WO 2010/002865PCT/U52009/049217 .RICATING OIL ADDITIVE AND LUBRICATING OIL
COMPOSITION CONY  on contair$.ng .a 10002j era organ pounds are knowii to improve the
lalybdenurnwlithiacenoagoically employed for the redu however;sulfur anddweafriciinnoMess a is
Pr's:Atothe.e example of plexes whidh are late wear, reduand/or eontmiexitaticn. SUS, Paten Nos. 4;
4265.773; 4,283295; 4,285,822; arid 6,96U.S. Patent Application No. 2005/0209111. oil are eorrosign
problems,

LUBRICATING OIL ADDITIVE AND LUBRICATING
(ML COMPOSITION CONTAINDNG SAME

BACKGROUND QF THE INVENTION

b, Techidont Figld

0611 The present invention genceally velates to o lubricating ofl additive and.

Tubricuting oil composition containing same,

2. Beseripion of the Related Art

fooex In general, organic mohybderum compounds are known to fmprove the
lubricating properties of engipe olis. For example, molybdenum dithiocarbamates are
typically amp&m' od for the reduction of friction,  The molvbdenum dzﬁmmrhm&m
howsver; contaln sulfur sl s}{mfﬁy' Jose the sbility to reduce fivtion unless an alisnute
sulfur sotiree is prosent in the Jubtioating oil, Anoether examply of organie winlybdenum
coirgoundy are sulfiwized molybderm pelyischuteny! succintinide comploxes whish ae
used o mediate wear, reduce friction, and/or contral oxddation. See, en., TR, Patent Nos.
4,259, 194; 4,265,773; 4,283,295, 4.085,822; snd S.963 96 mnd U8, Paiem Application
Fublication Mo, 20050200111 Probloms assooisted with the nse of sulfir in a lubricating
oil are thet sulfie can b incompatible with emission control devicss and can result i
corrosion problems,

§§§€§€}3_§ UL, Paigat Nos. 4,357,749 and 4,500,429 disclese molybdaied Cyalp
alkenyt sucsininddes, In Example KT of both of these patents, o melybdated secvininide
is prepared by reacting a CuCr alkenyl succinic mibydride with tricthviene totramine

followed by treatiment with 2 molybdic a0id sohdion,



[00031 alkenyi sue is prepared by react 'owed by treatment with a molybdic add Sol Russian Patent
No0.22.01433 discloses a rncdybdateJ suce thydtide asadditiveoils: or discloses that the additMtg are
reacting. an alken the presence:ofa produet with max anhytiride takenof 01 to le of alkOyi su
polyethylenedisbibsed. in Rusthan2201431 high mol;cul.ar wciht.polyisot any' (950 M.W.) sAl
npexhibit improved friction re uction, and n .inhiition SUMMARY OF THE DISCLOSURE 100061In
accordance with one embodiment of the present disclosure, there is proviladateci sx nrenared by a

rbes whiCh.ggfeacting.anlY!.su imi . . : )
%ﬁi{@% 9 @sﬁsm eigagmi ""“}& 433 discloses @ molybdated succlnimide posic

wested with malele anhydiide as o sdditve for mator oils ﬁﬁeﬁfﬁiﬁ‘ internal dombusiion
engines. Russian Patent Mo. 2201433 further disclosss that the additives are prepared by
resciing an alkenyl suechdmide of sty Iyethyien s polydmide with a_fmmm‘z_i}m? siclvbadate in
ihe presenceol water 43 & promotet and ey reacting the résultisg product with maleie
anhydeide taken in ameunts of 0.2 % LU owde per 1 mole of alkeny! succinimide of
polyethivlene polvamine. All of the examples disclosed in Russian Patent No. 2201433
employ 8 high molecular weight polyvisobuteny] (858 M W.Y suceinie anthydride {}‘EE&S«A}
ini preparing the alkeny] succinimide of polysthylene polynmine:

jogus; Ascordingly, § would be desimble to develop improved molybdenm:
coniaining lubricating ofl compositions which exhibit improved friction reduction, and

wegr and.oxidation inhibition

SUMMARY OF THE DISCL.OSURE

{6606} In accordance with one embodiment of the present disclosure, there is
provided 4 melyhdated suceinimids conspled prepaved by 2 provess which comprises {2)

reatiing s 3had or alkeny! succinimide ofa pelvamine of omie Ir
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wherein ¥ s aw about-Crs 1o sbont Ty alkylor alkenyl group, adnd ¥ arg indepen wiently 2

or 3, and ¥ ds § & 10, with an sthylenically unsaturated carbogylic =did or mh}dﬂéﬁ

r2



compound. 'de thereof; and (b)g the spro 'with an acidic malybdenmn compound. 10008]In
accordance with a third embodiment of the present disclosure, a lubricating oiprovided which compajar
art10 of tubricating vismsity; and (b)mr amount of a molybd ted succmplex prepared by a process
which comprises (i) reactnocithmide of a polyamine of'formula NH-, (I) whereihave theneaning, with

~ an ethylehically: carboxylic acid or anhydride thereof. and (ii) with an acidicound. 10009)In accordance
with a fourth embodiment of the present disclosure, there is ISa methodinternal combustion engine

which domRﬂéﬁ@ﬁ%ﬁﬁ%ﬂQ&aﬁﬁm@ the succinbmide product of step {a) with an acidie reiyhdénuy
compound,
[06007] In accordance with a second embodiment of the present disclosure, a

mocess for preparing & molybdated sucoinimide soivplex s provided which compuises {5}

reacting an alkylor atkenyl suovinimide of 4 polyamise of formula 1
o \
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. wherein R, 8 b and x Have the aforestated menminas, with an athylenically mgaiur&ﬁéaﬁ

A

carbonylic acid or anhydride thereoft and (8) reacting the surcinindde produst of step.fa)

with an acidic mdiybdenum: cormpound,

[0008] In accordance with a third embodiment of the present disclosure, a

of tubricating Viscosity; and (b} » minor smount of s fmelybilated snocinimide complex
prepared by & process which domprises @) reacting an afkyl or alkemy! succinimide of &

polvaming of formala 1

X



internat cthbtidn dngite with lubricatingcomposition comprising (a) amajor. amohnt Of a baseand (b.M
amount bf a molybdatt%i de H corriplcit prepared by procc.s which comprises. (i) reacting an alkyl
or StlYi ,SUCtilliiipi as of a polyamin of for 4 :mcarngsj witunsaturatedlethcally carvdride therc product
of p (i) acidic moiyh enum compound, 10010]in accordance with a fifth embodiment of the present
disclosure, an additive package composilicn or concentr e.is provided comprising (a)to about weight
percent ofinert organic diluent and (b) one or morea nip Mated inch co alkenyl succinimide of a pcilyai
wherein R, g&R:a0% xHavedhe afere slatde:metbylenicalhsunaatu mtethsakioxylicagid.enanhydride
thereof; and (10 reaclmg the suede with an acidic molybdenum compound. [0011] ..The molybdated
succinimidesemplexefihe presentsdiselesiiraddiiantagesudy providesdhighddetiar egugtion, and
wear and oxidation-corrosion inhibition when incorporated into a lubricating, oil composition and used
in an combystian arigioexRDERALERERIOMOF TI-IF PREFE= ENBOI 00121yhdated succinimide
complex of the present invention prepared by a process which involves at least (a) reacting an alkyl or
alkenyl sucpingwicie of alpelimriine:afitarmiolal cmtheieinPoisiapeboabiouldleupere and b are

independe.t o e : ‘
provided & mothod of opereting gh Inernial scmbustion englve which comprises operating
the internsl combisticn engine with 2 libdoaiing ol compasition comiprisiog (&) 2 majoy
amotm of & bise oil of lobdcating vispastty and (B} @ minor amount-ef a molybdated

socuinimide’ complex. prepared by 8 process whick comprises (1) roacting en alksl or

atkenyl succinimide of & polyamine of formutaly

o / A
:{} \ b4 ]
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wherein By 4, b and x have the aforesmted m»amngs, with av ethylenically unsaturated
carboirylic scid or anbvdride thereol; and (1} reacting the suscinimide product of tep (1)
with an soidic mot }fb{i&ﬁtﬁ%ﬁiﬁﬁmﬁﬁﬂﬂd«

[0010] . Tn accordance with a fifth embodiment of the present disclosure, an additive
pac&{aga composition or concentrate ¢ provided comprising () hout 20 1o zhout 30
weight percest of am inert orgapic dilpent wed (B) ong or more of o modybdated
suecinirmide complex prepared by & progess wiich comprises {3 reacting an aliyl or

alkere! succinimide of's p{;é}m\.ifee&%‘ formula i



or 3, and. x is 0 to. 10, preferably | to 6 and more preferably 2 to 5; with an ethylenic WO
2010/002865PCT/US20091049217 rilybdenunt ituent has a mnnber average molecular we and
mai223 to about 279. In anmher about C24 fca and h are each 2; and Intelide of formula I: (1)
R has theing with a nome, either (Lorporatprepared art

juic

(0

wherein R, 2, b and x have the aforestmted meanings, with an cthylepically unsatornied
carboxyiic acid or anhydride thereofl and (31} roscting the snccinimide product of siep (1)
with an seidic molybdenum &s:smpaun&.

{0011} . The molybdated succimmide complex of the present disclosure
advantageously provides high friction reduction, snd wewr and oxidation-corrosion
inhibition when incorporated into a lubricating oll composition aﬁd gsed in an internal

combustion ongine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{6012} In general, 2 molybdaied sscoinimide complex of the present invention is
prepared by a process which involves al Jesst (8) reacting an alky! or altkenyl succinimide

of & polvamine of formula I

f'f .
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wherein R is an abowt Cyz fo about Oy sl or atkenyd group: 2 and b are independentiy 2
ar 3, and x Is € to 10, preferably | to 6 snd more preferably 2 1o 3; with an sthylenically

unsaturgied carbosylic acid andfor anhydride theveof; snd {b) reacting the succinimide

0 tin



'41Suitable polyamines for use in prepanng ,alkylene polyamines. including polyalkylene polyamtheit
will typically .contain about 2 to about 12 nitrogen atoms and about24 WO
2010/0028658 G is&099/049217 1iI2NONti)c-13 vwh carbon atoms and eds/bszedvenmwaikylene group
hay examples of suflable polyaikylene polyamines include ethylcuediamine. diet ylenepentamine and
mixtf.Most prpolyalkylen inc is tctraethytenepesita 10015Many of the ,polyamines suitable for use in
the presto counnarca, Ily available and others may be prepared by methods which are well Inc  /rt.
For example, methods for prepand their ;,eacti?ps are detailed in Sidgewick's "The Organic Chemistry
of Nitrogen'-g-fri“,‘fﬁ‘f‘éarif5 ol "ﬁBf@é.g,%ﬁér‘&f ‘568" ‘jéjﬁééﬁéffﬁg%ﬁ%gfdorgrgﬁ}r@éﬁﬁﬁE‘%?‘%Cﬁ}’fc%clopedia of
Chemica pp, 89:41, 100464 Generelly, ine ahvdnde o’ Saunders, Prilaqelphig, 2nd £, 1957; and

Fubshitont FAS & rumifer avordye mateouiar Weight man
Technolok is réacinit the polyarnine At © ¢

and prefersbly from sbout 223 v abowt 279, In another embodiment, R is an about Oy fo

about Cog alkyd or alkesy! groupy s and barg sach 2 and x s 2 0 5,

0813 Irv step {a), 4 succinimide of formula {0
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whorein B, &, b and x have the aforestated menndngs, Is reacted with an othylendeally
unsatarated carbonylic seld, The starting sucoinimide of formula I can be obuained by

reacting an anbydride of formula 1

wherein R has the sforestated meaning with & polyamine, The anbyidride of fornmla i
gither comomrelalty. available frow sech sources as, for sxample, Rgme Aldeich

.

Corporation (31 Louts, Mo, UA.AL), orcan by prepared by any method well known in the
et { | _

.a.fg_‘
[t Suitable polyamings for wee ln preparing the seceiiiide of formala 1 are

polyatkylene polyanmines, including polyalkylene diawines Swoh polvalkylens
polvamines will fypically contain about 3 fo sbost 12 mitrogen atoms and abous 210 24

carbon atoms. Partienlarly suitable polyatkydene polyamines are those having the formulas



temperature of about 130C to about 220C and preferably from about 145C to ab ut  Yeight
ofactionxture. 00171ethylenically unsaturated carboxylic acids or their anhydrides include ethykinicaily
unsaturatedypepagarixaxylie acids or their arthydrides, ethyleni unsaturatett disznamaglieracids orand
the like and Useful monocarboxylic aor their antte, but are not acid, methacrylic acid, and the like and
mixtures?7 Useful ethyl= twos thereof. ed to, acrylic unsaturated WO
2010/002865PCT/US2009/049217 dicarboxylic at" anhydride, mesat anhydride, and the like a

carboxylic aC|d or.an }ydrlde thereof;is maleic iniHar anhydrides bond onto the succa
NS RINH-H wherein RY 38 2 straight- or branchoed-chain alkyiene group having 2 or 3

carbon stoms sl ¢ i35 1 o ¥ Reprosentative examples of suitable polyatkviene
polvamines  Include  athylonediamine,  diethylenctriamine,  irlethylenctetraaming,
fetrpethylenepeniamine s mivtwres thergofl  Most prefoesbly, the polyativlene
pulyvaraine is teiracthylonepentamine,

o815 Many of the polyamines suftable for use in the present mvention ws
conunercisliv avatlable and others may be prepared by methods which are well kaown in
the i, For exasmple, methods for preparing amines end thelr reactions are detalled In
Sidgewick's "The Orgame Chemastry of Mitrogen”, Clurenden Press, Oxford, 1966;
Notler's "Chemistry of Crgande Compounds®, Saunders, Philadelphia, Znd Bd., 1957, and
Kirg-Othmer’s “Encyclopadia of Chemical Technology”, 2nd Bd,, especially Vohms 2,
PR 99 116,

L Generally, the anhydride of formula H is veacted with the polyamine at 2
temperative of about 130%C 1o abowt 220°C and preferably from about 453%C 1w abowt
F75°0, The reaction can be carried out under sn inert stmosphere, such as nitrogen ur
grgon. The amourd of anhydride of formuls § omploved in the reaction can range from
about 30 to about 95 wi. % sod preferably from gbout 48 to about 60 wi. 95, based on the
total waight of the reaction mixiure,

8817 Sufteble ethylenically unsatprated cavboxrylic aoids or thelr anhedrides
inclade ethylenieally wmatwrated monvcwrboxylic scide or thelr anhydrides, ethylenically
unsaturated dicarboxylic acids or thelr anhydrides and the like and mixtures thereof,
Usefu! monocarboxylic acids or their anlyvdrides Inchrde, but are not lmited fo, sorviic

soid, methacryhie actd, and the ke and myxnurss thereof, Usefnl ethvlondeally onsaturated

i



ality. The. reat arbocvFc unsaturated ydride or a derivative f.ereoi, This and rung
compound. to rovide a carboxylic -if de of formula 1 with the ethylenically sl amount ofid to be
i.ncorpotatagdniadheeeampkx.t; acid or its anhydride is aat a temperatuS mthessangeofifrom aboutC..
to about 100t and ismixed with the sueeinimid.e of tormala f. The molar ratio of carboxylic acid or ts
anbydride to succinimide of fonnola | will vary stiemboant, the cha ge rriolar ratio of ethydrideto
succMinaide of xorm.uh t will [00191Thehe molybdatednide, complex of the ppounds or salts of acidic
rnonIxierlu comp nds.Genybdom % are hex yalent Representatlve ex pies of subds include,

hut a to ao HETTRON RS Fh ii'?‘%é bNﬁ%tE*aﬁﬁlﬁ‘é’té’té‘s ‘éfﬁif‘éﬁ%l%ﬁé’ﬁ?u%ﬁyé‘f‘%é‘

.dtogieniolybq QItoOC14 MOGlgbl Mo201t6, orOiPreferred acidic,
anhyvditde, mesiodme wed, cdraconic dofd, oireionid ag ‘wﬂﬁmﬁ faconis acid, Haconic

anhydride, and the Hke end miztures thereof A prefered ethvienically wsativaiad .
carboxyiic sebd or anfipdride thereaf iy malete auhydride or a-derivative thered, This and
simitlar anhydrides bond vndo the spccinindde starting compound o pravide s carboylic
avid fanctionality, The weatment of the suecinituide of Tormuls 1 with the ethvlenically
ansaturated carbosylic acid e anbivdrides thureof wdvantageously allows for a suffinient
amow of the nolybdeoum compound fo be incorporated bute the complex
{618} Generally, the sthylemivally unssintated carboxyvlic acid or its suhiydnide i
bented to 3 moklen condition 81 & lemperaturd in the reage of fom sbowt 30 o abowt
189 aind tv thersafter mixed with the suecinimide of formmuta L The molar mtfe of
hx»i*mm&s unsatrated carboxyie acid or ity aphydride W snocinimide of formula 1 will
a varige of fow abeol 0101 to sbout 201, In ane sobodinsont, the charge

vary widdly, ¢

\,_l ¢

maoler vatio of sthylenivally vassturated carboxylic acld or iz anhydeide o sucoinimide of

formuda | will range of from about .81 o about 1G5,
{H1ES4 The molybdenum compounds used fo prepare the mulybdated sueoinimide

comples of the present invention are acidic molybdenum compomnds or selts of avidic
modvhdenum componnds. G‘j&:ﬁ&?@f&é}}g these molvbdenun compounds me hexavalos
Represensative examples of sultable molybdemun compounds nchude, Bt sve vica Hedted
to, molybdenum. oxide, molybdenum wicxide, molybdic. acid, ammonivi molybdate,
sodiun nmolvbdsie, potassium molvbdate and other alkaling motal molybdates and other

molvbdenuny salts suweh as hydrogen salts, e, hydrogen sodivan molybdate, MoGCl,

f\fiﬁ'{kgﬁsﬂg MopthUk, or similar acidic molvbdenwn compounds.  Prefursed agidic



WO 2010/002865PCT/US2009/049217 nolybdenum trioxide moiyhdi.o inn].ariy preferred is
molybdet thu tri.oxide, em.tnude product of step (a) and acid without at diluent. A diluent ion
mixturea {ghoeamlesemove, sic atabout 100C, and prefe. ((14)221Anotkerembagigsent oft ontai n
unount of the ntolvbdated useful as a lubricating oil additive. a) is about 0 .5:1 and most preferably
aboutO 10:damnnd and sue a tern C to about 160C.

molybdenum compounds. wre molybdenurn tloxide, molybdic weld, sowmwniug
modybdate, and alkali mwtal molybdates. Particularty pre forred fe mdvhdemen iroxide.
{0281 r step (), a misture of the succinimide produst of step () eid acidie
wmelybdenum compound iy prepased with or withott a dilugat, A Siluesy is used, iF
necassary, W provide 8 stitable viscostty for easy stirring. Sulweble diluents ws lubrieating,
oils and Houd compounds-contatning o ¥ carbon and %_:a}f&mgezx I dentred, ammuonium
fvdroxide may also b sdded jo the reaction mixihee to provide s sohgtion of ammoniam
molvhdate

2 Conerally, the reaction mixtury fs heated at ¢ tortperdtnre loks than or squal
s about OO and preforably from about 80°C 10 abour 100°C untl] (e molybdenum is
sufficiently reavied. The reaction time for this step is tvpically in the mng e of from shout
18 minotes o ahodt 3 houws and preferably fom zbowt 1o aboa 2 hours. The molar ratis
of the wmolvbdenum ¢ lm?z::;:}mn& o the suceinimide product of step (a) s about 8.1 ©
about 31, prefirably from about £.5:1 to sbost L5010 swd most proferably about L1, Any
weatgr present following the reastion of the molybdenum compound and. suocinimids
prostuct of step (s} cap be ramoved by heating the reaction mixnwe fo & tempsisture
greater than abowt 100°C, and prefembly Fopt shout 120°C to about 160°C.

i yea) Another snsbodiment of the present invention Is dirscted to 2 lubricating ol
Somitsition Lontining atleast {e} & mufor mmount of a base oif of Hbwivaling viscosity,
anet (B & miner amount of the molvbdated succlnimide complex of this invention which iy
aseful 2s a Jobricating ofl additive.  The fubdeming off commpasitions can be prepared by
sdmixing, v conventional wehatgues, an sppopridts smount of the lubvicating ol

additive of this mvention with a base oil of lubrivating viscosity, The selection of the



ion is directed to a lubricating oil amotabase oil of iubriearing viscosity; of this invention, which is byal
technicopriat of the lubricating WO 2010/002865PCT/US2009/049217 partuuiar base oil depends on
the cooterupistad @phiiage lubricant and the The bast, oil of compmsun®oidhis 'in greater
than 50 t. '14, prebly greater 80 to shout total weight of unders that isd source or Ib for usehe any
presently viscosityO y for ustlubricati aboutably from

particular base off depends on he contemplated applivaion of the Iubricant and the
presence of other additives. Generally, & minor amowtt of the molvbdated sugeinimide
complex of thds Invention will wary from showt BO0L to sbout 19 wi. % and preferably
from shoat 8.5 10 abowt 2wt ‘fa based on the total weight of the lubricgting ofl
composition.

19023 The base ol of lobricating viscosity for use in the lubricating off
compositions of this invention s iypioally prestnt in & wakor amonnd, &4, &% anowy of
greater thas 50 wi, %, preforably grodted than gbant 70 wi. %, more preferably from sbowt
£ 1o about 995 Wi %% ard most preforsbly from shont 8310 abow B8 wi, %, based on the
total welpht of the composition.  The expregsion “base oil” gs used heesin ghall be
uaderstond o mean u base stock or blond of base stocks which v 2 lnbricant component
that 1z produced by a sinple manufacturer to the seme spesifications {independent of foud
soutes of mamufactirer's looationl thai meets the same mumiboturer’s speoification; sad
that i3 identifisd bv g wnque forovale, prodact ideniification number, or both. The base ol
for use herein can be suy presently knows or lsterdiscovered base ol of luheivating
viscosity used in forsvdating lubsicating ol compositions for any and il such
appitvations, e.g., enging oils, mearing ovlinder oils, funetiona! Buids such as hvdraulic oily,
gear oils, frananyssion fuids, st Additonally, the base ofls for ase hereln caroptionally
condaln viseosity  index improvers; e, polvmeric  aliovhued aorvistes;  olefinie
sopaiviners, &:§., an ethylencpropviene vopolyimer or & styrene-butadions copolymen and
the Mke and mixtores theteof!

[R024] As pne skilled inthe st would readily sppreciate, the viscosity of the base

ol 15 dependent upawy the application.  Accovdingly, the vistosity of a base ol forwsg

10



from aboutabouted on 'base oil" as used th is a lubricant component fty (independent of feed d er, Or
both. the base. ter-discovered base oil of lubricating 011 compositions for any and all such eachls as
hydraulic Geay nits;#d¢heTein an optionally contain viseimprovers.iiolefinipcrprepylesnenoi-hutadie the
like and mix tums thereof no skilled "predate f the base WO 2010/002865PCT/US2009/049217 herein
will dinarily range from Centigrade (C).oils WI to a blend go at 100'C of about 2 eSt to about 30 cSt,
pretbrably abo

hereln will ondinarily renge fom abows 2 to abost 2000 centistohes oS af 108°
Uentigrade (). Generally, ndividually the base ofls used av enging ofls will have a
Kingmatic viscostly range at JOU of shour 3 ¢S to about 30 o1, preforably sbout ¥ oSt
1o about 16 81, and most preferably about 4 ¢Xt to about 12 oSt and will be seleeted or
Slended depending on the desired end use and the additives in the fnished oil to give the
desired grade of engine ofl, 5, o hibrtosting oil composition having an SAE Viscosity
Grade of 0%, OW.20, BW-A0, OW-40, (W-30, 0W-60, 5W, W20, SW-10, W40, 5W-
SO, SW-60, 1OW, [OWL20, TOW-30, HOW-40, 10W-50, 18W, 15W-20, 1EW.-30 or 15W-
40, Dils used as gear olfs vay have viscosities ranging Fom about 2 oSt to abodf 2000 o8t
a0 100°C,
{0628t Bave stocks may be muanufatured wsing a variety of different plovesies
ineluding, W not Hmited to, distillavon, solvedt sefining, hydiosen provessiug,
shigoimedzation, csterifloation, and rerefindng, Rerefined stovk shall be substantially Bree
from muterials introduced through nm_x_’n._;fm::tm*ﬁ'ng, contantingtion, o previous wse. The
tase off of the lubricating ol compositions of this invemtion may be any saturad ot
symihotie fubricating base ¢il.  Sultable hydrocarbon synthetic oils include; but are noe
lmited to, oils propared from the polymertzation of ﬁzh}:ﬁem oy from the polvmearization of
Feodetfing fo provide polymers sush a8 polyaliphaciefin or PAG sils, or § from bydrocarbon
synthesis procedures using carbon monoxide snd hydrogen gases sueh as in a Flscher
Tropsch process. For example, » snitable bas ol is one thot comprises Hutle, i any, beavy
fraction; e.g., Hitle, i any, lube o) fraction of viscosily 20 o8y or Migher 8t 158°C.
0426 The base oif may be derived fow natieal fubricating nils, symhetic

tubrivating cils or mixtures thereof  Ruiable base ol Includes base slocks obtained by



mi. 4 cSt to about12 cSt and. will be selected on the desired end use and the additives in the finished
oil to give tl grade. of :engine oil,- Grade of OW, 0W-20; b 501; 5VA60, IOW 10W-20, 40.: Oils
used at 10¢/&2096hedsrRay be irtanula Ted usinf3t rllimited to; ditl.Ib'ragssingfleasiondierv' as
thereof Suitable base r. lleneslack wax, as well atd base produced E poneude, Sala :tlon 1509, 14th
Editlon, Addendmr nse oils are'polyaO). Group V base oils include al /pAlthoiPs

isomerization of synthetic wax snd slask wax, as well as Bydrocracked bate ‘stocks
_pmé.i;c&s:i by hydrooracking (rather than solvent exiracting) the sromatic and polar
components of the crade, Suitable base oils include those in all AP categories LI 1L, 1V
and V as defined in AP Publication 1309, I3tk Bdition, Addendum 1, Dec. 1998 CGroup
IV base oils are polyslphaoteling (FAQ). Group 'V base pily tnvlude all other base oils not
included i Group 1, 1L 1L or 1V. A‘iﬁzmgg,}}' Grong 1 B ad IV base olls are preferred
for use iy thiy invention,. these base offs ma e prepared by combining one of more of
Group | H, 10, 1V and Vo base stocks o base olls,
i Useful wittral oily indlude mincral Jubricating vils such as, for exanmps,
Siguid potrodeuin oilx, solverd-tremted ar acid-tremted moinsral lubeicgting oilz of the
paraffinic; paplthenie or mixed pareifinic-naphithenic types, olls derived from coal or
shale, animal oils, vegetable oils {e.g., rapesesd oils, castor pibs and luxd ol and the fike.
LR Useful synthetic lubricating olls fnclude, Bt are not limiited o
hydrocarbon. oils and helosobsiiinted  hydrocarbon oifs sach ay polymerized and
gerpolymerkzed olefing, wg, polvbutvlenss, p@%3-‘;;&‘(::;3@'%&-:}:331, propylene-isobutylene
polyroers,  ohlorinnied  polybutyienes, poly(i-bexenes), poly(i-votenes), poly(l-
decenes), and the like and mixtures. sthereot, alkylbenzeney such as dodecylbenzenes,
tetrsdecylhenzunes, dinonylbenzanes, di(2-cthythenyli-bonzenes, and the ey polyphenyls
such as biphenyls, terphenyls, alkyhusd polyphenyis and the Bk alkylated dipheayl
ethiers and alkvlated diphenyl sulfides and the dertvative, aatops and homolops thereof
and the ke
1LY Cifier veeful synthetis fubrionting oils include, Tt are pot Unsied to, ofls

miads by polymerizing olefine of loss than 3 cwrbuon stoms sueh as ethylone, propylens,



base oils nud by comb/ ase stocks or base oils. 106271Useful natural oils include mineralrigS sue,
pavan Useful synth hydrocarbonand halo-so olefins, e.g., pci chlorinated decenes),
and the likesanahmnstages ecylbenzenes, dino .rphenyls, derived frot ccchoitsysasbareits d lard tlttr/2:
011.5 Include., but. areited hydrocarbonsuch as v res propyl a -xyl)-benzenes, and the El and the like:
ethera atkyladiphenyl sulfides and the derivative, analogs and horn( WO
2010/002865PCT/US2009/049217

hutylenes, izobutens, pebtene, dod nintwes Bwreef, Methoads of preparing such polymer

ails s well Koown @ these skilled fn thearll
H3G] Addivional wseful synthetic hydrovarbon oils inchude Houid polymers of

alph olefing heving te proper vistosity, Fepecially usefid synthetic hydrocartbon olls sre
the hydrogensted Hquid oligomers of Codo U alpha olofiny such as, for example, b
daosne trimer.

B0 1} Another class of weful syutheds lubvizating olls include, bot srg not
limited o, aliylene oxide polymers, Le., homopolymers, imerpolymess, and derivatives
thereof whers the terminel hydrokyl groups have bsen modified §~m for exspiple,
ssterification of ethenifivation, Thess oils are exemplified by the oils prepaved through
polvmerization of sthylene oxide of propyiene oxide, the alky! and phenyl ethers of these
polvoxyalkylens pafimers (€., snethiy] poly propylens glyvont sther having an sverage
moelecudsy welght of 1000, diphenyl sther of polvethylene glvool having 2 méleculse
weight of 500 2{%{}&_ diethyi ether of puivpia; ere glyeol having & molecular welight of

I

1000-1,500, ste or mone- and polyearboxytie esters thersod such as, for example, the

acetic esters, mixed (O fatiy acld estore, or the O oxo acid divster of wirssthylens
ghveal.
IR Yot amother olass of ueafid syuthetic Jubrivating oils inclode, but are not

Hrivited to, the osters of dicarboxyBe acids e, phthaBic acids succinic aoid, alkyl succinic
seids, alkerl suocinic sclds, malele acid, avelaie acid, suberic md\ sehavie aeid, forurie
seid, adipic acld, Hnolels adid dimer, malonic seids; atkyd malonie seiids, alkery] nudonic
seids, m. with @ variety of alochols, cug. butvl gloohol, hesyl aloohol, dodecyl alcobiol,

Zeethylhexy! aloohod, sthylene plveol, diethvlene glvool monpether, propylene glyoel, st



ethodsprep:atC -d in the art, theilc alpha olefins having the gropelisp-ethettehon oils are the
hydrogenated liquid oligomer- of C to Cflalpha oleflfor cm, decene &liner. IsOf/0- 1,11011"thereof such
a ".dthcidEdiggtin:gadYekaclass of useftd synthetic lubricating ¢ esters of dicatdmsydiedzid, fumari cid,
linoleic acidalkyl trialorne with a variety of alcohols, e.doclecy) alcohol, xyl &collo WO
2010/002865PCT/US2009/049217 include Ibws, adipate, dioctyl sett. diisoont 1 azetat osyl sebaoate
the 2-ethyLh formed. by reacting one mol.e

Specific examples of these esters lnclude dibutyl adipate, SH{Z-sthythexylisehacats, dins
eyl _.f?ﬁnmaiﬁz,.dli@myi sehacare, ditsonatyt azelate, dilsodecy] azelate, diccty! phihalate,
didecy] phihalate, divlocsyl sebacate, the Z-cthylbexy! diester of mokic soid dimer, the
complex ester formed by reacting one wole of schacie acid with two males of
terrasthylone phveol and two moles of 2-ethylhexansic acld and the Bls.

{HHE3 3 Esters useful as synthatic oils abso include, but are ot Hmited to, thess
masde from carboxyle scids having from about § to abour 13 catbon soms with alechoks

oo, methanol cthanol, e, polvoly and polvol sthery such as neopentyl glyeol

#

rimettivlol propane, pentasrythritol, dipentasrythritol, tripentaerythuitol, snd the like,
EHRR Y] Silipon-based ails such as, fv exanple, ;‘;éi};’iﬁk}*‘in polyaryl, polvalkogy-
ar polvarvisyy-siloxane oily and silivale oils, comprise another wsehd clags of syntbetic
fubricating olly  Specific oxamples of thesy inchude, but ave sot Hmited to, tetracthyl
siticate, {etra-tsopropyl silicate, wira-{Zethv o) silivate, wirsmathyl-hesylisilieate,
serra-(p-tert- butviphenyiisitionte, bexyl{d-methyl-2-pentoxy ihistloxane,
poly(metheiysiioxanes, polvinethyviphenylistloxanes, and the Hke, S yei other usefl

13 3

synthetic lubrionting olls include, bet are not Hhaled o, Yauid esters of phosphorons
containing aolds, e, tiovesy! phosphate, trooty! phosphate, diethyl ester of derane
phosphionic seid, eie., pmiymmig fetrabrydrofurans and the kike

35 The lubricating of may be derived from unrefined, vefined and rerefined
olls, cither natural, synthetic or mixtures of two or more of any of these of the typs
disclosed hereinabove,  Unvefived ofls are those ohiained directly from @ natwral or

s

svnthetio source (e, coal, shale, of lor sands Miumen) without further parification or
i RS

tresument, Examples of wesfined oils include, butare nov Hmitted w, ashale ofl obwined

b4



ol andethy ihextmoic acid o'but are n 11111 esboxylt!Mg from aboutabout | carhoi. )cohoist lubri pane,
pent rythrih, Silisc -based ei -siloxane -opro nitaerythritol, comprise another useful inch de hit. are not

limiled exylxgiligaigeeibsd- glycol, like, yalkoxv — polymeric d ITOM unrefiged;saiisynths tCsore ntype
disclosedC.1ri fined tt tar a,men) w.i thout further pan -

divectly from mm.rtjing operations, a petrolenm off oblained diecty from distiliation oran
esler mi obtatned. directly from an egterificetion process;, sach of w . hich iz then used
withont flrther Wreatment, Refined ile sre similar to the envelined oils except they have
betn forther reated In ot or more puriication steps {0 Inprove one OF MOTe properie
These purification technigues are keown do those of skill in the art and inelads, for
exsmple, solvent extractions, sm,méaw distllation, actd or base extrastion, Hbraton,
prreolation, hydrotreating, dowaxing, ste, Rerefined oils are obtalned by treating used wils
in processes similar to those weed o obtin vollned ol Such worefined olly are dlso
known as reclaimed o reprocessed ofls and offen are additionally processed by technigues
dirscted to remuval of spent additives sand ol breskadowy products,

10936] Lubricating oil base stocks derbved from the hydroisomperization of wax
may alse be wsed, cither along of In combination with the aforesaid natural andiur
svochetic base stocks. BSuch wax fsomerste ol is produceid Iy the hydreizomerbation of

natural or synthetic Wakes ormixtards thereof over g hydroisomuerization catalyst.

{GE3T} Natwral wases are typieally the sleck waxes reoovered by the solvgwt
dewaxing of mineral oilé; synthetic waxes are typieally the wax produced by the Pischer

{0381 The {ubricating «il compositions of the present invention may alse contaln
other ponvertional sddittves for imprrting suxiiary fimetions 1o give » dnished Inbricating
ofl composition In whick these additives are dispersed or dssolved. For examuple, the
Inbricating ol compositions can be Mended with antioxidants, antb-wear agents, detergents
such as metal deterpents, mst m}nhmrm das h‘mu{ agents, dewmplsifving agents, metsd

desctiveling agents, Fiction modifiers, pour point duprossants, antifoaming agents, co~



e,unrefined cihut are tic WO 2010/002865PCT/US2009/049217 i)perauons, a ptatriirectl.y from

distillation or t led directly from. an estefieation pro further treatment, Refined oils

punbcatinn steps

to improve gy i fydéagyan to thosc ctkms secondary ing, tie sung, etc. Raouims®asserd to obtain
d.oils and O directed toeakdown products. toaisomerit also be usetainT and/or O'on of a hy, -onsarr d

hop sob ositiso wain iliary functions to emu t finished". in

salvents, psckage compétibilisers, corroxion-inhibitors, ashless disporsants; dyes; sxtroms

mressure agents and the Ble and mixtuess thereol, A varlety of the additives ase kaown

and comunercially available.  These additives, or thelr snalogows cempounds,

can be

employed for the preparation of the Inbricsting off compositions of the jnvention by the

uenal blanding procodures.

Hase Kaxamples of antioxidants inclode, et are not lmited to, aminie

fypes, 2.,

diphenviamine, phenybalphavapthyl-aning, NX-dialkyiphenyl) amines; and alkyiated

phenylene-dismines; phenolice sugh as, for sxample, BHT, sterically hindered alkyd

phenols suel s 26-dberi-butyiphencl, 2, 6-dterv-butvbpeoresol and 2,6-distert-butyl-4-

{T-octvi-dpropancic) phenol and mixiures threof

o044 Pxamples of ashless dispessants include, W are not limitd @,

polyvalkviene secoinie anbydrides; nen-nitrdgen contiinmg derfeattves of » polyalkylens

suchinie. anhydeide; & hadle nitrogen t:&m_mané sedecied froim the gronp consigting of

sucethimides, carboxylic amd amides, hvdrocarbyl monoanmings, hydrocarbyl polvamiaes

RMannich basey, phosphonpaniides, and phosphoranddes; triagoless e.g. alkyliriazoies and

bemsotrheroles; copolymdrs which contain & crboxyiste ester with ane or mnore

%

polar funetion, ine

additional

hufing aming, snide, tming, imide, hydroxyd) caboxyl, and the ke,

g produets mrepared by copolymerization of long vhain alkyl acrylates or methavrylates

with monemers of the above function; and the Hhke and mixteres thereof, The devivatives

of these disporsants, e borated dispersents such aw borated succinimides, may also be

nsed,

041 Fxamples of nat inhibitors inelude, but are net Hmisd 0, sondonde

polyoxyalkylens agenis, eg. polvoxyethvlene lauryl other, polyoxyethyione higher

L



lubricating dispersed or di is can be>id with ants_ terge rts. dehazin pour point
depressants WO 2010/002865PCT/1152009/049217 sal vents, package conipatThilisers,

corrosion_ighibitesmoeasaless dispersants, dyes, and the like and in\tacietyawnyasearg@wn onipounds,
can be empltposieinvention by the 1g procedures. amples of antioxithinked to am diphenyamine,
phenybaphanapthyl-ammne,N,N alkyky a .i.nes; phenolics such as. balkyl phenols such as-htosol and
2,6-di-teri7b4- (2-octyl-lopropanophenol.; and mix

aleohol other, polyvoxyethviene nonvipheny]l ether, polynuyethylane outylphenyl ether,
polyoxyethylens setyl stesryl ether, palyoxyethylene > olev ether, polyoxyeihyiene sorbil
monasigarate, polvoxyethylone sorblint monouiests, and polysthylense ghveol monooleste;
stearie acid and other fatty \ms:i? Giearboxylic acids; mea! soaps; Tatty acid amine salis;
metal salts of beavy sulfouie actd) partial corboxylic actd ester of polyhydeic alopboly
phosphorie esters; {short-chain} alkeny! suecinin acide; partial esters thereol sad mirogen-
containing dertvatives thereoll synthetic albaryisalfonmes, o.g. metal dinonylnaphthalene
sulfonates; and the ke and mixiaves therendl
4] Exarnples of friction modifers inglude; but wre net Hmited to, alkoxylated
fafty amines; bovated fatty epoxides; fatty phosphites, Bty epoxides, fatly amines, borated
wikaxylated Bty amines, motal salss of fany acids, fatty actd wmides, glyeerol esters,
horated ghyeerol esters; and fanty imidazolings sy disclosed fo ULE. Patent No. 6,372,896,
the gomients of which arg incotporaied by sference hereln; Stiction widifiers obtaimed
froniy 2 reaction product of g Co to Ces, prefurably’ a O to Oiy and most preferably 2 O, to
e, foliy acid ester and » iogms-comalning compowsd selevied fram the group
consisting of spunonis, and ad alteaiamine and the B and mixtures theroed
6431 Examples of snfifosraing sgents include, but sve not Himited o, polymexs of
alkyl methaorylate polimers of dimethylsilivong and the ke and miviurgs thereof
jal4a4] Fagh of the forogoing additives, s“xi“‘x,ﬁ wsed, i wsed st s Hmotengdly
effective amoant to. impart the desired properties to the fubvicant. ’E"h-sz&z,_‘ﬁ}f aﬁx&n}‘;}iﬁ;, i an
sdditive i a friction 1'1;{}dl%i';¢r, a functionally effeclive smount of this Fletion modifier
would be an amount sulfictent to hmpart the desired Bichon wodifying charactenistics to

the lubricant. Clenerally, the vonventzation of each of thees additives, when ased, mapes

V¥



[0044Exampea of aahks lysdkylenee anhydrides; n cinichnitrogen - s,a dispbowed dispersants smd
succinimDC WO 2010/002865PCT/US2009/049217 alcohol ether, poiyoxyethylene nnlph.enyi ether,
polyoxyethykpenoiyipienyl ether, pnyn'svJk ne utl --cdii nok oxyethylenecieestserislisdnOnOS Larait.
nOIVOV,cth)late, , tgyco monooktL, stearieand otherolds; die, i-ids; 0lacid salts of lleav' ultoan. auo;
>stial carhexlie acid ettr of pelyit.,,drie acids; partial esterO | Csetie
alkarylsuWonates,metalaphthalene ifenatt.s and the [0047)Examples o fatty amines; berated fatty

epoxides; f%tgﬁp JQ%EQG%{@L%Q Tbrpmi 20% by weight, snd in ong embadimentabouwt 1.01% wsbowt

O by weight based on e total weight of the Inbrivating ofl composition.

{8045] The Gnal application of the lubriesting ol compositions of this lvention
way be, for edample, in maring cylinder lubricants in orosshead diesel englnes, crankomse
fubricants id astomoblies aud railroady and the Bhe, lubnicants for heavy machinery such
a5 stee! mitls and the ke, or a5 groases Tor bearings and the Bhe, Whether the hubricating
gil composition is fuid or selid will ordinarily depend on whether & thickendog agent iz
present, Typical thivkening agents Include polyures acstates, Hilthum stearate and the like.
SN v another ombodiment of the nvention, the Tubricating oif additive of the
present invention may be provided as an additive package or concentrate it which the
additive §a neorporated Into & substantially inert, normiatly Houid organie difuent sush as,
for example, mineral oil, oaphthe, benzend, toluene or wyiene to form an additbve
concentrate. These roncentmtes tsually contain from sbout 20% to ahont 80% b};ﬁwﬁégﬁi
of such diluent 'E‘}-"},}ia‘;eﬁi}" & méui:f&f off having g viscosity of abott' 4 (o about 8.3 oStar
16050 and prefirably ghout 4 to aboul & o8t at T00C will by wed &y the diluent, though
synthetie oily, as wall go other organie Haeids which are compgtidle with the additives and
finished lubsicaiing off con also be tsed. The additive package will alse tvploally contain
aite or mre of the various other sdditives, refirred to above, by the degired amounts apd
ratios o facilitate divest combination with the requisife amount of base oll,

{7 The following nou-limiting examples are iHusitalive of {he present

Hrvention,



~ berated tdyc product of a C4 to C. preferably consis ‘ilkanolaminc 004:31age alkyl methacryiate;
polymers of di 100441 to, alkoxyla s, glycerol esters, 1S.. Patent No. 6,372,696, friction modifiersci
most pre/ bwgampawetkaelected, from the group like arid mixtures' thereofrigeispicaresrat limbed, to,
polymers ci the like and mixture.s thereof. riount to impart the desire additivea friction modifier,
a in w.a amount sufficient tesired frietio ubncant. Generally, the concentration of achof these additi
WO 2010/002865PCT/US2009/049217 from about Oa total weight of the lubricating oil eox The final
may be, for exampk,. B ANMPLE

{ﬁi}sﬁﬁ'} Eato & 1 L, Faeek round botiowm flask sguipped with an. overhend
migchanival stimer, wvater condenser with nitrogen ling and Dean-Siark tmap, lomperature
comtvolier, heating mantle, and thermocouple was added 245 g of nciaderenst succinic
anhydride (ODSAY {available fom Sigma Aldrich Corporation, St Lows, Mo, LLE.AL
347 pof Exxon 150 neutral off and two drops of foam inhiblior (200 w 350 o8y svatlable
from Dow Comingd, The mixtwre was leased jo 100%C and 13284 g of
tereethylenepestamine {TEFA; L0 mole squivalent to QDSA) was charged drop wise into
the mbdure via an additon funmel,  Slight foaming ccowred during the itel charge
stage, After the TEPA was charged, the tumperaiure was inereased to 160°C over showt
&0 onates and then held 8t 16070 ovemight,

F0049] The material was conled to 100°C and tramsferred fo 2 3 L round bottom
fizsk. The flask was heated at 807C for malelo anhydeide addivon. Newt, 87 g ofmalele
antiydride {1 mole sqoivalent o TEPA) was bedled in 2 beaker to melt e solids, The
Houefied mualeic anhydride was wansiorred 16 & pre-wanmed addition funnel with 8 glass
stoprock. N Aslote andiednide was then agiéeg‘ drop-Wise o shnirel exotssive foaming and
o maintaln the femperature between 80 1o TIIPC & hot air gunowas used on the addition
funped to event maleic anhydeide fom solidiving during addition. Afler the malsie
agﬁsydfi{ie wiay added, a Dean-Stwk trap was alisched to the round botiom fask. The

resctor tamperature was inereased o 160N over an hoor and then beld g this Semperature

avernight.
L UH] The misture was cooled to 80°C and then 100 » was traneferred to a 2

b Feneek rourd botiom sk egnipped with & magoetic stir plate, Dean-Stark trap with

10



bcompositionsis invent in it.roshead.:d d ra bearings and the like. oil compositiona thickening agent is
present, vpca Dr, 100461In aT embodiment of the invention, the lubricathe present invettionbe

provided asyes addiiieseackage additive, is-4 .mto a.suhsumtially inert, nprmaiks badigisish prganic dituent
such as, for examnaphtha, benzene, t.oluene or x.yiene to form an additive concentr ,K. | icsc wceittak
usuilk contain from ming a viscosity of about4 to about 8.5 eSt at | O0'LI at 10(tC
will be used as the diluent, though dds which are eompatible with the additives an ished.tlaO be used,

The additive apka e & to atho EX round_pottom flaske ed.ead Stark trap, cmper d
3 e s \~.: =3 ya _y Py 3
thermocoup‘lg WEING g nipeen hpe, u,t q «%0 of mnl y@mm; e iiom a}ga, coivaiant i

TEPAY, 58 golinhume, 17 g of distilled water, puel 2 drops of fosm inhibiler wers added.
The mixtore was stitred a0d heated ot 10D dvemight  The produdt was then Hilisred
through Celite 312 with 3 Buchigy Tunnel under vacuum gt 30°C o 140°C. The Giale
was collecled apd contentrated using @ rotury ovaporator (full PUMD VBCULm Bb A
maxinust mperture of 14070 1o semove toluenes and residual water. The prodoct was

avery viseous brown ot and huwl the following propeaties;

10651 Mo = 816wt %
852 W= SRR wi %%
JR0S3 Tetal Base Number = 74.5 mg KOR/G
ENAMPLE 2
{0054} A Jubsicotisg oil composition was formed by adding 1wy % of the

hsbwicating ot additive of Example 1 1o a CHEVRON 180 nowtest il

COMPARATIVE EXAMPLE A
R A lubricsting ol composition was formed by adding LS wio % of g zing

dithiophosphate o e CHEVRON 100 neutral ofl,

TESTING
REB Wear and Friction Performance
1a87] {AY Mist-Traction Maching (MTH) Bveluation

20



anhydride (f.,.7a' b

.5( neutra 01 Con , Aldrich Corpontion, St, Louis,. Me.,

s of foam inhibitor

(200 to 350 eS;;t ?flfltutL VStIS heated to 100T and 132.64 g addition funnel w FTC bet

drop-wisethg® asidad2sshet ai ide from soliditing duri as used or

tiet theomisiemdlasiy, " this

temperatu ooled toC and then250 rub 3-neckago

el The Tobeicating ol additive of Bxample 1 was svelusted wsing 4 Minl

Trootion Machine (MU} ribometsy (POS Dnstrusments Lad,, London “ix} The MTM

fribometer wag set #ip to na in pin on disk mode using polished disks of 52100 stesd fom

POS Instraments, wid a 025 inch stationary ball bearing, alse of 32100 steel from Falex

-y

Conporation, jo plece of & pin. The fost was gondugted @ 100°C for 30 mimses at 7
Newians foad at a sliding speed of 200 mmds followdng o break-in pariod of § minuies &
1 Mowtons and & shiding speed of 2000 mmds. The wear sears on the balls are measured
manuatiy-on st optical rdvroscope and recorded. The rewitils wee the average weur soad
data from 4 st rums. The MTM wear performance duta ars presented in Table 1.

TABLE L
FTW Wear Performance Resulis

Comp, Ex/Bx.  Wear svar (um)
Comg. }f‘;xxm:spit‘: A, H

megw?; i 170

Az the above data show, the Jubricating ol composition of Example 2 trested with the
fabricating ol additive of Example 1 provided similar wear porformance ot & lower treat
rate as compared o the lubricating oil compesition of Comparative Example A& trested

with zing dithisphosphate.

EXAMPLE 3
HHISY) A melvbdaied succiniimide complen was prepared using the same general

procedure and components omlived u Bxample 1 except tat the mufels anhydeide: TEPA

o]
P



WO 2010/002865PCT/US2009/049217 f g of distil ore was stifred. and boa nve. - 5,88 vs 4,5 mg
KOlila A lubricatingwas tormecof the brioatiwsoil addit COMPARAfIVE EX. lance 7)ion WO
2010/002860f i1 41d628699/049217 PCT/US2009/649217

charge molar ratis was 0251 The molybdated suepinimide complex had g molybdenum

somteht of 1035 wi %%

EXAMPLE 4
L H A melvbdated sucolnimide complex was propared using the sgme poneral
procedure amd componente suttingd in Bxample 1 except that the malelc anhydride TEFA
charge molar st was 1. The molvbdated suoccintmide conplex hud 2 molybdesum

pordent.of 1.634 wt, %

EXAMPLE §
jous} A molybdated succinimide complex was prepsred using the same general
procedire and compenents outlined in Bxample T except that the malele sahydede TERA

chargs molar ratio was 0811 The molybdated sucoinimide complex hiad 5 molybdemum

content of 3078wy, =

COMBARATIVE EXAMPLER
foesdl inte g 100 mi, rousd bottont fask equipped with 2 mugnetic stirege, water
condenser with nitrogen line and Dean-Stark trag, fesiperature gortroder, heating mantle,
and thepmocouple was added 28.1g of 2 vonunievctally available molybdenom oxide
reated mono-suceinbnide dispersant prepared frory polvisebateny] (1000 MW snveinic
anhydride (PIBBAY and & polyamine with about five aming groups per maldesule having
4.6% wolybdenan and 2.2% sitrogen by welght. The charge woly mtlo of

polvarnine:PIRS A was about 081, The melybderpm oxide wented mone-suceinindde.

120
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PCS instrumentry ball bearing. aisq of 5210" place of a pin" Theted atminutes at 7 Oil Newtons and a
sliding speed manually on an optical data from 4 test runs. The MIM wear oilbra’ k-in period of , sears
on the ballsyaserd@atazare presented | data show,lubricatid with the d sigulasatodated nc
hicipbesi A rnoiyhdated sucein ide complex was prepared using thet general procedure and
com.porents outlined in Example | except thatdeiTEPA suceinirnide complex had 4
[00611inolybdaied succinimidep x was pre.1:

sHispersam was stirred and heated o 110°C while adding 168 g of malede anhydride {1
mede equivalent),  The mixtee way stiveed st about 169°C for T bowr w0 yield a black
visgous oil,
COMPARATIVE EXaMPLEC

[08631 into & 10 ml, round bottorn Hask eguipped with a magnstic sthever, watsr
pondenser with niirogen How and Dean-Stark trap, femperahure controlier, heating mantls,
and thermocoupte was added 28.1g of 8 commercially avatlable molybderuny axide
sreated mensssuccinimide dispersant prepared from ;m%nwﬂmmm {1000 MW succinic
ahvdride (PIBSAS and a polyamine with about five aming groups pey melecnle heving
4.6% malybdenum and 22% witrogen by weight. The charge mwle ratic of
polvamingPIRSA was shout 081, The molyhdenun oxide teafed mono-siceinimide
dispersam was stirred and heated to 110°C while adding 168 g of maleic anhydride (2
mole enudvalents). The mixtre was stimed 2t sbowt 160°C for | how to vield & black

ISty Gl

COMPARATIVE BXAMPLE D

0641 A baseling formalation weg formed comtuining 5wt % sucoinimide
spersant, 3 Wi % bowmted succlninnide dispersant, & mMikg low overbased calchun

P

selfonate, S8 mdvike carboxylste detergent, 8 mddikg ming dithiophosphate, 8.3 wi %%
dighesviaming antloxidant, 0.5 wi. % hindered phenol antb-osidant, 0.3 v % powr point
dopressand, $.85 wi % olefin copolynier viscosity ndex bmgwover and 5 ppy foam

inhibitor in & Oeoap T bage ofl,



proceduromponents outlined The rnolybsuccmmiidc complex:had a molybden content PARATIY- EXi
100621Into a 100 nquipped withstirrer. wat conven li-Stark Pacount dded 25]Commercially available
olybde Lie wgleaimistideeto yield a mec uple 'ad monosueeinimide M apg-gxpaes/n40bdenum and
polyaabout t was stirred outs) from p bout five amune groups per The charge mole treated triono-sttt

COMPARATIVE EXAMPLEE
(H865] A baselne lubvicating ofl formulation was formed containing the same
sedditives, base ail and freat rate as o Comparative Bxample D, Accommercially available
rovdvbdenum dithioparbemats {available from Adeka s Sskors Lube®™ 508 was

formulated fnto this baseline lubricating ol Rrmulatiowat T sweight percent.

COMPARATIVE BENAMPLEF
o066} A bassling hdbwitating oif formulation was formed containing the ssme
additives, base oil and treat rate a3 In Comparntive Bxample I, & comanercially availabde
molvbidenam  dithiocarbamate (availeble from Adeke as Sekua Lube® 508) was

formalated o this baseline lubricating off forpralation such thay the total Mo cotvent in

the formulation was 300 ppm.

COMPARATIVE EXAMPLES
{86671 A baseline lubricating off formalation was formud costeining the samwe
aclditives, base.oil and freat vate av in Comparptive Bxample T A& commerclally available
soolvbdemun  dithiophosphate {available Son Adeke as Sekusa Lube 400 was

foemulated inte tis baseling %ai*nw*mg off formulstion at | weig m prrvent,

COMPARATIVE EXAMPLER
RS & baseline lubricating oif formulation wes, formead containing the sams
additives, base oil and freat rate e iy Comparative Example D, A commercially svailable

e . , vy W - . o4 - i % o o
moiybdemuy  dithiophosphate (aveilable from Adeka ay bukurs Lube™ 400) was



COMPARATIVE EX WO 2010/002865PCT/US2009/049217 RATIVE EXA mimed into this baseline
lubricatingnatation at | weight percent. A base is molybdenum di formulated thto the form/fat was (
COMP lubrigatingsaidattate as in Comp; 'ye ailable fro ppm: untng e D. ACDWED@EE049217

fprmalaed Inth this bascline lubricating oif formudation sueh that the total Mo contentin
the formulation was 300 ppm.

COMPARATIVE BXAMPLE R
] A bageline labricating oil formulation was formed confdining the same
additives, buse ofl and treat rats s o Comparative Bxample D A commereially available
wolybdenumn oxide suerinimide compler derived from g polyisebatenyl (1000 MUW ) was

formudatid intty this baselne Euimmum ol foremilstion 11 1w wight perosnt.

COMPARATIVE EXAMPLE J
078 A baseline Rubricating ofl Tormulation was forméd containing the same
sdditives, buse oll and tread rate, ag in Comparative Example B 4 colnmercially syvailsbis
molvhdenum oxide suocinimitle cornplex devived from g palyisobwtanyl {1000 MW ) was
formulniad inte this baseline habricating oif formulation such that the total Mo condeat in

he formudetion was S ppro,

COMPARATIVE EXAMPLE
{0871} A baseline lobricsting off formudation was formed containing the same
additives, base oll and fest rete as in Comparative Hxampls [3 The hbricating oil
additive of Comparative Example 8§ wes formudaied dnto s baseline hubricating ol

fortaulation af § wolght percent.



as Sakura Lithe! 505) e total Mo C01141 RATE NAN 100671A baseline6 oil tormulauonwas fonned
containing: n CoOihible molybdcraini dithio osphatl hie from Adeka as Sakura 1 uhc! 406 liag oil
fornivation ¢ Yl ARATIVE EXAMPLE H 100681libricating oil fornputptionaisningzire ate as in
Comparative Example a A conaliy available molybdenum thtlil(available from Adeka as Sakura400)
was WO 2010/002865PCT/US2009/049217 to this baseline labri:udab.on such that the total Mo come
"onnuiation was 500 ppm. , 100691A baselineg oinulation wased s. base oil and treat rate asative

Example D, A cRabic molybdenuccinimide complex derived from a poiyisobuteny tbricatinoweight
percent, "XAMPLI L“:‘-}?&i? &R&ﬁa’:& 3:‘{.3&&?‘%{?31{; L

fonTy A baseline lubricating off formuluion was fermed Containing he same
adifitives, base ofl and trest rate as in Cowmparative BExample 3 The Jubricating off
adifitive of Comparstive Exainple B was fommlated into thig baseline lubticating off

formuiation such that the total Mo dontent In the Rormudution was 300 ppm,

COMPARATIVE EXAMPLE M
O A baseline hubwlcating ofl Remulation wad formed contalning the same
additives, base ofl and ireat rate gt in Compaative Example D0 The lubnicsting ol
additive of Comparative Exarmple € was formalated inlo this baseline lubricating oil

formulation 1 1 welght poycent.

COMPARATIVE EXAMPLEN
T4l 4 baseling hubricating oif formadation was omwed conlsining the sams
silditives, base of! and frest rate as ity Cowoparstive Bxample D The lubdeating ol
sdditive of Clompearative Example O was formuolated inte this baseling ubricating oil

formuiation such that the tnial Mo coment in the formulation was SO0 pp.

ENAMPLE §
TSy A baseline lubricating of formmlation was foomed containing the same
additives, bose oil and teat rate a8 Comparative Example DL The lubricating il
addisive of Example § wag formulsted bsto this baseling lubricating ofl formwlation et |

wiight pereent,

P
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ARA:E K i-ating oil forintthe - additive additive of-Pis baselir formgm percent. WO
2010/002865PCT/US2009/049217 fPARATIVI A ba,.eline lubrier i g oil formulatini axe oil and t lion
such that tlw#e meihisenulation was formed containing the same E in Cpopesaddsedstive lubricating
oil C was fonnulated into thL nasehue lubricating oil form CO.MPARVfIVE E 74Inc Lthddati additives,.
base oil and treat of Comparative E

EXAMPLE?
1078 A baseline lubrcating off formulution was formed comaining the same
additives, base il and treat vale sy jn Comparative Hxample [ The lubricating il
additive of Exampls 1 was formulated inio 1his baseling Jubricatiog ofl formulaticn such

that the total Mo content in the - formulstion was 308 ppom,

EXAMPLES
e A baseling lubeioating oft formulation was foumed contelaing the same
sdditives, base oil and weat rsie av in Compaative Fxample D The lubricating off

additive of Exampie 3 was formulafed into thia baseline habrivating ofl formalation af '

welght pereent,

EXAMPLES
0078 A baseline lubricating off fomulation was formed containing the same
additives, base ofl and freat safe as in CUomparstive Exgmple 3 The lubrleating ol

additive of Bxample 4 was formadated inta (his baseline lobrieating ol formubaion at 1

weight perosat.

EXAMPLE 10
BT A haseline Tubvicniing ol formulation was formed contpining the same
additives, base off and freat raie av in Comparative Bxample DU The lubvioating ol
adiditive of Example S was formulated inte this baseling ubrivating oil foomulation at 1

wilpht pevesnt,

b .:}.
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ion h di EXAMI WO 2010/002865PCT/US2009/049217 A. baseilfonnulation was formed containing
base )irittiv additive or Exan that the totappr Aoilwas formed containing t. additivel Comp additive of
[Hubricatingg<AMBbtee8 A baseline lubricatingfor 1 ase oil and treat 'the kibricatingeisiaddExample 4
was formulatedicating oil formu la.tion was formerit a, base oiltreat rate as In Lot formulateg oil forint
WO 20101002865 (B) Hi,

RO {BY High Froquency Reciprocating Rig (HFER) Bvalustion
a5 The HEER wear and fHiclion performance of the lubeioaling ol

sompositions of Examples 6§ and 7 coptaining the lubricating gil addifive of Example 1
and the lubricating ofl compositivas of Examples B-10 containing the lubriesting off
additives of Pxamples 38, respoctively, were svaluated and compared to the bastline
ubricating oil foeomlation of Comparstive Fxamply 10 and the Inbricating oil
covapositions of Comparative Examples M. The HFRR {est is an tudustry recopnized
bench tost for deternining the valve teain wear performance incandidate hibricating site.
The PCS instrument uses an slectyomagnetic witwator to oscillate o specimen (the ball)
over o sl amplitude while pressing ageinst a fized specimen (& fat disk) The
amplitude snd freguency of the csciibinion a;tl{i.ﬂ.;ié): foad ave variehle,. The filotiona] foree
between the ball and flat and the elvcléical contant restslance (BCR) wre measwed, The
flay, stationary specitsyr is held v s hathi to which the lubricating off is sdded, mnd can be
beated. The fubricating oily are pretreated with abont 6% by welght, based on the total
weight of lubricating ol carbon black, The carbon Mack i stirved it the oil 1o wet it
and then homogenized for 15 minules prior to teativg. The wenr spars on the bally are
measured manualtly on s x};}iiﬁﬁl mivroscope and recorded. In this fost & spaaller wear
spar corresponds o wamers effective siowear agent and & smader coefficient of friction
corresponds 1o s more offective fiction modifior.  The HFRR wesr and friction

-
s

performence dats arsprosented in Talle 2
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compositions t anti the lubrica ices of Examplesat-d and et Ti mparative Examples N ninitig the valve
train wear perfon uses an electromagnetic viseilht tail amplitudest a fixed specimen and then ho

measured coespRndsdo a rded. at d modifier. or mafler wea perfomitkCdk2000/049217
2010/002865PCT/US2009/049217 Compa Compar

TaABLEZ
HERR Wear and Friotion Performance Reapds

Coefficiem

Comng, Ex /B Copcestiation  of Friction Wear Sear {um)
Consparative Example D - 0138 193
Comyparative Example B Tt 0,127 £72
Comparative Example ¥ 500 ppm Mo 0.128 164
Comparative Bxaenple G Pwio % {134 1B
Comparative Example 300 ppom Mo (3.138 [$85
Comparative BExample | 1wl %% R 181
Comparative Example [ 308 ppm Mo £.124 171
Congreative Exanph K. 1wt %o ER 134
Comparative Example L 500 pom Mo $.13%8 145
Comparative Example M 1wt %% 0138 146
Comparative Example W SO0 ppim Mo 0.1532 i48
Example § bt % (076 is4
Bxample? 500 ppm Mo 3.082 145
Example 8 bwt Y 01358 116
M&mps & 1wt ¥ &1 192
Exaraple 14 N v W G3.136 154

As the data shirw, e Tubricetivg off compositions of this Tovemtion wers comparable and,
i sorme instances; significantly better than fubricating ol compositions outside the scope

of this invention.

CUMPARATIVE EXAMPLEQ
Htled: A baseline lubrivating off formualation was formed comtaining 14wt %
horated succinimisde dspersang, 275 wi % succinimide dispersant, 35 mMkg averbased

calobom pherate, 7.3 middify i~ 08wt 39) wine dithtophesphate, 1wt %% hindered phenol

At



0.134 ppin Mo Comparative- Exa Comparative Ex svt, 'Yet TT 0.127 0.124 and, COMPARATFYB
100821A haselthe. lubricating oil formulation was Ibrmed coTnauung 1 4 horatedcmumCc Jtspant,

2,75 virt, Yoweocainmuldss dispersant,b d calcium pbenate,mM kgt vvtimc distmpinssphededaridored
phenoL WO 2010/002865PCT/US2009/049217 I., 03 wt, pour pci4 Group 1.1 COME' Qiii formulation,
wasoWI. ide dispersant. 2,75dispersant, . 55 na M phed phenol

ansioxidant, 83wt % pour podit doprossant and 4wt % olefin copolymer visoosity index

inyprover dn-a Group 1 bass il

COMPARATIVE EXAMPLER
o83 A baseling Inbuicating ol formulation was formed containing 1.4 wi %
borated st_x«mﬁ?}izaéi'd& dispersant, 2,75 st % succindmide disperaant, 55 mdkg averbased
calohum phenate, 17 mbdAg (L4 wi %) wing dithiophosphate, T wi. % hindered phenol
soaiowidant, 0.3 wt, Y pour peint depressant st 4w % olefin sopolymer visoosity index

smyrover in @ Group 1 base oil.

PR ANPLE M
[HBR4] A baseline lubdeating ofl formadation was formed contalning the same
addithves, base oll and tmat male a8 i ﬁnmpm&%ﬁm Brample O, The ubricating ol
addithve of Bxample 1 was formalated into this baseline hibricating oil {formulation gt 1

wetght peroent.

180851 {0 Suall Bogioe Wear Test
{30861 The aatiavear properties of the. Tubricating ofl compuosition of Example 1

containing the hubwicating oil additive of Exanple 1 wers svah mﬁ,a and compared o the
bassline hubvicating ofl fommlations of Comparative Exanples (8 and P ousimg @ smeld
engine wogr test,. The fest oil was-demensirated In e srall englie coupled 1o 2 fixed load
such a2 8 dynamometer of generator for & perind of ag:.vgzmxirgmi&igé@ howrs gl a speed of

A 00 mpan, The onglne wag an atr-cooled single oylinder overhead valve engine

Lok
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idant, 0.3 wt e pour pointd 4 wtcopoiyiner viscosity index base oil. 100841A baseiithe
additives,tea:P'The additiveted into this taseline Mbricati (C) Sinai Theopern O test ailetcad. WO

2010/00286HF Suk fé5:2099/049217 red ly 'The load.on the v- et of dual sgrimganddappets. liner, er,r
indicated abnormal and a specitoad. -imaicly one hour was conducted aoadi ride ni profiles before a

manufactired by Briggs and Stratton whivh, wes moedified to gcoclerate camshatl wear,
The foad on the valye treln was fncroased by replacementt of the fsctory vabve springs with
s8¢t of dual springs. For cach test, the snging was outfitted with o new factory comshall,

snd tappets. The enpine wes used umtil o viseal Inspoction of the crankshall, ¢ ?}f‘iiﬁéﬁr

finer, and carbuwretor indlegied shnosmal wear or Dmaninent failure, Prior {o any testing,

e

'Q
H

each engine was rune-in using conventional engine ¢l Hr 10 hours oy a speed of 3,000 rpm
and & weoified load: The sogine was prepared with the test ol and 2 ron-dn period of
approximately one Bour was condusted ot the onset of each wiad with modified enging
operaled under koad for the semainder of the test. Camshudt wear was medsursd by

pomparison of the cam profiles before and after each test. The result are shown in Table

TARLE3
Zmall Hrgine Wear Test Results

Comp. BBy Cam Wedr (um)
Comparative Example (3 EAch
Comparative Example B 28
Example 11 ' 31

The fiaté show a significet bmprovement in the wear inhibiing propertiss of the
lubricating off composition of Examiple 11 tremted with the fubricating off additive of
Example-1.as compared 1o the hubricating ofl composition of Comparative Example O ina
sl engine test. In ondir to provide comparable wear inhibiting propertes of the
%ubrit::aimé wil composition of Examgle T, Howas necessary to add a high amount of xing
dithiophosphate to the Wsdine hubricoting oll formulution, #s shows in Comparative

Example P, Thereforg, the. Tubrics sting ol composition of this invention advaniagesushy:

LIS
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dified tot factory valve sprit go with rankshafi cylinder Prior to any peed of 3,000 tpnl d aa period of h
trial Camshaft wear was Tneai  The data showinhibitin,f lubricating oil. mpositiotreatedlooting oil
additive. Exampipdamarepared to the™ahag ciPc bricatilt. pal WO 2010/@@2365R4s/546452009/049217

provides such signifivant §1’£’§§N§‘§a"s‘f§'ﬂi&ﬁﬁ§ in the wear inhibiting properties while cmpiﬁymg &
fow loved of zine dithdophosphate,  This, i turn, lowers the phosphorous and saifur
content of the hubricaling o composition as s reguived I engive ofis. Accordingly, the
tubriosting oif additive of this invention not only provides & signifioant Improvenent in the
wear inhibiting propertiss of the lulwicating ol composition, tut alse allows fur low levels

of zine, phoaphorous and sulfor iy the hubricating oil composition.

COMPARATIVE EXAMPLE Q
BT A baseline lubrieating ol formulation was formed containing 3.8 Wit %
suecinimide dispersmt, 3.5 wihdiky fow overbesed calolwn sulionsie, 45 mMdky highly
overbaged cnlofum sulforate, § midky zine dithiophosphute derfved from a secondary
aleohel; 2 kg Zine :eiiiiif;_ia_ghmghﬁw frony @ primary aloohol, 1.0 wi % dipheny! andne
suti-oxidant, .3 wi % pour polnt depressany, 4.8 wi % olefia sopolymer viseosity ihdex

improvir zad 10 ppm foarn iehibitor e Group 1 base oil.

it
BRAMPLE 12
A A baseling Jobricsfing off formudation was formed contaiting. the same

©

sdditiesy, base ol and tresl rate as in Comparative Example Q. The lobrigating oi
additive of Bxample | was formulated into thiy baseline hubricating off fvmadation sueh

that the total Mo contend in the formualation was 300 ppan.

ad
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ibiting properties of the ubrica ncompostttotor low levels and sulfurlubricating oil comp
COMPARATIVE EXAMPLE Q tbncating oil tbrmulation was fonned cot EXAM? A hawas forme base
oil additive $pwlataehinta<this haion such that the lot WO 2010/002865P C#{l332000/049217 .0 The rtg
the 1111x-hug effecton on the base lit bench test as described by E. S. Y 895-901 (1999), weiht of oil
at 170C time corres.tive presented in Ta g oil

THHH {ywidation Performance.
U The effect of axidation on the lubricating oil composition of Bxample 12

containing the lubricating oil addivive of Example | was analyzed snd compared to the
eifect of ohlation on the baseline lubvizating off forraniation of Comparstive Exsmple
in wnoxidation bersch fest. The oxidation studies wers carried ot in a bulk oft oxidation
hench test s deacribed by BN, Yamaguchiet ale in Tribolegy ¥ arsactions, Vol 42 {4y,
9501 (1999), In this tenl, the rate of oxygen mm}m at ponsiant pressure by s given
weight of ofl at 1768°C was sionilored. The tawe reguired to reach a period of raphd
pxygen uptake, kuown as aute-oxidation, was dest igngted gs induction time. Bench test
reandts are ponsrally reproducible wo within + 0.5 howrs. In thix tegt, the Tonger industion
time corresponds 1o mors effective antoxidant, The oxidation beoch test resulis we

presented in Table 4.

TABLE e-’s
{iddation Bench Test Results
Loy, BExJEx, induetion Time{h)
 Comparative Example 16
Example 12 44

The daie show & significatt improvement In the oxidation pasformancy of the tubricating
ol composition of Example 12 tresied with the lubricating oil additive of Example ¥ as
somparad with the lubricating off composition of Comparative Example ¢ in addidon,
the ubricating oif composition of fhis jtvention advantageously provides such significant

prproversant i oxidatfon  performancs while smpleving a low level of zine
dithdophospliate.  Thiz, 8 tom, lowers the phosphorous and sulfur content of the

Inbricating off compoxition as i requived in eogine oils. Accordingly, the lubrivating off

Led
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ample Q Ik oil 0 4 Ice at constant pressure by a d. The time requiredperiod of rapid h testion t, The
oxidatioat 4 end- TertResuits Cotindite:non The data show'datiolance of oil n" sd. with the.2 oill
additive o WE »@ie/8Q2865PCT/US2009/049217 additive>Oeit.sS al/4;pparigrimanioriowof zinc, ‘A

additive of i invention not anly provides a sigrificant improvement s oxidetion
rerforinance of the lubwicating oil compusition, bt also allows for Tow leveds of zive,

phosphorous aod sulfie in G Jubricating ol composition.

COMFARATIVE EXAMPLER
e Into & 300w, Josek rowsd botinm flak equipped with an overhead
mechanical stirrer, water copdenser with nitrogen Hoe and Dean-Stark wap, tomperghure,

g of ocladecenyl suscinie

‘\7.
i

controlier, heating mantle, and thermocouple was wlded St
anbydride {ﬂﬁ&*&.} {available from Sigma Aldrich {L‘..e:«r‘gm;‘atim, St Louls, Mo, 1%%\
SU.0% g of Bxxon 150 seutral ol und three drops of foam inhibitor (200 fo 350 o8t
seallable. fom Dow Qoming)  The mixture was heated o 100°C and 3288 g of
tetraethylenapentaning (TEPA; L mole equivalent to GDEA) was charged deop wise into
the mixture via an addition funnel. Slght foaming oceurred Quring the fnitial charge
stage. Aftér the TEPA was charged, the temparature was increased to 16070 over about
60 minutes und then held ot 160°C for thres hours,

e R The material was cooled to less than IO nd 25.01 g of molibdenum
tripkide {1 mole equivalent 1 TEPA), o8 g oftciuens, 17 g of distitled waler, and (1 g of
foam inhibitor were added. The mibxture was browght to O and under agitation & gal
formed with avodinion of fam. 116 2 of Exxen H0ON o was alded and the mixtire was
stiveed overnighi to vield 8 greenish browsn gel. Accordingly, there was o0 attempl o react

s

the gel with maleic anhydride.



100921 mechanical controller, lie,: anhydride 101l sec vs from Sigma Aldrie n 150 neutral oil
anl/4 n-Siark trap.perature of ocradecenyl succinie s char, charge was increased to | '00st an 17 g
of distilled waies@/6é23660 2010/002865PCT/US2009/049217 MPARA 11PYEEURHREE 0094 1into a

5003-heck roanEkiriped wit mic&.stirrer, water cline and lieanStark. trap, tr ilLer heating manfleed
60.6 2. 1) suecinic anhdn&203

COMPARATIVE EXAMPLE S

(0941 Fito a 300 il 3-neck rownd bottory fusk equipped with an overhead
meshardcal stirrey, waler condenser with nitragen fine gnd Dean-Stark frap, temparature
controller, heating mantle, and thermopouple was mided 60.6 g of a polyisobutenyd {1o0n
MLOW.Y succinie anbiydride having a SAP srorher of 1203 meKORg. The mixture wa
hemted 1o 1000 and 10.45 g of wrasthylenepentamine {TEPAL 1.0 mole equivalent) was
added. After the TE E}A WS ﬂmrwd the tomperature was fuereased fo 180°C over showt
50 minuies snd then held 8t 160°C for one hour, After cogling overnight, 12.2 g of Exxon
LOON ol was added o vield a viscous brown ol
GO9S The material was heated to shout 90°0 and $2 ¢ of tolnens way added to
form o solotion, followed by 7.9 g of molybdenum thogids {1 mole squivalent to TEPAS,
andd §.3 g of distilled sater. The mixtare was stirred at 50°C for L3 hours and then the

semperaiary was taised to 160°C and yoluene and waler were removed over about 4 hours.
The prodact Was & vishous Brown ol Mext, 64 3 of toluene way added and the mixture
wps heated to 950 to reduce U viscosity for filtration. Severel atterapts were inade 10

fitter the product through a Whabman brand #1 and 84 fter paper with and without

by}

dintorateots warth flter wid withowt seoess,  Adter vepeated dikation of the nrmis;zci with
Foorem 1OON 41, the preduct could not be filtered, Accordingly, there was ao altempt 1

react the produst with makeie suhydride.

HEHY  will be understood that varoes odifications may be made w0 the
embodiments disclosed erein. Therefors the shove deseription showld ot be construed

as lmiting, but mersly as exemplifications of prefored embediments, For exatmple, the

e
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heg of tetwethylenepentimine 0, d. After the TEPA was .harged, the temperature 60 min acts and hen
"lel it 1I60C for o LOON oil was adde The materialheated to about 90C andf faro, a so and 83 g of The

product wagg; igeRKssbEeown o lice the e prc anh filter aid wi toluene andpiveie saIIRMRE;0vVer tabout.
4 hours. g of toluene was added and the mixture cosity fortion. Severald to d 04 filter pwer \tter
rLpeated diluticn ot the prod react the pr 00961dentnay -h n. Therefore the exerup liii cat ionsCc

functions described above and Implemented as the best mode for oporating the presest
invention are for dlusttation parposes only, Oty arrangements and mellendy way be
implemented by thoss skilled fnithe art withowt departing from the scope and spinit ofthiz
invention. Moreover, those skifled in the srtwill enviston other modifications within the

suops and spirht of the olsims sppended hereto,



WO 2010/002865PCT/US2009/049217 ing from th cover. those skilled in the art will en.vnon.otnc,
eto operating d methods may be te and spirit of this WHAT IS CLAIMED IS: 1. A molybdated
succinimide complex prepared by a process which comprises (a) reacting an alkyl or alkenyl
succinimide aValpdlyamimdMElddinula | ,AcH2)a NH2 (I) wherein R is a C12 to C30 alkyl or alkenyl
group, a and b are mdependently 2 or 3, and x is 0 to 10, with an ethylenically unsaturated carboxylic
acid or anhydride thereobafeiyiessciHer e GPMRIES groatietoP¥teh PEYSHIth WWtidic
molybdenum compound 2. The molybdated succinim de complex of Claim 1, wherein R is C12 to
C24 alkyl or :flR’é‘ﬁWffr@ﬁ)ﬁeﬁﬁ}ﬁﬁﬁwlgééﬂ‘@yéﬁW%lWQB%fapo BEHRE ?ﬁgf%alétgd succinimide
complex according to Claims 1 or 2, wherein the ethylenically unsaturated carboxylic acid or anhydride
is an ethylenically unsaturated monocarboxylic gcid or anhy ride thereof. 4. The molybdated
succin. ide complex according toClaimsdygr 2/ whereig: thylenically unsaturated carboxylic acid
or anhydride is an ethylenica unsaru/at di arb?fyllc aC|d Rydride thereof

0 H
@

wherein R is a Cy to Cyp alkyl or a.lkenyl group, a and b are independently 2 or 3, and
x is 0 to 10, with an ethylenically unsaturated carboxylic acid or anhydride thereof;
and (b) reacting the succinimide product of step (a) with an acidic molybdenum

compound.

2. The molybdated succinimide complex of Claim 1, wherein R is Cy3 to Cys

alkyl or alkeny! group, a and b are each 2, and x is 2 t0 5.

3. The molybdated succinimide complex according to Claims 1 or 2, wherein
the ethylenically unsaturated carboxylic acid or anhydride is an ethylenically

unsaturated monocafbo:;ylic acid or anhydride thereof.

4. The molybdated succinimide complex according to Claims 1 or 2, wherein
the ethylenically umsaturated carboxylic acid or aphydride is an ethylenically
unsaturated dicarboxylic acid or anhydride thereof.

5. The molybdated succinimide complex according to Claims 1 or 2, wherein
the ethylenically unsaturated carboxylic acid or anhydride is maleic anhydride and the

acidic molybdenum compound is molybdenum trioxide.
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5. The molybdated succinimide complex according to Claims | or 2, wherein the ethylenically
unsaturated carboxylic acid or anhydride is maleic anhydride and the acidic molybdenum compound is
molybdenum trioxide. 6. The molybdated succinimide complex according to any of Claims 1-5,
wherein the molar ratio of the ethylenically unsaturated carboxylic acid or anhydride thereof to the
succinimide of formula I is 0.9:1 to 1.05:1. 7. The molybdated succinimide complex according to
any of Claims 1-6, whergina thelyhodasdratia ofthiéencolyplde nienvcimm pouns tof tidaksuiedi-inide product of
step (a) is 0.5:1 to 1.5:1. 8. A process for preparing a molybdated succinim de complex, the
process comprisirn(tereattingtanciify] dhdivemiysuceininiiecatbaxybly acnine afifpdnrda | NH2 (1)
wherein R is an C12 to C30 alkyl or alkenyl group; a and b are independently 2 or 3, and x is 0 to 10,
with an ethylehfeetliodsatureidmidaeideyneiadits 8P anteydpitié-thereof; and (b) reacting the product of
step (a) with an acidic molybdenum compound. 9. The process of Claim 8, wherein R is C12 to
C24 alkyl or alkenyl group, a and b are each 2, and x is 2 to 5. 10. The process according to
Claims 8 or 9, wherein the ethylenically unsaturated carboxylic acid or anh gr' e is an _ethylenically
unsaturated monocgr'bé%ﬁién é’éﬁgg}%nﬁlﬁaﬁalél?%e?%%@ o agﬂ&?ﬁetopra@é’eg (z; élgfd?ﬁa’ to Claims 8 or
9, wherein the ethylenically, unsatur oxylic acid or a ide is an ethylenjcally.unsaturated
dicarboxylic %%ﬁna%ﬁ%% ‘é%%ré%%sg I%%{%&%%mp?ggl ggnagggggr%ﬁr%ct%%?ég]%grgdg%%vherein the
ethylenically ypsatiyrated.¢ashoxylic acid or anhydride is maleic anhydride and the acidic molybdenum
compound is molybdenum trioxide. 13. The process according to any of Claims 8-12, wherein the
molar ratio of the ethylenically unsaturated carboxylic acid or anhydride thereof to the succinim de of
formula lis 0.1:1 to 2:1, and the molar ratio of the molybdenum compound to the succinimide product
of step (a) is 0.1:1 t8.2:A. procdsd. fAr lphpieating eibomipesitiariatmprising(e), anajocamount of a base
oil of lubricating viscosity; and (b) a minor amount of the molybdated succinimide complex according to
any of Claims:@syhrisingl() Ravigthed akdpe ki snéntemalecdim bolstionne ndifvenodmiprising the step of
operating the internal combustion engine with the lubricating oil composition of Claim 14.

O

_-(CHy)y N _—(CHa)y
N NH,

0 H
* @
wherein R is an Cy; to Cyp alkyl or alkenyl group; a and b are independently 2 or 3,
and x 1s 0 to 10, with an ethylenically unsaturated carboxylic acid or anhydride
thereof, and (b) reacting the product of step (a) with an acidic molybdenum
compound.
9. The process of Claim 8, wherein R is Cy2 to Cyy alkyl or alkenyl group, a

and b are each 2, and x is 2 t0 5.

10.  The process according to Claims 8 or 9, wherein the ethylenically
unsaturated carboxylic acid or anhydride is an ethylenically unsaturated

monocarboxylic acid or anhydride thereof.
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11. The process according to Claims 8 or 9, wherein the ethylenically
unsaturated carboxylic acid or anhydride is an ethylenically unsaturated dicarboxylic

acid or anhydride thereof.

12. The process according to Claims 8 or 9, wherein the ethylenically
unsaturated carboxylic acid or anhydride is maleic anhydride and the acidic

molybdenum compound is molybdenum trioxide.

13. The process according to any of Claims 8-12, wherein the molar ratio of
the ethylenically unsaturated carboxylic acid or anhydride thereof to the succimmide
of formula Iis 0.1:1 to 2:1, and the molar ratio of the molybdenum compound to the

succinimide product of step (a) is 0.1:1 to 2:1.

14, A lubricating oil composition comprising () a major amount of a base oil
of lubricating viscosity; and (b) a minor amount of the molybdated succinimide

complex according to any of Claims 1-7.

15. A method of operating an internal combustion engine comprising the step
of operating the internal combustion engine with the lubricating oil composition of

Claimm 14,
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