A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF MAKING TIIE 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
OF THE INVENTION 10 It is known to employ nitrogen containing dispersants and/or detergents in the
- formulation of lubricating oll comﬁositions. Many of the knowr} disg)ersant/detergent compounds are

based on the reaction of an AReHPRIEAAR LA ARRIHIEGAME CHAL Y HdRamine to produce

an alkenylsuccininiide or an alkenyl suggingmgacil M 83 detarpngd iyt selected conditions of
reaction. One problerri facing the lubricant manufacturer is dispersaney of particulate matter in

internal combustion engines. Failure to have adequate particulate matter dispersancy may result
inflter plugging, sludge accumulation, and BiEiHckenintE 28 UESCRPTION OF THE RELATED ART
Liu et al., U.S.fatent 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-dispershif: piewivitieendi o dispeatethto doived shstassmbindiion eonpdsing i a
polyisobutylene sugcipimide,(RHB SAD ARG (i) AR IME RS RERYISRE FUEANIBIGE P SAD).
Nalesnik, U.S. Patent No. 5,139,688, discloses an additive composition comprising an oxidized
ethylene copolymer or terpolyrner of a C3-Ci0O alpha-monoolefin and, 30 optionally, a non-conjugated

diene or triene which has been reactegwitit griormaldehydercompaungiand with an amino-aromatic
polyarnine compound. 1

1t is known to employ nitrogen containing dispersants and/or detergents in the
forsmulation of lubricating oll compositions. Many of the known dispersant/detergent
compounds are based on the reaction of an alkenylsuceinic acid or anhydride with an
amine or polyamine to produce an alkenylsuccinimide or an alkenyl succinamic acid
15 as determined by selected conditions of reaction. One problem facing the lubricant
manufacturer is dispersancy of particulate matter in internal combustion engines.
Failure to have adequate particulate matter dispersancy may resull in filter plugging,

shudge accumulation, and oil thickening.

20 DESCRIPTION OF THE RELATED ART

Livetal, U.5. Patent Mo. 6,117,825, discloses a lubricating il composition that
comprises a major amount of an oil of lubricating viscesily, and a minor amouni of a
synergistic combination of an antioxidant-dispersant additive and a dispersant

25 additive, said combination comprising: (i) a polyisobutylene succinimide (PIBSAD)

and (ii) an ethylene-propylene suceinimide (LEPSAD).

Nalesnik, U.S. Patent No. 5,139,688, discloses an additive composition comprising an
oxidized ethylene copolymer or terpolymer of a C3-Cyg alpha-monoolefin and,
30 optionally, a non-conjugated diene or triene which has been reacted with a

formaldelyde compound and with an amino-aromatic polyamine compound.



Gunther et al., U.S Patent No. 6,512,055, discloses a copolymer obtained by free radical
copolymerization of at least one monoethylenically unsaturated C4_ C6 dicarboxylic acid or anhydride
thereof, an oligomer, and one monoethylenically unsaturated compound. 5 Gunther et al., U.S Patent
No. 6,284,716, discloses a lubricating oil composition cqqrggésing a lubricant oil and a copolymer

obtained by free radRBFCEBIyRerRagBhNGT a1EREP drilisniorpetfnapirary abeieddied c4-Ce

dicarboxylic acid gr.ankyeride hisreah-af.al omRLsABRORG MBORYRItaRGalkwRsaiurated
compound, wherein the 10 copg;l{ymer is further reacted with an amine. Harrison et al., U.S. Patent No.
i

5,792,729, disclodes GsdispEreariteridniehaiids dipstrbiamabiscasshidsis®ss derived from the

terpolymers. The {gsReMehi A aiRed BiiresHiadisal. copolymerization of an unsaturated acidic
reagent, a 151 -olefin, and a 1,1 -disubstituted olefin in the presence of a free radical initiator. Barr et

al., U.S. Pateht No. 5,670,462, discloses a lubricating oil additive composition that is the reaction

product of (i) a copelymerizar aledirangt unsaturplodCaRREMMS AaratinghagenidnYuemes with a free
radical initiator and (ii) a succinimide prepared 20 from an acyclic hydrocarbyl substituted_succinic
acylating agent af@'BR3BK)& M@rmi@ﬁam@m%&%ﬁ%@wﬁ&w@%&ﬁ&ﬁelagpralﬁm&%@fﬂqs

prepared by reactitadepelyaatioanreondexlptintsagentgmier canditionsisisfidhataatieRste’S mole
% of the starting polyolefin is ,converted to the hydrocarhyl-substituted succinie acylating agent. 25

Harrison et al., U. S¢Balef RIGESHHE1289 6108 et Y opERiNSHEMY A HO SR Sntb R0 & turated

acidic reageny, folloyweishhy: ieactngrany.wareagiad palyalkene with the unsaturated acidic reagent at
elevated temperatures in the presence of a strong acid. 30 Chung et al., U.S. Patent Nos. 5,427,702
and 5,744,429, disclose a mixture of

Harrison et al., U.S. Patent No. 5,792,729, discloses a dispersant terpolymer
and polysuccinimide compositions derived from the terpolymers. The terpolymer
is obtained by free radical copolymerization of an unsaturated acidic reagent, a

15 1-olefin, and a 1,1-disubstituted olefin in the presence of a free radical initiator.

Barr et al., U.S. Patent No. 5,670,462, discloses a lubricating oil additive composition
that is the reaction product of (i) a copolymerized olefin and unsaturated carboxylic
acylating agent monomer with a free radical initiator and (i) a succinimide prepared
20 {from an acyclic hydrocarbyl substituted succinic acylating agent and a polyamine
wherein the hydrocarbyl substituted succinic acylating agent is prepared by reacting a
polyolefin and an acylating agent under conditions such that at least 75 mole % of the
starting polyolefin is converted to the hydrocarbyl-substituted succinic acylating
agent.
25
Harrison et al., U.S. Patent No. 6,451,920, discloses copolymerizing a polyalkene 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.

30 Chunget 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



"derivatized ethylene-alpha olefin copolymers, wherein functional groups are grafted onto the
copolymer. The funetionalized copolymer is mixed with at least one of an 2 amine, alcohol, including
polyol, amino alcohol etc. to form multi-functional viscosity index improver additive components.
Harrison et al., UsSifRaIREsiR ichidn ol e ciasies ARVHIIRO B ImahHRSAMMERISE Siasidi,
reactants and high molecular weight olefins wherein at least 20% of the total high molecular weight
olefin comprises m@élwwmﬂﬂ?&é‘rgé‘ﬁ‘é%ﬁ?ﬁmm&ﬁ*copolymers are useful as dispersants in lubricating
oils and fuels and also may be used to prepare polysuccinimides and other post-treated additives
useful in lubricating ojls and fuels. 10 SUMMARY OF THE INVENTION In one aspect, there is
provided an oil-solABIERB Rlatr g ofl stertitiRe Sdhtpoltidispleisarerysl coreprmersefwnsemsedprises

reacting 15 §A) atdrestanguat et lovwing:conrvasks ofd e nRnesqbiaingd;y fies Jggical

copolymerization of components comprising: 20 (a) at least one monoethylenically unsaturated C3

-C28 monocarboRB Betecyla et srmpases e rieuRricdsarisaRsy drislorcmsizmersreof; (b)
at least one 1-olefis GRRPHSMERRAUE AR BB AQMS P12 Bl A3SHADSPRAlRIBcamPrising

about 4 to 360 carbon atoms and having a terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyPWIREERB GGG PR RS TFRIRSAIURYes el indabTispingmpitvansifidampound

which is copolymerizable with the monomers of (a) and (b) and is selected from the group consisting

of.
10 SUMMARY OF THE INVENTION

In one aspect, there is provided an oil-soluble

lubricating oil additive composition prepared by the process which comprises reacting

15 (A)  atleast one of the following copolymers:

)] a copolymer obtained by free radical copolymerization of components

comprising:

20 (a) at least one monoethylenically unsaturated
C3-C23 monocarboxylic acid or ester thereof, or

C4-Cyg dicarboxylic acid, anhydride or ester thereof;

(b) at least one l-olefin comprising about 2 to 40 carbon atoms or
25 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

30 {c) at least one monoolefin compound which is copolymerizable

with the monomers of (a) and (b) and is selected from the group

consisting of:



3 (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 1 to about 40 carbon atoms; 5 (2)
an alkyl amine and an N-alkylamide of a monoethylenically unsaturated mono- or dicarboxylic acid of

from about 3 to about 10 carbon atong$whets she/bliybebsituenicaniaing fTematontird feabout 10
40 carbon atoms; (3) an N-vinyIcarboxamidsﬁﬁé’xarboxylsirjéaglirds f from a(gout | to about 8 carbon
atoms; 15 (4) an N-vinyl substituted nitroger2ean &M hRYEFEEy IR B Bat e e @)ak8sst one
1-olefin comprising about 2 to 40 carbon atogaBstin&ktbasiPReERIRHNLABRkGHEh 28@Rout 4 to
about 360 carbon atoms and having a terminal ¢ polymeriz&gle roup in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtu2$hé 8 Btb %H%ﬂ%ﬁﬁ@%leﬁn employed is not the
same as the 6lefin employed in (i)(b); 25 (ii) a copolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a frge radical initiator; (iii) @ copol r optained by (a) reacting
compound (i)(a) with compound 30 (i){B) or {f} Pﬁﬁgrﬂl(’}éﬁfé% EPC% 199&d feaction in the
presence 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

10 40 carbon atoms;

(3)  an N-vinylcarboxamide of carboxylic acids of from

about 1 to about § carbon atoms;

15 (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
20 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);

25
(1) acopolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical mitiator;
(i11)  acopolymer obtained by {(a) reacting compound (i)(a) with compound
30 (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence

of copolymer (i) or copoly?ner (ii) or both; or by (b) contacting

copolymer (1) or copolymer (ii) or both with the non-free radical



of copolymer (i) or copolymer (ii) or both; or by (b) contacting copolymer (i) or copolymer (ii) or both
with the non-free radical 4 catalyzed reaction product of compound (i)(a) and compound (i)(b) or (i)(c);

-wa;th (B) at least one ether co und, capable of being reacted with. 5eas two 5 mqngQcarboxylic
acids, or esters, thereof, or dicggr%%};(zﬁ?icrg% gn%%(/f é%q%{;cggngg}igg%{ﬁé é"(?ldt SRR MR Hof-and
(C) at least one aliphatic comp@l{p) eapable of reacting with at least one monocarboxylic acid or ester

thereof, or dicarboxylic acid, anhydride or ester thereof; 10 and (D) at least one aromatic compound
capable of reacting with at least one monocarboxylic acid or ester thereof; or dicarboxylic acid,

anhydride or este{Btheretleds sneastbthepmppant, tupeblis f beide deadisdrienling ledscamposition

comprising aqmajor amoynt of an oil .of lubticating viscgsity and g ,minor aynount of the lubricating oil
additive comggsition pre%g?ggaﬁ%’ él%raglcéassgrvviétlcsﬁ%&?gﬁgg%r%8@%?&%6&}‘55‘1 ARRYOEAES OF the
following copolymers: (i)eat&ys gudyent rootainedsibidreefradical copolymerization of components

comprising: 25 (a) at least one monoethylenically unsaturated C3-C23 monocarboxylic acid or ester
thereof, or C4-C28 dicarboxylic acid, anhydride or ester thereof, (b) at least one | -olefin comprising

about 2 to 40 carlfen 3Cebleasione slipbatt compoiyelefipabbefrisiegbaithhidea66marbon atoms and
having a terminal &8&8&%%8%??&%15 or ester thereof, or dicarboxylic acid, anhydride or ester thereof:
10  and '

()  atleast one aromatic compound capable of reacting with at least one

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

15

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

20 (A)  atleast one of the following copolymers:

(1) a copolymer obtained by free radical copolymerization of components

comprising:

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

C4-Cag dicarboxylic acid, anhydride or ester thereof:

(b)  atleast one l-olefin comprising about 2 to 40 carbon
30 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 alky! vinylidene
group or mixtures thereof, and

5



group in the form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof; and 5 (c) at least
one monoolefin compound which is copolymerizable with the monomers of (a) and (b) and is selected
from the group consisting of: 5 (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 1
to about 40 carbon atoms; 10 (2) an alkyl amine and an N-alkylamide of a_monoethylenically
unsaturated mono- or dicarboXilc adbig#sh8Rs Hnclefinersopawnd avbish dsanrolymerazable alkyl

substituent contains from about | to akgiy tﬂ@,ﬁ&%%%@@ﬁ&%%@ﬂ@{&@é@%ﬂﬂ@ﬁ&p

carboxylic acids of from about 1 to about 8 carbon atoms; 20 (4) an N-vinyl substituted
nitrogen-containing heterocyclic compeRitHRE(5) at least one 1-olefin comprising about 2 to 40
carbon atoms or at least one polyolefin comprising 25 about 4 to about 360 carbon atoms and having

a terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene groug) or
mixtures thereof, provided that the ol&kh enfR&sd mdrghst 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;

10

(2)  analkyl amine and an N-alkylamide of a

monoethylenically unsaturated mone- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where
the alkyl substituent contains from about 1 to about

15 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

20 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

25 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);

30

(i) a copolymer obtained by réacting compound (1)(a) and

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



same as the olefin employed in (i)(b); 30 (ii) a copolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical initiator; 6 (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 copdither @i eRPUEmer SPENGS) Byreianastingsempringd)(Bfopsheearremnst both
with the non-free radical 5 catalyagdsepian ng&fﬁ%gpmﬁa)rmggmmgo%g@@g or (i)(c);

with (B) at least one ether compound capable of being reacted with’at least two mondcarboxylic acids,
or esters, thereof, or dicarboxﬁf:%@ﬂ%@(ﬁﬁ&@?%g%fe@%ﬁ hedkeoF, Wt (hienastingreof;and (C) at

least one aliphatic compound eapalm & e aF RIS (RRSE BA%: FANBLARRAC Agid.gr ester
I

thereof, or dicarboxylic acid, anhydride or ester thereof; and 15 (D) at least one aromatic compound
capable of réacting with at Ieaﬁ%@%%@&%ﬂﬁ%@ﬁ%@ﬁmmmﬁm@@(&m,
anhydride or ester thereof. 20 gy ane#hgr aspect, there is provided a method of making a lubricating oil
additive composition which comprises reacting (A) at least one of the following copolymers: 25 (i) a
copolymer obtained by free radical copolymerization of components comprising: (a) at least one

monoethylenicallggynsaturatedat jeast one ether compound capable of being reacted with at least two

monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or

10 esters thereof, or mixtures thereof;and

(C)  atleast one aliphatic compound capable of reacting with at least one

monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof:
and |

15

(D)at least one aromatic compound capable of reacting with at least one

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

20

In another aspect, there is provided a method of making a lubricating oil additive composition

which comprises reacting

(A)  atleast one of the following copolymers:

25 @ a copolymer obtained by free radical copolymerization of components

comprising:

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

“30 C4-Cag dicarboxylic acid, anhydride or ester thereof’

(b)  atlecast one l-olefin comprising about 2 to
40 carbon atoms or at least one polyolefin comprising

5



"C3-C28 monocarboxylic acid or ester thereof, or 30 C4-C28 dicarboxylic acid, anhydride or ester
thereof; (b) at least one I-olefin comprising about 2 to 40 carbon atoms or at least one polyolefin
‘comprising 7 about 4 to 360 carbon atoms and having a terminal copolymerizable group in the form
of a vinyl, vinylidene or alkyl vinylidesisogrdup or mixiétesaihereaitimandnd (evaideastoneamonoolefin

compound which is copolymerizable with the monomers of (g) and (b) and.is selected from the group
consisting of. (1) an alkyl vinyl ether gﬁgorbﬁréﬁﬁﬁag%/fgé?ﬁgﬁé/aﬁgrgoféégfﬁ‘g ’d?gﬂlﬁg%nﬁﬁﬁroxyl,
amino, dialkylamino or alkoxy substitikgtvinididerstbstiipted rartesniairivl) 4/@dm about 1 to about 40

carbon atoms; (2) an alkyl amine and an N-alkylamide of a 15 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 at¢ens; 26k (S3saoid-wioplssiiinxasnigewidcsiticix yicaeibsmetifzabie about 1
to about 8 carbon atoms; (4) an N-vinyl stituted nitrogen-contajning,heterocyclic compound; and
25 (5) at least one 1-olefin comprisiné}é]a%g%? FaG %rgrgg@%%%@%@gq f&ggiegneé &ﬂ%%%ﬁr E’gﬁprising

consisting of:

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

about 1 to about 40 carbon atoms;

) an alkyl amine and an N-alkylamide of a
15 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;

20 (3)  an N-vinylcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

(4 an N-vinyl substituted mirogen-containing heterocyclic

compound; and

25
(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,
30 ~ vinylidene or alkyl vinylidene group or mixtures

thereof, prdyided that the olefin employed is not the

same as the olefin employed in (i1)(b);



about 4 to about 360 carbon atoms and having a terminal copolymerizable group in the form of a
vinyl, 30 vinylidene or alkyl vinylidene group or mixtures thereof, provided that the olefin employed is
not the same as the olefin employed in (i)(b); 8 (ii) a copolymer obtained by reacting compound (i)(a)

and compound(i)(b) in the pres, -radical initiator; (il er gbtained by (a) reacting
compound (i)(a) with co%ou%ﬁ&m%g%%ga r?oﬂr%géégé%gg?}ﬁﬁgwqua%gacﬂon in the presence
of copolymer (i) or copolymer ¢iyosad{)or)ay (k) prastactnef bpelyadizalilndtiatopolymer (i) 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 diddiboxylkcaelimenshiainebbofz exseetinbemopomth{imesithewofamd (C) at
least one aliphatic compound g reacking wih hoxylic acid or ester
thereof, or dicarboxylic acid, agm?gdleéscgr?e_ster thereo%?%g?%g@%g%%g%%%éﬁ% [ rc‘:acs)?ﬁcﬁ)%und
capable of reacting with at leasf eprolsoeiddheberplidyacid Gh @stbetcreby, (v dimasborylic acid,

anhydride or ester thereof. In %%@ﬁp&%}m%@m\pﬁ%ﬁ %%twgho&{%rgﬁ%gr%%%agispersancy in
e e [ubrica

an internal combustion engine which corriprises operati e engine wit ricating oll
composition comprising a majéptalredncastion sredbatatingmissesifidatean affaptivedaidint of the
lubricating oil additive compoﬂsi@jl; 35lescribed above.

(B) at least 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
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof}

and

(D}at least one aromatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester

thereof.

In one aspect, there is provided a method of improving soot dispersancy in an internal combustion
engine which comprises operating the engine with the lubricating oil composition comprising a major
amount of oil of lubricating viscosity and an effective amount of the lubricating oil additive

composition as described above.



9 Accordingly, the present disclosure relates to multi-functional lubricating oil additives which are
useful as dispersants in an internal combustion engine. DETAILED DESCRIPTION OF THE
INVENTION While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments.is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling withFPTHREYp e SRPERGHEcsE TRARI LR RGEaNs R SRiBa IR YLIRSs. 9a Definitions
The follawinrg tesrisfised Witkihadaserftiemiesafnedas aydhe. 5 The term "PIB" is an abbreviation
for polyisobutene. The term "PIBSA" is an abbreviation for polyisobutenyl or polyisobutyl succinic
anhydride. 10 The term "polyPIBSA" refers to a class of copolymers employed within the scope of the
present invention whiclD@BAIDFNYDESS BEPOISODIREIER R dEnargeéhylenically unsaturated
C3-C28 monocarboxylic acid or ester thereof, or a C4-C28 dicarboxylic acid, anhydride or ester
thereof which have carboxyl groups, preferably succinic 15 groups, and polyisobutyl groups. The
preferredipoly RiBSAeigiancopalyemeibdd ipolyisebuteriiand onaleic ahbydnide fawing the general

formula:sge%i 162 e?n%gdiments thereof and are herein described in detail. It shouid be

understood, however, that the description herein of specific embodiments is not
intended to limit the invention to the particular forms disclosed, but on the contrary,
the intention is to cover all modifications, equivalents, and alternatives falling within

the spirit and scope of the invention as defined by the appended claims.



R1 R3 n 20 wherein n is one or greater; R,, R2, R3 and R4 are selected from hydrogen, methyl and
polyisobutyl having at least about 8 carbon atoms, preferably at least about 30 carbon atoms and
more preferably at least about 50 carbon atoms wherein either R, and R2 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 25 polyPIBSA copolymer may be alternating, block, or
random. 10 The tgem,igHgsinic group” refers to a group having the formula: OH II-C-C-W Iz HIIO
5 wherein W and Z are independently selected from the group consisting of --OH, --Cl, --O--alkyl or
taken together are --0-- to form a succinic anhydride group. The term "-- 0--alkyl" is meant to include

alkoxy of from abauyf!tmaket ¢ EARANRIAMS dessiprakiafome AUl de-gbout 8 carbon atoms. 10

The term "degree of polymerization" refers to the average number of repeating structural units in the
polymer chair. The term "terpolymer" refers to a polymer derived from the free radical

copolymerization ghatdgaspBymonamersedadhedienpiizesliRneefers to a monounsaturated olefin that
has the double bond in the
The term "PIBSA" 1s an abbreviation for polyisobutenyl or polyisobutyl succinic
anhydride.
10
The term "polyPIBSA" refers to a class of copolymers employed within the scope of
the present invention which are copolymers of polyisobutene and a monoethylenically
unsaturated C3-Czg monocarboxylic acid or ester thereof, or a C4-Cyg dicarboxylic
acid, anhydride or ester thereof which have carboxyl groups, preferably succinic
15 groups, and polyisobutyl groups. The preferred polyPIBSA is a copolymer of

polyisobutene and maleic anhydride having the general formula:

N7

Ry Rj

20 whereinn is one or greater; Ry, Ra, Ry and Ry are selected from hydrogen, methyl and
polyisobutyl having at least about 8 carbon atoms, preferably at least about 30 carbon
atoms and more preferably at least about 50 carbon atoms wherein either Ry and R»
are hydrogen and one of Ry and Ry 1s methy] and the other is polyisobutyl, or Ry and
Ry are hydrogen and one of Ry and R; is methyl and the other is polyisobutyl. The

25 polyPIBSA copolymer may be alternating, block, or random.



I-position. They can also be called alpha-olefins, and have the following structure: CHz = CHR 20
where R is the rest of the olefin molecule. The term "1,1-disubstituted olefin" refers to a disubstituted
olefin, also called a vinylidene olefin, that has the following structure: 25 CHz = CRS R6 11 wherein
R5 and R6 are the same or different, and constitute the rest of the olefin molecule. Preferably, either
R5 or R6 is a metI5gidtih, sHpkinisc2EtHBT Tfhtt forharaimbasieegiedrianiitunderstood in the art to
include many of the amide, imide, 5 etc. species which are also formed by the reaction of a succinic
anhydride with an amine. The predominant product, howeyer, is succinimide and this term has been
generally accepted as meaning the product of a reaction ofjan alkenyl- or alkyl- substituted succinic
acid or anhydride with an amine. Alkenyl or alkyl s_u_ccgﬂ_l_rp_l es are disclosed in numerous references
and are well known in the art. Certain 10 fundamentalitypes of succinimides and related materials
encompassed by the term of art "succinimide” are tayght in U.S. Patent Nos. 2,992,708; 3,018,291;
3,024,237; 3,100,673; 3,219,666; 3,172,892; and 3,242,74pB, the disclosures of which are hereby
incorporated by reference. 15 The term "polysuccinimide" gefers to the reaction product of a suecinic
group-containing copolymer with an amine. The term "alkenyl or alkylsuccinic acid derivative" refers to
a structure having the formula: 20 O

5 wherein W and Z are independently selected from the group consisting of --OH, --Cl,

--O--alkyl or taken together are --O-- to form a succinic anhydride group. The term "--
O--alkyl" is meant to include alkoxy of from about 1 to about 40 carbon atoms,

preferably from about 1 to about & carbon atoms.

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

structural units in the polymer chain.

The term "terpolymer” refers to a polymer derived from the free radical

copolymerization of at least 3 monomers.

15
The term "1-olefin” refers to a monounsaturated olefin that has the double bond in the
1-position. They can also be called alpha-olefins, and have the following structure:

CH, = CHR

20
where R is the rest of the olefin molecule.
The term "1,1-disubstituted olefin" refers to a disubstituted olefin, also called a
vinylidene olefin, that has the following structure:

25

CH2 = CRS R(,

11



HII R7-i-C-L HzC-i(-M O wherein R7 is selected from hydrogen, methyl and polyisobutyl having at
least about 8 carbon atoms, preferably at least about 30 carbon atoms and more preferably at least
25 about 50 carbon atoms; wherein L and M are independently selected from the group consisting of
--OH, --Cl, --O--alkyl or taken together are --0-- to form an alkenyl or alkylsuccinic anhydride group. 12

The term "alkylvinytiersaisr Rr 2edisbirg et ontéffereférond et Haviey efidhdolletiing
vinvlindene structuigi G FréteaByaiginG isaliod plahaibiisdatd. Bhasogrly has at least

about 5 carbon atoms, preferably about 30 carbon’ atoms, and’more preferably at least about 50
carbon atoms and R9 is lower alkyl of from about 1 to about 6 carbon atoms. 10 The term "soluble in

lubricating oil" refefg tqhe ablity afiamaterial o dligseive i gl M@e%&%m@gmr%%gons

such as lubricating oils or fuels in essentially all proportions. The term "high molecular weight ‘olefins"

refers to olefins (irffudRfgiporyhietizentes Slansd hathsgeasieiietd syesani anbuyodeuftbiont
molecular weight apg chaipdeRgithiadend: &ﬂlEP'ﬂB@J&Hb{&%@&QH&E Qﬁ%'mﬁ%ﬂ%&f Rayets.

Typically olefins having about 30 carbons or more suffice. The term "high molecular weight polyalky!"

refers to polyalkyl §e8eisd vretrmei At PO Rtcba arodesy bl suerrting ehanprbdusts pralkated having

such sufficient molg@lahied succinic acid or anhydride with an amine. Alkeny] or alkyl succinimides
are disclosed in nomerous references and are well known in the art, Certain
16 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,

15 The term "polysuccinimide"” refers to the reaction product of a succinic

group-containing copolymer with an amine.

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

formula:
20
G
A
Ry ci: Commmmn]
HoC———C——M
I
O

wherein Ry is selected from hydrogen, methyl and polyisobuty! having at least about 8

carbon atoms, preferably at least about 30 carbon atoms and more preferably at least
25 about 50 carbon atoms; wherein L and M are independently selected from the group

consisting of --OH, --Cl, --O--alkyl or taken together are --O-- to form an alkenyl or

alkylsuccinic anhydride group.

12



weight are soluble in lubricating oil. Typically these high molecular weight polyalkyl groups have at
least about 30 carbon atoms, preferably at least about 50 carbon atoms. These high molecular weight
polyalkyl groups may be derived from high molecular weight polyolefins. 25 The term "amino" refers to
-NR!ORI I wherein Rio and R,1 are independently hydrogen or a hydrocarbyl group. The term "alkyl"
refers to both strafgitiHRY"BlareHEddmsinoa kgkgisupdi WI@W‘t@rﬁW'r@\ﬁa@é@fwhﬁ’é&é@k@ alky!
groups having from a1 1Ry aRaLk SseakeR . atoms and includes primary, secondary and tertiary
alkyl groups. Typical lower alkyl groups include, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, t- butyl, n-pentyl, iso-pentyl, n-hexyl and the like. 5 The term "polyalkyl" refers to an
alkyl group that is generally derived from polyolefingwhich are polymers or copolymers of
mono-olefins, particularly 1-mono- olefins, such as gthylene, propylene, butylene, and the like.
Preferably, the mono- olefin employed will have fromtabout 2 to about 24 carbon atoms, and more 10
preferably, from about 3 to about 12 carbon atoms, e preferred mono-olefins include propylene,
butylene, particularly isobutylene, I-octene and | .Rreferred, polyolefins prepared from such
mono-olefins include polypropylene, polybutens; especially gédyisobutene. 15 The Lubricating Oil
Additive Composition One embodiment of the present invention is an oil-soluble lubricating oil additive
composition prepared by the process which comprises reacting 20 (A) at least one of the following
copolymers: wherein Ry is atkyl or substifuted alkyl. Ry generally has at least about 5 carbon

atoms, preferably about 30 carbon atoms, and more preferably at least about 50

carbon atoms and Ry is lower alkyl of from about 1 to about 6 carbon atoms.

10 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
15 olefins having a residual unsaturation) of sufficient molecular weight and chain length
to lend solubility in lubricating oil to their reaction products, Typically olefins having

about 30 carbons or more suffice.

The term "high molecular weight polyalkyl" refers to polyalkyl groups of sufficient
20 molecular weight such that the products prepared having such sufficient molecular

weight are soluble in lubricating oil. Typically these high molecular weight polyalkyl

groups have at least about 30 carbon atoms, preferably at least about 50 carbon atoms.

These high molecular weight polyalkyl groups may be derived from high molecular

weight polyolefins.
25
The term "amino" refers to -NRgR 1) wherein Ryg and Ry are independently hydrogen
or a hydrocarbyl group.
The term "alkyl" refers to both straight- and branched-chain alkyl groups.
30

13



(i) a copolymer obtained by free radical copolymerization of components comprising: 25 (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 1-olefin comprising about 2 to 40 carbon

atoms or 30 at least one polyolefin comprising about 4 to 360 carhon atoms, and having a terminal
copolymerizable aar%?.urﬁri??t Y6t lﬁflar?ﬁ?@ﬁ%@mﬂ%’ﬁé‘% WW@AEFWH@ GG 8P k8 hereof:

and 14 (c) at leasiions madriaclediss gempeyRecwiahyvismbpatymesizableowih Theimonemerdiaf (a) and
(b) and is selected from the group consisting of: 5 (1) an alkyl vinyl ether and an allyl alkyl ether where
the 2kt oroun IEFSHT A D, CHERDIEnHF B SRSy 2Rt RSATPIE L
containing 1 to 4Gwutaihepeatelniiolf:(2) lan-bieyl amingedikkan N-alkylamide of a monoethylenically
unsaturated mono- or dicarboxylie acid of 3 to 10 carbon atoms where the alkyl substituent contains

1 to 40 carbon atoms; 15 (3) an N-vinylcarboxamide of carboxylic acids of | to 8 carbon atoms;
The term "polyalkyl" refers to an alkyl group that is generally derived from

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

10 preferably, from about 3 to about 12 carbon atoms. More preferred mono-olefins
include propylene, butylene, particularly isobutylene, 1-octene and 1-decene.
Preferred, polyolefins prepared from such mono-olefins include polypropylene,

polybutene, especially polyisobutene.

15  The Lubricating Oil Additive Composition

One embodiment of the present invention is an oil-soluble lubricating oil additive

composition prepared by the process which comprises reacting

20 (A}  atleast one of the following copolymers:

(i} a copolymer obtained by free radical copolymerization of components

comprising:

25 (a) at least one monoethylenically unsaturated C;-Cag
monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic

acid, anhydride or ester thereof;

(b) at least one 1-olefin comprising about 2 to 40 carbon atoms or
30 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

14



(4) an N-vinyl substituted nitrogen-containing heterocyclic 20 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 25 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); 30 (ii) a copolymer obtained by reacting compound (i)(a) and compound(i)(b)
in the presence of a free radicajdnitiaterekbt @ikarcopeolyficeobisinad Wyith)iserekinaeimasand (i)(a)
with compound (i)(b) or (i)(c) in a non-free radical catalyzed reactian in the presence of copolymer (i)
or copolymer (ii) or both; or by (b) conY‘éngiﬂbe @888@%%?%@3?8&;8%8?% 5 tﬁ%ﬁhﬁ]@ﬂ -free
radical 5 catalyzed reaction product oteatizgagnrd: (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 dicarboxylic acids, 10 anhydrides or esters thereof, or mixtures thereof; and (C) at least one
aliphatic compound capable of reacting with at lekgl ving! mbniacatbhaxylid aikid! etlestehtherrof, or

dicarboxylic acid, anhydride or ester ther'eof; nfl 15 1Di) t least one arom t'(f( om nound apable of
reacting with at least one monocarboxylic acﬁ@%r%&f&r ﬁ%?’gﬁ?,?%?“ 3%5?8&?}?&(:@ ) grﬂﬁﬁﬁﬁ or ester
- substituted or is unsubstituted, and contaming 1 to 40
carbon atoms;
10
(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
acid of 3 to 10 carbon atoms where the atkyl substituent
contains 1 to 40 carbon atoms;
15
(3)  an N-vinylcarboxamide of carboxylic acids of 1 to

8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing heterocyclic

20 compound; and

(5)  atleast one l-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

25 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 mn (i)(b);

30 (1i) a copolymer obtained by reacting compound (i)(a) and compound{(i}(h)

in the presence of a free radical initiator;

15



thereof. 20 Copolymer (i) () The Monoethylenically Unsaturated Monocarboxylic Acid or Ester
Thereof or Dicarboxylic Acid, Anhydride or Ester Thereof 25 In the present invention, at least one
monoethylenically unsaturated C3-C28 monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic
acid, anhydride or ester _tthereof is used to prepare the copolymers of copolymer (i). Preferably the at
least one monoethyleni€&ly uft r %t-@‘?%drh% %ﬁ%iﬁoﬁ%ﬁ’&‘ﬁ? (:QE)tW BIEE¥C28 30
dicarboxylic acid, anhydride or @gtgroihgyeohisaa dicadeaxyicahcidaanby deide o Bslies pieeseed. 16 The
general formula of the preferred .dicar%ox lic.acid, anhydride. or ester thereof is as follows: O O j X X
5 wherein X and X' are the sané $P8 &%‘n&‘) SFSARRT A Qa2 Bner HESEARIEE group that is
capable of reacting to esterify algshigisefoinordoidesauramjne safiswiilnthamenofia erdamines, form
metal salts wijth reactive metals or basically reacting metal compo r@ and otherwise, f ion as
acylating agehts. Typically, X a(‘r%?gf’zf(dc IEACUY BIGIug 8?83%9%?#, @L%&P@W%ﬁg@iﬂfs one
equivalent of a metal, ammoniyi©t afdine cation, --NI12, --Cl, --Br, and taken together X and X' can be
-- 0-- so as to form an anhydride. Preferably X and X are such that both carboxylic functions can enter
into acylation reactions. Maleic anhydride is a preferred reactant.

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

10 anhydrides or esters thereof, or mixtures thereof; and

(C)  at least one aliphatic compound capable of reacting with at least one

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

and
15
(D)  atleast one aromatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester
thereof.
20
Copolymer (i)
(a) The Monoethylenically Unsaturated Monocarboxylic Acid or Ester Thereof or
Dicarboxylic Acid, Anhydrnide or Ester Thereol
25

In the present invention, at least one monoethylenically unsaturated Ci-Cog
monocarboxylic acid or ester thereof, or C4-Csg dicarboxylic acid, anhydride or ester
thereof is used to prepare the copolymers of copolymer (1). Preferably the at least one
monoethylenically unsaturated C;-C,g monocarboxylic acid or ester thereof, or C4-Cag
30 dicarboxylic acid, anhydride or ester thereof is a dicarboxylic acid, anhydride or ester

thereof.

16



Other suitable reactants include electron-deficient olefins such as monophenyl maleic 15 anhydride;
monomethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro and difluoro maleic anhydride;
N-phenylmaleimide and other substituted maleimides, isomaleimides; fumaric acid, maleic acid, alky!l
hydrogen maleates and fumarates, dialkyl fumarates and maleates, fumaronilic acids and maleanic
acids; and maleohRfigeaa! Asmaibnnt i prristrdslisrioronersitb Pty drdaRIfstahierrEIRAS
unsaturated dicarlgxyis-acids or anhydrides of from about 4 to 28 carbon atoms selected from the
group consisting of maleic acid, fumaric acid, itaconic acid, mesaconic acid, methylenemalonic acid,
citraconic acid, maleic anhydride, itaconic anhydride, citraconic anhydride and 25 methylenemalonic
anhydride and mixtures of these with one another, among which maleic anhydride is preferred. Other
suitable monomers are monoethylenic@l%saturated C, C73-monocarbo®ylic acids selected from

the group consisting of acrylic acid, methagrylic acid, 17 dimethacrylic a€id, ethylacrylic acid, erotonie
acid, allylacetic acid and vinylacetic acid, a §nwl}jﬁhgg@/§ucgrld
0 alky

ac thacrylic acid are preferred.
Another group of suitable monomers is C)?

esters of monoethylenecially 5 unsaturated
C3-C10 mono- or C4-C,() dicarboxylic acids such as ethyl acrylate, butyl. acrylate, 2-ethyl acrylate,

decyl acrylate, docedyl acrylate, loctadecyl acrylate and the esters of indusgtrial alcohol mixtures of
from about 14 to 28 carbon atoms, ethyl methacrylate, 2-ethylhexyl methacrylate, decyl methacrylate,
octadecyl methacrylate, monobutyl maleate, dibutyl maleate, monodecyl maleate, didodecyl maleate,

10 mO“OOCtadeCyWﬂ@r@F}??’aﬂﬂW&?&%@%ﬁ}gé‘%ﬁl'&%&er@y@ﬁd’eﬂ%@ LQeLphileiindhgresent

invention at least one 1-olefin comprising about 2 to 40 carbon atoms or
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' 1s --

10 OH, --O-hydrocarbyl, OM+ where M- represents one equivalent of a metal,
ammonium or amine cation, --NH,, --CI, --Br, and taken together X and X' can be --
O-- 50 as to form an anhydride. Preferably X and X' are such that both carboxylic
functions can enter into acylation reactions. Maleic anhydride is a preferred reactant.
Other suitable reactants include electron-deficient olefins such as monopheny! maleic

15 anhydride; monomethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro
and difluoro maleic anhydride; N-phenylmaleimide and other substituted maleimides,
isomaleimides; fumaric acid, maleic acid, atkyl hydrogen maleates and fumarates,
diatky! fumarates and maleates, fumaronilic acids and maleanic acids; and
maleonitrile and fumaronitrile.

20
Suitable monomers for (a) are monoethylenically unsaturated dicarboxylic acids or
anhydrides of from about 4 to 28 carbon atoms selected from the group consisting of
maleic acid, fumaric acid, itaconic acid, mesaconic acid, methylenemalonic acid,
citraconic acid, maleic anhydride, itaconic anhydride, citraconic anhydride and

25  methylenemalonic anhydride and mixtures of these with one another, among which

maleic anhydride is preferred.

Other suitable monomers are monoethylenically unsaturated C;-Cag-monocarboxylic

acids selected from the group consisting of acrylic acid, methacrylic acid,
17



15 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 employed. Suitable |
-olefins for preparing copolymer (i) comprise from about 2 to about 40 20 carbon atoms, preferably
from about 6 to about 30 carbon atoms, such as decene, dodecene, octadecene and mixtures of

C20-C24 -1-olefindiiiesoutiestich vy Hore dpreirnianpsiom! bibestic a4l apuindacstson atoms.

Preferably 1-0Iefirh%,iayla{ﬁt;,%rg,h@dgg&@gw%s,@gﬁ@@jgﬁg@dvy}@wpgm_ average molecular weights
in the range 100-4,500 or more are preferred, with molecular weights in the range of 200-2,000 25

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

Generally, these olgfiitrcranggtauaRK i AReUsA0 @ajbaratamass i iepetbneensource of

alpha olefins is the ethylene growth process whichegives even number carbon olefins. Another source

of olefins is by the'ditturBedion braiprre-Aefn v dicarPapnio griseseakay St wdaifetWa known
Ziegler catalyst. InigRlale30-elgfingAateasy phiainge Bydbd/isemeizaien Mainhavoiefingiquer a

suitable catalyst such as silica. Preferably, | -olefins_ from C6-C30 are used because these materials

are commercially FESETY RVAHSEIR ArehpbrinREhel TR AR dit4Bic® T plaRbEtE length of the
molecular tail, andiibgaelubility -eftifiaderpalymesinaonasipmseluentsdVibdidies o ilefinsymaay also be

employed. Suitable polyolefins for preparing copolymer (i) are polyolefins comprising about 4 to 5
2bouit 360 carbon U vth@@éeﬂ& O A BRSO saﬁ%o@@aﬁiﬁw@é?a ") of from

about 56 to about 5da0glmeL Exaneplesal ihese:dseydligosers of ethylene, of butene, including
isobutene, and of branched isomers of pentene, hexene, octene and of decene, the copolymerizable
terminal group of the oligomer being present in the form of a vinyl, vinylidene or alkylvinylidene group,
oligopropenes andHl0 oligapropdsgnrobitatesiefifrom about 9 to about 200 carbon atoms and in

particular
In the present invention at least one 1-olefin comprising 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 vinyl, vinylidene or alkyl vinylidene group 1s

employed.

Suitable 1-olefins for preparing copolymer (i) comprise from about 2 to about 40

20 carbon atoms, preferably from about 6 to about 30 cafbon atoms, such as decene,
dodecene, octadecene and mixtures of Cyp-Cay -1-0lefing and Cyy-Cog-1-olefins, more
preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
also known as alpha olefins, with number average molecular weights in the range
100-4,500 or more are preferred, with molecular weights in the range of 200-2,000

25 being more preferred. For example, alpha olefins obtained from the thermal cracking
of paraffin wax. Generally, these olefins range from about 5 to about 20 carbon atoms
in length. Another source of alpha olefins is the ethylene growth process which gives
even number carbon olefins. Another source of olefins is by the dimerization of alpha
olefins over an appropriate catalyst such as the well known Ziegler catalyst. Internal

30 olefins are easily obtained by the isomerization of alpha olefins over a suitable
catalyst such as silica. Preferably, 1 —oicﬁﬁs from Cs-Cip are used because these

materials are commercially readily available, and because they offer a desirable
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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 15 incorporated by reference. The molecular Wei%k:ts of the oligomers may

be determined in BkBRvEAHMISEHA M A balecpbrLAsE S sAlubddraphipetrRsBy Herizable

polyolefin that is rgagtRihyithligsunaaivraied BlOmes Bhdalsahositorractant are polymers
comprising a major amount of C2 -C8 mono-olefin, 20 e.g., ethylene, propylene, butylene, isobutylene

and pentene. These polymers can be homopolymers such as polyisobutylene as well as copolymers of

2 or more such olefinsueh s GnRAyMessfinetpeRemand piapyiens . bfyienprRid isehutyiene, etc.
The polyolefin polymer ysually contains flr;%rgn about 4 to about 360 carbon atoms, 25 although

preferably 8 t8 20840t SFORIE: AR HRESSRPEYEISK HoRS ABSTPEL 46480 MUY RS BEI§ Htoms.
Since the high malrgplaf iuightalefnscugad:ic prepate e copabyae st te pligsatdrsivyention are

generally mixtures of individual molecules.of different molecular 30, weights, indjvidual copolymer
molecules resuItin‘@ﬁ%«v/g’lbeeel‘?éJ Womﬁ\ﬂg% fﬁﬁg}g%‘ﬁ ﬁ’l‘@‘% %ﬁféﬂﬁ?ﬁgﬁQ@ﬁ{%ﬁ%W&rgﬁf?@%f
varying molecularsygightn8lsodeobdelres @ipetpabmaesineiesiieshawng difelgnrintadieag of

polymerization will be produced. 19 The copolymers of the present.invention haye an average degree
01 bolymerization BETSY SFiiei"BrEIchaity nolPLEBE 17F 6 SBL S0 aHE Rord ety

about 1.5 tolgbouslighpdsinthei Maso«l&imCGonpound.Bha poesarbinventirehiplpysiailleast one

monoolefn compoyndutich s copgiymerizabis Wit e Tonomers OL(E) e s s setecec

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
15 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; -Cy mono-olefin,
20 e.g., ethylene, propylene, butylene, iscbutylene and pentene. These polymers can be

homopolymers such as polyisobutylene 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,
25 although preferably 8 to 200 carbon atoms; and more preferably from about 12 to

about 175 carbon atoms.

Since the high molecular weight olefins used to prepare the copolymers of the present
invention are generally mixtures of individual molecules of different molecular

30  weights, individual copolymer molecules resuliing will generally contain a mixture of
high molecular weight polyalky!l groups of varying molecular weight. Also, mixtures

of copolymer molecules having different degrees of polymerization will be produced.

19



10 (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 1 to about 40 carbon
atoms; 15 Suitable monomers include the following: vinyl and allyl alkyl ethers where the alkyl radical
is of about | to about 40 carbon atoms are also suitable, and the alkyl radical may carry further

substituents, suchl8€ FREEXEraATiS HRaRLIRTRBtINIRB ! EVEIABSIdegre MerlymsryrEamesf ethyl

vinyl ether, propylviyetiar Jeabiabivin, sther 12rethyiaexgovind siberprgsuMipyt&ther.godecyl
vinyl ether, octadecyl vinyl 20 ether, 2-(diethylyamino)cthyl vinyl ether, 2-(di-n-butylamino)ethyl vinyl
ether, and the cowlrgstﬁ SFHnginI 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 25 the alkyl substjtuent contains from about | to about 40 carbon atoms; Another group of
monomers compri§és Ci-CaMaRIrARMAELIMPEIdC40 -N- alkylamides of monoethylenically
unsaturated C3 -CIO -mono- or dicarboxylic acids, such as dimeihylaminoethyl acrylate,
diethylaminoethyl acrylate, 30 dibutylaminoethyl methacrylate, acrylamide, methacrylamide,

N-tert-butylacrylamitfeP NEGEISANAEHATABIONSNE [eRstiene SRReRIED ORISR Bt Eylamide and N-

octadecylmethacrylgpmiciaeA2a63) aniiNdvinylsashexastidy shearhaxylic asidsaffranabgud to about 8
carbon atoms; 5 Another group of monomers includes the following: N-vinylcarboxamides of

carboxylic acids of PR 1 to about 8 carbon atoms, such as N-vinylformamide,

N-vinyl-N-méthylformamide, N-vinylacetamide, N-vinyl-N-methylacetramide, N-
vinyl-N-ethylacetamide, N-vinyl-N-methylpropjonamide and N-vinylpropjongmide. .
y y H]) an alkyl vmy?et ee an% an ally aliy?e%er v%f/h%re Ft)'he a yi group is hydroxyl,
amino, dialkylamino or alkoxy substituted or is unsubstituted, and containing

from about 1 to about 40 carbon atoms;

15 Suitable monomers include the following: vinyl and allyl alkyl ethers where the alkyl
radical i1s of about 1 to about 40 carbon atoms are also suitable, and the alky! radical
may carry further substituents, such as hydroxyl, amino, dialkyamino or alkoxy.”
Examples are methy! vinyl ether, ethyl viny! ether, propyl vinyl ether, isobutyl viny}
ether, 2-ethylhexyl vinyl ether, decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl

20 ether, 2-(diethylyamino)ethy! 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

25 the alkyl substituent contains from about 1 to about 40 carbon atoms;

Another group of monomers comprises C;-Cy alkyl amines and C;-Cyo
~-N- alkylamides of monoethylenically unsaturated Cy -Cyp -mono- or dicarboxylic
acids, such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,

30 dibutylaminoethyl methacrylate, acrylamide, methacrylamide, N-tert-butylacrylamide,
N-octylacrylamide, N,N' —dibutyiacryiaillide, N-dodecylmethacrylamide and N-

octadecylmethacrylamide.
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10 (4) an 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. 15 (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 20 the
same as the olefin.emplo ?gl %62 Suitahle |ns com ébout %to 40 ca bon toms
preferably from abolt 8 f‘d\‘/ OB 58 RIS § (B@H‘ﬁsa Od%& RBHE 8 é’b‘é SREPSR
mixtures of C20-C24 -lapdediys and C24-C28-1-olefins. Preferably | -olefins, which are also known as
alpha 25 olefj ith humber average molecuriar we N ther ge of from about 28 to about 560
are preferred; wﬂ% gﬁﬁfg}%gf ?gl?ﬁnﬁ{@% E;%e%]l% %Bgaﬁg 1Y BE élﬁé more
preferred. For exambhagyad@hadﬂeﬁrfﬁ)ﬁbﬁam&d froabdhne Shetbal a@ﬁ&iﬂ;lﬁlg:bhpwaﬁﬂyl\ﬂaihmy!@e
employed. Gener?; Fﬁﬁ flq? ran abo t 5t0 a Ptl) # ég s |n Ien& . Another
source of alpha o efing s t %?X/ é’ﬁlg tﬁ"ﬁr‘( SEEERR B%F%g]’ olefins.
Another source oﬁzuigl‘mbaﬁl)bgcmmdmadmhgh@m@ﬂ@@eﬂwmﬂm@mm@yi@mmmﬁﬂryﬁﬁsuch as
the well known Ziegler catalyst. Internal olefins are easily obtained by the isomerization of alpha
olefins over a suitable catalyst such as silica. Preferably, 1-olefins from C10-C30 21 are used because
these materidls afd )comanerGially reddily avdibdtindecanditetauge theycpifer @tpsivabledbalaace of the
length of the moIeCL(J)IarE[} il and the $9 ualllty(hof r“e terpo mer in non Ia(E olvents. I\/I_|xtures of
olefins are also stitabte. repara ion 0 opo mer )(]}E yhcompoun mtrogen
containing heterocyles, such as N-vinylimidazole, N-vinylmethylimidazole, N-

vinylpyrrolidone and N-vinylcaprolactam.

15
(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
20 the same as the olefin employed 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 Cyg-Cas
-1-olefins and Cy4-Cys -1-0lefins. Preferably 1-olefins, which are also known as alpha
25 olefins, 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 preferred. For example, alpha olefins obtained from the thermal
cracking of paraffin wax may be employed. Generally, these olefins range from about
5 to about 20 carbon atoms in length. Another source of alpha olefins is the ethylene
30 growth process which gives even number carbon olefins. Another source of olefins is
by the dimerization of alpha olefins over én appropriate catalyst such as the well
known Ziegler catalyst. Internal oletins are casily obtained by the isomerization of
alpha olefins over a suitable catalyst such as silica. Preferably, 1-olefins from Cj-Cig
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Copolymer reactant (i) may be prepared from well known methods which are described in the art
including, but not limited to, those methods which are disclosed in the following patents, which are
herein incorporated by reference: Harrison et al., 10 U.S. Patent No. 5,792,729; Gunther et al., U.S.
Patent No. 6,284,716; and Gunther et al., U.S. Patent No. 6,512,055. In one embodiment of the
present invention¥5e'esshbsoaves Haesstaintssidlyar snBmpr dalrirradiiviiiigl e AvdIPRtansT Hezse
terpolymers are compased;pb R8sIeNE Ak LadMPpomers dRLIR(GhASHEIREREIHGSBr dypically,

the terpolymers of this invention contain at least one monomer from each group (a) to (c). In general,
these componentSTRAXN 18rRPIEREIyRTEFRtVIMERTBES pEOolehrroprtalisoTyHdNS-or alternating
terpolymers or block terpolymers and can be 20 prepared by known procedures for making
copolymers. Additionally, it is possible to form a small percentage of copolymers which are composed
of monomers’(a) AREPET AR SWEMEE () and (c). 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. Component (b), the 1-olefin or polyolefin, is 25 preferably polybutene.

Component (c), @ RIOHBCHRSARLR Ghchas By Premaesst SR e idene eortsHings oHrBBEuL 12 to 18

carbon atoms. The:slegeietiRolymetization Kiithe: IS NS SR MR QVRHR NS JABERed in
Preferably, the degree of polymerizationis from about 2 to about 10. In general, 30 terpolymer degree

of polymerization Y& PLQSARERARRL, SKAGR AR BT o HRF R R sl B cs D N S Rimerization s
conducted ing¢he preseacaiofa. syiahte freesiasical inilials. FRxammesofssuitablgnaalymerdzation

initiators are peroxéd;cogpounﬂg, uch as_tertbutyl perpivalate, tertbutyl perneocecanoate,
tert-butylperethyifexahdata iR uér @Bﬁoutyrate, di-tert-butyl peroxide, di-tert-amyl peroxide,
diacetyl _
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

15 monomers (a) to (c) 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 |

20 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. Component (b), the 1-olefin or polyolefin, is

25  preferably polybutene. Component (¢), the mono-olefin, is preferably a linear alpha

olefin containing from about 12 to 18 carbon atoms.

The degree of polymerization of the terpolymers can vary over a wide range.
Preferably, the degree of polymerization is from about 2 to about 10. In general,
30 terpolymer degree of polymerization decreases as the polymerization temperature

increases.
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5 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 initiator is a peroxide type initiator, e.g., di(t-butyl)
peroxide, dicumyl peroxide or azo type initiator, e.g., isobutylnitrile type initiators. Procedures for
preparing poly | -OlBfifcEspoReHErRIeRds tonfiicisdimple paesssed swishblpiravadicslsatiass and
4,240,916, herebmaycagmmﬁmer fByane s RS SRS TosE M RoRIIUaRICANI b used to

prepare terpolymers. Both patents also describe a variety of initiators. Copolymer (i), wherein a

second olefin is efpRYEPHENIYal M dehuhRBRepresarede1 Ty paTs BPats; copolymer (ii)
which is describeg-hslRyn&REEAMIRE (B R ABAIPEF SRISIMaBLOLIE RIRSEH, Imyeptien, the

copolymer reactant is a 20 copolymer obtained Dy reacting (a) at least one monoethylenically
unsaturated C3-C2BORSKEtARSApbdieTalohastdic s, Braacaiepeaisamelicedid, anhydride

or ester thereof apdihlabipashane coRolnesizale polvmencampPsed phatleasks glefin molecules

of propene or of a branched 1-olefin of from about 4 to about 10 carbon atoms, having a number

average moleculafWghRpoB R ialeEmaAnAsabsoRresens os faablh Al i akmisperoxide

copolymerizable gi@uRmihe, 'O @f @iy paryigdenscanaliodinyidene oreppiinthepigsence of a
free radical initiatqr. Thus, preferred copolymers of the present invention are prepared by reacting a
"reactive” high mafeLH IR lGHY RARIIMORhI S dgH Sgaﬁé?ﬂmfmﬂgdtmla 18rFORPIEMEREabout

20% is in tha @Ikyleinytideme cRefgHATRN 8. Par2R&HRS KRR wlaereinoRE and &9 are an alkyl or
substituted alkyl of sufficient chain length to give the resulting molecule stability in lubricating oils and
fuels, thus R8 g eﬁggg{@pﬁégd&{y refererice in their entirety. Those procedures could be used to prepare

terpolymers. Both patents also describe a variety of initiators.

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

15  in the same manner as copolymer (ii) which 1s described below.
Copolymer (i1}

In another embodiment of the present invention, the copolymer reactant 1s a

20 copolymer obtained by reacting (a) at least one monoethylenically unsaturated Ci-Copg
monocarboxylic acid or ester thereof, or a C4-Csg 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 I-olefin of from about 4 to about 10 carbon
atoms, having a number average molecular weight M, of from about 112 to about

25 5000, and having a terminal copolymertizable group in the form of a vinyl, vinylidene

or alkyl vinylidene group in the presence of a free radical initiator.
Thus, preferred copolymers of the present invention are prepared by reacting a

"reactive” high molecular weight olefin in which a high proportion of unsaturation, at

30 least about 20% is in the alkylvinvlidene configuration, e.g.,
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5 least about 30 carbon atoms, preferably at least about 50 carbon atoms and R9 is a lower alkyl of
from about | to about 6 carbon atoms, with an unsaturated acidic reactant in the presence of a free
radical initiator. Typically, the copolymer product has alternating polyalkylene and sueeinic groups and
has an average degree of polymerization of 1 or greater. 10 The preferred copolymers (ii) of the
present invention have the general formula: W Z' ojC iz R4 C-C CC kHH R1 R3n 15 wherein W'
and Z' are independently selected from the group cpnsisting of --OH, --0- -alkyl or taken together are
--0-- to form a succinic anhydride group, n is one otriigreater; and Ri, R2, R3 and R4 are selected from
hydrogen, alkyl of from about | to about 40 carbos ato and high molecular weight polyalkyl wherein
either R, and R2 20 are hydrogen and one of R3 and R4 istgwer alkyl having from about | to about 6
carbon atoms and the other is high molecular weight polyalkylg, or R3 and R4 are hydrogen and one of
R, and R2 is lower alkyl having from about | to 6 carbon atoms and the other is high molecular weight
polvalkyl. 24 Copolymen ) vRAs AN SRS REAANAAT: I BREIEL St SRRAA0L when
maleic anhydride Is used as the reactant, thie reaction produces copolymers predominately of the
following formula:the resulting molecule stability in lubricating oils and fuels, thus Rg generally has at

5 least about 30 carbon atoms, preferably at least about 50 carbon atoms and Ry isa
lower alky! of from about 1 to about 6 carbon atoms, with an unsaturated acidic
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.

10
The preferred copolymers (ii) of the present invention have the general
formula:
[
O:C\ /CEO Tz T4
C——C C—C
H H | l
Ri Ry
n
15

wherein W' and 7' 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
ereater; and Ry, Ry, R; 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;
20 are hydrogen and one of R; and R, is lower alkyl having from about 1 to about 6
carbon atoms and the other is high molecular weight polyalkyl, or Rz and R, are
hydrogen and one of R; and R; is lower alky! having from about I to 6 carbon atoms

and the other 1s high molecular weight polyalkyl.
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5000 IH R3 n wherein nis from about Ito 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 10 hydrogen, lower
alkyl of from about 1 to about 6 carbon atoms and higher molecular weight polyalkyl, wherein either R,
and R2 are hydrogen and one of R3 and R4 is lower alkyl having from about | to about 6 carbon
atoms and the othePROBRIRT tHbleanibe slsikpatipsiyane oF R8dMA R4 are hydrogen and one of R, and
R2 is lower alkyl and the other is high molecular weight polyalkyl. 15 Preferably, the high molecular
weight polyalkyl group has at least about 30 carbon atoms (more preferably at least about 50 carbon

atoms). Preferred W@ abiaed rpbadgrpbapspasisgd espisRAssrhecgrsupstiPreferred

polyisobutyl groupgatidHIeHRES ARIRGRIMPEIAYRRY miﬁcw%ooa%kgmﬁlﬁh&rzom about 500 to
about 20 5000, more preferably from about 900 to about 2500. Preferred lower alkyl groups include

methyl and etﬁyl; 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/25 sgmmei@jal materials well known to those skilled in the art.

are herein incorporated by reference for thei t%able polybutenes. 25 Preferably, 1, 1
iffe-a-high-motectia glat-otiC il in the terpolymer.

Preferably the 1,1-disubstituted olefin has a number av Mb of f}om bout 500 to about 5000.

One particularly useful 1,1-disubstituted

wherein n is from about 1 to about 100, preferably from about 2 to about 20, more
preferably from about 2 to about 10, and R, Ry, R; and Ry are selected from

10 hydrogen, lower alkyl of from about 1 to about 6 carbon atoms and higher molecular
weight polyalkyl, wherein either Ry and R, are hydrogen and one of R; 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 Ry are hydrogen and one of Ry and R, is lower
alkyl and the other is high molecular weight polyalkyl.

15
Preferably, the high molecular weight polyalkyl group has at least about 30 carbon
atoms {more preferably at least about 50 carben 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

20 5000, more preferably from about 900 to about 2500, Preferred lower alkyl groups

mnclude methy] 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

25 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.

25



olefin is a 1,1-disubstituted polyisobutylene, such as methylvinylidene 5 polyisobutylene. 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 that the resulting

composition is sofUBETPYnds leBishhstibitedrif fins ararsnd, R AahEhaacksyithe sl lidene

isomer of the higholpleeailanWwRiatheleicrritesssahicast ahow R0 ol e etk alatiber
composition. Preferably, the alkyl vinylidene isomer comprises at least 50%, ngore preferably at least
Rt f

70%, of the total GRS iR 2P8s b IRRbRUDP RIS SrFEY S eSS of

molecules havingogdifigigat malesibaimeinhisyaubeatchavaa Isastops/hrananper 6 carbon atoms
along the chain, preferably at least one branch per 4 carbon atoms along the chain, and particularly
preferred that theROBEaHANEGRe branch per 2 carbon atoms along the 20 chain. These branched
chain olefins may conveniently comprise polyalkenes prepared by the polymerization of olefins of from

about 3 to about § carbqn atoms, apd preferably, from olefins of from about 3 to about 4 carhon atoms,
i moro aroteral T B S R T NPT A8 SIS 1 DO PRSI E BRERCRSABISYbct arc
normally | -olefinsgrblag Btaceks dajvbe ebfaniahaublkcidaabalifk cbobhorTatohish motecZhausually of
>5/Ivin lidene isomer

comprises & meth g B IR SHTGr P bIATHOR) I W ST HE JBRR 0 The
gspec@ally pﬂ@ferr@d iﬂﬁibml@dq@ shigig h@@eﬁm mged;mmmgecﬂmpmtmiymems,}bfetheqmbsent
enton e POV SRS N RES A s b 20 LR OSSRt S
Suitable polyisobutiphaaditciuidetkose prefparediprises at least about 20% of the total olefin
composition. Preferably, the alkyl vinylidene isomer comprises at least 50%, more
preferably at least 70%, of the total olefin composition.
15
Such high molecular weight olefins are generally mixtures of molecules having
different 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 about one branch per 2 carbon atoms along the
20 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 I-olefins. The branch may be of from about 1 to about 4 carbon atoms, more

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

The preferred alkylvinylidene 1somer comprises a methyl- or ethylvinylidene isomer,

more preferably the methylvinylidene isomer.

30 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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26 using BF3 catalysis. The preparation of such polyisobutenes in which the methylvinylidene isomer
comprises a high percentage of the total composition is 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 procdS¥EiRESHBISL RSPETRBABAIE ST HEHIEPHS Harhidhthe.s. Patent No. 10

5,112,507, which igdigyrimniderRasatast bifeiesensdithiiscentingbs dihad eaatiosnpayitiencenducted at
a temperature of ﬁ%)ut -30C 1o about 210C, preferably from about 40C to about 160C. The degree of

polymerization is &SR G St tefnberatt @A &BPAiiGRy, for the preferred high molecular

weight 15 copolymers, it is advantageous to employ lower reaction temperatures. The reaction may be
conducted neat, that is, both th hi%pa'moleg lar weight olefin, acidic reactant and the free radical
initiator are cdmbi ’é@é’?ﬁﬁﬂ%”&ffﬁﬁ? figr a(Hz then stirred at the reaction temperature. 20 Alternatively,
the reaction may be conducted in a solvent. Suitable solvents include those in which the reactants

and free radical initiator are soluble and incjude acetone, tetrahydrofuran, chloroform, methylene
Chlorice, cichiorodt AR LT eCORORAME CLhi i Bas TSRS 5/ TRBTRS CAAEF AL Bhoton is
complete, volatile @bfrompanemismaxbeadstippedafit Whenpacselenifis feeptalied, iisapseferably

inert to the reactants and products formed and is generally ysed.in an amount sufficient to .ensure
eficent mixing. ARG AL PR ET E0P B SRS T LR AL 1Al o1 s fong
30 as the dill@nt doeR o7coniialnichastitlieotsphaitudtefesdendiiod e ireatadical polymerization, e.g.,
sulfur compounds, antioxidants and the like.

The reaction may be conducted at a temperature of about -30°C to about 210°C,

preferably from about 40°C to about 160°C. The degree of polymerization is inversely

proportional to temperature. Accordingly, for the preferred high molecular weight

15 copolymers, it is advantageous to employ lower reaction temperatures,

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.

20
Alternatively, the reaction may be conducted in a solvent. Suitable solvents inciude
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

25  components may be stripped off. When a solvent is employed, it is preferably nert 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

30 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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27 In general, the copolymerization can be-initiated by any free radical initiator. Such initiators are well
known in the art. However, the choice of free radical initiator may 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 petdRAEIRIpR RN RaNeAI7AIRGRERA Belisfga M BRiASRAICaHBIF N0 having

the general formulgiiRda QRRLR wheie R 1Ris@nRrgadicCtRAEa R Rd3risiisalaateddramithe group
consisting of hydrogen and any organic radical. Both R12 and R13 can be organic radicals, preferably

hydrocarbon, aryPGRESAShBICHIS reaigml mpHatife 4r%isEtithents such as halogens, etc. Preferred
peroxides include di-tert-butyl peroxide, dicumyl peroxide, and di-tert-amyl peroxide. 15 Examples of
other suitable pergxides, which in no way. are limiting, include benzoyl peroxide;.lauroy] peroxide;
other tertiary butyl PERRERS 55 anehiel RGeSt B D P CHAErb R EBimene
hydroperoxide; diae@tykpesoxisiepoaa Aydio peroxide; hdibypecaxytarbonats ke tharnduiyl
perbenzoate; and the . 20 Jiké? The azo-type compounds, typified by alpha,alpha’
-azobisisobutyroritAf& 8" 488 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 25 by organic radicals, at least qne af which is preferably attached to a tertiary carbon. Other
suitable 70 compO R AT ot ST AR SR B B AL Ao a8 borate:
p-tquldiazoaminobﬁ_riﬁglﬂﬁi gerranfoleriacRed@8niunhdrydRexidanpzopaatbant ahdrhhRpyikdiazonium
halides. A sultable et of 825 RS CAMBSHRTS S0 Rraioynd NSy Baient Na:BOBL A, fasyed

Rj3 can be organic radicals, preferably hydrocarbon, aryl, and acyl radicals, carrying,

if desired, substituents such as halogens, etc. Preferred peroxides rinclude di-tert-butyl

peroxide, dicumy! peroxide, and di-tert-amyl peroxide.

15
Examples of other suitable peroxides, which in no way are limiting, include benzoyl
peroxide; lauroyl peroxide; other tertiary buty! peroxides; 2,4-dichlorobenzoyl
peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;
acetyl hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the
20 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
25 by organic radicals, at least one of which 1s preferably attached to a tertiary carbon.
Other suitable azo compounds include, but are not limited to, p-
bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene; p-
bromobenzenediazonium hydroxide; azomethane and phenyldiazonium halides. A
suitable list of azo-type compounds can be found in U.S, Patent No. 2,551,813, issued
30 May 8, 1951 to Paul 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 used and the
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30 May 8, 1951 to Paul 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 used and the 28
reaction conditions. The usual concentrations of initiator are between 0.001:1 and 0.2:1 moles of

initiator per mole of agidic reactant, with preferred amaunts hetween 0.005:1 an 0:1.5 The

olymerivation (e BRI ISP EERIE KR O AOERO AL PR RIS o508 the desired

free-radicals. For @2ainmpdé:susingthaszes pelositiedscthardaitinteiiihecfoaci amtemparatusencan be

between about 75C Spcﬁn%%yt 0C, preferably between about 80C and about 85C higher and lower
e’e e

temperatures can %\ suitable broad range of temperatures being between about 20C
and 10 about 200C, with preferred temperatures between about 50C and about 150C. The reaction

pressure should bg sufficient.to maintain the solvent in the liquid phase. .Pr res can therefore vary
betneen abodt at LB o0 DY A GHer Cre i BRI ey EEiReRE reaul

in the substantiallyogomipletehcdeniridivecabdienBeithe ceaciplat anddighsndleetdaidweightolefin to

copolymer. The realcnon g%ge is suitable between o%e and 24 h ur&g@ﬁ&gﬁg&%@tlon times

r
iliator, cacil nge Sratule can pe between aboy L
between 2 and 10'hours. Aéhoted s ove, th&"su ject reaction’is a’s on-type polymerization

reaction. The highratalgdylaewveighttokafi)acidit ¥eactdnf(Sbiybat antlovtatomgarehedsraugin

together in any swtar%lem nnera'gpfeblrrgﬁprtantf tors ar intirp)aitg ontact ofthetE'@, mglecular

. . CHIPDIOVED, a SUlf range o MpCratures {WEEN abo 11 .
weight olefin and ac |cyreactan%|n he preseﬁce of a free-radical p oo?ucmg matefial. The reaction, for

example, cahlbe ebnaubetCnvathgicticsysteempdnanedhbe2é ¢righbmaledilarmkightioleiids 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 The reaction pressure should be sufficient to maintain the solvent in the liquid phase.

Pressures can therefore vary between about atmospheric and 100 psig or higher.

15 The reaction time is usually sufficient to result in the substantially complete
conversion of the acidic reactant and high molecular weight olefin to copolymer. The
reaction time is suitable between one and 24 hours, with preferred reaction times

between 2 and 10 hours.

20 Asnoted 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
25  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 intermuttently
ot continuously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and initiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction
30 mixture can be added continuously to a stirred reactor with continuous removal of a
portion of the product to a recovery train .or 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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orders; for example, acidic reactant and initiator may be added to high molecular weight olefin in the
reactor. In another manner, the components in the reaction 30 mixture can be added continuously to a
stirred reactor with continuous removal of a portion of the product to a recovery train or to other
reactors in series. In yet another manner, the reaction may be carried out in a batch process, wherein

the high molecul PG B Addrctemdually o vrdiraacidie HigtinR AamalstitaREdekst 29 and

the initiator are addeg gradusllivouglitidriol Rehieagtionaamalsessuilablictakenlacemrasiuar-type
reactor where theaiomponents are added at one or more points along the tube. 5 Copolymer (iii) In

one embodiment, %wmgp?eactam (iii) is obtained by 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 copolymeréi) or.copplymer. (ii) or both; or by (b) 10 contacting copolymer (i) or copolymer (ii) or both
with the non-free %géq@g'lgé%ﬁé%}éed reaction product of compound (i)(a) and compound (i)(b) or (i)(c).
Preparation of Copolymer (iii) 15 A process for the preparation of copolymer (iii) is described, for

example, in Harrison, et al., U.S. Patent No. 6,451,920, which is herein incorporated by reference in
o ontiety, In proUie SBE R HBVE AR A HHR IO, GNBREIY AR RO e, 20
i.e., the beta-vinylideractirgtadmpoise ol deadilycuitpdbedinioftvethgilgaicaliynsmsaturaiaciC3-C28

monocarboxylic acid or ester there.of,t or C4-C28 dicarbpxylic acid or an anh .c%r:i%e or este t% eof,
Under free radical ARSI LN BTSTRRCi0 S RO A GRBRLUREH oL B3R R RoBbosylic

acid or esterltherehact@4-€8] dieaiboxylicpaticher @) anbydridelothester-heseadidihdetathermal
conditions, i.e., at%g&%@%%gﬁ%{%? gg nf{ggpln%b&%g)lgn%% (’g?n %ggr% %?(%?ogﬂ)e(ﬁf conditions are similar to

Preparation of Copolymer (iii)

15 A process for the preparation of copolymer (iii) is described, for example, in Hairison,
et al., U.S. Patent No. 6,451,920, which is herein incorporated by reference in 1ts

entirety.

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

20 i.e., the beta-vinylidene, that do not react readily with the monoethylenically
unsaturated C;3-Cyg monocarboxylic acid or ester thereof, or C4-Csyg dicarboxylic acid
or an anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C;-Cyg monocarboxylic acid or ester thereof, or Cy-Cog
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at

25  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.

30 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
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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. 30 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 n cessary to dissolve idic reactant
ng a é hi fgﬂ 0 ght ?Hq S olve,the alg

and high molecul S Reigr RIS E3AD G EHIRTLRR Yr??gféz%é%'?érg?‘fﬁl?ﬁe softion
polymerization redetitdthithas itemifemusthibabihsdivenidhtist alsatet enpolywhichrtnehddaltant
copolymers are soluble. Suitable solvents include liquid saturated or aromatic hydrocarbons having
from about 5 6 to about 20 carbon atoms; ketones having from about 3 to about 5 carbon atoms; and
liquid saturated alipfi]aﬁdbdtklakvgfhﬁladehygjrmmmhﬁ\dngrfmim}ﬁﬂmttakﬂsonabwhg frarbahatoms

per molecule, preferab ut | to abou rban a lecu Uld" is meant liquid
under the co dltloéﬁ 31%% ym«g?zatl oHOMt %(31?13 avm aﬁooc'f“ha ro‘é%? oCr[%s Ho anssre

preferably on adjasent @adeniOeataiihaBy dhmlkagammé ﬁmhntaﬁb@isdmlzﬁg ffdrre almouht@f solvent
must be such that |t clﬁl_ﬁ dlsbsolv the acidic rea tanrt cw OrI%oA (():lljl ttglefln |n addition to the
resulting copolymers VoNe rr%lstl%eoimsofvenet’t'%6?1 % olecular we|g Hlefin’is sty ynbetween
1:1 and 100:1 ancdvis prafexdbBetwped! hﬁaﬂ:zmndqinﬁ u’tﬁi&uhabkméﬂivemtﬁ pdloderitheiketdmes

having from aboutt3 %h out6c rbo atoms a d h?e%saturated d; rnat%g hé/droca{)bons having
t

t
from about | to abou gre’ pre {iyafroorrﬁsa out 146 abSut carabo atoms. ngaﬁpPes of suitable

solvents inclidle, huirasemotiahiped tds 20t Eke(fd)aaéﬁbu&]hfamtmf@omethmeswmemh@)at

oy etone: and, R BYIBRRE'RIANS A AR MRS Y HORBIRS We AP0 B B DAERG W B an

resulting copolymers. The volume ratio of solvent to high molecular weight olefin is

suitably between 1:1 and 100:1 and is preferably between 1.5:1 and 4:1.

15  Suitable solvents include the ketones having from about 3 to about 6 carbon atoms
and the saturated dichlorinated hydrocarbons having from about | to about 5, more

preferably from about 1 to about 3, carbon atoms.

Examples of suitable solvents include, but are not limited to:
20
1. ketones, such as: acetone; methylethylketone; diethylketone; and

methylisobutylketone;

2. aromatic hydrocarbons, such as: benzene; xylene; and toluene;
25
3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chlorocthane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
30 1,1-dichloropropane; I,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.
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25 3. saturated dihalogenated hydrocarbons, such as: dichloromethane; dibromomethane;
1-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-diehloropropane; 30
1,1-diehloropropane; I,3-dichloropropane; 1-bromo-2-chloropropane; 1,2- dichlorobutane;
1,5-dibromopentane; and 1,5-dichloropentane; or 4. mixtures of the above, such as:

benzenemethyletliw@&ﬁegém%}ilb&%ﬁwﬁ@%eﬁpﬁéw%ﬁmw&%ﬁ%ﬁ ranesqlventard any

unreacted acidic reactant by conventional procedures such as phase separation, solvent distillation,

precipitation and TReCHIE. DY GeRyEH T RSAYEFeED A5 BRI AOAYEBRYEEBER S Yuring the
reaction. The polyjsqlaianyh SMaciiGiRRhydridRdP BSA)sWpish mabr direstn addarkionsanalymer

reactant (i) or (ii), is generally prepared by a number of well-known processes including the method
disclosed within. EBHBX & EfacHMre is a well-known 10 thermal process (see, e.g., U.S. Patent No.
3,361,673), an equally well-known chlorination process (see, e.g., U.S. Patent. No. 3,172,892), a
combination of the thermal and chlorination processesgee, e‘ﬁ&l‘ U.S. Patent No. 3,912,764), catalytic

strong acid proceddépbEsoiny) icpinie arRiskids 193660 q‘é‘,i’%@fé’@(ﬁ‘,ﬁéﬁa’ fededRlical
processes (see, &8potmeiaienhiNgs oP (%86 s’ Shand pp3d HER0)y Auiinbercampaskinnaminclude

one-to-one monomeric adducts (see, e.g., U.S. Patent Ngs.. 3,219,666 and 3,381,022), as well as high

succinic ratio prod’lﬁ%@?%dﬂ@f%’%ﬁh@%Wﬁ@ﬁﬁ%‘@ﬁg%t{]%ﬁ%ﬂlﬁcfaﬁfﬁﬁmé{ﬁ £\
succinic groyps pefeatkantbdedived substifueHatseens. 8,361 3 BatantiNail¢ 434 43520

Polyalkylene succinic anhydrides also can be produced thermally also from high methylyinylidene
5 {ihe

polybutene as disEiBQBBRIPY REOBETATNG 24, 52 XGEPF R prollsd?2). @ combination o
thermal and chlorination processes (see, ¢.g., U.S. Patent No. 3,912,764), catalytic

strong acid processes (see, e.g., U.S. Patent Nos. 3,819,660 and 6,156,850), and free
radical processes (see, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such

15 compositions include one-to-one monomeric adducts (see, e.g., U.S. Patent Nos.
3,219,666 and 3,381,022), as well as high succinic ratio products, adducts having
alkenyl-derived substituents adducted with at least 1.3 succinic groups per alkenyl-

derived substituent (see, e.g., U.S. Patent No. 4,234,435).

20  Polyalkylene succinic anhydrides also can be produced thermally also from high
methylvinylidene polybutene as disclosed 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.

25 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

30 teaches a preferred polyalkene-derived substituent group with a number average (My)
in the range of from about 1500 to about ‘3200. For polybutenes, an especially
preferred number average (M) 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,
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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. 25 5,523,417 disclose a procedure for washing
out the polymaleic anhydride resin from polyalkylene succinic anhydride prepared from high
methylvinylidene Bsfoi@nd ba abkﬂvwmesﬁécsww%n%m%{ﬂma%aérmé patidibEaco is
disclosed. One agvanagafiRRMalivipNeRLesiRie By dHdedtembighdnatmlviylidane palybutene
is that it can be prepared essentially free of chlorine. U.S. Patent No. 4,234,435 30 teaches a preferred
polyalkene-derive%l ubstituent 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 about 2400. This patent also teaches that the succinimides must have a_succinic ratio of at least

1.3. That is, 32 thefBLrstiRP e ke stecinig prmdiioups werethormatisseihed it BrHdiviareNe:

derived substituergt @990 MastIeik@klyuibe suseipiesatinishawding R ddS teuik 5 Other
suitable alkenyl succinic anhydrides includes those described in U.S. Patent No. 6,030,930. Typical

alkenyl used in the°BRAPARESon are ethylene and | -butene copolymers. (B) The Ether Compounds 10
In one embodiment of the present invention, the copolymer may further be reacted with an ether
compound capable of linking two succinimide groups. Suitable ether compounds include, but are not
limited to, the folldwirtPaEUEE ¥lyamines Examples of suitable polyetheramines include
compounds tiaving the following

In one embodiment of the present invention, the copolymer may further be reacted
with an ether compound capable of linking two succinimide groups. Suitable ether

compounds include, but are not limited to, the following:

15
Polyether Polyamines
Examples of suitable polyetheramines include compounds having the following
structure:

20

wherein R4 is independently hydrogen or a hydrocarbyl group having from about 1 to
about 4 carbons, and n is the degree of polymerization. Generally the polyether

25 polyamines 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 (rom about 15 to about 25 ether units.

33



structure: 20 R14 R14 R14 1 H2 1 H2 H2 1 H2N-C-C O-H-C O-C-C-NH2 n wherein R14 is
independently hydrogen or a hydrocarbyl group having from about | to about 4 carbons, and n is the
degree of polymerization. Generally the polyether 25 polyamines suitable for use in the present
invention will conaabn at least ab ut one ether referably fro oyt 5 to t 100, more
preferably from abdEPRY E4Rs %ngmag\}@n PﬁB OBt YglﬂV ofﬂ?rf t*88%ther units.
33 The polyether@@Pymﬂ@&ﬁaﬁﬁaebgﬁg@mﬂep@hﬂéeameﬂt@eenﬁmdézgiﬁrepiemde;jo@uﬁ{eﬁs
ethylene oxide, propylene oxide, and buty ide. polyether amin sold

j Aot e R s R R A T
Houston, Texas. Sifdihenexasmplesioh soitabda:plyetharalnes include polyoxytetramethylene
polyamine cgmpounds having the following structure: H2N-(H2C)3 O4(CH2)a 0 (CH2)4-O-(CH2)s NH2
n 10 wherein n is the degree of polymerization (i.e., number of monomer ether units). Polyether

Amine Derivative® i fwihgissarsuhsboopolycderrradatarinoayche iractet wittiey kolyether amino

alcohol or amino thi%nggey c%rt‘a%%@ rgsq‘?aélr?go ’H'Jel following structure:

HaN—(HpClg— AGCHM }“CHzM —(CHy)3—NH;

wherein n is the degree of polymerization (i.e., number of monomer ether units).

10

Polyether Amine Derivatives

15 Furthermore, the copolymer reactant may be reacted with a polyether amino alcohol

or amino thiol.

Polyether Amino Alcohol

20 Typically, amino alcohols may be formed when the aleohol end groups of a
compound are not completely converted to amines during reactions, such as reductive
amination. Also, one may initiate a polymer chain (i.e. grow propylene or ethylene
oxide) from an amino group and therefore have an amino on one end of the polymer
chain (i.e. initiator) and an alcohol terminus, or an amine internally in the molecule

25  with alcohol termint.

IExamples of suitable polyetheramino alcohols include compounds having the

following structure: -
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20 Typically, amino alcohols may be formed when the alcohol end groups of a compound are not
completely converted to amines during reactions, such as reductive amination. Also, one may initiate
a polymer chain (i.e. grow propylene or ethylene oxide) from an amino group and therefore have an
amino on one end of the polymer chain (i.e. initjator) and an alcohol terminus, or an amine internally in
the molecule 25 with alcohol terminfiExampleg of suffable polyetheramino di:x@hols include
compounds having the following strycturgs, 3¢ R15 R15 RE5 | H2 | H2H2 | H2N-H-C O-H-C
O-C-H-OH n wherein RI 5 i$li arbyCgrouftadhy about 1 to 5
about 4 carbons, and n is the degree of polymgrization. Generally, the polyether amino alcohols,
suitable for use in the present invention will corjain at least agout one ether unit, preferably from
about 5 to about 100, more preferably from about 10 to about 80, and even more preferably from
about 15 to about 25 ether units. 10 Other examples of suitable polyetheramino alcohols include
polyoxytetramethyleneamino alcohol compounds having the following structure: H2N-(H2C)3-(r) 4
(CH2)4 O)(CH2)4-0 (CH2)4-OH n-1 15 wherein n is the degree of polymerization. Polyether Amino
Thiol Examples of.giiteinl® palyedgraming,thialsiaglidercompeunds havipdithedfolewing 30

structure: R16 R16 R16
aGbout 4 carbons, and n is the degree of polymerization. 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.

10 Other examples of suitable polyetheramino alcohols include

polyoxytetramethyleneamino alcohol compounds having the following structure:

\
H2N~(H20)3—0—€(CH2)4-07—<CH2>4-0---(CH2)4——0H
n-1

15 wherein n is the degree of polymerization.
Polyether Amino Thiol

Examples of suitable polyetheramino thiols include compounds having the following

20 structure:

Rig Rig Rig
‘ Hy l Hy Ho
HyN—— G—— C— O—— G——C e Qe G e G SH
H \ H / d
i
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| H2 1 H2 H2 | H2N-C-C O C-C O-C-H-SH n 35 wherein R16 is 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 polyetheramino thiols include 5 polyoxytetramethyleneamino thiol having
the following structure: H2N-(H2C)3-O (CHZ?%O (CH2)4-O (CH2)a SH n-1 wherein n is the degree of
polymerization. 11&&HERNS tRASBBRISHA MIAE 851 & Syitaprator S50 IREIBrLaRt #608htion will

contain at least apoubane eHiBsiinihdaieler iy ahvhkieakeut 100, more preferably from
about 10 to about 50, and even more preferably from about 15 to about 25 ether units. 15 Ether

Polyamines Ether Diamines 20 In yet another embodiment of the present invention, the copolymer
may be reacted witheethendirmiTesiiSiliable«drrminegs aneoteagirdavith the copolymer, such as

decyloxypropyl-1,3-diaminopropane, isodecyloxypropyl-1,3-diaminopropane,

isododecyloxyproP Yf%fé?mg’gﬁ}m?ﬂﬁﬁ8%5ﬂ¥£%%3%c§1@%?§pﬁ5%§1fﬁaminopropane, 25
isotridecyloxypropyl-1,3-diaminopropane, tetradecyloxypropy-1,3-diaminopropane. Ether Triamines In
yet another embodiment of the present invention, the co?olymer may be reacted

HaN=(H;C)3—— O——1~(CH2)4 O CHy)y—0O——(CHy)y—SH

(
n-1

wherein n is the degree of polymerization.

10
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.

15

Lther Polvamines

Ether Diamines

20 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,

25 isotridecyloxypropyl-1,3-diaminopropane, tetradecyloxypropy-1,3-diaminopropane.

Erther Triamines

In yet another embodiment of the present invention, the copolymer may be reacted

30 with ether triamines. Suitable triamines include the following:



30 with ether triamines. Suitable triamines include the following: 36 5 (i) NH2 NH2 x (R/OR'z yi0
NH2 Wherein R' is C1-C6; wherein x+y+z = 1-85. 15 (ii)) NH2 HCH) Oy H2N NH2 O X CH3 CH3
H3C 37 wherein x+y+z = approx. 5-6; Triamines of this type may be purchased from Huntsman
Petrochemical Corporation, 5 Woodlands, Texas. Polyether Polyol

NH,

10 NH;

Wherein R' is C;-Cg;
wherein x+y+z = 1-85.

15
(i)

N

HoN

CHj
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In yet another embodiment of the present invention, the copolymer may be reacted 10 with a
polyether containing at least two hydroxyl end groups to form an ester. The polyether polyols have the
following structure: R17 R17 R17 | H2 | H2 H2 | HO-C-C O-C-C O-C-C-OH HHH n 15 wherein R) 7
is independently a hydrogen or hydrocarbyl group, having from about | to about 4 carbons, and n is
the degree of polymerization. Other examples of suitable polyether polyols include
polyoxytetramethwaaeipalyoh-20 ggmpounsls, such as those referred to as Terathane(r) which may be |
purchased from DuPont Corporation, Wilmington, Delaware, having the following structure:
HO-(H2C)4 O (CH2)4 O (CH2)4-OH n-1 25 wherein n is the degree of polymerization. Suitable
polyether polyols Tridudsgdoot ke 1pt inaged innthadallowindiuddpalybxyrethylanalglyepbration,
polyoxypropy, ene\g\%/c [, %oly{o%ybutylene glycol, and polyoxytetramethylene glycol. The number
average molecula %%%ﬂ of tf Elpgresently employed polyether polyol 5 will generally range from about
150 to about 5000, preferably from about 500 to about 2000. Generally, the polyether compounds
suitable for use inj;hle(%es Sigention will contain at least one ether unit preferably from .about 5 to
about 100, more pr%fyerl B}fﬂ rom about 10 to about 50, and even more preferred from about 15 to
about 25 ether

In yet another embodiment of the present invention, the copolymer may be reacted
10 with a polyether containing at least two hydroxyl end groups to form an ester. The

polyether polyols have the following structure:

15
wherein Ry7 is independently a hydrogen or hydrocarbyl group, having from about 1

to about 4 carbons, and n 1s the degree of polymerization.
Other examples of suitable polyether polyols include polyoxytetramethylene polyol

20 compounds, such as those referred to as Terathane® which may be purchased from

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

Ho—(Hzc)4———0~€(CH2)4—0>—(CH2)4--~OH
n-1

25  wherein n is the degree of polymerization.

Suitable polyether polyols include, but are not limited to, the following:
38



units. Generally, the polyether compounds suitable for use in the present invention may be derived

from only one ether type or a mixture of ether types, such as 15 poly(oxyethylene-co-oxypropylene)

diamine. The mixture of ether units may be block, random, or alternating copolymers. The presently
employed ether compounds_are capable of reacting with at least two carboxylic acid groups or

anhydride derivalRAEETHESLTNO 61Eal PRIl HHRCBHERMELY by DR SERRYE SRR GRIXIE of polyether

polyamines, polygeiRexamingaizohalsgRelyether amino thiols, polyether polyols, or ether diamines to
form a mixture of imides, amides and esters. (C- Aliphatic Compound 25 In addition to the ether

compound (i.e. polyether polyamine, polyether polyamine derivative, polyether polyol, ether dimaines
and ether triaminghaheumeie eapelBREURRIsE Fhestesk Wibsahlgashphs alipbicheppapaind capable

of reacting with at least one monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or
ester 30 therdof. BIUEFANR YHEHRHalt 8H1tpi§&rf8 wﬂ‘gogﬁqeg BYfE°t ogg‘glrﬁ r?Btng\@ﬁ%nal groups
or one or more hygxyldemctional groups or both. Amino Aliphatic Compound 39 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 an amino aliphatic compound. 5 The

amino aliphatic carepeauiid, thaybieatieced fromitegbidpfeomprising pid@htdliphaticnmaioamines,
(b aliphatc amines, (0 qiphat pghverines o(0), YRISNS PONGINTGS: AlRYBGgpparmines
10 from about 10 to about 50, and even more preferred from about 15 to about 25 ether

units.

Generally, the polyether compounds suitable for use in the present invention may be
derived from only one ether type or a mixture of ether types, such as

15 poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether units may be
block, random, or alternating copolymers. The presently employed ether compounds
are capable of reacting with at least two carboxylic acid groups or anhydride

derivatives thereof.

20 Generally, the copolymer may be reacted with a mixture of polyether polyamines,
polyether amino alcohols, polyether amino thiols, polyether polyols, or ether diamines

to form a mixture of imides, amides and esters.

(C) Aliphatic Compound
25

In addition to the ether compound (i.e. polyether polyamine, polyether polyamine
derivative, polyether polyol, ether dimaines and ether triamine) above, the copolymer
is also reacted with at least one aliphatic compound capable of reacting with at least
one monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester

30 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
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propylamine and various higher amines. Diamines or polyarnines may also be 10 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 dimethylaminopropylamine,
diethylyaminopropylamine, dibutyl aminopropyl amine, dimethylaminoethylamine,
diethylaminoethylamine, dibutylaminoethylamine, 1-(2-aminoethyl) piperidine, -

I-(2-aminoethy))pysrodigiang @ minsResBhainee 12 AreRMinARIARYIgRhQing, REeferably, the

aliphatic amine having a sin%lg reactive amino group is N,N-dimethylaminoprg{gylamine or
aminopropylmorphifierallndbstsmellymerananisecdip Fagtedoni Botidaasbong Birkpiyemepershtaining a

single amino endgfieHRaA0:B tefarably oifish Relva@lkyisigipolyamine has greater than 4 amine nitrogen
atoms per mole, up to a maximum of about 12 amine nitrogen atoms per mole. Most preferred are

polyamines h’%\ving from about 5 to about 7 nitrogen atoms per mole. The number of amine nitrogen

atoms per mole of REhAMINGI|hERICHAIBG AT IaHoWs R NUMRGH RNIEFOGS DA T Y i M._. Per

mole of polyamine 14 x 100 wherein 30 % N=percent nitrogen in polyamine or polyamine mixture Mpa
=number averagéh%&;]ﬁ?%éi@ﬁl%f%HE%&%%&I&&M Alixrs 2atirebRs &ibhatic

polyamines includg Ralyalkylans pelyarsinar|Biefastsdpehialkiane pRIVATIARS:alsR eanAn from

about 4 to about 40 carbon atoms, there 40 being preferably from 2 to 3 carbon atoms per alkylene
unit. The polyamiREPDyaraIHRIh 5 19w R RIS AHARHBCS O BAABY0EL M2 RH0bR 10:1.

Examples of guitahig ipeddde the-{aliowiag vietragiteRe.Rentamine i BIARINMIRNS, that is, a
primary or secondary, and preferably primary group. Suitable examples of diamines
include dimethylaminopropylamine, diethylyaminopropylamine, dibutyl aminopropyl
amine, dimethylaminoethylamine, diethylaminoethylamine, dibutylaminoethylamine,
1-(2-aminoethyl) piperidine, 1-(2-aminoethyl)pyrrolidone, aminoethylmorpholine,

15 and aminopropylmorpholine. Preferably, the aliphatic amine having a single reactive

amino group is N,N-dimethylaminopropylamine or aminopropylmorpholine.

Additionally, the amino aliphatic compound could be a polyether containing a single
amino end group.

20
Preferably, the polyalkylene polyamine has greater than 4 amine nitrogen atoms per
mole, up to a maximum of about 12 amine nitrogen atoms per mole. Most preferred
are polyamines having from about 5 to about 7 nitrogen atoms per mole. The number
of amine nifrogen atoms per mole of polyamine is calculated as follows:

25

Number of nitrogen atoms = % N x My,
Per mole of polyamine 14 x 100

wherein
30 % N=percent nitrogen in polyamine or polyamine mixture

M, =number average molecular weight of the polyamine or polyamine mixture

Suitable aliphatic polyamines inchude polyalkylene polyamines. Preferred

polyatkylene polyamines also contain from about 4 to about 40 carbon atoms, there
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5 hexamine and heavy polyamine, 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. 10 When more than one
primary or secondary amino group is present, the reaction conditions and/or stoichiometry should be

such that oil solulb/ityeiSr{aTaehirEem Rririosar mptains Conolree 1sin Herirfdraminte ether
compound (i.e. pelygthar ArRmalissamRoLRdLEREMS: ARtioRalbuihe. copabiner gnay also be reacted

with at least one aliphatic compound which may be a hydroxy aliphatic compound. The mono- or
multifunctional hydroxyl compounds used according to the process of 20 the present invention may

contain primary, yeeangiRb PEIRIIR YRIceRak: BHilakig N RiRhAtc.campondsdnalde, but are

not limited to, ethanol, isopropyl alcohol, isobutyl alcohol, tert-butyl alcohol, glycerol and the like.
Additionally, the HiRBRYICaHIshaRE L ORIsoRIRE CHNA-Hav NP AARAS A £ b6 S8y droxyl end
group. The hydroxy| gemapounddnay aleq sentaineadielpiesatomettialRasHidE 8 Dehain

betamercaptoethanol). 30 Aliphatic Compounds containing both an Amine Function and a Hydroxy
Function In anot&l Emibsdimeibe PIRE SrelleneninnstoH PHEUHH RABETORBINRIHRS have at least

one amine group pgRIBeELERS RS POY ataHes. Examples of such compounds 41 include, but are
not limited to, ethanol amine, diethanol amine, triethanol amine, and the like. (D) Aromatic Compound
5 In addition to the ether compound (i.e. polyether polyamine, polyether polyamine

10 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

15 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.

The mono- or multifunctional hydroxyl compounds used according to the process of

20  the present invention may contain primary, secondary or tertiary alcohols,

Suitable hydroxyl aliphatic compounds include, but are not limited to, ethanol,
isopropyl alcohol, isobutyl alcohol, tert-butyl alcohol, glycerol and the like.
Additionally, the hydroxyl aliphatic compound could be a polyether containing a

25  single hydroxyl end group.

The hydroxyl compound may also contain a hetero atom, such as sulfur (e.g.,

betamercaptoethanol).
30 Aliphatic Compounds containing both an Amine Function and a Hydroxy Function
In another embodiment of the present invention, the aliphatic compound may have at

least one amine group and at least one hydroxyl group. Examples of such compounds
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derivative, polyether polyol, ether dimaines and ether triamine) above and the aliphatic compound, the
copolymer may also be reacted with at least one aromatic compound. 10 Preferably, the aromatic
compound is selected from the following group of aromatic compounds consisting of: (a) an
N-arylphenylenediamine represented by the formula: 15 /R20. Ria\ HN R19 R18 js H, --NHaryl,
-NHalkaryl, or a %&L&fﬁ&@%ﬁ%%ﬁ%ﬁ rﬁw%ﬁ%‘rﬁﬁ)m@ﬁm RIS
carbon atoms selggiggtdrom alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R(2)19 is --NH2, --(NH(CH2)
n)mNI12, - 20 NHalkyl, --NHaralkyl, --CH2 --aryl--NH2, in which n and rn each have a value from
about | to about 10; and R20 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about
4 to about 24 carlph atomsmactiCotgrbapdeferred N-arylphenylenediamines are N- 25
phenylpheny!senediamines (NPPDA), for example, N-phenyl-l,4-phenylenediamine,
N-phenyl-1,3-phenylenediamine,and N- phenyl-1,2-phenylenediamine and N-naphthyl-1,
4-phenylenediaminexdditiver teldrévativesoaffNROjAcmayyaisehm inahite dpsiyethas i paopyt-N'

-phenyiphenylenegiaming; 30,42,5) ATICSHRHA SR SRPORY PR IBME M Re

aliphatic compound, the copolymer may also be reacted with at least one aromatic

compound.
10

Preferably, the aromatic compound is selected from the following group of aromatic

compounds consisting of:

(a) an N-arylphenylenediamine represented by the formula:

| ) T
/___\, . @

Rig

15

Ry is H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl -
radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralkyl or alkaryl; R(2))g is --NHa, --(NH(CHy) 1)mNHy, -~

20 NHalkyl, --NHaralkyl, --CHj; --aryl--NH,, in which n and m each have a value
from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

or alkaryl, having from about 4 to about 24 carbon atoms.

Particularly preferred N-arylphenylenediamines are N-

25 phenylphenylenediamines (NPPDA), for example,
N-phenyi-1,4-phenylenediamine, N-phenyl-1 ,3—phenylen§:diamine, and N-
phenyl-1,2-phenylenediamine and N-naphthyl-1, 4—pheny‘lencdiamine. Other
derivatives of NPPDA may also be included, such as N-propyl-N'
-phenylphenylenediamine.
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R2t//' Rzz N 5 in which R21 and R22 each independently represent hydrogen or an alkyl or alkenyl
radical having from about Ito about 14 carbon atoms, (c) an amino-indazolinone represented by the
formula: NH2 HN R23 N 10 H in which R23 is hydrogen or an alkyl radical having from about | to
about 14 carbon atoms; and 15 (d) an aminomercaptotriazole represented by the formula: N NH2 SH
/NN | H 43 (e) akbamindpirpriahdecie srassandery the farmila: NH2 N)--~NH R24 5 in which R24
represents hydrogen or an alkyl radical having from about 1 to about 14 carbon atoms; (f) an
aryloxyphenyleneamine represented by the formula:

_\_NH,
2
Raq /\Rzz
|
H
5 in which Ry, and Ry, each independently represent hydrogen or an alkyl or

alkenyl radical having from about I to about 14 carbon atoms,
(c) an amino-indazolinone represented by the formula:

¢] T
\_NH,

\
A

10 H

in which Ra3 is hydrogen or an alkyl radical having from about | to about 14

carbon atoms; and

15 (d) an aminomercaptotriazole represented by the formula:

T

H
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10 -/~R27 R25/- O\ (J R26 in which R25 is H, --NHaryl, -NHalkaryl, or branched or straight chain
radical having from about 4 to about 24 carbon atoms that can be alkyl, alkenyl, 15 alkoxyl, aralkyl or
alkaryl; R26 is --NH2, --(NH(CH2)0,n NH2, --Nllalkyl, or -- NHaralkyl, in which n and m each have a
value from about | to about 10; and R27 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having
from about 4 to about 24 carbon atoms; provided that when R25 is hydrogen or a branched or
straight chain radieal hamingfieipeainaidint iepabautaidbgatiofoatains 20 selected from alkyl, alkenyl,
alkoxyl, aralkyl or alkaryl, then R26 must be NH2 or --(NH(CH2)"),,,NlI2, -CH2-(CH2)" -NH2, or
-CH2-aryl-NH2. A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline; 44 (g) an
aromatic amine comprising two aromatic groups, linkd'by a group, L, represented by the following
formula: R30 /=Y3 R32 R34 R3~ Y1-Y2 4 R33 5 whe¢rein L is selected from -0-, -N=N-, -NH-,
-CH2NH, -C(O)NR28-, - C(0)0O-, -SO2-, -S02NR29-g+~-SO2NH-, wherein R28 and R29
independently represent a hydrogen, an alkyl, ar&kenyl ok&n alkoxy group having from about | to
about 8 carbon atoms; 10 wherein each Y1, Y2,lY3 and Y4|are independently N or CH provided

5
in which Ry represents hydrogen or an alkyl radical having from about 1 to
about 14 carbon atoms;
() an aryloxyphenyleneamine represented by the formula:
10
——— Rar
/ \ oY
O
Rag” N\ \ l/
25
Rog

in which Ry; is H, ~-NHaryl, -NHalkaryl, or branched or straight chain radical
having from about 4 to about 24 carbon atoms that can be alkyl, atkenyl,

15 alkoxyl, aralkyl or alkaryl; Rog is --NHp, --(NH(CHo)u)m NHo, --NHalkyl, or --
NHaralkyl, in which n and m cach have a value from about 1 to about 10; and
R, is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about
4 to about 24 carbon atoms; provided that when Rys is hydrogen or a branched
or straight chain radical having from about 4 to about 24 carbon atoms

20 selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Ros must be NH;
or --(NH(CH))mNHz, -CH;-(CHy) ~NHa, or —CHy-aryl-NH.

A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline;
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that Y and Y2 may not both be N; R30 and R31 independently represent a hydrogen, alkyl, aryl,
alkaryl, 15 aralkyl, alkoxy, hydroxyalkyl, aminoaikyl, -OH, -NO2, -SO3H, - SO3Na, CO2H or salt
thereof, -NR41R42 wherein R41 and R42 are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;
R32 and R33 independently represent a hydrogen, an alkyl, an alkenyl or 20 an alkoxy group having
from about 1 to abB AT ARMRCOBIRFISIERIS HPRRYSIGE R34 TRKSHERR A RIML-NHR3S,
wherein R35 is an alkyl@saicalkenit eipRayingiiem about | to about 8 carbon atoms,
-CH2-(CH2)" - 25 NH2 or --CH2-aryl-NI-12 and n is from 0 to about 10; (h) an aminothiazole selected
from the group consisting of aminothiazole aminobenzothiazole aminobenzothiadiazole and

aminoalkylthiazole; 30 (i) an aminoinég @d by the formu 36RE2N wherein R36
represents a hydrogen, an alkyl or an alken group aving 5 fromyabout 1-fp about 14 carbon atoms;
(1) an aminopyrrole represented by the for Mla: R38

o

2NH/ Wierein R37

represents a divalent alkylene group E}gv ‘é&bout about 6 carlon atd gnd R38 represents a
hydrogen, an alkyl or an
5
wherein L is selected from ~O-, <N=N-, -NH-, -CH;NH, -C(O)NRy3-, -
C(O)O—, —SOQ~, ~SOQNR29~ or ‘""SOQNH", wherein Rgg and Rgg
independently represent a hydrogen, an alkyl, an alkeny! or an alkoxy
group having from about 1 to about 8 carbon atoms;
10

wherein each Y1, Ya, Y3 and Y4 are independently N or CH provided
that Yy and Y, may not both be N;

Ripand Rs3; independently represent a hydrogen, alkyl, aryl, alkaryl,
15 aralkyl, alkoxy, hydroxyalkyl, aminoaikyl, -OH, -NO,, -SO3H, -

SO4Na, CO,H or salt thereof, -NR4; R4y wherein R4y and Ry, are

independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R3; and Rs; independently represent a hydrogen, an alkyl, an alkeny! or
20 an alkoxy group having from about 1 to about § carbon atoms, -OH, -

SOsH or -SO3Na;

Raq represents ~NIH,, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CHy-(CHa), —

25 NH; or ~CHp-aryl-NH, and n is from 0 to about 10;

{(h) an aminothiazole selected from the group consisting of aminothiazole,

aminobenzothiazole, aminpbenzothiadiazole and aminoalkylthiazole;

30

(i) an aminoindole represented by the formula:
45



alkenyl group having from about 1 to about 14 carbon atoms; (k) a ring substituted or unsubstituted
aniline, such as nitroaniline or 4- 15 aminoacetanilide; (I) an aminoquinoline; (m) an
aminobenzimidazole; (n) a N, N-dialkylphenylenediamine; (o) a benzylamine; and 20 (p) a benzyl
alcohol. he compounds described above in (g) (0) are substantially described, for example, in
Published U.S. Patent Application No. US20060025316, the disclosure of which is herein incorporated
by reference. 25 46 The above-described arRige compounds can be used alone or in combination with

arylphenylenediamines are the N-phenylphenyleretiamineg;“Such as for example, N-
phenyl-l,4-phenylenediamine, N-phenyl- 1,3 -phenylenediarpine, and N-phenyl- 1,2- 10
phenylenediamine. In one embodiment, the preferred aromgatic compound is
4-(4-nitrophenylazo)aniline, 4-phenylazoanline, N-(4-aminophenyl) acetamide, 4-benzoylamine-2,5-
dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline. 15 Method of Making the Lubricating Oil Additive
Composition wherein Rj4 represents a hydrogen, an alkyl or an alkeny! group having

5 from about 1 to about 14 carbon atoms;

() an aminopyrrole represented by the formula:

Rss\z 4 j/‘i Ra7—NH;
|

H
i0
wherein Rz represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rjg represents a hydrogen, an alkyl or an
alkenyl group having from about 1 to about 14 carbon atoms;
(X a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
15 aminoacetanilide;
(H an aminoquinoline;
(m)  an aminobenzimidazole;
(n)  aN, N-dialkylphenylenediamine;
(0) a benzylamine; and
20 (p) a benzyl alcohol.
The compounds described above in (g) — (0) are substantially described, for example,
in Published U.S. Patent Application No. US20060025316, the disclosure of which 1s
herein incorporated by reference.
25
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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 20 herein) in a reactor,
optionally under a nitrogen purge, and heating at a temperature of from about 80C to about 170C.

Optionally, diluent oil may be charged optionally under a nitrogen purge in the same reactor, thereby
producing a dilutddi¢8poTgrascibst eintnT BB SrdneasebalRnerd dnGrspbipnyHdbis up to

about 80 wt. %, mereR&fanas: Farhano i ia abaii &R Whcitamnd meshRirigrraehirpmiabout 30 to

25 about 50 wt. %. An aliphatic compound, an aromatic compound and an ether compound are
charged, optionaikPeiscsldiinnebamippnirge o iwddedder TRl ferSRPReated under a nitrogen
purge to a temperature in range from about 130C to about 200C. Optionally, a vacuum is applied to
the mixture for about 0.5 to about 2.0 hours to remove excess water. 3Q The lubricating oil additive

composition tan H<FBERPRARER S Pifered rmsHS AR SmsarRRBdes Ehsdihg all the reactants

(reactant copolymeyifiheliilctdilihtRecAHRbatis sampoundidhec-aaamlit. carmprRuddnang the ether
compound at the desired 47 ratios into the reactor. One or more of the reactants can be charged at an

elevated temperSRIFEIBLEIRaRERHGAY! Shd IR h 2RI SHHDRSEF 2 Be used to facilitate mixing

of the reactants ag-{aw Rt GRAraRA1e theHaativknkhentdastionis SriigdfeWkionsBONt 0.5 to
about 2 hours at a_ temperature from apout 13QC to arE)out 200C.50 tionally a Vﬁc um I}S plied to
the reaction mixtU&eBYYihg e FELBESHBE o - RRE A BRI cOBBnaR A ABhatid-Gompound

or both are epployeshjlethaigsggent invention and when more than one functional group is present on
the compound(s), the reaction conditions and/or stoichiometry should be such that oil 10 solubility is
maintained. For example, when multifunctional aliphatic compounds, aromatic compounds or both are
used, the linker giaupéicmbtidenpoly ethaireRmpdurdatic compound is 4-(4-nitrophenylazo)aniline,

4-phenylazoanline, N-(4-aminophenyl} acetamide, 4-benzoylamine-2,5-
dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline.

15
Method of Making the Lubricating Qil Additive Composition

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

20 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 wt. %,
more preferred from about 20 to about 60 wt. %, and most preferred from about 30 to

25  about 50 wt. %. An aliphatic compound, an aromatic 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
10 remove excess water.

30
The lubricating oi} additive composition can also be made using a process comprising
simultancously charging all the reactants (reactant copolymer (i), (ii), or (ii1); the
aliphatic compound; the aromatic compound; and the ether compound at the desired
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and the copolymer are preferably charged to the reactor first and allowed to react prior to addition of
the multifunctional compounds. Furthermore, the stoichiometry should be such that when the
multifunctional aliphatic compound, aromatic compound or 15 both are charged to the reactor, there is
generally about one molecule of reactive monoeth Ienicall¥ unsatuigted mono- or dicarbagxylic acid

functions per molEERR B the HHfu FoN RO S IR AT S PB RO R S8 fometry

reduces excessivarrasasivaking:byitinitgiHeand waehf uneactedite seetyigsicallfhaneaiurated
mono- or dicarboxyli¢ acid sites relative to the number of reactive sites on 20 the multifunctional

aliphatic compoufli* B BT EBHTEU AU BT LIh D RRA Rt DI dRESEGTRT I BSIRRKNINT M&F HsErease
the probability of gel ferakation, anddharelaisuinareass ee-piababilitytoioil 3oluhiinbdn ane°C.
embodiment of th inver}gion, the non-free .raﬁ%ie‘% : catgél%/zed reactiora rodggf:t 25 of compound (i)(a)

and compound (if@P} PG, "RAHER i 2B AU BEHBIHERRS BICdSRURImEPT i %or both, may

be contacted in the presence of components (C) and (D) (i.e. the aliphatic compound and the aromatic
compound) prior tg the addition. of component (B) (i.e. the ether compound). 30 Lubricating Oil
Composition The SRR AL A CBin 0 SR DR L A SNPGRS  base o
that is sufficient tpiedticatecmningdation oo exampladrieioabednphusiinpd8enginds; gears, and
transmissions. Typically, the lupricating oil composition, of the present invention comprises,a major
amount of an oil SPOBALAIRY VSO AR P DAL S AR S5 AEMHOR Sbrmpositon.
5 The base dil emplayéihmawbiatanydfavddendetshod ailsiofinittimating piscositynpbhedsase oil of

Iub_ricatir_mg viscosiatl used icn such c mp s'fions ma ?}e Hﬂ el[al oli}!s or _s,nth% ice, ilsr. %nt%asen%'l having
a viscosity of at Iegg%nf. SETRPH Sngoiipa lilg i?)%lh hefow %&,ppfe?éra}ﬁy at or befow 8‘&1, |sl)
desirable. The bassdaits copyibedeaiived:ferably charged to the reactor first and allowed to react prior
to addition of the multifunctional compounds. Furthermore, the stoichiometry should
be such that when the multifunctional aliphatic compound, aromatic compound or
15 both are charged to the reactor, there is generally about one molecule of reactive
monoethylenically unsaturated mono- or dicarboxylic acid functions per molecule of
the multifunctional compound(s). This reaction order and stoichiometry reduces
excessive crosslinking by Hmiting the number of unreacted monoethylenically
unsaturated mono- or dicarboxylic acid sites relative to the number of reactive sites on
20  the multifunctional aliphatic compound, aromatic compound or both. 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, the non-free radical catalyzed reaction product
25 of compound (i)(a) and compound (i)}(b) or (i)(c), which is contacted with

cither copolymer (i) or copolymer (i1) or both, may be contacted in the presence

of components (C) and (D) (i.¢. the aliphatic compound and the aromatic compound)

prior to the addition of component (B) (i.e. the ether compound).

30  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
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from synthetic or natural sources. 10 Mineral oils for use as the base oil in this invention include, for
example, paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil compositions.
Synthetic oils include, for example, both hydrocarbon synthetic oils and synthetic esters and mixtures
thereof having the desired viscosity. Hydrocarbon synthetic oils 15 may include, for example, oils

prepared from thé WaRfheT25h SR iesensp SRR o b S PR BEME cORBINS a8 from

hydrocarbon syntpasisProceiiereso HENE LA MROXIAS aRd N0 0AseE:SHGN amiNa
Fisher-Tropsch process. Useful s¥ntheti_c hydrocarbgn oils include liquid polymers of alpha olefins

having the properEEo&RP R IRPUSHHIEAE tHEHYRIFSYRRAIG quid oligomers 20 of C6 to Cie
alpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as didodecyl

benzene, can be used. Useful synthetic esters include the esters of monacarboxylic acids and
polycarboxylic aci%%‘?%%s%gﬂ SORABI5E - r%&%&ﬂw@%ﬁarb%m?&ﬂ% RIS A Yidodecyl

adipate, pentaerytiitbhstetiasapraate: shi-dretyihexyl adipade cditgivyisabaaates anghdiel like. Gsomplex

esters 25 prepared from, mixtures of mono and dicarboxyli¢ acids and mono dihydroxy alkanols
can also be used? < Gt ?ni’?‘\i’?ﬁ?&’li%‘tﬂ?%ﬁn‘fﬁé%t i%%&tj%’@?l?sghﬁt 4[&1%(‘15? ¢ BRUE RS Yan be a

refined paraffin typeibasewil, gariiagd naphitieniotise deiiabk. spshate diydiasaberdved
non-hydrocarbon gil of lubricating viscosity. The 30 base oil can also be a mixture of mineral and
synthetic oils. Ot P%&éﬂﬁb& CA8 TR AEWG additive components are examples of some of the
componentsithat can be favorably employed in the present invention, These examples of additives
are provided to g e e Ao P SV, 218, B0 GRS o Ui 1 Mgtal Detergents
naphthenic and other oils that are ordinarily used in lubricating oil compositions.
Synthetic oils include, for example, both hydrocarbon synthetic oils and synthetic
esters and mixtures thereof having the desired viscosity. Hydrocarbon synthetic oils
15 may include, for example, oils prepared from the polymerization of ethylene,
polyalphaolefin or PAO oils, or oils prepared from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins
having the proper viscosity. Especially useful are the hydrogenated liquid oligomers
20 of Cs to Cyzalpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper
viscosity, such as didodecyl benzene, can be used. Useful synthetic esters include the
esters of monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex esters

25  prepared from mixtures of mono and dicarboxylic acids and mono and dihydroxy

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

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

Other Additives
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5 Sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic sulfonates, borated
sulfonates, sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic
compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl
naphthenates, 10 %h salts of alkanoic acids, metal salts fa alkyl Ikenyl multiacid, and
chemical and phy REREQHHEREDF OB PRAGIS f E%fﬁf’s‘}n%et TR %S/ 8P mineral

oils to deterioratelia gephagylémphighddetedgration iﬁx@ﬂﬁ@ﬁceﬂebyetw@luﬁmdftﬁwamn such as
sludge and varnish-lik S on the metal surfaces y an increas Isc Slt Examples of
anti-oxidants useﬂfpﬁ“fﬁg 'é)ﬂ@bgﬁﬁﬁ\ﬂ ?lli‘}ﬁeﬁ]tcllﬁ‘éeéful?ﬂt %8%’ %HSH‘?&G’E%§AS| '(phenolic)
oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-tert-butylphenol),
4,4'-bis(2,6-di-terttbutylphieted|))eRBeds-his(2-methyl-6-tert-butylphenol),
2,2'-methyleng-bis(4-methyl-6-tert-butylphenol), 4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4.4'-isopropylidene-bis(2,6-di-tert-butylphenol), 2,2'-methylene-bis(4-methyl-6-nonylphenol), 25
2,2'-isobutylidene-bis(4, SdifmathyIphenolfiral slybtnabradishenatesnglks! cycibivayy iptearmsie),
2,6-di-tert-butyl-4-methylghengl, Zg %k 9 d&.ﬁfa%é e&t%gﬂ*%b% ardofiipelBrietputy-phenol

2,6-di-tert-I-dimethylamino-p-creso tert 4 methylaminomethylphenol), 3
4,4'-thiobis(2-methyl-6-torubidyygrenoiikyk @ alionis pometint@neetud ityaprid oy ke hydroxy

aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates,
10 metal salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and

chemical and physical mixtures thereof.

2. Anti-Oxidants

Anti-oxidants reduce the tendency of mineral oils to deteriorate in service

15 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),

20 4,4'-bis(2-methyl-6-tert-butylphenot),
2,2‘~methylene~bis(4-methy1~6—teﬁ-butyiphenol),
4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'-isopropylidene-bis(2,6-di-tert-butylphenot),
2,2"-methylene-bis(4-methyl-6-nonylphenol),

25 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),

30 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methy!l-6-tert-butylphenol),
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bis(3-methyl-4-hydroxy-5-tert-10-butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).
Diphenylamine-type oxidation inhibitors include, but are not limited to, alkylated diphenylamine,
phenyl-alpha-naphthylamine, and alkylated-alpha-naphthylamine. Other types 5 of oxidation inhibitors

include metal dithiocarbamate (e.qg,, zinc, dithigcarb te), and
15-methy|enebis(dibutyI%‘i?@6‘@%%%%%%ﬂro\?yAgﬁ{ﬁWZ@lg}&\}éﬁ?gZlg'ﬁ%ﬂdﬁaﬁ?g implies, these agents
reduce wear of moving iriefalialpasis bk Ol EXardplegtehsybh Rgdets iacindey peibaréatioh limited to,

phosphates and thiophosphates and salts thereof, car. ates, esters,.and molybdenum complexes.
s Rust 1nbtors (ARG e S NS B DAyt i ACs HEHOE agents
por:yoxyelthylenehl?uryl gilerypdhlexyathiie henhighatditohalethédsh polydriietayleseOdamyl plenyl
ether, polyoxyethylene ogtyl nyl ether, polyoxyethylene octyl steary| ether, polyoxyethylene oleyl
ether, 20 po%l/oxyethyleH%}gs)fg{r%(?f814 r}ﬁlélﬁ%g Eésalr}g;lojéu?é%gﬂ%é%%e]t f/%éﬁre Lo LEft 6f‘%"ﬁcé)j‘ilnoc}/oleate, and
polyethylene glycol mondithieasebdmadthenddipeihgenstesidcacitiahdotttenfatty. acids, dicarboxylic
acids, metal soaps, fatty acid amine salts, metal salts of heavy sulfonic 25 acid, partial carboxylic acid
ester of polyhydric alcohol, and phosphoric ester. 5. Demulsifiers 30 Addition product of alkylphenol
and ethylene oxide, polydRijietHsaeAemy| ether, and polyoxyethylene sorbitan ester. 51

As their name implies, these agents reduce wear of moving metallic parts.
10 Examples of such agents include, but are not limited to, phosphates and
thiophosphates and salts thereof, carbamates, esters, and molybdernum

complexes.

4, Rust Inhibitors (Anti-Rust Agents)
15
a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nony! phenyl ether, polyoxyethylene octyl phenyl ether,
polyoxyethylene octy! stearyl ether, polyoxyethylene oleyl ether,
20 polyoxyethylene sorbitol monostearate, polyoxyethylene Sorbitbl

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
25 acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester.

5, Demulsifiers

30 Addition product of alkylphenol and cthylene oxide, polyoxyethylene atkyl

ether, and polyoxyethylene sorbitan ester.
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6. Extreme Pressure Anti-Wear Agents (EP/AW Agents) Sulfurized olefins, zinc
dialky-1-dithiophosphate (primary alkyl, secondary alkyl, and aryl type), diphenyl sulfide, methyl trich
lorostea rate, chlorinated 5 naphthalene, fluoroalkylpolysiloxane, lead naphthenate, neutralized or
partially neutralized phosphates, dithiophosphates, and sulfur-free hos&hates. 7. Friction Modifiers

10 Fatty alcohol, fatty a&ti{STEaESUE 1985 AAE ARRILL (G ALY 488 6ther fatty acids or salts

thereof), amine, borated ester, other esters, phosphates, other phosphites besides tri- and
di-hydrocarbyl phosphites, and phasphonates, 8. Multifunctional Additives 15 Sulfurized
oxyr):]olybderilurrr)] ditr?ioc Pﬂéﬁﬁ%ﬁp o4 '%ﬁ%@&%ﬁ?’dﬂﬁb@hﬁﬁ%%@%‘ﬁ pﬁ%@?ftﬁﬁ% iffadary
oxymolybdenum monogiyiedrigied exymalyRdestismyideithyiate amniteicaminewotyedenidmmamanplex
compound, and sulfur-contajni %m‘l bdenum complex compound..20 9. Viscosjty Index Improvers
Polymethacrylate type d&ﬁ}hﬁl@r@ &t 8&‘@%&%&%%% dpap q}?@%&i’%ﬁﬁf%!ﬁée@é)ﬁolymers,
hydrated styrene-isoprepggsipohsnessizedphotpisabyildriephngtispe wanhlfpe fvisqasitpadex
improvers. 10. Pour Point Depressants Polymethyl methacrylate. 30 11. Foam Inhibitors Alkyl

methacrylate polymers and dimethyl silicone polymers. 52 12. Metal Deactivators
7. Friction Modifiers

10 Fatty alcohol, fatty acid (stearic acid, isostearic acid, oleic acid and other fatty
acids or salts thereof), amine, borated ester, other esters, phosphates, other

phosphites besides tri- and di-hydrocarbyl phosphites, and phosphonates,

8. Multifunctional Additives
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

Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

25 polyisobutylene, and dispersant type viscosity index improvers.
10. Pour Point Depressants
Polymethyl methacrylate.
30

i1, Foam Inhibitors

Alkyl methacrylate polymers and dimethyl silicone polymers.
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Disalicylidene propylenediamine, triazole derivatives, 5 mercaptobenzothiazoles, thiadiazole
derivatives, and mercaptobenzimidazoles. 13. Dispersants Alkenyl succinimides, alkenyl succinimides
modified with other organic compounds, alkenyl succinimides modified by post-treatment with
ethylene carbonate or boric acid, esters of polyalcohols and polyisobutenyl succinic 10 anhydride,
phenate-salicylates and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth
metal borates, digpersiogsaf hydrateshatkali metal borates, dispersions of alkaline-earth metal
borates, polyamide ashlers dispersants and the like or mixtures of such dispersants. 15 Method of
Use of the Present Invention The lubricating oil additive composition of the present invention is added
to an oil of lubricating visagiyitheiebyopiochsinghanb brigadiRaiefwarpggsition. The lubricating oil
composition contacts the engine, improving dispersancy. Accordingly, the present 20 invention is also
directed to a'nethod of IRTETARANFSEUHENERs e@,ag BTG Sants BHGRGRcaR TRtdsAles-
combustion engine which comprises operating the engine with the lubricating oil composition of the
invention. Option%Jy, thg)iggrlig tJ'[Qg oil additive composition described above may be used as a 25
fuel additive. When used irT fuels, the proper concentration of the additive that is necessary to achieve
the desired detergency isliepdsdesinupoiss alliiety ok tactorsieintiadifigdvatly phofdfuginised, the
presence of other deter IS ts.QL; }% %pg | ] Vi range of
concentration of the adt%ﬁ@l ?%%ﬁé %ﬁgééﬁgr;u%?%gl ?[J(i)e%l , %\{Oﬁ\?\fleiggg;rﬁ%gﬁ'}s% %ﬁ%ﬁ,eﬁggg%bly from
30 to 5,000 parts 30 percantiboatebtimadditidecdfentivd pdbtelgdnts and présenbuéciedsecemount of the
additive maype used. Tﬁlﬁu?\zl?x‘?&é" ﬁe%%%&@%?&ﬂ?é?%m%igﬁ%%@éﬁ%%%%i“ﬁk&ﬁ%&gf@e’ using

an inert stable oleophilic solvent boiling in'the range o
mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkah
metal borates, dispersions of alkaline-earth metal borates, polyamide ashless

dispersants and the like or mixtures of such dispersants.

15 Method of Use of the Present Invention

The lubricating oil additive composition of the present invention 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
20 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 compaosition described above may be used as a

25 fuel additive. When used in fuels, the proper concentration of the additive that is
necessary to achieve 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 107to 10,000 weight parts per million, preferably from 30 to 5,000 parts

30 per million of the additive. If other deterg-e_nts 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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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 as a benzene, toluene, xylene or
higher-boiling aromatics or aromatic thinners. Aliphatic alcohols of about 3 to 8 carbon atoms, such as
isopropanol, 5 is E %} binol, n-hu O;Pafgfd the like in combination with hydr carg n solvents are
aleb sutable or 00t MELA e At BB EB1 Bt A L RASHBEAR SFEHE T wil be
ordinarily at leasPeetériiywatghiphiad generalynmal cixpded A B0 doyv mieig hisedrefesiablyafrom 5 to 50 and

more preferably from 10 to.25 wt. %. 10 The following ex | ' d to illustrat ifi
embodiments of I RIBFEATA S7E Rot F BEraNat CaLP P ang Vo) SR e he scope of the

invention. EXAMRLipGtit alEotarRplé abeR repagativboafai@ipg Buttes2sagrgpand, of high methylviny

lidene polyispbutylene having a number average,.maleculay wei ht\é of about 2300 and a
methyvinylene CONEACER BEb A TR AL e AT T S eSS B0 s
charged to a 4-L aBaciara? i éopuipp edtivitie dgtiatdd e pe tatufect ootwatheragn dhevenoeatodointdenser
and receiver. 27.3 grams .l-hcxadecene was alsqQ charged.to the reactoy, and the agi mixture
fvas heated fo 160 L SR o B e LA A e B T o
the mixture for abaiglkinheierabéiftdraning, IDemitnogeprwbs dbly toothe Fealtomidad space at a rate of
30 semi/min. 178.8 grams maleic anhydride and 25 16.4 grams dicumyl peroxide in a 50% solution
with toluene were fed simultaneously to the reactor over 2 hours. After the maleic anhydride and
dicumyl perbxide dizafojiogyingeresfinibise thesamgdraiinetofithpaadictomivad mraitstalitbes at 150C for
another 1.5 hours, IIEACILER Dedied i hed e e e NSAIINSRL G eapiRL the pressure
was gradually loweréedto 8mm g when the temperature of the reactor

invention.

EXAMPLES
15

Example | - Preparation of Terpolvmer

2513 grams of high methylvinylidene polyisobutylene having a number average
molecular weight (Mn) of about 2300 and a methylvinylidene content of about 78%
(which is available from BASF as Glissopal® 2300) was charged to a 4-L reactor

20 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 1o 150°C. Traces of moisture were removed by sparging 250 scm’/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 scm’/min. 178.8 grams maleic anhydride and

25 16.4 grams dicumyl 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

30 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 gramé of condensate was collected. The product

was cooled and a yield of 2693 grams of copolymer (1) was obtained.
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30 reached 180C. The temperature was held at 190C and the pressure was held at 20 mm | Ig for 1
hour during which 15 grams of condensate was collected. The product was cooled and a yield of 2693
grams of copolymer (i) was obtalned 54 Example 2 - Preparatlon of PolyPIBSA (Copolymer (ii)) 4005
grams of high meﬁq 1) : gfage molecular weight (Me) of

about 1000 and amethytv e ] " ommercially available from BASF
and is known as @&%@p@mﬂaﬂmgmlﬁﬁhmﬁa&m a(lrfe'ambutand ltreimg actomiversaverited to a
temperature of aboutd30%. 588 arams MARFANMITIR.N0 RAA GRS ALAGH TR pofmyde were
fed to the reactor. The tempe at re'o the reactor was maintained at 150C or 1.5 hours after the
maleic anhydride ahigldiscpnyhpesieNidevaradhdrgedid thearsbistsnoTicasdalisopnehs ifatedsto about
200C. The produ the [e r { Examp! bl f
AIpha—OIefln%I(\)/Ialglfé:ﬂg éﬁ)%rlégeg(éqo %g&%%gaéﬁa%%a\%ealgﬁ% éxxgn 150%%\%%?{?:?(% gtrgr%%)tlc
solvent) and 81.9grpastmpeic adighids @i 4 hipshm ot snirilRe(exidemyermsibtute wempt. - 215.3
Daltons) 15 wereaaiaegia sl RO ARBEILL S bR warshaatd foshalf &4 the ipperature
was maintained for about 30 minutes to dehydrate the mixture. The mixture was cooled to 65C, and
36.5 parts of malérhadnde AabdisemsdmergsifecthehegestibhthvixeareorThBorecnstor ﬁ@aé{lgp}@éécwas
purged with nitrogen, THseagHion MG MAS PR R 1R0G0dS Ratsshditert-butyl peroxide
were added to the 20 reaction mixture. The reactor temperature was allowed to increase (exotherm) to
about 180C1®nce the temperature began to decrease (exotherm passed), the reaction mixture was

cooled to 150C. The pefoxideaddition stenwas ISREAIRELIYE Mg ias.Afianthe sixth peroxide

addition the reactor was heated t0 170C, and the temperature was maintained for one hour. The
aromatic solvent was the stripped from

11

100 parts by weight Exxon 150 solvent (Co aromatic solvent) and 81.94 parts per
weight of Cy4-24 alpha olefin mixture (average molecular weight - 215.3 Daltons)

15 were charged to a stirred reactor. The mixture was heated to 150°C, and the
temperature was maintained for about 30 minutes to dehydrate the mixture. The
mixture was cooled to 65°C, and 36.5 parts of maleic anhydride were charged to the
reaction mixture. The reactor headspace was purged with nitrogen. The reaction
mixture was heated to 150°C. 0.13 parts of di-tert-butyl peroxide were added to the

20  reaction mixture. The reactor temperature was allowed to increase (exotherm) to
about 180°C. Once the temperature began to decrease (exotherm passed), the reaction
mixture was cooled to 150°C. The peroxide addition step was repeated five more
times. After the sixth peroxide addition the reactor was heated to 170°C, and the
temperature was maintained for one hour. The aromatic solvent was the stripped from

25  the product under vacuum, and then approximately 276 parts of 100N neutral oil were

added to the product.

Examnple 4 — Preparation of Thermal PIBSA

30  The procedure of Preparation 2 in U.S. Patent No. 5,872,083 ('083 Patent) was
employed except that 2300 Mn polybutenc, available as Glissopal® 2300 from BASF,
was used instead of 2200 Mn polybutene as used in the '083 Patent.
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25 the product under vacuum, and then approximately 276 parts of IOON neutral oil were added to the
product. Example 4 - Preparation of Thermal PIBSA 30 The procedure of Preparation 2 in U.S. Patent
No. 5,872,083 (‘083 Patent) was employed except that 2300 Mn polybutene, available as Glissopal(r)
2300 from BASF, was used instead of 2200 Mn polybutene as used in the '083 Patent. 55 Example A
160 grams of Ter‘BZSWéer,Pas prepared in Example 1, were charged into a 500 mL stirred glass
reactor. A constant 180 mL/min nitrogen purge through the reactor 5 headspace was then started. The
reactor was heated to 160C. When the reactor temperature g%t ined 160C, 1.97 gr

ofN-phenyl-1,4-pHERAERHRIHFHROTBY > 4 AEBFS8i inoI-pf %Wé ihe %?15@@6]&4 grams of
poly(oxyethylene gtireaxylptopyene) diatiineanvese addedniaiepreantaresbeparitidibyrcatereaction
mixture was held at 160C for 1.5 hours. The reactor pressure was %%ﬁ reduced to <20 mmHg 10
(abs) to remove alFWAIEF J8REHaePHGRn @?%tgﬁ&%.%éeévé%du r%‘ogr]?cjiljf\ilrc})rglléﬁ:v{/(?aar%({.)oLrﬂnaintained for
30 minutes. The neagiiomisnpensdnesoras meiniainec fof-photiver Hephcholersdiecdunseltie reaction
appeared to be incomplete. The reactor pressure was agali uced to £20 mmH >$bs._an_d
maintained for SOWﬁt%é%fg‘FB & -\x,-g{g%@ﬁg}%%%éﬁ%ﬁﬁ%ﬁ%@é&?ﬁ%% Z%}plgoB had the
same process stepsyprfhgendidiansasiexanddlel 1o Theamousticthel eathantsiin dxample:B are
disclosed in Table 1. mple C 20 303.4 grams of thermal PIBSA (saponification numper =.35.4 mg
KOH/g) and 113.7”@5%% flg%lég)%ﬁe?n%u 1?“87%%@%%&%‘&‘ i reéé%%l(?ﬁ/(“r%%e%e sléep?glﬁﬁflctac{iéganr&m r=94.5
mg KOH/g) were ¢htaigeddmiesa H0nmkstinechgthdsriegcterrcAchitrogér pacgeni=t80itions 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 to <20 mmHg (abs) and maintained for 30 minutes to remove any water

generated during the reaction.

15

Example B had the same process steps and conditions as Example 1. The amount of

the reactants in Example B are disclosed in Table 1.

Example C

20 303.4 grams of thermal PIBSA (saponification number = 35.4 mg KOH/g) and 113.7
grams of alpha olefin / maleic anhydride copoloymer (saponification number = 94.5
mg KOH/g) were charged into a 500 mL stirred glass reactor. A nitrogen purge {(~180
mL/min) through the reactor headspace was then started. The reactor was heated to
160°C. When the reactor temperature approached 160°C, 58.27 grams of Huntsman

25 XTJ-501 (an ethylene oxide and propylene oxide based polyoxyalkylenediamine);
7.76 grams of N-phenyl-1,4-phenylenediamine; and 2.15 grams of 3-dimethyamino-1-
propylamine were added to the reactor sequentially. The reaction mixture was then
held at approximately 160°C for 1.5 hours. The reactor pressure was then reduced to
<20 mmllg (abs) to remove any water generated during the reaction. The vacuum

30 conditions were maintained for 30 minutes. Analysis of the product showed it to

contain 0.759 wi% nitrogen and 2.61 mg KOH/g Total Base Number (ASTM D2896).
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-mL/min) throug the reéactqr headspace was then started. The reactor was heated to 160C. When the
reactor tempergttgge appfoached 160C, 58.27 grams of Huntsman 25 XTJ-501 (an ethylene oxide and
propylene oxide bagé&d-polyoxyalkylenediamine); 7.76 grams of N-phenyl-1,4-phenylenediamine; and
2.15 grams ¢fFdimethyamino-I- propylamine were added to the reactor sequentially. The reaction
mixture was thep held at dpproximately 160C for 1.5 hours. The reactor pressure was then reduced to
<20 mmHg (a,ﬁs to remgve any water generated during the reaction. The vacuum 30 conditions were
maintained fof3 ®inltds.|Analysis of the product showed it to contain 0.759 wt% nitrogen and 2.61
mg KOH/g Ta&@as;e Number (ASTM D2896). 56 0ov 'Ilv~0o doCJrnooIln 00 sOwaa UVO
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Examples A and C, which exemplify the lubricating oil additive 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 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 wi% 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, is then left to sit overnight, It 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 = [(ViScho - Vist)/(Visp) x 100]

ViSgho! Viscosity of carbon black in o1l

visgy:  viscosity of fresh oil

Using the soot thickening bench test, the percent viscosity increase calculated for the
additive composition of for Examples A and C in a formulated oil was compared to a
formulated oil that does not contain the lubricating oil additive composition of the
present invention. The formulated oil of the present invention comprises 0.66 wt% of
an oxidation inhibitor package, 0.33 wi% pour point depressant, 4.07 wt% of a
calcium based detergent package containing a phenate and sulfonates, 2.41 wi% zinc
dithiophosphate, 0.03 wt% foam inhibiter, 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% Txxon1SON oil, and 30.76 wi% Exxon600N oil (all of which may be purchased

from ExxonMobil Corporation, Fairfax, Virginia) to provide the comparative oi}
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V (LI A U Examples A and C, which exemplify the lubricating oil additive composition of the present
invention, were evaluated for percent viscosity increase using a soot 5 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 aqil is then treated with 2 wt%o V.ulcan XC 72R carbon black,
supplied by Coluﬁ’ﬁ’éﬂé‘h‘@hﬁs PE?S%%%SEW@'T‘%;&% gb(fb%atgﬁ'ﬁr?d%ﬁﬁﬁ}%% giety 2'1 rﬁ?grrlgs Vulcan
XC72R carbon biack&od, 3ggoamsaieesh. oilfass by ddud tiestcoipaditeimedrifamsper Bombdlack, is

then left to sit overni‘%ht. It is then rﬁ)nﬁo erli?zt%gji using a high,speed tissue homogenizer for
approximately 60 SECERIETHERS % ?)’/%W’ T lﬁ%}aoél(‘ with the fresh oil. The resulting test oil

containing carbon black is then degassed at 100C for 30 minutes. The viscosity of the oil containing
carbon blacgis measyred. according tp methods that are well knawn,in rt, The percent

viscosity increas h%féa‘l‘fﬁg e easé)&g%ﬁ% e()n}ﬁe‘?%ﬁ%[\}/ﬁsﬁga¥8r%lﬁx§:a%z (\ilclislcnoﬂlsqlelf/ﬁfr:%:'rease = [(visebo -
visfo)/(visfo) x 1001 20 vis,i,: viscosity of carbon black in oil visf: viscosity of fresh oil Using the soot

'I[Ehickening bench test, the percent vjl_sﬂ%ggEyng\%n%ieﬁa{%%%ﬁggqgﬂg?Rgglgi'ktsir:/e composition of _for
xamples A and Cina formul'-*teéixg:. waseompaietiio & 2p forinmated ol that does not contain the
lubricating oil additive composjtion of the present inventiod. The formulated oil of the present invention
comprises 0.66 wt% of an oxidatiorf‘inhibitor package, 6135 wtoeu pour point depressant, 4.07 wt% of
a calcium based detergent package-contajining a phenatg.and sulfonates, 2.41 wt% zinc '

dithiophosphate, 0.03 wt% foTl ITHItoT, T~ 7 Wt% VisTostygndex improver and

Dispersant

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

10 increase using the lubricating oil additive composition of the present invention was
lower than the percent viscosity increase in a formulated oil that did not contain a
lubricating oil additive composition of the present invention, which yielded
approximately a 284% viscosity increase. This test indicates that the lubricating oil
additive composition of the present invention has good dispersant properties.

15
It is understood that although modifications and variations of the invention can be
made without departing from the spirit and scope thereof, only such limitations should

be imposed as are indicated in the appended claims.
20 Itis understood that although modifications and variations of the invention can be

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

be imposed as are indicated in the appended claims.
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30 85.10 wt%o of a lube oil blend which is a mixture of basestocks that consists of 69.24 wt%
ExxonlI50N oil, and 30.76 wt% Exxon600N oil (all of which may be purchased from ExxonMobil
Corporation, Fairfax, Virginia) to provide the comparative oil 58 formulation. To prepare the formulated
lubricating oil composition of the present invention, approximately 7.6 wt% of the additive composition
of Examples A aI ed, to the formulated comparison oil. 5 The results of the soot
thickening bench-te =dth Table 2. Table 2: Soot Thickening Bench Test Results
Example % Viscosity Increase A 31.14 C 27.3 No 283.9 Dispersant The results of the soot
g e e L e g O naleaseusa e lubricatipg g additve
composition of the present invention was foWerthan the perce‘?ﬁ VISCOBItY incredse in & formulated. oil
that did not contain a |ublichtingnpili additastie@mposition of the present invention, which yielded
approximately a 284% viscosity increase. This test indicates that the lubricating oil additive
composition of the present invention has good dispersant properties. 15 It is understood that although
modifications and variatiéns ofatHessiventioitisafv bewmadepvithwatsdeparting from the spirit and scope
thereof, only such limitations should be imposed as are indicated in the appended claims. 20 It is
understood that although modifications and variations of the invention can be made without departing
from the spirit and scope there@, only: sapbljiimitationseh byl dresedhpdsegasmeeiintivatdd in the
appended claims.

components comprising:

10

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

C4-Cyg dicarboxylic acid, anhydride or ester thereof;

15 (b) at least one 1-olefin comprising about 2 to 40 carbon
atoms or at feast 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 groﬁp or mixtures

20 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)

25
(H an aikyl 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

30 atoms;
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59 WHAT IS CLAIMED IS: I. An oil-soluble lubricating oil additive composition prepared by the process
which comprises reacting 5 (A) at least one of the 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 thereof, or C4-C28 dicarboxylic acid, anhydride or

ester thereof; 15 (b) at least one 1-olefin co%prisigg S}E ut 2.to 40 dcgrritw_n llgltpms. %ro?taleast one

polyolefin comprising about 4 to 360 carbon“atoms and aar\%lrrllﬁ Afefminat go%%lff}menzable group in

the form of a vinyl, vinylidene or alkyl vinylidene groupediyhixtcaty 20stiareed, rangb(a)rat least one

monoolefin compound which is copolymerizable with the monomer f[ga%han §h and is selected
from the group consisting of: 25 (1) an alkyl vinyl \gfﬁ%rrg %gqg:nagﬁrﬁyf)iﬁ?/ e bg}l(g/v %r%g?ﬁg alkyl group is

hydroxyl, amino, dialkylamino or alkoxy substituted eriscomsiobstitviied:; Grcilcdraisiigefrom about | to

about 40 Carg) on 30 atoms; 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,;

10 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
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 same as the olefin employed
20 in ()(b);

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

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

25 (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 (i1) or
both with the non-free radical catalyzed reaction product of

30 compound (i)(a) and compound (i)(b) or (i)(c}; with
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60 (2) an alkyl amine and an N-alkylamide of a monoethylenieally unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where the alkyl substituent 5 contains from about 1 to
about 40 carbon atoms; (3) an N-vinylcarboxamide of carboxylic acids of from about | to about 8
carbon atoms; 10 (4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and (5) at

least one 1-olefin gempriginghapdlcthte deharibanatamls of Béilgaiiena palialefiastiitveomprising
about 4 to about 360 carbon atoms and having a terminal ¢ po%merizab]ée %g;oég in. the. form of a

vinyl, vinylidene or alkyl WRIEHEXGHAAS G RGEHES thereoh, PrB\rRa Hae BRRY&SSToYed is not

the same as the olefin ersgley a8 fintiRidibsaicegsdiymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical initiator; 25 (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 ) or(gypolytiendiid:g ahpHatiorchinflohcontpatingofapalyimetithar tapobpmer (i) or both

wih e non e recial atelyee et progyet gL S0 campeynd (el ancsampesns O

thereof, and

(D)  atleast one aromatic compound capable of reacting with at least one

10 monocarboxylic acid or ester thereof} or dicarboxylic acid, anhydride or ester

thereof.

2. The lubricating oil additive composition of claim 1, wherein in copolymer
(iii)(B), said copolymer (i) or copolymer (ii) or both are contacted with the
15 non-free radical catalyzed reaction product of compound (i)(a) and compound

(1)(b) or (i)(c) in the presence of component (C), component (D) or both.

3. The lubricating oil additive composition of claim 1 or 2, wherein the ether
compound (B) is a polyether polyamine.
20

4. The lubricating oil additive composition of claim 3, wherein the polyether
polyamine is a polyoxyalkylene diamine wherein each alkylene unit

individually contains from about 2 to about 5 carbon atoms.

25 5. The lubricating oi} additive composition of claim 4 wherein the oxyalkylene

moiety is oxyethylene or oxypropylene, or mixtures thereof.

6.  The lubricating oil additive composition of any one of claims 3 to 5 wherein the

polyether polyamine is polyoxyethylene diamine.
30 '

7. The lubricating oil additive composition of any one of the preceding claims

wherein the copolymer is copolymer (i).
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(B) at least 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 thereofand 5 (C) at
least one aliphatic compound capable of reacting with at least one monocarboxylic acid or ester
thereof, or dicarboxylic acid, anhydride or ester thereof; and (D) at least one aromatic compound
capable of reacting with at least one 10 monocarboxylie acid or ester thereof; or dicarboxylic acid,

anhydride or ester .thergof. 2. The lubricating.oil additive compsitian of claims 3, whelairdm copolymer
(ii)(b), said copolyﬁﬁer (%%?%%BS )tllrlﬁ ?%i a(?rgllyoth argt coﬁtactegévg\[/tith the 15 non-free radical catalyzed

reaction product of compgund (i {)(b) or (i)(c) in the presence of component (C),

component (D) or both. cating oil additive composition of claim 1 or 2, wherein the ether
compound (B) is a polyether polyamine. 20 4. The lubricating oil additive composition of claim 3,

wherein the palyetier polyamiigiiadRAYNEIVRSIAMRIDE JYRERR Sact alkyipe HE dndividually

contains from about 2 to about 5 carbon atoms. 25 5. The lubricating oil additive cc};@rg)(‘)sition of claim
4 wherein the oxyalkylene®3haiEty fs Rjansd dwals 155 préisplaratalpred anéanpbradeis. The

lubricating oil additive compasifipn: %@%l?%@t?l@ﬁ@.s 3 to 5 wherein the polyether polyamine is
polyoxyethylene diamine. 30 7. The lubricating oil additive composition of any one of the preceding
claims wherein the copolymer is copolymer (i). 62

10.  The lubricating oil additive composition of any one of claims 1 to 7 wherein

10 the copolymer is copolymer (ii1).

11.  The lubricating oil additive composition of any one of the preceding claims
wherein the amino aliphatic compound is selected from group consisting of

: aliphatic monoamines, aliphatic diamines, and aliphatic polyamines.
15
12.  The lubricating oil additive composition of claim 11 wherein the amino
aliphatic compound is selected from the group consisting of aliphatic
monoarmines, aliphatic diamines, aliphatic polyamines and polyalkylene
polyamines.
20
13.  The lubricating oil additive composition of claim 12 wherein the aliphatic

compound is an aliphatic diamine.

14,  The lubricating oil additive composition of claim 13 wherein the aliphatic
25 diamine is N,N-diethyl amino ethylamine, N,N-diethyl amino propylamine,

N,N-dimethy!l amino propylamine or 1,3-aminopropy! morpholine.

15.  The lubricating oil additive composition of 12, wherein the aliphatic
compound is an polyalkylene polyamine.
30 16.  The lubricating oil additive composition of any one of the preceding claims

wherein the at least one aromatic compound is selected from a group

consisting of



8. The lubricating oil additive composition of any one of claims 1 to 7 wherein the copolymer is
copolymer (ii). 5 9. The lubricating oil additive composition of claim 8 wherein copolymer (ii) is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic anhydride and polyisobutylene.
10. The lubricating oil additive composition of any one of claims 1 to 7 wherein 10 the copolymer is
copolymer (iii). 11, The Iubhdcatl 0|I itive osmo ope of the preceding claims wherein
the amino aliphafi¢ com ?88%”&6 5688’?1t t}i)llf 5t [9BWStic monoamines, aliphatic
diamines, and aliphatic polyamlnes. 15 12. The lubricating oil additive composition of claim 11 wherein
the amino aliphatic compound is selected oM he group conS|st|n i haﬁ'_? monoamines,
aliphatic diamines, aliphatic polyamlnes %e Iubricating oil
additive composition of claim 12ra : »
lubricating oil additive composition of claip 13 whérein the aliphat ine is N,N- dlethyl amino
ethylamine, NN-diethyl amino propylamine;—\;N-dimethyl amino pr ine or 1,3-aminopropyl
morpholine. 15. The lubricating oil additive composition of 12, wherein the aliphatic compound is an
polyalkylene polyamine. 30 16. The lubricating oil additive composition 0f any one of the preceding
claims wherein the at |dgtiohk atdiimatic doHpbanydl is sdieatebeft omsaaggbtiphaorisidtingtbf b3

5 radical having from about 4 to about 24 carbon atoms selected from altkyl,
alkenyl, atkoxyl, aralkyl or alkaryl; R(2)9 is --NH,, --(NH(CH3) n)mNHa, -~
NHalkyl, --NHaralkyl, --CH; --aryl--NH,, in which n and m each have a value

from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

or alkaryl, having from about 4 to about 24 carbon atoms.

10
{b) aminocarbazole represented by the formula:
\N‘\
/ \ AN,
\ ¢
Rzz/,/’ /\Rzz

|

H
15 in which Ry and Ry, each independently represent hydrogen or an alkyl or

alkenyl radical having from about 1 to about 14 carbon atoms,

(c) an amino-indazolinone represented by the formula:
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a) an N-arylphenylenediamine represented by the formula: R20 R18 <_ ) HN R19 R1g is H, --NHaryl,
-NHalkaryl, or a branched or straight chain hydrocarbyl 5 radical having from about 4 to about 24
carbon atoms selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R(2)19 is --NH2, --(NH(CH2)
n)mMNH2, -- NHalkyl, --NHaralkyl, --CH2 --aryl--NH2, in which n and m each have a value from about 1
to about 10; and R20 is hydrogen, alkyl, §Ikenyl, alkoxyl lkyl, or alkaryl, having from about 4 to
about 24 carbon atoms. 10 (b) aminocar he f%r'_rinula: NH2 R2//Rzz z N15in
a kyf or alkenyl radical having from

HN R23 N in which R23 is hydrogen or an Ikyl radic havm/g m about .1 to about 14 carbon
atoms; and R

in which Rj; is hydrogen or an alky! radical having from about 1 to about 14

carbon atoms; and

(d) an aminomercaptotriazole represented by the formula:

(T

H

10

() an aminoperimidine represented by the formula:

NH.
/l\NH

\
T R24

=

N

15 in which Ry, represents hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms;
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5 (d) an aminomercaptotriazole represented by the formula: NNH2 SHN NH 10 (e) an
aminoperimidine represented by the formula: N H2 N"5/ NH R24 15 in which R24 represents
hydrogen or an alkyl radical having from about | to about 14 carbon atoms; 65 (f) an
aryloxyphenyleneamine represented by the formula: R2r R25/\1J Res 5 in which R25 is H, --NHaryl,
-NHalkaryl, or branche(w)r stralilght i:hainh%ildilcal havingffrom at%o %Af é%gbout 4 carbon atoms that
can be alkyl, alkenyl, a oxyl,aar%my?)grpa ngrﬁl? NS eRﬁS?neﬁg ( % MNH2, --NHalkyl, or --
NHaralkyl, in which n and m each have a value from about 1 to about 10; and R27 is hydrogen, alkyl,
alkenyl, alkoxyl, aralkyl, or alkaryl, havin bout 104 to a cagggn atoms; (g) an aromatic

amine comprising two aromatic groups, a group, L d by the following formula:
0]
Rzs ‘ /
Rae
3 in which Ros is H, --NHaryl, -NHalkaryl, or branched or straight chain radical

having from about 4 to about 24 carbon atoms that can be alkyl, alkenyl,

alkoxyl, aralkyl or alkaryl; Ry is --NHa, --(NH{CHz)n)m NHa, --NHalkyl, or --
NHaralkyl, in which n and m each have a value from about 1 to about 10; and
Ry7 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about

10 4 to about 24 carbon atoms;

() an aromatic amine comprising two aromatic groups, linked by a group, L,

represented by the following formula:

R Y p— R
30\/—_— 3 / 3z
B Rag
B an
31 Y1‘““‘“'“"'Y2 Yy Ras

wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C(O)NR3-, -
C(O)O“, -SO;)_—, —SOQNRQQ“ or wSOgNH—, wherein R;)_g and Rzg

15

independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

20 group having from about 1 to about 8 carbon atoms;

wherein each Y, Ya, Y3 and Yy are independently N or CH provided
that Y, and Y; may not both be N;

25 Rso and Ry, independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NOa, -SO4H, -
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R30/=Y3 R32 L R3a 15R31Y1-Y2\YaR33 wherein L is selected from -0-, -N=N-, -NH-, -CH2NH,
-C(O)NR28-, - C(O)0O-, -S0O2-, -SO2NR29- or -S02NIJ-, wherein R29 and R29 independently
represent a hydrogen, an alkyl, an alkenyl or an alkoxy 20 group having from about | to about 8 carbon
atoms; wherein each Y1, Y2, Y3 and Y4 are independently N or CH provided that Yi and Y2 may not

both be N; 25 R30 and R31 i n %grepf sent :@ﬂx , alkyl ar)[[gé alkaryl, aralkyl, alkoxy,
hydroxyalkyl, aminoalkyl, -OH; qs}gadéé ?f, %a%é%% a?,\fg%% \ggélglltnt f'éigﬁ, %ﬁ?RaﬁRﬂ wherein
R41 and R42 are independernitiydpyddogen hatkylkanyd|kariylatkyl aorlalkgydr RB2rghd R33 independently
represent a hydrogen, an alkyl, an alkenyl or 5 an alkoxy group having from about | to about 8 carbon

atoms, -OH, - SO3H or -SO3Na; R34 represents -NH2, -NHR35, wherein R35 is an alkyl or an alkenyl
group having from about 1 to RapendRarindepatdom]yCR(@H2Nydk@N] a2 dkyCrRadkghNER and n

is from O to about 10; (h) an aminﬂéhiazorlg éqégn‘%tgg ffr_r(%n Eﬁ?ﬁkﬁﬁo%oﬁggwgs ing of ﬁmg[_@?e’z’qle,

aminobenzothiazole, aminobenzot ?gc‘j/igzéi minoa iazole; 15 (1) an aminoindo
represented by the formula: Ré3:H2N-G4Na;

R34 represents ~NHa, -NIHR3s, wherein Ris is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CHp-(CHa)y —~

10 NH; or —CHj-aryl-NH; and n is from 0 1o about 10;

(h)  an aminothiazole selected from the group consisting of aminothiazole,

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

15
(1 an aminoindole represented by the formula:
Rag
il |
|
H
20 wherein Rs, represents a hydrogen, an alkyl or an alkenyl group having

from about 1 to about 14 carbon atoms;

1 an aminopyrrole represented by the formula:
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20 wherein R36 represents a hydrogen, an alkyl or an alkenyl group having from about 1 to about 14
carbon atoms; (j) an aminopyrrole represented by the formula: 67 2 R38"-IF/---\\ ,R31-NH N H
wherein R37 represents a divalent alkylene group having about 2 to about 6 carbon atoms and.R38

represents a hydrogen, an alkyl or an 5 alkenyl group having from about 1 to about 14 carbon atoms;
(k) a ring substituted or unsubstituted aniline, s nitroaniline or 4- aminoacetanilide; (1) an

aminoquinoline; (m) an aminobenzimid /40 (n\a N, Ri-cialdiAphenylenediamine; (o) a
benzylamine; and (p) a benzyl alcohol.%ukjr/i?ating oil additive composition of claim 16 wherein
the aromatic 15 amine is N-arylphenylenediamine~18. The lubricating oil additive composition of claim
17 wherein the N-arylphenylenediamine is N-ph@nylphenylenediamine. 20 19. The lubricating oil
additive composition of Claim 18 wherein the N- phenylphenylenediamine is

N-phenyl-1,4-phenylenediamine. 20. The lubricaking oil additive composition of any one of claims 1 to
6 wherein compound (i)(b) of copolymer (i) is polyisobutene having a 25

wherein R3; represents a divalent alkylene group having about 2 {o
about 6 carbon atoms and Rsg represents a hydrogen, an alkyl or an
5 alkeny! group having from about 1 to about 14 carbon atoms;

k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-

aminoacetanilide;
()] an aminoquinoline;
(m)  an aminobenzimidazole;
10 (n)  aN, N-dialkylphenylenediamine;
(o) a benzylamine; and

(p) a benzyl alcohol.

17.  The lubricating oil additive composition of claim 16 wherein the aromatic

15 aming is N-arylphenylenediamine.

18.  The lubricating oil additive composition of claim 17 wherein the

N-arylphenylenediamine is N-phenylphenylenediamine.

20 19.  The lubricating oil additive composition of Claim 18 wherein the N-
phenylphenylenediamine is N-phenyl-1,4-phenylenediamine.
~ 20.  The lubricating oil additive composition of any one of claims 1 to 6
wherein compound (1}(b) of copolymer (1} is polyisobutene having a

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

21.  The lubricating oil additive composition of claim 20, wherein the number

average molecular weight (M,) is from about 500 to about 3000.
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number average molecular weight (M,) of from about 112 to about 5000. 21. The lubricating oil
additive composition of claim 20, wherein the number average molecular weight (Ma) is from about
500 to about 3000. 68 22. The lubricating oil additive compaosition of claim 21, wherein the number
average molecular weight NO is from about 1000 to about 2500. 23. The lubricating oil additive

composition of amyene of e pieeadigflai & WARIGIN Y isadisrrml aeich apdrice of

ester thereof. 24. The lubricating oil additive composition o erein wherein (1)(a) is maleic
anhydride or ester&Ffapgsimpteogar e Bk ribhtng biradbitvd eofripotituh2éP8ny one of the preceding
claims wherein the monoolefin of (i)(c) is a 1-olefin. 26. A lubricating oil composition comprising a

major amount of an il Ofﬂgmmﬂﬂgbﬁﬁgéﬁb{i@@@q%ﬁﬂﬂ%ﬁ &Iéhﬁl&é%i@@@&w&aﬁgitﬁve 15
composition prepared by the process which comprises reacting (A) at least one of the following

copolymers: (i} a copolymgéebiaineriby dieatadisr! copolymerizrtianQbr 2QYMPONeNts comprising:
(a) at least one monoethylenically unsaturated C3-C28 monocarboxylic acid or ester thereof, or
C4-C28 dicarboxylic acid, anhydride or ester thereof; 25 (b) at least one | -olefin comprising about 2 to

40 carbon atoms opat leggl.qpe-RANAUSIN LRMALLINA AR AP B80 sahanalPM%ARd Bayng a
terminal copolymerizable group in the form of a vinyl, 30 vinylidene or alkyl vinylidene group‘or
mixtures maleic anhydride or ester thereof. '

10 25. The lubricating oil additive composition of any one of the preceding claims

wherein the monoolefin of (1){(c) is a 1-olefin.

26. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive

15 composition prepared by the process which comprises reacting

{A)  atleast one of the following copolymers:

(i) a copolymer obtained by free radical copolymerization of

20 components comprising:

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

C4-Cog dicarboxylic acid, anhydride or ester thereof;

25
(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,
30 vinylidene or alkyl vinylidene group or mixtures

thereof’ and
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thereof; and 69 (c) at least one monoolefin compound which is copolymerizable with the monomers of
(a) and (b) and is selected from the group consisting of. 5 (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 | to about 40 carbon atoms; 10 (2) an alkyl amine and an N-alkylamide of

a. monoethylenically unsaturated morf- or geicarboxggc ac[i'dfof f(r)om %ggut tg 1about 10 carbon
atoms where the alkyl substituent 15 €ntthS oM 2B A6 BbBUT A Carbor adms:; (3) an

N-vinylcarboxamide of carboxylic acids of dopsiyabatiabio alihith8manboratofi(a) 204(4))amd\s/inyl

substituted nitrogen-containing heterocyclic,comppund; and (5) at least one | -olefin comprising about
o8 el

2 to 40 carbon atoms or at least one polyof’é3 i E%%%‘ﬁs%% 56Ut 4 t6Pabout 360 carbon atoms and

having a terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene group or
mixtures the%eof, provided that the olefin e(lﬂploy%giil ?% }E\% sgme. as Egeaﬁ)lr?fziiﬂ(ﬂneﬁlqoe}’% ere
the alkyl group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing from about 1 to about 40 carbon
atoms;
10
(2) an alkyl amine and an N-atkylamide of a
monoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about

10 carbon atoms where the alkyl substituent

15 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;

20 {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
25 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

30 in (1)(b);
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30 in (i)(b); 70 (ii) a copolymer obtained by reacting compound (i)(a) and compound(i)(b) in the
presence of a free radical initiator; (iii) a copolymer obtained by (a) reacting compound (i)(a) with 5
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)g).and compound (i)(b) or (i)(c); with 10 (B) at least
one ether compound capable dfibeind fRaksdngitaapirakbyveaFpasest é1ieindr esters,

thereof, or dicarboxylic acids, anhydridgs, 05.R8I®IG e R pREMPIIEsheraalanthim(ly) at least one

aliphatic compound capable of reacting with at least one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof, and (D) at least one aromatic compound capable of

reacting with at least one 20 megigcarheyylitacid o5@TIed %éﬁ(&)offé&ﬁgg@&%%)mdride or
&t

ester thereof, 27. The lubricating oil composition of claim 26, wherein in copolymer (iii)(b), said
copolymer (i)50r copolymer (i) or bothYBRSHE P IHE{ IS ieA-Raies fadidl d reaction

product of compound (i)(a) and compeenditiih He (HskiRERE ESEALS Bh CRPRMSHALGE) or
component (D) or both. 28. The lubricating oil comg)osition of cIair%s 26 0@7 Where% the?g)ther
compound (B) is a polyether polyamin@_}t@@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 ()(c); with
10
(B)  atleast one ether compound capable of being reacied with at least two
monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or

esters thereof, or mixtures thereof;and

15 (C)  atleast one aliphatic compound capable of reacting with at least one

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

thereof; and

(D)  at least one aromatic compound capable of reacting with at least one

20 monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester

thereof.

27. The lubricating oil composition of claim 26, wherein in copolymer (1ii}b),
said copolymer (i) or copolymer (ii) or both are contacted with the non-free
25 - radical catalyzed reaction product of compound (i)(a) and compound (i)(b) or

(1)(c) 1n the presence of component (C), component (D)) or both.
28.  The lubricating oil composition of claims 26 or 27 wherein the ether

compound (B) is a polyether polyamine.
30
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71 29. The lubricating oil composition of claim 28, wherein the polyether polyamine is a
polyoxyalkylene diamine wherein each alkylene unit individually contains from about 2 to about 5
carbon atoms. 5 30. The lubricating oil composition of claim 29 wherein the oxyalkylene moiety is
oxyethylene or oxypropylene, or mixtures thereof. 31. The lubricating oil composition of any one of

claims 28 to 30 wherein the polyether pglyamine. is polyoxyethylene diamine. 10 32. The lubricating oil
composition of an% one cgﬁﬁaﬁf%é(%%%%wwg?huﬂ’féo 8@81'9 é'r‘i‘g‘%rgﬁb ﬁ%?%?.t PR tBFicating
oil composition of any onig afeolatmgaloyiondQinhereimvtiec b ectpolyphareisuto paljvitkially cadtaiie
lubricating oil composition of clgi [

m 33 Wheret(ll% coI[%oI mer (ii) is polyPIBSA, obtained by the free
radical catalyzed reactio SPHARRYE é?]ﬁ%ﬁ goaéf?%%utylene. 20 35. The lubricating oil

composition of any one of claims 26 to 30 wherein the copolymer is copolymer (iii). 36. The lubricating
oil compositiopn of ?Qy ong,of claims.26 tg 30 wherein thg &25 a 'nohalié)ha‘t‘ic co o&md IS sejected
from group consisting of ﬁ‘ﬁﬁg ECRHORSA ﬂ@g?gﬁb%‘ﬁ AT R p?h%)f?&apgl AMniNes3Y. The
lubricating oil composition:ofetizindovdrgteipiienaminmbliphatibesafipound is selected from the
group consisting of aliphatic monoamines, 30 aliphatic diamines, aliphatic polyamines and
polyalkylene polyamines. 72 38. The lubricating oil composition of claim 37 wherein the aliphatic
compound is 31.  The lubricating oil composition of any one of claims 28 to 30 wherein the

polyether polyamine is polyoxyethylene diamine,
10
32.  The lubricating oil composition of any one of claims 26 to 30 wherein the

copolymer is copolymer (i).

33.  The lubricating oil composition of any one of claims 26 to 30 wherein the

15 copolymer is copolymer (ii).

34, The lubricating oil composition of claim 33 wherein copolymer (ii) 18
polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene.

20
35. The lubricating oil composition of any one of claims 26 to 30 wherein the

copolymer is copolymer (iit).

36. The lubricating oil composition of any one of claims 26 to 30 wherein the
25 amino aliphatic compound is selected from group consisting of aliphatic

monoamines, aliphatic diamines, and aliphatic polyamines.

37.  The lubricating oil composition of claim 36 wherein the amino aliphatic
compéund is selected from the group consisting of aliphatic monoamines,

30 aliphatic diamines, aliphatic polyamines and polyalkylene polyamines.
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an aliphatic diamine. 39. The lubricating oil composition of claim 38 wherein the aliphatic diamine is 5
NN-diethyl amino ethylamine, NN-diethyl amino propylamine, N,N- dimethyl amino propylamine or
1,3-aminopropyl morpholine. 40. The lubricating oil composition of 37, wherein the aliphatic compound
is an polyalkylene polyamine. 10 41. The lubricating oil composition of any one of claims 26 to 40
wherein the at leagt one.aromatic compgound is selected fram a group consisting of a) an )
Naryiphenyloneciinine 1B UGEHAIG Y THE AU GBI S | WG e Fa R AR S ary
-NHalkaryl, or a branchednaalsthatgghdehaie. hydrocarbyl radical having from about 4 to about 24
carbon atoms selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R(2)19 is --NH2, --(NH(CH2)
n)mNH2, -- Nl-lalkyl, --NHaralkyl, --CH2 --aryl--NH2, in which n and in each have a value 20 from
~about Ito about 103%nd R22 isthychogenil akblpadkony b fatkaixy § alksydinahaldihiralivagifoim about 4

to about 24 carbon atom b),aminacarbazole re nted by the formula; NH R22 N5in
which R21 an% R22 each?\{ﬁéﬁh&%WPe%ﬁé’f%ﬁ%@ﬁ@éé&%@gﬁw B?Op%aml © ﬁz[\{

dimethyl amino propylamine or 1,3-aminopropy! morpheline.

40.  The lubricating oil composition of 37, wherein the aliphatic compound is an
polyalkylene polyamine.

10
41. The lubricating oil composition of any one of claims 26 to 40 wherein the

at least one aromatic compound is selected from a group consisting of

a) an N-arylphenylenediamine represented by the formula:

e
S/ N @

15 Rig
Rig is H, --NHaryi, -NHalkaryl, or a branched or straight chain hydrocarbyl
radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralkyl or alkaryl; R(2)o is --NHs, ~-(NH(CHp) n)mNHz, --
NHalkyl, --NHaralkyl, -~CHj --aryl--NH,, in which n and m each have a value
20 from about 1 to about 10; and Ryq is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

or alkaryl, having from about 4 to about 24 carbon atoms.
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alkenyl radical having from about 1 to about 14 carbon atoms, (c) an amino-indazolinone represented
by the formula: O Z_ NHZ HN R23 N 10 H in which R23 is hydrogen or an alkyl radical having from
about 1 to about 14 carbon atoms; and 74 (d) an aminomercaptotriazole represented by the formula:
NH2 SH/N NI H5 (e) an aminoperimidine represented by the formula: NH2 N)--"N H R24 10 in

which R24 repregents hydrogen or an alkyl radical having frgm about Ito about 14 carbon atoms; (f)
an aryloxyphenﬁearﬁﬁi@? %ﬁlgggﬂﬁéﬁpﬁ ?ﬂ&%@%@%@%ﬂ R27 R2a N\

Rai e Raz
|
H
5 in which Ry; and Ry, each independently represent hydrogen or an alkyl or

alkenyl radical having from about 1 to about 14 carbon atoms,

(c) an amino-indazolinone represented by the formula:

10

in which Ry, is hydrogen or an alky! radical having from about 1 to about 14

carbon atoms; and
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15 R26 in which R25 is H, --NHaryl, -NHalkaryl, or branched or straight chain radical having from
about 4 to about 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R26 is --NH2,
--(NH(CH2)n)r NH2, --NHalkyl, or -- 75 NHaralkyl, in which n and m each have a value from about 1 to
about 10; and R27 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about 4 to about
24 carbon atoms; provided that when R25 is hydrogen or a branched  or straight chain radical having
from about 4 to ABbut 24 REPRSH SIS B selsciery frened IRy e Bikoxy!, aralkyl or alkaryl, then
R26 must be NH2 or --(NH(CHZ2),)mNH2, -CH2-(CH2)" NH2, or -CH2-aryl-NH2, (g) an aromatic amine
comprising two aromatic groups, linked by a group, L, representeg by the following formula: 10 -/R32
R30/--Y3L R34 \R31YI-Y24 R33 whereinLiss -5-‘? -N=N-, -NH-, -CH2NH,
-C(O)NR25-, - C(0)0-, -SO2-, -SO2NR29- or -SO -, whergin R28 and R29 15 independently
represent a hydrogen, an alkyl, an alkenyl g oxy group having from about | to about 8 carbon
atoms; wherein each Y 1, Y2, Y3 and Y4 are independently N or CH provided that Y1 and Y2 may not
both be N; 20 Rao and R31 independently represent a hyd n, alkyl, aryl, alkaryl,

N/I:QQR-:'

H

(e) an aminoperimidine represented by the formula:

NHp
N = NH

\
— Raa

=

10 in which Ry represents hydrogen or an atkyl radical having from about 1 to

about 14 carbon atoms;

(f)  anaryloxyphenylencamine represented by the formula:

15 Rog

in which Rys is H, --NHaryl, -NHalkaryl, or branched or straight chain radical
having from about 4 to about 24 carbon atoms that can be alkyl, alkenyl,

alkoxyl, aralkyl or alkaryl; Rag is --NHy, --(NH(CH2)n)m NHaz, --NHalkyl, or --
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aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO2, -SO3H, - SO3Na, CO2H or salt thereof,
-NR41R42 wherein R41 and 1L42 are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl; 25 R32
and R33 independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy group having from
about 1 to about 8 carbon atoms, -OH, - S03I-1 or -SO3Na; 76 R34 represents -NI-12, -NHR35,

wherein R35 is an alkyl or an alkenyl group having from about | to about 8 caybon atoms,
_CH2-(CH2)" - NH2 or - HaradkylNiip HnThAdHB FrerBas SuYae 59 %??‘éﬁiﬁ%m‘%@’ﬁé’%cted

from the group consistinggOf anirgiazNel, arinabenrzetn|azeleylatintkaeyizbtviadi aznleabogt
aminoalkylthiazole; (i) an aminoindole represented by the formula: 10 R36 H2N 0 wherein R36
represents a hydrogen, hif 39@*&4%@%5%@?03@%9%181%8’%3 Elfsl%%(%}[%ﬁtoff (?:)éar %]%egatoms; 15
(i) an aminopyrrole represeiadhiyh e fativullaaviR3 Trdid 2bdht H RO bdherBinKBrureprasents a divalent
alkylene group having about 2 to abqut 6 carbop atoms and represents a hydroge alkyl or
an alkenyl goup havin§f§H %a(igt%h %‘Eﬁyﬁfwnaé%m?’f RS }Q% st be N,

or —-(NH(CH;)n)uNHz, -CHp-(CHz)y, —NHa, or ~CHa-aryl-NHy,

(g) anaromatic amine comprising two aromatic groups, linked by a group, L,
represented by the following formula:
10
Rao

\/::.,—WY;; = / Rag
L Ras
B WS

Y1““““’"”Y2

wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C(O)NRzg-, -
C(OYO-, -803-, -SO;NRys- or —SO;NH-, wherein Rag and Rag
15 independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

group having from about I to about 8 carbon atoms;

wherein each Y1, Yo, Y3 and Y4 are independently N or CH provided
that Y, and Y may not both be N;

20
Rypand Ry independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO;H, -
SO;Na, CO;H or salt thereof, -NRy Ry wherein R4 and Ry are
independently hydrogen, atkyl, aryl, arylalkyl, or alkaryl;

25
Rj; and Rz independently represent a hydrogen, an atkyl, an atkenyl or
an alkoxy group having from about I to about 8 carbon atoms, -OH, -

SO4H or -S04Na;
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(k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4- aminoacetanilide; 77 (1) an
aminoquinoline; (m) an aminobenzimidazole; (n) a N, N-dialkylphenylenediamine; (o) a benzylamine;
and 5 (p) a benzyl alcohol. 42. The lubricating oil composition of claim 41 wherein the aromatic amine
is N- arylphenylenediamine. 10 43. The lubricating oil composition of claim 42 wherein the

N-arylphenylenediamine is Ne%@d? ?]%q% %E%Iaf@ 3&4%%}116-:?5' rlcatlnglgll Ofé)a]%g qof Claim 43

wherein the N- phenylphenyl pheny Y SR ) fubricating oil
composition of any one of clalgm&@alwﬁ@ frbereboucdripsbnd & tpoh eopobyridd({Gdpalyisobutene

having a number average m Iar V&Eh w ffr%m abl%Jt l&g toD ﬁ%pﬂs 5000. 20 46. The

lubricating oil composition of Aumber average molecular weight (M") is from °
about 500 to about 3000. 47. The Iubrlcatlng oil composmon of claim 46, wherein the number average

molecular weight (M") is,from about 1090 to aboféc?%qgo &ggg caling %glgn of any

one of claims 26 to 47 erelnrtjlfn)n?é a ?égr oxy ic acid, ﬁydrf%e or est§ ﬁereo?ﬂjw The

lubricating oil composition of d\&iﬁﬂ(ﬂ:&ﬁlhé@@iﬁh&t&%%ﬁ)(&)ﬂhlﬂ&#@iﬂe 30damhipdritley hieseds; thereof.

(i) an aminoindole represented by the formula:

10

Rag

r

|

wherein Riq represents a hydrogen, an alkyl or an alkenyl group having
from about 1 to about 14 carbon atoms;

15

() an aminopyrrole represented by the formula:

R38\®\// Ra7—NHz
T

H

20 wherein Ry7 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rsg represents a hydrogen, an alkyl or an
alkenyl group baving from about 1 to about 14 carbon atoms;

k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide;
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78 50. The lubricating oil composition of any one of claims 26 to 49 wherein the monoolefin of (i)(c) is
a 1-olefin. 51. A method of making a lubricating oil additive composition which comprises 5 reacting
(A) at least one of the following copolymers: (i) a copolymer obtained by free radical copolymerization
of 10 components comprising: (a) at least one monoethylenically unsaturated C3-C28
monocarboxylic acid or egter thereof, or a. C4-C23 dicarboxylic acid, anhydride or ester thereof; 15
(b) at least one 1-olefin mprisffﬁgmalbné)&uﬁlfglﬂﬁ carbon atoms or at least one polyolefin comprising
about 4 to 360 carbon atoms and havingaidridaableopolymerizable group in the form of a vinyl, 20
vinylidene or alkyl vinylid =Ne groyp ﬁ_r_([lniﬁuqe thelrec_n:i.and (30.) at least one monoolefin compound
which is copolymerizable Wwith fhe monsmers o }é)e%%da(%ﬁl%nd 25 is selected from the group
consisting of: (1) an alkyKe)nyl etthenzayidramalbrdlkyl ether where the alkyl group is hydroxyl, amino,

dialkylamino %r alkoxy su@)stltutg%gr{ lesdfg?cgﬂgtlbstltuted, and containing from about | to about 40
carbon atoms; 79

42, The lubricating oil composition of claim 41 wherein the aromatic amine is N-

arylphenylenediamine.

10 43,  The lubricating oil composition of claim 42 wherein the

N-arylphenylenediamine is N-phenylphenylenediamine.

44,  The lubricating oil composition of Claim 43 wherein the N-
phenylphenylenediamine is N-phenyl-1,4-phenylenediamine.
15

45. The lubricating oil composition of any one of claims 26 to 30 wherein
compound (i){b) of copolymer (i) is polyisobutene having a number average
molecular weight (M,) of from about 112 to about 5000.

20 46.  The lubricating oil composition of claim 45, wherein the number average

molecular weight (My) is from about 500 to about 3000,

47.  The lubricating oil composition of claim 46, wherein the number average

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

25
48.  The lubricating oil composition of any one of claims 26 to 47 wherein (i)(a)
is a dicarboxylic acid, anhydride or ester thereof.
49.  The lubricating oil composition of claim 48 wherein wherein (i)(a) is maleic
30 anhydride or ester thereof.
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(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 5 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; 10 (4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and (5) at

least one 1-olefin gompri 'réqu tr)l%g%.z tg.ﬁgoglarbon atolgns or at I%%:?t.on%lﬁ%y%e\g Er%s c%ﬁ)mprising

. n QS111pN OF. any one A1ns
about 4 to about 360 carbOn atoms. and hawﬁg a termina copc(ﬂymerlza egroupin the'form of a

vinyl, vinylidene or alkyl vinylidene ar r. mixtures thereof, provided that the olefin employed is not
the same as the 20 olefin gﬁ%’ﬁ?ggé%’wg fll)c((iol)S %i)liliozgec:?igpolymer obtained by reacting compound (i)(a)
and compound(i)(b) in the presence of a free radical initiator; 25 (iii) a copolymer obtained by (a)
reacting compound {i)(a) withetar pdured i) o) lobfigétinp ei hahliiee canipadiciaiakyhésh cemgtitnsin the
presence of cgpolymer (i or co olymer (ii) or both; or by (b) contacting copolymer (i) or copolymer (ii)
or both with the non-free Tadic catalyzed reaction product of 30 compound (i)(a) and compound
()(b) or (i)(c); with 80 (B) at least one ether compound capable of being reacted with at least two

(A)  atleast one of the following copolymers:

(i} a copolymer obtained by free radical copolymerization of

10 components comprising:

(a) at least one monoethyienically unsaturated
C;-Corg monocarboxylic acid or ester thereof, ora
C4-Cyg 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 group in the form of a vinyl,
20 vinylidene or alkyl vinylidene group or mixtures

thereof; and

(c) at least one monoolefin compound which 1s
copolymerizable with the monomers of (a) and (b) and

25 is selected from the group consisting of:

(N an alky] vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or atkoxy substituted or 1s

30 unsubstituted, and containing from about

i to about 40 carbon atoms;
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monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or esters thereof, or
mixtures thereof;and 5 (C) at least one aliphatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof; and (D) at least
one aromatic compound capable of reacting with at least one 10 monocarboxylic acid or ester thereof;
or dicarboxylic acid, anhydride or ester the{ of. 52. T e}ubricatin oil ﬁ?a 'tiv&%?dgp?%ition of claim
51, wherein in copolymer (iii)(b), said copo g}ner (?31& é’opaowrr}neear ||)a%r otlr are contacted with the 15
non-free radical catalyzed reaction product of compenoeti{i){a)iedty compourd iji)-ar(i)(e) in the

presence of component (C), component (D) or both. 53. A metho improyvin ot dispersancy in an
internal combustion engine which comprises opercgﬁ%rg)%gq:lecn%%%o%ﬁﬁ? %ﬁﬁ%g%%gééﬁ composition

20 comprising a major amount of oil of lubricating Viscasitnanchavdfectivealkylcubtiofng lubricating

oil additive composition of claim 1. 54. The lubricating oil additive co Siti Q clai 1%\” erein the
aromatic compound is an aromatic amine having ﬁ?égt%ﬂ%\%%ngl %Prﬁﬁﬁ%%%gﬁnt NB Cgr@cgl fén ig is H,

--NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl radical having from about 4 to about

24 carbon atoms selected from alkyl, alkeny], alkoxyl,aralkyl or ryl 82y cids of
(NII(CH2)")1,1NH2, — NHalkyl, --NI-laralkyl - ﬁa@ﬁ%ﬁ%&%@iﬁ%ﬁﬁ%’%’ M e.:f?.l:1 Jave a value

81 from about Ito about 10; and R20 is hydrogen, &k, sdcanl/iioadkony/R eadikyl atomalkaryl, having
from about 4 to about 24 carbon atoms.

10 (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
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 same as the

20 olefin employed in (iXb);

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

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

25 (i)  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 of copolymer (i) or copolymer (ii) or

~ both; or by (b) contacting copolymer (i) or copolymer (it) or
both with the non-free radical catalyzed reaction product of

30 compound (i)(a) and compound (i)(b) or (i)(c); with
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55. The lubricating oil additive composition of Claim 16 wherein the compound 5 has the following
formula: R30\ V/~R32 L R34 R31~\\R33 wherein L is selected from -0-, -N=N-, -NH-, or --CH2NI-I;
R30 and R31 independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl, 10 alkoxy, hydroxyalkyl,
aminoalkyl, -OH, NO2 or, -NR4IR42 wherein R41 and R42 are independently hydrogen, alkyl, aryl,

arylalkyl, or alkaryl: R32 and R33 independently,represent.a hydrogen, an alkyl, an alkenyl or an
ARory rous hathy frofh S50 6 HES0T S CHN) GAPARIT ) BN R At DE QAR N, -NHRas,
wherein R35 is an alkyhabascalkenyligholds, hessrgsinberadiout ditaraboyliBacalyeniatdiiks or
-CH2-(CH2)" -NH2 or -CH2- ?#(%IFEN 2 and n is from 0.to gbout 10; 20 provided that when R34 is

yl'o

-NI1R35 wherein R35 i€ 3R & an %ﬁ§/ Sgtrhoct]ﬂ%efh%HV|ng from about | to about 8 carbon atoms,
then either L is -NH- or -CH2- NH-; or R30 or R31 is OH or -NR4IR42 wherein at least one of R41 or

R42 is hydrqgen; or R32 pr R33 is OR 25 56. The lubricating oil additive composition of Claim 16
wherein the %ronﬁ%c C 2}nP absltjﬁgeigiﬂ)- %hcz%%/qlfr%?ﬁlgfﬁ?ga}%igr%gﬁ(%)a&%?ﬁl i‘vrv‘{letﬁoer{%nl -?Zqigrr%%nophenyl)
acetamide. 57. The lubrisatingudibagditivédcompesitiorndf GlalimatiGowtieremdhamisy dmixticr Ser

compound is 3-nitroani|i{}11%ie%% %gaThe lubricating oil additive composition of Claim 54 wherein the
aromatic ’

(D) atleast one aromatic cornpound capable of reacting with at least one
10 monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester

thereof.

52.  The lubricating oil additive composition of claim 51, wherein in copolymer
(iii)}(b), said copolymer (i) or copolymer (ii) or both are contacted with the
15 non-free radical catalyzed reaction product of compound (i)(a) and compound

(1)(b) or (i)(c) in the presence of component (C), component (D) or both.

53. A method of improving soot dispersancy in an internal combustion engine
which comprises operating the engine with the lubricating oil composition
20 comprising a major amount of oil of lubricating viscosity and an effective

amount of the lubricating oil additive composition of claim 1.

54.  The lubricating oil additive composition of claim 16, wherein the aromatie

compound is an aromatic amine having the following formula

e
S/ N @

25 R1g
R,y is H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl

radical having from about 4 to about 24 carbon atoms sclected from alkyl,

alkenyl, alkoxyl, aralkyl or alkaryl; Rig is --NHy, --(NH(CHz) n)mNHa, --

NHalky!, --NHaratkyl, -~CH; --aryl--NHs, in which n and m each have a value
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compound is N-phenyl-1,4-phenylenediamine. 5 59. The lubricating oil additive composition of Claim
55 wherein the aromatic compound is 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline. 60. The
lubricating oil additive composition of Claim 55 wherein the aromatic compound is 4-phenoxyaniline.
10 83 A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF MAKING THE SAME
ABSTRACT OF THE DISCLOSURE An oil-soluble lubricating oil additjve_ composition p

repared by the
process which comprisE8eabatd 2oy Hetnthitrodt Ioukpsrn athdy aii ?Wlthaéﬁ%';st one 5
aliphatic compound, andvitthall |@astne.aematic ¢oatRAUNd. &fbon atoms.

55.  The lubricating oil additive composition of Claim 16 wherein the compound

5 has the following formula:

Rag —= —\ _Ra
\ /
<\ |- />_R34
e\ / \ T r
33 33
wherein L is selected from ~0O—, ~N=N-, ~-NH-, or ~CH,;NH;

R30 and Ra, independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
10 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO; or, -NR4; R4 wherein Ry and
R4, are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

Ri; and Rs3 independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms, or -OH;

15
Raq represents ~NH,, -NHR3s, wherein Ras is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, -CH-(CHz)n -NH; or -CHgz-
aryl-NH; and n is from 0 to about 10;

20 provided that when Ra4 is -NHR;5 wherein Rjs is an alkyl or an .alkenyl group
having from about 1 to about 8 carbon atoms, then either 1. is ~NH- or ~CH>-
NH-: or Rag or Ry is OH or ~-NR4 R4y wherein at least one of Ryp or Rap is
hydrogen; or Ry or Ry is Ol

25 56.  The lubricating oil additive composition of Claim 16 wherein the aromatic
compound is 4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl)

acetamide.

57.  The lubricating oil additive composition of Claim 16 wherein the aromatic

30 compound is 3-nitroaniline.
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58.

39,

60.

The lubricating oil additive composition of Claim 54 wherein the aromatic

compound is N-phenyl-1,4-phenylenediamine.

The lubricating oil additive composition of Claim 55 wherein the aromatic

compound is 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline.

The lubricating oil additive composition of Claim 55 wherein the aromatic

compound is 4-phenoxyaniline.
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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 process which
comprises reacting a copolymer, with at least one ether compound, with at least one

aliphatic compound, and with at least one aromatic compound.
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