LUBRI CATI NG O L ADDI TI VE AND LUBRI CATI NG O L

COVPCSI TI ONCONTAI NI NG SAME BACKGROUND OF THE | NVENTI ON
waz2oidmedssd cal Field [0001] The present i nventiBCI/US2009/049217

generally relates to a lubricating oil additive and

| ubricating oil conposition containing sane. 2.

Description of the Related Art [0002] In general,

or gani ¢ nol ybdenum conpounds are known to inprove the

| ubri cati ngipreperiNcesioiirangire ouhs.uERC xRl e,

mol ybdenum di thi aeasdaimtesy aievt Xpisal kyeapl oyed for
the reduction of friction. The nol ybdenum

di t hi ocar bamat es, however, contain sulfur and slowy
114 @88 e Ak e friction unless an
ggf»{é?grgsa?]g?\eﬁgtl J:‘Eu{?é {i\gu%\%S%& present in the lubricating
er exanple of organic nol ybdenum conpounds
+zed nol ybdenum pol yi sobut enyl succi ni m de
conpl exes_which are used to nedi ate wear, reduce
B9%] ot i on hANUrGR SunRiE] cosdrdht idwes See, nbrigatingpibadditive and
Patent Nos. 4, 259,194; 4,265,773; 4,283, 295;
hlio 28 SPymarsdis, @621886xand U. S. Patent Application
Publ i cati on No. 2005/02091 11. Probl ens associ at ed
2. Wekiridihe ise Rfixsglfur in a lubricating oil are that
sul fur can be inconpatible with enission control

ooy cos BYcEAR, KBS oigh LA RS AL EPLRR LW Thorove e
U. Pat ent. Nos. 4. 357, 149 and 4, 500, 439 di scl ose

Eui-&‘%laf%’z%d ?&}?&gﬁg@%i%&m\ gils. For x\zr‘wk melybdempn dithiocarhamaies are

typically emploved for the reduction of frctive.  The molybdenum dithiocarbrmates
howsvey, contain sulfur and stowly lose the sbilily to reduce friction unless an aliorate
sutfur source i3 present v the lubricating ol Another example of organie mwlybdeman
compowndy are sulfrized molybdenum polyisobudenyt succinimide complexes whinh are
used o medinte wear, reduce friction, and/or contred oxddation. Beg, ep., WA Patent Nos,
4,259 194, 4,265,773, 4,283,295, 4.2835,832; and 6.562,896 and U8, Patent Applicaton
Fublication No. 20050209111 Problems associsted with the ase of sulfir in a lubricating
oif ave that sullie can bo wcompatible with emission control devicss and can resuli w
corresion probloms,
(06a3] LLE, Palent Nos. 4,357,149 and 4,300,439 disclose molvbdated OOy
atkenyl succininudes. In Example X1 of both of these patents, 8 molvbdated sucoinimide
s prepaved by reacting a CueUie alkeny! succinie anhydride with triethylens istvaming

followsd by treatment with a molvbdic aoid sohation.



al kenyl succinimdes. In Exanple XI of both of these
patents, a nol ybdated succinimde is prepared by

WO 2monda8gs a CL5- C20 al kenyl succi ni ¢ anhydr i deP@i/Ug2009/049217
triethylene tetramine followed by treatnment with a
nol ybdi ¢ acid sol ution.[0004] Russian Patent No.
2201433 di scl oses a nol ybdat ed succi ni m de posttreated
with mal eic anhydride as an additive for notor oils

Hisied i n edpmdateoMUSIIORIBNGINess «RussitameRPatiefibimide post-
No. 2201433 further discloses that the additives are

weRkgRANethaby: Eu%@-@ﬁ HBGs AR ALKRAYL: 8U6& MMde Ofinermal combustion
pol yet hyl ene po yam ne with anmoni um nol ybdate i n the

enPh&S eg@&@; S pNak 8L, a8y ﬁ% eﬂr&@&e&mﬁ&%n EE@? 'f*zxs %ﬁquﬁﬂ Qe pupaz\,d by

Tesulting pro uct vvlt mal el ¢ an

re TR TP e e O e Et el fm*» oy molybdate in
exanpl es .di scl osed i n Russi an Pat ent No. 2201433
ﬁeﬁ%‘p?‘&y‘* & h’%ﬁ‘\ ot BEHIOAT ARt Sﬁt 61 %ﬁmf‘é‘iﬁw Prosg with malelc
M W) succinic anhydride (PIBSA) in preparing the
aniiikenyrkuic PRI GE2 pol e rhyt ene %pmpﬁfam enyl 0GOS himide of
Accordingly, it would be desirable to devel op inproved
pohm%ybf@tewmnmal ritihgt fhebrbeates ngecbiskd o Bpesid Parst No. 2201433
whi ch exhibit inproved friction reduction, and wear

em@ig OXigHahbion iRk Qo REMVARY (OF, THE L NVENTERGN de (PIRSA)

0006] I n accordance with one enbodi ment of the
in PLESBN &b BNERANI QRIS & éaﬁw% Qvided, a,qpl ybdat ed

succi ni m de conpl ex prepared y a process which

gm%%f%?g” €S oL@l act »(‘&s i@ bt b, mal% S{E‘% gg’g 4GS ,B{‘ o JIe s ——

yam ne of“ f
out C30 .0r a

Qﬁ}‘gi:'::[igt}"' "E FHEFLg \ﬂil O\ﬁi”‘f'\ X\Ii‘if(?? \*)%ﬁ IRPTOVe il? irh 1&3}'3 T&%Lﬁ.*l 28, and
TG RIER T 2! on broved fric on, and

wear and oxidation inhibinon

SUMMARY OF THE INYENTION

LS iy accordance with one embodiment of the presert inventinn, there is
provided a molybdated swectnumide complex prepared by 2 procsss which cormaprises ()

reacting an alkyl or alkeny! succintmide of & polyamine of formuls I+
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wherein K is an about COpy fo about Ty alkyl or alkenyl gronp, a and b are independently 2

o

or 3, and x d8 § to 10, with an sthylenically unsatursted carboxylic seid or anhyvdnide

2



or 3, and x is 0 to 10, wth an ethylenically
unsaturated carboxylic acid or anhydri det hereof; and
W@ R010/0e2%63 | Ng t he succi ni m de product of step PEh/USIDN049217
an aci di ¢ nol ybdenum conpound. [0007] In accordance
with a second enbodi nent of the present invention, a
process for preparing a nol ybdated succini m de conpl ex
is provided which conprises (a) reacting an al kyl or
thatkeny (tsuesitminhdewefriaiRobydn p€ sab (Roritla kidie molybdenum
wherein R a, b and x have the aforestated neani ngs,
coWipbiin@n ethylenically unsaturated carboxylic acid or
anhydride thereof; and (b) reacting the succinim de

fpgduct  f éls%% @) LD ga B 91'%)8%@@?{ S%E’ Meose sent {nyention, a

conpound I'n accordance w t

Fon i 8
f a base 0|I ricating viscosity; and (b)
regiipg ﬁ%fgéh‘b‘“uh‘f“éff BRGS0 T AHaR S ox
prepared by a process which conprlses (i) reacting an
aIkyI or al kenyl succi ni m d¢ of a polyam ne of fornula

a5 xmw ih)g r&sggpg mn'?\z Qg‘d \t:as&ﬂu ;HH;C 6\’%?&“% ST \é)deg \%i]hoarcmpnm {a)

:wherein R a, § and x have the aforestated meanings,
W|th an et IJ»VWMS“&N atedtty lic acid or
anhydri de ther eof Mand (ii reactl ng the Stf&ci nini de
product of ste with a ci di c nof ybdenum

compound. [0009] IW accordénce with g fourth

enbodi nent of the present |Qvent|on fthere is provided
a nethod of operating an internal cdnbustlon éngi ne
whi ch conprises operating the internal conbustion

whHeRgh e aybtdidar bt (ealitRgaRlilm&eRMes kihalk SRIPALSEN dusatiraten
(a) a mmjor anount of a base oil of lubricating
carkbBARSIAY o ARG ERYe BePIROLBTRURLARL 1R ARLYRARL 8hauct of step ()
with an actdic nwivhdenum compound.
{8068} I accordapce with g third ambodunent of the present invention, g
habrigating oif composition i provided which comprises (1) @ major amount of » hase il
of tubricating viscosity: and (b} a minor ameourt of 3 nwlvhdated succinimide complex

prepared by 1 process which comprises () reacting an alkel or alkenyd succinimide of

podvaming of formuda b
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succi ni m de conpl ex prepared by a process which
conprises (i) reacting an al kyl or al kenyl succinimde
w@Ro1a/0msbyam ne of fornmula | : wherein R a, bPGIRUS2009/049217
have the aforestated neanings, with an ethylenically
unsat urated carboxylic acid or anhydride thereof; and
(ii) reacting the succinimde product of step (i) wth
an aci di ¢ nol ybdenum conpound. [0010] In accordance
whakdith Ra of bf okt e iboditrenbreatictiNecpigsentiti VR kO @ nsaturated
addi tive package conposition or concentrate is

caPhMicded GORMHEHOhLRR ARONE 2040« @bﬁiétfm%&lm?&ﬁ&z of step (1
percent of an’inert organic diluent and

wilfohGeRhic AdRlvbdatad,syeci ni m de compl ex ot epar ed by a

process i‘ch conprlées (i) reacting an aIkyI or

acakkenyl ucanmge yam.nhe Q &

Em@"}\t\her e| Eﬂ W “ﬁtg‘ %('aﬁigfvle“%f‘ PR r“esg‘af‘ %a‘*g}iré‘é\ﬁrnﬁb% there I8

thylenlcall unsatura&gd car boxylic acid or

?‘mét cfr‘F* 5“‘? RePBgRing %lrﬂ“‘éﬁii“)i FENETRGRRE SUE R PATRTTEe dporating
product of step (i) with an acidic nol ybdenum

thecp il SN EODR IS T ev bk yldhree: silcompbiide covnpiiox (Mfa major
the present invention advantageously provides high

ambriictl ©harcedliet ilGnjcating viveasitvand! GRidationmeant @$icomasiyidated
i nhi bition when incorporated into a lubricating oil

SuCONRARI EdofteandedssRdnl i achRt QRRA! coeQIRYS ) 00ERG 8L alkyl or
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

alkbQQ k2l itugenes aliveRnbBl vpdated succinim de conpl ex of
the present invention is prepared by a process which

invol ves at least (a) reacting an al \kyl or al kenyl
succi ni m de 0 ¢ ‘

_ATHY, «Mg AT

X
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wherein B, o b and x have the aforestied meanings, with an ethylenically wsaturated
carboxyle aoid or anhydride thereof; and (11) reacting the suwecmimbsle product of step (1}
with an goidic molybdenum compound,

{0816 In accordance with @ fifth embodiment of the present invention, an additive
package composition or conceutrale i provided comprising {8) about 20 1o about 80
weight pereent of an inedt organic dilvent and () ome or more of & wmulvhdated
suceinimide complex propared by 3 provess which comprises (1) reacting an alkyl or

atkenvl succinimide of & polvamine of formula ©:



of a polyamne of formula |I: wherein Ris an about Cl12
to about C 0 al kyl or al kenyl group; a and b are

wo pdepeasdent |y 2 or 3, and x is 0 to 10, pref ePEhU2009/049217
to 6 and nore preferably 2 to 5; with an ethytenically
unsat urated carboxylic acid and/or anhydride thereof;
and (b) reacting the succini m deproduct of step (a)
wi th an aci di ¢ nol ybdenum conpound. I n one enbodi nent,
the R substltuent has a nunber average nol ecul ar
wei ght rangi ng krom about 167 to about 419 and
preferablygfro boy({ﬁas\fo abowlt, 2, I n anot her
enbodi nent i??y s @n about ¥7to about 1324maJkyI or
al kenyl group; aﬂgpd b areieach 2; ang x is 2 to 5.
[0013] In step (a)y a SUCC\ niini de of formula |
wherein R, a, b and x have Yt he afore tat ed nmeani ngs,
is reacted with an ethylenléally unsakur at ed
carboxylic acid. The starting succinimde of %ornula I

\-Vhlgﬁfﬂ§ % aio gt rﬁ“ﬁldn‘? g\l Q.\y }\‘r’ eﬁ Tt Li &’f‘ aft d?“gb‘% d (\* Eig edﬁog thy 't ‘%trlln&yi v ounsatnraied

er ei "n’ea

|

cor h’m‘évr %ﬁi P ‘ff“ada P et diud J?“c%’é‘*‘é?g o GFoduct of siep ()
? # ma Al drich Corporation (St. Louis, M.,

with ag *‘A*d)“ MG CESHIBBUEFERYr ed by any net hod wel | known

in the art. [0014] Suitable polyam nes for use in

{¥dkepari ng §z§ hevngpioeitnl nhgeitohufordwetasy  af ethe  pressyt  invention
pol yal kyl ene pol yam nes, includi ng pol yal kyl ene

addivagemesy (Suchepdlighalikytenecpatipamsng swiniy] had ypiideabhytorrosion
contain about 2 to about 12 nitrogen atons and about 2

intiighidd vERk1emrBsaiE. infas tieithasd wiiskntabhien ek @LK)H& @R %mwna
pol yam nes are those having the fornmul a: H2N- (R INH)c-H

cob@rghRRL.1s a straight- or branched-chain al kyl ene
group haV|ng 2 or 3

DETAILEDR DESCRIPTION OF THE PREFERRED EMBOQDIMENTS

10121 In general, 8 molvhdated succinimide complex of the present invention is
prapared by a process which nvolves st loast {8} reacting an alkyl or alkenyl succinimide

of a polyamine of forawla b
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wherein R is an about Uy to about Cye alleyl or alkenyl group;  and b are independently 2

or 3, and x is € to 10, preferably 1 to 6 and more preferably 2 to0 3; with an sthyvlenically

wisaturated carboxylie actd andfor avhydeide thereof, and {b) reacting the succinimide



carbon atons and ¢ is 1 to 9. Representative exanpl es
of suitable polyal kyl ene pol yam nes i ncl ude
weehylesexii am ne, di et hyl enetri am ne, PCT/US2009/049217
triethyl enetetraanm ne, tetraethyl enepentani ne and
m xtures thereof. Mst preferably, the polyal kyl ene
pol yam ne is tetraethyl enepentam ne. [0015] Many of
t he pol yam nes suitable for use in the present
praduvent kop {ar eitbcmmeidt aldlybdovanl abhevadd latdhersnirmymbe, the B
prepared by nethods which are well known in the art.

sulbsDifucBX B BumbBtRedSe hQleRELRAL *ﬁiﬁ%@ﬂh{] SRRkl T Ko abour 419
reactions are detailed in Si dgevvl ck's "The Organi c

and PRI SHIE Yo » 09Ny hes € 0 a 2 to
m@&mr Etrg g‘la%ge%tg?rs%g%io& gg?n g)df%g‘rﬁﬁﬁgﬁf ¢ i:@?‘%? g Qz* % ut O ¢

:ﬁ\?gdu 5&?1\ ?O{tl ngpqitg‘q Fy m::.li% x e d% dnd.:( ia %f?r S

cal ‘Ed.

especi al Vol 116 0016] Generally, t he
r-%gﬁ’ﬂydri diﬁybf‘*fgrhﬁ é“‘FFi‘iﬁé’%F%%‘gé with the pol yanine
at a tenperature of about 130C to about 220C and
preferably frorrhabout 145C fo about *{75C. The reaction
can be carried dut under ail inert_at ﬁfosphere such as
ni trogen of-argo FHe' éﬂ’eyrlbtwef\‘éhhw“ge of fornula
|| enployed in th@ reacti on can rangeifronritkbout 30 to
about 95 wt. %Hn“QL preferaﬁ)l from abput 40 to about
60 wt % based on ¥he totah wei ght of; the reaction
m xture. [0017] Suitable et*{wyl eni cal }“ unsat ur at ed
carboxylic acids or their anhydri des Tnclude {
et hyl eni cal |y unsaturat ed nonocar boxylic acids or
whtthet &, anhydid ddsiye ebhyleniaad beanings, s reacted with an ethylenically

unsaturated carboxylie scld The sarting secoimmide of formala 1 can be obtained by

repcting an anbydride of formula I

wherein R has the aforestated meaning with & polyamine, The anhydride of fornmla 1 ix

gither commuercially avallable from sach sowees as, for cxample, Sigma Aldeich

Corporation (84 Lows, Mo, US A, or can be propared by any method well known in the
art.

14y Sultatle polyaminegs for use o preparing the ssccinimide of formula | are
polyalbylene  polyamines, including polvalkylene  diamines Surh  podvalksiens

polyamines will typleally contain abowt 2 1o sbont 12 wmitrogen atoms and about 2 1o 24

carbon atoms. Particularty suitable polyalkylene polyamines ave those having the formala

&



unsat urated di carboxylic acids or their anhydrides and

the like and m xtures thereof. Useful nonocarboxylic
w@ei1d®902865 t hei r anhydri des include, but are nokCT/USi0DE0H9217

to, acrylic acid, nmethacrylic acid, and the |ike and

m xtures thereof. Useful ethylenically

unsat ur at eddi car boxyl i ¢ acids or their anhydrides

i nclude, but are not limted to, fiimaric acid, naleic

HoaRtY gl whesaddnke @it @itrEateht ﬁt;ﬁ@lmimﬁk‘ﬁ&zﬁﬁ‘@ﬁhzﬁ‘g Tor3

anhydri de, itaconic acid, itaconic anhydride, “and t he

cadbbk enamnd fxtunes Lher e%eﬁi&ﬂr@{ Erkadnet W anly cfﬁl g&m Heylene
unsat urated carboxylic aci d or anhydrl de thereo

poﬂalz ex’f“% ah: Qg'r d g‘Rf nad g{:;"ev at Lfﬁ@i\f%g}%[ 80fine TS, tgsl-:!%nets&&*amnirm,

ar an e succinim’de’s
2P 3 royl e a‘ Carb X: e\ $ Yo ona‘i o &
i*'“?i%e s “«ofm? TR Hrtie. arbTorHrabl” en Boatkstens
eni cal |y unsaturated carboxylic acid or
B ‘%ﬁﬂ% %@Cii%éf}%?“%ﬁg‘ant ageously allows for a
sufficient amount of the nol ybdenum conpound to be
it or por e Pty pRivewgvpl wxablp 0B18)ss Gendrapicyent tiheention ars
ethyl enical ly unsaturated carboxylic acid or its
comnieyadsl e aiisbiheat ethetomay bolptenrsddndintihods abich are well known in
tenperature in the range of from about 50C to about
thel@Crandxigphercaatit 65 plex@thpMahihet Bed SHEE kLM dfdetalled in
formula I. The nolar ratio of ethylenically
SicdeBeakur ated <§~a£;b@>«yﬂ1én%z§\c'& ﬂmmgﬁ a@ray%ug epm Oxford, 1966;

succi ni m de of formul a vary wdely, e.g., a
o ¢ ) L9 ab n.Qne 57,
g%?qj E%%n&%t ¥ 5'% Qﬁar \éf% 1\Ts}9 a allil%,rb f?]h‘st;%ll iga ?n{ :ld 1987 and

gur,at“ car b xyllc aC| s anhydride 10 . v o o
Kir ﬁ SRS %?”f}‘*g iahzfm i I“'{i}‘é‘ﬁg}é} of‘"i?’rk(j(f‘n éﬁ]&bilﬂ b_\gﬁfimm 2,
3’3‘} %bout 1 05: 1. [0019] The nol ybdenum conpounds
Prused S o pr epare the nol ybdat ed succi ninide conpl ex of

the present inventi on are aci di c nmol ybdenum conpounds
{80861 sal t sUsheraldy.dhe anhydride of formala I 15 rencied with the polyamine at 2

temperature of abowt 130°C fo about 220°C and preferably from about 145°C 1o about
FFSPUL The reaction can be carried ont uuder an inert atmosphere, such as nitrogen or

argon. The amound of anhydeide of formula [T employed in the reaction can range from

about 30 o about 95 wi. %6 and proferably from gbout 40 to about 60 wi. %, based on the
total wetght of the reaction mixture.
HHL suitable etbylentcally unsaturated carboxylic aoids or thelr anhydrides

meinde ethylonically unsatwrated monocarboxyhie acids or their anhvdrides, ethylenieally
unssturated dicarboxylie acids or their anhydrides and the like and mixtures thereof
Uselal monocarboxylic avids or their anbydrides Include, but ave nod limited to, acrviic

acid, methacryhie acid, and the like and mixtures thereof, Useful ethylenically ansaturated

ek



nol ybdenum conpounds. General ly, these nol ybdenum
conpounds are hexaval ent. Representative exanpl es of
W@ ei1vabdses nol ybdenum conpounds i ncl ude, but arBCTU82009/049217
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
digdiorsiic ecigs pr tydraleitidee didnicnbhiybdadielin MO8, dmaric acid, malsic
MoQO2Br 2, MXRCBCI 6, or simlar acidic nolybdenum
angaiReURtswcoliceled, regxReldheaDHRALRU MICORPO URAS KAl 8144, Hisconi
nmol ybdenum tri oxi de, mol ybdi ¢ acid, anmoni um

mﬁ@iW@d ak& thangeald@kdi iRk a0t ybd a&@ﬁfm B @,rf}tx»l | C:‘;{l ﬁ{x‘ Yinsaturatad

preferred i s nolybd bdenum tri oxi de. b),
m\tﬁglﬂ ?C{H::r-:g 0 méggﬁem gzggm %magigmp ;%gclil ?&w \H atrhgm(“ )ﬁai;ﬁg ti“im and
is used necessa to provide
s e @“@‘ébﬁ‘jt  FBr ALY §tﬂ%<n§m f tappgide @ carboxylic

diluents_ are I ubricating oils and_|igquid conpounds
ac iéoﬁ?ﬁqufg* ohl“y“t‘ﬁ’t’“ﬁ’b‘n“{a‘ﬁﬁ vﬁmtb@%ﬁ formglis} pal the ethylenteally
amoni um hydr oxi de may al so be added to the reaction
uniigerigd ety spioviid e anbpdittes ckerof! aivmeagamsiyollisbddbe s safficient
[0021] Generally, the reaction mxture is heated at a
ambempdriat b tiase: thapwes (e fualcotiprabbdite H0QGCHahd.
preferably from about 80C to about 100C until the

jpamal ybdengmmbaiipubd bolveRldaity heaghetd ciiextBacdil Of ikixiBydride i
for this stepis typically in the range of from about

o8 W Q%ﬁ&nt&a@%&%tm?hg@%%ﬁr@rp% pi-ehesabt ok %@b@% to about

1toaout our s far ratio of the nolyb

mg‘gg%%’ ¥ %a%ibre \Sg,y(g:f s Lnrgjhn <l zggsg%\l W?fnﬁrg' il g bgﬁ%ba mgu ratio of
ﬁmﬁmm% un\amsww Car m‘y i %&E sz iei\r S L)a/h: P xy ¢ mm;ﬁTX formula § will
vary widsely, e.g., 2 vange of from about .11 0 sbout 201, In one cmbodiment, the charge
molar ratio of eitlyylenicslly nosaturated carboxylic acid or ite anhyvdride o swooinimide of
foremudn will range of from about .81 1o about 10511

LTRSS The molybdenum compounds used {0 prepare the mndybdated surceinimide
complex of the present invention are acidic molybdenum compounds or salts of acidic
molvbdeman compounds.  UGenorally, these molvbdenum compounds are hexavalut
Reprosendative sxamples of suitable molybdenum compounds include, bt are not Hmited
to, molybdenom exide, molybdenum trioxide, molybdic acid, ammonivm molvbdate,
soxtium molyhdate, potassium molybdate and other alkaline metal molvbdates and other
molybdenum salts such as hydrogen salts, g, hydrogen sodivn molvbdate, MoGOCl,

MolBry, MoyOiUl, or similer acidic molybdenum compounds.  Prefered acidic



wat er present follow ng the reaction of the nol ybdenum
conpound and succi ni m de product of step (a) can be
w0 20movesedy heating the reaction mxture to a PCT/US2009/049217
tenperature greater than about 100C, and preferably
from about 120C to about 160C. [0022] Anot her
enbodi nent of the present invention is directed to a
| ubricating oil conposition containing at |east (a) a
swippnuanountpeafida fasentdibdalin uBGkEal | AGHBIRCORIL Y nmmonium
and (b) a m nor anount of the mol ybdat ed succi ni m de

i R ¥n ORI RN hEd RUEIA08. PRI HS pHaska i %%ﬂ‘aima arurn irfexide.
| ubricating oil additive. The | ubrl cating oil

[HERIPOSI t 'Ez‘?'}&g:«cas@ Q%uQﬁ:?p%‘ e DY a0mad R, Y,y \zsb;% Yipd acidic

conventional "techni ques, an approprlate anD
nveg%E on kga e .
u] 3n ogf m\m.;z 19 ussd, if

mJi"H\fi oy ;% é sz%g.‘.lzgggc\};&w\ﬁgéxo{ivn %ﬁé‘“‘é,
L farylgul ar. base. oi.l depends on the ¢ é lated = =
“"%“6 T CBET DR O ST RE UBPPRanT SHdhEHE p‘?‘%s* KeRiuptts grerepricating
addi tives. Cenerally, a mnor anmount of the nol ybdated
01l dod HATH GETCERH! WeLaring By mbeneibhvibage. vApsitdo prmoniun
about 0.001 to about 10 wt. % and preferably from
bydibolul 1On5aiko babddn! 12 it reatobasedzon redd otalutine b htumonium
of the lubricating oil conposition. [0023] The base
moO¢Hdanf | ubricating viscosity for use in the
| ubricating oil conpositions of this invention is

jodpi cal | vioREGBENE: oo R Airc QTR € Bre@Br@IRUB: or squal
of greater than 50 wt. % preferably greater than

i gg%gti i\,}\f Q X\ftd %EA%MM( &Rl §f.L abby fu,t Lo, abaut g ttﬁk §?§Q‘QM fennm is

d nost pre erably rom about

«uigge\t@ﬁ 3 :r?e ':fiffga%%i erc%tm'i} zzét ot a h:%%i 13 53 ﬂmvijgﬂsuh%ﬁ GRS O ?fﬁ};tﬁ about
shaII e.understood.to n.a base stock or blen
ﬁag(ga%ﬁj@kg W{:\\I}iéh& N*spzaiqz.ﬂ{ ¥ HOEhRPRE O HERE t’&:mrs dﬁ:c molar ratio

-'“\

of the molybdenum compound o the seccinimide prodoet of step {8} v about 8.1
abowt 01, preferably from about 8511 © gbowt 151 and most preforably about 11, Any
water present following the roaction of the molvbdenum compound and succinimide
product of step (a) can be romeved by heating the reaction mixte o o femparature
greater than about 100°C, and preferably from abowt 12000 10 sbowt 180°C,
22 Another embodiment of the present invention is disseted to a lubricating il
compasition containing at keast {8} 2 major amount of & base off of lubricating visvosity,
aned (&) @ minor amount of the modvbdated succinimide complexr of this nvention which ix
useful as a lubricating ofl additive. The lubricating off compositions can be prepared by
admixing, by conventiowal techniques, an sppropriste smount of the lubsicating ofl

additive of this invention with a base oil of lubricating viscosity. The selestion of the



that is produced by a single manufacturer to the sane
specifications (independent of feed source or
woremopeassurer' s | ocation); that neets the sanePCT/US2009/049217
manuf acturer's specification; and that is identified
by a uni que formula, product identification nunber, or
both. The base oil for use herein can be any presently
known or | ater-di scovered base oil of |ubricating
pagicsboSisky ctiséehends oriml @bisngibied rbeiding o fhe fubvcant and the
conpositions for any and all such applications, e.g.
pr@0@ieNE QhSaddiBidb NG ANI8 miahd Smolnat ke @z@lz\zidawud@“mmm:a
such as hydraulic oils, Qgear oils, transn1SS|on

mz@*%ﬂ%‘xdﬁ* h&liGve g?’@gﬁg'%s} O»”Ql li%m tﬂt@\zt Aas8 *%' ’I‘E?és}.i{ @sﬁ \ £, ang preferably

herei n can Optl onal Iy tontaln viscosit

*E'Ollifmg'%g&e{)% EO [FOL pO ‘Qyn;er Iba \Cgl k¥y| ge E&I'e](af:\ »ﬁ%ipyiz eﬁlé* fubrie &RIXL ol

I'ni ¢ copol yner s, n-et
nmer or a styrene but adi ene copol ymer; and the
ey 3{23“‘)51hd m xtures thereof. [0024] As one skilled in
he art would readily appreciate, the viscosity of the
Ei}% §e oi | g %Beﬁ!éle‘h‘t Wbﬁ“t‘&]e"‘aﬁpﬁ‘r clat i wh. 1 the lubricating off
Accordingly, the viscosity of a base oil for useherein
comppgitepdiinarithyertiange tisahy gboutt 2 & ouRbeotu@00q:., w wnowt of
centistokes (cSt) at 100 Centigrade (C. Cenerally,
grdand ihaindigabd. ¥4 trhetcbabegraiibsiws athastengtinewed bs:twhbil from show
have a kinematic viscosity range at 100C of about 2
80 6Shhd@ vahawt ¢ 30 CRbst f; rs&fd@f@bw SBRQU 3 168k s«ﬁsamabp% wed on the
e

16 cSt, and nost preferably about 4 cSt to about
oS BIE L SaeSRler, e Bl gt 8y
oGP, g S5SAL PR SIS IRE i A componc
th isa\%/(?{%gﬁgkg’#édi big\l&é gﬁé}svz%\g‘/\ﬁgggzote s\;ﬂofg@moygfg\%%&dgf\é}v]gf%@ii‘;‘vi\{dﬁm of feord

10w 30, 10w40, 10W>50, 15W 15W20, 15W 30 or 15W
soures of manuiacturer'’s locationl; that meets the same mannfieturer's specification; and

that i identified by a wique Sl prodect Wentification number, or both, The base o
for nse herein can be any presemily knows or lsterdiseovered base oil of lobrivating
viscosily wed in fornudating lubricating ol compositions for oany and all such
applivations, .., sngine olly, manne ovlinder oily, fmctonal Suids such as hydraudic oils,
gear nils, trananasston fuids, gle. Additionally, the base oils for use hereln can optipnally
comdain viscostly index  improvers, eg., polvmeric allovimethacrviates;  olefinie
copalymers, ¢.g.. an othylene-propylene copolymer or & styrene-butadisns copolymer and
the like snd mixtures thereof)

{24} As one skilled v the ant would readily appreciate, the viscesity of the base

oil i3 dependent upon the application.  Accordingly, the viscosity of a base oil for wee

g



40. O ls used as gear oils can have viscosities
rangi ng fromabout 2 cSt to about 2000 cSt at 100C

WO 0028288 se st ocks nay be manufactured usi ng BCUEHS1009/449217
of different processes including, but not limted to,
distillation, solvent refining, hydrogen processing,
ol i goneri zation, esterification, and rerefining.
Rerefined stock shall be substantially free from

herviit evillabstinanty gdugedotrhrbugh? nensifaact WODNgGEnistckes (08O st 10
contam nation, or previous use. The base oil of the

Cehiipriie alh. ngn:@k.iaii&pﬁﬁ@ﬁtﬁ&‘ﬁ“ﬁw%a\& RIS (5B QRO BY REY fave a
any natural or synthetic l'ubricating base oi

Mr@&%‘!dﬁ@@ﬁ@f}mﬁd{ zﬁ&a{ ibﬁﬁ”%’SX:‘Ptzﬁ%k"Cc‘eQ't& %%HCJ() q‘%’m:@é%hb@x ‘?mm ¥ oSt

not limted t oi I's prepared fromthe "polyneri za
y] n 118 X tl 3 < A gf \ t
o 8$03§| deﬁ% ﬁ i%é?% E’Eﬁ%{] R 83 }lu ggﬁp Cgjugl"} |}n {"c# g idcted or

i rocar R ﬁ beg,l rocedures usin r on . )
“Ffb‘ﬁox‘l Eh: &*“ﬁﬁ‘d?bﬁ‘e t@ég*éss SBRSENT g %éw N0 give he
%& process. For exanple, a _suitabl e base oil _is
ﬁv&é‘*ﬁ B fm‘nﬁm Wbt i t}t’ﬁ‘iﬂém‘im&* SHEOTREENYN FRESE AL Viscosity
[itt i f any, lube oil fraction of wscosnty
(ng@ PRV oic’%hiiféhé‘ﬁ B V00C. 0 0026 -TheS WasB/-ai S We, Ba-40, 5w

derived fromnatural lubricating oils, synthetic
S il RHE dDMNgLUGV IS, db Wil tidgivesit Hek'edy, . ‘»&m‘ba‘b{:é bEFE3N or 15W-
oi | includes base stocks obtained bylsonerlzatlon of

J0SYnkhet] & waxoanthshaskivnassicsasn iRl froaS:hydr 081 aGked: 2000 o8t
base stocks produced by hydrocracking (rather than

At §@kpent extracting) the aromatic and pol ar conponents
of the crude. Suitable base oils include those in all

T e e
ineLOUP LY base olls are.pol yal phaolefing (PAQ. Group V. .

sligomerization, esterification, wnd rerelining. Berefined stock shall be substantially fee
frovg muaterials wtroduced through mamafacturing, contamination, or previows use. The
hase oif of the lubricating o compositions of this invention may be any natwral o
synthetie Inbricsting base oil. Suttable hydrocarbon synthetie oils include, bat are net
Hmited to, oils prepared from the polymerization of fﬁ’i}}.}*ﬁm\ft\ oy frow the polymerisation of
I-clotine 1o provide polymers such as polyalphaciofin or PAD sils, or fron hydrocarbon
synthesis procedures ustng carbon monoxide aud hydrogen gases sueh as i a Fischer

o

Tropsch process. For example, 8 sultable base oil Is one that comprises Htllg, iany, heavy

fractiony o.g., Hitle, i any, lube off fraction of viscostty 30 ¢8t or Wgher af 10090,
{0626} The base ofl may be derived frowm vatoral lobricating oils, synthetic

tobricating cils or mixtures theveofl Rultable base ofl inchudes base stovks obtained by

il



included in Goup I, II, Ill, or I'V. Athough G oup
I'l, I'll and IV base oils are preferred for use in this
WO pe#028eh, these base oils may be prepared byPCT/US2009/049217
conbi ni ng one or nore of Goup I, IIl, IIl, IV and V
base stocks or base oils. [0027] Useful natural oils
i nclude mneral lubricating oils such as, for exanple,
liquid petroleumoils, solvent-treated or acid-treated
isomamer@in lofibwhitatié ngoobhd shbk téhe:, par atfii achydaphtibanbse stooks
or m xed paraffinic-naphthenic types, oils derived

prédduost agaby@hosbahe, raRbMBlanOkdiSenivedrlafe ol kS unl@icdand polar
rapeseed oils, castor oils and lard 0|I), and t he

£ ﬂk‘&% m\{ S%Qg@;l‘rg‘kj@ef) %IE&E \.Iyl m gg:‘j&l&! Hbr}L&@’i J; Qg Xgli La%&“tﬂ“&\ ‘{cﬁ

i ncl ude, but are not drocarbon ol'ts

m@% % 5 103k nf u\%’??’&i@% g& g; Ql?fgi &%‘ 83&?&%0&@;@6? A Eﬁgé IZ‘}% {roup

it er pol y

v ﬂr%%“? ﬁ%ég*'léém%w@% g '%%?“%y 2505 SBLH Sher ase is no

(1- octenes) (1- decenes), and the like and
N&fﬁk&ﬁ UR S5CER érﬁéoié% 0a| {ylrﬁém@h dyogndh Hhgud 1V base ofls are preferred
dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,
fordise 20 dbhpivhskyph) hbenzenesy rapdt pephicltdy polbyphenyk s more of
such as bi phenyls, terphenyls, alkylated pol yphenyl s,
Ovamdi, thell] Ivked dlbkyd satadd nelbgpheny! ethers and al kyl at ed
di phenyl sulfides and the derivative, anal ogs and

jedronol ogsikbRl eebrandistiBankd kenerhORBAL NG USBTH! for example
synthetlc l'ubricating oils |nclude but "are not

ligl nli“}s *gf% $R ol 3y x@ﬁ?“iﬁ% 1 RO Y5 1 :k %Lﬁ‘%&'w%ﬁ' ﬂ%n%mb €3% of e

han car bon’ at ons such as et ene,
ylenes,, 1s0 tgne ent w‘xtu :
pm@ﬁer eo‘f&g %i\fkegﬁﬁ'o Smg?mi mrb apunaa Eﬁ“\ glg%% gugr {o S coal or

. known to thos skllled in the a )
“}m\i\f apimal DB, vegetabie ods {2.g., rap sc»:’é ouls, ga\gm otls and lard oil), and the Hike.

JOIR] Useful synthetic Iobricating olls  include, but are not lmdted to,
hydrocarbon oils and  halo-substiinied  hydrocarbonr oils sueh ay polymerized and
aderpolymerized  olefius, e.g., polvbutylenss, pelypropyiones, popyvlens-gobuiviens
copolymers,  chlovinmied  polybuiylenes,  polv{i-hexenes), polv(l-ouienes), poly{l-
decones), and the Dike and mixtures thereof, albvibenzenex such as dodecylbenzenss,
tetradecyibenzenes, dinonvibenvenes, dit-ethylboxyli-bonzenes, and the tike; polvphenyis
such as biphenyls, terpbenyls, alkylated polyphenyls, and the hke; alkylsted diphenyt
ethers and alkylated diphenyl sullides and the derivative, analogs and homologs thereof
and the hike.

1842%] Ciher usefud synthetis hubricating oils include, but are not limited to, oilx

made by polymerizing olefing of less than § carbon stoms sueh ag ethyleng, propylens,



[ 0030] Additional useful synthetic hydrocarbon oils

i nclude liquid polyners of al pha ol efins having the
WQeape28es scosity. Especially useful syntheti cPCT/US2009/049217

hydrocarbon oils are the hydrogenated |iquid oligomners

of C6 to Cl12 al pha ol efins such as, for exanple, 1-

decene triner. [0031] Another class of useful

synthetic lubricating oils include, but are not
baterics.agotgneapdaybenendribdercp obareel Syleihods of preparing such polyvmer

honmopol yners, interpolyners, and derivatives thereof
ciwhenesit hestiewhaalskdiorylargr oups have been nodifi ed

by, for exanple, esterification or etherification.

jeifese O LSidBiBuEXenR &%fzitﬁ%hbﬁy“& N8 QU §i1PLERAE eidqmd mm mers of
through pol ynmeri zati on of ethyl ene oxide or propyl €

Rl \}g%mthh‘giva ey, ;Em,gt[ 0d,; phgg\y ¥ agﬂte he{ ‘fi } wgﬁx SHC h\edmrxrhm oils are

pol yoxyai kyFene p yner

g , et havi.n VQ DI UL WL ONL 0T smnta
the !’%ﬁﬁ% et e oft foﬂ?& 'hi?'{?“g' ¢ Fvc\v&rgﬁiaav-f%g*-«%wiw- -

nnlecular melght of 500- 1000, diethyl ether of
d“(wﬁ§bfﬁpylene gl ycol having a nol ecul ar wei ght of

000-1, 500, etc.) or nono- and polycarboxyllc esters

iﬁ{*ﬁ&r eof swekeaslust it wsednphathaifehdtenting 8t éndudaribeedie not

C3-C8 fatty acid esters, or the C13 oxo acid diester
linofedtiet siaptchy beite jghyoot. i.§ DBAR}p¥eteanotheslvolkas snoflerivatives

useful synthetic lubricating oils include, but are not
thekdoll teebet e thebestionsegt ghear boxy lbken asbdse® 19, , for cxample,

phthalic acid, succinic acid, alkyl succinic acids,

cotBhKQmYh USRI GHRC Q‘§€&hr@[<ﬁe€;§g Rhdinarel #Laach g‘g\im, through
suberlc aci d, sebaC|c acid, fumaric acid, adipic acid,

;:s{:s Y ‘;ﬁgb%&m‘:}] sﬁlﬁétﬂf il gP}Lr%R{ EndS \‘qg’ &k ﬂ@{! atﬂ?}leipcqls Cothers of these
aci ds, al keny

potvoxyatkyiens polymers i\\ﬂg .. methyl poly propylene glyeol other having an sverage

molevulay welight of L0, dipheny! sther of polyvethylone glveol having u molecular

weight of S00-1000, diethy! ether of polvpropyiene glveol having a molecular weight of

100G 50, ste} or mono- and polycerboxylic estery thereof such as, for example, the

acetic esters, maxed Ce-Uy fatly acid esters, or the O ono acid disster of tetrasthylens

glyeol

{3 ¥ei another clasy of usefl syuthetie hubricating oils include, but are not
Heaited to, the ostors of dicarboxylie acids e, phthalic acld, suweeinde acld, alkyl succinic

aeids, alkemy! surcinic achds, malele acid, azelade acid, suberie avid, sebacie acid, fumuaric
aeid, adipic aoid, linolele acid dimer, malonic acids, alkyl maloniv acids, sikeny] mualonic
aelds, ete., with o variety of alechols, g, butyl aloohol, hesyl aloobol, dodecy? aleohol,

Zeethylhexy! aleobod, sthylene gheool, divthylene glyeol monoether, propylese glyeol, sto

e
L



acids, etc., with a variety of alcohols, e.g., butyl

al cohol, hexyl al cohol, dodecyl al cohol, 2-ethyl hexyl
wa@lk@okwsss et hyl ene gl ycol, diethyl ene glycol neeibEs10e9/049217

propyl ene gl ycol, etc. Specific exanples of these

esters include dibutyl adipate,

di (2-et hyl hexyl ) sebacate, di-nhexyl fumarate, dioctyl

sebacate, diisooctyl azelate, diisodecyl azelate,
spaitbecbykmphs hiklate psidisdedyde phthakatek, dilpitastkvlsehacats, disne

sebacate, the 2-ethyl hexyl diester of linoleic acid

hinfhH efardd) €1 GOk BX:28S B8 tock 81 RRA2BY 48 REE6:] REIMRE AIPLE phihatate,
of sebacic acid with two nol es of tetraéthylene glycol

GiRBE LR | 88i.0f %g%nt?%l hexan kﬁgea@i' uﬂ\@&dﬂt AT {. kiglu dimer, the

[ 0033] Esters usefu as synt tlc oils also iInc

ot wun@tmlag L eflalgy, Losg mde Lrom carpg msm soles of

ds havi ng Trom abou ut

R ) et hano _‘_g}chpolyols

‘“°ah§‘> [55¢ y&‘?“ iR atlens o wﬁ%@ﬁéﬁﬂﬂ %;} 9%*13*‘ ihe.
trimethylol propane, pentaerythritol

P bent aeFyERr PEOH, 2%t f*’FISth SEF WY FCEbre. B et 1Risd to, those
[0034] Silicon- based oils such as, for exanple

ﬂ“‘ﬁﬁ@ Wa? Ryﬂ‘a\% is@»laayiaﬁw wng irpm yakk Gy @bmt 12 carbon atoms with alechols,
pol yaryl oxy-si | oxane 0|Is and silicate oils, conprise

e.ganoitenclusefalo! cb@as spafoisymtdhethe! | aibsrk cakhing: elbsenivl glveol
Specific exanpl es of these include, but are not

trithd AR Ehob e, bElha ek, xﬁﬁéﬂi&ﬁf‘iﬁrmﬁ atikarthE ORBANY I the B
silicate, tetra (2- ethyl exyl) silicate,

Eﬁﬂt‘%ﬁg ra- (4siebiydsdy %@él s bk C?%f Eeanple, polvslkyls, polyaryl-, polyalkosy-
ra-(p-tert- buty phenyl) I cate, = T )

ar g X*Xxl(sih( ’?fck’% ai BEN 93’:@{% ~ E Q%@Qﬂﬁ ane wr nseldd class of synthetic

)S|onanes )SI oxanes,

?&b}{ iuﬁif.i fl n&p&r:? g Wﬁi&‘s \ﬁa ési Eftﬁ zé}?g:ég%% ?r?/@?% b d‘fﬁfi&d 0, tetracthyl
liquid esters_of hosphorous cont ai ni ng aci ds, %.,‘vf_
SHER R EEYHOTS @éﬁhﬁ& o, i ouhyl th‘hb@shﬁt éﬁ’?fﬁﬁ bt‘rhw gpdpilicas,

of decane phosphlonlc acid, etc., polyneric
telipdpriainpdivdfuraisiiond fohe- {m kaghyl-2: pa,ninm Adistioxane,

poly(mathyDsiloxanes, polv{methyiphenylisiloxanes, and the Hke. 86ll vet other usefd
synthetie lubricating oy includs, bul ave not Umited 1o, Bowid ssters of phosphorons
coutaining acids, s, tioveay] phosphate, inoetyl phosphate, diethel ester of devane
phosphiowie wid, ele, polymeric tetrahydrofurans and the ke

{35 The lubricating o may be denved from unrefined, refinsd and revefined
oils, sither natwral, synthetie or mixtures of two or muwe of any of these of the typs
disclosed hereinabove,  Uwmefined ofly are those obisined divectly from 3 natwral or
svatbetic souree {e.g., coad, shale, or tor sands bitwoen) withowt finther purification or

freatment. Examples of warefined oiby mclude, but are not himited 1o, a shale off obtadned

i4



[0035] The lubricating oil may be derived from
unrefined, refined and rerefined oils, either natural,

W@ yrleeassT or m xtures of two or nore of any OPCT/KB@9/049217
of the type disclosed herei nabove. Unrefined oils are
those obtained directly froma natural or synthetic
source (e.g., coal, shale, or tar sands bitunen)
wi t hout further purification or treatnment. Exanples of

disgrbefpnediooitsepasionde; phuioar et mbtaitddnditeedy from Astillation or an
shale oil obtaineddirectly fromretorting operations,

esigr pdt sloheadaicbih o Bial Redsairifestdy pfovem dibat bl aition afen used
an ester oil obtained directly froman esterification

WL 868G 8a8hedf P"é"‘:’irﬁﬂ &8 &hgﬂ‘z}é@ (STo Y Jﬁ@&b‘kﬂ}f&ﬁ NeLy they have
treatment. Refined oils are simlar to the unref meé

hell ESuEXGERLy HNEY RANE LEEMLULL b{@% Ly %Ifg& 3‘5& NG eroperties.

mor e purl |cat|on steps to IHDFOV one or

Eh?[aogg*rt%fa% Qtﬁlﬁﬁl 36 @é élf g@t | ANy 1%3%\10 E é 8? %‘g_xgiﬁgﬁ%é g mih for
sol vent, extracti ons, ond dlstlllat| acid_or

{’\‘ﬁ‘ﬁ%é éX{f‘ ?zgc‘f\'fio‘hmmf”r maﬁ}gt FERe E‘%é}%‘& a?‘f o, | aae exiravtion, filiration,
hydrotreati ng, dewaxing, etc. Rerefined oils are

ﬁt%ﬁ%ﬁpﬁéa dByrp et ng HEe- ok s ine plove shiained biitteating weed oils
those used to obtain refined oils. Such rerefined oils

in greesies sirkibovin dsser eskiaibnedaiorrefiept otes Sedh obkEnahdils are also
often are additionally processed by techni ques

knghive ecteethithel terpuabssof cEpent oaddirt bydESmanld @bdessed by technigues
br eakdown products. [0036] Lubricating oil base st ocks

divglebd ednk LMLy RYSHOLSOELT PRk R), My al so be
used, either alone or in conbl nation with the

iiﬁﬂ\%ggr esai g natysal ﬂi?‘@Q\/ 0L SN ngt*.%i cfﬁ*?z"f‘sﬁf‘c 8l OCKSmerHEh: of wax

i sonerate ofl roduce

h,y,(?gl;_ SONES; nai ur J8 é r%/ . f

masy gl Eiiher n e § S al A

mayy ¢ E}n {IE Er%g{:ff gu s}é il’? tﬁi ﬁzg iﬁ‘p %’fé’t %naiggfagz[h g%im al ambior
037 Natu waxes aret %Ily the, sla lﬁ _ R
BRI 858 gropks t REC Y Wéﬁmrm ot s prodced by ‘s‘m t4 msm‘z rization of

natural or synthelic waxkes of mitures thoreof over ¢ hydroisomerization catalyst.

{0037 Natural waxes are typieally the slack waxes recoversd by the solvent

dewaxing of mineral oils; synthetic waxes are typivally the wast produced by the Flecher

Tropseh process,

{3 The lubricating wi compositions of the present ivvendion may also cotaln
ather conventionsl sdditives for imparting saxiliary funchions to give a {inished lubrizating

ol compusition i owhich these additives are dispersed or dissolved.  Por example, the
lnbricating ofl compnsitions can be Mended with antioxidants, antivwear agents, delergents
such as metal detergents, mst inhibitors, debazing agents, demulstiving agents, metsd

deactivating agents, friction madifiers, pour point deprossants, antifoaming agents, co-

.
L



dewaxi ng of mneral oils; synthetic waxes are
typically the wax produced by the Fischer- Tropsch
WQr@oeexs65 [ 0038] The lubricating oil conpositiBCEUSF009/049217
the present invention may al so contain other
conventional additives for inparting auxiliary
functions to give a finished lubricating oi
conmposition in which these additives are dispersed or
solstbigsabvete Bompeskidinpkeorichenhiolbiteat dshpsoitlspersants, dyves, extreme
conpositions can be bl ended wth antioxi dants,
pr@fll apear sadant Bie gdet engent shestith Asanet alf sglet REGRALS: known
rust inhibitors, dehazi ng agents, denulsifying agents,

aﬁ@%@ﬁwg&@m iavatdnng amm Sadititd Lty Qﬁe;@%&g&‘ﬁ colBMinds, can be
pOI nt epr essants anti f oam ng agents CO0SO vents

eﬂvgﬁg%ég@ &Qgpa L Q!i‘:l‘“(l i%e{gls i.‘B%P’r%{it(i) S| QQTQL}'}%B ER%EI)\ ﬂ?s’i' b %iq\fti&%ﬂg b\f the

|Spersant
s« ggljia m %res thereof A varlety of t he addltlves
ﬁ g“f(?‘ién‘fvr?“"hﬁ“ébnrnc:r0|aIIy avai | abl e. These addi ti ves,
r,their _anal ogoys compounds, can be enployed for the
0 réparat”°ﬁnﬁ¥ PR EIRT RS M MESID §¥%ﬁ8hsmﬁﬁﬂﬁh%ﬁ S8
i nvention by the usual blending procedures [ 0039]
dpbranpres. shomtripdnirdaitsanine) ddd;diblivipreyiboemintamsnd dikylated
to, amnic types, e.g., diphenylam ne,
phphyémphiahpha- papbhyd et ag, &N, dadipfal Billphanih)y hindered alkyl
am nes; and al kyl at ed phenylene di am nes; phenolics

ph@&t®h: 88, asf Ds-dexanphelph8id, 2 stiendcabl kphiadernai? alkytbt-butvl-d-
phenol s such as 2,6-di-tert- butylpheno

(2{,%6? mpiﬁ;ﬁf}&kbﬁi‘éﬁb? Ran& E;g%% \aﬂq{;&%z di -t ert- but yl -4-
( |"-'3- propanoi c) phenol; and n1xtures t her eof .

g@{{:@@g‘lnot EFQER%%S tQ}; ?‘%ﬂl £S5 T%kétll SRS S @&'ﬁ:ﬁﬁ' @s‘? ~§’ n?ythmz o,

‘ed éne succin an
ﬁn 2@»«&)3 rkg%%%x %g{] 91 {gw nxgmq&rrln?{gg \ov?} %m?w g ert myg% {Ky*a g‘ﬂ ea{sg\iu'i“

succinte anhydride; @ basie nifrogen componnd sefected from the group consisting of
ancmnimides, carboxyviic acid amides, hydrocarbyl monoamives, hydrocarbyl polvamines,
Marmuch bases, phosphonoarmides, and phosphoramudes; triazoles, e, alkyhriazoles and
benzotriazotes: copolyrmens which contain & oarboxyiate oster with one or more additional
polar function, incluting amine, smide, mine, imide, hyvdroxyl, carboxyl, and the Hke,
£.g. products prepared by copolymerization of long chain sl acrylates or methacrylates
with monomers of the above Bmotion: and the ke and muixtures thereof, The derivatives
of these disporsants, 2., borated dispersants such ay bovated succinimides, may also be
uged,

HHEE Exgmoples of rust inhibitors inclode, but sre not Hmitsd to, nondonic

polyoxyalkylene sgents, eg., polyoxyethvlene launyl ether, polvexyothylene higher



succi ni ¢ anhydride; a basic nitrogen conpound sel ected
fromthe group consisting of succinimdes, carboxylic

wa@eoidoeassiles, hydrocar byl nonoam nes, hydr ocarbyl/US2009/049217
pol yam nes, Manni ch bases, phosphonoam des, and
phosphoram des; triazoles, e.g., alkyltriazoles and
benzotri azol es; copol yners which contain a carboxyl ate
ester with one or nore additional polar function,

alcbhdd] ailfibngodmisyethviang depyviphtme, ctha gelsohydidxyd potviphenyt ether,
carboxyl, and the like, e.g., products prepared by

pnmmkwmw EatlisoirOfetl-ong \Qhatﬂﬁ\ Rhkyleybehiyl abless@itviene sorbitn
met hacryl ates with nmononers of the above function; and

michBRedrh i ARSI AL ES iR LRGeS AL JIMRS, 950; monooleate;
t hese dlspersants e.g. borated dlspersants such as '

ctg%‘?f @tti%qnﬁ Sk R 9‘? o xﬂﬁ}%&kﬁ §g¢q§ sk §O4t ity \m d amine salis:

es 0 rust I'bitors-i ncT u?:fe

TE RS S

py%pgg;«,‘ir g%%g;ggvgg{;wg&ggﬁg S hy' Ao "i?f%?%liczx heof and sitrogen-
pol yoxyet hyl ene octyl stear ether pol yoxyet hyl ene
COBRETIE ErRae "ﬁw’yﬁxyﬁt‘hvlteﬁ%ﬂ%\ﬂ%#‘ft@b Ao ostid atiene inaphthalens
pol yoxyet hyl ene sorbitol nonool eate, and pol yethyl ene
sulffhyptel arsichobkeatienitreatiereéci d and ot her fatty acids;
di carboxylic acids; nmetal soaps; fatty acid am ne

numal ts; mekahpleakt sr;am‘;mheﬁwmsuhi o, Gudgdetios Ptitedab, alkoxylated
carboxylic acid ester of polyhydric al cohol;

fnRNeSRhO %b&m@isﬁzﬁ{ §;{xts\ﬁ<§@9fa§\‘? GRAkIMAlKBNYH A BHE G Smines, horted
aci ds; parti al ers thereof and nltrogencontalnlng

ziﬁkg%i \*\‘é‘t 1*3{'953*2{ her ‘?*‘Pft* K QLhethe aldkaryl syl %\@%@Sﬁ eaters,

|non thalene suffonates

R TR AMEERE o B ShEe

the condents of which are incorporaied by reference heveurn friction woedifiors obtained
fromy & regetion product 98 8 £ 1o Uy, preferably a O to Oy, and most proferably a Oy to
Con, fatly actd ester and 2 nirogorecontaining compound selested from the group
consisting of amymenia, and an alunsiamineg and the e and mixtures thereefl

HEIERY Exampdes of antifoandng sgenty mclude, bt arg pot Rimited 1o, polymers of
alkyl methacrylate; polymers of dimethyisiicone and the Tke and mixtores thereot

(8044} Each of the frogeing additives, whon used, 15 used at s fAmetionally
sHfsctive amount to impart the desired properties to the lobrieant. Thus, for example, i an
additive s a friction modifier, a Rectionally effective amount of this Fiction modifier
would be an amount sufficient to hopart the desired friction modifving charagteristics to

the lubricant. Cenerally, the concentration of each of these additives, when gsed, ranges

s
S



fatty am nes; borated fatty epoxides; fatty
phosphites, fatty epoxi des, fatty am nes, borated
w@bkkonglset ed fatty ami nes, netal salts of fattRCHUBE9/049217
fatty acid am des, glycerol esters, borated glycerol
esters; and fatty imdazolines as disclosed in U S
Patent No. 6,372,696, the contents of which are
i ncorporated by reference herein; friction nodifiers
fropbeiahn 8d0f Homagontedtt b}mwg}‘mdzmtm ofic anBAltonGRB .01% to abowt
preferably a C6 to C24, and nost preferably a C6 to
HE20y whight yusad b tester waipth & it Lbegeimcani@hRiaRn,
conmpound sel ect ed fromthe group consisting of

{EgEoNi a, Tandian w%xkﬁﬂ‘@sls anmyne; u@ﬁé’ﬁt& Bl &Kﬁ;ﬁ@%ﬁm‘l‘\%tth‘ﬁgﬁx\.;ﬁ ion
t hereof. [0043] an‘pl es of antif oam ng agents

méxn&] QQ%W #R, al ﬁzaﬂ%t ot 1{)&};} SPME t;\/ SI; @Lﬁi g&“x’@'“ﬁ%lﬁ“ crankease

nmet hacryl a pol yner's i 'cone and

2}1 6?&2& %’qu} r@} égr‘ e’%‘i&t Zhiﬁ‘[ eo\ dﬂggdﬁﬁ]ﬁ F%gféd&} S t‘§0(‘ (}Ld’ﬂ Y §‘ﬁﬁ£’§ﬂi}§§k TR “&

cti, naII ffectlve armut to i esired

o SHO T RRRE e B P BB Portita! MR Bhersfieer fedppricating
addltlve is afriction nodifier, a functionall

il gorEeeition \aRBine BfdvrilsomrrEl] dmendapfyistiamouibikpenamgent is
amount sufficient to inpart the desired friction

vryedi Tyieg tohamdnt arbstidesda peiyives hagbytise Hiitum Genebalokijthe like.
the concentrati on of each of these additives, when

{Hidsed, r ahgeshiamnabaitc. e tvoniabuite E&@%aﬁ%ﬁg\ﬁ@i ghttive of the
and in one enbodi ment about 0.01%to about 10% by

prod@idhteiaseda ©Be thevital &l «NeHGRt: Qhutle drUBREGRLENG: which the
oi | conpositi ‘on. [0045] The fi nal appl ication of the

;déa uby iy ﬁ&@p&»& S oxslyr e LY NN 19&% k. &mfﬁ; b nf\/;sﬁtd QL BYLDE ek as,

for exarrp In mari ne cy Ubrl tants

for CTO%%? @aqygl esel; en ﬁqr a3 fizg‘ ﬁ?&sﬁ Ll‘!b{\r‘ﬁgp {JDS gy paditive

Bi '8 and Yal
he av chlner such as,
ggg

coRnigae et it 8%’%#—"%5ﬁij%&}g’rf@%%@"ﬁ?‘%é*“ﬂ/@@%@ﬁ%ﬁ*ﬁ“’fiﬁ’é"@"?‘"ﬁ by weight
JUbfl\Catln,g \ s e e e e

of such diluent. Typically 8 neutrad ol hoving & viscosity of about 4 1 abowt £.5 ¢St w

1000 and prefivably about 4 to abont & o8 at 1OPC will be wed as the diluont, though

synibetio oilg, a5 well as other organic Haguids which are compatible with the additives and

fivished hibnicating ol can alse be ased. The mlditive package will alse typically contain

one or more of the various pther additives, refiered to above, i the desired amounts ansd

ratios o facilitate divect combination with the reguisite amoumt of base oil.

T The following non-limiling examples are Hlushrative of the present
fvention,

18



oi |l conposition is fluid or solid will ordinarily
depend on whet her a thickening agent is present.
W ypoeedses hi ckeni ng agents include pol yurea acRCHUS209/049217
lithiumstearate and the |ike, [0046] In another
enbodi nent of the invention, the lubricating oi
additive of the present invention nay be provided as
an additive package or concentrate in which the
addi tive is incorporat ediKatdfia substantially inert,
normal Iy liquid organic diluent such as, for exanple,
E&ﬁ%ﬁher al &b, a nhriht Baxcbenzeheoiial Ubkle @ﬁi}?@fﬁ erR8ht & overhead
forman additive concentrate. These concentrates

melBdald Yagontahs & @ﬁi%@tbﬁkﬁ‘x %0t @:b@iég i}@@%«ﬁy&\ Weh G neraiure
of such diluent. Typically a neutral oil having a

m%ﬂﬁ&?s‘%&m?‘n@ ﬁgou%d‘l m'ig*b ;‘&H% <§§~s m‘fiatd s }Q\Q%a (\\um | guecinic

pref eraby about™ 4 to 1“000vm
%Sih ?( iﬁﬂgﬁﬁ?n‘t?aiﬁgnoﬁ gjijs ?éﬁhgl?i“&bgj“ as;%r(iit i ET{P]“% h\éo LLS.AL
dd| Jves d fin | ubri cati.ng oil. .can, ),
258 JhtrtivaT AL kab e Y i‘éi%éd“Wpi"c *?1 Y § s aaieoic

one _or nore of the various other additives, referred
fiopo ABOYEOTHRLE he desimevanbint el watilBsCr end 13264
facilitate direct conbination with the requisite
wranbyrtephidase{ 0ifa: {004 «Dhaifrokt OWISAg wiorhiviged tiopgyise into
exanples are illustrative of the present
thel mventd an.BXAMREE: fp048]iphinfandud ctowSdnbeiegraungital charge
bottom fl ask equi pped with an overhead nechani cal

sta8d. 1 ARGF thaVBtIeX GARULRSET Wkl RbilfcOg RNk iARAAR 61°C over about
Dean- St ar k trap, tenperature controller, heating

&0 %ﬂkL%m?{D% thenmaepunl.e.\as added 245 g of

oct adecenyl succinic anhyd"rl de (ODSA) (available from

§B§”§§§Pmﬂ A ?{1;, %psmg%'i RAL 3L q %J{ME‘ c%&li Teansivred %213 § 1’% )I‘i’ﬂ.u‘.im botton

Hask. The flask was heated at 80°C for maleic anhydride addition. Nest, 67 g of malese

oo

#15

anhvdride {3 mole eguivalent to TEPAY was bepled i a beaker {o melt the solids, The
Hquelied malele anbydride was wansferred 1o 8 precwarmed addition fmel with g glas
stopeock. Malele avbivdride way then added drop-wise o condrol excessive foaming and
o maintain the tomperature betweon 80 10 1I0%C0 A hot alr gon was used on the addition
furmel o prevent malvie aubydride from solidifving during additicrr. Afer the malsie
anhydride was added, a Dean-Stak trap wag attached to the round bottom Hask, The
reastor temperature way increased 1o 16070 over an bour and then held gt this lompennure
avernight,

HEUOH The mixture was coolod o 80°C and then 100 g was transforred o a 2350

b neck round bottom Jask equipped with 8 magnetic stiv plate, Dean-8tark trap with

19



242 g of Exxon 150 neutral oil and two drops of foam
inhibitor (200 to 350 cSt; avail able from Dow
w@rinioeesss The m xture was heated to 100C and HGRUS2009049217
of tetraethyl enepentam ne (TEPA; 1.0 nol e equival ent
to ODSA) was charged drop wise into the m xture via an
addition funnel. Slight foam ng occurred during the
initial charge stage. After the TEPA was charged, the
z @ﬁ@ﬁm@ reget! @ ieoaa dinkn Sreh s d4too 18 0Ckdvers tiboite (60nols equivalant
m nutes and then held at 160C overnight. [0049] The
ThiveteFt alf wasereo bl edf ot lQ0Gsanduti Pahsfesi @amtiohidid kers added.
round bottom fl ask. The flask was heated at 80C for

Thoah@lee anhyeitederadgdhicl Q0. HNEX by Bl Afhe TROBICE was then flterad
anhydride ( 1 nole equivalent to TEPA) was heated in a

i}art&%k@l{ 160 Bk DRSOk 80 TRE L.Queki g4 é;@ AS'iQ}& é"ﬁ The filtrate

anhydri de was transferred to a a pre-warne
: | t ’ hy
v»ag &@Fl{aa ‘ghdr@%%g'{%? %eét%n on W%e%%@' %F‘{fe 3a§ é*éiﬁ‘&i“m aa
. i.nt ai & @rxyerature beitvveen 80 .to . 110C. hot
] *im'ﬁdﬁ“aﬁgmas%d { He SHEF £78H S SRS Spiay eifte product was
mal ei ¢ aphydri ?e fromsolidifying during addition.
& *isef%t*éiawefhéﬂﬁ*aw R BY O s MRaYEEY a Dean- Stark
trap was attached to the round bottom fl ask. The
{M8hct or PENPErigtek B was i ncreased to 160C over an hour
and then held at this tenperature overnight. [0050]
{REE m xt BdeSwdsvictiol ed to 80C and then 100 g was
transferred to a 250 nL 3-neck round bottom fl ask
[Egui ppedtwiat Rag MRGBALH B4 Sty Kpk|t e, Dean-Stark trap
wi t hcondenser and nitrogen line. Next, 17.34 g of
nol ybdenumtrioxide ( 1 nole equivalent to TEPA), 50 g
of toluene, 17 g of distilled water, and 2 drops of
foam inhibitor were addegy s»spyso

{054} A lubrivating ol composition was formed by adding 1 owi % of the

futwicating ol additive of Example 1 1oz CHEVRON 180 neatral wil.

COMPARATIVE EXAMPLE A
jOHsS] A lubricgting ofl composition way formed by adding 1.3 wi. % of 3 zine

dithiophosphate to a CHEVROK 100 noutral ol

{HISs] Wear and Friction Performanse

HHISTY (A Mint-Traction Maching MM} Evaluation



The m xture was stirred and heated at 100C over ni ght.
The product was then filtered through Celite 512 with
w@2B00brses funnel under vacuum at 80C to 140C. PANES2009/049217
filtrate was col |l ected and concentrated using a rotary
evaporator (full punp vacuum at a maxi mum tenperature
of 140C) to renove toluene and residual water. The
product was a very viscous brown oil and had the
S | ow nghprioperdiesyt D6 oMixanBle 16wt evidofi@05S e N Mini-
= 5.88 wt. %[0053] Total Base Number = 74.5 ng KOH g
TrXANRIR:Red COF41s Withihid QRUBMG:0harCONROSLLRR VRS, The MTM
formed by adding 1 wt. % of the lubricating oil
i@l e QF uFXARBR 8 ol LQ 3Rk %@éwif%@@\&%%ii[&%lui Gk 80 stest from
COVPARATI VE MPLE“A [ 0055] A lubricating ofl
Eéa@"ﬁﬁﬁ’a% 1\&@?:}5@ ey addh ggbalarﬁ e % @5 @Eél‘n "i'ém Falex

osp atetoa 0 neutral ol

k00561 Fl‘lCt er f or manc g 009 Lder{ B). st ot wr

Lt l\?f&'}r%ﬁmllnr‘ é‘& tgl ST ﬁ *Maﬁ ﬂif‘h e g n 7]":3\7 ag1€$e}§gt;;1.. %(L fabgé%]\ ;Ieﬁ e)-t»t munnies af o
Iubrl cat |ng og addi ti.v of E& le 1 was eval uated
wénrﬁgh\é@ gy geer é}ﬁ gﬁp a0 g‘%ﬁmx attfzp\%wf&éwd(iﬁégmnm&s B
Instruments Ltd., London UK). The MIM tri bonmeter was

& Iskipwigps fir! pahding spiod G081 sknivodes BsEngapoI b alldivs kssasured
of 52100 steel from

mmanuatly on an optical mivroscope and recorded. The resalis are the average wear soar

data frony $est runs. The MTM wear porformance dats sre prosentad in Tabls 1.

TABLE Y
MTH Wear Performanee Resulig

Comg. Ex/Ex. Wear svar (um)

Comp. B mmqﬁ‘ A 164
Example 2 176G

As the sbove data show, the lubricating ol composition of Example 2 freated with the
hubricating oif additive of Example 1 provided sinular wear porformancs at a lower ireat
rate as compared to the lubricating oll composition of Comparative Example A trested

with zine dithiophosphate,

EXAMPLE 3
HHISYY A molybdated succinimide complsx was proparsd using the sume general

procedure and componends ontlived in Example 1 except that the malele anhydride: TERA



PCS I nstrunents, and a 0.25 inch stationary ball
bearing, also of 52100 steel from Fal ex Corporation,

WO po1plosases of a pin. The test was conducted at HBROOUS$009/049217
40 mnutes at 7 Newons |load at a sliding speed of 200
mis followng a break-in period of 5 mnutes at 0.1
Newt ons and a sliding speed of 2000 nm's. The wear
scars on the balls are neasured nanually on an opti cal

chorpe restope: angdi2édor BednoFhdated sk brsmakactipde aver ageivhdenum
wear scar data from4 test runs. The MIM wear

vopekifdrifBice. ata are presented in Table 1. As the
above data show, the lubricating oil conposition of
Exanple 2 treated with the lubricating oil additive of
Exanple 1 provided simlar wear performance at a | ower
treat rate as conpared t@ytbResdpbricating oil
conposition of Conparative Exanple A treated with zinc
oBEC P ReRU Sue EXUEE R FAPRE! o TRYREPLgH e same gencr
_general procedure and conponents outlined in Exanple 1

R R e A R R A R R
ratio was 0.25 :1. The nol ybdated succi ni m de conpl ex

chepad ntsaxi,smﬁg;«'b gan i bontemolpidaidossoiginidocomranPig Mmolybdenum
[ 0060] A nol ybdated succi ni m de conpl ex was prepared

comgsiing 1 t9aé sgane general procedure and conponents
outlined in Exanple 1 except that the maleic
anhydri de: TEPA charge nolar ratio was 0.5:1. The
nol ybdat ed succi ni m de conpl ex had a nol ybdenum
content of 1.624 WM. % EXAMPLES

HEHS Y A molyvbdated succinimide comples was prepared tsing the same general
procedure gnd compenents ontlined {n Example 1 except that the malele aubydride TEFA
charge molar ratio was 8831 The molybdated suceinimide complex had 3 molvbdenum

gortent of 3078wt %%

COMPARATIVE EXAMPLE B
EHE into & 100 mi, roungd botiom fesk equipped with r magnelic sirrer, water
condenssy with mitrogen Hne and Dran-Btark trap, fomperature vortrodler, heating mante,
and thermocouple was added 23.1g of a commercially availeble molybdenun oxide
freated wmone-succinimuds dsporsant preparad from pobisobateny! (1000 MW supadnie
arhiydride (FIBSAY and a polyamine with about five amine groups per molecude having

ght.,  The charge mole ratio of

4.6% wolvbdeman and 2.2% abrogss by owel

polyaminePIBRA was about 081 The molybdenuny oxide treated mono-suceinindde

[ 4
T2



EXAMPLE 5 [0061] A nol ybdated succi ni m de conpl ex was

prepared using the sane general procedure and
w@onpoisss s outlined in Exanple 1 except that BEEUS2009/049217

mal ei ¢ anhydri de: TEPA charge nolar ratio was 0.83: 1.

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

content of 3.078 w. % COVPARATI VE EXAVPLE B [ 0062]

Into a 100 mM, round bottom flask equi pped with a
dspmgrme e gtiodrexd, honatiar IGONderisradiiight AF tyr oljenickd mehydaide {1

and Dean-Stark trap, tenperature controller, heating
moi@aBikiesicand henimeouphesiiwag added 281°T0foft Buur to visld » black

commerci ally avail abl e nol ybdenum oxi de treated
vish®RQssucci ni m de di spersant prepared from

pol yi sobut enyl (1000 M W) succinic anhydride (Pl BSA)

and a pol yam ne Wg@ﬁ@b}%guﬁjygv\q@é@g@ oups per

no .

nol ecul e having 4.6% ybdenum an 2% ni trogen by

Eﬁﬁéﬁ%%ght . éﬂ% _ac‘ éi%ﬁé%@ﬁ%{%ﬁ{%& %%%%aﬁ?@%% [@»eighe i Ez%%%ézs;y\@i%tu waler

ut O.
no- succi ni m dedi sEJ\e,san ~was stirred and heated to ‘
CORORHETFHIN B8 }ﬁ%}: Y wﬁ;«- ek ”"F‘%iﬁ‘?:mg‘bfm?f&? pa%f‘egm*l T mantle,
e?ui valent). The m xture was stirred at about 160C for N
and THETRCEEy vesdadies] Atk it st sugesTHEhCEVERRET Py bderur axide
EXAMPLE C [0063] Into a 100 nl, round bottomflask o
regglinppeduniitinide daprretit guagbadr ey waterusopdeRge MW i hucsinic
nitrogen |ine and Dean-Stark trap, tenperature
antg@intic gF1EEYS ) helbd polyanaat Wah chod fhennbequphie wasuddded having
25.1g of a commercially avail abl e nol ybdenum oxi de
18% molvbdenwn and 2% nitrogen by weight., The charge wmole mtie of
polvaming/PIRSA was showt .81, The molytdenum oxide weated mono-anecinimide
dispersant was stirred and heated to 110°C while adding 168 g of malsie anbydride (2
mole couvalentsy, The mixiure wag stirred at abowt 160 four 1 how to vield g black

yiscous il

COMPARATIVE EXAMPLE I}
{0064} A hasehie formulation way emed containing § w3 succinimaide
dispersant, 3 wi. % borated succinimuide dispersant, 4 mMdkg low overbased caloium
salfonaty, 38 mMikg carboxylate detergent, & mdlkg =ine dithivphosphate, 8.3 wi %
diphanyiemine aotioxidant, 8.3 wi. % hindered phenol anti-oxidant, {13 wi. % powr point
doepressant, S8 wit % ofefin copolymer viscosity index Improver and § ppw foam

inhibitor tn g Groop I base ofl,

Py
Leb



treated raono-succi ni m de di spersant prepared from
pol yi sobut enyl (1000 M W) succinic anhydride (PlBSA)

W@ ed 0403863 yam ne wi th about five am ne groups PEF/US2009/049217
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
110C whi | e addi ng {388 sgl.ofviakeiréi8@nhydri de (2 nol e
equi valents). The m xture was stirred at about 160C

{6 1 howr hhwliye eligicaiid aekivinsbous wid frGOVRARATLME he same
EXAMPLE D [ 0064] A basel i ne formul ati on was formed

ad&@ﬂémabz%k”@ Bt Wheat HaSHGE IR %zx@'i%@ﬁ@@ﬂt A SoMnerc¥ily available
bor at ed succi ni m de di spersant, 4 mM kg | ow over based

: Ny / 9 b LO8NE® Bepnay
mof et SRR %%3 §“W» B00" L & [RAERP b os
. ant i oxi r nt.i.- 0X n
'f.(})'%ﬁ}}%}{{\?%fi:i}, e ?%gﬁlﬁmﬁ 6 é}%’fﬁi\n B¥ gg g%r%{du B.@m g \R;?cutr}b/opgi ég ant,
copol ynmer viscosity index inprover and 5 ppm foam
inhibitor in a Goup Il base oil.COVWARATI VE EXAMPLE E
[ 0065] A baseline | ubri cat| oil formulation was
formed cont ai ni ng ¥Rk Fégeli HWdBL.EBase oi|l and
treat rate as in Corrparat|ve Exanple D. A commercially

{#taGhi | abl & boklibdédurmdig hilotanbamat ev{alaivkdbivetahiomibe sane
Adeka as Sakura Lube(r) 505) was formulated into this

addbasel hne dilubrtiigat tangasth IC dgrapulati@npat YL Avwdghbreially availatde
percent. COVPARATI VE EXAMPLE F

modybdenum  dithiocwrbamate {avallable from Adsks as Sakura Lube® 305 was

was

[t

formmlated into dus baseline lobrioating ofl formalation sueh that the total Mo content in

the fornmdation was 300 ppm,

COMPARATIVE EXAMPLEG
{0867} A bascling lubricating ol formulation was formed vontaining the same
schititives, base off and freat rade as o Comparairve Example B & conmmercially gvailable
molvbdenum  dithiophosphate  (available fom  Adeka as Sekura Lube® 400) was

formulated into this baseline lubricating off formudation at | weight percent

COMPARATIVE EXAMPLER
HRE A bascline lubricating oif formulation was omed conteining the sams
additives, base ol and freat rate s i Comparative Example B A comuoercially avatiably

B g .
molybdenum  dithlophosphate {available from Adeka as Suburs Lobe™ 400} was



[0066] A baseline lubricating oil formulation was
formed containing the sane additives, base oil and
W0 e@an028e € as in Conparative Exanple D. A conP&r/tba$/g49217
avai | abl e nol ybdenum di t hi ocar bamate (avail able from
Adeka as Sakura Lube(r) 505) was formulated into this
baseline lubricating oil fornmulation such that the
total Mo content in the formulation was 500 ppm
ErCOMPARATE Vi EXANRL EHGOHOQ6H] fAdhhsehisne: Hubiccatal B content in
oil formulation was forned containing the sane

thealdhiibNeSwabs®ex@eh! and treat rate as in Conparative
Exanple D. A conmercially avail abl e nol ybdenum

di t hi ophosphat e (ayaiha p&géfgp@\ﬁ@@pgﬁs Sakur a

Lube(r) 400) was fornulated into this basellne

Eﬁﬁﬁ k&%ﬁ‘{}% %)&h‘ﬁ/ﬁlé'% ﬁ 218 emkmg; ézg{e | \i?%te *{P m:m a.mnw the sams

Il rmul.ati,on was forned contalnln e e ¥ s
E“‘}'“gl‘t]‘ci*‘f“t ?‘\r‘é—ré“E PeErapiae %ﬁf&qﬁiﬂ‘@ﬁ%“‘?‘at &% %5 Cbh‘p“éi?éfﬁ‘* ly availeble
anple D, A commercially avail abl e nol ybden

mOén YR YP RS S HEFETERVA PP ERRS Yo i i}&é‘ékﬁ"ﬂ@gm@as@lﬁé hUOORAL W) was

400) wasfornul ated into this baseline |ubricating oi
forfrodaterd b G isudhetingtvatihe ofl GeatuiNbrrcd Atenightipnrhe

formul ati on was 500 ppm COVPARATI VE EXAMPLE | [ 0069]

A baseline lubricating oil fornulation was fornmed

contai ning the sane additives, base oil and treat rate

as in Conparative &xampleaDivArcomergizal 'y avail able

nol ybdenum oxi de succi ni m de conpl ex derived froma
Rl yi sobut enwdi { 31000 MWk WBSwiation was formed containing the same
additbves, base oil and treat rate, a8 i Cornparative Example B & commereially availsble
molybdenum oxide succinimide coraplex derived from a polyisobetenyl {1000 MW was

formusdated inte this baseling lubricating ofl formulation such that the total Mo content in

the formudation was 3 ppa.

COMPARATIVE EXAMPLE K
18071} A baseline lubricating o formulation was fomsed confaining the same
additives, base o and trem rate w in Comparative Exampls 13 The lubricating oil
additive of Comparative Erample B owas formulsted o this baseline hubricating il

formulation at 1 seeight peroent,



fornmulated into this baseline lubricating oil

formul ation at 1 wei ght percent. COVPARATI VE EXAMPLE J
WO 007092865 basel i ne |ubricating oil fornmulati onP@EES2009/049217

formed containing the sane additives, base oil and

treat rate, as in Conparative Exanple D. A

comerci ally avail abl e nol ybdenum oxi de succi ni m de

conpl ex derived froma polyi sobutenyl (1000 M W) was

formul ated into thishvagedTng EMbriehting oil

formul ati on such that the total Mo content in the

é’ﬁ%f"@{)rm' at ix0RMag: 200 ca@qw&%?ba\/ Evls 1&5 36;‘{&@9?1]&& same

aseline |ubricating 0i | fornul ati on was for med
ahGORaknlNg; t 2 d e neh t reat L8a oil
a&&@ e a, Sia r{'}tﬁl %@'E‘Erx& &% \6%% iﬁ%@l‘%ubfﬁaé’z ?al g‘s :? 158 ing o
o np. AN gt ed ¢ il
ﬁdi?ms b “é @ﬁg‘) UBEPAGE g B Rl Bl SN S o o
L cent . WWLE L [00721] A basel
forfry 91“&&?& M 8RB e TR Bong ?ﬁfﬁg t he

sane addltlves, base oil and treat rate as in
Conparative Exanple D. The lubricating oil additive of
Conparative Exanple B was fornulated into this

basel i ne | ubri cat £NgiBRR A IARMAERAMIH.ISHCh that the
total Mo content in the fornulation was 500 ppm

§§§§. X ARAT Vs XAMBLtE oM 0 07 3forduRase e idubd iveatlNg the same
il formulation was forned contai ni ng the sane

ad @Q@BJ w@s oil R@ger @k lra@ngh to e%w@t Qe A8k MLYNPARAL i¥Bonting il
Exanple D. The lubricating oil
gdiitive of Comparative Example € was formulated intn this baseling lubricating ol

formubation at 1 weight peressnt.

COMPARATIVE EXAMPLEN
{74 A bassline lubricating ol Roawlation was Drmed condsining the sams
additives, base ofl and feead rate as in Comparative Exwnple D The lubrieating ol
scditive of Conuparative Examnple € was formaolated into this baseling lubvicating ol

frmulgtion such that the el Mo content in the formulation was SO0 ppru

EXAMPLE &
{07S) A baseline lobricating of formulation was formed containing the same
additives, base oil and treat rate a3 i Comparative Examples Tn The lubricating ol
additive of Example 1 was ormubaed into this baseling hubricating o fomulation at 3

weight pereent
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additive of Conparative Exanple C was fornul ated into

this baseline lubricating oil fornulation at 1 weight
wWQEer10emsss COVPARATI VE EXAMPLE N [ 0074] A basel PEIEUS2009/049217

lubricating oil formulation was forned containing the

sanme additives, base oil and treat rate as in

Conparative Exanple D. The lubricating oil additive of

Conparative Exanple C was fornmulated into this

basel i ne | ubricating oil Zkef®iLati on such that the

total Mo content in the formulati on was 500 ppm

IHEXAMVPLE 6, hOQWRL 14:Rase) ioneidriREcat b RO fRIvkd containing the same
formul ati on was forned containing the sane additi ves,

00858 Wl BN faL & Q:t & & {*‘\Qggpgp’@riaitalni’gﬁt E‘i‘a“‘ﬂ! BrBricating oil

The fubrlcatlng ol | additive

ad{ 9L &UH{ g%\ I%E)% :,nit gis l?m m??@sde '!m:;{ggﬁ% g%&a\%}gi%@gatﬁ)rgoe%]ﬁnﬁ ndation such

< g | VE%,'HbU cat | g Oi & fornmul, @tl on was forned
g BRtarh g ORive Sdhs FPYSes JHUERYi | and treat rate

as in Conparative Exarrpl e D. The lubricating oil

additive of Exanple 1 was fornmulated into this

baseline |ubricating oil formulation such that the

total Mo content in the EbAdifFlaf fon was 500 ppm

EXAMPLE 8 [0077] A baseline lubricating oil
{70 nul at isobhawdiss floriedne ofit Adrmishgot hesss Bnmcadahtdinies the same

base oil and treat rate as in Conparative Exanple D.
sdB06ed BRES 6BdA0uE I rste ax in Comparative Bxample I The lubricating ofl
additive of BExample 3 wae formulsted into this baseling huibrivating ol formulation at |}

weight perosnt,

EXAMPLES
{8078 A baseline lubricating off formulation was formed contnining the same
sdditives, base ol and trsat rate as in Comparative Bxample D The lubvieating ol
sdditive of Example 4 was formulated into this baseline lobricating ol formulation a1 )

weight perosa.

EXAMPLE 10
{8878 A baseline hibricating oil formulation was formed containing the same
additives, base ol snd freat maie as in Comperative BExareple D The lubrieating ol

abditive of Example § was ormulated nto this baseline lubricating ofl fornamiation at |

weight pevcent,

T
o~



additive of Exanple 3 was fornmulated into this
baseline lubricating oil fornulation at 1 weight
wW@er10emsss EXAMPLE 9 [ 0078] A basel ine | ubri catPefyusiony/049217
formul ati on was forned containing the sane additives,
base oil and treat rate as in Conparative Exanple D.
The lubricating oil additive of Exanple 4 was
formul ated into this baseline [ubricating oil
88 mul at £8nHath repehghRegereeinty REXAVREE FMI0079] A
baseline |ubricating oil formulation was forned
ppant ai ni N@et bErganReaddinlli vegicrbasenahinandt teativliddfng «il
as in Conparative Exanple D The lubricating oil
wﬁgg%ﬁér%euiof K ARARPE G aé&%@%@ﬁ Qfichi Lzmé;@?é m(i§1hin of Example |

basel | ne ubrlcatlng ol formul ati on at wel ght
~Hiisap %g{?gg%zi éaﬁ);?\gg?%]s o s B REAGALING R g o
N R S e héf'*%wrﬁ % the baseine

addi tive of Exanple 1 and the |ubricating oil
u*&@%&@;} oh*é“‘b*ﬁ“@(aﬁpl{e‘é‘“Bﬁf&*@‘“‘Cémdﬁ‘»ﬁ‘F n@ e the lobricating ol
l'ubricating oil additives of Exanples 3-5,
compepieets del grpwer e byahniar 8dMandiecliplried it on timdustry recognized
baseline lubricating oil fornmulation of Conparative
bekotangl for Brtamenbigahd bt catd weprqickivoompash tivahsatofubricating sils.
Conparative Exanples E-N. The HFRR test is an industry

Thet EODRiszechenel thestof@tcd@tetiabng dhaimak i@edim@h Mike ball)
wear performance in candidate |ubricating oils.

over a small amplitude while pressing against a Rxed specimen (& 8at k), The

arplitude st freoguency of the escilltion and the load ave variable, The frictionad force
botween the ball and flat and the olzctrical contant resisiance (BCOR) are measwred, The
flat, stationary speciow i beld in @ bath to which the lubricating o is added, and can be

()/

heated, The hubricating oils are pretrested with sbool 8% by weight, based on the wtad
weight of lnbricating of, carbon black, The carbon black s stired 1ato the ot o wet it
and then homogesized for 15 minutes prior fo lesting. The svear sears on the halls

meanured manually on sn optical mivrescope and recorded.  In this test, o smaller wear
scar corresponds 1o a more effective anti-wear agent and 3 smaller cosfficient of Biction

correspornds o g move effeclive fhction moedifier.  The HFRR wear and friction

performance data are prosented m Table 2
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The PCS instrunment uses an el ectromagnetic vibrator to
oscillate a specinen (the ball) over a snmall anplitude
waoRi1be028sssi ng agai nst a fixed speci men (a flBECT/UB2KY/ 049217

The anplitude and frequency of the oscillation and the

| oad are variable. The frictional force between the

ball and flat and the electrical contact resistance

(ECR) are nmeasured. The flat, stationary specinen is

held in a bath to which t Ré&Bidb¥icating oil is added,

and can be hedtB& Wikeukivbriicatbrdgnoinks Raswdspr et reat ed

w th about 6% by wei ght, based on the t ot aI wei ght of

| UbFT eSS Ao OTT AT P e

stirred mﬂl@ ﬁ?&hgxm I t@wwel

f OFr ssdubpsarteqapigie waoo@eenaiioo@iGfoods A hossacnsontpe ) hoocs A ; dadedde
bal | @%‘F‘é‘*m&‘a%' i hnual | y on an oB*tiréaI m cr égéope
and recorded. In this test, a smaller wear scar

cor r%giﬁyéﬁbi@%‘v#b‘%ﬁﬁ‘eﬁe ef flett fve ant P4dRar agent?and a
smal {enpapbid Boirepit Fof Ritipptd bie corfésponds toladnore
effective friction nodifier. The HFRR wear and

fri cCoopuperd Brawmyie € dat a ar & presetidd i n Tabligs

2. TABbEpZatiRRAGEE tandiiBrdeat an Pegfidg mance Regalts
Coefficient Conp. Ex./Ex. Concentration of Friction
Veear ¢ Seakrs{ fx Lonpar at i veBxanpl e Py270. 139 19&;

Conmpar.at kz&%s@@%ﬁ@ﬁ ot am/&f% 12743142 Conpar ggive
Exanpl e F 50 ppml\/b 0.1257°164 Conparative Exanpie G1

W Qe Bumple k. 1w 0.139 151
Comparative Example EA SOG prn Mo 0.13% 145
Comparative Example M Pt %% {138 146
Comparative Example WO S ppan M £$.132 {4
Exarnpie & i wi. Y .76 154
Example 7 304 ppm Mo {3092 146
Example & 1wt Y {135 210
Exampic & 1wl Y% RN 192
Example 18 1wl % $.136 134

As the data show, the hubricating off compositions of thix fnvention were comparable and,
1 sotoe slances, significantly betler than lubvicating ol compositions outside the scope

of this invention.

COMPARATIVE EXAMPLEQ

LT A baselive Jubricating off formulation was formed containing 14 wi %
homted sucoininide dispersant, 2.75 wil % succinbade dispersat, 35 mMikg overbased

calolum phevate, 7.3 kg O 0.6 st %) wine dithiophosphate, 1wt % hindered phenol



Conpar ative Exanple H 500 ppm Mo 0. 138 188 Conparative
Exanple I 1 wt. %0.127 181 Conparative Exanple J 500
wWERmARSEs 124 171 Conparative Exanple K 1 wt. BeOUIRD9/049217
151 Conparative Exanple L 500 ppm Mo 0. 139 145
Conparative Exanple M1 w. % 0.138 146 Conparative
Exanple N 500 ppm Mo 0. 132 149 Exanple 6 1 wt. % 0. 076
154 Exanple 7 500 ppm Mo 0.092 146 Exanple 3 1 w. %
anilex1BE, 21D wEXanplep@nlinersa%:0 2481 w92 (Ex@nplehiBer Tikcosi¥% index
0.136 154 As the data show, the lubricating oil
i SOIRAR ixt(hong iafask hiis i nvention were conparable and, in
some instances, significantly better than |ubricating
oi | conpositions outside the scope of this invention.
COVPARATI VE EXAMPLE O [0082] A baseline |ubricating
oil formul ati on %}&@\'}%9} q:ng al\q,jigg % 4 w. %

bor ated succininide di s per sant % succi ni m de

a8 Egr ?a t%ﬁﬁgmng}gmi%z FE tﬁk? afseﬂg%%g%gﬁ§méu niv\imx’icé}nmw 14w

« der ed phenol anti oxidant, 0.3 wt. 9% pour paQint

Ma Br%ssfa&ﬁwaﬁ&mwﬁ 296 ottt ReEBBR %@%ﬁww»&cagﬁw g everbased
I ndex
caloinm phenate, {

o~y
i
'

g (EA wi %) wing dithiophosphate, 1wt %% hindered phenold
angioxidant, §.3 wi, Yo pour pownt depressant srd 4wt %6 olefin sopolymer viscosity index

improver in g Group H base oil

AMPLE 1

{084} A baseline lnbrigating o formmlation was formed containing the seme
additives, bass ofl and fmat rate a3 v Comparstive Example O The lubricating il
additive of Example 1 was formulated into this basehoe hubricating oif formulation gt 1

segtght percent,

HUENRY: {23 Small Engine Wear Test
FHIRGY The anti-wear properties of the lubricsiing off composition of Exampls 1}
RS 1§ HWEEE B 1 { the lubwicsiing of composit £1 plz 11

containing the hubrleating olf additive of Exanple U wery evalvated and compared {o the
bassiine lubricating ol formulations of Comparstive Hyamples € and P ousing 2 soall
cogine wosr tost. The test il was domonstrated ino g smadl engive coupled 1o a fxed load
such as & dyngruometer o generator for a perind of approximaliely 60 howrs at a spead of

S.000 rpn, The ongine was an atecooked single oviinder overhead valve engine



inprover in a Goup Il base oil. COVMPARATI VE EXAMPLE P
[0083] A baseline lubricating oil fornulation was
wo erineeRsednt ai ning 1.4 wt. % borat ed succi ni n BPET/US2009/049217
di spersant, 2.75 w. % succini m de di spersant, 55
mM kg overbased cal ci um phenate, 17 MM kg (1.4 wt. %
zi nc dithiophosphate, 1 w. % hi ndered phenol
antioxidant, 0.3 w. % pour point depressant and 4 w.
magtabefidnte Spaly med Srafcosittivh vasexcdifpl By srcclomta c@naud wear,
Il base oil. EXAMPLE | | [0084] A baseline lubricating
Thotdadfeanprbdit: aninwes ifatned beoatiaiRicagad he IR valve springs with
additives, base oil and treat rate as in Comparative

2 s@ﬁﬁi@}h?\;@n +d NBud 4R 'ié%atf b6 Qhd wadGhive vk aﬁk&m‘?ﬂrg camshafl,
fornulated into this baseline |ubricati ng oil

“ms,{ w ?tha at- !i%nuatzm *‘M@ %g]i &@%r 9%{1& QQ‘gél‘!i (pk'iasgiai!ﬁ!\*\ﬁf%hq eyhinder

Wear Test ar pr opertl es

me; l‘sgl(‘l £t ic‘?tb“ 4% &:i S \% ﬁ‘ m }I N fl’)“ai !i\ IGoEny {esii ng,

cont” TRV 5? il d&fi f g‘r’r{pléai s
re, evaluated and co _aye\ﬂtoth Ilne

eacf B EIPCA Y ET 1S RO PORIF AT TR EN SR @g AP R @890
and P using a small engine wear test The test 0|I was .

andlenpetiehited. | Hheasnim vvmeﬁgavn@écs@dprfiedteﬁ“oméaw reanfipagriod of
such as a dynanmoneter or generator for a period of

aprapprekiinete yubGaheondwat! & Speadiofl dwdeOalrpit dihbiied sngine
engi ne was an air-cool ed single cylinder overhead

op@ky axepginenbnufact et by’ Bel ggs anchsBit atdhoRvashieured by
was nodified to accel erate canshaft wear.

pomparizon of the cam profiles botore and after exch test. The rosults ave shown in Tablke

o~
h

TARLE 3
Smalt Engine Wear Test Rosults

Comap. Ex./Ex. Cam Wear ()
Comparative § yample 3 261
Comparative Example ¥ 38
Example 11 R

The data show a significant improvement in the wear inhibiting propertiss of the
fnhricating ol composition of Example 11 treated with the lubvicating of additive of
Exsmaple 1 as compared to the hubnicating off composition of Comparative Example O in g
siaall engine teste In order to prowids comparable wear inhibiting properties of the
fubricating ofl composttion of Example T, # was necessary to add a high amount of zing
dithiophosphate o the beseline lubricating ofl foramdation, ® shown iIn Comparative

by

Example P. Therefore, the lubricating oil composition of this invention advantageously

LS}
i



The | oad on the valve train was increased by

replacenent of the factory valve springs with a set of
waleab/08853 ngs. For each test, the engi ne was oRET/U$10621049217

with a new factory canshaft, and tappets. The engi ne

was used until a visual inspection of the crankshaft,

cylinder liner, and carburetor indicated abnornal wear

or immnent failure. Prior to any testing, each engine
prowais serk-dimiiisinn g conveatiiiofal wen gitdetiog brfonticl 8tfloun®loving a

at a speed of 3,000 rpm and a speC|f|ed | oad. The
uvﬁﬁk@lw%tm ﬁfig‘ﬁgf‘tﬁ\@ﬁ%t hrkibeid agh, Qhderamg: @H«ﬁdﬂbﬁnﬂoﬂ» and solfor

period of approximtely one hour was conduct ed at the

mt@"}ﬁeii &f :ﬁ@gﬂn&r kigL&}ii%(L?lE}iJ}p'g‘ll 1 r?s; m‘%@g n@m@@%‘iat Q}thdstzm the

under or "t he renmai nder of etest

ab}éﬁ?(w‘g@ﬁ» ARULS0 A6 KPR @Qﬁngt :Jc? £ 0 tPJit‘%In 'm% nent in the

after each

3. The a_Si ficant. Ln
M%ﬁw&g Fidie i B i puRie Bl i Bl ?f PG 1 o fevels
sition of Exa Ie 11 treate W th the Iubrlcat|ng
of HP‘F ’gttﬂtﬁhfi‘\}e agf < “‘F&‘gﬁ‘pFe EOHSUBR P AFBETTE E he
| ubricating oil conposition of Conparative Exanple O
in a small engine test. In order to provide conparable
wear inhibiting properties of the lubricating oi
conposi tion of ExaHpHEARKTIMVME MesMigdeSsary to add a
hi gh amount of zinc dithiophosphate to the baseline
jalsapr i cat kngeseiihe fiaeanth:al HoFormadashowas itmGanpagatiby e 8 wi %
Exanpl e P. Therefore, the lubricating oil conposition

wtsngt):;tsmes*i*{ Qyeat ion u@@‘é@”i‘i@gt@»&u@%@ LOMIHeSBUGR: 45 My kg highly
signifi cant [ nprovene nt in th e wear 1 nhibiting

oV GSB?E? ut{q?{!?}l {ie 37@59\}@%\“9 Q\, d Y\ﬁe &Y lmtgfzta%ilxht@ from & we,éomiar\'

ospha hi i otur osphor
r con nt of .the, Iubrlcat n

a‘ik%&%@ ’Sntjxégélz];%d ﬁ;"g‘ﬁ@q s ‘Eéi-‘}?‘igi W}iﬁ%r‘gﬁﬁbé )}%onﬁ o aiz;w::, iyl anuing

sati-oxicdant, 9.3 wi % pour poim depressant, 4.8 wi % olelin copolymer viscosily mndex
fmpraver and 10 ppm foam inhibitor in g Group U baxe oil.
[0S

EXAMPLE 12
RN A haseline lubricating off formudation was formed containing the same
additives, base oil and treat rate as in Compamative Exampls 30 The lubricating off
additive of Example 1 was formulated into this baseline hubricating ol formudation sueh

that the total Mo content in the formulation was 30 ppan.



| ubricating oil additive of this invention not only
provides a significant inprovenent in the wear
WO pi10d28s51g properties of the lubricating oil PCT/US2009/049217
conposition, but also allows for Iow levels of zinc,
phosphorous and sul fur in the lubricating oil
conposi tion. COVPARATI VE EXAMPLE Q [ 0087] A baseline
| ubricating oil formulation was fornmed containing 3.8
{BORE % sulxidhiinn derfcinsypes sant, 3.5 mM kg | ow over based
cal ci um sul fonate, 45 mM kg hi ghly overbased cal ci um

posy| f onat ghe Sivedvbkgxizhing i EHLophesphat eodesdvedyfinamd 12
secondary al cohol, 2 mM kg zinc di t hi ophosphat e from a

m@&hﬁ@r&% ﬁﬂbgglﬂglwmilaﬁh , x%’&@%ﬂ'ﬂﬁnﬁ’& s&aﬁqaﬁ g@% @??g'gﬁfl&w

% pour “poi nt depressant, 4. . % ol ef

vm\‘? 89%}’{&?{;% (5:5 %Q%lg Ja& ﬂ%eég%zgﬂpxogyﬁ%lf %Slgg 9%&% tlé\fﬂ“ﬁ{}i\ g
o BB hn S LA et fxavfegéwggg R o

treat rate as in Conparative Exa Q _
bene Bt EatiRghel 1Y hdyi taasvet ﬂﬁx%\efpn? e*“*iﬁms* e@ffwrtm\é& 42 (4),
into this baseline lubricating oil fornulation such
8YE-hat (PHE tottals b teomtentoxyaen REHOR FURAEH OresiRes bBeGven
ppm [ 0090] Oxi dati on Performance [0091] The effect of
wepkt dbgil ant 76MC the noabivicdatibagnwi oy onipo sedh ampeafit of rapid
Exanpl e 12 containing the lubricating oil additive of
oxipeanBlRe kavas anakyzednpndweotpanaddte itdvesef feet Befch st
oxi dation on the baseline lubricating oil formulation

rea@fs GOUPALALY Me: AR 8 Rhin + 0.5 hours. Tn this test, the longer Indnction
time corresponds 1o more effvetive antioxidant, The oxidation bench test rexaliy are
prgssned in Table 4

TABLE4
{iidation Beneh Text Results

Comyp, BXJER, ndoetion Tims (h}
Comparative Example £3 16
Example 12 da

The dats show g significant improvement i the oxidation performance of the lubnicating
ot composition of Example 12 trested with the lubricating ol additive of Example 1 ag

compared with the lubricating oll composttion of Contparative Example £ In sddition
the hubricating oil composition of thix fnvention advantagesusly provides such significant
aproversent i oxidation perforniance whiles soploying 2 low level of wime

N

dithiophosphate.  Thix, I tum, lowers the phosphiorons and sulfie contemt of the

fnbricating olf composiion a1 regoired B enging ol Accordingly, the lubricating oif

Lk
Lsk



in an oxidation bench test The oxidation studies were

carried out in a bulk oil oxidation bench test as
wa@lesonddsexl by E. S. Yamaguchi et al. in Tri bohRgT/US2009/049217

Transactions, Vol 42 (4), 895-901 ( 1999). In this

test, the rate of oxygen uptake at constant pressure

by a given weight of oil at 170C was nonitored. The

time required to reach a period of rapid oxygen
addiprake, thtknbwanias: aot ovoxpdatdeon swaslicies igpatvedieals in oxidation

i nduction tinme. Bench test results are generally
peif@prodiel Bleelbeicminehdih cOmDodi O, Shut lavot Byt B8 tipwt ey of zine,

| onger induction time corresponds to nore effective
phnhd:0xd dantuilhe: @xihdathon: bepshpd@ads. resul ts are

presented in Table 4. The data show a significant

i nprovenent in the oxidation performance of the

| ubricating oil conposition of Exanple 12 treated with

the lubricating °kﬁ3§%?¥&%%§%§§$5§§§&%§ 1 as conpared

with the lubricating Conparati ve
angsample Q 1n addition, the lubricating oil . ..
10038 Fpbs1 t P6h PO s - HAbntren BUvanC4TesasPyehred: degrerhead

such significant inprovenent in oxidation perfornmance
WIS SRBPoYItHY AUV wUB g i dik Hiephegphat demperstuse
This, in turn, lowers the phosphorous and sul fur
congrite Merigfe el wbd ilbationgyet bvas oposei 1oy dsockasieceny! succinie
required in engine oils. Accordingly, the lubricating
antpkihad dixDRvwg {efsilhicsirdmvanti oddndt ConbyaipmoRi. desisa Mo, 11.5.4.)
significant inprovenent in oxidation performance of

sobhe bubkkeatibngwelirki §OMRAShick ORopd Ul f@ls uidhhowashat 350 oS
| ow | evel s of zinc, phosphorous and sulfur in the

avh MRLT 6L BQLOI - ,GAIPOSHET QR QONRARATIME EXAMPLE R 10 8y o of
[0092] Into a 500 m, 3-neck round bottom fl ask °

mrﬁ%kﬁ&?&;ﬁéﬁ&i‘e BN E §k:] S{%ﬁ eguivalent to GDSAY was charged deop wise inlo
the mixture vin an addition funnel. Slight foaming occurred during the inttial charge
stage, After the TEPA way charged, the temperative was incrsased to 1600 sver abot
&8 minates and then held ar 160°C for three howrs,

IR The muterial was cooled w0 lesy than 1000 and 2501 ¢ of molvbdemun
trinkide {1 mole cquivalent to TERA), 69 g of tolueneg, 17 g of distilled watsr, and 1 g of
foam inhibitor wers added. The mixture was brooght to 100°C and under agitation & ged
formed with svohation of foam, 116 g of Exxon 100N off was added and the mivnee was

stiveed overnight to vield & gresmish brown gell Accordingly, thers was no attempt o react
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mechani cal stirrer, water condenser with nitrogen |line
and Dean-Stark trap, tenperature controller, heating
woreaipioez8esmnd t her nocoupl e was added 60. 07 g of PCT/US2009/049217
oct adecenyl succinic anhydride (ODSA) (available from
Sigma Aldrich Corporation, St. Louis, M., US A),
60. 08 g of Exxon 150 neutral oil and three drops of
foaminhibitor (200 to 350 cSt; avail able from Dow
Corni ng). The m xtivki Mdsy hgdt BEANGPLOEC and 32.88 g
of tetraethyl enepentam ne (TEPA; 1.0 nol e equival ent
{189} ODSA) hwas: charigle di-gea@Prass ebdtirtro {falle cltiphetl @vit an afverhead
addi tion funnel. Slight foam ng occurred during the

mebRikdofl 6B RG0: SIa8@ e AL Mk Ren THERAMBS G888 %p tBperature
t enper ature was increased to 160C over about 60

corlftdidE 6o ANCLLRRD JREUE AL ABAORIdTRR B Sy %Q%‘ii?é il (1000

he materital was coo to anlOC

M. g‘«g, me d%%‘“pﬁ it Ih%{;ilﬁgel *? i A g%;%]% e‘)glil%%f é@?&%{\niggg é}s‘u&ue wan

hl blt r V\,ere adde The m xtur ht .t

hﬂ%ﬁ@% ditiah 445 S EreROdepar Pored T %W‘B‘ﬁ eni) wvas
of foam 11 %of Exxon 100N oil was added and th

‘kiih’fixtﬁf“é adEER vredusier Rieghtietstyl Bpd ingrar ek ?s‘ﬁﬂ DVF ghon
brown gel. Accordingly, there was no attenpt to react

&0 trﬁmii’g@:ﬁmwzmh hyfd e L Gy dnd der CONRARATINEVEXANRLE . B of Hxno
[0094] Into a 500 mM, 3-neck round bottom fl ask

1B ull ppe ddadd b @id avenhesidommeliani cal stirrer, water
condenser with nitrogen |ine and Dean-Stark trap,

jebenper at URe neehlsl Old kel e@tbhing oTRN e, s3aRd! toinens was added to
t her rocoupl e was added 60.6 g of a pol yi sobut enyl

_,{\};%%99\9{ a%nW z{m&ac xm? 6 ANNYALHLAS O N%:3 1 FAR: RUIRSEOL TrpA;,

He 'mi*xt ure-was

and 8.3 g of zi}kiﬂi“s} water. The mixtore was stiveed at 8070 fur LS hoors and then the
ternperature was ratsed to 160U and toluene and water were remaved over about 4 houes,
The product was a viscouy own ol Mext, 64 g of toluene was added snd the mixture
was heated 1o 85°C o reduce the viscosity for filtration. Sevaral attesnpis werg made o
filter the product through o Whalmas bvand #1 and §4 filter paper with and withowt
dintomgecous sarth Bltor sid withowt sueeess, Alter vepeated dilution of the prodedt with
fooren TOON ail, the praduct could not be filleved,  Accordingly, there was no aitompt to

react the product with maleic srduyvdeide

698} it will be understood that various modifications may be made o the
evabodiments disclosed berein. Therelore the shove deseription should not be construed

as Hniting, but mervely as exemplifications of preforred embodiments. For example, the

Tt
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heated to 100C and 10.45 g of tetraethyl enepentam ne

(TEPA; 1.0 nol e equivalent) was added. After the TEPA
woerEossHed, the tenperature was increased t oPABOS2009/049217

over about 60 m nutes and then held at 160C for one

hour. After cooling overnight, 12.2 g of Exxon 100N

oil was added to yield a viscous brown oil. [0095] The

mat eri al was heated to about 90C and 82 g of toluene
funwasnsaddedbtoalformed saliutdon) of did oweduby @ Opgandy the present

nmol ybdenum trioxide ( 1 nole equivalent to TEPA), and
nv8niBngaef fodiiHtddalied poBiels odife Okt WhRnBSHS hid edualds way be

90C for 1.5 hours and then the tenperature was raised

nﬁé@ﬁéﬁ@g%@ﬂﬂvlgkﬂﬁﬁgﬁQQQﬁM@HRRRW@Eﬁmﬁeﬁﬁﬁﬁﬁ»QM%L @QQBEHOi&ua
hours. " The product was a vi scous brown oi |

m\g%tgt tod u%e}ngr QQ‘%@Q sf‘?ﬂdc JTP f‘)‘(ﬁt‘H LE VRS feat »,%‘Aﬁﬁg within the
o reduce "t he Vi scosi t tration. "Sever
.attenpt.s re Im flter the product through a
b“W%ﬁ?%%ﬁ“B&%ﬁd“§%i‘ﬁﬁﬁrgﬁg ¥59¥'Per paper with and wit hout
di at omaceous earth filter a|d Wi t hout success. After
repeated dilution of the product with Exxon 100N oil
t he product could not be filtered. Accordingly, there
was no attenpt to react the product with maleic
anhydride. [0096] It will be understood that various
nodi ficati ons may be made to the enbodi ments discl osed
herein. Therefore the above description should not be
construed as limting, but nerely as exenplifications
of preferred enbodi nents. For exanple, thefunctions
descri bed above and inpl enented as the best node for
operating the present invention are for illustration
purposes only. Oher arrangenents and net hods may be
i npl emented by those skilled in the art w thout
departing fromthe scope and spirit of this
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i nvention. Mreover, those skilled in the art wll
envi sion other nodifications within the scope and
wapi1nie286 t he cl ai s appended heret o. WHAT | S BUBUMIIY/049217
I'S: 1, A nolybdated succinimde conpl ex prepared by a
process which conprises (a) reacting an al kyl or
al kenyl succinimde of a polyam ne of fornula I
mhereln Ris an about Cl2 to C30 alkyl or alkenyl
Wigh o U afidi s are i ndependently 2 or 3, and x is 0 to
10 mnth an et hyl eni cal ly unsaturated carboxylic acid
or anhydnivddathereofisiRnga(iyx egatd by st cSUc{cRivigeises (1)
product of step (a) with an acidic nol ybdenum
reaGQITREOUREL of aikthe eliyhdal edy sucehnlirdencepl ex of
Claim1, wherein Ris about C12 to about C24 al kyl or
al kenyl group, a and b are gach 2, and x is 2 to 5. 3.
The nol ybdat ed § u00|n|n1defconplex abcordlng to Cains
1 or 2, whgreinithe gthyl enical | upSaturated
carboxyllcgét d é{ aﬁh&%rﬁﬁegrsigﬁ Bt hytenigal | y
unsat ur at ed ‘ar boxyl i d acid or an ydrldé t her eof .
4. The nnlybdated ucci ni nj de conpleﬁ according to
Clainms 1 or 2, mhereln t he ethylenlcally unsat ur at ed
car boxylic acid or anhydri i s an ethyl enical by
unsaturated di carboxylic acid or anhydride thereof.5.

| ybdat ed, sucgi ni rai de_ c | ex accqrdin .
%‘ ?‘%ﬂ\ s 0 870 L e sifor Hed%tfﬁ\?p T &S ?}3 e ArsPdeaty 2 o 3
car boxylic acid or anhydride is nal ei c anhydride and
ank ey Hdp difcibl %ﬁéwm‘ébn%a‘ﬁ@m% Py ettt FrigxTide thereof]
6. The nol ybdated succini m de conplex according to any
andofb Clrgichsg 134:8, sushiereidn product of step {83 with an soidic molybdenum

compound.

2. The molvbdated sncoinimide complex of Claim 1, wherein R is sbowt U o

shout Cyy ally! or alkenyl group, nand b are oaeh 2, andx s d w0 5.

The molvhdaied succinimude gornplex secording to Claims | or 2, wherein the
eihylenically unssturated carboxylic acid or snhydride IS sy ethyienizally unsaturated

monocarboxylis acid or anhydeide therent

4. The moivbdated sucoinimids complex according to Claims 1 or 2, wherein the
sthylenically unsaturated cmrboxyiic acid or suhyilride 15 an othylerdeaily unsanwated

dicarboxyiic acid or anhydnde thersoll

ek
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the nolar ratio of the ethylenically unsaturated
carboxylic acid or anhydride thereof to the

w@aweosss de of formula | is about 0.9:1 to abRCiX/US2009/049217
1.05:1. 7. The nol ybdated succi ni m de conpl ex
according to any of Clainms 1-6, wherein the nolar
rati o of the nol ybdenum conpound to the succini m de
product of step (a) is about 0.5:1 to about 1.5:1. 8.
A pfociéssufiphdipreparinigida molpybdatediguociiniom ter 2, wherein the
conpl ex, the process conprising (a) reacting an al kyl
cthghenpkke mtstauedimnituikdie ofid ar pol itk ne rafeid esidhige knd the acidic
wherein Ris an about Cl2 to about C30 al kyl or

modfHdenyh cgfeuRid B ranthdnakeriadependently 2 or 3, and x
is O0to 10, with an ethylenically unsaturated
carboxylic acid or anhydride thereof; and (b) reacting
t he product of step (a) mﬁth an acidic nnlybdenum

conpound.,.. : PO wh ) .
abogt L%%z“‘?‘b‘}“g‘} QG R Fz‘“F“ F"‘é‘r‘k%‘h §¢ "r‘}oﬁiog *ém R\d grhevein
Th

e B a S Sy B B RV ER Ty i ioe T to the
unsat urated carpoxylic acid or anhydride is an

‘*‘i@ét"‘i‘rﬁﬂ‘%nﬁ é‘é]“l“'iiﬁ &ﬁsﬁé‘t“éﬁ‘é?éd“ ApHBdatboxyl i ¢ acid or
anhydri de thereof. 11. The process according to d ains
8 or 9, wherein the ethylenically unsaturated
carboxylic acid or anhydride is an ethylenically
unsat Utatredyidiscsrdsonyiniide achdicancanhydnd dey thelreeal 1-6, whereln
12. The process according to Clains 8 or 9 wherein the

theehbit enlccad ity HESBIAA! BdnEaRBOX K Cu@GhifhiQl pRABKALH ¢ ﬁ {a) i
is maleic anhydr| de and the acidic nol ybdenum conpoun

abdu®0.5:1 1o about 1811

8. A provess lor prepering a molybdated succinimuide complex, the provess

coraprising () reacting an sikl or alkenyl suceinimide of u polyamine of formula §

P&

o / \
R“‘-\ e < B .u-""” > {‘i\i 24 N“\-; *"’“‘it JE\ \\B{“\“\
| T
% § i
A
%} 3\ H ;’;

wherein K i an aboat O to abowt Gy alkyl or alkenyl grovp: a and b are tndependently 2
or 3, and ®oas O o 10, with an ethylendeally unsatwrated carboxylic acid or anhydride
thereof] and (b} reacting the product of step () with an acidic molvbdemem compound,

% The process of Claimy 8, wherein R iy about Oyt abowt Cog alkyl or alkenyd

group, 2 and bavecach 2, and x s F 1w 3



nol ybdenum tri oxi de. 13. The process according to any

of Clains 8-12, wherein the nolar ratio of the
weehylesstal | y unsaturated carboxylic acid or Beifysooedes9217

thereof to the succinimde of fornula | is about 0.1:1

to about 2:1, and the nolar ratio of the nolybdenum

conpound to the succinimde product of step (a) is

about 0.1:1 to about 2:1. 14. A lubricating oil

conposition conprising (a) a nmgjor anount of a base

oil of lubricating viscosity; and (b) a m nor anount

of tfe Thohyhkdatedssigobniidnder coRphiexsiactostliRgichidr aMaurated

of Cains 1-7.15. A nethod of operating an internal

carBOIRUS IO N:-CRGINAIC QUK ShBnhe th@ﬁm@fvdoﬁx%ﬁ@akEﬂﬁ\t B&eid or
i nternal conbustion engine with the lubricating oil

qn;c,(gqgo%& don of Caim 14,

I The process agcording to Claims 8§ o 9, wherein the othylouteally unsaturated
carboxylic acid or anhvdride is s ethylentcally onsaturated dicarboxylic acid or anhydride

therent

12, The process according s Clajnis 8 or 8, wherein the sthylenically unsaturated
carborylic soid or anhydride 1s malete ankydride and the soidic mualybdennm compound is
amdybodenum rioxide

13, The procesy sccording to any of Uladms §-12, wheran the molar ratio of the
sthyvienically wisatwated carboxylic acid or anhydritle thereol o the suceinimide of
forpda s about .11 to showt 201, and the molar ratio of the madybdamun compound to
the suceinimide product of step {a) is shean G101 to sbont 201

14, & lobricating ol compostiion comprising (8} 2 maior amount of a bave oll of
lubricating viscosity: and (B & winer amount of the melybdated suceinimide complex

aveording o any of Chairas W7,



WO 2010/002865 PCT/US2009/049217

13 A mothod of opuraling an internal combustion engine comprising the step of

aperating the infereal combustion engine with the lubricating oil composition of Claim 14,

44



