A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF MAKING THE SAME FIELD OF
THE INVENTv:dioepresent invention is directed to an improved dispecIaamzagditii@icomposition
that is used in engine oils; and it is also directed to the process of making the same. BACKGROUND
OF THE INVENTION It is kpqwisiaeiey BiilcASDHeavianhe sispaigants and/or detergents in the
formulation of lubricating oil compgsitions, Many. of the known dispersant/detergent compounds are
based on the reaction of an alk sMchﬁQBc(% gpéﬁi@/ﬁrmﬁ/\%“ﬁ% amine or polyamine to produce
an alkenylsuccinimide or an alkenyl succinamic acid as determined by selected conditions of reaction.
One problem facing the lubricant marw’ﬁ%%%r-j-%gim@@@@hpf particulate matter in internal
combustion engines. Failure to have a@adequate particutate matter dispersancy may result in filter
plugging, sludge accumulation, and oil thickening. It has been discovered that the combination of
certain aromatikhamhyskidesanthatsydeaeapsi-tieatetodisparsantspravide/unproved dispersancy as

shown in soot thickeni .éhg%tch tests.and diesel engine fuel injector flow loss improvement tests.
DESCRIPTIOIQO(g]IEQﬁE-? ntASTLI‘:SB A’T?‘T“%'U?o%‘!esar?gﬁ?u%iﬁsﬁ!g 'zrﬁ‘ér‘?t"o %6?%&6%#&?0&0438848

discloses a lubfigkingdghsiisedrtaining a dispersant prepared by (i) reacting at least one polyamine with
at least one acyclic hydrocarbyl substituted succinic acylating agent in which such acyclic hydrocarbyl
substituent contains an average Jch reaction being conducted using
proportions such that the -1- ac Steac i yolyamine in a mole ratio of from 1.05
to 2.85 moles per mole of polyamine, and (H) reacting the product so formed with (a) at least one

aliphatic vicinah SiahbeAR ABl0 AbRal FErSGA A0 RIS Thihe molecule and

in which the two carboxyl groups are separated from each other by two aliphatic carbon atoms, or (b)
an anhydride, T84 aliR[e 0Bt Qi RUBPBHECSSNBYAPHEIG B4 d acylating agent, or (c) a
combination oki{e)srasn{l)etasiegtiodtheeadtarbisldoapnaieastiinoll drat the mole ratio of such

acylating agenk RINDAAR9HD SRREL TOln TR prayiso hat the tota

mole ratio of the acylating agentsin ) per mo yamine'Is In the range of 2.40 to
4.50. JP511303B8riisERsSEn o A g il SeRPasiforCH 269 PREHEIRY Dy SERAIeS an effective
amount of the reaglRMPHRAsiiIBhabRLlPdRleh &g WRid el slzBoragurepitrogen obtained by
treating (a) arocrinati%%olg/ba,(sic ar c%xylict(f\crid (%pthalfc acig, tierephthalic %culi trimesic acid, trimellitic
acid pyromellitlclsgcc?'lr \ g e{.)oa 3 I&%ugn%r/n ri e,i b Smén‘i?-@ug&#ﬂ% %%?%Sr' it 'aur{ﬁyaride, having alkenyl
group jointed dfavekriedapivsightaburnador 30UE wad g ) Eulyesikl éntisipiugdingin the molar ratio of

(a):(b):(c)= L:lydbd anddigating hersiheitgaulitgg intermediate with boron. Stuart et al., U.S. Patent
No. 3,287,271discloses lubricating oil compositions containing amine carboxylic acid products.

it has been discovered that the combination of certain aromatic anhydrides

and ethylene post-treated dispersanis provide improved dispersancy as shown

in soot thickening bench tests and diesel engine fuel injector flow loss
~ improvement tests.

DESCRIPTION OF THE RELATED ART

European Published Patent Application No. 0438848 discloses a lubricating
oii containing 2 dispersant prepared by (i) reacting at least one polvamine with
at ieast one acyclic hydrocarbyl substituted succinic acylating agent in which
such acyclic hydrocarbyl substituent contains an average of at least 40 carbon
atoms, such reaction being conducted using proportions such that the
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,LeSuer, U.S. Patent No. U.S. Patent No. 3,374,174 discloses nitrogen-containing compositions
obtained from the reaction of an amine with a high molecular weight carboxylic acid such as a
monocarboxylltSHARE AN alkylene or arylene dicarboxylic acid. ListoRS USRS No. 3,692,681
discloses terephthalic acid dispersed in a hydrocarbon medium containing highly hindered acylated
alkylene polyafflyleindegandetesicledsyitdhenpolsraiein aeacliseis of frrldifidd tompositions that
may be either gl3she poduetanbisipedayingasHagilcanyiey sRHMIARS Witriedatamatic
dianhydrides, ?r ((%) thaggprodlggtié)btalned by reacting alkenylsuccinimides with an anhydride or a
dianhydride of ST BBR/AR 5')‘2))1|E’%ﬁ'iﬁﬁ%ﬁf@%ﬁ&@ﬁédcﬁ%l%tfﬂgﬁ@%ﬁG%tW\/\'Pﬁ]élecular weight, the
obtained product3deiagptinestreactethavitio atiEastomevdrgaricdom patmedyh gudagsseseeral hydroxyl

and/or amine j ' iti PP i icating oils in a
proportion, for%%%?gmggalﬂ%%%%ﬁ gsl%w\éﬁght. ’C@Egﬁgﬁ}ﬁé@?gﬁﬁ% I\FI@.}L%@%,ZSB discloses

oil-soluble disF&ed1 BBt aEHRE BlAHSRH T e FELERBR PR REBRLMNAAIERAE a long-chain
hydrocarbyl-sub$titutetcblisdsh@xy s aeidpankycdyiteiaresttothsrgpbwitodgpelgashydride,
characterized | t ISPE restricts.the vi YA i Il lo Pa.s in the
Haake rheolog@et}gfsﬁtede w%edg ﬁi%rjg%bgt é%ﬁtﬁ%)a%fé%%%gt@gﬁ% ?h@al?q%%;g g%) s.sup.-1 Pa.s,

and lubricating®bait @qlyerdpmyiitieranerdtaiive st cepigdntie ebimainmiadaeh a dispersant.
Degonia et al. ddehisRateriiqiippdd }0RDHIHR0SEFHHEE MNHARS rSHEES B0 88tey e, smd succinic
ester-amides are formed by (A) reacting (i) at least one substantially aliphatic polymer of at least one
lower olefin, ang {ij idi . ixture . acidic r ts represented by the
general formul“é'g)\){\glﬁw)clé?r’gﬁr?} %gg%%gg@%{;ﬁ% g?o@réd%&ﬁ(gk%%‘%@%\fvgﬁ é(%iﬁ)ﬂr%a% Cégl%ggﬁ tom, or tak></3n
together are a&ir@ffeSxpERdRT HifreaStiensmriahchapaune Hyént Wienvwgiadastidhe alcohol
(preferably a peiyturercielsarsyerobrained(iefesabhy a Pobramine hawpesat leasbepe primary amino

group). Wollenberg, et.al... U.S. Patent No..4,612,132 discloses polyamino, alkenyl gr alkyl succinimides
which contain 33'90 %E\ %h fite |C)r§l"€3arﬁ3 éshl‘ \?\}H;IC Céfé&'urg%ﬁ?l 3¢ diéﬁrg é@ﬁt??ﬁ‘ﬁﬁﬁ?ﬁﬁﬁ%"ons, gasoline's,

marine crankcasi cis-aatchijel enliiciddie. Wictlsemergetialc, a5iE oPigentidride 70av880 discloses
polyamino alkeyd:af alipdusHcimgndess Wik &patainsgrpamae: funsiiapalities,whigh are useful as
dispersants in IuP&g@%}Iin@%nsgggsollnes, marine crankcase oils and hx_draulic oils. Harrison et al., U.S.
Patent No. 5,332 Y80Y QIE0YEE i AVNS BRET SARiRiiRsLATivel WhitP AP ¥ iPSaction product of
a high molecul@entighesukenmyirterradidiisuiastituiaoh succinic anhydride and a polyalkylene polyamine
having an average of greater than 4 nitrogen atoms per mole, wherein the reaction product is
post-treated wigh,a-e %k, CorROmaiRNRIGCAPRABICIISLOTOSAERAN e BB SRR, for

concentration levels at which fluo[;Ee())caJ,bon,seal gom atibility is achieved, possess improved
dispersancy aﬁa%?‘a@%‘é'%ﬂ %ffe%%l%ﬂ o loyed in lubricating oils and fuels, Harrison et al.,
U.S. Patent No. 5,356,552 discloses alkenyl or alkyl succinimide additives which are the reaction

product of a high giglecylar vejght alienysor sliswRstigied syacinicarbydridsand a polyalkylene

polyamine having an average of greater than 4 nitrogen atoms per mole, wherein the reaction product
is post-treated SRitiF AR FRTHERBHENRTOIRNEGNTRTRILIE VA7 IRL I ARSEONS WHEiA RIS and, for
concentration levlsutirnwhiyhil uendelasio e seaticam patibiing isdeRigicedcigossgssrimproved

dispersancy a%ﬂ(ﬁéﬁg%?@%‘%%@g%@?ﬁié"’él:ef@, employed in chlorine-free lubricating oils.

Liston, U.S. Patent No. 3,692,681 discloses terephthalic acid dispersed in a
hydrocarbon medium containing highly hindered acylated alkylene

polyamines.

Durand et al. U.S. Patent No. 4,747,964 discloses additive compositions that
may be either (1} the products obtained by reacting alkenylsuccinimides with
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Harrison et al., U.S. Patent No. 5,716,912 discloses a succinimide composition is prepared by reacting
a mixture of an alkenyl or alkylsuccinic acid derivative, an unsaturated acidic reagent copolymer, and a
polyamine und¥? fER&E tonditions; then treating the reaction product With etAE 48 klic carbonate
or a linear mono- or polycarbonate or boron compound under reactive conditions. Harrison et al.,

Patent No. 5,789B9lcHigolellidesimide)dbmpostisn ediaiapdiatregatiageting a mixture of a copolymer
of a first unsatunaéaﬂ@@@lm@mmaﬁ anhyknsisubslitied wlafie or aerehyngsipf a second

unsaturated acidi ent -olefin, and a polya nder reactive conditions; then treating
the reaction pr‘éﬂﬁ W% P:a %ﬁ c(a 80‘?{5@5 %/%H]#?gf“’rﬂm’{ cuiar% ' rtt)%%ate or boron
compound undﬁﬁamdtwdmidh&mgsthblamadacbwah alsPatenmriyanis @#8péubdiscloses a
succinimice cofgpagilen s MzRREH N IGaHE 8 BiXLI#-Rbanglegralysuccinic acid

derivative, an unsaturated acidic reagent copolymer, and a polyamine under reactive conditions.
Harrison et al. COMROPINEHIRY 0§, §§§8§§9 YiGaliag AR G MORFEH BN RORIGEIPIE prepared by
reacting a mixtusen @f Ao @@Eny} eredkylsuccinic acid derivative, an unsaturated acidic reagent
copolymer, and a polyamine under reactive conditions; then treating the reaction product with either a

cyclic carbonate g alifeqs 81995 AR KCAIBIBA!G I RAOR CURBR ARG pdes reactive conditions.

Harrison et al., U. S. Patent No. 6,451,920 discloses a process is prowded for preparing a mixture of

(1) a copolymé?béﬁ'aﬁ?&ﬁﬂE@ﬁ@'ﬁﬂ&“&ﬁ%ﬁfﬁ?ﬁga% YRBIMEAH @)aPshATkeny! derivative of
an unsaturatedhgiisiertaagens:is el ﬂﬁw&wﬁmpﬁsmgwﬁa)zcemlywmmc(ﬂmmmlyalkene containing

Plkylvmyllden% 6@2\4@@&@% r}% Ié%p{i@élm Pﬁ]f MHJ gr%m r@?tﬁ&s% %a\pér%ts ﬁi’ acidic reagent under

polymerization conditions In the presence of & Free Tadicalnitator an reac ing the product of step

(a) with an undBERAREd BRI e RgEHY §t%®@t8@t@ﬁﬁ5§rﬁtﬁ@@ﬁ¥ ﬂ@ét&@%ﬁ’d@&‘@@trong acid.
Harrison, U. S2Wcﬁ\mtd&m@sﬁéﬁe?éﬁdﬁa’s@@%saaehﬂzez&%&,ogs?rmaée@haugﬁwaﬂtﬁ? prepared by

treating an alken)él ar all%l sucuqlrrr]]lde ith N0|IC%% ue%'t?étsetsrocn%tg%% and %ontactlng the treated
succinimide Wi?h a cy(lzjllc carbonate Foa%rm areree post- FeRed45eEhfinide. SUMMARY OF

THE DISCLOSIisR&s#nits broadest embodlment the present disclosure is directed to a lubricating oil
additive composition prepared by the process which comprises the stops of: (A) reacting a polyalkenyl

succinic acid anggBakyaikanyl Biceieaueysitde, W%addéééé @necpm&@/l@aa:@ﬁﬂyamine having at
least three nitro%en ato S thereb rodu HJ Fq

oger ms, (here as ﬁ)clg%lgén EA?; su cm 51 e.or mlxtures thereof; (B)
reacting the pro Gev S step (:Arj Wit dlicahhydride Sﬁlt%aﬁgc ﬁﬁ?&g post-treating agent
or mixtures th@éﬁﬂtﬂﬁ@fwlph@ﬂgmgw pfiddlgnssore fnverstlebmiamddipes@ositamide or mixtures
thereof; and  reactant or a mixture of two or more acidic reactants represented by the

general formula wherein R and R' are independently --OH, --O-lower alkyl, a

halogen atom, or taken together are a single oxygen atom; and (B) reacting

an acylating agent with at least one aicohol (preferably a polyhydric alcohol)

or amine (preferably a polyamine having at least one primary amino group).

Wollenberg et al., U.S. Patent No. 4,612,132 discloses polyamino alkenyl or
alkyl succinimides which contain carbamate functionalities which are useful as
dispersants in fubricating oils, gasoiine’s, marine crankcase oils and hydraulic
oils.

Wollenberg et al.,, U. S. Patent No. 4,747,850 discloses polyamino alkenyl or
alkyl succinimides which contain carbamate functionalities which are useful as



(C) reacting the product of step (B) with a cyclic carbonate thereby producing a final post-treated
succinimide or succinamide or mixtures thereof, wherein at least one basic nitrogen remains in the
final post-treatsd BilehHifide or succinamide or mixtures thereof. In oné GEPEMP{PB&tis provided a
concentrate comprising from 10 to 90 wt% of the lubricating oil additive composition as defined above
and from 90 todispeUesiss ahubrisatng dlilseaesaespresene greclivnane ¢satnd birewadi to a lubricating oil
composition cgypprising a major amount of an oil of lubricating viscosity and a minor amount of a
lubricating oil additive composition prepared by the process which comprises the steps of: (A) reacting

a polyalkenyl succinic acid or,a.pplyalkenyl inic,anhydride with at least one polyalkylene
polyamine, ha?/!{lﬁgfsa?rfeeasq'fh@é% r%%tga@#%é%%%%%ré]gg B?gaﬁ\cf:g‘ﬁag%ru%gmimide or succinamide or
mixtures thereBficB ¢ adgitivesprodlictrefibeeeasioniticeptithbtidimhhydiédelar naphthalic anhydride

post-treating a@@@h@ém?ﬁﬂwgﬁéh@%@%éﬁﬁf@@%ﬁ&ﬁiﬁ@ﬁﬁy@ﬂd@igﬁbI%O;:%T% guccinimide or
e

succinamide or mlxturest reof; and (C reactir%%thegﬁroduct of step (B) with a cyclic carbonate

thereby produdRig A it PR PR AL TR BirhTRIE" SP Y & ERARTE TR R B Frereof, wherein at least
one basic nitrogegreentizémedntivre fnoealipostpmetbec sdotithmiclelar carboimemigie or mixtures thereof. In

another aspecgom%%%mm%&y@&h%&ﬁ%@yi&%%g&ﬁggﬁm@é@ ipternal combustion

engine which comprises operating the engine with the lubricating oil composition as defined above.
The present di%BI68 IHOTERARBTERIEATE A RIS P T AHERIRP SSRASEMIRYESH additive composition
which compriséspgbsstepaiad/ofApteaetiog srpuytdkedrsengiigaacid lobrdcpatgatkenyl succinic
anhydride Withaﬂblﬁ%% one polyalkylene polyamine, having at least three nitrogen atoms, thereby
producing a succinimide or succinamide or mixtures thereof; (B) reacting the product of step (A) with a
phthalic anhydride or naphthalic anhydride gost-treating agent or mixtures thereof, thereby producing

an initial post-frEHEa sticinihitid 81550 &lon a6 Ripaigres fEsawioaAlY(C) reacting the product of
step (B) with astyclidroabarditedbaviiol preduciagaidimptqangi ibatagrsuesginde or succinamide or

e hre G 153520 AREHOSINSIBR.L s oo aueonimce o

. ‘ ingly, the present osure es to multi-functional
lubricating oil KHATEEMAEAGTE ALeTRIas UEEpsANS thralidetsrAred AIUBEGN engine. DETAILED

DESCRIPTIOMKefeihhite MYt Kuct is post-treated with a cyclic carbonate, are
compatible with flucroelastomer engine seals and, for concentration levels at
which fluoroelasiomer seal compatibility is achieved, possess improved
dispersancy and/or detergency properties when employed in chlorine-free
lubricating oils.

Harrison et al, US. Patent No. 5,716,912 discloses a succinimide
composition is prepared by reacting a mixture of an alkeny! or atkylsuccinic
acid derivative, an unsaturated acidic reagent copolymer, and a polyamine
under reactive conditions; then treating the reaction product with either a
cyclic carbonate or a linear mono- or polycarbonate or boron compound under
reactive conditions.

Harrison et al., U. S. Patent No. 5,753,597 a polysuccinimide composition is
prepared by reacting a mixture of a copolymer of a first unsaturated acidic
reagent and a 1,1-disubstituted olefin; a copolymer of a second unsaturated
acidic reagent and a 1-oiefin, and a polyamine under reactive conditions; then

-4 -



While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof and are herein described in detail. It should be understood, however, that the description
herein of spec‘ﬁﬁ% BMB&Fhents is not intended to limit the invention to ti’i’ngFﬁ%ﬁW@rms disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives falling
within the spirit'8AtNSdbpaaEHee RIPEREbIIHseHERNa FXcIRE RppaiuRIBIARMSTONMons The

following termgpuigesrvaia i erdrseHRbAbaLAHefbed aseusBoddedieym "PIE3" is an abbreviation for
polyisobutene. -7 The term "PIBSA" is an abbreviation for polyisobutenyl succinic anhydride. The term

selected rom HE TN o tisuaiof PO B o ey T o T form
succinic anhydiRiePgesias. BHepaed- - ieRednaIRyM iUeesih o et eCaIRtNAPEECINS 6 carbon atoms.

The term "suceigimégen s darstaestindRe Atidninciddatnapyphie amidepbnisigirgtc. species which
are also formed tézéthe r?e\\ctioné){i a succinic anhydride with an amine. The predominant product,
however, is sudehimide and thig I8 has been generally accepted as meaning the product of a
reaction of an alkenyl- or alkyl-substituted succinic acid or anhydride with an amine. Alkenyl or alkyl
succinimides di@iEloséd #h.nnePouBFirelreNeestbit H22wWEiFRRESH ™ thecaiinietain fundamental
types of succiniphgesifienl ielptedmatefiaaenepBpacers By dhaalrsRyicbaBikpyGeitmpide” are taught
in U.S. Patent Nog.PZ,rQQ%JOS' 3,018 29Jt; ?,02.4}237' 3 190,67?’,; 3,219h6g56; 36}72 892; and
3,272,746, theTHECfEENRY Bt évfhfé%sﬁ‘%"%s eﬁﬁ'ﬂq%é?%?é‘teao&? eieteiCE. © B ﬁ\rgf?grm "alkenyl or

alkylsuccinic acitfielersesiine’ rofetifansa irnciieetingving teadtiomyleeduct with either a
cyclic carbonate or a linear mono- or polycarbonate or boron compound under

reactive conditions.

Harrison et al,, U. 5. Patent No. 6,451,920 discloses a process is provided for
preparing a mixture of (1) a copolymer of a polyalkene and an unsaturated
acidic reagent and (2) a polyalkenyl derivative of an unsaturated acidic
reagent, said process comprising (a) copolymerizing {1) a polyalkene
containing alkylvinylidene isomer and non-alkylvinylidene isomers and (2) an
unsaturated acidic reagent under polymerization conditions in the presence of
a free radical initiator; and (b) reacting the product of step (a) with an
unsaturated acidic reagent at elevated temperature in the presence of a

strong acid.

Harrison, U. S. Patent No. 6,214,775 discloses a haze-free post-treated
succinimide prepared by treating an alkeny! or alkyl succinimide with an oil-
soluble, strong acid and contacting the treated succinimide with a cyclic
carbonate to form the haze-free post-treated succinimide.



0 H R-C-C----L H20-C-M 0 wherein L and M are independently selected from the group consisting of
--OH, --ClI, --0--, lower alkyl or takgﬂm t ?r(%en'-ﬂs“ﬁ& raf @Ikenyl or alkylsuccinic anhydride
group. The term "soluble in Iubricarrrng“%’g;r—‘r—rh"“@h‘ﬁl;;m refers to the ability of a material to dissolve in aliphatic and
aromatic hydrocarbons such as lubricating oils or fuels in essentially all proportions. The term "high

molecular weigl Ol g eifisin, Ae s (gl ding Rgy arizsd lSfinsaying a residua
unsaturation) of sufficient molec %

ular weight and, chain length ta lend solubility 1n lubricating oil to their
reaction prod@&%@l@ﬁéﬁ@p&lﬁ?\ﬂ% Wg\ﬁ#gﬁa %%ES%?%B’%’& gﬁ’g‘ (')Cc;n more g’ﬁ%lsc%]%%%gt%rm "alkyl" refers to
both straight- @ind branched-chain alkyl groups. The term "polyalkyl" refers to an alkyl group that is
generally de”@d ff?éﬂéeﬁyg'ﬁﬁ%zﬁéﬂ%@&%&ﬁ@lxm&@ arcapakangrseEmens:qefias, particularly

1-mono-olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-olefin
employed will \WEV&! e G RDYALYIBER %%’ﬁfg',”gngl‘?HE‘%6&H@@&Bfﬁ%@%@%ﬁiﬁ@%mbon atoms.
More preferreghensiyoselefisadnclideiprapdeneytritydends partionlasly tiseleotylene, 1-octene and
1-decene. Preferred, polyolefins pr. -olefins. | d lene, polybutene,
especially pol %obuqeegncé%gﬁneetg?gnﬁ%%ﬁg tgﬁr%&%gg;ﬁg%g %ﬁtrgggﬁéa%%mﬁ%ggcapable of
accepting a pratoytiridhpogirieetiakeagrsacemeras deraainiehely rivgvang rPeUEEiRic acid or
anhydride” maybe-used niesshangesbiicOnariBhadimanieefitespresent invention is a post-treated

oil-soluble lubricating oil additive composition. In one embodiment the composition is prepared by the
process Which(%mﬁﬁ%@"ﬁw@%gﬁgﬁg)@%s 8%&% 3%“60%?0 e 012 GO

enylsuccinic acid or a polyalkenyl succinic
anhydride withpatdesst arfe @ alyaikydetss solyannies kasirmpiaaiedst chrektiesdesieioms, thereby

producing a syceinimige orsyccipamide o Bbras-tharers+B) seactagitie product of step (A) with a

first post-treating agent, thereby producing an initial post-treated succinimide or succinamide or
mixtures thereBfEHREES) Fea&iARE HRJUSEE @) with a second post-treating agent thereby
producing a final post-treated succinimide or succinamide or mixtures thereof, wherein at least one

basic nitrogen,ferpaiped dhe finglprist reatechsuedimmiddngisucttharhite @r efikturdsithgeot, dditive

composition as defined above and from 90 to 10 wt% of an organic diluent.

The present disclosure is also directed to a lubricating oil composition
comprising a major amount of an ol of lubricating viscosity and a minor
amount of a lubricating oil additive composition prepared by the process

which comprises the steps of:

(A} reacting a polyalkeny! succinic acid or & polyalkenyl succinic anhydride

with at least one polyalkylene polyamine, having at least three nitrogen atoms,

thereby producing & succinimide or succinamide or mixtures thereof,

(B} reacting the product of step (A) with & phthalic anhydride or naphthalic
- anhydride post-treating agent or mixtures thersof, thereby producing an initial

post-freated succinimide or succinamide or mixtures thereof; and

(C)  reacting the product of step (B) with a cyclic carbonate thereby

producing a final post-treated succinimide or succinamide or mixtures thereof,

wherein at least one basic nitrogen remains in the final post-treated

succinimide or succinamide or mixtures thereof.

In another aspect, there is provided a method of improving seot dispersancy in an internal combustion

engine which comprises operating the engine with the lubricating oil composition as defined above.



In one embodiment the composition is prepared by the process which comprises the steps of (A)
reacting a polysitkemybzuceinic acid or a polyalkenyl succinic anhydride wittyed-l@astne polyalkylAne
pnlynmine, having at least three nitrogen atoms, thereby producing a succinimide or succinamide or

mixures thereofEeagtNa G POANCEAL ISR (NI AIRRIC, S0ihiide g naphthali anhycride

post-treating agent or mixtures thereof, thereby producing an initial post- treat’ed succinimide or
succinamide OP%QWEBWI%W“M{tﬁefﬁghﬁ%tﬂ?esb%ﬂ%t of step (B) with a cyclic carbonate
thereby producing a final post-treated succinimide or succinamide or mixtures thereof, wherein at least
one basic nitro re éh fina st treated Su ccmlmld 2 succinamid |xtures thereof.
(A) Polvalkenvl uccf[rét]e%p%(;% % P‘ env T}Sé}'ﬁ}c ?198&’ %“H’é%ocfilai% 69 U€&inic acid or
polyalkenyl sud@tﬁ“ir@tdﬂt‘ﬁid?ﬁ@ei)@xﬁlé%a@mvp%dfach@‘tlago@tmﬁeﬁybeeamdram unsaturated

acidic reagent. ffhenpoksaikenyl sucsinicasdesaniyside isformed.eithes by the chlorination reaction
process or the LYALKENE The polyalkenyl reactant is a polyalkene

rmal reaction process. THE P
that can be a pigsmeregfténgrﬁbﬁe‘:’@ HPhRR %?‘f"ﬁaﬁ ﬁgtaa&'ﬁﬁtwﬁép%f)ﬁﬁéﬁrt%&e types of olefins.
The principal seungesdsf thet pelyinkemdniant cakinasdecotefintpobtmersdparicatlamytigolymers made
from mono-olefis:having Eegetr%&ﬁd@@%hﬁaﬁsrrt@@&tmgﬁr SRegially yseful are the polymers of

1-mono-olefins such as ethylene, propene, 1-butene, an utene. Polymers of isobutene are
preferred. In ad@r)rronrﬁﬁﬁggp@ﬁ‘e%%% @W%Lﬁ%kfﬁ@éﬁ@%@%@ﬁﬁ&f@fﬁdb@ﬁb}s intended that the term
"polyalkenyl" aprusedrip thissnecification aneininesRinsdnshidr Etmmm@&et‘rt@t%dﬁhmh are
substantially p%alkengl 1 éb‘a% tused herelnnltrghe terrerr?w subst%ttla r”r% g/ Iken means that the
polyalkenyl group contalns nonon- h 8roca9b3r/]l UbstituER e SR toms which significantly
affect the polyaikepipirprspeTaesaitasnicls polydikees tisriestituents relative to their uses in this invention.
For example, a polyalkenyl substituent may contain one or more ether, exe, nitro, thin,
enrhnhornrarhyrnxxdrgr n h/A| non rocarbyl groups as long as these groups do not significantly
affect the polyalli\enyl c%acfe?lsfl HOSEU AR ARSIt b BresRttEEsELt of this invention is
that the polyalkeniifisstitteatoiited payditkenydsizdeinicicampoupeshoild e substantially
saturated, i.e., at least about 95% of the total number of carbon-to-carbon covalent linkages should be
saturated linkages. An excessive oroortlon of unsaturated Imkages render the molecule susceptible
to oxidation, deterioration, a e Jitsli et s uitable for use in
hydrocarbon oils in many appllcatlons The size of the polyalkenyl substituent of the succinic
compound app S0 C deter !lgr? Itheugétee%thenesgrPfutgten |t|ves of this invention in lubricating oils.
Olefin polymers |e poly VA enes§ RAVIG & mMolecurar we?g {ch B%upgggetrgaﬂe 5000 are preferred.
More preferredeh%SomﬁfﬁbWﬁi@dﬁasréSﬁﬁ@mI@FW@hﬁCﬁlﬁd%faﬁ@dtlﬁr@etmi 3000. In a preferred
embodiment, theQlefipnaivaisiiasdmalscyiar weigbt o BAFARQ: kangther preferred

embodiment, therﬁ%le in ha‘s a moleculgsewel h of about 2300. The most common sources of these

polyalkenes ar& e e R Qﬁémﬁ&wréﬁywrfi%ﬁsgﬁméne etc. A particularly
preferred polyottm‘utowpowmblttnert@r’ntmmgt@ midetotas weightfrahmabdich @0 to about 2500.

eguivalents, and aliernatives falling within the spmt and scope of the invention

as defined by the appended ciaims.

Desfinitions

The following terms Lsed with the description are defined as such:

The term "PIB” is an abbreviation for polyisobutene.
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THE UNSATURATED ACIDIC REAGENT The term "unsaturated acidic reagent" refers to maleic or
fumaric reactants of the general formula: CH -- H \\ 0 wherein X and X' are the same or different,
provided that AEHEREDF X and Xis a group that is capable of reactin®t &2t Ri%afdonhols, form
amides, or amine salts with ammonia or amines, form metal salts with reactive metals or basically
reacting metal CogriponntiBandd istae abivefiatiotidnraogatitey vgents T gpiualigeX and/or X' is --OH,
--O-hydrocarbyl, --OM+ where M+ represents one equivalent of a metal, ammonium or amine cation,
--NH2, --Cl, --Br, and taken together X and X' can be -0-- so as to form an anhydride. Preferably, X

and X' are such TR BLAYSSINEARERUFRIEEHE SFrRR&ENRS 45 iRidH Peactions. Maleic anhydride is a

preferred unsaturated acidic reactant. Other suitable unsaturated acidic reactants include
electron-deficient olefins such as monophenyl maleig anhydride; monomethyl, dimethyl, monochloro,
monobromo, monofluoro, dichloro and difluoro mal i|c anhydride, N-phenyl maleimide and other
substituted maleimides; isomaleimides; fu f tci;-m&feic acid, alkyl hydrogen maleates and
fumarates, dialkyl fumarates -12- and maleateé, fumaronilic acids and maleanic acids; and
maleonitrile, and fumaronitrile. THE PROCESS PREPARING POLYALKENYL DERIVATIVES In
general, polyalkenyl succinic acids and anhydrides gan be prepared by two different types of reactions
or processes. The first type of reaction or process involves either pre-reacting the polyalkene with a
halogen, e.g., chlorine, and reacting the halogenated polyalkene with maleic acid or anhydride, or
contacting the wbéyralketieand aralieidepahyenitieseicatid frotheHergsancecatatimglogen, e.g., chlorine.
This type of reagtign of, process | [ r ~chlorination” lon.and is described in
U.S. Pat. No. 3,?7‘%,8 & issugoy I(?/Irarl. ,%g%%gﬁ)%égﬁgﬁr%teal.&wﬁﬁ b‘?@ é&%%%&?ﬁcorporated by
reference hereﬁ'i"i‘t’iqfidér&*i%’ﬂf. The term “--O--lower alkyl” is meant to include aikoxy of 1 to

6 carbon atoms.

The term "succinimide" is understood in the art to include many of the amide,
imide, etc. species which are aiso formed by the reaction of a succinic
anhydride with an amine. The predominant product, however, is succinimide
and this term has been generally accepted as meaning the product of a
reaction of an alkenyi- or alkyl-substituted succinic acid or anhydride with an
amine. Alkenyl or alky! succinimides are disclosed in numerous references
and are well known in the art. Certain fundamental types of succinimides and
related materials encompassed by the term of art "succinimide” are taught in
U.S. Patent Nos. 2,892,708; 3,018,291; 3,024,237; 3,100,673; 3,219,666;
3,172,892, and 3,272,746, the disclosures of which are hereby incorporated
by reference. '

The term "alkenyl or alkylsuccinic acid derivative" refers to a structure having
the formula:



The second type of reaction or process which may be used to prepare polyalkenyl succinic anhydrides
or acids involves simply contacting the hydrocarbon and the maleic anhydride or acid (in the absence
of halogen) At"%fh%’r@@%t@a temperature. This type of reaction or process f#idWHH'tHe art as the
thermal reaction. For the purposes of this specification and claims, the terms "thermal process" and
"thermal reaction” include processes such as that digclosed in U.S. Pat. No. 3,361,673, issued Jan. 2,
1968 to Stuart et al., which is hereby incorp}p_@tgg__b _r_e_fgrence in its entirety. In addition, U.S. Pat. No.
3,912,764, issued Oct. 14, 1975 to Palmer, involves a combination of the thermal and chlorination
processes, as by reacting a substantial portiop,gfthe_hygrocarbon and maleic anhydride or acid by the
thermal process and then completing the reaction vig a chlorination reaction. U.S. Pat. No. 3,912,764
is also incorporated by reference herein in its entirety. (B) Amine Compound In an embodiment of the
present invention, an amine is reacted with the polyalkenyl succinic acid or anhydride described
herein. Preferafly, the aming,is a palyalkyle olyamjne, which contains at.least two primary amines.
More preferre(ﬁ%éreﬁ%llygf?(@@nagep&%%%m%ee '(%fng (I)%/far%}%dhg%ma ﬁ%&é?‘é“n‘%%sd%%%@lms. In one
embodiment, th@dotyalkylene'palyathiri@idadientipiaiesransind (DB TN aietdikgopetetramine (TETA),
tetraethylene W@aﬁi&%ﬁwiwgﬁgﬁhylenehexamine (PEHA)" heavy polyamine (HPA), or
mixtures thereof. Higher molecular weight polyethyleneamines may also be employed. The
polyalkylene polyamines may contain branched, cyclic structures or mixtures thereof. In one
embodiment, thieegelyallepieht polybrivsegnaly feaspolijet tabilyntihe theedaritadissbioth primary and
secondary amigeRoRalb I anddl RISk EEALRGAARNISIRANKE &18URIARLGh Secondary nitrogen
site with which to react. After both post-treatment steps, It is preferfed that some of the nitrogen atoms
are basic nitro§eFRM@Y BheroRERIENt of the Succinimide In one embodiment of the present
invention, the succinimide is post-treated with at a first post-treating agent, thereby producing an initial
post-‘treat.ed S%%Q%%d%ﬁﬂ%%&ﬂg?'%%i trg,x%%esre%%qgf l‘gﬁﬁslgglc I 29 t-treatgd succinimide or
succinamide or mixtures thereof Is subsequently reacte W|t?1 a second post-treating agent. In one

embodiment, tReYAIREEPSSiafaatedy gceiitipidel issrdpatan by’ eiltingt aslassigimide with an
aromatic carbawyiigiasid anavdesien thealcprRbsiISarboKyiaRebRdidesdsy be substituted (i.e.,

incluce timel RS NS (RO AL B PR AT ATHIGAUE Breferably, he aromatic
anhydride is phthalic anhydride or naphthalic anhydride. In one embodiment the final post-treated
succinimide isgRarad Ny rerRsERaANSIRILFh BRI F ARt sHssinRidgWithrsgsond post-treating
agent, which preferably is a cyclic carbonate.

The term "polyalkyl”" refers to an alkyl group that is generally derived from

polyolefins which are polymers or copolymers of mono-olefins, particularly

1-mono-olefins, such as ethylene, propylene, butylene, and the like.

Preferably, the mono-olefin employed will have 2 to about 24 carbon atoms,

and more preferably, about 3 to 12 carbon atoms. More preferred

mono-olefins include propylene, butylene, particularly isobutylene, 1-octene

and 1-decene. Preferred, polyolefing prepared from such mono-olefins include

polypropylene, polybutene, especially polyisobutene.

The term "basic nitrogen” refers to a nitrogen atom that is capable of
accepting a proton.



Typical cyclic carbonates for use in this invention include the following: 1,3- dioxolan-2-one (ethylene
carbonate); 4-methyl-1,3-dioxolan-2-one (propylene carbonate); 4-ethyl-1,3-dioxolan-2-one (butylene
carbonate); 4 ¥R/t hy1-1,3-dioxolan-2-one; 4,5-dimethy1-1,3-didXofdR208/Hes101
4-ethyl1,3-dioxolan-2-one; 4,4-dimethy1-1,3-dioxolan-2-one; 4-methyl-5-ethyl-1,3- dioxolan-2-one;
4,5-diethyl-1,37didjenan-2!lbery suceliiertid B-dibweride2apde atkyd-slioxait-2cishe;
4,4-dimethy1-1,3-0i0antR:91% eddimstishobasgioxan-2- one;
5,5-dihydroxymethy1-1,3-dioxan-2-one; 5-methyl-1,3-dioxan-2-one; 4- methyl-1,3-dioxan-2-one;
5-hydroxy-1,3-dioxan-2-one; 5-hydroxymethy1-5- mathyl-1,3-dioxan-2-ona;
5,5-diethyl-1,1GhmembsdeimenbafitPehyleSeptopyariiordiorgro@-tmeted Gidsmietiy 1-1,3-dioxan-2-one;
4,4.6-trimethy Jf Boiox @ 25 ARG AR BRIl A58 SYBIORREARANS AR dsoptg-2 -cyclohexanone].

Other suitable cyclic carbonates may be prepared from sacchrides such as sorbitol, glucose, fructose,
galactose and RIRPARS Sd TPoPPFRIA I SPRRpSRSdTRoTERS € 40) SfAFIEDS methods known in the
art. Several of gbgatkeyglig.caronaiesrseconiteayCiallyiawadablestchiasst Bastioxelan-2-one or
4-methyl-1,3-digxalan:2- cli rb iy prepar known reactions. For
example, reacé? %%%ﬁ%%géngﬁﬁég%\aﬁgb Ef%alp %grgééﬁgo%%ﬁ%r%%%’gﬁke;%%?f,&dioI yields a carbonate
for use within PeBEBMR DPHRRENINERRSFUEE RRTIEeATCBIXLIESheERONG s septmibsvhich is
incorporated hgindeYs1 efepangavith K evessodnectrtlitagromtes LSRN Eaigthis iHivgntion may be
prepared by transtgtsterifitiation of adsui'%able alg)ha alkrarrrl}e iol oran %_kan-l -diol with, e.g., diethyl
carbonate und%?%ra{ﬁgé% STTCAt O @S AEAS: @}g&%r nstar ce,e b ’.i@éi[. éé‘?%, ,115 and
4,423,205 whidtreareducbopstape@ hwitbin byowte ratdrtatitigeagted chinegbyfiedyrisparation of cyclic

carbonates. TypigaldnaalRanesarharaissdncidsdistyheaihes aterdimstark pasponate, dipropyl
carbonate and the like. Typical linear %%:%-carbonates md? éﬁ)&épropylene carbonate) and the like.
|

: d

Typical aromatfeEEP BB RARCAN AR EY RS dR o3 nA pasti URSH4ARPlride: 2,3 -
pydridinedicarbosyihcaitzyoridet3gs-tipgredinedicarboxylic anhydride; diphenic anhydride; isatoic
anhydride; phenyl succinic anhydride; 1- naphthalene acetic anhydride; 1, 2, 4 - benzene tricarboxylic
anhydride and the like. Typical aromaticcarboxylic acids include the acids of the aforementioned
anhydrides. Typiea &BRMHR BB RIA S8 reTRRIRRE WINBRIPGIhURIES, diethyl phthalate,
dimethylhexy! pivifyalste, tneosteprethid exytipiflagiatea keoppsatityhiphibialete, and mono methyl
phthalate. In ong embodiment. the second post-treat ent is g cyclic carbonate or a linear
monocarbonat’é‘.re)!fﬁ‘ Eé%%’q éﬁ%%’c?fﬁ%’r’?%f %ﬁg %r@ﬁoé@t%%ge{;%r%g% aoéfeérﬁ(f'?sergen éalg‘rlt’)gmnél)’gg ‘carboxylic acid, acid
anhydride or eBRINT gpleanyihies ifseper BinsatingesgRNPRAICHRtASHCARRYER®E, or 1,8- naphthalic
anhydride)(ijs mﬁéﬂaéwtgg@fgmﬁgﬂ@g@%@gﬁﬂg@Qd@g{%ﬁhgﬁ&@mﬁoducing %n initial
post-treated succinimide, The, initia t-treat uccinimide is reacted further with a secon
post-treating a%%—: E“&P&V& r'gﬁgfenr%{%%%’gﬁﬁa&(é% Rﬁ’é?ﬁ%%agw/ﬁaﬁgﬂ e PEStreated Succinimide
A succinimide isgpeepdineteby arediocegsaoonis sipgl-tkaiethe ten polaikengicaasinic acid or
polyalkenyl sugeinigrarhviiAR inAdepsPELmiPlHBGE R QUGS HAHPEy@Rd heating at a
temperature of from about 80C to apbout 170C. Optionally, a diluent oil may be charged under a
nitrogen purge AR e R REIAH g rAi et BRSH TR LSy BiF BLidMHITATHEE a nitrogen purge,
to the reactor. drinsxtoibetsl ibdseht atbdreinde e stitvog @a it rgectpea temyoesatutresifincdnge from about
130C to aboUt;%%@@eé?é’é@ﬂ@&%rﬁi&@%?BUE&%Q%@QJR\mﬁr@ﬁ‘é@({ﬁr about 0.5 to about 2.0 hours to
remove any water formed in the reaction. The succinimide can also be made using a process
comprising simultaneously charging all the reactants - the polyalkenyl succinic acid or polyalkenyl
succinic anhydpderangikedsineioampauadral ik dssteddiatiosHimdribe reactor. One or more of the
reactants can be charged at an elevated temperature to facilitate mixing and reaction. A static mixer
can be used to facilitate mixing of the reactants as they are being charged to the reactor. The reaction
is carried out fOPaIREIMEkeE SURBIIS 2RI4 AL RHEIKAINE FHASINMBBNPYHREE BiReoeactstionally a vacuum

is applied to theréaastienarpbiiidiRefyriRadbereae tanpesioehied em@resugsvateigformed in the
reaction.
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An initial post-treated succinimide is prepared by a process comprising charging the succinimide in a
reactor, optlonally under a nitrogen purge, and heating at a temperature of from about 80C to about
170C. Optlonng? AYRTAR oil may be charged under a nitrogen purge ity (e SIMEFE Eetor. An
aromatic carboxylic acid anhydride is charged, optionally under a nitrogen purge, to the reactor. This
mixture is heatlyalkgaySverdiepcisLipy enovaridempdesmnae ahengetheAh@pdataBOC to about 200C.
Optionally, a vagieyon israbaiies 10 dhadmhdiu FabRBaERP to about 2.0 hours to remove any water
formed in the rgﬁégzé %!%Eﬂ ost-treated succinimide is formed. A final post-treated succinimide is
prepared by a ising charging the initial post-treated succinimide in a reactor, optionally
under a nitrogen purge, and heating at a temperature of from about 80C to about 200C. Optionally, a

diluent oil may4kg BB@‘@%W@%&%&'E@E&M@%%Q%ﬁﬂ@éﬁé%%péﬁé’%l&@rbonme is charged,

optionally under a nitrogen purge, to the reactor, thereby producing a final post-treated succinimide. fEl
Lubricating Oif®&ApY DA THEROS %SQ?QFQQ@EUQWFHHS H’é’?@rﬁf&egﬁﬁv@% generally added to a
base oil that ispsinffipe sbtodedh ot tie mntymngrparmhcfarue&adm&emnmﬂwmmbaﬂmmemgmes gears,

and wansmissianPIFAU 155 WRrias oo compRsHOnStIRe PIBSeRLMaRKan comprices a major

amount of oil of | g}lcatln ViSCOsiI a minor a ount of the Iu ricating oil additive composition. The
base oil employeReRiElYy Héeé‘t‘hﬁfﬁ % RRY B R 6f@ﬂ§%f"l%@?ﬁ:ﬁ*ﬂ%ﬂﬁ%6&lﬁ9ﬁhe base oil of
lubricating visgaspgn#sadbisis b eoneposiionsigmbe biiretltels areriiaatg oils. A base oil having
a viscosity of at least 2.5 cSt at 40C and a pour point below 20C, preferably at or below 0C, is
desirable. The base oils may be derived from synthetic or natural sources. Mineral oils for use as the

base oil in this!h#edition ihEiaduireop@yaligmd, parsithaits desptibediatavg diffeintanrdasht are ordinarily

used in lubricagiagRd @mp@&@mn@qﬁmh&% mlaﬂa%{gﬁmégf&mmme’cmmm@rocarbon synthetic
oils and synthetli@eﬁrs and lxt thereof h vm%@e desir d Vi COSI'[ Edrocarbon synthetic oils

may include f31% %?3%“’3 B?g (Hcﬂgfﬁ i é(r&%h/% §I8 8]i§/§lphaolefln or PAO
oils, or oils preﬁb&r@dnﬁrdﬁmmwmmpolfyﬁymhémpmdbmmgwmmupmotads and hydrogen

gases such asip A RIRNGIIARPSIAIALESS ISRhieBhelis Y dineAtgRRiipclude liquid polymers

of alpha olefins having'the proper viscosity. Especially useful are the hydro%ﬁnated liquid oligomers of

C6 to C12 a|pﬁ£f%ﬂhﬁ%9§da%kaevm@€@ﬁ@%wm V\%@”é RPSEREEEREEHKFBer viscosity, such as
didodecyl benmmeus)@m|rbmlssnedemimfm@ymhemeeatpwmm@emmmsmy18 monocarboxylic

acids and polygarhaxylic acids, 2 Well as,mans cr]wgrpz%@flmﬂqgrﬁom,ﬂpwmw ypifal examples are

didodecyl adipate, pentaeryt rltol tetrdcaproate, di-2-ethylhéxyl adipate; dilaurylsebacate, and the like.
Complex este@ﬁ@%ﬁ%ﬁ%ﬁﬂ&?@sa@ffﬁ%ﬁ@W%ﬁ%’ﬁéﬁ&ﬂfé@éiﬁg’ &N8Gn6Ro and dihydroxy

alkanols can ajsaybrarsedn Blendssatsninerakatistinithsynthetic oils are also useful. Thus, the base oil
can be a refined paraffin type base oil, a refined naphthenic base oil, or a synthetic hydrocarbon or

non-hydrocarbon oil of lubricating viscosity. The base oil can also be a mixture of mineral and
synthetic oils. FMethehdepariaataspeatativies diveoticeinrhrishaecisdenyisigrditienhete concentrates

USUQ:|y;TCLud&Hml?&%ﬁﬁQ%&?f@&@@?@hé@ é@ﬁ%dﬁf@%@&%é@f%/@é??&ﬁt% V\éf"/%to about 30 wt%, of
an oil of lubricating visco rom abou t% to about 90 wt% of t nal post-treate
succinimide dj #@@8‘1’1;} Xig/ﬁ Qﬁ}ﬁéﬁ R?rﬁ;]rg r%%é cGREATH §B¥ﬁi T to make them easy
to handle dur|n?@@Hmm‘@wﬂw@dm@esma@lmdmmwwpﬁmoﬁnmmwmokmany inert diluent,
preferably an Qi OfJURHGABRYVISCOSH AL AFbING FON CRIERRMRY Aeirsadierpixgsh with lubricating

oils to prepare lubricating oil compositions. Suitable lubricating oils that may be used as diluents
typically have @@%6%?@%”?%%‘1‘@% ‘ffﬁW%B'SJP@B%’%B%W@@%?%IP Uti0érsal Seconds (SUS) at
100 degrees Fa@8icktigrees C), although any oil of lubricating viscosity may be used.

The size of the polyalkenyl substituent of the succinic compound appears to

determine the effectiveness of the additives of this invention in lubricating oils.

Olefin polymers (i.e., polyalkenes) having a molecular weight of about 500 to
-11 -



(G) Other Additives In one embodiment of the present invention, the following additive components are
examples of some of the components that may be favorably employed in the lubricating oil
composition. YRSEHEHMples of additives are provided to illustrate the FSrESEH T R%EWEon, but they are
not intended to limit it: 1. Metal Detergents Sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl or
alkenyl aromafio@uHonprefsrieoratderspiefanes, alflgfircpomagrsisfusizeclatigasl salts of multi-hydroxy

alky! or alkenylaignafigSAMROLUNED @e0oR) alkenyLRYUXHBERIMAIE, Henales, sulfurized or

unsulfurized alkyl or alkenﬁ: naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or

alkenyl multiad?dY3I RRRMEIESHE NG SREP HARR O terbb? S RRATBIRIHE s Anti-oxidants reduce
the tendency ddroliisdimdeteheraltdinpan exposarztoveiygeirnboct B8a0. THis detsrioration is evidenced

by the formati%rﬂ_ﬁ%H%@Er@é@o‘f@ﬁ@?@ﬂﬂfﬁa _8§i5$e%9ei%‘f€%§|§ﬁni£‘ Yisgagity of the oil, and by an

increase in corrosion or wear. Examples Of anti-oxidants uséful in the present invention include, but

are not limitedRB8!YB¥ISCRRYSREHENE) BURYERBHSARISIEE REfdRuRTY preferred
4,4'-methylenegbigt@n d-tansbubyiphenelyird 4 -biscifadnekibtiidpheral), 900 o about
4,4'-bis(2-met G%—tert-butylphenol), 2,2'-methylene-bis(4-methyl-6-tert-butylphenol),
4,4'-butylidene-bis(3-methyl-6-tert-butylphenol), 4,4'-isopropylidene-bis(2,6-di-tert-butylphenol),
2,2'-methylene-bis(4-methyl-6-nonylphenol), 2,21-isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methyleneibigiergtind-tecy slomaxybensN2,6-di-tert-buty 1-4-methylphenol,
2,6-di-tert-buty1-4-ethylphenol, 2,4-dimethy1-6-tert-butyl-phenol, 2,6-di-tert-lI-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-nbehigire-tens burgisartitic tsisgentietigis4chydieioebiteraiobacydinénel/1)-sulfide, and
bis(3,5-di-tert-ugyApsoryignzyl). Diphenylamine-type oxidation inhibitors include, but are not
limited to, alkylated diphenylamine, phenyl-alpha-naphthylamine, and alkylated-alpha-naphthylamine.
Sulfur-containing oxidation inhibitors include ashless sulfides and polysulfides, metal dithiocarbamate
(e.g., zinc dithiocarbamate), and 15-methylenebis(dibutyldithiocarbamate). Phosphorus compounds
especially the alkyl phosphites, s ur-phosphorus compounds, q copper compounds may also be
used as antioxidants. 3. Anti-Wear Agents /a./n

C— CH=—CH — ¢

// \

/ ~
X x

wherein X and X' are the same or different, provided that at least one of X and
X' is a group that is capable of reacting to esterify alcohols, form amides, or
amine salts with ammaonia or amines, form metal salts with reactive metals or
basically reacting metal compounds and otherwise function as acylating
agents. Typically, X and/or X' is --OH, --O-hydrocarbyl, --OM+ where M+
represents one equivalent of a metal, ammonium or amine cation, --NH, --Cl,
~-Br, and taken together X and X' can be --O-- so as to form an anhydride.
Preferably, X and X' are such that both carboxylic functions can enter into
acylation reactions. Maleic anhydride is a preferred unsafurated acidic
reactani. Other suitable unsaturated acidic reactants include electron-deficient
oiefins such as monopheny! maleic anhydride; monomethyi, dimethyi,
monochloro, monobromo, monofiucro, dichtore and difluoro maleic anhydride,
N-phenyl maleimide and other substituted maleimides; isomaleimides; fumaric

acid, maleic acid, alkyl hydrogen maleates and fumarates, dialkyl fumarates
-12.



Anti-wear agents reduce wear of moving metallic parts in conditions of continuous and moderate
loads. Examples of such agents include, but are not limited to, phosphates and thiophosphates and
salts thereof, CRPFAMATEY3esters, and molybdenum complexes. EspecidifyTfredett htiwvear
compounds are the amine phosphates. 4. Rust Inhibitors (Anti-Rust Agents) Rust inhibitors correct
against the corzogioraiebfesrdursarmtiitsaditie sedrokidan(a pbldsianit ipelsonirdthete surface active
agents such as polygxygthylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonyl phenyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
monooleate, aithpotRaESSSGRCBREBABING ROANA(KEMKCEIEREMIS\IIer compounds such as
stearic acid and other fatty acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts of
heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric ester.
5.Demulsifiers RAABTIiBPY BHSMORUAN ScRidaBI GNBIGTERE FRARSMRRATAGP:8Me into contact

with the oil threiigghr<raniasynatigsc:oesuHsiiges daglude addition product of alkylphenol and ethylene
oxide, polyoxyethylene alkyl ether, and polyoxyethylene sorbitan ester. 6. Extreme Pressure Agents
(EP Agents) Extreme pressure agents reduce wear of moving metallic parts in conditions of high
loads. Exampld$dfisbtynfepitsciprtionersuinge2e thonbiisse Hee diadigadtiogtiiephosphate (primary alkyl,

secondary alkylogagkeyitae) ndipganyd sulidr.me iy Hé%tﬂ{ﬁ)%@@ &hiidnated naphthalene,
fluoroalkylpolysil xz???e, Ieaﬁ%r#aéi}glhen te, neutr?,ilézed or partially neutralized phosphates,

dithiophosphat®2Yana sl Ra LA rER P IBERAE L' SRV AR Fatty acid (stearic
acid, isostearigraek; eteigdaiciel cratidtineihtatieseids of sakotwerent), anfinegcbdnéted ester, other

esters, phosphaies, atherBhesRRIES besidRRTi-ang SiraxdrecarhyhRiRsphissssgnd phosphonates. 8.

Multifunctional Additives Some additives function togrowde many functionalities simultaneously. In

particular, the ZfBSFSH S dEhBBh D hatée 87 SriatiMeb Ry Fro e ]HEar, extreme
pressure, and eXjaatich inhdpiigrnéspeciaily iy eftsrectansstbe alkarghtpemary alkyl, and secondary
alkyl zinc dithiophosphates. Primary alkyl zinc dithiophosphates are especially preferred.

The second type of reaction or process which may be used to prepare

polyalkenyl succinic anhydrides or acids invoives simply contacting the

hydrocarben and the maleic anhydride or acid (in the absence of halogen) at

an elevated temperature. This type of reaction or process is known in the art

as the thermal reaction. For the purposes of this specification and claims, the

terms "thermal process” and "thermal reaction” include processes such as

that disclosed in U.S. Pat. No. 3,361,673, issued Jan. 2, 1968 to Stuart et al.,

which is hereby incorporated by reference in its entirety. In addition, U.S. Pat.

No. 3,912,764, issued Oct. 14, 1975 to Palmer, involves a combination of the

thermal and chlorination procésses, as by reacting a substantial portion of the

hydrocarbon and maleic anhydride or acid by the thermal process and then

completing the reaction via a chlorination reaction. U.S. Pat. No. 3,912,764 is

also incorporated by reference herein in its entirety.
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WO 2010/075103PCTATS2009/068101 9. Viscosity Index Improvers Viscosity index improvers are
used to increase the VISCOSIty index of lubricating oils, thereby reducing the VISCO decrease of an oll
with mcreasmévf?a%ﬂ]t%ljafﬂ?e Polymethacrylate polymers, ethylene- propﬁ% éﬂ&’r?

styrene- |soprene copolymers hydrated styrene-isoprene copolymers, and polylsobutylene are all used
as viscosity index Mpie/eelddthen- and oxygen- functionalized polymers, the so-called dispersant
viscosity index i |mprovers may also be used. 10. Pour Point Depressants Pour point depressants
lower the temqerature hIC %ﬁ frem itate ut of Iubrlcatm oils, %7? tending the
temperature range Sl |cﬂ1?h ric ef% ¥} ooﬂ‘eraﬁea%%r;g PTPﬁ ﬁ &ded. Pour point
depressants inehiddkpolysstipioacih acaiaysisidesies wledin hopdly Meafeipedialy ethylene vinyl
acetate copolymers, RrARINSaISIdAe BORAMMRINIRIS: eBamiRNIPILS Werkimascelerate the release of

gas entrained in a lubricant durin eration. Common foam inhibitors include aIkyI methacrylate
polymers and amﬂ%‘?ﬁylyﬂfa?{gfﬁgﬁfr&@%}ﬁfIKX@%? BeBagrempound has at least 3

nitrogen atoms.

In one embodiment, the polyalkylene polyamine is diethylenetriamine (DETA),
triethylenetetramine (TETA), tetraethylene pentamine (TEPA),
pentaethylenehexamine (PEHA),, heavy polyamine (HPA), or mixiures
thersof. Higher molecular weight polyethyleneamines may also be employed.
The potyalkylene polyamines may contain branched, cyclic structures or
mixtures thereof,

in one embodiment, the potyalkylene polyamine may be a poiyether amine
that contains both primary and secondary amines.

Both initial and final post-treating agents reguire a primary or secondary
nitrogen site with which to react. After both post-treatment steps, it is

preferred that some of the nitrogen atoms are basic nitrogens.

{C)} Post-Treatment of the Succinimide

In one embodiment of the present invention, the succinimide is post-treated
with at a first post-treating agent, thereby producing an initial post-treated
succinimide or succinamide or mixtures thereof. The initial post-treated
succinimide or succinamide or mixtures thereof is subseguently reacted with a
second post-treating agent.

in one embodiment, the initial post-treated succinimide is prepared by

reacting a succinimide with an aromatic carboxylic acid anhydride. The

aromatic carboxylic acid anhydrides may be substituted (i.e., methyl, nitro-,
-4 -



Metal deactivators hinder corrosion of metal surfaces, and chelate metal ions in solution in lubricating
oils, thereby reducing oxidation caused by the catalytic effect of the metal ion. Common metal
deactivators intRH#BY YAy lidene propylenediamine, triazole derivativest th&r2Ap8EEM othiazoles,
thiadiazole derivatives, and mercaptobenzimidazoles. WO 2010/075103PCT/US2009/068101
13.Dispersant$dkexyyigsoceitiendadinglikony s eciniatid cegho difisckivthrothier organic compounds,

alkenyl succinigidlpsimadiigshRyResitieameryitheiivent (HEOBAE QL RpEgAcid, esters of

polyalcohols and po:ylsobutenyl succinic anhydride, phenate-salicylates and their post-treated
analogs, alkaliFiBA 'SP mitEF RN HBEP kG A SRR REENBEr Y HIgB&sions of hydrated alkali

metal borates, dightrsiorsiofdritaline-earth metal borates, polyamide ashless dispersants and the like
or mixtures of such dispersants. (H) Method of Use of the Present Invention The final post-treated
succinmide of the present invention is added to an oil of lubricating viscosity thereby producing a

lubricating oil cBIARREMEATIOTIINS st Raekireaisd irfniEd eisduaRer e iIrepliBaCating viscosity, is
used in an intefiraltompostiesserpineciteieb it RERoNg sispesanggbeningivdge and the like. The
following exam rlee% are presented to iIIusttrate specific embodiments of this invention and are not to be

construed in any way s'ﬁ%i%cg%ﬁgrgggggbf the invention. Examples EXAMPLE 1 Mono-succinimide

Derived from 1000 MW PIBSA and Diethylenetriamine
Typical cyclic carbonates for use in this invention include the following: 1,3-

dioxolan-2-one (ethylene carbonate); 4-methyl-1,3-dioxolan-2-one (propylene
carbonate); 4-ethyl-1,3-dioxolan-2-one {butylene carbonate); 4-
hydroxymethyl-1,3-dioxolan-2-one; 4,5-dimethyl-1,3-dioxolan-2-one; 4-ethyi-
1,3-dioxolan-2-one; 4,4-dimethyi-1,3-dioxolan-2-one; 4-methyl-5-ethyi-1,3-
dioxolan-2-one; 4,5-diethyl-1,3-dioxolan-2-one; 4,4-diethyl-1,3-dioxolan-2-one;
1,3-dioxan-2-one; 4 4-dimethyl-1,3-dioxan-2-one; 5,5-dimethyl-1,3-dioxan-2-
one, 5,5-dihydroxymethyl-1,3-dioxan-2-one; 5-methyl-1,3-dioxan-2-one; 4-
methyl-1,3-dioxan-2-one; 5-hydroxy-1,3-dioxan-2-one; 5-hydroxymethyl-5-
methyl-1,3-dioxan-2-one; 5 5-diethyl-1,3-dioxan-2-one; 5-methyl-5-propyi-1, 3-
dioxan-2-one; 4,6-dimethyl-1,3-dioxan-2-one; 4,4,6-trimethyl-1,3-dioxan-2-one
and spiro[1,3-oxa-2-cyclohexanone-5,5'-1',3'-oxa-2'-cyclohexanone]. Other
suitable cyclic carbonates may be prepared from sacchrides such as sorbitol,
glucose, fructose, galactose and the like and from vicinal diols prepared from
C, -Cyp olefins by methods known in the art,

Several of these cyclic carbonates are commercially available such as 1,3-
dioxolan-2-one or 4-methyl-1,3-dioxolan-2-one. Cyclic carbonates may be
readily prepared by known reactions. For example, reaction of phosgene with
a suitable alpha alkane diol or an alkan-1,3-diol yields a carbonate for use
within the scope of this invention as for instance in U.S. Pat. No. 4,115,206
which is incorporated herein by reference.
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(Amine:PIBSA Charge Mole Ratio of 0.90:1) A 1 L reactor was charged with 549.94 g of 1000 MW
PIBSA (available from Chevron Oronite, LLC) and 263 g of Chevron RLOP 100N base oil. A distillation
head fitted with @ ¢&HteHSer and 250 mL round bottom flask was attach&d tBSHE A% Péactor. The

system was placed under a nitrogen atmosphere and the mixture was heated to 160C.
Diethylenetriarfaewv{ga, 8@ cpdic egranslableskif@ithiadnaeationweadtheepridedyo the mixture over

a 30 minute perioddReruxBH @ Mas haates Mal8R5n e addiinaal £9-aunwigs. A vacuum was then
applied at < 0 mm Hg for 30 minutes. Theﬁ%goduct had the following properties: TBN = 31.2 mg KOH/g

Nitrogen = 1.88 %t W5 B FINE'S BN AT RAHGHH R B hELATESRSd [F6n 8 S08@RfRide Derived from
1000 MW PIBSiSaRdtDESEA4BaITHIE shohyd B8 e T8 B ChiarigedktotatBiatiereinb§0: 1)

reference for their teaching of the preparation of cyclic carbonates.

Typical linear mono-carbonates include diethyl carbonate, dimethyl carbonate,
dipropyl carbonate and the like. Typical linear poly-carbonates include

poly(propylene carbonate) and the like.

Typical aromatic carboxylic anhydrides include 2,3 — pyrazinedicarboxylic
anhydride; 2,3 — pydridinedicarboxylic anhydride; 3.4 — pyridinedicarboxylic
anhydride; diphenic anhydride; isatoic anhydride; phenyl succinic anhydride;
1- naphthalene acetic anhydride; 1, 2, 4 - benzene tricarboxylic anhydride and
the like. Typical aromaticcarboxylic acids include the acids of the
aforementioned anhydrides.

Typical aromatic carboxylic acid esters include dimethyl phihalate, diethyl
chthalate, dimethylhexy! phthalate, mono methylhexyl phthalate, mono ethyl

phthalate, and mono methyl phthalate.

In one embodiment, the second post-treating agent is a cyclic carbonate or a
linear monocarbonate. in one embodiment, the first postreating agent is an
aromatic carboxylic acid, acid anhydride or ester.

Typically, the first post-treating agent (i.e., phthalic anhydride, or 1,8-
naphthalic anhydride)} is added o a reactor containing the succinimide and
heated, thereby producing an initial post-treated succinimide. The initial post-
treated succinimide is reacted further with a second post-treating agent, such
as ethylene-carbonaie.
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The product of Example 1 was heated to 160C in the apparatus as described in Example 1 under a
nitrogen atmosphere. Phthalic anhydride (53.25 g; available from Sigma-Aldrich) was added over the
course of 15 MM AEE T reaction mixture was heated at 160C for an SRfHTEAUIBMInutes. A
vacuum was then applied at 5 0 mm Hg for 30 minutes. The product had the following properties: TBN
= 16.5 mg KOy Nigthge mwEMEaBEah P sk hdarRIdSBddinimugaiccinimide Derived from 1000 MW
PIBSA and Heavy Polyam ne (Amine:PIBSA Charge Mole Ratio of 0.90:1) A 2 L reactor was charged
with 1030.1 g of 1000 MW PIBSA and 321.39 of Chevron RLOP 100N base oil and placed under a
nitrogen atmo<pAEFEMAEEIRRIFRATRE WA RERCRS S 660 PIARR G508/ e RPYdIePY) was then added

to the mixture evetisifcisuteipaikeay Bhecmixirieydadgeha ateshaiol Goladasianuadditional 90 minutes.
A vacuum was_t [ ] for inutes. .The produc, the following properties: -
25- TBN = 12@%%@%%&%5%%55,@?%% {IJ":'1 Eﬁﬂfﬁ?_rﬁpézggﬁtéé?gtgn%ﬁr{ide Post-Treated
Mono-succinin?iﬂ%"@e‘ﬂ%‘éﬂﬁf’ﬁfnal@%@ww PESA SirigeP AERItAARCOsAR YRR IPIBSA Charge Mole

Ratio of 0.80:13dnd feseanptonivanichatarsbwitS09:A58, o MpRACS/GsiniFBiste as prepared in

Example 3 and was heated to 160C under a nitrogen atmosphere. Phthalic anhydride (58.12 g) was
ek o TR 5 RS 118 B ERBRAPLR RiRes. A vacuum was

then added. Tr?grl%eac Ion mixture was heate
then applied aterongiaiuAg iforeBgeniintesoThe3predactinad 206°follOwlingabiso pertiesim

is applied to the mixture for about 0.5 to about 2.0 hours to remove any water

formed in the reaction.

The succinimide can also be made using a process comprising
simultaneously charging all the reactants — the polyalkenyl succinic acid or
polyalkenyl succinic anhydride and the amine compound at the desired ratios
into the reactor. One or more of the reactants can be charged at an elevated
temperature to facilitate mixing and reaction. A static mixer can be used to
facilitate mixing of the reactants as they are being charged to the reactor. The
reaction is carried cut for about 0.5 1o 2 hours at 2 temperature from about
130°C to 200°C. Optionally a vacuum is applied to the reaction mixture during
the reaction period to remove any water formed in the reaction.

An initial post-treated succinimide is prepared by a process comprising
charging the succinimide in a reactor, optionally under a nitrogen purge, and
heating at a temperature of from about 80°C to about 170°C. Optionally, a
diluent oil may be charged under a nitrogen purge in the same reactor. An
aromatic carboxylic acid anhydride is charged, optionaily under a nitrogen
purge, to the reactor. This mixture is heated under a nitrogen purge to a
temperature in range from about 130°C to about 200°C. Optionally, a vacuum
is applied to the mixture for about 0.5 to about 2.0 hours to remove any water
formed in the reaction. An initial post-treated succinimide is formed.
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TBN = 102.1 mg KOH/g Nitrogen = 4.51 wt. A EXAMPLE 5 Ethylene Carbonate and Phthalic
Anhydride Post-Treated Mono-succinimide Derived from 1000 MW PIBSA and HPA A 500 mL reactor
was charged With2BE%3% of the phthalic anhydride post-treated monoRGEERRAESHS prepared in
Example 4 and was heated to 160C under a nitrogen atmosphere. Ethylene carbonate (79.58 g) was
then added ovérfine posirteaied sunniniidedyineamanhy. ditrocesctiompribitg ehaagrigeated at 160C for
an additional 2ho\Hige TR PradIE! mmﬁn&ww‘ﬁQQ&EEQP%%%JS%@&‘}%%%W H/g Nitrogen = 3.99

wt. % EXAMPLE 6 Mono-succinimide Derived from SA and Heavy Polyamine

(Amine:PIBSARIRSR LR RER BRI PIRON TREREPWAO hiPRRPWidPd163.7 g of 2300 MW
PIBSA (availalihpiiooe € kediteenOsibnite;, thd C)oaaeti2blis g oftrGhevmandsLiRalEhkbase oil. The

System was plAgsd i A BIEAGERATIOTNLE VAN DKEe 1133 Jeaedin 160C. Heavy

polyamine (91.37 g) was then adde to the mixture over a’ 1 € mixture was heated
at 160C for antﬁadﬁﬁ?ﬁ?ﬂ Seiauredusina Auliie wesHrratesopIRanERie-mm Hg for 30 minutes. The

product had the following properties: TBN = 83.9 mg KOH/g Nitrogen = 2.12 wt. % EXAMPLE 7

{E) Lubricating Oil Composition

The final post-treated succinimide described above is generally added to a
base oil that is sufficient to lubricate moving parts, for example internal
combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the present invention comprises a maior amount of oil of
lubricating viscosity and a minor amount of the lubricating oil additive
composition.

The base oil employed may be any of a wide variety of oils of lubricating
viscosily. The base oit of lubricating viscosity used in such compositions may
vvvvvv
2.5 ¢St at 40°C and a pour point below 20°C, preferably at or below 0°C, is
desirabie. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oll in this invention include, for example,
paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Synthetic oils include, for example, both hydrocarbon synthetic
oils and synthetic esters and mixtures thereof having the desired viscosity.
Hydrocarbon synthetic oils may include, for example, oils prepared from the
polymerization of ethylene, polyalphaolefin or PAO oils, or oils prepared from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen
gases such as in a Fisher-Tropsch process. Useful synthetic hydrocarbon oils
include liquid polymers of alpha olefins having the proper viscosity. Especially
useful are the hydrogenated liquid oligomers of Cg to Cyz alpha olefins such as
1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as
didodecyl benzene, can be used. Useful synthetic esters include the esters of
- 18 -



Phthalic Anhydride Post-Treated Mono-succinimide Derived from 2300 MW PIBSA and HPA (Phthalic
Anhydride:PISSA Charge Mole Ratio of 0.80:1) A 1 L reactor was chargped with 890.44 g of Example 6
and was heat®¢ eglf@@%“ﬁnder a nitrogen atmosphere. Phthalic anhydri eT?%f;@gfoéﬁl\{)\;as added. The
reaction mixture was heated at 160C for an additional 90 minutes. A vacuum was then applied at 10
mm Hg for 30 MARREEERNECHBIEE NERAIRBTONEMBCSID RS HEd: FBRPRoBYIXP g KOH/g Nitrogen =
2.05 wt. "3/0 ExfANIN-En8 FiientyoreberatepartbR trlieAnhyiide, Bestagr@atie Mono-succinimide
Derived from 2300 MW PIBSA and HPA A 500 mL reactor was charged with 404.05 g of the phthalic
anhydride pos %F%%?@(r]o ﬁ%%h%%hecgc] rﬁ%)f le‘f’]z(ﬂjg:i Bg%’pcﬁraéjcﬁyi% %%{‘:'%15 '}dgﬁﬁ i\\%g's(l\ﬁoerg gecf(to 160C under a
nitrogen atmosstesserenhgtdriorarmishies (Benyg) avdsitribetie ddve pIsETNF S8BT 1 hour via a

syringe pump. gk iRBIIXEre asHaaaled alcHRRG MRl A ignAlsgfIRLIE ofigie product had the
following properties: TBN = 26.0 mg KOH/g Nitrogen = 1.89 wt. % EXAMPLE 9 Mono-succinimide

Derived from 2508 RAWEBIESA and Heavy Polyamine (Amine:PIBSA Charge Mole Ratio of 0.60:1)

Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating

viscosity. The base oil can also be a mixture of mineral and synthetic oils.

{F) Concentrates

Lubricating oil concentrates are also envisioned. These concentrates usually
include from about 90 wt% to about 10 wit%, preferably from about 90 wit% to
about 50 wi%, of an oil of lubricating viscosity and from about 10 wt% to about
90 wt% of the final post-treated succinimide described herein. Typicaily, the
concentrates contain sufficient diluent to make them easy to handle during
shipping and storage. Suitable diluents for the concentrates include any inert
diluent, preferably an oil of lubricating viscosity, so that the concentrate may
be readily mixed with lubricating oils to prepare lubricating oil compositions.
Suitable lubricating oils that may be used as diluents typically have viscosity
in the range from about 35 to about 500 Saybolt Universal Seconds (SUS) at
100 degrees F (38 degrees C), although any ¢il of lubricating viscosity may be

used.

{G) Other Additives

in one embodiment of the present invention, the following additive
components are examples of some of the components that may be favorably
employed in the lubricating oil composition.
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A 2 L reactor was charged with 1000.9 g of 2300 MW PIBSA (available from Chevron Oronite, LLC).
The system was placed under a nitrogen atmosphere and the mixture was heated to 160C. Heavy
polyaminn (52%22§%A4¢%en added to the mixture over a 20 minute peFEHVIHEHire was heated
at 160C for an additional 60 minutes. Vacuum was then applied (<20 mm Hg (absolute)) for 30
minutes. The proekeekanities (Slicigitiepypantiosd B iku4BaBertin K@BHYtNitegen,= 1.68 wt. %
EXAMPLE 10 B{ﬁ%paal}g Anhydride Pastlirgated Mono-succinimide Derived from 2300 MW PIBSA
and HPA (Naphthaiic Anhydride:PIBSA Charge Mole Ratio of 0.60:1) A 1 L reactor was charged with
513.9 g of sucqinimicﬁ %Fﬁ_%'r} Ia%mple 9 and was heated to 140C under a nitrogen atmosphere.
Naphthalic anhydride (el A7g Was added over 5 minutes. The reaction mixture was heated to 160C
and the conditions were maintained at 160C for an additional 60 minutes. Vacuum was then applied

(<20 mm Hg (absolutxiaradomimdiesizbe argruckhas)ihmdplbawingipreparkieasy TBN = 36.0 mg
KOH/g Nitrogen = 1.62 wt. % E AI\/{PL 11,{%?/%% Carbﬁgate %Cd Na hﬁhalic Anhydride
Post-Treated Mono- %ﬂ?@&ﬂ%‘ﬁnﬁaé‘)ﬁﬁeﬁ% RY 2400 RIS SHEYAEh BR A T2EY e actor was charged
with 325.80 g of sucehtigidelmatieulibydrapealiol and ey hatestitoctb@Ounddealihitrogen

atmosphere. Ethyleng, carianalfd4, SRamaasifisn-addediRvetng caurmeakl BRyr via a syringe
pump. The reaction mixture was heated at 160C for an additional 60 minutes. Thegroduct had the
following properties: or alkenyl naphthenates, metal salts of alkanocic acids, metal salts of an

alky! or alkenyl multiacid, and ¢chemical and physical mixtures thereof.

2. Anti-Oxidants

Anti-oxidants reduce the tendency of oils o deteriorate upon exposure
to oxygen and heat. This deterioration is evidenced by the formation of
sludge and varnish-iike deposits, an increase in viscosity of the oil, and
by an increase in corrosion or wear. Examples of anti-oxidants useful in
the present invention include, but are not limited to, phenol type
{phenolic) oxidation inhibitors, such as

4 4'-methylene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-
butylphenol), 4,4'-bis(2-methyl-6-tert-butylphenal),
2,2'-methylene-bis(4-methyl-6-tert-butytphenol),
4,4'-butytidene-bis(3-methyl-6-tert-butylphenol),

4 4'-isopropylidene-bis(2,6-di-tert-butylphenol),
2,2'-methylene-bis{4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methylene-bis(4-methyl-6-cyclohexyiphenol),

2 6-di-tert-butyl-4-methyiphenol, 2,6-di-tert-butyl-4-ethyiphenol,
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-l-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethyiphenol),

4 4'-thiobis{2-methyl-6-tert-butylphencl),
2.2'-thiobis{4-methyl-6-tert-butylphenol),
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TBN = xx mg KOHig Nitrogen = 1.62 wt. % EXAMPLE 12 Ethylene Carbonate Post-Treated
Mono-succinimide Derived from 2300 MW PIBSA and HPA A 500 mL reactor was charged with 278.84
g of succinimi®érH48M¥Example 9 and was heated to 160C under a ntf3deR%t#SEPhere. Ethylene
carbonate (20.08 g) was added. The reaction mixture was heated at 160C for an additional 60
minutes. A vacuum (kB(Brmeatiyty4 alysotuiedYevastiretyhppligd$atfigs, mitutes. The product had the

following properties: B}%’g"(%&eﬁm&%Q“Hf{%%g%%vbé%ég ik %lx%a']t%,lfhthalic Anhydride

Post-Treated Mono-succinimide Derived 30( and HPA (Phthalic Anhydride:PIBSA
Charge Mole Ratio of §/BPS IRCK et iRl R der RiitHalsg S9N BY el himide as prepared in
Example 9 (except remetighaneid-tiaph ivparadnsiend o fiedripmeshanthwasiheated to 160C under a

nitrogen atmOSphereS%@h@&ﬁtﬁﬂW&@&a%%?&%tﬁﬁ%ﬁa gg%%é%%ﬁ&r%h@r%ture was heated at

160C for an additional 90 minutes. A vacuum (< )) was then applied for 30

minutes. The producPaiaficerlBRiHgigrosartesainiR- & 3005 #if ROHRIEbGEE = 1.66 wt. %
EXAMPLE 14 15-methylenebis(dibutyldithiocarbamate). Phosphorus compounds

especially the alkyl phosphites, sulfur-phosphorus compounds, and
copper compounds may also be used as antioxidants.

3. Anti-Wear Agents

Anti-wear agents reduce wear of moving metallic parts in conditions of
continuous and moderate loads. Examples of such agents include, but
are not limited to, phosphates and thiophosphates and salts thereof,
carbamates, esters, and molybdenum complexes. Especialiy preferred
antiwear compounds are the amine phosphates.

4. Rust inhibitors {Anti-Rust Agents)

Rust inhibitors correct against the corrosion of ferrous metals. These
include (a) Nonionic polyoxyethylene surface active agents such as
polyoxyethylene lauryt ether, polyoxyethylene higher alcohot ether,
polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl
ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
monooleate, and polyethylene glycol monooieate; and (b)
miscellaneous other compounds such as stearic acid and other fatty
acids, dicarboxylic acids, metal soaps, fatly acid amine salis, metal
salts of heavy sulfonic acid, partial carboxylic acid ester of polyhydric
alcohol, and phosphoric ester.

5. Demulsifiers
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Ethylene Carbonate and Phthalic Anhydride Post-Treated Mono-succinimide Derived from 2300 MW
PIBSA and HPA A 500 mL reactor was charged with 247.17 g of succinimide made in Example 13 and
was heated toB8EYNief&F a nitrogen atmosphere. Ethylene carbonate FEFE8%¥4048en added over
the course of 1 hour via a syringe pump. The reaction mixture was heated at 160C for an additional 1
hours. The product had the following properties: TBN = xx mg KOH/g Nitrogen = 1.61 wt. % Soot

Thickening Bench Test sl Therenereuscinanides 814 e siiiealnd ang sysginimides from

Examples 1-10 were reacted in the soot thickening bench test. In this test, 98.0 g of the test sample

was weighed and pldCECRREE 368 Hie YELRYIH RRNBRIEEHA e REMURTIETENAYEE based on 50%
actives of the test dispgiigantpls@unilbhatigiploéant ave tagedephdtatpaeieygiyedd millimoles of a zinc

dithiophosphate weag,mig)[i,ggp %ﬂ‘az My&ﬁ%f%g é@rﬁﬁ%’ﬁ%é?ér.i” 85% 150N oil, 15% 600N oil. To this
abot

was added 2.0 g Vulcan XC-72(r) carbon’black from C 0. The mixture was stirred and then
stored for 16 hours in a dessicator. A second sample without the carbon black was mixed for 60
seconds usingéa WillEniePelitressie mogeaiier-Rurtés PF 45/6 and then degassed in a vacuum oven
for 30 minutes at 50 to 55C. The viscosity of the two samples was then measured at 100C using a
capillary viscometer. The percent viscosity increase was calculated by comparing the viscosity of the

samples with and with{f BEBEEMERITH S oA RETRCETG ISR HEtease the better the
dispersancy of the dispatitiant dittégtesuts fibrartihesod Efhisgeningdedekdbstiare shown in Table 1.

WO 2010/075103 TARRs! RieTd R I0RRBBAOL PR MR DS SRR ER8try alky,
and aryl type), diphenyl sulfide, methyl trichlorostearate, chlorinated
naphthalene, fluoroalkylpolysiloxane, lead naphthenate, neutralized or
partially neutralized phosphates, dithiophosphates, and sulfur-free
phosphates.

7. Friction Modifiers

Fatty alcohol, fatty acid (stearic acid, isostearic acid, oleic acid and
other fatty acids or salts thereof), amine, borated ester, other esters,
phosphates, other phosphites besides tri- and di-hydrocarbyl
phosphites, and phosphonates.

8. Multifunctional Additives

Some additives function to provide many functionalities simultanéausiy.
In particular, the zinc aryl and alkyl dithiophosphates can
simultaneously provide antiwear, extreme pressure, and oxidation
inhibition. Especially preferred are the alkaryl, primary alkyl, and
secondary alkyl zinc dithiophosphates. Primary alkyt zing
dithiophosphates are especially preferred.
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Treatment Dispersant Treat Rate Soot Thickening % Visc. Increase 1 1000 MW PIBSA/DETA

1000 MW PIBSA/DETA
WO 2010/075103 PCT/US2009/068101

10.

11.

12.

Viscosity Index Improvers

Viscosity index improvers are used to increase the viscosity index of
lubricating oils, thereby reducing the viscosity décrease of an oif with
increasing temperature. Polymethacrylate polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers,
hydrated styrene-isoprene copolymers, and polyisobutylene are all
used as viscosity index improvers. Nitrogen- and oxygen-
functionalized polymers, the so-called dispersant viscosity index
improvers, may also be used.

Pour Point Depressants

Pour point depressants lower the temperature at which waxes
precipitate out of lubricating oils, thus extending the temperature range
in which the lubricating oil can operate before oil flow is impeded. Pour
point depressants include polymethyl methacrylates, ester-olefin
copolymers especially ethylene vinyl acetate copolymers, and others

Foam Inhibitors
Foam inhibitors work to accelerate the release of gas enfrained in a
lubricant during operation. Common foam inhibitors include alkyl

methacrylate polymers and dimethylsiioxane polymers.
Metal Deactivators

Metal deactivators hinder corrosion of metal surfaces, and chelate
metal ions in solution in lubricating oils, thereby reducing oxidation
caused by the catalytic effect of the metal ion. Common metal
deactivators includes salicylidene propylenediamine, triazole
derivatives, mercaptobenzothiazoles, thiadiazole derivatives, and
mercaptobenzimidazoles.

-93-
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PA 2531000 MW PIBSA/HPA 314 1000 MW PIBSA/HPA PA 185

WO 2616/075103 PCT/US2009/068101

13. Dispersants
Alkenyl succinimides, atkenyl succinimides modified with other organic
compounds, alkeny! succinimides modified by post-treatment with
ethylene carbonate or boric acid, esters of polyalcohols and
polyisobutenyl succinic anhydride, phenate-salicylates and their
post-treated analogs, alkali metal or mixed alkali metal, alkaline earth
metal borates, dispersions of hydrated alkali metal borates, dispersions
of alkaline-earth metal borates, polyamide ashless dispersants and the

like or mixtures of such dispersants.

{H) Method of Use of the Present Invention

The final post-treated succinmide of the present invention is added to an oil of
fubricating viscosity thereby producing a lubricating oil composition. The final
post-treated succinimide, added to an oil of lubricating viscosity, is used in an
intenal combustion engine, thereby improving dispersancy of soot, sludge
and the iike.

The following examples are presented to illusirate specific embodiments of
this invention and are not to be construed in any way as limiting the scope of

the invention.

Examples

A EXAMPLE 1
Mono-succinimide Derived from 1000 MW PIBSA and Diethylenetriamine
(Amine:PIBSA Charge Moie Ratio of 0.90:1)

A 1 L reactor was charged with 549.94 g of 1000 MW PIBSA (available from

Chevron Qronite, LLC) and 283 g of Chevron RLOP 100N base oil. A

distillation head fitted with a condenser and 250 mL round bottom fiask was

attached to the 1 L reactor. The system was placed under a nitrogen

atmosphere and the mixture was heated to 160°C. Diethylenetriamine (41.80
- 24 .



1000 MW PIBSA/HPA PA & EC 15 6 2300 MW PIBSA/HPA 69 7 2300 MW PIBSA/HPA PA 20

WO 2010/075103 PCT/US2009/068101

g, available from Sigma-Aidrich) was then added to the mixture over a 30
minute period. The mixture was heated at 160°C for an additional 90 minutes.
A vacuum was then applied at < 0 mm Hg for 30 minutes. The product had
the following properties:

TBN = 31.2 mg KOH/g
Nitrogen = 1.85 wt. %

EXAMPLE 2
Phthalic Anhydride Post-Treated Mono-succinimide Derived from 1000 MW
PIBSA and DETA
(Phthalic Anhydride:PIBSA Charge Mole Ratio of 0.80:1)

The product of Example 1 was heated to 160°C in the apparatus as described
in Example 1 under a nitrogen atmosphere. Phthalic anhydride (53.25 g;
available from Sigma-Aldrich) was added over the course of 15 minutes. The
reaction mixture was heated at 160°C for an additional 90 minutes. A vacuum
was then applied at < 0 mm Hg for 30 minutes. The product had the foilowing

properties:

TBN = 16.5 mg KOH/g
Nitrogen = 1.85 wt. %

EXAMPLE 3
Mono-succinimide Derived from 1000 MW PIBSA and Heavy Polyamine
(Amine:PIBSA Charge Mole Ratio of 0.90:1)

A 2 L reactor was charged with 1030.1 g of 1000 MW PIBSA and 321.3 g of
Chevron RLOP 100N base oil and placed under a nitrogen atmosphere. The
mixture was heated to 160°C. Heavy polyamine (208.33 g) was then added to
the mixture over a 20 minute period. The mixture was heated at 160°C for an
additional 90 minutes. A vacuum was then applied at 10 mm Hg for 30
minutes. The product had the following properties:

- 25



8 2300 MW PIBSA/HPA PA & EC 159 2300 MW PIBSA/HPA 2167 6
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TBN = 125.3 mg KOH/g
Nitrogen = 4.58 wt. %

EXAMPLE 4
Phthalic Anhydride Post-Treated Mono-succinimide Derived from 1000 MW
PIBSA and HPA
(Phthalic Anhydride:PIBSA Charge Mole Ratio of 0.80:1)

A 1 L reactor was charged with 889.95 g of the mono-succinimide as
prepared in Example 3 and was heated to 160°C under a nitrogen
atmosphere. Phthalic anhydride (58.12 g) was then added. The reaction
mixture was heated at 160°C for an additional 90 minutes. A vacuum was
then applied at 20 mm Hg for 30 minutes. The product had the following
properiies:

TBN = 102.1 mg KOH/g
Nitrogen = 4.51 wt. %

EXAMPLE 5
Ethyiene Carbonate and Phthalic Anhydride Post-Treated Mono-succinimide
Derived from 1000 MW PIBSA and HPA

A 500 mL reactor was charged with 466.45 g of the phthalic anhydride post-
treated mono-succinimide as prepared in Example 4 and was heated to 160°C
under a nitrogen atmosphere. Ethyiene carbonate (79.58 g) was then added
over the course of 1 hour via & syringe pump. The reaction mixture was
heated at 160°C for an additional 2 hours. The product had the following
properties:

TBN = 48.0 mg KOH/g
Nitrogen = 3.99 wt. %

- 26 -



110 10 2300 MW PIBSA/HPA NA 2 27 615 11 2300 MW PIBSA/HPA NA & EC

EXAMPLE 6
Mono-succinimide Derived from 2300 MW PIBSA and Heavy Polyamine
(Amine:PIBSA Charge Mole Ratio of 0.90:1)

A 2 L reactor was charged with 1163.7 g of 2300 MW PIBSA (available from
- Chevron Oronite, LLC) and 251.3 g of Chevron RLOP 100N base oil. The
system was placed under a nitrogen atmosphere and the mixture was.haated
o 160°C. Heavy polyamine (91.37 g) was then added fo the mixture éver a 10
minuté period. The mixture was heated at 160°C for an additional 80 minutes.

A vacuum was then applied at 10 mm Hg for 30 minutes. The product had the
following proparties:

- TBN =83.9 mg KOH/g
Nitrogen =_2.12-wt. %

_ EXAMPLE 7 _
Phthalic Anhydride Post—Treat.ed Mono-succinimide Derived from 2300 MW
o PIBSA and HPA |
(Phthalic Anhydride:PIBSA Charge Mole Ratio of 0.80:1)

A 1 L reactor was chargad with 880.44 g of Example 6 and was heated to
160°C under a nitrogen atmosphere. Phthalic anhydride (25.97 g} was added.
The reaction mixture was heated at 180°C for an additional 90 minutes. A

vacuum was then applied at 10 mm Hg for 30 minutes. The product had the
following properties:

TBN = 40.24 mg KOH/g
* Nitrogen = 2.05 wt. %

EXAMPLE 8
Ethylene Carbonate and Phthalic Anhydride Post-Treated Mono-succinimide
Derived from 2300 MW PIBSA and HPA



219 615122300 MW PIBSA/HPA EC 2 60

A 500 mL reactor was charged with 404.05 g of the phthélic anhydride post-
treated mono-succinimide as prepared in Example 7 and was heated to 160°C
under a nitrogen atmosphere. Ethylene carbonate (32.1 g) was then added
over the course of 1 hour via a syringe pump. The reaction mixture was

heated at 160°C for an additional 2 hours. The product had the following
properties:

TBN = 26.0 mg KOH/g
Nitrogen = 1.89 wt. %

EXAMPLE 9
Mono-succinimide Derived from 2300 MW PIBSA and Heavy-Polyamine
| (Amine:PIBSA Charge Mole Ratio of 0.60:1)

A 2 L reactor was charged with 1000.9 g of 2300 MW PIBSA (available from
-CheVr’on-Oroni‘te, LLC).'The system was placed under a nitrogen atmosphere
and the mixture was heated to 160°C. Heavy pé!yamina (52.24 g) was then
added-to the mixture over a 20 minute period. The mixture was hsated at
160°C for an additional 60 minutes. Vacuum was then applied (<20 mm Hg

(absolute)) for 30 minutes. The product had the following properties:

TBN = 43.8 mg KOH/g
Nitrogen = 1.68 wt. %

EXAMPLE 10
Naphthalic Anhydride Post-Treated Mono-succinimide Derived from 2300 MW
_ PIBSA and HPA
(Naphthalic Anhydride:PIBSA Charge Mole Ratio of 0.60:1)

A 1 L reactor was charged with 513.9 g of succinimide made in Example 9
and was heated to 140°C under a nitrogen atmosphere. Naphthalic anhydride
(18.47 g) was added over 5 minutes. The reaction mixture was heated 1o

160°C and the conditions were maintained at 160°C for an additional 60
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minutes. Vacuum was then applied (<20 mm Hg (absolute)) for 30 minutes.

The product had the following propeﬁies:

TBN =36.0 mg KOH/g
Nitrogen = 1.62 wt. %

| EXAMPLE 11
' Ethvlene Carbonate and Naphthali¢ Anhydride Post-Treated Mono- -
succinimide Derived from 2300 MW PIBSA and HPA

A 1 L. reacior was charg'ed with 325.80 g of succinimide made in Example 10
and was heated to 160°C under a nitrogen étmosphere. Ethylene carbonate
(17.68 g) was then added over the course of 1 hour via a syringe pump. The
reaction mixture was heated at 160°C for an additional 60 minutes. The
product had the following properiies:

TBN = xx mg KCH/g

Nitrogen = 1.62 wt. %

EXAMPLE 12
Ethylene Carbonate Post-Treated Mono-succinimide Derived from 2300 MW
PIBSA and HPA

A 500 mL reactor was charged with 278.84 g of succinimide made in Example
9 and was heated to 160°C. under a nitrogen atmosphere. Ethylene carbonate
- (20.08 g) was added. The reaction mixiure was heated at 160°C for an

additional 60 minutes. A vacuum (<10 mm Hg (absolu'te) ) was then applied

for 30 minutes. The product had the foliowing properties:

TBN = 24.4 mg KOH/g
Nitrogen = 1.52 wt. %



2300 MW PIBSA/HPA PA & EC 241 6 22 NA:Naphthalic Anhydride PA:Phthalic Anhydride
EC:Ethylene Carbonate The results of the soot thickening bench test indicate that the percent viscosity

EXAMPLE 13
Phthalic Anhydride Post-Treated Mono-succinimide Derived from 2300 MW
|  PIBSA and HPA
(Phthalic Anhydride:PIBSA Charge Mole Ratio of 0.60:1)

A 4 L reactor was charged with 1582.0 g of succinimide as prepared in
Example 9 (except reaction hoid time was 90 instead of 80 minutes) and was
heated to 160°C under a nitrogen atmospheare. Phthalic anhydride (44.76 g)
was added. The reaction mixture was hesated at 160°C for an additional 90

minutes. A vacuum (<20 mm Hg (absolute}) was then applied for 30 minutes.

The product had the following properties:

TBN = 30.5 mg KOH/g
Nitrogen = 1.66 wt. %

EXAMPLE 14
ethylene Carbonate and Phthalic Anhydride Post-Treated Mono-succinimide
d

Derived from 2300 MW PIBSA and HPA

A 500 ml reactor was charged with 247.17 g of succinimide made in Example
13 and was heated to 180°C' under a nitrogen atrhosphere. Ethylene
carbonate (13.53 g) was then added over the course-of 1 hour via a syrings
pump. The reaction mixture was heated at 160°C for an additional 1 hours.

The product had the following properties:

TBN = xx mg KOH/g
Nitfrogen = 1.61 wt. %



increase of formulated oils, which employed mono-succinimides that were - 32 - post-treated with (i)
phthalic anhydride and ethylene carbonate or (ii) naphthalic anhydride and ethylene carbonate, were
typically loweM{R2AHEPErcent viscosity increase in a formulated oil thaf g’ FIP¥YtAIN phthalic
anhydride/ ethylene carbonate or naphthalic anhydride/ethylene carbonate post-treated
mono-succinimides. This test indiGasTthetethind BgicitihesbResldisive composition of the present
invention has good dispersant properties. It is understood that although modifications and variations of
the invention can be made without de artln%from the s irit and scope thereof, only such limitations

should be impd38d M SrdHFRIEesi 7 e dplEried & ﬁﬂé”%‘ﬂmdf‘é EOR eepniest A lubricating
oil additive comg@sitiae peepace th biycaspod deiskaninig ivawrhpese drttessteps @ .(6g Ajibacting a

polyalkeny! sugginic,Agid of.2 RRpILeHaEe ShudrigeuNih ablsast SR obaliylgne polvamine,

having at least three nitrogen atoms, thereby producing a succinimide or succinamide or mixtures
thereof; 10(B)r‘é§5ﬂﬁ&%&‘%ﬁ*oé&@%ﬂ%@p5% Artfrestithgiteahriyantedr AApHlEREENhydride
post-treating agieat @verbdssaspineree! déergbyt, pﬁeduaim@am iaftialpesuidaiedspihetinimide or

f#ggggm‘de oL BRI 20 GorpaUN NGRS AT SR (B WA Bl carbonate

To this was added 2.0 g Vuican XC~72® carbon black from Cabot Co. The
mixture was stirred and then stored for 16 hours in a dessicator. A second
sample without the carbon black was mixed for 60 seconds using a Willems
Polytron Homogenizer-Model PF 45/6 and then degassed in a vacuum oven
for 30 minutes at 50 to 55°C. The viscosity of the two samples was then
measured at 100°C using a capillary viscometer. The percent viscosity
increase was calculated by comparing the viscosity of the samples with and
without carbon black. Thus the lower the percent viscosity increase the better
the dispersancy of the dispersant. The resuits from the soot thickening bench
test are shown in Table 1.
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15 producing a final post-treated succinimide or succinamide or mixtures thereof, wherein at least one
basic nitrogen remains in the final post-treated succinimide or succinarnide or mixtures thereof. 2. The
lubricating oil ¥R EfAposition of claim 1 wherein the 20polyalkeny!BEUCERR 4RI Br the
polyalkenyl succinic anhydride is derived from a polyisobutene having a number average molecular
weight (Mn) of from 500 to 5000. 3. The lubricafg bif additive composition of claim 2 wherein the
25polyalkenyl succinic acid or the polyalkenyl succinic anhydride is derived from a polyisobutene
having a numhet.average.molecularweight (Mn).of from, 700 t0 3000 _4_The lubricating oil additive
composition of claim 1 wherein the 30polyalkylene polyamine E:;S%Ps%tr?d from &iedhylenetriamine,
triethylenetetraamine, tetraethylenepentamine, pentaethylenehe>8am|ne, heampidrehagnine, or mixtures
thereof. 5. Thelubricating oil aggitivje composition ofef&im 4 wWreatitpthe pol%ﬁl lene polyamine is

i t

heavy polyamine".’"@.p e Iubrlcatlr?ar&ii'%rﬁditive compasiban of clayn 4 wherei g %polyalkylene
polyamine is tetraethylenepentamine. Increase
1 1000 MW PIBSA/DETA - 233
2 1000 MW PIBSA/DETA PA 25
1000 MW PIBSA/HPA - 31
1000 MW PIBSA/HPA PA 18
5 1000 MW PIBSA/HPA PA & EC 15
6 2300 MW PIBSA/HPA - 69
7 2300 MW PIBSA/HPA PA 20
8 2300 MW PIBSA/HPA PA&EC 15
9 2300 MW PIBSA/HPA - 2 167
6 110
10 2300 MW PIBSA/HPA NA 2z 27
) 15
11 2300 MW PIBSA/HPA NA & EC 2 19
6 15
12 2300 MW PIBSA/HPA EC 2 60
6 43
13 2300 MW PIBSA/HPA PA 2 60
6 42
14 2300 MW PIBSA/HPA PA&EC 2 41
6 22
NA: Naphthalic Anhydride
PA: Phthalic Anhydride
EC: Ethylene Carbonate

The results of the soot thickening bench test indicate that the percent viscosity

increase of formulated oils, which employed mono-succinimides that were
=32 .



7. The lubricating oil additive composition of claim 1 wherein the the cyclic carbonate is selected from
ethylene carbonate, propylene carbonate, or butylene carbonate. 10 8.A lubricating oil composition
comprising a M&j3H&HdWAt of an oil of lubricating viscosity and a minor B8t E1tbricating oil
additive composition prepared by the process which comprises the steps of: 15(A)reacting a
polyalkenyl suecstitreaietomdpoljjalkethdlisuecinyd Hah yehrit esttiyfene lesbomegobyalliylene polyamine,

having at least e Al QBRPRMNSENGIRMRr edHIING S SHESINPBida PTSHECIRamide or mixtures
thereof; (B) reacting the praduct of step (A) with a phthalic anhydride or 20naphthalic anhydride

post-treating aBBiEBT MRKAHEs ErasE iHefely BrEtRRIRY SRintidi nRstantaiiftdhelthimide or
succinamide oamhiydrides ttieyrok ardo¢tliccactmptiieaprodnicyaridamiBnaitbeeboyelie carbonate

thereby producigg g ingleshlealed MGRTITHE eLsURSIRARIRSY ISR ARIResFor, wherein at

least one basic nitrogen remains in the final post- treated succinimi e or succinantide or mixtures
thereof. 9. The #BHMEHHRTBATHRATISROA" @ﬁ?ﬂéifw FiehamaprAsERpaIRenY Proresigseinic acid or the
polyalkenyl succinic anhydride is derived from a 30polyisobutene having a number average molecular
weight (Mn) of {ragq}nderstood that although maodifications and variations of the invention can

be made without departing from the spirit and scope thereof, only such

limitations should be imposed as are indicaied in the appended claims.,
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500 to 5000. 10.The lubricating oil composition of claim 8 wherein the polyalkylene polyamine is
selected from diethylenetriamine, triethylenetetraamine, tetraethylenepentamine,
pentaethylenehexamine, heavy polyamine, or mixtures thereof. 5 11.The lubricating oil composition of
claim 10 wherein the polyalkylene polyamine is heavy polyamine. 12.The lubricating oil composition of

claim 10 whw@&?qga@yg\lﬂﬁaqupoiyamine is tetraethyienepentamine. 13.A method of making a

lubricating oi vhich comprises the steps of: 15(A)reacting a polyalkenyl succinic
acid or a pblyalkenyl succinic anhydride with at least one polyalkylene polyamine; having at least three

nitrogen atoms, ther, F ro%ucin a syccinimide or succinamide or mixtures thereaf; (B) reacting the
product of stne:’p (A) vﬁ Q@Bﬁ ¥ icO:q X ﬁgﬁﬁéecé}m"s‘%m preparec%y a process which
comprises the steps of: '

(A)  reacting a polyalkenyl succinic acid or a polyatkeny! succinic
anhydride with at least one polyalkylene polyamine, having at least
" three nitrogen a’éoms,' thereby producing a succinimide or succinamide
or mixtures thereof;
10 (B}  reacting the product of step (A) with a phthalic anhydride or
na.phthaiic anhydride post-reating agent or mixtures thereof, thereby
: producing an initial post-treated succinimide or succinamide or -
mixtures thereof, and |
(C)  reacting the product of step (B) with a cyclic carbonate thereby
15 producing a final post-treated succinimide or succinamide or mixtures
" thereof, wherein at least one basic nitrogen remains in the final post-

treated succinimide or succinamide or mixtures thereof.

2. The iubricatin:g _oil additive compeosition of claim 1 wherein the
20 | | polyatkehy[ succinic acid or the polyalkenyl succinic anhydride is
derived from a polyiscbutene having a number average molecular
weight (M) of from 500 to 5000.

3. The lubricating oil additive compasition of claim 2 wherein the
25 ~ polyalkenyl succinic acid or the polyalkenyl succinic anhydride is’
derived from a polyisobutene having a number average molecular
weight (Mn) of from 700 to 3000.

4, The lubricating oil additive composition of claim 1 wherein the
30 polyalkylene polyamine is selected from diethyienetriamine,
triethylenetetraamine, tetraethyienepentamine,

pentasthylenehexamine, heavy polyamine, or mixtures thereof.

-34 -



20naphthalin anhydride post-treating agent or mixtures thereof, thereby producing an initial
post-treated succinimide or succinamide or mixtures thereof; and (C) reacting the product of step (B)
with a cyclic carbonate thereby producing a final post-treated succinimide or succinamide or mixtures
25thereof, wherein at least one basic nitrogen remains in the final post- treated succinimide or

succinamidesor mixtyeer, etgiold Lophoskelamkinaa biicalpgiladgive composition o

claim 13 wherein the olya.lkeny succinic acid or the polyalkenyl succinic 30anhydride is derived from
a polyisobutene haRMgedksiamdSoiETIae nbleaulaPaERIRTRIN) of from 500 to 5000. 15.A method of
improving soot dispersancy in an internal combustion engine which comprises operating the engine
~with the lubricating oil composition of claim 8. 516.A concentrate comprising from 10 to 90 wt% of the
lubricating off-additiVeechrapesitisncdfadiitive semporsitiotof tbajns eitereirgtivc diluent.

5 polyalkylene polyamine is tefrasthylenepentamine.

7. The lubricating oil additive composition of claim 1 wherein the the cyclic
carbonate is selected from sthylene carbonate, propyiene carbonate,
~or butylene carbonate
10
8. A lubricating oil composition comprising a major amount of an dil of
" jubricating viscosity and & minar amount of a iubricating oil additive

composition prepared by the process which comprises the steps of:

15 | 7 (A)  reacting a polyalkeny! succinic acid or a polyalkenyl succinic
anhydride with at least one polyalkylene polyamine, having at least
three nitrogen atoms, thereby producing a succinimide or succinamide
or mixtures thereof, _ |
(B) reacting the product of step (A) with a phthalic anhydride or

20 naphthalic anhydride post-ireating agent or mixtures thereof, thereby
producing an initial post-treated succinimide or succinamide or
mixtures t!ﬁereof; and |
(C) reacting the product of step (B) with a cyclic carbonate thereby
producing a final post-treated succinimide or succinamide or mixtures

25 ,tﬁereof, wherein at least one basic nitrogen remains in the final post-

treated succinimide or succinamide or mixtures thereof.

9. The lubricating oil composition of claim 8 wherein the polyatkenyl
succinic acid or the polyalkeny! succinic anhydride is derived from a
30 polyisobutene having a number average molecular weight (Mn) of from
500 to 5000.
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10.

11.

12,

13.

14,

The lubricating oil composition of claim 8 wherein the polyalkylene
polyamine is selected from diethylenetriamine, triethylenetetraamine,

tetraesthylenepentamine, pentasthylenehexamine, heavy polyamine, or

mixtures thereof,

The lubricating oil compesition of claim 10 wherein the polyalkylene

polyamine is heavy polyamine.

~ The lubricating oil composition of claim 10 wherein the polyalkylene

polyamine is tetraethylenepentamine.

A method of making a iubr:catmg oil additive composition which

comprlses the steps of:

(A)  reacting a polyalkenyl succinic acid or a polyalkenyl succinic

anhydride with at least one polyalkyiene polyamine, having at least

thrae nitrogen atoms, thereby producing a succinimide or succinamide
, b Y

or mixtures thereof; :

(B) reactin'g the prbduct of step (A) with a2 phthalic anhydride or
naphthalic anhydride post-treating agent or mixiures thereof, thereby
producing an initial post—treéted succinimide or succinamide or

mixtures thereof; and

(C)  reacting the product of step (B) with a cyclic carbonate thereby

producing a final post-treated succinimide or succinamide or mixtures

~thereof, wherein at least one basic nitrogen remains in the final post-

treated succinimide or succinamide or mixiures thereof.

The method of making a lubricating oll additive composition of claim 13
wherein the polyalkenyl succinic acid or the polyalkenyl succinic
anhydride is derived from a polyisobutene having a number average
molecular weight (Mn) of from 500 to 5000.
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15.

16.

A method of improving soot dispersancy in an internal combustion

engine which comprises operating the engine with the lubricating oll

composition of claim 8.

A concentrate comprising from 10 to 90 wt% of the lubricating ol

additive composition of claim 1 and from 90 to 10 wt% of an organic

diuent.

-37 -



