A LUBRI CATI NG O L ADDI TI VE COVPCSI TI ON AND METHOD OF MAKI NG THE SAME FI ELD
OF THE I NVENTI ON The present invention is directed to an inproved

di sper sanwoadovd7sme conposition that is used in engine eclras2@eaesivlis al so
directed to the process of making the same. BACKGROUND COF THE | NVENTI ON |t

Formitation of I ubr th kUERGA TING ol B OARE GAMPQSAION knowr *- = " 1"

di spersant/detergent CORRPUMETHOBD GRMAKINGITIFE 'SE on of an
al kenyl succinic acid or anhydride wth an am ne or polyanm ne to produce an

al kenyl succi ni m de or an al kenyl succinam c acid as determ ned by sel ected
condi tions of reaction. mem&m“ cant manufacturer is

di spersancy of particul ate ' ustion engines. Failure
to have adequate particulate matter dispersancy may result in filter

pl uggi ng, _sl udge accumnul ati on, and oil thickening. It has been di scovered
that the dbgipresgntanvesttionds dipategrtora impraved dispgesaniaddivay| ene

post-trea LSRer, Lde: 0 d] rs. ' oot
Fhi cicent ngonede RBASAYS o6 G effiredhisr HEd PR g0 T pElPRetd of
I mpr ovenentakirggthe. sdpSCRI PTI ON OF THE RELATED ART Eur opean Published Patent
Application No. 0438848 discloses a lubricating oil containing a dispersant

prepared by (i) reacting at |east one polyam ne with at | east one acyclic
hydrocar byl substituted gueHEREAHYIGE ThE ABAEYTINWI ch such acyclic
hydr ocar byl substituent tmrm‘ns—(m—arvw—dg'e—m—(ﬂﬁ\elast 40 carbon
It is known to employ nitrogen containing dispersants and/or detergents in the
formulation of lubricating oil compositions. Many of the known
dispersant/detergent compounds are based on the reaction of an
alkenylsuccinic acid or anhydride with an amine or polyamine to produce an
alkenylsuccinimide or an alkenyl succinamic acid as determined by selected
conditions of reaction. One problem facing the lubricant manufacturer is
dispersancy of particulate matter in internal combustion engines. Failure to

have adequate particulate matter dispersancy may result in filter plugging,
sludge accumulation, and oil thickening.

It has been discovered that the combination of certain aromatic anhydrides
and ethylene post-treated dispersants 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
oil containing 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 of at least 40 carbon
atoms, such reaction being conducted using proportions such that the
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atons, such reaction being conducted using proportions such that
theacylating agent is reacted with the polyamne in a nole ratio of from
1. 05 to 2wezomnl7em3per nol e of pol yam ne, and (ii) reactcmgskde/opsioduct so
formed with (a) at |east one aliphatic vicinal dicarboxylic acid acylating

t tainj 4 to 30 b t in th | | 4 d i |ch the t
carboxy!  geuae adenSssardeta i B raminerad BYR oS khrbon
atons, or o(gy)md s%ﬁ})fﬂbl'e_ctﬁ’pdl%rﬁin@?%igé‘?i(i:))r@écl‘ﬁﬁ e Sodakt dERFMeANRitFUCh

di carboxylic aci[éd acyl ating agent, a conbination of (a) and (b),

usi ng i n {hHeateeastiome aliohatic yviopra gigarboxicacithacylating hgeniptantaiaingod of such
acylating,agent is from0.1 0 to 2. 50 noles r |l e _of said polyamne with
Che pr ovi K000 RO RlE: Bithrere8edeRndih ek 1is Mk FadoxiieuBRYe ) "and
(1) per Beb&ratdd Fombedd o8B BY tWé diiphatitecardbaateis2odd)ted dhtbdridéPS1
130408 discl oses a lubricating oil conposition that is prepared by adding
an ef f ect Pid hakganer ester pkatkleast ormspeibdigarbwtyliapeigiawy/dmngiagent: e wei ght
rati o of r.o . Nk [\ | - | basi c

car boxyl | EIEEFmBERHRART DA Br agin HsFRach ot plopRierts

trimellitttataee chaky ratiedl sudhcadtatihg &jent)is &och 019 tarths0inialkes pébinole

al kenyl -succinic acid, or its anhydride, havi nq% al kenﬁl group. j oi nt ed of

mol ecul ar O(@figRolvasaing vativtheorevisrdhatinedeial Mg raipbingaaYREiNGn t he nol ar
rati o of : (0 SR (B dar nik & b Gt | s

I nt er medi g?%nt\%?% I§.|§ %‘\g%ﬁ) B%'trﬁiglgetofgsta%;ﬁgfy%ﬁﬁgé Igttﬂﬁ[ﬂ ar}w\%@og?%g%)z@go.di scl oses
| ubricating oil conpositions containing am ne carboxylic acid products.

, LeSuer, UPS51134Etlisbloses)aJubiedtint oiNcomBositidn thatds direpdreddsy adding
ni t rogencont aj ni.ng conpositions obtained fromthe reaction of an amne with

a hi gh moPBElesHVeBMAMNt o4 ik 18AGHeN RrPaUE RfAbAUL §.QRyh de i wejahidaligi d and
o SLasOF ST RS0 ALY GF 36i o o) SR DS Rardion. 092 01
acid (phthalic acid, terephthalic acid, trimesic acid, trimellitic acid pyromellitic
acid, etc.) and its anhydride, (b) alkenyl-succinic acid, or its anhydride, having
alkenyl group jointed of molecular weight about 300-3000 and (c)
polyalkylenepolyamine in the molar ratio of (a):(b):(c)= 1:1-4:1-4 and treating

then the resulting intermediate with boron.

Stuart et al., U.S. Patent No. 3,287,271discloses lubricating oil compositions
containing amine carboxylic acid products.

,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 monocarboxylic acid and an

alkylene or arylene dicarboxylic acid.

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
-2.-



hydr ocar bon nedi um cont ai ni ng hi ghly hindered acyl ated al kyl ene pol yam nes.
Durand et al. U S. Patent No. 4,747,964 discloses additive conpositions

t hat may we 2eiodiero3( 1 ) the products obtained by react iPag/US2009/068101

al kenyl succi ni m des wi tharonmati c di anhydrides, or (2) the products obtained

b t | th di anhydri d f -
oF bol ycaPLuRgHG AT VOHAS.&F (5 PEvPrEcia b QLA QL il anhyar de of rono
el ot BicADkAbAREEaS G arDEhAgkIaSd: 4 BRFHGErMe bl nind. BRg,0Ne Or gani ¢

conmpound havi hg several hydroxyl ‘and/or am ne”groups. These di"spersing
addi tive campoxyiic am&atl@agllmllacmecbmatm ablduqfé@wm@plecwlsr imeigntpthepor ti on, for

le, % by, ,
G oo oses BN pasReC A bBA ST k¥kupe R el MeNndct i on
product ohadingWeyardl 'hgdﬁﬁ@l andePantih@groupsdmaess 'éi}’slpe$$lh?taldﬁﬂlvéd

di carboxylic acid, an de or ester thereof with yanhydri de,
char acterPQfé@OBWOﬂﬁmayﬁ P adflep &9 Sicating ofls 81 8 prwrvo@cfgsexgmlpiﬂ;rease in an

oil to be t ake rheol ogy test defined herein at 2% w w
active nat&e%rgér;[ o}s%é(é&&ggﬁe of 0.26 s.sup.-1 Pa.s, and lubricating oil

and fuel conpositions and additive concentrates containing such a

di sper santCjarkegeni 8.StPaent NU. 8,258 58distiBsed 0d4bluid dispessdrRs es

succi ni mi des, succinic esters, and succinic ester-am des are formed by (A)
reacting Qb§3"3ﬁb|$ bygeadling beyeasiien araduchpf pRatvaenipe [pfed lopg-citain east  one

| over ol el frocatly Ll AR AHb IS eSS N Bt erlednpn ore

acidic rea r epresen d R are

i ndependepblygnhydiide, cRatavierizet] kithat thehdibpgeanatestrictothd vkessityoget her are a
singl e oxygen atom and (B) reacting an acylating agent with at | east one
al cohol ( picE®aseaip|an Qll %b@lﬁy)/(ﬁ]gaaq @gthgﬂ-jaake rheology test defined herein at

2% w/w active matter and a shear rate of 0.26 s.sup.-1 Pa.s, and lubricating
oil and fuel compositions and additive concentrates containing such a

dispersant.

Degonia et al., U.S. Patent No. 5,241,003 discloses succinimides, succinic
esters, and succinic ester-amides are formed by (A) reacting (i) at least one
substantially aliphatic polymer of at least one lower olefin, and (ii) an acidic
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 alcohol (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 lubricating oils, gasoline’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



or amine (preferably a pol yam ne having at | east one primary am no group).
Wl | enberg et al., U S. Patent No. 4,61 2,1 32 discloses polyam no al kenyl
or al kyl woceiomi7aiodes whi ch contai n carbamat e functi onalPcriussoosssint ar e
useful as dispersants in lubricating oils, gasoline's, marine crankcase

oi I s and hydraulic. oi Ls. Vol Ifnber et al., U S Pat e.pﬁt rlga é 747, 850

di scl oses UBBEGARSE KPREANS BIS. Serpines, BedrineraBkeath ol aohhuliaia banat o
functionaljdies which are useful asdispersants in lubricating oils,

gasol i nes, marine crankcase oils and hydraulic oils. Harrison et al., US.
Patent No. 5,334,321 discloses al kenyl or al kyl succinimde additives which
are the reactisanetpalgdust Paterd No.dh33h B2t disttosssi ajkénydlok atkyl - or

| Kyl - substi t.ut hydrj d d | kyl I ' havi
vl age. oPUeBATER SEAGNES TG BineTeaRODBIOANS Bl 2/ BRIPCURY roaction
product 1 feRhitike) t&%l@l{gﬁdbétit@’é‘d 5GeGAt AR @@rlle lﬁh& a%%k&l%!wghw th

fl uorocar bon engi né seal or concentrati evel's at

f | uor ocar polyaseaé¢ hawvingaan @\reraég of greatai thaedt niwgessiomsprasveoledi sper sancy
and/ or detergen ropertie en employed in lubricating oils and fuels,
o son_ eDesh e fasttpninshiuslgs PeSERRBREI a ELL EHOREI r, ol Ky

succi ni m demadeblel wigs flubroearstireeridife seastdrif) it esheehtrafiod dVietatol ecul ar
wei ght al kenyl - or al kyl -substituted succinic anhydri de and a pol yal kyl ene

pol yam neWhigh fpragarpearsege compgtietityds achigyed, pp3sasgempad\Ets per nol e,
wherein t r ' 0 i s b ] - i ate, are
conpati bl QEVQFF%%%DP%P thgarl %g%@%lr%ygﬁ%s%@ég%%g %é’?@%ﬁ@@ﬁ@%ﬁ@ gﬁ ?on | evel s
at whi ch bhoduele) astoner seal conpatibility is achieved, possess inproved
di spersancy and/ or detergency properties when enployed in chlorine-free

Harrison et al., U.S. Patent No. 5,356,552 discloses alkenyl or alkyl
succinimide additives which are the reaction product of a high molecular
weight alkenyl- or alkyl-substituted succinic anhydride and a polyalkylene
polyamine having an average of greater than 4 nitrogen atoms per mole,
wherein the reaction product is post-treated with a cyclic carbonate, are
compatible with fluoroelastomer engine seals and, for concentration levels at
which fluoroelastomer seal compatibility is achieved, possess improved
dispersancy and/or detergency properties when employed in chlorine-free
lubricating oils.

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
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-olefin, and a polyamine under reactive conditions; then
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| ubricating oils. Harrison et al., US. Patent No. 5,71 6,91 2 discloses a
succi nimde conposition is prepared by reacting a m xture of an al kenyl or
al kyl succwoi2etseaos3deri vati ve, an unsaturated acidi c reagents2eopesiyner, and
a pol yam ne under reactive conditions; then treating the reaction product

w th either cyclic carbonate or a_linear .nong- or polycarbonate or boron
compound  TRAGRY INEaaaclen SETRHAL MEHRGS g & 4R Carbagate Ofa 18Eapaur oo,
5,758, 597P8|r¥gﬁﬂdb?1lé€ébﬁbaﬂdﬁeccﬁﬁﬁ&% Uh @) redciNEBs@loky reacting a nixture
of a copolymer of a first unsaturated acidic reagent and a 1,1

-di substituted olefin; a copolynmer of a second unsaturated acidic reagent
and a 1- oHafiisgn aetd &.,pd).YanPaeninddo. e849,6¥6 disutbdasorns; studwminriéat i ng t he
reaction ErOdUC{I with either, a cyclic car onatfe or a linear

ool ycar boRSTROSTORGS dNERRIRILBA ARG, 2 BREHTEVE 2 AHaYhIE AMATUGENE ot al .

U.S. Pat egkidNgerivat@89 o7 Gnstts o8 aidic sreﬁgémi BbS8ly RAPASH td PBIyiafniRé epar ed
by reacting a m xture of an al kenyl or alkylsuccinic acid deri'vative, an

unsat ur at gadeiciedictive eaditionsopol yner, and a pol yam ne under reactive
conditions. Harrison et al., U S. Patent No. 6,358,892 discloses a

i nim it i d b t 1 Xt f . al k I
al kyl succRISGIL @ dbr i Wat Byl S8ty Nkt SrRBAP A eSF gt CUBE S mor , and
a_pol yam BempBgRbn"i8aFEhURACONIEAERTSA hikRite! 6 idMryNor rARASI@Tier oduct

El
with either a cyclic carbonate or g@fl near nono- or polycarbonate or boron
conpound aoidedeniivei a8 dosatutdtemacidiarrepgent eopalymer,Land.a patyaminéo. 6, 451

(S50 ot ol 555 g ALEE GRS BN RLSVT PLSRBEAGP oBALNE k4 ) °
pol yal kengfclideddriyatateraef lifdartnedd-Usradaigbarbomhte or boron compound under

reactive conditions.

Harrison et al., U. S. 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 alkenyl 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.



reagent, said process conprising (a) copolynerizing ( 1 ) a polyal kene
cont ai ni ng al kyl vinyli dene isoner and non-al kyl vi nyl i dene i soners and (2)
an unsat uweteth/gsiodi c reagent under pol ymeri zati on condiPCirarsgooonesine
presence of a free radical initiator; and (b) reacting the product of step
(a) with an unsaturatedaaé A E Iﬁl ﬁ tenperature in the
presence of a strong acid. 6,214, 775 di scl oses a
haze-free post-treated succinimde prepared by treating an al kenyl or al kyl

succinimde with an oilsoluble, strong acid and contacting the treated
succi ni m Uertmbtdad@st:gzmbiodlmemtbmmp@seot ihyentiamis direoted taea Iyarioatingeat ed

inimd Y OF THE | NVENT] ON.| n b nmbodi h
ot csent |1 HUBRCKGR COTMASHAR RBPL-LOY i PISSERRY iy COEl Ty Bec DS ¢ 1 on
prepared By the process which corrprl ses the stops of: (A) reacting a

pol yal kenyl succinic acid or pol yal kenyl succinic anhydride wth at | east

one pol ya{/kl/l eFﬂzﬂCrBBQ)?th‘PMé'kehﬂ\ﬁwglnéﬁ acidsta polyelkenylisusgic ankygsidet her eby
roducin [ actin

Phe. pr odadnai g sekio Hieae pRBRhRe YayRd bl eSS Alad ol o e

post - t r eathergbyppestucing mslﬂt:cihﬁ!ﬁldelwrsacf:lnatrﬁl@é ebpnmuce:hmmer@fan ini tl aI
post-treated succinimde or succinamde or m xtures thereof; and

re?ctl Ing {Ble preasipg tae p&%"@éﬁt%(t'aﬁV‘éi”‘b@/@hﬂ@“&%dﬁ'&@%ofH@P@W“ﬁr odu0| ng
a f1na {ﬁycﬁﬁ@ﬁ@sq tﬁébg?rgndrﬁgn@%r Pﬁrxtﬁ%fh‘éﬁ"é’&fdﬁ}eﬁ%bﬂ)ﬁa#{cg@éﬁﬁ{ﬁé?

wher ei n at east one trogen remalns 1n t-treated
succi ni m gestetreatad sucaimindielecor suczhanmdebhmlretnrres ffeeeq@t eseént invention is

al so dire edt ricating,ojl muosition copprisi maj or anount of
ool of Ghor readinadhe pectidtBy Sland Bl Rifva eyt CaoBhate by

producrng 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.

The present invention is also directed to a lubricating oil composition
comprising 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 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 naphthalic
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 thereof,
wherein at least one basic nitrogen remains in the final post-treated

succinimide or succinamide or mixtures thereof.



anount of a lubricating oil additive conposition prepared by the process
whi ch conprises the steps of: (A reacting a polyal kenyl succinic acid or a
pol yal kerwyb 2810006108Cc anhydride with at | east one pol yal legirarseooobsiam ne,
having at | east three nitrogen atons, thereby producing a succinimde or
succi nam or _m xtures. thereof; ( reacti t he product, of step (A wth
2 oht hal | SR8 RAETRLAEY STIORS RIRLTETAA S A THBCR S (AN ey BB or

mi xtur es HH8ii8 ontdRiRRAXVRERBRIIBe8Mé BiddsAdr: Post - treated succinimi de or
succi nam de or mxtures thereof; and (C) reacting the product of step (B)
with a cyclic carbonate thereby producing a final post-treated succinimde
or succinam de_or . xtures, thereof, wherein at |east one. basic nitrogen
emains. | [0 he 950 AR i AR st 5o RETY SRR i r os

t her eof . ThethRItes onePERyEIk@REné PoRladiing ipahGdt ledsBthieé AREbgeh aBkisNg a

| ubricating oil additive conposition which conprises the steps of: (A
reacting Hg5ePy Bracueing 8 geecinindidadrguseinanide pamodHias Weeeathi ¢ anhydri de
with at | t nal.yal i {1 it rogen
atoms. t niveny EARE A pRAGR BB NG, » BARE inyufe o habERll, [ 2720

(B) react angydritve posidtedtingfagene pr (ituves thedeghtHeréby protueihg ale irotial
napht hal i ¢ anhydri de post-treating agent or, m xtures thereof, thereby
pr oduci ngPap-ireater Sucpipypide X [USENSTEEe AF MiYeres therees ABRi de or i xtures

ther eof . s (({adiRathé Bbod e PERRNE il 365RIC Blbhald Refots | ¢ car bonat e

t hereby p ucing a“~fin post-tr succinimde or succlnam de or
m Xt ur es prosuenfg a Whel post-tedatéa asccininede as isaccinamadgear méttaiesstheredfhe fi nal

t-t t ed inimd : ' i de. or. mi Xt. t f. A di ngly,
he. or eoCTaN EHIFHS, OBl LRSI BORR o BrEUha AP PRSIt ng of | addi i ves

whi ch ar esysghitlid@or dLEARANRIY &r Miktdres'tbRIdIal conmbustion engi ne.

Accordingly, the present invention relates to multi-functional lubricating olil

additives which are useful as dispersants in an internal combustion engine.

DETAILED DESCRIPTION OF THE INVENTION

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 specific
embodiments is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention
as defined by the appended claims.

Definitions

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

The term “PIB” is an abbreviation for polyisobutene.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wil e the invention is susceptible to
various nodifications and alternative forns, specific enbodi nents thereof
and are hwoenmw/dessri bed in detail. It should be under stowdiS2évomesser , t hat
t he description herein of specific enbodinents is not intended to limt the
i nvention_to . he, j,cul ar forns disclosed, but on the contrary, the
| nt ent | on TS (P cBASA SR Ty RRITEY BLPN g0 gAY RSO N EY A e | ves
falling within the spirit and scope of the invention as defined by the
appended clains. Definitions The following ternms used with the description
are def i nébederm (suecinmt graun’ wefePs BY aigsoam havibgdhe derinuras or
pol yi sobut ene. The term "PIBSA" is an abbreviation for polyisobutenyl
succi nic anhydride. The term "succinic group"” refers to a group having the
formula: o CHCI | WO wherein Wand are independently selected from
the group consisting of -OH, -d, qlihle wer al kyl or taken together are -O
to forma succinic anhydri de growp—cFrectetwm "-O |l ower alkyl" is neant to
i ncl ude al koxy of 1 to 6 carbon atoms. The term "succinim de" is understood
inthe art to include nmany of th jdec—imi de, etc. species which are al so
formed by the reaction of a succinid ||

o}

wherein W and Z are independently selected from the group consisting of
--OH, --ClI, --O-- lower alkyl or taken together are --O-- to form a succinic
anhydride group. The term “--O--lower alkyl” is meant to include alkoxy 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 also 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 alkenyl- or alkyl-substituted succinic acid or anhydride with an
amine. Alkenyl or alkyl 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. 2,992,708; 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:



anhydride with an am ne. The predom nant product, however, is succinimde
and this term has been generally accepted as neaning the product of a
react i on wb 2am/@btoenyl - or al kyl -substituted succini c aeca/useocobsadri de
with an am ne. Al kenyl or al kyl succinimdes are disclosed in numerous
references and are well known in the art,. Certain fundamental types of
succinimdes and related naterial s encoffjpassed by the termof art
"succinimde" are taught in U S Pat@nt Nos. 2,992,708; 3,01 8,291 ;
3,024,237; 3,1 00,673; 3,21 9,666, 3j172,892; and 3,272,746, the

di scl osures of which are hereby incot porated by reference. The term

"al kenyl or al kyl succinic acid der %Gt Ve Yefers to a structure havi ng the
formulaORCHCI1 | L HCOwereinL gnd Mare independently sel ected
fromthe group consisting of -OH, -Cd, 90, lower alkyl or taken together
are -O to forman al kenyl or al kyl succinic anhydride group. The term
"soluble in lubricating oil" refers to the ability of a material to

di ssol ve Whesinphend M aredndeperdentysalpcied Mosh hearonpRonsising @it i ng oi | s or

olofino rePErects S dplvalofBRt RRA st ok i or BeM R g esi aua
unsat ur at atkglsuetingusdnyarieletgronpecul ar

The term “soluble in lubricating oil” 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 weight olefins” refers to olefins (including
polymerized olefins having a residual unsaturation) of sufficient molecular
weight and chain length to lend solubility in lubricating oil to their reaction
products. Typically olefins having about 30 carbons or more suffice.

The term "alkyl" refers to both straight- and branched-chain alkyl groups.

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, polyolefins 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.



wei ght and chain length to Il end solubility in lubricating oil to their
reaction products. Typically ol efins having about 30 carbons or nore

suf fice. wbeotoar7mosal kyl" refers to both strai ght- and Ppcanshedostiai n al kyl
groups. The term "polyal kyl" refers to an al kyl group that is generally

derived from pol yol efins which are pol yme or, C | ymer.s of , nono- ol ef i ns,
Dot cul ni TG e SRk RpRan e O BBy AT 0 ‘SIRESTETEC Bt G ane and & he

like. Pr egﬁﬁzd}\dé” rﬁgsebg@@gd%t@éﬁéng@gbg,yed will have 2 to about 24 carbon
atons, and re preferably, about to’12 carbon atons. More preferred

nono-ol efins include propyl ene, butylene, particularly isobutylene,
1- oct ene &p ene. ?Eeferred ol efi ns Pre ar.ed from such
sPirga

nono- ol ef | rﬁ‘dg %m@gg'a%e%& MBWFQE@%'B% rﬂ/ﬁu? Bhe tﬁgcﬂ”éﬁql'ﬁblﬁol yi sobut ene.

The term [Uprishind bl ABRNE doRigIsHid? 1A dHe é@BeaInddMé kampositeangbl e of
accepting a proton. The terns "al kenyl succinic acid or anhydride" and

"al kyl subtaR@red Qyitae erocassywhickh sonpaises she siepsialt AIdRaBiGal y. One

ubri cat i ROVBIRPRAAI R I8 ek bbb RIKey FsBRThe IR Pb AR Re, 1 on i s

prepared pylyahglgpeqsstgaming, bhvingnatiesstshideenitbges adms Aheretgct i ng a
pol yal kenyl succinic acid or a polyal kenyl succinic anhydride with at | east
one pol yaPIBAUSHY pSHGEIRIMES ORSLCHgaatide ebBtxtrRsBerql; @éﬁaafﬂraﬂ@,e t her eby
pr oduci ng F Qi lRa -4 ¢t : F£.8acting
t he produ th og}f&g{t: gﬂpgl((%\? \A\’/?mtrhtiﬂfas(i? pregregtéﬁg rﬁgéﬁeﬁgb%gg?ﬁar{%é@e%@ﬁproduci ng
an i niti apogteise¢ated saceitirsderrsuccihantde oucukinags thereof; andt (G)esattirgg eof ; and
(O reacting the product of ste B), with a second, post-treating agent
Uher eby  plBoRIoRHg o3RRS BB Socombamptiiedi i ge: et it e or
mi Xtures KRN Rak-iredfe] SidtifnidE 8 sutifadRfd 6r MiXired el Bl RSreiMat he fi nal
post-treated succinimde or

least one basic nitrogen remains in the final post-treated succinimide or

succinamide or mixtures thereof.

In one embodiment the composition is prepared by the process which
comprises the steps of (A) reacting a polyalkenyl 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 naphthalic 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 thereof, wherein at least one basic nitrogen remains in the final

post-treated succinimide or succinamide or mixtures thereof.

(A) Polyalkenyl Succinic Acid or Polyalkenyl Succinic Anhydride

The polyalkenyl succinic acid or polyalkenyl succinic anhydride is the reaction
product of a polyalkenyl reactant and an unsaturated acidic reagent. The

-10 -



succi nam de or m xtures thereof. In one enbodi nent the conposition is
prepared by the process which conprises the steps of (A) reacting a

pol yal kerwyb 28100061B8Cc aci d or a pol yal kenyl succi ni ¢ anhydmiu$eoosiossiont | east
one pol yal kyl ene pol yanmi ne, having at |east three ni trogen atons, thereby

r oduci n mdeorsccnmde t her B react'n
e oo pBIyBkegy Sy ciic AR A AP i TRt TiRE Dy N R ADRIRAIPR acnvalr | de

post - treaFéeRﬁloﬁQ%éeé%ror”fhéttHéﬁﬁaltrBﬁétﬁﬂf prdcBgs eby producing an initial
post-treated succinimde or succinamde or m xtures thereof; and (O

reacti ng tHeERQINBLKBNEStep (B) with a cyclic carbonate thereby produci ng
a final post-treated succinimde or succinam de or m xtures thereof,
wherein at | east one basic nitrogen remains in the final post-treated

succi ni m gae QolyuiesHyn e ciantas aporyalkese tHigcefbe 4 Ablywdnailkginyle Succi nic
Aci d or Pol val Kenyl "Succi ni ¢ Anhydri de The pol yal kenyl succinic acid or

pol yal kenfMPeseicdeiin er keny dei aleopalyies of Bue or BIPrpryRasce’ Aefins. goleyal keny!

reactant BAAcpg AARRLY bRAEhARRL A LEaRaNho THERGY BOKRRAL SuRElghg, 20T d o

anhydri de"i ormed éi OrFNarion T eac ss or’the

ther mal r palyimers nEdERES. maShE d%ﬂn\éﬁkhdﬁﬁ{ﬁfraihez m@bbaumyértroeuaatbmt is a
pol yal kene that can be a yner of a single type of olefin or it can be a

copol yner ESPEEialy ypelbaee WMY@?r%@feT m%*o @ﬁ@nﬁﬁpm ?‘Ezﬁthlé!%@?,ces of the
o ool hILAE S S0R. PEL MBS SRR Ry, e
are the polyners of 1-nono-olefins such as ethylene, propene, 1-butene, and
oo el SEE IS 1 SRR SoBEE I hor bR g Ok B
" pol yal ket th@ferdsgblydikdryi'Sas 08&d fri $d ssetifetfliohbrddd thE 2idis,

include those materials which are substantially polyalkenyl. As used herein,

the term "substantially polyalkenyl" means that the polyalkenyl group contains

no non-hydrocarbyl substituents or non-carbon atoms which significantly

affect the polyalkenyl properties of such polyalkenyl substituents relative to

their uses in this invention. For example, a polyalkenyl substituent may

contain one or more ether, oxo, nitro, thia, carbohydrocarbyloxy, or other non-

hydrocarbyl groups as long as these groups do not significantly affect the

polyalkenyl characteristics of the substituent.

Another important aspect of this invention is that the polyalkenyl substituent of
the polyalkenyl succinic compound should be substantially saturated, i.e., at
least about 95% of the total number of carbon-to-carbon covalent linkages
should be saturated linkages. An excessive proportion of unsaturated linkages
render the molecule susceptible to oxidation, deterioration, and polymerization
and results in products unsuitable for use in hydrocarbon oils in many

applications.

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 -



i nclude those materials which are substantially polyal kenyl. As used
herein, the term "substantially polyal kenyl" neans that the pol yal kenyl
group conweainp/aisioaon- hydr ocar byl substituents or non- cachars2avossonhi ch
significantly affect the polyal kenyl properties of such polyal kenyl

substitue relative to eir nvent i on ampl e, a
L yal konpPOQ aEe Bl areERt - MelSuateen. Uik Ol ANt b 2 MaBeTAl to. ¢ i a,

car bOhde%ﬁrﬁﬂf%}’n aBbytotdtRlo WYFF'\ré)E?éfQMbd @ribHiimant, 'tﬁé‘%le’#ﬁ these groups
do not signiticantly affect the pol enyl characteristics of the

subst i t uepolymaidtaser mqlmmramelgatspfe@bomﬂ 00Ri dniamegraripsafereed hat t he

| yal k bstityent of the polyalk d ghoul d b
P bet ant; EMEpUEERLS Hithiefh Had%s BRQlTnT 8Gell S360NEREaRaR "nunber —of
car bon-t Oc:@mhmﬂs@méé @ﬂthés‘e%%ﬁeﬁé@é‘ﬂedhb%d@léﬂ@d §ecH g kages. An

excessive proportion of unsaturated |inkages render the nolecule
suscept i bPelygl YdﬁnQi@piXﬂﬁOpﬂ@@%rQQiyléﬂb@ﬁneaﬁ‘@ pdrariedladuPrelaradd results in

D oauet®  HBSMIERI: Bolyorlignd el ipIatal: Ueidnt oot BBL G AbpaRS - The

size of t e suc i'ni T conpound appears to
deternine250@ effectlveness of the addltlves of this |nvent|on in

| ubricating oils. Aefin polyners (i.e., polyal kenes) having a nol ecul ar
wei ght of about 500 to5000 are preferred. More preferred, the olefin

pol ymer qrﬂEaH Affﬂ?ﬁﬁ(ﬁ'EﬁeA@ml REN®ENGfout 700 to 3000. In a preferred

enbodi ment n pol ymer as a nol ecul ar wei ght of about 1000. In
anot her preferred enbodi nent, the olefin has a nol ecul ar wei gh of about

2300. The comon sources,. of these pol yal kenes are the fins such
aa ol yet RIPIFE! O rL Peric eagr)  Salsu bnaiork or AnBHF eapasid

prefer I’Edt}«@d;é(r%rgffdﬂmbﬁa pol yi sobut ene having a nol ecul ar wei ght from about
900 to about

o o

N\ /

C—CH—CH —C

/ N

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 ammonia 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, --NHa, --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 unsaturated acidic
reactant. Other suitable unsaturated acidic reactants include electron-deficient
olefins such as monophenyl maleic anhydride; monomethyl, dimethyl,
monochloro, monobromo, monofluoro, dichloro and difluoro maleic anhydride,
N-phenyl maleimide and other substituted maleimides; isomaleimides; fumaric

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



THE UNSATURATED ACI DI C REAGENT The term "unsaturated acidic reagent” refers
to maleic or fumaric reactants of the general formula: C CH CH C X X1
wher ei n Xvardio7smse t he sanme or different, provided thacrats2éemstiopne of X
and X' is a group that is capable of reacting to esterify alcohols, form
am des, e sal a ni a or am.nes, for tal salts wth
fencttve At BdleaR Sy hindianily BB e o G Shuf aemauﬂ]agaﬁsﬂwtrﬁ@h@m se
function gagmaevitald Ng agents. Typically, X and/or X is --

- O hydrocarbyl, --Ow where Mt represents one equival ent of a nmet al ,

amoni um or am ne cation, --NH2, -Cd, -Br, and taken together X and X can

e O b PP SO AREPARIA ol SARIGHNY: AEUATYERL® Surt L

anhydride is a preferred unsaturated acidic reactant. O her sui tabl e
unsaturated acidic reactants include el ectron-deficient olefins such as
nmonopheny N geneieb PRRrR/kRNYHsUCEBiIfRRIAHNd aahyridas campe eterased Pyriw®obr ono,

nonof | uorg[ﬁe? r}gr%n%?m%cggéé Bfég)ncrégggéc anhydride, N-phenyl nalein de and

ot her sub eim eimdes; fumaric acid, maleic acid,
al kyl hydrogen nal eates and fumarates, dial kyI fumar at esand nal eat es,
fumaronilic acids and mal eani ¢ acids; and mal eonithl e, and funaronltrlle

THE PROCESBe et PREPAIGAGHOPOr PIRFEIRYIVOIERE DATeIRS-TERCHMEIAI , pol yal kenyl
succi ni ¢ asrygpﬂeﬁe%ammﬁ?%se@t c#ﬂSruﬁé Fe%cﬁb{ O Rl E;Eﬁé?e’at types of

reacti ons or processes reactl n or ocess invol ves
ei t her pr polyalkenemngth malgokgal da(rmnhymlrldla ar taitagting the. @)Iyalkeme)ande, and
reacting | %?elg%ln%%rrllgé %pacid in the presence of a halogen, e.g., chlorine. This

type of reaction or process is known in the art as the "chlorination" reaction

and is described in U.S. Pat. No. 3,172,892, issued Mar. 9, 1965 to LeSuer et

al., which is hereby incorporated by reference herein in its entirety.

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
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 processes, 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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pol yal kene with mal eic acid or anhydride, or contacting the pol yal kene and
mal ei ¢ anhydride or acid in the presence of a hal ogen, e.g., chlorine. This
type of rwecbioonrtisms process is known in the art as the ‘Pchiuscemamssion”
reaction and is described in U S. Pat. No. 3,172,892, issued Mar. 9, 1965

to LeSuer et al., ich is hereby incorporated by reference herein inits
entirety. ! of reaction or process which my be used to
prepare pol yal kenyl succini ¢ anhydrides or acids involves sinply contacting

the hydrocarbon and the nal ei c anhydride or acid (in the absence of
hal ogen) Htalauerrmmvraeebloﬁtémeaemm@ventkﬁnsan;qmneﬂs resoted withdhepr ocess i s

k in th the th I [ th t hi
spec 11 caPPuAReny Sicse 2CB A b RRGe e ppiTaCbreR Py her o
reaction” griieé e @r ﬂ%&ﬁ@pcﬁ‘g MRS whié cohtafsosadadtiwld primé&tgt . No. 3, 361

, 673, issued Jan. 68 to Stuart et al., which is her eby mcorgorat ed by

ref er enceaffhn@& sM@fﬁ prefefed fthe agtetiyme ROIEMME compouryl bas at feest 3i ssued
Cct . m;%e}]oatgl%l mer, involves a conbination of the thermal and

chl or| natl on¥processes, as by reacting a substantial portion of the
hydrocarbon and mal ei c anhydride or acid by the thernal process and then
conpl et ng]the reaction via a chlorination reaction. Pa

t. 91
2,764 is Hl Q0oe eAkodipeat de BYlyrlkyianeRAyaeing ia Q'ﬁhV@ﬁeHW'Pét(PE(Té)) Am ne
Co d t ed
U o TRy A e T a1

with the po succl ni c’’'aci ed herein.
Pr ef er abl penﬂalemwene‘renamlae pIBEAA) k leang pptylayram |(1IdPA\M'n>rcrh|xd:tm’aSa| ns at | east

t [ f th al kyl d h
] ek Radls B eh ST e P S R eSO 1
di et hyl eneppay W;ﬂ&@ Blyakdinds My eaptah RghAfed, TFIN stri@brcasmy! ene

pent am ne (TEP
mixtures thereof.

In one embodiment, the polyalkylene polyamine may be a polyether amine
that contains both primary and secondary amines.

Both initial and final post-treating agents require 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 subsequently 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-,
-14 -



pent aet hyl enehexam ne (PEHA),, heavy pol yam ne (HPA), or m xtures thereof.
H gher nol ecul ar wei ght pol yet hyl eneam nes may al so be enpl oyed. The

pol yal kylwoeopal7yaai nes nmay contain branched, cyclic st POTUSR@9/068101T1 Xt ur es
thereof. In one enbodi nent, the polyal kyl ene pol yam ne may be a pol yet her

am ne that contains both primgr nd secondar ines. Both initial and
final postvgicey 97ayPa dereBaPaatam Jeafmaut ok CBUGASIPPANPL rogen site
Wi th whi chnh@gridaChelubtfmelBt RnR9atidé AR aRMNIHiRRE arld nashtRERS erred that
sone of the nitrogen atons are baSic nitrogens. (C) Post-Treatnment of the
Succi ni mi dshydridsnePrai¢rad ittt aofmaticaphisiet isipmitealici anhydride asucci ni mi de is

post-treated With a first post-treating agent, thereby producing an
initial pB@PUW?h%?@hy@ffLeci ni m de or succinam de or m xtures thereof. The

initial post-treated succinimde or succinam de or m xtures thereof is
subsequently reacted with a second post-treating agent. In one enbodi nent,
the initi 4 Opeemhadéaeeaidtheingl Rpat-iieated syceiinide ispreraretibygeactii@ci ni mi de
with an a ' [ i d. vdr ] t ylic acid
anhydr 1 dod ey o EOEREEY oy TSR ECha SO AR Aderf MRERY e

dependi ngpfgferabiyhie s@acydtietdacbenatg) . Typi cal aromatic anhydrides include
thnellitic anhydride, phthalic anhydride and naphthalic anhydri de.
Preferably, the aromatic anhydride is phthalic anhydride or naphthalic

o e P RACORIETSRG RS BTk ARSIl ALAE RURALIID o6 PLepe
agent , whdoxofane2-enalethyleneacanpohate ) cénethglt & 3-digxolead2-aye [propglenbonat es
For use 1 hinStd) ™ Fhyi o3 diskois e ot dte (batyISHe Sibohiats); 4-
hydroxymethyl-1,3-dioxolan-2-one; 4,5-dimethyl-1,3-dioxolan-2-one; 4-ethyl-
1,3-dioxolan-2-one; 4,4-dimethyl-1,3-dioxolan-2-one; 4-methyl-5-ethyl-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-propyl-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

C4 -Cgp 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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di oxol an- 2-one (ethyl ene carbonate); 4-nethyl-1 ,3-di oxol an-2-one

(propyl ene carbonate); 4-ethyl-1 ,3-di oxol an-2-one (butyl ene carbonate); 4-
hydr oxy mewbyebtolo75®3di oxol an- 2- one; 4, 5-di net hyl -1 |, 3- di exolBRe2A6s1e1

4-et hyl - 1, 3-di oxol an-2-one; 4, 4-dinmethyl-1 , 3-di oxol an- 2- one;

4-met hyl -5-ethyl -1 , 3- di oxol an-2-one; 4,5-di ethyl-1 ,3-di oxol an-2-one;

4, 1 i o hKEYSey 136 GYRICHATBOBAES UBoR ok SSRHRD iy D RTABERRA DY

, 3- di oxanyangéerifeatiof dTet §itable apn@i MR diol 8P8H afiarr Hi3tgr Wiy et hyl - 1

, 3-di oxan- 2-one; 5-nethyl-1,3-dioxan-2-one;, 4- methyl-1 ,3-dioxan-2-one;
5- hydr oxye®., dettiybramopatende-trgnhesigritieatign condiensyded, fogingtancen- 2- one;

5, 5-di et hy| & 3-di o - 2-gne;  5- -5-propyl-1 ,3- dioxan-2-one;

2, 6 di et HyPTRAC DS, A R fad 142285 il fF naoroere rBED e anc
spiro[ 1 , Refortcd-foy Hedtesamag &f thé prebaraffon 6xk&yokic cavsdriigxanone] . Ot her
suitabl e cyclic carbonates nmay be prepared from sacchrides such as

sorbitol, glucose, fructose, galactose and the |like and fromvicinal diols

prepar ed_ 0% Cinee o0 Ehlinahis (BLBEMRel M obRaE By SBYBRAle of these

cyclic car ates are conmercl a avai e’ suc '0X0l an- 2-one or
4- met hyl - diprSpyicaxsdrate andnie liky.C Typicahlirezngohs campnbtes iaaldidey prepared by
known reactions. For exanple, reactjon of phosgene with a suitable al pha

al kane di BPW&WOHWeQ?I\(@ﬁbantQiG'F‘Q)Fheyﬁ”‘@-ds a carbonate for use within the
scope of this invention as for instance in U S. Pat. No. 4,1 15,206 which
is incorporated herein by reference. Li kew se, the cyclic carbonates useful
for this Tgpieataromatiwycdrboxyliemanhgdridgs imciutke Beh pyraainedicarboxylisui t abl e

al pha al kane dipl ,or an alkan-1 3-diol wth, e.g., djethyl carbonate under
Cr bnceat cAMNIIdE A S oo RGicasaeky gy HEda LAY byrgiedierRiic 4 564 1 15
and 4, 423gRRQndrMY; eibritc BAGRIRRY. MaRGichPhgERdEYoHEHyPE8aGSicT@hybiAgs teachi ng
of the preparation of cyclic carbonates. “Typical [I'i near nono-carbonates
i ncl ude dilenapihthetenexcstic antiyaedeny1, 4 dr blogrrene tricarboxylic anhydride and

the like. Typical aromaticcarboxylic acids include the acids of the

aforementioned anhydrides.

Typical aromatic carboxylic acid esters include dimethyl phthalate, diethyl
phthalate, dimethylhexyl 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 post-treating 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 to 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-carbonate.
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di propyl carbonate and the |ike. Typical l|inear poly-carbonates include
pol ypropyl ene carbonate) and the |ike. Typical aromatic carboxylic

anhydri desoizoolare®32, 3 - pyrazi nedi carboxyl i ¢ anhydri dePC2/U32609/068101
pydrldlnedlcarboxyllc anhydride; 3,4 - pyridinedi carboxylic anhydride;

di phenic hydr | de sat oi hydride; phenyl . succinic anhydride; 1-
naphthalea§L§&§: TR ISR bfﬁg %3 q SP~—~ W& tricarboxylic anhydride and
the like. Typical aronatlccarboxyllc acids include the acids of the

af orenmenti oned anhydrides. Typical aromatic carboxylic acid esters include
di nmet hyl ﬁtﬁuwlrmnwle laipéemnedpbvt a@r@cms ngrmmsmg hl@a@nngoﬂmermlmlbenmno

nmet hyl hexyl pht hal nono eth ht h and th hal at e. In
one. anbodPHEnR i oCeaiRip iR Ry i Res el gBTe P bt o o

l'i near rmﬁm@@hcbmg@ ad@h@é‘t‘ﬁwgﬁﬁb@@brﬁﬁ@ﬁatur@tﬁfi‘drﬁ%ont)g(D“G feabomg agent i s
an aromatic carboxylic acid, acid dride or ester. Typically, the first
post - t r eafl YA dQri@nglly, a dilupnt olbmay %ﬁwge@@nd@r apltsogem@wman ithe

anhydri de b heat ed,
ther eby. pPaliSdPRGEE AT b g6k BionAETE S digeR, bRl Ghiercdnddeh 3

post t r eat pdrgai¢e thd readeori Thiseaixtiad is hetatwurvuérra mtrsgenmhrg:@&i atreating
agent, such as ethyl ene-carbonate. Maki ng the Post-treated

of
Succi ni mi HRMReragEsiinrangRfrem ?ﬁ%ér%@gctw azS’OHF 4eQds QBﬁ'ﬁfﬁ”é’r ﬁdaEH‘émgl ng the
pol yal keny ?ﬁfg%ﬂ't{i'tﬁe %kt@r@?orpéﬂd@bk??’% bSUHELH Abfir MR dvEar L}ﬁ eact or,
optionally er a nitrogen purge, eating at a tenperat from
about 80 frimedabdhbe réa@io8. Optionally, a dil uent oil may be charged under a
nitrogen purge in the sane reactor. An am ne conpound i s charged,
optionally under a nitrogen purge, to the reactor. This m xture is heated

under a nirhgQYRRINRHINGSdrCal80 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 out for about 0.5 to 2 hours at a 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, optionally 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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tenperature in range from about 130C to about 200 C. Optionally, a vacuum
Is applied to the m xture for about 0.5 to about 2.0 hours to renove any
wat er forweadoion7stee reacti on. The succi nim de can al so peTnsd@9wssing a
process conprising sinmultaneously charging all the reactants - the

ol yal kenyl . succinj ¢ acid or .po] yal kenyl cci ni c anhydride and the am ne
P omaung At GoRESaB SLeRuBRIclE b ehaer A BOCaER EOBIbTIsHItL ool
react ant5trfé"iﬂlt%?pégﬁﬂréﬁéd%fucéih|rﬁid%\’ﬁfaet‘éab&ﬂ‘}38ﬂ51‘r’6déﬂl un@lef ﬁ%ﬂrd)ééﬁe m Xxi ng

and reaction. A static m xer can be used facil ?ate m x1 ng” of the

r eact ant spawet, laeg heading eit ageotpergiace Dbfroneabcwcaooe toHbout aae%@ onis carried
out for ag) |5@':T$ 2 hours aEt) aht%r’gade iure rom about . 130C t o 200C.

Opti onal | P '0()3% IL?”£BE|m3eVd £ &Nel |ao"r1|I rﬂﬂ?‘i‘&%g%lﬁ‘r‘i qusatnp'% reaction
period t_()réaiﬁ@(\m Eyt¥ic WakHIndt@ igEshryad ! istioredg unger aMtrodbrt padgepast - tr eat ed
succinimde is {)ar ed by a process conprising charging the succinimde in
a react or thepjgaic heyelema@duglngaflagld@ps{wre@éed aWerimeddeng at a tenperature
of fromabout 80 C to about 170C. Optionally, a diluent oil may be charged
under a nitrogen purge in the sane reactor. An aronatic carboxylic acid
anhydri de(Es Labdcatedy Od@ompaditign under a nitrogen purge, to the reactor.
This mxture is heated under a nitrogen purge to a tenperature in range
from about 130C to about 200 C. Optionally, a vacuumis applied to the
mxture [ hedhakbod fodia 3euhifigl SIRKFBed ARPGIR oIV BlGEd (PaMed 0 the
reaction. I'n ost-treated succinim e s Torne

post - treabaslesmd:hatns suﬂmlertttcp)hémlaatedmbyir@ garts; éarsexampleiistentalchar gi ng t he
initial post- treated succi ni m de kn a reacto 0 ioHaII under .a nitrogen
bUr ge. . anGOMEHEIL S0 MES Grer Sranam syt dyBte uahe W icRBgeI200 ¢

Opt i 0“a| ! Mom@ogmbHQﬂ"thé’bFes%Yw%nﬁ@ﬁ'beﬁfﬂ)rlﬁeg%rméjldr"afrﬁd-tﬁﬁ%f Bibge in the sane
reactor. A cyclic carbonate is charged, optionally under a nitrogen purge,

to 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
viscosity. The base oil of lubricating viscosity used in such compositions may
be mineral oils or synthetic oils. A base oil having a viscosity of at least
2.5 ¢St at 40°C and a pour point below 20°C, preferably at or below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oil 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 Cs to C12 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 -



the reactor, thereby producing a final post-treated succinimde. (E)
Lubricating Q| Conposition The final post-treated succinimde described
above i s wenerwmi7byw3added to a base oil that is sufficierCTius2009lo58100t €
noving parts, for exarrpl e internal conbustion engi nes, gears, and

transm ssi ons. I the |ubrjcating.oil osition of the present
vent i oAyl ants A pRIVRATDERYIS FLidH. AS P B3O OVLEsk: 1) and &

m nor a”DbIFP(Tanefs érﬂ?pél?@l@' “F?E)lbﬁge)@drhplég%'ré 'dttf%)o%%?p&ﬁ%ét'eoﬁent tHﬁﬁﬁ 0i |

enpl oyed may be an variety of ricating Viscosi ty. The

base oi | tﬁtraoabroaietdlr@;eﬂtyﬁwe/i agllpa&dtllauryia&mcet&nwghthedlhe @amptex ni ner al

oils or Sénthetlc Ollﬁ' %HFOI‘J hawngcg Slt t Ieastd25cSt
at 40C an8°% HBIRPARS HPHRIGHSSOIENORP apgy %qrboggpf 'Cﬁ‘ Se?B MRAO A1y

desi rabl edlh'l]t’!ﬂ»@/aéiﬁarﬁblé gaf®¥sdBe d8ed VBI@nHé @MnEdiatanels Wltﬁrsyﬁﬂieﬂcaillssour Ces.
M neral oils for use as the base oil in this invention include, for

exanmpl e, PEE asPiUsetUl. napht henic and other oils that are ordinarily used in
| ubricating oil conpositions. Synthetic oils include, for exanple, both
hydr ocarbon synthetic oils and synthetic esters and m xtures thereof having

the desir gduy, thedsiseil ddrobv@aaehoed pardffietype @a?sléourrmyre'ﬂheﬂ uma@httemic exanpl e,
oils prepared fromthe pol ﬁyne“ zation of ethyl ene, phaol efin or PAO

oils, or Bﬁ?%oﬁ,r%rp%ﬁ)é'ﬁhﬁh% QW?MWoW%DM@W@@T@%‘?'b@éHGF'@%“%| ng carbon
monoxi de g T‘h%ed‘as%la(?iﬁéaﬁﬁl%gdb"ése 'nﬂx@ré:bﬁﬁﬁﬁergf 8:9?%251%%986 §. Useful

synthetic ydr carbon oil's incl iquird polynmers o ao eflns havi ng
the proper viscosity. Especially useful are the hydrogenated liquid

oligoners, of Cto Cl2 al pha ol efins such as 1-decene triner. Likew se,
al kyl ben@n@@%ﬁ@ém viscosity, such as didodecyl benzene, can be used.
Useful synthetic esters include the esters of nonocarboxylic acids and

pol ycarboxylic acids, as well as nono-hydroxy
Lubricating oil concentrates are also envisioned. These concentrates usually

include from about 90 wt% to about 10 wt%, preferably from about 90 wt% to
about 50 wt%, of an oil of lubricating viscosity and from about 10 wt% to about
90 wt% of the final post-treated succinimide described herein. Typically, 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 oil 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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al kanol s and polyols. Typical exanples are di dodecyl adipate,

pent aerythhtol tetracaproate, di-2-ethyl hexyl adipate, dilauryl sebacate,
and the |Iwhkeolo@ospBex esters prepared from m xtures of mrOmAWS2004/068101

di carboxylic acids and nono and di hydroxy al kanols can al so be used. Bl ends

of mneral oils with synthetic oils are also useful. Thus, the. base oil can
be & rer | KBESH Exdinples Siaites s novidedde Asliof e prERret BUSERTT - or a
synt het i cphygheQGRe PR irREndetd AR gcar bon oil of lubricating viscosity. The
base oil can also be a mixture of mneral and synthetic oils. (F)

Concentrates Lubricating oil concentrates are al so envisioned. These
concentrafles uMeiglYeterggnisle from about 90 wt % to about 10 wt % preferably
fromabout 90 wt% to about 50 wt% of an oil of l|ubricating viscosity and
fromabout 10 wt% to about 90 wt% of the final post-treated succinimde

descri bed her eBalfurlzgd ealnhsulfurized &Ky enbIkehgispaied, ralippior iatkepyt di | uent to
make them easy to handl e during shipping and storage. Suitable diluents for
t he concent r at 8EPMali¢ sfonates. ibvsatedfulfgaates. prléyrézespryunayifyrizedy

| ubricating vi i F ' xed with

| ubricating oi f@?loé%t? eoggp%hﬁgwl@a%?ﬂ;&o% lIE o%p%??‘?%é\@?gghélr?’%ﬁ

| ubricating oi bsalkkayl probearsesatiasulfbinates)tssifusipecat Lysuiavieed iafiobsi ty in
the range from about 35 t? about 500 Sa bol{t Uni versal Sec n% SUS) at 100
degrees F (36 BEEIERY RBPhtasnAlEBReRASaNs O BRANOKACS IMRIF ARSI AY mmy be

used. (G Q hepHogh Ak¥ea rhidtigeis, 5H@%Hbrﬁ%§l alﬂﬁls%ﬁlgléio%][ RibR0Fes ALY On, the

follow ng additive conponents are exanples o the conponents that
may be favorably enployed in the lubricating oil conposition. These exanpl es
of additiyes ap@iRhaMLsed to illustrate the present invention,

Anti-oxidants reduce the tendency of oils to deteriorate upon exposure
to oxygen and heat. This deterioration is evidenced by the formation of
sludge and varnish-like 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-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),
2,2'-isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),
4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol),
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but they are not intended to limt it: 1. Metal Detergents Sul fuhzed or
unsul fuhzed al kyl or al kenyl phenates, al kyl or al kenyl aromatic

sul f onat es0 2boveas®wd sul f onates, sul furized or unsul f uhzedTrast@b/osabt s of

mul ti-hydroxy al kyl or al kenyl aronmatic conpounds, aIkyI or al kenyl hydroxy

napht henat es, _HEGMeEV e R Sylest S0 S huraTdsand o “an al kyl or
al kenyl nul ti apjsgy 5ad14eﬁﬂﬁ!®|f@hy%§!¥t9&§’z§ll)cﬁilpﬁéﬁﬂéfﬁ% - pe'oxRfatioR. -

Anti - Oxi dants Anti -oxidants reduce the téendenc to deteriorate upon
exposure to oxytjumtcasnmdim burlar@ndtemrerte@tcatalbfhateé @h@mmeby t he

formati on of sl d varn is -like d Sits | ner e viscosity of
the oi | and byhamaeielBEM b cafE AR A e hatn B e an: - oxi ant s
useful in the BUﬁ'@leGéntbm\(@bk@@t@rﬁlmm@wrslihﬁlu@éstﬁl@&sbbﬁdb@@nbo phenol
type (phenolic) oxidation 1nhibitors, such a

4, 4" - et hyl eneinY§(l|i'd83d“et9éﬂlth@@@l;hqm@ﬁdﬁ)g zinc dithiocarbamate), and

§r 5 Dis(2 6 il et KRBl iochroBikald) TBHdihoRid Ehipifiad Phenol).

2,2 nethylene

4,4 -butyli den%[bedélgfﬂhi%@Wl-;ﬁTofsﬁhitei}lsﬁMUpbhosﬂhorus compounds, and

4,4" -isopropylidene-bis(2,6-di-tert-butyl phenol),

2, 2" - met hyl eneC%P%?rﬁqudenﬁM@ﬁop%Héw as antioxidants.

2,2 -isobutylidene-bis(4, 6-di net hyl phenol ),

2, 2" -5-nmet hyl ene- bi s(4-net hyl - 6- cycl ohexyl phenol ),

2, 6- di - t et - buP@P\NeﬁéAE9P§henol 2,6-di-tert-butyl - 4- et hyl phenol

2, 4-di methyl -6-tert-butyl - phenol, 2,6-di-tert-|-dinethylanino-p-cresol,

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. Especially 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 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, and polyethylene glycol monooleate; and (b)
miscellaneous other 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
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2,6-di-tert-4-(N, N -di net hyl am nonet hyl phenol ),

4,4" -thiobis(2-nmethyl-6-tert-butyl phenol),

2, 2" -t hi obo20/aretobyl - 6-t ert - but yl phenol ), bi s(3- et hyl - 2chgdeanypetiot ert - 1
0- butyl benzyl)-sul fide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).

D phenyl am ne-type oxidation inhibitors include, but are not limted to,
al kyl ated di phenyl am ne, phenyl - al pha- napht hyl am ne, and

al kyl at ed- al phayhap&itiens @ehitte t@béb‘ér‘aﬂ@ﬁb@bﬂ‘fr‘&% %‘t&%hl@ﬁ rh&\Eéeor S

i ncl ude ashl ess sulfides and pol ysulfides, netal dithiocarbanmate (e.qg.,
zi nc dit hi ocar bﬁm@oeyact with tnsoﬁélnnwgért@lmmmmabonyIQemwiStﬁleea ibehsiee) .
Phosphor us conp nds es ?I Mlthe I hOS{hI tes Isulf h IEhosphorus
conmpounds, and BQrpr% Ll”é(s)u Yiegx 'QQ BAYPOXEBURIS. 3 .

Anti - \Wear Agenggk P@ﬂhkaeragekye&hwéﬁ@@@rmres@ér noving netallic parts in
condi tions of contl nuous and noderate | oads. Exanples of such agents

i nclude, but are not limted to, phosphates and thi ophosphates and salts

t hereof , gar bapRireme P8 Ag@,qltsr(glpyhﬂémgyn conpl exes. Especially preferred
antiwear conpounds are the am ne phospha Rust Inhibitors (Anti-Rust

Agents) Rust inhibitors correct agai nst the corrosion of ferrous netals.

These incl ude a nj c_pol e . tive ents such as
pol yoxyet hyl en rgﬁfeﬁr%g%w&ag%ﬁ%y% €$ ?ﬁ@gﬂ}’@ﬁéﬁ&gil'&[?%% 't her,

pol yoxyet hyl engonditighs @hmgwlo@d@@xaméy@xw redhahsde/sullreyl et her,
pol yoxyet hyl ene octyl stearyl ether, pol éoxye yl ene ol eyl ether,

pol yoxyet hyl en@'eé'ﬁﬁbl'%ld'a“@hééi'@é?@péphﬁ (PeiRVRsY IHYerRecopeamt dkylonool eat e,
and pol yet hyl eggq 3h¥Gohe)TBRRRHGALRidE et trichiorostearate, chiorinated

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 simultaneously.
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 alkyl zinc
dithiophosphates are especially preferred.
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m scel | aneous ot her conpounds such as stearic acid and other fatty acids,
di carboxylic acids, netal soaps, fatty acid amne salts, netal salts of
heavy sulWwornwm/@siod, partial carboxylic acid ester of pecyhigdive/oedionhol ,
and phosphoric ester. 5 . DemulsifiersDenulsifiers pronote the separation
of oil fr mwa{/er V\:hifh \glncorre into contact with the oil through

cont ani nat’i on. % M9EX IORA%¢ §de additi on product of al kyl phenol and

et hyl ene oxi de, pol yoxyethyl ene al kyl ether, and pol yoxyet hyl ene sorbitan
ester. 6 . Extrene Pressure Agents (EP Agents) Extrene pressure agents
reduce wear of Viasesityingexdmprevesa@are used tointireasmiheofis¢nsifl indexdef Exanpl es

f EP ts ipclud | fyrized ol efi ' di gl ky-1-di.t hi gphgsphat
Cpri mar'yal iyl eainditly heFy, Baitniye Yhely Bargng oAt as, et hy!
trichl orost ear giceeadifiy erhpaiateten T atRiteylafd pely@elky! pol ysi | oxane, | ead
napht henate, neutralized or partially neutralized phosphates,

di t hi ophosphat e81yl&iedPromyiane- ¢aRetyPRIGs SHAERE ISOPrene-EoRelV®ETMbdi f i ers Fatty
al cohol , fa“yhg&r'a‘[’eci ?t{){?@r{é-%oﬁpér% c e&&g@gg%,g@d@@??&hoﬁ eheHrbdyand ot her

fatty acids or salts ereor), am ne, er esters,

phosphat es, ot hesd pbasRosite hdegsimpesvdrsi Nitrogerti arftyotygear byl phosphi tes,
and phosphonates. 8 . Miltifunctional Additives Sone additives function to

provi de many f iHtipaaliged pRlkmermine sa<a|ed isnersgdMscosityinde®he zinc aryl
and al kyl dit hirﬁ)&%%%g%g)ga@arbélijég&taneousl y provide antiwear, extrene
ation

pressure, and oxi

10.  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

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

methacrylate polymers and dimethylsiloxane polymers.
12.  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.
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i nhi bition. Especially preferred are the al karyl, primry al kyl, and
secondary al kyl zinc dithiophosphates. Primary al kyl zinc dithi ophosphates
are especweal2bw/pswBerred.9 . Viscosity Index |nprovers YCIasgeowpesindex

i nprovers are used to increase the viscosity index of lubricating oils,

t her eby rﬁguci t he viscosity decrease of an oil with increasing
tenperaturg: PHISRRES3YEr yI at e pol yners, et hyl ene- propyl ene copol yner s,
styrene-isopr emefhgpghcemﬁﬁded?wwguééimhﬁ@@s hRIIFRNRItS DBArIFgasic and

pol yi sobutyl ene aré all used as viscosity index inprovers. N tfogen- and
oxygenf unct i onapinpedn@s) alkemd suctisirgides anddiiediby pesttieatmeiowlli t y i ndex

I nprovers, may al so be used. 1Q .. Pour Pqint ressants Pour point
depressants Ioﬁg}y?qr}?ecqrﬁ%@trea?rﬁ?cg'ca?C'%‘?%ﬂ“\/ﬂﬁyaﬁ?@cﬂ%iapgte out of
l'ubricating oi bglyidobuterfixsetslhidGnnyarit e npresrdtelsalic\aaes dnd theirch the

| ubricating oil can operate before oil flow is inpeded. Pour point
depressant s i nePsidieegier yanelags, atielimaetel pambed alsale mespleplkalicegartner s
especially eth Loyl t 11,

| nhi bitors Foameﬁ%ﬁqo\b@%@é g%@gﬁif&ﬁ&;c er?é{e%%; galﬁﬁ{e‘jetér)'e gé‘?é’ é*spggsg&:\esnt rai ned
in a |ubricant oflaikange-epethahétahborGtesTpolyapaiteiashigdstdisSersasisuiel aeky|

nmet hacryl ate pol yners and di net hyl si | oxane pol yners. 12 . Metal
Deact i vators MK@QPr BodEes it IcH HERRIERSor r 0si on of netal surfaces, and
chelate netal ions in solution in lubricating oils, thereby reducing

oxi dation caused by the catalytic effect of the netal ion. Common netal
(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 composition. The final
post-treated succinimide, added to an oil of lubricating viscosity, is used in an
internal combustion engine, thereby improving dispersancy of soot, sludge
and the like.

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

the invention.

Examples

EXAMPLE 1
Mono-succinimide Derived from 1000 MW PIBSA and Diethylenetriamine
(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 a condenser and 250 mL round bottom flask 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
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deactivators includes salicylidene propyl enedi am ne, triazole derivatives,
nmer capt obenzot hi azol es, thi adi azol e derivatives, and

mer capt obwoznmidawsl es. 13 . Di spersants Al kenyl succi ni mcaas200ioksany |
succinim des nodified with other organic conpounds, al kenyl succi ni m des

nodi fied b treat nt e r te or ric acid, .esters of
oL yal condl SVaTRPIS i eSBmasalNicE) Mt Mo aHOaR | oS ot otal Peafat oo and

their pOSFmﬁlﬁt%aée%daﬁ*ﬁbQﬁ&tur@Mfé’é heﬁi‘éﬁaét 1@0°@féﬁﬁnaédﬁﬁ|dnaﬂgb%mu?éska| i ne
earth netal borates, dispersions of hydrated al kali netal borates,

di sper si oAsvasfuuan Kedls inencappliednal 210 bin digfor PO Inyiniese T@emr@sIQCUha@er sants
and t he Ih‘?ewﬂ mxture of such dispersants. (H Method of Use of the

Pr esent PWH‘QTWQDF[ f?é?l post-treated succi nm de of the present
invention is added to an oil of lubricating viscosity thereby producing a
| ubricati n%lhgl | conposition. The final post-treated succinimde, added to
an oi | of TBhbFiddad MegKPHE@osity, is used in an internal conbustion engine,
t her eby i spersancy of soot, sludge and the Iike. The follow ng
exanpl es gﬁrﬂé érrggedés ‘?Y?t% illustrate specific enbodiments of this invention
and are not to be construed in any way as linmting the scope of the

i nvention. Exanples EXAMPLE 1 Mong-succi ni m de Derived from 1000 MV Pl BSA
and Di et hyl enetriam ne (Am nePl BSE)@MPbE%/bIe Ratio of 0.90:1 ) A1L

reactor wapghdicyGthydridd Pst-198adMor00 MBSO API o I
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 following

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:
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Chevron Oronite, LLC) and 263 g of Chevron RLOP 100N base oil. A
distillation head fitted with a condenser and 250 niL round bottom fl ask was
attached wo 20tv73108B react or. The system was pl aced underCa/us2amogsni

at nosphere and the m xture was heated to 16Q0C. Diethylenetriamne (41
.80g; available from Sigma-Aldrich) was then added to the m xture over a 30
m nute period. The m xture was heated at 1600C for an additional 90

m nutes. ABKREYYE YR KOSfgappl ied at < 0 mm Hg for 30 mnutes. The product
had the follow ng properties: TBN =3 1.2 ng KOH/ g Nitrogen = 1.85 w. %
EXAMVPLE 2Niradenl Fd.9%hw.dbi de Post - Tr eat ed Mono-succi ni i de Derived from
1000 MW PI BSA and DETA (Phthalic Anhydri dePl BSA Charge Mdl e Ratio of 0.80:1
) The product of Exanple 1 was heated to 1600C in the apparatus as
described in Exanple 1 under a ni gagpLEt40sphere. Phthalic anhydride

(53.25 g; available from Sqﬁgma Al drich) was added over the course of 15
m nut es. TRéthaligAndrigedastd raat@dH\éaﬂ@@uat:mm@@@¢r@4edafmradkmq MM&l 90

m nutes. A vacuum was then appli Hg for 30 m nutes. The product
had the follow ng properties: ﬁ%§é€ng%lﬂﬂ]KO#g Nitrogen = 1.85 w. %

EXAMPLE 3 Mbno- sugRithilhic AahwdefEDBS‘,A@ha]cQ@mcva@ltB% ®80:1hleavy Pol yani ne
(Am nePI BSA Charge Mole Ratio of 0.90:1 ) A2 L reactor was charged with
1030.1 g of 1000 MW PIBSA and 321 .3 g of

A 1 L reactor was charged with 899.95 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

properties:

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

EXAMPLE 5
Ethylene 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. Ethylene carbonate (79.58 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 = 48.0 mg KOH/g
Nitrogen = 3.99 wt. %
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Chevron RLOP 100N base oil and placed under a nitrogen atnosphere. The

m xture was heated to 1600C. Heavy pol yam ne (208.33 g) was then added to
the m xt we 20wer75®320 m nute period. The m xture was heaCedsat09hesIOC f or an
additional 90 mi nutes. A vacuumwas then applied at 10 mm Hg for 30

m nutes. The product had the follow ng properties: TBN = 125.3 ng KOH g
Nitrogen = 4.58 w. % EXAMPLE 4 Phthalic Anhydri de Post-Treated

Mono-succi ni mi de Derived from 100@YANMBLBSA and HPA (Phthalic

Anhydri dePlI BSA Charge Mole Ratio of 0.80:1 ) A1 L reactor was charged with
899. 95 g of Ménro-suewniside Ddriveddrans 2308 dY\ed|B A BxdipgayvyPelpdming heated to

16Q0C under a nitrogen, ,at.no: re~, Pht hal j coanh ide (58.12 g) was then
added. The reaction m(MPSﬁEg%%Q ¢ q@?’%‘%ﬁﬁ%&@@aﬂ addi tional 90
m nutes. A vacuumwas then applied at 20 mm Hg for 30 m nutes. The product

had the follow ng properties: TBN = 102.1 KO—VV\g Nitrogen = 4.51 wt. %
EXAVPLE SAER hyleantor aed sharsedanth PRBRA 0 o AHepdYIVe £ IBSA @vaikale drom

hono-Suc LT RIS G SAB0 NP G TR . 10800 55Hg" ves

nono- succeystendwagpladeepandst a nitfoganatenobpasck vag theatigdrd wattidgtednder a
ni trogen atnosphere. Ethyl ene carbonate was then added over the

79. 58
Dour o0 o fo TR Hayy AT RSO G B haratsgh e MdUrsiaer & 10

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:

TBN = 83.9 mg KOH/g
Nitrogen = 2.12 wt. %

EXAMPLE 7
Phthalic Anhydride Post-Treated Mono-succinimide Derived from 2300 MW
PIBSA and HPA
(Phthalic Anhydride:PIBSA Charge Mole Ratio of 0.80:1)

A 1 L reactor was charged with 890.44 g of Example 8 and was heated to
160°C under a nitrogen atmosphere. Phthalic anhydride (25.97 g) was added.
The reaction 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:

TBN = 40.94 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
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heated at 1600C for an additional 2 hours. The product had the follow ng
properties: TBN = 48.0 ng KOH/ g Nitrogen = 3.99 w. %XAMPLE 6

Mono- succwoi2niodesier i ved from 2300 MV PI BSA and Heavy Pelcyarszeve/068ani nePl BSA
Charge Mole Ratio of 0.90:1 ) A2 L reactor was charged with 1163.7 g of
2300 MW PI BSA (avail able from Chevron Oonite, LLC) and 251 .3 g of Chevron
RLOP 100N base oil. The system was placed under a nitrogen atnosphere and

the i xt upeso@mINRRIRSt has kAGRfed WRRADAN08 P61 e (ihalid nBlardspblen added

to the mxture over a 10 m nute period. The m xture was heated at 16Q0C for
an additi traatedgu:xonbmwcemjmwie\@:wmmmt Examale? aed wes hentaehted 608 30

e, TRgeRSoRShl Amltet MR RRRRIAETRD P T Jhok ¢
Mono- succwemwte coardev e 1f helr 2P Q NgVﬁ%@?‘ﬂn%ldTh@Afeé%Hﬂ&hb(ﬁJre was
Anhydri dePlI BSA Charge Ml e Ratio of reactor was charged with

890.44 g bealleﬂaﬁbﬂ@gg?a‘ﬁﬂ aRagdeitianal 2t boqrﬁaidjeuﬁmwé heict fheyéelloin@spher e.
Pht hal i ¢ Hﬂ% dédéje (25.97 g) was added. The reaction m xture was heated at
1600C for " a tional 90 mnutes. A vacuumwas then applied at 10 nm Hg
for 30 mnutes. The product had the follow ng properties: TBN = 40.94 ny

KOH
9 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
Chevron Oronite, LLC). The system was placed under a nitrogen atmosphere
and the mixture was heated to 160°C. Heavy polyamine (52.24 g) was then
added to the mixture over a 20 minute period. The mixture was heated 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 13

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 to
-28 -



Nitrogen = 2.05 wt. % EXAMPLE 8 Et hyl ene Carbonate and Pht halic Anhydride
Post - Treat ed Mono-succini m de Derived from 2300 MWV Pl BSA and HPAA 500 m _
react or waie 20tvzrgwd wit h 404. 05 g of the phthalic anhydPprcaaspastssient ed

nono- succi ni m de as prepared in Exanple 9 and was heat ed to 1600C under a

ni trogen Et hyl ene car bonat t hen ed o r t he
Cour ae- of 160REHN, fhe Gosbipngevaimgrantted at: Tan Lot arcrduiSTRat Gy ot
16Q0C f or nifyudddivhEGHAl was eeH Safpﬂs@ (amqlﬁﬁ]t HWb&B@té»ﬂf&om rm.naféboer ties:
TBN = 26.0 ng KOH' g Nitrogen = Mono- succl ni m de
Deri ved fﬁbmmmtmnhlwlwdgmewﬂe’al yam ne (Anmi nePl BSA Charge Ml e
Ratio of 0.60:1 ) A 2 L reactor was charged with 1000.9 g of 2300 MW PI BSA
(avai l able from Chevron Oonite, LLC). The system was placed under a
ni trogen FBNPSBBEY hPROH/Ge nm xture was heated to 16Q0C. Heavy pol yam ne
(52.24 g) was then added to the mxture over a 20 minute period. The
m xt ure whkirogen=d.@d WieeoC for an additional 60 mnutes. Vacuum was then
applied (<20 mm Hg (absolute)) for 30 minutes. The product had the
followi ng properties: TBN = 43.8 ng KOH/ g Nitrogen = 1.68 w. % EXAMPLE 10
Napht hal i ¢ Anhydri de Post - Tr eat edEXBMPISEId¢i ni mi de Derived from 2300 MWV
Pl BSA and HPA , ,

Ethylene Carbonate and Naphthalic Anhydride Post-Treated Mono-

succinimide Derived from 2300 MW PIBSA and HPA

A 1 L reactor was charged with 325.80 g of succinimide made in Example 14
and was heated to 160°C under a nitrogen atmosphere. 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 properties:

TBN = xx mg KOH/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
13 and was heated to 160°C under a nitrogen atmosphere. Ethylene
carbonate (20.08 g) was added. The reaction mixture was heated at 160°C for
an additional 60 minutes. A vacuum (<10 mm Hg (absolute) ) was then

applied for 30 minutes. The product had the following properties:

TBN = 24.4 mg KOH/g
Nitrogen = 1.52 wt. %
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(Napht hal i ¢ Anhydri dePl BSA Charge Mble Ratio of 0.60:1 ) A1 L reactor was
charged with 513.9 g of succinimde made in Exanple 13 and was heated to
1400C unowo 2a10mi7sT08gen at nosphere. Napht hal i ¢ anhydri de PCTRIS4009@§s19Bs added
over 5 minutes. The reaction m xture was heated t0l1600C and the conditions
were mai ntai ned at 160Q0C for an additional 60 m nutes. Vacuum was then
applied (<20 mm Hg (absolute)) for 30 m nutes. The product had the

follow ng properties: TBN = 36.0 pyafdyphi trogen = 1.62 wt. % EXAVPLE 11
Et hyl ene Car bonate and Napht hal i c Anhydri de Post-Treated Monosucci ni m de
Derived fr &httesiccAmwarideSosinidested Monoisuceiainide DerévedzoyetBOfi MMV 325. 80 ¢

of succinimde nmade in Exanpl e 1%@@% ﬁ_\’vagat ed to 1600C under a nitrogen
at mosphere. Ethyl ene carbonate ( V\@ t hen added over the course of

1 hour via a syri (RIthBEETRANhYdedd:PEBSA Tharhd Mble R dfepsed)at 16C0C for an
additional 60 m nutes. The product had the follow ng properties: TBN = xx

ng KOH g Nitrogen = 1.62 w. % EXAMPLE 12 Et hyl ene Carbonate Post-Treated

char god wht k b7ReRP Ve B Rh2 Y kbt o FepkfFaRl oot

16C0C undExamphé UBngemtrmtdm&ﬁcﬂd tifidwhe 199 insteaduied rhRutéd ad was added.
The reactl on m xture was heated at 16Q0C for an additional 60 mnutes. A

vacuum (< nea e,ql-,ﬁq_@q Sh&Brek @)m;rog%@ atmegphere. Phthalic anhydride (44.76 g)
was added. The reaction mixture was heated 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
Derived from 2300 MW PIBSA and HPA

A 500 mL reactor was charged with 247.17 g of succinimide made in Example
17 and was heated to 160°C under a nitrogen atmosphere. Ethylene
carbonate (13.53 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 1 hours.

The product had the following properties:

TBN = xx mg KOH/g
Nitrogen = 1.61 wt. %
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applied for 30 mnutes. The product had the follow ng properties: TBN =
24.4 ng KOH g Nitrogen = 1.52 wt. %XAMPLE 13 Pht halic Anhydri de

Post - Tr eawedoMmrterosucci ni m de Derived from 2300 MWV Pl BSRcaru$20d0Ah6g1Pht hal i
Anhydri dePlI BSA Charge Mole Ratio of 0.60:1 ) A4 L reactor was charged with

1592.0 g of succini m de I red i agpl e_13 (except reaction hold
tinme was 90 instead of 6?9?& U '%ge&é&?%étalt?%wli% 1600C under a nitrogen

at nosphere. Phthalic anhydride (44.76 g) was added. The reaction m xture
was heated at 16Q0C for an additional 90 m nutes. A vacuum (<20 nm Hg
(absol ut eYhevmenoisaaciappidee dndopogarentadtragno-shecipinvidas tframadexameples! | owi ng

i : = ) ; oH i = 1. o 90 hyl
e Ponat o =10LWerG reatisd REmoddMleketforhench@Roh s Mg dbam vy T rom
2300 MW PtdasAaniiie WS WelPedrdnd prekarintees 260annastanet Mizd fest santplef

succi nim de made in Exanple 17 and was heated to 1600C under a nitrogen
B

at nospher €ONEINGA 8. YabBsrhire F0%n0Hzey P vk tash shisnedsri, 804nilm@lesour se of
Lt oenft A8 U SeRREH, 18 FLIRAGE 45 Ao PloBbodidie [or o
KOH g Ni t wegeintibiforGhdw .3 W36 tof BV Cikesrongr, Be 86k TBON died8P4 800NeIl.
OO S e W2 a00de 20 §' Vilcan XQ72% carbon Biack Jrom Cabos 6. 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 results from the soot thickening bench

test are shown in Table 1.
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1- 10 were reacted in the soot thickening bench test. In this test, 98.0 g
of the test sanple was wei ghed and placed into a 250 m _ beaker. The test
sanpl e combanrmads®3wt. % based on 50% actives of the tegCcTdiss@ensant, 50
mllinmoles of an overbased phenate detergent, 18 mllinoles of a zinc

di t hi ophosphat e wear inhibitor and ﬂAgL%/tT %of a VvVl inprover, in 85% 150N
oil, 15% 600N oil. To this was adde -0 'g VWul can XC-72(r) carbon bl ack
from Cabot Co. The mixture was stirred and then stored for 16 hours in a
dessicator. A second sanple without the carbon black was mxed for 60
seconds using a WIlens Pol ytron Honogeni zer-Mdel PF 45/6 angobhen
degassed in a vacuumoven for 30 nminutes at 50 tl¥sp@sant The vi scosity of
the two sanples was then neasured at 10Q9C using. a EH | ar Jhigkenigget er .
The per ce@xamp?%osi ty iD{é’cﬁ?ﬁ@n""as cal cUT@t'ed by 88&% ng tyey\scosity of
the sanples wth and without carbon blaelaiméhus theyl ower the percent

viscosity increase the better the dispersancy of the disperdaotaséhe
resul ts fraom tha cant thiclkanina haoanch toct arng . choun 41 Tahl o1 TI\&E 1

Soot Di spersant ThiQARNWFIBSLYDETAcat Rate Exanpl e Descri pti @33% Vi se.

Treatment % Lncrea A/ DET. 233 2 1000 MW Pl BS4¥ DETA PA 25
§reathent o pncr casgod yii BIBYAIBERRY DET/ha SHY

1000 MW PIBSA/HPA - 31
1000 MW PIBSA/HPA PA 18
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 2 27
6 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
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4 1000 MW PI BSA/ HPA PA 18 5 1000 MW PI BSA/ HPA PA & EC 15 6 2300 MW

PI BSA/ HPA _ 69 7 2300 MW PI BSA/ HPA PA 20 8 2300 MW Pl BSA/ HPA PA & EC s>>>>
15 9 2300WwhMRVBSASHPA - 2 167 110 10 2300 MW Pl BSA/ HPAPRAVIR2®8/0d6H01L1 2300
MWV Pl BSA/ HPA NA & EC 2 19 6 15 12 2300 MW PI BSA/ HPA EC 2 60 43 13 2300 MWV

Pl BSA/ HPA PA 2 60 42 14 2300 MV Pl BSA/ HPA PA & EC 2 4 1 22 NA: Naphthalic
Anhydr i dep%.'tr?%t?ﬂawé Aﬁ)n i EenyeEfide| and 1 @RRA R QLI 8'% of !the

soot thi CHﬁﬁﬂwtﬂ@li@%%?dﬁ@étaridngfrﬁﬁén% ES@onkite \Hérrecﬁiib"ica‘ﬂ'&/%%ir tifah gE €ase of
formul ated oils, which enpl oyed nono-succi ni m des "t hat "wer epost-treated
with (ii)ppreehélviscosiiyyideiease anda ormuiated cdr hahatieé not ¢antainnaptiakial i c

hydri d d | b t t.ypi cal | h t t
" stosi tyen e Bl FRRETbRRORale o ST EC At R coftfrkte C"
anhydr i depost ieAtenempAbhRRElfmRiesNals habi oS helehies Nubeesingaphonat e

additive composition of the present invention has good dispersant properties.
It is understood that although modifications and variations of the invention can

be made without departing from the spirit and scope thereof, only such
limitations should be imposed as are indicated in the appended claims.
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post-treated nono-succinimades. This test indicates that the |ubricating
oil additive conposition of the present invention has good di spersant
properti es0 2bto/i7sioander st ood t hat al t hough nodi fi cat i ongcanm$200a0680i ons of
the invention can be nade w thout departing fromthe spirit and scope

t her eof Qﬂéﬁ;ﬁéﬁﬂﬁ¥5ﬂ552§ions shoul d be inposed as are indicated in the
appended > AIMED I'S: 1. A lubricating oil additive
conposition prepared by a process which conprises the steps of: (A
reacting a pol yal kenyl succinic acid or a pol yal kenyl succinic anhydride
with at |éast 6Arebricatingl diyadditveodypasitien phepdred tyta peegesstwhriele ni trogen
at ons, thereby produci succi ni m de or succinam de or m xtures thereof;
(B) reacting tﬁ§m8P88%B%3% p§P-p (A) with a phthalic anhydride or
napht hal i ¢ anhydri de post-treating agent or m xtures thereof, thereby

producing an initial post-treated succinimde or succinanm de or m xtures
thereof; and (&) rekrRadting a pelyplkeayigucehicaeg qre) PelyalkeaylSUerini car bonat e

e o rsP T e < BRRydidd With ob fes] BEBCRRIFHGR Balbfifnd naitiatiBabOe, O

m Xtures there erein a eas asi ¢ in the final

posttreated sutresinitratferoatoss thereby geoducimg Atsuicedirhlter@duccihamidbe
| ubricating oil additive conposition of claim1l wherein the polyal kenyl
succi ni ¢ aci d 8F MXEresotheE8Aenyl succinic anhydride is derived froma

pol yi sobut ene Vi ”%@“@ng?bg@d'ﬁ%%téﬁo%%ﬂ{d@? PWﬂiEta%yg?idQBrf rom about

500 to about 5000. ubricating o Ive conpositron of claim?2
wher ei n t he pohgphthahy Bnbydridenpastetoeatingragemt op otiytaréethdresfittereby anhydri de
'S 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

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

treated succinimide or succinamide or mixtures thereof.

2. The lubricating oil additive composition of claim 1 wherein the
polyalkenyl succinic acid or the polyalkenyl succinic anhydride is
derived from a polyisobutene having a number average molecular
weight (M,) of from about 500 to about 5000.

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

4. The lubricating oil additive composition of claim 1 wherein the
polyalkylene polyamine is selected from diethylenetriamine,
triethylenetetraamine, tetraethylenepentamine,
pentaethylenehexamine, heavy polyamine, or mixtures thereof.
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derived from a pol yi sobutene having a nunber average nol ecul ar wei ght (M)
of from about 700 to about 3000. 4 . The lubricating oil additive
conposi t iwo 20fo/cb@BmM 1 wherein the pol yal kyl ene pol yam meTits2@loesived from
di et hyl enetriam ne, triethyl enetetraam ne, tetraethyl enepentam ne,

ent aet hyl enehexam ne, heay |l yam ne, or mxtures theregof .5 . The
Fubri catiy g oi %ﬁ&dﬁ’r{q%@g&ﬁ!%ﬁ' WB@S'ﬁ?%E’]FrF@'WeW %' H¥ pol yal kyl ene
pol yam ne is hggNy|RRINEABIPEMIMR is h‘ggqy:déwa@nqﬁgj ng oil additive conposition

of claim4 wherei'n the pol yal kyl ene polyam ne 1s tetraethyl enepentani ne. 7
The lubricating oil additive conposition of claim1l wherein the the

i:yclic capbona IS selected from ethyl ene carbonate ropyl ene carbonate,
of “butyl oo car B IR EREE ST ad iR riegteh PPEaRRaFoe B Remr  sing & mey or
amount of an p|ob|yafk_yleﬂérp>cq9émm $it6easthyen@pentanitheor amunt of a
| ubricating oil additive conposition prepared by the process which

conprises the steps of: (A) reacting a pol yal kenyl succinic acid or a

pol yal kenyl _susfib i Ml difsitld ol 687 BB RAKEISY L BeRyA™ ne.

having at | eas hree ni 'rogen atons, produci g a succCi fini de or
succi nam de or catbohate’s ddiedtedfronf B)hylerctarbonates promdertd cabosby (A) with
a phthalic anhydride or naphthalic anhydride post-treating agent or

nmi xt ures t her eBf PUIRNEERIOBAB@uci ng an i nitial post-treated succininide or
succi nam de or mxtures thereof; and (C) reacting the product of step (B)
with a cyclic carbonate thereby producing a final post-treated succinimde
or succi n8m deAdubmntcatingr@kscomposition comprising 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 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
naphthalic 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
thereof, 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 polyalkenyl
succinic acid or the polyalkenyl succinic anhydride is derived from a
polyisobutene having a number average molecular weight (Mn) of from
about 500 to about 5000.
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t hereof, wherein at |east one basic nitrogen remains in the final
posttreated succinimde or succinam de or m xtures thereof. 9 . The

| ubri cat iwgQ 20id/076maposi ti on of claim8 wherein the pol yacChasgeoovesioi ni c
acid or the polyal kenyl succinic anhydride is derived froma pol yi sobut ene

havi ng a npunber. aver age. nol.ecul ar .wei ght ) of from aboyt 500 to about

5000, 10° e TR KA AG % dorenias] 61 Ao e wiherel Gomarakvsine

pol yal kyl ene pghyamine id Sele€lBdtdf dfétﬁ?lbﬁéﬁaﬂﬁh@,r‘t?ibey‘PéHé?@traamine_,

thet hyl enetetraam ne, tetraethyl enepentam ne, pentaet’hyl enehexam ne, heavy

plol yami ne\,mor tﬁtsaahhhxéen?wﬁtﬁmlﬁne,antalleibyleuelnewEinagheavsf p@lupme,ilo;n ofT )

claim 10 erein the po yl ene pol yam ne i s heavy pol yam ne. . e
@ef%%n of claim 10 wherein the pol yal kyl ene pol yam ne

| ubricating oi I‘”%tHFﬁ?o I
is tetraethyl enepentamne. 13 . A nethod of making a |ubricating oil
addi tive conposition which conprises the SteBS of: (A) reacting a

pol yal kenyll- sudbehilricating alrcompnsitien kelgim d0adieren hampalyalgdength at | east
one pol yal kyl e - ) ing.at | east three nitrogen atons, thereby
produci ng a su@glly%ﬁ{r'ne{%{eg @?avm%n@'mr%de or mxtures thereof; (B) reacting

t he product of step (A) with a phthalic anhydride or naphthalic anhydride
post-treating agent or m xtures thereof, thereby producing an initial

post - t r eafléd” s BEil¥RNRAGRI S| camRReSHAN akClaim ADwhgreln thedadlkylang (o
reacting the ppgggﬁ{-n@fs t%&r%@tr{y?négjeﬁﬂlfbrﬁin%yd i ¢ carbonate thereby producing
a final post-tre teoll succi nim’de or succlnam de or m xtures

13. A method of making a lubricating oil additive composition which

comprises the steps of:

(A) reacting a polyalkenyl 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
naphthalic 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
thereof, wherein at least one basic nitrogen remains in the final post-

treated succinimide or succinamide or mixtures thereof.

14.  The method of making a lubricating oil 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 about 500 to about 5000.
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t hereof, wherein at |east one basic nitrogen remains in the final
posttreated succinimde or succi nam de or m xtures thereof. 14. The net hod
of maki ngwe 20uwbr7swat i ng oil additive conposition of claPoTAB2000es8E0DN t he
polyalkenyl succinic acid or the polyalkenyl succini ¢ anhydride is derived

froma po |so ene havi nunber. aver age. nol ecul ar wei gh Mh) of from
about 500150 aBIUETE0D. T8T0VAS FRBHUAPTEA G baN RYCLTbEOMELREPEanty i n an
i nternal Conbuz"ah P8 \AiEh RBmiMtisel operRIngSRE é?i@ﬁrﬁ@Mtthé NrRafghgSiIW th the
| ubricating oil %onp05|t|oﬂw@f cog)lmBgStﬁ A concentrate c%npr|5|ng from
10 to 90 w % ofompesitiobrdf ckaiinn®y oi | addltlve conposition of claim1 and
from90 to 10 wt % of an organi c diluent.

16. A concentrate comprising from 10 to 90 wt% of the lubricating oil

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

diluent.
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