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LUBRIIAT "\G OIL ADDITIVE AMD LUBRICATING
0L COMPOSITION CONTAINING BAME

BACKGROUNDOE THE INVENTION

1. Technical Fleld
1001} The present hrvention gencrally relates © 3 lubricating ol additive and
lubricating ofl cotaposition containing same.

tion of fhe Relamed At

ey In general, organie molybdenum compounds g ks}é}i@ Wy mprove the
lubricating properties of engine ofls  For example, melvbdenum dithivcarhamsites are
typically employed for the reduetion of fiction.  The molybdenum dithioonrbanersy,
hovsvever, cotitain gulfur and s:? svely Tose the abifity o redage friction unléss af alternate
sulflr souree s prosont In the lubrivaiing oil,  Another ekampls of ofganic molybdenion
cpmpounds are salfntized molybdenum polvischateny! soooinimide complexes which are
psed i medinte wear, reduce friction, and/or control pxidation. See; og., 1L Patent N*t
£.256. 194, 4263773 4,283,285, 4,285 822 and ﬁ.j?é‘i-?;.,‘%?}é and LIS, Potont Application
Publication No. 20050208111, Problams associated with the vse of sulfir in g lubricating
il are that sulfty can be incompatitile with eosission condrol deviess and oan result in
corrosion problemsi

180031 . Patert Nos, 4357149 and 4,500,439 disclose mo ﬁts&ﬁed Ciarlng
sikenyl succininvdes. In Example X3 of both of these ;\&‘«ﬁni‘s a motyhdated snecinimide
is epared by reacting a CypCre alkeny! seccinie anhydride with riethylene tetmrmine

fullowwad by trestment with & molybdic acid solution



16004] Russian Patent No. 2201433 discloses a molybdated succinimide post-treated with
maleic anhydride as an additive for motor oils used in internal combustion engines. Russian
Patent No. 2201433 further discloses that the additives are prepared by reacting an alkenyl
succini.mide of polyvethylene polyamine with ammonium molybdate in the presence of water as a
promoter and then reacting the resulting product with maleic anhydride taken in amounts of 0.2
to 1.0 mole per 1 mole of alkenyl succinimide of polyethylene polyamine. All of the examples
disclosed in Russian Patent No. 2201433 employ a high molecular weight polyisobutenyl (950
M.W.) succinic anhydride (PIBSA) in preparing the alkenyl succimimide of polyethylene
polyamine.

[0005] Accordingly, it would be desirable to develop improved molybdenum-containing
lubricating oil compositions which exhibit improved friction reduction, and wear and oxidation

inhibition.

SUMMARY OF THE DISCLOSURE

[0006] In accordance with one embodiment of the present disclosure, a molybdated
succinimide complex prepared by a process which comprises (a) reacting a succinimide of a

polyamine of formula I:

R _AACHy), _—~(CHy)y
N II\T NH,

O H

* @
wherein R is a hydrocarbon radical having a number average molecular weight of 500 to 5,000, a

and b are independently 2 or 3, and x is 0 to 10, with an ethylenically

2



unsaturated carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenically
unsaturated carboxylic acid or anhydride thereof to the succinimide of formula I of 0.9:1 to
1.05:1; and (b) reacting the succinimide product of step (a) with an acidic molybdenum
compound.

[0007] In accordance with a second embodiment of the present disclosure, a process for
preparing a molybdated succinimide complex is provided which comprises (a) reacting a

succinimide of a polyamine of formula It

)

R _A(CH), ] __(CHy),

N TI\T NH,
0 H

x M

wherein R, a, b and x have the aforestated meanings, with an ethylenically unsaturated
carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenically unsaturated
carboxylic acid or anhydride thereof to the succinimide of formula 1 of 0.9:1 to 1.05:1; and (b)
reacting the succinimide product of step (a) with an acidic molybdenum compound.
[0068] In accordance with a third embodiment of the present disclosure, a lubricating oil
composition is provided which comprises (a) a major amount of a base oil of lubricating

viscosity; and (b} a2 minor amount of a molybdated succinimide complex prepared by a process

which comprises (i) reacting a succinimide of a polyamine of formula I:



N NH,

8 (M

wherein R, a, b and x have the aforestated meanings, with an ethylenically unsaturated
carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenically unsaturated
carboxylic acid or anhydride thereof to the succinimide of formula I of 0.9:1 to 1.05:1; and (i1)
reacting the succinimide product of step (i) with an acidic molybdenum compound.

[0609] In accerdancé with a fourth embodiment of the present disclosure, there is
provided a method of operating an internal combustion engine which comprises operating the
internal combustion engine with a lubricating oil composition comprising (a) a major amount of
a base oil of lubricating viscosity and (b} a minor amount of a molybdated succinimide complex

prepared by a process which comprises (i) reacting a succinimide of a polyamine of formula I

0O

R _ACHy), _—~(CHy)y
N N NH,

0 H
X (D
wherein R, a, b and x have the aforestated meanings, with an ethylenically unsaturated

carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenically unsaturated

carboxylic acid or anhydride thereof to the succinimide of formula I of



0.9:1 to 1.05:1; and (ii) reacting the succinimide product of step (i) with an acidic molybdenum
compound.

[06010] In accordance with a fifth embodiment of the present disclosure, an additive
package composition or concentrate is provided comprising (a) 20 to 80 weight percent of an
inert organic diluent and (b) one or more of a molybdated succinimide complex prepared by a

process which comprises (i) reacting a succinimide of a polyamine of formula I:

O

R _AACHy), _—(CHa)y
N 1]\? NH,

0 H
* M
wherein R, a, b and x have the aforestated meanings, with an ecthylenically unsaturated
carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenically unsaturated
carboxylic acid or anhydride thereof to the succinimide of formula I of 0.9:1 to 1.05:1; and (ii)
reacting the succinimide product of step (i) with an acidic molybdenum compound.
{0011} The molybdated succinimide complex of the present disclosure advantageously
provides high friction reduction, and wear and oxidation-corrosion inhibition when incorporated

into a lubricating oil composition and used in an internal combustion engine.
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DETAILED DESURIFTION OF THE PREFERRED EMBODIMENTS

Lo T geseral, s molvbdated suceinimide compdox of e prosent Invention i
prepared by & provess which. involves at least (3) reacling o succiniraide of & polyamine of

Formula [

L)
§ ey
\ |

{hH

wherein B is & hvdeocarbon radical having a munsber sversge molecular weight of abow
500 to shout 5,000, preferably & number average molecuiar weight of sbout 760 10 sbow

2 500 and mars proforably a number average molecular welght of ghout 718 1o sbou

5 100; wand bareindependently 2 or 3;and x i 0 to 10, preforabdy o § and more

;trea}‘emh}_ v 3 S, with an ethyienically unasturated varboxyht ackbor anbivdride thiereef,

tna vharge mole mtie of e ethylenivally unsaturated carhorylic soid or anbydride theveef

i the suecinimide of formula T of sbam 6.901 o abowt 1.05:1; and {B) reacting the

succininiide product of stop {a) with an agidic mobvbdemum compound, In tne

pavbodiment; Ria an alby! or alkenyl group. In andther émbodiment, Risapolydlienyd

weomp, A preferred polyalkenyl group is v polyisabieny] group.
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B3 In siep (8) » soecindmide of formula
£ .ff
e JJK ACH L elOF _
NH,

&

whérein B, a, band's have the eforestated meanings, s reacted with an sthylenically
unsiturdted carbexylic acld in a charge mole rabio of me '@ih}*iﬁ:ﬂ%&ﬂ?ig nnsaturated
carboxyiic avid or anhydeide thereof to the suscinbmide of formula { ofebowt U301 w0
about 1051, The starting suecinimide of formals T oan be obtained by rencting an

anbvidride of forrauds H:

Q .
wherein R has the aforesiated meanirg with a polyamine. The audpduide of foramda 1 15
sither commertially available fom soch sources gs, for sxemple, Sigma Addrich

Corporation (St Loy, Mo, USA) orcan be propared by any mgthed well known in the

ark
jol 4 Snitable polvamines for use tn prepaning the succinimide of formula Lare

polyaikylene polvamines, Including polvatkyiene dlamines. Such polyalkylene
polysnines will Iypiealiv contain aboul 2 o showt P nitrogen stoms aod sbow 2 e 34
carbon gtoms. Farticularly suitable polyaliylene polyamines are those having the formula:

HaN-(R MHEH whereln B den stralghts or brenched-chiin alkylene group haviog 2 or 2

carbon momeand o s 1109, Representative examples of suitable polyallylene
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polyarmines tiglude etfilenediomine, dethylenetriamine, wicthylonelstrasming,
tetrssthrlenepentaming and mixtues thersof. Most preferably, the polyalkylones
poelyaming iy -immﬁehyEmcpm‘i&mémt,'

L Wany of the pelvamines saitable fir uss in the present nvention are
commerciaily available and others may be prepared by methods which sre well keown in
the art. For exaraply, methods for preparing amings and their reactions see detalied in
Sidgewick's "The Crganic Chemistry of Nitroger®, Clarensdon Press, Oxford, 1966
Noller's “Chonsstry of Organic € Conapounds”, Saunders, Philadelphis, 2nd B, 1957, and
&irvk}thsmr‘«‘ “Enevelopedia of ’?“ smical Techriology™, 2od B, especially Vohime 2,
pp §9 118,

jo016] Generally, the anhydride of formuta s reasted with the polyamine a1 8
tetnperature of abaut 1307C o abowt 22070 and preferably from about 145°C 1o about
PP "fhe‘ reaction can be tarried cut under an ingrt atsosphers, such as nitrogen or
argon, The amount of anhydride of formula 1 employed in the remction can range fom
about 30 o about 95 wi, % snd preforably from about 40 o abont 80w, %%, Baged on the
total weight of the reaction mixture:

[l Suitgble ethylenically unsaturaied carboxylic acids or thew wﬁm‘ir}m&%
imclude sthvlentoally unsatwrated monosarboxyiicacidsor their anhydrides, sthylenically
unsatorated ticarboxylic aclds or their sdvpdrides and the Hke and mixtures thersed,
Useful monecarboxylic acids or thelr anbivdrides inclnde, but ave vt Hmited ey, sorylic
acid, methacrylic aobd, and the Bhe and mixtores theveof, Usefd sthyvienically unsaturated
divarhegylic acids or shelr anhydrides inclnde, but ave uot limited to, furnarie svld, maleic

anhydride, mesaconic anid, cltraconie acld, citraconic anhydride, aconte avid, Hactnic
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anstepdride, and the ke and mixteres thereat, A preforred %’:‘lh\;w‘mm%h unsgtieabed
carhorviic acid or dnhydride oot is malele sanhydride or aderivative theveof. Thivand.
sirniler anbydrides bond onto the swecinimide starting compound to provide a carboxyie
acid fanctionality, Thetrestment of the suceinimide of formula ¥ with the othylenically
unsaturated carbosylie soid or anhydrides theveof sdvantageousty allows for wsuffident
smount of the molvbdeman compoand fo be ncorporated Iito the domplex.

R Cierterally, the ethvlenically unsatrated carboxyiic ackd or ity anhydnidy s
heated 102 molen conditivn st o emperaturg in the range of Fom about S6°C o sbout
HESRRCE is thereaftor mived with the sucoind imide of formula §,

0019 The malybdenura sompounds used to prepare the molvhduted suscinimide
somplex of the present smxmmﬂ are acidic motybdudnm compounds or sslis of sadic
molybdenum sompoundy.  Genentlly, these molybdenum compounds st hexavalent.
'}iap;emnzagsw examples of suttable molybdentan compounds tnclude, Bt e not Bmited
tr, molybdenum oxide, molybdenum irioxide, mslybdic aold, awmonium molybdate,
sodhurn melyhdate, potssshum . meolvbdate and other alkaline melsl molybdatey and other
molybdemun salts such ab hydemgen salis, eg., hydeogen sodhan molvhdate, Mo,
KoChBr, Mo, or simatlar scidie melvbdemn. compounds. Preferred  aeidic
molybdesum compounds  are  molybdernn wionide, molvhdic acid, ammosium
wolybdate, gad alkall metal molybdates. Partionlasly proferred is molybdenum trioxide,
faaan) I siep (b), & mixiure of the suceinimide product of step {2} and scidic
molybdenum comys cond 18 prepared with or without o dilvent. A diluent is ased, i
necessary, to provide a sulisble viscosity for casy stirsimg. Suitable diluemts are lubricating

oils and Hgeid compounds containing only carbon and bydrogen, I désled, 2oumionium

G
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hydroxide may alsn be sdded to the resction nixhes %{}--é‘iﬁﬂﬁﬁ& a solotion of smumonium
molvhdate
HLEA Cienerally, the reaction mixtwe is heated 8l o Somperaturs loss than or egasl
to abowt 10T and preferably from abowt 8070 to about 100°C untif the molybdenum is
sufficlently reacted, The resetion fime for this step Ixfypinally in the range of from abow
15 minuies to shaut 3 hours and preferably from abous 1o wbout 2 howrs, The sola vatio
of the melvbdenum compeund o the succinimide product of wep (8) i abowt 0.07 1o
abont 221, pwéfér&iﬂ_}; from shoub .31 to gbow 1.3:] and mest preferably dbowt Tl Any
ater present fallowing the reuction of the molvbdenum compound and succinimide
pratucy of step {4) can b removed by heating the reaction wixiure Yo & femperitive
greater than about 106°C, and freferably from ghout 120°C i about THOPL,
ooz} Asother smbodisént of the presest tnvention is directed to 2 librioating oif
gomposiiion containing at least (3} 8 major amount of w base il oF lubrivating viscosity
sred ) & minor amount 5T he motvidatéd seceinmide complex of this invention which i
usefitl as a lnbricsting oif additive, The ubricating ofl compositions can be prepared by
admixing, by conventions! techniques, an spproptinte aweunt-of the lubricaling of
addifive of s invention with a base off of lbrieating visvosity. The selection of the
particular base off deponds on the contemplued apphication of the lubricent and the
presenoe of other sdditives.  Uenerally, & milner amount of the melybdated snecinimids
complex of this vention will vary fom about .00 w shout 10 B by welght and
preferabdy from. about 0.5 10 about 2 2 % by weight, based on the toml weight of the

Jubwicating oil composition,

i
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AU The base oil of lubrceling viscosity for use i the lubricating ol
Sofrphsitions of this fnvention is typiesily present in & swjor amovnt, e.g., an amount of
greuter thus 30 wi. %, proferably greater than sbont 70 wi. %, more preforably from abowt
80 to abowt 99.5 wi. % sud most profrabily from shons 85 to shout 98w %, hased on the

,,

wial weight of the composition.  The expression “base oil™ a8 used herein shell be
understond o mes s hase stock or blend of base sfocks which 'is # lubricant contponent
that is produced by & singly mamoficteer to the same specifications (independent of fead
soavws oF manulctorer’s location); that mvets the sane wmanufacturer's spoeifivetion; and
fhat is identified by & voigue formula, product identification mumber, or both: The base ail
for use hereln can be any preasutly keown or luter-discovered hase il of fubrivating
visposity wsed ko formulating lobeieating il compositions for sny and all sech
applications, £.4., shging woils, maring eyiinder nils; functionst Pnids such a6 Tydrantic o,
gearoils, fransmission foids, et dfizimm% § “hase ofls for use heveln oen mtmn alty

containy  viswoslly inded improvers, &g, polymeric slikyhmetheorylmes, olefinie
copolymers, e.g. av ethylene-propyleng copalyiver or g styrene-lngadiens copalymer; and
the ke andombxtures tharsof,

2:@&:34} Axone skilled iy ihe ar would readily appreciate; the viscosity of the base
it 1% dopendent upon the appiization.  Aegcordingly, fhe viscosity of 4 base oil for use
hevein will oxdinmily mange fom sbowt 2w about 2000 countistokes LS & 1089
Centigrads (U CGonerally, indbviduaily the base oils used a5 engine oils will have »
kinemstic viscosity range ab J00°C of about 2 o8t to aboat 30031, preferably abowr'3 ¢

1o about 16 o8t and most preferably sbout 4 081 fo about 12 o8t and will be solsetd or

blended dependiog on the desired end nse sl the additives in the fnished oil 10 give the

11
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desived grade of engine ol ... a lubricating off composiiion having an ’%? Wisposity
‘Givade mf_-i}\%_’, OW-T0, OW-30, WSO, OW-S0, 0W-60, W, SW.20, SW-30; SW.48, 33W-
30, SWAE0, TOW, W0, TOWAB0, 10WAE0, TOWLSD, 1AW, 15WL20, 18W-30 or 13W-
401, Cdils used as gear oils can have viscositizs ranging from about 2 o8t to sbout 2000 ¢St
st 100°C.

[Ha2SY Base stocks muay be marnfuciored using o varfety of different provesses
inchoding, but not lmited o, disellation, sobvent refinfeg, hvdrogen processing,
ﬂ%.igmnerimiﬁi:ssm esterification, and rerefining, Berefined stock shall be substantislly free
frovm materials indmduced through maenfactosing, s@ntzamis;atim,- or previous use, The
base ofl of the lubrivateg ofl compositions of this inve ation may by any napirsl or
synthetie lubrivating base oil. Suitable kvidrovarbon: sy'm}m‘tjéé; Gils includs, bw are not
Hvited o, ofls prepared from the pelvimerization oFethylene of from the pmlymeﬁ-&vzﬁﬁma af
Tglefing to provide polvemers such a8 polyaphacieBa or BAG oils, of fom hedrovarbon
synibrsly procodurss wsing Serbon monoxide and hydrogen gases such a5 In a Fischare

5

Tropech precess. For example, & suitable base ofl iy ene that pomprises fitde, i any, beavy

Sractiony o.g., Hitle, i any, hube ol Bnction of vistosity 20 ¢Stor ,nnhmf at: o,
D26} The base ol may be derived from natural Inbricating oils, syuthetic

jubiricating ofls or mixiures thereof, Sultable base ol incledes base stovks obtained by
isomeriaation of synthetle wax and slagk war, as well a3 hydrogracked base stouks
wodoced by bydrocracking {rather than solvent exiracting) the romatic and polar
components of the crnde. Sultable base ik inchude those In aft APT eatgories 1, 1, HI, v

and V as defined In AP Publication 1509, 14ih Rdition, Addendurm 1, Do, 1998, Group

IV hase oils ars polyalphackefing (PAL. Grouwp ¥ bese oilsinclude all other base oils net

[
Fed
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included in Grovp L HCHL or IV, Althengh Grovp 3L U and 1V base wils are proforred
for wse-in this invention, these Yase oils may be prepared hy combining one or more of
Group I IL 3L IV aned V base stocks or base ails.

HE Usaful natwral oils nclude minesl lobricating oils such as, for sxample,
Houid petroleom ofls, solvenibrested or avid-trested minerel lubricating oils of the
parsfiinic, naphibenic or mined peraffivic-oaphthenie types, oils derived from coal or

5., rapesced wils, castor vils and Jard o) and the like.

shale, animaal oly, vegetablenils (0.
{HBZRY Usefil’ syothelie ubricsting oils include, bt af¢ not Lmisd 1o,
hydrocarbon ofls and imloesubstivaied Rydrovwbos ofls such as golymerized and
inferpolymetized olofins, eg., polvhutylenss, polypropylenss, propyienc-isobutylens

copolymers,  chicrinated polvbutylenss,  poly(I-hexends),  poly(l-octenes),  poly(l-

deveses), and the ke dnd midtures thereoR lkylberdsney such 8¢ dodicyibenmass,
setradecylbenzenes, dinonylbenzenss, Ai2-cthyihexyir-bemeenes, and the Hke: polypheayis
suoh gd biphenyls, terphenyls, alkyiated polyphenyls, and the Hkel dlkvisted diphemyd
ethidy zmd'_gﬁ;yiatf:d dighend suifides ard the derbvative, soulogs and bomelogs thergof
and the hke,

L DOther wselul synthetic lnbrisating ofls include, but are not Bmited 1o, olls
made by polvmedizing olelins of less than 3 carbon atoms such as ethylens, propylens,
butylenes, isobuene, perteng, and mixtares themof. Muthods of preparing such polymer
oila sre well knows to those skifled in the art.

HEA ] Additional usefil synthetic hydrocarbon olls Include Hedd polymers of

alobn olefins having the prover viscosityv, Fipeolally wsefnl synthetic hvdrormebon oily ave
: Ing PO ; ¥ 3

eri
L
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the hydropenated Hauid oligonmss of Uy to G alpha oleBios such as, for exemple, b
SPUCRE HINSE.
D834 Another olass of wseful synthetic Iubuicaiing ofls include, but are not
fimited 1o, alkylens oxide polymaess, Lo, homopolymers, interpolymers, and derivaiiees
therenf whese the termingl hydrowyl groups have been modified by, for exomiple,
esterifieation or etherifivation. These oils are sxempiified by the oils prepared throught
polymenizetion of sthylene oxide or progiviess oxide, the syl and phenyl ethers of thess
polvoxyatkviese polymers {og., metyl poly propyless glycel other ﬁaving AT AVETAgE
molecnlar weight of 1,000, diphenyt wther of gxe&vcﬁ;vi ne ghyeal h;aww & mindeculay
weoight of S00-1000, diethy! ether of polypropylens glyeol having 4 molecular welght of
FOG0-1500, s orasons- aid polycarboxylie dsters thereof such as, for example, the

seethe owers, miked OOy ftty acld esters, or the €y oxe goid diester of tetrasthiylens

alywed
18832 Tt anothy olass of vseful synthetic lubricaling oils include, but ave wy
Lmitad to, the esters of dicarbogylic acids sz, pithalic scld, suscine aoid, athyl spechue

auids, alheny! succinie acids, maleie acld, seelaio acid, suberic acid, sebacic acld, Rumarie
ackd, adipis ackd, Hnoleio said dimer, malonie acids, alky! malende seids, alkenyl malonie
adids, oc., with a varicty of slechols, 2ig., butyl aleohoel, hexy! aleohol, dmﬁmﬁyé algohgl,

Zecthylhexyl alovhol, ethylens glveol, disthylese glyen] monpsther, propylese glyeol, ate:
ngméﬁc-ﬁxamgi s of these esters include dibutyl adipade, cﬁi*i{Euaﬁ%h}fi}aaxy}}seﬁamm ingie
hexyl fumarate, docty! sebacsie, diisooctyl axelaie, difsodeey! azelme, divety] phibalae,

didecy! phthalate, dicicosy! sshacate, the 2-ethyiheny] diester of lbwdele acid dimer, e

14
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cimpley estey formied by veacting one mele of sebscic reid with two mols of
sefraethylene ghvoal and bwo moles of 2-othythessnoic seikd and the ke

18633 Esters wselfl as synthetle oils also include, Bt are not Himdted fo, thase
wrade: from carboxylic scids having from about 5 to-abmat 12 earbon stoms with alcehols,
og, methanol, ethanol, oo, polyols apd polvel ethers sueh a3 neopentyl glyeol,
trimethyiol propane, pentaerythritol, dipentserythritol, irjpentagrythuitel, and the like.
0034 Silicon-based oils sech as, for example; polyalkyls, polyaryl- pﬂ?vsﬁu}w«
or polyarylony-silosane oils and silicate olls, comprise ancther uselnl class of synthetic
iu%?ria::mim:@-; el Spet-iﬁa, examples of these include, bur are oy Biited o, tetreethyt
silipate, tetra-isopropy! st Hoate, tetra-{. _wir:ih:e*‘i;ﬁzex}’i} sitioute, tetrar{d-methyl-hexydisilica
fotras{ptert-butyiphen y}}siiimtﬁb ‘ hexyi-{4-metlel-T-persoxy disiloxaie,
poly{methylisitoxanss, polyimethylphonyisiloxanes, and the ke, Still pet other usefil
symibietie Jobrionming oifs Inclnde, but are not Umited to; Dould estery of phosphorouy
costsining scids, e, tricresyl phosphale, octyl phosphate, diethy! ester of dectne
phosphionie auid, dic., polymerte tetrahydrofirdns and the ke,

LR The habwicating oil way Ye - derived Trom anvefined, refined and rersfined
oils, either natural, systhetic or mistives of tvo or more of sy of these of the wpe
disclosed herginabove,  Unrefined olls sre those obtained dissctly ffom 8 setursl o
synthetie stwiroe (8.8, codl, shale, vr tor sands bitumen) without further porification or
trostment. Exampdes of unrefived ofls hnchude, but are not Himited o, & shale oil obtalned
divevtly from retorting operationg, a peirelenm off obtained direttly from distillation or an
ester il obinined dirgedy frovd an estorificghion PrOCESs, saviy of which iz then used

without further trzatment, Refined oils are similar to the unrelined oils except they have

,w.
L
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been Farther treated 1o one or more purilication steps 1 IMprove one or mors: propertiss.
These purification lechoiguss are known o those of 5Kl ip the ant and inclede, for
example, solvent extractions, secondary dissillption, aedd o base extraction. ftrativn,
percolation, hydrotrenting, dewaing, ete. Rerefined otls we obtained by troating used oils
in processes similar to thoss used to chisn refined oils. Such weefined oils are also
kenorwn s revlaimed or reprocessad oils and oftent are sdditfonally processed by techmiques
directod 1o removal of spent additives and off breakdown prodixs.

10038 Tubricating of base stocks derived from the hydroisomerization of wax
may dlsn be used, sither alone o in combination with the aforesaid netwerdl andfor
svnthetio base stocks, Such way lsomerste off s produced by tHe hydrolsomerization of
watral or systhistio waxes ormixctures thoreol ever 2 hydrolsometization catalver.

BeITY Matpral waxes are typloally fheé dlack wapes recovered by the sebven
dewaxing of minerad olls) svmhetie waxes are wpcally the wax produced by the Flcher
Trapsol prodess.

e8] The bubriosting ol vompositions of the presevd tvention may also contain
other conventional additives for imperting suxdliary functions ¢ give a fndshed Tubyd cating
oil composifion in which these additives mre dispersed of dissobved. For sxample, the
tubiricating oil compositions can be blended with antioxidants, snti-woar agents, detergents
such a¢ metsl defergents, rust inhilitors, dehading agents, demuisifying agonts, mital
deactivating agenis,. fiction modifiers, powr point depregsants, antiibaming agots, oo~
solvants, package compatibilisers, comoston-infibitors, agkless dispersants; dyes, exireme
mresaure agents and the like and nuxtures thiveot. Aovariety of the additives ars knovn

and coramervially availabile, These addithves, or thelr avelogous compounds, can be
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eniplayed for the preparation of the lubricating oil compositions of the invention by the
psusl blending procedures.

[803% Fxamples of antioxidants inclyde, but are nol Bmited to, aminle typey, 2.g.,

diphenylaming, pﬁ;xaﬁ}'E«.:::'E.;sim—napih}si-sami;m:, W M-dijalkyiphonyly amines; and alkylated
pheuylene-diarines; phenolivs such as, fur example, BHT, sterivally hindered atkwi
phenols such as 2.0-di-erv-butylphenol, 2,6-di-tert-tutylopegressl e 2.6-distert-betyl-4-
{Z-vatyl-3-propapuic) phenol; and wixteres thereof,

j0840] Examples of ashless dlspersants tnclede, bt are not louied b0,
polyalliviens suceinie anhvdrides; non-niteogen contalming derivatives of a pistyalkylens
suceinie’ anhydride; u basic nivogen compennd selected fiom the group consisting of
speoiniotides, carboxy e duld amides, hydrocarind monosnunes, bydrocarbyl polyamises,
dMannich bases, phosphonoamides, angd phosphortamides, tlazoles, og.. allylivlanoles and
benzotriazoles; copolymers which comaln o carboxytale ester with dne or more additions]
polar function, including amine, autide, hming, imide, hydrowyl, carboxyl, and the ke,
&g, products propared by copolymerization of long chain alkyl sorylates or methacoylates
with monomers of the above function; and the like and rixiures thereof. The dertvatives

of thess dspersants, e.g., borsied dispersanty such g3 bovated saecintmides, may alse be

wsid.
jad ] Fxamples of rust inhibitors inehude, b are not lieied to, nomionic

polyoxyaliylene agents, ©g. polyoxyethylens fauryl other, polyoxysethylone higher
alooho! ether; pelyosysthylene nooylphenyl sther, polyoxyethylone octylphenyd giher,
polyeyethviene vetvl stearyt ether, polyogyethylens oleyl ether, polyoxyethylene sorbitd

monedtearate, polvoxyvethvione sorbitol monoolente, and polysthylene glysol monooleaie;

17
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stearie goid and other fatiyseids; dicarboxylic scids: mets] sogps: fatty achd amine salis
metal salis of heavy subfonic acid; patisl carboxybic acid ester of polyhydrie aleobol
phosphoric ssters; {short-chain) alkeny! suoginie selds: partial saters thereof and nitrogens

cordaining derivatives thereofs synthetic alkaryisulfonates, . metal dinouylnaphthelens

sulfonatey; and the Bke and mbuvores thereof
[ag42] Exgples of friction medifiers inctade, but are net limited to, alkoxylated

fatty mmines; horsted fatty epondties; fatty phosphites; fatty epoxides, faty amines, bovated
slkoxviated fatty amines, metal salts of ity acids, falty acid amides, glyvero! esters,
horated glyesrol esters; and fatly imiﬁ.m@ﬁms as disdlosed in U8, Paent Na 8,372,606,
the contents of which are nvorporated by reference hereing friction modifiors ahiained
froms g roaction pﬁséi ctof w o Lo, ;_}refem?ﬁy & Ce 1 Oy ond most prefiorably s Coto
Cw futty acid sster and o nittogencontalning compound selocted from the proup
consivting of gmmionts, and an alkanolamine wad the Bre and wibdures thereoll

{0043 Examples of sntifoaming sgents inghude, bt are not Hmited o, polyemers of
atky] methaprylate; polymérs of Smethylsiicons and. the like snd mihciges theresf,

a4} Each of the Torepoing additives) when wsed, Is used &l a functionally
affertive ameun @ tapart the destred propertios to the lubrzant, Thug, for example, Wan
additive is 3 fiction modifier, & fanctionally effective amount of this friction modifisr
wéntld be an amourd sufficient © impart the dostied fagtiom nﬁs{a'iifjing charscteristics o
the fubricant, Denerally, the concentration of gach aﬁ” these additives, when used, ranges
from about 0015 to about 209% by weiglt, and in one epabodiment about 0.01% {o.abo

10% by welght bused on the total weight of the lubricating olf composition.

i8
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{He4s] The find application of the lubricating ol compositions of this invention
may be, for exampls, in maring cylinder fulwicants in crosshead dicsel engings, crankoense
hibricants in awtomoblles gad railroads and the bike, hibricants for heavy niaehinery such
a5 steed mills and the ki, oras greases for beavipge and the ke, Whetherthe fubricating
it composition s fuid or solid will ordiparily depemd on whether g thickening agont is
present. Typical thickening sgents inchide polyuren acefates, lithiwn stonrate and the Bke.
RIS In snother embodiment of the brvention, the lubricating oil additive of the
preset weerdion may be provided as an additive ';sasﬁkag,ﬁ oF songorrate in whick the
additive iy incorporated inte 2 substantially nert, normally Hguid erganie dileent sech as,
for eample, mineral off, repltha, benwene, fohusne or xylens fo form an additive
concantrate, These concentrates wsually contaln From abowt 2096 w0 abont 0% by weight
of such dituent. Typically a neutral ol having a viscosity of abott & to about 8.5 ¢St &
LO0C and preferably about 4 to about 6 o8t at TR0 will be used as the diluent thoogh
synthetie oils, as well wb oiher srganic Hquids which are compatible with-the adﬁ;ﬁtﬁ;ves sl
finished labticating of ¢hn aler beused, The additive package will also typieally contain
oo of more of the varlons other additives, reforred (o shove, inthe desired amounts and
ratios to facilitate diveet combimnion with the requisite’ wnount of basy oil. The following

non-Hmiting exampley me illnstrative of e present invention,

EXAMBLE
H Into a S00m, 3-neck round bottom Jask ogquipped with an overhead
mechanioal stirer, water condenser with ntirogen line and Dean-Stak trap, tomperatore

comtrotley, heating manile, and thermogenple wes added 232 ¢ of a polyisobueny
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succinie. anhidiide (FIBEAY having & 750 nuwbyr average molenddar weight (Ma)
polvisobutenyl group and @ saponificelion mumber (SAP} of I3% mgKOH/y. The mbnture
wis heatsd o abow 100°C and 473 g of wscthylensperitaming (TEPA; 08 nwle
egivalant fo PIRSAY way charged drop wise intd the mirtare via &n addition funnel
Slight foaming oecuwtred during the ivitdal charge stage, Aller the TEPA was charged, the
temsperatire was incesased to 183°C over abowt 60 minutes and was then held st 163°%0
svernight,

{8048} The material way cooled and 3000 g {00428 mnld was transferred 008
250md three neck ronnd bottem Hask, The Hask was hegted ol 100°C for maleic anhydride
addition. . Next, 4,18 g of maleic anbydride (1 meole squivalent to TEPA) was added. The
sr»s:acza,é'i.f.-':mpemm‘e- was increased to 160°C sepran hour and then beld at this femperature
ovesnight.

{8349 The mixitre wis iii}(ﬁ%iﬁfi 10 8570 and thew 494 ¢ of wieens, 613 g of
mnlvbdenum wioxide (1 mole squivalont fo TEFAY, 5'¢ of distilled wates, and 2 drops of
Tonm iﬂhﬁﬁf&r wete added. The sainture way stred and Yeated At 100°C overnight. The
The Blrate vwas collected and concentrased using & wotary evaporator (full piimp vectam o
& i terpperature of 140°C) o remove toluene and residnal water. The product

wad & viseous brown ¢l and had the following properties:

sl Mo=2.33 wi % '
feasyy Total Bage Numbey = 140 mg KOHy
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EXAMPLEZ
T4U53] A molvbdated succinimide complex was prepared using the same general

procedure and components cutlined in Hxemple 1 encept that the PIBRATEPA charge
molar ratio was .5:1. The molyhdaied suecinimide complex had & malybdumun content

of 103 wi %.

EXAMPLE 3
jois4] A molvbdated succininide complox was prepared using the same genend
procedure and components outlined in Example 1 except that the PIBSA bad 2 1000 Mn
polyisobutenyl group and a AP number of 126 mg KON/, The molybdated succimmide

complex had a molybdenom content of 5.9 wi. Y.

EXAMPLE 4
HHISS] A molvbdated soccinimide complox wag prepared using the same general

wopedure and components outlined in Example 3 except that the PIBSACTEPA charge
molar ratfo was 0.5:1. The melvbdated succinimide complex had & molybdenom contont

of .4 wi %,

EXAMPLES
{856 A roolybdated succinimide complex was prepared using the same general
procedure sid components outlined in Exarpie 1 except that the PIBSA had 8 2300 Ma
polyisobutenvl group and 2 RAF pumber of 564 mg KOH/Ag.  The melybdated

sucsinimide complex had & molybdenum content of 1.8 wi %,

bt
o
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EXAMPLE G
G871 A melybdated sudainimide complex was prepared using the same general
procedure and components outfined in Exarmple § sxcept that the PIBSATEPA charge

medar satio was 051 The molvhisied suecinimide complex hid & molybderum content

ot (6wt %,

- BXAMPLE 7

LU A molyidated succinimide complex was prepared using the same general
procedire and components outiined iy Bxsmple 3 except th the PIRSATEPA charge

mola ratic was 11 The molybdated suecinimide complex had 8 molybdenam gomtent of
4.6 wi %%,
COMPARATIVE EXAMPLE A

159}

A baseling lubrlosting off formiulation was Tormed containing 38 wi %
sterinioide dispersant; 3.5 mMike low overbaged calcium sulfbuate, 45 whdiyg highly
pverbaged caloiom solfonate, S mbdfg wine dithlophosphate deddved from o secondary
aleobol 2 kg wine dithiophesphaie from a primary aleohel, 0.5 wi % diphenylamine
4

snti-oxidant, 0.3 wi. % pour point depressant; 4.8 wi, % olefin copolymer viscosity index

bmpraver and 10 pprm foam inhibitor in a Group 1 Base ol

COMPARATIVE EXAMPLER
U] A baseline lubricating ol Remulation was forved conpining the same

aiiditives, bage oil and treat rave gy i Comparative Example A, A gonpnercially availshle

b
151
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molybdenum oxide sucoinitnide complen derived from a polyisohutenyl (1060 MW ) was
formuluted into this baselive lubrleating off Tormulation siuch Gt the ol Mo contant in

the Formulation was 300 ppin,

EXAMPLEE
ggﬁéf?ﬁ}} A baseline lobricating of formulation was formed contsining the same
‘additives, base ofl and Gest réte sy in Comparative Example AL The huibricating off
additive of Exaonple T was forpolated huio this baseline hubricating off formufation such.

that the ol Mo content In the formmlation was 300 ppoy.

EXAMPLE®
062 A baseline lubficsting il formulation was formed condaining the same
additives, base off and trest rate as i Compurative Exmmple A The lubricating 6il
atditive of Bxample 2 was fornilated foto this bassline. fubrieating ol formulation swh

that the total Me confem i the formadaiion was SOU pomi.

ERAMPLE 10
1H883] A Gassline lubricating ol fwmudation was fommed conteining the same
addifives, base ofl and freal wale ay in Comparaiive Example A, The lubdeating off
additive of Example 3 was foumulated into this bascline lubricating off formplation sk

that the total Mo coniaut v the formulation wes 500 pom.

.
sl
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EXAMPLE 11
{664 A baseline Jubricating. oif fonmulation was formed vontalning the same
additives, base off and frast rate as in Comparative Example 4. The lubricating oil
additive of Example-4 was formulated lnto this baseling fubrosting oil formulation Sush

that the towd Mo coment in the formulation was 300 ppm.

BEXAMPLE IR
10H65] A baseling Ribricating off formutation was formed conizining the s
additives, base ofl and freat rate zy W Comperative Exsmiple A, The hibriesting ol
additive of Bxample § way formadated dmo this baseline lubricating off formudation such

that the fotal Mo coptent i the Toramlation was 500 ppm,

EXAMPLE 13
16066} A haseline Jubricsting ol formudation wee formed containing the same
additives, base oif and trest rate s in Compavative Bxample A, The lubricating o
additive of Example § was fovmubsied into this baseline lnbrivating ofl formulation suph

that the total Me contert in the formmulaficn was 300 ppns.

EXAMPLE 4
e A baseline hubricaing oil fommulation was formed contatuing: the same
additbees, buse olf and trowt rate as W Comparative Example A, The tubricating ol

additive of Exdmple 7 way formulated imto this baseline lubricating off formulation such

that the total Mo comtent & the Brronlation was 500 pp.
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Inaek] Oncidation Parformance

{69} The effecy of oxidation on the lbricating of compositions of Examples 8-

14 comaining the lubricating oll additive of the presem {nveniion ware anatyied and
cosnpared 1o the effect of oxidation on the heselivg hbwicating off formulation of
Comparative Hxamiple A and the iubfic-sté':xg; oil composttion of Compsrsiive Example B
ins ar oxidation benchteit. The oxidation studies were sarried oul in 2 bulk ol oxidation
bench tost sy destribied by B, 8. Yamagoehi of al. in Fribology Tramactions, Vol 43 {4,
BREH01 {1999 in this test, the rate of oxegen uptake &t constant -gms#uxe by @ glven
weighi of ol at 1700 wes monitored. The time requived o reack & porind of rapid
oxygen uptake, known as anto-oxidation, was designated g8 industion thve, Bonch fast
results are generally reproducible 1o within = 0.5 hows, In this test, the longer lnduction
thne corresponds 0 more effective amiéxi.i‘}am. The oxidation bench test vesults are
presented in Table 1

TABLE 1
Oddation Beneh Test Resalis

| Comp, Bx. B Mo Treat Rte | Induetion Time
Comparative B, A . 15 :
Compamtve Ex B SO0 pom 24
Byample § A0 ppmh 55

 Example & S0Gwpm 25

| Fvampis 10 S8 ppm 27
Example 11 a0l ppm 61

{ Brample 12 P SD0ppm | W

: Bxammple 13 S0 pom 13

sample 14 SO0 ppm P
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As the data show, the Tubricating 93l compositions of this fnvention were comparable ahd;
i some intances, significanly better thun tubricating off compositionsouside the SEOp

of this Invention.

COMPARATIVE EXAMPLEC
{0478 atce & 100 mi, sound boliow Hask eqm;}g:scd with § magnetic stirrer] witer
sondenser with sitrogen Hod and Deap-Sunk teap, omperative controller, heating mantle,
angd thermopouple was added 2518 of a1 codmaecially svailable molybdesum oxide
wrepted mono-suecimimide dispefsant prepared fom polyisobuteny? (1000 MW succinde
anthydride (PIBSA) and a polyaniing with ohony Gve smuine groups por moleonls having
4.6% _mm,%y}s{ﬁ{:rmm and 27% nlteopen by welght The charge mele me of
polyaming PIESA was abowt 081 The molybdersmm oxide treated mono-stwuinimide
dispersant was stirred and heated to 1100 while adding 168 2 of midels anbydride {0
wole squivalea). The relxure was stivred at sbont 160°C for 1 howe to yield & black

vingeus il

4 ()MFAR&%?E’;\.-‘Tf EXAMPLED
0671} Tt & 100 1ud, round bottom f‘éaﬁ( equipped with & magnetic stirrer, waer
gondenser with nitrogen Hoe and Dean-Siard frap, tevopuraturs conttolier, hemting mantle,
and thermovouple was added 28.1g of a cowmmercially svailabie modibdenum oxide
tropted fhono-suctinimide dlapersant prepared from polyisobuteny] (1000 MW sucelnie
anhvdiide (PIRSA)Y and 2 polyarine with sbout frve amine groups per molecule having

4.6% molybdennm and 229% nitoger by welghtl  The cdharge wmwole wmtio of

-
£
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polvamine: PIBSA wap about 081, The molvbdenum oxide treated mono-suscinumide
dispereant was stived and heated to 1TI0PO while adding 168 g of maleic anbydride {2
mole equivalents). The mixture was sthred ot showt 160°C for 1 bowr 1o vield a black

visvous oil.

COMPARATIVE EXAMPLE B
Ry A beseline formudation was formed containing § et % sucoluimide
dispersant, 3w % borated seccibimide Japersant, 4 mMikg low sverbased calciuny
sutfomate, 58 sy cmbonylate detdrpent, § mbiikg zine - dithdophosphate, 0.5 wil %
diphenvlamibe antioxidant, 0.5 wi, 9% hindered phenol snti-oxidant, 0.3 wi. % pow point

depressant,. 885 wt. %% olefin dopolyiner wiscosity mdex improver dnd § ppm foam

hiibitor i a Group H base ofl,

COMPARATIVE EXAMPLEF
LHIFRY A Baseling lbricating of formulation was formed containing the sume
additives, base ofl amd treat rate s o Comparstive Hxample B A eommerelally svailable
molybdenuom oxide sucoinimide complex derived from e podyisobutony] (F000 MW, was

formakied into this baseline Mbricating ol formulation such that the tofal Mo content in

the formelation was 300 ppm.

COMPARATIVE BXAMPLE G
werd A baseling fobvicating off Tormulation way formed containing the samie

ndditives, base oif and treat rate ay in Comparative Example B A commercially available
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uobybdenum oxide succinimide complex derived from a pulvisobuteny! (1000 MW Ywag

fermlated toto this baseline fabsicating of! formulation &t 1 wi, %.

COMPARATIVE BXAMPLE K
[0475] & baseline Inbricating ofl formalation was formed contwining the same
additives, base off and weat rate 3 i Compsrative Example B The lubsieating off
additive of Comparative Examplé € wos formuleted Into his baseling Jubrisating oil

formutation such that the'tosal Mo content i the formulation was 500 ppm,

COMPARATIVE EXAMPLE
TS A basgline Jubricating ofl foroslation was formed containing the same
additives, base ofl and treat rate gs in Comparative Bxmmple B The lobsicating ol

additive of Compargtive Example € was formuolated into this baseline lubricating ol

formulation.at 1 weight pereent.

COMPARATIVE EXAMPLE ]
07T A bassline nbricating oit forewdetion was formed contuining the same
additives, base ofl and weat rate w iu Compumrative. Hxsmple B The hubricaiing off
additive of Comparative Example D was forinelated into this baseline tubrizating il

forrmulation such that the wial Mo comtent in the forvmlation was 00 ppm.
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COMPARATIVEEXAMPLEK
f3878] A bassline hubrizating off formulation was formed containing the same
additives, buse off and treat rate ss in Comparstive Brumple E. The hubricating oil
adifitive of Cemyparative. Example D was formulated info s baseline lubricatng oif

formulation at 1 weight percent.

HXAMPLE 15
fayTel A baseline lubricating ol formulation wag formed contalning the samé
mi.di%iwmv base oif and trest rete ss i Comparative Rxample B, The lebricsting ofl
ailditive of Bxample 1 was formdated into this bassline hubricating ‘oil formulation &t 500

o on s Mo haals;

EXARMPLE 18
i A baseling lubricating oil formulation was formed containing the same
additives, bade ofl snd frest mvie as in Compaative Example B The lubricating oil

additive of Example 1 wag formulated into this baseline hulvionting o] ormudetion gt 1wt

=:"‘/a.ﬁ
EXAMPLE 17
{1 A& baseline lubricating ol formulation was foumed containing the same

additives, base ofl and treat mie as b Comparative Example B The Euhr&aai“mg ait
addditive of Exomple 2 was formulated inte this baseline habricating oif fommlaticn such

that the total Mo content in the formulation was 300 ppm,
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ERAMPLE S
U A buseline lubricating off formmlation was formed containing the same

additives, hase ol and trest rale @ in Comparative Bxample B The lubriveting ol

addisive of Example 2 was fonmulated into (his baseline hibricating oil formulation a2 1wt

%,
EMAMPLE 18
R A baseline lubricating ol formulaticn was firmed containing the same

additives, base wil and wewt rate mn in Comparative Bxample B. The lubreating ol
additive of Example § was formuleied intd this baseling Inbeicating o! foramlation such

that the todal Mo contert {n the formulation wes 500 ppm,

EXAMPLE 28
pLit S A haseline habricating ofl formulation was formed containing the same
additives, buse oil. and trest vale &y in Compurative Example B The lubricating ofl
additive of Bxample 3 was formulated inte this baseline lubrisating oil foomulation st 1 wi,

o
S

085 A baseline lobricating off formadation was formed comaining the same

adiditives, hase ofl and treat rate as in Comparmiive Bxample B The lubwicating ofl
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addittve of Example 4 was forpnlated into this beseline. lebricating oil femuiation sueh

that the total Mo content in the Tornmlation was 306 ppm,

EXAMPLE 22
{008} A hsseline Tobrivating off formadation was formed containing the same

additives, base oif and treat rate @ In Compurative Fxammple B The lubricating off
t 3 ? i

additive of Fxample$ was Formulbited into this baseline lubricating of] formuiation at T wi,

%o,
EXAMPLE 2}
R A baseline lubricating off formulation was formed oovinining the game

additives, base oil and treat vate s in Comparaiive Bxample B The luebeicating off
additive of Bsample § wag formulated fmo s basdhne bricating off formulation such

that the total Mo content in the formulaiion was SO0 ppm,

BERAMPFLE 24
foo8sy A baseline lubricating off formulation was formed containing the sams
additives, base o and treat rate as v Comparative Bxample £, The lubricsting ol
additive of Bxample §was formusdated Indo this beseline lubricuting oif formnlation at ¥ wt

’
%

31
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EXAMPLE 23
3RS} A baseline Whricating off formulstion was formed conteining the same
additives, base ofl and treat mate xe i Comparative Bseaple B, The Jubticating ofl
additive-of Bxample § was formulated into this baseling fnbricating ot Tormudalion such

that the total Mo comient in the foemularion wes 300 pun

EXAMPLE 26
e & baseling lubricating ofl formulation was formed containing the Same
additiviss, base oil and remt rate as i Compwrstive Bxample B The lubricating olf
acdditive of Example & was formuiaiod o this baseline lubricating ol formulation st I wi

o5 s

i
009} High Frequerioy Regiprocating Rig (HFRR) Byaluation
3892 The HFER wear and Biction performates of the lubricating il

compositions of Examplés 15-26 of the present invention wate evalnated and compared to
the baseline fubricating bl formulation of Comparative Example E and the lubriesting oif
eonpositions of Qomparative Examples F-K. The HERR test s an industry recognired
hepal test for determining the valve tratn wesr performance iy candidute lubricaling oils.
The POS instrament oses an clostromegnetic vitmator W oscillate o s;m:émam {the bally
aver & small amplimede while prossing agatest a fixed specimen {8 flat dik). The
amplitude and frequency of the oseillation and the leed are variable, The frctiona fores

hetween the ball and Bat and the clectrical contect resistance (BCR) ave measured, The

flat, stationary spevimen is hebd in & bath o whicl 'the Tubricating oi} is added, and can be

o3
_l’fu?
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heated. The lubricating olls ave pretrented with abour 6% by weighy, based on the tal
weight of ubrisating ol ;:a%imn Blaek, The carbon Black is stired fnte e ofl to wet it
and then homogenized for 15 minutes prior o testing, The wear seas on the bally are
measured manually onan opticel microscope and recorded, In this test, a smaller wear
soar curresponds o & more effvotive anthowear apent and a smadlel coefficlent of fiiction
corresponds 10 & more offective fiction modifier.  The HFRR wesr and fiction

porforeance diuta ave presented in Tabie 2.

[}
St
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_ TARLEZ

FIFRR Wesr and Frition Parformange Resudis.
: Coetficiont
Comp. B/ L Comcsntraton of Friction Wear Sear {ud

Cromparative Bx, B - _ 01 19%

Ny 171

e

Comparative Bx. ¥ SO0 ppan

Conpaiative a6 1wk % . 130 i 85

Comporative Ex. H S04 poam N 148 ‘

Comparitive B { I wi % Coogne o 151

Comparaiive Bx, 1 SO0 ppmy B b 149

%-Q@s&zpw&ﬁvt‘v%x. K. I wi Yo 3K 146

S0Gpom 1 0.0 _ 15%

1w 5% 0,174 _ 182

Sxample 17 508 fim {.133 105

UExample 18 1wt 5% AR 211

Exsmple 19 SO0 pom AL 138

Example 20 . W% {1,132 137

Hxaniwle 21 SO0 pom . £.113 18}

Bxrample 22 ' 1wk % 0137 143

Example 23 Hppmm L 0435 170

Fxample 24 L e R 156

{ Exmnpde 25 , 300 pom RS E - 196

i}
T4

| Example 26 : 1wt % ¢.138 17
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As the data show, e lubricating ol compositions of this Invention were comparable and,
in some tnstanees, sipnificantly better than febrichting ol compositions oulside the scepe

of thix inveniions

COMPARATIVE EXAMPLE

{88931 Iato & 500 mil, 3-neck round bottom flask equipped with sn wvarhead
mechandca] stifrer, waler condenser with nitrogen Hue and Drean-Siark frap, temperaiore
corirolier, heating wantle, and themmoeonple was sdded §007 g of cotadepeny! sucoinio
anhydride (ODBA) (avaiisble from Sigma Aldrich Corporgtion, St Louds, Mo, UEAL
6008 g of Bxxon 150 neutrsl of and three drops of foam inhibitor (200 w0 350 o84
available from Dow Coming).  The mixture was bested fo 100°0 and 3258 g of
te:im&-ﬁhyfimepﬁn{_aﬂﬁm (TEPA; 1.0 mole squivalent o QDBAY was charged drop wise inte
the noxture vig an sddition fusmel, Bilght faming ocourred {%m‘ing the inital chargs

stage. After the TEPA was charged, the temperatiee was inoreased (0 180°C over sbout
A6 minntes and then held at 16070 £ throe hours.

0094} The material was cooled to fess than 100°C and 2501 g of melybdenam
frowide {1 mole eguivalant to "'E"HPA}_S &% pafiohsene, 17 g of distilled water, sugd 8.1 gof
Soam inlbitor were added. The mixtore was brovght to 100°C and under agitation a pel
formaed with evolution of foam. 116 g of Boon 100N off was added and the mixture wis

cly, there was no alferpt 1o react

\J &

stirmed overnight o vield a greenish browwn gel. According

the gel with malvie sohydride.

tad
£y
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COMPARATIVE EXAMPLE M

faesy Into a 300 mi, 3aeck round bottom Sask eguipped with an overhesd
mechamival stirrer, water condenser with sitrogen Iine and Deun-Rtark trap, temperaturs
controlier, hesting mantle, and thenmocouple wag added 60.6 g of » polyvisobutenyl (1000
MUW.S succiniy suhydeide having a SAP number of 1203 mgK 0N/ The misfurs was
howted to 100°C and 10.45 g of mivacthylunepentaming (TEPA; Libmoke equivalom) wag
added . After the TEPA was charped, the tomperature was inoresssd 1o 180°0 over shout
100N ofl was added o vield a visvous brown odl

{8896} The material was heated o sbowt 90°C and 32 g of toluene’ was sidded 10
form & Sobution, Tollowed by 7.9 § of molybdenim toxide {1 mwole egvivalent to TEPA)
and 8.3 g of distilled wistey, The wixture was stirred a8 90°C for- 1.5 houss and they the
wemiperaties was mised to 150°0 nod iotyene and water were rertoved over aboul 4 hougs.
The product was 3 visoous bown ofl. Next, 64 g of toluene was added and the mixture
was heated to 95°C o yedaos the vistosity fof fhpation: Severdd aitempls worg fiade W
ﬁi}ﬁeﬁ:‘-ihé sroduct through' o Whatroan brand #7 and #4 filler paper with and withowt
diatorrscsasy earth flter ald without suecess. After yepeated difution of the product with
Fygon TN ofl, the product could oot be {Hered: Agvordingly, there wias no attempt to
react the procict with malele sanhydride,

B9 T] To will be undersiood that verious medifications may be made o the
embodiments disclosed herein. Theretors the sbove deseription should not be construed
as Himiting, but merely as exemplifications of praferred embodiments.  For esample, the

functions described above and buplemented as the best mode for operating the present
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vention are for Hlusiration plapeses only,  Other srrsngements and methods may be
implememed by those skilled iy the ant without departing from the scope and spirit of thas
fvention, Maorcover, those ghilled s the an will envisien other modifizations within the

seepe and spirit of the claims appended hereto,

ik

et



WHAT IS CLAIMED 1I5:

I. A molybdated succinimide complex prepared by a process which comprises (a)

reacting a succinimide of a polyamine of formula I:

O
N

i

O H

NH,

X ey
wherein R is a hydrocarbon radical having a number average molecular weight of
500 to 3,000, a and b are independently 2 or 3, and x 15 0 to 10, with an ethylenically
unsaturated carboxylic acid or anhydride thereof, in a charge mole ratio of the
ethylenically unsaturated carboxylic acid or anhydride thereof to the succinimide of
formula I of 0.9:1 to 1.05:1; and (b) reacting the succinimide product of step (a) with an

acidic molybdenum compound.

2.  The molybdated succinimide complex of Claim 1, wherein R is a
polvisobutenyl radical having a number average molecular weight of 700 to 2,500, a and b

areeach 2, andxis 2 to 5.

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

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

dicarboxirlic acid or anhydride thereof.

5. The molybdated succinimide complex according to Claims 1 or 2, wherein the
ethylenically unsaturated carboxylic acid or anhydride is selected from the group
comnsisting of acrylic acid, methacrylic acid, maleic anhydride and mixtures thereof and the

acidic molybdenum compound is molybdenum trioxide.

6. The molybdated succinimide complex according to any of Claims 1-5, wherein
the molar ratio of the molybdenum compound to the succinimide product of step (a) is

0.1:1t0 2:1.

7. A process for preparing a molybdated succinimide complex, the process

comprising (a) reacting a succinimide of a polyamine of formula I:

O
R _ACH)_A(CH,
N N

I
H

NH,

8]

* (I
wherein R is a hydrocarbon radical having a number average molecular weight of 500 to

5,000, a and b are independently 2 or 3, and x is 0 to 10, with an ethylenically
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unsaturated carboxylic acid or anhydride thereof, in a charge mole ratio of the ethylenicaliy'

unsatrated carboxylic acid or anhydride thereof to the succinimide of formula I of 0.9:]

to 1.05:1; and (b) reacting the succinimide product of step (a) with an acidic molybdenum

. compound.

8. The process of Claim 7, wherein R is a polyisobuienyl radical having a number

average molecular weight of 700 to 2,500, a2 and b are each 2, and x is 2 to 5.

9. The process according to Claims 7 or 8, wherein the ethylenically unsaturated

carboxylic acid or anhydride is an ethylenically unsaturated monocarboxylic acid.

10. The process according to Claims 7 or 8, wherein the ethylenically unsaturated
carboxylic acid or anhydride is an ethylenically unsaturated dicarboxylic acid or anhydride

thereof.

“11. The process according to Claims 7 or 8, wherein the ethylenically unsaturated
carboxylic acid or anhydride is selected from the group consisting of acrylic acid,
methacrylic acid, maleic anhydride and mixtures thereof and the acidic molybdenum

compound is molybdenum trioxide.
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12. The process according to any of Claims 7-11, wherein the molar ratio of the

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

13. A lubricating oil composition comprising (a) a major amount of a base oil of
lubricating viscosity; and (b} a minor amount of the molybdated succinimide complex

according to any of Claims 1-6.

14. The lubricating oil composition of Claim 13, having a phosphorous content not
exceeding 0.05 wt. %, based on the total weight of the composition, and a sulfur content

not exceeding (.4 wt. %, based on the total weight of the composition.

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

Claims 13 or 14.
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