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

OF THE INVENTION It is known to employ nitrogen containing dispersants and/or detergents in the 10
formulation of lubricating oilc&HBEGFEIN a kYl bf MENAIVESP_IBAHIIEESN eV B.ompounds are
based on the reaction of an alkenylsuggiiSi S eEPhVRISE MR a0pine or polyamine to produce
an alkenylsuccinimide or an alkenyl succinamic acid as determined by selected conditions of reaction.
One problem facing the lubricant manufacturer is dispersancy of particulate matter in internal
combustion engines. 15 Failure to have adegidatesiattionlate patiensispersancy may result in filter
plugging, sludge accumulation, and oil thickening. DESCRIPTION OF THE RELATED ART Liu et al.,
U.S. Patent No. 6 PEDBsodnseEmaes i dirssidivngbilrepinpedidsncrar ol ddivp reepesiiajohamount of
an oil of lubricating yisQqsitRchAINaN ANk A IXBAIHIHE COMPINAoRN.Qf 8kame.
antioxidant-dispersant additive and a dispersant additive, said combination comprising: (i) a
polyisobutylene succinimide (PIBSAD) and (ii) an ethylene-propylene suceinimide (LEPSAD). 25
Nalesnik, U.S. Patent No. 5,139,688, gigelses@magdiiive penmreaitieniepmprising an oxidized
ethylene copolymer or terpolymer of a C3-C10 alpha-monoolefin and, optionally, a non-conjugated
diene or triene whitlt KBRBEE s eter Fresh cosimmirp A esptpEIHar slstelerRta dRsino-aromatic
polyarnine comPoRith A% GRS Rhthe Uit RalRANG: G813 0% iaosesigncanabuner dhtained by

free radical copolymerization of at least one monoethylenically unsaturated C4-C6 dicarboxylic acid
or anhydride theré8farrBHg 8inBAssharothe TRy REhEkAPY HeRIFAe SosibdRge with an

amine or polyamine to produce an alkenylsuccinimide or an alkenyl succinamic acid

as determined by selected conditions of reaction. One problem facing the lubricant
manufacturer is dispersancy of particulate matter in internal combustion engines.
15 Failure fo have adequate particulate matter dispersancy may result in filter plugging,

shidge accumulation, and oil thickening.

DESCRIPTION OF THE RELATED ART

Liu et al., U.S. Patent No. 6,117,825, discloses a lubricating oil composition that

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

and (ii) an ethjlene—propylcme succinimide (LEPSAD).

25  Nalesnik, U.S. Patent No. 5,139,688, discloses an additive composition comprising an
oxidized ethylene copolymer or terpolymer of a C;3-C,y alpha-monoolefin and,
optionally, a non-conjugated diene or triene which has been reacted with a

formaldehyde compound and with an amino-aromatic polyamine compound.

30 Gonther et al,, U.S Patent No. 6,512,055, discloses a copolymer obtained by free
radical copolymerization of at least one monoethylenically unsaturated C4-Cg
dicarboxylic acid or anhydride thereof, an oligomer, and one monocthylenically

unsaturated compound.



| Gunther et al., U.S Patent No. 6,284,716, discloses a lubricating oil composition comprising a
lubricant oil and a copolymer obtained by free radical copolymerization of at least one
monoethylenically unsaturated C4-C6 dicarboxylic acid or anhydride 5 thereof, an oligomer, and one
monoethylenically unsaturated compound, wherein the copolymer is further reacted with an amine.
Harrison et al., U.S. Patent No. 5,792,729, discloses a dispersant terpolymer and polysuccinimide

compositions derivggifremdhe §/PPMBRIN. Ihederpalymen ik atianed Hyifrespeinain
copolymerization of an unsaturated acidic reagent, a | -olefin, and a 1,1-disubstituted olefin in the

presence of a freePARPESINBiRABricaRl P eaT Asobumehe RIS Ehh Hunt disel s iy bidifgg oil

additive compositighathatissbeneretiondiesuchaidace ol aizesbalafinanfonsalunaied
carboxylic 15 acylating agent monomer with a free radical initiator and (i) a succinimide preplngred

from an acyclit hyhSeakoy elisdnticadoremeoseiririrage ssmtrasbirammmedy rbeamin

hydrocarbyl substigyrekauecinie ey rioe 806 46 RRgRared 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 20 agent. Harrison et al., U.S. Patent No. 6,451,920,

discloses copolymgtigisghapalyaikeratandvansusaiuniadasicia degeinialgwedday sgacting any
unreacted polyalkene with the, unsaturated acidic reagent at elevated temperatures in the presence of

a strong acid. 25 PHYPHGEPIERIdE CEMBRREIRTNGETE AT NG ST RO AN E d Nikiiy B Shikture of
derivatized ethylengtalphpbgl et eapalytagsy ihereidiwTaionMieups aidignalipehiontodhdin,

copolymer. The functionalized copolymer |s mixed with at least one of an .amine, alcohol, including
polyol, amino alcoﬁ%‘i &b.h&l?&hﬁ%&?ﬂi& BHOhRe EESERS, "2@ ﬁﬁ%%@?{ﬁélé@‘éﬁagﬁditive components.

Harrison et al., U.S. Patent No. 5,112,507, discloses novel copolymers of unsaturated
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

15 acylating agent monomer with a free radical initiator and (i1) a succinimide prepared

from an acyclic hydrocarbyl substituted succinic acylating agent and a polyamine
wherein the hydrocarby! 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

20 agent.

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.

25
Chung et al., U.S. Patent Nos. 5,427,702 and 5,744,429, disclose a mixture of
derivatized ethylene-alpha olefin copolymers, wherein functional groups are grafted
onto the copolymer. The functionalized copolymer is mixed with at least one of an
amine, alcohol, including polyol, amino alcohol etc. to form multi-functional viscosity

30 index mnprover additive components.

Harrison et al., U.S. Patent No. 5,112,507, discloses novel copolymers of unsaturated
acidic reactants and high molecular weight olefins wherein at least 20% of the total
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acidic reactants and high molecular weight olefins wherein at least 20% of the total 2 high molecular
weight olefin comprises the alkylvinylidene isomer which copolymers are useful as dispersants in
lubricating oils and fuels and also may be used to prepare polysuccinimides and other post-treated
adiditives Useful FHRSABEEHE S BFCP G O BTARM KIS FHETVEERRFION T SREOAIBEE there
is provided an oilzgolisbie hirissdinshaikAdsielive GO MRASIHGN. RIARPARY Maine: RKRa_SHWRISH
comprises reacting (A) at least one of the following copolymers: 10 (i) a copolymer obtained by free
radical copolymePRAAtT BRI HENRET QAT g@d ?Qﬁ"gﬁvﬁegdésﬁgﬂérfﬂ%%@ﬂﬁ}?e?ﬁléﬂ}ﬁ%%turated
C3-C25 15 monocarboxylic acid or ester thereof, or C4-C2g dicarboxylic acid, anhydride or ester
thereof; (b) at least one 1-olefin compriging about 2 to 40 carbon atoms or at least one polyolefrn
comprising about 4 to 360 carbon atom3-2HMAS KaThd B EN LKy merizable group in the form
of a vinyl, vinylidene,or alkdovinylidene graup.ar mbguIgs ihrreal-aRd {0 iptigastione mepesiaiin
compound which is copolymerizable. 25 with the monomers of (a) and (b) and is selected from the
group consistingPSTPRISI SIRATORTE STREP SATBSSHYFIRYEether where the alkyl group is hydroxyl,
amino, dialkylamino or alkoxy 30 substituted or is unsubstituted, and containing from about 1 to about

40 carbon atoms;, 3 ,
(A} atieast one of the following copolymers:

wiviw

10

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

comprising;

(a) at least one monoethylenically unsaturated C3-Cag
15 monocarboxylic acid or ester thereof, or Cy-Cyg dicarboxylic

acid, anhydride or ester thereof;

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

vinyl, vinylidene or alkyi vinylidene group or mixtures thereof;

and

() at least one monoolefin compound which 1s copolymerizable

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

consisting of:

(1 an alkvl vinyl ether and an allyl alkyl ether where the
alky! group 1s hydroxvl, amine, dialkylamino or alkoxy
30 substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atoms;

LS



(2) an alkyl amine and an N-alkylamide of a monoethylenically unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where the alkyl substituent contains from about 1 to
about 5 40 carbon atoms; (3) an N-vsigrc%ﬂcarboxamide of carboxylic acids of from about | to about 8

carbon atoms; 10 (4) an N-vinyl substitited MtOgeBs & Astksiaride ebpound: and (5) at

least one | -olefin comprising about 2 to 40 rgaheemhalamany ahigaskRaapaleliiceampriging 15
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 mixtu?&€ thEFemr2peYyi S PRt HS BIemBydsTts not the

same as the olefin employed in (i)(b); 20 (ii)iaccopglynetiohiainedttm i GasingGaMRONRSL() (@) and
compound(i)(b) in the presence of a free radjcal jnitiator; (iii) a copolymer obtained by (a) reacting
compound (i§(a) with compound 25 (i)(b) or E@f‘?ﬂ%%‘i%?i‘-sﬁee 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 reagction p Ogﬁﬁ(}:t of compound (i)(a) and compound (i)(b) or
()(c); with 30 (B) at least one polyeth arorﬁgﬁ"@&% B R q>§ SH DRI racEE WitFlat least two

monocarboxylic acids or esters thereof, or Wittt leasttg § carbon atoms;

10 (4) an N-vinyl substituted nitrogen-containing heterocvelic

compound; and

(5)

at least one 1-olefin comprising about 2 to 40

carbon atoms or at least one polyolefin comprising

15 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 emploved is not the
same as the olefin emploved in (i)(b);
20 '
(i1} a copolymer obtained by reacting compound (1){2) and compound(i}(p)

1n the presence of a free radical initiator;

(iti)  acopolymer obtained by (a) reacting compound (i)(a) with compound
25 (1)}(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or cdpolymer (ii} or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
catalyzed reaction product of compound (i)a) and compound (i)(b) or
(iXek with
30
(B)  at least one polyether aromatic compound capable of being reacted with at
least two monocarboxylic acids or esters thereof, or with at least two
dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof.
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dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof. 4 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 addictive composition prepared by the process which comprises
reacting 5 (A) at least one of the following copolymers: (i) a copolymer obtained by free radical
copolymerizatiornmohtotnponpats, temeprsne:idal (a)lableasihone Imonpetiydanioatlyrishgaturaiga
C3-C28 monocagheyylic,acid or estardnersel. Rl dicarhmy/ic, 6l anhiidsionae
thereof; 15 (b) at least one I -olefin comprising about 2 to about 4 ca}%on atoms or at [east one
polyolefin comprisiAig ascIaPRs 1560 RIAPBEY BToRfsPAREr HavitighacrsrRTIng] €8pdhgmerizable group in
the form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof; and 20 (c) at least one
monoolefin compound which is copolymerizable with the monomers of (a) and (b) and is selected
from the group Gbhsistihigaf @& @)the falkywiigyathbmaard: 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: 30 (2) an alkyl amine and an N-alkylamide of a monoethylenically
unsaturated mono- or ditarboxyligolymer obtained by free radical copolymerization of components

comprising:
10
{(a) at least one monoethylenically unsaturated Cs-Cyg
monocarboxylic acid or ester thereof, or C4~Cay dicarboxylic

acid, anhydride or ester thereof

15 (®) at least one 1-olefin comprising about 2 to about 40 carbon

atoms or at least one polyolefin comprising about 4 to
- 360 carbon atoms and having a terminal copolymerizable

group in the form of a vinyl, vinylidene or alky! vinylidene
group or mixtures thereof; and |
20
(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 | (1) analkyl vinyl ether and an allyi alkyl ether where the
alkyl group 1s hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about 1 1o about 40 carbon atoms;

30 2y an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylhic

acid of from about 3 1o about 10 carbon atoms where



acid of from about 3 to about 10 carbon atoms where 5 the alkyl substitutnt contains from about | to
about 40 -carbon atoms; (3) an N-vinylcarboxamide of carboxylic acids of from 5 about | to about 8
carbon. atoms; (4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and 10 (5) at
least one I-olefin comprising about 2 to abdhit 2t ¥aHBHEsRIS oRiaR IS ARSI P ¥othprising
about 4 to about 360 carbon atoms and hayjpgoa desminal copolymerizable group in the form of a
vinyl, vinylidene or alkyl vinylidene group or mixtures 15 thereof, provided that the olefin employed is
not the same as the olefin employed in (i)(b); (ii) a copolymer obtained by reacting compound (i)(a)

and compound(i)(b) in the presence 9f a free KaiaskdnitalenmRE (HD arseRolneiRiamead by (a)
reacting compound (i)(a) with compound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the

presence of copolymer (i) or copolymer (i) Botht GRS IS) GSPRRRREScopolymer (i) or copolymer (i)
or both with the non-free radical 25 catalyzed reaction product of compound (i)(a) and compound (i)(b)
or (i)(c); with (B) at least one polyether aromatic compound capable of being reacted with at. least two

monocarboxylic acids or esters therdf. or FRAVARESTHRG SHed BB IRC REHEI & ARFAPRISS Or esters

thereof, or mixtures thereof. compound; and

10 ) at least one 1-olefin comprising about 2 to about

40 carbon atoms or at least one polyolefin comprising

about 4 to about 360 carbon atoms and having &
terminal copolymerizable group in the form of a vinyl,

vinylidene or alky! vinylidene group or mixtures
15 . thereof, provided that the olefin employed is not the

same as the olefin employed in (1)(b}:

(if) a copolymer obtained by reacting compound (i)(a) and compound(i}(b)
in the presence of a free radical initiator:
20
(iliy  acopolymer obtained by (8) reacting compound {(i¥a) with compound
(1){b) or {iX¢) in a non-free radical catalyzed reaction in the presence
of capolymer (i) or copolymer (ii) or both; or by {b) contacting
copolymer (i) or copolymer (it} or both with the non-free radical
25 catatyzed reaction product of compound (i){a) and compound (1)(b) or
(i)(e); with |

(B}  at least one polyether aromatic compound capable of being reacted with at
least two monocarboxvlic acids or esters thereof, or with at least two

30 dicarboxyvlic acids. anhydrides or esters thereof, or mixtures thereof.

In vet another aspect, there is provided a method of making 2 lubricating oil addictive

composition which comprises reacting



in vet another aspect. there is provided a method of making a lubricating oil addictive compaosition
which comprises reacting 6 (A) at least one of the following copolymers: (i) a copolymer obtained by
free radical copolymerization of components 5 comprising: (a) at least one monoethylenically
unsaturated C3-C28 monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic acid, anhydride or
ester thereof, 10 (b) at least one 1-olefin comprising from about 2 to about 40 carbon atoms or at least

one polyolefin compyising feam ,abartit B RReWL38BA3hoR.atoms and having a terminal

copolymerizable group in the form of a vinyl, vinylidene or 15 alkyl vinylidene group or mixtures
thereof; and (c) at least one monoolefin compound which is copolymerizable with the monomers of (a)

and (b) and is selected frgm the grguRnEQNHBHRGof 22 HaBalkyinKLeheha anallylalky! ether

where the alkyl group is hydroxyl, amino, dialkylamino or alkoxy substituted or is unsubstituted, and
containing from about 1 to abd¥AEEBon atoms; 25 (2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms

where the alkyl substituent contains from about 1 to about
' (a) at least one monoethylenically unsaturated C3-Cog

monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic
acid, anhydride or ester thereof;
10
(b) at least one 1-olefin comprising from about 2 to about
40 carbon atoms or at least one polyolefin comprising from
about 4 to about 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or

15 alky! vinylidene group or mixtures thereof, and

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

20
(1) an alkyl vinyl ether and an allyl alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or 1s unsubstituted, and containing from
about 1 to about 40 carbon atoms;
25
(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where
the alkyl substituent contains from about 1 to about

30 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids of from
about 1 to about 8 carbon atoms;

7



30 40 carbon atoms; (3) an N-vinylcarboxamide of carboxylic acids of from about | to about 8 carbon
atoms; 7 (4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and 5 (5) at least one
I-olefin comprising from about 2 to about 40 carbon atoms or at least one polyolefin comprising from
about 4 to about 360 carbon atoms and having a terminal copolymerizable group in the form of a
vinyl, vinylidene or alkyl vinylidene group or mixtures 10 thereof, provided that the olefin employed is
not the same as the olefin employed{ (i) (bF> (i 488 BRATBISHRFIST HFFEARHRG RIFPBEE (i)(a)
and compound(i)(b) in the presence of a fregyrasticatiiniti@tor; 15 (iii) a copolymer obtained by (a)
reacting compound (i)(a) with compound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the
presence of copolymer (i) or copolymer (ii) or both; or by (b) contacting copolymer (i) or copolymer (i)
or both with the non-free radical 20 caglyzed:eagtion prordist ofepipoundriisdandeanyound (i)(b)
or (i)(c); with (B) at least one polyether aromatic compound capable of being reacted with at least two
monocarhoxylic acids or esters thereof, or with ¥ /ERXARS 954 3?589?/%0[&'&5?%%%%%}8% or esters

thereof, or mixtures thereof. 8 In a further aspestibere is providem a:Mmeth et ok iRARNEMNg SO0t
dispersancy or sludge dispersancy or both in an internal combustion engine which comprises
pers Y g P 4 tertr%na& copolymer?za%ﬁe groug 1@1 the Tlorm 0 apvfnyi,
operating the
vinylidene or alkyl vinylidene group or mixtures
10 thereof, provided that the olefin employed is not the

same as the olefin employed in {i)}(b};

ity acopolymer obtained by reacting compound (i)¥a) and compound(:)(b}
in the presence of a free radical mitiator;
15
(i)  acopolymer obtained by {a) reacting compound (i)(a) with compound
{iXb) or (i}c) in a non-free radical catalyzed reaction in the presence
of copolvmer (1) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (11} or both with the non-free radical
20 catalyzed reaction product of compound (i)}a) and compound (1¥(b) or

{1)(c); with

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

25 dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof.



engine with the lubricating oil composition comprising a major amount of oil of lubricating viscosity and
an effective amount of the lubricating oil addictive composition as defined above. Accordingly, the
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 dekcrbedhnrdetail. Ittehoiddbyidaderstobdd Rdweperyihasthe degonptioncheteilgof specific
embodimgnis is.net 82 inended:adimitthednyeatan (o the-ratticklariormedisdossd, fut on the

contrary, the intention is to cover all modifications, equivalents, and alternatives falling within the spirit
and scop& e Hite Mol A Fekived by P S HBRJSPRAIRTY: § DRHNH T e 951I8WiAg terms used
with the deseliptiap erecdefined as Ctahive radermRIB libdorabp reviakionifer polpisobatene. 10 The
term "PIBSAA‘G%S an abbreviation for polyisobutenyl or polyisobutyl succinic anhydride. The term
"ponPIBSa,&' feters to a class of copolymers employed within the scope of the present invention which
are copolymers of polyisobutene and a monoethylenically 15 unsaturated C3-C28 monocarboxylic
acid or estgrthareal, ahadedrisne disachaxytialadignanhydrideonaster thedaofavkiaitihaxe carboxyl
groups, prefeFrei\%ISy Succinic groups anq ‘po%ﬁ,obutyg graoups. The preferred polyPIBSA is a copolymer

of polyiso‘bsﬁ End ahd malerc an%%’?fal%'havmgs%hoélgeﬁeral formula:0001214 CC RIR3

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

B8a



n 20 wherein n is one or greater; R1, 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 oth&CRSHISEHELEE PReSSTIYII BYH SIS Hislp 358 oL BIBER,-or

random. 9 The tefR 184GEINIG OIOBIiafR S 6aiR @i havinaithesfarmmults i db 1eepMilaCZ H I
0 wherein W and Z are, independentlésel,ected from the group consisting of --OH, --ClI, --O--alkyl or

taken together ardSFRIY 1B hfciayayinaces grdusd prdhe Appsndedhclaiii is meant to include

alkoxy of from about Ito about 40 carbon atoms, preferably from about 1 to about 8 carbon atoms. The
term "degree of polymerization" refers to the average number of repeating structural units in the
polymer chain. 10%@¥Bﬁ¥§ﬁerpolymer“ refers to a polymer derived from the free radical

copolymerization ghatfidastia mengmess. wite ter destrla b sefessiednmosrpunsaturated olefin that
has the double bond in the 15 1-position. They can also be called alpha-olefins, and have the

following structure: CH2 = CHR
The term "PIB" is an abbreviation for polyisobutene.

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

anhydride.

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

15 unsaturated C;3-Cog monocarboxylic acid or ester thereof, or a C4-Cog dicarboxylic
acid, anhydride or ester thereof which have carboxyl groups, preferably succinic
groups, and polyisobutyl groups. The preferred polyPIBSA is a copolymer of

polyisobutene and maleic anhydride having the general formula:

hOa;
,L

|

Rj

n

20 wherein n is one or greater; Ry, Ry, R; 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 Ry
are hydrogen and one of Ry and Ry is methyl and the other is polyisobutyl, or R; and
R4 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.



where R is the rest of the olefin molecule. The term " 1, 1 -disubstituted olefin" refers to a disubstituted
olefin, also called a 20 vinylidene olefin, that has the following structure: CH2 = CR5 R6 wherein R5
and R6 are the same or different, and constitute the rest of the olefin molecule. Preferably, either R5
or R6 is a methyl group, and the other is not, 25 The term "syceinimide" is understood in the art to
include many of tHE'GATIR, SHAEIBIC STOVEDERHERS (PHicH Ak AR LBy fhe reaction of a succinic
anhydride with an amine. The predominant product, howefer, is succinimide and this term has been
generally accepted as meaning the product of a reactjpn o* an alkenyl- or alkyl- substituted succinic
acid or anhydride with an amine. Alkenyl or alkyl imifles Y0 are disclosed in numerous
references and are well known in the art. Certain fundamental types of succinimides and related
materials encompassed by the term of art "succinimide™ake tTadght 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 5 incorporated by reference. The term "polysuccinithide” refers to the reaction product of a
succinic group-cowtairuingVeapdlymer ndktparnl emip ecltcihider the gtioepyoasiathydsuceln g, agid,
derivative" refers tﬁq@gg}&gqtuq Q%XE Et:ﬁ}eerfogr“l“ a: t%{’_'or” F%?S-u i 691'6 2 ;il-ﬁlz\/l 1_OOW rgitrérR7 is
selected from hydrogen, r%e%y? an Iylso%utyl aving at [eALab6d yca(ribd% .:—kll%ms, pre%rably at
least about 30 carbefi-abbkpt' anohenor & prefedatlk @t yeddtrom about 1 to about 40 carbon atoms,

preferably from about 1 to about § carbon atoms.

The term "degree of polymerization" refers to the average number of repeating
structural units in the polymer chain.

10
The term "terpolymer” refers to a polymer dertved from the free radical

copolymerization of at least 3 monomers.

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

where R is the rest of the olefin molecule.

The term "1,1-disubstituted olefin" refers to a disubstituted olefin, also called a
20 vinylidene olefin, that has the following structure:
CH, = CRs R,

wherein Rs and Rg arc the same or different, and constitute the rest of the olefin

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

25 The term "succinimide" is understood in the art to include many of the amide, imide,
ete. species which are also formed by the reaction of a succinic anhydride with an
amine. The predominant product, however, is succinimide and this term has been
generally accepied as meaning the product of a reaction of an alkenyl- or alkyl-

substituted succinic acid or anhydride with an amine. Alkenyl or alkyl succinimides

10



15 about 50 carbon atoms; wherein I. 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.
The term "alkylvinylidene" or "alkylvinylidene isomer" refers to an olefin having the 20 following
vinylindene structure: H2 7R9 wherein R$ is alkyl or substituted alkyl, Rx generally has at least about

5 carbon atoms, HreferaeirdipormeTesss kRt h AR SRoainyS ka5 EHBBut 50 carbon
atoms and R> is lq@salisehOfiesm Rt iR ahoiido- SR ree malomss cdeoldpdRedsynheihlerin

lubricating oil" refers to the ability of a material to dissolve in aliphatic and aromatic hydrocarbons
such as lubricatinff bifY e RIS dsdanerliin i Solspertibies: %5%1?9%@%13 5%5@%6%8a\/ﬁgwfeight
olefins” refers to glafnssinchigingspelyimenizsd. alefing aviny teeaiduahisatwhiiankohstificient
molecular weight and chain length to lend solubility in lubricating oil to their reaction products.
Typically olefths HAGRIBCEHSLIPBEEISHS or more suffice. 10 The term "high molecular weight
polyalkyl" refers to polyalkyl groups of sufficient molecular weight such that the products prepared
having such suffigient molgcular weight are soluble n lubricating ojl. Typically these high molecular
weight polyalkyl grr%%f?gﬂai?glﬁﬂé%f&‘ﬁﬁ]&utr%‘%réé% %‘iﬂg?ﬁfé’fé’r tb(?\gaaflf 98 About 50 carbon
atoms. These highdnglesatanivgightqomalkyligralpsimay be derived from high molecular 15 weight
polyolefins. The term "amino” refers to -NR10R>> wherein RIO and R11 are independently hydrogen
or a hydrocarbyl group. 20 The term "alkyl" refers to both straight- and branched-chain alkyl groups.
10 The term "alkenyl or alkylsuccinic acid derivative” refers to a structure having the

formula:
O
q
Ry~ G == C——L
|
HyC——C——M
N
0

wherein R7is selected from hydrogen, methy! and polyisobutyl having at least about 8

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

consisting of --OH, --Cl, --O--alky! or taken together are --O-- to form an alkeny! or

alkylsuccinic anhydride group.

The term "alkylvinylidene" or "alkylvinylidene isomer" refers to an olefin having the

20 following vinylindene structure:
CH,

’8/ Rg

wherein Ry is alkyl or substituted 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 R is lower alkyl of from about ! to about 6 carbon atoms.
25

i1



The term "lower alkyl" refers to alkyl groups having from about 1 to about 6 carbon 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, 25 t-butyl, n-pentyl, iso-pentyl, n-hexyl and the
like. The term "palyalkyl” refers to an alkyl group that is generally derived from_ polyolefins which are
polymers or copolyidrebf IRoh: dehgc g?ﬁdﬂiaﬁ?ﬁ?r- BribeaBHE dicmaerndisopioBylene,
butylene, and thediafeietablymine n3arnanaelelinemplayedidl bayefrskahewsadalabaut 24

carbon atoms, and more preferably, from about 3 to about 12 carbon atoms. More preferred
mono-olefins incRIGBPFGBHene, butylene, particularly isobutylene, | -octene and | -decene. 12
Preferred, polyolefins prepared from such mono-olefins include polypropylene, polybutene, especially

polyisobutene. The Lubricating Oil Additive Composition 5 One en%bodiment of the present jnvention is
an oiI-squbIe(g Iubﬁ%’ﬁtfﬁﬂ%ﬁ‘ﬁhmﬂgCB%%HS%%BH%%B&%&WW Po BES R ROOHITHERSS reacting
(A) at least one obtbrrfolovitind: eegialuneisathe(i):s) copolyirienohisinekbwéiert radickin length
copolymerization of .co ents .cqmprising: (a) at Jeast one monoethylenically unsaturated, C3-C25
monocarboxylic a%).&@g%é@t?ﬁge@gﬁ%}%n&% Tc%é\?ﬁcff?ﬁgoﬁjﬁfg ?énﬁ%‘r‘fﬂgyoﬁgéfg‘rﬁiﬁ‘él%f; (b)
at least one 1-olefiboeoBipsistngraboticZetedicearbon atoms or at least one polyolefin comprising
about 4 to 360 carbon atoms and having a terminal copolymerizable group in the form of a 20 vinyl,

vinylidene or alkyl vinylidene group or mixtures thereof; and (c) at least one monoolefin compound
which is copidlyméditizabim "high molecular weight polyalkyl” refers to polyaikyl groups of sufficient

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
15 weight polyolefins.

The term "amino” refers to -NRgR;; wherein Rg and R;; are independently hydrogen

or a hydrocarbyl group.
20 The term "alkyl" refers to both straight- and branched-chain alkyl groups.

The term "lower alkyl" refers to alkyl groups having from about 1 to about 6 carbon

atoms and inchudes primary, secondary and tertiary alkyl groups. Typical lower alkyl

groups include, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
25 t-butyl, n-pentyl, iso-pentyl, n-hexyl and the like. '

The term "polyalkyl" refers to an alkyl group that is generally derived from
polyolefins which are polymers or copolymers of mono-olefins, particularly
|-mono-olefins, such as ethylene, propylene, butylene, and the like. Preferably, the
30 mono-olefin employed will have from about 2 to about 24 carbon atoms, and more
preferably, from about 3 to about 12 carbb_n atoms. More preferred mono-olefins

include propylene, butylene, particularly isobutylene, 1-octene and 1-decene.

12



- with the monomers of (a) and (b) and is selected from the group 25 consisting of. (1) an alkyl vinyl
ether and an allyl alkyl ether where the alkyl group is hydroxyl, amino, dialkylamino or alkoxy

substituted or is unsubstituted, and containing 1 to 30 40 carbon atoms; (2) an alkyl amine and an
N-alkylamide of a_monoethylenically unsaturated mono- or dicarboxylic 13 acid of 3 to 10 carbon

atoms where the BIk{ir&shemivelilispptansced fonoseshgpanasisEngnshie vrlyrRismoRaide of
carboxylic acids GipliQitens g@ﬁ@g@lg%?;m&l-vinyl substituted nitrogen-containing heterocyclic
compound; and 10 (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 pf a1 Vipybatviyliciengoh alkybvpydidene group or mixtures 15 thereof, provided that
the olefin employed is not the same as the olefin employed in (i)(b); (ii) a copolymer obtained by

reacting compourtPEfEPAPEBhASShinBIRE) iRvansiphdsancdlorahle vhtrainaitdeddBD i) a
copolymer obtaingghiyo{aioiepeig-aRRUpS ddanidh compasdedbikor ((c) in a non-free radical

catalyzed reaction in the presence of copolymer (i) or copolymer (ii) or both; or by (b) contacting

{A)  atleast one of the following copolymers:

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

comprising:

(a) at least one monoethylenically unsaturated C;-Cog
monocarboxylic acid or ester thereof, or C4-Cyy dicarboxylic

15 acid, anhydride or ester thereof;

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

and

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

25 consisting of:

(1) an alkyl viny! ether and an allyl alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing 1 to

30 40 carbon atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic

13



copolymer (i) or copolymer (ii) or both with the non-free radical 25 catalyzed reaction product of
compound (i)(a) and compound (i)(b) or (i)(c); with (B) at least one polyether aromatic compound
capable of being reacted with at least two monocarboxylic acids or esters thereof, or dicarboxylic
acids, 30 anhydrides or esters thereof. 14 Copolymer (i) (a) The Monoethylenically Unsaturated
Monocarboxylic Acid or Ester Thereof or Didgihgksiie ArrrBmgdRe g ESRF HEtsyPiH#R bresent

invention, at least one monoethylenically unggfiiaied & dtCa8tamanegearboxylic acid or ester thereof,
or C4-C28 dicarboxylic acid, anhydride or ester thereof is used to prepare the copolymers of
copolymer (i). Preferably the at least one monoethylenically unsaturated C3-C2R monocarboxylic acid

or ester thereof, or C4-C2$ dicarbox¥ﬁ§ acidnahydiseesteidbewebisaidisaaylicacid,
anhydride or ester thereof. 10 The general formula of the preferred dicarboxylic acid, anhydride or

ester thereofds as follows: O O C ——-- CH:_EK:‘éFJI"‘E’Eq M8y herein X and X' are the same or different,
provided that at least one of X and X is a 15 group that is capable of reacting to esterify alcohols, form
amides or amine salts with ammonia or amines, form m@t%e?altéwith reactive metals or basijcally

reacting metal compounds and otheriifise fUtithGHEY ST L MG LU Ero AP SRR K 1s “--OH,

--O-hydrocarbyl, OM+ where M+ represents @igpedridyatent of a metal, ammonium or amine cation,
--NH2, --Cl, --Br, and taken together X and X' can be
10 (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 terminatl
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
15 thereof, provided that the olefin employed is not the

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

(iiy  acopolymer obtained by reacting compound (i)(a) and compound(i)(b)
in the presence of a free radical initiator,
20
(i)  a copolymer obtained by (a) reacting compound (i)(a) with compound
(1)(b) or (1)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
25 catalyzed reaction product of compound (1){(a) and compound (i}(b) or

(i¥c); with
(B) at least one polyether aromatic compound capable of being reacted with at

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

30 anhydrides or esters thereof.

14



20 --0-- so as to form an anhydride. Preferably X and X are such that both carboxylic functions can
enter into acylation reactions. Malcic anhydride is a preferred reactant. Other suitable reactants
include electron-deficient olefins such as monophenyl maleic anhydride; monomethyl, dimethyl,
monochloro, mongbromo, monofluoro, dichloro and difluoro maleic anhydride; N-phenyhnaleimide
and other substitt8B3¥EIEIHIdes, 25 isomaleimides; fumaric acid, maleic acid, alkyl hydrogen

maleates and fumgsatesridigfoublimaaiasianchmaleaie JBHBRIKGIRCIIS BrErRaleRtaEids; and

maleonitrile and fumaronitrile. 15 Suitable monomers for (a) are monoethylenically unsaturated

dicarboxylic acids or anhyibRBE i abitidits oBltrh SRS selected from the group
consisting of malgigiRcigeHMaNeARE, daeRnisrRGKbINEEEaNIG IRC Ehsmetdensragjonic acid,

citraconic acid, maleic anhydride, itaconic anhydride, citraconic aphydride and ﬁ methylenemalonic

anhydride and miRtORSSBPIRELE Aithod FEIHBMER ANEH WITCAT RETEIC 4 ORI, Other

suitable monomerg@eefmanegtayiesiealhyaspiivaied G3-6rddymenorarkexity asids kelected from
the group consisting of acryli¢ acid, methacrylic acid, 10 dimethagcrylic acid, ethylacr gc acjd, crotonic
acid, allylacetic actPRefY ﬁ?iﬁ%‘&i&n%ﬂ?ﬁgﬂ'&wﬂmﬁl(&W@% 8%@%8?}%?0 %ﬁ%‘y r%rgr{é'%ﬁed.
Another group of guitalieyhoramermhisihdAQadkhesta s of merasthiiensdialiyydridatrates C3-CJO
mono- or C4-C10 gié?ékioxylic acids such as ethyl acrylate, butyl 15 acrylate, 2-ethyl acrylate, decy!l
acrylate, docedy!l e, loctadecyl acrylate and the esters of industrial alcohol mixtures of from
about 14 to 28 carbon atoms, ethyl methacrylate, 2-ethyihexyl methacrylate, decyl methacrylate,

ocadeol mebacy IR et Ho0p| et nagodeq et dfedepl e

follows:

O O

N /7

C —— CH===CH — C

N

X X

wherein X and X' are the same or different, provided that at least one of X and X'is a

15 group that is capable of reacting to esterify alcohols, form amides or amine salts with
ammonia or amines, form metal salts with reactive metals or basically reacting metal
compounds and otherwise function as acylating agents. Typically, X and/or X'is
--OH, --O-hydrocarbyl, OM+ where M+ represents one equivalent of a metal,
ammonium or amine cation, --NH;, --Cl, --Br, and taken together X and X' can be

20 --0O-- 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 monophenyl maleic
anhydride; monomethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro
and difluoro maleic anhydride; N-phenylmaleimide and other substituted maleimides,

25 isomaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and fumarates,
dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and

maleonitrile and fumaronitrile.

15



In the present invention at least one | -olefin comprising about 2 to 40 carbon atoms or at least one
polyolefin comprising about 4 to 360 carbon atoms and having a terminal copolymerizable group in
the form of vinyl, vinylidene or alkyl vinylidene group is 25 employed. Suitable 1-olefins for preparing
copolymer (i) comc%r]i‘se from about 2 to about 40 carbon atoms, preferably from about 6 to about 30

carbon atoms, such'4&PHemeRem ds deicenaroBrRRRSBHEN IR ICRE 24 IIC 29WHMS and
C24-C28-1-olefingnMpigdd0 aratarabhniram aseutddhiaahe vt BB &aarhen @@%aguﬁ’as@mmﬁg sfolefins,

which are also known_ as alpha olefins, with number average molecular weights in the range

100-4,500 or mord&ateihrerdrfamaiitAcifolGcomic AR SSACG At et BB REmel it more
preferred. For exaimpleedlphamiafinscapfiaiasddragedne therpaakerackingnt afparaflinngax. Generally,

these olefins range from about 5 to about 20 carbgn atoms in length. Another source of alpha olefins
is the ethyleng grothPrsERAmseRlyede a0dmatHiBer USSR ARS 2RNGHPESRRE B blefins is
by the dimerizatiomefealRRBy@IRENS Séesrad appropriate catalyst such as the well known Ziegler
catalyst. Internal 5 olefins are easily obtained by the isomerization of alpha olefins over a suitable
catalyst such as silica. Preferably, 1-olefins from C6-C30 are used because these materials are

commercially readilyhay aiidiie: angdagsausetheyaffgkeqdabiabiaubalance Of thevlengibafthe
molecular tail, and th%sc%}ubilié{fy of the terpolymer.in no pola[,solv nts.@/lixtu}ges of olefins may also be
employed. 10 SuitABfe PBR7R ﬁﬁ%"?&%?@g‘éﬂ?iﬁ@né%‘&}%/ SR AHbIPSIERNY 850fsing about 4 to
about 360 carbon @giiesibactiksachlymais avaad)uranal averdge yialaoulai ieigRin(hdeat from

about 56 to about 5000 g/mol. Examples of these are oligomers of ethylene, of butene, including
Sobutene. and of BIAh RGBSR 07 DERA EHBHENS HECURRE BTG decene, the

copolymerizable terminal group of the oligomer being present in the form of a vinyl, vinylidene or
alkylvinylidene groxgét?llei: % JS’;? SP gtit%&% monomers is Cy-Cyo alkyl esters of monoethylenecially
unsaturated C;-Cjo mono- or C4-Cyp dicarboxylic acids such as ethyl acrylate, butyl
15 acrylate, 2-cthyl acrylate, decyl acrylate, docedyl acrylate, loctadecyl acrylate and the
esters of industrial alcohol mixtures of from about 14 to 28 carbon atoms, ethyl
methacrylate, 2-ethylhexy! methacrylate, decy! methacrylate, octadecyl methacrylate,
monobutyl maleate, dibutyl maleate, monodecyl maleate, didodecyl maleate,
monooctadecyl maleate, and dioctadecyl maleate.
20
(b) The 1-Olefin or Polyolefin
In the present invention at least one 1-olefin comprising about 2 to 40 carbon atoms or
at least one polyolefin comprising about 4 to 360 carbon atoms and having a terminal
copolymerizable group in the form of vinyl, vinylidene or alky! vinylidene group is

25  employed.

Suitable 1-olefins for preparing copolymer (i) comprise from about 2 to about 40
carbon atoms, preferably from about 6 to about 30 carbon atoms, such as decene,
dodecene, octadecene and mixtures of Cyp-Coy -1-olefins and Cyy-Cog-1-olefins, more
30 preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
also known as alpha olefins, with numbef average molecular weights in the range
100-4,500 or more are preferred, with molecular weights in the range of 200-2,000
being more preferred. For example, alpha olefins obtained from the thermal cracking
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oligopropene mixtures of from about 9 to about 200 carbon atoms and in particular oligoisobutenes,
as obtainable, for example, according to DE-A 27 02 604, corresponding U.S. Patent No. 4,152,499,
are preferred. Mixtures of the stated 20 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 incorporatbiHpEBRrEReCepraiolbestR A e es frmotydihe e ARy CERMARERFIN a

conventional manfierysieh ReIBEIRRCY ApRiAEARLY: AR TG 1eAPehwaIERRIR PalvRIeliRbat is

reacted with the unsaturated mono- or di- carboxylic reactant are polymers comprising a major amount

of C2 -C8 mono-df¥fih MR Crtipen 8ledithylene s isteiteo fsosiny sy adpesternt onnd spolymers

can be homopolyseisseieh as RpdpahidyiRR AsehathearabimermatdoM:pardystghieiafins such
as copolymers of: eg%ylene and propyleng, butylene, and isobutylene, etc. 30 The polyolefin polymer
§

usually contaths 3 %Wte&‘%’éyafﬂﬁ'ﬂﬁ’g@é%&?ﬁ&?%ﬁﬁ%?%mw&@@?%ﬁ}?%%% 'earbon atoms:
and more preferabhtframsaliow $8de BeawadI(S Carbe: oM LT pheadbetighmalesular weight

olefins used to prepare, the copolymers of the present invention are generally mixtures of individual
Fif s

molecules of diffeFBHf HTELBISAMSISREY iFRANELAY BERSy st brciaduikey adshm geiirsnerally
contain a mixture plandighrnnelesigar oreiehh sl harauasief samsmgyoolae uapyvaightiAlso,

mixtures of copolymer molecules having Qiffgégfdegrees of golym rization will be produced. The
copolymers of the' JorRSaRH: SAVERELA A Y S i 8 BE HBY ation of 1 or greater,
preferably frogn about 1.1 to about 20, and more preferably from about 10 1.5 to about 10. (c) The

Mono-olefin Compound The present invention employs at least one monoolefin compound which is 15
copolymerizable Vot AETTaRS b R B P H FE SefLAPRB GHES TSt about 4

about 360 carbon atoms. These polymers have a number average molecular weight
(M) of from about 56 to about 5000 g/mol. Examples of these are oligomers of
ethylene, of butene, including isobutene, and of branched isomers of pentene, hexene,

15 octene and of decene, the copolymerizable terminal group of the oligomer being
present in the form of a vinyl, vinylidene or alkylvinylidene group, oligopropenes and
oligopropene mixtures of from about 9 to about 200 carbon atoms and in particular
oligoisobutenes, as obtainable, for example, according to DE-A 27 02 604,
corresponding U.S. Patent No. 4,152,499, are preferred. Mixtures of the stated

20 oligomers are also suitable, for example, mixtures of ethylene and other alpha olefins.
Other suitable polyolefins are described in U.S. Patent No. 6,030,930 which is herein
incorporated by reference. The molecular weights of the oligomers may be

determined in a conventional manner by gel permeation chromatography.

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

30
The polyolefin polymer usually contains from about 4 to about 360 carbon atoms,
although preferably 8 to 200 carbon atoms; and more preferably from about 12 to

about 175 carbon atoms.
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consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is unsubstituted, and containing 20 from about | to about 40
carbon atoms; Suitable monomers include the following: vinyl and allyl alkyl ethers where the alkyl
radical is of about 1 to about 40 carbon atoms are also suitable, and the alkyl radical may carry further
substituents, such as hydroxyl, amino, dialkyamino or alkoxy. 25 Examples are methyl vinyl ether,

ethyl vinyl ether, giaeytyinibRRSleRUM VIRV ethesedaiptapxd M@%bﬁ&%&%&"ﬁﬂ@?ﬁ@é&ﬁh
a

dodecyl vinyl ether, octadecyl vinyl ether, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl
vinyl ether, and tHY 8¥iPsps e Mexhees donolvidialikyeknies ahd HarRrERylsHaE of a
monoethylenically4nsatuiated d0aP e Y slisarRAxviG AR 0 ot Raert 3110 ahkinlOAkRRNatoms

where the alkyl substituent contains from about | to about 40 carbon atoms; 18 Another group of
monomers comprisel Belesitrnikgigaiinebs byl exeupd @ LKA MG ¥t WideRiethRrRIZIgres

unsaturated C3 '@ﬁ@oﬁﬂ%%&&ﬂl@%ﬂu&?&i%réﬁ%@&é@@ﬁﬂ@%ﬁ@m hagrytaies duced.

diethylaminoethyl acrylate, dibutylaminoethyl methacrylate, acrylamide, methacrylamide,
N-tert-butylacrylamide, 5 N-octylacrylamide, N,N'-dibutylacrylamide, N-dodecylmethaerylamide and N-

octadecylmethaerplrmigielkanoNavprleamaxasmidm acarhoxylieacigisaidrpabadtildanakeut 8

carbon atoms; 10 Another group of monomers includes the following: N-vinylcarboxamides of
carboxylic acids o %%GQEMYF%IQWJf #abesh atdimabenththand g Rt sl drom about
N-vinyl-N-meghylferanamigda: Nsvinylacetamide, N-vinyl-N- methylacetramide,
N-vinyl-N-ethylacetamide, N-vinyl-N-methylpropionamide

(c) The Mono-olefin Compound

The present invention employs at least one monoolefin compound which is
15 copolymerizable with the monomers of (a) and (b) and is selected from the group

consisting of:

() 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

20 from about 1 to about 40 carbon atoms;

Suitable monomers include the following: vinyl and allyl alkyl ethers where the alkyl
radical is of about 1 to about 40 carbon atoms are also suitable, and the alkyl radical
may carry further substituents, such as hydroxyl, amino, dialkyamino or alkoxy.

25  Examples are methyl vinyl ether, ethyl vinyl ether, propyl vinyl ether, isobutyl vinyl
ether, 2-ethylhexyl vinyl ether, decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl
ether, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl vinyl ether, and

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

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

the alkyl substituent contains from about 1 to about 40 carbon atoms;
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15 and N-vinylpropionamide. (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, 20 N-vinylpyrrolidone and

N-vinylcaprolactam. (5) at least one I-olefin comprising about 2 to 40 carbon atoms or at least one
polyolefin compriStAHRS I aBbOf MeSUBHSICIBTEsEHEM StorAK Brirasig S Cefrminal copolymerizable

group in the form._sf a iy iy idans gsmivh 2R lidanasioop-or joibestheeeoRypded that

the olefin employed is not_the same as the olefin employed in (i)(b); Suitable | -olefins comprise about

2 to 40 carbon atBhf, sheeraBRrsSrapBee b acsbie b <inionatsHhE! et decene, dodecene,
octadecene and iU RS SeBIIGRAN R vihelaliRg Amd C HeGr&yinalafins-Rreferaipvd iefies,

which are also known as alpha olefins, with number average malecular weights in the range of from

about 28 to Abot 568 e RN Witd RbrRsid P RS S 4 dre S oriAMS BN 12 to about

420 being more pyefRieAnfoiR¥ARIg: alpha olefins obtained from the thermal 19 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 growth process which gives even number

carbon olefins. Aggther spwcaaialafinsisidey thadimenizaian of alpha:blefins@¥BsaBappsepriate
catalyst such as the well 5 known Ziegler catalyst. Internal olefins are easily obtained by the

isomerization of alpha JIEHRS over a suitable catalyst such as silica. Preferably, 1-olefins from Co-C30
are used bepause these materials are commercially readily available, and because they offer a

desirable balance of the‘#r?qn th of theér{folecular tail, an thgﬁ‘glﬁgility of the, terpo{)ymer jg no?polar
solvents. Mixtures of oleffi8THFE HRYP LiBBIG PRSpuietits &' c8pBs My iy carboxamides o

carboxylic acids of from about | to about 8 carbon atoms, such as N-
vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide, N-vinyl-N-
methylacetramide, N-vinyl-N-ethylacetamide, N-vinyl-N-methylpropionamide

15 and N-vinylpropionamide.

(4 an N-vinyl substituted nitrogen-containing heterocyclic compound; Another
group of monomers includes the following: N-vinyl compounds of nitrogen-
containing heterocyles, such as N-vinylimidazole, N-vinylmethylimidazole,

20 N-vinylpyrrolidone and N-vinylcaprolactam.

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

25 vinylidene group or mixtures thereof, provided that the olefin employed is not

the same as the olefin employed in (iXb);

Suitable I-olefins comprise about 2 to 40 carbon atoms, preferably from about § to
about 30 carbon atoms, such as decene, dodecene, octadecene and mixtures of Cyp-Cog
30 ~l-olefins and Cy4-Cog -1-olefins. Preferably 1-olefins, which are also known as alpha
olefins, with number average molecular Wci ghts 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
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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., 15 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#ekidpalyprerTaaraine RoamrinssyiCsvestit Sissaieloermagiiem thede

terpolymers are copmp®saE0f aklrasions Bf I monameisstarte Eaamaesaibed hrreipyitypically,
the terpolymers of this invention contain at least one mongmer from each group (a) tQ (c). In general,

these component& PEEEIRE 6 NRIG bR A S RS BEP R NI e PO I B ieR g S

terpolymers or blegkiermalymaiand Sandsdhpiepriadpyrkpaws raseduier iarnaking
copolymers. Additionally, it is possible to form a small percentage of copolymers which are composed

of monomers'(a) SANBYSRK FiRAbite Fipa)al AP HDS BB RFRRMRTUNCHRY Mh6ARmASEHRRC &éid or ester

thereof or dicarbagHicosichosanhydhidelocastostheneat Jaiseleetgedtom thaseadiselased,-apve,
preferably maleic anhydride. Component (b), the 1-olefin or ﬁ)olyolefin, is 30 gg;fer Ely polyhutene.

)
Component (c), tHE SRR CTRRE 1ReSrenatSHR} TP R Bl RR Y% bEAtsE 6y 18
carbon atoms. 20offze sléghesRf Rolyinesizatiaengiing fespablisialsrcai, vateyesiabilige sange.

' bout 10. In general, terpolymer degree of
Ik Rl

Preferably, the degree of go_l merization js from about 2 t
polymerization decTBRSe: ﬁé%tﬂgr‘BB ﬁ?@iﬁﬁé’ﬁ% Bﬁ%%srgﬁ? P idg ey erpolymerization is

conducted inghe presence of a suitable free radical initiator. Examples of suitable polymerization
initiators are peroxjde compou as, such as. tertbutyl perpivalate, tertbutyl perneocecanoate,
test-butylperethylIi;gé'?(‘e’;\‘ﬁgléff50 , Ofg t%lﬂﬁzj(ﬁigﬁngutyrate, di-tert-butyl peroxide, di-tert-amyl peroxide,
diacetyl 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.,

15  U.S. Patent No. 5,792,729; Gonther et al., U.S. Patent No. 6,284,716; and Ginther et
al., U.S. Patent No. 6,512,055,

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

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

Typically, the terpolymers of this invention contain at least one monomer from each
group (a) to (¢). In general, these components react to form terpolymers which can be
random terpolymers or alternating terpolymers or block terpolymers and can be

25  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 (c). Component (a), the monocarboyx!lic 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

30  preferably polybutene. Component (c), the mono-olefin, is preferably a linear alpha

olefin containing from about 12 to 18 carbon atoms.
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10 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, isobutylnitrile type initiators. Procedures for

| e.g.,
preparing poly 1- éﬁHe@a@%ﬁrﬁ%\%ﬁ@wfé&fa?ﬁmeiy&é%férﬂaédfﬂwvs@rr@aféﬁlﬁ WBEE-3,560,455 and
4,240,916, hereby,ifsameraieddyteieiNsadniheihe s abbOSE Rraseduecoudhg used to

prepare terpolymers. Both patents alsg describe a variety of initiators. Copolymer (i), wherein a
second olefin is efARRYEFIHtRETARMIMEHRAHEHIEHERSES 8D tREEFREHHAR HEFRE UBFolymer (i)
which is describeghbgigws. Copolymer (ii) In another embodiment of the present invention, the
copolymer reactant is a copolymer obtained by reacting (a) at least one monoethylenically
unsaturated G3-C28 25 monocarboxylic acid or ester thereof, or a C4-C23 dicarboxylic acid,

anhydride or estermteeepiianibiaileasbane eapa v erizable poly nensrMposed ofl abigast.3 olefin
molecules of propgne or of a branched 1-olefin of from about 4 to about 10 carbgn atgms, having a
number average rOTERIRFNEIAP M DAY REFT BBV aﬁoﬁﬁf%%?%%%\%%@% inal

copolymerizable gepitin gaepfosmtefarioml pinrbsenaendater @intuinytdendigroupeethe presence of
a free radical initiator. 21 Thus, preferred copolymers of the present inventian arg prepared by
reacting a_"reactiVe*Hiy] ?ﬁﬁfé%ﬁﬁ?%eﬁbfﬁrbﬁ@f Hﬂﬂ%?&%dﬁfﬁﬁ'ﬁwd?%ﬁ‘ u?ﬁgﬁ tion, at least
about 20% is in theealkyhivaytigas enedafiguleiion] & Qurotdts, of aR9 couwhargin RBtanacR9-are an alkyl

or substituted alky! of sufficient chajn |length to give thg resu ting molecule Stabilit%.ili]l lubricating oils
and fuels. thus Rga gfﬂﬁg}tmg{ e. 1he mtators 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 1-olefin copolymers are,
15 for example, described in U.S. Patent Nos. 3,560,455 and 4,240,916, hereby
incorporated by reference in their entirety. Those procedures could be used to prepare

terpolymers, Both patents also describe a variety of initiators.

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

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

Copolymer (i1}

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

30 or alkyl vinylidene group in the presence of a free radical initiator.
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least about 30 carbon atoms, preferably at least about 50 carbon atoms and R9 is a lower alkyl of
from about 1 to about 6 carbon atoms, with an unsaturated acidic reactant in the presence of a free
radical initiator. 10 Typically, the copolymer product has alternating polyalkylene and succinic groups
and has an average degree of polymerization of 1 or greater. The preferred copolymers (ii) of the
present invention &Y% ﬁ@ﬁ&%ﬁ%ﬁﬁé@?w@% iBventiqPRIRRPAH RSN GAd Z' are

independently selegiagfomi the@esR SORSISNE &fr i Whic-»-RkhR6 pakestopeiei A on Oyt to form
a succinic anhydride group, n is one qr greater; and RI, R2, R3 and R4are selected from hydrogen,

alkyl of from aboutPthPeHE it #o'tSib stk Wismd dsns RS ISSweight polyalkyl wherein either
Rl and R2 are hydrogen and one of R3 and R4 is lowehtalkyl having from about Ito about 6 carbon
atoms and the other is high molecular weight polyalkyl{ or R3 and R4 are hydrogen and one of R, and
R2 is lower alkyl having from about | to 6 carbon ato and the other is high molecular weight
polyalkyl. 22 Copolymer (ii) may be alternating, bloc andom. In a preferred embodiment, when
maleic anhydride is used as the reactant, the 5r i ces copolymers predominately of the
following formula: O 1Z 14 C-C R R3 8 Re

5 wherein Rg and Ry are an alky! or substituted alkyl of sufficient chain length to give

the resulting molecule stability in lubricating oils and fuels, thus Ry generally has at
least about 30 carbon atoms, preferably at least about 50 carbon atoms and Ry is a
lower alkyl of from about 1 to about 6 carbon atoms, with an unsaturated acidic
reactant in the presence of a free radical initiator.

10
Typically, the copolymer product has alternating polyalkylene and succinic groups

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

The preferred copolymers (ii} of the present inveniion have the general

15 formula:

W z
O:(IZ lm{) Ry Ry
\ ]
C—C Cc—~C
H H l ‘
Ry Ry

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
greater; and Ry, Ry, Ry and Ry are selected from hydrogen, altkyl of from about 1 to

20 about 40 carbon atoms, and high molecular weight polyalkyl wherein etther Ry and R»
are hydrogen and one of R; and Ry is lower alky! having from about 1 to about 6
carbon atoms and the other is high molecular weight polyalkyl, or R; and R4 are
hydrogen and one of R; and R, is lower alkyl having from about | to 6 carbon atoms

and the other is high molecular weight polyalkyl.
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n wherein n is 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 hydrogen, lower alkyl of from about 1
to about 6 carbon atoms and higher molecular 10 weight polyalkyl, wherein either R1 and R2 are
hydrogen and one of R3 and R4 is lower alkyl having from about 1 to about 6 carbon atoms and the
other is high molecular weight polyalkyl or R3 and R4 are hydrogen and one of R1 and R2 is lower
alkyl and the othegiphighengleaulanweighhnalyatiubil areferably, the high molecular weight
polyalkyl group has at least about 30 carbon atoms (more preferably at least about 50 carbon atoms).
Preferred high molecular weight polyalkyl groups include polyisobutyl groups. Preferred polyisobutyl

groups include thpseharnedniibaramarage-malasidanmveiahts phfsamsabort-e@tamabout 5000,
more preferably from about 900 to about 2500. Preferred lower alkﬁl groups 20 jnclude methyl and

ethyl; especially giéetraPIedrseaigReoRps Riefxrastiy®! Rpartedis Dididfred class of olefin
polymers comprises the polybutenes, which are prepared by polymerization of isobutene. These
polybutenes are readily available commercial mate®ials weth known to those skilled in the art.
Disclosures thereof will 25 be found, f “Patem@No&s4,152,499 and 4,605,808, which
are herein incorporated by reference for their digclosuyfes of suifable| polybutenes. 23 Preferably,
1,1-disubstituted olefins are used t ' ' i i le tail in the terpolymer.
Preferably the 1,1-disubstituted olefin has a number average M" of f}om bout 500 to about 5000.

- One particularly useful 1,1-disubstituted olefin is a 1,I-disubstitifed Polyisobutylene, such as
methylvinylidene 5 polyisobutylene. Preferably the copolymerizable polymer comprises a high
molecular weight polyalkyl group which s derived from a high moleculas weight olefin. The high

molecular weight olefins used in the preparation he copolymers of the present inyention are
g wLereln n1s 9rom agoelt pto about ?Bb, pre?ega!)\(y TOIM aboutB to al outy , more

preferably from about 2 to about 10, and R, Rj, Rs and Ry are selected from
hydrogen, lower alkyl of from about 1 to about 6 carbon atoms and higher molecular
10 weight polyalkyl, wherein either R and R, are hydfogen and one of R; and Ry is
lower alkyl having from about 1 to about 6 carbon atoms and the other is high
molecular weight polyalkyl or Ry and R4 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 carbon atoms). Preferred high molecular
weight polyalkyl groups include polyisobutyl groups. Preferred polyisobutyl groups
include those having number average molecular weights of from about 500 to about
5000, more preferably from about 900 to about 2500. Preferred lower alky! groups

20 include methyl and ethyl; especially preferred lower alkyl groups include methyl.

A particularly preferred class of olefin polymers comprises the polybutenes, which are

prepared by polymerization of 1sobutene. These polybutenes are readily available

commercial materials well known to those skilled in the art. Disclosures thereof will
25  be found, for example, in U.S. Patent Nos. 4,152,499 and 4,605,808, which are herein

incorporated by reference for their disclosures of suitable polybutenes.
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10 of sufficiently long chain length so that the resulting composition is soluble in and compatible with
mineral oils, fuels and the like; and the alkylvinylidene isomer of the high molecular weight olefin
comprises at least about 20% of the total olefin composition. Preferably, the aIkyI vinylidene isomer
comprises at lea % e preferably at least 70%, o ESthe total oIe in osr ion. 15 Sucﬁ
molecular welghs%‘i%ioﬁ ge{glea‘ér‘éﬂwfr‘h{?g&@glﬁ AoRSEHILS AV ﬁ?bl BEuisiERefhts and
can have at Ieast@ﬂb&;bf&dmhxIﬂ&ft@r@@!?ﬂi@rammsram?@dhelcbﬁmbsrnltafeﬁahbﬁﬁt}ia@smﬁﬂ)é}ranch per 4
carbon atoms alo the arn rtlgsg! refer ﬁ t there.b att)out 3 lz} er 2 carbon
atoms along the edﬁ%? é)IBr @ fﬁﬁ §}‘85’ﬁ% ?Hr}) %E%] gtfk%tﬁgp
prepared by the pwﬁmwwﬁﬂgﬂl@fb@{ﬁﬁt&l@bﬁmmlﬁhﬂuh& mabautfibgtbmyladems, and preferably
from olefins qof from about 3 to about 4 carbon atoms, and more preferably from propylene or
isobutylene. %he 88%?8% BORierizable olefins employed are normally 1-olefins. The branch may be
of from about 1 to about 4 carbon atoms, more 25 usually of from about | to about 2 carbon atoms and
preferably methyl % ed alx Ivrn ne| omer comprises 18 eth reth lidene somer
more preferablyt E‘?ﬂ@l yﬁcﬁ)e g e]e%()prrelgra?ﬁ/ prell%rre %Igunar Wf’y%\ﬁ % rl{ toleflns
used to prepare tlgeoxqppmlymeréepfvmefpresehighvamhomlarevp@mmmmeri‘és mglchmlmmpmse at least
about 20% of the more tive methyl Irdene |soqnt r, Eref rabl tfl%ast aboit 500 .and_more

clu

preferably at least ap% %, 8 algle p ylga%lultoenn(es In ose prepa ed lﬂ\s]?ﬁlg %ecatalysis.
The preparatibn ofisudh palyisdimtehemitengickutiat theni&yh/liniw«ten@dsﬁimns:emﬁmism andhigh

percentage of the totala(%%m 1t iner S ﬁcngle 8 emlh| ﬂ?e F Ftegf}t}% e eﬂk %?dea ned1$dg%?b§qﬁe
Preparation of CopoIP)Pmer i} AS ROLEL above. copolymer (i Yorihe prese N HVeRHOA L prepared by
reacting an high molecular weight oieﬁn comprises 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 aleng
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 1-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 alkylvinvlidene isomer comprises a methyl- or ethylvinylidene isomer,

more preferably the methylvinylidene tsomer.

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 inctude those prepared
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olefin and an unsaturated acidic reactant in the presence of a free radical initiator. The process of the
preparation of copolymer (ii) is described in Harrison, U.S. Patent No. 5,112,507, which is herein
incorporated by reference in its entirety. 10 The reaction may be conducted at a temperature of about

-30C to about 210C, preferably from about 40C to about 160C. The degree of polymerization is
inversely proportibia FterRiersireh et oot ire R TeRERRHISde e weight

copolymers, it is ag¥aHRER NSO SHRRIPYIANAELEATIORN @%&%@%@_&&h&%@%&%@@%ﬂl@y be

conducted neat, that is, both the high molecular weight olefin, acidic reactant and the free radical
initiator are combﬁiféarih%élﬁgo%grafﬁ%lﬂﬁﬁaﬂ'th%‘i tried 42§88 ction temperature. 20 Alternatively,

the reaction may be conducted in a solvent. Suitable solvents include those in which the reactants
and free radical injtiator are soluble and include acetone, tetrahydrofuran,chloroform, methylene
chloride, dichiorodtHAEYRISHE. WER&HE, (Bhiorobenzene, xylenes, or the like. After the reaction is

complete, volatile £9mpenenisdeypbEskinped Offc WoamaisolenhissenplavedyitisAreferably inert to
25 the reactants arl?fproducts formed and is generally used in an amount sufficient to_ ensure efficient

mixing. AlternativEly! AT AR GEPHEY Y it radanhia thfistcatr R madraimidabig b the

diluent docjas not ceri@iss Qﬁmgéit%f@?i&thﬁi M@:ﬁf@@m%ﬂrﬁhesf&eidﬁusﬂ@aha@aﬂ%ﬁmﬁqm@@%d& égo. sulffur
compounds, antioxi n ike. 25 In general, the copolymerization can be initiated by any free
radical initiator. S cﬂ@r‘%’fﬂi&@‘éﬁé%@TFﬂhWﬁé ¥ TSOWERRs IMHE ERBIEY of free radical initiator

may be influénced by the reaction temperature employed. 5 The preferred free-radical initiators are

the peroxide-type polymerization initiators and the azo-type polymerizatjon initiators, Radiation can
alsopb e used t)épin@é%éeﬁ%mn may ge conducted at a temper%?urg ofy emout %b%% {o about Zﬁ)"g,

' 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
copolymers, it is advantageous to employ lower reaction temperatures.

15
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 include
those in which the reactants and free radical initiator are soluble and include acetone,
tetrahydrofuran, chloroform, methylene chloride, dichloroethane, toluene, dioxane,
chlorobenzene, xylenes, or the like. After the reaction is complete, volatile
components may be stripped off. When a solvent is employed, it is preferably inert to

25 the reactants and products formed and is generally used in an amount sufficient to

ensure efficient mixing.
Alternatively, the reaction may be conducted in a diluent, such as mineral oil, as long

as the diluent does not contain constituents that interfere with the free radical

30 polymerization, ¢.g., sulfur compounds, antioxidants and the like.
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reaction, if desired. The peroxide-type free-radical initiator can be organic or inorganic, the organic 10
having the general formula: R12 OOR13 where R12 is any organic radical and R13 is selected from
the group consisting of hydrogen and any organic radical. Both R12 and R13 can be organic radicals,
preferably hydrocarbon, aryl, and acyl radicals, carrying,  if desired, substituents such as halogens,

etc. Preferred perbkidesriciirieonrhemssiziiopsmxitendiatehipars iige radieliniiuamorsboxide, 15

Examples of othefsyiableRaretidas«wHGRdRRO AL RitRGinsiugEe: bemeayinRanexigay lauroyl
peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoyl peroxide; tertiary butyl hydroperoxide;
cumene hydroper%%&g,“ﬁ’i’&@gtlffl’ His EsagiondeBtpr o pERIFE: diethylperoxycarbonate; tertiary butyl
perbenzoate; and the 20 like. The azo-type compounds, typified by alpha,alpha’
-azobisisobutyronitrile, are alsg well-known free-radical promoting materials. These azqQ compounds

can be definetl as! B ESEFESAEEprRddH INRISHTIE: te BFERIIAeNMN-PRbHB RS BRUHCES are

satisfied 25 by organithsagicapcaidgast-onaaf whiakis. meleiably attachesktosadestianifathen. Other
suitable azo compounds include, but are not limited to, p- bromobenzenediazonium fluoroborate;

p-tonIdiazoaminoffé‘ﬁ’i%’l’ré,fﬂg%%qnobenzenediazonium 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 Payl Pinkney. The amount of initiator to employ, exclusive of radiation, of course,

depends to a large®&XERt 'WB%%?EH&%F%H?&EBJFO&WGE  hERIG R TIERAN L JIEMREI84Y and the 26

reaction conglitionkavihe tsyahepnentidtionrs, dditiahaeibeiwesn &A1 ranehi QZdRmales of
I r P ol O B CBrsteAne b Ty o ber and ooy orsante Tl Both Rz and
Ry3 can be organic radicals, preferably hydrocarbon, aryl, and acyl radicals, carrying,
if desired, substituents such as halogens, etc. Preferred peroxides include di-tert-butyl

peroxide, dicumyl peroxide, and di-tert-amy] peroxide.

15
Examples of other suitable peroxides, which in no way are limiting, include benzoyl
peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoyl
peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;
acetyl hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the
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 is preferably attached to a tertiary carbon.
Other suitable azo compounds include, but are not limited to, p- |
bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene; p-
bromobenzenediazontum 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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5 The polymerization temperature must be sufficiently high to break down the initiator to produce the
desired free-radicals. For example, using benzoyl peroxide as the initiator, the reaction temperature
can be between about 75C and about 90C, preferably between about 80C and about 85C higher and
lower temperatures can be employed, a suitable broad range of temperatures being between about

20C and 10 abouf&6Hen sordibrererfbe teraberatero by eLiniisten Bobehverasbit ksoed The

reaction pressurehquichiRe spffigient ik meinainheisobamir {enlislid-RRPS o BerrRE£aN
therefore vary between about atmospheric and 100 psig or higher. 15 The reaction time is usually

sufficient to resulth?8hd %B%Hﬁ]ally 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 As noted ab'g:}\_/e, the sug!'&ect reaction is a solution-type

polymerization readfdi? DFREFYATHIRRASAZ G B H: R SHFL SeRity PR i easidanisiig initialek can be

brought together if gayh&ditBb@:Manmak- fide:RpPreat fagie s siig; indknade wantagt af the high
molecular weight olefin angbegcidic reactant in the presence of a free-radical producing material. The

reaction, for exam P AN e SHRRREPHTAB AT SYRERYTRAR I 25 igh At cldi&r-weight olefin
is added all initiallyrigesaBipxbate@hatidie $6aCtant, aboiliedsPandeseivant ribiedigtmalesiar weeight

olefin can be added intermittently. or.continuously to the reactar. Alternatively, the tanfs may be
combined in othe P BRUBIL o MU REO MRES QLR T Ly B ARGERAS Prdtmolecular

weight olefini in theteadiol: ) aiththefsnad penpiiercespanaeirts dboine teactiana80unbsure.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, Whereirtibe figliuraclecidbisaveifiiolefinisaddedhaiiaiyioithdg Gacidrpianrd. then the

acidic reactant 27.and the initiator are added gradually over time. The r jon can uitably take
Iﬁl'essures can therefore vary gegween% %ut atmosp%enc ang ZJ}((‘)% psig or %&Sg esr. avly

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 intermittently
or continuously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and tnitiator 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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place in a tubular-type reactor where the components are added at one or more points along the tube.
5 Copolymer (iii) In one embodiment, copolymer reactant (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 copolymer, (i) or copglymer (ii both; or by contacting copolymer (i) or copolymer
(i or both with tha AT B A et YR BB BT OO S5 RS mpound
()(b) or (i)(c). Prepacaiion wbtlapolymendisy Mpecassdaipbecpreparaditunl af copolyimer (Hioinss
described, for exa dple in Harrison et al., U.S. Patent No. 6,451,920, which is herein incorporated by
reference in its 15arg g}(f/.hf eprocess step (a) above, any unreacted olefin, generally the more

hindered olefins, i.e., the beta-vinylidene, that do not react readily with the monoethylenically

unsaturated (33-C88 @onocz{goxylic acid or ester thereof, or C4-C28 dicarboxylic acid 20 or an
anhydride or éste < r free radical conditions, are reacted with monoethylenically
unsaturated C3-CRBomoemnbadboxziylicaeidlyorce stecttine (@0f i 0ol2rE2 By dicapobuylc elcid arddry

anhydride or ester, t?ere f, under ther. &) onditions, i.e. .at, tem tures of from abqut 180C to about
280C. These conéﬁ 5%%%?5 ST oﬂﬁ ?éew ﬁse%nfno?oﬁlrneap 1P| ?ﬁ@ﬁ?ﬁf%ﬁo%%“s?%ﬁ é@Ac.a ptionally,
this reaction takes:plagec25dmnctha: prebe poeoaica strapgiaoig; sych apshifonicigoid b8de dobexample

U.S. Patent No. 6,156,850, Optionally,.a solvent ma .(Be use to.ﬂgik| olve the reactants. The reaction
solvent must bo SHE AHER ERIUEA (ot AL e e B e R e o0

It is necessaly to disstiveptdiactidicreactant aj(d)highomoleoudr(iMight @)6fin so as to bring them into
intimate contact in the solution polymerization reaction. It has been found that the solvent must also
be one in which the resultant copolymers are soluble. 28

Preparation of Copolymer (iii)

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 its
15  entirety.

In process step (a) above, any unreacted olefin, generally the more hindered olefins,
i.e., the beta-vinylidene, that do not react readily with the monoethylenically
unsaturated C;-C,g monocarboxylic acid or ester thereof, or Cy4-Cyg dicarboxylic acid

20 or an anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C3-Cpg monocarboxylic acid or ester thereof, or C4-Cyg
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at
temperatures of from about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place

25 in the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent
No. 6,156,850.

Optionally, a solvent may be used to dissolve the reactants. The reaction solvent must

be one which dissolves both the acidic reactant and the high molecular weight olefin.
30 Itis necessary to dissolve the acidic reactant and high molecular weight olefn so as to

bring them into intimate contact in the soiution polymerization reaction. It has been

found that the solvent must also be one in which the resultant copolymers are soluble.
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Suitable solvents include liquid saturated or aromatic hydrocarbons having from about 6 to about 20
carbon atoms; ketones having from about 3 to about 5 carbon atoms; and liquid saturated aliphatic
dihalogenated hydrocarbons having from about 1 to about 5 carbon atoms per molecule, preferably
from about | to about 3 carbon atoms 5 per molecule. By "liquid" is meant liquid under the conditions of

polymerization. IS tHaRabyGaHRdy digud smaieh raergats rdrprakeanRrsiadaaiottbon

atoms. By "halogenoigynaans farbdrAnd:BY: kkishaimaviofr-spiviealmust N e Bainah Hieas; dissolve
the acidic reactant and high molecular weight olefin in addition to the resulti-n[% copolymers. The

volume ratio of sa¥drtaddh b aliriaie fht sesmatird fy dneapr sdindes Tonahguidod and is
preferably betweeamhdubslarshd dodyiablasebvnts-itelusl thenkatenes hruwiogtfamekhoubto about

6 carbon atoms and the saturated dichlorinated hydrocarbons having from about 1 to apout 5, more

preferably from aBSuPIHEBEURS. bavibr s e Euipidicqeaditdpe Yorodrreitaticr, But are not
limited to: 1. ketongs dgghoasaraatpmeciesiyl eibHkrians; dicthvikatanenaiishdnigtbydizabutylketonc;

20 2. aromatic hydrocarbons, such as: benzene; xylene; and toluene; 3. saturated dihalogenated

hydrocarbons, suéPES: BRenTosfEthiEiReapididmaRTEtands HBPaM S D ehitoBt g such that
1,1-dibromoethang;cabdlsdoHie fherasthanaicha-gichiosnetioanal . G NOMapr apafiion (o the

1,2-dibromopropane;1,2-dibromo-2-methylpropane;1,2-dichloropropane; 1,1-dichloropropane;
1,3-dicmoropropaFf‘é}*Jﬁm%ﬁ?aP?Yanf&o Gy ratioidig sﬁahfﬁ%;ga&,%zﬂlmd?ﬁab%ﬁ?&ﬁ&?%
1,5-diehloropentapgiz a3 0edwbrixtLiiesnaf the Bhayv s, sueh a8y benzesecmethyldthylketone. The

copolymer is conveniently separated from solvent and any unreacted acidic reactant by conventional
procedures such as phase separation, solvent distillation,

Suitable solvents include the ketones having from about 3 to about 6 carbon atoms
and the saturated dichlorinated hydrocarbons having from about 1 to about 5, more
preferably from about 1 to about 3, carbon atoms.

15

Examples of suitable solvents include, but are not limited to:

1. ketones, such as: acetone; methylethylketone; diethylketone; and
methylisobutylketone;
20

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

Ll

saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane;

25 I,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2~dichloropropane;
1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane; 1,2-

dichlorobutane; 1,5-dibromopentane; and 1,5-dichloropentane; or
30 4 mixtures of the above, such as: benzenemethylethylketone.
The copolymer is conveniently separated from solvent and any unreacted acidic

reactant by conventional procedures such as phase separation, solvent distillation,
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29 precipitation and the like. If desired, dispersing agents and/or co-solvents may be used during the
reaction. The polyisobutenyl succinic anhydride (PIBSA), which may be directly added to 5 copolymer
reactant (i) or (ii), is generally prepared by a number of well-known processes including the method
disclosed within. For example, there is a well-known thermal processésee, e.g., U.S. Patent No.
3,361,673), an ecRaMPUAIPRABHHch¥SriHARH shotisRe 1eaeets BEORtshtv R Bay72edysy a
combination of thguthgrmakangishlorination processes (see, e.g., U.S. Patent No. 3,912,764), catalytic
10 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 compositions include

one-to-one monomigsigcdelebiaitf3esuesicldrby RadenP mA 132101666 8388k @ddydas well as high
succinic ratio products, adducts having alkenyl-derived substityents adducted with at least 1.3
succinic groubs pETAIRGRS LA S bt AT IS PESHTES 69 BRRPN ! 484408 Poiyalkylene
succinic anhydridesoatsecan haiprodicaditbarmalysalswflam highxamephyhispidenaablitane as

disclosed in U.S. Patent No. 4,152,499. Thjg process. is further. discussed in U.S. Patent No.
5,241,003 for the %ﬁgg?ilﬂgjr‘éefﬁ Sgﬁ’c%ﬁii’c%%géﬁﬁni%?}]&é #@ngf%ﬁoeﬂwé\y B’@Sgrg@@for the case
where the succini¢chlatimis g paseesthase 1e3: BUIOfeamAPRICRIoDSER, @ 64rt863iandER:0 587 381,
and U.S. Patent Np. 5,523,417 disclose a procedure for washing out the pal ic anhydride resin
from polyalkylené%ﬁ?éﬁw%% m&g%gbﬁ%ﬁeﬁgﬁeh?g%’rﬁgggﬁeﬁ?‘@}iilabghg%%%eﬁ%@%lﬁolyalkylene
succinic anhy@ridetiith ackliseivigsaticwef 4.0,i8/dselosadNENe, 2 Hoahamadgel 56 3olyakadehne succinic
anhydride from high, methylvinylidene poly is that it re tially free of chlorine.
'S Patent No. 45 SEPSEER s BRI L AN He i e S St S e o U Tith a number
average (M") in thermpoge @fstachdbout1bQGiamnontcdi20Qiduorsgatybeiteness dneapdieially preferred
number average (MZ] 5?6'?5%%}%%%1%5 g's? Qvglf%sal%(égtsx%ég(r)lic-rrggoppar%e(ﬂltcts, adduets having
alkenyl-derived substituents adducted with at least 1.3 succinic groups per alkenyl-

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

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

20 isless than 1.3 and in EP 0 355 895 for the case where the succinic ratio is greater
than 1.3. European Applications EP 0 602 863 and EP 0 587 381, and U.S. Patent No.
5,523,417 disclose a procedure for washing out the polymaleic anhydride resin from
polyalkylene succinic anhydride prepared from high methylvinylidene polybutene. A
polyalkylene succinic anhydride with a succinic ratio of 1.0 is disclosed. One

25  advantage of polyalkylene succinic anhydride from high methylvinylidene polybutene
is that it can be prepared essentially free of chlorine. U.S. Patent No. 4,234,435
teaches a preferred polyalkene-derived substituent group with a number average (M)
in the range of from about 1500 to about 3200. For polybutenes, an especially
preferred number average (My) range is from about 1700 to about 2400. This patent

30  also teaches that the succinimides must have a succinic ratio of at least 1.3. That is,
there should be at least 1.3 succinic grouias_ per equivalent weight of polyalkene-
derived substituent group. Most preferably, the succinic ratio should be from 1.5 to

2.5
30



30 also teaches that the succinimides must have a succinic ratio of at least 1.3. That is, there should
be at least 1.3 succinic groups per equivalent weight of polyalkene- derived substituent group. Most
preferably, the succinic ratio should be from 1.5 to 2.5. 30 Other suitable alkenyl succinic anhydrides
includes those described in U.S. Patent No. 6,030,930. Typical alkenyl used in the preparation are
ethylene and 1-butene copolymers. 5 (B) The Polyether Aromatic Compound In one embodiment of
the present inventgisrthaispleiies isueasieshhidridnalyelinks avnabehosaiaung. Padynically, the
polyether aromatic compaound will have at lea ttwo functional groups, each capable of reacting with a
monocarboxylic a% Bratie gt ﬁ‘%rfyéh‘é S PrHar AR ¢ 3k eggt%?‘ff?%é%@%r mixtures
thereof. Suitable pepgihesiaromatic compounds include, but are not limited to, the following: 15
Polyether Argmatic Compounds Derived from an Aromatic Aminic Compound In one embodiment, the
polyether aromatic compound is derived from an aromatic compound containing at least one amine
group and whereifBthe Ffﬂhv&thﬁlfetﬁ@a@ﬁbiﬁti@f@eﬁmm&vith a monocarboxylic acid or ester thereof, or
dicarboxylic acid, 20 anh ﬂge or e thereof Ex les fsunag ether atic es
include compoun&%%‘fﬁ@ Sg{?ﬁﬁ?ullgy rng éeﬁclg? r% Zyet o

aromatic compound.

10 Typically, the polyether aromatic compound will have at least two functional groups,
each capable of reacting with a monocarboxylic acid or ester thereof, or dicarboxylic

acid, anhydride or ester thereof, or mixtures thereof.

Suitable polyether aromatic compounds include, but are not limited to, the following:
15

Polyether Aromatic Compounds Derived from an Aromatic Aminic Compound

In one embodiment, the polyether aromatic compound is derived from an aromatic

compound containing at least one amine group and wherein the polyether is capable

of reacting with a monocarboxylic acid or ester thereof, or dicarboxylic acid,

20 anhydride or ester thereof.

Examples of suitable polyether aromatic amines include compounds having the

following structure:

R, Ts
H O O H
| a x |
R4 Ra R4 Rg

25 Fig. |
in which A represents an aromatic aminic moiety wherein the ether groups are linked
through at least one amine group on the aromatic moiety; R, and Rg are independently
hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; Ry, Ry, Ry, and R are
independently hydrogen or alkyl containing from about 1 to about 6 carbon atoms or

30 mixtures thereot; and a and x are independently integers from about ! to about 50.
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25 Fig. | in which A represents an aromatic aminic moiety wherein the ether groups are linked
through at least one amine group on the aromatic moiety; R, and R6 are independently hydrogen,
alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; R2, R3, R4, and R5 are independently hydrogen or
alkyl containing from about | to about 6 carbon atoms_or 30 mixtures thereof; and a and x are
independently integers from about | to, about 50. 31 H~Cz 0O CH~tH~NXHzAIlIYN\R2 R, xa
Y b Fig. Il in which A represents a atic aminic moiety whereiBt ee groups are linked
through at least one aminic funstj i ISty >1independently
hydrogen, alkyl, alkaryl, aralkyl/or aryFor|mixturgsjthereof] a nq independently integers from
about | to about 50; and x andry are independently, intggets from’y, to Y tR3R%~6 O~ONH H
OxCHzACH20yRzambnR5Fig. lll 10in WhICh A represents an aromatic aminic moiety
wherein the ether groups are linked through at least one aminic functionality on the aromditi€-rHoiety;

R, and R6 are indepaadentyhydragan. Al lsandi Aty ORardd PIOBHEES S §§%9é 1R&eR3: R4,

and R5 are independently hydrogen or alkyl containing from about 1 to about 6 car
through at least one aminic functionality on the aromatic moiety; Ry and R, are

5 independently hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; aand b
are independently integers from about 1 to about 50; and x and y are independently

integers from 1 to 4.

'T1 Rs Ry Ts
N 0 O N
X ' Y
R2 a m b n R 5

Fig. 111
10 in which A represents an aromatic aminic moiety wherein the ether groups are linked
through at least one aminic functionality on the aromatic moiety; R; and Rg are
independently hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; Ry, Rz, Ry,
and R; are independently hydrogen or alky! containing from about 1 to about 6 carbon
atoms or mixtures thereof: a and b are independently an integer from 1 to 4; and x and
15y are independently integers from about 1 to about 50; and m and n are independently

integers from about 1 to about 50.

Furthermore, in one embodiment of the present invention, the polyether aromatic
amine, wherein the polyether is capable of reacting with a monocarboxylic acid or
20 ester thereof, or dicarboxylic acid, anhydride or ester thereof, can be a random, block,

or alternating copolymer.

A general procedure for preparing polyether hydrocarbylamines can be found, for
example, in U.S. Patent No. 4847417,

25
In general, the polyether aromatic amines employed in this invention may be
synthesized by reacting an aromatic amine compound, such as aniline, with an alkylene
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atoms or mixtures thereof; a and b are independently an integer from | to 4; and x and 15 y are
independently integers from about | to about 50; and m and n are independently integers from about 1
to about 50. Furthermore, in one embodiment of the present invention, the polyether aromatic amine,

wherein the polyether is capable of reacting with a monocarboxylic acid or 20 ester thereof,.or
Gicatboxylc acic, ST BPTIECPAREP HIPERE BEMPRTRS R SR G BB A RE RO A
general procedurestanfife patitocpolyeihérdydmaabyizdnieas aards faunt fonaexampioibeU.S.
Patent No. 4,847,417. Zgln %gner?blé the polyether atomatic amines em I%ed i51 t {;}sl inventiPn may be
synthesized by re%%etﬂﬁta A (?]ﬁ’ﬁf LERTHE Y BTSN BS ASfive™ Wi egfwsa‘ﬁ(y &n8 89'%kide
compound to formupalyetiepgialdhoranpiinaysroxgegongdany titrpgealsyrohtheaiaramatc amine
compound, e.g., aniline, Ethylene or propylene carbonate can also be used to form polyether groups
o e primary or SHEAHIA) ARPOGER T oF I QTR SUE EANE Eopt SR e SRR nycromy
groups of the polyetheigmaieikdikoanba theanverted to amino groups via reductive amination or
cyanoalkylation, utilizing technjgues well known in the art. R1 R4 HO N OH a §4R2 R3 Reductive

amination R1R4 H~NO H | 'R2aR3xN
O O :
N OH
a X
Ry Rj

HO

Reductive amination

R R
H O O H
\N)\/[ N s
a X
H R, R,

in which Ry, Ry, R3, and Ry are independently hydrogen or alkyl containing from

T

about 1 to 6 carbon atoms or mixiures thereof,

10
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| in which RI, R2, R3, and R4 are independently hydrogen or alkyl containing from about 1 to 6 carbon
atoms or mixtures thereof. 10 33 Examples of other aromatic amines which may be used in the
present invention to synthesize suitable polyether aromatic amines include the following: (a) an
N-arylphenylenediamine represented by the formula: R20 R18 /\ HN 5 R19 R1$ is H, --NHaryl,
-NHalkaryl, or a pEFEHRE SlPSTGRP R PRYBFO SRS REP R 16 BFF SRIOTY SO BB UL 24
carbon atoms selggterkiomatiyle gkemdr alkenylc andhed RRlitatkt B --NH2, --(NH(CH2)
").NH2, -- NHalkyl, --NHaralkyl, --CH2 --aryl--NI-12, in which n and m each have a value 10 from about
1 to about 10; and R20 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about 4 to
about 24 carbon giyms. RaNiawasheprrierteeniNaryipbenytdnsdinninesiare N-
phenylphenylenediamines (NPPDA), for e , 15 N-phenyl-1,4- eneglamlne
N-phenyl-1,3-phenylenediamine,and N- p ? [

4-phenylenediamine. Other deriggjh 3
-phenylphenylenediamine. 20 (b) aminoc rbazole epresented by the formfdla: NHZ Rzz N in which
R21 and R22 each independently representfydr

5 Rig
Rys 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)1¢ is --NHa, --(NH{CH3) ,)mNHa, --
NHalkyl, ~-NHaralkyl, -~CH, --aryl-~NH,, in which n and m each have a value
10 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-
phenylphenylenediamines (NPPDA), for example,

15 N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl-1,2-phenylenediamine and N-naphthyl-1, 4-phenylenediamine. Other
derivatives of NPPDA may also be included, such as N-propyl-N’

-phenylphenylenediamine.

20 (b)  aminocarbazole represented by the formula:
4 T
/ A _—NH,
\ g
R21/,-// /\

N

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

alkenyl radical having from about I to about 14 carbon atoms,
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alkenyl radical having from about | to about 14 carbon atoms, 34 (c) an amino-indazolinone
represented by the formula: O NH2 HN R23 N in which R23 is hydrogen or an alkyl radical having
from about | to about 14 carbon atoms; and 5 (d) an aminomercaptotriazole represented by the
formula: NNH2 SH/N N H (e) an aminoperimidine represented by the formula: NH2 NNH R24 10
in which R24 repr @entsWﬁ%ﬁﬂ?@*%@lrﬁﬁéﬁ?wg&ﬁg}w H8bdut Ito about 14 carbon atoms; (f)
an aryloxyphenyleneamine represented hy. the formula: Res 35 in which R25 is H, --NHaryl,
-NHalkaryl, or branched or straight chain radgjcal _\—NH,

in which Ry3 1s hydrogen or an alkyl radical having from about 1 to about 14

carbon atoms; and

(d}  an aminomercaptotriazole represented by the formula:

4T
/”/N

H
(e) an aminoperimidine represented by the formula:
NH2

PN

N NH

\
" R24

=

10 in which Ry4 represents hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms;
H an aryloxyphenyleneamine represented by the formula:

Rog
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having from about 4 to about 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl or alkaryl;
R26 is --NH2, --(NH(CH2)n),n NH2, --NHalkyl, or -- NHaralkyl, in which n and m each have a value
from about 1 to about 10; and 5 R27 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from

about 4 to about 24 carbon.atoms; provided.th 25,is hydrogen or g branched or straight
Eﬁlrg‘%b%gfo/ i aég{m%ﬁg%g%gl, OF %I’&%ié r(l Or § ﬁ?l E}R ﬁ(ham radllcaf1

chain radical having froff'a selec rom a alkenyl, alkoxyl,
aralkyl or alkaryl, then R imgfolhe d4612 4an-abisit (Z2H2)hom hibid s 1G4 2a(Cid 2]y iNdHRsor,

-CH2-aryl-NH2. 10 A particularly preferred aryloxyphenyleneamine is #-phepgxyaqiline: (g) an
aromatic amine com pris?r%)ﬁ({j %Ifacl)iﬁ j\t% %lrkouf)%ﬁﬁfi ﬁ%dﬁ?ﬁ g@ﬁﬁ(qﬁ?@ ?glsﬁéhte%i%%/ﬁfég foliowing
formula: R30 /-Y3 ~R32M34rallly RBiwhict2r ¥4dR3 8askh basin 4 visl selectedbiron 10-gbMNitNO; aN¢-,
-CH2NH, -C(O)NR28-, -C(0)0: , -SO2-, -S0 29-0r,:SO2NH-, wherein R28,and R29 in ndently
represent aé)ydrogen, agrpa{wp{dgﬂga ear&yy lczirlglgr?%}(oa%(/oéﬁ)éﬂ%r%lgylf;larf?g{rﬁr\é 85{1{‘1%%% o%?%ﬁcarbon
atoms; 20 wherein each4¥tb,abutyZ3t aaddaareintepeduerity wWhon 8 isroyddegkthat abrandied2 may

not both be N; R30 and Rai independently.repyesent @ hydrogen,.alky!l l, [ lkyl, 25 alkoxy,
hydroxyalkyl, aminoalkyﬁr-gﬁ?i‘(?%?\fg f‘-@%@i%%&%ﬁ%‘f%&%ﬁ%ﬁ%% t qi%é%#%%@éT 42 wherein
R41 and R42 are indepexttentt/fhymiraifieh adtkyl] anjk ooy lalkidy orradkeaaytl, R82 BnohREBbndépendently
represent a hydrogen, a ‘%‘%ﬁ@ﬁ%%@ %g_?@%?xxﬁfgugrQ@q}ga{,&?_rﬂﬁzbout 1 to about 8

0 E 1n/m ? n 43 M

carbon atoms, -01-1, S8r3 r-
10

A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline;

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

represented by the following formula:

R3o \/——‘

< Y3 =\ _~ Raz
\ 1 / Rag
R31/\>1“\{ \ A R

Ya 33

15
wherein L is selected from —O-, -N=N-, -NH-, -CH,;NH, -C(O)NR3-, -C(0)O-
, -505-, -SO;NRyg- or —~SO,NH-, wherein Ryg and Ry independently represent
a hydrogen, an alkyl, an alkenyl or an alkoxy group having from about 1 to
about 8 carbon atoms;

20
wherein each Y, Y2, Y3 and Y, are independently N or CH provided that Y,
and Y; may not both be N;

Rspand Ry independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,

25 alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -SO;Na, CO,H or salt
thereof, -NR4 Ry wherein Ry; and Ry; are independently hydrogen, alkyl, aryl,
arylalkyl, or alkaryl;

R3; and Ri3 independently represent a hydrogen, an alkyl, an alkenyl or an
30 alkoxy group having from about 1 to about 8 carbon atoms, -OH, -SO3H or -

SO Na;
36



SO3Na; 36 R34 represents -NH2, -NHR35, wherein R35 is an alkyl or an alkenyl group having from
about 1 to about 8 carbon atoms, -CH2-(CH2)" -NH2 or -CH2- aryl-NH2 and n is from 0 to about 10; 5
provided that when R34 is -NHR35 wherein R35 is an alkyl or an alkenyl group having from about 1 to
about 8 carbon atoms, then either L is NH- or -CH2- NH-; or Rao or R31 is OH or -NR4IR42 wherein at
least one of R41 or R42 is hydrogen; or R32 or R33 is OR 10 (h) an aminothiazole selected from the
group consisting of aminhiazeleneriIoheNzithiaztiecaninohenr atkyhdiaroikand group
aminoalkylthiazole; (i) gn amin ind%ge represented b &&}le formula: R36 éﬁ%ﬁﬁg’ wherein R36
represents a hydrogen,agﬁvgfﬁﬁg?l %1‘1’125&%%1%1&&# RY Ao -d2c ifrcmﬁ atoms; (j)
an aminopyrrole represemn{®dNib thel ioimfda 6R3ZbDIH20N 20 H wherein R37 represents a divalent
alkylene groyp having about 2 to about 6 carbon atoms and R38 represents a hydrogen, an alkyl or
an alkenyl group having from about 1 to about 14 carbon atoms; (k) a ring substituted or unsubstituted
aniline, such as nitroaniljrevided that when Rs4 is -INHR3s wherein Rjs is an alkyl or an alkenyl] group

having from about 1 to about 8 carbon atoms, then either L. is -NH- or --CH;-
NH-; or R3p or Ry; is OH or ~NR4 R4 wherein at least one of Ry; or Ry is
hydrogen; or R3; or R33 is OH.

10
(h) an aminothiazole selected from the group consisting of aminothiazole,
aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;
(i) an aminoindole represented by the formula:
Ras
ol |
|
15 H
wherein Rj4 represents a hydrogen, an alkyl or an alkenyl group having from
about 1 to about 14 carbon atoms,
() an aminopyrrole represented by the formula:
R38\-.__“/ \__‘__/\ R37_NH2
L3
|
20 H
wherein R3; represents a divalent alkylene group having about 2 to about ¢
carbon atoms and Rjs represents a hydrogen, an alkyl or an alkenyl group
having from about 1 to about 14 carbon atoms;
(k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
25 aminoacetanilide;
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25 aminoacetanilide; 37 (1) an aminoquinoline; (m) an aminobenzimidazole; 5 (n) a N,
N-dialkylphenylenediamine; and (o) a benzylamine. 10 Polyether Aromatic Compounds Derived from
an Aromatic Compound Containing at Least Two Hydroxyl Groups In one embodiment, the polyether
aromatic compound is a polyether aromatic compound which is derived from an aromatic compound
containing at least two hydroxyl groups and wherein the polyether is capable of reacting with a 15
monocarboxylic g¢jd or asteniinereiahlotegicarboxylic acid, anhydride or ester thereof. In general, the
polyether aromatic compound employed in this invention may be synthesized by reacting an aromatic
compound containing at least two hydroxyl groups, such as hydroquinone or resorcinol, with an
alkylene oxide cofnpourwh toxfowhejpatyetherigroups off the hydroxyl groups. Ethylene or propylene
carbonate can also be 20 used to form polyether groups off the hydroxyl groups. The terminal hydroxyl
groups of thé polyether moieties can be converted to amino groups via reductive amination or
cyanoalkylation, @tlizingetSchhitjeks insthkienedidmthe: antd Examples of suitable polyether aromatic
hydroxyl compounds include compounds 25 having the following structures: Rt R4 OXxXOHOO\/0
Y OH RZ R3 Inwhich R1, R2, R3, and R4 are independently hydrogen or alkyl containing from about
| to about 6 carbol@)atonssbenamlxumes thereof; and x and y are independently

10 Polyether Aromatic Compounds Derived from an Aromatic Compound Containing af
Least Two Hydroxyl Groups
In one embodiment, the polyether aromatic compound is a polyether aromatic
compound which is derived from an aromatic compound containing at least two
hydroxyl groups and wherein the polyether is capable of reacting with a

15  monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof.
In general, the polyether aromatic compound employed in this mvention may be
synthesized by reacting an aromatic compound containing at least two hydroxyl groups,
such as hydroquinone or resorcinol, with an alkylene oxide compound to form
polyether groups off the hydroxy! groups. Ethylene or propylene carbonate can also be

20 used to form polyether groups off the hydroxyl groups. The terminal hydroxyl groups of
the polyether moieties can be converted to amino groups via reductive amination or

cyanoalkylation, utilizing techniques well known in the art.

Examples of suitable polyether aromatic hydroxyl compounds include compounds

25 having the following structures:

R1 R4
O O
HO 0 O OH
X y
Rz R3

In which Ry, Ry, Ra, and Ry are independently hydrogen or alkyl containing from
about 1 to about 6 carbon atoms or mixtures thereof; and x and y are independently

integers from about 1 to about 50.
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integers from about | to about 50. 38 RzR5 NN Ox0/\OOY IR, R3R4R6 inwhich Ri and R6
are independently hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; R2, R3, R4, and R5 are
independently hydrogen or alkyl containing from about 1 to about 6 carbon atoms or mixtures thereof;

and at least one hydroxyl group. fn general, the polyether aromatic compound €mployed in thfs 15
invention may beisywthaskeahdRecaetindependeothatipdcogepoulicicelkaiping dkidast avé ohydroxyl

group and atleas g0, arine. 8ol eush s 4-erioRenal i A0 lans dds compaund ©

form polyether grou}ygs oft ydroky 3@00%‘85 and/or amino gr ene or propylerre
carbonate can alsocbeabsedlttofabmipoisativer gooups offxthechyiiteef] gndupés) armtfor amino group(s).

The terminal hiydroxyl S). of 0 r '%ﬂ@ an be converted to amino groups via

reductive am#watié%lﬂ&oggrg%%%%a ?f%%%ﬁ%%l%%@?eﬁ%quez@vell known in the art. R, R4 Ox O HO O\

/1Y OH R2R5R3 :
Typically, these compounds include polyether bisphenol-A, polyether catechol,

polyether hydroquinone, and polyether resorcinol.

10 Polyether Aromatic Compounds Derived from Aromatic Compounds Having at Least
One Amine Group and at Least One Hydroxy! Group
In another embodiment of the present invention, the polyether aromatic compound is
derived from an aromatic compound having at least one amine group and at least one
hydroxyl group. In general, the polyether aromatic compound employed in this

15  invention may be synthesized by reacting an aromatic compound containing at least one
hydroxyl group and at least one amine group, such as 4-aminophenol, with an alkylene
oxide compound to form polyether groups off the hydroxyl group(s) and/or amino
group(s). Ethylene or propylene carbonate can also be used to form polyether groups off
the hydroxyl group(s) and/or amino group(s). The terminal hydroxy! group(s) of the

20 polyether moieties can be converted to amino groups via reductive amination or

cyanoalkylation, utilizing techniques well known in the art.

R, R4
O O
HO O N OH
X t y

In which Ry, Ro, Rs, and R4 are independently hydrogen or alkyl containing from
about | to about 6 carbon atoms or mixtures thereof; Rs is hydrogen, alkyl, aryl,

25 alkaryl, or aralkyl; and x and y arc independently integers from about 1 to about 50.
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In which R3, R2, R3, and R4 are independently hydrogen or alkyl containing from about | to about 6
carbon atoms or mixtures thereof; R5 is hydrogen, alkyl, aryl, 25 alkaryl, or aralkyl; and x and y are
independently integers from about | to about 50. 39 In one embodiment the preferred polyether

aromatic compound is derived from either. N-arylphenylenediamine or phenoxyaniline. More, preferred
“the polyether ardHAC EAMBBER & AR TN R AT D Epen e SR red
arylphenylenediaiHaed e then ddipieny lpherylenedidinmind$osyakfas ddr, éxapopjeridrGromatic
phenyl-1,4-phenylenediamine, N-phenyl-1 3-phenylenediamine,and N-phenyl-1.2- ylenediamine.
7 one embocimeAt HE BT o s B I DB 4 e B BTG
nitrophenylazo)anilifiphdsplenylanoss|ire (- M-aromybiteyythadetamidesutl @s for example, N-
benzoylamine-2,5-dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline. (C) Additional Reactants
Ontionaly, in 2R o 1 e TR L BB 1 & Sai deeh iobrionra g At VIR
copolymer may algbebgleratitednwith (1) at least one other ether compound 15 as defined herein; (2)
at least one aromatic compound capable of reacting with at least one monocarboxylic acid or ester
thereof; or dicarboxylic acid, anhydride or ester thereof, or mixtures thereof; (3) at least one aliphatic
compound capabli ohreacbindjmeith e lpadt oad pmbrécarboxyliccacihpowsias therest fomaibdfboxylic
acid, anhydride of. thereaof, or. mixjures thereof;. ixures.thereof of r §3). 20 The Ether
Compounds In on](r]e}%% %rgﬁﬁa%o 'fu(l)1 I%eé)%%%éﬁﬁﬁ@%%%%ﬁﬁﬁﬁﬁ%ﬁﬁ%&%%éé?;?n@e}?%rﬁéy be further
reacted withlén etherzoghmpound edpablecst baile rdaptedoxjtheatlivasotvimimonlaearboxylic acids or
esters thereof, or with at least two dicarboxylic acids, 25 anhydrides, or esters thereof, or mixtures

thereof. Suitable ether compounds include, but are not limited to, the following:
(C) _ Additional Reactants

Optionally, in addition to the ether compound (i.e. polyether aromatic compound)
above, the copolymer may also be reacted with (1) at least one other ether compound
15 as defined herein; (2) at least one aromatic compound capable of reacting with at least
one monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester
thereof, or mixtures thereof; (3) at least one aliphatic compound éapab}e of reacting
with at least one monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride
or ester thereof, or mixtures thereof, or mixtures thereof of (1), (2) or (3).
20
The Ether Compounds
In one embodiment of the present invention, optionally, the copolymer may be further
reacted with an ether compound capable of being reacted with at Jeast two
monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids,

25  anhydrides, or esters thereof, or mixtures thereof.

Suitable ether compounds inchude, but are not limited to, the following:
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40 Polyether Polyamines Examples of suitable polyetheramines include compounds having the
following structure: RIH2 R, R, H2 H2 | | H2N-H-C OHC O-C-H-NH2 n 5 wherein R, is
independently hydrogen or a hydrocarbyl group having 1 to 4 carbons, and n is the degree of .
polymerization. Gen 'raglg tge olyether polyamines suitable for use in the present invention will
contain at least a6 ﬁ‘fg?’ﬁ;ﬁ'l‘(ffpreferably from about 5 to about 100, more preferably from
about 10 to 50, aritkevetesdranipable pablytHeoamales il bdio ainout 28 Sthemgnlis. faloTegpolyether
polyamines can be bafc,ed_on polymers derived from C2-C6 epoxides such as ethylene oxide,
propylene oxide, 3%8%‘6‘&|ene oxide. Examples of polyether polyamines are sold under the
Jeffamine(r) brand and are commercialty available framp Hunstman Corpgyation located in Houston,
Texas. 15 Other examples of suitable p'olyeﬂper mine% inclyde polyqzy(ytetramethylene polyamine
compounds having the followingttruetyre: @1—2623—6 Q}A—(I(%—H%%@J*QQHZ)B-NHZ nl
wherein n is the degree of polymerization (i.e., fumber of mohomer ether units). 20 Polyether Amine
Derivatives

n
5  wherein R, is independently hydrogen or a hydrocarbyl group having 1 to 4 carbons,

and n is the degree of polymerization. Generally the polyether 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 50, and even more preferably
from about 15 to about 25 ether units.

10
The polyether polyamines can be based on polymers derived from C;-Cg epoxides
such as ethylene oxide, propylene oxide, and butylene oxide. Examples of polyether
polyamines are sold under the Jeffamine® brand and are commercially available from
Hunstman Corporation located in Houston, Texas.

15
Other examples of suitable polyetheramines include polyoxytetramethylene

polyamine compounds having the following structure:

HaN=(HzC)3— O“E(CH2)4‘O}'(CHz)‘FO“‘“(Cth”NHz
n-1

wherein n is the degree of polymerization (i.e., number of monomer ether units).
20

Polyether Amine Derivatives

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

or amino thiol.

25 Polyether Amino Alcohol
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
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Furthermore, the copolymer reactant may be reacted with a polyether amino alcohol or amino thiol. 25
Polyether Amino Alcohol 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 41 ox Qm an amino group
and therefore hav&<&ff 1%%%%&591“&%%%9%‘@1’%%%(?%”iﬂl‘ﬁ'&ﬁﬂ? 5‘?&1‘3&%@8 t&rminus,

or an amine |nterm&mm;@emﬁ@@p@dwﬂhla&mwﬁemml&@mmmeﬁteﬁﬁuwabl&@mwh@éamino
alcohols include co gs havm the following structure: I' H2 I RI ' H2 H2 | H2N-CC O-C-C
O-C-C-OH n Whewnﬁ)ﬁié‘? ‘?ﬁ&%ﬁ% ently a hydrogen or hydrocarbyl group, having 1 to 4 carbons,
and n is the degree of polymerization. Generally, the polyether amino alcohols, 10 suitable for use in

the present i n wil] contain Iea about ane ether rut referabl ahout 5 to about 100,
more prefera yf ﬁﬁugﬂlﬁﬁt (‘3%"1% CEREBYEN” Prﬁg éirﬁa%cfi}lpr% %&@Jﬂ%ﬁ?about 25 ether

units. Other examﬁiﬂewfr@tﬂtﬁbimmolyetheramlno alcohols mclude 15 polyoxytetramethyleneamino
alcohol compounds having the followin structure H2N- (HZ%)E’a -0 (CH2)4-0 (CH2)4-O (CH2)4 OH n-1

wherein n is the degree of polymerlzatlo Polyether A ino Thiol 20 Exarﬁbles of suitable
polyetheramino thiols include compoun s he hakhn (t)hef llowih C_C_OH

wherein R, is independently a hydrogen or hydrocarbyl group, having [ to 4 carbons,
and n is the degree of polymerization. Generally, the polyether amino alcohols,

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

even more preferably from about 15 to about 25 ether units.

Other examples of suitable polyetheramino alcohols include

15 polyoxytetramethyleneamino alcohol compounds having the following structure:

HzN-(Hzc)s_O*é(CH2)4'0>-(CH2)4‘“0—'*(CH2)4“0H
n-1

wherein n is the degree of polymerization.

Polyether Amino Thiol

20 Examples of suitable polyetheramino thiols include compounds having the following

Ry
| e

HgN——*C—“C oo s
H H H

wherein R; is independently a hydrogen or hydrocarbyl group, having 1 to 4 carbons

structure:

and n is the degree of polymerization.
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structure: 'R, H2i H2 H2 I' | H2NCC O-C-C O-C-C-SH HH H nwherein R, is independently a
hydrogen or hydrocarbyl group, having | to 4 carbons and n is the degree of polymerization. 42 Other
examples of suitable polyetheramino thiols include polyoxytetramethyleneamino thiol having the
following structure: H2N-(H2C)3-O ((cH24.0)cH2)4 0 )-(CH2 )4 SH n-1 5 wherein n is the degree of
polymerization. Generally, the polyetheramino thiols suitable for use in the present invention will
contain at least aluntitoae:gipiRs dniuipele by amahewkboiahowt 100, more preferably from
about 10 to about 50, and even more prefera%éfrom abqut 15 to .10 about 25 ether units. Ether
Polyamines Ethef }’é’mf’ééam%%f%ﬁwf’e &)Bﬁﬁ‘é‘ﬁt%?téjﬁ?’é’éﬁﬁmléﬁion, the copolymer may
be reacted 15 with ether diamines. Suitable diamines are\reacted with the copolymer, such as
decyloxypropyl-1,3-diaminopropane,isodecylokypropyl-1,3tdiaminopropane,
isododecyloxypropyl-l,SHﬂ ﬁ(ﬁb@@ﬁé’h’é, 0 ec&/\ihgpé@e y ok p’yT-@EfaTa((ﬁMﬂpﬁﬁé'ﬁe,
isotrideeyloxypropyl-1,3-diaminopropane,tetradecyloxypr

-h3-diaminopropane. 20

5>  wherein n is the degree of polymerization.

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

10 about 25 ether units,

Ether Polyamines

Ether Diamines

In yet another embodiment of the present invention, the copolymer may be reacted
15 with ether diamines. Suitable diamines are reacted with the copolymer, such as

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

isododecyloxypropyl-1,3-diaminopropane,

dodecyl/tetradecyloxypropyl-1,3-diaminopropane,

isotridecyloxypropyl-1,3-diaminopropane, tetradecyloxypropy-1,3-diaminopropane.
20

Polyether Polyol

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

with a polyether containing at least two hydroxyl end groups to form an ester. The

polyether polyols have the following structure:
Ry Ry
} Hy 1 Hy Ha
HO C C C 0 C C OH
H / H

25 ‘ n

wherein R is independently a hydrogen or hydrocarbyl group, having 1 to 4 carbons,

=

and n is the degree of polymerization.
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Polyether Polyol In yet another embodiment of the present invention, the copolymer may be reacted
with a polyether containing at least two hydroxyl end groups to form an ester. The polyether polyols
have the following structure: 'R1' H2 I H2 H2 | | HO-C-C O-C-C O-000H HH H 25 n wherein R, is
independently a hydrogen or hydrocarbyl group, having | to 4 carbons, and n is the degree of
polymerization. 43 Other examples of suitable polyether polyols include polyoxytetramethylene polyol
compounds, such akethosengdéerséaifitnbk: Peladtimneolyolidndy fdypuwehasedtiglmduwBaent
Corporation, Wilminglon, elayare; fiaving he fallowing situcture: HO:H2CH O ({eHiziq0cti24_ok 5
n-1 wherein n is fife gegree’ 0 po?ymerlza ion."Suitable po y%l%ﬁer po’lyo R CIG ST BT &re ROt limited
to, the following: poRmtyathyteneglysolpatyax\ipebpyheachghvoglt oy bayingydenetglycol, and 10
polyoxytetramethylene glycol. The molecular weight of the preseqntly employed polyether polyol will
generally range from about 150 to about 5000, prefefably from aljout 500 to about 2000. 15
Generally, the polyether compay { Qle_f-@r @4 I ion-withjgontain at least one
ether unit preferably from about gj(gg(gﬁ}t 100, more pgg‘erga{gy om abo%)tllo to about 50, and even
more preferrgd from about 15 to about 25 ether units. n-1

wherein n is the degree of polymerization.

Suitable polyether polyols include, but are not limited to, the foliowing:
polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol, and
10 polyoxytetramethylene glycol.

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

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

from about 10 to about 50, and even more preferred from about 15 to about 25 ether

units.

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

25  derivatives thereof,

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.

30
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20 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 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 25
derivatives theredt R SR ARFESpolymer may be reacted with a mixture of polyether polyamines,
polyether amino gdepibalsipalveitriocaniRRtBIRS cBRlyethar Pelyls Ahathentianasdentorm a
mixture of imides, amides and esters. 30 44 Aromatic Compounds Optionally,.in addition to the ether

compound (i.e. pdRRFParIRHE SoRBOERAPIsAcE AHARSH bfwh P FI) Il GETPEER with at least

one aromatic compgatle oaRRBe.Cf Feastingiil aldeasibaryhoRsicesPektlicasid Dbester thereof; or
5 dicarboxylic acid, anhydride ar ester thereof Preferably, the aromatic compound is selected from the

following grodp of SBRIHEC A BURELIEE REIEHRE RIS (a) an N-arylphenylenediamine represented
by the formula: R20 R18 /\ HN R19 Rig is H, --NHaryl, -NHalkaryl, or a branched or straight chain

i 4 carbon atoms selected from alkyl, alkenyl,
e hefs

hydrocarbyl radical having from about 4 to about 2
aikoxyl, aralkyl or RAFYR (D5 QDG SmBNER S HE A& ARSI -12

--aryl--NH2, in whichhpoandsrsoasetihaye a value from about 1 to about 10; and R20 is hydrogen,
alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about 4 to about 24 carbon atoms.

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

N
e @

R1g

Rig 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)0 is ~-NHa, --(NH(CHz) n)mNH;, --

15 NHalkyl, --NHaralkyl, --CH, --aryl--NH,, in which n and m each have a value
from about 1 to about 10; and Ryy is hydrogen, atkyl, alkenyl, alkoxyl, aralkyl,

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

Particularly preferred N-arylphenylenediamines are N-

20 phenylphenylenediamines (NPPDA), for example,
N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl-1,2-phenylenediamine and N-naphthyl-1, 4-phenylenediamine. Other
derivatives of NPPDA may also be included, such as N-propyl-N'
-phenylphenylenediamine.

25
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Particularly preferred N-arylphenylenediamines are N- 20 phenylphenylenediamines (NPPDA), for
example, N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl-1,2-phenylenediamine and N- naphthyl 1 4 phenylenediamine. Other derivatives of NPPDA

may also be inclu d such a g ro )]/[Ieere rﬁﬁ lene ]ﬁfamlne 25 45 (b) aminocarbazole

represented by t orm?m:{n ‘and R22 each independently represent

hydrogen or an alkyl or alkenyl radicg arbon atoms, 5 (c) an

amino-indazolinone represented by the formul in wRigh R23 is hydrogen or
an alkyl radical having from about | §g about 14 carbor X an aminomercaptotriazole
represented by the formula: NH2 $ /

K

Raq Rys

in which Ry; and Ry each independently represent hydrogen or an alkyl or

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

5
() an amino-indazolinone represented by the formula:
0 Ra——
\_NH,
\ K
HN Y% Ros
\N
!
in which Ry is hydrogen or an alkyl radical having from about 1 to about 14
carbon atoms; and
10

{d} an aminomercaptotriazole represented by the formula:

/
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N H 46 (e) an aminoperimidine represented by the formula: NH2 _ N NH R24 f~\in which R24
represents hydrogen or an alkyl radical having from about | to about 14 carbon atoms; 5 (f) an
aryloxyphenyleneamine represented by the formula: R27 R25/ Res in which R25 is H, --NHaryl,
-NHalkaryl, or bra IQ hed or stralfgpht ch |n radlcal Wﬁé g Elo ut 4 to about 24 carbon atoms that
can be alkyl, alker§), 10 ABRPTHRSHRS SR RO B SR CrL2)n),., N2, -NHalkyl, o
NHaralkyl, in which n and in each have a value from t1lto about 10; and R27 is hydrogen, alkyl,
alkenyl, alkoxyl, aralkyl, or alkaryl, having from about |4 to about 24 carbon atoms; 15 A particularly
preferred aryloxyphenyleneamine is 4-phenoxyanilingi~(g) an aromatic amine comprising two aromatic

groups, linked by a group, L, represented by theifollowing fétmula: R30V---Y3 R32 R34 Y1-Y2 Rat 4
R33

\
— Ry

=

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

about 14 carbon atoms;

(f) an aryloxyphenyleneamine represented by the formula:

Oy

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,

10 alkoxyl, aralkyl or alkaryl; Rzﬁ is «~NHy, «~(NH(CH2)y ) NHy, --NHalkyl, or --
NHaralkyl, 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;
15 A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline;

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

represented by the following formula:

R
0N \
Raq
r(E

20 wherein L is selected from —O-, -N=N-, -NH-, -CH,;NH, -C{O)NR5-, -C(O)YO-
. -S0,-, -SO;NR9- or -SO,;NH-, wherein Ryg and Ryg independently represent
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20 wherein L is selected from -0-, -N=N-, -NH-, -CH2NH, -C(O)NR28-, -C(0)0- -SO2-,-SO2NR29-
or-SO2NH-, wherein R28 and R29 independently represent 47 a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms; wherein each Y1, Y2, Y3 and Y4 are
independently N or CH provided that Y1 5 and Y2 may not both be N; R30 and R31 independently
represent a hydrogen, alRyY SiS#eR Rk Hr At kekbE 2oy s Aatinsdiam abmyt N2, -sO3H,
-SO3Na, CO2H or salt theseos, chiRH BB wherein R41 and R42 are independently hydrogen, alkyl,
aryl, 10 arylalkyl, or alkaryl; R32 and R33 independently represent a hydrogen, an alkyl, an alkeny! or
an alkoxy group having from about | to about 8 carbon atoms, -OH, -SO3H or - SO3Na; 15 R34

represents Nfl2, -NHR35wwareliesadR 35, isyarmalkyior arcaikemdrakauly Wayingifrestiaboutdite about 8
carbon atoms -CH2-(CH&25{%I\{}-|2 or -CH2- aryl-NH2 and n is from 0 to about 10; 20 (h) an
aminothiazole selected 8 RS 8?}?5%%9 of aminothiazole, aminobenzothiazole,
aminobenzothiadiazole and aminoalkylthiazole; (i) an aminoindole represented by the formula: Ras

H2N N 25 wherein R36 tepresents.a hydrqogen, an alkyl or a alkenylﬂgﬁr up hayjng from_ ahout | to
about 14 carbon atoms; 0@?%?%%%%9@%@5&%?8%&&&% Hes"tob %@ryﬂ a\ﬂmryﬁ, aralkyl,
alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NQO,, -S0sH, -SO3Na, CO;H or salt
thereof, -NR4 R4, wherein R4 and Ry; are independently hydrogen, alkyl, aryl,
10 arylalkyl, or alkaryl;

Rz; and Ra3 independently represent a hydrogen, an atkyl, an alkenyl or an
atkoxy group having from about 1 to about 8 carbon atoms, -OH, -SO3sH or -
SO;sNa;

15
Rasrepresents —-NH,, -NHR 35, wherein Rys 1s an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, -CHy-(CH»), ~NH» or —CH;-

aryl-NH; and n 1s from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

(1) an aminoindole represented by the formula:
Rag

{ |

HoN
|
H
25 wherein Rjg represents a hydrogen, an alkyl or an alkenyl group having from

about | to about 14 carbon atoms;’
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R38'~,/\~~R37-NH2 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 Ito
about 14 carbon atoms; (k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide; 10 (1) an aminoquipoline; (m? rl)a ingbenzimidazole; (n) a N,

N-dialkylphenyle diamﬁﬁ’e?nﬁoégﬁrﬁ’%er@ﬁé‘?ﬁ ﬁ%; §rr%° 1E'ﬁ%‘nzyl alcohol. 20 The compounds
described above in (g) -- (0) are substﬁégﬂlqmed, ,f_g_){?ezgmglg, _in Published U.S. Patent
Application No. US20060025316, the disclo yre of which iS herein incorporated by reference. The
above-described amine compounds can be tiged alprie or in combination with 25 each other. Other
aromatic amines can include such amines as amypiodiphenylamine. These additional amines can be
included for a variety of reasons. In one embodiment, the preferred aromatic amine compound is either
N- arylphenylenediamine or phenoxyaniline. Morg preferred, the aromatic amine 49 compound is
N-arylphenylenediamine. Particularly preferred N- arylphenylenediamines are the
N-phenylphenylenediamines, st’i’a‘?rﬁglf%?"’erfﬁFﬁﬁ?BfSl@-%ﬁ%lﬁ?T-filWlﬁﬁﬁWJ&W‘W—@H@WI-
1,3-phenylenediamine, and N-pieiybl2boneiane@iRNNEy@sents 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, such as nitroaniline or 4-

aminoacetanilide;
10 D an aminoquinoline;
(m)  an aminobenzimidazole;

(n) a N, N-dialkylphenylenediamine;
15

(o) a benzylamine; and
(p) a benzyl alcohol.

20 The compbunds 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.

The above-described amine compounds can be used alone or in combination with
25  each other. Other aromatic amines can include such amines as aminodiphenylamine.

These additional amines can be included for a variety of reasons.

In one embodiment, the preferred aromatic amine compound is either N-

arylphenylenediamine or phenoxyaniline. More preferred , the aromatic amine
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In one embodiment, the preferred aromatic compound is 4-(4-nitrophenylazo)aniline,
4-phenylazoanline, N-(4-aminophenyl) acetamide, 4-benzoylamine-2,5- dimethoxyaniline, 4-phenoxyl
aniline, or 3-nitroniline. 10 Aliphatic Compound Optionally, in addition to the ether compound (i.e.

polyether aromatic compo n% above, the copolymer may also be reacted with at least one aliphatic
compound capaﬁf@%"r‘lﬂgﬁ "Wﬁﬁ”g‘ﬁé{ &GN %ﬂfo‘jwcpé%ﬁ?f’gfﬂﬁ'ter thereof; or dicarboxylic
acid, anhydride osrefitithriediafiaterabhhdhe stiphapscegtopediaingt, Sadctonidn enen@ldydre amino
functional groups or one or more hydroxyl functional groups or both, Amino Aliphatic Compound In
aciition 0 he eURBF R GG AT A BB WS PP Eh R 2 S e
copolymer may ajgebdaeaiiadmwith at least one aliphatic compound which may be an amino aliphatic
compound. T§1e amino aliphatic compound may be selected from the group comprising of (a) aliphatic

monoamines, (b) aliphatic diamines, (c) aliphatic polyamines or (d) 25 polyalkylene polyamines.
Aliphatic monoaniinesciecibdéimet) ylapiotrethylaming, cpropylahind-dhaivanbusyighpnidimines.
Diamines or polygmines may also 2§ mployed. Preferably, they will have only.a.single reactive
amino group, that%‘i'g,%n ﬁﬁ%@%ﬁ;’ égnad%‘ﬂ%i’ 8%? eergfj}/?)l/(I ri%ingé)%ﬁ%.”gﬁzl%tble examples of
diamines includedétmeétbyjamiinep b pitaisinbadiethytyarmbopdpydamine, dibutyl aminopropyl 30
amine, dimethylaminoethylamine, diethylaminoethylamine, dibutylaminoethylamine, 1-(2-aminoethyl)

piperidine, 1-(2-aminoethyl)pyrrolidone, aminoethylmorpholine, and aminopropylmorpholine.
Preferably, fife aliphphicartinehawidhg a single reactive amino group is

N.N-dimethylaminggrapyiamine o aminopronyimorphioline; A0 Addtianally, fhe;ering lilietc
compound could be a’po )yét er containing a single @mino end Sr P.
above, the copolymer may also be 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 thereof. Preferably, the aliphatic compound will

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

groups or both.

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

which may be an amino aliphatic compound.

The amino aliphatic compound may be selected from the group comprising of (a)
aliphatic monoamines, (b) aliphatic diamines, (¢} aliphatic polyamines or (d)

25 polyalkylene polyamines. Aliphatic monoamines include methylamine, ethylamine,
propylamine and various higher amines. Diamines or polyamines may also be
emploved. Preferably, they will have only a single reactive amino group, that 1s, a
primary or secondary, and preferably primary group. Suitable examples of diamines
include dimethylaminopropylamine, diethylyaminopropylamine, dibutyl aminopropyl

30 amune, dimethylaminoethylamine, diethylaminoethylamine, dibutylaminoethylamine,
1-(Z-aminoethyl) piperidine, l—(2—aminoeihy1)pyrroiidone, aminoethylmorpholine,
and aminopropyimorpholine. Preferably, the aliphatic amine having a single reactive
amino group is N,N-dimethylaminopropylamine or aminopropylmorpholine.
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5 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 nitrogen atoms per mole of
polyamine is calculated as follows: Number of nitrogen atoms = % N x MM 10 Per mole of polyamine
14 x 100 wherein % N=percent nitrogen in polyamine or polyamine mixture Mpa =number average

molecular weight ﬁhﬁiﬁ&@ﬁﬁﬁﬂ@%fr@OJM?H&@@d&%Hﬁd%&ﬂ@'@eaéiﬁ&%&&o%%ﬁiﬁﬁfgiQ@lHQi%

polyalkylene polyamines. Preferred 15 polyalkylene polyamines also contain from about 4 to about 40
carbon atoms, thet®Be5Hg Bréfrably from 2 to 3 carbon atoms per alkylene unit. The polyamine
preferably has a carbon-to-nitrogen ratio of from about 1:1 to about 10:1. Examples of suitable include
the following: tetraethylene pentamine, {;entaethylene 20 hexamine and heavy polyamine, HPA,

(available from DSW ERBNicREESHpEHIEMBILHRIIN R GERY S B AAIREY SHEesRpAsMSaItiers such

as branched-chaimfelyaminesanthihe araviausty mentianscheHhstitued:RalamiRgs plasllding
hydrocarbyl-substituted polyamines. 25 When more than one primary or secondary amino group is

present, the reactfSh PRGNS femiahine iR Angtid BE g aics B0kl R HEPrAined.
13ydroxy Aliphatico/Cempewngolseraeitonto heelreohepmpasind.tisprlyatheliai@matic compound)

above, 30 optionally, the copolymer may also be reacted with agmlgast one aliphatic compound which
may be a hy{jé]oxy aliphatic compound.THBEHMUBPEBIFTOMSioRaMh¥d¥bxyl compounds used
according to'the process of the present FvaNGSH ROPEBRIN primihy Y¥¢ondary or tertiary alcohols.

51 Suitable hydroxXyifihatic compounds include, but are not limited to, ethanol,
% N=percent nitrogen in polyamine or polyamine mixture

My, =number average molecular weight of the polyamine or polyamine mixture
Suitable aliphatic polyamines include polyalkylene polyamines. Preferred
15 polyalkylene polyamines also contain from about 4 to about 40 carbon atoms, there
being preferably from 2 to 3 carbon atoms per alkylene unit. The polyamine

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

Examples of suitable include the following: tetraethylene pentamine, pentaethylene
20 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.

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

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

Hydroxy Aliphatic Compound
In addition fo the ether compound (i.e. polyether aromatic compound) above,
30 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

the present invention may contain primary, secondary or tertiary alcohols.
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isopropyl alcohol, isobutyl alcohol, tert-butyl alcohol, glycerol and the like. Additionally, the hydroxyl
aliphatic compound could be a polyether containing a 5 single hydroxyl end group. The hydroxyl
compound may also contain a hetero atom, such as sulfur (e.g., betamercaptoethanol). 10 Method of
Making the Lubricating Oil 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 hergiitpidedydastyl atiptistiatiympolerda mittoderbpuege pnanbnhieating ehan@mperature of
from about 80C to about 1 tion diluent oil may be char 15,under a nitrogen
purge in the samé TBadtd 7{ ere%%()% ?l%lngﬂaeldﬁurt{e%U? Fo%cgll’g%? acfan h}é a?nl:{lount of diluent oil
in the diluted copé@iﬂnﬁrndlgrptt@ abdutG0 aliplgitic %mmnacpcefédbd frpolyaicutcettamalmut 60 weight
%, and most referr é om.a tf 30 to about 50 weight %. A polyether aromatic compound is
charged, opfi ionall y%m rogeﬁ pu?ge to the reactor. Optionally, an aromatic compound 20
capable of reacting with at Ieast one monocarboxylic acid or ester thereof, or dicarboxylic acid,

anhydride or esteth a aliphatic,c

monocarboxylic g@ﬁ %? %(eyrtoeﬂr?g%&d I%‘%:p EJ] ﬁ%?a?cgi e%r ydr}g]%g?%%%aegrd t%ﬁ? gé)? or both are also
charged to the rebetoncTdaptoniktunad)is heated under a nltrogen purge to a temperature in range from
about 130C to about 25 200C. Optionally, a vacuum is applied to the mixture for about 0.5 to about 2.0
hours to remove excess water The Iubrlcatmg 0|I addltlve composmon can also be made using a
process conprisibdethi Mialong sgtalptOd vt {@emesitpsopolymer (i), (i), or (iii); and
the 30 polyether , i t [ he
aliphatic compour?glga%%%é@{%%%%in@n%g r%a%tog;sogéq%? @%ﬁ%ﬁ%gﬁe%ﬁ}g‘;ﬁ% (%}jr? %Xé charged
at an elevated teﬁh@e@@ﬁ@@tt@fmﬂme(mmrdgfam opsadtiorAysiaticlhhiker axth(bd asdestsibadilitate

mixing of the reagiany n)3n m%}{c‘%? 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

15  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 weight
%, more preferred from about 20 to about 60 weight %, and most preferred from
about 30 to about 50 weight %. A polyether aromatic compound is charged,
optionally under a nitrogen purge, to the reactor. Optionally, an aromatic compound

20  capable of reacting with at least one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thercof; an aliphatic compound capable of
reacting with at least one monocarboxylic acid or ester thereof, or dicarboxylic acid,
anhydride or ester thereof; or both are also charged to the reactor. This mixture is
heated under a nitrogen purge to a temperature in range from about 130°C to about

25 200°C. Optionally, a vacuum is applied to the mixture for about 0.5 to about 2.0 hours

1o remove excess water.

The lubricating oil additive composition can also be made using a process comprising
simultaneousiy charging all the reactants (reactant copolymer (i), (ii), or (iii); and the
30 polyether aromatic compound and, optionally, the aromatic compound, and,
optionally, the aliphatic compound at the desired ratios into the reactor. One or more
of the reactants can be charged at an elevated temperature to facilitate mixing and
reaction. A static mixer can be used to facilitate mixing of the reactants as they are
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52 being charged to the reactor. The reaction is carried out for about 0.5 to about 2 hours at a
temperature from about 130C to about 200C. Optionally a vacuum is applied to the reaction mixture
during the reaction period. 5 When an aliphatic compound, an aromatic compound or both are
employed in the present invention and when more than one functional group is present on the

compound(s), the ieiB&HA seshttibhEcariaror soiembatat yamsdigrdosdiveh8tdie deublifipis
maintained. For examplgneppier mutikncliqnabaliphaliccamre U s o RIfMmaic oM R@Edoth are

used, the linker group (i.e., the polyether compound) 10 and the copolymer are preferably charged to
the reactor first arfBeanawied pirsaetdwite thedgartion BIRE- multifunctional compounds. Furthermore,
the stoichiometry should be such that when the multifunctional aliphatic compound, aromatic
compound or _both are charged to the reactor, there is generally about one molecule of reactive

monoethylenitally YEht2iehaRoHRINBY Wil afB SRR BCRP FOPRWR e i s re el erets rribe
multifunctional copteaunsi{SinTHis:rRAGHER Qe ARG SIAhOmal Y AagHeas gXGesSiue crosslinking by

limiting the number of unreacted monoethylenically unsaturated mono- or dicarboxylic acid sites

relative to the nunSBEPBYRAGRMTE Srclion CondiHnmmiAnI@ioHalchiprstiy sbawdbrauehdrsant compound

or both. Reductiorgfibexgassivenesnsalifdne:may decreaseutie nteRablingafael dorpatiamn and
therefore 20 increase the probability of oil solubility. In one embodiment of the invention, the non-free

radical catalyzed FESRGHR (ROBOERST LIABRIRIGTkEPaHBRSBBBHE GBS 8PN SRR Bntacted
with either capolysneré) heBRMY meHErRnkoth My ketRentasiadinthgrigsaraadfaptipnat 25

reactants (i.e. the aromatic compounds and the aliphatic compounds) prior to the, addition of
component (B) (i.&° 5 'HBI BHHRT BraHTARE aRihe eu Bty D aBRcE N ShPeoiripEEHishr ke
lubricating oil additysuehmposiiantEesaibathahave is generalypsdel ieombasecsPaikthat is
sufficient to Iubric%te moving parts, for example internal combustion )
oth are charged to the reactor, there 1s generally about one molecule of reactive
monoethylenically unsaturated mono- or dicarboxylic acid functions per molecule of
15 the multifunctional compound(s). This reaction order and stoichiometry reduces
excessive crosslinking by limiting the number of unreacted monoethylenically
unsaturated mono- or dicarboxylic acid sites relative to the number of reactive sites on
the multifunctional aliphatic compound, aromatic compound or both. Reduction of

excessive crosslinking may decrease the probability of gel formation and therefore

20 increase the probability of oil solubility.

In one embodiment of the invention, the non-free radical catalyzed reaction product of

compound (1)(a) and compound (i)(b) or (i)(c), which is contacted with either

copolymer (1) or copolymer (ii) or both, may be contacted in the presence of optional
25 reactants (i.e. the aromatic compounds and the aliphatic compounds) prior to the

addition of component (B) (i.e. the polyether aromatic amino compound).

Lubricating Oil Composition

The lubricating o1l additive composition described above is generally added 1o a base

30 oil that is sufficient to lubricate moving parts, for example internal combustion
engines, gears, and transmissions. Typica-ily, the lubricating oil composition of the
present invention comprises a major amount of an oil of lubricating viscosity and a
minor amount of the lubricating oil addiive composition.
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engines, gears, and transmissions. Typically, the lubricating oil composition of the present invention
comprises a major amount of an oil of lubricating viscosity and a minor amount of the lubricating oll
additive composition. 53 The base oil employed may be any of a wide variety of oils of lubricating
viscosity. The base oil of lubricating viscosity used in such compositions may be mineral oils or
synthetic oils. A base oil having a viscosity of at least 2.5 ¢St at 40C and a pour point 5 below 20C,

preferably at or bejawiiGe d8 desiiahie nlenbase oils Mmay @@ri@ﬁ?f ivedh fromusynRifsticvosdaatyral
sources. Mineral oils for use as the base oil in this invention include, for example, paraffinic

naphthenic and oth B tHhe BREH ARSI SGSEH b BINBSHHRRS s D BHSgFthet Wils
include, for exampighthatb SYArQ AN MURRBtcRIR aRdbEwItheHC sHierarandmixtligs thewmaf having

the desired viscosity. Hydrocarbon synthetic oils may include, for example, oils prepared from the
polymerization of Bﬂlﬁh’é%%,chW%ﬁﬁ’ RS BFIPAS é{rlés, @f?s&fr?@ﬁrgﬁ‘ﬁré%ﬁ?@ﬁ RirBEdBbisdynthesis
procedures usingfEaPSAMRHdeanddaueiagen gases such as in a Fisher-Tropsch process. 15
Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the proper viscosity.
Especially useful are the hydrogenated liquid oligomers of C6 to C12 alpha olefins such as 1-decene

trimer. Likewise, alfidhanzBnos @eRIONRISCosit (s Bl afididpiasd depeenapkanherasrd. Useful
synthetic esters include the esters of monocarboxylic acids and pglycarboxylic acids, as well as

mono-hydroxy alkBARIESR G SORE RSB HP SRARSISs Ui dRiGREEST DA AR HRATLSR hritol
tetracaproate( di-Z-etingthexys adipate foilavwirprhdcateyanst i likgnGempie estermpiepared from
mixtures of mono and dicarboxylic acids and mon prd,di ydroxy, aloﬁn%ls ce\g also pe used. Blends
of mineral oils wittF S§RARY i 5rd ?ﬁ%‘ﬂﬂg AR s BREE off K BRI SHARKE PaPifin type

base oil, a refined maphitiedis asgapiblorolsyrihatc hysiebafmarnandnysirecaibas oil of

lubricating ViSCOSitgélexgghgﬁg mo{i)lr%)a}gloalosl s,baer %i[g g[éj;{a?re?{ {:poipneﬁ?ld?onc%r %gxtrsl)?rtaii%e?siilss procedures
using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process.

15 Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the
proper viscosity. Especially useful are the hydrogenated liquid oligomers of Cq to Cj2
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
monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy alkanols

20 and polyols. Typical examples are didodecyl adipate, pentaerythritol tetracaproate,
di-2-ethythexyl adipate, dilaurylsebacate, and the like. Complex esters prepared from

mixtures of mono and dicarboxylic acids and mono and dibydroxy alkanols can also

be used. Blends of mineral oils with synthetic oils are also useful.
25 Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic base
oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating viscosity. The

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

Method of Use of the Present Invention

30 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 soot dispersancy, sludge dispersancy
or both. Accordingly, the present invention is also directed o a method of improving
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Method of Use of the Present Invention 30 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 soot dispersancy, sludge dispersancy or
both. Accordingly, the present invention is also directed to a method of improving 54 soot
dispersancy, or slagfeltfispersency suseisparsinteraabeBnibastivisranbmeatupish cosiprises

operating the engiagbfie|utyisasii LEOmERRA A LR SoaplioRRlof i, ubricating

oil additive composition described above may be used as a fuel addi When used in fuels, the
proper concentrat®i®fi®fe 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 10 base fdel i RS e84 .0be Maisatipard pddifvniermprsitrasigsrobsbabeys b bravesdgsemillion

of the additive. If thgrdeieroenisATe: QISR 2 IRSPRIRMAUMREATINE, AddivVRIMARRsed. The
additives described herein may be formulated as a fuel concentrate, using an inert stable oleophilic

solvent boiling in tREFFaFGE §rasBisue Tebdoriise (et Eoes MelEnopdralBrrEAVERIHBfl ifrthrs gasoline

or diesel fuel rangancliRkeiRsapht, ATRIRRAICIY FRRRMGHSHRMOCAEA SPMGHLIRHEST oBUGh as a
benzene, tolueneﬁzglene or higher-boiling aromatics or aromatic thinners. Alighatic alcohols of about

3 to 8 carbon atori9Eis S&iddpretnonaesHER ARaBIES Of cPRAeH I qirddisivemtigation with
hydrocarbonigolvesisateialsrsyitaiedarc i with Hae fuat addiive- e elbcencenyaigsthe

amount of the additive will be 20 ordinarily at least 5 percent by weight and generally not exceed 70

percent by weight PBrEFeFABIG A E S0 lAREFR GRAHEERET SET PSR 8 Yo U5 heayht petent. The
following examplegdaigi v assrieddailipsirataisresticambodinentssf thisinventiensangiare not to be

construed in any V\éao%/lc%?ltlriari?giggr;[g %ns gfrﬁ:’zx)‘tes?szt}he!eoIeophiiic solvent boiling in the range of about 150-
400°F (65.6-204.4°C). Preferred solvents boil in the gasoline or diesel fuel range.
15 Preferably, an aliphatic or an aromatic hydrocarbon solvent is used, such as a
benﬁene, toluene, xylene or higher-boiling aromatics or aromatic thinners. Aliphatic
alcohols of about 3 to 8 carbon atoms, such as isopropanol, isobutylcarbinol, n-
butanol and the like in combination with hydrocarbon solvents are also suitable for
use with the fuel additive. In the fuel concentrate, the amount of the additive will be

20 ordinarily at least 5 percent by weight and generally not exceed 70 percent by weight,
preferably from 5 to 50 and more preferably from 10 to 25 weight percent.

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

25  invention.

EXAMPLES
Example | - Preparation of Terpolvmer PIBSA (TPP) — Copolvmer (1)

2513 grams of high methylvinylidene polyisobutylene having a number average

30 molecular weight (Mn) of about 2300 and a methylvinylidene content of about 78%
(which is available from BASF as Glisso;ﬁal@ 2300) was charged to a 4-L reactor
equipped with agitator, temperature controller and overhead condenser and receiver.
27.3 grams 1-hexadecene was also charged to the reactor, and the agitated mixture
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25 invention. EXAMPLES Example 1 - Preparation of Terpolymer PIBSA (TPP) - Copolymer 2513
grams of high methylvinylidene polyisobutylene having a number average 30 molecular weight (Mn) of
about 2300 and a methylvinylidene content of about 78% (which is available from BASF as

Glissopal(r)) 2300) was charged to a 4-L reactor equipped with agitator, temperature cgntrpller and
overhead condensétsdidirddeivep’ QT mepanisicidusdeesns e dion SHegeled sravéadtor, and the
agitated mixture S5yaSTRRIGEH M 3G I aceRALMAITIYER WRKE IRIYGH: R SRAIDE 450 semimin
nitrogen through the mixture for about an hour. After drying, the nitrogen was fed to the reactor head
space at a rate of 90 Ea¢8rhrsd 5pacs yramicrnbklcunHyaingd 73rtiereea masitsaakuige paroxide in a

50% solution with fgluengerefed sineltansaushos, i i e agiatauer AU JATIRN IRgMAISIC
anhydride and dicumyl peroxide charging were finished, the temperature of the reactor was

maintained at’150%€ 8¢ BiGtAEPYES2 heurs, Afier fagcrsiairaanhudils and doemplipigide RedERy of the

reactor, the pressygayassaradurliaywered ol nndig Whendhe.lstaneraiure althg.iRacios
reached 180C. The temperature was held at 190C and the pressure was held at 20 10 mm Hg for 1

hour during whichP%graie Sreshaerdsatcdae Edlidedyrmnethrbaairanithessmstrailica yvield of 2693

grams of copolymgrdiywasebiziaasy heveredustbasma saparifinatiompambrr Af ii8 34pgKOH/g.
Example 2 - Preparation of PolyPIBSA 1000 (Copolymer (i1)) 15 4005 grams of high methylvinylidene

0
polyisobutene ha\}iﬁf&%eﬁd%oég ST EGPHRGIER 8P ibﬁt% SCotabiigtereorarairialRinylidene
content of ahut 7834 1witigh isReMRLCIR-RVEIBhle fiom BASKAd is knawk asilissangk 1000)

was charged to a reactor and the reactor was heated to a temperature of about 150C. 589 grams

maleic anhydride &R 5204 gPAAY SHURLARATP S4R8K 0 herirBg O res ehkBieh 0 e advwidasture of
the reactor was maigdpinescatidSRtnis by naftetthg.maleic _

Example 2 - Preparation of PolvPIBSA 1000 (Copolymer (11))

15 4005 grams of high methylvinylidene polyisobutene having a number average
molecular weight (M} of about 1000 and a methylvinylidene content of about 76%
{which is commercially available from BASF and is known as Glissopal 1000) was
charged to a reactor and the reactor was heated to a temperature of about 150°C. 589
grams maleic anhydride and 54.14 grams of dicumyl peroxide were fed to the reactor.

20 The temperature of the reactor was maintained at 130°C for 1.0 hour after the maleic
anhydride and dicumyl peroxide are charged to the reactor. The reactor was heated to
about 200°C over a period of about 1.0 hour, after which a vacuum was applied to
reduce the pressure to 0 psia while maintaining the temperature at 200°C. The reactor
was held under vacuum pressure for about 1.5 hours at 200°C. The reactor pressure

25  was then increased to ambient conditions and the product was then filtered to provide

the neat product,

Example 3 — Preparation of Alpha-Olefin/Maleic Anhydride Copolymer

100 parts by weight Exxon 150 solvent (C)q aromatic solvent) and 81.94 parts by
30 weight of Cy4-24 alpha olelin mixture (average molecular weight - 215.3 Daltons)
were charged to a stirred reactor. The miﬁ:ture was heated to 150°C, and the
temperature was mamtained 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
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anhydride and dicumyl peroxide are charged to the reactor. The reactor was heated to about 200C
over a period of about 1.0 hour, after which a vacuum was applied to reduce the pressure to 0 psia
while maintaining the temperature at 200C. The reactor was held under vacuum pressure for about
1.5 hours at 200C. The reactor pressure 25 was then increased to amhient co ‘,(Eti%ions and the product
was then filtered {APHOUIGE tHE nE TrrsiRTdieaaeRAns &/as Brapd il r‘?lgpﬂ?ﬁhg- [ER6HABleic |
Anhydride Copoly#faird 9 pastisdanveight BExxepdbicsdieat-(QQaremalicselvantiand81.94 parts
by 30 weight of C14-24 alpha olefin mixture (average molecuylar weight - 215£ ngltﬁ?rﬁi]were charged
to a stirred reactdFAFARM LIRS WS ﬁ@&f@ﬁ%@%ﬁ&%ﬁ@ PO PR ASI AR for about
30 minutes to delhydratEstte nsterthe khparixtiechaas codeddab G otnrethdphspayshef malaia
anhydride were charged to the 56 reaction mixture. The reactqr headspace was ed with nitrogen.
The reactions my S i HHEAO BULCOLES BEFGF GO S b e R S to the
reaction mixture. {liesteeképrieipdy ptuseidasddlivwetidednaraasss (otdam)/ivCalhadtti80C. Once
the temperature began to decrease. exotf%e m pa S%?%, E‘e reaction 5 mixture was cooled to 150C.
The peroxide addftiBRSIEH WARSBBELRIY '\ggrr%)%‘?}o' g[ CAHRPATE & ‘f?]ﬁte\?@ﬁia%%a%mg% the reactor
was heated to 17fiGmahéd phehianpésatuenwasambibéainpgprioinne lfAic phesarbhancsolvantilvas
then stripped from the oguct under,vacuum, and then approximately 276 parts of | OON neutral olil
were added to the’ rr%ag(é?. 19 %%3698%2 - Preparation of Thermal PIBSA The procedure of
Preparationi® 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 dins f 2200 Mn polybutene as
used in the '083 Patent. 15 )szamp{e ﬂ%repafanon 0 %%erma&%%gfx

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® 2300 from BASF,
was used instead of 2200 Mn polybutene as used in the '083 Patent.
15

Example 5 — Synthesis of polyoxvalkvieneamine derivative of

N-phenyl-1.4-phenvlenediamine

A polyoxyalkyleneamine containing both ethylene oxide and propylene oxide units
derived from a N-phenyl-1,4-phenylenediamine (NPPDA) core is a mixture of
20 structures (1) and (ii):

and

25
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Example 5 - Synthesis of polyoxvalk leneamine derivative of N-phenylphenvienediamine A
polyoxyalkyleneamine containing both ethylene oxide and propylene oxide units derived from a
N-phenyl-1,4-phenylenediamine (NPPDA) core is a mixture of 20 structures (i) and (ii): (i) HZN O aO
NI~OOyYNHzb/lI(vx4'~NH2 N 1O and 2557 (i) HZNOaON/ OOyNHZ bvxNH 6 Itis
contemplated thafithe reaction product, derived from the N-phenyl-1,4- phenylenediamine (NPPDA),
comprises a mixture of strugtures (i) gnd (ii). Such a 5 compaund is prepared by reacting 15 moles of
ethylene oxide aq9§ molesjof piopyl ne oxide wit N-phe%y 4-phen Ienediq\!rp’ine to form a mixture
of polyetherdiol arf et iol P thertrol a 0 erdigyis t reductively aminated
with ammonia and hydiogen to provide polyet ith termingl aminic g¥ou s, wherein the primary
aliphatic amine contentis 1.91 meq N/g. 10 E 6

NH

It is contemplated that the reaction product, derived from the N-phenyl-1,4-
phenylenediamine (NPPDA), comprises a mixture of structures (1) and (i1). Such a
5  compound is prepared by reacting 15 moles of ethylene oxide and 5 moles of

propylene oxide with N-phenyi-1.4-phenylenediamine to form a mixture of
polyetherdiol and polyethertriol. The polyethertriol and polyetherdiol is then
reductively aminated with ammonia and hydrogen to provide polyethers with terminal
aminic groups, wherein the primary aliphatic amine content is 1.91 meq N/g.

10

Example 6

633.9 grams of Terpolymer PIBSA, prepared as in Example 1, were charged into a
1000 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

15 temperature attained 160°C, 103.65 grams of an ethylene oxide and propylene oxide
based polyoxyalkylencamine, as described in Example 5, and 16.68 grams (0.09
moles) of dodecylamine were added to the reactor sequentially. The reaction mixture
was held at 160°C for 1.5 hours. The reactor pressure was then reduced to <20 mmHg
(abs) to remove any water generated during the reaction. The vacuum conditions were

20 maintained for 30 minutes.

Example 7
684.5 grams of Terpolymer PIBSA, prepéred as in Example 1, were charged into a
1000 mL stirred glass reactor. A constant 350 mL/min nitrogen purge through the
25 reactor headspace was then started. The reactor was heated to 160°C. When the
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633.9 grams of Terpolymer PIBSA, prepared as in Example 1, were charged into a 1000 mL stirred
glass reactor. A nitrogen purge (-180 mL/min) through the reactor headspace was then started. The
reactor was heated to 160C. When the reactor 15 temperature attained 160C, 103.65 grams of an
ethylene oxide and propylene oxide based po!yoxgalkyleneamine, as described in Example 5, and

16.68 grams (0.09°3¢6IdsMprEbaedflamidd Oefe AbtiAH saame ob aptBhyeascidayrd Reoidetdn
mixture was held gt G0Geip v RS 1 TRSHBREAIPIESRLIS WA HReRVRAMERMH IR T3P.mmHg (abs)

to remove any water generated durir;lg the reaction. The vacuum conditions were 20 maintained for 30
minutes. Example*P B8R g RIS O il aee m8knble pabings W & pimpredias e iéxendised into

a 1000 mL stirred glags 6RACERAnA @038 B MM SIHAARIHRHUIGS SBIMEMEING R 08RE QY

headspace was then started. The reactor was heated to 160C. When the 58 reactor temperature
attained 160C, 118%§35tanisBIcaHALNyldREBRIHS M Brepyte el bxide BAsEY pmbyhigiEheamine
with N-phenyl-1,41phepxenadiasiRe L@ enyharain tbe:mimﬁm%a@mms AN GaRteRtds 1.91 meq
Nlg, prepared as in Example 5, and 10.06 grams (0.0985 moles) of 3-dimethylamino-I-propylamine
were added to 5 tﬁ%“Fé%{E%Eﬁ“%&ﬁJ@ﬁtfﬁﬁW%%iﬁBHWRﬁE‘W&s%W‘&W%%W 7% hours.
The reactor pressgyigias then reduced to <20 mmHg (abs) to remove any water generated during the
reaction. The vacuum conditions were maintained for about 30 minutes. 10 Example 8 452.19 grams
of PolyPIBSA (saponification number = 36.7 mg KOH/g) made from polybutene having a number
average molggular weight of 2095 and prepared unggansieilgr conditions as employed in Example 2
above, were char%ggslg;[o a 500 mcb\ystirred ?Iass reactor. A constant 180 mL/min nitrogven purge

through the reacto grih ek BAAd Bieh StRARd cH R RRBRRS WP HeXie & P BbB R it he

reactor polybutene having a number average molecular weight of 2095 and prepared under

similar conditions as employed in Example 2 above, were charged into a 500 mL
stirred glass reactor. A constant 180 mL/min nitrogen purge through the reactor

15 headspace was then started. The reactor was heated to 160°C. When the reactor
temperature attained 160°C, 8.99 grams of N-phenyl-1,4-phenylenediamine and 51.87
grams of an ethylene oxide and propylene oxide based polyoxyalkyleneamine with N-
phenyl-1,4-phenylenediamine core - wherein the primary aliphatic amine content is
1.91 meq N/g, prepared as in Example 5, were added to the reactor sequentially. The

20 reaction mixiure was held at 160°C for about 1.5 hours. The reactor pressure was then
reduced to <20 mmHg (abs) to remove any water generated during the reaction. The

vacuum conditions were maintained for 30 minutes.

Example 9
25  455.34grams of PolyPIBSA (saponification number = 36.7 mg KOH/g) made from

polybutene having a number average molecular weight of 2095 and prepared under
similar conditions as employed 1 Example 2 above, 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 was
30 approximately 160°C, 6.35 grams of 2-ethylhexylamine and 52.23 grams of an
ethylene oxide and propylene oxide based polyoxyalkyleneamine with N-phenyl-1,4-
phenylenediamine core — wherein the primary aliphatic amine content is 1.91 meq
N/g, prepared as in Example 5, were added to the reactor sequentially. The reaction
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temperature attained 160C, 8.99 grams ofN-phenyl-l,4-phenylenediamine and 51.87 grams of an
ethylene oxide and propylene oxide based polyoxyalkyleneamine with N-
phenyl-1,4-phenylenediamine core - wherein the primary aliphatic amine contentis 1.91 meq N/g,
prepared as in Example 5, were added to the reactor Iagquentially. The 20 reaction trgéxtursha\wa held at

160C for about 1 B HoHFsVashe i AL bl oW ds e St R BT LBt SIS (5 98 Bve any
water generated gy/KDg BHEAEHON - khRovacuyRvaengitionssyela imaintainatiéar BReminuies.

Example 9 25 455.34grams of PolyPIBSA (saponification number = 36.7 mg KOH/ de from
polybutene havin§ S AN &YsLe HAtLAE I§$ W@ﬂjﬁso?%%oéﬂff ﬁ?@ﬁé&#ﬂé@@ilw conditions

as employed in Exaropda.2 above, 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 160C.
When the reactor temperature was 30 approximately 160C, 6.35 grams of 2-ethylhexylamine and
52.23 grams of an ethylene oxide and propylene oRigenbhsed polyoxyalkyleneamine with

N-phenyl-1,4- phepylenediami re - wherein the primary aliphatic. amin entis 1.91 meq N/g,
repared as i BB Bl He 1 e RS R U 18 PRAAHY B AP i el
at 160C for aboutid Bxaopis.4T hedréaR1UT prasswiawaphbencfeduedd ctonk20 rivnidgo{abs) to remove
any water generated during the reaction. T vac%%{ con iionf were maintained for 30.minutes. The

& d 0ICH n%

"HittoL o 10 G AR D BTSN S0 T A S i

product containe VRETH R "o 35%59%xarihn§| cation
number = 35.6 mg KB lghghl pappepaied iinfHxxamipld, 4yandiiBed Argoaaid6d arl alphradodétia/maleic
anhydride copolymer, (saponificatj umber = 96.95 mg KQH/q; alpha olefin average molecular
WEiOht 10 165 /YR B2 BB LRI ache 8 oD T SHN i e

then started. The reactor was heated to approximately 160°C. When the reactor

temperature approached 160°C, 152.71 grams of an ethylene oxide and propylene

oxide based polyoxyalkyleneamine with N-phenyl-1 ,4-phenylenediamine core,

15  prepared as in Example 5, were added to the reactor. The reaction mixture was held at
160°C for about 1.5 hours. The reactor pressure was then reduced to <20 mmHg (abs)

to remove any water generated during the reaction. The vacuum conditions were

maintained for about 30 minutes.
20 Examples 11-16 in Table 1 are examples of making the invention. Examples 11-16

have different concentrations of the reactants (see Table 1) and follow the procedures

set forth in Examples 6.
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reactor. A constant 150 mL/min nitrogen purge through the reactor headspace was then started. The
reactor was heated to approximately 160C. When the reactor temperature approached 160C, 152.71
grams of an ethylene oxide and propylene oxide based polyoxyalkyleneamine with

N-phenyl-1,4-phenylenediamine core, 15 prepared as in Example 5, were added to the reactor. The
reaction mixturewas held iat | L6QC; for apou%t 1.5 hours. The reactor pressure was then reduced to <20
Q) i . . ..

- mmHg (abs) to [er@ e dnf Walel genefated during the reaction. The vacuum conditions were
maintained for ap@ut 34 minyteg. 20 Examples | 1-16 in Table | are examples of making the invention.
Examples 11-16[ have differdnt comncentratigns of the reactants (see Table 1) and follow the
procedures set f@;t@ infEXxamples 6. 60a- {Cn0000V'tO NVN”~r 0.0.00O,NV1lin dUC3.0
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MVMfL'VtVONNMN FJOM LUIVIINin+W JVONNNONOOO>E8S8EEEpo mmm
mmmP.N O-aWWWWLUW=HdPc UNN Tbhbboooo MoUC) NNN8NNNNNNIJL
TO0.0.00.0.0.NT pm<CtNCtP.ViUUWWWWWWZM,~P,QQ~-QNNMd'vi006 OW
Z(~Caa Examples 6-10, 12, and 14-16, which exemplify the lubricating oil additive  composition of the

present invention, kieraRifo Hediorderdits whedsrycmpleldbe lbrigaaies o tidining bench test,
which measures theabiliyiof SredopruatianaudisnecreAnsRatS! MiscasitIBcIRASresdting from

the addit_ion of carban bJack, a 5 soot surrogate. Usinq the soot thickening bench test, the viscosity of a
fresh oil is using a soot thickening bench test, which measures the ability of the formulation to
disperse and control viscosity increase resulting from the addition of carbon black, a
5 soot surrogate. Using the soot thickening bench test, the viscosity of a fresh oil 1s
measured in centistokes. The fresh oil is then treated with 2 wt% Vulcan XC 72R
carbon black, supplied by Columbia Chemical Co., to form a mixture containing
approximately 2 grams Vulcan XC72R carbon black and 98 grams fresh oil (test oil).
The test oil, which contains carbon black, is then left to sit overnight. It is then
10 homogenized using a high speed tissue homogenizer for approximately 60 seconds to
thoroughly mix the carbon black with the fresh oil. The resulting test o1l 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:
15 % viscosity increase = [(ViScyo - ViSto)/(Visg) X 100]
Visepo: viscosity of carbon black in oil
visg:  viscosity of fresh oil
Using the soot thickening bench test, the percent viscosity increase calculated for the
additive composition of Examples 6-10, 12 and 14-16 in a formulated oil was
20 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 wt% pour point
depressant, 4.07 wt% of a calcium based detergent package containing a phenate and
sulfonates, 2.41 wt% zinc dithiophosphate, 0.03 wt% foam inhibitor, 7.7 wt%
25 viscosity index improver and 85.10 wt% of a lube oil blend which is a mixture of
basestocks that consists of 69.24 wi% Exxonl30N oil, and 30.76 wt% Exxon600N oil
(all of which may be purchased from ExxonMobil Corporation, Fairfax, Virginia) to
provide the comparative oil formulation. To prepare the formulated lubricating oil
composition of the present invention, approximately 7.6 wt% of the additive
30 composition of Examples 6-10, 12 and 14-16 were top treated to the formulated

comparison oil.

The results of the soot thickening bench test are summarized in Table 2.
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measured:-in centistokes. The fresh oil is then treated with 2 wt% Vulcan XC 72R carbon black,
supplied by Columbia Chemical Co., to form a mixture containing approximately 2 grams Vulcan
XC72R carbon black and 98 grams fresh oil (test oil). The test oil, which contains carbon black, is
then left to sit overnight. It is then 10 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 deggggathaklPErieLA01piRIRS Tdeisaasity of the oil containing

carbon black is measured according t
increase is calculated according to the

following formd

MegaaRfoat arg, Wall Kooy, Jtie

la: 15 % viscosity increase = [(vish - visf)/(visf) x

1001 vis,h: viscosity of carbon black i

oil visf5 Vistos

ty of freskhojlr using t

test, the percent viscosity increase cal¢ufated fortite

dditive gggposition

14-16 in a formulated oil was 20 compj

redto g formu

ated oit ['Q@gldoes 4[0)

art. The percent viscosity

e soot thickening bench
f Examples 6-10, 12 and
contain the lubricating oll

additive composition of the present iny

entionghefor

nufated % fthepre

sent invention comprises

0.66 wt% of an oxidation inhibitor package; 0:33 wt%

pour pUIlggtgepIEbbdl
£ a4

0./

t, 4.07 wt% of a calcium

based detergent package containing a

pi ITI Iaai al Id O I

inc dithiophosphate, 0.03

tube oil blend which is a

wit% foam inhibitor, 7.7 wt% 25 viscosity-thdex mprover-and-83; 1 widtof¢
mixture of basestocks that consists of 69-24-wi%Exxpri50N Gh'%nd 3676
i bi-Cafporatiof;-Fairfaxt Mirginia)-to
which may be purchased from ExxonMebit-€ t Fairf 53 y9 )t
[ ion. lybricating-ail-compgstion-of-the
oil formulation. To prepare the formulateg-yb. ef i | ng;t 8 fth
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present invention,

2 and 14-16 were top

1 I_I\ullllJl\zQ U4V, 1L

treated to the formulated comparison oil. The results of the soot thickening bench test are
summarized in Taflg: 2es6s of the soot thickening bench test indicate that the percent viscosity

5  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.

10

It is understood that although modifications and variations of the invention can be

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

be imposed as are indicated in the appended claims.
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Table 2: Soot Thickening Bench Test Results Example % Viscosity Increase 6 32.8 7 48.1 824.4 9
32.6 10 38.3 12 30.8 14 35.8 15 33.9 16 63.3 No Dispersant 283.9 The results of the soot
thickening bench test indicate that the percent viscosity 5 increase using the lubricating oil additive
composition of the present |nvent|on was lower than the percent viscosity increase in a formulated oil
that did not contaifaidubiichlidg Milbdiditive composition of the present invention, which yielded
approximately a 284% wscosﬂy increase. This test indicates that the lubricating oil additive
composition of the present invention has good dispersant properties. 10 It is understood that although
modifications and Variatidis aF sBiG arteréan Bhadddice wirmpas diepartarg o hytie spidesnd scope
thereof, only such limitatigns SRemiie fgéggﬁ?d as are indicated in the appended claims. 63 WHAT
IS CLAIMED IS: 1. An oil-soluble Iubrlcatlng oil additive composition prepared by the process which
comprises reéctlng 5 (A) at least one of the following copolymers:

(A)  atleast one of the following copolymers:

(i} a copolymer obtained by free radical copolymerization of
components comprising:
10
(a) at least one monoethylenically unsaturated Cs-Cag
monocarboxylic acid or ester thereof, or C4-Cag

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

30 - atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
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(i) a copolymer obtained by free radical copolymerization of components comprising: 10 (a) at least
one monoethylenically unsaturated C3-C28 monocarboxylic acid or ester thereof, or C4-C28
dicarboxylic acid, anhydride or ester thereof; 15 (b) at least one 1- oIefin comprising about 2 to 40
carbon atoms or at least one polyolefin comprisin ab ut 4 to 36 bon %v

terminal copolymerizable group in the form of a w%ﬁﬁar ?ﬁ?f defid ? \ﬁ a&r%‘& r mlxtures
20 thereof; and (c) at least one monoolefin compouadwhittnis wﬁaelﬁmaﬂlz;&blﬁmnﬂndimmmamers of
(a) and (b) and is selected from the group con&stpré of: 25 p{) an.alkyl ether and an allyl alkyl
ether where the alkyl group is hydroxyl, amino, dia nllamln% or a%u Fﬁﬁec?or fs unsubstituted,
and containing from about 1 to about 40 carbon 30 atoms; (2) an alkyl amlne and an N-alkylannidc of

a monoethylgnlcally unsaturated mono- or é‘? dicar I|c aC| (}){f fro n 0 %g tqla%ou 10f carbon
- atoms where'the alkyl substituent contams om a%out o acbou? F Carbon !5 (“:3»
N-vinylcarboxamide of carboxylic acids of from about 1 to about § carbon atoms;

4) an N-vinyl substituted nitrogen-containing
heterocyclic compound; and
10
(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
15 the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed

in (i)(b);

20 (1) a copolymer obtained by reacting compound (i)a) and

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

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

compound (1){(a) and compound (i)(b) or (i)(¢); with

30 {B)  atleast one polyether aromatic compound capable of being reacted
with at least two monocarboxylic acids or esters thereof, or with at
least two dicarboxylic acids, anhydrides or esters thereof, or mixtures
thereof.
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from about | to about 8 carbon atoms; (4) an N-vinyl substituted nitrogen-containing heterocyclic
compound; and 10 (5) at least one | -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 15 the form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof, provided that
the olefin employed is not the same as the olefin employed in (i)(b); 20 (ii) a copolymer obtained by

reacting compoungl (i)(2)7@@dusa8RAK BH ARt £580a% PERilEE (relisahibRIRmAIA G
copolymer obtained by (a) re_;qting cdgmpound (i)(g(?rvi\i/ji’th compountlj (i)(b) or (i)(c)glt?}a%r?on-[fr)gglr)adical

catalyzed 25 reaction in &1 BIesEsECS M EEpBIYFAE (BE ROLGIBRHHNO OBBIAYRY B34(b) contacting

copolymer (i) or copolymgriiibaatativmithy shenerfiesnadisalkalalyzed yaartiondyosich aic
compound (i)(a) and compound (i)(b) or (i)(c); with 30 (B) at least one polyether aromatic compound
capable of betng reacteocqmﬂ?‘é‘?cféﬁﬁah)\?oo K%y Iiberidegpteste aenesadonrinigs diteast two

dicarboxylic acids, anhydidesherestersitbatenlyr miatures dheserfe 88 2utbsrublicpling £il additive
composition of claim 1, wherein_copolymer (i is reacted with_at least one polyether aromatic

. ), (i) or (I(I?? )
compound and addition&ft§y Wiﬂb?ﬁf&?@%%@%ﬁﬁ@r FRpUsacHY F R ks b aromatic

monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester
thereof, or mixtures of (1), (2) or (3).
10
3. The lubricating additive composition of claim 1, wherein the polyether
aromatic compound is derived from an aromatic amine having the following

formula

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

; =\ R
Rw‘@ HN @

R1g

Rig 1s H, --NHaryl, -NHalkaryl, or a branched or straight chain
hydrocarbyl radical having from about 4 to about 24 carbon atoms

20 selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; Rjg 1s --NHp, -
-(NH(CH»} n)mNH,, --NHalky!, --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.

25
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5 compound capable of being reacted with at least one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof, or (3) at least one aliphatic compound capable of being
reacted with at least one monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester
thereof, or mixtures of (1), (2) or (3). 10 3. The lubricating additive composition of claim 1, wherein the
polyether aromatic compbund @W@@%ﬁ%@ﬁ?&%‘éﬁg 104 Eing the following formula 15 (a)
an N-arylphenylenediamine represented by the formula: R20 R18/) HN R1s Ribis 11, --NHaryl,
-NHalkaryl, or a branched or straight chain _hydrocarbyl radical having from about 4 to about 24
‘carbon atoms 20 selected from alkyl, & Rig is --NH2, - -(NH(CH2)
"YoNH2, --NHalkyl, --NHaralkyl, --CH Be a value from about |
to about 10; and R20 is hydrogen, 3
about 24 carbon atoms. 25 66 (b) amj
in which R21 and R22 each indepgsd

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:

O \"'w-...__
A NH,

)%

HN\ Rzs
T
10 H
in which Ry; is hydrogen or an alkyl radical having from about 1 to
about 14 carbon atoms; and
I5 (d) an aminomercaptotriazole represented by the formula:

(T

H
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alkyl or alkenyl radical having from about 1 to about 14 carbon atoms, (c) an amino-indazolinone
represented by the formula: O 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/N H H 67 (e) an aminoperimidine represented by the formula: NH2 N~NH
R24 5 in which R24 represents hydrogen or an alkyl radical having from about | to about 14 carbon
atoms; (f) an aryloxyphenyleneamingirepeesaaias yrtieneimidse 19-RRa/ O 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,

NH>

N/ NH

\
- R24

=

5
in which Ry4 represents hydrogen or an alkyl radical having from about
1 to about 14 carbon atoms;
() an aryloxyphenyleneamine represented by the formula:
10
/ \ /:\/ Ro7
O
g — —&l/
25
Ras

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

15 alkenyl, alkoxyl, aralky! or alkaryl; Rog is ~-NHp, --(NH(CH3)y)m NHa,
--NHalkyl, or --NHaralkyl, 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;
provided that when Ras is hydrogen or a branched or straight chain

20 radical having from about 4 to about 24 carbon atoms selected from
alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then R;¢ must be NH; or --
(NH(CHy)y)wNHy, -CH,-(CHy)y ~NH, or ~CHz-aryl-NH,.
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15 alkenyl, alkoxyl, aralkyl or alkaryl; R26 is --NH2, --(NH(CH2)" )", NH2, --NHalkyl, or --NHaralkyl, in
which n and m each have a value from. about Ito 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 20 radical having from about 4 to about 24 carbon atoms
selected from alkyl, alkei$)l, allBx3FREAIKIURARARATIHHES 1O G1RIatH SIS, dHked\rY (T BIOYD; NH2,
-CH2-(CH2),-NH2, or--CHZ-ary|-NEZ68,{8) 8P @romadiciapide,aaaprising two aromatic groups,
linked by a group, L, represented by the following formula: R30 Y3 R32 R3a Y1-Y2 Rai YaR335
wherein L is selected from -0-, -N=N-, -NH-, -CH2NH, -C(O)NR28-, - C(O)O-, -802-, -S02NR29- or
-SO2NH-, wherein R28 and R29 indea@;dér\l}cl;tztepf@sent a hydrog IkylRasn alkenyl or an

alkoxy group having from about 1 to about §carbon gtoms; 10 whefrein eaef Yl, Y2, Y3 and Y4 are
independently N or CH provided that Y i arld Y2 may, - R30 a Radependently
represent a hydrogen, alkyl, aryl, alkar, I,/]:{\’aralkyl Ikoxy, hydroxyalky!l, %’moalkyl, -OH, -NO2,
-SO3H, - SO3Na, CO2H or salt thereo%,?’JNRﬂRZFZ\ﬁ\?herein R41 and Yte [Fependently
hydrogen, alkyl, aryl, arylalkyl, or alkaryl; R32 and R33 independently represent a hydrogen, an alkyl,
an alkenyl or 20 an alkoxy group, havlng from abouf;rl to about 8 ]%a}rbon ator?iszNﬁ e ONRys-, -

wherein L 1s selected from ~O-, -N=N-, -NH-, -C
C{O)O-, -50;,-, -SO;NRys- or ~SO,NH-, wherein Rpg and Ry
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy
group having from about 1 to about § carbon atoms;

190
wherein each Yy, Yz, Y3 and Y4 are independently N or CH provided

that Y and Y» may not both be N;

R3¢ and Ry independently represent a hydrogen, alkyl, aryl, alkaryl,
15 aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -

SO3Na, CO,H or salt thereof, -NR4; R4y wherein Ry and Ry, are

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

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

SO3H or -S0O4Na;

Ragrepresents —NH,, -NHR35, wherein Ras ts an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CH,-(CHy), —

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

provided that when Ray is ~NHR35 wherein Ris is an alkyl or an

alkenyl group having from about 1 to about 8 carbon atoms, then either

L is —-NH- or —CH3-NH-; or Rz or Ra; 1s OH or —-NR4; R4, wherein at
30 least one of Ry or Ry; is hydrogen; or Ry, or Rs; is Ol
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SO3H or -SO3Na; R34 represents -NH2, -NHR35, wherein R35 is an alkyl or an alkenyl group having
from about | to about 8 carbon atoms, -CH2-(CH2)" - 25 NI-12 or-CH2-aryl-NH2 and n is from O to
about 10; provided that when R34 is --NHR35 wherein R35 is an alkyl or an alkenyl group having from
about | to about 8 carbon atoms, then either L is -NH- or-CH2-NH ; or R30 or R31 is OH or-NRalR42
wherein at 30 least one ¢PR41 8 REDEHEREGEE SR IR SPRPEPISEEE P hARHY TS ole
selected from the group consistipgQfiRMipathianelemaviebsmaihiazelesaminabaryetiagiazole and
aminoalkylthiazole; (i) an aminoindole represented by the formula: R36 H2N N 5 wherein R36
represents a hydrogen, an alkyl or an alkenyl group having from about 1 to about 14 carbon atoms; (j)
an aminopyrrole represegied byathanfpisnulale HhR3Gied byM@/thgiaN H wherein R37 represents a
divalent alkylene group having about 2 to ab[gut 6 carbon atoms and R38 represents a hydrogen, an
alkyl or an 15 alkenyl group having from about¥{ to_about 14 carbon atoms; (k) a ring substituted or
unsubstituted aniline, such as nitroaniline or mQacetanilide;

HoN

wherein Rjq represents a hydrogen, an alky! or an alkeny! group having

from about 1 to about 14 carbon atoms:

{H an aminopyrrole represented by the formula:
10
Ryg~1/ \\__~Rg;—NH,
L
B
H
wherein R37 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Ry represents a hydrogen, an alkyl or an
15 alkenyl group having from about 1 to about 14 carbon atoms;
(k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide;
20 (h an aminoquinoline;
(m)  anaminobenzimidazole;
(n) a N, N-dialkylphenylenediamine; and
25
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20 (1) an aminoquinoline; (m) an aminobenzimidazole; (n) a N, N-dia.lkylphenylenediamine; and 25
70 (0) a benzylamine. 4. The lubricating oil additive composition of claim 3, wherein the polyether
aromatic compound is derived from an aromatic amine having the following 5 formula R20 R18 / HN
R19 Rig is H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl radical having from
about 4 to about 24 carbéy ato#é%’ébéé’t@@éfrom alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R19 is
--NH2, --(NH(CH2) ").NI-12, - 10 NHalkyl, --NHaralkyl, --CH2 --aryl--NH2, in which n and m each have
a value from about 1 to about 10; and Rep is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl,

having from about'4 to abBEtSHEAIHEPRRIALTS CORPRIBHERSH G BIM AN BHSGMEASE Claim 3

wherein the polyether 133mMmaticsempRUEdds derineehionmthedalaming faimuyladBaYwiR32 L
R34 R3\\R 33 wherein L, is selected from -0-, -N=N-, NI |-, or-CH2NH; R30 and R31 independently

represent a hydrogen, allSiP4H1, alkaryl, aralkyl, 20 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO2 or,

-NR4 1 R42 wherein R41 and R42 are ind ntly hydrogen, Wyl, or alkaryl,
R’IS HN \ —/

Rig

R;g 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, aralky! or alkaryl; Ryg is --NHj, -~(NH(CH,) )imNE;, -

16 NHalkyl, --NHaralkyl, --CH, --aryl--NHo,, in which n and m each have a value
from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl, alkoxyl, araltkyl,

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

5. The lubricating oil additive composition of Claim 3 wherein the polyether

15 aromatic compound is derived from the following formula:

Rag — T Rap
\ /
N
2\ AN
31 3
wherein L is selected from —~O—, ~N=N-, -NH~, or ~-CH,NH;

Ripand Ry independently represent a hydrogen, alkyl, aryl, alkaryl, aratkyl,
20 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO, or, -NR4 Ry wherein Ryy and
R4y are independently hydrogen, alkyl, aryl, arylatkyl, or alkaryl;

R3; and Raj; independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about & carbon atoms, or -OH;

25
R34 represents —NH,, -NHR3s, wherein Ras is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, ~CH,-(CH3), —~NH, or ~CH;-

aryl-NHs and n is from 0 to about 10;
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R32 and R33 independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy group having
from about | to about 8 carbon atoms, or -OH; 25 R34 represents NH2, -NHR35, wherein R35 is an
alkyl or an alkenyl group having from about Ito about 8 carbon atoms, -CH2-(CH2)n -NJ 12 or -CH2-
aryl-NH2 and n is from 0 to about 10; 71 provided that when R34 is -NHR35 wherein R35 is an alkyl or
an alkenyl group having from about 1 to about 8 carbon atoms, then either L is -NH- or -CH2- NH-; or
R30 or R31 is OH or NR4fiievidadhixeinhah Raskodd il RehoriRdR §$ssrhptrpgersnor ReFIer®Re3 is OR
6. The lubricating oil additive.composition of Claim 4. wherein the ether aromatia £0 d is
derived from N-phenyl-l,i%‘ﬁ%%?gﬁle%ﬁ%%teq qu'}t %’ﬁ%%)u nnaég |n§)g(%{g/ﬁnaeq |ﬁ§§£)ﬁﬂ§ofsﬁ%%e§? Claim 5
wherein the polyether ardiiitjocRegpoBagissiiéivelltoi4 Whaiiophieaglaze aiRin®oR 4-is
phenylazoanili%e, 8. The Igb icating oikadgritﬁ/e £o Qosition of claim S, wherein the polyether 15
aromatic compound is derl\)'eaﬂﬁ’%nmoi-p noxyaniline. 9. The lubricating oil additive composition of
claim 2, wherein the ether compound (1) is a polyoxyalkylene diamine wherein each alkylene unit
individually contains from about.2.to about 5 carbon atoms. .20 10..The lubricating qil (i
composition of claim’9 Whggeelxu lec%ti%ffgyfiedr%g{l‘r/ﬁcﬁ%?‘)}) %Slo%/ne {;/6132}1181 S&rJ Vgi)}?/rperigg13}ci%e13;%ei:,i%lttrfl\rér(r?ixtures

thereof. 11. The lubricatingroihatditivegampizsiioival foy dhelafiylel predediign@Bactdinns wherein the
copolymer is copoiymer(i). 12. The lubricating oil additive composition of any one of claims 1 to 10
wherein the copolymer is copolymer(ii). '

10 7. The lubricating oil additive composition of Claim 5 wherein the polyether
aromatic compound is derived from 4-(4-nitrophenylazo)aniline or 4-
phenylazoaniline,

8. The lubricating oil additive composition of claim 5, wherein the polyether

15 aromatic compound is derived from 4-phenoxyaniline.

0. The lubricating oil additive composition of claim 2, wherein the ether

compound (1) is a polyoxyalkylene diamine wherein each alkylene unit

individually contains from about 2 to about 5 carbon atoms.

20
10.  The lubricating oil additive composition of claim 9 wherein the oxyalkylene
moiety is oxyethylene or oxypropylene, or mixtures thereof.
11. The lubricating oil additive composition of any one of the preceding
25 claims wherein the copolymer is copolymer(i).
12. The lubricating o1l additive composition of any one of claims 1 to 10
wherein the copolymer 18 copolymer(ii).
30 13.  The lubricating oil additive composition of claim 12 wherein copolymer (i) is

polyPIBSA, obtained by the free radical catalyzed reaction of maleic

anhydride and polyisobutylene.
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30 13. The lubricating oil additive composition of claim 12 wherein copolymer (ii) is polyPIBSA,
obtained by the free radical catalyzed reaction of maleic anhydride and polyisobutylene. 72 14. The
lubricating oil additive composition of any one of claims | to 10 wherein the copolymer is copolymer

e e uricatiid o S S CAMROSI AL AU MBI ING S R FATPRUAY '
selected from the group consisting of: an N-arylphenylenediamine represented by the formula:
R20 RIB/\HN R1s Rib isvHereNHaryhpolyHaikargbroharraiiched or straight chain 10 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, --NHalkyl, --NHaralkyl, --CH2 --aryl--NH2, in which n
and m each have a ¥alue fidmlabocating@badditioc anaR20ids biydebgehyhikginaiemyimalioxyl,
aralkyl, or alkaryl, having from 15 about.4 1o apout 24 carbon ato s.é) ) aminocarbazole represented
by the formula: NHZ R25/EO£§)£?I§I%V\; fé%e ttﬁf%% é‘f an“&c%l}fé%’éﬁ ?htly represent hydrogen or an

20 alkyl or alkenyl radical having from about 1 to about 14 carbon atoms, (c) an amino-indazolinone

represented by the formula(‘a¥3 0 an N-arylphenylenediamine represented by the formula:

e
el N @

Ryg is H, --NHaryl, --NHalkaryl, or a branched or straight chain

10 : hydrocarbyl radical having from about 4 to about 24 carbon atoms
selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R(2)9 is --
NHa, —(NH(CH3) y)mNH,, --NHalkyl, --NHaralkyl, --CHj --ary}--NH,,
in which n and m each have a value from about 1 to about 10; and Rap
1s hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from

15 about 4 to about 24 carbon atoms.

(b)  aminocarbazele represented by the formula:
\‘\
/ NN
\ o
R21/_/ /\ Ra2

N

|

H

in which Rz1 and Ry, each independently represent hydrogen or an

20 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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NH2 HN\\R23\N in which R23 is hydrogen or an alkyl radical having from about 1 to about 14
carbon atoms; and 5 (d) an aminomercaptotriazole represented by the formula: N NH2 SHf~N NH
(e) an aminoperimidine represented by the formula: NH2 ~ N N H R24 in which R24 represents
hydrogen or an alkyl radical having from about 10 1 to about 14 carbon atoms; (f) an

\ I~ R26 in which R25 is H, --NHaryl,
k4 to about 24 carbon atoms

\R26 is yE-IZ --(NH(CH2)n)m NH2, NHalkyl, or

--NHalkaryl, or branched or straight chain 1
that can be alkyl, 74 alkenyl, alkoxyl, aralkyl
bout 10; and R27 is hydrogen, alkyl,

alkenyl, alkoxyl, Ras

in which Ry is hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms; and

5 (d) an aminomercaptotriazole represented by the formula:

4T
N/N
/

H

(e) an aminoperimidine represented by the formula:

-y R24
in which R, represents hydrogen or an alky! radical having from about

10 I to about 14 carbon atoms;

) an aryloxyphenyleneamine represented by the formula:

Ras
in which R;s is H, --NHaryl, --NHalkaryl, or branched or straight chain

15 radical having from about 4 to about 24 carbon atoms that can be alkyl,
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aralkyl, or alkaryl, having from about 4 to about 24 carbon atoms; 5 (g) an aromatic amine comprising
two aromatic groups, linked by a group, L, represented by the following formula: R30 Y3 /H3z H34
R3'l YI-Y2 4 H33 wherein L is selected from -0-, -N=N-, -NH-, -CH2NH, -C(O)NR28-, - 10 C(O)O-,

-S02-, -S02NR29- or -SO2NH-, wherein R28 and R29 independently represent a hydrogen, an alkyl,
an alkenyl or an alkoxy group RakARY FAk R otiRl Y abatitavaisel atd é;'ﬁ&ﬁ&@' i@)la?:ilerli »Y2,Y3

and Y4 are independently N or CRirpivided - Nihatkyi and-i2 maynagh kath he aRa@andir31
independently represent a hydr%?gn, alkyl, ar lf alkaryl, aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH,
_NO2, -SO3H, - SO3Na, CO2H@PEA} fﬂé@b‘% [Ri8nd Ry wharasrRA1<3h 3 kay halksg hdependently

hydrogen, alkyl, aryl, arylalkyl, egslkardi RRZ-AnEaRag inslapeadenty sepresentabydregen, an alkyl,
an alkenyl or an alkoxy group having from about | to about 8 carbon atoms, -OH, - SO3H or -SO3Na;
25 R34 repreéents -NH2, -NHR35, wherein R35 is an alkyl or an alkenyl group having from about | to

about 8 carbon atoms, -GEi2-(ClithZaronidtie eifdt3rapyisMid 2vanst shiatfeorroQiq Bhlaut BY: 38ot, an
aminothiazole selected from the group con{;{i}%ﬂg‘fgﬁt{ninothiﬁazolel, _aminobenzothiazole,
aminobenzothiadiazole and amindSRRFAFLR: Bgtotiowing formula:

Y3

Rag \/: S /Rsz
S
Rat™  vi—, Y, Ras
wherein L is selected from ~O-, -N=N-, -NH-, -CH;NH, -C(O)NRy3-, -
10 C(0)O-, -SO5-, -SO;NR4- or ~SO;NH-, wherein Rayg and Rag
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

group having from about 1 to about 8 carbon atoms;

wherein each Y, Y2, Y3 and Yy are independently N or CH provided
15 that Y; and Y, may not both be N;

Rapand Rs, independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyi, -OH, -NO,, -SOzH, -
SO3Na, CO;H or salt thereof, -NR 4Ry wherein Ry, and Ry; are

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

Riz and Ra; independently represent a hydrogen, an alkyl, an alkenyl or
an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
SO;H or -SO3Na;

25
R4 represents —~NHa, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about I to about 8 carbon atoms, -CHp-(CHy)n —
NH; or —CHj-aryl-NH; and n is from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;
75



(i) an aminoindole represented by the formula: R36 H2N N wherein R36 represents a hydrogen, an
alkyl or an alkenyl group having 5 from about | to about 14 carbon atoms; (j) an aminopyrrole
represented by the formula: R33-.j\\, R37-NH2 N H wherein R37 represents a divalent alkylene
group having about 2 to 10 about 6 carbon atoms and R38 represents a hydrogen, an alkyl or an
alkenyl group having from about 1 to about 14 carbon atoms; (k) a ring substituted or unsubstituted
aniline, such as nitroanilige or 4;amipeaceianligesdadd byurRmipeauinoline; (m) an
aminobenzimidazole; 20 (n) a N, N-diaIkyIphenerEediamine; (o) a benzylamine; and (p) a benzyl
alcohol. 25 76 16. The lubricating oil additive compysition of claim 15 wherein the aromatic
compound is N-arylphenylenediamine. 17. The lubriegting:ajl additive composition of claim 16 wherein

the 5 N-arylphenylenediamine is N-phenylp!_rlu?\]nyl w ¢ lubricating oil additive
SN

composition of claim 17 wherein the N-
wherein Rsg represents a hydrogen, an alkyl or an alkenyl group having

5 from about 1 to about 14 carbon atoms;

{H an aminopyrrole represented by the formula:

Rss\l!/ \)/§ Ra7——NH,
|

H

wherein R37 represents a divalent alkylene group having about 2 to
10 about 6 carbon atoms and Rag represents a hydrogen, an alkyl or an

alkenyl group having from about 1 to about 14 carbon atoms;

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

aminoacetanilide;
15
H an aminoquinoline;
{(m) an aminobenzimidazole;
20 (n)  aN, N-dialkylphenylenediamine;
{0) a benzylamine; and
(p) a benzyl alcohol.
25
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phenylphenylenediamine is N-phenyl-1,4-phenylenediamine. 10 19. The lubricating oil additive
composition of claim 15, wherein the aromatic compound is an aromatic amine having the following
formula /R20 Rt8 /\ HN R19 Rib is 11, --NHaryl, -NHalkaryl, or a branched or straight chain
hydrocarbyl radical having from about 4 to about 24 carbon atoms selected from alkyl, 15 alkenyl,
alkoxyl, aralkyl or alkéryl; %ﬁ@e@mmmgqm priditiey epmpestionnedglrin LnhgsesaAhe ppaligry|--NH2,
in which n and m each havg,ayalug i{rem:heh iR AkeMh A%, and R20 is hydrogen, alkyl, alkenyl,
alkoxyl, aralkyl, or alkaryl, having from about 4 to about 24 carbon atoms. 20. The lubricating oil
additive composition of any one of claims | to 11 20 wherein compound (i)(b) of copolymer (i) is

polyisobutene havinga NUMREHRVERISINAIEEURA Viaightilibn Of dam aAuHedg tReabout 5000. 21

The lubricating oil additive composition of claim 20 wherein the number 25 average molecular weight
(M,,) is from abdut 500 to iy pbeny!enedrainmisditihy e plrnylrachiamsition of claim 21 wherein
the number average molecular weight (M") is from about 1000 to about 2500. 77 23. The lubricating

oil additive of any one of the preceding claims wherein (i)(a) is a dicarboxylic acid, anhydride or ester
thereof. 24. The lubrichting Hiedubrisadmpibaiditbrr soamppsitionehétaim A DhesmiBRMNS anhydride or

ester thereof. 25. The lubricafingioi-AJddifve FRMPASIIPRATAY QPRAl IR BIEaRAING Claims wherein

“the'monoolefin of (i)(c) is a1-olefin. 10 26. The lubricating oll additive composition of claim 2 wherein
the at least one

10 19.  The lubricating oil additive composition of claim 15, wherein the aromatic

compound is an aromatic amine having the following formula

N
N\ @

Ryg
Rygis H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl
radical having from about 4 to about 24 carbon atoms selected from alkyl,
15 alkenyl, alkoxyl, aralkyl or alkaryl; Ry is ~-NH,, -(NH(CH,) n)uNH, -~
NHalkyl, ~~NHaralkyl, --CHs, --aryl--NHj3, in which n and m each have a value
from about 1 to about 10; and R,y is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

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

20. The lubricating oil additive composition of any one of claims 1 to 11 |
20 L . o
wherein compound (i)(b) of copolymer (i) is polyisobutene having a h
number average molecular weight (M;) of from about 112 to about

5000.

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

25 average molecular weight (M,) is from about 500 to about 3000,

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

average molecular weight (M,) is from about 1000 to about 2500.
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aliphatic compound (3) capable of being reacted with one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof is N- aminopropylmorpholine or
1,3-dimethylaminopropylamine. 15 27. A lubricating oil composition comprising a major amount of an
oil of lubricating visgasity a"f'ﬂe%’ﬂl@@itﬁi@ﬂ%ﬁﬂ% B1onSAtRg SikRdditiveacRrepgsition.prgpared by
the process which comprises reacting (A) at least one of the following copolymers: 20 (i) a copolymer
obtained by free radical cod&%@r_& Hé 81‘%%%@%%%@&&%‘? tagrapieast one
monoethylenically unsaturated C3-C28 25 monocarboxylic acid or ester thereof, or C4-C28
dicarboxylic acid, anhydride or ester thereof; (b) at least one I-olefin comprising about 2 to 40 carbon

atoms or at least on@4olyoldimntelivpliging aboitv gt stidcafbtiminsiaad hdyind erielsiinal
copolymerizable_group in the form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof;
and 78 (c) at leat one moﬁ&gyésﬁ}‘ﬁ&?heﬁ&% fch 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 hyds, aging, giallylamife, SiAke R ARsMIek AP bRswistiutedcandy.

containing from about 1 to about
claims wherein the monoolefin of (i)(c) is a 1-olefin.

10 26.  The lubricating oil additive composition of claim 2 wherein the at least one
aliphatic compound (3) capable of being reacted with one monocarboxylic
acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof is N-

aminopropylmorpholine or 1,3-dimethylaminopropylamine.
15 27. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive

composition prepared by the process which comprises reacting

(A)  atleast one of the following copolymers:

20
(1 a copolymer obtained by free radical copolymerization of
components comprising:
(a) at least one monoethylenically unsaturated Cs3-Cog
25 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 at least one polyolefin comprising about 4 to
30 360 carbon atoms and having a terminal

copolymerizable group in the form of a vinyl,
vinylidene or atkyl vinylidene group or mixtures
thercof; and
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10 atoms; (2) an alkyl amine and an N-alkylamide of a monoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about 10 15 carbon atoms where the alkyl substituent contains
from about 1 to about 40 carbon atoms; (3) an N-vinylcarboxamide of carboxylic acids of from about |
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 25 40 carbon atoms or at least one polyolefin

comprising about 4 to about 360 carbeg ateingaanhbadneAdesenaearpimalizable group in the
form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof, provided that the olefin 30

employed is not the same as the olefin emRRRIMAT P Fothitha RoPBIYAIEPHRAIEI By ARdgting

compound (i)(a) and compound(i)(b) in thesprasemnea pf ddreeupdicaliimtiatar; (i) 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 withthe nognfegie/iadisaleriabirbshr edatiaRpraducthobre

compound (i)(a) and compound (i)(b) or (i)(c); with ) ) X )
the alkyl group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing from about 1 to about 40 carbon

10 atoms;

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

from about 1 to about 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids of
from about 1 to about 8 carbon atoms;
20
(4) an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5)  atleast one l-olefin comprising about 2 to
25 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms
and having a terminal copolymerizable group in
the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin

30 employed is not the same as the olefin employed

in (i)(b);
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10 (B) at least one polyether aromatic compound capable of being reacted with at least two
monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids, anhydrides or esters
thereof, or mixtures thereof. 15 28. The lubricating oil composition of Claim 27, wherein copolymer (i),
(ii) or (iii) is reacted with at least one polyether aromatic compound and additionally with (1) at least

one polyether aliphatic compoufit} or (2Fertbaseiopldasnsditiecassing semacmddblebiking reacted
with at least one monocarboxylic acid Q,20\estehPeieale %égwpgfxlipe@qgjﬁ@é]@{g@@@r;or ester

thereof, or (3) at least one aliphatic compound capable of being reacted with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof, or mixtures of

(1), (2) or (3). 25 29. The lubricgting campRsiting 9bGlakn 87 (WheraindReRebeines@samatic

compound is derived from an aromatic amine ha\_/ing the following formula (a) an
N-arylphenylehediamine represented BYREYBHHNR RAD(R 18 HNRTY sralg®ayzedHaryl,

-NHalkaryl, or a branched or straight chaifcRydreearRykrreicpLAFMNEdFeoaRepb B ie:ARW 24
carbon atoms selected from alkyl, alkenyl, alkongI} aralkyl or alll?g?d ; R19 Is --NH2, - -(N%%CHZ)

"MNH2, --NHalkyl, --NHaralkyl, --CH2LOHRxAT- OB AGHR S RERI AT RaRRlERe (e #6m about 1

to about 10; and R20 is hydrogen, alkyhpianyhesaxitbearaliod efasary kehaving fameaiout 4 to

about 24 carbon atoms. ) ) ) )
compound (i)(a) and compound (i)(b) or (i)(c); with

10
(B)  at least one polyether aromatic compound capable of being reacted
with at least two monocarboxylic acids or esters thereof, or with at
least two dicarboxylic acids, anhydrides or esters thereof, or mixtures
thereof.
15
28.  The lubricating oil composition of Claim 27, wherein copolymer (i), (it) or
(i) is reacted with at least one polyether aromatic compound and additionally
with (1) at least one polyether aliphatic compound or (2) at least one aromatic
compound capable of being reacted with at least one monocarboxylic acid or
20 ester thereof, or dicarboxylic acid, anhydride or ester thereof, or (3) at least
one aliphatic compound capable of being reacted with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof, or mixtures of (1), (2) or (3).

25 29, The lubricating composition of Claim 27, wherein the polyether aromatic

compound is derived from an aromatic amine having the following formula

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

e
el @

Rig

20



(b) aminocarbazole represented by the formula: AJ NH2 R21(R22 N1 10 H in which R21 and R22
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: 0 NH2 HN R23 IN 15 in which
R23 is hydrogen or an alkyl radical having from about 1 to about 14 carbon atoms; and 81 (d) an

aminomercaptotriazole represeRtédSty: e R HRERRS: SEe/engher @y strighisBp8rimidine
represented by the formula: NHigZdMkartNHd43241 having from about 4 to about 24 carbon atoms

selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; Rg is --NH3, -
-(NH(CH?) n)mNHa, --NHalkyl, --NHaralkyl, --CH; --aryl--NH,, in

5 which n and m each have a value from about 1 1o about 10; and Rap is
hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from

about 4 to about 24 carbon atoms.

(b} aminocarbazole represented by the formula:

\ \\/ NH
L7

N

10 H
in which Ry; and Ry, each independently represent hydrogen or an

alkyl or alkenyl radical having tfrom about 1 to about 14 carbon atoms,

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

O T
_\_—NH,

\
N, ®

|

15 H

in which Ra3 is hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms; and

81



5 in which R24 represents hydrogen or an alkyl radical having from about | to about 14 carbon atoms;
(f) an aryloxyphenyleneamine represented by the formula: / Rzr R25 Res 10 in which R25 is H,
--NHaryl, -Nllalkaryl, 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 --NHz, --(NH(CH2)" )," NH2,
--NHalkyl, or --NHaralky(%h whith#RRsensiertdiinzole Sparsenieshyabs dei4bout 10; and R27 is
hydrogen, alkyl, alkenyl, alkoxyl, 15 aralkyl, or alkaryl, ing fromabout 4 to about 24 carbon atoms;
provided that when R25 is hydrogen or a branched '
about 24 carbon atoms selected from alkyl, alken
or -- (NH(CH2)"),"NH2, -CI12-(CI-12), -NH2, &f ™ 2 (g) an aromatic amine comprising
two aromatic groups, linked by a group, L, represented by the! following formula: R30 V/-Y3 R32 C\ ~
~R34 ~/ R31Y1-Y2 Yq R33 5 wherein L is selected 0 =, -N=N-, -NH-, -CH2NII, -C(O)NR28-, -
C(0)0O-, -SO2-, -SO2NR29- or -SO2NH-, wherein R28/and R29 independently represent a hydrogen,
an alkyl, an alkenyl or an alkoxy group having from at{out | to about 8 carbon atoms;

(e} an aminoperimidine represented by the formula:

N NH
—— Ry
5 in which Ry, represents hydrogen or an alkyl radical having from about
1 to about 14 carbon atoms;
H an aryloxyphenyleneamine represented by the formula:
/ \ — /sz
o \ /
R25/ sl l
Roe
10 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,
atkenyl, alkoxyl, aralkyl or alkaryl; Rag is --NH,, --(NH{CHz)n)m NH>,
--NHalkyl, or --NHaralkyl, in which n and m ecach have a value from
about 1 to about 10; and Ry, 1s hydrogen, alkyl, alkenyl, alkoxyl,

15 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 about4 to about 24 carbon atoms selected from
alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Ry must be NH; or --
(NH{CH),)mNH3, ~CHy-(CHay), ~NHo, or -CHy-aryl-NH,.
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10 wherein each Y1, Y2, Y3 and Y4 are independently N or CH provided that Y1 and Y2 may not both
be N; R30 and R31 independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl, alkoxy,
hydroxyalkyl, aminoalkyl, -OFT, -NO2, -SO3H, 15 SO3Na, CO2H or salt thereof, -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 alkoxy group having from about 1 to about 8 carbon
atoms, -OH, - 20 SO3H @r)-SOahNapR34cepriesantsididiy g NFRBnsvlearsiniR Imiscd balkyt@man
alkenyl group having from aboEtéL@t(g gbo}g&% Cﬁlrg? g;[z%qs’ -CH é(CHZ)" - NH2 or -CH2-aryl-NH2
and n is from 0 to about 10; 25 p’rO\})lcFeant Stwhen RIS %\ﬁﬁiﬁ% wherein R35 is an alkyl or an
alkenyl group having from about 1 to dtso 8/6%H3atoms, then ei , 'S/-Pxﬁlbeor-CHZ-NH-; or R30
or R31 is OH or NR41R42 wherein at least/One of R41 or R42 is hydrogen; {r R32 or R33 is 011 30
83 (h) an aminothiazole selected from the giup congisting of amingthiazolg/ amir%lﬁenzohiazole,
aminobenzothiadiazole and aminoalkygth zo‘@;_@l aminoindole repres l\ﬁquy the formula: Ras
H2N N 5 wherein R36 represents a hydrogen,'an alkyl or an alkenyl group ﬁavir?g from about | to
about 14 carfon atoms; wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C{O)NRys-, -

C(0)O-, -S0,-, -SO;NR9- or —SO;NH-, wherein Ryg and Ry

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

group having from about 1 to about § carbon atoms;

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

Rioand R, independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -

i5 SO3Na, CO,H or salt thereof, -NRy4; R4y wherein Ryy and Ry, are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R32 and Ri; independently represent a hydrogen, an alkyl, an alkenyl or
an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
20 SO5H or -SO3Na;

R34 represents —NHs, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8§ carbon atoms, -CH,-(CHy), —

NH; or —CH;-aryl-NH; and n is from 0 to about 10;

25
provided that when R34 1s -NHR35 wherein Ras is an alkyl or an
alkenyl group having from about 1 to about 8 carbon atoms, then either
I.is =NH- or —CH,-NH-; or Rz or Ra; is OH or -NR4;R 4, wherein at
least one of Ryy or Ry is hydrogen; or Ra; or Rss is OH.

30
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(1) an aminopyrrole represented by the formula: R38\~/\, ,~,.1 R37-NHZ N 10 H wherein R37
represents a divalent alkylene group having about 2 to about 6 carbon atoms and R33 represents a
hydrogen, an alkyl or an alkenyl group having from about 1 to about 14 carbon atoms; 15 (k) a ring
substituted or unsubstituted aniline, such as nitroaniline or 4- aminoacetanilide; (1) an aminoquinoline;
20 (m) an aminobenzimiff¥zole 2pnznethranasalssiss feradhmsmaeraeasiving BEARIRHIECES 84 30.
The lubricating oil composition gf¢laikRZ3ARNIeIRIERIYEINEAOBIAUAICRRROURA IRislesved from
an aromatic amine having the following formula R20 R18 /\ HN Rig R18 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, alkgxyia{aikybRr raisatyhiEl8yisie WidintNH(CH2) *),nNH2, -- NHalkyl,
--NHaralkyl, --CH2 --aryl--NHZ2, in which n angd in each have a value from about | to about 10; and R20
is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or“8lkaryl, having from about 4 to about 24 carbon atoms.
10 31. The lubricating oil composition of Clai?;v rein the polyether aromatic

HoN

wherein Rjg represents a hydrogen, an alkyl or an alkenyl group having

from about 1 to about 14 carbon atoms;

) an aminopyrrole represented by the formula:

R38\"/ \‘/\ Ra7=—NH,

{3

10 H
wherein R37 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rag represents a hydrogen, an alkyl or an

alkeny! group having from about 1 to about 14 carbon atoms;

15 (k)  aring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide;
)] an aminoquinoline;
20 (m)  an aminobenzimidazole,

(n)  aN, N-dialkylphenylencdiamine; and

(0) a benzylamine.
25
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compound is derived from the following formula: R30\ R32 (\L /R34 R31/A\ R33 wherein L is selected
from -0-, -N=N-, -NH-, or -CH2NH; 15 R30 and R31 independently represent a hydrogen, alkyl, aryl,
alkaryl, aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, or, -NR4 | R42 wherein Rai and R42 are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl; 20 R32 and R33 independently represent a
hydrogen, an alky}%an alkbaicatinaikbygressinavihg #iom Abehartito beelystearBerntéms, or
-OH; R34 represents - NiggNHRI S MIEIf0:R 3R Iecanaloh2s2nalienl sauRing itmigm about 1
to about 8 carbon atoms, -C£|2-(CH2)" -NI12 or --CH2- 25 aryl-NH2 and n is from 0 to about 10;
provided that when R34 is -NHR35 Where s an alkyl or an a é'ﬁi/"l"g/mg
about 8 carbon atoms, then eithey L is -NH- or -CHZ- 85 Nl 0orR3
wherein at least one of R41 or R47 is hygrogen; of R32 or R33 is\QR 32.
composition of Claim 30 wherein the polyetherarOmatic 5 compound.i rived from
N-phenyl-l,4-phenylenediamine. 33. The lubricating oil composition of Glaim 31 wherein the polyether
aromatic compound is derived from 4-(4-nitrophenylazo)aniline or 4-pteaylazoaniline. 10 34. The

lubricating oil compositiop, of GiaimBih. Whatein tae Ry s hanarematia-semrauRtHRdesiyep from

4-phenoxyaniline. 35. The lubricating oil composition of arr%/ one of claims 28 to 34 wherein the
polyether aliphatic comp&ifiett 1§1&ng FORoBatkeiEhabatdmherrpanpirsisedsttriamen init
individually contains fromaBeut Ae-3PohRY! or alkaryl; Ryo is --NHy, --(NH(CH;) n)mNHa, -

NHalkyl, ~-NHaralkyl, --CH; --aryl--INHa, in which n and m each have a value

?having from about | to
is OH or NR41R42
e lubricating oil

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
31.  The hubricating oil composition of Claim 29 wherein the polyether aromatic
compound is derived from the following formula:
R30\< = /:\ \ Raz
\ L />— Ras
YRS
3 33
wherein L is selected from —~O—, -N=N-, ~-NH~-, or ~CH;NH;
15
Rjpand Ry independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
alkoxy, hydroxyalkyl, aminoalkyl, -OH, or, -NR4R4; wherein R4y and Rap are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;
20 R3; and Ry; independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having {rom about | to about 8 carbon atoms, or -OH;
Rag represents —-NH,, -NHR 35, wherein Ras is an alkyl or an atkenyl group
having from about 1 to about 8 carbon atoms, -CH,-(CH,),, -NH; or ~CH,-
25 aryl-NH; and n is from 0 to about 10; 7

provided that when R4 is =NHRss wherein Rys is an alkyl or an alkenyl group

having from about 1 to about 8 carbon atoms, then either L is ~NH- or —CH;3-
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carbon atoms. 36. The lubricating oil composition of claim 35 wherein the oxyalkylene moiety is
oxyethylene or oxypropylene, or mixtures thereof. 20 37. The lubricating oil composition of any one of
claims 27 to 36 wherein the copolymer is copolymer (i). 38. The lubricating oil composition of any one

of claims 27 to 36 wherein, the copolymer is_capolym (iikﬁ%S 9. The lubricating il composition of
claim 38 wherein copolymé\r{ RS %&%&E@é@gﬁ?ﬁ;@gﬂy STreE T4 iiggftc%?glcﬁégﬁ‘r%%c h of maleic
anhydride and polyisobutyleyire 846 Rhetdbyicatiid oil composition of any one of claims 27 to 36
wherein the copolymer is copolymer (iii). 86 41. The lubricating oil composition of claim 28 wherein

the aromatic compound is selected from the group consisting of: (a) an N-arylphenylenediamine
represented by the foaemulaiiRbbrRiging bINcER1O1tRIS fS(HhimN D fathekeinNhtatkdyyther &dratiched or

straight chain hydrocarbyl radical having from.aboyt 4 to %f?’ uf 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl,%ralkyl or eﬁﬁ‘é‘&‘f;“&‘?ﬁ%%@‘}é’e—aﬁ N 2 ﬂz‘g"i,f’ﬁﬂﬁ‘,“%ﬁ%’?ﬁyL —-NI-laralkyl, --CH2
--aryl--NH2, 10 in which n and m each have a value from about 1 to about 10; and R20 is hydrogen,
allyl, alkeny, alkoxyl prallyh or akan naving om; APSHE % 30U A4 LIRS Bhatic
aminocarbazole represented by the Torimula:

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

16 34, The lubricating oil composition of Claim 31, wherein the polyether aromatic

compound is derived from 4-phenoxyaniline.

35. The lubricating oil composition of any one of claims 28 to 34 wherein
the polyether aliphatic compound (1) is a polyoxyalkylene diamine

wherein each alkylene unit individually contains from about 2 to about 5

15
carbon atoms.
36.  The lubricating oil composition of claim 35 wherein the oxyalkylene moiety is
oxyethylene or oxypropylene, or mixtures thereof.
20 37. The lubricating oil composition of any one of claims 27 to 36 wherein
the copolymer is copolymer ().
38, The tubricating oil composition of any one of claims 27 to 36 wherein
the copolymer is copolymer (i1).
25
39.  The lubricating oil composition of claim 38 wherein copolymer (i) is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene,
30 40, The lubricating oil composition of any one of claims 27 to 36 wherein

the copolymer 1s copolymer (iii).
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NH2 R2t/".. R22 N 15 in which R21 and R22 each independently represent hydrogen or an alkyl or
alkenyl radical having from about | to about 14 carbon atoms, (c) an amino-indazolinone represented
by the formula: 87 0/ NH2 HN R23 N in which R23 is hydrogen or an alkyl radical having from about |
to about 14 carbon atoms; and 5 (d) an aminomercaptotriazole represented by the formula: N NH2

SH/N N H (e) af hmindperiidnaEne pibeanragiBonod sEimAs WRegeinye e ARG FS R24

represents hydrogen or 3 alku f@@%kk@g{?&g@mﬁw; 10 1 to about 14 carbon atoms; (f) an
aryloxyphenyleneamine represented by the formula:

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

g
/m\ " @

5 . Rig
Rigis 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)5 is -~
NHy, --(NH(CH;) ;)mNH3, --NHalkyl, --NHaralkyl, --CH; --aryl--NH,,

10 in which n and m each have a value from about 1 to about 10; and Rjg
is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from

about 4 to about 24 carbon atoms.

() aminocarbazole represented by the formula:
\-"'-..
/ \ N
\
/ /\Rzz

|

in which R and Ry; cach independently represent hydrogen or an

15

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

© an amino-indazolinone represented by the formula:
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R27 R25~ Res in which R25 is H, --NHaryl, --NHalkaryl, or branched or straight chain 15 radical
having from about 4 to about 24 carbon atoms that can be alkyl, 88 alkenyl, alkoxyl, aralkyl or alkaryl;
R26 is --NH2, --(NH(Cl12)n)m NH2, --NHalkyl, or --NHaralkyl, in which n and m each have a value
from about 1 to about 10; and R27 is hydrogen aIkyI al - l, alkoxyl aralkyl, or alkaryl, having from
about 4 to about 24 carbon atoms; 5 (g) ar two aromatic groups, linked by
a group, L, represented by the foIIowrng form 31 Y1-Y2 Ya R33 wherein L is

wherein R29 and R29 mdependently repres
having from about 1 to about 8 carbon atohfds YA, Yi?2Y3 and Y4 are independently N or
ClI-I provided 15 that Y1 and Y2 may not both b&yX; Rao and R31 independently represent a
hydrogen, alkyl, aryl, alkaryl, aralkyl, alkoxy, hydrioxyalkyl, aminoalkyl, -OH, -NO2, -SO3H, - SO3Na,
CO2H or salt thereof, -NR4 1R42 wherein R41 amd R42 are 20 independently hydrogen, alkyl, aryl,

arylalkyl, or alkaryl; R32 and R33 {psenendenthirepeaseirpalivdraanni amvalsyian Alkenyker an

alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
about 14 carbon atoms; and

5 {d) an aminomercaptotriazole represented by the formula:
N

H

(&) an aminoperimidine represented by the formula:

NH»

N/ NH

\
- R24

F

in which Ry represents hydrogen or an alkyl radical having from about

10 1 to about 14 carbon atoms;
() an aryloxyphenyleneamine represented by the formula:
st

in which Rjs is H, --NHaryl, --NHalkaryl, or branched or straight chain

I5 radical having from about 4 to about 24 carbon atoms that can be alkyl,
88



SO3H or -SO3Na; 25 R34 represents -NH2, -NHR35, wherein R35 is an alkyl or an alkenyl group
having from about | to about 8 carbon atoms, -C1-12-(CH2)" - NH2 or-CH2-aryl-NH2 and n is from O to
about 10; 30 (h) an aminothiazole selected from the group consisting of aminothiazole,
aminobenzothiazolc, aminobenzothiadiazole and aminoalkylthiazole; 89 (i) an aminoindole

represented by the formula: R38N Mkexilnarelisy ReeHepindsBntd o HyHro géN IR Hiidykot Her alkenyl

group having from about 1 to abqy, 14 casborateme; (A0 BeiRCRTAe JaPraseated Ryihs formula:
R38~,~1r R37-NH2 N H 10 wherein R37 represents a divalent alkylene group having about 2 to

about 6 carbon atoms and Ras¥eptebénabathydisgeReasdmgrescanalike sl giduptiiihg from about

1 to about 14 carbon atoms; (Kha iRy sHbAtMedLiMnEubRsiksedianilinsusHeRASALRARNIINe or 4- 15
aminoacetanilide; (1) an aminoquinoline; (m) an aminobenzimidazole; 20 (n) a N,

N-dialkylpheni/lenediamine; (o) a benzylamine; and 4
(g} an aromatic amine comprising two aromatic groups, linked by a group,

L, represented by the following formula:

Rgg \/:Y3 [ — / R32
<\ >_"‘_!_ />"‘“‘R34
Rat”  v,—, Yy Rag
wherein L is selected from —O-, -N=N-, -NH-, -CH,NH, -C{(O)NR -, -
10 C(O)O-, -50,-, -SO;NR26- or ~SO»NH-, wherein Ryg and Rag

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

group having from about 1 to about § carbon atoms;

wherein each Y1, Y2, Y3 and Y4 are independently N or CH provided
15 that Y, and Y, may not both be N;

Rigand Rsj independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -
SO;3Na, CO;H or salt thereof, -NR4 Ry wherein Ry and Ry; are

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

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

SOsH or -S0O3Na;

25
Rzsrepresents —NHz, -NHR3s, wherein Ris is an alkyl or an alkeny!
group having from about 1 to about 8 carbon atoms, -CHz-(CHy), —
NH; or -CHj-~aryl-NH; and n is from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;
89



25 (p) a benzyl alcohol. 90 42. The lubricating oil composition of claim 41 wherein the aromatic amine
is N- arylphenylenediamine. 5 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. 10 45. The lubricating oll
composition of claim 41 wherein the aromatic amine is phenoxyaniline, 4-(4-nitrophenylazo)aniline or
4-phenylazoaniline, 4- benzoylamine-2,5-dimethoxyaniline, N-(4-aminophenyl) acetamide or 3-
nitroaniline. 15 46. The lubricating oil composition of any one of claims 27 to 45 wherein compound
(i)(b) of copolymer (i) is FBlyisobRAEHEHEFHE %Wﬁ?ﬁ’é@fy bydhsdarmBlecular weight (M") of from about
112 to about 5000. 20 47. The lubricating oilfRegmposition of claim 46 wherein the number average
molecular weight (M") is from about 500 to aboyt-3Q00. 48. The lubricating oil composition of claim 47
wherein the number average molecular weig atout 1000 to about 2500. 25 49. The
lubricating oil composition of any one bfiglatms i l ()(a) is a dicarboxylic acid, anhydride
or ester thereof. 50. The lubricating oil comp ¥herein (i)(a) is maleic anhydride 30 or
ester thereof. 51. The lubricating oil composition~efany ongyt claims 27 to 50 wherein the
monooelefin of (i)(c) is a 1-olefin. l

H

5 wherein R34 represents a hydrogen, an alkyl or an alkenyl group having

from about 1 to about 14 carbon atoms;

) an aminopyrrole represented by the formula:

Rgg\}/ \"_/\R37"‘""'"NH2

(J

H
10 wherein Rj; represents a divalent alkylene group having about 2 to

about 6 carbon atoms and Rag represents a hydrogen, an alkyl or an

alkeny! group having from about 1 to about 14 carbon atoms;

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

15 aminoacetanilide;
) an aminoquinoline;

(m)  an aminobenzimidazole;

20
(n) a N, N-dialkylphenylenediamine;
(0)  abenzylamine; and

25 (p) a benzyl alcohol.

90



91 52. The lubricating oil composition of claim 28 wherein the at least one aliphatic compound (3)
capable of being reacted with one monocarboxylic acid or ester thereof, or dicarboxylic acid,
anhydride or ester thereof is N 5 aminopropylmorpholine or 1,3-dimethylaminopropylamine. 53. A
method of making a lubricating oil additive composition which comprises reacting 10 (A) at least one
of the following copolymers: (i) a copolymer obtained by free radical copolymerization of components
comprising: 15 (a) dtdeast drdubiemsig pid srappiisawh sleindl-chacindhpamalyirmaesdolester
thereof, or a C4-C28 dica%ﬁ@ﬁﬁ%dmgride or ester thereof; (b) at least one 1-olefin comprising
about 2 to 40 carbon 20 atoms or at least one polyolefin comprising about 4 to 360 carbon atoms and
having a terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene group or

mixtures thereaf; and 25 (¢} 21 |6ASLANE JRBRNGHR SORRIMAYRIER S nGRROlymerizable with the
monomers of (a) and (b) and is selected from the gro;gﬂ%ggs}i;tin%c‘)f. 30 (1) an alkyl vinyl ether and
prgal

an alkyl alkyl ether where YhérslRbeayrmsdampaeosy- &HARBISF alkoxy substituted or is
92 unsubstituted, and containing from about 1 to

44,  The lubricating oil composition of claim 43 wherein the N-
phenylphenylenediamine is N-phenyl-1,4-phenylenediamine.
10 7
45.  The lubricating oil composition of claim 41 wherein the aromatic amine is
phenoxyaniline, 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline, 4-
benzoylamine-2,5-dimethoxyaniline, N-(4-aminophenyl) acetamide or 3-
nitroaniline.

15
40, The lubricating oil composition of any one of claims 27 to 45 wherein

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

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

20 47, The lubricating oil composition of claim 46 wherein the number average

molecular weight (M,) is from about 500 to about 3000.

48.  The lubricating oil composition of claim 47 wherein the number average
molecular weight (My) 1s from about 1000 to about 2500.
25

49. The lubricating oil composition of any one of claims 27 to 45 wherein

(i}a) is a dicarboxylic acid, anhydride or ester thereof.

50.  The lubricating oil composition of claim 49 wherein (i)(a) is maleic anhydride

30 or ester thereof.

51. The lubricating oil composition of any one of claims 27 to 50 wherein |
the monooelefin of (i)(c) is a 1-oletin.
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about 40 carbon atoms; (2) an alkyl amine and an N-alkylamide of a 5 monoethylenically unsaturated
mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where the alkyl substituent
contains from about | to about 40 carbon atoms; 10 (3) an N-vinylcarboxamide of carboxylic acids of
from about | to about 8 carbon atoms; (4) an N-vinyl substituted nitrogen-containing heterocyclic
compound; and 15 (5) at least one 1-olefin comprising about 2 to 40 carbon atoms or at least one

polyolefin compriging abl%tlﬂﬁﬂ_c%{%%g'bﬁ%&%&ﬁﬁbﬁm%ﬁﬂﬁmH&&ﬁt%Hii%&?@ﬂ@hﬁpﬁﬁi@b|e

group in 20 the form of a vinyl, vinylidene or alk?% vinylidene group or mixtures thereof, provided that

the olefin employed is NGPABSAME hermblopisBmisRiied WD PBF. PSTARPEPESYBR MK Obtalffed by

reacting compound (i)(a):ghe,campesBaiiR) in themrrrancs-etafigeradical initiator; (iii) a
copolymer obtained by (a) reacting compound (i) a% with compound (i)(b) or. (i)(c) in a non-free radical
catalyzed 30 feaction in tHETHESERBBBPRIF NS ([ BICEB B MRPTANYR"BEh; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical catalyzed reaction product of
compound (i)(a) and comffound N(b) or ()(c); with 93 o o . X

53. method of making a lubricating oil additive composition which comprises

reacting
10 (A)  atleast one of the following copolymers:

() a copolymer obtained by free radical copolymerization of

components comprising:

15 (a) at least one monoethylenically unsaturated C3-Cog
monocarboxylic acid or ester thereof, or a Cy4-Cyg

dicarboxylic acid, anhydride or ester thereof;

(b) at least one 1-olefin comprising about 2 to 40 carbon
20 atoms or at Ieast 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
25
() at least one monoolefin compound which 1s
copolymerizable with the monomers of (a) and (b) and

is selected from the group consisting of:
30 (1) analky!l vinyl ether and an allyl alkyl ether

where the alkyl group is hydroxyl, amino,

dialkylamino or alkoxy substituted or is
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(B) at least one polyether aromatic compound capable of being reacted with at least two
monocarboxylic acids or esters thereof, or dicarboxylic acids, anhydrides or esters thereof. 5 54. The
method of making the lubricating oil additive composition of claim 53, wherein copolymer (i), (ii) or (iii)
is reacted with at least one polyether aromatic amine compound and additionally with (1) at least one
polyether amino compound (2) at least one aromafi®ESFHYtR BermRBityTaied 1 with one
monocarboxylic acid or ester thereof, or dicarboxyligiagich @ehwdridesas.ester thereof, (3) at least one
aliphatic compound capable of being reacted with one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof, or (1), (2) and (3). 15 55. A method of improving soot

dispersancy or sludge dispersancy or both ir(W intarRadAQmbuUSiion SNglaRyYhiehlcomprises
operating the engine with the lubricating oil composition comprising a major amount of oil of

lubricating viScosity and an effective amount of the RANREH MG LH YRR HRHBRBNOf claim 1. 20

56. The lubricating oil additive composition of Claimdg:yybexsiicthepsematicatminadsabout 10
4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl) acetami(yehé5 g?. The Jubricating oil
additive composition of Claim 3 wherein the at least8HEHERBEHEREFdRTHEEoplintits derived from

3-nitroaniline. 58. The lubricating oil composition of &Jgiging Jruthakin the aMEIT Q@IHEE d6drs;
benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl) acetamide. 30 59. The lubricating oll
composition of Claim 29 wherein the at least one polyether aromatic compound is derived

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

from about 1 to about 8 carbon atoms;

(4 an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

I5
(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
20 the form of a vinyl, vinylidene or alky!
vinylidene group or mixtures thereof, provided
that the olefin employed is not the same as the
olefin employed in (i)(b);
25 (ii1)  a copolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical initiator;
(iit)  acopolymer obtained by (a) reacting compound (i}(a) with
compound (1)b) or (i)}(c) in a non-free radical catalyzed
30 reaction in the presence of copolymer (i) or copolymer (i) or

both; or by (b) contacting copolymer (i) or copolymer (i1) or
both with the non-free radical catalyzed reaction product of
compound (i)(a) and compound (i)(b) or (i)(¢); with
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94 60. The lubricating oil additive composition of claim 15 wherein the aromatic amine is
phenoxyaniline, 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline. 61. The lubricating oil additive
composition of Claim 3 wherein the polyether 5 aromatic compound is derived from the following
formula: R30\.VVJ RRn /L\~/ R34 R3 Z wherein L is selected from -0-, -N=N-, -NH-, or -CH2NH,;
R30 and R31 independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl, 10 alkoxy, hydroxyalkyl,
aminoalkyl, -OH, NO2 oriBNR4 R vbes i RekandniRde arepodenensiantyfidnegenciatkyl, aryl,
arylalkyl, or alkaryl; R32 and R33, independently represent ? hydrogen, an agéyl, n alkenyl or an
alkoxy group having from about‘”fqbaélf}c?ﬁtc @VE’&FBSHC&% TS AR O 555y &hts --NH2,

-NHR35, wherein R35 is an alkyiarasxalkenytigrostp, diridna-fserradhetdct. to about 8 carbon atoms,
-CH2-(CH2)" -NH2 or -CH2- aryl-NH2 and n is from O to about 10; 20 provided that when R34 is
“NHR35 wher&in R35 is an alkyl or an alkenyl group having from about | to about 8 carbon atoms,
then either L is -NE#, or-Cih-niNtho d6 Rk igRRd s @t iR 4RAR whergirsaldeasicons 6BR41 or
R42 is hydrogen; or R32 gr R33 is OlR 25 gi ]l'ige lklh icating_o% ad itivrf ’c‘or%?osi jon of Claim 15
wherein the aromatic coMpBaNERPIHRRL S SR I SRR X AR AHEET NS RRHREbhenyl)
acetamide. 63. The lubricatingttiladdiivengarapd sittbaddftkaiity 16 wEreinctihe aropediiethdd
compound is 3_mtr0am|m§i119n% compound (2) at least one aromatic compound capable of being reacted
10 with one monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride
or ester thereof, (3) at least one aliphatic compound capable of being reacted
with one monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride

or ester thereof, or (1), (2) and (3).

15 55, A method of improving soot dispersancy or sludge dispersancy or both in an
internal combustion engine which comprises operating the engine with the
lubricating oil composition comprising a major amount of 01l of lubricating
viscosity and an effective amount of the lubricating oil additive composition
of claim 1.

20

56.  The lubricating oil additive composition of Claim 3 wherein the aromatic
amine is 4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl)

acetamide

25 57.  The lubricating oil additive composition of Claim 3 wherein the at least one

polyether aromatic compound is derived from 3-nitroaniline.

58.  The lubricating oil composition of Claim 29 wherein the aromatic amine is 4-
benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl} acetamide.

30

59.  The lubricating oil composition of Claim 29 wherein the at least one polyether

aromatic compound is derived 3-nitroaniline.
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64. The lubricating oil additive composition of Claim 19 wherein the aromatic compound is
N-phenyl-1,4-phenylenediamine. 65. The lubricating oil additive composition of Claim 61 wherein the
aromatic 5 compound is 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline. 66. The lubricating oil
additive composition of Claim 61 wherein the aromatic compound is 4-phenoxyaniline. 96 A

LUBRICATING O-ADDI\VEN @i o préiy A PorttiasoDotsim A rikges e S/MEIABSTRACT
OF THE DISCLOSURE Ap;ails0ibigdybiisating @il adeisive sRmnasition Rrepaied hycheiprocess

which comprises reacting a copolymer, with at least one polyether aromatic compound. (no suitable

figure) 97
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61.

62.

63.

The lubricating o1l additive composition of Claim 3 wherein the polyether

aromatic compound is derived from the following formula:

Rao\ S = /Raz
<\ L / Rag
: /Q‘ \
31 33
wherein L is selected from —~O—, -N=N—, —-NH-~, or -CH,NH;

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

Ri; and Rs; independently represent a hydrogen, an alkyl, an alkenyl or an

alkoxy group having from about 1 to about 8 carbon atoms, or -OH,;

Ri4 represents —-NH,, -NHR 335, wherein Rss is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, -CHj-(CHa), -NH» or —-CH;-
aryl-NH> and n is from 0 to about 10;

provided that when R34 is ~NHR3s wherein Ras is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, then either L 15 ~-NH- or —-CHj-
NH-; or R3g or Ray 1s OH or ~NR4; R4 wherein at least one of Rgy or Rag is
hydrogen; or Ry» or Ra3 is OH.

The lubricating oil additive composition of Claim 15 wherein the aromatic
compound is 4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl)

acetamide.

The lubricating oil additive composition of Claim 15 wherein the aromatic

compound is 3-nitroaniline.
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64.

65.

66.

The lubricating oil additive composition of Claim 19 wherein the aromatic

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

The lubricating oil additive composition of Claim 61 wherein the aromatic

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

The lubricating oil additive composition of Claim 61 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 polyether aromatic compound.

(no suitable figure)
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