- THE RELATED

A LUBRI CATING O L ADDI TI VE COVWPCOSI TI ON AND METHOD OF MAKI NG THE SAME FI ELD
©F THE I NVENTION 5 The present invention is directed to an inproved

~di spersant additive conposition that is used in engine oils; and it is

also directed to the process of making the same. BACKGROUND CF THE

detergents i n the 20 LERFRN I IEPpEEN UM AAREE ARy of

t he known di spersant/ det er geMIETRBOTPORMA KNG TeHESAMEL he reaction of an
al kenyl succinic acid or anhydride with an am ne or polyam ne to produce an
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| ubricating viscosity; and a m nor anmount of a synergistic conbination of
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et hyl ene copol ynmer or terpolyner of al pha- nmonool éfin and

optionally, apmun@ﬁr@gwédnmeamct@n qfane}kenymcxcmlmacsd peerhydede véth ani t h a

f | dehyd h d.
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unsaturated C4-C6 dicarboxylic acid or anhydride thereof, an oligoner, and

one ‘nonoet hy|a#astyrer is dispansencytod agisplatsupatier in internal combustion engines.
15  Failure to have adequate particulate matter dispersancy may result in filter plugging,
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sludge 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
additive, said combination comprising: (i) a polyisobutylene succiniinjde (PIBSAD)

and (ii) an ethylene——propylene succinimide (LEPSAD).

25  Nalesnik, U.S. Patent No. 5,139,688, discloses an additive composition comprising an
oxidized ethylene copolymer or terpolymer of a C3-Cy 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 monoethylenically

unsaturated compound.



1 Gunther et al., U S Patent No. 6,284,716, discloses a |lubricating oil
conposition conprising a lubricant oil and a copol yner obtained by free
radi cal copol ynmerization of at |east one nonoethyl enically unsaturated

C4- C6 di carboxylic acid or anhydride 5 thereof, an oligoner, and one

monoet hyl eni cal | y unsaturated conpound, wherein the copolymer is further
reacted wwth an amne. Harrison et al., U S. Patent No. 5,792,729,

di scl oses a diGiptheseind., U@Bajéx;trﬁﬂr 6284, 716,0i1;c$asesambmmatmgomrmmmdsﬂmms deri ved

fromthe terpol yners. The ter nmer |s 10 ohtajned b dlcal

copol yner | zat POTPGTTLA MIFEHE G rbd capsIbmEr PEagEhey e dspEfomimRarisn

1, 1-di subst it uf fdef3t 6dd MonddiylGiRNG IRMEGa Rl %éﬁrcﬁ@arﬁcﬁ&'h%hd'o%ﬁh B. Barr

et al., US. Patent No. 5,670, 462, discloses a l-ubricating dditive

conposi tioh theeeofian dligemenand Dmpn@ﬂud@m@ﬂy(un):ataratadrmmpmd mm éfein and

unsaturated c 5.ac t. ent nononer with a free radical

initiator andg(EI?ol XM%{lgﬁlé%ﬂeHcﬁ%a‘Zwﬂ)tﬂgB “froman acyclic hydrocar byl

substituted succinic acylating agent and a polyanmi ne wherein the

hydr ocar byl substituted _succinic ac | ati ng agent is pre ared by reacting a
it

pol yol ef i n antagisonetalall-hd skt No. 3ied72% 6t ¢Scﬁ1§smn terpalyragr andast 75
nol e % of the _
nycr ocar byl - SDRET L o B Bt i del Pef A e b il e tomglymer 19y 1 s
Pat ent Nol0 6, dBidinB@ by fid mlﬁaase@ommzﬂm oﬂannglsammdmidiemganoh 1-akefin,
unsaturated acidic rea ent owed by reacting any unreacted polyal kene
with the uns%ﬁf‘? gtl &ti‘tHJieé f“@é‘d@ﬂlﬁ DiEseatRin e rdispleniatires in the
presence of a strong acid. 25 Chung et al., U S. Patent Nos. 5,427,702 and
5,744,429, disclose a mxture of derivatized ethylene-al pha olefin

copol yners, wBeret al.,flLiS.dtatan dlo. @,16'&50;962 aiselogesad mbdcatmlgtoml adkimvecapnipyssrnon The

functionalize W th t | ea amn | cohol ,
- i-ncl udi ng pol @‘8{ Q‘?ﬁﬁl%% fg(f)(? °°P8 ‘iﬂlﬁfl’ 2p H’(’:Sta‘gﬂﬁqic Sg’&ﬁ’é’l ty 30
i -ndex i NProVescydsdittbye nﬁﬁﬂﬁféf‘%ﬂh% frel@hdiba QMitiSor Md (11)%1?5‘.§ecnlf> aligprePred

5,112,507, discloses novel copolynmers of unsaturated
from an acyclic hydrocarby! substituted succinic acylating agent and a polyamine

wherein the hydrocarbyl substituted succinic acylating agent is prepared by reacting a
polyolefin and an acylating agent under conditions such that at least 75 mole % of the
starting polyolefin is converted to the hydrocarbyl-substituted succinic acylating

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 improver additive components.

Harrison et al., U.S. Patent No. 5,112,507, discloses novel copolymers of unsaturated
acidic reactants and high molecular weight olefins wherein at least 20% of the total
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acidic reactants and hi gh nol ecul ar wei ght ol efins wherein at |east 20% of
t-he total 2 high nolecular weight olefin conprises the al kyl vinylidene

i somer which copolyners are useful as dispersants in lubricating oils and
fuels and al so nay be used to prepare ol ysucci ni m des and ot her

p
post-treated it l1dent | i i | St 'SIW%Q‘YO:
THE | NVENTI n @%lés[&ﬁrggeg%{g? Iégﬁgggﬁ%%ﬁﬁé @%%‘QEAP@%*Z‘%? S(thln‘%er_] 1|cl%)§o [ [ rBect ed
to an oil - sol apluseful adddispeatantsgn hibkicatilgh dils\sad Getgoanl dsoanaybemad ¢ol pleparehe

process which conprjses reactjng (A) at Jeast one.o t,he,fol_lﬁowi g

copol yrers: 1@@%@0@1%@5% eIt %lgltlrvr:%ase?lﬁdv E”Eﬂ“cﬁ%}ﬁo‘?l S on of
conponents conprising: (a) at | east one nonoethylenically unsaturated
C3-C28 15 nonocarboxylic acid or ester thereof, or C4-C28 dicarboxylic

acid, anhylride or ester ther GMMARY OF THEINVENTION ol ef i n conpri si ng
about 2 to 40, carbon, ato or | east .one,_.pol yol efin conpri,sjng about 4
to 360 car bpnl%lﬁso%adeﬁberéﬁf’dh %ﬁhﬁpﬁsﬁgr‘?ﬁeﬁg& Ed%SF'ﬁW%%P%‘“ oup in the
form of a vi nibricatingWill 8RR RbmPbitidn Mepatkd BLAR H6QRYPwWRICh thrapHERTeddigh €of |
and (c) at |east one nonool efin conpound which i's copolynerizable 25 with

t he nononers of (a) and (b) and is selected fromthe group consisting of:

(1) an al kyl yjynyl a';}ql | alkyl ether where the alkyl group is

hydr oxyl , am %@ d?tg%%ﬁ]}fm noea%}l% Cfﬁog%rss'ubsti tuted or is

unsubsti tlft ed, and contai ning fromabout 1 to about 40 carbon atons; 3 :
' (i)  acopolymer obtained by free radical copolymerization of components

comprising:

(a)  atleast one monoethylenically unsaturated C;-Cag |
15 monocarboxylic acid or ester thereof, or C4-Cag dicarboxylic

acid, anhydride or ester thereof;

(b) at least one 1-olefin comprising about 2 to 40 carbon atoms or
at least one polyolefin comprising about 4 to 360 carbon atoms

20 and having a terminal copolymerizable group in the form of a
vinyl, vinylidene or alkyl vinylidene group or mixtures thereof;

and

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

consisting of:

(1)  analkyl vinyl ether and an allyl alkyl ether 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;



(2) an al kyl am ne and an N-al kyl am de of a nonoethyl enically unsaturated
nono- or dicarboxylic acid of fromabout 3 to about 10 carbon atons where
t he al kyl substituent contains fromabout 1 to about 5 40 carbon atons; (3)
an N-vinyl carboxam de of carboxylic acids of from about 1 to about 8
carbon atons; 10 (4) an N-vigyl S.a‘ﬁbi? ' r i ng

het erocyclic conpound; and (?g) at @asﬁlﬁéﬂaﬂyl&lolﬁ%m}]&@g%rgﬁga ng from about
2 to about 40 carbon atons or atmbmﬁiylmmﬂpainyalhmfeﬁmnmnprdmanngylibS from

about 4 to about 360 carbon atons avi opol ynerj zabl e
group in the formof a vinyl, aﬁifr?%‘g agﬁ%’tzltR{i‘[’O‘%ﬁHﬁfﬁﬁ Bgﬁg’%ﬁ'?}%

m xtures thereof, provided that th@ﬁl iﬁfbbﬂu&%bﬁﬁéﬁﬁﬂo&%ﬂlﬁ?ab(ﬁﬁm as
the ol efin enpl oyed in (i)(b); 20 ? a copol yner obtai ned by reacting
conmpound 6i ) (a) and conpound(i )(b’bOcarme&t@nﬁr esence of a free radical
initiator; (iii) a copolyner obtained by (a) reacting conmpound (i)(a) with
conpound 25 (i)(b) or (i)(c) in a non-free radical catalyzed reaction in
the presence of copolyner (@) OranQ@ﬂfﬂiyYé&lﬁox@iﬂlde@cahﬁkﬁhcﬂﬁd@fﬁ&?ﬂ '
contacting copolymer (i) or copolyrrer (ii) or both with the non-free

radi cal catal yzed reaction produi@pulok tocabepblieatben 9tpas; and conpound (i) (b)
or (i)(c), wherein the copol yner of (i), (ii) or (iii); wth 30 (B) at

| east one pol yether aromatic conpound capabl e of being reacted with at

I east twdOnonocarboxylic aci(ds oran@$ivéyd sibsaneal nitrogenvdonthiihg hetagicydlivo

compound; and

(5)  atleast one 1-olefin comprising from about 2 to about

40 carbon atoms or at least one polyolefin comprising

15 from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the
same as the olefin employed in (1)(b);

20

(ii)  acopolymer obtained by reacting compound (i)(a) and compound(i)(b)

in the presence of a free radical initiator;

(iii)  acopolymer obtained by (a) reacting compound (i)(a) with compound
25 (1)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
catalyzed reaction product of compound (i)(a) and compound (i}(b} or
(1)(c), wherein the copolymer of (i), (ii) or (iii); with
30
(B)  atleast one polyether aromatic cor.r_ipound 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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di carboxylic acids, anhydrides or esters thereof, or m xtures thereof. 4
The present invention is also directed to a |ubricating oil conposition
conprising a nmmjor anount of an oil of lubricating viscosity and a m nor
anount of the lubricating oil additive conmposition prepared by the process
whi ch conprises reacting 5 (A) at |east one of .the foll ow ng copol yners:
(i) a copol yner obtained by free radical copolynerization of. conponents

. conpri sing: 1The@}seat investiin ioako diracted tuya Iiibheaiﬂgyanﬁﬁ}idsrt@he;drr@ﬁsﬁg&
nmonocar boxylic .acid or ester th or - di,car boxyl i CI d,
anhydri de or %@Pé?mf’%ﬁ)gelﬁm £h§m°afa@gw«§%§ttya a PUpPTAREnE ghibe ‘éh”ﬁ@tl%out 2

10,00UL 40 cl hftivcfisbhn Blerhfaty 0 SrRaluplief tambATRESff ! 1 om about

4 to about 360 car bon avi ng termn olyneri zabl e group
in the fodmof a vinyl, vinyl | dene or alkyl vinylidene group or mxtures

t hereof, and (\(/:a1 at. | ea nonool eiy n _conpound which is
copol yneri za Vi RS G P?“Eﬁ‘coéjﬁ mMEY (b) and is selected fromthe

group consisting of: 25 (1) an aIkyI vinyl ether and an allyl alkyl ether
where the alkyl group is h drox am no, di al kyl am no or al koxy
substituted or is(ﬁnsuwsqqpp mdchyrfrwndmglcpp@lmneaz@imancpmpam 40
carbon atons; 30 (2) an, F% anlne and an N-al kyl am de of a
nDnoethernlcaIIy unsaturf d€hono- or di carboxylic

10

(@ at least one monoethylenically unsaturated Cs-Cog
_ monocarboxylic acid or ester thereof, or C4-Cag dicarboxylic

acid, anhydride or ester thefeof;

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

20

(©) 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 ally! alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atoms;

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

acid of from about 3 to about 10 carbon atoms where



acid of fromabout 3 to about 10 carbon atons where 5 the al kyl
substituent contains fromabout 1 to about 40 <carbon atons; (3) an

N-vi nyl car boxam de of carboxylic acids of from 5 about 1 to about 8 carbon
atons; (4) an N-vinyl substituted nitrogen-containing heterocyclic

conmpound; and 10 (5) at |east onqh?l?}g*ﬁj?y&itﬁ%%%@jn@gm %u@@qygbcgﬁhtgoabout

40 carbon atons or at |east one po n conprisin rom about

about 360 carbon atons and havi ngasbontagrmg;nal copol yneri zable group in the
formof a vinyl, vinylidene or alkyl vinylidene group or m xtures 15
thereof, provided that the olefin enployed is not the sane as the olefin

enployed in (i)(b); (ii) a qgpol wEaN-vARiGItRAmRE JRafdk e SQIPORSh (1) (2)
and conpound(i)(b) in the presence of "a free radical thitiator; 20 (iii) a
copol ynmer Sobt ai ned by (a) reacti mgoetdnocimut § ¢arbe) ateinsh conpound (i) (b) or
(i)(c) in a non-free radical catalyzed reaction in the presence of
copolynmer (i) or copolyner (ii) or both; or by (b) contacting copolyner
(i) or copolyner (ii) or bogh) W tah Ny Suibsfifies] ﬂiﬁ_@%&ﬁéon?éniﬁ?ﬁl@ie}/&?ﬁliq
reacti on product of conpound (i)(a) and conpound (i) (b) or i)(c); with
(B) at |east one polyether aromatPBpewrédhd capabl e of being reacted with.
at |east two nonocarboxylic acids or esters thereof, or wwth at |east two
30 dicarboxylic acids, anhydrides or esters thereof, or m xtures thereof.

The presdft invention is al €6) di melkasidntd-defitdmprisifig frak abgus? todboutat i ng
oil additive 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
15 - thereof, provided that the olefin employed is not the

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

(i1)  acopolymer obtained by reacting compound (i)(a) and compound(1)(b)
in the presence of a free radical initiator;
20 |
(iti)  a copolymer obtained by (a) reacting compound (i)(a) with compound
()(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (i) or both; or by (b) contacting
copolymer (i) or copolymer (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)  atleast one polyether aromatic compound capable of being reacted with at
least two monocarboxylic acids or esters thereof, or with at least two

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

The present invention is also directed to a method of making a lubricating oil additive

composition which comprises reacting



conposition which conprises reacting 6 (A) at |east one of the foll ow ng
copolyners: (i) a copolyner obtained by free radical copol ynerization of
conponents 5 conprising: (a) at |east one nonoethylenically unsaturated
C3-C28 nonocarboxylic acid or ester thereof, or C4-C28 dicarboxylic acid,
anhydride or ester thereof, 10 (b) at |east one 1-olefin conprising from
about 2 to about 40 carbon atons or at |east one polyolefin conprising from
about 4 to ahbi@yt 3BGastamboi tlatfoliswimgdopelymess: a term nal copol yneri zabl e
group in the formof a vinyl, vinylidene or 15 al kyl vinylidene group or

m xtures thereof; and (c) at |east one nonool efin conmpound which is

copol yneri zabl e ht h ; is I m t he
group- consi sti ngvﬂo)f. éat(}%Fl ' agggtlgllgg{i bg?l)r?fl?mg%agE%pﬁﬁgeg%@ﬁloﬁe&g??g%&et her
where the?d al kyl group cosiphigiigoxyl , ami no, dial kyl ami no or al koxy
substituted or is unsubstituted, and containing from about 1 to about 40
carbon atons; 25 (2) an alkyl amine and an N-al kyl ani de of a

nonoet hyl eni cal | y unsaty at eglcafiRge ng{nogiﬂhggﬁiegp;y{lﬁsgmrggg d,af,, from about 3
to about 10 carbon atons where the al kyl substituent contains from about 1
to about 30 40 carbon at ongaonocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic

acid, anhydride or ester thereof;

10 '
~(b)  atleast 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 tefminal

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 c0pblymerizable
with the monomers of (a) and (b) and is selected from the group
consisting of:

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



(3) an N-vinyl carboxam de of carboxylic acids of from about | to about 8
carbon atons; 7 (4) an N-vinyl substituted nitrogen-containing heterocyclic
conmpound; and 5 (5) at |east one 1-olefin conprising fromabout 2 to about
40 carbon atons or at |east one polyolefin conmprising fromabout 4 to
about 360 carbon atons and having a term nal copol ynerizable group in the
formof a vinyl, vinylidene or alkyl vinylidene group or m xtures 10
thereof, provided that the qWpfi rend¥pinyyeubstisiadotitrogra-coptamingbetetveydicef i n
enployed in (i)(b); (ii) a copolyrrer obt ai ned by reacting conpound (i) (a)
and conpound(i)(b) in the preserf@8P8Pd 3 dee radical initiator; 15 (iii) a
copol ymer obtained by (a) reacting conmpound (i)(a) with corrpound (i)(b) or
(i)(c) in a non-free radical catalyzed reaction in the presence of

copol ymer i) or copol yner (®)) it @ttqme ldrlef@ycqlbpﬁ%%ﬁlﬁa@tﬁbngﬂ@cﬂb@llyrrer

(i) or copolynmer (ii) or both wt t ?1d O%J(
reacti on product of conpound (i )(a an acoénrrsp%ruagdﬂr (%n%%‘)l)%%f&(aé 19{-f‘l;i‘}%/mth
(B) at |east one polyether aronatfrémassRAUSdbAAPEOLAbOR afotisngd hediapad with

at |east two nonocarboxylic acids or esters thereof, or with %;sal east two
25 di carboxylic acids, anhydridede@tinggoeel ¥mergblegroup in the for eka YRk eof |

Accordingly, the present inventi % ﬁlleﬁé&salféﬁvmvlltdbngéi%ﬁ% Hnﬂt uledDri cating
iti nter na

oil additives which are useful as |spersa S 1I'n an conbusti on
engi ne. 31D DETAI LED DESCRI PTI ON GEerEcbiEpﬂoMn‘Eﬂl’ﬂlﬂhe\Meiﬁreempbyémmemt then is

susceptible to various nodifications and ern
P same ast ofilefI In emp oyede in (8(‘0)

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

in the presence of a free radical initiator;

15
(iii)  acopolymer obtained by (a) reacting compound (i)(a) with compound
(i)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i)} or copolymer (i) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
20 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 with at least two
25 dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof.
Accordingly, the present invention relates to multi-functional lubricating oil additives
which are useful as dispersants in an internal combustion engine.
30 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 i_s not

8



specific enbodi nents thereof and are herein described in detail. It should
be understood, however, that the description herein of specific

enbodi nents is not 8 intended to limt the invention to the particul ar
forms disclosed, but on the contrary, the intention is to cover all

nmodi fi cati ons; b vk . .l [ | 4; y thi Lrit and
scope of the llnrtﬁlggétl }/(gllrl%ﬁggﬁe 3?%83 t‘ggfegﬁgicgg%éfﬁééh %P)gimr’rg) B{@-‘%T&[& igrﬁt?z?}"ons The
f ol | owi ng t er the intseitbnvis tdcdverall medificptiorene el o, amd alteasativas fallingfhghiner m
"PIB" is an apbreviation fof . polyisobut . .10 The te “PIBSA" is an

abbr evi at | on- PEPES AN SOBROEAF I OTbR a0 by fhedREeist oty dr i de. The
term "pol yPIBSA" refers to a class of copolyners enployed wthin the scope
of the present invention which are copolyners of polyisobutene and a
monoet hyl eéni cBefigitionss unsat ur at ed C3- C28 nonocarboxylic acid or ester

t hereof, or . di.car boxyl i. ci,d, .anhydri r ester thereof which
have car boxyﬁ%@uﬁzggfngﬁg Se?sgglvg}ﬁ]st %3?58p@10%¢83%§3e éi‘ﬁ&“%ol yi sobutyl groups.
The preferred pol yPIBSA is a copol ynmer of polyisobutene and nmal ei c _
anhydri de having the I%e"n_eral formula; 0 0.0 1Z4c-c R R3 n 20 whereinn
i s one or grehigtermPIB Ry an phbraviatieuios pelyisebwerced from hydrogen, methyl and
pol yi sobutyl having at |east about 8 carbon atons, preferably at |east
about 30 carbon atons and nore preferably at |east about 50 carbon atons
wher ei n elt heThRermMBIBEA" iaar abiydviati@nfoapdlyisobutefiyl 88 palyikobutyl sicomidy! and

t he ot her isoeggll éli_igqobutyl, or R3 and R4 are hydrogen and one of R and R2
is methyl an ) ‘her is polyisobutyl. The 25 pol yPI BSA copol yner may be
al ternating, block, or random :

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;-Cyz monocarboxylic acid or ester thereof, or a Cs4-Cog Vdicarboxylic
acid, anhydride or ester thereof which have carboxyl groups, preferably succinic
groups, and polyisobuty! groups. The preferred polyPIBSA is a copolymer of
polyisobutene and maleic anhydride having the general formula:
0 0 0 \
Ty

T
T
R 3

|
T
i R

n
20 wherein n is one or greater; R;, R;, R3 and Ry are 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 about 50 carbon atoms wherein either R; and R;
are hydrogen and one of R3 and Ry is methyl and the other is polyisobutyl, or R; and
R4 are hydrogen and one of R and R; is methyl and the other is polyisobutyl. The
25  polyPIBSA copolymer may be alternating, block, or random.



9 The term "succinic group” refers to a group having the fornula: 0 HII
~CCGCW | -CGCGZHII 0O wherein Wand Z are independently selected from
the group consisting of --OH, --C, --0O-alkyl or taken together are --0--
to forma succinic anhydride group. The term5 "--O-alkyl"™ is neant to

I.-ncl ude al kox I " referably from
about | to abg?j?{enfncar cg{?@gltoué‘;}e?e[rgl?@é'gmﬁphgﬂﬁgee WI ymFa)rl zati ony refers

to the average nunber of repeating structlﬁ’al units in the polymer chain.
10 The term "terpolyner” refers to a poIHyrreH derived fromthe free radical
copol yneri zati on of at |least 3 nononers$¢—ThHe tBrm"l-olefin" refers to a
nonounsaturated ol efin that has the douhle bond in the 15 1-position. They
can al so be called al pha-ol efins, an ve-¢+Hezf ol | ow ng structure: CH2 =
CHR where Ris the rest of the olefin | ecil e. The term ™1, 1-di substituted
olefin" refers to a disubstituted olefin, ayso called a 20 vinylidene

ol efin, that hs t uct ur.e: 2=CR5R6 _wherein R5 d are
the same or diTiSroR oz FedafkeRdeii RueS on Gy Bone SRiFnR o refilc:
Preferably, EL-Oh%[kleEr ke gktheParfBIY o A WRuCHNY ridk Bedupl Thé'Rim 25 The
term "succjnimde" “is understood in the art to include many of the anide,

i ni de, 5 "--O--alkyl" is meant to include alkoxy of from about 1 to 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 .
The term "terpolymer" refers to a polymer derived 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 Rs

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

molecule. Preferably, either Rs or Re 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,
etc. species which are also formed by the reaction of a succinic anhydride with an
amine. The predominant product, howeveér, is succinimide and this term has been
generally accepted as meaning the product of a reaction of an alkenyl- or alkyl-

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

10



etc. species which are also formed by the reaction of a succinic anhydride
with an amne. The predom nant product, however, is succinimde and this
term has been generally accepted as neaning the product of a reaction of
an al kenyl - or alkyl- substituted succinic acid or anhydride with an am ne.
Alkenyl or al dyliseldsed iirthileds O R ARk 09RH 1hBwh Wi S CLLiRT ences and
are well known in the art. Certaln ?un anental types of succinimdes and
rel at ed mat erfuadaneniadympasd succyimides and rehated magirtals' swompassed biethederm efaught

3175, 500 att Suesamide. ot ek ol Seatet W GpZ0n e g 0225210 O

i ncor por at ed Dypa,6fRBENOH66,15€74,89ManB I3 Uas] Rt HisdRsurk£bBRBich QrelHgeby
reaction product of a succinic ‘group-containing copolyner with an am ne.
10 The tePm "iarwepspteddry rafersticsucci ni c aci d derivative" refers to a
structure having the formula: OHII R7- i -CL H2CGII-M Owherein R7 is
sel ected from hydrogen, nethyl and polyi sobutyl having at | east about 8

car bon at ons, Tl tefre I'gdl}stcainirthida'S tef@b edlthe 3actian bevllual sMsuadificnor e pref erably
at | east 15 about 50 carbon atons; wherein L and M are independently

sel ected fr or8PWECBnmeconelyaer withgmamiagy __, --O-al kyl or taken
together are --0-- to forman al kenyl or al kyl succinic anhydri de group.
The term "al kyl vi nyl i dene™ or "al kyl vinylidene isoner” refers to an olefin
havi ng tH8 Zlhefteink Salkery] or aij ismadnie asiirderivative” réfbi2 to 8 stR8ture having the

formula;

Q=0

—

“wherein Ry is 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 L. and M are independently selected from the group
consisting of --OH, --Cl, --O--alkyl or taken together are --O-- to form an alkenyl or
alkylsuccinic anhydride group.

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

20 following vinylindene structure:

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

50 carbon atoms and Ry is lower alkyl of from about 1 to about 6 carbon atoms.
25 |

1



wherein R8 is al kyl or substituted alkyl. R3 generally has at |east about 5
carbon atons, preferably about 30 carbon atons,, and nore preferably at

| east about 50 carbon atonms and RO is |ower alkyl of fromabout 1 to about
6 carbon atonms. 25 11 The term"soluble in lubricating oil" refers to the
ability of a TRihh aloniife f RBRalBeloN" rdbisROMe abilR] b2 LRI 6 HEiGA" DONs
such as lubricating olls or Lel's I'n essen |alaly I propor(fl ons. The
term "hi gh nodlipbaticemdvarorgitic lofdeddanissns sedteasslubiicating bilmsr fuelsah esientally ali

pol ynmeri zed ol efi,ns having a residual unsaturation) of sufficient

mol ecul ar wei JRAROYPRF- chain 1 ength to lend solubility in lubricating oil to
their reaction products. Typically olefins having about 30 carbons or nore
suffice. 10 The term "hi gh nol ecul ar wei ght polyal kyl" refers to pol yal kyl
groups of SsufFhedtmmthighmioboulaaweigit glefins'lrefers tweslefilse(iplwling pelymespar ed

havi ng such s i Gi.ent nol.ecuyl ar ight. are.soluble in Lubricating oil.
‘Typically t heogéeérﬁi%aﬁmﬁﬁlrg%ﬁllmgPnﬁw\éﬁ?’%ﬁglsﬁéﬁ:W?mogﬁ”B@ﬁy e@@@“‘g&q’%%ggﬁ’about
30 carbon at QBBendF%bRﬂ’bﬂft%hi Mibsitati@asit todReik teasbrioROBAs. Aty olHAS Bafthgh
nmol ecul ar. wei ght pol yal kyl groups may be derived from high nol ecular 15
wei ght pol yol ®P¥  catypas vemere safiee” refers to -NRLoRL 1 wherein R O and
R, are independently hydrogen or a hydrocarbyl group. 20 The term "al kyl
refers to both straight- and branched-chain al kyl groups. The term "Il ower
al kyl " rdler sTHederal Kygh golecpkr heidhogolyalkm"abiets to bolyallgh gtiupd oL aifticient at ons
and includes prinmary, ,secondarﬁ%‘?nd tertirary al kyl groups. pi cal | ower

I ps.. T
al kyl  gr oupdnelailarwight spchythahihe produstsipyepared baying Wbﬁ%ﬁggﬁlep%ln@@ﬁﬂ@byl ,
n- butyl, sec- I B - -Pet Yl 114 S0:
e, Y The "t or iy e s sofpit intbiCarin oR® Rkcon) BRERh Hlojecta? Sl BOMaMYF
derived fromgreupshevedtilenst aviut BO aarbop atoyise prefarablg aplehstrabost S0f cafmmat@hef i ns, .

P | e b s TR mdlqehlal Seidht Bty afky P Erdtps ey o8 udVed éin nigh toftBalar "

15  weight polyolefins.

The term "amino" refers to -NR R, wherein Ryp and Ry, are independently hydrogen

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

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

atoms and includes primary, secondary and tertiary alkyl groups. Typical lower alky!

groups include, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
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
1-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 carb(')n atoms. More preferred mono-olefins

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

12




- 30 nono-ol efin enpl oyed will have from about 2 to about 24 carbon atons,

and nore preferably, fromabout 3 to about 12 carbon atons. Mre preferred
nono-ol efins include propylene, butylene, particularly isobutylene,
1-octene and 1-decene. 12 Preferred, polyolefins prepared from such

| ef i but
o o el S B R IR O o ROV BRI EBARR A oD ene-
invention is ]wiyhnténeseﬁpad:)hl@mlbisohméneng oil additive conposition prepared

by the process which conprises reacting (A) at |east one of the follow ng
copol ymers: 10 (i) a copolyner obtained by free radical copolynerization of

conponents CoEILibicRthe OfA&itiveBihpRfonTonoet hyl eni cal | y unsat urated
C3-C28 nonocm—estﬁp_t‘ﬁ?eof or C4-C28 dicarboxylic 15
aci d, anhydr i Qeg erobodimtmrtrof tirepressht m(vbl)tnmns ke ailtsobibés lubstaingwileddiiivesi ng:
about 2to 40 car bon at ons east .qne ol ef n conprising about 4
to 360 carbon 38 longﬁgaﬁg&yﬁgegrogeéspgﬁm %@Wb%?ﬁ?f’ "¥abl e group in the
formof a 20 vinyl, vinylidene or alkyl vinylidene group or m xtures

t her eof ; an&ﬁé ) at | east one nonool efin compound which is copol yneri zabl e
with the nondders afeaptnnesi the(following dopolysicstsit ed fromthe group 25
consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether where the
al kyl group is hydroxyl, am no, dialkylamno or al koxy substituted or is
unsubsti tl@t ed, andi)contadopblyehet ob@indd b Freeandicdl capslyBicritatjonat camlyhenddri ne

and an N-al kyI am de of a
: comprising:

(a)  atleast one monoethylenically unsaturated C3-Cpg
monocarboxylic acid or ester thereof, or C4-Cys 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)  analkyl 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



nonoet hyl eni cal | y unsaturated nono- or dicarboxylic 13 acid of 3 to 10
carbon atons where the al kyl substituent contains 1 to 40 carbon atons;

(3) an N-vinyl carboxani de of carboxylic acids of 1 to 5 8 carbon atons;

(4) an N-vinyl substituted nitrogen-containing heterocyclic conpound; and
10 (5) at least one 1-ol efin comuciddfN%oadQuibod aldHHh&B ROy 3hBIRuE at

| east one pol yol efin conprising about 4 to about 360 carbon "atons and
having a term nal copol ymeri zablcen@gmsdgoidf cethenfatmig; of a vi nyl ,

vinyl i dene or al kyl vinylidene group or m xtures 15 thereof, provided that
the olefin enployed is not the same as the olefin enployed in (i)(b); (ii)
a copol yner obtained by reagqs) ng aadpidyhdrioxiiide AARbrbeeyioatidk(df)i(te) in the
presence of a free radical initiator; 20 (iii) a copolynmer obtained by (a)
reacting conpound (i)(a) with codF@the® almsi(b) or (i)(c) in a non-free

radi cal catal yzed reaction in the presence of copolynmer (i) or copolyner
(i1) or both; or by (b) contacting copolyner (i) or copolynmer (ii) or both
with the non-free radi cal 2%4rat ahy-enhyl sbstifutd riregmetontafiniog hitersovclicd ) (a)
and conmpound (i)(b) or (i)(c); with qu%d at | east one polyether aromatic
conpound capabl e of being react e§fWPPHGPR| east two nonocarboxylic acids
or esters thereof, or dicarboxylic acids, 30 anhydri des or esters thereof.

14 .
10 | (5)  atleast one 1-olefin comprising about 2 to 40 carbon

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

15 : thei‘eof, provided that the olefin employed is not the

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

(i)  acopolymer obtained by reacting compound (1)(a) and compound(i)(b)

in the presence of a free radical initiator;

20
(iif)  a copolymer obtained by (a) reacting compound (i)(a) with compound
(1)) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical
25 catalyzed reaction product of compound (i)(a) and compound (i)(b) 61‘

(1)(c); with

(B)  atleast 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




Copol yner (i) (a) The Monoet hyl enically Unsaturated Monocarboxylic Acid or
Ester Thereof or D carboxylic Acid, Anhydride or Ester Thereof In the
present invention, at |east one nonoethylenically unsaturated C3-C28 5
nonocar boxylic acid or ester thereof, or C4-C28 dicarboxylic acid,

anhydri de or @%ﬁ@eg@er eof is used to prepare the copol yners of cop-ol ymer
(i). Preferab € al | east one nonoethylenically unsaturated C3-C28

nmonocar boxyl i @) aci BheoMoesdtylenitalyddsatuwated ¥ loBa&rbaiytia Axdk g Esteraltiettof or

anhydride or esterthereat is. .a,djcarboxylic._aci anhydri de or ester

thereof. 10 The geﬂgﬁpxﬁ&ﬁﬂflﬁ&yﬁg obﬁétF’éTﬁeé‘“o‘%di carboxylic acid,

anhydride or BsheprebdiifRhtids afRastloft hidBethPecatlyFimbiirded &4-8&, Wherein X

and X are the sane or different, &rjow ded that at” least one of X and X is
é

a 15 group tmapodathogslicanié ongsterdbaredfner €.oCastierhdsylia badhohydridosmaseni des
or am ne salt | i.a . on amines, farmnetal,.sglts wth reaciive
metal s or basﬁlga f{% ulg(giz;@gg)l@‘]i‘:?g en{?hggppoqgrgﬁxgggﬁ%oqﬁﬂg@tﬁgeﬁwl\& ﬂi‘iﬁ*iﬁsg “as
acyl ati ng agembsoetb@iicdllyisatraadr,oC,; XionbBarboxyldacid-dPebitfhefaf, Ry IC,- (W
where Mt reprg,sents one, equi val ent of a netal, anmoni um or api ne cation,
S-NH2, --a, dieapoxyligacidapnlydrideyer oitar therepdds adicarhaxyic geol, anlgydridg or gger o
forman anhydgidgs Preferably X and X' are such that both carboxylic

functions can enter into acylation reactions. Mleic anhydride is a
preferredleactant. O her suitable reactants include el ectron-deficient

ol efins such nmonophen | ei c. anhydride, mpnonethy], dinmethyl .
monochl or o, nﬁfowﬁﬁggﬂﬁﬁl‘?&%rsf,maﬂ QW5YII%W=NY@W&T ceteetbereghifggr i de;
N- phenyl mal ei fgliggs:and ot her substituted mal ei m des, 25 isonal ei m des;

fumaric acid, maleic acid, alkyl hydrogen nal eates and fumarates, dialkyl
fumar at es and nul eat es, fumaéoni lic acids and nal eani coaci ds; and

N\, /

C — CH=—CH — C

/ N

X X

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

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, --NHa, --Cl, --Br, and taken together X and X' can be

20 --O--s0 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



mal eonitrile and fumaronitrile. 15 Suitable nonomers for (a) are
nmonoet hyl eni cal | y unsaturated di carboxylic acids or anhydrides of from
about 4 to 28 carbon atons selected fromthe group consisting of maleic
acid, fumarie acid, itaconic acid, nesaconic acid, nethylenenal onic acid,

citraconi c act - ' | ' | g,nlg% | Gl ANl hydri de
and 5 net hyl e%‘gﬁ}g onﬁ%&gﬁﬁﬁg{d e@gﬁh&%ﬁﬁ%‘gzg 0 g%lhag@edlgmdr%ﬁ)@glggh@%%her,
among whi ch ardlydridesaftiyocs atsbat # $o P8 efrbon dms &tlbged fumtthdeuponoieing ofir e

nonoet hyl eni ca%{ unsat ur at ed, C3- C28- npnocar box;l.&c Eycli ds sel.ected from
the group con@pElsacyl Smaps 3ad, dtagonigacideapesaeqnis 36d, Jpsthylencmaleniettider yi i ¢

aci d, et hyl acgiphddhicidl mai0 hYdeidaGizdenia hhildReE difacdfichnBiidei Ay | aceti c
acid, anmong which acrylic and rethacrylic acid are preferred. Another group

of suitabl®e nmoabienemaloniCenlidbidglakrg misitasof theke withoet hydthereahand which

unsaturated C3-C10 0;_.0r - C10 di carboxylic acids such as ethyl
acryl ate, butlﬁ?fil%lagﬁg@q%ﬁ%?’ée%rfﬁet hyl acryl ate, decyl acrylate, docedyl

acryl ate, |octadecyl acrylate and the esters of industrial alcohol m xtures
of from about 14 tq 28 carbon atons, ethyl methacrylate, 2-ethyl hexyl

met hacr yl at e, Otheeguitahlstnenamerawe mepeethysaignllyrpasanestod G-62s-mepersHaxylic

mal eate, dib cyl ..oml e di_dad I e,

nonooct adecylugi&r;dasl Segg'% %,ﬁtﬁg)r%{ﬁg%g(g%a%e%g@ gr’r(gffaeg’thg.ag@f)%%ém&ﬂlégfqﬁ’- Aefin or

Pol yol ef i ¥ Lndimeﬂlapnyﬁsacﬁtl, éthjlfl&dfrylic)ﬂci&tcrbtleﬁisfac?nﬂlﬂa&tieh&iﬂ aﬁ@mglwlméﬁtg about
2 to 40 carbon_atons or , at |east one paqlyolefin conprising about 4 to 360
carbon atons apeRE Mpich aceylin and methaspdicasid ars BSERTSSy oup in the form of
vinyl, vinylidene or alkyl vinylidene group is 25 enpl oyed. Suitable
1-olefins for preparing copolynmer (i) conprise fromabout 2 to about 40
car bon at ons, Apothéregrauiyt of suitabte alvoomess is €;-&hpalkyl3Btecarfhommoathylmmecisllich as

ggZ?gg é_ 1?8?2%%R@at%¢§8%cx%g§o- %? 84-@1(? il(J:erlr%(S)xy?{c acl g-suc 4as-e;lfﬁy? laggyiarges, b%{}?

' 15 acrylate, 2-ethyl acrylate, decyl acrylate, docedyl acrylate, loctadecyl acrylate and the
esters of industrial alcohol mixtures of from about 14 to 28 carbon ators, ethyl
methacrylate, 2-ethylhexyl methacrylate, decyl methacrylate, octadecyl methacrylate,
monobutyl maleate, dibutyl maleate, monodecyl maleate, didodecyl maleate,
monooctadecyl maleate, and dioctadecyl maleate.

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

- 25  employed.

Suitable 1-olefins for preparing copolymer (i) comprise from about 2 to about 40
carbon atoms, preferably from about 6 to about 30 carbon atoms, such as decene,
dodecene, octadecene and mixtures of Cy9-Cy4 -1-0lefins and Cyy-Cag-1-olefins, more
- 30 preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
also known as alpha olefins, with numbell average molecular weights in the range
100-4,500 or Iﬁore 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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30 preferably from about 10 to about 20 carbon atons. Preferably 1-olefins,
which are also known as al pha olefins, with nunber average nolecul ar
weights in the range 100-4,500 or nore are preferred, w th nol ecul ar

wei ghts in the range of 200-2,000 being nore preferred. For exanple, alpha
ol efi ns obtai @ﬁq‘r h 5 f ly,
these ol efins ran%ﬂgﬁﬁégmegﬁoulgmhﬁsg g:%fﬁ's'?%q{:og% %&F}ﬁ gtt%?rlgsbuwc %Q{?%
Anot her sour cia leigthl ffmhrahezrlsetmcn sf alphs hiefies mthe phylgnoptowtl pmcmssavlnbh gilvegi ves
even nunber carbon | ef i er source of .ol.efins is. by .the '

i o zat on. RISt casPE pIRBR oA SuEs ShelPats B e g Sbriction ofsiohhe
wel | known Zi gigfigd owed b bt néteb%ﬂﬁd sueh @b ffeivisi l@fo%vn%é%lkﬂ’ca%? @'Mﬁe@na@y the
i someri zation of alpha o efl ns over a suitable catal such” as silica.
Pref erabl 5, 10lgfieg Wﬁ@ﬁa‘llym’ﬂtwm(ﬁhaﬂ@nmeaﬁ@m aéfesevenasuteblel s ar e

iall b d ff d bl bal
of the | engt APt b, PERBE Ry GBr o by AP R BT pol yror

“in nonpol ar maﬂeviﬁkﬁfaﬁe cdﬂ)ﬂﬁéﬂdfiﬂ? r@zfdll@&@ﬁlllzﬂﬁe RRY bedaBise they effed HIRHabld 0
Sui tabl e polyol efinsg for pre arlﬂé copol ymer (i) are polyolefins conprising
cC

about 4 to a e gbthedangib At te ufardaib apdthagolubilitneé the tepabarer der age
| | [ /ol . Ex | f
ol ccul o et o W)l AU s B 0 o S e S

branched l0soners of pentene hexene, 15 octene and of decene, the

-copol yneri za rmn roup of .the o]igoner bein present, |ntheform
of a vinyl, - VHE Bﬁngsafgk&ewrﬁga qO@ely ﬁ{?POAqu ﬂea@ﬁé@géﬂhaut to

ol i gopr opene 4¥out WEGarn bR AR ol?mE% }?aQQ &lu%%&&% B LR vight! N
particul ar ol i goi sobut enes, as obtal nabl e, or exarrp , accor |ng to DE-A
27 02 604, 3@§ fromdibogt 16 © abat $100 gimol. Exmleégﬁthew @e phgcbracns@tﬂ

M xt ur es of t %Qstat ners, are a

m xtures of et Fléen8?g‘ﬁt8n%t?% %EHB‘%S‘F%PPiQfﬁ }’r‘?gtlsogtﬁri %fﬂ?eé‘teg% REXERS i ns
are descr1|5beObdt¢heldn§ofH’@deﬁ@tthé\@opo@yrﬁé@za%Qthﬁfgrd)@ éﬁh@bl"gorﬁé?%@fﬂgor ated by

reference. The nol ecul ar weights of the oligonmers rmay be determned in a
convent i onal RiaseRkin thy foyel ofsevindlavinshdeneros abybandislens 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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25 The copol yneri zabl e polyolefin that is reacted wth the unsaturated
mono- or di- carboxylic reactant are polyners conprising a major anount of
C2 -C8 nono-olefin, e.g., ethylene, propylene, butylene, isobutylene and
pent ene. These polyners can be honopol yners such as pol yi sobutyl ene as
wel | as copolyners of 2 or nore such olefins such as copol yners of:

et hyl ene and propyl ene, butylene, and isobutylene, etc. 30 The polyolefin
pol ymer usual $ipcebathighmeolecdan atight oldfinsusat) taipreffHio timaedpolynatroofthe padséritough

preferably 8 to 200 carbon.atons; a nor referably,fromabput 12 to
about 175 car‘BB?P%%?P&H%gen‘fFf‘Iléi‘ng“‘f%%qﬂ?lﬁhje“ﬁgﬂ“&{?ﬁ?lﬁ ot figrent @P@Fm& used to
prepare the cogightd Mmasidhl éd@glym&m&culémmif%?d1%%@.3&?%0%{&% Hixdy gs of

i ndi vidual_ ol ecul es of different nolecular g i vi dual copol yner
nol ecul es 3r estigh medponlar weighhpolailkyl gronpsofivaaying xtolecslap fwethii Afiso,moixeed ar

copalyrer o SpEERER g URARE e s bap TRl

produced. The copol yners of the present invention have an average degree

of polynerization of 1 or greater, preferably fromabout 1.1 to about 20,
and nore pref @W@Ymeb%ﬁféb@meser&@l@naom baveapverpge degrpe Theolpatzasioafof n

whi ch i 15 conaryney PRIERYY e IR Bobban, pRf RORRRRAHY Befiofmate "

sel ect ed 10r onh.§ keatgpuoip consisting of: (1) an alkyl vinyl ether and an
allyl alkyl ether where the alkyl group is hydroxyl, am no, dialkylamno
or al koxy substituted or is unsubstituted, and containing 20 from about 1

to about 40 qgy borrRNGR;-oskh CRu@Nomers i nclude the fol I owi ng: vinyl
and al lyl alkyl ethers where the alkyl radical is of about 1 to about 40

carbon atons are also suitable, and the alkyl radical may carry further
S ubst Ituents, h%lf)%]sen Simr/]é/n%rog)é}/nlp’ioyas rgt Pe%ét o(jﬂe%gx}g%igflj}loco%{po%ll(li( \0»1>f1¥ch is
15 copolymerizable with the monomers of (a) and (b) and is selected from the group

consisting of:

(D an alkyl viny] ether and an ally! 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 viny] ether, ethyl vinyl ether, propyl vinyl ether, isobutyl vinyl
ether, 2-ethylhexyl vinyl ether, decylviny! ether, dodecy! vinyl ether, octadecyl vinyl
ether, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n—bufylamino)ethyl vinyl ether, and

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

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

the alky! substituent contains from about 1 to about 40 carbon atoms;
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25 Exanples are nethyl vinyl ether, ethyl vinyl ether, propyl vinyl ether,
i-sobutyl vinyl ether, 2-ethyl hexyl vinyl ether, decylvinyl ether, dodecyl
vinyl ether, octadecyl vinyl ether, 2-(diethylyam no)ethyl vinyl ether,

2-(di -n-butyl am no)et hyl vinyl ether, and the corresponding allyl ethers.

30 (2 | Kk ' j f lenigal |
oot Aﬁoﬁéﬁg@@%@@%ﬂdﬂﬂrﬁ& @%f(ﬂ? ?lg%%gg%% ?1243%33%%' 10 carbon

unsaturated nono- Icacid o

atons where -MNelkyldoyilessaflnsdricethgtenicallpuasatgrated dn-Gpoutond- dxodiadrborkyli®0 car bon
at oms; 18 Anot her oup. of NOMEer S, conpri se | - C40, gl kyl am nes and
Cl-Cdo -N- ala\fifﬁaﬁ%&g TROHBEPH V]e?ﬁrg_gﬁet é‘eﬁ‘ﬁgﬂlﬁ?e&]ﬂ deeReC10 - nono- or
di car boxyl i c_diaﬂylaﬁﬁno%uﬁmn@ﬁlaefymé,Mﬂé}hﬂ@ﬁh@aﬁhc@&hﬁaémterab&?m&y%ﬁ@,et hyl
acrylate, dibutylam noethyl nethacrylate,” acrylamde, nethacrylam de,

N-t er t - buPy| ddweplykasrdamids, NN edihitatacilamidgeN-dadpeylmeihberylanide sndiN: de,

N- dodecyl net. r 1 .N- octadecyl net hacryl am de. (3) an o
N-vi nyl car bo@%dééﬁ@fﬂg%r?%?ﬁ‘i c acids of fromabout 1 to about 8 carbon

atons; 10 Another group of nonomers includes the follow ng:
N-vi nyl car boxam des of . carboxylic acids of from about 1 to about 8 carbon
atons, such 49 N apiNyinkarherpaide afcorbayyliacids ofyframe pbrstil de about 8 carbon
N-vinyl acet am de, ,Nyi.nyl -N- et hyl acetram de, N-vinyl-N-ethylacetam de,
N- vi nyl - N- met hyl propi édnanmi de 15 and N-vi nyl propi onam de. (4) an N-vi nyl
subst it utléd nitrogen-contai ni ng heterocyclic conpound; Another group of
. monomers includes the follow.ng: N-vinyl conmpqupds of nitrogen- ¢ontaining
" heterocyl es, such AH?%PQIWWquFHQﬂ‘&E’(‘}FSe‘PCINd% %9?%%9@%%@5’% xanmygps of

N vi nyl pyr 1ol | donga Byl dtidNarGRR bk | 38 hbduk cfbohfsths, 3ith 4 190! efin

conprising about 2 to 40 carbon atons or at |east one polyolefin

conpri si ng from abgwiformanidablttingé0-nusind frmmatnides NavidylaestamigleaN-vinyl-N-
methylacetramide, N-vinyl-N-ethylacetamide, N-vinyl-N-methylpropionamide

15 and N-vinylpropionamide.

- {4}  an N-vinyl substituted nitrogen-éontaining 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 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 (i)(b);

Suitable 1-olefins comprise about 2 to 40 carbon atoms, preferably from about 8 to
about 30 carbon atoms, such as decene, dodecene, octadecene and mixtures of Cag-Cog
30 -I-olefins and Cys~Cag -1-0lefins. Preferably 1-olefins, which are also known as alpha
olefins, with number average molecular Weights in the range of from about 28 to
about 560 are preferred, with molecular weights in the range of from about 112 to
about 420 being more preferred. For example, alpha olefins obtained from the thermal

19.



term nal copol ynerizable group in the formof a vinyl, vinylidene or alkyl
25 vinylidene group or m xtures thereof, provided that the ol efin enpl oyed
is not the sanme as the olefin enployed in (i)(b); Suitable 1-ol efins
conprise about 2 to 40 carbon atons, preferably fromabout 8 to about 30

carbon at ons, o1fidl& &@ﬁ:ﬁgmana?qﬁc&qﬁﬁ C24
30 -1-ol efi nscrandllfgcz C28- 1-ol ef’i ns P?eﬁpggﬁﬁﬂif%%ggllér?gﬂ &llearlg&gl o)
known as al phatosbefi 2scarbuntdtoms irblengthyAnather smutoecocﬁh@hameﬂymsthe ethylemer ange
of from about_ 28 .to about .560 are re err h nol cular S, |nthe
Cange ot 1 oS aHERrosS Whteh ks v Bimh ittt , ArabPcisroed el

al pha ol ef i nshyofht diri@kafisO6T dlfi J1B8%IBler waﬁraﬁﬂfdt@eatggst@améi 1hE WX may be
enpl oyed. General % t hese ol efins range from about to about 20 carbon

atons in Pengfewnsiegleratal sl olfinh areoiasify pkfained bylﬁneesm¢rmaon gf owt h

process whic RY V. I r, SQurcge of .ol efins
Is by the d|ha rl(ggﬁﬁoon T'If]HHJ%SL C%?ﬁlysgplrl]cgl gvehrcg PAg?a plr‘?lﬁflé ﬁ'g’ina(’F‘ﬁ) 30 such
as the wel | SarknsdrbeZiggitesc mafeﬂhbsi‘a&e cdninercily r@eic&lfylaﬂsll@l@ aga bedsOtedi ned
by the isoneri atlon Eﬂ‘é‘?l pha ol efins over a suitable catal ﬁt such as

silica. PrefttipRylesiiably kafangs of thedengtioothe molplardaly aaéé,lm@ ok the
materials ar qe@g[eﬁ@e?% ﬁéﬂpﬁla&@ﬁ%ﬂtg MW@P} CU?MB QE 14 hey of fer a

desi rabl e bal anc l'ength o ar tal ‘the solubility
of the ﬂ@rpolyner i n nonpol ar solvents. M xtures of oleflns are al so
suitable. 10 $arat| of Copgl ymer (i) Copol yner reactant (i) may be
prepared fror &P J' which are described in the art including,

but not 1ini t@q)oumerrrm%t (PR YE pYdpafld RS vl HEb AR ik thdls Willgh Al | owi ng

‘patents, which are herein mcorporated by reference: Harrison et al., 15

U S. Patent Nsscribeqdgpthe 2g:inchudingdrt aot linited 10, hosPpethots wmch&;reamlmﬁ inand
6,512 nI of  t,he

Qunt h t
et Chverte fonbudie el Wit are ok BeR potaled NG RRGRE MRl bty
anhydr i dd 5t er(ps| pagit Nol Bgse, mgr@me@t 8. U S. PAEROSE &, 14, Als; hehsinBBeetOf

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

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

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

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

25 prepared by known procedures for making copolymers. Additionally, it is possible to
form a small percentage of copolymers which are composed of monomiers (a) and (b)
and monomers (a) and (¢). Component (a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof, is selected from those disclosed
above, preferably maleic anhydride. Component (b), the 1-olefin or polyolefin, is

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

olefin containing from about 12 to 18 carbon atoms.

20



20 nononers (a) to (c) as described herein. Typically, the terpolyners of
~this invention contain at |east one nononer fromeach group (a) .to (c). In
general , these conponents react to formterpolyners which can be random
terpolynmers or alternating terpolyners or block terpolyners and can be 25

prepared by KTanieghéesToRImRSizh06n SRtké t&paﬁﬁeﬂs%%(@y MM&% &, it is

possible to forma small” percentage of copolyners are conposed of

mononers (a) Bisérghy, m@dwmfmmedmmomm&Qmﬁbommemﬂ 0(Im)gentthk

nmonocar boyxl| i ester t her.e 0X c _acj.d or anh dr| de or
ester thereof &”%gyrgeldrgg’iesa ??lg?ﬁeflﬁagg’é‘ (%FIJSE?‘%% p)éb' Zaﬂ?%?eg’rpﬁfﬁ ®mal ei c
anhydri de. Comprass! (b), the 1l-olefin or polyolefin, is 30 preferably

pol ybut ene, Conponent (c), the nono-olefin, is preferabl y a linear al pha
olefin cont aini ng fromabout 12 to 18 car bon atons. 20 The degree of

pol yneri zat i n rably,
t he degree 01(‘)T‘}pl)é)tlf ?)5”‘5}?? z%a@ﬂn¥ @ﬁ@cﬁ%’lg‘@ﬁ c%\ﬂ?é Ofaabsmt?’ﬁfﬁ e%%dla%lﬁ%lr tg

t er pol yner deﬁxaaq)len‘ offsaityblepolzmbiigniofanitieRsede peroxids SoPPbB[ fukhtal ON
tenperature E glkﬁ 5 The terpol ynerization is _conducted in the
presence of a® r%‘V?lP'@etCF‘QWI‘:Eﬁm?%P‘Eqn%‘Sftel't buidpgsethglhgrangate; abl e

o T 2L OB s o OO S,

perpival ate, tert tert uty ’héxanoat e,
t ert but yl kﬁer i protrgdicacnate adil dioaclohbqﬂ@lbarpnatemrdeo cethpduids,-saoly hs par-oxi de,

di acetyl 10 per ro and. di cycl i caronate, or azo comnpounds,
such as 2, 2' azoglﬂ\ég%"‘g}"%g@? ﬁ%ﬁ?tﬁt?ré% ﬁ%ﬁ?%?rsasmlxﬂgeﬁ@ % one or as

a mixture wi tdhoBRe ReABRLABfHatRRIRY Afs wpﬁe&@& GrSfeMBYy, leSRitAfrié Eﬁé‘ahde
Preferably, the initiator is agerom type initrator, e.g., di(t-butyl)

per oxi de, di cliipg/initiaéeros.2ddi(obuty peroxfils, dmumwhpanoxld@ogazo typ@mbmtm ngt,rl | e

type initiat ures for ring pol | .ef.i ners are,

for exanpl e, q t flixgrgl gtorﬁDEfo ﬁ?urﬁf)g)r Pé%ﬁg H%lgl aﬁﬁﬂ%‘ia%y@i% areI’nereby
i ncor por atsed foyexaaﬁﬂ,ae@abemldmg. Paht N6£ BY560, 9 8/d pa0oUsRseksoul d be used
to prepare

incbrporated by reference in their entirety. Those procedures could be used to prepare

terpolymers. Both patents also describe a variety of initiators.

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

20 in the same manner as copolymer (i1) which is described below.

Copolymer (ii
In another embodiment of the present invention, the copolymer reactant is a
copolymer obtained by reacting (a) at least one monoethylenically unsaturated Cs-Cag
25  monocarboxylic acid or ester thereof, or a C4-Cog 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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terpolynmers. Both patents al so describe a variety of initiators. Copolyner
(i), wherein a second olefin is enployed in the reaction, can be prepared

20 in the sane manner as copolyner (ii) which is described bel ow. Copolyner
(ii) I'n another enbodinent of the present invention, the copol yner reactant

Ls a copoly [ eac £as ically
unsat ur at ed gﬁlézglt e%ﬁ Xlgfﬁog{y}fegpgg%@ v%rLtlog a% eﬁljg? “rq{g? Bg?éa@ﬂlrf g 4- C28

di carboxylic &eacdive'a}iﬂgu drolldielae ket Slefih e wich aam%:h fridpordibn lo€ asdati@dson, at

copol yneri zab] e pol yner conmposed of at |east 3 fin nolecul es of propene

or of a brancﬁéﬂa@‘&ﬁ@%lﬁ% craflgiviagiione gonfigurgtionse- 80 carbon atoms, having
a nunber average nol ecul ar weight M of ggpom about 112 to about 5000, and
having a term nal copol ynerizable groupfjn the formof a vinyl, vinylidene
30 or alkyl vinylidene group in the pregsence of a free radical initiator.
21 Thus, preferred copolyners of the prggent invention are prepared by
reacting a "reactive" high nol ecul ar i olefin in which a high
proportion of unsaturation, at |easy about %is in the al kylvinylidene
configuration, e.g., CH2 8 R9 5 whefein R3 and® RO are an alkyl or
substituted a{uhyrlemq{g a'ilufﬁglaeé ﬁ{\élkﬁhﬁ“sﬁbétlﬁﬂéﬁ ﬂk}l%f@hﬁﬁzenr Bighisi RepHLtth Beve

mol ecul e stability in lubricating oils and fuels, thus R8 generally has at
| east about 3be cesnbing realerwie stgirlbWenélmrgﬁaTamg dilsant Tatde thusRy geaetdy hat ¥ms and

nsat urat ed ergr s e bRRAGR Brta ol gt SO AR AP aife T o

10 Typi cal 'y, lothealkips foe sbdwt @ds! 6houd 8 aboh afoha] ith aﬁ@hyaaﬂuhrekieaﬁhcand
succi ni-c groups and has an average degiree of polynerization of 1 or
a

greater. The wa@r@rm@&mwwwf@rfs@%mdw dpitiatep pr esent invention have the
general {p fornula:

Typically, the copolymer product has alternating polyalkylene and succinic groups

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

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

15. forrnula;

w z
|
o—T¢! c|::o R2 Ry
\ |
c—C C—cC
H H l |
Ry R

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

and the other is high molecular weight polyalkyl.

22



Wz' o=c COi2i4.CGCCCC HHR R3 n wherein W and Z' are
L. ndependently selected fromthe group consisting of --OH, --0- -alkyl or
taken together are --0-- to forma succinic anhydride group, n is one or
greater; and R, R2, R3. and R4 are selected from hydrogen, al kyl of from
about 1 to 20 about 40 carbon atons, and hi gh nol ecul ar wei ght pol yal kyl
wherein either R and R2 are hydrogen and one of R3 and R4 is | ower alkyl
~having from a@@ﬁlyrﬁert(ﬁ?ﬂﬁ B afiernefiid) BlbcR! FEnddRdl the other is high

nmol ecul ar wei ght polyal kyl, or R3 and R4 are hydrogen and one of R and R2
is Iower alkyl having fron1about 1 to 6 carbon atons and the other is high

nmol ecul ar wei : I bl ock, or
random In a %rhteqr g@béggéﬁé%ﬁ%wg\% hm(a}}))gl}lg a Spgaf%ge?‘lgag%{ée as the
“reactant, haeacﬂion@midcmmﬁdmm@pred@mﬂiambﬁtheIf(ﬂtdﬁmhglﬁh’mlu}a of the

foIIovmngforrruIa 001214 c-c Il R R3 n wherein nis fromabout 1 to
about 100, preferably from ab ut 2 to bout 20 nore\ preferably from about
2 to about 10, and Rl1l, R2, Cected fr hydrogen, | ower

al kyl of fromabout 1 to abollit 6 o oms hd i gher nol ecul ar 10

wei ght pol yal kyl, wherein ei her R1 and are hyd ogeén and one of R3 and
R4 is - l

I
Ry Rs

n
wherein n is from about 1 to about 100, preferably from about 2 to about 20, more
preferably from about 2 to about 10, and R, Ry, R3 and Ry are selected from
hydrogen, lower alkyl of from about 1 o about 6 carbon atoms and higher molecular
10 weight polyalkyl, wherein either R and R; are hydfogen and one of R3 and Ry is
lower alkyl having from about 1 to about 6 carbon atoms and the other is high
molecular weight polyalkyl or R; and Ry are hydrogen and one of R, 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 alkyl 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 isobutene. These polybutenes are feadily 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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| ower al kyl having fromabout 1 to about 6 carbon atons and the other is
hi gh nol ecul ar wei ght pol yal kyl or R3 and R4 are hydrogen and one of Rl
and R2 is lower alkyl and the other is high nolecular weight polyal kyl. 15
Preferably, the high nol ecular wei ght polyal kyl group has at |east about 30

car bon &t oo {ARAR A EHSEeALIREESt AROK e8RS R A AL AT il oL T

hi gh nol ecul ar groups inc e po

Preferred polsphiidail yh tt@rtemppl/mer trefeskébly thesiel -iavbdigutod ole@ih hay £ hagber
nol ecul ar wei ghts of from about 500 to about 5000, nore ref era% y from

about 900 t o 3BBEE Midronpakegut SP@ ¢ akswe P04 @PP@?‘GHI&WZ’G@ Ellﬁiéﬁél skl and
hyl ;
ethyl | especi qliyisbnel aiadioh QISR QER o AShUlEIRERY - A

partlcul arly preferréd class o ners co

whi ch are$ prebdscbatydenepol ymeri zati on of |sobutene These pol ybutenes are
readily available comercial materials well known to those skilled in the
art. Disclosures thereof will 25 be found, for exanple, in U S Patent Nos.

4,152, 499 ancprdfefifdB; &@%o;ta in@hza?!ﬂ@%&?ﬁa } SmprieQh B%h%@l@cxhé(r \K/ﬁ%ﬁr&%ﬁ(ﬁ or

their disclosures of sui enes. 23 Preferably,

- di subst i t ut egowl whichgs @nryedwm 2 bighmolpeidaravéighivlefi. &bglhaah meleghar, oi |

soluble tail jn Pre era Ituted olefin

has'a nurper VaghARRRLHTRE ephgih B bRubsrorabh R B Ty

useful 1,10- dicfubficidntly eshg G)Jaﬁflbﬂgth%omalthejresﬂﬂxﬁg-l@ﬁﬁ dsttioads psiive soid vl ene,

such as net hyl vi n%(I i dene 5 pol yi sobutyl ene. Pref erabl El)’ t he copol yneri zabl e
i

pol ymer conpreBwatibe pyithminsrad eils.dkeloendyihe lke) and th piky la{lﬁenwsemeli%f theri ved
froma high mp %}?ﬁme@ﬁlamkgm REf tbRpriddiGt b gﬁbﬁﬁﬂﬁﬁ%f‘{ e 46l QBfin O1 €f i ns
used in the preparation o e copoFyrrers of t résent T hvention are 10

of suffi ci entdoynpbsitign.dhafernblye nigs dik gloviflRkend hemeesaﬂqus&g aCleaq eV, e | S
i ible wwth mneral_oils, fuels and the |like; and the

soluble in and %ggrpﬁ o

al kyl vi nyl i déFeferablyrat least 7Q%eof the el lafwcomposii@nght ol efin conpri ses at

| east abqyt 20% of the total olefin conposition. Preferably, the alkyl
vinyl i dene isomer conprises at |least 50% nore preferably at |east 70% of
the total ol Suchhighnpasitliromeight olefins are generally mixtures of molecules having

different molecular weights and can have at least one branch per 6 carbon atoms along
the chain, preferably at least one branch per 4 carbon atoms along the chain, and
particularly preferred that there be about one branch per 2 carbon atoms along the

20 chain. These branched chain olefins may conveniently comprise polyalkenes prepared
by the polymerization of olefins of from about 3 to about 6 carbon atoms, and
preferably from olefins of from about 3 to about 4 carbon atoms, and more preferably
from propylene or isobutylene. The addition-polymerizable olefins employed are
normally 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 alkylvinylidene isomer comprises a methyl- or ethylvinylidene isomer,

more preferably the methylvinylidene isomer.

30  The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are pﬁlyisobutenes which comprise at least about
20% of the more reactive methylvinylidene isomer, preferably at least about 50% and
more preferably at least about 70%. Suitable polyisobutenes include those prepared
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15 Such hi gh nol ecul ar weight olefins are generally m xtures of nol ecul es
having different nol ecul ar weights and can have at | east one branch per 6
carbon atons along the chain, preferably at | east one branch per 4 carbon
atons along the chain, and particularly preferred that there be about one

branch per 2 ong the 20.chain., .These brangch chain ol efins
may conveni en‘%s?r[ﬁﬁ (%h? es'?nggﬁp@éaﬁggOBP% ?B’oy S0 %e"teﬁa’\?{ C@%&ri zation of '
ol efins of frmesthglvintidénd iSoabaisingriseod high pefcentige aNthe tdtarfoRipRlitbnfiy om

ol efins of fr(i)m bout 3 to about 4 carbon atons, and nore preferably from
propyl ene or 4eseiFiseyh Lnd Patant Nogdt 1326 810,4605.808 | e ol efi ns enpl oyed are
normally 1-ol efins. The branch may be of from about 1 to about 4 carbon
atons, nore 25 usually of fromabout 1 to about 2 carbon atons and

~ preferabl y nmekiaydratidghef Qopdleneradt) al Kyl vi nyl i dene i somer conprises a mnethyl -

or ethylvinyljdene,isonmer, .nore. preferably, the nethylvinylidene isonmer. 30
The especi al 14° BHed %‘?OrVEuC‘WPHFP‘?rzH‘g‘EfﬁI’%Pf%tQh‘PnBP%f%H’f?P By 18tieear e t he

copol yner s ofgléfiLaddl S ERAtutAMUERGdIO Poaklaft ﬁ%é’bl.%%i&‘g@ﬁ%dé‘?&&i&l HR{TRbE She !
| east about 20% of the nore reactive nethylvinylidene isoner, preferably

at | east abouwro®89pkihd praparatiopoé terodpher (&) isldeasribedbo ifar @9 USuPazbl No. -

preparati on ob Gt MBS BRRRREP R Ry HEe Tk PRSI | deno 1 somer

conprisedq@a high percentage of the total conposition is described in US.
Patent Nos. 4,152,499 and 4, 605,808. 5 Preparation of Copolyner (ii) As
noted above, KhSgeAclinnmayite)conduaterbatys tewpprattraotahaubra0’e tpabPHREN by
reacting an bR &0 idhc t in.the p of a
free radical plq‘lﬁflg{a’lbg’t or. a@ﬁ'&%@%@é@i“ﬁ?%@%ﬂg %%é) p%’)ﬁ%ﬁ%@ﬁd%%{r&% i)

i s descri bed proporiamal sO@mplkatire, Pedc@rdind¥e, for thelpkefen@d highhh6lacilar Wegki n
i ncor por at ed reference_in its entirety. 10 The reaction may be conducted

by Y, .
at a tenper atcag%lywrsaﬁémd\fﬁe@@% ta g@gtoydewer 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, e.g., sulfur compounds, antioxidants and the like.
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preferably from about 40C to about 160C. The degree of polynerization is
iLnversely proportional to tenperature. Accordingly, for the preferred high
nol ecul ar wei ght copolyners, it is advantageous to enploy | ower reaction
tenperatures. 15 The reaction nmay be conducted neat, that is, both the high
mol ecul ar wei in,  qacidic.reactant..and, the ftree radical igif,ator

v e combi ned Preepdiel e opp et ion A of s A8 by AR fe& faci by e Bgt
tenperat ure. inRiafrd £ Radl k@i, in thteart, SRecver) tHasholte of died wadied idifiatar may vent . -
Suitabl e solvents include those in which the reactants and free radical

initiator areedpilymmeed by\theirprotion éempesatigeempleyads ahydr of uran, chl or of orm
nmet hyl ene chl ori de, dichl oroet hane, toluene, dioxane, chlorobenzene,
xylenes, or the like. After the reaction is conplete, volatile conponents
may be st i5i ppBa ppéferredreniralicabd inteatdrsiase thapeoxiit-typé polsmpriedtmndbitigtorsnert to
25 the reactants and prodycts .fornmed .and is,generally used in, an agount
SUFficient  t GROdHPAYRS PolEmEREaton P SARPURRER PARASP DY Ve R I EA B Moy be

conduct ed in @adiohUehtsirequch as nmineral oil, as long as the diluent does
not contain constituents that interfere with the free radical 30
pol ymeri zation, e.g., sulfur conpounds, antioxidants and the like. 25 In

general, the .gopol ymerjzation gan.be initi,ated by any free_.radical

Pt ator.  sull Poaide bpE R R intfarptant REato B Mbre s B e e choi ce
of free nadi gakinghd genertl foriala: kg, OUR LERERR DIs dnffriMRCdRial ARG IAL ur e
enpl oyed. 5 The preferred free-radical initiators are the peroxide-type
pol yneri zat i delepiad {iom Ge grouprrensinéngofdhydygsen god greeizaniciradical nBethatippid

Radi ati on cari, a .04 0Ll cli ' Ik -
per oxi de-t ypof FEEgHIE et PhorsBbE HyibealbBR g his) SRALAE ol
organi ¢ 10 Hagdsirgd,tshbstiyesiey alch hohalugens, 4. Profched pefoeides RicPudesli-asry-bagybani c
radi cal and Rn3 is _selected fromthe group consisting of hydrogen and any
or gani c radi65FW“§b@WUWQ§P%ﬁHdQRP§d&&ﬁgﬁﬁyﬁmﬁ%ﬁﬁ% radi cals, preferably
hydrocarRQgn, aryl, and acyl radicals, carrying,

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-
bromobenzenediazonium hydroxide; azomethane and phenyldiazonium halides. A
suitable list of azo-type compounds can be found in U.S. Patent No. 2,551,813, issued
30  May 8, 1951 to Paul Pinkney. |

The amount of initiator to employ, exclusive of radiation, of course, depends to a
large extent on the particular initiator chosen, the high molecular olefin used and the
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if desired, substituents such as hal ogens, etc. Preferred peroxides include
di-tert-butyl peroxide, dicunyl peroxide, and di-tert-anyl peroxide. 15
Exanpl es of other suitable peroxides, which in no way are limting, include
benzoyl peroxide; |auroyl peroxide; other tertiary butyl peroxides;

2, 4-di chl-or obc Céﬁf)égg?‘{})%f%)éj}‘g&?s crotnl %{rﬁ/ IBH%X%HR%Q{I% cf%éém) oFUTBRE

hydr oper oxi dd*? roper oxl

di et hyl per oxygzn tﬁm@gmnmtrof p@rruolbuf Xdldiﬁeémoatlepremdmhmun@@etwdeﬁ The
azo-type conpounds, i ed by al pha, al pha' -azobi sisobutyronitrile, are.
al so mell-kdbmﬁikméﬂ¥ﬂééical pronoting materials. These azo conpounds can
be defined as those having present in the nolecule group --N=N-- wherein’
t he bal ances are satisfied 25 by organic radicals, at |east one of which is
pref er abl ¥ atTieqiodgndrization Rnipemtyre earsblonsuffiGetyr high bbaledmmﬂmom@mms '

i nclude, but are limte enedl zonlun1fl orate

p-tol yl di azodfiP ‘i’lg’érﬁléﬂreﬁdﬁﬁlﬁ‘rréﬁ’ﬁﬁléﬁgﬂﬁé?f?’a oHRR PO ST d‘ orret hane

and phenyl di azenid Wh@?éabﬁjtﬁ'xstem?eraﬁﬂé Labbeodtivdn MouB 7Pt amaRb6AEONds can be
found in U S. Patent No. 2 Issued 30 May 8, 1951 to Paul Pinkney.

The anount ofprcifarabl}ababwembenﬁ(lﬁ@,ané)&bmus%v@ higher antl latieplempsraterss fagebe

depends to a ext. on he ticul niti ° hi gh
nol ecul ar ol eq‘ni“ﬂ ’%’E‘ei‘l S'ﬁﬁg etlﬁga Elro(g{tslinpgrﬁ C%Snb it %trﬁ‘ss?rge gﬁﬁ%b C{Eﬂﬁ
concent r gl Orgbog 2000C ! With Bref@fcd t&ﬁﬁéﬁﬁfbs%eﬁ@é@nhbaﬁtcﬁow aRd Abom|166°@f
initiator per nole of acidic reactant, with preferred anobunts between

0.005:1 and 0.10:1. 5 The pol yrrerlzatlon tenperature nust be sufficiently

high to breakpdo Ctitopll%l'l gh% L1 98 be glﬁﬁ&eﬁﬂ’d(ixﬁl nt Ortﬂ§§ﬂ9§ﬂ i fh%%q:%l?éj}ﬁlfé@é s. For

exanpl e, usi ny BENZOY roXi de as e reacti tenperature

can be bet weelrre@bfwbaﬂﬁﬁrmté vaetw@Gbouputebegtehic ynd ¢0Gpeg onbigher. 80C and
about 85C hi gher and | ower tenperatures can be enployed, a suitable broad

range of tenperatures being between about 20C and ‘
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  As noted above, the subject reaction is a solution-type polymerization reaction. The
high molecular weight olefin, acidic reactant, solvent and initiator can be brought
together in any suitable manner. The important factors are intimate contact of the high
molecular weight olefin and acidic reactant in the presence of a free-radical producing
material. The reaction, for example, can be conducted in a batch system where the

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 continnously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and initiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction

30 mixture can be added continuously to a stirred reactor with continuous removal of a
portion of the product to a recovery train or to other reactors in series. In yet another

- manner, the reaction may be carried out in a batch process, wherein the high
‘molecular weight olefin is added initially to the reactor, and then the acidic reactant
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10 about 200C, with preferred tenperatures between about 50C and about
150C. The reaction pressure should be sufficient to maintain the solvent in
the liquid phase. Pressures can therefore vary between about atnospheric
and 100 psig or higher. 15 The reaction time is usually sufficient to

result in the At | ' (e} tant and
hi gh mol ecul a?‘%%‘ﬁ@%’?dé‘% ?%@%@%@’( 9%?‘@2‘29&?%2%”%%% t isgehg?lg%g%i tabl e
bet ween one apldce?i4 ahtobulsr;typé telhctpr eherentledcongaatiite arctaddedat dpetowerme Roiatsd 10
hours. 20 As .note abtgve, the subject reaction is a solution-type

pol yneri zat i oHOR&RENYSn. The high nol ecul ar weight olefin, acidic
reactant, solvent and initiator can be brought together in any suitable
manner. The inportant factors are intimte contact of the high nolecular
wei ght ol & i nCapdymei(dilc reactant in the presence of a free-radical

roducin erial he reaction, for l.e,. C be conduct i bat ch
gyst gml V\ﬁer e Iefglbﬁg’érﬁnirﬂf’g%l:‘ﬁ%# re\%tfﬂbtﬁﬁsg? ‘éﬁ?‘ﬂc‘?gy 2G5 rg%ﬁ'rl Ob:?%?‘!f%a’rl ly to
a mxture of ey @ﬁg{oaﬂa' \ With lcatmesurml Qr Vi8S irof ndhediadicahol ecul ar
- wei ght ol efi néggér%b%neg added igg(g)r?ﬁh{lltcen?l y r(gr@cogl?ql&?lbougl_ ?o ?hg reactor.
Al t er nat i vel yeatalyredreastionin the peopenss of epslyraer @}pr@pp@ymebﬁﬁér othg g byetbanpl e,
i AN hb . ‘ . lef
25! e+ onct e LOILATD PR BTSRRI Bl Bl f

m xture. cEn braaitagsodend s sougpeahd (il@) sndsdontpoank (iayomi)(ei t h cont i nuous
removal of a portion of the product to a recovery train or to other
reactors in series. In yet another manner, the reaction nay be carried out

in a batch pr ; i i gh nol ecul ar wei ght olefin is added
‘initially to ?h ﬁrrsagg)g?f(;??bﬂ%’ggﬁﬁ n the acidic reactant 27 and the initiator

are added gr adyabdeys fov the prémmationiod coprpmen(ii)dadesatibal, Sorickatiple, iraKatispt ace
poi nt s al ongFheUBaenENE ALy A0y FIehr Rn TG e Ce Bl mer
reactant {4iiJndrsyobtai ned by a copolymer obtained by (a) reacting
.compound (i)(a) with conmpound (i)(b) or (i)(c) in a non-free radical
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 C3-C3 monocarboxylic acid or ester thereof, or C4-Cog dicarboxylic acid
20  or an anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C;3-C,s monocarboxylic acid or ester thereof, or C4-Cay
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 inthe 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 It is necessary to dissolve the acidic reactant and high molecular weight olefin 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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catal yzed reaction in the presence of copolyner (i) or copolymer (ii) or
both; or by (b) contacting copolyner (i) or copolynmer (ii) or both with
the non-free radical catalyzed 10 reaction product of conmpound (i)(a) and
conpound (i)(b) or (i)(c). Preparation of Copolyner (iii) A process for

e a0 s Sy SRARIRREE it il iy Bos B Sond fpfBbbusC"

reference in 6tsabbt 2htirbei yomskdde BAGIng Hidm z(b%).lt ahpab%ut seatbornateast ed
olefin, general]y the nore hindered olefins, i he bet a-vi nyl i dene,

that do not r@xtiquidsampied \ﬁllphatwrééhmé&eﬁWérﬁwhmswavmsfmrm abqudd t€3- 28
monocar boxyl i g R¢5 daBbn &R %%pﬁ%ﬂ‘ﬁ)ﬁ&? E‘er%ﬁi%ﬁl eﬂio iboab\éhwcé’rﬁbr?at%@eor an

anhydride or ester thereo con |ons are reacted with
nonoet hyl éni cpdrimyolemda Byr diges" G3meERR hqnmlauﬂeﬂathwdmchtlmiod polynesizaiont her eof ,

or C4-C28 dicar,ho Iic id or, an ride or st r thereof nder
Chermalcondi ¢ ﬂgﬁ{ en efﬁ&ﬂoc E‘?ﬂ?e Hlogensre prefiag )58&1331}}%1@:0%1’ OBhout

280C. These caaﬂustmmfal@geﬁugrﬁéanap Gpandtﬁlo?ﬁe b&ﬁ%tfo?ﬁol%rﬁﬁﬁkt Bsich e8!
process PIBSA. Optionally, this reaction takes place 25 in the presence of

a strong aci dit ceudissodes the héidivi reacswit dnd Bigh nﬁcdccuhravqggm olgfig.in Padidon to thie.

6,156, 850. | | h Th
reaction solq\?teﬁ@{}ﬂ%g%lﬁdﬁggrg tﬁ%ﬂ'@ﬂ 1§§g|5® g%gwﬁg%o%g(g‘é%rd’?eéé gﬁ%f ande

the hi gh 100! eqiitably beBie@Atl: Phef 10D:1 adlis pbefbBblyRR&RAYS: 1 endlt.gsol ve the
. acidic reactant and high nol ecul ar weight olefin so as to bring theminto

intimate contact in the solution pol yrrerlzatlon reaction. It has been

found that t t yners
are sol ubl e. hﬁﬂgﬂk o egggﬁ&u@ g%lnél’)l av i%}[c‘]w d}t ?g ﬁlﬁ %{(:)bron;ér?oggrrgatl C
hydr ocar bons iiﬁhthﬂgatﬁlﬁwﬁlcﬁd}ﬂaﬁnatdﬂ Hydrr&bﬂj@hs Heﬁaﬁgafrb;@rabaﬁtolm ablset Hmese havi ng
fromabout 3 to aﬁguﬁ 5 carbon atons; _and liquid saturated aliphatic
di hal ogenat edP'Rff PHGARSUhLIA ADGUE 3. 5MPIBSIAMSL to  about 5 carbon atonms per
nol ecul e, }5pref erably fromabout 1 to about 3 carbon atons 5 per nol ecul e.
By "liquid' is nmeant liquid under the conditions of polynerization. In
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;

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane;
25 1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane; 1,2-

dichlorobutane; 1,5-dibromopentane; and 1,5-dichloropentane; or
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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t he di hal ogenat ed hydrocarbons, the hal ogens are preferably on adjacent
carbon atons. By "halogen" is neant F, C and Br. The anount of sol vent
must be such that it can dissolve the acidic reactant and hi gh nol ecul ar
wei ght olefin in addition to the resulting copolyners. The volune ratio of

100 1 and i < MraPEYER R Tt 46l Shpsi et bl P EHGEID Fo

t he ket ones h@ﬂﬂgghéfsaem(about 3 to about 6 carbon atons and the saturated
di chl ori nated hydrocarbons having from about 1 to about 5, nore preferably
fromabout 1 to about 3, carbon atons. 15 Exanples of suitable solvents

i ncl ud but
Imr;'fhyl Zt hyrket oeﬁpdiﬁglﬂedttgf?ﬁ E&E[cgﬁcemﬁgdﬁﬁé %Bﬁ;ﬁ)l so%?@yﬁgggﬁgwge%m aromatic
hydr ocar bdns, C@ubrmaseacbmn@me(n))qy ge:mallyeprdpztred beaaumBer cf atalirlatosd

di hal ogenate rocar.b uc | o t hane; i br.omonget hane;
1- br ono- 2- chi EP%%?%&H‘&“SITL% @ws&eﬁawﬁaﬁﬂwﬁ@s or, R bler oSt gmown’

1, 2-di chl or oehBai prokeds (Gt EQTARSOPAGR No. 3,361479), QHE@I& PaREL-known
1, 2- di br ono- 2- nethylpropane T, 2-di chl or opr opane; chl or opr opane;

1, 3-di chl or opehdgrinagion prd@ctsrfseﬂeighllbﬁd}?ﬂt@paﬁe 3, 17228920 aciokrehinsion @ the

L A o PR R O o Sl A

separ at ed (f r oJfiong avidHrocBsks a4k, d1A1 EJBS:tP‘aﬁiznﬁNbsi|30819r61560ahaiﬁt156)850)952@ﬂ5¢ onal
procedures such as phase separation, solvent distillation,

preci pi t at i orfadisal praeespesiee, ¢.£., §bSi Hatent T‘@Bsﬁa%&%???gaﬂéééit%oﬁhcﬂuéh

co-sol vents r (o) uccinic

annyr i de. ( PR SiES e ohpl bREuloRRGHIE RaERsaRol b BAP PRERVINGE T 1 1

or (ii), is oRDPEY64M andm, ESI@(DH}I Bywvall a’sL]ﬁ@eiuCOifIﬁdlﬁtib pradave, adducts 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 hlgh
‘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  is less than 1.3 and in EP 0 355 895 for the case where the succinic ratio is greater
than 1.3. European Applications EP 0 602 863 and EP 0 587 381, and U.S. Patent No.
5,523,417 disclose alprocedure 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 (Mp,)
‘in the range of from about 1500 to about 3200. For polybutenes, an especially
preferred number average (M,) range is from about 1700 to about 2400. This patent

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 grouﬁs per equivalent weight of polyalkene-
derived substituent group. Most preferably, the succinic ratio should be from 1.5 to
2.5, | |
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processes including the method disclosed wthin. For exanple, there is. a
wel | -known thermal process (see, e.g., US. Patent No. 3,361,673), an
equal ly well-known chlorination process (see, e.g., U S. Patent. No.
3,172,892), a conbination of the thermal and chlorination processes (see,
e.g., US Patent No. 3,912,764), catalytic 10 strong acid processes (see,
e.g., US Patent Nos. 3,819,660 and 6, 156, 850), and free radical
processes (sdaBtheSsuiiable WikenylRatehic vagdrides 285udéd thaae deseriBddPind3 @) PatEaidiio.
conposi tions include one-to-one nononeric adductsggsee, e g ,. U.S. Patent
Nos. 3,219, 6680939 Tymeal abieny! used ig e preparaiiogreetbyens and EPPEIS oduct s,
adducts havi ng. @l kgnyl - derived substituents adducted with at |east 1.3
succinic groupg ger al kenyl 15 derived substituent (see, e.g., U S. Patent
No. 4,2345435). Polyal kyl ene succini c anhydri des al so can be produced
thermally alsg fr i gh Eyliden- pol ybut ene as disclosed in U S.

Pat ent No. 4 B2 4gy Pofycther Arama OIPOUIL + her di scussed in U. S. Patent No.

5,241, 003 f oy bhE emBSEmMMIESBhE PRsSHGRILiSn, 1BE bShoBfndiSs teas@d bitaa %olﬂfetl@éid in
EP O 355 895 tor the case where the succinic ratio is greater than 1.3.
Eur opean Applarerasticoresnelnd 602 863 and EP 0 587 381, and U.S. Patent No.
5,523,417 disclose a procedure for washing out the polynal eic anhydri de
rTesin from polyal kyl ene succinic anhydri de prepared from hi gh

net hyl vi ngl i depecan9] 1O BbIeB@er Aomaat ¥ahisdbRNeilisiuee hnlegst anb Yhictiosal Wrdups 2
succinic ratio of 1.0 is disclosed. One 25 advantage of polyal kyl en

succi ni ¢ anhyéeh erpablesiyenctng withimmonasgrhionikieaqid pyestardhraeot; gr @iﬁ%rb0¥3§i0c an be
pr epar ed essea@}cq, E‘MA&@‘Q Srees?%tﬁé}%&’; b{‘ﬁﬁxtﬁe?the?@c}f?m No. 4,234,435 teaches a
yafl kKerle- deri ved subs

preferred pol uent group with a nunber average (M)
in the range of from about 1500 to about 3200. For pol ybutenes, an

especially preferred nunber average (M, range is fromabout 1700 to about
2400. This pa%“étﬁ?lemlyaﬂ@baﬁoéﬁ%‘ﬁégﬂlﬁ’ﬁ'é!%‘i\s/ltl%‘éu%‘ugﬁi HP HPHé‘E“T-FﬁL"t ﬂﬁi‘”{?@"‘a’ng'
succinicykatio of at least 1.3. That is, there should be at least 1.3
succi ni c groups per equival ent wei ght of polyal kene- derived substituent
group. Nost [Hadfeshealdrymatih€ompemidyi Rerivad fronsirodtandsis Amipi Gogpausd 2. 5. 30

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:

25 | Fig. 1
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 R¢ are independently
hydrogen, alkyl, alkaryl, aralkyl, or aryl or mixtures thereof; Ry, Ra, Ry, and Rs are
independently hydrogen or alkyl containing from about 1 to about 6 carbon atoms or

30  mixtures thereof; and a and x are independently integers from about 1 to about 50.
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Ot her suitable al kenyl ‘succinic anhydrides includes those described in U S
Patent No. 6,030,930. Typical al kenyl used in the preparation are ethyl ene
and 1-butene copolyners. 5 (B) The Polyether Aromatic Conmpound |In one
enbodi nent of the present invention, the copolyner is reacted with a

pol yether aromatic conpound. &0 Typicahkly,-the pol yether aromatic conpound

wll have at least two fu each cap bl f reacting with a
nonocar boxyl i ¢ aci d o estg@ i i é§| d, nhydrl de or
ester thereof, or m i |c conpounds

i ncl ude, but are not I| tedxt :ﬁlS Pol ydther Aromatic
Conmpounds Deri ved frorrR;in Aro np in one enBadi ment, the

&
pol yet her aromatic conpound. is derivell from an arorra ic conpound
containing at |east one anmine group and wherein the polyether is chpafle
of reacting with a nonocarboxylic acid or ester thereof, or dicar boxyl iC

aci d, 20 anhyBMhigh A rensesents an jgeragic anpRiempeisty Whereigithagther seRsars bpked
aromatic am tr u RZ RS H
N OO N H = R e oPIRGMRARA A (R ardrl NG, R GHERARE, 7 T
am ni ¢ nobet ynddpenchinﬂyﬂm&ogﬁhetkygreﬂkmﬂ amabkyl,ionleed or nhxtureghheaeoﬂ; easd bone

am ne group on fhe aro tic noiety re |nde ende dr ogen,
al kyl, al kar yA® Ing¢panden YIawgarﬁfm%ﬁbqﬁt 3 et S epﬁade P
are |ndepenq§t@ééryﬁgmdf%g@n or al kyl containing from about | to about 6
carbon atons or

1 R3 R4 Ts
N QO O N
X - y
R, { m n Rs

Fig. 11
10 in which A représents 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; R, Rs, Ry,
and Rs are independently hydrogen or alkyl 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. 4,847,417.
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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30 m xtures thereof, and a and x are independently integers fromabout 1 to
about 50. 312 H~CH2 OOHC2 HNH AO2 RYMN R R xaybTFg II
in which Arepresents an aromatic amnic noiety wherein the ether groups
are linked through at |east one aminic functionality on the aromatic ,
moi ety; R angkif@cobigpuid td08R BONEME! Yoty P Ofiimard ok ¥doonddry Altddgen@f &ty . oOr -
aryl or mxtures thereof; a and b are 1 ndependently integers from about |
to about 50; ¥p@atic @mmeyorap@nﬁ;mmmuemtﬂﬂmeneimpmése farbomale ¢am also et R3 R4

16 /NOOH A H x m a RS Fig. Ill, 10 in i A represents
an aromatic a%e%%g@%\%%?‘éﬁ’sﬁz‘ﬂ%PB?’ﬁQ?‘%ﬁF%O&ﬂ?V&P%OﬁePWBﬁQG §h at

| east one -ami @hige torApdindITHld tbinisl HydRxgl gﬁaﬁgé of thpR¥ether Bloiad chPbar e |

i ndependent |y hydrogen, al kyl, alkaryl, aralkyl, or aryl or miXtures
thereof, R2, fR3vertedto aming groppsvia rederdive sandnation ongypnegjkyaten, atilizing cont ai ni ng
from about 1 ons or mxtures thereof; a and b are
independently&an n?gvsgkﬁﬂqg%%e 0 4; and x and 15 y are independently
integers from about 1 tR about 50; and mand n are indepenBgntly integers

fromabout 1 to about 5D. Furjthernore,|in one enbodi w\the present

i nvention, the polyet aro i C apNe, ein g pol her is capable
yli cidf ON OH

R, Rj

of reacting with &4

Reductive amination

R4 R,
H O O H
\N/l\/lg N ;l\)\N/
a X
M R, R4 Hy

in which R;, Ry, Rs, and Ry are independently hydrogen or alkyl containing from
about 1 to 6 carbon atoms or mixtures thereof,
10
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20 ester thereof, or dicarboxylic acid, anhydride or ester thereof, can be
a random block, or alternating copolyner. A general procedure for
preparing pol yet her hydrocarbyl am nes can be found, for exanple, in US.
Patent No. 4,847,417. 25 In general, the polyether aromatic an nes enployed

n this invengl z clin
conpound, sucﬁk%g) %Oﬁémlﬁ%eg%ﬁ%enﬁ%% ecg%atgesreg%gﬁﬂdﬁﬁﬂ form
pol yet her gr osyushesige mlﬁbleqﬁryyﬂﬁfmaﬁmmarnyes mchdegetoowiak: the aromatic
am ne conpound, e.g., aniline. Ethylene or propylene carbonate can al so be
used to form pol yether groups on the primary or secondary nitrogen(s) of
the aromatic agm nﬁaﬁ%‘?}l lenyﬁﬁmﬁr%r ﬁéénte'aﬁﬂﬂ’tﬂé(i’d jpups of the polyether
noi eti es can 5 conver to am n géou S vIa reductive am nation or
cyanoal kyl ation, utilizi ng techni qugs wel | known/mm—t Brt. Rt R& OO
HON OH a x R2 R3 Reductive 'nag\\n Rt R4 (ONO) a XNHR2R3H I
in which R, R2, RS, and¥RZ ar i ndep ndenw\'y hyXdr ogen #r al kyl cont ai ni ng
xtures theregf. I ‘

from about 1 to 6 carbon ato

5 R1g
Rys is H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocafbyl
radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralkyl or alkaryl; R(2);s is --NHj, --(NH(CH,) )NHa, -
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:
‘——\
// Jy
\ o2
< P
N

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

Rz4

alkenyl radical having from about 1 to about 14 carbon atoms,
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33 Exanpl es of other aromatic am nes which may be used in the present
Lnvention to synthesize suitable polyether aromatic am nes include the
followi ng: (a) an N-aryl phenyl enedi am ne represented by the fornula: R20
RI$/ \ N5 Rs R b is H, --NHaryI -NHal karyl, or a branched or strai ght
chai n hydroca n 0 bout 24 carbon atons

sel ected frorr{ ZI ky?‘r{ﬁgfé‘fc)lé%%%f) é'lglz ﬁ%% gtﬂﬁe h%‘rﬁal karyl; R(2)19 is
--NH2, --(NH(CH2)"), NH2, -- NHa kyl, |, --CH2 --aryI--NH2 in
which n and in each have a val u NHabout 10; and R20 is
hydr ogen, al kyl, al kenyl, al koxyl al karyl, having from about
4 to about 24 carbon atons. Parti r/ d N-aryl phenyl enedi am nes
are N- phenyl phenyl enedi am nes e, 15

N- phenyl - 1, 4- phenyl enedi ami ne, enyl2&nedi am ne, and N

phenyl - 1, 2- phenyl enedi ami ne and N-n thyl -1, 4-phenyl enedi am ne. O her
derivatives of NPPDA may al so be inc]uded, such as N-propyl-

-'ph_enyl phenyl enedi am ne. 20 (b) am ngcar bazol e represented by the forrrul a:
QN N'NH2 R2I z2 R 1and y. [
hydrogen or an al k’§‘|wm§hw§3| gg% PR T ga\%’l?c%%;h?vq%%ﬁmg‘ea%hl Oea% out 14
carbon atons, 34 (@a)b(af‘atmrmdl ndazol i none represented by the forrrul a. O

5

(d)  an aminomercaptotriazole represented by the formula:
' N

H
(&)  an aminoperimidine represented by the formula:
NH,

N

\

Ros

Z

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

about 14 carbon atoms;

D an aryloxyphcnyleneamine represented by the formula:
. . Rza
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NHZ HN R23 H in which R23 is hydrogen or an al kyl radical having from
about 1 to about 14 carbon atons; and 5 (d) an am nonercaptotri azol e
represented by the fornula: N NH2 SH N H (e) an am noperi m di ne
represented by the formula: NH2 N ~NH R24 10 in which R24 répresents

hydrogen or an al kil whigdRgals Hlanmatyf, tNHhﬁcﬁﬁwtor%rdrﬁhe %ﬂc&@r{ﬁ%aﬁtom
(f) an aryl oxyphenﬁll eneam ne represented by t’he for mul R§7 R26

.............. havinghfropmiabputpb® abgutR4 carbigraatems that\iml bcazllllwll,, albfrnybr anc hed
t ht ch t t hat
o S g chel o TR P sy Ay SR

--(NH(CH2) ") m NH2, NHﬂfle@II,klyllwhlﬂ’r n and HacRhioe a valie fbhebon 120 @b@ﬁtQ@Cﬁhch ave a

val ue from about bout 10; and 5 R27 is hydrogen, al kyl, al kenyl
al koxyl, aral kyl, - S ydipgan, alieyl; plkgnyly alkpxdouplkyl, or alkaryl, having from about

4 to about 24 carbon atoms; provided that when Rjs is hydrogen or a branched
or straight chain radical having from about 4 to about 24 carbon atoms
selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Ry must be NH,
or ~-(NH(CH2)n)mNHa, -CH;-(CHy), —-NH;, or —CH;-aryl-NH,.

10

A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline;

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

represented by the following formula:

R30 \
<\ >_R34
15 ' Ra1 Y1_ Yz

wherein L is selected from —O-, -N=N-, -NH-, -CHgNH, -C(O)NR23~, -C(0)0-
» =302-, -SO;NR39- or —SO,NH-, wherein Rog 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, Y,, Y; and Y, are independently N or CH provided that Y;
and Y, may not both be N;

Ripand Rjj independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,

25 alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -SO;Na, CO,H or salt
thereof, -NR4 R4, wherein Ry; and Ry, are independently hydrogen, alkyl, aryl,
arylalkyl, or alkaryl;

R3; and Ry; independently represent a hydrogen, an alkyl, an alkenyl or an
30 alkoxy group having from about 1 to about 8§ carbon atoms, -OH, -SO3;H or -

SO3Na;
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4 to about 24 carbon atons; provided that when R25 is hydrogen or a
branched or straight chain radical having fromabout 4 to about 24 carbon
atons selected fromal kyl, al kenyl, al koxyl, aral kyl or al karyl, then R26
must be NH2 or --(NH(CH2)" )mNH2, -CH2-(CH2)" -NH2, or -CH2-aryl-NH2. 10 A
particularly preferred aryl oxyphenyl eneam ne i s 4-phenoxyaniline; (g) an
aromati c am ne cog}gn sing two aromatic groups, |linked by a group, L,
represented by theR#oipressnisg Nibs iiHRas, elnyRasAgan Akl ok aienyharonp Y4 R33

wh | )
e " soonros. © dibthg ilabSin oaPRis et ot CH BN Bl D O

hydrogen, an al kylarylaNthh@ﬂ)'(sifr&h(BtﬂaabKtOlw group having fromabout 1 to
-about 8 carbon atons; 20 wherein each Y1, Y2, Y3 and Y4 are independently N
or CH provided that Y1 and Y2 may not both be N, Rao and R31 independently

represent a hydro : | io @ K |k
hydr oxyal kyl , am %ggrg?/# %ﬁé{ g}'éﬁ Kﬁdﬁ N’%éé{ﬁl“e‘% Néé ”’t%ga %ra%%g%épyl FR& eof ,
-NR4lI R42 wherein kaizzrgrfd)rﬁedﬁomrleto |ab0hﬁphmdm1ntdtmnkmﬁafrogﬂier Las KyH: oar@H;-
arylal kyl, or al karyl; 2 ende resent en,
al kyl, an al kenyl ﬁ%‘?,@ra]g?lkgag‘ gﬁg‘ﬁ‘é qﬁ’éeg S&BB?IP lt%%ab ut 8
carbon atons, - §%§hl &rR3201S Op6 R34 represents -NH2, -NHR35,

Kk

wherein R35 is an aI an al Kenyl group having fromabout 1 to about 8
carbon atldns, - CH2- (CHZ) " -NH2 or -CH2-

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

O an aminoindole represented by the formula:
Ras

r

|

N

15 H
wherein Rag represents a hydrogen, an alkyl or an alkeny! group having from

about 1 to about 14 carbon atoms;

)] an aminopyrrole represented by the formula:

Resg~/  \__-Rg;—NH;,

{3

20 H
wherein Ry7 represents a divalent alkylene group having about 2 to about 6

carbon atoms and Rsg represents a hydrogen, an alkyl or an alkenyl group
having from about 1 to about 14 carbon atoms;
&) a ring substituted or unsubstituted aniline, such as nitroaniline or4-

25 aminoacetanilide;
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aryl-NH2 and n is fromO to about 10; 5 provided that when R34 is -NHR35
wherein R35 is an al kyl or an al kenyl group having fromabout 1 to about 8
carbon atons, then either L is -NH or -CH2- NH; or Rao or R31 is OH or
NR4A1RA2 wherein at | east one of R41 or RA2 is hydrogen; or R32 or R33 is
OR 10 (h) an am not hi azol e selected fromthe group consisting of

am not hi azol e am nobenzat hi azol e, am nobenzot hi adi azol e and
aninoalkylthi@kolé?lm%¥WQQHPQWﬁnoindole represented by the formula: R36

H2N N 15 wherein R36 represents a hydrogen, an al kyl or an al kenyl group
having from about 1 to about 14 carbon atons; (j) an am nopyrrole
represent ed bimlt heanfapuinvbemzinkid@zole;\ \ , R37-NH2 N 20 wherein R37 represents a
di val ent kyl ene group having about 2 to about 6 carbon atons and R33
represents a hydrogen, an al kyl or an al kenyl group having fromabout 1 to

about 14 car hgp aggﬁgﬂ4ﬁhky@h&hmgwgﬁgﬁﬁ@%Hged or unsubstituted aniline,
such as nitroaniline or 4-° 25 am noacetanilide; 37 (1) an am noqui noline;

(m. an am nobenzi m dazol e;

{0)  abenzylamine.

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
hydroxy! 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 invention may be
synthesized by reacting an aromatic compound containing at least two hydroxyl groups,
such as hydroquinone or resoréinol,‘with an alkylene oxide compound to form
polyether groups 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
' 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:

R'f R4
O L - O
HO O 6] OH
X y
R, Ra

In which R';, Ry, R3, 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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5 (n) a N, Ndial kyl phenyl enedi am ne; and (0) a benzylam ne. 10 Pol yet her
Aromati c Conpounds Derived froman Aronmati c Conpound Containing at - Least
Two Hydroxyl Groups In one enbodi nent, the polyether aromatic conpound is a-
pol yet her aromatic conpound which is derived froman aronmati c conpound
containing at |e&t two hydroxyl groups and wherein the polyetherrds
capabl e of reactijng ith a 1% nongeca Ci g ester thereof| or

di carboxylic aci or et her
aromatic co 0 by NH
reacting an arpmati c conjound contaid hydr oxyl ¥gr oup

such as hydroqui none or t&sorcinol, with an al kyl ene oxi de™tonpound t® form

pol yet her gr cinpehiclf R, drtER fuke Iilméyéncﬁﬁ@ylﬁﬁdrogéd?ﬁlk?ﬂ%ll@fylpé;r@]ﬁtyi, engry¢8f bonat e
can al so be 20, used to form polyether groups off the hydroxyl groups. The
term nal hydrgRpregtheispt Ref Rs,iaeansdRsare indepensieatly bydrogen oreallod sontatréet t o

am no groups - i ) i | at utilizing

t echni ques V\et?l(?lﬂlglr’)l%%lniq?ﬁ (tﬁﬁ?%ﬁ& a@gﬁ%ﬁ Ig@&@??@l&ﬁ%ﬁ#@i?ﬁﬂgﬁy&rﬁer aromatic
hydr oxyl donpoderstsddntylintegers fromaibods? t2dbonasd.ng t he fol | owi ng structures:.
R J4X R4 HOO\ / OOH OO+YI~-R2Rs In which Rl, R2, R3, and R4 are
I ndependent|ly hydrogen or al kyl containing from about 1 to about 6 carbon

atoms or nixt It NBERbmpB IR inA0ge YolPhther d i s from
about 1 to abmg. 38 ernp%S SHII<I4 p ?O?éoe B\}(%EHH& ﬁ,"ﬁdl;)’eﬂlér%ﬁgﬁél,
polyether hydroquinone, and polyether resorcinol.

10 Polyether Aromatic Compounds Derived from Aromatic Compounds Having at Least
One Amine Group and at Least One Hydroxyl 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 hydroxyl 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'l R4
O O
HO (@) N OH
x | y
Rz Rs R3

In which R, Rz, R3, and R, are independently hydrogen or alkyl containing from
about 1 to about 6 carbon atoms or mixtures thereof; R is hydrogen, alkyl, aryl,

25 alkaryl, or aralkyl; and x and y are independently integers from about 1 to about 50.
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| =~ ~~1 RB R4 R6 in which RL and R6 are independently hydrogen, alkyl,
al karyl, aralkyl, or aryl or nixtures thereof; R2, R3, R4, and R5 are

i ndependent|ly hydrogen or al kyl containing fromabout 1 to about 6 carbon
atoms or mxtures thereof; and x and y are 5 independently integers from
about 1 to abﬁiﬁne@ﬁnbo]ﬁ‘rﬁﬁn@ﬁfe|p¥efeﬁ'&?§(ﬂy@tﬁéﬂ3ﬁb‘lﬂg§c édﬁ?dﬁﬂ& iPHRE I?x%'}n cither

bi sphenol - gol yet her catechol pol yet her hydr i none, and pol yet her
resorci nol . ﬂpﬂpmlféﬁdlmmmmbempmbndé\dmmmfmed rtbepolyothat arom@Hapounds

emboat ment _or S rp g LG RO PRt BB R B b ona s

derived from ampaelgamieu@nﬁmme N1pNdriyiphhyleRASdmias sadh RofEQupIaMNL at
| east one _ hydroxyl group. In general, the polyether aromatic conpound

enpl oyed ih tPHeayh 54 phershencaiamues; Noshenyi ﬁe@le@é@nﬁymmﬂﬁd@-ﬁmﬁﬂo}mtl c

conpound contﬁ{e M@ge(ﬁ&mhgast one hydroxyl group and at |east one am ne

group, such as am nophénol, with an al kyl ene oxide conpound to form

pol yet her groups off the hydroxyl group(s) and/or am no group(s). Et hyI ene
be used to f orm pol yet her gr oups of f

or propyl ene carbon can aI so th

hydr oxy] grou‘%‘ aﬁa& clGrsd pelyythempromat romagundya Aerkyad fgpm drifs) of

t he 20 pol yet duct
RS e e

am nation or cyanoal kyl a

R R4 0OI0 Henopylaming-2)y5-GrhethoxRanikBe, RapHemoxyliantinRlor FRitroRflincand R4 are

i ndependent|y hydrogen or al kyl containing from about | to about 6 carbon
atons or mxtures thereof; R5 is hydrogen, alkyl, aryl, 25 alkaryl, or
aral kyl; and gcyandagdigsl Reslependent |y integers from about | to about 50.

ﬁ

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 éapable 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 least two
monocarboxylic 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:
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39 In one enbodi nent the preferred polyether aromatic conpound is derived
fromeither N-aryl phenyl enedi am ne or phenoxyaniline. Mre preferred , the
pol yet her aromatic conpound is derived from N-aryl phenyl enedi am ne.
Particularly preferred N aryl phenyl enedi am nes are the

N—phenylphenypgpaga@mnﬂg@naﬁuch as for exanple, N5

phenyl - 1, 4- phenyl enedi am ne, tEhen yl -1, 3- phenyl enedi am ne, and

N-phenyl - 1, 2- Extreplgs eretisbiapelzetheramones i ompetndsthasingrthe fllosdng ol yet her
aromatic conp éS derived from 4-(4- nitrophenyl azo)aniline,

4- phenyl azoanl'i ne, 'N- (4- am nophenyl ) acetam de, 4 10

benzoyl am ne- 2, 5- di met hoxyanig,i ne, 4- pha ox ani linegr,or 3-nitroniline.

(C Additional Reactants Optilonal,lyj

(i.e. polyether aronat|q4ganppung b
reacted with (1) at | east’ ond ot her ethdr co
(2) at least one aromatic conpound tapable o

reacting with at | east one
nonocar boxyl i c acid or ester thereof'; or dicafboxylic acid, anhydri de or
ester

€eo th res th reof 3 | east. one h ound
capabl e of e\é{h?rﬁw pedeptnyrd go)ﬁﬁﬁlafergfﬂ YarPe wﬁeg & cgphs

thereof; or dife{ ia%vde Fee%‘f?:@l:yn{é%m{d @%netﬁﬂy ﬁr%tp% e¥H%?f3§l2§m1rfé§ sﬁ'i'te?blélfo?s
thereof; or m xtures t ereo of (1) 0 he Et her Conpounds In

one embodi ne nltlseolfl therpeespatdseantion mik nomtom at hpsu acbneﬂ dng ethen enigqpofesably fromty be

| east two - moibohy ARyl 100, BRI SERPRT o RN B sofndieh BRE Pitded o

di car boxyl i ¢ fRém@beutds ta AEMADLS d@Sr uslfs. esters thereof, or m xtures thereof.
Sui t abl e et her compounds include, but are not limted to, the foll ow ng:

40 Pol yetmer Pol yam nes Exanpl es of suitable polyetheranm nes include
conpounds haVTﬁ‘bgpotl}.E?hefr %fy%r{%g can be based on polymers derived from C,-C¢ epoxides

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

ion to the ether conpound
OcndﬁLy ymy al so be
ound 1B as defined herein;

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:
HzN“‘(Hzc)a_0‘€(CH2)4'0)'((3”2)4“0—(0”2)3—'\'”2
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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structure: ' HZ I R ' HHI | HZNGCC OCCOCGCGNH n 5 wherein R
i-s 1 ndependently hydrogen or a hydrocarbyl group having 1 to 4 carbons, and
n is the degree of polynerization. Generally the pol yether polyam nes
suitable for wuse in the present invention will contain at |east about one
ether unit, p (N el r om
about 10 to SBﬁhgjn%&gégn mr%ﬁgﬁgﬁ%@%?‘n@%&%m a%na?ﬂfgegéféﬁggp&égelét her
units. 10 Thechyon fiet hdtiatg) bydian aleshal acrmivashasmchntine péryaiby in thtemboleedlef r om
C2- C6 epoxi des. th{# E S e.t hyI ene oxi de, propylene oxide, and butyl ene

oxi de. Exarrpl ffler  pol yami nes are sold under the Jeffanine(r)
brand and are commercially avail able from Hunstman Corporation |ocated in
Houst on, Texas. 15 O her exanpl es of suitable polyetheram nes include

pol yoxyt etT anBrayplenet supably aniyathermipoaleololhiaeindg compotnds havingithest r uct ur e:
H2N- (H2C) 3 O'fo%H% SQI(B a 0-(CH2)3 NH2 nl wherein n is the degree of
pol yneri zati on . er of m)norrer ether units). 20 Polyether Am ne

Derivatives Furt her m)re the gppoly r;qact nt may bereacted with a
pol yet her am no al cohol or amng,thi oI 5 | yet her m no Al cohol
Typ| cally, amino alcohol g, NI&;LCD_E_ 2ihe a a to )| _gnd groups of  a

wherein R, is independently 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 vse 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(CHz){0)‘((3"’2)4_ O——(CH);—OH
n-1

wherein n is the degree of polymerization.

Polyether Amino Thiol
20 Examples of suitable po]yetheramiljlo thiols include compounds having the following
structure:
L )
Hy
H N—C—“C O~ C—

‘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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conpound are not conpletely converted to am nes during reactions, such as
reductive amnation. Also, one may initiate a polyner chain (i.e. grow
propyl ene or ethylene 41 oxide) froman am no group and therefore have an
am no on one end of the polymer chain (i.e. initiator) and an al cohol
termnus, or an amne internally in the nolecule wth alcohol termni. 5
Exanpl es of suitabl e pol yetheram no al cohols include conpounds havi ng the
fol | owi ng st r Qthenexeamples suitBhle 'pohf2theZintino thibidbdiade O HC O CGH OH H n

wherein R is_independently a hydrogen or hydrocarbyl group, having 1 to 4
car bons, andp‘?}y‘?’g’%ﬁf?é“%]@d%ée@“ﬁo t&&rq?’méwgi%% ofaw f®fY'y, the pol yet her
am no al cohols, 10 suitable for use in theypresent invention will contain
at | east about one ether unit prgeferably ?from about 5 to about 100, nore
A

preferably from aﬂ-dgN—(tQCt)g—a—ia CHapeD ICHR e OpreF€¢CHL) - SHMom about
15 to about 25 ether units. O her ‘exanpl es fof suitable polyetheram no
al cohol s include 15 pol yoxyt et r amethyl eneafind al cohol conpounds having the

follow ng structure:. H2 H2Q) 3-0(CH2).4-0 (CH2)a O (CH2)a OH n-1 wherein
nis the C?‘Zgr‘@ erS?l'bISItkﬁ%‘%‘?eaﬁpSWn(‘erfgﬁil%t her Am no Thiol 20 Exanples of
sui tabl e pol yetheram no thiols include conpounds having the foll ow ng

structure: ' H2 |I' H2 Hz |' | ) )
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:

R Rq Ri
Hz | Ho H;

HO—~G—C—0—C——C—0——C—C——OH
H 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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H2ZNCC OCGC OGCGHSH HnNn wherein Rl is independently a hydrogen or

hydr ocar byl group, having | to 4 carbons and n is the degree of

pol ymeri zation. 42 O her exanpl es of suitable polyetheram no thiols include
pol yoxyt et ramet hyl eneam no thi ol having the follow ng structure: H2N (H2C) 3
O(CH2)4 O(CH2)a 0 (CH2)4 SH n-1 5 wherein n is the degree of

"pol ynmeri zation. Cenerally, the polyetheramino thiols suitable for use in
the present iOthentiagiplad dfisuitatdabaliyethat pdlRds inchkie yolyoretethinethylent polyol
preferably fromabout 5 to about_ 100, nore preferably from %ho%{ 10 to
about 50, an&omﬁn%ﬁ@lw@@mfpved mﬁ%@h@nei%wm Mgy ‘%Pdﬂﬁ? EoRer

uni ts. ELNer BaborRoRRRaidt WAl LA DR, 6ling URLBREWREARMLARA of ¢ he

present invention copol her di am nes.
Sui t abl e di am nes are react ed vvlth the opol ymen, such as

decyl oxypropyl -1, 3-di am nopr ogane i sode yI ox pro yl 3- d| am nopr opane,

i sododecy!l oxypropyl 1, 3He4 ; (CH

dodecyl / tetradecyl oxypropyl 1, 3- d| am no ropane

i sotridecyl oxypropyl -1, 3-di am nopr opane,'t et r ade y'lﬁxypr opy-1, 3-di am nopr opa

ne. 20 Pol yet}heerl qu #éede yog, fnot hetr enbodi ment of the pr esent
i nvention, the 5%8&?/ r %637 EOPEREP™ i th a pol yet her contai ning at
| east two hydroxyl end groups to forman ester. The polyether polyols have

t he foll ow ngsstructure CH2 1Y HZ H2 1Y
o uitable polyether polyols include, but are not limited to, the fo]lowmg

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 o about 25 ether

units.

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 présently employed ether compounds
are capable of reacting with at least two carboxylic acid groups or anhydride

25  denvatives 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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| HOGCCOGCGCOCCOH HHH 25 n wherein R is independently a hydrogen
or hydrocarbyl group, having 1. to 4 carbons, and n is the degree of

pol ymeri zation. 43 O her exanples of suitable polyether polyols include

pol yoxyt et ranet-hyl ene pol yol conpounds, such as those referred to as

Terat hane(r) Wish: r@[%;" rchased from DuPont Corporation, WI mngton,
Del awar e, havi ng tzﬁe cé?)?g‘\%ung structure: HO-(H2C)4 O (CH2)y O (CH2)4-OH 5

n-1 wherei n Qpiienalfigingddition tofhe ptiey oempaaid (8. pobttha hi@nginl goaigoand)pol yol s
i ncl ude, but are t limted to, the follow ng: polyoxyethylene glycol,
pol yoxypr opyl %?ge’gﬁ?ﬁ?ﬂo%ﬁl%@xﬁl%ﬁﬁieéﬂ@d @1‘%‘@8 _ie,aS‘éH’G argrpatic Compo‘mg

pol yoxyt et r angiphmik %Pﬁtagﬂ(i)x?@%ith at'B8t BB ﬁbﬂb@d’rbéé%&ig Eidr e%t@ﬁh@feg)g%?t ly

enpl oyed pol yet her poly |1 generally ran rom about 1 to about
5000, prefer abryrbexdinagisoanhydode ooestdrdlgre®®00. 15 General ly, the pol yet her
conpounds suitable for use in the present invention will contain at |east

one ether unit preferably fromabout 5 to about 100, nore preferably from

about 10 to dheferablf) thedtmane Boripsuddas sdlediéP o RETARWIg droup Of ARAic 25
ether wunits. 20 GeneraI,I%(, t he pol yet her conmpounds suitable for use in the
1

present i nverfOPYIRURdscopsistiegeli ved from only one ether type or a nixture of
et her types, such as pol y(oxyethyl ene-co-oxypropyl ene) di am ne. The
m xture of ether units may be bl ock, random or alternating copol ymers.

The presdfit | WapnplanMdrgpheaylcaatipainedspresenteddgpibfernpfla:r eacting with at
| east two carboxylic acid group anhydride 25 derivati }g{zeos t her eof .

pd
s /_\ N \\—|/ |

Rig

| Ry is H, --NHaryl, -NHalkary], 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)s is --NHj, --(NH(CH,) p)mNHj, -~

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

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

Particularly preferred N-arylphenylenediamines are N-
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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- reacted with

General ly, the copolynmer may be reacted with a m xture of pol yether
pol yam nes, polyether am no al cohols, polyether am no thiols, polyether
polyols, or ether diamnes to forma mxture of imdes, am des and esters.
30 44 Aromatic Conpounds Optionally, in addition to the ether conpound
(1-e. Pol yerhgs ar bl ormonadhieddRUE onllfy, cOPO! yITEr Ry al so be

| east one aro I'C corpoun capabl e of reacting wth at
| east one nonocar boxylic acid—e ter thereo di carboxylic acid,

anhydride or ester thereof. \y aromat i c\congQund i s sel ected
fromthe follow ng group of [ i gyof: 10 (a) an

N-aryl phenyl enedi am ne rep{/esented b ‘ : R18 / \ HN R19 R18
is H --NHaryl, -NHal karyl, i chai n hydrocar byl
radi cal having from about2i4 glected from al kyl,

al kenyl , al koxyl, aral kyl --(NH(CH2) ") nNH2, -

15 NHal kyl, --NHaral kyl, --CH2 --aryl--MH2, in which n and meach have a
-value fromabout 1 to about 10; and R2(Q i s hydrogen, al kyl, al kenyl,
al koxyl, aral kyl, or alkaryl, having fnrpm about 4 to about 24 carbon

atons. Particul arl. referred N-aryl phenyl enedi am nes .are N- 2
phenyl pheny! enedi éﬁi“ﬁ’écg’. ]%N@E‘gg 2 eaF%PP‘@R‘é{iaﬁWZY represenr{%ydro.gen oran glkyl or |
N-phenyl - 1, 4- phenyliengthadidhl i fRdie Abdut 11o 3bANAXLARAAIHE, ne, and N-

phenyl - 1, 2- phenyl enedi ami ne and 'N- napht hyl - 1, 4- phenyl enedi am ne. O her
derivatives of NPPDA nmay al so be included, such as N propyl-N

: phenyl phenyl ?E‘)e di z‘;'aﬁiaﬂf?rn:)-indazolinone represented by the formula;

0 —
' />/ NH,
I

H
in which Ryj3 is hydrogen or an alkyl radical having from about 1 to about 14

carbon atoms; and
10

(d)  an aminomercaptotriazole represented by the formula:

T

H
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25 45 (b) am nocarbazole represented by the fornula: N NH2 R22 N in which
R21 and R22 each i ndependently represent hydrogen or an al kyl or al kenyl
radi cal having fromabout | to about 14 carbon atonms, 5 (c) an

am no-indazol i none represented by the formula: OZ NH2 HN Res N in which

R23 is hydrog | k nadi cal ing, fromabout 1 to about 14 carbon
atons; and 10 ?d) a?ﬁ%%%‘%ﬂ%ﬂ?ﬁﬁpgﬁeflgg(ﬂ’gh?éﬁ?g@ent ed by the fornula: N
NH2 SH/ N H 46 (e) an ami noperi m di n&Heepresented by the fornmula: NH2
N) NH -R24 in which R24 represents hydjogen or an al kyl radi cal having

fromabout 1 to
N/ NH

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

about 14 carbon atoms;

3] an aryloxyphenyleneamine represented by the formula:

O~y

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; R25 is --NHa, --(NH(CH3))m NHa, --NHalkyl, or --
NHaralkyl, in which n and m each have a value from about 1 to about 10; and
Ra7 is hydrogen, alkyl, alkenyl, alkdxyl, aralkyl, or alkaryl, having from about

4 to about 24 carbon atoms;
15 A particularly preferred aryloxyphenyleneamine is 4-phenoxyaniline;

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

represented by the following formula:

Rso
L >'—‘R34
/ \ / /
20 ‘wherein L is selected from —O-, -N=N-, -NH-, -CHZNH, -C(O)NRzs-, -C(OYO-

» =S05-, -802NRyg- or —SO,;NH-, wherein R;3 and Ryg independently represent
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about 14 carbon atons; 5 (f) an aryl oxyphenyl eneam ne represented by the

formula: / \ OR27 R25/ \ (J R26 in which RR5 is H, --NHaryl, -NHal karyl,
or branched or straight chain radical having fromabout 4 to about 24
carbon atons that can be al kyl, al kenyl, 10 al koxyl, aralkyl or alkaryl;

ﬁzgaeﬁ rteclsza t/al Ll\flggﬁ{%gﬁ" %ﬁyliaq%t%rgi& %koxzi’n%f'\%%\l g%hﬁmcf{gogen halnk;;/llnfj

al kenyl , al koxyl, oad Kydrbowstomkkaryl, having from about 4 to about 24
carbon atons; 15 A particularly preferred aryl oxyphenyl eneami ne is
4- phenoxyani line; (g) an aronatic am ne conprising two aromati c groups,

| inked by a group,, r t t he . A i R32 R34
Rl Y5 4 Bea DorlmencRal R0 £ c?rég’%flé%lﬁtk@gflﬁgﬁ NN Ip-?oﬁﬁﬁa q%i{z’NH,

- C(O) NR28-5, - C(0) Cand-Y2GBay notSoNEA9: or - SO2NH-, wherein R28 and R29

i ndependently represent 47 a hydrogen, an al kyl, an al kenyl or an al koxy
group having fromabout 1 to about 8 carbon atons; wherein each Y3, Y2, Y3

and Y4 are i ndepenglgnid K, th@pehddnhly Rprélest 4 atogkd, alté)(m?l \ﬁﬁ(af?i}’arﬁllﬂllﬁil both be

N, Rao and R31 |ndependently represent a hydrogen, . aryI aryl,

aral kyl, al koxy, aimyohyabm;alkyl,ammﬁkﬂdyr H,- mz, -SE@dRCOHammelt * cooH

glr kf,?l ! ar ;lher eof, there4f:L %ﬁm W eremlit; 2|§14e21n ép%nhen%%?ﬁ%%@ﬁ,l Aciydpogen,

10 arylalkyl, or alkaryl;

Rz and R3; independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms, -OH, -SO3;H or -
SO;Na;
15
R34 represents —NH,, -NHR3s, wherein Rys is an alkyl or an alkenyl group
- having from about 1 to about 8 carbon atoms, ~-CH;-(CHz), -NH; or —CH,~
.aryl-NH; and n is from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

i) an aminoindole represented by the formula:

25 wherein Rig represents a hydrogen, an alkyl or an alkenyl group having from

about 1 to about 14 carbon atoms;’
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10 arylal kyl, or alkaryl; R32 and R33 independently represent a hydrogen,
an al kyl, an al kenyl or an al koxy group having fromabout 1 to about 8
carbon atons, -OH -SOH or - SBNa; 15 R34 represents NH2, -NHR35, wherein
R35 is an al kyl or an al kenyl group having fromabout 1 to about 8 carbon

atons, -CH2-(&H2)" - NI—{Z or .O-Clr-lz-e art¥l 3 ng}ze t§nd R is fromO to about 10; 20
(‘h) an am nottr azoqneanggf)%‘gféﬁ PrEH" ﬂgy o] gn%f)lhsi sting of am not hi azol e,

am nobenzot hi azol e, am nobenggt hi #dia QI e and gni noal kyl t hi azole; (i) an
am noi ndol e represented by théegfkr Ia/lifg37 I—@EIIZN 25 wherein R36

mu
represents a hydrogen, an al kyl Zﬁman kenyl group having from about 1 to
about 14 carbon atons; 48 (j) an am popyrrole represented by the fornul a:

R38--,f/- 38- / \\ -R37-NH2 N H rein R37 represents a dival ent _
al kyl ene group having about 2 to about 6 carbon atons and R38 represents a
hydr ogen, an al kyl or an 5 al kenyl dtoup having from about | to about 14

carbon atons; (k) a ri URSt | r f gﬁﬁp ' h as
nitroaniline or 4- am nvggeggl%{g?fk%p(%; ﬁltigd(lgl gﬁﬁ(glr%hﬁ qu ?ilg}”ilngg;ﬁwtsz%
about 6 carbon atoms and Rj3g represents a hydrogen, an alky! or an

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

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

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

(n)  aN, N-dialkylphenylenediamine;
15

(o)  abenzylamine; 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. US200600253 16, 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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(m an am nobenzi m dazole; (n) a N, Ndial kyl phenyl enedi am ne; 15 (0) a
benzylam ne; and (p) a benzyl alcohol. 20 The conpounds descri bed above in
(g) - (o) are substantially described, for exanple, in Published U. S.

Pat ent Application No. US20060025316, the disclosure of which is herein

Lncor porated r The, above- de cr| amcne cenpounds can be used
alone or in ch |°ﬁ%(?{3§ﬁawl?}heny]f§e‘§%ﬁleo ?‘F&I aﬁi’ﬁ%elfe t|c am nes can

i ncl ude such aaﬁpmglmdﬁmlmciwihewbmﬁmﬂmyﬁhaﬁ@meﬂ lsﬁ¢mafbr afiniphs Nean be
i ncl uded for a var| et reasons. In one enbodi nment, the preferred

aronmatic ani M ﬁw@eéxafmmw w%@@w@n&mamm@&ﬂmhwyl 1,2-
phenoxyani | i requl éerred the aromatic amne 49 conpound is

N aryl phenyl eénedi am he Barticul arl y preferred N- aryl phenyl enedi am nes are
the N-phedyl phenyl enedi am nes, such as for example, N phenyl

1, 4- phenyl enedi am n N- phenyl pheny] enedi a nd n | -1, 2-
phenyl enedi anf* 8% e’if)‘ pimsat sy Béﬁ‘?éﬁ’fom S Opep R ?Se‘b(“a’i‘lgﬂgg nyiag Bfd i s

4- (4 ni tr ophepyleRg Ay Sk NG.4-AiRYREKIT ;&aﬂmdeezpb&kzs ramdoghenyl )

acet am de, 4-benzoyl am ne-2 yani l'ine, 4-p enoxyl ani line, or
3-ni troni | i nelimgthoxyanginet 41ph%mybamtinmﬁanubmynel n addition to the ether
conpound (i.e. polyether aromatic conpound) above, the copolyner may al so
be reacted with at |east one aliphatic conpound capable of reacting with
at | east 10ne 4/pnogaCogpyiAadL acid or ester thereof; or dicar boxyl i c acid,
anhydride or ester thereof. Preferably, the ali phatlc conpound wi || 15
contain one &Dtiesally,anpdditien ecthe ethar camranmd (be- rotisthst arpmaticsgmposad)

functi onal 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, (c) aliphatic polyamines or (d)
- 25 polyalkylene polyamines. Aliphatic monoamines include methylamine, ethylamine,
propylamine and various higher amines. Diamines or polyamines may also be
| employed. Preferably, they will have only a single reactive amino group, that is, a
primary or secondary, and preferably primary group. Suitable examples of diamines
include dimethylaminopropylamine, diethylyaminopropylamine, dibutyl aminopropyl
30  amine, dimethylaminoethylamine, diethylaminoethylamine, dibutylaminoethylamine,
1-(2-aminoethyl) piperidine, 1~(2—amin0€fhyl)pyrro]idone, aminoethylmorpholine,
and aminopropylmorpholine. Preferably, the aliphatic amine having a single reactive
amino group is N,N-dimethylaminopropylamine or aminopropylmorpholine.
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groups or both. Amino Aliphatic Conpound In addition to the ether conpound
(i.e. polyether aromatic conpound) above, 20 optionally, the copolynmer may
al so be reacted with at |east one aliphatic conpound which nay be an am no
al i phati c conpound. The amino aliphatic conmpound nmay be selected fromthe
group conprising of (a) aliphatic nonoam nes, (b) aliphatic diamnes, (c)
al i phatic polyam nes or (d) 25 polyal kyl ene pol yam nes. Aliphatic

nonoani nes i NEddifenaNs! ¥ lagind @ipheti® YorpdbuiiR coul RIWpATEhE caninidg h@h&%lehi gher
am nes. Di ami nes or polyam nes may al so be enployed. Preferably, they wll
have only a <AWigPend B¥EPi ve amino group, that is, a primary or secondary,
and preferably primary. group. Suitable exanples of diamnes include

di met hyl am nopr opyl am ne, di et hyl yam nopropyl am ne, dibutyl am nopropyl 30
am ne, di ifet Breferabing elidyydlgatkylene sl gdiina s gehiy thamdngnine nitrogen atoms per

di butyl am noet hyl ami ne, 1-(2-am noet hy|) piperidine,

1- ( 2- ami noet HPPEp§R o Margpum ofAbauklhyminsmyregensioms pesgnole. Most preferred

am nopr py! M05pRo hiires REGAEHA dbont 58 AlduPhaldachloRR RRKIIN The ShlBLe

reactive amno group Is yI am nopr opylTam ne
anm nopr opy! nofphohé merog&Oatduis per molkel dfpplyahensisicaloukatddpls dollevs onpound coul d

be a polyether containing a single .amno end gr ) Preferably, the

pol yal kyl ene pol yani ne has g?@ﬂ&’%oglﬂg g%ﬂﬂ’i”ﬁe‘%n atoms per nole,

up to a réxi num of about 12 &R meleffbo &t ons | e. Most preferred

are pol yani né&haigidi ng from about 5 to about 7 nitrogen atons per nole. The

Fol | ows: Number of i t royerer Aoz olSypl of AR 21 1o e 1ax
100 wherei n % Mppoannst avdrigeagelecilar weighitaf the polyapaleya pohaminxmintereMpa
=number aver aﬁ\?tagl%laﬁgﬂt%rpo yaim%r?és igéluaeh Solr))rgﬁ(%%rrg Bglygrglin%g.l lyrg{g:irrgg mxture

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 1:1 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 to the ether compound (i.e. polyether aromatic compound) above,
30 opt.ionally, 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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Sui tabl e aliphatic pol yam nes include pol yal kyl ene pol yam nes. Preferred 15
pol yal kyl ene pol yam nes al so contain fromabout 4 to about 40 carbon atons,
there being preferably from2 to 3 carbon atons per al kyl ene unit. The

pol yam ne preferably has a carbon-to-nitrogen ratio of fromabout 1:1 to
~about 10:1_ Exanples of suitable include the follow ng: tetraethylene
pent am ne, pentaethylene 20 hexam ne and heavy pol yam ne, HPA, (avail able
from Dow Cherdstable BodieayaliphMickcrsbundé Bloivda Dut aui ligfilcd e, ce@enpass

i somers such as branched-chain am nes and the previously nentioned

Lobot] Lt g demyet Heshol: el skpol sar-Bot g hols el madhpkY am noe. . 25
su d . | .
Moattion” coltdithaly, HE LY BLSBERMAo/ BT ol BB pbReflef pEhinires"

sol ubi ity i simgd ntdaoxyeend gidygr oxy Al i phatic Conpound In addition to the

et her conpound (i.e. polyether aromatic conmpound) above, 30 optionally, the
copol ymer may .al so be reacted with at |east one aliphatic conpound which
may be a hydmfémga}dxgﬂ @ﬁﬁ}fbuﬁ@ﬁpﬁm-coﬂ% ?H&Q’i? AbmBlchiab YAGLI@gal hydroxyl
conpounds used according to the process of the present Invention may
contai n pri nmbetamese@ptethangt).or tertiary al cohols. 51 Suitable hydroxy

al i phatic conpounds include, but are not limted to, ethanol, isopropyl

al cohol , isobutyl alcohol, tert-butyl alcohol, glycerol and the I|ike.

Addi ti onabl y,Méthed bﬁmﬁaﬁgkheaim{&aﬁ%gogmm&a%sﬁi&ﬁ a pol yet her
containing a 5 single gﬁdrqul end group. The hydroxyl conpound may al so
contai n a hetldedutaicaine eiliadditive earnpasitionds grepared by amzecsapewpptisppéharging

Met hod of Makj i in il Additiy Si.ti The | 4cating
oi | additi velﬁc‘:%‘r%f%%‘g”ﬁtc:"’g‘ﬁg’ﬁn(s@{?r%’gaatﬁ%’eaét &7 df CBP@Xg‘(é?’{éEp@o@ﬁ%gi(‘r‘n i H%’P?é."%g t he
reactant copgessifiin b €sagtor, @itioh&lastind2h @ niifopen patge@idshebting at(d fempanturé of i ) as

described herein) in a reactor, optionally under_a nitrogen_ purge, and
heating at a ekl etlogbout 170°C. Opticnally; 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 Weigh’; %, 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 thereof; 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

to remove excess water.

The lubricating oil additive composition can also be made using a process comprising
simultaneously 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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from about 80C to about 170C. Optionally, diluent oil may be charged
optionally 15 under a nitrogen purge in the sane reactor, thereby producing
a diluted copolynmer reactant. The anpunt of diluent oil in the diluted
copolynmer is up to about 80 weight 9% nore preferred from about 20 to

bout 60 vei gt % ferred f bou i ght %
A pol yothor APUIRATE STRawl s The gt R B Pk fono ot Byt

purge, to theatraQaﬁpaﬁnue%m@B@h|130°@fb AOREE0C. OPARRUNE V%@ulﬁﬁﬁ@éﬁpﬂe@fo
reacting with_at |east_ one nonocarboxylic acid or ester thereof,

di car boxyl i ¢ Herectignnixire duripg thegeastion peviehf ; an al i phatic conpound
capable of reacting with at | east one nonocarboxylic acid or ester

t hereof, or. dicarboxylic acid, anhydride or ester thereof; or both are

al so char ged Woet healiphati¢ esmpolint sarmarsinati€ carspoundat dothuine emplyed i thgen pur ge
to a tenperature in range from about 130C to about 25 200C. Optionally, a .
vacuum i s appMF¥gt %ertfwe apl YOGR glorr%ﬂwa@aaﬁﬂ@ﬂ@na? groppdePresed o s to |

réenbve excesseg ﬁﬁd(s TR rbathibh G@ﬁdlﬁ&lsodnh/o?%i&ic}ﬁ?%épémﬁﬁl' el s%‘h Poitl so be

made using a process co mprising sinultaneousl ng al e reactants
(reactant comwlhgbmlﬁy 1s(mamta(ne|d) Forapcaiple, )wvhemmﬂlttfhnctloﬁ@l Piphytet ¢|:empcamd$rat ic

conmpound and t| onal | th romati £ c ound nd ti o

Pt o o dinanos ShotL e pied sE IR BN e s By CBRedimdl, o
the react@nt san@ake &ﬁ) @h&&a@%rafera%!ry ﬁiﬁg@ttﬁ%ér@m@&f kLRl dIRweass féabtaﬁrﬁ)r

m xing and reaction. A static m Xer can be used to facilitate m xing of

t he react ant stoaddltanepf%wmulmnmﬂﬁbccummugéﬁ Fughernmere, dbe stoichiomesryrshawdi on i s

carri ed out f,or u ure fro bout
T50C o SbouttuBRkyfenk tnihtidhal fifihac Smfnh i REALE b BRA T
during the reagh srerhagéd Rahe Eeambenh@axsagdnedaﬁyhsolﬁ@ﬁeﬂwwbul@cﬁframmtl C
conpound or both are enPoned in the present invention and when nopre than

one funct i ondhonsethiyfenically pasaapeted manreor dearhetyhigesid funefions patmplsgule of
condi ti Onl lr;lﬂé Hﬁllt&ﬁl?({tl%ml% i)oﬁ{ncﬁgﬁ ?unc?a%tlﬁhlﬁpje st8fch10 %L}Qﬂ egy i's

mai nt ai ne or exanpl e I oha atic conmpoun
aromatic corrparxuarsdsre orostinikimgayyelimmig, thd inﬂnﬂaermlﬁenrega“talhmoﬁwthylﬁmbhiéy poI yet her
conpound) . . g . .
- 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 (i)(a) and compound (i)(b) or (i)(c), which is contacted with either

copolymer (i) 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 oil additive composition described above is generally added to a base

30  oil that is sufficient to lubricate moving parts, for example internal combustion
engines, gears, and transmissions. Typically, the lubricating oil composition of the
present invention comprises a major amount of an oil of lubricating viscosity anda
minor amount of the lubricating oil additive composition.
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10 and the copolymer are preferably charged to the reactor first and
allowed to react prior to addition of the multifunctional conpounds.
Furthernore, the stoichionmetry should be such that when the '

mul tifunctional aliphatic conpound, aromatic conpound or both are charged
to the reactor, there is generally about one nolecule of reactive

nonoet hyl eni cal | y unsaturated nono- or dicarboxylic acid functions per

mol ecul e of 1%h¢ bise olllehipldy@a ina@lang 0P GideMaSikty OFHIlS of RAEchiaiy WEddeity.and
stoi chionetry_reduces excessive crosslinking by limting the nunber of
unr eact ed mon&Bk base e of lbrigatingidseosityapsed lwg.compoap@@rmmbq el ios 6T t es

relative 10  NaapHEBAL Ohad: SAHIKE :VidBFeAT o 1S IVEE 4 4BK haDabodlbpal i

conmpound, aro I C conpoun on of ~ éxcessive cross i ng
may decredse bdiew@0Uhahefeiably afor belbwiSCiBidesirabin The baveailo ey derioskase t he
probability o% oil solubility. In one enbodi nent of the invention, the
non-free radi €SP SYFUPSHGHFIPIPRIFOMCEH product of conpound (i) (a) and
conmpound (i)(b) or (i)(c), which is contacted with either copolynmer (i) or
copol yrmer (i igor both, may be contacted in the presence of optional 25
reactants (i .Minardl@ilafamst agthebaporihidghiamdchtien mlcludbabr exangigearadBicpri or
to the addition,of.co nen B) (i.ge. the polyether arpomatic, am no
conpound) . LUTRPIEAE AR OB ol et picfinibn el G MR negp T ve
conposi timn deahidia®ils aknr, fof cGANSE MotVhRRGREbInSyatheAS Bils Af Yhihetibat s

sufficient to lubricate noving parts, for exanple’internal conbustion
engi nes, gear®teryag mixgyresibsrobhayingrihp idesite wiscosity. HyBracedon sgntbgtic oils

conposition of. r iV L.on rikses,. a mjor unt _of an oil of
“lubricating Vx{ng%@?lﬁdg, @ﬁ%i%nﬂl%oﬁg%}egﬁ%g%o@epﬁmeu rﬁl%na(%gh@n%ﬂml’ addi tive
conposi tion. pdlyalfieckfiaer ®AO 6i) boyidthrepitedRomhy dffcabonis fiethdsid protedugds Oi | s

of lubricating,viscosity.  The base oil of lubricating viscosity used in
‘such conposi t FYHCAFRAR BeNa¥ideaand hydiogen gases sighep it # Eishen Bropgehseéessi | havi ng

pr et or bl § at U iseRsg S o @ipns M@ fheRR Bhha RERSIARE RS (o
synthetic or praparvidcosyuEsmsially useful are the hydrogenated liquid oligomers of Cg 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-ethylhexyl adipate, dilaurylsebacate, and the like. Complex esters prepared from

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

be used. Blends of mineral oils with synthetic oils are also useful.
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 iubricating 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
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Mneral oils for use as the base oil in this invention include, for

exanpl e, paraffinic, naphthenic and other oils that are ordinarily used in
| ubricating oil conpositions. 10 Synthetic oils include, for exanple, both
hydrocarbon synthetic oils and synthetic esters and m xtures thereof
havi ng the de scosi t drocarbon nthetlc ils mRy i ncl ude, for
exarple. o | <05 ASRASHT G ide YRR Riey % bothh o G flroRihuioh érdfoe

pol yal phaol ef ivhichrcompfkedi dpsratiag tHel dnging vathathe thbkic ghyiodesition os it hesi s
procedures using.carbon nonoxi de and hydrogen gases such as in a

Fi sher - Tropscﬁwﬁﬁﬁwess 15 Useful synthetic hydrocarbon oils include,liquid
pol ynmers of al pha ol efins having the proper viscosity. Especially useful
are the hydrogenated liquid oligonmers of C6 to Cl12 al pha ol efins such as
1- decene t¥ i nBptionalllycthie debricatingybil hxhimmmpoﬁmpn deseribed swos intay ,be usetds AS

di dodecyl benge can used. nthetic este ncl.ude the esters
of nonocar boﬁvr?‘@l ngaﬂae @@ E%R‘S?\é?rcm&ﬁ?”ﬁl@tm%gt[\%@ ‘%ng hS- hydr oxy

al kanol's 20 aﬁ%e&@}yﬁglaﬁhle\-}-é'ﬂ'eQ@iﬁéﬁ@f@%&%ﬁ/ ?srcﬁ: i la BB Factors
pentaerythritol tetracaproate -e hex I adi te di Nauryl sebacat e,

and the |ike. mchlldp?lgéhe B@E:ef ﬁlebuwpaﬂleq)rdscmof athet detergent ondispersants or other

di car boxyl jid d dih | d.
Bl ends of - m raives: f SRR reirey B o BRGnBaialefthy Sad%dtiEE (he
base oi | nREN ke fudl &f 10@d ODBOAdig phﬁ@ﬁerbﬁﬂﬁmopﬂeferﬂ)lfr%hﬂﬂﬂto"ﬁmﬂﬂhﬂ@i c base

oil, or a synthetic hydrocarbon or non-hydrocarbon oil of | ubricati ng
vi scosity. Theer HE)‘HS)@ dfithe additivgl Hothee detergents greeprosentriadesser amguat sfthehet i ¢

oil's. Method pf k{% et'tl&t%{d P’fh a%ﬁ}%veé"&?snﬁ%é%fhe%em mgé)eg llé'ﬁlﬁgt%a ng? ﬁle’

addi tive conposi resen nvention i 0 an ol

| ubri cating vumeemate;g utlhgmhiermﬂﬂhJﬂde}in@c éernlt b‘@dmglga Bk rargewpabaitiloo. The
| ubricating qu %om tion contacts the eng i .nprovi ng soot

di spersancy, §o-¢r2h a1 alrsierred solyeath bo’AHb@P QPW&W or diggel fyed saige.
inventiony s Bl.go.ul raﬁcalilﬁﬁaticcbr%n TR H 2&1‘(’0?%59 \é%l%ht i9se08kh gk gper sancy,

or sludge di spersancy or in an 1 ntérna ustion ehgine which
conpri ses opebarénegtalimacendéneerhigher-bbiting atpmatiat omgomatic honmeos Adipbaticof t he
I nvention. 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  1invention.

EXAMPLES
Example 1 - Preparation of Terpolymer PIBSA (TPP) — Copolymer (i)

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 Glissoﬁal@ 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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5 Optionally, the lubricating oil additive conposition described above may
be used as a fuel additive. Wien used in fuels, the proper concentration
of the additive that is necessary to achieve the desired detergency is

dependent upon a variety of factors including the type of fuel used, the

resence of o ersants or etc
B esence o ob Aottt R85, 5 2o U ARRLTR Mo B e Bk s RIS EEE, 1
base fuel is ﬂ;&ogm theoRAGheRighie fHPEHout MEhour A RkOdkying! BE aftapel wak @030 t 0
5,000 parts mllion of the additive., |f other detergents are present,

a |l esser anou P r‘E?Ft‘trt]i’éa $Rae¢ o asteh3Opemiyarin. 1 78-boramg malge snhydsde pisk d

o eopni 12 ool R ATRfeh o AO0GSAERL BN BRY SR HABRULBARS.
Pr ef err ed 5ol teeht attoi bvdr2 Houes. g\dﬁﬂtherrﬂaleﬂo adhﬁdi’ﬁ:le and @icungyh geroxillb charging

Preferably, an a atic or an aronmatic h drocarpon sol vent s used, such
as a benzene?” e?ﬁ’@%ﬁé ﬁ?{fﬂ‘@?ﬁ’éﬁtﬁﬁe it ?Ct VRS Wginainsdet | o& ré‘?‘ﬁt’ﬁs{tli
thinners. AliRhad iihe r@dcﬁﬂ@@ds%e@tfed ?@995°C3Dhﬂn%t b Gt BEFeactdH G

I sopropanol, isobutyl carbinol, n- butanol t he e I n conbi nat | on with
hydr ocar bon smbwmwa%redtaﬂlsdowmdab%mHgMmthctemptemlréuﬁtheacmttm'l ve. In

t he fuel t o t, of t be 20 .or.d I t
|oast 5 per cantorsy 198G aREbFemEs w feidat ! Ut Ged wrprpupiane hsid Siebghe -
preferably friam Hg e BibhrAdrinP widi 18f #ARb bY cdrdemaldwicolectd® TR triREent .
The follow ng exanples are presented to illustrate specific enbodl ment s of

this inventiW @atpdand adoeld 062623 gremstof gerplymen(iywasagbtained. The piodyctthad
scope of the 2 le 1 - Preparation of Terpolyner
-PI BSA (TPP) %8 §%¢nﬁmﬁxp\g%!§ %tﬁmﬁgg hi gh net hyl vi nyl i dene

pol yi sobut yl ene haV| ng a nunber average 30 nol ecul ar wei ght (M) of about
2300 and a net hyl vi nylLi dene cont ent_ of about _18% V\/m ch I's avail able from
BASF as di SSOpal (r) - s;f,__‘\_'gtr £ Te e ﬂ‘.‘l 8 IS |.! t AT lped with

agi t at or,1st enfRE ML EoCART LRt 9 ver. 27.3
grans 1- hexadece%ﬁe wag afso ¢ r“é’@gﬂ“ }S %@gﬁ?@ﬁﬁé&%ﬁﬁ%a&%ﬁ %t ed

m xture 55 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 150°C for 1.0 hour after the maleic
anhydride and dicumy! 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 \.tacuum 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 Anhvdride Copolymer

100 parts by weight Exxon 150 solvent (C;y aromatic solvent) and 81.94 parts by
30 weight of Cy4-24 alpha olefin mixture (average molecular weight - 215.3 Daltons)
were charged to a stirred reactor. The mi}tture was heated to 150°C, and the
temperature was maintained for about 30 minutes to dehydrate the mixture. The
- mixture was cooled to 65°C, and 36.5 parts of maleic anhydride were charged to the
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was heated to 150C. Traces of nmisture were renoved by spargi ng 250
scnB/mn nitrogen through the m xture for about an hour. After drying, the
nitrogen was fed to the reactor head space at a rate of 30 scnB/mn. 178.8
grans mal ei ¢ anhydride and 16.4 grans dicunyl peroxide in a 50% sol.ution
with tol uene nf ' r r Af t er
the mal ei c anﬁggél @qgﬁ%%%‘%‘%%ﬁﬁa d‘gastcﬂlgg&{a@l%g{u Ef?%lrs% ﬁ the .

t enper ature oﬁlxuhe wasg dedted tots9°Ore. 13 paﬂfseafcaiteri-w@l peoxiae efchesddbd o tHeour s.
The reactor was heated tg 190C. During the heati n% of the reactor, the
pressure was TGHQDANKGIS. aﬂeéﬂ%a&fqréewrﬁwqﬂawwetd @ incgsase kexotheEmdbie  he

reactor rea 0, %tﬁﬁ%ﬂ"g re
was hel d at %S%Oﬂg%mn@(} ‘%or our ur ng Vd%?te%s%xé@g%ﬁ%ge@bn E%aggt&g was
col l.ected’ Thmxprromastoolmhm 508C etheapratoidy hdditlow$teR 648 rapeatnd fivé noopol yner
(i) was obtained. ,The. product had aponi ficati qn nynb o(d 48..3 ny
KO o Exanpitie: ARGF BB SRk Fends aedupmRisgrecioowmhealing 1ar T #nd 18 4005
grams of hi gherﬂFérBﬁﬁ}é/WWanﬁﬁ%ﬁ‘em} Mﬁ@&?ﬂt 'Fl&?arhﬁl‘éhé‘gol@eﬂi%%enaﬂ@ﬁ;ﬁge

nol ecul ar wei of about 1000 and a net hyl vi nyli dene content of about
76% (which |fmm&ﬂm¢®caun®cra’ammalahé thenappRxSRatalyd i6spakia oGO naitiad eddpal
1000) was I ea r and the reactor was heated to a terrperature
of about 150 gggd da?g}%p Prélf gl ¢ anhydride and 54. 14 grans of dicunyl

per oxi demere fed to the reactor. 20 The tenperature of the reactor was

mai nt ai ned at 150C for 1.0 hour after the maleic anhydride and di cunyl
peroxi de are charged to thﬁ&aﬂm%rPrqnaﬁatm;nfﬂHwn@Lééét ed to about 200C

over a perio f PP A0 t i i to -
reduce the pﬁé’géju(?ée%ay}goﬁpgela {\r/c\’ﬁi%aﬁel%i n %@ﬁﬁgv@%%?épr%%r?g@ﬁ! éﬁgt 200C.
The reactor ewgdoyedlesicepden 23G0Murpolbytasaiel svailable ab Glissdpal® BBLY BomtBASKC.
The reactor pressure 25 s then ipcreased tq . anbient. _conditions and the
product was t"ﬁ’ér‘ﬂs?c{ lnfs‘@?‘é\é\&@od\dﬁwg’guwpﬁés pesgtin theg ggﬂ’ae Exanple 3 -

Prepar atijgn of Al pha-d efin/ Ml ei c Anhydri de Copol ymer 100 parts by weight
Exxon 150 solvent (ClIO aronati c sol vent) and 81. 94 parts by 30 wei ght of
Cl4-24 al pha ol efin rhixa 5  dyethas) yigoxadcy leveny XAV E

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 (i) and (ii):

ﬁ%%%vH
e

and

235
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were charged to a stirred reactor. The m xture was heated to 150C, and the
t.enperature was mai ntai ned for about 30 mnutes to dehydrate the m xture.
The mxture was cooled to 65C, and 36.5 parts of nal eic anhydride were
-charged to the 56 reaction m xture. The reactor headspace was purged with
ni trogen. Thqﬁieaction m xture was heated to 150C. 0.13 parts of
di-tert-butyl geroxide were added to the reaction m xture. The reactor
tenperature was allo about 180C. Once the
tenperature hegan t (exatiherjm passeth) , it he reactkgg 5 m xture was

cool ed to 150C. 't 1jOR-Ist wabp1'ep e fve ' nore tines.
' ¢ Ireactorl;was heafed{to 170C, and the
howy. The aromatic sol vent was then

h and then approximately 276 parts

of | OON neutral oil were added t& gl product. 10 Exanple 4 - Preparation
of Thermal PIBSA The procedure of Prgparation 2 in U S. Patent No.
5,872,083 (' 083 Patent) was enployed except that 2300 M pol ybut ene,
avai l abl e as dissopal (r) 2300 fron1hﬂSF, was used instead of 2200 Mh
pol ybutene as used in the '083 Pateng, 15 Exanple 5 - Synthesis of
pol yoxyal kyl eneam ne derivative of phenyl - 1, 4- phenyl enedi am ne A
pol yoxyal kyl eneam ne cont ai ni ng bo| hyl ene oxi de and propyl ene oxi de
units derived froma N-phenyl -1, 4-pheniyl enedi am ne (NPPDA) core is a

mxture of 2, SUMELUS S8 Hhdn ok biodubd derked dorSEpnt B0 4 N @ ¥

phenylenediamine (NPPDA), comprises a mixture of structures (i) and (ii). Such a

tenperature was mnai ntai ned for one
stripped fromthe product under v

5  compound is prepared by reacting 15 moles of ethylene oxide and 5 moles of
propylene oxide with N-phenyl-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 polyoxyalkyleneamine, 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 mlL/min nitrogen purge through the
25  reactor headspace was then started. The reactor was heated to 160°C. When the
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b YONHZ v m” 6 and 25 57 (ii) r ZNOONI~ OONH avyY b NH 6
L.t is contenplated that the reaction product, derived fromthe N phenyl-1,4
phenyl enedi am ne (NPPDA), conprises a mixture of structures (i) and (ii).
Such a 5 conpound is prepared by reacting 15 nol es of ethyl ene oxide and 5

ixture of ! iR Bkale Madd BN AU SRAORUES sl ploBihE
pol yet her di ol oxide basedpoly@datilyl enedryina witiell @dienylt I -phanylinadiamindwode ogen t o

provi de polyethers with termnal amnic groups, wherein the primary
al i phat i ¢ "ani WeeiB RRHmary a@?@%w@éanwwe @E§§WH@%6= rysepred gy inrkixapiple

Terpol yner Pl 830d 1006 RAR2A0985 hoksFOP3-Qinteth < | L iné Qv 09f ML
stirred gl ass reactor.% A nit roger? pﬁrgeﬁiﬂmﬁpg(ﬂ? rolg%he?ehaed%lr eg)ctor
headspace wasthe Iraptos segpuemihlly THae neectivnonixiae wae held dt 1 @0°CadCabamhdr8 lidues.

t 15 t t ttai 16QC, 103,65 f t hyl oxi de and
br opy! eneoxt B Rad e e R T Tasd i p 0o (stiorBRa% MOERARpl 6 5. and
16. 68 granms (&netedRtifg theGtactiof ST RITINNA VBIiBoRANEE niAnthined FEABLAI30

sequentially. The reaction m xture
minutes.

10 Example 8
' 452.19 grams 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 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 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 30 minutes.

Example 9
25 45534grams 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 in 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 baseci 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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was held at 160C for 1.5 hours. The reactor pressure was then reduced to
<20 mmHg (abs) to renove any water generated during the reaction. The
vacuum condi tions were 20 maintained for 30 mnutes. Exanple 7 684.5 grans
of Terpol yner PIBSA, prepared as in Exanple 1, were charged into a 1000 nL
stirred gl assmh@aewak held af POPCABE aftrl 1 BHoRkD THE Ha@@?ﬁre@éﬁr@%a% ﬁfeﬁli‘&ﬂlc&i‘e 25
reactor headspace was then started. The reactor was heated to 160C. Wen
the 58 react dpﬂ@mpeHat(&thtoabmwnew watet:germmmnglgah@r@mm Tée vgdwwre oxi de

and propyl ene i de based pol m ne . with

N phony !~ 1. a-oRdipREnER SRR SR MBS BRetsEraingd 8678099 ¢ ari ne
content is 1.f8fogea0 N g, prepared as in Exanple 5, and 10.06 grams (O. 0985
nol es) of 3-dinmethyl am no-1I-propyl am ne were added to 5 the reactor

sequent i aISIy The reaction mxture was held at 160C for about 1.8 hours.
The reactor pressure was then reduced < mMHg (abs) to renove any water
generated during the reaction. The vag%M| tions were nmaintai ned for

- about 30 m rA6il dsgrath® oFREBRN 23 @apdnifftagomaembér P83,y R BSOH/gapopicparedt i on
nunber = 36.7, Oﬁ/@z’% Vgﬁe from oI ybgten having a nunber average

mol ecul ar weﬂﬁ DE@pEO éné gple @WF‘&@WFPB‘H@"&% errpl oyed
in Exanpl e 2 @bp¥Sicalfi St t-0r% @“g’ﬁ [ ly A
constant 180 ni/m 1nanl trogen purg 51%% rou %Pﬁgéo%eggg?%@ge% ﬂegg space

t hen st arlifed.~1P8@/meldas prepard mEaam;ﬂets’o wiaﬁﬁ)cfha@bldexrtotahlé)()ﬂeﬂc‘stmed glam;per at ure

attai ned 160C enyl -1, 4- diam n d 51.87 grans
of ' an ot hyl &5 ASOhT IS S BRE MR P RS SO IRl PPEREH TS w oh N
phenyl - 1 4 phﬁéwémdmea&oﬁ%ﬁheatme@ﬁpﬂaxmﬁdp%m YW MB3sdcEoram ne
content- . 1.91 meq N/gmiprepared as in Exanple 5, were added to the

react or s equéﬁtlpﬁﬁﬁuye appraachal Y683Ct 1 ¥n7 Ingrame o€ anetbyleat dxide and pplsne about
Lo o OSSR e NS BRI %)

renove any water gen
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 mmIg (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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of Pol yPI BSA (saponification nunber

Exampl e 9 25 455. 34gr ans
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pn m xture was held at 160C for about 1.5
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NPPDA

QT O
= |

- NPPDA

ES$ur

None
None

" S

None

Was

None

l hen reduced to <20 mHg (abs)

TABLE 1

Polyether

(&)
14.73
16.94
14.73
14.73
32.34

14.55/24.6
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Polyether

Example 5

Example 5

Example 5
Example 5

Example 5

Example 5+
PPQ2000

2000 g/mol

PIBSA

(g)

Copolymer

(2
100

100

100
100
150

135

Example [

Example 1

Example 1
Example |

Example 2

Example 2

Example | Copolymer

11

12

13

DMAPA -- 3-dimethylamino-1-propylamine
PPQ 2000 — Polypropyleneoxide diamine, Mn

NPPDA — N-phenyl-1,4-phenylenediamine
DDA — Dodecyl amine
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to renove any water generated during the reaction. The vacuum condition
mai nt ai ned for about 30 m nutes. 20 Exanples 11-16 in Table 1 are
. exanpl es of nmaking the invention. Exanples 11-16 have different

concentrations of the reactants (see Table 1) and foll ow the procedures

wer e

set forth in

cC aa
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: NhhwV VI V

Gr

10

15

20

25

30

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

% viscosity increase = [(ViScpo ~ ViSgo)/(Visg) X 100]

ViSeho: 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
compared to a formulated oil that does not contain the lubricating oil additive
composiiion 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 wi% zinc dithiophosphate, 0.03 wt% foam inhibitor, 7.7 wt% .
viscosity index improver and 85.10 wt% of a lube oil blend which is a mixture of
basestocks that consists of 69.24 wt% Exxonl50N oil, and 30.76 wi% Exxon6OON 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
composition of Examples 6-10, 12 and 1{!-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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Exanpl es 6-10, 12, and 14-16, which exenplify the lubricating oil additive

conposition of the present i
i ncrease
the fornmulation to
the addition of carbon bl ack
bench test, the viscosity of
fresh oil is then treated w

by Col unbia Chemical Co., to

grans Vul can XC72R carbon bl ¢

test oil, which contains car
then 10 honobgeni zed using a
60 seconds to

nventi on,

were eval uated for percent viscosity
using a soot thickening bench test,

whi ch neasures the ability of

di sper Seabi @t SvanThiekenths BendH Pest Resu@se resulting from

apRampet  $9f vegalig; InblRh&g the soot thickening
a fresh oill is mneasured iin centistokes. The
2wt Vulrcan—XC7gR——carbon bl ack, supplied
fsr%&;rﬁx{ﬁre c;¥1§=ﬁ=ng approxinatel5p2
: iH—(test oil). The
nan_hléck, (s therdd®ft to lsit overni ght. It is
ni gh_$heed tissue Wbbogeni zler for approxi mately
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

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.

63



rt_horoughly m x the carbon black with the fresh oil. The resulting test oil
containing carbon black is then degassed at 100C for 30 m nutes. The

viscosity of the oil containing carbon black is nmeasured according to

met hods that are well known in the art. The percent viscosity increase is
cal cul ated a } At )l lowing fornmula: 15 % viscosity increase =
[(visQo - vi 1 visobo: viscosity of carbon black in oi
visfo: viscosity of fresh oil Using the soot thickening bench test, the
percent viscosity increase calculated for, the additive c sition of
Exanpl es 6- 10 12 Aeil-solubls lpbrl%tlﬂépw@figwa CHMPOSAAN BISPUBH PR FREPTPEESS

formul ated oil th%hiﬁ?@&ﬁ?z‘?stes?&@ﬁﬁ%n the lubricating oil additive
I'nvention.

conposition of the presen The formul ated oil of the present
invention5 conprises 0.66 wt% of an oxidation inhibitor package,. 0.33 wt%
pour point depressant, 4.07 w % of cal ci um based det ergent package
cont ai ni ng a phend ar?aleaémrpéﬁﬁgiee@ﬁo‘é’?%lcoﬁfn%%%c di t hi ophosphate, 0.03
wt% foaminhibitor, 7.7 wt% 25 viscosity index inprover and 85.10 wt % of a
| ube oil blend which is a mxture of basestocks that consists of 69.24 w %
Exxon] 50N oil, and 30.(06 waeopelyoresobiinsd by fregiradies! appelymeragtiaweoipur chased
from ExxonMobi | Corporation, Fairf. Xt Virginia) to provide the conparative -
oil formulation. To prepare PREPET ?m‘l’%?ré%ng'ubri cating oil conposition of
the presamt invention, approximately 7.6 w% of the additive 30 conposition
of Exanples 6-10, 12 and 14-16 were top treated to the fornul a ggz
conparison oil. The resul ts @F t télessianernenoetryionically masatprated Gorlos
sunmari zed in Table 2. 62 Table 2. all j esul ts

i %n0§81%§§;155 rft%(? gffbgerl%ﬁé}%f, deel-ci

Exanpl e % Vi scosity Increase 6 3

dicarboxylic acid, anhydride or ester thereof;

15 (b)  atleast 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

(¢} 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 viny! ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing from about 1 to about 40 carbon
30 - atoms;

(2) - analkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
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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 conposition of the
present invention was |ower than the percent viscosity increase in a

formulated oil that did not contain a'&§%§§%§§§kﬂgfﬁﬁéagﬂggﬁbﬁﬁnﬁqﬁpositiO”

of the present invention, which yiel 0‘(1-} I'mat'e Yo VI Scosity
increase. This test indicates that tharbontdraaivheg the hlkybahbstituse contains
conposition of the present invention has %ood di spersant. properties. 10 It

i s understood that although nodifi catironabawd 9abPu40AELBHAPME | nventi on
can be nmade w thout departing fromthe spirit and scope thereof, only such
limtations should be inposed as are indicated in the appended clains. 63
WHAT IS CSAIMED I'S: 1. An oil - s@gdubl enN:binykatiomgmidel of zediokyNeawdsgiosi t i on

prepared by the process which conprises reacti A), at |east one of the
fol | owi ng copol yners: (i) a copol ynerﬁoérb?%“ggao g&”‘?#\g@} SRS
copol yneri zation of conponents conprising: 10 (a) at |east one

monoet hyl eni cal | y unsaturated C3-C28 nonocarboxylic acid or ester thereof,’
or C4-C28 (4)  an N-vinyl substifuted nitrogen-contaimng

heterocyclic compound; and
10 |
(5)  atleastone 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 (i)  acopolymer obtained by reacting compound (i)(a) and

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

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

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

30 (B)  at least one polyether aromatic compound capable of being reacted
with at least two monocar‘bpxyiic acids or esters thereof, or with at
least two dicarboxylic acids, anhydrides or esters thereof, or mixtures
thereof.
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di carboxylic acid, anhydride or ester thereof; 15 (b) at |east one 1-olefin
conprising about 2 to 40 carbon atons or at |east one polyolefin
conprising about 4 to 360 carbon atons and having a term nal

copol yneri zable group in the formof a vinyl, vinylidene or alkyl

vinyl i dene group or mxtures 20 thereof; and (c) at |east one nonool efin
conpound which is copolynerizable with the nononers of (a) and (b) and is
sel ect ed fronit he Fholmbricaingicltddddivefcompbsitidn obelaial kywheréingbpayiner (Dpiid) an

allyl alkyl ether where the alkyl group i droxyl, am no,. dial kyl am no
or 21 koxy subst |t ubEgs a0t ReiRRe ke RO Tl SREARG ATREIA B about 1 ¢ o
about 40 carbon 30,®&fiRdiRily wit)(1 74 18lskote ARrRSnABEnEH: B & 1Ky 8 A8nftica

nonoet hyl eni cal | y unsaturated nbno- or 64 dicarboxylic acid of from about

3 to aboutd 10 car ¢umpamd eepalecafdeingacanitdd/with ablsest vne noneembaiytis acitiroom
about 1 to about 4 at oms.  5..(3)..an N-vi,nyl car boxam de .of .carboxylic
acids of from aboustt&%ﬁ%%gor}a%rocﬁfar%mgg%8?8151’ %ﬁ{;‘?e %4121 S?eégﬁ)ﬁi{ﬁ i?ﬁ)@?%tdﬁ%sﬁi tuted
ni trogen- cont ai ni nghe dlipheicriiousd EaIPRWTbeinatéactdl whi aflkast 8aSt One
1-ol efin conprising about 2 to. X L .
: 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:
[ /\ Rao
HN \\ —/

R1g
Rig is 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 alkarjl; Rig s --NHs, -
-(NH(CHg) n)mNH2, --NHalkyl, --NHaralkyl, --CH; --aryl--NHb, 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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40 carbon atons or at |east one polyolefin ‘conprising about 4 to about 360
- carbon atons and having a term nal copolynerizable group in 15 the form of
a vinyl, vinylidene or alkyl vinylidene group or mxtures thereof, _
provided that the olefin enployed is not the same as the ol efin enpl oyed
Fn (i)(b); 20 (ii) co t.ai L. compound (i) (a) and
conpound(i)(b) in gﬁe p@gt%ﬁggmg%IghgsgggwggﬁgaIh?%%tiator; (i) a
copol ymer obt ai ned by (a) reacting conmpound (i)(a) with conpound (i) (b) or
(i)(c) in a non-free radical ca zed 25 reacjdQn in the presence of
copolyner (i) or copolyner ( bot h; or ontacting copol yner
(i) or copolymer (ii) or bpth with NHat al yzed reaction
product of conpound (i) (a)/fand conpo ) or (i)(c); with 30 (B) at
| east one pol yet her aromatiN¢-_conmpoun of beipg reacted with at
| east two nonocar boxyl i c pac of , ;b\ﬂM th at |east two

rs thefe r mfRatures thereof. 65

di carboxylic acids, anhde}de -
2. The lubricating oil additive conpositj©n of claim1, wherein copolyner

(i), . (ii) or (iii) is reacted with at IEast one pol yether aromatic
conpound and additionally with (1) at |kast one ether conpound or (2) at
| east one aromatic 5 conmpound capabl e offbeing reacted with at |east one
nonocar boxylic acid or ester thereof, or dicarboxylic acid, anhydride or
ester thereof, or (3) at |east one aliphatic conpound capabl e of being
reacted with at |east dﬁéwmﬂm@aa Bemcgen%e?weaﬁly gpresentthydragsp or g

?is;:ar boxylic acid, anhyggid¢ aRenfishdibal HaliRE 30t atdlut Mo dutuf $4 Brbbrtdtomds2) - OF

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

10 H

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

about 14 carbon atoms; and

15 (d)  an aminomercaptotriazole represented by the formula:

e
Bl

H
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10 3. The lubricating additive conposition of claim1, wherein the

pol yether aromatic conpound is derived froman aromati ¢ am ne having the
following formula 15 (a) an N-aryl phenyl enedi ari ne represented by the
formula: R20 / RIB/ HNI R's R18 is H --NHaryl, -NHal karyl, or a
branched or straight chain hydrocarbyl radical having fromabout 4 to

"about 24 carbon atons 20 selected from al kyl, al kenyl, al koxyl, aral kyl or

alkaryl; Rigis --KJ2, an@ib{opeipidimiNidpresentdd-ay thy formuldiHar al kyl ; - - CH2
--aryl--NH2, in which n and meach have a value fromabout 1 to about 10;
and R20 is hydrogen, alkyl, alkenyl, alkoxyl, aral kyl, or alkaryl, having
from about 4 to about 24 carbon atons. ¥, 66 (b) am nocarbazol e
represented by the fornula: NH2- R21// 2 N5 in which RR1 and R22 each
i ndependent |y represent hydrogen or an | kyl or al kenyl radical having
fromabout 1 to about 14 carbon at ong ( ol am no-i ndazol i none
represented by the formula: O

X
F

R24

5
in which R4 represents hydrogen or an alkyl radical having from about
1 to about 14 carbon atoms;
() an aryloxyphenylencamine represented by the formula:
10

Rog

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

15 alkenyl, alkoxyl, aralkyl or alkaryl; Ryg is --NHa, --(NH(CH,))m NHa,
--NHalkyl, or --NHaralkyl, in which n and m each have a value from
about 1 to about 10; and Ry7 is hydrogen, alkyl, alkenyl, alkoxyl,
aralkyl, or alkaryl, having from about 4 to about 24 carbon atoms;
provided that when Ry;s is hydrogen or a branched or straight chain

20 radical having from about 4 1o about 24 carbon atoms selected from
alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Ry must be NH; or --
(NH(CH;),)NHa, -CHy-(CHy)y ~NHa, or ~CHa-ary!-NH,.
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NH2 HN R2s N 10 in which R23 is hydrogen or an al kyl radical having from
about | to about 14 carbon atons; and 15 (d) an am nonercaptotriazol e
represented by the fornula: N NH2 SH/ NN H 67 (e) an am noperi nm di ne
represented by the formula: NH2 NWNH - R24 5 in which R24 represents
hydrogen or an al k ra t t ons;
(f) an aryl oxyphen{é)ene%{m%ﬁlga?géfpg%e% %@O[%)ear %ﬁ%‘% Hééi@)?ab%g’ﬂéw \

IJ R26 in which R25 |B,ﬂdpresc1ﬁ&thbyth,efo%ﬁ1ngddsryﬂulaor branched or straight
chain radical having fromabout 4 to about 24 carbon atonms that can be

al kyl, 15 al kenyl, al koxyl, aral kyl or alkaryl; R26 is -- NH2
--(NH(CH2) ") m NH2, | R30\/— / :
Ras

<\ L

5
wherein L is selected from —O-, -N=N-, -NH-, -CH,;NH, -C(O)NR3-, -
C(0)0-, -SOy-, -SO,NR39- or -SO,NH-, wherein Ryg and Ry
independently represent a hydrogen, an alkyl, an alkeny! or an alkoxy
group having from about 1 to about § carbon atoms;
i0

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

| Rap and R3; independently represent a hydrogen, alkyl, aryl, alkaryl,
15 aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO;H, -
SO;Na, CO,H or salt thereof, -NR4;R4; wherein R4; and Ry, are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R3; and Rs; independently represent a hydrogen, an alkyl, an alkenyl or
20 an alkoxy group having from about 1 to about 8 carbon atoms, -OI, - |

SOsH or -SOs;Na;

R34 represents --NHj, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CH,-(CH3), —
25 NH; or -CHz-aryl-NH; and n is from 0 to about 10;

provided that when R34 is -NHR35 wherein Rjs is an alkyl or an

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

L is ~NH- or -CH,-NH-; or Rsq or Ra; is OH or -NR4;R4; wherein at
30 least one of Ry or Ryz is hydrogen; or Rj; or Ri; 1s OH.
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--NHal kyl , or --NHaral kyl, in which n and meach have a value from about 1
to about 10; and R27 is hydrogen, al kyl, alkenyl, alkoxyl, aralkyl, or
al karyl, having fromabout 4 to about 24 carbon atons; provided that when
R25 is hydrogen or a branched or straight chain 20 radical having from

about 4 to about 24.,car hol %ﬁ__ | : : : I,
aral kyl or al karyl ?h)t hegﬂ@g}oﬁu@z’tﬁgéﬁ% Oérﬁfﬂ?@ %ﬁﬁ}?%@%‘%&“@ = CH2) "
-NH2, or -CH2-aryl - NH2. aiéhobgnzothiaadqmatindbearithiadiaostp and aminohllthineoigt i c
groups; linked by a group, L, represented by the follow ng formla:
R30\/---Y3 R32 L R34 Rat Y1-Y2 Y4 R33 5 wherein L is selected from-0-,
-NEN-, -NH, - OHRNH) - ChOMNRRBdole refkOliRd by E%0mmulSO2NR29- o1 - SB2NH-,
wherein R28 and R2 i ndependently represent a hydrogen, an al kyl, an

al kenyl or an al koxy group havi n%ﬁﬁfrom about 1 to about 8 carbon atons; 10
- wherein each Y1, Y2, Y3 and Y4 are Nntependently N or CH provided that Y1
and Y2 may not both be N, R30 andf/ tly represent a hydrogen,
al kyl, aryl, alkaryl, 15 ar HbNcy pxyal kyl , am noal kyl , -OH,
-NQ2, - SBH, - SO8Na, CO2H or sal A1R42 wherein R41 and R42
are independently hydrogen, alkyl, ™~a , al kyl, or alkaryl; R32 and
R33 i ndependently represent a hydrogen, an kyl, an al kenyl or 20 an

al koxy grosup havi ng from about 1 to about 8 icarbon atoms, -OH, - SC3H or

- SOBNa; H |

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

from about 1 to about 14 carbon atoms;

) an aminopyrrole represented by the formula:
10

Rsa\z I >/,\\ Ra7—NH,
)

H

wherein Rs7 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rsg 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 () an aminoquinoline;
(m)  an aminobenzimidazole; _
(n) aN, N»dialkylphenylenedia.imine; and

25
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R34 represents -NH2, -NHR35, wherein R35 is an al kyl or an al kenyl group
having from about 1 to about 8 carbon atons, -CH2-(CH2)" - 25 NH2 or
-CH2-aryl-NH2 and n is fromO to about 10; provided that when R34 is -NHR35
wherein R35 is an alkyl or an al kenyl group having fromabout 1 to about 8
earbon atons, then glth? ru#khﬁneNH' or -CH2-NH; or R30 or R31 is OH or
-NR41R42 wherein a east one of R41 or R42 is hydrogen; or R32 or R33
is OH 69 (h) an am nothiazol e selected fromthe group consisting of

am not hi azol e nzot hi am nobenzot hi adi_azpl e, apd

ami noal kyl t hi dzol e 6@% cafng tW&dﬁO@lﬂO@ﬁP@@iﬁkﬂ% bvg%rﬁ@ the pokiFter Ras
H2N N 5 wherein R&@n{aﬁ%&ﬁgm @d&mrdq%ﬁan%nﬂ&éﬂmxﬁé hmn%{h%@méwﬁgoup
having fromabout 1 to about 14 carbon atons; (j) an am nopyrrol e
represent éd by thefokmmlaul a: 10 R38_O \\, R37- NH2 N wherein R37 represents
a dival ent al kyl ene group havi ng—about 2 to about rbgy atons and R38

represents a hydrogen, an al kyl \ 15 al kenyl group/rfa\?? ng from about 1
to about 14 carbon atonmsg,,k)—@ St or unsypstituted aniline,
such as nitroaniline or 4% am Noacet ani | i de; 20 ai% noqui nol i ne; (m
an am nobenzi m dazol e;

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; Ryg is --NHj, --(NH(CH,) )mNH2, --
10 NHalkyl, --NHaralkyl, --CHj --aryl--NH, in which n and m each have a value
from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

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

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

15 aromatic compound is derived from the following formula:

L 34
A/ \ /{Rw R

wherein L is selected from ~Q—, -N=N—, -NH—, or -CH,NH;

R3p and Rz, independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
20 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO, or, -NR4;R4; wherein Ry, and
" R4, are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R3; and R3; independently represent a hydrogén, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms, or -OH;
25 |
- Ryarepresents —~NH,, -NHR35, wherein Ras is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, -CH,-(CH,), -NH; or —-CH,-

aryl-NH; and n is from 0 to about 10;
- h 71



(n) a N, N-dial kyl phenyl enedi am ne; and 25 70 (o) a benzylam ne. 4. The

| ubricating oil additive conposition of claim3, wherein the pol yether

aromatic compound is derived froman aromatic am ne having the following 5

formula / RRO R18 / \ HNI Rls R18 is H, --NHaryl, -NHal karyl, or a

branched or strai ght chain hydrocarbyl radical having from about 4 to about

24 carbon atons selected fromal kyl, al kewﬁ al koxyl, aral kyl or alkaryl;
prei

R19 is --NH2, --( Nmr@m;d ﬂyatmh@l R34 1aeNHBak anmmaalkxllor an algepyl group

--aryl--NH2, in whi a wval 0 t 10;
and R2o0 is hydr ogenﬁavéirf‘%f/1 g%"ﬁgntﬁl ‘gﬂna%%fP%u %el&’ggﬁ%llﬁgr yﬁa'tﬁﬁ?aw ng
from about 4 to aboMH- ,Zcﬁmgbbng} 1§mn&—m,mawﬁ@@ﬁlac&hmge@fm,aﬂcm isve
conposition_ of Claim3 wherein the p ether 15 aromatic conpound is
derived frofn the fohy@mmgozr&nmaﬂ?azls /~/ Q4 - \\ L R34 R31 R 33 wherein
Lis selected from-0-, -N=N-, -NH, or -CH2NH, R30 and R31 i ndependently
represent a hydrogen, aIkyI aryl alkaryl aral kyl, 20 al koxy,

hydr oxyal kyl , &m noa*hkyibncatiﬂgml\mltm,com&hoﬁéﬂcmrmmraﬂlhamyetmz are.
|ndependently hydr ogen, al kyl, aryl arylal kyl, or alkaryl; R32 and R33

_i ndependent | y_r epr e 36¥Ratis cagpapwskis derivedsrag N P@Frﬁl)fhl iﬂelﬂ&‘ipyléﬁedéﬁnm% koxy
group having from about | to about 8 carbon atom; or -OH

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

compound (1) isa 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 oil additive composition of any one of claims 1 to 10
wherein the copolymer is copolymer(ii).
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.
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25 R34 represents NH2, -NHR35, wherein R35 is an al kyl or an al kenyl group
having fromabout 1 to about 8 carbon atons, -CH2-(CH2) -NH2 or -CH2-
aryl-NH2 and nis fromO to about 10; 71 provided that when R34 is -NHR35
wherein R35 is an al kyl or an al kenyl group having fromabout 1 to about 8
carbon atons, tiden eThehlmbritating ciNEdifive c&bigositiit of oty BBDoDElaiR¥El 1its 10H or
NR41R4A2 wherein at |east. opne of R41 or R42 is 5 hydrogen; or R32 or R33 is
OH. 6. The lubricat i”?ﬁ]é;‘?r‘f)‘i‘llt SERPORIYE it erebanei(Bh- of C aim 4 wherein the
pol yether aromatic conpound is derived from N phenyl -1, 4- phenyl enedi am ne.
10 7. The lubricating oil additive conposition of aimb5 wherein the
pol yet her aroniii c Telywaicating il additiviecbripoditiofof élaith 0 etirbedmitieazomatid | i ne or
4- phenyl azqaniline. 8. The lubricating oil additjve conposition of claim
5, wherein the pol ySCRBPuUNd(s selecigehfrom tae givpcansiging®fi ved from
4- phenoxyaniline. 9. The lubricating oil additive conposition of claim 2,
wherein the ether conpound (1) is a pol yoxyal kyl ene di am ne wherei n each
al kyl ene unit i ndi MadualdnN-enylglehylenédiaming bepséseted by stiroiotmblacar bon at ons.
20 '10. The lubricating oil additi gnposi ti on of Lm 9 wherein the
~ oxyal kyl ene . noiety.is. oxyethyl epé xt'tf’es thereof.
11. The lubricating oil aq;QL L \Ve on? t he preceding
-25 cl aims wherein the copolynmer \'s copgfyner(1). The/f ubricating oil
additive conposition of any one of—elains 1 to 10 n the copolyner is
copolynmer(ii). 30 13. The lubricating oil additive conposition of claim12
wherein copolynmer (ii) is polyPlIBSA, obtained by theryee radical

catal yzed reaction of malei¢ . .
Rz s 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);¢ is -
NH;, ~(NH(CHy) )mNH3, --NHalkyl, --NHaralkyl, --CH; --aryl--NH,,
in which n and m each have a value from about 1 to about 10; and Ry
is hydrogen, alkyl, alkenyl, alkoxyl, aratkyl, or alkaryl, having from

15 : - about 4 to about 24 carbon atoms.

(b)  aminocarbazole represented by the formula:

in which Ry, 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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anhydri de and pol yi sobutyl ene. 72 14. The lubricating oil additive
conposition of any one of clainms 1 to 10 wherein the copolyner is
copolymer (iii). 15. The lubricating oil additive conposition of claim?2
wherein the aromatic 5 conpound is selected fromthe group consisting of:
(a) an N-aryl phenyl enedi am ne represented the formula: - R20 Rla \ HN

R1I9 R bis H --NHaryl, --NHal hed or straight chain 10
hydr ocar byl radi cal having from ¢arbon at ons sel ected
from al kyl, al kenyl, al koxyl, aralfkyl y R(2) 19 is -- NH2,

--(NH(CH2) ")nNH2, --NHal kyl, --
and m each have a value fromabidhf 1 to O’rR,and R20 is hydrogen,

al kyl, al kenyl, al koxyl, aralkyl, karyl, having from 15 about 4 to
about 24 carbon atons. (b) aninocargzzole represented by the fornmula: / '\J

--aryl--NH2, in which n

NH2 R21/_ R22 N in which R21 and 2 each independently represent
hydrogen or an 20 al kyl or al kenyl di cal having fromabout 1 to about 14
carbon atoms, (c) an aimiwideh Rebdz by drogereorapmlies estiad hipsing frenfaboptl 0 73 o

I NH2 about 14 carbon atoms; and

5 (d)  anaminomercaptotriazole represented by the formula:
N

H

(¢)  an aminoperimidine represented by the formula:

— R
in which Ry4 represents hydrogen or an alkyl radical having from about

10 1 to about 14 carbon atoms;

43 an aryloxyphenyleneamine represented by the formula:

/

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

15 : radical having from about 4 to about 24 carbon atoms that can be alkyl,
74




HN R23 in which R23 is hydrogen or an al kyl radical having fromabout 1 to
about -14 carbon atonms; and 5 (d) an am nonercaptotriazol e represented by
the formula: N NH2 SH/ N N H (e) an am noperimdi ne represented by the
formula: NH2 N) NH - R24 in which R24 represents hydrogen or an al kyl

radi cal having from abo 0. to ahbout 14 carbon N

aryl oxyphenyl eneam ne r%?@éeﬂ%‘ggiﬂggﬁemfwﬂgzﬁls% 20 @%&% N\H21 J R26
in which R25 is H, --NHanHalkyl-d¥HaKadidyl, i9whivhangded cavh Inve aivalie fiohai.n 15
radi cal having from about 4 to about 24 carbon atons that can _be alkyl, 74

al kenyl , al koxyl, aral kgbousd teplrqatt 05 andRer jsdydragep, alkyl atkqnelaikopd, NH2,
--NHal kyl , or --NHaral k ' ' about .1
to abou%/ 10; and R27 iswﬁlykgg’%é\éﬁj,ﬂgg’l%y@%ﬁgﬁﬁﬁﬁqigﬁoﬁ%?mg?%{oﬁﬁ, or

al karyl, h&aving fromabout 4 to about 24 carbon atons; 5 (g) an aromatic
am ne conprising t aromatic groups, linked by a group, ..
' P g \(,B an aromatig amliJ e comprlr-;ﬁlg two >.'erorn %rc grgups, linked by a group,

L, represented by the following formula:

R Y — R

30\/_ 3 \ ~ 32
L ) iy

R31/\\ \ hRas

— Y,
wherein L is selected from —O-, -N=N-, -NH-, -CH,NH, -C(O)NR2s-, -
10 C(0)0-, -80y-, -SO:NRy9- or —SO,NH-, wherein Rys and Ry

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

group having from about I to about 8 carbon atoms;

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

R3p and R3; independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO;H, -
SO;Na, COZH or salt thereof, -NR4 R4z wherein Ry) and Ry are

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

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

SO3H or -SO3Na;

25
Raa represents —NH,, -NHR35, wherein Rjs is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CHy-(CHy)n —-
NH,; or —-CH;-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 '




L, represented by the following fornula: R30 Y3 /R3z C R34 R31 Yl-Y2 4
R33 wherein L is selected from-0-, -N=N-, -NH, -CH2NH, -C(O NR28-, - 10
C(OO, -SM2-, -S2NR29- or -S2NH, wherein R28 and R29 independently
represent a hydrogen, an al kyl, an al kenyl or an al koxy group having from
about | to about 8 carbon atons; wherein each YlI, Y2, Y3 and Y4 are

i ndependently N or CH provided 15 that Y1 and Y2 may not both be N, R30
and R31 i ndependenqy rmﬁgﬁﬂoﬁr@%@ﬁ &by @Ak Rrnularyl . al karyl, aral kyl,
al koxy, hydroxyal ky am noal kyl NOZY -SO03H, - SOBNa cozH or salt

t hereof, -NR41R42 wherein R41 and R4 re 20 i ndependently hydrogen, alkyl,
aryl, aryl al kyl, or alkaryl; R32 and dependently represent a
hydrogen, an al kyl, an al kenyl or a | ko havi-ng fromabout | to
about 8 carbon atons, -OH, - SO3} BNa represents -NH2,
-NHR35, wherein R35 is an al kyl or anlal ke p having fromabout 1 to
about 8 carbon atons, -CH2-(CH2)" - NH - -NH2 and nis fromO to
~about 10; 30 (h) an am nothi azol e sel ected fromAt he group consisting of
am not hi azol e, am nobenzot hi azol e, am nobenzot hj adi azol e and

am noal kyl t hi azole; 75 (i) an am noi ndol e repr &sent ed by the fornmula: R36
H2N - wherein Rs represents a hydrogen, an alkyl or an alkenyl group having

5 from about 1 to about 14 carbon atoms;

()] an aminopyrrole represented by the formula:

RSB\Z I >\//\ Ra7—NH,
|

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

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

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

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

aminoacetanilide;
15
0] an aminoquinoling;
(m)  an aminobenzimidazole;
20 (n)  aN, N-dialkylphenylenediamine;
(0) a benzylamine; and
(p) a benzyl alcohol.
25
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X' N wherein R36 represents a hydrogen, an al kyl or an al kenyl group havi ng
5 from about -1 to about 14 carbon atons; (j) -an am nopyrrol e represented by
the formula: R33- / \\> R37-NH2 ~N  H wherein R37 represents a dival ent
al kyl ene group having about 2 to 10 about 6 carbon atons and R38 represents

2 ydrogen, an (8l kYiragiuAflagl SPIMil QIR LEATsAGn oLt 14

car bon at ons; (k) ari nsu DSt t

nitroaniline or 4- amnpoaaﬁtsahaﬂyl;dxenyléﬁec’(izin)unan am noqui noline; (m an
am nobenzi m dazole; 20 (n) a N, N-dial kyl phenyl enedi am ne; (0) a
benzyl am ne; and (p) a benzyl alcohol. 25 76 16. The lubricating oil

addi {1 ve conposyrt| onafiugrcalifh, 4 (ANGOELAnbORIGH STl GRABAUT, |

N-aryl phenyl enedi ani ne ricati I'tive conposition of

claim 16 whérein théﬂ—aﬁ,/lpheaygchcﬂimnmeemhlebmnylpheﬂ)éeﬂ&dmhﬁwI phenyl enedi am ne.
18. The lubricating oil additive conposition of claim1l7 wherein the N
phenyl phenyl enedi am ne i s N-phenyl -1, 4-phenyl enedi am ne. 10 19. The

lubricating oi |lﬂadd'THeVlﬁbﬁ&@iHQ%llfaH&'ﬁvQonﬁ#;@% @&@clmerﬁwﬂeramh@mmt ic
corrpound is an aronmatic am ne havi ng t ow ng fornula

. phenylphenylencdiamine is N-phenyl- 14~phenylened1amme

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

compound is an aromatic amine having the following formula

EaGanWl

R19

Rjs is 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; Rys is --NHy, --(NH(CH>) o)mNH2, -
NHalkyl, --NHaralkyl, --CH; --aryl--NHj,, 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.

20. The lubricating oil additive composition of any one of claims 1 to 11 |

20 ] . ;
wherein compound (i)(b) of copolymer (i} is polyisobutene having a -

number average molecular weight (M) of from about 112 to about f

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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Rt8 / \ HN 711/ R20 Rig Rbis H --NHaryl, -NHal karyl, or a branched or
strai ght chain hydrocarbyl radical having fromabout 4 to about 24 carbon
atons selected fromal kyl, 15 al kenyl, al koxyl, aralkyl or alkaryl; Rigis
--NH2, --(NH(CH2) n)nNH2, - NHal kyl, --NHaral kyl, --CH2 --aryl--NH2, in
which n and m e&th hdbelwbricatingoil additivelbbany pne of tispueceding chants Ribordis

hydr ogen, al kyl, al k . . - arad kyl .. .or alk | .. havi ng from about
4 to about 24 car bonﬁ%i)lﬁsa?dlgﬁé%h?%ﬁéﬁ fﬂ)lg}fyrdflggf)lr%séerﬁfl%e%\fddi tive composition
of any one of clains 1 to 11 ' wherein conpound (i)(b) of copolymer (i) is
pol yi sobut ene having a nunber average nol ecul ar weight (M) of from about.
112 to about 5BOO0. Thk luBrivatihg biliadditive Bompésitshbficlai® 220MRe&h (1)@ isdhaleicai M
20 wherein the nunber 25 average nol ecul ar weight (M) is from about 500
to about 3000. 22. TARBYqriferqrester hgregfl additive conposition of claim 21
wherein the nunber average nol ecular weight (M) is fromabout 1000 to
about 2500. 77 23. The lubricating oil additive of any one of the preceding
clai ms wherein 26i) (ajhe bibsiceingapadditive covipgsitian ofdinlydencopt @@t@?ﬁeﬁ}?& eof

24. The lubricating oj;l. addi ti.ve conposition.of, .clai wherein (i)(a) is
"maleic 5 anhydride oA er‘f’lﬂgl?eelgf) .Ooj%én ‘]"ﬂ(é)?(f)t} ??cog%ﬁ%gg oi |l additive

conposition of any one of the preceding clains wherein the nonool efin of
(i)(c) is al-olefin. 10 26. The lubricating oil additive conposition of
cl ai m 2 whel®i n26.he Bhe lnbdsttingd additive kamipositiomnpalaich Z Shehpihblacleadt chei ng .

reacted with one nonqcarboxylic idor e r thereof,, or dicarboxylic
aci d, anhydride or ea;i{pglptlci Wdl?g) qapable o? Lgmg reacteg with one monocarbox l}c
acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof is N-

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

composition prepared by the process which comprises reacting

(A)  at least one of the following copolymers:

20
(i) a copolymer obtained by free radical copolymerization of
components comprising:
(a) at least one monoethylenically unsaturated Ci-Cog
25 | monocarboxylic acid or ester thereof, or C4-Cag '
dicarboxylic acid, anhydride or ester theréof;
(b)  atleast one I-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 alkyl vinylidene group or mixtures
thereof’ and
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am nopropyl mor phol i ne or 1, 3-di net hyl am nopropyl am ne. 15 27. A Iubrlcatlng
ai | conposition conprising a mgjor anount of ‘an oil of lubricating
viscosity and a m nor "anount of the lubricating oil additive conposition
prepared by the process which conprises reacting (A) at |east one of the
f-ol | om ng copolynmers: 20 (i) a copolyner obtained by free radi cal

copol yneri zation of - conponents conprising: (a) at |east one

nonoet hyl eni cal | y unsat ur at e@) C3at028t obmRsderar dmpound whidhdsor est er
thereof, or C4-C28 dicarboxylic acid, anhydride or ester thereof, (h) at
| east one 1-ol efin conprisi ng ab‘EﬂPP m%a'ale vty the monameisof 62) aad (Pbadis one

pol yol efin conpri si ng about %d?f@cﬁn‘f}?er @gng{gﬁgggp havi ng a term nal

copol yneri zabl e group in the form of a vinyl | ny ne or al kyl
vinyl i deneSgroup or nixtures thereof, and 78 (c) at |east one nonool efin

conpound which is copol yneriza mer s, of and is
selrrgct ed fromthe grogp %:lon5| stld*‘g ofa‘“%f(g I%’gﬁﬁ’ﬁfﬁﬁﬁa‘\ﬁl iﬁlké(['ﬂgé hdean

al Iyl alkyl ether where the alkyl gr@uRIKyS%F 1 koxyRHfR0, AR MR NO
or al koxy substituted or is unsubstituted, and contarning fromabout 1 to

about 40 carbon 10 atoms; (2) an al qulallmnymebﬁm@tedmrmamb}nalmddend)f a

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 § carbon atoms;
20
) 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 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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nonoet hyl eni cal | y unsaturated nono- or dicarboxylic acid of from about 3
t.o about 10 15 carbon atonms where the al kyl substituent contains from
about | to about 40 carbon atons; (3) an N-vinyl carboxam de of carboxylic
acids of fromabout | to about 8 carbon atons; 20 (4) an N-vinyl

substituted nitrogen-coptai nj n el c 0 5) .at | east
one l-olefin conprisi ngEﬁ bou %’Otl érﬂl;)%d% dtg&g%ﬁ'@tcgﬁgb%@]@)[é E?éizcilst one
pol yol efin conprising about cémpoundfifibl in36Opeednoe bf afeemdicahthithay, ng a

term nal copol ynerizable group in the formof a vinyl, vinylidene or alkyl
vinylidene group or mxtures thereof, provided that the olefin 30 enpl oyed

I's not the sane as the ghefi | ] | "
. obtained by reacting coﬂ%gungcgil 9@%@%%“%@%%@%?‘}7%%@“?@@ z(gppresence of
a free radbcal initiator; (icinpanddibl)pré)(cpinteaianeftcerydital)catabyreti ng

conpound a th 5 conpound (.i C non-free radical
ca’[rgl yzed(I Zt(aaz:t:Mon in thengwgg@?ég)téﬁgrew8‘§9 ( ){ er@?"’é%ﬁﬂ?ﬁmr(llz?’i) or

bot h; “or by (b) contacting CQ&HJ&V@V(bféént&'ﬁmgQQﬂJ ¥rﬁ&r(1)(dr c))p&fymep?bh)rw'th
the non-free radical catalyzed reaction product ound @}U@a and
conmpound (i)(b) or (i)(c); \Abtnthmtht(lB)wIafre‘tB’almalcﬂﬁ@ymlmlherpr hef i c
conpound capabl e of being reactpound ()(a) and compound (i)(b) or (i)(c); with

10

(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.

15
28.  The lubricating o0il composition of Claim 27, wherein copolymer (i), (ii) or

(11i) 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

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

g
— - @

Rig
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3
!
3
\

with at | east two nonocarboxylic acids or esters thereof, or with at | east
two di carboxylic acids, anhydrides or esters thereof, or mxtures thereof.
15 28. The lubricating oil conposition of Caim27, wherein copolyner (i),
(ii) or (iii) is reacted vvith at | east one pol yether aromatic conpound and
additionally wth (1) r,.al or (2) at
| east one aronatic corrg%fm ca a%?l pﬁb%em“%&é@t&gédd sﬁ%@&? east one
monocar boxylic acid or mdwsarbyl racﬂlea}dmirmg(frondam b oxgbiouc 24cartion aohgdr i de or

ester thereof, or (3) at a one t 0 e of |ng
reacted with at |east oﬁ%leﬁﬁ‘ghB@a?mﬂﬂ H)“é(? hﬁoﬁiy]ogpﬂ‘é’r @ﬁgﬁaﬁ 918 -

di carboxylic acid, anhydm 0 r. Xy, e f (2) or
(3). 25 29._ The | ubricati r%zg}gyngglgl}?l OI;}IH(H)I?S:PO-E\{H”E]Q%H;W V\htgrrze%ﬁ t#eﬁ%gll yet her

aromati ¢ eonpound is d&dhi aﬁdrm#ﬂdhhaafrc@rmlued‘rcmmmthm/abvgltmemﬂdizbmm ng

HN Ris 80 Rug is - Py ae ey RROED BT AL bR Ren chai

hydrocar byl radical havibgitfineabakRodicarbohatoatzout 24 carbon atons sel ected

from al kyl, al kenyl, al koxyl, aralkyl or alkaryl; Rigis --NH2, - -(NH CH2)
")mM\H2, --NHal kyl, --NHaraI kyI --CH2 --aryI--NH2 in 5 which n and meach
have a val ue from ghout ,1.10 Qé%ﬂl; ydr ogen, al kyl,

al kenyl , al koxyl, aral k?/lﬂj aﬁa ar@?eselﬂ%})'ﬁa‘g&%nﬁlgabout 4 to about 24

carbon atons. (b) am nocarba resent ed ormul a: NH2

/NH,_

K

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

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

(¢)  anamino-indazolinone represented by the formula:

O 1=

| TNHz
\ /\/ Ros

N

|

15 - ' H
in which Rj3 is hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms; and
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R21 \ Rzz N 10 in which R21 and R22 each independently represent hydrogen
or an al kyl or al kenyl radical having fromabout 1 to about 14 carbon
atons, (c) an am no-indazolinone represented by the fornula: O/NH2 HN
R23 15 in which R23 is hydrogen or an al kyl radical having fromabout | to
about 14 carbon at represented by
the formula: N NHELWSSH%Rgmﬁ#)f}i{e ?%1@% e‘%ﬁ%%ﬁ;ﬁg?@%@esent ed by the
formula: NH2 N NH R24 5 in which R4 r sent sNhydrogen or an al kyl

radi cal having fromabout 1 to about carbony atons; (f) an

aryl oxyphenyl eneam ne represent ed by e form? a: Rz7

H
(e) an aminoperimidine represented by the formula:

NH,
NF
—— Ra
5 _ - in which Ry4 represents hydrogen or an alky! radical having from about

1 to about 14 carbon atoms;

H an aryloxyphenyleneamine represented by the formula:

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,
alkenyl, alkoxyl, aralkyl or alkaryl; Rag is --NHa, —~(NH(CH3))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,

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 about'4 to about 24 carbon atoms selected from
alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Ry must be NH; or --
(NH(CH,)»)mNHz, -CHp-(CHy), —~NH,, or —~CHp-aryl-NHy. - .
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R25/ \ 1-' Rz6 10 in which R25 is H, --NHaryl, -NHal karyl, or branched or

straight chain radical having fromabout 4 to about 24 carbon atons that
can be al kyl, alkenyl, al koxyl, aralkyl or alkaryl; R26 is --NH2,
--(NH(CH2)" ),n NH2, --NHalkyl, or --NHaralkyl, in which n and m each have
a value from about |I to about 10; and R27 is hydrogen, alkyl, alkenyl,

al koxyl, 15 aral kyl, or alkaryl, having from about 4 to about 24 carbon
atonms; provided t{mt waemoRabc hmiﬂq@nqgismgiwoardmamcgredps;iinkedw gbtouphai n
radi cal having from about4 to a A% arpon, atons sel ected from .al kyl,

al kenyl , al koxyl, aral kyifeBlﬁeS%ﬂt%g'PXAhe Pl &t be NH2 or --

(NH(CH2),), NH2, -CH2-(CH2% -Nﬁwﬂj}aryl - NH2.
conprising two aromatic groups, nked Yy a group presented by the
following formula: R30 \---Y3 RR34 Raj rein L is

~4 R33
selected from-0-, -N=N-, -NH, \ 2 NH -C(O)NRZB\- o, -SX2-,
- SO2NR29- or - SOZNH— V\/nerel nR§28 i ndepend mrewe,esent a

hydr ogen, an al kyl, an al keny Ikox up i om about
about 8 catbon atons; k%ﬁ@r i‘sn%@%’ﬁ 9‘{7?‘ ﬂ‘g& B.ggﬂgl[l R@Fe:rrtly N
or CH provided that Y| Y%OEHYSOﬁQRBOPP—%ZM %QRQIPERPQ& Qdependently

represent a hydrogen, aI ,aryl’ kary ar al Kyl oxy, ydroxyalkyl
am noal kyl, -OH, -NO2, mSe}&Hdenth'Eremm,a h@dﬁjgem,ransaélt}ﬂ anhadkanyl pr arNR4@RY 2

wherein R41 and R4z ar eg,roup having from about 1 to about § carbon atoms;

) &g aromati c am ne

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

Ripand Ry, independently represent a hydrogen, alkyl, éryl, alkaryl,

aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SOsH, -
15 - 80O3Na, COzH or salt thereof, ~-NR41R42 wherein Ry; and Ry, are

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

R3; and Ry3 independently represent a hydrogen, an alkyl, an alkenyl or
an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
20 SOsH or -SO3Na;

R34 represents —-NH,, -NHR3s, wherein Rjs is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CH,-(CHz) —
NH; or ~CHj-aryl-NH; and n is from 0 to about 10;

25
provided that when R34 is -NHR35 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 Rag or R3; is OH or -NR4 R4, wherein at
least one of Ry; or Ry is hydrogen; or R3; or Ras is OH.

30
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i ndependently hydrogen, al kyl, aryl, arylalkyl, or alkaryl; R32 and R33
i,ndependently represent a hydrogen, an al kyl, an al kenyl or an al koxy
group having fromabout 1 to about 8 carbon atons, -OH - 20 SQ3H or :
-SBNa; R34 represents -NH2, -NHR35 wherein R35 is an al kyl or an alkenyl

group having from out "

-CH2-aryl -NH2 and ?& %ll.lét% #&E@ pé}ﬁv? ?qg%tlﬁg_‘%ﬂmo%l
-NHR35 wherein R35 |s aamaiobyxhzodnmﬂe amlinabeytothindidgold avd srginbalkyithibgolé; | to
about 8 carbon atons, then either L is -NH or -CH2-NH; or Rao or R31 is
OH or -NR4IR42 wherein at |east one of RA1 or R42 is hydrogen; or R32 or
R33 is OR 30 83 (hgjyan ahRARloddRA:FresGh&LhEh: iﬁ @ii4:he group consisting of
am.not hi azol e, am nobenzot hi azol e,” am nobenzo |aé|azole and

am noal kyl t hi azol'e; (i) an am not3adol e represented by the fornul a: R36

H2ZN N 5 wherein R36 represents a Dy an al kyl or an al kenyl group
having from about | to about 14 5 J) an am nopyrrol e
represented by the fornul a: HR 10 wherein R37 represents a
di val ent al kyl ene greoup havi ng ab

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

from about 1 to about 14 carbon atoms;

() - anaminopyrrole represented by the formula:

RSB\..___// L,.-\ Ra7z—NH.

(>

10 H
wherein R3; represents a divalent alkylene group having about 2 to
about 6 carbon atoms and R 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;
)] an aminoquinoline;
20 (m)  an aminobenzimidazole;

(n) aN, N-dial-kylphenylened_iamine; and

{0)  abenzylamine.
25
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about 6 carbon atons and Rag represents a hydrogen, an al kyl or an al kenyl
group having from about Ito about 14 carbon atons; 15 (k) a ring
substituted or unsubstituted aniline, such as nitroaniline or 4-

ami noacetanilide; (1) an ami noquinoline; 20 (m an ani nobenzi nm dazole; (n)

a N Ndialk en
| ubricating glb co%%@?ﬁ#agir?gg@ Coﬁ@%%tég)‘)fv&?ﬁ? 3? &%&gr&? 9"3?‘%@ re ?m#& I C
conmpound is deri vecbmpamnﬁéﬂﬁaive@ﬁbncarﬁafbﬂﬁtlhmin&gmﬁh@ thofotlewimgfobannul a
RO/ Ras / HNI Ras R18 is --NHaryl, -NHal k or, a branched or
strai ght chain hydrocarbyl 5 raf & about 24 carbon
atons sel ected from al kyIJa | | k al karyl; R19 is
- - NH2, -- (NH(CH2) ") m\H2, R -NHargikyI\\b __/2é-aryg-h§H23 in

‘ ;o an 01is
hydr ogen, al kyl, ~al kenyl, al koxyl, aral kyl, or al kgryl havi ng from about

4 to about 24 carbon atons. 10 31. The | ubricating corrposition of Claim

29 wherein the polyether aromatic ound is deri veg fromthe foll ow ng
formul a: Rao\- -/ R8risH, =Nilaryl, - Halkary or a branched or straight chain hydrocarbyl

5 radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralky! or alkaryl; Ryg is --NHy, ~~(NH(CHy) ;)mNH,, --
NHalkyl, --NHaralkyl, --CH, --aryl--NH,, in which n and m each have a value
from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

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

10
31.  The lubricating oil composition of Claim 29 wherein the polyether aromatic
compound is derived from the following formula:
Rao /
. Raa
\
| wherein L is selected from —O—, -N=N-, -NH-, or -CHzNH;

15
R3pand R3) independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
alkoxy, hydroxyalkyl, aminoalkyl, -OH, or, -NR4; R4z wherein Ry and Ry are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

20 R3z and Rs3 independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms, or -OH;
R34 represents —-NH,, -NHR3s, wherein Rjs is an alkyl or an alkenyl 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;

provided that when R34 is -NHR;35 wherein Ri;s is an alky! or an alkenyl group

having from about 1 to about 8 carbon atoms, then either L is -NH- or ~CH,-
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R3,/~\ / 33 wherein L is selected from-0-, N=N, -NH, or -CH2NH, 15 R30
and R31 independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
al koxy, hydroxyal kyl, am noal kyl, -COH, or, -NR4 | R42 wherein R4l and R42
are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl; 20 R32 and
R33 i ndependent |y r apieg®eRE, 6 Fay i OHR ~NR); o) k¥ikreinit 1@kkaRIE RY[ oy, i@l koxy
group having fromahout 1 to_about 8 carbon atons, or -OH R34 represents
“NH2, -NHR35, wher eilydregsn;os RanomRieys OBk an al kenyl group having from
about | to about 8 carbon atoms, -CH2-(CH2)" -NH2 or -CH2- 25 aryl-NH2 and
nis fromO to about 10; provided that when R34 is -NHR35 wherein R35 is an
-al kyl or an al k#hyl Bredulricating bidgofposiiabofiClaim B0 whbeitt th8 poBethenaehns,
t hen either % is -NH or -CH2- 85 #H—; or Rao or. Rat is OH or NR41R42
wherein at |®ast onecogtPopRd isgleripedirpm Nphepddehphesylepebaminerss is OR 32.
The lubricating oil conposition of Cl aim30 wherein the polyether aromatic
5 conpound is derived from N-phenyl -1, 4- phenyl enedi am ne. 33. The
| ubri cating oil 3onpbld ubdentiof ollicampodfionb2Chim 31 héhepin shetpobyetirr aromidtic :
compound is derived from4-(4-nitropheny]azo)aniline or 4-phenylazoanjline.
~.10_34..The | ubri cat i fPRRupd gﬂ?ﬁ'ﬂ%ﬁg ﬁpﬁin‘%‘#-méﬂoahqﬂw?)aaﬁ@ﬁ@r R-H%ﬁwlwawlﬁer
aromatic conpound is derived from 4-phenoxyaniline. 35. The lubricating
oi |l conposition of any one of clains 28 to 34 wherein the polyether
al i phatic cdPpodhd (The lubrieatipglojlmoyplokiyibe oé Chiiimrdil nwherdih thépolgethereamomatic
al kyl ene unit individual 'Ig%l cont ai nir frgn}labout 12 to about 5 carbon atons.
36. The lubricating STTPUBASATVER oy +-BheioXy4tlifther ei n t he oxyal kyl ene
noiety is : :
' 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 (i).
- 38. The lubricating oil composition of any one of claims 27 to 36 wherein
the copolymer is copolymer (ii).
25
39.  The lubricating oil composition of claim 38 wherein copolymer (ii) is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic
aphydride and polyisobutylene.
30 40, The lubricating oil composition of any one of claims 27 to 36 wherein

the copolymer is copolymer (iii).
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oxyet hyl ene or oxypropyl ene, or m xtures thereof. 20 37. The lubricating
Qil conposition of any one of clains 27 to 36 wherein the copolyner is
copolyrmer (i). 38. The |ubri cati ng oil conposition of any one of clains 27
to 36 wherein the copol ynmer is copolyrmer (ii). 25 39. The lubricating oil
conposi tion ofy,cl ai P by
the free radi ca1 ca aﬁﬁ’ \5% %O%QJ%%%%H%%F%H&bsa ere%?h%éa} Ogﬁﬁc cggltp%{n%g
pol yi sobut yl ene. S&Ié@edﬁthhMQbupa@nsﬁ‘@ngbf. conposi tion of any one of
claims 27 to 36 wherein the copolyner is copolyner (iii). 86 41. The
lubricating oil conposition of claim28 wherein the aromatic conpound is
sel ected fromthe ghoup g,rhsd, : edi am ne
represented by the orrmal? %&ﬂ}%xﬁém&‘fl\lﬁ%re Sé}h%%hmg?ﬁm@NHa

--NHal karyl, or a branched or s t chain hyd ocar Zvadl caI havi ng

from about 4 to about: 24_carbo sel ect ed rom a al kenyl ,

al koxyl, aral kyl or al kaB!ﬁI ; ig -- n) M\H2, - - NHal kyl ,
--NHaral kyl, --CH2 --aryl--NH2,\10 i which n and have a value from
about 1 to about 10; and R20 is hydrogen, alkyl, enyl, al koxyl,

aral kyl, or al karyl, having from about 4 to about car bon atons. (b)
am nocar bazol e represented by the fornula: NH2 R21
Rjg is H, --NHaryl, -~-NHalkaryl, orabranched or straight chain

hydrocarbyl radical having from about 4 to about 24 carbon atoms
selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R(2);9 1§ --
NH;, ~(NH(CHa) )usNHa, --NHalkyl, --NHaralkyl, --CH; --aryl--NHj,

10 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.

(b)  aminocarbazole represented by the formula:

\ \\/NH;_»
/// \ 2

Raq

N

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

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

(c) an amino-indazolinone represented by the formula:
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2 Q- N 15 in which R21 and R22 each i ndependently represent hydrogen or

an al kyl or al kenyl radical having fromabout 1 to about 14 carbon atons,
(c) an am no-indazolinone represented by the formula: 87 0 /NH2 HN R23 in
whi ch R23 is hydrogen or an al kyl radical having fromabout 1 to about 14
carbon atons; and 5 (d) an am ngnercapt ot r4 e represented by the
formula: N NH2 SH NN H (e) an i 1 'sé’Lg@%psented by the
formula: NH2 N_; NH - R24 in whi ts hydrogen or an al kyl
radi cal having fromabout 10 1 t n atons; (f) an

aryl oxyphenyl eneam ne represent 2

/ \ OR27T R2
Ra3

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

about 14 carbon atoms; and

5 (d an aminomercaptotﬁazole represented by the formula:
N NH,
- %T
N
N/
H/ '

(e)  an aminoperimidine represented by the formula:
NH,

PN

N NH

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

10 7 1 to about 14 carbon atoms;

) an aryloxyphenyleneamine represented by the formula:

R2e
in which Rys 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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R26 in which R25 is H --NHaryl, --NHalkaryl, or branched or straight
chain 15 radical having from about 4 to about 24 carbon atons that can be
al kyl, 88 al kenyl, al koxyl, aral kyl or alkaryl; R26 is --NH2, --(NH(CH2)n)m
NH2, --NHal kyl, or --NHaral kyl, in which n and meach have a value from
dbout 1 to about 10; angi Ao W HrAQ6INor ALKV R, 8k K&y --qdky 1y NH

.B%Z: )Ma ﬂ r alg%lbu%ﬁ 25 gﬁ gﬂg n)fﬂ 5 2(9) an

aral kyl, or alkaryl, having fromabout” 4 to 24 carb
aromati c ami ne conpri si niHalkylarerdtlamalkyl,copdich i arded chgh bavgraombye fram

represented by the foll gw ng. fornmula: '/ =Y3 4 R39 Y1-Y2 4 R33
wherein L is selected f#o! tgéo %Q%ﬁp@%%hxd@%@ﬁﬂ%ﬂﬂe%@xﬂ’ 10
OO, -S®-, - SO2NR29%aralky], oPERMY, hatkiey bm aBaf ABEbRAD4 dapsbaneasent | y
represent a hydrogen, an alkyl, an al kenyl or an al koxy group having from
about | to about 8 carbon atons; wherein each Y1, Y2, Y3 and Y4 are

i ndependently N or pL.OVI S Y3 n ' . R30
and R31 i ndependen(%g:;| réﬁ%@@g‘ﬁf mé%y%%&élg#g%%k%ﬁ?@%ﬁ&aFﬁ%grhy ’ag‘ arg kyl,
al koxy, hydroxyal kyl , ahjmepekditdd by Bd foldNGRg forBB4, - SOBNa, CO2H or salt

t hereof, -NR41R42 wherein R4F'l( and R42 .are 20 independentl!y_hydrogen, alkyl,

aryl, arylalkyl, or alkaryl; ‘1Q3~2\,én i ndepend TTT/e»pﬁé?sent a
hydr ogen, an al kyl, an al kenyl L havi n fr(?_\m about 1 to
about 8 carbon atons, -OH, - S or - Na; ~ 25 ) 34
2. N T~ |
31 Y—Y; Ys Ras
wherein L is selected from —O-, -N=N-, -NH-, -CH,NH, -C(O)NR -, -
16 C(O)O-, -SOz-, -SOzNRzg- or -v-SOzNH-, wherein Rzg and R29

independently represent a hydrogen, an alkyl, an alkeny! or an alkoxy

group having from about 1 to about 8 carbon atoms;

_ wherein each Yy, Y5, Y3 and Y, are independently N or CH provided
15 that Y, and Y, may not both be N;

R3pand R3; independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO;H, -
SOsNa, CO,H or salt thereof, -NR4;R4; wherein Ry and Ry, are

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

R3z and Rjj3 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 -503Na;

25
R4 represents —NH,, -NHRj3s, wherein Rjs is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CHz-(CHy), -
NH; or -CHs-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;
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R34 represents NH2, - NHR35, wherein R35 is an al kyl or an al kenyl group
havi ng from about 1 to about 8 carbon atonms, -CH2-(CH2)" - NH2 or
-CH2-aryl-NH2 and n is fromO to about 10; 30 (h) an am not hi azol e sel ected
fromthe group consisting of am nothiazole, am nobenzothiazole,

am nobenzot hi adi azol e and am noal kyl t hi azol e; 89 (i) an am noi ndol e
represented by the formula: R36 HZN N 5 wherein R36 represents a

hydr ogen, an al kyl or an aIkenyI group having fromabout 1 to about 14

carbon atons; (j) anj_n fe e formula: R38
\W/R37-NH2 N H 1@?\,\/{]2%116?18%%@0 eerﬁp d;byagl&%rgf"ﬂ?'it al kyl ene group having
about 2 to about 6 carbon atons Read R38 represents a hydrogen, an al kyl or
an al kenyl group having from abou o] about 14 carbon atons; (k) a ring
substituted or unsubstituted anilg rhtroaniline or 4- 15
am noacetanilide; (1) an am ngf SL am nobenzi m dazole; 20 (n)

a N, N-dial kyl phenyl enedi am ne; ne; and 25 (p) a benzyl
al cohol . 90

5 wherein Rj¢ represents a hydrogen, an alky] or an alkenyl group having

from about 1 to about 14 carbon atoms;

() an aminopyrrole represented by the formula:

R38\7’/ \\_~R3;—NH,
P
S

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

about 6 carbon atoms and Rsg 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-

15 aminoacetanilide;
()] an aminoquinoline;

(m)  an aminobenzimidazole;

20 _
(n)  aN, N-dialkylphenylenediamine;
(o) a benzylamine; and

25 ) a benzyl alcohol.
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42. The lubricating oil conposition of claim4l wherein the aromatic anine
is N aryl phenyl enediamne. 5 43. The lubricating oil conposition of -claim
42 wherein the N-aryl phenyl enedi am ne i s N phenyl phenyl enedi am ne. 44.
The lubricating oil conposition of claim43 wherein the N
phenylphenylenedianine i s N-phenyl -1, 4-phenyl enedi am ne. 10 45. The

| ubri cating 0|I n3§5|t|on of cIa|n141 wherein the argmatic amne |s

phenoxyani | i ne424- ( ¥halubriesingmjl compositioniof elaim 41 whieeaiy the 26ematic amane 15.N-

benzoyl am ne- 2, 5- di N- (4- am nophenyl ) acetam de or 3-
nitroaniline. 15 46H8%#8é%g%#?%§ang oi |l conposition of any one of clains

27 to 45 wherein conpound (|)(b) of copolyner (i) is polyisobutene having
a nunber average npl ecul ar V\BI? (M1) of from about, 112 to about 5000. 20
47. The | ubPi c&Pi ng 16 fubgisaingsel ?W%‘U%ﬂ(&lqﬁlm@ 2Whsrdn e he nunber aver age

nol ecul ar wei ght (N@? ﬁ?ﬁ@ﬁ§%egﬁﬁheﬁﬁgﬁﬁgﬂ U1eROfmid8. The lubricating

oi | conposition of rern nu verage nolecul ar wei ght
(M) is from about 1000 to about 2500. 25 49. The | ubricating oil

acid.  anhydr i délo ﬁgeﬁal?ﬁqaﬁ'a&"eﬂﬁo%é@%mﬁ%(f“l%&&&mr%eﬂé?ﬁ-LEWSOSE fron of
Ubr i cating of 1 co i P e L R e e 1 T the
monooel ef i nl0of (| )((;) |s a 1-olefin. 91 52. The lubricating oil conposition
of claim 28 V\'heé{S'.a in 'lth brlcai.‘n(:i‘g:{le o1 cgr?lgosxtlorP (r)]fa tlaum 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 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 (Mp) is from about 1000 to about 2500.

25
49, The lubricating oil composition of any one of claims 27 to 45 wherein
()(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-olefin.
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conpound (3) capable of being reacted with one nonocarboxylic acid or ester
, or dicarboxylic acid, anhydride or ester thereof is N5

ther eof

am nopr opyl nor phol i ne or
maki ng a lubricating oil

(A at
free ra

t her eof
| east o

one pol yol ef i N compelepk g daamidky
term nal copolynerizable grou

| east one of the follow ng copol yners:

1, 3-di met hyl am nopropyl am ne. 53. A nethod of
addi tive conposition which conprises reacting 10

(1) a copol yner obtained by

di cal copolynerization of conponents conprising: 15 (a) at |east
one nonoet hyl 83i callhy lubrisatingr il oGRS claim A8 avHaesity tHetat dmbtcbneraliphdtier

, or a C4-C28 di boxyl.ic_acid, anhydride or ester fhereof;
ne 1-ol efi n°W35WP b 6t Bng iraisd bihsths mongabBRIcHOGe dision
He h&d, a%fﬁ?dlﬁ?crdf?

in the formo

(b) at
WreAfHRMF AN, having a

a vinyl, vinylidene or

al kyl viny?idene gawinepwpyhorpholive ortl [fediowthylamidop®pylenimt | east one
fin conpound which is copolynerizable with the nononers of (a) and
is selected fromthe group consisting of: 30 (1) an al kyl vinyl

ether and an &8yl Aahdtlidd 6f Mslting WiksrRafik}Eoihdaitivebddsidsiton HEIPEthprisagi No,
di al kyl am no or al koxy substituted or is 92 unsubstituted, and contal ning

nonool e
(b) -and

fromabout 1 to

N- al kyl

anm de of a

al$8¢eHn840 carbon atoms; (2) an al kyl amine and an

10 (A)  atleast one of the following copolymers:

(1) a copolymer obtained by free radical copolymerization of

components comprising:

15 (a) at least one monoethylenically unsaturated Cs-Cag

monocarboxylic acid or ester thereof, or a C4-Cag

dicarboxylic acid, anhydride or ester thereof;

(b)  atleast 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

thereof; and

25
(c) at least one monoolefin compound which is 7
copolymerizable with the monomers of (a) and (b) and
is selected from the group consisting of:
30 (1) an alkyl vinyl ether and an ally] alkyl ether

where the alkyl group is hydroxyl, amino,

dialkylamino or alkoxy substituted or is

92




5 nmonoet hyl eni cal |l y unsaturated nono- or dicarboxylic acid of from about 3
to about 10 carbon atons where the al kyl substituent contains from about
1 to about 40 carbon atons; 10 (3) an N-vi nyl carboxam de of carboxylic
acids of fromabout 1 to about 8 carbon atons; (4) an N-vinyl substituted
ni trogen-contai ning heterocyclic conpound:. and 15 (5). at |eas

1-ol efi n conprising about 2 to 40 car%ﬁgﬁﬁt@ﬁ‘g aﬂﬁ? éﬁtzulng‘&#on&ﬁ% %g%ol efin
conprising about 4 to about 360 car bomuPiBcarBiifatbayl Ng a term nal

copol yneri zabl e group in 20 the formof a vinyl, vi nyI i dene or al kyl
vinylidene group or mxtures thereof, provided that the ol efl n enployed is
not the sanme as the olefin enpl di mer

obt ai ned by reacting conpound (i )(%z) aE{r%laz{lk)él(()agr%r(l)eun?(a(n)rkI aik Ee;%ix)resence of

a free radfcal initiator; (iii) a combydmiyiﬁbctaﬂymmshthﬁteﬂaﬂoﬂoeaﬁtl ng
conmpound (i)(a) with corrpound (i)(b) o non-free radical

catal yzed 30 reaction in the presence @Pafb)(i‘icyﬁh’grof(fi"}” hout ka0 (i i) or
both; or by (b) contacting copol yner (éa}bd?lraé&ﬁp%%@g%e élkj/l)su%tttu th with

the non-free radi cal catal yzed reaction product und a) and
compound (i) (b) or (i)(c); with 93 (B)coataihssfash abog 1golkbait 46 rcadmonmims;
conpound capabl e of being reacted wth at |east two nonocarboxylic acids
or esters thereof, or

10 . (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

15
(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 alkyl
| vinylidene group or mixtures thereof, provided
that the olefin employed is not the same as the
olefin employed in (1)(b);
25 - (1i1)  acopolymer obtained by reacting compound (i)(a} and
compound(i)(b) in the presence of a free radical initiator;
(iii)  a copolymer obtained by (a) reacting compound (i)(a) with
compound {(i)(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 (ii) or
both with the non-free radical catalyzed reaction product of
compound (i)(a) and compound (i)(b) or (i)(c); with
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di carboxylic acids, anhydrides or esters thereof. 5 54. The net hod of
maki ng the lubricating oil additive conposition of claim53, wherein
copolynmer (i), (ii) or (iii) is reacted with at |east one pol yether
aromati c am ne conpound and additionally with (1) at |east one pol yether
am no conpound (2) at |east one aromatic conpound capabl e of being reacted
10 with one nonocarboxylic acid or ester thereof, or dicarboxylic acid,

anhydride or esterB}heaerhst obSpolféthbOasinatdnApdund ahpablcCsibRRigeactaabl e of
being reacted w th one nonocarboxylic acid or ester thereof, or

di carboxylic acid, anhydihdéleagitwegnenocatbexdisracidsor estyrs thepgofagid (3). 15 55.
A net hod of inproving Sﬁ%&b&%?l@f&&&”ﬁ%ﬂid@éf%gtee{sqh&@ sancy or both in an

‘internal conbustion engine conpri'ses operating the engine with the
lubricating oil conposition conprising a major anmount of oil of lubricating

composi t1on 3 ol dPfmeihoss gk Be BerER T hCHE SERPERROLIRBLSH i on of
Claim 3 wherein th e@&r@%ﬁ j LS | &M nas = di xyaniline .
or N-(4-am nopheny;‘%sh%f ace grf%%%@‘g@%??(ﬁ%g%%%ﬂ@?ﬂ ?ﬁ%ﬂggl&fe%a |IEl?ve
conposi tion of O arronBitishene conpjeendand edditiorate withd(lyatlesst orer mriwtiher

conmpound is derived from 3-nitrQanjline. 58. The |ubrjcat.n il
composi ti on of | Ol aPHSSHRENES 73 ahleast d0RaTatis FOMEOPL GApablc Of being reacted

benzoyl amme- 2, 5- diyimidAenHotdrbO 1elacl drésidriherh @p Mchride ficubidl @nhyfide”-
The lubricating oil conposition of Claim29 wherein the at |east one

pol yether aronati er esserbareef, (33 atlenstwed aliphatic compouridrepatdeloBigingteacted

| lubricating ofl adwitthlo\ﬁg n%o%ggag'gtl));[}}li%%cﬁfor%lst%} {ﬂ‘er]e%f,v(\)@ lrcgilb%xi[/ﬁ]ceac%,%%rlcde

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 oil 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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am ne i s phenoxyaniline, 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline.
61. The lubricating oil additive conposition of Caim3 wherein the

pol yether 5 aromatic conmpound is derived fromthe follow ng fornula: Rao\
-/R3z L\ R34 R3 wherein L is selected from-0-, -N=N-, -NH, or -CH2NH

oot o BT Rk A R bR Bt R85 e R
wherein R4, and R4Ri(i§phdndepameanily- &Bh@ﬂﬁ@zo)%ﬁﬁﬂé or @ﬁwnyllagéa}fﬁm{ekyl, or

al karyl; R32 and R33 i ndependentl|ly represent a hydrogen, an al kyl, an
al kenyl or an al koxy group having from about 1 to about 8 carbon atons, or

-OH, 15 R34 regpres - -, 5. wherei.n LS ,an al.kyl or al kenyl
group - havi ngg]fo'romﬂ%@&flwﬁ{goma%@ﬁfveézogg’??}bﬂn5? §!’?§m 3 91{’&523%"% > or
- CH2- aryl5 NH2 andm@maﬁctmgmﬁldtigda@wdtfmwthea@u@mgifdﬁm;m:hat- when R34 is
-NHR35 wherein R35 is an al ¥I or _an al kenyl grou hayving fromabout 1 to
about 8 carbon atoms, then eithef L i /%PE; or R30 or R3, is
yogen; or R32 or

OH or -NR4I R42 wherein at | east \one of
R33 is OR 25 62. The lubricatin i ition of Claim15
wherein the aromatic conpou i enzoyl am Z/5-"djsmet hoxyani | i ne or

'‘N- (4- am nophenyl ) cet am de .~ The lﬁ%}r{i: at i oi | itive conposition
of daim 15 wher ei ‘r’lvﬁ?rﬁlena]glf‘s ﬁgefggfr%_QB Jﬁa’_il\?g?-oﬁi_g%g#’l ine. 95 64. The
| ubricating oil additive conposition of Caim19 wherein the aromatic

compound is N phenl\él - 1,4-phenyl enedi am ne.
soand Rs; independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,

10 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO, or, -NR4 R4, wherein R4; and
R4, are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

Ra; and R33 independently represent a hydrogen, an alkyl, an alkenyl or an
alkoxy group having from about 1 to about 8 carbon atoms, or -OH;

15
Raa represents —-NH,, -NHR35, wherein Rys is an alkyl or an alkenyl group
having from about 1 to about 8 carbon atoms, -CH,-(CHs), —NH, or —CHj-
a;jzl-NHz and.n is from O to about 10;

20 provided that when R34 is -NHR35 wherein Rss 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 R3g or Rsy is OH or —-NR4jR4> wherein at least one of R4y or Ry is
hydrogen; or R3; or Ras is OH.

25 62.  The lubricating oil additive composition of Claim 15 wherein the aromatic
compound is 4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl)

acetamide.

63.  The lubricating oil additive compé_sition of Claim 15 wherein the aromatic

30 - compound is 3-nitroaniline.
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65. The lubricating oil additive conposition of Caim61l wherein the
aromatic 5 conpound is 4-(4-nitrophenyl azo)aniline or 4-phenyl azoaniline.
66. The lubricating oil additive conmposition of Caim6l wherein the
aromatic conpound is 4-phenoxyaniline. 96

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. -
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