeyorugggp ﬁ%beﬂcag% ﬂl;lgls B ioro‘?xlaf’%% | of

t he wei ght percentages expressed herein (unless otherw se indicated) are
based on the adisPesanthgiciereents, UAl nhibiiptse antigridame metal deaghvatansd ARIVeason
the total weight of any additive-package, or fornulation, which will be the
sum of the Al agenisiaglifoaofaneqdhictaahdmbdifiersyises swed agentghderodlsifietsal oi | or
diluent. In general, the additives of the present invention are useful in a

variety of | ubniGahpré\@ripouPpsmit aksteksants, TARI IhdideC &ek NG g0l U, Pa%enst OCK i's
any natural or synthetic lubricating oil base stock fraction having a

about 3 o abodlo-set PR et FlPuf Aok of sborBRiS, BUSEORY

0o/ 327aa PCT/ US99/ 27391 to about 100 cSt. The lubricating qil base stock

can be deri vigd dsclasimsaf wwhich 19 eppatatedgheseindy wigrentstin dtsiepbrattat i ng oil s,
or mxtures thereof. Suitable lubricating oil base stocks include base

st ocks obt ai ned by iExempldszdtdispersaftssyaludeepal gisomxylancswainimakesyel | as
hydr ocr ackat e base stocks produced by hydrocracking (rather than s sol vent

extracting) theohiebalyldhed06ciRfEL aktefsO NMARM Baselash1BR dispeekantsNaid!ihellike.
| ubricating oils include animal oils, vegetable oils (e.g., rapeseed oils,

castor oils, arﬁjﬁaéﬂ% o?idhggtr%égﬁ irngiu‘al:’mel%lgé pné);ﬂ-éi?bggﬂ{eg i ﬁlrﬁgfés,oljnkfillféeri ved

fromcoal or shale. Synt oll's 1nclu arbon oils and
hal o- subst ]t ut ed INdLOGR BONOL! By SHEN PSRRI ha5de Sl SEROIIRLZ
15 N-alkylated phenylenediamines, hindered phenolics, alkylated hydroquinones,
hydroxylated thiodiphenyl ethers, alkylidenebisphenols, oil soluble copper
compounds, and the like. Examples of antiwear additives that can be used in
combination with the additives of the present invention include organo borates,
organo phosphites, organic sulfur-containing compounds, zinc
20 dialkyldithiophosphates, zinc diaryldithiophosphates, phosphosulfurized
hydrocarbons, and the like. Examples of friction modifiers include fatty acid esters
and amides, organo molybdenum compounds, molybdenum dialkylthiocarbamates,
molybdenum dialky!] dithiophosphates, and the like. An example of an antifoamant is

polysiloxane and the like. An example of a rust inhibitor is a polyoxyalkylene polyol

-7 -



al kyl ated Bi phenyl ethers, alkylated Bi phenyl sulfides, as well as their
derivatives) anal ogs, honol ogues, and the like. Synthetic |ubricat3h¢Abi003
al so include al kyl ene oxi de pol yners, interpolyners, copolyners, and
derivatives wbabephs Wherein the term nal hydroxyl groups havecPeesbniie
nodi fied by esterification, etherification, etc. Another suitable class of
synthetic lubricating oils conprises the esters of ~s dicarboxylic acids
w th a vari ety aofi thd bhdroEsamplks of ¥1uspfareramchyintohadtn copoiynserabsd dispersande

t hose made fromC5 to C, ~ nonocarboxylic acids and pol yols and pol yol

ethers. These RMRMPLoRIYMRES afll ehedlild. ChAlex@flple G¥SSp&lr gb_‘?ﬁ%eg}ésﬁnf ar the
present invention. Exanples of polyol esters are:” C( CzR) 4

Pent aeryt hritol .C( CHZCO2R) 3 Tri met hyl ol propane Esters,
and (CH3) zC( G@Wégﬁégee% g %’ol Esters. where Ris a branched,

| i near, or mxed al kyl chain, preferably having from5 to 18 carbon atons.
- 1Q 3 0 MAY 2003 WD 00/ 32724 PCHubsyand ComposHionsol yol esters are nade
fromthe nono acids and nultifunctional alcohols. A few of the nore
commonl y used nono atoerdpositiansy ahen theyaonthin (BSke addipvanaiectypichllly blenjed into
pel argonic acid (C9), oleic acid (C,6), and m xtures thereof. Additional

ester base ol sth%t]i’ste il fn Mﬁ&%ftss%v.ﬁg'tﬁﬁt th®addifiv@ah¥Rin ﬁ%?{%gﬁglﬁfgﬁhe%& S

al so useful in the practice present 1 nvention inc esters of
t he diester type, oduce rom an.al cohol .and_a diacid, e.g., esters of
i pi o azel af doroBLARaER (it REpFeeRa e Sritureamclpr Gty ARGt
type, produced froman alcohol and, e.g., 1,2-benzene dicarboxylic acid or

pht hal i ¢ anhydrijlagratedd insEABEE Iof the trinellitate type, produced from an
al cohol and, e.qg.. 1.2 4 benzene tricarboxylic acid or trinellitic

anhydride; 4. gsters of the pyrotrinelli LRARI e Pr oduced from an al cohql
and, e.g., 1,24, 5-henzene tetracarhoxylic acid aor pyronellitic anhydride
5. esters of ot e di neradifitivds st er {ypepreRiQAUPEEh(%O0M RMére PPETR red Whight %0 |,
C36 ~s di ner agrds—or—hydrogenatedGb—drner—acrds—ant—other—stntar—to
t he foregoi ng. |[Commovi.lalmoptosks t hal can be ud2d to nmakp the abo¥d esters
i ncl ude n-hexanol, _Isoneptanol, 1soctanol, 2-etnyl heganol, 1 sononyr,
i sodecanol , trildecGagpsion Inhibitor 0.01-3 0.01-1.5
Oxidation Inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-5
15 | Lube Oil Flow Improver 0.01-2 0.01-1.5
Detergent/Rust Inhibitor 0.01-6 0.01-3
Pour Point Depressant 0.01-1.5 0.01-0.5
Antifoaming Agent 0.001-0.1 0.001-0.01
Antiwear Agent 0.001-5 0.001-1.5
20 Seal Swellant 0.1-8 0.1-4
Friction Modifier 0.01-3 0.01-1.5
Lubricating Base Oil Balance Balance

When other additives are employed, it may be desirable, although not
25 necessary, to prepare additive concentrates comprising concentrated solutions or

dispersions of the subject additives of this invention (in concentrate amounts



and the like. Silicon-based oils (such as the polyal kyl -, pol yaryl -,

pol yal koxy-, or Zo pol yaryl oxy-siloxane oils and silicate oils) cor?lﬂrM&YeZ(m3
anot her useful class of synthetic lubricating oils. Qther synthetic

‘1 ubricating BA%3#H8 ude iiquid esters of phosphorus cont ai ni R§TASPRI391

pol ynmeric tetrahydrofurans, poly a-olefins, and the like. The |ubricating
oi | may be derinednddcdfidditritoh) Weethe? iflone 8eh8H Sodlidbiher odiiti s Ldtd ©
thereof. Unrefined oils are obtainhe (Wrect y froma natural source or

0 MAY 2003 WO 00/ 32724 PgT/ US99/ 27391 agnl heti c sgu.r ce%ée. ., .coal, shale,
or tar and bit JPBFSNIREG WOER COBHIUNEE 4B AFPHIVEJP*BHC GFIng r frﬁ'&r‘l? her s of
unrefined oils include a shale oil obtained directly froma retorting
operation, a pedduiveipackige) wheesbysavetalraggditives camhe dddad; simuttansauslyto the base er
oil obtained directly froman esterification process, each of which is then
used without s dilfotfoein the hairiteiig oiRedmpeyition.! DikbRitidh OF ly addftive dontemee
oils, except that refined oils have been treated in one or nore

purification st; i : : e, i i : [ ion
echni ques. | ol (Hangr Aoy BiIRaR pB e Rt BRIl oy BBl Bitogafih
extraction, acid or base .extraction, filtratiaon, percolation, .and the |ike,
o1 o wht eh ard ek R, 8 Dhosiosiential The ehEesiae oradinT g ges Wik o
obtained by treating refined oils in processes simlar to those used to
obtain the ref itmpldalgy' be formhdated toegantdiméhe addittvesie prodpsbamnunis taprovidd the ned
or reprocessed oils and often are additionally processed by techni ques for

removal of spendesiréfitdricépsatiidinahé fihslgakaotion wdeh Chesadditier paeRigeid combirease
stocks derived fromthe hydroi sonerization of wax may a al so be used,

tocks d rom the hydroi so f W 50 be |
base stocks. SUM aai o uaRb At of BRCTUBNEEE HHUFNAc iRt udiaey B e ©

of natural or synthetic waxes or mxtures_ thereof over .a hydroi sonmerization
Ot oot et R Enion i adfef 10 FREN MauRR gL PEE oibenUBRELORA

sol vent dewaxing of mneral oils; synthetic waxes are typically the wax
produced by t hesobieatsralengrviih siher Zgsipabicedditiveste fors additiyeypackeaes eangipippduct
is typically subjected to sol vent dewaxi ng and fractionation to recover
various fracti cesvéingradiests sipedlectice Mnowmas of Vypicalh. abdan2 .50 rboat 3 pscait,so
characterized by possessing very high viscosity indices) generally having a

VI of at |east d3fRruty ab&itaBl ¥ aBbyyl ’ﬁaﬁérc%n@?axﬂf m?}%ﬁ@fcrﬁdw abdit! 2501 ABBut

dewaxi ng, a pour point of about -20C or lower) -1

60 percent by weight additives in the appropriate proportions with the remainder
15 being base oil. The final formulations can typically employ about 1 to 20 weight
percent of the additive-package with the remainder being base oil.

All of the weight percentages expressed herein (unless otherwise indicated) 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 Al

20 weight of each additive plus the weight of total oil or diluent.

In general, the additives of the present invention are useful in a variety of
lubricating oil base stocks. The lubricating oil base stock is any natural or synthetic
lubricating oil base stock fraction having a kinematic viscosity at 100°C of about 2 to

about 200 cSt, more preferably about 3 to about 150 cSt, and most preferably about 3

-9-



3 0 MAY 2003 WD 00/ 32724 PCT/ US99/ 27391 The lubricating oil used in the
practice of the present invention can be an APl base oil. Such oi3@MAY &03
described in the following table. s APl Base Q| CategoriesAPI

‘Cat egor yPer opnio/Sabar at esPercent Sul furViscosity | ndexG oup lpeTn®$dd/245993Z
80 and s 120G oup 11z 90s 0.03z 80 and s 120G oup | 1z 90<_ 0.03Z 120G oup
| VPoly a-olefinPoly a-olefinPoly a-olefinGoup VO her' G herQher ' |ncludes
all ot her base t@krbautd®0 dShcThddubricatingeilfhiagesstodkowan bgrdsmyed fromenaturdl ti ves of
the present invention are especially useful as conmponents in nmany different

| ubricating oi hukaBAS ohlk,ysthefib futatidiih dg ¥BS, dramxRged eledeleduitdbl@lubacagipy of
oils with lubricating viscosity, including natural and synthetic

oot e e STl S BB B o PR T e phger

crankcase | ubrica r-spar 81 6N |gn

i nternal conbustion engines. The conpositions can also be used in
engi ne | ubri can¥aX; as Webiasdydasrackalsthase goeksmpduced Péiﬁ’é’ﬁf%‘i%gf(ﬁ}hﬂs‘ha’bear

| ubricants, conpressor lubricants, netal -working lubricants, hydraulic
fluids, and et Belvehtudntiacang)rie ajdmaaitchngr}mdme:omnnmmi of thasrudeheNatdgil t | ves
can zo also be used in notor fuel conpositions. The advantages and the

i mportant f eat yhcatih to'ﬂ?ir&'hﬁi%%‘imhlrk‘ﬁ%n BMBi'] &e% R s@RRAs S Bdstdr’odm) t he
fol |l ow ng exanpl es. % 0 MAY 2003 OI 3272 CT/ U89912739t EXAMPLES

Pressure Differ | or i net,r Res s Th Pre

Dfferenti al ca%ﬁﬁ] ﬁg ﬁa?or?lﬁé?% (I.ngal %lg ﬁdae&vgd é’?g&ﬂ%ﬁh
measure of the oxidation induction time (AOT), of each bl end. The PDSC i
conditions s are givamtheicpaplirchyde Mloqaét?%ﬂlhtqnérﬁ@]%#bét"b‘ieéﬁﬁ’éw wils,

m nut es under a nitrogen atnosphere. The PDSC net hod enpl oys a steel bonb
under pressur e sutthas pallyaleyigdd arsl intdrpalgmetiked olefims, dieylbeaderfes opolyphenyls,
napht henate. At the start of a run, the PDSC cell is initially heated at a

rate of 40C perakyifted Qiphenyin@ndrs, %Pﬁﬁt@&'d:ﬁkﬂﬂﬁ%md& €asl wél ﬁsimlen RAGRIvegsUl t'S
table. The induction tine is neasured from tine the sanple reaches
analogs, homologues, and the like. Synthetic lubricating oils also include alkylene
oxide polymers, interpolymers, copolymers, and derivatives thereof, wherein the
terminal hydroxyl groups have been modified by esterification, etherification, etc.
Another suitable class of synthetic lubricating oils comprises the esters of
15 dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also
include those made from C,to C,, monocarboxylic acids and polyols and polyol

ethers. These polyol esters are a preferred class of base oils for the present

invention. Examples of polyol esters are:

C(CH,CO,R), Pentaerythritol Esters,
20 CH,CH,C(CH,CO,R), Trimethylol propane Esters, and
(CH,),C(CH,CO,R), Neopentylglycol Esters.

where R is a branched, linear, or mixed alkyl chain, preferably having from 5 to 18

carbon atoms.

-10 -



lo its isothermal tenperature until the enthal py change is observed. The

| onger the oxidation induction tine, the better the oxidation stabi gBt AY%[B
the oil. The PDSC i nstrunment used is a Mettler DSC27HP manuf act ur ed J‘*
Mettl er-Tol eW® 003384 The test has a repeatability of 2.5 nmi nuPEEUMYIIID5
percent confidence for OT s less than 100 mnutes. Each data point is the
average of two runs Lngl e tes lend., Table 2 PDSC T .

Par anet er sTest PDSCT élﬁr]rp%e‘foﬁdl} %g‘@gsrarrggﬁ aed%(fg‘gla “&"a%“? 3%9%%&’”@"%8?5%@@@50 .
psi Fl ow Through Cel | 100 nLl m n. Cat al yst 50 ppm I ronSanpl e Hol der Open, |

Al uni num PanSarfpfe of theamprg sosmreeniynisad mern rpigs pie \aletirgacid 6Cs) 1 heptamicagifny
2003 s wo ool 3a72a PCT/ US99/ 27391 Tabl e 3PDSC Results in Polyol Ester QI
For mul at i onBl en(@Anpelaxgahdnhodd (X bRinicie (0, S ahf whixuied hefkeotf.n. 1Naugal ube
640- 22036. 1( 1. 0) 2Naugal ube TMXNaugal ube 64022055. 8( 0. 25) (0. 75) 3Naugal ube

TMNaugal ube 640220@@dcﬁﬁ&\a59§t€pb§gbﬂ§|@%%élp@rr-gm%%éj yol esters and that are
64022073. 4(0. 75) (0. 25) 5Naugal ube TMQJ 22057.9(1.0) The datain Table 3 were

generated in a I > r se Qi Hat col 3365 tco Corporation) . The
secondary aryl ﬁrr;%%n%gtuéz'?gh%%g 'Y o(c?éir‘ﬁ)f’r&e "&Yeﬂﬁgn B’fcs@&yl ated and butyl at ed
di phenyl am nes (Naugal ube 640, Uniroyal Chem cal Conpany, Inc.). The

2,2, 4-trinmet hyll 1, 2-cgters/of e giastsr ityRe, Brodysad fropean dlgohal and agljagid, 8¢ esters
comercially from Uniroyal Chem cal Conpany, Inc., and is sold as Naugal ube
TMQ The O T nedadipierenzthio)ketacinded&aanid, dcidgnonstrate the superior -
oxidation stability of m xtures of the two antioxidants. The total anount

of antioxidant v n e kg g&ﬁg . %&Jﬁ )

under the condizt'i on?%&%ﬁﬂ“gﬂ@ﬂl&%%’emfdgt 2 grgan - f@hrﬁﬂ%%’??/&{ﬁ%gge WO
001 32' 724 s PCT.US$9x/ %%39]1 Ta I[e APDﬁC Results in Polyol Ester Ql

For nul ati onBl end&ntTax c?ﬁrﬁjt%rﬁ %%gﬁcaaé‘ ?’% O T(wWm 9% (w99 Cmi n. 6Naugal ube
640-22024. 1( 1. Q) 7Naugal ube 640Naugal ube T 2031. 0(0. 75) (0. 25) 8Naugal ube
640Naugal ube'*TMR20F8te1y of @e)ﬂ(lm.eﬁgatgl\mm@r e iroMAgdFQed and, e.g., 1,2,4-
TMR2047. 0(0. 25) (0. 75) 10- Naugal ube TM®R2045. 4( 1. 0) 11Naugal ube

640- 22028. 2( 2. MehzaMaugeirbbeyl B4@Nhog e mdlBtid MJR2IEIES; 9( 1. 0) (1. 0) 13Naugal ube
640Naugal ube TMQR2063. 5(0. 50) ( 1.50) 14- Naugal ube TM®R2059.5(2.0) ~s The
data in Tabl e 4 wer es@easf deYrdinRlIIRDeNPpe, PréRice®foth M hicohiitaga) e.3754,

Hat co Corporation). The secondary arylamne tested was a conpl ex m xture of
octylated and byl abeth fL RRRYLBR)IRCRid DBPYFRREARiCHRyarithd;" oyal Chem cal
S. esters of the dimer acid ester type, produced from an alcohol and, e.g., Cs
15 dimer acids or hydrogenated C,¢ dimer acids; and other similar to the foregoing.
Common alcohols that can be used to make the above esters include
n-hexanol, isoheptanol, isooctanol, 2-ethyl hexanol, isononyl, isodecanol, tridecanol,
and the like.
Silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or
20 polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
lubricating oils. Other synthetic lubricating oils include liquid esters of phosphorus-
containing acids, polymeric tetrahydrofurans, poly a-olefins, and the like.
The lubricating oil may be derived from unrefined, refined, rerefined oils, or

mixtures thereof. Unrefined oils are obtained directly from a natural source or

- 11 -



Conpany, Inc.). The 2,2,4-trinethyl-1,2-di hydroqui noline oligoner tested is
"avai | abl e commercially from Uniroyal Chemical Conpany, Inc., and is38MA 2603
zo Naugal ube TMQ. The O T neasurenents of blends 6 to 10 were tested with 1
-wei ght per cewo dogbals anti oxi dant. Bl end 9 denonstrates the supefrhioe27391

oxi dation stability of m xtures of the two antioxidants. The AT
measurenments of blends 11 to - 16 3 0 MAY 2003 s ~o WO 00/32724

PCT/ US99/ 27391 syathgide soureg (e, wioeh shalgeprylar apdkbitemen) witkout dwithesqugidication or
Bl end 13 denonstrates the superior oxidation stability of m xtures of the

two anti oxi dantigeatizanth Blagipleseurdrefifeidoilindeiudé hehgle ol dbioma diecotlyifben ai n
Table 2 at 220C. Tabl e 5PDSC Results in SAE 10W 30 Passenger Car Mdtor Q|

(PCVO) Fornul at i At

G Bl endAnt i oxi"9o dtgiﬁ??%g?%rﬁqﬁ%‘% %’ b%ﬁ?’s ‘ﬁ%cg%fronlgﬁag"é‘é Mg an ester oil
640-17598.1(1.0 16Na aI u@e ugal ube 640175| 33, 9(%0 78]2(0 25 17Nau ube
TMNaugal ube 6 ef ISREQTLRIOGERS: Sagh of Miyah B them psedhwit

in Table 5 were generated in a fuIIy formul ated PCMO made with AP Group I
base oi | (Exxorfuttperioeatmant. 1RSfnedvils PCHMitas o anrefiaed lods,t exoeptahat-refined oils
additives as described above. The secondary arylam ne tested was a conpl ex

m xture of octyast bderﬁﬁdatédliwbﬁé 68mdrdp@irydadich @eps {d\Brisraleibge 6rfhordni r oyal
Chem cal - Conpany, Inc.). The 2,2,4-trinethyl- - di hydr oqui nol i ne

ol i gorrer teste r any,
Inc., and is sgf Eﬁ%{?gﬁaba‘g‘}bﬁ%é%@ﬁ@@%ﬁéﬂégﬁ%‘%ﬁkmﬂﬁ 5to 18
vvere tested vmtéjﬁ 20 vve ht percent :[lpg a]? anti oxj da ﬁ Bl ends 116 and 1Z
denonstrate th %&&,69 i FARLEPN ACKLPT Basg exiraghiog; fiiteatiogs perqalafigp, and the
anti oxi dants. Each bl end was tested under the conditions described in Table
2 at 175C. - 17 likezal) ofshicoas wel-80082 1o thoReCIHISDOY hE3etl RergfihedodnsC
Results in SAE 10W 30 Passenger Car Motor QI (PCMO Formul ati onBl ended

with APl G olp dbaiff@BBy treating refined oils in processes similar to those used to obtain the
Q | Bl endAnt i oxi dant Ant1 oxi dant Tenp. O T(wW % 9 Cmi n. 19Naugal ube

oto 175155 01 aidalguoshs Selbeusa e IR E Bltn v smunii
T 5209 50 o) NS TN e dae (T 9 0 e S, Tk o
(Chevron 100R abr}gakzdé(l)(‘)vli)pmg’g\ces PCMO cont ai ned the typi cal
Lubricating oil base stocks derived from the hydroisomerization of wax may
15 also be used, either alone or in combination with the aforesaid natural and/or
synthetic base stocks. Such wax isomerate oil is produced by the hydroisomerization
of natural or synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
20 process. The resulting isomerate product is typically subjected to solvent dewaxing
and fractionation to recover various fractions having a specific viscosity range. Wax
isomerate is also characterized by possessing very high viscosity indices, generally
having a VI of at least 130, preferably at least 135 or higher and, following

dewaxing, a pour point of about -20°C or lower.
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additi ves as descri bed above.

Chem cal -~s
‘ol i gomer te
I nc.

anti oxi dant s.

Table 2 at 175C:

made wi t hout d

R

Inc.).

ach

sel CH

£
P S0 PRl

The secondary arylam ne tested was a cQ
m xture of octylated and butyl ated di phenyl am nes (Naugal ube 640, Uail
The 2,2,4-trinmethyl -1, 2-di hydroqui nol i ne
ailable comrercially from Uniroyal
and i's sold as Naugal ube TMQ The O T neasurenents of blends 19 to 23

were tested With 1 Wik @¥ridagh
denonstrate the superior oxid

BN tusdPindthe

tion stabi
nd
¢h

Pck

P

Ity o

Girge

ig& rehe

tures

PR,

the‘%@

O¥HE

Chem

RGPy,

referenc

Bdrcain

f}fg'?mf%eca?ﬂat\g ANApP2

ndi ti ons described in

Bifications that can be
| arti ng from Inri nci pl es underl yi ng the |nvention

shoul d be nmade{to the -18 3 0 MAY : PCT/ US99/ 27391
appended cl ai ngp—for—an—dhrdersiandt “ggg%i\?lggg%gzﬁémc prot-eett+onr—to—be
afforded the i haw@itCaegory 19 | PércOnt\Ealurdies |\Worbdht 3Tt CLANEzoXiIndex
clained is: PCFUSs9r2739t—tTA conposttiomconprisinygtuobiicatg—ort—angd
at least a fir$Graup] oxi dant pefd a second arti®B3 dant, the |f2i80sind <120

anti oxi dant belng a secondary| dL aryl am ne arjd Tthe second 5{anti oxi dant
being a 2,2, 4-{ Breynd}i - 1, 2- di b3 oqui nol i ne |610-83 pol ymer t heBB@nd <320 The
conposi tion of al wherei p e lubricatijn 1l 1s selegt fromthe
group consi sti v‘%‘f?”ﬁ&l yol es E§Q di ester %’n&]al ate est -Eégotri nellita

esters, pyrome
conposition of
R, - NH RZ where

E’r&ﬂ}fv esters,

PO oREh O ©S!

Bro@tt RZ each

omgependent | Y |

oty &@&&PO' ’e |

remeesent a sul

%I ﬁfé-‘ol%& 3. T

Bihérut ed or

unsubsti t ut ed
conposi ti on '0f

15
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The additives of the present invention are especially useful as components in

many different lubricating oil compositions. The additives can be included in a

variety of oils with lubricating viscosity, including natural and synthetic lubricating

oils and mixtures thereof. The additives can be included in crankcase lubricating oils

for spark-ignited and compression-ignited internal combustion engines. The

compositions can also be used in gas engine lubricants, turbine lubricants, automatic

transmission fluids, gear lubricants, compressor lubricants, metal-working lubricants,

hydraulic fluids, and other lubricating o0il and grease compositions. The additives can

also be used in motor

fuel compositions.

The advantages and the important features of the present invention will be

more apparent from the following examples.

-1
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group consi sting of di phenyl am ne, nonoal kyl at ed di phenyl am ne, di al kw ﬁe?

di phenyl am ne, trial kyl ated di phenyl am ne, or m xtures thereof, 0 MAY 200

3- hydr oxydi phenyl am ne) 4-hydr oxydi phenyl am ne, nono- and/ or

-di - butyl di pe@Y/a@RHhe, nono- and/ or di-octyl di phenyl am ne, noROF/USSEII7A91 20

di - nonyl di.phenyl am ne, phenyl - a- napht hyl am ne, phenyl -~i - napht hyi am ne,

di hept yl di phenyl am ne. nono- and/or di- (E'km yﬂgtyryl ) di phenyl am ne, nono

and/ or di styryl di phenyl am ne, 4-(p-toluenesul fonam do)di phenyl am ne,

4-1 sopropoxydi phenyl am ne,  t-octylated N phenyl - 1-napht hyl am pne, m xtures

of mono- and di al kyl at ed (EYBYHYE MH&PV%QW éﬁl?\‘pé@et Results| -1, 2 - 20

3 0 MAY 2003 WO 001 32724 PCT/ US99/ 27391 phenyl enedi am ne,

N- phenyl - 1, 4- pheny| dihedirassurecDiff¢rontiabiSparaing Cplopimsiny GRS Jaddtmin Table 3 are a

N, N - di (napht hyl - 2) - p- phenyl enedi am ne, N-isopropyl-N p phenyl enedi am ne,

N- (1, 3- di met hy infedbork Jof the BXigation indBdtRMiRE ediHoM@ch Mdnd! The PDSC conditions

- et hyl heptyl ) - N - phenyl p-phenyl enedi am ne, and N-cycl ohexyl-N -phenyl-p 5
henyl enedi ari . ] ogfitel -l al reLl ] :

Bt ot dant T i eifp FL a8 38 PR B8R Rhofy Brelenbef 16t 15 RUEERRAP o pitogen

hydrogen, al kyl, or_ al koxy. 6 _The conposjtion of claim]| wherein the ratjo

the first anti iPeRRAEre: oT*{%%D?:-%E rEEBO BRIAYS 3t SFh ROMBITEB RICESUSG the Catalyst 157

The conposition of claiml further conprising at |east one additional

addi ti ve sel ecodesolubderirohaegvelifromaimpn naphthendies pat gemtat ofie rar,gha PHSC cadl

i nhibitors, antioxidants, netal deactivators, antiwear agents,

antifoanants, fifingidIg e dtiagh e of 4D °EEsHr nsinBlel toaBe NotherMaMEnpbratiie Sistedlin
i nprovers, and pour point depressants. 8 A conposition according to Claim1l

comprisi ng: 2 LuRIIERHd 010 Ino SEGI AN AL HEIG AL AR, BOUSHEBT: Bale

esters, diesters, hal'ate esters, trine ers, pyrome at’e

esters) dinmer acid esters, -21 ) i
) 10 ?ts isothermal temperature until the enthalpy change is observed. The longer the

oxidation induction time, the better the oxidation stability of the oil. The PDSC
instrument used is a Mettler DSC27HP manufactured by Mettler-Toledo, Inc. The
test has a repeatability of +2.5 minutes with 95 percent confidence for OIT’s less

than 100 minutes. Each data point is the average of two runs on a single test blend.

15 Table 2
PDSC Test Parameters
Test PDSC
Temperature Variable (see data tables)
O, Gas Pressure 500 psi
20 | Flow Through Cell 100 mL/min.
Catalyst 50 ppm Iron
Sample Holder Open Aluminum Pan
Sample Size Img
Induction Time Enthalpy Change

25
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15 available commercially from Uniroyal Chemical Company, Inc., and is sold as
Naugalube TMQ. The OIT measurements of blends 3 and 4 demonstrate the superior
oxidation stability of mixtures of the two antioxidants. The total amount of
antioxidant in each blend was 1 weight percent. Each blend was tested under the
conditions described in Table 2 at 220°C.

20
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octylated and butylated diphenylamines (Naugalube® 640, Uniroyal Chemical

20

Company, Inc.). The 2,2,4-trimethyl-1,2-dihydroquinoline oligomer tested is

available commercially from Uniroyal Chemical Company, Inc., and is sold as

Naugalube TMQ. The OIT measurements of blends 6 to 10 were tested with

1 weight percent total antioxidant.

Blend 9 demonstrates the superior oxidation

stability of mixtures of the two antioxidants. The OIT measurements of blends 11 to

-16 -
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Table §
5 PDSC Results in SAE 10W-30 Passenger Car Motor Qil (PCMO)
Formulation Blended with API Group I Base Oil
Blend Antioxidant Antioxidant Temp. | OIT
(wt%) (Wt %) °C min,
15 Naugalube 640 - 175 98.1
(1.0)
16 Naugalube TMQ Naugalube 640 175 133.9
(0.75) (0.25)
10 17 Naugalube TMQ Naugalube 640 175 107.9
(0.25) (0.75)
18 Naugalube TMQ - 175 98.5
(1.0)

The data in Table 5 were generated in a fully formulated PCMO made with

API Group I base oil (Exxon LP 100 and 150). The PCMO contained the typical

15 additives as described above. The secondary arylamine tested was a complex mixture

of octylated and butylated diphenylamines (Naugalube® 640, Uniroyal Chemical
- Company, Inc.). The 2,2,4-trimethyl-1,2-dihydroquinoline oligomer tested is
available commercially from Uniroyal Chemical Company, Inc., and is sold as
Naugalube TMQ. The OIT measurements of blends 15 to 18 were tested with 1
20 weight percent total antioxidant. Blends 16 and 17 demonstrate the superior
oxidation stability of mixtures of the two antioxidants. Each blend was tested under

the conditions described in Table 2 at 175°C.
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107 f<10% & ()- 3:10% & ()- 710% & ()-Y 510% & ()- "~3Y10% & ()- 30 MAY 2003
1F"10% & () - KLYeuyxY:/ 10°Y S 10% & ()-Y 310% & ()-F

- 10% & () - SSWID8H38 ) - F10% & ()- (S10% & ()- 10'y: dE:/ 10 Y PETHOS®EI0) - Y
10% & ()-Y @O0% & ()-Y 10% & ()-&3"10% & ()-F 10% & ()- S 1lt!laB:/
10°%40% & () - | —#-310%& (}-¥ s11006-8 (}y | E 10068 (}-¥ 10068 (J-t" 1008 ()~

"M """ O#dE:/ 11071 93- 10% & ()-010% & ()TAble410% & ()-1 , T
10% & () - L*L! 10pn&(Reduits(ih WAE10W-SYPAERTBES ERMMaor il {PCMET O ulalion
Blended with API Group II Base Oil
Blend Antioxidant Antioxidant Temp. | OIT
(Wt%) (wt%) °C min.
s 19 Naugalube 640 - 175 155.8
(1.0)
20 Naugalube 640 Naugalube TMQ 175 186.5
0.5) 0.5)
21 Naugalube 640 Naugalube TMQ 175 165.1
(0.25) (0.75)
22 Naugalube 640 Naugalube TMQ 175 209.9
(0.75) (0.25)
23 - Naugalube TMQ 175 135.5
(1.0)

10
The data in Table 6 were generated in a fully formulated PCMO made with
API Group II base oil (Chevron 100R and 240R). The PCMO contained the typical
additives as described above. The secondary arylamine tested was a complex mixture
of octylated and butylated diphenylamines (Naugalube® 640, Uniroyal Chemical
15 Company, Inc.). The 2,2,4-trimethyl-1,2-dihydroquinoline oligomer tested is
available commercially from Uniroyal Chemical Company, Inc. and is sold as
Naugalube TMQ. The OIT measurements of blends 19 to 23 were tested with
1 weight percent total antioxidant. Blends 20, 21, and 22 demonstrate the superior
oxidation stability of mixtures of the two antioxidants. Each blend was tested under
20 the conditions described in Table 2 at 175°C.
In view of the many changes and modifications that can be made without

departing from principles underlying the invention, reference should be made to the
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3. The composition of claim 1 wherein the first antioxidant is of the formula

R,-NH-R, where R, and R, each independently represent a substituted or

unsubstituted aryl group having from 6 to 46 carbon atoms.

15 4. The composition of claim 1 wherein the first antioxidant is selected from the
group consisting of diphenylamine, monoalkylated diphenylamine, dialkylated
diphenylamine, trialkylated diphenylamine, or mixtures thereof,
3-hydroxydiphenylamine, 4-hydroxydiphenylamine, mono- and/or
di-butyldiphenylamine, mono- and/or di-octyldiphenylamine, mono- and/or

20 di-nonyidiphenylamine, phenyl-a-naphthylamine, phenyl-8-naphthyiamine,
diheptyldiphenylamine. mono- and/or di-(a-methylstyryl)diphenylamine, mono-
and/or distyryldiphenylamine, 4-(p-toluenesulfonamido)diphenylamine,
4-isopropoxydiphenylamine, t-octylated N-phenyl-1-naphthylamine, mixtures of
mono- and dialkylated t-butyl-t-octyldiphenylamines, N-phenyl-1,2-
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10 n

where n=1-1000 and R, is hydrogen, alkyl, or alkoxy.

6 The composition of claim 1 wherein the ratio the first antioxidant to the

15 second antioxidant is from 1:99 to 99:1.

7 The composition of claim 1 further comprising at least one additional additive
selected from the group comprising dispersants, detergents, rust inhibitors,
antioxidants, metal deactivators, antiwear agents, antifoamants, friction modifiers,

20 seal swell agents, demulsifiers, VI improvers, and pour point depressants.

8 A composition according to Claim 1 comprising:
a lubricating oil selected from the group consisting of polyol esters, diesters,

phthalate esters, trimellitate esters, pyromellitate esters, dimer acid esters,
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