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known and have been w dANTIEIDANTI nprove t he
t hermal - oxi dative stability and/or |ight induced
degradation in numerous products used in engi neering;
FOELPDXOPTINEE INVGINTFON | nprove the performance
roperties in tubricants, hydraulic fluids, netal
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di phenyl am ne _and U. S. Pat. . 3,655,559 which
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a- nethylstyryl dlphenylan1ne) are di sclosed for

le in Pat. Nos. 3,6533,992; 3,452,056 and
B IRGRYIND OF THE INVENTION
16002] Diarylamine antioxidants are known and have been widely used to

improve the thermal-oxidative stability and/or light induced degradation in numerous
products used in engineering; for example, they can improve the performance
properties in lubricants, hydraulic fluids, metal working fluids, fuels or polymers, just
to name a few.

[0003] Commonly, these diarylamines have been alkylated, see for example,
U.S. Pat. No. 2,943,112 which discloses an improved process for alkylating
diphenylamine and U.S. Pat. No. 3,655,559 which discloses alkylated diphenylamines
as stabilizers. Alkaryl substituted diphenylamines and phenylnapthylamines (such as
o-methylstyryl-diphenylamine) are disclosed for example in U.S. Pat. Nos. 3,533,992;
3,452,056 and 3,660,290.

[0004] Synergist and antagonist combinations of antioxidants have been
disclosed. Effective synergistic mixtures of antioxidants are typically compounds that
intercept oxidation by two different mechanisms. For example, those in which one
compounds functions as decomposer of peroxides and the other compound functions
as an inhibitor of free radicals. Well known heterosynergism has been disclosed
between sulfur and phosphorous containing compounds (such as sulfides,

dithiocarbamates, phosphites and dithiophosphates) and aminic or phenolic
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[ 0004] Synergi st and ant agoni st conbi nati ons of
anti oxi dants have been disclosed. Effective
synergistic mxtures of antioxidants are typically
conmpounds that intercept oxidation by two different
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wherein RI, R2, R3 and R4 are each independently

sel ected from al kyl groups each having from1l to 20

carbon atons; and c) at | east one additive sel ected

from antioxi dants, dispersants, and detergents.

[0005b] I n a second aspect, there is provided a method
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[6005b] In a second aspect, there is provided a method for improving the
antioxidant performance of a lubricating oil formulated with an aminic or phenolic based

antioxidant by supplying thereto an oil soluble antioxidant according to formula I:
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wherein RI, R2, R3 and R4 are each independently

sel ected from al kyl groups each having from1l to 20

carbon atons; and b) fromO0.01 to 10 wei ght percent

of a second antioxidant selected fromthe formnula

Ra--N-Rb wherein Ra and Rb are each independently
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contain other additives. Thus another enbodi nent of
the present disclosure f 2t heRsconpri ses an oi
sol ubl e nnlybdenun1é%ﬂpp nd. A\ rTRncularly preferred
oi | soluble nolybdenunldbnpoundﬂls an unsul furized or
sul furized oxynol ybdenunp cont ai hi ng conposition
prepared by (i) reactinglan acidi c nol ybdenum
conpound and a basi c ai't réges” cospQund sel ected from
t he di spersant group|consi sfing of |succinimde, a
carboxylic acid am d¢, a hynrocarb | nonoam ne, a
phosphoram de, a thi ophosg 7 a Manni ch base, a
di spersant viscosity indéx inpr , Or a mxture
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antioxidants, dispersants, and detergents. The ant10x1-dant according to formula I is

‘effective by itself when employed in a lubricating composition. However, there is an
improvement in antioxidancy performance when the compounds of formula I are
employed with a free radical antioxidant. Thus another embodiment is directed to a
lubricating oil composition comprising an oil of lubricating viscosity and an antioxidant
is a mixture comprising: a) from 0.1 to 10 weight percent of a first antioxidant according

to formula I:
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[ 0009] The conposition above can further conprise an
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about 120 C primarily |l eads to al kyl - hydr oper oxi des,
di al kyl peroxi des, al cohols, ketones; as well as the
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whi ch alone is particularly useful as an anti oxi dant
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OBl SRk AL DS yl Oh
éshipiaarnd of fornul a I in the Iubrlcatlng conposi tion

can vary dependi ng .upon, the requjrenents

&?JH | cat i orlde BFESRrnERiop s disepiekingrrtdy adityicatiog pil ed.

i ] B R R LA PR 0 s popopec
aSeNe Y deframltierabhthaicoat! |Srdianimpasitouad wihieH qaamerve as a
about 1,000 parts per mllion to 20,000 parts per

mllion (i.e. 0.1to 2.0 w % based on the total

wei ght of the lubricating oil conposition, preferably

the concentration is from1,000 to 15,000 parts per
mllion (ppn) and nore preferably from about 3,000 to

10, 000 ppm by wei ght.




[0017] The N, N, N , N-tetraal kyl - napht hal ene- 1, 8-di am ne
conpound of formula | can be used as a conplete or
partial replacenment for commercially avail abl e
antioxidants currently used in lubricant formnulations

ittty BSerhs QUMMIDAL LN IS B iyl ¥ ot least on other
eddiivel Rurtienlaviy tabplodabir is t:grmpenemi; a)amtdombiin‘hﬂbh svithranother
addlt ves used in oil fornul tions, synergistic

5@51 PPRpav %?Wn% Faeterdn alg( agingethe combination
d IﬁhBﬁ%ﬁﬁ%ﬁnﬁ%Mﬂ%e@ﬂ%ﬁ%&h@@ Yeombinations of

ant I ar , rictiona ergency an
ﬂﬁfqmrt atples ef m:n@mnbndelﬂmsnaﬂethapmsyneegsmﬁwe h)o titehigfferent
iLves c be an resentl known .or
dfamsar gfc% @aﬁrﬂﬁr@sm AR PhFiRekEgegnecrs and
barBkide abrcrhqgo%ﬂs A@arﬁeﬁmy Aas bJ&%ugugiémreh REHRH the same
additives typically found in Iubrlcatlng oils are,

tloss, emamomés witichst by adslferdeitreacgiennzchamsmbstc omyrlemt to
it i ts
PR e ot pPiaelR ShnisPpne N IRna R Pichatios ang afipsdared

&iﬂiﬁb@lﬁﬂ]ﬁl&§has\ﬂeeh ERERMEHSIetdToM! atitxidante B IRBS&#HnS 0il had not
and the |ike. Partlcularhﬁ Freferred to a
¥

beAonerstrated dos A NGY -ietranlisl-oanhifslongsl billasinpoerdies sgergism
Bl Usffhad0sbd [ Ahine bEEREL: RUEH ARy R IGIE ], € flamine

Db Lieasndaty miyhaaimer hi ndered phenolic types and
conbi nations thereof [0018]1n general, the
concentration of each of the additives in the

ti N range
on1gﬁoutggﬁng®ﬁﬁB§i%éigg%uﬁﬂﬁoc%gﬁggm??%nrabout
(000 %] W . % Compbnert abiswt N 39, NON'-fetranticpiomaphtialchevit 8-dhatrine
about 2.5 wt.%. hased on the total i ght of the
M%%.lﬁgmarrlag BB EEEEHERd e Lo se an
ARAManOn 4 RSriadis V& ogltfoﬂ‘?#lélaﬁfy' GRIHIRY @ith other additives
conposi tion may range f om abo 001 wt.%to about
a@hws aftiofidonm, dbergent. B dspetdanis. RlsclosedOe wartglady suited
from 0,1 wt.%to about ) 9 ed on the
f’tS?%&}”aa)éﬁ’“g“ﬁ‘Ed BPOF KEIPRYYS é‘éi?‘i"fﬁﬂlg PlfO’E’B’ﬁ% sition.
Di aryl am ne - conponent b)Rz[OORQ]The secondary
di aryl am nes are wel IRkn antipxi dants. Preferably,
the secondary diarylamn Nantroxr ant is one of the

formula le --NH-R', wheré¢i dnd Rb each
i ndependent |y represent a_substltuted or

groups each having from< :
[0020] Il lustrative of substituen for the aryl

moi eti es are aliphatic hydr d¢&8™H6n groups, such as

al kyl or al kenyl of 1 to 20 carbon atons. The aryl

noi eties are preferably substituted or unsubstituted
phenywhereins By ehil Ratand Reand R, are each independently selected from the

group consisting of alkyl from 1 to 20 carbon atoms, more preferably alkyl from 1 to
10 carbon atoms and even more preferably lower alkyl from 1 to six carbon atoms.
The alkyl groups above, can have either a straight chain or a branched chain, which

are fully saturated hydrocarbon chain; for example, methyl, ethyl, propyl, butyl,
7



unsubsti tuted naphthyl, particularly where one or
both of the aryl noieties are substituted with al kyl,
such as one having 4 to 18 carbon atons. [0021] The

al i phatic hydrocarbon noiety, which can be of 1 to 20

SRR P SO Bt
pehtilecyh@BkadecylnBeptidechie pétiliccyD GoMhdecOBYd the BREYdnd isomers

undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, )
e gasiegas thaveqst Agssgmplesd payeeSle hindered detipg thabmay baased in

Li ) . i e
10 B A R RIS ALy SRR o gmine nd o by
Sihss-Aldii@chsPryton gpons”. TheNaN sepoagametii-anHiIeRes 8-
may be_ substituted at one or both rings with al kyl
GaRips s fovemsdapelgouds fug wrhe gloge BiosiER e Kipethflaming

f I

AOS TGEL ROy B St ST B van e
WV gdhsanpiisions) @sd &ore ppirépiraet osu dhesesstiahatargtyeizali e celioyed by

[ di ph | am. ith 2, -tr| hyl |
SRRSO RO RS o bt i i b e o B s co
ChBbtel PalRE %%q%ﬂfﬂ%fun‘?_&‘tﬁﬁﬁh?oﬁﬁﬁ@ﬁh;f%?&ogidét&@@&hﬁdﬁtﬁ

(bi s(4-nonyl phenyl) anai ne) or oct ed- but yl at'ed
déashemylThismpaets a[hdgPBisiaty relabivbia noxgabagdhasokmbiek ot yromatic

S e e G85BER ot e 2B oS Bgproganagon of e
pboxidcGrEUID FondBr BE %&?génym%e% bERY AoeNasbIakdwdrd QEQRBRsition

nore preferably those C8- ranched al kyl groups

e iradienls. ridmsapngjoaiaily dfthedy, N S iastagfeihyd-namitbalaz:- bi-

T —

ROGIRYAtRIRE n AdfrésiHab trgli &ME ndhBorled @b, freludaodlittle lone
solubility of their oxidized product in base o

Bpwlore Rua epulsignstaiilizasion of t cagion b thpcydpeanihopinsrete.

[ t T & Yy Y -
R RS P e R RN o S SR Bompromise
derolwieg sdveminfanors sabuliyd @ peist in the haptahdérenifyedstem, favorable
odecyl group derived froma propylene tetramer or a .
g?%d?@ﬁéﬁ%éﬁp»&&%%wfa}ewg nRpmdEd PGS RIS g Reeprit/lone pair
aber is particularly preferable. The substituted
secondary diaryl amnes and particularly p,p'-dialkyl

dQ6Eny|  afibnesmpoghds-ab fainkth p kersglecad vdihtufifydient alkyl groups

I ne .b commerci al | y .avai | abl e product t
B B sl i STt g paday At Bie Bl caRpo sihp higrmula 1
Wl ddnibifted WitRhk ¥l oPAIbrRStnAviSdsshy OTIRS dBncQliraBofrf fhe compound
olefin oligonmer with secondary diaryl am ne by use of
af forimetiel in thalfubs caimgaiopyositier aap very dsberdieg upon the
Fri egel -Craft.s tcat al %(s%f Cgre nmet al ~hal i de su(fg S ered
SRR PSP RS 307 FHed Y SPPas Chnderdirstat- dp pgecterre
anbodigleflt 6 GAIRIUEHS aHENIABNIUN W ikradlklyHnaphthalene-1,8-
phosphoric acid hosphorus pent oxi de, boron o
fliagsne vee rapgd igithe Bibrgatineromnadsitionds fpm aboret,000 parts per million

. - m r .
TLALORLLAT PERASE (BLD. KRN el BReBLS the ol paien of the
hvadcadtieoilis@hipdsition, phderpblgahé eencehtrithe: iPFREENDO0 to 15,000 parts
i nvent.i on incl ude: i enyl am ne, nonoal kyl at ed

di ph
aFTREAYT pPhend droge P%ﬂr%%r@ farrrp 19BeMtI JaltH0re, 10,000 ppm by weight.

i1a4 kyl at i L.am } ' 15 8S4ib iR EE
m%gi and/ gﬁe g{’ggﬁ?y_\ﬂt I p rllyq%glﬁ%h?égwrlm%ﬁ% ar?dp?) %er ound of
thremds Yz iphsed baatoampletrooraridal dépdacement for commercially available
di - nonyl di phenyl am ne, phenyl - al pha- napht hyl am ne,
phenyl - bet anapht hyl armi ne, di h&ptyl di phenyl ani ne,
t-octyl ated N phenyl-I-naphthyl am ne, m xtures of
nmono- and di al kyl ated t-butyl-t-octyl di phenyl am ne.




[ 0025] Exanpl es of conmercial diarylam nes include,
for exanple, | RGANOX L06, | RGANOX L57 and | RGANOX L67
from G ba Specialty Chem cals; NAUGALUBE AN S,
NAUGALUBE 438, NAUGALUBE 438R, NAUGALUBE 438L,

AL SRy SR P OB Gh: BPHBTET B CoBaiRg bination with

3iéd ad BalBLRAS & mtdlk hid Bibf! WHEEHERER hfoddhiation
GOODRI TE 3185X1,” GOODRI TE 3190X29, GOODRI TE 3190X40,

eOhorharty3t9f anfiexidmopr aditves 2s¢d i wildprnadatierisc synergistic

o
8atio WA\ IBni848s, fﬂﬁﬁm\e(l%ﬁdlﬁfe & yfana midR tefﬁperature engine deposit
Vander bi | t Cbnpany Inc. [0026 The concentration_ of

PFRPERISS oPsArofhea iadRiivameanee anyimesenin ko prigter-discovered

t
SEROEL 01, S ASREHTLIR ARDIDE, TROHpEEIRY &
pddatleesrmcelmjoﬁﬂmdrem tub@;fcaﬁrtgeoﬂme,rfbr eample, dispetsktial detergents,

secon@% %g Ian1ne use range in the Iubrlcatln
bwha Of§ an?%%zts fn@wabasqnés Al Toamantsy #@@n

%&bd@i‘%}s %@ﬁlts%eﬁ%%e n'fuﬁgiﬁgfs g&mp ¥t %@pr@%ﬁﬁg and
on the total welrght [ Ubr | atln P
ﬂmtpi@sPanhoml,arlp pedferrabioye ddmsorsonieed nyneagy Brhé eorfipa@mds of

000 t 15, 00 t | d m .
Spperib R iR grel R 300y S56h SOB SIS REIURE
Eﬁ@éﬂiﬂ FEv%ﬁ hlo¥e pMirdHo1G ROREAD FR 0t QLA arRiREd @B‘lﬁlﬁ@é}éd bﬁbnohc

the lubricating conp03|t|on guantities of |ess
D%@SQMbpmnbuwmpﬂSﬂh@?@fcw m ni mal effectiveness

INFETET 3 ABiecheBh oo B of ) RO B i i ricating

ofl conipRsneh twlﬁ%n wRBd rﬁ%ﬁ%@ ﬂbmbzibohﬂ() Divewt vbiol Rk Twt.%,
oi | conposition is fromabout 0.1 to 2 W % and nore

ioat ehoab D P1 rrtdmte ot Sovig/et o %@@@bomt Onk W@f%@@éﬁ@uﬁb@m %.

POog e st e Bt e lhofivon ZRTRER she il amount

of the ddbigiveonpae ndsicafind 6if Bodhpo d1t1¢rﬂﬁ1hjd £ b BlonPADuR 001 wt.%
limted to hindered phenols, sulfurized hindered

et 40 Wt%rfami e dHort % t@sﬂb@ws?f) Wi Yey prafr@y about 0.1 wt.% to
RRSHTONE (s oA T BRThERD: O B ichah R0 B DB fFon
enpl oyed typlcally with a tertlary al kyl group in the

r.tho (.and |ona y neta and/or para position)
% %PHP%gC?E% ) 12 carbon atons and are depicted

xanpl '
T Bl o SR s,
fresjoeoreldnyi diatylBninPantioddat is 6620f tRhfmmiula BheNphaiovherein R®

PR ot GRBSLp 2 reant aHbsied PEMEHBHRIed arl group baving

ﬁ"oﬂl Cgiosé c@fb@h ‘aﬁcﬁlﬁ F%f&tﬁb RTENBIDR® are each mdependently aryl from 6
-met hyl -6-tert-batyl phenol 2,2

(qﬂaQ hﬁ}rb@m@tbm (wtuﬁhamy be Gnsustituiest g supsiigwied yith one or two alkyl

I|de t ert butyl phenol),
frohes MR BER RSB TR ol "oty Pohenol ),
{Mao] met hy mma’ausé 4f sdnseﬁthyﬁxs @oxrtﬁ@mlyph@mﬂeé are aliphatic

2' -1 sobutylidene-bis(4,6-dinethylphenol), 2,

hﬁ@lﬁyarb%gmpasm ﬁwkﬁtwéke@ﬁb&@ foh¥rerhon atoms. The aryl
510 ?L%Irs taf u%f;??dﬁlye %lhb;‘/é gﬁ%dqn%ljl L;B'Qﬁgﬁimtegpﬁenyl or substituted or
2,4-dimethyl-6-tert-butyl -phenol,

2,6-di -tert-al phadi net hyl am no- p-cresol,
2,6-di-tert-4(N, Nrclinethyl antnonet hyl phenol ), 4,4'-

t hi obi s(2-nmet hyl-6-tert-butyl phenol),
2,2"-thiobis(4-nmethyl-6-tert-butyl phenol), bis(3-

nmet hyl - 4- hydr oxy-5-tert-butyl benzyl)-sul fide, and bis
(3,5-di-tert-butyl4- hydroxybenzyl).



[ 0029] The lubricating oil conposition disclosed
herein can optionally conprise an anti-wear agent
that can reduce friction and excessive wear. Any
anti-wear agent known by a person of ordlnary ski | |

B BB Pt PSR S i pgieties are

aﬁmsmm&aﬁmaqm! Subisd mazirrgm @i Ishiaehesphat e, netal
SﬂQﬁh Pb, Sb, M and the like) salts of
op

hos %Q@bpha#@tba’ldrqcerb@n mafefy, which sin bavbl hind2G ¢asbon

N e A
Wm@s, pe@ﬂ@ﬁ&'&?l QepiSt, 0eSl, roRos Abdyl andséyer dodedyl] hidecyl,

salts of phosphoric acid esters or thlophosphorlc

é%traée@éﬂyﬂéade%éamaéwybﬁ@ﬁ@é@@l,&@taép@g}cmm apgithe like, and
hggg%ﬁgg CIdS and conbi nati ons thereof The

2%%%%? 9&{ -Wear agent may vary from about

GOERR] Wt . % Peefeablyt cifhenR® %d/éxfmhrn@tamt;u&tlﬁﬁed/ﬁryplgrbﬁps These

about, 3 wt.% .or fromabout 0.1 w.% to about

econdary digrHlamingsamaxes sbstidptediah ang omphqth spenyith; @kaﬁ y! groups,
g)%fPﬁﬁl'ytshQIéht A Erafidte H%laiy@ﬁ?dgl b H0RAT (RO S ANSs REGR

escribed in Leslie R Rud "Lubricant Additives:
@hatenabltyr8yto @rrdlﬂm!mtoma,t (Emmmphlyl‘!bwhit‘w o, allyHatee HipbekKanines are

TN KT T -

I
i 8 g, i R

apnyipied diphyulyleminetpls(4noiyipmybpiies onedtalateddiutyiatag dlphenyl
be.an al kali or alkaline earth netal, or alum num
I%&ﬁf‘ tin, nolybdenum nenganese, nickel or copper.

[o023p e en@@ﬂéﬂﬁﬁﬁlﬁﬁ gbb@ sdTBbifity dfShdit BLidiZed pRIREl in base oil,
enbodi nents, the al group of the dlhydrocarbyl

dhesn pliphiais pidrosarhen alm@fws comasss Corer &5 atkyBerovpsa peferably Cs.

f
e R S
dlvaublighnicos abOUbr 6, GlaﬁbQ That@ne C, blefing téfbeed to here mclude
enbo iments, the alkyl group.is |inear _or branched.

qn%leblafﬁ% RPN #e Iep i Rse ATIHE VAl epHiercndt e
Sa:btaélle?l@lafe B %53' Cat%fot]& S&l'u 1t§jbf"t!hgl¥ oxﬁilﬁzteg 9&?&?91 Eoil.

Int ng 0| conposi tion
iSpccﬂﬁcaliysa beashedecttiyerotrsdghed pioor asisobmykent dinher, $bnmched

dlnen hosphorus .cont he .
F‘B’Eﬁ iZCHH VSﬁﬁg Eg?’rBHE’P’ &g FigFis 8| 5@@@6%@9"@% greun qegiyed from

Y0, t
\%??é(%}}x%legé g‘liﬁler °a b?ar%?@%ﬁo%rc%lz Bhp g’%%ﬂe%aqgﬂr%g%ﬁpy@eng detramer or

alboanchel Bditadecvherbes datived ftdve a poirglenageghnents patteularly

I i cat.i il ition. [0032]] di )
PHOHg er Bee B TPR v SPise PR PR BRY o -dily
GHHRRA IatrifR 48 MNepMhlkHp Eélﬂml%ﬁ?ﬁ& yParBihet, ndd; M@o&memlaﬂy
based on the total ht of

he Iubrlcatlng oi |

avHisolsi irpduet, buh C%mbq h@ y @rmhﬁﬁdﬁemeacmmﬂlp Wesspeamioe: wlth aCis

68 L L0 R TR AR v
Weh ghtdediCrimecdtatipst Eﬁﬁmpl@s 6f the Q@ﬂéﬂ@ﬂﬂaﬁ@ Batalyst are metal halides

such as aluminum chloride, zinc chloride and iron chioride, and acidic catalysts such

as sulfuric acid, phosphoric acid, phosphorus pentoxide, boron fluoride, acidic clay

and active clay. Other alkylation methods are known in the art.

10



[ 0033] The di hydrocar byl dithi ophosphate netal salt
may be prepared in accordance with known techni ques
by first form ng a di hydrocarbyl dithiophosphoric
acid (DDPA), usually by reacting one or nore of

ols a e co ounds ,wi S5 and .t hen
RO © ¢ ERRE Lt SRR ARy 41 a&%ﬁﬁ%‘&ﬁﬁgﬁ%ﬁf%‘ﬁsﬁﬂ in the
pRictts ofStHE Predént aﬁlve%ﬁbﬁ' ﬁlchf@édﬂ@hhﬂ@aﬁ!he Gab
the netal. In some enbodi nents, DDPA may be made by

ﬂ@é{lﬂﬁ@mﬂ @@H@&E%ﬁlplp@nykmmegndl@@wmmmnm of mixtures

p d t
Sebihfy BN sboft o R B RHERIAE mantiSeor BieS diphgrtpmmine,
mbeaﬁm dist@hﬁl@lﬁﬂiéﬁﬂdaﬁmu pﬁax@ﬁa@ﬂ@-n@ﬁ}ﬁhﬁﬁﬁﬁﬂeebhlenyl-betau
l?lgélondary i n_character and the hydrocarbyl groups on

teylpains. dibeptsidipheayipming, fraetyldled Wipbenidtlenaphtfiylamine,
FhiRera 3 R B o PRaRS PR St OMEDS LR Agar bY!

(02spund. Emamphe oémmﬂllefmmgnry}anzﬁﬁ;sgﬁblmk forresthpia)

) . o
B G CRT B o AN E 37 aram%wp& PRCPE b dpecialty
003 tht nN%QF@AE@WAWtI\SAU QA etgl‘j&'f? bt &y J&Uﬁ%lﬁkﬁt KY$R,

di t hi ophosphat es may bé rom
HAGARRGHpAIML, &N M}*G&itf&‘i) SQQ,MUG}AH}UBE |6mh,l NAUGALUBE 680,

RS ALGRRD) SANAERh LBl CRtrEpm DD h ol o

ymoRers suiptid deobriky 5127, @@@ﬁmm@% TRHOBRITES 185X1,
al k%]DB%Eoup has from about 3°to about 30 carbon atons

B2, GO GBBIEE 81 UEF 40 GQABRETE p 0VBITHEODRITE

Gl o PR TR LT Rpre R RLTR RO N oBBava.
WB!Q{[EUBEFNIQ RANUUBRSLAGANIAUBBBO VP, VANSORE SS, VANLUBE

enbodi nents, R3 and R4 are the sane. | n other

MO AN IS B4Sxana N R BES 4B Trara Rorti VaderbilGamogany Inc.
e e SRR R T
antlpdAtidn capaaty ddpehdibg 8pos tRteqiitedhdnys, applications and degree of
synergy desired. In a preferred embodiment of the invention, a practical secondary
diarylamine use range in the lubricating composition is from about 1,000 parts per
million to 20,000 parts per million (i.e. 0.1 to 2.0 wt %) based on the total weight of
the lubricating oil composition, preferably the concentration is from 1,000 to 15,000
parts per million (ppm) and more preferably from about 3,000 to 10,000 ppm by
weight.

[0027] Typically, with regard to total antioxidant in the lubricating
composition, quantities of less than 1,000 ppm have little or minimal effectiveness
whereas quantities Jarger than 50,000 ppm are generally not economical. Preferably
the total amount of component a} and component b) in the fubricating 0il composition
is from about 0.1 to 2 wt % and more preferably from about 0.5 to about 2 wt % based
upon the total weight of the lubricating oil composition.

[0028] Other oxidation inhibitors which can be used with the compounds of
formula I include but are not limited to hindered phenols, sulfurized hindered phenols,

11



[0037] M xtures of hydroxyl al kyl conpounds may al so
be used. These hydroxyl al kyl compounds need not be
nonohydr oxy al kyl conpounds. In sone enbodi nents, the
di al kyl di t hi ophosphoric acids is prepared from nono-,

St e R S SRR PRI htiocartamats.
fTeriR@O hiIRGlatddin@idhgdriepiRpdisTRe ixgdeld Bﬁpzi[ys@ typically with a tertiary
only

di al kyl di t hi ophosphat'e derived from primry

alky royp dpfs|osthp Santkentipaally meth andiir pgraepogitionhegntaining from 4

¢ : i nal :
8 £2Bbon bsbdph AR aIRAILPRN e HIs 3400181 B Rty
braged teeiaey alkidpaliibehels e afiliaéesudb bl Yefarkd @YUM IPat. 3,211,652,
Egcondary al kyl al cohols.. I'n further enbodi nents

0] R mE RO 57 O ARbiOR AR D1 ofF bl ONEh lengbii i dir et ptylphenol),
iy I ] ; . .
44202004 E’ﬁ%‘ﬁ)\é é“‘f}g%@? 1~6n%9?oﬁa§%1gﬂéb%ol), 2.2

phosphdr us pent ant “use

: (hnaﬂhl;@shelbik(hi-mqithpls@tmf-bmﬂaphajmt)@,r%tﬁugﬂidﬁ?&ﬁn(%yethyl—6-tert—
ontain certain ampunts.of ope or re of P2S3, P4S3,
B oG 3SR SR on S e bR THyO L5 ToshY papis(s-
tﬁllﬂ—h Hrend, X7 8&uathilikhe-bis ,&-ﬁﬁh&hﬂgﬁ%@%‘?ﬂ ents,

osphorus pentasul ride reactant iIs tantial ly
ety lafebmtdrmethyPERF clob848shenelSZ.6- dirtekt-BdiS8-4-rhethylphenol, 2,6-

Eh R R e e R R S
1hRifolS cRESIS 88 di Y AN N B diiBar o ER IS IHHRAR), 4,4'-
content of the total IubrlcatlngE0|I conposition’is

Hoohis(25methybg-tabbuyiphenal), 2 2 dbiobis(43mathy b6 -tebutyiphenol), bis(3-

HsmoDbiont s R Bl RERRE S e Bt e hgl
aodieshdnlz@n conprises at |east a detergent. Any
%gafund or a mxture of conpounds that can reduce or

Rt he Bbe Pubrigping oiberinpes Gupdsilesddar ibean eastenaky
- . -limtd | f .sui bl .
B L B w S T s T A0 AR BIR B ALor U LAy amci-

okcasapeat kawidesa pérs@odbf@dinaesskifl & theastmnck: used in the
| yi sobutyl ene, succj nim des or polyisobutyl ene am ne
Eﬁ)@eﬁ HEMPOSI ey Nopdinghing s3ampieh pf ehtabls at-vear agents

ﬁﬁd&ﬁ%i&rﬁiﬁﬁ’@g%ng&%{ 4 a%l ge. g.? IpY! SONE ¥hE B iKERL ks O

anhydr 1 des. e SUl uccinimde detergents are
deiophdsphate mEBOGEO4 93, PEPOH,AVIA 40 tiERReR 226 f dithiocarbamate,

EPD613938, EPQ557561 and VWD 98/428Q8. .1 n sone

R _-%2{%&@%@ &%@&3 AR f[a% 6?‘3% (bgFq; compounds, phosphate
SHBB! Modbigt SHEE Rl UaHE of Fﬁ&pﬁ&i@é’éia bSOR WL mj@ﬁl’ﬁ)sphoric acid
succinimde. Sonme non-limting exanpl es of

estenyeEreadtinl productd dfabtyelapetiedgentnd ddoptiosg®ricracida ded

F7661 and F768 avai | abl.e from_| nf meu Li nden,

RICBRR S 508 ¢ 10 PR & Fre RO B Rer o 401 dffm Abdut 0.1
Manchemott 5 Wik, frob® 9okl 93BN labsittts WO e3P eSoR 0.1 wi.%
suitabl e nmetal detergent include

to about 1 wt.%, based on the total weight of the lubricating oil composition. Some
suitable anti-wear agents have been described in Lestie R. Rudnick, “Lubricant
Additives: Chemistry and Appiications,” New York, Marcel Dekker, Chapter 8, pages
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[0630] In certain embodiments, the anti-wear agent is or comprises a

dihydrocarbyl dithiophosphate metal salt, such as zinc dialkyl dithiophosphate
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Iubrlcat|ng oi | conposition disclosed herein can
optionally conprise a friction nodifier that can

| ower the friction between ndvi ng parts. Any friction
nodi fier known by a person of ordinary skill in the
art may be used in the lubricating oil conposition.
Non-limting exanples of suitable friction nodifiers
include fatty carboxylic acids; derivatives (e.g.,

al cohol , esters, borated esters, am des, netal salts




0.05 wt.%to about 5 wt.% or fromabout 0.1 W% to
about 3 wt.% based on the total weight of the

| ubricating oil conposition. Sone suitable friction
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| east a multifunctional additive. Some non-limting
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mono-, di- or tri-alkyl substituted amines; mono- or di-alkyl substituted amides and

combinations thereof. In some embodiments, the friction modifier 1s selected from the
group consisting of aliphatic amines, ethoxylated aliphatic amines, aliphatic
carboxylic acid amides, ethoxylated aliphatic ether amines, aliphatic carboxylic acids,
glycerol esters, aliphatic carboxylic ester-amides, fatty imidazolines, fatty tertiary
amines, wherein the aliphatic or fatty group contains more than about eight carbon
atoms so as to render the compound suitably oil soluble. In other embodiments, the
friction modifier comprises an aliphatic substituted succinimide formed by reacting an
aliphatic succinic acid or anhydride with ammonia or a primary amine. The amount of

the friction modifier may vary from about 0.01 wt.% to about 10 wt.%, from about
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base oil of lubricating viscosity. Base G| as used
herein is defned as a base stock or blend of base
stocks which is a lubricant conponent that is
produced by a single manufacturer to the same
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3NerdutaSE 8811ty tHeEEMRaP be (FAUR the lubficaAid oill do #ion. Non-

Stocks Group Saturates (As determ ned by ASTM D 2007
8plifing examples of suitable demulsifiers include anionic surfactants (e.g., alkyl-

naphthalene sulfonates, alkyl benzene sulfonates and the like), nonionic alkoxylated
alkylphenol resins, polymers of alkylene oxides (e.g., polyethylene oxide,
polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the
like), esters of oil soluble acids, polyoxyethylene sorbitan ester and combinations

thereof. The amount of the demulsifier may vary from about 0.01 wt.% to about 10
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(As determ ned by ASTM D 2270) Viscosity |Index (As

determ ned by ASTM D 4294, ASTM D 4297 or ASTM D

3120) | Less than 90 % saturates and/or G eater than

to 0.03 % sul fur Greater than or equal to 80 and Iess
%sat

i TR 05 il POt S O i e - Do 3 vt %
Bisc& B de thial §Ri M df 1h8 Bsbrichafle 412 Cotnbbsition. Some suitable
demulsifiers have been described in Mortier et al., “Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193 (1996).

[0047] The lubricating oil composition disclosed herein can optionally
comprise a foam inhibitor or an anti-foam that can break up foams in oils. Any foam
mhibitor or anti-foam known by a person of ordinary skill in the art may be used in
the lubricating oil composition. Non-limiting examples of suitable anti-foams include
silicone oils or polydimethylsiloxanes, fluorosilicones, alkoxylated aliphatic acids,
polyethers (e.g., polyethylene glycols), branched polyvinyl ethers, alkyl acrylate
polymers, alkyl methacrylate polymers, polyalkoxyamines and combinations thereof..
In some embodiments, the anti-foam comprises glycerol monostearate, polyglycol
palmitate, a trialkyl monothiophosphate, an ester of sulfonated ricinoleic acid,
benzoylacetone, methyl salicylate, glycerol monooleate, or glycerol dioleate. The
amount of the anti-foam may vary from about 0.01 wt.% to about 5 wt.%, from about
0.05 wt.% to about 3 wt.%, or from about 0.1 wt.% to about 1 wt.%, based on the total
weight of the lubricating oil composition. Some suitable anti-foams have been
described in Mortier er al., “Chemistry and Technology of Lubricants,” 2nd Ldition,
London, Springer, Chapter 6, pages 190-193 (1996).

[0048] The lubricating oil composition disclosed herein can optionally
comprise a corrosion inhibitor that can reduce corrosion. Any corrosion inhibitor
known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable corrosion inhibitor include half esters
or amides of dodecyisuccinic acid, phosphate esters, thiophosphates, alkyl
imidazolines, sarcosines and combinations thereof. The amount of the corrosion
inhibitor may vary from about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to
about 3 wt.%, or from about 0.1 wt.% to about 1 wt.%, based on the total weight of
the Iubricating oil composition. Some suitable corrosion inhibitors have been
described in Mortier ef al., “Chemistry and Technology of Lubricants,” 2nd Edition,
London, Springer, Chapter 6, pages 193-196 (1996).

[0049] The lubricating oil composition disclosed herein can optionally
comprise an extreme pressure (EP) agent that can prevent sliding metal surfaces from

seizing under conditions of extreme pressure. Any extreme pressure agent known by a
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Greater than or equal to 90 % saturates and | ess than
or equal to 0.03% sul fur Geater than or equal to 120
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wiithey mefal tprfemi a sdrfadedilimidbat pricksrithibn reshdisg of asperities in opposing

B R o ot P B RS STt e e
apakoabRge sulthrXedahel o8 véheagofats @it Klfubik&Banimal or

Synthetic lubricating oils also include al kyl ene

5%%1?3.@1@1 edsters fefpe mqﬂgg es@ﬁ@ﬂyﬁt@ﬁyf amgplent or pentavalent
3 n r o - .

B0 R SRR Db Al i i

alldee miduceq bilgrizedidicychypehii@iens Bulfabled lcasalfefized mixtures of
synthetic lubricating oils conprises the esters of

HryACKOsEATs endmppeungaturated Qlghns cg-sukunged Sigds of fagyapcid, fatty
¢ S e _
UaEL 9 MBLOGEL Rl SOLLAELY R, PSR, RSN i
elﬂhley(lk_s, tllﬁakkegiﬂety,l e.ppﬂ“l' asqmat t (ﬁméstselﬁnmh t 'dn&iﬁiug beas dehiosigves, co-
| e r-n-pu . S at.e n
?ﬁf‘g&%gkﬂgwf/ (RS8P ﬁ%ff ik BlEeS @éinogﬁwé‘ldr: SteliigEodts.
Base Qi sf pho[sp&ﬁ'm a}%ﬁd és"fé}lg bplﬁﬁ i G?ﬁﬂogif(aéﬂcégte?ssaﬁdrt%mbinaﬁons

pol yakyl -, pol yar , polya
Perepdr Theonyowsit bHsharatromk prexsure sptrt oatyevaoy frein abonph.DEevt.% to

AR ST B S Sl 1 o
T S o e or agt S oI Bame suitable
E:gosug Migssubrasgsnisi Haverhgerbéesdabsdiad ebhiok Budméel, fédbricant
ﬁgggtﬁgsq hrer%'s%fyi Az Ap%ilzjccsll’ion%[” New York, Marcel Dekker, Chapter 8, pages
223-258 (2003).

[0050] The Iubricating oil composition disclosed herein can optionally
comprise a rust inhibitor that can inhibit the corrosion of ferrous metal surfaces. Any
rust inhibitor known by a person of ordinary skill in the art may be used in the
Iubricating oil composition. Non-limiting examples of suitable rust inhibitors include
oil-soluble monocarboxylic acids (e.g., 2-ethylhexanoic acid, lauric acid, myristic
acid, palmitic acid, oleic acid, linoleic acid, linolenic acid, behenic acid, cerotic acid
and the like), oil-soluble polycarboxylic acids (e.g., those produced from tall oil fatty
acids, oleic acid, linoleic acid and the like), alkenylsuceinic acids in which the alkenyl
group contains 10 or more carbon atoms (e.g., tetrapropenylsuccinic acid,
tetradecenylsuccinic acid, hexadecenylsuccinic acid, and the like); long-chain
alpha,omega-dicarboxylic acids having a molecular weight in the range of 600 to

3000 daltons and combinations thereof. The amount of the rust inhibitor may vary
from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or
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m xtures thereof. Unrefined oils are obtained
directly froma natural source or synthetic source
(e.g., coal, shale, or tar sand bitunen) w thout
further purification or treatnent. Exanples of
refined oils include a shale oi|l obtained directly
Wlamrt@t]o‘ﬁ Tortg abﬁ'étrsam %n basgd patthetogal yedght of Brealummg oil
gr ypfromdistillation, or an ester oil obtained
Ir ct y “from an esterification process, each of
V0SEH may tOther de-lisithovdxtudles of Bitaby rubtrighRibiteRtinclude
Ref i ned |Is sim]J]ar to the unreflned oi | s except
tl}?&tonrce? oy leac KEfRc ke peqais B pnPONR I IICAAUTY] ether,
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tegamplys of sigislictrostahhibitor mhbldc efeimeatid ahdothFhfage acids,

recef med oi own. as. rec r )
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B e e B SR Tl oB Bt o Y G T B pqpofymers,

RGBT SRR ARRManBR pMtyiscHs préverit . % of
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d l.
s, R T ey 150 P
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nol ybdenum cont ai ni ng conpounds” prepared from

aci ds and 2-(2-am noet hyDam nget hanol as descri bed by
Karol in U S. Pat. No. 5,137,647 and nol ybdenum
cont ai ni ng conpounds prepared from

1- (2- hydroxyet hyl )-2-im dazoline substituted by a
fatty residue derived fromfatty oil or a fatty acid;
over based nol ybdenum conpl exes prepared from am nes,



unsul furized or sul furized oxynol ybdenum cont ai ni ng
conposi tions which can be prepared by (i) reacting an
aci di ¢ nol ybdenum conpound and a basi c nitrogen
conmpound sel ect ed fron1the di spersant group

i DXroHeB R e oI e En oA Hated gromatie, polyaliFione
bhidep mre@mrg Snd Ral¥BPN e RsRASRs eélaﬂ'y
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invention. Preferably the dispersant is a
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BABRCAE DGR R, oY DR 0B U540 s
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of these Tonpositions. In one aspect e
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ba&dnsbenil b9 FaRrARE 1RER 208 €febabl iMdiekd fof Tt B 11 and 111 base oils
Typi cal exanples of such conpositions are

succi ni m des, carboxylic aci @tam des, hydrocar byl
nonoam nes, hydrocarbon pol yam nes, Manni ch bases,
phosphor am des, thi ophosphoram des, phosphonam des,
di spersant viscosity index inmprovers, and m xtures

t hereof. Any of the nitrogen-containing conpositions
may be after-treated with, e.g., boron, using



hydr ocar byl succinic acid or anhydride and a poly
secondary am ne containing at |east one tertiary
amno nitrogen in addition to two or nore secondary
am no groups. Ordinarily this conposition has betmeen

1,500 and 50, 000 average nol ecul ar wei ght. %gr
aeniterhia Tedld 1 Greup ﬁ‘étbawr(ébair@aolﬁswh%&%fw@z’&o) oup V base

' e r. yl.epe
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3, 574, 57Gess The divduslaaniophs gnaep, which is preferably
al kyl, or olefinic having one or two sites of

unsaturation, usuat Ty contains from 9 to 350,
preferably from 20 to 200 carbon atons. Particularly
poGI8Er r ed MNafwrathbbydtingalily amdyniesiude anitdabsis, whgatdblaoids

geé' gﬁ%gaqega%ﬁwaé%é‘)ﬁ W%& 'ﬁ%}@ﬂg%é%% ik fél:lﬁggnd oils
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[ 'phenol hav east 5 ca on at ons,
preferably 50 to 200 carbon atons with fornal dehyde
and an al kyl ene pol yam ne HN(ANH)"H where A is a
saturated dival ent al kyl hydrgcarbon of 2 to 6 carbon
atons and n is 1-10 and where the condensation
product of said al kyl ene pol yam ne may be further
reacted with urea or thiourea. The utility of these

Manni ch bases as starting materials for preparing
| ubricating oil additives can




often be significantly inproved by treating the
Mar mi ch base usi ng conventional techniques to

i ntroduce boron into the conposition. [0073]Another
cl ass of conposition useful for preparing the
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i nvention can al so be sulfurized. Representative
8amftUYo of che lubdcdtiog gpk epar i ng t he oxynol ybdenum sul fur
conpl exes used in this invention are sul fur, hydrogen
sul fide, sulfur nonocldoride, sulfur dichloride,
PHIOSHISIE WeolpeithasUt dhfeundl 2" 2Ss where It," is
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[0077] The sul furized fatty acid esters are prepared
by reacting sul fur, sulfur nonochl oride, and/or

sul fur dichloride with an unsaturated fatty ester
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ysul fide, crac wax- o efln su s and
by Gahio eThay LLArP48eNpr e pd,e3B; W-hetemhiongs@hmuﬁdanbiyb@enaa 3-

AR TaRe e btenoRmob i 17 P, N S4F A0 Sl Bhimeures
tHebddr M dfi@entaBid | @fehum%ef bh@bfahSatohe aféaé(ﬁ‘ﬁﬂléx&aﬂy
wax thloners described in Pat. No. 2, 346,

podBhiesnt finphidedelit aark yit immtﬁ@ Itcs Sah@ratlh@e@eﬁoalsuselnqdéay the Asahi
H%%f&ae ﬁggyonﬁ!l&{ of Tokyo, Japan, 2 molybdenum amine complex; molybdenum

HEX-CEM®. supplied by the OM Group, Inc., of Cleveland, Ohio, a molybdenum 2-
ethylhexanoate; molybdenum octoate supplied by The Shepherd Chemical Company
of Cincinnati, Ohio, a molybdenum 2-ethylhexanoate; Molyvan® 855 supplied by the
R.T. Vanderbilt Company, Inc., of Norwalk, Conn., a sulfur and phosphorus-free
organomolybdenum complex of organic ammde; Molyvan® §56-B also from R.T.
Vanderbilt, an organomolybdenum complex.

[0065] Particularly preferred oil soluble moiybdenum complexes are
unsulfurized or sulfurized oxymolybdenum containing compositions which can be
prepared by (i) reacting an acidic molybdenum compound and a basic nitrogen
compound selected from the dispersant group consisting of succinimide, a carboxylic
acid amide, a hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a

Mannich base, a dispersant viscosity index improver, or a mixture thereof in the
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conposi tions such as sulfurized dodecyl phenol and the
calciumsalts thereof. The al kyl group ordinarily
contains from9-300 carbon atonms. The netal salt nay
be preferably, a Goup | or Goup Il salt, especially
sodi um caIC|un1 nagne3|un] or barium
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preferred is water While ordinarily the pol ar

FPBResitiens. & euaaspatietby oxgaelybdenynn sorpplgs i5 WAPAP Rif saction

el &9 BEIOH ERFMorcc Bhid St Aipte bilichilfy SRAREA. it also

ﬂ‘ﬁtcwdl #Alos bdbwalSZOVthweS caftighyddr ﬁﬁahmpnoﬁests beldca dtter color
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cﬁ\ﬂ WE %ﬂ%&gﬁfﬁt%@%ﬁ teTUPSTANETICH Ogdat equivalent
Q%%éLA nethod for preparing the oxynnlybdenum
exes used in this invention is to prepare a
s[mlﬂﬂ] i on oflheheolzbdaiun compdeidnusedge prpasdhe exdnelybdenum and

pol ar . pr.onpt r Mﬁth baS|c ni en. Ialnln

OSROLRISHI RGN SRt CEPIQUER LT i EvctofaRs idic molybdenum
WeRGowhds. B? QBRI YneahPthRf QY ind2yifies it RRIpBuNdsSERISkAd with a
for easy stirring. Typical diluents are |ubricating

desic antbgen qqunuomﬁmonmgredch’j’t@ﬁi TMrigstahbgd enlPidR6 alﬁzatlon

Dnlun1h dr.oxi
R Ty aRete TR ST e RS et e e
PEpradERRAl HYThERINREAE BompdHitSorsealybaR dcid, GRiidn@eh @tlybdate,
at a variety of tenperatures, typlcally at or bel ow

shdumanelyhdatpaiomssivim mbfbﬁmtaad othep akkaking metal molybdates and

ISR S| BB R L B Pl o

PIEOSUI BROIBY:, Mo, USEL, mblyﬁdsmme d‘lodeH Sls(a‘ha@flacetbnato)
m xture may optionally be_ treated with a sul fur

W@@Iﬂ%dea@mw&oor%ﬁ@ aidigmalyhdapya cpmpeuifselrsfrgred acidic

LADEIALH Solinil Sl bic SOH SfinbOiub @SR HAE Mriifkali metal
aci di ¢ nol ybdenum an sic nitrogen conpounds. 1In
smi?bctMeBambda:ﬂy atefafredvat emol_f/bchcraduﬂ end eaotonom molybdate.
H@g@ﬁre ma desi. rabl e ior.to .o Ietugn of
| on R e agtRn coBpRe bR B Sprisrias pagnelpdenum

HRx&;i@k@th%tdﬁ Qs SHe RERRRTS NG AnhGroOpUnRAnP QEJ%HHE'ble Typical
conpl exes, the reactor is agitated and heated at a
tenperature | ess than or equalsto about 120 degrees

Cel sius, preferably fromabout 70 degrees Celsius to
about 90 degrees Cel sius. Ml ybdic oxide or other
sui t abl e nol ybdenum source is then charged to the

reactor and the tenperature is nmaintained at a
tenperature | ess than or equal to about 120 degrees




[0086] I n the reaction m xture, the ratio of

nol ybdenum conpound to basi c nitrogen conpound i s not
critical, however, as the anount of nolybdenum with
respect to basic nitrogen increases, the filtration
of t g% od}léct becones nore 31. di i

BB Gr BRIy i BT i T ppides hydrocarbyl
HBIHAAE oA doR A VIR K UERU PRSIt A RS | | Y

be maintained in the conposition. Usually, th
theerdtosphroramides pbosphichathisles, didrmrsgativisesity irfdepr umgromrs; and
basi ¢ nitrogen at.om

Bt SR0(T Aoh s STRCE oAk Seibol S B 6 Heppeated

Qith, §.8., Borbn, @éﬂ%@o@éduﬂ&' WORRAMR Bethe a&@m&i‘ R U ébmposmons
nltrogenlsa d to the reaction m xture. [0087V\h

omtinga & gntain besie nitegen.tFhese eﬂfttfrdmaﬂmmawrmmm@é @pplicable

¢0 ni co Si.t eneral |y

%Fa%%ﬁg%gbdﬁe@ngé ?51@[??7%8 ?‘Bgsenum conpl ex of a
lgms]: ni t r gge moRb A HeiRicchOnhddsibht Riebeualy piphid the
sul fur to nol i/bdenum wei ght. ratio of about (0.0l to

mofpbdenun camglersy despriaddicaginpre diseipsed dunuperogs refgrences and

B CSHER TR STA Al g cinc

mtdipld ahcdmphssed Bx theasm yf Arotustinfruide are aaypht &t 7. SnPat. No’s.
enum vwei ght ratio can be from

%33&%%3 5)7%%2%3 2 277 (0@ s berers (icgnipidy” sfgpderstood in the art
O g L AL T T BTRLR e g s by formes
irhe predammant piudt Howvever 110 s%cmlde prcethesrierm hasfbe@ngenera}ly
g(&%g@t t%t% Iqqz}gm?g/oﬁqt[ep t% g:r[%alrcﬁgg :ogﬁn gﬁ( nﬁ 'éﬂﬁ’su%é/d succinic acid
or anhydride with a nitrogen-containing compound. Preferred succinimides, because
of their commercial availability, are those succinimides prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about
350 carbon atoms, and an ethylene amine, said ethylene amines being especially
characterized by ethylene diamine, diethylene triamine, triethylene tetramine, and
tetracthylene pentamine. Particularly preferred are those succinimides prepared from
polyisobutenyl succinic anhydride of 70 to 128 carbon atoms and tetraethylene
pentamine or tricthylene tetramine or mixtures thereof.

{0069} Also included within the term "succinimide" are the cooligomers of a
hydrocarbyl succinic acid or anhydride and a poly secondary amine containing at least
one tertiary amino nitrogen in addition to two or more secondary amino groups.
Ordinarily this composition has between 1,500 and 50,000 average molecular weight.
A typical compound would be that prepared by reacting polyisobutenyl succinic
anhydride and ethylene dipiperazine.

100770} Carboxylic acid amide compositions are also suitable starting materials
for preparing the oxymolybdeﬁum complexes employed in this invention. Typical of
such compounds are those disclosed 1in ULS. Pat. No. 3,405,064, These compositions

are ordinarily prepared by reacting a carboxylic acid or anhydride or ester thereof,

26



conmponent a) and conponent b) to further the

resi stance to oxidation of the organic substrate and
which nay add to the synergism Particularly
preferred is a conmponent which operates as a peroxy
radi cal scaven These hydr gper oxi de deconpo
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[0095]3) Other types: netal dithiocarbamate (e.g.,
zi nc dithiocarbamate), and nethyl enebi s

(di butyl dithiocarbamate). [0096] (C) Rust inhibitors
(Anti-rust agents): [0097] 1) Nonionic

pal yoxyet hyl ene surface active a

ents
mﬁey &% yieniiceeiheimproved betrepting %lgfﬂ@wbbh%ﬁl UsHE dongjéngional

I t | phenyl et her
po yo yeﬁﬁgﬁé%gggh y ﬁgﬁ§ gﬁﬁﬁﬁagypolyoxyethylene

qoe7a] st earAtlotiedr kRRis oPinypsitRhhpefahfor @kgyting tteixymolybdenum
pol yoxyet hyl ene, sor hi t ol nonost ear at e,

p?@rawm%?rﬁyh%%lnstb%nmmﬁawdh@ phesphoragpdes and phosphonamides
RALY SI BUCREI ALY GO JTRAL NGRS Boo LAV 5 848 BN Fhese
Cl

compounds: stearic a y acid
diompokioxuyd may be patparedbly dbrmsngpphodphbiug caﬁlpduﬂdﬂ]an&ng at least

Zhp BN PR e 4t Be BiepS dribr SHYRRT O HBIhosphe
Qﬁ?@lﬂ&?&é ﬁltﬁﬁh?ﬁrocarﬁ)g)p&gﬂ folthe @%géﬂcé kb g{&oaﬁﬁ@ Jr'b?"}eacting

product of al kyl phendl and et nyl eneoxi
phbsnieyestoy tldmd@Wi@ la (hﬁlhmqnahs;mtopdﬁry emyret dmgll seneno-functional

Sorblégﬁﬁﬁfﬂ’er h00103%&5%%E6 %fne r%iéﬁke'a gfﬁﬁhocmﬁon
WBhip¥ing EdnfdthiAl FHe Ak $) orGRbR daRRhefoMa eﬁ&h@é fdgfethylene

benzyl i odide, fluoroalkyl pol ysi | oxane,
rmbmqbgmﬁn@, pqlmpll]emﬁ)eﬂmqmt 1-bexansdi ﬁflamdlerﬁatspbutylene 4-

e(fﬁjlﬂol —penteantef ant%'e (iiike ,a\mth Shospgcr)r%% %gntgsslﬁi%é and a nitrogen-
containing compound as defined above, particularly an alkylamine, alkyldiamine,
alkylpolyamine, or an alkyleneamine, such as ethylene diamine, diethylenetriamine,
triethylenetetramine, tetracthylenepentamine, and the like.
[0074] Another class of nitrogen-containing compositions useful in preparing
the molybdenum complexes employed in this invention includes the so-called
dispersant viscosity index improvers (V1 improvers). These VI improvers are
commonly prepared by functionalizing a hydrocarbon polymer, especially a polymer
derived from ethylene and/or propylene, optionally containing additional units derived
from one or more co-monomers such as alicyclic or aliphatic olefins or diolefins. The
functionalization may be carried out by a variety of processes which introduce a
reactive site or sites which usually has at least one oxygen atom on the polymer. The
polymer is then contacted with a nitrogen-containing source to iniroduce nitrogen-
containing functional groups on the polymer backbone. Commonly used nitrogen
sources include any basic nitrogen compound especially those nitrogen-containing
compounds and compositions described herein. Preferred nitrogen sources are
alkylene amines, such as ethylene amines, alkyl amines, and Mannich bases.
[0075] Preferred basic nitrogen compounds for use in this invention are
succinimides, carboxylic acid amides, and Mannich bases. More preferred are

succinimides having an average molecular weight of 1000 or 1300 or 2300 and
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and ot her esters [00102] (G Miltifunctiona

addi tives: sulfurized oxynol ybdenum dit hi ocar bamat e,
sul furi zed oxyrnol ybdenum or gano phosphor odi t hi oat e,
oxynol ybdenum nonogl yceri de, oxynol ybdenum di et hyl at e

B S T T e A e oo SRt B BRG or ethytene
EQPRR 4dnoWinSinasd hiy, | ndex i nprovers:

pol ymet hacryl ate type pol yners, ethyl ene-propyl ene
t36] yner s Thsoyyreokybieupr enmeplexysoil yime myenhyrdeantadep be

SRR ErReSy SER G R R iR b s PRty pyifo

EoupleRREd HERICHS@RHon arPall HBtayd gentiFie! sl Gonochloride,
[00105!§K) Foam | nhi bitors; al kyl nethacryl ate

pafy iahéoradedphitspherun pentasul fido ReoSp sihprreR sis hydoegbyy; pyeferably
L 118 2B L SRS e .
where v is at least 1, thioacetamide, thiourea, and mercaptans of the formula R SH
where R’ is as defined above. Also useful as sulfurizing agents are iraditional sulfur-
containing antioxidants such as wax sulfides and polysulfides, sulfurized olefins,
sulfurized carboxylic and esters and sulfurized ester-olefins, and sulfurized
alkylphenols and the metal salts thereof.

[6077] The sulfurized fatty acid esters are prepared by reacting sulfur, sulfur
monochloride, and/or sulfur dichloride with an unsaturated fatty ester under elevated
- temperatures. Typical esters include C;~Cyy alkyl esters of Cg-Cys unsaturated fatty
acids, such as palmitoleic, oleic, ricinoleic, petroselinic, vaccenic, linoleic, linolenic,
oleostearic, licanic, paranaric, tariric, gadoleic, arachidonic, cetoleic, ete. Particularly
good results have been obtained with mixed unsaturated fatty acid esters, such as are
obtained from amimal fats and vegetable oils, such as tall oil, linseed oil, olive oil,
caster oil, peanut o1l, rape oil, fish oil, sperm oii, and so forth. Exemplary fatty esters
inchude lauryl tallate, methyl oleate, ethyl oleate, lauryl oleate, cetyl oleate, cetyl
linoleate, lauryl ricinoleate, oleyl linoleate, oleyl stearate, and alkyl glycerides.
[0078] Cross-sulfurized ester olefins, such as a sulfurized mixture of C;¢-Cas
olefins with fatty acid esters of Cy¢-Cys fatty acids and Cy-Cas alkyl or alkenyl
alcohols, wherein the fatty acid and/or the alcohol 1s unsaturated may also be used.
10679} Sulfurized oieﬁns are prepared by the reaction of the C3-Cq olefin or a
low-molecular-weight polyolefin derived therefrom with a sulfur-containing
compound such as sulfur, sulfur monochloride, and/or sulfur dichloride.

[6080] Also useful are the aromatic and alkyl sulfides, such as dibenzyl
sulfide, dixylyl sulfide, dicetyl sulfide, diparaffin wax sulfide and polysulfide, cracked
wax-olefin sulfides and so forth. They can be prepared by treating the starting
material, e.g., olefinically unsaturated compounds, with sulfur, sulfur monochloride,
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[00107] The invention is further illustrated by the
foll ow ng exanpl es, which are not to be considered as
limtative of its scope. A further understandi ng of
the invention can be had in the follow ng nonlimting

P t | es. \Werei I I
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t[ja_gpp{t_aﬁg_r;_eﬁg jes refer to the Centigrade system

and t ’ "gﬂr?t%
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f88osed herein can be prepared by any method known

tfG082] Per SOrPr&tred SulRRIsYuekd ik shfut RPddbdn JudiddTBKbIplorus

l'ubricating oils. [,n sone enbodi nents, the base oil

dentapaiiee. &h dedvisre B xelydrpaanbl, pefgrabiy €1-Cio alkyl, and z is at least
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Performance Exanples 1-13 1001111A base line
formul ati on was prepared which to asses the
performance of the m xture of: conponent A)
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Bbt treperafg less thansg eausl o abe 128 rdegrg@ﬁ Geimu%tna?fsrabbbat about
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Conponent A) Conponent ) rapi
NactedeEmehiyf l-sAbllnyV@i fomphakection mixture. Removal methods

ggﬁl&c&:ﬂ:{ul‘t gr{glengﬁ EWE@ h ewlst% atl%ln %pmtr%ﬂen stripping while
maintaining the temperature of the reactor at a temperature less than or equal to about
120 degrees Celsius, preferably between about 70 degrees Celsius to about 90 degrees
Celsius. The temperature during the stripping process is held at a temperature less
than or equal to about 120 degrees Celsius to maintain the low color intensity of the
molybdenum-containing composition. It 1s ordinarily carried out at aimospheric
pressure although higher or lower pressures may be used. The stripping step is
typically carried out for a period of about 0.5 to about 5 hours.

[0085] If desired, this product can be sulfurized by treating this reaction
mixture with a sulfur source as defined above at a suitable pressure and temperature,
not to exceed about 120 degrees Celsius for the sulfur source to react with the acidic
molybdenum and basic nitrogen compounds. The sulfurization step is typically
carried out for a period of from about 0.5 tb about 5 hours and preferably from about
0.5 to about 2 hours. In some cases, removat of the polar promoter (water) from the
reaction mixture may be desirable prior to completion of reaction with the sulfur
source.

[0086] In the reaction mixture, the ratio of molybdenum compound to basic
nitrogen compound is not critical; however, as the amount of molybdenum with

respect to basic nitrogen increases, the filtration of the product becomes more
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difficult. Since the molybdenum component probably oligomerizes, it is advantageous
to add as much molybdenum as can easily be maintained in the composition. Usually,
the reaction mixture will have charged to it from 0.01 to 2.00 atoms of molybdenum
per basic nifrogen atom. Preferably from 0.3 to 1.0, and most preferably from 0.4 to
0.7, atoms of molybdenum per atom of basic nitrogen is added to the reaction
mixture.

[0087] When optionally sulfurized, the sulfurized oxymolybdenum containing
compositions may be generally characterized as a sulfur/molybdenum complex of a
basic nitrogen dispersant compound preferabiy with a sulfur to molybdenum weight
ratio of about (0.01 to 1.0) to | and more preferably from about (0.05 to 0.5) to 1 and
a nitrogen to molybdenum weight ratio of about (1 to 10) to 1 and more preferably
from (2 to 5) to 1. For extremely low sulfur incorporation the sulfur to molybdenum
weight ratio can be from (0.01 to 0.08) to 1.

[0088] The sulfurized and unsulfurized oxymolybdenum complexes of this
invention are typically employed in a lubricating oil in an amount of 0.01 to 10 %,
more preferably from 0.04 to 1 wt %.

[0089] Additional components may be added to the synergist combination of
component a) and component b) to further the resistance to oxidation of the organic
substrate and which may add to the synergism. Particularly preferred is a component
which operates as a peroxy radical scavenger. These hydroperoxide decomposers
convert hydroperoxides into non-radical products thus preventing chain propagation
reactions. Commonty organosulfur and organophophorous compounds have severed
this purpose, and many suitable compounds have identified hefein above with regard
the oxymolybdenum component and need not be repeated again. Particularly
preferred organophosphorous compounds are the oil-soluble, phosphorus-containing,
anti-wear compounds selected from the group consisting of metal dithiophosphates,
phosphorus esters (including phosphates, phosphonates, phosphinates, phosphine
oxides, phosphites, phosphonites, phosphinites, phosphines and the like), amine
phosphates and amine phosphinates, sulfur-containing phosphorus esters including
phosphoro monothionate and phosphoro dithionates, phosphoramides,
phosphonamides and the like. More preferably, the phosphorus-containing compound
is a metal dithiophosphate and, even more preferably, a zinc dithiophosphate. Suitable
phosphorous compounds are disclosed in U.S. Pat. No. 6,696,393,
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[0090] The following additive components are examples of components that
can be favorably employed in combination with the lubricating additive of the present
invention. These examples of additives are provided to illustrate the present invention,
but they are not intended to limit it.

[0091] {A) Ashless dispersants: alkenyl succinimides, alkenyl succinimides
modified with other organic compounds such as ethylene carbonate,
polysuccinimides, and alkenyl succinimides modified with boric acid, alkenyl
succrnic ester.

[0092] (B) Oxidation inhibitors:

[0093] 1) Phenol type phenolic) oxidation inhibitors: 4.4'-methylenebis (2,6-di-tert-
butylphenol),4,4'-bis(2,6-di-tert-butyiphenol), 4,4'-bis(2-methyl-6-tert-butyiphenol),
2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol), 4,4'-butylidenebis(3-methyl-6-tert-
butylphenol), 4,4'-isopropylidenebis(2,6-di-tert-butylphenol), 2,2'-methylenebis(4-
methyl-6-nonylphenol), 2,2'-isobutylidene-bis{4,6~-dimethyiphenol), 2,2'-
methylenebis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl4-methylphenol, 2,6-di-
tert-butyl4-ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-a-
dimethylamino-p-cresol, 2,6-di-tert-4(N.N' dimethylaminomethylphenol),4,4'-
thiobis(2-methyl-6-tert-butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenol)}, bis(3-
methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and bis (3,5-di-tert-butyl4-
hydroxybenzyl).

[0094] 2) Diphenylamine type oxidation inhibitor; alkylated diphenylamine,
phenyl-a-naphthylamine, and alkylated a-naphthylamine.

[0095] 3) Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and
methylenebis (dibutyldithiocarbamate).

[0096] (C) Rust inhibitors (Anti-rust agents):

[0097] 1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl
ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylpheny! ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbitol mono-oieate, and polyethylene glycol monooleate.

[0098] 2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester.
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100100] (E) Extreme pressure agents (EP agents):, sulfurized oils, diphenyl
sulfide, methyl trichlorostearate, chlorinated naphthalene, benzyl iodide,
fluoroalkylpolysiloxane, and lead naphthenate.

[00101] (F) Friction modifiers: fatty alcohol, fatty acid, amine, borated ester,
and other esters

[00102] (G) Multifunctional additives: sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-
molybdenum complex compound, and sulfur-containing molybdenum complex
compound

[00103] (H) Viscosity Index improvers: polymethacrylate type polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers, hydrated styrene-

isoprene copolymers, polyisobutylene, and dispersant type viscosity index improvers.

[00104] (I) Pour point depressants: polymethyl methacrylate.

[00105] (K) Foam Inhibitors: alkyl methacrylate polymers and dimethyl
silicone polymers.

[00106] (L) Wear inhibitors: zinc dialkyldithiophosphate (Zn-DTP, primary
alkyl type & secondary alkyl type).

EXAMPLES

[00167] The invention is further illustrated by the following examples, which

are not to be considered as limitative of its scope. A further understanding of the
invention can be had in the following nonlimiting Preparations and Examples.
Wherein unless expressly stated in the contrary, all temperatures and temperatures
ranges refer to the Centigrade system and the term “ambient” or “room temperature”
refers to about 20 to-25° C. The term “percent or %" refers to weight percent. and the
term “mole” or “moles” refers to gram moles. The term “equivalent” refers to a
guantity of reagent equal in moles, to the moles of the preceding or succeeding
reactant recited in that example in terms of finite moles or finite weight or volume.
[00108] The lubricating oil compositions disclosed herein can be prepared by

any method known to a person of ordinary skill in the art for making lubricating oils.
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In some embodiments, the base oil can be blended or mixed with N.N.N'.N'-
tetraalkyl-naphthalene-1,8-diamine compound neat or in combination with the other
additive component(s). The N.N.N',N'-tetraalkyl-naphthalene-1,8-diamine compound
and the optional additives may be added to the base oil individually or simultaneously
and the one or more additions may be in any order. In some embodiments, the
solubtlizing of the N,N_N',N'-tetraalkyl-naphthalene-1,8-diamine compound or any
solid additives in the base oil may be assisted by heating the mixture to a temperature
from about 25 °C to about 200 °C, from about 50 °C to about 150 °C or from about 75.
°C to about 125 °C.

[060109] Any mixing or dispersing equipment known to a person of ordinary
skill in the art may be used for blending, mixing or solubilizing the ingredients. The
blending, mixing or solubilizing may be carried out with a blender, an agitator, a
disperser, a mixer {e.g., planetary mixers and double planetary mixers), a
homogenizer (e.g., Gaulin homogenizers and Rannie homogenizers), a mill (e.g.,
colloid mill, ball mill and sand mill) or any other mixing or dispersing equipment

known in the art.
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PERFORMANCE EXAMPLES

[00110] Oxidation studies of the products of selected Examples were carried
out in a bulk oil oxidation bench test as described by E. S. Yamaguchi et al. in
Tribology Transactions, Vol. 42(4), 895—901 (1999). In this test the raie of oxygen
uptake at constant pressure by a given weight of oil was monitored. The time required
(induction time) for rapid oxygen uptake per 25 grams of sample was measured at
171°C under 1.0 atmosphere of oxygen pressure. The sample was stirred at 1000
revolutions per minute. The results are reported, however, as time for rapid oxygen
uptake per 100 grams of sample. The oil contained a catalyst added as oil soluble
naphthenates to provide 26 ppm iron, 45 ppm copper, 512 ppm lead, 2.3 ppm
manganese, and 24 ppm tin.

Performance Examples 1-13

j00111] A base line formulation was prepared which to asses the performance
of the mixture of: component A) N,N,N',N'-tetramethyl-naphthalene-1,8-diamine and
sold by Sigma-Aldrich as Proton-sponge’ ™, and component B1) a commercially
available alkylated diphenylamine (mixture t-buty! and t-octyl — prepared by
alkylating diphenylamine with 2,4,4-trimethyipentene) and sold by Ciba-Geigy as
Irganox® L-57 or B2) a commercially available bis(nonylphenylamine)amine and
sold by Chemtura as Naugalube® 438L; in the oxidator bench test. The base line
formulation - Formulation A, contained in a2 Group 2+ base oil, 12.5 mmoles/kg
dialkyl zinc dithiophosphate, 5.0% polyisobutenyl succinimide, 35.0 mmoles’kg
overbased calcium sulfonate detergent, 15.0 mmole/kg calcium phenate detergent and
0.3% V.1 improver. The Formulation A baseline was tested in the bulk oil oxidation
bench test above and resulted in a value of 7.0 hours to rapid O, uptake. To this
baseline (Formulation A) were varying amounts of component A with varying
amounts of added component B1) or B2). The results are depicted in Table I and
Table 2 below:
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Table 1
Performance Synergistic Mixture Top Treated to Results
Example Formulation A Hr to
Component A) Component B1) rapid O,
N,N,N'.N'-tetramethyl- Alkylated uptake
naphthalene-1,8- diphenylamineI
diamine concentration concentration
(weight percent) (weight percent)
0 0 7.0
| 0 0.5 15.0
2 0.5 0 15.0
3 0.5 0.5 42.0
4 1.0 0.5 66.0

Yrganox® 1.57 is available commercially from Ciba-Geigy

Tabie 2
Performance Synergistic Mixture Top Treated to Results
Example Formulation A Hr to
Component A) Component B2) rapid O,
N,N,N',N'-tetramethyi- Alkylated uptake
naphthalene-1,8- diphenyiamineI
diamine concentration concentration
(weight percent) (weight percent)
0 ) 7.0
5 0 0.5 12.0
6 0.5 0 15.0
7 0.25 0.5 16.0
8 0.5 0.5 19.0
9 0.75 0.5 33.0
10 1.0 0.5 43.0
11 1.25 0.5 49.0
12 1.5 : 0.5 67.0
13 2.0 0.5 116.0

"Naugalube® 438L. is available commercially from Chemtura

[00112] The excellent oxidation performance of N,N,N',N'-tetramethyl-
naphthalene-1,8-diamine is shown in Example 2. The excellent oxidation performance
of N,N,N',N'-tetramethyl-naphthalene-1,8-diamine in combination with

diphenylamines is shown Examples 3.4 and 7-13.
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Dubr B biREe B EBnn < Sl Sing i 1620 5pf o4 Oﬁlﬂhﬂwﬂng

agieestty 1) ah@ilfs8RubH dtioxidant according to formula I:

Ro

wherein R;, Rz, R; and Ry are each independently selected from alkyl
groups each having from 1 to 20 carbon atoms; and c) at least one additive selected

from antioxidants, dispersants, and detergents.

The lﬁbricafjng oil composition according to Claim 1, wherein the at least

one additive is an antioxidant.

The lubricating oil composition according to Claim 2, wherein the
antioxidant is a mixture comprising: ' -

a) from 0.1 to 10 weight pgrcent'bf a first antioxidant accofding to formula I:

Ro R3

R1\_/ \ /R4
N N

wherein Ry, Ro, Rs and Ry are cach independently selected from alkyl
groups each having from 1 to 20 carbon atoms; and

b) from 0.01 to 10 weight percent of a second antioxidant selected from the formula
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wherein RI.; R2, R3 and R4 are each independently

sel ected from al kyl groups each having from1l to 20
“carbon atons; and c) at | east one additive sel ected
from antioxi dants, dispersants, and detergents. 2.

The lubricating oil conpo§ition according to aimil,-
wherein the at | east one-additive is an anti oxi dant.
3. The lubricating oiRa—eeNpoesRPi on according to d ai m
2, wherein the antioxidant is a m xture conpri sing:

a) fromO0.1 to 10 wei ght percent of a first

ant i oxi dagheRGCRF BhdB® ke che Hdkgenkdently aryl from 6 o 10 carbon
wherein RI, R2, R3 and R4 are each indep endent |
fllﬂéngolps cach

e vigh wmemvbst@m prssu@a@mtqdawm@nq PIGHHO
GAURE%AL PIP20 BoRMbg0m 0. 01 to 10 wel ght per cent
|

secon OXI selected fromthe fornmula |
Ra- N- Rb- wherein |le and Rb are each

i ndependent | aryl from6 tg. 10 carbhon atons_whjc
. may be undhdBtbricatiagiod compesdtion arcatiing torCighe 3 owh%%l the ratio

k¥ HBH B0 %%ﬁﬂ)oﬂ@ﬁ‘['ﬂ? % fd R Todud P79 1§ 3bRRB: 121 ONB.

The lubricating oil composition according to any one of Claims 2 to 4,
wherein the total weight percent of the mixture of antioxidants in the composition is

less than 5 weight percent.

‘The lubricating oil composition according to any one of the preceding
claims, wherein R, Ra, R3 and Ry are each independently selected from alkyl groups

each having from 1 to 10 carbon atoms.

The lubricating oil composition according to any one of Claims 3 to 6,
~ wherein component b) is selected from the group consisting of diphenylamine,
monoalkylated diphenylamine, dialkylated diphenylamine, trialkylated

diphenylamine, and mixtures thereof. -

The lubricating oil composition accordihg to Claim 7, wherein
component b) is selected from the group consisting 6f butyldiphenylamine, di-
‘butyldiphenylamine, octyldiphenylamine, di-octyldiphenylamine, 7
nonyldiphenylamine, di-nonyldiphenylamine, t-butyl-t-octyldiphenylamine, and
mixtures thereof. |

The lubricating oil composition according to any one of Claims 3 to 8,
wherein component b) is selected from the group consisting of phenyl-alpha-
naphthylamine, phenyl-beta_-naphthylami_ne, t-octylated N-phenyl-1-naphthylamine.
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4. The lubricating oil conposition according to C aim
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15.

promoter, A me d gg)rauqlpr Xv‘\glm tt}é%%’gg)lill ant pe or%)l(eince of a lubricating oil
formulated with an aminic or phenohc based antioxidant by supplying thereto an oil

soluble antioxidant according to formula I:
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13. The conposition according to Claim 12, wherein

t he basic nitrogen conpound is a succinimde. 14. The
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ABSTRACT Disclosed is a lubricating oi
conposition containing an oil of lubricating

vi scosity and a

N, N, N, N-t et raal kyl - napht hal ene- 1, 8-di am ne and at

| east one additive selected from anti oxi dants,

di spersants, and detergents which together provide
super i or LUBRISIABINGBHLCOMROSTIONS CONTAINNG A

| ubricants f ut Y t r

| ubri cants; Tﬁ&ﬁéiﬁggkii§¥ﬂﬁi§§#§§Eﬁﬂgﬁh%gﬁﬁg% gear
| ubricants, hydraulic flIANPROXAPANTESSOr oils, diesel
and marine lubricants. (no suitable figure)

ABSTRACT

Disclosed is a lubricating oil composition containing an oil of lubricating
viscosity and a N,N,N',N'-teiraalkyl-naphthalene-1,8-diamine and at least one additive
selected from antioxidants, dispersants, and detergents which together provide
superior oxidation inhibition and are suitable lubricants for automotive and truck
crankcase lubricants; as well as transmission lubricants, gear lubricants, hydraulic

fluids, compressor oils, diesel and marine lubricants.

{(no suitable figure)



