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A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF
MAKING THE SAME FIELD OF THE INVENTION 5 The present invention
is directed to an improved dispersant additive composition that is used in
engine oils; and it is also directed to the process of making the same.

BACKGROUND BRICAT INGERIE ARIMEIAS fOM BRABIR Qi o B
containing dispersants, a9 HeLISEIRIk Sinbe P Qs iption 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 qijpplyasingio progugeaialkenylsuccinimide
or an alkenzl succinamic acid as determined by selected conditions of

reRQiBHESOh B BRSNS riERsiE e RoRRIRY o Siresaniaddi ivspersRnsion that
paslisedatecMaHe bl nternak Gm AueHRR eNgiBgPodR SN NV ame.
adequate particulate matter dispersancy may result in filter plugging,

sludge accumulation, and oil thickening. DESCRIPTION OF THE

RELATED ART Liu etmd.c WSk Batent Ho 16187835 disploses a

lubricating oil composition that 20 comprises a major amount of an oil of
Jﬁﬂﬁzg?mwgé YOS HRBHAINGE A Bicss BYh ardios delshesTaiR Hhef
aroantixdaatHispessaploaddiive anene, dispersahc agditiviel i saitkant/deter gent
combinatign comprising:_ (i) a palyisobutylene succinimide (PIBSAD). and,
(iﬁogwaﬂ?g%ﬁé-ﬁ%ﬁ&f@%{?@&ﬁ‘% Hetiesanpicosinagikpenhygride with an
Paidﬁﬂ& glq;(r?yhﬁﬁlﬁ:&&pliiﬁﬁl@@@ﬁ asmﬁ@ﬂﬁy@ifm't@f?wh ris%iﬂgllrﬁa?’lic acid
oxidized et ne copolymer or terpalymer of a C3-Co alpha-monoolefin
aﬁ%f%b%ﬂaﬂ%vfh Y AREHCCOTIBGLRRT QidRaBPRi&MS RINBIF RS BRE bt
witlré fiormae deliy ger compopa asdavi tha@am inei Patie REYARNBRcs.
cempound. 30 Gunther et al., U.S Patent No. 6,512,055, discloses a .
NS G E-AHERBY HRERChIBIE A TR RSO Hklnlt D Plugeing.

mbrietbyenichRilisunsatwiatait kedtmc6 dicarboxylic acid or anhydride
thereof, an oligomer, and one monoethylenically unsaturated compound.

DESCRIPTION OF THE RELATED ART
Liu et al., U.S. Patent No. 6,117,825, discloses a lubricating oil composition that

comprises a major amount of an oil of lubricating viscosity; and a minor amount of a
synergistic combination of an antioxidant-dispersant additive and a dispersant
additive, said combination comprising: (i) a polyisobutylene succinimide (PIBSAD)

and (it) an ethylene-propylene succinimide (LEPSAD).

Nalesnik, U.S. Patent No. 5,139,688, discloses an additive composition comprising an
oxidized ethylene copolymer or terpolymer of a C5-Cyq alpha-monoolefin and,
optionally, a non-conjugated diene or triene which has been reacted with a

formaldehyde compound and with an amino-aromatic polyamine compound.

Ginther et al., U.S Patent No. 6,512,055, discloses a copolymer obtained by
free radical copolymerization of at least one monocthylenically unsaturated
Ca.-Cg dicarboxylic acid or anhydride thereof, an oligomer, and one
monoethylenically unsaturated compound.
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Gunther et al., U.S Patent No. 6,284,716, discloses a lubricating oil
composition comprising a lubricant oil and a copolymer obtained by free
radical copolymerization of at least one monoethylenically unsaturated
C4-C6 dicarboxylic acid or anhydride 5 thereof, an oligomer, and one
monoethylenically unsaturated compound, wherein the copolymer is

fugihareaciad wisvapamipes barsendidbsdd ShbalanhpNeil 2 fAge4RAn

discloses a dispersant terpolymer and polysuccinimide compositions

dénvsdirBEAhbHsARb Rk » FREVIPEIINEING® ¥ Gttty we hprckation
copalyRatizatignebansaiiaiad.agislicireaugntiarboeinkcansranhydride

1,1-disubstituted olefin in the presence of a free radical initiator. Barr et

altherest. marahie ot 529 OfeRoaRde & Hhibrstivg 6 SRlBRRH. Wherein the

compasitionisthatis:thadeaciinn aradust of (i) a copolymerized olefin and
unsaturated carboxylic 15 acylating agent monomer with a free radical

initiator and (ii) a succinimide prepared from an acyclic hydrocarbyl
substiwtadsHcang: peydating. 3gerE 2 @i pobyamitespanenelriigymer
hydrocarbyl substituted succinie agylating agent is prepared by reacting a
PR KRS FATTRY SO eR A Rt BRI AY A AP 7l mer
hmmd%g{%%)%ﬁh@j g@f ﬁé@g@PW@@%@%@ﬁMﬁﬂédd@ﬁbﬁura&d acidic rsiagent, a
rocarbyl-substituted succinic agylating 20 agent. rison et al., \.S.
PN e 2B A5k D LR LI LA AR gt
unsaturated acidic reagent, followed by reacting any unreacted polyalkene

with the unsaturated acidic reagent at elevated temperatures jn the
BB oy ST, 5 e BEATPet A BN LGS sgposition
and b it4hc42 bisglasra slikiae gfo Hetdtized dihydedemliphactbfimrboxylic
copolymers, wherein functionpal groups, are grafted onto.the copol [,
RS P EOBE AT ts S s R ot S O BE brepared
algahalaindyudiogpatektaininssatoakichetinto foyhtmglizéunetid pgtolyamine

viscosity 30 index improver additive components. Harrisen et al., .\ "

PSRBTS0 SO HSEIBLELT b LU ol oo Al L g ine

reaetanlstanchighaniodeaylagneighteolefintivhe seirh dhdeasteagvhofte 7o of the
tsqflarting polyolefin is converted to the hydrocarbyl-substituted succinic acylating

agent.

Harrison et al., U.S. Patent No. 6,451,920, discloses copolymerizing a polyatkene and
an unsaturated acidic reagent, followed by reacting any unreacted polyalkene with the

unsaturated acidic reagent at elevated temperatures in the presence of a strong acid.

Chung et al., U.S. Patent Nos. 5,427,702 and 5,744,429, disclose a mixture of
derivatized ethylene-alpha olefin copolymers, wherein functional groups are grafted
onto the copolymer. The functionalized copolymer is mixed with at least one of an
amine, alcohol, including polyol, amino alcohol ete. to form multi-functional viscosity

index improver additive components.

Harrison et al., U.S. Patent No. 5,112,507, discloses novel copolymers of unsaturated
acidic reactants and high molecular weight olefins wherein at least 20% of the total
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2 high molecular weight olefin comprises the alkylvinylidene isomer which
copolymers are useful as dispersants in lubricating oils and fuels and also
m,aﬁ be used to prepare polysuccinimides and other paost-treated

alecrarvriehislebngarssssdinalky Gnridme pererriygich copolymers
INYENTIQNGIRRA ASRE Chbinarenis povided an ilisalebiealubricating Olepare

additive composition prepared by the process which comprises reactin

RO ERAYHESRth e ST e pdEia e tiRse By i8I HREF B Riku Ry fucts.

free radical copolymerization of components comprising: (a) at least one

monoethylenically unsaturated C3- C28 monocarbox |IC acid or ester

thereof, or C4-C28 dicaHedieRatit o RRGHAKIENLLY thereof; (b) at

lﬁ‘ﬁéx‘ieoﬁﬁe%t Otjl?efxlg 19?:%9@%5“90 %blgégkgb'@ i@l@rﬁ%’imﬁm&@ cahleast@ngepared by
polyolefin comprising about 4 to 360 carbon atoms and having a terminal

éB?)BWFﬁ%r‘EBB CHIOIBSATHENS M of a vinyl, vinylidene or alkyl vinylidene

group or mixtures thereof; and (c) at least one monoolefin compound

which is copolymerlzable with the monomers of (a) and (b) and is

détected' izt BT GFShp fUbMLIBEHEBR PSR alkyl vinyl ether and an allyl

alkyl ether where the alkyl group is hydroxyl, amino, dialkylamino or

alkoxy substituted or is unsubstituted and containing from abou to

about 40 carbérFaREMEI2Y A BTyt BT S hR b P REBIAEARD G gomponents

monoethylenicalypigapurated mono- or dicarboxylic acid of from about 3

to about 10 carbon atoms where

(a) at least one monoethylenically unsaturated
C3-Cog monocarboxylic acid or ester thereof, or

C4-Cog dicarbox vlic acid, anhydride or ester thereof;

(b} at least one 1-olefin comprising about 2 to 40 carbon atoms or
at least one polyolefin comprising about 4 to 360 carbon atoms
and having a terminal copolymerizable group in the form of 2
vinyl, vinylidene or alkyl vinviidene group or mixtures thereof;

and

(c) at least one monoolefin compound which is copoiymerizabie
with the monomers of (a) and (b) and is selected from the group

consisting of:

(1 an alkyl vinvi ether and an allyl alky! ether where the
alkyl group is hvdroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about I 1o about 40 carbon atoms;
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the alkyl substituent contains from about 1 to about 40 carbon atoms: (3)

an N-vinylcarboxamide of carboxylic acids of from about 1 to about 8

carbon atoms; (4) an N-vinyl substituted nitrogen-containir%gge erocyclic
aé}ﬁaa{n O,

compound; and (5) af3éast ahelvbRIRIPEGRHARING

Bout 40

carbon atoms or at least 0”%BQ&%@&M?@%@M&&@@%@E&WC
carbon atoms and having a terminal copolymerizable group in the form‘(’;‘?g\ere

a vinyl, vinyiidene or alkyl iiflieEFEBrabR or i abrEs | tHeresr B
that the olefin employed is ng iheysamemsdne-olefinemployeshin @(E)out
(ii) a copolymer obtained by reacting compound (i)(a) and
eompound(i)(b)in the presefte 8t #&ERical initiator; (jii) a copolymer
obtained by (a) reacting compound (i)(a) with compound (i)(b) or (i)(c) in a
non-free radical catalyzed reaction in the presence of copolymer.(j) o

(,% o mﬁgﬁ( il OF

copolymer (ii) or botht-br by B CSHEEHGOEBES

Spsiimar e

or both with the non-free radiga;: GatalyBeg: eagtion pteskict of compound

()(a) and compound (i)(b) or (i)(c), with (B) at least one ether compound
capable of being reacted with at least two monocarboxylic acids, or esters,
thereof, or with at leagtitwo dicarhgxylieacidsianhyssigesonestesheterocyclic
thereof, or mixtures thereof: and 4 (C) at least one aliphatic compound

having at least one functiondl GBER¢AFEle of reacting with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid. anhydride or

ester thereof.

(B)

(5) at least one 1-olefin comprising about 2 to about
40 carbon atoms or at least one polyolefin comprising
about 4 to about 360 carbon atoms and having a
terminal cbpolymerizab}e group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed 1s not the

same as the olefin employed in (1)(b);

(i1) a copolymer obtained by reacting compound (i)(a) and

compound(i)(b) in the presence of a free radical mitiator;

(ifi)  a copolymer obtained by (a) reacting compound (1)(a) with compound
(1)(b) or (i)(c) n a non~—free radical catalyzed reaction 1n the presence
of copolymer (i) or copolymer (i) or both; or by (b} contacting
copolymer (i} or copelymer (i1} or both with the non-free radical
catalyzed reaction product of compound (i)(a) and compound (i)b) or

(i¥c), with

at least one ether compound capable of being reacted with at Jeast two
monocarboxvlic acids. or esters. thereof, or with at least two dicarboxylic acids. anhydrides or

esters thereof, or mixtures thereof: and
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In another aspect, there is provided a lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and a minor
amount of the lubricating oil additive composition prepared by the process
which comprises reacting (A) at least one of the following copolymers: (i) a

?@POIyﬁ?%raQ%@ QﬁHkQMJE%ﬁ]}BQQA%aQQP@ lymetizationeteameeny EQ able of reacting

comprising: (a) at least one monoethylenically unsaturated C3-C2
monoddHbBhE AEITPESTEIC I eBTbr BATHY tearblyiRoatig acid. anhydride or
anhydsigle eester thereof; (b) at least one I-olefin comprising about 2 to

about 40 carbon atoms or at least one polyolefin comprising from about 4

to about 360 carbon atoms and having a terminal copolymerizable group

i thedarm.of.a,yinyh, inylidan em@r%&yﬁa’@yugﬁesglar)%%l%mwﬁﬁd,or amount of

thereof; and (c) at least one monoolefin compound which

BOpbRHEFSABIE \HRASHETABRErEBIYR) ﬁhe(‘b‘jj%lﬁﬁ‘&:é’é‘léé‘t‘ét&’?rﬁ?ﬁmsmm

shegraup thopsistinovaizi Lhapralytaday ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino. dialkylamino or alkoxy
substituted or is unsubstituted, and containing from about | to about 40

ERsbon AtRMS ) ARk emineaph BAralkylamide of a
monoethylenically unsaturated mono- or dicarboxylic acid of from about 3
to about 10 carbon atoms where the alkyl substituent contains from about

I to abqyf 40 cathemaiamsidRkan Nviwicarhoptisamrkrathoylicasidaents
of from about | to about 8 carbon atoms;
comprising.

(a) at least one monoethylenically unsaturated
C3-Crs monocarboxylic acid or ester thereof, or

Cs-Chgdicarboxviic acid, anhydride or ester thereof;

(b} at least one 1-olefin comprising about 2 to about 40 carben
atoms or at least one polyolefin comprising from about 4 to
about 360 carbon atoms and having a terminal copolymerizable
group in the fortn of a vinyl, vinylidene or alkyl vinylidene

group or mixtures thereof; and

(c) at least one monoolefin compound which is copolymenzable
with the monemers of (a) and (b) and is selected from the group

consisting of:

(H an alky! vinyl ether and an allyl alkyl ether where the
alky! group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about ! to about 40 carbon atoms;

(W)



(4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and
(5) at least one | -olefin comprising about 2 to about 40 carbon atoms or at

least one polyolefin comprising about 4.to abqut 360 carbon atoms and
havilrllgla _terlmdinal copé%eriéﬁ@%ﬁr%ﬁé{%iﬁ% % wﬁﬂﬁﬁy&denbe )
or alkyl vinylidene group or mixgreshinaeall proy. micarboxyiic
employed is not the same as th %J fin employed in %{% (i) a copolymer.
obtained by reacting compouﬁ‘f:f%? a%r%’dar%c%%ﬁ%ﬁg )(b ﬂlr(l:%fﬁ%é) %r%%éﬁc%here
of a free radical initiator; (iii) aieopalynebahtaimecinifa) feactbgut ! to about
compound (i)(a) with compoun{gegx)éb) or (i (g) in a non-free radical

catalyzed reaction in the pres‘é cﬂnc%tﬁ ymer (i) or copolymer (ii) or
both; or by (b) contacting copolymer (i) or copolymer (ii) or both with the

non-free radical catalyzed reactjon product of compound.,(i (a}ji :
compound (i)(b) or (i)( 3Wit|‘?f‘ék)?'é/t%é%% %ﬁéae 1%)%%]?%%%‘# %%%gks)lgfggm
being reacted with at least twabnanbeatboxw| R acids. @apesters. thereof, or

with at least two dicarboxylic acids. anhydrides or esters thereof, or

mixtures thereof: and 6 (C) at least one aliphatic compound having at

least one functional grqup capabie-wingacting twithratrteast ongaining heterocyelic
monocarboxylic acid or ester thereof. or.dicg\rboxylic acid, anhydride or

ester thereof. In yet another a%%‘é’@f? Hherdis provided a method of making

a lubricating oil additive composition which comprises reacting (A) at least

one of the following cogglymeg%'} Aaconalymer.ohtaingd by fresdadica

copolymerization of corriponents .
40 carbon atoms or at least one polyolelin comprising

ahout 4 to about 360 carbon atoms and having a

terminal copolymerizable group in the form of a vinyl,
vinylidene or alky! vinylidene group or mixtures
thereof, provided that the olefin employed is not the

same as the olefin employed in (1¥(b);

(11) a copolymer obtained by reacting compound (i)(a) and

compound(iXb) in the presence of a free radical nitiator;

(iii)  a copolymer obtained by (a) reacting compound (i}(a} with compound
(i)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
catalyzed reaction product of compound {i)(a) and compound (1)(b) or

(1)(c); with

(B) at least one ether compound capable of being reacted with at least two

monocarboxyiic acids. or esters, thereof, or with at least two dicarboxylic acids, anhvdrides or

esters thereof, or mixtures thereof: and

&



comprising: (a) at least one monoethylenically unsaturated C3-C28
monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic acid,

anhydride or ester thereof; (b) at least one I-olefin comprising about 2 to

about 40 carbon atoms or at least one poiyolefin comprising about 4 to

about 360 carbon atoms and having a termjnal copolymerizable grou% in .
U YorrPR 613 T GIRSHE P AN DA GAIEN OIS 67 REV B pabic of reacting
thereofyanek (e)sableasbonedmandolefih eanpotmcteihichidgrboxyiic acid. anhydride or
copolyréjs‘%rri%%%%flwith the monomers of (a) and (b) and is selected from

the group consisting of (1) an alkyl vinyl ether and an allyl alkyl ether

where the alkyl group is hydroxyl. amino, dialkylamino or alkoxy

supsituiear IRpieabsiitited, and eaNtanig o 2baYtIn2BaukAR.
carbon & oms,asi fﬁf an alkyl amine and an N-alkylamide of a

monoethiylenichith oersatirgstedciisno- or dicarboxylic acid of from about 3

to about 10 carbon atoms where the alkyl substituent contains from about

1 to about 5 40 carbon atoms; (3) an N-vinylcarboxamide of carboxylic

adids of froresabout tte dbidewBicarhohyatorss; 10 (4) an N-vinyl

substituted nitrogen-containing heterocyclic compound; and (5) at least

one 1-olefin comprising from about 2 to about 40 carbon atoms or at least

one polydiefin conopasimger obtained by free radical copolymerization of components

comprising:

(a} at least one monecethyienically unsaturated
C3-Che monocarboxylic acid or ester thereof, or

C4-Cog dicarboxylic acid, anhydride or ester thereof;

(b) at least one 1-olefin comprising about 2 to about
40 carbon atorns or at least one polyolefin comprising
about 4 to about 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or

alkyl vinylidene group or mixtures thereof; and

(¢ at least one monoolefin compound which is copolymerizable
with the monomers of {a) and (b) and is selected from the group

consisting of’

(1) an alky! vinyl ether and an allyl alkyl ether where the
alkyl group is hydroxyl. amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about 1 1o about 40 carbon atoms;



15 from about 4 to about 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin employed is not the
same as the olefin employed in (i)(b); 20 (ii) a copolymer obtained by

reacting compound (i)(gpnd GamROURC(HENIA ShaRiaSERGRel free

radical initiator; (iii) a copolymer obtained byéa) reacting'’compound (i)(a& )
with compound 25 (i)(b) or (i)@piPenoeniral yaarcaneitd g readigmaxylic

the presence of copolymer (i) Q5 £@PRMNEEAIL 91 PAALPT B¥kBbn atoms where
contacting copolymer (i) or copolymer (ii) or both with the non-free radical

catalyzed reaction product of ¢BFYEURiE)RhacesHHisduAR ahat drto about
5(i)(c); with 30 (B) at least one atheseAWeHRd capable of being reacted

with at least two monocarboxylic acids, or esters, thereof, or dicarboxylic

acids, anhydrides or esters thereof, or mixtures thereof; and 8 (C) at least

one aliphatic compounghavingratileastiensdunetienal exessx ¢apabiles off from
reacting with at least one mongcarhoxylic acid or ester thereof. or

dicarboxylic acid, anhydride of%9&et thaPost. SirqHaRA A pect, there is
provided a method of improving soot dispersancy or sludge dispersancy

100 both in an internal cog%}bustio ngine which comprises operating the i
engine with the lubricafifly oil T MPOSTiSREOMIHSIE S TR AImag Resrocyclic
oil of lubricating viscosity andameffeedivernamount of the lubricating oil
additive composition as defined above. Accordingly, the present
disclosure relates to multi-functional lubricating oil additives which are
useful as dispersants in&n intetnalscontLstiofnaa@ipeising from about 2 to about

40 carbon atoms or at least one polyolefin comprising

15 from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the
same as the olefin employed in (i)(b);

20

(11}  acopolymer obtained by reacting compound (i)a) and

compound(i)(b) in the presence of a free radical initiator;

(ii1)  a copolymer obtained by {a) reacting compound (i)(a) with compound
25 (i)(b) or (1)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii} or both; or by (b) contacting
copolymer (i) or copolymer (i) or both with the non-free radical
catalyzed reaction product of compound (i)(a) and compound (i)(b) or
(iXc); with
30
(B)  at least one ether compound capabi_e of being reacted with at least two
monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or
esters thereof, or mixtures thercof;, and
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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 et intended.te linyhiae dmgatmmt@vthg pacisutar o disgdosedatabic of reacting

on the contrary, the intention Is to.cover. all modifications, &QUIVAIeS .. anhydride or

and altePfifft ¥§315§Iﬂﬁgn\}\ﬁﬂ%)fﬁr?ﬁe’ islﬁlﬁ%lgr?a ascgit”)te of thie inventior as

defined bydh@@appgended claims. Definitions The following terms used

with the description are defined as such: The term "PIB" is an

ab mg\f@tm igrpolyisehuieneddherdtemviRBEA dsansabbieviation: for sludge

po isobutenyl olyisobutyl succinic anhydride, 9 The term erating the engine
pdIRTBERY Pé?% %‘tloly ac asé%fcggnpo %ct)grs amployed W#ﬁ{n tetfeogcope of

thmmemnnmmm@nlmmmoawe@gmymg ofpolyisBruteABhRf Jbricating viscosity

mojy ?Wt‘?é%t?@é'X@Gé@é?@é%%m%%mmam%yma@mrdeﬁtan above.

thereotf, or a C4-C28 dlcarboxyllc acid anhydride or ester thereof which

haxe SRIDOIY! QLR PIRISIARY SHEEINICn AI0HRS: A BANIARRL addivives
roups eefé’rredhpo yPIBSA is a copolymer of polyisobutene and

madﬁtizzamlﬂ:ydmfei haviisgeisengemeralfoamualeccdn iRtaoCER]1 R3 n

wherein n is one or greater; R,, R2, R3 and R4 are selected from

hydrogen, methyl and polylsobutyl havmg at least about 8 carbon atoms

preferably at least2B6uiBBIe3 S 9 >

ab%h% %rgt%n Ao chrt}% gi@'t@%aﬁo@@gtﬁgﬂcaﬂons 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 1imit 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.

The term "PIBSA" is an abbreviation for polyisobutenyl or polyisobutyl succinic

anhydride.



are hydrogen and one of R3 and R4 is methyl and the other is

polyisobutyl, or R3 and R4 are hydrogen and one of R, and R2 is methyl

and the other is polyisobutyl. The polyPIBSA copolymer may be

alternating, block, or random. 15 The term "succinic group” refers to a
grogRNRURYINOPORTNIBre O Hdl LErdVo f Eofoié ikl OmplaoEainMMianRe4cope of
are independently selected from the group consistjn%&?f --011, --ClI, _
oS RSPt AR HoGetis e coPOlyTGHPA RAISKARYRR feifl deppRgshylenically
Theiigrm@realkylOs meantiodghicgcalkpaset il absrh dp@R ABoxylic

carbon atoms, .20 preferably from about 1 to about 8 carbon atoms. The

terfotetRu brp OR FRisH aRIEAT PeRGS eV hertRAsrtlge aihibes lsral s ShRigic
5strugisiips, Unidspibl the el meneh aiheicthecte ity e ol marcdsdermee ¢

polymer derived from the, free radical copolymerization of at least 3
ORBIFSROVHING R ASEAERY ASIEr i A e ST RBLAPARR Blefin that has
the double bond in the 5 ¥-position. They can also be called alpha-olefins,
and have the following styuctore: CH2.= CHR where R is the rest of the
olefin molecule. The term "1,1-drgubstitufed olefifi? refars tp a '
disubstituted olefin, also/called a 10 vinylidene oliefin, hat has the
following structure: = ' ame or
different, and constitute the rest of the olefin molecule. Preferably, either
R5 or R6 is a methyl group, and the other is not. ¥5 Tlfe term
"succinimide" is understoqd in the art to include many of the amide, imide,
n

wherein n is one or greater; Ry, Ry, R3 and Ry are selected from hydrogen, methyl and
polyisobutyl having at least about 8 carbon atoms, preferably at least about 30 carbon
16 atoms and more preferably at least about 50 carbon atoms wherein either Ry and R,
are hydrogen and one of R3 and Ry is methy! and the other is polyisobutyl, or R; and
Ry are hydrogen and one of R and R; is methyl and the other is polyisobutyl. The
polyPIBSA copolymer may be alternating, block, or random.

15 The term "succinic group" refers to a group having the formula;

o

q
——C——C—W
B " T

I

o

wherein W and Z are independently selected from the group consisting of --OH, --Cl,
--0O--alkyl or taken together are --O-- to form a succinic anhydride group. The term "--
O--alky!l" 1s meant to include alkoxy of from about 1 to about 40 carbon atoms,

20 preferably from about 1 to about § carbon atoms.

The term "degree of polymerization” refers to the average number of repeating

structural units in the polymer chain.

10



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 ‘Bieinenlke pylyenalkid feHceinl mitas 2 Qlane <l Selos ek frLEEaus

" references and are well known in the art. Certain fundamental types of

10

15

20

25

SUSPITEE AN ALt AL BI S mpassed 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, th .
oI IR B RSO ArEA G FEIHBR i B FRul ond in the
"polysugdiminiitiey rafentstobheatraciiphpodeiict, aha Buecihicfollowing structure:
group-containing copolymer with an amine. &t_‘ e term "alkenyl or

alkylsuccinic acid derivative" refers to a structlre having the formula: O H

Il Ryher€CRLIsSHIZCG«SE MY tht OlcfiletelacRI2.is selected from hydrogen,

methyl and polyisobutyl having at least about 5 8 carbon atoms, preferably

at least about 30 carbon atoms and more preferably at least about 50
carBontetons; wdisrbsni thitaddiMiatedfitte pendinths seledtett fromlthealled a

grou nsisting of --OH, --Cl..--0--alkyl or taken together are --0-- to
for R s B e RS B 10 e torm

"alkylvinylidene" or "alkylvinylidene isbimerCRef8gs to an olefin having the
fo”&i‘ﬁ’é':@ g i’%}’!iﬂﬁ' ?&earset rtﬂgtéjarr%é or different, and constitute the rest of the olefin

molecule. Preferably, either Rs or Ry is a methyl group, and the other is not.

The term "succinimide” is understood in the art to include many of the amide, imide,
ete. 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. Alkeny! 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 "polysuccinimide” refers to the reaction product of a succinic

group-containing copolymer with an amine.

11
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C H2 R8 Rg wherein R8 is alkyl or substituted alkyl. R8 generally has at
least about 5 carbon atoms, preferably about 30 carbon atoms, and more
preferably at least about 15 50 carbon atoms and R9 is lower alkyl of from
about | to about 6 carbon atoms. The term "soluble in lubricating oil"
refeu&t@ﬁhe‘ﬂhﬂﬁyl%%ﬂzéaﬁéi@;lﬁ@ siasalein; RlinRalic e FRMREGaving the
hydrocarbons such as lubricating oils or fuels in essentially all

prdpBRIERs. 20 The term "high molecular weight olefins” refers to olefins
(including polymerized olefins having a residdal unsaturation) of sufficient
molecular weight and chain length to I?pd scHubiIity in lubricating oil to
their reaction products. Typicallyzglefirg haviag—about 30 carbons or more
suffice. 25 12 The term "high molecular|weight polyalkyl" refers to
polyalkyl groups of sufficient molecu,l%bweigbt_suq@ that the products
prepared having such sufficient molecular wHight are soluble in
lubricating oil. Typically these high molecular%veight polyalkyl groups

have at least about 30 carbaon atoms, preferably at least about 50 carbon

atoMsT e R e e g SRBU PRI TSIDA IR oo Piy) Bavisigilgast about

frognchigbrnaelasyiak faeiahtpriyalefiog: Jhealeun aamnandeiRie Referably at least
-NF%OR, i wherein Rio and R,, are independently hydrog;n ora

hyGRSEArB FHRARF B HENETH bafiyh Vet ddepein st grtecarlfrom the group
brasaelid:ghain-alkyl-gmpups- he teimalenveipalkyl sefers-toalkyh 0iauMSeny] or
havg%? from about Iéo_ bout 6 carbon atoms and includes primary,
seORASISFUHE 1R Fﬂf%lwlﬁ}oups. Typical lower alkyl 15 groups include,

for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-
The term "alkylvinylidene" or "alkylvinylidene isomer” refers to an olefin having the

following vinylindene structure:
CHo

Ao
<

wherein Ry is alkyl or substituted alkyl. Rg generally has at least about 5 carbon
atoms, preferably about 30 carbon atoms, and more preferably at least about

50 carbon atoms and Rg is lower alky! of from about | to about 6 carbon atoms.

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.

12
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butyl, n-pentyl, iso-pentyl, n-hexyl and the like. The term "poly alkyl" refers
to an alkyl group that is generally derived from polyolefins which are
polymers or copolymers of mono-olefins, particularly I-mono- 20 olefins,
such as ethylene, propylene, butylene, and the like. Preferably, the mono

olefin. cxpplay %iglé‘caa‘ﬁrf%ﬁ%%eﬁ&apé}%}%% S@f?ﬁﬁﬁ%@%ugﬁciem

more preferably, from abo to about 12 carbon atoms. More preferre

manelasiEan s diediusis o oyl Brasugjiepreppradibalany tueb auflégient molecular
1-cRiie ﬁ@%&%@&ﬁﬁﬁbﬁaﬁfﬁg 64, ?%M@Aﬁ%/%ﬁ&@ﬁ%ﬁ%&ﬁ%émﬁv Right polyalkyl

mono-olefins include polypropylene, 25 polybutene, especially

poBfRaseYat garhabpubie Aty OH et ceipesierst Bpwt S0 carbon atoms.
emRRAime biBERIERRIBHNYERUAY IS AR QR BIe L RIIcAHRS Aloh molecular

additive composition prepared by the process which comprises reacting 5
(AV4t8BEREIREEBRShe following copolymers: (i) a copolymer obtained by

free radical copolymerization of components comprising: 10 (a) at least

one monoethylenically unsaturated C3-C23 monocarboxylic acid or ester
therBoieR Cane3 %ﬁéﬁ?ﬁ@xw%m&waﬁﬁyu Raef dstetthBidsgrengygty hydrogen
leagt.onetcolafin gRmprising about 2 to 40 carbon atoms or 15 at least

one polyolefin comprising about 4 to 360 carbon atoms and having a

terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl

vinpliglens 9roKA dereRstiy esiharenh and 2t (ohal lershameymapasiefin
compound which is copolymerizable with the monomers of (a) and (b)
and is selected from the group consisting of: (1) an alkyl vinyl ether and

an eyl sirgraiere-tbe to alkyl groups having from about 1 to about 6 carbon
atoms and includes primary, secondary and tertiary alkyl groups. Typical lower alky!
groups include, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-
butyl, n-pentyl, iso-pentyl, n-hexyl and the like.

The term "polyalkyl" refers to an alky! group that is generally derived from
polyolefins which are polvmers or copolymers of mono-olefins, particularly 1-mono-
olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-
olefin employed will have from about 2 to about 24 carbon atoms, and more
preferably, from about 3 to about 12 carbon atoms. More preferred mono-olefing
include propylene, butylene, particularly isobutylene, 1-octene and I-decene.
Preferred, polyolefins prepared from such mono-olefins include polypropylene,

polybutene, especially polyisobutene.

I3



5

25 alkyl group is hydroxyl, amino, dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 to 40 carbon atoms; (2) an alkyl amine
and an N-alkylamide of a 30 monoethylenically unsaturated mono- or
dicarboxylic acid of '3 to 10 carbon atoms where the alkyl substituent
COMERINBIHIRARGATRPR RIRIS Chhbk i N-vinylcarboxamide of carboxylic
acids of Tto 8 carbon atoms; (4) an N-vinyl substituted

nitro§e srebrRiRTRGoA dhe ieyenc s auinp st odrie i atubtstiorail gdifive
com&ﬁﬁmaa%&%@aﬁ&@g@@éqé@acémmrc@%@ﬁw%amgo'ef'n _
comprising about 4 to about 360 carbon atoms and having a terminal 10
copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene
groyp, or %X&Hﬁ%n&hﬁfﬁﬁff&[%%%*ﬂéi g;9lefin employed is not the
same as the olefin employed in (i)(b); 15 (ii) a copolymer obtained by
reacting compound (i)(a) and compound(i)(b) in the presence of a free

radical inifigtor; GiddpsoRRlyBIRAIANIAINGROYA(RY JEAGINGROMRARUAR (DR ponents

~with compound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in

10 i)(c): with 25 (B3 leadt B BRPEBARBBLHHE @y aBIEABH

15

20

25

30

the presence 20°9FE€8H8§mer (i) or copolymer (i) or both; or by (b)

contacting copolymer (i) or copolymer (ii) or both with the non-free radical

catalyzed reaction product of compound (i)(a). and compoun@%] g)(b or
Yeagéted

with at least two monocarboxylic acid or ester thereof, or C4~Cag dicarboxylic

acid, anhydride or ester thereof;,

(b) at least one 1-olefin comprising about 2 to 40 carbon atoms or
at least one polyolefin comprising about 4 to 360 carbon atoms
and having a terminal copolymerizable group in the form of a
vinyl, vinylidene or alkyl vinylidene group or mixtures thereof;

and

(c) at least one monoolefin compound which is copolymerizable
with the monomers of (a) and (b) and is selected from the group

consisting of:

(D an alkyl vinyl ether and an ally!l alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing 1 to 40

carbon atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
acid of 3 to 10 carbon atoms where the alkyl substituent

contains 1 to 40 carbon atoms;

14



monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides
or esters thereof, or mixtures thereof; and (C) at least one aliphatic
compound capable of reacting with at least one 30 monocarhoxylic acid or
ester thereof, or dicarboxylic acid, anhydride or ester thereof. 15 :

Copolymer (i) () The MonoethyiRoisaiividhsaiirtedivangesrealic Adido

or Ester Thereof or Dicarboxylic Acid, Anhydride or Ester Thereof 5 In the

present invention, at least onePfSRBBH§ENically unsaturated C3-C28

monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic acid,

anhydride or ester thereof is used to prepare the caopolymers of | )

copolymer (i). Preferab@ihe ANLEH éugﬁgﬁﬁﬁw pRCansPalaRE dgigrocyelic
5 C3-C28 monocarboxylic acid eoegtamihensgdf, or C4-C28 dicarboxylic

acid, anhydride or ester thereof is a dicarboxylic acid, anhydride or ester

10 thereof. The general formula of the preferred dicarboxylic acid,

anhydride or ester thergff is ast lfalows: Dol fin CotigrisigHGuX 20 46 carbon
wherein X and X' are the sametor differept, _rovide? tt?_ at least.ane 0[1)E X A
and X is a group that is capabBi&'BF rEacting 1SR SIbRSIPHSHg avout 4 to
amides or amine salts with amimonis®rabinesyfiorondietalgedt switinal

. ~ reactive metals or basically reagtir‘ig me.tal.b lrzomg)oundﬁlglfd othterwiseI
function as acylating agents. 'Icysloc I % Enar Rid o rm of a vinyl.
--O-hydrocarbyl, OM+ where Mihykpresentdioneiaglidcale gtafpomaiatnzQ

ammonium or amine cation, --NH2, ~-Cl EBr r;% aken together X and X'
can be --0-- so as to form an gﬁﬁ%i@@" e e%la é} gl’ré:fl %mfr%} eucf:'}lwg gétthe
both carboxylic same as the olefin employed in (i}(b);

15 (i)  acopolymer obtained by reacting compound (i)(a) and compound(i}(b)

in the presence of a free radical initiator;

(ifi)  a copolymer obtained by (a) reacting compound (i)(a) with compound
{1)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
20 of copolyrﬁer (1) or copolymer (i1} or both; or by (b) contacting
copolymer (i) or copolymer (it) or both with the non-free radical
catalyzed reaction product of compound (iXa) and compound (i}b) or

{(i)(c); with

25  (B)  atleast one ether compound capable of being reacted with at least two
monocarboxylic acids, or esters, thereof] or dicarboxylic acids, anhydrides or

esters thereof, or mixtures thereof; and
(C)  atleast one aliphatic compound capable of reacting with at least one

30 monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof.

15



functions can enter into acylation reactions. Maleic anhydride is a

preferred reactant. Other suitable reactants include electron-deficient
olefins such as monophenyl maleic anhydride; monomethyl, dimethyl,
monochloro, monobromo, monofluoro, dichloro 25 and difluoro maleic

an%ﬂ{&ﬁ%&ﬂpenylmaleimide and other substituted maleimides,

isomaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and

furk@ratest hgikiRyraihyiraiedls hdnmmaleded ViRnnerdtizlscitdpgEster Thereof or
maleanic pgids;, cmigonitileiRRd frmaLenifiile, 26 Suitable monomers

for (a) are monoethylenically urisaturated dicarboxylic acids or anhydrides
of from about 4 to 28 carbon atoms selected from the group consisting of

5 MalgihaGid s MRS A6 HACRDIG RGN CaNIR R saturated Ca-Cag

10

5

20

25

methylenemalonic acid, citraconic acid, maleic anhydride, itaconic
anfyRter Rt dioprdaRTdB sl s Medtyrehismbrsmiicaiddmbadiids or ester
mixtaresal t&@&%vwiég?&e@@@&@sryﬁ@?@eg WPiHAIB I PRI least one

preferred. Other suitable monomers are monoethylenically unsaturated

C3mRoPeshifsicboxpatuipier Seferndtphentr bRe Bivaptonsreingapof, or Ca-Cy

acytaracie P etiAGIYNCRRIE ofRlier thEveoist diMeptivarsMIrinRGiflide or ester
ethylaCTy,. acid, CrvtOnrC acid, allylac.,e... tic acid J and vin.,~la., acid,
am%ﬁﬁ’ hich acrylic and methacrylic acid are preferred. Another group of
suitable monomers is Ci-C4o alkyl esters of monoethylenecially
unsaturated C3-C10 mgno- or C4-C,() dicarboxylic acids such as ethyl )
acfﬁﬁs%%}u %@5%9@@& %%W%éi%‘?@?ﬂ\é%%%@iﬁ@@&é&o%ﬂm thereof is as
acrygatevdoctadecyl acrylate and the esters of industrial alcohol mixtures of
from about 14 to 28 carbon atoms, ethyl methacrylate, 2-ethylhexyl
methacrylate, decyl metgacrylate, octadecyl methacrylate, ghonobutyl
maleate, dibutyl maleate,wodecyl maleate, didodecyl maleate,

an

monooctadecyl maleate, dioctadecyl maleate. 20
C — CH==CH -~ C

/ AN

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 carboxytic
functions can enter into acylation reactions. Maleic anhydride is a preferred reactant.
Other suitable reactants include electron-deficient olefins such as monopheny! maleic
anhydride; monomethyl, dimethyl, monochlore, monobromo, monofiuoro, dichloro
and difluoro maleic anhydride; N-phenyimaleimide and other substituted maleimides,
isomaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and fumarates,
dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and

maleonitrile and fumaronitrile.

16



(b) The 1-Olefin or Polyolefin In the present invention at least one | -olefin

comprising about 2 to 40 carbon atoms or at least one polyolefin

comprising about 4 to 360 carbon atoms and having a terminal

copolymerizable group in the form of vinyl, vinylidene or alkyl vinylidene

grauptis Roemploys doSjaitablerbetefind doic pheparsagcopblinaes(Rylic acids or

comaprise.from about 2 to about 40 carbon atoms, preferably from about 6 .

o B R R e e PSR BB Bl bme of

mixtates ofid2mEa4k dcidléfinsrando@R 4 CA8dndtetfing, mudhelc@@malonic acid,

Prefsrably;{ramaRantid0.in bont a0 caibamalams: Bielerabiil oleiisng

which are also known as aB a ofefins, with number average molecular

5 weigtitsylantmalangearigoh4ds 00 dmmtreeard frefewad, auithimtleculaong which
weights | I]ilﬂ ROE, IF%Q -2,000 being more preferred. For example,
alpﬁa%o?e%ns%ﬁa%}eg ron%e‘[ e thermal cracking 17 of paraffin wax.
Generally, these olefins range from about 5 to about 20 carbon atoms in

length. ANGASE SRMSS AL %l@?@o%'&élﬂ?lﬁﬁ@aﬂl tHXL%Hﬁa%Ei‘&hcF’{?&l%%%garboxyﬁc

which gives even number carbon olefins. Another source of oléfins Is by
theaglifiiexatishioirliserolafinensising e Gpptd prizte catihysr dichcad the
Weﬁimgrﬁﬁ%gf@@@%ﬁ&%@ el 2.Qefins are efz} Iy Qhiained. By Iili":%flacetic
isomerization of alpha clefins over a suitable “catalyst such as silica.
Preéfafabipongletiivd fromlic end30csrectdiviasatarsserehwsed. materials are
commercially readily available, and because they offer a desirable

balance of the length of the molecular tail, and the solubility of the
terﬁaym@rgmwm@f%@ﬁa@slmwma@s@aﬂ%@%ﬁ@(ﬁﬁwn@etwienecialiy
employ@dd® Suiabie-nalvaleting fonRieRarig GeRAMRE rag')sﬁlrﬁ acrylate, butyl

polyolefins comprising about 4 to about 360 carbon atoms. Thése

15 poRfidréchavahy s lesndgeiiolecipseddinpiv ote | ottadssy bagutaseand the
to abep S000.3mAl EXRNIRES A eSE RRe:01aPMerS & SIBYIENENRAT cthyl

butene, including isobutene, and of branched isomers of pentene, hexene,

15 BetBrE - of slertirxyiHeEbpolrierdembristhftiai tfop stogid methacrylate,
Oligﬁ’éﬂgﬁgﬁmgaleate, dibutyl maleate, monodecyl maleate, didodecyl maleate,

[
<

monooctadecy! maleate, and dioctadecy! maleate.

20
(b) The 1-Olefin or Polyolefin
In the present invention at least one 1-olefin comprising about 2 to 40 carbon atoms or
at least one polyolefin comprising about 4 to 360 carbon atoms and having a terminal
copolymerizable group in the form of vinyl, vinylidene or alkyl vinylidene group is

25  employed.

Suitable 1-olefins for preparing copolymer (i) comprise from about 2 to about

40 carbon atoms, preferably from about 6 to about 30 carbon atoms, such as decene,

dodecene, octadecene and mixtures of Cag-Cay -1-olefing and Cus-Cag-1-olefins, more
30 preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are

also known as alpha olefins, with number‘a\ferage molecular weights in the range

100-4,500 or more are preferred, with molecular weights in the range of 200-2,000

being more preferred. For example, alpha olefins obtained from the thermal cracking

17
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present in the form of a vinyl, vinylidene or alkylvinylidene group,

oligopropenes and oligopropene mixtures of from about 9 to about 200

carbon atoms and in particular oligoisobutenes, as obtainable, for

example, according to DE-A 27 02 604, corresponding U.S. Patent No.
4.8PA29inda e Ired Mixires-ehihe Siated A A UECME 8,818 #SQurbon atoms

suitable, for example, mixtures of etigllene and other alpha olefins. Other
1

suftdBleBorysrheissarecaedaipeaale insispheaibNencmonbavaspienvizich gives

hesein ine@HRERERY Bireieransa T ReuReIseslarNEighisiRt Hif QIRBRTSE alpha
may be determined in a conventional manner bf/ gft\el permeation
crﬁ%% slk

SYFEPRVPPECPHAlE GRBNHsHE A Mo R8I FRaratdicadaictatniftn Internal

thesmsaiseatad mnaned 8i %rgwé'k@zm%ma@isﬁammg S/ EPIRIIGING
a major amount of C2 -C8 mono-ol ., ethylene, propylene,

. efin, e.
biRENE, eehatice: Dreltahtink otems 9N frickscais Beed because these

h%@&?ﬂmﬁﬁcﬁﬁﬁ{éﬁ%ﬂwyﬁah?ﬂé’@ﬂ@b@é well as seRAhDeNFeHh 21 4irable
m'%jle such_glefins such as coE)o ymers of: ethylene and propylene,
b

s, odrihe densii pdrthe aelegar i lnansbibin Peiyhie ol Simigmalimenan
fromnpbRutditerabout-36R £arkaaratoms, Altherahprsfesably 8 to 200
carbon atoms; and more preferably from about 12 to about 175 carbon
atoms. 18 Since the high molecular weight olefins used to prepare the
capatybie s Bblbamresantjaneniepaasesaihmidims ebingividhahvout 4 to
m%IE}a?cule of different malecular weights, individual copolymer molecules
re

tihg WifGRAL AL o HISTH BORRAUIR"8Y & higHPRfdI A keSS R fiular weight
palyiikytl GoawpseL ¥arinG sokINgarwelightaAIsRs BDIERS e lIRPRIR T

molecules having different degrees of polymerization will be produced.
TRLISE PR R B8 RO oA H o AP SR ATy P e, hexene,
palymerinationdet chqigr eafeiypreferabdy drarmalogutp Ao abbpbBer Beidp

more preferably from_about, 1Q 1.5 to about, 10. (c). The Mono-olefin
TR o LA N T L B A o gopropenes and

caiipoppdantiialixisires of from about 9 to about 200 carbon atoms and in particular
oligoisobutenes, as obtainable, for example, according to DE-A 27 02 604,
corresponding U.S. Patent No. 4,152,499, are preferred. Mixtures of the stated
oligomers are also suitable, for example, mixtures of ethylene and other alpha olefins.
Other suitable polyolefins are described in U.S. Patent No. 6,030,930 which is herein
incorporated by reference. The molecular weights of the oligomers may be

determined in a conventional manner by gel permeation chromatography.

‘The copolymerizable polyolefin that is reacted with the unsaturated mono- or di-
carboxylic reactant are polymers comprising a major amount of C; -Cg mono-olefin,
e.g., ethylene, propylene, butylene, isobutylene and pentene. These polymers can be
homopolymers such as polyisobutylenc as well as copolymers of 2 or more such

olefins such as copolymers of: ethylene and propylene, butylene, and isobutylene, etc.

The polyolefin polymer usually contains from about 4 to about 360 carbon atoms,
although preferably 8 to 200 carbon atoms; and more preferably from about 12 to

about 175 carbon atoms.
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copolymerizable with the monomers of (a) and (b) and is selected from the
group 15 consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether '
where the alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from about I to about 40
carbon atoms; 20 Suitable monomers include the following: vinyl and alkyl
alkyl ethers where the alkyl radical is of about 1 to about 40 carbon atoms

ardingsdhaiighls chert tevaiat reldfvet vyl teanspruetHir autodvirmief the present
5Hﬁbe%%iM%@é)éhe@ﬂll&?%igiﬂ@’%@}%xﬁl{i@&f%ke&ﬁ%%'gﬁ?fl"é’{&lm%@é’éular

vinyl ether, ethyl vinyl'ether, propyl vinyl ether, isobutyl vinyl 25 ether,
2-eigitexipdimdra e asnmeasatlts regatis Milhgreerly setdaiecymixture of
V!'H}’%h‘%{l?ﬁ’écr%%{zdé@é@ﬂyﬁ&%ﬁéﬁt@’&XH@VA@JQW&’ (HRRMY REN) 81! mixtures
vinyl ether, and the corresponding allyl ethers. (2) an alkyl amine and an
N<HiRgReyiRsIonal prBlss et Eieahdagiirated BolvmmeabpaiwalidwgTirduced.
acid of from about 3 to about 10 carbon atoms where the alkyl substituent
contains from about | to about 40 carbon atoms; 19 Another group of

méRBARAR BRI ASEY CTCHs HIKGMAHIHaY AHTACT A Jesica by Pahyiagsztion of
monpetylenisally HPSARIENGSEI- & 188002 OrdicatBRMIG ARSI HE Bbout

as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,
dibutyarhititdthyl methacrylate, acrylamide, methacrylamide,
N-tert-butylacrylamide, 5 N-octylacrylamide, N,N' -dibutylacrylamide,
N-dodecylmethacrylamide and N- octadecylmethacrylamide. (3) an
N(\‘??hylcay%%%‘?ﬁﬂf@lﬁﬁﬁzg%%%lﬁcids of from about | to about 8 carbon

atgmsyteeANptRekigroua b FRanRAeISHINslUdes de teHaningd which is
N-vinylcarboxamides of carboxylic acids of from about | to about 8 carbon
atg%g}gagﬁ@glmwith the monomers of (a) and (b) and 18 selected from the group

consisting of:

(H an alkyl vinyl ether and an ally! alkyl ether where the alkyl group is hydroxyl,
amino, dialkylamino or alkoxy substituted or is unsubstituted, and containing

from about 1 to about 40 carbon atoms;

Suitable monomers include the following: vinyl and allyl alkyl ethers where the alkyl
radical is of about 1 to about 40 carbon atoms are also suitable, and the alkyl radical
may carry further substituents, such as hydroxyl, amino, dialkyamino or alkoxy.
Examples are methyl vinyl ether, ethyl vinyl ether, propyl vinyl ether, isobuty! vinyl
ether, 2-ethylhexyl vinyl ether, decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl
ether, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl vinyl ether, and

the corresponding allyl ethers.
(2) an alkyl amine and an N-alkylamide of a monoethylenically unsaturated

mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where

the alkyl substituent contains from about I to about 40 carbon atoms;
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vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide, N-vinyl-N-
methylacetramide, N-vinyl-N-ethylacetamide,
N-vinyl-N-methylpropionamide 15 and N-vinylpropionamide. (4) an
N-vinyl substituted nitrogen-containing heterocyclic compound; Another

9DQH&I@r'@%@@?ﬁ%&E&&H@@%&%J@Q@‘MP@q%MFN&%EEQQH@@‘% -ef pitrogen-

contaln heteroc les, such as' N V|nyI|m|dazo N-vinylmethylimidazole, .

rayr#sﬁ@ HOBARFN G BIARERITA (6 216 a908Re OF-Bletihoxylic
cgmmlmab@%&ﬁglé&%@m a&eﬂa@ﬁ%ti@a%mtmu@@me

comprlsmg from about 4 to about 360 carbon atoms and havin

tePHRHTIAEB BRI RS MBS G AT YRS R BRI RARS Neea bpaﬂaﬂrylmde
25\vdayideneagie PN NTIXIIBS IS IR0kdBr Oiglet nah e olehimemsplayed
is not the same as the olefin employed in (i)(b); Suitable | -olefins
cOHpRSY Bttt earbon atoms, preferably from about 8 to about
30 carbon atoms, such as decene, dodecene, octadecene and 30
1-olefins nd C24-C23.-1-0lefins. Prefe

L ST RS SETRBRABRAAS WA R a@e%?%@‘& 8 carbon

moleculatoweights in the range of from about 28 to about 560 are

preferred, with molecular weights in the range of from about 112 to about

420 being more 20 preferred. For example, alpha olefins obtained from

the thermaﬂo@hacgmg;ﬂéfwa&hﬁbwaxdhaﬂymeempmmg Saneyidhbthaseides of
olefins ran qm ab %out Oc bon atoms in Ien th. Another

source of bﬁ@ﬁh AR NE'Y ﬂli BIEERAL IR § edulan
number earbidsrolefing, Ahoﬂﬁﬁnﬁ-sumhm‘mﬁmieﬁﬁs sl hyriylecdimeardzationinyl-N-

f alpha ole it I
gleag:j?era ; a{kfff’ O%I?%r’f%g?b%pﬁ’ﬁgyare as F S%%gmé by th 3 gﬁl\el's,"énn?%%\l\i Topionamide

of alpha aidfivs/nydprasuitabld«catalyst such as silica. Preferably,

1-olefins from C!O-C30 are used because these materials are

commercially readily available, and because they offer a desirable

batnce af N-vinyl substituted nitrogen-containing heterocyclic compound; Another

group of monomers includes the following: N-vinyl compounds of nitrogen-
containing heterocyles, such as N-vinylimidazole, N-vinylmethylimidazole,

N-vinylpyrrolidone and N-vinylcaprolactam.

(5) at least one 1-olefin comprising about 2 to 40 carbon atoms or at least one
polyolefin comprising from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl
vinylidene group or mixtures thereof, provided that the olefin employed is not

the same as the olefin emploved in (1)(b);

Suitable 1-olefins comprise about 2 to 40 carbon atoms, preferably from about
8 to about 30 carbon atoms, such as decene, dodecene, octadecene and
mixtures of Cag-Cayg -1-olefing and Cyy-Cog -1-olefins. Preferably 1-olefins,
which are also known as alpha ()ieﬁns, with number average molecular
weights in the range of from about 28 to about 560 are preferred, with
molecular weights in the range of from about 112 to about 420 being more
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10 the length of the molecular tail, and the solubility of the terpolymer in
nonpolar solvents. Mixtures of olefins are also suitable. Preparation of
Copolymer (i) Copolymer reactant (i) may be prepared from well known
methods which are 15 described in the art including, but not limited to,

those methg ich are disclosed i e followi atents, which are, .
oo Iyt g ARG LAl on LB P ST @éking of
5,792,729¢1®5§mh@p<enatbtﬁ$pﬂm@qtﬁ¢ae&@4km6 p&ifdl@lﬂﬂﬁ@@h&ihout 5 to
U.S. Pat%ﬂ&'}l%06c§1%%n0§’z§n%9ﬁ rl‘eﬁ%(% .GIKI}B?QéWs%%é’J 5»3%(1185‘?15&9?%"1%%8”

the copolymer reactant Is a polyalkényl succinic anhydride terpoiymer.

These tefpolianeessarégonspssatiol giveasy oneiwibmendmeg{irtoopther

e desorbenkheiel ARV EIoANSEE ALASITIENAD SRR Rhae

least one monomer from each 25 group () to (c). In general, these
componetielpshetdd o the weePdiymersivsieh cad e Inindohotehipslymensily

or alternajipg eQNSLS ALAIRG ISONMRIS AT CaNS: BIRPRIEA Y such as

known procedures for making copolymers. Additionally, it is possible to

form a sridiplicérmige dfcepatineerdinhich areusemprssasedherontrisaids are
(a) and @))nﬂﬂ@%{}%%%@zﬂﬁ%@@mﬁ%%@@ﬂk@?‘bf@lea desirable balance of

monocarhoyxlic acid or ester thereof 30 or dicarboxylic acid or anhydride

or ester therisagtisofdhecrelroler tasendisesoxdubiiboob thsrésmelyper in
maleic anRydride GOMRORARKERD S8k ralefin arByRIsfin, is preferably

polybutene. Component (c), the mono-olefin, is preferably a linear alpha
olefin containing from about 12 to 18 carbon atoms. 21 The degree of

PolyRIRhZALRD AL SREIHIAOlYMers can vary over a wide range. Preferably,
the degree of polymerization is from about 2 to about 10. In general

tefpUpRBIHEREa DBkt iDERsFFddiranysd kaane psiivrsivhighare

e RRBFALI & ThiNGHEASRRTY) S (e HRR YR 83iaRJS GRadYaiedHR iNBe disclosed in
presence of a suitable free radical initiator. Examples of suitable

polyriaHoutnn ARt rahisd perBKies SHATOTHES, Nusiesce: Harrison et al.,
11.S. Patent No. 5,792,729; Ginther et al., U.S. Patent No. 6,284,716; and

Gonther et al., U.S. Patent No. 6,512,055,

In one embodiment of the present invention the copolymer reactant is a polyalkenyl
succinic anhydride terpolymer. These terpolymers are composed of at least one of

monomers (a) to (¢) as described herein.

Typically, the terpolymers of this invention contain at least one monomer from each
group {(a) to (c). In general, these components react to form terpolymers which can be
random terpolymers or alternating terpolymers or block terpolymers and can be
prepared by known procedures for making copolymers. Additionally, it is possible to
form a small percentage of copolymers which are composed of monomers (a) and (b)
and monomers (a) and (¢). Component (a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof, is selected from those disclosed
above, preferably maleic anhydride. Comﬁonent (b}, the 1-olefin or polyolefin, is
preferably polybutene. Component (¢), the mono-olefin, is preferably a linear alpha
olefin containing from about 12 to 18 carbon atoms.
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tertbutyl perpivalate, tertbutyl perneocecanoate,
tert-butylperethylhexanoate, 10 tertbutylperisobutyrate, di-tert-butyl
peroxide, di-tert-amyl peroxide, diacetyl peroxydicaronate and
dicyclohexyldicaronate, or azo compounds, such as 2,2’
-azobisisobutyrontrile. The intiators may be used alone or as a mixture
with one another. Redox co-initiators may also be present. Preferably, the
inititaleis e pémtidectizpeanitibtor, tergn] ot whyl \vper oxictes diclenaylge.

p ' 0. inifiater, 15.e.4,, isoputylnitrile type initiatars.
P e B 2 SR LR DRI T genera,
ddegrithgddndegB:cRdipNpmes 60185 rmackd 240 01@y hnerstayion temperature
inggg{@ggg&gd by reference in their entirety. Those procedures could be

used to prepare terpolymers. Both patents also describe a variety of
initiators. 20 Copolymer (i), wherein a second olefin is employed in the

re@ﬁ@'Qapg%@%ﬁ?m@o&a%%@ﬁ%@%@é}ﬁfea@gggeﬁbﬂgg%gmmgyiiﬁﬁm.

described below. Copolymer (i) In another embodiment of the presen

inEéﬁmm@&ﬁéS@@\i@blym@lwr@@raah@ﬁsi@t%%@pmwb@tamembyd@agﬂhgs
(aﬁeﬂ‘olﬁf??#&’%ﬁxé’l‘é%@%%'@ﬂ'B@%H{&%&R&?%Q%&%Eef&%?ﬁ@&%& IC
acid or ester thereof, or a C4-C28 dicarboxyiic acid, anhydride or ester

therdftalpgrib) tatysaist dhisddpoly mrezidsielpetyvinaard ostpsissd dfeatidast
3 9&?9%1&9&%9&&@%&1 &’{&}f&?&ﬁﬁl&’%@é@f&?%?qgo'eé?ﬁi,sl‘o%&? T,apoub ,&'tof

about 10 carbon atoms, having'a number average molecular weight M" o
frof B8 ERbULY @5 talRd (IBOBEO s A havifry 4 keientnab copoiiuerizdiac
OraRHE: tRe doKB Rl Andiavs MYIHENR (RF Ky IDANILRDE LI GHRABLINE 2 peroxide
presence of a free radical initiator. 22 Thus, Preferr_ed copolymers of the
prE$EARTHYORtIDE oK DhEpAL earBy feadishiy ! PREREIET et S| BULIRPT,
weight Qisiinwhieha mﬁﬁtgfg’ﬂﬂg&@}%ymgﬁi% F?(Si)l'ela—ﬁitﬁﬁpéﬂpolymers
20% Is in the alkylvinylidene configuration, e.%., 2 Z.Rg
are, for example, described in U.S, Pat, Nos. 3,560,455 and 4,240,916, hereby
incorporated by reference in their entirety. Those procedures could be used to prepare

terpolymers. Both patents also desciibe a variety of initiators.

Copolymer (1), wherein a second olefin is employed in the reaction, can be prepared

in the same manner as copolymer (it) which is described below.

Copolymer (ii)

In another embodiment of the present invention, the copolymer reactant is a
copolymer obtained by reacting (a) at least one monoethylenically unsaturated C3-Cag
monocarboxylic acid or ester thereof, or a C4-Cyg dicarboxylic acid, anhydride or ester
thereof and (b) at least one copolymerizable polymer composed of at least 3 olefin
molecules of propene or of a branched 1-olefin of from about 4 to about 10 carbon
atoms, having a number average molecular weight M,, of from about 112 to about
5000, and having a terminal copolymerizable group in the form of a vinyl, vinylidene

or alkyl vinylidene group in the presence of a free radical initiator.
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5 wherein R8 and R9 are an alkyl or substituted alkyl of sufficient chain
length to give the resulting molecule stability in lubricating oils and fuels,
thus R8 generally has at least about 30 carbon atoms, preferably at least
about 50 carbon atoms and R9 is a lower alkyl of from about | to about 6

ca i t idic _reactant in the presence of a
roihan pema U ARHIEU e R 8l (ERAANLE RSP0 «

polyeakiyken dighdrsueoihic wroglpolaha hashaschabiglyprdpeptémoff unsaturation, at
pol i7atign.of: r {Ig}q e I rs (ii) of the present
e e e e R e . o

HH R, R3 n wherein Wand Z' are ind dently selected from the group
consisting of --OH, --0- -alkyl or taken {ogether are --0-- to form a succinic
anhydride group, n is one or greater; apd R,, R2, R3 and R4 are selected

from hydrogen, alkyl of from about | 16 2 out 40 carbon atoms, and

high molecular weight polyalkyl wherein eitherR, and R2 are hydrogen

and one of R3 and R4 is lower alkyfl having from&bout | to about 6 carbon
atorharanRiheoReris highkyialesulatweigatipolyalati aeR 3tand Rdares give

hydrogen and one of R, and R2 is lower.alkyl having from about | to 6
oo e e e SR ARG TG SRy grally has o
Cd@;mlgameut(ﬁl) mb&eaiedmmpﬁhfg;%bﬂw,lmganﬁ%nﬁd r&ﬁlﬁi’lﬁ%ﬁﬂd&ﬂd Rgisa
embodiment, when maleic,anhydride is used as the reactant, the 5 = . .
o R B Gl s R BRI Pt L RO i

reactant in the presence of a free radical initiator.

Typically, the copolymer product has alternating polyalkylene and succinic groups

and has an average degree of polymerization of 1 or greater.

The preferred copolymers (ii) of the present invention have the general

formula:
I
omc\ /Cxe Tz Té
G (G C—C
H H

Ry Rg

n
wherein W' and Z' are independently selected from the group consisting of --OH, --O-
-alkyl or taken together are --O-- to form a succinic anhydride group, n is one or
greater; and Ry, Ry, R3 and Ry are selected from hydrogen, alkyl of from about 1 to
about 40 carbon atoms, and high molecular weight polyalkyl wherein either Ry and R,
are hydrogen and one of R3 and R, is lower alkyl having from about 1 to about 6
carbon atoms and the other is high molecular weight polyalkyl, or R3 and R, are
hydrogen and one of Ry and R; is lower alkyl having from about 1 to 6 carbon atoms

and the other is high molecular weight polyatkyl,
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0 C 01214 JIC-C R1 R3 wherein nis from about | to about 100,
preferably from about 2 to about 20, more preferably from about 2 to
about 10, and R1, R2, R3 and R4 are selected from hydrogen, lower alkyl
of from about | to about 6 carbon atoms and higher molecular 10 weight
polyalkyl, wherein either R, and R2 are hydrogen and one of R3 and R4 is
lower aIkyI havrng from about | to about 6 carbon atoms and the other is
hiGRPATBIRLIE Rt pnRAC PR3 aAETR2A8RR: hydrogen and one of R,
and R2 is lower aIkyI and the other is high molecular weight polyalkyl. 15
Preferab% the high molecular Welght polyalkyl group has at least about

3dtamshrrad ARebedBRe HrarbrauRAla by Biiis ad B hiatsakot. the
Prefeted fraghsaslepdpmusiohicelyaiivarpursticiudespelysghutyl
groups. Preferred polyisobutyl groups include those hayving number
average molecular weiglits of from %bout 500 to about 5000, more
preferably from about 900 t§ fer ed lowenalkyl groups 20
include methyl and ethyl; especially pre erred Io F<yl roups include
methyl. A particularly greferred class of olefin p ym s comprises the
polybutenes, which ar prepared by polymeriza fISO utene. These
polybutenes are readll available commercial terl Is eII known to
those skilled in the art. Disclosures thereof will 25 be fou d, for example,
in U.S. Patent Nos. 4,158,499 and 4,605,808, which are/herein
incorporated by reference for their disclosures of suitablé polybutenes. 24
Preferally, it ﬁaﬁsmmﬁﬁataﬂ&mmﬂ)mew%ﬂm providéqaigh arokacliamore

qubI n the terpalym ' Pr 1,1-d uted
oIB?gp%a% iﬁ%% Ber gé/eragje Iq%1‘51"ro éibcfu %0% ‘fw%ﬁcf)% é%%%té
pargidelgsty ldﬁeefuhﬂgﬂ}dléﬁbﬁilﬂbtﬁd lolefihdstad J:,aﬂbailsiﬁﬂnﬁﬁtnﬁédngher molecular
p%}g%?ugi er%?nrgsw ﬁlanlllg ?Qeage% rlggf%u% one of Rz and Ry is

lower alky! havmg from about 1 to about 6 carbon atoms and the other is high

molecular weight polyalkyl or R; and R4 are hydrogen and one of R; and R; is lower

alkyl and the other is high molecular weight polyalkyl.

Preferably, the high molecular weight polyalkyl group has at least about 30 carbon
atoms (more preferably at least about 50 carbon atoms). Preferred high molecular
weight polyalkyl groups include polyisobutyl groups. Preferred polyisobutyl groups
include those having number average molecular weights of from about 500 to about
5000, more preferably from about 900 to about 2500. Preferred lower alkyl groups
include methyl and ethyl; especially preferred lower alkyl groups include methyl.

A particularly preferred class of olefin polymers comprises the polybutenes, which are
prepared by polymerization of isobutene. These polybutenes are readily available
commercial materials well known to those skilled in the art. Disclosures thereof will
be found, for example, in U.S. Patent Nos. 4,152,499 and 4,605,808, which are herein

incorporated by reference for their disclosures of suitable polybutenes.
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Preferably the copolymerizable polymer comprises a high molecular
weight polyalkyl group which is derived from a high molecular weight
olefin. The high molecular weight olefins used in the preparation of the
copolymers of the present invention are 10 of sufficiently long chain length

SO TR AR oL 0 X, P PO o

m@b&dh@éﬁg}h@ tﬁaﬁﬂimmp?i@é@r@hiteém b olispoditeicthel ebeahefefinumber
CORBOSION. E?Jﬁ{ﬁl%ﬁtt?@oat'&é'b\ékﬂyﬁ'&%‘. 50 'iS‘f%ﬁSﬁ’l%le“ﬁ?éf&t !,efil%’i substituted

50%, more preferably at least 70%, of the total olefin compaosition.
SatHinigH rhodimibitisishpdiafinbuartcap rreehigsmirtbrés urlidenscules
h%y)i[%s iftetemt molecular weights and can have at least one branch per
6 carbon atoms along the chain, preferably at least one branch per 4
carbon atoms along the chain, and particularly preferred that there be

a@%%ﬁﬂ%%b@@%ﬁ%@%@i%@&%@ﬂ%@@s%%Filﬁiﬂol@@ﬁ%?@@g}ﬁfﬁﬂyalkyl
chain olefins may conveniently comprise polyalkenes prepared by the
pc&%@ﬁﬁéﬁ%#ﬁéﬁ@@%&%ﬂfﬁ%ﬁhm@@ ot BURBo B dned e ar

prefesabhdrmilefinsnfl Fom AUt IRARNH thsathanAlQmSeANE VB8 are |
preferably from propylene or isobutylene. The addition-polymerizable

olefisuBersidydenarehaiprisnat) sesheninhe ThElbngnestags iR df fiJrple in and
akaul i RbRUL 4 EACRED AJOMSIRIG IR NS URNY QTHor)aRguILER alpur of the

2 carbon atoms and preferably methyl. The preferred alkylvinylidene
sk mepsplisarcighi lisiin sPEpTIligarc e oAb et reBil

theomethenyideasusemer s R91INNe esRasialyRiefenga Righ alesmal more
weight olefins used to prepare the copolymers of the present invention
arer st deads’ el domipiidelsl R 4eRR681I°20%% of the more

reactive methylvinylidene isomer, preferably at least about 50% and more

preferably at least about 70%. Suitable polyisobutenes in¢lude thps .
T e e e G A T

in ytichrihg o mathyisgide pedsamescomprisesia bighdigreentageonfdhens along

total composition is .
the chain, preferably at least one branch per 4 carbon atoms along the chain, and
particularly preferred that there be about one branch per 2 carbon atoms along the
chain. These branched chain olefins may conveniently comprise polyalkenes prepared
by the polymerization of olefins of from about 3 to about 6 carbon atoms, and
preferably from olefins of from about 3 to about 4 carbon atoms, and more preferably
from propylene or isobutylene. The addition-polymerizable olefins employed are

normally 1-olefins. The branch may be of from about | to about 4 carbon atoms, more

usually of from about 1 to about 2 carbon atoms and preferably methyl.

The preferred alkylvinylidene isomer comprises a methyl- or ethylvinylidene isomer,

more preferably the methylvinylidene isomer.

The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are polyisobutenes which comprise at least about
20% of the more reactive methylvinylidene isomer, preferably at least about 50% and

more preferably at least about 70%. Suitable polyisobutenes include those prepared
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described in U.S. Patent Nos. 4,152,499 and 4,605,808. 5 Preparation of
Copolymer (ii) As noted above, copolymer (ii) of the present invention is
prepared by reacting an olefin and an unsaturated acidic reactant in the
presence of a free radical initiator. The process of the preparation of
copol r (ii) is described in Harrisgn, U.S. Patent No. 5,112 507, which
R B R S SR i VAR iy e
conclbhigtethdidete ispeyatusenpfiatouhid Getocalmgist AHBE o plefetiglolyi fikanis
about 40C to.about 160C. T of p ization is inversely
proef)o’cc)? |§§é?to' e'r%%%?g ure; ’égg?d{%ggﬁnfifé)’rgg?é%rp@e’ferred high molecular
weight copolymers, it is advantageous to employ lower reaction
tepﬁge&gt res, fgoTQ ’g?e;ﬁ}?n may be conducted neat, that is, both the

[ olecular weight olefirr, acidic reactant and the free radical initiator
arésoortidinbavin theqbyope(ratid, thagrisent stirratoat ithereparctidry reacting an
te ature. 20 Alternatively, the reaction. m co dj qlven
S e R R, The
injtiatssaré helpisieram indlydpayetong) iededeydhaturdiaeisorotdimpPatent No.
eI DR (RGP LR CIRIANS, s lifkpenzene,
xylenes, or the %I e kAflfee]r t]tué;r act%)en iS corr?lp ete, vofgt%e components
may be stripped off. When a solvent is employed, it is preferably inert to

;ﬁﬂ%%&&&%ﬁ?%fg@ﬁﬁ%@%& fommsd and Rasnaally ssed D A Ao,

Icientto ens Iclent mixing. Alternatively, the reaction may be

caviciizenbly ifiardilomnt} GUSrozabainEPAr Gl 1 s ingee el thel itgentdoes inversely
g%ﬁ/&ﬁ%ﬁlﬁ%‘%éﬁ&i?e’?&ﬁ#‘é?‘&\'%l@ﬁﬁ%1&{'%4@%@?@5&&9&% Om_olecular weight

erization, e.g., sultur compound's, antioxidants and the like. 26 In
genprdYmREs . Gopoliatizeion Casniddniliares 15gcainy treeppasfidsinitiator.
Such initiators are well known in the art. However, the choice of free

radical initiator may )
The reaction may be conducted neat, that is, both the high molecular weight olefin,

acidic reactant and the free radical initiator are combined in the proper ratio, and then

stirred at the reaction temperature.

Alternatively, the reaction may be conducted in a solvent. Suitable solvents include
those in which the reactants and free radical initiator are soluble and include acetone,
tetrahydrofuran, chloroform, methylene chloride, dichloroethane, toluene, dioxane,
chlorobenzene, xylenes, or the like. After the reaction is complete, volatile
components may be stripped off. When a solvent is employed, it is preferably inert to
the reactants and products formed and is generally used in an amount sufficient to

ensure efficient mixing.

Alternatively, the reaction may be conducted in a diluent, such as mineral oil, as long
as the diluent does not contain constituents that interfere with the free radical

polymerization, e.g., sulfur compounds, antioxidants and the like.
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be influenced by the reaction temperature employed. 5 The preferred
free-radical initiators are the peroxide-type polymerization initiators and
the azo-type polymerization initiators. Radiation can also be used to
initiate the reaction, if desired. The peroxide-type free-radical initiator can

be organic aor inorganic, the organic 10 having.the general formula:. R12
OBFTS AN KI5 Wl i AR e SeIReied o G Sueh
grouigaton sisting lofhydrog die and Idoyorganie chdicaloBinte RARANditREE may

can be.organic.r %icals referably hydrocarbon, aryl, and acyl radicals,
czi}?ff}]glfe%fcaécgﬁaet egﬁ%p cl’trbteerﬁlg %&E%%cs aﬁ%eghs, etc. Preferred
peroxides include di-tert-butyl peroxide, dicumyl peroxide, and

difRrt-amyl ReOXIdG 12 E%EQ@EJ?% ghpiner Ski'ﬁﬁ%ﬁ'f Q%B?X}ggﬁz%%?ﬂﬁﬁators
no way are limiting, include enzoyf peroxide; lau 5)yl elyomde; other
tesidrindargt eropatiessdzatdic oveenZdsli Beroxideakerbarysbdityl initiate the
h)égggﬁgﬁogiiggéig%nene hydroperoxide; diacetyl peroxide; acetyl
hydroperoxide; cﬁe’thylperoxycarbonate; tertiary butyl perbenzoate; and

the 20 like. The azo-type compounds, typified by alpha,alpha’

'aﬁp?%?%%y?ﬁtﬂ@eﬁﬁc%ﬁsﬁitﬂ?yf KDOWD He6-fRicRIRIAMOUAG organic
materials. These azo compounds can be defined as those having present
intweinadhecereegrblipmle= Ry mmﬁlam@@w@@dﬁsﬁéwaw Riis
Ofgﬁ&&@ﬁ&%%@?@yﬁ%%&ﬁ%@&w%@&%@ QAP AIRCRGIIARIE BB R, and
carbon. Other suitable azo compounds include, but aré not limited to,

p-Brortolurmgaeidisadiealinpikforablarbydrertohpaiardannh epezdifals, carrying,
D-H@é&?&f@EsaﬁﬁaﬁpmgﬂhMregéqﬁ; AZOPIENRRE AR NIGIARAN IR - buty]

halides. A" suitable list of azo-type compounds can be found in U.S.
Parsaride. $EB1YBIGodact B sy 8 gsIodsaul Pinkney. The
amount of initiator to employ, exclusive of radiation, of course, depends to

a large extent on the particular initiator chosen, the high molecular, olefin
uskeramiesef gilper suitable peroxides, which in no way are limiting, include benzoyl

peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoyl
peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;
acetyl hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the
like.

The azo-type compounds, typified by alpha,alpha’ -azobisisobutyronitrile, are also
well-known free-radical promoting materials. These azo compounds can be defined as
those having present in the molecule group --N=N-- wherein the balances are satisfied
by organic radicals, at least one of which is preferably attached to a tertiary carbon.
Other suitable azo compounds include, but are not 1imited to,
p-bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene;
p-bromobenzenediazonium hydroxide; azomethane and phenyldiazonium haiides. A
suitable list of azo-type compounds can be found in U.S. Patent No. 2,551,813, issued
May 8, 1951 to Paul Pihkney.

The amount of initiator to employ, exclusive of radiation, of course, depends to a
large extent on the particular initiator chosen, the high molecular olefin used and the
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reaction conditions. The usual concentrations of initiator are between
0.001:1 and 0.2:1 moles of initiator per mole of acidic reactant, with
preferred amounts between 0.005:1 and 0.10:1. 5 The polymerization
temperature must be sufficiently high to break down the initiator to

PraduEs DS ARRIRITRS LR ICAIR Rk AP @&t&hﬁ&%&%&%‘eﬁ%ﬁ%iﬂ? A

the nitiator, the reaction temperature can be between about 75C and

albotit 90dies piefataity putwelrpibodiGoactnd. A Bup8ET ¢rghesanisbetween
lowghiempargtiygs can be employed, a suitable broad range of
temperatures being between about 20C and 10 about 200C, with

preferred temperatures between about 50C and about 150C. The

fe?ﬁ@%@ﬁ?é%ﬁoﬁh% Pa‘%u%é’iﬁﬁls‘%%t%ﬁ%i@m!%ﬁﬁgﬁ@i{%ﬁciﬁ&% fiqithitiator
phase. Pressures can therefore vary between about atmospheric and 100
pdiyraedightre 46T e reertidisalmEds iRy SUffei AT Yeaem iidehes the

syhsiatiaty cOMRIG IR neANVERRSI Ml dRe acidiG.reac aREand _mgl?lﬂ 90°C,

molecular weight olefin to copolymer. The reaction time is suitable

p
bé¥REsbBNRCEHRER Atoul &) it prbRr 8d fe it anddevisetraapratyss can be
1QheH=2Q éﬁt%@&@&?ﬁé@%@ﬁ%ﬁé}%{&%ﬁﬁﬂﬁ&%% ABPR°C and

polymerization reaction. The high molecular weight olefin, acidic reactant,
sclvev HiGnitratoPearIse IsrabRtuieybeharsh abRpsaitabrOmalmer! She-
important factors are intimate contact of the high molecular weight olefin
and acidic reactant in the presence of a free-radical producing material.

THEGa&RERM. posesipme ! Ehn W Coremd A Rcrrbiten i bratighghase.
2P highyaalesWarensiobLolefinisAddst: athhaiib;toadn M?ﬁ@&ﬁﬁi%ﬁér.
e

reactant, initiator and solvent or the high molecular weight olefin can
added intermittently or continuously to the reactor. Alternatively, the

regpiaRiR oA IR COMBIMedIRRIBE! (OFEQIR;foheXanniey Asidierpaatant
and initiator may be added to high molecular weight qlefin in the reactor.

InRRYBERAPHPARR ACils EetripBheitd iR IRt el keiin e gripdymer. The

aqeedien AIRURUSININ ALSNas RGN MithGeRtiuaysdrmavaletian times
portion of the product to a recovery train or to other reactors in series. In

yetchrBther *RaHhBP Uhe reaction may be carried out in a batch process,
wherein the high

As noted above, the subject reaction is a solution-type polymerization reaction. The
high molecular weight olefin, acidic reactant, solvent and initiator can be brought
together in any suitable manner. The important factors are intimate contact of the high
molecular weight olefin and acidic reactant in the presence of a free-radical producing
material. The reaction, for example, can be conducted in a batch system where the
high molecular weight olefin is added all initially to a mixture of acidic reactant,
initiator and solvent or the high molecular weight olefin can be added intermittently
or continuously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and inttiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction
mixture can be added continuously to a stirred reactor with continuous removal of a
portion of the product to a recovery train olr_to other reactors in series. In yet another
manner, the reaction may be carried out in a batch process, wherein the high
molecular weight olefin is added initially to the reactor, and then the acidic reactant
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molecular weight olefin is added initially to the reactor, and then the acidic
reactant 28 and the initiator are added gradually over time. The reaction

can also suitably take place in a tubular-type reactor where the

components are added at one or more points along the tube. 5
CQR@%@ﬁﬁ&a@omwdgéﬁb%%mgpeepﬁlx@%@eﬁe% DS 0B RINGE Phaice
a copolymer obtained by (a) reacting compound (1)(a) with compound

(IRce N By unlarippefreasterdidmrechtadyreerreatiion ivded presenceefe points
c%@&%rﬁgert(ﬁjgr copolymer (ii) or both; or by (b) contacting copolymer (i)

or copolymer (ii) or both with the non-free radical 10 catalyzed reaction
product of compound (i)(a) and compound (i)(b) or (i)(c). Preparation of
Cepamge (il process for the preparation of copolymer (iii) is

described, for example, in Harrison et al., U.S. Patent No. 6,451,920,
whicH iscHeedimssbrpenated By sederAED B hnircdhirasonplprsesddained by
Ste {@)cBRE OnaLHIY ‘%@ltﬁ'@&E\pgﬁﬁ?T@'ﬁﬁ?"ﬁ?(ﬁa@g‘%r{‘!{}%{—%ﬁeé’ﬁﬁwi
I.e., the beta-vinylidene, that do not react readily with the N
mEHBRESAEPREEN laﬁéamﬁéf*@a@cé-@zslm'dég%aseyﬂbvazﬁa(ak asReyth; or by
th n&'&@fg@ W%WMFE@%@:%@%H%%H@HQﬂ@rﬁtﬁ?& ﬁéﬁefré@%%ﬂal
under free radical conditions, are reacted with monoethylenically

SRS e e SHBAHRG PR RN B PBE e THRSHBKF (B L €X8)-
dicarboxylic acid or an anhydride or ester thereof, under thermal

conditions, i.e., at temperatures of from about 180C to about 280C.
THasB¢aHatiBhe areMdifi&ido those used for preparing thermal process
P@f&c@@@@ﬂﬁlb’pﬁ%ﬁﬁﬁﬁim@@ﬁ@@@ﬁiﬁﬁ ie{beHRE F8NELaTAcSiFONg
acid, such as sulfonic acid. See for example U.S. Patent No. 6,156,850
iRy chedolvent iy idicu et to dib R rasB R PRI BE B ffrence
salyantmusty be one which dissolves both the acidic reactant and the high
molecular weight olefin. 30 It is necessary to dissolve the acidic reactant

and high molecular weight olefin so as to

In process step (a) above, any unreacted olefin, generally the more hindered olefins,

i.c., the beta-vinylidene, that do not react readily with the monoethylenically
unsaturated C3-Cag monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic acid
or an anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C3-Cog monocarboxylic acid or ester thereof, or C4-Cag
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at
temperatures of from about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place
in the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent

No. 6,156,850.

Optionally, a solvent may be used to dissolve the reactants. The reaction solvent must
be one which dissolves both the acidic reactant and the high molecular weight olefin.
It is necessary to dissolve the acidic reactant and high molecular weight olefin so as to
bring them into intimate contact in the S()]LliEiOH polymerization reaction. It has been

found that the solvent must also be one in which the resultant copolymers are soluble.
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-bring them into intimate contact in the solution polymerization reaction. It

has been found that the solvent must also be one in which the resultant

copolymers are soluble. 29 Suitable solvents include liquid saturated or

aromatic hydrocarbons having from about 6 to about 20 carbon atoms;
epz from aboyit 3 10 about Car%orxr}]a roaert]r on ing from about

té“&h‘ Fo Lt t%ad‘h% Ohs Having fiom a ‘{’fgro

abauteﬁs@arb@ naabom St nketeneﬂégapmmwyairom Abositdité a&mbun&toms

carbpn atgms 5 e l}}cule urd" is. meant.liguid u

R DR T e R R s R g 10

halmge@arbopraﬁarahtymcaehaﬁe rpt@hrbbiry fatomehdBy 1" halthgneﬂB isarhemamtoms

F.C Br The moun of soIv t m uch th a lve

aé[)l%r mo &C gg%gl ? UIAJ t(%il’ ?ﬁe.conggzong ? %Srgerlzaggn. In

ic reac ant ]ﬁtmh molecutar erg In‘in addition to t
resgltitglogpoiyeddrgdbherbalamieerbdio gohs clveepitcforhigh encidicutat wetgint
olefin is itabl between nd n
1 %tolrnan 4%' %)gté 5 m t?s:,l(lfrill glndl ]99 'h% QA&B{F& %&%Wﬁ% such that

bié Solven ude the ketones having from about
toiadzoudiSsobrb dre atddis reacththershiighted divHorine ehd ﬁyﬁm@a&é@m@n to the

havin from about 1t bou 2nM9r :
carbon ator qu] Examrﬁgg 8 seurltc1 %Ieﬂre%gl?/vegr%sx mﬂ de, b%%%?ggvﬁ%?gﬂ[ olefin s
lirsitiéabty btwetorieb asddthéd: ackiopissrathytetiviketbad, didtthyliketone;

and methyl i so butyl ketone; 20 2. aromatic hydrocarbons, such as:

benzene; xylene; and toluene; 3. saturated dihalogenated hydrocarbons,
sUftihitabtedichiontrinthaledhedibromohasthanem shomic: 20ciprb Etprahen atoms
L % g E{g %&%&Q@Stcl%?@%%qw] {883!%%% ’hla%%cg?t%oﬁgﬁnﬁo about 5, more

romopropane; opropane; | ,2 omo-2 methylpropane
I,m@m&bdorfropaat@@,lidlehwrdpmﬁmﬂtsﬂﬁchIoropropane
I-bromo-2-ehloropropane; 1,2-dichlorobutane; 1,5-dibromopentane; and

1,5-dichloropentane; or
Examples of suitable solvents include, but are not limited to:

1. ketones, such as; acetone; methylethylketone; diethylketone; and
methylisobutylketone,

2. aromatic hydrocarbons, such as: benzene; xylene; and toluene;

3. saturated dihalogenated hydrocarbons, such as: dichioromethane;

dibromomethane; I-bromo-2-chloroethane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane;

1,2-dichlorobutane; 1,5-dibromopentane; and 1,5-dichloropentane; or
4. mixtures of the above, such as: benzenemethylethylketone.
The copolymer is conveniently separated from solvent and any unreacted acidic

reactant by conventional procedures such as phase separation, solvent distillation,
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30 4. mixtures of the above, such as: benzenemethylethylketone. The
copolymer is conveniently separated from solvent and any unreacted
acidic reactant by conventional procedures such as phase separation,
solvent distillation, 30 precipitation and the like. If desired, dispersing

e RC R e g e SO sy be wsed

tahﬁingﬂmymefweactant (i) or (i), is generally prepared by a number of
well-known processes including the method disclosed within. For
example, there is a well-known thermal process (see, e.g., U.S. Patent
NBhSpdbili oha)crayt aueatly wellykndw(Pidionnatiochpragdssdisea]eagded to
U.S. QPat er}trelélganfig 8&}? a ce%mb ation oﬁé‘ug thermg PW I-kno
chiSratsh picaRt it dud g g igiipacie Y4 S IRLS SIS
spmwgsaexdrmﬂadégsﬁs: (sethoel gistloSedPatdnt Nas, X 80pl660@ads a well-known
%56 8501)6 an%{%gfeg%%%g pf’ogerﬁ%o st%gl %’93 Y Se Fﬁ%f &v'é!?w%nown

compos on's |n -fo-one
nuimfrmmemradmms (seecayg ULS FaRate htoNos. 73 29@)6@60amidnation of the
81.0 WeII s high SUCCI ic ratlo P9 a
R e R AR PR N T2 00 e
15t}azlkgnyieuanve$$wsm@@t (éée}’etga; N8, P8I Nen 834,4.859), and free

Rhlviene succle aardes AlsaGan bed99yced eTTal At

methylvin rie”polybutene as disclosed in U’S. Patent N
4maggomhlsq§udcew e-furtheptiseersseddncs. Sepatent NG, Bazml 003

%g A @%@6@@%@%‘% Béﬁ%%&@ﬂﬁér&’h@?ﬂd%? 2, ORBRts

case W ere th CcCInic ratio IS greater than 3 European
Abm@gmﬂqgaﬁhl@rs@zl se>hngIEPaddBR R8T Ihndiedss | Bategeinigzroups per

Sk gﬂ&% ﬁggﬁg me&&ge&e f% washing.guithe; palympdgic anhydride

resin from poly ne succinic anhydride prepared from high
methylvmylldene polybutene. A polyalkylene succinic anhydride with a

SHEGI ﬁf?é{,] of LR s am disclosed, Qneirdyaniage alRelkeN§om high

succinic ‘anhydride from High methylvinylidene polybutene iS that it can be
prepindtidedentaly! slagakakgiistosed in U.S. Patent No. 4,152, 499, This process

is further discussed in U.S. Patent No. 5,241,003 for the case where the succinic ratio
is less than 1.3 and in EP 0 355 895 for the case where the succinic ratio is greater
than 1.3. European Applications EP 0 602 863 and EP 0 587 381, and U.S. Patent
No. 5,523,417 disclose a procedure for washing out the polymaleic anhydride resin
from polyalkylene succinic anhydride prepared from high methylvinylidene
polybutene. A polyalkylene succinic anhydride with a succinic ratio of 1.0 is
disclosed. One advantage of polyalkylene succinic anhydride from high
methylvinylidene polybutene is that it can be prepared essentially free of chlorine.
U.S. Patent No. 4,234,435 teaches a preferred polyalkene-derived substituent group
with a number average (M,) in the range of from about 1500 to about 3200. For
polybutenes, an especially preferred number average (My) range is from about 1700 to
about 2400. This patent also teaches that the succinimides must have a succinic ratio
of at least 1.3, That is, there should be at léasl 1.3 succinic groups per equivalent
weight of polyalkene-derived substituent group. Most preferably, the succinic ratio
should be from 1.5 to 2.5.
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U.S. Patent No. 4,234,435 teaches a preferred polyalkene-derived
substituent group with a number average (M") in the range of from about
1500 to about 3200. For polybutenes, an especially preferred number
average (M") range is from about 1700 to 30 about 2400. This patent also
teaches that the succinimides must have a succinic ratio of at least 1.3.
That is, there should be at least 1.3 succinic groups per equivalent weight

of(rabraikpngcderved substittankaaadps Mastpsaferallythe&UBCINIS. rAd@nt

should be from 1.5 to 2.5. 31 Other suitable alkenyl succ anhy(é
0 TOSL RBHATPY SP . RS 90756 CHyfe Aamitene
useddrtha@preparation are ethylene and I-butene copolymers. 5 (B) The
Ether Compounds In one embodiment of the present invention, the
copolymer may further be reacted with an ether compound capable of

lintding Wi sBgesniige graups. Suitable ether compounds include, but
are not Ilmk?gfto the f IIOW|n 10 Pol eth%lr Pol mlnes Ex [ﬁbes of

SR SERGRERAIES TRERSAE BEFARBrHS RN RE TaNo MGG De reacted
stivighie ciRdAcBhadiad chible &f Iiiﬂﬁiﬁw&bﬁ&hhhm@ﬁdﬂsmablelﬁher
wherein R14.is endentl dro dracarbyl group having
FrSATRSSEET 1BS )Iaﬁ% 2‘@5? 2 ﬁﬁg Oh? %%%Wé%gOf polymerization.
Generally the polyether polyamines suitable for use in the present

my,entlop will contain at least about one
olyether Polyamines

Examples of suitable polyetheramines include compounds having the following

structure:

wherein Ry4 is independently hydrogen or a hydrocarby! group having from about 1 to

about 4 carbons, and n is the degree of polymerization. Generally the polyether
polyamines suitable for use in the present invention will contain at Jeast about one
ether unit, preferably from about 5 to about 100, more preferably from about 10 to

about 50, and even more preferably from about 15 to about 25 ether units.

The polyether polyamines can be based on polymers derived from Cy-Cy epoxides

such as ethylene oxide, propylene oxide, and butylene oxide. Examples of polyether

polyamines are sold under the Jeffamine® brand and are commercially available from

Hunstman Corporation located in Houston, Texas.

Other examples of suitable polyetheramines include polyoxytetramethylene

polyamine compounds having the following structure:

'< CHQ }‘ CHQ O""""' CHz) NHE
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ether unit, preferably from about 5 to about 100, more preferably from
about 10 to about 50, and even more preferably from about 15 to about
25 ether units. 20 The polyether polyamines can be based on polymers
derived from C2-C6 epoxides such as ethylene oxide, propylene oxide,
a”jlgr‘é%'e“etﬁéiﬁ’e-rEeX%‘F‘ JERpohether %Ox'éé @ig?%ﬁﬁ%&%@eﬂ{%‘?%}&?
Jettaminelr) brandand a ommércwﬂly ‘Svailable from Hunstman '
Corporation located in Houston, Texas. 25 Other examples of suitable

p ramines include. polyoxytetramethylene polyamine compounds
hg\%ﬁ}gaﬁ%%]o |’5‘v§v%1§’ é‘i?‘&&%gre: H2N-(H2C)3 04(CH2)4 O(CH2)q O-(CH2)3
N B2 tein@2, Wiseresn sz theadtgiavasfhsolsantadzatiore (e yatignberisf alcohol
monomer %%?I’ units). Polyether Amine Derivatives Furthermore, the
copolymer reactant may be reacted with a polyether amino alcohol 5 or
amino thiol. Polyether Amino Alcohol Typically, amino alcohols may be

fopyﬁg%db%gpgg}gg @!l_ end groups of a compound are not completely

converted to amines during reactions, such as reductive 10 arnination.
Albprieadyntayiitiaehalponpnbe crmnsdiverartiy plopinbaedareryiehe
gﬁ%&gﬁiﬁm A2 Aing e and {barafr s ARG anapiRALR ARG Ofeductive

olymer chain (i.e. initiator) and an alcohol terminus, or an amine
inteningitiom fHeonssie i INHALBRBABINSHHNNG ELampreenlettabrihylene

PlYRIBMIAY ﬂ?ﬁ@%%@%%ﬂg?&?%@%@é havinehthen IRllowing  the polymer
structure: R15 1 H2 115 112 H2 115 o _
chain (i.e. initiator) and an alcohol terminus, or an amine intemally in the molecule

with alcohol termini.

Examples of suitable polyetheramino alcohols include compounds having the

15
Ho
C \O

wherein R;s is independently a hydrogen or hydrocarbyl group, having about 1 to

following structure:

HoN

Ty s T
IOMEU
w
.f/
Q
[ Inn
3
IO—3
o
O
T

about 4 carbons, and n is the degree of polymerizaiion. Generally, the polyether
amino alcohols, suitable for use in the present invention will contain at least about one
ether unit, preferably from about 5 to about 100, more preferably from about 10 to

about 50, and even more preferably from about 15 to about 25 ether units.

Other examples of suitable polyetheramino alcohols include

polyoxytetramethyleneamino alcohol compounds having the following structure:

HoN=(HoC)y——O <CH2>4-O>—(CH2>4-~0—-(CH2)4—-OH
n-1
I

wherein n is the degree of polymerization.

33



10

15

20

25

H2N-C-C O-C-C O-C-C-OH n wherein R,5 is independently a hydrogen

or hydrocarbyl group, having about 1 to about 4 carbons, and n is the
degree of polymerization. Generally, the polyether 20 amino alcohols,
suitable for use in the present invention will contain at least about one

ether unit, preferably from about 5 to about 100, more preferably from

about 10 to about 50, and even more preferably from about 15 to about
2pplhansnitssoter,examples of suitable polyetheramino alcohols

include 25 palyoxytetramethyleneaming alcohol compounds having, th .
folfsmRISst éfméiwhﬁ(ﬁh%w@ PreHosues cmom s(&«'rlrf}&%if%wmg
wheiRtie: is the degree of polymerization. 33 Polyether Amino Thiol
Examples of suitable polyetheramino thiols include compounds having the

following structure: R6 R16 R16 | HRBH2 HR | H2N-H-C GHs-C
O-C-H-SH 5n Wherlain Rig igindepepdently, g hydrogey or Hydrocarbyl
group, havingfierm-dbotitC isGhedEgree i

polymerization. Othé? examples of suftable polyetheramino thiols include
10 polyoxytetramethyleneaming thiol having tjie following structure:
H2N-(H2C)3-0 (CH2)4 O (CH2)4-0-(CH2)a SHn-1 wherein n is the
d%ﬁ@%ﬁfﬂ%'%W%@HQ&;@@%Q%@[V@?%&B’M&}W@@&@'Hlﬁfﬁf}gtﬁ@lﬁ it 1
use in the present inventioh wil

to about 4 carbons and n is the degree of polymerization.

Other examples of suitable polyetheramino thiols include

polyoxytetramethylencamino thiol having the following structure:

HoN—(HC)3—— O—é(CHz)# O}‘(CHz)Af— O———(CHy)s—SH
n-1

wherein n is the degree of polymerization.

Generally, the polyetheramino thiols suitable for use in the present invention will
contain at least about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15 to

about 25 ether units.

Ether Polyamines

Ether Diamines

In yet another embodiment of the present invention, the copolymer may be reacted
with ether diamines. Suitable diamines are reacted with the copolymer, such as
decyloxypropyl-1,3-diaminopropane, isodecyloxypropyl-1,3-diaminopropane,
isododecyloxypropyl-1,3-diaminopropane,
dodecyl/tetradecyloxypropyl-1,3-diaminopropane,

isotridecyloxypropyl-1,3-diaminopropane, tetradecyloxypropy-1,3-diaminopropane.
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15 contain at least about one ether unit, preferably from about 5 to about
100, more preferably from about 10 to about 50, and even more
preferably from about 15 to about 25 ether units. Ether Polyamines 20
Ether Diamines In yet another embodiment of the present invention, the
cgé)olymer may be reacted with ether diamines. Suitable diamines are

reH et MAfHHES copolymer, such as decyloxypropyl-1,3-diaminopropane,
isodecyloxypropyl-1,3-diaminopropane,
isododecyloxypropyl-1,3-diaminopropane, 25
dc;aé@)‘}m&%&?mﬂi j_}"’}g -H’l%ﬁ?ﬁﬁgﬁﬁfﬁ% ’the copolymer may be reacted
isQifiHeayto T RIaRM: Ladiaminanienaneal atefloxipiopy-1,3-diaminopr
opane. 34 Ether Triamines In yet another embodiment of the present
invention, the copolymer may be reacted with ether triamines. Suitable
trigmines include the following: 5 (i) NH2 NHZ OR) Z I P 0"Y NH2
wherein R' is Ci-CGNl_géO wherein x+y+z = 1-85. (ii) NH2 CH3

(N 0

\
¢! R/ 5
C') ;)
Yy
NHs

wherein R' 1s C-Cg;

wherein x+y+z = 1-85.

(i1)

NH,

CHs
\o y
HoN NH,
O X O/YZ
CHs CHy
HsC

wherein x+y+z = approx. 5-6;

Triamines of this type may be purchased from Huntsman Petrochemical Corporation,

Woodlands, Texas.
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0Y H2N //[~~~~"NH2 0 x O-Y r z CH3 CH3 H3C wherein x+y+z =

approx. 5-6; 15 Triamines of this type may be purchased from Huntsman
Petrochemical Corporation, Woodlands, Texas. 35 Polyether Polyol In yet
another embodiment of the present invention, the copolymer may be
regcted,, wit lyether containing at least two hydroxyl end groups to
fo?rﬂ}}éer%‘héegtgro?’f%?e polyether polyols have the following structure: R17

R17 R ZnbH21] drihidRmiehd «T 18 Pré3eBt QrEHTi«@Hhtchipbl imerwhgrbénreacted
Rb Sa{“d?fe‘%ﬂé’-ecré}r'xa‘f‘n?g dQ?%QQt royd Pﬁ%ar%'n%mr%% Daving from.aRout,
110 abolit 4 car ons, an s the a%gr e of%o ymérlz ion. er
examplbsrafdpitaldieveolyeftidrpolysisiriclude polyoxytetramethylene

polyol 10 compounﬁs, such as hose[ideferre to as Terathanéjér) which

may be purchased ffdim DuPaght Corpdration, Wilmington, De[dWware,
having the followingjstructgye:; HO-(H2C)a (HCH2)4_0 ¢&H2)g OH Cl-
wherein n isttRededieeof iza§jorr1&-Sui bte*p’éfyeﬂ&rpol@bls

include, but are not limited to, the following:

n
3 : L 1 k] a1 ] ] . 1 1 + 1 . o 1
wherein Ry7 1s independently a hydrogen or hydrocarbyl group, having from about

1 to about 4 carbons, and n is the degree of polymerization.

Other examples of suitable polyether polyols include polyoxytetramethylene polyol
compounds, such as those referred to as Terathane® which may be purchased from

DuPont Corporation, Wilmington, Delaware, having the following structure:

HO—(H,C)y— O‘G(CHQM“O}_(CHZMWOH
n-1

wherein n is the degree of polymerization.

Suitable polyether polyols include, but are not limited to, the following:
polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol, and

polyoxytetramethylene glycol.

The number average molecular weight of the presently employed polyether polyol
will generally range from about 150 to about 5000, preferably from about 500 to
about 2000.

Generally, the polyether compounds suitable for use in the present invention will
contain at least one ether unit preferably from about 5 to about 100, more preferably
from about 10 to about 50, and even more preferred from about 15 to about 25 ether

units.
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polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol,

and polyoxytetramethylene glycol. The number average molecular weight

of the presently employed polyether polyol 20 will generally range from

about 150 to about 5000, preferably from about 500 to about 2000.
Generally, the polyether compounds suitable for use in the present
in@@ﬁmﬁ{ 'ih‘-‘-:%‘géﬁﬂ’éft feruumd etridtln tosrete iashe REEabIYESt RN may be

- alRHLL0B oM Piietably R Hom R 10 taiRbeua0s @ even more

preferred from about 15 to about 25 ether units. 36 Generally, the

POy EOABBERA SHREBIE F5F LI TH TR DY BN TR RhHERT gysHray be
deyivad #8000 br ane SR DS BdeRIXtHEG RSB MBSy&Ush@Scompounds
poly(oxyethylene-cqo-oxypropylene) diamine. The mixture of ether units

maly 6EPASA Teatsm Mothatdrasiing cputHistecHE presentighydride
erioyadeethrig@mpounds 5 are capable of reacting with at least two
carboxylic acid groups or anhydride derivatives thereof. Generally, the
copolymer may be reacted with a mixture of polyether polyamines,

palyatheil mmioedlethnts rpolyeiheicaminaihiolsxpolyethelrolyolsolgamines,
ether diamines 10 to form a mixture of imjdes, amides and esters. (C) ..
AR BB 6 AT EAIE TS UH S RIS 26 FUNS oy S diamines
inkefitianhascaideastank {uneiienRahgeaupscapable of reacting with at

least one monocarboxylic acid or ester thereof, or 15 dicarboxylic acid,
anhydride or ester thereof. Preferably, the aliphatic compound will contain

o€ or malplringdunctimdal groups or one or more hydroxyl functional
g?ﬁggh%%gﬁggccﬁ%nfy%{oﬂ@# hi;:g I?nn% g lﬁ%%ﬁzre)' ggv?ggghogago% Ee:a%tg)ele]g functional

ne, potyethier polyamineg™ deriva
paiyethenpdlicohfethetithawiihes kad ethendriaaibhex ghoueidthe sopahareerf, or

dicarboxylic acid, anhydride or ester thereof. Preferably, the aliphatic compound will

contain one or more amino functional groups or one or more hydroxyl functional

groups or both.

Amino Aliphatic Compound

In addition to the ether compound (i.e. polyether polyamine, polyether polyamine
derivative, polyether polyol, ether diamines and ether triamine) above, the copolymer
is also reacted with an aliphatic compound. The aliphatic compound employed may

be an amino aliphatic cofnpound.

The amino aliphatic compound may be selected from the group comprising of

(a) aliphatic monoamines, (b) aliphatic diamines, (c) aliphatic polyamines or

(d) polyalkylene polyamines. Aliphatic monoamines include methylamine,

ethylamine, propylamine and various higher amines. Diamines or polyamines may

also be employed. Preferably, they will have only a single reactive amino group, that

is, a primary or secondary, and preferably primary group. Suitable examples of

diamines include dimethylaminopropylam.ine, diethylyaminopropylamine, dibutyl

aminopropyl amine, dimethylaminoethylamine, diethylaminoethylamine,

dibutylaminoethylamine, 1-(2-aminoethyl) piperidine, 1-(2-aminoethyl)pyrrolidone,
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is also reacted with an aliphatic compound. The aliphatic compound
employed may be an amino aliphatic compound. 25 The amino aliphatic
compound may be selected from the group comprising of (a) aliphatic
monoamines, (b) aliphatic diamines, (c) aliphatic polyamines or (d)
polyalkylene polyamines. Aliphatic monoamines include methylamine,

efhiaATHE PP kinGnandremRe R aeBprehaifeBrabisthinedippliphatic amine
Dﬁb@ﬁ@@%@]@k@dﬁ@@ﬁﬁﬂﬂ?ﬁ%@ﬁiﬂ@@@@%ﬂ?ﬁ)ﬁ%@ﬂﬂgﬂﬁeﬁﬁl}i@or

single reactive aming group, that 30 is, a primary or secondary, and

AR ABIPRYRIRPEHESP. Suitable examples of diamines include
dimethylaminopropylamine, diethylyaminopropylamine, dibutyl

amingpropyl amine, dimethylaminoethylamine, diethylaminoethylamine, |
drﬁé@%}ﬁ e{h§/|%fmﬁféaﬁiltg@3ﬁ1ﬂ98&ﬁw;ﬁﬂlé‘ﬁd?ﬁé‘ polyether containing a single
1{2ianénaetyppyrrolidone, 37 aminoethylmorpholine, and
aminopropylmorpholine. Preferably, the aliphatic amine having a single
reactive amino group is N,N-dimethylaminopropylamine or

amisfepreipy inopphelikglchAdditianaththeraain chaliphatimeanitRuntoms per
could be a polyether containing a single amino end group. Preferably, th

oI A BTN T BH LT I SR AP E G Betna g preerred
matepsipdmiadnaximigntrefhaliout 32eabing Nikoggaradams: per melle. Mo stumber

preferred 10 are polyamines Tvi“ from abaqut 5 to about 7_njtrogen
B PR R RE AP OU PR S AL g ey
polyamine is calculatedNasteitaaiiNigarbanbofsnittagén atoms = % N x M.
Per mole of polyamine Hek xR0 ffoéyainidd % N=pdrediidnitrogen in
pelarsine or polyamine mixture Mpa =number average molecular weight

include payalGSnE DS AER Bl B BHOICHE RoNAmItE also

contiifyfronmmeizo ul drigabolitcdcarkight atdtns pteseine or polyamine mixture
Suitable aliphatic polyamines include polyalkylene polyamines. Preferred
polyalkylene polyamines also contain from about 4 to about 40 carbon atoms, there
being preferably from 2 to 3 carbon atoms per alkylene unit. The polyamine

preferably has a carbon-to-nitrogen ratio of from about 1:1 to about 10:1.

Examples of suitable include the following: tetraethylene pentamine, pentaethylene
hexamune and heavy polvamine, HPA, (available from Dow Chemical Company,
Midland, Michigan). Such amines encompass isomers such as branched-chain
polyamines and the previously mentioned substituted polyamines, including

hydrocarbyl-substituted polyamines.

When more than one primary or secondary amino group is present, the reaction

conditions and/or stoichiometry should be such that oil solubility is maintained.

Hydroxy Aliphatic Compound
In addition to the ether compound (i.e. polyether aromatic compound) above,
optionally, the copolymer may also be reacted with at least one aliphatic compound

which may be a hydroxy aliphatic compound.
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being preferably from 2 to 3 carbon atoms per alkylene unit. The
polyamine 20 preferably has a carbon-to-nitrogen ratio of from about 1:1
to about 10:1. Examples of suitable include the following: tetraethylene
pentamine, pentaethylene hexamine and heavy polyamine, HPA,
(available from Dow Chemical Company, Midland, Michigan). Such
amines encompass isomers such as branched-chain 25 polyamines and

h LS| ’ ) nes. | N
FREGHIRE Xr%'f{?}h'%ﬂf%%ﬁ Wpﬂmﬂ?ﬁ% \AQ&!I%E@‘(}I%% to the process of

hydrocarbyl-su When more than one primary or
setrpiapyra mivrariieo ipais prelsennriheme actiondaorditiotietarid¢ohols.
stoichiometry should be such that oil solubility is maintained. 30 Hydroxy
Aliphatic Compound In addition to the ether compound (i.e. polyether

arowigidcorpoune)pbisiecosprondiynehelecpiprmetotayiigdd b ethanol,
reaciprbpiRidb IR ong 'L@E‘&Elﬁ,qgmﬂgtééﬂ%zéﬁﬂ@b%‘ﬁ%)éﬁa?a%&‘%%lé.

aliphatic compound. 38 The mono- or multifunctional hydroxyl compounds
usédidisienrding e rdrprotalishutiee prosadiiavkhbion Pedetisaentaining a
pri%%%gggag&pgﬁgﬂary alcohols. 5 Suitable hydroxyl aliphatic
compounds include, but are not limited to, ethanol, isopropyl alcohol,

isobutyl alcohol, tert-butyl alcohol, glycerol and the like. Additionally, the
hym*al&@%&ﬁgmaauﬂ cauldbaanohethenconiaiRingssingle
hydroxyl end group. 10 The hydroxyl compound may also contain a hetero
atdfme stelmsrstngethang betamercaptoethanol). Aliphatic Compounds
containing both an Amine Function and a Hydroxy Function In another
embodiment of the present invention, the aliphatic compound may have at
1544R506R & AHAR Yo S 4 AR LSBT B G B Ehdpay Spnction
SUgh RRPERES ANGIde ikt presaqtiinied ouiRapRAMIBRHIRINMG! have at

amine, triethanol amine, and the like.
least one amine group and at least one hydroxy! group. Examples of such compounds

include, but are not limited to, ethanol amine, diethanol amine, triethanol amine, and

the like.

Method of Making the Lubricating Oil Additive Composition

The lubricating oil additive composition is prepared by a process comprising charging
the reactant copolymer (c.g., at least one of copolymers (i), (i) and (iii} as described
herein) in a reactor, optionally under a nitrogen purge, and heating at a temperature of
from about 80°C to about 170°C. Optionally, diluent oil may be charged optionally
under a nitrogen purge in the same reactor, thereby producing a diluted copolymer
reactant. The amount of diluent oil in the diluted copolymer is up to about 80 wit. %,
more preferred from about 20 to about 60 wt. %, and most preferred from about 30 to
about 50 wt. %. Both an aliphatic compound and an ether compound are 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 excess water.
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Method of Making the Lubricating Oil Additive Composition 20 The

lubricating oil additive composition is prepared by a process comprising
charging the reactant copolymer (e.g., at least one of copolymers (i), (ii)

and (iii) as described herein) in a reactor, optionally under a nitrogen

purge, and heating at a temperature of from about 80C to about 170C. o
optsamCHiREAY sldHie SeBRATHED GBSHAINE THds s REHBRIF S RETATISIng
thgisamadeagiornharROYIRIRAUGIRSHS GHAREERBENMREMD) IERC @i Nhe

amount of diluent oil in the diluted copolymer is up to about 80 wt. %,

mBRRIKTESABRGHEH: Abbte e SBBUCBOAH U5 driifsHast pranisris figsisior. One

akpuh SR 17 tRORUERBWEA0LBath-aialinhatiscarmpampe:anekan flh8tate mixing
omsound are charged, optionally under_ a nitrogen purge, to the reactor.

c

T QEHSHE RG] BRitGER RiiGeets BieRpetba s aatRags they
from BhiaptchaRCdieapeRAACTROERtional vaf A M IS BORId t0 Beut
mixture for about 0.5 to about 2.0 hours to remove excess water. 39 The

lu

C The .
S Bif SRFTRMETE JFPLARTH Eh GIbabe thall iRt prdedggacuum is
caippliising tstruitanpabishoehauigng Bl thereagiantsi (reactant copolymer
(1), (ii), or (iii); the aliphatic compound; and the ether compound at the

desired ratios. into the reactor. One or more of the reactants can be
chiangechadrarhelevadadiempperatuis to fasibtatenadafhandceastiond, Ahe

IXi t%y are

static mixer can be used to fagilitate mixing.of the reactants as
b QR T B G A VLA S TV RS BAS O8 FisP SRR'BH SBBRE 51T,

abnaihtdihallsoatdapipesati enfiniuaboetal 30Ehtoiabonip200€s are used, the

Optionally a vacuum is_applied to the reaction mixture during the reactio

od " S0 ML BB BB S b S SIS B Ripdoraly charged

aliphaticeaomphrsndndngl readtionsaongtitions ahdliarstditiienaifishiousl

be h.that oil sol blii”t IS_maintained. For example, when

R AP SRR S TBetR HR s e ihen the

patydtifenaiomgpodiptihan dding eapbly oier gxe tpréferailyochargeds gorttally about

reactor first ll;‘2ndffalllov§‘/'.:ed to react (ﬁrniolrc:g;t addition of the multifunctional ]PSC acid

alf)plhca IC'€6 e|o9)urne “Hirdhgimare, the Stoichiome ry shoufd Besuth tha

witerctio@s per molecule of the multifunctional aliphatic compound. This reaction order
and stoichiometry reduces excessive crosslinking by limiting the number of unreacted
monoethylenically unsaturated mono- or dicarboxylic acid sites relative to the number
of reactive sites on the multifunctional aliphatic compound. Reduction of excessive

crosslinking may decrease the probability of gel formation and therefore increase the

probability of oil solubility.

In one embodiment of the invention, when the aliphatic compound contains only one
functional group capable of reacting with at least one monocarboxylic acid or ester
thereof, or dicarboxylic acid, anhydride or ester thereof (e.g., N,N-dimethyl-1,3-
aminopropylamine), then the non-free radical catalyzed reaction product of compound
(1)(a) and compound (iXb) or (1)(c), which is contacted with either copolymer (1) or
copolymer (ii) or both, may be contacted in the presence of component (C) (i.e. the
aliphatic compound) prior to the addition of component (B) (i.e. the polyether

compound).
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multifunctional aliphatic compound is charged to the reactor, there is
generally about one molecule of reactive monoethylenically unsaturated
mono- or dicarboxylic acid functions per molecule of the multifunctional
aliphatic compound. This reaction order and stoichiometry reduces
excessive crosslinking by limiting the number of unreacted 20

ly unsaturated mono- or dicarboxylic acid sites relative to

m
thenurnasiQS seartive-silgR Anhibemultipetionabaliohedic coMmPOMM that can
Reduction of excessive crosslinking may decrease the probabhility of gel

foPh PR heFTRBIR R dNABF e then BraRibill st SHesomEf A0S iy Sise
erphagimentiabtaadnyeionnvhrriherabphatis compeundRatainganty:
one functional group capable of reacting with at least one monoearhoxylic
acjd or eﬂr(]e 1t%(g{eof, or dicarboxylic acid, anhydride or ester thereof (e.g.,
N,N-dimet y%—l, - gl%?ﬂgpropylamine), then the non-free radical catalyzed
reaction product of compound (i)(a) and compound (i)(h) or (i)(c), which is

contactegd with. either co mer. (i), or 30 copalymer (ii) orhoth o) -
contacted g sa e ot T P e Rl LA agmatic

prior to tivel fudditiorbahtahpdmextt{B)ulfiei thé polyetierisohmpo e Ao

Other Additives The following additive components are examples of.some 4
of the componen Iéoma‘fiié%ljnu%‘lé SVorably employed in the %ﬂelps“éﬁ)‘t}%e"“'\9{%“1‘0Xy
inventiorr¥mese exmptes of fudditives wre rovededikyd tusiratyithaphthenates,

present invention, byt they are not intended to imit. t; ot
DetergertiaL i AL e LSRR B ML pjiaci. and
alkeny! acbenzitict sulfoinates! ortnas dulfomates, sulfurized or unsulfurized
metal salts of i~, compound-., d... rox_, multi-nydrGxy at ,ky, > or a>
iken'y'>i acompound-., alkyl | or 31ke..~ nyl hydroxy 10 aromatic
su?fonate%?%[fﬁﬁ#ﬂéﬁ? or unsulfurized alkyl or alkenyl naphthenates, metal

salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and

Anti-oxidants reduce the tendency of mineral oils to deteriorate in service
which deterioration is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in viscosity.
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'-isopmpylidcnc~bi5(2,6—di-tert»butylphehol),
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-1-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),

4 4'-thiobis(2-methyl-6-tert-butylphenol),
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chemical and physical mixtures thereof. 2. Anti-Oxidants 15 Anti-oxidants
reduce the tendency of mineral oils to deteriorate in service which
deterioration is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in
viscosity. Examgles of anti-oxidants useful in the present invention

include, Bt APoRB(HimABY S BRENSY BRRE¢hhenolic) oxidation inhibitors,

such as 2k 4yeaefhylengrbis(3. ecHi-1srhRyyipBenallifide, and
4,4'-bis(2, 6631 t gth #Ipphéno%@ 4,4'-bis(2- lJ}Jneth I?% tert- bﬁutaII1 phenol),

2,2-metréhe-Bisert étﬁ%@%éf?ﬁhﬁﬁﬁ@nal enylamine-tybe oxidsiion

4,4'- bUtymﬁiBﬁtﬁbsﬁ%mhyﬁt%@ﬁobH?Miﬁt%ﬁ@oalkylated diphenylamine,
4,4'-isopropylidene- bIS(2 6 d| tert-butylphenol

2.2"-metHiIERY-Bleha-REHYY] WBW}B afy @f?@é@ﬁtﬁ@hﬁ*éf#@%@éhaf types
methy (pPbep@idatr’ n%xfﬂi%hé’lﬁ@l%t@%étéﬂ@lﬂﬁb@aﬂiéﬂx&@@é(g|pbﬁmo 1),
2,6-di-tert- butyl -4- meth)ﬁlphenol 2,6-dj-tort- tigt gm%)he

it 1 Sttt Rl e e
2,6-di-tert-4-(N,N'-dirnethyl aminomethylphenol),

4,4'-thiob thy 6-tert-butylphenol), 41
é thlobjg{ fjﬁf%‘% tzrt butylphenol),
bis(3-methyl-4- hydroxy -5-tert-10-butylbenzyl)-sulfide, and

bis(3,5-di; et %%eréeq gl%&ytﬂ%@@g% Hh"#&%ﬁé’@%&%w‘é‘%&%ﬁihc parts.

inhibitors |nc ut are not limitedto, alkylated diphenylamine, 5

phenyl- albhmmﬁyimmnm@ﬂ@ﬂdméﬁdmpmlﬁaﬁﬁ@rkﬂmhmh@ﬂﬁ@ﬁd

types of [ r
dlth|ocarban(‘?)ate%§hﬂ %égggi%%%ﬁiﬁ%&%ggﬁﬁﬁ%ﬁlg)lyg& fum

Anti-WeatoRgaess.
4. Rust Inhibitors (Anti-Rust Agents)

a) Nonionic polyoxyethylene surface active agents: 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

mono-oleate, and polyethylene glycol mono-oleate.

b) Other compounds: 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

Addition product of alkylphenol and ethylene oxide, polyoxyethylene alkyl
ether, and polyoxyethylene sorbitan ester.
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10 As their name implies, these agents reduce wear of moving metallic
parts. Examples of such agents include, but are not limited to,

phosphates and thiophosphates and salts thereof, carbamates, esters,

and molybdenum complexes. 15 4. Rust Inhibitors (Anti-Rust Agents) a)
Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl
etfer, polysxsathiesiasidusr HeahoetietEBAydipatyiene nonyl

phenyl ether, polyoxyethylene octyl phenyl ether, 20 polyoxyethylene octyl
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monoste&tAfaripe ﬁﬁ@my@ﬁéiﬁ&mioﬂf}h&ﬁé@@%@,(ﬁﬁé’kwy@fﬁwéﬁ%@ndm

“glycol m%msgg'&?&%rpot%!@fHﬁqmm%ﬂﬁ%@;t%&wﬁifé@nﬁo@m@Eza%t,txh;ormated
r

acids, dicarboxylic 25 acids, metal soaps, fatty acid amine salts, metal

salts of heaRAfhalssmituaral ks irabistiansery iRad siapasienase giyhperd or

alcohol, apg;id RIIGEPIf DhReM] ﬁ@fﬁﬁoﬁ@lﬁ&q ginseraduet Obhosphates.
alkylphenol and ethylene oxide, polyoxyethylene alkyl ether, and

polyoxyethylene sorbitan ester. 42 6. Extreme Pressure Anti-Wear Agents

(EP/AW Agents)wabifyrized olefins, zinc dialky-I -dithiophosphate (primary
alkyl, secondary alkyl, and aryl type), diphenyl sulfide, methyl trich

lorostea rate, chlorinated 5 naphthalene, fluoroalkylpolysiloxane, lead

naphthenafey Ar\ializadoshatinlyipatiializad pospiaaiRsic acid and other fatty
dithiophosphates, and sulfur-free phosphates. 7. Friction Modifiers 10

Fatty alcaRtst Rat Hcibrrs i i PRIBIE S a il ChRSIE SRR ARG e ther
fatty acigineypaaits BasiRef)iamingi-RoRtRErBFIPhRHIRleSiBSphosphonates.
phosphates, other

8. Multifunctional Additives
Sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organo phosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and
sulfur-containing molybdenum complex compound.

9. Viscosity Index Improvers
Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
polyisobutylene, and dispersant type viscosity index improvers.

10. Pour Point Depressants
Polymethyl methacrylate.

il. Foam Inhibitors

Alkyl methacrylate polymers and dimethyl silicone polymers.
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phosphites besides tri- and di-hydrocarbyl phosphites, and phosphonates.
8. Multifunctional Additives 15 Sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,
amine-molybdenum complex compound, and sulfur-containing
molybdenum complex compound. 20 9. Viscosity Index Improvers
Pelymethagrylpie typaiprlymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers, 25
polyisobutylene, and dispersant type viscosity index improvers. 10. Pour

Point DepreseamscRobepetbylmethacnaielc3Rddaram Inhibitors Alkyl

methacrylate polgmers and dlmethyl silicone polymers. 43 12. Metal
DeactivaltSDRREGRIUAR b YRt AR Y #ias I HbRGEtRRIebep zimidazoles.

mercaptobenzothiazoles, thiadiazole derivatives, and

mfejrcapt%benmm azoles. 13. Dispersants Alkenyl succinimides, alkenyl
suceinimides moditied with other organic compounds, alkenyl
sucmn|nﬁdb@amwdmdlbngwlk@mmemlwm@hw@dé@hmmatmoptgaﬂ@

acid, esters of ﬁ olyal hoI 5%991 alyisob 53{})(%@}?%%9 &Qa%gg}{{j&% ethvlene

phenate-salicylates and their post ‘treated analog ali metal or mixe
alkali memﬂxaﬂawme@amkamtaltb@rafe@iméipéhsi@ﬁs@ﬁym@e@@kaﬂccmic

metal beﬁ@ﬁ%ﬁrﬁg rS'%QSsg @fﬁ%@%ﬂ%{}%@lp}%ﬁl @9&%@%&8@@3%&% metal or

mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkali
metal borates, dispersions of alkaline-earth metal borates, polyamide ashless

dispersants and the like or mixtures of such dispersants.

Lubricating O1] Composition

The lubricating oil additive composition described above is generally added to a base
oi} that is sufficient to lubricate moving parts, for example internal combustion
engines, gears, and transmissions. Typically, the lubricating oil composition of the
present invention comprises a major amount of an oil of lubricating viscosity and a

minor amount of the lubricating oil additive composition.

The base oil employed may be any of a wide variety of oils of lubricating 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 Jeast 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 tubricating 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,
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dispersants and the like or mixtures of such dispersants. 15 Lubricating

Oil Composition The lubricating oil additive composition described above

is generally added to a base oil that is sufficient to lubricate moving parts,

for example internal combustion engines, gears, and transmissions.

Typically, the lubricating oil composition of the present invention
coniprivbscdehimior Bavidais ofrniloPiiupdi detmdviliesatbpasgrabes niirmsedures
amsg&%ﬂ}ﬁmﬁgﬁf%e'hm'gyﬁ ERAMNOsSHigN T hebase gl syployed

may be any of a wide variety of oils of lubricating viscosity. The base oil

oPIHBH RS VISEShg oA RGO BRI, PO PR B lefins

%U?@Q%@iz\%oﬁekb%&@ghpaﬁ BaYiSCRSIM %@M@ﬁ%&dgeﬁ%ﬁean&ﬁ%m%@mrs
pour point 25 below 20C, preferably at or below OC, is desirable. The base

offtd it beabithreed cfipms i dieseRattirabs ddieadshmbrabsnsarss eproper
asihedgseeil iR Nivienionnluds, ferexampieuPeiafiiBie esters include the
naphthenic and other oils that are ordinarily used in lubricating oil
c6ripsSiBraoanbsyRtiscadsirherite RIPUSAERE: B N Rl af Seanpdhy droxy
sythetic il andsiynihelic.estarsad.reitures dhesenhavisaibe desied
viscosity. Hydrocarbon synthetic oils may include, for example, ails

prEpasaRr den hé-plwihens addrats dilaperiee bps Bonamb Rsoisfin ey esters

Oif3e - O STBIE PR HHEOBT MvdrsarRe: AEhESISRIOGRAUIB R WSihydroxy
carbon monoxide and hydrogen gases such as in a Fisher-Tr

> ) opsch
oAU G ittt RYHLarBOAGNSOHEIAL TBHEIgHhers dfso useful
alpha olefins having the proper viscosity. Especially useful are the
hydrogenated liquid oligomers 5 of Cﬁ_to C 12 alpha olefins such.as | . b
-dbEhhripaes Athieaiidea SR HRTBHES BPHISHEL s%bé%}?if}éﬂ*ﬁ%ﬁmc ase
digndacykhanzenay eanhedisetndisaidrsynthaticiestibinelide theosity. The
esters gf monocarboxylic acids and polycarboxylic acids, as well as
M6 ARSI ARGA SRS PORSIST ﬁﬁfié?”é%?‘h(p?é‘s&are didodecyl

adipate, pentaerythritol tetracaproate, di-2-ethylhexyl adipate,

dilaurylsebacate, and the like, Complex esters 10 prepared from mixtures
o%é@&@%&%@i@%ono and dihydroxy

The lubricating oil additive composition of the present inveniion is added to an oil of

lubricating viscosity thereby producing a lubricating oil composition. The lubricating
oil composition contacts the engine, improving dispersancy. Accordingly, the present
invention is also directed to a method of improving soot dispersancy, sludge
dispersancy or both in an internal combustion engine which comprises operating the

engine with the lubricating oil composition of the invention.

Optionally, the lubricating oil additive composition described above may be used as a
fuel additive. When used in fuels, the proper concentration of the additive that is
necessary to achicve the desired detergency is dependent upon a variety of factors
including the type of fuel used, the presence of other detergents or dispersants or other
additives, etc. Generally, however, the range of concentration of the additive in the
base fuel is 10 to 10,000 weight parts per million, preferably from 30 to 5,000 parts
per million of the additive. If other detergénts are present, a lesser amount of the
additive may be used. The additives described herein may be formulated as a

fuel concentrate, using an inert stable oleophilic solvent boiling in the range of about
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alkanols can also be used. Blends of mineral oils with synthetic oils are
also useful. Thus, the base oil can be a refined paraffin type base oil, a
refined naphthenic base oil, or a synthetic hydrocarbon or
non-hydrocarbon oil of lubricating viscosity. The 15 base oil can also be a
mixture of mineral and synthetic oils. Method of Use of the Present

InbeMrt8A T ReSiGntkhtirfy olirabiaiade darpoanibin dhereseiasent thcwshdusl range.
is gefieshio an Qijlp%ﬂk!%ﬁf%tmxﬂﬁﬁoﬁﬁ&’r&ﬁfﬁw RIVEHEINaRUBIIAINS

oil composition. The lubricating 20 oil composition contacts the engine,
inflsFEeiy talupassaiepe RECaRARI  HRE PiraBaREsiAvaTIBRH s Bis8dected
0RO QHIPEP NG B9 BiSRRISAREYN S WdaedisReEsaRgy Or both in

an internal combustion engine which comprises Qperatin%the engine with

thistshdcaing oy ediaBeltitd SraiésHventRings e ptighalgrapr bon solvents are

lupKeatingbpil Rddiive a0 mpesiiandgserinataheyesnaxnReIsad A8 @mt of the
fuel additive. When used in fuels, the proper. concentration of the adgitive

thaf 4 Vrewd b Bs ArednaBhictdett dde iy Bt gei s 1sTaEp SRERTSTHor! 2 OY
vakigbhhlastansyimeluding the dypenafdyel fesesly thepresents at.other
detergents or dispersants or other additives, etc. Generally, however, the
range of concentration of the additive in the 30 base fuel is 10 to 10,000
weBhDRAS RS MNE: frefecadlyiramiBRda §RQifarkm et miligr Dihis
the addijtive. If other detergents are present, a lesser. amount of the

A JONOH R b BB O S HRRE TR B ALY TR A8 e
asvédgbgoncentrate, using an inert stable oleophilic solvent boiling in the
range of about 45 150-400F (65.6-204.4C). Preferred solvents boil in the
gasoline or diesel fuel range. Preferably, an aliphatic or an aromatic
hydrocarbon solvent is used, such gXaMeh¥&ne, toluene, xylene or
higher-bpiling aromatics or.a tic thinners, Aliphatic alcohols of about 3
to%!%%@ | addaparaiom o RIS IS o SRR R rbinol, n-butanol and

thedilsegm:ﬁeﬁ‘@’i h;yﬂimr A h*;risohmyﬂtma\afi@asmmbdﬂ fortage
ith th | additi fuel trate, th t of the additj 0
IS AT TEBCE S o A e i s

(which is available from BASF as Glissopal® 2300) was charged to a 4-L reactor

equipped with agitator, temperature controller and overhead condenser and receiver.
27.3 grams 1-hexadecene was also charged to the reactor, and the agitated mixture
was heated to 150°C. Traces of moisture were removed by sparging 250 sem’/min
nitrogen through the mixture for about an hour. After drying, the nitrogen was fed to
the reactor head space at a rate of 30 sem’/min. 178.8 grams maleic anhydride and
16.4 grams dicumy! peroxide in a 50% solution with toluene were fed simultaneously
to the reactor over 2 hours. After the maleic anhydride and dicumy! peroxide charging
were finished, the temperature of the reactor was maintained at 150°C for another 1.5
hours. The reactor was heated to 190°C. During the heating of the reactor, the
pressure was gradually lowered to 20 mm Hg when the temperature of the reactor
reached 180°C. The temperature was held at 190°C and the pressure was held at 20
mm Hg for 1 hour during which 15 grams of condensate was collected. The product
was cooled and a yield of 2693 grams of C()p()lymer (i) was obtained. The product had

a saponifcation number of 48.9 mg/KOl/g.
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weight, preferably from 5 to 50 and more preferably from 10 to 25 wt. %.
10 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 15 Example | -
Preparatlon ofTerponmer - Cool 'mer (|) 2513 grams of high

R Baike Herdyerage molecular

welighyt éMﬂ:); @?ﬁt@%@ﬁ@@vﬂml&MBW%BMU&%Q;@Q@@B%@M@ V8%
(WhICh |s avallable from BASF as Glissopal( r%ZSOO) was charged to a 4-L

O (Wi bfRabt | AN petaire By Rttt P ovER @hgbout 76%
ccmsdﬁas@ro@ﬁﬁﬂ@@mn@ramai&fgf@mmmdﬁpmmmimmarm was
85?9% reactor, and the 9glﬁ;}tated mixtur gf‘éiﬁ heated to 150C. Traces ﬁt}"

874 N EPSING § SASIYING 286" %ﬁﬁﬁﬂ“ﬂ‘?ﬁ%@‘@n‘)ﬁﬁ%ﬂﬂﬂ C- 589
mgﬁuﬁe ﬁ@ﬁﬂb@nﬁ%ﬂ@lﬂh&fmldgm thelniiragenwasiteddte fhetedst@actor.
ace at a rate of 30 scm3/min. 178.8 gra leie ea

AT R FhCTGARE T8 BOUTLBIC i ST e A The e
sumﬂi;xanee uﬁwa&tﬁﬁhpefeﬂmam\&raegh@wsmmmhﬂ Trleiaashyditieaied to
dic oxide char finished, the temperature, of the
B R ST EB Kb LB BT o e e ot was

heated to 190C. Durlng the heating of the reactor, the pressure was
grgdually lqwered to 20 mm Hg when the temperature of the reactor
ac?%&%gec The temperature was held at 190C and the pressure was
halﬂ(bgraﬁhs’%&f rienpblg o lab prepdtdnig Wikelp b Igranas dicgnbiznsatéOf ast
collected. The product w a yield of 269
O R e R S LR S G herp
481&atgikOrgthdt ExandplEh2 Fﬁmwﬂlbmﬁolymmmmmmy)
ST AR e e PNSaRIERS AN RY MRS of
average molecular weight’( a a4 niet ylvmy ene
cqrﬁﬂﬁ@deﬂqdahe?%@ﬂrmtylsm@dmmem}yeaaﬂabte fromeBABSBegndnigally.

knﬁvgr}eaa%t%gsnsﬁ)ﬁg}elggg 21\6’@ 3t 160°C for 1.5 hours. The reactor pressure was then

reduced to <20 mmHg (abs) to remove any water generated during the reaction. The
vacuum conditions were maintained for 30 minutes. The reaction temperature was
maintained for another 16.5 hours because the reaction appeared to be incomplete.
The reactor pressure was again reduced o <20 mmHg (abs) and maintained for

30 minutes to remove any water generated during the reaction.

Examples C-JI followed the process steps of Example A, which is disclosed below.
The conditions for Examples C-H are the same as in Example A, however, the
reactants and the amounts of the reactants are different. These amounts are set forth in

Table 1.

Example B

333.4 grams of Terpolymer PIBSA, as prepared in Example 1, were charged into a
500 mL stirred glass reactor. The reactor was heated to 160°C. When the reactor
temperature approached 160°C, 43.69 grams of Huntsman XTJ-501 (an ethylene
oxide and propylene oxide based polyoxyalkylenediamine), which may be purchased
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5 charged to a reactor and the reactor was heated to a temperature of
about 150C. 589 grams maleic anhydride and 54.14 grams of dicumyl
peroxide were fed to the reactor. The temperature of the reactor was
maintained at 1 50C for 1.5 hours after the maleic anhydride and dicumyl
peroxide are charged to the reactor. The reactor was heated to %%(X)ut

ged to the

2068 THERSIG PSR FHErRY { Provigedradie A DR

Exaiopie fhi0ehaiameplelerpolymenansapiepasedpprbsampele 10 wirates and
charged into a 500 mL stirred glass reactor. A constant 180 mL/min, .
nif%aéﬂepra?@@wsaﬁw@%% s ﬁ%aa%f&éé@wﬁg ??féﬁf&gfgﬁshﬁ iptained for
reagipinas heaied o 60 Miendhetagcterrdsctrmptiatie ditpieedire was
1Q0C, 2.73 grams of dodecylamin d 14.36 grams of

ORI ERBIER. BIRSHEn i) TR G e e B9 st

sasplestialbneabidd padiion mixtuegwakabeldian] 6RG forah. Bduowieniiba

reactor press was then. reduced tg <20 mm abs) ta.yemove any.
R A st aater, R o e TeadE A Wicure
mainddiciddifapR0xinutds 1 JHRE reaciiontenyp eiditirennias (ROsmuadntain dan

for another 16.5 houys pecause the reaction appeared to,be incomplete.
TR LR AR Ll RS Eh (o BTt e By oAt The
maintainechfalitid@smicnttastotseradie apyroatestgoriehated. durihgihef the
reaction. Examples C-H followged, the process steps of Example A, which
is %ﬁ%ﬁ%g e 0\1/%.%0233 Dﬁﬁ‘élﬂ:olﬁc%t%%/ép ?%F%?gmples C-H are the same as
in Example A, however, the reactants and the amounts of the reactants
are different. These amounts are set forth in Table 1. Example B 30 333.4
grams of Terpolymer PIBSA, as prepared in Example 1, were charged into
a 500 mL stirred glass reactor. The reactor was heated to 160C. When
the reactor temperature approached 160C, 43.69 grams of Huntsman
XTJ-501 (an ethylene oxide and propylene oxide based
polyoxyalkylenediamine), which may be purchased 47
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from Huntsman Petrochemical Corporation, Woodlands, Texas) was
charged to the reactor. The reactor temperature was maintained for
approximately 30 minutes and then the reactor pressure was reduced to
approximately 20 mmHg abs maintained for 30 minutes to remove water
generated during the reaction. The reactor pressure was 5 increased to

ambyent-pressure-and-13:21-grams of Huntsman E-100 (heavy
polyethydeneamnine) kyv\/arﬁi:h may be purchased from Huntsman
Petrpghemical ‘Cirorations\Woodlands, Texas, were charged to the
= o . .
reactor Slhe reagtiaf' mikture| was held at approximately 160C for 30
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condigioRs. ywerne_maintaingdfor approximately 2 hours. Analysis of the
- [ ] (=l .
produgt Showet: ((2o-qan|fald 1.474 wt% nitrogen. 48 Q ~M M M .~ \ N ~
O~ .45 a"ONM-+~b~Md ~-D QOUdQC1,Gd.G.P.PQ. -~'0O
Q Gir ~ 6| EQXzzzzrQEDOOOOOOOO U-00000000
0 ~oz4zz772z |~QUHO-gMhNVIOtMVOMNC
2 g <<zt
R R B P B N o i
= AR R e o
= BRI a2 2 225
<S8 atialallala
c
2o
o =
ggoooooooo
o
<&
O
2
S 3i8|geeleegs
E &5 8880|868
1S E|Z|Z2|2|Z|2 77|
RIS
) a3
5 oggelzang 2
I A b A S e haled e el
£ 1| ES
Slielo Sl Iy
oD == &
= SIS 2iole|oi8l2 ~
51228 d2lhee i
2 lzel=|2IREsE g
A 10O~ DIOI e & P
e asi st Dm= = E
O | 0 B o g_gg =
c 5 £ 5
< 35 5
U}OOOOOOOQ,QK GJ—;“
s s 2 =
= 55 25
c ER
5 e wico|S5 S 27
& lolnjohnlein—ISI2 E E @
5Slgleimzigdlds e e e
1) m liallssl CLOLD%"E'E
[N _‘gc‘_k;__qmﬂ
S ESEZZS
T S S I T el e N I = i)
£ lololooivioieleog n EES
> e aassigeime 2 o<y D
c |ElEIElEE|E|EET =22, &
PRI PP P o Ba S
9 mmmmmmmmg&ﬂzgﬁ
= 00Zagx
E |<lmjuamikozRa RS 2 &
»
|

5

49



10

15

20

25

30

OOPT0OOO0O0O0Y, 00000000 _STPrGI+A.0OPrP.a
0006. A,0.UQ~0'U WWWWW.cm~ awb6a6Ev0=0~ai 0oa
aU0o00Ooc vioOOOooEOnNovtoUt-hUEEO TorOr.r.OcN
bgEo OMMfrGCnC->c U--~NNNo~I.ENO ErUUOOUO
OOTEE6 oEEEEEEEEC-romrocaroroiiozh UUuuUuuuu

UBARERS el LS S e R

lubsieptisgi el @Oidiye:sent invention, were evaluated for percent viscosity increase

using a soot thickening bench test, which measures the ability of the formulation to
disperse and control viscosity increase resulting from the addition of carbon black, a
soot surrogate. Using the soot thickening bench test, the viscosity of a fresh oil is
measured in centistokes, The fresh oil is then treated with 2 wt% Vulcan XC 72R
carbon black, supplied by Columbia Chemical Co., to form a mixture containing
approximately 2 grams Vulcan XC72R carbon black and 98 grams fresh oil {test oil).
The test oil, which contains carbon black, 1s then left to sit overnight. 1t is then
homogenized using a high speed tissue homogenizer for approximately 60 seconds to -
thoroughly mix the carbon black with the fresh oil. The resulting test oil containing
carbon black is then degassed at 100°C for 30 minutes. The viscosity of the oil
containing carbon black is measured according to methods that are well known in the
art. The percent viscosity increase is calculated according to the following formula:

% viscosity increase = [{ViSeme - VISg){(Vise) x 100]

ViSene: Viscosity of carbon black in oil

Viss:  viscosity of fresh oil
Using the soot thickening bench test, the percent viscosity increase calculated for the
additive composition of Examples A, B, C, G, and H in a formulated o1l was
compared to a formulated oil that does not contain the lubricating o1l additive
composition of the present invention. The formulated oil of the present invention
comprises .66 wit% of an oxidation inhibitor package, 0.33 wt% pour point
depressant, 4.07 wt% of a calcium based detergent package containing a phenate and
sulfonates, 2.41 wt% zinc dithiophosphate, 0.03 wt% foam inhibitor, 7.7 wt%
viscosity index improver and 85.10 wi% of a lube oil blend which is a mixture of
basestocks that consists of 69.24 wt% Exxonl 30N oil, and 30.76 wi% Exxon600N o1l
{all of which may be purchased from ExxonMobil Corporation, Fairfax, Virginia) to
provide the comparative o1l formulation. To prepare the formulated lubricating oil
composition of the present invention, approximately 7.6 wt% of the additive
composition of Examples A, B, C, G, and H were top treated to the formulated

comparison oil.
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composition of the present invention, were evaluated for percent viscosity
increase using a soot thickening bench test, which measures the ability of
the formulation to disperse and control viscosity increase resulting from
the addition of carbon black, a 5 soot surrogate. Using the soot thickening
bench test, the viscosity of a fresh oil is measured in centistokes. The
fresh oil is then treated with 2 wt% Vulcan XC 72R carbon black, supplied
oy SIEHSR EREERT K RO AIEP AL SURENIAGE Hbbfkiately 2
grams Vulcan XC72R carbon black and 98 grams fresh oil (test oil). The
test oil, which contaixrﬂsb arbqn black, i . Il(lgsht. Itis then
10 homogenized using acHighSheet = o)

approximately 60 sec ATHE
fresh oil. The resulting , arbon-black-is

at 100C for 30 minutes.-The Viscosity.of the o-f‘z:?e%fammg carbon black is
measured according t methdds that are well kion in the | art. The

percent viscosity increase.is QGlculated accordif§:fo the fol owing formula:

15 % viscosity increasé - [(visdea - visco)/(visE8$% 1001 vis,bo: viscosity

of carbon black in oil vish¢ REPsERP0f fresh oft#isthg the soot thickening

bench test, the percent viscosity increase calculated for the additive
CORPASILAD A FXQTIPIER: Rerfh Co7e 2N hiN &AL RIS RIENAT @ Bsity
compared to a formulated oil that does not contain the lubricating oil
adRfitRAse B ABRIBIN OB SERT NG SHTRL ST Ol HG BTt Ui B ¢R-on Was
PIRSRAHRVAREQRr GINRUSESD-HE W0 of A axidatenINBHEINAAK8RIn
0.33 wt% pour point depressant, 4.07 wt% of a calcium based detergent
paeheening i rddliacRERes e o Uoprsasat MuInHfg Yihich yielded
d'%mﬁ%%%% 03, Wi JQAMHARIRION 1 < £ Ya HB2viS GRS BhNE8K cating oil
improver and 85.10 wt% of a rube oil blend which is a mixture of .
bASEEiBEIS THRR B HPRItINST BOSOR WAYEERRIMESINRLHI SRR RIS RETSISS:
Exxon600N oil (all of which may be purchased from ExxonMobil

Corporation, Fairfax, Virginia) to provide the comparative oil formulation.

T praparestradohit dsenab BrRAIE TS CBIR pEERIBNS PIHE RGN can be
iNMeRILAR; RRRT@XNAIRN6H:6 Weafithe @deifiv@hereof, only such limitations should

be imposed as are indicated in the appended claims.
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30 composition of Examples A, B, C, G, and H were top treated to the
formulated comparison oil. 50 The results of the soot thickening bench
test are summarized in Table 2. Table 2: Soot Thickening Bench Test
Results Example % Viscosity Increase A 36.51 B 42.24 C 38.9 G 136.5
H 158.5 No Dispersant 283.9 5 The results of the soot thickening bench
test jndicate that th rcent viscosity increase using the lubricating oil
addi .\/c]fw...,d%tﬁ}g%@?%e present invention was lower than the percent
viscosity increase in a formulated oil that did not contain a lubricating olil
additive composii f the present inyention, which yielded
arovrAB S DTSRG MEACACE CPRI TSt A ESER e process
lubricating:iaih t0mapiditivecaotmgosition 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 scopé)theradtanbnsuchhkniiiations: shoulgnizesimposed as are
indicated in the appended claims. 15 51 WHAT IS CLAIMED IS: I. An
oil-soluble lubricating oil additive composition prepared by the process
which comprisés) reactingm A atdbmstaheydithefditahvingadppelyrmérs: of

components comprising:

(a) at least one monoethylenically unsaturated
C;-Czg monocarboxylic acid or ester thereof, or

C4-Cay dicarboxylic acid, anhydride or ester thereof;

(b) at least one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereof, and

(¢c) at least one monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and is

selected from the group consisting of:

(1) an alkyl vinyl ether and an ally} alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing {rom about 1 to about 40 carbon

atoms;
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(i) a copolymer obtained by free radical copolymerization of components
comprising: 10 (a) at least one monoethylenically unsaturated C3-C28
monocarboxylic acid or ester thereof, or Ca-Cz8 dicarboxylic acid,
anhydride or ester thereof; 15 (b) at least one 1-olefin comprising about 2
to 40 carbon atoms or at least one polyolefin comprising about 4 to 360

carbon atoms and having a terminal copolymerizable %rgéj%iln the form of
a vinyl, vinylidene or alkyl Vidylidef® Yrstiprotmed s’ votrdrsdtcit ()

at least one monoolefin compoundhigiis1Gapaiymgsdabliewithibe or
monomers of (a) and (b) and is selected from the group consisting of 25

(1) an alkyl vinyl ether and an allyl SfdfPatdicanital frmabrgrodpakout

hydroxyl, amino, dialkylamino or alkoxyissibsiiied Qristbosiasititaduent
and containing from about | to about 4Q carbon 30 atoms; 52 (2: an alkyl ‘
amine and an N-alkylamide of a nfSRGEIRYRICARHhALAaPaEd Tishbepptoms;

dicarboxylic acid of from about 3 to about 10 carbon atoms where the

alkyl substituent 5 contains from about | to about 40 ¢carbon atoms;, (3).an
N-vinylcarboxamide of carboWylic BEiarts'Vd?y?carboxamlge of Car%oxyhc a&ﬁ‘; of

from about 1 to about 8 carbon atoms;

4) an N-vinyl substituted nitrogen-containing

heterocyelic compound; and

(5) at least one 1-olefin comprising about
2 to 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms
and having a terminal copolymerizable group in
the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin
employed is not the same as the olefin employed

in (i)(b);

(i1) a copolymer obtained by reacting compound (i)(a) and

compound(i}b) in the presence of a free radical initiator;

(1ii)  a copolymer obtained by (a) reacting compound (i){a) with
compound (i)(b) or (i}¢) in a non-free radical catalyzed
reaction in the presence of copolymer (i) or copolymer (i1) or
both; or by (b} contacting copolymer (i) or copolymer (it) or
both with the non-free radical catalyzed reaction product of

compound (i)(a)} and compound (i}b) or (i}c); with



from about | to about 8 carbon atoms; 10 (4) an N-vinyl substituted

nitrogen-containing heterocyclic compound; and (5) at least one I-olefin
comprising about 2 to 40 carbon atoms or at least one polyolefin 15
comprising about 4 to about 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin employed is not the

t lefi I in, (0 (ii). lymer. obtai by _
f:ggn%scg%)g ()eu%{dféz%b(%?%%%@g %%Qr%gg%%ggpﬁ%¥@8%é§ re%!:rtlgéj Wh at least two

comp in the presénce of a free

radical initiator; Z@(iﬁ;?@‘m@pd?ym@_ﬁ@bt@m@ﬂ By freacting edwisbume
(i)(a) with compognd, (A er (X8 mngaéfg%?_§a9{»ggh§§é8%,yé9%g&%&%%%reof;
copo or both; or’by 3

in the presence of copolymer (i) or

ymer (i

contacting copolymer (i) or copolymer (ii) or both with the non-free radical

satalyzed ctiop @éQ&%ﬁeojli Qaﬁ‘afé‘&ﬂgﬂgn(l)@m%?aF%M%%@%@éﬁéaﬁl group

()(c); with 53 (B) at least one éther com

ound capable of being reacte

with at least two %ﬁﬁfmwﬁi@ﬂyﬁ@&wﬁb ar @sﬁémt@hec@@ﬁ@bmyhifaaté@gt ester
two_dicarboxylic agidsraniyidides o EXIeIS IR &0k ¥ TWHIgS fgreof,

5 (C) at least one aliphatic compound having at’least one functional group
capable of reacting with at least one monocarboxylic acid or ester thereof,

or di!iarbow@1@8%%@&[@&@%&%8&?{%&%% &t EﬁQﬁA%%ﬁ%}i@MHe at least one

additive composition of claim I, wherein

e at least one 10 ether

1Gompound{ByrisuBREd Foris tetegislipun ihsrspip aeweTayipe Rastige polyamine,
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a polyether polyamine, a polyether amino alcohol, a polyether amino thiol, and

a polyether polyol.

3. The lubricating oil additive composition of claim 1 or 2, wherein the at least one

e

aliphatic compound has one functional group capable of reacting with a
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof.

4. The lubricating oil additive composition of claim 1 or 2, wherein the at least one
aliphatic compound has more than one functional group capable of reacting
with a monocarboxylic acid or ester thercof, or dicarboxylic acid, anhydride or
ester thereof.

5. The lubricating oil additive composition of any one of claims 1 to 4, wherein in copolymer
(1i)(b), said copolymer (i) or copolymer (ii} or both are contacted with the non-free radical
catalyzed réaction product of compound (i}{a) and compound (i)(b) or (i)(c) in the presence
of component (C).

6. The lubricating oil additive composition of claim | or 2, wherein the at least one

ether compound (B) is a polyether polyamine.
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a polyether polyamine, a polyether amino alcohol, a polyether amino thiol,
and a polyether polyol. 3. The lubricating oil additive composition of claim
1 or 2, wherein the at least one 15 aliphatic compound has one functional
group capable of reacting with a monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof. 4. The lubricating oil additive
composition of claim | or 2, wherein the at least one 20 aliphatic

compoundyina$ Recaas; Caf fHOCIORM B4R @B@p}?ﬁow&é}gmg}evﬂgpy%ther

monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or
ester therd®FY8 e JirRiaan g tieeon pbsmoncethalkplsaonnit

claims | 10iAd MIRERH) dBrE RO HBE alou (D RO CORENMRIHR, OF
copolymer (ii) or both are contacted with the non-free radical catalyzed
reaction product of compound (i)(a) and compound (i)(b) or (i)(c) in the

spregence PhERBROIRIR (F:d8i Jhebipsating of @MtWﬁ@m%Ei%@tkﬂem
claim | or 2, wherein the at least one 30 ether compound (B) is a

polyether FENERNMEXEALY s R BHERERY BNca BHINE EERIBESHbN of claim

6, wherein the polyether polyamine is a polyoxyalkylene diamine wherein

eacl? aljie he upitingdividddiliy containsifran Alayub2etofaboutss carhovherein the
atoms. 5 8. The lubricating oil additive composition of claim 7 wherein the
oxyalkyksfielymeles cipokyatiyidne or oxypropylene, or mixtures thereof.

10

9. The lubricating oil additive composition of any one of claims 1 to 4, .

wherinrien SPRAMBEE IS RORALDRHLEi kR %?_alfsr!&'%@‘e??tmg 9@&&{(’&&%@4@ the

composition of any one of claims 1 to 4, wherein

he copolymer is

copolyrmaghdiymti isldap dupticating oil additive composition of claim 10
wherein copolymer (ii) is

15

20

25

30

11.  The lubricating oil additive composition of claim 10 wherein copolymer (i1} is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene.

12. The lubricating oil additive composition of any one of claims I to 4, wherein the

copolymer is copolymer (1ii).

13. The lubricating oil additive composition of any one of claims 1 to 4, wherein the aliphatic

compound is an amino aliphatic compound.

14.  The lubricating oil additive composition of claim 13 wherein the amino
aliphatic compound is selected from the group consisting of aliphatic
monoamines, aliphatic diamines, aliphatic polyamines and polyalkylene

polyamines.

15.  The lubricating oil additive composition of claim 14 wherein the aliphatic

compound is an aliphatic diamine.
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15 polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene. 12. The lubricating oil additive composition
of any one of claims | to 4, wherein the copolymer is copolymer (iii). 20
13. The lubricating oil additive composition of any one of claims Ito 4,
wherein the aliphatic compound is an amino aliphatic compound. 14. The
lubricating oil additive composition of claim 13 wherein the amino 25

aliphtic caimpbimititisetatteidifoncheRroupconaising PEaIRRRTG aliphatic
monoamingf?i ali @H&g]i Ill?}/ S, aliphaéi& polyamines and polyalkylene .
polyamines. 1. The Iabricsting Bt Agdtivdasaing ditohehylamingpropylamine,
wherein th¥ &lidhatith3Greampeopglismaie alinhabieHiapse SRokfholiRe,
lubricating oil additive composition of claim 15 wherein the aliphatic
diamine is N,N-diethyl amino ethylamine, NN-diethyl amino propylamine,
3N, N-dimetAYieniiricagirapyibaditie ar doSraineptam, naerbRling i fifatic
The Iubric%gﬂg)&illn 1(éiitir\}/e0 0 goFition ?f 14, wherein the aliphatic
compound is an po yalﬂyl@n@.(ar:)r WERRE Y T8 e lubricating oil additive
composition of any one of claims | to 4, wherein compound (i)(b) of
copolymén¢ijubrpelyigablisddzi havingpasunher.ayeirgernalgcuial welght i, compound
(M") of 10 from about 112 to about 5000. 19. The lubricating oil addifive
composftigh of clainyi8mniesginliishumbeia dveragembelesdakWeightylar weight (M,) of
1g(M") is from about 500 to about 3000. 15 20. The lubricating oil additive
compositish dfaikir219 sbketéitOthe number average molecular weight
(M") is from about 1000 to about 2500 21. The lubricating oil additive
compositiogmof Ay Qpe of glaims. 1 to 4, wherein ()(a) is g, dicarboxylic
acid, anhy dride or ieste%fgf%gr%%?ﬁwe con’lp{)SI ion og cfzia)lm wlherelnt e number
average molecular weight (M,) is from about 500 to about 3000.

15 20.  The lubricating oil additive composition of claim 19 wherein the number

average molecular weight (M,) is from about 1000 to about 2500.

21. The lubricating oil additive composition of any one of claims I to 4, wherein (ifa)isa

dicarboxylic acid, anhydride or ester thereof.

20
22. The lubricating oil additive composition of claim 21 wherein wherein (1)a) is
maleic anhydride or ester thereof.
23. The lubricating oil additive composition of any one of claims | to 4, wherein the
25

monoolefin of (i)(c) is a 1-olefin.
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20 22. The lubricating oil additive composition of claim 21 wherein wherein
(i)(a) is maleic anhydride or ester thereof. 23. The lubricating oil additive
composition of any one of claims 1 to 4, wherein the 25 monoolefin of
()(e) is a 1-olefin. 56 24. A lubricating oil composition comprising a major
amount of an oil of lubricating viscosity and a minor amount of the
lubricating oil additive composition prepared by the process which
cothprised hebidertins ¢ canipestionsohthisiulowiniprapolyphefsn(iyibof
Copolxm%b@%ﬁ%gquégﬁﬁ fRdical capalymerzatnD Qb RAmROBE Ufitive
comprising: 10 (a) at least’'one monoethylenically unsaturated” C3-C28
monocarbRphe Hertpsereses théhe srosesEylCaB giaarbsRyRachag,
anhydride or ester thereof; (b) at least one I-olefin comprising about 2 to
40 carbon 15 atoms or at least one polyolefin comprising about 4 to 360
carbon atdrhs arideaviis &lidreninbe veescIgpeérizaie group in the form of
a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof; and 20
(c) at least one monoolefin compound which is copolymerizable with the
monomers of (afihnd (B apel iR ScbEBE b itfrafdin cordisnptetiosef
(1) an alkyl vinyl ether gnd-anallyl-alkyifer where the alkyl group is

hydroxyl, amino, dialkylamino
{a) at least one monoethylenically unsaturated
(3-Cas monocarboxylic acid or ester thereof, or

C4-Csyg dicarboxylic acid, anhydride or ester thereof;

(b} at least one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereol;, and

(c) at least one monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and is

selected from the group consisting of:

(n an alkyl vinyl ether and an allyl alkyl ether where
the alky! group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing from about 1 to about 40 carbon

atoms;

(2} an alkﬂ amine and an N-atkylamide of a

monoethylenically unsaturated mono- or
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or alkoxy substituted or is unsubstituted, and containing from about | to
about 40 carbon atoms; 30 (2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or 57 dicarboxylic acid of from
about 3 to about 10 carbon atoms where the alkyl substituent contains
from about | to about 40 carbon atoms; 5 (3) an N-vinylcarboxamide of
carboxylic acids of from about | to about 8 carbon atoms; (4) an N-vinyl
substituted nitrogen-containing hetbitetyetiz!sormisorindeanebaa (bicaabout

least one 1-olefin comprising about; [Q 40, ca¥h00 AUNS KL A a9 ent

polyolefin comprising about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in ngt?@éflﬁoﬁﬁ%ﬁh%hi/l?w#‘i’ﬂﬁéﬁélﬁien atoms;
alkyl vinylidene group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed in (i)(h); 20 (i)a
copolymer obtained by reaclilg coigduievinraamsenide ipsubermis) apds of

the presence of a free radical initiagQyy, i) & GoRCI¥BILIRAUMNCH: b 2)
reacting compound (i)(a) with compound (i)(b) or (i)(c) in a non-free radical
catalyzed 25 reaction in the presence of copolymer (i) or copolymer (ii) or

(4 an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5 at least one 1-olefin comprising about
2 to 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms
and having a terminal copolymerizable group in
the form of a vinyl, vinylidene or alkyl vinyhdene
group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed

in (1)(b);

(i1) a copolymer obtained by reacting compound (i)(a) and

compound(i)(b) in the presence of a free radical initiator;

(iii)  acopolymer obtained by (a) reacting compound (i)(a) with
compound (i)¥b) or (i}(c) in a non-free radical catalyzed
reaction in the presence of copolymer (i) or copolymer (i) or
both; or by (b) contacting copolymer (i) or copolymer (i1) or
both with the non-free radical catalyzed reaction product of

compound (i){a) and compound (i)(b) or (i}{c); with

(B)  at least one ether compound capable of being reacted with at least two
monocarboxylic acids or esters thereof, or with at least two

dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof;
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both; or by (b) contacting copolymer (i) or copolymer (ii) or both with the
non-free radical catalyzed reaction product of compound (i)(a) and
compound (i)(b) or (i)(c); with 30 (B) at least one ether compound capable
of being reacted with at least two monocarboxylic acids or esters thereof,
or with at least two dicarboxylic acids, anhydrides or esters thereof, or
mixtures thereof; 58 (C) at least one aliphatic compound having at least

one functignal gﬁéw&sﬁaﬁé‘@l?pﬁgﬁ%@ﬂﬁo\dﬂﬁ Rl QB MRARAGAERBXN]IGroup
acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof, 5

25. The lubricatiftPBNESisastiih BrRiails 34 SWhBIRIRHE DB SEisher ester

ether compoundi&ids, selgeiad Jram:the dromp aamnsisioean &thar
polyamine, a polyether polyamine, a polyether amino alcohol, a polyether

amino thiol, and a polyether polyol. 10 26. The lubricating oil composition

5 of dgim 241 12brivintel bshaldsashiie RiiRh24iGyEenRaUB dt1ass0bke ether

functional group capable of reacting with a monocarbgxylic acid or ester

thereof, oF BBk cielealsd HRtele; SQup tARRIGHNEsD #ihpggolyamine, a
lubricating,ely smeinnsition of claishher 2ainuhassibtheRleastoiino thiol, and a

aliphatic compound has more than one functional group capable of
reacting Wit Z iiord¥8tboxylic acid or ester thereof, or dicarboxylic acid,

anhydride or ester thereof. 20 28. The lubricating oil composition of any

10 ONe K CRINREAIRRS oWBeHRIBsInAPPOMAr2 4iBHD), Saidrepnaly Mkl e aliphatic

copolymer (ii) or both are contacted with the non- free radical catalyzed

reaction p&d@ﬁﬁﬁm@(@ﬁﬂméﬁ(ﬂ)ﬁ@d}ﬁ%@m@dfl)(kac%g)ﬁﬁiﬂrathel
presence of component (C), 25 29. The lubyicating qil composition of claim
24 or 25, FHERSHRRSAAEEY O e e BrrEe b e TSP IS Aty aiHydae or ester

polyaminethereof.

15 27. The lubricating oil composition of claim 24 or 25, wherein the at least one aliphatic

compound has more than one functional group capable of reacting with a
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof.

20 28, The lubricating oil composition of any one of claims 24 to 27, wherein in copolymer
(i1i)(b), said copolymer (i) or copolymer (ii) or both are contacted with the non- free
radical catalyzed reaction product of compound (i)(a) and compound (i)(b) or (i}(c) in the

presence of component (C).

25 29. The lubricating oil composition of claim 24 or 25, wherein the at least one ether

compound (B) is a polyether polyamine,
30.  The lubricating oil composition of claim 29, wherein the polyether polyamine

is a polyoxyalkylene diamine wherein each alkylene unit individually contains

30 from about 2 1o about 5 carbon atoms.
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30. The lubricating oil composition of claim 29, wherein the polyether
polyamine is a polyoxyalkylene diamine wherein each alkylene unit
individually contains 30 from about 2 to about 5 carbon atoms. 59 31. The
lubricating oil composition of claim 30 wherein the oxyalkylene moiety is
oxyethylene or oxypropylene, or mixtures thereof. 32. The lubricating oil
composition of any one of claims 24 to 27, wherein the copolymeris 5
copalyment). 138ri ddie b eaine il GPARLSIHCTHOL AO% ARG 8IgFA8 moiety is
to 27, wherein the copolymer is copolymer (ii). 10 34. The lubricating oil
compositiSAYGHTHRT 83 AHEreRY BN MEF IFsthSHIPPIBSA, obtained by
the free radical catalyzed reaction of maleic anhydride and
polyispbufylene: 3a,J B8 NRHRANNG, Af SRMPRSHIN:Fhaty ey Of RlaiMShe copolymer is
24 to 27, wherein the copolymer is 15 copolymer (iii). 36. The lubricating
50il compggjtigmef any one of claims 24 to 27, wherein the aliphatic
compound is an amino aliphatic compound. 20 37. The lubricating oil
composition of claim 36 wherein the amino aliphatic compound is
selegtedifremuithiegraupi cansisingafdliphatic Mansamnpes 2dliphati€in the copolymer is
diamines, aliphatic polyamines and polyalkylene polyamines. 38. The
lubricatirgpeilyeempidsition of claim 37 wherein the aliphatic compound is
25 an aliphatic diamine. 39. The lubricating oil composition of claim 38

wherein the aljphatic diamine is N,N-diethyl amino ethylamine .
T gt e A R R b A BT
1,3-aminopstyBIBBorialined38 46 Theduhdsating pikaasapasitionnhidi,

wherein thﬁ‘ﬁljl;gggélgn%og?) }%lsj(r)'gugigge.polyalkylene polyamine.

35. The lubricating oil composition of any one of claims 24 to 27, wherein the copolymer is

15 copolymer (ii1).

16. The lubricating oil composition of any one of claims 24 to 27, wherein the aliphatic
compound is an amino aliphatic compound.
20 37.  The lubricating oil composition of claim 36 wherein the amino aliphatic

compound is selected from the group consisting of aliphatic monoamines,

aliphatic diamines, aliphatic polyamines and polyalkylene polyamines.

38.  The lubricating oil composition of ¢laim 37 wherein the aliphatic compound 1s
25 an aliphatic diamine,
39.  Thelubricating oil composition of claim 38 wherein the aliphatic diamine 1s

N,N-diethyl amino ethylamine, N,N-diethyl amino propylamine, N,N-
dimethyl amino propylamine or 1,3-aminopropyl morpheline.
30
40.  The lubricating 0il composition of 37, wherein the aliphatic compound is an

polyalkylene polyamine.
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60 41. The lubricating oil composition of any one of claims 24 to 27,

wherein compound (i)(b) of copolymer (i) is polyisobutene having a

number average molecular weight (M") of from about 112 to about 5000.

5 42. The lubricating oil composition of claim 41 wherein the number

average molecular weight (M") is from about 500 to about 3000. 43. The

lubricating oil composition of claim 42 wherein the number average 10

molecular weight (M") is from about 1000 to about 2500. 44. The

lubrigati 8'1%%%%%%&'Eﬂ%’&%@éﬁt‘?&%‘?“aﬁ?&{ﬂé FAR 2T WRSHINGUANIS @mpound (i)(b)

dicarboxylic acid, anhydride or ester thereof. 15 45. The lubricating oil

additiveo?95@8%@9Ti?fs%@ims%ﬁ%éﬁ%rﬂoi%@ Eﬁjﬂl@g%éﬁa@é%%cuiar weight (Mp) of from

anhydride or eSter thereof. 46. The lubricating oil composition of any one

of claimg, 24 10 27, ydagreinhe monoolefin of (i)(c) is a 1-olefin. 20 47. A
method of making a lubricating oil additive composition which comprises

reacting (A).at least one of the following copolymers: 25 (i) a copolymer
obrctfod bjﬁ%h‘gﬁaf’&ﬁ}%%&mﬁ‘é%ﬁf(c)ff’at‘:%‘n%ﬂ)dﬂé"ﬁ?é“c% aﬁg}haf. tugraee
at least onmohaneetivighically)up saiky ated 3D CE Grfimooocarboxylic

acid or ester thereof, or a Cg-C28 dicarboxylic acid, anhydride or ester

thereof; 61 (b) at least one 1-olefin comprising about 2 to 40 carbon
atom3.or aTledabacsipelydleimpempistigiabaul wherein the number average

10 molecular weight (M) is from about 1000 to about 2500.

44. The lubricating oil composition of any one of claims 24 to 27, wherein (1}{a)is a

dicarboxylic acid, anhydride or ester thercof.

15 45, The lubricating oil additive composition of claim 44 wherein wherein (i)(a) is

maleic anhydride or ester thereof.

46. The lubricating oil composition of any one of claims 24 to 27, wherein the monoolefin of

(i)c) is a 1-olefin.

20
47. A method of making a lubricating oil additive composition which comprises
reacting
(A)  atleast one of the following copolymers:
25 |
(i) a copolymer obtained by free radical copolymerization of
COmponents COMprising:
(a) at least one monocthylenically unsaturated
30 C3-Cyg monocarboxylic acid or ester thereof, ora

C4-Cog dicarbbxylic acid, anhydride or ester thereof;
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4 to 360 carbon atoms and having a terminal copolymerizable group in
the form of a vinyl, 5 vinylidene or alkyl vinylidene group or mixtures
thereof; and (c) at least one monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and 10 is selected from
the group consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino, dialkylamino or alkox

substituted or is 15 unéﬁbstit&b&f‘%ﬁﬂ'ﬁ&Fﬂ&iﬁiﬁ@“ﬁ?&?ﬁ%ﬁ?@é indlcagon

carbon atoms; (2) an alkyl amiggrans andsatodamideatdcomprising about
monoethylenically unsaturated mgono- or, 20 dicarboxylic acid of from

about 3 to about 10 carbon atorfs WhEFPHTAERY QbEatRA? Eomiams

from about 1 to about 40 carbaspatpmeiz4BlcandNvinyicarboxamidersd,
carboxylic acids of 25 from about]J fo abouétl?S carbg,ré atoms; (4) an
]

N-vinyl substituted nitrogen-cSMEIHRE Hetsrydid CoRT R MR O L ASE 8)
at least one 1-olefin comprisingeadgtitizito 40 carbon atoms or at least one
polyolefin comprising about 4 to about 360 carbon atoms 62 and having
a terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl
vinylidene group or mixwires thekeef gpeovisiethlefin compound which is

copolymerizable with the monomers ¢f (a) and (b) and

is selected from the group consisting of:

(1 an alky! vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing from about

1 to about 40 carbon atoms;

(2) an alky! amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about
10 carbon atoms where the alkyl substituent

contains from about 1 to about 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids of

from about 1 to about 8 carbon atoms;

(4 an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5) at east one 1-olefin comprising about
2 10 40 carbon atoms or at least one polyolefin

comprising about 4 to about 360 carbon atoms
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that the olefin employed is not the same as the 5 olefin employed in (i)(b);

(iif) a copolymer obtained by reacting compound (i)(a) and

compound(i)(h) in the presence of a free radical initiator; 10 (iii) a

copolymer obtained by (a) reacting compound (i)(a) with compound (i)(b)

or (i)(c) in a non-free radical catalyzed reaction in the presence of

copolymer (i) or copolymer (ii) or both; or by (b) contacting copolymer (i) )
or copolymer (i) or both with the noAMRd& YHicalceRiaRlZAaPrbdRgrRRbIe group in

product of 15 compound (i)(a) and comRAHNGrH (RLAr (HEkdMith Bl
least one ether compound capable of being reacted with at least two _ _
monocarboxylic acids or esters theref$iditheae 1oLt B uEre Abesafligrovided

acids, anhydrides or esters thereof, gxnixtusesithergnb28 (SRt IRaShe as the
one aliphatic compound having at least one functional group capable of

reacting with at least one monocarbd¥§tie seraleresiaiBreof, or
dicarboxylic acid, anhydride or ester thereof. 48. The method of making
the lubricating oil additive composition of claim 47, 25 wherein in
copolymer (iif)(b}/'Baid &SPBHRRT (A 5HBEHBI FF (1F SPBBEAF (=) and
contacted with the nondsag sadifa)catialyzegreeadiiosr aradeeidital initiator;
compound (i)(a) and compound (i)(b) or (i)(c) in the presence of
component (C). 30 49. A method of improving soot dispeisancy or sludge
dispersancy or gy in arojisrnal combuation engingiwhicmpomiarsrs) with
operating the engine with the lubricating il composition comprisin
mpajor argount ofgoil of IERARANRAY (’é@/%gc O}.(ﬁ\} rﬁ)ﬁ%ﬁi‘ééﬁr@g} frﬁ%%ﬁ%fl
the lubricating oil additixaGempeSidasedralaint dopodyAdBRICATINGer (ii) or
OIL ADDITIVE COMP(%gth(C))rI\kI)AJ})IE) e : ..

: y (b) contacting copolymer (i) or copolymer (i) or
both with the non-free radical catalyzed reaction product of

compound (ia} and compound (1){b) or (i)(c); with

(B)  at least one ether compound capable of being reacted with at least two
monocarboxylic acids or esters thercof, or with at least two
dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof;

(C)  at least one aliphatic compound having at least one functional group
capable of reacting with at least one monocarboxylic acid or ester

thercof, or dicarboxylic acid, anhydride or ester thereof.

48. The method of making the lubricating oil additive composition of claim 47,
wherein in copolymer (iii}(b), said copolymer (i) or copolymer (it) or both are
contacted with the non-free radical catalyzed reaction product of compound

(iX¥a) and compound (i){b) or (i)(c) in the presence of component (C).

49. A method of improving soot dispersancy or sludge dispersancy or both in an
internal combustion engine which comprises operating the engine with the

lubricating oil composition comprising a major amount of oil of lubricating
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METHOD OF MAKING THE SAME ABSTRACT OF THE DISCLOSURE

An oil-soluble lubricating oil additive composition prepared by the process

which comprises reacting a copolymer, with at least one ether compound

and with at least one aliphatic compound capable of reacting with at least

one monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride

or ester thereaf. i o _ . .
viscosity and an effective amount of the tubricating oil additive composition

of claim 1.
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A LUBRICATING OIL ADDITIVE COMPOSITION AND
: METHOD OF MAKING THE SAME

ABSTRACT OF THE DISCLOSURE

An oil-soluble lubricating oil additive composition prepared by the proéess which
comprises reacting a copolymer, with at least one ether compound and with at least
one aliphatic compound capable of reacting with at least one monocarboxylic acid or

ester thereof, or dicarboxylic acid, anhydride or ester thereof.
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