A LUBRI CATING O L ADDI TI VE COVPCSI TION  AND METHOD COF
MAKI NG THE SAME FI ELD OF THE | NVENTION 5 The present
invention is directed to an inproved dispersant
additive composition that is used in engine oils; and
it is also directed to the process of nmaking the sane.
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and with an am no-aromatic pol yam ne conpound. 30
Qunther et al., U S Patent No. 6,512,055, discloses a
‘copol yner obt ai NEPESYRIFTEON opqil-g;akmmwmﬁ zation

of at |east one nonoethyl eni ca unsaturated C4-C6 |
Liu et al., U.S. Patent No. 6,117,825, dlscloses 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 succinimide (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 Cs-C)g 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 mb_noethylenically unsaturated Cy-Cs



di carboxylic acid or anhydride thereof, an oligoner,
and one nonoet hyl enically wunsaturated conpound.
@Qunther et al., U S Patent No. 6,284,716, discloses a
| ubricating oil conposition 5 conprising a |ubricant
oil and a copol yner obtained by free radica
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- i0a ftheesonaduledl.Si PatthtaN®15, RF20] didcléses H@%petsﬁhtd&polymer and

prepared, froman acyclic, hydrocarbyl substituted

s u@em‘éﬁf&%@weéiomp@swe%@erafﬁé figpte yamplrmersyifbe éqrpolymer is

hy AL byl [

oy SoaeRl B et A U AR o of o ilteRlrs 2 1R Mbageht o 1-clefn
agend a iyl eisubsotmthdt olefivsinsthie brdsd&mh oﬁh filee agtical 511tmrbe % of

the starting polyolefin is converted to the

hydr ocar byl - substituted succinic acylating agent.
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i nP¥OVer additive conponents.

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.

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 grafied
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

index improver additive components. .




2 Harrison et al., US. Patent No. 5,112,507,

di scl oses novel copolyners of unsaturated acidic

reactants and hi gh nol ecul ar wei ght ol efi ns wherein at

| east 20% of the total high nolecular weight olefin
conprises the al kylvinylidene isomer which copol yners

5 are useful as dispersants in lubricating oils and

fuels and al so nay be used to prepare
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okt e b BN ofps IS hean pr s g% of the total
i NVgER in@Rechlfir HhipRESIEEN EGnfiksed kﬂe-amt)igﬁl(yﬁdé& iédﬁ@e’rivﬂ%q Ofpolymers

oi | additive conposition prepared e process
Scorfr wasdy ap dispersangs in(Ipdricating edls andbfvelsaindtatse nhayl Yeowed ¢p prepare

" aqP DA TETRids abi by PO sk BB e eIl B Ginggs and fcls.
(a) at |east one nonoethylenically unsaturated C3-C23

nonocar boxylic acid or ester thereof, or C4-C28
di carboxylic 20 acRdMMARNIOFJHBINNENIAON er eof ; (b)
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10t o 1@ &ating 6ib additivneomisitiohgvépag:debyt e Pravass which comprises reacting
copol ynmeri zable group in the formof a 25 vinyl,
vi nyl i dene or al kyl vinylidene group or m xtures
thereof; - and (c) at |east one nonool efin conpound
whi ch is copolynerizable wth the nononers of (a) and
( bYAhnd at lsagt one of thd fltooving bepadymoens: 30 consi sting of :
3 (1) an alkyl vinyl ether and an allyl al kyl ether
where the alkyl group is hydroxyl, am no,
15di al kyl gyl noa@bpallinexdbtaifietdsy fbs!kRAkaPEopobymerization of components

unsubstituted, and containing from -
: comprising:

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

20 ' acid, anhydride or ester thereof;

(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
25 - 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

30 conéisting of:




about 1 to about 40 carbon atons; 5 (2) an al kyl am ne
and an N-al kyl am de of a nonoethylenically

unsat urated nono- or dicarboxylic acid of from about
3 to about 10 carbon atons where the al kyl

substituent contains fromabout 1 to about 40 10

aci ds of from abdol 1 Te abambr BEAEn My ARAYr e he

an N-vinyl substituted alkyl gag@ns Baibail inligo, dialkylamino or alkoxy
het erocyclic conpound; and (5) at |east one 1-olefin
conpri sing from about SubHitued g is ungbstfuisdnans @rizinipg from
at | east one polyol efi g ! r bout 4 to
about 360 carbon atons an mﬂ%@?ﬁgqgc%gpﬁfﬁgFQ

5copol yneri zable group in the formof a vinyl,

vi nyl i dene or al kyl, vinyl idene. gr oyp 1 Xt ures

t hereof , provi ded (hwat a%ﬁ@‘if“@fq%r?naﬁﬁ%ﬁlg]ﬂﬁ%&ma t he
~sane as the ol efin emplQyRehlyRn{chlf Mlsangaed idohoPor dicarboxylic
copol ymer obtai ned by reacting conpound (i) (a) and
compound(i)(b) in the apideddroseatwiut 3 td abomst fAchrben atoms where

initiator; (iii) a copgl r, obtai ned by reactj

conpound (i)(a) with cg’r%%ﬁﬂ&“g%%”e ‘fyfzng%m%ﬁ?ma?’easf férpbout 40
10a non-free radical cat ahfegdioh@acti on in the presence

of copolyner (i) or copolyner (ii) or both; or by (b)

contacting copolyner (i) or copolynmer (ii) or both

with the non-free di lyzed r L QR R

of conpound (i)(a)(i)gnd%@g\lngiggﬁgl%ﬁ@@fOg?ﬁ{’&%cgc{ag%ﬂmm

about 1 to about 8 carbon atoms;

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

compound; and

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

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

25
(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
30 (1)(b) or (i)(c) in a non-freé 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

4



(i)(c), wherein the copolymer of (i), (ii) or (iii);

with (B) at | east one ether conpound capabl e of being
reacted with at |east two 5 nonocarboxylic acids, or

esters, thereof, or dicarboxylic acids, anhydrides or
esters thereof, or mxtures thereof, and (C) at |east

one aromatic BIPR : ' i .

| east one rm‘%locar Eg%?ﬁl&g ﬂgﬂglﬁ ?jto(%?rcglzlg ?@dl?)ﬁ%‘raégfc ,gﬁlg?und ()(b) or
di car boxyl i ¢ @¢i)dwhemyitle colymerasfi(By (i) #D(Hihevitof . The
present invention is also directed to a lubricating

oil conposition conprising a nmajor anpunt of an oi

of (BYbr i 4 3dak\Che \ehiRE QS nbYurR! Gpab1T b inFBHRY with 2 st two
lubricating oil additive composition prepared by the

3pr ocess mpnashrbosylpy acidss or esers,itheyedbon digarbexyllie asids,cmbydrides or

of the foll ow ng.copolyvnmers: (i copol yner obt ai ned
by free ersger tyg]iegégﬁ ! %ﬁ"i’si@eé?&o%‘f“’gf component s

conprising: 20 (a) at |east one nonoethylenically
unsat urated C3-C28 nonocarboxylic acid or ester
t hdf8of ,at dfastone epanaficceamuexpd rapablgaf geactingyithiatileaggrone
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10l east ortherpafl yol efi n conpri sing fromabout 4 to about

360 carbon atons and having a term nal copol ynerizabl e
group in the formof a vinyl, vinylidene or alkyl
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(A)  atleast one of the following copolymers:

® a copolymer obtained by free radical copolymerization of components

comprising:

(a) at least one monoethylenically unsaturated C3-Cog
monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic

acid, anhydride or ester thereof;,

(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 copolymerizable
group in the form of a vinyl, vinylidene or élky] v-inylideﬁe

group or mixtures thereof;, and




consisting of: 5 (1) an alkyl vinyl ether and an allyl
al kyl ether where the alkyl group is hydroxyl, am no,
di al kyl ami no or al koxy substituted or is
unsubstituted, and containing from about |I to about
40 carbon atons; 10 (2) an al kyl ami ne and an

N-al kyl am de ,of a oet hyl eni cal | v unsat ur at.ed no- .

or dicar boxyl(f%c £t Fgégtoofnefrﬁ ogegfgnlﬁo@o- c?gzﬁg:ﬁtls iqj)%?ymenzabie
carbon at ons wher ayitl #he n&inelersSea) add BN endTRREREDS from the group
fromabout | to about 40 carbon atons; 15 (3) an

N vi nyl car boxani de€oBsistigrdfoxyl i ¢ aci ds of from about
1 to about 8 carbon atons; (4) an N-vinyl substituted
nitrogen-containi ng heterocyclic 20 conmpound; and (5)

5at | east one | -ol(&f i n aaaify iviniyhethér s aadlyl alRylt @her where the

about 40 carbon atons Qr at |east one polyolefin .
conprising from about ¥ groupds hydsewylcammgndigikylaminger alkoxy

having a 25 term nal C%Q@tﬁt’ﬁf@(ﬁbfﬁ%!ﬂ?ﬂﬁfi Ll EMaihE Bom
of a vinyl, vinylidene or alkyl vinylidené group or -
m xtures thereof, prowbagd tolebbuttdfecatioafatemsgnpl oyed

is not the sane as the olefin enployed in (i)(b); 30
(ii) a copolynmer obtained by reacting conpound (i) (a)

i0and conpound(i) (b)2)y i nahRRyPraERNGE 28N-AIK [88dE 8LH cal
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initiator; 6 (iii) a copolymer obtained by (a) ] _
reacting conpound (i) (&onaethilepisalhpunsturgtiey fivnooer dicarboxylic

(1)) in a non-free T ageqofphith 3 abiR b koh AokfiSumere
the alkyl substituent contains from about 1 to about 40

carbon atoms;

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

about 1 to about 8 carbon atoms;

@ an N-vinyl substituted nitrogen-containing heterocyclic

compound; and

(5)  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
terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the

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

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

in the presence of a free radical initiator;




5

of copolyner (i) or copolyner (ii) or both; or by (b)
contacting copolyner (i) or copolyner (ii) or both
with the non-free radical 5 catalyzed reaction product
of conpound (i) (a) and conpound (i)(b) or (i)(c);
with (B) at |east one ether conpound capabl e of being

react ed mith AN ' or

coter s, (her derbfRobied BIMRERLARE ool g, Bty sompound
10 esters t hdi@ior (fc) in xhen-&se tddivab odtalgnd fe&dtiotin the presence

| east one arogati conmpound capabl e of reacting with

at | east one® ﬁ%ﬁlﬁ‘ﬁ?‘ Gopolyseg (i) ordetly or bR & tacipg

di car boxylic j ' Aer, R

prosent. | nverseTanmoE AL pL g i BEbon WAREhon froe tHifea
maki ng a | ubrcaabized gaciion prdittiof eompompb@)(4) amd cotmipotind (i)(b) or
conprises r e?gt?l)n‘%ns A) at |east one of the foll ow ng

copol yners: I a copol ymer obtained by free

radi cal copol yneri zation of conponents conpri sing:

(a) _at |east one nonoethyl enically unsaturated C3-C28

25 (Fbno éhlcps oyt ethenesrapaindegpahie pheviepfeactod with-aCx®@st two

e i e e R

10carbon aftesBhaeofabr mpasies Geeo@@hyol ef i n conpri sing

fromabout 30 4 to about 360 carbon atons and havi ng

-~a term nal copolynerizable group in the formof a
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thereof,

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

composition which comprises reacting
(A)  atleast one of the following copolymers:

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

comprising:

(a) at least one monoethylenically unsaturated C3-Cyg
monocarboxylic acid or ester thereof, or C4-Cog dicarboxylic

acid, anhydride or ester thereof;

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

alkyl vinylidene group or mixtures thereof; and

-7




with the nononers of (a) and (b) and is selected from

the group consisting of: 5 (1) an al kyl vinyl ether

and an allyl alkyl ether where the alkyl group is
hydroxyl, am no, dial kylam no or al koxy substituted

or is unsubstituted, and containing from about 1 to

about 40 carbon atons; 10 (2) an al kyl am ne and an
N-al kyl am de of a nonoethyl enically unsaturated nono-

or di carboxyld)c aclesst ohe frontvlahin ebmpounal wiiokis cbpolymerizable
carbon atons where .  the al kyl substituent contains

from about 1 to aBdtktbamonemersiiynd(Bland 13 splecied from the group
N—vinyIcarboxanidgmg§ﬁgggpoxylic acids of from about

1 to about 8 carbon atons; 20 (4) an N-vinyl

3substituted nitrogen-containing heterocyclic

conmpound; and (5) ,at |eas ne 1-olefin c risSi _
fromabout 2 to _ag)@ut a’lﬁﬁ(é’g\zlﬁ etgqrélﬁgaglaﬂﬁalffﬁgg%rmrethe
pol yol efin conpri sing akgbgbtp Wyl,”anﬁiﬁoﬁﬂﬂlé%la@n% or alkoxy
carbon atons and having a_%ern1nal copol yneri zabl e

group in the form of aswhstiuted onif pysubsiéinisd candiokrigining from

vi nyl i dene group or m r rovi ded that
the olefin enployed i sééootqﬁﬁgﬁ&ggﬁg&ébggta% %l efin

igenployed in (i)(b); 30 (ii) a copolyner obtained by

25

30

reacting conpound (i) (a) and conpound(i)(b) .in the
presence of a f r e@)r adiadalkyl amgncandran N-a thmlde ofa

monoethylenically unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where
the alkyl substituent contains from about 1 to about 40

carbon atoms;

3 an N-vinylcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

4 an N-vinyl substituted nitrogen-containing heterocyclic

compound; and

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

8




8 (iii) a copolyner obtained by (a) reacting conpound
(i)(a) with conmpound (i)(b) or (i)(c) in a non-free

radi cal catalyzed reaction in the presence of

copolymer (i) or copolynmer (ii) or both; or by (b)
contacting 5 copolyner (i) or copolyner (ii) or both

wth the non-free radical catalyzed reaction product

of conpound (i) (a) and conpound (i)(b) or (i)(c);

w th (B)iiidt heagdly@eeolghined be (H)]i’éﬂéﬂﬂ (D{a) Rt @mpound
reacted wth at |east two 10 nDnocar i c acids, or
esters, ther 8dP) o) (el B ameastyes rédla@lucg@lyzaﬁ FipgHpR Esthe presence
esters there

one aromat i cgi%rggo}rl?n%é)@apa &]%EFQE ng v%)y @S {»rﬁ@&fng

5| east one rmmmmantxt(x);drloop@lgmdr (]9 oebbﬁrwﬁlhe;eemﬁ fre@rradlcal

di carboxylic acid,. anh r| de or _ester ,
Accor di ngl y, “HRlEzqs}gag fwwg%lg@ compound (iXb) or
mul ti-functi i. Wrg,prlcatlng oil additives which are

useful as dispersants in an internal conbustion
engi ne 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Whi | e

nis susce ri ous nodi fi
LY B0AD Bod SR b o o @bl ke Mo
10 and ar enﬂﬂb&rﬁb@ﬁ@ atidhes ektrsdgerol, or Hicaﬁi?oﬁ?:h@acﬁ@s anhydrides or
under st ood, however, t ‘hat the descri pti on herein of

speci f i estersdisamokearmixiwesibereof; apénded to limt the

invention to the particular fornms disclosed, but on

the contrary, 25 the intention is to cover aII

modCY i catlessnene aqmmab@ﬁp@ndaﬁﬁakﬂé beriea@inigWeish ﬁtaledtsit B

within the spirj d scope of the invention

def i nedfrwoqaﬁ@xa ﬁéﬁa@a e%tpraﬁhﬁr§0 Défhcﬂlibpmirsamdrwehydnde or ester
15foll ow pR.d.er e used with the description are defined

as such: 30 The term"PIB" is an abbreviation for

pol yi sobutene. 9

Accordingly, the present invention relates to multi-functional lubricating oil additives

which are useful as dispersants in an internal combustion engine.

20 A DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative forms,

specific embodiments thereof and are herein described in detail. It should be

understood, however, that the description herein of specific embodiments is not

intended to limit the invention to the particular forms disclosed, but on the contrary,
25  the intention is to cover all modifications, equivalents, and alternatives falling within

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

Definitions
The following terms used with the description are defined as such: -
30

The term “PIB” is an abbreviation for poiYisobutene.



The term "PIBSA" is an abbreviation for polyisobutenyl
or polyisobutyl succinic anhydride. The term
"pol yPI BSA" refers to a class of copolyners enployed
within the scope of 5 the present invention which are
copolyners of polyisobutene and a nDnoethernicaIIy

un??léo%rﬂlt i a cF QF%E mol%so%c &enaf)or EL:E a?l?ua)g sg?cmlc

estaakydrider eof whi ch have carboxyl groups, preferably
succinic groups, and polyisobutyl groups. The
preferred pol yPIBSA is a copol yner of polyi sobutene
an e b j I (= 0
0 QPR FoRPIUSAT R Dot 1t sHDER, et it fickcope of
5 R4 ﬂErIB'CSEﬂi isg¢mbniwioch dnvdopxgjmﬂc:rs o polylsobunene and a monoethylenically
| sobu %I avin | east, about 1515 cat;bon at ons,
o ey CaCor Bngtcaiomalic 364 88 P beraonpbhe e ikbexyli
pr aéia! ARl did or SRS theRRE Whichhat
eltﬁér R?lénan a?e hyd}oggn@gﬁg&g@gﬁﬂﬁ gg%%ﬁ%ﬂwmsmnw
rregl’wﬂlps and pohmbuthbgrou}ss bk predioind polyPIBSAHS agnpblyRdr of

o Ba o ABE ISR S arile AR I ol E il 1o e

oalternatlng, block or random 10 The term "succinic

group" refers to a roup having the formula: 0 H I
-GCCGW -CGCGCGZHII V\,hereln Wand Z gre

i ndependent |y sel e t he oup cons sting of
--OH, --d,

R1 Rs

wherein n is one or greater; Ry, Ry, R3 and R4 are selected from hydrogen, methyl and
polyisobutyl having at least about 8 carbon atoms, preferably at least about 30 carbon
15 atoms and more preferably at least about 50 carbon atoms wherein either R; and R,
are hydrogen and one of R; 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
polyPIBSA copolymer may be alternating, block, or random.

10




--O-alkyl or taken together are --0-- to forma
succi ni ¢ anhydri de group. The term"- -O-alkyl" is
nmeant to include al koxy of fromabout 1 to about 40
carbon atons, preferably fromabout I to about 8
carbon atons. 10 The term "degree of polynerization"

r ef . v, r ' .ructural
i T tein? i S0 AHGo W arflp BEREAE Bl 0.
refers to a polyner derived fromthe free radical
copol ynmeri zation of at |east 3 nonmers. 15 The term
"l-olefin" refers to a nonounsat yirated ol efin that has
t he doubl e bond in the 1-£9w'j_i__§r_1‘._ﬂ They can al so be
cal I ed al pha-ol efins, and havg the BI1 ow ng
structure: CH2 = CHR 20 wherk R.is the rest of the
ol efin nolecule. The term™ EHC_IC-_dTéubst'i tuted
olefin" refers to a disubstitutedl olefin, also called
a vinylidene olefin, that has tRe follow ng
structure: 25 CH2 - CR5 R6 11 wherein R5 and R6 are

the sane or different, and constitute the rest of the
3ol @therein W pad & age inpependently splectsd dipar thrRer@ip qResipiingof --OH, --Cl,

met Lyl t her .1 s..no The. term. «
oo ok ARG o 135 o orBhsugr g s g torm
of -Ohalkaltiid eneahifodecludeXliedxg. of SRAC hlkfut Mid shoudAe cabs®atoms,

f or med the reaction of a succinic anhydride with an
aniPFaeragiydrom abottil e Aboys Seathon atdehever , i s
succinimde and this term has been generally accepted
as neani ng the product of a reaction of an al kenyl- or

10 al Rk tersufbisgict wf palyswdeativng refeisdo tre avatage nibeviaftrépeating

-am _ne. kenyl or al kyl succinimdes are disclosed in
nuﬁ@%@?'@?%?é%@ylﬁ%oc% wel | known in the art.
Certain 10 fundanental types of succinimdes and

rel ated materials enconpassed b the term of
The term "terpolymer" refers to a polymer derived from the free radical

copolymerization of at least 3 monomers.

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

CH2 = CHR

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

25

CHZ = CRs R.5

11



art "succinimde" are taught in U S. Patent Nos.
2,992,708; 3,018,291; 3,024,237; 3,100,673;

3,219, 666; 3,172,892; and 3,272,746, the disclosures
of which are hereby incorporated by reference. 15 The
term "pol ysuccinimde" refers to the reaction product

gtnv%iefﬁéﬁ.%'é% thr.eqﬁggc ongra lelgTe%, @ gglﬁ/sﬁ? e ﬁ%lr%st oF the olefin
derholedia/ e*reﬂe@b@r gitlied Ra o‘IﬂRfG HES HethyD 3P JarldiBe other TWbe:

200 HIlI R7- 1 -GL H2GCGMII gh wherein R7 is
sel ected from hydrogen, nethyl and polyi sobutyl havi ng

at rﬂh%%%ﬂ ahe hnﬁdc‘qg{lgﬁ)&g@&? Pthe Qﬁ?{g ﬁ{cg{ﬁl F?IS’ of %Sin}i e, imide,

about car on atons and nore prefera |"'east

- Sabetdt sﬁaﬁnes avlbdnaraiamnfﬁ"omwdaldi}euha rdacdtrtloM siceinic anhydrlde with an

| nde ntly selecte m t he group . COI’]SI stl ng
q@? relopinanf R %tr  hwgss, f Sisinimideand this e haé been
f ok -
i egg%%;“éf*‘% R aPep g HeBHGicl fp ARG o118 AR or Ty
r ebebstituted suscimicedcidhohanhydgds wih ah @imaniAipny ! myalkyi dea:mmmldes
stru 5 wher

S LB e T Py o e terBnte A bR il ko ithe S Siraip

10 cafh@amentaliBes 6F REShRRIYs mtatéiﬂné:t@ﬁQQ @ncﬁah%sed 3%he term of

nore preferably at | east about

15

20

25

art "succinimide" are taught in U.S. Patent Nos 2,992,708; 3 018 291; 3,024,237;
3,100,673, 3,219,666; 3,172,892; and 3,272,746, the disclosures of which are hereby

- incorporated by reference.

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

group-containing copolymer with an amine.

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

formula:

0
q |l

R; c|: c—1L

Hzc————ﬁ———-m
0

wherein Ry is selected from hydrogen, methyl and polyisobutyl having at least about 8
carbon atoms, preferably at least about 30 carbon atoms and more preferably at least
about 50 carbon atoms; wherein L and M are independently selected from the group
consisting of ~-OH, --Cl, --O--alkyl or taken together are --O-- to form an alkenyl or
alkylsuccinic anhydride group. |

12




10

15

20

25

carbon atons and RO is |ower alkyl of from about 1 to
about 6 carbon atons. 10 The term "soluble in

lubricating oil" refers to.the ability of a nateri al

to dissolve in aliphatic and aromatic hydrocarbons
such as lubricating oils or fuels in essentially al

pr G . =M i . L I, ol ef;LAsy. .
P e o o Ay il b MO Brneb Sl Pl baving the
hafallogvisg vieglinieat strsatetir at i on) of suffici ent

nol ecul ar wei ght and chain length to lend solubility
in lubricating oil to their reaction products.
Typically ol efins having algpyt 30 carbons or nore
suffice. The term "high nol ecul ar wei ght pol yal kyl "
refers to polyal kyl groups sufficient 20 nol ecul ar
wei ght such that the produc prepared havi ng such
sufficient nolecular wei soluble in

lubricating oil. Typicalfy these T, gh nol ecul ar wei ght
pol yal kyl  groups have at |east about 30 carbon atons,
preferably at |east about 50 carbon atons. These high

nol ﬁcuj ar wej ght polyal kyl groups nay be derived from
hi YReTREN s gyl Owbwteﬁ@ﬂlsbg-l R gemsrally hagpideas phout 5 carbon

" s n e 1 ,
S P S PGB B e o s
t ecanbonedtéapk dnd B srlewtioalkgitdf frini ab@intl-to abeht 6 carbon atoms.

branched-chai n al kyl groups. 13 The term "l ower
al kyl" refers to al kyl groups having fromabout 1 to

abpﬁgt (33 H H ni ) -4 , .
G e P g aany Aitgvein
i rdiphaliés arfdaromataniny drpcaredrsyshich as lapticatingmilo py Fyels in essentially all
isogr%ﬁgl "n-butyl, sec-butyl, t- 5 butyl, n-pentyl,
i or-B Sﬁ n- hexyl and the |ike. The term "polyal kyl "
refers to an al kyl group that is generally derived
from polyol efms which arefpolyners or copol ynmers of

ms

RS e Rigls moleenir steiightiofe s foplfimnelado palsmerisd
xR R S s b YYD 0BGk BN afo gy g sl gt

alio llktndqutubilEtp titubZidatirgy dib thtie ictiam froddts Typically olefins having

about 30 carbons or more suffice.

The term “high molecular weight polyalkyl” refers to polyalkyl groups of sufficient
molecular weight such that the products prepared having such sufficient molecular
weight are soluble in lubricating oil. Typically these high molecular weight polyalkyl
groups have at least about 30 carbon atoms, preferably at least about 50 carbon atoms.
These high molecular weight polyalkyl groups may be derived from high molecular
weight polyolefins.

The term "amino” refers to -NRoR;; wherein Ry and Ry, are independently hydrogen

or a hydrocarby! group.

The term "alkyl" refers to both straight- and branched-chain alkyl groups. ’
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preferably, fromabout 3 to about 12 carbon atons.
More preferred nono-ol efins include propyl ene,

butyl ene, particularly isobutylene, 1-octene and
1-decene. Preferred, polyolefins prepared from such
nono- ol efi ns include pol ypropyl ene, pol ybutene,

- especi al ly pol yi sobutene. 15 The Lubricating Q|

Addi tive Conposition One enbodi ment of the present
i n¥beitermrildveer atkydi ﬂefmotouﬁkﬁ graripsihawing figpnoabound do tbore 6 carbon
conposi tion ared b e Process h co

" oEBFR a5 fdas PR eoniie B W REY DT diangy ypial lower alky
c OBRupIRERIde,(fod exanGE hFRI ctBPE ARG DYoribea, Mqty@ E!s'ec ~butyl, {-

copol yneri zati on of conponents conpri sing:

S | el armentybristepentylenihexyllapd Whsskidtaur at ed C3- C28

nmonocar boxylic acid or ester thereof, or C4-C28
di carboxylic acid, anhydride or est er thereof; (b) at
| e@hé teanepdlyslk el irdlefa0RA alldyd groab akdt iPgdnerally desivediom
at o‘gs én 30, at | east one polyolefin conprl si ng .about
alghingwhish Arepalyraers ok gOneAnerRg of moapreilefins, particularly 1-mono-
co 0
DRINTEhdZRAR Igzll%fe Hﬁpkl@flé E}%ﬁfla{ef i th@ 11kl]:4Pr\éfe?é'ﬂly, the mono

vi nyl'i dene or or m Xt ur

10 t helbﬁmt:mplogadiumd: ha\azt frcbmahdmtcme abmuthl w@ftom atmmamddnore

15

20

25

30

whi ¢ cop oI i zapl e wi,t h t he noners o

anﬁegﬁﬁﬂbﬁérfwni‘ g ‘§’é|3é€t'°‘ %}ltfli&ﬁmonétca% B}Fﬁorﬂ @5%%‘%1'1‘%4 anﬁao -gfefins

( 11)(1CRlBe Efdf)wem‘! Yy leRd E%ﬁ:cﬁl‘ﬂﬂy %bﬁ‘y’léﬁ Plo@éhe gid'Blecene.
where t gr ou hydr oxyl",

di Bﬂeﬁwteémpoi}aolgiﬁnmrkmyd from Slubstomt)uﬂ@'msonclu@e polypropylene,

unSli titute ﬁa £an ining 1 to 40 carbon atonmns;
olybutene, espe(‘:la y polyisobutene.

The Lubricating Oil Additive Composition

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

composition prepared by the process which comprises reacting
(A)  atleast one of the following copolymers:

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

comprising:

(a) at least one monoethylenically unsaturated C;3-Cog
monocarboxylic acid or ester thereof, or C4-C,s dicarboxylic

acid, anhydride or ester thereof;
(b) at least one 1-olefin comprising about 2 to 40 carbon atoms or

at least one polyolefin comprising about 4 to 360 carbon atoms

and having a terminél copolymerizable group in the form of a

14




(2) an al kyl am ne and an N-al kyl am de of a

nmonoet hyl eni cal | y unsaturated nono- or dicarboxylic

15 acid of 3 to 10 carbon atons where .the al kyl

substituent contains | to 40 carbon atons; (3) an

N-vi nyl car boxam de of carboxylic acids of 1 to 8

carbon atons; 20 ' S i :
ni t rogen-cont ai ni &g.)y%:‘)t?nesp%déggfﬁ% %ﬁﬂg@ﬁ#&fgﬁ%ﬁ& 8RS I(“Elu))mmae"tg therCOf_’
| east one 1-ol efimndonprising about 2 to 40 carbon 25
atons or at |east one polyolefin conprising about 4 to

about 360 carbon atons and having a term nal

copol yneri zapdye gaplRstofe htRoblefilt&hpéund Wikkh is copolymerizable
vinylidene or al kyl vinylidene group or m xtures

Sthereof, providedWwithahe mosomkwsfof fa)ang (o)eand i$ sclented fréma the group
30 sane as the olefin_enpl.oyed in (i)(b); 15 (ii) a

copol yrmer obt ai neao%sf/snrn%é)g‘ti ng conpound (i) (a) and
compound(i)(b) in the presence of a free radical
initiator; (iii) a _copolyner obtained by I(la) reacti n%a
compound (i) (a) wbh canpbyhunylstharppgd pn gHylgllyl ether whare the

non-free radical catal I ' .
of copolymer (i) or co%%?gg‘r{grﬁﬁfsl4@%899(51&?%{1&?’%@?@5&&%01.alkoxy
G contacting copolyner §gubstintedoapiolnysuibstithict) andrcobtatding 1 to 40.
with the non-free radi cag catal yzed reacti on product
of conmpound (i)(a) and“¥8HHHGRE (i) (b) or (i)(c);
with 10 (B) at |east one ether conpound capabl e of

being reacted with at |east two
(2)  analkyl amine and an N-alkylamide of a

monoethylenically unsaturated mono- or dicarboxylic

| 15 acid of 3 to 10 carbon atoms where the alkyl substituent

contains 1 to 40 carbon atoms;

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

compound; and

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

15




b

nonocar boxylic acids, or esters, thereof, or

di carboxylic acids, anhydrides or esters thereof, or
m xtures thereof; and 15 (C) at |east one aromatic
conmpound capabl e of reacting with at |east one
nonocarboxylic acid or ester thereof; or dicarboxylic

id, drid t
The  Vonblh hyh il eiiusd Bt e G BR W Bl) #it etpumdtice)
or Ester Thetpié pRkencPiofamlexydit iigatds; Anhydri de or

Ester Thereof in the present invention, at |east one
nmonoet hyl eni cal | y unsaturated C3-C28 nonocar boxyl iC

anhycr i 80 or > SRS ed By G ool SELRRIAN TGS bith compound
5 copol yners o(;)(bpqnqh){(a‘)en a@bh-freradieal &bﬂaWztdl&:aanoﬂ maké presence

one nonoet hyl eni ¢ nsatu at ed C2 .
monocar boxyl ? CO&’EF eél(S 85¢e Xlﬂ‘:'etr(éll)?r b‘&ﬁ' by Ehpeontacting

di car boxyl i co@flyinerdl)RY dbAAEmeY (i§ of B6th LA tﬁ@iloh ?re@ _1|'_ad1cal

di carboxylic aci'd, anhydride or éster thereof

general for nedtalysid rBhEIOpmecfcblcteﬁbomlman@(le)md@mmund (1Xb) or
anhydri de or ﬁctert thereof is as follows: OO

C-CH=CH C %: hwhereln X and X are the sanme or
1pdifferent, prOV|ded that at least one of X and Xis a

group that is capabl e of reactig)g to esterify
al dbhol & legsbemn efherdempornderpablesd bewgupacked Wﬂ?@r{?%‘i two

am nes, og&%@&ﬂé adl { eg%rtsqhgl%gftolr M%aﬂ)%g( 1csac%s anhydrldes or

basi cal1y reactrng ne comhpounds an

functi oﬁ;tcﬁsﬂﬁmdfairlrﬂilgmmhélﬁof dically, X and/ or Xis
-- 10 OH, --0Ohydrocarbyl, OwW where Mt represents one
equi val ent of a netal, ammoni um or ami ne cation,

15 82, st onie BbmaflebrhHRD bR Bffeadlin@hitfar 16R00RE

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

thereof,

Copolymer (i)
0 @ The Monoethylenically Unsaturated Monocarboxylic Acid or Ester Thereof or
Dicarboxylic Acid, Anhydride or Ester Thereof

In the present invention, at least one monoethylenically unsaturated C3-Cag
monocarboxylic acid or ester thereof, or C4-Cys dicarboxylic acid, anhydride or ester

thereof is used to prepare the copolymers of copelymer (i). Preferably the at least one

,
L

monoethylenically unsaturated C3-Cpg monocarboxylic acid or ester thereof, or C4-Cas
dicarboxylic acid, anhydride or ester thereof is a dicarboxylic acid, anhydride or ester

thereof.
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O - so as to forman anhydride. Preferably X and X

are such that both carboxylic functions can enter

into acylation reactions. Ml eic anhydride is a

preferred reactant. Qher suitable reactants include

el ectron-deficient ol efins such as nonophenyl maleic

15 n .

o Al G PR B pre oMl JERE AU or ot thercof is as

anlgithwsde; N-phenyl mal ci mi de and ot her substituted

mal ei m des, isomaleimdes; fumaric acid, maleic acid,

al kyl hydrogen nal eates and fumarates, dial kyl

fumarates and mal eates, fumaronilic acids and mal eanic
~acids; and maleo@trile and fumaronitrile. @0
Sui t abl e nononers f (a) are nnnoethylg;%éﬁlly
unsat ur at ed di carboxyhi c acids or anhy des of from
about 4 to 28 carbon attorms~ & Ectdt fTdMm t he group
consisting of maleig acid, fumaric acid,\jitaconic
aci d, nesaconi c agj nethylenenalonlc aci
citraconic acid, ﬁ%lelc anhydri de, |tacon|cxhnhydr|de
citraconic anhydrlde and 25 net hyl enenal oni ¢ anhydri de
and m xtures of these with one another, anong which
makgkfeiPRIMAN 9R (hé sd?ﬁee(;r%ff&‘ént él%vgea%at SHieh@RhE of X and X' is a
nmononers are nonoet hyl eni cal | nsat ur at ed
C3 g2 et nozapatile nﬁfﬁadmgo |edisn&edtlemh0@j fdrnmnﬂhssommnp salts with

consi sting of. ac t hacr .
o ARG aminGEfofim rietfsells wiFR ittty el it iesmiepefing mtl
al kyhp&fids ﬁncﬁ@théh@%ﬂétﬁ%'@%&lhﬁng Qg%% T?;Bi@élg' N'ahﬂ!i" br X' is --
acrylic and nethacrylic acid are preferred

Qﬁb -63- hﬁ@rﬁ)@fﬁbﬂeoh‘l\;ﬂb’h@ﬁ sM+ semsemaonab@wale@t@ ﬁsnfmﬂ

di glglrﬁ%)%‘lﬁl Al "8%“0 s 3? %F%{thégg%go&a% X-&h be -

ac Oy st a3 to Porfil ahydnh@@ﬂidd Bicferablg Oy hndKr 3tk slich, thatdedydrboxylic
acryl ate, l|loctadecyl acrylate and the esters of
" nétRsheRYgan STicHMGR ApHaONeAstions. Mapie ABUirds 45 4 Brefegred reactant,

ca 1 1
rretb?z%g rs@i}ﬁ%{l@reaﬁmé/ }ncijtnlg? %};e%{r}% ﬁ?ﬁ«ﬁérﬁ oledi éag %ﬂ 8%¥ophenyl maleic
15 netillgdridé;ahenometth ahmbmlyl,lmimahlero mdmubry)lmd;raioaaﬂnoro dichloro

. m)nocF g %}Soronrgalt]g%taghyﬁ"{dg?ﬁ g %%lllyirql%je?r%dee’and other substituted maleimides,

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

10g

dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and
maleonitrile and fumaronitrile.

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

| citraconic acid, maleic anhydride, itaconic anhydride, citraconic anhydride and
25  methylenemalenic anhydride and mixtures of these with one another, among which

maleic anhydride is preferred.
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nonooct adecyl mal eate, and di octadecyl maleate. (b)
The 1-A efin or Polyolefin 15 In the present
invention at least one | -olefin conprising about 2 to
40 carbon atons or at |east one polyolefin conprising
about 4 to 360 carbon atonms and having a termna

co bIe roup. in t e

or CATFAAE Do B 8 dehrc il iy P fpgnd BB
1 atief saa@témom rtlepgabummmﬁﬁg hsﬂarrylﬁd Acid; ongpisacBdiclacian
about 2 to about 40 carbon atons, referably from .
abétretrordicasish ethybepdicissid, arotmic acid,allylasetigasisnnd vinylacetic

dogg Q?ﬁmgﬂgﬁgg%ggpgggng_@%&?Hégﬁd%%’gagggiferably

5fron1about 10 to about 20 carbon at ons. Preferably
1 | ef.i ns, e 25 also oIefl

Oﬁ%%feﬂp 3 @}ﬂﬁ TARIIOHRE} er Hvﬁe%t?ﬁ ettecially
. 1091@%&9&@{1 @% -CPh®né & Cﬁr@%%ﬁéa%ﬂegm PR EL S Qéjclztﬁfrl acrylate, butyl

wei ghts in the range of bei ng nore
pr efrgicteed-<tin acreia@mdbcad aaiyiﬁh@ dob@!tyl myletat Wictadecyl paylate and the

¢ nEt” 51 BRbs G i dhneRBE Bomebol i 75 S5t n atism ot
10 at Sihacikyiktd, @0ghylhe:AN GlcARCrygAL, rd‘e@ﬂ%etﬁﬁc@ﬁ@te%&ideﬁﬂ rhéthacrylate,

t he ethylene growt h process wh ives 30 even nunber

c ameﬂbtﬁylémlﬁee, dabpigylHerlegfoumerodetyl @maéfratm didodeqyy majgate,
| aﬁ!}:,éct%dgg@ n?eflea"i‘% %ﬂédl k%ﬁlﬁg %&J an appropriate

has Iégl er catalyst.
;Internal olefins are eaS|Iy obt ai ned by the
nerlz t|o f alq | efins over a suitable 18
I ysif iéHetgyorhq Y‘g Mpreferably, 1-olefins from
15 C6 C30 are used because these nmaterials are
comercially readily avail abl e, and because they offer
a tedhe peéme intzatiamatdest obd I}oll@'mgiompaﬁfsing laboutl te dllicarbon atoms or

tail, d t | ubilit
nodorh PR Cotupriy b o b i igms it payine  terminl
€ ”@:ﬁ}fé}‘ﬁﬂei 125bl§%'1‘6®t1h Qh@@l.n)‘lQJf Syl SvidyHdesd @R, Flri}lyhdene group is

copoly (i) "aré polyol efins conprising about
employed.

20
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 Cyg-Cys -1-0lefins and Cyy-Css-1-olefins, more
preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
25  also known as alpha olefins, with number average molecular weights in the range
100-4,500 or more are preferred, with molecular weights in the range of 200-2,000 -
being more preferred. For example, alpha olefins obtained from the thermal cracking
~ of paraffin wax. Generally, these olefins range from about 5 to about 20 carbon atoms
in length. Another source of alpha olefins is the ethylene growth process which gives
30 even number carbon olefins. Another source of olefins is by the dimerization of alpha
olefins over an appropriate catalyst such as the well known Ziegler catalyst. Internal

olefins are éasily obtained by the isomerization of alpha olefins over a suitable.
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about 360 carbon atons. These pol yners have a nunber
average nol ecular weight (M) of from about 56 to
about 5000 g/ nol. Exanples of these are oligoners of

et hyl ene, of butene, including isobutene, and of
branched i soners of pentene hexene, 10 octene and of
degﬁﬁﬁet shglgascs(ﬁfc% B raﬁl‘%‘rr ?1 tf%s?g 6? € u‘f‘ﬁ?l because these

Ny pr esen
vi ﬁmt@lx idBnec osmmbicidlyireadilydeaiatie, eug be@ubOhpy Oﬁenﬁéesﬂﬁbie

ol j gopropene mi xtures of from about 9 to about 200

caPHBi e ieslensth of thegneleruan tail. and|theysnlabilityred #@sterp@évmer in
b |
ol AR A NMIE ARyt gy 2 02

Spreferred M xt ur es ‘of the stated 15 oligoners are

10

15

.30 _Since

25

A A SRR i DS Sy LR 160
d egiseul BEGlcArBor-hiSins PR bo]%erﬁna@gg rARfberVebdbe 'rﬁol@&ﬁﬁ"v?elght

i ncorporated by reference” The nol ecul ar weights of
t héviglaf émnea@uhﬁ@tcb@oudé@(&}gﬁmé&mamp@sm thesnate otigbmers of

conBsnebs 95 ShTRPhe BPpiRheaRa SEbRBLHE ifphugly R popsene, boxene,

UNG@Ens aat &4 dBIUAB, the Eoﬂﬂlym@ﬁa@%tﬂtﬁal@@@ﬁ &the 8hgmer being
pol ymers corr‘pr ising a naj or anmount of
noPreseet ¥ the formeotp vingh Mipylidene %Wi@ﬂ@enbgtoypewitgopmpenes and
is e

T T e T —

Cc Qﬁ!;{ioyymbn&n@t a2oWsinglile o blfdi!nplé)J Rtdrin g&bl ﬁE—ASZ? 02 604,
opol yner s f. gthylene and propyl ene, | ene,  and

SCBERATINg, U5, BatoRtao o % arersiamed M esafithg Figted
e e e
préther ailablefpobymleboute d&ctibed ialb 8t e Noa 6103 6,9360 evhich is herein

|2 |ef i d t
o BRPE R Bl oM B RhHE et i B dlelerontthe

genenilited iTeb@%ioRd] thatiiey b pd ! pefBéfioH |cﬁl%nihftography
di fferent nol ecul ar weights, individual copolyner .

nol ecul es resulting wll generally contain a mxture
of19 hj t .
v no A ERRE Yo REIoHR Bhlly RACHTLN, pElipa pgne .-
rrm:alﬁmlyﬁs rdagmmge golfyfxﬁﬁmmpta@tge@ﬁlaﬁfr apLiyte#d,za} idfo-olefin,
W roduce

e.g., etﬁy lene, 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.

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.

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

weights, individual copolymer molecules resulting will generally contain a mixture of
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The copol yners of the present invention have an

aver age degree of polynerization of 5 1 or greater,
preferably fromabout 1.1 to about 20, and nore
preferably fromabout 1.5 to about 10. (c) The
Mono-ol efin Conmpound 10 The present invention enploys

.| | ef i d which,i . .
b8 TR S L ERTREME Ml by g v
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| sofsebelyhed nfol@ulds havigp differemaiegiess bNgblPheridatioawilllbsProduced. -
vinyl ether and an allyl alkyl ether where the alkyl

group is hydroxyl, 15 am no, dial kyl am no or al koxy
. . L taini _
b PO SR e AL R AL 8ol i o

i ntbugreateh prdfadablyvirony abamitriyl tocebdue(, yhd aloky prefrsidy from about
mhf%e t.he kyl radical is of about 1 to about 40

carBER* AL are also suitable, and the al kyl radica

20 may carry further substituents, such as hydroxyl,

am no, dial kyam no or al koxy. Exanples are nethyl

vileyl ethedvlonephpfin Gemgdundt her, propyl vinyl ether

i sobutyl vinyl ether, 2-ethylhexyl vinyl ether,

decyl vi nyl ether, dodecyl vinyl ether, octadecyl vinyl

et ey pres@nf Givertionl endTo gt el dnevinbiydol i @mpound which is
2-(di;n-huty|aq1no)ethy| vi?yl et her, and the

c dopelpwHanile wagh the menpaers off®) and)(bhandais Rglpctediiram the group

a al m de of a nonoet hyl eni cally unsaturated
ngﬁﬁgg%é%g?carboxylic acid of fromabout 3 to about 10
carbon atons where the al kyl substituent contains

fr about, I to_abhout 40 carbgn atons; 30 ot her

g r(gﬂ]p P o g §R’ébﬁ‘t§¥ anallyl of ytﬁtﬁaerawkvfs t@%h@sgrgws hydroxyl,
s at ur S B R g B B Pisutttyted; and containing
such adran peetyltambogeOmatbarctythgt e, di et hyl ami noet hyl
acrylate, 20 di butylam noethyl nethacryl ate,

acryl am de, nethacrylam de, N-tert-butylacryl am de,
NSt Wle dGdnohnd Metudblald fonewbrﬁf: YingEaxd Al dBoy! ethers where the alkyl

N- dodecyl et hacryl am de and ) )
radical is of about 1 to about 40 carbon atoms are also suitable, and the alkyl radical

may carry further substituents, such as hydroxyl, amino, dialkyamino or alkoxy.
Examples are methyl viny! ether, ethyl vinyl ether, propyl vinyl ether, isobutyl vinyll
ether, Z-ethylhexyl vinyl ether, decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl
eiher, 2-{diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethy! vinyl ether, and

the corresponding allyl ethers.

(23 an alkyl amine and an N-alkylamide of a monoethylenically unsaturated
mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where

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

Arnother group of monomers comprises C;-Cyp alkyl amines and Cy-Cyp
-N- alkylamides of monoethylenically unsaturated C; -C)p -mono- or dicarboxylic

acids, such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,

20




10

13

20

25

30

oct adecyl met hacrylam de. 5 (3) an N vinyl carboxam de
of carboxylic acids of fromabout 1 to about 8 carbon
atons; Anot her group of nonomers includes the
foll owi ng: N-vinyl carboxam des of carboxylic acids of
from about | to about 8 carbon atorrs such as

N Vi Nyl - N- for d .
N DY bR fmae s eyt o b GETBAGw -pycriamice,
Vi Nydetyboeglbinideg RiNITHbaty -4 rihmdde; N-dotebyliveitopiylaaidt ded N-
and N-vinyl propi gnam de. (4) an N-vinyl substituted
nl‘icrt@&éﬂméiﬁﬁﬁ lﬁ@ het erocyclic conpound; Anot her
group of nonomers includes the follow ng: N-vinyl
conmpounds of nitrogen- containing heterocyles, such as
N-(3} ny | anii-diapyddaehoxmidavyl cagdolrylic agidaairem abddt 1 to about 8 carbon
N-vi nyloaﬁé;lr'ol i done and N-vinyl caprolactam (5) at
| east $- ol efin conprising about 2 to 40 carbon
at&ﬁ@h&rgtr@ﬁ éﬁﬁ&&on%?&ncmakyﬂlle%m&wﬁgnﬂwxﬁﬁe&b&mes of
about 4 to about 360 carbon atons and having a
t eqarbiaxalic a@fjbo@/ﬁmn |abatt1| letogbcmtrﬁ wﬂamoms,rsm:h)as Hwnﬂi&mnamide,

S B ik, MR i Ry e arie. N-

S a\ﬂﬁy]ﬂﬂ-&fﬁy@ac@iaﬁfidl@ I\EﬁﬁkpNelﬂeth?E)('dﬁléﬁb}mdesth Bibtiftylpropionamide.

1-ol efins conprise about 2 to 40 carbon atons,
prefer abI y fromabout 8 to 25 about 30 carbon atorms,

Sy el T G AR ARk Kbt ur Another

ns an

Pref er <’:§3bl¥p df abedmdrs inchiics theabBowingONkviayircoasoahdde nitrogen-
ol efins, w th nunber average nol ecul ar wei ght Epi E t he
range oPnRNIRg hpeeyles sueh asioinylsedaznle Nyvmyhpstaylimidazole,

W th rrq{I Sﬁg@ o‘i‘ﬁbﬂ@ﬁrﬁN%ﬁ)ﬁ?&@?@Q gmof fromabout 112

to about being nore pre re For exanple, al pha
ol ef i ns obt ai ned fron1the thermal 30 cracki ng of
paraffin wax may be enployed. Cenerally, these ol efins
range fromabout 5 to about 20 carbon atons in

| 9(2 gt h.a ’Pd%@“h%rl SIeh G@mﬁﬁsﬁé Bbsut 0118 40 Rarbod aldds or at least one
et hyl ene ﬁgr owt h process which gives even nunber

car bon peleféfirscomyprisitgsfromabeeet tlofabolte¥GOrmarton atoms pyd havinga

the dineri.zati on of .al l.ef | y

cat al yggrnyaglhcogglypﬁgz%@? Ero%p ™ Yo 5F a %{hy?,pv‘?ﬁﬁﬁlreh@&ealkyl
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 Cap-Co4
-1-olefins and Cy4-Cog -1-olefins. 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
-~ cracking of paraffin wax may be employed. Generally, these olefins range from about
5 to about 20 carbon atoms in length. Another source of alpha olefins is the ethylene

“growth process which gives even number carbon olefins. Another source of olefins is

21




LA

10

known Ziegler catalyst. Internal olefins are easily
obt ai ned by the isonerization of alpha olefins over a
suitabl e catal yst such as silica. Preferably,

l-olefins from Cl0-C30 are used because these

materials are comercially readily avail able, and

because.t hey .5 off.e esirabl e bal ance of the, | epgth

of o1 S Sipraipa Bt ohe Sefifoiehan Bprapiile ByBiypt g = W

t expohyPREist &tﬂ?ﬁpﬁh@ﬁal%@éﬁt@ RiSeasiW ¥btainRa b9 thckahémation of
are also suitable. F cparation of Co [

|
ooy iing 8 ANHabla Gk St gl BTarAoh lelfink fomio-Co
et nort PenR 5 g RESEE LAl Buby ol et B Bocpuse they

I nefft-hedckbidlobalagrepdiienesgth ofitlehmeleeulinenidi and the solubility of the
incorgorated by refs&ence1 Harrison et

al., .U.S
Pat LY IR, in gongplar sotyenig Mixires gf olefins araa%.o SF‘ﬁ‘lH@?It No.

6,284,716; and Gunther et al., U'S. Patent No.

6, 512, 055. 15 in one enbodi nent of the present
i nVeptiaivntd)€opapokryfier reactant is a pol yal kenyl

sugcci ni ¢ _anhydr.i de terpol yne The t er pol rs,ale
conpeutenran T TR ol et O gk fre
desGriheid iRy £t cluliil B@ldoy linfifeg td, hde meiRIds vicH 4kt Jisclosed in

i nvention contain at |east one nononer from each 20
gr&apoliaying patertp, whigh grerherein incpmesated byrpsderenges Hagisen et al.,

or VSt ¢ BPHE Py Lol el HEPL S B DL SRETLG ARl Gmther e

cail., bes. mrepalced,shy,0known procedures for naking
copolymers. Additionally, it is possible to forma

smal | percentage of copolyners which are conposed of

Bl o1 ti lyalkenyl
B
t hereofc ffhydidadiegatymety Thase dapoymersembiyanpabed of atdsasé pne of

thereof, i s selected fr t hose di scl osed above,
| pr@?%?iﬁﬁ1s§%ﬁ8i%@iaédﬁ??ﬁ‘&ﬁ‘ﬂ%&‘.n' Conponent (b), the
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1-olefin or polyolefin, is preferably pol ybutene.
Conmponent (c), the nono-olefin, is preferably a linear
al Pywicalbyl Bfeiterpolyntess ofi thig ihveotipabentiaingp leagt opg meqpopsH from each

T

t hendaenapoeRraiefmafng icBblyiBers 00 Bloak Gtpol@micss Alda@ah be

1opa'ﬂpz?ﬁ‘ec %GJQ leﬂrlc?\!vﬁ pro%gdures for making copolymers. Additionally, it is possible to
form a small percentage of copolymers which are composed of monomers () and (b)
and monomers (a) and (c). Component {a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof, is selected from those disclosed
_2bove, preferably maleic anhydride. Component (b), the 1-olefin or polyolefin, is

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

olefin containing from about 12 to 18 carbon atoms.

The degree of polymerization of the terpolymers can vary over a wide range.

Preferably, the degree of polymerization is from about 2 to about 10. In general,

22




terpol ymer degree of polynerization decreases as the

pol yneri zati on tenperature increases. The
terpol ymerization is conducted in the presence of a
suitable free radical initiator. 5 Exanples of
sui tabl e polynerization initiators are peroxide

onpounds, ,such tertbut er pi val at.e, tertb

oG REEh S oFBhrEize g eaBRt SR e saton tperature
t estdast:yd peri sobutyrate, di-tert-butyl peroxide,

di -tert-amyl peroxide, diacetyl peroxydicaronate and
dicyclohexyldicaronate or azo conpounds, such as 2,2

%8 *i’éf%ﬂﬁg;%&%é( 8”& d&ct?cg ngtr}]n%é Bﬁe‘aéa g 8? gaul Yab%e%e raglcal initiator.

5c 0ﬂxazmpieabﬂmﬁtaBR)poEJnﬁeiilzb@orpihﬁﬁﬁﬁk arefpefx@deaddmpouhds such as
initiator is a pergxide type initiator

di (timat peprislatarthuty] apmantacansico erdentpeiay ey proate,
'Prn géic L gf} ens?b ptreé%lgt?ﬁ Ml E)eforxgc{ebfhét%éﬁ%lﬁy; BE oﬁﬂﬁr élacetyl

res ng “pol ynetrs arwe,
f opeexahpdrenatel m&bd:chﬁﬁexpldld.aﬁmat%abr az@smpdymudsOsuthas arXi-

4,240,91 her epy_.i ncar por at e ference i.n thejr
e el T AP RE By B BTE Bias Smsmutsyigh one

10 154408 RE@IXSOO ﬁﬁfafbr:laﬁ&? Bis8 ba! ?&eﬂ%férﬁﬁyﬁhé’ ﬁﬁt‘leﬁ&yls‘ﬂ peroxide
initiators. Copolyner (1), mhereln a second olefinis

enfyirgyeidaion etmehﬁ’téﬁat}tl] enoxide didwenyb pepaidedr aimtyphénitiatos e.g.,

CoB PR iehors rbredii o Mreiie oo o ra Sahp Tmers arc

i n’:ﬂ:ﬁ%ﬁcm@pic dd3erils@ne ILYSTETat. MNEAC 8 360,45 5 aril 4,24R91 6/ KBfeby
obt ai ned %¥ reacting (a) at |east one

noﬁ‘é‘@mﬁ’w Pcegfargneg s theureatieaty. dhogamocadyrrscanlddpyised to prepare
i5@ L%ﬁ;{zg%étﬁ&h %BS%I e egi;]‘b 09" rgiﬁ{n%f’sxy' ic acid,

eofr e ereo east one
copolynerlzable pol ymer conposed of at least 3 olefin
25 nol ecul es propene oy of a branched 1-ol efin of
£ 1 el (i “f%sregb% sreondolehpibemplayeshis, thavieastin, gan be prepared
nupbet s@ﬂ@ﬁx%rﬁ?bﬁ% i W5 Wlth lMikse{lbédr wbout 112

to about 5000 aV|ng a term nal copol yneri zabl e
group in-the formof a vinyl, vinylidene or alkyl

2()V|E¥I|}dene:§roup in the presence of a free radica

: LUIB0 Thus, preferred copol yners of the
pr BS@dthek BMB&llhféﬁt G -3 ?&%@d?@[rﬁ/@mbdh iRAGhbHheRreactant is a
"reactive" high nolecular weight olefin in which a

hi gitPopmess @btaillmﬁi byfreq;ﬁgg(a)raélqagﬁpnemonoethylemcally unsaturated C3-Cog

monocarboxylic acid or ester thereof, or a C4-Cyg dicarboxylic acid, anhydride or ester
thereof and (b) at least one copolymerizable polymer composed of at least 3 olefin

25 molecules of propene or of a branched 1-olefin of from about 4 to about 10 carbon
atoms, having a number average molecular weight M, of from about 112 to about
5000, and having a terminal copolymerizable group in the form of a vinyl, vinylidene

or alky! vinylidene group in the presence of a free radical initiator.

30 Thus, preferred copolymers of the present invention are prepared by reacting a
"reactive” high molecular weight olefin in which a high proportion of unsaturation, at

ieast about 20% is in the alkylvinylidene configuration, e.g.,
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| east about 20%is in the al kylvinylidene
configuration, e.g.; 23 CH2 Ke RO wherein R8 and RO
are an al kyl or substituted al kyl of sufficient chain
length to give 5 the resulting nolecule stability in
| ubricating oils and fuels, thus R3 generally has at

| east about 30 carbon atons, preferably at |east about
50 carbon atons and RO is a |ower alkyl of from about
1 to about 6 carbon atons, WHeh an unsaturated acidic
reactant in the presence of|ja free radical initiator.
Typically, the copol yner prduct has alternating

pol yal kyl ene and succinic ps 10 and has an

aver age degree of pol ynerjyzati of 1 or greater. The
preferred copolyners (iig] of the esent invention
have the general formula: wz = 1'i =0 R R4 CC CC
HHRL R3 15 n wherein Wand Z' are independently

selected, fr t he group copsjsting of --OH --0- .
- alRFToRs 4 ¢ argeﬁﬁﬁ?r batteg afio o i chtia engeco give
ANMYOLI. A6 QhAURle Sab i AGOHcarifl 87 £id AR Ry Brerdt has at

and R4 are sel ected from hydrogen, alkyl of from about
| t kagt@belsG@tcartOnatomhs; preferably,at kast abpgHOretteoutems and Ry is a

wej ght po kyl rei ither R, and.R2 are .
i 95 RS i o T8 o 6 hon Sopfi v s upprod peicic
f r eariaRaH the préRnedetd frée radRbPRRiagiroms and the other is
hlgh nmol ecul'ar wei ght polyalkyl, or R3 and R4 are

hy

rrigdhy, Bdopelamet PRdueihas mEernafingpabralkylengiand suecic groups
: her i's high
mr)ig@c%lg%H%V&a%ﬁg?e%ﬁ%qaé%%%ﬁ%%on ghdof gt her s hig

9

ar wel

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

formula:

w z
O:(!J (]J:O Ry Ry
\ o/ o]
N T_T
R, Ry

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 R, Ry, R3 and Ry are selected from hydrogen, alkyl of from about 1 to
about 40 carbon atoms, and high molecular weight polyalkyl wherein either R; and R»
are hydrogen and one of R3 and Ry is iowcr alkyl having from about 1 to about 6
carbon atoms and the other is high molecular weight polyalkyl, or Rz and R4 are
hydrogen and one of Ry and R; is lower alky} having from about 1 to 6 carbon atoms

and the other 1s high molecular weight polyalkyl.
| 24




24 Copolymer (ii) may be alternating, -block, or

random In a preferred enbodi nent, when naleic

anhydride is used as the reactant, the 5 reaction

produces copol ynmers predom nately of the follow ng

formula: 0 GC R R3 n wherein nis fromabout Ito

about 100, preferably from about 2 to about 20, nore

10 preferably fromabout 2 to about 10, and R1, R2, R3

an@ogﬁr@&ﬁoﬁ%@m%eﬁfaaﬁg hsikoeeanddmver al kyl of from

abou to about carbon at ons and hi gher nol ecul ar

wei ght pol yal kyl, wherein elther R, and R2 are

hydr o . I

£y B BB R e R A by @S e the SRt
5 hi glacticiopreduded topstigbes plii@loylﬁhakylbr o6 theH3ll awithg Rérmaule

hydr ogen .and one of R, and R2 is |ower 15 al kyl and

the other is high nolecular weight polyal kyl.

Preferably, the high nolecul ar meight pol yal kyl group

has at | east about 30 car bog g (nore Ypreferably

at | east about 50 t Prq{erh d hi gh

- ol ecul ar ~wei ght ponaI grfoups |E
pol yi sobutyl groups. ref rre pol yi obutvl groups 20
i ncl ude those having nunber average nDlECU| r wei ghts

of from about 500ito about 5000, nore prefferably from
about 900 to about\ 2500. Preferred I'wef®a kyl groups

i nclude nmethyl and\ethyl; especially preferred | ower

al kyl groups include nmethyl. A particularfly preferred.
class of olefin polyners conprises the pol ybutenes,

whi ch are 25 prepared by polynerization of isobutene.

Th%@r&ﬁft‘x %\%ﬁrﬁ QE@utqrtS aB&ﬁq'Ob}’pI@fé?dﬂlyaﬁbl% abB MR dbodd 20, more

materi a nown to those skill'ed in the art.
10 Di pefoshly dom dsnedfo abddt IQ,Eanldélzt BasrRd, anl Ra aeacelqsted from,
Pat ent

hj éfjé(%rﬂgeq, gﬁ-)’éPE OW P'étf ]2{1 ea}l[)z‘igp $ 8&};§?1h%t01rns LGR hibhér molecular

di % §Hd$l§§lk?lf w%@fe‘i@&'th%r RO Ly R, eRasdrdgenbad aid of R; and Ry is
substl uted ol efins are used to provide a hig E
rmloemn laBayl hasiiggh fromgibout 1 to about 6 carbon atoms and the other is high

molecular weight polyalkyl or R3 and Ry are hydrogen and one of Ry and Rz is lower

15  alkyl and the other is high molecular weight polyatkyl.

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
20 include those having number average molecular weights of from about 500 to about
5000, more preferably from about 900 to about 2500. Preferred lower alkyl groups
include methyl and ethyl; especially preferred lower alkyl groups include methyl.

A particularly preferred class of olefin polymers comprises the polybutenes, which are
25  prepared by polymerization of isobutene. These polybutenes are readily available

commercial materials well known to those skilled in the art, Disclosures thereof will
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5 soluble tail in the terpolynmer. Preferably the

1, 1-di substituted olefin has a nunber average M of
from about 500 to about 5000. One particularly useful
1,1-disubstituted olefinis a 1,1-disubstituted -
polyisobutylene such as net hyl vi nyl i dene

poPy R b e 8 U S Rak 152 S8 G R S n are berein

9 I BUPrpwhiidd by fefdeideVBHthkir ABcRshied Bf Bt Y AFbuGIest
ol efin. The high nol ecular weight olefins used in the

preparation of the copolyners of the present invention

are,.. i I ' . t : :

P LSO R8s S04 PR My g o, o

Wi gt Elfé]rlalﬂmiei'mlyrﬁetePEefaﬁlﬁiytﬂiEI Il ik @ibstivnckdtddefin has anumber
ne | so he 15 hi gh nol ecul ar,

I kyl
ol %%r%’ée?%nﬁ%%@baw ﬁOQég@b%éQQO S0 BTy ek 15 Ebstitued
ol 8thRis £ PIRASILLHRRA pp aﬁ%%@g@}% sticRGs Bhef )tlvmgpaé nedene

i soner conprises at hor e pre era

| epdyisT@¥ylend. t he tot al olefin conposition. Such h| gh
nol ecul ar wei ght olefins are generally m xtures of

nol ecul es having 20 different nol ecul ar weights and

CapcRaysly de do%@ﬁﬁne?ﬁ@bl@?@l}%r B&hn ﬁs&%ﬁﬁ&%ﬁ!e@ﬁﬁr @JeF%ﬂpolyalkyl
the chain, preférably at ['east ohe branch per

~atgmsp whmhgs dpvedHagm a higlomolsavlar waight blyﬁpﬂéheelnglwolecular

t hat. t one hran carb
R R T I X P
C osveiti ettt yylos O Blviih ff ﬂﬁoﬁﬁétkﬁ@ﬁ%u]@ihg I@@ﬁl@dsm@y 1stsb1$1b1e in and
polyrrerlzatlono oleglns of from about to abo

c aftenntibteowith mapraalmlspfuetsand mhe like: apd &e@dkmglnblﬂdem@ éﬁﬁmef of the
a
; Ptggga n%iéc% ene&‘%ht%le?ﬁbc%%ri%@m%qs%@ouﬁﬁﬁ i ©FABle¥in
adcdmupc@mopoPgeMablg,ahh alkyl eihiylidene ipinmyredmprices at drastad 0%, more
1-ol efins. The e.of from,about | to about

4 ¥§ atls %78%9@16&%%&?&}11 6PMPeBiv™bout 1 to about

2 carbon atons and preferably methyl. 30 The preferred

al kyl vinyl i dene i somer conprises a nethyl- or
et &’w:lh\hl gly tniottenier m[gheol,eﬁnmegepqzreﬂg rraigt]ug,estoﬁ molecules having

c&ﬁ% g%&ﬁc ne l rEFn(rsll cap Sﬁg h%geéa& slgé %%Mer%fﬁ%;bogdatoms along
C ORe L4TR rlﬁef@famm 18458 586 brahélV Bt Qb £016 kg diudhalie snd
whi ch conprise at |east about
particularly preferred that there be about one branch per 2 carbon atoms along the
chain. These branched chain olefins may conveniently comprise polyalkenes prepared
by the polymerization of olefins of from about 3 to about 6 carbon atoms, and
preferably from olefins of from about 3 to about 4 carbon atoms, and more preferably
from propylene or isobutylene. The addition-polymerizable olefins employed are

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

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

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

more preferably the methylvinylidene _isomer.
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20% of the nore reactive nethylvinylidene isoner,
preferably at |east about 50% and nore preferably at
| east about 70% Suitabl e polyisobutenes include those
prepared 5 using BF3 catal ysis. The preparation of
such pol yi sobutenes in which the nethylvinylidene
ner conpr S hi,gh per.cent ag t he .t ot al
pEN pretergd b o e b e lsghRpare the
1bc%§§ly4r%93 &tle AreBln axm%tlof %%ﬁﬁﬁdbﬂ&n@é w@%%biﬂ?f«i&e &t 1edst about
of

not ed above, copol ynmer "(i’i) resent
i iRO8Hof the mage maep‘aer mdtwimm)dul@m: mgm&n pr@fb Iyrat derat abgut 50% and

- APt e o bR OB Sl B B ER GRS hcPlgee Gfepared
Cquﬁ{gmp;caéalysis The @e@afaubﬁaf buthtdtyikstteneinSvhich ttent

No. 112,507, which is herein incorporated by
r em@théi’v@éfhdﬁnq isemesrponprsisgs 2 high-peecentage of ke t%&ﬁ%@omwn is

g&%egﬁré er-ab altte%??\\%o m’ g%%ﬁg %@b‘%ﬁ ()St t 268?:? uEI'h e

degr ee of polynerization is inversely proportional to
tepperature. Accordin Iy, for the preferred high
wdﬁ@éﬂﬂ%?”ﬂ%?éhﬂymﬁr #ol ymers, it is advantageous to

€ Bn 15 REFbY RlActing an
o) e 6 COOAAE) M Ry ipepparey Rcing
rmtleﬁm bt anverisgiarated aﬁdlm ,react:m:t ohi the p&’agmcamf aa&m radjealfinigigtor. The

radi cal i tiator ar |ne in.th rat
Crroreis ot PetereBtioR ol R TRRE b1 ebETRl 8RRl U, Patent No.
A 5 121867, \ich is hBRid i%@&ﬁ)bﬁfbd"ﬁ}yreh@elﬁﬂﬁﬁi lit@ bRbletyd a

sol’vent. 'Suitabl e solvents include 25 those in which
the reactants-and free radical initiator are sol uble

o R NRCR Gucied L PREPREE P EIECH bk aroc,

C hbrefepdtty B6Meaboy4(®0ES6 abot HEDEC | Theadeghdet o Ipotyimmnzatlon is inversely

S PoBpIGnBte terre ATUGRED SorRpPHEEY e giccular weight
prcg)fpggﬁt?éry it 18 %{3\trantta%eoﬁsht§ € R¥es r&RHoPfcRHidcdgred.Or Med

erier al nmount surficient to 30
ensure eff| cient mxing. 27 Alternatively, the
reacti on. may be conduc a diluent.. ,suc .
| N spetigpyaye fHRE §eqtﬁ5?f i T iR ofsf ysiedy glefin
CoRsdik fréé%l%?aﬁchﬁ& et RA R [fiMbE &relcBbire@8n ftRcir6 s ratio, and then

stirred at the reaction temperature.

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

ensure efficient mixing.
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pol yneri zation, e.g., sulfur conmpounds, antioxidants
and the like. 5 in general, the copolynerization can
be initiated by any free radical initiator. Such
initiators are well known in the art. However, the
choice of free radical initiator may be influenced by

the.reaction temerature enpl oyed. The preferred .

Fr e PRa L FRTORTNCOe GRS g gl STYERS ineral ol s long
POAsy: B LIl e rofEdrtah @bSstitddhtahek ihikefe20ith iR Sree radical

pol ymeri zation initiators. Radiation can also be used

t aPGimineilztient g, sullneempendssangiexsidaely andthe like.

per oxi de-type free-radical initiator can be organic or

i norganic, the organic having the general fornmula:

RIZ: ORLE thdhwpelyrikZizittonpdly: berigiaiated by adly et ralieh] Riatbs Such
15 selected fromthe group. consisting,of drogen .and.
a5 aATcvetHigiopa in thgsark, Hepgevghdhe gioiceof reséangag pjfigtor may
r adi Calisnce |, and acyl

r 2%] %g}%l,c gg??ﬁlﬁgt%nﬁ%’]ﬂ%@gﬁ%ﬁ&lﬁé%st ituents such as

hal ogens, etc. Preferred peroxides include

di-tert-butyl roxi.de, dicynyl peroxide,, and . ...

ai ThrcipTediig ropab el ot s Hinnen ol of o Htipstiay igitiators

PeLXhd8%-1yBh bSRmeAzARNIAN afi§ Radftibh B8h alk®'B¢ H& to initiate the

benzoyl péroxide; |auroyl peroxide; other tertiary
butegti:oper{orsithds; 2, 4- di chl or obenzoyl  per oxi de;
tertiary butyl hydroperoxide; cunmene hydroperoxi de;
di acetyl peroxide; acetyl hydroperoxide;

di "Bty BENQXYe TR IRHALA initiglol ca Me Sighdit opBiob@IRLY Betirganic
and the |I|ike. 25 The azo-type conmpounds, typifje b&/ )
al praedip Bereral fowpileiRoo MR oviicra R 248 anyrareghi pdical and Ryz is

wel b - knos oo ey . . _ o
oS iNaLh e bR pSRlinP bORRHAR Rl bflafic ABEREBEAR,s and
t hR;;wah B utganigradipals, phefdablyifyeiradarbanharyh ahdacyd sadicals, carrying,
satisfied by organic radicals, at_least one of [

i ¥ fpdtcer BMFYIuEHTS siches baloeens ety P e?&ﬁ%ﬁﬁf%s’&l@%@;}eﬂ'bum
SUBBLE RS ERAIRA Ak Btboxee not 17 m ted

to, p- brornobenzenedi azoni um | uor obor at e;

p-tol yl di azoam nobenzene; p- bronobenzenedi azoni um

géggﬁ%)a%igsedf et rsrgitla'i)?en;?erg)ggef r»‘v%ﬁ‘éﬂ fglin%zvgar%fi alil“glhqun%rllgq %’f’c‘lu& benzoyl
peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoy!
peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;
acely! hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the

{ike.

The azo-type compounds, typified by alpha,alpha’ -azobisisobutyronitrile, are also
well-known free-radical promoting materials. These azo compounds can be defined as
those having present in the molecule group --N=N-- wherein the balances are satisfied
by organic radicals, at least one of which is preferably attached to a tertiary carbon.
CGther suitable azo compounds include, but are not limited to, p-
bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene; p-

bromobenzenediazonium hydroxide; azomethane and phenyldiazonium halides. A
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suitable list of azo-type conpounds can be found in
U S. Patent No. 2,551,813, issued My 8, 1951 to Paul
Pi nkney. The anmount of initiator to enploy, exclusive
of radiation, of course, depends to a 5 | arge extent
on the parti cul ar i nitiator chosen, the high nol ecul ar

ol &Iltlagl[ ll"%f cgf a%o- com r ea stclagrl])e% I t Il_PgsP&t%)Eiq U§l$§ 813, issued

concentrations |n| of are etvveen 1 and

- 0. Riag 8o Phull Rinkrieq! or per nole of acidic reactant,

with preferred amounts between 0.005:1 and 0.10:1. 10
The pol ynerization tenperature nust be sufficiently

h' e Ang @sﬂﬁug@l Caﬁ&slogn&ah?sw f rh a0 F eﬁgzzéggfpends toa

desire ee-rad or exanp usi ng

5 pelargeiedttenbisn tHa@a.rtlcnlat irdfi aor, chivken, ﬂmdﬁgh owoleeelapelefinh wsed and the
can be bet ou SC and about. 90C, ef er apl
* bektaiion canyiorsaBs ! SSaRTHBES Al GHEROrRb B RET D.081:1 and

L ePanAdIEE SSnftdfhr B@r mEIRRF YA refetsi] WAR bR BB JARIRtween
of tenperatures being between about” 20C and 15 about

200005 Wand0.pP8f erred t enper at ures bet ween about 50C
and about 150C. The reaction pressure should be
sufficient to maintain the solvent in the liquid

10 PBiseEpolyhéreasibh 6ﬁﬂiﬁlr¥: Bﬂls@f:@étﬁ'ﬁ&ﬁ@ﬁt‘i‘y highW®BiRalkBOwH the initiator
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at nospheric and 100 psig or higher. 20 The reaction
t i tewrediice healerijedsfderiadicalst Farsxpmply) wsingbermayl peroxide as the

S Lﬁgﬁta?d?t fh@ Iré&}fh&o%&%ﬁtaﬁlre Meeﬁe%v u# %@ﬁ{ddibgut 90°C,

react ant an ECU ar wei g
c oefeybby betben aboaeR(°Camdtabow 858C31h}gﬁeﬂb1hcblob.et mqmralmes can be

and 4 hours th preferred reaction tjnes
éeyqﬁ*oaﬁ%ﬁa road 19BELRf IMBETUreREINg ptwEn @@&%ﬁ? ghand
mﬁ du” ol \Qﬁhh 09%1% tﬂe%eh%ﬁﬁt' $RC aﬁh @borlt 1gh°c

ar wel efln aC| ic reactant, solvent and
initiator can be brought together in any suitable

The inportan ors are.intimate contact. of
PR pteRE P STcsrep e BEraEn v i phase
' nPr%Bsﬁre@ @ RRFefore vady Heb W& A CamoRsRAY ahd Y00 PRE ef higher.

The reaction, for exanple, can be conducted in a batch

system vvhere the 30 high nolecular weight olefinis

d | ' f hdi Gy
R R e

ol @hivérsioanf e aditedadtittantihighentleyularoweigbndléfivutausipglynger. The
the reactor. Alternatively, the reactanpts my, be
c gRktieRdImes syifable between orie'and 24 hours, with preferred reaction times

between 2 and 10 hours.

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 6lefm and acidic reactant in the presence of a free-radical producing
material. The reaction, for example, can be conducted in a batch system where the
high molecular weight olefin is added all initially to a mixture of acidic reactant,
initiator and solvent or the high molecular weight olefin can be added intermittently

or continuously to the reactor. Alternatively, the reactants may be combined in other
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29 orders; for exanple, acidic reactant and initiator
may be added to high nolecular weight olefin in the
reactor. In another nanner, the conponents in the
reaction mxture can be added continuously to a
stirred reactor with continuous renoval of a portion

roduct, to.a recovery .train or.to,other.
et B Rige: i [REGHCant pRler i b Apd 16 biab motecula
I eagidhoMe R e ré‘a@foﬁ‘ |18 GneMbr thinRr,ABE EdinPin@At8 $1the reaction
nmol ecul ar MEIght olefin is added

wherein the hi
| ne:tETe opn be addgf:é coptroysly toa glinebieagtpewik centinupesremayel of a
g’”‘ftl;!a‘g oi" H}e:g)lrcﬂ#.lg{) togrrg%o%%ﬁﬁtgz%uq %UOEEH%G&YO% it sl»eﬁgs ] E‘/@t another

fron ca

-5 t Ubnahear; dhy pRcti@ahpbe wdme@oﬁthﬁ acbawnrpngmss whtirpghd dibhat

ints, along.the tube.

one or nore 10 C(r)-lyrraer

i i 12of W%h@e@gb@aﬁwmdde% wially e therrgagdrapnd %ﬂ?ril ﬁlf acilic reactant
ob

° O%n%iotglﬁgn i?é’toﬁarg Q@dyd%gi@% ﬁ%% Eﬁéﬁffﬁs ?%LS: re(a@l%ﬂ %?Filéo%nably take

nopizfy me tnudaetype repatoaivhizedhe eacpdnentsiare added pra@senc®re points

of ,cop i) or copolyner (ii) or both; or b b
15d8%ﬁ’§)é'tr‘$%g(c2)pol ymsf (?/,) or(coi)ol ymer (ii) orybgt%

ijgwth the non-free radical catalyzed reaction product

]
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of conpound (i)(a) and conpound (i)(b) or (i)(c).
Pr@pmmﬁ@l_)of Copol yrrer (| ii) A process for t he

%c‘a@%ﬁb%ﬁl o COE@ o 536 tI (Q}) is oi%as C(E fl 8%&1%&' obtained by -
6 6@ 1528265 cotfipouid (ly(ahaznﬁ |cme&§JrﬁF@@l5)&ir Qid chih 4 ﬂérﬁfre@ Eflical
inits entlrety In DFOCGSS ste ove,
unfaa e destion ihthe gegsencs|d yomqiyn%@)é)rwpn@iéméa (lﬁloéPPWs or by (b)

i BB et 9 S8 0 BEG FRERAL e
norzecambnedict of @empbuad (@) ard dongroand (i)Y oA} €28

di carboxylic acid or an anhydride or ester thereof,
under free radical conditions, are reacted with

NORQBLINL8 R EBbdmbnGgAt ur at ed C3- C28 nonocar boxyl i c
acid gor gst};r )t)h’gnrgeof@ or C4-C28 dicarboxylic acid or

anAamvy:m fodtheqrepasttion of hepadpher (iinde deschibedydidr example, in Harrison,
Q%i,t b%ﬂ %htent I\efo.’G,é?St 1,920, which is herein incorporated by reference in its

entirety.

In process step (a) above, any unreacted olefin, generally the more hindered olefins,
i.¢., the beta-vinylidene, that do not react readily with the monoethylenically
unsaturated C3-C,5 monocarboxylic acid or ester thereof, or C4-Csys dicarboxylic acid
or an anhiydride or ester thereof, under free radical conditions, are reacted with
~monoethylenically unsaturated C3-Cag monocarboxylic acid or ester thereof, or Cs-Cag
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at
temperatures of frdm about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place
1 the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent

No. 6,156,850.
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tenperatures of from about 180C to about 280C. These
conditions are simlar to 30 those used for preparing
thermal process PIBSA. Optionally, this reaction takes
place in the presence of a strong acid, such as
sulfonic acid. See for exanple U S. Patent No.

6, 156, 850. 30 Optionally, a solvent may be used to

di ssol ve the reactants. The reaction solvent nust be

one WL, SEdT 6l ¥R ekl foltBssaRiedhCreh@tans. AMhe rédttioh B6lvent must
nmol ecul ar wei ght olefin. It is necessary to

d i Besenoyhich dissalvet hoth Sgecilin reagiantispd thetugemaleanlaperight olefin.
|
?hfgfxés A u{bmgﬁt oldf sé!rx{g El}e;hg @gﬁé%ﬂg@g e}%d 1 néﬁ lﬂﬁfeﬁﬂ&x"@&gﬁé olkfh so as to

f Obuivel ﬂhh:atmﬁ)liﬁtuﬁﬂie\ceﬁtbctrm slic wldionpelyoneizationveactiont héas been
re%rl a}t copol yners are soluble,  Suitable so]vents

af thegplyeatmut alse besne it whishithe 1eyuiiaptenpslymrers are soluble.

havi ng from about 6 to about 20 carbon atons; ketones
havi ng from about 3 to about 5 carbon atons; 10 and
l i S}mitablemiumﬁtindu& iiqjiiésaturatﬁdmIaugmnhﬂgdrohmonmlwvﬁngﬁom about

h t t t. 5
mod lthout 2532831 xnihy eiosts Bt0E HHR ApoliD i b5uE Fasbop atoms;
at AiquikESatie8 GHpIRatic BiYhal ddeflstbd hydr@cﬂs&ﬁthalringlﬂdi‘n HRARN to

.the conditions of pol¥ner|zat|on In

IS'irgi

20

25

30

di #ebby eﬁho@@ﬁowdlﬁnm doulesprefenabli ﬁlomgeéangt hioeabout 3 carbon atoms

ol fetols. B RO SheS TR R oo B B prBlior L PRl Bion o

t heht dﬂﬁldg&naﬁ%hﬁﬂrﬁ@%dﬁ% the aalagmﬁlaee preegitanbn adidedhit ghrbon
nol ecul ar melght olefin in addition to the resultin

copemgiet shalopge” isapeantl+ Ghand Bsr Thonment of eplrgngmust be  Such that
. i |
E?%P%‘n é)l\?@h% Big !y :{)cllteﬂ)t 'Bir?c% }\}\%H'rﬁc?%)'ai Qg gﬁ{ ih'irt a@iflon to the

e ra
Suiekuibhgw(gmllwmﬂ: ST hen@llmﬂeratlb ®f k(&?lt/emecshigh\molg:uﬂar@m1ght olefin is

about, 3.to ab ut 6, carpon, ato 20 and the, saturated
o THALY bevess Ayando ﬁaﬁlsmﬁ rﬁb*}’%ea*fﬁﬂaagm aaf{%’
about 5, nore preferably fromabout 1 to about 3,

carbon atons. Exanples of suitable solvents include,
buSuitable sobtentsiimiledeothe betofies hewingrfeam abut B tagbow Geathos;atoms

oty el il e b A aBapetsto g more

aspreREMEEm HYLENS, abdid3, @it Rfms.

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

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

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane;
1,1-dichlorocthane; 1,2-dichlorocthane; 1,3-dibromopropane;

1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
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3. saturated di hal ogenated hydrocarbons, such as:
di chl or onet hane; 30 di br ononet hane;
1- brono- 2- chl of oet hane; 1, 1-di br onoet hane;
1, 1-di chl or oet hane; 1, 2-di chl or oet hane;
1, 3-di bronopropane; 1, 2-di br onopr opane;
1,2-dib - 2- met hyl pr.q - 1,2-dichloro ne
1, 1- di cﬁ?ﬁ%ﬁ?rewﬁéﬂg 1; ggﬁﬁ@mm?woghwf b iErSsropane; 1.2-
1- br ombaighieRiLALMB! PR ombpditatd; GH P5QRMIGHBentane; or
1, 5-di bronopent ane;” and 1, E di chl or opent ane; or 4.
n1xtures of the above, such as:
bepnzenenet hyl e | ket one, 5, The co
chvent D LY AN o B T sleBtr cact ed
acidic reactant by conventional procedures such as
phase separation, solvent distillation, precipitation,
anﬂhq wwolyinkes is ganvgeisntlweppatsitesiensisalycaigad aay anraeed acidic
nt
porcey el AnYTbiohE MR bUP R fHiGe HRRGOA Lol i ason,
bepzémpﬁﬂidnyarﬁdhkeﬂkd of destrpd)| dispersingaehnnid/or fo-06lvéits nay be used
is.generally_ prepared by a nunber of well-known
@Eé@é@%“ﬁﬁ%ﬂhdlng the nethod disclosed within. For
exanple there is a well-known thernal process (see,

e.g., US Patent No. 3,361,673), an equal

weTte krgisobuidnyt kheginio amh}xdndp (RiBé?s’e) Yhiek may. l:g: direttlysadded to

t f th
e rPBlim Renstanb s o GO v eactelempued by Qiputeberof wiil-HRgy
3 ﬁ%gesZ&‘E%elu&ﬁé%ﬁéﬁhhﬂ‘md%ﬁsﬁfé@&i FfthEh. Pé %Stl{ei’@ﬁawell known
S. Patent Nos. 3,819, 660 and 6, 156, 850), and

f rtéermai @mccwd(sﬁ, odediSsPtsuidVo.8.31,670).9n CFI’mlthelkﬂSBOWﬂ
9 5,319, 03
or O BRR PR ROHAr & acric AERNE LD orh Dl for e

- Nogern?f) add aﬂlarlﬁﬁﬁ)rﬂﬁdcéﬁs&f{g@eo@ 2), U.8sPangit Noas, o gb4), catalytic
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succinic ratio products, adducts_ hayvi

aI Renglacidarpeesers s ¢t bkt Rated dest %&1%6%%6 1 36a830), and free

PO RES RSN S o o

S uethpusitionn nctlidedms-talone nmanmesc pdasttooget, tlze rUrSl Patent Nos.
I f hj gh e .
a 3381 9,%g6mand 3%381,022), as well as high succinic ratio products, adducts having
alkenyl-derived substituents adducted with at least 1.3 succinic groups per alkenyl-

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

Polyalkylene succinic anhydrides also can be produced thermally also from high
methylvinylidene polybutene as disclosed in U.S. Patent No. 4,152,499. This process
is further discussed in U.S. Patent No. 5,241,003 for the case where the succinic ratio
is less than 1.3 and in EP 0 355 895 for the case where the succinic ratio is greater
than 1.3. European Applications EP 0 602 863 and EP 0 587 381, and U.S. Patent No.
5,523,417 disclose a procedure for washing out the polymaleic anhydride resin from
polyalkylene succinic anhydride prepared from high methylvinylidene polybutene. A
polyalkylene succinic anhydride with a succinic ratio of 1.0 is disclosed. One

advantage of polyalkylene succinic anhydride from high methylvinylidene polybutene
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di scussed in U S. Patent No. 5,241,003 for the case
where the succinic ratio is less than 1.3 and in EP O
355 895 for the case where the succinic ratio is
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di 138dhes & prefitqRiyiRerleQlerNE® RitRARHE erbhie Wit MIRAIRE Gverage (M,)
anhydride resin from 30 pol yal kyl ene” succinic

ariRybr fapge f bpraebeautt k58mtm Pt A3 Flov pnlybmge@sgan especially
0 Rl SR TLIE G LB DKL o e

padlsceteioheethat thieGatdinienidednitit heee 4 sainid Gfio of at lgast 1.3, That is,
it can be

rretéh | vi qél i dene pol ybutene 32 is that ]

pr E}érsg‘&“ e ahlepst |13 Sucpigle grpupses eawaalen) weightafpelyalgsne-
4, 23 : I Jkeng- '

SubTd e Absib Ao Mt SHACEET, B AR fom 1510
rahpe of from about 1500 to about 3200. For

pol ybut enes, an especially preferred nunber average

(M) range is fromabout 1700 to about 2400. This

P @B subtaBlk 3 kehPPURERIC MY AL RS ifGSes Thdtk destrbEd in D&Y Patent No.
a succinic ratio of at least 1.3. That is, there

s HeRA%O30e Tapical adicmyl ued sw thei preparagionugps ethglene qud V-dutent
mq%g@&g%% pol yal kene- derived substituent group. Most

pre fy, the succinic ratio should be from1l.5 to

2.5. 10 O her suitable al kenyl succinic anhydrides

inc|ludes those described in U S. Patent No.

6 | kenyl used in the preparation are

er
et - I

C e BaLaghept e e BRADRR. e ¢orlippdul fither be reacted
| rwitndn ether cohmpoanp edpablerof fiminguwbRaccibignide polups Suwgblh ether
an et her. co und capab).e.of Iinking two succinimde
ngBH’EQ‘.mC@dP‘EIE‘%b E’“E?Tﬁé‘Pt ligged v isdoligwingde, but are not
limted to, the follow ng: 20 Pol yet her Pol yam nes

Exanpl es of suitabl e pol yetheram nes include conmpounds

“having the following structure:

Polyether Polyamines
Examples of suitable polyetheramines include compounds having the following

structure:

R1a Ra4 R14
I Ho I Hy Hp
HyN——C——C—0——G——C——0——C——C——NH,
H \ H / H
n

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

polyamines suitable for use in the present invention will contain at least about one
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R4 R4 R4 | 21 H2 21 HZNCGCO0-CGC OC G NH2
25 n wherein Rl4 is independently hydrogen or a
hydr ocar byl group having fromabout 1 to about 4
carbons, and n is the degree of polynerization.
General ly the polyether - pol yam nes suitable for use

in.dhe present.,inventi o il ai n at .|l east. abgut
ortd 3578, FERRlY FOmeapls fpwouf PR Fioke RrefesBRt3 Ty hout 1010
10000, endEanahaRiprefbfaBly @ha Wbot(d 5tt6 abaR @YtettR® unitd)d

even nore preferably from about 15 to about 25 ether
units. The pol yet her pol yam nes can be based on

pohyITRE S sder | . | A .

DO RATEE BRI GO SRR BN Gycogporides
Exacpheshgtnpotiyetphesylerpalxide, amd maglens oxidel Ekaupdearoftpolyether
JeffanLne(r)agran and_are conmercially avail aple from

| UtPStHrRACSESY A andahy fdtamive® hrand ged afe, copunggialipapifable from

-examml.es, @&g%%&&ihﬂ%c%teﬁ%i )éﬁ;h?t%ﬁ,amxaés i ncl ude

pol yoxyt et r anmet hyl ene pol yrus me conpounds havi ng
the followi ng structure: (CH2)a O (CH2)3 NH2

H2C) 3, O 470.Y1n wherein.n, i s,the degree, of
O e DRI 8 S PO S R R B HERTGHITIF
150PRkyvet Behp NI BavDRS theabllyeme kiHhdthRr - nore, the
copol ynmer reactant nmay be reacted with a pol yet her
am no al cohol or amno thiol. 20 Pol yet her Am no
Al cohol Typically, am no,al cohgls may be formed when
t he al cohol endéaéoups f a compound are not
conpl et el y Hednleb s ea o (ol ne S JaufGhy 1aci(ConsTNdauch

‘as reductive amnation.\Also, /ge may initiate a

pol ymer chain (i.e. grow propyl ene or ethyl ene

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

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

or aming thiol,

FPolyether Amino Alcohol

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

wiih alcohol termini.

Examples of suitable polyetherarhino alcohols include compounds having the

following structure:
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oxide) froman am no group and therefore have an am no
on one end of the polyner 25 chain (i.e. initiator)
and an al cohol term nus, or an amne internally in the
nol ecule w th alcohol termni. Exanples of suitable
pol yet heram no al cohol s i ncl ude conpounds havi ng the
foIIovmngstruct 30 34 5 Rl R15IH2IH2H2I
H2N--H C O C-C {‘@-C— n &reif R35 is
I ndependently a hydrgagef ydr agay byl ngpup,l havi ng
about 1 toHBN-aboQt—4C b)oﬁs—c—aﬁd: tG—the—de af—e—eoeif
am

pol ymeri zati on. Eener al Yy, tﬁb pol yet her
al cohol's, suitable for e in the present invention
w |l contain at |east about one €ther unit,

preferably fromabout 5 to about 100, nore preferably
fromabout 10 to about 50, and even nore preferably
fromabout 15 to about 25 ether units. 10 O her

exanpl es of suitable polyetheram no al cohols include
poviosiptiat tsanddrendantly aniydoogeh oo hpdrocohyparous hhewgabout 1 to

0 erb) i Ehnat! & YohEfEiner i i ehlon eel theolyelier

POyt Elcandls,nitalhle foraisB e thé'ﬁrék@nt-rh{réﬂtlomﬂﬁbﬂﬁmoit least about one
sui tabl e pol yet heram no thi ol s include conpounds

havmgmﬂhz@efemhlbﬁcpﬁgaboyt # trcahout 10Q onoma BrefrsbIRTEm pbaye 10 to
'Jﬂ%u:!—?@ bind even more preferably from about 15 to about 25 ether units.

Other examples of suitable polyetheramino alcohols include

polyoxyteiramethyleneamino alcohol compounds having the following structure:

H2N~(HZC)3-——O—€(CH2)4*O>7(CH2)4—O—(CH2)4—-OH
n-1

wherein n is the degree of pol)}merization.

FPolyether Amino Thiol
Examples of suitable polyetheramino thiols include compounds having the following

stracture;

=
By
>
o
o
/_—O\
TO—
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HZNC-C O CC O G CSH 35 wherein R16 is independently
a hydrogen or hydrocarbyl group, having from about I
to about 4 carbons and n is the degree of

pol yneri zation. O her exanples of suitable

pol yet heram no thiols include 5

ol yoxyt.etranmet hyl eneam no thi ol havi the follown
SCPURE frgs s weiﬁglqz@@) J@(@%f&‘%ﬂeeﬂ!ﬁ)ﬂzgr@% %ﬂg}lg\ffgﬁgabout 1
N-4& 2101 4 @fibdrl3 alld hs RUcERE bes?lgfneﬁ%mr i zation. 10

General ly, the polyetheram no iols suitable for use
in the present invention will contain at |east about

ong.et her uynit nef er.a f rom about to about 100,
mor 2% B oty RaE RO BB e 50, “and even
mog &y el tehdiWenehig Moahidl havibs the folddyaiup shcteicher

units. 15 Ether Polyam nes Ether D arnines In yet
anot her - enbodi nent of the present invention, the

copol ynmer may be reacte wi th et her diam nes.

Sui tabl e di am nes are rfeacted th the copol yner, such
as 20 HyN—{HyC)3——0~1=(CHp)4 O——(CHy)s—O~——(CH,),~SH
decyl oxypropyl -1, 3-di arj nopr opapne, i sodecyl oxypropyl -1,
3- di ami nopr opane, n-1

i sododecyl oxypropyl - 1, 3- di am nopr opane,

dodecyl / t et radecyl oxypropyl - 1, 3-di am nopr opane,

i SQL.L . = nopr opane,
tZ?%3%%§§¥gﬁ?%@§%$¥??%?§?%ﬁ?%%propane. 25 Et her
Tr'iarnines In yet another enbodi nent of the present

i nyenti.on,, th opol. r. ) eact e w th ether. ,
{ PSS BD el gniD M atiuate o B Fithe Pl Shyeffion win
- 3Qcontain 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

abowt 25 ether units.

Ether Polvamines

Fiher Digmines

In yei another embodiment of the present invention, the copolymer may be reacted
wiih 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.
Lither Triamines

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

with ether triamines. Suitable triamines include the following:
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36 5 (i) N2 NH2 (R x OR 0:. y NH2 10 Werein
R is Cl-C6; wherein x+y+z = 1-85. (ii) 15 NH2 CH O
y HNtNH2 O-~YZ CH3 CH3 H3C 37 wherein x+y+z =
approx. 5-6; Triamines of this type nmay be purchased
from Hunt sman Petrochem cal Corporation, Wodl ands,
Texas. 5 Pol yet her Pol yol

5

®

NH,

R / S |

o R/
] o.:-
Y
NH>

10 Wherein R’ is C;-Cg;
- wherein Xtytz = 1-85.

(ii)
15
NH;
CHs
o y
HZN NH2
0"/ x o/\]ﬁ/z

CHs CHg
HsC '




In yet another enbodi nent of the present invention,
the copol ynmer may be reacted w th-a polyether
contai ning at |east two hydroxyl end groups to form an
ester. The polyether polyols have the foll ow ng
structure: 10 RI7 RI7 R17 | H2 1| H2 2 HOCGC O CC
rein RL7 is independently a
gr%&ég}ﬁ? g%xa\rg{)hﬁl group, having fromabout 1 15
to about 4 car bons and n is the degree of
meri zati on. Q her, exanpl es, of _sui tabl e pal yet her
poI gpges ﬁi i 12y % prishascdd iy Hé‘HEHE‘BIP%PChemICHI Corporation,
com%as B_uegh as those referred to as Terathane(r)
whi ch may 'be purchased from DuPont Corporation,

5WI mngton, Delaware, having the follow ng structure:

4 (CH2)4-0 (CH2)4-OH n-1 wherein nis
th‘g‘g}c}%’% ‘g))laf‘?lopol ymeri zation. 25 Suitabl e pol yether

polnyjﬂzlt SndtA&d éﬁ%dnﬁéﬁt o R &denl i‘n%ﬂtft‘ﬁ the copblPmer may be reacted

fol [owi n pol yoxyet hyl ene gl ycol ,

AT - endcigingst ueasmomm ghcbgroupy tpdoim amerter. The
ror S PAATER BRI S ol oved pol get her

topolyol 5 wll generally range from about 150 to about

15

20

25

5000, preferably fromabout 500 to about 2000.
General ly, the polyether conpounds suitable for use in
the present invegntion wigl ﬁont aiyn at | east e et her
unit preferabl y)¥rom abbut 5}t abqut 100, norg?’
preferably I H, I H, H,
HO—C——~C 0 C c ) Cc C OH
H H / H

n

wherein R;5 is independently a hydrogen or hydrocarbyl group, having from about 1

to about 4 carbons, and n is the degree of polymerization.
Other examples of suitable polyether polyols include polyoxytetraxneﬂ}y]ene polyol

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

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

HO-(H20)4“—“0‘<(CH2)4'0>*(CH2)4’”
n-1

wherein n is the degree of polymerization.

Suitable polyether polyols include, but are not limited to, the following:
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10

10 from about 10 to about 50, and even nore preferred
fromabout 15 to about 25 ether units. Cenerally, the
pol yet her conpounds suitable for use in the present
invention may be derived fromonly one ether type or
a mxture of ether types, such as 15

pol y( oxy e co- oxypr opyl ene
of?‘})é{ﬁf%?&éf[%" bPB’aoxmra eng %l%i&g zsﬁm PEYEWQXCH and
c ﬁp&z ptly enployed ether conpounds

are capable eacting with at |east two carboxylic
acid groups or anhydride derivatives thereof. 20

Geﬂ%r e et e RriTEE < 2Rt o e RERCHR byl fiet byl
Xleée%{all? thdbh St 190t/ SBINE BOMIR pyedérably FonehhRR 500 to
dlamnes- orma m xture of |mdes am des and

estbent2000C) Aromatic Compound 25 In addition to the

et her conmpound (i.e. polyether polyam ne, polyether

pol yam ne derivative, polyether polyol, ether

di B@icres;, ﬁf&gm%tdﬂﬁe& cbllhbam'dﬁeintaiﬂ@ﬁﬁ,usé hethe pmér)mmentlbls will

al so reacted with at | east on mat i c

c diFabRaldeast eng ethergmil Rralcrably agita oBha 04 %Sggfq%c more preferably
C%ﬂ%ﬂ@n%%‘%&t g LRP&kh %r Lerfer?éd #&RSboRNS to about 25 ether
nonocar boxyl 1 c aci est er ereof, or dicarboxylic
aairdts. anhydri de or est er thereof. 30 Preferabl y, the
aromati c conpound is selected fromthe foll ow ng group

. of aromatic conpounds consisting of: 39 (a) an

15

20

25

30

N@&%‘r:ﬁ%ﬂﬁélfoﬁ%@l& bR 0151% rsﬁﬁe?d]& e WY irf the piRéntih@ntibi thay be
R18 HN R19 5 'R18 is Haryl, -NHal karyl, or a

br@wh@ &rooromdy pag ether ypapna hymrﬂﬁreﬁ}qr typeadielads havi ng

aI Y(a OXVe ﬁylg'net go-%;%?p%py%ene? %{a?x%He. h%rrrglx&% &F étﬁg Jngtg %ay be
block, random, or alternating copolymers. The presently employed ether compounds
are capable of reacting with at least two carboxylic acid groups or anhydride

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

1o form a mixture of imides, amides and esters.

(C) Aromatic Compound

In addition to the ether compound (i.e. polyether polyamine, polyether polyamine

derivative, polyether polyol, ether dimaines and ether triamine) above, the copolymer
- is also reacted with at least one aromatic compound capable of reacting with at least

one aromatic compound capable of reacting with at least one monocarboxylic acid or

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

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

compounds consisting of:
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"~ 4- phenyl enedi ani ne.

10

15

al kenyl , al koxyl, aral kyl or alkaryl; R(2)i9 is --NH2,
--(NH(CH2) ") mMNH2, -- NHal kyl, --NHaral kyl, --CH2
--aryl--NH2, in which n and meach have a value from
about 1 to about 10; and R2o is hydrogen, alkyl,

al kenyl , al koxyl, aral kyl, 10 or al karyl, having from
about 4 to about 24 carbon atons. Particularly
preferred N-aryl phenyl enedi am nes are N

phiahy| pheNyardphehyisticdiamitd\NRpisinted by theXaitplle:,

N- phenyl - 1, 4- phenyl enedi am ne,

N-phenyl -1, 3- phenyl enedi am ne, and N 15
phenyl -1, 2- phenyl enegi-aripe and N-napht

al so be incl ugige

represented by the foFrFa: 1
whi ch R21 and R22 each i ndependently représent
hydrogen or an al kyl or al kenyl radi cal Raving from

about t bo . .
am no- |1Er{1 gsz%l [ ﬁ%{ﬁé{}’r g‘gﬁ@@ gg)yr/ant(:ﬁged %}rﬁ{ﬁhgghanbhwcarbyl
HN R23 dicalthakingrfrosh abdut R&B abSuﬂBﬂd:raﬂgﬁl’atcﬁﬁs sadecdddkfydbm alkyl,

radi cal  havj from |to_about /14 _carbon atons;

and 41 aikenyl aﬂmxyl ?ky or alkaryl; R(2)¢ is --NH,, --(NH(CH2) 3)mNH,, -~
NHalkyl, --NHaralkyl, --CH, --aryl--NH,, in which n and m each have a value
{rom 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,
N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl~1,2-phenylenedi'amine and N-naphthyl-1, 4-phenylenediamine. Other
derivatives of NPPDA may also be included, such as N—propyl-N’

-phenylphenylenediamine.
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(d) - an am nonercaptotriazol e represented by the
formula: NNH2 SHN NH 5 (e) an am noperim di ne
represented by the formula: NH2 N) NH R24 10 in

whi ch R24 represents hydrogen or an al kyl radica
having from about 1 to about 14 carbon atons; (f) an
aryl oxyphenyl eneam ne represented the formula: R27
Rt(é) 15 apgRocariRzlsireesented;by the formgyds vy - NHal kar yl |

or branched or straight chain radical having from
about 4 to about 24 carbon atons that can be al kyl,

al kenyl , al koxyl—ara | or al kayA=<R26 is. --NH,
--(NH(CH2) ") m NHZ, - - NHal\kyl , alkwH, in

whi ch n and m egd¢gh have a:Nz 1 to about
10; and R27 is 4%Ikoxyl, ,
aral kyl , or al kaxyT1, ¥4 0 about 24
carbon atons; RE A\pa 8 ‘ Ryo

aryl oxyphenyl eneamne is 4-

phepdxyani line; (g) an

aromatic am ne conprising twd¥aromatic groups, |inked
by a group, L, represented by the follow ng fornula:
H .

(©)

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

alkenyl radical having from about 1 to about 14 carbon atoms,
an amino-indazolinone represented by the formula:

0 --""‘--..

\ 2
AR,

in which Rys is hydrogen or an atkyl radical having from about 1 to about 14

carbon atoms; and
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Rao\--Y3 R3z ~R34 R31 - \ 10 Y~ Y2 2 4 33 wherein L
is selected from-0-, -N=N, -NH, -CH2ZNH, -C(O NR28-,
- C(0)O, -SM2-, -SM2ZNR29- or -SO2NH, wherein R28
and' R29 independently represent a hydrogen, an al kyl,
an alkenyl or an al koxy 15 group having from about |

bou Y2, Y3 and
z%n agré%gngrca tﬁﬁ?a%gre rg\%gg %’Fegv 3ﬁpfo ’ulat Yj and Y2

nay not both be N; 20 R30 and Rai independently
represent a hydrogen, alkyl, aryl, alkaryl aral kyl ,
al koxy, hydroxyal kyl, am noalfky hKE -SBH, -
SBNa, CO2H or salt thereof “NR4LRA2 wherein R4i and
R42 are |ndependentI¥Hh gen, yl, aryl,
aryl al kyl , or al karyl ;" 25 2 and 3 independently

represent a hydrogen, an al | kenyl or an

al koxy group having from abo t/L/fﬁ about 8 carbon
atons, -OH, - SO3H or -SOB8Na;N43 R34 represents NH2,
-NHR35, wherein R35 is an al Kyl or an al kenyl group
havi ng from about 1 to about 8 carbon atons,
-CH2-(CH2)" - NH2 or -CH2-aryl-NH2 and nis fromO to
about 10; 5 (h) an am nothi azole selected fromthe
group consisting of am nothi azol e,
anjepobenzatiRbpephidine asprognadagtthe fdimakol e and

am noal kyl thi azole; (i) an am noi ndol e represented by
the formula: 10 R36 H2N
\ NH,

N

IS

Ra2a

F

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

about 14 carbon atoms;

() an aryloxyphenyleneamine represented by the formula:

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

alkoxyl, aralkyl or alkaryl; Rog is --NHa, --(NH(CHz)s)m NHy, --NHalkyl, or -
' : 42




wherein R36 represents a hydrogen, an al kyl or an
al kenyl group having fromabout 1 to about 14 carbon
atons; ‘15 (j) an am nopyrrole represented by the
formula: R36--,u \jJR37-NH2 N H 20 wherein R37
represents a dival ent al kyl ene group having about 2to

about rhon .at ong and R38 rese

iyl oNEERRISE iR et ARG Srein Lo abov 1iig abor 10; and
about 14, qghﬁﬂ@ge%t R, alﬁ(gﬂyl Salkb:0, SMRPIL bt d1kAgh, ﬁ{wmg from about
unsubstltut ed aniline, such as nitroaniline or 4-

ami noacétmationt egarkon Z(t‘ll)ls,an ami noqui nol i ne; () an

am nobenzi m dazole; (n) a N,

N- di al kyl phenyl enedi am ne; (0) a benzylam ne; and 5

5(p) a bamgaticukkiyphstrredliigloggpiayResanias &y 4-peshormvine; n

10

15

20

25

(g) - (o) are substantially described, for exanple,
in Published U'S. Patent Application No.

i ﬁ%@%g%?ﬁ?%%%jw (fngéencg%‘% fgor%tééﬂ%g éhglésfnﬁ; f%‘gup T

am neemesepted hgshettiowmgiforaulal one or in conbi nati on
with each other. O her aromatic am nes can include
such am nes as am nodi phenyl am ne. These additi onal
am nes can be i nckyjded Ya variety of eo/n@l:iazls In
one enbodi nent, the ef errad aromati ¢/ am neconpound

is either N- aryl phedyl enedi

henoxy ar-+Rg,.

More preferred, the/a1’~onat| am ne T
Rsi”  Yi—Y; Ys Ras

wherein L is selected from ~O-, -N=N-, -NH-, -CH,NH, -C(O)NRs-, -
C(0)0-, -S04, -SO;NR39- or —SO;NH-, wherein Rag and Rog
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

group having from about 1 to about 8 carbon atoms;

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

Ri and R3; independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SOsH, -
S0;Na, CO,H or salt thereof, -NR4;R4) wherein R4y and Ry, are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R, and R3: independently represent a hydrogen, an alkyl, an alkenyl or

an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -

SO;H or -SO3Na;
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conmpound i s N aryl phenyl enedi am ne. Particularly
preferred N aryl phenyl enedi am nes are the

N- phenyl phenyl enedi am nes, such as for exanple, N

phenyl - 1, 4- phenyl enedi am ne,

N- phenyl -1, 3- phenylenedianine and N—phenyl 1,2- 20
phenylenedla referred
aromatic co Eli‘) fARFe; esents ?ﬂ 6%3?1@8{/ azy lgﬁ f“ﬁX{e‘?f an alkenyl

4- phenyl az Oan'duﬁ eaawhlg Mnamonopltteﬁbdu) 8 ambﬂ%&s -CH,-(CHap), —
4-benzoyl am ne- 2, 5- di met hoxyani |l i ne, 4- henox

aniline, or BPhaior rERefarAeNHomdypistem Btto R}E{R‘l’f h@y t he

Lubricating G| Additive Conposition The |ubricating

oi | additive conposition is prepared by a process

conpri s{lng chxaargim@miaztol‘eeseteemdtfmm tleqponpycmesistivg of amiabthiazole,
| east one of cop I

doscr i bed _nEREPRTORisZoks hoPabeR R Rl %ﬂd?ﬂwa?al%ﬂthlazole
ni trogen purge, and heating at a tenperature of 30

from about 80C to about 170C. Optionally, diluent oi

may be charged optionally under a nitrogen purge in

h di | d
v e R s A L SR

10 diluted copolymer is up to about 80 weight 45 nore

preferred from about
preferred from about

0 to about 60 weight % and nost
9 to about 50 weight % Both an

aromati ¢ conpound and 2 pol yam ne,

pol yet her am ne, pol yet[h ' dert vati ve and/ or

pol yet her pol yol Hge ighally under a
nitrogen purge, to th is’mxture is heated

~under a 5 nitrogen purge~te teng@érature in range

15

20

is applied to the m xture for abgut 0.5 to about 2.0
hours to renove excess water. The |ubricating oi

addi tive conposition can also be nade using a process
conprising 1 I Itaneously char |ng | the .
reactants (r¥ @FH‘:#%E%WW& sergEetah f)lﬁ‘yl&raleﬂlﬁew g having
aronati ¢ ConpemnBoueng B8t B hesorcagReund whi ch

consi sts of at |east one of a polyether polyan ne,

pol yet her amino al cohol, polyetheranino thiol, ether

from about 130C to about 200C. ;:tlonally, a vacuum

pol yam Gf an aminopyrrole represented by the formula:

R3a\\®( Rs7—NH;
|

H

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

k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide;
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and pol yether polyol) at the desired ratios into the

reactor. One or nore of the reactants can be charged
at an elevated tenperature to facilitate m xi ng and

reaction. 15 A static m xer can be used to facilitate
m xi ng of the reactants as they are being charged to
the reagtor. The, reactfon is carried out for about 0.5
to about! 2 hHtFEIGAUIRONIRGS her at ure from about 130C to

about 20QC. &PihRBBdzYmMla¥sleuum i s applied to the
reaction mxture during the reaction period. 20

Pref erati)y, 2MNeNedinikylpbenyeonegdianhaeani ne,
pol yet heram n | vative and/ or pol yet herpol yol to
~ nonoet h@eni%gﬂ amesEal u?at ed C3-C28 nonocar boxylic
5acid or(p)est gber2i] AldoKe?8 di carboxylic acid, anhydride
or ester is 0.45to 0.05; nore preferred, the ratio
is O. 40 to 0.1; even nore preferred, the ratio is 0.35
tng % &{:ﬁf) e{b%q'? in f1g2 (B?&ﬂeguﬁs?an(?iaﬁy?’des%ﬁbed for example,
Pr ef er abt e ra 10 0 aromat 1 ¢ conpound
nnhﬂeiﬂmyh&i"m SaPhtgntuigsicatiad Nd. UE3)06282 58d Apthe dtso}wdme@f which is
d or, ester therefo or C4-C28 dicarboxylic acid,
*ﬁifﬁ’l“iiﬂ‘"é)%?rat%?@’é? e[C® 95 to 0.10: nore preferred,
pgthe ratio is 0.40 to 0.20; even nore preferred, the
ratlo is 0.35 to 0.25; nost preferred, the ratio is
0. ‘BB algWeidesaibed embrciomegmunds cants used slon¢ onin Oph@matlon with

non i cal tal yzed reactian roduc '
bt FeEonine Bmoamt Ll oy BERRH s fhinggphsmiamine

I STﬁ&etaa&h@Qal\mﬁlﬁbseﬂah I8 inchcaaBOd Virkity éf neadhs.copol ymer

(ii) or both, may be contacted in the presence of

conponent (C) (|.e. the aromati c conpound) prior to

addi t.i on

c o %}?neal}bo% ,Otf‘?a @ge? e&g&t&)gﬁlbng cgﬁ%@u%ﬂ%ﬁher N

| U%Iﬁl@hﬂd@ﬂ:d‘iﬁdﬂnadﬂpﬁdn‘ﬁﬁy&ﬁmﬁmMdre prefetesic thdadmatioumine

IS eneralléaddedtoabase o | t1 ‘i ficient

ocwrumunéaﬁ -arpipheny lengdiagning. é’raﬂé?%kﬂ&‘l&mée FHESMRal
Odheh as for example, N-
Ty B fene BT (9 e A Ao o for examb
phenyi-1,4-phenylenediamine, N—phenyl -1,3-phenylenediamine, and N-phenyl-1,2-

20  phenylenediamine.

In one embodiment, the preferred aromatic compound is 4-(4-nitrophenylazo)aniline,
4-phenylazoanline, N~(4—aminophenyl) acetamide, 4-benzoylamine-2,3-
dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline.

25 |

Method of Making the Lubricating Oil Additive Composition

_ The lubricating oil additive composition is prepared by a process comprising charging
the reactant copolymer (e.g., at least one of copolymers (i), (ii) and (iii) as described
herein) in a reactor, optionally under a nitrogen purge, and heating at a temperature of

30 from about 80°C to about 170°C. Optionally, diluent oil may be charged optionally

. under a nitrogen purge in the same reactor, thereby producing a diluted copolymer

reactant. The amount of diluent oil in the diluted copolymer is up to about 80 weight
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present invention conprises a major anount of an oi

of lubricating viscosity and a 10 m nor anount of the

| ubricating oil additive conposition. The base oi

enpl oyed may be any of a wide variety of oils of

| ubricating viscosity. The base oil of Iubricating
coslt oSl Lhons b
| PRSI thelfRE oy P26 WRRTA B0 ARFenf Yt rBs{ieRiret fipm

Ofai:@ﬁt N}?@&iboﬁt 3 wSigheto. BOth ANdtoMmafOtimpRindtand an bﬂieﬂpblyamine,
20C, preferably at or below QC, is desirable, The base
oi podysibgraBmedealystheraminesiariygiyaand/ar nofyether pelyp! are charged,
r i
n é%fﬁl Mcﬁ,{é 4 &ro’cge*; gufg‘ektg#g€ re%étgg ?ﬂ?%’ﬁ%ﬁul% is nidled BldRr a
n aphog*ﬁeammgeamcﬁ tempenattme irsrahgafromraboor tB(l‘i@rto labom§9d°@ n

lu rLca in oi | Siti
f OrF evadpiis ﬁ&gweé%ﬁwdﬂlxgg%? Pt 05 a0 otis to

sy@&@gééﬁmgpwg@;ers and m xtures thereof having the
desired viscosity. Hydrocarbon synthetic oils nmay

|nclude for exanple, 0|Is prepared fromthe
hao efi.n

o1 TRk 81 s R PRSron Tt AR ROBRIC i e comprising

prma@hﬂegﬁsiy dﬁr@ﬂg@ﬂrtb@&a&aﬂ@ﬁea&aﬁr&pbwﬂfeew r(ug@@s;) the
such as in a Fisher-Tropsch process. Useful nthetic

hyreta @t eamposnisandibe eider qanepavad pdiigheansistsof at ag onc of a

M I S, A e—

Ckd palyetiar pblebl) asthe desiralsafiodideethe rédctoreOne bit e cfahe

_aIkyI benz es of proper viscosity, as di dodecyl .
6 Paraed et @!g‘éef‘feds legpRTAEEILe gaéﬂtt@t@ ik gIERd aoaction.

t %sﬁﬁ& ﬁﬁy?er% bsrggmeragm td i iig ctBR Béag %e?%%’bélﬁg

acids, as we as nono- I‘OX

- Typiugad tiEﬂlamq:dce:sr ”ﬁheeredctdmie cyﬂrleddupﬁir about 0 510 about 2 hours at a

ntaer 0 acapr.oat exyl .
PSP asaticioh dbotCHRC P RO Sosth Shtiopally REROREYS applied to the
estffidn Ii%’ﬁﬁtl%?é &j}nfg A8 Yealliont pérfsyl. of nmono and
di carboxylic acids and nono and di hydroxy al kanol s can

also be used. Blends of mneral oils wth synthetic

o'EJfrgfel%gv ﬂne I }133FP&E§eth4rZ1anen Plyeﬁl%r ?1?%? a& vatlgg%@/gr

I'ned -para ase ot arerined nap eni c

basbretiridolyddito sosyerhiiehicallnutansated 03-F monocarboxyhc acid or
non- hydrocarhon oil_ of |ubricating viscosit

D Rer U4 1 G o bk bs A b Plygre BF Sxgnia S [ N9S; more preferred,
SYR 6L EC0 26 tSo.1; ; even more preferred, the ratio is 0.35 to 0.20; most preferred,

the ratio 15 0.33.

Preferably, the ratio of the aromatic compound to monoethylenically unsaturated
C3.Cyg monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic acid, anhydride or
ester is 0.95 to 0.10; more preferred, the ratio is 0.40 to 0.20; even more preferred, the

ratio is 0.35 to 0.25; most preferred, the ratio is 0.33.

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
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5 Additionally, other additives well known in

| ubricating oil conpositions may be added to the
| ubricating oil additive conposition the present
invention to conplete a finished oil. 10 O her
Addi tives The foll ow ng addi tive conponent s are

sone, of n

£ AgaPnry b PORpLen (1f RESRaRRE bt pongssd B BBsseer of,
wf,ﬁakpcﬁi@mc) 5 theomaitdidnyRingf pridio MheaRMion di\(:%ﬁﬂ)bﬂéht (B)

d which 1S described herein. ese exanpl es of
ac{etrﬂtwvégwawnmmd) ded to illustrate the other
additives that may be included in the 15 |,.tbricating
oi | conposition. However, they are not i ntended to
| i DpHrickiing Oil. Cd&iaioaiuoaet ergents Sul furized or

unsul furized al or al kenyl phenates, al kyl or
al Ksrybrisgtiogetl aédltgfe cPBRaTaan dessribedkaboyp s %ﬁ*?ﬁ’ta@é’ added to a base

oAU ol 0, el il ppion

0 rcr@ﬁﬂee,rgdarshmﬂ:r mmxﬁﬁmaﬂmmallg thiellilrivating pil sonlnpomimedf the

unsul furized al kyl al ken aph at es,
S grrwbﬁwsmwwna %l’%laJ %F‘&Fx%ﬁn aPsm]g‘?fhﬁ lcgrlfzg« |V158?81ty and a
al %%ygmgyﬁttdf% gbn%qg Ogggmtﬁglcoﬁlﬁgmggym cal m xtures

thereof. 2, Anti-Oxidants Anti-oxidants reduce the
tendency of mneral oils to deteriorate in service 25

I..ch deterijoration evi denced by the .or cts.of . .
o ST SRIP Ty 18 48 oh R gtk S p R B vissosit
t hesdmbkabil 98 TdbAeftpaistobly agdiin Gﬁ&ﬂﬁﬁmo@ltﬁbm ﬁﬁij ibk Ynineral oils or
Exanpl es of anti-oxidants useful in the

i rivatielippils. debasgeil hgvimg grascgsity of atdﬁ:EtSIeaStC& atmﬁ)eﬁ@md a pour point

2?’@-’?@»‘&2@ %lréfgpagﬁ?g(t %?éélg{%dt“glp o] etsi?élﬁ%he%y%s?&ls may be derived

I*ene-
4 féﬂm ki-sihiGordiatralrsowieus.y | phenol ), 30

"-bis(2-nmethyl -6-tert.-putyl phenol), .
2 ?%mch@éﬁwfw e Bt e basihy this by B.AHIOB ey i e gmplegparaffinic,

naphthenic and other oils that are ordinarily used in lubricating oil compositions.

Synthetic oils include, for example, both hydrocarbon synthetic oils and synthetic
esters and mixtures thereof having the desired viscosity. Hydrocarbon synthetic oils
may include, for example, oils prepared from the polymerizatibn of ethylene,
polyaiphaolefin or PAO oils, or oils prepared from hydrocarbon synthesis procedures
-using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process.
Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the
proper viscosity. Especially useful are the hydrogenated liquid oligomers of Cg to Ci»
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
and polyols. Typical examples are didodecy] 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.
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4,4" -butylidene-bis(3-nmethyl-6-tert-butyl phenol),
4,4" -isopropylidene-bis(2,6-di-tert-butyl phenol),
2, 2' - net hyl ene- bi s(4- net hyl - 6- nonyl phenol ),

2,2 -isobutylidene-bis(4, 6-di net hyl phenol), 5

2, 2" -5-net hyl ene- bi s(4- net hyl - 6- cycl ohexyl phenol ),
2,6-di-tert-butyl - 4-net hyl phenol
2,6-di-tert-butyl -4-ethyl phenol,

2, Bnd] 1B bR o1 Brah Bk tarBiedl aﬁﬁﬁﬂ%e base oil, a refined naphthenic base
2, 6- dl-tert-l-dlnethylan1no-p-creso

2 L @ 2 sxthetie hysorarban penenyhydrosashen o bplwbrisdting viscosity. The

25 b BENE i SED MY bbbt el pBkERsy .
bIS(3 nethyl 4- hydr oxy-5-tert-10-butyl benzyl)-sul fide,

and__his -di-tert- bUt¥P-4 hydroxybenzy ). .

Di ‘e Rgie ah ﬂhertayéléwéwulé own 11 lkrigitingodl Gomosgiens gy be

ar.g .4 :

o '*gﬂﬁ gf{o t}lé Lﬂg}lﬁ%g%t%] z?fggwr?g%ﬁ‘g)r?gﬁlgg Wﬂr@s‘%ﬁﬁvenﬂon to complete a
alikythetied- al pha- napht hyl ami ne. Ot her types 15 of

oxi dation inhibitors include netal dithiocarbamate

(e.g., zinc dithiocarbamate), and

1%mpt Aydigpgbi s(di but yl di t hi ocarbamate). 3. Anti-War
Agents As their nane inplies, these agents reduce wear

oﬁ Mvﬂ«r@ng@d@tlw componiests aresxamlesofsbms wf theagmpogents that can

ude,..but are.no mted t. hosphat es.and 20
¢ R ORTGRR SpaBY & B s Hiiobiis Bl porRRRiRth uPe Payrrume
anddnrktybde nﬁﬂf@?ﬂta@ﬁ afd whichRy ﬂéschBéH RirkiQl Phese examples of
(Anti - Rust ent a) Nonj oni c pol yoxyet hyl ene surface

c%tﬂwzé'ma@ré m@ideédp Jbsirateribe ether adzlgmeamﬁymambn @acluclfed in the
POl %%éﬁ%ﬁﬁ k&ﬂﬁ%s*&']&ﬁ Blowl &0 F}[%k d g mte;?c?qd%g @éﬁ{/ gyl ene

non pol yoxye ene o] &
ether pol yoxyet hyl ene octyl stearyl et her,
pdl yox;Md:thly]Daetgemkeyl et her, pol yoxyet hyl ene sor bitol

onost %S%lik%nzed cﬁ glﬁi)%{rfz%g ka?fpgr aﬁ]?eny phenates alkyl or alkenyl aromatic

. sulfonates, borated sulfonates, sulfurized or unsulfurized metal salts of

o ~pittti-Hydroxy alkyl of.alkeny“l""aromatic compounds, alkyl or alkenyl hydroxy
aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates,
metal salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and

chemical and physical mixtures thereof.

2. Anti-Oxidants

Anti-oxidants reduce the tendency of mineral oils to deteriorate in service
which deteriération is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in viscosity.
Hxamples of anti-oxidants useful in the present invention include, but are not
limited to, phenol type (phenolic) oxidation inhibitors, such as

. 4,4'-methylene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol),
4.4'-bis(2-methyl-6-tert-butylphenol),
2,2'-methylene-bis(4-methyl-6-tert-butylphenol),
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nono- ol eate, and pol yet hyl ene gl ycol nono-oleate. JO
49 b) O her conpounds: stearic acid and other fatty
acids, dicarboxylic acids, nmetal soaps, fatty acid
am ne salts, nmetal salts of heavy sulfonic acid,

partial carboxylic acid ester of polyhydric al cohol,

and ph rs Addition
producté?apaﬂflk&f’g% ﬁ'{)fneﬁ]ﬁg Fﬁ@n@eﬁb ’de
pol yoxy-e,ﬂ-hlyd);&nwlﬁilekfybls(ze@hefert-lanﬁph@iomxyet hyl ene
sorbitan estﬂay Extrenme Pressure Anti-\Wear
Agents GEPR iﬁaﬁhﬁ%msmﬂ Gropglghenadk i ns, zinc
dlalky | kyl , secondary

al ky %ﬁ%mﬁ%%‘é@f’” éﬂ’ hho: de, methyl trich
| or ost €32 r&trethybdmbfbns(Meehyf &q@gmlﬁﬂaaylphm],ol)

fluoro ﬁ?‘i}'{ﬁ‘g&' , Ieaﬂggﬁ hth %etﬂ]ﬁptgn% i zed
d' t h' Opinﬂ’fzﬂﬁéth% te@ﬂ'—‘ﬁﬁ?l‘-’ﬂﬂeﬂbl’ Qrﬂaﬁ—tﬁﬂqfdﬁhélhﬂﬁmmolﬁ—c?esol

Friction Modifiers Fat al cohol , fatty acid (stearic

aci d, i%b6sliteai-#-ENatidime ls(’@rrpncanq:thyiah@o her fatty
aci ds 0443&10%%((3 Hl%{h(g,%)t%?_%m SiendQr ated ester, other

esters ’phosp osphit es besides tri- and

- hy drpe'ahlls(phedphbiiesbugishepbligsphonat es. 20 8.
I\/UI tifunctional Additives Sulfurized oxyrml ybdenum

di t hi ocfB=nethy:-4-Bydrexy-pAed18:byhdb % Hllﬁld dgano

phosphat:gdist ki )% 9]

oxynol y%g@hsh@n t&gfog% I 3%’88{(}&5"1} ne rm tgggomdanon

conpl exinbibitpe umludeahwt azdbnesiirhited topalk drted ldg)hamjlrlmbdﬁ:n um
I

conpt ex enﬁp a?ghamaphthylamme and alkylated-alpha-naphthylamine. Other types

of oxidation inhibitors include metal dithiocarbamate (e.g., zine

dithiocarbamate), and 15-methylenebis(dibutyldithiocarbamate).

3. Anti-Wear Agents
As their name implies, these agents reduce wear of moving metallic parts.
| Examples of such agents include, but are not limited to, phosphates and
thiophosphates and salts thereof, carbamates, esters, and molybdenum

complexes.

4. Rust Inhibitors (Anti-Rust Agents})

a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonyl phenyl ether, polyoxyethylene octyl phenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitel monostearate, polyoxyethylene sorbitol

mono-oleate, and polyethylene glycol mono-oleate.
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-Di sal i cylidene propy

50 9. Viscosity Index Inprovers Polynethacrylate type
pol yners, ethyl ene-propyl ene copol yners,

styrene-i soprene copol yners, hydrated styrene-isoprene
copol ynmers, polyisobutyl ene, and di spersant type
viscosity index inprovers. 5 10. Pour Poi nt

Depressants Pol ynet hyl, net hacryl ate 1. Fqam. .

I nhi bi tors 10they Gympovedsisiealle aeid %@P‘Pﬁfeﬁlﬂ@ aﬂgsﬁl‘f%‘?wﬂlc

silicone pol yapl Setal %&Rs,g@&fﬁci@ﬁﬁﬁ{e!s‘éﬂ,%éal salts of heavy sulfonic
enedi am ne, triazole derivatives,

mer capt obenzaidyipaztial esboxtytic adidxziet ef phdyhydsit ialcebol, amd

mer capt obenzi m dazoles. 15 13. Dispersants Al kenyl

succi ni ni desPhOSPIEIVS®Eycci ni i des nodi fied with ot her

organi ¢ conpounds, al kenyl succini m des nodified by

post-treatnent with ethylene carbonate or boric acid,

~ esbers Dempbifiesd cohol s and pol yi sobut enyl succinic

| A 0PR8I i

10

25

al kal i nghg@ahidpdRd:8kihhhakebitadiess@er si ons of hydrat ed
al kali nmetal borates, dispersions of alkaline-earth

met al borates, polyan de ashless dispersants and the
like or mxtures of such dispersants. Method of Use of
the Present Invention 25 The lubricating oil additive
conposition of the present invention is added to an

O E of wlubhrd PREGAIAESWES AgénisTEPEDY Aseagyci ng a
lubricating oil conposition.” The |lubricating oil
conposi Bilburized ntefios.szinthéalbyidr dithionheprhsie (pgmary alkyl, secondary

di _ di.nal t E . . '
a: 2ge(r_ji8 312@%/ %@%%P@p@gﬁwéanyégﬁlﬁ%ﬁgéﬁﬁ érlgﬁolé)?tggtéa%te', Shlorinated
di sper Sﬁé}ﬁ%a}eille,umﬁﬁoﬂkﬂpsly&mmoasadbxapmhémameumalmed at

conbusti on engi ne which conprises operating, t
partially neutralized phosphates, dithiophosphates, an% suﬂ%r—

free phosphates.
7. Priction Modifiers
Fatly alcohol, fatty acid (stearic acid, isostearic acid, oleic acid and other fatty
acids or salts thereof), amine, borated ester, other esters, phosphates, other

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

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

sulfur-containing molybdenum complex compound.
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30 engine wth the lubricating oil conposition of the
invention. 51 Optionally, the lubricating oil additive
conposition descri bed above may be used as a fue
addi tive. Wien used in fuels, the proper concentration
of the additive that is necessary to achieve the
desi red,dete cy,is dependent upon a variety of
fa torsVﬁpﬂ%ﬁaﬁﬁﬁ%h?mgv?fpe of fuel used, the presence
of ot hepoplcBladBNMtS type p@ly‘i’r&@é’ %ﬂﬁ*‘eﬁw@ﬁoﬁﬂé}ﬁrcoﬁolymers
addi tives, etc. Genérally, however, the range of
concent #izeneniscpfenelsepelsiiers, hxdratad smeneﬂmrm@polw@em
to 10, 00 h ar om 30
to 5, 0ot HppEMlenBAh AP GaTyie Aol foft Bty dg e,
5detergents are present, a |esser anDunt of the -
additive may be used. The additives descr.i bed herein
mayVbe Powrsiaitléqpressatds f uel concentrate, using an

inert s I.lJi.G. Sol vent boiling in the range
of abou?a%%t@l 8%%8@4(‘}%5 6-204.4C). Preferred
sol vents boil in the gasoline or diesel fuel range.

PrELerap$%né§gEFI|phatlc or an aromati c hydrocarbon

ent f8uch as a benzene, toluene, xylene
10 or hi gheirpQidRe 186 QIR MESarl dideMyRiiliCore oS -
Allphatlc}@alcoh%fs gf about 31toggpéérbo? atons, such
as i sopropanol, isobutyl carbinol, n- butanol and the

in tion with hydrocarbon solvents are al so
F?abl E(fe?ﬂg?iefgt‘ﬁ‘g‘& Swith the fuel additive. In the
fuel COD%%HE)Flﬁfeﬁe pioﬁsgleamamtneofname dedditiveye Wil |l be
ordinarily at | east percent by wei ght and gener. al

not excesttap@bprsogusrolesy thigsiagnle deriyat@feéﬁmryerﬁ%?heszmadazolcs'
50 and nore preferably from10 to 25 wei ght percent.
The follow ng exanples are presented to illustrate

15 spédi fi Pispatseafsnment s of this 20 invention and are not

to be cqnstrued Jn

the i nodrey bt Al Rhckib il ol BEd HEAREE breanic
Ter pOl ya@ﬁ pAMmddlieng! ardinithides ghdif&tilbylpbsﬂ'-lyéaltrdenmnth ethylene
polylsobutylene havi ng a nunher ave

wei ght tavhynase orale%macgb oefersod palyaicp Ch}gr)TqH enyl succinic
cont ent a@{ydﬁﬁ%ﬁﬁ&%ﬁg °sa1 té‘sthng%@hv ﬁdslt %@lﬁ@d Eﬁa%ﬁs%ﬁgh ftal or

d i ssopa arge -L reactor
20 mixed alkali metal, alkaline earth metal borates dispersions of hydrated alkali
metal borates, dispersions of alkaline-earth metal borates, polyamide ashless

dispersants and the like or mixtures of such dispersants.

Method of Use of the Present Invention

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

30 engine with the lubricating oil composition of the invention.
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equi pped with agitator, tenperature controller and
over head condenser and receiver. 27.3 grans

1- hexadecene was al so charged to the reactor, and the
agitated m xture 30 was heated to 150C. Traces of

noi sture were renoved by sparging 250 scnB/mn

h the turefor bot al ur. After
A b R FastnepfRddiiechonos AR dracBiBed Bty B used asa
Spagedakive. Waks uld i3%uds TR ProPer cl)ﬁgerﬁraﬁbﬁi OB theRbEitiCe that is
anhydride and 52 16.4 grans di cuny C&nrom de in a 50%
seleatsson toktihevedhe derireddeiergendy & dﬁmem bepan avariely efifactors

r e:%, ?‘ry%lg]g%é %P 1%%{1113? }11 pre\%ée&g nkhl%é glrgé%{t% 0} gegp@fgeglts or other

t edper.as, l¢roe G@ﬁerﬁhfn‘ Ho@@%x@ thewaﬁgm@ﬂ ddhadnnatombf the aazhfme in the
anot her rs. The reactor was heated to 190

Diephiich ﬁé OH@ 5940% sight perty per@Riion, prederably fomy 30 to %vB%O parts
g ad Hﬁ‘fﬁ;o%ﬁ glf ﬁi’éedrdﬂﬂwte glf %g')&gﬂ&%%emea?e %ﬂ%@entt eﬁ@%’é@ﬁ:ﬁg\lﬁg %‘g tthe

€ reac reac € tenperature was
1 G an thdyte yged: Skheradditass descdbat he2éin nmap hdgfofroulated e arfuel

D GBR A g het Tt oISy BaAing i e Tofee of hBSut 150-
c %@@*KV{@% 204, 4‘*(‘325Pr9ﬁh%ﬂ @@l@ent@ Poil ¢f B! g‘éE@fneQﬁ QfbséiTuel range.

Exanpl es 2- made according to Exanple and
c dintlai alndgd an ahplaamhyad ah dmmmlmitocedmmalvem is usﬁd4810$ Ay

%gﬁ‘éﬁ%ﬁ{nge 3 350 3%1?{ sg‘giag%fogliq& g%ttoglra ﬁu_nll?rs Aliphatic

| C NS haRlor hBOut L0 8 AribnlAGES, @uauag@o;srbpmhsduwmmbp b
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headspace was then started. The reactor was heated t

160enoitshthe ke inemmiinatioanyidh by droearben slys s6ls0 Suitable for

s

aldrinatiiyct Rakyepdiet i avdigir ade peiveeallyf n@rxecedr70petceneby weight,
oxi de- cap ed _pol yet hyl ene gl ycol, havi an

appeissad @nréoqoé@tﬂnﬁﬂn%ﬂagqf%raé *nglﬁﬁ‘aggmeh&%“ PYCHH:

avai | abl e from Hunt sman Cor porati on, Wodl ands, Texas,

were added to the reactor sequenti al | y. The reaction

m RieUbBomag dremgleabrelFe@nfedrio 1lGtitsupscifiT hmbpdimenisrof this

th duced 20 bs), t
B A B A arecPL Rl GRS MRS FURETrURne PrcCole TN

CQpfligibgns were maintained for 30 mnutes. The

" reaction

25

EXAMPLES
Example 1 - Preparation of Terpolymer
2513 grams of high methylvinylidene polyisobutylene having a2 number average
molecular weight (Mn) of about 2300 and a methylvinylidene content of about 78%
{(which is available from BASF as Glissopal® 2300) was charged to a 4-L reactor
equipped with agitator, temperature controller and overhead condenser and receiver.
27.3 grams 1-hexadecene was also charged to the reactor, and the agitated mixture
was heated to 150°C. Traces of moisture were removed by sparging 250 scm’/min
niirogen through the mixture for about an hour. After drying, the nitrogen was fed to

the reacter head space at a rate of 30 scm’/min. 178.8 grams maleic anhydride and
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reduced to <20 mmHg (abs) to renbve any water
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el SR s hSTRL 50 Y501 BB By a0
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g%%ﬁ%qﬁﬁ‘?@dﬂ@ §¥r'p%¥‘§m%' Wo%dlanﬁ@vfeggs e 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 mmllg (abs) to remove any watcr generated during
the reaction. The vacuum conditions were maintained for 30 minutes. The reaction
temperature was maintained for another 16.5 hours because the reaction appeared to
be incomplete. The reactor pressure was again reduced to <20 mmHg (abs) and
maintained for 30 minutes to remove any water generated during the reaction. The

product was dark red in color and had a 0.959 wt% nitrogen content.

Example 3
450.2 grams of Terpolymer were charged into a 500 mL stirred glass reactor. A
constant 180 mL/min nitrogen purge throngh the reactor headspace was then started.

The reactor was heated to 160°C. When the reactor temperature attained 160°C, 12.74
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reactor sequentially. The reaction m xture was hel d at
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then reduced to <20 mrHg (abs) to renove any water
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to renove any water generated during the reaction. The
vacuum conditions were 5 mai ntained for 30 m nutes.

Thef@aciion tenperature was maintained for another 3

hours”because the reaction appeared to be inconplete.
THé4 Bravaiugof Tmoldmekwbmlwged into @l 30 ralnslimeshglassieaptor. A

T&’”b%‘f“ﬁﬁé& Lt o ﬁlﬂrgg ]I'gtagd'l go§ ﬁ cgé%c%g\fag; Stgen started.
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the reactor headspace was then started, The reactor
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glv}{fggoi?!f 'of 900 and which is available from Huntsman Corporation, Woodlands, Texas,
were added to the reactor sequentially. The reaction mixture was held at about 160°C
for 1.5 hours. The reactor pressure was then reduced to <20 mmHg (abs) to remove
amy water generated during the reaction. The vacuum conditions were maintained for

30 minutes, The product was amber in color and had a 0.687 wt% nitrogen content.

Example 5

356.1 grams of Terpolymer were charged into a 500 mL stirred glass reactor. A
constant 180 mL/min nitrogen purge through the reactor headspace was then started.
The reactor was heated to 160°C. When the reactor temperature was approximately
160°C, 13.91 grams of Fast Blue RR, which is 4-benzoylamine-2,4-dimethoxyaniline,
and 40.7 grams of Jeffamine® XTJ-501, which is an aliphatic polyether diamine

derived from a propylene oxide-capped polyethylene glycol, having an approximate

54




i0

15

20

o
(o

30

15 having an approxi mate nol ecul ar wei ght of 900 and
which is available from Huntsman Corporation,

Wodl ands, Texas, were added to the reactor
sequentially. The reaction m xture was held at about

~160C for 1.5 hours. The reactor pressure was then

Sttt gl o D0 he' PR i3 el TR NG BluriRie Grmetstions

V‘ﬁlf&nﬁﬁid@t"ﬁéﬂaﬁ G{Vécré’ hdRARG el BRGE s’éq@@ﬁﬁll Ulth%s.reac_ﬁhﬁ mixture was
pr oduct 20 color was anber with a slig red tint and

@nidan néef Dios2S hm% dhe r@g@n preEsEenplae tlven Sefhlcgd gr ‘dtbmorHg

p Jer and 7. roani Lin

CRUPGI Ty B9ty o7 e PdRy i B B, AP S tFfgongitions were
e%ﬁaﬁ@ﬁ@d Wirt30 nEinWRE ETheGeRiof tdrBbdratireoRRdasisRinedTer hother 3

25 Dean-Stark trap. Approxi mately 100 nL of xyl ene

wé@ﬁ@ stRense herepstior appdaedrta he irpomplete. okhstpspducy wes dark brown in

h the reactor headspace
%}ﬁ%dqné&nwgﬁggwgﬁe%}g%é?or was heated to

appr oxi mately 155C and then 47.11 grans of .leffam ne
XTJ- SOé which is an aliphatic pol yether di am ne
déFP7BE G rom a propyl ene oxi de- capped pol yet hyl ene
glz olGr r 0

O R e R R R D e s e hss FreshAoA
V‘ﬁo@@ﬂi:za:mdiSO m‘[émasmtrmg&mplagﬂéldmtgh the teactoebeadspace Tae then started.

TGS Feae S b pirenydly PRe eddralich demagbt S
Tﬁﬁﬁsﬂfe%?&{;ﬁﬁe 4fNe8 éltah‘fs%f m&@@@rﬁﬁﬂl fdich id aR aﬁ?’ﬂm

before the reactor was allowed to cool naturally
apblvetier diemprerderived1om amepylegmhexiderhepped pplyaihilynd glycol,

e .refl| ux candense nd_ De rk.tna ed
W ERn PR Rl s R ol et MR M B
f Faglemah®rp@a6dé W ¥aBarde Rahs diveré Qdc&ﬂﬂb th@l 19%8dtel séquentially.
170C. The reactor pressure was re

appr sxacten sixtusovasheld atjagoytdisg§C &relrS bms'@ Thedggedor pressure was
p%{&hquucgl]?o E?ﬂﬁhﬂ%@%@ tB ?&How‘ﬂxﬁ wéfé)lcééﬁ a&:ﬁﬂ{i’;‘rﬁlg ‘Pﬁbsreéctlon

for approxi ma mnutes to renove the Xxy
s Gkw @Muudemdprmd sete mointainadddr afhréxithatdly Bﬂ) tmmgan The product

lf"ceiﬁ/flslg %f}%léga %[%t ﬁeéf %;ﬁég&%ﬂ%ﬁ 0. 588 wit%e i r(r)rgsenOf

Example 7
- 359.5 grams of Terpolymer and 7.13 grams of 3-nitroaniline were charged into a 500

mi stirred glass reactor that was equipped with a water cooled reflux condenser and a
Dean-Stark trap. Approximately 100 mL of xylene were then charged to the reactor.

A constant 180 mlL/min nitrogen purge through the reactor headspace was then
started. The reactor was heated to approximately 155°C and then 47.11 grams of
Jeffamine XTJ-501, which is an aliphatic polyether diamine derived from a propylene
oxide-capped polyethylene glycol, having an approx1mate molecular weight of 900
and which is available from Huntsman Corporation, Woodlands Texas, were added to
the reactor. The reaction mixture was held at about 160°C for 1.5 hours. The reactor
temperature was then increased to 170°C. The reactor temperature was maintained for

1.5 hours before the reactor was allowed to cool naturally to ambient temperature
' 55




L
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A constant nitrogen purge (-180 nL/m n) through the
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measdiiiess waeeaigthingd to? 30BhiAgws. that are well known in
the art. The percent viscosity increase is 5
cal cul ated according to the follow ng fornula:

Examples 2-8, which exemplify the lubricating 0il additive composition of the present
invention, were evaluated for percent viscosity increase using a soot thickening bench
test, which measures the ability of the formulation to disperse and control viscosity
increase resulting from the addition of carbon black, a soot surrogate. Using the soot
thickening bench test, the viscosity of a fresh oil is measured in centistokes. The fresh
oii is then treated with 2 wi% Vulcan XC 72R carbon black, supplied by

Columbia Chemical Co., to form a mixturé containing approximately 2 grams Vulcan
X{C72R carbon black and 98 grams fresh oi! (test oil). The test oil, which contains

carbon black, is then left to sit overnight. It is then homogenized using a high speed
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"% viscosity increase = [(viscb - visr)/(visfo) x 100]

vi scbo: viscosity of carbon black in oil -10 visfo:
viscosity of fresh oil Using the soot thickening bench
test, the percent viscosity increase calculated for
the additive conposition of Exanples 2-8 in a
fornulgted oi | s conpared to a .for Iaﬂﬁd Qi |

! 8kon black
dOEEURBRITRSHAY 19r @RRrOKImAely 4D SRR fo taergrelly gix the carbon blac
COIRR SetitlR oﬂfTﬁéﬁ%Sﬁﬁane%‘tSﬁP&odtﬂHﬁE tch®Bn bikBRis then degassed at
fornul ated oil of the present invention conprises 0.66
wt DR08E foiaD miriutkat Temviserlsitpiof the opaoktaiping Grigs Madk ip measured
poi nt .depressa .07 % of a calciumbased . . .
et Ergino giediony sl gk h G A R Do B8 resay ngrease s
2. Glculid6 #dchinghotthd MBasRREua0. 03 wt % f oam
inhibitor, 7.7 W% viscosity index inprover and 85.10
wt % of a lube oil blend which is a m'xture of

basest ocks t, Si of ,,69. 24 . % | 50N
oil, and 30.%27&3&? %}&13%(%%%00%9%?"? Ylgﬁ?)((\%f‘s %Iﬁgﬂ may be
purchased from ExxonMobil Corporation, Fairfax,

Virginia) to provide . th cqgrrpg" tive oil formulation.
To prepare t¥abef BRI CEGPOBPIERIN MY 0i | conposition

of the presep{. . iﬁéﬁ%ﬁ‘iiﬁ@f‘ﬁ?gﬁ%r oximately 7.6 wt % of

the additive conposition of Exanples 2-8 was top
treated to the formul ated conparison oil. 25 57 The

C it P Shot hoGERG baneh e e e Seb i inBifie sgloulated for the
T%ﬁitﬁ%%kﬁn&ﬁsi%ilﬁﬂiﬁn%lé@ 58Q8 htfb‘rrrizdlﬁé%@%ﬁﬁramlba&ed to a

Descri ption omati ¢ conpound

4-formvinted opibstoevmytnntaimibe fubrispiingsal additiisgemporifipn gf the

20, PSS oD ATABRR g oo
an oxidation inhibitor package, 0.33 wt% pour point depressant, 4.07 wt% of a
calcium based detergent package containihg a phenate and sulfonates, 2.41 wt% 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 wt% Exxon600N oil (all of which may be purchased
from ExxonMobil Corporation, Fairfax, Virginia) to provide the comparative oil

-~ formulation. To prepare the formulated lubricating oil composition of the present
invention, approximately 7.6 wi% of the additive composition of Examples 2-8 was

top treated to the formulated comparison oil.
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Dispersant

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.
1t is understood that although modifications and variations of the invention can be

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

be imposed as are indicated in the appended claims.
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‘N-vinyl carb

15 atonms or at | east one polyolefin conprising about 4
to 360 carbon atons and having a term nal
copol yrmeri zabl e group in the formof a vinyl,
vinyl i dene or al kyl vinylidene group or m xtures
thereof; and 20 (c) at |east one nonool efin conpound
I& i§ cgl rizable with the nononers of (a) and
' ‘ed fromthe group consisting of: 25

(1) anAﬁ'o'ﬂysioldﬁléWﬂbr@zltﬂ%roxladlﬁltﬁ% @hlpokitidh ydpafidisrthe process

where the alkyl groupis hydroxyl, am no,

di al kbewthmpvﬁeSa‘ﬁmg substi t ut ed or is ,
unsubstituted, and containing fromabout |I to about
40 carbon atons; 30 (2) an al kyl am ne and an

N-al ky{ayr dgt Jedst ane sfxhe eslioyientaalymerynsat ur at ed nono-
or - 59 dicarboxylic acid of fromabout 3 to about 10

carbon atons where the al kyI subst i tuent cont ai ns

from about ég(; pﬁﬂ);lylﬁ& c}?{g é‘%ﬁdicﬁ% ygx?nerggnon of

car oxy SO
| to about 8 carhmnmaknmmpm@ﬁpngn N-vi nyl substltuted
ni trogen-containing heterocyclic conpound; and 10 (5)
at least one | -olefin conprising about 2 to

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

dicarboxylic acid, anhydride or ester thereof;

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

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

selected from the group consisting of:

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

atoms;

(2) an alky! amine and an N-alkylamide of a

monoethylenically unsaturated mono- or
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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 copol ynerizable group in 15 the formof a
vinyl, vinylidene or alkyl vinylidene group or

m xtures thereof, provided that the olefin enployed

is not the sane as the ol efin enpl oy

(ii) a copolyner obtai ned%b%?rnl?oé{g’gfﬁﬁgog “S}HJ& ?)t‘i? ot 10
and conpound(i)(b) in theaossesEwhéredhd dIR@ fuB&itGak contains
initiator; (iii) a copolyner obtained by (a) reacting

conpound (i)(a) with conpéhﬁmabﬁvdﬁ9abﬂ“@ﬂ}@ﬁwn@WW§>
non-free radical catalyzed 25 reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b)
contacting copol yner(3)i ) e NedppleattBxrarfide bf oarboydichicids of
with the non-free radical catalyzed reaction product
of compound (i)(a) and cﬁﬁ%ﬁﬁﬁﬁtka%Qﬂ“%Fm?P99@FB
with 30 (B) at |east one ether conpound capabl e of
being reacted with at |east two nonocarboxylic acids
or esters thereof, ofd)w tim Htvihgasbstitued Glrogen-containing
di carboxylic acids, anhydyides qr esters.thereof, or

m xtures thereof; and ( d@?°$§§§?“ﬁﬁ8“%ﬁﬁ tic
conmpound capabl e of reacting with at l'east one 5
monocar boxylic acid or ester thereof, or dicarboxylic

‘acid, anhydride or @3t erattleast ens |-olefinbomprisngabatt g

oi | additive conposi tion

| east one et her conpound£§%ﬁ£°%g%gﬁé%F rﬁ??S%B?WSEﬁ“

group conprising an et herca@risaig zﬂﬁut»ﬁti@a@ulﬂ%()’%rb@{atoms
pol yam ne, a polyether am no al cohol, a et her
anino thiol, and a poI y ettifiaving 3 fsrminal COPO ymerizable group in

the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed

in (i)(b);

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

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

(11}  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 (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 (i)(c); with

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

monocarboxylic acids or esters thereof, or with at least two
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3. The lubricating oil additive conposition of any one
of the preceding clains wherein the at |east one
aromatic conmpound (C) is selected fromthe group

consi sting of 1> (a) an N-aryl phenyl enedi am ne
represented by the formula: / RRo R$/ \ HNI Ris

R18 is H, -- Niaitdxylic ablde)dnbidtides@i efterd BRI iiktures thereof;
strai ght chain _hydrocarbyl radical having from about

4 to about 24%arbon atons sel ected from al kyl ,

al kenyl , al koxyl, aral kyl or alkaryl; R(2)19 is --NH2,
--(NH(CH2) )mN\NH2, -- Mal kyl, --NHaral kyl, --CH2

--aryl - -2, atrleadhbndasonakid compeashcapable ofredetingewith BOAst one
about 1 to about %}g}oaﬂd Rc?[Oishdro en, alkyl, . .
Al kenyl , al kgR§pocaehoxykic pcid opesten theregl, or digarbergylicrasid, anhydride
about 4 to abgQukiedthefyrbon atons. 61 (b)

am nocar bazol e represented by the formula: N NH2

R2t/ _ R22 N S in which R21 and- R22 each i ndependently
reptesent. hydr.ogen ar an. al kyl or. alkenyl radic
havfng ﬁ%#‘ﬁ%@wgfl a9ty sotpasitign eﬁ?y)alat bﬁgl}er@e)%lwaﬂ least one

am no-in ' ) . .
SRR (2RSS L Db QB e Bl

1% adi cal haviyetherfpodyamibe.s paly¢tberasdnain altdhol, a polyether amino thiol, and
a polyether polyol,

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

at least one aromatic compound (C) is selected from the group consisting of

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

| — -
/%\ " @

R1g

Ry3 is H, --NHaryl, ~NHalkaryl, or a branched or straight chain hydrocarbyl
radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralky! or alkaryl; R(2)s is --NHa, —(NH(CH3) »)mNH>, -
Nilalkyl, ~-NHaratkyl, --CH, --aryl--NHp, in which n and m each have a value
from about 1 to about 10; and Ryg is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

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

carbon atons; and 62 (d) an am nonercaptotri azol e
represented by the formula: NNH2 SH/ N NH 5 (e)
an am noperim dine represented by the fornmula: NH2

N) NHI1 - R24 10 in which R24 represents hydrogen or

an al kyl radical having fromabout 1 to about 14
carbon_.atons; ,(f), an ar epyl eneam ne represent ed
by ? Pl A antabd et BT R T ", O e s
is H --NHaryl, --NHalkaryl, or branched or straight
chain radical having fromabout 4 to about 24 carbon
atons that can ' |, aral kyl or
al karyl; R26 is NHNHal kyl | -
or - 63 NHar al ave a val ue
fromabout Ito ; i s hydrggen, al kyl,

al kenyl , alkg% [
about 4 to aBbut
am ne conprising two aroma r(q:
L

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

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

(¢} an amino-indazolinone represented by the formula:

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

carbon atoms; and
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represented by the followng formula: Rao ,,,~ /=V3 /
R3z. ~R34 \ RR 33 31 YI-Y2\74 10 wherein L is
selected from-0-, -N=N-, -NH, -CH2NH, -C(O NR28-, -
C(0)0-, -SM2-, -SO2NR29- or -SO2NH , wherein R28 and
R29 independently represent a hydrogen, an al kyl, an
al kenyl, or an al ko . grou havi.ng from about | to
about 1 FABBATSCARLU PRl e RNk ABY S PIN5 va ang
Y4 are independently Nor CH provided that Y1 and Y2
may not both be N, R30 and R31 I ndependent |y represent
a hydrogen, al kyl, aryl, alkar Nk kyl , al koxy,

hydr oxyal kyl , am noal kyl , , , -SBH, - 20
SBNa, CO2H or salt there -NR4IER4A2 wherein R41 and
R42 are independent |y hydxogen, alfkyl, aryl,

aryl al kyl, or al karyl; R32\and R3 Ni ndependent | y
represent a hydrogen, an al kyl .—an al kenyl or an

al koxy group having fromabofit I to about 8 carbon
atons, -OH - 25 SO3H or -SUBNa; R34 represents -NH2,
-NHR35, wherein R35 is an aIHkyI or an al kenyl group
having from about | to about 8 carbon atonms,
-CH2-(CH2)" - NH2 or -CH2-aryl-NH2 and nis fromO to
about 10; 30 64 (h) an am nothi azole selected fromthe
gr oup (& QSinsihbpReinfing fépredchiea 9 Itk formula:

am nobenzot hi azol e, am nobenzot hi adi azol e and

am noal kyl t hi azol e;

NH,

N/ NH

A
=

Ras

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

about 14 carbon atoms;

() an aryloxyphenyleneamine represented by the formula:

Rzg

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,

alikcoxyl, aralkyl or alkaryl; Rys is --NH,, -~«(NH(CH,),)m NHz, —-NHalkyl, or -
' 63 ' -
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25

30

5 (i) an am noi ndol e represented by the fornula: R36

H2N - &ZN wherein R36 represents a hydrogen, an al kyl

or an al kenyl group having 10 from about | to about

14 carbon atons; (j) an am nopyrrol e represented by

the formula: R37-NH2 R3a-~F--\~ N~ ~H 15

wher ei Lepresent s di val ent e L 10-
havi ngﬁga_%g%}t(ylzﬁtvghue:%% 83?11"6%8 g Irh%‘c’)ena a 1@&%&%@ g{gglgl% about 10; and
r epr esrptis hadioyel, apgt) ali@aylhikpkyloirakgl, odhikeryy, haging ffom about
having from about | to about 14 carbon atons; (k) a

ring stbsehou2dgarhen gfesi¥bstit uted aniline, such as
nitroaniline or 4- 20 am noacetanilide; (1) an

am noqui nol i ne; (m an am nobenzi m dazole; (n) a N,

N- di al {g)laphesrytnadine tompzising 0yo arohetie gromps,dmkedibyla @oup, L,
(p) a benzyl al cqhol. The_lubricating oil additive
conmposi t iraﬁe%ﬁpteéﬁ%r%ﬁ@%wf’v%@“ap cedi ng cl ai ms wherein

in copolynmer (iii)(b), said copolyner (i) or

copolymer (ii) or both are contacted with the

<\ > L \ Y/ R34
Rat™  v,—Y, Y, Ras

wherein L is selected from ~O-, -N=N-, -NH-, -CH;NH, -C(O)NRs-, -
C(0)0O-, -S0;-, -SO2NRy9- o1 —SOZ_NH-, wherein Rog and Ryo
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

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

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

Rig and Rz, independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxjalkyl, aminoalkyl, -OH, ~N02, -SOsH, -
SO;Na, CO,H or salt thereof, -NR4;R4; wherein R4 and Ry are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

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

SO3H or -S03Na;
R34 represents —NH,, -NHR3s, wherein Rjs is an alkyl or an alkenyl
group having from about 1 to about 8§ carbon atoms, -CHp-(CHa)n —

NH, or —CHj-aryl-NH; and n is from 0 to about 10;
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.wherein the ether

5 non-free radical catalyzed reaction product of
conpound (i) (a) and conpound (i)(b) or (i)(c) in the
presence of conponent (C). 5. The lubricating oi

addi tive conposition of any one of the preceding
clainms wherein in step (A said copolyner (i), said

0" 1 (Biap wgtboRerdE a6l il Gltbh g asbbpiiciat dafbroRide

6. The | ulihOthkafiable, ARRLEINLEIHERTRBR dntl QfhiRdallRNhiLOR;
of the preceding clains wherein the total anount of
oil in the diluted copolyner is up to about 80 wt % 1

7. The lubricating oil additive conposition of claim
6, wherein the total anmobunt of oil in the diluted
copol y(fpraniaihsiaaslabguéser@d by thd fonablait 60 W% i 8.
The lubricating oil additive conmposition of claim7,
wherein the total anmount of oil in the diluted
copol yner is from abayy, 30 wt % to about 50 wt% 20 9.
The lubricating oil i i ve conposition of claim1,

B)..i.s a pol yet her
pol yam ne. 10. Tpgq additive
[

conmposition of c O, :]-in t heljpol yet her 25

pol yam ne is a polyox‘h.‘, ere. di aAi ne wherein each

al kyl ene unit individuay conthins fromabout 2 to

about 5 carbon atons. M The lubrficating oil additive
conposition of claim 10 whereinyg he oxyal kyl ene

noi ety i s oxyethyl ene or oxypropyl ene, or m xtures

thereof. 30 12. The lubricating oil additive

conpositio nwﬁfzreﬁ{%ﬁ%}ﬁeééﬁltsci l%}d%‘%eﬂ drPally] oMb@rBicRyE ¢16up having
pol yet her polyam né i's pol yoxyethyi ene di am ne. 66 13.

The | ubri cafromgpbeint 1 tedabout Aecatberpaeinsi on of any one of

~the preceding clainms wherein the copolyner is

copol yrmer (i).
() an aminopyrrole represented by the formula:

Raa\( i >/,\\ Ra7;—NHo
|

H

wherein Rs7 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rag 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 or 4-
aminoacetanilide;

)] an aminoquinoline;

(m)  an aminobenzimidazole;

(n) aN, N-dialky]phenylenediaﬁline;

(o) a benzylamine; and
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5 14. The lubricating oil additive conposition of any
one of clainms 1 to 12 wherein the copolyner is
copolymer (ii). 1 The lubricating oil additive
conposition of claim 14 wherein copolymer (ii) is
pol yPI BSA, obtained by the free radical catalyzed
reaction{pf nwltengylblcohohydri de and pol yi sobutyl ene.
16. The lubricating oil additive conposition of any

223 gloy?rgér l"&? SLgtoﬁ a&&i?@ gﬁﬁﬁfvcﬁ tfc%r%lf g.g Plﬁég Xg‘iﬁll;e ﬂggc&dltn]g \?(li‘alms wherein in
conposj i

commos L a0 RS BB S e Mt i
fol | f / \ HN RI
© NHg\rM nngfr Or 10&%&%}’%6 'reaatl%lr}gﬁéqlpég% EHmpqup Sg(léqqi ar@wgpwound {1)(b) or

: hydr ocar by_I radi cal having from about 4 to about 24
car bon(¥eoRshepEaseef Pt ky)-, 2.0 al kenyl ,
al koxyl, aralkyl or alkaryl; Rgis -- NH2 --(NH(‘CH2)
") mgHZThe l'ubﬁwfn@f)h’addﬁlm&é/d‘s%ﬂon of abd Bn fafhlél fée o a%claﬂns wherein in

n and i n éach have ue rom a out

r aI ky%1 %@ réagil %églé'ﬁ’g§ﬂ§§;ﬁﬁgxﬂfdlg% Ng 2 clfogag T{m&xj admixed with

ar bon 5 18. The lu t|n oi | additive
corrpos‘i'h’?lF’BﬂBbft SRy RIpdche ac‘ﬂ'ﬁterfg ®k3 wherein
compound (i) (b) of copolymer (i) is polyisobutene
havisngTke lnbwideing ail addigee cohmsitioarof aey oiet of KR pre¢edingaiaims wherein the
about 112 to about 5000. 67 19. The |l ubricating oi
addi t i jo@] eRBRRIfbil o hefdilatedicbpalPmenib @p & #bouhg0 wuther
average nol ecul ar weight (M) is fromabout 500 to
about 3000. 20. The lubricating oil additive
Gonpdsi t i Gre wbricitmigroillelditiveanaipositioa ofivlahe 6, wherainatha geal amount

o00, 25 oLtk b R A re SonguaaboH e

~anyone of the preceding clains wherein

i

& The lubricating oil additive composition of claim 7, wherein the total amount

of oil in the diluted copolymer is from about 30 wt% to about 50 wi%.
20

v

9. The lubricating oil additive composition of claim 1, wherein the ether

compound (B) is a polyether polyamine.

10. The lubricating oil additive composition of claim 9, wherein the polyether
25 polyamine is a polyoxyalkylene diamine wherein each alkylene unit

individually contains from about 2 to about 5 carbon atoms.

1. The lubricating oil additive composition of claim 10 wherein the oxyalkylene

moiety is oxyethylene or oxypropylene, or mixtures thereof.
30
12. The lubricating oil additive composition of any one of claims 9 to 11 wherein the
polyether polyamine is polyoxyethylene diamine.
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(i)(a) is a dicarboxylic acid, anhydride or ester

thereof. 10 22. The lubricating oil additive

conposition of claim?21 wherein (i)(a) is maleic

anhydride or ester thereof. 23. The l|ubricating oi

addi tive conposition of any one of the preceding

cl ai ns _wherein the nmpnool efin of (i)(c) is a

1- ol & iThe lubsicoting gil addiivecamipagition pf anorape of thepreceding claims wherein the
conprising a major anobunt of an oil of [lubricating

vi scosicopolzmer ia copalpnerd@ount of the |ubricating oil

additive conposition prepared by the process whi ch

conpyy,i react at |l.east_one of th

£ol I'0w 81‘}!’6‘5 f’gﬁ@%ﬁ“f”e)wglpeﬂm WOBBPE?IHQE 159 1 prhgrein the
r adi cal polynerlzatlon of conponents conprising: 25

(a) at SPRODEPCIGHECRAbARRLHY| eni cal |y unsat urated C3-C28
nonocar boxylic acid or ester thereof, or C4-C28

di carboxylic acid, anhydride or ester t hereof; (Db) at

| eagt ong 0 carbon
atom ot "PEebE LR Pt o driid Bt cadlmer i
360 car benlyRiBsaA, @bminéthkly ﬂﬂ f?eetlﬁdl%l%{alyzed reactl%n8 of maleic

opol yneri le gro in the formof a vinyl,
3 |nyI|de iH%QQWS dpolyisqhniviesge group or ni xtures

thereof, and (c) at Ieast one nonool efi n conpound

whi qla. Tl bAQRIAk WITREHEIObEmPsitihn &%M&F&:ﬁzﬁmgfi sy wfh_erein the

and (b) and is "selected fromthe group consisting

(1) an.@lb Y. and an allyl alkyl ether
wher e (?hgﬁgrfigM%ﬁﬁﬁgqu hydr oxyl, am no,

di al kyl am no
i3 17. The lubricating oil additive composition of any one of claims 3 to 16 wherein the

aromatic compound is an aromatic amine having the following formula

el N 5
O

Rig
Rygis H, ~-NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl
- radical having from about 4 to about 24 carbon atoms selected from alkyl,
20 A .alkenyl, alkoxyl, aralkyl or alkaryl; Ry is --NH,, —-(NH(CH2) n)mNH3, --
Nlfalkyl, --NHaralkyl, --CH, --aryl--NH,, in which n and m each have a value
from about 1 to about 10; and Ryg is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

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

25 18. The lubricating oil additive composition of any one of claims 1 to 13 wherein compound

(1)(b) of copolymer (i) is polyisobutenc having a number average molecular weight (M)

- of from about 112 to about 5000,
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10 or al koxy substituted or is unsubstituted, and
containing fromabout | to about 40 carbon atons; (2)

an al kyl am ne and an N-al kyl am de of a 15

nonoet hyl eni cal | y unsaturated nono- or dicarboxylic

acid of fromabout 3 to about 10 carbon atons where

t heial k yTh@lﬂl'BﬁbehtIri%QﬁI addie@iofthositibR BT %Qﬁ)ﬁ‘i 8 lwiePeift BRUSumber

40 carbon atons; Z0 (3) an-N-vinyl carboxamde of '
car boxy| peerageirgelegylar weight b ist frém mbowt 560 to SbaswBBh

atons; (4) an N-vinyl substituted nitrogen-containing

het erocyclic conpound; and 25 (5) at |east one :

1- ol28f i nThe habricstingoibidifivelconthosidn 6REIARA 19! WiBtcidth@humber

| east one polyolefin conprising about 4 to about 360

éar bon aPBHEEe mAlgcHan Waight(M indremabew 00 teabous B5QD.

group in 30 the formof a vinyl, vinylidene or alkyl

vinyl i dene group or m xtures thereof, provided that

the pl.efThe luGRaaAPbOYEMtISC oM lai i
enployed in (i f“(i%); (i) a‘”‘?o"sgil?’? ﬁz%{%%ﬁ)iftﬁ%g’r%?%g%lms Wherein
reacti ng;j i | ; : 1) Eb) in the
e SR F A S IPAIR L)

copol yner obtained by (a) reacting conpound (i)(a)

13 t B2, corfibe lubdichiing 6il additi¢é JdmpositionadfBhim 21 ehered (@) is maleic
catal yze tion itﬂet hF presence of copolyner (i)

d.reac
or copol Wr%ﬁi"f"g?r 1e0

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

monoolefin of (i)(c) is a 1-olefin.

15
24. A lubricating oil composition comprising a major amount of an oil of
~ lubricating viscosity and a minor amount of the lubricating oil additive
composition prepared by the process which comprises reacting

20 (A)  atleast one of the following copolymers:

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

25 (a) at Jeast one monoethylenically unsaturated C;-Csg
monocarboxylic acid or ester thereof, or C4-Cas
dicarboxylic acid, anhydride or ester thereof;

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

30 atoms or at least one polyolefin comprising about 4 to

360 carbon atoms and having a terminal

copolymerizable group in the form of a vinyl,
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25

10 both; or by (b) contacting copolyner (i) or
copolynmer (ii) or both with the non-free radical
catal yzed reaction product of conmpound (i)(a) and
compound (i)(b) or (i)(c); with (B) at |east one ether
conmpound capabl e of being reacted with at [east two
15 nonocar boxylic acids lg(i est glgs t.helrd%of or W tiﬁu?ets

| east two di carboxyl‘r’lély et H]h‘gﬁjiff 0% BrppP QL3
thereof, or mxtures {hBRbEGhd and (C) at |east one
aromati ¢ conmpound capable of reacting with at | east

one 20 nonocarboxylic acid or ester thereof, or

di carboxylic acigd, a | de t :25.

The | ubricating gi) I ‘@2%’%@2‘?%’?18‘2‘I°é‘$ﬁ’c‘i%§?ﬂr%n§‘5%§/ﬁ?égei n

the at | east one et hepolywwerpabladvitiBhe monswbwet éx) abd ¢ and is
the group conprising an ether polyamne, .a 2

pol yet her pol yani ne, Sﬂie%ll ﬂ&gré‘t‘ﬁ EsiegRAbl |, a

pol yet her amino thiol, and a polyetherpolyol. 26. The

| ubricating oil conposition of claim24 or 25 wherein

the at | east one arothti can abylpinyl dtheOnd an albil alkybether where

fromthe group consisting,of 3 a) .an aromati.c am .
conprising two aronatic g%lﬁlﬂ%’?gﬁ("%l‘é&’d@?‘@a a&PB‘ﬂrpd,ﬁlEﬁammo
represented by the fol | owpngkd:§rsiibdtiited Br BIbubstituled, and
R32 R34 31 Y1-Y2 4 R33 wherein L is selected from

-0-, -NEN-, -NH, -CH2NH, ccm@;(:@pgq;f@glqbom st@t@yg}(,} carbon
-S2-, -SO2NR29- or -SOZNg-m,wherei n R28 and R29

I ndependently represent a HyaTogen, an al kyl, an

al kenyl or 'an al koxy group having fromabout | to

about 8 carbon atons; )
(2) an alkyl amine and an N-alkylamide of a

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

from about 1 to about 40 carbon atoms;

(3)  an N-vinylcarboxamide of carboxylic acids of

from about 1 to about 8 carbon atoms;

(4)  anN-vinyl substituted nitrogen-containing

heterocyclic compound; and

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

group or mixtures thereof, provided that the olefin
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wherein each Yl, Y2, Y3 and Y4 are independently N or

CH provided 10 that Yj and Y2 nmay not both be N, R30

and R31 i ndependently represent a hydrogen, alkyl,

aryl, al karyl, aralkyl, alkoxy; hydroxyal kyl,

am noal kyl, -OH -NO2, -SO3H, - SC8Na, CO2H or salt

thereof, -NR4IR42 wherein R4 4 e

i ndependent |y hydrogen, al kéf“p%;%&% r?o&?liiﬁséafn%?ﬁ:the&leﬁn employed
al karyl; R32 and R33 i ndepeimtéiibh;y represent a

hydrogen, an al kyl, an al kenyl or an al koxy group

havi ng from about 1 to about 8 carbon atons, -OH,

SO3H or - SO3Ngii) 20 4 3 G :

wherei n R35 |Ng( ?';m a@g?l@g?fgﬁ@gﬁégﬁwug ouﬁ %n'ha 9”(1?]%) and
£rom about. | to abcempgumki@nnn theqeseneeGHA-ffe€i2gital initiator;
NH2 or -CH2-aryl-NH2 and nis fromO to about 10; 25

(b) an am not hi azol e sel ected fromthe group

consi sting of @iy natdhakaleeo ' i : .
am nobenzot hi a(dimazol epglgd qmbtggigpggﬁiaﬁi%&abglg?gfzrgb%d (an) with
ani noi ndol e r epr es &RmpguRd/(iYheorf @(¢huh a nop-fre? tadR@hcatizped

N wherein R36 repr hydr oge an al kyl or an cey
2l keny| group havi neipp ShBeitend thsoftlsfer diordapgimer i or
ift omsl; 5 (% an al\m\bw%; bﬁlg) dﬁﬁﬁbﬁﬁ@éﬂp%@nﬁh\‘ () BEcopolymer (ii) or
or nul a: a~~ ~ - :

both with the non-free radical catalyzed reaction product of

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

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

et
o

monocarboxylic acids or esters thereof, or with at least two

dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof;

and

]
P!
e

at least one aromatic compound capable of reacting with at least one

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

or ester thereof,

25. The lubricating oil composition of claim 24, wherein the at least one ether
compound (B) is selected from the group comprising an ether polyamine, a

25 polyether polyamine, a polyether amino alcohol, a polyether amino thiol, and a

polyether polyol.

26. The lubricating oil composition of claim 24 or 25 wherein the at least one aromatic

compound (C) is selected from the group consisting of
30

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

represented by the following formula:
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H 10 wherein R37 represents a divalent al kyl ene group
havi ng about 2 to about 6 carbon atons and R38
represents a hydrogen, an al kyl or an al kenyl group
having from about |I to about 14 carbon atons; (e) a
ring substituted or unsubstituted aniline, such as
nitroaniline or 4- am noacetanilide; 15 (f) an

anmi noqui noline; (g) an am nobenzi m dazole; (h) a N,

N- di al kyl phenyl eRed{ apiesYs (i) a benz e, Rend (j)
a benzyl alcohol. 20~ 27. e lubricafing ot
conposition of any owe of clyi 26 TRak N
copolymer (iii) b)(‘%aid pol ymer (N}, or Aqpol yner

(ii) or both are"dont ¥gtetfsmi th the noh=fr¥g FRaadical

catal yzed reaction product of conpound (i)(a) and

conpound (i)(b) or (i)(c) in the presence of

component ({whereitd, &elelha fhdth - OCAN-DY, HIH- @Hpﬂ%li@(ngzg- -
of any one of clains 24 to 26 wherein in ste (A) said

copol ymer (4O aiPcopOryRer o +$G:NH-, 3‘&1?@1113 pongd ey

-

(iii) is admdﬁ%d%t )ﬁrggfﬁzéé“}ﬁ%thgﬁ ({%rl 021?{ L e%?i*&ﬂ d%lkoxy

a diluted copol yner

conposi ti ongolp hh@hgfidth aheiet & sboub® chrbbabtoaypunt  of
oil in the diluted copolynmer is up to about 80 wm %
30. The lubricating oil conposition of claim 29,

wher ei n t heghglal fo A1y, afe indl énﬁ@nt Nl&@‘i‘l ided
copol ymer |‘g %%oneiaa %0 Wt % t'o %l gp W Wt % provice
The Iubr|caﬂmhﬁlmmiYﬁmﬂpmsthnbbebf cIa|n130, mhereln
the total amount of oil in the diluted copolyner is

from about 30 wt % to about 50 wt %
R3p and Rs; independently represent a hydrogen, alkyl, aryl, alkaryl,

aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO;H, -
SO;Na, CO,H or salt thereof, -NR4; R4y wherein Ry; and Ry; are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R, and Rz independently represent a hydrogen, an alkyl, an alkenyl or
an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
SOsH or -SO3Na;
‘Ryqrepresents —NH,, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CH;-(CHaz),

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

{b)  an aminothiazole selected from the group consisting of aminothiazole,

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

(c) an aminoindole represented by the formula:
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15 32. The lubricating oil conposition of claim 24,
wherein the-ether conpound (B) is a polyether

pol yam ne. 33. The lubricating oil conposition of

clai m 32, wherein the polyether polyamne is a

pol yoxyal kyl ene di am ne_wherei n each al kyl ene unit

i ndiyi dually contains B® from about 2 to about 5

cl aim 33 wherein the-oxy; :
oxyet hyl ene or oxypeLRPY m xt ufles thereof. 25
35. The lubricating oil L& silt i
claims 32 to 34 wherein t y n_ pol yam ne is

pol yoxyet hyl ene di am ne. 36. The |ybricating oi

conposition of any one of clains 2§ to 26 wherein the

copol ymer - is copolynmer (i.)). 30 37H The lubricating

oi | conposition of any one of clains 24 to 26 wherein

the copolynmer is copolymer (ii). 73 The lubricating

oi | conposi ti eherdin Bsaiepre3antsva bydrioper ap @lkyirer ar( alkynyl group having
pol yPI BSA, obt.ai ned the free radi cal catalyzed

reaction of mal'ef gbougﬁwag?‘ﬁéﬁﬁﬁﬁ’oﬂéf%‘%obut yl ene. 39.

Fhe lubricating oil conposition of any one of clains

24 to 26 wherein the copolynmer is copolynmer (iii).

40. The (dori earmisopioletspissented bythstfommylaone of

clains 24 to 26 wherein the at |east one 10 aromatic
compound (C) is selected fromthe group consisting of

4- (4- nitrophenyla ni enyl,azoani l i ne,

N- (4- am nophenyl ) ggéta 4 béﬁzo§ Ani ne- 2,

5- di met hoxyani | i ne, 4-pKkgnoxyahiline, and

3-nitroaniline. 41. The | fcating oil conposition of

any one of clainms 24 to 26 wherein conpound 15 (i) (Db)

of copolyner (i) is polyisobutene having a nunber

average nol ecul ar weight (M) of fromabout 112 to

about 5000.

10 wherein Ri; represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rj; represents a hydrogen, an alkyl or an
alkenyl group' having from about 1 to about 14 carbon atoms;

(e) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
aminoacetanilide; |

15 ® an aminoquinoline;

(g) an aminobenzimidazole;

(h) a N, N-dialkylphenylenediamine;
)] a benzylamine; and

) a benzyl alcohol.

20
27. The lubricating oil composition of any one of claims 24 to 26 wherein in copolymer

(111)(b), said copolymer (i) or copolymer (ii) or both are contacted with the non-free
radical catalyzed reaction product of compound (i)(a) and compound (i)(b) or (i)(c) in

the presence of component (C).
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The lubricating oil conposition of claim41l, wherein
t he nunber average nolecular weight (M) is from

about

500 to about 3000. ::. The lubricating oil

- conpERsi tTihe MubPfeatiilg@liMcdpoddiG! &1 fhyt di€ of 919%243‘% 2&?93&6'111 in step (A) said

nol ecul ar weight (M) is from about 1000 to

S0 o e ORIy PTG A, .

aci d,

oi | conposi

a I r est.er thereof. 45. The |ubricating
wg}yip%ﬁdu%’fnga%é}ﬁ%#e C‘gfo‘?%}lgi M 24 to 26 wherein

$i)(a) is maleic anhydride or ester thereof. 46. The

| ubr,j,cat il conposition_of any one of clains 24 to
The iybcnigne;

26 erei

efmRositien pf glaig) 2§, ovherqin ghectptah ampynt of oil in

47. A neghofdieda &Béyﬁ*n&’?“slé@m‘b% ?‘?%’é%l | additive

conposi tion which

reac (A) at | east one

of the followi ng copolyners: 5 (i) a copolymner

obt ai,ned

cqpol yperj zati on of

g f! ee.radjcal fglaim 29 in m .
ob ned. g & reg_ r g 981 on §° avherein the total amount of oil in
10onoet hylgendif@dd copHRRaHr Abfchtoge 58%1% 19 abOL&?O &(g:

d , Oor a -

nonocar boxyl i ¢ aci

or ester thereo

di carboxylic acid, anhydride or ester thereof; (b) at

| easy.

_at ofs

15 360 caliduifutcdldpblynitsd i fshibont $EHYREkLbo
copol ynmeri zabl e group ih the formof a vi nyl}

vi nyl i

or T R G b3t PRt . hetign Sl amopnt of ot i
t 50 wt%.

dene or al kyl vinylidene group or m xtures

lg\ﬂie?g.o |f s THE %b?féa&?g oﬁlEorlnle)gssi{ior(x) of cifi lev\%ejt&n%ﬁenaggrngompound (B)

20

33.

34.
25 135

36.
30

37.

is a polyether polyamine.

The lubricating oil composition of claim 32, wherein the polyether polyamine
is a polyoxyalkylene diamine wherein each alkylene unit individually contains

from about 2 to about 5 carbon atoms.

The lubricating oil composition of claim 33 wherein the oxyalkylene moiety is

oxyethylene or oxypropylene, or mixtures thereof.

. The lubricating oil composition of any one of claims 32 to 34 wherein the polyether
polyamine is polyoxyethylene diamine.
The lubricating oil composition of any one of claims 24 to 26 wherein the copolymer
. is copolymer ().
The lubricating oil composition of any one of claims 24 to 26 wherein the copolymer
is copolymer (ii).

73



copol yneri zable with the nononers of (a) and (b) and
is selected fromthe group consisting of: (1) an al kyl
vinyl ether and an allyl al kyl ether 25 where the

al kyl group is hydroxyl, am no, dialkylamno or

al koxy substituted or is unsubstituted, and
containing from about to about 40 carbon atons; 30

(2) ~an alkyl and an

onodt nyl S e A 5%?%5\@%1 SRS iR sppipes @ is

acid of f)E)I}'PIBQRUébtﬁnécpbyaﬁﬁ%ee]rgdizﬁ caf b}%@&‘r@%&t@dﬁof"iﬁaﬂéﬁ

the al kyl substituent. contains froma to about

40 car borstBYdids;and pplyisebmtylenay | car boxani de of

gar boxylic acids of 5 fron1about 1 to abodt 8 carbon "

at ong, 'flfﬁ)luﬁxqcaﬁ'n% ﬂyé g]f)figf‘%ggio&' I PHRE 28 R A iviheRth the copolymer
het erocyclic co sund an ‘ | east one

l-olefin c i.ng about 2 to 40 carbon atoms or at

| east Brf&P §g$§ f in conprising about 4 to about 360

carbon atons and having a term nal copol ynerizabl e

gr oup. Mhe ldbfieatingroN eémpositionydf, anyiony bf cleines rto bkwherdis the at least one
vi nyl i dene group or m xtures thereof, provided that

éhe ol @rfﬂnﬁh@&i‘h&ﬂﬁ@ (Cpis @&Ectédlﬁo&&ﬁéi‘gt@ﬁp thiRisting of 4-4-
mpl oyed in (i)(b); (iii) a copolyner obtained by

reacti ﬁ‘i&o@l?quﬁgé})thh% Qﬁ)heﬁﬂQmaﬁﬁm@ QiR WREKdphéBY) dcBtabrfi, 4-

presence r‘ee radical " initiat or;

benzoylamine-2, 5-dimethoxyaniline, 4-phenoxyaniline, and 3-nitroaniline.

41. The lubricating oil composition of any one of claims 24 to 26 wherein compound
(A)(b) of copolymer (i) is polyisobutene having a number average molecular weight (M,,)

of from about 112 to about 5000.

A

42, 'The lubricating oil composition of claim 41, wherein the number average

olecular weight (M) is from about 500 to about 3000.

24

‘The lubricating oil composition of claim 42, wherein the number average

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

44, The lubricating oil composition of any one of claims 24 to 26 wherein (i)(a)is a

dicarboxylic acid, anhydride or ester thereof.

45. The lubricating oil composition of any one of claims 24 to 26 wherein (i)(a) is maleic

anhydride or ester thereof.

46. The lubricating oil composition of any one of claims 24 to 26 wherein the monoolefin

of (i)(c) is a [-olefin.
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30

(ii1) a copolyner obtained by (a) reacting conpound
(i)(a) wth conmpound (i)(b) or (i)(c) in a non-free
radi cal catalyzed reaction in the presence of
copolymer (i) or copolyner (ii) or 25 both; or by (b)
contacting copolyner (i) or copolyner (ii) or both

\é\%‘} h Cg&%&%ﬁ W f i e in ad I']E%;C al at%i%e ?\562(3%?1’1%‘(:9'?1 E)p )Q‘ihéC?l COIanlSﬁS

Wi th (Bictile Ieast one et her conpound selected fromthe
group consisting of an 30 ether polyamne, a

pol yet her pol yam ne, a pol yether am no al cohol, a

pol yet [ pol yol ; and 76
(O at@seas 1%%%&%?%[}7%%ﬂ%%ﬁﬁgag]g&ggspabl e of reacting
with at | east one nDnocarboxyllc acid or ester

t her eof or dlcarbox lic acid, anhydride or ester

t her eof . . . TAROPP eh&amﬁ a.freeé%ﬁ%pwlamemahon of
cl ai m 47 mherel Bﬂ, e aromatic conpound
is selected fromthe group con ‘sting of (a) an _
aromatic amne conprising two aromatic groups, |inked

by a group, L, epres nted by th ol | MAn for :
- 10 R30 \~- Y3 R34%R34 2t [gagtongr YIPE ur%ﬁg.laég??s

L is selected from - Qﬁonoc%&yllc eM?kmr es@f'%of or a C4-Cog
-C(ONR28-, - C(OO, -S R29- or - SCPNH-,
wherein R28 and R29 maarmwendémnhydm@mre@m:heaeof
hydrogen, an al kyl, an al kenyl or an al koxy

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

thereof; and

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

is selected from the group consisting of:

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

about 40 carbon atoms;

(2)  an alkyl amine and an N-alkylamide of a
monoe{hylenically unsaturated mono- or

dicarboxylic acid of from about 3 to about 10
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. ami not hi azol e, am no

10

[

20

25

30

group having fromabout | to about 8 carbon atons;
wherein each Y1, Y2, Y3 and Y4 are independently N or
CH provided that Y1 and Y2 may not both be N, 20 R30
and R31 independently represent a hydrogen, alkyl,
aryl, alkaryl, aralkyl, alkoxy, hydroxyalkyl

am noal kyl , -C]—| - N2, -SCB - CgZI—I { %alt
t her eof , - NR4A1RA2 wherein €8 Oraﬁampe exg the alkyl substituent

i ndepe n_d ently hydrogen, al !;‘Mltam@fr&ln ab8iYl B alBMﬁt’lloclfarbon atoms;
al karyl; 25 R32 and R33 i ndependently represent

hydr ogen, an al kyl, an al kenyl or an alkoxy group

havi ng from about 1 t about rb
SOBH or - SCane - 77 RAM)r ephbGHEeREEk i prssrbayit arids of

R35 is an al kyl or an al kefiyin ab8HOL#R Abaws@ﬂsdrpﬁbﬁbout
| to about 8 carbon atons, -CH2-(CH2)"

-CH2-aryl -NH2 and n is fromO to about 10 5 (b) an
an not h! azol e sel ect eg%l;r 0 Nh\ﬁ03[9rsgyﬂitlﬁggﬁftr%géﬂqgon%mmg

I'az
am nobenzot hi adi azol e and msttroegdlicybinpoarbhed (c) an
am noi ndol e represented by the fornula: 10 R36 H2N N
wherein R36 represents a hydrogen, an al kyl or an

al kenyl group havi ng %sfgf 038Rk bncl1-bRAAOMbridifle GRER Mo

atons; 15 (d) an am nopyrrole represented Dby the

fornul a: " 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms
and having a terminal copolymerizable group in
the form of a vinyl, vinylidene or alkyl
vinylidene group or mixtures thereof, provided

that the olefin employed is not the same as the

olefin employed in (i)(b);

(iii)  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
reaction in the presence of copolymer (i) or copolymer (ii) or
both; or by (b) contacting copolymer (i) or copolymer (1) or
both with the non-free radical catalyzed reaction prdduct of |

compound (i}(a) and compound (1)(b) or (i)(c); with
(B) at least one ether compound selected from the group consisting of an

ether polyamine, a polyether polyamine, a polyether amino alcohol, a

polyether amino thiol, and a polyether polyol; and

76




10

15

25

20 Wt % O () £

R33-..4/ \\/R37-NH2 N H 20 wherein R37 represents a

di val ent al kyl ene group having about 2 to about 6

carbon atons and R38 represents a hydrogen, an al kyl

or an al kenyl group having from about 1 to about 14
carbon atons; (e) a ring substituted or unsubstituted
anilin such, as nitroaniline or, 4- oacet ani e;

78 (1) (Gh° Al 168 o o ABe coBpodk caprbpERaf ResbiidSist one
(h) a N, N dioabkatb B)él:ﬁﬁﬁ QERFThBROS, of lcafoxylic acid, anhydride
benzyl am ne; and 5 a benzyl al’cohol. 49. The

met hod of nﬁk@%@Whm@D ubricating oil additive

conposition of claim47 or 48, wherein in copol yner
(iii)(b), said copolyner (i) or copolymer (ii) or both
ane c@ht hbesting dihcdnsosiipn-diicRemiddileedin drtad leagiaghe aromatic
reacti on-product of conpound 10 (i)ga) and conpound

(i) (b) cFPPQuUndg selected ﬂﬁ@nﬁh%greﬁa gopsistisgRhonent (C). 50.

The nmet hod of meking the lubricating oil additive
conposition of any one of clains 47 to 49, wherein in
step (&) mnair«ﬂnatdxmhiymeom()iiging s arocmpio gyaups, linked bpa group, L,

said copol xed. with diluent oi

Cher ehy. g e I IB e 15 81, The
met hod of maeking the lubricating oil additive

conposi tion of cIa|n150 wherein the total ampunt of
oil in the dilut @\Q\na isup to
20 52. The nethod of ki ng\t he Iubn

addi tive conp03|t|gg>of cl

anount of oil I npt i | ut 44 copolyne

320 %
atin il 8
rein Qﬁ T o4l
is f/7 about
AL

wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C(O)NR23-~, -
C(O)O-, -Soz—, HSOQNRzg- or '*'*SOZNH"‘, wherein R23 and Rzg
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

group having from about  to about 8 carbon atoms;

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

Rjoand R3; independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl-, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SOzH, -
SOsNa, CO,H or salt thereof, -NRy4; R4, wherein Ry, and Ry, are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R32 and Rs; independently represent a hydrogen, an alkyl, an alkenyl or

an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -

S0O4H or -SO3Na;
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10

15

20

to about 60 wt% 53. The nethod of making the :

| ubricating oil additive conposition of claimb52, 25
wherein the total amount of oil in the diluted
copolynmer is fromabout 30 w% to about 50 wt% 54. A
met hod of inproving soot dispersancy, sludge

di sper sancyyor._both. i n AP ernal .conmbustign,en

whi ch conpr Rugep rgf)eéﬂtsa_{hlﬁ@ 'I(\‘mi-”é’n“gfeﬁeén P11 ap RLcy! gbgn alkeny!

| ubri cati ngg@iup heGIRP Fwint At ¢ BB I828rbdn FRINY, -@HDA0H,), —
of oil of lubricating viscosity and an effective

amount of t NeLjonpEitezeylM§Hornd Bidirern Pdo ebersd®i ti on  of
claim1. 79 55. The lubricating oil additive

conmposition of Claim3 wherein the conpound has the

fol l owng far amirdthik0 selected AR tikagroup cdBisting bf 3Binothiazole,
wherein L is selected from -0-, NFN_ -NH . or .

S CH2NH, 5 RBEORRFORIAZAG deiratisarthipdingls aadppingalkylthiazole;
hydr ogen, al kyl, aryl, alkaryl, aral kyl, al koxy,

hydr oxyal kyl , am noal kyl, -OH, NO2 or, -NR4i R42

wherein R41 and 1142 are independently hydrogen,

al kyl, aryl, arylalkyl, or alkaryl; 10 R32 and R33

i n-depe@fgent W@F@Q@#F@Sﬂﬁ%ﬂf@@é‘ﬁ,fowl% kyl , an

al kenyl or an al koxy group having fromabout | to

about 8 carbon atons,_or -OH R34 represents NH2,

-NHR35, wherein R35 i'$an al kyl or an al kenyl group
havi ng from about | to 8 carbon atons,

-CH2- (CH2)" -NH2 or - and nis fromO

to about 10; HoN

wherein R3¢ represents a hydrogen, an alkyl or an alkenyl group having

from about 1 to about 14 carbon atoms;

(@) an aminopyrrole represented by the formula:_

Rss\z il \)//\\ R37fNH2
|

H

wherein R37 represents a divalent alkylene group having about 2 to
about 6 carbon atoms and Rjg represents a hydrogen, an alkyl or an
alkeny! group having from about 1 to about 14 carbon atoms;

{¢} . aring substituted or unsubstituted aniline, such as nitroaniline or 4-

aminoacetanilide;
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provi ded 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-
Nl -1-; or R30 or R31 is OH or NR41R42 wherein at | east
one of R4l or R42 is 20 hydrogen; or R32 or R33 is OR
56. The Kilbri eammigpquinoliaddi tive conposition of Caim

3 whereinhe _aromatic . c und is
4- benzoyIQ m ngﬁf%g%?e%wg%gehi l'ine or _ ,
N-(4- am ipphemyN)N-dedRyIpRafncdiamede; 1he | ubricating

oi | additjve conposition of Caim3 wherein the
aromat i c(l)conﬁchm@’lﬂ@lf@; ad r oani | i ne.- 58. The

lkubri catig ol Y conposition of Claim 17
wherei n the araobr?g cati&%’gl'con'pound IS
N- phenyl - 1, 4- phenyl enedi am ne. 80 59. The | ubricating
oi | aéjdi{_i ve orrpﬁrii tion of Claimb55 wherein the )
ar omatd: ¢ hedBspodiAlpldng thedubicatingpibaddituepapepifigeobylaim 47 or 48,
4- phenyl j Lo j k- afhe . b ubricating oil - )
a1 ve gl 1 Bolstalt G Pl Ut Berdomplym (i o both are
conpound costadtegiveittothy abhiftea @adiéal catalyzed reaction product of compound
10 (iX2) and compound (i)(b) or (i)(c) in the presence of component (C).

-

50. The method of making the lubricating oil additive composition of any one of claims 47
to 49, wherein in step {A) said copolymer (i), said copolymer (ii) or said copolymer (ii1)

is admixed with diluent oil, thereby producing a diluted copolymer.
15 S

51, The method of making the lubricating oil additive composition of claim 50,

wherein the total amount of oil in the diluted copolymer is up to about 80
wit%o.

20 52.  The method of making the lubricating oil additive composition of claim 51,

- wherein the total amount of oil in the diluted copolymer is from about 20 wt%
to about 60 wt%.

53.  The method of making the lubricating oil additive composition of claim 52,

25 wherein the total amount of oil in the diluted copolymer is from about 30 wt%
to about 50 wt%.

54. A method of improving soot dispersancy, sludge dispersancy or both in an
internal combustion engine which comprises operating the engine with the
30 lubricating oil composition comprising a major amount of oil of lubricating

viscosity and an effective amount of the lubricating oil additive composition

vof claim 1.
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56.

57.

‘The lubricating oil additive composition of Claim 3 wherein the compound

has the following formula:

Rac\ —_— —= /Rsz
<\ L />‘—“R34
R31/} \ /\R
33
wherein L, is selected from —O-, ~N=N-, -NH—, or -CH,NH;

Rzp and Ry independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
alkoxy, hydroxyalkyl, aminoalkyl, QOH, NO; or, -NR41R4; wherein Ry; and
R4 are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

R and Rys independently represent a hydrogen, an alkyl, an alkenyl or an

aikoxy group having from about 1 to about 8 carbon atoms, or ~OH,;

R4 represents -NHj, -NHR 35, wherein R3s is an alkyl or an alkenyl group'
having from about 1 to about 8 carbon atoms, -CH,-(CHzy), -NH; or —CHa-
aryl-NH; and n is from 0 to about 10;

provided that when R34 is -NHR 35 wherein Rs;s is an alkyl or an alkenyl group

having from about 1 to about 8 carbon atoms, then either L is -NH- or —CH;-
NH-; or R3p or Rsy is OH or ~NR41R4; wherein at least one of R4y or Ryp is
hydrogen; or R3; or R33 is OH.

‘The lubricating oil additive composition of Claim 3 wherein the aromatic
compound is 4-benzoylamine-2,5-dimethoxyaniline or N-(4-aminophenyl)

acetamide.

The lubricating oil additive composition of Claim 3 wherein the aromatic

compound is 3-nifroaniline.

"The lubricating oil additive composition of Claim 17 wherein the aromatic

compound is N-phenyl-1,4-phenylenediamine.
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The lubricating oil additive composition of Claim 55 wherein the aromatic

39.
compound is 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline.

The lubricating oil additive composition of Claim 55 wherein the aromatic

-~

50,
compound is 4-phenoxyaniline.
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