LUBRI CATI NG O L ADDI TI VE AND LUBRI CATI NG O L
COVPCSI TI ON CONTAI NI NG SAME BACKGROUND OF THE

WO DMMBRITASEN 1. Technical Field [0001) The presePE@T/US2009/049212
i nvention generally relates to a lubricating oil
addi tive and lubricating oil conposition containing
sane. 2. Description of the Related Art [0002] In
general, organic nmol ybdenum conpounds are known to

i mprove t heipuibrd sk 04, propetviesiof emgimergids. For

exanpl e, ol ylderim @i Reat RarsA psiat 8alypl cal |y
enpl oyed for the reduction of friction. The nol ybdenum

di t hi ocar bamat es, however, contain sulfur and slowy

gmﬁS{e alR8 AR ALy AR mesieae friction unless an

atternatessut-rur-soufce~ts present in the lubricating
t her exanpl e of organi c nol ybdenum conpounds
gﬁ@‘@%ﬁ‘g&\lﬁ?zed mol ybdenum pol yi sobut enyl succi ni mi de
onpl exes_whi ch are used to nedi ate wear, reduce
Eﬁﬂfﬁﬁ Cti onIhandrsen oRETG! soxrdat rbres Ges, lubrigptingWibadditive wnd
Patent Nos. 4, 259,194; 4,265,773; 4,283, 295;
ubfie 8% BR&mmrdicd, 962:886xamd U S. Patent Application
Publ i cati on No. 2005/02091 11. Probl ens associ at ed
2. Wekdnidilee oise: iofimsdilakur in a lubricating oil are that
sul fur can be inconpatible with em ssion control
[pugeyi ces andeam Lesihd wldhiRRELASIADRIEPLEMBucwn o fnprove the

lubrivating propertiss of engine oily,  For sxample, molvbdenum dithiocarbamates are
typloally emploved foe the reduction of Riction.  The molvbdenum dithlocarbamates,
hovwever, contain sulfe and slowly Tose the ability 1o reduee friction unless an alternate
sulfr soures is present in the lubsivating ol Ancther example of organic molvbdenum
compounds are sulfutized molvbdenum polyiscbuteny! suosinumide comploxes which are

used 1o wedinte wear, reduce frictivn, andfr control oxidation. Sse, g, UK, Patent Nos.

4259 194, 4,265 773, 4,283,295, 4,385,832; and 6,902,896 and LS. Patent Application

Fublication Mo, 23005/02091 11 Probloms associated with the nse of sulfur i a lubwicating
oif are that sulfvr can be incompatible with entission controd devicss and can result in
corrosion prohiams,

HEETRY LS, Patent Nes, 4357149 and 4,500,439 disclose mudvidated Cis0n
slkenyl succhimides. In Example X of both of these patents, ¥ molybdsied succinimids
s epared by reacting 8 O alemyd suecinie anbydride with ticthylens tetzaniine

fudfowed by treatment with a molybdic aoid solution,



[00031 U. S. Patent Nos. 4,357,149 and 4,500, 439
di scl ose nol ybdat ed C15-C20 al kenyl succinimdes. In
weEanpd86Xl of both of these patents, a nol ybde@BUS2009/049212
succinimde is prepared by reacting a C1S- C20 al kenyl
succinic anhydride with triethylene tetram ne foll owed
by treatnment with a nol ybdic acid sol ution.[0004]
Russi an Patent No. 2201433 discl oses a nol ybdat ed
{ougci ni mMidesipe Shtumeat e d220E 3 MdcRises anhytlbiige:: ascdfimide post-
additive for notor oils used in internal conbustion

tre@RG L AGS RS BhiaRRALEe L NBiv@ 301 433 ULt hen 1 '3§t§§zﬁ§ S%m Bustion
t hat the additi'ves are prepar ed by reacti ng an al kenyl

enSHELT 8 &gem@mt pal e vk eirl?rfzﬁ ga{magl ﬁmwlti* &&ﬂ}(&ﬁ 4l Prepared by

T bda the présence o

gl at FREna aﬁﬁfﬁﬁ&iﬁ%{% ga%&%!«%yg gty @fwrbgar jrolybdate in

ol e of alkenyl succi ni m de  of pol yethyl ene pol yam ne,

DEAPFSGIS Ph &SR i) BSTHIS ARG ERR O RS S PREBATOONBL S1th maleic
2201433 enpl oy a high nol ecul ar wei ol yi sobut enyl

AniQBGC NBIAR) s BEEiHE @iahm@ru*a@n(kpmssg\)sm fpiréépamin:givﬁtfh?emda of
al kenyl succini mi de of pol yethyl ene pol yam ne. [0005)

polketgivdh nghypming.  idubtitbexdesio ablotstd td @welinp Phwpr BuedR(1433
nmol ybdenum cont ai ni ng | ubricating oil conpositions

gl chhghhdtiodul Mmss;gmd fikd0td:an (FR0MOR DR:RR0LME BRde (PIRSA)
and oxi dation inhibition. SUMARY OF THE | NVENTI ON

in $RODE): B 1ACKANAANES W L1, A0S, 88RAd B of the

present invention, a rml bdat ed succini m de conpl ex

§§§i@§'§3 (F:)|arn|e?n EXmQ]g &E&OC‘?S@Q xi Iy *\(i‘h aS&PURG ' RE% e%(@)p aiqup\t% {! g};c@ybdemum«
containing lubricating ol compositivns whish exhibl tmproved frigtion reduction, and

swear and oxidation inhabition.

SUAMARY OF THE INVENTION

HEEE In accordance with one smboshinent of the prosent invertion, 8 mohvbdated
succinintde complex prepared by s process which comprises {a) reacting a succinimide of

a palyamine of formula b
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wherein R is @ hydrocarbon sadical baving a nuraber average molecalar welght of ahout

SO0 to about 3000, ¢ and b are independemly 2 or 3, and x 15 € to 18, with an ethylenically

o



a polyamne of fornula I: wherein Ris a hydrocarbon

radi cal having a nunber average nol ecul ar wei ght of
W@RaoHo2Be®H t o about 5,000, a and b are i ndepenBE&RUE2002049212

or 3, and x is 0 to 10, wth an

et hyl eni cal | yunsaturated carboxylic acid or anhydride

thereof, in a charge nole ratio of the ethylenically

unsat urated carboxylic acid or anhydride thereof to
undn@eUC chrbbotide sgff boramib@ids hardbDUh Q. Ohiatpd an@boHlic of the

1.05:1; and (b) reacting the succinimde product of

ot t@Ra(12) uﬂ%ﬁ}hﬁﬁﬂ RSbnG E@iﬁy@d SRWT-RO NROMA 1o {00 QY«LE ithide of
accordance with a second enbod |rrent of the present

Tk VS § 3 f PLE d i s AL x mwoduct of ste
f- -f§§%§?%% ?ﬁ“’ LB ool B a9, CLRRRE) O e TR PRl et of step
3“’2 2, SUG i mqe of 9po|yam’ne of formulal : D
ket E ‘ﬁ” R OIRYHVIRG SKWEVE t he af orest at ed neani ngs,
W.th an thyle ically unsaturatwg carboxylic acid or
i*’*gﬁ ydri o& eheragre il SHEtge RBPETRAL 6 BF RREH nvention,
ethyl enically unsaturated carboxylic acid or anhydride
procheriep rpatinthe nedideiivi nbdenionidd ormpia iy protidab sdichoeotises (a)
to about 1.05:1; and (b) reacting the succinimnde
revpriade stecofiinsicep a(a)vantithoBirracidi ¢ nol ybdenum
conmpound. [0008) In accordance with a third embodi ment
of the present | nventl on, ayslubricatyng oil
conposition is r ovi ded vvhwch conpri ses (a) a mjor
anmount of & base. oi |.¢of,} rlcat.smlg scosnty, and (b)

a mnor anoun ofNa nol yb Bd succi ni extgonpl ex
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wherein B, 2, b and x have the sforestated mwanings, with an cthylenically vnsaturated
carboxyhe aod o anhivdeide therenf, in a charge mnle rmtic of the cthylenieslly
unsaturated carboxyviie actd or anhydride thereof to the succinimide of fornuls T of abowt
4481 to about 1.05:1; and (b} reavting the succinimide product of step {a) with an acidic
molvbdenmun compound,

HEEH In sccordance with a thivd cwbodiment of the presest invention, a
lubripating oil composition is wovided which comprises {8} 3 major amowst of a base pil
of lubricating viscosity; and (b} g minor amowst of & wolybdaed suecinimide complex
preparsd by a process which comprises {1} reasting & succinimide of a polvamine of

formmala U



prepared by a process which conprises (i) reacting a
succi nimde of a polyamne of formula | :wherein R a,
wh2ango286have t he af orestated nmeani ngs, w th aPCT/US2009/049212
et hyl eni cal | y unsaturated carboxylic acid or anhydride
thereof, in a charge nole ratio of the ethylenically
unsaturated carboxylic acid or anhydride thereof to
t he succinimde of fornula |I of about 0.9:1 to about
1.05:1; and (ii} reacting the succim m de product of
step (i) with ag acidic noljybdenum canpound. [0009] In
accordanceru t ba f ourt), odi.men; el t he present
i nvention, thgre Rs pFOVIdFdNa nethodfof operating an
i nt ernal conbus4l<% engi nej whi ch conpélses operating
the internal conbustion engife with a;lubrlcatlng oi
conposition conprising (a) maj or aﬁnunt of a base
oi | of lubricating V|SCOS|t§ and (b)’ & ninor arount of
a mol ybdat ed succi ni m de conpl ex prepared by a process

wh@@n‘? & GOERY fisﬂf Sadd er}??:%&t}%{lg iQLﬁéﬁgQ' Qi g‘ &Q»eﬁmﬁx ppsgturated

pol yam ne o
fo?r‘est at.ed ne + bt
AR Pl ed ¢ ﬁa%‘ﬁ%l e 47 or ity ariod TEferotie. pipvignicall

char mol e rati. t eethlenlcall unstur t ed
BRI B%SWF‘“@‘&B? Y f,n WH éf“é¥§f€ﬁ af dlgr H bmtrh%a of formula { of abowt

succi nim de of fornula | of about0.9:1 to about

Gl puatrut and: iciany! (HetetPngthe hecsuseinPmddel Pragul wob an acidic

step (i) wth an acidic nol ybdenum conpound. [0010] In
mcddclomdamcapwintich a fifth enbodi nent of the present

i nvention, an additive package conposition or
jpmoncent r at gedoslprOWitied ORI SN &Y 8D ettked OndeBtion, there i

about 80
provided & neethod of operating ax nternad combustion ongine which comprises operating

the trternal combustion sugine with 2 luhricating ofl composition comprising (&) a major
ot of & base oil of lubriveling viscosity and {(b) 2 mivor amoun of & molvhdated
sgocrnmide complex prepated By 2 process which comprises (1) reavting » sugcinintide of

a polyamine of formula §
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wherein B & b and x have the aforestated meanings, with an othylenieally unsatorated
carboxylic acid or anbydride theresf, in a charge mole ratio of the ailplenically

unsatarsted carboxylie acid or anbhydride thereof to the seccinimide of formula T of abowt



wei ght percent of an inert organic diluent and (b) one

or nore of a nolybdated succinim de conpl ex prepared
Whiaomsetess whi ch conprises (i) reacting a PCT/US2009/049212

succinimde of a polyamne of formula | : wherein R a

b and x have the aforestated neanings, with an

et hyl enically unsaturated carboxylic acid or anhydride

thereof, in a charge nole ratio of the ethylenically
{Lauhsatiratiddh: carbgky kdactimcihd sotciambydptdiact deneofi toth an acidic

the succinimde of fornmula |I of about 0.9:1 to about

molyiRidin cORGo(hd.) reacting the succinimde product of
step (i) with an acidic nol ybdenum corrpound [ 0011]
fogfige ol y%@@ﬁ% ég@ﬁww{@% aemh {}%e{; SRCRon, s additive
i nvention advantageously pr ov riction
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general, a nolybdated succinimde conplex of the
SEHBSER CHMIENPEBHCT §Y priparet iy caTprovesrentingm suocinimide of
i nvol ves at least (a) reacting a succinimde of a
a ppblayard widoofutbdrnula | wherein R is a hydrocarbon
radi cal having a nunber average nol ecul ar wei ght of
about 500 to abqut 5,000, preferablw a nunber average
mol ecul ar wei ght of about 700 to aboyt 2,500 and nore

pref erabl yga nu¥ e[‘,,,..aiVE‘é{;@gjek ol e pri.\wei ght of about
710 to about \ N B | N,
%, Vol ;
s X‘“ j
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wherein R, a, b and x have the aforestated mesnings, with an sthylenically unsmurated
carboxylic ackl or anhydride iheveof, I 2 charge wmole ratio of the ethylenieally
unsatwated carboxylio aeid ov aphydride therso! to the suscintmide of formula § of gbam
4,901 te gbout LOSE and (1) reacting the succinimide produsct of sfep (1) with an acidic
modvhdenum compoud.
HEH Y The moelybdated  succindmike  comples of the pressmt  invention
advartageonsly provides high fiction reduction, snd wear and oxidation-corrosion
inhibition when incorporated it o lubricating ofl composition and used in an Ugternal

combustion snging.

oy



1,100; a and b are independently 2 or 3; and x is 0 to
10, preferably 1 to 6 and nore preferably 2 to 5, wth
wa@eoieobpgbeni cal | y unsat urated carboxylic acid BET/US2009/049212

anhydride thereof, in a charge nole ratio of the

et hyl eni cal | y unsaturated carboxylic acid or anhydride

thereof to the succinimde of fornmula | of about O0.9:

1 to about 1.05: 1; and (b) reacting the succinimnde
Ripragd gy DERCSIER A DIWHR Pai racindile By DHd RTINS

conpound. I n one enbodinent, Ris an al kyl or alkenyl

iegrpup. | By anetlies nﬁmﬂﬁik%ﬁﬂunl%ﬁﬁiﬁ BnRehya ke dsent fnvention is
group. A preferred pol yal kenyl group is a

preRQe 'E@Q@#&&%X k9 OUPek Qxlgt]hf {;E"s ﬁt*a,eagtzﬁ ) w& :ﬁ%c&é A ML ine of

of Frul a | erein R a,
&ﬁgﬁg fstated nmeani ngs, |s reacted with a ethylenlcally

URsat ur at ed carboxyUc acid in a charge nole ratio of

the ethylenically unsaturated carboxylic acid or

anhydride theregf to the suﬁcrnlnrde\of formula I of

about 0. 9: to bout ;¥ . The tar¢|ng succi ni m de

of fornul a e~ bb %Yhed\by”$2 ¢t ng-an anhydri de

of formula 113 mh rein R Was t he aforestase& meani ng

with a pol yam Ré: \,he anhydrj;de of fornula Il is

ei ther commercially avail akle from sych sources as,

for exanple, Sigma Aldrich rporation (St LOUIS Mo. ,

U S.A), or can be prepared by any ne?hod melR*knomn

in the art. (OF14) Suitable polyanm nes for use in
whpreeplrs ahydrhevbucodbahidesof mhobmsberaps adcular weight of show

pol yal kyl ene pol yam nes, including polyal kyl ene
Soelicariones (e pblyyadikyt@ Recrage moleonlar weight of about 730 to ahouwt

2,580 and mors preforably & nuntber averags mokeculay weight of sbout 710 to about
100 aand bare wndependently 2 or 3 and xis Ot HE profurably 1 o 6 and more
preferably 2 10§, with an ethylenically unssturated carboxylic actd or anhydride thereo

in a charge mole ratio of the ethylenicelly unsamrated carboxylio actd or andeedride thereof
i the succinnnide of formmuls 1ot abont 0.901 0 abont 10N and {b) reaciing the
succhmmide product of step {3 with an acidic molvbdenuny compound. In one
savbodiment, R s an alkyl or alkenyl wroup. In another embodiment, Rois a polyvalkenyt

groap. A preferred polyalkenyl group is a polyisohmeny] group.
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pol yam nes will typically contain about 2 to about 12
nitrogen atons and about 2 to 24 carbon atons.
we@armwieasbar |y suitabl e pol yal kyl ene pol yam nesPEr/ES2009/049212
those having the formula: HN (RINH) -H wherein Rl is
a straight- or branched-chain al kyl ene group having 2
or 3 carbon atons and c is 1 to 9. Representative
exanpl es of suitable pol yal kyl enepol yani nes i ncl ude
[ty | eneds snp ne, » divetbildenetsivam ne,
triethyl enetetraam ne, tetraethyl enepentan ne and
m xtures thereof. Mst preferably, the polyal kyl ene
pol yam ne is te~¥aethylenepentan1ne [ 0015) Many of
the pol yamgnes 8uit abie.,)f.Qf usewgm.tég pr esent
i nvention aré conmer0|a1fy ayai | abl'e and~others may be
prepared by neth whi ch %re wel | kn@mn inthe art
For exanple, neth s for eParing amnes and their
reactions are detailed in S dgewi ck's "The Organic
Chem stry of N trogen", C arendon Press Oxforgd, 1966;
Noll er's "Chem stry of Crganlc Cbnpounds Sadﬁders

vu}.ep%m gdelg)gl iﬂd‘]@;dﬁdfgﬁ}]‘seﬁéi “&'ﬁ%‘éﬁ}ﬁ}&”b Gy ia..ach g?izaa sthylenically

ope
eC|aII 99 116. raII , the
RGN SeRDSH Rr BT i e TR0 ol e PP HECRE pOry IS
at a tenperature of about 130C to about 220C and
carppetiBrabl ¢ FRpiskpbiire st pecapeue of Psmulrhe sheuct Fdre
can be carrled out under an inert atnosphere, such as
abait tridgle nlier statigp avccFieidend Utudd { anhiydrtitdesdby focing @
Il enployed in the reaction can range from about 30 to
anlahiokit o9 fornkiia % and preferably from about 40 to about
60 wt. % based on the
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wherein R hay the adovestated meaning withia polvamine. The sduadvide of formmla s

sither commmercially available from such sources g8, Ror example, Sigma Aldvich
Corporation (St Lows, Mo ULS.A) or van be propared by sny method well known in the
arl.

14 Suitable pedvamines fue use in preparing the succinimide of formula { ars
polyallkyviene polvamines, including polvalkylene Mlamines. Such polvalkylens
polyamnines will typieally contain about 2 to about 12 nitrogen atoms and about 210 34
carbon stoms. Particnlarty suitable polyaliviene polvamines arg those having the formala
HN-(RINH)-H wherein R tva strad aht- or branched-chain alkylone groap having 2 e 3

carbon atms and £ 85 1 10 8. Represemtative examples of suitable polyalkylene
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total weight of the reaction m xture. [0017] Suitable
et hyl enically unsaturated carboxylic acids or their
wanhydeasdes i ncl ude ethyl enically unsaturat ed PCT/US2009/049212
nonocar boxyl i c acids or their anhydrides,
et hyl enical ly unsaturated dicarboxylic acids or their
anhydrides and the |ike and m xtures thereof. Useful
nonocar boxylic acids or their anhydrides include, but
pohpeire tadbide stiedotedjanane, ylidioy lasitdymime! thiatyjmhbigraatitle,
and the like and m xtures thereof. Useful
Bty lanhealhie WS AR mr@gca{{k@owkd: Soiachesoiorikthes r
anhydrldes include, but are not limted to, fiimaric

Ju@ﬁz‘u@m alekeyRRBYgEd8, nMesaconic acid, citraconic
acid, C|tracon|c anhydrlde i taconic aC|d

it &t‘?g?g?gfﬁggxq hyKl psﬁ %% t&emm K%\zratg‘.g imm %w EH s i %g{ii%gifm o

ent Cc unsatur ated ¢ aci
leic a dri.d :
aerodl x}&qﬁﬁa%%%%»ﬁ»ﬁ Py Bl P"éwﬁwﬁyaﬁ Sase i
onto the succinimde starting npound_ to provide a

el BE% FRPEN S CPEPR KT PERaTIRE v“““Fhé“‘i PEREHEHENOTE fpgiled in
succi nimde of formula | with the ethylenically

Sidgawitiur dbe Preardbkyinisty sl Paragenaryupiideleshéneot!, 1965,
advant ageously allows for a sufficient anount of the
Nofiof sy Bdenusmceinpaund doondeendsicBrpdeal Bididdnibbia Bal Bd., 1957, and
conpl ex. [0018] Generally, the ethylenically

KinSabiirat b e RibOX W DBeRei: 0T hub gy anhy dxi, depdosiheatied. 2,
to a nolten condition at a terrperature in the range of

ppfaomeabout 50C to about 100C and is thereafter m xed
with the succinimde of formula I. [0019] The

§€§§BF§QL ybd e n Hﬂk&‘?ﬁp Q%‘w%ﬁ&#ﬁ?h of ﬁnﬁﬁ%e?[\eﬁ is}t]n i \@‘]'; MM%E \eigﬂ aeat i

de”" co nve
ts:;tnperamr@ a}%ggxgq%%t&%o EP ﬁqu,s e{?{ «?aaz‘gmghx O A a{mm%é‘« (2o about

175°C The repetion can be carried out pnder an inert strosphere, such 99 nitrogen o
grgon. The amount of aohydride of formula 1 employed 1 the reaction can range from
shout 30 o aboat 95 wi, Yo and preferably from about 40 1o about 80 wi. 35, based on the
todal welght of the reaction mixture,

017 Suitable ethylerieally unsaturated carboxylic acids or thelr auhydrides
include sthylendeally wnaturated monocarbowylic acids or thelr anhydrides, sthylenically
wnsaturated dicarboxyhic ackds or thelr anhydrides and the ke and mixtures thereof
Uselul monacarboxylic acids or thetr anbydrides inclnde, but are not Hmited to, aovylic
acid, methacrylie acid, and the ke and mixtures thereof, Useful ethylenically unsaturated
divarboxylic soids or their anhydrides inclade, but are not limited to, fumaric acid, malsic

snhydede, messeonic acid, cliraconic acid, citraconic anhydride, ftaconie aid, tawonic



nol ybdenum conpounds. General |l y, these nol ybdenum
conpounds are hexaval ent. Representative exanpl es of
WG ei1abdses nol ybdenum conpounds i ncl ude, but arBCTU82009/049212
limted to, nolybdenum oxi de, nolybdenum tri oxide,
nol ybdi ¢ aci d, ammoni um nol ybdat e, sodi um nol ybdat e,
pot assi um nol ybdat e and ot her al kal i ne net al
nol ybdat es and ot her nol ybdenum salts such as hydrogen
anlpakrids, ang il Ly ogenestdicom apkstbaal ehyivbiOBY, unssturated
MoC>2Br 2, MR2QBClI 6, or simlar acidic nolybdenum
o OONRURASe: Ahef el Rek:aCk thLoiMhiyEEn UM QONPOMBEE@ITE Thix mul
mol ybdenum tri oxi de, nol ybdi ¢ acid, ammoni um

sinfIk XQ@%‘& Bey BNG @Mﬁﬁﬁz'\G&Qﬁ@{adf\n@k%gg %51% s AFE@{{'R Ll GUh & ? l?%ébt\\\iis,

preferred i s nmol ybdenum tri oxi de 020] In’step

auts J@d Cuﬁgi Ofg H?ii%}l(lﬁ{cil}iq }%%Smpig %%thrggdii? ﬁpiﬂia) ?ﬁtszﬁﬁ\

entm
unGned §%ﬂ‘~%§"~¥}i‘?§€&§‘?‘°’t =hf§r3ié S ler PRIREO 0 it B Sullfien
diluents are Iubrlcatln 0|Is and |iquid conpounds
L R Ty fﬁ@?“éﬁﬁrtvmb%ﬂffb%ﬁmg Ad bRygPBYERe 1o gaspreis.
ammoni unhydr oxi de nay al so be added to the reaction
Bkt ur e tonpebuittechvisoicaly orspiatadmashi:ume moidye datehydride &
[0021] Generally, the reaction mxture is heated at a
hottehper atlinnecdndgBntshanworer@quah thorzapoel H&00Bxasd C to about
preferably fromabout 80C to about 100C until the

1ol yade rumalier sfdiaient kycdgacked fnlhgageaction tine
for this step is typically in the range of from about

€}@:§§§ m nut ege 5:93 ARRNL 2 cRRUE S ARd Y e?fe%%bw ﬁf&‘ﬁ%ﬁ%@%&%; intmids
0 about hours. The "nol ar ratlo t he nol ybdenum
wrggogp%lfgggl%om&qes; xurﬁﬁ‘slﬂncr\ m..i%ieo ﬁ&%%%%%mgé \%%%Qm(c%) mj Sultx of acidic
about 0.171to

molvbdenum compeunds,  Generally, these molvbdenum compouinds ars hexavalent.
Represaatative examples of suttable moelybdenpm compounds inclode, but are not Hmited
o, molybdernmm oxide, molybdenum trioxide, molybdic acid, amnwnium molybdate,
sodiun moelvbdate, potassien molybdate and other alkaline metal molybdates and other
malybdemant salts such as hydrogen salis, sg, hydrogon sodian molvbdate, MoOC,
MothBr:, MOk, or similar scldic melybdenam componnds.  Preferred  acidic
malyhdemen  compounds  are melvbderumm  trioxide, molybdic  acid, smmonium
molybdate, and alkall metal molybdates, Particnlarly preferred s molyvbdenum trioxide.
{EE0] I ostep (), & mixture of the suorinimide mroduct of step (&) and scidic
molybdenum compound s prepared with or withowt & dilsent. A diluent 3 ased,
nepsasary, o provide a sultsble viscosity for easy stiveing. Suiteble dilnents are lubricating

ﬁ

otls and Hguid compovads comalning only carbon and hvdrogen, I desived, anmmenium

@



about 2:1, preferably fromabout 0.5:1 to about 1.5:1

and nost preferably about 1:1. Any water present
wo 2010008863) t he reaction of the nol ybdenum conppCifrtiSzne049212

succi ni m de product of step (a) can be renoved by

heating the reaction mxture to a tenperature greater

t han about 100C, and preferably from about 120C to

about 160C. [0022] Anot her enbodi nent of the present
hyimweltignaiss bdisdéct edht ossatibubriticat iongodild s colgios iof emonium

containing at |east (a) a major anmount of a base oil
nudfhdattbri cating viscosity; and (b) a mnor anmount of

t he nol ybdat ed succi ni mi de conplex of this invention

i ch is {Q‘%%faﬁlv @8 r@chiMbEEGald ;0 ge é%’:& ;s@g%z&h"a v TG thaw or CHER
Iubrlcatlng ol 1 conposi tions can be prepared by

o Q{Q{{'ﬂz)ﬂi {M\} ‘ikk?% E!C‘(?Q¥?%Qt§ hQ‘Q %ﬁ*«:&}t %I%rh@ é‘g %Q&ﬁ E%@‘\@Bﬁ{;o Uf{% ieirsdiam.;z‘m 18
amount bric ng Oi I ve of

e %Eﬂéf*\’f ol ﬁ?*a?tgéaﬁﬁg%% s e Ragesis from about
.the cont | Qatl on of the |ubri cant and t he

E3 ppiadien et "f“ BPﬁ‘éF &gﬁdi% Y FoeppEral 1Yy bt nitigi. dieapior ratio

of the nol ybdated succi nim de conplex of this

of v emtibe e lcemparyd fr Sm aboatmigs 00adusd sAbsat (316 sy 0.1:1
wei ght and preferably fromabout 0.5 to about 2 % by

abawdiZghtpretbasbdivan dbhe 4.8t ab stveiight: | afid tthet hubrildating 1.1, Any
oi | conposition.[0023] The base oil of lubricating

waldr SEesIt Yol@rinis@e IBadihe dubki ﬁﬁtsﬁﬁ@m@h |{,0€im&$ Ikl ORScinimisde
of this invention is typically present in a major

e @WB? ﬁ:\.F (@) ca@ b ATROL @t LBAL e Eﬂ@@(}@@}t%@f\ % a temperahurs

preferably greater than about 70 wt. % nore
b“ﬂ&?ﬁi‘%g aa@}xéé; fobom gh ng. ik Q. RRALL Eg,g @J""it;)ou aRe ”DSt
erably from ab ‘t'o about 9 base
&&25? Another embodiment of the present tnvention i dirvcted to a labricating ol

pomposiiton comaining at least {a} a major amou of & base oil of hubrlcating viscosity
ared {1 & nviney amonnt of the moivhdated secemimide complex of this nvention which ia
usefid as a fubricating off additive, The hulwicating oil compogsitions can be prepared by
admixing, by conventionsd technigues, an appropriate awount of the Jubsicating of
additive of this invertion with & base oil of lubricating viscosity. The selgction of the
particular base oif depends on the sontemplated spplication of the lubricat and the
prosence of other additives. Cenerally, & misor amount of the molvbdated suceinimide
complex of this nvention will vary from about $.001 to about 10 % by weight and
prefirabily from about 0.5 to about 2 % by weight, based on the toladd weight of the

lubricating oil composition,



total weight of the conposition. The expression "base
oil" as used herein shall be understood to nean a base
W@ @eko2853 bl end of base stocks which is a | ubrPCEOS2009/049212
conponent that is produced by a single manufacturer to
the sane specifications (independent of feed source or
manuf acturer's |l ocation); that neets the sane
manuf acturer's specification; and that is identified
B a uni dle Fornmaliag! Priodutty i densitf | Batkenimubberbrioting oil
both. The base oil for use herein can be any presently
codepoMiner ol thlsd iy gdities dy enptdiibasecol b Ofhalabidogat iR an amount of
viscosity used in fornmulating lubricating oi

2rQONRRS 1 NS, fiRsieall 8Rd:alhhy e vapp! dralid:e &m@wg imm ahout
engi ne oils, narlne cyllnder oils, functional flu

80 WUQEQ} Ao Rydr ayl A AiCmQ 'rﬁ*m%@ﬁr Gh it EJ\QG%W‘; SYQAY 94, based on the

ds, “etc. ditronal Ty, base oi | use

ott&e[m 6,%}& n?rlm u\%t%ns%'i by C?pt %L %ﬁ;{i(%}g?ﬁ% NF s m&d heretn shall be

yner

' eth e

b %f)‘b?‘y?ﬁ%s %‘ st VP‘éh‘é“ %ﬁt‘%a B ¢ Efgél‘ 5‘ ’ﬁ‘ g component
| i ke and xtures t her eof . [0024) As one Skl||ed in

thaf peprgpie t«\s«%dul YRS AN EEP PR Bt St peevicgton tydestndenint fesed
base oil is dependent upon the application.

soyier or tiangkyterarh éoaptistoshat yuats Ge base mwinhifbreliseseifivation; and
herein will ordinarily range from about 2 to about

iha2 800 Entiitstokesug(oBhfaairnd0 i Canticgiaden(t@). .or both., Ths base oil
Cenerally, individually the base oils used as engi ne

forOhdeShtbilyl coRade sy lhNGRBE kGoWh S608kEYIEARGE! Bhse1A0Gr Afibricating
about 2 cSt to about 30 cSt, preferably about 3 cSt to

w@xbs%t @t Gl o %ﬂ%;@skb&ﬁ@%&r b X:i.sﬁ:?xgz%mé]‘o Gl st*zg abOUL such

copo

¢St and wll be Selecte
applivations, £.8., sngine oils, maring eylinder oils, functional Hids such as hydrautic ols,

gear ails, ransmission Huds, efe. Additionaliy, the base otls for use herelre can omtfonally
contain  wviscosity  index Improvers, e, pebvmeric  slkovbnothacrviaes:  oleflnic
copolymers, e.g., an ethylons-propylene copolymer or 8 styrene-butadione copolvmer; and
the Bhe and mixtares thereofl

024} Az one skitled in the art would readily appreciate, the viscosity of the hase
oil is dependent upen the applivation.  Accordingly, the vizcosity of g base oil for use
hereln will ordinanly range from sboat 2 to about 2000 cemtistokes {680 ar 1009
Centigrade {Ch Generally, individually the base oils used a8 engine olls will have a
Kinenatic viscosity range at 100%C of about 2 oSt 1o abont 30 o34, preferably abowt 3 oft

to aboat 16 o8, and most preferably asbowt 4 o8t © about 12 oX and will be selsetad oy

blensded depending on the destred end use and the additives in the finished off to give the



bl ended dependi ng on the desired end use and the
additives in the finished oil to give thedesired grade
w@boleneasse oil, e.g., a lubricating oil conposPCT/G82009/049212
havi ng an SAE Vi scosity G ade of ON OW20, OW 30,
Oowv 40, OW50, OM60, 5W 5W20, 5W30 5W40, 5W 50,
5we60, 10w 10W20, 10w 30, 10W40, 10W50, 15W
15W 20, 15W30 or 15W 40. G ls used as gear oils can
dehen grwisscosigitesil rapgh nghiang abawty@seiSh heinghaW AL Viscosity
2000 cSt at 100C. [0025] Base stocks may be
Grinatf @81 onet: usk g, awad erysootivdishif Bre sty -pg OTESSES W40, SW.
including, but not limted to, distillation, solvent

sor efidql ngw hydr 0gen; RLOC a3t 1Y, 1OkLGONEY 23k 9N, M\\ xs} or I3W.
esterification, and rerefining. Rerefined st ock shal |

44 b?*zﬁtf 1 aJkL f}?a.izy ;,jnr}?z% f\&g@tg{ﬁ!;tg zr;gjf Q% s $r W%}{]gi{(\%gfil %%{j‘lﬂ abir mi "E* 0 ¢St

Rroug ctur
'I; e .base 0|I of the Iubr| cating oil conp05|t| ons of
1 % [ nvent| on may be any natural or synthetic
uFrl cat base oil. Suitable hydrocarbon synthetic
OB} 's | ncPitfesobtt aY SorBE I ELESTS, 4 GRIeY prlefdiceat provesse:
fromthe polynerization of ethylene or fromthe
incpuligire itz 40 ohmetd 1inol Ertithsioto swhett delipoky termasuchrocsssing,
as pol yal phaol efin or PAO oils, or from hydrocarbon
sligyntrhesis protedune sndisirofnicar e foi ok sbahti substantially free
hydr ogen gases such as in a Fischer- Tropsch process.
frofofa@xanphecd@ed Uhdah enbaseufink, t&nanBuiRato:CARPLESeS:. The
little, if any, heavy fraction; e.g., little, if any,
*}@4«\“&@ u@' the &E@‘?&a‘é;@ﬁ‘ &f dzﬁs?«&»‘?@é Yo @%&&&m@'x&ﬂek Ak naural o
C. 0026] The base oi | may be derived from natural

R 3 i‘!ﬁl"{)l?;rhl 1%@1;&\{‘% %J S’mlsy@& b%«“ &y (erg{rizs%FL«!EPQﬁtgl Js;s ids, but are noy
m xt'ures thereo ‘base udes b

S, obt :
A %3 Bils p:s,;mmqmn){ the polymerization of ethylene or from the polymerization of
F-olefing to provide polymers such as polvalphaolefin oy BAG dils, or from hedrocarbon
synthesis procedurss using carbon monoxide and hydrogen gases such as i a Flacher
Tropseh provess. For example, & sultable base ol is one thet comprises Hitle, if any, heavy
fractiom g, Iitle, Wany, lube ol fraction of viscosity 20 ¢St ar higher &t 100°CL
fotie] The base ol may be derived from naswal lubricating oils, synthelic

N

fubricating oils or mixiures therenf, Suitable base oil includes base stocks obtained by
momertaation of synthetic wax and slack wax, as well @@ hydrogracked base steoks

produced by hydrocracking {rather than sobvent extracting) the sromatiz and polar
components of the orade. Suitable base oils tnclade those In all AP categories L, 11, HL IV

and ¥V as defined In AP Publication 130%, 14th Edition, addendum 1, Beo. 1998, Group

IV base oily arg polyelphaokdfing (RAC Group V base olls include all other base oils not



I somerization of synthetic wax and slack wax, as well
as hydrocracked base stocks produced by hydrocracking

W@ eEvheas63 han sol vent extracting) the aromati cP@RTS2009/049212
pol ar conmponents of the crude. Suitable base oils
include those in all APl categories |, Il, H, IV and
V as defined in APl Publication 1509, 14th Edition,
Addendum |, Dec. 1998. Group |V base oils are

ingholeyah ghaot &f g, EPAQ) . AlGreaup (Vobade 10ishd [Wrehadés adel preferred
ot her base oils notincluded in Goup I, II, Ill, or

forl Me 1Ak QuigRiGh Q&kl@\d tase kdik sﬁﬁ%ﬁ»b@@@ h@ld \ﬁ“ti“aaﬁ&ﬁz. one or mare of
preferred for use in this inventionh, these base oils

rﬂﬁy} @FEQFQD%{W Q% SQIRLPLAG oRe or nmore of Goup I,
, 'V and V base stocks or base oils. [0027]

§E§1HS fuI n@&%&?km& 1§|Sq QQ&EH% d;mu[}?ﬁr fillbﬂlx HQ a%%t L4 ﬁqq ks sxample

h as, for exa
hqgﬁ éggg*?ﬁe“éar x&Fﬁfﬁgmﬁgﬁﬁﬁﬁ HW%D ra &vgdusnMﬂww otls of the
af fi ni_ ¢- napht heni oi.ls derlved fromcoal or
f‘*“pﬁéﬁf% “‘%ﬁﬁﬁﬁ’l‘v o P%"‘-dvé?g‘éf URb-RRrdRIS I BEg, Vibsafietsddiom coal or
oils, castor oils and lard oil), and the |ike. [0028)
shalls epumal syppRet B b FY B atitagedbils chviel dlendBut calbewddle like
limted to, hydrocarbon oils and hal o-substituted
HERYfr ocar biefubi hsilgtich tasicpohy neily ziedivdnd but are not  lnited o,
i nterpolynerized ol efins, e.g., polybutyl enes,

hydrobypeopyisenas, fapyienes | is@butytaneiiconehy BB Solymerized  and
chl ori nated pol ybutyl enes, pol y(l-hexenes),

inuRel s}x{ula‘h@@{t enesds, PP YE LEQ&%%@%@ES) ;z‘«{ﬁﬂpq obiRBaddl KGoBREhe-isobutyiens
m xtures thereof; alkyl benzenes such as

u\;g@&d‘gx y| bﬁf]ﬁz‘?@ﬁﬁﬁ %g% LageGY] b %?E%éx wﬁghﬁnogy{ PR Q%@%ﬁi poly(-

et h exy hzenes, .
du,éﬁﬁ i %‘é kfkl gi& a:}:xéyﬁna\?{é:ghg{]% (éiW Iﬂa}é ?eg »ﬁ%?i thgiQXl&}%bwlfﬁ’l‘i:b

etradecyibenzenss, dinonyitbenzenss, di2-cthyihexyl-benzenes, and the ke polyphenyls
such g biphenyls, terphanyls, alkylated polyphenvls, and the like; alkviated diphenyl
sthers and alkylated diphenyvl sulfides angd the derivative, analogs and homologs thereaf
and the Bk,

{829 Other useful synthetic lubrieating otls melude, bot are sot Hmited 1o, oils
made by polymerining olefing of less than 5 carbon atoms such as sthylene, propylens,
bulylenes, isobutene, pentene, and mixtures therent. Methods of preparing such pobymer
oils are well known to those skilied in the ast

ELEH Additional usefnl synthetic hydrocarbon olls inchude Hoguid pobamers of

alpha olotins having the proper viscosity, Hspecially usefol synthetic hydrocarbon otls are



et hers and al kyl ated di phenyl sul fides and the
derivative, anal ogs and honol ogs thereof and the |ike.
WO 00209286x her useful synthetic |ubricating oilBCT/US2009/049212
i nclude, but are not limted to, oils nade by
pol yneri zing olefins of |Iess than 5 carbon atons such
as et hyl ene, propyl ene, butyl enes, isobutene, pentene,
and m xtures thereof. Methods of preparing such
thepiotdympmnaei | isyual elipehirs kiicinid O Hoke obink Isadh kn BHhesample, I~
art. [0030) Additional useful synthetic hydrocarbon
des@hé gith&cl ude i quid polyners of al pha ol efins having
the proper viscosity. Especially useful synthetic

S}ﬁkwpr ocar QQB‘*?‘@% |¢§&&@r€§t hes dﬁyql}}%%@aﬁ Sg{.&!ii’i\gubi@% Al MBS are not

Cto Cn al p a ol eflns such as for exan'p e, ldecene
im] ﬁuke)qg, alk ‘[‘ngxsgilkiArﬂ'\({) l?ﬁrm Cil »asg(\‘g{g'%rﬁg&s‘iﬁtb T]m b&%ut\ and dertvatives

X S HOMOROL YIBL S 4 iy o oo vl
tnefif oS yﬁ@ ComBR MR b G PRGT B Miefed . for example
t er m nal dr.gx gr oups have been npdified b for
IR AP OF éﬁ?éf‘%g“i‘@at TBite o1 1 GrneriPyiH Bh LeTHiESEreBiTes through
are exenplified by the oils prepared through
polpprymikizdriiohenstosedny maevlosd dedoitbpp éps/wnéw@x« desrs of these
the al kyl and phenyl ethers of these pol yoxyal kyl ene
roipotwriets:e(mignsgrsneihyhepel polpriopytieneszighyicahoeldheny an averags
havi ng an average nol ecul ar wei ght of 1,000, diphenyl

moBkhRE wafigipokiy ethy| ¢oRe:gh ek diawil Whﬂm{mhﬁﬁbﬂ BAVIME IaORbicoular
of 500-1000, diethyl ether of polypropyl ene glycd1

well@Y ENgo@ 1 iml, %&Qil@r i\&?'(g rfig?x‘?vfrm]w {gQQﬁ;l“\l{@QQ‘§ligticﬂi)3§t?w£§d‘ff weight of
nmono- and pol ycarboxylic esters thereof such as, for

E,{}gﬁﬁ%fgﬂ}e” ,\t\;r}g maong- and polyoarboxylio esters thersot such ay, for example, the
acetic esters, mixed Cr-Ug fatty acid esters, ov the O oxo aid diester of tetravihylons
alyool,

16032} Yet another class of weeld syothetic lubricating oils include, but are na
Hmited to, the esters of dicarboxyhiv acids e.g., phibali acid, suscimie acd, alkyl succiniy
acids, albsnyl suecinie aclds, walewe aaid, grelame actd, suberic aoid, sebacie acid, Rumarie
vi malonic

acid, adipic weid, Hnoleie said dimer, malonie acids, alkyl malome scids, alken

i, butyl alcohol, hexy! aleohol, dodeny! slcobld,

&

acids, ete,, with a varicly of slechals, e

glvend, el

Ry

-ethylhexyl aloohol, ethvlens glyveol, dicthylene glyco! monosther, propylene
Speoific sxamples of these esters include diboiyl adipate, Ai{T-cthythexylisebacate, di-n-
hexyl fumarate, diootyl sebacate, dilsooety! axelate, dilsodecyl wrelate, diootyl phibhalate,

didecy! phthadate, dicicosy] sebacate, the Z-cthylhexyl diester of Hpolete aeid duner, the

i4



acetic esters, mxed C3-C8 fatty acid esters, or the

Cl3 oxo acid diester of tetraethylene glycol. [0032]
woreqroamssher cl ass of useful synthetic | ubricaPCTES2909/649212

include, but are not |limted to, the esters of

di carboxylic acids e.g., phthalic acid, succinic acid,

al kyl succinic acids, alkenyl succinic acids, naleic

acid, azelaic acid, suberic acid, sebacic acid,
cofrpienr pgeradindiedady piseciay dnel bl ef csehadid iidrewith two moles of

mal oni ¢ aci ds, al kyl malonic acids, alkenyl malonic
wcraeihgBne @heod aoll itk o ivasi Bty Bbsalcbohol 8:d @ Gke. butyl

al cohol , hexyl al cohol, dodecyl alcohol, 2-ethyl hexyl

ipealicohol | pethyleng gl M%let&c C}Jiﬁt;\héél ?ﬁ@z\igl M‘?’foixr: '}W@i’?ﬁi@riu those

propyl ene glyco etc. Specific exanples of these
b3 §%§’£}'§ & %c g:’ w{ zk\.‘ ECH Q0 2 carhon R JE
Rk 5 e? t‘@f\ﬁexaz t?l'gai’é ati‘;}% ?{Euﬁﬁ e? bmfttuirmif zatner a0 m miiv] alvohils,

Seba 00¢ yI zel at e Soq 17 \
&d. B ?g%‘gph‘gjﬁgas” o @é%w 5 t%%"ate )éu"“”bossyr“‘““‘-“ ghrool,
the 2-eth e dleter of linolei
“”““d?‘ ﬁmﬁ?z‘wéféeﬁﬁf%w%‘g 3 %ﬁﬁ}f‘é&*}ﬁgﬁ IEEER ﬁaﬁﬁ, ‘fg gke-

sebacic acid with two nol es_of tetraethylene glyco

AN two Abices-tefedibt wgh Bexansrended eyt melyg ke, polyatkory-
[ 0033] Esters useful as synthetic oils also include,

or pulyagteyrdiositiniieshd slictthode. wadeist rombcanpdxydiae of synthetic
aci ds having fromabout 5 to about 12 carbon atons

lutwicbifrgab-éohdpssifie. gupphetdfahale, irehdansh, aretify Hvpgodlyol Ssiracthyl
and polyol ethers such as neopentyl glycol,

silibfih NRl-RYd0lorRT SRARE, (PO -RBLMERN HiBkate, tetra-(d-methyl-hexylisiticat
di pentaerythritol, trlpentaerythrltol and the ['ike.”

?‘is[&? 34 EnghéEQnggé@d Oi |'s such as,..[or: £XATRk Sewoxy idisiionane,
, po yary , polyalkoxyo
;‘oﬁph}l%(i 3{4 }%@;{ 2 Q’Qﬁh\% 1 \arg %%Ei “hd Lilﬁﬁ,s’ TR RS wserut
anot her  usef ul ‘

symthetic lubricating oils inclade, but are not Honited to, liguid ssters of phosphorons
containing acidy, e.g., trioresyl phosphate, troety!l phosphate, disthyl ester of decans
phosphionie acid, efe, polymeric tetrahydrofirans and the Bike

HEIRRY! The lubricating oil way be derived from wrelined, refined and rerefined
oifs, erther natwal, synthetic or muistures of two or more of aoy of these of the type
disclosed heremnabove.  Unrelined oils wry those obtained dirsetly from 2 natursl oy
synthettc souree (8@, coal, shale, or tar sands bitwmen) without further purification oy
tregtment. Examples of weefined oils fnclude, but are not Hmited o, 2 shale oil obtained
divently from rotorting operationy, & petroloum ofl obtained directly from distillation or an

exter oil obtained divectly fromy an estorifivation process, cavh of which is then used

without frther treatment. Refined oils are suntlar to the nnrefined eils except they have

Py
L



| ubricating oils. Specific exanples of these include,
but are not limted to, tetraethyl silicate,

WO 2a1p@e28sdpr opyl silicate, tetra-(2-ethyl hexyl PCT/US2009/049212
silicate, tetra-(4-nmethyl-hexyl)silicate, '
tetra-(p-teit-butyl phenyl)sil!icate,
hexyl - (4- et hyl - 2- pent oxy) di si | oxane,
pol y( et hyl ) si | oxanes, pol y(mnethyl phenyl)sil oxanes,

beantrhbetrtdidein Stal ¢l myetpotiheliciusefule isyndhetiecor more propertis.
| ubricating oils include, but are not limted to,

ThideQpibithi:08be s 0lquph 08P RESOH S CBALNKITY RCHESwt @nd-inclnde, for
tricresyl phosphate, trioctyl phosphate, di ethyl ester

exBipidecans,; Rhasphion E&ﬂﬁ@i&g difthiGuton pQ;} B r@.rg{\g extraction, fitration,
tetrahydrofurans and Tike. E e lub bricating

perfblagIR B el o, fmgmwzew &;&» m{%h& e ARl et o

her® na ura
these f dIS ed

n h‘e‘*FéﬁSh%\b%’\ig*Q ‘Uﬁg‘eﬁf‘u ‘r‘f*éti WI" d‘%ﬁég?‘iﬁlog*z ? i ﬁ"“ nP 88 are atso

Adirectly froma natural or synthetic source (e

KRk s REPE SoRPESFSSSanEsas %tbﬁewj SN m%r&hérw techniques
purificati on or treatment. Exanpl es of unrefined oils

distel wdemopiol apet pdditiismrted wokdawsiyabiesi | obt ai ned
directly fromretorting operations, a petrol eum oil

{OBL ai nedidbueetf wif bowm dibcdbidibiatd drvorisahydasthencobdton of wax
obtained directly froman esteriflcation process, each

maff aivhitehuded, then used oM khauibibuidnhestht teatiPRRbid natural andlor
Refined oils are simlar to the unrefined oils except

ﬂm}'i‘%é fhavebeen funtbsr wbhheatedyin RIS bMBBvdroisomerizating of
purl fication st eps to | n‘prove One or nore propertl es.

mm eﬁxlewpz‘dfs,‘nf LGRLL &%E\%{J«, 1 1%1*6:“?0?.[?% E‘Kﬁ%@*n‘i&tﬁ@%ni?(ﬁ

he “art  and

%fracti secondary dl St - coive
*“ﬁ Aot BRtuPRERD: fn "’bé#%dlhtu*}éﬁ "‘ﬁ%r%t‘f‘éa‘tf Ry, the sotvent

dewam n et c.. Rerefined oils are ?btal ned bg( at | n%
dewaie B mareral cils! synfhetic wayes ars typically the wax prod “aed ' the Fischer

Tropsch process.

REIRES The lubricating ol compositions of the presend invention may also contain
other conventional addittves Ror huparting auxiliary functions 1o give s nished hubwicating
ail composition wn which these additives are dispersed or dissobved. For sxample, the
lubricating oil compositions can be blended with antioxidants, amti-wear agents, detergents

such ay metsl dotergsgs, rust inhibtiors, deharing agents, demulaifving agents, metal

Qe
deactivating agents, Biction modifiers, powr point depressants, amtifoaming agomts, oo
solvents, package compatibilisers, corroston-inhubitors, ashiess dispersants, dyes, extreme

pressure ageuds and the ke and muxtures thersoll & variety of the additives are known

and commercially svatlable.  These additives, or thelr analogous compounds, can be



in processes simlar to those used to obtain refined
oils. Such rerefined oils are also known as recl ai ned
w@eroemsetessed oils and often are additi onal | PCT/US2009/049212
processed by techniques directed to renoval of spent
additives and oil breakdown products. [0036]
Lubricating oil base stocks derived fromthe
hydr oi sonmeri zati on of wax nmay al so be used, either
emalogne for the prgandiicnat!i ibe Mirkhiiddhetl abopesace wafwnabstion by the
and/ or synthetic base stocks. Such wax isonerate oi
usdsb bRhOdyeateyet.ne hydroi sonerizati on of natural or
synthetic waxes or mixtures thereof over a

rpgydr oi SOE“%«E;h;Z@E Lo GAL RS e ladO %@?ly\ N& uﬁ@l»a\f\@ 83ni@hbpes, g
typically the slack waxes recovered by the sol vent

ai;pglesm%% 9 8{x<ﬁ11‘z Qﬁ'ss(xa-!\w}?‘ Na?%m“{"ﬁtgu@i\%g& 7 .i.i?ﬁim'i‘-t%; st alkylated

?hﬁt‘ﬁ‘ge}‘ﬁ“r‘%ﬁ%‘%f&g a2 e HTROSASRP ¥
conventi onal addltlves f npartin aUX|I|ar .
PREGRCTICETS 40 SgIvet Ry iw‘fihehrdhﬁa? F“é‘g{ PrEEsEE pod 2.6-di-tert-butyl4-
conmposi tion in which these additives are dispersed or
(2-gigsbprednvirbpheaskhapt eixiens thapri cating oi |
conpositions can be blended with anti oxidants,
{ldil | - weabxagelt syl dehesgeditsorsuch asiutet &t detengeniiisiied o,
rust inhibitors, dehazing agents, denul sifying agents,
polfBikalend eashiiy ablvngidagentSaithpdC iR dicivel Ss BSsivalkyiens
poi nt depressants, antifoam ng agents, cosolvents,

uRALK AR SRTPALLAL hiBOES GAPHOY etk oS ¢roash ho@SSting of
|spersants dyes, extreme pressure agents and

\u{,d m& fﬁ@ qﬁ-&%l\?('tx HE 63t B‘S&&?f}}’fﬁ}é&ﬁ‘é@}g & ;X}ag{;ris‘;ﬁpﬁyiﬁa;g{r‘{syi VieRanmines,

Muarmich bases, phosphonoamides, and phosphorandes; triazeles, o, slkviiriszolos and
benotriazeles; copolymers which sontain g carboxylale ester with one or more additionsl
polar function, inchuding smine, amide, baing, imide, hydroxyl, carboxyl, and the ks,
o.g. products propared by copolymerization of tong chain alkyl serviates or methacrylates

with monomers of the above Smetion; angd the ke and mixtures thereof, The denvatives

of these dispersants, .8, borated dispersanis such as borated succinimides, may alse be
ased,
joa 1 Examples of rust mmbibitors inglude, bl are not lmited o, noniowic

polvoxvalkylene agents, g, polyoxyethylene lauryl eother, polyogyethylene higher
alechol ether, pedyoxysthvione nonviphenyl ether, polvoxyvethylene ootyiphenst sther,
pobvoxyethyviene ooyl stearyt ether, polvoxyethylone olevl ether, polvoxyethviene sorhitol

monastearate, polvoxyethvlens sorbitol moncoleats, and polyethvlene glveol monooleste;

s
L
o



and commercially avail able. These additives, or their
anal ogous conpounds, can beenpl oyed for the
WEeEpaozss on of the lubricating oil conpositi oPGI/U820091¢49212
i nvention by the usual blending procedures. [00391
Exanpl es of antioxidants include, but are not limted
to, amnic types, e.g., diphenylam ne,
phenyl - al pha- napt hyl - am ne, N, N-di (al kyl phenyl)
steanmd med andrthealikyl atiéd dphenpglkBonesidiantinbsiapghenoktidsanine salis;
such as, for exanple, BHT, sterically hindered al kyl
mephiendd 8 Sueh: asididadl: batik babyhpReRO! seter of polvhydric alcohol;
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-

p?*& h@i‘&t ¥§M§ i@ﬁ&@@@ﬁﬂ;?z)ixsﬁﬂ@ Q&Jum\, BAa et @8 hRRLe and nitrogen-
40] Exanpl es of ashl ess |spersants |nclude but

L‘t*ﬁrﬁgiﬂa’o&m Jx»l\@'ﬁ‘*& %Qt‘i!':&‘ \‘%ﬂ?@i%l hx\/l Qﬁ&* G ; (ﬁt‘%:aqg‘ﬁ»} shithalene
non i t rogen cont ari ni ng erivatives of é 8
c.nitrogen conpound selected

St succi ni ni des, carboxyl ic

d am dracar byl pmnoam n dr oc r hyl, .
ﬁiﬁo yani n S *%n é‘lﬁ‘fﬁ&s’é‘égi*‘b‘ﬁog‘dﬂgnéﬁhi{‘dé? Tl 0. alkoxylated
phosphoram des; triazoles, e.g., alkyltriazoles and

'J"%e‘iﬁrﬁ@f‘r PaREKdERy Bt nErY ’Wﬁ%‘!ﬁ% dftsagnesilesdpBosgingt.drorated

ester with one or nore additional polar function,
alkbrchiedi falgy amiine, nawildets iofi faey sk dBity hydt exydes, iyeerol osters,
carboxyl, and the like, e.g., products prepared by

wuse&ﬁoiiymr Izatd; @nd i origaeiiabnaadikyibsedan YEAL BEe@INo, 8,372,696,

nmet hacryl ates with nononers of the above function; and

thel DRitdrnk K B ARCLEMXLHERBokREr8OteteThe ekl adne8SmBfifiers ohtained
t hese di spersants, e.g., borated dispersants such as

GohOf ALed SUeEhRIFLdeS {Fr?%u BLSOPECYEPE,, and most preforably a Ce 1o

sued} 0:} m: T‘f@ ig‘? 6%’ <zr8{j nﬁ?xi%p iatéi

Cop Tatty acid eater and @ nitrogen-containing compound aslected from the growp
consisting of ammonia, and an alkenolamine wad the Bke and mixtares thereof.

{3 Examples of antifoaming agents include, b are not hwmted o, polymers of
atkyl methacrylate; polymers of dimethylsilicone and the like and mctuees thereof,

LIS Each of the Doregoing additives, when used, is used &t 3 fanctionally

. 3

offective amount o hnpart the desired propertios ty the lubrivant. Thuy, foe example, iTan
addittve 18 o Diction modifier, 3 Fncttonally effective mnount of this friction modifler
wenidd be an amourd suilicient 1o inpant the desived fiction modifving charseteristics 1o
the lubricant. Generally, the concentration of cach of these additives, when used, ranges

from about 000196 1o about 2096 by weigly, and in one embodiment about 0.01%% (o showt

0% by weight based on the total weight of the lubsicating ol composition.



[0041) Exanples of rust inhibitors include, but are
not limted to, nonionic polyoxyal kyl ene agents, e.g.,
wpoitgosases hyl ene | auryl ether, pol yoxyet hyl enePdii/ghzono/ 049212
al cohol ether, polyoxyethyl ene nonyl phenyl ether,
pol yoxyet hyl ene octyl phenyl ether, polyoxyethyl ene
octyl stearyl ether, polyoxyethylene ol eyl ether,
pol yoxyet hyl ene sorbitol nonostearate, polyoxyethyl ene
{HBT bi t ol Thohies! aatiesticand! thellyetdwinend glryeoltions of this nvention
nonool eate; stearic acid and other fatty acids;
magibeafh exyhpie, RChaS e (Rhdbr Sbapsis hakbyhagl de@NMABuss, crankeass
salts; metal salts of heavy sulfonic acid; parti al

m%@@ﬁx’ﬂ@iﬁy hitenasiid tﬁ@tﬁﬁm@fis ﬂQi ﬂ}b){ﬁkﬁ' Kﬁ‘ﬁtﬁ'@‘hm? heavy machinery such
phosphoric esters; (short-chain) alkenyl succinic

as GG 9% RAY A L&x, St 4 rsﬁﬁs@ ﬁse%(m AN AL L Q;Tencx%b%' DD bricating

erlvatlves t'hereo synt hetic aﬂkaryls fona

gl m%\gt}ai m} %ﬁdqgn%k Zf?tgg ngst%ﬁg* Aé?\ef {ﬁ'p»l %’ixafi tf‘t}c?%t{mgoﬁ&»m is
nmodi f i er? cl ude, but limted t al koxyl at ed

preperty V\' r{g KR *@r“’a Ey nf\gtfﬁwgg%ﬁ Fatesy i 3{ e stearate and the ke

phosphi t es, fatty epoxi des, fatty am nes, borated

%atﬁk oxy| abredrsflsr e3nbarivmes ol fe @reginn: fegpbeting ciloiddiive of the
fatty acid am des, glycerol esters, borated glycerol

preagt ergytiandudvabe ysrs:rm@mﬁaasotu additias poilegt os edndmmitbleSn which the
Patent No. 6,372,696, the contents of which are

sddineorperatedi=nynvef ebeneeihaenak Niorheilc ol HEid BRES such as,
obtai ned froma reaction product of a C4 to C s

for PRGN AR Gl QyGddh, BRdeDshrphelerablye & @Bl Qn additive
: fatty acid ester and a nitrogen-cont ai ni ng

xf}*&@ﬂ@ﬁs‘:‘n‘?hé«%l %QI&‘"@'*@[ QLmsititt}gﬂgtra%f?wﬁoﬁxﬁbtﬁt‘f R Q‘Ismst B4 b\, weight

ammnla an an al kanol am ne and the I'i ke and m xtur
af \tﬁ Cldglgnéﬁi (&w Eﬁ 1{&? R4 i?}éﬁ\dﬁe G 1 zs.oantt\[]%t 1? o about 1.5 o8t a

PO and preferably about 4 1o about 6 oSt 100 will be nsed as the dilpent, thongh
synthetio otls, as well as piber organie lguids whick are cornpatible with the sdiitives angd
finished lnbricating o can also bewsed, The additive package will also typieally comain
one of more of the various other additives, reforred o shove, in the destred wmounts and
satios 1o facilitate divent combination with the requisite amownt of base ofl. The following

nop-thmiting examples we iHustrative of the present invention,

EXAMPLE D
{6471 Intg a S00m, S-wneek round bottom fasX equippod with an overhead
mechanical stirrer, water condenser with attrogen line and Dean-Stark trap, lemperatuse

controtler, heating mantle, and thermoeouple was added 252 g of g polyisobutenyd
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al kyl nethacryl ate; polynmers of dinethylsilicone and
the like and m xtures thereof. [0044] Each of the
w0 or1egaassy) additi ves, when used, is used at a PCT/US2009/049212
functionally effective anount to inpart the desired
properties to the lubricant. Thus, for exanple, if an
additive is a friction nodifier, a functionally
effective anount of this friction nodifier would be an
su@mpunthsdfdd CFERA batinpar 738 hewdesi pedidr peddeohr weight (Ma)
nodi fyi ng characteristics to the lubricant. Generally,
polvhebeongdenbyatidonsobagaetionfathe g8 AR dI t 3y egXWHEN The mixture
used, ranges from about 0.001% to about 20% by wei ght,

wadNhaiel ON@RAbEBFIERL; abaut & Q&% GeAbRMIRYADYPA; 08 mole
wei ght based on the total MEIght of "thé lubricating

sl Ie}s,t‘:{oﬂ'p}@@‘if‘{\o&n[ szﬂgeld Ehe, «E&azlmoaﬁf%l EaLd.0N, of, ;(Qi?tgw funnel,

Iubrlcat|ng oi I conpositions of h|S|nven|on nay

3 %i?z égggégtﬁs%izzggg Ti [@{6 HE éi %&l‘ &@id gg}\gr : % Al PA Bas charged, the
aut onobi | es and rallrQ dsadtl} lj ke, brlc ntsfor e

e R St R S e W ‘?‘ﬁé‘%“ g gl 163°C
as_greases for bearings and the |ike. \Wether the

ov¢7i#8ft-cat i ng oi | conposition is fluid or solid will
ordinarily depend on whether a thickening agent is

{883k bsent . Ty pradatal thisckehidhgnhfent ¢ (thdldgdeopobsauremionsd © a
acetates, lithiumstearate and the [ike. [0046) In

JSanbhherneelrbadii fentmdiaskt h€ht Avantidmaictibe {HEKT ine atalaiganhydeids
oil additive of the present invention may be provided

addB8a@nNagdi ik e RagkR e A iRANGeNE kaki@alki WO T B added. The
additive is incorporat ed into a substantially inert,

roal@b g@xli;;s}‘&ﬂm;%\sdn Q%@ b€ rgidcugnt o8 HS&‘ b 1&%@&’&9&'@! t@mgﬁmam&

m neral oil, naphtha, benzene, toluene or xylene
ond q g;an additive concentrate. These concentrates
uaTIy contain from about 20%to about 80% by wei ght

g 8870 angd {hen 4%4 g ol toluene, 612 g of

‘i‘

Yy The mixture was coole
mniybdenum wioxide {1 mole squivalont to TEFAYL 5 ¢ of distiled water, and 2 drops of
four ahibidtor were added. The mixture was stirred and heated at 100°C ovemnight, The
product was then filtered twough Celite 312 i & warmed Buchaer funne! onder vaguum.
The filtrale was collecied and concentraied using & rolary ovaporator (full pump vacuum &
& maximum ermperatuee of 140°C) to remove toluene and restdoal water, The product

was a viscous brown oil and had the foliowing properties:

jaasy] Mo =235 wi. 9%
{ﬁﬁS?{g WS 7w %
jBUSTY Total Base Number = 140 mg KOW/y
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of such diluent. Typically a neutral oil having a
viscosity of about 4 to about 8 5 ¢St at 100C and
wWeeabeoshd y about 4 to about 6 cSt at 100C wi | PCDHES208%0H9212
as the diluent, though synthetic oils, as well as
ot her organic Iiquids which are conpatible with the
additives and finished lubricating oil can al so be
used. The additive package will also typically contain
one or nore of the vari ouSAdfiigr 2additives, referred
to above, in the desired anpbunts and ratios to
[easaci | it akemdivbhagtd carbiingtd ampiet hvab hecpaegUisshd e same general
anount of base oil. The follow ng non-linting

pro@UARP 88 caf@ohddidshiiabd Ve BREmbRe! RRESE Mat HRY OMEL QIEPA charge
EXAMPLE 1 [0047] Into a 500m, 3-neck round bottom

mal JFQ%&&} QUEpPEdTIM Ly x%;ti,q& &l MQFP%@PQWLQ 8l §g1€( i iEanm'f} content

wat er condenser MAth nitrogen |ine and Dean
ﬁi{ @R, d,emperature controller, heatlng mant | e, and
~ thernocoupl e was added 252 g of a
pol yi sobut enyl succi ni ¢ anhydri de (PIBSA) having a 7S0
nunber average nol ecul ar wei ght (M) polyi sobut enyl
group and a saponlflcatlon nunber (SAP) of 139
ngKCng The mi xture wasthéatidd: o about 100C and 47.3
of tetraethyl enepentam ne (TEPA; 0.8 nole equival ent
&WéM%@mmwmmwmmpWwwmmwwmww&mwwmm
an addition funnel. Slight foam ng occurred during the
proesifurt ahd chapgenst @agéscdAhtieaniiie | TERA: was dehBilged had B 600 Mn
tenperature was increased to 165C over about 60
polfistihiesyi andhias o hem nhabe @t b6aCkove gmwmw;{ QA8 ] succinimide
The material was cool ed and 50.00 g 0426 nol) was

cobhSRPREEE hR%tiRn@n content of 5.9 wi. %.

EXAMPLE 4
{BO5S] A molybdated sucoinimide complex was prepared using the same general
provedure and components outhined in Example 3 sxcept that the PIBSATEPRA charge
molay vatio was .31 The molybdated succintmide complex had 8 molvhdenam content

of 0.4 wi, %%,

EXAMPLE S
LRS! A molybdated seccinimide complex was prepared using the same generad
procedure and componenss outhined 1y Example 1 except that the PIBSA had 5 23080 Mn
polyisobutenyl group and a SAP nwnber of 564 mg KOH/g  The molybdated

3

succinimide complex had a molvbdenum content of 1.8 wt, %%,



250m three neck round bottom flask. The flask was
heated at 100C for mal ei ¢ anhydri de addition. Next,

wa2@8/0ee86d mal ei ¢ anhydride (1 nol e equi val eneCT/0S2009/049212
TEPA) was added. The reactor tenperature was increased
to 160C over an hour and then held at this tenperature
overni ght. [0049] The m xture was cool ed to 85C and
then 49.4 g of toluene, 6.12 g of nol ybdenum tri oxide
( 1 nole equivalent to TEPA), 5 g of distilled water,
and 2 drops of foaminhibitor were added. The m xture
was stirred and heated atxi@@8.overni ght. The product
was then filtered through Celite 512 in a warned

@iﬁur hner @Xu&egli > MR8 QL VRGN k&.ﬂkaim@x bl Tl @@ MBS ny the same general
|eCted and concentrat ed USIng a rotary evaporator

prekl bl %rxéﬁﬁ“&i A8 ?SNWE‘ SIREL, ?tﬂ%% 8&‘?{3;49@{)} O charge

) rennve tO uene an resi

SCouUs had the fo
‘m-E( boé%( “n\?b“z 35% :tnsao/%qr%@bgf}mi\plmigﬁ SRR \5 T@d%(gf &Sro‘%‘ﬁﬁ ontent
Base J\lun‘oer " 140 ng KOH gEXAMPLE 2 [0053] A
T Vb&at ed succini m de conpl ex was prepared using the
same general procedure and conmponents outlined in
Exanpl e 1 except that the PlIBSA: TEPA charge nol ar
ratio was 0.5:1. The nol ybdated succi ni m de conpl ex
had a nol ybdenum cont ent EBRMEPIG27W . %

HHISE] A molybdated succinimide complex was prepared using the same general
procedore and components outhined i Example 3 except tha the FIBSATEPA charge
owndar ratie was 1 The molvbdated specimmide complex had 3 molvbdenum content of
4.6 wit. %,
COMPARATIVE EXAMPLE &

HEHSH A baseline obricating oif formulation was formad containdng 3.8 wit. %
suecinimide dispersant, 3.8 mMdAg low overbased calolnm sulfonate, 45 widkg highly
overbased caloiom sulfonats, § wbdikg sine dithiophosphate derbved from a secondary
aloohol, 2 mbiky zine dithiophosphate from a primary alcobol, 8.5 wi %% diphenylumine
guti-oxidant, 0.3 wi. %% powr point depressant, 4.8 wi. % olefin copolymer viscosity index

improver and 10 ppo foam inhibiior iy & Groop 1 base oib

COMPARATIVE EXAMPLE R
LR A basehine lulwicating ol fromulation was formsd coutaining the same

aiditives, bage ol and treat rate g3 in Comparative Example AL A conanercially avatlable

2

LR



EXAMPLE 3 [0054) A nol ybdated succi ni m de conpl ex was
prepared using the sane general procedure and
w@impoesss s outlined in Exanple 1 except that PEEUSIBEMNI212
had a 1000 Wh pol yi sobutenyl group and a SAP nunber of
120 ng KOH/ g. The nol ybdat ed succi ni m de conpl ex had a
nmol ybdenum content of 5.9 wt. % EXAMPLE 4 [0055] A
nol ybdat ed succi ni mi de conpl ex was prepared using the
mapnRngenetdl suprioteducexnang oiNORSRtSpAUkdRed! F 00 M W) was
Exanpl e 3 except that the PlIBSA: TEPA charge nol ar
fodalidel Was 10s Saditind RE B YDIRALSSHLET REOe 1CoIRE 8% content
had a nol ybden%mnzl;c}gﬁtigﬁ%ﬂ‘ﬁ@%&%uﬁ#g%&??ﬁéﬁﬁﬁﬁl&g ¥o content in
ined RORGL:HA, 1Rl yhdat.ed succini m de conpl ex was prepared
usi ng the same gener al procedure and conponents
outlined in Exanple 1 except that the PIBSA had a 2300
Mh pol yi sobut enyl group and a SAP nunber of 56.4 ng
KOH g. The nol ybdat ed succi ni m de conpl ex had a
nol ybdenum cont ent of 1. B%WMPBE EXAVMPLE 6 [0057] A
ol ybdat ed succi ni tni de conpl ex was prepared using the
[Bigdhe genér akschrodeltinetioand compbnient ssolithicdedmiaining the same
Exanpl e 5 except that the PIBSA: TEPA charge nol ar
addinteso haas oD, Sl tredfhetensd wh datednsive CExismiid et coNp Rkwicming ofl
had a nol ybdenum cont ent
additive of Example 1 was forpmlated o this baseline hubricsting ol formulation auch

that the total Mo content in the fornwlation was 500 ppm.

EXAMPLE®
{62} A baseline lubricating o formuelation was formed comtaining the same
additives, base oif and treat vale a8 in Comparative Example A The lubricsting ofl
additive of Example 2 was formulated tnte this bascline lubricating off formudation sweh

that the total Me conten i the foroudation was SO0 ppan.

EXAMBLE 1O

3] A baseline Inbricating ol formudation was formed containing the same
additives, base ol and freat rate as fo Comparative Example & The lubricating ol

additive of Exampde 3 was ormudated into this baseline Inbricating ofl formulation such

that the total Mo content i the formulation was 500 ppny

7.
(5



of 0.6 wt. % EXAMPLE 7 [0058) A nol ybdat ed

succi nimde conpl ex was prepared using the sane
w@enenadsepr ocedur e and conponents outlined i n BEXEOR1009/G19212

except that the PIBSA: TEPA charge nolar ratio was 1:1.

The nol ybdat ed succi ni m de conpl ex had a nol ybdenum

content of 4.6 wt. % COVWARATIVE EXAMPLE A [0059] A

baseline lubricating oil formulation was forned

containing 3.8 w. % sucgiknakdtiideldi spersant, 3.5

raM kg | ow overbased cal ci um sul fonate, 45 nmM kg

pgeaghl y overbased ioahehum SURLORAER: RadMkQaZiNCining the same
di t hi ophosphat e derived from a secondary al cohol, 2°

mmw %gn%ﬂdzatmgahﬂﬁpbaﬁg? ok % ngr?%@k a| cofql Lt hém il

di ph eny am ne antl-ox % pour

m?&%pr %?%ﬁ\% ‘* 4y 6@1 iﬁm%t 5%?1? ‘t}nﬁﬁio %8%%“‘1 uar,@zio 1] mI'i X““E}‘a@% o such

ro &r™a
e ‘1‘“‘ o 3{;843 RATI VE AVPLE [006(;)4t A baseline

T T ffﬁf“é‘ﬁ‘%‘ﬁ s 'FéPRed cont ai ni ng the

sanme additives, base oil and treat rate as in

Conparative Exanple A. A commercially

avai | abl enol ybdenum oxi de succi ni m de conpl ex derived

from a polyi sobutenyl (Z008MMIW )2 was fornulated into

this baseline lubricating oil fornmulation such that
{iie tot ala Mesctiontiginfouting tohle ideoiuiaoat @ fwaed SRR the sams
additives, base oil and treat rate @ in Compsrative Example A, The lubricating ol
acktitive of Example § was fornwlated e this basoline lulwicating off Rormulation such

that the total Me content in the rmulation was SO0 ppm

EXAMPLE 13
el A heseline lnbrivating ofl formulstion was formed containing the same
additives, base of and teat rate as in Comparative Example A, The lubricating edl
additive of Example & way foermidsied into this baseline lubricsting off formulation such

that the total Mo content in the formadation was 500 ppan

EXAMPLE 14
{67 A buseline lubwicating off formulation was fooned containing the same
additives, base ol and treat mate as in Comparative Example & The lobricating ol
additive of Example 7 was formulnied into this bassline lubricating of formwmlation sush

that the total Mo content in the formulation was 500 ppm
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EXAMPLE 8 [0061] A baseline |ubricating oil

formul ati on was fornmed containing the sane additives,
whasenwshs and treat rate as in Conparative Exapgil/gSa09/049212

The lubricating oil additive of Exanple 1 was

fornmulated into this baseline lubricating oil

formul ati on such that the total Mo content in the

formul ati on was 500 ppm EXAMPLE 9 [0062) A baseline

lubricating oil formulation was forned containing the

sanme additives, base oil and treat rate as in

indgnpar at |g)/s§@»5§x;armu@wﬁm;l?he | ubricating oil additive of
Exanple 2 was fornulated into this baseline

é&éiﬁ@?“ cat kg wﬁkl dr %&Hﬁz‘\ ?ﬁ LORSHG! 6&@%&&@%&%& of Fxamples 8-

t ent |ntefor i on wWas
A:.b e forrru ati on
g R CBRT AT v KR LR D Piebrb RGN e ans
treat rate as in aratlv
S “ﬂﬁ‘ﬁ% Eatergeniql @é%f«‘t‘? 8 sy E‘Sx hgpféi%i%gi fSH ped

into this baseline lubricating oil formnulation such
Cophatalivhdporh A syl Berdtleisting ot henportien at Vonpuasvsdompls B
ppm EXAMPLE 11 [ 0064] A baseline lubricating oil
n fovrdbiati enchvast. f rmediationtsailnis rgrt herishow taddistd sesyidation
base oil and treat rate as in Conparative Exanple A

berkihaodi ubttgabbdigy 01 §. Bdeidieiien af. HEXappbey Fr@Scrons, Vol 42 (D,
fornulated into this baseline |ubricating oil -

0500 MUl B O MG, the vate of oxygen uptake at constant pressure by & given
weight of oil @t 17070 was monttored. The time roquired to reach & period of rapid
OXYEEN uptake, known as auto-oxidation, was designated g induction s, Bench test
results are genevally reproducible 1o within & 0.5 howrs. T this test, the longer inducetion

e corvesponds 0 move effvctive antioxidant, The oxidation bench test resulis are

prasented in Table !

TABLE 1
Oxidation Beneh Test Resulis
Comp, Ex, Ex, Mo Treat Rate | Induction Time
Comparative Ex, & - 13
Comparative Ex. B | 300 pym 29
Examnple 8 300 ppm 33
Example 9 $00 ppm 25
Example 10 SO0 L 27
Exaople 11 00 ppm &1
 Example 12 SO0 ppm 33
- Example 13 500 ppm
Example 14 500 ppm 24

Yok
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that the total Mo content in the fornulation was 500
ppm EXAMPLE 12 [0065] A baseline lubricating oil

WO 201002863 on was fornmed contai ning the sane adelCT/U92989/049212
base oil and treat rate as in Conparative Exanple A
The lubricating oil additive of Exanple 5 was
formulated into this baseline lubricating oil
formul ati on such that the total M content in the

Asfibr datk stdvanhaas: 60 GeppcaiXAMRLE AR {i0080hn AvbasebhRie and,
lubricating oil formulation was forned containing the

in SaREinadddl MeSfichane ekl mandstit sl Jsa&ﬁngﬁﬁzdaﬂ\ guisicde the scope
Conparative Exanpl & A The lubricating oil additive of

{}t%gpg;qgg was formnmul ated into this baseline
ricating oil fornulation such that the total M

content in the formulation was 500 ppm EXAMPLE 14
[0067) A baseline lubricating oil formulation was

formed containing the sanm dggj s, .base oil and
treat rate as in éoﬁ%%)rﬁgg%& ﬁ%ﬁé{g&? The
|.ubricating oil additive of Exanple 7 was formul ated
U478 o t hi §haskldi b Pubt botrs Ngslorquipmsdntitat inmensiie Hirrer, water
that the total M content in the fornulation was 500
coplonydr 0068Y Gyl td on! Pexf-Brrance {0068 Thetetibedtatofy mants,
oxi dation on the lubricating oil conpositions of
snbarplhesyB: Wld ehRtal Diperthechubriicad RGN raddidbi® oxide
of the present invention were analyzed and
reated mono-syecinimide dispersant prepared from poelvisobutenyt {1000 MUY sueeinic
anbivdeids (FIBSAY and a polyandine with gbont fve amdine groups por moleonle having
£.0%  molybdenum and 23% nitrogen by weightt The charge mole mtic of
polyaming: FIHSA was aboat 081 The molvbderam oxide treated mono-sueoinimide
dispersant was stirred and beated o 110°C while adding 1.68 g of muleic anhvdnide (1

mole equivalent). The mixture was stisved & abont 1607C for 1 howr 1o vield a Mack

visgous oil.

COMPARATIVE EXAMPLED
{8071 fto » LOO i, round bettom flask cquippod with & magnetic stirrer, water
condenser with nifrogen Hne and Dean-Nark trap, tenperature coutroller, heating mantle,
and thermocouple was added 251 of a commercially svailable molvhdenum oxide
treated mone-suceininide dispersant prepared from polyisobatenyl (1000 MW sugcinic
\

anhydride (PIBSA} and a polyamine with abow five amine groups per molecule having

4.6% molybdenam and 2.2% wlropen by weightt The charge mole miio of



conpared to the effect of oxidation on the baseline

[ ubricating oil fornmulation of Conparative Exanple A
wa@edonbesed ubri cating oil conposition of ConparB€T/U82009/049212

Exanple B in an oxidation bench test. The oxidation

studies were carried out in a bulk oil oxidation bench

test as described by E. S. Yamaguchi et al. in T

bol ogy Transactions, Vol 42 (4), 895-901 (1999). In
potrhinsnt SR A vhe sbatiel.8f], oXgenivpkalke atiic ansbantono-succinimide

pressure by a given weight of oil at 170C was
disponRhttor@dsirienkl MRiegui Ined idld @RGH: 2.686f bOfhalhc anhyvdride (2

rapi d oxygen uptake, known as auto- oxi dation, was ‘
m@@%&;aﬁ@ﬁ&ﬁ‘# agnd @qw 1 Qs G By 3185%52;&;9 zb@% 88 %ztzszrsa{z@id 2 black

general ly reproducible to Wi t hi n .5 hours. In
V“£$§R“ the | onger induction tine corresponds to nnre

ctive antioxidant. The oxidation bench test

results are presented in Table 1. TABLE 1 Oxidation

Bench Test ResultsAs the data show, the |ubricating

oi | conpositions of this invention were conparable

and, in some instdrieedARMENY EedidfyEBet ter than
_ Iubrlcatln oi | conpositions outside the scope of this
7avent i o ARATIVELEXAVRL B qd0op0finkngt § &t100 swbginimide

round botton1f|ask equi pped wth a nagnetic stirrer,
dispaben, 6ondensharamt tshonbridg efepbisng, dnchbhbBgrisSt a‘f{’]’ﬁbﬁiﬁeﬁ e HE Y

trap, tenperature controller, heating mantle, and
sulbhRrIBeouMBl Ry Wascaddeddd8edg, af mBIROMIRY Siiahdbophate, 0.5 wi %

avai | abl e nn1ybdenun1OX|de

diphenyvlamine antioxidant, 8.5 wi. %% hinderesd phenol anti-oxidant, 0.3 wi. % powr poiat

depressant, R85 wit. % olelin copolymer viscosity wndex tmprover and § ppm foam

idubitor i a Group U base oil

COMPARATIVE EXAMPLEF
a3 A basching lubricating ofl formulation was formed contuining the same
acktitives, base ofl and teat rate a3 {n Comparpiive Example B A commercisily available
mnivbdenum oxide suceinimide coraplex devved frow g polyvisohbmornyt (1000 MW was
formulated o this basehne lubricating il formulation such that the el Mo content in

the formulation wags S0 ppm.

COMPARATIVE BEXAMPLE G
8744 A baseling lulwicating off formulation way formed comalning the sams

asiditives, base oil and treat vate # i Comparative Bxample B A commercially available



treated nono-succini m de di spersant prepared from

pol yi sobut enyl (1000 M W) succinic anhydride (Pl BSA)
W@ rd 0403863 yam ne wi th about five am ne groups PEF/US2009/049212

nol ecul e havi ng 4. 6% nol ybdenum and 2. 2% ni trogen by

wei ght. The charge nole ratio of pol yam ne: Pl BSA was

about 0.8:1. The nol ybdenum oxi de treated

nono- succi ni m de di spersant was stirred and heated to
sudfiftenuhi heladdiingnilic 68mgleafisiaddismanhy drdtdeeny! L0 W ) was

equi valent). The mixture was stirred at about 160C for
forknQUE WO Blsdhid: RbAKnN LIRS IRidn 1 GQVPARATI VE

EXAMPLE D [0071] Into a 100 m, round bottom fl ask

equi pped with a nagnetic stirrer, water condenser wth

nitrogen |ine and Dean- Stark trap, tenperature

controller, heati gleasy gg\laingr\ \h»n%%)%oum e was added
)

25. 1g of a comer Ci aI denum oxi de

ol at ed uc |n|mde d|§ fant rep Sfrom
Exo yi sobu éﬁv e THYEMERY & 8*&‘ Wee Srhyaret é*‘(ﬁffB%A)ﬁk same
and a yam ne with about five am ne groups

df%r@cmdé ﬁ&v&iﬁgm&é?&%m% yhdenmmang Dupoginif.r oi;i@nhwywm oil
wei ght. The charge nmole ratio of pol yam ne: Pl BSA was
addiboute! 0 @uaratlive Enohylbdénuem Gxindbndd e eblis baseline lubricating il
nono- succi ni m de di spersant was stirred and heated to
forkl QG onhibiedhaddic ng V6B ogienf innkd RieuRiby dib & (Ennol e
equi val ents). The m xture was stirred at about 160C
for 1 hour to yield a black viscous oil. COVPARATI VE
EXAMPLE E

COMPBARATIVE EXAMPLE T
LB A buseline lubricating o fermulation was formed contalning the same
additives, base ofl and treat rate gs in Comparative Bxample B The lebricating oil
additive of Compargtive Example € wag formulated info this baseline lubricating ol

formulation at | weight percent.

COMPARATIVE EXAMPLE]
{8077 A bassline lubrizating oil fermuleBion was Tormed containing the same
additives, bose oil and treat rate as in Comparative Example B The lubricating odl
additive of Comparative Example D was formaolsted into this bussline lubricating off

formuldation such that the iotal Mo coment i the formulation was 300 ppm.



[0072] A baseline formulation was formed containing 5
wt. % succinimde dispersant, 3 wt. % borated
wa@ewolessd de di spersant, 4 nmM kg | ow over basedPCHUS1009049212
sul fonate, 58 mM kg carboxyl ate detergent, 8 mM kg
zi nc dithiophosphate, 0.5 wt. % di phenyl am ne
antioxidant, 0.5 wt. % hi ndered phenol anti oxi dant,
0.3 wm. % pour point depressant, 9.85 w. %olefin
copol ynmer vi scosi tiysahifeaxkA T BYaniBnd 35 ppm f oam
inhibitor in a Goup Il base oil. COVWARATI VE EXAVPLE
{8078} 0073] sAvbaset ini@idaubg iRt RGLGIch §Or kAl ONES: the same
formed containing the sane additives, base oil and
iRl 8! 81ASd BedORRALALL (& bXATRL e Bl QOMBLCEALLYng it
aval [ abl e nol ybdenum oxi de succi ni ni de conpl ex der| vec} )

m&%ﬁﬁi%snn? fﬂ%ﬁﬂr&%@.“&@é}%{ﬁ?(é O‘Q%i M;%Mz)ﬁ&?ﬁ{i& %{13M<g%§te§gh!§{g‘%ig’iﬂﬁ§ oil

baseline |'ubricating ormul ati on "suc

~Lhe total M .content in the fornulation was 500 ppm
j‘“&i‘fﬂi’ﬂﬁ&% VEEXRVBEE- G [0074] A basel ine |ubricating

oil formulation was forned containing the sane
additives, base oil and treat rate as in Conparative
Exanple E. A commercial |y avail abl enol ybdenum oxi de
succi ni mi de conpl ex deritvedMidma pol yi sobut enyl
(1000 MW) was fornulated into this baseline

{H078br i cat “inbawiihe fiarmaliag icinfatukiing . w b HCOMPARATREVE: the same
EXAMPLE H [ 0075] A baseline lubricating oil

addinraulbatd ont M@stéRruedse ONUAKYRGVENE:8aN® . The lobricating ofl

additive of Example T was formudated inin this basclive hubricating off ormadation at 308

o o Mo basis,

EXAMPLE 18
{8 A baseling fubricaling ofl formulation was formed oontaining the sams

additives, base of and tedt mie as in Comparative Example Bl The lubricating ol

.....

B,

s,
EXAMPLE Y
{81} A baseline hubvicating ofl formulation was foomed containing the same

additives, base off and treat mie as v Comparative Example B The lubricating ol
additive of Example 2 was formulated into this baseline ubricating o formulation such

that the total Mo content in the formulation was 300 ppm.



additives, base oil and treat rate as in Conparative

Exanple E The lubricating oil additive of Conparative
wEanod286C was fornulated into this baseline PCT/US2009/049212

| ubricating oil formulation such that the total M

content in the fornulation was SOO ppm COVPARATI VE

EXAMPLE | [0076] A baseline lubricating oil

formul ati on was forned containing the sanme additives,

base oil and treat rate as in Conparative Exanple E.

The lubricating oil additive of Conparative Exanple C

was formul ated into thissbasghime: |l ubricating oil

formul ation at 1 wei ght percent. COVPARATI VE EXAVPLE J
ﬁ}ﬁi‘@@ﬂ?] A Daggh :&39%%&@‘1‘19% s QQ;'E iwﬁ%%k@kk@ﬂiw‘@@ﬁn ng the same

formed containing the sanme additives ase ol and

a{i{l Geal Jal %z‘a%xﬁ p@m %Fc.al;wat () Y6, E%(%‘?I'ERI eE‘Emg ﬁpl'i‘h&: i‘z,s?‘(}rig‘aﬁimg il

ubr i cafl ng ol rrparat ve

§$i *tethothlsipg |§ €19?|c3a % I

g il BHFOHE Q0 PRRAena s Do RErC BRYSREH foRaelstion a1
formul ation was 500 ppm COMPARATI VE EXAMPLE K [0078] A
*»pasel i ne | ubricati ng oil formulation was forned
contai ning the sane additives, base oil and treat rate
as in Conparative Exanple E. The lubricating oil
additive of Conparative Exanple D was fornulated into
this baseline |ubricatidgiaMiiffortrul ation at 1 wei ght
percent. EXAMPLE 15

[ORR3Y A baseline lubricating oif formulption was foemed containdng the same
additives, base oil and wem rate as i Comparative Example B The lubcicsting ol

additive of Example 3 way formulaied into this baseline Inbrivating ofl fomanlation such

that the tofal Mo content in the formulation was 508 pon.

EXAMPLE 2G
(R4 A bassline hubricating ol formulation was formed containing the same
additives, base oil and freat rale as in Comparative Example B, The lobricating off

5

additive of Example 3 was formulated inte this baseline lubricating of} formudation at § wi

%86,
EXAMPLE 21
HEIRNAY! A baseline lubricating off {formulation was fonmed containing the same

additives, base ol and treat rate 83 in Compartive Example B The lulwicating ot



[00791 A baseline lubricating oil fornulation was

formed containing the sane additives, base oil and
W@ eEan0sat e as i n Conparative Exanple E. The PCT/US2009/049212

| ubricating oil additive of Exanple 1 was formnul ated

into this baseline lubricating oil fornulation at 500

ppmon a M basis. EXAMPLE 16 [0080] A baseline

| ubricating oil formulation was fornmed containing the
wigare catditiplees pabasewbitkd amd tiis daklinatdr@stiigot vmalation such

Conparative Exanple E. The lubricating oil additive of
thabEranpleMk adsaf Brindbateduintestshi gnhasel | ne

lubricating oil forrmulation at 1 wt. % EXAMPLE 17

[0081] A baseline lubricating oil for mul ati on was

formed containing the sane additives, base oil and

treat rate as in Conpar £} ampl e E. The
| ubricating oil add|t|vg o)f{%é%me 2 was fornul at ed

: o thi rlctln for Iatlon such

0L ¢ net Efbaﬁnw’%sﬁ T P PHB PR SR o e some
G;ng EXAMPL | l0082] A baseline | ubricati n

adf B tbas 6 st ebratdse Shi-APRIPRE VE etagsiie | addmr«. {pbgeating oft
base oil and treat rate as in Conparative Exanple E.

addffes plubrargat # nge Sirmddgl mtw@tso&asgxiarﬁpbr@ apupal ormulation at 1 wi,
formulated into this baseline |lubricating oil

%formulation at 1 w. %

EXAMPLEZS
HMINTY A baseline lubricating oif fornmiation was formed cowaining the sanse
additives, base ol and treal rate gy in Comparative Example B, The lubricating ol
additive of Example 5 was formulated inte this baseline lubricating off formulation such

that the tofal Mo content in the formulation was SO0 ppn

EXAMPLE 24
U A basehine lubricating off formulation was formed comtsining the same
sdditives, base ol and breat rate ax in Clomparntive Bxample B, The lubricating ol
additive of Example § was formulated indo this baseline lubricating oif fornmlation st Twt.

-
G,



EXAVMPLE 19 [0083] A baseline lubricating oil
formul ati on was fornmed containing the sane additives,
whase/nwshs and treat rate as in Conparative Exapgil/gSH09/049212
The lubricating oil additive of Exanple 3 was
fornmulated into this baseline lubricating oil
formul ati on such that the total Mo content in the
formul ati on was 500 ppm EXAMPLE 20 [0084) A baseline
[ ubricating oil fornul atioaribas: Iiormed containing the
sanme additives, base oil and treat rate as in
{p@efpar at iy eadexasmlieidkind het Rihidgiati vg Qirkhsadintdmee ke same
Exanpl e 3 was fornul ated into this baseline
addi %»‘fos' Gatd Bg Qid oheray af hor 5\@&;’&1&{%& E\Q/@fz‘}w I e2tvdbrivating ol
[ 008S] Abaselnelubrlcatlng ol | formulation vvas v

adsﬁig{ JEdy Q%ﬂ%i@'fqu‘g &orgx 1&9@%%]&% 6% éﬁ@iTh az% *!ui N fation such

treat rate

4 Jcating o Ltive, of Exan was fornul ated
ot KRGO ERMe ‘%g%&} %ﬁﬂS\ R G S0P Pfor ml ati on cuch
that the total Mo content in the fornmul ati on was 500
ppm EXAMPLE 22 [0086] A baseline lubricating oil
formul ati on was forned contai ni ng t he sanme additives,
base oil and treat rate las‘\¥iiEorparative Exanple E
The lubricating oil additive of Exanple 4 was
HHEGT nul at édbhamtioe tiivssbas efli frembildich cats figmeod lcontaining the same
formulation at 1 w.
additives, base oil and freat rate gs in Comparative Bxample B The lobricating off

aldiitve of Exampls § was formulated Ingo thiy baseline lubsioating off formudation at 1wt

4,
HELE High Freguency Regiprocaiing Rig (HFRR) Evgluation
{92 The HFRR wear and friction porformance of the lubricsting ol

~ ¢

compositions of Examples 15-26 of the present invantion were evaluated and compared (o

the baseline Inbrivating oll foramndation of Comparative Example B and the lubricating ol
composttions of Uomparative Examples F-K. The HFRER test is an industry recognived
beneh test for detormining the valve train wear performance iy candidate lubricating oils.
The POS instrament nses an electromagnetic vibwator to oscillate @ specimen ({the haily
aver a small gmplinede while prossing againet a fixed specimen (& flat disk). The
arnplitude and frequency of the oscillation and the load are vadiable, The fictional forcs
betwaen the ball and fat and the olectrical contact resistance {(ECR) ave memsured, The

flat, statienary specimen s held g bath o which the lubsicating oil is sdded, and can be

L3
[



% EXAMPLE 23 [0087] A baseline |ubricating oi

formul ati on was fornmed containing the sane additives,
whase/nwshs and treat rate as in Conparative Exapgil/gSH09/049212

The lubricating oil additive of Exanple 5 was

fornmulated into this baseline |ubricating oi

formul ati on such that the total Mo content in the

formul ati on was 500 ppm EXAMPLE 24 [0088] A baseline
hedtebr iThatitngaond ofiparupatrion was dhonneld loontglnitegd feths ol

sanme additives, base oil and treat rate as in

woGompangt i{,\&(ﬁii*aﬁrmi!i @rEhladih e Thobehe@biRY 10 kdrr@OBES QDT wet 1

Exanple 5 was formulated into this baseline

an& @% s}&tmge;«e i bod 1 muhatd g{;ma& sl VOESAMPLE 28 the balls ave

0089) A‘baseline lTubricating oil formulation vvas
mw&{y@q}a‘gggt g{%{“aﬁ%égﬂ% é%f@e\g%d%&d 2 {ME&’@%%L hesPNWsmatter wear
cati.n was .f or

o ROBUBAIE DaS IR PUBF RBUTRG BT FEAr e o%u%ﬁf of figtion

_tuh\ap he total M, content |ntheforrm|at|on was 500 \
FOISERPNEXAVELETE (080T ReBas ePPREST ubf e dE TG W and frietion

formul ati on was forned cont aining the sanme additives,
pegsens fdang rewakdiatedlas. i n Conparative Exanple E

The lubricating oil

hatd
s



additive of Exanple 6 was fornmulated into this

basel i ne | ubri cat

ing oil

formulation at 1 wt.
wO 0092092868 gh Frequency Reci procating R g ( HFRRICT/US2009/049212

%

Eval uati on [0092] The HFRR wear and friction

performance of the lubricating oi

Exanpl es 15-26 of

| ubricating ofi

t he present

conposi tions of

i nvention were eval uat ed
and conpared to the baseline |ubricating oi
fornul ati on of ConparativéaBlanpl e E and the

FREoNpaSsititongo PFoCampacakesésExanpl es

- K. The HFRR test 1s an |ndustwym@§§@gn zed bench
tQshnd Q. @%t erm ni n@m&ﬁ%&r&@l;}Ve LdiaRoeal R%Ji QL IBRGE
1T (..dIIUI Udl [S] I UUI I catT g ol l S, IIIC I"bD rpstrumemnt Ube
an- el ectro etiic vibrator tojos |IIate a spe n
(*"‘f"‘nﬁ*}g—i‘@i“"ri:aw‘igg sna"“aﬁpb.t'“eana.c 3resg:%§qe
agai nst lx?d specinen (a flat dlsk) The anplltude
3 d“m;»mmsrm t.he YEEPM ation. AnidSthel load. ar
vaflable< Thewfrlctlonal force; between the ball and
fllarandiveie. 81 ectri cabtdant act rési¥¥t ance (ECRPlare
neasured. The fldt, stationaryi specinmen is held in a
baldmgeenivhiith it he | ubwileatd ng oi | dilg¥added, and4gan
beheated. The lubricating oilsiare pretreated wth
ahout, B3Ry wvel ght , based,on the gotal wei ght ok
lubriearing ol T iearbon Tbiack: |ne carpbon black is
sg+[ g Qgg\ghe oi | @\‘ 1 <hhen honoge géed
frot Ngi}gl ?;%}“IIUL espri-or-—t g ?}f@au ny: |ht: wearscat E -on-t-he
¢ are asur ed ua Iy on an_optical mecr ope
g &i«r&é’%‘ﬁi"ugﬁ. i‘ t-hi C{] S e gf ‘gf \Ana.pwggaﬁig ....................
¢orresponds to a nor e, effectlve ant{-mea' agent and a
SHRRISR Coef ficidant  oPU@RRetion c8fifésponds. to 1d8nore
effective frictiagn nodifier. The HFRR wear and
fi fisgtipbni & 1wt %% $.134 182
Example 17 S pom {133 185
Example 1K 1wt 5% 0.136 211
Example 19 SO0 pom {.140 133
Example 20 wt % 0,132 137
Example 21 SOG pom 113 191
Example 2 1wt %% (137 193
Example 23 300 ppm 0135 176
Example 2 1w, 8% (138 150
Exsmple 25 SO0 ppn 8,132 196
Example 26 bowt, % 0138 173

]



performance data are presented in Table 2. TABLE 2 HFRR
Wear and Friction Performnce ResultsAs the data show,

WO baolodssd cati ng oil conpositions of this i nveP@T/082009/049212
wer e conparable and, in sone instances, significantly
better than lubricating oil conpositions outside the
scope of this invention. COVWARATI VE EXAMPLE L [0093]

Into a 500 M, 3-neck round bottom fl ask equi pped with

Asalw: dvesheadhrbdhasieatil sthpedionswlties roondenser ahitphrable and,
nitrogen |ine and Dean-Stark trap, tenperature

in QO iQlahek, shedkhay Fart en lanttihgonueaypkaonasaiadded: sops
60. 07 g of octadecenyl succinic anhydride (QODSA)

aff {(}@vmi@gge from Sigma Aldrich Corporation, St. Louis,

M., U S A), 60.08 g of Exxon |SO neutral oi | and
three drops of foam i nhi bltor (200 to 350 cSt;

avai |l abl e from Do Ah L was heated to
100C and 32.88 g AL %}1 g%‘emé‘)é‘n LT ne (TEPA;, 1.0

10RL® i it VG " PBO 8 ik B BT Tabt RYEP GG igen overhead

occurred during the initial charge stage. After the
MeTEMA AN Eh RS EOM B | eﬁﬁéﬁawﬁgﬂmgm Hepealgddingp emperature
160C over about 60 m nutes and then held at 160CC for
cortihitlgn Heotrs map 0O Se] tRrewrmtide ak addes! 00T editimidiessivt sueninic
t han 100C and 25.01 g of nolybdenumtrioxide ( 1 nole
anteduitly B Hevad BRR) o VignafaitotiuGogdibng SofLonis, Mo, USAL
distilled water, and 0.1 g of foaminhibitor were
s0.a8deds rlhen m%t*&éi@wi\/\@@ RE QH@Rtdkes $D@nanghivRgen s o 350 o

agitation a gel

availeble from Dow Coming). The mixture was beatsd o 10070 and 3288 g of
tetrasthylencpentamine {TEPA; 1.0 mole squivalent to OLEAY was charged drop wise into
the naxture viag an addition furmel,  SHght foaming ocowrred during the inttal charge
stage, After the TEPA was charged, the tomperature was increased & 180°C over about
& snutes and then held at 16U for three hours,

LS 3 The matertal was cooled o less than 10070 and 3581 g of molvbdenum
froxide {1 mole equivalent to TEPA), 6% golcluene, 17 g of distilled water, and 81 g of
foam {nhibitor were added, The mixtwe was brought to H0°0 and under agitation a gel

\\\\\

frmed with evolution of foam. 116 g of Exxon 100N of was added and the mixtare wag

stirred overmight o vield a grocrush brown gl Accordingly, there was no sltempt 1o roact

the gel with maleic anhydride.

()
Lo



formed with evolution of foam 116 g of Exxon | OON oil
was added and the m xture was stirred overnight to

W@ r@Ebgo26yr eeni sh brown gel. Accordingly, therBCTES2009049212
attenpt to react the gel with maleic
anhydri de. COVPARATI VE EXAMPLE M [0095] Into a 500 m ,
3-neck round bottom fl ask equi pped with an over head
mechani cal stirrer, water condenser with nitrogen |ine
and Dean- St ark tr &Mtagpaniatuiessttitibl | er, heating
mantl e, and thernocouple was added 60.6 g of a

{18! yi sobutieny bod 1800 MV Jougdagimhe faghydiibgel Raw BY Aerhead
SAP nunber of 120.3 ngKOH g. The m xture was heated to

smé%@@& 288640 e e \9&&@5 {x @QtWJr QR%Q@”&:@"@@&M@J&P Bp, keBpersturs

nol e equi val ent) vvas ad ter the TEPA
d.s MC X0 {0, Tty “%\' *&‘ yi {1000
mz&{}%{eg%éﬁ; R»hzﬁstﬁ g,s an d&%& ‘”@? L Wl%g%%&f%ril g@i} X }%&\. oyl {1000

Ater cooll, v xon N Ol o s
g‘d{jé‘&‘i% y{( g*g@a;% FF‘ X%%Wg{) &\[ 0(5%% %r?ﬁ!e i!k mi\ﬂm WRYK
mat erj al was he ted to apout 90C nd of toluene
heajggstoaidfed 48 1P *’grﬁ 3 EBpiE fi’b‘f*f“?‘*?‘df‘?%v\@g%iﬁg f§?<>g<’ rpuivatens) was
mol ybdenum trioxide ( 1 nole equivalent to TEPA), and
addgd 3 A arhali BRA Werdehagods the FapariRtuves watssetd tor g @over about
90C for 1.5 hours and then the tenperature was raised
50 tom60Q@dahd: bl wehd"Gridr wat sreweier cerbyedsovgn, Bhbgi Exxon
4 hours. The product was a viscous brown oil. Next, 64
HOEN oft e li@niaswasdd adtleduaingwtig. m xture was heated to
95C to reduce the viscosity for filtration. Several

ss&%} enpt sy w@&@xmd%t Qekibd Lo bt R@UPE QANGE: & B QUGReAvas ndded 1o
What man brand # 1 and #4 filter paper with and without

form a solution, followed by 7.9 ¢ of molvbdenum wioxide {1 mole equivalent to TEPA),
and 8.3 g of distilled water, The mwixtare was stirred 2t 30°C fir LS howrs and they the
terperatire was mised o 160°0 and toluene and water werg removed over about 4 hours.
The product was a viscous brown il MNext, 64 g ol toluene was ssbded and the mixture
was hoated o ¥5°C 0 reduce the visvesity for 8iiration. Seversl altemapts wers nuade o
filter the product turoengh & Whatman brand §1 and #4 filter paper with and withowt
diatornaceous earth filler aid withouw! suecess, After repeated dilution of the product with
Exxon 10N oil, the product could not be fillered. Accordingly, there was no attempt 1o
react the praduct with malele snhydride.

L it owill be undersiood that varicus modifications may be made o the
embodiments disclosed herem,  Therstors the sbove description should not be construed
as tvating, bt merely ax exemphfications of preforred embodiments. For example, the

functions deseribed above and implemented as the best mode for operating the present

s
<



di at omaceous earth filter aid w thout success. After
repeated dilution of the product with Exxon | QON oil,
w0 baopeasdiict coul d not be filtered. Accordi ngl BCT/UR®OL049212
was no attenpt to react the product with maleic
anhydride. [0097] It will be understood that various
nodi fi cati ons may be nade to the enbodi nents discl osed
herein. Therefore the above description should not be
invemnst aneltr aludtianbt ipagiesbubniper @ibyr asaeyeenpls MKT ateifeds may be
of preferred enbodi nents. For exanple, the functions
imglesenbbed tabovkiliand: trphereRtdepsithd&obest stmeaniiobin of this
operating the presentinvention are for illustration

unBH%HOSﬁQwQQLN;&ﬁlh@ﬁk@ﬁE@ﬂgﬁﬂ§ﬂ¥ nﬁﬁdﬁﬁﬁkhﬁﬁﬁf&@%u@ﬁ“ﬁhm*hx
i npl emented by those skill in the art w t hout

g Spirit of this invention.

k“ﬁﬁqggfhggo{%gg%1§}ﬁ§ gJ@%&l’g‘the art will envision other

nodi fications within the scope and spirit of the

cl ai rs appended hereto. WHAT IS CLAIMED IS: 1. A

nol ybdat ed succi ni m de conpl ex prepared by a process

whi ch conprises (a) reacting a succinimde of a

pol yam ne of fornmula | : wherein Ris a hydrocarbon

radi cal having a nunber average nol ecul ar wei ght of

about 500 to about 5,000, a and b are independently 2

or 3, and x is 0 to 10, with an ethyl eni caly

unsat urated carboxylic acid or anhydride thereof, in a

charge nole ratio of the ethyl enicalUy unsaturated

carboxylic acid or anhydride thereof to the

succi nimde of fornmula I of about 0.9:1 to about

1.05:1; and (b) reacting the succinimde product of

step (a) wth an acidic nol ybdenum conpound.

i}
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2. The nol ybdated succi ni m de conplex of Caima1l,
wherein R is a polyisobutenyl radical having a nunber
w@raoamsehol ecul ar wei ght of about 700 to abourCRUSDH09/049212
a and b are each 2, and x is 2 to 5. 3. The nol ybdat ed
succi ni m de conpl ex according to Clains 1 or 2,
wherein the ethyl enicaly unsaturated carboxylic acid
or anhydride is an ethyl eni caly unsaturated
WihniadedribeEdSaci d or anhydride thereof.4. The
nol ybdat ed succi ni m de conpl ex according to Clainms 1
or 2, Akeheiinel hecetibylenigald yrepnsatunat-edse anbhoxythhiGises {a)
acid or anhydride is an ethylenically unsaturated
renfiiGad ROX Mk fieaRi; ctmarm@ﬁthw{jtrq\ﬁht}her eof . 5. The
mol ybdat ed succi ni ni de conpl ex according to Clainms 1
or 2, wherein the ethylenically unsaturated carboxylic
acid or anhydrifte is nalelq anhydri de and the acidic
nolybdenunhconp und S 7ol ybden loxide. 6. The
mol ybdat ed” Sugti \ﬂfkgiqqﬁ%tex §gﬁﬁﬁd Tg~t@gany of
Cainms 1 5, mﬁ@rein t he n&lar ratio of the nolybdenum
compound to the s &C|n|n1d% @roduct of step (a) is
about 0.1:1 to about 2:1. % A process for preparing a
nol ybdat ed succi ni m de conpkex t he /g ocess cogpr|3|ng
(a) reactlng a succinimde of a polyam ne of érnula

rein a h drocarbon radi cal havin a
WhgsRt B orBIGer ey e o1 ABIGEEEO0 S BB ﬁfs“e@sl of about
a and b are |ndependently 2 or 3, and x is 0 to 10, ]
SEHRERS ,gigxhwaéimwrp pxyﬁcyez;dmitv Tov 3, and x 18010 10, with an el hylentcally
urmaturated  carboxylic auid or anhydvide thereof, i a chargs meld watio of the
ethvlentontly unsatarpied carboxylio acid or anhydride thereof to the suocinimide of

formuda T of ghomt 8.901 to abowt 10511 and (b rescting the succinimide product of step

fa} with an acklic molybdenum compourl.

2. The molybdated succinimide complex of Ulaim 1 wherein R i g
polyisobuteny] radical having & number aversge molecndar weight of about 700 1o sbot

25300, s bareeach L andxis 2 0 5

The molybdated svoinimide complex acvording to Clatos 1 or 2, wherein the
ethylenteally unsstwrated carbodovlic achd or aubydnide B an othvlonivally wnsaturated

monecarboxylic acid or anhydride they



unsat urated carboxylic acid or anhydride thereof, in a
charge nole ratio of the ethylenically unsaturated
W@ 20bosagbd ¢ aci d or anhydride thereof to the PCT/US2009/049212
succinimde offornmula I of about 0.9:1 to about
1.05:1; and (b) reacting the succinimde product of
step (a) with an acidic nol ybdenum conpound. 8. The
process of Claim?7, wherein Ris a polyisobutenyl
r aditc dlkehaviyndpial nunheridavenade motdoy eriiaeights 0f wherein the
about 700 to about 2,500, a and b are each 2, and x is
cthRichaly 1QsailBe:Prabessicagtordi fey EOChabi il iOficBly unsaturatest
wherein the ethylenically unsaturated carboxylic acid
dic@ibed Py hd 8,4 caR: gbhykeni cal |y unsaturated
nonocar boxylic acid or anhydride thereof. 10. The
process according to Clains 7 or 8 wherein the
et hyl enical ly unsaturated carboxylic acid or anhydride
is an.ethylenical ly unsaturated di carboxylic acid.or, . ..
anhoar ae e RErEar ¥ PR S BRES LR b e aein e
7.0r 8 wherein the ethylenically unsaturated |, \ o
ﬁf“é%‘??‘%ﬁ%’/ I‘f*’i-"%ﬁ%i”é%*:a 8 ‘Qéﬁih‘i/é”r" & %@%&F &F Brh ririEe gfvd the acidic
the aci di ¢ nol ybdenum conpound is nol ybdenum tri oxi de.
mofghdenia ﬁiél‘ri?@@‘é@é& Scdprdrwg tdovidny of dains 7-1 1,
wherein the nolar ratio of the nol ybdenum conpound to
t he succinimde product of step (a) is about 0.1:1 to
about 2:1.13. A lubricating oil conposition conprising
() sa ihejsen viauinticohingidbas@pii acafrdodhs heabl Qlims 1-5, wherein
viscosity; and (b) a m nor anount of the nol ybdated
theSMERE PRI SeeanRh8X.:AGE Q&E&gﬁgxﬁﬁ B0 % Qi@ PRaleOor step {a) i

abont 8.1 1o abowt 2:1.
7. A process for prepaning g nolvbidnied succininude complex, the process

comprising (&) reacting 2 suceinimide of w polvaming of formula &

’(‘
3 ; \\
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whavain B is a hydrovarbon radical having 8 number average molecular weight of about
SO0 1o about SRMY, aand b are wdependently Jor 3, and ® 18 U 10 10, with an sthylendeally
uwnsaturated  carboxylic acid or anbydride thereof, in a charge mole yatic of the

sthyvienically wosatwrated carboxylic anid or anhydride thereof fo the suocinimide of



14. The lubricating oil conposition of C aim 13,
havi ng a phosphorous content not exceeding 0.05 w. %
whasemosms t he total wei ght of the conpositi on, PERTS209/049212
sul fur content not exceeding 0.4 wt. % based on the
total weight of the conposition. 15. A nethod of
operating an internal conbustion engine conprising the
step of operating the internal combustion engine with
fortduér 1 abstiveattivngiccitiouc OAPOs kid On rasciop dhngebphEldri paddBaf step
or 14.
{a} with an scidic molybdenum compond.

8. The process of Clatm 7, wherein R is a polyisoluneny] radical having s munber
average molecnlar weight of abowt 700 o about 2500 s and bars sach 2 and x 13 210 5.

8. The procesy secording 1o Clalms 7 or ], wherein the sthylenteally unsataraed
carborylic acid or anhydride I8 an gthylenivslly unsmiurated monecarboxyhic acid oy

anhydride thereot,

H The proceay according 10 Claims 7 or &, whereln the ethylenically ansatumted

garboxylic actd or anhydeide §s an gthylenically unsatrated dicarboxyvlic actd or anhydride

thereot

P The process according to Ulalma 7 or B, wherein the ethvlenically unsaturated
carboxylic aord or anhydride i maleie anhydride and the aoidic molybdenum vompound is

mnhybdenom trioxide.

{2, The process according to any of Claime 711, wherein the wolar ratio of the

mehybdomen compound B the succintmide product of dep {8} 18 sbowt §.1:1 o abowt 211
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A lubricating oif composition comprising (8) 8 major amount of a base oil of
hubricating viscosity; and (b} & miner amowt of the molybdated sucemimids complex

aceording to any of Clainw 6

T4, The lubricating off composiiion of Clsim 13, having a phosphorous content not
exceeding O3 wi. %%, based on the tedal weight of the composition, and & sulfle contend

not exeeeding 4.4 wil %%, based on the total weight of the composition.

15, A muthod of operating ao interngl combustion gaging comprising the step of
operating the interaal cornbustion engine with the tubrieating ol composition acvosding ©

Clatms 13 or 14,
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