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20 sulfur can be imcompatible with emission control devices and can vesulf in corrosion

problems.

U.S. Patent Nos. 4,357,149 and 4,500,439 disclose molybdated Cys-Cye alkenyl
succinimides.  In Example X1 of both of these patents, a molybdated succinirade is
prepared by reacting a C5-Cyo alkenyl succinic anhydride with triethylene tetramine

25 followed by treatment with a molyhdic acid solution.

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
Patenit No. 2201433 further discloses that the additives are prepared by reacting an alkenyl
succinimide of polyethylene pelyamine with ammonium molybdate in the presence of water

30 as a promoter and then reacting the resulting product with maleic anhydride taken
amouonts of 0.2 to 1.0 mole per 1 mole of alkenyl succinimide of polyethylene polyamme.

All of the examples disclosed i Russian Patent No. 2201433 employ a high molecular
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10 are prepared by post-treating the amine porticn of the succinimide with maleic anhydride, at
a charge mole ratio of maleic anhydride to succinimide of about 1:1, followed by a further

post-treatment with molybdenum triexide.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present mvention, there is provided a
15 process for preparing a molyhdated succinimide complex, the process coraprising:
{(a) reacting an alkyl or alkenyl monao- or bis-succinimide of a polyamine of formula

§ or formula {1 or nuxtures thereof:

O
R
N——(R'NH),H
O
Formula (I)
20
O 0]
R R

N——(R-NH),R'—N

Formula (I



3 wherein Ris an al kyl or al kenyl group having a nunber average nol ecul ar
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In general , BIroUird&dol & PayEREeeds Fotipreparihngor woIybtatét sty Hihi de
conpl ex, t hea;ﬁkf QEL 5SS 1LQIPLE §1RY temperature no greater than about 150°C.

The post-treatment with an o,B-unsaturated mono-carboxylic acid or carboxylic
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A

acid ester at no greater than about 150 Cadvantageously allows for a product which hag
improved fniction reduction when incorporated into a hubricating oil composttion and used

in an internal combuston engine,

It has been further discovered that when the charge mole ratic of the o, -unsatarated
mono-carboxylic acid or carboxylic acid ester to the succinimide of formula [ or formula I

30 or mixiures thereof is from grealer than 1.05:1 to about 6:1, the resulting product exhibits
surprisingly improved wear performance over those that have been post-treated where the
charge mole ratio of the o,B-unsaturated mono-carboxyhc acid or carboxvlhic acid ester to

the succinimide of formula | or formula I or mixtures thereofl1s about 1:1.



(a) reacting an al kyl or al kenyl nono- or .bis-succinimde of a polyam ne
of formula | or formula Il or mxtures thereof: N (RNHH 100 Formula (1)
RN R N- ( RvoNbiy@y73bl Forrmul a (11) 15wherein R is an al kylPcorusadir@mysli4 gr oup
havi ng a nunber average nol ecul ar wei ght of about 500 to about 5,000, R is
a straight or branched-chain al kyl ene group having 2 to 3 carbon atons, X
is 1ltol1ll, andy is 1 to 10, with an a43-ansaturated nono-carboxylic acid
or carboxylic acid ester, in a charge m)le ratlo of the a. 43- unsat ur at ed
nono- car bbxylic acid or h; BOKIDESCAUPdiey s PNRYENSEO® ni m de of formul a
| or formula Il or m xtures thereof of 209reater than 1 05:1 to about 6:1,
and wherei n the reagctradpreednder atrucesile drepatinga rahgdatol suﬁxrimmfg:r@amé»\ t han
80C to no grgagl% ghgg% ﬁglgut 150C; and (b) reacting the succiniinide
product of ste S) an aci di ¢ nol ybdenum conpound to provide the

mol ybdat ed succi ngj, i, de.GouRl & .1uhgheba 4-Re Jgplyhdated éH%hnéf%Qﬁiﬁonﬂ ex
is aliquid at roomtenperature. W 2012/099736PCT/ U82b12/ 020614 5

¥ or formula I or mixtures thereof

O
R
N——(R'NH),H
10 0
Forraula (I
O 0]
R R
N—(R'-NH)yR'—N
O O

Formufa (1)

15 wheremn R is an alkyl or alkenyi groop having a number average molecular weight of about
300 to about 5,000, R’ is a straight or branched-chain alkylenc group having 2 fo 3 carbon
atoros, x is 1 to 11, and v is 1 to 190, with an o,B-unsaturated mono-carboxylic acid or
carboxylic acid ester, n a charge mole ratio of the o B-ansaturated mono-carboxylic acid or
carboxylic acid ester to the succinimide of formula I or formula U or mixtures thereof of

20 greater than 1.05:1 to about 6:1, and wherein the reaction teroperature 18 in the range of
from greater than 80°C to no greater than about 150°C; and

{b) reacting the succinimide product of step {(a) with an acidic molybdenum
compound to provide the molybdated suceinimide complex, wherein the molybdated

suceinimide complex is a Hguid at room temperature.



In one enbodi nent, the reaction tenperature of step (a) in the process is
in the range of fromgreater than 80C to no greater than about 140C, in
anot her ewbadizme13s t he reaction tenperature of step (apcCrmstoie/nprsacess i s
in the range of fromgreater than 80CSto no greater than about 135C. In one
enbodi ment, the R substituent is an al kyl or al kenyl group having a nunber
10 average nol ecul ar wei ght of about 500 to about 5,000. In another

enbodi ment, the R substituent is an al kyl or al kenyl group having a -nunber
aver age nbl ecul arinwei glitedircomiaboutioniO@ptrovabduity @500he rpccangirhige range

enbodi ment, the R substituent .is an alkyl or alkenyl droup having a nunber
aver age nol e%{tl]ﬁcél? t\?\”/ealg‘(g ﬁ}fan:‘% r‘%o%ma%(%u’ti ”a;ig}%f}oa%ggoﬁé eqllﬁ TR ‘E’i%&%%r L3

enbodi ment . Ractios i@ypexetirg oPsitpolabin tangroyess & il tcoadke ol Hlom step da)S0“@to
succinimde of fornmula, | ok.formula Il or mxtures thereof: 0 R N (R

NH), (FI  Formuita “(1%;"““% mhﬁr”?\lg”(R -NH)yR -N Fornula (11) 20wherein R R X
and y have the ahgr.estalod, TP 098xidS: LLACHEH ohikh ARoLHALUNSakur at ed
nono- car boxyl i ¢ aci‘”g or Ocaf(%g%yl ngél gl(l:tjiugp e”st‘erg_gucht’ as® g%:prlyﬁné’ aglﬁé).ﬁ'he

st arti ng!$uceicrigairgddecofr forarubastoupfUF or aedua S1I000.clanatbéco birdridredit.oe feact i ng

an anhydri des&}gtit&%{ Eguz!naaﬂ»:yl or alkenyl group having a nomber average molecular weight from
about 700 to about 2500, In another embodiment, the R substituent is an alkyl or alkenyl
group having a number average molecular weight from about 710 to about 1100, In another

embodiment, R'is 2; xis2to S;andyis 1 to 4.

i5 In step (), a succinimide of formula { or formula H or mixtures thereof:
O
R
N——(R'NH)H
0]

Foroula (I)

N——(R-NH),R'——N

Formula (11)

20 wherein R, R, x and y have the aforestated meanings, is reacted with an o,B-unsaturated
mona-carboxylic acid or carboxylic acid ester, such as acrylic acid.  The starting
succinimide of formula 1 or formula U can be obtained by reacting an anhydride of formula

HE



WO 2012/ 099736PCT/ US2012/ 020614 6 0 O Formula (iii) wherein R has the
af orestated neaning, wth a polyam ne. The anhydride of formula H 1is
ei t her cownpencymbisg avail abl e from such sources as, for pexarspdie/2@@hevr on
Oronite Conpany [IC, or can be prepared by any nethod well known in the
art, In one 10 enbodi ment, the charge nole ratio of polyamne to the
anhydride of fointula iii is 0.5:1 to 1:1. In another enbodi nent, the

charge nole ratio of polyamne to the anhydride of fornmula Ill is 0,8 | to
1:1.. In another enbodinent, the chargg nole ratio of polyamne to the
anhydride of formula Il is 0.9:1,z1n _&ne enbodi nent, the al kyl or al kenyl

nmono- or bis-succinimde of step (a)%{15 &s a m xture of the succinimdes of
formula | and formula H I n another € iment, the ratio of the
mono-succin.imde of formula I to the hisssuccininmde of formula Hin the
succinimde mxture is fromabout | :1 to 10:1, |In another enbodi ment, the
ratio of the nmono-succinimde of forpwhaidato the bis-succinimde of
formula Il in the suceinimde mxture is at |east about 4:1. In another

enbodi ment, {hecih ® 10 dofarbBeupDROmSUCEINh Fhidanial. 26 faraear ronmmtm&
hi s- su00|n|n1de of formula H,in the succinimde nlxture is 9:1, 1in another
embodi ment, THE FERIEEY t HElHh SOBU EEN IR Bf [FoPRIPY: [ChEyOR Heronte

hi s-succi ni nCgepaf fior,nMl dasHbé Rrdphed sHcebnintiide WX Kkkdw S 3 . In one

SU|tabIe oI nes for use |n rln t he succi Jﬂ]df of forqyl | or

fornmul a é%@rwrf KA e w%ﬁ? RGO i BeY e Bolyar Ry e 1o

pol y-am nes 1t r‘i@Im@lmgmz&ﬁ@lﬂyawwdg@ 601€ha8s B PBSumiRUS he POh)iaLKY BiQ1a

pol yam nes m&l, i cal L contain about 2 to about 12 nltrogen ato ng and
2

about 2 to nOat b, PPt PRI Euichys E}OBOW’?%IOI?W HEHOF Y& nes
are those haMh@@ukme&ﬁ@mmnga¢Qhk(RINI-I)x-II wherein Rl is a straight- or
branched- chai n al kyl ene group having 2 or 3 carbon atons, preferably 2
carbon atons, and X i & @cteambddimcRepe efgnt akevwe mexanpbesuainiside babipaa)
| yal kyl. en I n in , . , .
pol yal Ky 1? e pO wxafr]? et e su»%mm%%es of fornuda { and formula 1L In another embodiment, the
ratio of the mono-succinimde of formula | to the bis-succinimide of formula H in the
suceimimide mixture is from about 1:1 to 1{:1. In another embodiment, the ratio of the
mono-succinimide of formula I to the bis-succinimide of formula I in the succinimide
mixture is at least about 4:1. In another embodiment, the ratio of the mono-succinimide of
20 formula 1 to the bis-succimimide of formuola I in the succmimide mixture is 9:1. In another
embodiment, the ratio of the mono-succindmide of formula I to the bhis-sucoimimide of

fornmula W m the succintmide mixture 1s 1:1.

Suitable polyamines for use in preparing the saceinimide of formuala ¥ or formula H

are polyalkylenc polyamines or mixtures of polyalkylene polyamines, including

25 polyalkylene diamines. Such polyalkylene polyamines will typically contain about 2 to
about {2 nitrogen atoms and about 2 to 24 carbon atoms. Particularly suitable polyalkylene
polyamines are those having the formula: FLN-(R'NH)-H wherein R' is a straight- or
branched-chain alkylene group having 2 or 3 carbon atoms, preferably 2 carbon atoms, and
x i3 2 to 11, Representative examples of suitable polyalkylene polyammnes include

30 polyethylene polyamines such as ethylenediamine, diethylenetriamine,
tricthylenctetraamine, tetracthylencpentamine and mixtures thereof. In one embodiment,

the polyalkylene polyamiune is tetracthylenepentamine.



30pol yet hyl ene pol yam nes such as et hyl enedi am ne, diethyl enetriam ne,
triethyl enetetraam ne, tetraethyl enepentam ne and m xtures thereof. In one
enbodi menwp 20te9psbyal kyl ene pol yami n. e is tetraethyl enepentsaninegocis WO
2012/ 099736PCT/ US2012/ 020614 7 Many of the polyarnines suitable for use in
the present invention are commercially available and others nmay be prepared
by met hods which are well known in the art. For exanple, nethods for
preparing amnes and their reactions are detailed in Sidge-wick's " The

Or gani ¢ Chem st r Wty oli{lﬂtvmoiyanlh;fs GChidrneidon hl%es&*%erﬂdwnidu ak966neNofiiber ' s

“Chenistry of Organi.c ) under |.adel phi a, E 1957,
and Kirk-C h?ﬁé}‘1 ?f)g 'Oféqnc C ’%“gﬁpalc% él‘r”ﬁ%c“a} et ﬁio Klé)an'm%?gﬁ ED
especially Vodaum’e 2¢thpgs. forQ@cp}aﬁz@ mlnncs@métfemb@dmkmeart“ detathat ianh?gmikbe o
formula 111 s, L hex . e ahout 130C to
about 220C. %)fi’agggt%h]gg en ﬁ t)?r%}rft “F ﬁf@ aln”h\ \% gqg@ N kr “Infl I's reacted
with the pol Qamnné?ﬂamo@ds"eﬁpmﬁm l}i’béadfc‘mbm hﬂddisﬁt 9.:4’5@(11@ l«aﬁdmtvr 475C. The
reaction,gan.be g r{h'a%fg%};%mg m;%‘ ol nert 2 ;@?zﬁ’»h\%iim%éﬁhgﬁﬁﬁm”Oge.“ or

15 argon. The a forrru e reaction
can range from ahoyt. 30,40, eﬂp%t % £ P %ﬂ{%ﬁ%@»@ Yk hQULahout, 40 to
about 60 'vt. 9/, ltﬁase donth ed{lot a}é‘éu S{ﬁl the reacltl:;gnmﬁﬁxture The
reaction mi xt'vulpeﬂw floeoui 308d takboht 250 While hmﬂt“l cm%qsiémn ot anhyfivde ehar ge nol e
ratio (CMY) Rlwpety ATLACI ARG QL of P Ak blouVAEYe f Bbuexanpl e
fromO0.5:1 to . I'n anot her odi ment eratiois 0.8:1to 1:1. in
anot her 20enb0ﬂ¢ némlﬂdﬁﬁlh@w}ﬂémtmlk@ﬂl@ gdet an 1ﬂﬁfiafm§>b}ﬁ@rﬁ ewb@‘dmmw orthe ratio
is 0.5:1. A5 argop. Sui.Lakl& oParftIa; 'ﬂ;ﬁ%@ﬁ}xjﬁl@it ede B\Qﬂdciﬁlr Qg@‘% diCaRCl d S Gk

car boxylic acr ‘ds esters inclUde, but are not 1imte , acryFl c acid,

met hacryl i ¢ aebd30 ek s weth f;ﬂlﬂ prqf@@iﬁ? opylaboun 4P istapputgfichti s dleadye st er s of
both acr 11 c. and. ARLAAEIYLLiG: AR 1naRd.fAGukLken ARG MKt LS bbgr eof A
preferred a, |l 3- Unsat urat ed nmono- carboxy1|c acid ig acrylic amé

cx, 1i - unsat uﬁlélt‘éidﬂirrb]m—hdlzée’@?’b@%yﬂ( MR Jad pely orng arbydixdel of doraeiedil el e:rly bonds
onto an am ng,. POLLkOR08 sk h@1%Uﬁ%h&lh&kgl@mﬁ&@{ttth@%nS%W“%dl I Qq RiQyi de a
carboxylic acid or ester functionality. The treatnent of the succinimde of
formul a PO or cthlgndeudng thelraigy is fi%t h”rfé@bﬂh@frbééfﬁﬂw thh ratiees §.03- unsat ur at ed

nono- car boxyl i c aci d advantageously allows for a sufficient anpbunt of the
mol ybdenum conpoundatiocffenprigarpoeat-ebapicrtler %ipwlxa%a &l cgeie gichide

compl ex.  30CaNGEA| Moniida1E (dud FHARALUG AL £Sh AROQLCATLRY & 26l ahg 2
liquid at room tenperature and does no require |or to m xi ng

wi th the suctpthitviicdes of botlorariicgod me@tf@r&rmﬁa apf ﬂﬁ@riﬂxwa rhetﬁwt therdoth The
nmol e ratio of thesas. Qs - CALDO 2L 9] c acid
ester, such sﬁhgg?% |L§:!l é;% %EH}% Hgﬂ%g:}% ?Lm%(}:c{fe Cgif ﬂ? g?‘ruT}z;gﬁ\d )@{%JF mula ||
or nixt ukes th@m@bﬁf acwl drlcarparyyic wiid edty bofd mrexanple pofioon §r eatiemithan 1. 05: 1
to about 6: 1StaAng compound to provide a carboxylc acid or ester {unctionality. The treatment of the
succiimide of formula I or formula If or mixtures thercof with the o.B-unsatorated mono-
carboxylic acid advantageously allows for a sufficient amount of the molybdenum

compound to be incorporated mto the molydbated succinic complex.

30 Generally, the o, B-unsaturated mono-carboxylic acid is a Hiquid at room temperature
and docs not require heating prior to mixing with the succintmoide of formula T or formula I
or mixtures thereof, The mole ratio of the o, B-unsaturated mono-carboxylic acid or
carboxylic acid ester, such as acrylic acid, (o the suconimide of formula I or formula U or
mixtures thereof will vary widely, for example, from greater than 1.05:1 to abouwt &:1. In

35 another emmbodiment the molar ratio 1s from 2:1 to 6:1. In another embodiment the molar



35anot her enbodi nent the nmolar ratiois from2:1 to 6:1. I n another
enbodi nent the nolar WD 2012/099736PCT/ US2012/ 020614 8 ratio is from1.5:1
to 4:1. Iwoanieri¢enbodi ment the nmolar ratio is 2:1. | rcamsthen2esmodi nent

the nolar ratio is 6:1. In step8(a), the a, 1-unsaturated
nono- car boxylic acid or carboxylic acid ester is typically reacted with the
succinimde of formula | or formula Il. or mxtures thereof at a reaction

tenperature of fromgreater than 80C to no greater than about 150C. In
anot her 10 enbediament:! ¢ hé lneachd ombidmpetiatrurie ritg ial: 1l leas¢th®0C. | n

anot her enbodi en tion tenperature is at |east 100" C. In another
enbodi nment , %ﬁe F%ﬁ%%}%ﬁg g%ﬁerg%ure is at least 120C. In another

enbodi nent, the rga e e Q.88 thar not her
enbodi nment, the rgag’lgﬂt%e Z%g%gééikgqﬁdwgrggég§d(E%%h%ﬁggdgdfﬁ% *

mol ybdenum conpdindscivsedh tho Sp%@pfalﬂé of hempisl lybdatad: Bue ciniu dereodapl ex 15
e Pt es el iMERNk AR B £, AGALCLIPLYBATANMSATRANIAS: Bl CaH oy aCT di ¢
nolybdenun1conpoun heral these nolybdénun1conpoun_s are ‘

hexa. val éht, uﬁeﬁrr@@erﬁhmwen mm@l esis of st PUablresnabkydidedimme Swpouhds
include, b Ut tegiggaﬂ%tm a! f&v}t @gO’koin %@Lpgﬁ&% \«TB. rth %(e'ag {!eygg"c Cik;gt
anmoni um nol ate, sodium nolybdate, potassium nol y ate an

al kal i ne met éﬂO ﬁcrohym@@hae§mém@l}n@mhé¥t wetyph denprmisal it slowm“ahmhy@fbgén

sal ts, €alitrer t]%{ 351919;%9 ﬂﬁ*qdz! HEM tgﬁbw?t%%txw’m n%(,c ‘HMQO) Br2, M20306, or

S|n1Iar aC|d|c ol enum conpounds. | n one & nent t he aC|d|c

ol ybdenum COWDOUIF};@ nl(ﬁw‘fﬁ@h@fpt(ﬁ&mwﬁ&m%q %%%rﬁ&l«% eg%iw lMng»iﬁpE@;p' d,
anmoni um nol ybdat e, and al kal i "net al nDbe ates. In another enbodi ment, the

acidic rréipyb@fethﬁ?ﬁn@éhﬁwﬁanwaﬁtékyﬁd&’ewﬁe Foresc e, or 38! s¢idie TaBybdem i xt ur e

of the succi i .d&isPr @Gy Of ot ﬁpi;yﬁ(ﬁ*)mtﬁ Ny ?&ln% %YE”P{J\X‘, genum.cemmaund is
prepared with or w thout a di | uent luent is used, if necessary, to

provi de a suftaplce ol Wi»hfiwmeézgw@@f Ficiofigy busi paidingtedie. gehbge e

l'ubricating Qilgeandybdiduiid £OPANAS ANt abilAGmQPhk:C 3hRAR AR hydr oeren.
| f desired, annDnlun1hydrOX|de may al so be added to the reaction mxture to

provide a s ot Lo AGF TRl Ty PsIoy Bk peer Q@@(ﬁéwal‘ﬁiy‘ suphhas PelReen 61 Sm xt ur e

i s heatedpat,a LEAREEALM;En! %@b&ﬂamsgm eaualobe, ahoutcl00C and, prefier abl y
from about 40C to about 100C until the nmol ybdenum is sufficiently reacted.

The reacti on®PivhEenfgr comrandst ey PEe EprddEd Ty e rictdire Mokihgerusf copividbout 15

m nutes to aQ%akd%&q%iﬁba@mr BloRlaer A0l aid LoMaheMhym b didhdRBOME 1R RULE. The
mol ar ratio of the nol ybdenum compound to the succini nide product of step

(a) is about™olyhdaest w@i@f waqdmrlh 35 apdt-herly eitbedi carReundt h e WONERST at i o
of the nol ybdgnum conmpound to the succinimde WO
2012/ 099736PCT/ US2012/ 020614

25 In step (b}, 2 maxture of the succinirnide product of step (a) and acidic molybdenum
compound 1s prepared with or without a diluent. A dihient 18 used, if necessary, to provide a
suitable viscosity for easy stirring.  Suitable diluents are lobricating oils and hiquid
compounds containing only carbon and hydrogen. If desired, ammoniom hydroxide may

also be added to the reaction mixture to provide a solution of anmonium molybdate.

30 Generally, the reaction mixtare is heated ati a temperature less than or equal to about
100°C and preferably from about 86°C 1o about 100°C unti] the molvbdenum is sufficiently
reacted. The reaction time for this step s typically in the range of from about 15 minutes to
about 5 howrs and preferably from about | to about 2 hours. The molar ratio of the
molybdenum compound to the succinimide product of step (a) is about 9.1:1 to about 2:1. In

35 ancther erabodiment, the molar ratio of the molybdenum compound to the succimimde



9 product of step (a) is fromabout 0.5:1 to about 1.5:1 In another

enbodi nent, the nolar ratio of the nol ybdenum conpound to the succinimde
product obVosbedmy is about 1:1. Any water present fol lPoRiUsgoi2logosn€acti on
of the nol ybdenum conmpound and succi nPm de product of step (a) is renoved
by heating the reaction mxture to a tenperature greater than about 100C.

I n anot her enbodi nent, any water present follow ng the reaction of the 10
nmol ybdenum conpound and succi ni m de product of step (a) is renoved by

heati ng the pwedet piorepriixt Upe abont 8. 5tlenplanat. Glrlénﬁrmiwr aboulimnd? 0@ taaabeut 160C

or by heating.the reaction mx fo a e.t r r nder , yacuum
THE O L OF L%Bilﬁ-i‘r %&%@ SL&%FWO‘IIﬁe%ﬁé?en uSi P 8f“|°§g{lr)§é§ti?ﬁ§“\l‘jl gcosrsty for
use in the | ulri pasirndolgiting ompastitanonst! ‘nofmsliﬁbdwmrs dormypeutd mmi sxs"ihyipﬁscal |y
present in a_nmjor . , npunt. .o t n,

pref erabl y 93 é)ta el{)f *?ﬁﬁ’) !ﬁﬂag mmgdi%", Q‘ SHib éo) ILdCE m %u%rigbl emiaé at Lllﬁ 3]5 mt%%b to
about 99,5 whou?d @i dImesti 1q9reeﬁ:e¢hai@iﬂy afiy emeat@matm Sﬁiimunsal&@uiea@ls Wit . thé)g
based on,t he I S Q pr +hase oil" as
used her ei{)n g g%ﬁ% “be ungé?nétqelgd“fkg‘%)%éa%ndrgé%pb‘ Jgkf ‘24 C%§ "?gﬁ St R &

st ocks whi chrergica thintwrd pantengemponént: thivat 1308Cpp @é;imael@@%y oabs |hm;ﬁne tWO
manuf acturerwtdg Og;lhfemeraeg aﬁtﬁﬁfteﬁé%t&]ﬁ&){]ﬁldgl‘«r}»dlgl%?ndent of feed source or

manuf act ur er oca 10 e sanme manufacturer's SpeCI fication;

and that is i dentl fied by pguRigusy [ Dhi: @“%Qq%h%lﬁdgntl fication nunber,

or both. The base oil for l'y known or
l'at er - di scover ed §a3g::0l;] 010£EbJ;dé%<4 %@n&wkﬂgﬂ;\“u&cﬁ%é }{Méa%ﬁlln b bRbsmlat bng
| ubricating oil conpositions any a such applications, e.g.
engi ne oil?s, MireRToREODis &Y Resplly ﬁ@éﬁﬂ eaaleamwm efAaby FRudel e s Rydr aul i c
oi l's, gear o] 5 f;ﬁarb%ﬂ%ﬁﬂté%ﬁ%é J Yb d3.2, 8h&e pﬁﬁ,dlbﬁx' Raakdoie 5§ Rewsbase sail s for
use herein can opt | onal g contai n viscosi t%/ﬁ I ndéx inprovers, e.g.
pol yneri c al kydoAeeiagieiaatvesem ahat fhicabespt) yher dased of the gyl weight of the

et hyl ene- pr opylRag.£opl &c{ﬁ%ﬁm&r“b@&%ywﬂ%aQ%ﬁ%ﬁﬂ& @e@eloxwmm%agdﬂe l'i ke
and m xtures thereof. As one skilled in the art would readily appreciate,
the vi scosi t §odforthad hsese siopky $higpisgeeirdermorapeit thie's appreceayifornele
Accordi nghy, mbh8ac¥lrSCOShE YaBf s@cBRSENQIdnalRhdHS B REH QLR WMol InQrdinard |y
range from about 2 to about 20 0 centi stokes cSt) at 100 Centigrade (C).
General |y, i Retigrdudt|geeshée pase nyiopisciysed siesilesigipnardips swidpitifgave 4
kinematic vi 8608 {Bﬁfmﬁ‘?@ﬁ%uétﬂé@@& 0f naRQUtr Bo®Strit Qas@QQliﬂu U%Qh&@hm&ﬂ be
preferably about 3 ¢St to about 16 cSt, and npst preferably about 4 cSt to
about 12 cSt #Eridesirkopen sehistdisaveard bisended ispendivg onsa5e FemaBsit ed end
use and the REitihyes doRpbd@at ik %eﬁdodﬂl suke® agf)l}(gmlnbee Qe%zﬁ*@edmgr adgnof
engi ne oil, eg,, a lubricating oil Ir;%:l):epsmlon havi ng” an SAl Vi scosity
Grade of 2OW “ON emIMElictwlszi /@919?%@ Jrussie1 20 286 14nsTes 50, by 49,
OM 50, OW 60Ads§%maﬁ‘Wt@033asVO§oofﬂr AW ﬂQmsééﬁ% ‘ﬂonﬁw @QMMHJ-VQ\MR}J-QLW)Q}QW eLQl\éV 30,
10w 40. 10W50, 15W 15W20, 15W30 or_ 15W40, O ls used as _gear oils can
have vi scosi t-EesoPalgE ng Frenranaet oe@tt ©aokBeiit 200 8t RE TroDene
Base stocks payivher sanukactih88ndiShigme:: Yal hetide of odid.Lefments processes
including, but not limted to, disti [lation, solvent relining, hydrogen
processi ng, ol i goNe#iczalk®M the art would readily appreciate, the viscosity of the base oil is

30 dependent upon the application. Accordingly, the viscosity of a base oil for use herein will
ordinarily range {rom about 2 to about 2000 centistokes (¢St} at 100° Centigrade (C).
Generally, individually the base oils used as engine oils will have a kinematic viscosity
range at 100°C of about 2 ¢St to about 30 ¢St, preferably about 3 ¢St to about 16 ¢St, and

most preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on

2
(9

the desired end use and the additives in the finished 0il to give the desired grade of engine

oil, e.g., a lubricating ol composition having an SAE Viscosity Grade of W, OW-20, OW-
g g P g ¥



10 esterification, and rerefining. Rerefined stock shall be substantially
free frommaterials introduced through manufacturing, contam nation, or
previ ous weeoni2lileersbase oil of the lubricating oil conpogcriusesi2obosthi s

i nvention may be any natural or synth®tic |ubricating base oil. Suitable
hydr ocarbon synthetic oils include, but are not limted to, oils prepared
fromthe polynerization of ethylene or fromthe polynerization of 1-olefins
to provide 15 polymers such as pol yal phaol efin or PAOoils, or from
hydrocar bbn 3y mthasi BV PoCEddr 8%, G8i-Hy S¥aphony-AbnoXisdesend. h§dr ogEritgases
such as in a, i %%hfq’» I{)%‘%?g R %%‘%\ﬁ/ oFO‘EV%%aLFRk‘% 40‘3 6’1{' E%'sece%%% Q! T
one t hat conprlses raction; e. e F any,

| ube oil frambr@mmﬁﬁwwnsgoehmya@ﬁnésﬁﬁeahmrgﬁﬁmbaﬁHWBOC The base oi may
be derived fromnatural lubricating oils, synthetic lubricating oils 70 or
m xt ur es t her eof .BaSuiibdblmy basempiaktuicdckndesabas ef dtlorksprobtsat matiding,

i sonerizatio i G X , . h Cl. d base
st ocks produ%ed(%§%ﬁ¥g§%c§gF ﬁgn”Pahﬁgbnt a%wgécw§J%N%§$ ﬁg(?hg?&§

ar omat i ¢ !andespoifiast meowpbweﬂmi roReefeedoytemeshalSipe tsabilastpls Beoiibr m‘ﬁ@ﬂla}*de
those in all i o n fiaed AP

Publ i cati on m,ggm&ﬁhﬁﬁ% ???gﬁmt% d@% u§¥K§ %r€¥&%§ g% G?%Lﬁk @ﬁﬁg§230|ls
are ponaIph@bﬂ@ﬁnmsﬂéFmﬁWmﬁﬂﬁeuﬁﬁvhbﬁsel@BI§C@ﬁmh%@eiahhﬂ@ﬁhekﬂbaée;0|Is
n_Ot i ncl Uded z!s m@ @#ﬂpah!*’ vyja‘rm érlbén s&@xrhg e oild ANH{{'(Q:UQLE( 1@ quﬁin{ﬂlﬂ’i i o!is 9';6 3‘/ base
oils are pre erred use In thi's I nvention ese base o0i s

prepared by gonbhnppigmoretior Ombseler@f orGrouphe polperidition] &f mplgfing tbaxs evidgt ocks
or base ‘?f' SpoiHa&t %Li%gu{y@% Rl o F»%Jg!ﬁ M G Al abuby 5%@45 g Qhd.§,guch as,
for exanple ?qu| eun10| , sol vent-tteated of acid-treated

m neral | ubr et iangpnolpxeb anfaypagarf f4ni weh papht fenie- Tmp~¢h Rgepss.  For
paraffinic-n e € li- oi s,
veget abl e 0|fggﬁg.pgsdﬁéggféégégﬁtq? §t5§ﬁ§?hsggna&£ ?2@b€]>£n%ﬂ§ he

li ke. any, Uﬁe@iﬂld%?ylmtﬁh‘e%pet‘/I?Qbﬁiﬂeéﬂ@aﬁﬁg&to@q S-include, but are not
limted to, hydrocarbon oils and hal o-substituted hgdrocarbon oils such as
pol ymeri zed and i e @ﬁbcﬂ iyzﬁgzripez(é@jw(ﬁ P pauragh ﬁﬂcatmﬁ ils, synthetic tubricating oils

35pol ybutyl enesinotyREORY | &RAES. BLARY i%ﬁﬁdés &QMM@ @egﬁ&pw RSy &L nat ed
WO 2012/ 099736PCT/ US2012/ 020614 11 po utyl enes hexenes),

pol y( 1- oct en&&yictinordp( g stehesds; danae@/he quker%#ifﬂg bﬁﬁfxﬁ@ﬂ@s@@ﬁwéo‘?v

a'ky|benzene§y§&§£<ﬁ5;QQQ@QM%Q@Oé@n@@mﬁ&ﬁhﬁ@@@ﬁ%&@@ﬂ?&ﬂﬁ%mn@b@ﬁﬂ%ﬁQ@ﬁzenes1
di (2- ethythexyl)--benzenes nd the |i ol yphenyl s such as bi phenyl s,

t er phenyl s, &F#sy |t e pof 9%@%4@ “‘Saﬁﬁmtf’ﬁé @F“iCk‘é“ 5 élikw dVeagd dipHeltpE Yot her s
and al kyl at edpdibphemw, subf idesaabhdatihecden vat ives. anal,00s paRd;kopol 0gs
thereof and the |ike. 100t her useful synthetic Iubrlcatlng oi | s include,

but are Rot Peiwithegictis, <P6>ﬂ>s Gravie Yoirsp 61y shitg it PUST Sffeng Bt et Han 5
carbon at onsgaigh @Iuethyl eNdou ¥ ORYH BNEs o RUMENEE ard FOBYLERLuscRENEENE,
and m xtures thereof Methods of prep arlng such polymer oils are well known
to those ski IPMEEPrtEhBaPHS RHEH HFRSFAID Vlfgjé"‘h‘}l“é»é);?ﬂf“ﬁé‘t’ e Ryar ddarBoly oil s

i nclude |i quik PedsyBBES oPfasabipha 15 ol efins having the proper viscosity.
Especial ly useful synthetic hydrocarbon oils are the hydrogenated |iquid
oligoners of C6 tigcGl2aatphas @1cEdeG&1&MC|i\b*@<§1=111£f ofls exani| ex dxegeengid ri mer.
Anot her ¢] ass of use{ul synthetijc Iubrlc |ngﬁ£|Is i hcl ude,. but e. not
linmited £0, BIRFFENE SRS PEHIS ST &idjreqed mpgih GEPGHEE 18 iR beﬁézmers and
derivatives ihemeat onwheta RRmdidgphemt m@Je\ hyid eyl 1gROURS ohave, been:

nodi fied by, for exanple, esterifigcation f|c ion. These oils are
exenpl i fied BYF Y3se™ PP%*ﬁFeﬁ?ﬁ%ﬁ‘?irﬁﬁ@ﬁmgdﬁgkﬁfﬁ'dPﬂzﬁ %F ethylene oxi de

or propyl ene oxide, t e 0 ene

o Do oo gemyrogns Hanahts SRy Sl Setnlidelyt RaP i St gt

nmol ecul ar mehg@kde&m&ﬁ@Qmp¢ﬂkﬂhﬁmyhdfﬁﬁmmwﬁdu@mMywmhyhenengﬁyﬂ@hbhaglng a

nmol ecul ar, . - 1000 : .
[5 px y ut‘y(?mes p%gpmi}yien,e& propylenc-isobutylene  copolymers,  chlorinated



25 diethyl ether of polypropylene glycol having a nol ecul ar wei ght of
1,000-1,501), etc.) or nono- and pol ycarboxylic esters thereof such as, for
exanpl e, wbeopompize esters, mxed C3-Cl fatty acid esteprsT/useom2loeos@Cd 3 0XO0
acid (Hester of tetraethylene glycol .11 Yet anot her class of usefu
synthetic lubricating oils include, but are not limted to, the esters of
di carboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
acids, 30 al kenyl succinic acids, maleic acid, azelaic acid, suberic acid,
sebaci . c aciﬂﬁﬂmuﬁami@ohcjmmmadipﬂﬂfackdﬁ)mbhdl@iﬁm@ghﬁiﬂiMEmpdnmﬁmnic
:flcgfs’lol 2" kgl hrﬁﬂac!aignaltig Ebagf ghOT :.n}éu%cc 1)&1‘11 z.t%ﬁ a‘%%g CLy ii? YMCHFCV\%&PB% I\{Aa“"{lkl,set y of
et hyl . h. exyIm&lﬁbﬁbhybémmwman@ﬂ@Hyed&p dmbphmykenehg%y@@hmwbnaammwm

propyl ene gl le e np, s of S I yl

adi pate, di (égjﬂtﬁ Shﬁ;zhj )se acg} 1)(1@ ;{ fata dipf % lewiﬁcﬁz OC alﬂwcf"l uid? QLRQP

di i sooctyl azefidt er;d ¢ ﬁﬁsmdeﬁ:ydnalaged }éthegr‘i)hipﬂbtiy¢f aphtihdkat e, V\D

2012/ 099736PCT/ US2012/ 020614 12 di decyl phthal ate, dieicosyi sebacate, the
2- et hyl héXyl di editeyr vefful dynthefeeiibricatidodhi ingude, bHerconpivaikd ésods mhdrbred by
reacting one I 4 < Les. of it.et ycol
and two nol e}%mgl'{?{ét g)ﬁgeﬁg?égag&g‘han 'ESQB] 2 8151&?& &1%‘51 gf g{r"L k%%ef ul as
synt hetic oi ~gbuaﬁnsmcm<mﬂi getbnixpugs téﬂrf@an‘vﬁlOﬁﬁﬂﬂéfdﬂaﬂ@a; swchoslerpnidls afa o
carboxylic anQ%tQQMc“Q ahout 5 to about 12 carbon atons with

al cohols, e.g hano ethanol, etc., polyols and polyol ethers such

as neopentyl gl ycgidﬂnﬁ}&' fl%%uh"xk RhetRr %Qﬁﬂ:%’bmp%'g QQLEY&&hﬁ%Q(P lpoiymers of alpha
di pentaerythritol, tripentaerythritol nd t | icon-based oils

such as, ' or olesarisiiag pesl prapsy|iscosiiv| ﬁap%@%iy uswi syniheliqy ardjacaseyn silt axdbe oil s
and silicat eh&?xflo%mt&f)ﬁa?rad éi oaRather, tH 3! Rl e) SN r@‘%rh%hﬁie' phrd.gat i ng
oils. Specific exanples of these inclu but are not limted to,
tetraethyl 15i%f|icate. tetra-isopropyl S|I|cate tetra- (2-ethyl hexyl)
silicate. tetra-(4-methyl-hexyfisilicate,

tetra-(p-tert- butyOﬂhénij/ﬁ)%ﬂlr@rf@éts\emﬁ%%*wﬂ(l& gl DY enit BRI i s to

xane, pol y( mekivle)sideQx¥8aRs:, i DOlY{IBL MYk PheRWksl haXANeS iveaMtebendd ke.
Still yet other useful synthetic Iubrlcatlng oi | s include, but_ are not
t

limted €0, Brg&ingsds tvéimgylofi*vﬁﬁ%oélb\f?oi«’ﬁasme% GQibri Y Sergs. egegicatioy g esyl

phosphat e, tghaalytonPhosphalaye @L&&ﬁ«nmd &Sih@rwﬂ’i)f)rggﬁ@(ﬁﬂﬁsuz@@BQ&QB)!@QB‘& 6racid,
etc. polynerlc t et rahydr of urans and t he lubricating oi

may be deri vEBYFEGH G eFoREaS “?“éfﬁh‘eﬂ“‘éinﬂidﬂ@?‘é‘fi e Q&“P“é“ PRIYEHEEY SR ur al |

synthetic orpdlixéli(€s, Qb iRy rogTRihe sBtoiaMbr Bviddese «Qfe hbecdiypeidk scl 0s ed
her ei nabove. Unrefined oils are those obtaj ned irectly froma natural or

synt heti c soliPide ey, eie,%aaf pobidpene ghcplahaviignp & %vt“ﬂ%‘/ﬁ%hwf ABUL9%ur t her

puri ficats ongiemyt *tl@aatdﬁ@mﬂ, proFXARHES! BOi6f a uhielibnederi drs dooclasdesc but are
not limted to, fﬁgle ol | _obt ai ned dlrectly fron1retort|ng operatlons a

pet rol eum oi POBHEAT RBACHTEE T PERIAPEL 1% [GEFBH DIt @sBEr: 51150 &bt ai ned
directly from anyest efidd bE@t COR«PLICESSer ceaGhfiedhiisehr i s then used without
further treatnment. Refined oils are simlar to the unrefined oils except

t hey have been f uwd henhd cRat @disi @ﬂiﬁﬂ&ﬂuiﬁﬁlﬁﬁnglmsiﬂﬁfilﬁﬁl h@ArcSioe psitkdiol Mpr ove
one or nore ropertle YThef ggrlflca chni gues. 30 are known o those
of skill in PR 5 aft iR ud F‘é %S‘P St etV R EtT B2
secondaryodlsLﬁhlaLme<ma£ndﬂatdhas@maxukamgﬂﬁﬂgdﬁﬁLkmakumm,ﬁm&m@&Lﬂtlon
hydrotreatin et Rer ef | ney e. obtai ned .by .treatjng used
o7 15”1 n°pr oc Bt 8% e[t ffinpio gD diioe bR Per T Aba g S
rerefined oiks, ane ﬁks&gknbmmwa& LQQH&UH&&QBM hepta&eﬁﬁedﬁbhﬂ&kaﬂd often
are additi Onﬁ?dl;}gexe{ %%S?oi nl? Tie Sycopldqa%e?c ne GE\/eLg]t g‘gm:[e?le{ %q&}g)ﬁen _GE‘VLO} P t

Specific examples of these esters inchude dibutyl adipate, di(Z-cthythexylsebacate, di-n-

35 hexyl fumarate, dioctyl sebacate, ditsooctyl azelate, diisodecyl azelate, diocty] phthalate,



35additives and oil breakdown products, WD 2012/099736PCT/ US2012/ 020614 13
Lubricating oil base stocks derived fromthe hydroi sonerization of wax may
al so be uwseadp1zidvtser al one or in conbination with the aPorasaéidopmtiur al

and/ or synthetic base stocks. Such wak i sonerate oil is produced by the
hydr oi sonmeri zati on of natural or synthetic waxes or m xtures thereof over a
hydr oi soneri zati on catal yst. Nat ural waxes are typically the sl ack

waxes recovered by the solvent dewaxing of 10 mneral oils; synthetic waxes
are typicalI@d@mépMBmMpnﬁdumghwby@Eh@eEi@bﬁﬁﬂwﬂﬁ@ﬁscﬁlppbﬁesSiﬁA@DHmiONAL
LUBRI CATI NG O L ADDT VE Lubricatir . on ning the
mol ybdat ed sUCCI R OrmsL]ni‘i}l n’mm’f eman gld by C%%Chc 3’”10?%@%23 %?ksf?s'uﬁ& j!écn"t

i nvention nawwaﬂ&@i@mmmﬂ%mt@kﬁ@?mmmnwenﬁamhmb1@:5 addi tives for |n
auxiliary functions to give a finished lubricating oil conposition in which
these additives disgrdisspersedhor dissbolivede. Foprcaxahpliel tot thesel tabeiteat i ng
L1 Sompost LLOASGANACRIENAGH WLl 530t L) 9800 Son bl WERIAAR0L S,

ashl ess dlspersants eterdgents, rust tors, azing agents,

derul si f y? ngmagent.sitharel alc.. debeti »\ﬁétmh@i adentsgsh fr hopEON Sl fiimedylo!

ant | f oam ng_AAGNE SpenRAY: PP 305658 Al SucRrRRLAEAL S PACKage 20

conpati bi li ser corrodi on-'i nihi bi tors yes extrene pressure agents and

the |ike and ”‘XR#%%%t%@@rﬁgfquﬁu¥aﬁkekxm9k %h@a@gﬂ'§&¥§§,a&ﬁm%@QMﬂo@nd
comercially available. These additives, or théir analogous compounds, may

be enpl oyed PEYayhe-plosparati oW vicachelly worpest FRgepitreldorpost’t Homstiof t he

i nvention by bhg:Hsyal @%éja'@QmRﬁQQﬁdH&@Sndﬁ%aﬁEl§§1&?hﬁ@&ﬁ%%'gﬁﬁﬁéi
include, but are not limted to, amnic types, e.g., 75 diphenylam ne,

pheny! - all phasihesis memka iGeipt ey Yy Apshesic abncwm(‘%cylrﬂézt/ Elpxyhsilicate,

phenyl ene- di am, nes: pheneljicgicatch as, for exanple b L peSbahdiGRkink,
hi nder ed alkyl(gﬁeﬁolgﬁgugkgas 2, 6- di-tert- butgﬁé'gﬁgg PR :
vy

2, 6-di -t ert - BRIt losass. mwhdmohsrpiny Pelrasutpe Ja g 086l yezehgrepihoi c)

phenol ; and O %&:&aﬁ%a@t inEXRMRL L8 Ofo: AR WEAT AU LS | RGIHEBercbuUt are
not Ilnlted to, zinc 30 dial kyldithi ophosphates and zi nc

di ar yl di t hi opfiGeprareds. %2-glicreHorwsplue fiitssd TwstiAcaftiel esiyoBdrdnet al .

entltlednge#QL19@§hkgiggt&gﬁgmgh@nhgggﬁéggggﬁgrgpand Ef fecti veness of sone
Metal lic Dial ky and Diaryl-dithi ophosphates in Different Lubricated

Mechani sms”, appeak Iimcmé s LU By GR e 8 4 SR eNEEIAd 2o ARABUAL ¥rcliB8Ls SRl OF
exanpl e pages 97-100; aryl phosphates and phosp hi t es, sulfur-contalnlng

esters, phosbwessu|8¥“ﬁ¥méo%p@u€ﬁa%§ OBt Wfsséw o dBF58f Hi AP RIS |
xant hat es, ahkyhans W figlesnaangs thandd keuapd smiod) WosS: herenfsyniBe source

2012/ 099736PCT/ uUS2012/ 020614 14
(e.g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples
25 of unrefined oils mnclude, but are not hinvted fo, a shale oil obtained directly from retorting
operations, a petroleum o1l oblamed divectly from distillation or an ester o1l obtamed
directly from an esterification process, cach of which is then used without further treatment.
Refined oils are similar to the vnrefined oils except they have been further treated in one or
more purification steps to foprove one or mmore propertics. These purification techniques
30 are known to those of skill m the art and include, for example, solvent extractions,
secondary distillation, acid or base extraction, filtration, percolation, hydrotreating,
dewaxing, etc. Rerefined oils are obiained by treating used oils tn processes similar to those
used to obtain refined oils. Such rerefined oils are also known as reclaimed or reprocessed

oils and often are additionally processed by technigues directed to removal of spent

2
(9

additives and o1l breakdown products.



Represent ati ve exanpl es of ashl ess dispersants include, but are not |limted
to, am nes, alcohols, am des, or ester polar noieties attached to a pol yner
backbone woaotwivassng groups. An ashl ess di spersant of wPrhe/yse@zenicl4
invention may be, for exanple, select®d fromoil soluble salts, esters,

am no-esters, am des, imdes, and oxazolines of |ong chain hydrocarbon
substituted nono and di carboxylic acids or their anhydrides; 10

t hi ocar boxyl ate derivatives of |ong chain hydrocarbons, |ong chain
aIiphatic<hydrocdn&dm@n@aﬂbngsadpekyaﬂﬂﬁen@thahhedmﬂhﬂﬁmwfyatheve$®beand
Manni ch condegnsa duct I o) i.n longd.ch ubstituted
phenol wth for nﬁtkdeaﬁ'u dé”I and %bm‘%’n \ﬁﬁq éhgtgpo @3%%%3‘@8%‘%“ ?Ea\c I sper sants
are reacti on&mm@ioymzﬁ chir b@)éydndbv &@ylb abispgeragent  sf@act dssynib&ic waxes

anhydri des, esters, .etc. o dsing at | ea about 34 and preferably at
| east about §i§§a§ tm}“3 “gquihimn%] gmr‘i%c%%lt’talmng conpounds (such as

amties), organi r ds. ( C udi ng
nonohydri ¢ and p%WQ%%dgﬁ%S% g%ﬁ%Pg%“)éygpgﬁgi?%kggﬁ%%ﬁﬁ gﬂP%qug %8%henols
and napht ol s)neradmelporynibasd evakqvorrganiieliatbeniaal wodThede thederhon grdgduct s

i ncl ude inidg am des, esters, and salts. 70Succinimde dispersants are a
type of carb xyilc dlspersant They are produced by reacting

hydrocar byl - substi tut ed gygsediping,2cykald Nrageni thiopgani ¢ hydroxy
conmpounds, or with am néSTConprTsing at Teast one nydrogén atom attached to

a nitrogen atom Qf:WMihh & ThathdliBnO ol BBy EE OXYyCRIBONRLS AN camines. The
term"succinic ac Iatlng agent" refers to a hydrocarbon-substituted

succi ni ¢ aci BeRFeR DS ECPRFES Q€I PrEauEIRAY I8 oRpodiRY Ot HB Ul terveBh¢8hpasses
the aci dikt sgldiSUEh iIBL@ AkSat VPiCahd ¥ 406 vde-hydrosar bybos d}#!%&}hﬁdlt ed
succinic acids, anhydrides, esters |nclud|ng hal f esters hal i des.

Succi ni c- bas@H“Hﬁ%ﬁéw@éﬁ%? Raveseesaf e daeivety b @Héﬁ#e&%*éﬁ?&%f%r@% ne
class of sucgicSribased sl SRELSARNKS MBY: DI GRI-GSONIRG bYshfar Mubdsdl; WO
2012/ 099736PCT/ US2012/ 020614 15 wherein each R3 is independently a

hydr ocar byl §F@&H™ SHCR AL Bot46IePTn et bet Bf 8&&@#&&1@&&1@@ ARE:
hydrocar byl grawp i@, aldi@ningdb@WR, PUChoRS @pRahMb SEDULIQANK! HBRALD.

Al ternatively expressed, the R _groups can contaln about 40 to about 500

carbon atomsCorHREies EORP U ITHRYC be WP e SEFITC Wt REPPcaKo s keRA™] s an

al kyl ene gr obipu600006 W aRic8tdTyilceneini( &2 ) ncg ko cordnecidild Svallatho Tﬂ-l%v‘
Exanpl es of succini mde dlspersants i ncl ude those 10described in, fo

exanpl e, U. SMABEERAY Rl adoepym cgopeunds, sy b3y nipdgon &5, pragiration 'of th“rhe

pol yal kenes fu!’}ﬁ(fﬁh%bi@hmﬁﬂau%é%m @Rt onGF QNS A LRSS hveduaEe typically
honopol ymers and i nterpol ymers of pol ynerizabl e ol efin nonomers of 2 to
about 16 cgr bon &Ixﬁﬂi{ii,ex amchnistddnlsy indiutiQ ®uicas bon aarensm Eﬁ&l@F@kﬂech Whi ch
are reacte e Su IC ac ormthe car X i

G Sper oot cORBOKERTn PeaH BE oRb R Es Sany Cpsyamneges BT8Rt i i de
di spersant s giayieefantiac, pianakc subhs sbnsenpbayiinataedilyhicienrt aikn pitdaogen

largely in the form of in ncti.onal.it al t hougq he nltro en y be in
the form of ahFﬁésbf%ﬁﬁﬁébiﬁF?g géﬁiﬁgg’“ ﬁf&ﬁ?@ﬁ#ﬁgs AR ﬁ?atures
thereof, To phgpalcep@nSuaaimikmideceiosper sant, one or nore SUCCI.n.IC

aci d- produci ng conpounds and one or nore 70 am nes are heated and typically
wat er is rennvedi}empkonaflmﬁmmmtheﬁﬁ%esamﬂk oﬁwa<ﬁmb3maHBMahlyoinaﬁd

or gani ¢ dta k“§1§a{1}¥1§p {tnég‘\a ey cmdi #ne at‘l}l? é[ditggggl%oag% % t?t AL 5l :ahd €idd Om

about 80 0SI 8f {theml% X%»m gl m A jﬁtmh

product, mhlth@yptﬁahhymf§kh3mhétME®nuabmﬂmuﬂﬂ@@ﬁh@mﬁbbﬂﬁnﬁﬁﬁﬁﬁﬁdﬁmi|Onal
g?;glelr gaﬁ?g géga e%m}ke‘vSA E{(P %E&Iu na? ﬁnor??msl;]) %Leesg?f{ Iiﬂgeigngu I%gtlﬁ‘ ’\/rP%cglgniizirﬁs", f
exanpl e, U. SappE?atngnh INbsati3n $5’1211089Q2 I8 9,968 Gee IgrXhk2nFid Gagh, D3DAB5]

6, 165, 235 and 6, 4

phospl ntm ana? phosphites, sulfur-containing esters, phosphosulfur compounds, metal or

35 ash-free dithiocarbamates, xanthates, alkyl sulfides and the hike and mixtures thereof.



Sui tabl e ash.l ess dispersants may al so i ncl ude am ne di spersants, which are
reaction products of relatively high nolecular weight aliphatic halides and
am nes, pweferzabbisepol yal kyl en. e pol yam n. es. Exanpl es eCT4aiseé2anione

di spersants include those described i, 30for exanple, U S. Patent Nos,
3,275,554, 3,438,757, 3,454,555 and 3, 565, 804. Sui t abl e ashl ess

di spersants may further include "Mnnich dispersants,” which are reaction
products of al kyl phenols in which the al kyl group contains at |east about
30 carbons at oms \iicplrsakaiehydespi{sespetical bippdronwaibdedry de) aanobtamingsto,
(especially | yam nes | SpeLsant s J.ncl ude
t hose descrijgﬁg aﬁ%#%rzgggs % éﬁﬁ%§m3%€f? ﬁ%mg'iigiépgé%gogﬁﬁj §%,629.
3,591, 598 anudi@@80p&H69. Anw&ﬂ®©I@@@@@?@ﬁﬁﬁﬂﬁﬂ@ﬁﬁi@ﬁ@@@ﬁmﬁ mﬁfM'wuwpﬁuitable
e o2 O SPRLSANLR AN A0S RISt eALEL AR 500l APELSGNLS SUED, s
post - treat ed SUCCI ni m des ?n eat fe processes 1 nvo V|nj§borate
or ethyl ene danbdmémana31dl@@hmﬁedkmn ambﬁhaﬁanﬁkeauw38u PatreathyNodss:

4,612, 132,an 6. i S, as, ot

pr ocesseé ‘eO“&%fsbéan%?" B %”e‘"s t“egnalc T yer é%c?é“n?‘?’ C?Qg h af?%f%‘g‘C {fﬁ&%p 5

succi ni m de &emmnaﬁﬁmmmqp@beubembghhavxm@‘ﬂanmmemuka&mmepgﬁtdoﬁymabout
450 10 to abou preferably.f o] Out

preferably f?on%mﬁgggg 3%§Lf%%§5%3 ggﬂ%% Q%F 9 é?gﬁﬁe g%géfggpﬁ%g{g%out
2000 to abougci2A06. as well as m xtures of these nmol ecul ar wei ghts. A
preferred ashl ess dispersant is prepared by reacting, under reactive

condi tions, a m Xtagroeysf dispepyobty bt resveos pdiag ef @diodylderclpang sgents dreids,

unsat urated gl g, [EAGEN ) CORALNTE el Bung0l430g %&%bﬁ{rﬂtic%q &%hdmrgﬁégent
and an olefin, "and a po1yan1 , such as disclos S. Patent No,

5,716, 912, tﬁem@@ﬁﬁéﬁtc’ngO‘FOﬁmP@Shk@?}@ufﬁﬁﬁémﬂ@@? atiech) hég@ﬂfrﬁw@yaxv éﬁ@?@iﬁéfe

Sui t abl e ashgﬁ%s%da I BREESBRbSIRALBE BRROLY TR Wweaw CRoBE of AGLRAO! yITer's
of oil saubil |2|ng noner s’ suc decyl acr at'e V|ny ecy et her
and hi gh nol eceioardsweighitg @b@ﬁﬂsn@l%@h%bh@ﬁé% b@%mtl‘mrgﬁﬂngmpf@vé# These

substitutes.mgﬁgg%(ggjpgdg&Jﬁgﬁgu&niggﬁgh5£@ .s@nts include those described
in, for exanple, US. Patent Nos , 658; 3,449,250 and 3, 666, 730.

in one ppeferred %Ui?@i%&&ﬂipﬂintl De 2RI RSV HHNYVE BLh OBt a2 RSR..H sper sant
for use in the lubricating oil conposition is a his-succiirimnmde derived

from a pol yi $6Biie EnyPeagivbad-favi pgcaiofanper |verdgerpicdetirar caioghts. of

about 700 t 0,abQULiR3Q0mpldhe; A1IRRLSANEAS) ad® arh@Ed WSEnil:dhel B8l MATICAL I Ng
oi | conpositions of the present invention are preferably non- olynerlc (e

g., are nonoltWgie i e SyEofPgesy and amines. GEp & E| P CHEY B c@?ntmﬁ?@

ashi ess di SpRr:SAbloSaBliLsbbRE& Mucdiflc b8 of MBELERELNG QL COMMASIL 19 Mikn an
anount ranging fromabout 0.01 wt, to about 10 wt tbased on the total

wei ght of t & PHBFPE AT igdoi ! lc ofpds PEFGHS W@br‘%é%t mtdrsraroskahpliéy of
nmet al det er ggntisicianal, UAE s lsf @nat@siaal kvt Rhedakesalides.

Succinic-based dispersants have a wide variety of chemieal structures. One class of

succinic-based dispersants may be represented by formula IV:

O 0]
Rg RS
N——IR/NH],—/R,;—N
O O

30 Formaula (IV)



sul furized al kyl phenates, carboxyl ates, salicyl ates, phosphonates” and
phosphi nates. Conmercial products are generally referred to as neutral or
over basedvoerivased netal detergents are general |y proaatas2dg/oewibonat i ng
a m xture of hydrocarbons, detergent &cid, for exanple: sulfonic acid,

al kyl phenol , carboxyl ate etc., netal oxide or hydroxides (for 35exanple

cal ci um oxi de or cal ci um hydroxi de) and pronoters such as xylem nethanol
and WO 2012/ 099736PCT/ US2012/ 020614 17 water. For exanple, for

pr ep- over basetercialewihuin is indbfeohatie ¢ hydrocant grap.isoth astahehoilicidamadxide. or
hydr oxi de react.s W\ qo a i oxide t.o form. arbonate
The sulfonlc? 1&1§fét%ég¥ ? ed lgaﬁ gﬁngxgogézﬂﬁleagﬁnlg%hLﬁpﬁ “fo form
t he sul f onat éiter&the![v °epcam:11 ésf ?bforc&m taabbaxudeb@r dgent Souuddd uﬁbommia‘t agh

sul f onat es, general . a 10ber. at f.onate f rein ¢ e_any

ber at ed sul fgﬁ\aﬁt% rﬁnoﬁ% bl  t he i fﬁ% li)(é]?late %I }e‘!‘ag‘f egfgg ’ Ld)ggmﬁ%r &I n can
have a totalmhdse(ﬁdﬁbeﬁanEm&voﬁmﬂﬁoﬁnaﬁﬂuﬂﬂi@mtmnabdmmﬂﬁﬂﬁhnhﬁe@w&:

erbodi menh, ARRLALCH,SULIanALe has &, TEN L8, 17 omaabal A0 e about 100, In

one enboélnen erated 'sul fonate froma out 0 to about

250. I'n one e nbOd).“tl)lgE&;Iﬁi yali@ne efr?ﬁ edniyl E(ﬁ Qgﬁsﬁtubﬁs gl@'? IBMQ Ofc: LM ’Rg&l&n #90 1 O

about 500. 15The bor‘at'ed al kaline earth netal onat es can be repar ed
met hods knowmetiagolylersagnd, inwrpglyincss odpslphosabic| vetly, 8ondarent 2App1bp®atq on

Publ i cation M&;en@&?@%@@‘%ﬂ o8 F?hs% g%ﬂxei?'l{o%so‘c 11‘(6"67{1 AL E‘PIquQ(F %%q

ref erence herein. For exanp rated ine eart sul onate
is prepared mutm@c‘ﬁ@ml&,@mnﬁgo ﬁ@[mnéfr carffor) Ly dagets i goepdsitian chelmstorgpeingf  an

oi | solu@ge ?HJLQ L.e.acid or alkaline earth sulfonate salt or mxtures

t hereof; (ii east one 70source of an alkaline earth netal; and (iii)

at | eaSt Oneé sourge; i%fmcp:%s%@mﬂ 4y I‘%{:fﬁ‘:ﬁ%@%ﬂ%@ ‘Qlfl(. c(‘(')g\()m\%ailk e%&m AR&gen
hydr ocarbon solvent; and (v) fromO to | ess tha Eercent relative

to the sourcEEsh Bobofrmot Erdcolarivadit hg‘ha@}%& ﬂ“bflﬁ”éaéfﬂt Il%}h ¢ Hethg g el of

boron; and (Q%mﬂﬁ@&h&gwﬁhemﬁﬁéﬁhkgaﬁﬂh&dyﬁkcﬁhsGﬁimk@1@n<QWD?£@L#£ﬁ Aabove
t he dlstlllatlon tenperature of (iv) to distill (iv) and water reaction,

25Met al - cont SiCiPFgicotsasRf Bieni” Aeprd stceinertish paieeiconrasdpstdrider 8i%ent s t o

reduce ongr efpMes dePASIdiS.RNG pREIAG A NEULLAILZ 8FSnQlly ws& ;pphén@& tQrs,
t hereby reduci ng wear and corrosion and extendi ng engi ne | Det ergent s

general |y cotiyripasiiassloarnidgdidwptyeny dlerig F}Wﬁefpfﬁfbwr&mtdm canTREepsiar head

conprises a ﬂﬁ%ﬁko@mﬁt&ﬁu@&m%%é&@nqﬁﬂﬁQ&Qn%@@R@&BﬂmgEbensék&Q NBYcieont ai n
a substantially stoichionmetric anount of the nmetal in R
typically falls between about 100°C to about 300°C. Additional details and exanples of

procedures for preparing the succinimide dispersants of the present invention include those
25 described in, for example, U.S, Patent Nos. 3,172,892, 3,219,666, 3,272,746, 4,234 435,
6,165,235 and 6,440,905,

Suitable ashless dispersants may also include amine dispersants, which are reaction
products of relatively high molecular weight alipbatic halides and amines, preferably
polyalkylene polvaminegs. Examples of such amine dispersants include those described in,

30 for example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,804,

i

suitable ashless dispersanis may further inchude "Mannich dispersants,” which are
reaction products of alkyl phenols in which the alkyl group contains at Teast about 30 carbon
atoms with aldehydes {cspecially formaldehyde} and amines (especially polyalkylenc
polyamines). Examples of such dispersants include those described in, for example, U.S.

35 Patent Nos. 3,036,003, 3,586,629, 3,591,598 and 3,980,569,



30 which case they are usually described as normal or neutral salts, and
woul d typically have a total base nunber or TBN (as can be neasured by ASTM
D2896) ofwbreom®@9Itie about SO A | arge anount of a netal Phags20map2dses

i ncorporated by reacting excess netalleconpound (e.g., an oxide or

hydroxi de) with an acidic gas (e.g., carbon dioxide), The resulting

over based detergent conprises neutralized detergent as the outer |ayer of a
netal base (e.g., carbonate) 35m celle, Such overbased detergents nay have
a TBN of &bout 15ﬁﬂdﬂegﬁ$a$éﬁpeamd1bpr@ab¢yo%ﬁkﬁemaVQﬁadﬁBNwo%smﬁoaaabout

250 to about 4?90& cib \uvu%nrigv\é\io 201 ¥1§6PCT/ U§2012 206?5 1,](: or ethylene

0S Ciil | ProGeEsses mvo»n
Det er gents t‘h e OI p%ﬁi e neutra over based

sul f onat es, pﬁ&m&tesdm@u%ﬁunl@edeﬁeﬂabeﬁﬁmth%@phﬁgghbnmteéﬂv§éimEWhates,
gg?t ngrg_?legﬁf edz W% %%. gceﬁl:ostoi‘lfz{'(lt Sa?‘! p%g}agﬁ{hbco%i}glog‘}@%u&d ﬁB,rrgfal a‘wrmggid 18

pot assi um Iapﬁ;mm$wsa$mnmﬁ¢dandihwgme@buﬂhsmhawwusﬁwwbmn@mhvﬂus@m4ﬁhtaIs
are cal ci,ym i J \: t e, ke n_.det. tS.Msed in
o Tubri ol e o e b e PR BBl
Part|cuIarIymcmHWéﬁﬂ@mbdnmnaiMd@bem@enﬁ@uaﬂﬁﬂmeﬁmnﬁkﬂandw@ﬁ@ﬁbagedseﬁlcium
sul fonates havi.ng ;I g” of. f,Lom about 20 to about 450, neutral and overbased
caIC|un1phenates and sul'furi zed phenat es having TBN of from about 50 to
about 450 and neuf rak..and.o d 4 sium.sakigylates, havi ng
a TEN of fron1abou%% ;%D 1%§Etﬁ§%, g%%%%?%ggrgﬁgﬁﬁk(hegéégéﬁ§§hﬁﬁket her
150ver based wisiyrent ﬁabivtfjﬁubovmnmd Beivgded an unsaturatqdrpesirercegthodippemet,  t he
det ergent; cag De,0N&, O IBE Ge@hKahd o008 kah Lng eakt B‘?Raé SRkd 5 0F an

al kyl - substltutea ﬁlérq£§aroﬁgﬁﬁclc§r Sxy ?c E 1‘"%%n'gwu 15ﬁydroxyaromatlc
conpounds i nEdedéonphidriliél teareniroinehyticory Hanmv@ldylhsrdir‘twyiewmtl c

hydr ocarbons having 1 to 4, and preferably 1 to 3, h{droxyl roups.

Sui tabl e hydr oxyaroiit idles0disnssrpoEAalse At Pues hehsh arcdak@ehprrs of oil
resorcinol, hydroy @@f@%mp%wg@hécgl mﬁg&@%, vithebN&et K@i nifhendprgher red
hydroxyaronatlc compound i s phenol . he al kyl” substltufed nnlety of
the al kali oP<iiikalkiitte “dar THRORStaFONSHINPE @Phaﬁu’%ﬂﬂkw s gy plegolymeric

hydr oxyan® maalk&l GAL BRXML k%s&a&!sgﬁw§ uﬁ%r &ﬁﬁ&ﬂé reg @&qahpha 30b 884 n havkng from
about 10 to about 80 carbon atons. The ol efins enployed may be [inear or
branched. Th&d75%{7éfi n may be a nlxture of linear olefins, a nmixture of

i sonerized |inear olefins, a mxture of branched olefins, a mxture of

partial |y branchd@ o1 HERFCHFTEPdHSH O §° BIsBh{PYaHiopHE FYFsdbprgt for use |

one enbodi Neftthe LiBEalhXbMESREibh ReAts-0l.ahihs: dhats myags@w&ﬂ%wsgraw Xture
of normal al ha ol efins selected fromolefins_havin out 12 to about

30 carbon at GHESIONUIHET 2iBEe &G Yeigh et é%b&‘?orrén‘fm%‘ Réﬁ%o?wwawﬁﬁa

olefins are ju30R & 1E8Gh1SHRToiALoth@ABLNORHOfpr@ a8 Ghid @l aki Bstbdnigatal yst .
I n anot her emhodi nent, the olefins are a branched ol efinic propyfene

ol i goner or Hﬁk?ﬁ?é‘#h@?@ﬁ?ohﬁ§ ﬁg“??ﬁﬁ*ﬁbout 20 to about 80 carbon at ons,
i.e., branched clen lefins derived. t he pok¥ner|z | ene.

ati Oq r Oﬁpg
The ol efins may a‘?ﬂﬁ '8uBLt Pt GeEd® L@%ﬁ?ﬂéﬁ RiREfs Bngr ﬁ?ﬁﬁ'§; uch as
hvdr oxy gr ou@ssposiadDoxal dnuaChekigr @M@Sbouheﬁ)el‘\x@,ahami}ouan’dwt %, based on the

total weight of the lobricating o1l composition.

30 Representative examples of metal detergents include sulfonates, alkylphenates,
sulfurized alky! phenates, carboxylaics, salicylates, phosphonates, and phosphinates.
Commercial products are generally referred to as neutral or overbased. Overbased metal
detergents are generally produced by carbonating a mixture of hydrocarbons, detergent acid,

for example: sulfonic acid, alkylphenol, carboxvlate ete., metal oxide or hydroxides (for

35 example calcium oxide or calcium hydroxide) and promoters such as xylene, methanol and



WO 2012/ 099736PCT/ US2012/ 020614 19 the like. In one enbodi nent, the

branched ol efinic propyl ene oligonmer or m xtures thereof have from about 20

t o about WO 20mriveT36at ons. | n one enbodi nent, the branchedT(isetizneasis

propyl ene ohgoner or m xtures thereofi’lhave from about 20 to about 40 carbon

at ons. I n one enbodi nent, at |east about 75 nole% (e.g., at |east

about 80 nole/0, at |east about 85 nole% at |east about 90 nole% at |east

about 95 nole% or at |east about 99 10 nol e% of the al kyl groups

cont ai nedsw tvhien thecalkll forgrepatikab pecrbaecd balpetalulisatd okarbenation, the

al kyl - substi Lytied A" x(ArQLNALLG, SARORXYLS. 8¢S Uel S, L A8, alikyl, 9r oups

of an al kal i he ear't h kf? stitute roxyben20|c aci d

det er gent arenbmééoibwﬂﬁ%@hendrhﬂﬂaﬁotmeﬁhembﬂﬁ%néﬁhv(thedﬁhka¢ﬁmmnm

al kal i ne earth netal salt of an al kyl -substituted hydroxyaromatic

carboxylic a0|d I's an alkali or alkaline earth netal salt of an al kyl - 15

e ed NYar HRRORONG FClilub Bk AELIYRL.LT Ab.AR AlkidasuDSt] L ut ed
hydr oxybenzoi ¢ aci ichth groups are e reS| due of nor mal

al pha- ol éfi nkorglohtedfomithgr ate bewasen vﬁawm@g%iczm\w K g rtbdvor. niaborated

al pha- ol efi Nng4e4, d ot.her , t ; /(
(e.g., at | eggto %%jlrﬁl 6rh(sae%o&l aeg %e%”agﬂ!éag%{lﬁrggﬂfﬁs ‘[ﬁg%mﬁmq 1%’? ‘FMAE?@ about

80 nol e % aln dne agrbodabouta @B arphiBorEN has a ABN|ielwn akibyo Uit 109007 Q0hoOkheng Y- ), at

| east about . 95l Yo0lcaalicl AR5k, fp@uas 8% IR dodo st 20 k1ol Kyl g oups

contained within the alkali or alkaline earth netal salt of an

al kyl - substl@mﬁﬁ@n%Wéﬁﬁwyﬁbdﬁﬁmm@d%al%bﬁyFWCWhﬂ$aﬁ§u@hﬂﬁsmlhe al kyl groups

of an alkali or alkaline earth netal salt of an al kyl -substituted

hydr oxybéhzoi ¢ aclihd baieed alsaiine catumedl sibeistcs creie Fre el s aietiedgorarkal i or

al kal i ne earfh an%tcal% %@!‘ﬂéxcgfm @@ ?thﬁr'lﬁ\pﬁl%gﬁtﬂ éxﬁ%%g@ﬁn hmF(QXy@r OTIHP-“ c
carboxylic acid wiil be a mxture of ho and para isoners. |n one

enbodi ment, tHE" br@éddéﬁ agjipdgoresRdaly ﬁeféﬁ@uﬂm@r{ J%QQ%%M febigietalkalmid 99 to
1% par a i SONEf, phdth 3NRLNEL p@%&-ghm@biiokﬂe 1&5}9&%@110%‘011& (1?5&@&@1’ JMedbput 5 to
70% ortho and 95 to 30% para i soner. The alkali or alkaline earth netal
salts of an @l }bloubens rud et wxy ar e et BOUEHICHBRYPE e e be
neutral of 0%%&%8@%%@%@'&@ AR Gayandased sakkalrbods, idlkalding. garth
metal salt of an al kyl -substi tuted hydroxyaronatlc carboxylic acid is one

in whi ch t helDBNeaT oy diicrrs sobenia piedr | Ham 84t er thas fImdapegnpfelaiye to

al kyl - subst i fut&6 Ny draX VREOIRIYaSInE AP OXK 16n REL& DT HHBENWE NS HEeASEd by a
process such as the addition of a base source e, g , lime) and an acidic

over basi ng C%‘ﬁﬁ@&m p(aéiugt of (% &r ﬁ@ﬁ;}gliﬁ%lué}@)e the gpgyliation temperature of (iv) to

2012/099736P@I@H§gg&;&g&&§l&kggl Overbased salts may be | ow
over based, e.g., an overbased salt having a TBN bel ow about 100, in one

enbodi ment, the TBhuiabo@ink@Wr yehbasedosabils MBS BdS‘Ql’dhaszui toedi@e about
50, in another enbodlnent the ' TBN of a IOM/ﬁyerbased salt may be from

about 10 to XBUHE 4905 Hidyst 2%h SFHEH EhBoBFMEMO OThECTEN YROEE W 6¥er based
salt may be {&#euakheditdbideeahoutic 20kicraents generally comprise a polar head with a

long hydrophobic taill.  The polar head comprises a metal salt of an acidic organic
compound. The salts may countain a substantially stoichiomeiric amount of the metal in
30 which case they are usually described as normoal or neutral salts, and would typically have a
iotal base mumber or TBN (as can be measured by ASTM D2896) of from 0 io about 83, A
large amount of a metal base may be incorporated by reacting excess metal compound {(c.g.,
an oxide or hydroxide) with an acidic gas (o.g., carbon dioxide). The resulting overbased

detergent comprises neutralized detergent as the outer layer of a metal base (e.g., carbonate)

2
(9

micelle. Such overbased detergents may have a TBN of about 150 or greater, and typicalily

will have a TBN of from about 250 to about 450 or more.



100ver based detergents may be medi um over basedan overbased salt having a
TBN from about 100 to about 250. In one enbodi nent, the TBN of a nmedi um
over basedweabt2/avegscbe from about 100 to about 200. |n amrorhiseolemksds ment ,
the TBN of a nedi um overbased salt may be from about 125 to about 175,

Over based detergents may be hi gh overbased, e.g., an overbased salt having
a TBN 15 above about 250. In one enbodi nent, the TBN of a hi gh overbased
salt nmay be from about 250 to about 450. Sul f onat es may be prepared
from sul fdni ¢ aciieseryiscthatangy wymkéakmeabeMWemebyﬂnhbosuh$@maﬁmmN%of

al kyl substitu matd ¢ hydr ned, fromthe
fractionati O%lc%q ?L;[I ol 1]g dJ‘%c%r:v btgm .ﬁo:.&lo%% ﬁ gath.c%a)l%tm ]@Qggrlgas lﬁ naltvs %9 %cé)fibons
Exanpl es 20 sd 1rh¢d %d@d‘vitxﬂa@siel xob&iapamm;ti 3yt@:l Wyl iat alﬁi@hrbemmmemisim Uenen, xyl em
QZPH 23' g[}t& b hg& mm%lé};béu? akxﬁ gicﬂlma”msmn?f‘]h\)a{:le%ﬁ »(%n m%i aXséﬁ‘Ensei af\,\xr/rs?y be
f rom about 3mﬁ@mn@n@ﬂmmamum0wnmmb@nbamdﬁwn%ﬁhenéﬂk@ﬂ&ﬂm@@hﬁ@hhm@@tashalIy
contain fro b Ol..Mmr o at.on Ry Yy from
B e L TR
75The oil solflubkaisut honat g8 © wﬁakkanWinswwﬁmmw@mamgd§ﬁhﬁyf®91MEUBOaj|zed
W th oxides, X Jges, L S5 .. GRE. AL, Ul
hydrosulflde‘éig}yﬂ?hﬁf%%g%‘mq %5!9 de%EQQQ%D%%'Lﬁghggé%#g& M%i Jh?§§chosen
havi ng regar Got:obtthetdeshaued>TBN ofutrpihmdfoveradse @n@gmmthwrﬁhyplsémiwmxanges
from about 100Q.to0 . raply, t ,ahout, . 12 % of
t hat st0|ch|g2|étrﬁc %y%gg‘%$g%deQ§6ﬁé§éﬁg $§M£ 8% eng §° é%d§gﬁ$$ﬁrized
phenol s &f e predépaaded nbyral @dothi may Widshkd.an appropriate netal conpound such as
an oxi de or hydroxide and neutral or overbased products nmay be obtained by
met hods wel | knovn ciqemipiglinggnt, theSipdogmi gade pﬁeﬁblrgwméésah@éabﬁ@i}@aﬁ@umwi
reacting a phenok .ykb: SULfilks QFa:a.aubiul 0LiRY SCRMRONELSUCH A

hydr ogen suI?%de ¥ a&? : nond%QV?dg/br f% ﬁh %?de to #%r%1pro uct s

whi ch are geﬁéﬁn‘a‘u‘w 1ﬂ@1¥¢mﬂm@§>ﬂ3®@f€ r@mﬁm@sﬁnﬁmﬂ@mw@hw agmatp edrggidand s are
bri dged by "stlbr | cani 2l pacRIAGeS, 5, W020121099736RCTI.UN0121020614. 21
General Iy, the one or nore detergents are present bricating o
COMpoSi t 2on pomnanndsrieiite nhamngi agc ol orioabt 157@@@1@9@18 p‘%}ge@ﬂ}alé@ﬁfﬂ g it .

based on thehmpﬁﬁixM@#&h¥dQ£vk&ﬁaLQQ%E&ﬁﬁhﬂ£19h conposi tion.

Exanpl es of rust |nh|b|tors i ncl ude ut are not limted to, nonionic

pol yoxyal kyl ene agy. enL s bubetltgbcﬂ Ry Q?(yﬁtamﬁii %'E‘ %lklaﬁiér\)éhh elch®kat: of an alkyl-
pol yoxyet hyl ene hlgher al cohal et her, éethylene nonyl phen I et her,

pol yoxyet hy| Bfaitges Py Premipr e ﬁéPOXVbstzéxy%ftrwi HE Bty Stedryingdither

pol yoxyet hyl gne: ey sb&l R tarbfolyax yalhy! Bnemseyd 1ol v 1IPRQs beakiRl e The
polyoxyethylene sor bi tol nonool eate, and polyethylene gl ycol nonool eat e;

stearic aci doamdTaY fep nrgriey! deseagiclivn & AEeey ivMaerddnCHEANs SOABYIC f at ty

acid am ne sat tSnchh®balinsal st Jneaviis ulhonlaindgsl & 2 Rtk alr sardapylic
acid ester of polyhydric al cohol; phosphoric esters; (short - 15 chain)

al kenyl s-ucEf#P®Saci ds; partial esters thereof and nltrogen contalnlng

derivatives thereof; synthetic al karyl s- quo ates, e.
di nonyl napht hal er8 °8uf¥ Q%%P%% I Fathe’ Free vane fﬁ%ﬁﬁ%%swﬂhérae%fx ture of

normoal alpha olefins selected from olefins having from about 12 to about 30 carbon atons
30 per molecule. In one embodiment, the normal alpha olefins are 1somerized using at least

one of a solid or Hguid catalyst.

In another embodiment, the olefins are a branched olefinic propylene ohigomer or
mixture thereo{ having from about 20 to about 80 carbon atoms, 1.2, branched chain olefing
derived from the polymerization of propylene. The olefins may also be substituted with

35 other functional groups, such as hyvdroxy groups, carboxylic acid groups, heteroatoras, and



Exanples of friction nodifiers include, but are not Iimted to, al koxyl ated
fatty am nes; borate(' fatty epoxides; fatty phosphites, fatty epaxides,
fatty amwexpidnosssed 70 al koxyl ated fatty am nes, mnetalPcsaista2obodfiatty
acids, fatty acid am des, glycerol esWers, borated glycerol esters; and
fatty imdazolines as disclosed in U S. Patent No. 6,372,696, the contents
of which are herein incorporated by reference; friction nodifiers obtained
froma reaction product of a C4 to C75, preferably a C6 to C74, and nost
pref erabl § aﬂﬁﬁktdnﬁﬂﬂaﬂﬁ@ﬁmwnamﬁdmeh@%@caﬁ@p%myﬁ%mﬁ@emaammﬁahméﬁg%obnpound
tsﬁleeﬂ Eg ;Lgmrﬁ,)? lrjngaebgr ¥ Fct r}t%?tﬁtﬁbrﬁlzg bg?f)% oélgmunc gmb%?%%c% thac‘:lbg négcé,ﬁt Em?cngrg de,
but are not bpnﬁ@edug@pmpohw@mﬁsmobﬁ@hky&mmﬁtmabrwhbnmcGpﬁkymﬁws of

di rethyl silicone and the |ike and m xtures thereof Exanpl es of a pour
poi nt depressantlhnm#ﬁdaﬁﬁbmtdak@‘ﬁwm‘ﬂiﬁ@h%d@&oatb@*@ﬁ@tﬁh@pyVamégﬁtaIkyI
acrylate pol %MSE{ $5 ndlehy ot [TBL RAGE ¥b 8l §0p0): B{f}{%ra%ou %Q&&Fe opﬁgaaf of 1%
phenol ) pht hal at e, condensates of tetra- paraf i'n pheno condensates of a
chl ori natéd mak&ﬁ fof thewilioh erraiphedudiedevidnd the ol maeliols wHemesf sall of ane
enbodi ment, 2 Aoy RRINL KDL ESRNLCOIR L8080 B hyl ene-\ vl, acetat e
copol yner, a cbngeﬁsafe “of c%ﬁbr%n§¥ég’ arafffn and ﬁheﬁoﬂjipo ygfﬁgﬁ
styrene and @W@IFQ%éﬁaﬂHMtﬁhﬁhﬁaﬂi@ﬁéﬂﬂh@ﬂ@@ﬁnc@hbd%ﬂﬁﬂwﬁkoﬁﬁthehﬁaﬁr poi nt
depressant oy, yaLy SEQELEROUL O of Wioii® dubOnROUY, d0ubhtt Yue

2001 096736PCT (D {3 B00E A 5 e or Wi hoh ROl Sty Thel ude,
but are not hidwryedmpio: Lahcmm Goig Uk f@cqieaht@ tleaige, waih Koydtad rrady it Hral Sked-

sul fbnat s, alkyl, m@ea% rgm: gmfx@%\ a&@e&hs 'A k%ﬂvi \@&Qeu@cn'}ﬁd%k#&mﬁt ed

al kyl phenol resins, ners "o yl ene oxi d pol yet ene oxi de,
pol ypr opyl enetbii Vdedl tb¢ @iéki m@@hry eSSk oepwwaéﬁ@acg&@ e copriopy B@ﬁét oXi de

and the like).estels.:0f: 9l l..60Lubl&,aci ds, polyoxyethylene sorbitan ester
and the |ike and €g§ﬁﬁhéil%ﬁ§ t ereof The 1lOamount of the demulsifier may

vary from about QuQle:Md: cra¥Bdife PO LoWMso :3ie % (c.z., aXAMRESc0ho1@ o€ Qf 1 0Si on
inhibitor include, but are not limted to, half esters or am des of

dodecyl succi K¢ abgeit o) mpR s phishs et &t wolePhispishoshat ol &b kst Moaadbl i nes,
sarcosi nes apditheal i-ke Bnd Lopbi.nat broﬁsicﬁxh‘%&x@f)*) J he o@m@um 2081 heps
corrosion inhibitor may vary from about 0,01 t o about m{
15Exanpl es oforirreBxtiitBite Usr edslir & agerte i #ek ude! il gk afr ennglyt- 1%%%# t o

sul ffirized @351?165@510915 i @egﬁd‘r‘e@@é Qeifi 3L& Armolil 191 ‘%H of Qi dZQehiAR MBLin®earth
vegetable fatty acid esters, fully or partial % esterltled esters of

trival ent or "sehrhehrel aeisdscd by BrodsrsrEsd a@?uabﬁw iledbot &% ns,

di hydr ocar byl polysul fides, sulfurized D el s--Al der adducts sul furi zed

di cyel opent adi eneln¢s (HsFHiRY Z8boror c aikaliier artty gBepl xtlur ¥s 28f akabphsidurdg

esters ang n%w&&ﬁlﬂtﬁgaﬁﬁﬂox@h@fahﬁ&m 109 2 2l fusdizeshabpendsnef. fabky acid,
fatty acid ester andtgéﬁwg olefin, functionally-substituted di hydrocar byl

pol ysul fi desS™ W B4l &g Wit HPRER DBk 10 %‘f& tHPY W8 BEhds [ 170 para

sul fur - cont ajsphig 1AGEdR: edgaglmaﬁtl WE $rodaf- \ﬁﬂkf\ﬂﬁihéﬁﬁht@ ends, @hotagl pene and
acyclic oIeflps and pOl)/squlde ol efin products, am ne salts of

phosphori c adidpﬁéfﬁ?§for t hi ophosphoric acid esters and the |ike and
conbi nations ther. unt  of th xtreme pressure t 2. 5may vary
from about 0.01 vx}!t?e Pl Ora Ut 5 gy ?SS“ of d“’E%ﬁgH RCI e ia?%j?a‘éémﬁl@“

addi ti vesy V\he‘aﬁmy&e&m k& vsediat (\1&)\f€ﬂﬁ§éﬁil ofaktaity efif @cttiave Aomuntaidaond npart

the desired pr per s to ubricant. Thus, far e n. additive
eCa i ot i oResas parof i heeronas Ryt T e O Rt b MR | on
nodi fi er mouhﬂwhe aﬂwammunuﬁsmifmmmeﬂiat@hdn@aﬁhk§mﬁbdﬁﬁurEﬂ&&®umﬁmmn

modi fyi ng characteris to the |ubricant
ying (/&lbOX‘VFL acie has Yeen mcrcam! by a process such as the addition of a base source (e.g.,

lime} and an acidic overbasing compound (e.g., carbon dioxide).



30 Generally, the concentration of each of these additives, when used, may
range, unless ot herw se specified, fromabout 0.001%to about 20% by

wei ght, awo 20re/@B6enbodi ment about 0,01% to about 10% gTwse@h2dsased on
the total weight of the lubricating ool conposition. WO

2012/ 099736PCT/ US2012/ 020614 23 marine cylinder lubricants in crosshead

di esel engi nes, crankcase lubricants in autonobiles and | oconotives and the
| i ke, lubricants for heavy machinery such as steel mlls and the like, or
as grease$ for béamﬁmgﬁ«amdn$ﬁﬁibwheu%M%QEMEmnBMEMhmb&ﬂdaﬁhmgTBVHmmw
conposi tion | 5 fld(l)l q"l nie u udg mt mv féql n%riclr‘vl» hid L%Q Péja%t hay e Ehne: s 10

t hi ckeni ng agen& I'S prese Thlckenln agent s |ncIu3e pol yur ea
acet ates, I|ﬂhuuﬁ)§hemwa1@ﬂan@HﬁMeMbﬁheJmiﬂbwcﬁﬁb@h@&nenbddrnmmﬂxmflﬁhe

i nventi on, tpe rml%bd[ait Qp'\ olfl%gu%b(gg qgﬂictgmké%xo ?R )V%‘g’)&pﬁ, tﬂh%a?rbg%eo%s of

t he present |nvent|on 1% an concentrat e
in which the&$MUThDva4§)lncorporated |nto a substantlally inert, normally
| iquid organic diluent such as, for exanple, mneral oil, naphtha, benzene,
tol uene 6% xyl eneéedafedrdvicarsia dalivt ievieedbon cenbaset @.2.. Fheserbeoh sehtavitees

usual Iy cont @B’Q ﬁ(‘ornp oﬂbf&ﬁtm %Q/OE t?;QO apkodlllte €!]D%O§IQI th k? \'@%l\g(b{a 1932 nﬁﬁlgbﬂgl ééjent
Typically, a neutra having a viscosity o out B-C at
100C and pr efaéirmabyl §e fadyoapouy ! (ﬁ‘bioatlb@iutz% ESmoget QIQEWHF Ith@oﬁbh%@] Ba@hmhe

di luent, thoygh., .synthetl G, QlhSne.@28 WL a8,:0t her organic liquids which are
conpatlble m#%ﬂm' gﬁltlves ghd Fini shed lubricating oil can also be

used. The add't'%%v9ﬁ§ﬁ49§r¥h$%k@%gﬂ%k%péQ@Eh%‘CQBQ@éBmQ@%mQQwQDrQE@i t he
vari ous other additives, é?erre to above, in the desired 20andunts and

FfALI OS £ faent ioat Bodite %‘turé*@ﬁ&mcmatbs IRMN ety e foagdirgi Ty bnsuwntb st base
oi | . EXAMPLESgkhendiehdowing non-limiting a p es are illustrative of the
present invention. EXAMPLE 1 Ml ybdenum Post-Treated H gh Ml ecul ar Wi ght

Sueei ni m de ConplLxoLaRBee H‘Jp@dﬁhé& ¥l $G1idME Shi@toiow:d epRefyadsMie-doNVR of
Acrylic Acid to Sucei nintide = Into a round bottom fl ask

1)
equi pped wi t 8RB Y et *?Péﬁ‘ﬁhﬁl“&‘é?a gty o ot ey A% BRteEEF IR % t r ogen

l'ine and Deapac@badikn tdraRoRedi & 9nieunneliont EMRehALULREEARLEO! [REmpiBeat | NY
mantl e, and thernocoupl e was added 200.00g of a polyisobutenyl succnic 30

anhydr i dé \/\h%‘r‘édftdh@“ﬁ&bﬁr’i“se%’éit Eiyjatng ﬁ’srtfpn% &ueges nuﬁ%@r nagliarlsire diwpret ol ar

wei ght of 1000i (RLE8SAL0Q0)s. (Bxvadildhiog ofk om Lhey Lo, Xoptde.LanpanyklC) and
43,35g of Chevron 100 neutral oil. The m xture was heated to 130C and

28, 12g of tet'FasthiiiahapantaraoPTEA 3 PG Ee R EHPYarENHt 8 PRES! A

1000) was chan@gededikopyWhssin itOabRes BiaKEHKRE oV drd ddoaddik | Rirefbn 1ok

Sl i ght foanlng occurred during the initial charge stage. After t he TEPA
about 16 to about 60 carbon atoms per alkyl substituted afdmatic moiety.

25 The o1l soluble sulfonates or alkaryl sulfonic acids may be neutralized with oxides,
wydroxides, alloxides, carbonates, carboxylate, sulfides, hydrosuifides, nitrates and borates.
hydroxides, alloxides, carbonat boxylate, sulfides, hydrosui{ides, nitrat d borat

we amount of metal compound is chosen having regard to the desire N of the fina
Tt t of metal dis ch i g regard to the d d TBN of th i
product but typically ranges from about 100 to about 220 wt. % {(preferably at least about

125 wt. %) of that stoichiometrically required.

30 Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal coropound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur containing compound such as hydrogen
sulfide, sulfur raonohalide or sulfur dihalide, to form products which are generally mixtures

35 of compounds in which 2 or more phenols are bridged by sulfur contaiming bridges.



WD 2012/ 099736PCT/ US2012/ 020614 24 was charged, the tenperature was
increased to 165C and then held at 165C for about 5 hours. The reaction was
conpl et e WO 2012dti9eBEed by the IR spectrum The mat ecirais2eam2a@ool ed to
room tenperature and 50,80g was transflerred to a round bottom fl ask. The
flask was heated to 74C for acrylic acid addition. Next, 2.90g of acrylic
acid (2 nole equivalent to TEPA) was added drop-w se. After addition of
acrylic acid, the 10 reactor tenperature was increased to 135C and then
held at this terrrfeamattalilﬂr eheumnieiok ri@&ﬂ@lt@tteintsmréo;ﬁmstemellrt‘:azalcibrﬁocam{(a'b@mpo@tidzio 5
hour s) . 2% 9f ] dy t,r eated s iL.m de. was
added to a 1660Q ot r%%é q?%u% @%on1f§ eqU|pﬁe db#ﬁ i&ﬁjMﬂ t?t stir
pl ate, Dean- @tamhuﬁmgplmthm@omdenser and nitrogen line. 42. Sg of t ol uene
was added and the mixture was stirred and heated to 65C to 15 dissol ve.
Next, 1.229g of riphybdenimyitiitoxisdecifdt. mobe negiuhiealtenpnivec FEPA) alkalaek 9. 639
of de- i oni ze ter Jadded,. . The m xture Hened.and he d..af. 90C
over ni ght . ‘fﬁ? b dwgg gg%égﬁgre %“eﬁ;%énﬁgﬁghﬁ)§5 u%% a%ﬁeuproduct
was cool éd andyftxrw@nvifnwl naew sty heideg mcﬂ%‘tycwek&izuaimbhwh htizdr ousoyyagresi um
sulfate withoaBuchnes tunnghs Vﬂg}hﬁx faﬁ& BLE s calhactadiand.cancent rated
20 using a rotary evapor i vacdum a a max| mum tenperature of
900) to renoy@ytobiadns saﬁﬁoiangnm?e@p dmélpoi\mtném» ditvel prisirete: wWesic acip pain
liquid at rogm tenperatdrg, @da Rl oo 0 QD0 REOREL b8 By Radhy 758
w. % Total Base Nun{) =" mg'?‘i %ﬂ pg %?EAC : {TL e%dutm m‘%
Post - Tr eat edsdHogh anBi mimi aerrbwiigmﬁ &F@“e\f nﬂiwhﬁdiei»@oﬂimimbom@e» fstomishertyl i c
Acid at kow FRIRERALY GGRAL AGEYILEAGLEL 0uSABELANDLARIT Gritih

nol ybdat ed succi ni mde conpl ex prepare usi ng the same génera
procedur e thereof; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates; and the like

and mixtures thereof.

Exarmples of friction modifiers mclude, but are not limited to, alkoxylated fatty

amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated

20 alkoxylated fatty amines, metal salis of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazohines as disclosed in U.S. Patent No. 6,372,696,

the contents of which are herein incorporated by reference; friction modifiers obtained from
a reaction product of a T4 to Cys, preferably a Cs to Cos, and most preferably a Ce to Cyg,
fatty acid ecster and a nitrogen-containing compound selected from the group consisting of

25  anunonia, and an alkanolamine and the like and mixtures thereof.

Examples of antifoaming agents mclude, but are not hmited to, polymers of alkyl

methacrylate; polymers of dimethylsilicone and the ke and mixtores thereof.

Examples of a pour point depressant include, but arc wvot hmited to,
polymethacrylates, alkyl acrylate polymers, alkyl methacrvlate polymers, di{telra-paraffin

30 phenoliphthalate, condensates of tetra-paraffin phenol, condensates of a chlorinated paraffin
with naphthalene and combinations thereef. In one embodiment, a pour point depressant
comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated paraffin and
phenol, polyalkyl styrene and the like and combinations thereof. The amount of the powr

point depressant may vary from about .01 wit. % to about 16 wi. %.



30 and conmponents outlined in Exanple 1 except that 6 nole equival ents of
acrylic acid to succinirnide was used for the acrylic acid treatnent. The
nol ybdat estooui9ni3e de conpl ex was a brown |iquid at roecrisSeqpenaicus e, and
had the follow ng properties: M = 4.875 wt. % WO

2012/ 099736PCT/ US2012/ 020614 25 Total Base Number = 44.9 ng KOH g EXAMPLE 3
Mol ybdenum Post - Treat ed Hi gh Mol ecul ar Wei ght Bi s- Succi nkni de Conpl ex made
fromAcrylic Acid at Low Tenperature (CVR of Acrylic Acid to Succinimde =
2:1) 10A #Hwol yhdatiedmgigesPa ddeiéﬁﬁdxmtcExhuA@S pr épacé . wsibm'g sirfwetagianeg.gener al
gaﬁf\?gr;ﬁt ag%lx En@q}m%cm 34 (gltalﬁé N&S ﬁ('bu%ch% ssnﬁg%al tﬁlgﬁ‘%‘ G& , h‘ﬁ%‘?%ﬁg%@g&d

succi ni nl i dealcgppheixcwas paiybx:tswrf aiNyépue deats ﬂ@umﬁﬁ\eﬁpénfamide pobmdbphlack t he
foll owi ng pr t ‘68 W, % 15 nber 4 / K011
EXAMPLE 4 Nb?‘pgdg)lﬁ‘g’r%n“ﬁ%h{t?%mﬁ Saf Fe%d ”hldwtﬁ”é’cﬁl ar” e‘r’%‘ﬂ‘” o Sgg‘u & A de
Conpl ex nadestﬁw‘sﬁrmﬁbr ytﬁy@qAbyldieamtﬂ_tawei[@mé riat h;ifuem(icéslnﬁamonﬁ\dreydotcTiA\ﬁcl dto

180 amount of the demulsifier may vary from about 6.01 wt. % to about 10 wt. %.

Examples of a corrosion inhibitor inchide, but are not limited to, half esters or
amides of dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl imidazolines,
sarcosines and the like and combinations thereof. The amount of the corrosion inhibitor

may vary from about 0.01 wt. 95 to about § wt. %.

15 Examples of an extreme pressure agent include, but are not limited to, sulfurized
animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid csters, fully or
partially esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins,
dihydrocarbyl polysulfides, sulfurized Dicls-Alder adducts, suffurized dicyclopentadiene,
sulfurized or co-sulfurized muxtures of fatty acid esters and monounsaturated olefios, co-

20 sulfurized blends of fatty acid, fatty acid ester and alpha-olefin, functionally-substituted

dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones, epithio compounds, sulfur-

containing acetal derivatives, co-sulfurized blends of terpene and acyclic olefins, and
polysuifide olefin products, anune salts of phosphoric acid esters or thiophosphoric acid
esters and the hike and combinations thereof. The amount of the extreme pressure agent

25 may vary from about 0.01 wi. % to about 5 wi. %.
3 M

Each of the foregoing additives, when used, is used at a functionally effective

amount to tmpart the desired properties to the hubricant. Thus, for example, if an additive is

a friction modifier, a functionally effective amount of this friction medifier would be an
arpount sufficient to impart the desired friction modifying characteristics to the hubricant.

30 Generally, the concentration of each of these additives, when used, may range, unless
otherwise specified, from about 0.001% to about 20% by weight, and in one embodiment
about 0.01% to about 10% by weight based on the total weight of the lubricating oil

composition.

The final application of the hubricating oil compositions containing the molybdated

35  succinimide complexes prepared by the process of this invention mayv be, for example, in
o o 5



Succi nhnide = 6:1) 20A nol ybdated succi mm de conpl ex was prepared using the
sane general procedure and conponents outlined in Exanple 2 except that 0,5
nol e equiwal2ernt099fic TEPA was used to make the succm m dePCThs20moboshdat ed
succm m de conplex was a green |iqui d3at roomtenperature, and had the
followi ng properties: Mo = 2.509 25 Total Base Nunber = 25.3 ng KOH g
COVPARATI VE EXAMPLE A Mol ybdenum Post - Treat ed H gh Mol ecul ar Wi ght
Succi ni m de Conpl ex nade from Acrylic Acid at Low Tenperature (CWR of
Acrylic AEi dmbgneSyEedeniubiidetssn trojghe@0dintbengincoundkdet hpmafik askiieguiipped

wi th an overh hani LIET Jgaondenser mn\ I ne and
Dean- St ar k t réal comgl & 61%6{ u%%méllub%géms\’%& Efa S emaézon? sug%ﬂ?sga%g !1
2012/099736P@$¥USB&&@&@Z@@@ﬁxgﬁmhﬁatmwgVﬁ&ﬁtk@p1@ndﬁmgeﬂnmm@u@beﬁwmgiadded

100. 00g of a P%Lé’ N%P(?r‘é%n%ﬁl/'d ﬁoaﬁﬁ% Q‘n%h&”h%% igﬁﬁ%ep(‘r%ﬂp S %i%ggaf?%’aw?”y'

group had a n ilable
from Chevr onaga“f@mntuée @dmuan;c)mamdm@ln Sigeu@f: a}@htévhbﬂ 100 neutral oil, The

m xture was heated to 130C and 13.92g of tetraethyl enepentam ne (TETA; 0.9

mol e equii¥al ent tio @DiBSAum?l@@@f)ﬂt washe raeged. dropoinbded nconirhde nditlen e vi a

the 10 additjon, {-é%”aﬁé vumi Be {gg@em HO 86 HE 35?9%9%&&& ah G&ddi{h‘ Jabiflee GhAT g€

stage. After't the ten .perature was cased to 165"C
and t hen hel @Dﬂ&fﬁﬂfﬁf@%%ﬁl@h %@bth@isnewgmm‘h@wr%aé‘wmﬁﬁm cmﬁiéft equak

i ndi cat ed byﬁ tv%& E}R L PECH B8 My example, I %rmgieﬁég@m WAz, 900[! lﬁ 1(: xr’vg:gnmto

tenperature afn was transferred to a round bottcom "The flask
was heat ed t&rm@maﬁ@mwa@ﬁvhﬁ@ athade additiah usuRidx toniads B8y db&?u é%“ﬁw phput

15 B80% by weight of such diluent. Typically, a neutral oil having a viscosity of about 4 to
about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢S5t at 100°C will be used as the
diluent, though synthetic oils, as well as other organic Hquids which arc compatible with the
additives and {imished hibricating oil can also be used. The additive package will also
typically contain one or more of the various other additives, referred to above, in the desired

20 amounts and ratios to facilitate direct combination with the requisite aroount of base oil.

EXAMPLES
The following non-timiting examples are illustrative of the present invention.
EXAMPLE 1

Molybdenum Post-Treated High Molecular Weight Succinimide Complex

25 made from Acyylic Acid at Low Temperature {CMR of Acrylic Acid to

Succinimide = 2:1)

Into a round botiom flask equipped with an overhead mechanical stirrer, water
condenser with nitrogen boe and Dean-Stark trap, addition fumnel, temperature controller,
heating mantle, and thermocouple was added 200.00g of a polyisobutenyl succinic

33 anhydride where the polyisobuteny] group had a number average molecular weight of 1000
(PIBSA 1600} {avatlable from Chevron Qronite Company LLC) and 43.35¢ of Chevron 100
E\ AN p y 7 T
neutral oil. The nuxture was heated to 130°C and 28.12g of tetracthylenepentanmune (TEPA;
(.9 mole equivalent io PIBSA 1000} was charged drop wise into the mixture via the

addition funnel. Slight foaming occourred during the initial charge stage. After the TEPA



15 acid (1 nole equivalent to succinimde) was added drop-w se. After
addition of acrylic acid, the reactor tenperature was increased to 135C and
t hen hel dwet2otdivg73senperature until conpl etion of the reattisen2pasout 3 to
:5 hours). Next, 8,578g of the dcrylic acid treated succinin de was
added to a 100 InL 3-neck round bottom flask equi pped wth a nmagnetic stir
pl ate, Dean-Stark trap with condenser and 70 nitrogen |line, 15,069 of

t ol uene was added and the m xture was stirred and heated to 65C to

di ssol ve. 5 Nexts ciRi686 ehippoiuydbdenumetsed exiadeC (dd ol beléquisial éntabba 1 he

acrylic acid_ treated succinimde), .and 6.1 f.de-ionized water was added.
The m xture %%% g%?ﬁ%@'ggnd 'gﬁlgggﬁgégéggghfgﬁ%nVﬁter and t ol uene mere

then renoved at g(r itf}-lg?‘ mg‘;y& t() ry\@}‘ﬁ tg 1 Q{aﬁgu a oté?ﬁg'&ﬁﬁ ll irk@%?@l ]go (bl

Celite 512 and an ous magnesi um s ate with qnne The
filtrate masb®®hi%ﬁ$eahﬁkﬁkwmﬁugm@ﬁéﬁéa(H@pmgcau¢oﬂamy Evapb?%wﬁmuﬁhull

punp vacuum %t;g ?" 5(}!%21&@@?}5 agcfi\,ﬁgcg w Q {W&ﬁn& Ai{éﬁvﬁc g&(ﬁi tf?"n

resi dual water. ct was romm room t enperaf ur€, and had
the fol | & nvgﬂmropﬁ@mmélsc b !m&hw@‘ wﬁﬁ"i Aalsb ihlfotiaﬂd Bages Numseature up9l 9 ny

KOHi5 WO 20%}%151333,@ tgg%\%g(pgg%gl 427 COVPARATI VE EXAMPLE B Mol ybdenum

Post - Treat ed Hi ['ecul ht Bi s-Succi ni m de Conpl ex Made from

Acrylic Acid at L@w I@ﬁp@&@'@—‘yﬁ&‘v ((.(M 01 cAGE M G aAG G R %Q!(ﬂhﬁ‘%d&k 1:1)
A ol ybdat ed succi nmi de conplex was prepared u5|ng t he sane general

procedur e 10'oapdbeembrieprurtedtith nawLigc CH YLD Atchv atatdamptia candxece ped t hat

(15 nol e equhM@geﬂrﬂne Qih SI%PAhW w 5&5‘%65 Bk Gixh e SUGEEIRIA 1€ d HhBoC 1o
nol ybdat ed succi ni m de conpl ex was a brown liquid at room tenperature, and

had the fdl | &#icHg PropetPe esmolypdesun rgadoyl moje ygyivalent to TEPA), and 9.63g of
de-ionized water was added. The mixture was stirred and heated at 90°C overnight, Water

and toluene were then removed at 114°C.

The product was cooled and then filtered through Celite 512 and anhydrous

magnesium sulfate with a Buchoer funnel. The filirate was collected and concentrated

20 using a votary evaporator (full pomp vacuom at a maximum temperature of 90°C) to remove
totuene and any residual water. The product was a brown liquid at room temperature, and

had the following propertics:
Mo = 4.758 wt. %
Total Base Mumber = 35.9 mg KOH/g
25 EXAMPLE 2
Molvbdenum Post-Treated High Molecnlar Weight Succinimide Complex
made from Acrylic Acid at Low Temperature (UMR of Acrylic Acid to
Succinimide = 6:1)

A molybdated succintmide complex was prepared using the same general procedure
30 and components outlined m Example 1 except that 6 mole equivalents of acrylic acid to
succinimide was used for the acryhic acid treatment. The molybdated succinimide complex

was a brown liquid st roomt temperature, and had the following properties:

Mo =4.575 wt. ©



Total Base Nunber" 27.5 nD- KOF 15EXAMPLE 5 A lubricating oil
conposition was fornmed by adding 1 w % of the lubrcating oil additive of
Exanpl e Iwoeoe/@HBYRON 100 iieutral oil. EXAVPLE 6 PCT/US201220614

| ubricating oil conposition was forne¥ by adding I w. % of the |ubricating
oi |l additive 200of Exanple 2 to a CHEVRON 100 neutral oil. EXAMPLE 7

A lubricating oil conposition was fornmed by adding 1 w. % of the

| ubricating oil additive of Exanple 3 to a CHEVRON 100 neutral oil. EXAMPLE
8 25A | ubfi casmligpsoNlmoonpddirtg Bfiws formed by adding | w % of the

| ubricating oil additive of Exanple 4 to a CHEVRON 100 neutral oil.
COVPARATI VE EXAMPLE C A | ubriéxatMig-tol | conposition was forned by
adding 1 wt. %of the lubricating oil additive of Conparative Exanple Ato
a CHEVRON 100 nkigtsbdpnugt PostIaconPRARATSEEAVARE Bs-Succinimigy Cagpitcat i ng oi |
conposil on was fornmed by adding 1 wt. %of the |ubricating oil additive of
Conpar at i ve ExanpFedpiegt ArgiEyRORE o0 Taegeigive 61 MR esfifprylic Acid to

2012/ 099736PCT/ US2012/ 020614 28

Succinimide = 2:1}

10 A melybdated succmimide complex was prepared using the same general procedure
and components outlined in Example 1 except that 0.5 mole equivalent of TEPA was used
to make the succinimide. The molybdated succinimide complex was a brown liquid at room

temperature, and had the following properties:
Mo = 2.680 wt. %
15 Total Base Number = 25.7 mg KOH/g
EXAMPLE 4
Molybdenum Post~Treated High Moleculay Weight Bis-Succinimide Complex
made from Acrylic Acid at Low Temperature (UMR of Acrylic Acid to
Succinimide = 6:1)

20 A molybdated succintmide complex was prepared using the same general procedure
and coroponents outhined in Example 2 except that 0.5 mole equivalent of TEPA was used
o make the succinimide. The molybdated succinimide complex was a green liguid at room

temperature, aud had the following properties:
Mo = 2.509 wi. %
25 Total Base Number =253 mg KOH/g
COMPARATIVE EXAMPLE A
Molybdenum Post-Treated High Molecular Weight Succinimide Complex
made from Acyylic Acid at Low Temperature {CMR of Acrylic Acid to
Succinimide = 1:1)

30 Into a round botiom flask equipped with an overhead mechanical stirrer, water

condenser with nitrogen boe and Dean-Stark trap, addition funnel, temperature controlier,



EXAMPLE 9 Wear Performance M ni-Traction Machine (MIM Eval uation The
| ubricating oil additives of Exanples 5 to 8 were eval uated for wear using
a Mni- TweabiomoMachi ne (MIM triboneter (PCS | nstrunmercs/usta2/2dsandon
UK), and were 10 conpared to the wear2éperfornmance of Conparative Exanples C
and D. The MIMtribometer was set up to run in pin on disk node using

pol i shed di sks of 52100 steel from PCS Instrunents, and a 0.25 inch
stationary ball bearing, also of 52100 steel from Fal ex Corporation, in

pl ace of & phaaiingl hmantlesmdwasrrm&ndﬂsct‘ve’d alled 00CHDof 40 priypubes:yhtsudioNewt ons
load at a sljding, spee % Dbreak- d

m nutes at O. nf'ﬁe”H xchBpomdoOomnﬂ gd”uﬁ’ qaggge fa\%%dmn‘?ﬁﬂap ﬁ‘iﬁ% ({/\gg(?(;scars
on the bal | s{ike$& 1@9@swmablnﬁnumlﬂlywom Lavnimpﬁtmwbw mier Ois¥ppe Candor é¢or ded.

In this teStf} Era oil. %V\e%ll';%fpae m\%\%%tma ?oa{sﬁ { m{cF §Rj)@% “%rgf,ﬂgrfl?m%%m dm?Ct’llyEA

anti-wear performnmance erfornmanc sented ih Table
1, TABLE 1 20MEMNIV&guivPer fiorfi@ant e OR@SWM Qrmrg@i/l?l gpAersyl e e indxBucei nhan de)

1:1 earl{) SC%dhgoq]Am&%p S‘)ahglig Zoan m% LL%Zé d§f11§ ch initial charge stage. Afler the TEPA

was charged, the temperature was increased to 165°C and then held at 165°C for about 6

hours. The reaction was complete as indicated by the IR spectrum.

The material was cooled to room temperature and 22.83g was transferred to a round

bottom flask., The flask was heated to 40°C {or acrylic acid addition. Next, (.65g of acryhc

15 acid {1 mole equivalent to succinimide} was added drop-wise. After addition of acrylic acid,
the reactor temperature was increased to 135°C and then held at this temperature until

cormapletion of the reaction (about 3 to 5 hours}.

Next, 8.578g of the acrylic acid treated succinimide was added to a 160 ml 3-neck
round bottom flask equipped with a magnetic stir plate, Dean-Stark trap with condenser and
20 wmitrogen Hne. 15.06g of toluene was added and the yuxture was stirred and heated to 65°C
to dissolve. Next, 0.656g of molybdemum trioxide {1 mole equivalent to the acryhc acid
treated succinimide), and 6.14g of de-ionized water was added. The mixture was stirred
and heated at 90°C overnight. Water and toluene were then removed at 114°C.
The product was cooled and then filtered through Celite 512 and anhydrous
25 magnesiume sulfate with a Buchoer funnel. The filirate was collected and concentrated
using a rotary evaporator (full purmp vacuum at a maximum temperature of 90°C) to remove
totuene and any residual water. The product was a brown higuid at room temperature, and
had the following properties:
Mo = 4.740 wi. %

30 Total Base Number =799 mg KOH/g



126.5 1:1 153.8 2:1 143.9 6:1 123.6 WD 2012/ 099736PCT/ US2012/ 020614 29 As
the results illustrated in Table 1 show, the nol ybdenum succini m de
conpoundsworde/®em a CVR, of acrylic acid to succini m e#eTafS2abopdc1L: 1 or
about 6:1 (Exanples 5 through 8) den®istrate superior anti-wear performance
over the nol ybdenum succi ni m de conpounds nmade froma CMR of acrylic acid
to succinimde of about 1:1 (Conparative Exanples C and D). 10EXAMPLE 10

A baseline lubricating oil fornulation was fornmed containing 5 wt. A

succi nim fle di spersant, 3 w. COBFatdIISECCXAMALEES di spersant, (4 mM kg)

| ow over based cal ci um sul fonate, (58 inMkg) carboxylate detergent, (8

rri Mkg) zinc dMohibdphos Phatiesatg! BightMoleudi g el BindSnectumidedxiueiden , 0.5 wt .
% hi ndered phenol anti-oxidant, 0.3 wt. 9% pour point 15depressant. 9.85 wt.
9/J ol efin copol yhede fiogcbgivtiyAriddbkew femyvatura fdMR ¢pverfisakeid hi bitor in a
Goup ii base oil. EXAMPLE 11

Succinimide = {:1)
A molybdated saceimimide complex was prepared using the same general procedure
10 and components outlined in Comparative Example A except that 0.5 mole equivalent of
TEPA was used to make the succimmide. The molybdated succinimide complex was a
brown hquid at room teroperature, and had the following properties:
Mo = 2.755 wi. %
Total Base Number = 27.5 mg KOH/g
i5 EXAMPLES

A habricating oif composition was formed by adding 1 wt. % of the lubricating oif additive

of Example 1 to a CHEVRON 100 newtral o1l
EXAMPLE 6

A tabricating oil composition was formed by adding 1 wt. %% of the hubricating o1l additive

28 of Example 2 to a CHEVRON 100 neutral oil.
EXAMPLEY

A lobricating oil composition was formed by adding 1 wt. % of the lubricating oil additive

of Example 3 to a CHEVRON 100 neutral oil.
EXAMPLE 8

25 A Jubricating oif coraposition was formed by adding | wt. % of the lubricating oif additive

of Example 4 to a CHEVRON 100 newtral oil.
COMPARATIVE EXAMPLEC

A hubricating oif composition was formed by adding 1 wi. % of the lubricating o additive

of Comparative Example A to a CHEVRON 190 neutral oil.
30 COMPARATIVE EXAMPLE D

A lobricating oil composition was formed by adding 1 wt. % of the lubricating oil additive

of Comparative Example B to 2 CHEVRON 100 neutral il



A baseline lubricating oil fornmulation was fornmed containing the sane
additives, base oil and treat rate as in EXAMPLE 10. The lubricating oi

addi ti ve wh 2BANPI3E 1 20was formul ated into this basel i reTiusboizo2deiiang oi |
such that the total Mo content in thesfornulation was 500ppm COVPARATI VE
EXAMPLE E Mol ybdenum Post - Treat ed H gh Mol ecul ar Wei ght Sueci ni m de Conpl ex
made from Acrylic Acid at 80C (CVMR of Acrylic Acid to Succinimde=2:1) 25A
nol ybdat ed succi ni m de conpl ex was prepared using the same genera
procedureSand conponents outlined i nEXx&k% 1 except that the acrylic acid
was added dropw se starting at roomtenperature and the tenperature was

mai nt ai ned bel ow 100C for the addi WeanPofioraseyd i ¢ acid and then a reaction
tenperature of 80C was mmi ntained until the reaction was conplete. The

nmol ybdat ed sWéei Hiaptiched™advip] @XIMaEvdugfiogeni sh brown |iquid 30at room
tenperature, and had the follow ng properties: Mo = 4,914 wt, Total Base
Nunber = 56.95 ng KOG bETsMe0o788PT s US201 270 206 14eR T COVPARAT VE
EXAVPLE F Mini- AaBaselihdige (i catdog:: 0bds fofmdati @nLwas: Lan B were
containing the sane additives, base oil and treat rate as in EXAVPLE 10,
The | ubr i“gat FHPABT] oalddli Vi P I RePARAPIVEHERANCEEIE (addf B niliF aY'éd i nt o
this baselingphsbti fatdng @'rhr;\/%ﬂ%@ :aiaté hat rdobeudift &liaMa S0t ent oh Bedit®m

formul ati on was 500ppm 10EXAMP ) ) - -
PCS Instruments, and & 0.25 inch stationary ball bearing, also of 52100 steel from Falex

Corporation, in place of a pin. The test was conducted at 100°C for 40 minules at 7 Newtons
load at a shiding speed of 200 mm/s following a break-in period of 5 minutes at 8.1 Newtons
15 and a sliding speed of 2000 mm/s. The wear scars on the balls were measured manually on
an optical microscope and recorded. In this test, the lower the wear scar corresponds to

more effective anti-wear performance. The MTM wear performance data are presenied in

Table 1.
TABLE §
20 MTIBM Wear Performance Resulls
Test (3l Succinimide CMR Wear sear
{Acryvlic Acid:Succinimide) (microns)
Comparative
Exampie C 0.9, PIBSA/TEPA 1:1 187.4
Exaraple 5 0.9, PIBSA/TEPA 21 121.6
Example 6 (.9, PIBSA/TEPA 6:1 126.5
Comparative
Example D bis, PIBSA/TEPA 1:1 153.8
Example 7 bis, PIBSA/TEPA 2:1 143.9

Exaropic § bis, PIBSA/TEPA 6:1 123.6




Friction Performance H gh Frequency Reciprocating R g (HFRR) Eval uation

The friction performance of the lubricating oil conpositions of Exanples 10
and 11 wasoevelaeetsed t he Hi gh Frequency Reci procating RipgT(UspHRRX6140Nd
conpared to the friction 15 perfornmame of the lubricating oil conposition
of Conparative Exanple F. The HERR test rig is an industry recognized
triboneter for determ ning lubricant performance. The PCS instrunent uses
an el ectromagnetic vibrator to oscillate a specinmen (the ball) over a snall
anpl i t udes whirk éxcpressilingradd iagavingtshaw fﬁw eniiweqifemmmmr(iwidelcampoiingk); adéThe

anpl i tude an e cillay and yardi.abl The
Frreti onal rores peRuEb ik b ek P el BB ELFYES PR ac
resi stance (ECRpmargzreaspured ;ﬂﬁﬁﬂrecuf bfafwm&t»at p@naby :sspietasicnen sschedid in a

bath to whi Chg%m%c{s n@qda q]a(,t | 'n f(“’Mh ol” %Llhl& a@?£ éposu%zg%‘r‘ dlgouheait g,orr'pwx%lfwt hi s

test, the t nut usi ng 6mm
bal |l on fIatEsmemsrﬁmefbf 52100 steel The | oad was 1kg and tenperature was
116C. The lubricating oils were pretreat ed with about 6% by wei ght, based
on the toéfal weight of lubricating di¥AMBLEZS di esel engine soot collected
front diesel engine exhaust. The soot was stirred into the oil to wet it
and then honogeni BtckirurBaitantit Bsmppiior vasdordtppginiogd vhi'ssrasimidy

smal | er coef fil,clant 30f; ff Ibsiatc@rgu&%ﬁ@i%% SaltO@miDES 186 Rebhyg Juk!%l cating
additive, The HERR friction perfornmance data are represent ed in Tab e 2,

WO 2012/ 0997SBPET. UED 0Pk o20drayias draser. ¢ HidiE) wWoa dithivohasplatst DErivt. &

Per formance g@%&%@eﬁ%ﬁémd&fql QnCReff hehahd s QhoFhiGdd QR E&aﬂpb,, ook point
(Baseline)0.1 denum Addi ti ve) Eonpar ative Exanple E anpl e 10

+ . 500 pﬁ)?n Edei"Sb&l’ﬂ 0.85 wt % olefin copolymer viscosity index improver and 5 ppm foam inhibitor

n a Group H base oil.
EXAMPLE 11

A basehine lubricating oil formulation was formed contamning the same additives,
base o1l and treat rate as in EXAMPLE 10, The hibricating oif additive of EXAMPLE 1
20 was formulated into this bascline lubricating oil such that the total Mo content in the
formulation was 500ppm.
COMPARATIVE EXAMPLE E
Molybdenum Post-Treated High Molecular Weight Succinimide Complex
made from Acryiic Acid at 88°C (CMR of Acrylic Acid to Succinimide=2:1})

25 A molybdated suceinimide complex was prepared using the same general procedure
and components outlined in Example | except that the acryhic acid was added dropwise
starting at room temperature and the teraperature was maintained below 106°C for the
addition of acrylic acid and then a reaction ternperature of 30°C was maintained until the
reaction was complete. The molybdated succinimide complex was a greenish brown liquid

33 at room temperatare, and had the following properties:

Mo = 4.914 wi. %

Total Base Number = 56.95 mg KOH/g



Exanpl e 11 (Exanple 10 + 500 ppm Exanpl e 1) As the data in Table
2 show, the nol ybdenum succi ni m de conplex of the present invention,
derived fwormneomyissc acid at a charge nole ratio of acryCrasacio2deo4
succinim de of 102:1, and prepared at3ta tenperature in the range of from
greater than 80C to no greater than 150C (Exanple 11), denonstrates

i nproved anti-friction properties over the correspondi ng nol ybdenum

succi nim de conplex derived fromacrylic acid at a charge nole ratio of
acrylic ag&id to succini m de ofC@MPAdhIPitchpanrkiPidt¥ 80C (Conparati ve Exanpl e
F). It will be understood that various nodifications may be nade to the
enbodi ment s 15di sktbosled HHerding oilTiranetior eat hendyovende sersiupt kdiiivshoul d not

be construedyas kmitéangmbﬁxtp J\C@W@Sn@&ﬁgml% d&aa%hﬁosmof pr ef ened

enbodi ments. For exa unctl ons descri ove and inpl enented as
t he best rmd@Ofvﬁ‘p‘xPoﬁé% AtEXAGEHEE prae Semtlaked nentisdaschnelubignating ¢ilestl Gl on

pur poses onl ) { s may be inplenented by those
skilled in the ngl'?%vﬁotL%ﬁ?gf%g%g%%ﬁg}gg?ron?@ﬂe scope and spirit of this

inventiong Moreover, 70those skillegiwbheart will envision other
nodi fications within the scope and spirit of the clains appended hereto.
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High Frequency Reciprocating Rig (HFRR) Evaluation

The friction performance of the lubricating oif compositions of Examples 10 and 11

was evaluated the High Frequency Reciprocating Rig (HFRR), and coropared to the {riction

15 performance of the hibricating oil composition of Comparative Exampie F. The HFRR test
rig is an mdustry recognized tribometer for determining fubricant performance. The PCS
mstrament uses an electromagnetic vibrator to oseillate a specimen (the ball) over a small
amplitude while pressing it against a fixed specimen {a {lat disk). The amplitude and
frequency of the oscillation and the load are variable. The frictional force between the ball

20 and flat and the clecirical contact resistance (ECR) are measured. The flat, stationary
specimen is held 1o a bath to which the hubricating oil 18 added, and can be heated. For this

test, the tribometer was set ap to ran at 20 Hz for 20 munuotes, using 6mm ball on flat
specimens of 52100 steel. The load was ikg and temperature was 116°C. The lubricating

oils were pretreated with about 6% by weight, based on the total weight of Tabricating oil, of

25 diesel engine soot collected from dicsel engine exhaust. The soot was stirred inio the oil to
wet it and then homogenized for 15 minuics prior to festing. In this test, a smaller
cocflicient of friction corresponds to a more effective lubricating additive.  The HFRR

friction performance data are represented in Table 2.



32 WHAT IS CLAIMED | S: A process for preparing a nol ybdated succi ni m de
conpl ex the process conpri sing: (a) reacting an al kyl or al kenyl
nono- or wboietza9eskni m de of a pol yam ne of forrmula | orcCraseubkadels or
m xtures thereof: N (RNH)H 100 Formdia (1) RN R N(R -NH)yR -N Fornmul a
(I'l) 15wherein Ris an al kyl or al kenyl group having a nunber average
nol ecul ar wei ght of about 500 to about 5,000, R is a straight or
branched-chai n al kyl ene group having 2 to 3 carbon atons, x is 2 to 11, and
y is 1 to510, with an 1143-unsat ur at edABSEG- car boxylic acid or carboxylic
acid ester, in a charge nole ratio of the a43-unsaturated nono-carboxylic
acid or carboxylic acid est8FRfoWMeheamioditnn Aederreduct 8esmlilsa | or fornula |
or mxtures thereof_of 20areater than 1,05:1 to about 6:1. _and wherein the
reacti on tenperat ur @escsipitinnt he range of from grieaffeient MaNiIBBE t 0 no greater
t han about 150C, and

Exarmple 10 {Bascline} $.123

{No Molybdemmm Additive)

Comparative Exarople F (.13
{Example 10 + 500 ppm B}

Example 11 0.078
{Exampie 10 + 500 ppm Example 1}

As the data in Table 2 show, the molybdenum suceinimide complex of the present
invention, derived from acrylic acid at a charge mole ratio of acrylic acid to succinimide of
10 2:1, and prepared at a temperature in the range of from greater than 80°C to no greater than
150°C {(Example 11), demonstrates improved anti-friction properties over the corresponding
molybdenum succintmide complex derived from acrylic acid at a charge mole ratio of

acrylic acid to succinimide of 2:1 and prepared at 80°C (Comparative Exaraple F).

It will be understood that various modifications may be made to the embodiments
15 disclosed herein. Therefore the above description should not be construed as Hmiting, but
merely as excroplifications of preferred embodiments. For example, the functions described
above and implemented as the best mode for operating the present invention are for
itlfustration purposes only. Other arrangements and methods may be implemented by those
skilled in the art without departing from the scope and spirit of this invention. Moreover,
20 those skilled in the art will envision other modifications within the scope and spirit of the

claims appended herelo.



(b) reacting the succiniinide product of step (a) wth an acidic nol ybdenum
conpound to provide the nol ybdated succi nim de conpl ex, wherein the

nol ybdat estooui9ni3m de conTlex is a liquid at room t enpeCcatusee2/02060

2012/ 099736PCT/ US2012/ 020614 33 32 2. The process of Claiml1l, wherein
t he O-unsaturated nono-carboxylic acid or carboxylic acid ester is selected
fromthe group consisting of acrylic acid, nmethacrylic acid and m xtures

t her eof 3. The process of Claim1, wherein the acidic nol ybdenum
conpound §s Belectsed ARG the group consisting of nolybdic acid, ammoni um

nol ybdat e, sodi um 10nol ybdat e, potassi um nol ybdat es, hydrogen sodi um

mol ybdat e, MoOCl4, MERBrXss Mp2086L6g anpblybdaduwediningkl depdnd tw pbuses

t her eof amnrime 1Ne process of G aim1l wherein the a43-unsaturated

nono- car boxyTl d'acid or car boxylic acid ester is acrylic acid and the
acidic rr_Dl ybdenu a3 Q:gpf%g@q a,!k?i &Q!k)f&qgﬁﬁén&'Hs%ﬁ&agﬁmidl%?a 11(@911‘19"108@@%1@} Caim
1, wherein the nolar rafio of the n4-unsaturated nono-carboxylic acid or
car boxyl i ¢ abyrdoasdadi ot Hekesflaet he succinim de of fornula | or formula I
or mxtures thereof is about 1,5:1 to ahout 6:1. 6. The process of Caiml,
wherein the nolar ratio of the nol ybdengm conpound to the succini mde
product of step (a) is about 0.&_ 1 to out 2:1. 207, The process of Claim
1, wherein the alkyl or aikenyl s f ide of step (a) is a mxture of the
succinimdes of formula | and for _ .,@4) 4he process of daim?7,
wherein the ratio of the succinimde of orn{ﬁa1 to the succinimde of
formula 11 in the succinimde mxture~ss fromabout 1:1 to 10: 1. 9.
The process of aiml, wherein the regction tenperature of step (a) is at

10 0

Forraula (I

N——(R-NH),R'—N

Formufa (1)

15 wheremn R is an alkyl or alkenyi groop having a number average molecular weight of about
300 to about 5,000, R’ is a straight or branched-chain alkylenc group having 2 fo 3 carbon
atoros, x is 2 to 11, and y is 1 to 19, with an o,B-unsaturated mono-carboxylic acid or
carboxylic acid ester, n a charge mole ratio of the o B-ansaturated mono-carboxylic acid or
carboxylic acid ester to the succinimide of formula I or formula U or mixtures thereof of

20 greater than 1.05:1 to about 6:1, and wherein the reaction teroperature 18 in the range of
from greater than 80°C to no greater than about 150°C; and

{b) reacting the succinimide product of step {(a) with an acidic molybdenum
compound to provide the molybdated succinimide complex, wherein the molybdated

suceinimide complex is a Hguid at room temperature.



25l east 90C. 10. The process of Clain 1, wherein the reaction
tenperature of step ([ is at |east 100C. 11, The process of Clain 1, wherein
t he reactwonot2mpsBrat ure of step (a) is no greater thanrt408201301614he
process of Claim1, wherein the nol yb¥ated succinimde conplex is a

nol ybdat ed nono- succini m de conplex, W) 2012/ 099736PCT/ US2012/ 020614 34
14. The process of Claim1l, wherein the nolybdated succinimde conplex is a
m xture of nol ybdated nono- succi ni m de conpl ex and nol ybdat ed bi s-

succi ni m #le conplZex. IBs flesppOdlct mabkecibyhed dpvesagfai@ abm-darboxylic acid

or carboxylic acid cster is selected from the group consisting of acrylic acid, methacrylic

acid and mixtures thereof

3. The process of Claim 1, wherein the acidic molybdenum compound is
selected from the group consisting of molybdic acid, ammonium molybdate, sodium
10 molybdate, potassivm molybdates, hydrogen sodium molyvbdate, MoOCL, MoO,Br.,

Mos(34CL, molybdenum trioxide and mixtures thereofl

4. The process of Claim 1, wherein the o,B-unsaturated mono-carboxylic acid
or carboxyhic acid ester s acrviic acid and the acidic molybdenum compound s
molybdemmm trioxide.

15 5, The process of Claim 1, wherein the molar ratio of the a,f-unsaturated
mono-carboxylic acid or carboxyhic acid ester thereof to the suceinmmide of formula T or
formula H or mixtures thereof is about 1.5:1 1o about 6:1.

6. The process of Claim I, wherein the molar ratio of the molybdenom
compound to the succinimide product of step (a) is about §.1:1 to about 2:1.

20 7. The process of Claim 1, wherein the alky! or alkeny! succiminuide of step (2}
1s a mixtare of the sucemimides of formula T and formula H.

8. The process of Claim 7, wherein the ratio of the succinimide of fornwla [ 1o
the succinimide of formula I in the sucemimide mixture is from about 111 to 10:1.
9 The process of Claim 1, wherein the reaction temperature of step (a) is at

25 least 90°C.

10. The process of Claim 1, wherein the reaction temperature of step (a) is at
least 100°C,

1. The process of Claim 1, wherein the reaction temperature of siep {(a) is no
greater than 140°C.

30 12, The process of Claim 1, wherein the molybdated succimimide complex is a
molybdated mono- succinimide complex.

13, The process of Claim 1, wherein the moelybdated succinimide complex is a

molybdated bis- succinimide complex.
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5 14, The process of Claim |, wherein the molybdated succinimide complex is a
mixture of molybdated mone- succinimide complex and molybdated bis- succinimide

complex.

15. The prodact made by the process of Claim 1.



